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SIMPLIFIED pH 
MEASUREMENT

JOHNSONS of Hendon have put upon the market a range 
of indicator papers for the measurement of pH values. 

The/ are made up in booklet form in the same way as litmus 
papers. Each book has, printed on the inside, colour standards 
with which tests can be compared. The UNIVERSAL test 
paper covers a pH range from one to ten in steps of one unit. 
The colour range extends from red, through orange, yellow 
and green to blue and is accurate to within 0-5 pH.

For work requiring a higher degree of accuracy there are the 
COMPARATOR test papers in four kinds. These cover pH 
3-6 to  5-1, 5-2 to  6-7, 6-8 to 8-3 and 8-4 to  10. Each book has 
six colours printed inside, together with figures, arranged in 
steps of 0-3 pH.

Invaluable to Chemists 
and research workers.
Descriptive leaflet free.

JOHNSONS OF HENDON LTD
LONDON, N.W.4 ESTABLISHED 1743
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O RG AN IC CH EM ICALS

ACETALS

ACETATES

A CETIC  ACID

Dimethyl
Diethyl

Methyl
Ethyl
Isopropyl
Butyl
Amyl

A.R.. Grade 
Glacial B.P.
Glacial commercial 
80% Pure 
80% Technical

A CETIC  A N H Y D R ID E
A CETIN S Monacetln

Diacetin 
Triacetin

A C ET O A C ET A N IL ID E
and other acetoacetarylides

M ETH YL A C ET O A C ET A T E  
A C E T O N E

A LD EH YD ES

CITRATES

Acetaldehyde
Aldol
Butyraldéhyde
Crotonaldehyde
Metaldehyde
Paraldehyde

Tributyl
Triamyl

H E X Y L E N E  G L Y C O L
1SOPHORONE
LACTATES Ethyl 

Butyl 
Amyl

MESITYL O X ID E  
M ETH YL E T H Y L  K ET O N E  
OLEA TES

O X A LA T E S

PH TH A LA TES

AD1PATES

A L C O H O L S

Bisoflex DNA 
Blsoflex DOA 
Bisoflex 79A

Butyl 
Amyl 
Diacetone 
2-Ethyl hexyl

A L C O H O L
D EN A TU RA N TS

SEBACATES

TARTRATES

Ethyl
Isopropyl
Butyl

Diethyl
Dibutyl

Dimethyl
Dimethyl glycol
Diethyl
Dibutyl
Diamyl
Dioctyl
Dinonyl

Bisoflex DBS 
Bisoflex DES 
Bisoflex DNS 
Bisoflex DOS 
Bisoflex 79S

Diethyl
Dibutyl

BRITISH INDUSTRIAL SOLVENTS
A  D iv is io n  o f  the D is t i l le r s  C om pany L im ite d

4 CAVENDISH SQUARE • LONDON ■ W .l 
PHONE: LANGHAM 4501 ■ CABLES: ‘ BISOLV ’ LONDON

T.A.3728
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THEODORE ST. JEST
& CO.  LTD

FINE CHEMICALS 

FOR ALL PLRPOSES

INTERMEDIATES

FLAVOLRING and PERFLMERY 

MATERIALS

P lease  send  u s y o u r enqu iries

WIIITEFIELD • MANCHESTER

W H IT E FIE L D  3211 (5 lines)
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WHATMAN
H I GH  G R A D E

FILTER PAPERS
G EN ER A L ANALYSIS  There is a large and varied 
choice of Whatman grades, including folded filter papers, 
single and double acid washed grades, and hardened filter 
papers designed to give great wet strength, resistance 
to alkalis and acids, and low ash content.

C H R O M A TO G R A PH Y Whatman filter papers to 
be used in this field are specially selected and packed. 
In addition to the many grades available, Whatman Cellu
lose Powders in two qualities, “ Ashless”  and “ B” , offer 
another chromatographic medium.

SPECIALITIES Whatman special aids for quick anal
ysis include Drop Reaction Paper, Arsenic Test Papers, 
Ashless and Ordinary Clippings, Ashless Tablets, Soxhlet 
Thimbles, and Accelerators, designed to speed up the 
work of the user and for greater convenience.

Made by:

W . & R. BALSTON LTD, MAIDSTONE, KENT 

Sole Representatives

H. REEVE ANGEL & CO. LTD, 9 BRIDEWELL PLACE, 
LONDON, E.C.4



The KENT 
UNIVERSAL
Glass Electrode 
pH recorder
The value of pH measurement 
and control has been fully ac
knowledged in the past, but 
some applications have been 

restricted by the fragility of certain types of 
electrode systems.

The Kent Universal glass electrode has been 
developed to cover most industrial applications 
and is very robust, simple, and a practical en
gineering job.

It is truly versatile as to pH range, working 
temperature and mounting, and is self compen
sating for pressure.

The electrode gives a valuable extension to 
the use of the pH recording potentiometer, 
of which the Kent Multelec is an outstanding 
example. For automatic pH control the Kent 
Mark 20 air-operated controller is used with 
the Multelec, to operate the valve or other 
means of regulation.

GEORGE KEN T LTD . • LUTON • LONDON & RESOLVEN

GEORGE KENT
i



This is the. 
chemical era of the 

industrial age
Monsanto Chemicals Limited, one ol the largest manufacturers of chemicals in 
Great Britain, has world-wide manufacturing and selling services. Its products are 
used in almost all major industries . . .

RUBBER . . . Monsanto’s accelerators help speed vulcanisation, add quality. - 
Anti-oxidants improve resistance, prevent early cracking, give increased flexibility.

PLASTICS . . . Monsanto’s phenol production makes a major contribution to 
phenolic plastics production. Plasticizers give more flexible, durable plastics. 
Lustrex*, Monsanto’s polystyrene, is used extensively in refrigeration, electrical, 
housewares and other fields.

O IL . . . Monsanto’s oil additives improve oils, help engines to operate bettei 
under all conditions. New additives will meet the demands of future lubricants

TEX TILES . . . Monsanto Syton*, widely used in spinning woollens, worsteds 
and blends of these fibres, increases yarn strength by 15-20% or more. Other 
Monsanto products include sizes and preservatives.

PRESERVATIVES . . . Monsanto’s pentachlorophenol chemicals help to 
preserve a wide range of products. Monsanto sodium benzoate helps prevent 
corrosion — by impregnating wrapping papers for metal articles.

PHARMACEUTICALS . . . Acetyl salicylic acid — of which Monsanto is the 
largest producer in the U.K. — phenacetin, benzoic acid, phenol, phenolphthalein, 
germicides are but a  few of the many Monsanto products in this field.
If your production programme calls for chemicals, consuItrMonsanto first . . .

(*Registered Trade M ark)

C H E M I C A L S  F O R  E V E R Y  I N D U S T R Y  
MONSANTO CHEMICALS LIMITED.
8 Waterloo Place, London, S.W.1.



Phosphorus
Sulphide»

A m orphous
Pho tpho ru t

P h o ip h o ru i. O xy . 
T r l. P e n u c h lo rid e i

O il A d d itiv »  Anti-foam A gentt

R ust Proofing' Penicillin C ata lysts W o o l E lectro ly tic  ."Soft D rinks • A ctivated M etal' 
Solution* . D yeing Pohsh ir.j ■ C arbon  ■ C leaning

. Sodium  M eta Alkali O rth o -  • 
’ and ’ and*

Potyphoiphates P y ro p h o tp h a t»

Acid Sodium  • 
Pjrro and Acid 

Calcium  Pho tphates

A m m onium
Photphates

D i. T rl and Basic' 
Calcium 

Phosphate*-.

C reate
R esistant
Finishes'-

'D en tifrice  Fire P roofing Y eatt 
of T im ber Food 

r and Fabric-

- Bread Self-Raising Baking
Im provers Flour. P bw der

D en tifr ice, Pharm a- 
. 'c e u t iu if

P H O S P H O R U S

Chart of 
Phosphorus Derivatives

Manufactured by

A lbright & W ilson
Tul lift!Ujjj 49 PA R K  LANE • LONDON • W .i • W O RKS: O LD BU RY &  WIDNES IlCfljJ

O il W ell O efloccuiation Food- W a te r  D e te rg en ts  • -T ex tile  - P aper Making Tanning
D rilling - • Processing • T rea tm en t - . Processing



B A K E L IT E  L T D  - 12 -18  G RO SVEN O R G D N S - LO N D O N  S.W .i - SLOane 0898

A R GH 1 T E GT UR A L . .  

ERONAUTIGAL . . .  

E L E C T R I C A L . . . . . . . .

.. .in every industry
you ’ ll find the products of
BAKELITE LIMITED
Phenolic and U rea  m oulding m aterials. 
B a k e l i t e  L am inated  sheet, rod  and  tube. 
Adhesives, Resins, V arnishes and  C em ents. 
W a r e r i t e  D ecorative Plastics. V y b a k  Cable 
covering and  extrusion com pounds. V y b a k  
flexible and  rigid sheet.
The words ‘B A K E L IT E ','V Y B A K ' and'W ARERITE’ are registered 
trade marks.
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Established 1868

A T T W A T E R
& SONS, LTD.
P R E S T O N ------ LA N C S.

MICA & MICANITE
IN  A L L  F O R M S  A N D  Q U A L I T I E S

B A K E L IT E  SHEETS
Tubes, Bobbins, Varnish and Resin 
For Oil Switchgear and Transformers

Vulcanised Fibre Sheets,Tubes and Rods

Peerless L E A T H E R O I D  Insulation

Empire Cloth and Tapes C otton and also 
Asbestos Dynamo Tapes

Presspahn and Fullerboard in Sheet and Rolls

Ebonite and all Insulating Material for Electrical Engineers

Please indent our goods through your usual agents



THE PATERSON ENGINEERING CO?-LTD 
12 WINDSOR HOUSE, KINGSWAY, LONDON. WC2

fo r  the application of powdered re
agents for water treatment pur

poses and for measuring and 
proportioning powdered or 
granular substances. Adjustable 

S p a  over a wide range of deliv
ery without stopping. y

fo r  fine filtration of all 
chemical solutions, essential 
oils, spirits, and all liquids. 
It is cleaned instantly without 
loss of valuable liquids



W H E R E  Y O U  CA N  U SE  TH EM

GEM EX'

N O N E X ”

Conferment o f soft finish on dress goods, knitwear and 
crease resistant rayon.
W aterproofing emulsions for textiles and paper. 
Antistatic agents.
Oil and water-soluble anti-corrosives.
Oil flushing of precipitated colours.
Fixation of colours in leather and improvement o f tone. 
F lotation of non-metallic minerals.

Emulsification o f neutral oils, fatty acids and solvents. 
Cleaning and detergency where a neutral detergent is 
desirable.
Surface activity in water and salt solutions.
Lubrication of fibres, wire and ceramics.
Viscosity adjustments.

M O RE IN F O R M A T IO N
Write today to section TA for our new booklets describing these Com
pounds which arc readily available in commercial quantities.

DID Y O U  K N O W
that, aside from the above products which we manufacture in Britain, we 
are also the United Kingdom distributors for over 300 organic chemicals? 

The terms “ Gemex” and "Nonex" are registered trademarks of 
General Metallurgical & Chemical Ltd.
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s ä M i i n u i ® GLASS LINED S T E E L  EQUIPMENT

0 ENAMELLED METAL PRODUCTS CORPORATION (1933) LTD. 

Artillery House, Westminster, London & Durie Foundry, Leven, Fife

M E M B E R  O F  T H E  < B A t r o u R  ¡> G R O U P  O F  C O M P A N I E S

Steel Distillation Units
P faud ler glass lined d istillation  assem blies a re  used extensively 
in the chem ical industry . They perm it reflux o r fractional 
d istilla tion  a t  n o rm al pressures o r  full vacuum  w ithou t re
a rrangem ent o f  assem bly. In  add ition , there can  be no 
con tam ina tion  o f  p ro d u c t since the com plete u n it is glass 
lined. P faudler equipm ent m eans abso lu te  purity .

Glass Lined



E c o n o m i s e  b y

D E W A T E R I N G
B E F O R E  D R Y I N G

EFFLUENTS • PAPER PULP 
COAL SLURRY • SEW AGE 

SLUDGE

T he m echanical e x tra c tio n  of 
m o istu re  from  s lu rrie s , sludges 
o r  pulps w ill re s u lt in a con
siderab le  econom y in fuel costs. 
In th e  p ap e r mill Paxman 
R otary  Vacuum F ilters a re  also 
used fo r w ashing and th ick en 
ing th e  pulp a t  various stages.

A ty p ica l P axm an F ilte r  in s ta lla tio n

N F I L T E R S
D A V E Y , P A X M A N  &  C O . L T D ., C O L C H E S T E R , E N G L A N D
Telephone :  C o lch es te r S I  S I  ¡7  T e leg ram s :  Paxm an C o lch es te r

S A L E S
i n c r e a s e

• •

Economical m ethods o f stabilisation  
( W  303 and P r o m u ls in )

N ice ly  presen ted  sp ecia lities ( P il lo -  
d in e s ,  A n a s c a b e x ,  S u lp h o n a m id e s )
etc .

Economical F in e  C h e m ic a ls  and V i t a 
m in s

H igh-quality p e r fu m e r y  r a w  m a t e r i 
a ls  (qu inoline derivatives)

S u lp h o s a l  f o a m in g  a g e n t s  and d e 
t e r g e n t s

+  Safe c o l d  p e r m  t h i o g l y c o l i a t e  s  
(T h io n -R a n g e )

^  R e s e a r c h  Into your specific problem

W E AR E SPECIALISTS AND M ANUFACTURERS OF EMULSIFYING AGENTS 
LITERATURE AV AILA BLE ON OUR ESTAX RANGE OF PRODUCTS

WATFORD CHEMICAL CO. LTD.
C O P P E R F IE LD  R O A D , L O N D O N , E.3. Advance 2604/6



VuJtproof J toppered  
■ ■ ' reaqentd

When ordering 
your Laboratory 
requirements be 
sure to  specify 
B ea tso n  C la rk  
Dust-proof Stop
p e re d  R eag en t 
Bottles.

Beatson Clark &Co.,Ltd.
GLASS BOTTLE MANUFACTURERS 

ROTHERHAM e s t a b l is h e d  1751 YORKS.
‘The Sign o f a

BO 72 b

P rec isio n  
T e m p e ra tu re  C on tro l 
betw een  1S°C a n d  75°C

THE M ullard Tem perature Controller.,
E.7594, measures and controls within very 
fine limits the temperature of water baths 

and similar apparatus. Compact and adaptable,, 
this instrum ent can be set at any temperature 
between I 5°C and 75°C. I t has a control 
accuracy of ± 0 .02°C at the working point, 
and a calibration accuracy of ± l° C .

A temperature sensitive element is provided 
for direct immersion in the liquid to be 
controlled.

♦

The temperature controller is one o f a number of 
high-grade scientific instruments now being de
veloped by Mullard. Full details o f those at 
present available will be gladly supplied on request.

MULLARD LTD • EQUIPMENT DIVISION • CENTURY HOUSE •

z -M u lla rc K
NORTHERN AGENT: F. C. ROBINSON & PARTNERS, LTD. 

2 8 7  DEANSGATB, MANCHESTER, 3 - 
SCOTTISH AGENT: LAND, SPEIGHT & CO. LTD.

7 3  ROBERTSON S T ., GLASGOW, C .2 .

SHAFTESBURY AVENUE • LO N D O N  • W .C /2
(MI40OA)

Good Bottle"



CHEMICAL ENGINEERING C °l?
204,Earl«Court Road London.5-WS

Beatson Clark &Co.,LtdL
GLASS BOTTLE MANUFACTURERS 

ROTHERHAM e s t a b l i s h e d  1751  YORKS.

CHEMICAL PLANT
S U L P H U R IC  A C ID  P L A N T  *  LEA D  C H A M B ER  and 
V A N A D IU M  C O N T A C T  P R O C ES S ES  4= M E C H A N IC A L  

P Y R IT ES  B U R N E R S  *  D U S T  P R E C IP IT A T O R S  
C O N T IN U O U S  S U P E R P H O S P H A T E  D EN S  

E L E C T R O L Y T IC  C E L L S  F O R  C I2- H ,- N a 0 H - 0 2, etc. 
O X Y H Y D R O L IS E R S  (Pure Oxygen and Hydrogen) 

G R IN D IN G  and C O L L O ID  M ILLS  
T U R B O -S T IR R ER S  ( IN D U S T R IA L  and L A B O R A T O R Y )

All types o f plant for the Chemical Industry

Grams:Phone:
M orichem icFrobisher

London

14 The Sign o f  a Good bottle*

BC79



—  M A N S F I E L D  O I L - G A S  P L A N T —
FOR LABORATORIES’ GAS SUPPLY

Provides a re liab le  gas supply  fo r lab o ra to rie s  and indus
tr ia l pu rposes in localities w h e re  a to w n ’s gas Service is n o t 
available.

O il-Gas having a calorific value of 1350 B.T.U’s p e r  cubic 
foo t, is p roduced  in a sim ple m anner from  Solar O il, Light 
D iesel O il, o r  o th e r  su itab le  oils available a t com parative ly  
low  cost.

A ny of th e  usual gas bu rn ing  appliances available fo r use 
w ith  Coal gas a re  readily  adap ted  to  give equally  good resu lts  
w ith  Oil gas. P erfec t oxidising o r  reducing  flam es a re  ob ta ined .

Full particu lars p ro m p tly  fu rn ished  on re c e ip t of estim ated  
n u m b er of b u rn e rs  and appliances likely to  be used.

MANSFIELD & SONS LTD
62 HAMILTON SQUARE, BIRKENHEAD

T hroughout 1 9 5 2  L. LIGHT & CO continued  their
policy o f  p lacing before scientists interesting com pounds,
including the following
A le u r it ic  a c id M u r e x id e
2 -A m in o  p y r im id in e N -M e th y l m o rp h o lin e
B e h e n ic  a c id a -K e to -b u ty r ic  a c id
2  : 3 -B e n z o flu o re n e o -B e n z o y l-b e n z o ic  a c id
T r ip h e n y le n e E r e p s in  a n d  F ic in
B ilv e r d in H is ta m in e  d ip h o s p h a te
a- a n d  0 - C o n id e n d ro l P ro to p o r p h y r in
iso -B u ty ra ld o x im e P y r id o x a m in e  d i-H C l
C y to c h r o m e  C R e in e c k e  s a l t
C y to s in e  a n d  T h io c y to s in e T e t r a h y d r o - c a r b a z o le
K h e llin T h io d ig ly  c o lli  c a c id
E ic o s a n e 2 : 4 : 6 - T r i- io d o - p h e n o l
2  : 3 -L .u tid ine T r y p t a m in e
1 : 2 - D im e th o x y  e th a n e iso- V a n illin
L -D o p a 4 -V in y l p y r id in e
D L-E th ion in e i? -T e rp h e n y l

Ask L. LIGHT & Co Ltd,  p o y l e  e s t a t e ,
COLNBROOK, BUCKS, for your copy o f  their current
catalogue.



DUDLEY ROAD • MANCHESTER
Phone: Moss Side 2277 Grams: Chrievan

Technical literature available on request 

B R I T I S H  E R M E T O  C O R P O R A T I O N  L I M I T E D
M A I D E N H E A D ,  B E R K S .  Telephone: Maidenhead 2271-4

NORMAN EVANS & RAIS LTD.

CHEMICALS FOR INDUSTRY
Enzymes 

W etting Agents 
Detergents 

Metallic Soaps 
Organic Chemicals

Regd. Tr ade  Ma r k

VALVES FOR 
HIGH-PRESSURE 

PIPE LINES
Expressly designed 

for the job !
Normally our stocks of stan
dard valves are sufficient to 
meet urgent requirements. 
For large quantities, how
ever. delivery is from 8-12 
weeks.

Non-standard valves for 
special requirements gladly 
quoted for on receipt of de
tails.

xviii



UVISPEK
U LT RA -VIO LE T & V ISIB L E

P H O T O E LE C T R IC  SP E C T R O P H O T O M E T E R

ADVANTAGES
IM PROVED stability with full mains 
operation.
OPEN density and transmission scales 
throughout range.

Write fo r  details CH318 (R2)

H ILG ER  & W ATTS LTD  
HILGER DIVISION
98 St. Pancras Way,
Camden Road, N .W .l

<3U )
Member o f the Scientific Jnitrum ent 
M anufacturer»' A itoc ia tion , and o f SO J E X

IN TERCHANGEABLE quartz and 
glass prisms.
THERM A L ISOLATION of liquid 
cell compartment.

M i
• E S S ®

PARAHYDROXYBENZOATES GALLATES

U?ie €  tedadd
neuMad/r to je J m d la a tr -  

a a d d e fd la t, a n fiB x id a n d d  

¡ot adfjcieaftfo and 
¿ a d te d d a d

NIPAGIN

N1PASOL

NIPACONBXN

NIPABENZYL

PROGALLZN

PHENOXETOL

NIPA LABORATORIES LTD., TREFOREST TRADING ESTATE, Nr. CARDIFF
Telephone: Taffe Well 128 & 150

Sole D is tr ib u to rs  fo r  the  U .K .
P. SAM UELSON & C O .. RO M AN W ALL HOUSE. I CRUTCHED FRIARS, L O N D O N , E.C.3 

__________________________________________ T e l. Royal 2 1 1 7 /8 ___________________________________________
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MEASUREMENT

Th e  Mullard Conductivity Bridge, type
E.7566, provides a convenient and 

___________   _ _  sensitive method of checking the chemical

ACCURATE CONDUCTIVITY “rS S S 'S S S *
gives direct reading of conductivity over a 
range of 0-1 micromhos-10 mhos. It has 
an accuracy of ±  3 per cent between 
10-100,000 micromhos, and is accurate 
to ±  5 per cent over the rest of the range.

The E.7566 may also be used for the 
comparison of conductivity between a 
test and standard solution. In this appli
cation it provides automatic temperature 
compensation, and gives an accuracy of 
±  2 per cent.

The instrument incorporates a Wheat
stone bridge network, which, to avoid 
polarisation, is energised at a frequency 
of 3,000 cycles per second. Rapid and 
accurate detection of balance is made 
possible by the use of a cathode ray 
tuning indicator.

Full technical details of the Mullard 
Conductivity Bridge and its associated 
range of Cells are available on request.

NORTHERN AG ENT: F. C. ROBINSON Si PARTNERS, 
2 8 7  DEANSGATE, MANCHESTER, 3 

SCOTTISH AG ENT: LAND, SPEIGHT S  CO. LTD, 
7 3  ROBERTSON ST ., GLASGOW, C .2

. M u l la r d  x
MULLARD LTD • EQUIPMENT DIVISION • CENTURY HOUSE SHAFTESBURY AVENUE ' • LO N D O N  • W .C .2  

(M I40 5A )

RALPH CUTHBERT
S c ie n tific  D e p a r tm e n t  

L O R D  S T R E E T

H U D D E R S F I E L D
T elep h on e 6323 

Head Oflicc; WESTGATE

Sem i-A u tom atic  B a la n ce  

Glassware for 
every laboratory need:

“ P Y R E X ” “ H Y S I L ” 
“ M O N A X ” “ W O O D S ” 

“ E -M IL”

FU RN ITUR E, TITRATION BENCHES AND  

FITTINGS. PORCELAIN : Royal W o rcester ,  
D ou lton . FILTER PA PER S : W hatm an , Postlip, 
G reens. OVENS. PHOTOGRAPHIC EQUIP
MENT. TESTING APPA R A T U S FOR : Assay 

and M etallurgy— C em en t and C on crete— Coal 
and C o k e— Dairy Products— Paint— Paper— Pet
roleum  p ro d u cts— Rubber—T e x tile s—W a ter  and 
Sewage.

“ E V E R Y T H I N G  F O R  T H E  L A B O R A T O R Y ’ 
P.S.—Try the patent “Haleo” tube cutler and marker
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Technical Books

THE MEASUREMENT OF PARTICLE 
SIZE IN VERY FINE POWDERS

Four Lectures delivered at King's College, London
H. E. ROSE, Ph.D., M.Sc.

Ex. Cr. 8vo Illustrated 9s. net

CHEMICAL ENGINEERING 
OPERATIONS

An Introduction to the Study o f Chemical Plant 
F. RUMFORD, Ph.D ., B .Sc., F.R.Ï.C., M.I.Chem.E.

Demy 8vo 376 pages Illustrated 30s. net

ANTOINE LAVOISIER
Scientist, Economist, Social Reformer 

D . McKIE, D.Sc., Ph.D.
Demy 8vo Illustrated 30s. net

HIGH-ENERGY PARTICLES
BRUNO ROSSI

Med. 8vo 569 pages Illustrated 65s. net

METHODS OF ANALYSIS 
OF FUELS AND OILS

THE LATE J. R. CAMPBELL
E dited  by W . GIBB, Ph.D .

Demy 8vo 216  pages 58 Illustrations 2 1s. net

C O N  S T A B L E  & C O M P A N Y  L T D
1 0  O R A N G E  S T R E E T  : L O N D O N  : W C 2

and from all booksellers



H. K. LEWIS & Co. Ltd.
SCIENTIFIC AND TECHNICAL BOOKSELLERS

SCIENCE DEPARTMENT
Large Stock available o f New and Standard Scientific Literature, 
English and Foreign. A representative Stock o f  Books on Chemistry 
—Pure and Applied, Physics, Mathematics, Astronomy, Biology, 
Psychology, Engineering. Catalogues on request.

Books are sent C.O.D. at the Post Office rates in the British Isles, 
and throughout the world wherever the system operates.

SECOND-HAND BOOKS: 23 GOWER PLACE, W.C.I
A constantly changing large stock o f Scientific Literature always 

on view. Libraries, large or small, purchased. Books sought for 
and reported free o f charge.

SCIENTIFIC LENDING LIBRARY
A N N U A L  SU B SC R IP T IO N — from 25s.

The LIBRARY is useful to SOCIETIES and IN STITUTIO NS, and 
to those engaged on SPECIAL RESEARCH W ORK, etc. It includes 
all Recent and Standard works in all branches of Medical and General 
Science. Every work is the latest edition. New Books and New Editions 
added to the Library are available to subscribers immediately on publication. 
Prospectus post free on application.
The LIBRARY CATALOGUE revised to December 1949, containing 
classified Index of A uthors and Titles. Pp. xii + 1 1 5 2 . To subscribers 
17s. 6d. net. To non-subscribers 35s. net. Postage Is. 3d.
Supplement 1950 to 1952 in preparation.
Bi-Monthly List o f new books and new editions added to the Library 
sent free on request.

STATIONERY DEPARTMENT. A Comprehensive range of Designers 
Sectional Papers, Graph Books and Pads. Sheets and Pads of Log
arithm ic—“ Z ” C h arts—C ircu lar P ercen tage—R eciprocal—T riple 
Co-ordinate—Polar G raph—Time Table (Gantt)—Daily, Weekly and 
Monthly Charts—Planning Sheets, Lay Out, Tracing Pads etc., held in stock. 

Particulars sent on application

H. K. LEWIS & Co. Ltd.
136 G O W ER  STR EET , L O N D O N , W .C . I

Business hours : 9 a.m. to  5 p.m., Saturdays to  I p.m. 
Telephone: EUSton 4282 (seven lines)
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MONOGRAPHS ON THE PHYSICS 
AND CHEMISTRY OF MATERIALS

General Editors 
WILLIS JACKSON, H. FRÖHLICH, N. F. MOTT

A lready Published
D E T O N A T IO N  IN  C O N D E N S E D  E X P L O S IV E S  

B y  J . T A Y LO B  
25«. net

F E R R O M A G N E T IC  P R O P E R T IE S  O F M ETALS 
A ND  A LL O Y S
B y  K . H O SE L IT Z  

40«. net
T H E  P H O T O G R A P H IC  STU D Y  O F R A P ID  E V E N T S

B y  W . D . C H E S T E B M A N  
25«. net

D IE L E C T R IC  B R E A K D O W N  O F SO LID S
B y  S . W H IT E H E A D  

25s. net
WAVE T H E O R Y  O F A B E R R A T IO N S

B y  H . H . H O P K IN S  
17«. 6d. net

P H Y S IC A L  P R O P E R T IE S  O F GLASS
B y  J . E . ST A N W O B T H  

2 1 «. net
M U L T IP L E -B E A M  IN T E R F E R O M E T R Y  OF 

SU R FA C ES AND FIL M S
B y  S. T O L A N SK Y  

2 1«. net
M ETAL R E C T IF IE R S

B y  H . K . H E N ISO H  
18«. net

T H E  PH Y SIC S O F R U B B E R  E L A S T IC IT Y  
B y  L . B . O. T B E L O A B  

30«. net
T H E O R Y  O F D IE L E C T R IC S

D IE L E C TBIC  C O N ST A N T  A N D  D IE L E OTBIO LO SS  
B y  H . EBÖ H LIC H  

25«. net
L U M IN E S C E N T  M A T E R IA L S

B y  O. P . J . G A BLIO K  
30«. net

T H E  H A R D N E S S  O F M ETALS 
B y  D . T A B O B  

15«. net
OTHEB VOLUMES ABE IN  ACTIVE PBEPABATION  

(All prices are subject to alteration without notice)

OXFORD U N I V E R S I T Y  P R E S S
Amen House, Warwick Square, London, E.C.4
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The Polytechnic
3 0 9  R E G E N T  S T R E E T ,  W . i  

D e p a r t m e n t  o f  C h e m i s t r y  a n d  B i o l o g y

DAY AND EVENING COURSES
B.Sc. D e g r e e , S p e c ia l  (Chemistry, Botany, Zoology)
B.Sc. D e g r e e , G e n e r a l  (Chemistry, Botany, Zoology, Physiology) 

(University of London, External)
A s s o c ia t e s h ip  o f  t h e  R o y a l  I n s t i t u t e  o f  C h e m is t r y  (A.R.I.C.)

D ip l o m a

D ip l o m a  i n  B io l o g y

G e n e r a l  C e r t if ic a t e  o f  E d u c a t i o n  (Advanced Level) and I n t e r 
m e d ia t e  S c ie n c e  Courses include Chemistry, Botany, Zoology, 

and Physics.

Prospectuses may be obtained on application to the undersigned.
J. C. JONES, Director of Education

S a fe ty  in  th e  C h e m ica l L a b ora tory
B y H . A .J .  Pieters a nd j .  117. Creyghton. Price 1 5 s.
T he standard safety manual for all who handle chemicals and 
gases, whether in  the laboratory or in industry. I t  details cor
rect precautionary measures, and gives all the guidance needed 
for drafting safety regulations.

C o o lin g  T ow ers
B y J . Jackson, B .Sc. Price 2 1 s.
This handbook is the result o f systematic research and practical ex
perience at the plants of Im perial Chemical Industries L td. I t sets 
forth clearly and concisely how cooling towers o f the mechanical 
draught type can be designed, tested, and the test-data interpreted. 

P r a c tic a l E lec tr o n  M icro sco p y
B y V. E. Cosslett, Cavendish Laboratory, Cambridge. Price 35s. 
An introduction to the basic physical features and to the function
ing and operation of the electron microscope.

R E P R IN T S
Jou rn al o f  th e  C h e m ica l S o c ie ty

Vols. I -X X III  ( 1848- 1870). Complete set, cloth, £ 1 2 5 ; paper 
covers, £ 1 1 5 . Selected volumes, paper covers, Vols. I-X , £ 7  10s. 
per volume; Vols. X I-X X III, paper covers, £ 5  10 s. per volume. 
Memoirs and Proceedings. Vols. I—II I  ( 18 4 1 - 1848). S eto fth ree  
volumes, £ 25 , paper covers only.

B U T T E R W O R T H S  S C IE N T IF IC  P U B L IC A T IO N S
B ELL YARD T E M P L E  B A R  LO N D O N , W .C .2
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The  M eG R A W -H IL L  im prin t on 
a book is indicative o f  sound author
ship and  the highest standards o f  

book production

W hether you require a book on the elementary 
fundamentals o f  chemistry or an advanced work on 
nuclear energy, you w ill find a wide selection o f  titles 
published by M cGraw-Hill.

These books have gained world-wide renown  
as essential tools o f  science and industry, and the 
present demand for them has never been greater.

A  comprehensive selection o f  books is on show  
in our library at M cGraw-Hill House, where you may 
inspect them at leisure. I f  a personal call is not possible, 
we invite you to write for a copy o f  our latest catalogue 
which lists over 3,000 current titles, or for copies o f  
sectional lists on your particular subject.

A ll M cGraw-Hill titles are readily obtainable , 
from your usual bookseller.

McGRAW-HILL 
PUBLISHING COMPANY, LIMITED

M cG raw -H ill H o u se  
95 Farringdon  Street 

L on d on , E .C .4
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Publications
OF THE CHEMICAL SOCIETY

JO U R N A L  OF T H E  CH EM IC A L SO C IETY
PRICE (POST FREE)

1848-1870 (Vols. 1-XXIII) Reprinted E d ition : £ s. d. S
Complete Set, cloth b in d in g ........................................  125 0 0 (350.00)
Complete Set, paper covers . . . . 115 0 0 (325.00)

Selected Volumes:
1848-1857 (Vols. I-X ), per annum . . . 7 10 0 (21.00)
1858-1870 (Vols. X I-X XIII), per annum . . 5 10 0 (15.4C)

1871-1952, Original edition (including Abstracts,
1871-1923):

per annum . . . . . . . 6  0 0 (17.00)
per part . . . . . . . .  12  0 (1.60)

1953:
per annum . . . . . 10 0 0 (28.50)
per p a r t .........................................................................  1 0 0 (2.90)

A N N U A L  R E PO R T S O N  T H E P R O G R E SS O F C H EM ISTR Y
Vol. I (1904)-Vol. XLVIII (1951): 

per copy . . . . . . . . 1 5 0 (3.60)

Vol. XLIX (1952) (published 1953): 
per copy . . . . . . . . 1 1 0 0  (4.30)

Q UARTERLY REVIEW S

Vol. I  (1947)-Vol. VII (1953):
per v o l u m e ...............................................................  1 10 0 (4.30)
per p a r t ................................................................................  10 0 (1.40)

TH E C H E M IC A L  S O C IE T Y
B U R L IN G T O N  H O U S E  • L O N D O N , W .l
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A n n u a l  R e p o r t s  o n  t h e  

P r o g r e s s  o f  C h e m i s t r y

C u m u la tive  
In dex

Vol. I (1904)—Vol. X LV I (1949)

PUBLISHED I 9 5 I PRICE 2 5 S. (S3 .5 0 )

The Annual Reports first issued by The Chemical 
Society in 1904 have long been recognised as 
containing authoritative summaries of progress in 
all branches of fundamental chemistry. Every 
significant new development during the period in 
question has been described and the very complete 
references which are provided make it possible to 
discover the relevant original papers on any 
particular topic.

A Cumulative Subject Index covering the entire 
series of Reports, including the volume for 1949 
(published 1950), is now published.

It is considered that this Index will be of the 
greatest value to chemists since those in possession 
of a series o f Annual Reports will be provided, at 
very moderate cost, with a most useful, yet 
compact, guide to the chemical literature of the 
period. The Index is similar in format and binding 
to the Annual Reports and contains nearly 300 pages.

The CHEMICAL SOCIETY
BURLINGTON HOUSE • LONDON, W .l
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Please write for 
List IN . 125

FERRANTI H O L L IN W O O D  • L A N C S .
London Office : KERN HOUSE, KINGSWAY, W.C.2.

F E R R A N T I  P O R T A B L E
V I S C O M E T E R

fo r  in du stria l and laboratory use
This instrument has been developed for industrial use with 
laboratory standards of accuracy. I t gives a rapid continuous 
evaluation of the viscosity and flow properties of liquids or semi- 
liquids. A maximum indicating friction pointer is provided for 
use with thixotropic liquids.
M O D EL VL FO R LOW  V ISC O SIT IE S  (readings from 0-625 
centipoises). M O D EL VM FOR M E D IU M  V ISC O SIT IE S  
(readings from 0-13,500 centipoises). M O D EL VH FO R H IG H  
V ISC O SIT IE S (readings from 0-20,000,000 centipoises).
Each model is mains operated with quick-change 3 or 5 speed gear 
box and sets of interchangeable inner cylinders.
Weight approximately 4 lb. Leather carrying case can be supplied.
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Special* Chemicals

Hopkin & Williams Ltd. have every facility for the production 

of special chemicals, organic or inorganic to customers’ 

requirements. By special* we mean chemicals that are 

not generally available, or not available in the required 

purity for particular processes. The research staff of the 

Hopkin & Williams Laboratories will be pleased to discuss 

the development of new chemical products, organic or 

inorganic for use in academic research and analysis, or as 

intermediates or ingredients in the manufacture o f : 

P h arm aceu tica l m ateria ls  C osm etics  

P hotograp h ic m ater ia ls E lectrop latin g  m ateria ls  

P lastics D etergen ts

A dhesives G lass

and other specialized requirements in the Lighting Industry, 

Electrical Industry and many others.

HOPKIN & WILLIAMS LTD.
Fine Chemicals for Research ancl Analysis 

FRESHWATER ROAD, CHADWELL HEATH, ESSEX
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RESPIRATORS
for use in Poisonous 

Noxious and Irritant Fumes

SELF-CO N TA IN ED

BREATHING APPARATUS
for work generally in irrespirable atmospheres

O XYG EN  AND 
COMPRESSED AIR TYPES

SMOKE HELMETS
of all patterns

R ES U S C IT A T IO N  A P P A R A TU S
for asphyxia, electric shock, etc.

GAS ANALYSIS APPARATUS 
ACID AND W ATERPROO F CLO THIN G, 
GOGGLES, GLOVES, FUME MASKS, ETC.

SIEBE. GORMAN &CQ.ITP
E V E R Y T H I N G  F O R  S A F E T Y  E V E R Y W H E R E

T O L W O R T H , SU R B ITO N , SURREY
Telegrams: Telephone:

Slebe, Surbiton Elmbridge 5900

XX X



A SPECTACULAR saving in cost and space and a notable increase in 
the efficiency of operation have been achieved by the use of an APV 

stainless steel Paraflow heat exchanger at the Southall Works of The N orth 
Thames Gas Board in an ammoniacal liquor concentration plant. The 
Paraflow, which is constructed in a carefully chosen grade of stainless steel, 
has now withstood the corrosive action of feed and effluent liquors for 
more than twelve months. It supplies feed to the main concentration unit 
at 85°C., without the use o f a steam booster, so reducing steam con
sumption to  “  15% on feed ”  — an economy which saved the cost o f the 
Paraflow in nine months. Complete accessibility to  all parts facilitates 
inspection as well as removal o f tar and encrustations.

Details o f this application o f the Paraflow will be sent on request.

APV C H E M I C A L  E N G I N E E R S

THE A.P.V. COMPANY LTD.. WANDSWORTH PARK, LONDON, S.W.18 
Telephone: Vandyke 4492 (11 lines) ■ Associated Manufacturing Companies in India and Australia

Heat recovery in 
ammoniacal liquor concentration

T h e  A P V  

P a r a f lo w  

P la t e  H e a t  

E x c h a n g e r  

c o m p le te s  

t e s ts  a t  

N o r th  

T h a m e s  

G a s  B o a r d



B.D.H.
fin e  chemicals Jor industij

THE BRITISH D R UG  HOUSES LTD.
B.D.H. LABO RATO RY CHEM ICALS GRO UP • POOLE • DORSET 
TELEPHONE : POOLE 962 (6 LIN ES) • TELEG R A M S : TETRA D O M E POOLE

B .D .H . F in e  C hem icals fo r  In d u s try —  

chem icals o f  la b o ra to ry  p u rity — are  

help in g  m any  m an u fac tu rers  to  m ake 

b e tte r  p ro d u c ts  th a n  before, 

a n d  to  m ak e  them  m o re  cheaply .
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ANNUAL REPORTS

ON THE

PROGRESS OF CHEMISTRY.

G E N E R A L  AND P H Y S IC A L  C H E M IS T R Y .
1. BOND INTERACTIONS.

T h e re  are two m ain m ethods of obtaining inform ation about bond in te r
actions in polyatom ic molecules. The first is to  com pare bond properties in 
different molecules. Thus the  C~C1 bond is shorter in  C1CN (1-67 A) 1 th an  
in CH3C1 (1-781 A),2 showing the effect of an  ad jacent trip le  bond 3 (there is 
also an increase in the  force constant).4 The second is to  stu d y  these in te r
actions in a molecule as i t  v ib ra te s ; th e  usual w ay of doing th is  is to  deter
mine from the  vibration frequencies the function governing th e  varia tion  of 
potential energy w ith d istortion. F o r exam ple Slawsky and  D ennison,5 and  
Linnett 6 found th a t, in  the  m ethyl halides, the  C~X bond in terac ts w ith  
the inter-bond angles in the m ethyl group, the  potential-energy function 
showing th a t, as the C~X  bond is lengthened, the  HCH angle tends to  in
crease. Analogous in teraction  effects have been found in ethy lene,7 form alde
hyde,8 keten ,8 and  diazom ethane.9 R ecently  o ther spectroscopic m ethods of 
investigating bond in teractions have been used. In  th is  R eport m ethods of 
the second kind will be specially considered.

Potential-energy Functions.— Of the two basic force fields the  Central 
has proved less useful th an  th e  V alency.10 In  its  sim plest form the  potential- 
energy function based on the  la tte r  involves squared term s in  the  bond 
length and  in ter-bond angle changes b u t, in its  com plete form, "  cross 
terms ” which take account of the  interactions between different p a rts  of 
the molecule are also included. Thus for the w ater molecule th e  com plete 
valency force field (V.F.F.) potential-energy function is n

V =  P h A r , 8 q. Afj2) +  p „ A a 2 +  k la(Arl +  Ar2)Aoc +  k n A r1Ar1 . (1)

where Arv  Ar2, and Aa are the changes in the  bond lengths and  H -O -H  
angle, k x and ka are the  respective constants, £u  m easures the  in teraction

1 J. Y. Beach and A. Turkevich, J . Amer. Chem. Soc., 1939, 61, 299.
I L. E. Sutton and L. O. Brockway, ibid., 1935, 57, 473; S. L. Miller, L. C. Aamodt,

G. Dousmanis, C. H. Townes, and J. K raitchm an, J . Chem. Phys., 1952, 20, 1112.
3 A. D. W alsh, Trans. Faraday Soc., 1947, 43, 60.
4 J . W. L innett and H . W . Thompson, 1937, 1399.
5 Z. I. Slawsky and D. M. Dennison, J . Chem. Phys., 1939, 7, 509.
* J. W. L innett, ibid., 1940, 8, 91.
7 H. W. Thompson and J . W. L innett, 1937, 1376. 8 Idem , ibid., p. 1384.
8 B. L. Crawford, W. H. Fletcher, and D. A. Ram say, J . Chem. Phys., 1951, 19, 406.

10 G. Herzberg, "  Infra-red and R am an Spectra of Polyatom ic Molecules,” Van
Nostrand, New York, 1945, pp. 159— 186.

II D. F. H eath  and J. W. L innett, Trans. Faraday Soc., 1948, 44, 556.
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between the  bonds, and  k la the  in teraction between th e  bonds and the  angle. ; 
There are four independent constants in  the  com plete quadra tic  potential- 
energy function. This is so w hatever its  form. If  there  are n  fundam ental 
v ibrations in  a  sym m etry  class, the  general potential-energy function 
governing distortions of th a t  sym m etry  will contain b i(n  +  1) independent 
constants. To obtain  the num ber of independent constants for all distortions 
of the  molecule these m ust be sum m ed over all sym m etry  classes. Thus, for 
w ater, there are two fundam ental sym m etric v ib ra tio n s; for these distortions 
there are three constants. There is one fundam ental antisym m etric 
v ib ra tion ; for th is there  is only one constant. There are therefore four 
constants in  all [cf. (1)].

Determination o f Force Constants.—The molecule H 20  has only three 
vibration frequencies, so, from them  alone, the  four constan ts cannot be 
found. This difficulty m ay be overcome by using isotopes. Thus, for w ater, 
deuterium  oxide w hich also has th ree fundam ental frequencies m ay  be used. 
However, for any  pair of isotopic molecules, the  Teller-R edlich  product 
rule 12 sta tes th a t the  ra tio  of the  product of the  frequencies of all the 
v ibrations of a  given sym m etry  class for one isotopic molecule to  the  corre
sponding product for the  o ther is independent of the  force field and  equal 
to  a  function involving the  atom ic masses and  m olecular dimensions only. 
So, since the  v ib ra tions of H aO and  D 20  fall in to  tw o sym m etry  classes, 
D20  provides only one new independent frequency. This w ith  th e  three of 
H 20  m akes possible th e  determ ination of all four constants. The v ibration 
frequencies of DOH m ight also be used b u t, because of relationships between 
th e  frequencies of isotopic molecules, they  provide no additional inform 
ation. Decius and  W ilson 13 have deduced certain  sum  rules relating the 
v ib ra tion  frequencies of isotopic molecules. For exam ple for w ater

i r (H O H )  +  IV (D O D ) =  2Ey2(HOD) . . . . . (2)

the  sum m ations being over all v ibration  frequencies. Decius 14 has also 
exam ined w hat isotopic su bstitu tion  is necessary in  linear molecules to  
obtain  a  unique solution for the  force constants.

Hence, if the  frequencies of a sufficient num ber of isotopic molecules are 
available all the  constants m ay in principle be determ ined. However the 
use of isotopic substitu tion  is no t always well su ited  for the  accurate deter
m ination of force constants. This m ay be illustra ted  w ith  hydrogen cyanide. 
The valency v ibration  frequencies of HCN are 3312-0 and  2089-0 cm."1.15 
The tab le  lists the frequencies calculated for DCN and  H C 15N for three 
values of k 12 in the  function

V =  JAifArcH)2 +  ¿^i(Aros)2 +  . . . .  (3)

As one v ibration  frequency of DCN is 2629-3,15 k 12 m ust have a  sm all negative 
value. B u t th e  figures for HC15N show th a t  it  would be necessary to

DCN HC15N

A „(X lO -5 ) -0 - 5  0 +0-5  -0 - 5  0 +0-5
Frequency (cm.-1) 2648-0 2596-1 2548-6 3309-9 3310-8 3311-6

1881-4 1919-1 1954-9 2056-5 2056-0 2055-4

12 O. Redlich, Z. physikal. Chem., 1935, B, 28, 371; see also W. R. Angus et al., 
J ., 1936, 971. 13 J .  C. Decius and E. B. Wilson, J . Cliem. Phys., 1951, 19, 1409.

11 J . C. Decius, ibid., 1952, 20, 511. 15 G. Herzberg, ref. 10, p. 279.
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determine the  frequency shifts from HC14N to HC15N very accurately to 
fix the value of k12. The reason w hy the  substitu tion  of deuterium  for 
hydrogen in hydrogen cyanide is so effective in determ ining k12 is tha t, 
while the CH ‘ ' group ’ ’ frequency is m uch g reater th an  th a t  of the  C_ N 
bond, the  CD "  group ’’ frequency is close to  th a t  of the  C—N bond. The 
closeness of the  “  group ”  frequencies in DCN causes the  effect of varying 
kl2 on the  calculated frequencies to  be large. Isotopic substitu tion  should 
therefore be used for calculating force constants only when it  is clear th a t 
it provides a  reliable m ethod.

For H 20 , and  other ben t A X , molecules, in  the  absence of isotopic sub
stitution there  are only three frequencies to  determ ine four constants. A 
convenient m ethod of representation has been suggested by D uchesne,18 
and Glockler and  T ung,17 who proposed th a t  th e  values of three constants 
should be p lo tted  against values of the  fourth  which is regarded as an inde
pendent variable. I t  is then  found th a t  the  graphs are ellipses, and  the 
values of the constants are lim ited  to  certain  ranges. Such graphical repre
sentations have been used by  B um elle and  D uchesne,18 T ork ing ton ,19 
Thomas,20 and  L inne tt and  H ea th .21 However i t  is often impossible to 
select from such inadequate  d a ta  the correct set of values for the constants 
and it  is im portan t th a t  efforts be m ade to  obtain, w ith com plete certain ty , 
all the constants in the  general potential-energy function for as m any mole
cules as possible so th a t  reliable conclusions m ay be draw n from the values.

A nother m ethod th a t  has been used for overcoming the  difficulty th a t 
the num ber of constants usually exceeds the num ber of observed frequencies 
is th a t of transferring  constants from other molecules containing sim ilar 
bonds. Thus Crawford and  B rinkley 22 used the  same values for the con
stan t of the C—N bond in hydrogen cyanide and  m ethyl cyanide. This 
method has been used by Cleveland and M eister and  the ir co-workers in 
extensive calculations on the  halogen derivatives of m ethane,23 ethane,24 
and other molecules.25 H ow ever there are often variations in bond lengths 
from one molecule to  ano ther [e.g. from m ethyl chloride to  carbon te tra 
chloride) so th a t  there  can be no certa in ty  th a t  force constants can be 
transferred in the  above m anner. Caution m ust be used in m aking such 
transfers. Thom as 28 has used constan ts from related  molecules b u t has 
made allowance for bond changes on going from one to  another. F o r

16 J . Duchesne, M em. Soc. Roy. Sri., Liège, 1943, 1, 429.
17 G. Glockler and J. Y. Tung, J . Chem. Phys., 1945, 13, 388.
13 J. Duchesne and L. Bumelle, ibid., 1951, 19, 1191.
10 P. Torkington, ibid., 1949, 17, 357. 20 W. J . O. Thomas, / . ,  1952, 2383.
21 J. W. L innett and D. F. H eath, Trans. Faraday Soc., 1952, 48, 592.
22 B. L. Crawford and S. R . Brinkley, J . Chem. Phys., 1941, 9, 69.
23 A. G. Meister, S. E . Rosser, and F . F. Cleveland, ibid., 1950, 18, 346; S. M. 

Ferigle, F. F. Cleveland, W..M. Bryer, and R. B. Bernstein, ibid., p. 1073; J . P. Zeitlow, 
F. F. Cleveland, and A. G. Meister, ibid., p. 1076; J . R- Madigan, F. F . Cleveland, 
W. M. Bryer, and R. B. Bernstein, ibid., p. 1081 ; J . R. Madigan and F. F. Cleveland, 
ibid., 195Ï, 19, 119; C. E . Decker, A. G. Meister, and F. F. Cleveland, ibid., p. 784; 
P. F. Farlon, A. G. Meister, and F. F. Cle%’eland, ibid., p. 1561 ; A. Davis, F. F. Cleve
land, and A. G. Meister, ibid., 1952, 20, 454. .. _

21 F. F. Cleveland, J. E. Lam port, and R. W. Mitchell, ibid., 1950, 18, 1073; M. Z.
El-Sabban, A. G. Meister, and F. F. Cleveland, ibid.. 1951, 19, 855; P. R. McGee,
F. F. Cleveland, and S. I. Miller, ibid., 1952, 20, 1044.

25 J . S. Ziomek and F . F. Cleveland, ibid., 1949, 17, 578; F. F. Cleveland, K. W.
Greenlee, and E. E. Bell, ibid., 1950, 18, 355.

26 W. J . O. Thomas, ibid., 1951, 19, 1162.
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example, the CO force constant in C 02 is known exactly, and, from th is and 
the bond length, using G ordy’s formulae,27 Thom as calculated the  bond order 
in C 02- From  the bond length in cyanic acid he calculated the CO bond 
order in th a t molecule, and, from this, using G ordy’s formulae again, he 
obtained the CO force constan t in  cyanic acid. So, from the  small observed 
change in bond length (1-163 to  1-170 A) he determ ined the sm all change in 
the  force constant (from 15-5 to  15-0 X 105 dynes/cm .). If accurate bond 
length values are available from micro-wave or o ther d a ta  th is  probably 
provides the  best means of m aking use of the  known value of a  force constant 
of a sim ilar bond in a related  molecule. I t  is to  be preferred to  transferring 
the value uncorrectcd.

W ith molecules having doubly degenerate v ibrations there is a  fu rther 
m eans of obtaining inform ation about force constants. Such vibrations can 
possess angular m om enta by  v irtue  of the ir in ternal m otions, and the  m agni
tude of the  vibrational angular m om entum  associated w ith a  certain  excited, 
level can, in favourable cases, be determ ined from the  s tructu re  of the  bands 
associated w ith the transition  to  th a t level from  the  ground s ta te .28 This 
angular m om entum  is dependent on the  force field and m ay be used to 
determ ine force constants. Formulae for doing th is have been published 
by Boyd and Longuet-H iggins.29 F o r the  v ibrations of a given sym m etry 
class (say the three of the degenerate class of m ethyl chloride) the sum of 
the angular m om enta associated w ith all th e 'f ir s t  excited levels of th a t 
class has a particu lar value independent of the  force field. Lord and  Merri- 
fie ld30 and Boyd and L onguet-H iggins29 have given some examples of the 
m agnitude of this sum. So, for the degenerate v ibrations of m ethyl chloride 
there are only two independent angular m om enta available for determ ining 
the force constants.

As ye t the so-called Coriolis coefficients which m easure the  angular 
m om entum  associated w ith  the  v ibration  have no t been w idely used for 
determ ining force constants. Dennison 31 used them  w ith  am m onia and 
he and H ansen 32 used the  frequencies of ethane and hexadeuteroethane 
together w ith values of the Coriolis coefficients to  determ ine all 21 constants 
(excluding torsion) in the potential-energy function of th a t molecule. Lord 
and  V enkatesw arlu33 have pointed  ou t th a t  for allene all ten  poten tia l 
constants associated w ith distortions corresponding to  the degenerate 
vibrations could be obtained from the eight degenerate v ibration  frequencies 
of allene and tetradeuteroallene (only seven are independent because of the 
T eller-R edlich relation) and the eight Coriolis coefficients (only six are  
independent because of the sum rules).

I t  has been assum ed so far th a t the  potential-energy function is quadratic
27 W . Gordy, J . Chem. Phys., 1946, 14, 305; 1947, 15, 305.
28 V. M. McConaghie and H. H. Nielsen, Proc. N a t-A ca d . Sci., 1948, 34, 455; 

D. R. J . Boyd, H. W. Thompson, and R. L. Williams, Discuss. Faraday Soc., 1950, 9, 
154; D. R. J. Boyd, H. W . Thompson, and R. L. Williams, Proc. Roy. Soc., 1952, A , 
213, 42; D. R. J. Boyd and H. W. Thompson, Trans. Faraday Soc., 1952, 48, 493;
H. W. Thompson and R. L. Williams, ibid., p. 502; H. H . Nielsen, J . Chem. Phys., 
1952, 20, 759.

29 D. R. J . Boyd and H. C. Longuet-Higgins, Proc. Roy. Soc., 1952, A , 213, 55.
30 R. C. Lord and R. E. Merrifield, J . Chem. Phys., 1952, 20, 1348; M. Johnston 

and D, M. Dennison, Phys. Review, 1935, 48, 868.
31 D. M. Dennison, Review Mod. Phys., 1940, 12, 175.
32 G. E. Hansen and D. M. Dennison, J . Chem. Phys., 1952, 20, 313.
38 R. C. Lord and P. Venkateswarlu, ibid., p. 1237.
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and anharm onicity  can be neglected. W hen the  aim  is to  obtain  the complete 
potential-energy function th is is no t always j ustifiable. B u t only in rare cases 
(e.g. w ater,34 hydrogen cyanide,35 nitrous o x id e 3G) can sufficient overtones 
be observed to  obtain  the  zero-order frequencies. In  o ther cases other 
methods have to  be adopted. For instance Dennison corrected the  observed 
fundam entals of m ethane by  assum ing a relationship betw een the an
harm onicity coefficients of m ethane and  te tradeu terom ethane and b y  using 
the Teller-R edlich  product rule. H ansen and  Dennison trea ted  ethane 
similarly.

Calculating force constants from v ibration  frequencies is often tedious. 
Procedures for m aking such calculations have been proposed b y  E l’yashe- 
vich,37 W ilson,38 and Torkington.39

Results for Interaction Constants.—The sim plest type are the  bond-bond
constants of linear molecules [e.g. k 12 in  (3)] for in  these the  valency vibrations
occur independently  of the  bending ones. In  m ost cases the  cross-term
constant is positive (e.g. in C 02,8 CS2,40 N3- , 40 N 20 ,41 OCS,42 C1CN,29 BrCN,20
ICN,20 and also, regarding the N H  as a  unit, in HNCO,20 HNCS,20 and  H N 3 20).
B ut in HCN,35 and the ben t molecules H ^ , 11 H 2S,40 and H 2Se,40 it  is negative.
The positive value of th is constan t has been ascribed to the effect of resonance.

— +
Thus in  carbon dioxide there is resonance between (i) O -C -O , (ii) 0 ~ C = 0 , 

^ —
and (iii) 0 = C - 0 .  The lengthening of the left-hand  bond, therefore, favours 
(ii) and the consequent shortening of the  righ t-hand  bond.8 The poten tia l 
energy increases less, therefore, when Arx and  Ar2 are opposite in sign than 
when they  are of the  same sign and th is  accounts for the cross-term  constan t 
being positive; bu t, when hydrogen is one of the  atom s a ttached  to  the  
central atom , the constan t is negative. Coulson, Duchesne, and Manne- 
b a c k 43 have suggested th a t  th is  is due to  a charge effect. H oare and 
L in n e tt40 pointed ou t th a t, when the  cross-term  constan t is positive in a 
triatom ic molecule, the diatom ic molecule left on dissociating one bond 
would be expected to  be shorter th an  the  corresponding bond in the  triatom ic 
molecule. This is found to  be so (e.g. rCs in CS2 is 1-55 and in CS 1-53 À). 
When the constan t is negative the  reverse is to  be expected ; th is is also 
found (e.g. r0n  in  H 20  is 0-958 and in OH 0-971 Â). Thom as has confirmed 
this in the molecules stud ied  by him .20 The sign of the  cross-term  constants 
in the m ercury halides is still uncertain  and more d a ta  for these would be 
interesting. The positive cross-term  constants are always larger th an  the 
negative ones so in teraction  resulting from resonance effects m ust be greater 
than  th a t  occurring in  hydrogen cyanide, w ater, etc. H eath , L innett, and

31 L. G. Bonner, Phys. Review, 1934, 46, 458; B. T. D arling and D. M. Dennison, 
ibid., 1940, 57, 128.

35 W. Brookes, Trans. Faraday Soc., 1951, 47, 1152.
36 G. Herzberg, ref. 10, p. 278.
33 El'yashevich, Compt. rend. Acad. Set., U .R.S.S., 1940, 28, 604.
38 E. B. Wilson, J . Chem. Phys., 1939, 7, 1047; 1941, 9, 76; J. C. Decius, ibid., 

1948, 16, 1025.
33 P. Torkington, ibid., 1949, 17, 357; 1950, 18, 93, 773; 1951, 19, 528, 979.
40 M. F. Hoare and J . W. L innett, Trans. Faraday Soc., 1949, 45, S44.
41 W. S. Richardson and E. B. Wilson, J . Chem. Phys., 1950, 18, 694.
43 H. J . Callomon, D. C. McKean, and H. W. Thompson, Proc. Roy. Soc., 1951, 

A , 208, 341.
43 C. A. Coulson, J. Duschesne, and J. Manneback, Nature, 1947, 160, 793; 

7 Contribution â l'E tude  de la Structure Moléculaire,” Liège, 1948, p. 33.
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W heatley 44 pointed out th a t in  CH4, SiH4, N H 3, P H 3, H 20 , and  H 2S the 
bond lengths were always less th an  in  the diatom ic molecules A H  but, 
though the  cross-term  constants are no t certain , i t  seems th a t th ey  are 
positive in  the  Group iv  hydrides and  in am m onia b u t negative in  the 
Group v i hydrides and in  phosphine and arsine. The con trast between 
am m onia and arsine has also been no ted  by  Duchesne and  O tte le t45 who 
suggest th a t  it  m ay be due to  the opposing effects of hybrid isation  changes 
and  H —-H interaction  which tend  to  lead to  positive and  negative cross- 
term  constants, respectively. They also po in t ou t th a t  the  bond-bond 
in teraction  constants involving bonds to  hydrogen are small.

From  the three valency vibration  frequencies of cyanogen and  one of 
the  molecule containing one 13C atom , Duchesne and  B um elle 18 have found 
th a t the (CN)(CC) cross-term  constan t is positive and  the  (CN)CN') cross
term  constant negative. The sign of bo th  can  be accounted for b y  the 
effect of resonance between NC-CN and double-bonded forms, for a shorten
ing of one C—N bond favours the  first canonical form and  hence a lengthening 
of the  C-C bond (positive constant) and a  shortening of the o ther C -N  bond 
(negative constant) (cf. Longuet-Higgins and B u rk i t t40).

Torkington 47 has suggested a  potential-energy function (om itting angle 
terms) for polyatom ic molecules derived from th a t  of Morse for diatom ic 
molecules. This includes bond-bond  in teraction  term s and, for triatom ic 
molecules, Torkington relates the  sign of the cross-term  constan t to  the 
difference between the  h ea t of atom isation  and  the  sum  of the  bond-dissoci- 
ation energies (cf. D uchesne48). He also considers the  sign of the  higher- 
order term s in the potential-energy function.

In  m ethyl chloride the largest in teraction constan t is th a t between the 
C-Cl bond and the H -C -C l angle. I t  is positive showing th a t, as the  H -C -C l 
angle is increased the C-Cl bond tends to  shorten. I t  is notew orthy th a t, 
in cyanogen chloride, where a sim ilar drawing together of the three pairs of 
electrons opposite to  the chlorine atom  m ust also have occurred (relative to  
m ethyl chloride in its near-te trahedral equilibrium  configuration), the 
C-Cl bond has become shorter. A sim ilar effect appears to  occur in m ethane 
and hydrogen cyanide also.49 In  m ethane the (CH<)(H,-CHt) constan t is 
negative indicating th a t, as the  HjCHj. angle is reduced the  CHj bond tends 
to  shorten. Also in hydrogen cyanide (and in acetylene) the. C—H  bond is 
shorter than  in m ethane.50 The shortening of the  C-Cl bond in cyanogen 
chloride is often ascribed to  resonance, b u t objections have been m ade to  
this explanation by  Burawoy 51 and  by  D uchesne.52 Buraw oy suggests th a t  
it  is due to  changes in electron shielding and  other inter-electronic effects, 
while Duchesne relates i t  to  changes in hybridisation a t  the chlorine atom. 
He has explained in  a sim ilar m anner increases in bond length from carbon 
tetrachloride to  m ethyl chloride, from silicon tetrachloride to  silyl chloride,

44 D. F . H eath, J . W . L innett, and P. J. W heatley, Trans. Faraday Soc., 1950, 46,137.
45 J. Duchesne and I. Ottelet, J .  Chem. Phys., 1949, 17, 1354.
46 H. C. Longuet-Higgins and F. H . B urkitt, Trans. Faraday Soc., 1952, 48. 1077.
47 P. Torkington, ] .  Chem. Phys., 1952, 20, 1174.
43 J . Duchesne, Mem. Acad. Roy. Belg., 1952, 26 (7), 1.
43 J . W. L innett, Proc. Roy. Soc., 1951, A , 207, 30.
50 A. D. W alsh, ref. 3; J. W. L innett, Trans. Faraday Soc., 1945, 41, 223.
51 A. Burawoy, Trans. Faraday Soc., 1943, 39, 79; 1944, 40, 537 ; “  Contribution à 

l’E tude de la Structure Moléculaire,” Liège, 194S, p. 73.
5S J. Duchesne, Trans. Faraday Soc., 1950, 46, 187; J . Chem. Phys., 1951, 19, 24Ç.
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and from carbon tetrafluoride to  m ethyl fluoride, giving nuclear quadrupole 
coupling d a ta  in  various molecules in shpport of th is hypothesis. Though 
the above effects in m ethyl chloride and  cyanogen chloride correspond w ith 
those in  m ethane and  hydrogen cyanide th e  bond-bond cross-term  constan t 
in the two triatom ic molecules are different.

The calculations by  H ansen and  D ennison 32 for e thane are valuable 
because th ey  provide a com plete trea tm en t of a relatively large molecule. 
The bond-angle  are  th e  largest in teraction constan ts; all th e .b o n d -b o n d  
constants are small. As w ith  the  m ethyl halides the  (CC)(CCH) constan t 
is quite large and  positive, b u t the biggest in teraction  constan t is th a t 
associated w ith the  term  (CH,-)(CCH,-+1), the  bond and angle being in the  
same m ethyl group. I t  is negative, indicating th a t, as the C -H ; bond is 
lengthened, th e  CCHj+1 angle tends to  increase. The constan t associated 
with the (CHi)(Hi+1CH,-_1) cross-term  is also negative, indicating th a t, as 
the C -H ; bond is lengthened, the  H f + 1C H ,_1 angle tends to  increase. Thus, 
as the CH( bond is lengthened, the angles on th e  opposite side of the  carbon 
atom  tend  to  increase, so the  effect is analogous to  th a t  produced by  the 
lengthening of the  C-C bond (and the  C-Cl bond in m ethyl chloride 5). 
The interactions betw een the  separate m ethyl groups are of in terest because 
it m ay be possible to  link these to  the effects restricting  ro tation. The 
molecule being in the  staggered form, i t  is found th a t  increasing one HCC 
angle tends to  cause the  opposite one in  the  o ther m ethyl group to  increase, 
and th a t increasing a C~H bond length in one m ethyl group tends to  cause 
the adjacent CCH angles in the  o ther m ethyl group to  decrease. The la tte r  
could be due to  repulsion betw een non-bonded atom s or betw een bonds bu t 
the form er is more difficult to  explain, though it  m ight be accounted for by 
hyperconjugation effects.

Torkington has studied  ethylene 53 and its derivatives 54 extensively. 
Many of his conclusions are unaffected by  modifications m ade to  the fre
quency assignm ent by  A rnett and Crawford,55 and  R ank, Shull, and  A xford.50 
For instance he finds th a t  the  in teraction constan t between adjacent C—H  
bonds is negative (as in w ater, etc.) and  between the  trans-C -H  bonds is 
probably positive. The la tte r  suggests th a t  as one C -H  bond is lengthened 
the C -H  trans to  i t  tends to  contract. The (C^C) (C-H) interaction  constant 
is positive, and Torkington suggests th a t  th is m ay be a  consequence of 
repulsion between non-bonded hydrogen and carbon atom s (cf. H eath , 
L innett, and  W h e a tle y 57). Torkington also studied the  out-of-plane 
bending constan t of the  CH2 group in  CH2-C H 2, CH2-C H X , and  CH2-C X 2, 
where X  =  m ethyl, halogen, cyano, e tc .54 H e found th a t  the effect on 
the constant is twice as g reat for th e  CH2=CX2 molecules as for th e  corre
sponding CH2=CHX molecules (using ethylene as th e  reference molecule) 
and also th a t  ortho- and  para-d irecting  groups lower the constan t while 
meta-directing ones increase it. This surprising resu lt appears to  show th a t, 
as electrons are draw n from the  double bond, the  constan t increases. In  a 
later paper 53 Torkington links th is  effect to  the  conclusion of H eath , L innett,

53 P. Torkington, Proc. Phys. Soc., 1951, A , 64, 32.
51 Idem, Nature, 1949, 163, 96; Proc. Roy. Soc., 1950, A , 206, 17.
55 R. L. A rnett and B. L. Crawford, J . Chem. Phys., 1950, 18, 118.
65 D. H. Rank, E. R. Shull, and D. W. E. Axford, ibid., p. 116.
57 P . F. H eath, J . W. L innett, and P. J. W heatley, Trans. Faraday Soc , 1919, 45, 1,
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and W heatley 57 th a t the  out-of-plane bending of the  ethylene molecule is 
easier because the  constant associaifed w ith  the  --bond  is negative. Tork- 
ington also stud ied  the out-of-plane bending constan t of the CH group in 
C H ,-C H X  molecules and found th a t  the  order was th a t  of the  electro
negativities of the attached  groups X .54

An im portan t factor causing deviations from the  simple valency force 
field is undoubtedly  repulsion between non-bonded atom s as has been shown 
by  U rey and  Bradley 68 for various A X 4 molecules and  ions, and by  Sima- 
nouti 59 in a varie ty  of substitu ted  derivatives of m ethane and silane. H ea th  
and L innett also showed the im portance of such repulsions in boron halides,60 
various hexafluorides,61 Group iv  halides,62 and such ions as S 0 4~, N 0 3_ , 
e tc .63 (see also Coulson, Duchesne, and M anneback,43 and Sehon and 
Szwarc 64). B oth  Sim anouti, and L inne tt and H ea th  com pared the  repulsion 
constan ts w ith  those to  be expected from the  known van  der W aals repulsion 
betw een in ert gas atom s as calculated by  L ennard-Jones.05 L innett and 
H ea th ,21 in a general survey, showed th a t the  repulsion constants for a given 
pair of non-bonded atom s varied  regularly in a series of molecules w ith the 
distance separating  them . W ilson and  Polo 66 find th a t the  bond-bond  
constant in nitrogen trifluoride is probably positive. This could be due to  
repulsions between the  fluorine atom s. C aunt, Short, and  W oodward 67 
have exam ined sim ilar repulsion effects in germ anium  tetrafluoride.

Dennison has determ ined the  five po ten tia l constants of m ethane.31 
F o r those governing bending only, the m ain HCH constan t is 0-42 X IO5 
(in dynes/cm .) and  the  (HiCH^)(HiCHz) in teraction  constan t is —0-075 X 10s. 
The negative sign of the  la tte r  suggests th a t reducing one HCH angle tends to 
cause the opposite one to  close up also. This would be an erroneous con
clusion, for the six HCH angles cannot be varied  independently. Suppose 
(AHjCHj) =  — (AHi-CHf) and  the  d istortion  is sym m etrical, th e  o ther HCH 
angles will no t change, b u t if (AHjCH,-) =  +  (AH4-CHj) the o ther four angles 
decrease by an angle equal to  half the  increase in the o ther two. From  this 
it  is easy to  show th a t  the po ten tia l energy increases m ore rap id ly  w ith 
change in angle for the distortion in which (AHjCHf) =  +  (AHa.CH;) than  
for the d isto rtion  in  w hich (AHjCHj) =  — (AHfcCH(). So the closing of one 
HCH angle favours the opening of the opposite one. This can be explained 
by electron correlation effects 68 or by, w hat is essentially equivalent, 
hybrid isation changes. Difficulties like the above provided one of the 
reasons for H eath  and  L in n e tt’s m odifying the ordinary  valency force field 
to the ir o rb ita l force field (O.V.F.F.) in which the central atom  is im agined

58 H. C. Urey and C. A. Bradley, Phys. Review, 1931, 38, 1919.
58 T. Sim anouti, / .  Chem. Phys., 1949, 17, 245, 734, 848; D. F. H eath  and J . W. 

L innett, ibid., 1950, 18, 147.
60 D. F. H eath  and J . W. L innett, Trans. Faraday Soc., 1948, 44, 873.
61 Idem, ibid., 1949, 45, 264.
62 Idem, ibid., 1948, 44, 561, 878. 63 Idem, ibid., p. 884.
61 A. H. Sehon and M. Szwarc, Proc. Roy. Soc., 1951, A , 209, 110.
65 J. E. Lennard-Jones, ibid., 1924, A , 106, 463; R. A. Buckingham, ibid., 1938, 

A , 168, 264; R. H. Fowler and E . A. Guggenheim, "S ta tis tic a l Thermodynamics,"
C.U.P., 1939, p. 285.

66 M. K. Wilson and S. R. Polo, J . Chem. Phys., 1952, 20, 1716.
62 A. D. Caunt, L. N. Short, and L. A. W oodward, Nature, 1951, 168, 557; Trans.

Faraday Soc., 1952, 48, 873.
88 (Sir) J. E. Lennard-Jones, J . Chem. Phys., 1952, 20, 1024; H. Margenau, "  The

N ature of Physical R eality ,” McGraw-Hill, 1950, p. 434.
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to have its  valencies directed in particu lar directions relative to  one another, 
and the angular deviation of each bond from th e ir directions is used in the 
potential-energy function .60 Force fields of the  same type had  been used 
by Urey and Bradley 58 and by H ow ard and  W ilson 69 b u t had never been 
developed. By th is  approach difficulties like th a t for m ethane will not 
exist because the im possibility of varying angles independently  does not 
occur in using the O.V .F.F. In  term s of cross-term s, a simple O .V .F.F. 
with no cross-terms, will correspond, in certain cases, to  an ordinary V .F .F . 
including finite angle-angle cross-terms (and vice versa).

Some w ave-m echanical calculations of force constan ts and  in teraction  
constants have been made. Exam ples are provided by  W arhurst,70 Coulson 
and Longuet-H iggins,71 P a rr  and Craw ford,72 P a rr and  T aylor,73 W heatley 
and L in n e tt,74 and  Longuet-H iggins and  B u rk itt.46

Intensities o f Infra-red Bands.—Since 1945 an active s ta r t has been 
made in determ ining the intensities of infra-red bands and in using the d a ta  
obtained. The procedure is to determ ine the intensities of the  fundam ental 
absorption bands of the  molecule and  from these to  calculate the ra te  of 
change of dipole m om ent w ith  each norm al co-ordinate, dy./dQ (see W ilson 
and Wells 75; Thorndike, Wells, and W ilson 76; Callomon, McKean, and 
T hom pson77; and Penner and  W e b e r78). A fter a norm al co-ordinate 
treatm ent these m ay be converted in to  values for the ra te  of change of u w ith  
bond lengths and  angles (dp/3r and dujda). In  m ost trea tm ents the  3p/3r 
values have been rela ted  to  a change of m om ent of a  particu lar bond w ith 
length and the 3p/3ct values used to  calculate bond m om ents supposing th a t, 
as the  molecule bends, the bonds re ta in  th e ir constan t m om ents which 
remain directed along the  line joining the  atom s. The justifiab ility  of these 
far-reaching assum ptions seems to  be doubtful. T horndike,79 for example, 
stated  th a t his results for e thane “ cast some doub t upon the  whole concept 
of add itiv ity  of bond dipole m om ents ” (see also Bell, Thompson, and 
Vago 80).

Dipole-moment changes on distortion  can also be obtained from m easure
ments of refractive indices using infra-red rad iation , as has been done by 
Rollefson w ith  Rollefson,81 w ith H avens,82 and w ith K elly and Schurin.83 
One im portan t difficulty in the  in terp re ting  of the  change of u. on distortion 
is th a t the  m agnitude, b u t no t the sign, can be deduced from the d a ta  
obtained from bo th  refractive-index and absorption m easurem ents.

For carbon dioxide Thorndike 79 found th a t  /dr for the C -0  bond was

88 J. B. Howard and E. B. Wilson, J .  Chem. Phys., 1934, 2, 630.
70 E . W arhurst, Trans. Faraday Soc., 1944, 40, 26.
71 C. A. Coulson and H. C. Longuet-Higgins, Proc. Roy. Soc., 1948, A , 193, 447.
75 R. G. P arr and B. L. Crawford, J . Chem. Phys., 1948, 16, 526; 1949, 17, 726.
73 R. G. P a rr and G. R. Taylor, ibid., 1951, 19, 497.
7VP. J. W heatley and J . W. L innett, Trans. Faraday Soc., 1949, 45, 897.
73 E. B. Wilson and A. J. Wells, J . Chem. Phys., 1946, 14, 578.
78 A. M. Thorndike, A. J . Wells, and E. B. Wilson, ibid., 1947, 15, 157.
77 H . J . Callomon, D. C. McKean, and H. W. Thompson, Proc. Roy. Soc., 1951, 

A, 208, 332.
78 S. S. Penner and D. W eber, / .  Chem. Phys., 1951, 19, 807, 817, 974.
78 A. M. Thorndike, ibid., 1947, 15, 868.
80 R. P. Bell, H. W. Thompson, and E . E . Vago, Proc. Roy. Soc., 1948, A, 192, 498.
81 R. Rollefson and A. H. Rollefson, Phys. Review, 1935, 48, 779.
81 R. Rollefson and R. Havens, ibid., 1940, 57, 710.
83 R. L. Kelly, R. Rollefson, and B. S. Schurin, J . Chem. Phys., 1951, 19, 1595.
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¿ 6 -0  d /A  (¡j. and p' are used for the dipole m om ents of molecules and bonds, 
respectively). This is m uch bigger th an  d /  ¡dr for the  C~H bond in m ethane 
(±0-55).82 He suggests th a t  the large value in carbon dioxide arises be
cause, during the antisym m etric distortion, which is used in the m easure
m ent, there is a change in  the  relative contributions of the  various canonical 
forms which results in  a  large swing of charge across the  molecule (cf. the  
earlier explanation of the cross-term  constan t 8). Such an  effect will not 
occur in m ethane. In  effect, therefore, he ascribes the  large value of d\P ¡dr. 
to  an in teraction  between the two C -0  bonds. Eggers and Crawford 84 
have investigated the in tensities of some com bination and  overtone bands 
of carbon dioxide and, b y  using Crawford and  Dinsm ore’s 85 theoretical 
trea tm en t, have deduced the coefficients of higher-order term s in the expres
sion for the  dipole m om ent. They find th a t  "  electrical anharm onicity 
seems definitely the predom inant factor accounting for the  observed in tensity  
of the  3614 and  3716 cm.-1 bands "  which is fu rther evidence for in teraction 
between the bonds. U nfortunately  the  sign of the coefficients of these 
higher-order term s cannot be fixed so th a t the  d a ta  do no t ye t provide 
definite inform ation regarding the natu re  of the interaction. An exaniination 
of the  intensities of the  bands of molecules like 160 C 180  m ight help in dis
covering m ore about electrical in teractions between the  bonds.86 N itrous 
oxide has been studied by  Thorndike, Wells, and  Wilson 76 and  by  Callomon, 
M cKean, and  Thom pson 77 who found th a t  the  values for du./dr in  th is mole
cule are large also. The explanation is probably sim ilar to  th a t  for carbon 
dioxide. Eggers and Crawford 84 have m easured the  intensities of overtone 
and com bination bands of n itrous oxide (see also F raser and Price 87).

Robinson 88 concluded th a t d^/drco in carbonyl sulphide is —6-7tyO-o 
com pared w ith —C-OffiO-6 in carbon dioxide and th a t  ty./ctys is —4-3¿0-5  
in the  form er com pared w ith  —5-6±0-5 in carbon disulphide. H e com 
m ented on the relative constancy of bo th  these values. Callomon, McKean, 
and T hom pson42 give a higher value (8-55) for d\xjdrco in carbonyl sulphide.

H yde and H om ig 89 studied  band  intensities in hydrogen cyanide and 
deuterium  cyanide and  found th a t  pch and  d\L ¡drcn are m uch g reater in 
the  form er th an  in m ethane. T hey ascribe th is  to  changes in  hybridisation 
of the  bond orbitals. Kelly, Rollefson, and Schurin 83 also found ¡¿¿h to  
be g reater in  acetylene th an  in m ethane. . However they  found th a t  dy.' ¡drew 
had  about the  same value in the two molecules (see Callomon, M cKean, and 
Thompson 42). H yde and  H om ig found th a t d\i jdvo^ in hydrogen cyanide 
was sim ilar to  th a t  found by  Nixon and  Cross 90 in cyanogen b u t m uch less 
th an  th a t found by  them  in cyanogen chloride. T hey  ascribed the large 
value in the la tte r  to  the  g reater polarisability  of the C~C1 b o n d ; in effect, 
to  interactions between the  bonds (cf. in teraction  constant). They con
cluded th a t  ¡¿¿H in hydrogen cyanide decreases w ith  bond length ju st as 
for ¡mei in hydrogen chloride (Bell and  Coop 91).

84 D. F. Eggers and B. L. Crawford, J . Chem. Phys., p. 1554.
85 B. L. Crawford and H. L. Dinsmore, ibid., 1950, 18, 983, 1682.
86 B. L. Crawford, ibid., 1952, 20, 977.
87 It. D. B. Fraser and W. C. Price, Nature, 1952, 170, 490.
88 D. 7.. Robinson, J . Chem. Phys., 1951, 19, 881.
89 G. E. H yde and D. F. Hornig, ib id ., 1952, 20, 647.
90 E . R. Nixon and P. C. Cross, ib id ., 1950, 18, 1316.
81 R. P . Bell and I. E. Coop, Trans. Earaday Soc., 1938, 34, 1209.
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Barrow and M cKean 92 have exam ined the m ethyl halides in detail. 
Only some of the ir results can be reported  here. They found th a t  dy.'/dr0x  
decreases from the fluoride to  the iodide, as would be expected, b u t th a t the 
values are surprisingly large especially for the C—F  bond (4-7 d/A ). Such 
large values have only been observed previously in  resonating systems. 
Robinson 93 has found th a t  the  dipole m om ent of hydrogen chloride depends 
critically on the hybrid isation of the  bonding orbitals of the  chlorine atom , 
and they  suggest th a t  a sim ilar explanation m ay account for the  large values 
of d\i’/dro± in the  m ethy l halides (cf. Duchesne 52). Barrow  and  McKean 
also deduce values for du.' /drcn from the sym m etric and degenerate vibrations 
assuming no in teraction  between the  bonds. In  all the  halides th e  values 
obtained from the  sym m etric are g reater th an  those from the degenerate 
vibrations. The lack of agreem ent betw een the two values shows th a t, in 
all cases, bond interactions m ust occur. This is sim ilar to  the conclusion 
reached by Thorndike 79 from his study  of ethane (cf. F ra n c is94). The 
assumption of add itiv ity  of bond dipoles and an independent linear variation 
of bond dipoles w ith  bond length seems to  provide only a  poor approxim 
ation.95 There is great need for some fu rther theoretical developm ents in 
this field.

Other Possible Methods o f Studying Bond Interactions.—The in tensity  
and depolarisation factors of R am an lines m ay be used, together w ith 
molecular polarisabilities, for calculating bond polarisabilities and the ir 
changes w ith bond length. This has been done by W olkenstein 96 for sub
stituted m ethanes. Cabannes and  R o u sse t97 have, however, approached 
the problem differently and  regard changes of polarisability during molecular 
vibrations as resulting from changes in  th e  in teractions betw een centres of 
polarisability caused by  changes in  th e ir separation. F u rth e r  progress here 
requires an extension of our knowledge of the  in tensities and  depolarisation 
factors of R am an lines.

The determ ination of the  quadrupole coupling constants provides a 
valuable m eans of obtaining inform ation about the electron configuration 
around a nucleus and  changes in  th is from molecule to  molecule caused by  
changing environm ent. Exam ples of im portan t applications of th is m ethod 
have been given recently  b y  Townes and  D a ile y 98; Mays and  D a ile y 99; 
Westenberg, Goldstein, and W ilson 100; Goldstein and  Bragg 101; Gordy 102; 
i'etenbaum  103; Simmons and Goldstein 104; and Duchesne.105

82 G. M. Barrow and D. C. McKean, Proc. Roy. Soc., 1952, A , 213, 27.
93 D. Z. Robinson, J .  Client. Phys., 1949, 17, 1022.
91 S. A. Francis, ibid., 1950, 18, 861.
95 J . A. Pople, Proc. Roy. Soc., 1950, A , 202, 323; C. A. Coulson, ibid., 1951, A, 

207, 03; “ Valence,” O.U.P., 1952, p. 207.
96 N. V. W olkenstein, Acta Physicochcm, U .R .S.S., 1945, 20, 161, 174, 525, 544, 

835, 8S3; J . Exp. Theor. Phys., U .S.S.R., 1948, 18, 138.
97 J . Cabannes and A. Rousset, J .  Phys. Radium, 1940, 1, (8), 138.
98 C. IT. Townes and B. P. Dailey, J . Chcm. Phys., 1949, 17, 782.
99 L. M. Mays and B. P. Dailey, ibid., 1952, 20, 1693.

100 A. A. W estenberg, J . H. Goldstein, and E . B. Wilson, ibid., 1949, 17, 1319.
101 J . H. Goldstein and J. D. Bragg, Phys. Review, 1949, 75, 1453.

W -Q ordy, J .  Chem. Phys., 1951, 19, 792.
^S iS llT iT etenbaum , Phys. Review, 1952, 86, 440.

’ ’ ”  Goldstein, / .  Chem. Phys., 1952, 20, 122.
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2. SURFACE CHEMISTRY.

The solid-liquid interface is the  m ain them e of th is section, and since 
th is has no t been reported  on previously i t  is necessary to  sketch in the 
main investigations of a  decade and  a half. Reasons of space have excluded 
reference to  kinetic aspects, to  flotation, and adsorption isotherm s for 
solutions. Two m onographs, by  Gregg la and B ikerm an,15 have appeared 
in  recent years, and there is considerable research in progress.

Thermodynamics of the Solid-Liquid Interface.—The basis of modern 
work rem ains the relations due to  Young, Dupre, Gibbs, H ardy , and Lang- 
m uir, set ou t in the  textbooks on surface chem istry by  R id e a l2“ and  A dam .2* 
H ere we shall s ta r t  w ith  the  work of H arkins and D ahlstrom  3 and  Bangham  
and  Razouk,4 who pointed  out th a t argum ents based on contact angles 
m ust take account of the  adsorbed film of liquid on the free surface of the 
solid. This consideration clarified m any therm odynam ic quantities, 
especially the work of adhesion. The equations of surface therm odynam ics 
have been system atically reviewed in num erous papers by  H ark in s ,5’6’7' 8 
and  the  following sum m ary largely follows th is au thor, using his nom en
clature. L et y sv° denote the  surface free energy of the solid surface covered 
w ith an adsorbed film in equilibrium  w ith  the  sa tu ra ted  vapour (pressure p 0), 
y LV° th a t of the liqu id -vapour interface, and y SL th a t  of the solid-liquid 
interface. If  a t  equilibrium  the  liquid m akes a contact angle w ith  the 
plane surface of the  solid, regarded as insoluble in the  liquid, then

Y s r ’ =  YSL  +  YLV ’ COS ........................................................... ( l a )

If  the  solid surface has an  adsorbed film corresponding to  a  pressure p  <  p a, 
the  free energy is

Y s r  =  Y s l  +  Y l v  c o s  9 ........................................................... (1 6 )

The work of adhesion is defined here as the work required to  separate  1 cm .2 
of so lid-liquid  interface in  vacuo,

W a (SL) —  y s  +  y l  —  Y S L ....................................................................... (2 )

H ere y s  and  y L denote surface tensions in  vacuo of solid and  liquid, re
spectively. If (la) is substitu ted  in (2), and  if y LV° =  yi, (except for liquid 
m etals, y i ,  the surface tension in  vacuo, is equal to  the  usual value m easured
in air), then

WG<.si) — y s  — y s r ’ +  y i ( l  +  c o s  O g ) ................................ (3)

The spreading pressure of an  adsorbed film on a  solid is defined by
<j> —  Y s  —  Y s r ................................................... (4a)

or for the  adsorbed film a t sa tu ra tion  pressure
<j>E =  Y s  —  Y s r ’ ...................................................(46)

1 (a) S. J. Gregg, “ The Surface Chemistry of Solids,” Chapman and Hall, London, 
1951; (6) J . J. Bikerm an, "  Surface Chemistry,” Academic Press, New York, 1948.

2 ( a )  E. K. Rideal, “  A nTntroduction to  Surface Chemistry," Cambridge Univ. Press, 
1930; (6) N. K. Adam, “ Physics and Chemistry of Surfaces,” Oxford Univ. Press, 1941.

3 W. D. H arkins and R. Dahlstrom, Ind. Eng. Chem., 1930, 22, 897.
4 D. H . Bangham  and R. I. Razouk, Trans. Faraday Soc., 1937, 33, 1458.
3 G. E . Boyd and W . D. H arkins, J . Amer. Chem. Soc., 1942, 64, 1190, 1195.
6 W. D. H arkins, J . Chem. Pliys., 1941, 9, 552.
7 W. D. H arkins and H. IC. Livingston, ibid., 1942, 10, 342.
8 W. D. H arkins and G. Jura, ” Colloid Chem istry," Vol. VI, C hapter I  (Ed., J- 

Alexander), Reinliold Publ. Corpn., New York, 1946.
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Substituting (46) in (3) yields
=  <t>s +  y r( 1 +  cos Be) ................................. (5)

The equation
Wl{SL) =  y z { l  +  COS B e ) ....................................... (6)

yields the  work required to  separate 1 cm.2 of solid and  liquid and  leave an 
adsorbed film on the  solid. Gregg la calls th is the  work of adhesion, b u t in 
the R eporter’s opinion it  is preferable to  use (5). <f>E is appreciable for metals 
and oxides, although for solids such as paraffin it  m ay be very  small.

Eqn. (1) is Y oung’s equation, (2) D upre’s equation, and  eqn. (5) has been 
called the corrected Y oung-D upre relation.

F u rther definitions concern the spreading coefficient of a  liquid on a 
solid to give th ick  (Harkins "  duplex ’’ 6) films. F o r the  in itia l spreading 
of a liquid on the clean solid surface

•ST/s — y s  — ysL — yi, — </>e .................................(7a)

Since the film adsorbed a t sa tu ra tion  is a duplex film, i.e., has a lower 
surface w ith energy ys/, and  an upper one w ith  energy y L, S /^s  is of course 
equal to  <f>E. The final spreading coefficient refers to  th e  film-covered solid.

St/sy =  ysr" — ysL — y L ....................................... (76)

As noted originally by H ardy , if is positive, the  liquid will spread on 
the solid.

These equations m ay be adap ted  to  the case where the  solid is slightly 
soluble in the  liquid, if one pu ts the appropriate values yuv°  and  y SE 
into eqn. (1).

The surface tension m ay be equated  to  the free surface energy per cm.2 
for liquids and, w ith  qualifications, for solids.* H ark ins 9 employs a  Gibbs 
free energy which om its the  yA  term , viz., G =  U  +  p V  — T S . The 
Helmholtz free energy is F  =  U  — T S .

In term s of these functions, we have either

y =  ( B ) r . r  = /  °r y== ( § ) * . ,  ' ' ‘ • W
where small le tte rs denote therm odynam ic functions for I cm.2 of surface. 
Harkins uses /w h e re  the B ritish  use g, and  e where the  B ritish  use w .

The Gibbs free energy change of emersion (reverse of immersion) of a 
solid from a liquid in to  a  vacuum  is

gB{SL) — g s  — gsL — y s  — y s L ................................ (9)

Physically Adsorbed Film s on Solids.—Two topics of im m ediate in terest 
are <j>E and  the  surface-area problem. In  addition, the  discussion of physical 
adsorption is continued from the A nnual R eports for 1950 and 1951.

The spreading pressure. Bangham  10 suggested application of th e  Gibbs 
adsorption equation for calculating the spreading pressure of an  adsorbed

’ W. D. H arkins, " Techniques of Organic Chemistry,” Vol. I  (Ed., A. Weissberger), 
Intersci. Publ., New York, 1945.

10 D. H. Bangham, Trans. Faraday Soc., 1937, 33, 805.
* Thus, surface free energy is correct in  eqn. (i)(cf. R. Shuttlew orth , Proc. Phys. 

Soc., 1949, 62, A , 167).
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film on a solid. If r  is the “ surface excess," i.e., the num ber of moles 
adsorbed per cm.2 of surface, then

* =

where v c.c. of gas are adsorbed on area A  a t  p re ssu re^ , and  V  is th e  m olar 
volume of the gas. To obtain <f>E, the  in tegration is taken  up  to  the saturation  
vapour pressure p 0

Bangham  suggested th a t <j>E can only be regarded as a  tru e  la te ra l pressure 
when the  film is mobile. Bangham  and Razouk 11 applied graphical in te 
gration to  Coolidge’s d a ta  for charcoal in order to  evaluate <f>E■ H arkins and 
J u ra  have used this m ethod extensively, and the ir <j>E values are listed in  the 
Table on p. 25. A comparison of the th ird  and  the  fifth column in this 
Table show th a t <f>E m ay  be 50% or more of the  work of adhesion.

Phase changes in  monolayers. B angham  and  Razouk 11 found a dis
continuity  when <f>ot was p lo tted  against p j p a for w ater on charcoal, which 
they  a ttrib u ted  to  form ation of a condensed phase. H ere a =  1 ¡T is the 
area per molecule in  the adsorbed film, assum ed unim olecular. Gregg,12 
and  la te r H arkins and J u ra ,8-13’11 have, extended th is analysis, finding 
curves analogous to  those found for m onolayers on w ater.2' 15 Following 
Dervichian, phase changes were classified according to  Ehrenfest, viz., a 
first-order change is a  d iscontinuity  in the v—p  isotherm , a second-order

change a d iscontinuity  in ~P> e tc- F irst-order phase changes were

reported  for w ater on graphite, and  for «-heptane on silver, ferric oxide, or 
graphite. Sm ith 16 has repeated  the work on the last two system s and 
failed to  find the  transition  points, so the  m a tte r is s till open. However, 
as originally shown by  R. H. Fowler, a  first-order condensation process 
m ay occur if a ttrac tiv e  forces, exist between neighbouring molecules in  a 
monolayer. The theoretical aspects of phase changes in  adsorbed films 
have been reviewed by  H ill.17

Gregg and Maggs 18 plo t th e  function ¡3' against.log  p  to  reveal more 
closely the  natu re  of the  phase changes involved. S' is proportional to  the 
com pressibility of the m onolayer and  is

11 D. H . Bangham and R. I. Razouk, Trans. Faraday Soc., 1937, 33, 1463.
12 S. J. Gregg, 1942, 696.
13 W. D. H arkins and G. Jura, / .  Chem. Pliys., 1944, 12, 112; J . Amer. Chem. Soc., 

1944, 66, 1356.
11 G. Ju ra  et al., J . Chem. Phys., 1945, 13, 535; 1946, 14, 117, 344.
15 W. D. Harkins, "  Colloid Chemistry," Vol. V (Ed., J . Alexander), Reinhold Publ. 

Corpn., New York, 1944.
16 R. N. Smith, J . Amer. Chem. Soc., 1952, 74, 3497.
17 T. L. Hill, Adv. in  Catalysis, 1952, 4, p. 211.
18 S. J . Gregg and F . A. P . Maggs, Trans. Faraday Soc., 1948, 44, 123.

0
and, if the  perfect gas law  can be assumed, then

( 106 )
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where nads molecules are adsorbed per g. of solid. This m ethod shows a very 
few true first-order changes, e.g., for «-heptane on silver, b u t m ost of the  
changes occur over a  range of pressure and  fall in to  M ayer and S tree ter’s 
class of diffuse first-order changes.19 The changes are shown to occur 
before m ulti-layer form ation sets in. Tom pkins 20 suggests th a t  the  changes 
are tru ly  of first order, b u t b lurred  by surface heterogeneity.

Coulter and  Candela 21 a ttrib u ted  a phase transition , observed for w ater 
on silver iodide, to  the form ation of a h y d ra te  b y  an im purity . A fter sub
traction of th is effect, a  type  I I I  isotherm  was obtained. Bowden and 
Throssel22 found th a t  a  p latinum  foil, cleaned in  vacuo b y  electron bom bard
ment, adsorbed only a unim olecular layer of w ater a t  p /p 0 =  0-9. The 
thirty or so layers taken  up  before cleaning were a ttrib u ted  to  traces of 
hydrophilic im purities. F u rth e r work of this kind is urgently  needed.

Harkins and Ju ra  8 discuss em pirical equations of s ta te  of adsorbed 
monolayers, and use th a t  for a  condensed phase, p  =  a — ba, as the  basis 
for their well-known surface area m ethod (H .J. relative m ethod 23).

Thermodynamics and Surface Areas.—-The theoretical aspects of physical 
adsorption have been reviewed by  H ill.17 H e advocates 17>24 the usefulness 
of “ adsorption therm odynam ics,” trea ting  the  adsorbed film as a  pseudo- 
one-component system , yielding in tegral values of energies and  entropies 
of adsorption. E v e r e t t25 discusses solution therm odynam ics, treating  
adsorbed gas and solid as a  two-com ponent system , which leads to  differential 
energies and  entropies. The therm odynam ics of the  solid-liquid interface 
yielding in tegral energies and  entropies of immersion form a th ird  system. 
Hill and E v e re tt have clarified relations betw een th e  solution and adsorption 
thermodynamics, and  a  discussion of im m ersion d a ta  has been prom ised 
by Hill and J u ra .17 The present approach to  adsorption is predom inantly  
thermodynamic. Thus, H ill, E m m ett, and  J o y n e r26 have calculated from 
isotherms differential and  in tegral energies and  entropies of adsorption for 
nitrogen on graphon. D rain  and  M orrison 27 have m ade sim ilar calculations, 
using calorim etric da ta , for argon on rutile. The in tegral entropy of adsorp
tion goes through a  m inim um  a t 0 =  1, an effect predicted by the B runauer- 
Em m ett-T eller (B.E.T.) equation for large c values, and considered by the 
authors as justification for use of the  B .E .T . equation for determ ination 
of surface areas.

I t  is well known th a t  the  B .E .T . equation predicts too high an adsorption 
for p j p Q >  0-35. Cassel28 showed a  re la ted  effect, th a t  substitu tion  of the 
B.E.T. isotherm  into eqn. (10) yields p E = c c .  H i l l17 a ttrib u tes  this 
catastrophe to  the  configuration partition  function, and  stresses th a t  a  proper 
approach to  m ultilayer theory  can only be m ade through the  difficult m odern

ls J. E. Mayer and S. F. Streeter, J .  Chem.. Phys., 1939, 7, 1019.
20 F. C. Tompkins, Trans. Faraday Soc., 1950, 46, 580.
21 L. V. Coulter and G. A. Candela, Z. Elektrochem., 1952, 56, 449.
22 F. P. Bowden and \V. R. Throssel, Nature, 1951, 167, 601, 1038.
23 W. D. H arkins and G. Jura, J . Atner. Chem. Soc., 1944, 66, 1360.
21 T. L. Hill, J .  Chon. Phys., 1949, 17, 520; 1950, 18, 246; Trans. Faraday Soc., 

1951, 47, 376.
25 D. H. E verett, ibid., 1950, 46, 453.
26 T. L. Hill, P. H . E m m ett, and L. G. Jovncr, J .  Amer. Chem. Soc., 1951, 73, 5102, 

5933.
2! L. E. Drain and J. A. Morrison, Trans. Faraday Soc., 1952, 48, 840.
28 H. M. Cassel, / .  Chem. Phys., 1944, 1 2 , 115; J .  Phys. Chem., 1944, 48, 195.
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theory  of liquids. H e concludes "  th a t, bearing in m ind the  confirmatory 
work of H arkins and  J u ra ,29 B .E .T . areas are the  best available a t  present.” 
The m ost recent papers do no t d istu rb  th is conclusion. B .E .T . theory  has 
been applied to  w ater on m ontm orillonite.30 Molecular cross-sectional 
areas o' have been obtained by  determ ination  31 of V u  for anatase of known 
area (H. J . absolute m ethod 29) and th e ir deviations from th e  liquid density  a 
noted, e.g., CO, — S T % , C 0 2 + 43-5% . The k  of the  H .J . relative m ethod 
was found to  be 0-251cr. Anderson and  E m m e tt32 com pare the B .E.T. 
m ethod, its  m odification,33 and  the  H .J . relative m e th o d 23 for various 
gases on a  range of carbon blacks. B arrer et al,34 have produced a num ber 
of modified B .E .T . equations which fit d a ta  up  to  higher pressures and give 
consistent V M values. Corrin, using a  solid of known area, has compared 
H .J . relative areas and B.E.T?. areas,35 and  H iittig  and B .E .T . areas.36 
T h e im er37 proposes a  semi-empirical equation  of the  B .E .T . type. A 
chemisorbed film, depending on its  na tu re , m ay  reduce,38 or leave 
unchanged,39 the isotherm  for physical adsorption.

Heterogeneity. The therm odynam ic properties of argon on ru tile  up 
to  0 =  0-6 m ay be satisfactorily  in terp reted  on the basis of a  localised 
m onolayer on a  heterogeneous surface w ithout in teractions.40 T he plo t of 
hea t of adsorption against 0 for argon on th e  (111) face of potassium  chloride 
agrees w ith calculations, and differs m arkedly  from  the  values for the  (100) 
face.41 This supplem ents d a ta  on the  effect of crysta l face on adsorption 
already advanced by  R h o d in 42 for nitrogen on copper. H a lse y 43 notes 
th a t a  com parison of R hodin 's d a ta  for single crystal faces and polycrystalline 
copper, points to  in tercrystalline boundaries as an im portan t source of 
heterogeneity. In  a review, H a lse y 43 concludes th a t the  usual B .E.T. 
n itrogen isotherm  w ith th e  w ell-m arked poin t B  corresponds to  a s ta te  of 
in term ediate  heterogeneity. The Sips d istribu tion  is different for nitrogen 
on ru tile  from th a t for oxygen and argon.44 H iittig  and  T h e im er45 have 
discussed la teral interactions and  heterogeneity, using the  expanded Lang- 
m uir equation.

Porous Solids.—The pore-size d istribu tion  is generally m easured 46 by 
application of K elvin’s equation to  the  desorption branch of th e  isotherm. 
Thus, if the satu ration  vapour pressure of a  liquid be p 0, m olar volume V,

29 \V. D. H arkins and G. Jura, J . Amer. Chem. Soc., 1944, 66, 1362, 1366.
30 R. W. Mooney, A. G. Keenan, and L. A. Wood, ibid., 1952, 74, 1367.
31 H . L. Pickering and H. C. Eckstrora, ibid., p. 4775.
33 R. B. Anderson and P. H . E m m ett, J . Phys. Chem., 1952, 56, 753, 756.
33 R. B. Anderson, J . Amer. Chem. Soc., 1946, 68, 686.
31 R. M. Barrer, N. Mackenzie, and D. McLeod, J ., 1952, 1736.
35 M. L. Corrin, J . Amer. Chem. Soc., 1951, 73, 4061.
36 Idem, J .  Phys. Colloid Chem., 1951, 55, 612.
37 O. Theimer, Trans. Faraday Soc., 1952, 48, 326.
33 F. S. Stone and P. F. Tiley, Nature, 1951, 167, 654.
38 A. S. Joy and T. A. Darling, ibid., 1951, 168, 433.
40 L. E. D rain and J . A. Morrison, Trans. Faraday Soc., 1952, 48, 316; J . A. Morrison,

J. M. Los, and L. E . Drain, ibid., 1951, 47, 1023.
41 D. M. Young, ibid., 1952, 48, 548.
42 T. N. Rhodin, Jr., J . Amer. Chem. Soc., 1950, 72, 5692.
43 G. D. Halsey, Adv. Catalysis, 1952, 4, 259.
44 J . M. Honig and L. H. Reyerson, J . Phys. Chem., 1952, 56, 140.
45 G. F. H iittig  and O. Theimer, Z. Elektrochem., 1952, 56, 490.
44 A. G. Foster, Trans. Faraday Soc., 1932, 28, 645; Proc. Roy. Soc., 1934, A , 146, 

129.
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and surface tension y ,  across a plane surface, then  across a meniscus in a 
capillary, of radius r and w ith a contact angle 0,

2 Fy cos ep  =  p 0 exp -  —J jg f— ............................................ (1 2 )

Foster 47 assum ed th a t 0 =  0, and th a t a bimolecular layer of thickness 2c 
is adsorbed on the  capillary, so th a t  r =  r0 — 2 c, where r0 is the  actual 
radius of the capillary. Some success has been achieved in applying this 
theory to  d a ta  for ferric oxide gel, where seven liquids lie on a  common 
r0-v  curve (v =  volume adsorbed). Pore-distribution curves, dv/dr  against r, 
are discussed.47 W heeler48 has proposed a  theory  combining B.E.T. 
m ultilayer and  capillary-condensation view points w ith  r — rQ — t, t being 
the m ultilayer thickness a t pressure p. S h u ll49 points out th a t  B .E .T. 
theory predicts excessively th ick  m ultilayers for gases on plane surfaces 
and recommends obtaining t from experim ental d a ta  on non-porous solids. 
This procedure has been followed recently by  Juhola , Palum bo, and  S m ith ; 60 
they com pare pore-size d istribu tion  for carbon blacks (1) from nitrogen 
desorption d a ta  51 and  (2) from w ater desorption d a ta .52 Since the carbon 
blacks are free from hydrophilic groups, i t  is assum ed adsorption is negligible, 
t =  0, and 6 =  60°. The d istribu tions agreed approxim ately  over the 
22—300 Á range, and  m ethod (2) was found applicable to  the  whole range 
of pores. The im portance of pore-distribution in ca ta ly tic  work has been 
stressed in an  im portan t article by  W heeler.53

The open-pore theory  of hysteresis 40 has been developed b y  Cohan,54 
who considers condensation to  s ta r t  by  form ation of a cylindrical meniscus 
radius r0 — a, a t  pressure p a, and desorption a t  pressure p d to  follow the 
usual Kelvin equation w ith  r — rQ. Thus

v V  2yV
p a = p 0 exP ~  (qr-zTTjHT and exp -  T JH ' • (13a& fc)

H ysteresis commences a t  p d — p a, and  thus a t r0 =  2a. This theory 
has been discussed by  B runauer 55 and  again recently by  F oster.56 Cohan’s 
theory does not consider an adsorbed layer in desorption (eqn. 136), and 
Foster 56 endeavours to  im prove this. H e considers the  adsorption potential 
as made up of a term  for capillary condensation and  one for m ultilayer 
adsorption. The theory  predicts th a t hysteresis will occur when product 
V y jl iT o for the  adsorbed liquid exceeds unity . Pierce and Sm ith 57 have 
considered hysteresis in  charcoal adsorption, where adsorbed patches are 
formed on active spots. E v ere tt and  W hitton  58 consider the properties of 
a m echanical model for hysteresis sim ilar to  the  well-known bim etallic-strip

17 A. G. Foster, Discuss. Faraday Soc., 1948, 3, 4.
48 A. Wheeler, C atalyst Symposia, Gibson Island A.A.A.S. Conference, Tune, 1945, 

June 1946.
48 C. G. Shull, J . Amer. Chem. Soc., 1948, 70, 1405.
80 A. J. Juhola, A. J. Palum bo, and S. B. Smith, ib id ., 1952, 74, 61.
51 E. P. B arrett, L. J. Joyner, and P. P . Halenda, ibid., 1951, 73, 373.
82 A. J. Juhola and E . O. Wiig, ibid., 1949, 71, 2069.
52 A. Wheeler, Adv. Catalysis, 1951, 3, 249.
54 L. H. Cohan, J . Amer. Chem. Soc., 1944, 66, 98.
85 L. Brunauer, " The Adsorption of Gases and Vapours,” Vol. I, Oxford Univ. 

Press, London, 1945. 88 A. G. Foster, / . ,  1952, 1806.
87 C. Pierce and R. N. Smith, J . Phys. Chem., 1950, 54, 784.
88 D. H. E verett and W. I. W hitton, Trans. Faraday Soc., 1952, 48, 749.
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therm o sta t control (cf. also Gregg la). Freezing-point depressions have been 
m easured for liquid held in capillaries.50' 00 The K elvin equation has been 
applied to  the  contact zones of anatase pow der.01

B artell and Bower 02 have applied eqn. ( 9 a )  to  a porous gel (silica gel). 
T hey evaluated A<j> by  graphical in tegration  and p lo tted  log A<f> against 
—l-ogp/p0. They obtained a curve which was in terpreted  as two stra igh t 
lines cu tting  a t  a point pb, where liquid was form ed in the  capillaries. The 
area of the gel was determ ined by

r t  rr°
r i v  =  Y 2  »d in  p ............................................ (14)

J  Pb

where everything except A  was known.
Contact Angle and W ork o f Adhesion.—To calculate w ork of adhesion 

one m ust insert the equilibrium  contact angle 0^ into eqn. (5), and  frequently 
very large differences have been found between advancing and receding 
angles, m aking evaluation of 0E impossible. Adam  and Jessop 03 ascribe 
the difference form ally to a frictional force opposing m otion of the  interface. 
Adam ,25 and B artell and Cardwell,04 suggest th a t  the  relatively  large 
advancing angle arises from the need for the liquid to  displace lyophobic 
adsorbed films from the  surface. An add itional factor is the roughness of 
the surface.2 W en ze l05 w rites a modified version of Y oung's equation for 
a surface of roughness factor v (ratio  true  : apparen t areas),

A y s r  — ysc) =  yercos 0 ............................................ (15)

and  a therm odynam ic proof has recently been advanced for eqn. (15) by 
Good.60 An analysis has been m ade of porous surfaces.07 Shuttlew orth  
and  Bailey 68 show th a t, on solids whose roughness is formed by isolated pits, 
subsidiary m inim a exist ap a rt from th a t  given by eqn. (14), and so hysteresis 
of the contact angle arises. Cassie 09 a ttrib u tes  hysteresis to  a num ber of 
possible sta tes of the  adsorbed m ultilayer, which m ust be in the  form of 
molecular clusters ra th e r th an  a continuous film. Adam, in the  discussion 
following the  last two papers, considered th a t  factors o ther th an  roughness 
m ust cause hysteresis w ith  varnished surfaces. H ysteresis of the contact 
angle has been reported  a t  th e  rhercury-benzene-w ater interface.70 Solu
tions of surface-active agents show a unim olecular change of 0 w ith  time, 
associated w ith adsorption of the agen t,71

Fowkes and H arkins 72 claim true  equilibrium  0£ values, using a develop
m ent of A dam ’s tilting-p late  m ethod .03’73 H arkins and  L iv in g sto n 7

59 M. J . Brown and A. G. Foster, Nature, 1952, 109, 37.
69 I. H iguti and M. Shimizu, J . Phys. Chem., 1952, 56, 19S; I. H iguti and Y. Iwa- 

gatni, ibid., p. 921.
01 I. H iguti and H . Utsugi, J . Chem. Phys., 1952, 20, 11S0.
62 F. E. Bartell and J. E. Bower, J . Colloid Sci., 1952, 7, SO.
03 N. K. Adam and G. Jessop, J ., 1925, 1S63.
61 F. E. B artell and P . H . Cardwell, J . Amer. Chem. Soc., 1942, 64, 494.
95 R. N. Wenzel, Ind. Eng. Chem., 1936, 28, 98S.
68 R. J . Good, J . Amer. them . Soc., 1952, 74, 5041.
07 A. B. D. Cassie and S. B axter, Trans. Faraday Soc., 1944, 40, 546.
cs R. Shuttlew orth and G. L. T. Bailey, Discuss. Faraday Soc., 194S, 3, 16.
09 A. B. D. Cassie, ibid., p. 11.
79 F. G.. Bartell and C. W. Bjorklund, / .  Phys. Chem., 1952, 56, 453.
71 G. A. W olstenholme and J . H. Schulman, Trans. Faraday Soc., 1950, 46, 488.
72 F. M. Fowkes and W. D. Harkins, J . Amer. Chem. Soc., 1940, 62, 3377.
73 N. K. Adam a n d  R. S . Morrell, J . Soc. Chem. Ind., 1934, 53, 2 5 5 t .
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calculated values of W(A)sl from eqn. (5), and showed the im portance of </>E. 
The m ost modern data  are in the annexed Table.

Free energies o f solid-liquid interaction, erg/cm .2 (Harkins)
Spreading Free energy W ork of

coeff. of emersion adhesion
Solid Liquid <t>n gE(SL) W a(sL)

A natasc8   W ater 190 262 334
,, 8 ................  Nitrogen 56 64 72
,, 8 ................  ?i-Butanc 43 58 73
,, 8 ................  «-H eptane 46 66 86

C opper71   „ 29 49 69
S ilver71   „ 37 57 77
Lead 71   ,, 49 69 S9
I ro n 71   „ 53 73 73
G raph ite71   ,, —  — 69

Low-energy Surfaces.—Fox, Zisman, and  their co-workers are publishing 
an im portan t series of papers on “ The Spreading of L iquids on Low Energy 
Surfaces.” To date, the  following have appeared : I, Polytetrafluorethylene 
(TFE) 75; II , Copolymers of T F E 7G; I I I ,  H ydrocarbon su rfa c e s77; IV, 
Monolayer coatings on p latinum  78; V, Perfluorodecanoic acid m onolayers.79 
In each case a  very  large num ber of pure liquids was found to  give finite 
values of 0£ , m easurable b y  the  sessile-drop m ethod to  ± 2 °  or be tter. I t  
was found th a t  the  con tact angle was unchanged, w hether m easured in air, 
or in air sa tu ra ted  w ith  the  vapour of the liquid, a t  least for the  less volatile 
liquids. Thus i t  was concluded th a t  these low-energy solids did no t appre
ciably adsorb the  vapours concerned, i.e., th a t  <j>E — 0 in  eqn. (5). I t  was 
further found th a t  for each homologous series of liquids and  a given solid, 
cos 0;.: decreased linearly  w ith the  surface tension of th e  liquid yiv-- E x tra 
polation to 0 =  0 yielded a param eter y c, regarded as the  critical surface 
tension, below which spreading of the  liquid occurred on the  solid concerned, 
typical values be ing '33 dynes/cm . for Polythene, and 17-5—20-5 dynes/cm . 
for T FE . The following order of w ettab ility  of groups in  the  solid surface 
was found, Oqf, >  0ofs >  Ocn, >  Ocn,- A nother interesting result was 
th a t a m onolayer of a long-chain com pound effectively changed platinum  
into a “ low-energy ” (non-spreading) surface “ dem onstrating beyond doubt 
the short-range natu re  of the  forces involved in w etting .”

E lton 80 has suggested combining A ntonoff’s law

y s L  =  I v l a  —  y s x l
with

y s A  =  V l a  c o s  6  -f- y s L
to give

y s A  —  F / l a [  1 +  c o s  9 )

where ysA, yiA , refer to  the  surfaces m utually  sa tu ra ted  w ith respect to 
each o ther in  air. Thus he calculated a value of y$A for paraffin wax of

71 W. D. H arkins and E . H. Loeser, J . Chon. Phys., 1950, 18, 556.
76 H. W . Fox and W. A. Zisman, J . Colloid Sci., 1950, 5, 514.
78 Idem, ibid., 1952, 7, 109. 77 Idem, ibid., p. 428.
78 E. G. Shafrin and W. A. Zisman, ibid., p. 166.
79 F. Schulman and W. A. Zisman, ibid., p. 465.
80 G. A. H. Elton, J . Chem. Phys., 1951, 19, 1066.
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27 dynes/cm ., values for w ater, glycerol, and  ethylene glycol agreeing very 
well. Fox and  Zism an 76 poin t ou t th a t  th e  correct equation is

ys =  <1>e +  iy z v 'i  1 +  cos Be )

b u t since <f>s ~  0 for the ir solids, presum ably th is introduces little  error. 
They note th a t y s varies from 18 to  30 ergs/cm .2 for l 'F E , and  reject the 
m ethod. E lton  81 concludes th a t evidence for m utual sa tu ra tion  of phases is 
lacking and in any case th a t  real differences in  y s m ay  exist. Fowkes and 
Sawyer 82 assume th a t  and y SL are the same for a  solid perfluorinated 
oil as for liquid fractions of the  same m aterial. Using Y oung’s equation, 
they  calculate 0# values for the  solid in good agreem ent w ith  those observed 
for a num ber of liquids. T hey also te s t the  use of A ntonov’s rule, calculating 
values of y s r ° of 18-3—23-5 erg/cm .2 com pared w ith 22-4 experim entally.

Displacement Pressure.—The ra te  a t  which a liquid penetrates a  capillary 
is of course determ ined by  yj, cos 6, b u t since th is q u an tity  is no longer 
generally equal to  y s — ysi., b u t to  y s — y SL — cf>E, H arkins and  Livingston 7 
suggested th a t  the  use of F reundlich’s term , adhesion tension, should be 
abandoned. B artell and  his co-workers 83 have described a m ethod for 
relating  the  pressure required to  stop liquid 1 from displacing liquid 2 from 
a  solid, which assumes th a t

A-si =  y« — ysi =  Vi cos B s i ...................................... (16)
A si =  ys — ysi =  y i  cos 0s2

for the  separate  liquids displacing air from the powder, and

A si — A Si  — ysi — ysi =  y »  cos 0,2 ............................... (17)

for liquid 1 displacing liquid 2. H arkins and L ivingston 7 have shown th a t 
th e  correct equation derived from (5) is

A si  — A  S3 =  (ysr,‘ — ysr ,')  +  (y.?i — ysi)
=  Yi cos 8si +  y2 cos BS 2 ...................................... (18)

In  one case, eqn. (17) gave 242 ergs/cm .2 while the  correct eqn. (18) gave 
51 ergs/cm .2 for the  difference of two adhesion tensions. Again, the  equation 
y 12 cos 012 =  242 is impossible since y 12 for the  system  concerned is 51. 
The experim ental aspects of the m ethod have also come under criticism ,84’85 
and  a recent w orker reports unfavourably  on i t .86 A D.C. po ten tia l is 
reported  to affect adhesion tension.87

Heats of W etting.—The heat of immersion per cm.2 quis) of a  solid from 
vacuo in to  a  liquid, which is the  en thalpy  change of emersion, He ŝl), i s 4,5,8

?i(£S) =  li£ISL) =  hs — hsz  — ys — ysL — T   A

81 G. A. H. E lton, J .  Colloid Sci., 1952, 7, 450.
82 F. M. Fowkes and W. M. Sawyer, J . Chem. Phys., 1952, 20, 1650.
83 See, e.g., F. E. B artell and H . J . Osterhof, Ind. Eng. Chem., 1927, 19, 1277;

F. E . Bartell and H. Y. Jennings, / .  Phys. Chem., 1934, 38, 495.
84 N. S. Davies and H . A. Curtis, Ind. Eng. Chem., 1932, 24, 1137.
85 S. H. Bell, J . O. Cutter, and C. W, Price, " Symposium on W etting and Deter- 

gency,” Harvey, London, 1937, p. 19.
88 N. J . de Lollis, J . Phys. Chem., 1952, 56, 193.
87 Z. Laszlo, J . Chem. Phys., 1952, 20, 1807.
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If the  solid has an adsorbed film
1 1 1  '>• f d y s r  8 v b l \

q i& sj) =  ”E{SjL) =  h s j  — i‘s l  — y s r  —  y s i  —  I  ---------3 T ~ )  A

To determ ine q^i.s) an evacuated  bulb of solid is broken under the liquid, 
whereas if the  solid is first equilibriated w ith  vapour a t  pressure p  and  then 
immersed, ?<(X6y> results. In  m odern work the surface area of the  powder 
is determ ined, usually by  the  B .E .T . m ethod, and  results are given in 
ergs/cm.2. L aporte gives a b ib liography.88 Most m odern d a ta  are due to  
Harkins, who neglects p V  and classifies results as ue ŝl) (he w rites e^sx))-* 
The liquids exam ined m ay be arranged in order of decreasing -u-e(SL), which is 
the same for all .the solids examined. If h ^y s ,)  is the  en thalpy  change of 
desorption of the  adsorbed film containing n  moles, the hea t of evaporation 
from liquid being X, then  8-89

Aj>(PSf) —  h{KlSL —

an equation of use in linking h ea t of w etting  to  heats of adsorption. H arkins 
and J u ra  89 have p lo tted  }ie(s,L) for w ater on anatase  as a function of film 
thickness. There is an  exponential decrease of Ax(S/Z), which becomes con
stan t after five m olecular layers. A t th is  stage, i.e., for the sa tu ra ted  film, 
the hea t of emersion is ju s t th e  surface en thalpy  Ax of the  bulk  liquid, for 
water 118-5 ergs/cm .2 a t  25°. This forms the basis of the  H .J . absolute 
method of surface area determ ination .8’29 I t  gives the  specific area of a 
solid non-porous pow der as the  ra tio  of Qhlsj), h ea t of w etting per g. of 
solid w ith  sa tu ra ted  film, to  Ax, i.e., A  =  QuLS/)ihL- Incidentally , the 
m ethod seems to  have been foreseen in  a w ay by P a trick  and  Grim m  90 
in their w ork on the h ea t of w etting w ith silica gel, b u t th e  m ethod is now
adays no t recom m ended for porous solids. H eats of w etting  for w a te r- 
graphite confirm discontinuities observed on isotherm s.91

H eats of w etting on alum ina and  silica gels have been reported  to  change 
with absorbability  of the  liquid,92 and  w ith  m olecular size.93 The effects 
m ay be associated w ith  th e  failure of larger molecules to  penetra te  pores 
(cf. G reggla). S to w e94 exam ined the effect of surface coverage w ith  alum ina, 
and displacem ent of hydrocarbons by  w ater. The hea t of w etting  of some 
surfaces b y  w ater is high enough to  suggest chemical reaction.95 The tem 
perature of outgassing of the solid is im portan t, and  a  balance is usually 
struck between rem oval of adsorbed layers and  sintering of the in ternal 
surface, e.g., w ith  silica gel.96 I t  seems th a t  m any of the  miscellaneous 
data on heats of w etting  apply  to  porous solids and therefore are difficult to  
interpret.

D. D. E.
38 F. Laporte, A nn. Physique, 1950, 5, 5.
88 W. D. H arkins and G. Ju ra , J . Amcr. Chem. Soc., 1944, 66, 919.
80 W. A. Patrick  and F. V. Grimm, ibid., 1921, 43, 2144.
81 P. R. Basford, G. Jura, and W. D. Harkins, ibid., 1948, 70, 1444.
82 L. Robert, Compt. rend., 1951, 233, 1103.
03 J . G. Miller, H . Heinemann, and W. S. W. McCarter, Ind. Eng. Chem., 1950, 42, 

151.
84 V. M. Stowe, J .  Phys. Chem., 1952, 56, 484, 487.
85 F. Howard and J . O. Culbertson, / .  Amer. Chem. Soc., 1952, 72, 1185.
88 D. T. Ewing and B. T. Bauer, ibid., 1937, 59, 1648.
* heist.) =  «£($£> +  p V , where V  is the associated volume change of emersion.
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3. ELECTROLYTES.

Strong Electrolytes.— General theory. In  the D ebye-H iickel theory  of 
electrolytic solutions, the calculation of the ionic atm osphere surrounding 
an ion is based on a B oltzm ann d istribu tion  : n r =  n  exp(— z&ft,(kT), 
where n r and  ¡/rr are respectively the num ber of ions per u n it volume and 
the po ten tia l a t a distance r from the central ion. According to  this, the 
charge density  increases indefinitely w ith  potential, b u t W icke and  Eigen 1 
po in t ou t th a t the  space requirem ents of the  ions cannot be neglected except 
in very dilu te solution, and, tak ing  account of these, th ey  derive a new 
d istribution  function which departs from  B oltzm ann's a t  m oderate concen
trations, bending over to  a lim iting satu ration  value for the  charge density. 
The effect can account for the observed m inim a in ac tiv ity  d a ta  and, w ith 
reasonable assum ptions concerning ion-hydration, gives good agreem ent 
w ith experim ent up to  1m  for the alkali halides in w ater. Falkenhagen is 
reported as having explained the conductance curves of some alkali halides 
up to  1m  on the same basis, and extensions of the  theory  to  m ultivalen t 
electrolytes are promised.

K ram ers’s derivation 2 by  s ta tis tica l m echanics of the D ebye-H iickel 
lim iting laws has been modified by  Berlin and  M ontroll,3 and the new tre a t
m ent elim inates the low critical concentration a t  which K ram ers’s derivation 
broke down.

T urning to more specialised topics, B a m a r t t4 has derived a relation 
between concentration (c) and the  velocity (u) of sound in e lectro ly tes; by 
combining the equations of the  in terion ic-attraction  theory  for the  apparent 
m olar volume and isotherm al com pressibility of the dissolved salt, he obtains 
for very  dilute solutions a relation of the  form u  ==' m0 +  Fc — G d. The 
comparison of th is w ith  experim ental results is rem iniscent of the  findings 
tw enty  years ago w ith  apparen t m olar volumes : plots of Aujc  are linear 
against d- even up to  4m , b u t F  and G m ust be replaced by  empirical 
constants. As the experim ental d a ta  are no t accurate below 0 -3m , no 
comparison w ith the theoretical slope is y e t possible. A substan tia l contri
bution on polarisation 5 extends Jaffe’s earlier th e o ry 0 to  electrolytic 
solutions, and presents results for w ater and salt solutions w ith  various 
electrode m etals over a wide range of frequencies.

Conductivity, transport, and diffusion phenomena. ■ The properties of pure 
rare-earth  salts should be of great in terest owing to  the  close sim ilarities 
between the com pounds; the predom inating variable in  the ir electrolytic 
properties will be the radius of the ion. Spedding and his associates 7 
have now published a  num ber of papers on the  subject, giving d a ta  for the 
conductivities, transpo rt num bers, and  ac tiv ity  coefficients of m any of the 
chlorides and  bromides. The equivalent conductances conform w ith  the 
Onsager lim iting slope, and the  m obilities derived for the  rare-earth  ions

1 E . W icke and Mi Eigen, Naturwiss., 1951, 38, 453; Z . EUktrochem., 1952, 56, 551.
- H . A. Kramers, Proc. Roy. Acad. Amsterdam, 1927, 30, 145.
3 T. H . Berlin and E. W. Montroll, J . Chem. Phys., 1952, 20, 75.
J S. B am artt, ibid., p. 278.
3 H . C. Chang and G. Jaffe, ibid., p. 1071; G. Jaffe and J. A. Rider, ibid., p. 1077.
6 G. Jafi5, Ann. Pity sib, 1933, 16, 217, 249.
7 F. H. Spedding, P. E. Porter, and j .  M. W right, / .  Amer. Chem. Soc., 1952, 74, 

2055, 2778, 2781; F. H. Spedding and I. S. Yaffe, ibid., p. 4751. For graph summarising 
m obility data , see p. 4753.
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increase regularly w ith  decrease in  atom ic num ber u p  to  a flat m axim um  for 
cerium, w ith the  value for lan thanum  slightly  lower. The direction of the 
curve implies th a t the effective hydration  num ber is the  larger the  sm aller 
the io n ; the  m axim um  suggests th a t  the  larger rad ius of the first m em bers 
of the series enables them  to accom m odate an additional molecule of w ater 
in the first hydration  sphere, a view to  which crystallographic and calorim etric 
data 8 offer some support.

Gordon and his co-workers 9. have m ade precision transport-num ber and 
conductivity m easurem ents on sodium chloride and potassium  chloride in 
pure m ethanol a t 25° and derive the lim iting m obilities : Cl“ , 52-38; N a+, 
45-22; K +, 52-40. M oving-boundary studies have been m ade by Dismukes 
and K ing,10 and  by Spiro and P arton  11 who have investigated and im proved 
Brady’s 12 analytical boundary m ethod. M aclnnes and D ay h o ff13 have 
modified the E .M .F. centrifuge and  record new results for sodium iodide 
and potassium  iodide. M easurem ents continue to  appear b o th  of salt 
diffusion 14 and  of tracer-ion diffusion; 15 a novel m ethod has been in tro 
duced by W all, Grieger, and Childers.16 For a review of the field up  to  
1950 see H arned .17

The W ien e ffec t18 was discovered tw enty-five years ago and, although 
since then the  theory  of the  increase in conductiv ity  a t high field strengths 
has been worked out, the experim ental d a ta  rem ain m eagre.19 F ortunately , 
new work in the  field has now begun a t  Yale,20 taking advantage of the recent 
great advances in techniques a t  high voltages, and system atic study  by  the 
new m ethod should m ake valuable contributions to  electrolyte theory . A 
completely dissociated electrolyte undergoes a conductiv ity  increase a t  
high voltages because the  norm al ionic atm osphere, w ith  its  re tard ing  effects, 
virtually  disappears a t  the  high ionic velocities engendered. W ith  weak 
electrolytes there  is an  additional m ass-action increase, since the  local 
concentration of oppositely charged ions is reduced for each ion by  the dis
appearance of its atm osphere, and dissociation proceeds fu rther.21 Patterson 
and his co-workers 20 have shown th a t  new results for m agnesium , zinc, and  
copper su lphates are incom patible w ith  the  theory  for com pletely dissociated 
electrolytes, b u t are in  gratify ing  agreem ent w ith  theory  when the known 
dissociation constants of the  sulphates are taken  in to  account.

8 F. H. Spedding and C. F. Miller, J . Amer. Chem. Soc., 1952, 74, 3158.
“ J. A. Davies, R. L. Kay, and A. R. Gordon, J . Chem. Phys., 1951, 19, 749; J. P . 

Butler, H. I. Schiff, and A. R. Gordon, ibid., p. 752.
10 E. B. Dismulces and E. L. King, J . Amer. Chem. Soc., 1952, 74, 4798.
11  M. Spiro and H . N. Parton, Trans. Faraday Soc., 1952, 48, 263.
12 A. P. B rady, J .  Amer. Chem. Soc., 1948, 70, 911.
13 D. A. M aclnnes and M. O. Dayhoff, J . Chem. Phys., 1952, 20, 1034.
11 R. A. Robinson and C. L. Chia, J . Amer. Chem. Soc., 1952, 74, 2776; H. S. H am er

and R. S. Hudson, ibid., 1951, 73, 5083.
16 J . M. Nielson, A. W. Adamson, and J. W. Cobble, ibid., 1952, 74, 446; J . H. 

Wang, ibid., p. 1182; J . H. W ang and S. Miller, ibid., p. 1611.
16 P. T. Wall, P . F . Grieger, and C. W. Childers, ibid., p. 3562.
17 H. S. H arned, Ann. Rev. Phys. Chem., 1951, 2 , 37.
18 M. W ien and J . Malsch, A nn. Physik, 1927, 83, 305.
19 For review and references see H . C. Eclcstrom and C. Schmelzer, Chem. Reviews, 

1939, 24, 367.
20 J. A. Gledhill and A. Patterson, Jr., J .  Phys. Chem., 1952, 56, 999; F . E . Bailey, 

Jr., and A. Patterson, Jr., J . Amer. Chem. Soc., 1952, 74, 4426, 4428; D. Berg and 
A. Patterson, Jr ., ibid., p. 4704.

21 G. S. H artley  and J . W. Roe, Trans. Faraday Soc., 1940, 36, 101.
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Thermodynamic properties. P a rtia l molal hea t capacities and  heat 
contents have been recorded by Spedding and  Miller 8 for aqueous solutions 
of cerium trichloride and  neodym ium  trichloride a t 25°. M aclnnes and  his 
co-workers 22 have developed the  m agnetic float m ethod of density  deter
m ination, and report p artia l molal volumes of potassium  chloride and  iodide 
and sodium iodide in w ater a t  25°. Salt effects for various organic gases 
and liquids have been stud ied ,23 and  current theories are analysed in a review 
by  Long and  M cD evit23; the solvation of uranyl n itra te  has been examined 
by  b o th  d istribu tion  24 and calorim etric m ethods,25 and  the ac tiv ity  co
efficients in  aqueous silver n itra te -n itr ic  acid m ixtures have been m easured 
by  Davidson and his collaborators 20 using a  cell w ith  silver and  glass elec
trodes. E.M .F. m easurem ents have also been used to  obtain  activities in 
liquid am m o n ia27 and  liquid hydrogen fluoride 28 as solvents.

Incomplete Dissociation in  Salt Solutions.—The applicability  of mass- 
action considerations to  ionic association in  salt solutions is now widely 
accepted and  a  considerable am ount of work in th is field is being reported, 
p a rtly  filling gaps in the  d a ta  previously accum ulated for the  commoner 
salts and p a rtly  supplying inform ation about salts of the new or ra re r 
elements. There is no m ajor theoretical advance to  report, b u t it  is clear 
th a t the  experim ental results now being derived from a  wide v arie ty  of 
different properties will add to  our understanding  of the  short-range forces 
between ions. M easurements, unfortunately , are still being largely confined 
to  one tem perature, and  some, being m ade in m ixed electrolytes a t high 
nom inal ionic strengths, cannot be safely used for theoretical comparisons.

Most of the  m ethods so far used are exemplified in the  results under 
review. Conductivity  m easurem ents on dilu te solutions have yielded 
dissociation constants for barium  th iosulphate 29 and for S r I0 3+.30 Con
ductivities on m ixed solutions are applicable where extensive association is 
expected, and  this m ethod and  the  solubility m ethod have bo th  been applied 
to  a num ber of ferricyan ides31 and  tri- and  te tra-m etaphosphates .32 P arry  
and  D u b o is33 have used E.M .F. m easurem ents, w ith  copper and  glass 
electrodes, to  investigate th e  in teractions of cupric and  c itra te  io n s ; concen
tra tio n  cells have been used to  s tu d y  the association of stannous w ith Cl“ 
and  Br~ io n s34 a t  a nom inal ionic streng th  of 3-0; and  equilibrium  constants 
of m any b ivalent cations w ith  im inodiacetic and related  acids 35 have been

12 I). A. M aclnnes, M. O. Dayhoff, and B. R. Ray, Rev. Sci. Instr., 1951, 22, 642;
D. A. M aclnnes and M. O. Dayhoff, J ■ Amer. Chem. Soc., 1952, 74, 1017.

23 T. J . Morrison, 1952, 3814, 3819; W. F. McDevit and F. A. Long, J . Amer.
Chem. Soc., 1952, 74, 1773; A. P . Altshuller and H . E . Everson, / .  Phys. Colloid Chem.,
1951, 55, 136S; H. A. C. McKay, Trans. Faraday Soc., 1952, 48, 1103; J. H. Saylor,
A. I. W hitten, I. Claiborne, and P. M. Gross, J . Amer. Chem. Soc., 1952, 74, 1778.
For review see F. A. Long and W. F . McDevit, Chem. Reviews, 1952, 51, 119.

23 A. W. Garner, H . A. C. McKay, and D. T. W arren, Trans. Faraday Soc., 1952,48,997.
25 L. I. Katzin, D. M. Simon, and J . R . Ferraro, J . Amer. Chem. Soc., 1952, 74, 1191.
26 O. D. Bonner, A. W. Davidson, and W. J . Argersinger, Jr ., ibid., p. 1047.
27 J .  Sedlet and T.-de Vries, ibid., 1951, 73, 5808.
23 G. G. Koerber and T. de Vries, ibid., 1952, 74, 5008.
29 T. O. Denney and C. B. Monk, Trans. Faraday Soc., 1951, 47, 992.
30 C. A. Colm an-Porter and C. B. Monk, / . ,  1952, 1321.
31 C. W. Gibby and C. B. Monk, Trans. Faraday Soc., 1952, 48, 632.
32 C. B. Monk, / . ,  1952, 1314, 1317.
33 R. W. P arry  and F. W. Dubois, J . Amer. Chem. Soc., 1952, 74, 3749.
34 C. E. Vanderzee and D. E . Rhodes, ibid., pp. 3552, 4806.
35 S. Chabarek, Jr., and A. E. Martell, ibid., pp. 5052, 5057, 6021.



DAVIES AND MONK : ELECTROLYTES. 31

determined by  J . B jerrum ’s m ethod. A new departu re  is the use of cells 
without transference for studying ion-pair form ation in  sa lts .36 The m ethod  
is well adap ted  for w ork over a range of tem peratu re  and  should lead to  the  
accumulation of reliable d a ta  for the  en tropy  and hea t conten t changes 
(AS, AH) of the  dissociation process. The values so obtained, w ith  those 
of some related  com pounds are (Mai =  m alonate) :

MgSO„ MgMal Z nM al35 L aS 04+ LaFe(CN ) , 38
AH, kcal...................... - 5 - 7  -3 - 2  -3 -1  -2 - 3  -2 - 0
AS, cal./deg................ -3 1 -0  -2 3 -9  -2 7 -5  -2 6 -0  -2 3 -9

Spectrophotom etric m easurem ents in  the  visible and ultra-v io let regions 
are being increasingly em ployed to  study  ionic equilibria. The m ethod  is 
experimentally simple and the  in terp re ta tion  straightforw ard so long as it  is 
remembered th a t  foreign ions which do no t affect the  absorption m ay never
theless in te rac t w ith  the  system  being studied, especially a t  high ionic 
strengths. By m easurem ent of optical densities, Gordon and  Schreyer 39 
have shown th a t the deep blue colour given by  cobalt in concentrated  alkali 
is due to  Co(OH)3~, and  by  a  sim ilar m ethod Yaffe and  V o ig t40 find th a t  
R u (i i i ) and (iv) b o th  give RuCNS2+, Ru(iv) being reduced by  the  thiocyanate. 
They determ ine an equilibrium  constan t for the  ion-pair a t  an ionic streng th  
of approxim ately 1, and F arring ton ,41 in  a  sim ilar w ay and  a t  the  same ionic 
strength, has m easured the  ex ten t of CuBr+ form ation. K ing and  Pandow  42 
have carried out fu rther work on th e  ionic s ta te  of Ce(iv) in perchloric acid 
solutions; B eer’s law is no t obeyed a t  H +-ion concentrations of 1— 2-5m, 
and the spectra give evidence of polym erisation—presum ably dim érisation 
through oxide or hydroxyl bridging. Anderson and  his co-workers 43 have 
used the m ethod of continuous variations to  study  the in teraction of sulpho- 
salicylic acid w ith  alum inium , nickel, and  chrom ium  ; a  m axim um  in optical 
density is given for the  1' : 1 ratio . The copper sa lt was used as ind icator 
with alum inium , and in a ra th e r sim ilar w ay W ilson and T a u b e 44 have 
studied the in teraction of chrom ium  and  gallium  w ith  th e  fluoride ion, 
using ferric ion as indicator.

Ram an spectra have been used 45 to  s tudy  the alum inate and zincate 
ions; the experim ental d a ta  are found to  be in  good agreem ent w ith  cal
culations for the te trahed ral ions Zn(OH)42- and  Al(OH)4_ . The in teraction 
between thorium  and  various anions has been studied  by  d istribu tion  
measurements using the  thenoyl-trifluoroacetone com plex .46 F inally , 
Schubert47 has continued his application of ion-exchange resins, utilising 
radio-tracers, to  the  determ ination of equilibrium  constants, and his m ost

38 H. W. Jones and C. B. Monk, Trans. Faraday Soc., 1952, 48, 929; J. I. Evans 
and C. B. Monk, ibid., p. 934.

37 J . C. James, J ., 1951, 153.
38 C. W. Davies and J. C. Jam es, Proc. Roy. Soc., 1948, A , 195, 116.
39 S. Gordon and J. M. Schreyer, J . Amer. Chem. Soc., 1952, 74, 3169.
40 R. P. Yaffe and A. F. Voigt, ibid., p. 2500.
41 P. S. Farrington, ibid., p. 966 . 42 E. L. King and M. L. Pandow, ibid., p. 1966.
43 A. M. Liebm an and R. C. Anderson, ibid., p. 2111; M. B. L asater and R . C.

Anderson, ibid., p. 1429 . 44 A. S. Wilson and H. Taube, ibid., p. 3509.
45 E. R, Lippincott, J . A. Psellas, and M. C. Tobin, J . Chem. Phys., 1952, 20, 536.
49 E. L. Zebroski, H. W. Alter, and F. K. H eum ann, J . Amer. Chem. Soc., 1951, 73,

5646; W. C. W aggener and R. W. Stoughton, J . Phys. Chem., 1952, 56, 1.
47 J . Schubert, ibid., p. 113.
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recent contribution also reviews earlier work in  th is  field. This completes the 
list of m ethods used in  the  period under review, b u t, varied as the  lis t is, i t  is 
w orth noting in addition th a t  conductivities a t high field strengths 20 promise 
to  provide a sensitive m ethod of detecting and estim ating ion-pairs, and  th a t 
the same applies, to  a  lesser degree, to  diffusion m easurem ents.48

In  the m ain, the  m easurem ents enum erated fall well in to  line w ith  earlier 
work. In  the  sum m ary below, num erical values quoted  are equilibrium  
constants for the dissociation process. Some recent w riters give th e  reci
procals of these, b u t th is seems a  p ity  even in cases where i t  m ay be the 
m ore logical procedure, p a rtly  because i t  is confusing in  relation  to  all the 
earlier lite ra tu re  and  p a rtly  because it  creates an artificial distinction between 
acids and  other electrolytes.

Ion-pair form ation is appreciable b u t no t extensive in cupric brom ide ,41 
in agreem ent w ith d a ta  for the chloride .49 I t  is som ew hat m ore m arked, as 
m ight be expected, in  R u(m ) th iocyanate ; K c =  0-017 for RuCNS2+ a t 40 
an ionic streng th  of approxim ately  1. An approxim ate value, K  =  0-0-4, for 
ThCl3+ is quite high for this valency type  40 and suggests ion-pair formation 
of the B jerrum  kind betw een hyd ra ted  ions. A t M-chloride concentration 
and  an ionic streng th  of 4-0, however, W aggener and S toughton 46 report 
higher association products to  be present in the  following p ro p o rtio n s : 
Th4+, 33-8; ThCl3+, 57-5; ThCl22+, 4-7; ThCl3+, 3-4; ThCl4, 0-6%. The 
relative figures are no t w hat, would be expected from  electrostatic  theory, 
and suggest th a t the fu rther association of Cl-  ions is governed ra th e r by 
considerations of co-ordination chem istry ; th is conclusion m ust be treated  
w ith  reserve however, in  view of our com plete ignorance of the  activ ity  
coefficients and  the  sensitiv ity  of the  results to  sm all experim ental errors. 
The fluorides of m etals of high valency are weaker th a n  the  o ther halides, 
and  the  dissociation c o n s ta n t44 of G aF2+ is about the  same as th a t  of F eF 2* ; 
the  corresponding chrom ium  complex is abou t five tim es as strong, so the 
difficulty in rem oving w ater from the  hyd ra ted  Cr3+ ion has no discernible 
influence here.

The dissociation constants of a num ber of b ivalen t m etal thiosulphates 
are norm al,29 being som ew hat higher th a n  those of the  sulphates, b u t the 
cadm ium  salt is weak (K  — 1-2 X 10“4), and  complex-anion form ation is 
appreciable even in  d ilu te solutions. The su lphosalicy lates43 of copper 
(K  — 0-0022), alum inium  (K  — 5 X 10~4), and  chrom ium  (K  ~  10-3) are of 
the order of m agnitude to  be expected for norm al ion-pair form ation, bu t 
the nickel sa lt (K  — 4 x  10-5) is distinctly  weak. The dissociation constants 
for the  ion-pairs of the  ferricyanides 31 and tri- and  te tra -m etap h o sp h ates32 
of the  alkaline earths are given in the  following Table :

Mg Ca Sr Ba
Ferricyanides ( x  103) ............................. 1-63 1-47 1-41 1-32
Trim etaphosphates ( x  101) ....................  4-89 3-56 4-43 4-50
Tetram etaphosphates {x  10°)   6-7 3-9 7-0 10-3

I t  seems th a t  the  trim etaphosphate  ion, unlike th e  ferricyanide ion, is 
able to  replace hydra tion  w ater from the cation, thus giving m uch smaller

13 H . S. H am ed and R. M. Hudson, / .  Amer. Chem. Soc., 1951, 73, 3781.
4S \V. H. Banks, E. C. Righellato, and C. W. Davies, Trans. Faraday Soc., 1931,

27,621.
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K's, and reversing the order Ca, Sr, Ba. The magnesium  trim etaphosphate  
is still the  strongest salt, presum ably because the inner hydration  shell of 
this small ion is particu larly  stable. This fu rther emphasises the im portance 
of geometrical considerations in any final analysis. L an thanum  trim e ta 
phosphate 32 (K  =  2-0 X 10 '6) is also m uch weaker th an  the  ferricyanide 38 
[Ii =  1-82 X 10~4) and again the non-hydrated  cation m ay be involved. 
The dissociation c o n s ta n t32 of the  lan th an u m  tetram etaphosphate  ion-pair 
is 2-2 x  10 ' 7 ; th is  valency product of twelve is the  highest' y e t studied. 
Analogous considerations concerning the  stabilities of complexes involving 
organic ligands have received active consideration over the  past few years. 
Williams,50 who has taken  the alkaline-earth cations for detailed discussion, 
shows th a t the  relation between the pK  values and  ionization potentials, 
which has so far provided th e  m ost satisfactory  explanation, fails for m ag
nesium. He considers th a t  short-range repulsion forces m ust also be 
considered. In  a study  of the  alkaline earth  m onocarboxylates by  Colman- 
Porter and  M onk,51 m agnesium  is again found to  be anom alous, and  i t  is 
suggested th a t, as detailed above for inorganic salts, th e  hydra tion  of 
magnesium m ay account for th is difference.

Acids and Bases.—A recent E.M .F. study  of the  H S 0 4-  ion 52 has re
moved a former discrepancy between the  dissociation constan t a t  various 
tem peratures obtained by th is m ethod and by  o ther m ethods (K  =  0-0103 
at 25°); the B ureau of S tandards 53 have added ta rta ric  and  5 : 5-diethyl- 
barbituric acids to  the ir series of precise E.M .F. d a ta ;  sulpham ic acid has 
been carefully exam ined by K ing ,54 and Jones and P arton  55 have obtained 
satisfactory results for benzoic acid by  using th e  quinhydrone in place of the  
hydrogen electrode. A fu rther article on an individual acid is th a t  of 
Waring,58 who reviews the  therm odynam ic properties of formic acid, and 
two papers devoted to  a  study  of series of acids have been given by  B other-By 
and Medalia 57 on some substitu ted  benzoic acids and  by  Peek and  H i l l58 
on some dicarboxylic acids in 20%  m ethanol; bo th  of these in terp re t their 
results in term s of current theories. As opposed to  these E.M .F. m ethods, 
a spectrophotom etric m ethod has been developed for determ ining the  over
lapping constants of dibasic acids 59; th is has been applied to  several 
examples and  the  results are com pared w ith previous data . In  the  field of 
non-aqueous solvents, formamide, which is a good solvent of higher dielectric 
constant th an  w ater (109 a t  room tem perature), has been used by  Dawson 
and Griffith 60 for freezing-point studies of several organic acids. Their 
sem i-quantitative calculations suggest th a t  ionization is roughly 10 %  greater 
in this solvent th an  in  w ater.

Two fu rther contributions to  the  study  of base equilibria are those of

10 R. J. P. Williams, / . ,  1952, 3770.
51 C. A. Colm an-Porter and C. B. Monk, ibid., p. 4363.
52 C. W . Davies, H. W. Jones, and C. B. Monk, Trans. Faraday Sac., 1952, 48, 921.
52 R. G. Bates and R. G. Canham, J . Res. N at. Bur. Stand., 1951, 47, 343; G. C.

Manov, K. E. Schuctte, and F. S. Kirk, ibid., 1952, 48, 84.
54 E. J . King and G. W. King, J . Amer. Chem. Soc., 1952, 74, 1212.
55 A. V. Jones and H . N. Parton, Trans. Faraday Soc., 1952, 48, 8.
50 W. W aring, Chem. Reviews, 1952, 51, 171.
57 A. K. Bother-By and A. I. Medalia, J . Amer. Chem. Soc., 1952, 74, 4402.
58 H. M. Peek and T. L. Hill, ibid., 1951, 73, 5304.
59 B. J. Tham er and A. F. Voigt, J . Phys. Chem., 1952, 58, 225.
80 L. R. Dawson and E. J . Griffith, ibid., p. 281.
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E v ere tt and W ynne-Jones G1 who used a hydrogen electrode for tem perature 
studies of the am m onium  and  m ethylam m onium  ions in  60%  aqueous 
m ethanol, and  a solubility investigation of stron tium  h y d ro x id e ; 30 here 
(K  =  0-11 for SrO H +) the  value fits an equation 62 w hich relates crystallo- 
graphic cation radii w ith  the  p K ’s of strong hydroxides.

Redox Systems.—P otentia ls of some of th e  valency system s of 
neptunium ,63 am ericium  and  praseodym ium ,64 and  ru th e n iu m 65 have 
been reported  during 1952, and an in teresting  system , nam ely, th a t  of the 
2 : 2 '-d ipyridyl derivatives of O s(ii-m ) has been investigated .66 The effect 
of varying the  ionic streng th  (I) by  indifferent electrolytes gave plots of
E.M .F. against which deviate from those predicted by  the  Debye-Hiickel 
theory. The au thors suggest th a t  the  changing na tu re  of the  ligand-m etal 
bonds w ith ionic environm ent can explain th i s ; however, a consideration of 
the possible ion-pairs present m ay well provide a more logical interpretation.

C. W. D.
C. B. M.

3 4  GENERAL AND PHYSICAL CHEMISTRY.

4. THE KINETICS OF HOMOGENEOUS REACTIONS.

There has been no substan tia l change in the  theory  of ra te  processes. 
Most of the  published work has been based on experim ent and  concerned 
either w ith the elucidation of the m echanism s of various reactions or w ith  the 
determ ination of the  specific ra te  constants and energies of activation  of 
simple unim olecular or bim olecular reactions involving ions, molecules, and 
radicals. The ready availability  of suitable radioactive isotopes of m ost of 
the common elem ents has led to  an increased understanding of electron- and 
group- or atom -transfer processes in solution, and also of the  na tu re  of the 
chemical reactions which ensue when nuclear radiations are absorbed by 
m atter. A notew orthy conference has been held on each of these two 
subjects and  the large am ount of work which has been carried ou t is reflected 
in th e  size of the  appropriate sections of th is  R eport. Three o ther symposia 
concerned w ith  (1) th e  reactiv ity  of free radicals (see ref. 56), (2) combustion 
and  flame, and (3) ionic polym erisation (see ref. 300) have also taken  place 
b u t the Proceedings of none of these have yet been published.

We have presented the topics in order of increasing com plexity of mechan
ism, and have deliberately om itted  any m ention of certain  fields of work. 
Thus, oxidation and com bustion have not been referred to, b u t i t  is hoped 
th a t this subject will be covered in nex t y ear’s R eport when the  papers 
subm itted  to  the  Boston conference (no. 2 above) will have been printed. 
W ork on reactions in the  solid phase and  investigations relating to  the  more 
physical or dosim etric aspects of radiation chem istry have been om itted  as 
being of only m inor in terests to  chemists.

General and Theoretical.—Most reactions which have been reported  have 
been investigated by  conventional experim ental m ethods, or by  slight

81 D. H. E vere tt and W. F . K. W ynne-Jones, Trans. Faraday Soc., 1952, 48, 531.
82 C. W. Davies, J ., 1951, 1256.
05 D. Cohen and J . C. H indman, J . Amer. Chem. Soc., 1952, 74, 4679, 4682.
64 L. Evring, H . R. Lohr, and B. B. Cunningham, ibid., p. 1186.
85 R. E . Connick and C. R. Hurley, ibid., p. 5012.
88 G. T. Barnes, F. P. Dwyer, and (Miss) E. C. G varias, Trans. Faraday Soc., 1952, 

48, 269.



variants of these. One new m ethod is th a t of H eitler 1 who used a modified 
Cottrell apparatus, w ith  a su itab ly  aged therm istor in place of a therm om eter 
to detect the  changes of boiling po in t of the  solvent accom panying the  chang
ing concentration of a dissolved reactan t. B y using acetone as the  solvent it  
was possible to  record the  course of reactions w ith half-lives of less th an  one 
minute. A num ber of authors developed the  m athem atical trea tm en t 
appropriate to  the  kinetics of complex reactions, such as those involving tw o 
consecutive second-order steps,2 accom panied by  diffusion,3 and au to 
synthetic reactions .4

The principal difficulty in the calculation of velocity constants a priori, 
by the m ethods of the transition-sta te  theory, is th a t of obtaining an accurate 
value for AE ^ ,  the  increm ent in  in ternal energy a t  absolute zero in passing 
from the reactan ts  to  the  complex. A t best the  calculation is semi-empirical 
and can only be carried through to  com pletion for the  sim plest system s. 
There is therefore considerable incentive to  find good em pirical relations 
between m easured energies of activation  and  experim entally  accessible 
properties of the  reactan ts. E yring and Sm ith  5 have recently  shown th a t  
there is a  linear relation betw een th e  activation  energy of the  reaction of 
sodium atom s w ith chlorinated hydrocarbons and the  ratio  of the  n e t charge 
on the halogen atom  to the polarisability  of the  carbon-halogen bond which 
is broken. I t  has often been pointed ou t th a t  there  is a simple proportion
ality between the  change in  activation  energy (AD) and  the  change in bond 
dissociation energy (AD) for certain  series of simple bim olecular reactions. 
Bernstein 6 has pointed  out, for the case of the  reaction

CX, _ nY„ +  M --- >  M—X +  CX3 _ nY„

where n  =  0, I , 2 , or 3, and X  is a  halogen, th a t, if all th e  bonding and 
non-bonding contributions to  the hea t of atom isation of the  substitu ted  
methane CX4 _ nY n are additive, and  if the same is also true  for the activated  
complex, then no t only is AE  proportional to  ADo-x b u t bo th  are proportional 
to changes in the  hea t of form ation and  in the  h ea t of atom isation of the 
substituted m ethane.

I t  is a  feature of the transition  s ta te  theory  th a t, since In A  =  aAS*, 
variations of the  frequency factor {A) can be associated w ith  variations of the  
entropy of activation  (ASs). Rollefson 7 has draw n a tten tio n  to  the  fact 
that the A  values of m any bim olecular gas and  solution reactions are w ithin 
—10u  or ~ 1 0 7 1. mole-1  m in.-1, corresponding to  AS* values of 10 
and 30 cal. deg .-1 mole-1 respectively. The second value of AS: is 
of the same order as the  translational entropies of m any molecules a t  room 
temperature, and i t  is therefore suggested th a t  in  the  first case the  tw o mole
cules comprising the  ac tiva ted  complex are only loosely bound and  th a t  the  
only condition for form ation of the complex is approach of the  molecules to  
within a certain distance, so th a t  only one degree of v ibrational freedom is 
lost; however, in  the  second case the molecules are tigh tly  bound in the

1 C. H eitler, Chem. and Ind., 1952, 875.
1 H, G. Higgins and E. J. Williams, Australian J . Sci. Res., 1952, 5, A , 572.
3 F. J. W. Roughton, Proc. Roy. Soc., 1952, A , 214, 564; J . Crank, Phil. Mag., 1952,

43, 811. i (Sir) Cyril Hinshelwood, J ., 1952, 745.
5 H. Eyring and R. P. Smith, J . Amer. Chem. Soc., 1952, 74, 229.
6 R. B. Bernstein, J . Chem. Phys., 1952, 20, 524.
7 G. K. Rollefson, / .  Phys. Chem., 1952, 56, 976.
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complex and all three degrees of translational freedom have gone. The 
chemical na tu re  of the reactions in the two groups is considered to be broadly 
in accord w ith this view. A nother simple deduction from transition-state 
theory  w hich can readily be dem onstrated  concerns equilibria .8 W hen a 
reversible reaction is displaced from equilibrium  so slightly th a t th e  free- 
energy change is less th an  the  value of R T ,  the  ra te  of approach to  equili
brium  is d irectly  proportional to  the  free-energy difference betw een the 
reactan ts  and the  products.

The transition-sta te  theory  has little  of quan tita tiv e  value to  offer 
concerning the  pressure dependence of the ra te  constan t of unimolecular 
reactions, and  in the  a ttem p ts  to  refine the  L indem ann collision theory  there 
are signs of a  revived in terest in this field and  in the  problems which underlie 
this theory. Jo h n s to n 9 has carried ou t a  general sum m ation over all 
quan tum  sta tes of the  individual steps in  the  L indem ann scheme, whence he 
obtains the expression.

Rate =  S J W W )_
bi (M)  +  C|

where a-u b\, and  a  are respectively the average values of the  ra te  constants 
in proceeding from any quan tum  s ta te  of the  molecules on the  left-hand 
side of reactions (1), (2), an d  (3) below, to  any  quantum  s ta te  of the  molecules 
on the righ t-hand  side :

M  +  M - ^ y M  +  A ............................................(l)

M  +  A  — >M> -j- M ............................................(2)

A  - A - C ......................................................... (3)

and A  denotes an  activa ted  molecule, C a product molecule, and M  the 
reac tan t molecule. B y assum ing these averages to  be constan t i t  is possible 
to  set a lim it on th e  value of the  ra te  constan t a t  low concentrations of M  
from  d a ta  on th e  value of the  ra te  constan t a t  high concentrations and  vice 
versa. T heo ryand  experim ent have been com pared fo rth e  pyrolyses of nitrous 
oxide and  nitrogen pentoxide. Benson 10 has com bined S la te r’s theory  11 
w ith the L indem ann hypothesis and concludes (a) th a t  for molecules con
tain ing more th an  6 atom s the  ra te  constan t is unlikely to  change with 
decreasing pressure u n til a t  least 1 mm. H g is reached and  (b) th a t  for 
molecules of identical atom icity  b u t differing shape the  fall in  ra te  constant
will occur a t  pressures higher for linear th an  for non-linear molecules.

First-order and Unimolecular Gas Reactions.—Several pyrolytic and 
isom érisation reactions have recently  been shown to  be non-chain first-order 
homogeneous reactions. N otable am ongst these are th e  dehydrohalogen- 
ation reactions of halogenated hydrocarbons. H o w le tt12 has shown th a t 
ethyl chloride, 1 : 1 -dichloroethane, fsopropyl chloride, and  fsobutyl chloride 
decompose in  this m anner. Furtherm ore, below a  certain  pressure (5 mm. 
Hg for ethyl chloride a t 456°) the order of reaction exceeds un ity , b u t in the 
presence of sufficient quan tities of either product, or added inert gases such 
as nitrogen and helium, the  first-order character can be m aintained down to

8 \V. R. Gilkerson, M. M. Jones, and G. A. Gallup, J . Chem. Pliys., 1952, 20, 1182.
a H. S. Johnston, ibid., p. 1103. 10 S. W. Benson, ibid., p. Î064.

11  N. B. Slater, Proc. Roy. Soc., 1948, A , 194, 112.
11  K. E. Howlett, 1952, 3095, 4487; Chem. and Ind., 1952, 1175.



lower pressures. The pyrolysis of 1 : 2-dichloroethane, though a chain 
reaction, shows sim ilar effects below 20 mm. H g pressure .13 This au tho r has 
examined the results in the  light of Rice and  R am sperger’s theory  and has 
shown th a t they  are in agreem ent w ith the idea th a t  the  transform ation 
probability of an  ac tivated  molecule is a  function of the  energy possessed in 
excess of the  m inim um  required for reaction. The relations between the 
frequency factors and  energies of activation  of these reactions are regarded as 
being in accord w ith the notion th a t  the slow step  is the  localisation of the 
energy in the  activa ted  molecules. By employing carbon-coated reaction 
vessels B arton, H ead, and W illiams 14 have succeeded in suppressing any 
heterogeneous reaction in the decom position of (—)-m enthyl chloride and 
dem onstrated the unim olecular n a tu re  of the residual homogeneous reaction. 
The usual stereospecificity was observed, the  ratio  of A2- to  A3-olefm in the 
products being about 0-3.

The isom erisation of difsopropenyl e ther to  allylacetone has been followed 
spectrophotom etrically b y  Stein and  M urphy .15 A t tem peratures between 
143° and 194° and  pressures between 20 and  760 mm. the first-order ra te  
constant has the value 6-4 X 1011 exp (—29-3 kcal./R T ) sec.-1, very close 
to the value which they  obtained earlier for allyl v inyl ether. A prelim inary 
account has been given of the  kinetics of the  isom erisation of cyclopropane 
to propylene betw een 10 and  0-1 m m .16 The reaction is quasi-unim olecular, 
and reasonably good agreem ent of the d a ta  w ith the predictions based on 
Kassel’s equation 17 is obtained, if in applying the la tte r, i t  is assum ed th a t 
the collision d iam eter is 3-94 A and 13 oscillators are involved.

Sir Cyril H inshelwood and his collaborators have published a series of 
papers 18 on the  decomposition of various straigh t-chain  and  branched-chain 
paraffins in the  presence of sufficient n itric  oxide to  suppress the  concurrent 
chain reaction, and  th e ir results are sum m arised in a final paper .19 R e
actions of hydrocarbons such as ethane, propane, fsobutane, isopentane, 
«eopentane, and  ncohexane show a single transition  from first to  second 
order as the  pressure is reduced, and  th e  energy of activation  is independent 
of pressure. Reactions of o ther hydrocarbons, including «-butane, «- 
pentane, «-hexane, 2 : 3-dim ethylbutane, and  2- and  3-m ethylpentane, 
change from first to 'second  order, re tu rn  to  first order and finally become 
second order as the  pressure is reduced from 1600 to  0-1 mm. This effect 
could be ascribed to  the  coexistence of tw o unim olecular reactions w ith 
different pressure dependence, and in agreem ent w ith  this tw o distinct 
activation energies are observed, b u t the  products of these two reactions 
appear to  be the  same in the  case of «-butane. H ydrocarbons in the  first 
category have a  frequency factor for decomposition in the  norm al range of 
1012 to  10 14 sec.-1, as also do the hydrocarbons in the  second category when 
the pressure is high. The low-pressure first-order frequency factors for the

13 K. E. H ow lett, Trans. Faraday Soc., 1952, 48, 25.
11 D. H. R. B arton, A. J . Head, and R. J . Williams, / , .  1952, 453.
15 L. Stein and E . W. Murpliy. J- rimer. Chem. Soc., 1952, 74, 1041.
10 H. O. Pritchard, R. G. Sowden, and A. F. Trotm an-Dickinson, J . Anier. Chem. Soc., 

1952, 74,-4472.
17 L. S. Kassel, "  K inetics of Homogeneous R eactions," Chem. Catalog. Co., New 

York, 1932, p. 93.
18 F. J . Stubbs, K. U. Ingold, B. C. Spall, C. J . Danby, and (Sir) Cyril Hinshelwood, 

Proc. Roy. Soc., 1952, A , 214, 20; M. G. Peard, F. J . Stubbs, and (Sir) Cyril Hinshelwood, 
'bid., p. 330, 339. 18 Idem, ibid., p. 471.
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la tte r  group of hydrocarbons are however very m uch higher. A similar 
high-frequency factor is suggested for the dissociation of vinylcycfohexene into 
bu tad iene .20 A com parative study  of the pyrolysis of nine olefins has been 
m ade by  Molera and  S tubbs .21 All these reactions are of first order during 
the initial stages. Marcus 22 has surveyed existing d a ta  on atom ic cracking 
reactions and  on the deuteration  of free radicals, and  has deduced the 
velocity constants for the dissociation of various vibrationally  excited alkanes. 
As would be expected, th e  ra te  constan t increases w ith increasing num ber of 
degrees of freedom of the decomposing molecule.

The kinetics of decomposition of diethyl peroxide have been investigated 
in a flow system  in the  presence of excess of toluene .23 The products are 
m ainly ethane and  form aldehyde w ith  sm aller am ounts of m ethane and 
dibenzyl. The results are in terp reted  in term s of a  non-chain, radical 
m echanism  and  the  overall first-order constan t [=2-1  X 1013 exp (—31-7 
kcal./JlT ) sec.-1] is shown to refer to  the  initial break into two ethoxy- 
radicals. However, the  value 31-7 kcal. is ra th e r sm aller th an  the  expected 
value of the  bond dissociation energy jOeio-oeg The possibility th a t  this 
reaction m ay be m ore com plicated th an  has h itherto  been supposed has been 
suggested by  Style and Jenk ins; 24 and  M ortlock and  Style 25 have drawn 
a tten tio n  to  th e  fact th a t  diethyl peroxide reacts w ith n itric  oxide to  form 
ethyl n itrite . Clearly the  nitric  oxide m ethod cannot be used to  isolate 
any  non-chain decomposition products of th is peroxide. The pyrolysis of 
&i-tert.-butyl peroxide has been studied  m ass spectrom etrically by  Lossing 
and  T ickner a t  very low pressures (approx. 2 p.) and  tem peratures up to 
350°.26 These results were combined w ith  those obtained by V aughan and 
Szwarc a t  lower tem peratures, and  the  first-order constan t was calculated 
to  be 7-1015 exp (—38 kcal.¡RT) sec.-1. B rin ton and V o lm an27 have 
carried out the reaction a t  m uch lower tem peratures and  higher pressures 
in the  presence of ethyleneim ine and  give values for the  ra te  of fission of 
the peroxide link in fair agreem ent w ith those of Lossing and  Tickner.

Szwarc and  his co-workers have continued th e ir m easurem ents of bond 
dissociation energies b y  pyrolysis of the paren t com pound in  a flow system , 
using toluene as a carrier gas and radical reagen t.28 An in teresting  point 
which has emerged from studies of this kind on alkyl and  aryl brom ides is 
th a t, although the ra te  constants of two C~Br bond dissociation processes 
m ay be in the ra tio  10 5 : 1 , the frequency factors are of the  same order of 
m agnitude .29

Bimolecular Gas Reactions.—Many bim olecular association reactions are 
“ slow,”  i.e., have a P  factor very m uch less th an  unity , and  th is is a ttrib u ted  
to  a loss of en tropy  during form ation of the  activated  complex. A nother 
exam ple of th is behaviour is the simple reactions between olefins and  ozone

20 N. E. D uncan and G. J . Janz, J . Chetn. Phys., 1952, 20, 1644.
31 M. J. Molera and F. J. Stubbs, / . ,  1952, 381.
22 R. A. Marcus, J . Chem. Pliys., 1952, 20, 352, 359, 364.
23 R. E . R cbbert and K. J. Laidler, ibid., p. 574.
21 A. D. Jenkins and D. W. G. Style, Nature, 1952, 170, 706.
23 H. N. Mortlock and D. W. G. Style, ibid., p. 706.
26 F. P. Lossing and A. W. Tickner, J . Chem. Phys., 1952, 20, 907.
22 R. K. B rinton and D. H. Volman, ibid., p. 25.
23 M. Ladacki, C. H. Leigh, and M. Szwarc, Proc. Roy. Soc., 1952, A , 214, 273;

C. H. Leigh and M. Szwarc, J . Chem. Phys., 1952, 20, 403, 844; M. Szwarc and D.
Williams, ibid., p. 1171. 28 M. Szwarc and D. Williams, Nature, 1952, 170, 290.
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which are characterised by frequency factors of the  order 103 to  104 1. mole-1 
sec.-1.30 The dim érisations of tetrafluoro- and chlorotrifluoro-ethylene are 
also ■“ slow,’.’ w ith frequency factors sim ilar to  those for the  dim érisation of 
dienes, viz., ~ 1 0 7 1. mole-1 sec.- 1 .31 In  m arked con trast to  these are the 
addition of butadiene to  cyanogen : 32

.CH„ GN
HC • '  - Z

I +
H<% N 

CH,

CH. CNP 
H e/ \ > /

Il II
H C ^  yN  

CH.

V  +  « ,

and the addition of boron trifluoride to  the mono-, di-, and  tri-m ethyl- 
am ines33 for which the  frequency factors are respectively 1-6 x  10 12 and 
~  10131. mole-1 sec.-1. The la tte r  reaction is particularly  in teresting  in th a t  no 
energy of activation  is required, and  i t  is therefore as rap id  as the  com bination 
of two m ethyl radicals .34

The expectation for bim olecular m etatheses is th a t the P  factor should be 
close to unity . This appears to  be alm ost the  case in the  very  rap id  reaction 
N 02C1 +  NO — > N 0 2 +  NOC1 which was investigated over the wide 
range of pressure, 0-2 to  384 mm. Hg, b y  Freiling, Johnston , and  Ogg 35 and 
for which the velocity constan t is 109 exp (—6-9 k ca l/K T ) 1. mole- 1  sec.-1. 
This is a  particularly  in teresting  reaction in th a t it  is no t known w hether a 
chlorine or an oxygen atom  is transferred.

Atomic and Free-radical Reactions.—Some atom ic and free-radical 
reactions are dealt w ith in the section on photochem istry. In  m any cases 
the photolysis of a com pound has been used as a source of free radicals for 
the purpose of studying the kinetics of inter-radical, and  radical-m olecule 
reactions. Such reactions are reported  m ainly in this section.

Much a tten tion  continues to  be devoted to  the  reactions of hydrogen 
atoms and simple alkyl radicals. Berlie and  LeRoy 36 claim to have elimi
nated the difficulties inherent in previous investigations of reaction (1 ) and

h  +  c 2h 0— > c 2h 6 +  h . ......................................(1 )

give prelim inary values of E 1 =  6-2 ¿ 0 - 1  kcal. and P 1 =  3-3 X 10-3. 
The energy of activation  is consistent w ith the work of W ijnen and Steacie 37 
on the reverse reaction (2), where deuterium  is used in place of hydrogen.

C.H6 +  D .  x  C2H 5D +  D ................................ (2)

They find th a t  the  value E 2 =  13-3 ±  0-5 kcal./m ole, which after allowance 
for the difference in zero-point energy of deuterium  and  hydrogen, leads 
to E i — 7 ¿ 1  kcal./m ole. W ijnen and  Steacie d id  no t detect any  C2H 4D 2 
m their products, b u t in another system  it is c la im ed38 th a t  the  exchange 
reaction CH3-CH2* +  D 2 — > CHyCHD- +  HD can occur.

30 R. D. Cadle and C. Schade, J . Amer. Chem. Soc., 1952, 74, 6002.
31 J- R. Lacher, G. W. Tompkin, and J. D. Park, ibid., p. 1693.
33 P. J. Hawkins and G. J. Janz, ibid., p. 1790.
33 D. Garvin and G. B. Kistiakowsky, / .  Chem. Phys., 1952, 20, 105.
34 R. Gomer and G. B. Kistiakowsky, ibid., 1951, 19, 85.
35 E. C. Freiling, H . S. Johnston, and R. A. Ogg, ibid., 1952, 20, 327.
38 M. R. Berlie and D. J . LeRoy, ibid., p. 200.
37 M. H. J . W ijnen and E. W. R. Steacie, ibid., p. 205.
38 V. V. Voevodskii, G. K. Lavrovskaya, and R. E. Mardaleishvili, Dokl. Akad. 

A<»<A. S.S.S.P ., 1951, 81, 215; Chem. Abs., 1952, 46, 1852.
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.Conflicting values continue to  be reported  for the  energy of activation  of 
the  reaction

CH3- +  H» — -> CH4 +  H .................................(3)
M ajiiry and Steacie ,89 using the  photolysis of acetone as source of radicals, 
find E 3 — 9-7 ± 0 - 6  kcal./m ole; D avidson and  B urton ,40 using photolysis 
of acetone and  acetaldehyde as sources, find E z > 1 3  kcal./m ole; and 
Anderson and  T aylor,41 using the photolysis of dim ethylcadm ium  as source, 
find E s =  13 ±  2 kcal./m ole. I t  is assum ed by  all the  au thors th a t  the 
energy of activation  for the  com bination of tw o m ethyl radicals is zero. 
M ajury and  Steacie have shown th a t  substitu tion  of D2 for H 2 in reaction (3) 
causes an  increase in activation  energy of the  order to  be expected from the 
different zero-point energies, while replacem ent of CHy by  CD3* causes a 
relatively slight reduction in ra te .

Lossing and T ic k n e r26 have developed a  m ass-spectrographic m ethod for 
m easuring the p artia l pressure of m ethyl radicals in  therm ally decomposing 
gases. The m ethod differs from previous similar m ethods in  th a t  relatively 
high-voltage electrons (50 ev) are used, the  effect of ionisation of species 
other than  m ethyl being allowed for b y  assum ing a 100% carbon balance. 
The com bination reaction of m ethyl radicals was stud ied  and  the collision 
efficiency a t  850° estim ated as 2— 3 X 10“2. A redeterm ination of the 
collision efficiency of the reaction betw een m ethyl radicals and nitric  oxide 
has been m ade ,42 by  using a  radioactive tellurium  m irror m ethod. This leads 
to  a collision efficiency of 10 ”2 for the  com bination of m ethyl radicals at 
room tem perature. D urham  and  Steacie conclude, from a com parison of the 
available da ta , th a t  the  true  value is between 0-5 and 0-05. The problem has 
also been discussed theoretically .22

The therm al decomposition of di-feri.-butyl peroxide has been used aS a 
source of the m ethyl radical in studies of its reactions w ith acetone ,43 acet
aldehyde, and  acraldehyde .44 The energy of activation  of the  reaction with 
acetone was found to  be 9-5 ± 1 - 5  kcal./m ole in agreem ent w ith  other 
work, while for the  reaction w ith  acetaldehyde E  =  7 - 5 ±  0-3 kcal./mole. 
A craldehyde polymerises as well as decomposing in the presence of radicals. 
The hydrogen abstraction  reactions of m ethyl radicals w ith various halo- 
genated m ethane derivates have been found 45 to  have the following activ
ation energies : CH3F, 8-7; CH2F 2, 6-2; CH3C1, 9-4; C Ii2Cl2, 7-2 ; CHC13, 5-8; 
CH3Br, 10-1; CH2B r2, 8-7 kcal./m ole. The steric factors lie in  the range 
10~2 to  10~4. The reactions of m ethyl radicals w ith o x y g en 46 and  with 
sec.-butyl chloride 47 have also been studied.

T he com bination, disproportionation, hydrogen-abstraction, and  de
composition reactions of the  ethyl radical have been reviewed .48 There 
appears to  be a  real discrepancy betw een the  relative ex ten t of dispropor
tionation and  com bination of e thy l radicals produced by different methods.

33 T. G. M ajury and E . W. R. Steacie, Cañad. J . Chem., 1952, 30, 800.
40 S. Davidson and M. Burton, J . Amer. Chem. Soc., 1952, 74, 2307.
41 R. D. Anderson and H. A. Taylor, J . Phys. Chem., 1952, 56, 498.
42 R. W. D urham  and E. W . R . Steacie, J . Chem. Phys., 1952, 20, 582.
43 M. T. Jaquiss, J . S. Roberts, and M. Szwarc, J . Amer. Chem. Soc., 1952, 74, 6005.
41 D. H. Volman and R. K. Brinton, J . Chem. Phys., 1952, 20, 1764.
43 F. A. Raal and E. W. R. Steacie, ibid., p. 578.
40 F. B. M arcotte and W. A. Noyes, J . Amer. Chem. Soc., 1952, 74, 783.
47 A. S. Kenyon, ibid., p. 3372.
43 K. J . Ivin, M. H . J . W ijnen, and E. \V. R. Steacie, J . Phys. Chem., 1952, 56, 967.



Bevington 49 has calculated the  differences in  the  hea t content, entropy, 
and free energy of the  products resulting from the  disproportionation and 
combination of ethyl and other radicals. I t  does no t follow th a t the reaction 
leading to  the g reatest decrease of free energy will necessarily predom inate, 
since it  follows from the  work of W ijnen and  S teacie 185 th a t  th e  two reactions 
are quite independent and  do no t proceed via  the  sam e transition  complex. 
Paneth and Hollis 50 have shown by a radiochem ical m ethod th a t ethyl 
radicals react a t  every collision w ith a  bism uth m irror.

The frequency factors for a num ber of hydrogen-abstraction reactions 
have been calculated 51 from the theory of absolute reaction rates and shown 
to be in fair agreem ent w ith experim ental' values.

The reactions of sodium vapour w ith  ethyl chloride 52 and trifluoro- 
halogenomethanes 53 have been studied  b y  the  diffusion flame m ethod  and 
the following energies of activation  found : C2H 5C1, 10-2 ±  0-5; CF3I, 1-7; 
CF3Br, 2 3 ; CF3C1, 7-4 kcal./m ole. In  the CF3X  compounds it is the X  atom  
which is preferentially removed. In  the  case of e thy l chloride the steric 
factor is u n ity  w ithin experim ental error.

In solution th e  phenyl radical reacts w ith arom atic com pounds to  give 
diphenyl derivatives :

Ph- +  P h X  >  Ph-CSH 4X  +  H

but in the gas phase a t  high tem peratu re  and  low pressure, hydrogen ab
straction is preferred in  the case of com pounds such as toluene :

Ph- +  P hM e >- PhH  +  Ph-C H , >  (Ph-CH2)2

This difference in behaviour has been investigated  by  Jaqu iss and  Szwarc 54 
who conclude th a t  the effect is real and advance a ten ta tiv e  explanation.

Kooyman and  F a re n h o rs t55 have given a prelim inary account of an 
experimental s tudy  designed to  provide a  broad  te s t of the predictions of 
Coulson et al. th a t  the  free valence num ber calculated for a given carbon 
atom in a  com pound should be related to  its  ab ility  to  in terac t w ith a free 
radical. The correlation is found to  be rem arkably good for velocity con
stants varying over a range of more th an  10 5.

A sum m ary of the  Toronto  conference on the R eactiv ity  of Free Radicals 
has been published .56

Reactions in Solution.—General.— K acser 57 has given a theoretical 
account of th e  probability  factor in uncom plicated ion-dipole reactions. An 
equation for the  "  effective shape ” of a polar molecule in the field of an ion 
is developed, which determ ines the success of reactive approaches of the  ion 
from any given direction. If the field around the molecule is m arkedly 
anisotropic, there  will be favoured directions of approach for the  ion, which 
will be reflected in  the  non-exponential factor of the Arrhenius equation. 
When these concepts are applied to  experim ental d a ta  (reactions of m ethyl

45 J . C. Bevington, Trans. Faraday Soc., 1952, 48, 1045.
50 F. A. Paneth and A. Hollis, Nature, 1952, 169, 618.
51 S. B yw ater and R. Roberts, Canad. J . Cheni., 1952, 30, 773.
52 R. j .  Cvetanovic and D. J. LeRoy, J . Chem. Phys., 1952, 20, 1016. .
7,3 J . W . Hodgins and R. L. Haines, Canad. J . Chem., 1952, 30, 473.
54 M. T. Jaquiss and M. Szwarc, Nature, 1952, 170, 312.
55 E. C. Kooyman and E. Farenhorst, ibid., 1952, 169, 153.
50 H. W. Melville, ibid., 1952, 170, 819.
57 H. Kacser, J . Phys. Chem., 1952, 56, 1101.
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halides w ith halide ions), they  yield the  approach distance of reacting mole
cules, and  give inform ation concerning the steric course of the  reaction.

The differential ra te  equations for the  kinetics of com petitive reactions of 
the type A +  B — >■ C +  E, and  A +  C — >■ D -j- E  have been in teg rated  for 
the special case where [A] == [B].58 M easurements of the rates of hydrolysis 
of ethyl ad ipate and  ethyl succinate were m ade and used as an  illustration of 
the  theory.

Pearson 69 has m ade a  theoretical s tudy  of the  influence of the solvent on 
the heats and  entropies of reactions in which ions are formed from  neutral 
molecules. Changes in  the entropy term  appear to  be decisive in relating 

* the rates of sim ilar reactions in different solvents.
Curme and Rollefson 60 have com pared the ra te  of quenching of fluor

escence of p-naphthylam ine by  carbon tetrachloride in  the gas phase, and  in 
solution in fsooctane and cyc/ohexane.' Values of the en tropy  of activation 
for the process in these th ree m edia are essentially identical. They conclude 
th a t  the  ra te  a t  which these molecules come together and react is no t greatly 
different in solution in an  inert solvent, from w hat i t  is in the  gas phase.

Franklin  61 has calculated the en tropy  and  hea t of form ation of alkyl- 
carbonium  ions in solution from corresponding values for the gaseous ions, 
using L atim er's  62 m ethod. These values are used for calculations of AS* 
and AH* for hydrolysis of alkyl halides in aqueous ethanol, and  also of the 
ra te  of hydration  of fsobutene and dehydration of Art.-butanol. The cal
culations of the  ra tes of these processes are in good agreem ent w ith  experi
m ental values.

Isotopic Exchange Reactions in  Solution. Many reactions in  solution 
can be detected  only by  the  use of su itab ly  labelled isotopic species. The 
increasing availability  of bo th  radioactive isotopes of m any of the  elements, 
as well as stable isotopes, e.g., 180  and 15N, has led to  a considerable expan
sion in the num ber and  varie ty  of studies in th is field.

(a) Electron-transfer processes. Adam son 63 has suggested th a t  a  relation 
exists between the ra te  of one-electron transfer and the  m agnetic properties 
of the ions concerned. The criterion of th is correlation is th a t  if the  product 
of the  sum  and  the difference of the  m agnetic m om ents of the couple is high, 
electron transfer between the couple will be slow. The theoretical basis for 
th is relation  is adm itted  to be obscure.

L ibby 64 has considered the probability  of isotopic electron transfer from 
the point of view of the  F ranck-C ondon principle. H e suggests th a t the 
hydration  atm ospheres around the ions are unable to  move in the  tim e re
quired for electron transfer, thus causing form ation of ions in incorrect 
environm ent. This requires the  la te r m ovem ent of hydration  energy from 
one site to  another, and thereby  constitu tes a barrier which inhibits electron 
transfer. For large co-ordinated ions such as the  ferro- and  ferri-cyanides, 
the energies of hydration  are sm aller, and  the  barrier is greatly  reduced. 
.Catalysis by  small negative ions is explicable on the  basis of form ation of a 
linear complex w ith  the  anion betw een the tw o exchanging cations. This will
, 58 A. A. Frost and W. C. Schwemer, J . Amer. Chem. Soc., 1952, 74, 1268.

59 R. G. Pearson, / .  Chem. Phys., 1952, 20, 1478.
69 H. G. Curme and G. K. Rollefson, J . Amer. Chem. Soc., 1952, 74, 3766.
91 J. L. Franklin, Trans. Faraday Soc., 1952, 48, 443.
62 W. M. Latim er, K. S- Pitzcr, and C. M. Slansky, J . Chem. Phys., 1939, 7, 108.
93 A. W. Adamson, J . Phys. Chem., 1952, 56, 858. 61 W . F. Libby, ib id ., p. 863-



result in a sharing of the w ater molecules in the  hydration  spheres of the 
cations, w ith  a  consequent reduction in height of the  energy barrier for 
electron transfer. As an  exam ple of th is predicted cataly tic  effect of small 
anions, Hornig and L ibby 65 have shown th a t concentrations of fluoride ion 
as low as 10“G.\i exert an accelerating effect on the ra te  of electron transfer 
between Ce(in) and Ce(iv) in 6M-nitric acid.

Silverman and Dodson 00 have published a  definitive paper on the 
kinetics of electron transfer between ferrous and  ferric ions in aqueous 
perchloric-hydrochloric acid m edia. In  perchloric acid, the  m ain contri
bution to  exchange comes from the  ions FeO H 2+ and Fe2+ ; the ra te  constant 
for exchange betw een Fe3+ and Fe2'' is abou t 1000-fold less. Chloride ion 
produces a slight ca taly tic  effect, and ra te  constants were m easured for 
electron transfer between the couples FeCl2+-F e 2‘', and  FeCl2+-F e 2+. 
Perchlorate ion plays no specific p a r t in any  of the  reactions. Molecular 
oxygen 07 does no t affect the  ra te  of electron transfer, and  the mechanism 
suggested by Weiss 08 therefore cannot be operative.

Furm an and G am er 09 have found th a t the ra te  of electron transfer 
between V(m) and V(iv) is given by  :

R  =  4-5 x 1012 exp ( -  20 ,700/R r)[V (in)][V (iv)]/[H +] mole I.-1 sec .“ 2

The mechanism suggested is : V +3 -j- H 20  VOH2+ +  H +, VOH2+ +  
*V02+— >- Z4+— X *VOIT2+ +  V 0 2+, where Z4+ is a  quadruply  charged 
activated complex of unspecified structure . The exchange between V n and 
Viii is complete w ithin one m inute a t 2° c .70

Bonner and H u n t 71 have reported  th a t the  half-tim e for electron transfer 
between C o(ii) and Co(in) in  aqueous perchloric acid a t 0° varies from  4-8 to 
22 minutes, depending on the  m olarity  of the  solution in the  region 0-7 
to 3-0 x  10'3m. The exchange is no t catalysed by  glass surfaces or by 
ordinary daylight.

The electron transfer 72 between E u ( ii)  and  E u(in ) in  perchloric-hydro
chloric acid solutions is of first order in  each of the  valency sta tes of euro
pium, and also of first order in chloride ion. The over-all energy of activation 
is 20-8 kcal./mole.

Wolfgang and  Dodson 73 have confirmed earlier work th a t  exchange 
between Hg(i) and  Hg(ii) is very  rap id  in  perchloric acid solution. They 
find, however, th a t addition of cyanide causes the exchange to  become slow 
and measurable. P relim inary kinetic d a ta  suggest th a t  the  rate-controlling 
step may be reaction between H g22+ and a  cyanide complex of H g(n).

Electron transfer between K 4Mo(CN)8 and  K 3Mo(CN)8 has been invest
igated w ith "M o as the  radioactive tracer .74 The exchange is complete a t 
all pH values between 1 and  11, and  a t to ta l m olybdenum  concentrations as 
low as 10-% .

63 H. C. H ornig and W . F. Libby, J . Phys. Chem., 1952, 56, 869.
66 J . Silverman and R. W. Dodson, ibid., p. 846.
87 L. Eimer, A. I. Medalia, and R. W . Dodson, J . Client. Phys., 1952, 20, 743.
88 J. Weiss, ibid., 1951, 19, 1066.
“  S. C. Furm an and C. S. Gamer, J . Amer. Chem. Soc., 1952, 74, 2333.
,0 W. R. King, Jr ., and C. S. Garner, ibid., p. 3709.
71 N. A. Bonner and J . P. H unt, ib id ., p. 1866.
‘2 D. J. Meier and C. S. Gamer, J . Phys. Chem., 1952, 56, 853.
‘j 1 R. L. Wolfgang and R . W . Dodson, ibid., p. 872.
'* R. L. Wolfgang. J . Amer. Chem. Soc., 1952, 74, 6144.
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By separating Cr(n) from Cr(ni) by  an ion-exchange resin, H aissin sky 75 
has shown th a t electron transfer between these ions is com plete in  hydro
chloric acid in the tim e taken  for separation  (3— 7 m inutes). There are 
some indications th a t  the  exchange m ay n o t be com plete in sulphuric acid 
in the  same time.

The electron transfer betw een the tris-5 : 6-d im ethyl-l : 10-phenanthro- 
line complexes of ferrous and  ferric ions is complete w ithin 15 seconds at 
0°, a t concentrations 2 X 10_5m in each species.70

(b) Atom  and group transfer. Jenkins and  Y o s t77 have investigated the 
kinetics of exchange of tritiu m  betw een hypophosphorous acid and  water, 
and  th e ir results indicate th a t  in solution, tw o form s of th is compound 
exist which differ in  position of the hydrogen atom  in the  H 3P 0 2 molecule.

14C-Labelled acetate has been used in a  s tu d y  of the  exchange reactions 
am ong sodium  acetate, acetic acid, and  acetic anhydride in  anhydrous 
acetic acid solutions.78 R apid  exchange occurs between sodium acetate 
and the solvent, b y  direct p roton transfer. Only slow exchange occurs 
between acetic anhydride and  acetic acid. R apid  acetate  exchange is 
found betw een bo th  Pb(n) and Pb(iv) acetates and the solvent. However, 
contrary  to  earlier results ,79 no electron exchange occurs betw een Pb(li) and 
Pb(iv) in acetic acid a t  80° in four hours.

Bonner and  Bigeleisen 80 report no exchange of 180  between w ater and 
N 20  in  e ither concentrated  alkali or concentrated  acid m edia. No exchange 
was found betw een w ater and sodium  hypon itrite  a t  pH  above 7-0, or in 
acid solution, in  w hich th is salt slowly decomposes. Similarly, no exchange 
was observed during the decom position of sodium " n itrohydroxylam ite ” 
(oxyhyponitrite) (Na2N 20 3) in  either acid or alkaline media.

Two independent investigations have shown th a t  there is no exchange 
between either CN~ or S= w ith  CNS~ in the  pH  range 0-5— 12-7.81

Based on th e  observations th a t  ozone, H 20 2, and 0 2 do n o t exchange 
180  w ith  w ater, b u t th a t  addition of hydrogen peroxide to  w ater in  presence of 
ozone causes exchange betw een w ater and  ozone, Forchheim er and  Taube 82 
suggest th a t  OH radicals probably  undergo exchange w ith w ater. This 
conclusion is reached from  a  consideration of the  m echanism  of interaction 
between hydrogen peroxide and ozone, according to  which oxygen atom s in 
O il radicals finally emerge as oxygen gas.

A tkins and  G arner 83 have investigated  the  exchange of radioactive zinc 
between zinc ions and  seven zinc chelate complexes in pyridine. All "  non
fused r in g ”  complexes {e.g., the  complex w ith  8-hydroxyquinoline) showed 
com plete exchange in less th a n  0-5 m inute, while the  only "  fused ring ” 
complex exam ined (zinc phthalocyanine) showed no exchange in  35 days. 
This behaviour is in agreem ent w ith  earlier predictions 84 relating to  the 
exchange lability  of m etallo-organic complexes.

73 M. Haissinsky, J . Chim. phys., 1952, 49, C 133.
76 L. E im er and A. I. Medalia, J . Amer. Client. Soc., 1952, 74, 1592.
77 W. A. Jenkins and D. M. Yost, / .  Chon. Phys., 1952, 20, 538.
75 E. A. Evans, J . L. H uston, and T. H. Norris, J . Amer. Chon. Soc., 1952, 74, 4985.
79 G. von Hevesy and L. Zechmeister, Z . Elektrochem, 1920, 26, 151.
80 F. Bonner and J . Bigeleisen, J . Amer. Chem. Soc., 1952, 74, 4944.
81 A. W. Adamson and P. S. Magee, ibid., p. 1590; G. E. Heisig and R. H olt, ibid., 

p. 159 7 . 82 O. L. Forchheimer and H. Taube, ibid., p. 3705.
83 D. C. Atkins, Jr., and C. S. G am er, ibid., p. 3527.
81 S. Ruben, M. D. Kamen, M. B. Allen, and P. Nahinsky, ibid., 1942, 04, 2297.



Exchange of radio-chrom ium  between the ion Cr(H20)„3+ and the 
complexes (Cr en3)3+, Cr(urea)63+, and CrF3(H20 )3 were found to  be  ̂ very 
slow.85 The complex w ith  fluoride ion showed some exchange which 
increased a t  lower acidities.

W e s t86 has continued his studies on th e  relation betw een bond type and 
rate of exchange for cobaltous and  cobaltic complexes of the  b iden tate  type. 
The results in  general support th e  view th a t  covalent bonds display slow 
exchange of th e  central m etal atom  with, cobalt ion, and. ionic complexes 
show rap id  exchange.

Jones and Long 87 have investigated  several exchange reactions between 
ferrous and  ferric ions and th e ir complexes w ith ethylenediam inetetra-acetic 
acid (H 4Y). F eY = and  Fe2+ exchange instantaneously, while th e  corre
sponding ferric couple FeY~ and  Fe3+ exchange slowly. The pair FeO H 2+-  
FeY" exchange a t  a  ra te  tenfold slower th an  the couple Fe3+—FeY~.

14C has been used by  H arris and  S tranks 88 to  follow the kinetics of 
exchange between carbonate ion in  solution and the  carbonate ion in  the 
complex [Co(NH3)4C 03]+. Exchange occurs by  tw o m echanisms, depending 
on the concentration of carbonate (or bicarbonate) ion in solution. One 
mechanism involves the  ions [Co(NH3)4,H C 03,H 20 ] 2+ and  H C 03_, and  the 
other the equilibrium  :

H .O  +  [Co(NH3)4IIC 0 3H „0]2f z==s Co(NH3)4(H 20 )2+3 +  H C <V

In a la ter paper, the effects of ionic strength  on the ra te  of the  ion-dipole 
mechanism and  the  ion-ion m echanism  were investigated .89 In  the  con
centration range for which the  ion-dipole reaction is operative, the  equation 
of Amis and Jaffe 90 accurately  described the results up  to  ionic streng th  TO. 
For the ion-ion in teraction, the  B ronsted relation did no t describe the effect 
of the ionic streng th  on the ra te  of reaction.

T h e  exchange reaction between w ater as H 2180  and  Cr(H20 )6+3 is first 
order in C r(in), and the ra te  increases w ith concentration of the  anion 
present.91 W ith CT as the  only anion present, the ra te  of exchange of w ater 
greatly exceeds the  ra te  of form ation of the  complex ion [Cr(H20 ) 5Cl]2+. 
The ra te  of exchange is m arkedly increased by Cr2+, and only slightly by 
Cr20 -2~, and is induced by the  reaction betw een Ce(iv) and  Cr(m ). The 
results suggest th a t  electron transfer between Cr(n) and  Cr(in) is rap id , and 
that exchange of w ater takes place a t  the Cr(n) stage. The exchange 
between free and bound w ater in the complex ion [Co(NH3)5H 20 ]3+ was 
found to be of first order w ith respect to  the  complex ion, and was independent 
of acidity. A dissociation m echanism  is favoured over a bim olecular 
mechanism involving w ater as the second reacting species.92

Bernstein and  K atz  93 have m easured the  gas-phase exchange between 
fluorine and  the interhalogen com pounds C1F3, B rF 5, and  I F 7. H om o
geneous exchange occurs a t  a m easurable ra te  abou t 100°, probably by

85 \V. R. King, Jr., and C. S. Garner, J . Amer. Client. Soc., 1952, 74, 5534.
86 B. W est, J ., 1952, 3115.
87 S. S. Jones and F. A. Long, J . Phys. Chem., 1952, 56, 25.
88 G. M. H arris and D. R. Stranks, Trans. Faraday Soc., 1952, 48, 137.
89 D. R. Stranks, Trans. Faraday Soc., 1952, 48, 911.
30 E. S. Amis and G. Jaffe, J . Chem. Phys., 1952, 10 , 598.
81 R. A. P lane and H . Taube, / .  Phys. Chem., 1952, 56, 33.
82 A. C. R utenberg and H. Taube, J . Chem. Phys., 1952, 20, 825.
83 R. B. Bernstein and J . J . Katz, J . Phys. Chem., 1952, 56, 885.
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reversible dissociation for the chlorine and iodine compounds, and  by an 
association m echanism  for B rF s.

The exchange of 131I as sodium  iodide has been investigated  for the  follow
ing compounds : (i) allyl iodide in e thy l a lcohol; 94 (ii) iodobenzene in 
sec.-octyl a lcohol; 95 (iii) ^-iodophenol in octan-2-o l ; 96 (iv) 2-iodo- 
naphthalene in acetyl alcohol; 97 (v) e thy l iodide in ace to n itrile98 and 
^-iodonitrobenzene in octan-2-ol and  in acetonitrile .99

Exchange betw een periodate and iodine 100 is slow com pared w ith  th a t 
reported  101 for exchange between iodate and  iodine. The ra te  varies w ith 
acidity  in the  sam e w ay as th e  chemical reaction between iodide ion and 
periodate, and  the  tem peratu re  coefficients for the  tw o processes are similar, 
suggesting sim ilar mechanisms. The exchange between iodate  and periodate 
is very  slow and  is catalysed by  m olecular iodine.

Non-isotopic Reactions in  Solution .—  (a) Electron transfer reactions in  
aqueous solution. D ainton 102 has reviewed b o th  therm al and  photochem ical 
electron transfers between various cations and anions, on the one hand, and 
w ater, hydrogen peroxide, and  formic acid, on the other.

Two independent studies have been m ade of the  kinetics of the reaction 
T l(m ) +  2Fe(n) — >• Tl(i) +  2F e(m ).103 The hydrolysed forms T lO H 2* 
and  T10+ take  p a r t in rate-controlling electron transfers from Fe(u). Tl(ii) 
is suggested as an interm ediate in the process.

C arter and  Davidson 104 have shown th a t  the  oxidation of ferrous ion by 
brom ine in a  two-stage process involves the  radical-ion B r2~. The kinetics 
of the reaction agree w ith  the scheme :

Fe2+ +  B r3~ Fe3+ -f- B r_ -f- B r2- 
B r2_ -j- Fe2+ —->-Fe+3 -f- 2Br~

Fudge and  Sykes 105 have shown th a t  the  therm al electron transfer between 
Fe(in) and iodide ion probably  occurs by  the sequence : Fe3+ +  I -  F e l2 \  
F e l2+ +  I -  Fe2+ +  I2~, and  Fe3 +  I 2~ ^  Fe2+ +  I2. Ferrous ion
inhibits the  reaction, b y  com petition w ith ferric ions for the radical-ion I2_.
In  a  second paper, Sykes 100 relates the  re tard ing  effects of various anions 
on the process to  complex-ion form ation w ith  Fe(m ), and  from the kinetic 
data , deduces the  association constants for form ation of the complex ions 
FeO H 2+, F e S 0 4+, and  FeNOs2\

Adam son 63 has exam ined the kinetics of oxidation of cyanide ion by 
Fe(CN)63~, and  suggests a m echanism  involving the radical ion (CN)2~.

A prelim inary account has appeared of the reactions of Hg(i) and Hg(n) 
w ith  formic acid .107 The rate-controlling steps involve electron transfer 
from  form ate ion to  Hg(i) or H g(ii), w ith  form ation of the free radical

94 S. May, P. Daudel, J . Schottey, M. Sarraf, and A. Vobaurc, J . Chim. pkys., 
1952, 49, 64.

35 S. May, M. Sarraf, A. Vobaurd, and P. Daudel, Compt. rend., 1951, 233, 744.
30 S. May and B. Girandel, ibid., 1952, 234, 326.
37 I. Estelles and S. May, ibid., p. 433.
38 S. May and B. Girandel, ibid., 1952, 235, 953. 99 Idem, ibid., 1952, 234, 2280.

100 M. Cottin, M. Haissinsky, and D. Peschanski, J . Chim. phys., 1951, 48, 500.
101 O. E. Myers and J . W. Kennedy, J . Amer. Chetn. Sac., 1950, 72, 89.
103 F. S. Dainton, / . ,  1952, 1533.
103 C. E. Johnson, Jr., J . Amer. Chem. Soc., 1952, 74, 959; O. L. Forchheim er and R. P. 

Epple, ibid., p. 5772. 104 P. R. C arter and N. Davidson, J , Phys. Chem., 1952, 56, 877.
103 A. J. Fudge and K. W. Sykes, J ., 1952, 119.
106 K. W . Sykes, ibid., p. 124. 137 A. R. Topham  and A. G. W hite, ibid., p. 105.
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H -CO O . A nother therm al electron-transfer reaction leading to  free 
radicals is th a t  between Fe(ii) and the  fsopropylcum ene and  ier/.-butyl- 
cumene hydroperoxide .108 The rate-controlling step  is Fe2+ 4- R 'O-OH 
— >• Fe3+ +  R-O- +  O H ".

Evidence for a two-electron transfer process has been given by  H aight and 
Sager,109 arising from their studies of the  m olybdate-catalysed reduction  of 
perchlorate ion by  Sn(n). The reaction is very  complex, and appears to 
proceed via  quadrivalen t m olybdenum  form ed by  two-electron transfer 
from Sn(n).

(b) Reactions o f oxygenated anions. In  continuation  of his studies of 
oxygen-transfer reactions involving the  use of 180 , T aube and  his co
workers 110 have found th a t only p a rt of the  oxygen in  HOC1 is transferred  to  
sulphite in th is reaction to  form Cl-  and  S 0 42“ . H e suggests tw o modes of 
attack of the  hypohalite  on S 0 32“ : CIO“ +  S 0 32- — Cl“ - f  S 0 42- ; 
OCI- +  S 0 32“ +  H + — > C1S03-  +  O H “, followed by C1S03“ +  H ,0  — > 
S 042“ +  2H + -]- 2C1“ . In  the  first, oxygen transfer is direct, w hilst in the  
second the oxygen atom  transferred  to  the  sulphite is derived from the 
solvent. I t  was also shown th a t  tw o atom s of oxygen are transferred  to  
S032- per molecule of hydrogen peroxide reacting .1 1 1  W hen the  same 
reaction is catalysed by  m olybdate, only one atom  is transferred  from  H 20 2 
to S 0 32“ . In  the form er case, perm onosulphurous acid is postu lated  as an 
intermediate. In  the o ther reaction, oxygen atom s m ay be transferred  from 
permolybdic acid to  S 0 32“ , w ith ru p tu re  of the 0 - 0  bonds in the per- 
molybdate. T ransfer of oxygen from M n04“ to  S 0 32“ is very inefficient, and 
Taube suggests th a t  perm anganate acts m ainly by  electron transfer.

In  alkaline solution, p en ta th ionate  ion decomposes to  thiosulphate, 
according to  2S50 62“ +  6 0 H “ — >- 5S20 32- +  3H 20 .112 The reaction is of 
first order in  S50 62“ and  O H “, and displays a  k inetic sa lt effect corre
sponding to  th a t  predicted for a reaction betw een a singly and  a doubly 
changed anion. The slow stage in the  reaction is postu lated  as S5O02- -j- 
OH“̂ — > S20 32“ +  H 0S-S20 3“ , followed by H 0S-S20 3“ +  OH“— >  S(OH )2 +
s 2o 32-.

P eschansk i113 has m ade a detailed study  of the  kinetics of the  oxidation 
of I2 by periodate ion. The m echanism  proposed involves successive oxygen 
transfers from periodate to  1“ , 1 0 “ , 1 0 ,“ (or H O I and  H I 0 2). Iodide ion 
is present a t  low concentrations provided by  the hydrolysis of iodine.

A b e l114 has discussed the m echanism  of the  perm anganate-oxalate  
reaction in term s of the  relative reactivities of the  oxalate ion (C 02)22- 
and the radical-ion (C02)2- . H e suggests th a t  reaction of Mn in oxidation 
states 6, o, 4, and  3 is fast w ith  either reagent, and th a t  reaction of M n04_ is 
slow w ith (C02)22-. The ion-radical is thu s the  m ain  catalyst, which slowly 
accumulates during the induction period. Catalysis by Mn(n) is due to  
reaction w ith  M n 0 4" to  give in term ediate  oxidation states, which then  react 
rapidly w ith  (C 02)22“ to  give (C02)2“ . Malcolm and  Noyes 115 suggest th a t

108 R. J . Orr and H . L. W illiams, Canad. J . Chem., 1952, 30, 985.
108 G. P. H aight, Jr ., and W . F. Sager, J .  Amer. Chem. Soc., 1952, 74, 6056.
110 J . H alperin and H. Taube, ibid., p. 375. 1 1 1  Idem, ibid., p. 380.
118 J .  A. Christiansen, W. D rost-Hansen, and A. E . Nielsen, Acta Chem. Scand.

iSSS, 6, 333 . 113 D . Peschanski, J . Chim. phys., 1951, 48, 489.
114 E. Abel, Monatsh., 1952, 83, 695.
118 J . M. Malcolm and R. M. Noyes, J . Amer. Chem. Soc., 1952, 74, 2769.
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the  kinetics of the  M n04~-oxalate reaction are  consistent w ith  a  reaction 
between M n04~ and  an oxalate com plex of M n(n), to  give Mn(vi), which 
is rapidly reduced to  M n(m) b y  either Mn(ii) or oxalate. The subsequent 
reaction involves decomposition of M n(m) complex"oxalates, according to  the 
mechanism suggested by  T aube .110

The kinetics of the  reaction betw een Mn(n) and periodate have been 
investigated by  W aterbury , Hayes, and M artin .117 The scheme proposed to 
account for some aspects of the ir kinetic results involves oxidation-reduction  
equilibria between the pairs M n(n)-M n04", M n(iv)-M n(n), accom panied by 
reaction between Mn(ii) and Mn(vi) to  form Mn(iv). W ith  these postulated  
equihbria, together w ith the assum ption th a t [Mn(n)] [Mn(rn)] [Mn(iv)], 
an  expression was obtained which fits th e  experim ental ra te  law,. R  — 
¿[MnO4~]0's[M n(ii)]|H 5IO 6] .

A study  of the reaction between nitrous acid and  hydroxylam ine to form 
nitrous oxide and w ater has been m ade by  B othner-B y and  F riedm an .118 
By exam ining the isotopic composition of the  products form ed from 15N- 
enriched n itrite  and 180 -enriched w ater, th ey  conclude th a t  the  earlier 
mechanism involving NOH (nitroxyl) is ’untenable. H yponitrous acid 
(HONIN-OH) is proposed as the in term ediate in neu tra l solution, and N- 
nitrosohydroxylam ine (H O N H -N O ) as the interm ediate in acid solution.

A mechanism based on kinetic studies has been proposed for th e  de
composition of nitrosyldisulphonate ion in  w ate r .119 I t  involves the 
form ation of OH radicals as an  interm ediate by  reaction  of hydrogen-ion 
w ith (S 03)2N O 2~, followed by reaction of OH w ith n itrosy l disulphonate 
ion to  produce N 20 , n itrous acid, and  sulphate ion.

L ister 120 has shown th a t  the  decomposition of HOC1 is a  second-order 
reaction, and  suggests th a t  the  rate-controlling step  involves dispro- 
portionation of HOC1 to chloride and  chlorite ions. The reaction HOC1 +  
OC1-  — > Cl-  +  H  *' -f- C102~ also occurs, b u t is m uch slower th an  the  reaction 
between un-ionised HOC1 molecules. Oxygen is generated by  a  first-order 
reaction, possibly b y  reaction of HOC1 and  w ater to  form  H 20 2, followed by 
a  rap id  reaction betw een OCl~ and  H 20 2.

(c) Reaction o f complex ions. Taube 121 has published a comprehensive 
review of th e  rates and m echanisms of substitu tion  in  inorganic complexes in 
solution. He stressed the  im portance in th is connection of the  electronic 
s truc tu re  of the complex ion.

B jerrum  and Poulsen 122 have reported  a prelim inary s tu d y  of the  ra te  of 
form ation of several types of complex ions, e.g., the reaction of Ni(ii) with 
dim ethylglyoxim e and  the  reaction of Fe(m ) w ith  thiocyanate. B y using 
m ethanol as the  solvent, th ey  were able to  exam ine the  kinetics of such 
reactions a t  tem peratures down to 180° k, where the rates are no longer 
" in s tan ta n e o u s .” The results support the  idea of a  connection between 
the  ra te  of complex form ation and the valency and  electron configuration in 
the transition  elem ents; thus for the  same electron configuration, e.g.,

116 H. Taube, J . Amer. Cliem. Soc., 1948, 70, 1216; 1947, 69, 1418.
117 G, R. W aterbury, A. M. Hayes, and D. S. M artin, Jr., ibid., 1952, 74, 15.
118 A. Botlmer-By and L. Friedm an, / .  Chem. Phys., 1952, 20, 459.
119 J . H . Murib and D. M. R itter, / .  Amer. Chem'. Soc., 1952, 74, 3394.
120 3\I. W . Lister, Canad. J . Chem., 1952, 30, S79.
121 H. Taube, Chem. Reviews, 1952, 50, 69.
122 J . B jerrum  and K. G. Poulsen, Nature, 1952, 169, 463.
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Fe3+ and Mn2+, the higher valency s ta te  reacts more slowly. For equal 
valency, ions w ith  half-com pleted or com pleted electron shells give a  m uch 
higher ra te  of complex form ation. A pproxim ate m easurem ents of the  
kinetics indicate th a t  m ost reactions leading to  form ation of complex ions 
are instantaneous a t room  tem peratu re  because of a high value of the 
frequency factor ra th e r th an  a  low value of the activation  energy.

W ilm arth and  Baes 123 have shown th a t  the  param agnetic complex ions 
of Cr(m) w ith w ater, thiocyanate, urea, am m onia, and  other ligands will 
catalyse the  conversion of para- to  ortho-hydrogen. B y using W igner’s 
formula relating the  approach distance of the param agnetic iqtfTprfltevrate 
of the conversion, deductions regarding the size of these ions/t^eVe m ad frji\I t 
appears likely on this basis th a t hydrogen m ust penetrate  Aha'mmh mosYof 
the atom s in the ligand groups surrounding the  central C r(m )* W FC H H iK ij

The m echanism of the  acid-catalysed aquation of rfaew pm plex i /n  
■ Co(NH3)5C 03+ has been investigated, by  m eans of H 2180 .1 2 S 

the 180  content of the  complex ion before and after aquation , ltS ras’Imown 
that a t least 99% of the  change leaves the C o -0  bond in tact.

Basolo, Bergm ann, and Pearson 125 have m easured the  ra tes of hydration  
and hydrolysis of a  series of C -substituted acetato-pentam m ino-cobalt(in) 
ions in solution. The rates of bo th  processes were dependent on the base 
strength of the acid ligand, b u t independent of its  size. The au thors conclude 
that the incoming groups approach the  com plex from a  position opposite to  
the outgoing groups, or th a t  substitu tion  occurs by dissociation. In a 
second paper,126 the  ra te  of aquation  of the  com plex ions [Co(AA)2C12]+ 
were m easured, where AA represents com pounds of varying com plexity, 
containing two am ino-groups. Increased crowding around the  central 
atom, arising from longer hydrocarbon skeletons in AA, did no t re ta rd  the 
reaction, which suggests th a t  aquation  does no t occur by  a  seven-co-ordinated 
Sn2 mechanism, b u t ra th e r b y  a SN1  mechanism in which the activated  
complex is penta-co-ordinated.

Price 127 has exam ined the kinetics of the m etal-ion catalysed decarboxyl
ation of acetonedicarboxylic acid, and  has shown th a t  the undissociated 
acid, the un ivalen t anionic form, and  the b ivalent enol anion react a t  different 
rates. The last process is m ost strongly influenced by  m etal ions. He 
suggests th a t the  ca ta ly tic  ac tiv ity  of cations is due to  chelation of the 
activated complex by  the  m etal ion. In  support of this, a  relation was found 
between the ca taly tic  coefficient and the association constan t of the chelate 
compounds form ed by  these ions w ith  m alonate ion. F urther, ions which 
do not form chelate compounds display no ca taly tic  effects.

B randt and G ullstrom  128 have  calculated the  stabilities of some 5- 
substituted 1 : lO -phcnanthroline-Fe(n) complexes from the  rates of form
ation and dissociation of the  complexes, and  also from  equilibribium  data. 
I he stabilities of th e  complex form ed w ith  Fe(ii) decreases in th e  order 
methyl, phenyl, chloro; and  nitro . Values for the  equilibrium  constants 
determined by the two m ethods for each system  were in good agreem ent.

123 W. K. W ilm arth and C. F. Baes, Jr., J . Chem. Phys., 1052, 20, 110.
124 J . P. H unt, A. C. Rutenberg, and H. Taube, / .  Anier. Chem. Soc., 1952, 74, 208.
12a F. Basolo, J . G. Bergmann, and R. G. Pearson, J . Phys. Chem., 1952, 56, 22.
125 R. G. Pearson, C. R. Boston, and F. Basolo, J . Amer. Chem. Soc., 1952, 74, 2943.
127 J- E. Prue, J .,  1952, 2331.
128 W. W. B rand t and D. K. Gullstrom, J . Amer. Chem. Soc., 1952, 74, 3532.
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(d) Reactions o f hydrogen peroxide. During the  year, a review has 
appeared of the  reactions of hydrogen peroxides w ith  “ donor particles,” 
e.g., B r0 3- , I 0 3~, I - .129 A t least three papers have been published relating 
to  the  source of oxygen evolved from the  decomposition of hydrogen peroxide 
in aqueous solutions containing a varie ty  of o ther reagents including Fe(n), 
Fe(m ), Ce(iv), M n04- , B r2.130-132 In  all cases exam ined, oxygen comes 
cleanly from hydrogen peroxide, indicating th a t the 0 - 0  bond in the  per
oxide rem ains in tact. M easurements of the relative rates of evolution of 
180  and 160  have led to  several in teresting  speculations regarding the 
detailed m echanism  of some of the reactions; thus, Cahill and Taube 131 
suggest th a t  a  two-electron transfer between Fe(ii) and H 20 2 is an im portan t 
chain-carrying step  in  the Fe(n)-induced decomposition of this substance. 
R eactive isomers of H O ,- , arising from decomposition of FeO-OH2+, have 
been suggested as in term ediates in this reaction .133’ 134

The reaction between nitrous acid and hydrogen peroxide has been 
studied  by  H alfpenny and R obinson .135 The scheme proposed to  account 
for the  kinetics involves peroxynitrous acid (H 0 2N 0) as an  interm ediate, 
which decomposes to  HO and  N 0 2, followed by reaction of these species 
to form nitric  acid. Shilov also suggests peroxynitrous acid as the in ter
m ediate in th is reaction .138

(e) Kinetics o f other reactions in  solution. The reduction of sodium 
anthraquinone-2-sulphonate by Ti3+ is a com posite reaction involving 
sim ultaneous reduction of the semiquinone, the semiquinone dimer, and  a 
m olecular complex of one molecule of quinone and  one of semiquinone. 
The ra tio  of reduction of the quinone itself is insignificant com pared with 
these o ther reactions .137

Turgeon and LaM er 138 have published a  comprehensive account of the 
kinetics of form ation of the  carbinol of crystal-violet. The reaction follows 
q u an tita tive ly  the  B ronsted-D ebye law for prim ary k inetic sa lt effects. 
The energy of activation  is 0-9 kcal./m ole higher in  40%  acetone-w ater than 
in pure w ater. This is contrary  to  the  decrease expected due to  the  lowering 
of th e  coulombic activation  energy in a  solution of lower dielectric constant. 
A specific solvent effect m ay be involved, resulting in preferential solvation of 
the crystal-violet cation by the organic solvent ra th e r th an  by  water.

D erbyshire 139 has reviewed recent results relating  to  the  ra tes of bromin- 
ation and iodination by  hypobrom ous and  hypoiodous acid in acid solutions, 
and  suggests th a t the active en tity  in such solutions is the halogen cation 
co-ordinated w ith a molecule of w ater, ra th e r th an  sim ply a cation hydrated 
by electrostatic solvation.

The kinetics of the non-isotopic exchange reaction CH3Br +  1" 
CH3I +  B r- have been investigated in ethylene glycol for com parison with

123 J . O. Edwards, J . Phys. Chem., 1952, 56, 279.
130 C. A. B unton and D. R. Llewellyn, Research, 1952, 5, 142.
131 A. E . Cahill and H. Taube, J . Amer. Chem. Soc, 1952, 74, 2312.
132 M. Dole, D. P. Rudd, G. R. Mucliow, and C. Comte, J . Chem. Phys., 1952, 20, 961.
133 V. S. Anderson, Acta Chem. Scand., 1952, 6, 1090.
134 J . A. Christiansen, ibid., p. 1056.
135 E. H alfpenny and P. L. Robinson, / . ,  1952, 928.
133 E. A. Shilov, Chem. Abs., 1952, 46, 2946.
137 C. E. Johnson, Jr., and S. W instein, / .  Amer. Chem. Soc., 1952, 74, 3105.
133 J .  C. Turgeon and V. K. LaMer, ibid., p. 5988.
139 D. H. Derbyshire, Research, 1952, 5, 240.



earlier m easurem ents of the sam e system  in w ater, m ethanol, and acetone .140 
The rates in th is solvent were three tim es greater th an  in m ethanol, and 
four times as great as in  w ater. Values of AG and AS  for the  equilibrium , as 
reflected in the ratio  of the  ra te  constants, are —1-62 kcal./m ole and 17-3 
cal. mole-1 deg."1, respectively.

Glew and Moelwyn-Hughes have investigated the  kinetics of the  alkaline 
and acid hydrolysis of m ethyl fluoride in  w ater .141 The first-order reaction 
with w ater is re ta rded  by  hydrogen fluoride and  b y  m ethanol, and kinetic 
analysis suggests the scheme CH3F  y fh  CH3*F CTIyOI! -f- H F . The 
alkaline hydrolysis is a  second-order process, viz., CH3F  +  OH ~— -> CH3-OH +  
F~. The energy of activation  for alkaline hydrolyses of m ethyl bromide and 
fluoride are the  same w ithin experim ental error, and  thus the difference in 
bond energies of some 30 kcal. is no t reflected in th is q u an tity . The authors 
suggest th a t  the  solvent plays an im portan t p a rt in these reactions, and th a t 
the energy of activation  refers to  the escape of the ion from its solvent 
sheath. For the first-order reaction, this analysis suggests a sim ultaneous 
attack by six w ater molecules surrounding the  m ethy l halide, w ith  re
organisation necessary for the ionisation of a seventh w ater molecule. 
The rate-determ ining step  is then  the  sim ultaneous ionisation of w ater and 
attack on CH3X  by  O H -  so formed.

Bell and  Clunie 142 have described a  therm al m ethod for following fast 
reactions in solution, which they  have used to  investigate the  kinetics of 
hydration of acetaldehyde .143 The results do no t support the v iew 144 th a t the 
reaction m echanism  involves sim ultaneous a tta ck  by acidic and  basic species.

Meadows and D a rw e n t145 have shown th a t in neu tra l and buffered solu
tions, hem iacetal is the only im portan t p roduct in the  reaction between 
acetaldehyde and  m e th an o l; in strongly acid solution, acetal is formed nearly  
quantitatively. The form er reaction exhibits general acid-base catalysis, 
whilst the la tte r  is catalysed only by  hydrogen ions .140

Several papers have appeared-during the year relating to  the  kinetics of 
the reaction of form aldehyde in aqueous solution w ith  urea 147>148 Ar-m ethyl- 
urea,149 and phenol.150

Bell and Skinner 151 have investigated the kinetics of depolym erisation of 
paraldehyde in ethereal solutions of p roton acids and  Lewis acids. The 
Lewis acids (e.g., BC13, SnCl4, TiCl4) showed in general m ore m arked ca taly tic  
activity than  even a  very  strong proton acid such as H B r. Moreover, 
these substances appeared to  ac t as catalysts w ithout the  co-operation of 
proton acids. The reactions were initially  of first order in paraldehyde and 
second-order in catalyst.

Bell and G oldsm ith 152 have shown th a t  the iodination of 2-ketocyc/o-

110 J. S. McKinley-McKee and E . A. Moelwyn-Hughes, 1952, 838.
141 D. N. Glew and E . A. Moelwyn-Hughes, Proc. Roy. Soc., 1952, A , 211, 254.
142 R. P. Bell and J . C. Clunie, ibid., 1952, A , 212, 16. 143 Idem, ibid., p. 33.
144 C. G. Swain, J . Amer. Chem. Soc., 1950, 72, 4578.
145 G. W, Meadows and B. de B. Darwent, Canad. J . Chem., 1952, 30, 501.
146 B. de B. D arw ent and G. W. Meadows, Trans. Faraday Soc., 1952, 48, 1015.
147 J. I. de Jong and J . de Jonge, Rec. Trav. chim., 1952, 71, 643, 890.
148 G. Smets and A. Borzee, J . Polymer Sci., 1952, 8, 371.
149 L. E. Smythe, J . Amer. Chem. Soc., 1952, 74, 2713.
150 L. M. Oebing, G. E. Murray, and R. S. Schatz, Ind. Eng. Chem., 1952, 44, 354, 356.
151 R. P. Bell and B. G. Skinner, / . ,  1952, 2955.
152 R. P. Bell and H. L. Goldsmith, Proc. Roy. Soc., 1952, A , 210, 322.
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hexanecarboxylic acid is of first order w ith  respect to  the  ester, and  zero 
order in iodine. The reaction is catalysed by  w ater and  by anions of carb- 
oxylic acids. Catalytic constan ts for four carboxylic acids obey a  relation 
of the  B ronsted type. This ester is iodinated  100— 400 tim es more slowly 
th an  th e  5-membered analogue. This result is unexpected on the basis of 
ring-strain considerations, which suggest th a t  th e  6-m em bered ring should be 
the  more reactive of the tw o compounds.

Isotope Effects.—A t least three papers have appeared during the  year, 
which consider the theoretical aspects of the effects of isotopic substitu tion 
on the rates of chemical reaction .153 In  some cases, an a rb itra ry  choice of 
model appears necessary to  account for the experim ental results .154

The isotope effect in the  hydrolysis of triphenylsilane in m oist piperidine 
has been studied  w ith  tritiu m .155 The ra tio  kx/kn. of the  ra te  constants for 
the isotopic reactions was 0 -8, w hilst earlier work w ith  deuterium  gave 
ki>lkn =  6.150

The 12C -12C bond in carboxyl-labelled malonic acid is broken about 10% 
more frequently  th an  the  12C~14C bond by  decarboxylation a t  138°.157 
T his is an  in tram olecular isotope effect. The tem peratu re  coefficient of the 
interm olecular isotope effect for the  sam e reaction is zero 158 in the  tem pera
tu re  range 137— 196°. The interm olecular isotope effect is slightly  greater 
in  th e  decarboxylation of [C 02H -14C]malonic acid th an  it  is for the  corre
sponding reaction w ith [a-14C]-acid. 159

Stevens, Pepper, and  Lounsbury 160 have m easured the  relative isotope 
effects of 13C and 14C arising from decarboxylation of m esitoic acid. By 
using 0-8 mole-%  14C-compound labelled in the carboxyl position, they  were 
able to  m easure 12C 0 2, 13C 02, and  14C 02 in a  m ass spectrom eter. The 
14C isotope effect was more th an  twice the 13C isotope effect (1-101 and 1-038 
respectively) which is unexpected in view of curren t theories.153

The 12C-carboxyl group 154 is lost as 12C 0 2 about 10% more frequently 
th an  in  the 14C-groups in bo th  a-naphthyl- and phcnyl-m alonic acid. De
carboxylation of 14C-labelled an thran ilic  acid ,161 e ither by  heating  it  above 
its m elting point, or by  boiling i t  in w ater, shows no isotope effect. This is 
considered explicable on the  basis of the m echanism  proposed, which in
volves a proton a ttack  on the  a-carbon of the zwitterion.

The relative isotope effects in the  therm al decom position of oxalic acid 
have been investigated w ith 14C and 13C; the isotopes were m easured by 
radiochem ical and  m ass-spectrom etric technique, respectively. The 13C 
isotope effect was about one-half of the 14C isotope effect. A small tem pera
tu re  coefficient was noted  in the region SO— 100°.162 B unton and  Llew
ellyn 163 have investigated 13C isotope effects in the  chemical reactions

153 J . Bigeleisen, Canad. J . Chem., 1952, 30, 443; J . Phys. Chem., 1952, 56, S23; 
H. E yring and F. W. Cagle, Jr ., ibid., p. S89.

131 A- F ry  and M. Calvin, ibid., p. 901.
135 L. K aplin and K. E. W ilzbach, / .  Amer. Chem. Soc., 1952, 74, 6152.
133 G. E . Dunn, H. Gilmour, and G. S. Ham m ond, ibid., 1951, 73, 4499.
137 P . E. Yankwich, E . C. Stivers, and R. F. Nystrom, J . Chem. Phys., 1952, 20, 344.
138 J . G. Lindsay, A. N. Bourns, and H . G. Thode, Canad. J . Chem., 1952, 30, 163.
138 G. A. Ropp and V. F . Raaen, J . Amer. Chem. Soc,, 1952, 74, 4992.
160 W . H . Stevens, J . M. Pepper, and M. Lounsbury, J . Chem. Phys., 1952, 20, 192.
181 Idem, Canad. J .  Chem., 1952, 30, 529.
162 A. F ry  and M. Calvin, J . Phys. Chem., 1952, 56, 897.
133 C. A. B unton and D. R. Llewellyn, Research, 1952, 5, 443.



between oxalic acid and  brom ine, hydrogen peroxide, potassium  perm an
ganate, and  K M n04-M n2+. Form ation of 12C 02 is preferred to  th a t  of 
13C02, b u t the  effect varies from 1-8 to  3-6%, depending on the reagent used, 
and appears to  be related  to  the m echanism  of a tta c k  on oxalic acid by  these 
reagents.

The therm al deam m oniation of phthalam ide shows an isotope effect, 
14NH3 being formed more readily th an  16N H 3.164 The results are related to  
the effect of isotopic mass of the  nitrogen atom  in the C~N bonds which are 
both broken and  formed in the reaction.

Schm itt, Myerson, and Daniels have shown th a t an isotope effect exists 
in the  hydrolysis of u rea by  urease .165 12C 02 is evolved 1 %  more readily 
than 13C 02, and  3-2% more readily th an  14C 0 2.

Ropp and  Raaen 166 have exam ined the effect of ring substitu tion  on the 
isotope effect in hydrolysis of e thy l [C 02E t- 14C]benzoates. The isotope 
effect m ay be g reatest in the  hydrolysis of those esters in which the  largest 
contributions to  the  norm al s ta te  are m ade by  resonance forms of the type 
+R!C8H 4;14C (0 E t)’0 “ . O ther organic system s for which isotope effects 
have been detected include (i) the reaction betw een 14C-labelled benzo- 
phenone and  2 : 4 -d in itrophenylhydrazine ; 167 (ii) Cannizzaro reaction of 
14C-labelled form aldehyde; 168 (iii) reaction of 14CH20  w ith  d im edone; 160 
and (iv) reaction of [1-14C]acetone w ith alkaline hypoiodite .170 The last 
reaction is of particu lar interest, since the isotope effect appears to  be 
opposite to  th a t ordinarily found : the 12C -14C bond is more easily broken 
than the 12C -12C bond.

Y ankwich and  M cNam ara 171 find no isotope effects on the equilibrium  
Co(en)2C 03+ -f- H *C 03~ H C 03-  +  Co(en)2*C03+, b u t find th a t the
lighter isotopes of carbon are exchanged m ore readily th an  the heavier. 
Stranks and H arris 172 have observed ju st the  reverse behaviour in the 
system Co(NH3)4C 03+ : 14C becomes concentrated  in the  anion a t  equili
brium, while no discrim ination is found between 12C and  14C in the  kinetics 
of the process.

Photochemistry.-—Light Sources and Actinometers.— The influence of 
several variables on the ou tp u t of light of wave-length 2537 A from a q u a rtz -  
mercury vapour lam p of the  low-pressure type  has been stud ied  by H eid t and 
Boyles,173 who conclude th a t  the o u tp u t is particu larly  sensitive to  the 
external tem perature and is a m axim um  a t about 45°.

The uranyl oxalate actinom eter has been shown to be suitable for m easur
ing intensities u p  to  1000 tim es the  highest previously used .174 The quantum  
yields, a t 3650 A, for the photolysis of seven arom atic diazonium  salts 175 have 
been accurately  m easured and  found to  lie in the  range 0-20—0-74. The

184 F. W. Stacey, J. G. Lindsay, and A. N. Bourns, Canad. J . Chem., 1952, 30, 135.
185 J . A. Schm itt, A. L. Myerson, and F. Daniels, J . Phys. Chem., 1952, 56, 917.
166 G. A. Ropp and V. F. Raaen, J . Chem. Phys., 1952, 20, 1823.
107 F. Brown and D. A. Holland, Canad. J .  Chem., 1952, 30, 438.
108 A. M. Downes and G. M. H arris, J . Chem. Phys., 1952, 20, 196.
168 A. M. Downes, Austral. J . Sci. Res., 1952, 5, A , 521.
170 A. Roe and E . L. Albenesius, J . Amer. Chem. Soc., 1952, 74, 2402.
171 P. E . Yankwich and J . E. McNamara, J . Chem. Phys., 1952, 20, 1325.
172 D. R. S tranks and G. W. H arris, J . Phys. Chem., 1952, 56, 906.
172 L. J. H eidt and H . B. Boyles, J . Amer. Chem. Soc., 1951, 73, 5728.
174 M. I. Christie and G. Porter, Proc. Roy. Soc., 1952, A , 212, 390.
175 J. de Jonge, R. D ijkstra, and G. L. Wiggerink, Rec. Trav. chim., 1952, 71, 846.
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photolysis of phenylam inobenzenediazonium  sulphate, <j> =  0-36, has been 
proposed as an actinom eter for 3650 A. I t  has the m erits (i) th a t  100% 
decomposition gives the theoretical am ount of nitrogen, (ii) th a t the nitrogen 
produced m ay be blown off by  a  stream  of carbon dioxide and  used as a 
direct m easure of the light absorption, and  (iii) th a t  the diazonium  salts have 
a high extinction coefficient and  100% absorption of ligh t is easily achieved.

The m alachite-green leucocyanide actinom eter has been reinvestigated .176 
An im proved m ethod of p reparation  has been described, and  i t  has been 
confirmed th a t a t  all wave-lengths the  quan tum  yield is 1 -00, provided the 
in tensity  is sufficiently low and  the stirring  ra te  sufficiently high.

A new type of D raper-B unsen  actinom eter has also been described .177
Direct Photochemical Reactions.— (a) Ketones and aldehydes. The photo

lysis of keten has been the  subject of two papers. B y m eans of 13CO it has 
been found th a t  the CH2 form ed by  the rap tu re  of the keten  molecule 
readily combines w ith  carbon m onoxide to  re-form  keten. A s tu d y  of the 
products of the  reaction between CH2 and  (CHD)2 indicates the  in ter
m ediate form ation of the  trim ethylene diradical which then  rearranges to  
give propylene.178 N orrish and his co-workers 179 have investigated  the 
flash photolysis of keten and discuss a ttem p ts  to  obtain the absorption 
spectrum  of the m ethylene radical.

F u rth e r evidence for the  complete free-radical photolysis of acetone 
vapour, a t  all tem peratures, and  wave-lengths between 2300 and 3400 A, has 
been published .180-182 Using radioactive 131I 2 as radical “  catcher,” 
M artin  and  S u tton  have investigated  the  photolyses of acetone 182 and  ethyl 
m ethyl ketone .183 They find th a t  a t 3130 A the  relative ra tes of the  two 
possible prim ary  radical processes, (1) COMeEt — >• MeCO +  E t  and  (2) 
COMeEt — >- EtCO +  Me, is A 1 /7?2 =  21 ±  2 com pared w ith  B lacet and 
P itts ’s value of 40, while a t 2537 A the  ra tio  is considerably lower.

The photolysis of diethyl ketone vapour has been extensively investigated 
between 25° and 300° by  K utschke and  by  W ijnen and Steacie. T heir results, 
which are in good agreem ent, are published in a jo in t paper 184 and  support 
the following m echanism  :

( 1 ) (CjH5)sCO +  hv — >  C2H5-CO +  C ,H 5 -> 2C2H 5- +  CO

The results indicate th a t  k3/k 2 ~  0-10 a t  all tem peratures, i.e., E 3 — E 2 =  0, 
E 4 — =  7-4 kcal./m ole, and th a t  reaction (7) only becomes im portan t at
high tem perature  and /o r low in tensity . The photolysis of (CH3-CD2)2CO 
has confirmed this m echanism  185 and  has provided the additional inform-

1,8 J . G. Calvert and H. J . L. Rechen, J. Amer. Client. Soc., 1952, 74, 2011.
177 E. Cremer and H. Margreiter, Z. physikal. Chein., 1952, 199, 90.
178 G. B. K istiakowsky and W. L. Marshall, J . Amer. Chem. Soc., 1952, 74, 88.
178 K. Knox, R. G. W. Norrish, and G. Porter, J ., 1952, 1477.
180 S. W. Benson and C. \V. Falterm an, J . Chon. Phys., 1952, 20, 201.
181 D. H. Volman and W. M. Graven, ibid., p. 919.
183 G. R. M artin and H. C. Sutton, Trans. Faraday Soc., 1952, 48, 812.
183 Idem, ibid., p. 823.
161 K. O. Kutschke, M. IT. J. Wijnen, and E. W. R. Steacie, J . Amer. Chem. Soc., 1952, 

74, 714. 185 M. H. J . W ijnen and E. W. R. Steacie. Canad. J . Chem., 1951, 29, 1092.
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ation th a t  E i  ~  17 kcal./m ole, th a t the d isproportionation reaction occurs 
by a head-to-tail m echanism  :

and th a t the energy of activation  for reaction (4) is g reater for the abstraction  
of a m ethyl hydrogen th an  th a t  of a  m ethylenic hydrogen atom .

In  the photolysis of di-w-propyl ketone, Masson 186 has concluded th a t 
about 50%  of the  ac tivated  molecules u ltim ately  decompose by  one of the 
following two processes :

For the reaction C3H 7 — > C2H 4 +  CH3, E  =  20 kcal./m ole was obtained. 
At 113°, 17% of the propyl radicals disproportionate and 83% combine to 
give «-hexane.

The photolysis of propaldehyde has been studied w ith steady and  in te r
m ittent ligh t,18* and  B lacet and P itts  188 have deduced the  relative im 
portance of four possible prim ary  processes from the products obtained in 
the presence and the absence of iodine.

(b) Reactions involving halogen atoms. In  the photolysis of the hydrogen 
halides the  energy of the light absorbed m ay be considerably greater th an  the 
energy required to  break the hydrogen-halogen bond. P a r t of the  excess of 
energy will appear as kinetic energy of the  hydrogen atom * and m ight be 
expected to  affect the  ra tes  of th e  reactions, (1) FI +  H I -— > H 2 - f  I, and 
(2) H +  I2 — >- H I +  I. However, in the  presence of sufficient in ert gas the 
excess of energy will be rem oved by  collision before these reactions occur. 
Schwarz and  his colleagues 189 have in terpreted , on the basis of th is theory, 
their results on the  photolysis of hydrogen iodide, deuterium  iodide, and 
hydrogen brom ide in the  presence of helium  and hydrogen. They find th a t, 
in the presence of inert gas, k j k x is reduced to  a  lim iting value which is 
independent of the n a tu re  of the  inert gas, and  for therm al hydrogen 
atoms, E 2 — E x — 4-5 ±  0'8 kcal./m ole.

Burns and  D ainton 190 have m ade a  complete investigation of the photo
chemical form ation of carbonyl chloride in  the presence and  absence of 
nitrosyl chloride as inhibitor, using light of wave-length 3660 Â, between 
25 and 55°. Their results confirm the  Bodenstein m echanism  and  the 
following values for the  individual frequency factors [A) and  energies of 
activation (E) have been obtained :

188 C. R. Masson, J . Amer. Chem. Soc., 1952, 74, 4731.
187 R. E. Dodd, J„  1952, 878.
188 F. E. Blacet and J . N. P itts, J . Amer. Chem. Soc., 1952, 74, 3382.
188 H. A. Schwarz, R. R. Williams, and W. H. Hamill, ibid., p 6007.
180 W. G. Burns and F. S. D ainton, Trans. Faraday Soc., 1952, 48, 39, 52. 
* Such atom s are designated as "  ho t " by the authors.

CHj-CDv +  CH3-CD,- — ^  CH3-CD2H +  CHs:CD,

(2) ^  2C3H 7 +  CO

log.o A 
(1. mole' 1 sec."1)

E
(kcal, mole.-1)

9-4
11-6
10-06
10-68

\ / A3 A3
l l  =  6-31

2-96
0-83
1-06 
1-14(7) COCI +  NOCI— y  CO +  Cl2 +  NO 

(or COCI, +  NO)
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The results lead to  the following heats of reaction :
CO +  Cl — -> COCl +  6-3 kcal.

COC1 +  Cl — > COCL +  74-9 kcal.

The big difference in the m agnitude of the  C-Cl bond strengths is in accord 
w ith the  high energy of reorganisation for the change : ^:C— 0  — >- 1ECO. 
The authors have discussed the ir results in term s of the theory  of absolute 
reaction rates.

O ther photochem ical reactions involving halogen atom s which have been 
investigated are the reaction between iodine monochloride and  hydrogen ,191 
chlorination of toluene ,192 a-deuterotoluene ,103 and 2-deuterofsobutane 
(CH3)3CD ,1!)3 brom ination  of M-pentane,194 form ation of acyl chlorides from 
oxalyl chloride and paraffins,195 and  reaction of a m ixture of chlorine and 
sulphur dioxide w ith paraffins.196 In  the liquid-phase photochlorination of 
(CH3)3CD a t  —15° equim olar am ounts of (CH3)3CC1 and  DC1 are formed, 
indicating th a t no significant rearrangem ent of free radicals or hydrogen 
exchange betw een radicals and  hydrocarbon occurs during chlorination .193 
K harasch and his co-workers 194 d ispute W illiams and H am ill’s claim 197 
th a t  lower brom ides are form ed in  the  photobrom ination of M-pentane.

The form ation of the H 2+ ion has been postu lated  to  explain the  effect of 
pH  in the photochem ical reactions of aqueous iodide 198 and  ferrous solu
tions 199 respectively.

(c) Other reactions. A fu rther study  of the photolysis of aqueous hydro
gen peroxide has been m ade a t relatively high in tensity .200

A m echanism  of photolysis of m ethyl n itrite  has been p u t forw ard which 
is in com plete accord w ith all work on the  decomposition of th is  com
pound ; 201 the  unstable HNO molecule is postu lated  as an  interm ediate.

In  the photolysis of m ethylam ine 202 it  has been shown th a t  75% of the 
heavy liquid which is form ed consists of a  cyclic trim er of CH3-N1CIT2, and 
th a t bo th  the radicals CHyNH- and  •CH2,N H 2 are formed either in the  prim ary 
process or in a  secondary reaction. B ooth and  N orrish 203 have dem onstrated 
th a t  the photolysis of aliphatic  prim ary  and  secondary amines gives products 
arising m ainly from a prim ary  process involving rup tu re  of a N -H  bond 
to  give free radicals. The same au thors have studied  the  photolysis of 
amides and conclude th a t  tw o m ain types of p rim ary  process occur which are 
molecular, ra th e r th an  free-radical, in nature .

A novel light-induced reaction of diazom ethane w ith carbon tetrachloride 
to give C(CH2C1)4 has been reported .204 A free-radical m echanism  is pro
posed. Analogous reactions were observed w ith  chloroform and bromo- 
trichlorom ethane, the  halogens in each case being replaced by a (CH2Hal) 
group.

131 G. G. Palm er and E. O. Wiig, J . Amer. Chem. Soc., 1952, 74, 2785.
192 S. Miyazaki, / .  Chem. Soc. Japan , 1951, 72, 459, 641.
193 H. C. Brown and G. A. Russell, J . Amer. Chem. Soc., 1952, 74, 3995.
191 M. S. Kharasch, W. Zimmt, and W. Nudenberg, J . Chem. Phys., 1952, 20, 1659.
195 F. Runge, Z. Elektrochem., 1952, 56, 779. 190 F. Povenz, ibid., p. 746.
197 R. R. Williams and W. H. Hamill, / .  Amer. Chem. Soc., 1950, 72, 1857.
198 T. R iggand  J. Weiss, / . ,  1952, 4198. 199 Idem, J . Chem. Phys., 1952. 20, 1194.
200 J . P. H un t and H. Taube, J . Amer. Chem. Soc., 1952/74, 5999.'
201 J . A. Gray and D. W. G. Style, Trans. Faraday Soc., 1952, 48, 1137.
202 J. S. W atson and B. de B. Darwent, J . Chem. Phys.,1952, 20, 1041.
203 G. H. Booth and R. G. W. Norrish, J ., 1952, 188.
204 W. H. U rry  and J . R. Eiszner, J . Amer. Chem. Soc., 1952, 74, 5822.



The action of light on diazoam inobenzene in alcohol,205 on wesoazanaphth- 
acene and its  angular benzogues,206 on phosphotungstic acid in the pre
sence of fsopropyl alcohol,207 and  on aqueous solutions of sodium  m eta
periodate,208 has also been studied.

Some work on th e  photolysis of solid system s has also been reported. 
Jacobs and  Tom pkins 209 have shown th a t  the  photolysis of potassium  azide 
involves th e  reaction of pairs of trapped  excited azide ions (excitons) of 
life-time approxim ately 2 X 10*11  sec .; and  Linschitz and  R e n n e r t210 
have investigated  the  reversible photobleaching of chlorophyll in glassy 
solvents a t low tem perature.

Much recent work is sum m arised in a  sym posium  on Photochem istry and 
Photography held in G erm any .211

Photosensitised Reactions.—T he m ercury(3P 1)-sensitised reaction of 
ethylene has been reinvestigated 212 and the  results are com patible w ith  the 
suggestion th a t  a significant fraction of the  quenching collisions of ethylene 
leads to  the form ation of m etastable (3P 0) atom s. Such atom s have been 
detected directly  no t only for ethylene b u t also when nitrogen, hydrogen, 
or ethane is the  quenching gas.212“

The cadm ium (3P 1)-sensitised decom position of propane a t 300° has been 
studied .2125 The m ercury-sensitised decom position of n itric  oxide has been 
shown to be caused by  (6 XP |)  atom s (1849-A resonance radiation). I t  is 
suggested th a t Noyes’s observation of photosensitised decomposition by light 
of wave-length 2537 A was due to  “ stepwise absorption ,”  i.e., absorption of 
4047 A by (6 3P 0) atom s or of 4359 A by (6 3P 1) atom s to  give (7 3S 1) atom s 
which then transfer the ir energy to  the  n itric  oxide molecules.213

The products of th e  m ercury-photosensitised reaction of tetrafluoroethyl- 
ene a t  30° are reported  to  be m ainly hexafluorocyc/opropane and a linear 
polymer. The kinetics appear to  fit a  m echanism  involving the  ru p tu re  of 
the ethylenic bond to  give tw o difluorom ethylene radicals .214

The kinetics of reaction of various dienes, furfurylam ine, and  thiourea 
with oxygen, photosensitised by fluorescent pigm ents, have been de
scribed.215 U r i216 has found it  possible to  sensitise the polym erisation of 
methyl m ethacry late, using chlorophyll and  red  light. The ra te  is enor
mously increased by  certain  organic reducing agents such as ascorbic acid, 
and quantum  yields w ith  respect to  m onom er of the order of 100 m ay  be 
achieved.

Fluorescence and Phosphorescence.— The fluorescence em itted  by formic 
acid, carbonyl chloride, and  m ethylene iodide has been described 217 and

205 H . C. Freem an and R . J. W . Le Fevre, J ., 1952, 2932.
2110 A. A tienne and A. Staehelin, Compt. rend., 1952, 234, 1453.
207 L. Chalkley, J . Phys. Chem., 1952, 56, 1084.
208 F. S. H. H ead and H. A. Standing, J .,  1952, 1457.
209 P. W . M. Jacobs and F. C. Tompkins, Proc. Roy. Soc., 1952, A, 215, 254.
210 H. Linschitz and J. R ennert, Nature, 1952, 169, 193.
211 Idem, Z . Elektrochem., 1952, 56, 705.
212 B. de B. D arwent, J . Chem. Phys., 1952, 20, 1673.
212“ B. de B. D arwent and F. G. H urtubise, ibid., p. 1684.
2128 P . Agius and B. de B. D arwent, J . Chem. Phys., 1952, 20, 1679.
212 J . D. McGilvery and C. A. W inkler, Canad. J . Chem., 1952, 30, 194.
214 B. Atkinson, J ., 1952, 2684.
215 G. O. Schenk and K. Kinkel, Nalurrviss., 1951, 38, 355.
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discussed .218 In  the  case of formic acid, the  em itter is the  radical H-CO-O. 
In  the  case of m ethylene iodide no evidence has been obtained for the emis
sion of the m ethylene radical in the  region 2400— 5000 Â.

The quenching of the fluorescence of ß-naphthylam ine by  carbon te tra 
chloride in the gas phase has been studied 219 and  the  phosphorescence 
emission of benzophenone in light petroleum  has been exam ined and  re
corded .220 Two types of emission have been found, the  proportion of each 
depending on the concentration of benzophenone.

Polym erisation and depolymerisation. Nomenclature.— The In te r
national Union of Pure and  A pplied Chem istry have issued a  r e p o r t221 on 
nom enclature in the  field of macromolecules. One of the  recom m endations is 
th a t the term  “ intrinsic viscosity ” be replaced by  “  lim iting viscosity 
num ber,” and th a t  the un its in which it  is expressed be changed from 
decilitres/g. to  m l./g.

The term  "  depropagation reaction ” has been in troduced to  denote the 
exact opposite of the norm al propagation reaction in addition polym erisa
tion .222- 224

Condensation Polymerisation.— In some condensation-polym erisation 
reactions, condensation is preceded by  the addition  of one reagent to  the 
other, e.g., u rea  and  form aldehyde. References to  w ork on the  kinetics of 
such prelim inary reactions are given in  ano ther section (p. 51). W ork on 
the kinetics of polycondensation of phenolic alcohols 225 has been published 
and  i t  is. shown th a t  the  kinetic trea tm en t of condensation developed by 
F lory in polyestérification reactions is also applicable to  the  polyéthéri
fication of phenolic alcohols.

Free-radical Polymerisation.— (a) Some aspects of the  kinetics of 
radical polym erisation are sum m arised in the  Tilden 102 and Liversidge 226 
lectures of the  Chemical Society.

(b) Initiators and initiation rates. The first-order velocity constan t for 
the decomposition of aa '-azodusobutyronitrile (I) a t  82° has been found to  be

NOCMe,-N : N-CMe,-CN (I)

practically  independent of the  solvent.227 By using th is  in itia to r for the 
polym erisation of m ethyl m ethacry late  i t  has been conclusively shown th a t 
only about 50%  of the radicals produced are effective in in itia ting  poly
m erisation and  th a t  th e  term ination  process m ust be b y  com bination of 
two radicals. I t  is inferred th a t  the  R N 2* radical is capable of in itia ting  the 
polym erisation of m ethyl m ethacry late  b u t th a t  th e  R* radical is n o t .227 
However th is cannot be tru e  for the  polym erisation of styrene b y  (I), since 
the ra te  of evolution of nitrogen, as calculated from  B reitenbach and  Schind
ler’s results ,228 is actually  slightly g reater th an  th a t  in  the  solvents used by

218 D. W. G. Style and J . C. W ard, / . ,  1952, 2125.
213 H. G. Curme and G. K. Rollefson, J . Amer. Chem. Soc., 1952, 74, 28.
220 J . Ferguson and H. J. Tinson, / . ,  1952, 3083.
221 / .  Polymer Sei., 1952, 8, 257.
222 F. S. D ainton and K. J . Ivin, Proc. Roy. Soc., 1952, A , 212, 207.
223 W. G. Barb, ib id ., p. 66.
221 P . R. E. J. Cowley and H. W. Melville, ibid., A , 210, 461.
225 H. K ämmerer, Makromol. Chem., 1952, 8, 72, 85.
226 H . W. Melville, / . ,  1952, 1547.
222 L. M. A rnett, J . Amer. Chem. Soc., 1952, 74, 2027.
228 J . W. Breitenbach and A. Schindler, Monatsh., 1952, 83, 724.
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Arnett.227 The in itia to r efficiency in various system s has been shown by 
radioactive tracer 229 and  o ther m ethods 228> 230 to  be generally betw een 0-5 
and 1 -0.

The rates of decomposition of the  following in itia tors have also been 
measured : aa-azobis-(ay-dim ethylvaleronitrile) in  xylene ,227 1  : l'-azobis- 
cyc/ohexanecarbonitrile in xylene ,227 benzoyl peroxide, cum enyl hydro
peroxide, and  tert-bu ty l hydroperoxide in  m ethyl m ethacry late and  styrene 
respectively,230 benzoyl peroxide in  allyl ethers ,231 and  jW a-su b stitu ted  
tert-buty l perbenzoates in  diphenyl e th er .232 The effect of s truc tu re  of 
diacyl peroxides on the  ra tes  of in itiation  of polym erisation of styrene, and 
on their radical-induced decomposition has been investigated .233 T ipper 234 
has studied the effect of w ater on the decomposition of benzoyl peroxide in 
four solvents. A com parative study  has been m ade 235 of persulphates and 
benzoyl peroxide as in itia tors in solution polym erisation.

For some tim e i t  has been generally assum ed th a t  in the d irect photo
chemical polym erisation of a vinyl monomer, the  initial ac t of absorption 
would produce a diradical which would th en  grow in bo th  directions by 
the addition of monomer. H owever there  is now clear evidence 230>236 
that, in th e  cases of styrene and m ethyl m ethacrylate, photopoly
merisation proceeds via  chains growing in  one direction only. There is 
insufficient evidence to  say  w hether purely therm al polym erisation proceeds 
by diradicals, and  Zimm and  Bragg 237 have even suggested th a t, if there  is no 
transfer process, self-term ination of the biradical by cyclisation would 
prevent the  form ation of long-chain polymer. H owever it  is possible that, 
the polym erisation of styrene photosensitised by  dyes such as trypaflavin, 
Illuminol R II , and Illum inol U proceeds via diradicals .238

(c) Polymerisation o f single monomers. V aughan 239 has investigated 
the kinetics of th e  bulk polym erisation of styrene up  to  100% conversion and 
suggests th a t  the  term ination and propagation reactions in tu rn  become 
diffusion-controlled. I t  has been shown th a t growing polystyrene chains 
are term inated m ainly by  com bination .236 The chain-transfer constants of 
polystyrene radicals w ith  various halides have been determ ined .240’ 241 
Iodides are m ore active th an  brom ides which are more active th an  chlorides. 
Acid halides are exceptionally active .240 A prelim inary account has been 
given of a  m ethod for the  determ ination  of the  ex ten t of self-branching in 
polystyrene and  other polym ers .242 14C-Styrene is polym erised in the 
presence of inactive polym ers of high m olecular weight (500,000). Transfer 
with the dead polym er occurs and the inactive polym er radical so formed 
proceeds to  add  active monomer. The polym erisation is perform ed under
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conditions such th a t  the  polym er produced directly  from m onom er has a 
relatively low m olecular weight (50,000), and  the polym er originally 
added m ay then  be isolated a t  the  end of the experim ent and its 
conten t of active m onom er un its determ ined. The transfer constan t w ith 
dead polym er is found to  be sim ilar, in  m agnitude to  th a t  of o ther transfer 
reactions. P relim inary results are also given for vinyl acetate.

A detailed branching m echanism  has been proposed for the polym erisation 
of v iny l acetate, and  a  simplified kinetic analysis gives an  expression for the 
degree of branching in term s of six ra tio s .243 F ou r of these ratios have been 
evaluated  from experim ental results. I t  appears th a t  p a r t of the  branching 
occurs through  ester linkages and  th a t  on hydrolysis of the  polym er such 
linkages are broken .244 No such linkages are present in the  polym er initially 
formed. The kinetics of the  bulk  and suspension polym erisation ,245 and  the 
inhibited  and re tarded  polym erisation of v inyl acetate  have also been 
stud ied .248

The chain-transfer reaction has been investigated  in the  catalysed poly
m erisation of m ethyl m ethacry la te ,247 and  M atsum oto 248 has discussed the 
derivation of the  m echanism  of the term ination  process in the  bulk poly
m erisation, from the  m olecular-weight d istribu tion  in the polymer.

The ra te  of the  persulphate-catalysed polym erisation of m ethacrylic 
acid has been shown by  P inner 249 to  decrease w ith decreasing acidity, and 
this result is in terp re ted  in term s of copolym erisation of the undissociated 
acid w ith  its  less reactive anion.

The polym erisation of vinyl chloride has been stud ied  in solution by 
benzoyl peroxide in itia tion ,250 and  in  the  gas p h a s e 251 by  m eans of 
photochem ical initiation.

In  the polym erisation of allyl esters, term ination  takes place m ainly by 
degradative chain transfer w ith  the  monomer, a  hydrogen atom  being ab
strac ted  from the  a-m ethylene group. I t  has been shown th a t  abstraction  of 
hydrogen atom s from  the  acid-derived portion  of the  ester m ay also occur 
to  a  sm all ex ten t.252 iso Propenyl acetate  behaves as an  allyl com pound ,252 
w hereas m ethy l isopropenyl ketone, containing a  conjugated carbonyl 
group, behaves like m ethyl m ethacry la te .253

The ra te  of oxygen uptake  in the  inhibited  polym erisation of acrylo- 
n itrile  has been m easured in four different system s .254 The products of 
reaction in aqueous solution were q u an tita tive ly  analysed and  a highly 
unstable peroxide isolated from non-aqueous systems.

The photo-polym erisation of acetylene has been shown to  yield small
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amounts of cycZooctatetraene.255 A review of the polym erisation of form 
aldehyde has been published .256 The kinetics of polym erisation of m ethyl 
acrylate have been stud ied .257 1 : 2-Dichloroethylene has been polymerised 
by the application of high pressure .258 The inability  of m ethyl a-tert.- 
butylacrylate to  polymerise under a varie ty  of conditions has been ascribed 
to potential steric hindrance in the  polym er.259

Some aspects of the  kinetics of polym erisation in system s in which polym er 
is precipitated have been discussed .260

(d) Copolymerisation. S tudies of the  composition of copolymers as a 
function of the composition of the  m onom er m ixture have continued to  give 
information about the  relative reactiv ity  of monom ers w ith  polym er rad i
cals.261-268 One of the  m ost in teresting reactions investigated was the 
copolymerisation of ethylene w ith  carbon m onoxide a t  high pressure .268 
Carbon m onoxide behaves like maleic anhydride and  the  copolymer never 
contains m ore th an  50%  of carbon monoxide.

The kinetics of copolym erisation of four fu rther m onom er pairs have been 
investigated : m ethyl m ethacry late and  ^-m ethoxystyrene, sty rene and 
w -hydroxystyrene ,269 b u t-l-en e  and  sulphur dioxide ,270 and  styrene and 
sulphur dioxide .271 In  the first system  it has been shown th a t  rj> 

u'kt, 22)0 5]. which is a m easure of the "  cross-term ination ” 
process, varies from 12 to  27 as the  concentration of />-m ethoxystyrene is 
increased, whereas in the  second system  a value <j> ^  1  fits the  results quite 
well. In  bo th  copolym erisations involving sulphur dioxide i t  has been 
found necessary to  assume th a t  one of the  effective monom ers is a 1 : 1  
complex, the  presence of which has been dem onstrated  in each case by  
light-absorption m easurem ents. The ceiling tem peratu re  effect in the  
sulphur dioxide-olefin system s has been shown to  be caused b y  the  onset of 
the depropagation reaction, and  the  kinetics perm it evaluation  of the 
equilibrium constant, and  hence of the  h ea t and en tropy  changes, of the 
propagation-depropagation reaction.

Gee 272 has subjected to  detailed analysis existing d a ta  concerning the 
physical properties of liquid su lphur and  has shown th a t  th e  sudden increase 
in viscosity a t 159° is due to  the  onset of polym erisation of (principally) 
S8 molecules. The h ea t and  en tropy  changes, unlike the  values in  norm al
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polym erisations, are bo th  positive and  a “ floor tem peratu re  ” ra th e r than  
a ceiling tem perature is therefore found w ith sulphur.

(e) Depolymerisation. A general account of the degradation of polymers 
has been given by B urgess; 273 and Sim ha 274 and  M adorsky 275 have sum 
m arised the  behaviour of different polym ers in term s of the  percentage 
m onom er in  the  volatile products and the  ra te  of change of m olecular weight 
of the  residue. Polym ethyl m ethacry late  is one of the  few polym ers in 
which clean reversal to  m onom er occurs. In  th is case i t  has been shown th a t 
the  depolym erisation can be induced photochem ically above 130° and 
involves in itiation, depropagation, and, in m ost circum stances, m utual 
term ination of chains .270 Using in te rm itten t light to  determ ine the life 
of the kinetic chains, and a  re tarder m ethod to  determ ine the  in itiation  rate, 
Cowley and  Melville 276 were able to  deduce, for the  first tim e, an experim ental 
value for a depropagation velocity constant. The value of th is is in  reason
able agreem ent w ith  theoretical predictions and leads to  an  acceptable value 
for the  change of en tropy  during polym erisation. On the  o ther hand  k t is 
abnorm ally sm all com pared w ith  radical-term ination reactions in  dilute 
solution and th is  is a ttrib u ted  to  the  fact th a t the reaction is occurring in 
a  highly viscous polymer. Sim ha 277 has discussed these results in term s of 
his theoretical trea tm en t.278 Jellinek 279 has also derived theoretical 
kinetic equations for the  degradation of polymers, and  has published a 
prelim inary account of some experim ents on the  degradation of poly
s ty rene .280 The products of degradation of polystyrene 281 and polyvinyl 
acetate  282 have been investigated. In  the  la tte r  case acetic acid is evolved 
by a  chain reaction proceeding w ithou t the  agency of free radicals, and  a 
residue of polyacetylene is left. Sm ets and  Tasset 283 have reported  d a ta  on 
the  degradation of four polym ers in the  presence of benzoyl peroxide.

Ionic Polymerisation.— (a) Cationic polymerisation. W hen F riedel- 
Crafts catalysts (A) are em ployed as initiators, i t  appears th a t  the presence 
of a trace  of a co-catalyst (BC), e.g., w ater, is generally required for the 
ca ta ly st to  be effective. The catalyst and co-catalyst in te rac t by a reaction 
such as A +  BC — >■ AB~ +  C+ to  give a  cation C+ which in itia tes polymeris
ation. A " s y s te m ” will therefore be defined by  m onom er-catalyst-co
catalyst-so lven t. I t  is extrem ely difficult to  rem ove the  last traces of w ater 
from any  system  and where there is a  possibility of a trace  being present 
th is is indicated below b y  H 20(?).

In  the  system  i'sobutene-TiCl4-CCI3-C02H -hexane, i t  has been shown 284 
by infra-red analysis th a t, in agreem ent w ith earlier work, the  predom inant 
end group is the m ethylene group. T risubstitu ted  double bonds and 
trichloroacetate groups were also found. This suggests th a t  term ination
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occurs by  loss of a proton from tw o possible positions a t  the  end of the 
growing cation, and  by  in teraction  w ith the trich loroacetate anion.

Although Jo rd an  and  M athieson 285 have reported  the  consum ption of 
catalyst in the  system s M-A1C13- H 20 (  ?)-CCl4 where M is styrene or a- 
methylstyrene, there  is no evidence th a t  the  ca ta ly st fragm ent is incor
porated in the  polym er molecule. On th e  contrary , there  is clear evidence 288 
that the ca ta lyst is no t incorporated in  the  polym er in the  system s ; s ty ren e- 
SbCl5- H 20 -n itro b en zen e  and  s ty ren e-S b C l5- H 20(?)-cyc/ohexane. No 
radioactivity was detectable in  the polym er when radioactive SbCl5 was 
used as catalyst. W illiams and  Bardsley 283 have stud ied  the  system  
styrene-SnCl4-H C l-C C l4 a t  low concentrations of styrene where the  m ain 
product is 1-phenylethyl chloride. However, although the  kinetics are 
consistent w ith  a carbonium  ion m echanism , i t  is no t possible to  say w hether 
initiation is by  in teraction  of the  ca ta ly st w ith  hydrogen chloride or w ith 
styrene.

Jordan and M athieson have discussed th e ir results on styrene 286 and 
have made a  q u an tita tiv e  com parison w ith  the  results on a-m ethylstyrene .285 
They have also concluded 287 from m olecular-weight d istribution  d a t a 230 
that in the la tte r  case term ination  is by  m onom er deactivation  and  solvent 
transfer.

Norrish and  R u sse ll231 have reported  k inetic and  m olecular-weight 
measurements in the  system  i'sobutene-SnCl4- H 20 -C 2H 5Cl. W ater was 
shown to be essential for reaction. I t  was concluded th a t  fu rther work was 
required .with very highly purified m aterials before the m echanism  could be 
fully elucidated.

F urther work has been published on the iodine-catalysed polym erisation 
of vinyl e thers .232 The effect of a  num ber of side groups has been exam ined 
with results which accord w ith expectation.

(b) Anionic polymerisation. W ooding and Higginson 233 have m ade the 
first detailed k inetic  s tu d y  of anionic polym erisation. The results for 
polymerisation of styrene in liquid am m onia, catalysed by  potassam ide, are 
in accord w ith  a  m echanism  involving addition of the  amide ion N H 2~ to  the 
monomer, propagation, and  term ination  b y  reaction of th e  growing chain 
with the solvent leading to  re-form ation of the  amide ion. A qualita tive  
survey has been m ade of the reactiv ity  of various anion bases, and the 
observed correlation betw een base streng th  and reactiv ity  is in  accord w ith 
the anionic m echanism  of polym erisation.

The in teresting  suggestion has been m ade th a t  the  form ation of 
rhodizonic acid when carbon m onoxide reacts w ith  liquid am m onia in  the 
presence of sodium, occurs th rough an anionic polym erisation in  which six 
carbon monoxide molecules are added to  an  am ide ion .234

(c) Ionic copolymerisation. The relative ease of addition of tw o m ono
mers to  a growing polym eric en tity  m ay  be expected to  vary  according to

835 D. O. Jordan and A. R. Mathieson, / . ,  1952, 611, 2354.
886 Idem, ibid., p. 621. 287 Idem, ibid., pp. 2358, 2363.
888 R. O. Colclough, J . Polymer Sci., 1952, 8, 467.
889 G. Williams and H . Bardsley, / . ,  1952, 1707.
880 A. B. Hersberger, J . C. Reid, and R. G .Heiligm ann, Ind. Eng. Chem., 1945, 37, 1073.
891 R. G. W. Norrish and K. E. Russell, Trans. Faraday Soc., 1952, 48, 91.
898 D. D. Eley and J. Saunders, J .,  1952, 4167.
893 N. S. W ooding and W . C. E . Higginson, J .,  1952, 760, 774, 1178.
894 I7. Leonard and P. Fram , Science, 1952, 116, 228.
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w hether such an  en tity  is an  anion, a free radical, or a  cation, and this 
has been verified experim entally .295 The anionic copolym erisation of 
b u ty l vinyl sulphone w ith  acrylonitrile 296 and  the effect of reaction con
ditions on the m onom er reactiv ity  ratios for the  system  styrene~/>-chloro- 
styrene-SnC l4 have been investigated .297 O ther system s have also been 
studied 298> 299 and i t  has been found th a t for the  cationic copolym erisation of 
a given m onom er w ith  a  series of substitu ted  styrenes, the  reactiv ity  ra tio  is a 
function of H am m ett’s a value .298

I t  is clear from the report 300 of a  conference held a t  Stoke th a t  interesting 
developm ents are to  be expected in  th is  field.

Em ulsion Polymerisation .— This does no t s tric tly  come in to  the 
category of homogeneous reactions b u t i t  should be no ted  th a t  i t  has been 
possible to  derive from  the kinetics,301 on the  basis of Sm ith  and E w art’s 
theory ,302 values for propagation velocity Constants which are sim ilar to 
those obtained by the  more usual m ethods.

R adiation Chemistry.— (a) Prim ary Processes.— Most of the experim ental 
d a ta  available on prim ary products has been obtained by  the  use of the  mass 
spectrom eter. Therefore, s tric tly  speaking, such d a ta  apply  only to  the 
case of low-energy electron bom bardm ent. Investigations of th is kind 
include the m easurem ent of appearance potentials of ions form ed from 
cyc/opropane,303 cyanogen and  m ethyl cyanide ,304 and  hydrogen peroxide.300 
N o rto n 306 has studied the ionisation produced in w ater vapour in the pres
ence of an  excess of hydrogen. An unusually  sharp  m axim um  is obtained 
in the  positive curren t a t mass 19. This is due to  the  ion H 30 + formed in the 
following process :

H „0 — >- HjO« — >  H  +  OH (22 +)
OH(-ir)

O H(2S+)

H 30 ------------ >• H .O+ +  e
impact

There is still no experim ental inform ation on the na tu re  of the primary 
products of high-energy bom bardm ent processes. U ntil such results are 
available i t  will no t be clear to  w hat ex ten t the different rad iation  chemical 
effects of, say, a-particles and electrons are due to  the  different spatia l dis
tribu tion  of the entities form ed or to  differences in  the  entities themselves.

There has also been very little  d irect experim ental investigation of the 
processes im m ediately subsequent to  the  prim ary act. In  the gas phase the 
p robability  of electron exchange in  hydrogen has been m easured .307 The

295 F . R. Mayo and C. Walling, Chem. Reviews, 1950, 46, 277.
296 F. C. Foster, J . Atney. Chem. Soc., 1952, 74, 2299.
297 C. G. Overberger, L. H . Arond, and J . J . Taylor, J. Amer. Chem. Soc., 1952, 73,

5541.
298 C. G. Overberger, L. H . Arond, D. Tanner, J . J. Taylor, and T. Alfrey, ibid.,

p. 4848. 299 Y. Landler, J . Polymer Sci., 1952, 8, 63.
300 P. H . Plesch, Nature, 1952, 169, S28.
301 M. Morton, P . P . Salatiello, and H. Landfield, J . Polymer Sci., 1952, 8, 111, 215, 279.
nos w . V. Smith and R. H. Ew art, J . Chem. Phys., 1948, 16, 592.
303 F. H. Field, J . Chem. Physics, 1952, 20, 1734.
301 C. A. McDowell and J . W. W arren, Trans. Faraday Soc., 1952, 48, 1084.
395 A. J. B. Robertson, ibid., p. 228.
306 F . J . Norton, Phys. Review, 1952, 85, 154.
307 E . E. Muschlitz and J . H . Simons, J . Phys. Chem., 1952, 56, 837.



ions H 3+ and  H + do no t exchange appreciably w ith the  H 2 molecule b u t the  
ion H 2+ does so readily. In  hydrocarbon gases all the  ions H 3+, H 2+, and  H + 
exchange readily, the explanation probably  being th a t  th e  large molecules 
can absorb considerable am ounts of energy as v ibrational energy. I t  has
been found th a t the form ation of the H 3+ ion in hydrogen occurs by  the
process, H 2+ - f  H 2 — -> H 3+ +  H , the  H 2+ ion being dissociated .308

H asted 309 has stud ied  the charge-exchange cross-sections of several 
processes, including th a t of 0 + ions in w ater, and cross-sections for processes 
of the type A-  +  B — > A +  B +  C have also been m easured. Such 
cross-sections are expected to  be negligible unless very  energetic ions and 
atoms are presen t,310 b u t for O- , Cl- , and  F -  in various gases unexpectedly 
large cross-sections were found. This is in terp re ted  as due to  th e  presence of 
excited sta tes of these ions having low electron affinities. I t  has been sug
gested th a t  electron-capture processes in polyatom ic molecules generally 
fall into two classes : 311

A B - f e — A +  B -  (1)
AB +  c  >  A+ +  B -  +  C  ............................ (2)

Examples of ty p e  (1 ) are cyanogen and  m ethyl cyanide, w hilst type  (2) is 
exemplified by  carbon tetrachloride. Processes of type  (1) are resonance 
processes necessitating a  su itable crossing in the  po ten tial-energy curves of 
the relevant electronic s ta tes of the molecule AB and  the ion AB- . Studies 
of the type of electron cap ture  occurring in given cases m ay thus yield 
information abou t the  potential-energy curves of polyatom ic molecules. 
The fact th a t processes of type  (1) are resonance processes is significant in th a t 
it opens up  the  possibility of investigating the  u ltim ate  fate of the  ion B-  
in solution .312 A review of the  reactions of gaseous ions has been presented 
by Massey.310

In  a  series of papers Magee and  B urton  have discussed certain  initial 
processes in rad ia tion  chem istry. Sem iquantita tive trea tm en ts of simple 
cases followed by  qualita tive  extension to  more complex system s have led to  
the following general conclusions, and  th e  relevance of each of these to  
radiation chem istry is discussed, (i) Therm al electron cap ture  by  a  com
plex molecule positive ion should lead in  m ost cases to  im m ediate dissoci
ation into tw o particles, one of which is excited. The particles are more 
likely to  be radicals th an  molecules.313 (ii) U nder suitable conditions low- 
energy electrons tend  to  form  negative ions via  cap ture  by  neu tral molecules, 
rather th an  to  neutralise positive ions.314 (iii) Charge transfers occurring 
by a resonance process, e.g.,

A+ -f- A — ^  A -{-* A •

may have large cross-sections; non-resonant processes of the  type
A+ +  B — =>- A +  B *•

necessitate the crossing of tw o potential-energy curves of the system  (A -j- B )1

308 R. L. M urray, J . A ppl. Phys., 1952, 23, 6.
308 J . B. H asted, Proc. Roy. Soc., 1952, A , 212, 235.
310 H. S. W. Massey, Discuss. Faraday Soc., 1952, 12, 24.
311 J .  D. Craggs, C. A. McDowell, and J . W. W arren, Trans. Faraday Soc., 1952, 48, 
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314 Idem, ibid., 1951, 73, 523.
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and  are accom panied by  vibrational excitation or dissociation; 315 in general, 
complex form ation is involved, lifetimes m ay be of the order of seconds, and 
o ther processes m ay therefore com pete before the charge transfer is com
ple te .316 (iv) Simple changes of the type

A+ +  B - — >• C +  D

are no t expected to  occur since charge transfer takes place a t a ra th e r large 
distance. H ighly excited sta tes of A B are expected and  the  end pro
ducts should commonly be radicals .317

Considerable in terest was recently  aroused by  the. work of Dee and 
R ichards.318’ 319 These authors claimed to  have shown th a t  an ultra-violet 
light emission is produced by the a-particle bom bardm ent of liquids. The 
light is strongly absorbed by the irrad iated  m aterial and the wave-length 
involved probably  lies betw een 1500 and  1700 A. The emission of th is light 
and its  subsequent absorption were suggested as a m echanism  for the  for
m ation  of chemically active radicals. Miller and  Brown 320 have attem pted 
to  confirm these results, w ithou t success. T hey  conclude th a t  no appreciable 
emission of light of wave-length g reater th an  1800 A takes place when water 
is bom barded w ith a-particles and th a t  appreciable emission of light of 
shorter w ave-lengths is unlikely. O ther workers have also been unable to 
ob tain  results consistent w ith  those of Dee and  R ichards .321’ 322 I t  is 
in teresting  th a t  although the ultra-violet light em itted  from w ater exposed to 
y- or (3-radiation is purely due to  the  Cerenkov effect 323> 324 and  th a t  no 
ultra-vio let emission is found when high-intensity  50 kvp  X -rays are used ,323 
ice a t  a  tem peratu re  of —100° to  —170° does em it u ltra-v io let ligh t under 
the la tte r  type of irradiation and the  emission is no t of Cerenkov origin .325 
The ligh t in tensity  is linear w ith  dose ra te  over a  large energy range and  has a 
m axim um  energy a t  3400 A. In  support of these observations tritium-ice 
is found to  be self-lum inescent.325> 326

A new conception of the  processes occurring in liquids upon irradiation 
has been suggested .327 Chemical ac tiv ity  is considered to  be due to  two 
types of excited species, M* and  M*. The M* species is produced in primary 
processes occurring either in  the  m ain particle track  or in its  “ spurs ” 
(S-ray tracks). I t  has a m uch sm aller energy th an  M* and  is persistent. 
The M* species is considered to  result from ion neutralisation. I t  decomposes 
near its  production site into uncharged radicals. Most of the  M* species 
are in the  lowest excited s ta te  b u t can partic ipa te  in reactions b y  exciton 
or photon transfer if energy traps are present in the solution.

316 J. L. Magee, J . Phys. Chern., 1952, 56, 555.
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320 See N. Miller, Discuss. Faraday Soc., 1952, 12, 46.
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(b) Actinometry. Owing to  the ir com parative straightforw ardness and 
ease of handling, chemical m ethods of dosim etry are tending to  be alm ost 
universally adopted. Of the num erous system s proposed for such m easure
ments the ferrous sulphate system  appears to  be the  m ost generally satis
factory and has been the subject of the m ost detailed calibration as y e t .328 
A useful review and  assessm ent of the  various system s which have been 
proposed for chemical dosim etry has been given .329 I t  is suggested th a t  the 
term “ chemical dosim etry ”  should be replaced by  "  actinom etry ,”  following 
the nom enclature of photochem istry. I t  is un fo rtunate  th a t a  lack of 
agreement exists between different workers as to  the  value of the  oxidation 
yield of ferrous ion in aerated  solutions which are conventionally 0 -8n in 
sulphuric acid. Most authors agree th a t  for X - and  y-rad iation , a t  dose 
rates of up  to  1000 r./m in ., the  yield for ferrous oxidation is of the order of 
20 molecules oxidised per 100 ev energy absorbed (G =  20), and  Miller and 
Wilkinson have rechecked th is result under varying conditions. However, 
using °°Co y-radiation, H ochanadel 330 obtained a value of G =  15-5 ±  0-3, 
the m ethod of calibration em ployed being a  calorim etric one. As H ocha- 
nadel’s range of dose ra tes (1500— 15,000 r./m in.) was larger th an  th a t of the 
other authors, and  since there is general agreem ent th a t the  yield u ltim ately  
falls on increasing the  dose ra te , i t  was though t th a t  this m ay be an  ex
planation of the  discrepancy. However, H ard w ick 331 found the yield 
unchanged up  to  a dose ra te  of a t  least 4200 r./m in . w ith  2000 kvp  X -rays 
and Rigg, Stein, and  W eiss,332 using a  dose ra te  of ~3000 r./m in., found 
G =  19-9. Allen,333 moreover, found a  constan t yield over a  dose-rate 
range of 100— 10,000 r./m in . w ith 2 Mv X -rays. I t  seems clear therefore 
that this discrepancy is only to  be settled  by  fu rther experim ent. A nother 
effect observed in  th is system , which is confirmed by two investigators,331’ 335 
is tha t the yield falls when low-energy ß-radiation is used. For high-energy 
ß-radiation the  yield rem ains the  same as for X -rad ia tion ,336 and  the  falling 
yield for low-energy ß-radiation has been explained in term s of the  difference 
of ion density between the two types of rad ia tion .334 This explanation 
receives support from  the  fact th a t the yield for a-radiation in aerated  
solution is even lower, viz., G =  6-7— 5-9 337 (depending on the  exact value of 
W for argon). A very  m arked fall in yield has been observed on increasing 
the dose ra te  w ith  0-92-Mv electrons from  103 to  10° r ./m in .338 I t  has been 
claimed th a t  ferrous su lphate actinom etry  is suitable for a-rad iation ,337 pile 
radiation,339’ 340 and  24 Mevp X -rays .341 Evidence has been quoted to  show 
that a-radiation and  lith ium  recoil particles do no t behave additively to  the 
ferrous system .342 Though a reason for th is has been suggested 343 the
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proposal is hard ly  borne ou t by  th e  fact th a t  a-radiation  and  50 kvp  I r 
rad iation  appear to  be additive in  the ir effects.337

A nother actinom eter w hich has been investigated  in  some detail is the 
eerie sulphate system .344 W hen X -  or y-radiation  or high-energy (3-radia
tion  336 was used th is reaction was found to  have a  lower yield th an  the  ferrous- 
ion actinom eter. However the  yield is independent of dose ra te  up  to  at 
least 45,000 r./m in . for 2000 kvp  A -rays or 140,000 r./m in . for 50 kvp  X-rays, 
independently  of the  presence or absence of oxygen and  independently  of the 
ceric-ion concentration down to  th e  lowest lim its which can be studied. 
I t  suffers the disadvantages of being m ore sensitive to  im purities, and  of 
exhibiting an increasing yield w ith  decreasing electron energy .334

Com pared w ith  these tw o system s th e  benzene-w ater system  345 has 
several disadvantages. Thus the  concentration independence of yield is 
less well fulfilled th an  for the  ferrous system , the  yield is m uch lower, the 
analysis is clumsy, and  the  reaction m ay exhib it a post-irradiation  effect.346 
On th e  o ther h and  th is actinom eter m ay prove useful a t  higher dose-rates.

O ther possible system s w hich have been proposed for actinom etry  are 
the  formic acid system ,347 the diphenylpicrylhydrazyl system ,348 a  phosphate 
ester system ,349 and  the  use of polyvinyl chloride films.350 M any systems 
have been investigated for possibilities as chemical actinom eters.351 Kan- 
w isher 352 has developed an  ingenious m ethod of m easuring dose ra tes with 
the  chloroform -w ater system .

In  order to  obtain  reasonable standard isation  of dose measurements 
and  expressions of yield i t  has been proposed t h a t : 353 (i) Yields should be 
expressed as molecules converted per 100 ev energy absorbed. This should 
be designated by  G where the  actual energy in p u t is m easured, (ii) The 
yield should be w ritten  as G' if energy inpu ts are obtained from chemical 
a c tin o m etry ; in th is case full details of conversion factors should be given.
(iii) The yield should be w ritten  as G20 if ferrous su lphate actinom etry  is 
employed, the  value of G(Fe2h — >- Fe3+) being provisionally taken  as 20.
(iv) The change to  which G refers should be indicated, e.g., G(H20 2). I t  is 
generally felt th a t  the ferrous sulphate system  would be the best for universal 
adoption in the  X -  and  y-ray dose-rate range from 0 to  a t  least 
103 r./m in .354> 355

(c) Non-aqueous vapour and  liquid systems. Since the  suggestion by 
E yring, H irschfelder, and Taylor 350 i t  has been commonly assum ed that 
b o th  ionisation and  excitation  processes p lay  a  p a rt in  radiation  chemical 
reactions, and  the  investigations by  Essex and  his co-workers 357- 3eo support 
this view. Nevertheless the  polym erisation of acetylene by  a-particles
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seems to  provide an  exception to  th is generalisation inasm uch as the  whole 
effect can be accounted for on the  basis of ionisation .361

A striking con trast between the chemical effects produced b y  irrad iation  
in the liquid and  the  gaseous s ta te  is provided by  a  s tu d y  of the  a-particle 
irradiation of «-hexane, cyc/ohexane, and  benzene .362 In  th e  gaseous phase 
the yields for each substance differ by  a m axim um  factor of three, a  com
pletely different result from  th e  effect of electrons on the  liquids.363

In  con trast to  earlier findings for the  effect of a-particle irrad iation  on 
ethylene, an investigation of the y-irradiation of th is gas showed no sub
stantial yield of hydrogen gas or of sa tu ra ted  hydrocarbons .364 The m ain 
reaction is a  chain polym erisation having an ionic yield of abou t 30.365 
The synthesis of am m onia by  y-irrad iation  of nitrogen-hydrogen m ixtures 
has also been s tud ied .366 In  th is reaction the glass surface area is an im 
portant factor.

Three m ethods have now been used to  obtain  inform ation concerning 
the chemically active species produced in  organic liquids under the  influence 
of ionising radiations. The first m ethod comprises the  use of iodine having a  
high specific ac tiv ity  of 131I .367 Radicals form ed during radiolysis combine 
with iodine to  give iodides in  sm all yield. To th is p roduct appropriate  
inactive alkyl, iodide carriers are added and  fractional d istillation, followed 
by radioactiv ity  m easurem ent, perm its an  estim ation of relative free-radical 
yields. This m ethod has been applied to  the radiolysis of alkanes and  alkyl 
iodides in bo th  the  liquid and  the gaseous phase .368 A lm ost all the  radicals 
formed are considered to  react by  the  process R  +  I2 — > R I +  I. A 
high yield of the  p aren t substance in  th e  case of th e  vapourised iodides 
indicates th a t  the  C~I bond is th a t  m ost frequently  broken, w hilst in the  
liquid sta te  there is a  greater ra tio  of C-C to  C -I bond ru p tu re . Very little  
hydrogen iodide is form ed, indicating  only a sm all p robability  of C -H  
bond rupture . W ith  alkanes the  radical corresponding to  the paren t sub
stance is no longer predom inant except for m ethane. The results here 
obtained are com plem entary to  m ass-spectral d a ta .369 F o r exam ple, the  
most im portan t peak in  the  m ass-spectrum  of «eopentane is C4H 9+, w hilst on 
radiolysis a  large yield of CH3 radical is found. H ence an  im portan t prim ary 
step appears to  be

C(CH3)4 -------^C{CH 3)3+ +  CH3 +  e

Dose ra te  varia tion  had  no effect on the  decom position p a tte rn s  b u t in  the 
case of ethyl iodide there were differences in the  ratios of products for 2 Mv 
-^-radiation, y-radiation, and  50 kvp  A '-radiation. In  experim ents of th is 
kind an increase of yield a t high iodine concentrations can  be explained on 
the basis of higher energy absorption by  the heavy iodine atom s .370
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353 M. B urton, ibid., 1948, 52, 564.
364 Yale Univ. Progr. Report, No. 3, 1952, NYO-3309.
355 Yale Univ. Progr. R eport, No. 2, 1952, NYO-3310.
"  W. A. Selke, C. Kardys, E . V. Sherry, and R. C. Jagel, U.S. A tomic En. Commiss. 

Report, 1952, NYO-3327.
3"  R. R. W illiams and W. H . Hamill, J . Amer. Chem. Soc., 1950, 72, 1857.
68 L. Gevantm an and R. R. Williams, J . Phys. Chem., 1952, 56, 569.
62 A. Langer, ib id ., 1950, 54, 618.

3,0 c. c. Schubert and R. H. Schuler, J . Chem. Phys., 1952, 20, 518.
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The other two m ethods so far used in following radical production are the 
trapp ing  of radicals by  (a) the in itiation  of polym erisation, and  (b) th e  re
action w ith  diphenylpicrylhydrazyl (D PPH ) radicals. B oth  of these 
m ethods have recently, been em ployed for the determ ination  of th e  num ber 
of free radicals produced in  a series of organic liquids by  given doses of 
y-rad iation .371- 372>373 U nder the  conditions of experim ent the  radical- 
trapp ing  reaction is considered to  be m uch more probable th an  radical- 
recom bination reactions and  energy yields for radical form ation have been 
evaluated  on th is basis. R esults obtained by the  tw o m ethods agree 
reasonably well in m ost cases, though it  has been pointed ou t th a t  owing 
to possible breakdow n of the hydrazyl radical itself one would no t really 
expect to  be able to  count the  radicals form ed w ith  accuracy g reater th an  a 
factor of 2.374

Manion and  B urton  have stud ied  the  radiolysis of m ixtures of hydro
carbons in the  liquid s ta te .375 The results are consistent w ith  a mechanism 
in which bo th  ionisation transfer and  excitation  transfer p lay  significant 
roles. Owing to  th is effect, radiolysis of m ix tures yields products which are 
not predictable on a  simple law  of averages. In  a m ix ture  of tw o com
ponents, whichever com ponent is first ionised, there is known to follow a rapid 
transfer of ionisation to  the  species of lower ionisation potential. Manion and 
B urton 's  results indicate th a t excitation transfer usually behaves similarly, 
th is effect being m ost readily  appreciated in the  case of radiolysis of 
cyc/ohexane-benzene m ix tures in  which the  two effects appear to  ac t in 
opposition. F undam enta l differences in m echanism  are shown to  exist 
betw een radiolyses in  the  gaseous and  the liquid s ta te  for cycfohexane- 
benzene m ixtures.*

A m ass-spectrom etric exam ination  of benzene and  deuterobenzene 
indicated  th a t  the  ra tio  of ions CmH „+/CraDrt+ was constan t for different values 
of m  and  n, w hilst the  ratio  CGH n+/C GD„+ tended  to  increase as n  decreased .376 
A different m echanism  of form ation of the tw o types of ion was thus in
dicated. Radiolysis of th e  tw o substances by  1-5 Mv electrons gave the 
result G(H2) >  G(C2H 2) for benzene, and  G(D2) <  G(C2D„) for deutero
benzene, again indicating  th a t  a t  least tw o m echanism s are involved in  the 
radiolysis of benzene and  th a t these do n o t contribute to  the  sam e ex ten t for 
C6H 6 and  C6D G. The results have been explained in term s of bond rupture 
and  rearrangem ent of the paren t ion, and  the difference in zero-point energy 
betw een C -D  and  C -H  bonds. I t  is also shown th a t  the  molecules C6H 6 and 
CgD 6 exhibit m u tua l protection in  a m ix tu re  and  the im plications of th is are 
discussed.

The ra te  of polym erisation of styrene by  y-radiation, in the  dose-rate range 
2400—5500 r./m in ., has been found to  be proportional to  the dose ra te .361 
T his is con trary  to  earlier reports.382- 371 Minder and  H eydrich 383 have 
investiga ted  the  radiolysis of halogenated hydrocarbons in  alcohol and 
acetone solution. H alogen acids are form ed in am ount depending on the

371 A. Chapiro, / .  Chim. phys., 1950, 47, 747.
373 Idem, Compt. rend., 1951, 233, 792.
373 A. Prevot-Bem as, A. Chapiro, C. Cousin, Y. Landler, and M. Magat, Discuss.

Faraday Soc., 1952, 12, 98. 371 W. Wild, ibid., p. 127.
375 J . P . Manion and M. B urton, / .  Phys. Chem., 1952, 56, 560.
375 S. Gordon and M. Burton, Discuss. Faraday Soc., 1952, 12, 88.

* Cf. ref. 362.



concentration, the num ber of halogen atom s in the  compound, and the  type 
of binding. I t  is claimed th a t, in order to effect decomposition of chloroform 
by y-radiation alone or in solution, oxygen m ust be presen t.377’ 378 Good 
yields of salicylic acid are produced on irradiation of benzyl alcohol in ethyl 
alcohol w ith  1-Mev electrons .379 A bibliography on the  effect of a-, ¡3-, y-, 
and X -rays on organic com pounds has been com piled .380

(d) Water and aqueous solutions. A widespread in terest continues to 
centre upon rad iation  effects induced in aqueous system s, consequently no 
apology is m ade for devoting m ost a tten tion  to  th e ir discussion. A lthough 
it has been accepted for some tim e th a t  the  u ltim ate  form ation of H  atom s 
and OH radicals seems to  offer the m ost convenient explanation of the  be
haviour of irrad ia ted  w ater, nevertheless as more experim ental d a ta  become 
available there is an increasing feeling th a t  our conceptions regarding the 
nature of the  prim ary  reacting entities, and  for th a t m a tte r  the particu lar 
fonn of the substra te  w ith  which they  react, are too rudim entary . Despite 
the fact th a t alm ost every possible radical or ion has now been invoked to  
explain th is or th a t  aspect of radiation  chemical effects in w ater, together 
with alm ost every possible perm utation  of the ir form ation and  breakdow n, 
results continue to  appear which m eet w ith  no explanation  on existing 
concepts, or which seem incom patible w ith those of o ther workers. Ju s t  
how far the  sensitiv ity  of some of the  system s to  very small changes 
in experim ental conditions is responsible for the  discrepancies it  would 
be hard to  say  a t  present, b u t the  recent F a rad ay  Society Discussion 384 
indicated th a t  several anom alies m ay in fact be due to th is  cause.

I t  has several tim es been poin ted  ou t th a t  the m ajo rity  of radiation  
chemical reactions in aqueous solutions are oxidations ,385' 388 and the  usual 
value of the equivalent reduction po ten tia l (e.r.p.) of irrad iated  w ater, as 
judged from published experim ental results, indicates th a t  the oxidising 
power of irrad iated  w ater cannot be due to  a  m ixture of H  atom s and  OH 
radicals alone in equal proportions. I t  has been shown 387’ 388 th a t any  
argument based on a  difference of d istribution  of H  atom s and OH radicals 
cannot explain this effect, b u t the  existence of the ions H 2+ 380 and  H O + 387 
(or 0  atoms) m ay  help to  give the observed result. I t  has also been suggested 
that all cases of rad iation  reduction so far observed can be explained by  the 
action of OH radicals or hydrogen peroxide .390 This indicates th a t  H  atom s 
appear to  be very unreactive, and  in  fact raises the suspicion th a t  they  m ay 
never have independent existence. F rom  this point of view i t  has been

377 J. F. Suttle  and J . W. Schulte, Discuss. Faraday Soc., 1952, 12, 317.
3,8 J. \V. Schulte, J . F. Suttle, and R. Wilhelm, U.S. Atomic En. Commiss. Report, 

1952, LA-1438.
3,3 B.P., 1952. 665,263.
380 F. Sachs, L iterature Search for Carbide Chemicals Co., 1952, Co(Y-12).
381 B. Manowitz, R. V. Horrigan, and R. H. B retton, U.S. Atomic En, Commiss.

Report, 1951, BNL-141.
383 A. Chapiro, Compt. rend., 1949, 228, 1490.
383 W. Minder and H. Heydrich, Discuss. Faraday Soc., 1952, 12, 305.
38j " Radiation C hem istry /' Discuss. Faraday Soc., 1952, 12.

5 M. Haissinsky and M. Lefort, Compt. rend., 1949, 228, 314.
6 M. Haissinsky, Discuss. Faraday Soc., 1952, 12, 133.
7 F. S. D ainton and E. Collinson, A nn. Rev. Phys. Chem., 1951, 2, 99.
8 E. Collinson and F. S. D ainton, Discuss. Faraday Soc., 1952, 12, 251.

389 J . Weiss, Nature, 1950, 165, 728.
0 M. Haissinsky and M. Lefort, Compt. rend., 1950, 230, 1156.
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suggested th a t  instead of the  H ,0 _ ion breaking down in the usually  accepted
m a n n e r :

H 20 " — >- HO-  -f H ............................... (3)

th e  b reakdow n  occurs b y  one of th e  follow ing processes :
H ,0 -  — -> O - +  H 2 ..................................... (4 )301

follow ed b y  O ' +  H20  HO - +  O H ............................... (4a)
o r H ,0 -  — >• H -  +  O H .................................(5)
follow ed b y  H - +  H ,0  — > OH - +  H . ............................... (5a)

Supporting argum ents for reactions (5) and  (5a) have recently  been 
advanced 393 b u t (5) seems a less likely process energetically th an  either (3) 
or (4). I t  has been argued th a t  process (4) is energetically to  be preferred to 
process (3),392 b u t it  has also been pointed ou t th a t  if (4) is energetically 
favoured w ith  respect to  (3) then  i t  cannot be followed by  (4a).394 I t  has 
been claimed th a t  process (4) offers an  a lternative  explanation to  the  “  hot 
spot ”  hypothesis (see n ex t section) for th e  production of hydrogen gas in 
nearly  constan t in itial yield and  th a t  i t  also indicates a decreased reducing 
power of irrad ia ted  solutions. A gainst such a  hypothesis the  following 
argum ents m ay be advanced : (a) The difficulty of finding a  su itable process 
to  follow (4). (b) The fac t th a t there  is some direct evidence of the  partici
pation  of D atom s in  polym erisations induced in deuterium  oxide solution .395
(c) The fact th a t hydrogen peroxide has been found in  g reater in itia l yield 
th an  hydrogen in the  ferrous su lphate system .396 (d) The fact th a t  i t  is 
difficult to  explain the reduction of certain  organic dyes on th is basis. I t  is 
certainly n o t tru e  to  assum e th a t  reduction occurs by  H  atom s form ed in the 
process

OH +  H 2 — >  H  +  H 20 ...................................... (6)

as is shown by the enhanced yield produced by the  addition  of sodium 
benzoate to  such system s.397’ 398

The theory  of B urton, Magee, and  Sam uel 327 suggests a  mechanism 
som ew hat different from th a t  usually  accepted for H  atom  and  OH radical 
form ation and  i t  seems likely th a t th e  presen t position m ay be summarised 
by  the overall expression

H 20 — +  H  +  OH +  o ther species as y e t ill-defined.

The excited species H 20*  m ay be able to  oxidise or reduce or play  no chemical 
p a rt, depending on the substra te  concerned, and  th is  m ay be an  explanation
of th e  differences in G (solute) and  G (free radical) values found from
investigations on different solutes.

(i) Molecular and radical yield. The postulate, first advanced by  Allen ,399 
th a t  the prim ary  effect of ionising rad iation  on w ater could be regarded as 
consisting of tw o processes :

H 20  — >  £H 20 2 +  J H . ......................................(F)
H .O  — ^  OH +  H ...................................................(R)

391 M. Haissinsky and M. Magat, Compt. rend., 1951, 233, 954.
392 M. Magat, Discuss. Faraday Soc., 1952, 12, 244.
393 G. W. R. Bartindale, ibid., p. 24G. 3,1 F. S. D ainton, ibid., p. 245.
393 E . Collinson and F. S. D ainton, ibid., p. 212.
336 p . s .  D ainton and H. C. Sutton, ibid., p. 121. 397 M. J . Day, ibid., p. 280.
398 G. Stein, ibid., p. 243. 399 A. O. Allen, J . Phys. Chem., 1948, 52, 479.
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has received considerable d irect support from  m easurem ent of initial hydro
gen peroxide yields,400-40 4* 402>403 and indirect support from the  fact 
tha t certain  results are explicable on m echanism s involving th is postu
late.404- W5- 406 On the o ther hand  there have been some dissensions on 
experimental grounds,407- 408 hydrogen yields having been found to  vary. 
I t is not clear w hether or no t the yields in these last cases are in itial yields.

Several a ttem p ts  have been m ade to  m easure the  yield for each of the 
processes (F ) and (R). H ochanadel,330 using y-radiation  from a  60Co source, 
has exam ined th e  ra te  of production of hydrogen peroxide in acid de
aerated potassium  brom ide solutions and  in  w ater containing hydrogen and 
oxygen. Johnson and  Allen 403 found a constan t initial yield of hydrogen 
during the irradiation  of several solutions w ith 2 Mev X -rays, and used their 
results to  evaluate the yield due to  (F). In  0-8N-sulphuric acid lower yields 
of hydrogen were found, probably owing to  d irect energy absorption by  the 
acid. Johnson 403 has estim ated th e  percentages of radicals used in the  
processes (F) and  (R ). H a rt 406 has m ade sim ilar estim ates from the results 
of oxidation of formic acid in aera ted  solution by  60Co y-irradiation  and 
by irradiation w ith  tr itiu m  ¡3-rays. This worker also em ployed the  oxidation 
of ferrous sulphate, in aera ted  and  in air-free solutions, to  obtain  relative 
yields of (R ) and  (F) 410 for 00Co y- and tritium  (3-radiation.

O ther workers have m ade estim ates of the radical-pair yield alone. 
Dainton and  R ow bottom  411 achieved th is  by  comparison of rad iation  and 
photochemical yields for th e  decom position of hydrogen peroxide in aqueous 
solution. Rigg, Stein, and  Weiss 332 m ade an estim ate from  work on the 
ferrous su lphate system . The d a ta  obtained from  these investigations are 
presented in  the tab le  below.

cv per
Radicals (%) radical

Reference R adiation Gy Ci\ Gh,o R F pair
330 «»Co y 0-40 2-74 3-GO 75 25 27
400 «»Coy . 0-35 2-78 3-48 79 21 30-5
400 T ß 3-35 70 30 29-8
410 ««Co y 62 38
410 T ß 53 47
330 y +  n M S 1-57 3-93 40 60 25-5
411 «»Co y 13-4 7-5
332 200 kv  X 19-4
403 2 Mev X 0-395*
412 2 Mev electrons 80 20 .
413 30 kv X 12-3 8-1

* Assuming G(Fe3 ,_.— Fe3')  =  20.

400 A. O. Alien, Discuss. Faraday Soc., 1952, 12, 79.
401 P. Bonet-M aury, ibid., p. 72.
402 A. O. Allen, C. J . Hochanadel, J . A. Ghormley, and T. W. Davies, / .  Phys. 

Chcm., 1952, 56, 575.
403 E. R. Johnson and A. O. Allen, J . A  mar. Chetn. Soc., 1952, 74, 4147.
404 E. J. H art, ibid., p. 4174.
403 E. R. Johnson, U.S. Atomic En. Commiss. R eport, 1952, BNL-1209.
406 E. J . H art, J . Phys. Chon., 1952, 56, 594.
407 M. Haissinsky, Discuss. Faraday Soc., 1952, 12, 123. 408 T. Rigg, ibid., p. 119. 
40s E. R. Johnson, U.S. Atomic E n. Commiss. R eport, 1952, BNL-1209.
410 E. J . H art, J . Amer. Chon. Soc., 1951, 73, 1891.
411 F. S. D ainton and J . Rowbottom , Nature, 1952, 169, 370.
412 E. R. Johnson, J . Chetn. Phys., 1951, 19, 1204.
413 M. Haissinsky and M. Lefort, J . Chim. phys., 1951, 48, 308.
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All such values can only represent lower lim its to  the  free-radical yield, 
owing to  the  possibility of recom bination of some of the radicals to  form water. 
This would account for the  different values obtained for different system s, 
even when the  work has been carried out by the sam e investigator. From  
th is po in t of view  the highest value obtained for the free-radical yield, if 
subsequently  confirmed, bids fair to  be the  m ost likely value. A nother 
possible source of variation  is the  effect of th e  excited w ater molecule H 20*, 
as discussed earlier.

I t  has been suggested th a t  the  products hydrogen and  hydrogen peroxide 
from (F) are form ed in regions of high density  of energy release (hot 
spots).400-402 B onet-M aury 401 regards each rad ia tion  as having some of the 
property  of A -rad iation  and  some of th e  property  of a-radiation, th e  transi
tion from  predom inantly  a-behaviour to  predom inantly  A -behaviour occurr
ing a t a m ean ion density  of 200 ion pairs per micron. Such considerations 
lead to  the  expectation th a t  an increase in ionisation density  of the  radiation 
em ployed will increase the  m olecular yield (G f) and  decrease the free- 
radical yield (Ga), and  th a t  the  steady  s ta te  level of decom position in pure 
w ater will rise .309 These expectations have been fulfilled experim entally. 
The steady  s ta te  level of decom position of w ater rises as we pass from 
ir ra d ia t io n  through proton and  deuteron  rad iation  to  a-radiation,* this 
being the  order of increasing ionisation density. The changing ratios of 
radicals produced by  (R) and  (F) for different rad iations as given in the  Table 
are also in agreem ent w ith  th is  hypothesis, and  H ardw ick 334 has shown th a t 
on these considerations a correlation betw een the apparen tly  anomalous 
results of various workers on the ferrous-ferric and cerous-ceric system s can 
be achieved.

(ii) The ferrous-ferric system. In  view of the  im portance of th is system 
from  the po in t of view of chemical dosim etry it  is n a tu ra l to  find th a t  con
tinued a tten tio n  is paid  to  it. The effect of several variables on yield in the 
oxidation of ferrous su lphate produced by  A -irrad iation  has been studied by 
Rigg, Stein, and Weiss 332 who conclude th a t the  effect of increasing pH  in 
reducing the  oxidation yield, in air-free solution, can be accounted for by
the m echanism  :

Fe*-1- +  OH — 5-  Fe3+ +  O H “ ...................................... (7)
H  +  H + ^  H j + ..................................................... (8)

Fe3+ +  H A  — >- Fe3*- +  H , .......................................(9)
H  +  Fe3+ — >- Fe3+ +  H + .....................................(10)

The lim iting yield in acid solutions is considered to  be due to  complete 
rem oval of OH radicals and  also the  com plete rem oval of H  atom s, as 
H 2+aq., in oxidation of ferrous ions. A t high pH  the com peting back 
reaction (10) causes non-linearity  of yield. In  aerated  solutions all hydrogen 
atom s function as H 0 2 radicals and  the  kinetic scheme proposed consists of
process (7) together w ith  the following steps :

H  +  0 2 — ^ H 0 2 ...................................................(11)
HOj +  Fe5+ — >- Fe3+ +  H O .- ............................... (12)

H 20 2 +  2Fes+ — >  2Fe3* +  2 0 H " ............................... (13)
Fe3+ +  0 2~ — 5- Fe2+ +  0 , ......................................(14)

* Ref. 401, p. 75, Table I.



The fall in yield found on increase of pH  is a ttr ib u ted  to  the back-reaction 
(14), a reaction established by  independent w ork .414 The proposed schemes 
will account for the  effect of changing the  ferrous-ion concentration in  both  
aerated and deaerated  solution and  also explains th e  au thors’ finding th a t 
the lim iting yield in aerated  acid solutions is about double th a t  in deaerated 
acid solutions. This experim ental result is no t in agreem ent w ith  the 
findings of several o ther workers, a value of about 2-8 being more commonly 
accepted.410 The reduction of yield caused by  addition of hydrogen in 
deaerated solutions is explained on the basis of the back-reaction (6), a 
suggestion supported  by the  fact th a t  hydrogen increases the ra te  of 
reduction of ferric ions in deaerated  solution.

Though the  above m echanism  suffices to  explain these au tho rs’ results, 
it fails to  account for results found by other investigators. Thus D ainton 
and Sutton 396 have found th a t hydrogen peroxide is formed during the 
.Y-irradiation of solutions of ferrous ion a t concentrations less th an  10~8m. 
This tends to  support the  reaction (F) whereas no possible m echanism  for 
the form ation of hydrogen peroxide arises from the above postulates. 
A m phlett415 has exam ined the effect of pH  on the initial yield of the oxidation 
of ferrous ions in aerated  solutions by  X -  and  y-irradiation. H e finds evidence 
of a back-reaction as the pH  is increased and  of an u ltim ate  steady sta te . 
The da ta  are no t in agreem ent w ith  those of earlier w orkers.410 I t  is shown 
that pH  effects can only arise from  some effect on the  H 0 2 radical, and  the 
process

Fc3f +  H O j— ^ F e 3*- +  H + +  O , ............................... (15)

which is equivalent to  process (14), is suggested as the pH -dependent step. 
On the o ther hand  i t  is found th a t  the  pH-dependence of the yield is not 
fully explained on th is basis, and  the  suggestion is m ade th a t  possibly the 
ratio (R ) : (F ) changes w ith  pH . O ther results still requiring a  satisfactory 
explanation are the  steady  sta tes a t high pH  and  the fact th a t  the  yield of 
ferric ion produced does no t begin to  fall im m ediately after the  s ta r t of the 
reaction. So far the  suggested kinetics have failed to  fit the results com
pletely and it  is suggested th a t  there m ay be a fundam ental inadequacy of 
the proposals. B axendale 417 has suggested th a t  some of the  discrepancies 
may be cleared u p  by  assum ing a non-uniform  distribution  of radicals. 
I t should be noted here th a t  Collinson and D ainton 305 have also found it 
necessary to  postu late a  non-uniform  d istribu tion  of radicals in order to  
explain results on the polym erisation of acrylonitrile in aqueous solution by 
X -  and y-radiations. However, the  ferrous oxidation problem  is com plicated 
by the fact th a t  D ew hurst 418 was unable to  find sta tionary  sta tes and could 
not obtain reduction of ferric ions, though confirming the effect of pH  on 
both aerated and  deaerated  solutions. H e also found, contrary  to  A m phlett, 
that low concentrations of chloride ion had  no effect on the  reaction, th is 
having been checked on samples of solution from  other laboratories. O ther 
work which has appeared on the irradiation of the  ferrous-ferric system  
(apart from th a t  discussed in the  section on actinom etry) concerns irradiation

414 W. G. Barb, H . J. Baxendale, P . George, and K. R. H argrave, Trans. Faraday
Soc., 1951, 48, 462. 415 C. B. Am phlett, Discuss. Faraday Soc., 1952, 12, 144.

416 H. Fricke and E . J . H art, J . Chem. Phys., 1935, 3, 60.
411 J . H. Baxendale, Discuss. Faraday Soc., 1952, 12, 253, 256.
414 H. A. Dewhurst, ibid., p. 255.
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in the  presence of o ther substances. D ew h u rs t419 has stud ied  the effect of 
alcohols on the  ferrous oxidation in itia ted  by  y-radiation, H a r t 420 has 
exam ined the m echanism  of the  y-ray-induced oxidation of ferrous ion in  the 
presence of formic acid and  oxygen, and Cottin, H aissinsky, and Ver
meil 421’ 422 have investigated  the  effect of hydrocarbons on the  yields of 
ferric ion produced in aerated  aqueous solutions by  y-rays and 24 kv  A-ravs. 
The last authors have also exam ined the  effect of alcohols on the  V -ray- 
induced oxidation. In  each case the yields of oxidation in aerated  solutions 
are appreciably higher th an  the yields w ithout the  added m aterial. In  the 
case of the  addition of formic acid the  kinetics can be explained on the  basis 
of a chain m echanism  including the radical HCO-O. B oth  alcohols and 
hydrocarbons appear to  give rise to  radicals capable of reaction w ith  oxygen 
to  form peroxides. These then  oxidise the  ferrous ions by  chain mechanisms, 
which in the  case of alcohols can be inhibited  by  the  addition of chloride 
ion .419 The increase in ra te  of oxidation due to  the  presence of prim ary 
alcohols is greater the  longer the  alcohol chain.

Garrison and  Rollefson 423 exam ined the effect of high-energy a-particles 
on aqueous solutions of ferrous ions and  carbon dioxide containing 14C 0 2. 
The aim  of th is w ork was to  a ttem p t a rem oval of all the  OH radicals by 
Fe2+ ions and  hence to  study  the effect of H  atom s on carbon dioxide, these 
two being assum ed to  be the  active species. The principle products were 
ferric ions and hydrogen, b u t a sm all fraction of the H  atom s were used in 
forming reduction products of carbon dioxide, m ainly formic acid, w ith  some 
form aldehyde and oxalate. A m echanism  is given which fits th e  d a ta  over 
the  whole range of observations, and  an estim ate of the  effective concen
tra tion  of H  atom s gives th is as ~ 10' 3m .

• (iii) Other aqueous systems. The form ation and destruction  of hydrogen 
peroxide has been the subject of several investigations.401’ 411> 424-428 
H a rt and M atheson 424 find the  ra te  of decomposition by  60Co y-radiation  to 
be unm istakably  proportional to  [H20 2]* and  (dose rate)*. A mechanism 
which satisfies the results is proposed which, however, contains an unusual 
third-order term ination step  :

2HO, +  H 20 2 — )>- 2 H ,0 , +  0 2 ............................... (16)
The special efficiency of hydrogen peroxide as a  th ird  body in  th is  reaction, 
ra th e r th an  w ater which is present in m uch g reater am ounts, is a ttr ib u ted  to 
a  hypothetical ring-com plex in term ediate betw een H 0 2 and H 20 2 for which 
it  would seem there  is some indirect supporting evidence .429 P ropagation 
and term ination  ra te  constants have been m easured in in te rm itten t radiation 
experim ents. D ainton and  R ow bottom  41F 430 point ou t th a t  a  ra te  pro
portional to  [H20 2]* is contrary  to  the ir own findings and  to  the  results of

419 IT. A. D ewhurst, Trans. Faraday Soc., 1952, 48, 905.
420 E. J'. H art, / .  Amer. Chem. Soc., 1952, 74, 4174.
4il M. Cottin, M. Haissinsky, and C. Vermeil, Compt. rend., 1952, 235, 542.
422 C. Vermeil, M. Cottin, and M. Haissinsky, J . Chim. phys., 1952, 49, 437.
423 W. M. Garrison and G. K. Rollefson, Discuss. Faraday Soc., 1952, 12, 155.
424 E. J . H art and M. S. Matheson, ibid., p. 169.
425 M. E bert and J. W. Boag, ibid., p. 189.
420 M. Haissinsky and J . Pucheault, / .  Chim. phys., 1952, 49, 294.
42; J. Pucheault, M. Lefort, and M. Haissinsky, ibid., p. 286.
428 M. Carmo A nta and M. Haissinsky, Compt. rend., 1952, 235, 170.
429 N. M. Luft, Discuss. Faraday Soc., 1952, 12, 266.
430 F. S. D ainton and J . Rowbottom , ibid., p. 264.



most of the  work which has been done on the  photolysis of hydrogen peroxide. 
They find th a t  the  ra te  of decomposition is p rop o rtio n a l to  [H gO J10 X (dose 
rate)0'5 for 1— 22M-solutions. This is a  m ajor discrepancy only to  be 
resolved by  fu rther experim entation. E b e rt and Boag 425 have investigated 
the form ation and  decomposition of hydrogen peroxide in aqueous solutions 
by the action of 1 Mev electrons, and  1-2 Mev and  200 kv  Ar-radiation. In  
aerated solutions a higher initial yield of hydrogen peroxide was found w ith  
electrons th an  h ad  previously been found by  L e fo r t431 w ith  30 kv  X -irradi- 
ation. Experim ents w ith  200 kv  and  1-2 Mev X -rad iation  confirmed th a t a 
difference existed between the effect of X -rays and  of 1 Mev electrons. A 
subsequent investigation by  a  group of workers 432 confirmed these findings 
and showed th a t  for 1 Mev electrons the in itia l yield of hydrogen peroxide 
was G0 == 1-10, w hilst for 30 kv  and 220 k v  X -rad iation  G0 =  2-28. More
over a lim iting value was a tta in ed  for the  hydrogen peroxide concentration 
produced by 1 Mev electrons whereas no lim it to  the  yield was reached for 
the X -irradiations. The results m eet w ith an  explanation on the difference 
of ion density arising from the  two types of radiation and  i t  seems possible 
that the different effects found m ay arise from a  difference in decomposition 
rate. The effect of pH  on the  form ation and  decomposition of hydrogen 
peroxide in aerated  solutions indicates th a t  the effective back-reaction is :

0 2~ +  H 2Oa — >- OH +  O H - +  O , ................................(17)
The yields of hydrogen peroxide produced in boric acid solutions by  pile 
irradiation are lower th an  those produced b y  a-particle irrad iation  w ith  
radon.420 The effects of adding various electrolytes in these experim ents 
have also been stud ied .427 An investigation of the  form ation and decom
position of hydrogen peroxide in w ater by  irrad iation  w ith a-rays of polonium  
showed th a t the  results varied  according to  the acid used .428 In the  pre
sence of 0-8N-sulphuric or -perchloric acid a  lim iting concentration of hydro
gen peroxide, which depends on the  polonium  concentration, is reached. 
In 0-8N-nitric acid, no hydrogen peroxide is formed. The effect of polonium 
and radon in sim ilar experim ents is very  different, b u t i t  is no t clear w hether 
this is due to  a  difference in the  rad iation  em itted  or to  some effect of the 
polonium, which was dissolved in  the  solutions in  these experim ents. In  an 
interesting extension of earlier work 433 it  has been shown th a t  the yield of 
hydrogen peroxide produced b y  the  a-radiation from  radon is the  sam e from  
both w ater and  a  0-1%  solution of carboxypeptidase .434 This confirms the 
view previously suggested th a t  hydrogen peroxide production occurs in the 
core of an  a-track and  th a t the  small inactivation  of carboxypeptidase by  
a-irradiation is entirely  due to  8-rays arising from the m ain a-track. Weiss 
has discussed possible results which m ay arise from th e  photolysis and 
radiolysis of hydrogen peroxide w ith  particu lar reference to  reaction in  and 
between tracks .435

The exchange reaction betw een oxygen and .w ater in itia ted  by  y-radiation  
has been studied  b y  using oxygen enriched in the isotope 180 .436 The rate

431 M. Lefort, J . Chim. phys., 1950, 47, 624.
432 T. Alper, M. E bert, L. H. Gray, M. Lefort, IT. C. Sutton, and F. S. D ainton, 

Discuss. Faraday Soc., 1952, 12, 266.
433 W. M. Dale, L. H. Gray, and W. J . M eredith, Phil. Trans. 1949, A , 242, 33.
434 W. M. Dale, J. V. Davies, C. W. Gilbert, J . P. Keene, and L. IT. Gray, Biochem. / . ,  

1952, 51, 268. •13S J . Weiss, Discuss. Faraday Soc., 1952, 12, 161.
434 E. J . H art, S. Gordon, and D. A. Hutchison, / .  Amer. Chem. Soc., 1952, 74, 5548.
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of exchange was found to  increase w ith pH  and concentration of 16- 180 2 
and_ was inhibited  by  hydrogen peroxide. The exchange proceeds by  a 
chain m echanism, as m any as 40 oxygen molecules being exchanged per free 
radical pair formed a t  pH  > 9 . The chain is te rm inated  by  hydrogen 
peroxide. An equilibrium  is proposed : HO ^=±: 0 “ +  H +, exchange being 
then  effected by  reaction of 0 -  ions w ith  oxygen molecules and  OH~ ions. 
H 0 2~ and 0 2~ ions ac t as chain term inators.

H ardw ick 437 has studied  the  reduction of eerie su lphate in  varying 
concentrations of sulphuric acid, using y-rays from 60Co and  radium , and 
2000 kv X -rays. The yield of cerous ion (G =  3-2) rem ained constant over 
a wide range of dose rates, eerie ion concentration, and  pH , and was indepen
dent of the  presence or absence of oxygen. The addition of hydrogen gas 
to air-free solutions increased the yield of cerous ion to  G — 6-2. These 
results, which can be explained on the basis of reduction by  H  atom s only 
or by H  atom s and hydrogen peroxide, differ m arkedly  from the  results of 
o ther w orkers.438 However the rad iation  used by H aissinsky et al.i38 was 
14 kv A '-radiation and  an a ttem p t has been m ade to  account for these 
apparen t anomalies, and  to  correlate o ther results obtained for this system  
and the  ferrous-ferric system , on the  basis of the difference in energy of the 
ionising electrons arising from the different radiations em ployed .334 Such 
an explanation  necessitates the assum ption th a t  a greater proportion of the 
reduction of eerie ions proceeds by hydrogen peroxide in the  case of th e  low- 
energy X -rays th an  in the  case of y-radiation. I t  has been pointed out, 
however, th a t no such corresponding effects arise in  the  irradiation  of pure 
w a te r .439 The effect of radiations ranging from y-rays to  infra-red rays on 
m ethylene-blue in w ater or glycerol is claimed to be different in the  two 
solvents .446 Spectrophotom etric evidence is given to  show th a t  bleaching of 
the dye takes place via the  leuco-dye in glycerol; in aqueous solution no 
leuco-dye is formed, bleaching is m uch slower and  is never complete. 
In  view of o ther work which has recently  been done on th is  system  397’ 440’ 441 
it  seems certain  th a t  the  effects in  aqueous solution were in fact due to 
incom plete deaeration.

A study  has been m ade of the  exchange between deuterium  gas and liquid 
w ater under the  action of 60Co y-rays ,442 b u t the  full results are no t yet 
available. E xperim ents have also been s ta rted  442 on the mode of form ation 
of hydrogen peroxide in the  y-ray-induced w ater-oxygen  reaction, w ith  the 
isotope 180  as a  tracer. The X -irrad iation  of linoleic acid in  aqueous 
solution leads to  a chain reaction .443 Decrease of dose ra te  or increase of 
concentration of the substra te  bo th  tend  to  increase the  ionic yield. This 
is a fu rther dem onstration th a t rad iation  chemical chain reactions show 
greater sensitiv ity  to  changing conditions th an  do single m olecular changes.* 
I t  is suggested th a t sim ilar reactions m ay account for the  large effects 
produced by  small doses of irradiation  in anim als. E xperim ents on the

431 T. J . Hardwick, Canad. J . Chetn., 1952, 30, 23.
438 M. Haissinsky, M. Lefort, and M. Le Bail, J . Chim. phys., 1951, 48, 209.
433 M. Lefort, Discuss. Faraday Soc., 1952, 12, 273.
440 M. J . D ay and G. Stein, Nature, 1950, 166, 146.
441 E. Collinson, Discuss. Faraday Soc., 1952, 12, 285.
442 S. Gordon, E. J. H art, and P. D. Walsh, U.S. A tomic En. Commiss. Report, 

1951, AECU-1742. 443 J . E. Mead, Science, 1952, 115, 470.
* Of. ref. 395.
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change in viscosity produced in  solutions of polym ethacrylic acid under the 
action of Y -rad iation  and  “  nitrogen m ustard  ’’ indicate th a t  the  m echanism  
is different in the  two cases.444 The change is brought about by coiling of 
the chains in the case of “ nitrogen m ustard  ” and  by degradation of the 
chains w ith .Y-rays in aerated  solution. The fact th a t there is no appreciable 
chain breakdow n during Y -irrad iation  of deaerated  solutions seems to  
indicate th a t  the  effective chain-breaking radical m ay be the H 0 2 radical. 
It is suggested th a t  effective biological protective agents function by ab 
stracting an oxygen atom  from H 0 2 since the sam e agents p ro tec t the  
polymethacrylic acid degradation .445

The Y -irradiation of potassium  iodate showed an interesting variation 
in the ratio  of the products form ed (iodine and hydrogen peroxide),and in 
the after-effect observed according to  w hether the solutions were aerated  or 
deaerated .44(5

Other aqueous system s which have been studied  are the decolorisation of 
chlorophenol-red by Y -rad ia tion ,447 the  Y -irradiation  of am m onia solu
tions,448 perchloric acid ,449 m ercuric chloride ,450 and  indole ,451 the  y-irradi- 
ation of cysteine 452 and benzene ,453 the  electron-irradiation of tryp tophan , 
tyrosine, phenylalanine, and cystine ,454 and  of fats,455- 456 the  pile-irradiation 
of cystine ,457 and the a-irradiation of formic acid .458 O ther reviews of 
various aspects of the rad iation  chem istry of aqueous solutions have appeared 
during the past y ear .459-462

Alder and E yring 463 have presented a kinetic analysis of irradiations in 
solution. T heir trea tm en t is no t essentially different from th a t  given earlier 
by D ainton 464 b u t they  have been able to  use the  resulting expression for 
ionic yield in term s of solute concentration to  fit the  curves of experim ental 
results. This m eans th a t  certain  param eters in the  expression can be 
evaluated and the yield of w ater molecules decomposed per 100 ev of 
energy absorbed can be estim ated for each set of experim ents. The highest 
value of G(H20) s o  obtained is 5-9. This is derived from results on the Y - 
irradiation of carboxypeptidase .433 Form ation of hydrogen and hydrogen 
peroxide is neglected in the  trea tm en t. A trea tm en t which is claimed to

411 P. A lexander and M. Fox, Nature, 1952, 164, 572.
415 Idem, ibid., 1952, 170, 1022.
448 N. Todd and S. L. W hitcher, J . Chem. Phys., 1952, 20, 1172.
447 E. N. W eber and R. H. Schuler, J . Amer. Chem. Soc., 1952, 74, 4415.
448 T. Rigg, G. Scholes, and J . Weiss, / . ,  1952, 3034.
448 B. Milling, G. Stein, and J. Weiss, Nature, 1952, 170, 710.
450 G. Stein, R. W att, and J . Weiss, Trans. Faraday Soc., 1952, 48, 1030.
481 C. B. Allsopp and J. Wilson, Discuss. Faraday Soc., 1952, 12, 299.
452 A. J. Swallow, J .,  1952, 1334.
453 T. J. Sworski, J . Chem. Phys., 1952, 20, 1817.
484 B. E. Proctor and D. S. B hatia, Biochem. J ., 1952, 51, 535.
455 R. S. H annan and J. W. Boag, Nature, 1952, 169, 152.
468 R. S. H annan and H. J. Shepherd, ibid., 1952, 170, 1021.
457 M. Lipp and H. Weigel, Naturwiss., 1952, 39, 189.
458 W..M. Garrison, D. C. Morrison, H. R . H aym ond, and J . G. H am ilton, / .  Amer. 

Chem. Soc., 1952, 74, 4216.
459 G. Stein, Discuss. Faraday Soc., 1952, 12, 227.
460 L. H. Gray, J . Cellular Comp. Physiol., 1952, 39, Suppl. 1., 57.
461 W. M. Dale, ibid., p. 39.
402 A. .0. Allen, A nn . Reviews Phys. Cheyn., 1952, 3, 57.
483 M. G. Alder and H. Eyring, Nucleonics, 1952, 10, No. 4, p. 54.
484 F. S. D ainton, A nn. Reports, 1948, 45, 5.
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be sim pler 465 and  is based on Dee and  R ichards’s theory  318 yields the same 
expression for the  ionic yield as does th a t  of Alder and Eyring. The much 
lower radical yields deduced for a-irradiations by  th is m ethod are explained 
as being due to  local quenching of prim ary  photons b y  molecules directly 
dam aged by  the radiation.
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I N O R G A N I C  C H E M I S T R Y .

C o n s id e r a b l e  in terest has been sustained in the  study  of chelate and  other 
complex com pounds form ed between m etal cations and a varie ty  of ligands. 
The growing in terest in th is b ranch of the subject has in  p a r t no doub t been 
stim ulated by  the  increasing im portance of these complex com pounds in 
several industrial processes, and  g rea t advances have been m ade in their 
study in recent years. A lthough a  com plete specificity, such th a t  a  given 
chelating agent would form a  com pound w ith  only one ty p e  of ion, m ay  yet 
be out of reach, the  different stabilities of m any of these chelates provide 
a valuable tool for the  separation and  purification of elem ents by  solvent- 
extraction, ion-exchange, and other fractional techniques. For example, 
the use of ion-exchange techniques for the  separation and  purification of 
the lanthanons is now well established, several different eluants having been 
used by  individual groups of workers. A q u an tita tiv e  com parison has now 
been m ade of the relative value as eluants in  th is  connection, of seven carb- 
oxylic acids, viz., acetic, malic, ta rta ric , citric, am inoacetic, nitrilotriacetic, 
and ethylenediamine-AW JV'IV'-tetra-acetic,1  and  th e  stab ility  constants have 
been determ ined for the last-nam ed w ith  several lan thanons .2

The effects of the n a tu re  of the  chelating agent and  of the electronic 
structure of the  m etal ion on the  stab ility  of the  com plex have been the  
subjects of num erous investigations. Thus, th e  effect of a  relatively  m inor 
change in the structu re  of the  chelating agent is shown b y  a  com parison of 
the stabilities of the  chelates of the  anions of im inodiacetic acid and  imino- 
dipropionic acid w ith  copper(n), nickel(n), cobalt(n), zinc, and  cadmium 
ions: replacem ent of the  acetate  groups by  (3-propionate groups in the 
ligand results in a considerable decrease in  the stab ility  of the  chelate .3

A study  of the chelates of 2-hydroxyethylam inoacetic acid w ith a num ber 
of bivalent cations 4 has shown, on th e  o ther hand, th a t  the stab ilities of the 
chelates of im inodiacetic acid are greatly  increased when an  amino-hydrogen 
atom is replaced by  the  hydroxyl group, though the  stab ility  constan ts are 
still about 100-fold sm aller th an  those of th e  corresponding n itrilo triacetic  
acid.5

The effect on chelate stab ility , of the  s truc tu re  of the  chelating agent has 
also been investigated  w ith the use of 8-hydroxyquinoline and  analogous 
reagents.6 The steric effect of 8-hydroxyquinaldine, believed to  be re
sponsible for the non-reaction of th is reagent w ith  alum inium  (in), has also 
been encountered in the  case of nickel(n). In  the  course of this work i t  was 
shown th a t  there  is an increase of chelate stab ility  in  a series of 8-hydroxy
quinoline chelates w ith  b ivalen t ions of transition  elements, as the transition  
electron shell becomes m ore com pletely filled.

Evidence of the effect of steric considerations in a chelate compound on

1 R. C. Vickery, J ., 1952, 4357. 2 Idem, J ., 1952, 1895.
S. Chaberek, Jr., and A. E. Martell, J . Amer. Client. Soc., 1952, 74, 5052.

j S. Chaberek, Jr., R. C. Courtney, and A. E. Martell, ibid., p. 5057.
Schwarzenback, H. Ackermann, and P. Ruckstuhl, Helv. Chim. Acta, 1949, 32,

« Schwarzenback and E . Freitag, ibid., 1951, 34, 1492.
W. D. Johnston and H. Freiser, J . Amer. Chem. Soc., 1952, 74, 5239.
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the  reactiv ity  of the central m etal atom  is also given by the radio-isotopic 
exchange of zinc between zinc acetate  and  a num ber of zinc chelate com
pounds .7 There is little  or no exchange of the  zinc in zinc phthalocyanine— 
a  "  fused-ring ”  type  of chelate compound—-whereas w ith  , o thers of the 
“ non-fused-ring ” type, exchange is rapid.

A fu rther study  of the effect of steric hindrance has been m ade w ith  the 
chelates of copper(n) and nickel(n) w ith a series of Ar-alkyldiamines, 
R-NH-CHyCHyNHa (R =  H, Me, E t, P r'!, Bun, and P P ).8 E xcept for the 
« -bu ty l derivative, there is a general decrease in stab ility  of the  straight-chain 
alkyl complexes as the length of the  chain increases, and  the complexes 
w ith the fsopropyl derivative are less stable th an  those containing the 
straight-chain alkyl groups.

A ra th e r different steric effect of the  organic groupings a ttached  to a 
central m etal atom  is shown by  the physicochemical properties of the 
alkyloxides of titan ium  and  zirconium. I t  was established in  the first 
place 9 th a t  the vo latility  of the amyloxides of these elem ents depended on 
the s tructu re  of the particu lar am yl group in  question, the branched-chain 
com pounds being in  general m uch m ore volatile than  the  straight-chain 
amyloxides. This effect, i t  is believed, m ay be due to  the  screening by the 
branched groups inhibiting interm olecular bonding between the central 
m etal atom  and  oxygen. A num ber of new tetra-A P.-alkoxides of these 
elem ents have been p repared .10 Ebullioscopic m easurem ents show th a t  they 
all monomeric.

Differences in the  stabilities of complex com pounds form ed by  optically 
active organic stereoisomers w ith  some complex inorganic com pounds offer 
a  m ethod of resolution of the racem ates. For example, when a racemic 
m ixture of an  organic acid reacts w ith  an equim olecular am ount of a complex 
such as tew -carbonatobispropylenediam inecobalt(n i) two isomers are 
formed, one containing the dextro- and the  o ther the  Icevo-ioxm. of the  acid. 
As these prove to  have different stabilities, a  partia l resolution of the acid 
becomes possible, and experim ental results have been presented for the 
p artia l resolution in  this w ay of ta rta ric , chloropropionic and  lactic acid .11

A considerable in terest has been shown recently in directive influences in 
the reactions of inorganic co-ordination complexes. In  th is connection, 
m ention m ay be m ade of a  review of the extensive experim ental work and 
theoretical considerations relating  to  the  so-called irans-effect, especially in 
relation to  the p latinum  complexes.12 The trans-effect s tipu lates th a t  the 
bond holding a  group trans to  an electronegative or o ther labilising group is 
w eakened thereby, so th a t  th e  ¿raws-group is the  first to  be rem oved in a 
substitu tion  reaction.

A recent exam ple of th is  effect is seen in  the  behaviour of dichlorodi- 
ethyleneplatinum (n), (C,H4)2PtCl2. In  all except the  olefin series of plati- 
num (il) complexes, a t  least one geom etric isomer of th e  simple non-ionic 
com pound L 2PtCl2 (L =  ligand) is known, and is usually m ore stable than 
the corresponding ionic complexes (LPtCl3)_ and (L4Pt) + 2. The olefin

; D. C. A tkins, J r ., and C. S. Garner, J . Amer. Chem. Soc., 1952, 74, 3527.
9 F. Basolo and R. K. Murmann, ibid., p. 5243.
9 D. C. Bradley, R. C. Mehrotra, and W. W ardlaw, / . ,  1952, 2027.

’° Idem, J ., 1952, 4204.
11  A. D. G ott and J . C. Bailar, Jr., J . Amer. Chem. Soc., 1952, 74, 4820.
11 J . V. Quagliano and L. Schubert, Chem. Reviews, 1952, 60, 201.
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complexes, however, were found to  be an exception, and  un til recently  13 
all attem pts to  prepare (C2H 4)2PtCl2 had  failed, although K(C2H 4PtC l3) has 
been recognised since 1830.14 (C2H 4)2PtC l2, which m ay be obtained as a 
precipitate by  passing ethylene into dichlorodiethylene-^n'-dichlorodi- 
platinum(n) in acetone a t —70°, dissociates a t room tem perature  w ith  the 
reversal of the reaction and evolution of ethylene. The instab ility  of this 
new diethylene com pound is explained by  supposing it  to  have a trans- 
configuration, the  instab ility  being due to  the com bined effects of the ra th e r 
weak co-ordinating affinity of ethylene and the strong ¡fra«s-infiuence, or 
labilising effect, of an ethylene molecule on the group in the  /rans-position 
to itself.15

Further study  has been m ade of the  natu re  of the  co-ordinate link in 
complex p latinum  compounds by  an exam ination of the  equilibrium  between 
cis- and b'a»s-bis(triethylphosphine)dichloroplatinum (n) th rough th e  m eas
urement of the dielectric polarisation of the ir solutions as a function of 
tem perature.16 The highly polar «s-isom er is m ore stable th an  the  trans- 
by about 10  kcal./m ol., as are also the cfs-(AsEt3)2PtCl2 and cis-(SbEt3)2PtCl2 
than their corresponding ¿raws-isomers.17

The influence of the configuration of an ion on its retention by an exchange 
resin has been m ade use of for the  separation of the  cis- and  haros-isomeric 
dinitrotetram m inocobalt(m ) ions.18

An ion-exchange technique has also been used to  dem onstrate the 
formation of some anionic complexes of cadm ium  and copper.19 For 
example, if an anion-exchange resin is p re trea ted  w ith sodium perchlorate, 
then cadmium perchlorate is no t re ta ined  by  i t  and can easily be washed out 
by w ater; on th e  o ther hand, if the  resin is trea ted  w ith  sodium  iodide then 
cadmium iodide is very strongly held, as would be expected from the  well- 
known stab ility  of the  cadm ium  iodide complexes.

In m any m etal-anion complex ion system s in aqueous solution a  num ber 
of different complexes exist sim ultaneously, the  separation  or identification 
of which is often very difficult, especially if the equilibria are established 
rapidly. On the  o ther hand, if the  equilibria are established sufficiently 
slowly and the different species have different ionic charges, then  ion- 
exchange m ethods offer a convenient m ethod of separation. This has now 
been carried ou t in the  chromic th iocyanate  system  from which th e  species 
Cr(H20 )6+++, Cr(H20 ) 5(SCN)+ + , and  Cr(H20 )4(SCN)2+ have been separated .20

The prosthetic groups in  cation-exchange resins have usually been sul- 
phonic, carboxylic, or phenolic groups or a com bination of these. Resins 
have now been developed in which the  exchange groups are phosphonous 
and phosphonic. One in teresting  feature of these new resins is th a t  they  
appear to show a selectivity for sodium  over potassium .21

Clathrate compounds of oxygen and  of n itric  oxide in quinol have been 
prepared in which some 40—50%  of the available spaces are filled.22 Meas-

“  J. C hatt and R. G. W ilkins, Nature, 1950, 165, 859.
Zeise, Mag. Pharm., 1830, 35,105. 15 f. C h a ttand  R. G. W ilkins,/ . ,  1952, 2622.

6 Idem, J ., 1952, 273. 17 Idem, J ., 1952, 4300.
E. L. King and R. R. W alters, J . Amer. Chem. Soc., 1952, 74, 4471.
E Lenden, Svetisk Kern. Tidskr., 1952, 64, 145; Chem. Abs., 1952, 46, 8563.

‘ E. L. King and E . B. Dismukes, J . Amer. Chem. Soc., 1952, 74, 1674.
J- I. Bregman and Y. M urata, ibid., p. 1868.
D. F. Evans and R. E. Richards, 1952, 3295.
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urem ent of the m agnetic susceptibility  suggests th a t the  param agnetism  
of a  gas is b u t little  affected by  its inclusion in the  cage-like structure . I t  has 
been pointed out th a t, in the case of n itric  oxide, the  c la th ra te  compound 
offers a m ethod of studying its  properties a t low tem peratures w ithout the 
complications either of change of s ta te  or of dim érisation in to  diam agnetic 
dinitrogen dioxide which occurs on liquefaction a t 1 2 1 ° k.

A rem arkable and unique new iron compound, dicyclopentadienyliron, 
the  first compound to  be prepared which contains only carbon, hydrogen, 
and iron, has been described alm ost sim ultaneously by two groups of 
workers.23 ' I t  is a  stable orange diam agnetic compound, m. p. 172-5— 173°, 
which vapourises above 100° w ithout decom position in to  a  monomeric, 

undissociated vapour w hich obeys the perfect-gas laws even 
a t 4000.24 A  num ber of its  chemical and  physicochemical 
properties have been studied. On the  one hand, it  is readily 
oxidised to  a  blue cation Fe(C5H 5)2+ 25 and, on the other, it 
undergoes reactions like those of arom atic hydrocarbons .20 
B oth  chemical evidence 25 and d irect AT-ray exam ination 27 of 
single crystals indicate th a t  i t  possesses a pentagonal anti- 
prism atic struc tu re  (Fig. 1), there  being no evidence of 
ro ta tion  of the  cyc/opcntadienyl groups.

The corresponding ru thenium  com pound, (C5H 5)2R u, has
F ig. l also been prepared.27“ The names ferrocene and ruthenocene 

have been suggested for these compounds in  view of their 
behaviour as arom atic system s and "  ferricinium  ”  and  "  ru thenicin ium  ” 
for th e ir unipositive- ions, the  m ethods of preparation and properties of 
these compounds and  the ir salts suggesting th a t  in  th e  n eu tra l com pound the 
m etal is in  th e  + 2  oxidation s ta te , and  in  the  unipositive ion in  th e  + 3  state.

In  a  sim ilar m anner, the  reaction of cobaltic acetylacctonate w ith  cyclo- 
pentadienylm agnesium  brom ide gives the unipositive ion [(C5H 5)2Co]+ of 
which several salts have been prepared. This ion, however, cannot be 
reduced to  a neu tra l cobaltocene .274

The discovery of these compounds opens up a new field in  the  borderland 
between inorganic and organic chem istry.

Group I.— One of the  m ajor difficulties encountered in  the  laboratory 
preparation of lith ium  alum inium  hydride b y  the  usual m ethod has been 
the necessity for the troublesom e pulverisation of the  lith ium  hydride. It 
is reported, however, th a t  by  using alum inium  brom ide instead of the 
chloride, coarsely powdered lithium  hydride can be used .28

W hat is s ta ted  to  be the  first exam ple of a  coloured double hydride, 
nam ely, AgAlH4, is obtained as a yellow-gold p recip ita te  when ethereal 
solutions of lith ium  alum inium  hydride and  silver perchlorate are shaken 
together a t  —80° : the com pound decomposes a t  — 50°.29

23 T. J. K ealy and P. L. Pauson, Nature, 1951, 168, 1039; S. A. Miller, J . A. Teb- 
both, and J . F . Tremaine, / . ,  1952, 632.

21 L. K aplan, W. L. Kester, and J . J . Katz, J . Amer. Chem. Soc., 1952, 74, 5531.
25 G. Wilkinson, M. Rosenblum, M. C. W hiting, and R. B. W oodward, ibid., p. 2125.
26 R. B. W oodward, M. Rosenblum, and M. C. W hiting, ibid., p. 3459.
27 P. F. Eiland and R. Pepinsky, ibid., p. 4971.
2Ta G. Wilkinson, ibid., p. 6146. 2:6 Idem, ibid., p. 614S.
28 E. W iberg and M. Schmidt, Z. Naturforsch., 1952, 7, b, 59,
29 E. W iberg and W. Henle, ibid., p. 250,



FAÎRBROTHER. 85

A new m ethod of preparation  of lith ium  hydroperoxide m onohydrate has 
been described : dehydration  of th is  com pound over phosphoric oxide in a 
desiccator a t  20 mm. gives alm ost pure lithium  peroxide. X -R ay  diffraction 
studies indicate th a t  neither the  anhydrous hydroperoxide L i0 2H  nor the  
peroxycarbonate L i2C 04 exists a t  room  tem peratures .30

An experim ental study  of the  te rn ary  system- N aB r-N aC l-6-6M-NaOH 
has shown th a t, contrary  to  some theoretical predictions, these two halides 
do in fact form a continuous series of solid solutions.31 I t  has also been 
shown, by X -ray  exam ination, th a t  when RbCl and  K B r, or R bB r and  KC1, 
are melted together in any  proportion, a single solid solution is obtained 
which contains all the  ions in the  original m ix tu re .32 Continuous series of 
solid solutions have also been shown to be form ed in the  system s (NH4)2S 0 4-  
Cs2S 04-H 20 , (NH4)2S 0 4- K 2S 0 4-H o 0 , and (NH4) ,S 0 4- R b 2S 0 4.33 On the 
other hand, an  exam ination of the  system  N H 4F -N a F -H 20  a t  25° has 
shown th a t the system  is a simple one, w ith  am m onium  fluoride and sodium 
fluoride as solid phases .34

The various and  w idely used sodium m etaphosphate polymers have 
commonly been prepared by  therm al dehydration of sodium dihydrogen 
orthophosphate. I t  has now been found th a t  the  hydration  of a-phos- 
phorus(v) oxide a t a  tem perature  of 15° or below produces chiefly te tram eta- 
phosphoric acid (H4P 40 12), which offers an a lternative  m ethod of preparation 
of the sodium salt of th is acid .35

Cæsium hexasulphide has been prepared by  disproportionation of 
Cs2Sb,H20  in aqueous ethy l alcohol into th is and one or m ore lower poly
sulphide ions. The crysta l structu res of Cs2S6 and of the dehydrated  Cs2S5 
prove to  be very sim ilar, the  polysulphide ions being in the  form of non
branched, non-planar, su lphur chains.36

A new m ethod of p reparation  of copper hydride, CuH, has been de
scribed.37 W hen lith ium  alum inium  hydride in pyrid ine-e ther solution is
added to  a solution of copper(i) iodide in pyridine, the  following reaction 
takes place : 4CuI +  LiA lH4 =  L il +  A1H3 +  4CuH, and  a blood-red solu
tion is obtained from which the  solid m ay be precip ita ted  as b righ t red- 
brown needles on addition  of m ore ether. The d ry  hydride is stable up to  
about 60°, above which i t  decomposes (rapidly a t  100°) ; in w ater i t  gives 
CuOH and hydrogen a t  a  som ew hat lower tem perature.

The existence of the  chlorocuprate ion CuCl4" in aqueous solution is well 
known, b u t un til recently  evidence of its existence in the  solid s ta te  has been 
lacking, X -R ay  exam ination of the  yellowish-orange Cs2CuCl4 has now 
demonstrated the  presence of th is ion in the  solid .38 In  contrast, however, 
to the more usual p lanar configuration of quadricovalent copper(n) ions, 
the chlorine atom s appear to  be arranged about the  copper in the form of a 
flattened te trahedron  : the  absorption spectrum  of the  solid is also m arkedly

30 A. J. Cohen, J . Amer. Chem. Soc., 1952, 74, 3762.
31 E. L. Simons, C. A. Orlick, and P . A. Vaughan, ibid., p. 5264.
32 L. J. Wood and L. J . B reithaupt, Jr ., ibid., p. 727.
33 C. Calvo and E . L. Simons, ibid., p. 1202.
34 H. M. H aendler and A. Clow, ibid., p. 1843.
33 R. N. Bell, L. F . A udrieth, and O. F. Hill, Ind. Eng. Chem., 1952, 44, 568.
J'  S. C. Abrahams, E . Grison, and J . Kalnajs, J . Amer. Chem. Soc., 195-, 74, 3/01.
37 E. W iberg and W. Henle, Z . Nalurforsch., 1952, 7, b, 250.
33 L. Helmholz and R. F. K ruh, / .  Amer. Chem. Soc., 1952, 74, 1176.
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different from th a t  of the  aqueous solution. I t  would appear therefore that 
th e  stru c tu re  of the  aqueous chlorocuprate ion is different from th a t  of the 
ion in the crystalline sta te .

Some new copper(i) complexes of m ethyldiphenylarsine have been 
prepared. F our types, containing respectively 1, 2, 3, and 4 molecules of 
the  te rtia ry  arsine to  each molecule of the copper(i) halide, have been 
isolated : exam ple of the last two have no t been reported  previously. Those 
complexes w ith  an em pirical form ula CuX,3AsMePh2 are non-electrolytes 
and contain quadricovalent copper. Those w ith  an  em pirical formula 
CuX,4AsM ePh, (X =  I, C10.j, or N 0 3) are salts of the  univalent anion X .39

A num ber of complex com pounds of silver(i) w ith polydentate chelating 
agents have been stud ied  w hich ind icate  th a t the co-ordination num ber of 
silver is four in these complexes. W hen aqueous or alcoholic solutions of 
silver n itra te  are allowed to  react w ith trie thy lenetetram ine (trien), several 
complexes are form ed : [Ag trien ]+ and  [Ag2 trien ]++ are present in both 
aqueous and alcoholic solutions, and  [Ag trien ]N 0 3 has been isolated from 
the la tte r .40

I t  has been shown th a t the  com pound of em pirical form ula (C7H 7)2SAuBr3 
probably contains the  gold in  bo th  un ivalen t and  tervalen t sta tes : i t  cannot 
be form ulated as a dim er, as a salt, or as a  com pound of b ivalen t gold .41 
An X -ray  investigation of the  corresponding chloride, obtained by the 
in teraction of solutions of "  auric chloride ” and  benzyl sulphide, has shown 
th a t the  crystal consists of separate  molecules of benzyl sulphide-m ono- 
chlorogold(i), (C7PI7)2S -> AuCl, and  benzyl sulphide-trichlorogold(ni), 
(C7H 7)2S ->  AuC13, so arranged th a t  a  highly disordered structu re  results.

A s tu d y  has been m ade of the preparation  and  properties of a num ber of 
gold imides, of the type MI[AuX(imido)3] (X == halogen) from succinimide 
and  of the type  Mr[AuX2(imido)2] from  o-benzoicsulphonimide (saccharin) 
and  phthalim ide .42

Group II.— I t  has been known for some tim e th a t  the  vo latility  of a 
num ber of oxides a t high tem peratures is greatly  increased by  the presence 
of w ater vapour, a result believed to  be due to  some reaction between the 
oxide and w ater or betw een the  oxide and  a  decomposition product of water. 
A study  of th is increase in the case of beryllium  oxide a t 1200— 1600° has 
shown th a t  it  is due to  the  reaction BeO(S) +  H 20 (g)---- >- Be(OH )2tg).43

The dialkyl derivatives of beryllium  present some in teresting structural 
and valency problem s arising from the  fa c t  th a t  th ey  are strongly electron- 
deficient compounds. A detailed s tu d y  in  th is  connection has been m ade of 
dim ethylberyllium  and  a num ber of its  co-ordination compounds. In  the 
vapour s ta te  i t  appears to  polymerise to  some ex ten t to  the dim er and tri- 
m er ,44 and i t  forms co-ordination com pounds w ith  trim ethylam ine, trimethyl- 
phosphine, and  d im ethyl and  diethy l ether, b u t no t w ith  trim ethylarsine or 
d im ethyl sulphide .43 The properties of these com pounds indicate th a t  the

39 R. S. Nyholm, / . ,  1952, 1257.
10 H. B. Jonassen and P. C. Yates, / .  Arner. Chcm. Soc., 1952, 74, 3388.
41 F. H. Brain, (the late) C. S. Gibson, J . A. J. Jarvis, R. F. Phillips, H. M. Powell,

and A. Tyabji, 1952, 3686.
43 A. M. Tyabji and (the late) C. S. Gibson, / . ,  1952, 450.
43 L. Grossweiner and R. L. Seifert, J . Amer. Chetn. Soc., 1952, 74, 2701.
44 G. E. Coates and N. D. Huck, / . ,  1952, 4496.
43 Idem, J ., 1952, 4501.
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order of stab ility  is N >  P  >  0 .  I t  also reacts w ith m ethylam ine, di- 
methylamine, dim ethylphosphine, m ethanol, m ethanethiol, or hydrogen 
chloride, b u t in  these cases the  products are m ethane and  di-, tri-, or poly
meric products. D im ethylam ine gives a trim eric com pound (MeBe,NMe2)3 
to which a cyclic struc tu re  has been assigned .48

I t is reported  th a t  pure magnesium cyanide can be prepared by  the 
passage of hydrogen cyanide over a specially prepared magnesium  oxide at 
730°: the la tte r  is obtained by ignition of magnesium oxalate a t  600°, 
samples of magnesium oxide prepared by other reactions giving only im pure 
products.47

As p art of a system atic investigation of isom orphous replacem ent in 
hydrated salts, the  system s CdCl2-MCl2- H 20  (M =  Mg, Mn, Fe11, Cu11. 
and Ca) have now been examined. The existence has been established of the 
double salts 2CdCl2,MgCl2,12H20 ; CdCl2,2MgCl2,12H20 ; 4CdCl2,MnCl2,10H2O; 
CdCl2,CuCl2,4 H „0 ; and  of a num ber of solid solutions .48

Solubility isotherm s are reported  for the  quaternary  system  Ba(C103)2-  
BaBr2-B a (N 0 3)2-H „ 0  a t 10 ° and for the  ternary  system s Ba(C103)„-B aB r2-  
H ,0  a t 10° and 25°, Ba(C103)2-B a (N 0 3)2- H 20  a t 10°, 25°, and 45°, and 
BaBr2-B a (N 0 3)2- H 20  a t 10 ° and 25° : also for a num ber of o ther aqueous 
ternary system s involving barium  chlorate, brom ate, and iodate .49

The solubility of m etallic cadm ium  in fused m ixtures of cadm ium  chloride 
with some other chlorides has been stud ied .50 As a  result of this and previous 
work it  emerges t h a t : (1) the  solubility of Group I I  m etals in the ir fused 
chlorides increases as the cation radius increases, (2) the  solubility (for Cd 
in CdCl2) is decreased by the addition of the  chloride of an  electropositive 
element, and (3) the  solubility increases as the ra tio  of the  num ber of anions 
to cations increases. The last result, e.g., the effect of CeCl3 as com pared 
with KC1, has been in terp re ted  as due to  the  process of dissolution consisting 
in the en try  of the  m etal atom s into the octahedral holes of an alm ost close- 
packed fused chloride structure, these holes being clearly relatively  more 
abundant when less of them  are already occupied by the m etal cations.

A re-investigation of the  X -ray  diffraction patterns of the  com pounds 
formed in the reactions between m ercurous chloride and am m onia has 
disproved the form ation of several m ercury(i) com pounds which have been 
suggested by previous workers and has shown th a t  only the well-known 
mercury(n) compounds H g(NH 3)2Cl2, H gN H 2Cl, and  H g2NCl,H20  are 
formed in addition to  m ercury .51

Group III.—A stu d y  of the  m ethod of preparation  of diborane by the 
reaction of lithium  alum inium  hydride w ith boron trifluoride in ethereal 
solution has shown th a t  the  reaction takes place by  a t  least two successive 
stages, involving the  in term ediate form ation of lithium  borohydride : 
(«) LiAlH4 +  B F3 =  L iB H 4 +  A1F3 ; (b) 3LiBH 4 +  B F? =  2B2H 6 +  3L iF .52

Diborane can also be prepared by  reaction of lithium  hydride w ith 
the boron trifluoride-ethyl e ther complex. An investigation of th is reaction

*' G. E. Coates, F. Glockling, and N. D. Huck, / . ,  1952, 4512.
H. H artm ann and H . N arten, Z . anorg. Chem., 1952, 267, 37.

48 H. Bassett and R. N. C. Strain, / . ,  1952, 1795.
/  J- E. Ricci and A. J . Freedm an, J . Amer. Chem. Soc., 1952, 74, 1765, 1769.
0 L. Cubicciotti, ibid., p. 1198.

E- Nijssen and W. N. Lipscomb, ibid., p. 2113.
I. Shapiro, H. G. Weiss, M. Schmich, S. Skolnik, and G. B. L. Smith, ibid., p. 901.
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under various conditions has shown th a t  i t  can proceed by  two different 
courses : (a) 6LiH  -f- 8B F3 =  B2H6 +  6L iB F4 in th e  absence of promoters, 
and  (b) GLiH ■+ 2B F3 =  B2H 6 -j- 6L iF  if sm all am ounts of the  ether- 
soluble active-hydrogen-containing prom oters lith ium  borohydride and 
lithium  trim ethoxyborohydride are present. This offers an  explanation  of 
the  experim ental observation th a t  higher yields of diborane by th is  reaction 
are obtained in the  presence of m ethyl ortho-borate .53

The preparation  of a  new type  of substitu ted  borohydride containing 
a q uaternary  am m onium  cation has been described .54 Tetram ethyl-, 
te traethy l-, and benzyltrim ethyl-am m onium  borohydrides have been 
prepared by  m etathetical reactions in  aqueous solution betw een sodium or 
lithium  borohydride and the  respective q uaternary  salts or hydroxides.

A num ber of deuterated  boron com pounds have been prepared and 
characterised, including deuterated  diborane, borine carbonyl, and dimethyl- 
am inodiborane .55

A cryoscopic study  of m ixtures of boron trifluoride and 100% nitric 
acid has revealed the existence of the  solid com pound H N 0 3,2BF3, m. p. 
53°. If boron trifluoride is passed in to  100% n itric  acid considerable heat 
is evolved and  a w ater-clear viscous liquid is formed from w hich large 
prism atic crystals separate if the boron trifluoride content is sufficiently 
high : if the  composition of the m ix ture approaches th a t  of th e  double 
com pound, the whole m ass eventually  solidifies.56

W hen boron trichloride is passed in to  1 : 4-dioxan a t  20°, in  an otherwise 
evacuated apparatus, a  stable, crystalline, 1  : 1 -addition compound 
C4H 80 2,BC13 is formed, I t  is notew orthy th a t such co-ordination w ith  one 
of the  oxygen atom s of dioxan apparen tly  inh ib its the o ther oxygen from 
acting in  like m anner, since excess of boron trichloride does no t give the 
2 : 1-compound 2BC13,C4H 80 2 e ither w ith  d ioxan itself or w ith  the  1 :1- 
com plex .57

M ethyl orthoborate forms 1 : 1-addition products w ith  mono-, di-, and 
tri-m ethylam ine, B (OMe)3,N H A le3_i.58

A further confirm ation of the analogy betw een benzene and  borazole 
(B3N 3H 6) is given by the JA-ray exam ination of single crystals of fi-trichloro- 
borazole which have been shown to possess a molecular configuration closely 
resembling th a t of 1 : 3 : 5-trichlorobenzene .59

The sodium  sa lt of a  new boron base, N a2HBMe2, has been prepared by 
the  action of sodium  in liquid  am m onia a t  —78° on tetram ethyldiborane 
B2H 2Me4 which is sp lit equally into Me2B H ,N H 3 and th is new sodium 
sa lt .60

An additional contribution to  the chem istry of covalent boron-nitrogen 
com pounds has been m ade by  the  study  of the  chem ical an d  physical pro
perties of the  monomeric and dimeric dim ethylam inoboron dichloride 61

53 J . R. E lliott, E . M. Boldebuck, and G. F . Roedel, J . Atne~. Chem. Soc., 1953, 74, 
5047. 31 M. D. Banus, R. W. Bragdon, and X. R. P. Gibb, Jr ., ibid., p. 2346.

56 A. B. Burg, ibid., p. 1340.
53 H. Gerding, P . M. Heertjes, L. J. Revallier, and J . W. M. Steeman, Rec. Trav. ckim 

1952, 71, 501.
55 A. K. H olliday and J . Sowler, 1952, 11.
58 J . Goubeau and R . Link, Z . anorg. Chem., 1952, 267, 27.
59 D. L. Coursen and J . L. H oard, J . Amer. Chem. Soc., 1952, 74, 1742.
80 A. B. Burg and G. W. Campbell, Jr., ibid., p. 3744.
61 C. A. Brown and R. C. Osthoff, ibid., p. 2340.
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and of diethylam inoboron dichloride which, in  con trast to  the  dim ethyl 
Me N—BC1. compound, does no t dim erise.62 W hen dim ethylam inoboron

T T " dichloride is k ep t a t room tem peratu re  for several days, i t  is 
CI2B  N M e a converted  into th e  crystalline dim er [Me2NBCl2]2, the  small 
dipole m om ent of which confirms th e  cyclic s truc tu re  (inset) suggested by 
previous workers.

Im proved m ethods of p reparation  of dim ethylam inoboron dichloride and 
of the new difluoride (which also dimerises on storage) have been described : 
good yields of the dichloride are obtained by th e  dehydrogenation of the 
dim ethylam ine-boron trichloride complex by  trie thy lam ine in benzene 
solution. The difluoride is prepared b y  refluxing the  d im ethylam ine-boron 
trifluoride complex a t  240—290°, whereby b o th  the  dim er of dim ethyl
amine-boron difluoride and  the  d isproportionation products, trim ethy lam ine- 
boron trifluoride and  tetram ethylam m onium  fluoroborate, are ob tained .63

The structures of dim ethylam inodiborane Me2N B 2H 5 and  am inodiboranc 
H 2NB2H b have been studied  by  electron diffraction and  give fu rther 
evidence for the bridged structu re  of the  paren t diborane. The results of 
this investigation are in accord w ith  sym m etrical struc tu res which have 
4-fold co-ordination abou t the  nitrogen atom  and  m ay be regarded as 
derived from diborane by  the  replacem ent of one of the  bridge hydrogens 
by NMe2 and N H 2 respectively.64

I t is reported  th a t  when an electrodeless discharge is passed through 
aluminium tri-iodide vapour a t  low pressures, in  a  vessel k ep t a t  50°, the 
tri-iodide undergoes decom position w ith  form ation of a  buff-coloured 
monoiodide.65 I t  has also been claim ed th a t  potentiom etric titra tio n  of 
liquid-ammonia solutions of alum inium  tri-iodide w ith solutions of potassium  
in the same solvent gives evidence of the  existence of Al++ and  Al+ 
ions.66

I t  had been recorded 67 th a t  when alum inium  and o ther m em bers of this 
group are anodically oxidised in an. electrolyte of am m onium  or sodium 
acetate in anhydrous acetic acid th e  m ean oxidation s ta te  of th e  cations 
formed was always appreciably lower th an  3. In  contrast to  th is observation 
it has now been shown th a t  when the  electrolytic oxidation is carried ou t in 
liquid ammonia, in  a  varie ty  of electrolytes, in itia l valency num bers lower 
than 3 are only observed when the  solution contains n itra te  ion.68

I t  has long been known th a t  hydrochloric acid will dissolve m ore alum in
ium than  corresponds to  the  equation : 2A1 +  6HC1 =  A12C16 - f  3H 2.
When a  large excess of alum inium  is boiled w ith  d ilute hydrochloric acid, 
almost 6 equivalents of alum inium  are dissolved to  give a  clear solution 
from which the  5/6 basic chloride A12(0 H )5C1 can be precip ita ted  by  addition 
of sodium or calcium chloride.69

A clarification of the  various solid phases form ed in equilibrium  w ith an 
aqueous or sulphuric acid solution of alum inium  su lphate has been carried

32 R .  C . O sth o ff a n d  C . A .  B ro w n , / .  Amer. Chein. Soc., 19 5 2 , 74, 2 3 7 8 .
83 J .  F .  B ro w n , J r . ,  ibid., p . 1 2 1 9 .
81 K .  H e d b e rg  a n d  A . J .  S to s ic k , ibid., p . 9 54 .
55 W . C . S c h u m b  a n d  H . H . R o g e rs , ibid., 1 9 5 1 ,  7 3 , 5800 .
“  G . W . W a t t ,  J .  L .  H a l l,  a n d  G . R .  C h o p p in , ibid., 1 9 5 2 , 74 , 59 20 .
*" A . W . D a v id s o n  a n d  F .  J i r ik ,  ibid., 19 5 0 , 72 , 17 0 0 .
38 W . E .  B e n n e tt , A . W . D a v id s o n , a n d  J .  K le in b e rg , ibid., 19 5 2 , 74, 7 3 2 .
68 G . D e n k  a n d  L .  B a u e r ,  Z. anorg. Chem., 1 9 5 2 ,  26 7 , 89.
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out by a  re-exam ination, a t tem peratures from 25° to  60°, of the  system  
A12(S04)3- H 2S 0 4- H 20 .7°

Alum inium  hypophosphite, A1(H2P 0 2)3, has been obtained as an  anhydrous 
crystalline precip ita te  b y  heating  alum inium  hydroxide, or a solution of an 
alum inium  salt, w ith  50%  hypophosphorous acid a t  80—90° for one hour, 
the precipitation  being ra th e r slow.71

A t —80° anhydrous alum inium  chloride neither reacts w ith  toluene nor 
dissolves appreciably in it. On the  addition of excess of anhydrous hydrogen 
chloride, however, i t  dissolves reversibly to  give a  clear, brillian tly  green 
solution in which one mole of hydrogen chloride is apparen tly  taken  up 
per mole of A1C13 which goes in to  solution. A t —45-4° the am ount of 
hydrogen chloride taken  up  corresponds to  one mole per mole of A12C16. 
The reaction  is believed to  involve the  form ation of a carbonium  cation 
[CH3-C6H 6]+ and  A1C14“  or A12C1V~ anions.72

An AT-ray and  electron-diffraction study  has been m ade of the  poly
m orphism  of Ga20 3 and  of the  struc tu re  of gallia gels.73

An exam ination of the  In - In 2S3 system  by  therm al m etallographic and 
AT-ray analysis has given evidence of the  existence of four definite compounds, 
In 2S3, (In3S4), (In5S6), and InS : the  parentheses indicate some uncerta in ty  
w ith  regard to  composition. No evidence was found for the  existence of 
the  sulphide of univalent indium  In 2S.74

Insoluble b istripyridylindium  chloride, brom ide, and  th iocyanate are 
formed by treating  the corresponding indium  salts w ith 2 : 2 ' :  2"-tripyridy l 
[ 2 : 6-di-(2-pyridyl)pyridine] in d ilu te aqueous ethanol solution. In  a 
sim ilar m anner, 5-nitro-l : 10-phenanthroline gives the complexes tri-(5- 
nitro-1 : 10-phenanthrolino) indium  chloride, brom ide, iodide, and  th io
cyanate— all relatively insoluble.75

Thallium (ni) ions react w ith  alkali alkyl xan th a tes  to  form the yellow 
x an thates (R O C S,)3Tl, which are insoluble in  w ater b u t soluble in  ethanol 
and other organic solvents. Aqueous or d ilu te  ethanol solutions of 1 : 10- 
phenanthroline and  2 :2 '-d ipyridyl reac t w ith thallium  (h i) ions to  form the  in
soluble chlorides, bromides, and  thiocyanates, T l(phenan)X 3 and  Tl(dipy)X 3, 
respectively. Thallium (in) iodide, on the o ther hand, co-ordinates w ith two 
molecules of the  chelating agent to  form Tl(phenan)2I3 and  Tl(dipy)2I3. I t  
is reported  th a t the la tte r  compounds are so insoluble th a t  they  perm it the 
detection  of thallium (m ) ions in a dilution of 1 in 10® in the  presence of 
iron .76

A new and  convenient m ethod of preparation  of thallium (in) iodide has 
been described which consists in the  dissolution of thallous iodide in  a  solution 
of iodine in concentrated  hydriodic acid followed by  evaporation to  constant 
weight a t  room tem perature  in  vacuo over silica gel. I t  m ay be no ted  th a t 
the  solution yields T1I3 and  no t the  anhydrous hypothetical acid HT1I4. 
The only in term ediate phase in  th e  therm al decom position of T1I3 to  Til 
and  I 2 is T13I4.77

A s tu d y  has been m ade of a  num ber of aqueous ternary  and  quaternary
ro D . T a y lo r  a n d  H . B a s s e t t ,  / . ,  19 5 2 ,  4 4 3 1 .  1 1  D . A . E v e r e s t ,  / . ,  19 5 2 ,  29 4 5 .
73 H . C . B ro w n  a n d  H . W . P e a r s a ll ,  / .  Amer. Chem. Soc., 19 5 2 , 74 , 1 9 1 .
73 R .  R o y ,  V . G . H ill ,  a n d  E .  F .  O sb o rn , ibid., p . 7 19 .
74 M . F .  S tu b b s , J .  A . S c h u fle , A . J .  T h o m p so n , a n d  J . M .  D u n c a n , ibid., p . 1 4 4 1 .
75 G . J .  S u t to n , Austral. J .  Sci. Res., 1 9 5 1 ,  4, A ,  6 5 1 .
73 Idem, ibid., p . 6 54 . 77 A .  G . S h a rp e , 1 9 5 2 ,  2 1 6 5 .
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systems involving thallous, am m onium , potassium , and  cupric sulphates 
a t 25° in order to  com pare the  behaviour of thallous salts w ith  those of the  
corresponding silver and  alkali-m etal salts. D espite certain  well-known 
similarities between argentous and  thallous salts, it  is found th a t  T12S 0 4 
forms a continuous series of solid solutions a t room tem peratu re  w ith  
(NH4)2S 0 4 and  K 2S 0 4, whereas Ag2S 0 4 does no t form solid solutions w ith  
either of these salts. Thallous sulphate also forms the double salt 
T12S 04,CuS0 4,6H 20 , which is isomorphous w ith the  corresponding double 
salts (NH4)2S 0 4,CuS0 4,6H20  and K 2S 0 4,CuS04,6H20 . On the o ther hand, 
thallous sulphate does not form a solid solution w ith  sodium sulphate a t 25° 
or 45°, whereas argentous salts form solid solutions w ith  a  v arie ty  of corre
sponding sodium salts, including the su lphate .78

I t  is reported  79 th a t thallous sulphide T12S, free from the  oxidation 
products which usually accom pany it  when i t  is p recip ita ted  in aqueous 
solution, m ay be obtained by the action of dry hydrogen sulphide on an 
alcoholic solution of thallous ethoxide.

Lanthanons. The well-known fact th a t  m etals usually  exhibit the ir 
highest oxidation sta tes as fluorides has suggested th a t  higher oxidation 
states of praseodym ium  and  neodym ium  m ight be obtained by the  use of 
chlorine trifluoride or brom ine trifluoride as fluorinating agents. W ith  
C1F3 both  P r60 11 and P r 0 2, as well as the trioxides P r20 3 and N d20 3, how
ever, yielded only the  trifluo rides: B rF 3 proved to  be relatively inactive 
towards the freshl}'- ignited oxides.80

The occurrence of the  lan thanon  elem ents as uranium -fission products 
has stim ulated in terest in the  properties of the  pure m etals themselves. 
Kilogram quan tities of lan thanum  and cerium, and som ewhat less of praseo
dymium and neodym ium , have been prepared by  the  reduction of the 
anhydrous chlorides by  calcium in refractory-oxide lined crucibles, the 
reaction being in itia ted  by  the  exotherm ic reaction between the calcium 
and a trace of added iodine.81 A technique for the  p reparation  of smaller 
quantities (40 g.) of the  highly pure m etals has also been developed which 
also consists in  the  reduction of the anhydrous chlorides by  calcium, the 
reaction being carried out, however, in tan ta lum  crucibles and the resulting 
metal vacuum -cast in tan ta lum  containers. Pure  lanthanum , cerium, 
praseodymium, neodym ium , and gadolinium  have been prepared by  this 
method. I t  is notew orthy th a t  sam arium , europium , and y tterb ium , those 
lanthanons which exhibit stable b ivalent oxidation states, are only reduced 
to the b ivalent chlorides by  th is reaction, which can therefore be used for 
their rem oval.82

A good yield (85%) of the m ixed anhydrous lan thanon chlorides has been 
obtained by the d irect chlorination of a m ix ture of m onazite sand and 
carbon a t 900°. A t th is  tem perature  the m ajority  of im purities form  volatile 
products, and  the  m ixed chlorides can be drained aw ay from the reaction 
m ixture.83

' 8 J .  E .  R ic c i  a n d  J .  F is c h e r , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 14 4 3 , 16 0 7 .
*’  B .  R e u te r  a n d  A .  G o e b e l, Z . anorg. Chem., 1 9 5 2 , 268 , 1 0 1 .
80 A . I .  P o p o v  a n d  G . G lo c k le r , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 1 3 5 7 .
81 F .  H . S p e d d in g , H . A . W ilh e lm , W . H . K e lle r , D . H . A h m a n n , A . H . D a a n e , 

■ C. H a c h , a n d  R .  P .  E r ic s o n , Ind. Eng. Chem., 1 9 5 2 ,  44, 5 5 3 .
8! F .  H . S p e d d in g  a n d  A . H . D a a n e , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 2 7 8 3 .
5 F .  R .  H a r t le y , J . A ppl. Chem., 19 5 2 ,  2, 24 .
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The preparations of cerous am m onium  acetylacetonate, m. p. 143— 144° 
(decomp.), and  of praseodym ium  am m onium  acetylacetonate, m. p. 145°, 
have been described. These com pounds are only very  slightly  soluble 
(~ 1  m g./m l.) in  carbon tetrachloride, acetone, and  benzene, and  are insoluble 
in  ligh t petroleum , hexane, and  fsooctane.84

Group IV.—The preparation  and crysta l struc tu res of a  fu rther num ber 
of disilicides of the lan thanon elem ents have been reported, nam ely, LaSi2, 
CeSi2, PrSi2, NdSi,, SmSi2, and  of YSi2.85

The reactions between carbon, silicon, and  germ anium  tetrafluorides 
and A12C16, Al2B r0, A12I 6, MgCl2, CaCl2, and  BaCl, have been investigated .86 
A t high tem peratures the  reaction between SiF4 and  A12C18 goes to  com
pletion, b u t a t  lower tem peratures a m ix ture of SiCl4, SiFCl3, SiF2Cl2, and 
SiFgCl is obtained : sim ilar results are obtained when N a2SiFc is sub
stitu ted  for SiF4, and it  is possible to  prepare SiCl4, SiBr4, and  S il4 by the 
reaction of SiF4 or N a2SiF6 and alum inium  in the  presence of the  appropriate 
halogen.

In te rest has revived, largely in connection w ith  its technical applications, 
in the  chem istry  of the so-called silicon oxyhydride, the solid, highly cross- 
linked, polymeric hydrolysis product, w ith  an  em pirical form ula SiHO,, 
which is obtained as a p recip ita te  when a  benzene solution of SiHCU is 
poured in to  cold w ater or when the  trichlorosilane vapour is hydrolysed at 
450° w ith  steam . As m ight be inferred from its  formula, it  has very strong 
reducing properties, and  when heated  it  gives hydrogen and  silicon sesqui- 
oxide S i,0 3 : 2SiH O | =  Si20 3 +  H 2.87

E vidence has been p re se n te d 88 to  show th a t  the  hyd ra ted  sodium 
silicates, commonly form ulated as N a2S i0 3,9, 6, and  5H 30 , and 
N a6Si20 7, l l H 20  are in  fact acid salts of orthosilicic acid and  th e ir hydrates, 
viz., N a2[H 2S i0 4], 8, 5, and 4FI20 ;  Na3[H S i04],5H 20 .

Convenient m ethods have been described for the  preparation , as a con
tinuous process, of monosilane by  the  reduction of silicon tetrachloride w ith 
lith ium  alum inium  hydride and  the  subsequent alkylation  and  alkoxylation 
of th e  silane by  reaction of the monosilane w ith  the  appropriate organo- 
lith ium  co m p o u n d : te traphenyl-, te trae thy l-, triethyl-, diethyl-, trh'so- 
propyl-, tetra-2-naphthyl-, and  tri-l-naphthyl-silane have been prepared in 
th is  m anner. Phenylsodium  reacts w ith  silane to  give tetraphenylsilane and 
sodium  hydride. Silane has been found to  react w ith  various alcohols in 
th e  presence of alkoxide ions to  give tetra-alkoxysilanes, (RO)4Si, and 
hydrogen .80

A num ber of new alkylgerm anium  and alkylsilicon com pounds have 
been prepared and th e ir reactions stud ied ,90 and  fu rther work has been 
carried ou t on the synthesis of dialkylam ino-germ anes and  -silanes.91

Trichlorodim ethylam inosilane and chlorobisdim ethylam inosilane have 
been prepared  from  dim ethylam ine and  silicon tetrachloride. B oth  com-

S1 J .  R. S e e h o f, / .  Amer. Chem. Soc., 19 5 2 , 74 , 39 6 0 , 3 9 6 1 .
85 G . B r a u e r  a n d  H . H a a g , Z. anorg. Chem., 1 9 5 2 ,  26 7 , 19 8 .
80 M . S c h m e is s e r  a n d  H . J e n k e r ,  Z . Naturforsch., 1 9 5 2 , 7 , b, 1 9 1 ;  W . C . S ch u m b  

a n d  D . W . B r e c k , J . Amer. Chem. Soc., 19 5 2 , 74 , 17 5 4 .
87 G . H . W a g n e r  a n d  A . N . P in e s , Ind . Eng. Chem., 19 5 2 , 44, 3 2 1 .
88 E .  T h ilo  a n d  W . M ie d re ich , Z . anorg. Chem., 1 9 5 2 , 26 7 , 76 .
83 J .  S . P e a k e , W . H . H e b e rg a ll, a n d  Y .  T .  C h en , J . Amer. Chem. Soc., 1 9 5 2 ,  74, 1526 .
80 H . H . A n d e rso n , J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 5 7 9 8 , 58 0 0 , 5 8 0 2 , 58 0 4 .
81 Idem, ibid., 1 9 5 2 , 74, 1 4 2 1 .
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pounds give silane instead  of the  expected dim ethylam inosilane on reduction 
with lithium  alum inium  hydride. T hey  are sufficiently basic to  form several 
hydrochlorides b u t do no t form q uaternary  salts w ith  m ethyl iodide.92

Several m ethods have been described for the  preparation  of the  new 
compounds TiCl4,CH3-C02E t ; TiCl3-0E t,C H 3-C02E t ; and 
TiCl3-0 P rI,CH3-C02E t ;  these can be distilled under reduced pressure 
w ithout change in  composition, w hich suggests th e  possibility of a quinque- 
covalent titan ium . A new series of titan ium  trichloride monoalkoxides 
TiCl3-OR (R =  Me, E t, P r‘, and  B uu) has also been obtained by the rap id  
radical-interchange reaction between titan ium  tetrach loride and  the  appro
priate tetra-alkoxide.93

The preparation  of a  num ber of new alkoxidcs of zirconium and hafnium  
and the effect of m olecular com plexity on th e ir properties has already been 
mentioned.10

W hen a  solution of zirconyl chloride, Z r0C l2,6H20 , in alcoholic hydrogen 
chloride is trea ted  w ith  pyridine, a  qu an tita tiv e  yield of pyrid in ium  chloro- 
zirconate (C5H 6N)2ZrCl6 is obtained. This compound forms a  very  con
venient s ta rtin g  m ateria l for the  preparation  of th e  zirconium alkoxides 
Zr(OR)4 (where R  =  E t, P r!, Bus, and  B un), which have been obtained in  a 
pure sta te  by  passing am m onia in to  a  suspension of (C5H 6N)2ZrCl6 in  a 
m ixture of benzene and  the appropriate alcohol.94

A study  of the therm al decomposition of am m onium  heptafluorozirconate 
has shown th a t th e  decomposition takes place in  three d istinc t stages, viz., 
(NH4)3Z rF7 — x  (NH^aZrFg — > N H 4Z rF 6 — ->- Z rF4. The decomposition 
tem peratures for the three successive decompositions are a function 
pressure : a t  760 mm. they  are 297°, 357°, and  410°, respectively.95

Details have been given of a m ethod of purification of 
common im purities, and  especially iron, b y  the  a lternate  
Zr(S04)2,4H20  by  the addition  of concentrated  sulphuric 
zirconium su lphate solution in the presence of hydrochloric acid 
for the rem oval of iron) and  the  dissolution of the  precip itate 
again.90

The complexes form ed by  zirconium(iv) w ith  2 -n itroso-l-naphthol have 
been investigated in aqueous ethanol and aqueous dioxan solutions, in  the 
absence and in  the  presence of HC104. In  the  absence of FIC104 a  1 : 1 
complex is formed, whereas if the  solution is 3m or stronger w ith  respect to 
HC104 and 3  X  10"3m in Zr(iv), a 1 : 4  complex is formed.97

A detailed investigation has been carried ou t on the  chem istry 'o f zir
conium in n itric , hydrochloric, perchloric, and sulphuric acid solutions by  a
combination of ion-exchange, radiochem ical, and  o ther techniques. The
results indicate th e  presence a t  lower acid concentrations of a  v arie ty  of 
polynuclear hydrolysis products, and  a t  higher acidities of such complexes 
(in nitric acid) as [Z r(N 03)2H ,0 )4]++, [Z r(0H )2(N 03)(H ,0 )3]+, 
[Zr(0H)2(N 03)2(H20 ) 2]++, and  [Z r(0H )2(N 03)4] - .98

1,2 R .  C a ss  a n d  G . E .  C o a te s , / . ,  1 9 5 2 , 2 3 4 7 .
33 D . C. B r a d le y , D . C . H a n c o c k , a n d  W . W a rd la w , / . ,  1 9 5 2 , 2 7 7 3 .
1  D . C . B r a d le y , F .  M . A b d -e l-H a lim , E .  A . S a d e k , a n d  W . W a rd la w , / . ,  19 5 2 ,  2 0 3 2 .

*5 H a e n d le r , C . M . W h e e le r , J r . ,  a n d  D . W . R o b in s o n , J . Amer. Chem. Soc.,
1 "5 2 , 74, 2 3 5 2 . se w . S .  C la b a u g h  a n d  R .  G ilc h r is t , ibid., p . 2 10 4 .
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A process has been developed for th e  concentration of hafnium  from a 
m ix ture of zirconium and hafnium  in which it  occurs only to  the  ex ten t 
of 2%  by  w eight up to  about 90% in tw o cycles. E ach  cycle consists of the 
adsorption of the  m ixed zirconium and  hafnium  chlorides in m ethanol 
solution on ac tiva ted  silica gel, followed by  extraction  w ith  T9N-anhydrous 
hydrogen chloride in m ethanol (which preferentially removes the  zirconium), 
followed by  7N-sulphuric acid which removes the rem aining adsórbate.93 
This follows the  earlier experim ents reported  100 th a t  silica gel adsorbs 
hafnium  in strong preference to  zirconium  from a  m ethanol solution of the 
tetrachlorides.

I t  has long been known 101 th a t  zirconium  and  hafnium  tetrachlorides 
form  add ition  products w ith  phosphorus pentachloride and phosphorus 
oxychloride which, since th ey  can be distilled, are of in terest in  connection 
w ith the separation of the m etals. From  th is po in t of view a w ider study 
has now been m ade of the  reactions of these te trahalides w ith  phosphorus 
oxychloride and the oxyfluorides POFCl2, PO F2Cl, and  PO F3; 102 w ith 
POCl3 and  POFC1, the  te trahalides give addition products w ith the  com
position 2 P 0 X 3,MC14, which decompose when heated  under reduced pressure 
( <  0-1 mm.) to  give the 1 : 1 addition  products P 0 X 3,MC14. W ith  P O F X l 
and  PO F3, however, the m etal te trahalides give only P 0 X 3,MC14 a t  room 
tem perature. The in troduction of fluorine no t only decreases the  therm al 
stab ility  of the  addition products b u t also introduces the  possibility of 
halogen exchange. If the  te trahalides are kep t sufficiently long in  contact 
w ith  excess of POFCl2 or PO F2Cl, com plete halogen exchange takes place 
w ith in  th e  phosphoryl molecule an d  2P0C13,MC14 crystallises from solution, 
w hilst if the  I : 1 addition products w ith  PO F2Cl or P O F3 are heated , some 
fluorination of the m etal halide takes place.

W hilst an  /  electron in  thorium  is no t essential to  the general actinide 
hypothesis, the  existence of a te rvalen t fluoride isostructural w ith  uranium (in) 
fluoride m ight be expected on the  basis of an electron in the  5 /  orbital 
paralleling cerium (m ) fluoride w ith  an electron in  the  4f  orbital. In  con
tra s t , however, to  the preparation  of the  o ther lower halides 103 by  reduction 
of th e  tetrahalides, especially th e  iodide, by  the  m etal, a  num ber of attem pts, 
by  a  varie ty  of m ethods, to  reduce T1iF4 by  th e  m etal a t  tem peratures up 
to  1600° have failed. There was some indication, however, th a t  thorium  
dissolves slightly in its  tetrafluoride a t  high tem peratures as do a  num ber of 
o ther m etals in their m olten halides.104

Therm al, m etallographic, X -ray , and  chemical analysis have demon
s tra te d  th e  existence of four definite phases in  the  b inary  T h-Se system, 
viz., ThSe, Th,Se3, Th-Se12, and ThSe2.105

D istribution  m easurem ents of thorium  ion betw een aqueous solutions 
and  a  solution of thenoyltrifluoroacetone in  benzene have confirm ed th a t

** G . H . B e y e r ,  A . J a c o b s , a n d  R .  D . M a ste lle r , J .A m e r . Chem. Soc., 19 5 2 , 74 , S25 .
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thorium (iv) is present as a  simple, hydrated , te trapositive ion in perchlorate 
solutions of an  acid ity  g reater th an  abou t 0-08m. The same technique has 
been used to  m easure the association constants of some complexes formed 
between thorium  ion and fluoride, chloride, n itra te , su lphate, and  phosphate 
ions, severally.108

Some investigations have been reported  in connection w ith  b ivalent 
germanium. Freshly prepared hydrous germ anous oxide, obtained by 
precipitation w ith alkali in the  cold, is yellow and retains its colour if stored 
under w ater a t room tem perature. I t  is, however, therm odynam ically  
unstable and on boiling or trea tm en t w ith aqueous hydrochloric acid changes 
to dark brown. P oten tia l m easurem ents give GeO(yeUow) =  GeO(brown), =  
-7 -2  kcal./m ole and  G e02 +  2H + +  2e~ — GeO(brown), E ° — —0-118 ±  0-010 
volt a t 25°.107 M easurements have also been m ade of the  heat of oxidation 
of G el2 to  germ anic acid 108 and of the  equilibrium  Ge(s) -j- G e02(s) =  
2GeO(g).109

Several additional new complex com pounds of b ivalent germ anium  
have been prepared : GeI2,2NH2M e; Ge(H2P 0 2)2,GeCl2; 3Ge(H2P 0 2)2,GeBr2. 
These resemble the  corresponding compounds of b ivalent tin . If ger
manium dioxide is heated  alone w ith hypophosphorous acid it  goes into 
solution and is reduced to  b ivalent germ anium . This is in  con trast to 
the behaviour of stannic hydroxide which, although soluble in hypo- 
phosphorous acid, is not reduced in the  absence of hydrochloric acid .110

I t  is well known th a t  ordinary tin  is converted in to  the low -tem perature 
grey (a) m odification a t  tem peratures around 0° if a few particles of pre
viously prepared grey tin  are also present. The difficulty usually m et w ith 
is to obtain some of the la tte r  to  in itia te  the transition . I t  has now been 
shown th a t if a small cylinder of pure w hite tin  is surrounded by solid carbon 
dioxide, and cold-worked a t  this tem perature  {e.g., subm itted  to  a  pressure 
of several tons), and then  kept a t  —78°, it  is alm ost com pletely transform ed 
into the grey varie ty  in  24 hours.111

An exam ination of the  reaction between stannic chloride and hydrazine 
mono- or di-hydrochloride in varying am ounts, has shown th a t  mono- 
hydrazinium chlorostannate, N 2H 4,H 2SnCl6, or N 2H 6SnCl6, although re
ported in the literatu re , does not appear to  exist. The only product isolated 
from these reactions is dihydrazinium  chlorostannate, (N2H 5)2SnCl6.112

Group V.— If hydrazine is added to  an aqueous solution of a  m etal ion, 
such as Zn++ or N i++, one usually obtains a  p recip itate in which the  pro
portion of hydrazine to  m etal ion is half th a t  to  be expected from the usual 
co-ordination num ber of the m etal, e.g., Zn(N2H 4)2X 2, Ni(N2H 4)2X 2, 
H jN  n h  Ni(N2H 4)3X 2. This has led to  the  supposition th a t  in these

'.'Me'
com pounds b o th  nitrogen atom s of a given hydrazine molecule 

H v are involved w ith the  same m etal ion in the  form ation of a 
t  ̂ 2 three-m em bered chelate ring (inset). Evidence has now been

obtained which suggests th a t these m etal hydrazine complexes m ay be in

„  105 E ,  L .  Z e b ro sk i, H . W . A lte r , a n d  F .  K .  H e u m a n n , J . Amer. Chem. Soc., 1 9 5 1 ,  
73. 5046.

107 W . L .  J o l l e y  a n d  W . M . L a t im e r , ibid., 1 9 5 2 , 74 , 5 7 5 1 .
103 Idem, ibid., p . 5 7 5 2 . 103 Idem, ibid., p . 5 7 5 4 .
710 D , A . E v e r e s t ,  J .,  1 9 5 2 ,  10 7 0 .
1 1  E .  S . H e d g e s  a n d  J .  Y .  H ig g s , Nature, 19 5 2 ,  10 9 , 622 .

117  W . P u g h  an d  A , M . S te p h e n , / . ,  19 5 2 ,  4 13 8 .
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fact no t chelate compounds, b u t endless netw orks in  which each hydrazine 
molecules is bound to  two m etal cations :

H ,N 2 H X  H 4N 2 H 4N 2 h 4n 2 h 4n 2
/  '% H -  /  \  + +  /  \  + +  /  \  + +  /  \  -H *  /  \

•; ;.M-; > I (  ;M ( >1,; )
h '4n 2 h 4n 2 r i 4N 2 r i 4i r 2 r i 4'N , h 4Kt2

In  two cases no precip ita te  is obtained—those of the  perchlorates and of the 
fluoroborates. The form er are too explosive for investigation, b u t i t  has 
been shown th a t  in the fluoroborates, where the system  rem ains homogeneous, 
N i++ ion co-ordinates six molecules of hydrazine, and  Zn++ four, the  hydrazine 
functioning therefore as a m onodentate group .113

F u rth e r progress has been m ade in  the  s tu d y  of the  liquid dinitrogen
tetrox ide solvent system . The properties of a solution of diethylnitrosam ine,
which behaves as a  "  base ’’ in  th is  solvent, ind icate  th a t  the  double com
pound N 20 4,2E t2N*N0, which is formed between solvent and solute, under
goes electrolytic dissociation according to  the  scheme : 114

N 20 4 +  2 E t ,N - N O  ^  N 20 4,2 E t 2N -N O  ^  ( E t 2N -N O )2N O +  +  N O ,"

Metallic zinc has been found to  react rap id ly  w ith solutions of “ bases ” in 
liquid dinitrogen tetroxide. W ith  a  solution of diethylnitrosam ine, nitric 
oxide is evolved and a  red liquid is form ed which is immiscible w ith  the 
dinitrogen tetroxide. This red liquid is indistinguishable from the  product 
obtained by dissolving the  com pound Z n(N 03)2,2N20 4 in diethylnitrosam ine 
or by  adding dinitrogen te trox ide  to  a  solution of anhydrous zinc n itra te  in 
diethylnitrosam ine. The reactions w hich take place are analogous to  the- 
reactions of m etallic zinc and  of zinc hydroxide w ith  aqueous solutions of 
a lk a li : 115

Z n  +  4 N 20 4 +  4 E t sN -N O  ^  [ ( E t 2N - N 0 ) 2N 0 +] 2[ Z n ( N 0 3)4] +  2 N O  

Z n (N O a)2 +  2 N 20 4 +  4 E t 2N -N O  ^  [ ( E t 2N - N 0 ) 2N 0 + ] a[ Z n ( N 0 3)4]

D initrogen te trox ide also forms addition  com pounds w ith  ethers, of 
which a num ber have been p rep a red ; 116 w ith  d iethy l e ther N 20 4,2(C2H 5)20, 
m. p. —74-8°; w ith te tra ttydrofuran  N 20 4,C4H 80 ,  m . p. —20-5°, and 
N 20 4,2C4H 80  (incongruent m elting); w ith  te trah y d ro p y ran N 2O4,2CEH 10O, 
m. p. —56-8°; and  w ith dioxan N 20 4,0[C 2H 4]20 , m. p. 45-2°. The struc
tures of these com pounds have been stud ied  b y  spectroscopic and  magnetic 
m ethods. I t  is of in terest th a t  a  suggested explanation of the  relatively 
high m elting po in t of the dioxan com pound is the  use of bo th  oxygens of 
the dioxan molecule to  m ake possible th e  form ation of an indefinitely 
extended- aggregation. I t  m ay be recalled 57 th a t  co-ordination of dioxan 
w ith one molecule of boron trichloride inh ib its the  donor character of the 
o ther oxygen atom .

In  connection w ith  the  study  of liquid  dinitrogen te trox ide systems, 
evidence has been obtained for the  existence of a  new series of nitrogen 
oxyacid compounds of the general form ula Na^NaO^# =  3— 6).117 The 
first m em ber of th is  series N a2N20 2, the  fam iliar sodium hyponitrite , is

113  G . S c h w a rz e n b a c h  a n d  A .  Z o b r is t , Helv. Ckim . Acta, 19 5 2 , 3 5 , 1 2 9 1 .
1 1 1  C . C . A d d is o n  a n d  C . P .  C o n d u it , J 19 5 2 , 1 3 9 0 .
1 15  Idem, / . ,  19 5 2 , 13 9 9 .
118  B .  R u b in , H . H . S is le r , a n d  H . S h e c h te r , J . Amer. Chem. Sac., 19 5 2 ,  7 4 , 877.
1 17  C . C . A d d iso n , G . A . G a m le n , a n d  R .  T h o m so n , J .,  1 9 5 2 ,  3 3 8 , 34 0 .
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rapidly oxidised by  liquid dinitrogen te trox ide to  sodium [3-oxyhyponitrite 
(P-NajNjOg) which differs in chemical properties from the  a-compound, of 
the same em pirical form ula, prepared from hydroxylam ine and  e thy l n itra te . 
The la tter, sodium a-oxyhyponitrite, also undergoes rap id  oxidation to  the  
compound N a2N20 4 which again is a  different com pound from sodium 
nitrite. N a2N20 4 undergoes a fu rther slow oxidation in liquid dinitrogen 
tetroxide to  a  com pound of em pirical form ula NaNOa which m ay be the 
dimer Na2N 20 6, and  a  silver salt believed to  have the form ula Ag2N 20 G 
has been prepared. Sodium ¡3-oxyhyponitrite undergoes slow oxidation in 
liquid dinitrogen te trox ide to  the  com pound NagNaOg which is also formed 
rapidly by  th e  action  of nitrogen dioxide gas a t  100° on sodium  hyponitrite , 
and is fu rther oxidised slowly under these conditions to  th e  N aN 0 3 (or 
NagNgOg) stage. U ltra-vio let absorption spectra of aqueous solutions of 
the hydrolysis products of these com pounds have been exam ined and  an 
a ttem pt has been m ade to  form ulate structu res for them .

H ydrogen peroxide has been shown to  react w ith  n itrous acid, n itric  
oxide, and nitrogen dioxide w ith th e  form ation of pernitrous acid, H N 0 3. 
From the behaviour of th e  products of these reactions in  in itia ting  th e  poly
merisation of m ethyl m ethacry late  and  in  hydroxylating  and  n itra tin g  
benzene, i t  has been suggested th a t  pernitrous acid undergoes hom olytic 
fission to  give OH radicals and  nitrogen dioxide.318

F urther studies have been m ade of nitrosyl chloride as an  acid-base 
ionising solvent and  of the  behaviour in solution of several nitrosyl double 
compounds: NOFeCl4, N0A1C14, NOBF4, (NO)2SnClG. N itrosyl com 
pounds react in nitrosyl chloride solution w ith  the  slightly soluble (CH3)4NC1 
in the sense of the  acid-base neutralisation  NO+ +  Cl" =  NOC1 as dem on
strated by  a conductom etric titra tio n  of NOFeCl4 by  (CH3)4NC1 and b y  the 
partial neutralisation  equilibria of N O BF4, N0C104, and  (N 0)2S20 7, each 
with (CH3)4NC1. The idea th a t  NO+ represents “ acid ” and  Cl-  “ base ” 
is further justified by  the  electrolysis of NOFeCl4 in NOC1, which gives NO 
at the cathode and  Cl2 a t  the  anode.119

Some work has been carried ou t on th e  constitu tion and  reactions of 
nitryl chloride, N 0 2C1. On hydrolysis and  alcoholysis th is  behaves as a 
nitrosyl hypochlorite.120 By the  reaction of n itry l chloride w ith antim ony 
pentachloride in liquid chlorine, one can obtain a  compound N 0 2Cl,SbCl5 
which behaves as n itrosyl chloroantim onate [N 0 2]+[SbCl6] ~ : i t  dissolves in 
liquid sulphur dioxide to  give a  conducting solution and  undergoes ionic 
reactions w ith  tetram ethylam m onium  perchlorate and fluoroborate to  give 
nitryl perchlorate and fluoroborate respectively : 121

[ N O Jt S b C l , ]  +  [N M e JC IC q  =  [N O s] C 1 0 4 +  [ N M e J S b C l ,

[ N 0 2] [ S b C l6] +  [ N M c J B F j  =  [ N 0 2] B F 4 +  [ N M e J S b C l ,

An investigation of the  behaviour of n itry l chloride tow ards am m onia 
and a num ber of Lewis acids suggests th a t  the  nitrogen-chlorine bond is 
not so strongly polarised as to  ac t as a  source of negative chlorine, except 
towards exceedingly strong electron acceptors such as sulphur trioxide, 
with which it  forms N 0 2C1,2S03, presum ably nitronium  chlorodisulphate

118  E .  H a lfp e n n y  a n d  P . L .  R o b in s o n , / . ,  1 9 5 2 ,  928 .
118 A . B .  B u r g  a n d  D . E .  M c K e n z ie , J .  Amer. Chem. Soc., 1 9 5 2 ,  74 , 3 1 4 3 .
120 F .  S e e l a n d  J .  N d g rd d i, Z . anorg. Chem., 1 9 5 2 , 269, 18 8 .
m  F .  S e e l, J .  N d g rd d i, a n d  R .  P o s s e , ibid., p . 19 7 .
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N 0 2(C1S20 6). Thus, on reaction w ith  am m onia it  yields chloroamine and 
am m onium  n itrite , ra th e r th an  nitram ide and  am m onium  chloride, and it 
does no t react w ith SnCl4 or B F3, which m ight be expected to  co-ordinate 
a  negative chlorine. I t  has been suggested th a t  the  addition of the  second 
oxygen atom  in going from nitrosyl chloride to  n itry l chloride either greatly 
reduces th e  po larity  of th e  N -Cl bond or actually  reverses its  direction, so 
th a t the  chlorine becomes positive.122

D initrogen tetrasulphide, N2S4, which has been known for a  long tim e,123 
has received renewed a tten tion . This com pound, which is prepared by 
the  action of su lphur in N4S4 (e.g., in CS2 solution in an autoclave a t  100— 
120°), is a dark  red, fairly unstab le  solid, m. p. 23°. I t  is soluble in  many 
organic solvents and  is diam agnetic. The la tte r  excludes a dissociation into 
NS2 molecules, which would be param agnetic, w hilst its chemical behaviour 
tow ards a varie ty  of reagents suggests th a t its  s truc tu ra l form ula is quite 
different from th a t  of its  oxygen analogue dinitrogen te trox ide .124

The two new double com pounds Li3AlP2 and  Li3AlAs2 have been pre
pared .125 In  the ir chemical reactions these com pounds behave m ore like 
Li3P  and Li3As than  as A1P or A1S respectively.

I t  is reported  th a t  com pounds of the  type P X S,IY , where X  and  Y are 
different halogens, can be synthesised directly, either by  fusion together of 
the  com ponents P X 5 and  IY , or by  dissolving these in  CC14. P B rsICl has 
been prepared by  the  la tte r  m ethod and  forms cherry-red needle-shaped 
crystals, m. p. 112-8°. I t  is form ulated by  the au thors as [PB r4+][BrICl- ]. 
PCl5IB r forms yellow crystals, m. p. 140° (decomp.).128

A spectrophom etric study  of phosphorus hexachloroiodide and  hexa- 
brom oiodide has shown th a t  these compounds dissociate in  carbon te tra 
chloride solution in to  the ir com ponent molecules, PC16I PC15 +  IC1;
P B r6I  >- PB r3 +  IB r +  B r2, whereas in polar solvents such as aceto-
n itrile  the dissociation is ionic : PC16I  > PC14+ +  IC12~ and  P B rGI — >
P B r4+ +  IB r2- . 127

Solubility m easurem ents of antim onous oxide in w ater and  in dilute 
solutions of hydrochloric acid and of sodium hydroxide show th a t  in both 
acid and alkaline solutions th e  antim ony is present as a  un ivalen t ion, SbOr 
and S b 0 2~, respectively.128

A ntim ony pentafluoride, a  com pound w ith  some rem arkable physical 
properties,129 appears to  possess a  power of com pound form ation which is 
m uch g reater than  th a t  of arsenic pentafluoride. Some unusual chemical 
compounds which include antim ony pentafluoride have been reported . It 
dissolves sulphur, selenium, and  tellurium  to give blue, yellow, and red 
solutions, respectively, from w hich the  stable crystalline compounds 
(SbFrkS, (SbFA,Se, and  (SbFs)2Te can be isolated. Sulphur dioxide forms 
SbFsS 0 2, and N 0 2 forms S bF5NO2.1S0

122 H . H . B a t e y  a n d  H . H . S is le r , / .  Amer. Chem. Soc., 19 5 2 , 74 , 34 0 8 .
122 F .  L .  U sh e r , / . ,  19 2 5 , 730 .
121 M . G o e h rin g , H . H e rb , a n d  H . W isse m e ir, Z. anorg. Chem., 1 9 5 2 , 26 7 , 2 3 8 .
125 R .  J u z a  a n d  W . S c h u lz , ibid., 1 9 5 2 , 26 9 , 1 .
126 I .  D . M u z y k a  a n d  Y a .  A .  F ia lk o v ,  Doklady Akad. Nattk. S .S .S .R .,  19 5 2 ,  8 3, 4 1 5 ;  

Chem. Abs., 19 5 2 , 46, 6983.
127 A . I .  P o p o v  an d  E .  H . S c h m o rr , J .  Amer. Chem. Soc., 19 5 2 , 74 , 4 6 7 2 .
128 K .  H . G a y e r  a n d  A . B . G a r r e t t , ibid., p . 2 3 5 3 .
128 A . A . W o o lf a n d  N . N . G re e n w o o d , J .,  19 5 0 , 22 0 0 .
120 E .  E .  A y n s le y ,  R .  D . P e a c o c k , a n d  P . L .  R o b in s o n , Chem. and Ind., 1 9 5 1 ,  1 1 1 7 -
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I t  is reported  131 th a t  alm ost pure vanadium  m onoxide (99-68%) has 
been prepared by heating  a compressed in tim ate  m ix ture  of V20 3 and 
finely divided vanadium  in a vacuum  a t  1750°. The product is described 
as having a specific g rav ity  of 5-55, a hardness of 8—9 on Mohs’ scale, and 
to dissolve in acids to  give the blue or violet solutions characteristic  of 
hypovanadous salts.

The m onoboride VB and  the  m ononitride VN have also been exam ined, 
the former being prepared 132 as the  product of the sim ultaneous reduction 
of V20 5 and B20 3 w ith  carbon in  a graphite crucible a t  1650° in  an atm osphere 
of hydrogen, and VN in a  crystalline form by  the  action of nitrogen and  
hydrogen on the vapour of vanadium  tetrachloride in the  presence of a 
heated filament. Thq la tte r  technique has also been used to prepare niobium  
mononitride NbN, though in  the  form  of sm aller crystals th an  the  vanadium  
nitride.133

A prelim inary report has been m ade of a  new solvent extraction  m ethod 
for the separation of niobium  and  tan talum . I t  has been found, by  using 
a tracer technique, th a t  niobium  can be ex trac ted  alm ost q uan tita tive ly  
from concentrated hydrochloric acid solution by a solution of m ethyldioctyl- 
amine in xylene : under these conditions the extraction  of tan ta lum  appears 
to be alm ost negligible. The niobium  can then  be ex trac ted  from the 
organic phase w ith  nitric, sulphuric, or d ilute hydrochloric acid.134

An inorganic chrom atographic separation  of these two elem ents from 
one another and  from other elem ents present in complex m inerals, and 
suitable for th e ir quan tita tiv e  determ ination, has been developed. This 
method is based on the  adsorption of the m etals as fluorides on a  cellulose 
column in a Polythene tube, and  selective extraction  by  e th y l m ethyl 
ketone containing hydrofluoric acid .133

The elution by  7-OM-hydrochloric acid of carrier-free 95Nb, adsorbed from 
a 10-0M-hydrochloric acid solution on a Dowex 2 anion-exchange resin, 
instead of giving the  usual sym m etrical curve of ac tiv ity  of eluant versus 
volume of eluant, gives a curve which shows several peaks. As these can be 
identified by  the  characteristic  d isintegration ra te  of 95Nb, th e  presence of 
any other species, or of isotopic separation, m ay be excluded. This result 
has been a ttrib u ted  to  the  slow establishm ent of equilibrium  am ong the 
various ionic species present, which would no t necessarily have different 
charges as in the case of the th iocyanate  complexes of chrom ium , which 
have been separated  by  th is kind of technique,20 b u t m ay contain different 
numbers of chloro-, oxy-, and hydroxy-groups. E lu tion  w ith 6-OM-hydro- 
chloric acid gives th e  usual sym m etrical elution curve.136

I t has been shown th a t  niobium  pentachloride and tan ta lum  penta- 
chloride form a continuous series of m ixed crystals.137

When niobium pentachloride is heated  a t 350—400° w ith  niobium  m etal, 
in a molar ra tio  g reater th an  4 : 1 ,  niobium  tetrachloride m ay be obtained

331 M . F ra n d se n , / .  Amer. Client. Soc., 19 5 2 , 74 , 5046 .
133 H . B lu m e n th a l, ibid., p . 2 9 4 2 .
33 F .  H . P o lla rd  a n d  G . W . A . F o w le s , 1 9 5 2 ,  2444 .

G-. W . L e d d ic o t te  a n d  F .  L .  M o o re , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 1 6 1 8 .
,  F .  H . B u r s t a l l ,  P .  S w a in , A . F .  W illia m s , a n d  G . A . W o o d , 19 5 2 , 1 4 9 7 ;

W illia m s, 19 5 2 ,  3 1 5 5 ;  R .  A . M e rc e r  a n d  A .  F .  W illia m s , J .,  1 9 5 2 ,  33 9 9 .
E .  H . H u ffm a n  a n d  G . M . Id d in g s , J . Amer. Chem. Soc., 19 5 2 , 74, 4 7 14 .
H . S c h a fe r  an d  C . P ie t ru c k , Z. anorg. Chem., 19 5 2 , 2 6 7 , 17 4 .
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as large needles. W ith  a greater proportion of m etal, the  trichloride is 
obtained, or some lower chloride which disproportionates near 600° in to  the 
m etal and  th e  trichloride.138

Niobium  tetrachloride also disproportionates on heating, and  th e  equili
brium  pressure of th e  decom position 2NbCl4 =  NbCl3 +  NbCl5 has been 
m easured.139

A lthough quinquevalent tan ta lum  is m uch less easily reduced than 
quinquevalent niobium , TaCls being unaffected b y  hydrogen a t  tem peratures 
u p  to  400°, there is evidence th a t  a t  tem peratures over 500° some reduction 
of TaCl5 does occur. Sim ilarly, if hydrogen chloride or hydrogen bromide 
is passed over the  m etal a t about 400° only the pentahalide is formed. At 
h igher tem peratures (between 600° and  800°), however, lower halides are 
form ed which m ay undergo some disproportionation w ith  th e  deposition of 
films of m etallic tan ta lum  on the walls of the  ap p ara tu s .140

The reduction  of niobium  and  tan ta lu m  pentoxides, and  m ixtures of the 
two, to  the  quadrivalen t dioxides by  m oist hydrogen a t  900°, has been 
investigated .141

Group VI.—A comprehensive review has been published 142 of the 
m ethods used for the  production and  determ ination of abundance of isotopic 
oxygen and of its  applications. D etails have also been given 143 of the 
construction and  operation of a num ber of fractionating  columns for the 
enrichm ent of 180  in  w ater. One of these is reported  as being capable of 
producing per day, 200 c.c. of 0-6% H 2180 , or 50 c.c. of T 7%  H 2180  or 
20 c.c. of 3-2% H 2180  : another, operating  as a second stage, gives 10 c.c. 
of 12% H 2180  per week.

The isotope 180  has been used as a tracer in the s tu d y  of the  mechanism 
of oxidation of hydrogen peroxide.144 The oxygen liberated  when H 20 2 
is oxidised in aqueous solution by  Ce(iv), M n04_ , Cl2, HCIO, and Cr20 7" is 
derived wholly from  the hydrogen peroxide and  no t from the w ater. Simi
larly, the  oxygen liberated  in the  ca ta ly tic  decom position of H 20 2 b y  Fe(in), 
I- , I 2, B r_, B r2, M n02, and P t  is derived only from the  H 20 2.

A series of higher su lphur chlorides w ith  the  composition SXC12 (where x 
can have values up  to  abou t 100, depending upon th e  tem peratu re  of re
action), and consisting of long sulphur chains term inated  a t  the ends by 
the  two chlorine atom s, has been p repared  by  a  “ hot-cold ” tube  method 
from S2CL> and  hydrogen.145

Some new trifluorom ethyl derivatives of su lphur have been prepared. 
Trifluoroiodom ethane, CFSI, reacts w ith su lphur to  give bistrifluorom ethyl 
disulphide (CF3)2S2, carbon disulphide, th iocarbonyl fluoride, and  poly
sulphides. B istrifluorom ethyl disulphide undergoes an unusual type of 
hydrolysis in  aqueous alkali, the  first stage of which consists in th e  hydrolytic 
fission of the  S -S  bond to  give trifluorom ethanethiol and  trifluoromethane-

138 H . S c h a fe r , C . G o se r , a n d  L .  B a y e r ,  Z . anorg. Chem., 1 9 5 1 ,  265, 2 5 8 ;  C . H- 
B r u b a k e r ,  J r . ,  a n d  R .  C . Y o u n g , J . Amer. Chem. Soc., 19 5 2 ,  74 , 36 90 .

139 H . S c h a fe r , L .  B a y e r ,  a n d  H . L e h m a n n , Z. anorg. Chem., 19 5 2 ,  268 , 268 .
140 R .  C . Y o u n g  a n d  fc. H . B ru b a k e r , J r . ,  / .  Amer. Chem. Soc., 1 9 5 2 ,  74 , 49 6 7 .
141 H . S c h a fe r  a n d  B .  B r e i l ,  Z. anorg. Chem., 19 5 2 ,  267, 2 6 5 .
142 M . D o le , Chem. Reviews, 19 5 2 , 5 1 ,  2 6 3 .
143 I .  D o s tr o v s k y , D . R .  L le w e lly n , a n d  B .  H . V ro m e n , / . ,  19 5 2 , 3 5 0 9 ;  I .  D ostro v- 

s k y , J .  G illis , D . R .  L le w e l ly n , a n d  B .  H . V ro m e n , 19 5 2 ,  3 5 1 7 .
144 A .  E .  C a h il l  a n d  H . T a u b e , J . Amer. Chem. Soc., 19 5 2 ,  74, 2 3 1 2 .
145 F .  F £ h e r  a n d  M . B a u d le r ,  Z. anorg. Chem., 1 9 5 2 ,  267, 2 9 3 .
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sulphenic acid which subsequently break  up to  give fluoride, carbonate, and 
sulphide ions :

NaOH
C F 3-S -S -C F 3  >  C F 3-S H  +  C F 3-S-O H

4- 4,
F - ,  C 0 3- ,  S ~  —  FoC.’ S  +  H F  F - ,C 0 3“ , S "

On irradiation in the  presence of m ercury, the disulphide yields bis(trifluoro- 
m ethylthio)m ercury (CF3S)2H g : in  the  absence of m ercury it  gives bistri- 
fluoromethyl sulphide which, in  contrast to the disulphide, is quite  stable 
to aqueous alkali.146

I t is reported  th a t  the chloride of trichlorophosphazosulphuric acid, 
C1S02N:PC13, has been prepared by  the reaction a t 100° betw een sulpham ic 
acid and phosphorus pentachloride.147

New m ethods have been described for the p repara tion  of selenium 
oxyfluoride and selenium tetrafluoride. The la tte r  is prepared by the 
action of d ilu te fluorine on selenium a t  0°. I t  is a  liquid, m. p. -9 -5 ° , b. p. 
106°, w ith some rem arkable solvent properties. I t  dissolves the  fluorides 
of sodium, potassium , rubidium , and  cæsium to  form complexes w ith  a 
composition approaching MSeF5 which is different from th a t of any  of the 
other complex selenium halides, viz., M2SeX c.148

Selenium, diselenium, and  triselenium  di(benzenesulphinate) and di- 
(toluenesulphinate), Se(S02R )2, Se2(S 02R )2, and  Se3(S 02R )2, have been 
prepared, and  represent a  new class of selenium com pounds of which the 
sulphur analogues have been known for a long tim e. In  the ir reactions 
they behave as derivatives of Se++, Se2++, and  Se3++, respectively.149 Selen
ium and tellurium  di(benzenethiosulphonate) and  di(toluene-^>-thiosulphate) 
have also been prepared .150

Conductivity m easurem ents have shown th a t tellurium  tetrachloride 
behaves as an “ acid ” in arsenic trichloride solution and m ay be titra ted  
conductimetrically in  th is solvent w ith  (CH3)4NC1. Compounds can be 
isolated from the resulting solution w hich are probably the  “ acid ”  and 
“ normal ” salts respectively, (NMe4)(AsCl2)(TeCl2) and (NMe4)2TeClc.151

The system  chrom ium (ni) ox ide-w ater has been studied in the tem per
ature range 145—560° b y  the  hydro therm al m ethod. A definite blue-grey 
compound, CrO(OH), d =  4-12, is form ed below 419— 424°. This decom
poses sharply and  endotherm ically a t  about 430°. Rhom bohedral Cr20 3 
is the stable phase above 450°.152

The products obtained when chrom ium (vi) trioxide is heated  in a  vacuum  
have been investigated by  X -ray  and  chemical analysis.153 Evidence has 
been obtained of the  existence of th ree definite compounds in term ediate 
between C r03 and  Cr20 3, viz., Cr30 8, Cr20 5, and  C r0 2.

Pure chromyl fluoride, C r02F 2, has been prepared for the  first tim e, by 
the reaction betw een CrOs and  anhydrous hydrogen fluoride in an apparatus 
built out of copper, silica-free glass, and K el-F  tubing. I t  forms violet-red

148 G . A . R .  B r a n d t , H . J .  E m e lé u s , a n d  R .  N . H a sz e ld in e , / . ,  1 9 5 2 , 2 19 8 .
l4î A . V . K ir s a n o v , Zhur. Obshcftei Khini., 19 5 2 , 2 2 , 8 8 ; Clicm. Abs., 19 5 2 , 46, 6984.
148 E . E .  A y n s le y , R .  D . P e a c o c k , a n d  P .  L ,  R o b in so n , J .,  1 9 5 2 ,  1 2 3 1 .
148 O . F o ss , Acla Chem. Scand., 1952^  6, 50 8 .
180 Idem, ibid., p . 5 2 1 .
151 V . G u tm a n n , Monalsh., 19 5 2 , 8 3 , 1 5 9 .
15î A . W . L a u b e n g a y e r  a n d  H . W . M cC u n e , J . Amer. Chem. Soc., 19 5 2 ,  74 , 2 3 6 2 .
188 R .  S .  S c h w a r tz , I .  F a n k u c h e n , a n d  R .  W a rd , ibid., p . 16 7 6 .
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crystals which have a v. p. of 760 mm. a t  29-6° and  m elt to  an orange-red 
liquid a t  316° under a pressure of 885 m m .154

An exam ination of the  spectra  of chromic acid and  chrom ic acid-phos
phoric acid system s has indicated the form ation of two chrom ate-phosphate 
complex ions, H C rP 0 7" and H 2C rP 0 7- .155

The alkali-m etal compounds of chrom ium  of the  type  MCr30 8 have been 
prepared and  exam ined.156 The oxidation sta tes of chrom ium  in these 
compounds, which are obtained by  heating  m ixtures of th e  composition 
M2Cr20 7 4- 2C r03 a t 350° in  a ir for tw o hours and  ex tracting  th e  excess of 
the dichrom ate w ith  w ater, appear som ewhat problem atical. The black 
m etallic appearance of, for example, the  potassium  compound suggests tha t 
it  is not a  com pound containing chrom ium  in its  tw o usual and  independent 
sta tes of oxidation 3 and 6, K 2Cr2(C r04)4 or K 2(Cr0)2(Cr20 7)2, b u t th a t  there 
is some in teraction  betw een the  chrom ium  ions so th a t  the effective overall 
oxidation s ta te  is -f-5.

A compound of un ivalen t chrom ium  (dipy3CrI)(C104) (dipy =  2 :2 '-  
dipyridyl) is reported  to  be formed by  reduction of the  b ivalen t compound 
(dipy3Crn ) (C10,,)2 by  m agnesium  in the  presence of am m onium  perchlorate, 
and w ith exclusion of a ir .157

On trea ting  chrom ium  hexacarbonyl w ith  alcoholic potassium  hydroxide, 
a  b rillian tly  yellow derivative is obtained, which on acidification yields a 
w hite, volatile, unstable, crystalline substance, th e  properties of which 
suggest th a t  it  is Cr(CO)5H 2.158

The term  “  tungsten  b ro n ze"  is used to  describe the  non-stoicheiometric 
compounds of general form ula MAV03 (where M is an  alkali m etal and  x  is 
less th an  unity) obtained on reduction of th e  alkali tungstates. These 
have been considered (a) as solutions of tungsten(vi) oxide in a  hypothetical 
tungsten (v) com pound M W 03, and  also (b), on account of the ir high electrical 
conductivity , low m agnetic m om ent, and  general m etallic appearance, as 
solid solutions of alkali m etal in W 0 3. The essential difference between 
these two models is th a t  in (a) the  electron from the alkali m etal is con
sidered to  be strongly associated w ith  the tungsten(v) ion, which would 
therefore be param agnetic, whereas in  (b) the  electron from the alkali 
m etal is p a r t of the electron gas th a t  is associated w ith  the  whole lattice. 
To distinguish betw een these two models, the  m agnetic susceptibilities of a 
very wide series of lith ium  tungsten  bronzes have been m easured.159 The 
values of th e  susceptibilities are very  low and  actually  become diamagnetic 
as th e  concentration of lith ium  is decreased. The results are in agreement 
w ith those calculated for an electron-gas model.

Studies have been m ade of the alkali-m etal m olybdate system s, K 2M o04-  
M o03, R b2M o04-M o 0 3, and  Cs2M o64-M o 0 3,16° and  of th e  alkali fluoride 
m olybdenum(v) system s, L iF -M o 0 3, N aF -M o03, K F~M o03, R bF -M o03, 
and  CsMoOg.161

151 A .  E n g e lb r e c l it  a n d  A . V . G ro sse , J . Atner. Chem. Soc. 1 9 5 2 , 74, 5 2 0 2 .
155 F .  H o llo w a y , ib id ., p . 2 2 4 .
150 L .  S u c h o w .T . F a n k u c h e n , a n d  R .  W a rd , ib id ., p . 10 7 8 .
157 F r .  H e in  a n d  S . H e rz o g , Z . anorg. Chem., 1 9 5 2 , 26 7 , 3 3 7 .
158 M . G . R h o m b e r g  a n d  B . B .  O w en , J . Amcr. Chem. Soc., 1 9 5 1 ,  7 3 , 5904 .
159 L .  E .  C o n ro y  a n d  M . J .  S ie n k o , ib id ., 19 5 2 , 74, 3 5 2 0 .
180 V .  I .  S p it s y n  a n d  I .  M . K u le s h o v , J . Gen. Chem. U .S.S.R ., 1 9 5 1 ,  1 4 9 3 ;  Chem. 

Abs., 1 9 5 2 ,  46, 9006.
181 O . S c h m itz -D u m o n t a n d  I .  H e c k m a n n , Z . anorg. Chem., 1 9 5 2 ,  2 6 7 , 2 7 7 .
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Uranium and, the trans-uranic elements. F u rth e r investigation has been 
made of the  sodium uranates. Chemical, X -ray  diffraction, pH , and  con
ductivity d a ta  indicate th a t  when sufficient sodium  hydroxide is added to 
uranyl n itra te  solutions, two com pounds N a2U70 22 and  N a6U 70 24 (or 
mixtures of these) are precipitated . In  the  first place, when ju s t insufficient 
sodium hydroxide to  produce precip itation is added (which requires 1 mol. 
or more of NaO H  per mol. of U 0 2++), basic uranyl ions U 0 3U 0 2' + and 
(U03)2U 0 2++ are formed. F u rth e r addition of NaO H  to  a mole ratio  
NaOH/U of 2-29, causes the  qu an tita tiv e  precipitation  of the  uranium  as 
Na2U70 22. This in tu rn  m ay react w ith excess of alkali to  give N a6U 7 0 24.102

The diuranates of the alkaline-earth  m etals have been prepared by the 
ignition of the corresponding m etal uranyl acetates, a m ethod of preparation  
which has been found to  give a product free from an excess of either the 
alkaline-earth m etal or uranium  oxide. The therm al stabilities in vacuum  
and in oxygen up  to  1100° have been investigated  and  th e  results have shown 
that the m etal d iuranate-oxygen  system s are reversible below this 
tem perature.103

The m agnetic susceptibilities of U F 4-T h F 4 solid solutions reported 
earlier,104 which seemed to  indicate the  presence of two 5 /  electrons in U F 4, 
have been corrected by  the author. The am ended values 105 show th a t, 
within experim ental error, bo th  th e  susceptibility a t  room tem peratu re  and 
the m om ent extrapolated  to  infinite dilution agree w ith  th e  values predicted 
for two unpaired spins w ith the orbital contribution  to  the m om ent com
pletely quenched. These results therefore fall in to  line w ith those obtained 
for the U 0 2- T h 0 2 solid solutions 108 and im ply a configuration of 6d~ for 
the U4+ ion"

The m agnetic susceptibilities of plutonium  dioxide and tetrafluoride 
have also been m easured, over the  tem perature  range 90— 450° k . Measure
ments m ade on the solid solutions of P u F 4 in the isom orphous T h F 4 lead to 
an extrapolated susceptibility  a t infinite dilution in agreem ent w ith a  5 /4 
configuration. The dioxide has approxim ately the same susceptibility a t 
infinite dilution, bu t the  behaviour w ith  increasing concentration is more 
complex and some of the evidence m ay indicate th a t levels are occupied.107 
J he sexavalent plutonium  ion should have two unpaired electrons, and in 
order to  determ ine w hether these are in the 5 /  or the 6d level, the  m agnetic 
susceptibility of sodium plutonyl acetate has been m easured over the  tem 
perature range 90— 300° k . The results agree w ith the theoretical value for 
spin-only for tw o electrons, which therefore m ay be taken  as evidence th a t 
the ground s ta te  of the p lu tonyl ion has a 6tf2 configuration.108

The potentials of the couples AmM 4t +  i-H2(g) =  Am(a9)3+ +  H (aq)+ =  
+  2-4 v, and P r(aq)++ +  ^H 2(gj =  P q aq)3+ - f  H Caq)+ =  +  2-9 v have been estim 
ated from therm odynam ical d a ta  and m easurem ents of the heats of reaction 
of the oxides w ith n itric  acid and fluoroboric acid in a m icro-calorim eter.169

162 C. A . W a m se r , J .  B e lle , E .  B e m so h n , a n d  B .  W illia m so n , J . Amer. Client. Soc.,
1952, 74, 10 2 0 . 183 H . R . H o e k s tr a  a n d  J .  J .  K a t z ,  ibid.. p . 16 8 3 .

161 J .  K .  D a w s o n , / . ,  1 9 5 1 ,  2 8 8 9 ; A nn. Reports, 1 9 5 1 ,  48, 10 2 , re f. 14 6 .
165 Idem, J .,  1 9 5 2 , 1 1 8 5 .
lee W . . T rz e b ia to w s k i a n d  P . W . S e lw o o d , J . Amer. Chem. Soc., 19 5 0 , 72 , 4 5 0 4 ; 

Ann. Reports, 19 5 0 , 47 , 1 1 6 ,  re f. 16 4 .
167 J .  K .  D a w so n , / . ,  19 5 2 ,  18 8 2 . 288 Idem, J .,  1 9 5 2 , 2 7 0 5 .
169 L .  E v r in g , H . R .  L o h r , a n d  B .  B .  C u n n in g h a m , J . Amer. Chem. Soc., 1 9 5 2 , 7 4 , 1 1 8 6 .
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An interesting feature  of th is  w ork was th a t  the  prim ary objective was the 
evaluation of th e  Am4+-A m 3+ po ten tia l and  th a t  th e  chemically sim ilar bu t 
m ore ab u n d an t praseodym inium  was used—as the  au thors express it— as a 
"  stand-in  ” for the perfection of the  technique.

A fu rther s tu d y  has been m ade of the  chem istry of sexavalent americium, 
which has been shown to resemble th a t  of U(vi), N p(vi), and  P u (v i).170

A search has been m ade in aqueous solution for oxidation s ta tes of 
curium  higher th an  Cm3+ b y  using m acro-am ounts (up to  238 ug. per experi
m ent) of the  elem ent, and  using am ericium (in), which does exhibit the 
higher oxidation sta tes + 5  and + 6  in  solution, as an  in ternal check. No 
evidence was found for the  existence of Cm4+, Cm5+, or Cm6.+ in  th e  oxidation 
of Cm3+-A m 3+ m ixtures in  either acid or alkaline solutions, under con
ditions where th e  Am3+ was oxidised q uan tita tive ly  to  A m s+ or A m 6+.171

Group VII.—T he conditions and  products of reaction of elem entary 
fluorine w ith  zinc, zinc oxide, zinc brom ide, zinc sulphide, nickel, nickel(n) 
oxide, nickel(m ) oxide, and  nickel(n) su lphate have been investigated. 
There was no evidence of the  production of a  higher fluoride of nickel by 
the fluorination of th e  so-called nickel(m ) oxide, Ni20 3 : in all cases the 
b ivalent fluorides were the  only non-volatile products observed.172

Silver tetrafluoroborate can be sim ply prepared by  the action of bromine 
trifluoride on d ry  silver borate, and undergoes rap id  decomposition a t 200° 
into silver fluoride and boron trifluoride. These reactions form a convenient 
m ethod  of p reparation  of small quantities of anhydrous silver fluoride, and 
can be carried out in  quartz  ap p ara tu s .173

The m agnetic susceptibilities of a num ber of simple and  complex fluorides 
of transition  m etals have been m easured, viz., K ,T iF 6 ; K 2T iF 6,H ,0 ; 
V F3; K 3V F6 ; K ,C rF 8,H ,0 ;  KCrOF„; K 2M nF5,H ,0 ;"  Li3F eF „; Na3F eF 6; 
K 2F e F 5; CsFeF4 ; CuF2,2H 20 ;  T aF 3; R h F ,,; N a3R h F , ; P d F 3 ; P tF 4; 
K 2P tF G; A uF3 ; A gA uF4. Compounds of the  first transition  series, except 
when m agnetically  concentrated, show the  num ber of unpaired  electrons 
w hich would be expected for ionic binding. F o r the second and  th ird  tran
sition series, however, when the num ber of electrons in th e  m etal ion is 
even, the  com pounds are diam agnetic, and param agnetic when the  num ber is 
odd, b u t w ith  a  m om ent which corresponds to  only one unpaired  electron, 
w hich shows th a t  for these two series, m inim um  m ultip licity  is the  rule even 
for fluorides.174

The commercial availability  of chlorine trifluoride, and the  ease with 
which i t  can be used, offer the  possibility of its  substitu tion  for elementary 
fluorine as a  fluorinating agent in  a num ber of reactions, and  a  num ber of 
m etal fluorides have been prepared from the  m etals by  its  use. Details 
have now been given of th e  preparation  of cobalt(m ), nickel(n), and  silver(n) 
fluorides from  chlorine trifluoride and  cobalt(n), nickel(n), and  silver(i) 
chlorides, respectively.175

The existence of brom ine monochloride in carbon tetrachloride solution

170 L .  B .  A s p r e v , S . E .  S te p lia n o u , a n d  R .  A . P e n n e m a n , J . Amer. Chem. Soc., 
1 9 5 1 ,  7 3 . 5 7 1 5 .

17 1 S . E .  S te p lia n o u  a n d  R .  A . P e n n e m a n , ibid., 19 5 2 , 74 , 3 7 0 1 .
172 H . M . H a c n d le r , W . L .  P a t te r s o n , J r . ,  a n d  W . J .  B e r n a r d , ibid., p . 3 1 6 7 .
272 A . G . S h a rp e , J .,  19 5 2 , 4 5 3 S .
17 1 R .  S . N y h o lm  a n d  A . G . S h a rp e , / . ,  1 9 5 2 ,  3 5 7 9 .
175 E .  G . R o c h o w  a n d  I .  K u k in , / .  Amer. Chem. Soc., 1 9 5 2 , 74 , 1 6 1 5 .
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was clearly proved nearly  25 years ago,176 and  described as probably highly 
dissociated. The ex ten t of th is  dissociation has now been re-investigated 
spectrophotom etrically and  found to  am ount to  4 3 -2 ± l%  a t 25°. The 
equilibrium constan t for the reaction 2BrCl B r2 - f  Cl2 in carbon te tra 
chloride has been calculated to  be 0-145 ± 0 -0 0 6 .177

Alkali hypobrom ites are fam iliar in aqueous solution, b u t no solid hypo- 
bromites appear to  have been isolated.178 I t  is reported, however, th a t  a t 
—5° it  is possible to  isolate the  crystalline alkali hypobrom ites N aB r0 ,5 Ii20  
and 7H20 , and  K B r0 ,3 H 20  from the  products of the  action of brom ine on 
solutions of the respective hydroxides a t th is tem perature.179

I t  was pointed ou t several years ago 180 th a t  m olecular iodine formed 
brown solutions, and was polarised, in electron-donor or “ basic ”  solvents, 
which included arom atic and  olefinic hydrocarbons. I t  was subsequently 
dem onstrated th a t  iodine form ed 1 : 1 addition compounds w ith  several 
aromatic hydrocarbons.181 U ltra-vio let absorption m easurem ents have 
now shown th a t  iodine forms 1 : 1 addition com pounds also w ith olefins a t 
low tem peratures.182

The system  M nS04- H 2S 0 4- H 20  has been investigated a t 0°, 20°, 25°, 
45°, 65°, and 95-7°, and th e  following solid phases identified : M nS04,5H 20 , 
MnS04,H20 , M nS04,H 2S 0 4,H 20 , M nS04,H 2S 0 4, and M nS04,3H2S 0 4.183

The separation of technetium  from uranium-fission product wastes has 
made th is elem ent available in weighable am ounts and therefore made 
possible the  investigation of its  chem istry by ordinary analytical m ethods 
instead of only by  tracer techniques. A pproxim ately 0-6 g. of the  spectro- 
graphically pure m etal has been prepared by  the hydrogen reduction of 
ammonium pertechnetate  184 and  it  has been established th a t  the  light 
yellow crystalline oxide (m. p. 119-5° ± 0 -1 °) obtained when technetium  is 
heated in dry  oxygen a t  400—600° is Tc20 7. The pertechnetate  ion possesses 
an intense u ltra-v io let absorption (molar extinction a t 2470 A =  4000) 
which can be used for its  spectrophotom etric determ ination— as little  as 
10'8 g. of technetium  can be detected  in th is w ay.185 Technetium  hepta- 
sulphide, previously assum ed to  be Tc2S7 on the  basis of analogy w ith  R e2S7, 
has also been exam ined and  its  form ula confirmed by  chemical analysis.186

The existence of rhenium  in aqueous solution in the —1 oxidation sta te  
is now accepted on th e  basis of the  stoicheiom etry of its  reduction. A solid 
rhenide, however, has recently  been reported  for th e  first tim e. W hen 
potassium perrhenate is reduced b y  potassium  in ethylenediam ine, a  w hite 
solid is deposited w hich is s ta ted  to  contain  rhenium  in th e  — 1 oxidation 
state, together w ith some potassium  hydroxide.187

' I ®  A . E .  G illa m  a n d  R :  A . M o rto n , Proc. Roy. Soc., 19 2 9 , A ,  124, 604.
177 A . I .  P o p o v  a n d  J .  J .  M an n io n , J . Amer. Chem. Soc., 19 5 2 , 74, 2 2 2 .
178 N . V . S id g w ic k , "  T h e  C h e m ic a l E le m e n ts  a n d  T h e ir  C o m p o u n d s ,”  O x fo rd ,
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180 F .  F a ir b ro th e r , / . ,  19 4 8 , 1 0 5 1 .
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Group VIII .—The bicentenary of the discovery of nickel in 1751 by 
C ronstedt has been m arked by  a  sym posium  on recent developm ents in the 
chem istry and  applications of nickel and its com pounds.188

A detailed A -ray  exam ination of the com pound Ni(CN)2,N H 3,CGH 6, 
which is obtained as a  p recip ita te  when benzene is added to  a  solution of 
nickel cyanide in am m onia, has shown th a t  the benzene—w hich exhibits no 
detectable vapour pressure a t  room tem peratu re—is no t linked to  the 
nickel complex b y  chemical bonds, b u t th a t  the  benzene molecules are held 
in cavities formed by  the  solid struc tu re  of the com plex.189

A study  of the reaction between nickel te tracarbony l and o-phenylene- 
bisdim ethylarsine has shown th a t two of the  carbonyl groups are readily 
replaced by  the  chelate group to  yield a stable, crystalline, diam agnetic 
com pound of the form ula Ni(CO)2(diarsine) : a ttem p ts  to  replace all four 
carbonyl groups, however, were unsuccessful. Oxidation of th is complex 
w ith iodine liberates carbon monoxide, giving the  com pound N il2(diarsine), 
the first of a previously unknown class of cA-planar bivalent nickel complexes. 
The corresponding chloride and  brom ide are m uch less stable. By oxidation 
of the brom ide w ith  excess of brom ine, a  te rvalen t nickel complex bromide 
of the form ula N iBr3(diarsine) has been p repared .190

D etails have been given of a convenient laboratory  m ethod of preparation 
of nickel and cobalt carbonyls and  of a num ber of the ir derivatives, which is 
based on th e  reaction betw een carbon m onoxide, a t atm ospheric pressure, 
and aqueous am m oniacal solutions of nickel and  cobalt salts in the presence 
of sodium d ith ion ite .191

Several new reactions of sodium in liquid am m onia w ith  th e  carbonyls 
of cobalt and iron have been reported .192

Cobalt(n) chloride is well known to  form a mono-, a di-, and  a hexa- 
hydrate , b u t there  is less definite evidence of the  existence of a  te trahydrate. 
An investigation of the  system  CoCl2- H 20 -ace to n e  has now shown th a t  the 
te trah y d ra te  and a  h itherto  unreported  trih y d ra te  also exist over narrow 
ranges of w ater ac tiv ity .193

A spectrophotom etric study  of the deep blue solution obtained when a 
cobalt(n) sa lt is dissolved in strongly alkaline solution has shown th a t  the 
colour is due to  a trihydroxycobalt(n) ion, Co(OH)3- .194

The products of the  reduction of cobalt(n) n itra te  w ith two equivalents 
of potassium  in liquid am m onia are (i) insoluble cobalt(n) am ide and (ii) a 
m ixture of soluble n itra te  and n itrite . If  a large excess of potassium  is 
used, however, alm ost all the  n itra te  is reduced to  n itrite , and the insoluble 
product consists principally of potassium  hydroxide and  elem ental cobalt. 
The cobalt which is obtained by  the  reduction  of cobalt(m ) brom ide in 
liquid am m onia in th is w ay exhibits a m arked ac tiv ity  as a cata lyst for the 
hydrogenation of allyl alcohol a t  room tem peratu re .195

Some prelim inary results have been published of an investigation of the

188 S y m p o s iu m , Ind. Eng. Chem., 1 9 5 2 , 44, 949.
188 J .  H . R a y n e r  a n d  H . M . P o w e ll, / . ,  19 5 2 , 3 1 9 .
190 R .  S . N y h o lm , / . ,  19 5 2 , 290G.
191 W . H ie b e r, E .  O. F is c h e r , an d  E .  B S c ld e y , Z. anorg. Chem., 19 5 2 , 269 , 30 8 .
192 H . B e h re n s , Z. Naturforsch., 1 9 5 2 , 7, b, 3 2 1 .
193 L .  I .  K a t z in  a n d  J .  R .  F e r r a r o , J . Atner. Chem. Soc., 19 5 2 , 74, 2 7 5 %
191 S .  G o rd o n  an d  J .  M . S c h re y e r , ibid., p . 3 16 9 .
195 G . W . W a t t  a n d  C . W . K e e n a n , ibid., p . 2048 .
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preparation and properties of the curious com pound known as "  cobaltic 
acetate " — the product obtained by  anodic oxidation of cobalt(n) acetate

„ ^ O H \ c  x  te trah y d ra te  in  glacial solution. The elucidation of the 
' 1 0 * s truc tu re  of this com pound presents some difficulties, b u t
its properties seem to  indicate a possibility th a t  i t  m ay be a binuclear 
complex containing the  ¡i-dihydroxo-bridge grouping (inset).106

Tracer experim ents w ith H 2180  have shown th a t  in the  aquation of 
carbonatopentam m inocobalt(m ) ion

[C o (N H 3)6C 0 3]+  +  2I-I+ =  [C o (N H 3)sH 20 ]+ + +  +  H 3C 0 3

which takes place rap id ly  in  w ater, and  still m ore rap id ly  when the  solution 
is acidified, th e  cobalt-oxygen bond rem ains in tac t, the  rem oval of carbonate 
from the com plex ion tak ing  place b y  the  rem oval of carbon dioxide, i.e., 
by the breaking of the  carbon-oxygen bond .197 The m echanism  is therefore 
similar to th a t  observed in the  hydrolysis of an es te r.198

A study  of the  type of bonding in a num ber of b iden ta te  chelate cobalt 
complexes has been m ade by a  radio-isotope exchange technique, using G0Co. 
Where the  bonding is m ainly ionic, a rap id  exchange occurs and  as the  co
valent character of the  bonding increases so one can expect a dim inution in 
the ra te  of exchange of th e  cobalt. The sam e technique has been used to  
study the behaviour of bis(salicylideneaniline)cobalt(n) and cobalt(n) 
acetate in pyridine solution on alum ina and sim ilar surfaces and  on an ion- 
exchange resin. The break-up of the  complex on these surfaces points to 
the considerable ionic na tu re  of the binding of the  cobalt atom  in such 
complexes.199

F urther sexadentate  cobalt(m ) com pounds have been prepared by  the 
use as ligands of condensation products of a  series of sulphur-containing 
au-diamines of the  general fo rm ula: N H 2-[CH2]z-S-[CH2jj,'S-[CH2].-NH2, 
where x, y ,  and z are 2 or 3, w ith  salicylaldehyde or 2-hydroxy-1-naphth- 
aldehyde. Most of the  complex salts prepared have been resolved into 
optical isomers, some w ith  extrem ely high ro tations.200

In  connection w ith  a study  of the  m agnetic m om ents of octahedral 
complexes of Cr, Mn, Ni, Co, and  Fe, w ith th e  chelate agents dipyridyl, 
and o-phenylenebisdim ethylarsine, C6H 4(AsMe2)2, the following new 
compounds have been prepared: [Co(diarsine)3](C104)2, [Co(diarsine)3](C104)3, 
[Co(diarsine)2(OAc)2](C l04), [Co(dipy)3](C104)3,3H20 , and 
[Cr(dipy)2Cl2]Cl,2H20 .  Also th e  co-ordination of te rvalen t chrom ium  
with a  te rtia ry  arsine has been reported  for the  first tim e. In  compounds 
of the type  MII(dipy)3X 2 the  bonds are ionic 4s4^>34c£2 when Mn  =  Mn or 
Co and covalent 3dHs4fi'6 when the  m etal is F e or Cr. The param agnetism  
of the corresponding nickel com pounds indicates th a t  the  bonds- are ionic 
rather th an  covalent. In  the  d ipyridy l complexes of te rvalen t iron or 
cobalt, the  bonds are covalent, as are also the  bonds in  the  stable octahedral 
complexes of the  d ite rtia ry  arsine w ith  Ni, Co, and  Fe in the ir bi- and te r
valent s ta tes.201

196 J .  A . S h a r p  a n d  A . G . W h ite , J .,  10 5 2 ,  1 1 0 .
197 J .  P .  H u n t, A . C. R u te n b e rg , a n d  H . T a u b e , J . Amer. Client. Soc., 19 5 2 ,  74 , 2 6 8 .
198 M . P o la n y i  a n d  A . L .  S z a b o , Trans. Faraday Soc., 19 3 4 , 30 , 508 .
199 B .  W e st , / . ,  19 5 2 , 3 1 1 5 ,  3 1 2 3 .
200 F .  P . D w y e r , N . S . G ill , E .  C . G y a r fa s ,  a n d  F .  L io n s , J . Amer. Chem. Soc., 19 5 2 ,

74, 4 18 8 . 2°> F .  H . B u r s t a l l  a n d  R .  S . N y h o lm , J .,  1 9 5 2 , 3 5 7 0 .
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Potentiom etric  titra tio n s in  aqueous solution show th a t  cobalt te tra- 
carbonyl hydride, Co(CO)4H , is a strong acid and th a t  iron tetracarbonyl 
dihydride, Fe(CO)4H 2, is a  weak dibasic acid.202

A new m ethod has been described for th e  p reparation  of nitrosylcobalt 
tricarbonyl Co(NO)(CO)3 and  of dinitrosyliron dicarbonyl Fe(NO)2(CO)2; 
it  consists in the  acidification of solutions of the  alkali salts of the  respective 
carbonyl hydrides in  th e  presence of corresponding am ounts of n itrite ,203 e.g.

F e (C O )5 +  3 N a O H  — >- F e (C O )4H N a  +  N a 2C 0 3 +  H 20  

F e (C O )4H N a  +  2 N a N O s +  3 H O A c  — >  F e (N O )2(C O )2 +  2C O  +  3 N a O A c  +  2 H 20

Iron  can be rem oved from solutions of ferric phosphate b y  either cation- 
or anion-exchange resins. Evidence has been obtained which indicates th a t 
the ex traction  of the  iron as an  anion is due to  the  form ation of a complex 
ion containing 3 phosphate groups to  each iron atom , the  phosphate groups 
presum ably behaving as b iden ta te  groups, forming H 3[F e(H P 0 3)] or 
H 0[Fe(PO 4)3].204

W hat is claim ed to  be the first cationic iron(m ) com plex to  be obtained 
in  enantiom orphic forms has been prepared by  the  eerie am m onium  n itra te -  
n itric  acid oxidation of (+ ) -  and  (—)-tris-2 : 2 '-d ipyridyliron(n) perchlorates. 
The resolution of the  la tte r  compounds was carried out th rough th e  iodide 
antim onyl ta r tra te  : (+ ) -  and  (—)-tris-l : lO-phenanthrolineosm ium (in)
perchlorates have also been prepared by oxidation of the  corresponding 
osm ium (n) compounds by  chlorine.205

The stabilities of some 5-substitu ted  1 : lO-phenanthrolineiron(n) com
plexes have also been determ ined.206

A contribution has been m ade to  the  preparation  of trinuclear ru thenium  
com pounds by th a t  of the  basic acetate, [Ru3(0A c)6(0H)2](0Ac),7H20 , 
by  th e  reduction of ru thenium  tetrox ide by  acetaldehyde in anhydrous 
acetic acid-carbon tetrachloride solution. This com pound dissolves in 
w ater to  give an in tensely blue solution, and  rap id ly  in pyridine to  give 
a solution which becomes green when warmed. A ddition of chloro- 
p latinic acid to  the  aqueous solution of the  pyridy l derivative precipitates 
[Ru3(OAc)cpy5]ClPtCl6.20'

Sexavalent ru thenium  is commonly m et w ith  as an anion in the  form of 
alkali-m etal ru thenates M2R u 0 4, which are stable in alkali b u t im m ediately 
disproportionate on trea tm en t w ith  acid, into th e  -j-4 and  -j-8 oxidation 
sta tes ; no simple salts of the  ru theny l cation R uO a++ have h ith erto  been 
isolated. The reduction of ru thenium  tetroxide by  a v arie ty  of reducing 
agents in sulphuric acid solution has given evidence th a t  a  sexavalent state 
is capable of existence, as a green solution, in  th is m edium , b u t decomposes 
in a few hours a t  room  tem perature, probably by  the above disproportion
ation. The experim ents suggest, however, th a t  even in  these solutions the 
ru thenium  is present as the  anionic complex [R u 0 2(S 04)2]" ra th e r th an  as 
the  ru theny l ion RuCV"f .208

A study  has been m ade by  spectrophotom etric m ethods of the  solution

202 W . H ie b e r  an d  \V . H iib e l, Z. Naturforsch., 1 9 5 2 ,  7 , b, 3 2 2 .
203 F .  S e e l, Z. anorg. Chon., 19 5 2 , 269 , 40.
201 J .  E .  S a lm o n , J ., 19 5 2 , 2 3 1 6 .
205 F .  P . D w v e r  a n d  E .  C . G y a r fa s ,  J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 4699.
202 W . W . B r a n d t  a n d  D . L .  G u lls t ro m , ibid., p . 3 5 3 2 .
202 F .  S .  M a r t in , 19 5 2 , 2G 82. 202 Idem, / . ,  19 5 2 , 3 0 5 5 ,



chemistry of ru thenium  in the + 6 ,  + 7 ,  and  + 8  oxidation states. The + 7  
state, w hich is known in the  solid com pounds N a R u 0 4,H 20  and  K R u 0 4, 
has also been identified in aqueous solution, and  its  properties studied .200

Spectrophotom etric techniques have also been used to  s tu d y  the form 
ation of a  num ber of com plex com pounds of ruthenium . The orange- 
coloured complex formed by the reaction of ru thenium  (iv) perchlorate w ith 
thiosem icarbazide was identified as Ru[SC(!NH)-NH*NH2]+2, and the  b righ t 
red complex w ith  4-phenylthiosem icarbazide as R u[SC(lN Ph)-N H 'N H 2]+2. 
Both the thiosem icarbazide and  th e  4-phenylthiosem icarbazide behaved as 
weak acids, liberating  a  hydrogen ion for each molecule of ligand which 
entered the com plex.210

W ith a num ber of complexing ions, b o th  ruthenium (iv) and  ru thenium (m ) 
form the sam e coloured complex, the  quadrivalen t ru thenium  being reduced 
in each case by  th e  ligand before complexing occurs; i.e., w ith  thiocyanate, 
the same deep blue [Ru(CNS)]+2, w ith  th iourea the  blue-green complexes, 
Ru[SC(:NH)-NH2]+2 and  Ru[SC(:NH)-NH2]3,211 and w ith dithio-oxam ide, the 
blue-green complexes Ru[SC(!NH)-CS-NH2]+2 and  Ru[SC(;NH)-CSvNH2]3.212

A new series of a n itrosopentam m inoruthenium (iii) ion [R u(N H 3)5'N O ]+3 
has been prepared : the salts are diam agnetic.213

A num ber of salts of tctracyanopalladic(n) acid have been stud ied  : 214 
the acid, which is prepared  by  acidification of a  solution of palladium (n) 
cyanide in excess of cyanide ions, forms insoluble salts w ith  silver and  
copper(n) ions or w ith th e ir  ammines. I t  also forms norm al salts w ith 
benzidine, naphthaquinoline, and oxine, and  the salts of nitron. Palladium (n) 
cyanide itself also forms co-ordination com pounds w ith  a  large num ber of 
nitrogen-containing organic compounds.

A num ber of fiuoro-complexes of palladium  and  gold of the type  M2[P dF 6] 
and M[AuF4] (M =  alkali metal) have been prepared, viz., Cs2P d F 6, R b2P d F G, 
K2P d F 6, and  K A uF4, by  the  fluorination of the  corresponding chlorine com
pounds. All these com pounds are brigh t orange to  yellow and, in con trast 
to the corresponding chlorine or brom ine compounds, are im m ediately 
hydrolysed b y  w ater. D uring the  fluorination of the  alkali-m etal chloro- 
aurates red  in term ediate  products—possibly m ixed iluorochloroaurates—- 
were obtained : these were m ore stable tow ards w ater.215

The reactions of AbV-diethylglycine and Ar-ethyl~iV-methylglycine w ith  
cobalt(m) and  platinum (n) have been studied, and  dinitro-(W -ethyl-Ar- 
m ethylglycine)platinate(ii) has been p repared ; this has been shown to 
contain an asym m etric nitrogen atom  through its resolution by  fractionation 
with (—)-quinine and trea tm en t w ith optically active quartz  powder.216

F . F a ir b r o t iie r .

203 R .  E .  C o n n ic k  a n d  C . R .  H u r le y , J . Amer. Chem. Soc., 19 5 2 ,  74 , 5 0 1 2 .
210 R .  P .  Y a f f e  a n d  A . F .  V o ig t , ibid., p . 50 4 3 .
2 11 Idem, ibid., p p . 2 5 0 0 , 2 5 0 3 .
212 Idem, ibid., p . 3 1 6 3 .
213 K .  G le u  a n d  I . B u d d e c k e r , Z. anorg. Chem., 1 9 5 2 , 268 , 20 2 .
211 F .  F e ig l  a n d  G . B .  H e is ig , J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 5 6 3 0 .
215 R .  H o p p e  a n d  W . K le m rn , Z. anorg. Chem., 19 5 2 , 268 , 36 4 .
216 J .  R .  K u e b le r  a n d  J .  C . B a i la r ,  J r . ,  J . Amer. Chem Soc., 1 9 5 2 , 74 , 3 5 3 5 .
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1. INTRODUCTION.

T h e  following report on organic chem istry covers work published during 
the year except for the theoretical topics which are b e tte r  reviewed a t longer 
in tervals th an  one year, so th a t  the w ork discussed can be considered critic
ally in relation to  contem porary views. The section on theoretical organic 
chem istry, therefore, deals w ith the m ore salient features of the  chem istry 
of free radicals in solution, since th a t  rapidly  advancing field has not been 
reviewed since 1948. The m echanism  of the  ozonisation of arom atic com
pounds, w hich was last reported  in 1947, now m erits special a tten tio n  in 
view of the  w ider application of recent theories to  o ther contem porary studies 
of the  reactiv ity  of polynuclear arom atic systems.

Perhaps the m ost novel discoveries of the  year are the  recognition of 
iron dicycZopentadienyl as a new type of sym m etrical s tru c tu re  showing 
typical arom atic behaviour, and the  use of c la th ra te  com pounds for optical 
resolutions. In  synthetic  organic chem istry the year has been notable for 
a  stereospecific to ta l synthesis of cortisone, a synthesis of flavin-adenine- 
dinucleotide, a  synthesis of m orphine, and  a synthesis of allTraws-methyl- 
b ix in ; each of these considerable achievem ents exemplifies in some w ay or 
o ther the  high degree of specificity of m odern techniques in organic chem istry, 
to  which has been added a  welcome cataly tic  hydrogenation m ethod for 
reducing trip le bonds to double bonds. The s tructu re  of lanosterol has now 
been established and th e  stereochem istry of the  (J-amyrin and  lupeol 
groups of triterpenes has been elucidated, while appreciation of the  rich 
varie ty  of types of substance found to  occur na tu ra lly  is increased by  the 
isolation of an  antib iotic  incorporating every known type  of carbon-carbon 
unsaturation .

The increasing use of enzymic m ethods for the study  of organic chemical 
problem s is seen in recent work on nucleotides and  macromolecules, while 
expanding facilities for infra-red spectroscopy are reflected in the  increasing 
use being m ade of th is tool in s tru c tu ra l problems.

2. THEORETICAL ORGANIC CHEMISTRY.

Bromonium Cations.—Though iodonium  salts have long been known, 
stable brom ine and  chlorine analogues (I) and (II) have been prepared by

R . B. Sandin and A. S. H ay  1 only in  the  year under review. The corre
sponding iodonium  salts were m ade by  L. Mascarelli in 1907.2 Previously, 

1  J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 27 4 .
- A l t iR .  Accad. Lincei, 19 0 7 , 16 ,  I I , 5 6 2 ;  1 9 0 8 , 1 7 , 1 1 , 5 8 0 ;  1 9 1 2 ,  2 1 , 1 1 , 6 1 7 ;  Gazzetla, 

19 0 8 , 38 , 6 24 .
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cyclic brom onium  cations (III) had  been postu lated  b y  I. R oberts and 
G. E. K im b a ll3 in order to  explain (rans-addition to  olefins. T heir theory  
had received strong support from  th e  work of S. W instein and  H . J . Lucas 4 
and other Am erican investigators of the stereochem istry of the  reactions of 
olefins, 1 : 2-glycols, and  the ir derivatives.5 M. J . S. D ew ar has advocated 
the jt-bond form ula (IV) b u t there now seems to  be no special need for it, 
since it  depends on the  assum ption th a t  a halogen atom  can only form  a 
single covalent bond .6 R elated  studies of neighbouring group displacem ent 
reactions 7 have led D. J .  Cram to  postu late the  tran sien t existence of a 
"  phenonium  ion ” (V), b u t a detailed report of th is subject is deferred until 
next year.

Ozonisation. The Action of Double-bond Reagents.—C ontinuation of 
the detailed studies of ozonisation by  J . P . W ibau t and his school in  A m ster
dam 8 has in the  p ast two years led to  results of m ajor theoretical significance.

pyridine, quinoline, and  isoquinoline derivatives have been m ade.9-14 The 
velocity of addition of ozone to  benzene is proportional to  the  concentration 
of the ozone as well as to  th a t of the  benzene.11-13 A pparently  benzene 
triozonide is formed in successive stages, the  velocity of the  first being m uch 
less than  th a t of the  subsequent ones. A lkyl substituen ts increase the 
reaction velocity,9’10 whilst halogens have the  opposite effect, as the  following 
sequences show : 10’14 C6H G <  CGH 5Me <  C6H 5E t ; />-CGH 4Me2 >  m(o)- 
CGH 4Me2 >  CGH 5M e; CGH G >  CGH 5F  >  CGH 5C1 =* C6H 5B r ; C^H5Me >  
CgH 5-CH2C1 >  CgH 5*CHC12 >  CgH 5'CC13. Anisole is a ttacked  exceedingly 
rapidly w hilst pyridine derivatives do n o t react as fast as th e ir benzene 
analogues.14 This has led J . P . W ibaut and F. L. J .  S ixm a 10-15 to  conclude 
that the first stage in  the  ozonisation of an arom atic com pound is an  electro- 
philic reaction in which the  central, electropositively polarised, oxygen atom  
of the ozone molecule (VI) becomes a ttached  to  the  activa ted  arom atic 
system, giving the  prim ary transition  sta te  (VII). In  this, only four electrons 
remain d istribu ted  over the  five carbon centres, 2—6, of the  benzene ring, 
which is thus positively charged, w hilst the  two term inal oxygen atom s of 
the ozone residue are negatively charged. Consequently, stabilisation of 
(VII) occurs very  rapidly, to  give the  structu res (V III) and (IX) which, in 
the case of benzene alone, will be identical and correspond to  H . S taudinger’s

3 J . Amer. Chem. Soc., 19 3 7 ,  59 , 9 47 . * Ibid., 19 3 9 , 6 1 ,  15 7 6 .
5 S e e  E .  R .  A le x a n d e r , "  Io n ic  O rg a n ic  R e a c t io n s ,”  J .  W ile y  &  S o n s , N e w  Y o r k , 

19 50 , p p . 10 0 — 10 2 . « S e e  Ann. Reports, 19 5 0 , 47 , 1 3 3 ;  1 9 5 1 ,  48, 1 1 8 .
7 J . Amer. Chem. Soc., 19 4 9 , 7 1 ,  3 8 6 3 , 3 8 7 1 ,  3 8 8 3 ;  1 9 5 2 , 74 , 2 1 2 9 ,  2 1 3 7 ,  2 1 4 9 ,  

2 15 2 , 2 1 5 9 .  8 A nn. Reports, 19 4 7 , 44, 1 2 7 .
3 J .  v a n  D ijk ,  Rec. Trav. chim., 19 4 8 , 67, 945.

10 J .  P .  W ib a u t , F .  L .  J .  S ix m a , L .  W . F .  K a m p s c h m id t , a n d  H . B o e r , ibid., 19 5 0 , 
69, 13 5 5 . “  H . B o e r , F .  L .  J .  S ix m a , a n d  J .  P .  W ib a u t , ibid., 1 9 5 1 ,  70 , 50 9 , 10 0 5 .

12 H . B o e r  a n d  F .  L .  J .  S ix m a , ibid., p . 997.
13 J .  P .  W ib a u t  a n d  F .  L .  J .  S ix m a , ibid., 1 9 5 2 ,  7 1 ,  7 6 1 .
14 F .  L .  J .  S ix m a , ibid., p . 1 1 2 4 .
15 J .  P .  W ib a u t  a n d  F .  L .  J .  S ix m a , Proc. K . Ned. Akad. Wet., 19 4 8 , 5 1 ,  776 .
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Kinetic m easurem ents of the  velocities of ozonisation of several benzene,
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"  molozonides.” 16 The conversion of these in itia l molozonides of olefins 
(X) in to  the  stab le  structures (X I), w hich have been established b y  the  work 
of A. Rieche w ith simple olefins 17 and of B. W itkop and J . B. P atrick  18 
in  the  indole series, has been explained by  R . Criegee as an intram olecular 
change.19 This com pletes the fission of the  carbon-carbon  double bond; 
opening up  of th e  ozonide finally occurs by  an  acid-base-catalysed hydro
lysis 20 which has a m echanism  sim ilar to  th a t  involved in  the acid-catalysed 
decompositions of hydroperoxides.21

T he electrophilic n a tu re  of the  a tta ck  of ozone on arom atic compounds 
(VI — >- V II) has been substan tia ted  10>11 b y  showing th a t  the  reaction can 
be catalysed by  the  “  Lewis acids ”  alum inium  chloride, ferric chloride, and 
boron fluoride. These electron-deficient molecules enhance th e  electrophilic 
character of th e  ozone :

The view th a t  the  in itia l stage in the  ozonisation of an  arom atic compound 
resembles n itra tion , or the Friedel-C rafts reaction, has been challenged by 
G. M. B a d g e r22 who m aintains th a t  ozone, osmium tetroxide, and  diazo- 
acetic ester differ from cations such as N 0 2+ in th a t  they  a ttack  the rc-elec- 
trons of double bonds and no t localised electrons a t  the  site  of individual 
carbon atom s.23 I t  is characteristic  of these “ double-bond reagents ” th a t 
they  can often a ttack  polycyclic arom atic system s a t  bonds of high electron 
density  which sometimes do no t correspond to  the  carbon centres a ttacked 
by  typical electrophilic substitu ting  agents. Pyrene exemplifies th is; 
ozonisation occurs a t  the “ K  ” bonds 1— 2 and  G—7 whereas n itra tion  occurs 
alm ost exclusively a t  atoms 3 or 5. Though they  concede th a t  th e  form
ation of a “ --co m p lex ” 24 m ay possibly precede the form ation of the 
transition  structu re , Sixm a and  W ibaut 25 counter B adger’s argum ent by 
pointing out th a t  the reversible form ation of the  transition  s truc tu re  (VII) 
is followed in  ozonisation by  a  process different from th a t  w hich occurs in

16 Ber., 1 9 2 5 , 58 , 10 8 8 . 17 Ibid., 19 3 2 ,  65. 1 2 7 4 ;  Annalen, 19 4 2 , 5 5 3 , 18 7 .
18 J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 3 8 5 5 . C f. th is  v o l . ,  p . 1 2 3 .
18 Annalen, 19 4 8 , 560 , 1 2 7 ;  c f . J .  E .  L e fi le r , Chem. Reviews, 19 4 9 , 45 , 3 8 5 .
28 B .  W itk o p  a n d  J .  B .  P a t r ic k , / .  Amer. Chem. Soc:, 1 9 5 2 , 74 , 3 8 6 1 .
51 S e e p . 12 9  . 22 Rec. Tran, chim., 1 9 5 2 , 71,4 6 8 . 28 Quart. Reviews, 1 9 5 1 , 5 , 1 4 7 .
24 M . j .  S .  D e w a r , 11 E le c tr o n ic  T h e o ry  o f  O rg a n ic  C h e m is t r y ,”  O x fo rd  U n iv . P re ss , 

19 4 9 , p p . 1 7 ,  16 9 . 25 Rec. Trav. chim., 1 9 5 2 , 7 1 ,  4 7 3 .

0 = 0 — 0  +  A 1C 13 t = =  
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brom ination or n itra tion . Ozonisation involves ring closure by stabilisation 
of vicinal electrostatic  charges of opposite sign (VII->-VIII, IX ), whereas 
brom ination involves stabilisation  by  extrusion of a proton, (X II), and  the 
re-formation of the arom atic sex tet. The D utch  workers calculate th a t if 
the stabilising effects of vicinal charges are taken in to  account then  the 
transition s truc tu re  (X III) has a  slightly  lower energy conten t th an  (XIV), 
though in  pyrene itself the  electron density  is higher a t atom  3 th an  a t  
atom 1, since the  localisation of the  nuclear positive charge in (X III) gives 
an activated  phenanthrene s truc tu re  w ith  an  energy level below th a t  of the 
activated naphthalene arrangem ent in  (XIV). R ing closure of (X III) thu s

gives a more stable product th an  th a t  w hich could be derived from (XIV), 
and consequently ozonisation of pyrene is to  be expected a t  bond 1— 2. 
Sixma and W ib a u t25 suggest th a t  the  whole conception of m echanistically 
distinct “ double-bond reagents ” is untenable.

E thy l d iazoacetate has been considered to be ano ther reagent of this 
ty p e 20 since it  adds to  the  1 : 2-positions of anthracene. However, the  
reaction products, e.g., (XV), which have localised double bonds since they 
easily add  on brom ine, are m uch less reactive tow ards ethy l diazoacetate 
than are th e  arom atic  molecules from  w hich they  have been fo rm e d : here 
again "  double-bond character ”  cannot be a satisfactory  explanation  of the  
chemical reactiv ity . I t  is evident to  th e  Reviewer th a t  e thy l diazoacetate 
is typically a  reagent which a ttacks polarisable bonds and  th a t  the  final ring 
closure would favour reaction  via  a  particu lar transition  s ta te ;  osmium 
tetroxide is a  reagent w ith  sim ilar characteristics. All these reagents thus 
exemplify the  theoretical dangers inheren t in  a ttem p ts  to  assess th e  energy 
levels of th e  transition  sta tes of organic reactions by  calculations which 
take into account the detailed electronic s truc tu re  of only one of the  p a r
ticipating molecules.

Triphenylmethyl and Related Compounds.— Of the  m ethods available 
for determ ining the  degree of dissociation of com pounds of th e  hexaphenyl- 
ethane series, m ost reliance has, in  recent years, been placed on m agnetic 
susceptibility m easurem ents. G. W . W h e lan d 27 and  P. W . Selwood and 
R. M. Dobres 28 have pointed ou t th a t  th is m ethod  has a serious inherent 
error : m olecular diam agnetic susceptibility  is com pounded of b o th  atom ic 
and resonance term s, and the  la tte r, w hich m ay be large for stable mesomeric 
radicals, is incalculable and  has h itherto  been neglected. Consequently if 
the param agnetism , '/(i, due to  an  unpaired  electron is estim ated as =
X faramag., found +  X  diamag., atomic, calc, i t  gives results w hich m ay be milch tOO

28 G . M . B a d g e r ,  J .  W . C o o k , a n d  A . R .  M . G ib b , / . ,  1 9 5 1 ,  345G .
27 "  A d v a n c e d  O rg a n ic  C h e m is t r y ,”  J .  W ile y  &  S o n s , N e w  Y o r k ,  19 4 9 , p . 696.
28 J . Amer. Chem. Soc., 19 5 0 , 7 2 , 38 6 0 .
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Free radicals and their reactions.
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low. The discrepancy is noticeable when observations are m ade over a 
range of tem peratures. This difficulty m ay however be overcome by 
m easuring the  param agnetic resonance absorption .29 Colorimetric m easure
m ents, on absorption bands characteristic  of the free radicals themselves, 
show the  expected tem peratu re  dependence and  are considered to  be tru s t
w orthy.28 M agnetic-susceptibility m ethods however are still valuable for 
m easuring reaction velocities30 and for the  qualita tive  detection of free 
radicals. New radicals which have been exam ined in this way include 
pentaphenylpyrrolium  perchlorate (XVI) 31 and the  uncharged reduction 
product of the tétrazolium  salt (X V II).32 Som ew hat sim ilar in  reactions are 
the free radicals obtained b y  reducing triphenylm ethane dyes w ith  zinc dust 
in pyridine solution.33

■ phc— c p i r

( X V I )

P h C \ N / C P h

P h

[c io j- Ph-C. /
%

N = N -

N -

x -

( X V I I )

Stepwise polarographic reduction of triphenylm ethane and  acridine dyes 
has been studied by  R. C. K aye and  H . I. S to n eh ill34 who consider th a t  the 
free-radical stage is of biological significance. T hey poin t ou t th a t  the 
chem otherapeutically  active dyes give radicals w hich are stable over a con
siderable pH  range, and they  suggest th a t  these radicals m ay ac t by  stopping 
reaction chains essential for bacteria l m etabolism .35 Polarographic reduc
tion  of coenzymes has also been exam ined from this view point.36 Chemical 
one-electron reduction of pyridinium  salts has also been discussed.37

K. Ziegler and  W. D eparade 38 have shown th a t m any com pounds such 
as 2 : 3-dimethyl-2 : 3-diphenylbutane slowly evaporate a t tem peratures well 
below their norm al boiling points owing to  dissociation and disproportion
ation :

Flow Fast
C P h M e 2— C P h M c , ^  2  -C P h M e , ^  C H P h M e 2 +  C P h M e iC II ,

The im m ediate addition of the  transien t radicals to  the  oxygen atom s of 
ch lo ran il39 can be used to  determ ine ra tes of dissociation, and  in th is way 
the results tabu la ted  have been obtained. The ac tivation ' energies, E,

G ro u p s  in  R ,C - C R ,
4M e, 2 P h  ...........! ....................
4 E t ,  2 P h ......................................
4 P r ° , 2 P h  .................................
4 B u ” , 2 P h  .................................
2M e, 4 P h  .................................
4 -cyc/o h exy l, 2 P h  ..................
C Ph  .................................................

T e m p , o f n o t ic e a b le  d e co m p . E  (k c a l.)  
+  2 4 0 °  50

1 4 2  —
1 1 0  34— 38
1 1 0  3 7 — 39

60 30
3 0  2 1

- 2 0  19

23 C . A . H u tc h iso n , A . K o w a ls k y , R .  C . P a s to r , a n d  G . W . W h e la n d , J . Chem. Phys., 
19 5 2 , 20 , 14 8 5 .

30 H. B o a rd m a n  a n d  P . W . S e h vo o d , / .  Am er. Chem. Soc., 1950, 72, 1372; R .  M . 
D o b re s  a n d  P . \V . Seh vo o d , ibid., p . 5731.

31 R .  K u h n  an d  H. K a in e r , Chem. Ber., 1952, 85, 49S.
32 I t . K u h n  a n d  D . Je r c h e l ,  Annalen, 1952, 578, 1.
33 E .  W e itz , L .  M ü lle r , a n d  K .  D in g e s , Chem. Ber., 1952, 85, 878.
34 y., 1951, 27, 2638; 1952,3231,3240.
35 R .  C . K a y e ,  J . Phartn. Pharmacol., 1950, 2, 902.
33 R .  C . K a y e  a n d  H. I .  S to n e h ill , J .,  1952, 3244.
37 F .  K rö h n k e , Chem. Ber., 1950, 83, 35.
38 Annalen, 1950, 567, 123. 38 S e e  p . 117.
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which accord excellently w ith  theoretical predictions,40 are consistent w ith  
measurem ents m ade by  o ther m ethods. Thus a value of 48 kcal. has been 
obtained for the  dissociation energy of dibenzyl.41

The radicals of the com pounds CR3-CR3 are polym erisation catalysts : 
chain-starting ra tes can be followed by  substitu ting  the  arom atic nuclei 
with iodine or, be tter, radio-active iodine.42

The infra-red spectrum  of triphenylm ethyl favours a  p lanar s truc tu re .43
G. S. H am m ond and  A. R avve 44 have m ade an in teresting study  of the  

reaction between triphenylm ethyl and nitrobenzene. The la tte r  is imme
diately reduced to  a com plex m ix ture  of nitrosobenzene, azoxybenzene, and 
azobenzene, w hilst the triphenylm ethyl forms the  peroxide; diphenyl, 
terphenyl, and triphenylm ethanol are also formed. N itrosobenzene m ainly 
yields azobenzene. Thus, unlike free phenyl, triphenylm ethyl does no t sub
stitu te th e  arom atic nucleus. The work m ay be relevant to  the  inhibition 
of vinyl polym erisation by  arom atic nitro-com pounds.45

Decompositions of Aliphatic Azo-compounds.—Though the  therm al and 
photochemical decom position of azom ethane, MeNiNMe, has been used 
since 1933 for generating free m ethy l radicals in  the  gas phase,46 the use of 
aliphatic azo-compounds for preparing active free radicals in  the  liquid 
phase has only developed since 1949, when Madison H u n t, in  a p a ten t for 
the du P o n t Co.,47 in troduced them  as cata lysts for the  polym erisation of 
olefins. The sim plest of these compounds, aa '-azotsobutyronitrile (X V I I I ; 
X =  CN) which now has several trade  nam es (Porofor-N, A D IB , AZDN), was 
first prepared in 1896 by  J . Thiele and K. H euser 48 b y  condensing acetone, 
hydrazine, and  hydrogen cyanide, and  oxidising the resulting sym m etrical 
hydrazine w ith brom ine-w ater. M any d ite rtia ry  azo-compounds can be 
prepared satisfactorily  in th is w a y ; 49 in difficult cases hydrogen cyanide can 
be added to  the  azines R R 'C N -N IC R R ' under pressure.50 Some prim ary 
and secondary azo-com pounds can be prepared by sim ilar m ethods,51 b u t 
they are less useful for the  p reparation  of free radicals since they  m ay 
isomerise to  hydrazones in polar solvents.

W hen heated  a t  80— 120° in an  indifferent solvent, or on exposure to  
light of X3000—3700 A ,52 these azo-compounds evolve nitrogen quan tita tive ly  
giving the free a liphatic  radicals (X IX ) which react together to  form the 
dimer (XX), together w ith  sm aller am ounts of p roducts of disproportion- 
ation reactions (X X I, X X II). The olefin (X X I), however, so rapidly  
reacts w ith  the  free radicals th a t only the products (X X III) and (XXIV)

40 M . S z w a rc , Quart. Reviews, 1 9 5 1 ,  5, 2 2 .
41 C . H o r r e x  a n d  S . E .  M iles , Discuss. Faraday Soc., 1 9 5 1 ,  10 ,  18 7 .
42 K .  Z ie g le r , W . D e p a ra d e , a n d  W . K u lh o rn , Annalen, 19 5 0 , 56 7 , 1 5 1 .
43 G . K a r a g o u n is , Helv. Chitn. Acta, 1 9 5 1 ,  34 , 994.
44 J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 1 S 9 1 .
46 C f. P .  D . B a r t le t t  a n d  H . K w a r t ,  ibid., 19 5 2 , 74 , 39G9.
48 J .  A . L e e rm a k e rs , / .  Amer. Chem. Soc., 1 9 3 3 ,  5 5 , 3 4 9 9 ; F .  O . R ic e  a n d  D . V . 

S ick m a n , ibid., 1 9 3 5 ,  57 , 13 8 4 .
47 U .S .P .  2 ,4 7 1 ,9 5 9 ;  Chem. Abs., 19 4 9 , 4 3 , 60 0 2  . 48 Annalen, 18 9 6 , 290, 1 .
48 A . W . D o x , / .  Amer. Chem. Soc., 1 9 2 5 ,4 7 ,  1 4 7 1 ;  C . G . O v e rb e rg e r , M . T . O ’S h a u g h -

n essy , a n d  H . S l ia l i t ,  ibid., 19 4 9 , 7 1 ,  2 6 6 1 ;  A . F .  B ic k e l  a n d  \V . A . W a te rs , Rec. Trav.
chim., 19 5 0 , 69, 3 1 2 ,  14 9 0 .

60 U .S .P .  2 ,4 6 9 ,3 8 5 ; C . G . O v e rb e rg e r  a n d  M . B .  B e re n b a u m , J . Amer. Chem. Soc., 
19 5 1 ,  73 , 2 6 1 8 ;  C . G . O v e rb e rg e r  an d  H . B ile tc h , ibid., p . 4880.

41 S . G . C oh en , S .  J .  G ro szo s , a n d  D . B .  S p a r ro w , ibid., 19 5 0 , 7 2 , 39 4 7 .
42 F .  M . L e w is  a n d  M . S . M a th e so n , ibid., 19 4 9 , 7 1 ,  74 7 .
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indicate th a t  it  has been form ed.53 D isproportionation is m uch more 
evident w ith  the ester (X V III ; X  =  C 0 2Me) th an  w ith  the n itrile  (X V III ;

( X I X )  2M e 2Ç- +  N s 
X

40— 85%

( X X )  Me. ,<j— Ç M ea

M e X - N :N -Ç M e = ( X V I I I )  
X  X

-2CXIX)

Dispropn.

( X X I )  M e Ç :C H 2 +  M e 2Ç I I  ( X X I I )  
X  X

+  (XIX) +  H

( X X I I I )  M e 2Ç— Ç M e -C IT j-Ç M cj 
X  X  X

M e-Ç H — C H —  Ç M e2 ( X X I V )  
X  X

X  =  CN). Since th e  radicals (X IX ) are the  pro to types of the  growing 
chains of acrylic polym ers (R-CH2*CXMe) it  has been suggested th a t  this 
work is indicative of the  ex ten ts to  which chain-ending in vinyl polymeris
ation occurs b y  com bination and by  disproportionation. ' A therm odynam ic 
study  54 indicates th a t, on account of the  opposition of energy and entropy 
factors, the  favoured rad ical-rad ical reaction depends upon the tem p era tu re ; 
disproportionation is favoured a t  high tem peratures.

From  an unsym m etrical ketone there can be prepared bo th  meso- and 
racem ic forms of an  azo-compound, RR'C(CN)-N:N-C(CN)RR', b u t, provided 
th a t  the free radicals have p lanar configurations, each of these should give 
the same, inactive, free radicals RR'C(CN)*, and  consequently they  should 
give identical m ixtures of meso- and  racemic dim ers [cf. (XX)]. C. G. 
Overberger and  M. B. B eren b au m 55 have shown th a t th is is indeed the  case.

Moreover, from  a m ix ture  of tw o different azo-com- 
pounds, aa '-azofsobutyronitrile and  1 : l'-azo-(l-cyano- 
cycfopentane), th ey  have been able to  isolate th e  dimer 
(XXV) re su ltin g . from  the cross-linkage of th e  two 

Sim ilar results had  been reported  b y  H . B retschneider 
and N. A jtai 56 who m ade use of the  decomposition of azo-compounds in a 
synthesis of hexoestrol. Clear experim ental evidence for (a) the  inde
pendent existence, and (b) the p lanar s truc tu re , of aliphatic free radicals in 
solution has thus been obtained.

M any kinetic investigations have established th a t  the  aliphatic  azo- 
compounds decompose by  s tric tly  first-order reactions : ra tes of decom
position and activation  energies have been determ ined for the  purpose of 
selecting appropriate catalysts for particu lar technical uses.49-52 C. E . H. 
Bawn and S. F . Mellish,57 who used aa-diphenyl-p-picrylhydrazyl to  combine 
w ith  the  free radicals, consider th a t  the activation  energy for the dissociation 
of aa'-azofsobutyronitrile is independent of the  solvent. L. M. A rn e tt,58

53 A . F .  B ic k e l  a n d  W . A . W a te r s , re f. 49.
51 J .  C . B e v in g to n , Trans. Faraday Soc., 1 9 5 2 ,  48, 10 4 5 .
55 ]. Atner. Chcm. Soc., 1 9 5 1 ,  7 3 . 2 6 1 8 ,  4 8 8 3.
56 Ber., 1 9 4 1 ,  74 . 5 7 1 .
57 Trans. Faraday Soc., 1 9 5 1 ,  4 7 , 1 2 1 6 .
58 J . Anter. Cheat. Soc., 1 9 5 2 ,  74, 2 0 2 7 , 2 0 3 1 .
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from polym er studies w ith  an azonitrile labelled w ith 14C in the  CN group, 
considers th a t stepwise decomposition occurs :

Slow Fast
r n :n r  -------->- r * +  *n : n r  -------- -> n 2 +  *r

and th inks th a t  only one of the  radicals, probably  RN1N-, operates in  poly
merising m ethyl m ethacrylate, though b o th  m ay be effective w ith  styrene 
and acrylonitrile. E . P. Bonsall, L. Valentine, and  H . W. M elville59 
consider th a t  only about 25%  of the generated -CMeyCN radicals m ay be 
effective chain-starters in liquid styrene, w hilst L. B atem an and  A. L. 
Morris 60 reach a  sim ilar conclusion in regard  to  the ir chain-starting  ability  
in the au tox idation  of olefins. In  th is case the  chain-starting  reaction m ay 
perhaps be 0 2 +  ‘CMe2X  — >- 'O O C M ^ X , since the  te r tia ry  aliphatic 
radicals do no t easily a ttack  O -H  bonds, even in aldehydes,61 and  resemble 
triphenylm ethyl m uch m ore closely th an  they  do free m ethyl or free phenyl.
0 -H  bonds too are no t a ttacked , even in  quinol,53’62 b u t dehydrogenation 
of S -H  bonds is qu ite  effective.63 The resulting RS* radicals are surprisingly 
good dehydrogenators 64 and  so thiols, b y  chain transfer, can catalyse the 
dehydrogenations of hydrocarbons and  of aldehydes b y  alkyl radicals. In  
the la tte r  case the chain reaction, R* +  H S R ' — > R H  +  *SR '; R'S* +  
R-CHO — »• R 'S H  +  R-CO-; R-CO- —  -> R- +  CO, can be prom oted.65

Reactions of the te rtia ry  alkyl radicals w ith  halogens and halogen com
pounds have been stud ied  by M. C. F ord  and  W . A. W aters.66 D irect com
bination occurs w ith b o th  brom ine and iodine. The reaction w ith  sulphuryl 
chloride can be used to  in itia te  the radical-chain chlorination of compounds 
such as to luene; 67 th is chain can be inhibited  b y  iodine and  by  chloranil. 
Homolytic brom inatioh  by  iV-bromosuccinirhide can be catalysed in  the  same 
way, and is th en  so effective th a t  even qyc/ohexane can be substitu ted . 
Amongst alkyl halides only so-called “ positive halogen com pounds "  have 
been found to  react m etathetically , Z -B r -J- •CMe2X  — >  Z- +  Br-CM e2X, 
and this is ascribed to  their tendency to  undergo homolysis ra th e r  than  
heterolysis.

In  view of their relevance to  the inhibition of polym erisation and of 
autoxidation, the reactions betw een -CMe2X  radicals (X == CN, C 02Me) and 
quinones have been investigated  in deta il.62 The initial com bination occurs 
regularly a t  oxygen, though in the case of 1 ; 4-naphthaquinone there is a 
little substitu tion . The m ain products are the quinol mono- and  di-ethers 
(X X V II, X X V III), the  la tte r  arising from dehydrogenation of -CMe2X  by 
the semi-quinone radical (X X V I). Since th is radical is a mesomeric hybrid  
(a-b) addition of the  second radical to  carbon is also possible and products 
of type (X X IX ) have been isolated from substitu ted  quinones. Though in

39 Trans. Faraday Soc., 19 5 2 ,  48, 7 6 3 . 00 Ibid., p . 1 14 9 .
81 E .  1?. P . H a r r is  a n d  W . A . W a te r s , 1 9 5 2 , 3 10 8 .
62 A . F .  B ic k e l  a n d  W . A . W a te rs , 19 5 0 , 1 7 6 4 ;  F .  J .  L o p e z  A p a r ic io  a n d  W , A . 

W aters, / . ,  1 9 5 2 ,  4 6 6 6 ; K .  Z ie g le r , E .  E im e r s ,  W . . H e c h e lh a m m e r , a n d  H . W ilm s , 
Atinalen, 19 5 0 , 567, 62.

63 P . B ru in , E .  C . K o o y m a n , a n d  A . F .  B ic k e l ,  Rec. Trav. chim., 1 9 5 2 ,  7 1 ,  3 10 8 .
64 A . p .  B ic k e l  a n d  E .  C . K o o y m a n , Nature, 1 9 5 2 ,  1 7 0 , 2 1 1 ;  E .  F .  P .  H a r r is  a n d  

W . A . W a te rs , ibid., p . 2 1 2 .
65 K .  E .  J ,  B a r r e t t  a n d  W . A . W a te r s , Discuss. Faraday Soc., 1 9 5 3 ,  14, 2 2 1 .
68 / . ,  1 9 5 1 ,  1 8 5 1  ; 1 9 5 2 ,2 2 4 0 .
67 C f. M . S .  K h a r a s c h  a n d  H . C . B ro w n , J . Amcr. Chem. Soc., 19 3 9 , 6 1 ,  2 1 4 2 .
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general i t  is the quiñones of highest redox poten tia l w hich m ost effectively 
add *CMe2X  radicals, steric effects of vicinal substituen ts are im portan t.

X  X
I —  Í  O 'C M e jX  O -C M e .X  0 -C M e 2XO -C M e jX O -C M e -X

I
1A A H

\ J  — ( /
ÍW&filú li  T . . 

0 -
II . _ 

O
( X X V I a ) ( X X V I 6 )

T
A

M e,C-0—f  V -O -C M cj 
x  =  ( X X V I I I )

M e i . o - 0 H  y  Y ’ v y
\ = /  O- O O----CO

( X X V I I )  ( X X V I a )  ( X X V I 6 )  ( X X I X )

Decompositions of Aromatic Diazo-compounds.— In  their first paper on 
hom olytic arom atic substitu tion  W . S. M. Grieve and D. H. H ey 68 reported 
th a t benzenediazoacetate (X X X I) decomposed unim olecularly a t  approxi
m ately the sam e ra te  in a  wide range of arom atic solvents and  inferred there
from th a t its homolysis (b below) was the rate-controlling process, the subse
quen t reactions of the  resulting free radicals, Ph- and  •OAc, w ith  surrounding 
solvent molecules being very  fast. This single postu late  is no longer tenable, 
for R . H uisgen and G. H oreld,69 who emphasise th a t  benzene diazoacetate 
is always prepared in the  isomeric form of nitrosoacetanilide (X X X ), have 
shown th a t  the rate-determ ining stage is the  intramolecular rearrangem ent of 
(XXX) to  (X X X I) and no t the subsequent decompositions of the  latter,

Ph-N2+ +  •OAc-
° -V?

S lo w
P h -N -N O   >  P h -N IN -O -A c

A c
( X X X )  ( X X X I )  '*  P h - +  N 2 +  -O A c

which m ay be either heterolytic  and reversible (a), or hom olytic and  irrever
sible (b). T heir conclusions have been substan tia ted  by D. F. de T ar 70 and 
have been accepted and m uch elaborated by  D. H . H ey and his colleagues.71

The nitroso-com pound (XXX) does no t couple w ith  p-naphthol, b u t in 
an ionising • solvent dye form ation is a first-order process, explicable as a 
slow change (X X X  — >- X X X I), followed by  the rap id  ionisation (a) to the 
reactive diazonium  cation. In  non-ionising solvents, homolysis (b) pre
ponderates and the  ra te  of nitrogen evolution then  approaches th a t  , of the 
isom erisation (X X X — >- X X X I), b u t in acetic acid process (a) removes 
(X X X I) w ithou t loss of nitrogen so th a t  gas evolution is very  m uch slower. 
The isom erisation can also be followed by  m easuring the ra te  of form ation 
of benzenediazonium p icrate .72 Since the ra te  of change from (XXX) to 
(X X X I) is no t noticeably solvent-dependent or greatly  dependent on 
changes in the na tu re  of the  alkyl and ary l groups,71 i t  is probably  intra
molecular. This should yield the trans-form  of the diazoate, though it  is 
now generally accepted th a t  it is the  cis- ra th e r th an  the ¿rans-diazoates 
which readily  lose nitrogen. However, in  the  presence of a  base such as 
piperidine, a  bim olecular conversion of (X X X II) into a (cis ?)-diazoate can 
also occur.71' 72

88 19 3 4 , 17 9 7 . 89 Annalen, 19 4 9 , 562, 1 3 7 .
70 J . Amer. Client. Soc., 1 9 5 1 ,  7 3 , 14 4 6 .
71 Nature, 1 9 5 1 ,  16 7 , 7 2 5 ;  Research, 1 9 5 1 ,  4, 3 8 5 ;  / . ,  19 5 2 , 4 6 57 .
72 R .  H u isg e n  et el., Annalen, 1 9 5 1 ,  5 7 3 , 1 6 3 ,  1 8 1 ;  57 4 , 1 5 7 ,  1 7 1 ,  18 4 .



WATERS : THEORETICAL ORGANIC CHEMISTRY. 119

Similar rearrangem ents have been studied  w ith aliphatic  nitroso-lactam s.73 
Though these can be form ulated as yielding diazoates, aliphatic free radicals

. N \  ^ N - ° -
P h - N - ^  V )  Intramol. P h -N -W  N 0  +  :B P h - N ^

I ■<---------  K   > +  _  / B +
O ^ ^ M e  O ^ N v ie  °  Mile

(X X X II)

do not appear to  be formed, since the decomposing m ixture has no effect 
on aa-diphenyl-ß-picrylhydrazyl [Ph2N ’N*C6H 2(N 0 2)3] w hich is quickly 
decolorised by  benzene solutions of (X X X ). Since aliphatic  diazonium 
cations are unstable th e  nitrogen evolution m ay, in  these compounds, occur 
heterolytically.

/ N - N O  £ n = N
[C H 2] „ (  I — >  ( C H , ] „ (  13  >  + C H ,- [ C H ,] „ _ 1 -CO i-  +  N 2

'C O  \ c o — o <

Huisgen and  H o re ld 68' 74 poin t ou t fu rther th a t  when benzenediazo- 
acetate decomposes in arom atic solvents acetic acid is form ed in about 95% 
yield and th a t  free hydrogen atom s are only form ed to  a very  slight ex ten t.75 
Consequently they  suggest th a t the reaction

P h -N j-O A c  +  P h H  — > P h .  +  N ,  +  A c O H

occurs m ainly between vicinal molecules w ithou t the liberation of m any 
truly free  radicals. The induction of vinyl polym erisation, however, gives 
clear proof th a t  bo th  Ph* and A cO  radicals can, to  some ex ten t, have inde
pendent existence in  th is system .77 Since the  acetate  radical slowly decom
poses in warm  solütions (Me’C O O  — >■ Me’ - f  C 0 2) de T a r 70' 76 exam ined 
the ex ten t of carbon dioxide evolution from nitrosoacetanilide solutions. 
I t  is g reatest (17%) in acetic anhydride, and ju s t detectable in  benzene or 
acetic acid, b u t does n o t occur in m ethanol. The m ain role of the  AcO1 
radical is thus th a t of hydrogen abstraction , and  in  the  case of toluene-o- 
diazoacetate th is m ay come from  the  side-chain ; in  chloroform solution a 
90% yield of indazole can be obtained, though in ethanol only 10%, and none 
in acetic acid.78

A—ch3
% / \ n^ n . ° A c  v ^ n

Decompositions of diazonium  salts have also been studied. Their fluoro- 
silicates m ay be used to  introduce fluorine in to  the  arom atic nucleus.79 
R. Huisgen and H. N ataken  78 suggest th a t the  replacem ent by  hydrogen, 
Ph-N2Cl +  E tO H  — >- P hH  +  N 2 +  HC1 -f- Me-CHO, is a reaction of the 
covalent diazo-chloride w hilst the  reaction, Ph-N.2Cl +  E tO H  — -> P hO E t +  
N, -f- HC1, probably  involves the Ph-N 2+ cation. I t  has now been established

73 R .  H u isg e n  a n d  J .  R e in e r ts h o fe r , Annalen, 1 9 5 2 ,  5 7 5 , 17 4 , 1 9 7 ;  G . N isChlc a n d  
E . M ü lle r , ibid., p . 2 3 2 .

74 C f. R. H u isg e n  a n d  G . S o rg e , Annalen, 19 5 0 , 566, 16 2 .
75 C f. D . R .  A u g o o d , D . H . H e y , a n d  G . H . W illia m s , 19 5 2 , 2 10 0 .
78 D . F .  d e  T a r  a n d  H . J .  S c h e ife le , J r . ,  J .  Amcr. Chem. Soc., 1 9 5 1 ,  7 3 , 14 4 2 .
77 D . H . 'H e y  a n d  G . S .  M isra , Discuss. Faraday Soc., 19 4 7 , 2 ,  279 .
78 Annalen, 1 9 5 1 ,  573, 181.- 78 R. D . B e a t y  a n d  W . K. R .  M u s g r a v e ,/ . ,  19 5 2 ,  8 7 5 .
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by  two independent groups of workers 81 th a t  th e  tru e  Sandm eyer reaction 
is a  decomposition of the  specific double sa lt Ar-NyCuCh. The decom
position to  ArCl, b u t not to  ArOH, is re ta rded  by  excess of hydrochloric 
acid, or of chloride ions, owing to  the  form ation of CuCl43 - ; consequently the 
decompositions stud ied  by  H. H . Hodgson et a /.82 in  concentrated  chloride 
solutions are no t cogent to  the  elucidation of th e  specific ca ta ly tic  action 
of cuprous salts and m ay be simple nucleophilic displacem ents.83 The 
cyclic single-electron-transfer m echanism  proposed by  W . A. W a te rs 84 
provides a  ra tional in terp re ta tion  of th is specific action, b u t th e  transfer 
m ust occur w ith in  the molecule of the  com plex sa lt so th a t  no free  aryl 
radicals are formed. R eduction to  an  azo-compound, or to  a  sym m etrical 
diaryl, is favoured if the cuprous sa lt is added to  the  diazonium  sa lt solution.85 
By using 15N, P. F. Plolt and  (Mrs.) B. I. H opson-H ill 80 have shown th a t  a 
m ixture of the  diazonium  salts of aniline and  of anthranilic  acid yield azo- 
benzene-2-carboxylic acid in which the  azo-nitrogen atom s are derived from 
the H 0 2C,CgH 4'N 2 m oiety. In  some cases potassium  ferrocyanide can effect 
a sim ilar reduction of diazonium  salts, benzeneazodiphenyl derivatives being 
form ed.87

The decom position of concentrated  aqueous solutions of diazonium 
salts Ap N2X  always yields a little  of the  hydrocarbon ArH, together with 
the e ther ArOAr, b u t never the diaryl A r2.88 E lectron-abstracting  sub
stituen ts  favour form ation of hydrocarbon. In  dilute, weakly acid solutions 
when undissociated Ar-NiN-OH m ight be present A rH  is no t formed. This 
supports the view 85 th a t the  hydrocarbon A rH  is produced in the  ta r  phase 
since free phenyl radicals dimerise when generated in aqueous solution.89

H ypophosphorous acid is probably  the  best reagent for reducing diazon
ium salts to  the hydrocarbon A rH  : phosphorous acid is m uch less effective.90 
Small am ounts of oxidising agents, e.g., K M n 0 4, K 2Cr20 7, Cu++, NO,", 
and  also copper powder and F e++, catalyse the  reduction w ith  hypophos
phorous acid, w hilst benzoquinone, b u t no t quinol, inhibits i t .91 Con
sequently  the  following radical-chain m echanism  has been suggested :

Initiation : A r - N lN - P O jH ,------S- A r-  +  N 2 +  O IP H -O H
C o v a le n t ; 

a  t r a c e  su ffices

Chain : A t- +  H 2P 0 2 — +  O IP H -O H

O .'P H -O H  +  A r - N V  — -> A r-  +  N 2 +  [H 2P O E] +
[ H , P 0 2] + +  O H "  H 3P 0 3

Catalysis: C u 2 f +  [ H P O „ ] -  C u + - f  O .'P H -O H

Since aliphatic am ino-groups are no t rap id ly  attacked  by  nitrous acid at 
pH  > 3 , w hilst diazotisation of arom atic amino-groups is then  still possible,

80 W . A . C o w d re y  a n d  D . S . D a v ie s , 19 4 9 , S  4 8 ;  Quart. Reviews, 1 9 5 2 ,  6, 3 5 8 .
81 E .  P fe i l  a n d  O . V e lte n , Amtalen, 19 4 9 , 56 2 , 1 6 3 ;  56 5 , 1 8 3
82 1 9 4 1 ,  7 7 0 ;  19 4 2 , 3 7 6 , 7 2 0 ;  19 4 4 , 18 , 3 9 3 .
83 C f. E .  S . L e w is  a n d  W . H . H in d s , J . Amer. Chem. Soc., 1 9 5 2 ,  74  30 4 .
84 J .,  19 4 2 , 266 . 55 K .  H . S a u n d e rs  a n d  W . A . W a te rs , J., 19 4 6  1 1 5 4
86 / . ,  19 5 2 , 4 2 5 1 .  87 M . C . F o rd , W . A .  W a te rs , a n d  H . T .  Y o u n g , J .  19 5 0 , 8 3 3 .
88 H . G ie s  a n d  E .  P fe il ,  Annalen, 19 5 2 , 57 8 , 1 1 ;  j .  H . G o rv in , J., 19 5 1  16 9 3 .
sa J .  H . M erz  a n d  W . A . W a te rs , 19 4 9 , 2 4 2 7 .
30 N . K o r n b lu in , A : E .  K e l le y ,  a n d  G . D . C o o p er, J . Amer. Chem. Sec., 1 9 5 2 ,  74 , 30 74 .
81 N . K o rn b lu m , G , D . C o o p er, a n d  J .  E .  T a y lo r ,  ibid., 19 5 0 , 72 , 3 0 1 3 .



W ATERS : THEORETICAL ORGANIC CHEMISTRY. 121

selective elim ination of the  la tte r  can be effected by  th e  hvpophosphite 
method.02

The union of ary l nuclei has also received study . D. H . H ey and  J . M. 
O sbond03 showed for the  first tim e th a t  Pschorr-type ring  closures could be 
carried ou t w ith  deactivated  arom atic nuclei and  w ith  pyridine rings, w hilst 
R. A. Heacock and  D. H . H ey 94 showed th a t  i t  could be extended to  the  
preparation of phenanthridones. D iphenylm ethane, benzophenone, and 
diphenylamine derivatives can also be cyclised by  th e ir m ethods.05 The 
best experim ental procedure is to  use a  suspension of the  solid diazonium  
sulphate, or preferably th e  fluoroborate, in  acetone w ith  copper pow der as 
the catalyst. The success of the  reaction in linking up  deactivated  rings, 
such as pyridine, is indicative of a hom olytic m echanism . However,
D. F . de T ar and  S. V. Sigmanli,90 who have also carried ou t ring closures of 
the type (X X X III) — -> (X X X IV ) (R =  0 ,  CO, S, S 0 2), find th a t  strong

(XXX III) i ^ / N j X  -------H ^ J  (XXXIV)

acid conditions are helpful and  favour an  ionic m echanism. Diazonium  
fluoroborates can also be used, together w ith  phosphorous or arsenious 
chloride, for p reparation  of aryl-phosphonic and  -arsonic acids.97

L. H orner and H . S tôh r have reported  evidence indicating  th a t  the  
photochemical decom position of diazonium  salts m ay be hom olytic in  type .98

Homolytic Aromatic Substitution.—This subject has been reviewed by
D. H. H ey in  his Tilden lecture.99 Consistent q u an tita tiv e  values for ary l
ation of nitrobenzene, chlorobenzcne, and pyridine by  (i) benzoyl peroxide, 
(ii) sodium benzenediazoate, an d  (iii) nitrosoacetanilide are now avail
able.100-101 T hey show th a t  in  each case nearly  60%  of the  substitu tion  
occurs in  th e  ori/io-position. B y using b inary  m ix tures i t  has been possible 
to evaluate the  following “ p a rtia l ra te  factors ”  w hich m easure th e  relative 
rates of ary lation a t  th e  individual positions of the  molecules C6H 5R  w ith  
respect to  a tta c k  a t  any  one carbon centre in benzene. These values are so

T o t a l  r a t e  o f  s u b s t itu t io n  
S u b s t itu te d  P a r t ia l  r a t e  fa c to r  r e la t iv e  to  b e n z e n e  :

m o le c u le  ortho meta para  a r y la t io n  n it ra tio n
N itro b e n z e n e    7-0 1 -2  7-9 4 0 1 0 '4
C h lo ro b en zen e   2-7  1 -0 3  1 - 2  1-4 4  3  x  1 0 '*
P y r id in e  ..............................  •—  —  —  I T S  M in u te

very different from th e  relative ra tes of arom atic substitu tion  b y  electro- 
philic reagents, such as N 0 2+, th a t  i t  is quite clear th a t  th e  ary l radical 
approaches the  reaction site w ithou t exerting any  polarising influence on the  
aromatic molecule. N evertheless th e  partia l ra te  factors show th a t  the 
reactivities of the  ortho-, meta-, and para-positions are by  no m eans equal, as

92 N . K o r n b lu m  a n d  D . C . I f f la n d , J . Amer. Chem. Soc., 19 4 9 , 71, 2 1 3 7 .
83 / . ,  19 4 9 , 3 10 4 ,  3 1 7 2 .  94 / . ,  19 5 2 ,  15 0 8 , 4 0 59 .
85 D . H . H e y  a n d  R .  D . M u U ey, / . ,  1 9 5 2 , 2 2 7 6 .
96 J . Amer. Chem. Soc., 19 5 0 , 7 2 , 965.
97 G . O. D o a k  a n d  L .  D . F re e d m a n , J . Amer. Chem. Soc., 1 9 5 1 ,  73, 5 6 5 6 , 5 6 58 .
98 Chem. Ber., 19  5 2 , 85, 99 3 . 89 j . ,  1 9 5 2 , 19 7 4 .

100 D . H . H e y , A . N e c h v a ta l ,  a n d  T .  S . R o b in s o n , / . ,  1 9 5 1 ,  2 8 9 2 ; D . R .  A u g o o d ,
D . H . H e y , a n d  G . H . W illia m s , / . ,  19 5 2 ,  20 9 4 .

101 D . F .  d e  T a r  a n d  H . J .  S c h e ife le , J r . ,  / .  Amer. Chem. Soc., 1 9 5 1 ,  73, 14 4 2 .
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would be th e  case if hom olytic substitu tion  were controlled entirely  by  the 
frequency of collision.

These m easured partia l ra te  factors are in qualita tive  accord w ith the 
calculations of G. W . W heland 102 and  of the  subsequent elaborators of his 
concepts 103 which re late  the  ease of hom olytic a tta c k  on an arom atic system 
CgH 5R  to  th e  energy increm ent needed to  localise a single electron a t any 
particu lar carbon atom  or perm it calculations of th e  free valence num ber 
a t  particu lar carbon centres.104 Though these calculations predicted th a t 
bo th  chlorobenzene and  nitrobenzene should react m ore easily th an  benzene, 
and  m ainly in  the  ortho- and  ji>ara-positions, and  also th a t  there  should  be 
a  preponderance of orf/io-substitution though, since th is  h ad  n o t been sub
stan tia ted  by  experim ental evidence, th e  theorists h ad  n o t d raw n particu 
la r  a tten tio n  to  th is  interesting feature of hom olytic arom atic  substitu tion . 
E arlier qualita tive  work had been indicative of p revalen t ^ara-substitu tion , 
since ^a/a-com  pounds can always be isolated from  m ixtures m uch more 
easily th an  th e ir isomers.

Q uan tita tive  results for the  hydroxylations of n itrobenzene,105 chloro
benzene,100 and  benzoic acid 107 by  the  radical -OH generated by  (a) F en ton ’s 
reagent and (h) X -ray  decom position of w ater have also been reported  by
H. Loebl, G. Stein, and J . Weiss. Unlike those considered above they 
indicate th a t  the  relative rates of substitu tion  are m uch m ore uniform  and 
follow the order para  >  ortho >  meta, the  w eia-substitution being 20— 25%.

Controversial views as to  w hether hom olytic arom atic substitu tion  pro
ceeds by in itia l hydrogen abstraction, R- -j- H A r — >- R H  -j- -Ar, or by an

D .

addition m echanism, R- -j- H A r — x Ar  -— RAr  +  H R ', are still
H

being presented,100-108 though the la tte r  is generally favoured. I t  m ay well 
be th a t  the  detailed m echanism  of hom olytic substitu tion  depends on the 
natures of the  radicals involved and perhaps on th e ir mode of generation. 
Novel substitu tions by  hydroxyl and  nitro-groups have been reported  by
E. H alfpenny and P. L. Robinson 109 who find th a t, in d ilute acid solutions, 
hydrogen peroxide and  nitrous acid com bine to  give yellow pem itrous acid 
which soon decomposes w ith generation of radicals capable of inducing vinyl 
polym erisation :

H+
H ,O a +  H N O a  > H 20  +  H O -O -N O  — > H O  +  -N O , — > - H N 0 3

Their results are consistent only w ith  arom atic substitu tion  b y  an addition 
mechanism. A ttack  on benzene by  the  ’NHg free radical also seems to  occur 
additively .110

Unlike nitrobenzene and  chlorobenzene, phenol is a ttacked  by  -OH only 
in the  ortho- and ^ara-positions.111 Extension of sim ilar w ork to  alkylated

102 J . Amur. Chem. Soc., 19 4 2 , 64, 900.
105 C. A . C o u lso n , Trans. Faraday Soc., 19 4 6 , 42 , 2 6 5 ;  Research, 1 9 5 1 ,  4, 3 1 7 ;  

M . J .  S . D e w a r , J . 'Amir. Chem. Soc., 19 5 2 ,  74, 3 3 5 7 ;  J .  D . R o b e r t s  a n d  A .  S tre itw e ise r , 
ibid., p . 4 7 2 3 .

101 S e e  D . H . H e y  an d  G . H . W illia m s , Discuss. Faraday Soc., 1 9 5 3 ,  14 , 2 1 6 .
105 J .,  19 4 9 , 2 0 7 4 . loa J .,  1 9 5 1 ,  3 2  7 5 . 107 / . ,  19 4 9 , 3 2  4 5 ;  1 9 5 1 ,  4 0 5 .
108 D . F .  d e  T a r ,  / .  Amer. Chem. Soc., 19 5 0 , 72 , 1 0 2 8 ;  A . F .  B ic k e l  a n d  E .  C . K o o y -  

m a n , Rec. Trav. chim., 1 9 5 2 ,  7 1 ,  1 1 3 7 ;  c f. D iscuss Faraday Soc., 1 9 5 3 ,  14 , 14 7 .
108 / . ,  19 5 2 , 928 , 939 .
110 P . D a v is ,  M . G . E v a n s ,  a n d  W . C . E .  H ig g in so n , J .,  1 9 5 1 ,  2 5 6 3 .
1 1 1  G . S te in  a n d  J .  W e iss , J .,  1 9 5 1 ,  3 2 6 5 .



WATERS : THEORETICAL ORGANIC CHEMISTRY. 123

phenols 112 indicates th a t  the  in itia l reaction m ay give a  mesomeric aryloxy- 
radical, Ar-OH -f- -OH — >■ A rO  +  H 20 , which m ay either dim erise or 
pick up a fu rther hydroxyl radical according to  the selected reaction con
ditions. These reactions of phenols show some significant resem blances to 
oxidations effected by  the  enzymes tyrosinase and  peroxidase. However, 
comparable studies which have been carried out w ith  arom atic am ines 113 
stress differences betw een F en to n ’s reagent and peroxidase, though again 
the initial form ation of mesomeric arom atic radicals has been postulated. 
From reactions of phenols w ith  benzoyl peroxide in boiling chloroform the 
benzoate radical, P lv C O O , can be substitu ted  into the  nucleus.114 B oth  
m- and p-cresol give 4-bcnzoyloxy-w-cresol (Me =  1); w-2-xylenol gives the 
diphenoquinone (X X X V ), and  m esitol gives the  quinole (X X X V I). tert.- 
Butyl hydroperoxide a ttacks phenols in a som ew hat sim ilar w ay .115

Me_ M e M e M e

( X X X V )  ° = < ^ _ / > = < C = / > = 0  ° = \ " = X  ( X X X V I )
M e  M e M e O C O P h

F. R. Mayo and  W . B. H ardy  116 have a ttem p ted  to  distinguish between 
homolytic and heterolytic  brom inations of naphthalene. R. H uisgen and
G. Sorge find th a t  th e  relative ra te  factor for naphthalene substitu tion  is 
about 22.117 R. L. D annley and  M. Gippin 118 have shown th a t benzoyl 
peroxide introduces the  benzoyloxy-group in to  naphthalene, and  no t phenyl 
as w ith the  less active benzene derivatives. Again, nitro-, chlorine, and 
bromine are activating  groups, prom oting a tta c k  a t positions 4 and  5. 
With this reagent I. M. R o itt and  W. A. W aters 119 find th a t, even in dilute 
solutions in  chlorobenzene, benzoyloxy-groups are substitu ted  into meso- 
positions of anthracene, 1 : 2-benzanthracene, and 3 : 4-benzpyrene b u t not 
into 1 :2 - 5 :  6-dibenzanthracene. 9-M ethylanthracene is in p a r t substitu ted  
at position 10 and  in p a rt dimerises to  1 : 2-di-9 '-anthranylethane after 
hydrogen abstraction  from the  m ethyl group. In  the  benzene series a sim ilar 
formation of dibenzyl derivatives occurs w ith  ^-xylene and  m esitylene, 
though no t w ith toluene.120 In  contrast, A. F . Bickel and  E. C. Kooy- 
man 108 find th a t  2-cyano-2-propyl radicals add to  the  ineso-positions of 
anthracene, and  so strongly advocate an addition  m echanism  for all homo
lytic arom atic substitu tions. E . C. K ooym an and E. F a re n h o rs t121 have 
successfully re la ted  the  ease of radical addition to  the  polycyclic arom atic 
hydrocarbons to  calculations of “  free valence num bers ” 122 and  by  extend
ing these concepts E . C. Kooym an and  J . W . H eringa 123 suggest th a t 
extended mesomerism, jo in tly  involving b o th  the anthracenoid  meso- 
positions and the  olefinic “ K  ”  regions, of the polycyclic arom atic hydro
carbons and  n o t th e  la tte r  alone, m ust be taken  in to  account in deriving

115 S . L .  C o sg ro v e  a n d  W . A . W a te r s , / . ,  1 9 5 1 ,  17 2 6 .
113 D . G . I I .  D a n ie ls  a n d  B .  C . S a u n d e rs , / . ,  1 9 5 1 ,  2 1 1 2 ,  3 4 3 3 . •
114 S . L .  C o sg ro v e  a n d  W . A . W a te rs , / . ,  19 4 9 , 3 1 8 9 ;  1 9 5 1 ,  38 8 .
115  T . W . C a m p b e ll a n d  G . M . C o p p in g e r, J . Amer. Chem. Soc., 19 5 2 , 74, 14 6 9 .
115  Ibid., p . 9 1 1 .  117  Annalen, 19 5 0 , 566 , 16 2 .
118 / .  Amer. Chem. Soc., 1 9 5 2 ,  74, 3 3 2 .  222 / . ,  19 5 2 , 269 5 .
130 D . R .  A u g o o d , D . H . H e y  et al„ Research, 1 9 5 1 ,  4, 38 7 .
121 Nature, 1 9 5 2 , 16 9 , 1 5 3 .
122 F .  H . B u r k it t ,  C . A . C o u lso n , a n d  H . C . L o n g u e t-H ig g in s , Trans. Faradav Soc.,

19 5 1 ,  47, 5 5 3 . 123 Nature, 19 5 2 , 1 7 0 .  6 6 1 .
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experim entally satisfactory  relations betw een chemical reac tiv ity  and 
carcinogenic action for these molecules.124

Reactions of Peroxides.—Several aspects of the  chem istry of organic 
peroxides have been discussed in recent reviews 125 to  which reference can 
be m ade for inform ation published before 1950.

A cyl peroxides. By kinetic studies, several investigators have a ttem pted  
to  discrim inate betw een the in itia l hom olytic decom position of benzoyl 
peroxide, (Ph-C 0-0-)2 2Ph-C 0-0-, and th e  induced decomposition,
R- -j- (Ph-C0-0-)2— 5- R-O-COPh Ph-COO- (where R- m ay be Ph- or 
a  radical resulting from a ttack  on a solvent molecule) which m ay follow.120

C. G. Swain, W. H. Stockm ayer, and J . T . Clarke 127 have m easured the 
ra te  of the d irect decomposition of a num ber of su b stitu ted  benzoyl per
oxides by  using 3 : 4-dichlorostyrene to  combine w ith  the  P h -C O O  radicals 
and  so minim ise the occurrence of the  radical-induced decomposition. 
W. Cooper,128 w ith  a sim ilar system , has used the  ra te  of initiation of the 
polym erisation of styrene to find the  decomposition ra te  of b o th  aliphatic 
and  arom atic diacyl peroxides and, b y  studying chain transfer, has also 
m easured the speed of radical-induced decom positions.129 Symmetrical 
substitu tion  of the  aryl nucleus alters th e  reaction velocities in  a way th a t  
can be in terp reted  b y  the  H am m ett relationships, w hich have h itherto  been 
tested  only for heterolytic reactions. Electron-repelling substituen ts  (Me, 
OMe) increase the  ra te  of the  initial decomposition, b u t reduce the ra te  of 
the radical-induced decompositions. orf/io-Substituents greatly  increase 
the ra te  of the d irect decomposition. Allyl esters have also been used as 
chain-stopping solvents,130 and  effects of solvents and  of added w ater have 
been exam ined.131

Decidedly unsym m etrical diacyl peroxides have been stud ied  by J . E. 
L efller132 who has shown th a t  an acid-catalysed heterolytic  decomposition, 
followed by  a  m olecular rearrangem ent, is then prone to  occur :

121 C f. G . M . B a d g e r , Quart. Reviews, 1 9 5 1 ,  5 , 1 4 7 ;  R .  D . B ro w n , ibid., 19 5 2 , 6, 03.
125 D . S w e rn , Chem. Reviews, 19 4 9 , 4 5 , 1  (p e r -a c id s ) ; J .  E .  L e ffle r , ibid., p . 385

(re a c tio n  m e c h a n is m s ) ; E .  G . E .  H a w k in s , Quart. Reviews, 19 5 0 , 4, 2 5 1  (a lip h a tic  
p e r o x id e s ) ; R .  C rie gee , Forischr. Chem. Forschung, 19 5 0 , 1 ,  5 0 8 ;  H o u b e n -W e y l,
"  M eth o d en  d e r  O rg a n isch e n  C h e m ie ,”  1 9 5 2 ,  4 th  E d n .,  V o l .  V I I I ,  p p . 3 — 74.

,2C See A n n . Reports, 19 4 8 , 45 , 1 4 3 — 14 5 .
127 J . Amer. Chem. Soc., 19 5 0 , 72 , 5 4 2 0 . 329 J .,  1 9 5 1 ,  3 10 0 .  129 / . ,  19 5 2 ,  2408.
130 N . G . G a y lo r d  a n d  F .  F .  E ir ic h , J . Amer. Chem. Soc.j 19 5 2 ,  74 , 3 3 4 .
131 C . F .  H . T ip p e r , 19 5 2 , 2900.
132 J . Amer. Chem. Soc., 19 5 0 , 72 , 6 7 , 3809 .
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The direct com binations of Ph-CO-O- radicals w ith  iodine,133 triphenyl
methyl,134 and  aa-diphenyl-(3-picrylhydrazyl57 have also been studied, 
though the  na tu re  of the colourless product form ed from the last radical 
has not been investigated. Iodine is no t very  suitable as a  chain-breaking 
agent since- the  in itia l reaction product, benzoyl hypoiodite, Ph-CO-O-I, 
is a very powerful electrophilic iodinating agent and  prom ptly  a ttack s the 
solvent. W ith  triphenylm ethyl in benzene solution the  products are 
triphenylm ethyl benzoate (60—-70%), benzoic acid (30%), and  te trapheny l- 
m ethane; no carbon dioxide is evolved. In stead  of being a  chain-breaker 
the triphenylm ethyl prom otes the  hom olytic decom position of th e  benzoyl 
peroxide:

P h 2C- +  (P h -C O -O )j — >  P l i jC - O C O P h  +  P h -C O O - 

P h jC - +  P h -C O O - — >• P h 3C -0 - C 0 - P h  

P h-C O -O - +  C ,H 0 — >- P h -C O -O H  +  C „ H 5- 

P h 2C- +  C eH 5- — >  P h 4C

O ther reactions of benzoyl peroxide are discussed on p. 123. Decom
positions of lauroyl peroxide 135 and of ¿eri.-butyl perbenzoate have also 
been exam ined; 136 th ey  too yield active radicals. In  con trast the  decom
positions of phenylacetyl peroxide, (Ph-CH2-C 0-0)2,137 and  of coum ariloyl 
peroxide 138 show little  evidence of free-radical form ation.

The decom position of acetyl peroxide in alcohols, and  in  glycols, is a  chain 
reaction in  w hich hydrogen atom s are rem oved from CH and  no t from OH 
g ro u p s ;139 lead te tra -ace ta te  a ttack s glycols in  a different w ay .140 This 
dehydrogenation is due to  free m ethy l and  no t to  CH3-C0-0- radicals. 
Again, by m ethyl-radical a ttack , acetyl peroxide dehydrogenates chloro- and 
dichloro-alkanes in  preference to  abstrac ting  chlorine, th e  ease of a tta c k  on 
groups being lert.-CR  >  R-CH3C1 >  R R 'C H 2 >  prim ary  and  see.-Cl >  
tart.-Cl, CH3.141 In  m ost cases dim eric alkanes can be isolated in  good 
yield. Allyl brom ide acts abnorm ally ,142 the  first reaction  being

M e- +  C H C C H - C H .B r  — >- M e .C H 2-C H :C H 2 +  -B r

F. G. E dw ards and  F . R. M ayo,143 b y  studying the  decom position of 
acetyl peroxide in m ixtures of com pounds, C H R 3 and  carbon tetrachloride, 
and m easuring the  relative yields of m ethane an d  of m ethyl chloride, have 
attem pted to  determ ine the  relative reactiv ities of free m ethy l tow ards 
different C~H bonds of organic liquids b y  d irect com parison w ith  its  reac tiv ity  
towards C-Cl in  carbon tetractdoride. T heir results do no t accord w ith 
the relative reactiv ities of the  sam e liquids tow ards the hydrocarbon radicals 
of the growing chains of polym erising ethylene or styrene, and  they

133 G . S . H a m m o n d , J .  Amer. Chem. Soc., 19 5 0 , 7 2 , 3 7 3 7 ;  G . S .  H a m m o n d  an d  
L . M . S o ffe r , ibid., p . 4 7 1 1 .

134 G . S . H a m m o n d , J .  T .  R u d e s ill ,  an d  F .  J .  M o d ic , ibid., 1 9 5 1 ,  7 3 , 39 29 .
W  "F Poce ihif} 1 QnO 79 401

156 A . T .  B lo m q u is t  a n d  A . F .' F e r r is ,  ibid., 1 9 5 1 ,  7 3 , 34 0 8 , 3 4 1 2 ;  A . T . B lo m q u is t
and I .  A . B e r s te in , ibid., p . 5 5 4 6 .

133 P . D . B a r t le t t  a n d  J .  E .  L e ffle r , J . Amer. Chem. Soc., 19 5 0 , 72 , 3 0 3 0 .
138 M . C . F o r d  a n d  \V . A . W a te r s , / . ,  1 9 5 1 ,  8 24 .
133 M . S .  K h a r a s c h , J .  L .  R o w e , a n d  W . H . U r r y , J . Org. Chem., 1 9 5 1 ,  16, 9 0 5 ; 

M . S . K h a r a s c h  a n d  H . N . F r ie d la n d e r , ibid., 19 4 9 , 14, 2 3 9 .
143 M . S .  K h a r a s c h ,  H . N . F r ie d la n d e r , a n d  W . H . U r r y ,  ibid., 1 9 5 1 ,  16 ,  5 3 3 .
141 M . S . K h a r a s c h  a n d  G . B u c h i , J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 6 32 .
143 Idem, J .  Org. Chem., 19 4 9 , 14, 84. 143 J . Amer. Chem. Soc., 19 5 0 , 7 2 , 1 2 6 5 .
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consequently suggest th a t  acetyl peroxide m ay no t liberate free  m ethyl, 
CHg-CO-O — >■ CH3* +  C 0 2, in  an independent reaction  from th a t  in  which 
carbon dioxide is lost, C H y C O O  - f  CH R3 — >- CH3- H  -j- C 02 -|- ’CR3.

E . W. R. Steacie and  his colleagues 144 continue to  am ass d a ta  concern
ing activation  energies for reactions of m ethyl radicals w ith H -C  and  Cl-C 
bonds in vapour-phase reactions, b u t discussion of them  is outside the  scope 
of th is report.

D ialkyl peroxides. The therm al and photochem ical reactions of tert- 
b u ty l peroxide continue to  receive careful s tu d y .145 The Me3C -0 \ which is 
form ed therm ally  a t  abou t 140°, easily breaks down to acetone and  free 
m ethyl, the  la tte r  dehydrogenates m ore Me30 0  and  consequently epoxy-

isobutane, Me2C < ( ^ 2’ is a  m ajor p roduct of the  decom position of the  pure

liquid. The peroxide, which has frequently  been used as a cata lyst, can 
induce the  “ polym erisation ”  of compressed m ixtures of ethylene and carbon 
m onoxide to  poly ketones.140 The radical Me3C *0 reacts w ithou t further 
decom position w ith  cycfohexene, 1-methylcycfohexene, and other methyl- 
su b stitu ted  olefins, forming te r t-bu ty l alcohol and  olefinic dim ers, e.g., 
dicycZchex-2-enyl, th rough allylic a tta c k .147 The action on n a tu ra l rubber 
resembles vulcanisation. Toluene yields dibenzyl, and  ethylbenzene yields 
bo th  the  meso- and the racem ic form of 2 : 3-diphenylbutane. K etones also 
lose hydrogen from a-positions and form 1 : 4-diketones.148

The relative stabilities of alkoxy-radicals, R O , as judged by  the decom
positions of a series of unsym m etrical peroxides R O O C M e3, follow the 
order MeO >  E tO  >  BuO >  Pr* >  Bu'O =  B T O ,149 w hilst the radicals 
from  a-cum yl peroxide (Ph-CMe20-)2, tert.-butyl a-cum yl peroxide, and tert.- 
b u ty l triphenylm ethyl peroxide invariab ly  break  down by loss of m ethyl 
radicals and  can effect sim ilar dehydrogenations of hydrocarbons.150 M. S. 
K harasch, A. Fono, and  W. N udenberg 150 poin t ou t th a t  here again the 
decompositions m ay involve reactions no t necessarily generating free  m ethyl 
radicals (cf. above), e.g., M e ,0 0  - f  H-CMe2P h — -> Me2CO - f  MeH -f 
■CMe2Ph, and  consider th a t  it  is profitless to  com pare the reactivities of free 
radicals which have no t been prepared in the  sam e w ay and  a t sim ilar tem 
peratures. They also stress the  necessity of isolating, and accounting 
q uan tita tive ly  for, all the  reaction products, pointing ou t th a t  for this 
reason the m easurem ents of M. Szwarc and  J . S. R oberts ,151 who decom
posed tert.-butyl peroxide in toluene vapour a t 120— 160° and m easured only 
the gas evolved, have little  precise meaning.

Decom positions of optically active peroxides have been stud ied .152 
T hey show th a t  alkoxy-radicals can rem ove hydrogen from CH or SH 
groups w ithou t loss of optical ac tiv ity  of the carbon centre of th e  original

114 J . Amer. Chem. Soc., 19 5 0 , 72, 2 3 1 0 ;  / .  Chem. Pliys., 19 5 0 , 18 ,  1 0 9 7 ;  1 9 5 1 ,  19 , 
1 6 9 ;  1 9 5 2 ,  20 , 5 7 S ;  J . Phys. Colloid Chem., 1 9 5 1 ,  5 5 , 908.

145 E .  R .  B e ll ,  F .  F .  R u s t ,  a n d  W . E .  V a u g h a n , J . Amer. Chem. Soc., 19 5 0 , 72 , 3 3 7 ;  
J .  H . R a le y ,  L .  M . P o r te r , F .  F .  R u s t ,  a n d  W . E .  V a u g h a n , ibid., 1 9 5 1 ,  7 3 ,  1 5 ;  L .  M . 
D o r fm a n n  a n d  Z . W . S a ls b u rg , ibid., p . 2 5 5 .

148 M . M . B r u b a k e r ,  D . D . C o ffm a n , a n d  H . H . H o e h n , ibid., 1 9 5 2 ,  74, 15 0 9 .
147 E .  H . F a r m e r  a n d  C . G . M o o re , J .,  1 9 5 1 ,  1 3 1 ,  14 2 .
148 C . G . M o o re , J., 1 9 5 1 ,  2 3 6 .
149 F .  F .  R u s t ,  F .  H . S e u b o ld , a n d  W . E .  V a u g h a n , J . Amer. Chem. Soc., 19 5 0 , 72 , 338 .
150 / •  Org. Chem., 1 9 5 1 ,  1 6 ,  10 5 , 14 5 8 . 184 J . Chem. Phys., 19 5 0 , 18 ,  5 6 1 .
152 N . K o m b lu m  a n d  H . E .  D e  l a  M a re , J . Amer. Chem. Soc., 1 9 5 2 , 74, 30 7 9 .



WATERS : THEORETICAL ORGANIC CHEMISTRY. 127

radical. A lkoxy-radicals w ith  identical characteristics can be obtained

positions of u n sa tu ra ted  peroxides, such as Me3C-0-0-C H 2-CH;CH2, have 
also been stud ied ,154 and  acetylenie peroxides have been p repared .155

The decomposition of the  cyclic peroxide, dihydroascaridole (X X X V II), 
has been exam ined by  C. G. M oore; 156 it  yields the  diketone (X X X V III) 
and a gas (possibly ethylene). H. H ock and  F . Depke 157 have m ade, by

autoxidation, a num ber of transannu lar peroxides from  com pounds such as 
eyefopentadiene, cycZohexadiene, indene, and  dihydronaphthalene, and  have 
characterised the  products of the ir decompositions. The evidence presented 
is, however, insufficient to  decide w hether or n o t some of them  m ay really  be 
hydroperoxides.

Hydroperoxides. These are the  norm al products of autoxidations and 
several accounts of isolations of pure products from  such reactions have been 
reported.158 J . E . Coleman, H . B. K night, and  D. Swern 159 have described 
a novel w ay of concentrating the au toxidation  product of m ethyl oleate. 
They remove the  unoxidised m ateria l as its  c la th ra te  complex w ith  u r e a : 
the residue m ay then  contain 70— 90%  of peroxide. The yellow au tox id 
ation product of benzaldehyde phenylhydrazone is though t now to  be 
Ph-CH(OOH)-N;NPh, derived from  the mesomeric radical P lvC H IN 'N 'Ph  
«--> Ph-CH -N iN Ph.100 The hydroperoxide (X X X IX ) of 1 : 2 : 3 :  4 -te tra- 
hydrocarbazole, th e  decom position of which has received detailed s tu d y ,161 
probably arises th rough  a sim ilar mesomeric radical containing nitrogen. 
When decomposed it  yields cyriopentanes^iVo-2-^-indoxyl (XL). Alkyl

alkyl sulphates, or on te rtia ry  alcohols in  the  presence of concentrated  sul
phuric acid. A. G. D avies and  A. M. W hite 162 have shown th a t  they  can

153 N . K o rn b lu m  a n d  E .  P .  O liv e to , J . Amer. Chem. Soc., 19 4 9 , 7 1 ,  2 2 6 .
151 T . \V . C a m p b e ll a n d  G . M . C o p p in g e r, J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 17 8 8 .
135 N . A . M ila s  a n d  O . L .  M a g e li, ibid., 1 9 5 2 , 74, 1 4 7 1 .
136 J.,  1 9 5 1 ,  2 3 4 . 157 Chem. Ber., 19 5 0 , 83, 2 2 7 , 3 1 7 ;  1 9 5 1 ,  84, 1 2 2 ,  34 9 .
158 H . H o c k  et al., ibid., 19 5 0 , 83, 2 2 7 , 2 3 8 , 3 2 7 ;  1 9 5 1 ,  84, 3 5 6 ;  R .  C rie g ec  a n d  H . 

Zogel, ibid., p . 2 1 5 ;  D . B .  S h a r p  et al., J .  Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 5 6 0 0 ; 19 5 2 ,  74, 
18 0 2 ; J .  R u g g e r  e/a / ., ibid., 1 9 5 1 ,  7 3 , 2 8 6 1 ;  J .  H . S k e llo n  a n d  P .  E .  T a y l o r , / . ,  19 5 2 , 1 8 1 3 .  

153 J . Amer. Chem. Soc., 19 5 2 ,  74 , 4886.
160 R .  C rie g ee  a n d  G . L o lia u s , Chem. Ber., 1 9 5 1 ,  84, 2 1 9 .
161 R .  J .  S . B e e r , L .  M c G ra th , a n d  A . R o b e r ts o n , / . ,  19 5 0 , 2 1 1 8 ,  3 2 8 3 ;  R .  J .  S . 

B eer, T . B ro a d h u r s t , A .  R o b e r ts o n , a n d  L .  M c G ra th , J .,  1 9 5 2 , 4 3 5 1 ;  S .  G . P . P la n t  
and S ir  R .  R o b in so n , Nature, 19 5 0 , 16 5 ,  3 6 ;  B .  W itk o p , et al., J . Amer. Chem. Soc., 
1950 , 72, 6 14 ,  6 3 3 ;  R .  J .  S .  B e e r ,  T . B ro a d h u r s t , a n d  A . R o b e r ts o n  / . ,  19 5 2 ,  4946.

162 J ;  19 5 2 , 3 3 0 0 ;  Nature, 1 9 5 2 , 1 7 0 ,  16 8 .

by the pyrolysis of alkyl n itrites : R -O N O  — >- R-O- -f- -NO.153 Decom-

Me
Me Me

(X XX VII)

>
(X X X V III)

(X X X IX ) (XL)

hydroperoxides can also be prepared by  the  action of hydrogen peroxide on



regularly be prepared b y  th e  S\?l m echanism  from carbonium  ions and 
hydrogen peroxide, as for exam ple from (-f-)-tetrahydro-a-naphthyl hydro
gen ph thala te , w ith  concurrent racem isation. A nother interesting  prepar
ation is from  2-m ethylbut-2-ene w ith  90% hydrogen peroxide and a  trace  of 
sulphuric acid :

M c X IC H M e  +  H + — >  M e 2C - C I i2M e — >  M e 2C ( 0 - 0 H ) - C H 2M e

1-H ydroxy-hydroperoxides can be prepared  by  the  d irect addition  of 
hydrogen peroxide to  aldehydes and ketones.103

Decompositions of hydroperoxides have been stud ied  extensively and 
three types of reactions can be distinguished.

(a) T herm al hom olytic decom position.— tert.-B utyl hydroperoxide,
Me3O O O H , dissociates to  b o th  Me3CO- and  -OH radicals : the  form er acts as 
a  dehydrogenating agent b u t th e  la tte r  m ay ac t also as a  hydroxylating  agent. 
Thus the  decomposition in  iycZohexene 164 gives cycZohex-2-enol, cycZohexane- 
1 : 2-diol, and dim eric coupling products. R adical-induced decompositions 
of the hydroperoxide also occur even in th e  vapour phase,105 e .g .:

M e- +  M e 2C - 0 - 0 H  — >  M e -H  +  M e 2C -0 - 0 - '

Me3C-0-0- +  -Me — Me2C-0-0M c — >  Me3C-0- +  -OMe 
M eO - +  Me3C -0-0H  — > M eO -H  +  Me3C-0-0-

The hydrogen abstraction  was confirmed by  th e  use of the  deuteroperoxide. 
Me3O O O D , w hereby bo th  CH3D and  CH3OD were isolated. The alkoxy- 
radicals form ed by the  foregoing decompositions of hydroperoxides can then 
undergo fu rth er reactions w hich can be sum m arised as shown : 100

(R'H)
Tertiary : R -  +  R 2CO  -<—  R 3C - 0 - -------— R 3C -O H  -)- - R '
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Secondary : R -  +  R -C H O  R 2C O  +  R 'H

R 2C H -O H  +  R '  R 2C O  +  R 'O H

P rim a ry : R -  +  C H 20  ,  R -C H O  +  R 'H
' or R - C H .-O R '

R -C H „ - 0

R - C H 2-O H  +  R '  '  R -C H O  +  R 'O H

D egradations of th is  ty p e  can account for the  course of th e  low -tem perature 
oxidation of paraffin hydrocarbons.

Sim ilar reactions can be induced b y  o ther free radicals in solutions of 
organic hydroperoxides.167 F o r th is reason kinetic studies of hydroperoxide

W . C o o p er, 1 9 5 1 ,  1 3 4 0 ;  1 9 5 2 ,  1 18 0 .
164 E .  H . F a r m e r  a n d  C . G . M o o re , / . ,  1 9 5 1 ,  14 9 .
165 F .  H . S e u b o ld , F .  F .  R u s t ,  a n d  W . E .  V a u g h a n , J . Amer. Cliem. Soc., 1 9 5 1 ,  7 3 , 18 . 
168 E .  R .  B e ll ,  J .  H . R a le y ,  F .  F .  R u s t ,  F .  H . S e u b o ld , a n d  W . E .  V a u g h a n , Discuss.

Faraday Soc., 1 9 5 1 ,  1 0 ,  2 4 2 .
16 : V .  S t a n n e t t  a n d  R .  B .  M e sro b ia n , J . Amer. Chem. Soc., 19 5 0 , 7 2 , 4 12 5 . .
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decompositions show th a t  th e  reaction is com plex,168-171 though a t low 
concentrations in  solution i t  closely sim ulates a first-order reaction, indicating 
that the prim ary  decom position of th e  hydroperoxide, R O O H  — R O  -f- 
•OH, then becomes the  rate-controlling process. Olefinic peroxides, however, 
seem to decompose by  second-order reactions 169 un til very  low concen
trations are reached, and  th is  has been ascribed to  m olecular association of 
the hydroperoxide to  a hydrogen-bonded dim er for the existence of which 
there is supporting spectral evidence.170

The therm al decomposition of a-cum yl hydroperoxide, PlvC M eyO O H , 
which has received intensive s tu d y ,171 involves bo th  d irect and  induced 
reactions : the  m ain decomposition product is acetophenone, w hilst m ethanol 
also seems to  be form ed :

(6) Acid-catalysed decompositions.—These are heterolytic and  lead to 
molecular rearrangem ent b y  m igration of an anionoid hydrocarbon group. 
In m arked con trast to  the  hom olytic decom position (above) the  sole products 
from a-cumyl hydroperoxide are acetone and  phenol :

Several of these cases have been stud ied ,172 b u t undoubtedly  the  course of 
the reaction has been explained m ost clearly by  P. D. B a rtle tt and J . D. 
C otm an173 who com pared the products of the hom olytic and  the 
acid-catalysed decom positions of p -n itro tripheny lm ethy l hydroperoxide. 
With m ineral acids i t  gave exclusively ^-nitroacetophenone and phenol, 
owing to  preferential m igration of the  phenyl group, which m ore easily 
provides electrons, whereas from  therm al decom position there  resulted  a 
mixture in which p-nitrophenol slightly predom inated, N 0 2-C6H 4- being a 
somewhat m ore stable radical th an  CgHy and  therefore requiring less 
activation energy for liberation.

(c) Decompositions catalysed b y  one-electron transfer.—These decom
positions resemble th e  decom position of hydrogen peroxide and  of inorganic

168 A la n  R o b e r ts o n  a n d  W . A . W a te r s , / . ,  19 4 8 , 1 5 7 8 ;  S . F a r k a s  a n d  E .  P a s s a g lia ,  
J. Amer. Chem. Soc., 19 5 0 , 7 2 , 3 3 3 3 .  le# J .  L .  H o llan d , Quart. Reviews, 19 4 9 , 3, 1 .

1,0  L .  B a te m a n  a n d  (M rs.) H . H u g h e s , J .,  1 9 5 2 , 4 59 4 .
17 1 M . S . IC h a ra sch , A . F o n o , a n d  W . N u d e n b e rg , J . Org. Chem., 1 9 5 1 ,  16 ,  1 1 3 ;  

J -  W . L .  F o r d h a m  an d  H . L .  W illia m s , Canad. J . Res., 19 4 9 , 2 7 , B, 9 4 3.
178 M . S .  K h a r a s c h  et al., J .  Org. Chem., 1 9 5 1 ,  16 ,  1 1 3 ,  1 2 8 , 15 0 .
173 J . Amer. Chem. Soc., 19 5 0 , 72 , 30 9 5 .
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per-salts b y  electron transfer, w hereby free hydroxyl radicals, which 
have pronounced oxidising actions on alm ost all types of organic molecules,

m ay be produced.174 In  the case of a-cum yl hydroperoxide 175.176 the  re
action proceeds : Ph-CMe2-0 -0 H  +  F e2+ — >  Ph-CMe2- 0  +  Fe3+ +  -OH-, 
giving an alkoxy-radical which m ay be detected  by  addition to  chloroprene, iso- 
prene, or butadiene, from which dimers, e.g., (Ph-CMe2-0-CH2,CHlCH-CH2-)2, 
are produced.176 This system  is today  the ca ta lyst generally adopted  for 
emulsion polym erisation. Though alkoxy-radicals produced in  th is  way 
can, like ‘OH, oxidise alcohols and m any hydrocarbons, th ey  do no t resemble 
free hydroxyl in their a ttack  on hydroperoxide molecules (cf. HO* +  HO-OH 
— > H 20  +  ‘0 ‘0H ) b u t prom ote the ir radical-induced decom position:

P li-C M e (M « )-0 -  +  P h -C M e 2- 0 - 0 H  — >  P h -C O -M e +  M eOH +  P h -C M e 2-0-

w ith  the  result th a t  a  cataly tically  small am ount of F e2+ or sim ilar ion can 
bring about the  destruction  of a  large am ount of organic hydroperoxide. 
One-electron oxidising agents, however, can prom ote oxygen evolution :

All these reactions are m arkedly  susceptible to  chain transfer. Thus with 
a  fa tty  acid, or its  anion, reactions of the  ty p e  H 0 ‘ +  R -C 02~ — >- H O -  -f 
R ‘C 0 2* easily occur,174' 177 rapidly  lowering the  ac tiv ity  of the  free radicals 
rem aining in  the  system , w ith  results of great technical im portance in 
connection w ith  polym erisation processes. These m ore com plicated systems 
are, however, too involved to  be discussed h e r e : th ey  have little  novel 
theoretical interest. A tten tion  m ay, however, be directed to  the  rather 
surprising observations by  H . J .  K auffm ann 178 who has apparen tly  found

17 1 J .  H . M erz  a n d  W . A . W a te rs , / . ,  19 4 9 , S  1 5 ,  2 4 2 7 ;  I .  M . K o lth o ff  a n d  A . I .
M e d a lia , J .  Amer. Chem. Soc., 19 4 9 , 7 1 ,  3 7 7 7 ,  3 7 8 4 ;  I .  M . K o lth o ff , A . I .  M e d a lia , and
H . P .  R a a e n , ibid., 1 9 5 1 ,  7 3 , 1 7 3 3 ;  J .  W . L .  F o rd h a m  a n d  H . L .  W illia m s , ibid., p . 4 8 5 5 ;
A . E .  C a h il l a n d  H . T a u b e , ibid., 19 5 2 ,  74 , 2 3 1 2 ;  G . S te in  a n d  J .  W7e iss, J ..  1 9 5 1 ,  32 6 5 ; 
S . L .  C o sg ro v e  a n d  W . A . W a te r s , 1 9 5 1 ,  1 7 2 6 .

1 ,5  I .  M . K o lth o ff  a n d  A .  I .  M e d a lia , J . Amer. Chem. Soc., 19 4 9 , 7 1 ,  3 7 8 9 ; J .  W . L . 
F o r d h a m  a n d  H . L .  W illia m s , ibid., 19 5 0 , 7 2 , 4 4 6 5 ; 1 9 5 1 ,  7 3 , 16 3 4 .

878 M . S . IC h a ra sch , W . N u d e n b e rg  el a l, J .  Org. Chem., 1 9 5 1 ,  16 ,  1 1 3 ,  1 2 9 , 14 58 , 
1 5 5 6 ;  1 9 5 2 , 1 7 , 2 0 7 .

177 I .  M . K o lt h o f f  a n d  I .  K .  M ille r , J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 5 1 1 8 .
178 Ibid., 1 9 5 1 ,  7 3 , 4 3 1 1 ;  19 4 7 , 69. 899.

Homolysis Hydrolysis

o  W  _1_ -Ph2CO  P h O H  ' V l O P h
° 2N( _ ) - C = ° +  P h

_  P h  O H  
O n ly  p ro d u c ts

RO-OH +  Co3+ — RO-O- +  Coa+ +  H+
RO-O- H- Co8+ — >  R+ +  Oa +  Co2+

(Cf. the  ca ta ly tic  decomposition of H 20 2 by  Fe3+.)
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chain reactions w hich can prom ote th e  radical oxidation of organic dyes. 
Similar inexplicable features of radical reactions have been observed in 
radiation chem istry .179

The following bond-breaking and radical-coupling reaction is also illus
trative of actions of th e  free alkyloxy-radicals which can be obtained by 
electron-transfer from  cyclic hydroperoxides.180

Mi
Me

/ ! o

■kr
MeCO[CHj]t— [CH2]4-COMe

One vapour-phase reaction involving sulphur-containing radicals has 
been studied in detail.181 Paraffin hydrocarbons, such as hexane and 
cyc/ohexane, on irradiation, undergo au tox idation  in  the  presence of su lphur 
dioxide, and the following chain m echanism  has been proposed :

r . +  S 02 — R-SCV; R-S02- +  0 2 — R-S02- 0 - 0  
R-S02- 0 - 0  +  RH — >- R-SCVOOH +  R-

The first p roduct is an alkanepersulphonic acid, which, like a percarboxylic 
acid, is an  unstable oxidising agent th a t  is easily degraded to  an alkane- 
sulphonic acid, R-SOyOH. This action of su lphur dioxide in  prom oting the 
autoxidation of paraffins is detrim ental in the  F ischer-T ropsch synthesis.

Rearrangem ents o f Free Radicals.—The therm al decom position of tri- 
phenylm ethyl peroxide in an inert solvent yields benzpinacol diphenyl 
e th e r : 182

C P h j- O O C P h ,  — >  2  •C P h 3,0 ------>  2 C P h 2-O P h  — >  P h O C P h 2-C P h 2-O P h

The same product is form ed by  the  action of ferrous salts on triphenyl- 
methyl hy d ro p ero x id e : 183

C P h j- O O H  +  F e 2+ — >  F e 3+ +  O H “  +  C P h 3-0 -  — -C P h 2-O P h  — >- D im e r

whilst the decom position of ferf.-butyl triphenylm ethyl peroxide in cumene 
yields 2-m ethyl-3-phenoxy-2 : 3 : 3-triphenylpropane :

C P h j-0 * 0 -G M e s — >- C M e ,-0 -  +  C P h 2- 0 ----- >- -C P h 2-O P h
4'

C M e2-0 -  +  H -C M e2P h — C M e3-O H  +  -C M e2P h  — -> C P h M e 2-C P h 2-O P h

Aryloxy-compounds of th is type  can be hydrolysed by  acetic-perchloric 
ac id : the  aryloxy-group is q u an tita tiv e ly  elim inated as a  phenol, and  an 
olefin is form ed by  stabilisation , in  th e  norm al way, of th e  resulting te rtia ry  
carbonium ion by  1 : 2-m igration of a  m ethy l group. In  th is w ay M. S. 
Kharasch, A. C. Poshkus, A. Fono, and  W . N udenberg 183 have com pared 
the m igratory ap titudes of a  num ber of ary l groups in unsym m etrical per-

178 Discuss. Faraday Soc., 1 9 5 2 ,  12, 1 3 3 — 3 1 2 ;  s e e  a ls o  A .  J .  S w a llo w , J 19 5 2 ,
13 3 4 .

180 E .  G . E .  H a w k in s  a n d  D . P .  Y o u n g , J 19 5 0 , 2 8 0 4 ; c f . E .  G . E .  H a w k in s , Quart.
Reviews, 19 5 0 , 4, 2 5 1 .  18 1 R .  G r a f , Annalen, 1 9 5 2 ,  578, 50 .

185 H . W ie la n d , Ber., 1 9 1 1 ,  44, 2 5 5 3 . 188 J .  Org. Chem., 1 9 5 1 ,  16, 14 5 8 .
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oxides, using either brom ination  or condensation w ith  chloroacetic acid to 
separate  th e  phenolic products.

A r P h 2C -0 -0 -C M e 3 — >  C P h M e a-C P h a-O A r — >  A rO H  +  C H p C P h -C M e P lu

They find th a t  ^-diphenylyl and  a-naph thy l groups m igrate abou t six  times 
as fast as phenyl, w hilst fi-toYyl m igrates alm ost as readily as phenyl.

W . H . U rry  and N. N icolaides184 have extended the  stu d y  of the  rearrange
m ent of th e  2-m ethyl-2-phenypropyl ra d ic a l185 (prepared b y  the  combined 
action of G rignard reagents and cobaltous chloride on the  corresponding 
halide) to  the  radicals (XLI) and  (X L III).

T hey find th a t (XLI) in p a r t rearranges to  (X LII) by  m igration of th e  p-tolyl 
group, b u t th a t  there  is no evidence of the  m igration of the e thy l group of 
(X L III). Sim ilar conclusions have been reached b y  D. Y . C urtin and 
M. J . H urw itz 186 who have prepared  radicals, CPhyCH R-, by  treating 
the  aldehyde CPhyCHR-CHO (R =  H , Me) w ith  A ri.-butyl peroxide at 
140°.187 The aldehyde, CPhyCH ^CH O , a fte r th is  decarbonylation gave 
only C H Ph2-CH2Ph, showing th a t  rearrangem ent of CPh3’CH2- to 
•C P lvC H 2P h  was complete, w hilst CPh^CHMe-CHO gave equal am ounts of 
C H Ph2-CHMePh and  C PhjX M ePh. D ecarbonylation of (XLIV) to  (XLV) 
occurred in  85%  yield, w ithout rearrangem ent, w hilst (XLVI) gave (XLVII), 
the  dim er of the rearranged radical.

( X L I V )  p - M c b - C ,H 4- C H P lv C H a-C H O  — M eO -C 9H 4-C H P h M e  ( X L V )

( X L V I )  C P h jM e -C H j-C P IO  — >- C H 2P lv C P l iM c C P h M c C H 2P h  ( X L V I I )

From  these results they  conclude th a t  only aryl radicals can m igrate. A 
sim ilar conclusion has been reached by  C. G. O verberger and  M. B. Beren- 
baum  188 who form ed the  radical (X L V III) from  the  azo-nitrile derived from 
pinacolone, and  found th a t  i t  dim erised to  a m ix tu re  of the  meso- and 
racem ic forms of (X LIX ) w ithout any m igration of m ethy l groups :

( X L V I I I )  C M e ,-C M e (C N ) >- C M e3-C M e(C N )-C M e(C N )-C M e3 ( X L I X )

Again H. C. Brown and  G. A. R u sse ll189 who have investigated  the photo
chemical chlorinations of CMe3D and  CH2PhD  find no evidence for deuterium 
m igration (e.g., CMe2D-CH2- — >• -CMe2-CH2D) or even for deuterium 
exchange betw een molecules.

Addition R eactions.190— Few novel hom olytic additions have been 
reported  in  th e  period under review, b u t  there  has been a  g rea t deal of 
study  of reaction m echanisms. B y catalysis w ith  -bu ty l peroxide, or 
ultra-violet light, phosphine can be added to  olefins to  give products of 
types RTjH 2, R 2PH , and  R 3P .191 Free oxygen is able to  catalyse the

181 / .  Amer. Chem. Soc., 1 9 5 2 , 74, 5 1G 3 . 185 A nn . Reports, 19 4 S , 4 5 , 14 8 .
186 J . Amer. Chem. Soc., 1 9 5 2 , 74 , 5 3  8 1 .  187 S e e  p . 1 3 3 .
188 J .  Amer. Chem. Soc., 19 5 2 ,  74, 3 2 9 3 . 189 Ibid., p . 39 9 5 .
190 S e e  A nn. Reports, 19 4 8 , 45, 14 9 — 1 5 7 .
191 A . R .  S t i le s , F .  F .  R u s t ,  a n d  W . E .  V a u g h a n , / .  Amer. Chem. Soc., 1 9 5 2 ,  74 , 3282,

M e M e M e

M e -C H 3— C— C H .
'  I

M eM e M e

( X L I ) ( X L I I ) ( X L I I I )
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addition of thiols to  olefins 192 and  consequently can indirectly  prom ote vinyl 
polymerisation. The reactions

R S H  +  O , — >• R S -  +  H O * a n d  R S H  +  H O a >• R S -  +  H s0 2

have been suggested as th e  in itia ting  reactions. Benzoyl-peroxide-catalysed 
addition of sulphuryl chloride to  olefins can lead to  the  form ation of a 'd i 
chlorinated sulphone, (R-CHC1‘CH2)2S 0 2 193,194 and, sim ilarly, IV-chloro- 
sulphonylphthalim ide can be added to  olefins.195 This w ork confirms the 
transient existence of free ’SOgCl radicals and  establishes th a t  R -S 02- 
radicals have th e  odd electron on the  su lphur atom .

W ith  peroxide catalysts, or in  u ltra-v io let light, aldehydes can be added 
to olefins to  give ketones,196 CHR!CH2 +  R'-CHO •—->  CH2R*CH2’COR', b u t 
a t higher tem peratures there  is some loss of carbon m onoxide owing to  the 
occurrence of th e  chain reaction 197

R '-C O - — >- R '-  +  C O ; R '-  +  R '- C H O  — R ' H  +  R '- C O .

This leads to  racem isation of optically active aldehydes.198 Aldehydes can 
also be added to  aj3-unsaturated' esters and  ketones.199 M esityl oxide, 
CMe2!CHAc, gives R-CO-CMe2,CH2Ac and R-CO-CHAc-CHMe, in the  ratio  
10 :1 , indicating th a t  th e  R -C O  radical adds preferentially  to  give th e  more 
stable radical, viz., R-CO-CMeyCITCOMe, and  n o t a t  the  po in t of higher 
electron density. B oth  A. L. H enne and  M. N ager 200 and  R. N. H aszeld ine201 
stress the  same features in  relation  to  additions to  3 : 3 : 3-trifluoropropene, 
CF3’CH;CH2, and  3 : 3 : 3-trifluoropropyne, CFyC-CH. In  ultra-violet 
light these molecules add  hydrogen brom ide to  give th e  1-bromo-compounds, 
CF3,CH2,CH2B r and  CFyCHiCHBr. These are also form ed under polar 
conditions (a reversal of the  norm al m ode of addition  to  propylene) though 
much less easily, owing to  th e  exceptionally strong electrophilic action of 
fluorine. Sim ilar photochem ical additions can be effected b y  CF3B r and  
CF3I, which resemble CCl3B r in the ir ease of homolysis.202 K inetic features 
of the benzoyl peroxide- and  photochem ically-catalysed additions of b o th  
brom otrichlorom ethane203,204 and  carbon tetrachloride 205 to  olefins have 
received detailed exam ination. The olefins m ost active tow ards the #CC13 
radical are those which tend  to  give the  m ost stable radical adducts, b u t these 
tend to  yield dimers, ra th e r  th a n  to  continue reaction  chains b y  abstracting  
a halogen atom  from CC14 or CClyBr. Since th e  -CC13 radical can also a ttack  
C-H bonds,205, 208 chain ending is often due to  the  form ation of resonance- 
stabilised allylic radicals, -C H R -C H X H R '.207 The reactions w ith  allyl

1,2 M . S . K h a r a s c h , W . N u d e n b e rg , a n d  G . J .  M a n te ll , J . Org. Chern., 1 9 5 1 ,  1 6 ,  5 2 4 .
193 M . S . K h a r a s c h , 8 th  S o lv a y  R e p o r t , 1 9 5 1 ,  p p . 1 7 7 — 19 6  (R . S to o p s , B ru s s e ls ) .
184 M . S .  K h a r a s c h  a n d  A . F .  Z a v is t ,  / .  Amer. them . Soc., 1 9 5 1 ,  7 3 , 964.
183 M . S .  K h a r a s c h  a n d  R .  A . M o sh er, / .  Org. Chem., 1 9 5 2 ,  1 7 ,  4 5 3 .
188 M . S . K h a r a s c h , W . H . U r r y ,  a n d  B .  M . K u d e rn a , J . Org. Chem., 19 4 9 , 1 4 ,  24 8 .
187 S e e  p . 1 1 7 .  S .  W in s te in  a n d  F .  H . S e u b o ld , J . Amer. Chem. Soc., 19 4 7 , 69, 2 9 16 .
198 W . E .  D o e r in g , M . F a r b e r ,  M . S p re c h e r , a n d  K .  I .  W ib e rg , ibid., 1 9 5 2 ,  74 , 30 0 0 .
198 T . M . P a t r ic k , J . Org. Chem., 19 5 2 , 1 7 ,  10 0 9 , 12 6 9 .
200 J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 5 5 2 7 . 201 / . ,  1 9 5 2 , 2 5 0 4 , 349 0 .
202 R . N . H a sz e ld in e , / . ,  19 4 9 , 2 8 5 6 ;  19 5 0 , 2 0 3 7 ;  1 9 5 2 ,  3 4 8 3 .
202 M . S .  K h a r a s c h  a n d  H . N . F r ie d la n d e r , J . Org. Chem., 19 4 9 , 1 4 ,  2 3 9 ;  M , S . 

K h a ra sc h  a n d  M . S a g e , ibid., p . 5 3 8 .
204 H . W . M e lv ille , J .  C . R o b b , a n d  R .  C . T u tto n , Discuss. Faraday Soc., 1 9 5 1 , 1 0 , 1 5 4 .
205 E .  C . K o o y m a n , ibid., p . 16 3 .
208 E .  C . K o o y m a n  a n d  E .  F a r e n h o r s t , Rec. Trav. chim., 1 9 5 1 ,  70 , 867.
287 E .  C . K o o y m a n , ibid., 19 5 0 , 69, 4 9 2 .
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chloride 208 exemplify particu larly  clearly the influence of electrophilic groups 
on radical reac tiv ity .193

A ddition of carbon tetrachloride to  (-f)-lim onene is followed by  elimin
ation  of hydrogen chloride,209 w hilst th a t  to  (3-pinene leads to  ring fission.210

; h 2-c c i 2
C H 2 C I-L-C C I j

>rt ^ Ï S f ï f S
The stereochem istry of hom olytic addition has been investigated by

H. L. Goering, P. I. Abell, and  B. F . Aycock.211 A ddition of hydrogen 
brom ide to  simple olefins is no t stereospecific because the addition of atomic 
brom ine is reversible 212>213 and prom otes isom érisation more th an  addition. 
Since cis- and trans-l : 2-dibromocyc/ohexane give different (¿ra«s-)elimin- 
a tion  products on trea tm en t w ith  quinoline, a discrim ination can be m ade by 
exam ining the addition products to  1-bromocyc/ohexene (L). W ith  hydrogen 
brom ide in  the presence of benzoyl peroxide, or in  ultra-vio let light, i t  gives 
cis-1 : 2-dibromocyc/ohexane (LI) w hich is, therm odynam ically, the less 
stable isomer. 1-MethylcycZohexene (LII) behaves sim ilarly, giving (L III).

.—  HBr -f peroxides (or U.V.)/  \   >
(L ) B r  Quinoline '| |' (L I )

B r

< « >

' \  /  H B r  +  p e r o x id e s  H / >  V

M e  (L II) *  Pyridine M e B r  ( L I I I )  M e  B r  ( L I V )

The in term ediate radical (LIV) m ight be expected to  give a  m ix ture  of cis- 
and  ZruHS-isomers if the  free radical has a  p lanar s truc tu re  w ith  the  m ethyl 
group coplanar w ith  the  r in g ; b u t evidently  A««s-addition of the  hydrogen 
brom ide is favoured. Resonance betw een the  unpaired  electron of the 
carbon radical and  the  unshared electrons of the  brom ine atom  is invoked to 
explain why (LIV) should react w ith  hydrogen brom ide in  the  direction 
rem ote from the  brom ine atom . In  discussion of addition of trichlorobrom o- 
m ethane to  cyc/ohexene, F . S. F a w c e tt214 suggests th a t  steric hindrance 
m ay favour the /m ws-addition w hich has been observed. Stereochemical 
specificity, however, cannot be a  general feature of free-radical addition, since 
th e  copolymers of v inyl ace ta te  w ith  th e  cis- and the  trans-form  of 1 :2 -  
dichloroethylene have th e  sam e steric configuration, though the  tw o isomers 
react a t  different speeds.215

Studies of copolym erisation give im portan t inform ation concerning the 
relative speeds of addition  to  different olefinic com pounds, and F. R . Mayo

208 M . S . K h a r a s c h  a n d  M . S a g e , J . Org. Chctn., 19 4 9 , 14 ,  79 .
208 S .  I s r a e la s h v i l i  a n d  E .  D ia m a n t , J .  Amer. Chem. Soc., 1 9 5 2 , 74 , 3 1 8 5 .
210 D . M . O ld ro yd , G . S .  F is h e r , a n d  L. A . G o ld b la t t , ibid., 19 5 0 , 72 , 2 4 0 7 .
211 J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 35 8 8 .
212 I ) .  H . D e rb y sh ire  a n d  W . A . W a te rs , Trans. Faraday Soc., 19 4 9 , 45, 749.
218 H . S te in m e tz  a n d  R .  M . N o y e s , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 4 1 4 1 .
2l* Chem. Reviews, 19 5 0 , 47 , 2 3 5 . 215 Ibid., 19 5 0 , 40, 1 9 1 .
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and C. W alling 215 have provided a  valuable review of th is  subject. M any 
olefmic compo.unds which do n o t polymerise alone can be m ade to  form 
copolymers when adm ixed w ith  o ther polym erisable olefins. I t  tu rn s  ou t to  
be a general rule th a t  w henever a  m ix ture  of two olefins, M1, M2, is induced 
to polymerise by  a  catalysing radical, R \  the  growing chain R -[M]„’M1-, 
with M1 as the  term inal com ponent, has a g reater tendency to  add  to  the 
different monom er, M2; sim ilarly R-[M]„-M2- preferentially  adds to  M1. 
Cross-combination ra tes are m uch g reater th an  those for union of like m ono
mers,216 and  i t  has been suggested th a t  th is effect is due to  differences in 
polarity of th e  m onom ers.217 Mayo and  W alling215’218 suggest th a t  even 
in free-radical reactions contributions to  the  transition  s ta te  from  canonical 
structures in  w hich electron transference has occurred should be taken  into 
account; this, they  th ink , explains why, in general, free-radical reactions 
occur m ost easily betw een molecules of different polar character.219

Form ation of Radicals by Oxidations and Reductions.—The possibilities 
of radical form ation by  one-electron oxidation and reduction processes have 
been discussed by  F. S. D ainton in his T ilden lecture.220 T heir transien t 
existence has often been inferred from kinetic studies. T hus C. E . H . Bawn 
and A. G. W hite 221 conclude th a t  free radicals m ust be form ed during the 
oxidations of formic acid, form aldehyde, and  m ethanol by cobaltic salts, and
F. R. D uke and  R. F . B rem er 222 form ulate a  free-radical in term ediate  in  the  
fission of butane-2 : 3-diol by  eerie salts. R adical form ation has often been 
postulated in  the  initial stages of th e  perm anganate-oxalic  acid reaction 
which has been exam ined afresh.223 P articu la rly  in teresting  results have 
been reported  by  G. P arravano  224 who found th a t  the  polym erisation of 
methyl m ethacry late can be brought abou t a t  the surface of cataly tically  
active m etals, such as p latinum  and  palladium , b y  adsorbed hydrogen, and 
by the catalysed decompositions of hydrazine and  of formic acid. This 
confirms earlier surmises 225 of the atom ic na tu re  of “ nascent hydrogen." 
He has also shown th a t  a sim ilar polym erisation can be induced by  active 
suspensions of B . coli, and  by  the  form aldehyde-xanthine oxidase system , 
thus supporting free-radical concepts of the m echanism  of enzyme 
oxidation.226

Polarographic m easurem ents of organic compounds, w hich have been 
reviewed by  J . E . Page,227 indicate th a t  the  reduction of ketones, if carried 
out a t pH  > 5 ,  proceeds in one-electron transfer stages.228 H . A. Levine 
and M. J .  Allen 229 have su bstan tia ted  th is by  showing th a t  a  cross-linked 
pinacol can be obtained b y  the  reduction a t  a m ercury cathode of a  m ix ture  
of ̂ -dim ethylam inoacetophenone and ^-m ethoxyacetophenone.

**• E .  P .  B o n s a ll ,  L .  V a le n t in e , a n d  H . W . M e lv ille , Trans. Faraday Soc., 1 9 5 2 ,  4 8 , 
16 3 , an d  e a r lie r  p a p e rs .

217 C . C . P ric e , "  R e a c t io n s  a t  C a rb o n -C a rb o n  D o u b le  B o n d s ,”  In te r s c i . P u b l . ,  
N ew  Y o r k ,  19 4 6 , p p . 95— 1 0 5 ;  E .  J .  A r lm a n , H . W . M e lv ille , a n d  L .  V a le n t in e , Rec 
Trav. chim., 19 4 9 , 68, 945. 218 J . Amer. Chem. Soc., 19 4 8 , 70 , 1 5 3 7 .

215 S e e  F .  R .  M a y o , Discuss. Faraday Soc., 1 9 5 3  14 , 25 4 . 220 1 9 5 2 , 1 5 3 3 .
221 / . ,  1 9 5 1 ,  3 3 1 ,  3 3 9 , 3 4 3  ; c f .  C . E .  H . B a w n , Discuss. Faraday Soc., 1 9 5 3  14 , 1 8 1 .
222 J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 5 17 9 .
222 J .  M . M a lc o lm  a n d  R .  M . N o y e s , ibid., 1 9 5 2 , 74 , 276 9 .
224 Ibid., 19 5 0 , 7 2 , 3 8 5 7 , 5 5 4 6 ; 1 9 5 1 ,  7 3 , 18 3 ,  628.
225 W . A , W a te r s , "  T h e  C h e m is tr y  o f  F r e e  R a d ic a l s ,”  O x fo rd  U n iv . P re ss , 19 4 6  

pp. 2 1 5 — 2 1 7 .  226 Op. cit., p p . 2  67— 2 84 . 227 Quart. Reviews, 19 5 2 ,  6, 26 2 .
228 D . M . C o u lso n  a n d  R .  W . C ro w ell, J . Amer. Chem. Soc., 1 9 5 2 , 74 , 12 9 0 , 12 9 4 .
222 / . ,  1 9 5 2 , 2 5 4 .
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R. Pum m erer 230 has confirmed his earlier suggestions 231 of the formation 
of free aryloxy-radicals by  th e  oxidation of phenols w ith  potassium  ferri- 
cyanide by  showing th a t  th a t  oxidation product of tetrachloro-p-cresol can 
be added to  styrene, cyeZohexene, dim ethylfulvene, 2 : 3-dim ethylbutadiene, 
cyc/opentadiene, and  benzoquinone.

F u rth e r  kinetic studies of quinone reduction have been in terp re ted  by 
postu lating  the existence of sem iquinone radicals.232

Anodic oxidations (the Kolbe reaction), which have recently  been 
extended for the  preparation  of m any coupled, and cross-coupled, dibasic 
acids, have been reviewed by  B. C. L. W eedon 233 who concludes “ there is 
good reason for assuming th a t  free radicals are involved in m any, if no t all, 
of th e  anodic reactions of carboxylic acids.”

K inetic studies of the  radicals involved in  aldehyde 234 and  olefin 235 
au toxidation  continue to  provide d a ta  concerning relative reactivities in 
radical-m olecule interactions. J .  L. Bolland 235 concludes th a t  for olefins 
the  activation  energy of the  process R 'O O  +  H R ' — >  R-O-OH - f  -R' can 
be correlated w ith  the  resonance energy of th e  resulting hydrocarbon radical 
R'*. C. W alling and E. A. McElhill,236 who have stud ied  the  autoxidations 
of substitu ted  benzaldehydes in  acetic anhydride solution, w hich give mixed 
diacyl peroxides, A rC O O O C O M e, find th a t  effects of polar substituents 
accord w ith  the H am m ett re la tio n : electron-donating groups [e.g., MeO) 
increase the  susceptibility  of an aldehyde to  autoxidation, showing that 
electron release by  th e  aldehyde molecule to  the peroxy-radical is 
s ign ifican t:

A r ’C O O O *  +  H — C O —

W hen m ixtures of aldehydes are used, the  peroxy-radicals reac t preferenti
ally w ith  aldehydes containing different su b stituen t groups, the polar 
influences being sim ilar to  those found in copolym erisation (see p. 135).

W . A. W aters and  C. W ickham -Jones 237 find th a t  the  re tardation  of 
benzaldehyde au toxidation  by  w-2-xylenol leads, through the dimerisation 
of the aryloxy-radical of the  phenol, to  3 : 5 : 3 ' :  5 '-te tram ethyl-4  : 4'-di- 
phenoquinone (X X X V ; p. 123) w hich th en  inh ib its the  au toxidation  by 
combining w ith  benzoyl rad ica ls ; the final reaction product has been isolated 
from  th is  system .238

Sulphur Radicals.— I t  has frequently  been suggested th a t organic di
sulphides m ay dissociate to  th iy l radicals RS* when h e a te d ; thiols m ay also 
yield such radicals on pyrolysis.239 H o t solutions of di(benzothiazol-2-yl) 
disulphide (LV) do no t obey Beer’s law and  are param agnetic.240 C. G. 
Moore has now found th a t th is com pound reacts w ith  cycZohexene, yielding

230 Chem. Ber., 1 9 5 2 , 85, 5 3 5 . 251 Bey., 19 2 8 , 01, 1 1 0 2 .
232 J .  E .  L u  V a lle , J . Amer. Chem. Soc., 19 5 2 ,  7 4 , 2 9 2 0 ; C . E .  Jo h n s o n  a n d  S . W in - 

s te in , ibid., p p . 7 5 5 , 3 1 0 5 ;  J .  H . B a x e n d a le ,  H . R .  H a r d y , a n d  L .  H . S u tc lif fe , Trans. 
Faradav Soc., 1 9 5 1 ,  47 , 963 . 233 Ouart. Reviews, 1 9 5 2 ,  6, 3 8 0 .

234 H . R .  C o o p er a n d  H . W . M e lv ille , 1 9 5 1 ,  19 8 4 , 19 9 4 .
233 J .  L .  B o lla n d , Quart. Reviews, 19 4 9 , 3 , 1 ;  Trans. Faraday Soc., 19 5 0 , 46, 3 5 8 ; 

L .  B a te m a n  a n d  G . G ee , ibid., 1 9 5 1 ,  4 7 , 1 5 5 ,  2 7 4 ;  L .  B a t e m a n  a n d  A .  L .  M o rr is , ibid.,
19 5 2 , 48, 1 14 9 .  236 J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 2 9 2 7 .

234 / . ,  19 5 2 , 2 4 2 0 , 2 4 2 7 . 238 R .  F .  M o o re  a n d  W . A .  W a te r s , / . ,  19 5 2 , 24 32 .
239 C . J .  T h o m p so n , R .  A . M e y e r , a n d  J .  S .  B a l l ,  J . Amer. Chem. Soc., 19 5 2 , 74 , 3284 .
240 H . G . C u tfo r th  a n d  P . W . S e h vo o d , ibid., 19 4 8 , 70 , 2 7 8 .
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(LVII—LIX ) (R == cycZohexenyl) by  a  chain reaction. This is indicative 
of the participation  of the  mesomeric radical (LVI) w ith  the free valency 
distributed betw een sulphur and nitrogen : 241

Pyrolysis of (L V III; R  =  alkyl or benzyl) yields a  m ix ture of (LVII), 
(LIX) and  an olefin [e.g., stilbene), b u t th is decomposition is though t to  be 
heterolytic.242

W hen discussing the  m echanism  of thiochrom e form ation from aneurin, 
P. Sykes and  A. R. Todd 243 suggested th a t aneurin disulphide dissociates 
to the th iy l radical and  th a t  the  sulphur then  adds to  the  carbon atom  of an 
adjacent C N  bond. T hey find th a t  thiochrom e is m ost easily prepared  by 
oxidising aneurin w ith  alkaline ferricyanide, which, being a one-electron- 
abstracting agent, would convert the  thiol in to  the  th iy l radical. Very little  
is known, as yet, about the  possibilities of radical addition to  C1N bonds, 
though the  m olecular rearrangem ent involved in  th e  decomposition of te tra -  
hydrocarbazole hydroperoxide (see p. 127) seems to  affcrd ano ther instance 
of it.

O ther reactions of th iy l radicals have been m entioned on pp. 117, 127 
and 133, and  i t  appears th a t  by the  use of free alkyl radicals in solution 
thiyl radicals m ay now become more accessible.

Reduction.— Catalytic hydrogenation. Of recent years acetylenes have 
featured extensively in  syntheses of polyenes such as vitam in A 1 and  (3- 
càrotene.2 The routes em ployed have usually involved a t  some stage the 
partial reduction of a  trip le  bond conjugated  w ith  one or m ore double bonds. 
Selective hydrogenations of th is type  are fraugh t w ith  considerable difficulty, 
and therefore the  publication 3 of details of the  lead- and  quinoline-poisoned 
palladium catalyst, developed for the  commercial synthesis of v itam in A, is 
most welcome. W hen th is  ca ta ly st is used th e  partia l hydrogenation of (I) 
to (II) in the  v itam in  A synthesis is accomplished alm ost q u an tita tive ly ,3 
while surprisingly good yields are obtained in the  conversion of dehydro-p- 
carotene (III) in to  [3-carotene,4 of bisdehydrom ethylbixin in to  m ethylbixin  0

311 / . ,  19 5 2 , 4 2 3 2 . w  c . G . M o o re  a n d  E .  S .  W a ig h t , 1 9 5 2 ,  4 2 3 7 .
243 / . ,  1 9 5 1 ,  5 3 4 . i  C f. A nn. Reports, 19 4 9 , .46, 1 7 5 .

2 C f. A nn. Reports, 19 5 0 , 4 7 , 1 6 6 ;  1 9 5 1 ,  48, 15 8 .
3 H . L in d la r , Helv. Chim. Acta, 1 9 5 2 ,  3 5 , 446.
1 H . H . In h o ffe n , F .  B o h lm a n n , K. B a r t r a m , G . R u m m e rt , a n d  H . P o m m e r , Annalen, 

1950 , 570 , 5 4 ;  H . H . In h o ffe n , F .  B o h lm a n n , a n d  G . R u m m e rt , ibid., 1 9 5 1 ,  5 7 1 ,  7 5 .
5 R .  A h m a d  an d  B .  C . L .  W eed o n , Chem. and Ind., 1 9 5 1 ,  882.

(LV) (LVI)

(LVII) (L V III) (LIX )

W . A. W.
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(see p. 153), and in sim ilar hydrogenations.6 A R aney nickel ca talyst, partly  
poisoned w ith  piperidine and  zinc acetate, is also suitable for the  hydrogen
ation of some polyene-acetylenes to the corresponding polyenes.7 In  these 
reductions an unstab le cis-isomer is form ed initially  b u t rearranges readily 
to  the trans-iovm.

( I)  R 0 -C H 2-C H :C M e-C H (O H )-C :C -C M e:C H -C H 5-O H  

( I I )  R ^ -C H j-C H X M c - C H fO H J-C H X H - C M e X H -C H j- O H  

( I I I )  R / j- C H iC H -C M e iC H -C H iC H -C M c X H -C IC -C H X M e -C H X H -C H X M e -C H X H -R ,}

M e M e
v

E#Y Y
Y /N tf e

The form erly troublesom e partia l reduction  of A5:7- to  A7-sterols, im 
p o rtan t in term ediates for the  p reparation  of 11-oxygenated steroids via 
A7:9(11>-dienes, is accomplished in  good yield by  using a  R aney  nickel catalyst. 
Thus 7-dehydrocholesterol yields cholest-7-enol,8 and  ergosterol is converted 
quan tita tive ly  in to  the 5 : 6-dihydro-derivative, the  side-chain double bond 
being una ttacked .9

I t  has been found th a t  a cyclopropane ring, when conjugated w ith  a 
double bond, m ay undergo reductive fission w ith  surprising ease. T hus the 
dicarboxylic acid (IV) rapidly  absorbs 2 mols. of hydrogen over p latinum  to

C H jtC H -C H — C ( C 0 2H ) j  

\ h 2 ( IV )

give M-butylmalonic acid in alm ost q u an tita tiv e  y ield .10 No ring fission of
2-cycfopropylalkenes occurs, however, on hydrogenation over a  barium - 
prom oted copper chrom ite ca ta ly st.11

Studies have been m ade on the  stereochem ical course of some Raney 
nickel hydrogenolyses. D esulphuration of b o th  sulphides 12 and  sulph- 
oxides,13 in  w hich the  su lphur atom  is d irectly  a ttached  to  an  asym m etric 
carbon atom , gives racem ic products, b u t only slight racem isation is observed 
w ith the corresponding sulphones.12 D ehydroxylation of su b stitu ted  benzyl 
alcohols also takes place w ith  practically  com plete re ten tion  of configuration.14

The ac tiv ity  of a p latinum  cata ly st which has been poisoned w ith  thio- 
phen, m ethyl sulphide, or m ercury or zinc ions, m ay be restored  completely 
by  simple washing. S im ilar desorption  of thiophen from a  nickel surface 
can be accomplished, though less readily .15

Hydrogen transfer. I t  has long been known th a t the  m etal-catalysed

6 C . F .  G a rb e rs , C . H . E u g s t e r ,  a n d  P .  K a r r e r ,  Helv. Chim. Acta, 1 9 5 2 ,  3 5 , 18 5 0 .
7 W . O ro sh n ik , G . K a r m a s , an d  A . D . M eb a n e , J . Amer. Chem. Soc., 19 5 2 , 74 , 295, 

38 0 7  ; P .  K a r r e r  an d  J .  K e b r le , Helv. Chim. Acta, 1 9 5 2 , 3 5 , 2 5 7 0 .
8 L .  F .  F ie s e r , J .  E .  H e rz , a n d  W .- Y .  H u a n g , ibid., 1 9 5 1 ,  7 3 , 2 3 9 7 .
* G . D . L a u b a c h  a n d  K .  J .  B ru n in g s , ibid., 19 5 2 , 74, 7 0 5 ;  W . V .  R u y le ,  E .  M.

C h a m b e rlin , J .  M . C h e m e rd a , G . E .  S ita ,  L .  M . A lim in o s a , a n d  R .  L .  E r ic k s o n , ibid., p- 
5 9 2 9 . 78 R .  W . K ie r s te a d , R .  P .  L in s te a d , a n d  B .  C . L .  W eed o n , 19 5 2 , 3 6 10 .

1 1  V .  A .  S la b e y  a n d  P . H . W ise , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 38 8 7 .
12 W . A .  B o n n e r , ibid., 1 9 5 2 , 74 , 10 3 4 . 13 Idem, ibid., p . 5089 .
11  W . A . B o n n e r , J .  A . Z d e r ic , a n d  G . A . C a sa le tto , ibid., p . 50 8 6 .
15 E .  B .  M a x te d  a n d  G . T . B a l l ,  / . ,  19 5 2 ,  4 28 4 .
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disproportionation of cycZohexene to  benzene and  cycZohexane occurs rapidly 
under m ild conditions : 10

3 0 " ^ 0 + ! 0
In this reaction the cycZohexene acts bo th  as a hydrogen donor and  as a 
hydrogen acceptor. I t  has now been found 17 th a t  hydrogen transfer takes 
place, below 100° and  in  the  presence of palladium  catalysts, betw een cyclo- 
hexene and a wide range of “ foreign ”  acceptors containing ethylenic, 
acetylenic, azom ethine, azo- and nitro-groups, o r certain  types of activa ted  
carbonyl groups. No appreciable transfer is observed under these conditions 
from cycZohexene to  po ten tia l acceptors containing only ordinary  aldehyde, 
keto-, carboxyl, or cyano-groups, or from cycZohexene to  naphthalene, 
anthracene, o r phenanthrene. In  the  positive reactions, com petition occurs 
between disproportionation and transfer. The la tte r  often predom inates, 
even though it  m ay proceed m ore slowly than  disproportionation in the 
absence of the foreign acceptor.

Hydrogen transfer thus represents a  useful a lte rnative  to  cataly tic  
hydrogenation. No special appara tu s is required and  the  products arc 
readily isolated in high yield. W ith  com pounds containing several poten tia l 
acceptor functions, transfer-hydrogenation is often more highly specific th an  
ordinary ca taly tic  hydrogenation. Thus «¡-dinitrobenzene, for example, is 
converted in to  w -nitroaniline alm ost quan tita tively .

Lith ium  alum inium  hydride. The flood of lite ra tu re  on th is reagent con
tinues in full spate. W hereas previous a ttem p ts  to  reduce derivatives of 
carboxylic acids w ith  lith ium  alum inium  hydride to  give aldehydes directly 
have m et w ith  little  success, except in isolated instances,18’19 two processes 
have now been developed which prom ise to  be of wide application. R educ
tion, in te trahydrofu ran , of the  diphenylylene-am ides (V ; n  =  1, 2, 4, 6) of 
w-phenylpolyene-carboxylic acids gives good yields of the corresponding 

' polyene-aldehydes (VI).20 The sta rtin g  m ateria l can be m ade either from the 
appropriate acid chloride and  carbazole, or by  a  D oebner type  of condensation 
between an aldehyde and  the  half diphenylylene-am ide of m alonic acid. 
These reactions thus provide a m eans of converting an  u nsatu ra ted  aldehyde 
into its vinylogue :

P h '[C H :C H ]„ _  j ’ C H O

The second m ethod for the  preparation  of aldehydes consists in the  reduc
tion of iV-methylanilides,20’21 b u t few details are as ye t available. I t  is

18 J .  B o e se k e n , Rec. Trav. chim., 19 2 8 , 3 7 , 2 5 5 ;  N . D . Z e lin s k y  a n d  G . S .  P a w lo w , 
Ber., 19 3 3 ,  66, 14 2 0 .

17 R .  P . L in s te a d , E .  A . B ra u d e , P . W . D . M itc h e ll, K .  R .  H . W o o ld r id g e , a n d  L .  M . 
Ja c k m a n , Nature, 19 5 2 ,  16 9 , 10 0 .

18 C f. A nn. Reports, 1 9 5 1 ,  48, 1 4 5 ;  L .  B ir k o fe r  a n d  A . B ir k o fe r , Chem. Ber., 19 5 2 , 85, 
2 8 6 ; c f. L .  F r ie d m a n n , A b s t r .  P a p e r s  1 1 6 t h M e e t in g  A m e r. C h em . S o c ., 19 4 9 .

18 M . M o u ssero n , R .  J a c q u ie r ,  M . M o u ssero n -C an et, a n d  R .  Z a g d o u n , Bull. Soc. 
chim., 19 5 2 , 10 4 2 . 20 G . W it t ig  a n d  P . H o rn b e rg e r , Annalen, 1 9 5 2 ,  5 7 7 , 1 1 .

1 1  F .  W e y g a n d  an d  G . E b e r h a r d t ,  Angew. Chem., 19 5 2 , 64, 4 58 .

- P h -[C H :C H ]„-C O -N  — >  P h -[C H :C H ]„-C H O

(V ) > = \  (V I)
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claimed to  give high yields of aliphatic, arom atic, and  heterocyclic aldehydes, 
and also dialdehydes such as those from succinic and  malic acid.

P a rtia l reduction of ap-acetylenic alcohols w ith  lithium  aluminium 
hydride 22 has found two useful extensions in the  polyene field. The readily 
available diacetylenic glycol (VII) yields the  diene (V III),23 an interm ediate 
for the  synthesis of carotenoids. B oth  the glycols (IX) and  (X) are selec
tively reduced to  th e  corresponding polyene glycols, from which new routes 
to  v itam in  A have been developed.24

HO-CHMe-CHiCH-CHiCH-CHMe-OH 
(V III)

Me Me
/O H  Me Me

/ . ' 'C ;c -c :c h -c h :c h -c :c h -c h !.-o h
'Me

(X)

HO-CHMe-qC-C-C-CHMe-OH 
(VII)

Me Me
V ^ O H M c  Me

( J N c :c -c :c h -c h :c h -c h -o h
X /  M e

(IX)

The reaction of toluene-ji-sulphonates w ith lithium  alum inium  hydride 
has been the  subject of fu rther study. W hile cholesteryl toluene-^-sul- 
phonate gives m ainly cholest-5-ene and some 3 : 5-cyc/ocholestane,27 the 
epim er is reported  to  yield predom inantly  cholesta-3 : 5-diene and  some 
cholest-5-ene, b u t none of the  cycfo-steroid.28 W ith  ergosteryl and  7-de- 
hydroergosteryl toluene-^-sulphonates, the  cyc/o-derivatives (X II) are the 
m ain products.29

£-C 6H 4Me*S02*0

Me

n  ..
A / V

Me I

m 7X 7 \ /

I it 1  
V \ N

H
■N\

(X II) H O - d i , K
(X III) OH

R eduction of the mono- and  tri-toluene-/>-sulphonyl derivatives of yohim
bine (X III) gives 16-m ethylyohim bol and 16-m ethylyohim bane respectively.30' 
W ith  4 : 6-ditoluene-/>-sulpbonyl 2 : 3-anhydro-a-m ethyl-D-alloside (XIV), 
reduction can be arrested  a t  each of the stages shown :

JH-OMe

ZSL

(XIV) Ć H
o

CH-OTs 

CH-O----

CH.-OTs

C H -O M e
1

C H -O M e
i

C H -O M e
1
C H , 
| "

1
C H .

|

| IH a

C H -O H
j

— » • C H -O H ——7>- jTH -O H

C H -O T s
|

|

C H -O T s C H -O H

C H -O ------
Li.fi t o  r io i

|

C H -O -------
1

p i - o ------

C H j-O T s  

*  T s

1
C H ,

=  .p -C jH jM e -S O j.

C H ,

22 J .  D . C h a n le y  a n d  H . S o b o tk a , J . Amer. Chem. Soc., 19 4 9 , 7 1 ,  4 14 0 .
23 R .  A h m a d , F .  S o n d h e im e r , B .  C . L .  W eed o n , a n d  R .  J .  W o o d s, J ■, 19 5 2 , 4089.
24 J .  A t te n b u rro w , A . F .  B .  C am ero n , J .  H . C h a p m a n , R . M . E v a n s , B .  A . H em s, 
B . A . J a n s e n , an d  T . W a lk e r , / . ,  19 5 2 , 10 9 4 .
21 H . S c h m id  a n d  P . K a r r e r ,  Helv. Chim. Acta, 19 4 9 , 3 2 , 1 3 7 1 .
28 H . S c h m id  a n d  K .  K ä g i ,  ibid., 19 5 2 , 35 , 2 19 4 .
25 P . K a r r e r  a n d  H . Asmis, ibid., p. 19 2 0 . 30 P . K a r r e r  a n d  R .  S a e m a n n , ibid., p . 19 3 2 .



This selectivity has been utilised to  develop convenient syntheses of the  
2 : 6-bisdesoxy-sugars, digitoxose and  cym arose,31 present in  some cardiac 
glycosides.

Space perm its only a brief m ention of o ther recent applications of lithium  
aluminium hydride. D etailed studies have been m ade of the reduction of 
oximes to  prim ary am ines.32 Acyl cy an ides33 and cyanohydrin s34 are 
converted in to  prim ary  am ines and  hydroxyam ines respectively. Diacyl- 
amines,35 isocyanates, and w oth iocyanates36 yield monoalkylam ines. 
Reduction of nitrosam ines affords a useful synthesis of 1 : 1-disubstituted 
hydrazines.37 N orm al reduction of each of the  functional groups occurs in 
diazoacetic ester,38 and acyl derivatives of simple peptides.38 Organic 
phosphates,39 n itra tes, n itrites,40 and peroxides 41 furnish the  corresponding 
alcohols. K eten  dim ers yield (3-hydroxy-ketones,42 and  tropolone m ethyl 
ether gives, unexpectedly, benzaldehyde.43

In  the heterocyclic field, a ttem p ts  to  reduce carbethoxy-, formyl, and 
acetyl groups d irectly  a ttached  to  a  pyrrole nucleus have m et w ith  little  
success.44 Acid 45 and  am ide 48 groups in alkyl side chains can, however, 
be reduced norm ally, as can the  propionic acid side chains in chlorins and 
porphyrins.47 Quinoline- and pyridine-carboxylic esters furnish the 
expected hydroxym ethyl derivatives.48

Under appropriate  conditions, heterocyclic nuclei them selves undergo 
partial reduction. T hus pyridine, quinoline, acridine, phenazine, and 
benziminazole yield dihydro-derivatives.49 Q uinoxalines49 and  1 : 2-di- 
hydro-2-ketoquinoxalines 50 yield tetrahydroquinoxalines.

Lithium  and sodium borohydrides. A lthough i t  is generally recognised 
th a t lithium  and  sodium  borohydrides show greater selectivity in  action 
than lith ium  alum inium  hydride, th e  use of these reagents has been greatly  
restricted by  th e ir relative inaccessibility and high cost. B oth  these draw 
backs should to  a  large ex ten t be rem edied now th a t  th e  borohydrides m ay 
be obtained simply, and in excellent yield, b y  reduction of the boron tri-
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31 H . R .  B o II ig e r  a n d  P . U lr ic h , Helv. Cliim. Acta, 1 9 5 2 ,  3 5 , 9 3 ;  H . R .  B o ll ig e r  an d  
M . T h ü rk a u f, ibid., p . 142(3.

32 D . R .  S m ith , M . M a ie n th a l, a n d  J .  T ip to n , J . Org. Chem., 1 9 5 2 ,  1 7 ,  2 9 4 ; C . R .  
W alte r, J . Amer. Chem. Soc., 19 5 2 , 74 , 5 18 5 .

33 A . B u r g e r  a n d  E .  D . H o rn b a k e r , ibid., p . 5 5 14 .
34 H . R ,  N a c e  a n d  B .  B .  S m ith , ibid., p . 1 8 6 1 .
35 B . W itk o p  a n d  J .  B .  P a t r ic k , ibid., p . 3 8 6 1 .
38 W . R ie d  a n d  F .  M ü lle r , Chem. Ber., 1 9 5 2 , 85 , 4 7 0 .
37 C . H a n n a  a n d  F .  W . S c liu e le r , J . Amer. Chem. Soc., 1 9 5 2 , 74, 3 6 9 3 ; R .  H . P o ir ie r  

and F .  B e n in g to n , ibid., p . 3 1 9 2 .
38 P . K a r r e r  a n d  B .  J .  R .  N ic o la u s , Helv. Chim. Acta, 19 5 2 , 3 5 , 1 5 8 1 .
39 P . K a r r e r  a n d  E .  J u c k e r ,  ibid., p . 15 8 6 .
40 L . M . S o ffe r , E .  W . P a rro tt 'a , a n d  J .  D i  D o m en ico , / .  Amer. Chem. Soc., 1 9 5 2 , 74 , 

5 3 0 1 .
41 A . M u sta fa , / . ,  1 9 5 2 , 2 4 3 5 ;  M . M e ta  a n d  D . A . S u tto n , J ., 1 9 5 2 ,  2679 .
42 A . S . S p r ig g s , C . M . H ill ,  a n d  G . W . S e n te r , J . Amer. Chem. Soc., 1 9 5 2 , 74, 1 5 5 5 .
43 J .  W . C o o k , R .  A . R a p h a e l ,  a n d  A .  I .  S c o tt , / . ,  19 5 2 , 4 4 16 .
44 A . T re ib s  a n d  H . S c h e re r , Annalen, 1 9 5 2 ,  5 7 7 , 1 3 9 .
45 B .  R .  B a k e r ,  R .  E .  S c h a u b , a n d  J .  H . W illia m s , J . Org. Chem., 1 9 5 2 , 1 7 ,  1 1 6 .
44 O. K la m e r th  a n d  W . K u ts c h e r , Chem. Ber., 19 5 2 ,  85, 444 .
47 A . K a lo ja n o f f ,  Annalen, 1 9 5 2 ,  5 7 7 , 14 7 .
48 K .  W . R o S e n m u n d  a n d  F .  Z y m a lk o w s k i, Chem. Ber., 1 9 5 2 ,  85 , 1 5 2 ;  R .  G . Jo n e s  

and  E .  C . K o rn fe ld , / .  Amer. Chem. Soc„  1 9 5 1 ,  7 3 , 10 7 .
49 F .  B o h lm a n n , Chem. Ber., 1 9 5 2 ,  85 , 38 0 .
40 J .  D ru e y  a n d  A . H ü n i, Helv. Chim. Acta, 1 9 5 2 , 3 5 , 2 3 0 1 .
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fluoride-ether com plex w ith lithium  and sodium  hydride respectively,20 
e.g., B F 3,E t20  +  4L iH  — Li BH4 +  3LiF.

Sodium  borohydride has recently been used very successfully to  reduce 
aldehydo-cardiac glycosides, and  aglycones, to  the  corresponding alcohols, 
the sugar and u n sa tu ra ted  lactone groups being unaffected.51

W ith  steroids, it  has been found th a t 3-keto-groups are reduced with 
sodium  borohydride m uch more readily  th an  are those a t C(17) or C(20). 
This enables 3a-hydroxy-testan-17-one (-¿sri'ocholan-17-one), one of the  prin
cipal u rinary  steroids, to  be prepared in one operation from the readily 
available testane-3 : 17-dione.52

The greater selectivity  of lith ium  and  sodium  borohydride, as compared 
w ith  lith ium  alum inium  hydride, has also been utilised, for example, for 
reduction of ketones to  alcohols, the  cyano-,53 sem icarbazono-,53' 54 n itro -,55 
am ido-,56>57 and  ester 52 groups being left in tac t. The use of sodium  boro
hydride in  th e  elucidation of the  s truc tu re  of peptides is m entioned below 
(p. 149).

Oxidation.— Shaking an  alcohol of the allylic ty p e  in light petroleum  
w ith m anganese dioxide is proving to  be a  valuable m ethod of wide 
application for the preparation  of aß -unsaturated  a ld eh y d es58’ 59 and 
ketones.24’ 59-81 I t  is notew orthy  th a t  «eovitam in A is thereby converted 
in to  «eoretinene,62 indicating th a t  a «s-double  bond is preserved under the 
conditions of th e  reaction. The m ethod can be used successfully w ith  the 
simple acetylenic alcohol, oct-3-yn-2-ol, b u t fails w ith  hex-l-yn-3-ol, possess
ing an e thynyl group (’C-CH).24

These oxidations w ith m anganese dioxide are no t confined to  petroleum  
solutions, as was originally inferred, and  can be carried out in  o ther non- 
hydroxylic solvents, such as carbon te trach lo rid e24 and  acetone,5’23 acetone 
being particu larly  suitable for the oxidation of petroleum -insoluble glycols.

Samples of m anganese dioxide differ widely in  the ir ab ility  to  effect 
oxidation, b u t m ay be sim ply and  quickly graded by  m easuring the yield 
of cinnam aldehyde (as the  2 : 4-dinitrophenylhydrazone) from  cinnamyl 
alcohol under standard  conditions.59 D etails have been given for the  pre
para tion  of m anganese dioxide w ith  high ac tiv ity .24’ 01

I t  has been shown th a t  ligh t accelerates the  periodate oxidation of a 
num ber of simple organic substances such as form aldehyde and  formic acid.83 
This has an im portan t bearing on the use of periodate for the  estim ation of 
a-glycols and the chain length of polysaccharides.

51 A . H u n g e r  a n d  T .  R e ic h s te in , Chem. Ber., 1 9 5 2 , 85, 6 3 5 .
52 E .  E i is b e r g , H . V a n d e rh a e g lie , a n d  T .  F .  G a lla g h e r , J . Amer. Chem. Soc., 19 5 2 , 

74, 2 8 14 .
63 N . L .  W e n d le r , R .  P . G rä b e r , R .  E .  Jo n e s , a n d  M . T ish le r , J . Amer. Chem. Soc., 

1 9 5 2 ,  74, 3 6 3 0 . 64 H u a n g -M in lo n  a n d  R .  H . P e tte b o n e , ibid., p . 1 5 6 2 .
65 H . S h e c h te r , D . E .  L e y ,  a n d  L .  Z e ld in , ibid., p . 3664.
68 E .  C . H e rm a n n  a n d  A . K re u c h u n a s , ibid., p . 5 16 8 .
57 K .  S c h lö g l, F .  W e sse lv , an d  G . K o r g e r , Monatsh., 1 9 5 2 ,  83, 4 9 3 .
58 S .  B a l l ,  T .  W . G o o d w in , a n d  R .  A .  M o rto n , Biochem. J .,  19 4 8 , 4 2 , 5 1 6 ;  N . L .  

W e n d le r , H . L .  S la te s , N . R .  T re n n e r , a n d  M . T ish le r , J . Amer. Chem. Soc., 1 9 5 1 ,  73 , 
7 1 9 ;  K .  R .  F a r r a r ,  J .  C . H a m le t . H . B .  H e n b e st , a n d  E .  R .  H . Jo n e s ,  / . ,  1 9 5 2 ,  2 6 5 7 ; 
H . R .  C a n n a , P .  D . D a lv i ,  R .  A . M o rto n , M . K .  S a la h , G . R .  S te in b e rg , a n d  A .  L .  S tu b b s , 
Biochem. J .,  1 9 5 2 ,  52 , 5 3 5 . 69 B .  C . L .  W eed o n  a n d  R .  J .  W o o d s, 1 9 5 1 ,  26 8 7 .

80 E .  A . B ra u d e  a n d  W . F .  F o rb e s , / . ,  1 9 5 1 ,  1 7 5 5 .
81 E .  A . B r a u d e  a n d  J .  A . C o les, J .,  19 5 2 ,  14 3 0 .
62 P . D . D a lv i  a n d  R .  A . M o rto n , Biochem. J .,  1 9 5 2 , 50 , 4 3 .
83 F .  S . H . H e a d  a n d  G . H u g h e s , / . ,  1 9 5 2 .  20 4 6 .
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Halogénation.— In  the  presence of alkylam m onium  salts, olefins such as 
cyc/ohexene undergo addition of brom ine on trea tm en t w ith  Ar-bromo- 
succinimide,64 the  norm al allylic substitu tion  65 being largely suppressed. 
Like benzoyl peroxide,66 te rtia ry  aliphatic  azo-compounds catalyse homo- 
lytic brom inations w ith  lY-bromosuccinimide.67

Direct brom ination of polym ethoxybenzenes frequently  leads to  complex 
mixtures. M onobromo-derivatives are, however, obtained in excellent yield 
by brom ination, catalysed by  ferric chloride, in acetic anhydride w ith 
pyridinium brom ide perbrom ide.68

Solutions of trifluoroacetyl hypohalites (e.g., CF3-C02I), prepared from 
silver trifluoroacetate and  iodine or brom ine, have been used to  effect electro- 
philic halogénation of several arom atic com pounds.68 F u rth e r examples 
have been given of the direct iodination of benzene derivatives in sulphuric 
acid w ith iodine and  silver su lphate .70

Urea and Thiourea Complexes.73— The crystal s truc tu re  of urea adducts 
of n-paraffins has been exam ined in deta il.72

By precipitation of the  non-peroxidic portion of m ethyl oleate autoxid- 
ation m ixtures as urea complexes, concentrates containing 70— 90%  of per
oxides are readily isolated.73 Vinyl esters of long-chain fa tty  acids m ay be 
purified by  m eans of u rea complexes.71

Thiourea, which forms complexes w ith  a  w ide v arie ty  of branched-chain 
compounds, also yields adducts w ith  «-paraffins containing fourteen or more 
carbon atom s.75

Optical Resolutions.—The study  of m olecular com pounds of the  c la th ra te  
type has led to  rem arkable new procedures for the resolution of some racem ic 
compounds. A lthough tri-o-thym otide (XV) 76 crystallises as a racem ate,

resolution takes place on form ation of its  crystalline adduct w ith «-hexane, 
benzene, or chloroform .77 Racem isation occurs rapidly  in solution, and  
therefore all the  trithym otide  can be rem oved in the  (+ ) -  or the  (—)-form by

84 E .  A . B r a u d e  a n d  E .  S ,  W a ig h t , J 19 5 2 , 1 1 1 0 .
65 C. D je r a s s i , Cliem. Reviews, 19 4 8 , 4 3 , 2 7 1 .
88 H . S c h m id  a n d  P . K a r r e r ,  Helv. Chint. Acta, 19 4 6 , 29 , 5 7 3 .
"  M . C . F o rd  an d  W . A . W a te r s , / . ,  1 9 5 2 , 2 2 4 0 .
68 E .  C . H o rn in g  a n d  J .  A . P a r k e r , J .  Amer. Chem. Soc., 1 9 5 2 ,  74 , 2 10 7 .
63 R .  N . H a s z e ld in e  a n d  A . G . S h a rp e , 19 5 2 , 993.
50 I- R .  L .  B a r k e r  a n d  W . A . W a te r s , 1 9 5 2 , 15 0 .
71 A nn . Reports, 19 4 9 , 46, 1 5 6 ;  1 9 5 0 , 4 7 , 1 6 5 ;  1 9 5 1 , 4 8 , 1 5 5 ;  R .  W . S c h ie ss le r  an d

B .  F l it t e r ,  J . Amer. Chem. Soc., 19 5 2 ,  74, 17 2 0 .
72 A . E .  S m ith , Acta Cryst., 1 9 5 2 ,  5, 2 2 4 .
72 J .  E .  C o le m a n , H . B .  K n ig h t ,  a n d  D . S w e rn , J . Amer. Chem. Soc., 1 9 5 2 ,  74, 4886.
74 D . S w e rn  a n d  W . S . P o r t , ibid., p . 17 3 8 .
75 R .  L .  M c L a u g h lin  a n d  W . S . M c C le sn a h a n , ibid., p . 5804 .
7t W . B a k e r ,  B .  G ilb e r t , a n d  W . D . O llis , 19 5 2 ,  14 4 3 .
77 A . C . D . N e w m a n  a n d  H . M . P o w e ll, ibid., p . 3 7 4 7 .
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slow, controlled grow th of a single crystal or homogeneous crop. W hen an 
adduct is formed w ith  a  com pound which is itself a  ( i) -m ix tu re , one enan- 
tiom orph of the la tte r  is enclosed preferentially in the asym m etric cavities 
of a  trithym otide  crystal. In  th is w ay sec.-butyl brom ide can be resolved.78 
This trithym otide  process should be applicable to  a range of substances, and 
does no t require a  functional group in  the  molecule to  be reso lved ; it  will of 
course fail w ith molecules which are too large for the cavities. A further 
notable feature of the  m ethod is th a t i t  does no t depend on the use of asym
m etric substances; i t  has even been suggested th a t  som ew hat similar 
processes m ay  be responsible for the m uch debated origin of optical activity 
in N atu re .78

In  a  sim ilar way, (± )-2-chloro-octane has been resolved by  the  prefer
en tia l form ation of the  urea-(-)-)-chloride or u re a -(—)-chloride com plex ; 
the  urea inclusion com pounds have a screw-like la ttice .78“

M any racem ic arom atic am ino-acids are separated  in to  the ir enantio- 
m orphs on paper chrom atogram s.79 These resolutions are probably due to  a 
h igher degree of adsorption of one isomer of the  solute on the surface of the 
optically  active cellulose. P a rtia l resolution of cam phorsulphonic acid and 
m andelic acid on silica gel, prepared in the  presence of an  enantiom orph of 
the  acid to be resolved, has been claim ed.80

I t  is know n th a t  if a cobalt complex contains tw o optically active biden- 
ta te  groups, a  th ird  optically active group co-ordinates more firmly if it  has 
th e  sam e configuration as those already presen t.81 A dvantage of this 
principle has been taken  to  effect partia l resolutions of ( i ) - ta r ta r ic ,  a- 
chloropropionic, and  lactic acids; on reaction of the  (± )-ac id s  w ith  car- 
bonatobis-/-propylenediam inocobalt(ra) chloride, th e  D-forms en ter the 
co-ordination sphere of the  complex more readily  th an  do the  L-forms.82

Spectrophotometric Methods.— Some useful new correlations between 
spectra and  m olecular struc tu re  have been established recently  in  the  fatty - 
acid and the steroid field.

E arlier observations on the  infra-red spectra  of fa tty  acids, and  their 
esters, have been considerably extended. A num ber of the  phenom ena now 
reported  have been noted previously in the R am an spectra  of fa tty  acids, 
and in  the  infra-red spectra  of paraffins. The solution spectra of saturated  
fa tty  acids consist largely of broad bands and  are of very sim ilar appearance, 
b u t the in tensity  of the  m ethylene rocking b and  (720 cm.-1) increases pro
gressively as the chain is lengthened. The solid-phase spectra  show much 
m ore fine structure , and  significant differences are observed between the 
spectra of homologues, and  of polym orphic m odifications of th e  same 
acid .83’ 81

A num ber of solution spectra  of branched chain fa tty  acids have been

78 H . M . P o w e ll, Nature, 1 9 5 2 ,  1 7 0 ,  1 5 5 .
78“  W . S c h le n c k , Experientia, 1 9 5 2 ,  8, 3 3 7 .
73 M , K o t a k e , T .  S a k a n , N , N a k a m u ra , a n d  S . S e n o h , / .  Amer. Chem. Soc., 1 9 5 1 ,  

7 3 , 2 9 7 3 ;  C . E .  D a lg lie s h , / . ,  1 9 5 2 , 1 3 7 ,  3 9 4 0 ; Biochem. J .,  19 5 2 ,  52 , 3 ;  M . M aso n  an d
C . P . B e r g  J . Biol Chem., 19 5 2 , 1 9 5 , 5 1 5 .

60 R .  C u r ti  a n d  U . C o lo m b o , J . Amer. Chem. Soc., 19 5 2 ,  74 , 3 9 6 1 .
81 J .  C . B a i la r ,  H . B .  Jo n a s s e n , a n d  A . D . G o tt , ibid., p . 3 1 3 1 .
82 A .  D . G o t t  a n d  J .  C . B a i la r ,  ibid., p . 4 8 20 .
83 R .  N . Jo n e s , A . F .  M c K a y ,  a n d  R .  G . S in c la ir , ibid., p p . 2 5 7 0 , 2 5 7 5 .
84 _N. K - F re e m a n , ibid., p . 2 5 2 3 .
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recorded.84 Branching w ithin five carbon atom s of the  carboxyl group, 
particularly a t  C(a), can be recognised. The num ber of side-chain (term inal 
methyl) groups can be deduced w ith  reasonable certa in ty , and it  is te n ta 
tively claimed th a t  indications of the presence of ethyl, propyl, and  geni.- 
dimethyl groups can be obtained.

I t  has been found th a t  the  absorption band  (966 cm.-1) 85 characteristic 
of a trans-double bond in the  environm ent -C H 2*CH!CH,CH2-  is displaced 
by 12— 18 cm.-1 to  higher frequencies in ¿ra»s-a(3-unsaturated fa tty  acids and 
fsobutylamides.86’ 87 The corresponding cts-isomers absorb very  weakly in 
this region. The cis- and  the  ¿nms-isomers of afi-unsaturated acids m ay also 
be distinguished by a small, b u t definite, difference in the  C— C stretching 
frequency.86' 87

Absorption bands of steroids in  the  1350— 1500 cm.-1 region have been 
assigned to  the  various types of m ethylene and  m ethyl groups in  the  mole
cule.88 The cyclic m ethylene groups of the  steroid system  absorb a t  a 
different frequency from those in the  linear side chain. M ethylene groups 
adjacent to  carbonyl groups and  to  double bonds absorb a t characteristic 
positions. A ngular m ethyl groups, term inal side-chain m ethyl groups, and 
those in acetoxy-substituents, all absorb a t  different w ave-lengths and  can 
be distinguished.

The degree of substitu tion  of an  isolated (unconjugated) double bond in  a 
steroid can be determ ined by  ultra-v io let ligh t absorption m easurem ents, 
the presence of either of the  tw o te tra -su b stitu ted  bond types (A8®  and A8<14>) 
being easily detected .89 A A5-double bond in  3fi-acetoxy-steroids w ith the 
normal configuration, and  w ithou t o ther substituen ts in the  vicin ity  of the  
double bond, m ay be recognised90 by  m eans of tw o characteristic  peaks near 
800 and 812 cm.-1.

3-H ydroxy-steroids show a strong band  (C— OH stretching) between 
995 and 1055 cm.-1, the  exact position of w hich depends on the stereochem ical 
configuration a t  C(3) and  C(5).91’92 The correlations established earlier 93 
with the 3-acetoxy-steroids have been found to  hold qu ite  well w ith  the 
acetates of the  four isomeric 2-decalols.94 The differences betw een the  spectra 
of the decalols themselves are, however, no t so well-defined as w ith  those of 
the hydroxy-steroids.

The infra-red and  R am an spectra  of acetylenic and  ethylenic hydro
carbons have been reviewed.95

Aliphatic Acids.— Pim elic acid is form ed in good yield when cyclohex-3- 
enecarboxylic acid, from butadiene and  acrylic acid, is heated  w ith  aqueous 
alkali under pressure.96

85 L .  C ro m b ie , Quart. Reviews, 19 5 2 ,  6, 1 0 1 .  88 L .  C ro m b ie , 19 5 2 ,  2 9 9 7 , 4 3 3 8 .
87 R .  G . S in c la ir , A . F .  M c K a y ,  G . S . M y e rs , a n d  R .  N . Jo n e s , / .  Amer. Chem. Soc., 
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82 R . N . Jo n e s , P .  H u m p h rie s , F .  H e r lin g , a n d  K .  D o b r in e r , J . Amer. Chem. Soc.,

*9 51, 73 , 3 2 1 5 .
88 W . G . D a u b e n , E .  H o e rg e r , a n d  N . K .  F re e m a n , ibid., 19 5 2 ,  74, 5 2 0 6 .
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F a tty  acids are converted quan tita tive ly  in to  the ir anhydrides on 
trea tm en t in pyridine w ith  thionyl chloride.97

Ketones.—The m alonates (X V I; R ' =  tetrahydro-2-pyranyl), readily 
prepared from  dihydropyran  and  the  appropriate m alonic acid under the 
influence of an acidic catalyst, are used in  an  elegant new route  to  a  wide 
varie ty  of sa tu ra ted  and u n sa tu ra ted  ketones : 98

R"-COCl
(XVI) R-CH(C02R ')2  > R "-C O C R (C 02R ') ! — >■ R"-CO-CH2R

The process can be modified to  give fi-keto-esters. The advantage of using 
th e  te trahyd ropyrany l and  also tert.-b u ty l99 esters lies in  the ease w ith  which 
the derived acylm alonates are converted on being warm ed, preferably with 
a trace of acetic acid, in to  the  required ketone w ith  evolution of carbon 
dioxide and dihydropyran or tsobutene.

Peroxide-catalysed addition  of aldehydes to  u n sa tu ra ted  esters and 
ketones yields keto-esters and  diketones difficult to  prepare in  other 
w a y s ; 100 thus acetylsuccinic ester is obtained from acetaldehyde and  ethyl 
maleate.

Peptide Syntheses.101—F u rth e r details and  exam ples have been published 
of the  m ethods, m entioned in previous reports,102 using an acylaminoacyl- 
thiophenol,103 a  m ixed anhydride of an  acylam ino-acid w ith  either sulphuric 
acid 104 o r  carbonic acid ,105 or an a-carbethoxy-isocyanate.106

In  the carbobenzyloxy-m ethod,107 the  substitu tion  of benzyl chloro- 
form ate by  p-nitrobenzyl chloroform ate is sometimes advantageous.108 The 
la tte r  reagent is a  stable low-melting solid, and  w ith  amino-acids gives 
derivatives which crystallise readily. o-N itrophenoxyacetyl and  chloro- 
acetyl derivatives of am ino-acids can be u s e d 109 in  th e  a z id e 110 and  the 
chloroform ate 105-111 m ethod of peptide synthesis respectively; the  subse
quent rem oval of the  protecting groups is accomplished b y  m ethods described 
on p. 156. Amino-acids and  peptides are regenerated from the ir IV-phthaloyl 
derivatives m ore conveniently by  th e  action of phenylhydrazine 112 th an  by 
the usual hydrazine procedure.113

A modification of the azide m e th o d 110 of peptide synthesis has been

97 W . G e r ra rd  a n d  A .  M . T h ru s h , / . ,  19 5 2 , 7 4 1 .
88 R ,  E .  B o w m a n  a n d  W . D . F o rd h a m , 19 5 2 , 39 4 5 .
98 G . S .  F o n k e n  a n d  W . S . Jo h n s o n , J . Amer. Chem. Soc., 1 9 5 2 ,  74, 8 3 1 .
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outlined which m akes use of the  previously unknow n azides of phthalim ido- 
acids and peptides,114 e.g. :

NH,-NH-Cbzo
C 0H 4(C O )2N -C H R -C O C 1 -------------5- C 0H 4(C O )2N -C H R -C O -N H -N H -C b z o

n ,h 4

C jH iiC O ljN - C H R - C O N j +  N H .-C H R -C O -N H -N H -C b z o

1
C 9H 4(C O )2N -C H R -C O -N H -C H R -C O -N H -N tI-C b z o  

C b zo  =  P h - C H 2- 0 -C 0 -

An a ttrac tiv e  new peptide synthesis has been developed 115 w hich con
sists simply in  the  addition of te trae th y l pyrophosphate to  a  solution in 
diethyl phosphite of an  acylam ino-acid (or peptide) and  an  am ino-acid (or 
peptide) e s te r :

[(EtO),P]jO
R -C 0 -N H -C H R '-C O 2H  -I- N H „ - C H R " - C 0 2E t ------------- ^

R - C O - N H - C H R '- C O - N H - C H R " - C 0 2E t
( X V II )  R - C 0 - N H - C H R '- C 0 - 0 - P ( 0 E t ) 2 ( E t 0 ) 2P - N H - C H R " - C 0 2E t  ( X V I I I )

Modifications of th is “ stan d ard  ” procedure, w hich m ay prove advantageous 
in special cases, involve trea ting  the pyrophosphate initially  w ith either of the 
two amino-acid com ponents. The diethy l phosphite anhydride (X VII) 
(“ anhydride rou te  ” ) or d iethylphospham idite (X V III) (" am ide rou te  ” ) 
thus formed is then  trea ted  w ith the  second am ino-acid derivative. 
When an optically active acyl dipeptide is used racem isation is ob
served only in the  “ anhydride rou te .” The sam e in term ediates (X V II) 116 
and (X V III) 117 m ay also be prepared, though less conveniently, b y  the 
action of d iethy l chlorophosphite on the  acylam ino-acid or amino-acid 
respectively.

Of recent years considerable in terest in cyclic polypeptides has been 
aroused by  the  recognition th a t  a  num ber of n a tu ra l com pounds belong to 
this class. I t  is therefore particu larly  notew orthy th a t, by  a  modification of 
the chloroform ate m ethod ,105- 111 and  b y  application of th e  Ziegler dilution 
principle,118 a  synthesis of a cyclic polypeptide, cyc/oleucylglycyl glycyl 
(XIX), has been achieved.119 W hile the  form ation of larger rings will
, ,  „  Cl-CO.Et
Me2C H -C H 2-C H (N H 2)- C 0 - N H -C H ,-C 0 -N H -C H 2- C 0 2H ------------- >■-  2 2  (H-CO-NMCj)

NBu, /C O -N H -C H .-C O
— C O - 0 - C 0 2E t  > M e X H - C H 2-C H  | ( X I X )

‘  \ N H -C O -C H j-N H

probably prove more difficult, owing to  less favourable steric factors, it  
nevertheless seems feasible. A ttem pts to  cyclise two molecules of the

1 1 1  K .  H o fm a n n , A . L in d e n m a n n , M . Z . M ag ee , a n d  N . H . K h a n , J . Amer. Chem. 
ooc., 19 5 2 , 74, 4 70 .

115  G . \V . A n d e rso n , J .  B lo d in g e r , a n d  A .  D . W e lc h e r , ibid., p . 5 30 9 .
118 G . \V . A n d e rso n  a n d  R .  W . Y o u n g , ibid., p . 5 3 0 7 .

17 G . W . A n d e rso n . T. B lo d in g e r . R .  W . Y o u n g , a n d  A . D . W e lc h e r , ibid., p . 5 30 4 . 
718 K .  Z ie g le r , H . E b e r le , a n d  H . O h lin g er, Annalen, 1 9 3 3 ,  504, 94.

17 R .  A . B o isso n n a s  a n d  I .  S c h u m a n n , Helv. Chim. Acta, 19 5 2 , 3 5 , 2 2 2 9 .
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recently  p re p a re d 120 pentapeptide, L-valyl-L-8-carbobenzyloxyornithyl-L- 
leucyl-D-phenylalanyl-L-proline will doubtless be m ade in the  near future, 
to  give, a fter decarbobenzyloxylation, the  cyc/odecapeptide gram icidin S. 
I t  seems likely th a t  the  new te trae th y l pyrophosphate m ethod, referred to 
above, will also prove useful for the  synthesis of cyclic peptides.

Degradation o f  Peptides.121— Full details have now appeared 122 of the 
dialkyl x an th a te  m ethod 123 for the  identification of the am ino-acid providing 
the  free am ino-group of a  peptide, and some im provem ents have been 
effected 124 in th e  phenyl fsothiocyanate process.125 Two new m ethods for 
the  step-wise degradation of peptides a t  the  am ino-end have been announced. 
One of these 126 is described on p. 211. The other, which to  date  has only 
been applied to  two model tripeptides, enables the term inal and the  pen
u ltim ate  am ino-acid to  be identified sim ultaneously : 127

PhS-COCI
N H „ - C H R '- C O N H - C H R " - C O N H - C H R , " - C O „ E t ------------ >

Pb(OAc),
P h S - C O N H - C H R '- C O - N H - C H R " - C O - N H - C H R " '- C 0 2E t ------------ »-

2 -EtOH
R '-C H -C O  HC1

| ^ N - C H R " - C O - N H - C H R '" - C 0 2E t  — >.
N H -C O

R '- C H — CO
^ N - C H R " - C O ,H  +  N H ., - C H R '" - C 0 2E t 

N H — C O

| (XX)

N H .- C H R '- C O .H  +  N H 2- C H R " - C 0 2H

To establish the  order of the  end tw o am ino-acids in  the  original peptide, the 
s truc tu re  of the  hydanto in  (XX) is determ ined by  reduction of its  acid 
chloride w ith  sodium borohydride, an d  subsequent hydrolysis to  an  amino- 
acid and  an amino-alcohol. The m ore readily  available iV-carbalkoxy- 
derivative (X X I) of the  peptide m ay also be used as shown below, b u t, as the 
final ring  closure can occur in  tw o ways, the  s truc tu re  of the  hydanto in  does 
no t necessarily indicate th e  actual sequence of th e  tw o amino-acids in the 
peptide chain .128' 129

Of the  new m ethods for th e  degradation of the  acid end of a peptide, two 
involve destruction  of the  free carboxyl group in  an  iV -derivative; the 
term inal am ino-acid then  no longer appears on a paper chrom atogram  run 
a fte r to ta l hydrolysis of a  portion of th e  product. In  one process the acid

1:0 I .  S c h u m a n n  a n d  R .  A . B o iss o n n a s , Helv. Chiin. Acta, 1 9 5 2 , 35, 2 2 3 7 .
121 F o r  a n  e x c e lle n t  r e v ie w  o f  r e c e n t  m e th o d s  see  H . G . K h o r a n a , Quart. Reviews, 

19 5 2 ,  6, 34 0 .
122 G . W . K e n n e r  a n d  H . G . K h o r a n a , / . ,  19 5 2 ,  20 76 .
123 A nn . Reports, 1 9 5 1 ,  48, 15 4 .
124 B .  D a h le ru p -P e te rs e n , K .  L in d e r s t r o m - L a n g , a n d  M . O tte sen , Acta Chem- 

Scand., 1 9 5 2 ,  6, 1 1 3 5 .
125 A nn . Reports, 19 5 0 , 4 7 , 1 6 5 .
126 R .  W . H o lle y  a n d  A . D . H o lle y , J . Amer. Chem. Soc., 19 5 2 ,  74, 5 4 4 5 .
127 F .  W e ss e ly , K .  S c h lo g l, a n d  E .  W a w e rs ic h , Monatsh., 19 5 2 , 8 3 , 1 4 3 9 ;  A . L in den- 

m a n n , N . H . K h a n , an d  K .  H o fm a n n , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 4 76 .
las p  W e ss e ly , K .  S c h lo g l, a n d  G . K o r g e r , Monatsh., 1 9 5 2 , 83, 1 1 5 6 ;  Nature, 1952, 

16 9 , 70 S .
129 F .  W e ss e ly , K .  S c h lo g l, a n d  E .  W a w e rs ic h , Monatsh., 1 9 5 2 ,  83, 14 2 6 .
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chloride of an JV-carbalkoxypeptide (X X I), or the derived urea pep tide
(XXII), is reduced w ith  sodium  borohydride.129. 1290 In  the  o ther,1?0 N -

Alkali
( X X I )  R O -C O - N H - C H R '-C O -N H - C H R "- C O -N H - C H R " '- C 0 2H  mois >

r R '- C H - C O
| - ^ N - C H R " - C O - N H - C H R '" - C 0 2H  

L N H -C O  J

R '-C H -C O .H

R '-C H -C O
I > T'

N H -C O
C H R ''- C 0 2H  +  N H 2- C H R " '- C 0 2H

t

C;

N H - C 0 - N H - C H R " - C 0 - N H - C H R '" - C 0 2H  
( X X H )  ^

R //,G H *CO
I ^ N - C H R '- C 0 2H  +  N H ,- C H R " - C O ,H  

N H -C O

carbobenzyloxy- and  JV-dinitrophenyl-peptides (X X III) are  subjected  to  the 
anodic m ethoxylation reaction discovered earlier w ith  a-acylam ino-acids:131

— C H R "- C O - N H - C H R '- C 0 2H  — )----- C H R "-C O -N H -C H R '-O M o  +  C 0 2

( X X I I I )  | h c i ( X X I V )

— C H R " - C 0 2H  +  N H j  +  R '- C H O  +  M eO H

The second m ethod has the  advantage th a t  hydrolysis of the  m ethoxy- 
compound (XXIV) yields a  su b stitu ted  peptide on which the process can be 
repeated. The term inal amino-acid of an  IV-dinitrophenylpeptide can also 
be identified after rem oval b y  partia l enzymic hydrolysis w ith  carboxy- 
peptidase.132

T reatm ent of silk fibroin w ith  concentrated  sulphuric acid a t  room tem 
perature results in an  average transfer of ca. 60% of the  peptide chains linked 
to the nitrogen atom s of the  serine residues to  the  hydroxyl groups of these 
residues. A fter acety lation  of the  product, the  O -peptidyl bonds m ay be 
hydrolysed w ith  alkali.133 This m ethod of hydrolysis of specific peptide 
bonds is p robably  applicable to  o ther polypeptides containing serine or 
threonine residues.

A valuable new process has been in troduced for the  detection of all kinds 
of peptides, including cyclic peptides and  proteins, on paper chrom atogram s. 
After rem oval of the  solvent, the  paper is exposed to  gaseous chlorine and 
subsequently sprayed w ith  starch-po tassium  iodide solution.134 Peptides 
and acylamino-acids are revealed as intense blue-black spots, the  colour being 
due to the liberation of iodine from the iV-chloropeptides form ed in  the 
chlorination s ta g e :

Cl, KI
-C O - N H  >  -C O -N C I »- - C O - N H -  +  H C I +  I

The great m erit of the  new m ethod, com pared w ith  th a t  using ninhydrin, is 
that the colour developed is as intense w ith  proteins and  peptides of high

lsSaC f. J .  L .  B a i le y ,  Biochem. J . ,  1 9 5 2 ,  52 , iv .
130 R .  A . B o iss o n n a s , Helv. Chim. Acta, 1 9 5 2 ,  3 5 , 2 2 2 6 .
131 R .  P .  L in s te a d , B .  R .  S h e p h a rd , a n d  B .  C . L .  W eo d o n , 1 9 5 1 ,  28o4 .
132 E .  W a ld s c h m id t-L e itz  a n d  K .  G a u ss , Chem. Ber., 1 9 5 2 , 85, 3 5 3 .
133 D. F .  E l l io t ,  Biochem. / . ,  19 5 2 , 50, 5 4 2 .
133 H . N . R v d o n  a n d  P . W . G . S m ith , Nature, 19 5 2 ,  169, 9 22 .
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m olecular weight as i t  is w ith  those of low m olecular weight. Most amino- 
acids also give positive results.

M iscellaneous.—W hen heated  w ith a few per cent, of an alum inium  
trialkyl, a-olefins yield dim ers :

r -c h :c h 2 r -c :c h ,

r -c h :c h ,  r -c h 2-c h 2

E thylene in th e  presence of alkyl derivatives of alum inium  yields bu t-l-ene, 
or m ixtures of higher hydrocarbons w ith  m olecular weights up  to  several 
thousand, depending on the  experim ental conditions.135 These reactions 
will doubtless find im portan t applications in the  utilisation  of “  cracking 
gases.”

Polyphosphoric acid is a very  effective reagent for the  Beckm ann re
arrangem ent of ketoxim es and  aldoxim es.136

O xidation of aliphatic azo-com pounds "with perbenzoic acid gives the 
corresponding azoxy-com pounds which, ap a rt from m acrozam in, were 
form erly unknow n.137

Solutions of fum ing n itric  acid in trifiuoroacetic anhydride can he used 
to  synthesise n itra te  esters from polyhydric alcohols, and  nitro-derivatives 
from  arom atic compounds, including those possessing deactivating groups.138

B. C. L. W.

4. ALIPHATIC COMPOUNDS.

Hydrocarbons.—The sa tu ra ted  hydrocarbons w-do-octacontane, C82H 166, 
and  w-hectane, C100H 202, have been prepared by  the W urtz  reaction  on 1-iodo- 
hen te tracon tane  and  1-iodopentacontane respectively.1 A series of hydro
carbons containing recurren t groups has been obtained by  s tan d ard  methods 
involving anodic coupling of pp-disubstituted glu taric  half-esters and reduc
tion of the ester groupings in the product to  m ethyl.2

The original Boord synthesis of term inally  u n sa tu ra ted  olefins 3 has been 
rendered m ore convenient b y  a m uch im proved p reparation  of the  starting 
ap-dibrom o-ethers, involving addition of brom ine to  the commercially avail
able alkyl vinyl ethers.4

M ass-spectrom etric m ethods have been applied to  the  problem  of com
petitive  olefin form ation from  qua te rnary  am m onium  hydroxides; 5 the 
results confirm the generalisation derived earlier th a t  the  alkyl group having 
the  m ost acidic p-hydrogen is preferentially  elim inated as olefin.8 The 
sim plest hydrocarbon w ith  th ree cum ulated double bonds, butatriene,

135 K .  Z ie g le r , Angew. Chent., 1 9 5 2 ,  64, 3 2 3 .
136 E .  C . H o rn in g  a n d  V .  L .  S tro m b e rg , J . Atner. Cltem. Soc., 1 9 5 2 ,  74 , 26 8 0 , 5 1 5 1 ;  

E .  C . H o rn in g , V . L .  S tro m b e rg , a n d  H . A . L lo y d ,  ibid., p . 5 1 5 3 .
137 B .  W . L a n g le y , B .  L y th g o e , a n d  L .  S . R a y n e r , ] . ,  1 9 5 2 ,  4 1 9 1 .
138 E .  J .  B o u rn e , M . S t a c e y , J .  C . T a t lo w , a n d  J .  M . T e d d e r , ibid., p . 16 9 5 .

1 G . S ta llb e rg , S . S ta llb e rg -S te n h a g e n , an d  E .  S te n h a g e n , Acta Chem. Scand., 1952 , 
6, 3 1 3 .

2 S .  F .  B ir c h , V .  E .  G r ip p , D . T . M c A lla n , a n d  W . S . N a th a n , / . ,  19 5 2 ,  1 3 6 3 .
3 A nn. Reports, 19 3 0 , 27 , 83.
* D . C . R o w la n d s , K .  W . G reen lee , J .  M . D e r fe r , a n d  C . E .  B o o r d , J . Org. Chem., 

19 5 2 ,  1 7 ,  807.
* P . A . S .  S m ith  a n d  S .  F r a n k , / .  Atner. Chem. Soc., 1 9 5 2 , 74 , 509 .
6 W . H a n h a r t  a n d  C . K .  In g o ld , / . ,  19 2 7 , 997.
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CH2‘.CIC!CH2, has been obtained by  debrom ination of 1 : 4-dibrom obutyne 
with zinc.7

The unsubstitu ted  linear all-/ra«s-polyenes 1 : 3 : 5 : 7 : 9-decapentaene 
and 1 : 3 : 5 : 7 : 9 : 1 1 : 13-tetradecaheptaene are produced b y  the  sodam ide 
coupling of l-chloropenta-2 : 4-diene and  l-brom ohepta-2  : 4 : 6-triene 
respectively.8

Polyene a-diketones, obtained by  condensing u n sa tu ra ted  aldehydes w ith  
diacetyl,9 m ay be reduced w ith  lith ium  alum inium  hydride to  the  correspond- 
ing glycols which, on trea tm en t w ith phosphorus di-iodide, yield polyene 
hydrocarbons. Thus, eicosanonaene (I) is obtained as follows : 10

[Me-(CH:CH)4-CO-]2 — > [Me-(CH:CH)4-CH(OH)-]s — > Me-[CIUCH]„-Me (I)

Full details have now been published of the  elegant m ethods employed 
by the M anchester school for the  synthesis of conjugated poly-ynes; 11 these 
were detailed in  the  last R ep o rt.14 Some sim ilar processes involving di
acetylene have also been recorded; an  unexpected reaction of th is hydro
carbon involves form ation of v iny ld iace ty lene13 from  the  monosodium  
derivative and  vinyl brom ide.

Carotenoids.—An aesthetically satisfying synthesis of v itam in  A x from 
cyciohexanone has been evolved. The key step  involves condensation of the  
Cu  ethynyl-alcohol (II) w ith  the C9 ketone (III) to  give the C20 glycol (IV) 
whence, by  standard  processes of anionotropic rearrangem ent, acety lation  of 
the prim ary hydroxyl group, partia l hydrogenation, and dehydration  of the 
tertiary hydroxyl group, v itam in  A x acetate  is obtained.15 V ariants of this 
procedure have also been investigated  and  the  paper is rem arkable for its 
scrupulous a tten tio n  to  detail.

I t  has been established th a t  th e  acid-catalysed rearrangem ent-dehydration  
of M onols (e.g., V) gives only sm all yields (3%) of th e  p-ionylidene compound 
(VI), the  m ain product (90%) being the  isomeric substance (VII) w hich is 
termed a  retroionylidene com pound. Several o ther exam ples of th is type  of

7 W . M . S c h u b e rt , T . H . L id d ic o e t , an d  W . A . L a n k a ,  / .  Amer. Chem. Soc., 19 5 2 , 
74, 569.

8 A . D . M e b a n e , ibid., p . 5 2 2 7 .
8 P . K a r r e r  a n d  C . C o ch a n d , He.lv. Chim. Acta, 19 4 5 , 28 , 1 1 8 1 .

10 F .  B o h lm a n n , Chem. Ber., 1 9 5 2 , 85, 38 6 .
u  J .  B .  A rm ita g e , E .  R .  H . Jo n e s , a n d  M . C . W h it in g , 19 5 2 ,  19 9 3 , 2 0 1 4 ;  J .  B .  

A rm itag e , C . L .  C o o k , N . E n tw h is t le , E .  R .  H . Jo n e s ,  a n d  M . C . W h it in g , ibid., p . 19 9 8 ;
J-  B .  A rm ita g e  a n d  M . C . W h it in g , ibid., p . 2 0 0 5 ; J .  B .  A rm ita g e , C . L .  C o o k , E .  R .  H . 
Jo n es, a n d  M . C . W h it in g , ibid., p . 2 0 1 0 ;  C . L .  C o o k , E .  R .  H . Jo n e s ,  a n d  M . C . W h it in g . 
'bid., p . 2 8 8 3 .

13 T . H e rb e rtz , Chem. Ber., 19 5 2 ,  85, 4 7 5 . 14 A nn. Reports, 1 9 5 1 ,  48, 1 5 7 .
15 J .  A t te n b u rro w , A .  F .  B .  C am ero n , J .  H . C h a p m a n , R .  M . E v a n s ,  B .  A . H e m s,

A . B . A . J a n s e n , a n d  T . W a lk e r , 19 5 2 ,  10 9 4 .

(II)

M e 2 C :C H

V p O H  +  M e-C O -C H iC H -C H iC M e-C H IC H .

s/* *  (III)
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rearrangem ent are described and  i t  is pointed ou t th a t  some previous work 
in th e  v itam in  Ax field needs reassessm ent on this basis.16

Me 2
/^=C H -C H :C M e-C H fcH -C H :C M c'C H =-CH2-OMe 
\ J ^ e (VII)

M e ,

0— C H :C H -C M e (O H )-C H :C H -C H ;C M e -C H ,-C H ,-O M e  
M ,  (V ,

I
M e ,

OH— C H X H -C M e lC H -C H X H -C M e X H - C H j- O M e  
»M e ( T I )

The use of cycfohexenyl- and  6 : 6-dimethylcycZohexenyl-lithium for ob
tain ing substances re lated  to  v itam in  A x has been recorded.17

D etails of the  synthesis of v itam in  A2 described in  last year’s R e p o r t18 
have now appeared.19 M anganese dioxide oxidation of b o th  the  sy n th e tic 19 
and n a tu ra l20 v itam ins has furnished the  corresponding aldehyde which is 
identical w ith  the  retinene2 isolated from th e  retinas of fresh-w ater fish. The 
isomeric C20H 26O aldehyde obtained by  O ppenauer oxidation of v itam in  Aj 
is n o t identical w ith  retinene2 and  an  allene s truc tu re  is suggested for it.21

Pauling has postu lated  th a t  the  highly hindered system
cis

= CMe'CH— CH'CH— is sufficiently unstab le  to  be non-existent in polyenes.22 
The reported  isolation of cis : « 's-p-m ethylm uconic a c id 23 induced a  modific
ation of the  theory  to  th e  effect th a t  th is ty p e  of s truc tu re  would be more 
stab le  in  th e  lower polyenes.24 Careful re-investigation of th is point, how
ever, has failed to  confirm the  existence of cis : cfs-fi-methylmuconic acid 
although the  cis : trans- and trans : trans-isomers are readily  obtainable, 
stable entities.25 This re-establishm ent of the  Pauling theory  is again 
jeopardised, however, by  the  isolation of th e  stab le  com pounds (V II; 
“  s ta rred  ” double bond cis) 16 and  (V III) 26 bo th  containing the “  forbidden ” 
s tru c tu ra l feature. I t  appears th a t  caution should be exercised in using this 
theory  to  elim inate isomers.

The hydrocarbon (V III) is obtained from  the  diacetylenic te trao l (IX) by

16 W . O ro sh n ik , G . K a r in a s ,  a n d  A . D . M e b a n e , J . Atner. Chem. Soc., 1 9 5 2 , 74, 
2 9 5 , 3 8 0 7 ; P . K a r r e r  a n d  J .  K e b r le ,  Helv. Chim. Acta, 19 5 2 ,  3 5 , 2 5 7 0 .

17 E .  A . B ra u d e , T .  B ru u n , B .  C . L .  W eed o n , a n d  R .  J .  W o o d s, / . ,  1 9 5 2 ,  1 4 1 4 ,  14 19 .
13 A nn. Reports, 1 9 5 1 ,  48, 16 0 .
18 K .  R .  F a r r a r ,  J .  C . H a m le t , H . B .  H e n b e s t , a n d  E .  R .  H . Jo n e s , / . ,  19 5 2 ,  2657.
20 H . R .  C a m a , P . D . D a lv i ,  R .  A . M o rto n , M . K .  S a la h , G . R .  S te in b e rg , a n d  A . L.

S tu b b s , Biochem. J .,  1 9 5 2 ,  52 , 5 3 5 ;  H . R .  C a m a , P . D . D a lv i ,  R .  A . M o rto n , a n d  M . K . 
S a la h , ibid., p . 54 0 .

21 H . R .  C a m a , A . C . F ie ld , J .  G lo v e r , R .  A .  M o rto n , a n d  M . K .  S a la h , ibid., p . 548 .
22 L .  P a u lin g , Fortschr. Chem. org. Naturstoffe, 19 3 9 , 3 , 2 0 3 ;  L .  Z e c h m e is te r , Chem. 

Reviews, 19 4 4 , 3 4 , 26 7 .
23 P .  K a r r e r .  R .  S c h w y z c r , a n d  A .  N e u w ir th , Helv. Chim. A d a ,  19 4 8 , 3 1 ,  1 2 1 0 .
21 L .  P a u lin g , ibid., 19 4 9 , 3 2 , 2 2 4 1 .
23 J .  A .  E lv id g e , R .  P .  L in s te a d , a n d  P .  A .  S im s , / . ,  1 9 5 1 ,  3 3 8 6 , 3 3 9 8 .
26 C . F .  G a rb e rs , C . H . E u g s te r ,  a n d  P .  K a r r e r ,  Helv. Chim. Acta, 1 9 5 2 , 3 5 , 1 1 7 9 ,  1850 .



dehydration and subsequent p artia l cataly tic  hydrogenation of the  trip le 
bonds ; stéréom utation w ith  iodine furnishes the  all-fraws-isomer, the  phenyl 
analogue of carotene.26 Two isomeric by-products from  the  dehydration  of

c is
(P h - C H :C H - C M e :C H - C H = C H - C M e :C H - C H :) 2 ( V I I I )

H,0 
11) Pd-H,

[P h -C H :C H -C M e (O H )-C H ,-C ;C -C M e (O H )-C H 2-C H :]2 ( I X )

l-H .O
Y

( P h -C H :C H -C M e :c :c :C H -C M e :C H -C H :)2 ( X )

(IX) are considered to  possess cumulene structures, one of which (X) is 
shown.25

The m ost notable event of th e  curren t year in  th e  syn thetic  carotenoid 
field has been the to ta l synthesis of all-(ra«s-m ethylbixin (XI) by  the  re
actions shown (R =  tetrahydro-2-pyranyl).27

2R O -C H 2-C M e:C H -C :C H  +  M e-C O -C H 2-C H :C H -C H 2-CO -M e -------- >■
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(i) H+
(R O -C IL -C M c :C H -C ;C -C M e :C H -C H :)„   >  (O C H -C M erC H -C jC -C M clC H -C P i:) ,

'■ (ii) MnO, '  * ' 2
(i) Maloolc acid (i) Pd-H,

----------------------->■ ( M c 0 2C -C H :C H -C M e :C H -q C -C M e :C H -C H :)2   >
(ii) MeOH ' 2  • ' 2 (ii) I ,

( M e 0 2C -C H :C H -C M e :C H -C H :C H -C M e :C H -C H :)3 ( X I )

A review of geom etrical isom erism  abou t carbon-carbon  double bonds has 
been published.28

Alcohols.—The optical enantiom orphs of threo-butane-2 : 3-diol have 
been obtained from D- and  L-mannitol by  m ild, unequivocal reactions.29

The action of sodam ide in liquid am m onia on te trahydrofu rfu ry l chloride 
furnishes a  high yield of pent-4-yn-l-o l which thus becomes one of the  m ost 
accessible of the  acetylenic alcohols; sim ilar trea tm en t of epichlorohydrin 
and 2-chlorom ethyltetrahydropyran gives propargyl alcohol and  hex-5- 
yn-l-ol respectively.30

The following nea t synthesis of lavandulol (X II) has been achieved 31 
by employing the  P rins reaction : 32

. „  (CH.O)„
A cO -C M e2-C H ,-C H 2-C H :C M e2 — — - - ■ >

AcOH-HtS0 4
(i) Pyrolysis;

A cO -C M e2-C H 2-C H t-C H (C H 2-O A c)-C M e2-O A c  (i:)-,iy;lroT>7 i5>

M e 2C :C H -C H 2-C H (C H 2-O H )-C M e:C H 2 ( X I I )

The growing fam ily of the  rem arkable natu ra lly  occurring polyenynes 
(see p. ICO) has been fu rther augm ented b y  the  isolation of the  glycols

2! R .  A h m a d  a n d  B .  C . L .  W eed o n , Client, and Ind., 1 9 5 2 ,  882.
28 L .  C ro m b ie , Quart. Reviews, 19 5 2 , 6, 1 0 1 .
29 L . J .  R u b in , H . A . L a r d y ,  a n d  H . O. L .  F is c h e r , J . Amer, Chem. Soc., 19 5 2 ,  74 , 4 24 .
20 G . E g lin to n , E .  R .  H . Jo n e s ,  an d  M . C . W h it in g , J .,  19 5 2 , 2 8 7 3 ;  R .  P a u l an d  S . 

isc h e litc h e ff. Bull. Soc. chim., 1 9 5 2 ,  808.
21 H . G r i i t t e r  a n d  H . S c h in z , Helv. Chim. Acta, 1 9 5 2 ,  3 5 , 1G 56
22 A nn. Reports, 1 9 5 1 ,  48, 1 5 4 .
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oenanthetoxin (X III  or X IV ; R  =  OH) and  cicutoxin (XV or X V I ; R  =  
OH) and  the  closely re lated  alcohols oenanthetol (X III  or X IV ; R  =  H) 
and  cicutol (XV or X V I ; R  =  H) from the  umbelliferous p lan ts Oenanthe 
crocata and Cicuta virosaP  A re la ted  ketone, oenanthetone, is probably 
14-dehydro-l-deoxyoenanthetoxin.

fH O -C H 1 -C H :C H -[C :C ] ,- [C H :C H Ja-[C H s] ! -C H R P r> ' ( X I I I )  
\ H O - C H 2-[ C H :C H ]a*[C :C ]2-C H :C H "[C H 1] ! 'C H R P r “  (X X V ) 

fH O -[C H 2] 3-[C ;C ]2-[C H :C H ]j-C H R P r '>  ( X V )
(H O -[C H 2] 2-[C H :C H ]3-[C ;C ]2- C H R P r n ( X V I )

Halogeno-compounds.—The form ation of brom ides by the  trea tm en t of 
the  corresponding alkyl- toluene-^>-sulphonates w ith  sodium  brom ide has been 
shown to  proceed w ithou t rearrangem ent.34

In  spite  of the  highly reactive n a tu re  of its  chlorine atom , pro- 
pargyl chloride has been found to  react w ith  sodio-derivatives of 
ketones to  yield the corresponding acetylenic alcohols of th e  general type
h o c r r ' - c ; o c h 2c i .35

The geom etrical isomers of 3-brom o-l : 2-dichloroprop-l-ene have been 
obtained by the action of iV-bromosuccinimide on 1 : 2-d ich loroprop-l-ene; 
the corresponding alcohols and chlorides were also prepared by  hydrolysis 
and  reaction w ith phosphorus trichloride.30

Investigations on fluorinated aliphatic  com pounds proceed apace 37 and 
only a brief selection can be reviewed in  detail. As expected, nucleophilic 
addition to  trifluoropropyne takes place in an anti-M arkovnikov m anner, 
the  adducts being of the  type  CF3-CH!CHX (X =  F, Cl, Br, I, CN, OMe, 
O E t, or N E t2) ; m ercury-catalysed hydration , however, gives predom inantly  
trifluoroacetone (65%) together w ith  the  expected 3 : 3 :  3-trifluoropropalde- 
hyde (35% ).38. 39 3 : 3 :  3-Trifluoropropyne reacts norm ally w ith  ethyl- 
m agnesium  brom ide and  th e  resulting G rignard reagent undergoes the 
expected condensation w ith  ketones.38 Sodium borohydride reduction of 
3-brom o-l : 1 : l-trifluoroacetone furnishes the  corresponding bromo- 
hydrin  which m ay be readily  dehydrobrom inated to  2 : 3-epoxy-l : 1 :1 - 
trifluoropropane; the  ethylene oxide ring  in th is com pound is m uch more 
resistan t to  fission th an  th a t  in 1 : 2-epoxypropane itself.40 Perfluoro- 
aldehydes m ay be obtained directly  from  the  corresponding acids by  lithium  
alum inium  hydride reduction.41

31 E .  A n e t , B .  L y t h g o e , M . H . S ilk , a n d  S . T r ip p e t t , Chetn. and Ind., 1 9 5 2 ,  7 56 .
34 H . P in e s , A . R u d in , a n d  V .  N . Ip a t ie f f ,  J . Amer. Chetn. Soc., 1 9 5 2 , 74 , 4 0 6 3 .
35 J .  C o lo n ge  a n d  R .  G e lin , Compt. rend., 19 5 2 , 2 3 5 , 5 7 7 .
30 L .  F .  H a tc h , J .  J .  D ’A m ic o , a n d  E .  V . R u h n k e , J . Amer. Chetn. Soc., 1 9 5 2 ,  74 , 12 3 .
37 J .  A . C u cu lo  a n d  L .  A . B ig e lo w , ibid., p . 7 1 0 ;  K .  E .  R a p p ,  J .  T .  B a r r ,  R .  L .  

P r u e t t ,  C . T . B a k n e r ,  J .  D . G ib so n , a n d  R .  H . L a f fe r t y ,  ibid., p . 7 4 9 ; M . H a u p tsch e in , 
C . S . S to k e s , a n d  A . V . G ro sse , ibid., p . 8 4 8 ; M . H a u p ts c h e in , R .  L .  K in s m a n , a n d  A . V .
G ro sse , ibid., p . 8 4 9 ; H . D . M a llo ry , ibid., p . 8 3 9 ; W . L .  M o sb y , ibid., p . 8 4 4 ; M .
H a u p ts c h e in , E .  A . N o d iff , an d  A . V . G ro sse , ibid., p . 1 3 4 7 ;  E .  T .  M c B e e , J .  F .  H igg in s, 
a n d  O . R .  P ie rc e , ibid., p . 1 3 8 7 ;  E .  T . M c B e e  a n d  T .  M . B u r to n , ibid., p . 3 9 0 2 ; R .  N . 
H a s z e ld in e , J .,  1 9 5 2 ,  3 4 2 3 , 4 2 5 9 , 4 4 2 3 .

38 A . L .  H e n n e  an d  M . N a g e r , J . Amer. Chetn. Soc., 1 9 5 2 ,  74, 650 .
38 R .  N . H a s z e ld in e  a n d  K .  L e e d h a m , 19 5 2 , 3 4 8 3 ;  R .  N . H a sz e ld in e , ibid., p- 

3 4 9 0 .
40 E .  T . M c B e e  a n d  T . M . B u r to n , / .  Amer. Chetn. Soc., i9 5 2 ,  74 , 3 0 2 2 .
41 D . R .  H u ste d  a n d  A . H . A h lb re c h t , ibid., p . 5 4 2 2 .
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Aldehydes and Ketones.—The violet-leaf perfum e, nona-trans-2 : cis-Q- 
dienal (X VII) has been synthesised from  dipropargyl by  the  process shown.42

A convenient p reparation  of laevulaldehyde diethy l acetal is afforded by  
the peroxide-catalysed addition  of acetaldehyde to  acraldehyde diethyl 
acetal.43

A series of stra igh t chain aco-hydroxy-aldehydes has been obtained by  lead 
tetra-acetate fission of th e  corresponding carbocyclic acyloins, and  the ir 
ring-chain tautom erism  has been studied.44

S ubstitu ted  succinic dialdehydes have been produced from 2 : -5-dihydro- 
2 : 5-dim ethoxyfuran (X V III) which is readily  prepared  from  furan. Mild 
acid hydrolysis of (X V III) furnishes a m ix ture  of the  liquid m aleic dialde
hyde and the  crystalline fum aric dialdehyde.45 H ydroxylation  of (X V III) 
by potassium  perm anganate gives the cyclic acetal of w esotartaric dialde
hyde (m eso-tetrahydro-3 : 4-dihydroxy-2 : 5-dim ethoxyfuran) (X IX ) 46 while 
the hypochlorous acid adduct (XX) by  trea tm en t w ith  potassium  hydroxide 
followed b y  reductive fission of the resulting epoxide produces m alic dialde
hyde cyclic acetal (tetrahydro-3-hydroxy-2 : 5-dim ethoxyfuran) (X X I).46 
The la tte r  p roduct is m ore conveniently procured by  R aney nickel hydro- 
genolysis of the  brom ohydrin corresponding to  (XX) ; 47 m alic dialdehyde is 
also formed by  lith ium  alum inium  hydride reduction of m alic bism ethyl- 
anilide.48 Epoxysuccinic dialdehyde has been produced by  lead te tra 
acetate or periodic acid fission of epoxyconduritol (5 : 6-epoxy cycfohexane- 
1 : 2 : 3 : 4-tetrol) ; 49 the preparation  of its  cyclic acetal is described above.46 
Condensation of these dialdehydes w ith  acetonedicarboxylic acid and 
methylamine to  yield tropane alkaloids has been investigated .46’ 47>49

A convenient rou te  has been developed for the  p reparation  of octa-3 : 5- 
diene-2 : 7-dione (X X III) a  key interm ediate for carotenoid syntheses, by

42 F .  S o n d h e im e r , ibid., p . 4 0 4 0 ; se e  a lso  F .  Z o b r is t  a n d  H . S c h in z , Helv. Chim. 
Acta, 19 5 2 , 3 5 , 2 3 8 0 . 42 A . M o n d o n , Angew. Chem., 1 9 5 2 ,  64, 2 2 4 .

44 C . D . H u rd  a n d  W . H . S a u n d e rs , J . Amer. Chem. Soc., 1 9 5 2 ,  74, 5 3 2 4 .
45 D . L .  H u fie rd , D . S .  T a r b e ll ,  a n d  T .  R .  K o s z a lk a , ibid., p . 3 0 1 4 .
46 J .  C . S h e e h a n  a n d  B .  M . B lo o m , ibid., p . 3 8 2 5 .
47 A . S to ll ,  B .  B e c k e r , a n d  E .  Ju c k e r ,  Helv. Chim. Acta, 1 9 5 2 , 3 5 , 1 2 6 3 .
48 F .  W e y g a n d  a n d  G . E b e r h a r d t ,  Angew. Chem., 1 9 5 2 , 64, 458 .
48 C . S c h ö p f a n d  A . S c h m e tte r lin g , ibid., p . 5 9 1 ;  see  a lso  C . S c h ö p f a n d  W . A rn o ld , 

Annalen, 19 4 7 , 5 5 8 , 10 9 .

CH;C-[CH2]2-C:CH ti > E t-c;c-[C H 2]2-c;CH
(i) NaNH. (i) EtMgBr

(ii) -CH(OEt),
Pd-H .

Et-C;C-[CH,]2-C:C-CH(OEt)2 --------- >- E t-C H
Pd-H.

>  E t - C H CH-[CH2] 2- C H = C H  ■ CH( O E t)  2
CIS

H+ c is
>  E t-C H = = C H -[C H 2]2-C H ==C H -C H O  (X V II)

C l O H

M e O ~ \ q / — O M e 

( X V I I I )

HOCl
>

O H
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partia l reduction of the readily  available diacetylenic glycol (X X II) followed 
by  m anganese dioxide oxidation of th e  resulting diene glycol; other 
approaches to  the  diketone were also investigated .50

( X X I I )  H O -C H M e -[C ;C ]2-C H M e-O H  ■ >  M e-C O -[C H :C H ]2-CO -M e ( X X I I I )(lij

Fatty  Acids and their Derivatives.—Saturated acids. O ptim um  condi
tions have been established for th e  p reparation  of pimelic acid by  alkaline 
isom érisation and  cleavage of cycZohex-3-ene-l-carboxylic acid and  the 
m echanism  of the  process is discussed.51 Pimelic acid m ay also be obtained 
by  subjecting the  aldehydo-ester (XXIV) (formed b y  Michael addition of 
d iethyl m alonate to  acraldehyde) to  reductive condensation w ith  ethyl 
cyanoacetate w ith  subsequent hydrolysis and  decarboxylation of the  product 
(XXV) ; a-substitu ted  pimelic acids resu lt when a  su b stitu ted  malonic 
ester is used.52

NC-CH.'CO.Et;
( E t 0 2C )2C I i- [C H 2] 2- C H 0   - >  ( E t 0 2C )2C H -[C H 2] 3-C H (C N )-C 0 2E t

( X X I V )  Pd' H* ( X X V )

A useful m ethod of preparing 8-keto-acids and thence the  non-ketonic 
acids involves alkaline fission of 2-alkylcyc/ohexane-l : 3-diones (XXVI) 
followed by  Huang-M inlon reduction. These tw o stages m ay be conveniently 
telescoped since th e  hydrazine reduction m edium  is itself sufficiently alkaline 
to  effect the  ring scission.53 A pplication of this process to  2-methylene- 
bis(cycfohexane-l : 3-dione) (readily obtainable b y  in teraction  of formalde
hyde and  cycMiexane-1 : 3-dione) furnishes a  q u an tita tiv e  yield of brassylic 
acid, C 02H ,[CH2! 11*C02H .53 The yields in th is procedure are very high but 
p reparation  of th e  sta rtin g  m aterials of type  (X X V I), involving th e  reaction 
of an  alkyl halide w ith  cyc/ohexane-1: 3-dione, is com plicated b y  th e  occur
rence of concom itant O -alkylation. A n a tte m p t to  elim inate th is restriction 
has been m ade by  effecting the condensation of th e  alkyl halide w ith  2 : 6- 
dim ethoxyphenyl-lithium  (obtainable b y  in teraction  of phenyl-lithium  and 
resorcinol dim ethyl ether) followed b y  dém éthylation  and  reduction to  the 
cycZohexane-1 : 3-dione ; 54 the  m ethod  lacks convenience, however.

The ready  p repara tion  of diketens and  thence of sym m etrical ketones 
b y  trie thy lam ine dehydrochlorination of acid chlorides 55 has suggested the 
extension of th is process to  co-carbethoxy-acid chlorides.55’ 50 The sym
m etrical keto-esters (X X V II) thu s obtained m ay be readily  hydrolysed and

50 R .  A h m a d , F .  S o n d h e im e r , B .  C . L .  W e e d o n , a n d  R .  J .  W o o d s, / . ,  19 5 2 ,  4089.
51 F .  X .  W e rb e r , J .  E .  J a n s e n , a n d  T .  L .  G re s h a m , J . Amer. Chem. Soc., 19 5 2 ,  74, 532 .
55 D . T . W a r n e r  a n d  O . A . M oo, ibid., p . 3 7 1 .
53 H . S t e t t e r  a n d  W . D ie r ic h s , Chem. Ber., 1 9 5 2 ,  85, 6 1 ,  29 0 , 1 0 6 1 .

H . L e t t r é  a n d  A .  J a h n ,  ibid., p . 34 6 .
05 J .  C . S a u e r , J . Amer. Chem. Soc., 19 4 7 , 69, 2 4 4 4 .
s ‘  A .  T .  B lo m q u is t , J .  R .  Jo h n s o n , L .  I .  D iu g u id , J .  K .  S h il lin g to n , a n d  R .  D- 

S p e n c e r , ibid., 19 5 2 ,  74 , 4 2 0 3 .

(i) LiAlH,

( X X V I )
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reduced to  the  corresponding ato-dicarboxylic acids containing an  odd num ber 
of carbon atoms:

Et,N H ,0 ;
E tO jC -fC H jln 'C O C l -------->■ D ik e te n  —  - ■■■> ■ E t 0 2C -[C H 2] n- C O [C H 2]„ -C 0 2E t

( X X V I I )

A tten tion  has been draw n to  the convenience of using ethylene glycol as 
a solvent in  n itrile preparations involving the  m etathesis of an alkyl halide 
with sodium  cyanide; even secondary nitriles are preparable by this 
technique.57

A series of long-chain fi-hydroxy-acids has been obtained b y  cataly tic  
hydrogenation of the  corresponding p-keto-esters and  th e  crystal s truc tu re  of 
the com pounds exam ined.58

I t  had  been deduced from  knowledge of the  W alden inversion and  the 
stereochem istry of double-bond addition  reactions th a t  the higher-m elting 
9 : 10-dihydroxystearic acid (m. p. 131°) possesses the  erythro-configuration 
whilst the  lower-m elting acid (m. p. 95°) is the  threo-isomer. This conclusion 
has been m ost elegantly confirmed by  a  study  of the urea inclusion com 
pounds of the  two acids. M easurem ents show th a t  the erythro-acid, w ith  its 
hydroxyl groups on opposite sides of the  zig-zag carbon chain, cannot readily 
fit into the urea la ttice  cavity , while th e  ¿foro-acid can do so w ith great ease. 
In practice i t  is found th a t  th e  lower-m elting acid forms a  crystalline urea 
complex in  q u an tita tiv e  yield w hilst th e  higher-m elting isomer does no t form 
an adduct.59 This use of th e  u rea  crysta l la ttice  as “  m olecular calipers ” has 
wide potentialities for the d irect determ ination  of m olecular configurations, 
(It should perhaps be pointed ou t th a t  th e  Fischer projection form ula for 
the erythro-acid shows bo th  hydroxyl groups on the  same side of th e  carbon 
chain. This is in  accordance w ith  th e  tenets of th e  convention w hich require 
the molecule to  be “ norm alised ”  from  the  stable zig-zag configuration 
before projection is carried o u t.60)

Configurational relations have been worked ou t betw een the 2 : 3-epoxy-, 
-bromoacetoxy-, and  -dihydroxystearic acids.61

Considerable w ork has been carried ou t on the  acidic m oieties of the  Senecio 
alkaloids. Thus a-longinecic acid has been shown by  degradation and  light 
absorption properties to  possess the  constitu tion  (X X V III).62 Two investi
gations on th e  synthesis of trachelan tic  and  viridifloric acids [both stereo
isomers of ap-dihydroxy-a-isopropylbutyric acid (XXIX)] differ som ew hat in 
their conclusions.63 B oth  agree th a t  trachelan tic  acid is p robably  p artia lly  
racemised (+)-//ireo-(XXIX) (obtained b y  «s-hydroxy lation  of a-t'sopropyl- 
crotonic acid and  subsequent resolution), b u t  whereas th e  Am erican workers 
also sta te  th a t  viridifloric acid is probably  partia lly  racem ised (-\-)-erythro- 
(XXIX) (obtained b y  frans-hydroxylation) the  B ritish workers repo rt th a t 
the enantiom orphs of the  la tte r  acid show no m easurable ro tation . The 
structure of m onocrotalic acid (XXX) deduced from  degradation reactions

87 R .  N . L e w is  a n d  P .  V .  S u s i , J .  Amer. Chem. Soc., 1 9 5 2 ,  74 , 840.
58 M . S k o g h , Acta Chem. Scand., 1 9 5 2 , 6, 809.
88 D . S w e rn , L .  P .  W itn a u e r , a n d  H . B .  K n ig h t ,  J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 16 5 5 .
80 C . S . H u d so n , Adv. Carbohydrate Chem., 19 4 8 , 3 , 1 .
01 G . S . M y e rs , J . Amer. Chem. Soc., 19 5 2 , 74 , 13 9 0 .
82 R .  A d a m s , T . R .  G o v in d a c h a r i , J .  H . L o o k e r , a n d  j .  D . E d w a r d s , ibid., p . 7 0 1 .
88 R .  A d a m s  a n d  B .  L .  V a n  D u u re n , ibid., p . 5 3 4 9 ;  J .  L .  D r y  a n d  F .  L .  W a rre n , / . ,  

19 52 , 34 4 5 .
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has been confirmed by  a synthesis involving hydroxylation  of a(3y-tri- 
m ethylglutaconic acid.64

Two groups of workers have shown b y  synthesis th a t  a py ruvate  oxidation 
factor of certain  bacteria, a-lipoic (or thioctic) acid, is the  dextroro tatory  
enantiom orph of the cyclic disulphide from 5 : 8-dim ercapto-n-octanoic 
acid (i.e., 3-3 '-carboxypropyl-l : 2 -dith ian).GS

A convenient and  reproducible procedure for preparing oxaloacetic acid 
has been evolved.66

Cholesteryl esters of the  branched-chain 28-m ethyltriacontanoic, 26- 
m ethyloctacosanoic, and  24-m ethylhexacosanoic acids have been isolated 
from  wool w ax.67 The steric effects involved in  th e  acid-catalysed estéri
fication of highly-branched acids have been investigated .68

Unsaturated acids. An in teresting  synthesis of 5-methylhex-5-enoic 
acid (X X X II), in  high yield, involves the base-catalysed fission of the 
m ethanesulphonate of 2-hydroxym ethyl-2-m ethylcyc/opentanone (X X X I).69

B y use of the  Bow m an “ acyloin ” and  “ m ethoxy-ketone ” m ethods 70 
the  pure cis- and  trans-forms of m yristoleic, palm itoleic, gadoleic, octadec-4- 
enoic, and undec-9-enoic acids have been obtained .71 T ariric  (octadec-6- 
ynoic) acid and  thence, by  partia l hydrogenation, petroselinic acid has been 
synthesised 72 by S trong’s m ethod .73

R eaction of two molecules of acetylene w ith  one of m ethyl acrylate under 
pressure in  the  presence of triphenylphosphine-nickel carbonyl ca ta ly st gives 
a  high yield of m ethyl hepta-2  : 4 : 6-trienoate, CIIqXH'OCHICHJyCOgMe; 
th e  corresponding n itrile  is sim ilarly ob tained from  acrylonitrile .74

The earlier c la im 23 to  have obtained cis : cfs-p-m ethylm uconic, acid by 
hydrolysis of its  anhydride has now been shown 25 to  be a  m isin terpretation  
(cf. p. 152), the  product being in fact the  cis : fra«s-isom er; ho t alkali 
converts th is isomer in to  the  trans : bw is-com pound. B y con trast all the

64 R .  A d a m s , B .  L .  V a n  D u u re n , a n d  B .  H . B ra u n , J .  Amer. Chem. Soc., 19 5 2 ,  74, 
5 6 0 8 ; see  a lso  R .  A d a m s  an d  F .  B .  H a u s e rm a n , ibid., p . 694.

65 M . W . B u llo c k , J .  A . B ro c k m a n , E . - L .  P a t te r s o n , J .  V . P ie rc e , a n d  E .  L .  R .
S to k s ta d , ibid., p . 1 8 6 8 ;  C . S .  H o rn b e rg e r , R .  F .  H e itm ille r , I .  C . G u n sa lu s , G . H . F . 
S c h n a k e n b e rg , a n d  L .  J .  R e e d , ibid., p . 2 3 8 2 . 66 J .  C . R o b e r ts , / . ,  19 5 2 ,  3 3 1 5 .

67 J .  T ie d t  an d  E .  V . T ru te r , Chem. and Ind., 1 9 5 2 ,  4 0 2 .
68 K .  L .  L o e n in g , A . B .  G a r r e t t , a n d  M . S .  N e w m a n , J . Amer. Chem. Soc., 19 5 2 , 74,

39 2 9 . 68 A . E s c h e n m o s e r  a n d  A . F r e y ,  Helv. Chim. Acta, 1 9 5 2 ,  3 5 , 16 6 0 .
73 A nn. Reports, 19 5 0 , 4 7 , 1 7 1 ;  1 9 5 1 ,  48, 1 6 1 .
71 B .  W . B o u g lito n , R ,  E .  B o w m a n , a n d  D . H . A m e s , / . ,  1 9 5 2 ,  6 7 1 ;  D . E .  A m e s  and 

R .  E .  B o w m a n , ibid., p . 677 .
71 P . B .  L u m b  a n d  J .  C . S m ith , Chem. and Ind., 1 9 5 2 ,  3 5 8 .
73 A nn . Reports, 19 4 9 , 46, 16 5 .
74 T .  L .  C a irn s , V .  A . E n g e lh a rd t , I I .  L .  J a c k s o n , G . H . K a lb ,  a n d  J .  C . S a u e r , /■ 

Amer. Chem. Soc., 1 9 5 2 , 74 , 5 6 3 6 .

M e -C H :C (C 0 2H )-C H :C M e -C M e (0 H )-C 0 2H

( X X V I I I )  

M e - C H ( 0 H ) - C P r '( 0 H ) - C 0 2H
( X X I X )

I > 0
CHMe-CfO

( X X X )

M e
C H 2:C M e-[C H 2] 3- C 0 2H

( X X X I I )
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three geom etrically isomeric aa'-dim ethylm uconic acids are isolatable 
entities.75

Following the isolation of a cyc/opropane acid,76 now nam ed lactobacillic 
acid,77 from Lactobacillus arabinosus and L . casei, an even m ore rem arkable 
related acid, the  cycZopropene derivative sterculic acid (X X X III), has been 
obtained from  the  kernel oil of Sterculia foetida  by  way of its u rea com
plex.78 The constitu tion is confirmed by  ozonolysis to  9 : 11-diketonona- 
decanoic acid.

/ C\ "
M e - [C H j] , ‘C = C ' [ C H j ] , - C O , H  ( X X X I I I )

The fa tty  acids of L . arabinosus also contain m -octadec-11-enoic acid,77 
the second occurrence of th is com pound in  N a tu re ; 76 another synthesis of 
the trans-isomer (" vaccenic acid ”  7G) has been reported .79

A new hydroxy-acid, 9-hydroxyoctadec-12-enoic acid, isomeric w ith 
ricinoleic acid, has been isolated from the seed oil of Strophanthus 
sarnientostis.80

An ethylenic-acetylenic acid, xim enynic acid, obtained from  th e  kernel 
oil of several species of X im enia , has been shown to  be octadec-ll-en-9-ynoic 
acid, a constitu tion  suggestive of a  possible biogenesis from ricinoleic acid .81

The decarboxylation and  re-form ation of linoleic acid (X X X IV ) has 
been carried out b y  th e  annexed m ethod, the  process being adm irably  suited 
for the  production of the  “  labelled ” acid .82

Br, Br, on Ag salt
( X X X I V )   C i H 1 I , [ C H B r ] t*C H t '[ C H B r ] t* [ C H J 7* C 0 1 H   i

Zn
C jH  j  p  [C H B r J  [C H B r]  ,•  [C H 2] ,  -B r  -— >

Mg; CO,
c 5h x „ • c h : c h ,c h j ,c h : c h , [ c h 2] , - B r   y  ( x x x i v )

A sim ilar, b u t less convenient, procedure has been devised for oleic acid .83
The synthesis of the  trans : trans- and  cis-2 : Znws-8-isomers of the 

structure (XXXV) has been repo rted ; 84 like the  previously synthesised 
■cis : cis- and  trans-2 : cis-8-isomers,85 neither is identical w ith  the natu ra lly  
occurring insecticide herculin for which constitu tion  (XXXV) had  previously 
been suggested. A ttem pted  re-isolation of herculin from  the  bark  of 
Xanothoxylum clava-herculis L. gave only a  new conjugated triethylenic 
isobutylamide for which the nam e fsoherculin is proposed.81 A sim ilar 
situation obtains in  th e  case of the  insecticide pellitorine for which the 
structure (X X X V I) h ad  been derived, none of the  four possible geom etrical 
isomers 85> 86 being identical w ith  the  n a tu ra l product. In  th is  case, how

75 J .  A . E lv id g e , R .  P . L in s te a d , an d  J .  F .  S m ith , / . ,  19 5 2 ,  10 2 6 .
78 A nn. Reports, 19 5 0 , 47 , 1 7 1 ;  fo r  su g g e ste d  b io g e n e sis  se e  E .  M . K o s o w e r , Science, 

10 5 1 ,  1 1 3 ,  605
77 K .  H o ffm a n n , R .  A . L u c a s , a n d  S . M . S a x ,  J . Biol. Chem., 1 9 5 2 ,  1 9 5 , 4 7 3 .
76 J .  R .  N u n n , 1 9 5 2 , 3 1 3 .
78 W . J .  G e n s le r  a n d  G . R .  T h o m a s , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 39 4 2 .
80 F .  D . G u n sto n e , / . ,  19 5 2 ,  12 7 4 .
81 S .  P .  L ig th e lm , H . M . S c h w a r tz , a n d  M . M . v o n  H o ld t , ibid., p . 10 8 8 .
82 D , R .  H o w to n , R .  H . D a v is ,  a n d  J .  C . N e v e n z e l, J . Amer. Chem. Soc., 19 5 2 , 7 4 , 1 1 0 9 .
83 S . B e r g s tr o m , K .  P a a b o , a n d  M . R o tte n b e rg , Acta Chem. Scand., 1 9 5 2 ,  6, 10 2 4 .
84 L .  C ro m b ie , J .,  1 9 5 2 ,  2 9 9 7 .
86 A nn. Reports, 19 4 9 , 46, 1 6 6 ;  19 5 0 , 47 , 1 7 2 ;  1 9 5 1 ,  48, 16 2 .
84 L .  C ro m b ie , / . ,  19 5 2 ,  4 3 3 8 .



160 ORGANIC CHEMISTRY.

ever, pellitorine was successfully re-isolated from  Ancicyclus pyrethrum  86 
and has been shown to possess the  fully conjugated structu re  (X X X V II); 87 
the syn thetic  tra n s: tra n s -(X X X V ll)  is m arkedly  sim ilar in properties to  the 
n a tu ra l p ro d u ct.88

M e - fC H J j- C H IC H d C H Jj- C H IC H - C O - N H B u ' ( X X X V )
M e -[C H 2] 2-C H :C H -[C H 2] ,-C H :C H -C O -N H B u ‘ ( X X X V I )

M e ‘ [C H 2]2-C H :C H -C H :C H -C O -N H B u *  ( X X X V I I )

Naturally Occurring Poly-yne Acids.—Almost coevally w ith  the  recent 
studies on synthetic  poly-ynes (p. 151) there  has accum ulated a  growing 
fam ily of na tu ra l products, usually carboxylic acids and  esters (bu t see p. 153), 
containing such system s. This phenom enon is no t wholly coincidental as 
the  strik ing and characteristic  u ltra-v io let absorption of these system s (as 
determ ined from the  syn thetic  compounds) has greatly  facilita ted  their 
detection in  p lan t ex tracts. M uch of th is w ork has been carried ou t by 
N. A. Sorensen and  his collaborators,88 who have established the  wide occur
rence of such poly-ynes in p lan ts  of the Compositae family. T hus the 
essential oil of M atricaria inodor a L. has yielded cw -dihydrom atricaria 
ester BSh (X X X V III), c is -2:  trans-8-8W‘ and  cis : « s-m atricaria  ester 88a.M  
(XL), while the  closely re la ted  dehydrom atricaria  ester 8&!>a (probably XLI) 
is a  constituen t of Artem isia vulgaris L. The allied as-lachnophyllum  ester 
(X X X IX ) is obtained from Lachnophyllum gossypinum  B ge.88c>89 A num ber 
of these com pounds and the ir geom etrical isomers have been synthesised by 
the  s tan d ard  acetylenie coupling reactions. 88c-^ > ‘

A highly in teresting  com pound of th is  ty p e  is the strongly laevorotatory 
C13 acid, m ycom ycin (X LII) w hich is an  an tib io tic  m etabolic product of 
Norcardia acidophilus.90 I ts  alm ost incredible struc tu re  involves a conjugate 
diyne-allene-diene system , i.e., i t  incorporates every know n type  of carbon- 
carbon unsaturation . The v a n ’t  Hoff prediction of the  resolvability  of 
asym m etric allenes is thus exemplified for the  first tim e b y  a  n a tu ra l product. 
W hen the allene function is destroyed, either b y  com plete hydrogenation to 
n-tridecanoic acid or b y  alkaline rearrangem ent to  the  isomeric triynediene, 
fsomycomycin (X L III), the  optical ac tiv ity  disappears. Since th e  double 
bonds of the  allene link are a t righ t angles m ycom ycin contains tw o discrete 
chrom ophores, an  enediyne and  a  triene system , which are non -in terac ting ; 
th is conception is confirmed by  its u ltra-v io let absorption.

M e -C H :C H -C ;C -C ;C -C H 2-C H 2- C 0 2M e ( X X X V I I I )

M e-C H j-C H j-C jC -C -C -C H .'C H -C O jM e ( X X X I X )

M e -C H :C H -C ;C -C ;C -C H :C H -C 0 2M o (X L )

M e -C H :C H -C :Ć -Q C -C ;C -C 0 2M e  (X L I )

c h : c -c ;c -c h :c :c h -c h :c h -c h :c h -c h 2-c o 2h  (x l i i j

J k o h

M e -C iC -C :C -C :C -C H :C H -C H :C H -C H 2- C 0 2H  ( X L I I I )

87 L .  C ro m b ie , Chem. and Ind ., 19 5 2 ,  1 0 3 4 ;  M . Ja c o b s o n , Chem. Eng. News, 1 9 5 2 , 30, 
4 1 3 1 .

88 (a) Annalen, 1 9 4 1 ,  549 , 8 0 ; (6) Acta Chem. Scand., 19 5 0 , 4, 4 1 6 ,  (c) 8 5 1 ,  (d) 10 8 1 , 
(e) 1 5 6 7 ,  1 5 7 5 ;  (J)ibid., 1 9 5 1 ,  5 , 1 2 4 4 ;  ibid., 1 9 5 2 , 6, (g) 6 0 2 , (h) 8 8 3, (f) 89 3.

80 W . W ilja m s , V .  S .  S m irn o v , a n d  V .  P .  G o ljm o v , J . Gen. Chem. U .S .S .R ., 1 9 3 5 ,  5, 
1 1 9 5 ,

90 W . D . C e lm e r a n d  I .  A . S o lo m o n s, J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 18 7 0 , 2 2 4 5 , 3838.
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Allied poly-ynes have been detected  in the  culture liquids of various 
species of Basidiomycetes,91 and  in Centaurea cyanus L .02

Acids from  the D iphtheria and Tubercle Bacillus.—Corynomycolic acid, 
isolated from  the  lipids of the  d iph theria  bacillus Corynebacterium diphtheriae,93 
has been identified by  degradation and  synthesis as ( - f  )-2-n-tetradecyl-3- 
hydroxystearic acid,04 i.e., i t  is of the  sam e general ty p e  as the  mycolic acids 
obtained from hum an tubercle. F u rth e r  degradative w ork on a-mycolic 'acid 
has been reported .05 An analogous keto-acid, mycolonic acid, has been 
isolated from bovine Mycobacterium tuberculosis.°6

Phosphatides and Derived Compounds.— Full details have now appeared 07 
of the synthesis of a-cephalins m entioned in the last R eport.08 An im proved 
procedure has been worked o u t 99 for th e  processes involved in the  synthesis 
of a-lecithins.100

A m ost flexible procedure for the  synthesis of glycerides has been devised 
whereby the alcohol groups of the  glycerol are successively bu ilt up  and 
become available one b y  one for reaction w ith  individual fa tty  acids.101

R ’ -C O -O -^ H , ( i)C H ,N ,;^  R 1-C O O C H a r «.co ,k  R '- C O - O C H , n >-h , ^

i O C l (ii) HBr

C H jB r  R '- C O O C H ,

r >-c o o -c h 2 R i-C O -O -C H ,
R'-COCl I

C H -O H  ------------- >- R 3 - C 0 -0 -C H

R ! - C 0 - 0 - C H 2 R a -C O O -C H .

Two fu rther syntheses of racem ic dihydrosphingosine have been 
reported 102>103 which are essentially practical im provem ents of the  Swiss 
and the B ritish  syntheses reported  last year.104 A footnote records the 
successful extension of the  m ethod to  furnish sphingosine (XLIV) itself.102 
The synthetic  dihydrosphingosine has been resolved w ith  L-glutamic acid, 
the laevorotatory enantiom orph being identical w ith  the  n a tu ra l p roduct.105 
Infra-red exam ination has shown the configuration about the  double bond of 
sphingosine to  be trans.10G

( X L I V )  M e d C H jf i j- C H X H -C H iO H p C H iN H jp C H j-O H

Amino-acids.*—An u n sa tu ra ted  am ino-dicarboxylic acid, probably  y- 
m ethyleneglutam ic acid, C 0 2H-CH(NH2),CH2*C(XH2)-C02H , and  the corre-

01 M . A n c h e l, J . Amer. Chem. Soc., 19 5 2 , 74, 15 8 8 .
82 B .  H e lls tro m  a n d  N . L o fg re n , A d a  Chem. Scand., 19 5 2 ,  6, 10 2 4 .
83 E .  L e d e re r  a n d  J .  P u d le s , Bull. Soc. Chim. biol., 1 9 5 1 ,  3 3 , 10 0 3 .
84 E .  L e d e re r , J .  P u d le s , S . B a r b e z a t ,  a n d  J .  J .  T r il la t ,  Bull. Soc. chim., 19 5 2 ,  9 3 ;

E . L e d e re r , V . P o r te la n c e , a n d  K .  S e rc k -H a n s s e n , ibid., p . 4 1 3 .
85 J .  A sse lin e a u , ibid., p . 5 5 7 .
86 H . D e m a rte a u  a n d  E .  L e d e re r , Compt. rend., 1 9 5 2 , 2 3 5 , 2 6 5 .
87 E .  B a ie r , J .  M a u ru k a s , a n d  M . R u s se ll ,  / .  Amer. Chem. Soc., 19 5 2 , 74, 1 5 2 .
88 A nn. Reports, 1 9 5 1 ,  48, 16 3 .
88 E .  B a e r  an d  J .  M a u ru k a s , J . Amer. Chem. Soc., 19 5 2 ,  74, 1 5 7 .

100 Ann. Reports, 19 5 0 , 47 , 1 7 2 .
101 H . S c h le n k , B .  G . L a m p , a n d  B .  W . D e  H a a s , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 2 5 5 0 .
102 M . J .  E g e r to n , G . I .  G re g o ry , a n d  T . M a lk in , / . ,  19 5 2 ,  2 2 7 2 .
103 N . F is h e r , Chem. and Ind., 1 9 5 2 ,  1 3 0 .  101 A nn . Reports, 1 9 5 1 ,  48, 16 4 .
103 C . A . G ro b  an d  E .  F .  J e n n y ,  Helv. Chim. Acta, 1 9 5 2 , 3 5 , 2 10 6 .
105 K . M islo w , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 5 1 5 5 .
* A l l  a m in o -a c id s , n o t  o n ly  th e  a l ip h a t ic  o n e s , a r e  d e a l t  w ith  in  th is  se c tio n .

R E P .— V O L . X L I X .  F
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sponding am ide have been isolated  from the vegetative m aterial of ground-
n u t p lan ts .107

An isomer of lysine, ¡k-diamino-«-hexanoic acid, 
N H 2-CH2-[CH2]2-CH(NH2)-CH,-C02H , term ed fsolysine or [3-lysine, has been 
obtained by  degradation of the  antibiotics streptolin , s trep to thric in , and 
viom ycin; 108 its  s truc tu re  has been confirmed synthetically  by  standard  
m ethods.

(-f-)-p-Aminobutyric acid has been produced by  A m d t-E is te r t homolog
a tion  of Af-phthaloyl-L-alanine.100 A satisfactory  synthesis of iV-(3-alanyl-2- 
m ercaptoethylam ine (XLV) has been developed involving the  condensation 
of carbobenzyloxy-p-alanine azide w ith  2-benzylthioethylam ine and  removal 
of b o th  protecting groups in the product w ith  sodium in liquid am m onia; 
reaction of (XLV) w ith  D -pantolactone yields pan to theine (Lactobacillus 
bulgaricus factor).110

A convenient synthesis of DL-ay-diaminobutyric acid involves application  
of the Strecker synthesis to (3-phthalimidopropaldehyde w hich is readily 
obtainable b y  the addition of phthalim ide to acraldehyde.111

B y treatm ent w ith  dim ethylam ine and form aldehyde d iethyl formamido- 
m alonate readily y ields a M annich base, the quaternary sa lt of w hich reacts 
w ith  sodium  cyanide to  furnish, after hydrolysis, DL-aspartic acid .112

A fu rther synthesis of cystine has been accom plished b y  addition  of 
toluene-cü-thiol to  a-chloroacrylonitrile, followed by  am ination, hydrolysis, 
and  débenzylation : 113

Ph-CH,-SH
C H ,:C C 1-C N  -------------------> P h 'C H y S - C H V C H C l- C N  — >• H S - C H 2-C H (N H 2) - C 0 2H

A  stu d y  of the  condensation of u-brom oacetophenones w ith  sodio-iY- 
acylam inom alonates has led to  an im proved technique, hydrolysis of the 
products furnishing (3-benzoylalanines ; th e  process has been used for the 
synthesis of kynurenin .114 Suitable conditions have been evolved for the 
exclusive form ylation of the  arom atic am ino-group of kynurenin, to  give 
iY '-form ylkynurenin, the first identifiable in term ediate  in  the  norm al bio
logical degradation of try p to p h an .114 3 : 4-D ihydroxykynurenin (XLVI)

107 J .  D o n e  a n d  L .  F o w d e n , Biochem. J ., 19 5 2 , 5 1 ,  4 5 1 .
108 E .  E .  v a n  T a m e le n  a n d  E .  E .  S m iss m a n , J .  Amer. Chem. Soc., 1 9 5 2 , 74 , 3 7 1 3 ;  

H . E .  C a r te r , W . R .  H e a rn , E .  M . L a n s fo r d , A . C . P a g e , N . P .  S a lz m a n , D . S h a p iro , and 
W . R .  T a y lo r ,  ibid., p . 37 0 4 .

109 K .  B a le n o v ié , D . C e ra r , an d  Z . F u k s , / . ,  19 5 2 , 3 3 1 6 .
110 J .  B a d d ile y  a n d  E .  M . T h a in , ibid., p . S00.
1 1 1  R .  O . A tk in so n  a n d  F .  P o p p e lsd o r f, ibid., p . 24 4 8 .
112  R .  O. A tk in s o n , ibid., p . 3 3 1 7 .
113  K .- D .  G u n d e rm a n n  a n d  F .  M ich ae l, Annalen, 19 5 2 ,  578 , 4 5 .
114  C . E .  D a lg lie sh , / . ,  19 5 2 , 1 3 7  ; O . W is s  a n d  H . F u c h s , Helv. Chim. Acta, 19 5 2 , 35,

N H 2-C H 2-C H 2-C O -N H -C H 2-C H 2-S H  ( X L V )

V-
>  HO 2

™ - C H 2-C H (N H )2- C 0 2H

( X L V I )

407.
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has been synthesised from 3 : 4-dim ethoxy-2-nitroacetophenone in  the 
manner show n.115

An in teresting synthesis of 3-oxindolylalanine116 (X LV II) involves 
condensation of the  readily  accessible chlorom ethyleneoxindole w ith  sodio- 
formamidomalonic ester, followed b y  reduction w ith  sodium dith ionite and 
hydrolysis.117

f \  C :C H C 1 f \  C :C H - C ( N H - C H 0 ) ( C 0 2E t ) 2

% / \ A °  % } \ / co
N H  ■ N H

H -C H 2-C H (N H 2)- C 0 2H  
\ / \ / C O  

N H  ( X L V I I )

Miscellaneous.— The preparation  of a  wide varie ty  of "  labelled ” aliphatic  
compounds has been reported .118 These include 14C-labelled form aldehyde, 
acetone, glycerol, dim ethylam inoethanol, glyoxylic, citric, succinic, malic, 
fumaric, ta rta ric , and several branched-chain acids, leucine, alanine, th reo
nine, aZZo threonine, and urea.

Purely  aliphatic  azoxy-com pounds, e.g., azoxym ethane Me-N!N(-> 0)*Me, 
have been prepared b y  oxidation of the  corresponding azo-com pounds.119 
The properties of these substances leave little  doub t th a t  th e  natu ra lly  
occurring m acrozam in is a  substitu ted  azoxym ethane.

R. A. R.

5. AROMATIC COMPOUNDS.

Bridged Benzene Rings.—ji>ar«-Bridged benzene rings ( I ; n  =  9, 10, 
and 14) have been prepared by  the  D iels-A lder reaction of maleic anhydride 
with large ring dienes, followed by  dehydrogenation.1“3 The te trahydro-

   C O  __________ C O  x v t C H j L — I ^

1® Q °  [® Q °  O c , : .  LoH
( I )  ( I I )  ( I I I )

phthalic anhydride interm ediates (II) were dehydrogenated readily  when n  =  
10 and 14, and  w ith difficulty when n  =  9, b u t no t a t all when n  =  8—  
models shows th a t  ( I ; n  =  8) would be highly strained. D etails of 
the acyloin synthesis of (III) 4 have now been published.2

The condensation of nitrom alondialdehyde w ith  cycZooctanone and 
larger cyclic ketones gives a  six-m em bered ring  w ith  a  weZa-bridge.4 The 
same reagent w ith  cycZohexadecane-1 : 9-dione yields the com pound (IV)

115  A . B u te n a n d t  a n d  H .- G . S c h lo ss b e rg e r , Chem. Ber., 19 5 2 , 85, 56 5 .
118 A nn. Reports, 1 9 5 1 ,  48, 66.
117  H . B e h r in g e r  a n d  H . W e iss a u e r , Chem. Ber., 1 9 5 2 , 85, 7 4 3 .
118 A to m ic  E n e r g y  C o m m issio n  S u p p le m e n t , J . Amer. Chem. Soc., 19 5 2 , 7 4 ,2 3 8 9  et seq.
118 B . \V . L a n g le y , B .  L y th g o e , a n d  L .  S .  R a y n e r , 19 5 2 , 4 1 9 1 .

1  R .  B .  In g ra h a m , D . M . M a c D o n a ld , a n d  K .  W ie sn e r , Canad. J . Res., 19 5 0 , 28, B, 4 5 3 .
7 K .  W ie sn e r , D . M . M a c D o n a ld , R .  B .  In g ra h a m , a n d  R .  B .  K e l ly ,  ibid., p . 5 6 1 .
3 M . F .  B a r t le t t ,  S .  K .  F ig d o r , a n d  K .  W ie sn e r , Canad. J .  Chem., 19 5 2 ,  30 , 2 9 1 .
* Ann. Reports, 19 5 0 , 4 7 , 19 0 .
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w hich incorporates tw o benzene rings as p a r t of the. large ring struc tu re .5 
O ther exam ples of a  sim ilar type, incorporating tw o to  four benzene rings 
un ited  by  m ethylene bridges joined to  the ir ^ara-positions have been 
prepared, viz., (V) and (X I). The nam e "  paracyclophane ” was suggested 
for th is class of com pound.6

Two m ethods of synthesis were used: The in tram olecular W urtz  reaction 
w ith  th e  dibrom ides (V I; n  — 2, 3, 4) gave th e  corresponding hydrocarbons 
(V; m, — 2, n — 2, 3, 4) in yields of 2-1, 4-6, and  0-5% respectively.6 The 
acyloin reaction w ith  the  diesters (V I I ; m  — 2, n — 3, 5, and  9 ; 7 m  — 3,

n  — 2 ; 6 and  m  — 5, n  — 2 8) gave th e  corresponding ketols (V III), of 
which the  la s t two were reduced in  stages to  th e  paracyclophanes (V; 
m  =  3 and  5 ; n  =  6).6’ 8 The properties of (V ; m  =  n  =  2) agree well 
w ith  those of di-/>-xylylene prepared  by  th e  pyrolysis of ^-xylene.1 
Production  of th is highly stra ined  com pound in  com paratively  good yield 
is rem iniscent of th a t  of di-ra-xylylene (IX ) from  m -xylylene dibrom ide.9 
Prelim inary  X -ray  studies 10 show th a t  (IX) also has d isto rted  benzene rings 
as a  result of steric interference betw een the  two in ternal CH groups.

The paracyclophanes (V) were prepared  w ith  the  object of studying  the 
electronic in teractions of u n sa tu ra ted  centres in  molecules whose geometry 
is known. W hen m  and  n  are small, th e  proxim ity  of the  benzene rings 
results in  --o rb ita l overlap w hich produces a  change in  the  ultra-vio let and 
infra-red, spectra  from  those of the  open-chain analogues (X). This effect

d isappears in (V) when n  =  5, m — 6. S teric repulsion, causing buckling 
of th e  arom atic rings, is present in the  sm aller m acrocycles (V ; m  =  2, 
n  =  2, 3, and  possibly 4) b u t absent in the  larger ones. This d istortion  also

5 V .  P re lo g , K .  W ie sn e r , a n d  O. H a flin g e r , Coll. Czech. Cheni. Comm., 1 9 5 1 ,  1 5 ,  900.
6 D . J .  C ra m  a n d  H . S te in b e rg , J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 5 6 9 1 .
7 R .  C . F u s o n  a n d  G . P . S p e ra n z a , ibid., 19 5 2 , 74 , 1 0 2 1 .
8 H . S te in b e rg  a n d  D . J .  C ra m , ibid., p . 5 3 8 S .

( IV ) (V) (V I)

( V I I ) ( V I I I ) ( I X )

8 A nn. Reports, 1 9 5 1 ,  48, 18 4 . 10 C . J .  B ro w n , u n p u b lish e d .



MGOMIE : AROMATIC COMPOUNDS. 165

affects the absorption spectra. In  the  reaction of (V I; n  =  1 and  3) w ith 
sodium the  polynuclear paracyclophanes ( X I ; n  =  1 and  3) were produced 
in m inute quantities. They exhib it norm al u ltra-v io let absorption  spectra.

The syntheses of the  foregoing cyclic hydrocarbons and  acyloins 
illustrates the  beneficial effect of the  rigid groups in facilitating  ring closure 
by restricting the ro ta tional possibilities of th e  chain. This “ rigid group 
principle"  has been exploited by  W. B aker and  collaborators for the  
synthesis of macrocyclic hydrocarbons 9>11 and  th e  anhydro-derivatives of

o-hydroxy- and  o-m ercapto-benzoic acids. R em oval of the elem ents of 
water from salicylic acid gave m ixtures of di- (X II), tri- (X III), te tra -  (XIV), 
and hexa-salicylide (XV) in  yields vary ing  according to  the  m ethod of 
dehydration and  the  experim ental conditions.12

o-, in-, and  ÿ-Cresotic a c id s 13 and  thiosalicylic a c id 14 yielded di-, 
tri-, and te tra-anhydro-derivatives ; o-thym otic acid (2-hydroxy-C-methyl-
3-fsopropylbenzoic acid) 15 gave di- and tri-thym otides. The dipole 
moments 10>17 show th a t  th e  d i-anhydro-derivatives possess th e  cis- 
configuration. The conform ations of the  8-, 12-, 16-, and  24-m em bered 
salicyclides have been discussed.12-17 The stereochem istry of tri-o-thym otide 
and its applicability  as a  resolving agent is discussed on p. 143.

Dehydration of 2-carboxy-2'-hydroxybenzophenone (XVI) b y  acetic  
anhydride gave th e 7-m em bered lactone (X V III) whereas other dehydrating

1 1  W . B a lte r , J .  F .  W . M cO m ie, a n d  W . D . O llis , / . ,  1 9 5 1 ,  2 0 0 ; W . B a k e r ,  Ind. chim. 
Mge. 19 5 2 , 1 7 ,  6 3 3 .

12 W . B a k e r ,  W . D . O llis , a n d  T .  S . Z e a lle y , / . ,  1 9 5 1 ,  2 0 1 .
12 W . B a k e r ,  B .  G ilb e r t , W . D . O llis , an d  T . S .  Z e a lle y , / . ,  1 9 5 1 ,  20 9 .
14 W . B a k e r ,  A . S .  E l - N a w a w y , a n d  W . D . O llis , / . ,  1 9 5 2 , 3 1 6 3 .
15 W . B a k e r ,  B .  G ilb e r t , a n d  W . D . O llis , / . ,  19 5 2 , 14 4 3 .
14 Ann. Reports, 1 9 5 1 ,  48, 1 4 1 .  17  L .  E .  S u t to n  a n d  M . F .  S a x b y ,  u n p u b lish e d .
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agents such as phosphoric anhydride, trifluoroacetic anhydride, etc., gave 
only th e  14-membered lactide (X V II).18 I t  was suggested th a t  in tra 
m olecular hydrogen bonding occurs as shown in (XVI), thereby  causing 
the  molecules to  take  up  a  configuration unfavourable for lactonisation but 
favourable for interm olecular lactide form ation. Acetic anhydride first 
acety lates the phenolic hydroxyl group and  the  resulting acetate  is rapidly 
converted in to  the  lactone (X V III) by  an  exchange reaction. Other 
dehydrating  agents probably  react first w ith  the carboxyl group to  give 
m ixed anhydrides or acylium  ions. This explanation was supported  by  the 
fact th a t  2-carboxy-2'-hydroxydiphenylm ethane, in  w hich sim ilar internal 
hydrogen bonding cannot occur, gave only the  7-m em bered lactone w ith  all 
dehydrating  agents used.

Structure of M etanethole and Related Dimers.*— A rylpropenyl com
pounds, e.g., anethole (X IX ; R  =  OMe, R ' =  H ), isoeugenol (X IX ; R  =  
OH, R ' =  OMe), and  fsosafrole (X IX ; R R ' =  CH20 2!),. w hen trea ted  with

acids, give stab le  sa tu ra ted  dim erides w hich are now know n to  be derivatives 
of phenylindane ; e.g., m etanethole, the dim er of anethole, is one of the four 
possible racem ates of l-ethyl-5-m ethoxy-3-^-m ethoxyphenyl-2-m ethylindane 
(X X ; R  =  OMe, R ' =  H). These s tructu res for th e  dim ers were deduced

m etanethole 20 and  difsoeugenol d im ethyl e ther (X X  ; R  =  R ' =  OMe) 
(see below) in  th e  correct stereochem ical configurations : earlier syntheses 
had  given stereoisomers. The last step  in the  synthesis of metanethole 
(m. p. 135°) involved th e  reduction of l-ethyl-5-methoxy-3-/»-m ethoxy- 
phenyl-2-m ethylindene (X X I) b y  sodium  and alcohol. W hen the  same

indene was reduced cataly tically  a  stereoisom er (m. p. 99°) of metanethole 
was obtained. This isom er (m. p. 99°) was produced by  the  catalytic 
reduction of the  isomeric indene (X X II; R  =  H), and  m ust have the  cis-

18 W . B a k e r ,  D . C la rk , W . D . O llis , a n d  T .  S . Z e a lle y , 19 5 2 ,  14 5 2 .
18 W . B a k e r  a n d  J .  E n d e r b y , / . ,  19 4 0 , 1 0 9 4 ;  M . P a ile r , Monatsh., 19 4 7 , 77, 4 5 ; 

M . P a i le r , U . M ü lle r , a n d  K .  P o rsc h in sk i, ¿£¿¿., 19 4 8 , 79, 6 2 0 ; J .  M . v a n  d e r  Z a n d e n  and 
G . d e  V r ie s , Rec. Trav. chirn., 19 4 9 , 68, 2 6 1 ,  4 0 7 ;  A . M ü lle r  et at., Ber., 19 4 2 , 7 5 , 692, and 
la t e r  p a p e r s ;  W . v o n  E .  D o e r in g  a n d  J .  A . B e r s o n , / .  Amer. Chem. Soc., 19 5 0 , 72 , 1 1 1 8 .

80 J .  M . v a n  d e r  Z a n d e n  a n d  G . d e  V r ie s , Rec. Trav. chirn., 1 9 5 2 , 7 1 ,  7 3 3 .
81 N . J .  C a r tw ig h t  a n d  R .  D . H a w o rth , / . ,  19 4 7 , 948.
* [A d d e d  in  p ro o f.]  F o r  a  c o m p re h e n s iv e  r e v ie w  see  A . M ü lle r , Acta Chirn. Hung., 

19 5 2 ,  2, 2 3 1 .
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ets-configuration, since ca taly tic  reduction of cyclic olefins results in cis- 
addition. B rom ination of th e  indene (X X I) gave a m onobrom o-com pound 
assumed to  be (X X II; R  =  Br).* R eduction of (X X II; R  =  Br) by  
sodium and  alcohol gave m etanethole (m. p. 135°). Van der Zanden and 
de Vries assum ed th a t reduction under these conditions gave a  trans- 
compound and  since the sam e stereoisom er (m. p. 135°) is obtained from 
(XXI), m etanethole m ust have th e  ¿raMS-fraws-configuration,20

Three of the four possible racem ates of difsoeugenol d im ethyl e ther are 
k n o w n ;22 the ir relations are shown in formulae (X X III)— (X X IX ), where 
Ve =  3 : 4-dim ethoxyphenyl, and  • represents H  above the  p lane of the 
ring. (1) The indene (X X IX ) and  its  isomer w ith  the double bond in  the 
alternative nuclear position are reduced ca ta ly tically  to  the  (3-racemate 
(X X III) 21-23 w hich m ust therefore be cis-cis. (2) A brom o-derivative of
(X X III), prepared by  the  action of finely divided copper on tsoeugenol 
dibromide (dibrom ide of X IX ; R  =  R ' =  OMe),24 was shown to  have 
structure (X X V I)22 and  was reduced by zinc d ust and  alcohol to  ditso- 
eugenol dim ethyl e ther (called the  a-racem ate) (X X III), whereas dehydro-

brom ination followed b y  reduction of the  resulting (XXIV) gave th e  y-  and  
some of the  a-racem ate. I t  follows, therefore, th a t  the  a- and the  y- 
racemate are C(1)-epimers, and  th a t  (XXVI) has the  sam e configuration a t 
C(2) and C(3) as the  a-racem ate. Again, C(2) and  C(3) in  these com pounds m ust 
be trans, otherwise reduction of (X X IV ) would have given some of the  cis- 
cis, ¡3-racemate. (3) The hydrolysis of (XXVI) involves a  retropinacol

22 A . M ü lle r , M . M é sz â ro s , K .  K ô rm e n d y , a n d  A . K u c s m a n , J . Org. Client., 1 9 5 2 , 1 7 ,  7 8 7 .
23 A . M ü lle r  a n d  G . G a l, Bee., 19 4 4 , 7 7 , 3 4 3  ; A . M ü lle r , L .  T o ld y , G . H a lm i, a n d  

M . M észâro s, J . Org. Chem., 1 9 5 1 ,  16 ,  4 8 1 .
21 J .  H a r a s z t i  a n d  T . S z é k i, Annaien, 19 3 3 ,  5 0 3 , 294 .
* I f  th e  b ro m o -co m p o u n d  is  fo rm e d  b y  a l ly l  s u b s t itu t io n  i t  m ig h t  h a v e  th e  a lte r n a t iv e  

s tru c tu re  ( X X I  ; B r  in  p la c e  o f  H  a t  C (1)) a n d  th e  a r g u m e n t  fo r  t h e  Irans-lrans-co n fig u r
ation  w o u ld  n o  lo n g e r  b e  v a l id .— J .  F .  W . M cO .
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rearrangem ent and  yields the  indanol (X X V III). The la tte r  is not 
dehydrated  by  acid whereas the epimeric (X X V II) readily  gives the  indene 
(X X IX ). D ehydration  norm ally occurs more readily  when th e  H  and  OH 
are trans, whence follow the configurations shown for (X X V III) and
(X X V II). (4) Conversion of the  brom o-com pound (XXVI) in to  the  indanol
(X X V III) alm ost certain ly  involves inversion a t  C(1), and  th u s th e  bromo- 
com pound and  the  a-racem ate m ust b o th  have the  H  atom s a t  C(1)-C(2) and 
C(2)~C(3) in  fraws-relations. Sim ilarly th e  hydrogenolysis of th e  trans-trans- 
indanol (X X V II) gives, by  inversion a t  C(ü, the  y-racem ate (X X III) which 
m ust then  be the  cfs-/ra«s-stereoisomer.

A. Müller has discussed the  mechanism of the  acid dim érisation of phenyl 
propenyl e thers and  concludes th a t  i t  is highly stereospecific and  leads to 
th e  all-fra»s-configuration.22> 25 T h a t m ost, if no t all, of these dimers 
have the  same configuration has been shown by  (1) th e  conversion of 
m etanethole,26 difsosafrole,27 and  the  dim er of 1 : 2-dibenzyloxy-4-propenyl- 
benzene 26 in to  dusoeugenol d im ethyl e ther by  reactions w hich are unlikely 
to  affect the  stereochem ical configuration, and  (2) th e  previously known 
correlations of the sa tu ra ted  dim ers of 4-hydroxy-3-m ethoxy-, 3 : 4-di- 
m ethoxy-, and  4-ethoxy-3-m ethoxy-, and  (probably) 3-hydroxy-4-m ethoxy- 
propenylbenzenes (for sum m ary see Ref. 26). The conversion of 
m etanethole in to  dizsoeugenol d im ethyl e ther com pletes th e  form al to ta l 
synthesis of th e  la tte r  : m etanethole reacted  w ith  acetyl chloride and 
alum inium  chloride giving the  dihydroxy-diketone (X X  ; R  =  OH, R ' =  
Ac), which was oxidised b y  hydrogen peroxide to  the  tetrahydroxy- 
com pound (X X ; R  =  R ' =  OH), m éthylation  th en  giving th e  known 
dim eride (a-racem ate) of (X X III). The difsosafroles, m. p . 95° and  146°, 
when hydrolysed and  th en  m ethy la ted  gave the  a- and  y-racem ates (X X III), 
respectively.

Polycyclic Compounds.—The usefulness of hydroarom atic in ter
m ediates 28 has been fu rther em phasised by  the synthesis of compounds 
which are non-planar owing to  in tram olecular overcrow ding; such com
pounds are difficult, if no t impossible, to  prepare from fully arom atic in ter
m ediates. Previously i t  had  no t been possible to  cyclise (X X X ) 29 b u t the 
tetrahydro-com pound readily  gave th e  ketone (X X X I) which w as reduced 
and then  dehydrogenated to  1' : 9-d im ethyl-l : 2-benzanthracene.30 An 
ingenious synthesis of 5 : 4 '-dim ethyl-3 : 4-benzophenanthrene (X X X III ;

R  =  H) involved a  double cyclisation of the  g lu taric  acid (X X X II) to  the 
diketone, w hich was converted in to  (X X X II I ; R  =  H) by  reduction  and

25 A . M ü lle r , J . Org. Chem.,.19 5 2 ,  1 7 ,  10 7 7 .
26 W . B a k e r ,  C . N .  H a k s a r , J .  F .  W . M cO m ie, a n d  T . L .  V . U lb r ic h t, / . ,  19 5 2 , 4 3 10 .
27 W . B a k e r ,  J .  A . G o d se ll, J .  F .  W . M cO m ie , a n d  X . L .  V . U lb r ic h t, u n p u b lish e d .
28 A . J .  B ir c h , A nn. Reports, 19 5 0 , 47 . 18 0 .
29 J .  C aso n  a n d  J .  D . W o rd ie , J . Org. Chem., 19 5 0 , 1 5 ,  6 1 7 .
30 J .  C aso n  an d  D . D . P h ill ip s , ibid., 19 5 2 , 1 7 ,  298 .

COjH
(XXX) (XXXI) (XXXII)
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dehydrogenation.31 The diketone was also trea ted  w ith  m éthylm agnésium  
iodide, the  product yielding the  2 : 5 : 9 : 4 '-te tram eth y l com pound 
(X X X III; R  =  Me). The in term ediate  acid (X X X II) was prepared in 
good yield by  the addition of o-tolyim agnesium  brom ide to  o-methyl- 
benzylidenemalonic ester, followed by  hom ologation (A rnd t-E istert) of 
both carboxyl groups. The R obinson-M annich base synthesis has been 
applied to  the synthesis of th e  sam e ring system . The keto-ester (X X X IV ) 
was trea ted  w ith  m ethyl vinyl ketone in the  presence of a  sm all am ount of 
sodium m ethoxide; ring  closure w ith  elim ination of the  carbom ethoxy- 
group then  gave (X X X V  ; R  =  H), which was converted in to  th e  paren t 
hydrocarbon and  its  2-m ethyl and  2-ethyl derivatives b y  ordinary 
methods.32 A lkylation of (X X X IV ) by  the  m ethiodide of 1-diethylam ino-
3-pentanone, followed b y  cyclisation, gave (X X X V ; R  =  Me). Sim ilarly
4-methylchrysene (X X X V III) has been prepared from (X X X V I) and  the  
methiodide of l-d iethylam ino-3-pentanone, via (X X X V II).33 The yield of

coronene in the  novel synthesis from  2 : 7-dim ethylnaphthalene, reported  
last year, has been im proved.34

The chem istry of fluoranthene has been reviewed.35 Several alkyl and

aryl derivatives (XL) have been prepared by  the  D iels-A lder addition  of 
acetylenes (R"C— C R '") to  th e  dienone (X X X IX ), the  in term ediate endo- 
carbonyl com pounds losing carbon m onoxide very readily. W hen olefins 
(R"CH— C H R "') were employed, dihydro-derivatives of (XL) were form ed

and were converted by  oxidation or dehydrogenation in to  (XL).36 The 
fluoranthene derivatives (X L III) and  (XLVI) are the  first hydrocarbons

31 M . S .  N e w m a n  a n d  M . W o lf , J . Amer. Chem. Soc., 19 5 2 ,  74, 3 2 2 5 .
32 A . L .  W ild s  a n d  R .  G . W e rth , J . Org. Chem., 19 5 2 , 1 7 ,  1 1 5 4 .
33 JcLem ibid p  1 1 4 9
51 W . B a k e r ,  J .  F .  W . M cO m ie, a n d  W . K .  W a rb u r to n , / . ,  19 5 2 , 2 9 9 1 .
35 S . H . T u c k e r , a n d  M . W h a lle y , Chem. Reviews, 1 9 5 2 , 50, 4 8 3 .
33 C . F .  H . A lle n  an d  J .  A . V a n  A lla n , J . Org. Chem., 19 5 2 ,  1 7 ,  845.
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w ith four arom atic nuclei annealed d irectly  to  a  cycfopentane ring.37 The 
alcohol (XLI) w ith  maleic anhydride gave the add u c t (X L II) d irectly  and 
thence (X L III). The dibenzo-derivative was ob tained  from  (XLIV) via 
(XLV) as shown. *

The m etabolism  of 1 : 2-5 : 6-dibenzanthracene in  the rab b it has been 
re -exam ined38 and  a m onohydroxy-derivative isolated (as its  m ethyl ether) 
as well as th e  previously know n dihydroxy-derivative.39 l '-H y d ro x y -38 
and  3 ':  7 '-d ihydroxy 40- l  : 2-5 : 6-dibenzanthracene have been synthesised 
b u t are no t identical w ith the  m etabolites.

Structure and synthesis o f hypericin. H ypericin, the  photodynam ic 
colouring m a tte r  of St. Jo h n ’s w ort,41 has been shown to  have the  structure 
(X L V II),42 on chemical and  spectroscopic evidence. As a result of steric

hindrance the 2 : 2 '-m ethyl groups in this and  related  polycyclic compounds 
are no t coplanar and  exert a  hypsochrom ic effect on th e  spectra. The 
7 : 7 '-hydroxy-groups do n o t appear to  overlap m uch b u t th e  corresponding 
acetates again show the  hypsochrom ic effect. A cetoxy-groups a t  positions 
3, 4, 5, 6, and  10 all show the expected bathochrom ic shift which are 
approxim ately  additive  in  the  po lysubstitu ted  com pounds. The structure 
(X LV II) for hypericin has been confirmed by  synthesis, albeit in very  poor 
yield, from  1-bromoemodin trim ethy l e ther (X L V III).43 The closely related

31 N . C a m p b e ll a n d  D . H . R e id , / . ,  19 5 2 ,  3 2 8 1 .
33 J .  W . C o o k  a n d  R .  S c h o e n ta l, / . ,  19 5 2 , 9.
38 E .  B o y la n d , A . A . L e v i ,  E .  H . M aw so n , a n d  E .  R o e , Biochem. 1 9 4 1 ,  3 5 , 18 4 .
30 L .  S . H o rn ig , / .  Amer. Chem. Soc., 19 5 2 , 74 , 4 5 7 2 .
41 A nn . Reports, 1 9 4 1 ,  38 , 2 1 4 .
43 H . B ro c k m a n n , E .  H . F .  v o n  F a lk e n lia u s e n , R .  N e e ff, A . D o r la rs , a n d  G . B u d d e, 

Ber., 1 9 5 1 ,  84, 865.
43 H . B ro c k m a n n  a n d  F .  K lu g e , Naturwiss., 1 9 5 1 ,  38 , 1 4 1 .
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pigment penicilliopsin41 has b een . converted by  oxidation followed by 
irradiation in to  hypericin. This and other evidence leads to  (X LIX ) as 
the probable s truc tu re  of penicilliopsin.44

Dicyc/opentadienyliron.—-The discovery of a  com pletely new type of 
compound possessing arom atic properties m erits special notice. D icyclo- 
pentadienyliron has been prepared by  two different m ethods. The reaction 
of cyc/opentadiene w ith  reduced iron, in  the form  of the  “ doubly-prom oted 
synthetic am m onia c a ta ly s t ' ’ in nitrogen a t 300° (at atm ospheric pressure) 
gave an orange-yellow com pound form ulated as (L).45 As a  possible route 
to fulvalene 46 (LI) the  G rignard reagent prepared from  cycfopentadiene was 
treated w ith  ferric chloride.47 The reaction  product, m. p. 173—-174°, was 
also form ulated as (L) or a resonance hybrid  thereof. This, the  first known

compound containing only carbon, hydrogen, and  iron, is rem arkably  stable 
and can be recrystallised from organic solvents. I t  is insoluble in, and 
unaffected by, water, sodium  hydroxide, or concentrated  hydrochloric acid 
even a t th e  boiling point. A t 100° th e  com pound sublim es and  is volatile 
in steam  and  in  alcohol v ap o u r; it  resists pyrolysis a t  470°. S tructu re  (L) 
does no t account for th is s tab ility  and  W oodw ard et al.iS have proposed 
(LII), which has since been confirmed b y  prelim inary X -ray  stru c tu ra l 
studies.49 The anti-prism atic s truc tu re  (LII) agrees w ith  the  diam agnetism , 
the zero dipole m om ent, and  th e  fact th a t  the  infra-red absorption spectrum  
indicates C -H  bonds of only one type.48 The nam e ferrocene has been 
proposed for this unique iron com pound.50 O xidation of ferrocene by  a 
variety of reagents gives the blue cation [Fe(CBH 5)]2+ which has been 
isolated as the tetrachlorogallate. The corresponding picrate has an 
effective param agnetic m om ent (2-26 B. M.) w hich suggests th e  presence 
of one unpaired  electron.48

In spite of the  high degree of formal unsatu ra tion  ferrocene has arom atic 
rather th an  olefmic reactiv ity . E.g., i t  does no t com bine w ith  maleic 
anhydride and cannot be cataly tically  h y d rogena ted ; 50 w ith  acetyl chloride 
in the presence of alum inium  chloride a red  d iacetyl derivative is formed, 
which gives a  dioxime, and  can be oxidised to  a  dicarboxylic a c id ; S-chloro-

41 H . B ro c k ra a n n  a n d  R .  N e e ff, Nahirwiss, 1 9 5 1 ,  38 , 4 7 .
45 S . A . M ille r , J .  A . T e b b o th , a n d  J .  F .  T re m a in e , J ., 19 5 2 , 6 3 2 .
48 R .  D . B ro w n , Nature, 19 5 0 , 16 5 , 566 .
47 T . J .  K e a l y  a n d  P . L .  P a u s o n , ibid., 1 9 5 1 ,  16 8 , 10 3 9 .
48 G . W ilk in so n , M . R o s e n b lu m , M . C . W h it in g , a n d  R .  B .  W o o d w a rd , J . Amer. Chem.

ooc., 19 5 2 , 74, 2 1 2 5 .  49 P . F .  E i la n d  a n d  R .  P e p in s k y , ibid., p . 4 9 7 1 .
10 R .  B .  W o o d w a rd , M . R o s e n b lu m , a n d  M . C . W h it in g , ibid., p . 3 4 5 8 .

( L I ) ( L I I )
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propionyl chloride and  phthalic  anhydride react sim ilarly. Strongly 
oxidising species, such as N 0 2+ and  B r+, convert ferrocene in to  the cation 
instead of effecting su b stitu tion .50

From  the  vapour pressures and  vapour densities the  norm al boiling point 
(249°), m olecular weight (186), heats of sublim ation (16-8 kcal./m ole) and 
vaporisation (11-3 kcal./m ole), th e  la ten t hea t of fusion (5-5 kcal./m ole), and 
the  trip le po in t (183°) have been calculated .51 From  th e  m easured h ea t of 
com bustion of ferrocene th e  com bined energies of resonance of th e  five- 
m em bered rings and  th a t  of th e  C -F e  bonds have been calculated to  be 
113 kcal.52 This high value is in  accordance w ith  the  unusual stab ility  of 
ferrocene.

Tropolones.—These com pounds continue to  a ttra c t m uch a tten tion  and 
some new types of reaction have been revealed. X -R ay  s tru c tu ra l studies 
have confirmed th e  accepted s truc tu re  of purpurogallin  53 and proved 
D ew ar's form ulation of colchicine.54- 55 Sim ilarly noo tkatin  56 is shown to 
be (L III) ,57 which is in  accord w ith  the, as y e t incom plete, chemical

Me2C:CH-CH2\

(LIII) (LIV) (LV)

evidence.58 The sym bol (LIV) is suggested as m ore adequately  representing 
the  electron d istribu tion  in  tropolone th an  th e  classical s truc tu re  or any 
single canonical form .59 In  th is w ay th e  cycZoheptatrienylium ion C7H 7+ is 
recognised as th e  m ajor source of arom atic  resonance energy, and  cyclo- 
hep tatrienone (LV) (“  cyc/oheptatrienylium  oxide; "  tropone) as the  parent 
of th e  new arom atic series, tropolone being re lated  to  i t  as phenol is to 
benzene. The high dipole m om ent (4-3 d) 60 and  chemical properties 61 of 
cyrfpheptatrienone indicate considerable stab ility  of the  polar s truc tu re  (LV).

( L V I )  ( L V I I )  ( L V I I I )  ( L I X )

4-KetocycZoheptatricnecarboxylic acid has been prepared by  the hydrolysis 
of th e  reaction p roduct of diazoacetic ester w ith  an iso le; 62 i t  chars b u t does 
n o t m elt a t  250° an d  probably  exists as a  zw itter-ion (LVI).

51 L .  K a p la n , W . L .  K e s te r , a n d  J .  J .  K a t z ,  / .  Amer. Client. Soc., 19 5 2 ,  74 , 5 5 3 1 .
52 F .  A . C o tto n  a n d  G . W ilk in so n , ib id ., p . 576 4 .
62 C . A . T a y lo r ,  Nature, 19 5 2 ,  16 9 , 1 0 8 7 ;  J .  D . D u n itz , ibid., p . 10 8 8 .
54 M . J .  S . D e w a r , ibid., 19 4 5 , 1 5 5 ,  1 4 1 .
55 M . V . K in g , J .  L .  d e  V r ie s , a n d  R .  P e p in s k y , Acta Cryst., 1 9 5 2 , 5 , 4 3 7 .
56 A nn. Reports, 19 5 0 , 5 7 , 18 4 .
57 R .  B .  C a m p b e ll a n d  J .  M . R o b e r ts o n , Chetn. and Ind., 1 9 5 2 , 12 6 6 .
58 H . E r d t m a n  a n d  W . E .  H a r v e y , ibid., p . 1 2 6 7 .

W . v o n  E .  D o e r in g  a n d  L .  H , K n o x ,  J . Amer. Chetn'. Soc., 1 9 5 2 , 74 , 56 8 3 .
60 A 1  D i  G ia c o m o  a n d  C . P . S m y th , ibid., p . 4 4 1 1 .
61 A nn. Reports, 1 9 5 1 ,  48 , 18 7 ."
62 J .  R .  B a r t e ls - K e it h , A . W . Jo h n s o n , a n d  A , L a n g e m a n n , J .,  19 5 2 ,  4 4 6 1 .



2-PhenyicycZoheptatrienone resulted from the  action of phenyl-lithium  53 
or phenylm agnesium  brom ide 64 on tropolone or its  m ethyl, ether. The. 
brom ination of cyc/oheptanone yielded a m ix tu re  from  which 2 ; 4 ; 7-tri- 
brom otropone could be isolated. W hen the  m other-liquor from  th e  la tte r  
was trea ted  w ith  sodium  hydrogen carbonate  the  sodium  salts of a-bromo- 
and aa'y-tribrom o-tropolone were iso lated .65 The hydroxyl group of 
tropolones can be replaced by  brom ine or chlorine by  using phosphorus 
trib rom ide66 or th ionyl chloride respectively.59- 63- 66 W ith  a-bromo- 
tropolone th ionyl chloride yielded 2 : 3- or 2 : 7-dichlorotropone.66 Sim ilarly 
aa'y-tribrom otropolone yielded 2 : 3 : 5 : 7-tetrachlorotropone (LVII), the  
orientation being deduced from its  alkaline isom érisation to  2 : 4 : 6-tri- 
chlorobenzoic acid .59 This halogen replacem ent is acid-catalysed and  when
2-chlorocyc/oheptatrienone is heated  in  acetic acid w ith  hydrogen brom ide 
or potassium  iodide the  corresponding bromo- an d  iodo-ketone is form ed.59- 63 
This reactiv ity  of the  halogens resembles th a t in chloro-ÿ-benzoquinone or 
(op-)nitrated chlorobenzenes ; e.g., the  chlorine in  2-chlorocycZoheptatrienone 
can be replaced by  MeO, N H 2, p-Me-C6H 4S, CN, and OH. However, the  
main product of alkaline hydrolysis is benzoic acid and  th is  represents a 
fifth type  of ring contraction in  the  tropolone series.

Studies on the  iod ination ,67 brom ination,68- 69 and hydroxym éthylation  70 
of tropolones have been reported. In  con trast to  o ther a-am inotropolones, 
which rearrange to  salicylic acids when diazotised ,71 a'-am ino-y-nitro- (3-Zso- 
propyltropolone (LV III) can be converted in to  th e  corresponding bromo- 
and chloro-compounds by  the  Sandm eyer reaction .72 The action of nitrous 
acid on th e  p-am inotropolone (L IX  ; R  =  N H 2) gave (L IX  ; R  — OH) b u t 
no interm ediate diazonium  com pound could be detected  even a t  —200.73 
Tropolone reacted  w ith  chloroform and  sodium  hydroxide giving the 
y-aldehyde which was o rien tated  by oxidation to  tropolone-y-carboxylic 
acid.74 This acid was obtained directly  when carbon tetrach loride was used 
in the R eim er-T iem ann reaction. R eduction of tropolone by  lithium  
aluminium hydride gave a sm all yield of a com pound which was though t to  
be cycZohept-4-ene-l : 2-dione.74 U nder sim ilar conditions tropolone m ethyl 
ether gave benzaldehyde ; a possible m echanism  for th is  ring contraction  
was p u t forw ard.74 The oxidation of p-m ethyl tropolone by  potassium  
persulphate gave y-hydroxy-p-m ethyltropolone together w ith  a sm all am ount 
of the isomeric a- or a '-hydroxy-com pound.73

D etails of the  preparation  of afi-benzotropolone (LX) from benzocycZo- 
heptene-3 : 4-dione have been published.75 D ehydrogenation of (LXI)

82 \V . v o n  E .  D o e r in g  a n d  C . F .  H is k e y , / .  Amer. Chem. Soc., 1 9 5 2 , 74, 56 8 8 .
54 T . N o zo e , T .  M u k a i, a n d  J .  M in e g ish i, Proc. Japan Acad., 1 9 5 1 ,  2 7 , 4 19 .
85 T . N o zo e , Y .  K ita h a r a ,  T .  A n d ô , a n d  S . M a sa m u n e , ibid., p . 4 1 5 .
88 B .  J .  A b a d ir , J .  W . C o o k , J .  D . L o u d o n , a n d  D . K .  V . S te e l, J .,  1 9 5 2 , 2 3 5 0 .
87 Y .  K i t a h a r a  a n d  T . A r a i ,  Proc. Japan Acad., 1 9 5 1 ,  2 7 , 4 2 3 .
68 T . N o zo e , S .  S e to , S . I t ô ,  an d  M . S a tô , ibid., p . 4 2 6 ;  T . M u k a i, M . K u n o r i, H . 

K ish i, T .  M o ro i, an d  K .  M a ts ü i; ibid., p . 4 1 0  ; T .  N o zo e , S .  S e to , H . T a k e d a , S .  M o ro sa w a , 
and K .  M a tsu m o to , ibid., p . 5 5 6 .

88 H . F e m h o lz , E .  H a r tw ig , a n d  J . - C .  S a lfe ld , Annalen, 19 5 2 , 57 6 , 1 3 1 .
70 T . N o zo e , T . M u k a i, a n d  K .  T a k a s e , Proc. Japan Acad., 1 9 5 1 ,  2 7 , 5 6 1 .
71 An 11. Reports, 1 9 5 1 ,  48 , 18 6 .
72 T . N o zo e , H . A k in o , a n d  K .  S a to , Proc. Japan Acad., 1 9 5 1 ,  27 , 56 5 .
73 W . D . C ro w , R .  D . H a w o rth , a n d  P . R .  Je f fe r ie s , / . ,  1 9 5 2 , 3 7 0 5 .
I* J .  W . C o o k , R .  A . R a p h a e l , a n d  A . I .  S c o tt , / . ,  19 5 2 , 4 4 16 .
75 J .  W . C o o k , A . R .  M . G ib b , R .  A .  R a p h a e l ,  a n d  A . R .  S o m e rv ille , / . ,  1 9 5 2 , 60 3 .
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gave the corresponding indano(5 : 6-a : ¡3)tropolone.70 Some substitu tion  
reactions of (JLX) have been described by  Nozoe et a l.11 The synthesis of 
j3y-benzotropolone (LX II) has been im proved b y  condensing phthalaldehyde

w ith  b rom oace tone69 or b e tte r  w ith  m eth o x y ace to n e78 (followed by 
dém éthylation) in  place of acetol, previously used.56 Substitu tion  reactions 
of (LX II) and  the  isom érisations to  derivatives of ¡3-naphthoic acid are 
analogous to  those of the  sim pler tropolones.

Pyridinotropolones, e.g., (L X III), have been prepared from  y-amino- 
tropolone, the  p a ren t com pound by  the Skraup reaction ,79 the  homologue 
(L X III ; R  =  Me) by  the D oebner-M iller reaction ; 80 ethoxym ethylene- 
m alonic ester yielded 5-carbethoxy-4-hydroxypyridino(3 : 2-p : yjtropolone.80

A fu rther review of tropolone chem istry has recently  been published.81
Other Non-benzenoid Arom atic Compounds.—The g reat in terest in  the 

theoretical calculation of the  physical properties of th is class of compound 
continues and m any  new types have been predicted .82 E xperim ental work 
has received a stim ulus from the discovery of ferrocene (see above) and  the 
synthesis of dibenzopentalene (see p. 174). Several hydro-dërivatives of 
pseudoa.roma.tic com pounds have been synthesised b u t the ir arom atisation 
always presents difficulties and  i t  is clear th a t  new, m ild m ethods of 
dehydrogenation, d irect or otherwise, are required. The hexahydro- 
pentalene (LXIV) was synthesised from  cy cM m tanoné, which was first

converted in to  the  pinacol. R earrangem ent of the  la tte r  gave (LXV), 
which on reduction followed b y  dehydration  underw ent a  retropinacol 
rearrangem ent thereby  yielding (LX IV ).83 A m ixture of tetrahydro- 
pentalenes resisted dehydrogenation to  pentalene.84 The s ta rtin g  point 
for the ir synthesis was the adduct (LXVI) from cyc/opentadiene and  keten.

78 A . D . C a m p b e ll an d  S . N . S la te r , J 19 5 2 , 4 3 5 3 .
77 X . N o zo e , Y .  K ita h a r a ,  a n d  X . A n d o , Proc. Japan Acad., 1 9 5 1 ,  2 7 , 10 7 .
78 D . S .  X a r b e l l  a n d  J .  C . B i l l ,  J . Amer. Chem. Soc., 1 9 5 2 , 74, 1 2 3 4 .
78 J .  W . C o o k , J .  D . L o u d o n , a n d  D . K .  V . S te e l, Chem. and Ind., 1 9 5 2 ,  56 2 .
88 R .  S la c k  a n d  C . F .  A t tr id g e , ibid., p . 4 7 1 .
81 G . B .  R .  d e  G ra a ff , Chem. Weekblad, 1 9 5 2 , 48, 5 2 5 , 5 4 1 .
82 J .  F .  X in k e r , J . Chem. Phys., 1 9 5 1 ,  19 ,  9 8 1 ;  B .  P u llm a n , A . P u llm a n , G . B e r th ie r , j 

a n d  J .  P o n tis , J . Chim. phys., 19 5 2 , 49, 2 0 ;  B .  P u llm a n , A . P u llm a n , E .  D . B e rg m a n n ,
G . B e r th ie r , E .  F isc h e r , Y .  H irsc h b e rg , a n d  J .  P o n tis , ibid., p . 2 4 ;  B .  P u llm a n ,
A .  P u llm a n , E .  D . B e rg m a n n , H . B e r th o d , E .  F isc h e r , Y .  H irsc h b e rg , D . L a v ie ,  and  
M . M a y o t , Bull. Soc. chim., 19 5 2 ,  7 3 ;  J .  D . R o b e r ts , A . S tre itw ie s e r , an d  C . M . R e g a n ,
J . Amer. Chem. Soc., 19 5 2 ,  74 , 4 5 7 9 ;  K .  M islo w , J . Chem. Phys., 1 9 5 2 , 20 , 14 8 9 ;  R .  11- 
B ro w n , Quart. Reviews, 1 9 5 2 ,  6, 6 3 . 83 E .  V o g e l, Chem. Ber., 19 5 2 , 85 , 2 5 .

84 J .  D . R o b e r t s  a n d  W . F .  G o rh a m , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 2 2 7 8 .
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Expansion of the  four-m em bered ring  via  the  cyanohydrin and the  derived 
am inom ethyl-hydroxy-com pound gave a  m ix ture  of ketones w hich was 
reduced b y  lith ium  alum inium  hydride and  dehydrated . O ther experim ents 
directed tow ards the synthesis of pentalene sta rtin g  from  octahydro- 
1 : 4-diketopentalene and  from  its  2 : 5-diketo-isomeride were also fruitless.85 
I t is in teresting  th a t  pyracene and  no t pyracylene was ob tained by  
dehydrogenation of (L X V II),86 although th e  re lated  1 ; 2-5 : 6-dibenzo- 
pyracylene was easily synthesised and  is very  stab le .87 In  con trast to  the

synthesis of acepleiadiene reported  last yea r,88 i t  has no t y e t been possible 
to prepare cycfohepta[ife]naphthalene (pleiadene) (LX V III) from  its  7 : 8- 
dihydro-derivative, no r has i t  been possible to  dehydrogenate (LX IX ) 89 or 
(LXX).90 The octahydrobenzoheptalene (LX X I) has been described,91 
but heptalene and  its  derivatives are still unknown.

The bronze-coloured 1 :2 -4  : 5-dibenzopentalene has been prepared 92 
after m any unsuccessful a ttem p ts .88 The dibrom ide from the  known 
compound (L X X II) was dehydrobrom inated by  silver acetate  in dry  
boiling benzene. D ibenzopentalene is insoluble in orthophosphoric acid, 
unlike azulene and  does no t form a p icrate or a complex w ith 2 : 4 : 7 -  
trin itrofluorenone; i t  is easily polym erised and behaves like a  conjugated 
diene. There is, as yet, no chemical evidence th a t  dibenzopentalene is more 
" a ro m a tic ” th an  cts-cts-1 : 4-diphenylbutadiene which is its  open-chain 
analogue. However, th e  u ltra-v io let absorption spectrum  of dibenzo
pentalene indicates some degree of resonance in teraction  in  th e  excited s ta te .

The azulenes have been com prehensively reviewed,93 and  th e ir basic 
properties s tud ied .94 The azulenium  ion is form ulated as (L X X III) (only 
one canonical form shown). The first know n "  fully arom atic ” tetracyclic 
azulene (LX X IV ) has been prepared  b y  th e  B uchner synthesis from  1 : 2- 
benzofluorene; 95 i t  forms b rig h t green crystals. Benzazulenes w ith  the

85 C . T . B lo o d  a n d  R .  P .  L in s te a d , J .,  19 5 2 , 2 2 5 5 .
88 A . G . A n d e rso n  a n d  R .  H . W a d e , J . Amer. Chem. Soc., 1 9 5 2 , 74, 2 2 7 4 .
87 H . W . D . S tu b b s  a n d  S . H . T u c k e r , / . ,  1 9 5 1 ,  2 9 3 6 . 88 A nn. Reports, 1 9 5 1 ,  48, 1 9 1
81 P . D . G a rd n e r  a n d  W . J .  H o rto n , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 6 57 .
80 A . D . C a m p b e ll a n d  S . N . S la te r , [., 19 5 2 , 4 3 5 3 .
1 1  A . G . A n d e rso n  a n d  H . F .  G re e f , / .  Am er. Chem. Soc., 19 5 2 , 74, 5 1 2 4 .
87 C . T . B lo o d  a n d  R .  P . L in s te a d , 19 5 2 , 2 2 6 3 .
88 M . G o rd o n , Chem. Reviews, 19 5 2 , 50, 1 2 7 .
84 P . A . P la t tn e r ,  E .  H e ilb ro n n e r, a n d  S . W e b e r, Helv. Chim. Acta, 1 9 5 2 , 3 5 , 1 0 3 6 ;  

E .  H e ilb ro n n e r  a n d  M . S im o n e tta , ibid., p . 10 4 9 ;  L .  H . C h o p a r d -d it - Je a n  a n d
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( L X X I ) ( L X X I I ) ( L X X I I I )

E . H e ilb ro n n e r, ibid., p . 2 1 7 0 .  88 W . T re ib s , Annalen, 19 5 2 , 5 7 7 , 2 0 1 .
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diethylam ino-group a ttach ed  to  the nucleus or to  a  side-chain have also been 
described.98 The synthesis of 3-aza-l : 2-benzazulene (LXXV) has been 
re p e a te d 87 b u t the  properties now ascribed to  i t  are quite  different from 
those previously reported .98

In  the  polym erisation of acetylenes to  qycZooctatetraene tw o compounds 
C10H 10 are also form ed. These have been identified as vinylcydooctatetraene

COp C-fP rnR
( L X X I V )  ( L X X V )  ( L X X V I )

and  m -l-p h en y lb u ta -1  : 3 -d iene." The reaction betw een the  bicycln- 
octadiene (L X X V I; R  =  Cl) and  pheny 1-lithium yields chlorocycZoocta- 
te traene (L X X V II; R  =  Cl) and a sim ilar reaction occurs w ith  the  di-

O  C O  O o
( L X X V I I )  ( L X X V I I I )  ( L X X I X )

brom ide. The m onohalogeno-com pounds are isomerised by  hea t to  3-chloro- 
and  p-brom o-styrene.100 The m onocarboxylic acid (L X X V II; R  =  C 0 2H) 
was obtained in poor yield by ozonisation of vinylcycZooctatetraene followed 
by  oxidation w ith  silver oxide, or, be tte r, by  carboxylation of the  lithium  
com pound (L X X V II; R  =  L i).101 Copolym erisation of mono- and  di
su b stitu ted  acetylenes w ith  acetylene has provided a  d irect synthesis of 
mono- and 1 : 2-d i-substitu ted  cycZooctatetraenes.102 A lternatively  the 
alkyl and  aryl com pounds can be prepared by  the  action of m etal alkyls and 
aryls on cycZooctatetraene.103 The reaction  w ith  lith ium  alkyls has been 
shown to proceed b y  addition, followed by  the transfer of th e  equivalent of 
lithium  hydride to  ano ther molecule of cycZooctatetraene, the  products being 
(L X X V II; R  — alkyl) and  a m ix ture  of 1 : 3 : 5 -  and 1 : 3 :  6-cycZcocta- 
trienes. In  the  hope of preparing (L X X V III) which m ight be dehydrated  
to  (L X X V II; R  =  Ph), cycZooctatetraene epoxide (L X X IX ) was treated  
w ith pheny 1-lithium. However, the reaction took an unexpected course and 
resulted in  isom erisation to  cycZoocta-2 : 4 : 6-trienone.104

cycZoOcta-1 : 3 : 5-triene has now been shown to  be in m obile equilibrium 
w ith  the  Zu'cycZooctadiene (L X X V I; R  =  H). The m onocyclic form  can 
be isolated via its  silver n itra te  com plex.105

F . J .  W . McO.
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O rd en , ibid., 1 9 5 2 ,  74, 1 7 5 .
104 A . C . C o p e  a n d  B .  D . T if fa n y , ibid., 1 9 5 1 ,  7 3 , 4 15 8 .
195 A . C . C o p e ,-A . C . H a v e n , F .  L .  R a m p , a n d  E .  R .  T r u m b u ll , ibid., 74 , 4 8 6 7
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Small and Large Rings.—Syntheses of cycZopropane-1 : 2 : 3 -triam ine,1 
1 : 1 :  2-trimethylcycZopropane,2 and  dicycZopropyl3 have been described. 
D ehydration of 1-cycZopropylethanol over alum ina gives vinylcycZopropane,4 
derivatives of which m ay also be obtained by  a  new rou te  involving the 
malonate condensation w ith  1 : 4-dibrom obut-2-ene.5 VinylcycZopropane 
has been converted in to  cycZopropylacetylene.®

Evidence has been presented for the  presence of a cycZopropene ring in 
sterculic acid, for which (I) is proposed.7 The acid, which was isolated 
by means of its u rea complex from the kernel oil of Sterculia fcctida, gave 
a 1 : 3-diketone (II) on ozonolysis and  reduction of the ozonide by cata ly tic  
hydrogenation. O xidation of th e  1 : 3-dione w ith  hydrogen peroxide in 
acetic acid gave pelargonic and  azelaic acids.

CHj-fCHsb-CO-CHj-CO-fCHjb-COjH 
( I I )

The m olecular struc tu re  of cycZopropene has been determ ined by  electron- 
diffraction stud ies.8 The length  of the  -C -C -  bond is ra th e r short, being 
1-28 d; 0 0 4  A. The dicarboxylic acid obtained b y  F e is t9 by  the action 
of alkali on ethy l 3-bromo-4 : 6-dim ethyl-2-pyrone-5-carboxylate, previously 
form ulated as l-methylcycZopropene-2 : 3-dicarboxylic acid (III), has now 
been shown to  be l-methylenecycZopropane-ZraMs-2 : 3-dicarboxylic acid 
(IV).1«

( I l l )

The use of methylenecycZobutane as a source of isoprenefordiene syntheses 
has been described.11

Energy differences betw een the "  chair ” and  the "  bo a t ”  conform ation 
of cyc/ohexane, and  betw een ZraMs-decalin (V) and cfs-decalin in the  con
formations (VI) and (VII) have been calculated by a new m ethod .12 The 
differences betw een (V) and (VI), and  betw een (VI) and (VII), are found to  
be 2-4 and a t least 8-8 kcal. respectively. In troduction  of an angular m ethyl 
group into cis- and  trans-decalin (VI and  V) lowers the  energy difference 
from 2-4 to  0-8 kcal.

The preparations of cycZononyne and  cis- and Zr«»s-cycZononene,13 and  
of cycZodecyne and  cis- and  trans-cyclodecene,14’ 15 have been described in

1  H . A .  H o ffm a n  a n d  A . B u rg e r ,  J . Amer. Chem. Soc., 1 9 3 2 ,  74, 54 8 5 .
2 R .  G . K e ls o , K .  W . G reen lee , J .  M . D e r fe r , a n d  C . E .  B o o rd , ibid., p . 2 8 7 .
2 V . A . S la b e y , ibid., p . 4 9 28 . 4 Idem, ibid., p . 4 9 30 .
5 R .  W . K ie r s te a d , R .  P . L in s te a d , a n d  B .  C . L .  W eed o n , 19 5 2 , 3 6 10 .
8 Y a .  M . S lo b o d in  a n d  I .  N . S h o k h o r , Zhur. Obshchel Khim . (J. Gen. Chem., U .S.S.R.), 

19 5 2 , 2 2 , 19 5 .  2 J .  R .  N u n n , / . ,  19 5 2 ,  3 1 3 .
8 J .  D . D u n itz , H . G . F e ld m a n , a n d  V .  S c h o m a k e r ,/ .  Chem. Phys., 19 5 2 , 20 , 17 0 8 .
9 F .  F e is t ,  Ber., 18 9 3 , 26, 74 7 .

10 M . G . E t t l in g e r ,  J . Amer. Chem. Soc., 1 9 5 2 , 74 , 58 0 5 .
1 1  K .  A ld e r  a n d  H . A . D o rtm a n n , Chem. Ber., 19 5 2 , 85 , 55 6 .
12 R .  B .  T u rn e r , J . Amer. Chem. Soc., 19 5 2 , 74 , 2 1 1 8 .
13 A . T .  B lo m q u is t , L .  H . L iu ,  a n d  J .  C . B o h re r , ibid., p . 3 6 4 3 .
14 A . T . B lo m q u is t , R .  E .  B u rg e , J r . ,  a n d  A . C . S u c s y , ibid., p . 36 36 .
15 V . P re lo g , K .  S c lie n k e r , a n d  H s. H . G iin th a rd , Helv. Chim. Acta, 1 9 5 2 , 3 5 , 15 9 8 .

^C-COsH 
\

C H -C O ,H
M e - C f  |

NC.H"
H , C = '

XCH"

COjH

C O „H
(IV )

c h 2

C H ,- [C H ,]7- ( ^ = C - [ C H 1J 7-CO j H

( I )
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detail, and  the oxides of cis- and  trans-cyclodecene have been prepared .16 
Because of the  conform ation of the ir rings the oxides do no t undergo norm al 
Sk2 hydrolysis to  1 : 2-glycols. F rom  the  cis-oxide (V III), cycZodec-2-en-l-ol,

H

(VI)

two com pounds of the  form ula C10H 18O2 (m. p. 98° and 74° respectively) 
and, b y  a transannu lar reaction involving the C(6y-CH2 group, cycZodecane- 
1 : 6-diol (IX) have been obtained. The trans-oxide (X) gives cycZodecanone, 
tw o com pounds of the  form ula C10H 18O2 (m. p. 98° and 63° respectively) 
and, also by  transannu lar reactions involving the  C(G)-C H 2 group, an isomeric 
cycZodecane-l : 6-diol (XI) and  Zr««s-x-decalol (X II).

[ H X ]  

IC

-CH

HCH HC^
O

-CH2

[H2C]3 ¿H s
(X )

I
[HjCJj- CH-OH

CH CH

[ H X ] ,

HO-CH HC-OH

[H.C], CH2
(XI)

[H2C]3- -CH,
(IX) (XII)

Compounds (X III), (XIV), and  (XV), w ith  intercyclic double bonds, 
have been prepared .17

D O 0=0 0=0
( X I I I )  ( X I V )  ( X V )

Terpenes.—The work of the famous terpene chem ist K om ppa has been 
reviewed b y  W . Hiickel.18

3-M ethylcitronellal has been prepared by  selective hydrogenation of 
3-m ethylcitral,13 the  stereoisom ers of which and of citra l have been char
acterised .20 A by-product isolated from the  cyclisation of citra l anil with 
95% sulphuric acid has been shown to be l-a c e ty l-4 : 4-dimethylcycZo- 
hexene.21 3 : 7-D im ethyl-6-m ethyleneoct-2-enal has been synthesised.22

F u rth e r evidence has been p re se n te d 23 in  support of the  currently
16 V . P re lo g  a n d  K .  S c h e n k e r , Helv. Chitn Acta., 1 9 5 2 ,  35, 20 4 4 .
17 R .  C rie gee , E .  V o g e l, a n d  H . H o g e r , Chem. Ber., 1 9 5 2 , 85, 14 4 .
18 W . H iic k e l , Chem. Ber., 19 5 2 ,  85, S  I .
18 Y . - R .  N a v e s , Bull. Soc. chim., 19 5 2 , 5 19 .  so H em , ibid., p . 5 2 1 .
21 H . B .  H e n b e s t , B .  L. S h a w , a n d  G . W o o d s, 19 5 2 , 1 1 5 4 .
22 M . S t o l l  a n d  B .  W illh a lm , Helv. Chim. Acta, 1 9 5 2 ,  3 5 , 7 7 5 .
22 N . L .  M c N iv e n  a n d  J .  R e a d , / . ,  1 9 5 2 ,  (a) 1 5 3 ,  (6) 1 5 9 ,  (c) 20 6 7 .
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accepted configurations of the  m enthols,24 m enthylam ines,25 and  carvo- 
menthone.26 (+ )-C arvom enthylam ine has been shown to  have configur
ation (XVI) and  «eocarvom enthylam ine (X V II).23“ The structu res (XVI) 
and (XVII) have been confirmed by  conform ational analysis.27 A pplication

(XVI) H 
H-

Me—n - H  Me---- r H
—H (XVII)-N H , H 2N-

A-Pr1 H- LPr1

of this m ethod 27 to  tsocarvom enthol and «eofsocarvomenthol is invalid, 
however, as there is no prim a facie  reason for distinguishing between the 
polar and  the equatorial conform ation for the m ethy l group of these iso- 
carvomenthols. P ure ( - ) -c is -  and  (+)-fttm s-piperito l have been prepared 
from (—)-piperitone and converted in to  (—)-«eomenthol and  (-f)-fso- 
menthol by  hydrogenation.28

H. Schinz and his co-workers have continued the ir study  of the  cyclisation 
of unsatu ra ted  terpenes.30-38’45 T heir work has also included new syntheses 
of lavandulol (X V III) 29-30 and of cyc/olavandulol (X IX ),34’39 and  the pre
paration of a  num ber of com pounds related  to  th e  la tte r, including $-cyclo- 
lavandulol (X X ),40 (3-cyc/oIavandulal,40 p-cyc/olavandulic acid,30’40 $-cyclo- 
lavandulylideneacetone (X X I),40 5-m ethyl-,416-m ethyl-,42 and 5 : 5-dim ethyl- 
cycfolavandulylideneacetone,43 and  5 : 5-dimethyla^ocyc/olavandulylidene- 
acetone (X X II).43

CHj’OPI CHj’OH
(XVIII) (XIX) (XX)

f t(XXI)

\ /

o-Keto-a-ionone, prepared by  oxidation of a-ionone w ith  tert.-bu ty l 
chromate, has been converted in to  diols A and B, ketone C, and  diketone D 
which have been isolated from pregnant-m are's urine.44 F u rth e r syntheses

24 C f. S i r  J o h n  S im o n se n  a n d  L .  N. O w en , "  T h e  T e r p e n e s ,”  2 n d  E d n .,  C a m b rid g e  
U n iv . P re ss , V o l. I ,  p . 24  2 . 25 C f. Idem, op. cit., p . 24 5 .

28 C f. S i r  Jo h n  S im o n se n  a n d  D . H . R .  B a r t o n , op. cit., V o l. I l l ,  p . 5 16 .
27 A. K .  B o s e , Experienlia, 1 9 5 2 ,  8, 4 58 .
28 A. K . M a c b e th  a n d  J .  S . S h a n n o n , J .,  19 5 2 ,  2 8 5 2 .
22 H . G r i i t t e r  a n d  H . S c h in z , Helv. Chim. Acta, 19 5 2 , 3 5 , 16 5 6 .
20 W . K u h n  a n d  H . S c h in z , ibid., p . 2009.
31 C f. H . S c h in z , Chimia. 1 9 5 1 ,  5, 10 7 .
32 L . W illim a n  a n d  H . S c h in z , Helv. Chim. Acta, 19 5 2 ,  3 5 , 2 4 0 1 .
33 R .  H e lg  a n d  H . S c h in z , ibid., p . 2406.
34 A. B re n n e r , U . S te in e r , a n d  H . S c h in z , ibid., p .  1 3 3 6 .
35 L .  C o m o m b i a n d  H . S c h in z , ibid., p . 10 6 6 .
38 W . K u h n  a n d  H . S c h in z , ibid., p . 2 3 9 5 .
37 A. C a lie z i a n d  H . S c h in z , ibid., p . 16 3 7 .  38 Idem, ibid., p . 16 4 9 .
38 A. B re n n e r  a n d  H . S c h in z , ibid., p . 1 3  3  3  . 40 Idem, ibid., p . 1 6 1 5 .
41 R .  V o n d e rw a h l a n d  H . S c h in z , ibid., p . 19 9 7 . 42 Idem, ibid., p . 20 0 5 .
43 Idem, ibid., p . 2 3 6 8 . 44 V . P ro lo g  a n d  M. O sg a n , ibid., p . 986.
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of a- and (3-irone have been described,45 and m ixtures of n a tu ra l and  of 
synthetic  irones have been separated  by  fractional d istillation .46 1 : 1 : 6 -  
Trimethylcycfohexan-3-one, a  degradation product of y-irone, has been 
synthesised.47

The cis- and the  trans-lorm oi jasm one (X X III), one of which is dihydro- 
pyrethrone, have been synthesised.48 The «'s-form is identical w ith  natu ral

Sesquiterpenes and Diterpenes.— D uring the  year, Volume I I I  of "  The 
Terpenes ” 26 has appeared, providing a  system atic survey of the chem istry 
of the  sesquiterpenes and  diterpenes up  to  1950.

An ap-unsaturated  y-lactone grouping has been shown to be present in 
i/f-santonin by  infra-red exam ination, leading to  s tru c tu re  (X X IV ).49 This

has been confirmed since' ozonolysis of ^-san tonin  in  chloroform gives a 
m ix tu re  containing pyruvic acid. A ttem pts to  synthesise th e  structu ral 
features of santonin (XXV) have been described.50’ 51

A num ber of sesquiterpene oxides w ith the guaiazulene skeleton have 
been investigated. Germacrol, from  B ulgarian geranium  oil, has been 
shown to  be (X X V I).52 I t  is sim ilar to  a-kessyl alcohol which is now known 
to be (X X V II),53 w ith the  hyd roxy l group a t C<-3) ra th e r th an  C(5).M This

follows from its  p reparation  from kessoglycol which is form ulated  as
(X X V III).55 The reaction sequence involves th e  form ation of kessoglycol 
d iacetate, p artia l hydrolysis to  kessoglycol 3-m onoacetate, oxidation to  the 
6-ketone, and  W olff-K ishner reduction to  (X X V II). Lederene is also 
probably  an oxide of guaiazulene ty p e .58

P-Caryophvllene 57 has now been shown to be (X X IX ) w ith  reasonable 
ce rta in ty ,58 and  criticism  of its  form ulation as (X X IX ) 59 ra th e r  th an  as

45 H . G r u t te r , R .  H e lg , a n d  H . S c h in z , Helv. Chim. Acta. 19 5 2 ,  35 , 7 7 1 ;  H . F a v r e  
a n d  H . S c h in z , ibid., p . 1 6 2 7 .

48 H s . H . G iin th a rd , C . F .  S e id e l, a n d  L .  R u z ic k a , ibid., p . 1 8 2 0 ;  C . F .  S e id e l and  
L .  R u z ic k a , ibid., 18 2 6 . 47 H . F a v r e  a n d  H . S c h in z , ibid., p . 2 3 8 8 .

48 L .  C ro m b ie  an d  S . H . H a rp e r , J .,  1 9 5 2 ,  869.
48 W . C o ck e r, B .  E .  C ro ss , a n d  D . H . H a y e s , Chem. and Ind., 1 9 5 2 , 3 1 4 .
40 F .  D . G u n sto n e  a n d  R .  M . H e g g ie , J .,  1 9 5 2 ,  1 3 5 4 ,  14 3 7 .
51 G . R .  C lem o  a n d  F .  J .  M cQ u illin , J .,  19 5 2 , 3 S 3 5 , 3 8 3 9 .
57 W . T re ib s , Annalen, 19 5 2 , 57 6 , 1 1 6 .
54 T . U k ita ,  J . Pharm. Soc. Japan, 19 4 5 , 65 , N o . 5 /6 .4 , 7.
54 C f. A nn. Reports, 19 5 0 , 47 , 19 7 .
55 T . U k ita ,  J . Pharm. Soc. Japan, 19 4 4 , 64, 2 8 5 .
56 K .  T a k e d a  a n d  T . S h im a d a , ibid., p . 1 3 2 .  47 C f. A nn. Reports, 1 9 5 1 ,  48, 19 4 .
48 D . H . R .  B a r to n , T . B ru u n , a n d  A .  S . L in d s e y . J .,  19 5 2 ,  2 2 1 0 .
49 T . L .  D a w so n , G . R .  R a m a g e , a n d  R .  W h ite h e a d , Chem. and Ind., 19 5 2 , 4 50 .

jasmone.

M e O CO M e O C O
C H j- C H iC H E t

( X X I I I )
¿M e

( X X I V )
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M e

■—C H M e  

( X X V )

( X X V I ) ( X X V I I ) ( X X V I I I )
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(XXX) has been answ ered.60 Form ula (X X IX ) includes the key grouping 
-CHg-CMeiCH- which is present in p-caryophyllene, and  leads to  (X X X I)

Me CH,
M e

M e -

(XXIX)
%

M e

H .C7
M e -

M e'7 V (XXX)

forT reibs’s oxido-ketone,61 to (X X X II) for the  cyclised keto-alcohol obtained 
by the  action of alkali on (X X X I), and  to  (X X X III) for the  dicarboxylic 
acid derived from (X X X II).

M e M eM e
M e -

M e

:o
M e— M e -

c 7
(XXXI)

o=<
(XXXII)

M e
OH o Z  >

(XX X III)

M e

The stereochem istry of some of th e  above-m entioned com pounds has 
been elucidated.58 The easy form ation of (X X X II) indicates th a t  its  cyclo- 
butane ring is fused cis, while th e  properties of (X X X III) are those of a 
cîs-cycfopentane-1 : 2-dicarboxylic acid. This leads to  (X X X IV ) for the  
dicarboxylic acid. S tructu re  (XXXV) has been p u t forw ard for the  keto-

M e H ' M e H

Me-

(XXXIV) HOaC COjH

M e—
-M e

j / \
-M e

o = < ^  y -o n (XXXV)

alcohol from  w hich it  follows th a t  the  endocycMc double bond of p-caryo- 
phyllene is cis. Confirmation of its  « s-n a tu re  is provided b y  comparison 
of the  properties of p-caryophyllene w ith  those of cis- and  trans-cyclononene.13

M e M e

M e -

/3-C aryo p h y  lle n e

M e

OH- I  y— bjMe

(XXXVI)

Me- 7 \

% / \ 7 |
\ 7

(XXXVIII)

•Me. -H +
M e -

\ /
+

/ V

\ A
\ 7

M e 

M e —
-Me OH-

/ \
\ / -M e

(XXXVII)

P-Caryophyllene readily  cyclises under the  influence of acid to  a num ber 
of tricyclic compounds, th e  m ost im p o rtan t being a- and  p-caryophyllene 
alcohol, and clovene.62 These are to  be form ulated as (X X X V I), (X X X V II), 
and (X X X V III).58. 62

60 D . H . R .  B a r t o n , T .  B ru u n , a n d  A . S .  L in dsey-, Chem. and Ind., 1 9 5 2 ,  G 91.
61 W . T re ib s , Chem. Ber., 19 4 7 , 80, 56 .
62 A . E s c h e n m o s e r  a n d  H s . H . G tin th a rd , Helv. Chim. Acta, 1 9 5 1 ,  34 , 2 3 3 8 .
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The monocyclic triene, hum ulene (a-caryophyllene, didymocarpene)', and 
a  num ber of its  partia lly  hydrogenated derivatives have been oxidised.63 
Ozonolysis of hum ulene gives aa-dim ethylsuccinic acid and  laevulaldehyde, 
while aa-dim ethylsuccinic acid and (3|3-dimethyladipic acid result from 
vigorous oxidation of dihydrohum ulene (suggested s tru c tu re ; X X X IX ). 
T he observations are best explained by  s tructu re  (XL) for hum ulene or a 
closely related  isomer differing only in an  endo-exo-cyclic bond arrangem ent. 
The eleven-membered ring is d irectly  derivable b y  opening of the  four- 
m em bered ring of p-caryophyllene (X X IX ).

M e

( X X X I X )

Me-

Me'

H . Schinz has extended his studies of the  cyclisation of unsatu ra ted  
terpenes to  sesqui- and  di-terpenes. Sesquilavandulol (XLI) has been 
cyclised to  (X L II),35* 36 farnesic acid and  dihydro-a- and  3-ionylidene-

& c
( X L I )

C H .-O H

C O .H

C O jH  
( X L I V )

C O „H

( X L V I I )

\ /

c o 2h

( X L I I I )

X
C O ,H

( X L V I )

XC 11 • W o
X /X pjr!

( X L I X )

acetic acids to  a- and  p-ihcyc/ofamesic acids (X L III and XLIV) or allo- 
Zu'cyc/ofarnesic acid (XLV) depending on the configuration abou t the  double 
bond next to  the  carboxyl group,37 and u-geranylgeranic acid (XLVI) to 
the  tricyclic com pound (X LV II).38 The hydrocarbon (X LV III) has been 
obtained-by  trea ting  the  condensation product (X LIX ) from farnesal and 
m ethyl j'sopropyl ketone w ith  iodine.38 These exam ples indicate th a t  the 
cyclisation m ethod is of g reat poten tia l value for the  syntheses of naturally  
occurring diterpenes and  rela ted  com pounds (cf. the  synthesis of rac- 
am breinolide, p. 183).

M arrubiin. M arrubiin, C20H 28O4, is a d iterpene which has previously 
been shown to possess a te rtia ry  hydroxyl group, and  a  lactone ring, and

** G . R .  C lem o  a n d  J .  O. H a r r is , 19 5 2 , 66 5.
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probably an oxide ring and  two double bonds, and to  give 1 : 2 :  5-trim ethyl- 
naphthalene on dehydrogenation.64 Infra-red  d a ta  now indicate th a t the 
lactone ring is six-m em bered and  th a t  the  oxido-oxygen atom  is probably  
present in a furan ring .65 O xidation leads to  the loss of three carbon 
atoms.^5’ 66 T en ta tive  form ulations for m arrubiin  are (L), (LI), or L II). 
The th ird  is least likely.

Triterpenes and Related Compounds.—A new m ethod has been described 
by K lyne 67 for determ ination of the  stereochem istry of the  term inal rings 
of polycyclic com pounds such as triterpenes. He has' shown th a t  the 
m olecular-rotation contribution of a term inal ring un it is, in  the  m ain,

ate ring is sa tu ra ted  and  unsubstitu ted . F o r each type  of term inal unit, 
e.g., for the  trans- p-decalone type  (LI 11 and LIV ), the  m olecular-rotation 
contribution has a characteristic  m agnitude, being e ither positive or negative 
depending on w hich of th e  two enantiom eric forms (e.g., L I I I  or LIV) is

under review. The m olecular-rotation contribution  is taken  as the  difference: 
([Md] of ketone) m inus ([M D] of corresponding deoxy-compound). The 
sign and size of the  contribution  are, to  a first approxim ation, independent 
of w hether X  and Y are hydrogen or alkyl. This enorm ously increases the 
value of th e  m ethod  since i t  is possible to  com pare, for example, the  stereo
chem istry of an unknow n ring system  w ith  two angular m ethyl groups w ith 
th a t of a  known ring system  which has, say, only one angular m ethyl group. 
Examples of the  application  of th is  m ethod are given in  th e  following 
paragraphs.

Tricyclic. A p a rtia l synthesis of am breinolide (LV), a  degradation 
product of am brein, has been described,68 sta rtin g  from  the  diterpene 
manool. A to ta l synthesis of rac-am breinolide has also been announced,69 
and proceeds from nerolidol (LVI) as shown. (LV) has the  sam e infra-red 
spectrum  as the  optically  active am breinolide from am brein. (LV) has 
been converted in to  the  racem ic u n sa tu ra ted  acid (LVII), from an  optically 
active form of which am bratriene (L V III), a dehydration  product of am brein,

61 C f. S i r  Jo h n  S im o n se n  a n d  D . H . R .  B a r to n , re f. 26 , p . 4 79 .
“  W . C o ck e r, B .  E .  C ro ss , S . R .  D u ff , a n d  T . F .  H o lle y , Chem. and Ind., 1 9 5 2 , 8 27 .
44 E .  G h ig i, Gazzetta, 19 4 8 , 78 , 8 6 5 ; 1 9 5 1 ,  8 1 ,  3 3 6 .
*’  W . K ly n e , } . ,  19 5 2 ,  2 9 16 .
48 H . R .  S c h e n k , H . G u tra a n n , O . J e g e r ,  a n d  L .  R u z ic k a , Helv. Chim. Acta, 19 5 2 , 

35 , 8 17 .
49 P . D ie tr ic h  a n d  E .  L e d e re r , ibid., p . 1 1 4 8 .

independent of the  n a tu re  of th e  rest of the  molecule provided the  penultim -

( L I I I ) ( L I V )
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has already been ob tained .70 The w ay is thus open for a to ta l synthesis 
of (LV III).

y i V Ic
, /X o H

( L V I )

P B r ,

r
C H „ B r

f
C H 2
\

C H ( C 0 2E t ) 2

, / \  
x / l y ^

1^/COjH  

( L V I I ) (L V )

Tetracyclic. The structu re  of lanosterol (lanostadienol) has now been 
com pletely elucidated 71-77 and  shown to  be (LIX ). I t  follows from the 
X -ray  analysis of lanostenyl iodoacetate,71 and  from  a  series of chemical 
degradations which have shown th a t ring d  is five-membered 72-74 and  th a t

Proof concerning ring D followsthe side chain is a ttach ed  to C(17) 75’ 76

M e— C H -[C H 2],-C H :C M e „ 
M e

( L I X ) ( L X )

from  the  conversion 72 of the  m ethyl ketone (LX) 78 in to  (LXI) b y  several 
steps including (L X II) to  (L X III). The infra-red spectrum  of (LX I) has 
a band  a t 1745 cm."1 corresponding to  a  carbonyl group on a five-membered

C O M e

A -
( L X I I )

C^O -CH iCH -Ph H J( O H ) - C H :C H P h H ft-C H iC H P h

/ \
9

*  / \  
( L X I I I )

ring. The apparen t in tegrated  absorption in tensity  a t  1412 cm.-1 of a 
sim ilar degradation product (LXIV) shows th a t  there is only one CH2

70 O . D u rs t , O . J e g e r ,  a n d  L .  R u z ic k a , Helv. Chint. Acta, 19 4 9 , 3 2 , 46 .
71 R .  G . C u rtis , J .  F r id r ic h s o n s , a n d  A . M c L . M a tliie so n , Nature, 19 5 2 , 17 0 , 3 2 1 .
72 W . V o se r , H s . H . G iin th a rd , O . J e g e r ,  a n d  L .  R u z ic k a , Helv. Chint. Acta, 19 5 2 , 

3 5 , 66.
73 W . V o s e r , O. J e g e r ,  a n d  L .  R u z ic k a , ibid., p . 5 0 3 .
7J C . S .  B a r n e s , D . H . R .  B a r to n , J .  S . F a w c e t t ,  a n d  B .  R .  T h o m a s , / . ,  19 5 2 , 2 3 3 9 .
72 C . S .  B a r n e s , D . H . R .  B a r to n , A . R .  H . C o le , J .  S . F a w c e t t ,  a n d  B .  R .  T h o m as, 

£hem . and Ind., 19 5 2 , 4 26 .
W . V o s e r , H s . H . G iin th a rd , H . H e u sse r, O. J e g e r ,  a n d  L .  R u z ic k a , Helv. Chint. 

A d a ,  19 5 2 ,  3 5 , 20 6 5 .
77 W .  V o se r , M . V . M ijo v ic , H . H e u sse r , O . J e g e r ,  a n d  L .  R u z ic k a , ibid., p . 2 4 14 .
' s C f, A nn , Reports, 1 9 5 1 ,  48 , 19 6 .
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group a to  the carbonyl group, which therefore cannot be a t  Can).75 A 
decision between ^(15) and  C(17) as th e  po in t of a ttach m en t of th e  side chain

( L X I V )

resu lts fr o m  t h e  fo l lo w in g  s e q u e n c e  o f  r e a c t io n s  w h ic h  in d ic a te  t h a t  th e  
carbon a to m  o f  r in g  d  a t ta c h e d  t o  th e  s id e  c h a in  m u s t  b e  S t o  C(12).

C O M e

L a n o ste ro l
Several

stages
AcOI

H O .C  O H
(i) Aik. HjO,;

(ii) Pb(OAc)4;

(iii) Hydrol.

O A c

A cO '

The in ter-relation  of th e  asym m etric centres of lanosterol (LIX ) is 
indicated b y  th e  X -ray  s truc tu re  analysis 71 and  confirmed by  chem ical 
evidence,7 7>79 w hich also relates th e  configuration a t  the  carbon atom  carrying 
the Me group common to  rings a / b  to  th a t  a t  CUo) in  the  steroids as follows. 
Ring a  of lanostenone is opened to  give a  dicarboxylic acid, cyclisation of

( L X V ) ( L X V I )

which gives the  nor-ketone (LX V ).80 The m olecular-rotation contribution  
of its keto-group indicates th a t  (LXV) is a  ¿rares-indan-2-one of the  same 
enantiomeric type as th a t  (LXVI) derived from  steroids b y  a  sim ilar ro u te .67

78 D . H . R .  B a r to n , J .  S .  F a w c e t t ,  a n d  B .  R .  T h o m a s , / . ,  1 9 5 1 ,  3 1 4 7 .
80 L .  R u z ic k a , E .  R e y ,  a n d  A . C . M u h r, Helv. Chim. Acta, 19 4 4 , 27 , 4 7 2 .
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A com plete struc tu re  (LX V II) has been p u t forw ard 81 for euphol 
(euphadienol) although detailed evidence in support of all its  features has 
no t ye t been published. F u rth e r points established during the  year 82 
include the  structu re  of ring A  and the  na tu re  of the  a - b  ring fusion, the 
environm ent of the  unreactive double bond betw een rings B and  c, and  a 
relation between the  position of th is double bond and  the side chain. This 
follows from the  acidic isom érisation of euphenyl ace ta te  to  fsoeuphenyl 
acetate  (LX V III) 83 and the fission of the double bond in the fso-acetate to 
give the diketone (LX IX ). This ketone is not oxidised b y  alkaline hypo- 
iodite.

A p artia l s truc tu re  (LXX) has been p u t forward for a-elemolic acid 
(elemadienolic acid),81 although the  only evidence published concerns the 
n a tu re  of the  side chain .84

A lthough the  structures of bo th  lanosterol (LIX) and euphol (LXVII) 
are based on the perhydrocyc/opentenophenanthrene ring system  found in 
steroids a  significant difference exists between them . Euphol is a triterpene, 
being divisible in to  six isoprene units. Lanosterol canno t be so divided and 
m ust be regarded no t as a triterpene, b u t as a trim ethyl-sterol, i.e., as 4 : 4 : 14-

and  euphol th is  difference appears to be fundam ental and m ay result from 
th e ir form ation by  different biogenetic routes. E uphol is obtained from 
p lan t resins in w hich m any o ther triterpenes occur, whereas lanosterol is

tr ite r p e n e s  h a v e  y e t  b e e n  o b ta in e d . T h e se  f a c ts  s u g g e s t  t h a t  o th e r  te tr a 
c y c l ic  c o m p o u n d s  s u c h  a s  e u p h o r b o l, e le m a d ie n o lic  a c id , t ir u c a llo l,  h a n d ia n o l, 
a n d  b u ty r o s p e r m o l,  w h ic h  h a v e  b e e n  is o la te d  fro m  h ig h e r  p la n t  sources, 
m a y  a lso  b e  tr ite r p e n e s  o b e y in g  th e  iso p r e n e  ru le , w h ile  th e  tr iterp en e-lik e  
a c id s  su c h  a s  th e  p o ly p o r e n ic  a c id s  A, B, a n d  C, tr a m e te n o lic  a c id ,86 and 
e b u r ic o ic  a c id  w h ic h  a re  o b ta in e d  fr o m  fu n g i  m a y  b e  r e la te d  to  la n o ste r o l.

81 E .  K y b u r g ,  M . V .  M ijo v ic , W . V o s e r , H . H e u sse r, O. J e g e r ,  a n d  L .  R u z ic k a , Helv. 
Chim. Acta.. 19 5 2 , 3 5 , 2 0 7 3 .

82 K .  C h riste n , M . D u n n e n b e rg e r , C . B .  R o th , H . H e u s se r , a n d  O. J e g e r ,  ibid., 
p . 17 5 6 .

82 M . V i lk a s , G . D u p o n t , a n d  R .  D u lo n , Bull. Soc. chim., 19 4 9 , 8 1 3 .
81 Y :  M a z u r , E .  R o l le r ,  O . J e g e r ,  an d  L .  R u z ic k a , Helv. Chim. Acta, 19 5 2 ,  3 5 , 1 8 1 .
88 C f. E .  L e d e re r , 19 4 9 , 2 1 2 0 .
86 C f. W , G r u b e r  a n d  G . P ro sk e , Monatsh., 1 9 5 1 ,  82 , 2 5 5 .

M e
M e! M e M e-C -M e

x l / f C i l  C H

M e M e

( L X V I I I ) ( L X I X )

R  =  -C H M e -[C H 2] s-C H M es.

trim ethylzym osterol. In  spite  of the  m any common features of lanosterol

produced by  the  sebaceous glands of sheep 85 and  by yeast from which no
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The non-identity  of dihydroeuphol and  dihydrobasseol has been 
discussed.87

Pentacyclic triterpenes. The year has seen the com plete elucidation of 
the stereochem istry of the  [3-amyrin (olean-12-en-2(3-ol) and lupeol groups 
of triterpenes.

From  the  relation  of (3-amyrin to  abietic acid 88 i t  follows th a t  the  junction 
A-B is trans, while the  C(2)-hydroxyl group is considered to  be cis to  the 
C ^-m ethyl group which has been a rb itrarily  assigned the  ^-configuration.89 
Using the  classical representation  of (3-amyrin, w ith  ring A a t  the  upper left- 
hand side of the  structure, rings a  and B are to  be form ulated as in (LX X I), 
in which the term inal A u n it is the enantiom er of th a t  of the 5a-steroids 
(LX X II). K lyne,67 from a consideration of the m olecular-rotation contri
butions of the  keto-groups in  2-keto-A-nortriterpenoids of th e  (3-amyrin 
type and  in  B-amyrone (olean-12-en-2-one), has concluded th a t  the  term inal 
A unit of (3-amyrin is of the  same enantiom eric type  as th a t  of the  5a-steroids, 
and m ust be form ulated as (L X X III) in  which the C(6)-methyl group is 
now a. I t  is, however, convenient to  re ta in  the  (3-prefix for th e  C(5)-m ethyl 
group, in particu lar to  indicate th e  relation  of its  configuration to  th a t  of 
the C(10)-m ethyl group of the  steroids, and  for th is  purpose i t  has been sug
gested th a t  (3-amyrin should be form ulated as (LX X IV  A )  (cf. L X X IV ), in 
which ring a  is of th e  same enantiom eric type  as th a t  of th e  5a-steroids and  
in which the ClB)-m ethyl group is p.90 The triterpene and  steroid conventions 
are now consistent, although bo th  are possibly inconsistent w ith  the Fischer 
convention "■91 h)ut sec also 91a9

B arton  and  Holness in  a b rillian t exposition 92 of th e  problem  have 
discussed the relative configurations in rings c, D , and e  of [3-amyrin and 
concluded th a t  the  junction  d - e  is cis, and  th a t the C(10)-hydrogen atom  
and the  Ca i)-m ethyl group are b o th  trans to  the  C(17)-m ethyl group 
(cf. L X X IV  and  LX X V ). The junction B-c is in the  more stable 
arrangem ent.92’93

Making the  probable assum ption th a t  the  C(5)- and the  C(9)-m ethyl 
group are cis, B arton  concluded th a t  there  are only tw o structures (LX X IV  
and LXXV) for [3-amyrin w hich will accom m odate th e  facts described 
above. Now, (LX X IV ) and  (LXXV) have term inal ring  e  un its which are 
enantiomeric. K lyne 67 has distinguished between these two structures

87 F .  A . A lv e s , Experientia, 19 5 2 ,  8, 10 .
88 C f. D . H . R .  B a r to n , Quart. Reviews, 19 4 9 , 3 , 3 0 ;  O. J e g e r ,  "  F o r t s c h r it te  d e r  

C hem ie o rg a n is c h e r  N a t u r s t o f fe ,"  S p r in g e r - V e r la g , 19 5 0 , V o l. V I I .
88 D . H . R .  B a r t o n , Experientia, 19 5 0 , 6, 3 1 6 .
90 T . G . H a ls a ll ,  E .  R .  H . Jo n e s ,  a n d  G . D . M e a k in s , ] . ,  1 9 5 2 , 28 6 2 .
91 C f. A . L a r d o n  a n d  T . R e ic h s te in , Helv. Chim. Acta, 19 4 9 , 3 2 , 20 0 3 .
910 J .  A . M ills , 1 9 5 2 , 49 8 2 .
82 D . H . R .  B a r t o n  an d  N . J .  H o ln e ss , 19 5 2 ,  78.
82 R .  B u d z ia r e k , W . M a n so n , a n d  F .  S . S p r in g , / . ,  1 9 5 1 ,  3 3 3 6 .
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by  showing th a t  the  term inal ring  e  of p-am yrin is of the  sam e enantiom eric 
type as th a t  in (LX X IV ), w hich therefore is the  correct form ulation of 
p-amyrin.

M e M e

( L X X V )

The configurations of C^)» C(5)» C(q)j ^(9)» Cq-q  ̂ C(i4)» and  of lupeol 
(cf. LX X V I) are the  sam e as in  p-am yrin .94 Lupeol has also been converted 
in to  germ anicol (LX X V II) 90 in which the hydrogen atom  a t  C(13) and

M e  M e

H/Xi.
Me Me

( L X X V I )

th e  m ethyl group a t  C(17) are cis.05
( L X X V I I )

F inally  it  has been proved th a t the 
junction  D - E  is Irans, and  th a t  th e  wopropenyl group and  the  C(17)-methyl 
group are irans.50 Lupeol is therefore (LXXVI).

M e .
CCX H

( L X X I X )

H O -H sC  Me ( L X X V I I I )

O.

°X<
( -CO, CO ..H

A siatic acid, th e  aglycone of asiaticoside, has been shown to  be 
(L X X V III).96 This s truc tu re  is supported  b y  proof of the  presence of

41 T .  R .  A m e s, T .  G . H a ls a ll ,  a n d  E .  R ,  H .  Jo n e s , / . ,  1 9 5 1 ,  4 50 .
95 D . H . R .  B a r t o n  a n d  C . J .  W . B ro o k s , 1 9 5 1 ,  2 5 7 .
99 (M m e.) J u d i t h  P o lo n s k y , Bull. Soc. chim., 1 9 5 2 ,  649 , 1 0 1 5 ;  Compt. rend 1949 , 

228 , 1 4 5 0 ;  19 5 0 , 2 3 0 , 4 8 5 , 1 7 8 4 ;  1 9 5 1 ,  2 3 2 , 1 8 7 8 ;  1 9 5 1 ,  2 3 3 , 9 3 , 6 7 1 .
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an a-glycol group, thé  form ation of a  lactone involving the  carboxyl group 
and the double bond, and the  conversion of (L X X V III) in to  23-nor-a- 
amyrene (LX X IX ) as shown.

Zeorin, a  pentacyclic secondary-tertiary  diol, has been fully character
ised.97 I t  forms a m onoacetate, dehydration of which w ith  phosphorus 
oxychloride in pyrid ine gives isozeorinin acetate. This contains the  group
ing (> C -C H 2). The secondary hydroxyl group is no t a t  th e  typ ical tri- 
terpene 2-position.

New triterpenes isolated include gratiogenin (as its  glycoside gratioside) 
which m ay be 21-keto-olean-12-ene-2 : 19 : 29-triol,98 and  psidiolic acid, 
C30H 48O4. "  8-Am yrin, h itherto  no t found in  N ature, has been isolated 
from Spanish broom .100 The so-called crataegolic acid 101 is a m ix ture  of 
known trite rpenes.102

p-Triketones.— Considerable progress has recently  been m ade in the 
chemistry of the  group of na tu ra lly  occurring alkali-soluble substances which 
owe their acid ity ' to  the  presence of a p-triketone system . B irch 103 has 
considered the  evidence concerning angustione, dehydroangustione, and  
calythrone, and  concluded th a t  th ey  are best represented  by  s truc tu res

o
II

C h  M e l  /  C O C H y C H M e ,

O
( L X X X I I )

M e M e M e

< x >  °y V °
ICO-Pri P r '- C o l  J = C H ------ 1  J c o - P r 'Y Y

o  o  o
(LXXXIII) (LXXXIV)

(LXXX), (L X X X I), and  (L X X X II). F lavaspidic acid, which was form ul
ated by  Boehm  104 as (L X X X III) w ith  a  cyc/obutane ring, is now believed 
to be (L X X X IV ),103 th e  quinonoid n a tu re  of w hich w ould account for the  
yellow colour of the  acid.

Protbkosin, isolated from  the  an thelm in tic drug kousso, was originally 
formulated as C22H 280 7 and  also th ough t to  have a  cycZobutane ring. The 
formula has now been modified to  C2BH 3, 0 8, and  s truc tu re  (LXXXV) has 
been proposed.105 (LX X X V I) and  (L X X X V II) follow for a- and p-kosin 
which result from th e  action of zinc and  alkali on protokosin.

The hop constituents lupulone and hum ulone have been synthesised : 106
17 D . H . R .  B a r t o n  a n d  T . B ru u n , / . ,  19 5 2 ,  1 6 8 3 .
88 R .  T sc h e s c lie  a n d  A . H e e sc h , Chem. Ber., 1 9 5 2 ,  85, 10 6 7 .
88 G . S o lim a n  an d  M . K .  F a r id , / . ,  19 5 2 ,  1 3 4 ;  H . R .  A r t h u r  a n d  W . H . H u i, Chem. 

and Ind., 1 9 5 2 ,  693 .
100 O. C . M u sg ra v e , J .  S t a r k ,  a n d  F .  S .  S p r in g , / . ,  1 9 5 2 ,  4 3 9 3 .
101 R .  T sc h e s c h e  a n d  R .  F u g m a n n , Chem. Ber., 1 9 5 1 ,  84, 8 10 .
102 T . B e r s in  a n d  A . M ü lle r , Helv. Chim. Acta, 19 5 2 ,  35 , 1 8 9 1 .
103 A . J .  B ir c h , / . ,  1 9 5 1 ,  3 0 2 6 . 181 R .  B o e h m , Annalen, 19 0 3 , 3 2 9 , 3 1 0 .
1,5  A . J .  B ir c h  a n d  A . R .  T o d d , 1 9 5 2 ,  3 1 0 2 .
108 W . R ie d l, Chem. Ber., 1 9 5 2 , 85, 692.
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lupulone by  tria lky la tion  of 2 : 4 : 6-trihydroxyfsovalerophenone with
l-brom o-3-m ethylbut-2-ene, and  hum ulone by  sim ilar dialkylation of the 
sam e trihydroxyfsovalerophenone followed b y  oxidation of th e  product with

Pr'-CO • Pr’-CO

Me

H 0 /S o M e  MeO

VOH

Me Ox

(LXXXVI)

11 ^c^Pr> (LXXXVII)

(LXXXVIII) '|CO-CHs-CHMe2 RV \CO-CH2-CHMe2 (LXXxiX)
.1 %  .1

R =  -CHj-CHICMej.

oxygen in  th e  presence of lead acetate  in  m ethanol. These syntheses are 
consistent w ith, b u t do n o t prove, struc tu res (L X X X V III) and  (LX XXIX) 
which have been proposed for lupulone 107' 108 and  hum ulone.106’ 108-110 
These structures, however, are said no t to  provide a  satisfactory  explanation 
of all th e  properties of these substances.109’ m >112

T. G. H.

7. STEROIDS.

Total Syntheses.— The y ear’s ou tstand ing  achievem ent in synthetic 
chem istry is a stereospecific to ta l synthesis of cortisone by  Sarett 
and his associates 1 a t  the Merck L aboratories in New Jersey. “  Stereo- 
specific ”  is defined by the  au thors to m ean th a t  in  each reaction producing 
a  fixed asym m etric centre the  ratio , to  all o ther isomers, of th e  isomer having
th e  configuration of the  end product is g reater th an  u n ity ; they  add  that
in  the  present synthesis there is no such ra tio  less th an  8 : 1 .

A n account of earlier stages in  the  synthesis, leading to  the  hydroxy- 
diketone m onoketal (I) is s till in the  press. This ketone was alkylated, first 
w ith m ethyl iodide and  then  w ith  2-m ethylallyl iodide. The product (II) 
a fte r oxidation to  the  diketone was condensed w ith ethoxyethynylm agnesium  
b rom ide ; rearrangem ent of the  acetylenic e ther (III) gave the unsaturated

107 M . V e rz e le  a n d  F .  G o v a e r t , Bull. Soc. chim. Belg., 19 5 0 , 58 .
108 J .  F .  C a rso n , J . Amer. Chem. Soc., 1 9 5 1 ,  7 3 , 4 6 5 2 .
1811 G . H a r r is , G . A . H o w a rd , a n d  J .  R .  A .  P o llo c k , 19 5 2 ,  19 0 6 .
110 A .  H . C o o k  a n d  G . H a rr is , / . ,  19 5 0 , 18 7 3 .
1 1 1  C f. G . A . H o w a rd  an d  J .  R .  A . P o llo c k , / . ,  19 5 2 , 19 0 2 .
117  C f. S .  D a v id  an d  C . Im e r , Bull. Soc. chim., 1 9 5 1 ,  6 34 .

1 L .  H . S a r e t t ,  R .  M . L u k e s , R .  E .  B e y le r ,  G . I .  P o o s , W . F .  Jo h n s ,  a n d  J .  M . Con
s ta n t in , / .  Amer. Chem. Soc., 1 9 5 2 ,  74 , 4 9 74 .
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ester (IV). This was hydrolysed to  the  acid and  reduced stepwise by  three 
selective reagents : first, sodium borohydride (qpxbonyl group), then  potas
sium and  ¿sopropanol in  liquid am m onia (conjugated double bond), and 
finally lith ium  alum inium  hydride (carboxyl group). The resulting  diol 
(V; R  =  H) formed a  m onotoluene-^-sulphonyl derivative (V ; R  =  
C6H 4Me*S02) which was then  oxidized stepwise by  th ree selective reagents : 
chromium triox ide-pyrid ine (> C H -O H — >• >C O ), osmium tetroxide

[>C :CH , — y  >C (O H )-C H 2-OH], and periodic acid [>C (O H )-C H 2-OH —  
>C O  -(- CH20 ], Cyclization w ith  sodium  m ethoxide of the  toluene-^>- 
sulphonyloxy-ketone (VI) and isom erization w ith  alkali of the initially  
formed 17a-stereoisomer gave the  3-ethylene keta l (V II; R  =  H) of ( ± ) - l l -  
ketoprogesterone. R esolution was achieved by  w ay of th e  strychnine salt

CMeXHj

Sta g es

Two
->

( i ) ( i i )

Oxidn.; 
EtOC-OMgBr

(IV) (in)
(i) Hydrol.

CMe:CHs

(V) (VI)

^NaOMe

CO-CH.R

(VII)
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of th e  21-oxalyl acid (V II; R  == C O C 0 2Ii) : the  (-j-)-acid, on rem oval of 
the  oxalyl group and  hydrolysis of the  ketal, gave 11-ketoprogesterone. 
Synthesis of cortisone from  the  (-j-)-oxalyl acid (V II ; R  =  COCOJ-I) was 
com pleted by  iodination and acétoxylation to  the  21-iodo-compound (VII ; 
R  =  I) and  21-acetate (VII ; R  =  OAc) ; the  rem aining stages followed 
established procedures. Comparison of the  syn thetic  com pounds with 
m ateria l derived from  n a tu ra l sources was m ade a t  several of th e  interm ediate 
stages as well as w ith the  final product.

E arlier stages of this synthesis m ay be discerned in  two papers 2>3 deal
ing w ith th e  condensation of benzoquinone w ith  3-ethoxypenta-l : 3- 
diene. The diene was obtained by  pyrolysis of 1 : 3 : 3-triethoxypentane, 
CH3-CH2-C(OEt)2-CH2-CH2-O E t— ^  CH8-CH:C(OEt)-CH:CH?, as a  m ixture 
of geom etrical isomers. The m ajor constituen t reacted  easily w ith  benzo
quinone. The adduct (V III) was stereochem ically unstable, contact with 
alkaline alum ina giving two trans-decalin isomers ; however, neu tra l Raney 
nickel in benzene reduced the  double bond of the  enedione system  w ithout 
causing isom erization. F u rth e r  reduction  by  lith ium  alum inium  hydride 
and  hydrolysis w ith  acid then  gave the diol (IX). The configuration of

th is substance was carefully stud ied  and the  structu re  shown was assigned 
on various grounds (e.g., steric  hindrance of one hydroxyl g ro u p ; formation 
of lactol ethers between the carbonyl group and bo th  hydroxyl groups).

O ther papers of the  same se rie s4’ 5 describe the  preparation  of some 
cycfohexene-2: 5-diones (e.g., X) and  the ir condensation w ith ethoxy- 
pentadiene. In  a different approach, still involving the  D iels-A lder re
action, Robins and W alker 6 found th a t 1-vinylcyc/ohcx-l-ene condensed 
readily w ith  benzoquinone, affording the decahydrophenanthrenedione (X I; 
R  =  H). W hen th is  procedure was applied to  a  m ix ture  of methylvinyl-

cyc/ohexenes prepared  from 2-m ethyl-l-vinylcyc/ohexanol, th e  product 
( X I ; R  =  Me) was shown to  arise from  3-methyl-2-vinylcyc/ohexenc, the 
m ore im portan t 1-m ethyl isomer failing to  react. C atalytic reduction of

* L .  H . S a re t t ,  R .  M . L u k e s , G . I .  P o o s , J .  M . R o b in so n , R .  E .  B e y le r ,  J .  M . V and e- 
g r i f t ,  a n d  G . E .  A rth , / .  Amer. Chem. Soc., 19 5 2 , 74 , 1 3 9 3 .

3 R .  E .  B e y le r  an d  L .  H . S a re t t ,  ibid., p . 14 0 6 . 1  Idem, ibid., p . 1 3 9 7 .
5 R .  M . L u k e s , G . I .  P o o s , a n d  L .  H . S a re t t ,  ibid., p . 1 4 0 1 .
4 P .  A .  R o b in s  a n d  J .  W a lk e r , 19 5 2 , 6 4 2 , 1 6 1 0 ;  se e  a lso  N . C . D e n o  a n d  J .  D- 

Jo h n s to n , / .  Org. Chem., 1 9 5 2 ,  1 7 ,  14 6 6 .
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(XI ; R  =  H  and  Me) was stud ied  : i t  is in teresting  th a t  of the two keto- 
groups th a t a t C(4) was reduced preferentially.

A p artia l synthesis of the “ W indaus acid ”  (X II I ;  derived from, and 
reconvertible in to , cholestenone) from the  ketone (X II) is rep o rted .7 I t  
was necessary to  block the  m ethylene group a t  position 6 (steroid num bering) 
with a  m ethylanilinom ethylene group in order to  induce reaction w ith acrylo- 
nitrile a t  position 10. H ydro ly tic  procedures then  gave the  acid (X III).

D irect angular m éthylation  of a  m ethoxyhexalone (X IV  — -> XV) can 
be effected w ith  potassam ide and  m ethyl iodide in liquid am m onia. The 
product is a potentially  useful in term ediate in fu rth er syntheses.8

Me
o  I o

<XIV> M e O ^ J   > Me° ' V U  (XV)

A novel m ethod of building a  steroid  ring D is ind icated  80 by  the  conver
sion of d im ethyl m arrianolate m ethyl e ther (XVa)  in to  16-keto-a-oestradiol 
3-methyl e ther in  60%  yield w ith  sodium  in liquid am m onia. The m ethod 
was also successfully applied to  the  recyclization of ring c  from an 11 : 12- 
seco-dioic ester.

O H
Me , ,  Me!

/C02Me / s | A / °
H :

¡ / \ / : \ | / : \ c h  -C O  M e  N a-N H ,I || H | H  u u 2M e ----------- >- || H j  H

M eO / / ' ^ / \ /  U e O X % / \ /
( X V a )

D e ta ile d  a c c o u n ts  h a v e  b e e n  g iv e n  o f  w o r k  r e p o r te d  in  e a r lier  y e a r s  : 
the H a r v a r d  s te r o id  s y n t h e s i s ,9 th e  p r e p a r a tio n  o f  so m e  a n d r o s te r o n e  
s te re o iso m e r id e s ,10 a n d  a  to t a l  s y n th e s is  o f  o e s tro n e .11

Production o f Cortisone.—The problem  of producing cortisone economic
ally in large q u an tity  from  na tu ra lly  occurring steroids continues to  a ttra c t  
much a tten tion , m ost of the  papers being concerned w ith  in troducing an
11-oxygen atom  in to  molecules unsubstitu ted  in ring c. Chemical m ethods 
of achieving th is  continue to  be centred on the  7 ; 9 (ll)-d ienes. Contri
butions from several laboratories have no tab ly  simplified th e  transform ation 
of these dienes in to  lla -h y d ro x y - and 11-keto-steroids. The prim ary  
product of epoxidation of a 7 : 9 (ll)-d ien e  in  the  5-allo-series appears to 
be a 7-ene-9a : lla -ep o x id e  (X V I); when th is  is trea ted  w ith  d ilu te  sulphuric 
acid the  products, under progressively less gentle conditions, are the 8(9)- 
ene-7? : lla -d io l (X V II), the 9(ll)-en-7-one (X V III), and  the  8-en-7-one

7 A . R . P in d e r  a n d  S ir  R o b e r t  R o b in so n , 19 5 2 , 12 2 4 .
8 A . J .  B ir c h , J .  A . K .  Q u a r tc y , a n d  H . S m ith , ibid., p . 17 6 8 .

J .  C . S h e e h a n , R .  C . C o d erre , L .  A . C oh en , a n d  R .  C . O 'N e ill , / .  Atner. Chetn. Soc., 
19 5 2 , 74, 6 15 5 .

8 R .  B .  W o o d w a rd , F .  S o n d h e im e r , D . T a u b , K .  H e u s le r , a n d  W . M . M c L a m o re , 
J. Atner. Chetn. Soc., 1 9 5 2 , 74 , 4 2 2 3 .

10 J .  R .  B i l le t e r  an d  K .  M iesch er, Helv. Chim. Acta, 1 9 5 1 ,  34 , 2 0 5 3 .
1 1  W . S . Jo h n s o n , D . K .  B a n n e r je e , W . P .  S ch n e id e r , C . D . G u ts c h e , W . E .  S h e lb e rg , 

end  L .  J .  C h in , J . Atner. Chem. Soc., 19 5 2 , 74 , 2 8 3 3 .
REP.— VOL. XLIX. G
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(X IX ).12> 13>14’ 15 W hen, however, the  epoxide is trea ted  w ith  the  boron 
trifluoride-ether com plex,12’ 13 or w ith  ferric chloride,14 in  benzene, the

product is th e  8-en-ll-one (XX) and  th is can be reduced to  the  sa tu ra ted  
ketone of “  n a tu ra l ” configuration (X X I) by  lith ium  in liquid am m o n ia ; 15’ 16 
w hen ethanol is present, reduction  proceeds as fa r  as the  l la -o l (XXII). 
[I t  is in teresting  th a t  reduction of an 11-keto-group (ergostane series) with 
sodium  and  « -p ro p an o l17 also gives the lla -o l, in  con trast to  the  stereo
chemical course of cata ly tic  or m etal-hydride reduction.] Thus a w ay of 
in troducing the  11-oxygen atom  has been found which does no t involve 
elim ination of a  7-keto-group, and  th is has been carried ou t in  th e  ergostane 
and  the  aZZospirostane series. C atalytic reduction 16 of th e  unsaturated  
ketone (X X ; aZ/ospirostane series) gives a  stereoisom eric 11-ketone thought 
to  have the "  u n n a tu ra l ” configuration a t C(8) and  C(9).

On the  o ther hand, epoxidation of 7 : 9 (ll)-d ienes in th e  5-norm al (bile 
acid) series seems to  occur preferentially  a t  the  7 : 8-double bond. This is 
ind icated  b o th  b y  m olecular-rotation differences betw een the  diene and  its 
epoxide and  b y  the  form ation of an  8-en-7-one from  the  epoxide w ith  boron 
trifluoride.12,14

Im provem ents and  elucidations of m ethods for m aking 11-oxygenated 
steroids from 7 : 9 (ll)-d ienes via  7 : 11-dioxygenated derivatives have been 
published,18-23 b u t space to  review them  is lacking. A m ethod which does 
n o t s ta r t  from  the  usual diene involves oxidation of ergosta-7 : 22-dienyl 
ace ta te  (X X III) w ith  ZerZ.-butyl ch ro m ate ; the  8 : 9-epoxy-7-one (XXIV) is

12 H . H e u sse r , K .  E ic h e n b e rg e r , P .  K u r a t h , H . R .  D a lle n b a c h , a n d  O. J e g e r ,  Helv. 
Chim. Acta, 1 9 5 1 ,  34 , 2 10 6 .

13 H . H e u s se r , K .  H e u s le r , K .  E ic h e n b e rg e r , C . G . H o n e g g e r , a n d  O. J e g e r ,  ibid., 
19 5 2 ,  3 5 , 29 5 .

1 1  H . H e u s se r , R .  A n lik e r , K .  E ic h e n b e rg e r , a n d  O . J e g e r ,  ibid., p . 936 .
15 E .  S c h o e n e w a ld t , L .  T u rn b u ll , E .  M . C h a m b e r lin , D . R e in h o ld , A . E .  E r ic k so n , 

W . V . R u y le ,  J .  M . C h e m e rd a , a n d  M . T ish le r , / .  Amer. Chem. Soc., 1 9 5 2 ,  74, 2696.
18 F .  S o n d h e im e r , R .  Y a s h in ,  G . R o s e n k ra n z , an d  C . D je r a s s i , ibid., p . 2696 .
17 H . H e u sse r, R .  A n lik e r , a n d  O . J e g e r ,  Helv. Chim. Acta, 1 9 5 2 ,  3 5 , 1 5 3 7 .
18 C . D je r a s s i , E .  B a t r e s ,  M . V e la s c o , a n d  G . R o s e n k ra n z , J . Amer. Chem. Soc.,

19 5 2 , 74 , 1 7 1 2 .  19 J .  R o m o , G . S to r k , G . R o se n k ra n z , a n d  C . D je r a s s i , ibid., p . 2 9 18 .
20 R .  B u d z ia r e k , G . T . N e w b o ld , R .  S te v e n s o n , a n d  F .  S .  S p r in g , / . ,  19 5 2 , 28 9 2 .
21 R .  C. A n d e rso n , R .  S te v e n s o n , a n d  F .  S . S p r in g , ibid., p . 2 9 0 1 .
22 R .  B u d z ia r e k , F .  Jo h n s o n , a n d  F .  S . S p r in g , ibid., p . 3 4 10 .
22 R .  B u d z ia r e k  a n d  F .  S . S p r in g , Chem. and Ind., 1 9 5 2 , 1 1 0 2 .
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formed (along w ith  the 8 : 14-epoxy-7-one in com parable am ount) and  th is  
is reduced to  the  8-en-7-one (XXV) by  zinc and acetic acid.24 A m ethod  
already exists 25 for th e  conversion of 8-en-7-ones in to  11-ones.

Some im portan t work has appeared on the biosynthetic  hydroxylation 
of ring c. A detailed  stu d y  has been m ade of optim um  conditions for 
hydroxylation, by  adrenal hom ogenates, of deoxycorticosterone and  its 
17a-hydroxy-analogue to  corticosterone and  17a-hydroxycorticosterone 
(hydrocortisone) respectively.20 A sim ilar hydroxylation in the  11 ¡3-position 
was effected by  the  m ould Streptomyces fradiae, 17a-hydroxy-ll-deoxy- 
corticosterone being converted in small yield into hydrocortisone.27 Certain 
moulds of the  order Mucorales, on the  o ther hand, are capable of hydroxyl
ation in th e  lla -p o sitio n  : thu s when progesterone was in troduced in to  a 
growing culture of Rhizopus arrhizus, lla-hydroxyprogesterone (XXVI) 
could la te r be isolated in  10% yield.28 An unidentified s tra in  of Rhizopus 
has been found to  effect the  same oxidation in 45%  yield.29 This m icro
biological hydroxylation  is of g rea t poten tia l im portance, for progesterone is 
readily available from diosgenin, and  lla -hydroxyprogesterone (X XVI) has 
special advantages as an in term ediate  for cortisone synthesis. H ydrogen
ation of the double bond in A4-3-ketones having an 11 ¡3-hydroxy-30 or 11-keto-

s u b s t i t u e n t 31 a ffo rd s  la r g e ly  t h e  5-a l lo (A /B  fr-am s)-configuration , b u t  w ith  
l la -h y d r o x y p r o g e s te r o n e  t h e  p r o d u c t  is  t h e  5 -n o r m a l(A /s  c fs )-c o m p o u n d  
and o n  o x id a t io n  a ffo rd s  p r e g n a n e -3  : 1 1 :  2 0 - tr io n e  (X X V II),29 a n d  a  la te r

21 H . H e u sse r , G . S a u c y , R .  A n lik e r , a n d  O . J e g e r ,  Helv. Chim. Acta, 19 5 2 ,  35 , 209 0 .
25 C . D je r a s s i , O . M a n c e ra , G . S to r k , a n d  G . R o s e n k ra n z , J . Amer. Chem. Soc.,

19 5 1 ,  73 , 4 4 9 0 ; idem  a n d  M . V e la s c o , ibid., 1 9 5 2 , 74 , 3 3 2 1 .
20 F .  W . K a h n t  a n d .A . W e tts te in , Helv. Chim. Acta, 1 9 5 1 ,  34 , 17 9 0 .
27 D . R .  C o llin g sw o rth , M . P . B ru n n e r , a n d  W . J .  H a in e s , J . Amer. Chem. Soc., 

19 5  2, 74, 2 3  8 1 .  28 D . H . P e te rso n  a n d  H . C . M u rra y , ibid., p . 1 8 7 1 .
29 O. M a n c e ra , A .  Z a f ia ro n i, B .  A . R u b in , F .  S o n d h e im e r , G . R o se n k ra n z , a n d  C .

D jera ss i, ibid., p . 3 7 1 1 .
29a D . H . P e te r s o n , H . C . M u r ra y , S .  H . E p p s t e in ,  L .  M . R e in e c k e , A . W e in tra u b ,

P . D . M e iste r , a n d  H . M . L e ig h , ibid., p . 5 9 3 3 .
20 J .  P a t a k i ,  G . R o s e n k ra n z , a n d  C . D je r a s s i , J . Biol. Chem., 19 5 2 , 19 5 ,  7 5 1 .
21 J .  M . C h e m e rd a , E .  M . C h a m b e r lin , E .  H . W ilso n , a n d  M . T ish le r , / .  Amer. Chem. 

Soc., 1 9 5 1 ,  7 3 , 4 0 5 2 ; E .  W ilso n  a n d  M . T ish le r , ibid., 1 9 5 2 , 74, 1 6 0 9 ;  E .  P .  O liv e to , 
C. G ero ld , an d  E .  B .  H e rsh b e rg , ibid., p . 2 2 4 8 . A  t r a c e  o f  a lk a l i  fa v o u r s  fo rm a tio n  o f 
th e (a/b  cis)- i s o m e r : c f . J u l ia n ,  "  R e c e n t  P ro g re ss  in  H o rm o n e  R e s e a r c h ,"  A c a d e m ic  
P ress, N e w  Y o r k ,  1 9 5 1 ,  V o l. V I ,  p p . 2 0 7 , 2 1 2 .
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paper 2Ba reports 85—95%  yields w ith  Rhizopus nigricans. Preferential 
reduction of the  3-keto-group is possible w ith  sodium borohydride in  pyr
id in e ;29 the resulting 3a-ol (X X V III) can be converted in to  cortisone 
(see below).

T he biologically im portan t 17-hydroxycorticosterone (hydrocortisone) 
has been syn thesized32 by  m odifying a  known cortisone synthesis : in the 
in term ediate  (X X IX ) the  3-keto-group is p ro tected  (dim ethyl ke ta l or 
semicarbazone) so th a t  the  11-keto-group m ay be reduced (lithium  or sodium 
borohydride) to  the  llfl-o l. The p ro tecting  group is rem oved and  the 
synthesis then  proceeds by  known paths to  hydrocortisone (X X X ).

T he lla -ep im er of hydrocortisone has also been synthesised.33
F u rth e r progress is reported  w ith  m ethods for elaborating the  cortisone 

side chain. F rom  3a-hydroxypregnane-ll : 20-dione (X X V III) w ith  acetic 
anhydride-toluene-/>-sulphonic acid a dienol triace ta te  (X X X I; or the 
A13f12>-isomer) is obtainable w hich can be epoxidized w ith  perbenzoic acid

selectively a t  the  17 (20)-double bond. A lkaline hydrolysis then  gives 
3 a : 17a-hydroxypregnane-ll : 20-dione (X X X II), into which the 21- 
hydroxyl group can easily be in troduced.34 This m ethod  has also been 
a p p lie d 35 for p reparation  of the  3(3: 5a-stereoisom er of (X X X II). Full 
details have been g iv e n 36 of another m ethod involving form ation and 
epoxidation of a  16 : 17-double bond.

The te rtia ry  17a-hydroxyl group in (X X X II) has been acety lated  (acetic 
anhydride-toluene-/>-sulphonic a c id ); the  17-acetoxy- is com parable w ith a 
21-acetoxy-group in ease of hydrolysis.37’38 The CH./OH group in the 
cortisone side chain has been oxidized 39 to  C H O : pyridine and  tolueneyi- 
sulphonyl chloride, followed b y  ^-nitrosodim ethylaniline gave th e  nitrone, 
-C H = N (^-0)C 6H 4*NMe2; th is  was hydrolysed by dilute.acid to  the  aldehyde,

33 N . L .  W e n d le r , R .  B .  G ra b e r , R .  E .  Jo n e s , a n d  M . T ish le r , J . Amer. Client. Soc., 
19 5 2 ,  74 , 30 3 0 .

33 J .  R o m o , A .  Z afT aron i, J .  H e n d ric h s , G . R o s e n k ra n z , C . D je r a s s i , a n d  F .  Sond- 
h e im e r , Chem. and Ind., 19 5 2 , 7 S 3 .

31 T . I i .  K r it c h e v s k y ,  D . L .  G a rm a is e , a n d  T . F .  G a lla g h e r , J . Amcr. Chem. Soc., 
1 9 5 2 ,  74 , 4 S 3 . 36 J .  P a t a k i ,  G . R o s e n k ra n z , a n d  C . D je r a s s i , ibid., p . G 6 15 .

36 F .  B .  C o lto n , W . R .  R e s ,  D . A . v a n  D o rp , H . L .  M a so n , a n d  E .  C . K e n d a ll ,  / -  
Biol. Chem., 19 5 2 , 19 4 , 2 3 5 ;  F .  B .  C o lto n  a n d  E .  C . K e n d a ll , ibid., p . 24 7 .

37 H u a n g -M in lo n , E .  W ilso n , N . L .  W e n d le r , a n d  M . T is h le r , J . Amer. Chem. Soc.,

33 E .  F .  R o g e rs , J .  B .  C o n b e re , K .  P fis te r , a n d  W . J .  L e a n z a , ibid., p . 29 46 .

C M e-O A c C O M e

1 9 5 2 ,  74 , 5 3  94. 33 R .  B .  T u rn e r , ibid., p . 4 2 2 0 .
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which proved approxim ately  as effective as cortisone in  the  rat-liver glycogen 
test.

A radioactive cortisone labelled w ith  tritiu m  has been prepared 40 in  an 
interesting m anner. 3a-Acetoxypregnane-11 : 20-dione w ith a p latinum  
catalyst and  tritium -enriched w ater gave a  product “ perm anently  ”  labelled 
in the 16-position, and  th is  was converted into cortisone as already described.

Modification of Individual Groups.— Protection  of steroid hydroxyl 
groups as te trahydropyrany l ethers (X X X III) by reaction w ith  d ihydropyran 
has been exam ined.41’42 The carbéthoxylation  (" cathy lation  ” ) of steroid 
hydroxyl groups by  ethyl chloroform ate is shown to  be a  selective process, 
esters (R -O C O ,E t) being form ed preferentially  from “  equatorial ”  hydroxyl 
groups. Thus of th e  three hydroxyl groups in m ethy l cholate only one (the 
equatorial 3a) reacts even when excess of reagent is available.43 Experience 
with the  form ation of th ioketals (X X X IV  or X X X V ) from cyclic steroid 
ketones and  ethaneth io l (EtSH) or ethanedith io l (H S’CH2-CH2‘SH) m ay be 
summarized thu s : 44 th e  ketones w hich reacted  w ith  b o th  thiols h ad  the  
carbonyl group in ring  a  or D ; ketones w ith  a carbonyl group in ring b or c 
reacted w ith ethanedith io l only, except th e  11-keto-group which was in ert to  
both thiols.

Some in teresting  d a ta  on the form ation of enol acetates are now available. • 
20-Ketones are well known to give A17(20>-enol acetates (X X X V I) w ith  
acetic anhydride-toluene-^>-sulphonic acid,45 b u t w ith  fsopropenyl acetate  
the isomeric A20-enol acetates (X X X V II) are form ed.46’47 An 11-keto-group 
gives an enol ace ta te  w ith  th e  form er re a g e n t34 b u t n o t w ith  th e  la tte r .46 
W ith a  12-keto-group, bo th  reagents are reported  to  fail.46’48 These curious 
results seem consistent w ith th e  idea th a t  the  «sopropenyl ace ta te  reagent is 
more susceptible to  steric h indrance th a n  is acetic anhydride, and  th a t  
formation of an  enol ace ta te  is inh ib ited  if the  rem oval of th e  a-hydrogen 
atom is sterically  hindered. The in ertia  of the 12-keto-group m ay  be 
utilized to  elim inate the  7-substituent in  3a-hydroxy-7 : 12-diketocholanic 
acid by ca ta ly tic  hydrogenolysis of the  7-monoenol acetate  w hich i t  forms.48

Shoppee and  S um m ers49 have devised a rou te  to  the  e/ucholcsteryl 
halides. 3(l-Hydroxycholestan-6-one (X X X V III) w ith  phosphorus penta- 
chloride or pentabrom ide gave th e  3a-halides (X X X IX ) w hich were reduced 
with lithium  alum inium  hydride to  the  6(3-ols; these were dehydrated  to  the 
desired halides (XL). The norm al (3£) cholesteryl halides were obtainable

40 D . K .  F u k u s h im a , T .  IT. K r i t c h e v s k y ,  M . L .  E id in o ff , a n d  T . F .  G a lla g h e r , J . 
■inter. Chemi Soc., 19 5 2 ,  74 , 4 8 7 . 41 W . G . D a u b e n  a n d  H . L .  B ra d lo w , ibid., p . 559 .

42 A . C . O tt , M . F .  M u rra y , a n d  R .  L .  P e d e rso n , ibid., p. 1 2 3 9 .
43 L . F .  F ie s e r , J .  E .  H e rz , M . W . K lo h s , M . A . R o m e ro , a n d  T .  U tn e , ibid., p . 33 0 9 .
44 H . H a u p tm a n n  a n d  M . M o u ra  C a m p o s, ibid., p. 3 1 7 9 .
45 T . F .  G a lla g h e r  a n d  T . H . K r it c h e v s k y ,  J . Biol. Chem., 19 4 9 , 17 9 , 5 0 7 .
48 R . B .  M o fie t t  a n d  D . I .  W e is b la t , J . Amer. Chem. Soc., 19 5 2 , 74, 2 1 8 3 .
44 H . V a n d e rh a e g h e , E .  R .  K a tz e n e lle n b o g e n , K .  D o b rin e r , a n d  T .  F .  G a lla g h e r , 

^ id .,  p .  2 8 10 .
48 R .  H irs c h m a n n , M . B ro w n , a n d  N . L .  W e n d le r , ibid., 1 9 5 1 ,  7 3 , 5 3 7 3 .
“  C . W . S h o p p e e  a n d  G . H . R .  S u m m e rs , / . ,  19 5 2 , 17 8 6 , 17 9 0 .

(XXXIII) (XXXIV) (XXXV) (XXXVI) (XXXVII)
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by a modification of the  sam e process : 3 : 5-cycfocholestan-6-one (XLI) 
[from the toluene-jô-sulphonyl derivatives of (X X X V III) and  potassium  
hydroxide] w ith hydrogen halides gave 3j3-halogenocholestan-6-ones (XLII) 
w hich were reduced and  dehydrated.

A discovery 50 which m ay prove generally useful is th a t stero id  3-ketones 
undergo “ reductive m ethylation ” on cataly tic  hydrogenation in m ethanol 
containing hydrogen brom ide, th e  product being a m ethy l e ther : > C O  — > 
>CH-OM e. 3p-M ethoxy-compounds were produced from b o th  cholestanone 
(alio-series) and m ethyl 3-keto-A8<u )-cholenate (norm al series). In  a  study 
of non-cataly tic  reduction  of cholestanone, Nace and  O ’Connor 51 showed 
th a t  whereas w ith lith ium  alum inium  hydride the  ra tio  of 3fJ-ol to  3a-ol in 
the  product was 7- 3 : 1 ,  w ith  alum inium  alkoxides Al(OR)3 more of the 3a-ol 
was formed. This effect could be exaggerated by increasing the bulk  of the 
R  group : w ith  di-feA.-butylcarbinol Me3C-CH(OH)-CMe3 and  its  aluminium 
alkoxide th e  reduction product contained 55%  of 3a-ol. The results are 
a ttrib u ted  to  steric  hindrance in form ation of an in term ediate complex.

Some Reactions involving Double Bonds.—The d iacetate  of androst-7- 
enediol (X L III) was found 52 to  be rearranged by  hydrogenation catalysts 
in  th e  known m anner to  the A®<14>-isomeride (XLIV), b u t fu rther isomeriz
ation by  hydrogen chloride to  the  A14-isomeride (XLV) did  no t occur. This 
failure to  isomerize, in con trast to  the  results obtained w ith  cholesterol and 
ergosterol analogues, has also been observed w ith  A8(14>-tfIfopregnenolone and 
w ith  A8(14)-dehydrotigogenin.53

Two m ethods of obtaining A5 :'-steroids from A4-3-ketones (XLVI) have 
been elaborated. B y brom ination  and  dehydrobrom ination the  4 : 6-dien-
3-one can be m ade, th e  enol ace ta te  (X LV II) of w hich w ith  sodium  boro-

50 J .  C . B a b c o c k  a n d  L .  F .  F ie s e r , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 5 4 7 2 .
61 H . R ,  N a c e  a n d  G . L .  O 'C o n n o r, ibid., 1 951 , 7 3 , 5 8 2 4 .
62 R .  A n to n u c c i, S . B e rn s te in , D . G ia n c o la , a n d  K .  J .  S a x ,  J . Org. Chem., 1 9 5 1 , 1 6 , 1891.
63 O. M a n c e ra , D . H . R .  B a r t o n , G . R o s e n k ra n z , a n d  C . D je r a s s i , / . ,  1 9 5 2 , 1021 .
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hydride affords the  5 : 7-dien-3|3-ol (X L V III). . This has been done in the 
cholestane54 and  22-i‘so-a/Iospirostane55 series. A lternatively  one can 
obtain the  A5-ketal (X LIX ) from the u n sa tu ra ted  ketone (X L V I; cholest- 
enone, progesterone, 21-acetoxyprogesterone) and  ethylene glycol; 56 
bromination and  dehydrobrom ination then  give an  unusually high yield of 
the 5 : 7-diene (L)56>57
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( ;/% /■
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v \ / NaBH,
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o A / 1° \ j ( L )

3 : 5-cycZoSteroids.—A hydrocarbon obtained from ergosterol w ith  
toluene-^>-sulphonyl chloride and  pyridine, and  form erly th o ugh t to  be an 
ergostatetraene, is now shown 58 to  be 3 : 5-cycZoergosta-6 : 8(14) : 22-triene 
(LI). By w orking a t  —10°, ergosterol and 7-dehydrocholesterol can be 
converted in to  toluene-^-sulphonyl derivatives (LII) and these w ith  lith ium  
aluminium hydride give 3 : 5-cyclo-7-enes (LI 11).59

TsCl-C,H,N 
->

T sO

O H  ( L I V ) ( L I I I )( L V )

(T s =  / .-C e H jM e -S O J

W agner, Wolff, and  W allis r e p o r t60 th a t  bo th  epim ers of 3 : 5-cyclo- 
cholestan-6-ol (LIV) are rearranged under acidic conditions to  give the  sam e 
(3ß) cholesterol derivatives, and  have advanced argum ents th a t  the  3 : 5-

£1 W . G . D a u b e n , J .  F .  E a s t h a m , a n d  R .  A .  M ich e li, J . Amer. Chem. Soc., 1 9 5 1 ,7 3 ,4 4 9 6 .
55 H . J .  R in g o ld , G . R o s e n k ra n z , a n d  C . D je r a s s i , ibid., 19 5 2 ,  74 , 3 4 4 1 .
56 R .  A n to n u c c i, S .' B e r n s te in , R .  L i t t e l l ,  K .  J .  S a x ,  a n d  J .  H . W illia m s , J . Org. 

Chem., 19 5 2 , 1 7 ,  1 3 4 1 ;  c f . E .  F e rn h o lz  a n d  H . E .  S t a v e ly ,  A b s t r .  10 2 n d  m e e t in g , 
A m er. C h em . S o c ., S e p t .  1 9 4 1 ,  M  39 . .

57 R .  A n to n u c c i, S .  B e rn s te in , R .  L e n h a r d , K .  J .  S a x , a n d  J .  H . W illia m s , J . Org. 
Chem., 19 5 2 , 1 7 ,  1 3 6 9 .

58 M . F ie s e r , W . E .  R o s e n , a n d  L .  F .  F ie s e r , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 5 3 9 7 .
“  P . K a r r e r  a n d  H . A sm is , Helv. Chim. Acta, 1 9 5 2 , 3 5 , 19 2 6 .
60 A . F .  W a g n e r , N . E .  W o lff, a n d  E .  S .  W a ll is , J . Org. Chem., 1 9 5 2 ,  1 7 ,  5 2 9 ;  N . E .  

W olff a n d  E .  S .  W a ll is ,  ibid., p . 1 3 6 1 .
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çyc/o-6-ols (the iso-stcroids) prepared b y  rearrangem ent of 3|3-hydroxy-A5- 
steroids have the 6a-configuration. However, tsocholesferol can be hydro
genated51 to  cholestan-6(3-ol (its epim er gives cholestan-6a-ol) and  should 
therefore be 3 : 5-cycfocholestan-6(3-ol. The m echanism s of isocholesterol 
rearrangem ents have been discussed.60’ 61

The structu re  of the  u n sa tu ra ted  hydrocarbon obtained 62 by  acid trea t
m en t of 3 : 5-cycZocholestane has been established as (LV) by  an  unequivocal 
synthesis.63

Naturally Occurring Steroids.—There have been several advances in 
the chem istry of steroid saponins. In fra-red  absorption m easurem ents 
indicate 64 th a t  th e  spirokztdl side chain present in the  sapogenins, and the
12-keto-group present in some of these, occur also in  the  original saponins 
and  are n o t artefacts of hydrolysis, as has been suggested.65 A m ethod has 
been given 06 for detecting steroidal sapogenins in hydrolysates of plant 
tissue by  m eans of the  characteristic  infrâ-red absorption of the s/uVoketal 
side chain. The effect of several cata lysts on the  opening of the  6-membered 
heterocyclic ring in  sapogenins by  acetic anhydride has been stud ied .67 
R eductive fission of th is  ring  (to give a  prim ary  alcohol) can be effected with 
lith ium  alum inium  hydride and  ether sa tu ra ted  w ith hydrogen chloride. 
W ith o u t the  acid no cleavage occurs.68

M anogenin (2a ? : 3p-dihydroxy-22-fsoaZ/ospirostan-12-one G9) has been 
converted in to  hecogenin (3S-hydroxy-22-iso«ZZospirostan-I2-one) via  the 
A3-analogue and its  epoxide.70

The 3-(hydrogen succinate) 12-m ethanesulphonate (LVI ; R  =  
H 0 2C-CH2’CH2’C0) of rockogenin suffers rearrangem ent of the  carbon 
skeleton under rem arkably  m ild conditions (boiling m ethanol). The struc
tu re  (LV II ; R  =  HOX-CHo'CO) is indicated  for the  product ; the  exocyclic 
m ethylene group was dem onstrated  b y  tw o-stage oxidation to  formaldehyde.

The corresponding 12a-derivative was unchanged under sim ilar con
ditions.71 A carbon skeleton identical w ith th a t  of (LVII) has been postul
ated  for the alkaloid jerv ine.72

81 C . W . S h o p p e e  a n d  G . H . R .  S u m m e rs , / . ,  1 9 5 2 , 3 3 G 1.
82 H . S c h m id  a n d  K .  K a g i ,  Helv. Chim. Acta, 19 5 0 , 3 3 , 1 5 8 2 ;  c f. F .  S .  P r o u t  and

B .  R ie g e l , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 3 19 0 .
82 C . W . S h o p p e e  an d  G . H . R .  S u m m e rs , / . ,  1 9 5 2 ,  2 5 2 8 .
64 E .  S . R o th m a n , M . E .  W a ll , a n d  C . R .  E d d y ,  / .  Amer. Chem. Soc., 1 9 5 2 , 74 , 4 0 13 .
65 R .  E .  M a r k e r  an d  J .  L o p e z , ibid., 19 4 7 , 69, 239 0 .
86 M . E .  W a ll , C . R .  E d d y ,  M . L .  M cC le n n a n , a n d  M . E .  K lu m p p , Analyt. Chem., 

1 9 5 2  24  1 3 3 7 .
67 D . H . G o u ld , H . S ta e u d le , a n d  E .  B .  H e rsh b e rg , J .  Amer. Chem. Soc., 19 5 2 , 74,

3 6 S 5 .  ̂ 82 H . M . D o u k a s  an d  T .  D . F o n ta in e , ibid., 1 9 5 1 ,  7 3 ,- 5 9 18 .
89 F o r  so m e e v id e n c e  o f  c o n fig u ra t io n  se e  J .  P a t a k i ,  G . R o s e n k ra n z , a n d  C . D je ra ss i, 

ibid., p . 5 3 7 5 . -o N . L .  W e n d le r , H . L .  S la te s , a n d  M . T is h le r , ibid., 19 5 2 ,  74 , 4894.
71 R .  H irs c h m a n n , C . S .  S n o d d y , a n d  N . L .  W e n d le r , ibid., p . 2694 .
72 J .  F r ie d , O. W in te rs te in e r , M . M o o re , B .  M . I s e lin , a n d  A .  K lin g s b e r g , ibid., 19 5 1 ,

l - o  0 0 - 7 073, 2970.
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Reichstein and his collaborators have published num erous papers add
ing to  the  system atic knowledge of na tu ra lly  occurring cardiac glycosides. 
Two glycosides from Gomphocarpus fruticdsus, gofruside and  frugoside, were 
respectively hy d ro ly sed 73 to  the  aglycones corotoxigenin and  corogluaci- 
genin previously obtained by  Stoll, Pereira, and  R e n z 74 from Coronilla 
glciuca. Corotoxigenin has been identified as a 5-deoxystrophanthidin 
(L V III; R  =  CHO), and coroglaucigenin as the corresponding strophanthidol 
(L V III; R  =  CH2'OH), by  degradation to  an ester (LIX) obtainable also 
from strophanthidin .

( L V I I I ) ( L I X )

The cholesterol isomer, cholest-7-en-3|3-ol, has been isolated from the skin 
of albino ra ts .75

Biogenesis of Steroids.—Langdon and Bloch 76 have shown th a t  r e 
labelled squalene, obtained from the  tissues of ra ts  fed w ith  14C-labelled 
acetic acid, when fed to  o ther ra ts  is converted in to  cholesterol m ore effici
ently th an  any previously known precursor. This observation, indicating 
a close relation between steroid and terpenoid biogenesis, lends additional 
interest to  the  recent elucidation of the struc tu re  of lanosterol. Evidence 
on the point of a ttach m en t of the side-chain has been obtained by  ch em ica l77 
and by Ar-ray  crystallographic 78 m ethods, and  lanosterol m ay  now be 
regarded as 4 : 4 :  14-trim ethylzym osterol (LX), a steroid w ith  some terpenoid 
features.

HOjC /  

H O .C  H

( L X I )

Physical Properties of Steroids.—Several papers on th e  infra-red spectra 
of steroids have appeared, and  features of the  spectra have been correlated 
with the configuration of 3-hydroxyl groups,79 w ith  m ethyl and  m ethylene 
groups,80 and  w ith  the  A5-3[3-hydroxy-system.81 Several m ethods for paper

H u n g e r  a n d  T . R e ic h s te in , Helv. Chim Acta, 1 9 5 2 , 35 , 10 7 3 .
S to ll, A . P e re ira , an d  J .  R e n z , ibid., 19 4 9 , 3 2 , 2 9 3 .
R .  Id le r  a n d  C . A . B a u m a n n , J . Biol. Chem., 19 5 2 ,  1 9 5 , 6 23 .
G . L a n g d o n  a n d  K .  B lo c h , J . Amer. Chem. Soc., 19 5 2 , 74, 18 6 9 .
V o se r , M . V . M ijo v ic , H . H e u sse r , O . J e g e r ,  a n d  L .  R u z ic k a , Helv. Chun. Acta, 
2 4 14 .
G . C u rtis , J .  F r id r ic h s o n s , a n d  A . M c L . M a th ie so n , Nature, 1 9 5 2 , 1 7 0 ,  3 2 1 .
R .  H . C o le , R .  N . Jo n e s , a n d  K .  D o b rin e r , J . Amer. Chem. Soc., 19 5 2 , 74 , 5 5 7 1 .  
N . Jo n e s  a n d  A . R .  H . C o le , ibid., p . 5 6 4 8 ; idem  a n d  B .  N o lin , ibid., p . 56 6 2 . 
H irs c h m a n n , ibid., p . 5 3 5 7 .

73 A .
74 A .
75 D . 
73 R .
77 W. 

19 5 2 , 35 ,
78 R . 
78 A .
80 R .
81 H .



chrom atography of steroids have been reported .82 A fractionation of ox 
bile by  counter-current d istribu tion  showed, among other things, th a t  no 
unconjugated bile acids are present in fresh bile.83

Stereochemistry of Steroids.—Chemical evidence for the  assignm ent 
of configurations to  the  two 7-hydroxycholesterols has been provided by 
H eym ann and  F ie se r; 84 the  seco-3 : 4-dioic acid (LXI) obtained by  hydro
genation and  oxidation  of the  m ore dex tro ro ta to ry  epim er forms a y-lactone, 
which is only possible w ith  a 7(3-hydroxyl group.

K lyne 85 has published a  paper correlating the stereochem istry of the 
triterpenoids w ith th a t  of the steroids on the basis of m olecular-rotation 
contributions.

J . W. C.
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8. HETEROCYCLIC COMPOUNDS.

F u rth e r volumes in  the  series edited  b y  R. C. E lderfie ld1 and  by 
A. W eissberger 2 have appeared, and  a com prehensive tab u la r survey 3 of 
thiazoles has been published.

Three- and Four-m em bered Ring Systems.— Studies on the  fission of the 
oxiran ring  b y  a  varie ty  of reagents 4 continue to  be reported , o-, m-, and 
^-N itrosty rene oxides react w ith  the  phenoxide ion to  give predom inantly  the 
secondary alcohols,5 while, under suitable conditions in  the  presence of 
excess of phenol as solvent, styrene oxide can give the  prim ary  alcohol almost 
exclusively.6 The secondary alcohol is th e  m ajor p roduct from  styrene 
oxide and  benzylam ine,7 and  ̂ -n itrosty rene  oxide and  diethy l sodiom alonate 
give the  lactone (I),8 indicating steric factors to  be then  a  controlling in
fluence.9 The reaction between G rignard reagents and  the oxiran ring have 
been review ed.10 The stereochem istry of the  opening and  closure of the 
ring in  2 : 3-dim ethylethyleneim ine,11 2 : 3-epoxy b u tan e ,12 and  cyclo- 
hexeneim ine ( 2 : 3-cycfohexanoaziridine) 13 has been studied, bo th  re-

82 R .  B .  D a v is ,  J .  M . M cM a h o n , a n d  G . K a ln i t s k y ,  J .  Amer. Chem. Soc., 19 5 2 , 74, 
4 4 8 3 ; D . I i r i t c h e v s k y  a n d  M . R .  K ir k , ibid., p . 4 4 8 4 ; R .  N e h e r  a n d  A . W e ttste in , 
Helv. Chim. Acta, 1 9 5 2 , 3 5 , 2 7 6 ;  I .  E .  B u s h , Biochem. J .,  19 5 2 , 50, 37 0 .

83 E .  H . A h re n s  a n d  L .  C . C ra ig , J . Biol. Chem., 19 5 2 ,  19 5 , 76 3 .
81 H . H e y m a n n  an d  L .  F .  F ie s e r , Helv. Chim. Acta, 19 5 2 ,  3 5 , 6 3 1 .
85 W . K ly n e ,  / . ,  19 5 2 , 2 9 1 6 ;  c f. W . M . S to k e s  a n d  W . B e rg m a n n , J . Org. Chem., 

1 9 5 1 ,  16 ,  1 8 1 7 .
1  “  H e te ro c y c lic  C o m p o u n d s. V o l. I l l : P o ly c y c lic  D e r iv a t iv e s  o f P y r r o l e ; P o ly -  

c y c lic  S y s te m s  w ith  O n e N itro g e n  C o m m o n  to  B o t h  R in g s ;  P y r in d e n e  a n d  R e la te d  
C o m p o u n d s. V o l. I V  : Q u in o lin e , Iso q u in o lin e , a n d  T h e ir  B e n z o  D e r iv a t iv e s .”  J .  
W ile y  a n d  S o n s , In c .,  N e w  Y o r k ,  19 5 2 .

2 “  T h io p h e n e  a n d  its  D e r iv a t iv e s ,”  b y  H . D . H a r to u g h . ' '  F iv e -m e m b e re d  H e te ro 
c y c lic  C o m p o u n d s w ith  N itro g e n , S u lp h u r  a n d  O x y g e n  (e x c e p t  T h ia z o le ) ,”  b y  L .  L . 
B a m b a s . In te r s c i . P u b l .,  N e w  Y o r k ,  19 5 2 .

3 K a r t o t h e k  d e r  T h ia z o lv e rb in d u n g e n  (in  4  v o ls .) ,  b y  B .  P r i j s .  S .  K a r g e r ,  B a se l, 
1 9 5 1 .  4 C f. A nn. Reports, 19 5 0 , 4 7 , 220 .

6 C . O. G u ss , J . Org. Chem., 1 9 5 2 , 1 7 ,  678 .
6 C. O. G u s s  a n d  H . R .  W il lia m s , ibid., 1 9 5 1 ,  16 ,  18 0 9 .
7 C . L .  B ro w n e  a n d  R .  E .  L u t z , ibid., 1 9 5 2 ,  1 7 ,  1 1 8 7 .
8 S . J .  C r is to l a n d  R .  F .  H e lm re ic h , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 4 0 8 3.
2 C f. a ls o  R .  R o th s te in  an d  J .  F ic in i ,  Compt. rend., 1 9 5 2 , 2 3 4 , 1 2 9 3 ,  16 9 4 .

10 N . G . G a y lo r d  a n d  E .  I .  B e c k e r , Chem. Reviews, 1 9 5 1 ,  49, 4 1 3 .
1 1  F .  H . D ic k e y , W . F ic k e t t ,  a n d  H . J .  L u c a s , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 944.
12 G . K .  H e lm k a m p  a n d  H . J .  L u c a s ,  ibid., p . 9 5 1 .
13 O. E .  P a r is  a n d  P .  E .  F a n t a , ibid., p . 3 0 0 7 .
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actions being accom panied, as would be expected, by  W alden inversion. 
Alkaline hydrolysis of either the 0 -  or the  S-acetyl derivative of 2-m ercapto- 
ethanol gives ethylene sulphide and  polym eric m aterial, and cyc/ohexene 
sulphide is sim ilarly obtainable .14 Glycidol (II) is obtained in high yield 
from glycerol and  ethylene carbonate, or phenyl carbonate, a cross-linked 
poly(glycerol carbonate) being presum ably an in term ediate .14?

N b j- C jH j 'C H 'C H j 'C H  

O------------CO

( I )

In analogy w ith the  form ation of coum aranone in the decom position of 
o-anisoyldiazomethane,15 l-oxas_/u>o[3 : 5]nonan-3-one (III) has been ob
tained by the  decomposition of 1-acetoxycycZohexane-l-carbonyldiazo- 
m ethane.10

F u rth e r exam ples of the  condensation of indoles w ith  (3-propiolactone have 
been described, and pyrrole gave ¡3-2-pyrrolylpropionic acid.17 Confirm atory 
evidence has been produced to  show th a t  m onosubstitu ted  keten  dim ers are 
(5-lactones (IV) containing a  semicyclic double bond .18

Five- and Six-membered R ing Systems.—A detailed analysis has been 
made of the  stereochem ical factors governing the  synthesis of cyclic acetals of 
polyhydric alcohols, and  a  theoretical basis has been provided 19 for certain 
empirical ru le s 20 developed to  enable the p a tte rn  of condensation betw een a 
given carbonyl com pound and  a given polyhydric alcohol to  be predicted.

y-V alerolactone has been used in the  F riedel-C rafts reaction w ith  the 
isomeric xylenes for the  synthesis of various polym ethylnaphthalenes.21 
Perfluorobutyrolactone, the  m ain  product of the  degradation of silver 
hexafluoroglutarate w ith excess of iodine, is a highly reactive com pound and 
reacts w ith  w ater, ethanol, am m onia, hydriodic acid, an d  ethanethio l to  give 
derivatives of perfluorosuccinic acid.22

Furan. The stereochem ical course of the  tem perature-dependent re
action 23 between furan  and m aleinim ide is sim ilar to  th a t  between furan  and  
maleic anhydride,24 the  endo-adduct (V) being form ed a t  25° and  the  exo-com
pound (VI) a t  higher tem p era tu res ; b o th  adducts are relatively  unstable, 
having cndo-bridges,25 b u t hydrogenation to  the  hexahydro-3 : 6-endo- 
oxophthalimides perm itted  fu rth er investigation.23 E lectro ly tic m ethods 
have been described for the alkoxylation of furan  and  substitu ted  furans w ith

u  L .  w .  C . M ile s  a n d  L .  N . O w en , / . ,  19 5 2 , 8 17 .
110 H . A .  B r u s o n  a n d  T . W . R ie n e r ,  J . Amer. Chem. Soc., 1 9 5 2 , 74, 2 10 0 .
15 E .  R .  M a rsh a ll, J .  A . K u c k , a n d  R .  C . E ld e r fie ld , J . Org. Chem., 19 4 2 , 7, 4 4 4 ;

A . K . B o s e  a n d  P . Y a t e s ,  J .  Amer. Chem. Soc., 1 9 5 2 ,  74, 4 7 0 3 .
10 J .  R .  M a rs h a ll a n d  J .  W a lk e r , / . ,  1 9 5 2 , 4 6 7 .
17 J .  H a r le y -M a s o n , J .,  1 9 5 2 ,  2 4 3 3 .
18 C . M . H i l l ,  M . E .  H ill ,  H . I .  S c h o fie ld , a n d  L .  H a y n e s , J . Amer. Chem. Soc., 19 5 2 , 

74, 16 6 .
18 S .  A . B a r k e r ,  E .  J .  B o u rn e , a n d  D . H . W h iffe n , / . ,  19 5 2 ,  38 6 5 .
20 S . A . B a r k e r  a n d  E .  J .  B o u rn e , ibid., p . 9 0 5 .
21 W . L .  M o sb y , J . Amer. Chem. Soc., 19 5 2 ', 74 , 2 56 4 .
22 M . H a u p ts c h e in , C . S .  S to k e s , a n d  A . V . G ro sse , ibid., p . 19 7 4 .
23 H . K w a r t  a n d  I .  B u rc h u k , ibid., p . 30 9 4 .
21 R .  B .  W o o d w a rd  a n d  H . B a e r , ibid., 19 4 8 , 70, 1 1 6 1 .
25 C f. A nn . Reports, 19 5 0 , 47 , 1 7 9 ;  M . K lo e tz e l , Organic Reactions, 19 4 8 , 4, 9.
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the production of 2 : 5-dialkoxy-2 : 5-dihydrofurans ; 26 w ith  m ethanol, 
m aleinaldehyde te tram ethy laceta l is a by-product. A cyloxylation of furans 
is effected w ith lead tetra-acyloxylates 27 and  pyrolysis of 2 : 5-diacetoxy- 
2 : 5-dihydrofuran gives 2-acetoxyfuran,28 while conversion of the 
dialkoxydihydrofurans in to  1-arylpyrroles proceeds in  good yield.29

The W illgerodt reaction is applicable in  the  furan  series if lower tem per
atu res are used th an  is custom ary.30 ■ F orm ation of a  1 : 2-adduct (VII) of 
furfuraldéhyde and  butad iene has been reported ,31 and  appears to  be the 
only known exam ple of furfuraldéhyde acting as a dienophile in  a diene 
reaction. A nother product is form ed in the  reaction and  appears, from 
various degradations, to  be (V III).32 The reaction of diazonium  salts with 
furylacrylic a c id 33 leads m ainly to  5-aryl-2-styrylfurans, 2-styrylfurans and 
¡3-(5-aryl-2-furyl) acrylic acids being formed as by-products.

The m ethylenedihydrofuran, obtained together w ith  2-m ethylfuran by 
applying the W olff-K ishner reaction to  furfuraldéhyde, has been shown by
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(V )  (V I)  ( V I I )  ( V I I I )

ultra-violet absorption to  be the  conjugated 2 ; 5-dihydro-2~methylene- 
furan .34 The reaction betw een the  tw o stereoisom eric forms of tetrahydro-
5-hydroxy-3-m ethyl-2-propenylfuran and  aniline is said  to  give selectively the 
two forms of the  corresponding anilino tetrahydrofurans.35

Pyran. F u rth e r experience has been obtained of th e  use of dihydropyran 
for the protection  of secondary alcohol groups in steroids.3? O ther novel 

' reactions in th is series include the  reaction of 2-alkoxy-3 : 4 -d ihyd ropyrans37 
w ith  am m onia over alum ina a t  400°, w hich gives pyridine, and  therm al 
cleavage over an alum ina-silica ca ta ly st to  isomeric 5-alkoxypent-4-enals.38 
A ddition of alcohols, carboxylic acids, phenol, and  hydrogen cyanide yields 
the  appropria te  6-alkoxy-, 6-acyloxy-, 6-phenoxy-, and  6-cyano-derivatives 
of 2-allcoxytetrahydropyran.38 H ydrogenation  of 2-alkoxydihydropyrans 
over R aney nickel gave 2-alkoxytetrahydropyrans and hydrolysis followed 
by  hydrogenation gave the  corresponding pentane-1 : 5-diols.39 The la tter

26 N . C la u s o n - K a a s  ct al., Acla Chem. Scand., 19 5 2 ,  6, 5 3 1 ,  5 4 5 , 5 5 1 ,  55 6 , 5 6 9 ; 
N . E lm in g , ibid., p .  5 7 2 .

27 N . E lm in g  a n d  N . C la u s o n - K a a s , ibid., p . 5 3 5 ;  N . E lm in g , ibid., p . 57 8 .
2S N . C la u s o n - K a a s  a n d  N . E lm in g , ibid., p . 560 .
23 N . E lm in g  a n d  N . C la u s o n -K a a s , ibid., p . 8 6 7 ; N . C la u s o n - K a a s  a n d  Z . T y le , 

ibid., p .  667.
30 J .  A . B la n c h e t te  a n d  E .  V .  B ro w n , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 209 8 .
3 1 J .  C . H il ly e r , S .  S w a d e sh , M , L .  L e s lie , a n d  A .  P .  D u n lo p , Ind . Eng. Chem., 19 4 8 ,

40, 2 2 1 6 .  32 J .  C . H i l ly e r  a n d  J .  T . E d m o n d s , J . Org. Chem., 1 9 5 2 ,  1 7 ,  600 .
33 W . F re u n d , / . ,  1 9 5 2 ,  3 0 6 8 ; c f . D . M . B ro w n  a n d  G . A . R .  K o n , / . ,  19 4 8 , 2 1 5 0 .
3J H . L .  R ic e , J . Amer. Chem. Soc., 19 5 2 ,  74 , 3 1 9 3 .
35 C . G la c e t , Compt. rend., 1 9 5 2 , 2 3 4 , 2 3 7 1 .
33 A . C . O tt , M . F .  M u r ra y , a n d  R .  L .  P e d e rso n , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 1 2 3 9 ;  

E .  E l is b e r g , H . V a n d e rh a e g h e , a n d  T .  F .  G a lla g h e r , ibid., p . 2 8 14 .
37 A nn . Reports, 19 5 0 , 47 , 2 2 6 ;  1 9 5 1 ,  48, 2 1 1 .
38 C . W . S m ith , D . G . N o rto n , a n d  S . A . B a l la r d , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 2 0 18 .
33 R .  I .  L o n g le y , W . S . E m e rs o n , a n d  T . C . S h a fe r , ibid., p . 2 0 1 2 .



are also obtained directly  by  hydrogenation over copper chrom ite in  the  
presence of w ater,39 th e  sa tu ra ted  S-lactone 40 being a  by-product in  the  case
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of dihydro-2-m ethoxy-4-m ethylpyran. D ihydrodeoxypatulinic acid (IX) 
has been synthesised from  A3-dihydropyran  and form aldehyde b y  w ay of 
the m ethylene e ther (X) or the  d iacetate  (X I),41 and  te trahydro-3  :4 -  
dihydroxypyran is accessible from  ery thro l (but-l-ene-3  : 4-diol) and  form 
aldehyde.42

,„0 ^  ,o. x  xOAc
n 9H 2

° x / \  < K / \  / c „ .
CH2-C02H CH2 CH2-OAc

( I X )  ( X )  ( X I )

C Y
° \ / \ _ 1 X "  A s X .

Dieckm ann ring-closure of ethyl y -carbethoxym ethy lth iobu ty ra te  gives 
ethyl tetrahydro-3-keto th iapyran-2-carboxylate (X II), converted by  a 
series of stages in to  A2-d ihydro th iopyran  1 : 1-dioxide ( X I I I ) ; the  la tte r  
readily passes irreversibly in to  the A3-sulphone (XIV) 43 in  con trast w ith  the  
situation arising w ith  isoprene sulphone (XV). V apour-phase reaction of 
tetrahydropyran w ith  prim ary  arom atic am ines gives 1-arylpiperidines in 
high yield.44

/ \  . / % , ---------------,-----T.M e

c / C O .E t  \ c / '  \ c /  \ c /

K  Q,
( X I I )  ( X I I I )  ( X I V )  ( X V )

D euterated y-pyrones have been prepared by  exchange and synthesis, 
and exchange, ra th e r  surprisingly, takes place only a t  th e  a-position.45

Pyrrole. T he m olecular structures of pyrrole and some of its simple 
derivatives have been stud ied  by  electric dipole-m om ent m easurem ents 46 
and fit in to  a general p a tte rn  w ith  indole derivatives.47 Pyrroles react w ith  
isocyanates w ith C -substitution a t  previously unsubstitu ted  positions in the 
nucleus. The im ino-group is unreactive and no reaction takes place w ith

R(T— r,M e ph'NC°  R n — ¡,M c n— [.M e
M e i[  0 ^  M c J  U C O N H P h  M e 1' J C O - C H .A c

n'N /  x N x  x N /
H  H  H  ( X V I )

1-methylpyrrole in  accordance w ith  the  rule th a t  iV -substitution deactivates 
the pyrrole nucleus generally.48 Sim ilarly, d iketen reacts w ith  pyrroles to  
give C-acetoacetylpyrroles {e.g., X V I), hydrolysed by  alkali to  C-acetyl-

10 C f. L .  P .  K y r id e s  a n d  F .  B .  Z ie n ty , J .  Amer. Chem. Soc., 19 4 6 , 68, 1 3 8 5 .
41 S . O lsen , Acta Chem. Scand., 1 9 5 1 ,  5, 1 3 2 6 .  42 Idem, ibid., p . 1 3 3 9 .
43 E .  F e h n e l, J . Amer. Chem. Soc., 19 5 2 , 74, 15 6 9 .
44 A . N . B o u r n s , H . W . E m b le to n , a n d  M . K .  H a n su ld , Canad. J . Chem., 1 9 5 2 , 30 , 1 .

. 45 R .  C . L o rd  a n d  W . D . P h ill ip s , J . Amer. Chem. Soc., 19 5 2 , 74 , 24 29 .
46 H . K o fo d , L .  E .  S u t to n , a n d  J .  J a c k s o n , 19 5 2 , 14 6 7 .
47 E .  F .  J .  Ja n e t z k y ' a n d  M . C . L e b r e t ,  Rec. Trav. chim., 19 4 4 , 63, 1 2 3 .
48 A . T re ib s  a n d  W . O tt, Annalen, 1 9 5 2 , 5 7 7 , 1 1 9 .
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pyrroles.49 H ydroxym ethylpyrroles containing only alkyl groups as other 
substituen ts are unknow n and  are no t even accessible by lith ium  aluminium 
hydride reduction of su itable precursors ; the  reaction either fails completely 
w ith recovery of sta rting  m aterial, even w ith excess of reagent in boiling 
tetrahydrofuran , or reaction occurs w ith subsequent destruction  of the 
labile product. Analogous secondary alcohols are also no t accessible by  this 
means, 3-acetyI-2 : 4-dim ethylpyrrole, for exam ple, yielding cryptopyrrole 
(3 -e thy l-2 : 4-dim ethylpyrrole).50 W hen the reducible functional groups 
are no t d irectly  a ttached  to  th e  pyrrole nucleus reduction w ith  lithium 
alum inium  hydride proceeds norm ally .51

S ubstitu ted  pyrrolidines are prepared by  th e  addition  of aliphatic  nitro
com pounds to  acrylic ester, followed by  reduction of the  y-nitro-esters, ring 
closure, and  fu rther reduction of the resulting pyrrolidones w ith  lithium 
alum inium  hydride .52 Sim ilar reduction of alkylsuccinim ides proceeds 
norm ally.53 The relative ease of form ation of the  pyrrolidine ring is shown 
by  the  ready cyclisation, under the  conditions of am idine form ation, of
3-chloro-l-phenyl-, 3-chloro-l : 1-diphenyl-,54 and 3-dim ethylam ino-l : 1- 
diphenyl-propyl cyanide 55 to  im inopyrrolidines, ring closure in the  last 
instance being accom panied by  loss of a m ethyl group. Evidence has been

N H
I!

/ C N  / C -------N M e
P h „ C (  — >  P h X (

\ C H ,- C H 2-N M e2 '  X C H , - C H :

obtained to suggest th a t  the biosynthesis of proline follows the  path  : 
glutam ic acid — >- glutam ic acid y-sem ialdehyde — >• A1-pyrroline-5-carboxy- 
lic acid — >  proline,56 and i t  has been shown th a t n a tu ra l hydroxy-L-proline 
can be converted in to  the  o ther three stereoisomeric m odifications by  selective 
inversions.57

Pyridine. The Tschitschibabin synthesis of pyridines has been improved 
by carrying ou t the  reaction in acetic acid-am m onium  ace ta te ,58 and certain 
2 : 3 : 5 -trisubstitu ted  pyridines are conveniently prepared by disproportion
ation of 2 : 3 : 5 -trisubstitu ted  1-benzyl-l : 2-dihydropyridines obtained by 
condensation of aldehydes w ith  IV-benzylaldimines.59 A kinetic stu d y  has 
been carried ou t on the  reaction betw een butad iene and cyanogen, by  which
2-cyanopyridine is form ed.60 A lthough 7V-bromosuccinimide would be 
expected to  introduce brom ine atom s in to  the  m ethyl groups, 2-hydroxy-,
2-amino-, and  2-acetam ido-4 : 6-dim ethylpyridine undergo nuclear bromin- 
a tion  even in  presence of benzoyl peroxide.61 2-Vinylpyridine, being a

89 A . T re ib s  a n d  K .  H . M ich l, Annalen, 1 9 5 2 ,  577 , 12 9 .
50 A .  T r e ib s  a n d  H . S c h e re r , ibid., p . 1 3 9 .
51 O. K la m e r t h  a n d  W . K u tsc h e r , Chem. Ber., 1 9 5 2 , 85, 4 4 4 ; W . K u ts c h e r  and 

O. K la m e r th , Z . physiol. Chem., 19 5 2 , 28 9 , 2 2 9 .
52 R .  B .  M o ffe tt  a n d  J .  L .  W h ite , J . Org. Chem., 19 5 2 ,  1 7 ,  4 0 7 .
53 D . E .  A m e s  a n d  R .  E .  B o w m a n , J .,  1 9 5 2 , 10 5 7 .
E‘  F .  E .  K in g ,  K .  G . L a th a m , a n d  M . W . P a r tr id g e , ibid., p . 4 2 6 8 .
55 W . W ilso n , J ., 19 5 0 , 2 1 7 3 ;  19 5 2 , 3 5 2 4 ;  J .  C y m e rm a n  a n d  W . S .  G ilb e r t , ibid., 

p . 3 5 2 9 . 56 H . J .  V o g e l an d  B .  D . D a v is ,  J . Amer. Chem. Soc., 19 5 2 , 74 , 10 9 .
57 D . S . R o b in s o n  a n d  J .  P .  G re e n ste in , J . Biol. Chem., 1 9 5 2 ,  19 5 , 3 8 3 .
58 M . W e iss , J . Amer. Chem. Soc., 19 5 2 ,  74 , 2 0 0 .
59 T . M . P a t r ic k , ibid., p . 29 8 4 . 80 P .  J .  H a w k in s  a n d  G . J .  J a n z ,  ibid., p . 17 9 0 .
81 R .  P .  M a r ie lla  a n d  E .  P .  B e lc h e r , ibid., p . 1 9 1 6 .



vinylogue of acrylonitrile, takes part in Michael addition reactions to give 
appropriate pyridylethyl derivatives.62 Ultra-violet absorption charac
teristics have shown the existence of restricted rotation in 4-aryl-3:: 5-di- 
carbethoxy-2  : 6-lutidines.63

A synthesis of pyridoxine based on biogenetic considerations has been 
described,64 and pyridoxal 5-phosphate (codecarboxylase) (XVII), which may 
be purified as the acridine salt,65 has been obtained from OO-zsopropylidene- 
pyridoxine (XVIII) by reaction with phosphoric oxide in phosphoric acid, 
and subsequent oxidation of pyridoxine 5-phosphate.66 Anhydrous phos
phoric acid also converts pyridoxamine into the crystalline 5-phosphate.67 
(-)-P ipecolin ic acid has been recognised as a natural amino-acid of relatively 
wide occurrence.68

CHO Me2C ^ ° f Ha
ho,</ ' \ c h 2-o -po3h 2 2 \ o —/ \ c h . - o h

(XVII) Me\ Ni  (XVIII)
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H 2y  Nn z

(XIX) Me2C NMe2,HCl (XX) Me.HCl

+  NMe2

Convenient syntheses of alkylpiperidines,53 piperidin-4-ol,69 3 : 3-di- 
substituted 2 : 6-diketopiperidines,70 substituted 3-piperidones 71 and 1- 
alkyl-3-hydroxypiperidines 72 have been described, while a novel ring- 
closure of aa-bis-2-dimethylaminoethyl-a-phenylacetonitrile hydrochloride 
(XIX) proceeds with loss of trimethylamine and formation of 4-cyano-
l-methyl-4-phenylpiperidine hydrochloride (XX) in 78% yield .73

Monocyclic compounds with more than one hetero-atom. Preliminary

( Y )  ( Y )  ( c )o M e  E t ° ( s ) o E t  H ° ( s ) o H  i ( s )o A c
(XXI) (XXII) (XX III) (XXIV) (XXV) (XXVI)

I
/N = C H

c 29h 38o 8} c( I — >- C28H38Os)CO +  NH3 +  [HS-CHs-CHO]
\ s —c h 2

Uscharin Uscharidin

studies of the series (XXI) and (XXII) have been reported where X  =  S, 
Y =  O, and X  =  Y  =  S. Monothioglycol (2-mercaptoethanol) and chloro-

62 R. Levine and M. Ii. Wilt, / .  Amer. Chem. S og., 1952, 74, 342.
83 A. P. Phillips and P. L. Graham, ibid., p. 1552.
64 A. Cohen, J. W. Haworth, and E. G. Hughes, / . ,  1952, 4374.
45 M. Viscontini and P. Karrer, Helv. Chim. Acta, 1952, 35, 1924.
66 J. Baddiley and A. P. Mathias, 1952, 2583.
67 E. A. Peterson, H. A. Sober, and A. Meister, J . Amer. Chem. Soc., 1952, 74, 570.
68 R. M. Zacharius, J. F. Thompson, and F. C. Steward, ibid., p. 2949; G. Harris 

and J. R. A. Pollock, Chem. and Ind., 1952, 931.
** K. Bowden and P. N. Green, J ., 1952, 1164.
70 E. Tagmann, E. Sury, and K. Hoffmann, Helv. Chim. Acta, 1952, 35, 1235.
71 F. F. Blicke and J. Krapcho, J . Amer. Chem. Soc., 1952, 74, 4001.
73 J. H. Biel, H. L. Friedman, H. A. Leiser, and E. P. Sprcngeler, ibid., p. 1485.
73 F. F. Blicke, J. A. Faust, J . Krapcho, and E. Tsao, ibid., p. 1844.
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acetaldehyde dimethyl acetal gave 2-m ethoxy-l : 4-oxathian (X X III), con
verted by catalytic decomposition over phosphoric oxide into 1 : 4-oxathien 
(X X I; X  =  S, Y =  0 ).74 2-Mercaptoacetal, HS-CH2-CH(OEt)2, passes 
slowly into 2 : 5-diethoxy-l : 4-dithian (XXIV). The latter is hydrolysed to 
mercaptoacetaldehyde, which dimerises to give the two stereoisomeric 
forms of 2 : 5-dihydroxy-l : 4-dithian (XXV), and the derived acetates 
pass when heated into the same acetoxy-1 : 4-dithien (X X V I).75 The 
heterocyclic fragment of the African arrow poison uscharin consists appar
ently of a thiazoline ring since hydrolysis gives uscharidin, ammonia, and 
dimeric mercaptoacetaldehyde (X X V ).78

Oxazoline ; thiazoline. Applications of intermediate oxazoline formation 
in stereochemical problems have already been reviewed.77 Analogous 
studies based on the intermediate formation of the tetrahydro-1 : 3-oxazine 
ring have clarified the stereochemistry of tropine and pseudotxo-pme.18 A 
novel application of lV-acyl — ->- O-acyl migration via the oxazoline is in the 
degradation (XXVII) of silk fibroin at serine residues,79 and an account has 
been given of cyclisation, ring-fission, and acyl-migration reactions involving 
thiazolines.80 Preservation of spatial configuration, during various pro
cedures for closing the hetero-ring in hexahydrobenzoxazolones (X X V III; 
X  =  0 ) and related compounds (X X V III; X  =  S, or NH) has been 
demonstrated, and both cis- and trans-series are obtainable.81

Pyrimidine. Further studies of the ultra-violet light absorption of 
pyrimidine derivatives have been reported,82 and an empirical rule has been 
found for calculating the wave-length of absorption maxima of polysub
stituted compounds containing not more than one potentially tautomeric 
grouping.83 Infra-red absorption characteristics of a wide range of deriv
atives have been published,84 and a novel technique in this field, with possible 
wide applications,85 uses the substance embedded in a plate of potassium 
bromide formed under high pressure.80 The infra-red absorption data are 
more in accord with amino- than with imino-dihydro-structures for potential 
aminopyrimidines, in line with conclusions reached on similar evidence for 
aminopyridines.87

74 W. E. Parham, I. Gordon, and J. D. Swaten, J . Am er. Chem. Soc., 1952, 74, 1824.
75 G. Hesse and I. Jorder, Chem. Ber., 1952, 85, 924.
76 G. Hesse and H. W. Gampp, ibid., p. 933.
77 4?m. Reports, 1951, 48, 217; cf. G. Fodor and K. Koczka, J ., 1952, 850.
78 G. Fodor and K. Nddor, Nature, 1952, 169, 462; A. Nickon and L. F. Fieser,

/ .  Amer. Chem. Soc., 1952, 74, 5566. 78 D. F. Elliott, Biochem. J ., 1952, 50, 542.
80 J. C. Crawhall and D. F. Elliott, / . ,  1952, 3094.
81 M. Mousseron, F. Winternitz, and M. Mousseron-Canet, Cotnpt. rend., 1952,235,373.
8! D. Shugar and J. J. Fox, Biochim. Biophys. A d a , 1952, 9, 199; Mi P. V. Boarland

and J. F. W. McOmie, / . ,  1952, 3716. 83 Idem, ibid., p. 3722.
81 L. N. Short and H. W. Thompson, ibid., p. 168.
85 Cf. U. Schiedt and H. Reinwein, Z. Nalurforsch., 1952, 7b, 270.
86 M. M. Stimson and M. J. O'Donnell, J . Amer. Chem. Soc., 1952, 74, 1805.
87 C. L. Angyal and R. L. Werner, J ., 1952, 2911;. J. D. S. Gouldpn, ibid., p. 2939;

cf. also S. J. Angyal and C. L. Angyal, ibid., p. 1461.
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Although 5-aminopyrimidine itself fails to undergo diazotisation ,88 the 
presence of other suitable substituents allows normal diazonium salt form
ation to occur, and in the presence of a 4(6)-mercapto-, -hydroxy-, or 
primary-amino-group, ring closure to pyrimidino-thiadiazoles (X X IX ;  
X =  S), -oxadiazoles (X X IX ; X  =  0 ), and -triazoles (X X IX ; X  =  NH) 
occurs; 89 ring closure even takes place with a 4(6)-alkyl group, giving 
1 : 2 : 4 :  6-tetra-azaindenes (X X IX ; X  =  CH2), isomeric with purines.

A new reaction of acetylene with nitriles, e.g., propionitrile, results in the 
formation of 2 : 4-diethylpyrimidine and the isomeric aminopyridine; 
a carbanion mechanism is suggested for the reaction.00

Triazine. Insight into the mechanism of formation of s-triazines from 
nitriles has been obtained since all nitriles which form triazines readily give 
primary products containing two molecules of nitrile to one of hydrogen 
halide, their properties being compatible with ionic structures.91 Besides the 
use of strong acids, nitriles m ay also be trimerised in the presence of methanol 
or weak bases at high pressures (7000— 8500 a tm .); besides the triazine, the 
isomeric 4-am ino-2: 6-dimethylpyrimidine is also obtained from acetonitrile.92

The novel formation of aminotriazines has been observed in the reaction 
between a-cyano-carbonyl compounds and guanidine.93

a-Lipoic (tliioctic) acid. A new growth factor has been isolated and 
described under several names : protogen A ,94 thioctic acid,94 and a-lipoic 
acid.95 Degradation 94-96 and synthesis 97>98 of a-lipoic acid (from y- 
tetrahydro-2-furylbutyric acid) and of some of its isomers 99 have shown 
it to be " 5 : 8-dithio-octanoic a c id ” (3-3'-carboxypropyl-l : 2-dithian) 
(XXX). Another growth factor, protogen B, is possibly a closely related

  Several

\ q /  [CH2],’COH2 stages> 1S£ S/J-KCHJ,-C01H
(XXX)

sulphoxide.100®5) The amide of a-lipoic acid with thiamine pyrophosphate 
appears to be a coenzyme in the oxidative decarboxylation of a-keto-acids,101 
and it may also be concerned in photosynthesis.102

88 M. P. V. Boarland and J. F. W. McOmie, / . ,  1951, 1218.
89 F. L. Rose, J ., 1952, 3448.
90 T. L. Cairns, J. C. Sauer, and W. K. Wilkinson, J . Amer. Client. Soc., 1952, 74, 3989.
91 C. Grundmann, G. Weisse, and S. Seide, Annalcn, 1952, 577, 77.
92 T. L. Cairns, A. W. Larchar, and B. C. McCusick, J . Amer. Cliem. Soc., 1952, 74, 5633.
93 P. B. Russell, G. H. Hitchings, B. H. Chase, and J. Walker, ibid., p. 5403.
94 J. A. Brockman, E. L. R. Stokstad, E. L. Patterson, J. V. Pierce, M. Macchi, and 

F. P. Day, ibid., p. 1868.
95 L. J. Reed, B. G. DeBusk, I :  C. Gunsalus, and G. H. F. Schnakenberg, ibid.,

1951, 73, 5920.
95 L. J. Reed, Q. F. Soper, G. H. F. Schnakenberg, S. F. Kern, H. Boaz, and I. C. 

Gunsalus, ibid., 1952, 74, 2383.
97 M. W. Bullock, J. A. Brockman, E. L. Patterson, J. V. Pierce, and E. L. R. Stok

stad, ibid., p. 1868.
98 C. S. Hornberger, R. F. Heitmiller, I. C. Gunsalus, G. H. F. Schnakenberg, and 

L. J . Reed, ibid., p. 2382.
99 M. W. Bullock, J. A. Brockman, E. L. Patterson, J. V. Pierce, and E. L. R. 

Stokstad, ibid., p. 3455.
100 E. L. Patterson, J. A. Brockman, F. P. Day, J. V. Pierce, M. E. Macchi, C. E. 

Hoffman, C. T. O. Fong, E. L. R. Stokstad, and T. H. Jukes, ibid., 1951, 73, 5919.
, L. J. Reed and B. G. DeBusk, ibid., 1952, 74, 3457, 3964, 4727; J . Biol. Chetn.,
1952, 199, 881. 102 M. Calvin and J. A. Barltrop, ibid., p. 6153.

!p CH,[CH,]5-CO.H
H .C ^  NH

CO (XXXI)
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A dithiazic acid. Two other groups103 have independently isolated a novel 
antibiotic, C9H 150 3NS, from Streptomyces spp. • Treatment with mercuric 
chloride 104 or a lk a li105 removed the nitrogen, the sulphur, and two carbon 
atoms to give the semialdehyde of pimelic ac id ; the substance was therefore 
(—)-2-5'-carboxypentylthiazolid-4-one (X X X I), and the ( i)-fo r m  was 
synthesised by condensation of this aldehyde with thioglycollamide 104’ 106 
and resolved with brucine.104

Condensed Ring Systems.— Quinoline. Dihydroquinoline is obtainable 
from quinoline by reduction with lithium aluminium hydride, a reagent which 
generally converts heterocyclic compounds into dihydro-derivatives which 
are often difficult of access and unstable.107 Several instances of lability of 
halogen substituents in the Bz-ring of quinoline have been reported: the 
bromine atoms in 8-amino-5 : 7-dibromoquinoline are replaced by chlorine 
during diazotisation and deamination in hydrochloric acid; 108 8-amino- 
5-bromo-6-methoxyquinoline is converted into the 7-bromo-isomer by 
boiling hydrobromic acid ; 109 5-chloro-8-hydroxy-7-iodoquinoline is said 
to undergo disproportionation in boiling dioxan to give 8-hydroxy-5 : 7- 
di-iodo- and 5 : 7-dichloro-8-hydroxy-quinoline.110 Reactive halogen atoms 
in the heterocyclic rings of 2-chIoro- and 4 : 7-dichloro-quinoline, and of 
2-chlorobenzothiazole, undergo the Friedel-Crafts reaction with resorcinol to 
give the corresponding dihydroxyphenyl derivatives.111

The base-catalysed condensation of quinolinium methiodide with sub
stances containing a reactive methylene group is now well-established, the 
products being derivatives (X X X II) of 1 : 4-dihydro-1 -methyl-T-methylene- 
quinoline.112 y-Aminotropolone (X X X III) undergoes the Gould-Jacobs

'''A* OH 9H R f A A
f \ / \  °vU \ L a  A /v
! II II i l l  I II !r  II T ¿ 0
% /^ N y  \ . / \ NH X / X X  X-x'N''Me 2 H
(XXXII) (XX X III) (XXXIV) (XXXV)

modification of the Conrad-Limpach reaction,113 the Doebner-Miller re
action,113 and the Skraup reaction 114 to give the appropriate pyridino- 
tropolones (X X X IV ).

Three of five antibiotics produced by Pseudomonas aeruginosa have been

m3 w . E. Grundy, A. L. Whitman, E. G. Rdzok, E. J. Rdzok, M. E. Hanes, and 
J. C. Sylvester, Antibiotics and Chemotherapy, 1952, 2, 399; B. A. Sobin, J . Atner. Chem. 
Soc., 1952, 74, 2947.

104 W. M. McLamore, W. D. Celmer, V. V. Bogert, F. C. Pennington, and I. A. 
Solomons, ibid., p. 2946.

106 J. R. Schenck and A. F. De Rose, Arch. Biochem. Biophys., 1952, 40, 263.
106 R. K. Clark and J. R. Schenck, ibid., p. 270.
107 F. Bohlmann, Chem. Ber., 1952, 85, 390.
103 R. C. Elderfield and E. F. Claflin, / .  Amer. Chem. Soc., 1952, 74, 2953.
103 W. M. Lauer, C. J. Claus, R. W. Von Korff, and S. A. Sundet, ibid., p. 20S0.
110 X. Nogrddi, Chem. Ber., 1952, 85, 104.
111 G. Illuminati and H. Gilman, / .  Amer. Chem. Soc., 1952, 74, 2896.
112 N. J. Leonard, H. A. DeWalt, and G. W. Leubner, J . Amer. Chem. Soc., 1951, 

73, 3325; N. J. Leonard and R. L. Foster, ibid., 1952, 74, 2110, 3671.
113 R. Slack and C. F. Attridge, Chem. and Ind ., 1952, 471.
114 J. W. Cook, J. D. Loudon, and D. K. V. Steel, ibid., p. 562.
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shown by degradation 115 and synthesis 116 to be 2-heptyl-, 2-nonyl-, and 
2-non-l'-enyl-quinolin-4-ol. 1 : 2-Dihydro-2-keto-l-azapyrene (XXXV) has 
been isolated from the pitch fraction, b. p. 470°, of coal tar.117

Quinazoline; quinoxaline; benzoxazine. The infra-red absorption spec
tra of 4-hydroxy-, 2 : 4-dihydroxy-, and 4-mercapto-quinazolines support 
the tautomeric carbonyl and thiocarbonyl structures.118

Relatively high pH values have been found to favour the formation of 
monoacyl derivatives of tetrahydroquinoxaline,119 which is conveniently 
prepared from o-amino-iV-2-hydroxyethylaniline.120

Elegant methods for the removal of terminal protecting iV-chloroacetyl 
groups or terminal amino-acid residues from peptides have been described. 
Reaction of the chloroacetyl derivatives with o-phenylenediamine affords 
1 : 2 : 3 : 4-tetrahydro-2-ketoquinoxaline (XXXVI) and the free peptide 
directly.121 The reaction is not conveniently applied by reduction of 
dinitrophenyl peptides prepared by the standard method,122 but condens
ation of a peptide with m ethyl 4-fluoro-3-nitrobenzoate affords the appropriate 
substituted phenylpeptide (X X X V II), passing on reduction into the tetra- 
hydroketoquinoxaline (X X X V III), characteristic of the terminal amino-acid 
residue, and the lower peptide (X X X IX ). 123>124 Terminal o-nitrophenoxy-

Q ^  +  Cl-CH^CO-NH-CHR-CO... _ >  r ^ N H , . C H i-CO .N H .C HR .C O ...j

V ^ n h ' 00  (XXXVI)

/ \ n H-CIIR-CO-NH-CHR'-CO . . .  / V N H v h i ;
M e O , < y NO, M e0iC^ H /g *  +  N H ,-e H E -C O ...

(XXXVII) (XXXVIII) (XXXIX)

acetyl groups are similarly eliminated from peptides, reduction affording the 
lactam (X L ; R =  H) of o-aminophenoxyacetic acid and the free pep-

OH

/ V 0 n ? h 2 -  A 1C 1‘  >  — 9 H = +  A — 9 H *

% A x /co  2i5° U A co \ A x /co
R HO Me Me

(XL) (XLI) (XLII)

tide.121. 123 The ready formation of the ring system (XL) was also seen 
in the formation of 2 : 3-dihydro-3-keto-4-methylbenz-l : 4-oxazine (XL ; 
R =  Me) when the normal conditions for the Stolle oxindole synthesis were 
applied to iY-a-halogenoacetyl-Ai'-methyl-o-anisidine, though rearrangement

115 L C. Wells, W. H. Elliott, S. A. Thayer, and E. A. Doisy, J . Biol. Chem., 1952,
196, 321. us i .  c .  Wells, ibid., p. 331. '

115 O. Krubcr and R. Oberkobusch, Chem. Ber., 1952, 85, 433.
118 H. Culbertson, J. C. Decius, and B. E. Christensen, J . Amer. Chem. Soc., 1952,

74, 4834. ii» J. S. Morley, / . ,  1952, 4004.
150 G. R. Ramage and G. Trappe, ibid., p. 4406.
121 R. W. Holley and A. D. Holley, J . Amer. Chem. Soc., 1952, 74, 3069.
122 F. Sanger, Biochem. J ., 1945, 39, 507.
122 R. W. Holley and A. D. Holley, loc. cit., p. 1110.
124 Idem, ibid., p. 5445.
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to the isomeric oxindoles (XLI) and, surprisingly, (XLII) took place at higher 
temperatures.125

Miscellaneous sulphur-containing compounds. The properties of an 
interesting compound, C9H 14S, from Middle East oil distillates recall adaman- 
tane in some respects and, as desulphurisation gave bicyclo[ 1 : 3 : 3]nonane, 
it is formulated as thia-adamantane (X L III).126 Raney nickel desulphuris-

CH„- :  IT CH,

CH,

H-

CH -CH- T-CH,

o

(XLIII) (XLIV)
!CO,H

% / ’ 
(XLV)

ation of 1 : 2-dihydro-l-keto-2-thianaphthalenes (e.g., XLIV) gave indanones 
(e.g., XLV ).127

Full details have now been given of the isolation 128 of biocytin from 
yeast and its recognition by degradation 129 and synthesis 130 as e-JV-biotinyl- 
L-lysine.

Ring systems with a nitrogen atom common to two rings. The reductive 
cyclisation of nitro <aco'-dicarboxylic esters, previously used for pyrroliz- 
idines,131 has been extended. The addition of methyl y-nitrobutyrate to 
m ethyl sorbate gave the ester (XLVI), which passed on hydrogenation over 
copper chromite into 2-methyl-7-aza6fcycfo[5 : 3 : 0]decane (XLVII).132 
The method has been extended to the synthesis of tricyclic systems (XLIX)

CHMe-CH
VÇ H -Ç H

CH, NO,
\  ‘ 

CO,Me
(XLVI)

H
H ,

/  * 
CO,Me

Me

(— r S
N / N s /
(XLVII)

C u
(LI)

r n

XX
( L )

CO,Et CO,Et
/  ‘o  \[CH,], W [CHJ,
\  / C\  /
HÇ ÇH

(XLVIII) H2C [CH2]S

---
CH, CH,

[C H J. X  [C H J,

H (jX H ÇH
H,C [CHJ, (XLIX)

from the oximes of keto-dicarboxylic esters (XLVIII) under similar con
ditions.133 The hexahydrojulolidine obtained in this way (where x — y : =  z 
— 2) was identical with one of the stereoisomers obtained on catalytic re
duction of julolidine,134 and gave evidence of resolution 133 over a column

125 J. W. Cook, J. D. Loudon, and P. McCloskey, J ., 1952, 3904.
128 S. F. Birch, T. V. Cullum, R. A. Dean, and R. L. Denyer, Nature, 1952, 170, 029.
127 D. J. Dijksman and G. T. Newbold, / . ,  1952, 13; J. J. Brown and G. T. Newbold, 

ibid., p. 4397.
128 L. D. Wright, E. L. Cresson, H. R. Skeggs, T. R. Wood, R. L. Peck, D. E. Wolf, 

and K. Folkers, J . Amcr. Chern. Soc., 1952, 74, 1996.
120 R. L. Peck, D. E. Wolf, and K. Folkers, ibid., p. 1999.
120 D. E. Wolf, J. Valiant, R. L. Peck, and K. Folkers, ibid., p. 2002.
121 N. J. Leonard and D. L. Felley, ibid., 1950, 72, 2537.
122 N. J. Leonard, D. L. Felley, and E. D. Nicolaides, ibid., 1952, 74, 1700.
122 N. J. Leonard and W. J. Middleton, ibid., p. 5114.
124 M. Protiva and V. Prelog, Helv. Chirn. Acta, 1949, 32, 621.
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of D - la c to se , i n d i c a t i n g  t h e  c i s : / r a n s - s t r u c t u r e  (L), t h e  c i s : 'cis- a n d  
trans : ¿ n m s - s te r e o is o m e r s  b e in g  « ic s o -fo rm s .

( - ) - O c t a h y d r o p y r r o c o l i n e  (LI) h a s  b e e n  c o r r e l a t e d  w i t h  ( - j - ) -c o n i in e  a n d  
D ( + ) - p ip e c o l in ic  a c id  a n d  th e r e f o r e  b e lo n g s  t o  t h e  D -s e r ie s .135

The electrolytic reduction of a-amino-ketones 13G has now been applied 
to bicyclic representatives in a new synthesis of medium-sized nitrogen- 
containing rings, octahydro-l-ketopyridocoline (LII) giving 5-hydroxyaza- 
cydodecane (LIII).137

O E t Me
|| OH R Me \ /  Me

H Me X Me
(LII) (LIII) (LIV) (LV)

The " ethiodide ” of 1 : 5 :  8-trimethyl-2 : 3-benzopyrrocoline (L IV ; 
R =  Me) and the “ methiodide ” of l-ethyl-5 : 8-dimethyl-2  : 3-benzo
pyrrocoline (L IV ; R == Et) are identical, indicating alkylation at the 15- 
carbon atom of the indole ring system  and the salt is therefore the pyridinium  
compound (LV).138

Indole. The mechanism of the Fischer indole synthesis is still the subject 
of discussion 139 though the general correctness of the Robinson mechanism 140 
is not disputed, and an analogy is seen between the Fischer indole synthesis 
and the conversion of 1-phenylthiosemicarbazide (LVI) into 2-aminobenzo- 
thiazole (LVII).141 The conversion of 2 : 6-dichlorophenylhydrazones 
(LVIII) into 7-chloroindoles (LIX) in presence of stannous chloride and 5 : 7- 
dichloroindoles (LX) with zinc chloride has been discussed.142 Polyphos- 
phoric acid is also usefully employed.143

Ph-NH-NH-CS-NHj ----^  j ^ Y ^ C - N H .  f \  J|CH2,NMe2
% / y k /

H H
(LVI) (LVII) (LXI)

An?, f $ W  ^  A n t Yt YY YY
(LIX) (LVIII) (LX)

Indole-3-aldehyde has been obtained by improved methods; these are 
the reaction of potassium indole with carbon monoxide at high temperatures 
and pressures,144 a modification 144 of the iV-methylformanilide process,145

135 X. J. Leonard and W. J . Middleton, loc. cit., p. 5776.
133 A nn. Reports, 1951, 48, 223.
137 N. J. Leonard, S. Swann, and J. Figueras, J . Amer. Chern. Soc., 1952, 74, 4620.
138 Sir R. Robinson and J . E. Saxton, J ., 1952, 976.
139 R. B. Carlin, J . Amer. Chem. Soc., 1952, 74, 1077.
110 G. M. Robinson and R. Robinson, J ., 1924, 125, 827.
111 K. Clusius and H. R. Weisser, Helv. Chim. Acta, 1952, 35, 400.
112 R. B. Carlin, J. G. Wallace, and E. E. Fisher, J . Amer. Chem. Soc., 1952, 74, 990.
143 H. M. Kissman, D. W. Farnsworth, and B. Witkop, ibid., p. 3948-
i« -p Tyson and J. T. Shaw, ibid., p. 2273.
145 A. C. Shabica, E. E. Howe, J. B. Ziegler, and M. Tishler, ibid., 1946, 68, 1156.

R



214 ORGANIC CHEMISTRY.

and the'reaction between hexamethylenetetramine and gramine (LXI) in 
aqueous acetic or propionic acid.146 The red pigment (urorosein) obtained 
by the action of acids on indole-3-aldehydes has been shown to be the methene 
(LXII), recalling pterorhodin formation amongst pterins, and the carbon 
atom which is lost is eliminated as formic acid.147 aa'-Di-indolyl-methane 
and -methene have also been described.148

Although “ gramine methiodide ” has frequently been used, its recorded 
properties have varied and no significant analytical data have hitherto been 
recorded. It has now been shown that "gram ine methiodide,” as usually 
obtained, is really a mixture of 3 : 3'-bis(indolylmethyl)dimethylammonium  
iodide, [(R'CH2)2N +Me2]I~ (R =  3-indolyl) and tétraméthylammonium  
iodide; 149 the authentic methiodide has, however, now been prepared.149

The oxidation of indoles has been further extensively studied and re
viewed with special reference to the biological oxidation of tryptophan.150 
Hydrogen peroxide in the presence of ammonium molybdate affords deriv
atives of anthranilic acid in the case of indoles unsubstituted in the 3-position, 
and the appropriate ketones from 3-substituted derivatives.151 Treatment 
with osmium tetroxide followed by hydrolysis of the resulting esters gave 
2 : 3-dihydro-2 : 3-dihydroxyindoles,152 and further study of the autoxidation 
of tetrahydrocarbazoles to give derivatives of cycfopentanes^Vo-2-i/r-indoxyl 
is reported.153 The reactions of the stable ozonide (LXIII) formed by
2 -phenylskatole have been interpreted in terms of an equilibrium between 
this structure (LXIII) and the tautomeric hydroperoxide form (LXIV), 
while numerous reductive transformations have been carried out linking the 
ozonide with the hydroperoxide (LXV) derived from the same parent com
pound, and acid- and base-catalysed rearrangements of the ozonide have also 
been examined.154

A novel synthetic route to the eserine (physostigmine) ring system has 
emerged; 150 3-methyl- or -hydroxy-indolenines with an alanine side-chain 
undergo an internal condensation at pH <  6 to give eseroline derivatives and

116 H. R. Snyder, S. Swaminathan, andH . J.Sims, / .  Amer.Chem. Soc., 1952, 74, 5110.
117 J. Harley-Mason and J. D. Bu'Lock, Biochem. J ., 1952, 51, 430.
118 H. Dobeneck and G. Maresch, Z . physiol. Chem., 1952, 289, 271.
I4t T. A. Geissman and A. Armen, J . Amer. Chem. Soc., 1952, 74, 3916.
150 A. Ek, H. Kissman, J. B. Patrick, and B. Witkop, Experientia, 1952, 8, 36.
151 C.Mentzerand Y.Berguer, Compt.rend., 1952, 234,627; Bull. Soc. chim., 1952, 218. 
153 d  \y . Ockenden and K. Schofield, Nature, 1951, 168, 603.
153 K.. J. S. Beer, T. Broadhurst, A. Robertson, and L. McGrath, / . ,  1952, 4351; 

R. J. S. Beer, T. Broadhurst, and A. Robertson, ibid., p. 4946.
181 B. Witkop, J. B. Patrick, and H, M. Kissman, Chem. Ber., 1952, 85, 949; B. 

W itkop and J. B. Patrick, / .  Amer. Chem. Soc., 1952, 74, 3855, 3861.

(LXII)

Me

H Ph 
(LXIII) (LXIV)

Ph
(LXV)



it is impossible to synthesise ¡3-methyl-i/r-tryptophan by the Fischer indole 
synthesis from (LXVI), as (LXVII) results instead.
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.CO.Et
¥ e r r . Me

f \  CH-CH2-C<  ̂ 2 "    1 ,c
% A n H-N^CH N H A c:E t

(LXVI) (LXVII)

Evidence is now available to show that the molecule of the toxic cyclic 
peptide phalloidin, obtained from Am anita phalloides, may consist not of 
six but of seven amino-acid residues,155 and that, as already suggested,156 the 
formation of oxindolylalanine (2-hydroxytryptophan) (LXVIII) on hydrolysis 
is an artefact. Treatment of phalloidin with Raney nickel and subsequent 
hydrolysis have afforded tryptophan ,155 indicating the presence of the frag
ment (LXIX) in phalloidin, and, as the ratio, after hydrolysis, of oxindolyl
alanine to cysteine appears to be 2 : 1 , it m ay be that the hydroxyl group of 
threonine or that of «//ohydroxyproline may participate in an analogous 
structure, while the amino-acid residue next to the cysteine m ay be ala
nine.157 A simple new synthesis of oxindolylalanine has been described.158

N i l . . .

f \  GH-CH2-CH(NHa)-COaH S \  / ^  CH CO ' ' '

\ / \ g / c °  ' V ' \ \ ’/ \ s .c h 2-([:H'CO . .  .
(LXVIII) (LXIX) N H . . .

Convenient syntheses of 5- and 7-hydroxy indole have been recorded 159 
and bufotenine (LXX), the pressor amine from the skin of the toad, has 
been obtained from 2 : 5-dimethoxybenzyl cyanide by way of the nitrile 
(LXXI) and the derived phenylethylamine.160 The biological effects of 
serotonin (5-hydroxytryptamine)161 are reversed by 2 : 3-dialky 1-5-amino- 
indoles.162

MeOj^V-CHfCNJ-CHj-CHj-NMe, (“I H C > f \ ----T,CH2-CH2-NMe2
v ° Me ■ ' ■ (¡¡0 k,f«(cn).> y y

(LXXI) H (LXX)

3-Indolylacetonitrile has been recognised as a naturally occurring plant- 
growth hormone 163 and the related aldehyde has been synthesised and 
studied for such activ ity .164

155 T. Wieland and G. Schmidt, Annalen, 1952, 577, 215.
158 J. W. Cornforth, C. E. Dalgliesh, and A. Neuberger, Biochem. J ., 1951, 48, 598.
157 F. Sorm and B. Keil, Coll. Czech. Chem. Comm., 1951, 16, 366.
158 H. Behringer and H. Weissauer, Chem. Ber., 1952, 85, 743; this vol., p. 163.
158 R. I. T. Cromartieand J. Harley-Mason, / . ,  1952, 2525; J. Harley-Mason, Chem. 

«»d Ind., 1952, 173.
160 J. Harley-Mason and A. H. Jackson, Chem. and Ind., 1952, 954.
181 New synthesis; B. Asero, V. Col6, V. Erspamer, and A. Vercellone, Annalen, 

ifoS, 576, 69.
862 D. W. Woolley and E. Shaw, J . Amer. Chem. Soc., 1952, 74, 2949; cf., however,

I. D. Spies, and R. E. Stone, J . Amer. Med. Assoc., 1952, 150, 1599.
158 E. R. H. Jones, H. B. Henbest, G. F. Smith, and J. A. Bentley, Nature, 1952, 

169, 485. >« J. B. Brown, H. B. Henbest, and E. R. H. Jones, / . ,  1952, 3172.
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Plcridine. The ptcridines have recently been reviewed 105 and progress 
has been made in the study of some of the simpler representatives. All four 
monohydroxypteridines are now known and 6-hydroxypteridine (LXXII) 
shows on titration a hysteresis loop ascribed to slow tautomerism .166 6- and 
7-Hydroxypteridine (LX X III) were obtained simultaneously by con
densation of ethyl glyoxylate hemiacetal with 4 : 5-diaminopyrimidine, the 
latter predominating in condensations carried out at low pH values.166 
Similarly, xanthopterin (LXXIV) is obtained from 2 : 4 :  5-triamino-6- 
hydroxypyrimidine and diacetoxyacetic acid in concentrated sulphuric acid 
at 9 0 ° ; 167 xanthopterin is also conveniently obtained from leucopterin 
(2-amino-4 : 6 : 7-trihydroxypteridine) via  dihydroxanthopterin.168 “ p-Di- 
hydroxanthopterin ” has now been identified as 2 : 6-diamino-5'-hydroxy- 
1' : 4'-oxazino(2' : 3'-4 : 5)pyrimidine (LXXV ),169 and attempts to prepare 
pteridines by reduction and cyclisation of .4 : 2'-chloroethylamino-5-nitro- 
pyrimidines gave instead the tetrahydroglyoxalinopyrimidines (LX X V I).170

The action of alkylamines on 4-amino-2-mercapto- and 4-hydroxy-2: 
mercapto-pteridines gives either 2-alkylamino-4-amino- or 2 : 4-bisalkyl- 
amino-pteridines,171 and evidence has been obtained supporting the view 
that these replacements occur with ring cleavage to a thioureidopyrazine 
intermediate (LXXVII) and subsequent ring-closure ; 172 a similar mechan
ism is advanced for the formation of 2 : 4-bisalkylamino- from 2 : 4-diamino- 
pteridines and alkylamines.173

Pterorhodin formation from pterins, linking two pteridine ring-systems 
through the 7-position by a methine bridge, is possible if there is present a 
molecule capable of providing the methine bridge under oxidative con
ditions,174 and a novel formula (LXXVIII) 175 for erythropterin is believed 
to account for the notable stability of this ene-diol compound.

165 A. Albert, Quart. Reviews, 1952, 6, 197.
164 A. Albert, D. J . Brown, and G. Cheesman, / . ,  1952, 1620.
167 F. Korte, Chem. Ber., 1952, 85, 1017 ; F. Korte and E. G. Fuchs, ibid., 1953, 86,

lcs A. Albert and H. C. S. Wood, J .  A ppl. Chem., 1952, 2, 591.
162 G. B. Eiion and G. H. Hitchings, J . Amer. Chem. Soc., 1952, 74, 3877.
1:0 G. R. Ramage and G. Trappe, / . ,  1952, 4410.
171 E. C. Taylor and C. K. Cain, J . Amer. Chem. Soc., 1951, 73, 4384; 1952, 74, 1644. 
772 E. C. Taylor, ibid., p. 1651. 173 Idem, ibid., p. 1648.
171 R. Tschesche and F. Korte, Chem. Ber., 1952, 85, 139.
175 Due to H. G. Iihorana; cf. R. Tschesche and F. Korte, loc. cit.
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Further descriptions of the chemistry 170 and the synthesis 177 of leuco- 
vorin (LXXIX) have been published. In the preparation of leucovorin 
from pteroyl-L-glutamic acid by formylation, reduction and rearrangement, 
a new asymmetric centre is created at C(B) (marked *), and partial separation 
of the resulting diastereoisomerides has been effected.178 The 7-isomer of 
pteroylglutamic acid has also been synthesised .179

Nucleotides and related compounds. Physical and physico-chemical 
aspects of pyrimidines, purines, and nucleic acids have been reviewed, 
together with such other studies as bear on structure.180 Spectrophoto- 
metric patterns have been presented enabling distinction to be made between 
ribofuranosides and their deoxyribofuranoside analogues; similarly, differ
ences are reported between pyrimidine glycopyranosides and glycofurano- 
sides.181 Riboflavin-o' phosphate is simply obtained by warming ribo
flavin with metaphosphoric acid,182 and diphosphopyridine nucleotide 
(cozymase) has been obtained in the form of a crystalline quinine salt.183 • 

Substantial progress has been made during the year in the synthesis of 
nucleotides. Condensation of 5'-trityl adenosine with dibenzyl chloro- 
phosphonate (phosphorochloridate) and removal of protecting groups gave 
two adenylic acids, identical with adenylic acids a and b from ribonucleic 
acids; these are formulated as adenosine-2' phosphate and -3' phosphate 
(not necessarily respectively), and ready phosphoryl migration under acid 
conditions enables interconversion to take place by way of the cyclic 2' : 3'- 
phosphate.184 Cyclic 2 ':  3'-phosphates of adenosine, cytidine, and uridine 
have been synthesised. The cytidine and uridine derivatives have been 
identified as products of incomplete ribonuclease digestion of ribonucleic 
acids185 but they are converted respectively into cytidylic acid b and 
uridylic acid b by further action of the enzyme, and cytidylic acid b is 
deaminated by alkali to uridylic acid b, so that in these two substances 
the phosphoryl group occupies the same position .186 It has been suggested  
on physico-chemical grounds that cytidylic acid b is cytidine-3' phosphate.187

178 D. B. Cosulich, B. Roth, J. M. Smith, M. E. Hultquist, and R. P. Parker, J . 
Amer. Client. Soc., 1952, 74, 3252.

177 B. Roth, M. E. Hultquist, M. J. Fahrenbach, D. B. Cosulich, H. P. Broquist, 
J- A. Brockman, J. M. Smith, R. P. Parker, E. L. R. Stokstad, and T. H. Jukes, ibid., 
P- 3247.

178 D. B. Cosulich, J. M. Smith, and H. P. Broquist, ibid., p. 4215.
179 C. W. Waller, M. J. Fahrenbach, J. H. Boothe, R. B. Angier, B. L. Hutchings, 

J. H. Mowat, J. F. Poletto, and J. Semb, ibid., p. 5405; cf. J. H. Boothe, J. H. Mowat, 
C. \V. Waller, R. B. Angier, J. Semb, and A. L. Gazzola, ibid., p. 5407.

180 D. O. Jordan, A nn. Rev. Biochem., 1952, 21, 209.
181 J. J. Fox and D. Shugar, Biochem. Biophys. Acta, 1952, 9, 369.
182 M. Viscontini, C. Ebnöther, and P. Karrer, Helv, Chim. Acta, 1952, 35, 457.
183 K. Wallenfels and W. Christian, Angew. Chem., 1952, 64, 419.
181 D. M. Brown and A. R. Todd, J ., 1952, 44.
189 D. M. Brown, D. I. Magrath, and A. R. Todd, ibid., n. 270S.
188 D. M. Brown, C. A. Dekker, and A. R. Todd, ibid., p“ 2715.
187 L. F. Cavalieri, J . Amer. Chem. Soc., 1952, 74, 5804.
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Uridine-5' pyrophosphate has been synthesised 188< 189 and found to be 
identical with “ uridine diphosphate ” from the naturally occurring coenzyme 
" uridine-diphosphate-glucose,” 190 and uridine-5' pyrophosphate linked 
to an amino-sugar through the reducing group has been isolated from peni
cillin-treated Staphylococcus aureus cells.191 Adenosine-5' uridine-5' phos
phate has been synthesised from a suitably protected silver adenosine-5' 
phosphate and 2' : 3'-fsopropylidene 5'-deoxy-5'-iodouridine 192 but this type 
of method has limitations. A new method for the preparation of mixed 
secondary phosphites (LXXX) 193 and the fact that these could be chlorinated 
with A-chloro-amides, rather than with more vigorous reagents, to the chloro- 
phosphonates (LXXXI) 189 paved the way for the synthesis of unsymmetrical 
diribonucleoside pyrophosphates, culminating in an outstanding achieve
ment : 194 the synthesis of fiavin-adenine-dinucleotide (Pi-riboflavin-5' 
P2-adenosine-5' dihydrogen pyrophosphate, FAD) (L X X X II), identical 
with the naturally occurring coenzyme, by condensation of 2' : 3'-wopro- 
pylidene adenosine-5' benzyl chlorophosphonate with the monosilver salt 
of riboflavin-5' phosphate and subsequent removal of protecting groups.

Vitamin  B 12. In  th is  field th e  s itu a tio n  h as  been  co m p lica ted  b y  the 
ap p earan ce  of pseudovita m in  B 12,195>198 w hich  co n ta in s  ad en in e  in s tea d  of 
5 : 6 -d im ethy lbenzim inazo le  in  th e  nu cleo tid e  p o rtio n  of th e  m olecule.195 
F re sh  spectroscop ic  ev idence h as  been  p roduced , how ever, to  show  th a t  the 
benzim inazole ch rom ophore  is p re se n t in  in ta c t  v ita m in  B 12 itse lf ,197 an d  the 
spectroscop ic  e x a m in a tio n  of a u th e n tic  sy n th e tic  benzim inazolo-cobaltous 
a n d  -co b a ltic  co -o rd in a tio n  com pounds h as  p ro v ed  th e  v a l id ity  of criteria 
p rev iously  em ployed  in  estab lish in g  th e  p resence of th e  re la te d  com plex in 
th e  v ita m in .198 D eta ils  h a v e  been  pu b lish ed  of th e  d eg ra d a tio n  of v itam in  
B 12 to  5 : 6 -d im ethy l-l-a -D -ribo fu ranosy lbenz im inazo le  (a-ribazole) 199 and 
of th e  sy n th eses  of th e  four 1-D-ribosides of 5 : 6 -d im ethy lbenzim inazo le .200

188 N. Anand, V. M. Clark, R. H. Hall, and A. R. Todd, / . ,  1952, 3665.
188 G. W. Kenner, A. R. Todd, and F. J. Weymouth, ibid., p. 3675.
130 A. C. Paladini and L. F. Leloir, Biochem. J ., 1952, 51, 426.
131 J. T. Park, J . Biol. Chem., 1952, 194, 885.
138 D. T. Elmore and A. R. Todd, 1952, 3681.
133 N. S. Corby, G. W. Kenner, and A. R. Todd, ibid., p. 3669.
191 S. M. IT. Christie, G. W. Kenner, and A. R. Todd, Nature, 1952, 170, 924.
195 H. W. Dion, D. G. Calkins, and J. J. Pfiffner, J . Amer. Chem. Soc., 1952, 74, 1108.
196 U. J. Lewis, D. V. Tappan, and C. A. Elvehiem, J . Biol. Chem., 1952, 194, 539; 

1952, 199, 517.
1S! G. H. Beaven and E. R. Holiday, J . Pharm. Pharmacol., 1952, 4, 344.
1,8 M. T. Davies, P. Mamalis, V. Petrow, B. Sturgeon, G. H. Beaven, E. R. Holiday, 

and E. A. Johnson, ibid., p. 448.
193 N. G. Brink and K. Folkers, J . Amer. Chem. Soc., 1952, 74, 2856.
200 F. W. Holly, C. H. ¿hunk, E. W. Peel, J. J. Cahill, J . B. Lavigne, and K. Folkers,

ibid., p. 4521.
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A crystalline 2'- or 3'-phosphate of a-ribazole has now been obtained both by 
degradation of vitamin B 12 and by synthesis.201

Macrocyclic Compounds.— A report on this field must be deferred because 
of limitations of space, but it may be noted that the subject of chlorophyll 
has been reviewed exhaustively for the period 1938— 1951.202

J. W.

9. ALKALOIDS.

Since the last Report,1 volume 2 of “ The Alkaloids ” 2 has appeared. 
This covers the chemistry of the morphine, colchicine, acridine, indole, 
erythrina, strychnos, and amaryllidaceae groups of alkaloids up to 1951. 
The biogenesis of alkaloids has been reviewed 3 and has been investigated by 
means of radioactive carbon.4

Simple Bases.— Cornforth and Henry have isolated (—)-stachydrine from 
the fruit of Capparis tomentosa Lam. and from the fruit of Courbonia virgata 
A. Brongn.; both cis- and ¿raws-3-hydroxystachydrine (I) have been isolated .5 
Both compounds were dehydrated to the same optically inactive anhydro- 
compound which was reduced to (dr)-stachydrinc and oxidised to p-dimethyl- 
aminopropionic acid.

CH.—CH—CH,

\  /  
+NM

iOH
!co.-

. T
NMe CH—0 \
I I /C O  

CH.—CH—CH— C /

(I) (II) CMe2

Simple syntheses of mezcaline and trichocereine (iVTV-dimethyl- 
mezcaline) ®>7 and of arecoline 8 have been described. Mezcaline containing 
14C has been prepared.9

Tropane Group.— T h e  s te re o ch e m is try  of th e  tro p a n e  alkalo id s has  been 
discussed.10 L ith iu m  a lum in ium  h y d rid e  red u c tio n  of tro p in o n e  gives 
entirely i/i-tropine.11 T h e  R ob inson  sy n th esis  h a s  been  u sed  fo r th e  p re 
paration  of 6 -h y d ro x y tro p in o n e  12> 13 a n d  6 : 7 -d ih y d ro x y tro p in o n e ,13 th e  
in te rm ed ia te  a ld eh y d es being  o b ta in e d  from  fu ran . P in d e r  h as  iso la ted

201 E. A. Kaczka, D. Heyl, W. H. Jones, and K. Folkers, J . Atner. Chem. Soc., 1952, 
74, 5549.

202 A. Stoll and E. Wiedemann, Fortschr. chem. Forsch., 1952, 2, 538.
1 A nn. Reports. 1951, 48, 228.
2 Ed., R. H. F. Manske and H. L. Holmes; Academic Press, New York, 1952.
2 (Sir) R. Robinson, Bull. World Hllh. Org., 1952, 6, 211.
I K. Bowden and L. Marion, Canad. J .  Chem., 1951, 29, 1037, 1043; E. Leete, 

S. Kirkwood, and L. Marion, ibid., 1952, 30, 749; S. A. Brown and R. U. Byerrum, 
/■ Atner. Chem. Soc., 1952, 74, 1523.

5 J. W. Cornforth and A. J. Henry, / . ,  1952, 597, G01.
6 K. Banholzer, T. W. Campbell, and H. Schmid, Helv. Chim. Acta, 1952, 35, 1577.
7 L. Reti and J. A. Castrillon, J . Atner. Chem. Soc., 1951, 73, 1767.
8 A. Dobrowsky, Monalsh., 1952, 83, 443.
8 tV. Block and K. Block, Chem. Ber., 1952, 85, 1009.

10 G. Fodor, Nature, 1952, 170, 278; G. Fodor, 0 . Kovacs, and L. Mcszdros, Research, 
1952, 5, 534; B. L. Zenitz, C. M. Martini, M. Priznar, and F. C. Nachod, J . Atner. Chem. 
Soc., 1952, 74, 5564; A. Nickon and L. F. Fieser, ibid., p. 5566.

II R. Mirza, Nature, 1952, 170, 630.
12 A. Stoll, B. Becker, and E. Jucker, Helv. Chim. Acta, 1952, 35, 1263.
13 J- C. Sheehan and B. M. Bloom, J . Amer. Chem. Soc., 1952, 74, 3825.
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an alkaloid, probably dioscorine, from Dioscorea liispida  D en n st.; 14 the 
alkaloid does not appear to have the structure (II) suggested by Gorter15 
since it gave no acetone on ozonolysis. It is an a[3-unsaturated lactone (at 
least a six-membered ring) containing a C-methyl group.

Lupinane Group.— Rhombifoline has been shown to possess structure 
(III ; R =  CHyCIIyCHiCHo). When heated with hydrogen iodide it gave 
cytisine ( I I I ; R =  H ); and the latter re-formed rhombifoline on alkylation 
with but-3-enyl bromide.16 Deoxytetrahydrocytisine (V) has been syn
thesised from 1 : 3-dicarbethoxy-4-quinolizone (IV) and resolved via  the 
tartrate.17

IsoQuinoline Group.— Manske has deduced formula (VI) for corpaverine ; 
oxidation gave ̂ -anisic acid, and éthylation followed by Hofmann degradation 
and oxidation led to 3-ethoxy-4: : 5-dimethoxyphthalic acid.18

Emetine (VII; R =  E t).19 Openshaw and Wood have shown 20 that 
rubremetinium chloride (VIII) is reduced to two dihydrorubremetines (IX), 
both substances giving identical colour reactions and differing in stereo
chemistry at C*. These authors’ observations on the oxidation products 
of emetine differ from those reported by Hazlett and McEwen.21 A  prelimi
nary account of the synthesis of (± )-"  c-noremetine ” (VII; R  =  H) has

11 A. R. Pinder, / . ,  1952, 2236. 16 K. Gorter, Rec. Trav. chim., 1911, 30, 161.
16 W. F. Cockburn and L. Marion, Canad. J .  Chem., 1952, 30, 92.
15 F. Galinovsky, O. Vogl, and W. Moroz, Monaish., 1952, 83, 242.
18 R. H. F. Manske, J .  Amer. Chem. Soc., 1952, 74, 2864.
19 Cf. A tm . Reports, 1949, 46, 202.
-° H. T. Openshaw and H. C. S. Wood, / . ,  1952, 391.
11 R. N. Hazlett and W. E. McEwen, J . Amer. Chem. Soc., 1951, 73, 257S.
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appeared.22 Oxidation of laudanosoline (X) yields dehydrolaudanosoline 
(XI; R =  H) which is methylated to (X I ; R =  Me).23- 24 A new alkaloid, 
C20H24O4N I, related to dehydrolaudanosoline, has been isolated 25 from the 
bark of Cryptocarya bowiei (Hook), Druce, of Northern Queensland. The 
substance contains three m ethoxyl groups and yields a monomethyl ether. 
The latter, on treatment with alkali, gave an optically active methine (A ); 
Hofmann degradation of A led to an optically inactive methine (B) identical 
with the compound from (X I; R =  Me).23’24 Pyrolysis of the O-methyl 
alkaloid chloride gave the know n23 indole (XII). Bark from Southern 
Queensland contained an alkaloid, C19H20O4NI, probably of this type, but 
containing one methylenedioxy-group and one m ethoxyl group.

Morphine. The synthesis of morphine has been announced.26 (± )-ß -  
A6-Dihydrodeoxycodeine m ethyl ether (XIII) 27 was resolved, the (-j-)-form  
being identical with the substance obtained from natural sources. Hydr
ation of (XIII) with dilute sulphuric acid gave ß-dihydrothebainol methyl 
ether (X IV ; R =  M e); alkaline demethylation then yielded ß-dihydro
thebainol (X IV ; R = . H) which was oxidized to ß-dihydrothebainone (XV). 
Bromination (2 mols.) of this, followed by treatment with 2 : 4-dinitro- 
phenylhydrazine, gave a 2 : 4-dinitrophenylhydrazone (XVI), identical 
with the product obtained from thebainone (XVII) or ß-thebainone (XVII ; 
C(14r epimer) by treatment with 2 : 4-dinitrophenylhydrazine followed by  
bromination. This reaction involves epimerisation at C(14) of the ß-series 
[trans — 5» cis), leading to the natural configuration at C(14) (b -c  cis). Cleavage 
of (XVI) with acetone produced 1-bromothebainone which was then reduced 
to dihydrothebainone (XVIII). Bromination (3 mols.) of (XVIII), followed 
by treatment with 2 : 4-dinitrophenylhydrazine, gave a small yield of
1-bromocodeinone 2 : 4-dinitrophenylhydrazone (XIX) which was cleaved 
by acetone to 1-bromocodeinone; the latter was reduced to codeine (X X ; 
R =  Me) which had previously been demethylated to morphine (X X ; 
R =  PI).28 The biogenesis29 and the absolute stereochemical configuration30 
of morphine have been discussed. Evidence has been obtained that the 
ethanamine chain and the C(6)-hydroxyl group are trans in codeine.31 An 
account of the reactions of phenyldihydrothebaine has been published.32

22 M. Pailer and H. Strohmayer, Monatsh., 1951, 82, 1125; 1952, 83, 1198; cf. M. 
Pailer, K. Schneglberger, and W. Reifschneider, ibid., 1952, 83, 513.

23 R. Robinson and S. Sugasawa, / . ,  1932, 789.
21 C. Schöpf and K. Thierfelder, Annalen, 1932, 497, 22.
25 J. Ewing, G. K . Hughes, E. Ritchie, and W. C. Taylor, Nature, 1952, 169, 618.
26 M. Gates and G. Tschudi, J . Amer. Chem. Soc., 1952, 74, 1109.
22 Idem, ibid., 1950, 72, 4839.
26 H. Rapoport, C. H. Lovell, and B. M. Tolbert, ibid., 1951, 73, 5900.
29 C. Schöpf, Naturwiss., 1952, 39, 241. 30 I. R. C. Bick, Nature, 1952, 169, 755.
31 H. Rapoport and G. B. Payne, J .  Amer. Chem. Soc., 1952, 74, 2630.
32 K. W. Bentley and (Sir) R. Robinson, J ., 1952, 947; cf. ref. 2 and L. F. Fieser 

and M. Fieser, “ Natural Products Related to Plienanthrene," Reinhold Publ. Corp.,
^ew York, 1949, p. 19.
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Reduction of thebaine by sodium in liquid ammonia gives dihydrothebaine-^ 
(XXI) (phenolic dihydrothebaine); 33 this structure is preferred to (X X II) as 
a result of a study of ultra-violet and infra-red spectra 34 and because it does
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not add dienophiles.33 Formula (X X II) is that of the ¡3-dihydrothebaine 
prepared by Karrer and Schmid.35 The isomerism of the thebainones has

33 K. W. Bentley, (Sir) R. Robinson, and A. E. Wain, 1952, 958.
34 G. Stork, J . Atner. Chem. Soc., 1952, 74, 768.
35 P. Karrer and H. Schmid, Helv. Chim. Acta, 1950, 33, 863.
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been studied, their nomenclature revised, and structures allotted on the 
basis of their ultra-violet and infra-red spectra. A fourth thebainone, 
thebainone-B (X X III), has been obtained by hydrolysis of dihydro- 
thebainone-^ (X X I).30

Aporphine Group.— The structure suggested for artabotrine37 is in
correct, the substance is identical with fsocorydine (X X IV ).38

Indole Group.-—Alstonine (ref. I, p. 233) has now been isolated from 
various species of Rauwolfia ; 39 structure (XXV) is preferred to (XXVI) on 
the basis of the infra-red spectrum. Serpentine (ref. 1, p. 233) has been 
found to contain a C-methyl group and is now formulated as (X X V II), a 
dihydro-derivative of alstonine (X X V ).40 Two new quaternary salts, 
melinonine A, C22H 270 3N 2C1, and B, C20H 29ON2C1, have been isolated from 
Strychnos melinoniana Bâillon.41 Melinonine A lost methyl chloride on 
being heated, giving a tertiary base, normelinonine A (identical with tetra- 
hydroalstonine, X X V III) ; the latter re-formed the alkaloid on méthylation. 
The ultra-violet spectrum of melinonine B suggests it is an a|3-substituted 
indole. It is suggested that 8-yohimbine and mayumbine are stereoisomers 
of tetrahydroalstonine (X X V III).42 Hydrogenation of sempervirine (X X IX )

gave (± )-a //o y o h im b an e  (X X X ) w hich  w as reso lved  via th e  ta r t r a te  43 a n d  
found to  be id e n tic a l w ith  th e  p ro d u c t o b ta in ed  b y  W olff-K ish n er red u c tio n  
of d /ioyohim bone (co ry n an th id o n e).44 C o ry n an th e in e  (X X X I) ap p e a rs  
always to  b e  ad m ix ed  w ith  d ih y d ro co ry n an th e in e  (X X X II),45 a n d  th is  
explains th e  re su lts  o b ta in ed  b y  v ario u s  w o rk e rs : 46 (X X X I) gives fo rm 
aldehyde on  ozonolysis, a n d  (X X X II) gives ace tic  ac id  on K u h n -R o th  
oxidation. L ith iu m  a lu m in iu m  h y d rid e  red u c tio n  of d ih y d ro co ry n an th e in e

35 K. W. Bentley and A. E. Wain, / . ,  1952, 967.
37 G. Barger and L. J. Sargent, 1939, 991.
38 E. Schlittler and H. U. Huber, Helv. Chim. A da , 1952, 35, 111-
39 E. Schlittler, H. Schwarz, and F. Bader, ibid., p. 271.
80 F. Bader and H. Schwarz, ibid., p. 1594.
11 E. Schlittler and J. Hohl, ibid., p. 29.
42 R. Goutarel and A. Le Hir, Bull. Soc. chim., 1951, 18, 909; M. M. Janot, R.

Goutarel, and J. Massonneau, Compt. rend., 1952, 234, 850.
43 A. Le Hir, R. Goutarel, and M. M. Janot, ibid., 1952, 235, 63; Bull. Soc. chim.,

1952, 19, 1091. »  A. Le Hir, Compt. rend., 1952, 234, 2613.
45 P. Karrer, R. Schwyzer, and A. Flam, Helv. Chim. A d a , 1952, 35, 851.
46 Ref. 1 , p. 232; cf. M. M. Janot and R. Goutarel, Compt. rend., 1952, 234, 1562.
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followed by catalytic hydrogenation gave tetrahydrodemethoxycoryn- 
antheine alcohol (X X X III). Dehydrogenation -of the last with selenium 
gave alstyrine (X X X IV ; R =  H) and a small quantity of methylalstyrine 
(X X X IV ; R =  M e); however, palladium dehydrogenation afforded flavo- 
corynanthyrine (X X X V ).45' 47 Similarly, yohimbyl alcohol (XXXVI) 
with selenium gives a little yobyrine (X X X V II; R =  H) and mainly 
methylyobyrine (X X X V II; R =  Me), but use of palladium leads only to 
yobyrine (X X X V II; R =  H ).48

5-M ethoxy-l : 9-diinethyl-fi-carboline (X X X V III) has been synthesised43 
and shown to be identical with a degradation product of m itragynine.50 

Three new alkaloids, (A) canthin-6-one, C14H 8ON2 (X X X IX ; R =  H),
(B) 5-methoxycanthin-6-one, C15H 10O2N2 (X X X IX ; R == OMe), and
(C) C15H 10OSN2 have been isolated 51 from Pentaceras australis Hook. f. 
The bases A and B were oxidised by permanganate to [3-carboline-l-carb- 
oxylic acid, and were hydrolysed to acids which readily re-formed the alkaloids; 
the acid from A was isomerised by alkali to an acid which did not re-form 
the lactam ring; both isomers gave the same dihydro-derivative on reduc
tion. The position of the m ethoxyl group in B was established by the reaction 
of the demethylated substance (X X X IX ; R  — OH) with o-phenylene- 
diamine.52 This ring system has not been previously observed in Nature.

Gelsemine. Application of the Hofmann degradation to gelsemine (ref. 1,

47 R. Schwyzer, Helv. Chim. Acta, 1952, 35. S67.
43 P. Karrer, R. Schwyzer, A. Flam, and R. Saemann, ibid., p. 865.
43 J. W. Cook, J. D. Loudon, and P. McCloskey, 1952, 3904.
50 H. R. Ing and C. G. Raison, / . ,  1939, 9S6.
51 H. F. Haynes, E. R. Nelson, and J. R. Price, Austral. J .  Sei. Res., 1952, 5, A , 387.
42 E. R. Nelson and J. R. Price, ibid., p. 563.

MeOX-CXH-OMe
(XXXI)

MeOXXXH-OMe
(XXXII)

H O CH 2-CHMe
(XXXIII)

R-CHMe
(XXXIV)

H,C Me

•d !
R \ /

(XXXVII)(XXXV) (XXXVI)

Me Me 
(XXXVIII) (XXXIX)

p. 234) is complicated by the fact that ^sNM e(i) alkylates CO’NH(a),
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giving CONMe(a) ; for example, the substance described as iV-demethyl- 
gelsemine 53 is actually iY(«)-methylgelsemine. It is reduced, by lithium  
aluminium hydride to deoxydihydro-iV(«)-methylgelsemine. The latter is 
also obtained from deoxydihydrogelsemine by formylation, followed by 
lithium aluminium hydride reduction.54 Heating gelsemine with tétra
méthylammonium hydroxide yields AT(a)-methylgelsemine.55

$-Erythroidine. None of the structures suggested for (3-crythroidine 
(ref. 1, p. 230) has been accepted by Boekelheide and his colleagues.56 These 
workers find that a/>o-3-erythroidine, C15H 150 2N, is readily dehydrogenated 
to dehydroa^o-p-erythroidine, C15H 130 2N ; the latter is a lactone, giving an 
indole colour reaction (Ehrlich). Alkaline permanganate oxidises dehydro- 
rt/>o-[3-erythroidine to 2-aminofsophthalic acid, isatin-7-carboxylic acid (XL), 
and 4-hydroxyquinoline-3 : 8-dicarboxylic acid (XLI), the last not giving
2-aminofsophthalic acid on oxidation. Similar oxidation of a/>o-j3-erythroidine 
afforded (XL) and (XLI). These observations indicate that apo-|3-erythro-

idine contains a structure of type (XLII). Contrary to earlier claims, apo- 
ß-erythroidine does not appear to contain a !CH2 group, and oxidative

oxyphthalic acid. Hofmann degradation of «^>o-i3-erythroidine 57 shows the 
presence of (•CH2,CH2,)2N -. De-Ar-methyldihydro-p-erythroidinol (XLIII ; 
R =  OH) on two-stage Hofmann degradation gave a substance 
and reduction of this, followed by permanganate oxidation, gave o-ethyl- 
benzoic acid. Hydrogenolysis of (X L III; R =  OH) yielded (X L III; 
R == H) ; Hofmann degradation of the latter with reduction at each stage 
showed the presence of (-CHg-CHy^N*, and ozonolysis of the end product 
gave ethyl m ethyl ketone. A consideration of these results lead to structure 
(XLIV) for (i-erythroidine, and (XLV) for «jio-p-erythroidine.

Strychnos Alkaloids.—The long suspected relation between a-colubrine 
(XXXVI ; R =  H, R' =  OMe), p-colubrine (XLVI ; R =  OMe, R' =  H), and 
strychnine (XLVI ; R =  R' =  H) has been established.58 Lithium alu

53 R. Goutarel, M. M. Janot, V. Prelog, and R. P. A. Sneeden, Helv. Chim. Acta, 1951, 
34, 1962.

T. Habgood, L. Marion, and H. Schwarz, ibid., 1952, 35, 638.
55 V. Prelog, J. B. Patrick, and B. Witkop, ibid., p. 640.
56 M. F. Grundon and V. Boekelheide, J . Amer. Client. Soc., 1952, 74, 2637.
57 V. Boekelheide, M. F. Grundon, and J. Weinstock, ibid., p. 1866.
58 S. P. Findlay, ibid., 1951, 73, 3008.

REP.— VOL. XLIX. H

•^ \X % C O  II
u r  *

(XL) (XLI) (XLII)

degradation of ß-erythroidine derivatives gave phthalic acid and not 3-meth-

(XLIII) (XLIV) (XLV)
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minium hydride reduction of the colubrines gave the corresponding colu- 
bridines which were then oxidised to 2 : 3-diketonucidine, the oxidation pro
duct of strychnidine.59 A new alkaloid, novacine (N-methyl-sec.-pseudo- 
brucine), has been isolated from Stryclmos nux-vomica seeds.®0 Boit has 
continued his degradative studies on ^se«dobrucine.81 Phenols have been 
found to form solid complexes with certain strychnine derivatives.62 The

Wieland-Gumlich aldehyde (XLVII) has been condensed with malonic acid, 
forming tsostrychnic acid (XLVIII ; inversion at C* relative to strychnine).03 
i'soStrychnic acid had previously been converted into fsostrychnine-1 
(X LIX ),64 and hence into strychnine (XLVI; R =  R' =  H ).63 The 
oxidation of strychnine with osmium tetroxide,66 and that of strychnine and 
brucine lY-oxides with permanganate has been described.67

Quinazolone Group.68—Koepfli, Brockman, and M offat69 consider 
febrifugine and fsofebrifugine, ClfiH 190 3N3, to be isomers of (L), the semi- 
ketal of (LII), differing in stereochemistry at C*. This explains the ready

interconversion of the two alkaloids. Both are oxidised by periodate to the 
same optically inactive substance, C16H 170 3N3, which yields the pyrazole 
(LI) on treatment with semicarbazide. However, the alkaloids are reduced 
to different dihydro-derivatives, and febrifugine forms carbonyl derivatives

68 H. Leuchs and H. S. Overberg, Ber., 1931, 64, 1009.
60 W. F. Martin, H. R. Bentlev, J. A. Henry, and F. S. Spring, 1952, 3603.
61 H. G. Boit, Chem. Ber., 1952, 85, 19, 106.
6a J. T. Edward and (Sir) R. Robinson, J ., 1952, 1080.

(Sir) R, Robinson and J. E. Saxton, J ., 1952, 982.
154 H. G. Boit, Ber., 1951, 84, 16.
65 V. Prelog, J. Battegay, and W. I. Taylor, Helv. Chim. Acta, 1948, 31, 2244.
66 A. Kogure and M. Kotake, J . Inst. Polytech. Osaka City Univ., 1951, sec. C2, 39 

(Chem. Abs., 1952, 46, 6131).
67 K. Hirayama, ibid., p. 45.
88 Cf. A nn. Reports, 1949, 46, 210.
69 J. B. Koepfli, J. A. Brockman, and J. Moffat, J . Amer. Chem. Soc., 1950, 72, 3323.

(XLVI) (XLVII)

(XLVI II) (XLIX)

O

(LI)
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whilst, fsofebrifugine does not.70 Febrifugine has also been isolated from 
hydrangea leaves.71 Permanganate oxidation gave 3-carboxymethyl-4- 
quinazolone (LII ; R =  C 02H), zinc dust distillation afforded the ketone 
(LII; R =  Ac), and the alkaloid contained a carbonyl group, a hydroxyl 
group, and a sec.-amino-group, indicating a structure of type (LIII).72 
The racemic form of the alkaloid (LV) has been synthesised by treating ethyl
2-3'-bromoacetonyl-3-methoxypiperidine-l-carboxylate (LIV) with quin- 
azol-4-one and then removing the protecting groups.73

C,H5-OHO O JbCA

/ X / V n -CH-R ^ \ / ' x'N-CHs-CO-CH2-CH o h „
I II j  • I II I X M/  •
X /X / X /W  è

(LII) (LIII) H
o  o

A / V  M e O - Ax/V + Br-CH2-C°-CH-V
^ • c h 2-c o -ch°2= Q

X / V  k
(LIV) C02E t (LV)

Steroid Alkaloids.—A 3(3-dimethylaminopregn-5-ene structure (LVI ; 
R =  Me) has been suggested for conessine.74 This is in agreement with the 
optical rotation, ultra-violet, and infra-red spectral data. Degradation of 
conessine by von Braun's method affords fsoconessimine (LVI; R =  H ).75 
Hofmann degradation of the IV-acetyl derivative (LVI; R =  Ac), followed 
by Emde reduction, gave (LVII ; R =  Ac) identical with the substance 
prepared by reaction of 3(3-toluene-p-sulphonyloxypregna-5 : 20-diene with  
methylamine followed by acétylation of the resulting amine (LVII ; R =  H).

c h :c h , 
Me|

\i
te

I 
/ \ / VMeRN (LVII)

The presence of a sec.-amino-group in solasodine (LVIII) has, been con
firmed ; molecular-rotation differences indicate that solasodine has the same 
stereochemical configuration as cholesterol; V-nitrososolasodine has been 
converted in small yield into diosgenin (LIX), confirming structure (LVIII).76 
A new alkaloid, solamargine, has been isolated 77 from Solanum m arginatum; 
complete hydrolysis gave rhamnose, glucose, and solasodine (L V III); 
partial hydrolysis yielded solasodine ß-glucoside.

Tomatidine yields a diacetyl derivative (m. p. 194°) containing > N A c,

70 J. B. Koepfli, J. F. Mead, and J. A. Brockman, / .  A me". Chent. Soc., 1949, 71, 1048.
71 F. Ablondi, S. Gordon, J . Morton, and J. H. Williams, / .  Org. Chem., 1952, 17, 14.
77 B. L. Hutchings, S. Gordon, F. Ablondi, C. F. Wolf, and J. H. Williams, ibid., 

p. 19.
73 B. R. Baker, R. E. Schaub, F. J. McEvoy, and J. H. Williams, ibid., p. 133.
74 R. D. Haworth, J. McKenna, R. G. Powell, and H. G. Whitfield, Chem. and Ind.,

1952, 215. ,s S. Siddiqui, Proc. Indian Acad. Sei., 1936, 3, A , 249, 257.
78 L. H. Briggs and T. O’Shea, 1952, 1654.
77 L. H. Briggs, E. G. Brooker, W. E. Harvey, and A. D. Odell, ibid., p. 3587.
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which is isomerised by light to a compound (m. p. 92°) containing -NH Ac. 
The former product is oxidised by chromic acid to 3-acetyltigogenin lactone 

Me Me

• ' « 5 11-. y f l j h j S ! . .  ..................................
K

-Me

  /\/vHO (LVIII) HO (LIX)
(L X ); 78 the lower-melting isomer is oxidised to a mixture of (LX) and 
3j3-acetoxyaffopregn-16-en-20-one (LXI),78' 79 suggesting that tomatidine 
may be (LXII), the nitrogen analogue of tigogenin.78

Me

COMc 
Me |

v r  ■ ^Me

Me
(LX) AcO H

/ ■

.Me 

M el^

(LXI)

NH

Mel

A
/ \ / °

-Me

OH
NH, (LXIII)

Solanocapsine, C27H460 2N 2,H20 ,  contains no double bonds, two or three 
C-methyl groups, three active hydrogen atoms, one amino-, and one secondary 
cyclic imino-group. Treatment with nitrous acid gives an unsaturated 
nitroso-compound and nitrogen; one oxygen atom is present as a tertiary or 
hindered secondary hydroxyl group, and the other as an ether linkage.80 
Selenium dehydrogenation yielded Diels’ hydrocarbon and 2-ethyl-5-methyl- 
pyridine, observations differing from those of earlier workers.81 These re
actions lead to a formula of type (L X III; stereochemistry unknown). Infra
red spectral studies indicate that salt formation by this type of structure 
involves opening of the ether ring.

Me

Me

) !

•NH-
lel

&
—Me

OH-

Careful hydrolysis of cevadine gives cevagenine and angelic ac id ; simi
larly veratridine gives veratric acid and cevagenine.82 Further action of

78 R. Kuhn and I. Low, Chetn. Ber., 1952, 85, 416.
78 Y. Sato, A. Katz, and E. Mosettig, J . Amer. Chem. Soc., 1952, 74, 538.
80 E. Schlittler and H. Uehlinger, Helv. Chim. Acta, 1952, 35, 2034, 2608.
31 G. Barger and H. L. Fraenkel-Conrat, / . ,  1936, 1537.
82 A. Stoll and E. Seebeck, Helv. Chim. Acta, 1952, 35, 1270, 1942; cf. N. Elming, 

C. Vogel, O. Jeger, and V. Prelog, ibid., p. 2541.
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alkali isomerises cevagenine to the known cevine. Hence cevagenine is the 
true alkam ine; its infra-red spectrum is similar to that of the alkaloids and 
shows the presence of a carbonyl group. This group is absent in cevine. 
Reduction of cevadine produces two dihydrocevadines; both these yield 
cevagenine on hydrolysis, but one gives (-f-)-a-methylbutyric acid and the 
other the (—)-isomer. Cevagenine contains a keto-group and seven hydroxyl 
groups-; a consideration of its reactions lead to a formula of type (LXIV).

The skeleton of rsorubijervine (L X V ; R =  OH) has been established by  
the oxidation of dihydrozsorubijervine to the corresponding aldehyde and

reduction of the latter to solanidan-3(3-ol (LXVI),83 and also by reaction of

(LXV; R =  I). Reduction of this iodide gave solanidine (L X V ; R =  H ).84
Further evidence for the presence of an aromatic ring in veratramine 

(LXVII) has been obtained by the nitration of triacetyldihydroveratrarnine

(LXVI II) ; the resulting nitro-compound was reduced to a diazotisable 
amine. IV-Acetylveratramine has been oxidised to an a(3-unsaturated

83 D. Bum  and W. Rigby, Chem. and Ind., 1952, 668.
81 S. W. Pelletier and W. A. Jacobs, J . Amer. Chem. Soc., 1952, 74, 4218.

O Me

Me

the tolucne-jVsulphonic ester of Horubijervine with potassium iodide to give

Me Me Me Me

AcU (LXX) AcO (LXXl)
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ketone, indicating that ring B is not aromatic.85 Triacetyldihydroveratr- 
amine (LXVIII) has been oxidised by chromic acid to a ketone (LXIX) 
whose chemical and spectral properties indicate a carbonyl group at 
CW-Diacetyljervine (LXX) is converted on acetolysis into a triacetate 
having an indanone structure (LX X I).86 This has now been reduced to 
(LXIX), identical with the product from veratramine, establishing the 
relation between veratramine and jervine.87 .

A. S. B.

10. NATURALLY-OCCURRING OXYGEN RING COMPOUNDS.

Furans and Benzofurans.—The chemistry of usnic acid has been re
viewed.1 Details 2 of the work leading to the determination of the structure 
of griseofulvin 3 have now been given. Contributions to the chemistry of 
coumaranones include work on the synthesis 4 of the naturally occurring 
leptosidin (2-benzylidene-6 : 3': 4'-trihydroxy-7-methoxycoumaranone) 5 and 
its 6-glycoside, leptosin; the rearrangement8 of 2-benzylidenecoumaranones 
under weakly alkaline conditions to flavones, a change that m ay prove useful 
in flavone synthesis; and the formation of 2-arylidenecoumaranones in the 
attempted conversion of some arylidenephloracetophenone derivatives into 
flavonols by treatment with alkaline hydrogen peroxide.7

The structure of ipomeamarone (I),8 a furan produced in sweet potato by 
infection with Ceratostomella fimbriata Elliot, has been elucidated by Japanese

H.C CH„----------- H.C--------CH. H,C CH„
H \ | | "I | 2 H \ | I

n n Cx  /CMe-CHjR 0 < \  XMe-CH.R / < \  y CMe-CH2R
I  /  0  ’ °  HOjC X0 X

(I) (II) (III)
H 2C-------CH2
H \ | I

Me02C-CH,-CH2-CMe:CHR CH2:CH—Cx  /CMe-CH.R
(IV) x o x

(R =  -  CO-CHa-CHMea) (V)

chemists.9 Preliminary work indicated the presence of a carbonyl group, 
two double bonds, and two oxide rings. Ozonolysis gave as chief products 
ipomic lactone (II) and ipomeanic acid (III). The lactone gave isovaleric 
acid and kevulic acid on oxidation, and ozonolysis of the semicarbazone of

85 C. Tamm and O. Wintersteiner, J . Amer. Chem. Soc., 1952, 74, 3842.
86 J. Fried, O. Wintersteiner, A. Klingsberg, M. Moore, and B. M. Iselin, ibid., 

1951, 73, 2970. S7 O. Wintersteiner and N. Hosansky, ibid., 1952, 74, 4474.
1 F. M. Dean, Sci. Progr., 19.52, 40, 635.
2 J. F. Grove, J. MacMillan, T. P. C. Mulholland, and M. A. T. Rogers, / . ,  1952, 

3949; J. F. Grove, D. Ismay, J . MacMillan, T. P. C. Mulholland, and M. A. T. Rogers, 
ibid., p. 3958; J. F. Grove, J. MacMillan, T. P. C. Mulholland, and J. Zealley, ibid., 
p. 3967; J. F. Grove, J. MacMillan, T. P. C. Mulholland, and M. A. T. Rogers, ibid., 
p. 3977; T. P. C. Mulholland, ibid., p. 3987, 3994.

3 A nn . Reports, 1951, 48, 210.
1 T. A. Geissman and W. Moje, J . Amer. Chem. Soc., 1951, 73, 5765.
5 T. A. Geissman and C. D. Heaton, ibid., 1943, 65, 677.
6 D. M. Fitzgerald, E. M. Philbin, and T. S. Wheeler, Chem. and Ind ., 1952, 130.
7 H. Ozawa and M. Kawanishi, J . Pharm. Soc. Japan, 1951, 71, 1186.
8 I. Oze and M. Hiura, A nn. Rep. Jap . Veget. Path., 1939, 9, 123.
9 T. Kubota and T. Matsuura, Proc. Japan Acad., 1952, 8, 44, 83, 198.
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the compound (IV) obtained by dehydration of the m ethyl ester formed 
on ring-opening of the lactone gave chiefly m ethyl laevulate and i'sobutyl- 
glyoxal semicarbazone. The structure (IV) of the keto-acid, thus deduced, 
was confirmed by synthesis, and the point of attachment of the carboxyl 
group in (III) was proved by degradation to the lactone (II). The furan 
structure of the remaining C(.4) moiety was shown by colour tests, the form
ation of Diels-Alder adducts, and by a degradation 10 typical of aa'-un- 
substituted furans, in which the adduct with acetylenedicarboxylic ester was 
partially reduced and heated, giving furan-3 : 4-dicarboxylic ester and an 
olefin (V). The olefin, on oxidative decomposition of its ozonide, gave 
formic acid, ipomeanic acid, and ipomic lactone. Further work 11 is de
scribed which independently confirmed the position of the carbonyl group 
in the side chain of ipomeamarone.

Flavones.—Several useful papers have appeared on the separation and 
identification of fiavone derivatives by paper partition chromatography. 
Gage, Douglass, and Wender 12 give the R? values of 38 fiavone derivatives 
in 11  solvent systems and also the colours produced on paper by each com
pound with 8 sprays in both visible and ultra-violet light. Paris 13 gives 
Pp values in various solvents of 41 fiavone derivatives. In two papers 14 
the R},i [log (1 /R e — 1 )] values of many natural and synthetic flavones 
(including 13 new compounds) are reported, and the interactions of 
substituent groups, in particular hydrogen bonding, are discussed in the 
light of the results. Partition chromatography has also been applied to the 
identification 15 of flavanones in extracts of various Pinus species. The 
ultra-violet absorption spectra of flavones have been studied in relation to 
their structure by Briggs and Locker 10 who also discuss the effects of struc
ture on the acidity and basicity of flavones. The determination of the 
ultra-violet absorption spectra of substances, including flavones, iso- 
flavones, and coumarins, present as spots on paper after chromatography 
has been investigated 17 as an analytical method.

The literature concerning colour reactions of flavones is notoriously 
confused and many conclusions about the specificity of certain reactions 
have been reached on insufficient evidence. One aspect of this field has 
been clarified 18 by an investigation of .the colours given by 57 fiavone 
derivatives with two reagents (magnesium-hydrochloric acid and zinc- 
hydrochloric acid 19). Whereas the first reagent appears to give stable 
anthocyanidin-like colours with all fiavone derivatives, the second gives 
stable colours only with flavonols substituted in the 3-position; fading 
colours are produced with flavones and 3-hydroxyflavanones. A further 
colour test,20 reported as specific for flavanones, depends on the formation

10 K. Alder and H. F. Rickert, Ber., 1937, 70, 1354.
11 T. Kubota and T. Matsuura, J . Chem. Soc. Japan, 1952, 73, 530.
12 T. B. Gage, C. D. Douglass, and S. H. Wender, Analyt. Chem., 1951, 23, 1582.
13 R. Paris, Bull. Soc. Chim. biol., 1952, 34, 707.
14 T. H. Simpson and (in part) L. Garden, ] . ,  1952, 4638; B. L. Shaw and T. H. 

Simpson, ibid., p. 5027.
15 G. Lindstedt and H. Misiorny, Acta Chem. Scand., 1952, 6, 744.
15 L. H. Briggs and R. H. Locker, / . ,  1951, 3136.
17 A. E. Bradfield and A. E. Flood, / . ,  1952, 4740.
18 M. Shimizu, / .  Pharm. Soc. Japan, 1951, 71, 1329; 1952, 72, 338.
19 J. C. Pew, J . Amer. Chem. Soc., 1948, 70, 3031.
20 S. Shibata and A. Kasahara, J . Pharm. Soc. Japan, 1952, 72, 1386.
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of a blue fluorescent spot (ultra-violet light) when the compound, on paper, 
is sprayed with magnesium acetate.

Experiments on the isolation, identification, and synthesis of flavones 
continue. New flavone derivatives isolated include ayan in 21 from the 
timber of Distemonanthus Benthamianus, shown by degradation and synthesis 
to be 3 : 7 : 4'-trimethylquercetin; S-O-rhamnoglucosidylkmmpferol 22 from 
the leaves of H yptis capitata and Dryopteris oligophlebia; rhoifolin (7-0- 
rhamnoglucosidylapigenin) from both the Japanese wax tree23 (Rhus 
succedenia) and the peel of the ripe fruit of Japanese varieties of Citrus 
aurantium  24 where it is accompanied by naringin (the peel of European 
varieties of this plant contains only hesperidin 25) ; a new glycoside of 
genkwanin from the bark of the Japanese cherry; 26 and astilbin (a rhamnos- 
ide of 3 : 5 : 6 : 3 ': 4'-pentahydroxyflavanone) from Astilbe Thurbergii27 
which also contains quercetin and the i'socoumarin, bergenin. The substance 
aromadendrin, long known to occur in the kinosof many Eucalyptus species, 
has been identified28 as dihydrokiempferol which is also identical with 
katuranin.29 In the light of new evidence the structure of meliternatin has 
been modified.30

Several known flavones have been isolated from new sources, including 
quercetin and its 3-glucoside (by the use of ion-exchange resins) from 
grapes31 and black currants,32 and from a variety of Rosa polyantha; 33 
rutin from date-palm pollen34 and the leaves of Grevillea robusta; 35 and 
naringenin from the timber of Ferreirea spectabilis,3G

Synthetic investigations in the field include the synthesis of 5 : 4'-di- 
methoxyfurano(3" : 2"-6 : 7)flavone and 7 : 4'-dimethoxyfurano(2" : 3"-5 : 6) 
flavone,37 possibly isomeric with, but shown not to be identical with, ging- 
ketin .38 During experiments on the solubilising of flavones with boric 
acid 39 an observation has been made which m ay prove useful in the synthesis 
of partially methylated compounds. In the presence of borate, diazo- 
methane fails to methylate not only the o-hydroxyl, but also vicinal hydroxyl, 
groups; rutin can thus be methylated to the 7-methyl ether, and quercetin 
to the 3 : 7-dimethyl ether. Addition of boric acid also improves the reduc
tion 40 of flavonols to hydroxyflavanones by dithionite.19

isoFlavones.— A new tsoflavone, muningin (6 : 4'-dihydroxy-5 : 7-di-

21 F. E. King, T. J. King, and K. Sellars, 1952, 92.
22 K. Kobayashi, J . Pharm. Soc. Japan, 1952, 72, 1 ; K. Kobayashi and K. Hayashi,

ibid., p. 3. 23 S. H attori and H. Matsuda, Arch. Biochem., 1952, 37, 85.
21 S. Hattori, M. Shimokoriyama, and M. Kanao, J .A m er . Chem. Soc., 1952, 74, 3614.
25 F. Kolle and K. E. Gloppc, Pharm. Zentralh., 1936, 77, 421.
29 T. Ohta, J . Pharm. Soc. Japan , 1952, 73, 456.
27 H. Shimada, T. Sawada, and S. Fukuda, ibid., p. 578.
28 W. E. Hillis, Austral. J . Sci. Res., 1952, 5, 379.
29 H. Voda, B. Fukushima, and T. Kondo, J . Agric, Soc. Japan, 1943, 19, 467.
30 L. H. Briggs and R. H. Locker, / . ,  1951, 3131.
31 B. L. Williams and S. H. Wender, J . Amer. Chem. Soc., 1952, 74, 4372.
32 B. L. Williams, C. H. Ice, and S. H. Wender, ibid., p. 4566.
33 TV Ohta and T. Myazaki, / .  Pharm. Soc. Japan, 1951, 71, 1281.
34 M. S. El Ridi, L. A. Strait, and M. H. Aboul Wafa, Arch. Biochem., 1952, 39, 317.
35 K. Kobayashi, J . Pharm. Soc. Japan, 1951, 71, 1493.
36 F. E. King, M. F. Grundon, and K. G. Neill, / . ,  1952, 4580.
37 A. Kogure, J . Chem. Soc. Japan, 1952, 73, 271, 308.
38 W. Baker and W. H. C. Simmonds, / . ,  1940, 1370.
39 M. Shimizu et al., J .  Pharm. Soc. Japan, 1951, 71, 875 et seq.
40 M. Shimizu and T. Yoshikawa, ibid., 1952, 72, 331.



methoxyzsoflavorie) has been iso lated 41 from the heartwood of Plerocarpus 
angolensis which also contains a small amount of prunetin.42 Formo- 
nonetin and genistein have been isolated from subterranean clover,43 and 
genistein has been shown to be cestrogenic. Two independent groups of 
workers have isolated simple dihydroz'soflavones, previously known in Nature 
only as complex derivatives, from natural sources. Indian workers on the 
constituents of Prim us puddum, known to contain prunetin as well as 
genkwanin and sakuranetin,44- have isolated two new substances,45 the 
glycoside padmakastin and its aglycone padmakastein. The latter was 
identified as dihydroprunetin (2 : 3-dihydro-5 : 4'-dihydroxy-7-methoxyzso- 
flavone) by synthesis and by dehydrogenation to prunetin derivatives (by 
the action of selenium dioxide on the acetate). British workers36 isolated 
from Ferreirea spectabilis, in addition to biochanin-A (4-methylgenistein) and 
naringenin, two compounds ferreirin and homoferreirin. Dehydrogenation 
(palladised charcoal), oxidation, and synthesis of the fully methylated  
derivatives established both compounds as derivatives of 5 : 7  : 2 ':  4'-tetra- 
hydroxyzsoflavanone; investigation of the ethyl ethers established the 
structures 46 of the natural compounds as, respectively, 5 : 7 :  2 '-trihydroxy- 
4'-methoxy- and 5 : 7-dihydroxy-2' : 4'-dimethoxy-zsoflavanone. n

A new synthetic route to z'soflavones has been developed 47 which is 
particularly useful for the direct preparation of hydroxylated derivatives. 
The appropriate deoxybenzoin is treated, in pyridine, with ethoxalyl chloride, 
giving the 2-carbethoxyzsoflavone, readily hydrolysed and decarboxylated 
under mild conditions. B y this method biochanin-A, genistein, </j-bapti- 
genin, and 5 : 7 : 2'-trihydroxyzsoflavone48 have been made. The last 
was not identical with an aglycone from a soya-bean glycoside which 
had been allotted this structure.49 The synthesis 42 from biochanin-A of 
7 : 4'-dihydroxy-5-methoxyzsoflavone, the so-called prunusetin44 from 
Primus puddum, does not give the substance described as occurring naturally, 
which was probably impure prunetin. The method of nuclear oxidation 
with persulphate, well known in the flavone field, has been successfully 
applied to several z'soflavones.50

Miscellaneous Benzopyrones and Coumarins.—The first natural naphtho- 
pyrone, eleutherinol, has been found 51 in Eleuthera bulbosa ; 52 only 500 mg. 
were obtained but the structure has been unambiguously established as (VI). 
Analysis, colour tests, the formation of a piperonylidene derivative of the 
dimethyl ether, and alkaline degradation [which gave acetone, acetic acid, 
a trihydroxy-ketone (V II; R =  Ac, R' =  H), and a small amount of a 
trihydroxy-compound (V II; R == R' =  H)] indicated that the substance

41 F. E. King, T. J. King, and A. J. Warwick, / . ,  1952, 96.
42 F. E. King and L. Jurd, / . ,  1952, 3211.
43 R. B. Bradbury and D. E. White, / . ,  1951, 3447.
44 D. Chakravarti and C. Bhar, / .  Indian Chem. Soc., 1945, 22, 301.
45 N. Narasimhachari and T. R. Seshadri, Proc. Indian Acad. Sci., 1952, 35, A ,  202.
40 F. E. King and K. G. Neill, 1952, 4752.
47 W. Baker and W. D. Oilis, Nature, 1952, 169, 706.
48 W. Baker, J. H. Harborne, and W. D. Ollis, Chem. and Ind., 1952, 1058.
49 K. Okano and I. Beppu, J . Agric. Chem. Soc. Japan, 1939, 15, 645.
50 N. Narasimhachari, L. R. Row, and T. R. Seshadri, Proc. Indian Acad. Sci., 1952, 

35, A , 46.
51 A. Ebnother, Th. M. Meijer, and H. Schmid, Hetv. Chitn. Acta, 1952, 35, 910.
52 Cf. A nn. Reports, 1950, 47, 226.
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was a dihydroxy-2-methylchromone with one further m ethyl group (Kuhn- 
Roth). Alkaline degradation of dimethyleleutherinol gave the corresponding 
derivatives (V II; R =  Ac, R' =  Me, and R =  H, R' =  M e); oxidation 
of the former gave 3 : 5-dimethoxyphthalic anhydride, and of the latter

(lead tetra-acetate) gave a mixture of a 2-hydroxy-dimethoxy-methyl- 
1 :4-naphthaquinone and the corresponding dim ethoxy-m ethyl-l: 2-naphtha- 
quinone. The data thus obtained did not distinguish between the two 
structures (VIII) and (IX) for the 1 : 4-quinone, but an unambiguous 
synthesis 53 of both quinones identified the degradation product as (VIII), 
and the structure (VI) for eleutherinol followed. Some analogous naphtho- 
pyrones have been synthesised by standard methods.54

Several papers concerning the chemistry of khellin and its analogues 
have appeared; visnagin has been converted into the more physiologically 
active khellin by a process which makes use of nuclear oxidation with 
persulphate; 55 k h ello l56 and a visnagin isomer [5-methoxy-2-methyl- 
furano(2': 3'-7 : 8)(2 : 3-benzopyrone)] 57 have been prepared by standard 
methods.

Work on natural coumarins has been largely confined to the analytical 
field. Paper chromatographic studies of coumarins have been published by 
two schools.58’ 59 Spectral studies are represented by a paper 60 on the 
variation of fluorescence spectrum with pH of 59 coumarin derivatives, and 
a variety of coumarins and furanocoumarins have been investigated polaro- 
graphically.61

Lactones and Lactols.— A series of closely argued papers62 on the 
structure of picrotoxin has appeared but the investigations described are 
not yet sufficiently complete to allow final conclusions to be reached. 
Further details 63 have now appeared concerning the synthesis of picrotoxa- 
diene and its production from picrotoxinin.64 The lignan arctigenin ((3-3 : 4- 
dimethoxybenzyl-a-4-hydroxy-3-methoxybenzylbutyrolactone) 65 has been 
synthesised .06

53 H. Schmid and M. Burger, Helv. Chiin. Acta, 1952, 35, 928.
54 H. Schmid and H. Seiler, ibid., p. 1990.
55 S. K. Mukherjee and T. R. Seshadri, Proc. Indian Acad. Sci., 1952, 35, A , 323.
56 T. A. Geissman and J. W. Bolger, J . Amer. Chem. Soc., 1951, 73, 5875.
54 G. H. Phillips, A. Robertson, and W. B, Whalley, 1952, 4951.
68 K. Riedl and N. Neugebauer, Monatsh., 1952, 83, 1083.
68 A. B. Svendsen, Pharm. Acta Helv., 1952, 27, 44.
60 R. H. Goodwin and F. Kavanagh, Arch. Biochem., 1952, 36, 442.
81 R. Patzak and L. Neugebauer, Sitzungber. Akad. Wtss. Wien, 1952, 161, 776.
53 J. C. Benstead, H. V. Brewerton, J. R. Fletcher, M. Martin-Smith, S. N. Slater, 

and A. T. Wilson, 1952, 1042; S. N. Slater and A. T. Wilson, ibid., p. 1597; J- C. 
Benstead, R. Gee, R. B. Johns, M. Martin-Smith, and S. N. Slater, ibid., p. 2292.

63 H. Conroy, J . Amer. Chem. Soc., 1952, 74, 491, 3047.
64 Cf. A nn. Reports, 1951, 48, 211.
65 R. D. Haworth and W. Kelly, J .,  1936, 998.
64 T. Ozawa, J . Pharm. Soc. Japan, 1952, 72, 2S5, 551.
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Gladiolic acid, a metabolic product of Pénicillium gladioli, has been 
shown 67 to have thé tautomeric structure (X ; R =  CHO). The presence 
of a formyl group was proved by the formation of carbonyl derivatives and

by the existence of reducing properties which disappeared on mild oxidation 
during which a new carboxyl group appeared. The 0 6 product so obtained 
had two carboxyl groups and one methoxy-group, and showed both carbonyl 
and hydroxyl properties, which are best explained by assuming a tautomeric 
system as shown. Rearrangement under alkaline conditions to give a 
carboxy-lactone (X I ; R  =  C 02H) was best explained by an oriAo-arrange- 
ment of formyl and lactol grouping, and vigorous oxidation gave 4-methoxy- 
benzene-1 : 2 : 3 : 5-tetracarboxylic acid (structure by synthesis). The final 
orientation of the substituents followed from detailed arguments for which 
the original paper should be consulted; they depend chiefly on the inter
pretation of infra-red spectra and the isolation 68 from the phthalide (X I ; 
R =  Me), obtained by Clemmensen reduction of gladiolic acid, of 2 : 4 : 5 -  
trimethylphenol.

During 1952, workers engaged in the study of macromolecules mourned 
the deaths of C. S. Hudson and K. H. Meyer, whose researches laid the 
foundations of so much of the work reported below.

It is the turn of polysaccharides to receive the main emphasis in a year 
which, in addition to furnishing its full quota of studies on new and rare 
polysaccharides, has seen some readjustments in widely accepted concepts

as starch, glycogen, and dextran. Structural studies have been facilitated  
by the continued use of chromatographic techniques for the fractionation of 
mixtures of oligosaccharides on filter paper, on charcoal columns,1-3 and, as 
their acetates, on columns of “ Silene E F .” 4 It has been shown that care 
must be exercised in interpreting paper chromatograms of sugar solutions 
containing ammonium salts, or other nitrogenous compounds, because 
glycosylamines formed, in certain circumstances, on the paper itself 
may produce extra spots.5 Studies of filter-paper ionophoresis of sugars in 
borate buffers have demonstrated that this new method is potentially very

57 J. F. Grove, Biochem. J 1952, 50, 648.
68 H. Raistrick and D. J. Ross, ibid., p. 635.
1 R. L. Whistler and Chen-Chuan Tu, J . Amer. Chem. Soc., 1952, 74, 3609.
2 S. Peat, W. J. Whelan, and G. J. Thomas, / . ,  1952, 4546.
2 S. A. Barker, E. J. Bourne, G. T. Bruce, and M. Stacey, Chem. and Ind., 1952, 1156.
1 M. L. Wolfrom and J. C. Dacons, J . Amer. Chem. Soc., 1952, 74, 5331.
5 R. J. Bayly, E. J. Bourne, and M. Stacey, Nature, 1952, 169, 876.
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11. MACROMOLECULES.

Polysaccharides.

of the structures of certain " simple ” and well-known polysaccharides, such
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valuable for characterisations; 6 there is no doubt that it will shortly be 
widely used to unravel the complexities of polysaccharide structures, as also 
will electrokinetic ultra-filtration analysis.7 Infra-red absorption, having 
yielded valuable results with dextran 8 and hyaluronic acid,9 likewise will 
probably find extensive application in the polysaccharide field. A useful 
method of structural analysis, involving periodate oxidation of a poly
saccharide, reduction of the newly formed aldehyde groups, and acidic 
hydrolysis of the product to give readily identifiable fragments, has been 
reported.10

Starch and Glycogen.—-Maple-sapwood starch has been shown, by 
potentiometric titration with iodine, to contain ca. 19% of amylose.11 
Hydrolysis of the trimethyl ether gave 2 : 3 : 4 :  6-tetramethyl and 2 : 3 : 6 -  
trimethyl glucose (3-3—3-4 and 92—93%, respectively), together with 
dimethyl glucoses (4—5%), a result which indicated that the principal gluco- 
sidic linkages involved positions 1 and 4, and that the average chain length 
of the amylopectin fraction was 26 glucose units. A somewhat lower 
figure (22 units) was derived from a determination of the formic acid liberated 
during oxidation of the starch with periodate. The presence of xylose in the 
starch was attributed to an associated xylan .11 Nuclear-substituted tri- 
carbanilates of maize starch, amylose, and amylopectin have been prepared 
by treatment of the polysaccharides, in pyridine, w ith derivatives of phenyl 
Isocyanate.12 The greatly differing optical rotations and melting points of 
the orifio-substituted products, as compared with the meta- and />ara-isomers, 
were consistent with their different intramolecular bondings. Alkaline ferri- 
cyanide, in the presence of cyanide, has been used for measurement of 
molecular weights of amylodextrins and other substances of the starch type.13 
Determinations of the molecular weight of an amylopectin acetate, by 
osmotic and light-scattering methods, have given approximate values of 
6 X 106 and 400 X 10G, respectively, the former being a number-average 
and the latter a weight-average.14 The swelling of starch granules, caused 
by the sorption of water vapour,15 and the effect of temperature and aggre
gation on the absorption spectrum of the amylose-iodine complex,16 have 
been studied.

Important advances have been made concerning the finer structures of 
the starch components. A detailed account has been given of the properties 
of Z-enzyme, which occurs in impure samples of soya-bean p-amylase.15 
Whereas the purified soya-bean p-amylase, like the crystalline p-amylase 
from sweet potatoes, effects only a 70% conversion of potato amylose into 
maltose (and not ca. 100%, as was believed previously), in the presence of

0 A. B. Foster, Chem. and Ind., 1952, 828; R. Consden and W. M. Stanier, Nature, 
1952, 169, 783. 7 D. L. Mould and R. L. M. Synge.Biochem . J ., 1951, 50, xi.

8 S. C. Burket and E. H. Melvin, Science, 1952, 115, 516.
8 S. F. D. Orr, R. J. C. Harris, and B. Sylven, Nature, 1952, 169, 544.

10 M. Abdel-Akher, J. K. Hamilton, R. Montgomery, and F. Smith, J . Amer. Chem.
Soc., 1952, 74, 4970. 11 C. E. Ballou and E. G. V. Percival, / . ,  1952, 1054.'

12 I. A. Wolff, P. R. Watson, and C. E. Rist, / .  Amer. Chem. Soc., 1952, 74, 3061, 3064.
13 S. Nussenbaum and W. Z. Hassid, A nalyt. Chem., 1952, 24, 501.
14 B. H. Zimm and C. D. Thurmond, J . Amer. Chem. Soc., 1952, 74, 1111.
15 N. N. Heilman, T. F. Boesch, and E. T. Melvin, ibid., p. 348.
16 J . F. Foster and E. F. Paschall, ibid., p. 2105.
17 S. Peat, S. J. Pirt, and W. J. Whelan, J ., 1952, 705, 714; S. Peat, G, T- Thomas,

and W. J. Whelan, ibid., p. 722.
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Z-enzyme an almost complete conversion into the disaccharide results. The 
amyloses of sago, tapioca, and maize behave similarly.17 It was concluded 
(a) that some degree of branching occurs in amyloses, and that the branches, 
which serve as obstructions to pure ¡3-amylase (and also to phosphorylase), 
are removed by Z-enzyme, (b) that Z-enzyme is a (3-glucosidase, and (c) that 
the branches consist of single p-glucose units attached to the main chain.17 
If the Z-enzyme-sensitive links are, in fact, at branch points, it seems that 
the enzyme responsible for their synthesis still remains to be found. Alter
natively, the anomalous links may not be branches, but may occur at the 
non-reducing ends of 30% of the amylose molecules, and m ay result 
from imperfections in the synthesis by phosphorylase. Branching in amylose 
has been postulated also on -the basis of the rates of sugar production with 
amylo-glucosidase and with (3-amylase; 18 it appears that potato amylose 
has 1— 2 , and tapioca amylose 2— 3, branches per molecule.

Evidence that amylopectin and glycogen have structures similar to that 
(I) suggested by Meyer, rather than the simpler “ laminated ” formula (II) 
due to Haworth, or the " comb-like ” structure (III) proposed by Freuden- 
berg, has been obtained by two methods 2- 19 (cf. ref. 20). In the first, the 
polysaccharides were treated with salivary a-amylase and then with R- 
enzyme (which hydrolyses the 1 : 6-a-branch linkages), and the resulting 
mixtures of linear saccharides were analysed on charcoal columns. From 
the analytical figures, it was deduced that multiple branching occurred in 
the polysaccharide structures.19’ 21 The second method entailed a similar

Possible structural form ula  for amylopectin.

o
(I) (II) (III)

o =  Non-reducing chain end, 4- =  a-I : 6-Link, R -- Free reducing chain end.

analysis of the amylosaccharides formed when the |3-limit dextrin from 
amylopectin was treated with R-enzyme.2

A new procedure for the determination of polysaccharide structures 
has been illustrated by its application to amylopectin.10 Periodate-oxidised 
amylopectin (IV) was hydrogenated and hydrolysed, and the resulting 
mixture was analysed for glycerol arid erythritol. Since the former arises 
only from the non-reducing terminal units, and the latter from the remaining 
units, the molar ratio g lycero l: erythritol is related to the chain length of 
the polysaccharide. In addition, about 0-5% of the- sugar units resisted 
periodate, and gave glucose on hydrolysis, from which it was concluded 10 
that some 1 : 3-linkages occur in amylopectin. Glycogen (1%), amylose

18 R. \V. Kerr and F. C. Cleveland, f .  Amer. Client. Soc., 1952, 74, 4036.
19 W. J. Whelan and P. J. P. Roberts, Nature, 1952, 170, 748.
so G. T. Cori and J. Larner, / .  Biol. Chem., 1951, 188, 17.
S1 P. J. P. Roberts and W. j .  Whelan, Biochem. J ., 1952, 51, xviii.
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(0-2—0-5%), and cellulose (0-1—0-2%) likewise contain periodate-resistant 
units.10

Other studies have been devoted to thé determination and purification 
of amylases. An improved method has been developed for the preparation 
of hog pancreatic amylase.22 Adsorption indicators have been used for the 
determination of ¡3-amylase activity .23 Earlier reports that indole deriv
atives, and other plant hormones, inhibit human a-amylase have been dis
proved.24 Crystalline malt ¡3-amylase is a very soluble albumin, which can 
be stored in the cold for long periods without loss of activity ; it is totally 
and irreversibly destroyed by the salts of heavy metals, but is relatively 
stable to low pH ; its isoelectric point is at pH 6*1, and it displays its 
optimum activity at pH o-2.25 An interesting observation is that cell-free 
homogenates of Tetrahymena pyriformis contain, in addition to phosphorylase, 
an enzyme capable of hydrolysing starch, glycogen, and maltose to glucose.26

Enzymic syntheses of the starch components have continued to receive 
attention. Potato phosphorylase has been prepared in a highly purified 
foim, following a new method of purification ; 27 the enzyme, which had an 
activity nine times greater than that of any sample described previously, 
was free from phosphatase, amylases, and Q-enzyme. It is believed that 
a two-fold increase in purity remains to be achieved,27 so that the crystallis
ation of the enzyme at last seems to be imminent. A detailed study has 
been made of the equilibrium ratio [orthophosphate] : [glucose-1 phosphate] 
established by potato phosphorylase, and the effect of Mg++ ions on this 
ratio has been explained in equations relating it to the concentration of 
Mg++ ion, and to the dissociation constants of magnesium complexes with 
orthophosphoric and glucose-1 phosphoric acids.28 Magnesium ions are 
believed to have little effect on the ratio under physiological conditions. 
The second dissociation constant of glucose-1 phosphoric acid has been 
redetermined as 3-09 X 10-7 at 30°.28 The free-energy change, at 30°, of 
the reaction glucose-1  phosphate —r->; acid orthophosphate +  polysaccharide, 
is —1460 cal.28 Additional support for the current theory that potato

22 M. L. Caldwell, M. Adams, J. T. Kung, and G. C. Toralballa, J . Amer. Chem. Soc.,
1952, 74, 4033. 22 B. Carroll and J. W. Van Dyk, Science, 1952, 116, 168.

24 E. H. Fischer and J. Fellig, ibid., 1952, 115, 684.
25 A. Piguet and E. H. Fischer, Helv. Chim. Acta, 1952, 35, 257.
20 J. F. Ryley, Biochem. J ., 1952, 52, 483.
27 G. A. Gilbert and A. D. Patrick, ibid., 1952, 51, 186.
28 W. E. Trevelyan, P. F. E. Mann, and J. S. Harrison, Arch. Biochem., 1952, 39, 

419, 440.



phosphory lase functions b y  len g th en in g  th e  cha in s of all p r im e r m olecules 
sim ultaneously , a n d  n o t b y  co n v e rtin g  one p rim er m olecu le in to  am yloes 
before a t ta c k in g  an o th er, has  resu lted  from  m easu rem en ts  of th e  sp e c tra  of 
the iod ine s ta in s  of th e  p ro d u c ts  fo rm ed  w hen d iffe ren t p ro p o rtio n s  of 
glucose-1 p h o sp h a te  a n d  p rim er m olecules a re  em ployed , a n d  also from  
elec trok inetic  u ltra -f iltra tio n  ana lysis of th e  p ro d u c ts .29 C hrom atog raph ic  
analysis of th e  n o n -p ro te in  fra c tio n  of c ry sta llin e  m uscle ph o sp h o ry lase  has 
revealed  u rid y lic  acid, cystine , a n d  (probably) 2 -m e th y l-l : 4 -n a p h th a -  
q u in o n e ;30 th e  cys tine  w as iso la te d  in  sufficient q u a n t i ty  to  suggest th a t  
cysteine m a y  c o n s titu te  an end  g ro u p  of th e  p ro te in  m olecule, a n d  serve as a  
connecting  lin k  w ith  th e  p ro s th e tic  g ro u p .30 T h e  cry s ta llin e  enzym e is 
inh ib ited  s ign ifican tly  b y  D-glucose, a n d  b y  a-m e th y l-  a n d  a-phenyl-D -gluco- 
pyranoside, b u t n o t b y  a  v a r ie ty  of o th e r  sugars, inc lud ing  p-m ethylg lucoside 
and p-D-glucose-1 p h o sp h a te .31

Details have been given of the preparation and properties of crystalline 
potato Q-enzyme.32 (Q-enzyme converts the slightly branched amylose 
component of starch into the highly branched amylopectin structure.) Like 
earlier, less pure, samples of the enzyme, the crystalline enzyme is rapidly 
inactivated in solution at 30°; it is more stable in the presence of starch .32 
In support of the hypothesis that Q-enzyme is a transglucosylase, it has been 
shown by two independent groups of workers 33> 34 that the potato enzyme 
cannot utilise amylose-type molecules as substrates unless they contain 
more than ca. 42 glucose units. For the synthesis of starch from acetate, 
Polytomella coeca utilises inter alia a phosphorylase and a Q-enzyme, these 
being very similar in their actions to the potato enzymes.35 Products 
formed from amylose by the protozoal Q-enzyme have been shown, by  
chemical and enzymic methods, to be members of the amylopectin-glycogen 
class; they were readily distinguishable from am ylose-fatty acid complexes.36 
This amylose — y  amylopectin conversion is more rapid in the presence of 
arnylosaccharides having a small average chain length, presumably because 
such molecules serve as receptors of the transferred chains.

Confirmatory evidence has been obtained 37 of the presence in E. coli of 
amylomaltase, which catalyses the reaction : n maltose (glucose)n +  n 
glucose. The extra-cellular saccharides, formed when washed cells of the 
organism were incubated with maltose in the presence of iodoacetate, were 
fractionated on a charcoal column into glucose, unchanged maltose, and the 
lower members of the homologous series of 1 : 4-a-glucosans.37 Improved 
conditions for the production of Schardinger dextrinogenase by B. macerans 38 
have facilitated the preparation of an enzyme sample which behaves as 
essentially one component in solubility tests, in electrophoretic analysis, and 
in the ultra-centrifuge.39

29 J. M. Bailey and W. J. Whelan, Biochem. J ., 1952, 51, xxxiii.
20 M. V. Buell, Fed. Proc., 1952, 1 1 , 192.
21 P. N. Campbell, N. H. Creasey, and C. W. Parr, Biochem. J ., 1952, 52, 448.
23 G. A. Gilbert and A. D. Patrick, ibid., 1952, 51, 181.
32 S. Nussenbaum and W. Z. Hassid, J . Biol. Chem., 1952, 196, 785.
21 J. M. Bailey, S. Peat, and W. J. Whelan, Biochem. 1952, 51, xxxiv.
25 A. Bebbington, E. J. Bourne, M. Stacey, and I. A. Wilkinson, ] . ,  1952, 240.
26 A. Bebbington, E. J. Bourne, and I. A. Wilkinson, ibid., p. 246.
27 S. A. Barker and E. J. Bourne, ibid., p. 209.
28 S. Schwimmer and J. A. Garibaldi, Cereal Chem., 1952, 29, 108.
39 S. Schwimmer, Fed. Proc., 1952, 11, 283.
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Interest has been focussed on glycogen in papers additional to those 
mentioned above. A polysaccharide synthesised by Tetrahymena pyriformis 
has been proved to be a glycogen, having a molecular weight of 9-8 X 106 
(light-scattering method) and an average chain length of 13 glucose residues.40 
The molecular weights of other glycogens have been determined 41 by a 
light-scattering method as 3— 15 X 10® (cf. ref. 14). Maltulose has been 
found in the saccharides resulting from the action, of salivary a-amylase on 
a glycogen obtained from the livers of pregnant rabbits.42 This important 
observation raises the question of the possible occurrence of fructose in other 
glycogens, and perhaps in starches. B y periodate oxidation, and deter
mination of the liberated formic acid, chain lengths of 13 units were found 
for cat-liver and fcetal-sheep-liver glycogens, while three samples of glycogen 
from M ytilus edulis had chain lengths of 5, 12, and 17.43 The structures 
of these and other glycogens were discussed in the light of their behaviour 
during ¡3-amylolysis.43>44

The liver " branching factor,” freed from a-amylase, has been shown to 
convert amylopectin into a polysaccharide giving a reddish-brown, rather 
than a purple, iodine sta in ; it was believed that the reaction entailed branch
ing of the outer chains of amylopectin.45 As confirmation of this, a synthetic 
polysaccharide, prepared from glycogen by lengthening the outer chains by 
means of phosphorylase and [14C] glucose-1 phosphate, was treated with 
the “ branching factor,” and the product was proved by an enzymic method 
to possess radioactivity at the new branch points. The liver enzyme, which 
functions in the absence of added phosphate, probably detaches a short chain 
of glucose residues by scission of a 1 : 4-link and attaches the chain, as a 
branch, through a 1 : 6-link; 45 this mechanism is similar to that established 
for Q-enzyme. The syntheses of glycogen and other carbohydrates during 
fermentation of glucose by baker’s yeast have been studied and discussed in 
terms of the enzymic processes of fermentation.46

Cellulose.—A polysaccharide from Posidonia australis, previously the 
subject of conflicting reports, is now known to be a cellulose; when methyl
ated and hydrolysed, it gives 2 : 3 :  6-trimethyl glucose almost exclusively.47 
An important recent contribution to cellulose chemistry is the isolation of 
cellodextrins containing 2— 7 glucose residues; 4 this notable achievement 
was accomplished by fractionating, on a column of “ Silene E F ,” the dextrin 
acetates produced by acetolysis of cellulose, and then deacetylating them. 
It seems certain that studies of these cellodextrins will lead to a better 
understanding of the properties of cellulose. It has been demonstrated that 
a certain amount of re-esterification occurs during the hydrolysis of cellulose 
acetate with aqueous acetic acid ,48 and that the heterogeneous hydrolysis of 
highly m ethylated cotton cellulose causes scission in the non-crystalline 
regions, followed by more rapid destruction of the smaller fragments.49

40 D. J. Manners and J. F. Ryley, Biochem. J ., 1952, 52, 480.
41 B. S. Harrap and D. J . Manners, Nature, 1952, 170, 419.
42 S. Peat, P. J. P. Roberts, and W. J. Whelan, Biochem. J ., 1952, 51, xvii.
43 D. J. Bell and D. J. Manners, J ., 1952, 3641.
44 D. J. Manners, Biochem. J ., 1952, 51, xxx.
43 J . Earner and G. T. Cori, Fed. Proc., 1952, 1 1 , 245.
43 W. E. Trevelyan, J. N. Gammon, E. H. Wiggins, and J. S. Harrison, Biochem. J-, 

1952, 50, 303. D. J. Bell, J ., 1952, 3049.
48 C. J. Malm, I.. J. Tanghe, B. C. Laird, and G. D. Smith, J . Amer. Chem. Soc.,

1952, 74, 4105. 43 R. E. Reeves, B. J. Barrett, and L. W. Mazzeno, ibid., p. 4491.
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O ther p ap e rs  h av e  d ea lt w ith  th e  m olecu lar d im ensions of cellulose tr i-  
b u ty ra te  a n d  tr io c ta n o a te ,50 th e  alcoholysis of cellulose a n d  its  d e r iv a tiv e s  
w ith 2 -m e th o x y e th a n o l,51 a n d  th e  o x id a tio n  of hydrocellu lose w ith  
hypoiodite .52

Limnoria lignorum, a marine wood-boring isopod, has been found to 
secrete a cellulase which converts cellulose into reducing substances; 53 
earlier work had failed to detect this enzyme. The cellulase of Myrothecium  
verrucaria is stimulated by proteins.54 An investigation of the relation 
between the action of brown rot fungi, cellulose degradation, and lignin 
composition in bagasse has been made.55 An observation which m ay be of 
fundamental importance with regard to the enzymic synthesis of cellulose is 
that an enzyme from Neisseria meningitidis catalyses the reversible reaction : 
maltose +  phosphate p-D-glucose-l phosphate +  glucose.56 This tran
sition from the a- to the B-series m ay well be the key to the synthesis of 
p-glucose polymers.

Dextran.—The common tacit assumption that the branches of all dextrans 
involve positions 1 and 4 has been proved to be invalid by several inde
pendent groups of workers. Periodate oxidations of the dextrans from 
Leuconosioc mesenteroides NRRL B-742 and NRRL B-512 have shown the 
presence of periodate-resistant units, which yield glucose on hydrolysisT°> 57 
It was suggested that these units carried branches at position 3, or positions 
2 and 4. Similar observations have since been made on other dextrans.58 In 
such cases there are anomalous optical rotations and infra-red spectra.8' 57>58 
A full structural analysis of a Betacoccus arabinosaceous dextran (used in 
Britain for the production of a blood plasma substitute) has revealed that 
the branches are attached at position 3 almost exclusively.3 Methylation 
and end-group assay gave 2 : 3 : 4 :  6-tetramethyl, 2 : 3 :  4-trimethyl, and 
2: 4-dimethyl glucose, in proportions corresponding to an average chain 
length of ca. 6 glucose residues. Partial acidic hydrolysis of the dextran and 
fractionation of the resulting oligosaccharides on a charcoal column yielded, 
inter alia, isomaltosc and 3-glucosyl glucose; there were periodate-resistant 
units giving glucose on hydrolysis.3 An added complication is that some 
dextrans can be separated, by graded precipitation with ethanol, into frac
tions with no 1 : 3-branches and with an increased proportion of such 
branches.57’ 58 In the thermal degradation of dextran, there is a notable 
absence of reducing oligosaccharides when oxygen is excluded.59 The 
toxicity and blood anticoagulant properties of dextran sulphates have been 
examined over a range of molecular weights and sulphate contents.60

T he o p tim u m  cond itions fo r th e  p ro d u c tio n  of d e x tra n  sucrase  b y  
Leuconosioc mesenteroides NRRL B-512 h av e  been a sce rta in e d ; 61 from

50 L. Mandellcern and P. j .  Flory, J .  Am er. Chem. Soc., 1952, 74, 2517.
51 M. G. Blair, ibid., p. 3411.
52 M. G. Blair and R. E. Reeves, ibid., p. 2622.
52 D. L. Ray and J. R. Julian, Nature, 1952, 169, 32.
51 D. R. Whitaker. Science, 1952, 116, 90.
55 G. de Stevens and F. F. Nord, J . Amer. Chem. Soc., 1952, 74, 3326.
20 C. Fitting and ¡VI. Doudoroff, J . Biol. Chem., 1952, 199, 153.
97 R. Lohmar, J . Amer. Chem. Soc., 1952, 74, 4974,
5S A. Jeanes and C. A, Wilham, ibid., p. 5339.
59 yi. Stacey and P. G-. Pautard, Chem. and Ind., 1952, 1058.
00 C. R. Ricketts, Biochcm. / . ,  1952, 51, 129.
01 H. J. Koepsell and H. M, Tsuchiya, J . B ad ., 1952, 63, 293.
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sucrose the culture filtrates produce small amounts of levan, in addition to 
dextran. High sucrose levels in the culture medium lead to viscous cultures, 
from which the separation of the cells is difficult.61 It has been claimed 62 
that a new disaccharide, leucrose [5-D-(glucopyranosyl)-D-fructopyranose], 
“ plays a role in the polymerisation process ” ; this hypothesis is at variance 
with the accepted mechanism of dextran synthesis, and, if substantiated, 
would cast doubt on current concepts of the formation of other polysacchar
ides from sucrose. Perhaps the disaccharide arises in a side reaction in
volving the transfer of a glucose residue to fructopyranose, instead of to 
a growing dextran molecule. Cell-free culture filtrates of certain bacteria 
from the human intestine,63 and of an Aspergillus strain isolated from soil,64 
display dextranase activity, inasmuch as they decrease the average mole
cular weights of dextrans (to ca. 75,000 in the latter case) without liberating 
significant quantities of reducing sugar.

1 : 3-Linked Glucosans.— It appears that 1 : 3-linked glucosans occur 
more widely in Nature than has been believed hitherto; studies of three of 
them have been reported this year. Confirmation that laminarin is com
posed of |5-ghicopyranose units, mutually linked through positions 1 and 3, 
was obtained when it was proved that the disaccharide (laminaribiose), to 
which it gives rise when partially hydrolysed with acid, is identical with a 
synthetic specimen of 3-p-D-glucopyranosyl-n-glucopyranose.65 The syn
thesis was accomplished by condensing 2 : 3 : 4 :  6-tetra-acetyl glucosyl 
bromide with 1 : 2-5 : 6-difsopropylidene glucofuranose, and then removing 
the protecting substituents.65 The flesh of the bracket fungus, Polyporus 
betulinus, when methylated and hydrolysed, has given 2 : 3 : 4 :  6-tetra- 
methyl, 2 : 4 :  6-trimethyl, 4 : 6-dimethyl, and a monomethyl glucose, in the 
molar ratio 1 : 13 : 4 : 1, and would thus seem to contain a highly branched 
1 : 3-glucosan.66 An interesting polysaccharide (" mycodextran ") separates 
when hot-water extracts of Aspergillus niger 152, grown on a sucrose medium, 
are cooled; 67 it has [a]D -f-283° in alkali, an unusually high figure.68 Chemi
cal analyses of the products of partial hydrolysis of the polysaccharide, and 
of the methyl glucoses formed by hydrolysis of its trimethyl ether, have 
shown " mycodextran ” to be a glucosan containing 1 : 3-a- and 1 : 4-a- 
linkages in approximately equal amount.68

Galactans and Galactomannans.— Methylation of the galactan of beef 
lung has indicated that a main chain of 1 : 6-D-galactopyranose units carries 
a single D-galactopyranose residue, as a branch, at position 3 of every alternate 
u n it; in addition, there is one titratable acid function, probably carboxyl, 
per 35— 40 sugar residues.69

A structure has been proposed for guaran on the basis of enzymic 70 
and acidic hydrolyses; 71 the former gave G a lla —6 Man (0-5%) and 
Man 1(5— 4 Man 1(5— 4 Man (7-5%), and the latter, Gal la —6 Man 1(5—4 Man 
(3%) (where Gal and Man are galactopyranose and mannopyranose residues,

** F. H. Stodoła, H. J. Koepsell, and E. S. Sharpe, J . Anter. Chem. Soc., 1952, 74, 
3202. 63 E. J. Hehre and T. W. Scry, J . B ad ., 1952, 63, 424.

64 V. Whiteside-Carlson and W. W. Carlson, Science, 1952, 115, 43.
65 P. Bachli and E. G. V. Percival, / . ,  1952, 1243.
66 R. B. Duff, ibid., p. 2592. 87 J. L. Yuill, Chem. and Ind., 1952, 755.
63 S. A . Barker, E. J. Bourne, and M. Stacey, ibid., p. 756.
69 M. L. Wolfrom, G. Sutherland, and M. Sćhlamowitz, J . Amer. Chem. Soc., 1952, 

74, 4883. 70 R. L. Whistler and C. G. Smith, ibid., p. 3795.
71 R. L. Whistler and D. F. Durso, ibid., p. 5140.
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respectively). I t  w as concluded  th a t  g u a ra n  consists of a  cha in  of 1 : 4- 
linked p-D -m annopyranose u n its , w ith  an  a-D -galactopyranosy l g ro u p  a t  
position 6 of every  o th e r  (average) m annose residue of th e  cha in . T he 
ga lac tom annans of lucerne a n d  clover seed resem ble g u a ra n  in  t h a t  th e y  are  
highly b ran ch ed , a n d  co n ta in  D -galactopyranose end-g roups u n ite d  to  
chains of 1 : 4 (o r 1 : 6 )-linked  D -m annose residues (p robab ly  in  th e  p y ranose  
form );72 A  sim ila r s tru c tu re  h as  been  assigned  to  th e  g a lac to m a n n an  of 
fenugreek seed, b u t in  th is  case th e  galac tose  ; m annose ra tio  is ap p rec iab ly  
higher ( 5 : 6 ) ,  as also is th e  degree of b ran c h in g .73 2 -C yanoe thy l e th e rs  h av e  
been p rep a re d  from  g u a ra n  w ith  ac ry lon itrile , an d  h av e  been  hyd ro lysed  
w ith a lka li to  th e  co rrespond ing  2 -ca rb o x y e th y l e th e rs .74

Fructosans.— A polysaccharide from elecampane has been proved to be 
of the inulin class by hydrolysis of its methyl ether to 1 : 3 : 4 : 6-tetramethyl, 
3 : 4 :  6-trimethyl, and a dimethyl fructose (molar ratio, 1 : 32-7 : 1-5).75 
Polysaccharides from leaf cocksfoot and Italian rye grass have been classified 
as levans, because their methyl ethers yield 1 : 3 : 4 :  6-tetramethyl, 1 : 3 : 4 -  
trimethyl, and a dimethyl fructose (molar ratios, 1 : 12  : 2 and 1 : 1 1 : 1 , 
respectively).75 It is interesting, in view of the enzymic studies reported 
below, that each of these three polysaccharides contained ca. 3% of glucose 
residues. However, the glucose did not appear to be present as non-reducing 
end-groups (as it is in the inulin of dahlia tubers),76 because it was isolated 
during the end-group assays principally as trimethyl glucose.75

Studies of transfructosidases have extended the work of Bacon and 
Edelman,77 and Blanchard and Albon; 78 they provide possible routes to 
the synthesis of inulin and levan. “ Difco ” invertase solution catalyses the 
conversion of sucrose into a reducing disaccharide, two trisaccharides, and a 
tetrasaccharide, all containing fructose unit(s) linked to a single glucose 
residue.79 (3-Methylfructofuranoside has been prepared from sucrose and 
25% methanol with yeast invertase.80 W ith an enzyme from Aspergillus 
oryzae, sucrose has been converted into a trisaccharide containing one 
glucose and two fructose units, and a tetrasaccharide composed of one 
glucose and three fructose residues.81 All of these reactions conform with  
the equation :

Sucrose +  HOR Fructosyl-O -R  -j- Glucose

where ROH is sucrose, glucose, methanol, or a growing oligosaccharide chain 
with a non-reducing terminal fructofuranose group. A related phenomenon 
appears to be responsible for the occurrence, in barley leaves and stems, of 
glucose, fructose, sucrose, and at least four higher oligosaccharides with 
decreasing glucose : fructose ratios.82

Xylan.— A v a lu ab le  co n trib u tio n  to  th e  ch em is try  of x y la n  has  been

72 P. Andrews, L. Hough, and J. K. N. Jones, / .  Anter. Chem. Soc., 1952, 74, 4029.
72 Idem, / . ,  1952, 2744.
71 O. A. Moe, S. E. Miller, and M. I. Buckley, J . Amer. Chem. Soc., 1952, 74, 1325.
75 D. J. Bell and A. Palmer, / . ,  1952, 3763.
76 E. L. Hirst, D. I. McGilvray, and E. G. V. Percival, / . ,  1950, 1297.
77 J. S. D. Bacon and J. Edelman, Arch. Biochcm., 1950, 28, 467.
78 P. H. Blanchard and N. Albon, ibid., 1950, 29, 220.
■* L. M. W hite and G. E. Secor, ibid., 1952, 36, 490.
80 J. S. D. Bacon, Biochem. J ., 1952, 50, xviii.
81 J. H. Pazur, Fed. Proc., 1952, 11, 267; J . Biol. Chem., 1952, 199, 217.
82 H. K. Porter and J. Edelman, Biochem. / . ,  1952, 50, xxxiii.
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made by Whistler and his colleagues, who separated, on charcoal columns, 
the oligosaccharides resulting from partial acidic hydrolysis of the poly
saccharide.1’ 83 They isolated a series of five oligosaccharides, all crystalline, 
extending from the dimer to the hexamer, and obtained evidence that all 
were composed of unbranched chains of 1 : 4-linked ¡3-D-xylopyranose units ; 
each of them gave a crystalline (3-acetate.

Hemicelluloses.— European beech hemicellulose A gives xylose and a 
uronic acid (not glucuronic acid) when hydrolysed ; the pentosan and uronic 
acid anhydride contents are 81-4 and 10'4%, respectively.84 Hydrolysis of 
extractive-free aspen sawdust yields L-rhamnose, L-arabinose, D-xylose, 
D-galactose, xylobiose, xylotriose, 4-methyl D-glucuronic acid, D-galacturonic 
acid, 2-a-(4-methyl-D-glucuronosyl)-a-D-xylose, and several unidentified 
acidic fractions of higher molecular weight.85 The uronic acid anhydride 
and pentosan contents of hemicellulose fractions of hays and straws have 
been compared for different plant families and for members of the same 
families.86

Pectic Substances, Gums, and Mucilages.— Chromatographic methods are 
assisting the elucidation of enzyme actions on pectic substances.87' 88 With 
their aid crystalline mono-, di-, and tri-galacturonic acids have been isolated 
from the products of polygalacturonase action on pectic acid.87’ 88 Bysso- 
chlamys fulva  has been shown to produce a pectin esterase and a poly
galacturonase.90 This year has revealed that the problems to be faced in 
studies of the enzymic degradation of pectic materials are even more complex 
than had been realised previously, as the following four examples show. 
First, a pectin depolymerase of Neurospora crassa differs from others reported 
earlier in that it yields lower polyuronides, rather than galacturonic acid, as 
end products, and also in that it degrades pectin without preliminar}' dé
m éthylation .91 Secondly, Aspergillus foetidus utilises at least two enzymes 
to effect the conversion of pectic acid into galacturonic acid ; one produces 
di- and tri-uronides, which serve as substrates for the other.89 Thirdly, a 
polymethylgalacturonase from commercial " hydralase," which attacks 
pectin more rapidly than pectic acid, cannot hydrolyse more than 26% of 
the available uronide bonds of the pectin.92 Fourthly, Schubert93 claims 
to have shown with certainty the presence o f'at least four different poly
galacturonases in extracts of a single culture of Aspergillus niger.

The monomethyl aldobiuronic acid which, together with 4-methyl 
D-glucuronic acid, results from controlled hydrolysis of mesquite gum ,94 
is now known to be 6-(3-(4-methyl D-glucuronosyl) D-galactopyranose.95 
Acidic hydrolysis of Khaya grandifolia gum gives galactose and a degraded

83 R. L. Whistler, J. Bachrach, and Chen-Chuan Tu, J . Amer. Chem. Soc., 1952, 74, 
3059; R. L. Whistler and Chen-Chuan Tu, ibid., p. 4334.

' 81 I. R. C. McDonald, / . ,  1952, 31S3.
83 J. K. N. Jones and L. E. Wise, ibid., pp. 2750, 3389.
36 C. A. Flanders, Arch. Biochem., 1952, 36, 421, 425.
87 H. J. Phaff and B. S. Luh, ibid., p. 231.
88 H. Altermatt and H. Deuel, Helv. Chim. Acta, 1952, 35, 1422.
89 A. Ayres, J. Dingle, A. Phipps, W . W. Reid, and G. L. Solomons, Nature, 1952,

170, 834. 90 W. W. Reid, Biochem. J .,  1952, 50, 289.
91 E. Roboz, R. W. Barratt, and E. L. Tatum, J . Biol. Chem., 1952, 195, 459.
92 C. G. Seegmiller and E. F. Jansen, ibid., p. 327.
93 E. Schubert, Nature, 1952, 169, 931.
94 F. Smith, J ., 1951, 2646.
95 M. Abdel-Akher, F. Smith, and D. Spriestersbach, J ., 1952, 3637.
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polysaccharide containing galactose, rhamnose, and galacturonic acid u n its; 
Anogeissus schimperi gum yields arabinose, galactose, and a degraded poly
saccharide containing arabinose, galactose, and glucuronic acid residues.90 
A polysaccharide of Lupinus tennis seeds consists of D-galactose, L-arabinose, 
and galacturonic acid residues.97

Hyaluronic Acid.— Methods for the isolation of hyaluronic acid with  
trichloroacetic acid,98 and for the determination of hyalUronidase activity 99 
have been reported. The polysaccharide has been obtained from the callus 
tissue of healing rabbit fractures.100 Attempts have been made to find the 
best method for the isolation, without degradation, of the protein-hyaluronic 
acid complex of ox sinovial fluid.101 About 93% of the complex was 
accounted for in terms of /V-acctylglucosamine, glucuronic acid, protein, and 
ash; its particle weight is ca. 107. Methylation and methanolysis of hyal
uronic acid have been studied .102 The crystalline disaccharide, prepared 
previously from hyaluronic acid,103 has been shown to be 3-p-D-gluco- 
pyruronosyl-D-glucosamine by its conversion into 2-p-D-glucopyranosyl- 
D-arabinose, which has been obtained also from laminaribiose.104 Infra-red 
spectroscopy has confirmed the presence in hyaluronic acid of free carboxyl 
groups and monosubstituted am ides; none of the hydroxyl groups is acetyl- 
ated.9 Purified testicular hyaluronidase converts the polysaccharide into 
a mixture of oligosaccharides, but the crude testicular extract gives 
glucuronic acid and IV-acetylglucosamine.105 A trisaccharide constituent of 
the oligosaccharide mixture, when treated with glucosaminidase, affords 
IV-acetylglucosamine and a glucuronosyl-A-acetylglucosamine.105 Tracer 
experiments suggest that the glucosamine moiety of the polysaccharide arises 
from glucose during biosynthesis.106

Other Polysaccharides.—Alginates have been examined with respect to 
viscosity 107 and electrolyte absorption.108 It has been confirmed that their 
main structural feature is a chain of 1 : 4-linked p-D-mannuronic acid 
residues.109 A useful method developed for fractionation of the cell carbo
hydrates of yeast is applicable to as little as 10 mg. of material.110 The
occurrence of L-fucose, rhamnose, and methylated carbohydrates in soil has
been reported.111 I t is interesting that, whereas. L-arabinose had been found 
previously in polysaccharides only in the furanose form, independent 
researches have now revealed the presence of the pyranose form in larch 
e-gal act an,112 and in sapote gum .113 An electrophoretically pure non-

88 R. J. Mcllroy, 1952, 1918. 87 W. Tadros and Mi Kamel, ibid., p. 4532.
88 W. E. Jancsik and E. Kaiser, Nature, 1952, 169, 114.
88 R. L. Greif, J . Biol. Chem., 1952, 194, 619; J. G. Bachtold and L. P. Gebhardt, 

ibid., p .  635.
100 P. H. Maurer and S. S. Hudack, Arch. Biochem., 1952, 38, 49.
181 A. G. Ogston and J. E. Stanier, Biochem. J ., 1952, 52, 149.
102 R. W. Jeanloz, / .  Biol. Chem., 1952, 197, 141 ; Helv. Chim. Acta, 1952, 35, 262.
103 M. M. Rapport, B. Weissmann, F. Linker, and K. Meyer, Nature, 1951, 168, 996.
184 B. Weissmann and K. Meyer, J . Amer. Chem. Sac., 1952, 74, 4729.
103 A. Linker and K. Meyer, Fed. Proc., 1952, 11, 249.
188 S. Roseman et al., ibid., p. 276.
187 M. L. R. Harkness and A. Wasscrmann, 1952, 497.
188 I. L. Mongar and A. Wassermann, ibid., pp. 492, 500, 510.
188 S. K. Chanda, E. L. Hirst, E. G. V. Percival, and A. G. Ross, ibid., p. 1833.
118 W. E. Trevelyan and J. S. Harrison, Biochem. J ., 1952, 50, 298.
111 R. B. Duff, Chem. and Ind., 1952, 1104; J . Sci. Food Agric., 1952, 3, 140.
113 J. K. N. Jones, Chem. and Ind., 1952, 954.
113 E. V. White, J . Amer. Chem. Soc., 1952, 74, 3966.
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reducing  oligosaccharide from  th e  cell w all o f Corynebdcterium diplitheriae 
ap p ears  to  co n ta in  tw o  D -galactose residues, one of D -m annose, an d  th ree  of 
D -arabinose, b u t th e  m olecu lar w eigh t of such  a  m olecule is on ly  ca. 75%  of 
th a t  a c tu a lly  fo u n d .114 P o lysaccharides iso la ted  from  th re e  fresh-w ater 
algae, Nitella, Oscillaloria, a n d  Nostoc, w ere, respec tive ly , a  cellulose-like 
polyglucosan, a  po lyglucosan  of th e  am y lo p ec tin  class, a n d  a  m ucilaginous 
ac id ic po lysaccharide  co n ta in in g  a t  le a s t s ix  d iffe ren t m onosaccharide 
u n its .115 C hondrosine, th e  com ponen t d isaccharide  of ch o n d ro itin  sulphuric 
acid , has  been  ch a rac te rised  as  4-[3(?)-[2-am ino-2-deoxy-D -galactopyranosyl] 
D -glucuronic a c id ; 116 in  th e  he teropo lym er, w hich  is v e ry  p ro b ab ly  linear, 
one su lp h a te  ac id  e s te r g ro u p  an d  th e  g lycosid ic a t ta c h m e n t of th e  ad jacen t 
D -glucuronic ac id  u n it  a re  y e t to  be assigned  betw een  positions 3, 4, an d  6 
of each  chondrosam ine residue .118

This year has been an important one in the development of nucleic acid 
chemistry, mainly as a result of contributions by Brown and Todd, and by 
Markham and Smith. The former workers 117 showed that phosphorylation 
of 5'-trityl adenosine with dibenzyl chlorophosphonate (phosphorochloridate), 
followed by removal of the protecting groups, yielded two adenylic acids, 
seemingly identical with the isomeric adenylic acids a and & derived from 
ribonucleic acids; evidence was presented for their formulation as adenosine- 
2' and adenosine-3' phosphate, although not necessarily respectively. Their 
interconversion under acidic conditions into an equilibrium mixture of the 
two was explained by ready phosphoryl migration via  an intermediate cyclic 
ortho-structure; there was no rearrangement under alkaline conditions. 
In these respects, there is a close parallel with the behaviour of glycerol 
monophosphates.117 On the other hand, it was recalled that glycerol a-(methyl 
hydrogen phosphate) and triesters of phosphoric acid are unstable to alkali; 
in the former case, the reaction probably proceeds via  the neutral cyclic 
triester (V), which is hydrolysed immediately to methanol and the cyclic

phosphate (VI), and this, in turn, gives glycerol a- and (B-phosphate.117 
Dialkyl phosphates, devoid of a hydroxyl function in proximity to the 
phosphoryl group, are stable to alkali. For these and other reasons, a simple 
straight-chain polynucleotide sequence was represented as (VII), in which 
the individual nucleoside residues are shown briefly as Cq-)-C (3.)-C (5.) ; 
alkaline degradation was regarded as proceeding through an intermediate 
(VIII), followed by ready fission of the triester groups exclusively at the 
P -O -C (50 linkage, to give eventually a mixture of nucleoside-2 ' and -3' 
phosphates.117 In addition to structure (VII), in which the polymeric 
linkage is shown joining the 3'- and 5'-positions, other structures with

114 E. S. Holdsworth, Biochim. Biophys. Acta, 1952, 8, 110; 1952, 9, 19; T. J- 
Bowen, ibid., p. 29. 115 L. Hough, J. K. N. Jones, and W. H. Wadman, J .,  1952, 3393.

119 M. L. Wolfrom, R. K. Madison, and M. J. Cron, J . Amer. Chem. Soc., 1952, 74, 
1491. 117 D. M. Brown and A. R. Todd, J ., 1952, 44, 52.
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C(2') C(5) or C(2,-C C3.) links, or mixed C(2)_C ^  and C(3.)-C(3.) units in 
sequence would all show alkali lability. A C(5.)-C(5. linkage, however, 
cannot occur anywhere in the molecule as this would be stable to alkali and 
would lead to the appearance of dinucleotides in ribonucleic acid hydro- 
lysates.117 Reasons were given for believing that C(5.) is involved in the

'<2 ')” -OH ?(2') 1

- 0 \  /O H W ) {
'(S') o X  \ o — MS') (

(VII)

° > P / O H  A"''-o / X  L - o / V  o/P\o - N k  ° J«•> x c (5-> ° \
(VIII)

main intemucleotide linkage of both ribonucleic and deoxyribonucleic acids, 
thus restricting the choice of linkage to C(2.)-C(5.) and C{3.)-C (5.). Since 
deoxyribonucleic acids cannot be of the former type, it was regarded as 
advantageous, at the moment, to represent the “ backbone ” of ribonucleic 
acids as (VII). Deoxyribonucleic acids are not degraded to small molecules 
by mild treatment with alkali because the essential formation of a cyclic 
structure is precluded.157

Brown and Todd 117 pointed out that, although deoxyribonucleic acids 
appear to be largely straight-chain polynucleotides, ribonucleic acids probably 
have a branched-chain structure. They considered the known production 
of large amounts of pyrimidine nucleotides during ribonuclease treatment of 
ribonucleic acids to suggest that these nucleotides are derived from short side 
chains, which occur at frequent intervals and probably for the most part 
contain only one nucleoside residue. Accordingly, they envisaged a possible 
general structure for ribonucleic acid as (IX), an extension of (VII).

(IX) a and b are pyrimidine nucleoside residues; P  represents a phosphate group.

Further experimental support for the above concepts of the architecture 
of the ribonucleic acid molecule was obtained subsequently. The cyclic 
2': 3'-phosphates of adenosine, cytidine, and uridine were prepared 118 from 
the corresponding 2'- and 3'-phosphates, by the widely applicable esteri-

118 D. M. Brown, D. I. Magrath, and A. R. Todd, 1952, 2708.
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fication process promoted by trifluoroacetic anhydride.119 W ith acid or 
alkali, the cyclic esters gave mixtures of the a and b nucleotides.118 Ribo- 
nuclease converted cytid ine-2 ': 3'-phosphate into cytidylic acid b, and 
uridine-2': 3' phosphate into uridylic acid b, but it  had no action on adenosine- 
2' : 3' phosphate; 120 these observations accord well with the fact that there 
is little or no purine nucleotide in the mononucleotide fraction of ribonuclease 
digests of ribonucleic acids.120’ 121 The conversion of cytidylic acid b into 
uridylic acid b, by alkaline deamination, indicated that the phosphoryl 
group in each of these two compounds occupies the same position in the 
ribofuranose residue.120

Markham and Smith, who had already observed 122 that a new class of 
nucleotide appears during the digestion of ribonucleic acid with ribonuclease, 
have extended their studies 123 and have provided excellent confirmation of 
part of the theory of Brown and Todd.117 They have shown 123 that the 
new class of nucleotide is, in fact, composed of nucleoside-2' : 3' phosphates, 
which are formed also by mild alkaline hydrolysis of ribonucleic acid, and 
have confirmed that the cyclic phosphates of pyrimidine, but not of purine, 
nucleosides are substrates for ribonuclease. In a more detailed analysis, 
based on chromatography and paper electrophoresis, methods were given 
for the isolation of fifteen of the smaller products formed from ribonucleic 
acid by ribonuclease.123 The general structure of the dinucleotides was

/ ° \ x 
N  , / \

/ ° \  x

p
/ / 0s Py

(X)

jX°\]
IN___i/

y

f y

(XI)

either (X) or (XI) (Py == pyrimidine ; X  =  pyrimidine or purine); the 
3'-phosphate groups shown may in fact have been 2'-phosphate groups. The 
dinucleotides with a cyclic phosphate group were the first liberated, and 
were then slowly transformed into the 3'(or 2')-phosphates. The trinucleo
tides all contained at least one pyrimidine nucleotide residue.123 Adenosine- 
2' : 3' phosphate, guanosine-2' : 3' phosphate, and adenylic, guanylic, 
cytidylic, and uridylic acids were all identified as end-groups in the ribo
nucleic acids of yeast and turnip yellow mosaic virus.123

a c :u :c :u :c :c :a g a g c :u :c :c :a a g u :u :g u :u :c :c :g c :c :u :a g c :a
(X II)

In spite of such a large measure of agreement, Markham and Smith were 
not able to accept the branched structure (IX) advanced by Brown and Todd 
for ribonucleic acid. They believed the acid to be composed of a mixture

110 E. J. Bourne, M. Stacey, J. C. Tatlow, and J. M. Tedder, 1949, 2976.
130 D. M. Brown, C. A. Dekker, and A. R. Todd, 1952, 2715.
121 R. Markham and J. D. Smith, Nature, 1951, 168, 406.
122 Idem, Research, 1951, 4, 344. 122 Idem, Biochem. J ., 1952, 52, 552, 558, 565.
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of many kinds of comparatively short chains, with the general features of 
(XII) in which A, G, C, and U represent adenylic, guanylic, cytidylic, and 
uridylic acid residues, respectively, each nucleoside being joined at position- 
2' (or -3') through a phosphate ester link to the adjacent residue on the 
right-hand side, and at position-5' through a similar link to its neighbour 
on the le f t ; the bonds which are broken by ribonuelease are shown as colons. 
A purine nucleoside-2': 3' phosphate can be liberated only if it is situated at 
one end of the chain.123 The ribonuclease-resistant " core ” appears to be 
a mixture of polynucleotides about three to five residues in length, each 
polynucleotide consisting of a chain of purine nucleotides terminated by a 
pyrimidine nucleotide residue, with the terminal phosphoryl group on C(2-) 
or C(3.). The failure of this " core " to dialyse through Cellophane is due 
apparently largely to its charge, rather than to its molecular size 123 (see also 
ref. 127). Methylation evidence has been claimed to demonstrate that yeast 
ribonucleic acid possesses internucleotide linkages between ribose and 
phosphoryl residues, and also that there is a high degree of branching, due 
to triply pliosphorylated ribose units.124 Several dinucleotides have been 
isolated in an analytically pure state from acid-treated yeast ribonucleic 
acid.125 Studies have been made of the splitting of purine ribosides by both 
a hydrolytic and a phosphorolytic system found in autolysates of dried 
baker’s yeast.126 A promising method for the degradation of ribonucleic 
acid, catalysed by methoxide ion, has been announced.12Ga

Deoxyribonucleic acids have continued^ to receive considerable attention. 
Samples derived from animal, plant, and bacterial sources have been analysed 
carefully,127’ 128 as also have the enzyme-resistant " cores ” produced there
from by deoxyribonuclease; 127 a new pyrimidine base, 5-hydroxymethyl- 
cytosine, is present in bacteriophage nucleic acids.128 The deoxypentose- 
nucleic acids from three different strains of E. coli possess unusual purine and 
pyrimidine contents.129 Light-scattering techniques have revealed that the 
method for the isolation of calf-thymus deoxyribonucleic acid developed by 
Schwander and Signer 130 is reproducible, and that the product has a higher 
molecular weight (6-7— 8-0 X 106) than have samples prepared in other 
ways 131 (see also ref. 144); the shape of the molecule is greatly dependent 
on pH .131 The irreversible decrease in the viscosity of deoxyribonucleic 
acid solutions, caused by phenol or urea, is attributed to the breakage of 
hydrogen bonds.132 Ultrasonic waves have a similar effect, but in addition 
there is some scission of the polynucleotide chain.133 Dilute acid and alkali 
increase the intensity of colour given by Schiff’s reagent; this might possibly 
be due to the rupture of labile C(1.)-phosphate links.134 Under mild acidic

124 A. S. Anderson, G. R. Barker, J. M. Gulland, and M. V. Lock, / . ,  1952, 369.
I!5 R. B. Mcrrifield and D. W. Woolley, J . Biol. Chem., 1952, 197, 521.
126 L. A. Heppel and R. J. Hilmoe, ibid., 1952, 198, 683.
1260 D. Lipkin and J. S. Dixon, Science, 1952, 116, 525.
127 S. G. Laland, W. G. Overend, and M. Webb, J .,  1952, 3224.
128 G. R. W yatt and S. S. Cohen, Nature, 1952, 170, 846, 1072.
128 B. Gandelman, S. Zamenhof, and E. Chargaff, Biochim. Biophys. Acta, 1952, 9, 399.
120 H. Schwander and R. Signer, Helv. Chim. Acta, 1950, 33, 1521.
121 M. E. Reichmann, R. Varin, and P. Doty, J . Amer. Chem. Soc., 1952, 74, 3203;

P. Doty and B. H. Bunce, ibid., p. 5029.
122 B. E. Conway and J. A. V. Butler, / . ,  1952, 3075.
122 S. G. Laland, W. G. Overend, and M. Stacey, ibid., p. 303.
124 W. A. Lee and A. R. Peacocke, ibid., p. 130.
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conditions purines can be removed quantitatively from calf-thymus deoxy
ribonucleic acid, without completely destroying the original highly poly
merised structure and without changing the distribution of the pyrimidine 
nucleotides.135

The nucleotides and dinucleotides resulting from deoxyribonuclease 
action on the deoxyribonucleic acids of calf thym us,136 wheat embryo,137 
and herring sperm 137>138 have been examined; in one case 5'-deoxycytidylic 
acid was identified in the digest.139 An ion-exchange chromatographic 
procedure, suitable for use on a large scale, has been described for the 
separation of deoxyribonucleosides.138 Earlier assumptions that sodium 
arsenate, sodium citrate, and sodium borate (known inhibitors of pancreatic 
deoxyribonuclease) inhibit intra-cellular deoxypentosenucleases of mam
malian tissues have been shown to be invalid .140

It has been demonstrated, by indirect methods, that enzyme preparations 
from Lactobacillus helveticus, Lactobacillus delbrueckii, and Thermobacterium 
acidophilus R. 26 catalyse the transfer of the deoxyribose residue from one 
purine or pyrimidine to another.141 These enzyme(s) are trans-iV-glycos- 
idases; they are unable to utilise either deoxyribose or deoxyribose- 1 
phosphate.141 Among other topics studied are (a) the binding of sodium 
chloride 142 and mercuric chloride 143 with calf-thymus deoxypentosenucleate, 
and (b) the spectrophotometry of this nucleic acid,144 and of natural and 
synthetic pyrimidine ribo- and deoxyribo-nucleosides,145 as a function of pH.

Proteins.
Since the chemistry of proteins was covered very fully in the Annual 

Reports for 1951, only brief reference to the subject will be made this year. 
The formidable task of condensing such a vast field into so small a space can 
best be accomplished by drawing attention to useful reviews of current 
researches; five such reviews, published during 1952, give a fairly compre
hensive picture of the present position. Writing from the viewpoint of the 
organic chemist, Khorana 146 has surveyed structural investigations, and 
chemical methods of synthesis of polypeptides and proteins. E d sa ll147 
has provided a concise account of a Royal Society Discussion, in which the 
main emphasis was on the contributions of A”-ray and infra-red techniques 
to the problem of the structural pattern of the polypeptide chains in proteins. 
Particular attention was paid to synthetic poly-y-methyl L-glutamate fibres, 
and it was concluded 147 that, although further work is certainty needed, the 
balance of evidence on these synthetic polypeptides seems to be in favour of 
the a-helix. In a survey of recent developments in the separations of pro
teins and enzymes by paper chromatography, Boman 148 laid stress on the

135 C. Tamm, M. E. Hodes, and E. Chargaff, J . Biol. Chem., 1952, 195, 49.
138 R. L. Sinsheimer and J. F. Koerner, / .  Amer. Chem.'Soc., 1952, 74, 283.
137 J. D. Smith and R. Markham, Nature, 1952, 170, 120; Biochim. Biophys. Acta, 

1952, 8, 350. 138 W. Andersen, C. A. Dekker, and A. R. Todd, J ., 1952, 2721.
139 J. L. Potter, K. D. Brown, and M. Laskowski, Biochim. Biophys. Acta, 1952, 

9, 150. 110 M. Webb, Nature, 1952, 169, 417.
111 W. S. Macnutt, Biochem. J ., 1952, 50, 384.
142 J. Shack, R. J. Jenkins, and J. M. Thompsett, J . Biol. Chem., 1952, 198, 85.
143 S. Katz, J . Amer. Chem. Soc., 1952, 74, 2238.
144 J. Shack and J. M. Thompsett, J . Biol. Chem., 1952, 197, 17; G. Frick, Biochim. 

Biophys. Acta, 1952, 8, 6 25. 145 D. Shugar and J. J . Fox, ibid., 1952, 9, 199, 369.
146 H. G. Khorana, Quart. Reviews, 1952, 6, 340.
147 J . T. Edsall, Nature, 1952, 170, 53. 148 H. G. Boman, ibid., p. 703.



phenomenon of " double-fronting.” An interesting discussion 143 of the 
physical chemistry of proteins ranged over such topics as the globuldr- 
fibrous protein transformation, zone electrophoresis in filter-paper, mechan
isms of muscular action, the conversion of fibrinogen into fibrin, muco- 
proteins, nucleoproteins, antigen-antibody reactions, and protein inter
actions with heavy metals, alkaline earths, heparin, and other organic 
molecules. The biogenesis of proteins was the subject of a symposium in 
Paris.150

E. J. B.
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119 The Physical Chemistry of Proteins, Discuss. Faraday Soc., 1952.
150 Symposium on the Biogenesis of Proteins, 2nd Internat. Congr. Biochem., Paris,

1952.
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B I O C H E M I S T R Y

i .  INTRODUCTION.

T h e  present report forms the third of the series since the commencement 
of the new attem pt to report on ' ‘ larger fields of biochemistry.' ’ The Second 
International Congress of Biochemistry, held in Paris in July, 1952, was 
considered to be a great success.

E. B.

2 . BACTERIAL NUTRITION.

Micro-organisms, because of their widely differing nutritional require
ments, have proved valuable tools in the elucidation of biosynthetical path
ways and the metabolic functions of B-group vitamins. This Report has 
been written from this point of view, though it is obviously limited, since a 
discussion of bacterial nutrition in its widest sense would include all sub
stances and environmental conditions influencing bacterial growth. Some 
recently published reviews and books dealing with aspects of the field are 
given in ref. 1 .

Methods of approach to problems of biosynthesis and metabolic function 
have been discussed by Woods,2 who stresses the importance of nutritional 
investigations; these may guide the planning of further experiments [e.g., 
with cell suspensions and enzyme preparations) likely to provide more direct 
information. Induced biochemical mutant strains of bacteria are now 
widely used to investigate mechanisms of biosynthesis. The penicillin 
technique 3 for the isolation of such strains has contributed greatly to the 
development of this field; it has been improved recently by Adelberg and 
Myers.4

Nature and Function of the Vitamin B Group Complex.— It may now be
accepted as a working hypothesis that B-group vitamins function catalytically 
in cell metabolism as components of coenzymes. An outstanding recent 
advance in this field has been in the clarification of the nature and function 
of the protogen-lipoic acid group of factors, which can now be included in 
the vitamin-B complex.

Protogen, lipoic acid, and pyruvate-oxidation factors. Early work on 
these factors developed independently along three lines. Substances were 
found in yeast extract which (a) replaced acetate for growth of some lacto- 
bacilli (‘‘ acetate-replacing factor”),5 (6) promoted pyruvate oxidation by 
cell suspensions of Streptococcus faecalis 10 Cl grown in a semi-synthetic

1 H. C. I.ichstein, A nn. Rev. Microbiol., 1952, 6, I ; J. L, Stokes, ibid., p. 29; E. C. 
Barton-Wright, " The Microbiological Assay of the Vitamin B Complex and Amino- 
acids,” Pitman and Sons Ltd., London, 1952; F. A. Robinson, “ The Vitamin B Com
plex,” Chapman and Hall Ltd., London, 1951; C. H. Werkman and P. W. Wilson 
(editors), " Bacterial Physiology,” Academic Press, New York, 1951; D. W. Woolley, 
“ A Study of Antimetabolites,” Chapman and Hall Ltd., London, 1952.

2 D. D. Woods, Bull. World Hlth. Org., 1952, 6, 35.
3 B. D. Davis, Experientia, 1950, 6, 41.
4 E. A. Adelberg and J. W. Myers, Fed. Proc., 1952, 11, 179.
5 B. M. Guirard, F.. E. Snell, and R. J. Williams, Arch. Biochem., 1946, 9, 381.
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medium (“ pyruvate-oxidation factor”),6 and (c) were growth factors for 
Tetrahymena gelcii and an unidentified Corynebacterium sp. (“ protogen ”).7 
Snell and Broquist 8 found preparations of these factors to he interchangeable 
in the different test systems and suggested that they were closely related; 
subsequent work has confirmed this view. There is now strong evidence 
that Butyribadcrium rettgeri factor8 also belongs to this group.

These substances have all been found to exist in natural materials in 
several biologically active but chromatographically distinct forms.9-13 One 
of the acetate-replacing factors from liver has been obtained crystalline 
(a-lipoic acid) 12 and simultaneously, protogen-B was isolated from the same 
source as the crystalline benzylthiuronium salt.13 Highly purified concen
trates of a-lipoic acid and of protogen-B each contained another active 
principle, named [3-lipoic add  and protogen-A, respectively.14’ 15 As 
purification proceeded these were transformed into the factors finally isolated. 
The chemical properties of a-lipoic acid and protogen-B suggest that both are 
derived from a dimercapto-u-octanoic acid.14-16 The Lederle workers 17 
find (± )-5  : 8-dimercapto-octanoic acid (" thioctic a c id ” ) and (± )-6  : 8- 
dimercapto-octanoic acid (“ 6-thioctic acid ” ) to have the biological activity  
of protogen-B in a number of test systems (acetate replacement, pyruvate 
oxidation, and growth-promoting activity for Corynebacterium sp. and T. 
geleii) ; 6-thioctic acid is 100— 1000 times more active than 5-thioctic acid. 
A synthetic preparation with properties similar to those of a-lipoic acid has 
also been obtained; it is suggested, on the basis of experiments with the 
synthetic substance and a-lipoic acid, that the latter is one of the optical 
isomers of the cyclic disulphide derived from 5 : S-dimercapto-octanoic acid.18 
The present chemical data are insufficient to permit assignment of definite 
structures to a-lipoic acid and protogen-B. The relationship of these com
pounds to the other biologically active, natural substances is also not yet 
clear.

Factors of this group act at very low concentration in promoting bacterial
* D. J. O’Kane and L C. Gunsalus, / .  B a d ., 1948, 56, 499.
7 E. L. R. Stokstad, C. E. Hoffmann, M. A. Regan, D. Fordham, and T. H. Jukes,

Arch. Biochem., 1949, 20, 75; E. L. R. Stokstad, C. E. Hoffmann, and M. Belt, Proc. 
Soc. Exp. Biol. N .Y .,  1950, 74, 571.

8 F.. E. Snell and H. P. Broquist, Arch. Biochem., 1949, 23, 326.
9 L. Kline and H. A. Barker, J . B ad ., 1950, 60, 349; L. Kline, L. Pine, I. C. Gun

salus, and H. A. Barker, ibid., 1952, 64, 467.
10 L. J. Reed, B. G. De Busk, P. M. Johnston, and M. E. Getzendaner, J . Biol. 

Chem., 1951, 192, 851; L. J. Reed, M. E. Getzendaner, B. G. De Busk, and P. M, 
Johnston, ibid., p. 859.

11 I. C. Gunsalus, L. Struglia, and D. J. O’Kane, ibid., 1952, 194, 859.
15 L. J. Reed, B. G. De Busk, I. C. Gunsalus, and C. S. Hornberger, Jnr., Science, 

1951, 114, 93.
13 E. L. Patterson, J. A. Brockman, Jnr., F. P. Day, J. V. Pierce, M. E. Macchi, 

C. E. Hoffmann, C. T. O. Fong, E. L. R. Stokstad, and T. H. Jukes, J . Amer. Chem. Soc., 
1951, 73, 5919.

14 I -  J. Reed, B. G. De Busk, I. C. Gunsalus, and G. H. F. Schnakenberg, ib id ., p. 
5920.

18 J. A. Brockman, Jnr., E. L. R. Stokstad, E. L. Patterson, J. V. Pierce, M. Macchi, 
and F. P. Day, ibid., 1952, 74, 1868.

18 L. J. Reed, Q. F. Soper, G. H. F. Schnakenberg, S. F. Kern, H. Boaz, and I. C. 
Gunsalus, ibid., p. 2383.

17 M. W . Bullock, J. A. Brockman, Jnr., E. L. Patterson, J. V. Pierce, and E. L. R. 
Stokstad, ibid., p. 1868, 3455.

19 C. S. Hornberger, Jnr., R. F. Heitmiller, I. C. Gunsalus, G. H. F. Schnakenberg, 
and L. J. Reed, ibid., p. 2382.
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growth. Other compounds besides acetate have been found to replace them 
for different organisms. These include malate, succinate, hydrogen carbon
ate (a strain of Strep, faecalis) 19 and sorbitan mono-oleate (Streptococcus 
cremoris).20 A mutant strain of Bacterium coli normally requiring a higher 
form of a-lipoic acid (see below) grows in its absence provided that acetate, 
citrate, and succinate are all present in the medium .21 It appears, therefore, 
that acetate and di- and tri-carboxylic acids are direct or indirect products of 
reactions requiring factors of this group as coenzymes. Experiments with 
deficient cell suspensions and enzyme preparations promise to provide 
information about the mechanisms of these reactions. Using these methods 
of approach, Reed and De Busk 21 find that a-lipoic acid functions in the 
oxidative decarboxylation of pyruvate and a-ketoglutarate in the form of a 
lipoic acid-thiamine pyrophosphate coenzyme. A mutant strain of Bad. 
coli was isolated which requires for grow th' ‘ lipothiamide ’ ’ (prepared by heat
ing a-lipoic acid and thiamine together in vacuo); a-lipoic acid is not utilised. 
Lipothiamide is also essential for the oxidation of pyruvate and a-keto
glutarate by deficient cell suspensions of this organism; with cell-free ex
tracts, lipothiamide pyrophosphate is needed. Lipothiamide and its 
phosphorylated derivatives appear to be identical with bound forms of a- 
lipoic acid present in extracts of natural materials.

Pantothenic acid. Many organisms utilise pantoic acid or (3-alanine for 
growth in place of pantothenic acid, suggesting that these compounds are 
intermediates in the formation of the vitamin. Synthesis of the vitamin ' 
from (3-alanine and pantoic acid has also been observed in cell extracts of 
B ad. coli.22 Preparations from a mutant strain of this organism, which 
requires pantothenic acid only when grown at > 3 0 ° , also form this substance | 
from its precursors, but the enzyme system  is much more heat-labile than 
that from the parent strain.23

The synthesis of coenzyme A (the coenzyme form of pantothenic acid) 
from pantothenic acid may occur through the intermediate formation of 
pantetheine (a-pantothenoylaminoethanethiol) (I) or its corresponding 

HO CH 2’CMe2-CH(OH)-CONH,[CH2]2-COi'iH,[CH2]2'SH (I)

disulphide, pantethine.24 Pantethine has the same activity as highly purified 
concentrates of Lactobacillus bulgaricus factor for growth of that and related 
organisms. Pantothenic acid also promotes growth of these organisms but 
is active at high concentrations only.25-26 The several chromatographically 
distinct forms of Lb. bulgaricus factor found in extracts of natural materials 
are probably mixed disulphides formed between pantetheine and other 
thiols.27’28

19 V. T- Lytle, S. M. Zulick, and D. J. O’Kane, J . Biol. Chem., 1951, 189, 551.
20 V. L. Lytle and D. J. O’Kane, J . B ad ., 1951, 61, 240.
21 L. J. Reed and B. G. de Busk, J . Amer. Chem. Soc., 1952, 74, 3457, 3964, 4727;

Idem, J . Biol. Chem., 1952, 199, 873, 881. 22 W. K. M a a s , Biol. Chem., 1952, 198, 23.
23 W. K. Maas and B. D. Davis, Proc. N at. Acad. Sci. Wash., 1952, 38, 785.
24 E. E. Snell, G. M. Brown, V. J. Peters, J . A. Craig, E. L. Wittle, J. A. Moore,

V. M. McGlohan, and O. D. Bird, J . Amer. Chem. Soc.-, 1950, 72, 5349.
23 G. M. Brown, J. A. Craig, and E. E. Snell, Arch. Biochem., 1950, 27, 473 ; R- A- 

McRorie, P. M. Masley, and W. L. Williams, ibid., p. 471; R. A. McRorie and W. L- 
Williams, J . B ad ., 1951, 61, 7 3 7. 26 J. A. Craig and E. E. Snell, ibid., p. 283.

27 G. M. Brown and E. E. Snell, J . Biol. Chem., 1952, 198, 375.
28 J. C. Vitucci, N. Bohonos, O. P. Wieland, D. V. Lefemine, and Q. L. Hutchings, 

Arch. Biochem., 1951, 34, 409.
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The importance of coenzyme A in reactions involving transfer of acetyl 
groups and also in other systems had been fully reviewed by Lipmann, 
Ochoa, and others.29’30

Pyridoxine and derivatives (vitamin-Be group). Snell31 has discussed some 
of the recent work concerning the function and mechanism of action of these 
factors in the amino-acid metabolism of micro-organisms. Vitamin B 6 is 
concerned in the synthesis of many amino-acids. Thus, in the presence of 
vitamin B 6> Lactobacillus arabinosus no longer requires lysine, serine, alanine, 
histidine, threonine, or cystine for grow th ; 32’33 with both vitamin B 6 and 
carbon dioxide present it can also dispense with phenylalanine, tyrosine, 
arginine, and aspartic acid.32 The stage at which vitamin B 6 acts in the 
synthesis of these amino-acids was not shown by these experiments. In 
Leuconostoc mesenteroides, however, it is involved in the conversion of glycine 
into serine; it is essential for growth when high concentrations of glycine 
replace serine.34 Pyridoxal is also needed for serine synthesis from glycine 
and formate by cell suspensions of Strep. faecalis.3i Vitamin B 6 is required 
for growth of Lb. arabinosus and Strep, faecalis when a-keto-acid analogues 
arc substituted for the corresponding amino-acids.35 These experiments 
indicate that transamination reactions (requiring pyridoxal phosphate as 
co-factor) are responsible for the formation of amino-acids from the a-keto- 
acids. The latter may not, however, be normal intermediates in the synthesis 
of all the amino-acids in whose formation vitamin B 6 is implicated, and the 
factor m ay well play a part at some stage other than transamination. 
Pyridoxal phosphate is, for instance, a coenzyme for the system  which con
denses indole and serine to give tryptophan in enzyme preparations from 
Ncurospora.36

D-Alanine becom es essen tia l fo r g ro w th  of Strep, faecalis an d  Lactobacillus 
casei in m ed ia  devo id  of v ita m in  B e, suggesting  th a t  th e  la t te r  is needed  for 
the syn thesis  of th e  D -am ino-acid .37 S u b seq u en t w ork  w ith  enzym e p re 
parations h as  confirm ed th is ;  L -alanine is co n v e rted  in to  th e  D-form b y  a 
racemase req u irin g  p y rid o x a l p h o sp h a te  fo r ac tiv a tio n .38 M any  D -am ino- 
acids are u tilised  for g ro w th  of Lb. arabinosus in  p lace of th e  L-isomers, 
provided th a t  v ita m in  B 6 is p rese n t in  th e  m e d iu m .39’40 I t  ap p ears  th a t  th e  
co-racemase fu n c tio n  of th e  fac to r  also acco u n ts  fo r these  observa tions.

Biotin. This compound occurs, mainly in bound forms, in many natural 
products.41 Recently the isolation, identification, and chemical synthesis of

“ Symposium sur le Cycle Tricarboxylique,” Second Int. Congr. Biochem., Paris,
1 9 5 2 .

30 S. Ochoa and J. R. Stern, A nn . Rev. Biochem., 1952, 21, 547; A. D. Welch and
C. A. Nichol, ibid., p. 633.

31 E. E. Snell, " Symposium sur le Métabolisme Microbien,” p. 47, Second Int. 
Congr. Biochem., Paris, 1952.

32 C. M. Lyman, O. Moseley, S. Wood, B. Butler, and F. Hale, J . Biol. Chem., 1947, 
167, 177 . 33 J. L. Stokes and M. Gunness, Science-, 1945, 101, 43.

31 J. Lascelles and D. D. Woods, Nature, 1950, 166, 649.
35 J. T. Holden, R. B. Wildman, and E. E. Snell, J . Biol. Chem., 1951, 191, 559.
36 W. W. Umbreit, W. A. Wood, and I. C. Gunsalus, ibid., 1946, 165, 731; C. 

Yanofsky, ibid., 1952, 194, 279.
37 J. T. Holden, C. Furman, and E. E. Snell, ibid., 1949, 178, 789; J. T. Holden and 

E. E. Snell, ibid., p. 799.
38 W. A. Wood and I. C. Gunsalus, ibid., 1951, 190, 403.
38 C. M. Lyman and K. A. Kuiken, Fed. Proc., 1948, 7, 170.
40 M. N. Camien and M. S. Dunn, J . Biol. Chem., 1950, 182, 119.
41 R. C. Thompson, R. E. Eakin, and R. J. Williams, Science, 1941, 94, 589.
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HC -Ç H

one of these complexes, biocytin, has been described ; 42-43 it was obtained 
from yeast and identified as e-iV-biotyl-lysine (II). The synthetic compound 
has the same biological activity as the crystalline natural material. Biocytin 
is not attacked by proteolytic enzymes, such as papain and trypsin, and

•Il N—CO—NH
(II)

HjÇ— S— CH-[CIi,;,,-CO-NII-[CHJ1-CH(NII: )'CO.,H

strong acids or alkalis are needed to liberate biotin. It is, however, as active 
as biotin itself for growth of many organisms (e.g., Lb. casci), but is inactive 
for Lb. arabinosus, Ln. mesenleroides, and Pénicillium chrysogenum. Like 
biotin, it overcomes competitively inhibition of growth of Lb. casei by 
homobiotin. Biocytin also behaves similarly to biotin in reactivating aspar
tic acid deaminase in “ aged ” cells suspensions of Proteus vulgaris, but does 
not appear to be identical with Lichstein’s " biotin coenzyme ” since it does 
not replace preparations of this substance in the aspartic acid deaminase 
system  of Bacterium cadaveris,44

Pimelic acid replaces biotin for growth of Corynebacterium diphtheria% 45 
and is presumably a precursor in this organism. Evidence that it is also a 
precursor in Bacillus tenuis and other organisms has come from work with 
growth-inhibitory analogues of pimelic acid ; inhibition by these compounds 
is overcome com petitively by pimelic acid whereas, in the presence of biotin, 
growth is insensitive to the analogues.40

The function of biotin in cell metabolism is not clear ; Lichstein 47 has 
reviewed some aspects of this problem. Research with bacteria has pointed 
to its possible role in carboxylation reactions and in the synthesis of oleic 
acid. Thus, growth of Lb. arabinosus■ (and other lactobacilli) occurs in the 
absence of biotin provided that aspartic acid and oleic acid (together with 
Tween-40 or -80 to detoxify the fatty acid) are present in the medium .48-49 
Growth under these conditions is stimulated by carbon dioxide, but in the 
presence of biotin either aspartic acid or carbon dioxide is stimulatory. 
Biotin does not however appear to be involved in aspartic acid formation in 
Clostridium butyricum  and Lactobacillus fermenti ; oleic acid alone promotes 
growth in the absence of the vitamin, and under these conditions the organ
isms synthesise aspartic acid .49 Blançhard et a l.50 have suggested that biotin 
is concerned in the formation of enzymes required in carboxylation reactions 
rather than as a co-factor in these system s; this conclusion was based on 
experiments with the “ malic enzyme ” system from Lb. arabinosus, which

42 L. D. Wright, E. L. Cresson, H. R. Skeggs, T. R. Wood, R. L. Peck, D. E. Wolf, and 
K. Folkers, J . Amer. Client. Soc., 1950, 72, 1048.

43 Idem, ibid., 1952, 74, 1996; R. !.. Peck, D. E. Wolf, and K. Folkers, ibid., P-
1999; D. E. Wolf, J. Valiant, R. L. Peck, and K. Folkers, ibid., p. 2002; L. D. Wright,
E. L. Cresson, K. V. Liebert, and H. R. Skeggs, ibid., p. 2004.

44 H. C. Lichstein, J. F. Christman, and W. L. Boyd, J . B ad ., 1950, 59, 113; H. C. 
Lichstein, ibid., 1950, 60, 485.

45 J. H. Mueller, J . Biol. Chem., 1937, 119, 121 ; V. Du Vigneaud, K . Dittmer, E. 
Hague, and B. Long, Science, 1942, 96, 1S6.

40 D. W. Woolley. J . Biol. Chem., 1950, 183, 495.
47 H. C. Lichstein, Vitamins and Hormones, 1951, 9, 27.
48 R. L. Potter and C. A. Elvehjem, J . Biol. Chem., 1948, 172, 531.
48 H. P. Broquist and E. E. Snell, ibid.. 1951, 188, 431.
50 M. L. Blanchard, S. Korkes, A. del Campillo, and S. Ochoa, ibid., 1950, 187, 875.



LASCELLES : BACTERIAL NUTRITION. 257

catalyses the reversible decarboxylation of malic acid to pyruvic acid and 
carbon dioxide.

It may be significant that traces of biotin have been found in cells of Lb. 
arabinosus, Cl. butyricum f0 Lb. casai,51 and Clostridium perfringens 52 grown 
in the complete absence of the factor.

Factors of the folic acid group. This group includes ^-aminobenzoic acid, 
pteroylglutamic acid, and Leuconostoc citrovorum factor. Aspects of the 
subject have been reviewed recently by Woods,2' 53 Welch and Nichol,30 

i  and Shive.54
Investigations of the requirement of different organisms for factors of the 

I folic acid group have shown that ^-aminobenzoic acid is converted into a 
higher form closely related to, though not necessarily identical with Ln. 
citrovorum factor; there is strong evidence that sulphonamides inhibit 
bacterial growth by preventing competitively the utilisation of ^-amino- 
benzoic acid in this way .55 Some organisms (e.g., Lb. casei and Strap: faecalis) 
are unable to grow on p-aminobenzoic acid but respond to either pteroyl
glutamic acid or Ln. citrovorum factor, while Ln. citrovorum utilises the latter 
substance only. The status of pteroylglutamic acid as a normal intermediate 

: in the conversion of ^-aminobenzoic acid into higher forms is, however, very 
doubtful.2

The outstanding recent advance in this field has been the identification 
of Ln. citrovorum factor as a formyltetrahydropteroylglutamic acid ; synthetic 

! Ln. citrovorum factor (leucovorin56 or folinic ac id -S F 57) is 5-formyl- 
5: 6 : 7 : 8-tetrahydropteroylglutamic acid (cf. Ann. Reports, 1951, 48, 227), 
and full details of its synthesis have now been published.58 Leucovorin has 
only one half the activity of the natural factor (isolated as the crystalline 
barium salt from liver) for growth of Ln. citrovorum.50 It is also less active 
than pteroylglutamic acid as a growth factor for Lb. casei and Strep, faecalis 
whereas the natural substance has the same potency.60' 61 The fact that 
the synthetic compound is a mixture of the ( + ) : l -  and the (—):L-isomer 
probably accounts for these differences. The calcium salts of the isomers 
have been separated, and the (—)L-form shown to have the same activity as 
natural citrovorum factor and to be twice as active as the (+):L-isomer.62

That Ln. citrovorum factor is more closely related than pteroylglutamic 
acid to the coenzyme form of folic acid is suggested also by the greater activity

51 E. A. Andrews and V. R. Williams, I .  Boil, Chem., 1951, 193, 11.
!s E. Rosenwasser and M. J. Boyd, Fed. Proc., 1952, II, 277.
S3 D. D. Woods, " Symposium sur le Métabolisme Microbien," p. 86, Second Int. 

Congr. Biochcm., Paris, 1952.
14 W. Shive, Vitamins and  Hormones, 1951, 9, 75; A nn. Rev. Microbiol., 1952, 6, 437.
55 R. H. Nimmo-Smitb, T- Lascelles, and D. D. Woods, B ril. J . E xp. Path., 1948, 

29, 264 ; J. Lascelles and D. D. Woods, ibid., 1952, 33, 288.
56 J. Brockman, Jnr., B. Roth, H. P. Broquist, M. E. Hultquist, J . M. Smith, Jnr., 

M. J. Fahrenbach, D. B. Cosulich, R. P. Parker, E. L. R. Stokstad, and T. H. Jukes, 
/ .  Amer. Chem. Soc., 1950, 72, 4325.

57 E. II. Flynn, T. J. Bond, T. J. Bardos, and W. Shive, ibid., 1951, 73, 1979; A.
Pohland, E. H. Flynn, R. G. Jones, and W. Shive, ibid., p. 3247.

as B. Roth, M. E. Hultquist, M. J . Fahrenbach, D. B. Cosulich, H. P. Broquist, 
J. A. Brockman, Jnr., J. M. Smith, Jnr., R. P. Parker, E. L. R. Stokstad, and T. H. 
Jukes, ibid., 1952, 74, 3247. 50 J. C. Keresztesy and M. Silverman, ibid., 1951, 73, 5510.

60 IT. E. Säuberlich, J . Biol. Chem., 1952, 195, 337.
CI O. P. Wieland, B. L. Hutchings, and J. H. Wiliams, Arch. Biochem., 1952, 40, 205.
55 D. B. Cosulich, J. M. Smith, Jnr., and H. P. Broquist, J . Amer. Chem. Soc., 1952, 

74,4215. , J
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of leucovorin and the natural factor in overcoming inhibition of growth of 
Strep, faecalis by 4-aminopteroylglutamic acid (aminopterin).00> 63 Like 
pteroylglutamic acid, leucovorin is a competitive antagonist of the analogue.

W ith one exception, leucovorin has so far been found inactive in replacing 
p-aminobenzoic acid for growth of organisms requiring that compound. 
Ln. mesenteroides, however, utilises it in place of ̂ -aminobenzoic acid, whereas 
pteroylglutamic acid is inactive.64 Possibly, Ln. citrovorum factor may be 
converted into a still more complex form before it  functions in cell metabolism.

Recently, strains of Strep, faecalis and Ln. citrovorum have been described, 
whose growth is insensitive toinhibition by 4-amino- and 4-amino-10-methyl- 
pteroylglutamic acid (amethopterin).65 The resistant strain of Strep, faecalis 
utilises the analogues in place of pteroylglutamic acid, but the variant strain 
of Ln. citrovorum does not respond to the analogues instead of leucovorin.

Factors of the folic acid group m ay be concerned as cofactors in reactions 
involving transfer of a one-carbon unit. They are involved in the synthesis 
of methionine, serine, histidine, and possibly other amino-acids, as well as 
in the formation of purines and thym ine.2’30-53’54 The initial information 
concerning the function of these factors was provided by investigations of 
the substances able to replace them for growth of micro-organisms. For 
instance, the importance of Ln. citrovorum factor in the conversion of glycine 
into serine is shown by the requirement of Ln. mesenteroides for leucovorin 
when high concentrations of glycine replace serine for grow th; under these 
conditions, ^-aminobenzoic acid is utilised instead of leucovorin- only if incu
bation is in an atmosphere enriched with carbon dioxide.34’04 In Torula 
cremoris inhibition of growth by aminopterin is overcome competitively by 
concentrates of Ln. citrovorum factor; in the absence of the latter inhibition 
is overcome non-competitively by a mixture of methionine, purines, and 
histidine.66 The requirement of mutant strains of Saccharomyces cerevisia 
for /»-aminobenzoic acid is abolished by similar mixtures.67’68

The precise stage in the various syntheses at which folic acid acts has not 
always been clearly shown by growth experiments. For methionine and serine, 
more direct evidence has come from work with deficient cell suspensions. Thus, 
'/>-aminobenzoic acid is needed for the conversion of homocysteine into meth
ionine by cell suspensions of B ad. coli deficient in that factor; the ¡3-carbon 
atom of serine may serve as a source of the one-carbon residue needed in this 
reaction.69 Deficient cell suspensions of Strep, faecalis form serine from glycine 
and formate provided that pteroylglutamic acid or leucovorin is present.34 
It is probable that folic acid is concerned in the formation of the amidine 
carbon in the glyoxaline ring of histidine; this has been found by isotopic 
techniques to arise from formate in yeast.70 In purine synthesis factors of 
the folic acid group are very probably needed for the formation of the 2-
and the 8-carbon atom of the nucleus.54 The factors are involved in the
utilisation of 4-aminoglyoxaline-5-carboxyamide, a possible precursor of

83 H. P. Broquist, E. L. R. Stokstaci, and T. H. Jukes, Fed. Proc., 1951, 10, 167.
81 J. Lascelles, M. J. Cross, and D. I). Woods, Biochem. J . ,  1951, 49, lxvi.
05 J. H. Burchenal, G. B. Waring, and D. J. Hutchison, Proc. Soc. E xp. Biol. N .Y -  

1951, 78, 311; D. J. Hutchison and J. H. Burchenal, ibid., 1952, 80, 516.
88 H. P. Broquist, Fed. Proc., 1952, 1 1 , 191.
83 N. S. Cutts and C. "Rainbow, J . Gen. Microbiol., 1950, 4, 150.
88 S. Pomper, J . B a d ., 1952, 64, 353.
88 F. Gibson and D. D. Woods, Biochem. J ., 1952, 51, v.
70 L. Levy and M. J. Coon, J . Biol. Chem., 1951, 192, 807.
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purines, since the amine accumulates in cultures of Bad. coli when the effective 
concentration of ^-aminobenzoic acid is limited by sulphonam ides; 71 it is 
also found in cultures of mutant strains of B ad. coli requiring p-aminobenzoic 
acid, when that compound is supplied in suboptimal concentration.72

Vitamin B 12. The chemistry and function of this vitamin have been 
reviewed recently by Jukes and Stokstad; 73 little is known about its bio
synthesis. Vitamin B 12 contains a 5 : 6-dimethylbenziminazole moiety  
whereas pseudovitamin B 12 contains adenine instead .74 Nevertheless, both 
factors are equally active in promoting growth of mutant strains of B ad. coli 
and both exert the same sparing effect on the requirement of other mutant 
strains for p-aminobenzoic acid.75 Thus, the suggestion that the latter 
compound is a precursor of the benziminazole portion of vitamin B 12 seems 
untenable.76 There is evidence that 4 : 5-dimethylphenylene-l : 2-diamine 
may serve as a precursor of this residue in some organisms. This is 
based mainly upon the action of 4 : 5-dimethylphenylene-l : 2-diamine in 
overcoming competitively growth inhibition by 4 : 5-dichlorophenylene-l : 2- 
diamine.77 The dichloro-analogue inhibits growth only of those organisms 
which do not require vitamin B 12; addition of that factor does not however 
overcome the inhibition. In Lactobacillus lad is  Domer, which requires 
vitamin B 12 for growth, 5 : 6-dimethylbenziminazole and 4 :  5-dimethyl
phenylene-l : 2-diamine are inhibitory.78

Nutritional investigations with bacteria have suggested that vitamin 
B12 is concerned in the conversion of homocysteine into methionine. Mutant 
strains of B ad. coli, needing vitamin B 12 for growth, respond also to methio
nine but not to homocysteine.79 Dubnoff 80 has claimed, however, that such 
mutants do respond to homocysteine (but not homocystine) when grown 
anaerobically, and suggests that one of the functions of vitamin B 12 in 
methionine synthesis is to keep homocysteine in the reduced state. The 
suggestions from growth experiments of the role of vitamin B 12 in methionine 
formation have been followed by more direct experiments with deficient cell 
suspensions of B 12-requiring strains of B ad. coli; the factor is essential for 
the formation of the amino-acid from homocysteine (cf. p. 258).69

Vitamin B J2 also appears to be concerned in the formation of nucleosides. 
Purine deoxyribosides or thymidine abolish the requirement of many lacto- 
bacilli (e.g., Lb. leichmannii) for vitamin B 12; in its presence the organisms 
can utilise free purines, suggesting that vitamin B 12 is needed for their 
conversion into deoxyribosides.81 Cell extracts of some of these lactobacilli 
contain enzymes catalysing the transfer of the deoxyribosyl group from 
nucleosides to free purines or pyrimidines.82 Such reactions probably 
account for the equal ability of different deoxyribosides to abolish the need 
for vitamin B 12.

71 \V. Shive, W. W. Ackermann, M. Gordon, M. E. Getzendaner, and R. E. Eakin, 
J.A m er. Chem. Soc., 194 7 , 69, 7 2 5 . 72 J . S. Gots and E. C. Chu, J . B a d ., 1952, 64, 537.

73 T. H. Jukes and E. L. R. Stokstad, Vitamins and Hormones, 1951, 9, 1.
71 H. W. Dion, D. G. Calkins, and J. J. Pfiffner, J . Amer. Chem. Soc., 1952, 74, 1108.
i5 B. D. Davis, J . B a d ., 1952, 64, 432.
76 Idem, ibid., 1951, 62, 221. 77 D. W. Woolley, J . E xp. Med., 1951, 93, 13.
78 D. Hendlin and M. H. Soars, J . B ad ., 1951, 62, 633.
78 B. D. Davis and E. S. Mingioii, ibid., 1950, 60, 17.
80 J. W. Dubnoff, Arch. Biochem., 1952, 37, 37.
81 E. Kitay, W. S. McNutt, and E. E. Snell, J . B ad ., 1950, 59, 727; E. K itay and 

E. E. Snell, ibid., 1950, 60 ,49. 82 W. S. McNutt, Biochem. J ., 1952, 50, 384.
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Higher forms of B-group vitamins. Some organisms fail at a stage in the 
conversion of a free B-group vitamin into its coenzyme form and consequently 
require the latter or a precursor (more complex than the free vitamin) for 
growth. Examples of these are shown in the Table. Such observations 
m ay provide clues to the intermediates in the synthesis of coenzyme forms 
from the free vitamins. W ith most organisms so far studied, however, the

Organisms requiring higher forms of B-group vitamins.

Free factor Higher form f ^ g ^ S ™ 8 Reference
Nicotinic acid ... Di- or tri-phospkopyridine Haemophilus para- a

nucleotide influenza:
Thiamine ...........  Thiamine pyrophosphate Haem. piscium b

Neisseria gonorrhoea: c
Pantothenic acid Pantethine Lb. bulgaricus and 20

related organisms
Vitamin B0 .......  Pyridoxal or pyridoxamine Lb. laclis Dorner d

phosphates Lb. helvelicus and re- e
lated organisms 

Ln. mesenteroidcs f
a-Lipoic acid ... Lipothiamide pyrophosphate B ad . coli (mutant) 21

(a) A. Lwofi and M. Lwoff, Proc. Roy. Soc., 1937, B, 122, 352. (b) P. J. Griffin,
Arch. Biochem., 1951, 30, 100. (c) C. E. Lankford and P. K. Skaggs, ibid., 1940, 9,
205. (¿) D. Hendlin, M. C. Caswell, V. J. Peters, and T. R. Wood, J . Biol. Chetn.,
1950, 186, 647. (e) W. S. McNutt and E. E. Snell, ibid., 1950, 182, 557. (/) V. H. 
Cheldelin, A. P . Nygaard, H. A. Kornberg, and R. J. Williams, J .  B ad ., 1951, 62, 134.

more complex forms of these compounds are less active or are inactive in 
promoting growth in place of the free factors. For example, coenzyme A 
does not replace pantothenic acid for growth of many yeasts and lactobacilli, 
and it has only slight activity for one strain of Lb. acidophilus which responds 
to pantothine ; the latter compound is less active than pantothenic acid as 
a growth factor for some lactobacilli and inactive in strains of yeast.26 
Coenzyme A, however, promotes more rapid growth of Acetobader suboxydans 
than pantothenic acid.83 Satisfactory explanations are yet to be found to 
account for the differences among bacteria with respect to their ability to 
respond to higher forms of the vitamins.

Amino-acids and Peptides.— Nutritional research with micro-organisms, 
particularly with induced mutant strains, has thrown light upon the inter
mediates in the synthesis of many amino-acids.

Aromatic amino-acids. Davis 841 85 has provided strong evidence that 
shikimic acid (V) is an intermediate in the synthesis of the aromatic meta
bolites, tryptophan, tyrosine, phenylalanine, ^-aminobenzoic acid, and 
^»-hydroxybenzoic acid. Quintuple mutant strains of B ad. coli were iso
lated which respond to a mixture of those compounds or to shikimic acid 
alone. Other strains, unable to utilise shikimic acid, accumulate it in the 
culture fluid. Further work along these lines has shown that 5-dehydro- 
quinic acid (III) and 5-dehydroshikimic acid (IV) may be precursors of shiki
mic acid.84 The suggested intermediates still contain the ring structure 
which m ay arise directly from glucose ; labelled shikimic acid is formed by a

83 G. D. Novelli, R. M. Flynn, and F. Lipmann, / .  Biol. Chetn., 1949, 177, 493.
81 B. D. Davis, " Symposium sur le Métabolisme Microbien,” p. 32, Second Int. 

Congr. Biochem., Paris, 1952; J .  B ad ., 1952, 64, 729, 749.
85 Idem, J . Biol. Chem., 1951, 191, 315.
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quintuple mutant strain of B ad. coli grown with [ l - 14C]glucose.86 Iso- 
topically labelled acetate, formate, or carbon dioxide are not incorporated.

The aromatic amino-acids may also arise from a common precursor in Lb. 
arabinosus,87 Strains which grow in the absence of tyrosine give rise to 
variants which have also lost their requirement for phenylalanine. Such 
variants readily become independent of tryptophan, whereas cultures of the 
parent organism (requiring all three amino-acids) do not show this tendency.

Lysine. Studies with mutant strains of B ad. coli have suggested that 
aa'-diaminopimelic acid is an intermediate in lysine synthesis.88 Some 
lysineless-mutants accumulate diaminopimelic acid, which replaces lysine 
for growth of other strains. Cell suspensions of mutants, which utilise this 
compound for growth, contain diaminopimelic acid decarboxylase and can 
thus convert the precursor into lysine (in turn degraded by lysine decarboxy
lase to cadaverine and carbon dioxide). Wild type strains of B ad. coli also 
contain this enzyme. On the other hand, cell suspensions of mutant strains, 
unable to utilise diaminopimelic acid for growth, are also unable to decarb- 
oxylate i t ; this suggests that their failure to synthesise lysine is due to the 
absence or inactivity of the decarboxylase. In Neurospora, a-aminoadipic 
acid is probably an intermediate in lysine synthesis.89 This compound is 
not utilised by lysineless-mutants of B ad. coli, nor is diaminopimelic acid 
utilised by Neurospora mutants. This suggests that the pathways of lysine 
synthesis in B ad. coli and Neurospora may differ.

Sulphur-containing amino-acids. The synthesis of methionine with 
intermediate formation of cysteine, cystathionine (formed by condensation 
of homoscrine and cysteine), and homocysteine has been well established by 
nutritional studies with mutant strains of Neurospora,°° B ad. coli,91 and 
Bacillus subtilis,92 Similarly, methionine formation by the pathogens, 
Salmonella typhimuriump3 Brucella suisp4 and Pasleurella pestisp° appears 
to involve the same intermediates. The last-named organism normally 
needs both cysteine (replaced by thiosulphate, sulphite, or sulphide) and 
methionine for grow th; cystathionine or homocystine replaces methionine.

86 H. Shigeura and D. B. Sprinson, Fed. Prcc., 1952, II, 286.
87 D. E. Atkinson and S. W. Fox, Arch. Biochem., 1951, 31, 212.
88 D. L. Dewey and E. Work, Nature, 1952, 169, 533; B. D. Davis, ibid., p. 534.
83 H. K. Mitchell and M. B. Houlahan, J . Biol. Chem., 1948, 174, 883.
90 H. J. Teas, N. H. Horowitz, and M. Fling, ibid., 1948, 172, 651.
91 J. O. Lampen, R. R. Roepke, and M. J. Jones, Arch. Biochem., 1947, 13, 55.
91 H. J. Teas, f .  B ad ., 1950, 59, 93.
93 H. H. Plough, H. Y. Miller, and M. E. Berry, Proc. N at. Acad. Set., 1951, 37, 640.
94 L. J  Rode, C. E. Lankford, and V. T. Schuhardt, J . B ad ., 1951, 62, 571; C. E. 

Lankford, L. J. Rode, and V. T. Schuhardt, Proc. Soc. Exp. Biol. N .Y .,  1952, 80, 727.
95 E. Englesberg, J . B ad ., 1952, 63, 675.
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A mutant strain is able, however, to utilise cysteine, though not methionine, 
as sole source of sulphur. These results and similar findings with mutant 
strains of B ad. coli 96 and S. typhimurium  93 suggest that the reactions lead
ing to methionine synthesis from cysteine are not all reversible. Most 
cysteineless-mutants which have been described also utilise methionine (or 
cystathionine or homocysteine) as sole source of sulphur. Whether or not 
cysteine is formed from methionine with intermediates differing from those 
in the transformation of cysteine to methionine must await further work. 
In Br. suis 94 homocystine (or homocysteine) promotes growth in a sulphur- 
free medium only in the presence of trace amounts of methionine, alone 
insufficient. to give measurable growth. Some commercial samples of 
homocystine contain sufficient methionine to give this effect, the cause of 
which is unknown.

isoLeucine and valine. The properties of m utant strains of Neurospora, 
B ad. coli, B . subtilis, and S. typhimurium  have indicated that ap-dihydroxy- 
p-methylvaleric acid and ap-dihydroxy-p-methylbutyric acid, as well as the 
corresponding a-keto-acids, are precursors of fsoleucine and valine, respec
tively .97 The dihydroxy-acids accumulate in cultures of a strain of Neuro
spora needing both amino-acids for growth.98 They are utilised by some 
strains of B ad. coli responding to fsoleucine and valine, as are the correspond
ing a-keto-acids, whereas with other strains only the keto-acids replace the 
amino-acids for growth.97-99 Another strain of B ad. coli which has an 
absolute requirement for fsoleucine and a partial one for valine (evident only 
under semi-aerobic conditions) accumulates the keto-acid analogues of both 
fsoleucine and valine.99 The results suggest that fsoleucine and valine are 
formed as fo llow s:
Precursors —y  dihydroxy-acid analogues —y  keto-acid analogues —y  fsoleucine, valine.

The immediate precursors of the carbon chains of these amino-acids are not 
known, though work with mutants has suggested that D-threonine and 
a-amino- and a-keto-butyric acids m ay serve.97- 99 Experiments with iso- 
topically labelled acetate have shown that this compound is a precursor in 
Neurospora.lw  The inhibitory inter-relationships of fsoleucine and valine 
are discussed elsewhere.

Proline. Vogel and D avis,101 working with mutant strains of B ad. coli 
requiring proline, have shown that the amino-acid m ay be formed from 
glutamic acid with intermediate formation of glutamic acid y-semialdehyde. 
This compound is accumulated by one such mutant and is utilised by another 
strain, which also responds to either proline or glutamic acid. Glutamic 
acid is also a precursor of proline in Penicillium .102

Ornithine, citruttine, and arginine. The synthesis of arginine from glut
amic acid with intermediate formation of ornithine and citrulline has been

98 S. Simmonds, J . Biol. Chem., 1948, 174, 717.
97 E. A. Adelberg, J . B ad ., 1951, 61, 365; H. E. Umbarger and E. A. Adelberg, J- 

Biol. Chem., 1951, 192, 883.
93 E. A. Adelberg and E. L. Tatum, Arch. Biochan., 1950, 29, 235; E. A. Adelberg,

D. M. Bonner, and E. L. Tatum, J . Biol. Chem., 1951, 190, 837.
89 H. E. Umbarger and J . H. Mueller, ibid., 1951, 189, 277; H. E. Umbarger and

B. Magasanik, ibid., p. 287.
100 E. L. Tatum and E. A. Adelberg, / .  Biol. Chem., 1951, 190, 843.
101 H. J. Vogel and B. D. Davis, J . Amer. Chem. Soc., 1952, 74, 109.
109 D. Bonner, Cold Spring Harbor Sym p. Quant. Biol., 1946, 11, .14.



established by work with mutant strains of Neurospora 103 and Penicillium.102 
Evidence for a similar mechanism in Lb. arabinosus has been obtained by 
Hood and Lyman.104 This organism grows in the absence of arginine if 
incubated in an atmosphere enriched with carbon dioxide. Under these 
conditions the requirement for glutamic acid is increased beyond that 
needed for growth with arginine present. In a medium containing methion
ine sulphoxide (which prevents conversion of glutamic acid into glutam ine105) 
growth is promoted by glutamine, or more effectively by either arginine or 
citrulline, but not by ornithine or carbamyl-L-glutamic acid. It was concluded 
that glutamine is concerned in citrulline synthesis as a donor of ammonia.

Peptides. It is well known that many organisms grow more rapidly on 
media containing partial hydrolysates of proteins than on free amino-acids. 
Woolley has shown that peptides are largely responsible for the activity of 
" strepogenin ” concentrates (prepared from partially hydrolyzed proteins) 
in stimulating growth of Lb. casei and other organisms.100 In most cases 
studied synthetic di- and tri-peptides are less active than the free amino- 
acids in promoting growth, and their activity seems to be due to hydrolysis 
to their component amino-acids.107 Marshall and W oods 108 have found, 
however, that L-tyrosyl-L-tryptophan and L-tryptophanyl-L-phenylalanine 
are more active than tryptophan in overcoming inhibition of growth of Strep, 
faecalis and Staphylococcus aureus by 4-methyltryptophan. In the presence 
of the dipeptides, growth is insensitive to the inhibitor, whereas tryptophan 
acts competitively in overcoming the inhibition. Tyrosine and phenyl
alanine are also competitive antagonists though less active than tryptophan. 
In the absence of the inhibitor the peptides have the same growth-promoting 
activity as the free amino-acids. One interpretation of these results is that 
phenylalanine and tyrosine are concerned in the utilisation of tryptophan; 
these reactions are inhibited by 4-methyltryptophan which competes with  
tryptophan. Growth inhibition by p-2-tliienylalanine is also overcome 
competitively by tyrosine, phenylalanine, or tryptophan (though less active), 
suggesting that this analogue inhibits similar reactions. Tyrosine peptides are 
more active than free tyrosine in promoting growth of Strep, faecalis in media 
containing vitamin B 6.109 W ithout this factor (the medium contained 
D-alanine and all the necessary amino-acids except tyrosine) L-leucyl-L- 
tyrosine has the same activity as tyrosine. The experimental evidence 
indicates that tyrosine decarboxylase, active only in cells grown with vitamin  
B6, decomposes free tyrosine, but does not attack tyrosine produced by 
hydrolysis of the peptides.

Glutamine and asparagine. Glutamine plays an important role in bac
terial metabolism (reviewed by Waelsch 110) and is essential for growth of
haemolytic streptococci.111 I t  is a non-competitive antagonist of many

103 A. M. Srb and N. H. Horowitz, J .  Biol. Chem., 1944, 154, 129.
104 D. W. Hood and C. M. Lyman, ibid., 1950, 185, 39.
105 H. Waelsch, P. Owades, H. K. Miller, and E. Borek, ibid., 1946, 166, 273.
108 H. Sprince and D. W. Woolley, J . Amer. Chem. Soc., 1945, 67, 1734; D. W. 

Woolley, J . Biol. Chem., 1948, 172, 71.
107 J. S. Fruton and S. Simmonds, Cold Spring Harbor Sym p. Quant. Biol., 1949, 14,55.
108 J. H. Marshall and D. D. Woods, Biochem. J ., 1952, 51, ii.
105 H. Kihara, O. A. K latt, and E. E. Snell, J . Biol. Chem., 1952, 197, 801.
110 H. Waelsch, Adv. Enzymology, 1952, 13, 237.
111 H. Mcllwain, P. Fildes, G. P. Gladstone, and B. C. J. G. Knight, Biochem. J ., 

1939, 33, 223.
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inhibitory analogues of glutamic acid.105’112 Its function is unknown 
though it  m ay play a part in citrulline synthesis.104 In Lb. arabinosus 
glutamine is more active than glutamic acid in the early stages of growth; 
the dipeptides, glutaminylglycine and glycylglutamic acid, have the same 
activity as glutamine.113 On the other hand, asparagine is much less active 
than aspartic acid for this organism (grown in the absence of carbon dioxide) 
and for Ln. mesenteroides, but the glycine dipeptides of asparagine have 
activity almost equal to that of aspartic acid. The peptides are more 
readily deaminated by cell suspensions than the free amide, suggesting that 
they m ay give rise to aspartic acid by deamination followed by hydrolysis.111

Nucleic Acid Derivatives.— Research with micro-organisms has also pro
vided information on the mechanism of synthesis of purines and pyrimidines 
and their utilisation (see review by Christman115).

Purines. The observation that 4-aminoglyoxaline-5-carboxyamide ac
cumulates in bacterial cultures when the availability of />-aminobenzoic acid 
is limited (see p. 258 ; refs. 71 and 72) first indicated that it might be a pre
cursor of purines. It also accumulates in cultures of a purineless-strain of 
B ad. coli, and replaces purines (though it  is less active) for growth of another 
mutant strain.110 Glycine stimulates production of the amine.71’72 This 
amino-acid, formate, and carbon dioxide have been found by isotopic tech
niques to be precursors of purines in yeast,117 and B ad. c o li118 and Bacterium 
■prodigiosum,119 as in animals.120

Pyrimidines. That orotic acid (4-carboxyuracil) is closely related to an 
intermediate in pyrimidine synthesis is suggested by its activity in replacing 
uracil for growth of mutant strains of NeurosporaP21'122 I t is also accumu
lated by other pyrimidineless-mutants of this organism, but there is evidence 
that it is not a normal intermediate in Neurospora.1-2 Orotic acid is essential 
for growth of a strain of Lb. bulgaricus; 123 ureidosuccinic acid replaces it 
(though at a liigher concentration), and m ay be a precursor.124 Uracil is 
not utilised for growth of this organism; nevertheless isotopically labelled 
orotic acid and ureidosuccinic acid are both incorporated into the uracil of 
the cell nucleic acids.125 Clarification of the role of orotic acid in pyrimidine 
metabolism must await more detailed knowledge of the mechanism of incor
poration of the free bases into nucleic acids, if indeed the free bases are 
intermediates.

Nucleosides and nucleotides. Some micro-organisms are unable to utilise 
free purine or'pyrimidine bases and require nucleosides or nucleotides for

112 P. Ayengar and E. Roberts, Proc. Soc. Exp. Biol. N .Y .,  1952, 79, 476.
113 H. K. Miller and H. Waelsch, Arch. Biochem., 1952, 35, 184.
114 Idem, Nature, 1952, 169, 30. 116 A. A. Christman, Physiol. Rev., 1952, 32, 303.
116 J. Gots, Arch. Biochem., 1950, 29, 222.
117 M. Edmonds, A. M. Delluva, and D. W. Wilson, J . Biol. Cheth., 1952, 197, 251.
118 A. L. Koch, F. W. Putnam, and E. A. Evans, Jnr., ibid., p. 105.
119 D. J. McLean and E. F. Purdie, ibid., p. 539.
120 G. R. Greenberg, ibid., 1951, 190, 611.
121 H. S. Loring and J. G. Pierce, ibid., 1944, 153, 61.
122 H. K. Mitchell, M. R. Houlahan, and J. F. Nvc, ibid., 1948, 172, 525.
123 L. D. Wright, J. W. Huff, H. R. Skeggs, K. A. Valentik, and D. K. Bosshardt, 

J . Amer. Chetn. Soc., 1950, 72, 2312; O. P. Wieland, J. Avener, E. M. Boggiano, N. 
Bolionos, B. L. Hutchings, and J. H. Williams, J . Biol. Chem., 1950, 186, 737.

124 D. S. Spicer, K. V. Liebert, L. D. Wright, and J. W. Huff, Proc. Soc. Exp. Biol. 
N .Y .,  1952, 79. 587.

125 L. D. Wright, C. S. Miller, H. R. Skeggs, J. W. Huff, L. L. Weed, and D. W. 
Wilson, J . Amer. Chem. Soc., 1951, 73, 1898.
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growth, suggesting that these are intermediates in the synthesis of nucleic 
acids (see also p. 259; ref. 81). Lb. gayonii, for instance, requires adenylic, 
guanylic, uridylic, or cytidylic ac id ; guanosine (the only nucleoside tested) 
is inactive.126 Recently, a strain of Strep, faecalis has been described 
which needs a pyrimidine nucleoside or nucleotide for rapid growth; 
uridine is the most active of the compounds tested, whereas purine nucleo
sides and nucleotides are inactive.127 Uridine is also more active than 
uracil in promoting growth of a mutant strain of Neurospora.121 Merrifield 
and Woolley 128 have evidence that Lb. lielveticus may incorporate uracil 
directly into a dinucleotide without intermediate formation of a mono
nucleoside or nucleotide. Certain dinucleotides (isolated from acid-hydrolys- 
ates of yeast nucleic acid) and their dephosphorylated derivatives replace 
uracil for growth of this organism, whereas pyrimidine and purine mono
nucleotides and nucleosides are inactive. The smallest unit common to 
the active compounds is cytidine-5' phosphate diesterified at the 3'(or 2')- 
position of another nucleoside; similar derivatives of uridylic acid were not 
tested.

Inhibitory Interrelationships of Growth Factors.—-Many examples are 
known of antagonism between essential metabolites, particularly between 
amino-acids of similar structure where competition for an enzyme may 
occur.129 Another type of inhibition, observed frequently in research with 
biochemical mutants, may occur when an intermediate in the synthesis of 
one essential metabolite may prevent the utilisation of a precursor of an
other metabolite. An inhibition of this type has been shown to account for 
the requirement of a mutant strain of B ad. colt for both fsoleucine and 
valine.99 This strain cannot form Aoleucine from its a-keto-acid analogue, 
a-keto-(3-methylvaleric acid; this cornpound accumulates and inhibits the 
conversion of the corresponding analogue of valine (a-keto-p-methylbutyric 
acid) into valine. In mutants of Neurospora with the same double require
ment for fsoleucine and valine, the dihydroxy-acid analogue of fsoleucine 
accumulates (not the keto-acid analogue as postulated by Bonner 13°) and 
inhibits utilisation of the corresponding analogue of valine.87 An interesting 
example of antagonism has been described by Kihara et al.1Z1 They found 
that alanylpeptides are responsible for the activity of enzymic digests of 
casein in replacing vitamin B 6 for growth of Lb. casei; a number of synthetic 
L-alanylpeptides have the same effect as the digests. For replacement, n- 
alanine has also to be added to the medium, and this compound inhibits 
utilisation of L-alanine, but not that of the L-alanylpeptides. The peptides 
appear, therefore, to be required for growth in the absence of vitamin B 6 
because utilisation of free L-alanine is prevented by D-alanine, present in 
excess under the experimental conditions.

Another example of antagonism has been shown by Rabinowitz and 
Snell132 with Saccharotnyces carlsbergensis. This organism grows in the

120 B. L. Hutchings, N. H. Sloane, and E. Boggiano, / .  Biol. Chem., 1940, 162, 737.
127 H. A. Hoffmann and P. L. Paveck, J . Avicr. Chem. Soc., 1952, 74, 344.
128 R. B. Merrifield and D. W. Woolley, J . Biol. Chem., 1952, 197, 521.
122 E. L. Tatum, Fed. Proc., 1949, 8, 511.
120 D. Bonner, / .  Biol. Chem., 1946, 166, 545.
231 H. Kihara, W. G. McCullough, and E. E. Snell, ibid., 1952, 197, 783; H. Kihara 

and E. E. Snell, ibid., p. 791.
112 J. C. Rabinowitz and E. E. Snell, Arch. Biockem., 1951, 33, 472.



2 6 6 BIOCHEMISTRY.

absence of b o th  v itam in  B„ and  thiam ine ; in a m edium  containing thiamine, 
however, pyridoxine (or derivatives) becomes essential for grow th. The 
reason for th is is no t known.

General.— Substances which do not come under the  above headings, but 
which have been found to  be grow th factors for some m icro-organisms include 
p-hydroxybenzoic acid, putrescine, and  "  coprogen.” ÿ-Hydroxybenzoic 
acid is a  com ponent of a  m ix ture  of arom atic com pounds needed for growth 
of m u tan t strains of B ad . coff.84' 85 I ts  effect on grow th is m ost m arked in 
m edia containing aspartic  acid. I t  also overcomes inhibition of grow th of 
B a d . coli by  high concentrations of ji>-aminobenzoic acid.133 Replacement 
experim ents have suggested th a t p-hydroxvbcnzoic acid is concerned a t a 
stage in the  conversion of cysteine into m ethionine and in lysine synthesis.84 
Putrescine is essential for grow th of Haemophilus parainfluenza: ; its function 
is unknow n.134 A crystalline com pound (“ coprogen ” ) isolated from dung, 
is needed for grow th of Pilobolus spp. H igh concentrations of haemin 
replace th is substance, w hich contains iron and  m ay possibly be a precursor 
of iron porphyrins.135 A sim ilar com pound, active for Pilobolus, has been 
obtained from the  cells of a  ru st fungus when grown under conditions which 
result in a high production  of cytochrom e c.136

3 . VITAMINS.

Nom enclature.—The Commission for the Reform  of N om enclature in 
Biological Chem istry of the  In ternational Union of Pure and  Applied Chemis
try  has adopted  the following nam es : 1

* This name will probably need altering to Nitritocobalamin; cf. Lester-Smith, 
Biochem. J 1952, 50 , xxxvi.— E d .

The nam es panthothenic  acid, biotin, /»-aminobenzoic acid, and  choline 
rem ain unchanged.

Nam es of o ther v itam ins are under discussion.
Fat-soluble Vitamins.— Because of lim itations of space, a tten tion  is 

lim ited to  the fat-soluble vitam ins, w ith  th e  exception of v itam in  A, which 
has recently  been reported  on.1“

Vitamins D .— Standards and assay. A new in ternational s tandard  has
133 B .  D . D a v is ,  J . Exp. Med.., 1 9 5 1 ,  94, 2 4 3 .
m  E. J. Herbst and E. E. Snell, J . Biol. Chetn., 1949, 181, 47.
135 C . W . Hesseltine, C . Pidacks, A . R. Whitehill, N. Bohonos, B. L .  Hutchings, and 

J. H. Williams, J . Amer. Chem. Soc., 1952, 74, 1362. 136 J. B . Heilands, ibid., p. 4846.
1 Biochem. J .,  1952, 52, 1; J .,  1951, 3526.
10 R. A. Morton, A nn . Reports, 1949, 56, 244.

J . L.

P re s e n t  n a m e N a m e  a d o p te d
V ita m in  D ,  o r  c a lc ife ro l ....................................
V ita m in  D 3 ......................................................................
V ita m in s  E ......................................................................
V ita m in  B t, a n e u r in , o r  th ia m in e  ...............
V ita m in  B , .  o r  r ib o f la v in  .....................................
V ita m in  P P ,  n ia c in a m id e , o r  n ic o t in a m id e
V ita m in s  p o sse sse d  o f  B 12 a c t i v i t y .................
V ita m in  B 12 .................................................................
V ita m in  B 12j  .................................................................
V ita m in  B 12e .................................................................
V ita m in  C  o r  a s c o rb ic  a c id  .................................

E r g o c a lc ife r o l
C h o le c a lc ife ro l
a -, ß-, a n d  y -T o c o p h e ro l
T h ia m in e
R ib o f la v in
N ic o t in a m id e
C o b a la m in  (c o lle c t iv e  n am e) 
C y a n o c o b a la m in  
H y d r o x o c o b a la m in  
N it ro s o c o b a la m in  *
A s c o rb ic  a c id
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been adopted, in which the in ternational un it is 0-025 pg. of crystalline 
cholecalciferol.2 This has the  advantage over the League of N ations s tan 
dard based on ergocalciferol th a t  cholecalciferol is identical w ith  the n a tu ra l 
vitamin and is equipoten t in m am m als and birds.

An enorm ous effort has been m ade to  im prove m ethods of assay, and to 
date the m ost useful m ethods rem ain biological ra th e r th an  chemical. R a t 
growth on Steenbock and  B lack’s rachitogenic d iet can be im proved b y  the 
addition of 0-5% of lysine.3 The A.O.A.C. basal rachitogenic d ie t for chicks 
does not appear to  be susceptible to  m uch im provem ent.4 The use of the 
chick toe-ash ra th e r th an  the  tib ia-ash  has been advocated as an assay 
criterion.5 The B .S.I. curative te s t has been com pared w ith, and  found 
superior to, the  A.O.A.C. preventive te s t .6 New bioassays suggested include 
the up take of injected 32P by  th e  paws of ra ts ,7 and the level of chick-plasm a 
alkaline phosphatase.8 A microbiological assay for pure ergocalciferol and 
cholecalciferol has been described.9

Among the  physicochem ical m ethods investigated  are th e  colorations 
with antim ony trichloride,10-11 dichlorohydrin,12-13 and  iodine trichloride,14 
a modified Pettenkofer’s reaction ,15 and  the "  carbenium  salts.”  16 The
absorption spectra of the v itam ins D have been investigated  as a  m ethod of
assay.11-17 In  order to  rem ove interfering substances chemical separation  13 
and chrom atographic fractionation  n -14-18 have been used.

Chemistry. Syntheses of 7-dehydrocholesterol,19 and the  preparation  
and separation  of a  com plex of cholecalciferol and  cholesterol which is 
reputed 20 m ore stable during processing have been described ; biologically 
active alkyl ethers of the  v itam ins D have been prepared from m etallic 
vitamin derivatives.21 Pro-ergocalciferol22 has been isolated as a dinitro-

2 "  E x p e r t  C o m m itte e  on  B io lo g ic a l S ta n d a rd iz a t io n . R e p t .  S u b -C o m m itte e  on
F a t-so lu b le  v i ta m in s ,”  W .H .O . T e c h . R e p t .  S e r . N o . 3 , 19 5 0 , G e n e v a .

3 P . 'S .  F r a n c is ,  J . Assoc. Off. Agric. Chem., 19 4 7 , 30 , 36 4 .
I C . I .  B l i s s ,  ibid., 19 4 6 , 29 , 3 9 6 ; B . B .  M ig ic o v s k y  a n d  A . R .  G . E m s lie , Arch.

Biochem., 19 4 7 , 1 3 ,  1 7 5 ,  18 5 .
5 C . I .  B lis s ,  Poultry Sci., 19 4 5 , 24, 5 3 4 ;  C . I .  B l i s s  a n d  G . H . K e n n e d y , J . Assoc. 

Off- Agric. Chem., 19 5 0 , 3 3 , 860.
0 J .  A . C a m p b e ll a n d  A . R .  G . E m s lie , Poultry Sci., 19 4 7 , 26, 2 5 5 .
7 R .  H . S y n d e r , H . J .  E is n e r , a n d  H . S te e n b o c k , J . N utril., 1 9 5 1 ,  45, 30 5 .
8 I .  M o tz o k , Biochem. J ., 19 5 0 , 47, 19 6 . 8 E .  K o d ic e k , ibid., 19 5 0 , 46, x iv .

10 F .  W . L a m b , A . M u elle r , a n d  G . W . B e a c h , Ind. Eng. Chem. Anal., 19 4 6 , 18 ,  1 8 7 ;
A. M u eller, ibid., p . 2 14 .

II D . T . E w in g , M . J .  P o w e ll,  R .  A . B ro w n , a n d  A . D . E m m e tt ,  Analyt. Chem., 19 4 8 , 
20, 3 1 7 ;  J .  B .  d e  W it t  an d  M . X .  S u l liv a n , Ind. Eng. Chem. Anal., 19 4 6 , 18 ,  1 1 7 ;  I .  N . 
G a rk in a  a n d  V . N . B u k in , Biokhim., 1 9 5 1 ,  16 ,  17 6 .

12 A . E .  S o b e l, A . M . M a y e r , an d  B .  K r a m e r , Ind. Eng. Chem. Anal., 19 4 5 , 1 7 ,  16 0 ;
J-  A . C a m p b e ll, Analyt. Chem., 19 4 8 , 20 , 766.

13 E .  V . R o u ir  a n d  G . P ir lo t ,  Bull. Soc. Chirn. biol., 19 4 7 , 29, 10 0 5 .
14 J .  G re e n , Biochem. J .,  1 9 5 1 ,  49, 36 , 4 5 , 5 4 ;  1 9 5 2 , 5 1 ,  14 4 .
16 V . V i l la r  P a la s f , Nature, 19 4 7 , 16 0 , 88 .
14 H . S c h a lte g g e r , Helv. Chim. Acta, 19 4 6 , 29 , 2 8 5 .
17 W . H u b e r , G . W . E w in g , a n d  J .  K r ig e r ,  J . Amer. Chem. Soc., 19 4 5 , 67 , 6 0 9 ; G . 

K r lo t , Analyt. Chem. Acta, 19 4 8 , 2 , 744.
18 A . F u i i t a  a n d  M . A o y a m a , J . Biochem., Japan, 1 9 5 0 , 3 7 , 1 1 3 ;  H . E .  C o x, Analyst 

WoO, 75 , 5 2 1 .
18 J .  A . K .  B u is m a n , W . S te v e n s , a n d  J .  v .  d . V l ie t ,  Rec. Trav. chim., 19 4 7 , 66, 8 3 ;  

A . E .  B id e , H . B .  H e n b e s t , E .  R .  H . Jo n e s , R .  W . P e e v e rs , a n d  P . A . W ilk in so n , J .,  19 4 8 , 
1 1 8 3 ;  J .  R e d e l a n d  B .  G a u th ie r , Bull. Soc. chim., 19 4 8 , 607.

20 J .  W a d d e ll a n d  W . W . W a e ssn e r , U .S .P .  2 ,4 10 ,2 5 4 / 19 4 6 .
21 N . A . M ila s , U .S .P .  2 ,4 10 ,8 9 3 / 19 4 6 .
22 L .  V e llu z  a n d  G . A m ia rd , Compt. rend., 19 4 9 , 2 2 8 , 69 2 , 8 5 3 , 10 3 7 .
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benzoate which differs from th a t  of ergocalciferol in its  crystalline form, 
optical ro tation , an d  extinction  a t  265 mjx; it  is unstab le to  h ea t and is 
converted in to  ergocalciferol a t  tem peratures such as are reached when 
solutions of irrad ia ted  ergosterol are concentrated. Ergocalciferol is, how
ever, the  predom inating isomer a t  equilibrium . A new provitam in D, 
norcholesta-5 : 7-dien-3p-ol,23 has been described; unlike o ther such sub
stances i t  possesses a  sa tu ra ted  unbranched side-chain. X -R ay  analysis21 
of ergocalciferol indicates th a t  C(5), C(6), C(7), and C(8) lie in a stra ig h t chain. 
In fra-red  spectra 25 indicate a  frans-configuration of the  C(22)-C(23) double 
bond in  ergocalciferol, ergosterol, ergosteryl acetate, stigm asterol, and 
stigm asteryl acetate.

Physiology. Very little  progress has, been m ade in determ ining the exact 
m ode of action of the  v itam ins D. T h a t v itam in  D increases the  absorption 
of calcium  and  phosphorus from  the  gu t has been shown b y  a  num ber of 
w orkers; in  m an by  balance experim ents 26 an  increased absorption of all 
kinds of phosphorus w ith  a concom itant increased reten tion  of calcium is j 
found on adm inistra tion  of v itam in  D. The absorption of calcium  from 
isolated loops of in testine during 24 hours is g rea ter in  ra ts  given vitam in D 
th an  in controls, and  absorption appears m ore rap id  in the  upper p a r t of the 
sm all intestine th an  in th e  lower p a r t.27 The vitam ins D appear to  enhance 
the  absorption of phosphorus from the  gu t when the  la tte r  is present as 
phy tin ,20’ 2S>29 though  it  had  no effect on the  phy tase  ac tiv ity  of the g u t28 
and  could no t increase the  absorption  of p h y ta te  phosphorus as m uch as 
th a t  of the  inorganic elem ent.29 I t  is concluded th a t  the best m ethod of 
com bating a high level of p h y ta te  in  the d iet is by  adm inistra tion  of calcium 
as well as v itam in  D .29 The use of 45Ca and 32P  as tracers has also failed to 
y ield  m uch inform ation abou t the  m ode of action of v itam ins D. There are 
considerable difficulties w ith  these techniques in  th a t  these elem ents appear 
to  exchange very  rap id ly  w ith  the bone sa lt which m akes in terp re ta tion  of 
results hazardous. V itam in D increases the  absorption  and  skeletal deposi
tion  of 45Ca an d  89Sr 30 in  ra ts  w eaned on to  a rachitogenic d iet for 15-—20 
days. The ra te  of tu rnover of 45Ca in bone is increased by  v itam in D as is 
th e  absorption  from  the  small in testine,31 absorption being dem onstrated 
from  bo th  proxim al and  d istal parts. In  chicks m ore 45Ca was incorporated 
in bone w ith  v itam in  D when the elem ent was fed b u t no difference was found 
when it  was in jected .32

In  v itam in  D  deficiency, th e  crysta l s tru c tu re  of bone is reported  to be 
disoriented as shown by  X -ray  s tu d ie s ; 33 on the o ther h an d  the  mechanical 
and s tru c tu ra l properties of bone in ra ts  on rachitogenic diets are reported to

23 C . G . A lb e r t i,  B .  C a m e rin o , L .  M a m o li, Helv. Chim. A d a , 19 -19 , 3 2 , 2 0 3 8 ;  19 5 0 , 33,
2 2 9 . 21 D . C ro w fo o t  a n d  J .  D . D u n itz , Nature, 19 4 8 , 1 6 2 ,  608.

25 J .  H . T u rn b u ll , D . H . W h ifie n , a n d  W . W ilso n , Chem. and Ind., 19 5 0 , 3 3 , 626.
20 K .  W a n g , S .  H . L iu ,  H . I .  C h u , T .  F .  Y i i ,  H . C . C h a o , a n d  H . C . H su , Chinese Med.

J . Wash., 19 4 4 , 62, 1 .
27 R .  N ic o la y s e n , Acta physiol. Scand., 1 9 5 1 ,  2 2 , 260 .
28 R .  R .  S p itz e r , G . M a r u y a m a , L .  M ich a u d , a n d  P .  H . P h ill ip s , J . N utrit., 194S,

35 , 18 5 .
29 S i r  E .  M e lla n b y , J . Physiol., 19 4 9 . 10 9 , 488 .
30 D . M . G re e n b e rg , J . Biol. Chem., 19 4 5 , 1 5 7 ,  99.
31 H . E .  H a rr is o n  a n d  H . C . H a rr is o n , J . Biol. Chem., 1 9 5 1 ,  18 8 , S 3 ;  19 5 0 , 18 5 , 857.
32 B .  B .  M ig ic o v s k y  a n d  A . R .  G . E m s lie , Arch. Biochem., 19 4 9 ,2 0 ,  3 2 5 ;  1 9 5 0 ,2 8 ,3 2 4 .
33 C . 1 .  R e e d  a n d  B .  P . R e e d , Amer. J .  Physiol., 19 4 5 , 1 4 3 ,  4 1 3 .
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be norm al except th a t the streng th  is low.34 The local effect of ergocalciferol 
on bone has been investigated by im plan tation  of pellets of the vitam in on 
pieces of parietal bone grafted  intracerebrally  in mice. A fter 14 days there 

| is diffuse re-absorption of bone. Ergosterol, cholesterol, and  cestradiol were 
inactive.35 V itam in D is reported  to  im prove healing of experim ental 
fractures.35

A possible site  of conversion of cholesterol in to  procholecalciferol is the 
gut. I t  is reported  th a t  in  the  lining of the  sm all intestine of the  guinea 
pig, the ra t, and  the  ox there is a sterol having an ultra-vio let absorption 
spectrum characteristic  of the  pro-cholecalciferols. In  the guinea pig i t  is 
concentrated in  the  mucosa and  lam ina propria  of the duodenum . I t  per
sisted after 24 hours’ fasting and  2 weeks on a d iet of low sterol content. On 
adm inistration of cholesterol, spectroscopically free from  pro-cholecalciferol, 
the am ount of the  provitam in in  the gu t wall a t  first increased, la te r re turn ing  
to norm al while the  am ount in the  liver increased. I t  is concluded th a t
7-dehydrocholesterol m ay be form ed in the  gu t by  dehydrogenation of 
cholesterol.37

Rickets. There was no evidence of an increase in rickets in G reat B ritain  
during the  last war. The incidence of rickets was reduced w ith  longer 
breast-feeding. The percentage of children w ith  radiological rickets who had  
at some tim e received cod-liver oil was however high.38 The occurrence of 
rickets in m ore th an  half of a group of 118 p rem ature in fan ts leads to  the  
suggestion th a t  hum an m ilk cannot satisfy  the  phosphorus requirem ent,33 
rickets no t being prevented  by  v itam ins D alone. The use of the  serum 
alkaline phosphatase level as a diagnostic criterion for rickets is suggested.40 
The prophylaxis of rickets requires more v itam in  D th a n  had been thought. 
Study of th e  prevention of radiological rickets in infants suggests an in take 
of 1500— 3000 i.u. per day; 41 from d a ta  on the  m axim al absorption of calcium 
and phosphorus from the  gu t an in take  of 250— 300 i.u. per day  42 appears 
to be adequate. I t  is also suggested th a t  ergocalciferol is only half as po ten t 
in infants as cholecalciferol, in term s of in ternational un its.43 Massive 
dosage of vitam in D has been used successfully in  prophylaxis of r ic k e ts ; 42>44 
the preferred dose is 600,000 i.u. (15 mg.), the  protection  lasting for 4— 6 
months. No toxic effects were noted.

The use of vitam in D in massive doses in the trea tm en t of cutaneous 
tuberculosis has been popular in recent years,45 b u t doub t has been

31 G . H . B e ll ,  J .  W . C h a m b e rs , a n d  I .  M . D a w s o n , J . Physiol., 19 4 7 , 10 6 , 286.
35 N . A . B a r n ic o t ,  J . A nal., 1 9 5 1 ,  85, 12 0 .
33 D . H . C o p p  a n d  D . M . G re e n b e rg , / .  N utrit., 19 4 5 , 29, 2 6 1 ;  M . M o u rg u e , J .

Physiol, path, gen., 19 3 9 — 19 4 0 , 37 , 12 6 9 .
33 M . S c o tt , J .  G lo v e r , a n d  R .  A . M o rto n , Nature, 19 4 9 , 16 3 ,  5 3 0 ;  M . G lo v e r , J .

G lo ver, a n d  R .  A . M o rto n , Biochem. J ., 19 5 2 , 5 1 ,  1 .
38 B r i t .  P e d ia t r ic  A ss o c . “  T h e  In c id e n c e  o f  R ic k e t s  in  W a r -T im e ,”  M in . o f  H e a lth

R ep . P u b . H lth . a n d  M ed . S u b je c t s , N o . 92, 19 4 4 , H .M .S .O ., L o n d o n .
33 G . V . S y d o w , Acta Predial., 19 4 6 , 3 3 ,  S u p p l. 2 , p . 1 ;  19 4 8 , 3 5 , S u p p l. 1 ,  p . 16 9 .
10 J. D . B a r n e s , R. M u n k s, a n d  M . K a u c h e r , J . Pediat., 19 4 4 , 24 , 1 5 9 ;  Y. R a o u l a n d  

A . V in e t, Bull. Soc. Chini. biol., 1 9 4 1 ,  2 3 , 20 5 .
41 D . K r e s t in , Arch. Dis. Childhood, 19 4 5 , 20 , 28 .
43 R .  H o u e t , A nn . Pediat., 19 4 6 , 16 7 , 2 2 5 . 43 Idem, ibid., 19 4 9 , 1 7 2 ,  28 .
44 D . K r e s t in , Lancet, 19 4 5 , I ,  7 8 1 ;  T .  Jo h n s s o n , Acta Pcediat., 19 4 4 — 19 4 5 , 3 2 , 4 7 3  ; 

G . K la c k e n b e rg , ibid., p . 50 8 .
43 J .  C h a rp y , B rit. J .  Derm. Syph., 19 4 8 , 60, 1 2 1 ;  S . L a n h o lt , ibid., p . 1 3 2 . ;  G . B .

D ow ling, S . G a u v a in , a n d  D , E .  M a c ra e , Bril. Med. J .,  19 4 8 , I ,  4 30 .
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expressed as to  its superiority  over ultra-violet light trea tm en t.46 The use 
of such massive dosages has led to  reports of m any cases of vitam in D 
in toxication.47

Vitam ins E .— A fourth  tocopherol, S-tocopherol, has been described; 48 
it is more resistan t to  oxidation than  the o ther tocopherols, b u t biologically 
it  has only 1 /100th of the ac tiv ity  (-f)-a-tocopherol. The coum arin analogue 
of a-tocopherol has been synthesised; it  has only l /2 0 th  of the  biopotency 
of a-tocopherol.49 A reversible-oxidation product of a-tocopherol, contain
ing one more oxygen atom  and which is probably  an epoxide, has been 
iso lated .50 The dependence of biological ac tiv ity  on structu re  has been 
s tre ssed ; alm ost all com pounds showing v itam in-E  ac tiv ity  in the  rat- 
s terility  te s t being chrom an derivatives, the  requisite substituen ts are (a) 
one or m ore alkyl groups on the carbocyclic ring, (b) a free or esterified 
hydroxyl a t  C(5), and (c) a short and  a long side-chain a t  C(2).sl Analytical 
m ethods have been im proved; 52 a scheme for the  analysis of individual 
tocopherols in m ixtures of the four forms has been devised.53

Physiology. W hile we do no t ye t know how the tocopherols function in 
the body the  idea th a t  there is a dual role in  vivo, a  specific vitamin-like 
function and a  secondary an tiox idan t ac tion ,54 is still useful. A th ird  phar
macological role m ay be of im portance when large doses are given. The role 
of tocopherols in the  nu trition  of farm  anim als has been review ed.54“

Antioxidant activity. The commercial use of tocopherols in the  stabilisa
tion of fats has been sum m arised.55 The protective action of tocopherols 
against the  hiemolysis of erythrocytes by alloxan or dialuric acid 56 can be 
considered as an an tiox idan t effect. The pro tective action of a-tocopherol 
against X -ray  m orta lity  is a ttrib u ted  to the inhibition of peroxide formation 
in fa ts .57 From  histochem ical studies it is suggested th a t the  yellow-brown 
pigm ent occurring in granules in the  fa t cells of ra ts  deficient in vitam in E 
represents, a t least partly , the  oxidation of highly u nsatu ra ted  fa tty  acids 
beyond the peroxide stage .58 The increased liver storage of vitam in A 
caused by  feeding tocopherols to  chicks on a  d iet containing cod-liver oil 
could also be obtained by  feeding m ethylene blue.59

Relation to enzyme systems. The enzymic oxidation of linoleic acid by
46 J .  T . In g r a m  a n d  S . T . A n n in g , Brit. I. Derm. Syph., 19 4 8 , 60, 1 5 9 ;  J ."  D aw son, 

ibid., p .  1 6 4 .

47 T .  S . D a n o w s k i, A . M . W in k le r , a n d  J .  P . P e te r s , A nn. Intern. Med., 19 4 5 , 23 , 22 ; 
G . W . C o v e y  a n d  H . H . W h it lo c k , ibid., 19 4 6 , 2 5 , 5 0 8 ; J .  M . B a u e r  a n d  R .  H . F rey b erg , 
J . Amer. Med. Assoc., 19 4 6 , 1 3 0 ,  1 2 0 8 ;  H . B e ll ,  Brit. Med. J .,  19 4 9 , I ,  1 3 9 .

48 M . H . S te rn , C . D . R o b e so n , L .  W e is le r , a n d  J .  G . B a x t e r ,  J . Amer. Chem. Soc., 
19 4 7 , 69, 869. 41 L .  I .  S m ith  a n d  G . A . B o y a c k ,  ibid., 19 4 8 , 70 , 2690 .

50 P .  D . B o y e r ,  M . R a b in o v it z ,  a n d  E .  L ie b e  A nn. N .Y . Acad. Sci., 19 4 9 — 19 5 0 , 52, 
18 8 . 8> Idem, J .  Biol. Chem., 1 9 5 1 ,  19 2 , 95.

62 H . W . R a w lin g s , N . H . K u li r t ,  a n d  J .  G . B a x t e r ,  J . Amer. Oil Chem. Soc., 1948, 
25 , 2 4 ;  R ,  W . S w ic k  a n d  C . A . B a u m a n n , Analyt. Chem., 1 9 5 2 , 24 , 7 5 8 ;  M . L .  Q uaife 
a n d  P . L .  H a rr is , ibid., 19 4 8 , 20 , 1 2 2 1 .

68 M . L .  Q u a ife , J . Biol. Chem., 19 4 8 , 1 7 5 ,  6 0 5 ; F .  B ro w n , Biochem. J .,  1 9 5 2 , 5 1 ,  237.
54 K .  C . D . H ic k m a n  a n d  P . L .  H a r r is ,  Adv. Enzymology, 19 4 6 , 6, 469 .
543 K .  L .  B la x t e d  an d  F .  B ro w n , N utrit. Abs. Reviews, 19 5 2 , 2 2 , 1 .
66 W . O. L u n d b e rg , "  A  S u r v e y  o f  th e  P re s e n t  K n o w le d g e , R e s e a rc h e s  a n d  P ractices 

in  th e  U .S . C o n c e rn in g  th e  S ta b iliz a t io n  o f  F a t s , ”  N o . 20  (T h e  H o rm e l In s t it u t e  o f the 
U n iv . o f  M in n e so ta , M in n e a p o lis , M in n ., 19 4 7 ) .

56 C. S . R o s e  an d  P . G y o r g y , J . N utrit., 19 4 9 , 39 , 5 2 9 ;  Amer. J .  Physiol., 19 5 2 , 168, 
4 1 4 .  87 A . H e r v e  a n d  Z . M . B a c q , Compt. rend. Soc. Biol., 19 4 9 , 1 4 3 ,  1 1 5 8 .

68 H . G r a n a d o s  a n d  H. D a m , Acta Path. Microbiol. Scand., 19 5 0 , 2 7 , 5 9 1 .
89 H . D a m , I .  P ra n g e , a n d  E .  S o n d e rg a a rd , Experientia, 1 9 5 1 ,  7, 18 4 .
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crystalline lipoxidase is inhibited  by tocopherols,60 th is is a  selective in
hibition in th a t  the  desired oxidation is perm itted  b u t the undesired autoxid- 
ation of linoleic peroxides is p reven ted .61 P lasm a lipase and cholinesterase 
are reduced in tocopherol deficiency,62 as is muscle adenosinetriphosphatase 
activity  in some species.03 Tocopheryl phosphates have been shown to 
inhibit a  num ber of enzyme system s in  vitro, diphosphopyridine nucleo
tidase,64 succinic oxidase,65 and  muscle acid phosphatase.63 The possibility 
tha t these actions of tocopheryl phosphates are due to  some non-specific 
detergent action m ust be rem em bered.66

Fertility. No difference is found in the blood tocopherol level in normal, 
pregnant, or aborting  w om en,67 or in norm al and  sterile m en 71 though this 
is d isputed .74 Lesions of the reproductive system  in m ale rabb its  are shown 
in tocopherol deficiency,68 while increased work intensifies the  degeneration 
of the  testes in deficient m ale ra ts  69 though there is no decrease in androgen 
production.70 R eports a t  a conference on hum an in fertility  were contra
dictory concerning the value of tocopherol th e rap y .72 Tocopherols are 
necessary for successful im plan tation  of the  fertilised ovum in ra ts , though 
less is required th an  for gestation to  proceed to  te rm .73

Liver degeneration. a-Tocopherol p ro tects ra ts  on a low-protein diet 
against carbon tetrach loride poisoning; th is effect is duplicated by  increasing 
the protein in take  or by  giving m ethionine.75 Massive liver necrosis in ra ts 
on a diet low in low sulphur-containing am ino-acid is prevented by  toco
pherol.76 A sim ilar effect is found in ra ts  fed a sem isynthetic d ie t containing 
a British baker’s yeast as the sole source of p ro te in .77 The protective effect 
of m ethionine on sodium  selenate liver dam age is only evident when tocopherol 
is p resen t.78 From  a s tu d y  of the  protective action of tocopherol and 
m ethionine on liver necrosis in ra ts  caused b y  feeding raw  soyabean m eal as 
the sole source of protein i t  was concluded th a t  m ethionine gave b e tte r  pro
tection th an  tocopherol, the  action of the  form er being specific while the la tte r  
acts non-specifically.79

60 S .  B e r g s t r o m  an d  R .  T . H o lm a n , Nature, 19 4 8 , 1 6 1 ,  55 .
51 K .  C . D . H ic k m a n , Arch. Biochem., 19 4 8 , 1 7 ,  3 6 0 ; H . O. K u n k e l ,  ibid., 1 9 5 1 ,  

30, 306, 3 1 7 .  82 W . H e ss  a n d  G . V io llie r , Helv. Chim. Acta, 19 4 8 , 3 1 ,  3 8 1 .
63 J .  P . H u m m e l, J . Biol. Chem., 19 4 8 , 1 7 2 ,  4 2 1 ;  M . M . C o re y  a n d  D . D . D z ie w ia t -  

k o w sk i, ibid., 19 4 9 , 17 9 , 1 1 9 .
64 W . M . G o v ie r  a n d  N . S .  J e t t e r ,  Science, 19 4 8 , 10 7 , 14 6 .
45 S . R .  A m e s  a n d  H . A . R is le y ,  A nn. N .Y . Acad. Sci., 19 4 9 — 19 5 0 , 5 2 , 14 9 .
68 M . R a b in o w itz  a n d  P . D . B o y e r ,  J . Biol. Chem., 19 5 0 , 18 3 ,  1 1 1 .
67 K .  F a a b o rg -A n d e rs e n , Nord. Med., 19 4 6 , 3 2 , 2 4 0 1 .
88 M . L .  C h e v re l an d  M . C o rm ie r , Compt. rend., 19 4 8 , 226 , 2 0 1 3 .
88 E .  K o k a s , B .  G o rk a , a n d  A . H e sz , Z. Vitamin-, Hormon- u. Fermenlforsch., 19 4 7 —  

19 4 8 , 1 , 466.
70 J .  R .  V a l le  a n d  L. C. U . Ju n q u e ir a ,  Endrocrinol., 19 4 7 , 40, 3 1 6 .
71 E .  C . Ju n g c k ,  W . O . M a d d o c k , J .  T . V a n  B ru g g e n , a n d  C . G . H e lle r  Fed. Proc., 

19 4 7 , 6, 1 3 9 .
72 F a m i ly  P la n n in g  A sso c . C o n f. o n  In fe r t i l i t y ,  Lancet, 19 4 8 , I I ,  54 2 .
73 H . K a u n itz ,  C . A . S la n e tz , a n d  R .  E .  Jo h n s o n , J . N iitrii., 19 4 8 , 36 , 3 3 1 ;  R .  J .

B la n d a u , H . K a u n itz ,  a n d  C . A . S la n e tz , ibid., 19 4 9 , 38 , 97.
74 G . A th a n a s s iu , Med. Monatsschr., 19 4 8 , 2, 18 6 .
78 E .  L .  H o v e , Arch. Biochem., 19 4 8 , 1 7 ,  467 ; M . V . R .  R a o , Nature, 19 4 8 , 1 6 1 ,  4 4 6 ; 

A . N e u b e rg e r  a n d  T .  A . W e b s te r , Biochem. J .,  19 4 7 , 4 1 ,  449.
78 O . L in d a n  a n d  H . P . H im s w o rth , B rit. J .  E xp. Path., 19 5 0 , 3 1 ,  6 5 1 ;  M . G o e ttsc li,

J. N utrit., 1 9 5 1 ,  44, 4 4 3 .
77 P . G y o r g y , C . S . R o s e , R .  M . T o m a re lli ,  a n d  H . G o ld b la t t , ibid., 19 5 0 , 4 1 ,  2 6 5 .
78 E .  A . S e lle rs , R .  W . Y o u ,  an d  C . C . L u c a s ,  Proc. Soc. E xp. Biol. N .Y .,  19 5 0 , 75, 1 1 8
78 A . M a te t , J .  M a te t , a n d  O. F r ie d e n so n , Compt. rend. Soc. Biol., 19 4 9 , 1 4 3 ,  2 3 5 .
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The relative potencies of various tocopherols in protecting ra ts  against 
massive hepatic  necrosis have been s tu d ie d ; a-tocopherol is active while y- 
and  S-tocopherols are inactive, ß-tocopherol was no t stud ied .7011

M uscular dystrophy. A detailed stu d y  of the  muscles of rabb its  on a 
diet deficient in  v itam in  E  has been reported. The optical behaviour of 
fibres which have n o t y e t grossly degenerated resembles th a t  of normal 
fibres from  which actom yosin has been rem oved ; there is a  loss of bi-refrin- 
gent m ateria l,796 and  the  appearance of th e  actin  G under the  electron micro
scope is a lte red .70'  The am ount of b o th  actom yosin and  m yosin w hich can 
be ex trac ted  from  dystrophic muscles is reduced, th e  m yosin even dis
appearing. 7 9ii

M edicine. Tocopherols in massive doses have been used in the  treatm ent 
of a large num ber of m orbid conditions w ith  claims of success; these include 
anginal pain  and cardiac failure,80 acute nephritis ,81 D u p u y tren ’s contrac
tu re ,82 Peyronie 's disease,83 disease characterised b y  collagen degeneration,84 
obliterative vascular disease,85 and  d iabetes.80 Tim e alone will show how 
m any of these claims are justified and  how m any are on a p a r w ith  the  rash 
assertions w ith  which the h isto ry  of the v itam ins in  therapeutics is full.

V itam in K .— Chemistry and assay. M enadione (2-m ethyl-l : 4-naphtha- 
quinone) is unstable in d ilute solution on exposure to  rad iation  a t  366 m u ; 
i t  m ay be protected , however, by  small am ounts of chloride or brom ide ions.87 
M ethods of conversion of common carbohydrates in to  m enadione and  the 
incorporation of isotopic carbon a t  various positions are described.88 The 
fate  of such labelled m enadione in  dogs has been in v estig a ted ; 870 m ost of 
the adm inistered dose was excreted in  th e  urine, only traces being found in 
the blood, liver, and  lungs. Various com pounds rela ted  to  m enadione have 
been m ade including 4-am ino-2-m ethyl-l-naphthol hydrochloride, “ K s,” 80 
1 : 4-diam ino-2-m ethylnaphthalene dihydrochloride, “ K ß,” 90 4-amino-3-
m ethy l-l-naph tho l hydrochloride, "  K 7.” 01 Colorimetric estim ations of
vitam in  K  w ith  2 : 4-dinitrophenylhydrazine,92 polarographic estim ation of 
m enadione,03 and  a  spectrophotom etric estim ation of m enadione by  using 
the absorption  a t 430 m p 94 have been described. A simple d iet deficient in

7S“ G . S e lz e r , R .  G . F .  P a r k e r ,  D . M c K e n z ie , a n d  G . C . L in d e r , Brit. J .  Exp. Path.,
1 9 5 1 ,  3 2 , 4 9 3.

7,4 M . A lo is i , A . A sc e n z i, a n d  E .  B o n e t t i ,  / .  Path. B ad .,  1 9 5 2 , 64, 3 2 1 .
75t Idem, Experientia, 19 5 2 , 8, 26 6 . 7M Idem, ibid., p . 69.
80 A . B .  V o g e ls a n g , E .  V . S h u te , a n d  W . E .  S h u te , Med. Record, 19 4 7 , 16 0 , 2 1 ,  91,

16 3 ,  230 , 2 7 9 . 81 W . E .  S h u te , Urol. Cutaneous Reviews, 19 4 6 , 50 , 679 .
92 C. L .  S te in b e rg , N.Y. State J . Med., 19 4 7 , 47 , 16 7 9 .
83 W. W . S c o tt  a n d  P . L .  S c a rd in o , Southern Med. J .,  19 4 8 , 4 1 ,  1 7 3 .
81 J .  F .  B u rg e s s , Lancet, 19 4 8 , I I ,  2 1 5 .
85 E .  V . S h u te , A nn. N .Y . Acad. Sei., 19 4 9 — 19 5 0 , 52 , 3 5 8 ;  A . M . B o y d ,  A . H all

R a tc l i f fe ,  G . W . H . Ja m e s , a n d  R .  P . J e p s o n , Lancet, 19 4 9 , I I ,  1 3 2 .
88 A . V o g e ls a n g , A nn . N .Y . Acad. Sei., 19 4 9 — 19 5 0 , 5 2 , 406.
87 R .  H . D a v is ,  A . L. M a th is , D . R .  H o w to n , H. S c im e id e rm a n , a n d  J .  F .  M ead . J- 

Biol. Chem., 19 4 9 , 17 9 , 38 3 .
87a p  p  S o iv o n u k , L .  B .  J a q u e s ,  J .  E .  L e d d y , L .  W . T r e v o y ,  a n d  J .  W . T . Sp inks, 

Proc. Soc. E xp. Biol. N .Y ,,  19 5 2 , 79 , 59 7 .
88 P .  P . T .  S a h , Z. Vitamin-, Hormon- u. Fermentforsch., 19 4 9 — 19 5 0 , 3 , 40.
88 F .  N .- H . C h a n g , J .  F .  O n eto , a n d  P . P . T .  S a il ,  ibid., p . 6 1 ;  P . P . T . S a h  a n d  T . C- 

D a n ie ls , ibid., p . 8 1 .  80 P .  P .  T . S a h , G . S u b b a ra iu , a n d  T . C . D a n ie ls , ibid., p . 87.
81 P . P .  T . S a h , ibid., p . 32 4 .
“a D . V .  S .  R e d d y  a n d  V . S r in iv a s a n , Current Sei., 19 4 8 , 1 7 ,  2 2 ;  E .  E .  v .  K o estveld , 

Rec. Trav. chim., 19 5 0 , 69, 1 2 1 7 .  83 H . O n ru st  and. B .  W ö stm a n n , ibid., p . 1207.-
84 P e r e ir a  F o r ja z ,  A nais Azevedos, 19 5 0 , 2 , 278 .
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vitamin K  which regularly produces m arked hypoprothrom binsem ia in chicks 
has been devised.98 The determ ination  of v itam in  K  b y  the curative m ethod 
in chicks has been sim plified; a single dose of the test substance is given and 
the effect on the prothrom bin tim e 20— 22 hours la te r is determ ined.96

Blood Coagulation. V itam in K  and  m enadione b o th  counteract the 
hypoprothrombinaemic action of dicoum arin and  are equipotent in  this 
re sp e c t;95 the equipotency is, however, d ispu ted .10“1 The exact m echanism  
of the an ti-v itam in  K  action of dicoum arin and  o ther substances has been 
studied by  several investigators. D am  97 has po in ted  ou t th a t, in the  plasm a 
of dicoum arol-poisoned chicks and chicks deficient in v itam in  K, in addition 
to a lack of prothrom bin there are tw o o ther common factors : (a) the  8- 
factor,98 which is absent from v itam in  K-deficient plasm a b u t present in 
dicoumarol-poisoned plasma, which, when added to  the  former, stim ulated  
coagulation; and (b) the /c-factor," which is absent in  dicoumerol-poisoned 
plasma b u t present in vitam in K-deficient plasm a which, when added to  the 
former, also stim ulates coagulation. The 8- and  the  K-factor m ay be 
inactivated by  tw o entities partia lly  separable from norm al blood.100 From  
various considerations it  is supposed th a t  v itam in  K  is no t p a r t of the  pro
throm bin molecule b u t is concerned in  the  m echanism  of prothrom bin  pro
duction. I t  is suggested th a t  vitam in K  serves as the  prosthetic  group which 
complements the  apo enzyme AE, to  form the  active synthesising enzyme, 
AEK.101 I t  is claim ed th a t  dicoumerol decreases bo th  pro throm bin  and 
accelerator globulin, v itam in  K  being able to  restore the former, b u t no t the 
la tter.102 The stru c tu ra l requirem ent for an ti-v itam in  K  ac tiv ity  is a  3- 
hydroxy-1 : 4-naphthaquinone su b stitu ted  a t C(2), the  n a tu re  of the  sub
stituent being im portan t, one condition being th a t  i t  contains a hydrocarbon 
chain of a t least six carbon atom s.103

The hypoprothrom binm m ia occurring in hypervitam inosis A can be pre
vented b y  giving v itam in  K, b u t the  o ther effects are in  no w ay affected.105 
Hypoprothrombinaemia from  liver in ju ry  such as th a t  caused by  injection of 
pyramidone is relieved by  v itam in  K  100 b u t th is effect is no t obtained in 
cancer of the  liver.107 V itam in K  is still considered of value in  prevention 
of haemorrhagic m anifestations in new-born in fan ts .108 The value of ad
ministering 10 mg. of syn thetic  v itam in  K  (tetrasodium  2-m ethyl-l : 4- 
naphthaquinone diphosphate) before labour is established in a  tr ia l w ith 
20,000 m others (half th is num ber being controls), the  incidence of malaena 
and haematemesis in the  offspring being m uch reduced.109

Miscellaneous Fat-soluble Factors .— Essential fa tly  acids. T he necessity

85 A . J .  Q u ic k  a n d  M . S te fa n in i, J .  Biol. Chem., 19 4 8 , 1 7 5 ,  945.
88 H . D a m , I .  K r u s e , a n d  E .  S o n d e rg a a rd , Acta Physiol. Scand., 1 9 5 1 ,  2 2 , 2 3 8 .
87 H . D a m  a n d  E .  S o n d e rg a a rd , Biochem. et Biophys. Acta, 19 4 8 , 2, 409.
88 0 .  S o rb y e , I. K r u s e , a n d  H. D a m , Acta Chem. Scand., 19 5 0 , 4, 8 3 1 .
88 Idem, ibid., p . 54 9 . 100 Idem, ibid., 1 9 5 1 ,  5 , 487.

101 A . J .  Q u ic k  a n d  G . E .  C o lle n tin e , Amer. J .  Physiol., 1 9 5 1 ,  16 4 , 7 1G .
102 K .  F e l ix ,  X. P e n d l, P .  P in , a n d  L .  R o k a , Z. physiol. Chem., 19 4 9 , 284, 18 5 .
102 C . M e n tz e r , B ull Soc. Chim. biol., 19 4 8 , 30 , 8 7 2 ;  C . C . S m ith , Proc. Soc. Exp. 

Biol. N .Y .,  19 5 0 , 7 3 , 56 2 .
101 R .  M ille r , W . P . H a r v e y , a n d  C . A . F in c h , New Engl. J .  Med., 19 5 0 , 2 4 2 , 2 1 1 .
105 S . E .  W a lk e r , R .  E y le n b u r g , a n d  T .  M o o re , Biochem. J . ,  19 4 7 , 4 1 ,  5 7 5 .
106 J .  E .  G a lim a r d , Bull. Soc. Chim. biol., 19 4 7 , 29 , 6 4 1 .
107 W . B e g t r u p , Acta Med. Scand., 19 4 7 — 19 4 8 , 12 9 , 3 3 .
108 H . N . S a n fo rd , M . K o s ta l ik ,  a n d  B .  B la c k m o r e , Amer. J .  Dis. Children, 19 4 9 , 78, 

686. H . D y g g v e , T r a n s . 5 th  In te r n . C o n g r. P e d ia t . ,  N e w  Y o r k ,  19 4 7 ,
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for linoleic and  linolenic acid in the diet of various species has been investi
gated. Linoleic acid is necessary for the  emergence and developm ent of the 
m oth  E phestia, b u t some m oths can synthesise th is n u tr ie n t.110 R ats on 
fat-deficient diets do no t grow m ore rapidly  when given pituitary-grow th 
horm one. H orm one w ith linoleate gave b e tte r  grow th th an  linoleate 
a lo n e ; 111 m ale ra ts  require 50 mg. of linoleic acid daily, females 10— 20 mg. 
Linolenic acid a t the  same level was poor in  grow th-prom otion b u t when fed 
w ith linoleate in sub-optim um  am ounts it  was m uch m ore efficient.112 
Chicks on fat-free diets fail to  grow a t  the  same ra te  as chicks receiving 
supplem entary  linoleic acid; 113 th ey  can convert dienoic acids into tetra- 
enoic and  pentaenoic acids, and  trienoic acids in to  hexaenoic and  o ther poly- 
enoic acids.114 The laying hen can probably  synthesise sm all am ounts of 
linoleic acid, and  it  is in teresting th a t  egg production and  hatchability 
rem ain norm al w ith  hens fed on the  fat-free d ie t.115 The follicular hyper
keratosis in  m an, norm ally associated w ith  vitam in-A  deficiency, can be 
cured by  fa ts  containing po lyunsatu ra ted  fa tty  acids.116

The distribu tion  of u n sa tu ra ted  fa tty  acids has been stud ied  in horse, 
beef and  m u tto n ,118 ra ts ,117 guinea pigs,110 dogs,120 and  m ilk.120“ The fatty 
acid requirem ents of bacteria  have been stud ied .121

Linoleic acid has been synthesised by  the  partia l hydrogenation of the 
corresponding p-diacetylenic acid w hich is, however, difficult to  obtain  in 
good y ield .122

Guinea-pig anti-stiffness factor. This crystalline factor, isolated from cane- 
sugar juice,123 continues to  receive considerable a tten tion . M any sterols
have been te sted ,124 b u t only ergostanyl ace ta te  is active. Deficiency is
though t to  lead to  a  d isturbance in the  phosphate d istribu tion  in m uscle; 125 
deafness and  disorganisation of the  ear are associated phenom ena.120 The 
results, and particu larly  the  lack of a good m ethod  of assay have been 
criticised.127

Anti-gizzard-ulcer factor. This factor, w hich was reported  as occurring
1,0 G . F r a e n k e l a n d  M . B le v v e tt , Biochem. J .,  19 4 7 , 4 1 ,  4 7 5 .
1 1 1  H . D e u e l, J r . ,  S . M . G re e n b e rg , C . E .  C a lb e rt , E .  E .  S a v a g e , a n d  T . F u k u i, J- 

N utrit., 19 5 0 , 40, 3 5 1 .
112 S .  M . G re e n b e rg , C . E .  C a lb e rt , E .  E .  S a v a g e , a n d  H . J .  D e u e l, J r . ,  ibid., 1950, 

4 1 ,  4 7 3 . 222 R .  R e is e r , ibid.. 19 5 0 , 42 , 3 1 9 .
112 Idem, ibid., p . 3 2 5 .  115 Idem, ibid., 1 9 5 1 ,  44, 15 9 .
118 P .  S .  M en o n , P .  G . T u lp u le , a n d  V . N . P a tw a r d h a n , Indian J .  Med. lies., 1950, 

3 8 . 1 7 3 .
117 C . W id m e r, J r . ,  a n d  R .  T .  H o lm a n , Arch. Biochem., 19 5 0 , 2 5 , 1 .
118 F .  B .  S h o r la n d , Nature, 19 5 0 , 1 0 5 , 766.
118 A . C h e v a llie r , C . B u r g , M . L a g o u tid re , a n d  R .  S c h n e id e r , Compt. rend. Soc. Biol.,

19 4 9 , 1 4 3 ,  13 S 0 .
120 H . F .  W ie se , R .  T . H o lm a n , a n d  A . E .  H a n s e n , Fed. Proc., 19 5 0 , 9, 37 4 .
120a p  g  S c h a S e r  a n d  G . E .  H o lm , J . Dairy Sci., 19 5 0 , 3 3 , 865.
121 M . R .  P o llo c k , G . A . H o w a rd , a n d  B .  W . B o u g h to n , Biochem. J .,  19 4 9 , 45, 4 17 ;  

J .  B .  H a ss in e n , G . T . D u rb in , a n d  F .  W . B e r n h a r t , Arch. Biochem., 19 5 0 , 2 5 , 9 1 .
122 R .  A . R a p h a e l  a n d  F .  S o n d h e im e r , Nature, 19 5 0 , 1 6 5 ,  2 3 5 .
122 W . J .  v a n  W a g te n d o n k  a n d  R .  W u lze n , J . Biol. Chem., 19 4 6 , 16 4 , 59 7 .
121 J .  J .  O leson , E .  C . v a n  D o n k , S . B e rn s te in , L .  D o r fm a n , a n d  Y .  S u b a r ro w , ibid., 

19 4 7 , 1 7 1 ,  1 .
125 W . J .  v a n  W a g te n d o n k , ibid., 19 4 7 , 16 7 ,  2 1 9 ;  W . J .  v a n  W a g te n d o n k  an d  A . M . 

F re e d , ibid., p .  2 2 5 .
128 H . K r u e g e r , R .  W u lz e n , a n d  P . L e v e q u e , Abs. Comm. 18th Intern. Physiol. Cong)'.,

19 5 0 , p . 3 1 6 .
127 W . D a s le r , Chicago Med. Sch. Quart., 19 5 0 , 1 1 ,  7 0 ;  W . D a s le r  a n d  C . D . B au er, 

Proc. Soc. Exp. Biol. N .Y .,  19 4 9 , 70, 13 4 .
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in the saponifiable sterol fraction of fats and  designated v itam in U ,128 has 
been the  cause of considerable confusion. H ighly u n sa tu ra ted  fa tty  acids of 
hog-liver fa t exert a  m arked effect against gizzard ulcers,129 as does arachi- 
donic acid .130 T h a t the  factor m ay no t be fat-soluble is shown by the facts 
tha t cyanocobalam in partia lly  prevents chick-gizzard u lcers,131 and  bo th  
ether-extracts of calves brain  and  w ater-ex tracts of the  e ther-ex tracted  brain  
are active.132 B oth  ex trac ts  together exert a  greater effect th an  either 
separately, and  cyanocobalam in can replace the aqueous ex trac t. Thus, this 
gizzard ulcer is probably  caused by  an in terp lay  of deficiencies of several 
factors, some of which are fa t soluble. There is a corresponding problem  
with stom ach ulcers in ra ts .133

S. P . D.
- T b  - f  1 . B ' i ' i  . ■ i

4 . P H O S P H A T E  M E T A B O L IS M .

A b b re v ia t io n s  u se d  a re  : A T P  =  a d e n o s in e  t r ip h o s p h a te ; A D P  =  a d e n o s in e
d ip h o s p h a te ; A M P  =  a d e n y lic  a c i d ; C o l, C o l l ,  C o A  =  C o e n z y m e  I ,  C o e n z y m e  I I ,  
C o en zy m e A ;  d iN P  =  d in itro p h e n o l.

In  th is R eport, since it  is impossible to  cover all aspects of the  subject, 
first place has been given to  the  p a rt played b y  phosphate in th e  storage and 
transfer of energy. I t  is in teresting th a t, though the energy-rich phosphate 
bond still keeps its place as providing the m ost im portan t known m echanism  
for storage of readily  available energy, the  m etabolic im portance of an  energy- 
rich bond no t involving phosphate, the  acylm ercaptide bond, has recently  
come to light. The transfer of a  com ponent of th e  acylm ercaptide com pound, 
together w ith  energy, can take  place w ithou t the  in tervention  of phosphate, 
although phosphate m ay ac t as an  acceptor. In  th is connection also the 
discussion by  W oolley 1 is of g rea t in terest, on the  free energy to  be derived 
from the  reduction  of q u a te rn ary  am m onium  and  sulphonium  ions, and the 
possible biological role of such ions.

Oxidative Phosphorylation.— The phosphorus : oxygen ratio. In  1948, 
Green, Loomis, and A uerbach la s ta rted  the series of studies on cyclophorase, 
which showed th a t  th is p reparation  of washed tissue particles can catalyse 
all the oxidations of the tricarboxylic acid cycle, as well as oxidise m any 
amino- and  fa tty  acids.2 Cross, T aggart, Covo, and Green 3 stud ied  phos
phate esterification w ith  th is p reparation , and  found th a t  usually  m ore th an  
two atom s of phosphorus were esterified for every atom  of oxygen absorbed, 
thus confirming the  earlier values w ith cruder preparations, where a  large 
allowance had  been necessary for phosphatase ac tiv ity  (see, e.g., O choa4). 
By 1948 the  w ork of Hogeboom, Schneider, and  Ballade 5 had  m ade possible 
the isolation, by  differential centrifugation of tissue hom ogenates in  hyper-

128 G . C h e sn e y , Arch. Intern. Med., 19 4 2 , 70, 5 3 2 .
122 H . D a m , Acta Physiol. Scand., 19 4 6 , 1 2 ,  18 9 .
130 H . D a m  a n d  H . L .  S e g a l, ibid., 19 4 5 , 1 0 ,  2 9 5 .
131 C . W . M u sh e tt  a n d  W . H . O tt, Poultry Sci., 19 4 9 , 28 , 850 .
132 H . D a m , B .  N o e r , a n d  E .  S o n d e rg a a rd , Acta Physiol. Scand., 19 5 0 , 2 1 ,  3 1 5 .
133 E .  L .  H o v e  a n d  P .  L .  H a r r is , J . N utrit., 19 5 0 , 40, 1 7 7 ;  G . C h e sn e y , J . Amer.

Dietet. Assoc., 19 5 0 , 26 . 668 . 1 D . W . W o o lle y , Nature, 19 5 3 , 1 7 1 ,  3 2 3 .
u  D . E .  G re e n , W . F .  L o o m is , a n d  V .  H . A u e rb a c h , J . Biol. Chem., 19 4 8 , 1 7 2 ,  38 9 .
2 D . E .  G re e n , Biol. Reviews, 1 9 5 1 ,  26 , 4 10 .
3 R .  J .  C ro ss , J .  V .  T a g g a r t ,  G . A . C o v o , a n d  D . E .  G re e n , / .  Biol. Chem., 1 9 4 8 , 1 7 7 ,  6 55 .
4 S . O ch o a , ibid., 1 9 4 1 ,  1 3 8 ,  7 5 1  ; 19 4 3 , 1 5 1 ,  4 9 3 ;  19 4 4 , 1 5 5 ,  87.
4 G . H . H o o g e b o o m , W . C . S c h n e id e r , a n d  G . E .  P a lla d e , ibid., 19 4 8 , 1 7 2 ,  6 19 .
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tonic sucrose solution, of the large cell granules or m itochondria, in  a mor
phological s ta te  apparen tly  identical w ith  th a t  in  vivo. I t  was soon found 
th a t  th is m itochondrial fraction was th e  m ain site  of cell oxidations and 
showed a higher phosphorus : oxygen ra tio  th a n  o ther cell constituents.0 
H arm an and co-workers 7 showed th a t the ac tiv ity  of cyclophorase depended 
on the  num ber and  in teg rity  of the  m itochondria.

W ith  th e  use of these in tac t, isolated m itochondria, m any interesting 
relationships have come to  light. Thus, Kielley and  Kielley 8 have shown 
th a t  ageing of the preparations by  m aintain ing them  for some tim e under 
various conditions w ithout substra te  before the  experim ent, causes a tenfold • 
increase in adenosine triphosphatase  ac tiv ity  on addition of ATP. A t the 
sam e tim e the conten t in A TP and  A D P falls and  inorganic phosphorus is 
lost into the  m edium . This rise in adenosine triphosphatase ac tiv ity  must 
be an im portan t factor in  causing the low phosphorus : oxygen ratios so often 
encountered w ith  m itochrondria preparations, b u t probably  there  are more 
subtle aspects also. Thus, it is suggested th a t  a certain  level of internal 
A DP (to ac t as phosphate acceptor) is necessary for in itia ting  the phos
phorylation process ; and  th a t  continual resynthesis of essential co-factors 
m ay go on, so th a t  any  period during which in ternal A TP is absent and  during 
which degradation products of such factors m ight leak away, would have 
irreversible deleterious results. H u n te r and  H ixon 's w o rk 9 had  earlier 
shown the  im portance of experim entation  a t a  low tem pera tu re  (15°) to  obtain 
high phosphorus : oxygen ratios.

The influence of phosphorus acceptors on oxidation ra te  is very clearly 
seen w ith  the  in ta c t m itochondria.6-10 L ardy  and  W ellm an 10 found very 
low oxygen up take  w ith  ra t-liver m itochondria, prepared in isotonic sucrose 
solution and fortified w ith  A TP, m agnesium , and  phosphate ; the ra tes were 
greatly  enhanced by  addition of phosphorus acceptors.

Some com plicated questions of perm eability  of the  in tac t mitochondria, 
and of the  accessibility of the ir enzym e system s, have been discussed by 
Lehninger.11

The ■evidence fo r  phosphorylation accompanying hydrogen transport. From 
energy considerations and  from  analogy w ith  glyceraldehyde dehydrogen
a tion  during glycolysis, we should expect only one phosphorus a to m  to be 
esterified for every pair of hydrogen atom s rem oved from  the substra te ; 
whereas an average of three is found for the  passage of p y ruva te  th rough the 
tricarboxylic acid cycle to  carbon dioxide and  w ater.3- 1 This m eans th a t  the 
la te r  stages of hydrogen tran sp o rt (or a t  any  ra te  some of them ), through 
flavin and cytochrom e C to oxygen, m ust be involved. The la test assess
m ents 12 of the free energy of the  energy-rich phosphate bond give values 
betw een abou t 12,000 cal. per mole for the  pyrophosphate bond  in  ATP, and 
about 15,000 cal. per mole for the phospho-enolic bond in  phosphopyruvate. 
The free energy likely to  be available a t  th e  different stages m ay  be gauged

6 A . L .  L e h n in g e r  a n d  E .  P .  K e n n e d y , J . Biol. Chem., 19 4 9 , 1 7 9 ,  9 5 7 ;  V . R .  P o tte r , 
G . G . L y le ,  a n d  W . C . S c h n e id e r , ibid., 19 5 0 , 19 0 , 2 9 3 .

7 J .  W . H a rm a n , Exp. Cell. Res., 19 5 0 , 1 ,  3 8 2 , 3 9 4 ;  J .  W . H a rm a n  a n d  M . F e ige lso n , 
ibid., 19 5 2 , 3 , 4 7 , 509 .

8 W . W . K ie l le y  a n d  R .  K .  K ie l le y ,  J . Biol. Chem., 1 9 5 1 ,  1 9 1 ,  4 8 5 .
* F . ’ E .  H u n te r  a n d  W . S . H ix o n , ibid., 19 4 9 , 1 8 1 ,  7 3 .

10 H . A . L a r d y  a n d  H . W e llm a n , ibid., 19 5 2 , 1 9 5 ,  2 1 5 .
11 A . L .  L e h n in g e r , in  "  P h o sp h o ru s  M e ta b o lis m ,”  Jo h n s  H o p k in s  P re ss , B a ltim o re , 

1 9 5 1 ,  p . 34 4 . 12 P .  O esp er, ibid., p . 5 2 3 .
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from the  charts given by  D ixon ; 13 the values per two hydrogen atom s a t 
pH 7-0 are approxim ately  12,000 cals, betw een the Col stage and th e  flavo- 
protein stage ; 14,000 betw een the  la tte r  and  the  cytochrom e C system ; 
and 24,000 betw een th is  last system  and  oxygen a t  one a tm o sp h ere .ct- 13a

Only tw o steps in  the  tricarboxylic acid cycle have been stud ied  in
dividually. The oxidation  of a-ketoglu tarate  to  succinate and  carbon 
dioxide was found by  H u n te r and H ixon 9 to  give a  phosphorus : oxygen ra tio  
of 3 or m ore (probably 4) in  conditions where abou t 75%  of the  succinate 
could be recovered after the  oxidation. The sam e workers also exam ined 
the oxidation of succinate to  fum arate  p ractically  as a single step  (under 

.their conditions, fum arate  was being oxidised a t  only one-fifth of the  ra te  
for the  succinate). Here, as well as in experim ents of Cross et al.3 and of 
Lehninger and  Sm ith ,14 experim ental phosphorus : oxygen values of T4—
1-7, indicated  a tru e  ra tio  of 2. The oxidation  of succinate does no t pass 
through Col or C o ll, and  the  low phosphorus : oxygen ratios are probably  to  be 
explained b y  the  availab ility  of only th e  stages from  cytochrom e C onwards.

W ith  regard  to  the  rem aining oxidations in  the  tricarboxylic acid cycle, 
the case of p y ruva te  is considered below. The oxidation of fsocitrate to 
oxalosuccinate, and  of m alate  to  oxaloacetate has no t been investigated  as 
isolated steps, and  i t  is n o t possible to  say  definitely w hether phosphorylation 
is connected w ith  these su b stra te  stages. F rom  the  probable position of 
their equilbria on the  r l i  scale,15 th is  seems unlikely.

W e m ay now consider the  d irect evidence for estérification a t  various 
stages of th e  hydrogen-transport chain. In  experim ents w ith  w ashed liver- 
particles, L eh n in g e r16 showed th a t  the  anaerobic oxidation-reduction  
between p -hydroxybutyrate  and  oxaloacetate is no t accom panied b y  phos
phate estérification, as indeed is to  be expected from  the  position of its 
equilibrium on the  electrode-potential scale. However, when conditions 
were aerobic, incorporation of 32P  in to  A T P was found to  be coupled w ith  the 
oxidation, and  Lehninger and  Sm ith, using high concentrations of A D P or 
AMP as acceptor, found phosphorus : oxygen ra tios higher th a n  2. Since 
acetoacetate was no t fu rth er oxidised and  since th e  substra te  stage alone did 
not lead to  phosphate up take, th is  estérification m ust be coupled w ith  the  la te r 
stages of electron transfer. L ehn inger17 was la te r successful in showing th a t the  
oxidation of high concentrations of reduced Col could give a ra tio  of nearly  2.

The question of phosphorus estérification associated w ith  tran sp o rt of 
hydrogen betw een reduced Col and  cytochrom e C has been stud ied  by 
Friedkin and  L ehninger,18 using large am ounts of cytochrom e C as hydrogen 
acceptor, b u t  w ithou t success ; S la te r,19 using a-ketog lu tarate  oxidation b y  
heart m itochondria, com pared phosphorus : oxygen ratios w ith  e ither cyto
chrome C in high concentration or oxygen as the  final hydrogen acceptor, 
and found no difference. Too m uch weight m ust no t be laid on such nega
tive results, since th ey  p robably  m ean th a t  experim ental difficulties (such as

13 M . D ix o n , “  M u lt i-e n z y m e  S y s t e m s ,”  U n iv e r s it y  P re s s , C a m b rid g e , 19 4 8 , p p . 65, 
73 , 87.

13,1 A . W . D . A v is o n  a n d  J .  D . H a w k in s , Quart. Reviews, 1 9 5 1 ,  5, 1 7 1  ; S .  O ch o a  an d  
J -  R .  S te rn , A nn . Rev. Biochem., 1 9 5 2 ,  2 1 ,  54 7 .

11  A .  L .  L e h n in g e r  a n d  S . W . S m ith , J . Biol. Chem., 19 4 9 , 1 8 1 ,  4 1 5 .
13 M . D ix o n , "  S lu lt i-e n z y m e  S y s t e m s ,”  U n iv e r s it y  P re s s , C a m b rid g e , 19 4 8 , p . 28.
16 A . L .  L e h n in g e r , J .B io l. Chem., 19 4 9 , 17 8 , 6 2 5 . 17 Idem, ibid., 1 9 5 1 ,  19 0 , 3 4 5 .
13 M . F r ie d k in  a n d  A . L .  L e h n in g e r , ibid., 19 4 9 , 1 7 8 ,  6 1 1 .
18 E .  C . S la te r , Nature, 19 5 0 , 16 6 , 982.
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the  lab ility  of the  individual esterification m echanism s or lim itations due to 
perm eability  barriers in the  m itochondria) have no t ye t been overcome. 
Ju d ah  20 seems to  have had  some success in  showing esterification associated 
w ith the  oxidation of reduced cytochrom e C, by  using a liver-m itochondrial 
system  in w hich ascorbic acid provided continual reduction of cytochrome
C. Control experim ents showed th a t th e  dehydroascorbic acid was not 
fu rther oxidised.

M echanism o f phosphate uptake. A good deal of inform ation has recently 
been gained on the  m echanism  of phosphate up take  a t  the  substra te  stage in 
the  tricarboxylic acid cycle.

L ipm ann 21 had  shown th a t  the prim ary  product of oxidation of pyruvate 
by  ex trac ts  of B . Delbnickii was acetyl phosphate. However, efforts to  bring 
abou t synthesis of c itra te  in anim al tissues by  m eans of acetyl phosphate 
and  oxaloacetate failed, although synthesis was obtained either during 
oxidation of py ruvate  or fa tty  acids or in  the  presence of acetate  and  A TP.22 
L ight was first throw n on the  n a tu re  of “ active acetate  ”  as acety 1-coenzyme 
A by the  w ork of S tad tm an  and  his collaborators. S tad tm an  23 prepared 
from ex trac ts  of Cl. K luyveri an  enzyme, phosphotransacetylase, w hich could 
m ake available the  acety l group of acety l phosphate for condensations, e.g., 
c itra te  form ation in presence of the condensing enzym e from liver. Phos
photransacetylase is CoA dependent, and  fu rther work 24 indicated  th a t  the 
reaction catalysed is :

a c e t y l  p h o s p h a te  +  C o A  a c e t y l - C o A  +  p h o s p h a te  

Lynen, R eichert, and R u e ff25 had  m eanwhile isolated acetyl-CoA , and  this 
was shown by  S tem , Shapiro, S tad tm an , and O ch o a26 to  react, in  presence 
of the  crystalline condensing enzyme, to  give citra te . S tad tm an  27 also 
isolated th e  acetyl-C oA  form ed b y  phosphotransacetylase action.

L ipm ann and  his colleagues 28 have recently  stud ied  the m echanism  of the 
reaction w hereby acetyl-C oA  is form ed in  yeast and  pigeon-liver preparations, 
in presence of ATP, CoA, and  acetate, although acetyl phosphate is unavail
ing. Lynen, R eichert, and  Rueff 25 had  suggested th a t  CoA is phosphoryl- 
a ted  by  A TP, w ith  form ation of an  energy-rich bond, and  th a t  the  phosphate 
can then  exchange for acetyl, acetyl-C oA  resulting :

A T P  - f  C o A  — >- C o A -p h o s p h a te  -f- A D P  
C o A  +  a c e t a t e  — y  a c e t y l - C o A  +  p h o s p h a te  

However, L ipm ann’s investigation showed th a t  the final form of the ATP 
is AMP +  p y ro p h o sp h a te ; and  fu rth er th a t, while pyrophosphate can dis
place acety l from acetyl-CoA , inorganic phosphate cannot do so. I t  was
concluded th a t  the  reactions were :

A T P  C o A  A M P  +  C o A -p y ro p h o s p h a te  

C o A -p y ro p h o s p h a te  -{- a c e ta te  ^ = ± : a c e t y l - C o A  - f  p y ro p h o s p h a te

20 J .  D . J u d a h ,  Biochem .J., 1 9 5 1 ,4 9 ,2 7 .  21 F .L ip m a n n ,/ .  Biol. Chem., 1 9 4 4 , 1 5 5 , 5o.
22 J .  R .  S te rn  a n d  S . O ch o a , ibid., 19 4 9 , 17 9 , 4 9 1 .
23 E .  R .  S ta d tm a n , Fed. Proc., 19 5 0 , 9, 2 3 3 .
24 E .  R .  S ta d tm a n , G . D . N o v e ll i ,  a n d  F .  L ip m a n n , J . Biol. Chem., 1 9 5 1 ,  1 9 1 ,  3 6 5 ;

E .  R .  S ta d tm a n , ibid., 19 5 2 , 19 6 , 5 2 7 .
25 F .  L y n e n , R .  R e ic h e r t , a n d  L .  R u e f f , A nn. Chem., 1 9 5 1 ,  5 7 4 , 1 .
25 J .  R .  S te rn , B .  S h a p iro , E .  R .  S ta d tm a n , a n d  S . O ch o a , J .B io l. Chem., 1 9 5 1 , 1 9 3 ,7 0 3 .
27 E .  R .  S ta d tm a n , ibid., 19 5 2 , 19 5 , 5 3 5 .
23 F .  L ip m a n n , M . E .  Jo n e s ,  a n d  S . B la c k , "  S y m p o s iu m  s u r  le  C y c le  T r ic a rb o x y -  

l iq u e ,”  S e c o n d  I n t .  C o n g r. B io c h e m , P a r is ,  1 9 5 2 ,  p . 5 5 .
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The sam e reactions are catalysed by a  soluble enzyme from pig’s 
heart.29

Partia lly  purified, soluble system s have been iso la te d 30 from E . coli and  
from heart, w hich catalysed th e  oxidation of py ru v a te  in presence of bo th  
Col and  CoA. W ith  ca ta ly tic  am ounts of CoA, the reaction only proceeded 
if an acety l acceptor was present, together w ith  the appropriate  acety lating  
enzyme. The supply of Col could be kep t up by  coupling reaction w ith  lactic 
dehydrogenase :

P y r u v a t e  +  C o l  +  C o A  ■-  ̂ a c e t y l - C o A  - f  C 0 2 +  C o I - H 2 

Schweet, Fuld , Cheslock, and  P au l,31 using a soluble p reparation  from  pigeon- 
breast muscle, came to  sim ilar conclusions. L ittlefield and  Sanadi,32 using 
large am ounts of CoA, have recently  been able to  show stoicheiom etric 
relations betw een the  disappearance of p y ruva te  and  CoA -SH  groups (see 
below) and  the  appearance of active acetate  (by the  hydroxam ic reaction) 
and reduced Col. These findings explain how the  free energy of pyruvate  
oxidation is used in the  tricarboxylic acid cycle for the  synthesis of c itra te  
from pyruvate  and  oxaloacetate. No exam ination of phosphate up take 
associated w ith  py ruvate  oxidation has been described, b u t it  seems likely 
that the  acetyl-CoA  m ight, under some conditions, undergo pyrophosphoro- 
lysis or phosphorolysis.

The esterification of phosphate accom panying the oxidation of a-keto
glutarate to  succinate and carbon dioxide has been stud ied  b y  K aufm an,33 
by using a  soluble enzym e p reparation  from heart. This catalyses th e  dis- 
m utation of a-ketoglu tarate  t t f  g lu tam ate  and  succinate, in  the  presence of 
ammonium ions. If phosphate acceptors are added, phosphate  is esterified. 
The following form ulation seems to  fit the  facts :

a - k e to g lu ta r a te  +  C o l C o A  s u c c in y l- C o A  +  C 0 2 -j- C o I - H 2 

a -k e to g lu ta r a te  -f- N H ( +  C o I - H 2 g lu ta m a te  - f  C o l 

s u c c in y l- C o A  - f  H 20  s u c c in a te  -f- C o A  

s u c c in y l- C o A  -)- A D P  -)- H 3P 0 4 s u c c in a te  +  A T P  +  C o A  

Although th is is no t actually  suggested by K aufm an, i t  seems likely th a t  the 
last reaction i s :

s u c c in y l- C o A  +  H 3P 0 4 s u c c in a te  -j- C o A -p h o s p h a te  

C o A -p h o s p h a te  +  A D P  L  A T P  C o A  

It is significant th a t, in con trast to  the  system  w ith  acetate  stud ied  by 
Lipmann et al.,28 th is  could catalyse the  liberation of inorganic phosphate 
from A TP in presence of succinate and  CoA. A cetyl-CoA  could no t react 
with A D P and  phosphoric acid in th is system . Succinyl-CoA has been iso
lated by  Sanadi and  L ittlefield.34 O ch o a35 has reported  th a t, by  fu rther 
ammonium su lphate  fractionation of K aufm an’s h ea rt preparation , two 
protein fractions were obtained, one of which catalysed oxidation of a-keto-

28 Q u o ted  b y  D . E .  G re e n , Science, 1 9 5 2 ,  1 1 5 ,  6 6 1.
30 S . K o r k e s , A . d e l C a m p illo , I .  C . G u n sa lu s , a n d  S . O ch o a , J . Biol. Chem., 1 9 5 1 ,  19 3 ,  

7 2 1 ;  S . K o r k e s ,  A . d e l C a m p illo , a n d  S . O ch o a , ibid., 1 9 5 2 , 19 5 , 5 4 1 .
31 R .  S .  S c h w e e t , M . F u ld , K .  C h e slo ck , a n d  M . H . P a u l ,  in  "  P h o s p h o ru s  M e ta 

b o lism ,”  Jo h n s  H o p k in s  P re s s , B a lt im o r e , 1 9 5 1 ,  p . 246 .
32 J .  W . L it t le f ie ld  a n d  D . R .  S a n a d i , J . Biol. Chem., 1 9 5 2 , 19 9 , 65 .
33 S . K a u fm a n , in  "  P h o sp h o ru s  M e ta b o lis m ,”  J o h n s  H o p k in s  P re ss , B a lt im o r e , 

19 5 1 , p. 37 0 . 34 D . R .  S a n a d i  a n d  J .  W . L it t le f ie ld , Science, 19 5 2 ,  1 1 6 ,  3 2 7 .
33 S . O ch o a , "  S y m p o s iu m  s u r  le  C y c le  T r ic a r b o x y l iq u e ,”  S e c o n d  I n t .  C o n g r. B io -  

chem ., P a r is ,  19 5 2 ,  p . 7 3 .



2 8 0 BIOCHEMISTRY.

glutaric acid w ithou t coupled phosphorylation. A ddition of the  second 
fraction (completely inactive in absence of the first) caused phosphorylation. 

Co-enzyme A . R ecent work 36 points to  the form ula :
C H 2-CM e2-C H (O H )-C O -N H -[C H 3l 2-C O -N H -[C H 2] ,- S H

? .
H O - K O

0
1

H O - K O  H O -K O
I I

T t
C H .—C H —C H -C H  (O H ) -C H -A d e n in eI--------- o ----------1

Lynen, R eichert, and R u e ff25 showed th a t  reaction of acyl groups w ith CoA 
takes place through the thiol group of the panto thenic  acid :

C o A - S H  +  A c R  — y  C o A -S A c  R H

D uring the  previous discussion i t  has been assum ed th a t  the  acylthio-bond 
is energy-rich, since th e  acety lations and  the  pyrophosphorylation which it 
is know n to im plem ent, as well as the  phosphorylations which seem to  depend
upon it, are  reactions requiring energy provision. The free energy of its
ru p tu re  has been assessed by  Stern, Ochoa, and  Lynen.37 T hey measured 
the equilibrium  constan t of the  reaction :

C o A - S A c  -f- m a la te  +  C o l  -f- H sO C o A - S H  +  c i t r a t e  +  C o I - H 2 

and from this, together w ith  th a t  of the reaction catalysed by malic dehydro
genase a t  th e  same pH , calculated th a t  the  free energy of the  acylthio-bond 
is of the order of 12,000 cals./m ole..

Reversibility. The reversib ility  w hich is such a m arked  feature of the 
series of reactions partic ipa ting  in hydrogen transfer and  phosphorus uptake 
m eans th a t  any  accum ulation of interm ediates will hold up  the whole course. 
This is p robably  the  reason for the  stim ulating  effect upon oxygen uptake  of 
the  presence of phosphate acceptors, and, as we shall see, of uncoupling 
agents. The need for inorganic phosphate, which is often observed in  oxid
a tion  system s, m ay arise from the  need for regeneration of in te rm ed ia te s: 
e.g., of CoA by  phosphorolysis of acyl-CoA, followed by  transfer of the  phos
p hate  group from  the C oA -phosphate to  an adenylic acceptor. This must 
rem ain a t  presen t a  m a tte r  of speculation, since so fa r C oA -phosphate has 
n o t been isolated, and  the enzymes concerned in the  suggested transfers 
have no t been identified. The need for some m echanism  to  bring about 
rap id  sp litting  of acyl-CoA  com pounds is shown b y  the work of Gergely, 
Hele, and  R am akrishnan .38 Using purified a-ketog lu tarate  oxidase, they 
showed th a t  th e  oxidation only proceeds in  presence of cata ly tic  am ounts of 
CoA if ano ther enzyme, succinyl-CoA deacylase, is provided. This enzyme 
brings abou t the  reaction

S u c c in y l- C o A  +  H 20  — >- s u c c in a te  +  C o A

30 J .  B a d d ile y  a n d  E .  M . T h a in , / . ,  1 9 5 1 ,  2 2 5 3 ;  J .  D . G re g o ry , G . D . N o v e lli , and
F .  L ip m a n n , J . Amer. Chetn. Soc., 19 5 2 , 74 , 854 .

37 J .  R .  S te r n , S . O ch o a , a n d  F .  L y n e n , Fed. Proc., 1 9 5 2 , 1 1 ,  2 9 3 .
38 J .  G e rg e le y , M . P .  H e le , a n d  C . V . R a m a k r is h n a n , / .  Biol. Chem., 19 5 2 ,  19 8 , 323 .
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and evidence was obtained for a  sim ilar enzym e acting  upon acetyl-CoA . 
The ac tiv ity  of such enzymes could, of course, speed up  oxidations, b u t 
would involve dissipation of the  energy of the  acylthio-bond.

Estérification of Phosphate during Oxidation of Glyceraldehyde Phos
phate.— I t  will be noticed th a t  in  the  conceptions of phosphate up take  
described above, no phosphorylation of the substra te  is postu lated , as i t  was 
in W arburg  and  C hristian’s theory  w ith  regard  to  th e  estérification accom
panying th e  oxidation of glyceraldehyde phosphate during glycolysis. I t  is 
of great interest, therefore, to  find th a t  a new view  of th e  action of glyceralde
hyde phosphate dehydrogenase has emerged, in w hich phosphate up tak e  is a 
post-oxidation stage.

K rim sky and  R acker 39 have recently  ob tained evidence th a t  crystalline 
glyceraldehyde phosphate dehydrogenase contains g lu tath ione as a  firm ly 
bound prosthetic  group. R acker and  K rim sky 40 then  showed th a t  oxidation 
of aldehydes proceeds in  tw o stages : first the  aldehyde reacts w ith  the  thiol 
group of the enzym e and  is oxidised to  a  th io l ester ; and  only la te r  does phos- 
phorolysis take  place w ith  rem oval of the  acyl group to  phosphate. The 
evidence for the  first s tep  m ay be sum m arised as follows : (1) form ation of a 
thiol ester when the  reaction was carried  ou t in  the  presence of g lu tath ione 
and the  absence of phosphate ; (2) the  power of the reaction to  provide acyl 
groups for acylation of, e.g., sulphanilam ide in  presence of the  appropria te  
additional enzym e system  ; an d  (3) release of acyl groups from  the  washed 
denatured enzym e in to  solution w ith  hydroxylam ine. The evidence for the  
second step  depends on a  s tu d y  of the  back reaction : in th e  presence of 
arsenate the  enzym e liberated  inorganic phosphate from diphosphoglycerate, 
even though there was no hydrogen donor present and  no Col reduction ; 
and even though iodoacetate was presen t to  inh ib it any oxidation or reduction. 
It will be seen th a t  th is  arsenolysis is incom patible w ith  the  old form ulation 
of the reaction series :
g ly c e ra ld e h y d e  - f  p h o s p h a te  g ly c e r a ld e h y d e  d ip h o s p h a te  d ip h o s p h o g ly c e r ic

a c id
Racker and  K rim sky suggest :

R  R  R
Î

O9:0 I ! 9:
H -C -O H  c:o

H  C °I phosphate O P O j H ,

+   >  Co'l-H , ' '  -j-

f  ï  !  f
e n z y m e  e n z y m e  e n z y m e  e n z y m e

A sim ilar conclusion was reached by  H olzer and  H olzer,41 who found th a t  
crystalline trióse phosphate dehydrogenase can be pro tec ted  from  iodoacetate 
inhibition b y  previous addition  of its  substra te . T hey  showed the  dissoci
ation constan ts of the  enzym e-substra te  com plex to  be in  th e  ratio , 500 : 1,
for glyceraldehyde and  glyceraldehyde phosphate ; and  the  am ounts of the  
two substra tes which had  to  be added to  ob tain  protection bore roughly th is 
same relation— 3 0 0 :1 . T hey concluded th a t  the  aldehydes combine w ith

39 I .  K r im s k y  a n d  E .  R a c k e r ,  J .  Biol. Cheni., 1 9 5 2 ,  19 8 , 7 2 1 .
10 E .  R a c k e r  a n d  I .  K r im s k y ,  ibid., p . 7 3 1 .
41 H . H o lz e r  a n d  E .  H o lz e r , Z. Physiol. Chem., 19 5 2 , 2 9 1 ,  67.
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the enzyme by  m eans of the  same group as the  iodoacetate, i.e., through the 
th io l group. These facts are suggestive b u t no t conclusive.

Uncoupling of Oxidation and Phosphorylation.— M any reagents can be 
used to  dissociate phosphorylation from  oxidation and an intensive study  has 
been m ade recently  of some, e.g., dinitrophenol (diNP). I t  has long been 
known th a t  th is substance, while stim ulating  m etabolism , can p reven t many 
sorts of anabolic process—grow th, differentiation, nitrogen and  phosphate 
assim ilation, etc. R onzoni and  E hrenfest,42 using in tac t frog muscle, seem 
to  have been th e  first to  show th a t  th e  increased m etabolism  was associated 
not, as m ight be expected, w ith  increased phosphocreatine synthesis, but 
w ith a  very  m arked breakdow n. Then Loomis and  L ipm ann,43 using washed 
kidney particles, found th a t  the  increased oxygen-uptake in presence of diNP 
was accom panied by  inhibition of phosphate estérification, and  th a t  the rate 
of oxidation becam e independent of added phosphate. The m ost likely 
explanation is th a t in its  presence a sm all am ount of residual inorganic phos
phate  in  the  hom ogenate can be used over and  over again, presum ably on 
account of very rap id  release of inorganic phosphate from  phosphorylated 
interm ediates. Indeed, J u d a h 20 has shown, b y  exhaustive w ashing of liver 
m itochondria (which d id  no t dam age th e ir powers of oxidative phosphoryl
ation  under appropria te  conditions) th a t  w ith  less th an  abou t m/1000- 
phosphate, little  or no stim ulating effect of d iN P  on oxidation is seen.

This uncoupling effect seems to  have no connection w ith  phosphorylation 
a t  the  su b stra te  level, b u t only w ith  th a t  accom panying th e  la te r  hydrogen- 
tran sp o rt stages. Thus, bo th  H u n te r 4-1 and  Ju d ah  20 have observed tha t 
d iN P has little  effect on the  phosphorus : oxygen ra tio  of the anaerobic 
d ism utation  of a-ketog lu tarate  in  presence of m itochondria ; and  Greville 
and  R ow sell45 found no effect on phosphate up tak e  during the oxidation- 
reduction betw een glyceraldehyde phosphate and  pyruvate , by  ex trac t of 
muscle acetone powder. D iN P reduces the phosphorus estérification con
nected  w ith  a-ketoglu tarate  oxidation to  one q u a rte r ; while w ith  p-hydroxy- 
b u ty ra te  oxidation  (where no phosphate up tak e  is associated w ith  the  sub
s tra te  level) d iN P  abolishes the  whole phosphate up take. As we know 
nothing of the  n a tu re  of the  phosphorylated  in term ediates during the passage 
of hydrogen from  C o I-H 2 to  oxygen, any  suggestion as to  the  m echanism  of 
the  d iN P  effect m ust be speculation. The scheme here is based on one given 
by  H u n te r : 44

H 3P 0 4 +  a -k e to g lu ta r a te  H 3P 0 4 +  h y d ro g e n  t r a n s p o r t  from
C o l to  O ,

1 - H ,
JT  co,

X  ~  P 0 4( C o A -p h o s p h a te  ?)

A T P

g lu c o se  p h o sp h ate "^  h e x o k i n a s e  +  g lu c o s e
H 3P 0 4

12 E .  R o n z o n i a n d  E .  E h r e n fe s t , J . Biol. Chem., 19 3 6 , 1 1 5 ,  749 .
12 W . F .  L o o m is  a n d  F .  L ip m a n n , ibid., 19 4 8 , 1 7 3 ,  807.
1 1  F .  E .  H u n te r , in  “  P h o s p h o ru s  M e ta b o lis m ,”  Jo h n s  H o p k in s  P re s s , B a ltim o re , 

1 9 5 1 ,  p . 29 7 .
*5 G . D . G r e v i lle  a n d  E .  V . R o w s e ll ,  u n p u b lish e d  re s u lts .



Hunter points out th a t, since the energy of th e  phosphate link in the  hypo
thetical Y - P 0 4 com pound is probably  of the sam e order as th a t  of th e  pyro- 

; phosphate link in  ATP, one w ould expect the  reaction betw een the  two 
! compounds to  be reversible. I f  th is is the  case, A TP from any  source would 

run a risk of dephosphorylation by  m eans of the  d iN P  leak. W hether or not 
i  this dephosphorylation happened would depend on the relative ra te  of phos- 
; phate transfer to  acceptors o ther th a n  th e  com pound Y, and  on the ra te  of 

Y -P04 dephosphorylation. F rom  all th e  considerations w hich have been 
put forw ard above, we should expect th a t  only the  oxidised form of the 

, compound Y  would be capable of accepting phosphate in  high-energy bonding, 
and the energy, of course, would be dissipated on dephosphorylation. The 
scheme given m ight thus explain the  greatly  increased dephosphorylation of 
ATP in presence of d iN P  b y  m itochondria 44 and  by  m inced muscle 40 as 
long as oxygen were available ; th is  dephosphorylation is in con trast to  the  
lack of effect of d iN P  on p a rtly  purified p o ta to  apyrase and  th e  com par
atively sm all effect on m yosin.46a I t  m ight also account for Ronzoni and  
Ehrenfest’s observations 42 of th e  uncoupling of phosphorylation w ith  in ta c t 
frog muscle even under anaerobic conditions w ith  greatly  accelerated lactic 
acid form ation, since here oxygen m ay no t have been com pletely excluded. 
It would no t explain the  finding by  H u n te r th a t  d iN P  exerts its  effect of 
increasing th e  apparen t adenosine triphosphatase  ac tiv ity  of m itochondria 
even in stric t anaerobiosis. Lynen and  K oenigsberger 47 have found w ith 

I yeast suspensions th a t, in  aerobic conditions, disappearance of inorganic 
phosphate is prevented  by  diN P, while anaerobically phosphorylation con- 

] tinues unchanged. Aerobic ferm entation becomes m arked in presence of 
diNP and these workers regard  th is  as strong support for the ir conception 
that lack of inorganic phosphate (which would reduce the  ac tiv ity  of triose 
phosphate dehydrogenase) is the  cause of the  dim inished carbohydrate  
utilisation seen in the  P asteu r effect. They2 bring forw ard some fu rther 
interesting anom alies in diN P effects—the  facts th a t  although the  energy- 
providing phosphorylation in ferm entation  is no t in terrup ted , y e t anaerobic 
synthesis of glycogen and  also of enzym e proteins during ad ap ta tio n  seem 
to be prevented.

Besides diN P and  other su b stitu ted  phenols, a  num ber of uncoupling 
agents are known, e.g., am ongst antibiotics, aureom ycin, gram icidin; azide; 
atebrin ; various dyes.

I t  is in teresting  th a t  Loomis 48 found no uncoupling effect w ith  penicillin, 
Chloromycetin, and  sulphadiazine. The concentration  of aureom ycin 
(200 ¡ig./ml.) needed w ith  m itochondria for 80%  uncoupling, corresponds 
closely to  th a t  (150 m g./kg.) giving 80%  m orta lity  in  mice. Doses only one- 
hundredth of th is  are needed w ith  bacteria  to  bring abou t o ther toxic effects 
(inhibition of p ro tein  synthesis 48a) so th a t  i t  seems likely th a t  th e  uncoupling 
effect is related , no t to  th e  chem otherapeutic action b u t to  the  tox ic ity  to  
the host.

Loomis and  L ipm ann,49 using k idney hom ogenates, report th a t  azide
48 H . A .  L a r d y ,  u n p u b lis h e d  re s u lts , m e n tio n e d  in  H . A .  L a r d y  a n d  C . A .  F .lv e jh e m , 

Ann. Rev. Biochem., 19 4 5 , 1 4 ,  1 .  400 H .  L .  W e b s te r , p e r so n a l c o m m u n ic a t io n .
47 F .  L y n e n  a n d  R .  K o e n ig sb e rg e r , A n n . Chem., 1 9 5 1 ,  5 7 3 , 60.
4J W . F .  L o o m is , Science, 19 5 0 , 1 1 1 ,  4 74 .
48“  E .  F .  G a le  a n d  J .  P .  F o lk e s ,  Biochem. J ., 1 9 5 3 ,  53 , 4 9 3 .
49 W . F .  L o o m is  a n d  F .  L ip m a n n , J . Biol. Chem., 19 4 9 , 17 9 , 4 0 3 .
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cannot "  replace "  phosphate b u t can partia lly  “ replace ”  adenylic acid. 
T hey  suggest th a t  azide acts upon the  stage of phosphorus transfer from 
prim arily  form ed phosphate (Y -P 0 4 above ?) to  adenylic compounds. 
Spiegelman, K am en, and  Sussm an 50 found dissociation of phosphorylation 
from  oxidation-reduction  in  anaerobic ferm entation  w ith  yeast suspensions ; 
and  from the  azide effects in  presence of o ther inhibitors, th ey  suggest that 
the  azide, under the  influence of phosphoglycerate phosphokinase, can accept 
phosphate from diphosphoglycerate, w ith  form ation of an unstab le  compound 
which releases inorganic phosphate. I t  is no t clear why, w ith  such a  system, 
azide should no t show some phosphate “ replacem ent.”  Spiegelman et al. 
found no uncoupling effect in Lebedew yeast ex tracts, nor could J u d a h 20 
find any  effect w ith  anaerobic d ism utation  of a-ketoglutarate.

Ju d a h  and  W illiam s-Ashm an 51 list a  num ber of dyes, no tab ly  pheno- 
safranine, Jan u s  green, B rilliant cresyl blue, which increase the  oxygen uptake 
in absence of added phosphate and greatly  decrease the  phosphorus : oxygen 
ratio . The dyes m ay ac t as supplem entary  electron carriers, and in  so doing 
m ay by-pass reactions connected w ith  phosphorylation.

H orm onal Effects.— Thyroxine. The stim ulation of m etabolic ra te  by 
thyroxine suggests com parison w ith  the  increased m etabolism  found with 
such drugs as d iN P, and  m any workers have wondered w hether uncoupling 
played a  p a rt in  thyroxine effects. The position a t  present is ra th e r  con
fused, as the  results from different laboratories have been conflicting, but 
possible reasons for the  .disagreements begin to  emerge. L ardy  and F c ld o tt52 
found th a t  thyroxine added in  vitro had  no effect on phosphorus : oxygen 
ratios of fresh m itochondria by using the K rebs cycle ; however, it  and its 
biologically active analogues d id  inh ib it the  one-step oxidation of glutam ate 
to  succinate and  the associated phosphorus : oxygen ra tio  was affected more 
th a n  proportionately . L iver tissue of hyperthyro id  rats- (fed on thyro id  for 
a t  least two weeks) had  lower phosphorus : oxygen ratios ; nevertheless 
owing to  th e  g rea tly  stim ula ted  m etabolism , the  ac tual am ount of phosphate 
estérification was greater. L ip m a n n 63 reported  no difference in  phos
phorus : oxygen ratios betw een tissues of thyroxine-in jected  and  norm al rats. 
There was, however, an in teresting  effect of the thyroxine. There had 
been found 54 w ith  m itochondrial preparations from  liver of norm al animals 
a g reatly  enhanced oxygen-uptake as the resu lt of addition  of phosphate 
acceptors; in  sim ilar preparations from  thyroxine-in jected  anim als, the 
oxygen up tak e  was already high, and  there  was no phosphate-acceptor effect. 
Since the phosphorus : oxygen ra tio  was no t changed, th is seems to  indicate 
th a t  under certa in  conditions, thyroxine can cause m ore effective trans
phosphorylation.

M artius and Hess 55 .found depression of phosphate-uptake in  vitro, but 
only if the  m itochondria were trea ted  w ith  thyroxine (3 X  10-6— 5 X  10~5m) 
for 30 m inutes a t 0° before m easurem ents ; very  sm all thyroxine concen
tra tio n s h ad  the  opposite effect, s tim ulating  phosphate up take. They found

50 S . S p ie g e lm a n , M . D . K a m e n , a n d  M . S u ss m a n , Arch. Biochem., 19 4 8 , 18 , 409.
31 J .  I ) .  J u d a h  a n d  H . G . W illia m s -A sh m a n , Biochem. J .,  1 9 5 1 ,  48, 3 3 .
52 H . A . L a r d y  a n d  G . F e ld o t t , A nn . N .Y . Acad. Set., 1 9 5 1 ,  54 , 5 3 1 .
53 C . H . D u to it , F .  L .  H o c h , E .  W rig h t , a n d  F .  L ip m a n n , A b s t ra c t s ,  S e c o n d  In t. 

C o n g r. B io c h e m ., P a r is ,  19 5 2 , p . 50 .
51 H .  N ie m e y e r , R .  K .  C ra n e , E .  P .  K e n n e d y , a n d  F .  L ip m a n n , Fed. Proc., 1 9 5 1 ,  10 ,

2 2 9 . 65 C . M a r t iu s  a n d  B .  H e s s , Arch. Biochem. Biophys., 1 9 5 1 ,  3 3 , 486.
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lower phosphate up take  th a n  norm al if anim als were previously in jected 
with thyroxine (4— 12 mg. over 24— 72 hours), b u t here there  was a  m arked 
seasonal variation.

Thyroxine also affects some phosphokinases. Askonas 50 found creatine 
phosphokinase to  be 80%  inhib ited  in  vitro by  10~4 M -thyroxine; w ith a single 
large injection there was 25%  inhibition  when the  crude muscle ex trac t was 
tested some hours later. Crude muscle ex trac ts  from  thyroid-in jected  ra ts  
show m uch enhanced hexokinase ac tiv ity .57

An effect of insulin has also been recorded which seems to  be on oxidative 
phosphorylation.58 In  liver hom ogenates carrying on oxidation of a-keto- 
glutarate w ith  phosphorylation under sub-optim al conditions {e.g., w ith  high 
adenosine triphosphatase conten t of the  system) insulin had  a significant 
effect in increasing phosphorylation w ithou t increasing oxidation. This 
effect cannot be th rough an  inhibition  of adenosine triphosphatase  ac tiv ity .59 
Foa et at.,60 using a suspension of washed liver particles from norm al and 
alloxan-diabetic ra ts , w ith g lu tam ate as su b stra te  for oxidation, found th a t 
insulin addition brings abou t an increase in the degree of phosphorylation of 
thiamine in  the  d iabetic  preparations, b u t no t in the norm al. Goranson and  
Erulkar,61 w ith  h eart and  brain  hom ogenates, found the  aerobic phosphoryl
ation of creatine during succinate and  m alate  oxidation was significantly 
less th an  norm al in  preparations from alloxan-diabetic ra ts , although the 
oxygen up tak e  was unchanged. In jection  of insulin restored  the  phospho- 
creatine synthesis to  norm al w ithou t affecting the  oxygen uptake. Insulin 
added in  vitro could also increase synthesis.

A sim ilar action of insulin in increasing ATP-provision could, of course, 
explain its  well-known effect of increasing glucose up tak e  in  vitro by  dia
phragm. K rah l 62 has sum m arised the  evidence th a t  there  is ra th e r an 
effect here directly  upon glucokinase. H e em phasises th a t  the  value for the  
easily hydrolysable phosphorus of A T P is the  sam e (about 18 m g.-% ) for 
diabetic and  norm al diaphragm s in aerobic conditions; and  W alaas and  
Walaas 63 found th a t  even under s tric tly  anaerobic conditions, when th is  value 
had fallen to  2— 3 m g.-% , insulin caused a  significant increase in glucose 
uptake. I t  would seem therefore th a t  A TP provision is no t a lim iting factor.

The m ain identified effect of adrenaline injection seems to  be acceleration 
of form ation of active from inactive phosphorylase.84 B u t i t  is well know n 
also to  have an  inhib itory  effect on glucose u tilisation, and  the  w ork of 
Cohen and  N eedham  65 w ith  crude muscle ex trac ts  from  in jected anim als, 
suggests th a t  some interference w ith  A TP resynthesis is concerned here. 
They found no dim inution in hexokinase activ ity .

Utilisation o f Phosphate Bond Energy.— W e will consider first some cases 
of synthesis where we have a t  least a  little  insight into th e  m echanism  of the 
reactions.

58 B .  A .  A sk o n a s , Nature, 1 9 5 1 ,  16 7 , 9 3 3 .
57 R .  H . S m ith  a n d  H . G . W illia m s -A s h m a n , A d a  Biochim. Biophys., 1 9 5 1 ,  7, 29 5 .
58 B .  D . P o lis , E .  P o lis , M . K e r r ig a n , a n d  L .  J c d c ik in ,  Arch. Biochem., 19 4 9 , 2 3 , 50 5 .
88 R .  H . B r o h - K a h n , P .  F o ld e s , a n d  I .  A . M irs k y , ibid., 19 5 0 , 26 , 460 .
80 P .  P .  F o a , H . R .  W e in ste in , J .  A . S m ith , a n d  M . G re e n b e rg , ibid., 1 9 5 2 ,  40, 3 2 3 .
81 E .  S .  G o ra n s o n  a n d  S . D . E r u lk a r ,  ibid., 19 4 9 , 24, 40 .
82 M . K r a h l ,  A nn . N .Y . Acad. Sci., 1 9 5 1 ,  54 , 649.
88 E .  W a la a s  a n d  O . W a la a s , / .  Biol. Cheni., 19 5 2 , 1 9 5 ,  3 6 7 .
81 E .  W . S u th e r la n d , A nn. N .Y . Acad. Sci., 1 9 5 1 ,  54 , 693.
88 J .  A .  C o h e n  a n d  D . M . N e e d h a m , A d a  Biochem. Biophys., 19 5 0 — 1 9 5 1 ,  6, 1 4 1 .
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In  the  case of the  form ation of the  -CO-NH- bond in  the synthesis of hip- 
puric acid, from benzoate and  glycine, CoA as well as A TP is needed. Cohen 
and McGilvery 66 showed th a t  iY-phosphoglycine cannot replace glycine, 
and  C hantrenne 67 th a t  benzoyl phosphate cannot replace benzoate. There 
is no detailed evidence, b u t i t  seems likely th a t  C oA -phosphate is first formed 
and  then  benzoyl-CoA ; in fact, th a t  this synthesis involves a reversal of the 
so rt of process suggested for A TP form ation during oxidation of a-keto- 
g lu tara te . A ra th e r sim ilar tra in  of events is ind icated  by  the  considerations 
p u t forw ard by  Green 68 on the  well-known sparking phenom enon pre
lim inary to  the  oxidation of fa tty  acids b y  m itochondria. H e and  his col
laborators have stud ied  fa tty  acid oxidation in soluble ex trac ts  of pig heart 
and  the  steps seem to  be :

A T P  +  C o A  — >- C o A -p h o s p h a te  (o r  - p y r o p h o s p h a te )  +  A D P  

C o A -p h o s p h a te  +  f a t t y  a c id  — >- ( fa t t y )  a c y l - C o A  

( fa t t y )  a c y l - C o A  — >  / ¡-k e to a c y l-C o A  

(3 -k e to a c y l-C o A  — >- a c y l - C o A  (w ith  2  c a rb o n  a to m s  le ss) -f- a c e t y l - C o A  

A nother m echanism  for synthesis of the  •CONH- bond has been studied 
independently  by  Speck 69 and by  E l l io t t70 in th e  form ation of glutamine 
from g lu tam ate  and  am m onia. P artia lly  purified, soluble preparations from : 
acetone-dried liver and  brain  were m ainly used, and  the  dependence of the ! 
synthesis upon stoicheiom etric déphosphorylation of A TP was shown. It 
has no t so far been possible to  isolate any  phosphorylated  in term ediate com
pound, or to  show th a t  more th an  one enzym e is concerned. The synthesis 
of g lu tath ione has been stud ied  b y  Bloch 71 and  his collaborators by  using 
ex trac ts  of acetone-dried pigeon liver and  glycine and glutam ic acids with 
labelled carbon or nitrogen atom s. A t least tw o enzymes are concerned, one 
in  the  form ation of glutam ylcysteine, th e  o ther in  the  reaction of this com
pound w ith  glycine; A TP is essential in  b o th  cases. The enzym e system 
concerned in  th e  la tte r  reaction has been considerably purified, and  it  has 
been shown th a t  stoicheiom etric am ounts of phosphate are set free from 
A TP during the  synthesis.

There are now strong indications th a t phosphorylation plays an essential 
p a rt a t  three stages in  the  ornithine cycle of u rea  form ation. Grisolia and 
Cohen 72 have shown th a t  the  reaction :

ATP M e + +
o rn ith in e  -j- C 0 3 +  N H 3    y  c it ru ll in e

proceeds in three steps :
ATP

g lu ta m a te  +  C 0 2 -j- N H 3 - — c a r b a m o y lg lu ta m a te  . . ( 1)
ATP

c a r b a m o y lg lu ta m a te  - f  C 0 2 - f  N H 3  ^  in te rm e d ia te  . . (2a)

in te rm e d ia te  - f  o rn ith in e  — >- c it ru ll in e  +  c a r b a m o y lg lu ta m a te  . (2b)
The last tw o enzyme system s have been partia lly  separated, and  can be 
studied separately , since (2b) only comes in to  p lay  if ornithine is added. In

65 P .  P .  C o h e n  a n d  R .  W . M c G ilv e r y , / .  Biol. Chon., 19 4 7 , 1 7 1 ,  1 2 1 .
C7 H . C h a n tre n n e , ibid., 1 9 5 1 ,  18 9 , 2 2 7 . 68 D . E .  G re e n , Science, 19 5 2 , 1 1 5 ,  66 1.
69 J .  F .  S p e c k , J . Biol. Chem., 19 4 9 , 1 7 9 ,  14 0 5 .
70 W . H . E l l io t t ,  Biochcm. / . ,  1 9 5 1 ,  49, 10 6 .
71 K .  B l o c h , / .  Biol. Chem., 19 4 9 , 17 9 , 1 2 4 5 ;  R .  B .  Jo h n s to n  a n d  K .  B lo c h , ibid., 

1 9 5 1 ,  18 8 , 2 2 1 ;  J .  E .  S n o k e  a n d  K .  B lo c h , ibid., 1 9 5 2 , 19 9 , 4 0 7 ;  K .  B lo c h , J .  Snoke, 
a n d  S . Y a n a r i ,  "  S y m p o s iu m  s u r  la  B io g é n è s e  d e s  P ro té in e s ,”  S e c o n d  I n t .  C o n g r. B io - 
c h e m ., P a r is ,  1 9 5 2 , p . 3 2 .

78 S . G r is o lia  a n d  P .  P .  C oh en , / .  Biol. Chem., 1 9 5 1 ,  1 9 1 ,  1 8 9 ;  19 5 2 ,  19 8 , 5 6 1 .
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absence of ornithine, the  accum ulation in  (2a) of an  ac tiva ted  com pound can 
be dem onstrated , which can be estim ated  by  its  power to  react w ith  ornithine. 
The incorporation of carbon dioxide and am m onia in  (2a) is proportional to  
the carbam oylglutam ate added ; and  w ith  all constituen ts present, the  in 
organic phosphate set free is proportional to  the citrulline formed. There is 
some evidence th a t  th e  in term ediate  form ed in  (2a) is a  phosphorylated  com
pound. U nder certain  conditions, inorganic phosphorus is no t se t free in 
(2a); then  (a) th is m ix ture  can be deproteinised, and  by  addition  of system  
(2b) +  ornithine, liberation  of inorganic phosphorus as well as citrulline 
formation is o b ta in ed ; (b) if the  incubation  m ix ture  (2a) is heated , there  is 
an increase in inorganic phosphate, and  i t  can be shown th a t  the increase 
runs parallel to  a decrease in the  power of the system  to react w ith  ornithine. 
The form ation of arginine from  citrulline has been shown b y  R a tn e r and  her 
collaborators 73 to  involve a t  least three enzymes, which have been partia lly  
purified by  alcoholic fractionation  of ex trac t of acetone liver powder. 
The steps stud ied  are :

c it r u ll in e  -j- a s p a r t a t e  +  A T P  — >- in te rm e d a te  - f  A D P  +  p h o s p h a te

There is evidence th a t  the  first reaction involves tw o enzymes : upon frac
tionation of the  system , a fraction was ob tained w hich h ad  little  ac tiv ity  
unless supplem ented w ith  a protein  fraction from yeast (itself having no 
condensing activ ity). I t  seems likely th a t  there is phosphorylation of the 
citrulline before th e  condensation, b u t no phosphorylated  in term ediate  has 
yet been detected. Possibly the  equilibrium  conditions are such th a t  sig
nificant am ounts cannot accum ulate, and the  dephosphorylation of th e  A TP 
only goes on a t  a perceptible ra te  when dephosphorylation of the  in term ediate 
occurs on condensation. T he ra tio  of 1-4— 1-8 moles of A TP dephosphoryl- 
ated per mole of citrulline used suggests th a t  phosphorylation outstrips 
condensation and  th a t  some breakdow n of the  phosphorylated  in term ediate  
can go on b y  phosphatase activ ity .

A case of synthesis in which un til recently  i t  was believed th a t  phos
phorus bond energy was used, is trans-m ethy lation  to  nicotinam ide or 
guanidinoacetic acid w ith  m ethionine as th e  donor.74 This transfer took 
place in a  soluble enzym e system  b u t only in the  presence of A TP, and 
m ethionine addition  increased inorganic phosphorus form ation from  ATP. 
The form ation of an  in term ediate  labile phosphorylated  com pound had  no t 
been shown, b u t an  active "  m ethionine,” free from  phosphorus, accum ulated 
on incubation of m ethionine w ith  p a rtia lly  purified enzym e preparations. 
This substance could m ethy la te  nicotinam ide, in absence of high-energy 
phosphate, when a  p reparation  containing m ethylkinase (not y e t purified) 
was added. C a n to n i74a has now  show n th a t  active m ethionine is p robably  :

73 S .  R a t n e r  a n d  A . P a p p a s , J . Biol. Chem., 19 4 9 , 1 7 9 ,  1 1 8 3 ,  1 1 9 9 ;  S . R a t n e r  a n d  B .  
P e tr a c k , ibid., 1 9 5 1 ,  1 9 1 ,  6 9 3 ; S . R a t n e r ,  in  "  P h o s p h o ru s  M e ta b o lis m ,”  J o h n s  H o p k in s  
P re ss , B a lt im o r e , 1 9 5 1 ,  p . 6 0 1 .

71 G . L .  C a n to n i, ibid., p .  6 4 1 ;  J . Biol. Chem., 1 9 5 1 ,  18 9 , 2 0 3 , 74 5 .
7<“ G . L .  C a n to n i, J .  Amer. Chem. Soc., 19 5 2 , 74, 2 9 4 2 .

in te rm e d ia te  -f- H , 0  — a r g in in e  +  m a la te
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and  can be considered as a p roduct of m ethionine and  the  adenosine 
portion  of ATP. The sulphur of th e  m ethionine acquires an  additional 
covalent b o n d ; and  it seems likely (see also W oolley 1) th a t  the  reduction 
of th is sulphonium  com pound, w hen th e  m ethy l group is rem oved and the 
valency falls to  2, provides the  free energy for th e  m ethy lation  of the | 
acceptor.

From  the  w ork of V o g t75 on the isolated perfused adrenal gland, i t  seems 
th a t  secretion of the adrenal cortical horm ones m ust depend on a  continuous 
syn thetic  process, since stores of active horm one in the  gland are very small. 
H er finding th a t  th e  am ounts secreted can be tem porarily  increased b y  addi
tion  of A TP or phosphocreatine to  the  perfusing fluid shows th a t these 
com pounds can supply readily available energy.

We m ay tu rn  now to more com plicated physiological processes where 
there  is evidence of partic ipation  of phosphate in the  energy-providing 
m etabolism . L ittle  will be said of m uscle contraction , since th ree reviews 76 
have appeared on th is subject during 1952. I t  m ay be m entioned that 
fu rther in teresting studies of the  adenosine triphosphatase ac tiv ity  of myosin 
and  actom yosin have been m ade.77’78 The increase in adenosine triphos
phatase  ac tiv ity  obtained by  p re-trea tm en t of the  m yosin w ith  calcium 
ions, m entioned by  M om m aerts,79 m ay prove im portan t, though the increase 
in ac tiv ity  found in these prelim inary experim ents does no t seem great 
enough to  suggest th a t  here is the entire explanation  of the discrepancy 
betw een ra te  of adenosine triphosphatase  ac tiv ity  in  vitro and  the  ra te  to 
be presum ed in  vivo if all the  energy of contraction  is supplied through 
A TP breakdow n. O ther cases where m ovem ent seems to  depend on ATP 
provision have been described. Thus M ann 80 found w ith  sperm atozoa that 
decrease in  A TP content, w hether .the conditions are aerobic or anaerobic, 
coincides w ith loss of m o tility ; and  Goldacre and  Lorch 81 found th a t in- j
jection of 1% of the sodium salt in to  amcebre led to  a several-fold increase in 1
speed of stream ing.

M cElroy 82 has reviewed our knowledge of the m echanism  of biolumines- j 
cence in the  firefly. In  the presence of the purified enzyme, luciferase, 
there  are needed for the emission of light the  oxidisable su b stra te  luciferin, 
oxygen, m agnesium , cobalt, or m anganese ions, and  A TP. T he emission of 
ligh t quickly fails and  it  is clear th a t A TP has become the  lim iting factor, 
since only by  addition  of th is constituen t can renewed o u tp u t be obtained. 
Nevertheless the  g reater p a rt of the  A TP originally added can be shown still 
to  be present, for exam ple, by  reaction w ith glucose in presence of hexokinase.
I t  seems th a t it  undergoes some complexing reaction w ith the luciferase-

75 M . V o g t ,  J . Physiol., 1 9 5 1 ,  1 1 3 ,  12 9 .
76 H . H . W e b e r  a n d  H . P o rtz e h l, Adv. Protein Chem., 1 9 5 2 , 7, 1 6 2 ;  M . D u b u isso n , 

A nn . Rev. Biochem., 19 5 2 ,  2 1 ,  3 8 7 ;  D . M . N e e d h a m , Adv. Enzymology, 1 9 5 2 , 1 3 ,  15 1 -  
S e e  a ls o  A .  S z e n t-G y o r g y i, "  C h e m is t r y  o f  M u s c u la r  C o n tra c t io n , A c a d . P re s s ,  In c .,  2nd 
e d n ., N e w  Y o r k ,  1 9 5 1 ;  a n d  W . F .  H . M . M o m m a e rts , in  “  P h o s p h o ru s  M e ta b o lis m ,”  
Jo h n s  H o p k in s  P re ss , B a lt im o r e , 1 9 5 1 ,  p . 5 5 1 .

77 W  H a s s e lb a c li,  Z. Naturforsch., 1 9 5 2 , 7, B, 1 6 3 ,  3 3 8 .
78 L ,  O u e lle t, K .  J .  L a id le r ,  a n d  M . F .  M o ra le s , Arch. Biochem. Biophys., 19 5 2 ,  39 , 37.
79 W . H. F .  M . M o m m a e rts , in  "  P h o s p h o ru s  M e ta b o lis m ,”  J o h n s  H o p k in s  P re ss ,

B a lt im o r e , 1 9 5 1 ,  p . 5 1 8 .
80 T . M a n n , Biochem. J .,  19 4 5 , 39 , 4 5 1 .
81 R .  J .  G o ld a c re  a n d  I .  J .  L o rc h , Nature, 19 5 0 , 16 6 , 4 9 7 .
82 W . D . M c E lr o y , in  “  P h o s p h o ru s  M e ta b o lis m ,”  J o h n s  H o p k in s  P re s s , B a lt im o re , 

1 9 5 1 ,  p . 5 8 5 .
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luciferin-oxygen system , a fte r w hich i t  becomes unavailable for th e  light- 
producing process. The light-em itting  system  m ay be an  in term ediate  in 
this complexing reaction. I t  is in teresting th a t  pyrophosphate and  t r i 
phosphate, quite  inactive if replacing A TP in th e  original system , cause 
light-emission if added a fte r the  A TP has become inaccessible. This is 
in terpretated  as due to  displacem ent of the  A TP from th e  complex. R e
cently, S trehler and  T o tte r  83 have succeeded in m aintain ing luminescence 
with little  decay for several m inutes, by using arsenate or phosphate buffers 
at concentrations of 0-02m or more. These substances thus seem to  p reven t 
the disappearance of A TP by  complexing, although the ir addition  will no t 
stim ulate light emission once it  has fallen off.

Dixon 13 has outlined a general m echanism  w hereby chemical energy 
could be utilised in the  passage of substances in to  cells against an osmotic 
gradient. This depends upon the  substance in question undergoing a  chemi
cal reaction on the  inner side of th e  cell m em brane ; and  fu rther (in order 
that the  absorption m ay proceed practically  to  completion) upon the  re
action being one w ith  the  equilibrium  fa r to  one side, i.e., proceeding w ith 
liberation of free energy. W ith  regard to  absorption of sugars from  the 
intestine, Hele 84 has recently  shown a  close correlation betw een the  relative 
rates of absorption  in  vivo of different hexoses and the rates of phosphoryl
ation in  vitro b y  hexokinase p reparations from  the  in testinal mucosa. D ratz  
and H and ler,85 however, using injection of 32P-labelled phosphate, could no t 
find in renal tubules any  indication th a t  e ither glucose-1 phosphate or -6 phos
phate m ediated  th e  absorption of sugar. F rom  in  vitro stud ies on e ry th ro 
cytes w ith  32P-labelled phosphate, Gourley 86 has b rought forw ard evidence 
consistent w ith  the  view th a t  inorganic phosphate is incorporated in to  A TP 
at the cell m em brane before entering the  cell. I t  is possible th a t  some also 
enters by  diffusion. Sacks 87 cam e to  ra th e r  sim ilar conclusions on exam in
ing th e  acid-soluble phosphate  fractions of liver after injection of 32P-labelled 
phosphate; b u t here th e  im possibility of assessing th e  tru e  in tracellu lar 
inorganic phosphate causes difficulties of in terp re ta tion . Presum ably  in 
these cases the  irreversible reaction would be th e  subsequent dephosphoryl
ation of the  A TP. Gourley has shown w ith red  blood cells th a t  glucose is 
necessary for phosphate up take , and  he, as well as K am en and Spiegelman 88 
with ferm enting yeast an d  H otchkiss 89 w ith  respiring staphylococci, found 
tha t poisons preventing phosphate estérification also prevented  phosphorus 
absorption. There is evidence, depending on the  use of uncoupling agents, 
tha t interference w ith  oxidative phosphorylation  preven ts absorption of such 
substances as phenol-red, am inohippuric acid, etc., in k idney tu b u le s ;90 
and also prevents th e  active tran sp o rt of w ater, which, i t  is suggested, is 
responsible for the  m aintenance of norm al volum e and in tracellu lar hyper- 
tonicity of k idney slices.91 In  such cases the  m echanism  of utilisation" of

83 B .  I , .  S t r e h le r  a n d  J .  R .  T o t te r , Arch. Biochetn. Biophys., 19 5 2 ,. 40, 28 . - j i e r A
81 M . P . H e le , Nature, 19 5 0 , 16 6 , 786, 1 0 1 8 .  L . *  *
85 A . F .  D ra tz  a n d  P . H a n d le r , J .  Biol. Chem., 19 5 2 , 19 7 , 4 19 .
86 D . R .  H . G o u r le y , Arch. Biochetn. Biophys., 1 9 5 2 ,  40, 1 ,  1 3 .  -, »
87 J .  S a c k s , Arch. Biochetn., 1 9 5 1 ,  30 , 4 2 3 . \
88 M . D . K a m e n  a n d  S . S p ie g e lm a n , Sytnp. Quant. Biol., 19 4 8 , 1 3 ,  1
89 R .  D . H o tc h k is s , Fed. Proc., 19 4 7 , 6, 2 6 3 .
90 R .  P .  F o r s t e r  a n d  J .  V .  T a g g a r t ,  J . Cell. Comp. Physiol., 19 5 0 , 36 , 2 5 1 .
91 J .  R .  R o b in s o n , Nature, 19 5 0 , 16 6 , 989.
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phosphorus bond energy rem ains obscure. Davies and  K re b s 92 have out
lined a ten ta tiv e  hypothesis directed tow ards explaining th is u tilisation  in 
the secretion of hydrochloric acid b y  the  oxyntic cells of the  s to m ach ; and 
in m aintain ing the concentration of potassium  ions against a grad ien t in 
nervous tissue.

Phosphate T ransfer catalysed by A lkaline and Acid Phosphatases.—
Meyerhof and Green 93 have extended the work on phosphate transfer by 
m eans of phosphatase activ ity . U sing alkaline in testinal phosphatase, in 
conditions of high inorganic phosphate concentration where syn thetic  action 
of the  enzyme could go on, they  showed th a t  th is syn thetic  action was greatly 
increased if phosphate donors were also added. M orton 94 has recently 
purified alkaline phosphatase from intestine and  from milk, obtain ing them 
essentially homogeneous electrophoretically. I t  has th u s  been possible to 
show definitely for the  first tim e th a t the phosphate transfer is carried out by 
the hydrolytic  enzyme. In  M orton’s experim ents the in itia l ra tes of phos
phatase and  of phosphate-transferring  ac tiv ity  were m easu red ; he found the 
percentage transfer to  be constan t for a  given donor, under varying conditions, 
e.g., of pH  and donor concentration ; i t  increased up to  a m axim um  with 
increasing acceptor concentration. The percentage transfer was unrelated 
to  the  energy conten t of the  phosphate bond of the  donor. This view is also 
expressed by  Green and  Meyerhof,95 though th e ir earlier results had  led them 
to th in k  th a t  energy relations played an im p o rtan t role. The physiological 
significance of th is m ethod of phosphate transfer is still uncerta in  especially j 
as the  concentration  of acceptor needed, a t  any  ra te  to  show measurable 
effects in  vitro, is very high, viz., 1— 2 M. Ross et al.9G have shown th a t the 
optim um  pH  falls w ith  falling su b stra te  concentration, and th is has been j 
confirmed by  M orton. I t  seems possible th a t  conditions m ight arise in the 
cell under w hich phosphorylation by  th is m echanism  m ight spare energy, for 
exam ple phosphorylation of glucose by hexose diphosphate. D an ie lli97 has 
suggested th a t  the  alkaline phosphatases m ay have the ir m ain function in 
providing energy by  phosphate transfer for changes in shape of contractile 
protein  system s and th a t  in  vivo the ir phosphatase ac tiv ity  m ay be negligible : 
he instances the cytological d istribu tion  of the enzym e in support of this 
view. M orton’s results suggest, however, a  fundam ental difference between 
the phosphatases and  the  phosphokinases, in th a t  w ith  the  form er w ater is 
ac tiva ted  and  acts as an  acceptor com peting w ith the  organic acceptors.

Pentose Metabolism and the A lternative P a th  of Glucose Oxidation.-— 
W ork on the  C o ll specific oxidation of glucose-6 phosphate has continued 
actively, w ith  anim al tissues 98 and  bacteria  and  yeast.99-100 Using purified 
phosphogluconate dehydrogenase, H orecker and  Sm yrniotis 100 have shown

92 R .  E .  D a v ie s  a n d  H . A . K r e b s , Biochem. Soc. Sym p., 1 9 5 2 ,  8, 77 .
93 O . M e y e rh o f a n d  H . G re e n , ibid., 19 5 0 , 1 8 3 ,  3 7 7 .
94 R .  A . M o rto n , Nature, 19 5 0 , 16 6 , 1 0 9 2 ;  A b s t r a c t s ,  S e c o n d  I n t .  C o n g r. B io ch em ., 

P a r is ,  1 9 5 2 ,  p . 26 2 .
85 H . G re e n  a n d  O. M e y e rh o f , J . Biol. Chem., 1 9 5 2 ,  1 9 7 ,  3 1 7 .
80 M . H . R o s s , J .  O . E l y ,  a n d  J .  G . A rc h e r , ibid., 1 9 5 1 ,  1 9 2 ,  5 6 1 .
97 J .  F .  D a n ie ll i , Nature, 1 9 5 1 ,  16 6 , 4 6 1 .
96 F .  D ic k e n s  a n d  G . E .  G lo c k , Biochem. J .,  1 9 5 1 ,  50 , 8 1 ;  G . E .  G lo c k , ibid., 19 52 ,

5 2 , 5 7 5 ;  J .  E .  S e e g m ille r  a n d  B .  L .  H o re c k e r , / .  Biol. Chem., 19 5 2 , 19 4 , 2 6 1 .
99 D . M . B .  S c o t t  a n d  S . S .  C o h e n , ibid., 1 9 5 1 ,  18 8 , 5 0 9 ;  J . Comp. Cell. Physiol-, 1 9 5 1 ,

38 , S u p p l. 1 ,  1 7 3 .
140 B .  L .  H o re c k e r  a n d  P .  Z . S m y r n io t is , J . Biol. Chem., 1 9 5 1 ,  19 3 ,  3 7 1 ;  B .  L .

H o re c k e r , P .  Z . S m y r n io t is , a n d  J .  E .  S e e g m ille r , ibid., p . 3 S 3 .



that ribulose phosphate is an  in term ediate  in th e  form ation of ribose phos
phate. Scott and  Cohen 99 describe the  form ation of an unknow n ester, 
suspected to  be an  enediol pentose phosphate, during pentose form ation by  
this pathw ay  in yeast. Glock,98 using liver preparations, has carried fu rther 
the exam ination  of the  fate  of the  ribose-5 phosphate. Anaerobically, 75% 
of the ribose carbon appears as glucose-6 phosphate ; i t  seems likely th a t 
there is a sp lit to  triose phosphate and  glycollaldehyde (by an  aldolase distinct 
from muscle aldolase) followed by  condensation to  hexose m onophosphate; 
more carbon th an  th a t  contained in  the  triose phosphate appears in the 
hexose. No free glycollaldehyde was formed. Aerobically the  course of 
events seems to  be similar, followed b y  oxidation of the  glucose-6 phosphate.

These findings have in teresting  sim ilarities w ith those of Dische 101 on 
the fate of ribose-5 phosphate in hum an red  blood cells. H ere 75%  of the 
ribose disappearing was found as hexoSe-6 phosphate and fructose diphos
phate. H ough and  Jones 102 harm discussed the m etabolism  of pentoses. 
They obtained xylulose phosphate from glycollaldehyde and  triose phosphate 
in presence of pea-seed aldolase. H orecker and  Sm yrniotis 103 describe the 
synthesis of sedoheptulose from  pentose phosphate w ith  crystalline muscle 
aldolase, together w ith pentose-splitting enzym e from ra t  liver.

O xidation of glucose-6 phosphate b y  th is  p a th  proceeds in the  absence of 
inorganic phosphate, and  there is no evidence so far th a t  th e  free energy of 
the oxidations (of glucose-6 phosphate to  phosphogluconate, and  of the  la tte r  
to ribulose phosphate possibly through 2-keto-6-phosphogluconate) is con
served or utilised. I ts  biological significance seems m ost likely to  be in the 
provision of essential ribose phosphate. This question has been considered 
by Cohen.104

D. M. N.
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5 . THE THYROID HORMONE.

Since the last report by  F. G. Y oung in 1944, others have dealt adequately  
with th e  general physiology of the  g la n d /-2 the  biosynthesis of the  hor
mone,1-3 the  m etabolism  of iodine,3-4 an tith y ro id  substances,5 th e  m ode of 
action of thyro id  horm one,6 and  the  ex p erim en ta l4-7 and  clinical 8 use of

101 Z . D isc h e , in  "  P h o s p h o ru s  M e ta b o lis m ,”  Jo h n s  H o p k in s  P re s s , B a lt im o r e , 1 9 5 1 ,  
p. 1 7 1 .

102 L .  H o u g h  a n d  J .  K .  N . Jo n e s , Nature, 1 9 5 1 ,  16 7 ,  1 8 0 ;  / . ,  19 5 2 , 4 0 4 7 .
103 B .  L .  H o re c k e r  a n d  P . Z . S m y r n io t is , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 2 1 2 3 .
104 S . S .  C o h en , J . Biol. Chem., 1 9 5 1 ,  18 9 , 6 1 7 ;  in  " P h o s p h o r u s  M e ta b o lis m ,”  

Jo h n s  H o p k in s  P re ss , B a lt im o r e , 1 9 5 1 ,  p . 14 8 .
1 A . A lb e r t , A nn. Rev. Physiol., 19 5 2 , 14 ,  4 8 1 .
- J .  K t ih n a u , W . G ra b , C . M a r t iu s , a n d  B .  H e ss , Arch. exp. Path. Pharmah., 19 5 2 , 

2 16 , 1 ; S i r  C . R .  H a r in g to n , Endocrinol., 1 9 5 1 ,  49, 4 0 1  ; J .  R o c h e  a n d  R .  M ich e l, Adv. 
Protein Chem., 1 9 5 1 ,  6, 2 5 3 ;  W . T . S a lte r , “ T h e  H o r m o n e s ; P h y s io lo g y , C h e m is try  
and A p p lic a t io n s ,”  E d s . G . P in c u s  a n d  K .  V . T h im a n n , A c a d e m ic  P re ss , In c ., N e w  Y o r k ,  
1950 , p . 1 8 1  ; C . N ie m a n n , Fortschr. Chem. org. Naturstoffe, 19 5 0 , 7, 16 7  ; ”  T r a n s a c t io n s  
o f th e  A m e ric a n  G o ite r  A s s o c ia t io n ,”  C . C . T h o m a s , S p r in g f ie ld , 1 1 1 . ,  U .S .A .

3 R .  M ich e l, "  S y m p o s iu m  s u r  le s  H o rm o n e s  P ro té iq u e s ,”  S e c o n d  I n t .  C o n g r. B io 
chem ., P a r is , 19 5 2 ,  p . 7 5 . 4 C . P .  L e b lo n d , J . Amer. Pharm. Assoc., 1 9 5 1 ,  40, 59 5 .

5 R .  P i t t - R iv e r s ,  Physiol. Rev., 19 5 0 , 30 , 1 9 4 ;  A . L a w s o n  a n d  C . R im in g to n , A nn. 
Reports, 19 4 7 , 44 , 2 4 7 . 0 S . B .  B a r k e r ,  Physiol. Rev., 1 9 5 1 ,  3 1 ,  2 0 5 .

7 J .  G ro s s  a n d  R .  P i t t - R iv e r s ,  B rit. Med. Bull., 19 5 2 , 8, 13 6 .
3 N . B .  M y a n t , ibid., p . 1 4 1  ; E .  J .  W a y n e , A .  G . M a c G re g o r , a n d  G . W . B lo m fie ld , 

ibid., p . 1 4 8 ;  R .  P a te r s o n , H . C . W a rr in g to n , a n d  C . W . G ilb e r t , ibid., p . 1 5 4 ;  E .  E .  
P o ch in , Lancet, 19 5 0 , I I ,  4 1 ,  84.
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131I. This R eport will therefore be restric ted  to  recent w ork concerning the 
n a tu re  of the  thyro id  hormone, a  new synthesis of thyroxine, and the study j 
of thyroxine antagonists.

Nature o f the Horm one.— I t  is in th is  field th a t the  m ost strik ing develop
m ents have occurred. D espite the  im pressive evidence th a t  the circulating 
horm one consists essentially of free thyroxine in loose association w ith  pro- 
te in ,9 difficulties have been experienced by  various workers in expressing the 1 
m etabolic ac tiv ity  of thyro id  preparations in  term s of thyroxine conten t.10 
The probable explanation  of these discrepancies is provided by  recent dis- | 
coveries m ade possible by  the developm ent of paper and  column chrom ato
graphy  and  paper electrophoresis in  conjunction w ith  autoradiography, 
131I being used as a labelling agent.

I t  has been established th a t, although thyroxine and  di-iodotyrosine 
m ake up  the m ajor p a rt of the organic iodine in the  thyro id  gland, monoiodo- 
tyrosine is also p resen t.11-15 Several workers have also reported  the 
presence of small am ounts of a  num ber of o ther unidentified iodine com
pounds.12’14 In  the  plasm a the m ain iodine-containing constituents de- j  

m onstrated  were thyroxine and iodide w ith  sm all am ounts of unidentified 
m aterial, b u t earlier reports 16 of th e  presence of di-iodotyrosine have not 
been su b stan tia ted .4’15 Roche, Michel, Michel, and  Lissitzky 13 introduced 
a fresh approach by  showing th a t  m ono- and  di-iodotyrosine were deiodinated 
by a  specific enzym e 3 whose presence they  dem onstrated  in thyro id  slices 
and, in  sm aller am ount, in slices of liver, kidney, and  in testine. Thyroxine 
was found to  be resistan t to th is deiodination, an  observation w hich appears 
to  explain its  preponderance in  the blood.® The association of circulating 
thyroxine w ith  a  hum an-serum  constituen t having an electrophoretic mobility j 
a t  pH  8-5 sim ilar to  th a t  of «¿-globulin was dem onstrated  by  Gordon, Gross, 
O ’Connor, and  P itt-R iv e rs .17

Subsequently  Gross and  P itt-R ivers 18 announced the  identification as 
3 : 5 :  3 '-tri-iodo-L-thyronine of the ir “  unknow n I ” com ponent,19 previously | 
isolated from the plasm a of p a tien ts  under trea tm en t w ith  therapeutic  doses 
of 131I. This im plies th a t the  substance in  thyroid-gland ex trac ts  known 
as “ com pound I ” 14 m ust also have been tri-iodothyronine.7 Almost 
sim ultaneously, Roche, Lissitzky, and  M ichel20 described the preparation of j

9 C . R .  H a r in g to n , Proc. Roy. Soc., 19 4 4 , B, 1 5 2 ,  2 2 3 ;  A . T a u r o g  a n d  I .  L .  C h aik off,
J . Biol. Chem., 19 4 8 , 1 7 6 ,  6 3 9 ; J .  C . L a id la w , Nature, 19 4 9 , 16 4 , 9 27  ; C . P . L e b lo n d  and 
J .  G ro ss , J . Clin. Endocrinol., 19 4 9 , 9, 1 7 1 ;  A . T a u r o g , I .  L .  C h a ik o ff , a n d  W . T o n g , /■ 
Biol. Chem., 19 5 0 , 18 4 , 9 9 ; L .  N . R o s e n b e rg , J . Clin. Invest., 1 9 5 1 ,  30 , 1 ;  A . L a ch az e  j 
a n d  O . T h ib a u lt ,  Bull. Soc. Chitn. biol., 1 9 5 1 ,  3 3 , 14 5 8 .

10 C . R .  H a r in g to n , “  T h e  T h y ro id  G la n d ,”  O x fo rd  U n iv . P re ss , L o n d o n , 19 3 3 :
J .  H . M e a n s , J .  L e rm a n , a n d  W . T . S a lte r , J . Clin. Invest., 1 9 3 3 ,  1 2 ,  6 8 3 ;  A . E .  M eyer 
a n d  A . W e r tz , Endocrinol., 19 3 9 , 24, 6 8 3 ; E .  F r ie d e n  a n d  R .  J .  W in z le r , ibid., 19 4 8 , 43, 40.

1 1  K .  F in k  a n d  R .  M . F in k , Science, 19 4 8 , 10 8 , 3 5 8 ;  A . T a u ro g , W . T o n g , a n d  I . I -  
C h a ik o ff , J . Biol. Chem., 19 5 0 , 18 4 , 8 3 ;  J .  R o c h e , G . H . D e lto u r , S . L iss itz k y - , a n d  R. 
M ich e l, Compt. rend. Soc. Biol., 19 5 0 , 14 4 , 1 3 2 1 ;  J .  G ro ss , C . P . L e b lo n d , A . E .  F ra n k lin , 
an d  J .  H . Q u a ste l, Science, 19 5 0 , 1 1 1 ,  605.

12 G . H . T is h k o f f , R .  B e n n e t t ,  V . B e n n e tt ,  a n d  L .  L .  M ille r , ibid., 19 4 9 , 1 1 0 ,  452.
13 J .  R o c h e , R .  M ich e l, O . M ich e l, a n d  S . L is s i t z k y ,  Compt. rend. Soc. Biol., 1 9 5 1 ,  14 5 , 

28 8 . 11  J .  G ro ss  a n d  C . P . L e b lo n d , Proc. Soc. Exp. Biol. N .Y .,  1 9 5 1 ,  76, 686.
15 Idem, Endocrinol., 1 9 5 1 ,  48, 7 14 .
16 V .  T re v e r ro w , J . Biol. Chem., 19 3 9 , 1 2 7 ,  7 3 7 .
17 A . H . G o rd o n , J .  G ro ss , D . O ’ C o n n o r, a n d  R .  P it t - R iv e r s ,  Nature, 1 9 5 2 ,  16 9 , 19-
18 J .  G ro ss  a n d  R .  P i t t - R iv e r s ,  Lancet, 19 5 2 ,  I ,  4 39 .
19 Idem, ibid., 1 9 5 1 ,  I I ,  766 .
20 J .  R o c h e , S .  L i s s i t z k y ,  an d  R .  M ich e l, Compt. rend., 19 5 2 , 2 3 4 , 997.



tri-iodothyronine by  the  iodination  of the  di-iodo-derivative, followed by 
chrom atographic separation  from  thyroxine. L a te r tri-iodothyronine was 
shown b y  Gross and  P itt-R ivers to  be several tim es m ore active th an  th y ro x 
ine, b o th  b y  th e  goitre-prevention m ethod  in ra ts  21 and  by  th e  dose required 
to relieve m yxoedem atous m anifestations in  tw o hypo thyro id  p a tien ts .22 

! It was suggested th a t  tri-iodothyronine is the  active form of the thyro id  
| hormone and  th a t  thyroxine requires conversion in to  the  tri-iodo-com pound 
| before becom ing physiologically active.21 Some confirm ation of the  physio- 
| logical role of tri-iodothyronine has also been obtained from th e  s tu d y  of 
| anti-thyroxine com pounds,23 which apparen tly  ac t b y  inhibiting  deiodination 

processes (see below). The fact th a t  thyroxine is antagonised by  these 
compounds, while tri-iodothyronine is not, fits in well w ith  th is new 
hypothesis.

Gross and  P itt-R ivers appear to  have m ade a no tew orthy  advance by 
drawing a tten tio n  to  the  im portance of tri-iodothyronine. A t p resen t the 
site and  mode of its  production are uncertain . I t  m ight arise by  th e  com- 

; bination of mono- and  di-iodotyrosine in  th e  thyro id  3 by  a process analogous 
to th a t suggested by  H aring ton  and  Barger 24 for th e  production of thyroxine. 
Alternatively, it  could be produced b y  the  deiodination of thyroxine, a 
process well know n to  occur from  older work 25 and  from  th e  newer and  more 
specific m ethods em ploying 131I-labelled m ateria l.14’ 15- 26>27 The con
version of thyroxine in to  tri-iodothyronine has no t been unequivocally 
dem onstrated, although Gross and  Leblond’s experim ents 14-15 have been 
subsequently in te rp re ted  by  Gross and  P itt-R ivers 21 as a probable indication 
of this process. In  th is  s tu d y  14 tri-iodothyronine was found in  the  plasm a 

j and excreta  of b o th  in ta c t and  thyroidectom ised ra ts  trea ted  w ith  rad io
active thyroxine. If  tri-iodothyronine is indeed th e  active form  of the 
hormone then  ex tra thy ro idal sites of production m ust be a t  least as im portan t 
in deiodination as the thyro id , since thyroidectom ised anim als respond to  
thyroxine and  to  an ti-thyroxine com pounds. I t  is therefore still possible 
that thyroxine is the  m ain secretion of th e  thyroid , and  is converted in to  
tri-iodothyronine in o ther tissues. This hypothesis is consistent w ith  m ost 
of the facts now known, b u t aw aits m ore detailed investigation.

Anti-thyroxine Compounds.— Following W oolley’s pioneer w ork 28 on 
the inhib itory  effects of certain  e thers of A '-acetyldi-iodotyrosine on tadpole 

; metamorphosis, a ttem p ts  have been m ade to  produce com pounds effective 
i in antagonising the  peripheral actions of thyroxine. H aring ton  20 discussed 
I the question and showed th a t  th e  th io-ether analogue of thyroxine had

21 J .  G ro s s  a n d  R .  P i t t - R iv e r s ,  Lancet, 19 5 2 , I ,  5 9 3 .
22 Idem, ibid., 1 9 5 2 , I ,  10 4 4 .
23 N . F .  M a c la g a n , W . E .  S p r o t t , a n d  J .  H . W ilk in so n , ibid., 1 9 5 2 , I I ,  9 1 5 .
21 C . R .  H a r in g to n  a n d  G . B a r g e r ,  Biochem. J .,  19 2 7 , 2 1 ,  16 9 .
25 A . W . E lm e r , "  Io d in e  M e ta b o lis m  a n d  T h y r o id  F u n c t io n ,”  O x fo rd  U n iv . P re ss , 

L o n d o n , 19 3 8 .
26 F .  J o l io t ,  R .  C o u rr ie r , A . H o re a u , a n d  P .  S u e , Compt. rend. 19 4 4 , 2 18 ,  7 6 9 ; Compt. 

rend. Soc. Biol., 19 4 4 , 1 3 8 ,  3 2 5 ;  A . H o re a u  a n d  P .  S u e , Bull. Soc. Chim. biol., 19 4 5 , 27 , 
483. F .  J o l io t ,  Proc. Roy. Soc., 19 4 5 , A ,  18 4 , 1 ;  N . B .  M y a n t  a n d  E .  E .  P o c h in , Clin. 
Sci., 19 5 0 , 9, 4 2 1 ;  J .  G ro ss  a n d  S . S c h w a r tz , Cancer Res., 1 9 5 1 ,  1 1 , 6 14 .

27 J .  C . C la y to n , A . A . F r e e , J .  E .  P a g e , G . F .  S o m e rs , a n d  E .  A . W o o lle tt , Biochem. 
J :  19 5 0 , 46, 59 8 . •

28 D . W . W o o lle y , J . Biol. Chem., 19 4 6 , 16 4 , 1 1 .
23 S i r  C . R .  H a r in g to n , Biochem. J .,  19 4 8 , 4 3 , 4 34 .
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thyroxine-like properties and  was no t inhibitory . Tetrabrom othyronine 
was adm inistered to  p atien ts  w ith  thyrotoxicosis, b u t the  results were 
indefinite.30 The range of com pounds active in the tadpole test was consider
ably  extended by  Frieden and  W inzler.31'32 One of th e ir m ost effective 
compounds, 4-benzyloxy-3 : 5-di-iodobenzoic acid,32 was shown by  Maclagan, 
Sheahan, and W ilkinson 33 to  be active in depressing the  m etabolism  of intact 
thyrox ine-trea ted  mice, by  using a  simplified m ethod  of m easuring oxygen 
consum ption.34 L ater, a num ber of a lk y l35 and  h y d ro x y a lk y l36 esters of
4-hydroxy-3 : 5-di-iodobenzoic acid, several e thers of th is acid and  their 
esters,37 and  some derivatives of 4-hydroxy-3 : 5-di-iodobenzaldehyde38 
were shown to  be active. The m ost active inhibitors observed during  this 
study  were «-bu ty l (BH D B),35 2-hydroxyethyl and  2- and  3-hydroxy- 
p ro p y l36 4-hydroxy-3 : 5-di-iodobenzoates. Evidence, based upon a study 
of the  physicochem ical properties of a series of these esters, has been pre
sen ted  in  support of the  view th a t  the  inhibiting  reaction is the  sam e for all 
these com pounds and  th a t differences in potency are caused by  variations in 
d istribu tion  and  cell penetration .39

B arker and his co-workers found th a t  BH D B  was active in thyroidectom- 
ised ra ts  m ain tained  on thyroxine.40 The sam e group reported  th a t certain 
iodophenoxyacetic acids 41 exhibited an ti-thyrox ine effects : the  2 : 4-di- 
iodo-derivative was the  m ost effective, b u t the  2-, 3-, and  4-iodo-compounds j 
were also active. A som ew hat different approach was th a t  of Cortell,48 
who found th a t  2 ' : 6 '-di-iodothyronine 43 exerted  some an ti-thyroxine effect i 
when tested  by  the goitre-prevention m ethod. This com pound, however, j 
proved alm ost inactive by the  mouse oxygen-consum ption m ethod.44

The n a tu re  of the  biological effects produced by  th is class of compound 
has no t been com pletely elucidated, b u t in  addition  to  those mentioned 
above, B H D B  has been shown to inh ib it the  up tak e  of 131I by  the thyroid j 
gland in ra ts  45 and  mice,46 an  effect which appears unlikely to  be due to ; 
liberation of iodide. Some workers have found it  to  increase the grow th rate j 
of thyrox ine-trea ted  r a t s 4 7  b u t others reported  either no e ffec t4 5  or a i 

reduction  of grow th ra te .48 The raised m etabolism  following adm inistration j

30 J .  L e rm a n  a n d  S i r  C . R .  H a r in g to n , J . Clin. Endocrinol., 19 4 9 , 9, 10 9 9 .
31 E .  F r ie d e n  a n d  R .  J .  W in z le r , J . Biol. Chem., 19 4 8 , 17 6 , 1 5 5 .
33 Idem  ibid. 19 4 9  1 7 9  4 2 3 .
33 N . F .  M a c la g a n , M . M . S h e a lia n , a n d  J .  H . W ilk in so n , Nature, 19 4 9 , 16 4 , 699.
34 N . F .  M a c la g a n  a n d  M . M . S h e a lia n , J . Endocrinol., 19 5 0 , 6, 456 .
35 M . M . S h e a h a n , J .  H . W ilk in so n , a n d  N . F .  M a c la g a n , Biochem. J .,  1 9 5 1 ,  48, 18S.
36 J .  H . W ilk in so n , W . E .  S p r o t t ,  a n d  N . F .  M a c la g a n , ibid., 1 9 5 3 ,  in  th e  p ress .
37 J .  H . W ilk in so n , M . M . S h e a h a n , a n d  N. F .  M a c la g a n , ib id ., 1 9 5 1 ,  49, 7 10 .
33 Idem, ibid., p . 7 1 4 .
33 J .  H . W ilk in so n  a n d  N. F .  M a c la g a n , A b s t ra c t s ,  S e c o n d  I n t .  C o n g r. B io ch em ., 

P a r is ,  19 5 2 ,  p . 6 9 ; J .  H . W ilk in so n , Biochem. J .,  1 9 5 3 ,  in  th e  p re ss .
40 S . B .  B a r k e r ,  H . B .  D ir k s , J r . ,  W . R .  G a r l ic k , an d  H . M . K l i t g a a r d ,  Proc. Soc. 

Exp. Biol., N .Y .  1 9 5 1 ,  78, 840.
41 S .  B .  B a r k e r ,  C . E .  K ie ly ,  J r . ,  H . B .  D ir k s , J r . ,  H . M . K l i t g a a r d ,  S .  C . W a n g , and

S . W a w z o n e k , J . Pharmacol., 19 5 0 , 99, 2 0 2 ;  Endocrinol., 1 9 5 1 ,  48, 70.
43 R .  E .  C o rte ll , / .  Clin. Endocrinol., 19 4 9 , 9, 9 55 .
43 C . N ie m a n n  a n d  G . E .  M c C a sla n d , J . Amer. Chem. Soc., 19 4 4 , 66 , 1 8 7 0 ;  J .  H. 

B a r n e s ,  R .  C. C o o k so n , G . T . D ic k so n , J .  E lk s ,  a n d  V .  D . P o o le , / . ,  1 9 5 3 ,  in  th e  press.
44 N . F .  M a c la g a n  a n d  M . M . S h e a h a n , u n p u b lish e d .
45 M . L a w so n  a n d  C . E .  S e a r le , J . Endocrinol., 19 5 2 ,  8, 3 2 .
48 M . K .  B r a y n e  a n d  N. F .  M a c la g a n , ib id ., in  th e  p re ss .
47 H .  M . S h a r p  a n d  W . F .  J .  C u th b e rts o n , ib id ., 1 9 5 1 ,  7 , x x x v i i i .
43 N . F .  M a c la g a n  a n d  W . E .  S p r o t t ,  u n p u b lis h e d .
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of dinitro-o-cresol was inhibited .49 I t  did no t antagonise the  anti-goitrogenic 
effects of thyroxine and  was no t itself goitrogenic,49 thus differing profoundly 
from an tithy ro id  drugs of the  th iouracil type. A clinical tr ia l in  thy ro tox i
cosis has so far proved disappointing. F raser and M aclagan 50 used BH D B  
in doses up to 3 g. per diem  in ten  cases and, although some im provem ent in 
symptoms was noted, the  effects were indecisive. They m ay have been due 
to liberation of inorganic iodide, w hich is difficult to  dem onstrate in  th e  urine 
in these circum stances.51 I t  appeared th a t  th is com pound was too toxic to  
be used in doses large enough to  produce genuine an ti-thyrox ine effects.

Of the several hundred  com pounds tested , those which exhibited an ti
thyroxine activ ity , w ith  few exceptions, contained 2 : 6-di-iodophenoxy- or 
4 : 6-di-iodophenoxy-groups in the ir molecules.6’35 I t  has been postu lated  
that these groups enable th e  inh ib ito r to  displace thyroxine from  an enzyme 
surface,35 b u t the  fact th a t  certain  m onoiodo-com pounds are also active 23> 40 
suggests th a t  even sim pler struc tu res m ay  be capable of sim ilar interference. 
This view has been extended by  the  observation th a t  B H D B  actually  
enhanced the  m etabolic effects of tri-iodothyronine,23 the exact opposite of 
the results obtained w ith  thyroxine. A sim ilar increase was ob tained  w ith 
«-butyl 4-hydroxy-3-iodobenzoate. These results, in conjunction w ith  the 
work on tri-iodothyronine reviewed above, strongly suggest th a t  these 
inhibitory com pounds ac t by  in terfering w ith  deiodination, leading to  
antagonism in the  case of thyroxine and  to  dim inished destruction  in the  case 
of tri-iodothyronine. If th is explanation  is correct, the  term  “ an ti-thy rox 
ine com pound ”  is still appropriate, since interference occurs w ith  the 
preliminary deiodination of thyroxine which is p robably  essential for its 
physiological action.

New Synthesis of Thyroxine.— An im p o rtan t new rou te  to  thyroxine, the 
first a lternative  to  th a t  of H aring ton  and  B arger,24 has been described by  
Hems et al.52-58 The original synthesis depended upon the  reaction of 
3 : 4 :  5-tri-iodonitrobenzene w ith  ^-m ethoxyphenol to  give the  diphenyl 
ether (I), from the  arom atic nitro-group of which the  L-alanine side-chain had 
to be bu ilt up  by  a som ew hat laborious process. This difficulty has been 
overcome by  th e  new process, which is based on two new  m ethods of p rep ar
ing 2 : 6-dinitrodiphenyl e thers.53

The first of these involves the conversion, by  m eans of phosphoryl chloride 
and a te rtia ry  base,59 e.g., d iethylaniline or pyridine, of a  su itab ly  substitu ted  
2 : 6-dinitrophenol in to  the  corresponding chloronitrobenzene. T he pyri- 
dinium qua te rnary  sa lt (II) of th is reacts w ith  a varie ty  of su b stitu ted  
phenols in  pyridine to  give high yields of the  corresponding diphenyl ethers. 
The la tte r  m ay  also be obtained easily from  th e  benzene- or toluene-^-

19 N . F .  M a c la g a n , \V . E .  S p r o t t ,  a n d  J .  H . W ilk in so n , A b s t r a c t s ,  S e c o n d  I n t .  C o n g r. 
B io ch em ., P a r is ,  19 5 2 , p . 58 .

50 T .  R u s s e ll  F r a s e r  a n d  N . F .  M a c la g a n , J . Endocrin., in  th e  p re ss .
51 N . F .  M a c la g a n  a n d  J .  H . W ilk in so n , Nature, 1 9 5 1 ,  16 8 , 2 5 1 .
52 E .  T .  B o r ro w s , J .  C . C la y to n , a n d  B .  A . H e m s, / . ,  19 4 9 , S 1 8 5 .
52 E .  T . B o r r o w s , J .  C . C la y to n , B .  A . H e m s, a n d  A . G . L o n g , / . ,  19 4 9 , S 1 9 0 .
“  E .  T . B o r ro w s , J .  C. C la y to n , a n d  B .  A . H e m s, / . ,  19 4 9 , S 19 9 .
95 E .  T .  B o r ro w s , B .  A .  H e m s, a n d  J .  E .  P a g e , J., 19 4 9 , S 2 0 4 .
59 J .  R .  C h a lm e rs , G . T .  D ic k s o n , J .  E lk s ,  a n d  B .  A . H e m s, J .,  19 4 9 , 3 4 2 4 .
47 J .  C . C la y to n  a n d  B .  A . H e m s, / . ,  19 5 0 , 840 .
58 J .  H . B a r n e s , E .  T .  B o r ro w s , J .  E lk s ,  B .  A . H e m s, a n d  A . G . L o n g , / . ,  19 5 0 , 28 24 .
69 J .  B a d d i le y  a n d  A . T o p h a m , J .,  19 4 4 , 6 78 .
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sulphonate 53 of th e  2 : 6-dinitrophenol by  trea ting  the pyridinium  quater
nary  s a l t 60 w ith a  phenol.

In  the  thyroxine synthesis the  C <4) -substituen t of the  2  : 6-dinitrophenol 
m ay be one of several groups capable of easy transform ation  in to  the alanine 
side-chain, e.g., formyl, the  oxazolone derived from alanine (in III) , or the 
corresponding hydan to in  (IV). C ataly tic  hydrogenation  of the  dinitro- 
diphenyl e ther (V), followed by  te trazo tisa tion  w ith  nitrosylsulphuric acid 
under anhydrous conditions 52’54 and  reaction w ith  iodide, gave the  di-iodo- 
com pound (VI). Alkaline hydrolysis converted this in to  3 : 5-di-iodo- 
thyronine (VII) which, on trea tm en t w ith  iodine in am m oniacal solution,24 
gave DL-thyroxine. The explosion hazard  w hich results from  the presence 
of nitrogen iodide during the final stage has been obviated  by  the  replacement 
of the  am m onia by  an organic base,57 e.g., aqueous ethylam ine.

Chalmers et al.,5e in applying th is route to  th e synthesis of l - thyroxine 
from L-tyrosine, found th a t appreciable racém isation occurred when the 
alanine side-chain w as protected b y  conversion into the hydantoin  ring. The 
desired product, however, was obtained in an overall yield  of 26% , without 
loss of optical activ ity , w hen the am ino- and carboxy-groups were protected 
by acétylation  and estérification, respectively.

A sim ilar process was used by  E lks and  W aller 61 for the synthesis of D- 
thyroxine from 3 : 5-dinitro-D-tyrosine. The D-isomer h ad  previously been 
prepared in small am ounts by  H aring ton ,62 who iodinated the  3 : 5-di-iodo-

I NO 2 +
S  #  ~VR Q-

(I) I
(II)

N O .
N O ,

C
( I I I )  P h C O  ( IV )

(1) (a) POC], +  C„HSN

(VI) H ydrolysis

I

H O  C H 2- C H ( N H ,) -C 0 2H  T h y ro x in e .

( V I I )  I

60 W . B o rsc h e  a n d  E .  F e s k e , Ber., 19 2 7 ,  60, 1 5 7 .  
” ■ J .  E l k s  a n d  G . J .  W a lle r , / . ,  1 9 5 2 , 236 6 .
62 C . R .  H a r in g to n , Biochem. / . ,  19 2 8 , 22 , 14 2 9 .
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D -thyronine o b ta in ed  b y  reso lu tio n  of th e  sy n th e tic  racem ic com pound , an d  
by P itt-R iv e rs  a n d  L e rm a n ,63 b y  th e  inversion  of L -tyrosine, follow ed b y  
iod ina tion  a n d  m ild  o x id a tio n  of th e  re su ltin g  3 : 5 -di-iodo-D -tyrosine w ith  
hydrogen  peroxide. T h e  3 : 5 -d in itro -D -ty rosine  used  in  th e  new  process 61 
was o b ta in ed  b y  th e  reac tio n  of th e  L-isom er w ith  n itro sy l b rom ide to  give 
L -a-brom o-p-(4-hydroxy-3  : 5 -d in itro p h en y l)p ro p io n ic  ac id  w hich  u n d e rw en t 
inversion on su b se q u en t tre a tm e n t w ith  am m onia .

N. F. M.
J . H . W.

E .  B o y l a n d .
S . P .  D a t t a .
J .  L a s c e l l e s .
N . F . M a c l a g a n .
D . M. N e e d h a m .
J .  H . W i l k i n s o n .

83 R .  P i t t - R iv e r s  an d  J .  L e rm a n , J . Endocrinol., 19 4 8 , 5, 2 2 3 .



ANALYTICAL CH EM ISTRY .

I .  IN T R O D U C T IO N .

A n a l y s i s  is “ the separation, the identification or the  determ ination 
of the concentration of p a rt or all of the  constituents or com ponents of 
a sam ple.” This dispassionate sta tem ent, one of the  definitions recently 
recom m ended by  the  Com m ittee on N om enclature, Division of Analytical 
Chem istry of th e  Am erican Chemical Society,1 is one to  which no one 
could take  serious exception. I t  is bald, b u t in a  definition there is no 
room for im agination. An article of faith , as d istinc t from a  definition, 
has also, however, recently  been forthcom ing.2 "  Analysis, qualita tive  and 
q u an tita tive , is the  basis of the technique of chemical operations. No 
synthesis can be accounted com plete un til the  synthesised product has been 
analysed, its  com ponent p arts  established and determ ined. In  fact, 
chem istry is founded, is based, on analysis. The theories of the  th inkers are 
proved or disproved by  an a ly s is ; the guesses of the  inspired can only become 
certain ties through the  m anipulation of the  an a ly st.” U p to  th is point the 
definitive essence parallels precisely enough w ith  the  previous quotation, and 
the  addenda are the  logical consequences of serious th ink ing  abou t the  place 
and  scope of th is b ranch of chem istry.

I t  would not, however, be righ t to end the  quo ta tion  a t  th is point, since 
the sequel contains m ore th an  the germ  of a tru th . I t  continues : “ But 
analysis is not a separate  discipline, although from the im portance it has 
a tta in ed  . . .  i t  m ight be assum ed it were an  end in itself. A lthough analysis 
is b u t an  aspect of chemical technique, the analyst him self has almost 
become such a specialist th a t  he m ay be divorced from the genuine trend of 
chemical developm ent and become im m ersed in the  stu d y  of the break-down 
of com pounds or of the  determ ination  of ' pointers ’ to  the  composition of 
n a tu ra l or of m anufactured  com pounds. A nd so i t  is th a t one of the dan
gers . . .  is th a t  workers lose th e ir love of chem istry, and, instead, take to 
them selves analysis.”

This divorce from th e  genuine trend  of chemical developm ent, a  very 
real danger in any  branch of chem istry, is perhaps particu larly  so in analytical 
chem istry, and is always to  be seen in any  close survey of the  literature. 
Specific aspects of i t  will appear la te r  in  th is R eport. On the general issue, 
however, it  behoves anyone presenting advances in  analytical chem istry to 
consider how best his work can serve the general body of chem istry. The 
subject m ay .range over th e  vast field from the m ost specialised of applied 
analyses to  fundam ental problem s whose spheres of influence are obviously 
large though th e ir boundaries m ay no t be clearly discernible. The ad hoc 
w ork of the  industria l analyst m ay  be of no in terest to  the  vast mass of 
analytical chemists, m uch less to  the body of chem ists in general. On the 
o ther hand  it  m ight well have w ith in  i t  an  idea which, m ore widely known

1 L .  T . H a l le t t  et al., Analyt. Chem., 1 9 5 2 , 24 , 13 4 8 .
- L .  H . L a m p it t ,  A nalyst, 1 9 5 2 , 7 7 , 564 .
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and applied, could revolutionise some branch  of chem istry. One m ust, th en , 
take note of those apparen tly  m inor papers which "  analy tical in tu ition  ” 
or one’s own in terest suggests m ight be of in terest to  one’s chemical colleagues. 
One m ust do this, moreover, always unpleasantly  aware of the  unreliability  
of in tu itio n ’s aid. W ho would have been inspired by a paper describing 
physicochemical studies on chlorophyll in 1906 3 or one on the  m anipulation 
of small precipitates in  1909 4 to  forecast th a t  these were seeds w hich would 
produce, in 1923 and  in 1952, Nobel prizes aw arded for distinction  in the 
field of analytical chem istry ?

A t the  sam e tim e the  R eporter m ust select from the  extensive series of 
j papers dealing specifically w ith  analy tical chem istry— certainly more than  

4000 per annum — those w hich will present a sta rtin g  po in t for any  analyst 
wishing to  follow up  any particu lar section. H is selection m ust in  addition 
represent fairly the  d istribu tion  of work throughout the past year. In  this 
way chem ists whose m ain in terests are o ther th an  analytical m ay be able to  
note activities and to  judge trends.

H is selection, however, m ust always be personal, and  i t  can never be 
highly critical. I t  is possible to  refute or to  support a theory. B u t analytical 
chemistry is in  excelsis th a t  b ranch of the  science where the proof lies a t the  
bench. A m ethod m ay sound promising, or novel, b u t un til one has tried  
it one can rarely  say m ore th an  this about it.

W ith  all th is the R eporter’s w ork is no t finished. There is still th a t 
" trend of chemical developm ent ” and  the action and reaction betw een i t  and  
the field of analytical chem istry. Ju s t as the  chem ist benefits from the 
work of the analyst in all fields, the analyst m ust benefit from the work of 
the chem ist in  all fields. The necessity for fundam ental research in analytical 
chemistry was stressed in th is R eport last year. The fundam ental work m ay, 
however, be of two kinds—th a t  done by  analytical chem ists w ith in  th e ir own 
field, usually  easy to  recognise; and  th a t done by o ther workers, who have 
no knowledge th a t they  are increasing (and perhaps, indeed, no desire to  
increase) the  resources of the  analyst. Assessment of such work m ust 
again, of necessity, be largely by  in tu ition  and personal interest, b u t now 
additionally ham pered by the fact th a t one is w orking outside one’s specialist 
field.

Indeed, the  selection on this last basis m ust alm ost be random . The 
most obvious fundam ental developm ent in w hich the analytical chem ist 
must in terest him self a t  the present tim e is th a t  dealing w ith  the s truc tu res 
of organom etallic compounds. B o th  w ithin and  w ithout the  analytical 
field th is  b ranch has been increasingly active during the  past few years and  
a valuable survey of th is field is now available.4“ In  the long term  the m ajor 
part of the work m ust fit together to  form a pa tte rn . A t the  present tim e, 
since little  assem bly and  less p a tte rn  can be said to  exist, i t  can only be hoped 
that a few of the m ore critical pieces near the  centre can be indicated.

None of these m ajor aims of the  R eporter will be satisfactorily  achieved; 
but the  R eport m ay, in  spite of this, a tta in  a  final form which will please some 
of the people some of the  time.

3 M . T s w e t t , Ber. dent. bot. Ges., 19 0 6 , 24 , 3 1 6 .
1 F .  E m ic h  a n d  J .  D o n a u , Monatsh., 19 0 9 , 30 , 74 5 .
40 A . E .  M a r te ll  a n d  M . C a lv in , “  C h e m is try  o f th e  M e ta l C h e la te  C o m p o u n d s ,”  N e w  

Y o rk , 19 5 2 .
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In  G reat B ritain , in 1952, m uch in terest was centred  in  the In ternational 
Congress held in  Oxford in Septem ber, and  now fully docum ented,5 and in 
the  smaller, b u t still qu ite  im p o rtan t Sym posium  in Birm ingham  which 
followed the  Congress, and which is, as yet, only reported  in ab s trac t form.6 
F rom  the form er of these we have freely and  gratefully  used one of the 
Congress lectures to  illustra te  our opening rem arks. Ind iv idual papers will 
be reported  in th e ir  appropria te  places.

The rem aining two Congress lectures m ay  be m entioned here as expressing 
clearly two topical aspects of analytical chem istry. R . H . M üller,7 in 
dealing w ith research in analytical instrum entation , was m ainly concerned 
w ith  fu tu re  trends. H e m ain tained  th a t  analytical chemists have no t yet 
m ade any th ing  like full use of the  resources of the science of instrum entation, 
although he claim ed th a t  th e  use of instrum ents is w idespread and "  already 
dom inates m any types of analysis.”  The use of the  term  “ dom inates ” is, 
one would hope, ill-founded, and  is, perhaps, a  slip, since th e  speaker went 
on to  po in t ou t th a t  the  analyst could, and more and m ore should, relegate 
his instrum ental problem s to  the  specialist, b u t th a t  only the  analyst could 
determ ine the  problems.

The o ther Congress speaker, C. J .  van  N ieuw enburg,8 was concerned 
w ith  the  place of “ classical "  m ethods in analytical chem istry. The growth 
of instrum ental m ethods has given rise in some quarters to  th e  belief that 
classical m ethods are a  dying species. This he regards as com pletely un
founded. T h a t the  two opposite types of solution to  analytical problems are 
no t opposed types, b u t  are capable of being em ployed together, was his 
principal them e. T he v arie ty  of weapons available has been increased 
ra th e r th an  altered. H is conclusions are ' strikingly sim ilar to  those of 
Müller when one considers th e  different term s of reference. H e holds that 
instrum enta tion  and  organisation “ will no t be any  use unless there are 
leading men who understand  the whole job. M aybe the old classical methods 
will disappear some day, although I do n o t th in k  th a t  day  is very near. But 
the  old classical knowledge of analy tical chem istry will rem ain. In  the 
long run  brains will coun t.”

T he practice of analytical chem istry has been discussed on o ther occasions. 
I t  is significant th a t  sim ilar conclusions regarding the need for integration 
of instrum enta l and classical m ethods, ra th e r th an  a  com plete replacem ent 
of classical by  instrum ental m ethods, iS explicitly em phasised from the 
pedagogic po in t of view 9 as well as im plicitly  from  th a t  of the  professional 
p rac titioner.10 In  the  la tte r  case we are rem inded th a t  the  practising 
analytical chem ist is called upon to  apply "  a  knowledge no t only of his 
background in the  field of analy tical chem istry, b u t the  broadest background 
of chemical subjects th a t he can com m and, and  to  strive for a  solution by 
the  application of known m ethods, principles and procedures in  new patterns." 
Much of the  research in analytical chem istry today  is concerned, no t w ith the 
provision of new principles and m ethods, b u t w ith  th e  sum m ation of know
ledge in a new way.

5 Analyst, 19 5 2 ,  77 , 5 5 7  ff.
6 Ind. Chem. Chem. M anuf., 1 9 5 2 , 28, 4 87.
’  Analyst, 19 5 2 ,  77 , 5 5 7 .

Ibid., p. 573.
’  P .  W . W e st , / .  Chem. Educ., 1 9 5 2 ,  29, 2 2 2 .

10 S .  E .  Q. A s h le y , Analyt. Chem., 19 5 2 , 24, 18 9 0 .
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2 . G E N E R A L .

In  the Progress R eport of the  Com m ittee on N om enclature already 
referred to ,1 specific definitions are p u t forw ard as recom m endations, b u t the  
R eport is no t regarded as final. A num ber of the  definitions are no t novel, 
b u t i t  is useful to  have them  in com pact form. The term  “ volum etric ,” 
it is recom m ended, should refer to  m easurem ent by  volume, and  is no t to  be 
regarded as synonym ous w ith “ titrim etric ,” which is m easurem ent by 
titra tion . This is a view th a t  will be welcomed by  m any  analysts, although 
it will require constan t caution  to  p reven t falling in to  the  older usage. 
Definitions are proposed, based on sam ple size, for th e  prefixes macro-, 
semimicro-, micro-, and ultram icro-, and th is is more likely to  be a subject 
for fu tu re  debate.

I t  is som ew hat unexpected, in view of the  distinction th a t some workers 
have stressed in the  past betw een “  iodim etry  ” and  "  iodom etry ,” to  find 
th a t " io d o m e try ”  is defined as th e  m easurem ent of concentration  by 
titra tio n  w ith  a stan d ard  solution of io d in e ; b u t m easurem ent of concentra
tion b y  titra tio n  w ith  a  s tan d ard  solution of th iosu lphate is denoted by  the 
term  "  th iosu lphatim etry .” There seems to  be no reason for the  divergent 
trea tm en t of the  tw o term s, and one wonders on w hat basis the  Com m ittee 
will discrim inate betw een the  various forms th a t  have been proposed 
from tim e to  tim e for the  perform ance of titra tio n s b y  m easurem ent of 
conductance.

The definitions so far proposed are lim ited in num ber, and m any term s 
have y e t to  be considered.

A m ore detailed R eport on proposed term s and  definitions in applied 
spectroscopy has also been published.11 In  the  R eport, in  add ition  to  
proposals, a group of general principles of nom enclature-standardisation is 
stated , and  there is also included a list of term s abou t which no decision has 
yet been reached.

The p reparation  of sodium chloride suitable for use as a prim ary  analytical 
standard  has been described.12 Acetylsalicylic acid 13 and  sulpham ic acid 14 
have been proposed as prim ary standards in alkalim etry. The form er has 
the advantage th a t  its  pu rity  can be checked, a fte r titra tio n , by  hydrolysis 
w ith excess alkali to  salicylic acid, and  back titra tio n , which should indicate 
.the consum ption of a  fu rther equivalent of alkali. The la tte r  reagent is 
known to  hydrolyse slowly, a slight b u t appreciable te s t for sulphate being 
obtained a fte r six days storage of the  solution. The hydrolysis is to  b i
sulphate, however, and  the  replaceable hydrogen of the  sulpham ic acid 
ought m erely to  be su b stitu ted  by  the  replaceable hydrogen of th e  b i
sulphate. In  consequence there  should be no altera tion  in  the  norm ality  
towards a lk a li; no appreciable change in norm ality  was found, on test, after 
213 days. The advantages claim ed for the  reagent are its  ready  solubility  
in w a te r ; th e  fact th a t  it  is an  acid only slightly w eaker th an  the  m ineral 
acids so th a t  it  can be titra te d  readily  b y  using indicators whose working 
range is pH  4— 9; and the  ease of obtain ing and  m aintain ing i t  in  a high

11  H . K .  H u g h e s  et al., A nalyt. Chem., 19 5 2 , 24, 13 4 9 .
12 L .  M e ite s , J . Chem. Educ., 19 5 2 , 29 , 74.
13 F .  B n r r ie l , F .  P in o , a n d  M . D . V in u e s a , Afinidad, 19 5 0 , 2 7 , 3 3 7 .
14 W . F .  W a g n e r , W . F .  W u e lln e r , a n d  C . E .  F e ile r , Analyt. Chem., 1 9 5 2 , 24 , 1 4 9 1 .
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sta te  of purity . In  addition, since practically  all its salts are soluble, there 
is little  danger of interference w ith  the  titra tio n  through form ation of 
precipitates. I ts  only notable draw back is its  low m olecular weight.

Calcium acid m alate hexahydrate  has been recom m ended 15 as a s tan d ard  
for alkalim etry  and for the  calibration of pH  m eters. In  addition  i t  proves 
useful as a  s tan d ard  for calcium titra tio n s— a field which has extended 
considerably in recent years (p. 305). W ith  a  very high equivalent weight of 
207, it  possesses all o ther desirable qualifications of such a stan d ard  except 
th a t  i t  cannot be dried  a t 100°. However, i t  is non-hygroscopic, and any 
trace  of adsorbed m oisture, which is no t a  likely feature, can be rem oved by 
aspiration  of d ry  air over the solid. The sam e solid m ay be used.indirectly 
as a standard  for acidim etry by  ignition to the oxide, solution of this in excess 
of acid, and back titra tio n  w ith  alkali.

S tatistical aspects of analytical chem istry have been discussed by a 
num ber of au thors.18 M ethods for approxim ating to  the standard  deviation 
have been proposed and  applied to  practical exam ples.17 The reconciliation 
of scientific and  s ta tis tica l hypotheses, in  the. special case of radiochem istry, 
has been considered.18

H. Ballczo 19 has pointed  ou t some of the w ays in which errors in titri- 
m etric analysis, particu larly  w ith d ilu te  solutions, m ay be reduced by 
a tten tion  to  calibration of appara tus and  to  tem perature  corrections. The 
special case of the double titra tio n  has been included in this trea tm en t. The 
possible sources of error inherent in weighing techniques have been discussed 
by  M. J . M arteret.20 The titrim etric  error arising from adsorption of silver 
ions on glass has been studied  by a  radioactive indicator m ethod.21

The im portance of tra in ing  s tuden ts of chem istry to  appreciate sources 
of error has been pointed out,22 and a suitable course outlined which includes 
such procedures as the determ ination  of uncerta in ty  in analy tical results. 
I t  has also been stressed 23 th a t  in addition  to  operational error there may, 
in such conditions, also be instructional error, which m ay exist even if 
studen ts obtain  the correct result. The consequences of this, m ethods of 
appreciating its  existence, and m ethods of reducing it  have been outlined.

Tables have been issued for use in  the calibration of g raduated  glass
ware 24 and  specifications have been draw n up for one-m ark graduated 
flasks 25 and  au tom atic  microchemical bure ttes.26

The field of inorganic m icrochem istry has been reviewed,27 and  semi- 
m icro-techniques for titrim etric  analysis, em ploying sealed vessels of the 
pharm aceutical-serum  type, and  hypoderm ic syringes, w ith  m easurem ents 
carried ou t by  weighing ra th e r th an  by  volume, have been described.28

13 A . C . S h e a d , Analyt. Chem., 1 9 5 2 ,  24, 1 4 5 1 .
13 R .  J .  H a d e r  a n d  W . J .  Y o u d e n , ibid., p . 1 2 0 ;  W . J .  Y o u d e n , Analyst, 19 5 2 , 77, 

8 7 4 ; G . E .  P .  B o x ,  ibid., p . 8 7 9 ; E .  G . G ra c h e v a , J . A nal. Chem., U .S.S.R ., 19 5 2 , 7, 4 8 ; 
J .  M . P e r t ie r ra , Inform. Quim. analit., 19 5 2 , 6 , 1 1 7 .

17 B .  W o o lf, Nature, 1 9 5 2 , 1 7 0 ,  6 3 1  ; H . de M ira n d a , Chem. Weckblad, 1 9 5 1 ,  47, 10 4 6 .
16 L .  M a r t in , Analyst, 1 9 5 2 , 77 , S9 2 .
17 Z .  anal. Chem., 1 9 5 2 , 134, 3 2 1 .  23 Chim. analyt., 1 9 5 2 , 34, 14 9 .
21 H . M . H e rsh e n so n  a n d  L .  B .  R o g e rs , Analyt. Chem., 19 5 2 , 24, 2 1 9 .
22 W . R .  C a rm o d y , J . Chem. Educ., 19 5 2 ,  29, 349 .
23 W . J .  B la e d e l, J .  H . Je f fe r s o n , a n d  H . T .  K n ig h t ,  ibid., p . 480.
23 B .S . I .  S p e c if . ,  19 5 2 , N o . 17 9 7 .  25 Ibid., N o . 17 9 2 .
23 Ibid., N o . 14 2 8 , P t .  D l .  27 P .  W . W e st , A nalyt. Chem., 19 5 2 , 24 , 76.
23 D . M . S m ith , J .  M itc h e ll, a n d  A . M . B il lm e y e r ,  ibid., p . 18 4 7 .
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A general review of u ltram icro -quan titative  analytical m ethods has been 
given,28 and m icro-m anipulators 3C’ 31 and  other appara tus 31>32 designed for 
work on the m icrogram  scale have been described.

Reagents.-—In  the  field of reagents there  has been m uch w ork of direct 
use to  the  analytical chem ist, and probably  even m ore th a t  is likely to  be 
of fu tu re  im portance to  him . A. E . M artell33 has discussed some of the  ways 
in which aqueous m eta l ions are affected by  complex form ation, w ith  p ar
ticular reference to  the form ation of chelate compounds. Such properties 
as solubility, electrical conductance, in teraction  w ith  hydrogen ions, ab 
sorption spectra, oxidation potentials and, above all, stabilities as m easured 
by the equilibrium  constants of the  form ation reactions, are all fundam ental 
properties which are of value in  the  investigation of th e  form ation of com
plexes. Such stu d y  m ust lead to  th e  developm ent of new and  valuable 
applications of complex form ation. New analytical reagents utilising 
unusual oxidation sta tes have been reviewed.34

M any investigations of the  struc tu res of complexes have been reported, 
both by  analytical chem ists and by  those outside the  field of analytical 
chem istry, and i t  is difficult to  determ ine which of these will, in the  long 
term , have m ost significance. In  th is  connection earlier com m ents regarding 
the tendency of the analy tical chem ist to  fall behind the general stream  of 
developm ent have considerable force. I t  is un fortunate  th a t in m any of the  
studies which have been m ade on organom etallic com pounds, and, indeed in 
the general lite ra tu re  of analy tical chem istry, there  is a tendency to  cling 
to conceptions w hich are, as far as the  general theory  of chem istry is con
cerned, out-of-date and by  now alm ost meaningless. Thus the  classification 
of such complexes which was curren t some tim e ago, and  w hich was never 
anyth ing  m ore th a n  an  ad hoc classification, in to  groups such as “ pene
tra tio n ,” and  "  inner-com plex ”  com pounds, still persists in m any of the  
publications, although m odem  ideas on the  structu res and binding forces of 
molecules, atom s, and ions perm it us a t  least to  discard th is for som ething 
more in keeping w ith the  tim es. Such term s still appear too  frequently . In  
a t .least one recent publication valencies were referred to  as “ p r in c ip a l” 
and “ auxiliary ,” which m ight alm ost be said to  sm ack of the phlogiston 
era. If  analytical chem ists are to  m ake satisfactory  contributions to  the 
theoretical side of th is topic, they  m ust fam iliarise them selves w ith  m odem  
ideas on bond structu re , and  they  can, w ith  profit, read  some of the  public
ations referred to  in th is section. M any of these, w hich have no d irect or 
im m ediate bearing on practical problem s of analy tical chem istry, seem to 
contribute significantly to  the  theory  of com plex-form ation, and  thus to  have 
an u ltim ate  value for the m an a t  the bench.

I t  is, perhaps, going to  the  o ther extrem e to  refer, as some authors do, to 
compounds such as calcium  oxalate and  calcium ace ta te  under th e  classific
ation of complexes. W hile it  is tru e  th a t an  extrem e curren t view is to  regard 
any anion derived from m ore th an  one atom  as a  com plex ion, the term  
“ complex ” loses m uch of its  significance, in the  analytical sense a t  least, 
and probably  also in a  w ider field, if some so rt of division is no t indicated

29 A . E .  S o b e l a n d  A . H a n o k , Mikrochem. Mikrochim. Acta, 19 5 2 , 39 , 5 1 .
30 T .  B r in d le a n d  C . L .  W ilso n , ibid., p . 3 1 0 .  31 M . C . A lv a r e z  Q u ero l, ibid., p . 1 1 7 .
33 A .  L a z a r o w , J . Lab. Clin. Med., 1 9 5 1 ,  38 , 660. 33 / .  Chem. Educ., 1 9 5 2 , 29 , 270 .
34 M . K a p e l ,  Ind . Chem. Chem. M anuf., 19 5 2 ,  28 , 466.
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betw een these structu res and the m ore com plicated ones which are normally 
classed as complexes. I t  m ay  be th a t  the  distinction will be supplied by  the 
increasing use of the  term  "  chelates.”

There is now available an  excellent ac c o u n tia of m ethods of study  in 
th is  field, and  of the  results w hich these m ethods have so far given. An 
order of s tab ility  for m etal complexes has been reported, and  generally 
speaking, th is  seems to  agree am ong the  various groups of complexes be
tween the  m etallic ions arid a  v arie ty  of organic com pounds.35 The studies 
also support the  g reater s tab ility  of five- th a n  of six-m em bered chelates. 
I t  is found th a t  zinc, nickel, and  cobalt(n) co-ordinate w ith th ree molecules 
of tropolone to  form singly charged ions, while the  corresponding copper(n), 
beryllium , an d  lead complexes contain only tw o organic molecules and  are 
neutral.

The co-ordination chem istry of the  transition  m etals has been studied,36 
and  m agnetic d a ta  for m any  of these com pounds have been re la ted  to 
valency, s tructure , and  bond type, w ith  particu la r reference to  the  ionic or 
covalent n a tu re  of the linking. F rom  a  m ore s tric tly  analy tical p o in t of 
view H . M. Irv ing  and  R. J .  P . W illiams 37 have considered a  num ber of the 
factors controlling the action of organic reagents. The stabilities of the 
complexes have been considered in  relation to  the ir solubilities, the  n a tu re  of 
the m etallic ion, th e  natu re  and  the acid dissociation constan t of the  reagent, 
and  the pH  a t  which the complex exists. P articu la r a tten tio n  is paid  to  the 
specificity of reagents.

H . Freiser 38 discusses stab ility  in  relation  to  analytical use for a wide 
range of m etal-chelate com pounds, and  brings hom e clearly th e  enormous 
ex ten t of the  field which has to  be exam ined before any  comprehensive 
theory  can be advanced, and the  com plexity of the  factors involved, such 
as steric  h indrance and  solubility. In  th is  paper particu lar exam ples used 
for illustra tive purposes are  2-o-hydroxyphenylbenzoxazole as a  reagent for 
cadm ium , 2-o-hydroxyphenylbenzothiazole for copper or cadm ium , and
2-o-hydroxyphenylbenzim inazole for m ercuric m ercury.

Probably  the  reagent which has received m ost analy tical a tten tion  
th roughout the  p ast year is ethylenediam inetetra-acetic  acid. Uses for this 
reagent were reviewed in  last y ear’s R eport,39 b u t m any  extensions of 
existing uses and m any new uses have since been developed. The uses of this
reagent and of th e  re la ted  n itrilo triacetic  acid have been reviewed from a
practical point of view 40 and  theoretical aspects of its  application have been 
discussed.41

E . Mi D isk a n t42 claim s th a t  in  order to  overcome the  in stab ility  of the 
ind icator Eriochrom e B lack T  [or sodium l-(l-hydroxy-2-naphthylazo)-
5-nitro-2-naphthol-4-sulphonic acid] i t  m ay be m ade u p  in  diethanolam ine or 
triethanolam ine solution, which will rem ain stable for a t least seven months. 
I t  should be stored  in  such a  w ay th a t  the  solution is p ro tec ted  from  atm o

35 B .  E .  B r y a n t ,  W . C . F e rn e liu s , a n d  B . E .  D o u g la s , Nature, 1 9 5 2 ,  1 7 0 ,  2 4 7 .
36 F .  H . B u r s t a l l  a n d  R .  S .  N y h o lm , J .,  19 5 2 , 29 06 , 3 5 7 0 ;  R .  S .  N y h o lm  a n d  A .  G.

S h a r p e , ibid., p . 3 5 7 9 , 37 A nalyst, 1 9 5 2 , 77 , 8 13 .
38 Ibid., p . 8 30 . 3i A nn. Reports, 1 9 5 1 ,  48, 3 1 1 .
40 M . O . L a w so n , Ind. Chem. Chem. Mcmuf., 19 5 2 ,  ¿ 8, 5 1 2 ,  5 5 9 ;  G . C . K r i jn ,  Chem.

Weekblad, 1 9 5 2 ,  48, 1 6 5 ;  H . F la s c h k a , Mikrochem. Mikrochim. Acta, 1 9 5 2 ,  39 , 38 .
41 G . S c liw a rz e n b a c h , A nalyt. Chim. Acta, 1 9 5 2 ,  7 , 1 4 1 .
43 Analyt. Chem., 1 9 5 2 ,  24 , 18 5 6 .
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spheric m oisture, b u t need no t be pro tected  from  light or from alterations of 
atm ospheric tem perature. Several varian ts  of m ethods for determ ination of 
calcium- and  total-hardness of w ater have been proposed,43 and  in one case 
copper and  iron are first rem oved by  addition  of cyanide and  passage through 
an anion-exchange resin colum n.44 The reagent has been widely applied to  
the determ ination of calcium 45 and  m agnesium  46 in biological fluids, and  of 
these elem ents in  o ther m aterials such as lim estones.47 The effect of varying 
the concentration of potassium  chloride in  the  calcium determ ination has 
been exam ined.48 D irect or ind irect titra tio n  m ethods for a  num ber of o ther 
elements have been proposed. P hosphate  is determ ined by  precip itation  as 
magnesium am m onium  phosphate and subsequent determ ination of the 
magnesium.49 B arium  60 and zinc 51 m ay be titra te d  directly. Sodium m ay 
be estim ated  through zinc a fte r p recip itation  as sodium  zinc urany l ace ta te .52 
Nickel, first precip ita ted  by dim ethylglyoxim e, m ay be titra te d  d irectly .53 
When a  solution of a silver sa lt is allowed to  react w ith  am m oniacal nickel 
cyanide solution, an  equivalent am ount of nickel ion is set free which m ay be 
titra ted , thus giving a  m easure of the  silver.54- 55 This, in  tu rn , m ay  be used 
to determ ine halide after precipitation  as silver halide. This determ ination 
may be used in coloured or cloudy solutions where the  classical m ethods for 
halide are unsatisfactory . Thallium  m ay be t itra te d  directly  w ith a  solution 
of the m agnesium  com plex.56 L ead m ay be titra te d  directly , either alone 57 
or in the  presence of copper,58 w hich la tte r  m ay be m asked by  cyanide and 
then subsequently  estim ated  by  a  to ta l titra tio n  in  absence of cyanide.

A part from its uses as a  titrim etric  reagent, ethylenediam inetetra-acetic  
acid has been used to  p revent interference in  th e  estim ation of su lphate ,59 
n itra te ,60 beryllium ,61- 62 and  iron .63 I t  has been recom m ended for th e

13 J .  E .  H o u lih a n , Analyst, 19 5 2 , 77 , 1 5 S ;  R .  S i jd e r iu s , Chein. Weekblad, 19 5 2 ,  48, 
3 7 8 ; W . F iv ia n  a n d  M . M o ser, Sugar Ind. Abslr., 1 9 5 1 ,  1 3 ,  1 3 1 .

44 J .  W . M c C o y , Analyt. Chim. Acta, 19 5 2 , 6, 259 .
46 A . C. M a so n , Analyst, 1 9 5 2 , 77 , 5 2 9 ;  H . L e m p fr id  a n d  J .  S tu rm e r , K lin . Woch- 

enschr,, 1 9 5 2 ,  30 , 2 2 7 ;  H . N e ilse n , Nord. Med., 1 9 5 2 ,  48, 1 0 5 9 ;  H . F la s c h lc a  a n d  A . 
H o la se k , Z. physiol. Chem., 1 9 5 1 ,  288 , 244 .

46 A . H o la s e k  a n d  H . F la s c h k a , ibid., 1 9 5 2 , 290, 5 7 ;  E .  S . B u c k le y , J .  C . G ib so n , an d  
T . R .  B o r to lo t t i ,  / .  Lab. Clin. Med., 1 9 5 1 ,  38 , 7 5 1 ;  A . H . H o ltz , Chem. Weekblad, 1 9 5 1 ,  
47, 9 0 7 ; A . E .  S o b e l a n d  A . H a n o k , Proc. Soc. Exp. Biol., N .Y .,  1 9 5 1 ,  77 , 7 3 7 ;  K u a n g  
L u  C h en g  a n d  R .  H . B r a y ,  Soil Sci., 1 9 5 1 ,  7 2 , 449 .

47 J .  J .  B a n e w ic z  a n d  C . T . K e n n e r , Analyt. Chem., 19 5 2 , 24 , 1 1 8 6 ;  K u a n g  L u  C h en g, 
T . K u r tz ,  a n d  R .  H . B r a y ,  ibid., p . 16 4 0 ;  J .  B a n k s , Analyst, 19 5 2 , 77 , 4 8 4 ; L .  E .  S m ith , 
Pulp and Paper, 1 9 5 2 ,  26, N o . 5 , 86, 8 8 ; K .  E .  L a n g fo r d , Electroplating, 1 9 5 2 ,  5 , N o . 2 , 4 1 .

49 F .  F .  C a r in i a n d  A . E .  M a rte ll, J . Amer. Chem. Soc., 1 9 5 2 , 74 , 57 4 4 .
48 H . F la s c h k a  a n d  A . H o la s e k , Mikrochem. Mikrochim. Acta, 1 9 5 2 , 39 , 1 0 1 ;  F .  

H u d itz , H . F la s c h k a , an d  I .  P e tz o ld , Z . anal. Chem., 1 9 5 2 , 1 3 5 ,  3 3 3 .
69 T .  J .  M a n n s , M . U . R e s c h o v s k y , a n d  A . J .  C e r ta , Analyt. Chem., 1 9 5 2 , 24 , 908.
91 E .  W . D e b n e y , Nature, 1 9 5 2 , 16 9 , 1 1 0 4 .
52 H . F la s c h k a , Mikrochem. Mikrochim. Acta, 1 9 5 2 , 39 , 3 9 1 .
93 W . F .  H a r r is  a n d  T . R .  S w e e t , Analyt. Chem,, 1 9 5 2 , 24 , 10 6 2 .
64 H . F la s c h k a , Mikrochem. Mikrochim. Acta, 1 9 5 2 , 40, 2 1 .
65 H . F la s c h k a  a n d  F .  H u d itz , Z. anal. Chem., 19 5 2 , 1 3 7 ,  10 4 .
56 H . F la s c h k a , Mikrochem, Mikrochim. Acta, 19 5 2 , 40, 4 2 . 97 Idem, ibid., 39 , 3 1 5 .
58 H . F la s c h k a  a n d  F .  H u d itz , Z. anal. Chem., 1 9 5 2 ,  1 3 7 ,  1 7 2 .
58 D . G ib b o n s, Ind. Chem. Chem. M anuf., 19 5 2 , 28 , 4 8 7 .
40 F .  L .  H a h n , Analyt. Chim. Acta, 1 9 5 2 ,  7 , 68 .
41 J .  H u r 6, M . K re m e r , an d  F .  le  B e rq u ie r , ibid., p . 3 7 ;  R .  G . S m ith , A . J .  B o y le ,  

W . G . F r e d r ic k , an d  B .  Z a k , Analyt. Chem., 19 5 2 , 24 , 4 0 6 ; P . I .  B re w e r , Analyst, 19 5 2 , 
77  5 39

62 J .  A . A d a m , E .  B o o th , a n d  J .  D . H . S t r ic k la n d , Analyt. Chim. Acta, 1 9 5 2 ,  6, 4 6 2 .
43 R .  L .  M o rris , Analyt. Chem., 19 5 2 , 24 , 1 3 7 4 .
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colorim etric determ ination of cobalt.64 The complexes w ith  europium  65 
and  w ith thorium  and  uranyl ions 66 have been exam ined. R. C. Vickery 67’ 68 
has investigated the  stab ility  constants of m etallic ions w ith  th is reagent, 
w ith  particu lar reference to  the ir use in  ion-exchange m ethods for separating 
the  lanthanons. H e has shown th a t  the  elution series for complexes of 
bivalent m etals is affected by the presence or absence of te rvalen t metal 
complexes. H e has also achieved a  good separation  of praseodym ium  from 
neodym ium  by addition  of m anganese to  ac t as a separating  elem ent. For 
the  m ost efficient separation, low concentration of the  reagent together with 
a low flow ra te , a  high pH  value, and  an  exchange resin in  the  ammonium 
form are recom m ended. Finally, H. F laschka 69 has investigated  the effect 
of the  presence of ethylenediam inetetra-acetic acid on the  behaviour of 
th ioacetam ide as an  alternative  prec ip itan t to  hydrogen sulphide, and  has 
described the  behaviour of a  wide range of cations in acid, neu tral, and 
alkaline solution tow ards the com bined reagents.

W hile discussing th is reagent it  is perhaps pertinen t to  introduce a 
m ore general note. In  the  lite ra tu re  the  range of synonym s for ethylene
diam inetetra-acetic  acid is bewildering— EDTA, ED , enta, Complexone 
(together w ith  its  derivative Com plexom etric titra tion ), Versene, Versenate, 
and  Trilon B all have considerable currency. F o r an  in ternal report such 
nam es m ay have the ir advantage, b u t it is doubtful if the  space saved in a 
p rin ted  paper is sufficient to  offset the  confusion which m ust exist. No 
doub t the  tendency to  apply  shortened nam es to  organic reagents became 
popular w ith  '* oxine,” though th is has little  advantage over 8-hydroxy- 
quinoline or 8-quinolinol, either of which is unequivocal. I t  was no t alto
gether to  be expected by  those who incautiously len t "  oxine ” currency 
th a t we should u ltim ately  be assailed by  ferroin, cuproin, neo-cuproin, 
tiron, m agneson-I, and m agneson-II, to  choose only a few of those which 
spring im m ediately to  m ind. None of these nam es gives any  clue to  the 
n atu re  of the  reagent, and  they  are no t altogether to  be tru sted  as a guide to 
use. I t  is true  th a t the nom enclature of organic reagents m ust cause dismay 
to  those analytical chem ists who m ake use of these reagents, and  an easy 
solution of the  problem  is no t to  be expected. B u t strenuous efforts are 
being m ade to  standardise the  nom enclature in o ther branches of chemistry, 
and  the conclusion has regretfully been reached th a t  m any of the  triv ial names 
of the  n ineteen th  cen tury  m ust be re ta ined  though they  are m isleading in 
the light of system atic nom enclature. I t  seems a  p ity , therefore, th a t  the 
field of analytical chem istry bids fair to  provide a fu rther problem  for com
m ittees on nom enclature by  the lavish use of triv ial nam es which m ay or 
m ay no t have gained general acceptance.

In  a  com prehensive study  of the  complexes of copper w ith  1 : 10-phenan- 
throline and  its  m ethy l derivatives 70 the range of pH  which perm its of their 
form ation, and  the ir stabilities have been exam ined. The structu res have 
been re la ted  to  such properties as absorption spectra, and  use has been made 
of th is in predictions for some of the  m ethyl derivatives. Sim ilar studies

61 M . J e a n ,  Analyt. Chim. Acta, 19 5 2 , 6, 278 .
86 E .  I .  O n sto tt , J . Anier. Chem. Soc., 19 5 2 ,  74 , 3 7 7 3 .
66 M . J .  C a b e ll, Analyst, 19 5 2 , 77 , 859 .
67 Nature, 1 9 5 2 , 17 0 , 6 05 . 68 / . ,  19 5  2 , 4 3  5 7 .
89 Z. anal. Chem., 19 5 2 , 1 3 7 ,  10 7 .
70 W . H . M c C u rd y  a n d  G . F .  S m ith , Analyst, 19 5 2 ,  77 , 846.
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have been m ade for the 1 : 10-phenanthroline complexes w ith iron (n ),71 
iron(n i),72 and zinc.73 Investigations on various oximes and  dioximes have 
been repo rted .74 M easurem ents of the  stabilities of complexes of 8-hydroxy- 
quinoline and  related  com pounds 75 confirm the g reater s tab ility  of 5- 
mem bered chelate rings m entioned above, and  also indicate an order of 
stab ility  for the  b ivalen t m etals Cu >  N i >  Co >  Zn >  Pb >  Cd >  Mn >  
Mg which is in general agreem ent w ith  o ther investigations. I t  has been 
shown th a t  8-hydroxyquinaldine m ay be quan tita tiv e ly  b rom inated ,78 and 
a num ber of q u an tita tiv e  precipitations w ith  th is reagent, no tab ly  of indium , 
uranyl, scandium , lead, and thorium , have been described.

On the assum ption th a t  an indophenol of S-hydroxyquinoline should 
possess bo th  the redox-indicating properties of indophenols and a p re
cipitating power re lated  to  the  p a ren t com pound, a  num ber of indophenols 
of th is com pound and  its  derivatives have been p repared .77 Most of these 
products were unstable. However,, 2-m etbylindo-8-hydroxyquinoline, pre
pared by  the  action of hydroxylam ine in  an alkaline oxidising m edium  on
8-hydroxy-2-m ethylquinoline, gives precip itates a t  pH  5 w ith  certain  cations, 
and a t  pH  12 w ith  a w ider range of ions. Alum inium  is no t precipitated .

W ork on the  stabilities of m etal chelates of im inodiacetic acid and 
im inodipropionic acid and  th e ir derivatives 78 suggests an  order corre
sponding to  th a t  quoted  above, b u t w ith  lead and  cobalt interchanged, and  
again supports the g reater s tab ility  of 5-membered chelates. The analytical 
behaviour as précip itan ts of th iourea 79 and  of 4- and  5-phenyl-substituted 
1 : 2 -d im ercapto-3-th iones80 has been reported. Ammonium thiocarb- 
am ate has been recom m ended 81 as an alternative  to  hydrogen sulphide for 
the precip itation  of sulphides. An extensive investigation of d isubstitu ted  
dithiocarbam ates 82 has shown th a t  m any m etallic ions m ay be precip ita ted  
as stable crystalline com pounds which frequently  have characteristic  colours, 
generally b righ ter th an  those of the  corresponding sulphides. The ex tract- 
ability of these m etal dithiocarbam ates has been investigated.

The separation  from b ivalent cations of iron, alum inium , and  m an
ganese as hydroxides m ay be carried ou t 83 by am inom ercuric chloride, 
NH2-HgCl, prepared in  situ  through successive additions of m ercuric chloride, 
ammonium chloride, and  am m onia. Consideration of the  "  w eighting ” 
effect as applied to  benzidine, its  homologues, and re la ted  com pounds 
indicate th a t  4 : 4 '-diam inotolane is likely to  form a  sulphate of low 
solubility.84 This com pound has been exam ined, and  found to  have the

71 W . W . B r a n d t  a n d  D . K .  G u lls tro m , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 3 5 3 2 .
72 A . E .  H a r v e y  a n d  D . L .  M a n n in g , ibid., p . 4 74 4 .
72 J .  M . K r u s e  a n d  W . W . B r a n d t ,  Analyt. Chem., 19 5 2 , 24, 13 0 0 .
74 C . V . B a n k s  a n d  A . B .  C a r lso n , Analyt. Chim. Acta, 1 9 5 2 , 7, 2 9 1 ;  R .  P a lla u d , 

Chim. analyt., 1 9 5 1 ,  3 3 , 2 3 9 , 3 4 3 .
75 \V . D . Jo h n s to n  an d  H . F re is e r , J . Amer. Chem. Soc., 19 5 2 , 74, 5 2 3 9 .
74 J .  P .  P h ill ip s , J .  F .  E m e r y ,  an d  H . P . P r ic e , Analyt. Chent., 19 5 2 , 24 , 10 3 3 .
77 J .  P .  P h ill ip s , J .  F .  E m e r y ,  a n d  Q. F e rn a n d o , / .  Amer. Chem. Soc., 1 9 5 2 , 74 , 5 5 4 2 .
78 S . C h a b e re k  a n d  A . E .  M a rte ll, ibid., p . 5 0 5 2 ;  S .  C h a b e re k , R .  C . C o u rtn e y , an d  

A . E .  M a rte ll, ibid., p . 5 0 5 7 .
79 K .  B . Y a t s im ir s k y  a n d  A . A . A s ta s h e v a , J . Anal. Chem., U .S.S.R ., 19 5 2 , 7, 4 3 .
80 M . G . V o ro n k o v  a n d  F .  P . T s ip e r , ibid., 1 9 5 1 ,  6, 3 3 1 .
81 E .  W ib e rg  a n d  R .  B a u e r , Angew. Chem., 19 5 2 , 64, 2 10 .
82 H . M a lis s a  a n d  F .  F .  M iller, Mikrochem. Mikrochim. Acta, 19 5 2 , 40, 0 3 .
82 S . K .  S u S ié  a n d  N . V . N je g o v a n , Analyt. Chim. Acta, 1 9 5 2 , 7 , 30 4 .
84 M . K a p e l , Ind. Chem. Chem. M anuf., 1 9 5 2 ,  28 , 490.
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lowest solubility recorded for an  am ine sulphate. The stabilities of a  range 
of alkaline-earth  com pounds have been discussed theoretically .85

General m ethods for the  estim ation of m agnesium  in calcium m etal 86 
and  of zinc in  zinc-cadm ium  m ixtures 87 have been critically  examined. 
D. C. A tkins and C. S. G arner 88 have divided chelate com pounds of zinc 
in to  two classes, “ fused-ring ” com pounds w here isotopic exchange with 
radioactive zinc takes place very  slowly if a t  all, and  “ non-fused-ring ” 
complexes where th is exchange is very  rapid. The structu res and properties 
of salicylideneam ine 89 and ¿V-alkylethylenediamine 90 complexes of copper 
and nickel have been described. A n order of s tab ility  for amino-acid 
complexes of copper has been re lated  to  th e  structu res of the  am ino-acids.91 
Silver has been shown to  form several types of complex ion w ith  triethylene- 
te tram ine.92 The complexes form ed by  chrom ium  and  gallium  w ith  iodine 
have been studied ,83 and the  bearing of these on other halide complexes and 
on general bond-type theory  is indicated.

In  a general article B. J . Lerner, C. S. Grove and R. S. Casey 94 poin t out 
th a t  m uch of th e  knowledge required  for a com plete explanation  of the 
“ complex ” chem istry of iron—knowledge of all forces operating a t molecular 
level and  a  valid all-inclusive theory  of valency— is still no t available. Such 
factors as solvation, m agnetic susceptibility , electron transfer, the  effect of 
pH , and the relation of colour to  s tru c tu re  are discussed. Complexes of 
cobalt w ith  salicylaldehyde, its  derivatives and  re la ted  com pounds 95 and 
w ith  the  unusual sexaden tate  sulphur-containing ao-diam ines 96 have been 
described. Organom etallic com pounds of cobalt,97 nickel,97- 98 chrom ium ,99 
uran ium ,100 and  zirconium  101 have been investigated . Formula! have been 
proposed for a num ber of the  ions form ed b y  zirconium  in m ineral acid 
solutions.102 The reactions of some thiosem icarbazides w ith  ru thenium  have 
been exam ined.103

3 . IN O R G A N IC  Q U A L IT A T I V E  A N A L Y S I S .

In  a scheme for the  separation  and recognition of the  m ore familiar 
cations, J . Galmés 104 recom m ends rem oval of the  alkaline-earth  metals 
together w ith the  usual chloride group by  following th e  add ition  of hydro
chloric acid w ith  ethanol and  sodium  sulphate. A fter rem oval of th e  acid- 
insoluble sulphides, the  cations norm ally precip ita ted  as hydroxides and  as

65 R .  J .  P .  W illia m s , / . ,  1 9 5 2 , 3 7 7 0 .
B6 S . A b b e y , Chem. Canad., 1 9 5 1 ,  3, N o . 10 ,  5 3 .
87 W . S c h e lle r  a n d  W . D . T re a d w e ll, Helv. Chim. A d a ,  1 9 5 2 ,  3 5 , 75 4 .
88 J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 3 5 2 7 .
89 A . P .  T e r e n te v  a n d  E .  G . R u k h a d z e , / .  Anal. Chem., U .S.S.R ., 1 9 5 1 ,  6, 3 0 3 ; 

A . P . T e r e n te v , E .  G . R u k h a d z e , a n d  Z . A . F a d e e v a , ibid., 19 5 2 , 7, 12 0 .
90 F .  B a s o lo  an d  R .  K .  M u rm a n n , J . Amer. Chem. Soc., 1 9 5 2 ,  74 , 5 2 4 3 .
91 N . C . L i  a n d  E .  D o o d y , ibid., p . 4 18 4 .
97 H . B .  Jo n a s s e n  a n d  P . C . Y a t e s ,  ibid., p . 3 3 8 8 .
99 A . S .  W ilso n  a n d  H . T a u b e , ibid., p . 350 9 .
91 J . Chem. Ednc., 19 5 2 , 29 , 4 38 . 95 B .  W e st . / . ,  19 5 2 , 3 1 1 5 ,  3 1 2 3 .
96 F .  P .  D w y e r , N . S . G ill , E .  C . G y a r fa s ,  a n d  F .  L io n s , J . Amer. Chem. Soc., 19 5 2 , 

74, 4 18 8 . 97 C . F .  C a llis , N . C . N e ilse n , a n d  J .  C . B a i la r ,  ibid., p . 3 4 6 1 .
98 L .  S a c c o n i, ibid., p . 4 5 0 3 . 99 W . R .  K in g  an d  C . S .  G a rn e r , ibid., p . 5534 .

100 J .  T .  B a r r  a n d  C . A . H o rto n , ibid., p . 4 4 30 .
101 H . B .  Jo n a s s e n  a n d  W . R .  d e  M o n sa b e rt , ibid., p . 529 8 .
102 B .  A . J .  L i s t e r  a n d  L .  A . M c D o n a ld , / . ,  19 5 2 , 4 3 1 5 .
103 R .  P .  Y a f fe  a n d  A . F .  V o ig t , J . Amer. Chem. Soc., 1 9 5 2 , 74 , 5 0 4 3 .
101 Afinidad, 1 9 5 1 ,  28 , 1 5 4 .
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sulphides in alkaline solution are precip ita ted  by  solid sodium carbonate. 
The unsatisfactory  separation  of the  alkali-insoluble sulphides from the 
hydroxides m ay be overcome, i t  is claim ed,105 by  the  application of selective 
spot tests w ithou t reliance on separation m ethods. An alternative  scheme 106 
removes the  chlorides in the usual m anner, followed b y  tin  and  antim ony, 
which are separated  by  evaporation w ith  n itric  acid. The insoluble sul
phates and  the  insoluble hydroxides constitu te  the  tw o m ajor succeeding 
groups. Potassium  x an th a te  is recom m ended 107 as a  satisfactory  a lternative 
to hydrogen sulphide, being used to  p rec ip ita te-a  large group of elements, 
including a num ber of the  less fam iliar ones, a fte r rem oval of the  insoluble 
chlorides and  sulphates. The x an th a te  group is then  subdivided b y  tre a t
m ent w ith  alkali hydroxide, which produces a  group of soluble and  a group 
of insoluble sulphides.

A m ethod has been described 108 for the  preparation  of the  titan ium  
reagent recom m ended for the rem oval of phosphate in the  orthodox schem atic 
m ethod of analysis. A lternative procedures have been proposed for the 
trea tm en t of the  sulphides of the copper group 109 and the nickel group ,110 
and of the  alkali-m etal group.111

J . Gillis 112 has discussed a  num ber of aspects of theoretical and  practical 
im portance regarding the  “ sensitiv ity  ”  of a  reaction. The general field 
of spot reactions has been reviewed,113 particu larly  w ith  reference to  
specificity.

Among tests  for the  identification of individual ions a m ethod has been 
outlined for th e  rem oval of interferences before detecting chloride by  silver 
n itra te .114 A b ism uth  m ercaptoglyoxaline gives a  red  com plex w ith  iodide 
which is specific for th is ion .115 N itra te  m ay be rem oved and  identified as 
volatile m ethy l n itr ite .116 Sulphur in  any  form  is reduced to  hydrogen 
sulphide which gives a  red  colour w ith  a  m olybdate-th iocyanate  solu tion .117 
Thiocyanate is ex trac ted  and  identified b y  a  ferric chloride-alum inium  
chloride reagen t.118 Azo-dyes based on pyrocatechol and  hsematoxvlin 
are sensitive colour reagents for boric acid .119 A range of specific reagents 
for germ anium  has been critically exam ined, and  the ir behaviours de
scribed.120 R. J . W in terton  121 has investigated  claims for sodium cobalti- 
thiosulphate, sodium  calcium  ferrocyanide, and sodium  urany l chrom ate as

106 A . O k a c  a n d  M . B e z d c k , Publ. Fac. Sci. Univ. M asaryk, 19 5 0 , N o . 3 , 9.
106 F .  B ia n c l i i ,  M onit. Farm. Terap., 1 9 5 2 , 58 , 13 9 .
107 L .  R .  C h a v e s  L a v in ,  Inform . Quim. anal., 1 9 5 1 ,  5, 62.
108 A . J .  N u tte n  a n d  W . I .  S te p h e n , Analyt. Chim. Acta, 19 5 2 ,  7, 3 1 .
109 M . S . Jo v a n o v i f i  a n d  B .  M . J o v a n o v ic ,  Bull. Soc. chim. Belgrade, 1 9 5 1 ,  16 ,  16 7 .
110 E .  G . M a le e v a , J . Anal. Chem., U .S .S .R ., 1 9 5 1 ,  6, 3 8 3 .
1 1 1  A . C a s in i, A nn . Chim. Roma, 1 9 5 2 , 42, 3 i 7 .
112  Mihrochem. Mikrochim. Acta, 1 9 5 1 ,  38 , 3 8 1 ;  J . Chon. Educ., 1 9 5 2 ,  29 , 1 7 0 ;  Ind. 

Chem. Chem. M anuU, 19 5 2 ,  28 , 488 .
113 p  F e ig l ,  Mihrochem. Mikrochim. Acta, 19 5 2 , 39 , 3 6 8 ; P . W . W e st , Analyst, 

19 5 2 , 7 7 , 6 1 1 .
114 C . M a h r  a n d  W . B ro m e r , Z. anal. Chem.., 1 9 5 2 ,  1 3 5 ,  10 7 .
115  R .  A . M c A llis te r , Nature, 1 9 5 2 , 16 9 , 708 .
118  C . F r a n z k e  a n d  K .  R o m m in g e r , Z. anal. Chem., 1 9 5 2 ,  1 3 6 ,  1 .
117  L ,  P .  P e p k o w itz  a n d  E .  L .  S h ir le y , Nuclear Sci. Abstr.. 19 5 2  6. 1 5 .
118  L .  M en n u cc i, Rev. Fac. Cienc. quim., L a  Plata, 19 4 7 , 2 2 , 7.
119 I .  M . K o r e n m a n  a n d  F .  R .  S h e y a n o v a , J . Anal. Chem., U .S.S.R ., 19 5 2 , 7 , 1 2 8 .
120 P .  B d v i lla r d , Mihrochem. Mikrochim. Acta, 1 9 5 2 , 39 , 2 0 9 ; A . T c h a k ir ia n  a n d  

P . B iv i l l a r d ,  Compt. rend., 19 5 -1, 2 3 3 ,  2 5 6 , 1 0 3 3 .
121 Ind . Chem. Chem, M anuf., 1 9 5 2 ,  28 , 4 9 2 .
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précip itan ts for potassium . None of these has proved as sensitive as sodium 
cobaltinitrite, although the  first m ay be used to  detect rubidium  in the 
absence of potassium , and  the first and  last m ay prove useful as tests for 
potassium  in th e  presence of am m onium , as no p recip ita te  is given by the 
la tte r  ion.

A spot procedure for the  detection of zinc using potassium  ferrocyanide,122 
and  m ethods for the  recognition of cadm ium  after p recip itation  as an  am 
m onium iodide complex 123 and of m ercury as red  cuprous m ercuric iodide 124 
have been described. Alizarin-blue, w hich contains the  active groups of 
b o th  alizarin and 8-hydroxyquinoline, m ay be used for the  detection of traces 
of copper,125 although the general behaviour of the individual reagents has 
largely been lost by combining the two structures. Alum inium , bism uth, 
iron, and  titan ium  are precip ita ted  by  diphenyl phosphate .126 Manganese 
gives a  green colour w ith  triethanolam ine in the presence of alkali hydr
oxide,127 and  is satisfactorily  detected  in field tests on m inerals by  8-hydroxy- 
quinoline.128 The zinc 1 : 10-phenanthroline complex m entioned earlier 73 
m ay be used to  provide a  sensitive te s t for ferricyanide in  the presence of 
ferrocyanide. F. Buscarôns and J . A r tig a s129 recom m end 2-mercapto- 
acetam ido-4-nitrophenol as a  reagent for cobalt. Gossypol forms a red 
complex w ith  m olybdenum .130 I t  is claim ed 131 th a t  the  interference of 
fluorides in  the detection of m olybdenum  by  orthodox reagents is no t so 
m arked as has previously been reported , and  th a t detection is still possible 
in the  presence of 100 tim es its concentration of fluoride as sodium fluoride. 
A photochem ical reaction  of tungsten  in the  presence of hydrochloric acid 
and ethanol is s ta ted  132 to be suitable for the  detection of a few pg. of this 
elem ent. Tungsten m ay also be detected  in ores by  8-hydroxyquinoline.133 
The te s t for antim ony w ith rhodam ine-B  m ay be m ade specific for this 
elem ent, and  will enable 0-2 pg. to  be d etec ted .134

On the  assum ption th a t  the  m andelic acid group, •C H (0H )>C 0 2H , should 
be generally sensitive for zirconium, R. E. Oesper, R. A. D unleavy, and 
J . J .  K lingenberg 135 prepared w -2-hydroxynaphthylazom andelic acid so as 
to  introduce a  coloured centre in to  the reagent. As expected, th is forms a 
coloured p recip ita te  w ith  zirconium, b u t the p recip itate has the same colour 
as the  reagent. I t  m ay  be used, however, sem i-quantita tively  by  the 
confined spo t-test technique.

Colour reactions between finely divided solids have been discussed 136 
as a basis for qualita tive  analysis, and  a num ber of highly sensitive tests 
have been described which m ay be applied directly  to  minerals.

52 A . L e w a n d o w s k i, Roczn. Chem., 1 9 5 2 ,  26 , 8 .
22 A . A . K o m a r o v s k a y a , J . Gen. Chem., U .S .S .R ., 19 4 9 , 1 9 ,  14 5 9 .
22 E .  V a n  D a le n  a n d  B .  V a n 't  R ie t ,  A nalyt. Chim. A d a ,  1 9 5 2 , 6 , 1 0 1 .
25 F .  F e ig l , Ind . Chem. Chem. M anuf., 1 9 5 2 ,  28 , 4 8 7 .
28 F .  K n o tz , A nal, real Soc. esp. F is. Quim., 19 5 2 ,  48, B, 564 .
27 E .  J a f f e ,  A nn . Chim. Roma, 1 9 5 1 ,  4 1 ,  3 9 7 .
28 A . do S o u sa , Analyt. Chim. Acta, 1 9 5 2 ,  7, 3 9 3 .
29 Anal, real Soc. esp. F is. Quim., 1 9 5 2 , 48, B, 14 0 .
20 A . V io q u e -P iz a r ro , A nalyt. Chim. Acta, 19 5 2 ,  6, 1 0 5 .
21 F .  B e r m e jo  M a rt in e z 7 A - P r ie to  B d u z a , a n d  J .  F lo r e s  d e  L ig o n d é s , A nal, real Soc. 

esp. F is. Quim., 1 9 5 1 ,  47, B, 5 2 3 .
22 A . d e  S o u sa , Analyt. Chim. Acta, 19 5 2 , 7, 24 .
22 Idem, Mikrochem. Mikrochim. Acta, 19 5 2 , 40, 10 4 .
22 P .  W . W e s t  an d  W . C. H a m ilto n , A nalyt. Chem.; 1 9 5 2 ,  24 , 1 0 2 5 .
21 Ibid., p . 14 9 2 . 228 P .  M . I s a k o v , J . Anal. Chem., U .S.S.R ., 1 9 5 1 ,  6, 2 8 1 .
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4 . IN O R G A N IC  G R A V IM E T R IC  A N A L Y S I S

Five types of weighing vessel have been specified for microchem ical 
analysis.137 W. H . B rom und and  A. A. B enedetti-P ichler 138 have de
scribed the  use of an assay balance for the gravim etric analysis of m illigram  
samples w ith use of microchemical equipm ent. A q uartz  m icrobalance for 
the determ ination of m agnetic susceptibility  on m illigram  samples has been 
described 139 and its perform ance investigated.

The ageing of crystalline precip itates has been considered from the 
theoretical standpo in t by  I. M. K olthoff,140 and  factors influencing bo th  
physical and  chemical ageing have been discussed. I t  has been suggested 
th a t some form of num erical indications of the  analy tical characteristics of a 
precipitate such as “ coefficient of filtra tion ," “ ra te  of sed im entation ," 141 
and "  nucleation p o ten tia l ” 142 should be available. Such values would be a 
valuable guide to  the  analytical behaviour of precipitates. They m ight perm it 
a m ore fundam ental approach to  precipitation  problem s, and  th ey  would 
help in the developm ent of new or the im provem ent of existing m ethods.

Precipitation in Homogeneous Solution.—The m ethod by  which the 
precip itating  agent is produced slowly th roughout the  body of the  solution, 
so th a t uniform  precip itating  conditions are achieved, continues to  be 
extended. A review of existing m ethods has been m ade.143 Calcium m ay 
be determ ined in the presence of m agnesium  by  using the  hydolysis of 
m ethyl oxala te .144 Barium  has been p recip ita ted  by  the hydrolysis of 
sulpham ic acid .145 Praseodym ium  has been separa ted  from  lan thanum  by 
the fractional precip itation of the carbonates from trichloroacetic acid 
solution.140 Thorium  is gradually  p recip ita ted  by  am m onium  picrate or 
by 2 : 4-dinitrophenol,147 and  lead is satisfactorily  p recip ita ted  as phosphate 
in a solution whose pH  is altered  gradually  by  the  hydrolysis of u rea .148

Methods o f analysis. R ecent gravim etric  m ethods of analysis have been 
reviewed.149 C. D u v a l150 has collated earlier work, using the  therm obalance. 
From  a stu d y  of the  therm olysis curves, n itron , cinchonam ine, and  di-1- 
m ethylnaphthylam ine are recom m ended151 as gravim etric  reagents for 
n i tra te ; no reagent tested  was found to  be suitable for the  determ ination of 
n itrite , hyponitrite , or azide. R. C. B rasted  152 has described an  indirect 
gravim etric determ ination  of n itrite  through the  loss in w eight from gas 
evolution w ith sulpham ic acid. O ptim um  conditions have been proposed 153 
for the  determ ination  of phosphorus as am m onium  phosphom olybdate,

137 B .S . I .  S p e c if . ,  19 5 2 , N o . 14 2 8 , P t .  H I .
133 Mikrochem. Mikrochim. Acta, 1 9 5 1 ,  38 , 5 0 5 .
139 F .  B la h a , ibid., 1 9 5 2 , 39 , 3 3 9 . 130 Analyst, 1 9 5 2 ,  77 , 10 0 0 .
141 A . V .  N ik o la e v  an d  M . P . E le n tu k h , J . Anal. Chem., U .S.S.R ., 1 9 5 2 ,  7, 2 1 .
142 R .  A . Jo h n s o n , Ind. Chem. Chem. M anuf., 19 5 2 ,  28 , 489 .
143 L .  G o rd o n , Analyt. Chem., 1 9 5 2 ,  24, 459 .
144 L. G o rd o n  a n d  A . F .  W ro c z y n s k i, ibid., p . 896.
145 W . F .  W a g n e r  a n d  J .  A . W u e lln e r , ibid., p . 1 0 3 1 .
146 L .  L .  Q u ill a n d  M . L .  S a lu t s k y , ibid., p . 14 5 3 .
147 C . L .  R a o , M . V e n k a ta r a m a n ia h , a n d  B .  S . V .  R .  R a o , J . Indian Chem. Soc., 1 9 5 1 ,

28, 5 1 5 .  149 S h u -C h u a n  L ia n g  a n d  K u o - I  L u , Analyt. ¿him . A d a ,  1 9 5 2 ,  7, 4 5 1 .
149 F .  E .  B e a m is h  a n d  W . A . E .  M c B r y d e , Analyt. Chem., 19 5 2 , 24 , 95.
150 Chitn. anal., 19 5 2 , 34 , 5 5 .
151 C . D u v a l a n d  N . D . X u o n g , A nalyt. Chim. Acta, 1 9 5 2 ,  6, 2 4 5 .
133 A nalyt. Chem., 1 9 5 2 ,  24, 1 1 1 1 .
153 A . B a c o n  an d  H . C . D a v is ,  M etal Abs/r., 1 9 5 2 ,  19 ,  734 .
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either in  simple phosphate solutions or in  the  presence of iron or chromium, 
and for the determ ination of su lphate as barium  sulphate in  the  presence of 
iron .15“1 Following a  study  of five co-ordination com pounds of cobalt, 
octa-ammino-|jL-amino-p-nitrodicobaltic n itrite  has been proposed 59- 155 as 
a gravim etric reagent for sulphate. A lthough the  p recip ita te  is more 
soluble th an  barium  sulphate, i t  is little  affected by  foreign ion adsorption. 
In  particu lar, n itra te  does no t interfere. G erm anium  m ay be' estim ated by
3 : 4-dihydroxyazobenzene.156

Critical exam ination of the  precip itation of potassium  w ith  sodium 
cobaltin itrite  157 has confirmed the  unsu itab ility  of th is  reagent for the 
gravim etric determ ination of potassium , even under th e  m ost stringent 
em pirical conditions, because of variab ility  in  the s truc tu re  of the  pre
cip ita te  and  co-precipitation of reagent. I f  this reagent is used, some indirect 
m ethod of determ ination, such as th a t based on a  colorim etric cobalt deter
m ination, m ust be utilised. The gravim etric determ ination  of potassium  as 
potassium  tetraphenylboron, K[B(C6H 5)4],158 is claimed to  be rap id  and free 
from error. A m ethod has been described for the  separation  of rubidium  
and cæsium in large am ounts of sodium  and  potassium  chlorides.159 The 
precipitation  of beryllium  and its  determ ination  as pyrophosphate have 
been critically exam ined, and suitable procedures have been selected.160

J .  L. W alter and  H . Freiser 161 have found 2-o-hydroxyphenylbenzox- 
azole, one of the reagents which they  investigated  from the  stru c tu ra l point 
of view,38 suitable as a gravim etric  reagent for cadm ium . Only nickel and 
cobalt in terfere seriously, and  copper interference can be avoided. Micro
gram  am ounts of m ercury in the m ercurous form have been determ ined 
gravim etrically  as the  chloride w ith  a  coefficient of varia tion  of ;±;1%.162 
Investigations w ith  th e  therm obalance have indicated  some tw en ty  gravi
m etric  m ethods which are su itab le for the  determ ination  of copper, w ith  the 
conditions which are appropriate for drying the  precip ita tes.163 Copper may 
be determ ined gravim etrically  as cuprous th iocyanate  b y  using ferrous 
am m onium  su lphate  as reducing agen t,164 or as sulphide b y  using the 
am m onium  or sodium  sa lt of trith iocarbonic acid as p rec ip itan t.165 Pre
cip ita tion  of copper w ith  5  : 6-benzoquinaldinic acid has been described.166 
Silver has been determ ined gravim etrically  on the  m icrogram  scale as the 
chloride,162 and gold m ay be p recip ita ted  by  m orpholine oxala te .167

A lum inium  can be precip ita ted  q u an tita tiv e ly  as t h e . hydroxide by 
using pyrid ine.168 Interference b y  iron in  th e  precipitation  w ith ammonium

151 N . G a n d o lfo , R. C. 1st. sup. Sanit., 1 9 5 1 ,  1 4 ,  054 .
ls s  R .  B e lc h e r  a n d  D . G ib b o n s, / . ,  19 5 2 ,  4 2 16 .
158 A . T c h a k ir ia n  a n d  P . B é v il la r d , Compt. rend., 1 9 5 1 ,  2 3 3 , 1 1 1 2 .
157 D . B o u rd o n , Chim. anal., 19 5 0 , 3 2 , 2 7 3 ;  J .  W . R o b in s o n , Ind. Client. Client.

M anuf., 19 5 2 , 28, 4 9 1 .
158 H . F la s c h k a , Z .  anal. Client., 1 9 5 2 , 1 3 6 , 9 9 ; H . W . S p ie r , Biochem. Z ., 19 5 2 , 322,

4 6 7 . 159 D . M eier  an d  W . D . T re a d w e ll, Helv. Chim. Acta, 1 9 5 1 ,  34 , 8 0 5 .
180 R .  A iro ld i, A nn. Chim. appl. Roma, 1 9 5 1 ,  4 1 ,  4 7S .
161 Nuclear Sci. Abstr., 19 5 2 , 6, 2 1 2 ;  A nalyt. Ckem., 19 5 2 , 24, 984.
163 H . M . E l - B a d r y  a n d  C. L .  W ilso n , Analyst, 1 9 5 2 , 7 7 , 59 6 .
163 Y .  M a rin  a n d  C . D u v a l,  Analyt. Chim. Acta, 1 9 5 2 , 6, 4 7 .
164 R .  B e lc h e r  a n d  T .  S . W e st , ibid., p . 3 3 7 .
166 E .  G a g lia r d i  a n d  W . P ilz , Monatsh., 1 9 5 2 , 83, 54 .
168 A .  K .  M a ju m d a r  an d  A . K .  M a llic k , J . Indian Chem. Soc., 19 5 2 ,  29, 2 5 5 .
167 L .  S .  M a lo w a n , Rev. Soc. venezol. Qutm., 1 9 5 1 ,  5 , N o . 2 3 , 2 3 .
j«B jr  P e lte n b u rg , Rev. Fac. Çienç, quint.. La Plata, 19 4 7 , 2 2 , 1 7 5 .
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hydroxide m ay be prevented  b y  complexing w ith  thioglycollic acid .109 
The m icro-determ ination of alum inium  w ith  8-hydroxyquinoline has been 
modified.170 L anthanons m ay be precip ita ted  by am m onium  sebacate.171

From  therm olytic  exam ination, tetraphenylarsonium  perrhenate  is 
sta ted  to  be the m ost satisfactory  weighing form for rhenium .172 Iron  and  
chrom ium  m ay be precip ita ted  as th e  hydroxides w ith  pyrid ine,108 and 
cobalt as the' double m ercuric th iocyanate .173 M olybdenum m ay be separ
ated  from  interfering elem ents b y  a  prelim inary precipitation  w ith  a- 
benzoin oxime followed by  conversion in to  sulphide.174 The sulphide m ay 
also be ob tained b y  precipitation  w ith  sodium  trith iocarbonate .175 A 
m ethod for vo latilisation  of tin  'as stann ic  iodide perm its estim ation of th is 
elem ent in  bronzes.170 Lead has been determ ined w ith  phenylarsonic 
acid 177 and  on the m icrogram  scale as su lp h a te .102

F or the quan tita tiv e  precip itation of zirconium, benzilic acid,178 cinnam ic 
acid,179 and  salicylic and  phenoxyacetic acids 180 have all been found sa tis
factory. Q uan tita tive  précip itan ts proposed for thorium  include cam 
phoric,181 anisic,182 succinic,183 adipic,183 benzoic,171' 184 and  m -tolyloxy- 
acetic acids,185 am m onium  fu roate ,180 sodium  su lphanilate,180 and  cinnam ic 
acid.187

A ntim ony m ay be precip ita ted  as the  sulphide b y  sodium  trith io 
carbonate 188 or as a  cobalt complex w ith  bisethylenediam inocobaltic 
chloride.189 V anadium  m ay be p recip ita ted  w ith  diantipyrylphenyl- 
m ethane and ignited to  the  pentoxide.190 The tem peratu res of decom position 
of a  num ber of niobium  complexes have been recorded.191 Separation of the 
tannin  complexes of niobium  and  tan ta lu m  m ay  be achieved in  aqueous 
am m onium  oxalate solution.192 From  tem peratures of decomposition, 
precipitation of tan ta lu m  by  ta rta ric  acid is ind icated  as the  m ost satisfactory 
of the cu rren t m ethods.193

165 R .  A . H u m m e l a n d  E .  B .  S a n d e ll, Analyt. Chim. Acta, 1 0 5 2 , 7, 30 8 .
170 M . C . A lv a r e z  Q u ero l, Mikrochem. Mikrochim. Acta, 1 9 5 2 , 39 , 1 2 1 .
171  G . B .  W e n g e rt , R .  C . W a lk e r , M . F .  L o u c k s , a n d  V . A . S te n g e r , Analyt. Chem., 

19 5 2 , 24, 1G 36 .
172 S . T r ib a la t  a n d  C . D u v a l,  Analyt. Chim. Acta, 1 9 5 2 , 6, 1 3 8 .
173 F .  S ie r r a  a n d  F .  C árce les , Anal, real Soc. esp. F is. Quirn., 1 9 5 1 ,  47 , B, 8 1 1 .
174 J . Iron Steel Inst., 1 9 5 2 ,  1 7 1 ,  7 5 .
175 E .  G a g lia r d i a n d  W . P ilz , Z. anal. Chem., 19 5 2 ,  1 3 6 ,  1 0 3 .
170 J .  B e sso n  an d  R .  B u d e n z , Chim. anal., 19 5 2 ,  34 , 16 3 .
177 A . K .  M a ju m d a r  a n d  R .  N . S . S a rm a , J . Indian Chem. Soc., 1 9 5 1 ,  28 , 654.
178 M . V e n k a ta r a m a n ia h  a n d  B .  S . V .  R .  R a o , ibid., p . 2 5 7 .
172 Ć . V e n k a te s w a r lu  a n d  B .  S . V .  R .  R a o , ibid., p . 3 5 4 . .
iso -g y  S a s t r y  a n d  B .  S .  V .  R .  R a o , ibid., p . 5 3 0 .
183 D . S .  N . M u r ty  a n d  B .  S . V .  R .  R a o , ibid., p . 2 1 8 .
182 K .  V .  S . K r is h n a m u r t y  a n d  B .  S .  V .  R .  R a o , ibid., p . 2 6 1  ; Rec. Trav. chim.,

1 9 5 1 ,  70, 4 2 1 .
isa x  y  g  S u r y a n a r a y a n a  a n d  B .  S . V .  R .  R a o , J . Ind ian  Chem. Soc., 1 9 5 1 ,  28, 5 1 1 .
181 M . V e n k a ta r a m a n ia h , C . L .  R a o , a n d  B .  S .  V .  R .  R a o , Analyst, 1 9 5 2 ,  7 7 , 1 0 3 ;

J . Sei. Ind . Res., India., 1 9 5 1 ,  10 ,  B, 25 4 .
185 M . V e n k a ta r a m a n ia h , B .  S . V . R .  R a o , a n d  C . L .  R a o , A nalyt. Chem., 1 9 5 2 , 24 , 7 4 7 .
188 O . L a k s h m in a r a y a n a  a n d  B .  S .  V . R .  R a o , J . Indian. Chem. Soc., 1 9 5 1 ,  28 , 5 5 1 .
187 K .  V .  S . K r is h n a m u r t y  a n d  C . V e n k a te s w a r lu , Rec. Trav. chim., 1 9 5 2 , 7 1 ,  668 .
188 E .  G a g lia r d i  a n d  W . P ilz , Z. anal. Chem., 1 9 5 2 ,  1 3 6 ,  344 .
189 D . G ib b o n s, Ind. Chem. Chem. M anuf., 19 5 2 , 28, 4 8 7 .
190 S .  I .  G u s e v , R .  G . B e y le s ,  an d  E .  V . S o k o lo v a , J . Anal. Chem., U .S .S .R ., 1 9 5 1 ,

6, 4 3 . 19.3 U . M . D o a n  a n d  C . D u v a l,  Analyt. Chim. Acta, 1 9 5 2 ,  6, 8 1 .
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193 U . M . D o a n  a n d  C . D u v a l,  Analyt. Chim. Acta, 19 5 2 , 6 , 1 3 5 .
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Precipitation  of p la tinum  by  thioform am ide is s ta ted  194 to  be more 
satisfactory  th an  precip itation b y  hydrogen sulphide, and  reduction of 
precip ita ted  am m onium  hexachloroplatinate b y  zinc is recom m ended in 
preference to  the m ore usual m ethods.105 E rrors in the  assay of iridium  106 
and of osmium 197>198 have been investigated, and  precip itation  of osmium 
by "  th ionalide ”  followed b y  ignition in  hydrogen to  the m etal is recom
m ended. Palladium  m ay be precip ita ted  as the sulphide by thioform 
am ide 109 or as a  complex w ith 1 : 10-phenanthroline.200 The la tte r  pre
cip ita te  or the  p recip itate w ith 8-hydroxyquinoline is recom m ended as 
weighing form on the basis of therm olysis curves.201

5 . INORGANIC TITRIMETRIC ANALYSIS.

R ecent advances in  titrim etric  analysis are presented in  the new edition 
of a s tan d ard  work 202 and  in  a  review.203 A titra tio n  bench w ith built-in 
lighting and stirring  appara tus has been described.204 .Reductors and 
reductor m ethods have been reviewed 205 and  new or im proved reductor 
m ethods have been proposed.206 A study  by  potentiom etric  m ethods of 
some of the  reactions of b rom ide-brom ate and iod ide-iodate  system s has 
been reported .207 An extensive correspondence on the standard isa tion  of 
iodine solutions by  sodium  thiosu lphate has stressed the  inadvisability  of 
alkaline stabilisers for s tan d ard  th iosulphate solutions, and th e  necessity for 
acid conditions in the titra tio n .208 A com prehensive review of the  titr i
m etric uses of cerium (iv) solutions has been m ade.209 L. S. Theobald and 
J . P . Stern 210 have recom m ended m ethods for preparing stan d ard  solutions 
of alum inium  and  zinc.210 The stab ility  of aqueous potassium  ferrate 
solutions to  light, tem perature', and  vary ing  conditions of a lkalin ity  and 
concentration has been exam ined.211 Chloramine-T has been recommended 
as a m ore economical titrim etric . reagent th an  iodine.212 The use of s tan 
dard  stannous chloride,213 potassium  m etaperiodate,214 and m an g an ese(m )215

181 E .  G a g lia r d i  a n d  R .  P ie tsc h , Monatsh., 1 9 5 1 ,  82, 056 .
185 A . P . B la c k m o re , M . A . M a rk s , R .  R .  B a r e fo o t , a n d  F .  E .  B e a m is h , Analyt. 
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197 W , J .  x\llan  a n d  F .  E .  B e a m is h , ibid., p . 16 0 8 .
198 Idem, ibid., p . 1 5 6  7 . 199 E .  G a g lia r d i  a n d  R .  P ie tsc h , Monatsh., 1 9 5 1 ,  82 , 4 32 .
200 D . E .  R y a n ,  Analyst, 19 5 2 ,  77 , 46.
201 P .  C h a m p , P . F a u c o n n ie r , an d  C . D u v a l,  Analyt. Chim. Acta, 1 9 5 2 ,  6, 2 5 0 .
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203 C . S . R o d d e n  a n d  C . G . G o ld b e c k , Analyt. Chem., 19 5 2 , 24 , 10 2 .
204 W . S c h o n ig e r, Mikrochem. Mikrochim. Acta, 1 9 5 1 ,  38 , 4 56 .
205 W . I .  S te p h e n , Ind . Chem. Chem. M anuf., 1 9 5 2 ,  28 , 1 3 ,  5 5 , 10 7 .
205 C. W . S i l l  a n d  H . E .  P e te rso n , U.S. Bur. M in ., 19 5 2 , R e p . In v e s t .  4 8 8 2 ; Analyt. 

Chem., 1 9 5 2 ,  24 , 1 1 7 5 ;  J .  M . T h o m p so n , ibid., 1 6 3 2 ;  E .  R .  R ie g e l  a n d  R .  D . S ch w a rtz , 
ibid., p . 18 0 3  ; J .  A . R a h m , ibid., p . 1 8 3 2 ;  C . C . M ille r  a n d  R .  A . C h a lm e rs, Analyst, 19 5 2 , 
7 7 , 2 ;  P .  W e b b e r  a n d  H . H a h n , Z. anal. Chem., 1 9 5 2 , 1 3 6 ,  3 2 1 ,  3 2 5 ;  M . I. K r iv e n ts o v , 
J . Anal. Chem., U .S.S.R., 1 9 5 1 ,  6, 3 S 4 ; E .  G a g lia rd i a n d  W . P ilz , Monatsh., 1 9 5 1 ,  82, 1 0 12 .
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2,3 Z . G . S z a b d  a n d  E .  S u gA r, Analyt. Chim. Acta., 19 5 2 ,  6, 2 9 3 .
214 B .  S in g h  a n d  A . S in g h , J . Indian Chem. Soc., 1 9 5 2 ,  29 , 34 .
215 R .  B e lc h e r  a n d  T .  S .  W e st , Analyt. Chim. Acta, 19 5 2 , 6, 3 2 2 .



WILSON INORGANIC TITRIMETRIC ANALYSIS. 315

solutions as general titrim etric  reagents has been described. R . H. Müller 
and A. M. V ogel216 have recom m ended an  in strum en t w ith  tem perature- 
com pensation for the  standard isa tion  of titrim etric  solutions by  conductance 
measurem ents.

Methods of Analysis.— From  a  critical exam ination of m ethods for the  
estim ation of hypochlorite, A. Lassieur and  D. Jo u s lin 217 recom m end 
titra tio n  w ith  s tan d ard  arsenious oxide solution using an  in ternal indicator. 
Brom ide ion m ay be oxidised to  bróm ate  by  chlorine 218 or by  hypoch lo rite219 
before iodom etric determ ination. Iodide m ay be accurately  t itra te d  by 
perm anganate,220 and fluoride by  zirconium  solution.221 Am m onia m ay be 
precipitated  by Nessler’s reagent, and the p recip itate reduced to  m ercury, 
which is then  trea ted  w ith  iodate-iod ide and  the  liberated  iodine estim ated 
by th iosu lphate .222 T rea tm en t of hydroxylam ine w ith  excess of cerium(iv) 
solution enables the com pound to  be determ ined by  back titra tio n  w ith  
standard  arsenic solution.223 The estim ation of n itra te  b y  the  m ethod  of 
Z. G. Szabó and L. B a rth a  224 has been modified and  converted to  the m icro
scale.225 Azide m ay  be determ ined by  reduction to  give an am m onia- 
nitrogen m ixture  in which the  am m onia is estim ated .226

The bróm ate titra tio n  of arsenic(m ) has been stud ied ,227 and i t  is s ta ted  
th a t significant errors occur except when the end-point acid ity  is m ain tained  
w ithin the range 1-2— 3-5n. Ozone m ay be determ ined iodom etrically,228 
and peroxide by  titra tio n  w ith  perm anganate.229 Sulphite is oxidised to 
sulphate by hypochlorite, the excess of hypochlorite being estim ated by  an 
iodide-th iosulphate titra tio n .230 G. D e n k 231 has shown th a t a  direct 
alkalim etric titra tio n  ío¿ a lkaline-earth  m etals is possible, and  th a t  th is m ay 
in tu rn  be applied to  the indirect determ ination  of sulphate. T itrim etric  
m ethods have been described for selenium 232’ 233 and  tellurium .233' 234 
A m ethod  for alkali carbonate and  b icarbonate  in  the presence of each o ther 
utilises titra tio n  w ith  stan d ard  barium  chloride and  back titra tio n , a fter 
addition of excess of acid, w ith  carbonate-free sodium  hydroxide.235 Cyanide 
m ay be t itra te d  w ith  s tan d ard  nickel solution, m urexide being used as 
indicator.236

The estim ation of potassium  as the  te traphenylboron  com pound 158 m ay
216 A nalyt. Chem., 1 9 5 2 ,  24, 15 9 0 .
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225 Z . G . S z a b ó  a n d  L .  B a r t h a ,  Mikrochem. Mikrochim. Acta, 1 9 5 1 ,  38 , 4 1 3 .
228 L .  P .  P e p k o w itz , Analyt. Chem., 1 9 5 2 ,  24 , 900.
227 D . J .  K e w , M . D . A m o s, a n d  M . C . G re a v e s , Analyst, 19 5 2 , 7 7 , 488.
228 C . M . B ir d s a l l ,  A . C . Je n k in s , a n d  E .  S p a d in g e r , A nalyt. Chem., 1 9 5 2 , 24 , 66 2 .
228 J .  M a ttn e r , Z. anal. Chem., 1 9 5 2 ,  1 3 5 ,  4 1 5 .
230 B .  L .  D u n ic z  a n d  T . R o s e n q u is t , Analyt. Chem., 1 9 5 2 ,  24 , 404 .
231 Z .  anal. Chem., 1 9 5 2 ,  1 3 7 ,  99.
232 G . S .  D e s h m u k h  a n d  B .  R .  S a n t , Analyst, 1 9 5 2 ,  77 , 2 7 2 .
233 K .  G e ie rs b e rg e r  a n d  A . D u rs t , Z . anal. Chem., 19 5 2 ,  1 3 5 ,  1 1 ;  K .  G e ie rsb e rg e r , 

ibid., p p . 1 5 ,  18 .
231 R .  A . Jo h n s o n  a n d  D . R .  F re d r ic k s o n , A nalyt. Chem., 1 9 5 2 , 24 , 866 .
235 D . K ó s z e g i an d  E .  S a lg ó , Z. anal. Chem., 1 9 5 2 ,  1 3 7 ,  2 2 .
238 F .  H u d itz  a n d  I I .  F la s c h k a , ibid., 1 3 6 ,  18 5 .
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be com pleted titrim etrically  instead  of gravim etrically, an  argentom etric 
titra tio n  in acetone solution being used.237 Interference from iron, 
alum inium , and chrom ium  is m asked by fluoride. The d irect alkalim etric 
estim ation of alkaline-earth  m etals 231 is possible in ho t solution, w ith  sodium 
carbonate, thym ol-blue being used as indicator. Beryllium  solutions m ay 
be titra te d  directly  w ith  barium  hydroxide to  a  phenolphthalein end-point, 
or m ay be estim ated  by  precip itating the hydroxide, trea ting  th is  with 
potassium  fluoride, and titra tin g  the  liberated  alkali w ith  stan d ard  acid.238 
Cadmium and  zinc m ay be ind irectly  estim ated  w ith  alkali, m aking use of 
the fact th a t the  hydroxides or basic carbonates, w hen dissolved in sodium 
thiosulphate, liberate an equivalent am ount of acid.239 The salts of cadmium 
w ith strong  acids m ay be titra te d  directly  against sodium  hydroxide to a 
cresolphthalein end-point.240

The effect of n itric  acid on th e  iodom etric determ ination  of copper may 
be elim inated alm ost com pletely b y  addition  of sufficient solid sulpham ic 
acid to  re ta in  crystals in the  solution throughout the  titra tio n .241 L. Meites 
claims 242 th a t  com parison shows th a t addition  of sufficient excess of potas
sium iodide to  re ta in  cuprous iodide in solution is more satisfactory  th an  the 
more usual m ethod  b y  which th e  iodide is precip itated . The increase in 
cost is held to  be offset by  the  g reater speed and  accuracy a tta ined . Gold 
m ay be titra te d  b y  using "  dith izone," and  interference from  other metals 
can be overcome.243 Alkaline alum inate solutions m ay be estim ated  by  a 
double titra tio n  w ith  s tan d ard  acid and  standard  potassium  fluoride solu
tion .244 The iodom etric determ ination of copper described by  R. O. Bras- 
ted  241 m ay  be extended to  deal sim ultaneously wit]ji the  estim ation of iron 
also presen t in the  solution. The titra tio n  of iron w ith  perm anganate on 
the  micro-scale has been found to  be more satisfactory  after reduction with 
stannous chloride th an  after use of the  silver reducto r.245 Conditions for the 
iodom etric determ ination  of ison(m ) have been established.246 Ferro- 
cyanide has been determ ined in th e  presence of cyanide by  titra tio n  w ith 
cerium (iv),247 and  ferricyanide can first be reduced by  m etallic m ercury and 
then  titra te d  in the same w ay 248 since the  presence of cyanide, or alternatively  
of th iocyanate, enhances the reducing pow er of the m ercury. The same 
effect can be utilised in the  reduction  of iron(m ), and  appears to  have some 
advantages over the use of am algam  reductors. P recip ita ted  nickel di- 
m cthylglyoxim e m ay be dissolved in  acid, trea ted  w ith  excess of vanadate 
solution, and  back titra te d  w ith  iron(n) solution, phenylanthranilic  acid 
being used as ind icator.249 Nickel m ay also be oxidised by  persulphate, and 
the resulting com pound estim ated  iodom etrically.250 Chrom ium (in) oxid-

237 W . R i id o r f f  a n d  H . Z a n n ie r , Z. anal. Chetn., 19 5 2 , 1 3 7 ,  1 .
239 V .  K .  Z o lu tu k h in , / .  A nal. Chem., U .S.S .R ., 1 9 5 1 ,  6, 246 .
239 M . M . T i llu , A nalyt. Chem., 1 9 5 2 ,  24 , 14 9 5 .
240 G . D e n k , Z. anal. Chem., 1 9 5 2 , 1 3 6 ,  3 3 6 .
241 R .  O. B r a s t e d ,  A nalyt. Chem., 1 9 5 2 ,  24 , 10 4 0 . 242 Ibid., p . 1 6 1 8 .
243 L .  E r d e y  a n d  G . R a d y ,  Z. anal. Chem., 1 9 5 2 ,  1 3 5 ,  1 .
244 M . B e c k  a n d  Z . G . S z a b d , Analyt. Chim. Acta, 19 5 2 ,  6, 3 1 6 .
246 M . C . A lv a r e z  Q u ero l, Mikrochem. Mihrochim. Acta, 19 5 2 , 39 , 1 2 6 ;  F .  d e  A . B o sch  

A r in o  a n d  M . C . A lv a r e z  Q u ero l, A nal, real Soc. esp. F is. Quim., 19 5 2 , 48, B , 26 7 .
244 L .  J .  W h ite , Coke and Gas, 19 5 2 ,  1 4 ,  2 8 5 .
247 F .  B u r r ie l  M a r t i , F .  L u c e n a -C o n d e , a n d  S . B o lle , A nalyt. Chim. Acta, 1 9 5 2 ,  7, 302.
243 F .  B u r r ie l  M a r t i , Ind . Chem. Chem. M anuf., 19 5 2 ,  28 , 4 8 7 .
249 V .  S .  S y r o k o m s k y  a n d  S .  M . G u b e lb a n k , J . A nal. Chetn., U .S.S.R ., 1 9 5 1 ,  6, 207.
250 E .  S . T o m u la , O. Ju u t in e n , a n d  P .  T a n sk a n e n , Z .  anal. Chem., 1 9 5 2 ,  1 3 5 ,  26 5 .
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ation by  m ixed perchloric-sulphuric acids is m ore com plete in the presence of 
silver n itra te ,251 and  th e  resulting chrom ium (vi) m ay then  be estim ated 
iodom etrically w ithou t interference from precip ita ted  silver iodide.

The iodom etric determ ination  of tin  has been reviewed, and a procedure 
recom m ended.252 Bronzes m ay  be dissolved in  acid and reduced by  antim ony 
powder, thus enabling the  copper to  be p recip ita ted  as cuprous th iocyanate 
before iodom etric determ ination  of tin (n ).253 T in  salts, when trea ted  w ith  
sodium  ta rtra te , liberate hydrogen ions which m ay then  be estim ated  by 
titra tio n  to  a phenolphthalein end-point.254 Thorium  m ay be precip ita ted  
as m otybdate 255 and  th e  m olybdate reduced and  titra ted , or b y  selenious 
acid in the  presence of ethanol 250 followed by  an iodine-th iosu lphate  
titra tion . Thorium  m ay  also be t itra te d  d irectly  against s tan d ard  oxalic 
acid, alizarin-S being used as an  in ternal indicator.257 A direct titra tio n  
of vanada te  solution using s tan d ard  silver n itra te  is possible, w ith  an  alcoholic 
gallic acid test-paper as ind icator.258 Prelim inary  trea tm en t and  titra tio n  
conditions for the estim ation of vanadium  in steels,250 ferrovanadium ,260 and 
uranium  201 have been described.

Indicators and Related Topics.—R . G. B ates 252 has discussed the 
definition of pH  and  the  uncerta in ty  in  the  value as m easured, relating  th is 
to the  necessity for a more precise definition of the  conditions of m easurem ent 
th an  is usually  given: M ethods have been described for the  calculation of 
the pH  of solutions.203 The desirable characteristics of an  ind icator have 
been discussed in term s of colour theory , and  such processes as the  screening 
of indicators have been exam ined in th e  ligh t of ideal behaviour.264 Colori
m etric m ethods for the  determ ination  of pH  have been described and  dis
cussed.205

A m ethod for stabilising litm us solutions over a period of a year has 
been described.266 ^-E thoxychryso id ine adsorbed on silver iodide has
been recom m ended as an acid-base ind icator.207 The behaviour of a
range of ■ indicators w ith  various com pounds in  chlorobenzene and  o ther 
non-aqueous solvents has been exam ined.208

Investigation  of a  wide range of pro tective colloids for th e  re ten tion  of 
silver chloride in suspension, w ith  dichlorofluorescein solution as indicator, 
has shown the  best to  be polyethylene glycol 400, a condensation product 
of ethylene oxide.268. The protective colloids usually  recom m ended—dextrin

261 S .  L y n n  a n d  D . M . M aso n , Analyt. Chem., 1 9 5 2 , 24 , 18 5 5 .
252 A . D o a d r io , Inform . Quint, anal., 19 5 2 ,  6, 79 .
263 M . L .  M a la p ra d e , Bull. Soc. chitn., 1 9 5 1 ,  1 8 ,  7 39 .
251 V . K .  Z o lu tu k h in , J . Anal. Chem., U .S .S .R ., 1 9 5 1 ,  0, 30 0 .
246 C . V .  B a n k s , Iowa Stale Coll. J . Sci., 1 9 5 1 ,  2 5 , 14 5 .
250 G . S . D e s m u k h  a n d  L .  K .  S w a m y , Analyt. Chem., 1 9 5 2 ,  24 , 2 1 8 .
257 p  V e n k a te s w a r lu  a n d  A .  N . R a m a n a th a n , Current Sci., 19 5 2 ,  2 1 ,  4 5 .
258 M . N iv o l i , A nn. Chitn., Roma, 1 9 5 2 , 42 , 37 0 .
260 M e th o d s  o f A n a ly s is  C o m m itte e , J . Iron Steel Inst., 1 9 5 2 ,  1 7 1 ,  8 1 .
260 Idem, ibid., 17 0 , 3 4 3 .
261 S . H . S im o n se n , Analyt. Chitn. Acta, 1 9 5 2 ,  7, 3 3 .  282 Analyst., 1 9 5 2 ,  77 , 6 5 3 .
283 J .  E e c k h o u t , Analyt. Chitn. Acta, 1 9 5 2 ,  7, 2 0 3 ;  A . J .  M c B a y ,  J .  Chem. Educ.,

19 5  2, 29 , 5 2 6 . 281 J .  K in g , A nalyst, 1 9 5 2 ,  7 7 , 74 2 .
286 T .  B .  S m ith , C . A . W h ite , P .  W o o d w a rd , a n d  P .  A . H . W y a t t ,  / . ,  1 9 5 2 ,  3 8 4 8 ; 

R .  H . M . S im o n , Analyt. Chem., 19 5 2 ,  24 , 1 2 1 5 .
288 L .  W . C u m m in g , J . Phann. Pharmacol., 1 9 5 2 ,  4, 3 2 4 .
287 E .  S c h n le k  a n d  E .  P u n g o r , Analyt. Chitn. Acta, 1 9 5 2 , 7 , 446.
288 R .  V . R ic e , S .  Z u ffa n t i , a n d  W . F .  L u d e r , A nalyt. Chem., 1 9 5 2 ,  24 , 1 0 2 2 .
289 R .  B .  D e a n , W . C . W is e r , G . E .  M a r t in , a n d  D . W . B a m n m , ibid., p .  16 3 8 .
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or gum arabic—m ay affect the  end po in t significantly. Acid-violet 4BL 270 
and acid-red 6B 271 have been recom m ended as indicators for silver titrations. 
The system s iron(ni) w ith  benzidine, tolidine, and  o-dianisidine have been 
found satisfactory  for th e  argentom etric titra tio n  of brom ides and  iodides 
a t  g rea t dilution 272 and  for m ercurous titra tio n  of chloride.273

N aphthidinesulphonic acid 274' 275 and 3 : 3 '-dim ethylnaphthidinesul- 
phonic acid 274 have been recom m ended for a  range of oxidation-reduction 
titra tions, and  the ir oxidation po ten tia ls have been established. Rhodamine- 
B has been proposed as a fluorescent indicator in iodom etric titra tio n s with 
coloured solutions,276 although in  stra igh tforw ard  titra tio n s  sodium  starch 
glycollate is to  be preferred to  any o ther ind icator exam ined.

D iphenylcarbazone screened w ith  brom ophenol-blue, w hich also perm its 
ad justm en t of p H ,277 or w ith  a  nickel solution,278 has been recom m ended as 
an  ind icator in m ercuric titra tio n s of chloride. A lternatively, the  chloride 
m ay  be trea ted  w ith  silver solution and  m ercuric solution, and  diphenyl
carbazone is used to  indicate the  end-point.279 Conditions are described 
for the titra tio n  of zinc w ith  ferrocyanide, diphenylthiocarbazone being used 
as ind icator.280

6 . C L A S S IC A L  O R G A N IC  A N A L Y S I S .

General.— General microchemical m ethods,281 volum etric m ethods in 
organic analysis,282 the  determ ination  of m etals in  organic com pounds,283 
and the  determ ination  of organic functional groups 284 have been reviewed. 
The use of derivative m elting points 285 and  general precautions to  be taken 
in  the  small-scale p reparation  of derivatives 286 have been discussed.

Qualitative.— M ethods have been proposed for the  identification of 
am ides and  nitriles,287 carbonyl com pounds,288 acids,289 hydroxyquinones,290 
and  steroids.291

Quantitative.— H . Goldberger and  M. Pohm  292 have described the 
weighing of hygroscopic liquid sam ples for com bustion analysis. Stainless

270 W . H . W e ih e , K lin . Wochenschr., 1 9 5 2 ,  30 , 85 .
271 G . M a n n e ll i  a n d  M . L .  R o s s i, Analyt. Chim. Acta, 1 9 5 2 , 6 , 3 3 3 .
272 F .  S ie r r a  a n d  J .  H e rn á n d e z  C a ñ a v a te , Anal, real Soc. esp. F is. Qulm., 19 5 2 , 48,

B, 4 5 1 ,  4 5 7  . 272 F .  S ie r r a  a n d  J .  A . S á n c h e z  F e rn á n d e z , ibid., p . 33 9 .
271 R .  B e lc h e r , A . J .  N u t te n , a n d  W . I .  S te p h e n , / . ,  19 5 2 ,  12 6 9 , 3 8 5 7 .
276 G . W . C . M iln e r , Analyt. Chim. Acta, 1 9 5 2 ,  6, 2 2 6 .
2,6 L .  D e ib n e r , Chim. anal., 1 9 5 1 ,  3 3 , 2 0 7 .
277 G . B .  S m it , Analyt. Chim. Acta, 19 5 2 , 7, 3 3 0 . •
278 J .  S .  P a r s o n s  a n d  J .  H . Y o e ,  ibid., 6, 2 1 7 .
278 J .  R o d o lfo  B a y e r ,  A nal. Asoc. Quitn. Argentina, 1 9 5 1 ,  39 , ( 19 3 ) ,  1 3 1 .
282 J .  P .  M e h lig  a n d  A . P .  G u ill ,  Analyt. Chem., 1 9 5 1 ,  2 3 , 18 7 6 .
281 C . O. W il li t s  a n d  C . L .  O gg, ibid., p . 70 .
282 W . T .  S m ith  a n d  R .  E .  B u c k le s , ibid., p . 10 8 .
282 R .  B e lc h e r , D . G ib b o n s, a n d  A . S y k e s , Mihrochem. Mikrochim. A d a ,  19 5 2 ,  40, 76.
284 A . J .  N u tte n , Ind . Chem. Chem. M anuf., 1 9 5 2 ,  28 , 2 7 3 , 3 2 1 ;  H . L ie b , Chimia,

1 9 5 2 ,  6 , 34 .
285 M . B r a n d s t a t t e r  a n d  H . T h a le r , Mikrochem. Mikrochim. Acta, 1 9 5 1 ,  38 , 358 .
286 N . D . C h ero n is  a n d  A . V a v o u lis ,  ibid., p . 4 2 8 .
287 S .  S o lo w a y  a n d  A . L ip s c h itz , A nalyt. Chem., 1 9 5 2 ,  24 , 898.
288 L .  R o s e n th a le r , Mikrochem. Mikrochim. Acta, 1 9 5 2 ,  39 , 3 6 0 ; C . N e u b e rg , A.

G ra u e r , a n d  B .  V . P is h a , Analyt. Chim. Acta, 19 5 2 ,  7, 2 3 8 ;  J .  J .  R i t t e r  an d  M . J .  L o ve r,
J . Amer. Chem. Soc., 1 9 5 2 ,  74, 5 5 7 6 ;  G . U tto lin o  a n d  M . V a le n te , Boll. Soc. Hal. Biol. 
sper., 1 9 5 1 ,  2 7 , 446 . 282 P .  C la rk e , Chem. and Ind., 1 9 5 2 ,  450 .

280 J .  R .  A n d e rso n , K .  G . O ’B r ie n , a n d  F .  H . R e u te r ,  Analyt. Chim. Acta, 19 5 2 , 7, 226.
281 H . T a u b e r , Analyt. Chem., 19 5 2 ,  24 , 14 9 4 .
282 Mihrochem. Mikrochim. Acta, 19 5 2 ,  39 , 7 3 .



WILSON : CLASSICAL ORGANIC ANSLYSIS. 319

steel has been proposed 293 as a m ateria l suitable for m aking absorption  tubes 
for semi-micro carbon-hydrogen determ ination. A. A. Sirotenko 294 reports 
th a t potassium  persulphate should be m ixed w ith  the  sam ple in carbon- 
hydrogen determ inations on com pounds containing alkali m etals, in order 
to p revent the  form ation of stab le  alkali carbonates, and  m agnesium  oxide 
pellets have been used 295 to  re ta in  silicon tetrafluoride and  other objection
able com bustion products from fluorine-containing compounds. S tandard  
m ethods for carbon-hydrogen com bustion have been modified by  a num ber 
of w orkers.296

A furnace for use in the  d irect determ ination  of oxygen has been de
scribed,297 and  detailed accounts of the  m ethod have been given.298 The 
im portance of proper p reparation  of the iodine pentoxide used for conversion 
of carbon m onoxide in to  carbon dioxide in th is determ ination  has been 
stressed.298' 299

Specifications have been draw n up for ap p ara tu s  for the  com bustion 
determ ination  of halogens and  sulphur.300 M odifications of the  stan d ard  
com bustion m ethod for sulphur and halogens have been proposed.301 A 
rapid com bustion m ethod  for these elem ents, using ap p ara tu s  which follows 
the general design of the rap id  com bustion m ethod  for carbon and hydro
gen,302 has been described.303 A modified com bustion m ethod suitable for 
very sm all am ounts of sulphur has been proposed.304 The reactions resulting 
in the  form ation of silver su lphate  in the sulphur determ ination 305 and  those 
taking place in  the  decom position of organic com pounds w ith  potassium  306 
have been exam ined. Decom position w ith  m agnesium  has been recom 
mended for com pounds containing sulphur and  nitrogen.307 W et oxidation 
m ethods for su lphur com pounds have been proposed, using potassium  
chrom ate in  phosphoric acid 308 or a  n itric  acid-hydrochloric acid m ix ture  
in the presence .of sodium  chloride w ith selenious acid as ca ta ly st.309

Specifications have been given for the  appara tus for determ ination  of 
nitrogen b y  com bustion,310 and m odifications of the  D um as m ethod have

293 J .  A . K u c k  a n d  M . A rn o ld , Mikrochem. Mikrochim. A d a ,  1 9 5 1 ,  38 , 5 2 1 .
201 Ibid., 1 9 5 2 ,  40, 30 .
295 W . H . T h ro c k m o rto n  a n d  G . H . H u tto n , A nalyt. Chem., 19 5 2 ,  24 , 2 0 0 3 .
296 S .  S . Is r a e ls ta m , Analyt. Chem., 19 5 2 ,  24 , 1 2 0 7 ;  O. G . B a c k e b e r g  a n d  S . S . 

Is ra e ls ta m , ibid., p . 1 2 0 9 ;  G . D e  V r ie s  an d  E .  v a n  D a le n , Analyt. Chim. Acta, 1 9 5 2 , 7, 
2 7 4 ; G . K a in z , Mikrochem. Mikrochim. A d a ,  19 5 2 ,  39 , 1 6 6 ;  G . M a n g e n e y , Bull. Soc. 
chim., 1 9 5 1 ,  4, 8 0 9 ; V . A . K l im o v a  a n d  M . O . K o rs h u n , J . A nal. Chem., U .S.S.R ., 1 9 5 1 ,  
6, 2 3 0 ;  M . O . K o rs h u n , ibid., 1 9 5 2 / 7 ,  9 6 ; M . O. K o rs h u n  a n d  N . S . S h e v e le v a , ibid., 
p. 10 4 .

297 A . S te y e r m a r k , M . J .  M c N a lly , W . A . W ise m a n , R .  N iv e n s , a n d  F .  P .  B ia v a ,  
Analyt. Chem., 1 9 5 2 ,  24 , 589 .
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289 E .  G . A d a m s  a n d  N . T . S im m o n s , J . A ppl. Chem., 1 9 5 1 ,  S u p p l. 1 , S  20 .
303 B . S . I .  S p e c if . ,  1 9 5 2 ,  N o . 14 2 8 , P t .  A 3 .
301 E .  D . P e te r s , G . C . R o u n d s , a n d  E .  J .  A g a z z i, Analyt. Chem., 1 9 5 2 , 24 , 7 1 0 ;

O. E .  S u n d b e rg  a n d  G . L .  R o y e r ,  ibid., p . 9 0 7 ; G . W . P e ro ld , S .  A fr. Ind . Chem., 1 9 5 1 ,  
5, 1 3 5  . 302 R .  B e lc h e r  a n d  G . In g r a m , Analyt. Chim. A d a ,  19 5 0 , 4, 1 1 8 .

303 Idem, ibid., 1 9 5 2 ,  7, 3 1 9 .
301 F .  G ra ss n e r , Z. anal. Chem., 1 9 5 2 ,  1 3 5 ,  18 6 .
305 M . O. K o rs h u n , J . A nal. Chem., U .S .S .R ., 1 9 5 2 ,  7 , 1 0 1 .
306 G . K a in z  a n d  A . R e s e ll, Mikrochem. Mikrochim. A d a ,  1 9 5 2 , 39 , 7 5 .
307 P .  N . F e d o s e e v  a n d  N . P . I v a s h o v a ,  J . A nal. Chem., U .S.S.R ., 1 9 5 2 ,  7, 1 1 2 ,  1 1 6 .
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309 A . S te in b e rg s , J . A ust. In st. Agric. Sci., 1 9 5 1 ,  1 7 ,  3 , 1 5 5 .
310 B .S . I .  S p e c if . , 19 5 2 , N o . 14 2 8 , P t .  A 2 .
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been proposed.311 The reactions tak ing  place in th e  D um as m ethod  have 
been discussed in some d e ta i l312 and  m eans of avoiding errors have been 

- suggested.313
W. K irsten  314 has described appara tus for th e  K jeldahl m ethod for 

nitrogen, and catalysts for the  digestion process have been exam ined.315 
R eduction before digestion m ay be achieved by  zinc and  m e th a n o l318 or 
thiosalicylic acid.317 In  describing a diffusion m icrogram  m ethod for 
nitrogen, B. W . G runbaum , F. L. Schaffer, and  P. L. K irk  318 po in t out 
th a t, in spite  of the  m ass of em pirical inform ation about the  Kjeldahl 
digestion process, little  fundam ental inform ation regarding it  is available. 
T heir experim ents show th a t digestion in a sealed tube w ithout a  catalyst 
is quite satisfactory  provided th a t  th e  tem pera tu re  is no t allowed to  rise 
above 450°, a t  which tem pera tu re  th e  sulphuric acid begins to  oxidise the 
am m onia w ith  consequent loss. A diffusion m ethod is also proposed by
D. Seligson and  H . Seligson.319 M. M arzadro 320 shows how it  is possible, 
by  utilising the  selective action of the K jeldahl m ethod together w ith  the 
D um as m ethod, to  distinguish betw een nuclear and  extra-nuclear nitrogen 
in heterocyclic compounds.

The determ ination of phosphorus a fte r decomposition in  the P a rr  .bomb 
has been described.321 Halogens have been determ ined by  com bustion,322 
by  potassium  fusion,323 by  peroxide decom position,324 and  by  a modification 
of Viebock’s m ethod.325 Acid chlorides have been estim ated  by argento- 
m etric  titra tio n  in acetone solution,326 aliphatic  halogens on arom atic side- 
chains b y  hydrolysis w ith  alkali in  ethylene glycol solution,327 and  halogen 
com pounds have been reduced by  hydrogen w ith  a nickel ca ta lyst in an 
aqueous-ethanolic alkalisolution.328

The reaction velocities of organic halides w ith  am ines have been claimed 
to  have diagnostic value in  th e  identification and  determ ination  of mono
halides and  in  the  identification of more com plex substances.329 Iodine 
m ay be determ ined by  reduction w ith  zinc pow der in  sodium  hydroxide 
solution, followed by titrim etric  determ ination  of th e  iodide.330 The lead

311  W . C . A lfo rd , A nalyt. Chem., 1 9 5 2 ,  24 , 8 8 1 ;  H . S w if t  a n d  E .  S . M o rto n , Analyst,
19 5 2 ,  77 , 3 9 2 ;  IT. G y se l, Helv. Chitn. Acta, 19 5 2 ,  3 5 , 8 0 2 ; W . S c h o n ig e r , Mikrochem. 
Mikrochim. Acta, 1 9 5 2 ,  39 , 2 2 9 .

313 S h e a u - S h y a  K a o  a n d  W . C . W o o d la n d , ibid., 1 9 5 1 ,  38 , 3 0 9 ;  W . K ir s t e n , ibid., 
1 9 5 2 ,  39 , 38 9 .

313 Idem, ibid.,'-p. 2 4 5 ;  H . A . P a g e l  a n d  I .  J .  O ita , A nalyt. Chem., 1 9 5 2 ,  24, 750 .
3 1 ‘  Ibid., p . 10 7 8 .
316 A . M a llo l, A nal, real Soc. esp. F is. Quim., 1 9 5 1 ,  47 , B , 6 5 9 ; S .  D a h l an d  R- 

O elile r , J . Amer. Leather Chem. Assoc., 1 9 5 1 ,  46, 3 1 7 ;  G . M id d le to n  a n d  R .  E .  S tu c k e y , 
J .  Phann. Pharmacol., 1 9 5 1 ,  3, 8 2 9 ; G . N . B a d a r n i a n d  J .  W . W h ita k e r , Fuel, London, 
1 9 5 1 ,  30 , 2 1 1 .

316 V . B .  F is h , A nalyt. Chem.. 1 9 5 2 ,  24, 700.
317 P .  M c C u tc h a n  a n d  W . F .  R o t h , ibid., p . 36 9 .
313 Ibid., p . 14 8 7 . 313 J . Lab. Clin. Med., 1 9 5 1 ,  38 , 3 2 4 .
370 R. C. 1st. sup. Sanit., 1 9 5 1 ,  1 4 ,  6 6 8 ; Mikrochem. Mikrochim. Acta, 1 9 5 1 ,  3 8 , 372.
331 W . P e r k o w  a n d  H . K o d d e sb u sc h , Z . anal. Chem., 1 9 5 2 , 1 3 6 ,  1S 9 .
332 W . K ir s t e n  a n d  I .  A lp e ro w ic z , Mikrochem. Mikrochim. A d a ,  1 9 5 2 ,  39 , 2 3 4 .
333 G . K a in z  a n d  A . R e s c h , ibid., p . 1 .
331 Idem, ibid., p . 2  9 2  . 335 A . J .  N u tte n , ibid., p . 3 5 5 .
336 D . K la m a n n , Monatsh., 1 9 5 2 ,  83, 7 19 .
337 F .  B u s c a ro n s  a n d  P . M ir, A nalyt. Chitn. A d a ,  1 9 5 2 , 7, 18 5 .
338 A . K .  R u z h e n ts e v a  a n d  V . V . K o lp a k o v a , / .  Anal. Chem., U .S.S.R ., 1 9 5 1 ,  6, 223 .
333 G . S a lo m o n , Analyst, 1 9 5 2 ,  7 7 , 1 0 1 7 .
330 C . W . B a l la r d  a n d  S . S p ic e , J . Phann. Pharmacol., 19 5 2 ,  4, 3 2 2 .
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chlorofluoride m ethod for the determ ination  of fluorine has been adap ted  to 
provide a V olhard titra tio n  finish.331

Oxalic acid m ay be titra te d  w ith perm anganate a t  room tem perature  
in the  presence of ferric alum .332 T artaric  acid has been determ ined by 
trea tm en t w ith  excess of s tan d ard  sodium vanadate  solution and back 
titra tion  w ith  stan d ard  iron(n) solution.333 A m ethod  has been described 
which is suitable for the  sim ultaneous determ ination  of aldehydes, ketones, 
and com pounds such as acetals,334 and  m ethods for carbonyl compounds 
have been critically exam ined.335 The necessity for close tolerances on the 
standard  glass jo in ts in  m ethoxyl appara tus has b'een stressed.330 A m odi
fication has been proposed for the van Slyke appara tus for determ ining 
amino-groups in w hich carbon dioxide is used as a sweeping gas.337 M ethods 
for the  determ ination of reactive hydrogen have been reviewed.338

A m ethod of titra tio n  referred to  as “ solubilisation titra tio n  ” has been 
proposed for th e  analysis of b inary  m ixtures which are no t readily  analysed 
by o ther m ethods.339 This is based on phase changes in the  presence of 
aqueous solutions of substances such as Teepol. Thus a hexane-octan-l-o l 
m ixture is titra te d  w ith  hexane-T eepol-w ater e ither to the  po in t where a 
clear isotropic m ix ture  results or where an aqueous phase ju s t begins to  
deposit. These phase changes are readily  detected, and provide precise 
end-points.

7 . IN S T R U M E N T A L  M E T H O D S .

In  a new edition of the ir book, H. H. W illard, L. L. M erritt, and  J . A. 
Dean 340 present an up-to-date  account of the  more im portan t branches of 
instrum ental analysis, w ith  full working descriptions of simple appara tus 
for applying the m ethods. The single draw back, for B ritish  users of the  
book, is th a t  commercial models of appara tus described are of American 
origin, b u t th is does not p revent the  book from being a  very valuable labora
tory ad junct. O ther reviews of instrum ental operations in analytical 
chem istry, w ith  special reference to  au tom atic  operations 341 and  to work in 
the organic field,342 have appeared. In  the paper already referred to  7 
R. H . Müller illustrates possible fu ture developm ents by  reference to  some 
very recent types of appara tus and the requirem ents which led to  th e ir 
construction.

Electroanalysis.— R ecent developm ents have been reviewed.343 An 
indirect m ethod  for th e  determ ination  of m ixed halides has been devised 344 
which is based on precip itation  of the silver halides, solution of these in

331 R .  B e lc h e r , E .  F .  C a ld a s , a n d  S . J .  C la rk , A nalyst, 1 0 5 2 , 77 , 602.
332 G . E .  M a p sto n e  a n d  J .  W . S m ith , Chem. and Ind., 1 9 5 2 ,  856 .
333 G . G . R a o  a n d  H . S a n k cg o 'w d a , Current Sei., 1 9 5 2 ,  2 1 ,  18 8 .
333 R .  IT. B u c h a n a n , Austr. J . A ppl. Sei., 1 9 5 1 ,  2 , 276 .
335 J .  J .  P e r re t , Helv. Chint. Acta, 1 9 5 1 ,  34 , 1 5 3 1 .
330 R .  L .  H u a n g  a n d  F .  M o rsin g h , Analyt. Chem., 19 5 2 , 24, 1 3 5 9 ;  C . A . R e d fa r n  a n d

D . R .  N e w to n , Chem. and Ind., 1 9 5 2 , 40 4 , 8 5 7 ;  R .  G . S t u a r t ,  ibid., p . 5 2 0 ;  W . M cC o rk in - 
d ale  a n d  A .  C . S y m e , ibid., p . 7 5 8 ;  G . W e sto n , ibid., p . 10 5 9 .

337 A . S . H u s s e y  a n d  J .  E .  M a u re r , A nalyt. Chem., 19 5 2 , 24, 16 4 2 .
338 F.. D . O llem a n , ibid., p . 14 2 5 .
330 E .  C . L u m b  a n d  P . A . W in so r , Analyst, 19 5 2 ,  7 7 , 1 0 1 2 .
310 “  In s t r u m e n ta l M e th o d s  o f A n a ly s is ,”  2n d  e d tn ., N e w  Y o r k ,  1 9 5 1 .
331 G . D . P a t te r s o n  a n d  G . M ello n , Analyt. Chem., 19 5 2 , 24 , 1 3 1 .
332 R .  L .  P e c k  a n d  P . H . G a le , ibid., p . 1 1 6 .
333 S . E .  Q . A s h le y , ibid., p . 9 1 .  333 R .  F o r t ,  Chim. analyt., 19 5 2 , 34 , 14 3 .

R E P .— V O L . X L IX . L



322 ANALYTICAL CHEMISTRY.

cyanide solution, and electrochem ical deposition of th e  silver. E lectro
deposition m ethods have been described for the  determ ination  of copper in 
ferro titan ium ,345 and  of copper and  silver in alloys containing the  two 
m etals.346 M anganese can be deposited on a m ercury cathode from  aqueous 
solution and  thus estim ated .347 P lutonium  can be electrodeposited on 
p la tinum .348

Controlled po ten tia l analysis has been applied to  copper-base a llo y s349 
and  to  m ixtures of copper, b ism uth , lead, and tin .350 In te rn a l electrolysis 
has been used for the  determ ination of copper in steel.351

Coulometry and Related Methods.— In a general consideration of the 
application of polarisation curves to  electrochem ical processes, the use of 
these curves and  other factors in deducing conditions for coulometric and 
potentiom etric  analysis is discussed.352 P. D elahay 353 has dealt w ith the 
relation between equilibrium  potentials and the irreversibility  of electrode 
processed in relation to  coulom etric titra tions. Coulometric m ethods have 
been developed for cerium (iv), dichrom ate, perm anganate, and vana
d iu m ^ ) ,354 iron(n) and arsenic(m ),355 silver,356 thallium (i),357 m anganese,358 
and  uran ium .359 T itanium (iv) chloride has been recom m ended as an 
in term ediate  in coulom etric titra tio n s which provides a more powerful 
couple th an  those h itherto  reported, and  hence perm its the  m ethod  to be 
more widely applied.360 In n er electrolysis has been applied on a tim e basis 
to  the  titra tio n  of m anganese and  o ther elem ents.301 Low concentrations of 
oxygen have been m easured by  the capacity  of a cell in which the gas 
surrounds a  p la tinum  electrode to  form one of the un its .362

Polarography.— Probably  the m ost significant contribution  to  this 
b ranch  is the new edition of th e  s tan d ard  work by  I. M. K olthoff and J . J. 
L ingane,363 which is approxim ately  doubled in size. Polarography has been 
reviewed,364 and  in a review  of the  polarography of organic compounds 
J .  E . Page 365 gives an excellent in troduction  to  general aspects of the 
subject. Theoretical aspects of polarographic curren ts have been dis
cussed.366 The application of square-w ave'po larography to  th e  detection

345 L .  B o n n a fo u s , Chitn. analyt., 19 5 2 ,  34, 17 6 .
348 H . D ie h l a n d  J .  P . B u t le r ,  Analyst, 19 5 2 ,  77 , 26 8 .
347 B .  M c D u ffie  a n d  L .  S . H a z le g ro v e , Analyt. Chem., 1 9 5 2 , 24 , 826 .
343 H . W . M ille r  a n d  R .  J .  B ro u n s , ibid., p . 5 3 6 .
348 G . \V . C . M iln e r  an d  R .  N . W h itte m , Analyst, 19 5 2 , 77 , 1 1 .
350 J .  J .  L in g a n e  a n d  S . L .  Jo n e s , Analyt. Chem., 19 5 2 ,  24 , 17 9 8 .
351 D . L .  C a rp e n te r  a n d  A . D . H o p k in s , Analyst, 1 9 5 2 ,  77 , 86 .
352 R .  G a u g u in , G . C h a rio t , a n d  J .  C o u rsie r , Analyt. Chini. Acta, 1 9 5 2 ,  7, 1 7 2 ;  

R .  G a u g u in , G . C h a r io t , C . B e r t in , a n d  J .  B a d o z , ibid., p . 3 6 0 ; R .  G a u g u in  a n d  G. 
C h a r io t , ibid., p . 4 0 8 ; R .  G a u g u in , Ind. Chem. Chem. M anuf., 19 5 2 ,  28 , 4 8 7 .

353 Analyt. Chim. Acta, 1 9 5 2 , 6, 5 4 2 . 354 L .  M eites , Analyt. Cliem., 19 5 2 , 24, 1057 .
355 W . M . M a c N e v in  a n d  B .  B .  B a k e r ,  ibid., p . 98.6.
356 S . S . L o r d , R .  C. O 'N e ill , a n d  L .  B .  R o g e rs , ibid., p . 20 9 .
357 R .  P .  B u c k , P .  S . F a r r in g to n , a n d  E .  H . S w if t ,  ibid., 1 1 9 5 .
358 W . D . C o o k e , C . N . R e i l le y ,  a n d  N .  H . F u r m a n , ibid., p . 2 0 5 .
339 N . H . F u r m a n , C . E .  B r ic k e r , an d  R .  V . D ilt s ,  Nuclear Sci. Abstr., 19 5 2 , 6, 179 .
360 P .  A r th u r  a n d  J .  F .  D o n a h u e , Analyt. Chem., 19 5 2 , 24 , 1 6 1 2 .
361 A .  S c h le ic h e r , Z . anal. Chem., 1 9 5 2 ,  1 3 6 ,  3 3 0 ;  W . O elsen , H . H a a s e , an d  G. 

G ra u e , Angew. Chem., 1 9 5 2 ,  64, 76 .
382 P .  H e rsc h , Ind . Chem. Chem. M anuf., 19 5 2 ,  28 , 488 .
383 "  P o la r o g r a p h y ,”  2n d  e d tn .. N e w  Y o r k  a n d  L o n d o n , 1 9 5 2 .
384 J .  A . L e w is , Ind. Chem. Chem. M anuf., 1 9 5 2 ,  28 , 5 3 1 .
385 Quart. Reviews, 19 5 2 ,  0, 26 2 .
388 P .  D e la h a y  a n d  G . L .  S t ie h l, J . Amer. Chem. Soc., 1 9 5 2 ,  74, 3 5 0 0 ;  P . D e la h a y , 

ibid., p . 3 5 0 6 ;  P .  D e la h a y  a n d  T . J .  A d a m s , ibid., p . 5 7 4 0 ; S . L .  M ille r , ibid., p . 4 13 0 .
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and determ ination of very low concentrations of ions, of the  order of 10-7 
to 1 0 “9m , has been described.367 W. Furness 363 has discussed the  desir- 

i ability of m ore precise m easurem ent of the diffusion curren t and  po ten tia l of 
the dropping-m ercury electrode, and  has suggested m ethods by  which th is 
may be achieved. Recording appara tus suitable for polarography has been 
described.369 J . H eyrovsky 370 has instanced advantages of using a  cathode- 
ray oscilloscope for qualita tive  analysis by  m eans of po ten tia l-tim e  curves. 
A ro ta tin g  m ercury electrode w hich combines advantages of the  dropping- 
mercury and  of the  ro tating-p latinum  electrode, though w ith  certain  con
sequent disadvantages, is s ta te d 371 to  be applicable to  the analysis of 
m aterials a t  very  low concentrations. A m ethod of differential polaro
graphy using a  single dropping electrode has been proposed.372

Individual polarographic m ethods have been proposed for the  d e te r
m ination of fluoride by  complexing w ith  alum inium  and  estim ation of the  
excess of alum inium ,373 of su lphate by  conversion in to  cadm ium  sulphide 
and determ ination  of cadm ium ,374 of te tra th io n a te ,375 of potassium  by  
precipitation w ith excess of dipicrylam ine,376 of germ anium ,377 of copper-base 
alloys,378 of trace elem ents in lead 379 and in oils,380 of copper by  excess of 
quinaldinic acid,381 of silver,382 of indium ,383 of iron ,384 of chrom ium ,385 
of m olybdenum ,386 and  of titan ium .387

R ecent developm ents in organic polarography have been reviewed,365- 388 
and polarographic m ethods of determ ination  have been proposed for 
acraldehyde,389 form aldehyde,390 and  glucose.391 Polarographic studies 
have been m ade of some heterocyclic nitrogen com pounds 392 and some 
dyes.393 G. E . 0 .  Proske 394 has proposed the use of certain  w etting agents 
such as the  dialkyl sodium  sulphosuccinates, w hich have little  effect on 
polarographic waves, for th e  solubilisation of organic compounds w hich are 
insoluble in w ater, thus enabling polarographic determ inations to  be carried

387 G . C . B a r k e r  a n d  I .  L .  Je n k in s , Analyst, 1 9 5 2 , 77 , 085. 368 Ibid., p p . 24 6 , 3 4 5 .
388 E .  B .  T h o m a s  a n d  R .  J .  N o o k , J . Chem. Educ., 19 5 2 , 29, 4 1 4 ;  M . T . K e l le y  a n d  

H , H . M ille r , Nuclear Sci. Abslr., 1 9 5 2 ,  6 , 1 4 8 ;  Analyt. Chem., 19 5 2 , 24 , 18 9 5 .
3.0 Ind. Chem. Chem. M anuf., 1 9 5 2 ,  28 , 489.
3 .1  T .  S . L e e , J . Amer. Chem. Soc., 19 5 2 , 74, 5 0 0 1 .
3.2 M . I s h ib a s h i  a n d  T . F u g in a g a , Bull. Chem. Soc. Japan, 1 9 5 2 , 2 5 , 68 .
373 B .  J .  M a c N u lty , G . F .  R e y n o ld s , a n d  E .  A . T e r r y ,  Nature, 1 9 5 2 , 16 9 , 888 .
371 A . D . H o rto n  an d  P . F .  T h o m a so n , Analyt. Chem., 1 9 5 1 ,  2 3 , 1 8 5 9 .
375 W . F u rn e s s  a n d  W . C . D a v ie s , A nalyst, 1 9 5 2 ,  77 , 697.
376 D . M o n n ier  a n d  Z . B e s so , Analyt. Chim. Acta, 19 5 2 , 7, 38 0 .
377 D . C ozzi a n d  S . V iv a r e l l i ,  Mikrochem. Mikrochim. Acta, 19 5 2 , 40, 1 .
378 W . E .  A lls o p p  an d  T . E .  A rth u r , Analyt. Chem., 1 9 5 1 ,  2 3 , 18 8 3 .
378 F .  B u r r ie l  M a rt i a n d  J .  F .  S á iz  d el R io , Anal, real Soc. esp. F t 's . Quint., 1 9 5 1 ,  

47, B, 803.
380 O . I .  M iln er, J .  R .  G la s s , J .  P .  K irc h n e r , a n d  A . N . Y u r ic k ,  Analyt. Chem., 1 9 5 2 , 

24, 17 2 8 .
381 P .  E .  IV e n g e r, D . M o n n ier, an d  L .  E p a r s ,  Helv. Chim. Acta, 1 9 5 2 ,  3 5 , 5 6 1 .
382 G . C . B .  C a v e  a n d  D . N . H u m e , Analyt. Chem., 19 5 2 ,  24 , 588 .
383 G . R ie n a c k e r  a n d  E .  H o s c h e k , Z. anorg. Chem., 1 9 5 2 ,  268 , 260 .
381 L .  M eites , Analyt. Chem., 19 5 2 , 24, 1 3 7 4 .
385 E .  C . M ills  a n d  S . E .  H e rm o n , Metallurgia, 1 9 5 1 ,  44, 3 2 7 .
388 M . G . Jo h n s o n  a n d  R .  J .  R o b in s o n , Analyt. Chem., 19 5 2 , 24, 36 6 .
387 R .  P .  G ra h a m  a n d  A . H itc h e n , Analyst, 19 5 2 ,  77 , 5 3 3 .
388 S . W arvzo n ek , Analyt. Chem., 1 9 5 2 , 24, 3 2 .
388 A . S . K i r i l lo v a  a n d  I .  A . K o rsh u n o v , J . Anal. Chem., U .S.S.R ., 1 9 5 1 ,  6, 2 5 7 .
380 A . S . B o g o ra d  a n d  S . N . A le k s a n d r o v , ibid., p . 276 .
381 R .  N . A d a m s , C . N . R e i l le y ,  a n d  N . H . F u r m a n , Analyt. Chem., 1 9 5 2 , 24 , 12 0 0 .
382 R .  C . K a y e  a n d  H . I .  S to n e h ill , / . ,  19 5 2 , 3 2 4 0 .
383 Idem, ibid., p p . 3 2 3 1 ,  3 2 4 4 . 381 Analyt. Chem., 19 5 2 , 24 , 18 3 4 .
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out. A polarographic study  of certain  m etal salts and  a  num ber of acid 
chlorides in non-aqueous solution has been carried out, and the  difficulties 
norm ally encountered in such work have been discussed.395

Amperometric Titrations.— R ecent work has been reviewed.390 Methods 
have been proposed for the  determ ination of fluoride th rough a  decrease in 
the  diffusion curren t from an alum inium -organic com plex,397 for the  deter
m ination of iodine,398 of potassium  w ith  sodium dipicrylam inate,399 and of 
zinc w ith potassium  ferrocyanide.400

Potentiom etrie T itrations.—The m echanism  of the  dead-stop end-point 
has been discussed,401 and it has been shown th a t  the  m ethod  ought to  be 
applicable to  any  oxidation-reduction  system  by  choosing suitable con
ditions. G. Gran 402 has described a m ethod, applicable to  all types of 
potentiom etric  titra tions, by  which end-points which are no t norm ally well- 
defined m ay be represented precisely by  transform ing the  curves into 
intersecting stra ig h t lines. E . B ishop 403 has proposed the use of “ in- 
dicator-reference ”  electrodes, th u s sim plifying the appara tus in  potentio
m etric titra tions, and has extended the  m ethod to deal w ith  non-aqueous 
as well as aqueous solutions.

Peroxides have been determ ined iodom etrically.404 Small am ounts of 
chloride have been estim ated by  m aking use of two half-cells which differ 
only in  the  chloride conten t due to  the  unknow n 405 or by  precip itating  the 
chloride w ith  iodide as carrier, the  iodide being rem oved before titra tio n .406 
T he errors involved in th e  poten tiom etric  titra tio n  of m ix tures of halides 
w ith silver n itra te  have been studied .407 M ethods have been proposed for 
the  argentom etric  titra tio n  of m ixtures of brom ides and  th iocyanates,408 for 
the  m ercurim etric titra tio n  of brom ide,409 for the  cerim etric titra tio n  of 
hypophosphate,410 for the  estim ation of phosphate by  precip itation as zinc 
phosphate and  titra tio n  of the  acid liberated ,411 of th iocyanate  using a  silver 
th iocyanate electrode,412 of rubidium  and cæsium as chlorides argento- 
m etrically ,159 of m agnesium  by  addition  of excess of fluoride and  titration 
of the  excess w ith ferric chloride,413 of cadm ium  by  applying an empirical 
factor in the brom ate-brom ide titra tio n  of 2-o-hydroxyphenylbenzoxa- 
zole,161’ 414 of copper in the  presence of oxidising anions iodom etrically,415 of

395 P .  A r th u r  arid  H . L y o n s , ibid., p . 14 2 2 .
396 H . A . L a it in e n , ibid., p . 4 6 ; T . D . P a r k s , Analyt. Chim. Acta, 19 5 2 ,  6, 5 5 3 .
397 C.. R .  C a s to r  a n d  J .  H . S a y lo r ,  Analyt. Chem., 19 5 2 ,  04, 13 6 9 .
398 H . P . K r a m e r , W . A . M o o re , a n d  D . G . B a llin g e r , ibid., p . 18 9 2 .
399 Y .  Y a s u m o r i ,  Bull. Chem . Soc. Japan, 1 9 5 1 ,  24, 10 7 .
409 A .  L .  W o o d so n , B .  H . Jo h n s o n , a n d  S . R .  C o o p er, Analyt. Chem., 1 9 5 2 ,  24 , 1 19 8 .
401 K .  G . S to n e  a n d  H . G . S c h ö lte n , ibid., p . 6 7 1  ; J .  E .  B . R a n d le s , Ind. Chem. 

Client. M anuf., 19 5 2 , 28 , 490 .
492 Analyst, 1 9 5 2 , 77, 6 0 1 .  403 Ibid.. p . 672 .
404 E .  W . A b ra h a m so n  a n d  H . L in s c h itz , Analyt. Chem., 19 5 2 , 24 , 1 3 5 5 .
405 W . J .  B la e d e l, W . B .  L e w is , a n d  J .  W . T h o m a s , ibid., p . 509 .
4(115 G . S . S p ic e r  a n d  J .  D . H . S t r ic k la n d , Analyt. Chim. Acta, 19 5 2 , 6 , 4 9 3 .
407 H . C h a te a u  an d  J .  P o u ra d ie r , Compt. rend., 1 9 5 2 , 234 , 6 2 3 .
403 C. L é o n , ibid., 1 9 5 1 ,  2 3 3 , 1 7 0 . '
409 P . S ie r r a  a n d  O. C a rp e n a , Anal, real Soc. esp. F is. Quim., 1 9 5 1 ,  47 , B, 5 2 7 .
419 T .  M o e lle r  a n d  G . H . Q u in t} ’ , A nalyt. Chem., 19 5 2 , 24 , 1 3 5 4 .
411 R .  N . B e ll ,  A . R .  W re a th , a n d  W . T .  C u rless , ibid., p . 19 9 7 .
412 R .  N . P a r id a , S .  A d it y a , a n d  B .  P ra s a d , J . Indian Chem. Soc., 1 9 5 2 , 2 3 , 3 7 7 .
413 W . M än n ch en , M etal Abstr., 19 5 2 ,  19 ,  79 5 .
414 J .  L .  W a lt e r a n d  H . F re is e r , Analyt.-Chem., 19 5 2 , 24, 19 8 5 .
415 J .  B e r n a l N ie v a s  a n d  L .  S e rra n o  B e r g e s , Anal, real Soc. esp. F is. Quim., 19 5 1,

4 7 , B, 6 0 1 .
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manganese, chrom ium , and  vanadium  in steels,416 of chrom ium  and  iron in 
chrom ite ores,417 of iron(m ) by  titra tio n  w ith  m ercurous solution,418 of 
tungsten w ith chrom ous chloride,419 of uran ium  cerim etrically,420 and  of 
thorium  as m olybdate.255

Conductance Methods.— In  th e  last few years m ethods have been pro
posed for high-frequency titra tio n s  in addition  to  th e  norm al m ethods for 
conductim etric titra tio n s ; and high-frequency conductance m easurem ents 
are being used in  w ays o ther th an  titrim etric  for analytical-purposes. A 
simple appara tus for conductim etric titra tio n  has been described.421 A 
conductim etric titra tio n  m ethod  has been proposed for the  determ ination of 
free acid in the presence of hydrolysable salts, and is applicable bo th  to 
very small aliquots of'solution and  to  solutions of low concentration, so th a t 
it is recom m ended for the  titra tio n  of highly radioactive solutions.422 The 

| sulphate titra tio n  w ith  barium  solution has been studied, and  i t  is pointed 
out 423 th a t  the  conductim etric end-point and  the  true  equivalence-point are 
not necessarily coincident, th e  form er being affected by  com position and 

; concentration of the solution. Such divergence should be taken  in to  account 
in precise work. Potassium  perchlorate titra tio n s are suitable for con
ductance m easurem ents.424 A m ethod is described by  which calcium  and 
strontium  occurring together m ay be determ ined by  conductance m easure
ment, w ithou t titra tio n .425 R. P. Taylor and  N. H. F urm an 426 have 

: reported favourably ori th e  possibility of using d irect ra th e r  th an  a lternating  
current for conductance m easurem ents, and have devised an  appara tus which 
does no t require either th e  specialised or inconvenient equipm ent necessary 
for a lte rnating-curren t m easurem ents. The .accuracy and  precision of th is 
apparatus, as applied to  several different conductim etric determ inations, 
compare favourably w ith  those of the  m ore norm al m ethods.

Theoretical and practical aspects of chem ical analysis by  high-frequency 
conductance m easurem ents have been discussed.427 P. W . W est has de
scribed an ap p ara tu s  suitable for bo th  titrim etric  and  concentration deter
m inations,428 and  simple appara tus which could be set up  and  m ain tained  
in the ordinary  labora to ry  has also been described.429 The high-frequency 
titration of sulphates 430 and of calcium  431 has been reported.

Colorimetry and Absorptiom etry.—A new edition of a  s tan d ard  work has 
appeared.432 General colorim etric m ethods have been reviewed.433 A

111 F. Burriei Marti and R. Sudrez Acosta, Inform . Qulm. anal., 1951, 5, 159; P.
Enghag, J . Iron Steel Inst., 1952, 171, 443.

417 D. Zivanovid, Bull. Soc. chim. Belgrade, 1951, 16, 151.
418 R. Belcher and T. S. West, Analyt. Chim. Acta, 1952, 7, 470.
419 S. E. S. El Wakkad and H. A. M. Rizk, Analyst, 1952, 77, 161.
120 R. B. Hahn and M. T. Kelley, Nuclear Sci. Abslr., 1952, 6, 211.
421 R. Weiner and L. Koller, Z. anal. Chem., 1952, 136, 241.
422 L. P. Pepkowitz, W. W. Sabot, and D. Dutina, Analyt. Chem., 1952, 24, 1956.
423 D. Lydersen and O. Gjems, Z. anal. Chem., 1952, 137, 189.
424 R. Weiner and L. Koller, ibid., p. 246.
425 G. O. Assarsson and A. Balder, Analyt. Chem., 1952, 24, 1679.
426 Ibid., p. 1931.
422 W. J. Blaedel, T. S. Burkhalter, D. G. Flom, G. Hare, and F. W. Jensen, ibid.,

P 198; J. L. Hall, ibid., p. 1236; W. J. Blaedel, H. V. Malmstadt, D. L. Petitjean, and
'V. K. Anderson, ibid., p. 1240. 428 Ind. Chem'. Chem. M anuf., 1952, 28, 492.

429 J. L. Hall, Analyt. Chem., 1952, 24, 1244.
420 O. I. Milner, ibid., p. 1247 . 431 S. Musha, Sci. Rep. Tohoku, 1951, A , 3, 55.
422 B. Lange, “ Kolorimetrische Analyse,” 4th edtn., Weinheim, 1952.
422 M. G. Mellon, Analyt. Chem., 1952, 24, 924 ; E. Geffroy, Chim. analyt., 1952, 34, 119.
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capillary colorim eter for very sm all am ounts of m ateria l 434 and a photo
electric com parator have been described.435 Means of im proving precision 
have been suggested,436 and  the fallacy of assum ing th a t  addition of a known 
am ount of constituen t to  a trace sam ple will im prove th e  precision by 
bringing the final am ount ou t of the region of high relative analysis error 
has been pointed out.437 M ethods of dealing w ith  tw o-com ponent colour 
system s 438 and w ith  tu rb id  solutions 439 have been discussed. F ilters for the 
m ercury lines have been described,440 and alkaline potassium  chrom ate has 
been recom m ended as a tran sm ittan cy  stan d ard  for work in the  u ltra
violet.441

A bsorptiom etric m ethods .of analysis have been p u t forward for alloys 442  i  

and  for trace m etals in  petroleum  fractions.443 Individual analytical j  

m ethods have been described for fluoride by  its  bleaching effect on various ■ 
lakes,444 for hydrazine by  ^-dim ethylam inobenzaldehyde,445 for high nitrate 
conten t by  phenoldisulphonic acid,446 for phosphorus as m olybdate 4471448 
or as vanadate-m olybdate ,449 for arsenic as m olybdate.450’ 451

Oxygen in  m etallic tin  is estim ated  by  rem oving the  m etal w ith  mercury 
and estim ating the tin  in  the  residual oxide by  phosphom olybdate,452 and 
gaseous oxygen is determ ined by  the  colour given w ith  alkaline pyrogallol.453 j 
M etal sulphide sols have been exam ined for the  estim ation of sulphur, and a j  

m ethod for preparing a satisfactory bism uth  sulphide sol is given.454 Sulphur I 
m ay also be estim ated by  conversion in to  m ethylene-blue 455 or in to  L auth 's \ 
v iolet.456 Colorimetric procedures have been described for selenium and j 
tellurium ,233 for cyanide by  reduction of sodium  picrate ,457 and  for boron j  

by 1 : 1-dianthraquinoylam ine,458 quinalizarin ,459 or pentam ethylquer-

134 G. Gorbach, Mikrochem. Mikrochim. Acta, 1952, 39, 204.
135 T. F. Stanton, Fuel, London, 1951, 30, 20S.
438 p. f  Poliak and J. W. Nicholas, Metallurgia, 1951, 44, 319.
437 W. A. E. MacBryde, A nalyt. Chem., 1952, 24, 1639.
438 E. Allen and E. M. Hammaker, ibid., p. 1295; R. G. Milkey, ibid., p. 1675.
430 J. Fog, Analyst, 1952, 77, 454.
440 J. W. Nicholas and F. F. Poliak, Analyst, 1952, 77, 49; J. Chance, E. Guillemot, 

J. Lenoble, and G. Tendron, Compt. rend., 1951, 233, 35.
441 G. K. Haupt, J . Opt. Soc. Amer., 1952, 42, 441.
443 G. \V. C. Milner and W. R. Nall, Analyt. Chim. Acta, 1952, 6, 420; M. Jean, ibid.,

7 338
443 J. H. Karclimcr and E. L. Gunn, A nalyt. Chem., 1952, 24, 1733.
444 A. D. Horton, P. F. Thomason, and F. J. Miller, ibid., p. 548; M. J. Price and

O. J. Walker, ibid., p. 1593; H. E. Bumsted and J. C. Wells, ibid., p. 1595.
445 G. W. W att and J. D. Chrisp, ibid., p. 2006.
446 J. M. Komarmy, W. J. Broach, and M. K. Testerman, Analyt. Chim. Acta, 1952, 

7, 349.
447 G. R. Nakamura, A nalyt. Chem., 1952, 24, 1372.
448 W. Teichert, / .  Iron Steel Inst., 1952, 170, 181.
443 S. Gericke and B. Kurmies, Z. anal. Chem., 1952, 137, 15.
450 J. C. Bartlet, M. Wood, and R. A. Chapman, Analyt. Chem., 1952, 24, 1821;

C. Wadelin and M. G. Mellon, Analyst, 1952, 77, 708; Y .'K akita, Sei. Rep. Tnhohu, 
1951, 3, A , 698.

451 W. C. Coppins and J. W. Price, Metallurgia, 1952, 46, 52.
452 L. Silverman, Nuclear Sei. Abs/r., 1952, 6, 145.
453 C. H. Blachly and R. R. Miller, Anal. Chem., 1952, 24, 1819.
484 E. Treiber, H. Koren, and W. Gierlinger, Mikrochem. Mikrochim. Acta, 1952. 40,32. 
456 M. S. Budd and H. A. Bewick, Analyt. Chem., 1952, 24, 1536.
436 D. S. C. Poison and J. D. H. Strickland, Analyt. Chim. Acta, 1952, 6, 452.
487 F. B. Fisher and J. S. Brown, Analvt. Chem., 1952, 24, 1440.
438 D. A. Brewster, ibid., 1951, 23, 1S09.
459 D. MacDougall and D. A. Biggs, ibid., 1952, 24, 566.
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cetin.400 Silicon m ay be determ ined as silicom olybdate,461- 462 and  ger
m anium  w ith  quinalizarin .463

M ethods for the  determ ination of potassium  have been reviewed,404 and  
m ethods based on chloroplatinate 465 and silver cobaltin itrite  406 have been 
described. M ethods for the determ ination  of sodium  have been reviewed.487 
Colorimetric m ethods for calcium using m urexide,468 chloranilic acid,409' 470 
or the  reaction of oxalate w ith  diphenylam ine to  give aniline-blue 471 have 
been exam ined. M ethods for beryllium  use alum inon 472 acetylacetone,02 
or m orin.473 Magnesium has been estim ated  b y  using Eriochrom e-cyanine-R 
(Solochrome-cyanine-RS),474 Titan-yellow ,474' 475 3-hydroxy-l-/>-nitrophenyl-
3-phenyltriazen,470 8-hydroxyquinoline,477 or the  com plex formed by 
8-hydroxyquinoline and  iron.478 Zinc has been determ ined by  o-[a-(2- 
hy droxy-5-sulphophenylazo)benzylidenehydrazino] benzoic acid .479 For
cadm ium  480 and  m ercury 481 diphenylthiocarbazone has been used. Mercury 
has also been determ ined by  its effect on the  colour of ferric th iocyanate  
solution.482

Copper has been estim ated as ta r tra te ,483 by  d iethy ld ith iocarbam ate,484 
by rubeanic acid,485 and  by  biscyc/ohexanone oxaly ld ihydrazone; 486 silver 
by ji>-dimethylam inobenzylidenerhodanine; 487 gold by diphenylam ine 488 or 
by d iphenylth iocarbazone; 243 alum inium  by  Eriochrom e-cyanine-R ,489 
by 8-hydroxyquinoline,490’ 491 or by a lum inon ; 492 m anganese as per-

160 M. K. Urs and K. Neelakantam, J . Sci. Ind . lies., India, 1952, 11, B , 259.
161 J. R. Boyd, Analyt. Chem., 1952, 24, 805.
462 A. B. Carlson and C. V. Banks, ibid., p. 472.
423 C. K. N. Nair and J. Gupta, J . Sci. Ind . lies., India, 1951, 10, B, 300; 1952, 11,

B, 2 7 4 . 464 T. S. West, Ind. Chem. Chem. M anuf., 1952, 28, 158.
456 R. E. Eckel, J . Biol. Chem., 1952, 195, 191.
466 E. M. Chenery, Analyst, 1952, 77, 102.
464 T. S. West, Ind . Chem. Chem. M anuf., 1952, 28, 225.
468 H. Ostertag and B. Rinck, Compl. rend., 1951, 232, 629; Chim. analyt., 1952, 34, 

108; J. Raaflaub, Z. physiol. Chem., 1951, 288, 228.
468 F. Iioroleff, Suomen Kern., 1951, 60, 56.
470 R. F. U. Frost-Jones and J. T. Yardley, Analyst, 1952, 77, 468.
471 J. de la Rubia Pacheco and F. Blasco L6pez-Rubio, Inform . Quint, analit., 1952,

6, 40. 4,2 C. L. Luke and M. E. Campbell, Analyt. Chem., 1952, 24, 1056.
473 T. Y. Toribara and P. S. Chen, ibid., p. 539.
474 A. Bacon, Metallurgia, 1951, 44, 207.
475 O. Glemser and W. Dautzenberg, Z. anal. Chem., 1952, 136, 254; A. C. Mason, 

A.R.E. Mailing Res. Sta., 1951, 126.
476 K. N. Pochinok and V. Y. Pochinok, J . Anal. Chem., U .S .S .R ., 1951, 6, 288.
477 J. Davidson, Analyst, 1952, 77, 263.
478 R. Bittel, A nn. nal. Inst. rech. Agron., 1951, 1, A , 144.
478 J. H. Yoe and R. M. Rush, Analyt. Chim. Acta, 1952, 6, 526.
480 L. Silverman and K. Trego, Analyst, 1952, 77, 143.
481 D. J. S. Gray, ibid., p. 43 6 . 482 'R. O. Brumblay, Analyt. Chem., 1952, 24, 905.
482 M. Bobtelsky and C. Heitner, Bull. Soc. chim., 1951, 18, 502.
484 J. L. Hague, E. D. Brown, and H. A. Bright, J . Res. N at. Bur. Stand., 1951, 47,

380; C. A. Noll and L. D. Betz, Analyt. Chem., 1952, 24, 1894.
485 A. Lemoin&, Analyt. Chim. Acta, 1952, 6, 528; W. L. Miller, M. Acampora, and 

G. Norwitz, M etal Abstr., 1952, 19, 856.
488 C. U. Wetlesen and G. Gran, Svensk Papperstidning, 1952, 55, 212.
487 G. C. B. Cave and D. N. Hume, A nalyt. Chem., 1952, 24, 1503; E. B. Sandell and 

J. J. Neumayer, ibid., 1951, 23, 1863.
488 P. A. Heredia and J. C. Cuezzo, M onit. Farm., 1951, 57, 361.
488 L. C. Ikenberry and A. Thomas, Analyt. Chem., 1951, 23, 1806; A. Bacon,

Analyst, 1952, 77, 90.
430 W. Sprain and C. V. Banks, Analyt. Chim. Acta, 1952, 6, 363.
431 O. A. Kenyon and H. A. Bewick, Analyt. Chem., 1952, 24, 1826.
482 C. L. Luke and K. C. Braun, ibid., p. 1120; C. L. Luke, ibid., p. 1122.
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m anganate,461' 493>404- 495 or through perm anganate by the starch-iod ide 
b lu e ; 448 and rhenium  as tetraphenylarsonium  perrhenate.490

Iron  has been estim ated as acetate  497 or th iocyanate ,405' 498- 499 or by 
8-hydroxyquinoline,600 thioglycollic acid,493 1 : 10-phenanthroline,380’ 490>501 
4 : 7-diphenyl-l : 10-phenanthroline,502 or 1 : 2-dihydroxybenzene-3 : 5- 
disulphonic a c id ; 503 cobalt as ta r tra te  483 or th iocyanate ,504 or by  nitroso-R 
sa lt,504- 505 diphenylthiocarbazone,506 peroxide-b icarbonate tre a tm e n t,507 
isonitrosom alonylguanidine,64 ethylenediam inetetra-acetic  acid ,64 or 4-nitro- 
2 -m ercap toace tam idopheno l;129 nickel as ta r tra te  483 or w ith dim ethylgly- 
o x im e; 3S0> 493- 508 chrom ium  as dichrom ate 509 or w ith diphenylcarb- 
a z id e ;510 m olybdenum  by  th iocyanate ,511' 515 protocatechualdehyde,512 or 
1 : 2-dihydroxybenzene-3 : 5-disulphonic a c id ; 513 tungsten  by  trea tm en t 
w ith th iocyanate and  stannous chloride ; 514 u ran ium  by  th io cy an a te  516 or 
by  resacetophenone; 517 tin  by  4-m ethyl-1 : 2-dim ercaptobenzene (toluene- 
dithiol) stabilised by  Teepol; 518 lead by diphenylth iocarbazone; 519 
titan ium  as p e rtitan a te  498 or by  thym ol,520 1 : 2-dihydroxybenzene-3 : 5- 
disulphonic acid ,503 or chrom otropic acid ; 521 zirconium  by  precip itation  as 
phosphate and  conversion into phosphom olybdate,522 by  alizarin-S,523 or 
by  chloranilic a c id ; 470 thorium  by  o-arsenophenylazo-2-naphthol-3 : 6- 
disulphonic a c id ; 524 an tim ony as the  iodoantim onite com plex,451 by

493 G. \V. C. Milner and H. Groom, Metallurgia, 1951, 44, 271.
494 B.S.I. Specif., 1951, No. 1121, Pt. 23.
495 N. M. Silverstone and D. W. D. Showell, M etal Ind., 1952, 80, 407.
496 S. Tribalat, I. Pamm, and M. L. Jungfleisch, Analyt. Chim. A d a , 1952, 6, 142.
497 W. Reiss, J . F. Hazel, and W. M. McNabb, Analyt. Chem., 1952, 24, 1040.
493 H. Seiser, Ber. deut. heram. Ces., 1951, 28, 099.
499 W. Teichert, J . Iron Steel Inst., 1952, 170, 181.
600 A. G. Hamlin, J . Text. Inst., 1952, 43, x, 234.
501 A. Gottlieb, Mikrochem. Mihrochim. A d a ,  1952, 39, 170.
602 G. F. Smith, W. H. McCurdy, and H. Diehl, Analyst, 1952, 77, 418.
503 R. H. Beaumont, Nuclear Sci. Abstr., 1952, 6, 212.
604 W. A. C. Campen and IT. Geerling, Chem. Wcekblad, 1952, 78, 193.
905 W. Stross and G. Stross, Metallurgia, 1952, 45, 315.
608 J. Mcrmillod, Metal Abstr., 1951, 19, 215.
so- Q Telep and D. F. Boltz, A nalyt. Chem., 1952, 24, 945.
508 J. Haslam, F. R. Russell, and N. T. Wilkinson, Analyst, 1952, 77, 404; V. T. 

Chuyko, J . A nal. Chem., U .S.S.It., 1951, 6, 297.
509 E. Asmus, Z. anal. Chem., 1952, 135, 179.
410 B.S.I. Specif., 1952, No. 1121, Pt. 24; Methods of Analysis Committee, / .  Iron 

Steel Inst., 1952, 170, 208; H. J. Cahnmann and R. Bisen, Analyt. Chem., 1952, 24, 
1341; B. E. Saltzman, ibid., p. 1010.

511 R. B. Henrickson and E. B. Sandell, A nalyt. Chim. A d a , 1952, 7, 57; P. Karsten 
and J. H. C. van Mourik, Rec. Trav. chim., 1952, 71, 302.

512 M. Y. Shapiro, J . Anal. Chem., U .S.S.R ., 1951, 6, 371.
613 J. H. Yoe and F. Will, A nalyt. Chim. A d a ,  1952, 6, 450.
514 G. Gran, Svensk Papperslidning, 1951, 54, 704.
515 F. Jungblut, Chim. analyt., 1951, 33, 248.
518 C. E. Crouthamel and C. E. Johnson, Analyt. Chem., 1952, 24, 1780.
517 M. K. Urs and K, Neelakantam, J . Sci. Ind. Res., India, 1952, 11, B, 79.
618 F, R. Williams and J. Whitehead, J . A ppl. Chem., 1952, 2, 213.
419 F. Neuwirth, J . Iron Steel Inst., 1952, 170, 310.
520 J. V. Griel and R. J. Robinson, Analyt. Chem., 1951, 23, 1871.
521 T. C. J. Ovenston, C. A. Parker, and C. G. Hatchard, Analyt. Chim. Acta, 1952, 

6, 7 ; R. Rosotte and E. Jaudon, ibid., p. 149.
622 E. W. Kiefer and D. F. Boltz, A nalyt. Chem., 1952, 24, 542.
623 G. B. Wengert, ibid., p. 1449; A. Maver and G. Bradshaw, Analyst, 1952, 

77, 470.
524 Idem, ibid., p. 154; A. E. Taylor and R. T. Dillon, Analyt. Chem., 1952, 24, 1024; 

R. Kronstadt and A. R. Eberle, Nuclear Sci. Abstr., 1952, 6, 179.
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m ethyl-violet,525 or by  triphenylm ethylarsonium  iodide; 520 b ism uth  by 
th iourea,627 cupferron,528 or diallyld ith iocarbam idohydrazine; 529 vanadium  
as vanady l ion,530 by  ca taly tic  liberation of iodine,531 as th e  com plex phos- 
photungstic acid,380 or w ith  benzhydroxam ic acid ; 532 niobium  as thio- 
cyanate 533 or as perniobic a c id ; 534 osmium by th io u re a ; 107 ru thenium  
by ji>-nitrosodim ethylaniline; 535 rhodium  by  th e  blue complex form ed w ith 
hypoch lo rite ; 538 and  palladium  w ith  ¡3-furfuraldoxime 537 or phenyl- 
th iourea.538

From  the  large num ber of colorim etric m ethods for organic compounds 
the following m ay be m entioned : determ ination of m ethanol by  Schiff’s 
reag en t; 539 of acetic acid 540 and glycerol 541 by  reduction of d ich ro m ate ; 
of nitroparaffins by  decomposition, and  com bination of the resulting nitrous 
acid w ith  resorcinol; 542 of amides th rough the  reaction of the  derived 
hydroxam ic acids w ith ferric chloride.543 The system  dichrom ate- 
chrom ium (m ) has been stud ied  w ith a  view to its use for the colorim etric 
determ ination of sulphite 544 and  of organic com pounds,541’ 545 and it  has 
been found to  be very  sensitive, particu larly  if absorptiom etric m easure
m ents are carried o u t in the  u ltra-v io let region. A sim ilar indirect m ethod 
for organic com pounds depends on trea tm en t by  s tan d ard  oxidising agents 
followed by  an  oxidisable dye. T he am ount of oxidising agent used, and • 
hence of organic com pound, is determ ined by  colorim etry of the  residual 
dye.546

Photom etric titra tio n s  have been proposed for brom ide-brom ate re
actions,547 using th e  absorption of the  tribrom ide ion to  indicate the end
point, and absorp tiom etric  m ethods have also been used to  follow the t i t ra 
tion of arsenic by  cerium (iv).548 Lum inol has been proposed as a chemi- 
luminescent ind icato r to  enable detection of the  end-point photom etrically  
in acid-base titra tio n s  of highly opaque so lu tions; 549 for exam ple, by using 
this m ethod i t  was possible to  determ ine the  end-point of the  titra tio n  of a 
solution containing Ind ian  ink.

525 M. Jean, A nalyt. Chim. Acta, 1952, 7, 402.
526 B. Figgis and N. A. Gibson, ibid., p. 313.
522 B. B. Bendigo, R. K. Bell, and H. A. Bright, J . Res. N at. Bur. Stand., 1951, 47, 

252; C. J . Hall, Analyst, 1952, 77, 318. ■
528 H. Bode and G. Henrich, Z. anal. Client., 1952, 135, 98.
628 J . G upta and K. P . S. Sarma, J . Indian Chem. Soc., 1951, 28. 89.
530 R. Santini, J . F. Hazel, and W. M. McNabb, Analyt. Chim. Acta, 1952, 6, 368.
531 T. Shiokava, Set. Rep. Tohoku, 1950, 2, A , 613.
832 A. K . Das G upta and M. M. Singh, J. Sci. Ind. Res., India, 1952, 11, B, 268.
533 H. Freund and A. E. Levitt, Analyt. Chem., 1951, 23, 1813; A. B. H. Lauw- 

Zecha, S. S. Lord, and D. N. Hume, ibid., 1952, 24, 1169.
534 G. Telep and D. F. Boltz, ibid., p. 163.
536 J . E . Currah, A. Fischel, W. A. E. McBryde, and F. E. Beamish, ibid., p. 1980.
536 G. H. Ayres and F . Young, ibid., p. 165 . 537 E. W. Rice, ibid., p. 1995.
638 G. H . Ayres and B. L. Tuffly, ibid., p. 949.
638 J. F. Guymon, J . Ass. Off. Agric. Chem., 1951, 34, 310.
840 E. Ciaranfi and A. Fonnesu, Biochem. J., 1952, 50, 69*8.
541 D. T. Englis and L. A. W ollerman, Analyt. Chem., 1952, 24, 1983.
542 L. li. Jones and J . A. Riddick, ibid., p. 1533.
843 F. Bergmann, ibid., p. 1367.
844 S. Sussman and I. L. Portnoy, ibid., p. 1052.
848 M. J . Cardone and J . Compton, ibid., p. 1903.
846 H. T. Gordon, ibid., 1951, 23, 1853.
847 P . B. Sweetser and C. E. Bricker, ibid., 1952, 24, 1107.
848 Idem, ibid., p. 409.
848 F. K enney and R. B. K urtz, ibid., p. 1218.
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Nephelometry.— Chloride has been determ ined in  titan ium  sponge by 
precip itation as silver chloride followed b y  conversion in to  a silver sulphide 
sol.550 Zinc m ay be precip itated  in a form su itab le  for nephelometric 
estim ation by  8-hydroxyquinoline,551 and tin(iv) by precipitation  with 
4-hydroxy-3-nitrobenzenearsonic acid .552 A nephelom etric titra tio n  has 
been devised from  the  estim ation of very  sm all am ounts of halides based on 
the colour change a t the  end-point of the sol form ed w ith  silver n itra te .553

Fluorim etry.—Fluorim etric analysis has been review ed.554 Fluorescent 
tests  have been described for hydrazine ,555 alum inium ,556 lead,557 and 
8-hydroxyquinoline and  its  derivatives.558

Q uantita tive  m ethods depending on fluorescence have been proposed for 
fluoride,559 beryllium ,560 and  uran ium .561

Emission Spectrography.—Advances in instrum ents and  in analytical 
m ethods have been review ed.562 R. C. H ughes has described a  m ethod of 
applying powdered sam ples to g raphite  electrodes in a reproducible m an
ner.563 The line-w idth m ethod of q u an tita tiv e  analysis has been applied to 
p lan t products so as to  produce reproducible results over a  wide range of 
concentrations.564 M ethods of concentrating 565 and  analysing 566 trace 
elem ents have been described, and spectroscopic analysis has been applied 
to  sm all am ounts of im purities in tu n g sten ,567 of m etals in cracking cata
lysts 568 and  in oils,569 and to  the analysis of coppers and  brasses,570 of
lan thanon m ixtures 571 and of m ixtures of the p latinum  m eta ls .572

For individual elem ents spectrographic m ethods have been recommended 
for the  determ ination  of lith ium  and sodium ,573 rubid ium ,574 lith ium ,575 
iron,576 lead,577 and tan ta lum  and niobium .578 A spectrographic study  has

550 M. Codell and J. J. Mikla, A nalyt. Chem., 1952, 24, 1972.
551 L. Bertiaux, Chim. analyt., 1951, 33, 59.
352 P. K arsten, H. L. Kies, and-J. J. W alraven, A nalyt. Chim. Acta, 1952, 7, 355.
553 M. H asselm ann and G. L austriat, Compt. rend,., 1952, 234, 025.
334 C. E . W hite, Analyt. Chem., 1952, 24, 85; C. E . W hite et al., ibid., p. 1965.
S55 F. Feigl and W. A. Mannheimer, Mikrochem. Mikrochim. Acta, 1952, 40, 50.
iss p. Feig] and G. B. Heisig, J . Chem. Educ., 1952, 29, 192.
557 S. Slijivii, Bull. Soc. chim. Belgrade, 1951, 16, 147.
iss p  Feigl, Mikrochem. Mikrochim. Acta, 1952, 39, 404.
337 H. H. W illard and C. A. H orton, Analyt. Chem., 1952, 24, 862.
380 H . A. Laitinen and P. Kivalo, Nuclear Sei. Abslr., 1952, 6, 69; A nalyt. Chem., 

1952, 24, 1467.
381 M. D. Ycaman, Nuclear Sei. Abs/r., 1952, 6, 104 ; N. S. G uttag  and F. S. Grimaldi, 

ibid., p. 145; M. Nakanishi, Bull. Chem. Soc. Japan, 1951, 24, 33, 36.
562 W. F. Meggers, Analyt. Chem., 1952, 24, 23; R. L. Mitchell, Ind. Chem. Chem-

M anuf., 1952, 28, 491 ; J . K. Hurwitz, J . Opt. Soc. Amer., 1952, 42, 484.
553 Analyt. Chem., 1952, 24, 1406.
384 R. T. O'Connor and D. C. Heinzelman, ibid., p. 1667.
585 G. Gorbach and F. Pohl, Mikrochem. Mikrochim. Acta, 1951, 38, 328.
588 Ident, ibid., p. 335; S. Wilska, Acta Chem. Scand., 1951, 5, 1368.
887 C. H. R. G entry and G. P. Mitchell, Melallurgia, 1952, 46, 47.
388 J. P. Pagliassotti and F. W. Porsche, Analyt. Chem., 1952, 24, 1403.
587 A. J. Ham, J. Noar, and J. G. Reynolds, Analyst, 1952, 77, 766.
378 F. V. Schatz, J . Inst. Met., 1951, 80, 77.
571 J . A. Norris and C. E . Pepper, Analyt. Chem., 1952, 24, 1399.
572 G. H. Ayres and E. W. Berg, ibid., p. 465; H . Oberländer, Metal Abstr., 1952, 19,

403; J. E. Hawley, W. J . W ark, C. L. Lewis, and W. L. O tt, ibid., p. 856.
573 A. B. Chandler, B rit. Ceram. Abstr., 1952, 107 A.
574 A. H alperin and S. Samursky, J . Opt. Soc. Amer., 1952, 42, 475.
573 G. I. Stukenbroeker, D. D. Smith, G. K. W erner, and J. R. McNally, ibid., p. 383.
578 J . E. Barney and W. A. Kimball, A nalyt. Chem., 1952, 24, 154S.
377 V. Brustier, P. Cornec, and H. Triche, Compt. rend., 1952, 234, 2367.
378 W. J. Poehlm an and R. E. Sarnowski, J. Opt. Soc. Amer., 1952, 42, 489.
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been m ade of the  co-precipitation of vanadium  w ith  the hydroxides of 
tervalen t m etals.579

Im proved flame photom eters have been described,580’ 581 and  an im-, 
proved m ethod for the flame analysis of p lan t ash has been devised.582 
Indiv idual flame photom etric m ethods have been proposed for the  elem ents 
boron,583 lith ium ,584 sodium ,585’ 58G’ 587 potassium ,585’ 580 rub id ium ,588 and 
calcium ,586’ 589 G. C. Collins and H . Polkinhorne 581 have stud ied  the effect 
of anions on the  flam e-photom etric determ ination of sodium  and  potassium .

An emission spectrographic m ethod  has been proposed for the  deter
m ination  of halogen com pounds.590 In  this, the  emission spectrum  excited 
by a  high-frequency electrodeless' discharge has been used. L ittle  work 
seems to  have been done along these lines, and  w ith m odern appara tus it 
would seem to the R eporter feasible to  assume th a t  the  characteristic  high- 
frequency spectra of m any organic com pounds, first stud ied  m any years 
ago from a theoretical po in t of view ,591 ought to  be capable of considerable 
analytical application.

Absorption Spectra.—-Analytical applications of absorption spectra 
in the  visible and ultra-vio let regions have been review ed.592’ 593 An 
electrodeless hydrogen discharge tu b e  as a source of u ltra-v io let continuum  
has been described.594 The absorption spectra  of substances m ay be 
m easured as reflection spectra, and  th is has been utilised to  identify  m aterials 
on an  adsorption  colum n.595

Infra-red  spectroscopy has also been review ed.592’ 596 A differential 
m ethod of analysis depending on the com parison of known and unknow n 
samples has been discussed theoretically , and  possible sources of error have 
been exam ined.597 A simple infra-red absorption cell has been described.598 
A. E . M artin 599 has po in ted  ou t the  po ten tia l value of a comprehensive 
catalogue of infra-red spectra  of organic com pounds, and  the  ease w ith 
which th is could be obtained, in a fairly com plete form, w ithin a  reasonably 
short tim e, if workers were to  co-operate in providing d a ta  according to  a 
scheme which he outlines. In fra-red  absorption  studies of arom atic hydro

579 F. Burriel M arti, E'. Fernández Caldas, and J. Ramírez Muños, Anal, real Soc. 
esp. Fis. Quim., 1952, 48, B, 59.

580 J . U. W hite, Analyt. Chem., 1952, 24, 394 ; C. A. Dubbs, ibid., p. 1654; L. Leyton, 
Biochetn J., 1952, 50, Proc., xl. 681 Analyst, 1952, 77, 430.

883 F. H. Vanstone, A .R.E. Mailing Res. Sta., 1951, 122.
583 C. E. Bricker, W. A. Dippel, and N. H . Furm an, Nuclear Sci. Abslr., 1952, 6, 212.
581 L. H . Kalenowski and S. M. Runke, U.S. Bur. Mines, 1952, Rep. Invest., 4863.
886 L. I. Obolenskaya, Soils and Fert., 1951, 14, 449.
586 R. H errm ann, Z. ges. exp. Med., 1952, 118, 187.
687 S. B. K night and M. H . Peterson, Analyt. Chem., 1952, 24, 1514.
588 H. E . Freytag, Z.  anal. Chem., 1952, 136, 161.
889 H. J. Hübcner, Z. physiol. Chem., 1952, 289, 188.
890 R. E. Keller and L. Sm ith, Analyt. Chem., 1952, 24, 796.
891 A. W. Stew art and C. L. Wilson, “ Recent Advances in Physical and Inorganic

Chemistry,” 7th edtn., London, 1944, p. 452.
893 O. D. Shreve, Analyt. Chem., 1952, 24, 1693.
893 M. G. Mellon, ibid., p. 2; E. J . Rosenbaum, ibid., p. 14.
884 G. H. Dieke and S. P. Cunningham, J. Opt. Soc. Amer., 1952, 42, 187.
898 F. Pruckner, M. van der Schulenberg, and G. Schwuttke, Naturwiss., 1951, 38, 45.
896 R. C. Gore, Analyt. Chem., 1952, 24, 8; N. Sheppard, Analyst, 1952, 77, 732;

R. C. Lord, R. S. McDonald, and F. A. Miller, J. Opt. Soc. Amer., 1952, 42, 149; A. E.
M artin, Indust. Chem. Chem. Manuf., 1952, 28, 243.

897 D. Z. Robinson, Analyt. Chem., 1952, 24, 619.
898 K. S. Tetlow, J. Sci. Instr., 1951, 28, 322. 899 Nature, 1952, 170, 20-
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carbons,500 b arb itu ra te  derivatives,001 alkaloids,002 and  polym er degradation 
products 003 have been reported.

F. A. Miller and C. H . W ilkins 601 have discussed the use of infra-red 
absorption spectra in the  identification of inorganic polyatom ic ions. P oin t
ing out th a t  no system atic s tu d y  has, up  to  the present, been m ade of these 
spectra, and  th a t  little  up-to-date  inform ation is available, they  present, both  
graphically and in tab u la r form, th e  spectra  of abou t 160 inorganic com pounds 
which can be used, in conjunction w ith o ther m ethods of analysis, to  provide 
useful inform ation about th e  composition of inorganic m aterials. The 
principal draw back to m ore extended use of the  m ethod  is th e  necessity for 
determ ining the spectra from samples in pow der form.

Chemical Microscopy.— H ot-stages for w ork w ith  the  microscope have 
been described 005 and  a m ethod has been outlined for the  determ ination of 
boiling points and boiling ranges using such a ho t-stage.606 The use of 
m ixed m elting points for the  construction of phase diagram s has been dis
cussed,007 and  a m ethod has been described by which the techniques applic
able in such studies m ay be .used for purification.008 Fusion m ethods 
accom panied by  crystallographic exam ination have been com pared w ith the 
m ethods used for phase stud ies,009 and  the form er have been extended to  the 
inorganic field by an exam ination of the fusion behaviour of a wide range of 
inorganic com pounds w ith  8-hydroxyquinoline.610

A simple m ethod has been described for determ ining the optic axial angle 
of crystals,611 and  crystallographic d a ta  have been presented for lan thanum  
oxalate decahydrate,012 ethylenedinitram ine,013 2 : 4 : 6 : 2 ':  4 ':  G'-hexani- 
trodiphenylam ine,014 iY-acetylTV'-phenylhydrazine,615 phthalic  anhydride,616 
dibenzjd succinate,617 s-diphenylcarbazide,618 Lg-threonine,619 pseudotro- 
p ine,620 (dz)-mandelic acid ,021 2 : 4-dinitrophenol,622 and  4 : 6-dinitro- 
resorcinol.623

Nicotine th iocyanate  has been found 024 to  give crystalline precipitates 
which are suitable for identification under the  microscope w ith a num ber of 
cations. C rystal tests have been proposed for n itra te  and  n itrite  using 
/¡-am inophenylm crcuric ace ta te ,625 and for cobalt using potassium  tri-

600 R. B. Williams, S. H. Hastings, and J. A. Anderson, Analyt. Chem., 1952, 24. 1911.
501 C. J. Umberger and G. Adams, ibid., p. 1309.
602 G. Papineau-Couture and R. A. Burley, ibid., p. 1918. :
803 B. C. Achliammer, ibid., p. 1925. 804 Ibid., p. 1253.
805 E. G. Steward, / .  Sci. Instr., 1952, 29, 214; W. Kofler, Mikrochem. Mikrochim.

Acta, 1952, 39, S4; F. Hippennieyer, ibid., p. 409.
608 J. S. Wiberley, R. K. Siegfriedt, and A. A. Benedetti-Pichler, ibid., 1951, 38, 471.
607 L. Kofler, Z. anal. Chem., 1951, 133, 27.
803 R. Fischer, Mikrochem. Mikrochim. Acla, 1951, 38, 342.
608 W. C. McCrone, ibid., p. 476.
610 P. W. West and L. Granatelli, Analyt. Chem., 1952, 24, 870.
011 A. J. Pollard, L. I. Braddock, and M. L. Willard, Mikrochem. Mikrochim. Acla,

1952, 39, 192. 012 V. Gilpin and W. C. McCrone, Analyt. Chem., 1952, 24, 225.
013 W. C. McCrone, ibid., p. 421. 614 Idem, ibid., p. 592.
815 M. B. Williams and W. P. Van Meter, ibid., p. 762.
618 M. B. Williams, W. P. Van Meter, and W. C. McCrone, ibid., p. 911.
817 J. Krc, ibid., p. 1070.
818 M. B. Williams, W. P. Van Meter, and R. J. Robinson, ibid., p. 1220.
818 R. L. Clarke and J. Krc, ibid., p. 137 8 . 828 Idem, ibid., p. 1516.
821 H. A. Rose, ibid., p. 16 80 . 822 W. C. McCrone and J. Krc, ibid., p. 1863.
823 W. C. McCrone and I. Corvin, ibid., p. 200S.
824 S. E. Burkat, E. N. Skrynnik, and S. S. Yaroslavskaya, J . Anal. Chem., U .S.S.R .,

1951, 6, 3 2 5 . 828 I. M. Korenman and A. A. Belyakov, ibid., 1952, 7, 52.
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oxalatoferrate .626 Zirconium  and  hafnium  m ay be distinguished by  the 
proper application of the crystal test using quinoline and  am m onium  thio- 
cy an a te .627

Miscellaneous Instrum ental Methods.—X -R ay  m ethods have been 
reviewed.628 X -R ay  spectra  have been used for the q u an tita tiv e  analysis 
of m inerals,829 and powder p a tte rn s  have been used for the identification of 
m olybdenum  and  tungsten  oxides.630

The application of the m ass spectrom eter to  analytical problem s has been 
reviewed 631 and  a simple pen recorder has been described.632 The mass 
spectrom eter has been applied to  the  analysis of hydrocarbons.633 An 
extension of the  use of the  instrum ent for the  analysis of non-volatile 
m aterials, by  exam ination of pyrolysis products obtained under controlled 
conditions, has been recom m ended.634 Various modes of pyrolysis have 
been investigated, and  the  m ethod m ay be used, either for direct identification 
in the  sim pler cases, o r for identification by  com parison w ith  known sam ples 
in the  case of more com plex m aterials.

8. PHYSICAL SEPARATION METHODS.

H. H. S train  and  G. W. M urphy 635 have reviewed w hat they  term  
" chrom atography and analogous differential m igration m ethods,” and a 
num ber of o ther reviews of these m ethods have also appeared .636

A ny survey of th is field leads to  the  conclusion th a t  i t  will be m any  years 
before any  coherent overall p ic tu re  of the  m ethods and  th e ir  potentialities 
can be presented. The confusion in term inology w hich already exists seems 
to become g reater w ith  the passage of tim e and  w ith  the  form ation of new 
sub-divisions, some of these un fortunate ly  w ith  ra th e r slight justification. 
Among relatively  new term s which have to  be fitted  in to  the com plete picture 
are " g ra d ie n t elution analysis,” 637 " ionography,” 638 " papyrography,”  639 
"u ltra -v io le t papyrography,” 640 even "  ultra-m icro-papyrography ” 641 
(achieving a double d istinction in  th a t  paper is no t used in th e  separation, which 
is achieved b y  m eans of cotton  thread), “ electrokinetic u ltra filtra tio n ,” 642 
“ electrophoresis-convection,” 643 and  "  chrom atherm ography.” 644

323 J. C. Ryan, L. K. Yanowski, and M. Cefola, Mikrochem. Mikrochim. Acta, 1951, 
38, 466.

027 C. J. van Niemvenburg and J. W. L. van Ligten, Analyt. Chim. Acta, 1952, 7, 390.
623 H. A. Liebhafsky, Analyt. Chem., 1952, 24, 16; H. S. Kaufman and I. Fankuchen, 

ibid., p. 20.
62» g  Talvenheimo and J. L. White, ibid., p. 1784; M. Tournay, Compt. rend., 1952, 

234, 2527.
330 A. Magnéli, G. Anderson, B. Blomberg, and L. Kihlborg, A nalyt. Chem., 1952,

24, 1998. 631 V. H. Dibeler and J. A. Hippie, ibid., p. 27.
632 K. K. Jensen, W. E. Bell, and F. E. Blacet, ib id ., p. 1614.
333 IT. Sobcov, ibid., pp. 1386, 1908; I. W. Kinney and G. L. Cook, ibid., p. 1391.
631 P. D. Zemany, ibid., p. 1709. 635 Ibid., p. 50.
333 A. Tiselius, Endeavour, 1952, 11, 5; G. B. Marini-Bcttolo, Chim. c Ind., 1952, 34, 

269; Anon., Chem. Eng. News, 1952, 30, 4244.
337 R. J. P. Williams, Analyst, 1952, 77, 905.
338 H. J. McDonald, f. Chem. Educ., 1952, 29, 428.
333 M. R. Nayar and V. K. M. Rao, J . Sci. Ind. Res., India, 1952, 11, B, 78.
340 Y. Hashimoto and I. Mori, Nature, 1952, 170, 1024.
341 D. S. Venkatesh and M. Sreenivasaya, Current Sci., 1951, 20, 156.
342 D. L. Mould and R. L. M. Synge, Analyst, 1952, 77, 964.
343 D. M. Tennent and M. Kniazuk, Analyt. Chem., 1952, 24, 1661.
344 A. A. Zhukhovitsky, O. V. Zolotareva, N. A. Sokolov, and N. M. Turkeltaub, 

Compt. rend. Acad. Sci., U .R .S.S ., 1951, 77, 435.
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This m ultiplication of term inology is objectionable, m erely on the 
grounds sta ted  earlier (p. 306). I t  is additionally  objectionable here on two 
counts : it increases the  confusion regarding the causes of such separations, 
and i t  m akes m ore difficult the recognition of really novel techniques. 
"  C hrom atographic analysis ” has been soberly defined 1 as the  “ analysis 
of a  solution by the  use of solid sorbents such as paper or alum ina, to  separate 
substances in solution by  selective sorption .”  This definition tallies closely 
enough w ith  the term inology of H . H. S train  and  G. W. M urphy 035 to  m erit 
acceptance. However, it  does no t seem to be sufficiently all-em bracing for 
the  enthusiast, who continues to  present us w ith o ther definitions which 
are no t so readily  defensible. Thus T. I. W illiams and H. W eil,645 while 
adm itting  th a t  “ so m any processes are now by common consent accepted as 
forms of chrom atography th a t  an unequivocal definition of the word in its 
present chemical sense presents difficulties,” have proposed th a t  it  be defined 
as “  those processes which allow the  resolution of m ixtures by  effecting 
separation of some or all of the ir com ponents in concentration zones or in 
phases different from those in which they  are originally present, irrespective 
of the na tu re  of the force or forces causing the substance to  m ove from one 
phase to  ano ther.” They claim th a t  th is definition em braces no t only the 
various forms of chrom atography h itherto  achieved, b u t also all forms which 
have been postu lated  as theoretical possibilities. I t  does this, of course, 
bu t it  surely includes also such analytical operations as precipitation  and 
steam -d istilla tion ; and  in  any  case, common consent w ithout critical 
discussion is no ground for a ttem pting  to  m ake "  chrom atography ” the 
touchstone-term  for every new device, w hatever its m erits and w hatever 
its m echanism .

To provide a definition th a t does no t define is only to  add  fu rther con
fusion to  an  already overcrowded p a tte rn . The word “ chrom atography ” 
has, a t  the  present tim e, become one of the magic words—in the sam e class 
as “ resonance ”  in  the  n ineteen-thirties. The illusion exists th a t  to  give a 
process a  nam e explains the  process; and  th is in tu rn  m ay lead to  mis
in terp re ta tion  of the  causes which are operating in any  separation, and to the 
conclusion th a t new causes have been observed when in fact th ey  do not 
exist.

Some of the  dangers in th is s ta te  of affairs seem likely to  arise, for example, 
from the increased use of im pregnated papers which has been reported  
recently. Papers im pregnated w ith  alum ina,646 b o ra te ,647 and  various o ther 
inorganic sa lts ,648 glycerol and various glycols,646- 643 silicones,650 phenyl- 
cellosolve,651 toluene-p-sulphonate,652 and  stearatochrom ic chloride 653 have 
all been used. I t  is alm ost impossible, in some of these cases, to  determ ine 
on the  published inform ation and  in view of the little  th a t  is known about the 
sim pler separations, the  m echanism by  which the separations are tak ing  place.

8,5 Nature, 1952, 170, 503.
848 I. E. Bush, Nature, 1950, 166, 445; Biochem. 1952, 50, 370.
611 C. A. Wachtmeister, Acta Chem. Scand., 1951, 5, 976.
618 M. Lederer, Analyt. Ckim. Acta, 1952, 7, 458.
648 R. J. Boscott, Biochem. J ., 1951, 48, Proc. xlvii; A. Zaffaroni, R. B. Burton, and 
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850 T. H. Kritchevsky and A. Tiselius, Science, 1951, 114, 299.
851 R. Neher and A. Wettstein, Helv. Chim. Acta, 1952, 35, 276.
852 It. J. Boscott, Chem. and Ind., 1952, 472.
883 D. Kritchevsky and M. R. Kirk, J . Amer. Chem. Soc., 1952, 74, 4484.



T h a t considerable caution m ust be used is stressed by  the  ease w ith 
which artefacts m ay  appear in separations which are apparent!}' quite 
straightforw ard, as has been pointed ou t by a num ber of au tho rs.654 E ven 
such simple operations as acid-washing of paper 655 m ay produce a radical 
change in m echanism, while insufficient a tten tio n  to w a te r-c o n ten t656 
will certainly do so, and  can lead to  the  anom alous result th a t a  column of 
m aterial such as hyd ra ted  m agnesium  silicate is condem ned because of 

• variation in w ater conten t on the one h an d ,657 and  is recom m ended for 
adsorption chrom atography, using elution by  e thy l acetate  saturated with 
water, on the o th e r; 658 or th a t  “ single-phase chrom atography ” of inorganic 
ions,659 or even “ salting-out chrom atography,” 660 m ay be regarded as 
advances on partition  chrom atographic m ethods when they  are in fact 
probably largely the result of separative forces recognised before the in tro 
duction of partition  m ethods, such as ion exchange, or even simple adsorption.

Finally, resolution of substances by  complex liquid m ixtures such as 
progressively changing m ixtures of chloroform, w-amyl alcohol, and tert.-amyl 
alcohol,661 while probably  em pirically satisfactory , can nevertheless only 
make theoretical in terp re ta tion  of these separations m ore difficult. In 
view of difficulties of th is na tu re , it  is only possible here to  refer to  isolated 
instances of m ethods which appear to  be practically  useful, and to  pay 
inadequate  a tten tion  to  theoretical considerations o ther th an  those which 
make a  very simple approach to  small sections of the larger problem. I t  
m ust also be stressed th a t  the  allocation to  separate types w hich is m ade 
here m ust, of necessity, be som ew hat a rb itra ry  since the  m echanism s are not 
always evident.

Adsorption Chromatography.—A num ber of less usual, sparingly soluble, 
inorganic com pounds have been investigated in respect of th e ir adsorption 
properties,662 and  i t  has been found th a t  when bo th  n a tu ra l and  synthetic  
sources are available the  n a tu ra l product has a higher adsorptive capacity. 
A range of reagents for use in the  detection  of colourless zones in th e  separ
ation of a wide range of organic com pounds has been tabu la ted , together w ith 
useful inform ation about the ir application .663 Various o ther m ethods, 
m any of them  instrum ental, have been proposed for the detection of zones or 
fractions.664

Inorganic chrom atographic separations (as d istinc t from partition  
separations) have been discussed theoretically ,665 and  have been applied 
to the  separation  and  identification of the  m ore fam iliar cations 666 and

831 E. L. Smith, Nature, 1952, 169, 60; T. C. J. Ovenston, ibid., p. 924; J. D. Acland, 
ibid., 170, 32; H. G. Boman, ibid., p. 703.
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882 A. L. LeRosen, R. T. Moravek, and J. K. Carlton, Analyt. Chem., 1952, 24, 1335.
888 P. H. Monaghan, P. B. Moseley, T. S. Burkhalter, and O. A. Nance, ibid., p. 193;

R. A. Glenn, J . S. IVolfarth, and C. W. DeWalt, ibid., p. 1138; J. M. Miller and J. G. 
Kirchner, ibid., p. 1480; H. Hover, Kolloid Z., 1952, 127, 166.
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anions 687 and to the  detection or determ ination of s tro n tiu m ,868 zinc in 
cadm ium ,669 and copper in zinc.670 F u rth e r work has been carried out on 
the separation of m etal-chelates, the separation  of 8-hydroxyquinoline 
complexes having been stud ied ,671 and separation  of cobalt by  2-nitroso-
1-naphthol 672 and fu rther investigations of th e  separation  of alkaline- 
earth  and  alkali cations by  violuric acid 673 having been reported.

"  Gas chrom atography ” of volatile organic m ixtures, using displacement 
chrom atography from charcoal columns, has been recom m ended 674 as a 
valuable m ethod, capable of high accuracy and of considerable further 
developm ent.

Ion Exchange.—The principles and the application of ion exchange to 
analytical problem s have been extensively review ed,675 and  it  is clear tha t 
these extend  fa r beyond the  sim ple possibilities of separations b y  columnar 
or analogous means. C hrom atography of am ino-acids has been carried out 
on oxidised cellulose, and  s tu d y  has shown 676 th a t  the process tak ing  place 
is probably an ion-exchange process, the  m ovem ent of individual acids being 
related  to  the carboxyl conten t of the cellulose. Ion-exchange processes 
have been used to  rem ove or concentrate ions in w ate r,077 to  separate 
ordinary 678 or radioactive 679 halogens, to  separate  calcium  prior to phos
phate  determ ination ,680 to  separate arsenic from  iron ,881 to  rem ove in ter
ferences prior to  su lphate determ ination  682 or boron determ ination ,683 to 
separate alum inium , iron, and  m anganese as chloro-complexes,684 to  separate 
thorium  and  lan thanum ,685 to  separate m olybdenum  from rhenium  086 or 
from other heavy m etals,687 and  to  separate vanadium  from phosphoric 
acid solutions.688

An interesting developm ent is the increasing application of ion-exchange 
• columns for the  production of s tan d ard  solutions, and  0 -In- 689 and  O-OOIn- j 

alkali hydroxide 690 free from carbonate have been prepared  in  th is fashion 
from alkali chloride. The exchange is stoicheiom etric, and  the  column-will ;

887 Y. Oka and A. Murata, Sci. Rep. Tdhoku, 1951, A , 3, 82.
888 H. Ballczo and H. Muthenthaller, Mikrochem. Mikrochim. Acta, 1952, 39, 152.
888 Y. Oka and A. Murata, Sci. Rep. TShoku, 1951, A , 3, 711.
870 Idem, ibid., p. 707.
6,1 L. B. Hilliard and H. Freiser, Analyt. Chem.,-1952, 24, 752.
873 R. O. Bach and A. A. Garmendia, Anal. Asoc. Quini. Argentina, 1951, 39, 11.
673 H. Seiler, E. Sorkin, and IT. Erlenmeyer, Helv. Chim. Acta, 1952, 35, 120.
874 J. Griffiths, D. James, and C . Phillips, Analyst, 1952, 77, 897.
878 E. R. Tompkins, ibid., p. 970; R. Kunin, Analyt. Chem., 1952, 24, 64; Anon., 

Nature, 1952, 170, 150; G. Dickel and K. Titzmann, Angew. Chem., 1951, 63, 450.
878 T. Wieland and A. Berg, ibid., 1952, 64, 418.
877 H. Ballczo and G. Mondl, Mikrochem. Mikrochim. A da , 1952, 39, 247 ; S. Sussman 

and I. L. Portnoy, Analyt, Chem., 1952, 24, 1644.
878 W. Riemann and S. Lindenbaum, ibid., p. 1199.
677 E. Berne, Acta Chem. Scand., 1951, 5, 1260.
880 B. H. Kindt, E. W. Balis, and H. A. Liebliafsky, Analyt. Chem., 1952, 24, 1501.
881 Y. Yoshino, Bull. Chem. Soc. Japan, 1951, 24, 39.
882 H. Frey, Analyt. Chim. Acta, 1952, 6, 126.
683 J. R. Martin and J. R. Hayes, Analyt. Chem., 1952, 24, 182; G. Brunisholtz and 

J. Bonnet, Helv. Chim. Acta, 1951, 34, 2074.
884 E. Blasius and M. Negwer, Naturwiss., 1952, 39, 257.
883 P. Radhakrishna, Analyt. Chim. Acta, 1952, 6, 351.
838 S. A. Fisher and V. W. Meloche, Analyt. Chem., 1952, 24, 1100.
837 R. Element, Z. anal. Chem., 1952, 136, 17.
835 J. E. Salmon and H. R. Tietze, 1952, 2324.
839 J. Steinbach and H. Freiser, Analyt. Chem., 1952, 24, 1027.
8,3 B. W. Grunbaum, W. Schoniger, and P. L. Kirk, ibid., p. 1857.
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deliver accurately  standard ised  alkali w ithout a tten tio n  over a  period of 
m any m onths. C. Calmon 691 has proposed the use of the volum e-change 
characteristics of an ion-exchange resin for q u an tita tiv e  analysis, either on a 
large scale, where the  volum e occupied in  a column is m easured, or on a small 
scale, w here the change in volum e of a single bead of resin is m easured under 
the microscope. T he am ount of swelling or shrinkage is re la ted  to  the 
structu re  of the  resin, to  the  cation being exchanged, and  to  the  concentration 
of the exchanging solution .692

In  the  organic field, separations of aldehydes and  ketones from  acids 693 
and of am ino-acids 694 and  nitrogenous p lan t ex trac ts 095 have been reported;

Extraction.— Solvent-extraction m ethods have been review ed,696 and  a 
radio-tracer s tu d y  has been m ade of the solvent ex traction  of the  halides of 
gallium, indium , and thallium  697 from which it  is possible to  recom m end an 
extraction  of indium  as iodide for separation  from other elements. Lead 
iodide m ay be ex trac ted  by  m ethyl fsopropyl ke tone,698 bism uth  iodide by 
fsobutyl m ethyl ketone,699 and  copper by organic solutions containing organic 
acids.700 A ppara tus for countercurren t ex trac tion ,701 and a  sim ple appara tus 
for continuous extraction  702 have been described. In  q u an tita tiv e  analysis, 
extraction  procedures have been used in the rem oval of iron ( i i i ) by  ex traction  
with u -buty l phosphate prior to  alum inium  determ ination ,703 in the  estim 
ation of zinc in soils by  d iphenylthiocarbazone,704. and  in the  ex traction  by 
ethyl m ethy l ketone of niobium  and  tan ta lu m  from uranium  alloys as the 
fluorides, prior to  de term ination .705

Partition  Chrom atrography.— As in recent years, the  individual publica
tions on p a rtitio n  chrom atography probably  ou tnum ber those in any  o ther 
com parable b ranch  of analytical chem istry. Two books have been published 
which deal extensively w ith  existing lite ra tu re ,706 and th e  m e th o d s 'h av e  
been reviewed elsewhere.707 Several investigations of factors affecting 
partition  separations have been repo rted ,708 the  m ost fundam ental probably 
being those of H . G. Cassidy,709 who has analysed the  factors in to  three 
main groups, no t, of course, m utually  exclusive, affecting flow, R y  values,

891 A nalyt. Chem., 1952, 24, 1456.
992 K. W. Pepper, D. Reichenbcrg, and D. K. Hale, / . ,  1952, 3129.
893 G. Gabrielson and O. Samuelson, Acta Chem. Scand., 1952, 6, 729, 738.
691 C. H. W. Hirs, S. Moore, and W. H. Stein, J . Biol. Chem., 1952, 195, 669.
095 S. M. Partridge, Analyst, 1952, 77, 955.
696 L. C. Craig, Analyt. Chem., 1952, 24, 66; D. Pillon, Bull. Soc. chim., 1952, 19, d 1.
697 H. M. Irving and F. J. C. Rossotti, Analyst, 1952, 77, 801.
098 P. W. West and J. K. Carlton, Analyt. Chim. Acta, 1952, 6, 406.
699 P. W.. West, P. Senise, and J. K. Carlton, ibid., p. 488.
500 P. W. West, T. G. Lyons, and J. K. Carlton, ibid., p. 400.
701 F. C. Hickey, Analyt. Chem., 1952, 24, 1993; R. Spence and R. J. W. Streeton, 

Analyst, 1952, 77, 578.
702 W. W. Meinke and R. E. Anderson, Analyt. Chem., 1952, 24, 708.
703 M. Aven and H. Freiser, Analyt. Chim. Acta, 1952, 6, 412.
704 E. Shaw and L. A. Dean, Soil Sci., 1952, 73, 341.
706 G. W. C. Milner and A. J. Wood, Atomic Energy Res. Establ., 1952, C/R 895. 
708 R. J. Block, R. LeStrange, and G. Zweig, “ Paper Chromatography : A Labora

tory Manual," New York and London, 1952; J . N. Balston and B. E. Talbot, “ Guide to 
Filter Paper and Cellulose Powder Chromatography," London, 1952.

707 P. von Tavel, Chimia, 1951, 5, 256; R. Signer, ibid., p. 245.
708 G. N. Kowkabany and H. G. Cassidy, Analyt. Chem., 1952, 24, 643; A. Lacourt,

G. Sommereyns, and G. Wantier, Analyst, 1952, 77, 943; C. N. Trumbore and H. E. 
Rogers, / .  Chem. Educ., 1952, 29, 404; G. Heinrich, Naturwiss., 1952, 39, 257.

709 Analyt. Chem., 1952, 24, 1415.
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and  zone-definition respectively, and has considered some of these factors 
in more detail. In strum en ta l m ethods have been recom m ended for con
trolling separations,710 and num erous devices of apparatus, application of 
reagent, choice of support for the  s ta tionary  phase, and detection of zones 
have beeil reported .711 I t  has been shown th a t  the  m easurem ent of spot 
areas 712 or the  excision of spots and  elution for quan tita tiv e  analysis 713 m ay 
be considerably simplified e ither by  direct analysis on the cu t paper 714 or b}7 
cu tting  out the spots and weighing direc tly .715 In  the la tte r  case the result is 
more closely related  to  the  concentration th an  the  actual spo t area, probably 
because of com pensation for errors arising from varying paper thickness.

In  th e  organic field alcohols,716 th e  2 : 4-dinitrophenylhydrazoncs of 
aldehydes and  ketones,717 acids,718 am ines,719 azo-dyes derived from 
aiylam ines,720 phenols,721 sugars and  related  com pounds 722’723 and  amino- 
acids and  re la ted  com pounds 723’ 724 are am ong the  long list of substances 
th a t have been separated .

Because of the  considerable use of benzidine in the detection  of zones, 
its behaviour w ith a wide range of m aterials, including inorganic salts, has 
been stu d ied .725 The halides from halogen compounds, a fter sodium fusion, 
have been separa ted .728 Separations of a num ber of m ixtures of inorganic

710 D. C. Müller, Analyst, 1952, 77, 933.
711 P. Meredith and H. G. Sammons, ibid., p. 418; L. A. Boggs, Analyt. Chem., 1952, 

24, 1673; L. A. Boggs, L. S. Cuendet, M. Dubois, and F. Smith, ibid., p. 1148; D. F. 
Meigh, Nature, 1952, 169, 706; U. S. von Euler, ibid., 170, 664; A. Grieg, ibid., p. 845;
G. Zimmermann and K. Nehring, Angew. Chem., 1951, 63, 556; J. G. Marchal and T. 
Mittwer, Proc. K . Ned. Akad. Wet., 1951, 54, c 4, 391; S. Berlingozzi and G. Serchi, 
Sper. See. Chim. biol., 1952, 3, 1.

712 J. A. Brown and M. M. Marsh, A nalyt. Chem., 1952, 24, 1952.
713 T. Kariyone and S. Shimizu, Nature, 1952, 170, 422.
711 B. Levin and V. G. Oberholzer, ibid., p. 123.
715 J. H. Freeman, Analyt. Chem., 1952, 24, 2001.
718 A. C. Neish, Canad. J .  Chem., 1951, 29, 552.
717 D. F. Meigh, Nature, 1952, 170, 579.
718 F. W. Denison and E. F. Phares, A nalyt. Chem., 1952, 24, 1628; T. L. Parkinson, 

Analyst, 1952, 77, 438; V. K. M. Rao, J . Sei. Ind. Res., India, 1952, 11, B, 277; S. S. 
Phatak, A. P. Mahadevan, and V. D. Patwardhan, Current Sei., 1952, 21, 162.

719 W. Baker, J. B. Harborne, and W. D. Ollis, / . ,  1952, 3215; J. M. Bremner and 
R. H. Kenten, Biochem. J ., 1951, 49, 651 ; A. Wickström and B. Salvesen, J . Pharm. 
Pharmacol., 1952, 4, 631; R. Schwyzer, Acta Chem. Scand., 1952, 6, 219.

720 M. Zalokar, J . Amer. Chem. Soc., 1952, 74, 4213.
721 Wen-Hua Chang, R. L. Hossfeld, and W. M. Sandstrom, ibid., p. 5766; G. M. 

Barton, R. S. Evans, and J. A. F. Gardner, Nature, 1952, 170, 249; S. A. Ashmore and
H. Savage, Analyst, 1952, 77, 439.

722 J. L, Buchan and R. I. Savage, ibid., p. 401; N. Albon and D. Gross, ibid., p. 410; 
J. T. Edward and D. M. Waldron, J ., 1952, 3631 ; R. J. Dimler, W. C. Schaeffer, C. S.
Wise, and C. E. Rist, A nalyt. Chem., 1952, 24, 1411; L. Sattler, ibid., p. 1862; R. J.
Bayley, E. J. Bourne, and M. Stacey, Nature, 1952, 169, 876; P. S. Rao and R. M. 
Beri, Proc. Indian Acad. Sei., 1951, 28, A , 368; A. Yoda, Sugar Ind. Abslr., 1952, 14, 
116; J. Saarnio, E. Niskasaari, and C. Gustafsson, Suomen Kein., 1952, 25, B, 25; 
J. Opiehska-Blauth, E. Drozdowski, and M. Kanski, A nn . Univ. M . Curie-Sklowdowska, 
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m urty and P. S. Sarma, J . Sei. Ind . Res., India, 1952, 11, B, 279.
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iops have been reported .727 More lim ited separations have been described 
for phosphates,728 alkali m etals,729’ 730 alkaline-earth  m etals,730 zinc,731 
bism uth ,732 uran ium ,733- 734 thorium ,734’ 735 niobium  and tan ta lu m ,736 and 
zirconium and  hafn ium .737

On theoretical considerations, partitio n  m ethods have been extended 
to partition  between gas-liquid  phases, and some separations based on this 
theory, such as the  separation of volatile fa tty  acids, are described.738

Ionophoresis and Electrophoresis.—The m ethods of “ electrochrom ato
graphy "  have been review ed,739 and  appara tu s for carrying ou t ionophoretic 
or electrophoretic separations in filter-paper has been described.740 G. 
Manecke 741 has described the  application of ionophoretic separations to  
m ixtures of ions on ion-exchange columns. Copper has been separated  and 
determ ined on paper by ionophoretic m ethods.742 The m ethods norm ally 
applied in th is field have u tilised  low voltages to  achieve separations. 
I'lavonoids and sugars have been separated  by using high constan t voltages 
of the  order of 100— 1000 vo lts .743

9. MISCELLANEOUS.

Radiochemical Analysis.—An excellent account of the basis and  ex
perim ental aspects of radiochem ical analysis has appeared in  book form ,744 
and there have been o ther reviews of the  subject 745 from th e  analytical 
standpoint. The precision counting of a-particles has been discussed 746 and 
a m ethod of apportioning rad ioactiv ity  betw een radioactive paren ts and

727 J. G. Surak and D. P. Schlueter, J . Chem. Ednc., 1952, 29, 144; H. H. Fillinger 
and L. A. Trafton, ibid., p. 285 ; F. H. Pollard and J. F. W. McOmie, Endeavour, 1951, 10, 
213; G. Venturello and A. M. Ghe, Analyt. Chitn. Acta, 1952, 7, 201, 268; A. Lacourt, 
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729 D. P. Burma, Analyst, 1952, 77, 382.
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daughters has been described.747 R adio-tracers have been used for chrom
atographic separations.748 Some reactions of th iosulphate and te tra th ionate  i 
have been stud ied  by  tracer m ethods.749 P recautions necessary for re
producible results in the  elem entary analysis of organic com pounds con- ] 
taining radio-tracers have been described.750 R ad ioactiv ity  m easurem ents • 
have been employed for the determ ination  of potassium ,751’ 752 rubid ium ,752 
chrom ium , vanadium , and m olybdenum ,752 asta tin e ,754 francium ,755 and 
am ericium .756 Radioactive iron has been separated  from biological m aterials 
by precip itation  w ith  cupferron and subsequent ex trac tion .757

Radioactivation.—This im portan t new technique for the  determ ination, 
particularly , of m icrogram  or sub-m icrogram  am ounts of m aterials, has been 
considerably extended in its application. Conditions have been described 
for the determ ination  of copper in lum inescent solids,758 uranium  in rocks 
and  m inerals,750 ind ium ,760 arsenic,761 an tim ony ,762 and  trace elem ents in 
h igh-purity  alum inium  763 and in h igh-purity  m agnesium .764

Non-radioactive Tracers.—M ethods for the determ ination  of deuterium 
have been discussed.765 M ethods have been described for the isolation 
of hydrogen before isotopic assay ,766 and for the  determ ination of oxygen 
in organic com pounds 767 and  of h y d ra te-w ater.768 Combined chemical 
analysis and  tracer assay in organic analysis has been discussed, and  rapid 
and accurate m ethods m aking use of simple interlocked chemical and 
tracer procedures have been described.769

Gas Analysis.—The use of a simple appara tus for the detection of a wide 
range of gases has been described,770 and  sensitivities for the reactions are 
quoted. A simple m anom etric gas-analysis ap p ara tu s  for general quan
tita tiv e  w ork,771 and  the analysis of gas m ixtures containing oxides of nitro
gen 772 have been described. A m ethod of.analysis depending on desorption
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719 H. B. v. d. Heijde and A. IT. W. Atcn, J . Anter. Chem. Soc., 1952, 74, 3706.
750 E. A. Evans and J. L. Huston, A nalyt. Chem., 1952, 24, 1482.
751 O. Giibeli and K. Stammbach, Helv.-Chim. Acta, 1951, 34, 1245.
752 Idem, ibid., p. 1253.
752 J. Govaerts and C. Barcia Goyanes, Analyt. Chim. Acta, 1952, 6, 121.
751 A. IT. W. Aten, T. Doorgeest, U. ITollstein, and H. P. Moeken, Analyst, 1952,

77, 774. 756 E. K. Hvde, J . Amer. Chem. Soc., 1952, 74, 4181.
796 H. W. Miller, Nuclear Sci. Abstr., 1952, 6, 15.
797 R. E. Peterson, A nalyt. Chem., 1952, 24, 1S50.
798 E. Grillot, Compt. rend., 1952, 234, 1775.
799 A. A. Smales, Analyst, 1952, 77, 778.
700 J. E. Hudgens and L. C. Nelson, A nalyt. Chem., 1952, 24, 1472.
761 A. A. Smales and B. D. Pate, ibid., p. 717; Analyst, 1952, 77, 188, 196.
792 J. E. Hudgens and P. J. Call, A nalyt. Chem., 1952, 24, 171.
762 P. Albert, M. Caron, and G. Chaudron, Compt. rend., 1951, 233, 1108.
761 G. J. Atchison and W. PI. Beamer, Analyt. Chem., 1952, 24, 1812.
769 M. E. Reinders, Chem. Weekblad, 1951, 47, 785.
764 I. Bigeleisen, M. L. Perlman, and H. C. Prosser, Analyt. Chem., 1952, 24, 1356.
707 A. V. Grosse and A. D. Kirshenbaum, ibid., p. 584; A. D. Kirshenbaum, A. G. 

Streng, and A. V. Grosse, ibid., p. 1361.
768 H. J. Morowitz and H. P. Broida, ibid., p. 1657.
769 R. C. Anderson, Y. Delabarre, and A. A. Bothner-by, ibid., p. 129S.
779 H. Malissa, A. Musil, and R. Kreibich, Mikrocheni. Mikrochim. Acta, 1951, 38, 

385, 403.
771 J. N. Pitts, D. D. DeFord, and G. W. Recktenwald, Analyt. Chem., 1952, 24, 1566.
772 C. L. Johnson, ibid., p. 1572 ; G. Meyer and P. Voogcl,Rec. T.rav.chim., 1951, 70,833.



WILSON : MISCELLANEOUS. 341

followed by  heat-conductiv ity  m easurem ents has been proposed.773 Indirect 
analysis of m ixtures by  the  m easurem ent of the gas evolved by a su itab le 
reaction has been recom m ended.774 E thylenediam ine is s ta ted  to  be a 
readily purified absorbent for carbon dioxide,775 possessing the advantage 
tha t it  is easily separated  from its  carbonate by  vacuum  distillation.

M oisture D eterm ination.—A m icro-m ethod for the  determ ination  of 
i hydrate-w ater in  m inerals has been described.776 The p reparation  and  use 
I of the K arl Fischer reagent has been discussed in  de ta il,777 and its  use in the 

presence of ferric salts 778 and  w ith a  dead-stop end-point appara tus 779 has 
been described. A solution of brom ine and  sulphur dioxide in chloroform 
has been recom m ended 780 as being more satisfactory  in some determ inations 
than the K arl Fischer reagent. W ater in alcohols has been determ ined by 
using high-frequency oscillators,781 and  th is m ethod is reported  to  give 
particularly  good results in the  system  ethanol-w ater.

Operations in  Non-aqueous Solvents.—A cid-base 782 and  g e n e ra l783 
titra tions in non-aqueous solvents have been reviewed. A part from in 
vestigations no ted  elsewhere in this R eport, the  titra tio n  of am m onium  and 
amine salts of m ineral acids,784 and  of a  range of sodium  and o ther m etal 

’ salts 785 and of amines 780 has been described. The electrochem ical potentials 
of a num ber of inorganic and  organic redox system s in pyridine have been 
determ ined.787 I t  has been shown th a t  by using a glass electrode acid-base 
titra tions in  th is  solvent m ight also be possible. Ionophoretic separation  of 
dye m ix tures in non-aqueous solvents has been achieved.788

Sedimentation Analysis.—Lead has been determ ined by  centrifuging lead 
sulphate,789 and the zinc-1 : 10-phenanthroline reaction already m entioned 73 
has been used in a sedim entation determ ination of vanadium .

Catalysed Reactions.—B oth  qualita tive  and  q u an tita tiv e  m ethods 
based on catalysed reactions, in addition  to  those m entioned elsewhere in 
this R eport, have been proposed. Cobalt m ay be detected  by  a catalysed 
oxidation of m anganese(ii) to  m anganese(iv).790 The reducing power of the  
m ercurous ion is enhanced in  the  presence of th iocyanate, so th a t  i t  can be 
detected by  its  ab ility  to  reduce iron(m ) to  iron(n) (cf. p. 316).791 Copper 
may be used for the  ca taly tic  reduction of n itra te  to  am m onia for qu an tita tiv e  
determ ination .792 Various catalysts have been em ployed in the  iodom etric

773 H. Wirth, Mikrochem. Mikrochim. Acta, 1952, 40, 15.
7:2 N. I. Pyshkin and O. M. Lukin, J . Anal. Chem., U .S.S.R ., 1951, 6, 2G1.
776 R. W. Swick, D. L. Buchanan, and A. Nakao, Analyt. Chem., 1952, 24, 2000.
770 E. B. Sandell, Mikrochem. Mikrochim. Acta, 1951, 38, 487.
777 E. Eberius, Z. anal. Chem., 1952, 137, 81.
778 A. H. Laurene, A nalyt. Cliem., 1952, 24, 149G.
778 W. A, Frediniani, ibid., p. 1126.
780 T. S. West, Ind . Chem. Chem. M anuf., 1952, 28, 491.
781 P. W. West, P. Senise, and T. S. Burkhalter, Analyt. Chem., 1952, 24, 1250.
782 J. A. Riddick, ibid., p. 41.
783 J. A. Riddick, J. S. Fritz, M. M. Davis, E. F. Hillenbrand, and P. C. Markunas, 

ibid., p. 310; T. S. West, Ind. Chem. Chem. M anuf., 1952, 28, 368, 415.
781 J. S. Fritz, Analyt. Chem., 1952, 24, 306.
788 C. W. Pifer and E. G. Wollish, ibid., p. 519.
786 R. J. Keen and J. S. Fritz, ibid., p. 564.
787 A. K. Gupta, / . ,  1952, 3473, 3479.
788 M. H. Paul and E. L. Durrum, J . Amer. Chem. Soc., 1952, 74, 4721.
788 R. C. Jarnagin, J. T. Jones, O. L. Willbanks, and C. T. Kenner, Analyl. Chem.,

1952, 24, 1115. 780 P. W. West and L. A. Longacre, Analyt. Chim. Acta, 1952, 6, 485.
781 F. Lucena Conde, Mikrochem. Mikrochim. Acta, 1952, 40, 8.
782 Z. G. Szab6 and L. G. Bartha, Analyt. Chim. Acta, 1952, 6, 416.
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determ ination of persu lphate .793 Copper in sub-m icrogram  am ounts may 
be determ ined by  its  cata ly tic  effect on resorcinol ox idation ,794 silver by a : 
sim ilar effect on the  persulphate oxidation of m anganese(n),795 and  iron by its 
ca ta ly tic  effect, when co-precipitated w ith  a  cobalt-copper hydroxide carrier, 
on the decom position of hydrogen peroxide.796 The reduction of palladium 
in th e  presence of selenium by  hydrazine sulphate has been utilised for the j 
determ ination of pallad ium .797

Miscellaneous Methods.—There are several m ethods which cannot 
properly be classified under any  heading, b u t which seem to present distinct 
possibilities to  the  analyst. H. M. Powell 798 has shown th a t  clathrate- 
form ation m ay be used in the resolution of optical isomers, and  a somewhat 
sim ilar operation, the form ation of urea and  th iourea add u c ts ,799 has also | 
been found to  encourage separation. The use of specific adsorbents, first 
suggested by  L. Pauling ,800 has been investigated, and  some success has been 
achieved w ith these.801 There is some indication of a relation between the 
s tru c tu re  of the  substance adsorbed and  specificity, b u t the  results are not ! 
nearly  extensive enough to  allow any  precise deductions to  be m ade regarding 
this. Finally , D. J .  D. Nicholas has shown 802 th a t  by altering the  am ount of 
trace m etal in a nu trien t on w hich a fungus is growing, the  am ount of the 
m eta l m ay be assessed by  grow th of the  fungus, over a  range from zero 
con ten t to  sufficiency level.

Cecil  L. W ilson .

793 Z. G. Szab6, L. Csanyi, and H. Galiba, Z. anal. Client., 1952, 135, 2C9.
784 R. H. Lambert, Analyt. Client., 1952, 24, 808.
785 A. L. Underwood, A. M. Bun-ill, and L. B. Rogers, ibid., p. 1597.
798 A. Krause, Roczn. Client., 1952, 26, 3:
787 F. Pino Perez and F. Burriel Marti, A nal, real Soc. esp. FIs. Quint., 1951, 47, B, 

653, 657.
788 Nature, 1952, 170, 155.
799 W. Schlenk, Analyst, 1952, 77, S67.
800  C '. l ip n i  'N p k i s  1 0 4 0  9 7  0 1

801 F. H.’ Dickey, Proc. N at. Acad '. Sci., 1949, 35, 229; U..Curti and U. Colombo,
J . Amer. Client. Soc., 1952, 74, 3961 ; S. A. Bernhard, ibid., p. 4946.

802 Analyst, 1952, 77, 629.



CR Y ST A L L O G R A P H Y .
1. CRYSTAL GROWTH.

Th e  rem arkable ou tburst of in terest in  the m echanism  of crystal grow th 
appears to  have been stim ulated  by  the recognition th a t all crystals are 
im perfect and  th a t  dislocations can be self-perpetuating. In  addition, the 
recent developm ent of m ultiple-beam  in terferom etry  as a to o l1- 2-3 should 
be m en tioned .. Since th e  F a rad ay  Discussion in  1949 som ething like 
100 papers have appeared reporting  observations relevant to  the  dislocation 
mechanism, or developing the  m athem atical theory  of im perfect crystal 
growth. So strik ing are the results found, in  certain  cases a t least, th a t 
there cannot now be any doub t of the  im portan t p a r t played by  screw 
dislocations in  crysta l grow th, in these instances even if no t m ore generally.

Theoretical physicists have developed the  theory  of the  perfect crystal 
and, in particu lar, of the  nucleation of new phases.4-5 This led to  the 
predictions, (1) th a t, given nucleation, grow th ra te  should be proportional 
to  supersaturation , a re la tion  w hich was found to  hold ra th e r  well 
experim entally, and  (2) th a t  grow th-rate, as determ ined b y  the  ra te  of 
form ation of fresh 2-dim ensional nuclei on existing crysta l faces, should be 
excessively sm all for the  principle faces of a  perfect crystal, unless super
satu ration  were as high as, say, 50% . A t 1% supersaturation , the ra te  of 
growth should be about 1010°° tim es less th an  a t 50% . B urton  has 
rem arked th a t  th is m ust be one of the largest known discrepancies between 
theory  and  e x p e rim en t! I t  was recognised very early  th a t  th e  observed 
rate of grow th of real crystals m ust be connected w ith the ir la ttice  im 
perfections b u t as late as 1949 there was no clear conception of how the 
theory, should be modified. C rystal im perfections were by  no m eans the 
central concern for the  F a rad ay  Discussion. I t  is to  F ran k  5 th a t  the 
credit is due for pointing ou t th a t  a screw-dislocation can be self- 
perpetuating, and  th a t  the classical conceptions of the  critical nuclear size, 
etc., when applied to  a  grow th step  of th is kind, predict a spiral-shaped 
growing edge, in agreem ent w ith  certain  well-known features of some crystal 
surfaces. The self-perpetuating step  allows grow th of the crystal to  proceed 
w ithout fresh nucleation, as the  continual w inding upon itself of an infinite 
single layer of u n it elements, thus avoiding altogether th e  need for fresh 
nucleation of successive layers, and  explaining th e  observed ra te  of grow th 
of crystals in  a m ost elegant fashion. B urton, Cabrera, F ran k ,7-8-9-10 and 
others have been developing th e  theory  of dislocations very considerably. 
The dislocation transla tion  (Burgers’ vector u ) m ay be either the  un it cell

1 S. Tolansky and M. Omar, Nature, 1952, 170, 81.
2 S. Tolansky, Z. Elektrochem., 1952, 66, 263. 3 Idem, Nature, 1952, 169, 445.
4 I. N. Stransky and R. Kaischew, Physikal. Z ., 1935, 36, 393.
5 R. Becker and W. Doering, A nn. Physik, 1935, 24, 719; W. K. Burton and

N. Cabrera, Discuss. Faraday Soc., 1949, 5, 33, 40. 6 F. C. Frank, ibid., p. 48.
7 W. K. Burton, N. Cabrera, and F. C. Frank, Nature, 1949, 163, 398.
8 Idem, Phil. Tratis., 1951, 243, A , 299; F. R. N. Nabarro, Adv. Physics, 1952, 1, 271.
2 F. C. Frank, Phil. Mag., 1951, 42, 809; Adv. Physics, 1952, 1, 91.
10 Idem, Acta Cryst., 1951, 4, 497; Z. Elektrochem., 1952, 56, 429.
11 J. M. Burgers, Proc. K . Ned. Akad. Wet., 1939, 42, 293.
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translation  or some simple m ultiple thereof; screw dislocation m ay be 
right- or left-handed and, if several are presen t on one face (densities up 
to  104 dislocations per m m .2 have been observed), th ey  will give characteristic 
and  easily recognisable p a tte rn s  on .the surface. The new concepts have 
been applied to  explain polytypism  12 and  tw in-form ation.13

W hat m akes the  F rank  m echanism  so convincing is the  strik ing  confirm
ation  i t  has received from the s tu d y  of crysta l surfaces. The range of 
crystals on which m arkings consistent w ith F ran k ’s theory  have been 
observed includes g raph ite ,14 corundum ,15 haem atite,16 pyrites,17 beryl,18 
q u a rtz ,19 ap a tite ,20 m ica,21 and cadm ium  io d id e ;22 also, am ongst the  metals, 
Au,23 Mg,24 Cd,24 and  T i.25 A1B220 gives evidence of screw dislocations in 
the  centre of the  crystals, since the  action of acid is to  create a  hole a t this 
p o in t; m ost elegant of all, and incidentally  the only organic compounds 
represented in this list, the  hydrocarbons C36H 74 27 and C100H 202,28 examined 
in the  electron microscope b y  Dawson and  Vand, show well-m arked spirals 
of unim olecular step  height.

I t  is certainly too early to form any  proper assessm ent of the  generality 
of the  screw-dislocation m echanism  in crystal grow th. F rom  the  observ
ations so far available, it  would seem to be m ore im portan t in minerals, 
simple inorganic salts, and  elements. The spreading of layers outw ards over 
the surface of a growing crysta l has, of course, been observed in m any 
instances, inorganic and organic, particu larly  by  B unn,29 bu t, as a general 
rule, spiral p a tte rn s  are no t seen. E lectron m icrographs confirm the 
existence of layers on protein crysta l faces (e.g., the  R o tham sted  necrosis 
protein  30) b u t show neither spirals nor the hole a t  the  site of the  dislocation 
itself, w hich in the  case of p rotein  crystals was predicted  to  be of the order 
of 100 mp..31 The necessity for some form of 2-dim ensional nucleation is 
clear; b u t th a t i t  is always a screw dislocation cannot be said  to  have been 
proved. Dawson and  V and have shown (for C100H 202) 28 th a t  tw inning can 
give rise to an indestructib le step  resulting in unim peded grow th in one 
direction. Perhaps m any  o ther such m echanism s rem ain to  be found. 
Possibly, too, the role of im purities m ay have to  be taken  more into account.

12 F. C. Frank, Phil. Mag., 1951, 42, 1014; V. Vand, Nature, 1951, 168, 783; Phil. 
Mag., 1951, 42, 1384; G. Honjo, S. Miyake, and T. Tomita, Acta Cryst., 1950, 3, 396; 
see also L. S. Ranisdell and J. Kohn, ibid., 1951, 4, 75, 111.

13 A. H. Cottrell, and B. A. Bilby, Phil. Mag., 1951, 42, 573.
14 F. H. Horn, Nature, 1952, 170, 581.
15 A. R. Verma, ibid., 1951, 167, 939; 168, 430, 783; Z. Elektrochem., 1952, 56, 268; 

Phil. Mag., 1951, 42, 1005; 1952, 43, 441; S. Amelinckx, Nature, 1951, 168, 431;
H. E. Buckley, Z. Elecktrochem., 1952, 56, 275.

16 A. R. Verma, Nature, 1952, 169, 540. 17 A. F. Seager, ibid., 170, 425.
18 L. J. Griffin, Phil. Mag., 1951, 42, 775, 1337 ; 43, 827.
18 C. S. Brown, R. C. Kell, L. A. Thomas, N. Wooster, and W. A. Wooster, Nature,

1951, 167, 940; G. van Praagh and B. T. M. Willis, ibid., 1952, 169, 623; B. T, M. Willis, 
ibid., 170, 115. 2(1 S. Amelinckx, ibid., 169, 841; 170, 760.

21 Idem, ibid., 169, 580. 22 A. J. Forty, Phil. Mag., 1951, 42, 070; 1952,43,72,377.
23 S. Amelinckx, ibid., p. 562; S. Amelinckx, C. C. Grosjean, and W. Dekeyser, 

Compt. rend., 1952, 234, 113. 24 A. J. Forty, Phil. Mag., 1952, 43, 481, 949.
23 M. A. Steinberg, Nature, 1952, 170, 1119.
28 F. H. Horn, E. F. Fullam, and J. S. Kasper, ibid., 169, 927.
27 I.M . Dawson and V. Vand, ibid., 1951, 167, 476; Proc. Roy. Soc., 1951, A , 206, 555-
28 I. M. Dawson, ibid., 1952, A , 214, 72.
29 C. W. Bunn, Discuss. Faraday Soc., 1949, 5, 119.
20 R. W. G. Wyckbff, Acta Cryst., 1948, 1, 292 (Fig. 7).
31 F. C. Frank, ibid., 1951, 4, 497.



The case of C d l2 is instructive. In itia l crystallisation proceeds a t  first w ith 
great rap id ity , excessively th in  p latelets being form ed; grow th then  slows 
down, the  plates begin to  thicken, and it  is only then  th a t  terraced steps, etc., 
begin to  appear on the (0001) faces. C d l2 affords some of the  m ost beautiful 
examples of spiral grow th patterns. B u t if screw dislocations account only 
for the  second phase of its grow th, w hat shall we postu late  for the  first?  
Buckley in particu la r has expressed scepticism  in th is connection.32

A nother line of evidence which m ust in due course be brought, to  bear on 
the subject is the  mosaic-block theory  of crystal tex tu re /s tro n g ly  supported  
by the  in tensities of X -ray  reflections.33 Light- scattering  indicates an 
average grain d iam eter of about 2000 A for NaCl.34 I t  is clear th a t  before 
more can be said abou t the grow th of crystals in general, very  m uch more 
experim ental work will have to  be done.

There is more work on re lated  aspects of crysta l grow th m uch harder to 
summarise. In  th is repo rt only the briefest indication can be given of the 

! main directions of such endeavours—the  alterations of crystal form b y  the 
j  presence of im purites, dyes,35 e tc . ; oriented overgrow ths; 36 and  the  stu d y  

by in terferom etry  of cleavage surfaces.37
J .  H. R.

2. THE TECHNIQUE OF STRUCTURE ANALYSIS.

Since 1949 when th is subject was last reviewed considerable a tten tio n  
has been given to  the  developm ent of m ethods for the  determ ination  of 
crystal struc tu res directly  from  diffraction data . T rial and error m ethods 
have been used for m any years w ith  g reat success and  there  is no doub t th a t  
in the  hands of a  capable investigator, and  especially when used in con
junction w ith  m olecular transform s, th ey  can be very  powerful. T hey have 
recently been strongly  im plem ented (at least in  2-dim ensional cases) b y  the 
further developm ent of optical m ethods utilising th e  correspondence between 
the diffraction of X -rays and  the diffraction of light. Lipson and  his 
collaborators have pointed  ou t th a t  th e  original fly’s eye procedure m ay  be 
greatly  simplified by  the  use of m asks containing only a  few, instead of 
several hundred, u n it cells.38 The revised procedure is no t only faster and 
more convenient b u t also, in  some respects, m ore useful, since the  p a tte rn  
can conveniently be com pared w ith the m olecular transform  also obtained 
optically on th e  sam e scale. Positive and  negative regions of th e  transform s 
may be distinguished by  inserting a  “ pseudoatom  "  a t a centre of sym m etry. 
I t  is evident th a t  some otherwise laborious aspects of tr ia l analysis m ay be 
greatly eased by use of optical m ethods, and  applications to  the  solution of

32 H. E. Buckley, Proc. Phys. Soc., 1952, B, 65, 578; Z. Elektrochem., 1952, 56, 275.
23 See, however, A. J. C. Wilson, Acta Cryst., 1952, 5, 318.
34 R. Fiirth and S. P. F. Humphreys-Owen, Nature, 1951, 167, 715.
35 J. Whetstone, ibid., 168, 603; IT. E. Buckley, Mem. Manchester L it. Phil. Soc., 

1950—1951, 92, 77; H. Seifert. Z. Elektrochem., 1952, 56, 331.
36 L. G. Schulz, Acta Cryst., 1951, 4, 483; 1952, 5, 130, 264; D. W. Pashley, ibid., 

p. 850; Proc. Phys. Soc., 1952. A , 65, 33; J. Willems, Z. Elektrochem., 1952, 56, 
345; A. Neuhaus, ibid., p. 453; E. Stanley, Research, 1951, 4, 293; A. A. Fuller, Nature, 
1951, 168, 471; D. M. Evans and H. Wilman, A d a  Cryst., 1952, 5, 731.

37 S. Amelinckx, Phil. Mag., 1951, 42, 342.
33 H. Lipson and C. A. Taylor, Acta Cryst., 1951, 4, 485; A. W. Hanson and H.

Lipson, ibid., 1952, 5, 145.
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several s tru c tu ra l problem s have been described.39 O ptical m ethods have 
also been applied to  the sum m ation of Fourier series.40 I t  is clear, how
ever, th a t, for complex crystals where the  steric  arrangem ent of the  atom s is 
n o t even approxim ately  known, tria l m ethods m ay become impossible, and 
i t  is evidently  desirable to  have m ore d irect routes to  the  solution of such 
structures.

Buerger 41 has described certain form al relations betw een the  idealised 
electron density  and  the corresponding P atterson  function. Regarding 
bo th  m aps as being composed of sets of points, the  fundam ental se t and  the 
vector set, he has given system atic m ethods of obtaining the form er from 
the  la tte r. Since th e  P a tte rson  m ap can always be obtained directly  from 
diffraction d a ta  th is  is equivalent to  a  proof th a t, in principle a t least, the 
crysta l s truc tu re  m ay be solved directly  from such data . The difficulty is 
th a t  in  practical cases the  density  of peaks in th e  P atterson  m ap m ay be so 
g rea t and the degree of resolution so small (for X -ray  wave-lengths in 
common use) th a t  th e  individual elem ents of the vector set are no t separately 
recognisable. The function m ay, of course, be sharpened by  the use of 
su itab le m odification functions b u t only a t  the  cost of in troducing spurious 
detail. N evertheless, some degree of sharpening is certain ly  useful and a 
num ber of fairly  com plex crystal s truc tu res have been solved by  the 
system atic in te rp re ta tion  of the  sharpened 3-dim ensional P a tte rson  function ; a 
detailed  description of such an analysis has been given for hydroxy-L-proline.42

Provided  th a t  some of the atom s in  the  stru c tu re  can be located, several 
m ethods of determ ining the  positions of the  o ther atom s are available. One 
of these (the “ heavy a to m "  m ethod) based on Fourier synthesis with 
coefficients F 0 and  phase angles ac, is well known and  has been of great 
im portance in solving some very  complex structures. L u z z a ti43 has given 
a  useful critical exam ination of the  m ethod and  has shown th a t  its power is 
g rea tly  increased by  the presence of a  centre of sym m etry. O ther methods 
based on the  system atic analysis of the  P atterson  function have now been 
proposed for such cases. Beevers and  R obertson have described the 
“ vector convergence diagram  ” 44 and  have applied i t  w ith  success to the 
strychnine hydrobrom ide s tructu re  45 The m ethod involves a summation 
of superim posed P a tte rson  functions, appropriately  w eighted if necessary, 
w ith  th e ir origin displaced to  the  known atom ic positions; it  is usually 
applied graphically  b u t i t  m ay easily be shown th a t  th is process is equivalent 
to  calculating the  Fourier series w ith coefficients F 02F a and  w ith  phase 
angles a0. B uerger 46 has m ade use of a  product function an d  a  minim um  
function in place of the previous sum m ation over P a tte rsons’ and  it  is 
claim ed th a t  the  m inim um  function provides the  best convergence to  the 
electron density . O ther forms of Fourier coefficients have been p roposed47

39 A. AY. Hanson, C. A. Taylor, and H. Lipson, Nature, 1952, 169, 1086; C. A. Taylor, 
ibid., p. 1087.

40 A. W. Hanson, C. A. Taylor, and H, Lipson, ibid., 1951, 168, 160; A. W. Hanson
and H. Lipson, Acta Cryst., 1952, 5, 362. 41 M. J. Buerger, ibid., 1950, 3, 87.

42 J. Donohue and K. N. Trueblood, ibid., 1952, 5, 414.
43 V. Luzzati, ibid., in the press.
44 C. A. Beevers and J. H. Robertson, ibid., 1950, 3, 164.
45 J. H. Robertson and C. A. Beevers, ibid., 1951, 4, 270.
46 M. J. Buerger, ibid., p. 531.
47 D. McLauchlan, Proc. N at. Acad. Sci., 1951, 37, 115; I. D. Thomas and 

D. McLauchlan, Acta Cryst., 1952, 5, 301; D. Rogers, Research, 1951, 4, 295.
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but, in the R eporters’ view, it  rem ains to  be shown th a t  any  of the m ethods 
discussed above are superior to  the  original heavy-atom  m ethod.

A great deal of in terest has centred on direct m ethods in w hich the 
problem is handled in transform  space ra th e r th an  in crystal space. The 
approxim ate struc tu re  can be recognised from a Fourier series containing 
com paratively few strong term s, provided th a t  the correct phase angles 
(or signs) can be assigned to  these, and  the  problem  becomes one of devising 
m eans of fixing or of lim iting the  possible phase relations am ongst the 
strongest term s. The H ark er-K asp er (H -K ) inequalities,48 derived by 
application of Schw artz’s inequality  to  th e  s tru c tu re  factor expression, have 
not only been of some practical im portance, b u t have also provided the 
stim ulus for fu rther theoretical developm ent. K arle and  H aup tm ann  49>50 
have shown th a t  inequality  relations resu lt from  th e  conditions th a t  the  
electron density  be everywhere positive and  have given a  general form ula for 
deriving all such relations. No. sym m etry  properties are required b u t they 
m ay read ily  be introduced to  give the  H -K  inequalities as special cases. 
I t  is shown 50’51 th a t  if the  U ’s (unitary  s truc tu re  factors) ra th e r th an  the 
F ’s are considered, then  some of the inequalities reduce to  equalities, special 
cases of which have been reported  previously.52 A m ethod of deriving the 
H -K  inequalities for any  space group has been described.53 A dditional 
phase lim itations are im posed if the  electron density  is known over a  portion 
of the  un it c e l l54 or if i t  is restric ted  to  a  m axim um  possible v a lu e ; 55 no 
such lim itations are imposed, however, by  the  condition th a t atom s m ust be 
separated  by a  certain  m inim um  d istance.54 Some linear inequalties have 
been derived for centrosym m etric c ry s ta ls ; 56 these are no t qu ite  so 
restric tive  57 as the  H -K  inequalities (which involve quad ra tic  relations) bu t 
they  are easier to  apply and  m ay prove very  useful. M ethods for the 
system atic application of inequalities have been described 58 and  they  have 
been used to  solve the  crystal s truc tu res of oxalic acid d ih y d ra te ,59 
decaborane,60 a- and  (3-selenium01’62 /»-di-fer/.-butylbenzene,63 ethylene- 
diam ine su lphate ,56 and  realgar.64

F or the H -K  inequality  relation to  produce definite restrictions on the 
signs, the F  values involved m ust be g reater th an  some m inim um  value. 
Their usefulness thus decreases as the  un it of s truc tu re  becomes larger until, 
a t a  certain  stage, no lim itations w hatsoever are im posed.65 In  principle, 
high-ordcr de term inantal inequalities 51 could be used in  such circum 
stances, b u t th e ir practical application is likely to  be ra th e r difficult.

18 D. Marker and J. S. Kasper, Acta Cryst., 1948, 1, 70.
49 J. Karle and H. Hauptman, ibid., 1950, 3, 181.
60 H. Hauptman and J. Karle, Phys. Review, 1950, 80, 244.
61 J. A. Goedkoop, Acta Cryst., 1950, 3, 374.
58 K. Banerjee, Proc. Roy. Soc., 1933, A , 141, 188; M. J. Buerger, Proc. N at. Acad. 

Sci., 1948, 34, 277. 63 C. H. MacGillavry, Acta Cryst., 1950, 3, 214.
84 J. A. Goedkoop, C. H. MacGillavry, and R. Pepinsky, ibid., 1951, 4, 491.
55 R. Pepinsky and C. H. MacGillavry', ibid., p. 284.
56 Y. Okaya and I. Nitta, ibid., 1952, 5, 564. 57 K. Sakurai, ibid., p. 697.
58 Idem, ibid., p. 546; J. Gillis, ibid., 1948, 1, 174; E. Grison, ibid., 1951, 4, 489.
89 J. Gillis, ref. 58.
,0 J. S. Kasper, C. M. Lucht, and D. Harker, Acta Cryst., 1950, 3, 436.
01 R. D. Burbank, ibid., 1951, 4, 140. 62' Idem, ibid., 1952, 5, 236.
83 B. S. Magdoff, ibid., 1951, 4, 176, 268.
84 T. Ito, N. Morimoto, and R. Sadanaga, ibid., 1952, 5, 775.
88 E. W. Hughes, ibid., 1949, 2, 34.
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For a crystal composed of atom s whose atom ic num bers do no t differ 
too greatly , the  electron density  p(x) and  its  square p2(x) have approxim ately 
the same form. Sayre 06 has shown th a t, as a consequence, F(h) m ust equal 
its self-convolution S pF (p )F (h  — p ) ; the phase angles (or signs) m ust be 
such as to  satisfy this set of equations. The equations hold in two 
dimensions provided th a t  th e  atom s are well resolved and they  have been 
applied to  the  [100] projection of hydroxy-L-proline. The equations imply 
a tendency for the  sign of F (h  - f  p) to  be the  same as th a t  of F (h)F(p). 
This result has also been derived by  considering the ex ten t to  w hich a 
Fourier series containing only a  few large term s can represent p(x),07 and 
also by a  s ta tis tica l argum ent.03 The relation (1) S (h  -f- p) — S(h)S(p) 
which can be proved from inequalities to  be tru e  when the  corresponding 
structu re  factors are sufficiently large, is thus probably tru e  in o ther circum 
stances, as indeed is suggested by  a  simple trigonom etric m anipulation  of 
the s truc tu re  factor expression. W hen some signs can be ob tained  from 
inequalities, the  probable valid ity  of (1), especially when applied 
sta tis tica lly ,68 provides a  useful extension by which m ore signs m ay be 
discovered. The structu res of glutam ine 09 and  of m etaboric acid 68 have 
been solved by  this m ethod. I t  has been suggested th a t  the  statistical 
application of (1) m ay be valid  even for structu res containing up to  200 atoms 
in the  u n it cell bu t, from  the  R eporters’ experience, th is would appear to 
be a highly optim istic estim ate.

A new approach to  d irect s tru c tu re  analysis has been in troduced  by 
H aup tm an  and  K arle .70 E ach s truc tu re  factor is regarded as a  closed 
vector po lygon ; the  m agnitudes of the vectors (/¡) are known, b u t their 
orientations are to  be found. F o r each observation of F (h), the 
application of the  random -w alk analysis leads to  a  d istribu tion  function 
for the  pi’s, and hence for the  atom ic co-ordinates. The s tric t coupling 
between the.polygons is ignored and the individual d istribu tion  functions 
are m ultiplied together to  yield a  resu ltan t p robability  d istribu tion  function 
for th e  co-ordinates. I t  re m a in s 'to  be seen w hether th is m ethod, in  its 
present form, will be of practical im p o rtan ce ; the calculations are excessively 
lengthy and  i t  is shown too th a t  the  final p robab ility  function is closely 
related  to  a  “ super-sharpened ” P atterson , exp [P(x)]. The introduction 
of coupling between the  vector polygons m ust necessarily strengthen  the 
relations and  we understand  th a t  this extension is being developed.

None of the  m ethods so far described seems generally applicable to 
molecules of very  high m olecular w eight. F o r these, ra th e r specialised 
m ethods of restricted  application are likely to  be required. V and 71 has 
described one such m ethod for com pounds containing s tru c tu ra l periodicities, 
w here th e  crysta l un it cell m ay contain sub-cells. The s truc tu re  m ay, in 
favourable cases, be inferred from the relations betw een the s tructu re  factors 
of th e  m ain cell and  those of the  sub-cell, as in  the  analysis of trilau rin .72 
Bragg and P eru tz  73 have applied knowledge of the  general shape of the 
haemoglobin molecule to  the absolute F  values a t  various shrinkage stages 
and  are well on the w ay to  a d irect projection of the  electron density.

65 D. Sayre, Acta Cryst., 1952, 5, 60. 67 \V. Cochran, ibid., p. 65.
03 W. H. Zachariasen, ibid., p. 68 . 63 \V. Cochran and B. R. Penfold, ibid., p. 644.
70 H. Hauptman and J. Karle, ibid., p. 4S.
71 V. Vand, ibid., 1951, 4. 104. 72 V. Vand and I. P. Bell, ibid., p. 465.
73 Sir W. L. Bragg and M. F. Perutz, Proc. Roy. Soc., 1952, A , 213, 425.



The sta tistica l trea tm en t of X -ray  intensities is capable of yielding much 
inform ation concerning crysta l structures. One of the  earliest applications 
gave an easy m ethod  of placing relative in tensity  m easurem ents on an 
absolute scale.74 A very  im portan t new developm ent has been to  provide 
an X -ray  m ethod of distinguishing betw een centrosym m etric and  non- 
centrosym m etric crystals.75 The m ethod is quite  simple and  depends 
essentially on the different characteristics of the one- and  two-dim ensional 
Gaussian functions which describe the  d istribu tion  of real and  complex 
structu re  factors respectively. C entrosym m etric molecules arranged centro- 
sym m etrically give a "  hypercentric ” d istribu tion  78 distinguishable from 
the ordinary  centric one. O ther sym m etry  elem ents m ay also be 
recognised.77 I t  is no tew orthy  th a t  all of th e  219 distinguishable space- 
groups m ay now be recognised from X -ray  d a ta .77>78

W e come now to the  questions of determ ining the  degree of reliability 
to be associated w ith a  s truc tu re  analysis a t  any  given stage. L u z z a ti79 
has extended some earlier argum ents of W ilson and others and  has derived 
relations between the reliability  in d ex l?  and  the  m ean value of cos 2rc(Ar.s) 
where Ar is the  error in an atom ic co-ordinate and  s =  2 sin 0/X. F o r the 
same degree of precision of the atom ic co-ordinates, R  is lower in  non- 
centrosym m etric th an  in  centrosym m etric structures. I t  is shown th a t if 
the Ar's are norm ally d istribu ted  abou t zero, then  R  p lo tted  against sin O 
m ust lié on a  fam ily of curves corresponding to  different values of |Ar|. 
This thus provides a  m uch m ore delicate te s t for the  approxim ate correct
ness of a struc tu re  th an  the value of R  itself, for, if the  errors are no t 
d istribu ted  norm ally, the proposed s tru c tu re  is incorrect, b u t it  m ay never
theless yield R  values as low as approxim ately  correct, though  unrefined, 
structures. E xam ples of struc tu res which gave reasonably low R  values, 
bu t w hich had  to  be radically  modified because they  were found incapable 
of fu rther refinem ent, are “ cfs-qaphthodioxan ” 80 (where an  incorrect ring 
structu re  was first tested) and  purpurogallin  81 (where one translational 
param eter of the  molecule was wrongly estim ated). I t  is possible th a t 
o ther exam ples are to  be found in the literature.

The accuracy of the final co-ordinates obtainable by the Fourier and the 
least squares m ethod has been discussed by  B ooth and  by  C ruickshank.82 
The relation betw een the  two m ethods has been exam ined by  the  la tte r ,83 
who finds an  exact sim ilarity  between the  equations for co-ordinate refinement. 
The convergence of the Fourier m ethod  has been discussed by L uzzati,84 who 
confirms some of Cruickshank’s conclusions. The principal results are as 
follows : (1) The sam e corrections (provided th ey  are sufficiently small) are 
given by  bo th  m ethods. (2) U nder identical conditions the final errors in 
atom ic positions are twice as g rea t for the  non-centrosym m etric as for the

71 A. J. C. Wilson, Nature, 1942, 150, 152.
75 Idem, Acta Cryst., 1949, 2, 318; E. R. Howells, D. C. Phillips, and D. Rogers, 

ibid., 1950, 3, 210. 78 H. Lipson and M. M. Woolfson, ibid., 1952, 5. 680.
77 D. Rogers, ibid., 1950, 3, 455. 78 M. J. Buerger, ibid., p: 465.
78 V. Luzzati, ibid., 1952, 5, 802.
80 S. Furberg and O. Hassel, Acta Chem. Scand., 1950, 4, 1584.
81 J. D. Dunitz, Nature, 1952, 169, 1087.
82 A. D. Booth, Proc. Roy. Soc., 1947, A , 188, 77; A , 190, 482, 490; A , 193, 305;

D. W. J. Cruickshank, Acta Cryst., 1948, 1, 92; 1949, 2, 65.
83 D. W. J. Cruickshank, ibid., 1950, 3, 10; 1952, 5, 511.
84 V. Luzzati, ibid., 1951, 4 .367.
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centrosym m etric case. Cochran 85 has given a detailed discussion of the 
(F0 — F c) synthesis. In  the earlj'- stages, th is type  of synthesis m ay be 
valuable in indicating the need for stru c tu ra l revisions of a d rastic  ch a ra c te r; 
Cochran has shown th a t  it  possesses a num ber of properties which m ake it 
useful for accurate s truc tu re  analysis. One advantage of the m ethod is th a t 
term ination  of series errors are largely e lim in a ted ; ano ther is tha t 
tem perature-factor param eters as well as atom ic co-ordinates are refined. 
The m ethod seems particu larly  useful for the  unequivocal placing of 
hydrogen atom s, and for investigation  of the fine detail of the electron 
d istribu tion  (e.g., in bonds).

F o r very accurate results i t  is of course necessary to  have d a ta  of the 
highest accuracy. W ith  photographic recording and visual estim ates i t  is 
difficult to  obtain  in tensities more accurately  th an  to  w ith in  abou t 10%. 
Considerable advances have taken  place in the  techniques of using Geiger 80 
and  proportional 87 counters for the  m easurem ent of intensities. A bsorption 
constitu tes ano ther serious source of error and  m ethods of applying 
corrections have been described 88 although perhaps the best procedure is to 
elim inate such errors as fa r as possible by  using e ither uniform ly shaped or 
very sm all crystals where practicable. Indeed, experim ental m easurem ents 
of the electron d istribu tion  can only be regarded as m eaningful provided 
th a t  they  include all the  above precautions for ensuring the  accuracy of the 
d a ta , and have been carried out a t  sufficiently low tem peratures.

J .  D. D.

3. STRUCTURAL CHEMISTRY.

Introduction.— In  this report, we have tried  to  cover three years of 
inorganic and  two years of organic s truc tu re  analyses by  A -ray 
crystallographic m ethods. M etal and  alloy structu res have been om itted— 
it seemed preferable to  leave them  for a  subsequent repo rt th an  to  deal w ith 
them  inadequately  in the  space available th is year. B u t lim ited  space is a 
problem  which fu tu re  R eporters will have to  face m ore and  more in fu ture 
years. Acta Crystallographica alone in 1948 contained 348 pages, which 
included 61 papers and  15 short com m unications; in 1952 the figures were 
860, 150, and 67 respectively. Several factors seem to have contribu ted  to 
th is rem arkable expansion.

The m ore w idespread adoption of m odern com puting techniques has 
brought w ith  i t  a  corresponding increase in the  use of three-dim ensional 
m ethods. This is im portan t for high-precision work b u t i t  also m eans th a t 
struc tu res of very  g rea t com plexity are now being a ttacked  by  X -ray 
m ethods. One molecule, whose s truc tu re  is slowly being elucidated, 
contains about 100 atom s, and  already m ore th an  ten  three-dim ensional 
P a tte rson  and Fourier series have been com puted in the  course of this 
analysis alone; a few years ago the labour involved would have been 
considered prohibitive.

S tructu ra l problem s concerning substances which are gaseous or liquid
85 W. Cochran, Acta. Crysl., 1951, 4, 408 . 86 idem, ibid., 1950, 3, 268.
87 A. R. Lang, Nature, 1951, 168, 907; Proc. Phys. Soc., 1952, A , 65, 372; U. W. 

Arndt and D. P. Riley, ibid., p. 74.
88 R. G. Howells, Acta Cryst., 1950, 3, 366; D. Grdenid, ib id ., 1952, 5, 283;

H. T. Evans and M. G. Ekstein, ib id ., p. 540.
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under ordinary  conditions have also now been b rought w ithin the  range 
of crystallographic analysis by  recent advances in  low -tem perature 
techniques.89 Phase transitions, residual entropy, and dielectric anomalies 
have already been extensively s tu d ie d ; hydrogen cyanide,90 carbonyl 
chloride,911 : 2-dichloroethane,92 m ethanol,93’94 «-propylam m onium  halides,95 
cyc/opentane,90 «eohexane,96 «eopentane,97 and  th iophen 98 are am ong the 
compounds exam ined and others will be discussed la te r  in connection w ith 
aspects of m olecular struc tu re . Some points from  the  analysis of m ethanol 
illustrate the  problem s involved. The tw o independent investigations of 
the high-tem perature m odification, carried out w ithin approxim ately  the  
same tem pera tu re  range, lead to  different results. One,93 based on single
crystal d a ta , gives an  orthorhom bic cell in which the  molecules are linked by 
infinite zig-zag chains of hydrogen bonds; the  o ther,94 based on powder 
da ta  and  therefore perhaps no t com pletely reliable, leads to  a  hexagonal cell 
of a  som ew hat re la ted  structu re . The situation  is evidently  more complex 
than had  been though t and  m ay be clarified by  fu rther X -ray  work, 
especially as ano ther transition  poin t (at 156-3° k) has now been d e te c te d 99 
in addition to  th e  well-m arked one a t  159-2° k . Tauer and  Lipscomb have 
also succeeded in in terp reting  the  d a ta  for the low -tem perature m odification. 
The infinite zig-zags of hydrogen bonds are preserved, b u t th ey  become 
somewhat m ore puckered. I t  is concluded th a t  the  residual entropy is 
zero, and th a t  the dielectric anom aly is associated w ith  puckering of the 
hydrogen-bond chains. Carbonyl chloride, a t  —160° c, is found to  have a 
com pletely ordered structure , so th a t  the  residual en tropy  of 1-63 e.u. 
rem ains unexplained and  presents an apparen tly  very serious problem.

N eutron diffraction extends the  range in o ther directions. S tructu ral 
problems concerning the  location of light, in the  presence of heavy, atom s 
may now be attacked . The m ost extrem e exam ple of th is kind, the 
structure  of uranium  hydride, U H 3, has already been solved.100 The 
hydrogen atom s lie in  d isto rted  te trah ed ra  equ id istan t (at 2-32 A) from four 
uranium  atom s and  not, as previously thought, betw een the  pairs whose 
separation is 3-71 A. Thorium  and zirconium  hydrides 101 have deform ed 
fluorite struc tu res w ith  sim ilarly large M -H  distances, 2-41 A. Earlier 
views on thorium  carbide m ust be com pletely rev ised ; 102 the  cell is not 
tetragonal b u t monoclinic, the  C-C distance is 1-5 A, and  th e  T h-C  bonds 
seem to  have considerable covalent character. In  am m onium  chloride 
(room tem peratu re  phase) the  N -H  bonds (1-03 A) are directed tow ards

88 S. C. Abrahams, R. L. Collin, W. N. Lipscomb, and T. B. Reed, Rev. Sci. Instr.,
1050, 21, 396; H. S. Kaufman and I. Fankuchen, ibid., p. 733 ; B. Post, R. S. Schwartz,
and I. Fankuchen, ibid., 1951, 22, 218.

80 W. J. Dulmage and W. N. Lipscomb, Acta Cryst., 1951, 4, 330.
81 B. Zaslow, M. Atoji, and W. N. Lipscomb, ibid., 1952, 5, 833.
82 M. E. Milberg and W. N. Lipscomb, ibid., 1951, 4, 369.
83 K. J. Tauer and W. N. Lipscomb, ibid., 1952, 5, 606.
81 B. Dreyfus-Alain and J.-M. Dunoyer, Compt. rend., 1952, 234, 320; B. Dreyfus- 

Alain and R. Viallard, ibid., p. 536.
85 M. V. King and W. N. Lipscomb, Acta Cryst., 1950, 3, 222, 227.
88 B. Post, R. S. Schwartz, and I. Fankuchen, / .  Amer. Chem. Soc., 1951, 73, 5113.
87 A. H. Mones and B. Post, J . Chem. Phys., 1952, 20, 755.
88 S. C. Abrahams and W. N. Lipscomb, Acta Cryst., 1952, 5, 93.
88 L. A. K. Staveley and M. A. P. Hogg, personal communication.

180 R. E. Rundle, J . Amer. Chem. Soc., 1951, 73, 4172.
101 R. E. Rundle, C. G. Shull, and E. O. Wollan, Acta Cryst., 1952, 5, 22.
102 E. B. Hunt and R. E. Rundle, J . Amer. Chem. Soc., 1951, 73, 4777.
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four of the  surrounding chlorine ions, the  two possible orientations being 
occupied a t  random .103 In  potassium  hydrogen fluoride, the hydrogen atom 
is a t  the  centre of the  F —H —F  bond.101 A nother ty p e  of result beyond the 
power of X -ray  diffraction is the  establishm ent of the  relative positions of 
Mg2+ and  Al3+ spinel as th e  normal ra th e r  th an  the inverse arrangem ent.105

F airly  accurate location of hydrogen atom s can also be given by  X -ray ' 
analysis, if the d a ta  are sufficiently accurate and  the  o ther atom s present j 
are no t too heavy. Cochran 100 has provided an  elegant dem onstration 
th a t  in  th e  hydrogen bonds of salicylic acid the hydrogen atom  is a t  nearly I 
the  norm al covalent distance from one oxygen atom  and th a t  0 - H '” 0

Fig. 1. (F0 — Fc) synthesis fo r salicylic acid projected on (001). The carbon and oxygen
atoms have been " subtracted out." Hydrogen atoms and bonding electron density may 
be recognised in the residual function.

is approxim ately  collinear (Fig. 1). The whole question of hydrogen 
bonding in organic crystals has been discussed by  D onohue 107 who has 
shown th a t strong hydrogen bonds are only form ed when the H  atom  is 
approxim ately  collinear w ith the bonded a to m s ; he estim ates th a t  symmetric 
0 •  ■ '0  hydrogen bonds will occur only w hen the  O ’•■O distance is about 
2-3 A. In  the several recent cases where a  sym m etric 0  • • • H  • • • 0  bond appears 
to  be dem anded by  the crystal sym m etry, e.g., in sodium sesquicarbonate 
d ih y d ra te ,103 in potassium  hydrogen b isphenylacetate,109 and  in potassium

105 H. A. Levy and S. \V. Peterson, Phys. Rev., 1952, 86, 766. See also G. H. 
Goldschmidt and D. G. Hurst, ibid., p. 797.

104 S. W. Peterson and H. A. Levy, J . Chem. Phys., 1952, 20, 704.
105 G. E. Bacon, Acta Cryst., 1952, 5, 684. 106 W. Cochran, ibid., in the press.
107 J. Donohue, J . Phys. Chem., 1952, 56, 502.
108 C. J. Brown, H. S. Peiser, and A. Turner-Jones, Acta Cryst., 1949, 2, 167.
109 J. C. Speakman, J ., 1949, 3357.
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g hydrogen bis-/>-hydroxybenzoate h y d ra te ,110 the O -H  ' "  O distance is gi'eater
n than 2-5 A and  Davies and Thom as have show n,111 for the  second exam ple
e at least, th a t  the  spectroscopic d a ta  are in m arked disagreem ent w ith  the
if sym m etric hypothesis. I t  seems likely th a t  these bonds are no t really
5 symmetric, b u t ra ther, th a t th e  crystal sym m etry  arises as a result of
■/ ' randomness in  the  structu re . E n tro p y  m easurem ents would be of con- 
t siderable interest. In  tw o cases, however, the  possibility of a  0 " ' H "  '0
i bond cannot be excluded. In  nickel dim ethylglyoxim e an 0 ' " 0  approach

of 2-42 A occurs and  no absorption m axim a corresponding to  free O -H  or 
) normally bonded 0 - H ' " 0  are detected  in the  infra-red spectrum .112 In

: maleic acid, an in tram olecular 0  • ■ • 0  d istance of 2-46 A is o bserved ; 113 here 
the bond distances in the carboxyl groups (Fig. 2) show fairly conclusively

2-4.2

(Ob) (b )
F i g . 2. Interatomic distances (in A) in  (a) nickel dimethylglyoxime and 

(b) maleic acid.

tha t the hydrogen atom  is m ore firmly associated w ith  one oxygen atom  th an  
the other. In  the singly ionised m aleate ion the negative charge should tend  
to be equally d istribu ted  betw een the  tw o carboxyl groups and  the  proton 
should therefore adop t a  m ore sym m etric position. The infra-red absorption 
spectrum  of potassium  hydrogen m aleate has been exam ined and  no 
characteristic 0 - H * " 0  bands seem to  occur.114

Together w ith  the w idening of the  range of crysta l analysis comes a 
significant increase in depth . I t  is only w ith in  the last few years th a t  all 
the diffraction d a ta  available from a given crystal have been exploited to  the 
full in the  course of analysis. Urea, one of the  first organic com pounds to  
have been stud ied  by  A -ray  m ethods, has been the  subject of a  recent 
re investigation ; 115 the  final m olecular param eters and probable errors 
reported a re :  C-O, 1-262 ±  0-011 A ; C -N , 1-335 ±  0-009 A ; N - O N , 
118° ± 0 - 9 ° ;  N -C -O , 121° +  0-45°. W hile probable errors close to  the 
above have been claim ed for m any years, i t  m ay be useful to  call a tten tion  
to the  length of the refinem ent process considered necessary for th is simple 
structure  in  w hich only four param eters define the atom ic positions. Of 
120 reflections accessible w ith  Cu-K a rad iation , the  in tensities of 111 could

110 J. M. Skinner and J. C. Speakman, / . ,  1951, 185.
111 M. Davies and W. J. O. Thomas, ibid., p. 2858.
112 L. E. Godycki, R. E. Rundle, R. C. Voter, and C. V. Banks, J . Client. Phys., 1951, 

19, 1205. 113 M. Shahat, Acta Cryst., 1952, 5, 763.
111 H. M. E. Cardwell, J. D. Dunitz, and L. E. Orgel, unpublished.
115 P. Vaughan and J. Donohue, Acta Cryst., 1952, 5, 530.
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be estim ated, the  rem aining 9 being negligibly small. The final param eters 
were obtained after 12 Fourier sections and 2 least-square analyses in which 
hydrogen atom  contributions and  varia tion  of the  atom ic form factors were 
bo th  taken  in to  account. In  th is report we shall m ention abou t a dozen 
other analyses, m any  of them  m uch m ore complex th an  this, for which similar 
calculations have been carried out.

Meanwhile theoretical chem ists have been calculating bond lengths on 
th e  basis of various quantum -m echanical approxim ations, particu larly  for 
conjugated and  arom atic molecules, and it is claim ed 116 th a t, in favourable 
cases, they  m ay be estim ated to  w ithin 0-015 A. We shall be discussing 
some of the  results in la te r pages, noting here only th a t while in some cases 
(e.g., anthracene) the agreem ent between observation and  theory  is good, 
in others (e.g., naphthalene, dim ethyltriacetylene) qu ite  serious discrepancies 
appear to  occur.

One tends to  question w hether com parison between bond lengths and 
angles derived from crysta l m easurem ents and  from theoretical calculations 
is really valid  when applied a t  th is  order of refinement. In  crystals, 
molecules are packed in fairly close con tact w ith  one ano ther and it  seems 
qu ite  likely th a t  the  a tta in m en t of the  m ost favourable packing arrange
m ent m ay, in some cases, be associated w ith  sm all displacem ents from the 
equilibrium  s ta te  of the  molecule considered in  isolation. In  the  fa tty  acids 
and  soaps, the  m ean carbon-carbon  repeat distance appears to  vary  from 
com pound to  com pound—in stron tium  lau ra te  i t  is 2-610 A, b u t in  lauric 
acid 117 2-521 ±  0-007 A. Decreases of about 2%  in bond length  from 
the gas to th e  crystal have been noted for hexam ethylenetetram ine 118 and 
for pen tabo rane .119’120 Such changes m ay well depend on the compression 
forces w ithin the crystal. As yet, the  n a tu re  and  m agnitudes of the  inter- 
m olecular forces involved are no t well understood b u t Low din’s recent 
calculations 121 on la ttice  energies m ay poin t the w ay for fu tu re  development.

Elem ents.—The analysis of solid chlorine provides a good exam ple of 
the  increased pow er of m odern low -tem perature techniques. The structure 
had  been reported  to  contain a  Cl-Cl bond of length only 1-82 A, considerably 
shorter th a n  the  d istance (2-01 A) found in  the  gas b y  electron diffraction,122 
and  also an  unusually  short in term olecular approach of 2-52 A. W ith  new 
single crysta l d a ta  obtained a t —160° c, Collin 123 has shown th a t  th e  earlier 
results were in co rrec t; the  s truc tu re  is sim ilar to  th a t of brom ine and  iodine, 
w ith Cl-Cl 2-02 A and  CT ■ • Cl 3-34 A.

The two monoclinic varieties of selenium have been studied. The more 
stable a-form is shown 61 to  contain 8-membered puckered rings of sym m etry 
D iA as in the rhom bic su lphur S8 molecule. The Se-Se d istance is 2-34 A, 
considerably longer th an  th e  2-19 A found in the  gaseous Se2 molecule [the 
corresponding distances for sulphur are 2-07 A  (S8) and  1-89 A (S2)], and 
Z.Se-Se~Se is 105°. For the  second, less stable, ^-modification, B urbank 62

116 C. A. Coulson, J . Phys. Chem., 1952, 56, 311.
117 V. Vand, W. M. Morley, and T. R. Lomer, Acta Cryst., 1951, 4, 324.
118 P. A. Shaffer, J . Amer. Chem. Soc., 1947, 69, 1557.
118 W. J. Dulmage and W. N. Lipscomb, Acta Cryst., 1952, 5, 260.
180 K. Hedberg, M. E. Jones, and V. Schomaker, J . Amer. Chem. Soc., 1951, 73, 3538.
121 P. O. Lowdin, J . Chem. Phys., 1951, 19, 1570, 1579.
122 For a compilation of electron-diffraction results see P. W. Allen and L. E. Sutton,

Acta Cryst., 1950, 3, 46. 222 R. L. Collin, Acta Cryst., 1952, 5, 431.
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proposed a  molecule which m ay be described as an 8-m em bered ring in 
which one bond has been broken ; we understand , however, th a t  his d a ta  
m ay be re-in terpreted  in term s of a  norm al 8-membered ring .124 W hite 
phosphorus has a cubic cell containing 56 P 4 molecules b u t the  complete 
struc tu re  has no t y e t been established.125

A good deal of a tten tio n  has been given to  graphite. Very careful 
m easurem ents of the  unit-cell size appeared to  show a  system atic decrease 
of c w ith  increasing quality  of crystallin ity  (size of crystallites, m easured 
by line broadening).126 I t  has now been established fairly definitely th a t 
the varia tion  is only apparen t, the observed spacing being the  m ean value 
of two in ter-layer spacings, 3-35 A for graphitic  carbons and  3-44 
A for “ non-graphitic c a rb o n s” .127-128 The «-axis rem ains constan t.127 
Various m odifications of the graphite  la ttice  have been p u t forw ard,129 to 
explain ex tra  reflections th a t appear; e.g., indicative of a cell twice as large 
in the  basal plane, or of orthorhom bic sym m etry. I t  has been suggested, 
however, th a t these effects arise from im purities; a t  least, the  effects can 
certain ly  be reproduced by  the addition  of brom ine.130 The n a tu re  of 
graphites in general has been studied, particu larly  by  F rank lin ,128-131 who 
has been able to  estim ate the proportions of the  m aterial in the  crystalline 

| , and  the  non-crystalline s ta te , and  to  postu late  grouping of the crystallites, 
as well as to  determ ine the ir average dimensions. The crystalline perfection 
of g raph ite  can be reduced by grinding : the crystallite  size is reduced from 
about 400 X 1200 to  abou t 100 x  400 A (thickness and  d iam eter).132 
G raphite flakes in cast iron can be shown to be more perfect near the ir core 
than  near the ir ex terio r.133

Of particu lar in terest in the case of graphite  is the evidence concerning 
the d istortion  of the  ou te r electron shell of the  carbon atom  owing to  bonding. 
N eutron diffraction intensities agree so well w ith  calculated values th a t  the  
B ernal s truc tu re  is certa in ly  correct, though deform ation from  stric tly  
hexagonal sym m etry  is still a possibility .134 Ar-R ay intensities do no t agree 
so well. This is now clearly due to  the  /-curves used hitherto . B u t there 
can be no doub t as to  the  agreem ent of the observed d a ta  w ith  M cW eeny’s 
new scattering  function ,135 derived from D uncanson and  Coulson’s wave 
functions.136 Strong support for the  McW eeny curve is also given by 
B rill’s results on diam ond.137 The g raph ite  resu lts po in t to  the  existence of 
about 0-08 electron in the  region of each C-C bond.134 Brill had  earlier 
estim ated 0-5—0-75 electron/bond for diam ond. B u t the la test results of 
Cochran’s very  accurate work appear to  confirm the lower value.106

F or boron nitride, H assel’s long accepted s tru c tu re ,138 though
124 L. Pauling, personal communication.
125 D. E. C. Corbridge and E. J. Lowe, Nature, 1952, 170, 629.
128 G. E. Bacon, Acta Cryst., 1950, 3, 137.
127 Idem, ibid., 1951, 4, 558, 561. 128 R. E. Franklin, ibid., p. 253.
122 G. E. Bacon, ib id ., 1950, 3, 320; J. Hoerniand J. Weigle, Nature, 1949, 164, 1088;

J. S. Lukesh, Phys. Reviews, 1950, 80, 226; 1951, 84, 1068; / .  Chem. Phys., 1951', 19, 383.
180 J. S. Lukesh, J . Chem. Phys., 1951, 19, 1203.
181 R. E. Franklin, Acta Cryst., 1950, 3, 107.
182 G. E. Bacon, ib id ., 1952, 5, 392. 188 E. Matuyama, Nature. 1952, 170, 1123.
184 G. E. Bacon, Acta Cryst., 1952, 5, 492.
185 R. McWeeny, ibid., 1951, 4, 513; 1952, 5, 463.
186 W. E. Duncanson and C. A. Coulson, Proc. Roy. Soc. Edinburgh, 1944, 62, 37.
187 R. Brill, Acta Cryst., 1950, 3, 333.
188 O. Hassel, Norsk, geol. Tidsskr., 1926, 9, 266.
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correct in outline, m ust be modified in favour of a pseudo-graphitic one.139 
H exagonal netw orks of B3N3 rings (B -N , 1-45 A) are stacked in  direct 
register (B above N), no t shifted la terally  as in  graphite. This stacking 
sequence is undoubted ly  due to  the  po larity  of the B -N  bonds. An analysis 
of BB-B-trichloroborazole,140 B3N3H 3C13, furnishes a fairly accurate value 
of the  B -N  distance, T41 A, som ew hat shorter th an  the value (1-44 A) 
reported  earlier for borazole itself.122 Some strik ing sim ilarities exist 
betw een these boron-nitrogen com pounds and  the isoelectronic carbon 
com pounds (e.g., th e  chemical behaviour of borazole and  benzene) b u t on 
the o ther hand, B3N3 and graphite differ m arked ly  bo th  in electric properties 
and in  colour. The electronic band  structu res of bo th  graphite and boron 
nitride have been discussed.141

F i g .  3 . Arrangement o f atoms in  (a )  elementary boron, (b )  boron carbide,
(c) decaborane, (d) calcium boride, and (e) pcntaborane.

A structu re  has a t  last been presented  for elem entary  boron .142 In  the 
tetragonal un it cell 48 B atom s occur a t the  vertices of four nearly  regular 
icosahedra which pack so th a t  every a tom  forms 6 bonds in  a  pentagonal 
pyram id  arrangem ent. Two ex tra  atom s in  special positions form  te tra 
hedral bonds. The B -B  distances are 1-75— 1-80 A, which agree well w ith 
distances found in boron hydrides and  in the diborides of Al, Cr, Ti, Zr, Nb, 
Ta, and  V, where the boron atom s form graphite-like ne ts .143 The eicoso- 
hedral arrangem ent of boron atom s occurs also in boron carbide and (less 
two atoms) in  decaborane. Some qu ite  strik ing relations m ay  now be 
recognised in  several struc tu res containing boron (Fig. 3). The s tructu re  of

. 139 R. S. Pease, Acta Cryst., 1952, 5, 356.
140 D. L. Coursen and J. L. Hoard, J . Amer. Chon. Soc., 1952, 74, 1742.
141 C. A. Coulson and R. Taylor, Proc. Phys. Soc., 1952, 64, A , 815, 834.
142 J. L. Hoard, S. Gellar, and R. E. Hughes, J . Amer. Chem. Soc., 1951, 73, 1892.
143 J . T. Norton, H, Blumenthal, and S. J. Sindeband, J . Metals, 1949,1, Trans. Sect., 

749; R. Kiessling, A d a  Chem. Scand., 1949, 3, 595.
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stable pentaborane, which can now be regarded as firm ly established,119' 120 
is clearly re la ted  to  th a t  of calcium boride. Boron and  its  com pounds are 
continuing to  supply theoretical chem istry w ith  problem s of a  unique 
ch a ra c te r; Longuet-H iggins 144 has discussed some of the  electron-deficient 
com pounds in term s of non-localiscd m olecular orbitals and H edberg 145 
has given a  detailed discussion of the  bond lengths in the  b.oron hydrides and  
related  molecules.

The p-uranium  stru c tu re  has been solved.146 I t  is te tragonal w ith  two 
parallel b u t dissim ilar p lanar sheets betw een w hich lie o ther atom s, bound, 
no t to  one another, b u t only to the  sheets on either side. I t  is suggested th a t 
th is  relatively  com plex arrangem ent is stabilised by  the  presence of a nearly 
full Brillouin zone. E ssentially  the same s truc tu re  is found in the  a-phase 
of the  F e -C r,147 Co-Cr,148 and  V - N i149 system s.

Simple Inorganic Molecules.— Low -tem perature studies are reported  for 
hydrazine 150 and  for hydrogen peroxide,151 two molecules im p o rtan t in any 
scheme of s tan d ard  covalent radii. The X -ray  results are 1-49 A for 0 - 0  
and  1-46 A for N -N , in  pleasing agreem ent w ith  earlier values from  spectro
scopic and  electron-diffraction evidence.122 In  hydrogen peroxide the 
arrangem ent of the  hydrogen atom s, inferred from the interm olecular 
hydrogen bonding, is th a t  predicted  from theoretical considerations.152 The 
hydrogen bonds form infinite helices round th e  4X screw axes of the  cry sta l to  
give a  ra th e r com pact s truc tu re  (the density  is 1-70 g. cm.-3). In  any  one 
helix there  are only tw o possible arrangem ents of hydrogen atom s and, 
since a given helix m ust re ta in  the  sam e arrangem ent th roughout the  crystal, 
no m easurable residual en tropy  is to  be expected a t  absolute zero. F o r 
hydrazine the  possibility of residual en tropy  due to  random ness of orientation  
in the  solid has been suggested in view  of the  small discrepancy (0-44 e.u.) 
between the  entropies calculated from  calorim etric d a ta  and from stru c tu ra l 
param eters and  spectroscopic assignm ents,153 b u t here again th e  s truc tu re  
does n o t appear to  perm it the  reten tion  of any m easurable en tropy  a t  low 
tem peratures. H ydrogen bonds occur in  infinite zig-zag chains in  such a 
way as to  suggest th a t  th e  molecules m ust have e ither the C2T eclipsed or the 
C2 semi-eclipsed configuration, instead  of the  staggered as usually  assumed, 
and  the  sam e configuration m ust be re tained  th roughou t th e  length  of the 
chains. Spectroscopic evidence, while no t in  serious disagreem ent w ith  the 
eclipsed forms, has been in terp reted  as favouring the  C2 staggered 
co n fig u ra tio n ;154 a  ¿r«ns(C21l)-configuration has also been suggested, on the 
basis of infra-red  and R am an spectra, for th e  solid a t  —190°.155 I t  is likely 
th a t there  is only a  sm all difference in stab ility  betw een the various forms

111 H. C. Longuet-Higgins, / . ,  in the press.
115 K. Hedberg, J . Amer. Chem. Soc., 1952, 74, 3486.
140 C. W. Tucker, Acta Cryst., 1951, 4, 425; 1952, 5, 389, 395.
147 B. G. Bergman and D. P. Shoemaker, J . Chem. Phys., 1951, 19, 515.
149 D. J. Dickens, A. M. B. Douglas, and W. H. Taylor, J . Iron Steel Inst., 1951, 167, 

27; J. S. Kasper, B. F. Decker, and J. R. Belanger, J . A ppl. Phys., 1951, 22, 361.
149 J. B. Pearson and J. W. Christian, Acta Cryst., 1952, 5, 157.
160 R. L. Collin and W. N. Lipscomb, ibid., 1951, 4, 10.
151 S. C. Abrahams, R. L. Collin, and W. N. Lipscomb, ibid., p. 15.
159 W. G. Penney and G. M. B. Sutherland, Trans. Faraday Soc., 1934, 30, 898.
193 D. W. Scott,” G. D. Oliver, M. E. Gross, W. N. Hubbard, and H. M. Huffman, 

J . Amer. Chem. Soc., 1949, 71, 2293.
154 P. A. Giguere and E. A. Jones, J . Chon. Phys., 1952, 20, 136.
169 E. L. Wagner and E. L. Bnlgozdy, ibid., 1951, 19, 1210.
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and  th a t the eclipsed molecules are stabilised in the crysta l by hydrogen 
bonds.

In  hydrazine dihydrogen su lphate (N2H 62+)(S 0 42~) 156 th e  hydrogen 
atom s have the  staggered arrangem ent, as in the  dihydrofluoride 157 and 
dihydrochloride.158 In  all three salts the N2H 62+ ion shows a  shortening of 
the  N -N  distance, from  1-47 to  1-40— 1-42 A. The value 1-45 A has been 
reported  for th is distance in the  N 2H 5+ ion .159 I t  has been suggested 157 
th a t the shortening is caused by increased coulombic a ttrac tio n  between the 
ex tra  form al charge on the nitrogen atom s and the charge of the surrounding 
electronic cloud, b u t th is m echanism  has been criticised 158 on the grounds 
th a t the expected degree of shortening would be m uch sm aller th an  th a t 
actually  observed. I t  is difficult to  m ake a  q u an tita tiv e  estim ate of the 
effect; the coulomb a ttrac tio n  is increased b u t so is the in ternuclear 
repulsion, and  i t  is certain  th a t  the la tte r  will predom inate for very large 
charges. Theoretical calculations do ind icate  th a t, in a hydrogen-like 
molecule, the  in ternuclear distance is decreased as the  positive charge on the 
nuclei increases from u n ity ,160 and  am ple spectroscopic evidence is available 
to  show th a t the in ternuclear d istance invariably  decreases (and often by a 
considerable am ount) in  passing from a- diatom ic molecule to  th e  corre
sponding isoelectronic positive ion, where the  la tte r  exists.101 These 
com parisons are no t s tric tly  analogous to  th a t  betw een N 2H 4 and  N2H 6++, 
b u t they  appear to  suggest th a t  the  formal charge effect m ay well be large 
enough to  account for the observed shortening.102

F i g .  4 . Arrangement o f atoms in  (a )  diamond, (b )  “ cage " molecule, e.g., As4S0, and 
(c) " cradle "  molecule, e.g., As.,S.,. Sulphur occupies the square positions in  As4S4 
but the tetrahedral positions in  N4S4.

Two very  in teresting  m olecular crystals, su lphur n itride 103 and realgar 
(arsenic sulphide),64 whose s tructu res have long defied analysis, have now 
been solved an d  found to  be closely related. B o th  contain tetram eric 
“ cradle ’’-shaped molecules (Fig. 4) as found by  Lu and  D onohue 164 for

158 I. Nitta, K. Sakufai, and Y. Tomiie, Acta Cryst., 1951, 4, 289.
157 M. L. Kronbergand D. Harker, J . Chem. Phys., 1942, 10, 309.
188 J. Donohue and W. N. Lipscomb, ibid., 1947, 15, 115.
158 K. Sakurai and Y. Tomiie, Acta Cryst., 1952, 5, 289, 293.
160 T. L. Cottrell and L. E. Sutton, Proc. Roy. Soc., 1951, A , 207, 49.
161 Compare, for example, internuclear distances for ground states of : LiH 1-595 A 

with (BeH)+ 1-312 A; NaH 1-887 A with (MgH)+ 1-649 A; BeH 1-343 A with {BH)+ 
1-215 A; N, 1-094 A with (NO)+ 1-066 A; NO 1-151 A with (Oa)+ 1-123 A : extracted 
from the compilation of G. Herzberg, "  Spectra of Diatomic Molecules,” Van Nostrand, 
1950, pp. 501 etseq.

168 See also L. Pauling, "  Nature of the Chemical Bond,” Cornell Univ. Press, 1940, 
p. 169. 183 D. Clark, J ., 1952, 1615.

184 C. S. Lu and J. Donohue, J . Anter. Chem. Soc., 1944, 66, 818.



the vapour sta te . The bond distances, S -N  1-60, S~S 2-58 (in N 4S4), and S~As 
2-24, A s-A s 2-59 A (in As4S4) agree fairly  well w ith the  electron diffraction 
results. The vapour of another arsenic sulphide, orpim ent, contains % cage 
shaped As4S6 molecules.164 I t  is w orth  rem arking th a t  the  “ cradle ” 
molecule is derived from the  “ cage ” b y  rem oval of tw o atom s a t  opposite 
vertices of an  octahedron. The “ cage ” molecule is itself derived by 
isolating a  portion of the  diam ond lattice, w ith  d istortion  if necessary, and 

| occurs in  a  wide v arie ty  of substances, adam antane (C10H 16), hexam ethylene- 
tetram ine (C10H 12N 4), P 40 6, A s4O g, As4S6, and  also in  the  A140 6 molecules 
which have been shown to constitu te  the  film on the surface of alum inium  
m etal.165a The orpim ent crysta l does no t contain discrete m olecules.64 
Instead, we have superim posed layers of S-shaped chains in  which each As is 
surrounded by  th ree S atom s, each shared by  tw o As atom s. The structu re  
is nevertheless related  geom etrically to  th a t  of realgar, and also to  th a t  of 
claudetite, As20 3.1654

A single-crystal analysis of nickel carbonyl, Ni(CO)4,166 confirms th a t  
the molecule is te trahed ral w ith linear N i-C -O ; the bond distances, N i-C
1-84 and  N i~0  2-99 A, agree well w ith  the electron-diffraction resu lts .122

Oxides and Oxy-acids of the Non-metals and Related Compounds.—
Oxides and  oxy-acids of nitrogen have received m uch a tten tio n . N itric  
oxide crystals contain dim eric molecules N 20 2, w ith  N - 0  1T0 and  N • • • 0
2-38 A, rectangular in  shape.167 The electron densities are in terp re ted  as 
supporting a  random  d istribu tion  of the  two possible arrangem ents in 
v . . . q  o---N  agreem ent w ith  the observed residual en tropy  of nearly
t I I | \ l l  In 2 per mole. A sta tistically  arranged dim er w ith  the 
0 " 'N  N ---0  short N -O .g roups parallel would also satisfy the d a ta  b u t
one would hard ly  expect th is arrangem ent to  give even approxim ately  
rectangular molecules. I t  seems difficult to  reconcile these results w ith 
the infra-red and R am an results which indicate the absence of a centre of 
sym m etry .168

Nitrogen pentoxide has been exam ined a t —60° and  a t  + 2 0 °  c ;  ap a rt 
from an expansion of the la ttice  the  s tru c tu re  does no t change w ith in  th is 
tem perature ra n g e ; 169 i t  is of an  ionic type  and  m ay be represented as 
[NOJ+NO^j]- . The p lanar n itra te  ions are arranged  in  sheets, 3-28 A apart, 
and the  n itron ium  ions are placed perpendicular to  the  sheets w ith  the ir 
nitrogen atom  in the plane of the  sheet. The low -tem perature analysis has 
been carried ou t w ith  a  high degree of accuracy, and  the  N - 0  distances are 
given as 1T54 and  1-243 A in th e  positive and  the  negative ion respectively. 
The nitronium  ion occurs also in  n itronium  perchlorate and  in th e  crystalline 
solids isolated from n itric-su lphuric  acid m ix tu res.170

Two independent refinem ents of Ziegler’s early  w ork 171 lead to  widely 
differing results for the  dimensions of th e  n itrite  ion. T ru te r 172 has reported

1<5* H. G. F. Wilsdorf, Nature, 1951, 168. 600.
1654 K. A. Becker, K. Plieth, and I. N. Stransky, Z . anorg. Chent., 1951, 266, 293.
166 J. Ladell, B. Post, and I. Fankuchen, Acta Cryst., 1952, 5, 795.
167 W. J. Dulmage, E. A. Meyers, and W. N. Lipscomb, J . Chetn. Phys., 1951, 19, 1432.
108 A. L. Smith, W. E. Keller, and H. L. Jonston, ibid., p. 189.
163 E. Grison, K. Eriks, and J. L. deVries, Acta Cryst., 1950, 3, 290.
1.0 K. Eriks, Thesis, Amsterdam, 1952.
1.1 G. E. Ziegler, Phys. Review, 1931, 38, 1040.
178 M. R. Truter, Nature, 1951, 168, 344.
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1-14 A for N ~ 0  and  132° for z O -N -O , while C arpenter,173 on the basis of 
a  least-squares refinem ent, finds 1-23 A and  116°. A high degree of accuracy 
is claim ed for bo th  analyses and it  seems very difficult to reconcile the 
results. C arpenter’s result is more likely on theoretical grounds since it  gives 
a  sensible sequence for the  th ree molecules N 0 2+ {1-15 A, 180°),169 
N 0 2 (1-20 A, 132°),174 and  N 0 2~ (1-23 A, 116°). The n itron ium  ion with 
16 valency electrons is expected to  be linear and  the  bond angle should 
decrease from 180° as each ex tra  electron is added ,175 w ith  diminishing 
degree of N ~ 0  bonding.

In  the gas phase, one bond in nitric  acid is m arkedly longer th an  the 
others (N -O H , 1-41 A; N ~ 0, 1-22 A) 122 b u t  in condensed phases, where 
hydrogen bonding is possible, the  p ro ton  becomes less firm ly associated with 
any  one oxygen atom  and  the distances tend  to  become more nearly equal. 
A very  good exam ple of th is is found in the  s truc tu re  of am m onium  tri
n itra te , N H 4N 0 3,2 H N 0 3.176 The two protons from the acid molecules are 
involved in hydrogen bonds to  form a trim er d iagram atically  represented 
in Fig, 5. The bond distances are sufficiently accurate to  indicate significant 
shortening of the N -O H  distance in  the  acid molecules. I t  is also to  be 
noted  th a t the 3-fold sym m etry  of the n itra te  ion is destroyed by  the

fl-221'33 OH
O o

F i g . 5. Trimer formed by two nitric acid molecules and one nitrate ion in
NH4N 03,2HN03.

pertu rba tion  produced b y  the close approach of protons to  tw o oxygen atoms 
b u t no t to  the th ird . O ther interesting exam ples of th e ’w ay in  w hich nitric 
acid molecules m ay be linked are found in  anhydrous n itric  acid 177 (a very 
complex structure), in n itric  acid m onohydrate ,178 and  in n itric  acid 
trih y d ra te .170

Borates and Silicates.— A struc tu re  for boron trioxide, B 20 3, has been 
derived from powder photographs.180 The ra th e r open 3-dimensional 
fram ework is bu ilt of d istorted  B 0 4 te trah ed ra  w ith one B - 0  d istance much 
longer (about 2-1 A) th a n  the  o ther three (about 1-5 A), an  apparent 
compromise between trigonal and  te trahed ra l co-ordination. C o b a lt181 
and m agnesium  182 pyroborate, M2B 20 5, contain discrete (B20 5)4- ions, 
form ed by  tw o B 0 3 triangles w ith  one oxygen in  common. B 20 5 groups 
occur together w ith  B 0 4 te trah ed ra  in endless chains in m etaboric acid, 
H B 0 2.68 Boron is triangularly  co-ordinated also in the  minerals 
warkw ickite, ludwigite, and  pinakiolite ,183 where the  s tru c tu ra l ty p e  is

173 G. B, Carpenter, Acta Cry si., 1952, 5, 132.
1,1 S. Claesson, J. Donohue, and V. Schomaker, J . Cbem. Phys., 1948, 16. 207.
175 A. D. Walsh, Hature, 1952, 170, 974.
170 J. R. C. Duke and F, J. Llewellyn, Acta Cryst., 1950, 3, 305.
177 V. Luzzati, ibid., 1951, 4, 120. 178 Idem, ibid., p. 239.
179 Idem, Compl. rend., 1951, 232, 1428. 180 ¡3. V. Berger, Acta Cryst., 1952,5, 389.
181 Idem, Acta Chem. Scand., 1950,4,1054. 182 Y.Takeuchi, Az/a Cryst., 1952, 5, 574.
183 y .  Takiuchi, T. Watanabd, and T. I to, ibid., 1950, 3, 98.
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determ ined m ainly by the packing of oxygen atom s in  bands, boron 
cem enting these bands together. One m ay com pare the  boroferrites.184 
Boron is te trahedrally  surrounded by  four O H ’s, however, in teepleite, 
2NaCl,Na2B20 4,H 20 ,185 and  in bandylite , CuC12,CuB20 4,4H 20  185-186 [where 
the Cu atom s are in  p lanar 4-fold co-ordination, as in  m alachite 
Cu2(0 H )GC 03 187 and basic copper n itra te , Cu4(0 H )G(N 0 3)2].188 In  boracite, 
ClMg3B 70 13,189 high- and  low -tem perature forms, boron is found in  te tra- 
hedra and  in  B 0 3~ 0  pyram ids, the  la tte r  b u ilt on a nearly  p lanar B 0 3 
triangle. The te trah ed ra  and pyram ids share all the ir corners, so forming a 
rigid unbroken boron-oxygen netw ork in which relatively large spaces are 
left for Mg and Cl ions.

Isolated S i0 4 groups exist in  chloritoid,'(Fe,M g)2Al(OH)4Al20 3(S i04)2,190 
where the  arrangem ent is in  layers sim ilar to  those in  m uscovite 
b u t w ithou t fusion of the  S i0 4 groups in to  sheets. Like moscovite, 
this m ineral contains an OH group; i t  was identified (by balancing the  
electrostatic  valencies) b u t the  position of the  hydrogen atom  was no t 
inferred. Infinite chains of te trah ed ra  are found in  sodium silicate, 
N a2S i0 3,191 where the s tructu re  is essentially sim ilar to  th a t  of diopside. In 
the m ineral axinite, Ca2Al2(Fe,M n)B 03S i0 120 H ,192 th e  S i0 4 te trah ed ra  
associate in to  rings of Si40 12, sim ilar to  the  P 40 12 rings of th e  te tram eta- 
phosphate ion.193 This is the  first tim e th a t  independent Si4 rings have 
been observed (in beryl, for exam ple, they  are fused w ith SiG0 18 rings). 
The B 0 3 groups are p lanar and  sym m etrical. The OH group identified by 
electrostatic considerations is s itu a ted  alm ost equ id istan tly  between the 
Fe2+ and one Al3+ ion. I ts  distances from four oxygen neighbours include 
one of 2-5 A, while the  others exceed 2-9 A, from  which the  position of the 
hydrogen bond m ight well be deduced. B u t unfo rtunate ly  the  accuracy of 
atom ic param eters is no t sufficient to  allow ce rta in ty  in  th is  : a t  least four 
o ther 0 - 0  distances are apparen tly  below 2-5 A. The Si60 18 ring is 
exemplified by  tourm aline. The original note by  Buerger and  H am burger, 
m entioned in 1949, has been followed by  a full account of the ir analysis of 
this complex and  beautifu l s tru c tu re .194 In  the m eantim e Japanese workers 
have given a  detailed repo rt of an independent analysis,195 the  first announce
m ent of w hich was as early  as 1947. There are no essential differences in 
the results obtained, although, some atom ic param eters differ by  as 
much as 0-5 A. A nother very  beautifu l s truc tu re  is th a t  of m ilarite, 
K 2Ca4B e4Al2Si24OG0,H 2O,196 where double rings, Si12O30, have been found, 
formed by  the  fusion of six add itional S i0 4 te trahedra , b y  edges, to  the 
Sie0 18 ring. These rings are linked in to  three-dim ensional fram ework by 
(Be,Si) atom s, w ith  K + and  H 20  in the  centres of the  double rings, and  Ca2+ 
ions in the  spaces betw een the rings. The peculiar optical properties of

181 B .F .B e r ta u t, A d a  Cryst., 1950,3, 473. 185 M. Fomaseri, Hie. sci., 1951, 21, 1192.
186 R. L. Collin, Acta Cryst., 1951, 4, 204. 187 A. F. Wells, ibid., p. 200.
188 W. Nowacki and R. Scheidegger, Helv. Chim. Acta, 1952, 35, 375.
183 T. ltd, N. Morimoto, and R. Sadanaga, Acta Cryst., 1951, 4, 310.
130 G. W, Brindley and F. W. Harrison, ibid., 1952, 5, 698.
131 A. Grund and M. M. Pizy, ibid., p. 837.
132 T. Ito and Y. Takiuchi, ibid., p. 202.
133 C. Romers, J. A. A. Ketelaar, and C. H. MacGillavry, ibid., 1951, 4, 114.
131 G. Donnay and M. J. Buerger, ibid., 1950, 3, 379.
135 T. Ito  and R. Sadanaga, ibid., 1951, 4, 385.
136 T. Ito, N. Morimoto, and R. Sadanaga, ibid., 1952, 5, 209.
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th is m ineral were a ttrib u ted  to  "  in c ip ie n t”  tw inning; b u t it  is probable 
th a t  this requires fu rther investigation. A continuous layer s tru c tu re  is 
found in the  m ineral am esite, long though t to  be a chlorite, b u t now clearly a 
kaolin-type crysta l.197

Several calcium silicate m inerals occurring in  cem ent have been studied 
recently, w ith  in teresting results. Isolated  S i0 4 te trah ed ra  are found in 
each case. The dicalcium  com pound,198 Ca2S i0 4 has a, a ', (3, and y  forms, 
in order of tem peratu re  stab ility . The second, stable a t  m oderate 
tem peratures, has a p-K2S 0 4 s tru c tu re ; the  p-form is only slightly distorted 
from this. The y-form, in to  w hich the p-crystal changes slowly, has an 
olivine structure . Tricalcium  silicate 199 also has a num ber of distinct 
forms, b u t w ith  m ore m arked ' pseudo-hexagonal sym m etry, ra th e r more 
tendency to  disorder and, relatively to  the dicalcium  salt, a  som ew hat more 
open s tru c tu re  which is though t to  explain its m uch m ore rap id  ra te  of 
hydra tion  by  w ater. The structu res of tw o hydrates are reported . In 
Ca2S i0 4 a-hydrate ,200 the  S i0 4 groups are arranged so as to  accommodate 
one w ater molecule per form ula un it. From  consideration of the 
tem peratu re  required to  dehydrate  the crystal, the  w ater is though t to  be 
present as hydroxyl ion, w ith  loss of a  proton to  an S i0 4 group. 
U nfortunately , owing to  the  lim ited d a ta  available, it is no t possible to 
discuss the hydrogen bonding. H ydrogen bonding has been stud ied  with 
great care, however, in the afwillite crystal, Ca3(S i030 H )22H 20 ,201 occurring 
in cem ent. The com bined evidence of the  electrostatic  balance and  in ter
atom ic distances establishes the  presence of 6 hydrogen bonds, which fall 
strikingly in to  two groups, of m ean length 2-52 and 2-72 A. They are all 
s itua ted  near the  plane across which cleavage is though t to  occur.

Before leaving the  silicates, m ention should be m ade of the observation 
recently  m ade, th a t, a t a controlled tem perature, acid will rem ove the  A1 
atom s from te trah ed ra l and  octahedral sites a t  qu ite  different ra tes.202 
Also there is the  im p o rtan t s tu d y  of the  lam inated  s truc tu re  of certain 
silicate m inerals, microclase,203 anorthoclase,203 and  chrysotile,204 where two 
different crystal struc tu res have been found associated on a sub-microscopic 
scale. S tacking disorder, where successive layers suffer ro ta tional and 
translational displacem ents, is very  frequent am ong the  silicates. The case 
of the  chlorites has been given detailed a tten tio n .205

Phosphates and Sulphates, etc.— An in teresting phosphate s truc tu re  is 
th a t of tervalen t cerium (and the rare earths La, P r, N d).206 The hexagonal 
crystal has oxygen-lined channels containing zeolitic w ater. The open 
character of the  struc tu re  is em phasised by  the  sta rtling  increase in density— 
25% —on passing to  the  monoclinic modification m onazite. The hydrated  
iron phosphate m inerals, v ivianite 207 (and the  isom orphous arsenate) and 
ludlam ite,208 have rela ted  structu res in which F e 0 6 octahedra, some sharing 
edges and  com ers, are linked by  P 0 4 groups in to  bands. These are held

197 G. W. Brindley, B. M. Oughton, and R. F. Youell, Acta Cry'st., 1951, 4, 552.
198 C. M. Midgley, ibid., 1952, 5, 307. 199 J. W. Jeffery, ibid., p. 26.
200 L. Heller, ibid., p. 724. 291 H. D. Megarv, ibid., p. 477.
292 G. W. Brindley and R. F. Youell, ibid., 1951, 4, 495.
203 T. Ito and R. Sadanaga, ibid., 1952, 5, 441.
291 E. J. W. W hittaker, ibid., 1951, 4, 187.
205 G. W. Brindley, B. M. Oughton, and K. Robinson, ibid., 1950, 3, 408.
296 R. C. L. Mooney, ibid., p. 337.
297 H. Mori and T. Ito, ibid., p. 1. 298 Idem, ibid., 1951, 4, 412.
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together in v iv ian ite  only by  hydrogen bonds betw een the  w ater molecules, in 
ludlam ite by the sharing of w ater molecules. A syn thetic  m ineral, iron 
lazulite, F e7(P 0 4)4(0 H )4,209 has a  sim ilar, though closer packed, arrange
ment. Potassium , am m onium , and  cæsium hexafluorophosphates have an 
NaCl-type structu re  form ed of K + and  (P F 6)~ ions.210

An in teresting th iosulphate s truc tu re  is th a t  of sodium  thiosulphate 
Na2S20 3,5H20  ; sodium  is surrounded by  a  d isto rted  octahedron of w ater 
molecules and oxygen atom s, and  columns of linked octahedra are held 
together la terally  by the  th iosulphate groups (which are approxim ately  
tetrahedral, S -S  1-97 Â).211 I t  is instructive to  com pare the  N a co
ordination in th is salt and in N a3SbS4,9H 20 .212

D etailed analyses are reported  for three sulphuric acid derivatives. In  
potassium sulpham ate 213 the  S -N  distance, 1-60 A, indicates considerable

4-

--bonding corresponding to  H 2N=S 0 3 . In  potassium  and  am m onium
dinitrososulphite S -N  is 1-79 Â, exceptionally long even for a  single bond 
(Tables of covalent rad ii give 1-74 A). W ith in  the p lanar N20 2 groups the 
bonds lengths are shortened, in fair agreem ent w ith  results of molecular- 
orbital calculations. For sulpham ic acid itself,214 S -N  is 1-73 and S - 0
1-48 A. H ere, as expected from the high m elting point, 206° c (cf. sulphuric

+
acid 10°), the  molecule is a  zw itterion, H 3N -S03_ . The S -0  distance is 
rather longer th an  is usual in molecules of th is type. This distance rem ains 
rem arkably constan t in system s involving d  orbitals on the central su lphur 
atom (see ref. 213), a po in t which is em phasised by  a recent low -tem perature 
study of su lphur dioxide where the value 1-430 A is found,215 in  perfect 
agreement w ith  micro-wave and  electron-diffraction results.

The C l-0  distance in system s involving d orbitals on the central atom  
likewise seems constant, 1-49 A in C102 216 and  1-48 A in LiC104,217 the only 
cases for which accurate results are available. W ith  selenium as central atom  
the corresponding distance varies m uch more. In  selenic acid 218 and  in 
Se02 v a p o u r122 i t  is 1-61 A b u t in selenious a c id 219 and  in  crystalline 
Se02 220 th e  bonds are m uch longer, betw een 1-72 and  1-78 A.

Metallic Oxides and Related Compounds.— In  discussing these com
pounds, i t  is convenient to  note the  transition  from low to  high co-ordination 
num ber; in particular, from  te trah ed ra l to  octahedral environm ent of the 
m etal atom .

T etrahedral C r0 4 groups are found in  chrom ium  trioxide,221 linked in 
chains b y  sharing of corners. The complex oxide, T h (0 H )2C r0 4,H 20  222 
contains discrete C r0 4 te trah ed ra  s itua ted  between infinite zig-zag chains

20i L. K atz and W. N. Lipscomb, A d a  Crysl., 1951, 4, 345.
210 H. Bode and H. Clausen, Z. anorg. Chem., 1951, 265, 229.
211 P. G. Taylor and C. A. Beevers, A d a  Crysl., 1952, 5, 341.
212 A. Grund and U. Preisinger, ibid., 1950, 3, 363.
212 G. A. Jeffrey and H. P. Stadler, 1951, 1467.
214 F. A. Kanda and A. J. King, / .  Amer. Chem. Soc., 1951, 73, 2315.
215 B. Post, R. S. Schwartz, and I. Fankuchen, A d a  Crysl., 1952, 5, 372.
216 J. I). Dunitz and K. Hedberg, J . Amer. Chem. Soc., 1950, 72, 3108.
217 R. E. Gluyas, 10th Ann. Pittsburgh Diffraction Conference, 1952.
218 M. Bailey and A. F. Wells, / . ,  1951, 968.

■ 2l9 Idem, ibid., 1949, 1282.
220 J. D. McCullough, J . Amer. Chem. Soc., 1937, 59, 789.
221 A. Bystrom and K. A. Wilhelmi, A d a  Chem. Scand., 1950, 4, 1131.
282 G. Lundgren and L. G. Sillen, A rkiv  Kemi, 1949, 1, 277.
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pi Th(O H )2. [Similar chains occur in T h (0 H )2S 0 4.223] The ferrate ion, 
F e 0 42-, as found in  B a F e 0 4 etc.,224 has alm ost the sam e dimensions as the 
C r0 4 group. The C r03Cl~ ion is very  sim ilar to o ; 225 the Cr-Cl distance,
2-16 A, incidentally, agrees w ith  th a t  in chrom yl chloride.122 In  carnotite, 
K U 0 2V 0 4(H20 ) 1.5, and the  synthetic  compound, K U 0 2V 0 4,226 2-dimensional 
sheets are formed by  linear U 0 2+ groups and te trahed ral V 0 42" groups, with 
the K + ions and  w ater of crystallisation  between the layers.

Nickel complexes are commonly square coplanar; the  BaNiOs structure 
provides a fu rther example. In  NiO.BaO, p lanar 4-fold co-ordination 
occurs, although the m agnetic m om ent shows tw o unpaired  electrons. 
A quite unusual p lanar 3-fold arrangem ent is shown by  NiO,3BaO, 
however.227

An unusual form ation w ith  5-fold co-ordination exists apparen tly  in 
vanadium  pentoxide, V20 5, w here the  octahedron of oxygen atom s around the 
vanadium  is so m uch distorted  (longest bond 2-81, others between T54 and
2-02 A) th a t  the  group is v irtua lly  a  trigonal bipyram id.228 Tetrahedra 
occur, however, in heavy m etal orthovanadates, M3V 0 4, such as the rare- 
earth  salts (all of which are isomorphous) which have the  zircon structure, 
w ith M in 8-fold co-ordination.229

As regards octahedral complexes, m uch a tten tion  has again been given 
to  such structu res as those bu ilt up  by  the  oxides of Mo and  W. A number 
of these, no tab ly  the  near-trioxides Mo80 23 and  Mo90 26, were described in 
the previous R eport. (The s truc tu re  of the  trioxide itself, known since 
1931, has been confirmed and  refined.230) A still m ore com plex oxide, 
W O2.90, has been exam ined,231 as well as a  m ixed oxide (Mo0.85W 0.15)O2.90.23S 
All these near-trioxides m ay be w ritten  as MB0 3B_1. In  th is type of structure, 
octahedra are linked by  corners infinitely in three dimensions (which 
would give the  composition M o03) except th a t, in  one direction, a fter every 
n  octahedra, edges are shared instead of corners, thus giving rise 
to  the  ra tio  of m eta l to  oxygen, n  : 3n  —- 1. The param olybdate  ion 
[Mo(Mo60 24)]6~, as i t  exists in the  sa lt (N H 4)0Mo7O24,4H2O, has been 
found 233 to  be.sligh tly  different from the  corresponding ion Te(Mo60 24)G" 
whose structu re , a regular hexagon of M o06 octahedra round the tellurium 
atom , was obtained by  E vans.234 In  the hom opolyacid anion, the  7 octa
hedra do no t lie in a  single p lane; instead, three lie in a plane a little 
separated  from  th a t  of the  rem aining fo u r ; th is d istortion  gives the  ion a 
g rea ter com pactness. The p ara tu n g sta te  ion, however, in the  compound 
5N a20,12W 03,28H20 ,235 consists, no t of 6, b u t of 12 tungsten  atoms 
associated w ith  - 46 oxygens ra th e r  th an  the  41 needed to  give th e  ion a 
charge equal and opposite to  10Na+. The tungsten  atom s them selves appear

223 G. Lundgren, A rkiv  Ketni, 1951, 2, 535.
221 H. Krebs, Z. anorg. Ckem., 1950, 263, 175.
225 L. Helmholz and W. R. Foster, J . Amer. Chem. Soc., 1950, 72, 4971.
224 P. Sundberg and L. G. Sillen, A rkiv  Ketni, 1950, 1, 337.
222 J. J. Lander, Acta Cryst., 1951, 4, 148.
228 A. Bystrom, K. A. Wilhelmi, and O. Brotzen, Acta Chem. Scand., 1950, 4, 1119.
228 W. O. Milligan and L. W, Vernon, J . Phys. Colloid Chem., 1952, 56, 145.
220 G. Anderson and A. Magneli, Acta Chem. Scand., 1950, 4, 793.
231 A. Magndli, Nature, 1950, 165, 356. 232 Idem, Research, 1952, 5, 394.
233 I. Lindquist, Acta Cryst., 1950, 3, 159; A rkiv  Ketni, 1950, 2, 325,
234 H. T. Evans, J . Amer. Chem. Soc., 1948, 70, 1291.
233 I. Lindquist, Acta Cryst., 1952, 5, 607.
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to be grouped as a hollow cag e ; b u t the  oxygen atom s of the ir octahedra ate 
actually  all in contact, in  hexagonal close packing. Incidentally  the  
disposition and  function of the  w ater molecules in these structures is still an 
open question. A nother ion, Mo20 72~ (and th e  corresponding W 20 72~), has 
been found to  be an infinite chain m ade up of M o04 te trah ed ra  and 
M o06 octahedra.236 M o04 (or W 0 4) te trah ed ra  are no t common, b u t do 
occur in such com pounds as M2M o04 where M — Ag, Na, -¡Ca, etc. A six- 
m em bered ring of W 0 6 octahedra, is form ed in the tungsten  bronzes, 
MxW 0 3.237 Continuous sheets of octahedra are found in yellow m olybdic 
acid, M o03,2H 20 , the  octahedra sharing com ers in tw o directions to  give the 
layers the  composition (M o04)„. The rem aining oxygen atom  m ust lie 
between the  layers and  th e  very  interesting speculation has been advanced 
tha t, by  analogy w ith B a U 0 4, a doubly charged ion H 40 2+ is present.238 '

In  lithiophorite,239 M n06 octahedra form sheets stacked a lternate ly  w ith 
sheets of (Al,Li)(OH)e~ octahedra, The layers are bound to  one another by 
hydrogen bonds very m uch as in hydrargillite. A three-dim ensional fram e
work of continuous tubes is bu ilt up  by  MnO0 octahedra in psilomelane, 
(BaH2O)2M n5O10. The arrangem ent is rem iniscent of the  zeolites and, 
indeed, dehydration  properties are closely sim ilar.240

The co-ordination of titan ium  w ith  oxygen, as illustra ted  b y  barium  
titanate , can vary  enorm ously—from a perfect octahedron w ith  all oxygen 
atom s shared, to  a trigonal pyram id  w ith no sharing of oxygen. Barium  
titana te  has received m uch a tten tion , owing to  its very im portan t 
ferroelectric properties. The structu res of the cu b ic241 and the te tra g o n a l242 
forms have been exam ined—as also have the  structu res of the  ferroelectric 
niobates and tan ta la te s .243 Tw inning and  polym orphism  in these and 
other ferroelectrics has been discussed.244 A com prehensive study  of the 
origin of ferroelectricity  in  B aT i0 3 in particular, and covering P b Z n 0 3, 
N aN b03, K N b 0 3, N a T a 0 3, K TaO s, R b T a 0 3, and  W 0 3, has been m ade by 
Megaw.245 There are also more complex titan a tes  and niobates.246

A nother s truc tu re  determ ination from powder photography is th a t  of 
NazP t30 4 (x <  l ) .247 P t  atom s, in continuous rods, surrounded by  oxygen 
in square array , form an  infinite cubic stage s tructu re , w ith  the  N a ions a t 
the centre of each cubic hole, betw een 8 oxygen atom s. As to  oxides of 
very low oxygen content, i t  has been found th a t those of the  form ula 
M3Ti30 , w here the  m etal is Mn, Fe, Co, Ni, or Cu (but no t V, Cr, or Zn), have 
the high-speed steel carbide structu re , F e3W3C, and  show m etallic 
properties.248

Halide Structures.—The fluorides present cases of very varying 
complexity. The simple hydrate , K F ,2H aO, consists of d isto rted  octahedra 
about bo th  K + and  F -  ions, and  d istorted  te trah ed ra  of tw o positive and

238 Idem, Acta Chem. Scand., 1950, 4,1066. 237 A. Magndli, Nature, 1952, 169, 791.
238 I. Lindquist, A d a  Chem. Scand., 1951, 5, 670.
232 A. D. Wadsley, AclaCryst., 1952, 5, 676. 230 Idem, Nature, 1952, 170, 973.
2,1 J. W. Edwards, R. Speiser, and H. L. Johnston, J .A m er. Chem. Soc., 1951, 73, 2934.
212 H. T. Evans, Acta Crysl., 1951, 4, 377.
213 p  Vousden, ibid., p. 68, 373, 545; 1952, 5, 690; R. Pepinsky, ibid., p. 288.
211 E. A. Wood, ibid., 1951, 4, 353; R. G. Rhodes, ibid., p. 105.
233 H. D. Megaw, ibid., 1952, 5, 739.
230 B. Aurivillius, Arkiv Kemi, 1950, 1, 499; 1951, 2, 519; 1951, 3, 153.
237 J. Waser and E. D. McClanahan, J . Chem. Phys., 1951, 19, 413; 1952, 20, 199.
238 N. Karlsson, Nature, 1951, 168, 558.
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tw o negative ions about the  H ,0  molecules.249 In  K 2T iF 6, titan ium  is 
octahedrally  surrounded by  fluorine (T i-F  1-91 A) while the  potassium  has 
12 fluorine neighbours.250 Quite simple structu res are also found for 
M nF2,251 MoF 3, and  T aF 3.252 In  VF3 253 the s tructu re  m ay be regarded as 
bu ilt up  of a lte rnate  planes of fluorine and vanadium  atom s. In  CsSb2F 7,254 
however, the  antim ony is approxim ately te trahedrally  surrounded by 
fluorine (Sb—F  2-2 A ) ; two te tra lied ra  sharing corners form the anion 
Sb2F ,~ . A m ore complex situation  appears to  exist in the  salts MSb4F 13 
(M =  K, Rb, Cs, N H 4, or T l).255 The Sb is linked to  three F 's  by  three 
short bonds (pyram idal, S b -F , 2-0 A) and  then  through three m ore fluorine 
atom s a t about 3-0 A to three o ther S bF 4 te trah ed ra  forming in  this way a 
finite complex Sb4F 13~\ Some double fluoride structures have been briefly 
surveyed and  the relationships betw een them  and oxide structures 
discussed.256 The oxyfluoride of actinium  has the fluorite s tru c tu re ; 
LaO F, Y O F, and  P uO F are closely re lated .257

Like potassium  cuprochloride, the com pounds (N H 4)2CuC13, (N H 4)2CuBr3, 
and K 2A gI3 have been found to  be based on M X 4 te trah ed ra  sharing corners 
to  form long chains of composition M X3, w ith  the  positive ions situated 
between them .258 Copper is te trah ed ra l also in  CsCuCl4.259 Indium 
monobrom ide, InB r, has a ra th e r unusual double-layer s truc tu re  w ith one 
In -B r  distance 2-80, and four others 3-29 A, indicating considerable 
covalency.260 InB r is isostructural w ith orthorhom bic T il, which is 
interesting, in view of the sim ilar electronic configuration of indium  and 
thallium . However, T il can also crystallise w ith  a CsCl- or NaCl-type 
struc tu re .261 A nother m arkedly covalent halide is T hB r4, w ith  two T h-B r 
distances of 2-57 A.262 NaAlCl4 forms an  ionic la ttice  of N a+ and  A1C14" 
ions (Al-Cl 2-13 A),263 in m arked  con trast to  the  octahedral arrangem ent 
in alum inium  chloride; presum ably the strongly electro-positive sodium 
is responsible. The bridged s tru c tu re  for fused alum inium  chloride, A12CI6, 
has been confirmed. F o r fused indium (ni) iodide the  AT-ray analysis does 
no t distinguish clearly betw een the m onomeric and  the  dim eric form; 
fused tin(iv) iodide, as expected, contains monomeric te trah ed ra l molecules.264

In  K 4R u2C110O ,H 2O, the  anion is a  double octahedron composed of two 
R u atom s joined by  0  and  surrounded each by  five Cl atom s (R u-O -R u 
is linear).265 The com pounds Co(NH3)6,T1C1g and Co(NH3)6,TlBr6 have 
a simple NaCl-type lattice, w ith  Co and  T l surrounded by octahedra

2<a T. H. Anderson and E. C. Lingafelter, Acta Crysl., 1951, 4, 181.
250 S. Siegel, ibid., 1952, 5. 683.
251 M. Griffel and J. W. Stout, J . Amer. Chem. Soc., 1950, 72, 4351.
252 V. Gutmann and K. H. Jack, Acta Crysl., 1951, 4, 244.
263 Idem, ibid., p. 246.
254 A. Bystrom and K. A. Wilhelmi, Arkiv Kemi, 1951, 3, 373.
225 Idem, ibid., p. 17.
256 W. L. W. Ludekens and A. J. E. Welch, Acta Crysl., 1952, 5, 841.
252 W. H. Zachariasen, ibid., 1951, 4, 231.
253 C. Brink and H. A. S. Kroese, ibid., 1952, 5, 433; C. Brink and A. E. van Arkel, 

ibid., p. 506. 253 L. Helmholz and R. F. Kruh, J . A mer. Chem. Soc., 1952, 74, 1176.
260 N. C. Stephenson and D. P. Mellor, Austral. J . Sci. Res., 1950, 3, A , 581.
261 L. G. Schulz, Acta Cryst., 1951, 4, 487. 262 R. W. M. D'Eye, 1950, 2764.
263 N. C. Baenziger, Acta Cryst., 1951, 4, 216.
264 R. L. Harris, R. E. Wood, and H. L. Ritter, J . Amer. Chem. Soc., 1951, 73, 3151;

R. E. Wood and H. L. Ritter, ibid., 1952, 74, 1760, 1763.
265 A. McL. Mathieson, D. P. Mellor, and N. C. Stephenson, Acta Cryst., 1952, 5, 185.
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of am m onia and  halogen respectively; 266 the  b ism uth com pound, 
Co(NH3)6,BiCl6, is isom orphous.267 In  the lead com pound,257 which is 
diam agnetic, the  lead appears to  exist in tw o valency s ta te s ; PbCl6 octa- 
hedra of differing dimensions are indicated  by ex tra  lines in the powder 
photographs. The structu re  of K 2R eB rG is of the K 2PtC lG type, as 
expected.268 O ther halide anions which have been stud ied  by A'-ray 
diffraction of the ir solutions include P tC lG, P tB rG, T a6B r12, and  T a6Cl12.26!) 
A nother brom ide recently  stud ied  is FeB r2.270

The m ixed halide PC16I has been shown to be tetrachlorophosphonium  
dichloroiodide, where the  cation [PC14] + is te trahed ral and  the anion 
[C l-I-C l]“  is linear.271 A series of polyiodide anions, I3_ , I 6- , I 7~, and even 
I9~, m ay be obtained by dissolving iodine in aqueous potassium  iodide. The 
I3~ ion has been found to  be linear w ith  I—I distances 2-82 and 3-10 A 27? 
(cf. 2-67 A in I2). In  NMe4I 5 273 we have tw o sets of alm ost square 
nets of iodine atom s (represented diagram atically  below) separated  by
4-3 A. The cations are s itua ted  in the large em pty  spaces betw een the

....I— I—  
; 3-55

-I....—I
J

iI
I 2-03 1
I I
| 3-1-1 1....I-----1---- -I——"I—

(Bond lengths in Á.)

3-14 2 03 3-55

nets (see inset). The distances vary  sufficiently so th a t discrete V-shaped 
I 5-  ions m ay be recognised. I t  seems very probable th a t these complex ions 
arise from the polarisation of I2 molecules by  I -  ions to  give I - I  • • • I - ,
I - I  • • • I-  • • • I - I ,  etc. The high m em bers are formed only w ith  very large 
cations and it  would be very in teresting to  know their structures.

Mercury Compounds.—Several in teresting com pounds of m ercury 
rem ain to  be described. A m inom ercuric chloride and brom ide contain 
zig-zag chains -H g -N H 2+-H g - , linear about Hg, te trahed ra l about N, w ith 
the halide ions between the  chains.274 The s tru c tu re  of Millon’s base, 
H g2N -0H ,2H 20 , m ust be ra th e r sim ilar, although here the -H g -N -H g  n e t
work is of the cristobalite ty p e .275 Cinnabar, HgS, has infinite spiral 
chains, —H g -S -H g — w ith an angle of 105° a t  S, and  the  bonds nearly  collinear 
a t  H g (172°).276

Chelate Compounds.— Chromium has provided some ra th e r in teresting 
exam ples of chelate co-ordination in the  oxalato-com plexes. In  
K3[Cr(C20 4)3)],3H20 , the  chrom ium  is surrounded octahedrally  b y  the six 
oxygen atom s (C r-0  1*90 A) of the  three oxalate groups, and the  com plex so

288 T. Watanabé, M. Atoji, and C. Okazaki, A d a  Cryst., 1950, 3, 405..
261 M. Atoji and T. Watanabé, J . Chem. Phys., 1952, 20, 1045.
268 D. H. Templeton and C. H. Dauben, / .  Amer. Chem. Soc., 1951, 73, 4492.
289 P. Vaughan, J. H. Sturdivant, and L. Pauling, ibid., 1950, 72, 5477.
2,0 N. W. Gregory, ibid., 1951, 73, 472.
271 W. F. Zelezny and N. C. Baenziger, ibid., 1952, 74, 6151.
252 R. C. L. Mooney, Z. Krist., 1935, 90, 143.
2,3 R. J. Hach and R. E. Rundle, J . Amer. Chem. Soc., 1951, 73, 4321.
271 W. N. Lipscomb, A d a  Cryst., 1951, 4, 266; L. Nijssen and W. N. Lipscomb, ibid., 

1952, 5, 604. 275 W. N. Lipscomb, ibid., 1951, 4, 156.
278 K. L. Aurivillius, A d a  Chem. Scand., 1950, 4, 1413.
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formed is packed by  ionic and hydrogen bonding w ith the K + ions and  the 
H 20  molecules. The rubidium  salt is isom orphous bu t not the ammonium 
salt, owing, probably, to  the  ab ility  of N H 4+ to  form te trahedrally  directed 
hydrogen bonds resulting in a more open structure . In  the  red dioxalato- 
complex, ¿ra«s-K2[Cr(C20 4)2(H20 ) 2],3H 20 , the  two oxalate groups lie in  a 
single plane and  the  tw o co-ordinated w ater molecules are above and below 
a t slightly greater distances (C r-0  1-92 for carboxyl oxygen, 2-02 A for 
w ater).277

Copper is in roughly p lanar co-ordination w ith  tw o molecules of ethylene- 
diam ine in the com pound Cu(en)2,Hg(SCN)4 ; here the sulphur atom s are 
te trahedrally  arranged round the m ercury b u t the  Z. S -C -N  reported  differs 
from 180° by as m uch as 24°.278 In  copper 279 and nickel dim ethyl- 
glyoxime 112 the entire molecule is p lanar w ith nitrogen in  a square about 
th e  m etal atom  (N i-N  1-87; C u-N  1-92 A). The nickel com pound contains 
an  unusually  sho rt 0  • • - 0  approach of 2-42 A, and  th e  possibility th a t the 
hydrogen bond m ight be sym m etric has been discussed.

In  the  copper-DL-proline complex, Cu(C5H 80 20 2N)2,2H 20 , copper again 
forms square coplanar bonds.280 The amino-acid molecules are a ttached  
by  N (Cu-N  1-99 A) and by  0  (C u-0  2-03 A). Two longer bonds, 2-52 A, 
to w ater molecules com plete the d isto rted  octahedron so frequent in copper 
co-ordination. In  cupric acetate  [Cu(CH3-C02)2,H 20 ] 2, the two Cu atom s 
form a  pair, bridged by  the  four carboxyl ions (C u -0  1-97 A), which are 
arranged sym m etrically  abou t the  Cu~Cu axis. The octahedron is com
pleted by  two w ater molecules (at 2-20 A), one on either side of the copper 
a tom .281 Particu larly  strik ing is the Cu-Cu distance, 2-64 A, very  close to 
th a t  found in m etallic copper (2-56 A).

An organic base is involved in  co-ordination, though no t in chelation, 
in MnCl2,2(CH2)6N 4,2H 20 .282 The Mn, a t  a  centre of sym m etry  on the 
common three-fold axis of the  tw o hexam ethylenetetram irie molecules, is 
surrounded b y  two chlorine atom s (at 2-47 A), tw o w ater molecules (at
2-00 A) and  tw o nitrogen atom s (at 2-40 A). The bonding is sp3d2 and 
m agnetic susceptibility  m easurem ents indicate five unpaired electrons. 
H exam ethylenetetram ine forms complexes w ith  a  varie ty  of simple salts;
in CaBr2,2(CH2)6N 4,10H2O, however, the  organic molecule is not involved
in co-ordination round the calcium atom .283

M olecular Compounds.—A series of com plete s truc tu re  determ inations 
of m olecular com pounds of boron trifluoride w ith  am m onia, m ethylam ine, 
trim ethylam ine, and m ethyl cyanide has been m ade and  the results have 
been discussed in  relation to  th e  relative stabilities of the  complexes.284 
The m ethyl cyanide com pound is m uch less stable th an  the others, and  in it

277 J. H. van Niekerk and F. R. L. Schoening, Acta Crysl., 1951, 4, 35; 1952, 5, 196, 
475, 499. 278 H. Scouloudi and C. H. Carlisle, Nature, 1950, 160, 357.

278 E. Bua and G. Schiavinato, Gazzetla, 1951, 81, 212, 847; S. Bezzi, E. Bua, and
G. Schiavinato, ibid., p. 856.

280 A. McL. Mathieson and H. K. Welsh, Acta Cryst., 1952, 5, 599.
281 J. N. van Niekerk and F. R. L. Schoening, Natirre, 1953, 171, 36.
282 Y. C. Tang and J. H. Sturdivant, Acta Cryst., 1952, 5, 74.
283 A. Addamiano and G. Giacomello, Ric. sci., 1951, 21, 2121.
234 J. L. Hoard, S. Geller, and W. M. Cashin, Acta Cryst., 1951, 4, 396; S. Geller and 

J. L. Hoard, ibid., p. 399; J. L. Hoard, S. Geller, and T. 13. Owen, ibid., p. 405; S. Geller
and J. L. Hoard, ibid., 1950, 3, 121; J. L. Hoard, T. B. Owen, A. Buzzell, and O. N.
Salmon, ibid., p. 130.
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(1) the  B -N  distance, 1-635 Ä, is significantly longer than  in the  others (1-57—
1-60 Ä) and  (2) the  B F3 molecule undergoes m uch less a lteration  in shape 
(compared w ith  free B F 3). P relim inary d a ta  are also reported  for m ethy l 
cyanide-B C h, m ethyl cyanide-B B r3, trim ethy lam ine-B H 3, and  dim ethyl- 
am ine-B F 3.285

C lathrate com pounds (complexes in which molecules of one k ind form a 
fram ework w ithin which molecules of a second kind are trapped) have 
continued to  provide in teresting results. The m agnetic susceptibility  of 
the oxygen-quinol complex has been m easured and  it is found th a t  practically  
no m agnetic in teraction occurs between the oxygen molecules.286 The 
dielectric properties of some quinol c la th ra tes have been stud ied .287 The 
existence of optically active c la th ra te-type  fram eworks 288a has been utilised 
for the  resolution of racem ic m ixture? of asym m etric molecules capable of 
entering the enclosures. sec.-Butyl brom ide has been resolved by  form ation 
of its com plex w ith  trithym otide  2885 (here the  exact na tu re  of the enclosure 
is no t y e t known), and  optically active derivatives of long-chain hydro
carbons have been resolved 289 by  form ation of complexes w ith  u rea  and 
th iourea (here the  void spaces are channels 290 ra th e r th an  com pletely 
enclosed cages as in the  quinol and am m onia-nickel cyanide 291 compounds). 
Resolutions have also been achieved by form ation of addition  compounds 
w ith cyc/odextrins.292

I t  now appears th a t the crystalline hydrates formed by m any gases 
(Kr, Cl2, S 0 2, H 2S, CH3C1, etc.) constitu te  a fu rther exam ple of c la th ra te  
com pounds in which the "  inert gas ” molecules are enclosed w ithin polyhedra 
formed by  the oxygen atom s of in terlinked w ater molecules. Several 
a lternative  structu res have been proposed 293 bu t we shall m ention only one 
due to  Pauling and M arsh who have obtained X -ray  evidence for it  in  the 
case of chlorine hydrate . In  the  cubic cell 46 w ater molecules are arranged 
to form two pentagonal dodecahedra and  six te trak a id ecah ed ra ; for 
molecules as large as chlorine only the la tte r  are occupied, to  give the 
form ula 6C12,46H20  or very  nearly  C12,8H20 .

Organotfietallic Compounds.— D im ethylberyllium  has been exam ined by 
Snow and  R undle.294 L inear chains > B e(C H 3)2,Be(CH3)2-B e <  in  which 
the CH3 groups are te trahedfally  arranged abou t the Be atom s are found, 
showing the  tendency of the m etal atom s to use all the ir low-energy orbitals 
for bond form ation even though com bined w ith elem ents or groups containing 
no unshared pairs. A sim ilar s tru c tu re  is found for beryllium  dichloride.295

The very unusual “ sandwich "  s truc tu re  (I), first suggested by W oodward

285 S. Geller and O. N. Salmon, Acta Cryst., 1951, 4, 379; S. Geller, R. E. Hughes, 
and J. L. Hoard, ibid., p. 380; S. Geller and M. E. Miiberg, ibid., p. 381.

286 D. F. Evans and R. E. Richards, Nature, 1952, 170, 246.
237 J. S. Drydon and R. J. Meakins, ibid., 1952, 169, 324.
“ “  A. C. D. Newman and H. M. Powell, J ., 1952, 3747.
23811 H. M. Powell, Nature, 1952, 170, 155.
283 W. Schlenk, Internat. Congr. Analyt. Chem., Oxford, 1952.
230 Idem, Annalen, 1949, 565, 204; A. E. Smith, Acta Cryst., 1952, 5, 224.
231 J. H. Rayner and H. M. Powell, / . ,  1952, 319.
232 F. Cramer, Angew. Chem., 1952, 64, 136.
232 L. Pauling and R. E. Marsh, Proc. N at. Acad. Sei., 1952, 20, 112; M. von 

Stackleberg and H. R. Müller, Naturwiss., 1951, 38, 456; J . Chem. Phys., 1951, 19, 
1319; W. F. Claussen, ibid., pp. 259, 1425.

231 A. I. Snow and R. E. Rundle, Acta Cryst., 1951, 4, 348.
235 R. E. Rundle and P. H. Lewis, J . Chem. Phys., 1952, 20, 132.
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et al,296 for th e  rem arkable new arom atic molecule dicyc/opcntadienyliron 
(ferrocene) has been confirmed by JV-ray analysis.207 A ccurate bond 
lengths are no t ye t available b u t the indications are C-C 1 -4 and Fe-C
2-0 A. Non-localised m olecular orbitals give perhaps the best description of 
these molecules. I t  is no t possible to  w rite a  simple 10-bonded structure 
for (I), b u t D unitz  and  Orgei have shown th a t its  s tab ility  can be a ttribu ted  
to  bonding betw een an  atom ic d  orb ital of the iron atom  and a  molecular 
o rb ita l associated w ith the  pa ir  of cyc/opentadienyl radicals.

Hydrocarbons.— Among the  hydrocarbons we have three analyses of 
ou tstanding  accuracy to  report bu t, before proceeding to these, it  is 
convenient to  m ention some o ther analyses which have been carried ou t with 
ra th e r  less a tte m p t a t  precision. The structu re  of p-di-AA.-butylbenzene 
has been investigated  in connection w ith  a  s tu d y  of hypercon jugation ; no 
m arked shortening of the bonds connecting the  phenyl w ith  the 
a ttached  groups is observed.63 In  3 : 4-5 : 6-dibenzophenanthrene (II) 
steric considerations preven t the  molecule from adopting a p lanar configur
a tio n ; the  individual rings are b u t little  d isto rted .298 In  octam ethyl- 
naphthalene, m u tua l interference of the  m ethy l groups, w hich lie alternately 
above and  below the  m ean m olecular plane, occurs; the  ring system  itself 
appears to  be slightly d istorted  b u t the  bond lengths are norm al.290

Fig. 6. Interatomic distances (in  A) observed (and calculated) in  naphthalene and

The 3-dimensional AT-ray d a ta  for naphthalene and anthracene have now 
been corrected for term ination-of-series errors.300 The resu ltan t changes in 
the  bond lengths are no t large, the  m axim um  being 0-018 and  the  mean 
0-006 A. The new averaged lengths are given in Fig. 6 together w ith (in 
parentheses) results of th e  m ost recent calculations based on molecular

2,8 G. Wilkinson, M. ltosenblum, M. C. Whiting, and R. B. Woodward, J . Amer. 
Chem. Soc., 1952, 74, 2125.

2,7 E. O. Fischer and W. Pfab, Z. Nalurforsch., 1952, 7, B. 377; P. F. Eiland and 
R. Pepinsky, J. Amer. Chem. Soc., 1952, 74, 4971; J. D. Dunitz and L. E. Orgel, Nature, 
1953, 171, 121.

228 A. O. McIntosh, J. M. Robertson, and V. Vand, Nature, 1952, 169, 322.
299 J. M. Robertson, personal communication.
300 F. R. Ahmed and D. W. J. Cruickshank, Acta Cryst., 1952, 5, 852.

( I ) (II)

anthracene.
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orbital th e o ry ; 301 for anthracene the agreem ent is good, b u t for naphthalene 
there are still significant discrepancies.

Jeffrey and  R ollett 302 have taken  full advantage of an opportun ity  for 
unusually  accurate struc tu re  analyses in the  case of dim ethyltriacety lene 
(Fig. 7). The rod-shaped molecules lie on 3-fold axes, and the atom ic

1-466 1-199 1-375 1-199
 O O O 0-----------o ———o-

Fig. 7. Interatomic distances (in A) in  dimethyltriacetylene.

positions are defined by  only four param eters. In  the  calculations allowance 
has been m ade for term ination-of-series corrections, free ro ta tio n  of the 
m ethyl groups, therm al anisotropy, and  for bonding-electron density . The 
final R  factor is 0-08 and  the  estim ated  s tan d ard  deviation of the  bond lengths 
is less th an  0-01 A. B u t here again m arked  discrepancies seem to exist 
betw een theory  and  the  observed bond distances. One difficulty concerns 
the length  of the trip le  bonds, which in  conjugation should be g rea ter th an  
th a t  of an isolated trip le  bond. In  dim ethyltriacety lene (and in o ther sim ilar 
molecules) they  are ra th e r  shorter th an  the  acetylene value, 1-204 A. I t  is 
possible, of course, th a t  a sm aller value th an  th is should be adopted  as

+ —* “  -f-
stan d ard  trip le bond because of th e  stre tch ing  effect of H  C— C H ; Jeffrey 
ar>d R olle tt suggest 1-185 A, b u t it  can be estim ated  th a t, for stre tch ing  of 
0-02 A, the  im probably  large charge of abou t 0-4 electron per carbon atom  
would be required.

Carbocyclic Compounds.— Sm all rings. The results of stru c tu re  analyses 
of small alicyclic rings are in  some respects ra th e r puzzling. Owen and 
H oard 303 have determ ined the s truc tu re  of octachlorocyc/obutane and  have 
shown th a t the  ring  is non-p lanar w ith m arked ly  long C~C bonds. Non- 
p lanar ring system s are also found by  electron diffraction in octafluorocycZo- 
bu tane  304 and  in cycZobutane itself,305 although in the  la tte r  a  p lanar 
equilibrium  configuration w ith  large am plitude of out-of-plane bending is 
also com patible w ith  the  evidence. P lanar, centrosym m etric, four- 
m em bered rings are found in tetraphenylcycZobutane,306 in dinaphthylene- 
cycZobutane,307 and  in  d im ethylketen  dim er.308> 299 In  all these cycZobutane 
derivatives the  ring  C-C distances are 1-56— 1-60 A, i.e., m arkedly  longer th an  
norm al. The obvious in terp re ta tion  of th is  elongation as being due to 
weaker bonding as a result of B aeyer stra in  is, however, quite  unacceptable 
since, in 3-membered rings where the stra in  is m uch more severe, the  ring- 
C-C distances are consistently  shorter th an  norm al. Coulson and  Moffitt 309 
have suggested th a t, since the bonding orbitals do no t po in t in the  bond 
directions, some degree of bonding m ust exist in addition  to  the usual

301 C. A. Coulson, R. Daudel, and J. M. Robertson, Proc. Roy. Soc., 1951, A , 207, 306.
302 G. A. Jeffrey and J. S. Rollett, ibid., 1952, A , 213, 86.
303 x . B. Owen and J. L. Hoard, Acta Cryst., 1951, 4, 172.
304 H. P. Lemaire and R. L. Livingston, J . Atner. Chem. Soc., 1952, 74, 5732.
305 J. D. Dunitz and V. Schomaker, J . Chem. Phys., 1952, 20, 1703.
308 J. D. Dunitz, Acta Cryst., 1949, 2, 1.
307 J. D. Dunitz and L. Weissman, ibid., p. 62.
308 W. N. Lipscomb and V. Schomaker, J . Chem. Phys., 1946, 14, 475.
303 C. A. Coulson and W. E. Moffitt, Phil. Mag., 1949, 40, 1.
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ct- o bonding, and  th a t  this m ight lead to  bond shortening. D unitz  and 
Schom aker305 have draw n a tten tio n  to  the fact th a t  cyc/obutane is therm o- 
chem ically m uch more unstable th an  would be expected, and have ten ta tive ly  
ascribed th is to  repulsion of the  non-bonded atom s (separated by  only 2-2 
A), which m ay also resu lt in elongation of the  bonds. A com bination of 
the two effects, one leading to  shortening, the  o ther to  lengthening, m ight 
seem to offer one in terp re ta tion  of the bond-distance evidence, b u t i t  cannot 
be said th a t  the situation  has been satisfactorily  explained.

cycloHexane rings. The halogen derivative, 1 : 2 -d ibrom o-4: 5-di- 
chlorocyc/ohexane, has the  configuration kkcz 310 and  is isom orphous w ith the 
1 : 2 : 4 :  5-tetrachloro- and -tetrabrom o-com pounds.311 Of particu lar 
chemical in terest is the  fac t th a t  elim ination of hydrogen chloride from 
8-hexachIorocyc/ohexane by  alkali rem oves th a t chlorine atom  which 
protrudes m ost directly  from the  ring, as shown by X -ray  analysis of the  
resulting pentachlorocyc/ohexene.312 a-Phloroglucitol, a 1 : 3 : 5-hydroxy- 
eyefohexane w ith the configuration k k k ,  gives a d ihydra te  and a diam m oniate 
which are isom orphous.313 The d ihydra te  of 1 : 3 :  o-triaminocyc/ohexane 
has, i t  seems, the  sam e s tructu re  also, so th a t, curiously enough, replacem ent 
of the  O - H '- 'O  bonds, which hold the  s tru c tu re  together, by  bonds of the 
type  N - H ’- 'O  or O - H '• • N leaves the  arrangem ent of the  molecules 
unaffected. N aphthalene tetrach loride (a prelim inary exam ination of which 
was m ade by  W. H . Bragg as long ago as 1927) can be regarded as 1 : 2 : 3 : 4- 
tetrachloro-5 : 6-benzocyc/ohexene, in which the  chlorine atom s have the 
configuration le, 2k, 3k, 4e.314 Analyses of a- and  fi-l-chloromercuri-2- 
methoxycyctohexane have shown th a t, con trary  to  earlier opinions based on 
chemical evidence, the  a-form has the ¿rans-configuration, while the  ¡3-form 
is CIS.315

Seven-member ed rings. A well-resolved projection of the  cupric tropolone 
s tru c tu re  provides confirm ation 316 of the  p lanar 7-m em bered ring system  
(III) w hich is supported  also by  electron-diffraction evidence.317 The 
chemical s truc tu re  of purpurogallin  (IV) has also been confirmed.318

Eight-membered rings. Several papers pertain ing to  the  s truc tu re  of 
cyc/ooctatetraene have appeared. The D 2d or “ tu b  ”  model w ith 
unequal bond lengths is supported  by  tw o electron-diffraction studies of 
cycfooctatetraene itself,319 by  an  X -ray  analysis of the  m onocarboxylic 
acid,320 and also b y  theoretical considerations,321 in addition  to  th e  earlier

310 The notation used is due to O. Hassel (Tidsskr. K jem i, 1943, 5, 32); < and k 
correspond to the p (polar) and e (equatorial) of K. S. Pitzer and C. W. Beckett (/. 
Amer. Cltem. Soc., 1947, 69, 977). The co-existence of these two nomenclatures often 
leads to confusion.

311 O. Bastiansen and O. Hassel, Acla Chem. Scand., 1951, 5, 1404; O. Hassel and
E. W. Lund, ibid., 1952, 6, 238.

312 R. A. Pasternak, A d a  Cryd., 1951, 4, 316.
313 P. Anderson and O. Hassel, A d a  Chem. Scand., 1951, 5, 1349.
3U M. A. Lasheen, A d a  Cryst., 1952, 5, 593.
315 A. G. Brook and G. F. Wright, ibid., 1951, 4, 50.
316 J. M. Robertson, 1951, 1222.
317 E. Heilbronner and K. Hedberg, J . A m er- Chem. Soc., 1951, 73, 1386.
312 J. D. Dunitz, Nature, 1952, 169, 1087.
319 1. L. Karle, J . Chem. Phys., 1952, 20, 65; K. Hedberg and V. Schomaker, 115th

Amer. Chem. Soc. Meeting, San Francisco, 1949.
320 D. P. Shoemaker, personal communication.
321 W. B. Person, G. C. Pimentel, and K. S. Pitzer, J . Amer. Chem. Soc., 1952, 74, 3437.



DUNITZ AND ROBERTSON : STRUCTURAL CHEMISTRY. 3 7 3

X -ray  evidence.322 The D 4 (crown) model and  the  D 4a (tub  w ith  equal 
bonds) model have also been proposed 323 b u t the balance of the evidence 
seems to  favour D 2a.

Heterocyclic Compounds.— Compounds containing oxygen. A chemical 
problem has now been settled  by a  low -tem peraturc X -ray  analysis of 
d iketen.32'1 The arrangem ent of carbon and oxygen atom s corresponds to  
a  p-lactone s truc tu re  ; th e  but-3-eno-p-lactone form ula (V) is supported  by 
the d istribu tion  of the  bond lengths.

S tructures assigned to  tw o other molecules on chemical grounds m ust be 
altered  in th e  light of X -ray  evidence. The com pound previously known as 
"  ci's-naphthodioxan ” (VI) has been shown by  F u rb e rg an d  Hassel 325 to  be 
d i-1 : 3-dioxacyc/opent-2-yl (V II). The molecule is centrosym m etric, the rings 
are non-planar (ascribed to  m u tua l interference of neighbouring m ethylene 
groups), and the  bond distances are quite  norm al (C~C 1-52; C -0  1-41 A). 
Grdenic 326 has shown th a t  th e  com pound supposed to  be l-oxa-4-m ercura- 
cycfohexane (V III) has actually  a struc tu re  corresponding to  th e  12-membered 
ring form ula (IX ). The angle C -H g-C  is close to  180°.

Compounds containing nitrogen. A very  careful refinem ent of the  
adenine hydrochloride s tructu re  has been undertaken  b y  Cochran,327 using 
th e  (F0 — F c) synthesis, and  tak ing  in to  account anisotropic tem pera tu re  
v ibration  for every atom . Geiger-counter in tensity  d a ta  were employed. 
The result, showing individual peaks for all th e  hydrogen atom s, allows 
unequivocal decision as to  the  particu la r tau tom er present in  the  crystal (X), 
a conclusion reached independently  by  D onohue 107 by  consideration of the 
hydrogen bonding. T he s truc tu re  of th e  hydrochloride of guanine, the 
o ther purine base occurring in nucleic acid, is closely related  to  th a t  of the 
adenine s a l t , . despite the  different sym m etry  of the  crystals.328 A

388 H. Kaufman, I. Fankuchen, and H. Mark, Nature, 1948, 161, 165.
383 O. Bastiansen and O. Hassel, Acta Chem. Scand., 1949, 3, 209; B. D. Saksena and

H. Narain, Nature, 1950, 165, 723; E. R. Lippineott, R. C. Lord, and R. S. McDonald, 
J . Amer. Chem. Soc., 1951, 73, 3370.

381 L. Katz and W. N. Lipscomb, Acta Cryst., 1952, 5, 313.
385 S. Furberg and O. Hassel, Acta Chem. Scand., 1950, 4, 1584.
383 D. Grdenid, Acta Cryst., 1952, 5, 367.

( I l l )  \ / (IV)

(V) (VI)

(VIII) CHj-CHj-Hg-CH, (IX)

387 W. Cochran, ibid., 1951, 4, 81. 388 J. M. Broomhead, ibid., p. 92.
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substitu ted  pyrim idine, 5-brom o-2-m etanilam idopyrim idine, an active anti- 
m alarial, has been studied, and  the  crystal s truc tu re  reported .329

A 3-dimensional analysis for te tram ethylpyrazine (XI) shows th a t the

to be 1-44 and C -N  1-31 Â, and  the ex ternal C~C bonds are 1*50 Â.330%
Presum ably the  ^-electrons are concentrated  m ore in the  C -N  bonds th an  in 
C-C because of the  g reater electronegativ ity  of the nitrogen atôm s. For 
phenazine (X II), a  2-dim ensional s tu d y  does no t reveal such large differences 
in the  bond lengths ; C -N  is given as 1-32— 1-34 and C-C as 1-38— 1-39 A.331

A prelim inary  announcem ent of a refinem ent of the  cyanuric acid 
struc tu re  (X III) has appeared.332 In  the  earlier analysis one C -0  bond 
length had  been reported  to  be different from the o ther two b u t the  new 
m easurem ents show th a t  the  approxim ation to  3-fold m olecular sym m etry  
m ust be very  close indeed. The C -0  distances are v irtua lly  identical ; those 
for C -N  are also very  nearly  equal. T he m ean values are 1-21 and  1-355 Â, 
respectively, indicating some contribution of resonance structu res in which 
N H  is positively charged. In  “ aldehyde am m onia,”  according to  L und ,333 
a reduced triazine ring (XIV) has the  chair form, w ith  th e  m ethy l groups in 
KKK-configuration. T he w ater, hydrogen-bonded to  the  nitrogen atom s,

form s w hat are effectively puckered six-m em bered rings of H 20  molecules 
(0  ■ • • 0  2-71 A)— a striking and  unusual arrangem ent.

The m ateria l previously th ough t to  be quinocol (XV) has been shown by 
Davies and  P ow ell334 to  be quinaldil (XVI). The arrangem ent in th e  crystal 
is very  curious, since the  cis-configuration is adopted, and  the  molecules 
all po in t in  the  sam e direction to  give a  highly polar s tru c tu re .. The quinoline 
ring  is coplanar w ith  its  neighbouring carbonyl group, and  the  molecule 
tw ists abou t the  central C—C bond to  achieve steric clearance.

338 J. Singer and I. Fankuchen, Acta Cryst., 1952, 5, 99.
33° £). T. Cromer, A. J. Ihde, and H. L. Ritter, J . Anier, Client. Soc., 1951, 73, 5587.
331 F. H. Herbstein and G. M. J. Schmidt, Nature, 1952, 169 323.
333 E. H. Wiebenga, J .  Amcr. Chem. Soc., 1952, 74, 6156.
333 E. W. Lund, Acta Chem. Scand., 1951, 5, 678.
334 D. R. Davies and H. M. Powell, Nature, 1951, 168, 386.

(X) H (XI) (XII)
H

H

O
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molecule is p lanar and  centrosym m etric. W ithin  the  ring C-C is reported

V'rr'^c-o- ,N, x
(XVII)
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Compounds containing sulphur or selenium. The structu res of piazselenole, 
piazthiole, and  benzofurazan (X V II ; X  =  Se, S, and  0  respectively) have 
been determ ined.335 The molecules are p lanar and  appear to  possess the 
expected sym m etry. The distance N -X  is given as 1-83, 1-60, and 1-20 A 
respectively and  N—C is close to  1-34 A in all three compounds. The m ost 
in teresting  feature  of the  bond lengths, however, is the very  short distance 
quoted for C(1)-C(2) 1-30 A and  1-29 A in the selenium and the sulphur 
com pound respectively. The other C~C distances are all g reater th an  1 4  A. 
If these results are significant, they  indicate alm ost com plete double-bond 
fixation in the 1 : 2-position. I t  is notew orthy, though, th a t  in a recent 
refinem ent of the  stru c tu re  of p-isoprene sulphone, term ination-of-series 
errors alone were found to  cause changes in the atom ic co-ordinates of as 
m uch as 0-06 A.33G

D iselenan has been stud ied .337 In  the crystal the ring adopts the chair 
fo rm ; the  angle C -Se-C  is 99° and C-Se is found to  be 2-01 A, ra th e r longer 
th an  the  value (1-94 A) based on Pauling’s covalent radii. The expected 
value is found in diphenyl diselenide, where the planes of the phenyl groups 
are alm ost norm al to  one another.338

Benzene Derivatives.—p-Dichlorobenzene is isostructural w ith  the 
dibrom o-analogue; the  crysta l packing is of the  parallel disc type.339 In 
^-am inophenol,340 a polar struc tu re , the  rings are packed in layers, an d  the 
plane of the  rings is alm ost norm al to  the  layer p la n e ; three hydrogen bonds 
per molecule are formed. A three-dim ensional analysis shows th a t  the 
C -N  bond distance is about 1-39 A, shorter th an  norm al; C ~0  is 147 A, 
longer th an  in o ther phenols. In  m -tolidine,341 no hydrogen bonds are 
formed and  the  s tructu re  is very  open. As in  w -tolidine hydrochloride 
and 2 : 2 '-dichlorobenzidine, the  phenyl groups are nearly  norm al to  one 
ano ther; such molecules m ust be ra th e r  aw kw ard for packing purposes. 
Like diphenyl itself, 4 : 4 '-d ihydroxydiphenyl m ust be planar, a t  least in the 
crystal where a m olecular centre of sym m etry  is im posed.342

Carboxylic- Acids.— The m ost common form of association in crystals of 
the m onocarboxylic acids, dim erisation of type (A), is now found to  occur in 
^-chlorobenzoic acid,343 salicylic acid,344 lauric acid ,117 “ «sopalmitic acid,” 345 
and AaMS-p-ionylidenecrotonic acid (related to  v itam in  A),346 in addition to  
earlier exam ples. I t  is found also in potassium  hydrogen carbonate, where 
pairs of b icarbonate ions are linked as in (A).347 Form ic acid, although it  
forms dim ers in  the  gas phase,122 is associated in the solid, to  form infinite 
chains of ty p e  (5).348 End-to-end bonding of type (A), is also usual for 
dicarboxylic acids, though here, by  association a t  bo th  ends, infinite chains

335 V. Luzzati, Acta Cryst., 1951, 4, 193. 338 G. A. Jeffrey, ibid., p. 58.
337 R. E. Marsh and J. D. McCullough, J . Amer. Chem. Soc., 1951, 73, 1106.
338 R. E. Marsh, Acta Cryst., 1952, 5, 458.
333 U. Croatto, S. Bezzi, and E. Bua, ibid., p. 825.
310 C. J. Brown, ibid., 1951, 4, 100.
341 F. Fowweather, ibid., 1952, 5, 820.
343 S. C. Wallwork and H. M. Powell, Nature, 1951, 167, 1072.
343 J. Toussaint, Acta Cryst., 1951, 4, 71.
344 W. Cochran, ibid., p. 376.
345 E. Stenhagen, V. Vand, and A. Sim, ibid., 1952, 5, 695.
343 C. H. MacGillavry, A. Kreuger, and E. L. Eichhorn, Proc. K . Ned. Akad. Wet., 

1951, 54, 449.
347 I. Nitta, Y. Tomiie, and C. H. Koo, Acta Cryst., 1952, 5, 292.
343 F. Holtzberg, B. Post, and I. Fankuchen, J .  Chem. Phys., 1952, 20, 198.
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ra th e r th an  dim ers are formed. Type (B ) occurs too, in  a-oxalic acid, for 
exam ple. Maleic acid 1,3 is an in teresting  case. One hydrogen atom  forms 
a strong in ternal bond, so th a t, for interm olecular hydrogen bonding, we

have two carboxyl groups b u t only one hydrogen atom  per molecule. Once 
again we find infinite chains, b u t of type (C).

Careful re-investigations have been m ade of th e  struc tu res of a-oxalic 
acid,349 oxalic acid d ih y d ra te ,350 and am m onium  oxalate m onohydrate.351 
The oxalic acid molecule is p lanar in b o th  structu res b u t the  oxalate ion is 
non-planar, the  angle betw een planes of opposite carboxyl ions being 28°. 
In  none of these structu res is the cen tral C-C bond distance significantly 
different from 1-54 Á, so th a t  the  earlier in te rp re ta tion  of the  evidence as 
favouring a som ew hat contracted  central bond in the  d ihydra te  m ust now be 
discarded. As Jeffrey and P arry  have ind icated ,352 th e  absence of 
appreciable shortening is presum ably due to  rem oval of --electrons from the 
pentral bond tow ards the  m ore electronegative oxygen atom s. T he relative 
stab ilities of p lanar and  non-p lanar form s of the  molecules will therefore 
depend only to  a m inor degree on the  --conj u g a tio n ; the  form al charge 
d istribu tion  m ay be of g reater im portance.

Amino-acids and Peptides.— There is no doub t th a t  the  am ount of 
precise s tru c tu ra l inform ation available for am ino-acids and  peptides is 
greater th a n  for any  o ther com parable class of molecules. The Pasadena 
group alone, in  addition  to  providing several s tan d ard  analyses, have 
con tribu ted  no less th a n  7 determ inations (for u rea ,115 L-threonine,2?3 DL- 
alanine,354 iV-acetylglycine,355 hydroxy-L-proline,356 DL-serme,357 glycyl-L- 
asparagine 35S) in which the  full force of s tru c tu re  analysis has. been brought 
to  bear on three-dim ensional da ta . O ther s truc tu re  • studies, for d l - 
m ethionine,359 glutam ine,3GQ and  cysteinylglycine,361 have also added to  the 
evidence. The results are, of course, of particu la r im portance in  connection 
w ith  the  recent Pauling-C orey protein  models, and  we shall m ention one or 
tw o points which seem especially interesting.

Two m ain features seem to  emerge from  these s tructu res : (1) the 
invariable occurrence of zw itterions (acetylated  glycine being an  obvious 
exception) and  (2) the  tendency tow ards p lanar configurations. In  th e  free

343 E. G. Cox, M. W. Dougill, and G. A. Jeffrey, / . ,  1952, 4854.
350 F. R. Ahmed and D. W. J. Cruickshank, Acta Cryst., in the press.
351 G.A Jeffrey and G. S. P arry ,'/ . ,  1952, 4864.
352 Idem, Nature, 1952, 169, 1105.
353 D. P. Shoemaker, J . Donohue, V. Schomaker, and R. B. Corey, J . Amer. Chem. 

Soc., 1950, 72, 23 28. 331 J. Donohue, ibid., p. 949.
355 G. B. Carpenter and J. Donohue, ib id ., p. 2315.
333 J. Donohue and K. N . Trueblood, Acta Cryst., 1952, 5, 419.
337 D. P. Shoemaker, R. E. Barieau, J. Donohue, and C. S. Lu, 2nd Internal. Congr. 

Cryst., Stockholm, 1951.
353 L. Katz, R. A. Pasternak, and R. B. Corey, Nature, 1952, 170, 1066.
333 A. McL. Mathieson, Hela Cryst., 1952, 5, 332.
3,0 W. Cochran and B. R. Penfold, ib id ., p. 644.
331 H. B. Dyer, ib id ., 1951, 4, 42.

•O-H---0
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amino-acids one m ay distinguish tw o possible p lanar groupings. The 
carboxyl groups m ay lie coplanar w ith  e ither the  am ino-group as in (a) (Fig. 8), 
or the  (3-carbon atom  (b). Type (a), shown by  hydroxy-L-prolone, acetyl- 
glycine, serine, glycylglycine, and nearly  so by  threonine, alanine, and 
glutam ine, is clearly favoured by the opposite charges of the  N H 3+ and  the
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F ig . 8. Planar groupings possible in amino-acids (a and b) and peptides (c).

carboxyl-oxygen atom . I t  does no t occur, however, in a- or 3-m ethionine 
or th e  peptide glycyl-L-asparagine, which show instead  p lan arity  of type  (b). 
B oth  of these molecules contain carbon side chains and  i t  seems possible th a t  
the preference for arrangem ent (b) m ay be associated w ith  the  tendency  of 
carbon chains to  adop t the  p lanar zig-zag configuration, as, for exam ple, in

F ig . 9. Some interatomic distances [in A) and bond angles fo r  glycyl-i.-asparagine, 
with Corey-Donohue dimensions [in parentheses).

the long-chain hydrocarbons an d  decam ethylenediam ine.362 In  peptides, 
p lanarity  is found for th e  five atom s of the  peptide group, of th e  type  (c). 
This p lanar configuration, expected theoretically  and  already found in 
iV-acetylglycine and in  fi-glycylglycine, has been confirmed again b y  the 
analysis of glycyl-L-asparagine. Indeed, th is molecule, lying alm ost 
exactly  in  tw o planes, sim ultaneously illu stra ted  cases (b) and  (c). The 
com bination of p lan arity  (b) and  (c), if general in polypeptide structu re , 
would impose a  certain  lim ita tion  on the  m u tu a l disposition of adjoining 
peptide groups, b u t m ore peptides m ust be stud ied  before the  im portance 
of th is  can be properly assessed.

Turning to  finer details, i t  is gratify ing  th a t  the  evidence of the  last two 
years leaves the  C orey-D onohue m odel 363 substan tia lly  unchanged. In  
Fig. 9 it is com pared w ith  the results for glycyl-L-asparagine.

The varia tion  of the  C -0  distances in  the  carboxyl ions is in teresting.

363 A. O. McIntosh and J. M. Robertson, ibid., 1952, 5, 149.
363 R. B. Corey and J. Donohue, J . Amer. Chem, Soc., 1950, 72, 2899.
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The isolated ion should be sym m etrica l; in different crystal environm ents, 
double-bond fixation in  one or o ther C -0  link is often present, to  a greater 

or less degree, according to  the  sym m etry  of the hydrogen 
P  bonding w ith  respect to  th e  two oxygen atom s. Generally 

—c \  we find th a t  the oxygen w ith  the  longer link forms two,
° - —  and  th a t  w ith  the  shorter only one, hydrogen bond (X V III).
: G lutam ine is exceptional here, as in th is case it  is the oxygen

(XVIII) w ith  the  shorter link w hich has two hydrogen bonds, and the 
o ther only one, all being of roughly equal strength .

The dimensions of the  am ide group as found in  asparagine (C -0  1-22, 
C -N  1-38 A) are sim ilar to  those in acetam ide; b u t in  glutam ine the  C~0 
and  C -N  distances are alm ost identical (1-28 A), indicating  considerable 
double-bond character in the  C -N  linkage. This is though t to  be connected 
w ith  the  susceptibility  of glutam ine to  hydrolysis or a tta c k  by n itrous acid. 
F o r asparagine, hydrolysis is slower and  the am ide group is no t affected by 
n itrous acid. Incidentally , the petide analysis shows the  asparagine residue 
to  be an  extended chain, and  n o t cyclic as proposed recently ,364 no tw ith 
standing  the  fac t th a t  the  am ide and  carboxyl groups are  still free to 
in teract.

Oximes.— P itt  305 has draw n a tten tio n  to  the  fact th a t, while the 
hydrogen atom s could no t be located w ith  certa in ty , application of stereo
chemical rules to  the  hydrogen-bonding arrangem ent in  sy«-ji>-chloro-
benzaldoxim e leads to  the conclusion th a t  the  bonds are N -H  • • • 0 , which

+ —
would im ply th a t  oximes are to  be represented as RR 'CiNH-O, ra th e r than, 
as usually w ritten , R R 'C N -O H .

A lthough two new structu re  determ inations are now available, it is still 
no t possible to  settle  th is po in t w ith  certa in ty . In  acetoxim e,360 the 
molecules are linked in to  trim ers; the  angle 0 - N " ' 0  is 129° and 
N - 0 - - N  is 111° so th a t the  arrangem ent is com patible w ith  either 
disposition of hydrogen atom s. In  dim ethylglyoxim e,307 each oxime group 
is linked by  hydrogen bonds to  ano ther re la ted  b y  a  centre of sym m etry.

. An obvious error occurs in the  published paper where the
jT.__q , angles N - 0 -" N 'a n d  O -N -" O ' are bo th  given as 75-9°.

| 1-38 A The centre of sym m etry, however, requires th a t  th e ir sum
0 ......N' be 180°. I t  would appear th a t  N -O "  • N ' is indeed about

75°, so we assume for the  present th a t the  published value 
75-9° refers to  th a t  angle and  no t to  O -N -" O ',  which is therefore 104-1°. 
The arrangem ent is thus probably N - H - " O ',  in  agreem ent w ith  P i t t ’s sug
gestion and  con trary  to  the  usually  accepted view. The dim ethylglyoxim e 
analysis has been carried ou t in  considerable detail w ith  the  use of full 3-di
m ensional d a ta . T he refinem ent process was, however, effected by  least- 
squares analysis only and  it  is to  be reg re tted  perhaps-that th e  m ore orthodox 
Fourier m ethod  was n o t em ployed in th is case since an  (F0 — F c) synthesis 
m ight have provided a  qu ite  unam biguous determ ination  of the  positions 
of the  hydrogen atom s.

In  dim ethylglyoxim e (and acetoxim e), C -N  is given as 1-27 A (1-29 A),
361 F. C. Steward and J. F. Thompson, Nature, 1952, 169, 739.
3(15 G. J. Pitt, A nn . Reports, 1950, 47, 458.
366 -p R  Bierlien and E. C. Lingafelter, Acta Cryst., 1951, 4, 450.
3,7 L. L. Merritt and E. Lanterman, ibid., 1952, 4, 811.
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N - 0  as 1-38 Á (1-36 Á), quite  consistent w ith double and  single bonds 
respectively. In  dim ethylglyoxim e the  central C~C bond is 144  Á, slightly 
shorter th an  the  corresponding distance in  buta-1 : 3-diene,122 and  about 
0-1 Á shorter th an  in  oxalic acid.349

Carbohydrates.— The crysta l s truc tu re  of a-D-glucose was reviewed in 
1950 b u t a  fuller publication 368 allows us to  m ention several finer points 
relating to  the structure . Of the  five hydrogen atom s available for hydrogen 
bonding, all are u tilised  in in term olecular bonds, four in in ter-hydroxyl 
linkages, 2-70— 2-78 A, and  one in a  hydroxyl-ring-oxygen link, 2-86 A. I t  
may be no ted  th a t in the  long bond th e  donor hydroxyl group does not 
itself accept hydrogen bonds from ano ther atom , as in the  o ther bonds. 
A nother po in t of in terest is the  shortening, by  abou t 0-1 A, of the C~0 
distance in the  prim ary  alcohol group— a feature  shown also in cytidine and 
connected possibly w ith  the  som ew hat different chemical behaviour of the  
term inal CHvOH. The a-OH in the reducing group position exhibits a 
similar contraction. U nfortunately , the results for sucrose are not 
sufficiently accurate for a  s tu d y  of the details of bond distances, b u t the 
stereochemical configuration is given.369 The general shape of the  sucrose 
molecule in th e  sodium  brom ide com pound is sim ilar to  th a t  in sucrose 
itself, except th a t  the  molecule is ra th e r m ore tig h tly  curled, and  one 
term inal hydroxyl group is differently oriented. More accurate  analyses 
of the  sugars, com parable w ith  those now  available for several amino-acids 
and peptides, would be of the  grea test value.

Steroids.— Following on the  analyses of cholesterol and  calciferol, two 
more analyses, also by  the “ heavy atom  ” technique, have furthered  our 
knowledge of the steroid  field, providing a detailed stereochem ical p icture of 
lanostenol 370 and  lum isterol.371 (Lum isterol is one of the  com pounds 
formed during the  photochem ical transform ation  of ergosterol in to  
calciferol.) The inversion of the  m ethyl group a t  C(10) has been confirmed. 
In addition, the  chair form of rings A and  c has been found, together w ith  
the E-configuration of the  hydroxyl group. T his is in agreem ent w ith  
recent infra-red studies.372 In  the  case of lanostenol (dihydrolanosterol) 
chemical evidence was considerably confused as to  the  D-ring system  and 
the p o in t of a ttach m en t of the  side chain. The X -ray  evidence now shows 
ring d to  be 5-mem bered, and  the  C8 chain to  be a ttached  in such a  way 
th a t the  molecule does no t fit the  isoprene rule. The la tte r  resu lt would 
suggest th a t  th is an d  related  triterpenes should really  be considered as 
trim ethylated  steroids— a possibility em phasised by  the co-existence of 
lanostenol and  sterols such as ergosterol and cholesterol in N ature.

Alkaloids.— The sim ultaneous confirm ation of th e  strychnine s tru c tu re  
by th e  chemical work and  by  tw o independent groups of crystallographers 
was described in  th e  1950 rep o rt; fuller details of th e  analyses have now 
appeared.373 A 2-dim ensional analysis 374 of a  colchicine adduct w ith  
CH2X 2 (X =  B r or I) yields a  projection which appears to  confirm D ew ar's

3.8 T. R. R. McDonald and C. A. Beevers, Acta Crysl., 1952, 4, 654.
308 C. A. Beevers, T. R. R. McDonald, J. H. Robertson, and F. Stern, ibid.,  p. 689.
3,0 R. G. Curtis, J . Fridrichsons, and A. McL. Mathieson, Nature, 1952, 170, 321.
371 D. C. Hodgkin and D. Sayre, / . ,  1952, 4 5 61. 372 A. R. H. Cole, ib id.,  p. 4969.
3,3 J . H. Robertson and C. A. Beevers, Acta Cryst., 1951, 4, 270; C. Bokhoven, 
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ring s tru c tu re  375 w ith  the substituen ts placed according to Cech and 
S an tavy .378 The stru c tu re  of ergine is confirmed, also by  2-dimensional 
analysis, b u t w ith  m uch b e tte r  resolution of the  individual atom s.377 The 
solution of th e  s tru c tu re  was obtained from  a  difference P a tte rso n  map, 
prepared from the  isom orphous hydrochloride and  hydrobrom ide.

Antibiotics.— A 3-dim ensional analysis of chloram phenicol (and of 
brom am phenicol) 378 confirmed the  chemical s truc tu re  of th is  well-known 
antibiotic. The molecules adopt a  curled configuration in  th e  crystal, 
owing to  a  fairly  strong intram olecular hydrogen bond betw een the  two 
hydroxy-oxygen atom s. A tten tion  is being given to  terram ycin  and  aureo- 
m ycin, the  close relation  betw een th is pa ir having been no ted .379 The 
crysta l s tru c tu re  of potassium  benzylpenicillin has been refined by  a  second
3-dimensional synthesis based on im proved in tensity  d a ta .380 Kojic acid, 
a  substance of m ild bacteriostatic  activ ity , has been studied, and  its 
constitu tion confirmed.381

Protein Structures.— As a com prehensive and  far-reaching review  of this 
field was given la s t year, we propose to  m ention in  only th e  briefest terms 
such developm ents as were n o t already covered in  th a t  report. X-Ray 
analysis is being applied to  a varie ty  of proteins : a “ carbonmonoxy- 
htemoglobin ” ; 382 silk fibroin; 383 fi-lactoglobulin 384 and  ac tinom ycin385 
(for the  m olecular w e ig h t); and others. Knowledge of the  ex ternal form 
of the  haemoglobin molecule 386 is being applied to  sign de te rm in a tio n ; 73 
in terp re ta tion  of th e  P a tte rson  function is being continued.387 Information 
of a general k ind as to  the  arrangem ent of polypeptide chains in the  crystal 
has been ‘sought from 3-dim ensional P a tte rso n  syntheses, no tab ly  for 
lysozyme hydrochloride 388 (using nearly  200 reflections) and  for acid insulin 
sulphate 389 (where abou t 100 reflections were available).

Of very g rea t in terest is the  continuing discussion concerned w ith the 
now well-known "  3-7 helix ,” th e  non-in tegral spiral s truc tu re  proposed by 
Pauling and  Corey for the polypeptide chain. Cochran, Crick, and  V a n d 350 
have shown th a t the intensities of X r a y  reflections given by  poly-y-methyl- 
L-glutam ate are in rem arkably  close agreem ent w ith  the  in tensity  distribu
tion predicted  from  the  helix. The best agreem ents is ob tained when the 
[3-carbon atom  is assum ed to  be in  position 2,391 This is tru e  also of bovine
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serum album in, where the  m ethod of radial d istribu tion  curves was applied.393 
One ra th e r  im portan t objection to  the 3-7 spiral in poly-y-methyl-L- 
glutam ate, th e  density  discrepancy,393 seems to  have been overcome by  a 
new m easurem ent of the  unit-cell param eters.391 A nother apparen t 
difficulty,393 th a t  the  dichroism  of the C— 0  absorption band  is no t as m arked 
as th a t  of N -H , m ay have been rem oved by  calculations which show th a t the 
direction of the transition  m om ent of th e  1650-cm.“1 band  should be inclined 
by abou t 20° to  the  C -0  direction, leading to  a  dichroic ra tio  com parable 
w ith th a t  experim entally  observed.394 I t  has been suggested th a t  a  coiled 
coil is perhaps a general feature  of polypeptide and  protein  structu re , since 
helices inclined a t  abou t 18° should pack together more effectively; the  
m eridian reflection a t 5-2 Â given by  a-keratin  would be explained by  this 
hypothesis.395 A sym posium  on the s tru c tu re  of proteins was held a t  the 
Royal Society on May 1st, 1952,396 and a F a rad ay  Discussion on the bio
chem istry of proteins in A ugust of the  sam e year. D espite the  baffling 
com plexity of th is  field, substan tia l progress is undoubtedly  being made.
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