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196. The ilct'ioi~ of Halogens upon the Aryluzoacet ylucetonm. 

By F. D. CHATTAWAY and D. R. ASHWOKTH. 

DURING the past few years several papers have been published describing the action of 
chlorine and bromine upon a series of compounds obtained by coupling diazoriiurn salts 
with substances containing a methyleiie group activated by adjoining groups. In the 
compounds so far studied, the arylazoacetoacetates (Chattaway and Lye, Proc. Roy. Soc. , 
1932, A , 135,282 ; Chattaway and Ashworth, J., 1933,475) and the arylazobenzoylacetones 
(J., 1933, 481, 1624), the two groups attached to the linking methylene carbon atom have 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
34

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
Sa

n 
D

ie
go

 o
n 

27
/0

3/
20

16
 1

3:
20

:5
6.

 
View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/jr9340000930
http://pubs.rsc.org/en/journals/journal/JR
http://pubs.rsc.org/en/journals/journal/JR?issueid=JR1934_0_0


The Actiofz of Halogens upoiz the Arylazoacetylacetones. 931 

been different and one of them an acetyl group which in every case was substituted or 
replaced by halogen. 

R*NH*N:CR’*CO*CH, -+ R*NH*N:CR’*CO*CH,X or R*NH*N:CR’X 
(R’ = C0,Et OY COPh; X = halogen.) 

The action of halogens upon the arylazoacetylacetones is of special interest, as in them 
the two groups attached to the linking carbon atom of the ketonic residue are identical 
and, since each is an acetyl group, equally susceptible to attack by the halogen. As with 
the compounds previously studied, the action is profoundly influenced by the conditions 
of reaction and by the substituents in the aryl nucleus. 

When one mol. of bromine acts a t  the ordinary temperature upon phenylazoacetyl- 
acetone dissolved in acetic acid or chloroform, the phenyl nucleus is first attacked and 
p-6romoPhenylazoaceiyZacetone (I) chiefly formed, identical with the compound obtained by 
coupling P-bromobenzenediazonium chloride with acetylacetone : 

C,H,*NH*N:CAc, -+ (I) (p) C,H,Br*NH*N:CAc, +- ($) C,H,Br*N,C1 + CH,Ac, 

No other product can be definitely isolated, although an acetyl group is probably also 
substituted and replaced to a certain extent. 

When two mols. of bromine react with phenylazoacetylacetone under similar conditions, 
a mixture results, from which no individual compound can be separated. When, however, 
three mols. of bromine are used in hot or cold acetic acid solution, bromine is substituted 
for hydrogen in the $-position in the phenyl nucleus and also in one acetyl group, the other 
acetyl group is replaced, and po-dibromo-cc-ketopropaldelzyde-p-bromophenylhyd~a~o~e (11) 
formed : 

(I) --+ (11) (p) C,H,Br*NH*N:CBr*CO*CH,Br f- (9) C,H,Br*NH*N:CH*CO=CH, 

The same compound is obtained by the action of two mols. of bromine upon p-bromophenyl- 
azoacetylacetone or a-ketopropaldehyde-p-bromophenylhydrazone dissolved in hot glacial 
acetic acid. 

The continued action of excess of bromine upon pa-dibromo-a-ketopropaldehyde-#- 
bromophenylhydrazone, dissolved in boiling glacial acetic acid, produces first p Po-tribromo- 
01- ketopropaldehyde-p-bromophen ylhydraxo ne, and then, more slowly, bromine enters the 
nucleus in an o-position, ppo-tribromo-a-ketopropaldehyde-2 : 4-dibromophenylhydrazone 
(111) being formed : 

(11) --+ (9) C,H,Br*NH*N:CBr*CO*CHBr, + (111) (2 : 4) C,H,Br,*NH*N:CBr*CO*cHBr~. 

When two mols. of bromine react with 2 : 4-dibromophenylazoacetylacetone dissolved 
in boiling chloroform, both acetyl groups are substituted and 2 : 4-dibromophenylaxo-yy’- 
dibromoacetylacetune is formed in quantitative yield. The action of a third mol. of bromine 
upon this compound, dissolved in boiling glacial acetic acid, causes further substitution 
in one of the already substituted acetyl groups, 2 : 4-dibromo~henylaxo-yyyf-i~~bromoacetyl- 
acetone being formed. When excess of bromine is used and the action in acetic acid at  100” 
is prolonged, one of the substituted acetyl groups is replaced by bromine, Ppw-tribromo-a- 
ketopropaldehyde-2 : 4-dibromophenylhydrazone (111) being formed, identical with the 
product obtained by the action of excess of bromine in boiling acetic acid upon a-keto- 
propaldehyde-2 : 4-dibromophenylhydrazone : 

(2 : 4) C,H,Br,~N~~*N:C(CO.CH,), + C6H,Br,*NH*N:C(CO*CH,Br), + 
C,H,Br,*NH*N :C( CO*CH,Br)*CO*CHBr2 

(2 : 4) C,H,Br,*NH*N:CH~CO~CH, -+ (111) 

The action of bromine upon 2 : 4 : 6-tribromophenylazoacetylacetone is similar. When 
this is treated with two mols. of bromine in boiling chloroform solution, substitution in 

3 Q  

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
34

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
Sa

n 
D

ie
go

 o
n 

27
/0

3/
20

16
 1

3:
20

:5
6.

 
View Article Online

http://dx.doi.org/10.1039/jr9340000930


932 Chattaway and Ashiworth : 
each of the acetyl groups occurs and 2 : 4 : 6-trib~omophenylazo-mf"dibromoacet~lace~one is 
formed. The further action of bromine upon this compound, dissolved in boiling acetic 
acid, replaces one of the substituted acetyl groups and fully substitutes the other, ppo-tri- 
bromo-a-ketopropaldehyde-2 : 4 : 6-tribromophenylhydrazone being formed. It was not 
found possible to isolate 2 : 4 : 6-tribromophenylazo-yyy'-tribromoacetylacetone which 
may be formed as an intermediate stage. 

(2 : 4 : 6)C,H2Br3*NH*N:C(CO*CH3)2 --+ C,H,Br,*NH*N:C(CO*CH,Br), _f 

C ,H,Br,*N H*N:CBr*CO*CHBr,. 

The behaviour of bromine with P-nitrophenylazoacetylacetone is similar ; in boiling 
chloroform solution p-Tzitrophenylazo-yy'-dibromoacetylacetone is formed and the further 
action of bromine upon this compound results in the formation of ppw-tribromo-E-keto- 
propaldehyde-fi-ni trophenylhydrazone , 

The action of bromine upon o-nitrophenylazoacetylacetone , dissolved in chloroform, 
causes first substitution in each acetyl group, o-nitrophenylazo-yy'-dibromoaceiylacetone 
being formed. This compound on treatment with two mols. of bromine in boiling glacial 
acetic acid solution is substituted further in each acetyl group, and 0-ptitrophenylazo- 
yyy'y'-teirabromoacety~cetone formed in quantitative yield : 

( 0 )  NOa.C6H40NH*N:C(CO*CH3)2 + NO,C6H4*NH*N:C(CO9CH2Br), -+ 
NO,*C,H,*NH*N :C (COCHBr,) ,. 

This is the only case in which a tetrabromoacetylacetone could be isolated. The effect 
of the nitro-group in an ortho-position in promoting this substitution in the acetyl group 
is lessened by the presence of bromine in the phenyl nucleus ; for example, 4-bromo-Z-nitro-, 
and 4 : 6-dibromo-2-nitro-phenylazoacetylacetones, whilst yielding yy'-dibromo-derivatives 
are not substituted further, the compounds breaking down when action is pressed. 

When any one of the arylazoacetylacetones or the arylazohalogenoacetylacetones is 
treated with one mol. of bromine in cold acetic acid solution containing crystalline sodium 
acetate, one acetyl group or substituted acetyl group is replaced by bromine, the corre- 
sponding a-bromo-a-ketopropaldehydearylhydrazone being quantitatively formed. Thus 
P-nitrophenylazoacetylacetone yields o-bromo-a-ketopropaldehyde-p-nitrophenylhydrazone, 
P-nitrophenylazo-yy'-dibromoacetylacetone yields Po-dibromo-a-ketopropaldehyde-p-nitro- 
phenylhydrazone, and o-nitrophenylazo-yyy'f-tetrabromoacetylacetone yields ppw-tribromo- 
a-ke~opropaZde~zyde-o-nitrophenylhydrazopze. Identical compounds can be obtained by the 
action of bromine upon the corresponding a-ketopropaldehydearylhydrazone (J., Zoc. cit.) : 

( f i )  N0,*C,H4*NH*N:C(CO-CH3)2 _a_ N02~C,H4~NH*N:CBrBCO~cH3. 
( p )  N O,*C,H,*NH*N :C( CO*CH,Br) , + N0,-C6H4-N H*N :CBr*CO*CH,Br. 
(0) NO,*C,H,*NH*N:C(CO-CHBr,), -+ NO,=C,H,*NH.N:CBr.CO*CHBr,. 

Action of Chlorine upon the Arylazoacety1acetones.-This action always causes the 
replacement of one acetyl group by chlorine, the remaining acetyl group never being 
substituted, w-chloro-a-ketopropaldehydearylhydrazones resulting in every case ; e . g  , 
2 : 4-dibromophenylazoacetylacetone on treatment with chlorine in chloroform or acetic 
acid solution, with or without addition of sodium acetate, yields o-chEoro-a-keto$ropaldehyde- 
2 : 4-dibromophenylhydrazone. 

Again, when chlorine is passed through a solution of either a- or P-nitrophenylazoacetyl- 
acetone or the 0- or p-nitrophenylhydrazone of a-ketopropaldehyde in dry chloroform, 
the corresponding o-chloro-a-ketopropaldehyde-nitrophenylhydrazone is forrned, no 
substitution occurring in the nucleus. When, however, reaction takes place in acetic 
acid solution, it is more vigorous and chlorine, although not substituting in an acetyl group, 
enters the nucleus in the unoccupied p- or o-position. Thus pnitrophenylazoacetylacetone 
or a-ketopropaldehyde-p-nitrophenylhydrazone in dry chloroform solution yields o-chloro-a- 
ketopvopaldehyde-p-nitrophenylhydruzone and in acetic acid solution w-chloro-a-keto$ropalde- 
hyde-2-chloro-4-nitrophenylhydraxone, identical with the compound obtained by the action 
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of chlorine upon a-ketopropaldehyde-2-chloro-4-nitrophenylhydrazone in acetic acid 
solution. 
( p )  NO,*C,H,*N H*N XAc, --+ NO,*C,H,*NH*N :CCMc f- NO,*C,H,*NH*N : C H k  

OHCI, GHCl, 

\ (-1 ,y 
N O , e H * N : C C l h c  C- NO, 6 N H . N : C H A c  

The halogen atom in the w-chloro- and w-bromo-cc-ketopropaldehydearylhydrazones 
is very reactive and can easily be replaced by an amino- or anilino-group on treatment with 
alcoholic ammonia or aniline, the corresponding w-amino- and w-anilino-compounds being 
respectively formed. 

When any one of the arylazo-yy'-dibromoacetylacetones is warmed with an alcoholic 
solution of potassium acetate, pyridine, sodium ethoxide, ammonia, or potassium cyanide, 
reaction occurs and alkali bromide separates, but in no case is the action a clean one, 
viscous dark-coloured substances being formed, from which nothing definite or crystalline 
can be isolated. 

EXPERIMENTAL. 
Formation of p-BromophenylazoacetyEacetone.-9 G. of p-bromoaniline were diazotised in the 

usual manner and the filtered diazonium solution was run into a cooled well-stirred mixture of 
50 g. of crystalline sodium acetate and 6 g. of acetylacetone in 50 C.C. of water. p-Bromophenylazo- 
acetylacetone began to separate a t  once and was collected after 12 hours; it crystallised from 
acetic acid in yellow, large, flattened prisms, m. p. 142" (Found : Br, 35.7. C,,HllO,N,Br 
requires Br, 35.6%). 

The following were similarly prepared : 2 : 4-DibromophenyZazoacetylacetone, yellow, short, 
flattened prisms from acetic acid, m. p. 186" (Found: Br, 44.4. C,,H,,O,N,Br, requires Br, 
44.2%) ; 2 : 4 : 6-tribromophenyZazoacetyZacetone, yellow, very long, slender prisms from alcohol, 
m. p. 130" (Found : Br, 54.6. C11Hg02N2Br, requires Br, 54.4%) ; p-nitrophenylazoacetyl- 
acetone, yellow, long, four-sided prisms from acetic acid, m. p. 219' (Found : N, 17.0. Cl1Hl1O4N3 
requires N, 16.9%) ; o-nitrophenyEazoacetyEacetone, yellow lustrous leaflets from acetic acid, 
m. p. 184" (Found : N, 16.8%) ; 4-bromo-2-nitrophenyEazoacetylacetone, yellow, very long, 
slender prisms from acetic acid, m. p. 184" (Found : Br, 24.5. C,,H,,O,N,Br requires Br, 24.4%) ; 
4 : 6-dibromo-2-nitrophenylazoacetyEacetone, yellow, slender, flattened prisms from acetic acid, 
m. p. 174" (Found : Br, 39.3. C1,Hg04N3Br2 requires Br, 39.3%). 

A ction of Bromine upon PhenyZazoacetyZacetone.-( 1) Formation of p-bromoPhenylazoacetyZ- 
acetone. 1.5 G. of bromine in 3 C.C. of acetic acid were added to a solution of 2 g. of phenylazo- 
acetylacetone in 20 C.C. of acetic acid. After 8 hour, addition of water precipitated a viscous 
yellow solid, from which by repeated crystallisation was obtained p-bromophenylazoacetyl- 
acetone identical with the compound described above. 

4.5 G. of bromine 
in 5 C.C. of acetic acid were added to a solution of 2 g. of phenylazoacetylacetone in 15 C.C. of 
boiling acetic acid. On cooling and dilution with water a viscous yellow solid was obtained 
from which on repeated crystallisation from alcohol was isolated pa-dibromo-a-ketopropaldehyde-p- 
bromophenylhydrazone (0.5 g.) in pale yellow, long, hair-like needles, m. p. 175' (Found : Br, 
60.4. C,H,ON,Br, requires Br, 60.15%). This compound was also obtained when 1.2 g. of 
bromine were added to 1 g. of a-ketopropaldehyde-p-bromophenylhydrazone in 10 C.C. of 
boiling acetic acid and when 2.4 g. of bromine were added to 2.1 g. of +-bromophenylazoacetyl- 
acetone in 10 C.C. of boiling acetic acid. 

8 G. of bromine 
in 5 C.C. of acetic acid were added to a solution of 2 g. of phenylazoacetylacetone in 10 C.C. of 
boiling acetic acid. On cooling, a yellow solid separated from which on repeated crystallisation 
was obtained the above compound in deep yellow, rhombic plates, m. p.  164" (Found : Br, 66.9 
CBH,ON,Br, requires Br, 66.8%). 

Action of Bromine nq3o.t~ 2 : 4 - I ~ i ~ r o ~ o ~ ~ ~ e ~ z ~ ~ l a ~ o a c e t y l a c e t o ~ ~ ~ . - ~  1) Formation of 2 : 4-dibromo- 
phenylazo-yy'-dibrotnoacetylacetone. 2.4 G. of bromine in 3 C.C. of acetic acid were added to 
2.7 g. of 2 : 4-dibromoplienylazoacetylacetone in 20 C.C. of boiling acetic acid. On cooling, 
the above compound separated ; it crystallised from acetic acid in yellow, short, fragile, flattened 
prisms, m. p. 162" (Found : Br, 61-8. C,,H,O,N,Br, requires Br, 61.5%). 

(2) Formation of ~w-dibromo-a-ketopropaldehyde-p-b~omophenyZhydrazone. 

(3) Formation of PPw-tribrovno-cc-kefopropaldehyde-p-~yo~ophe~yZhydrazo~ze. 
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T h e  Act ion of Halogem @on the Arylaiioacetylacetones. 
(2) Formation of 2 : 4-dibromophenylazo-yyy'-tribromoacetyZaceto~~e. 1 G. of bromine in 

3 C.C. of acetic acid was added to 2-4 g. of 2 : 4-dibromophenylazo-~-dibromoacetylacetone 
in 15 C.C. of acetic acid, and the whole heated on a water-bath for 3 hour. On cooling, the 
above compound separated; it crystallised from acetic acid in deep yellow, long, flattened 
prisms, m. p. 165" (Found : N, 4.4; Br, 67.0. Cl,H70,N2Br, requires N, 4.7; Br, 66.8%). 

Each of the above compounds, when heated with excess of bromine in acetic acid solution, 
yielded PPw-tribromo-a-ketopropaldehyde-2 : 4-dibromophenylhydrazone identical with an 
authentic specimen (Proc. Roy.  SOC., 1932, A ,  137, 489). 

Action of Bromine upon 2 : 4 : 6-TribrornophenyZazoacetylacetone.-(l) Formation of 2 : 4 : 6- 
tribromophenylazo-yy'-dibromoacetylacetone. 1.9 G. of bromine in 3 C.C. of acetic acid were 
added to  a solution of 2.6 g. of 2 : 4 : 6-tribromoplienylazoacetylacetone in 10 C.C. of boiling 
chloroform. On removal of the chloroform on a water-bath the above cornpound separated; 
i t  crystallised from chloroform-light petroleum in yellow, long, fragile, flattened prisms, m. p. 
123" (Found : Br, 67-1. C1,H,02N,Br, requires Br, 66.8%). 

3.9 G. 
of bromine of 4 C.C. of acetic acid were added to 2.6 g. of 2 : 4 : 6-tribromophenylazoacetylacetone 
in 10 C.C. of boiling acetic acid. On addition of water the above compound separated as a viscous 
solid. After crystallisation from chloroform-light petroleum it was identical with an authentic 
specimen (Proc. Roy.  SOC., 1932, A, 135, 282). 

In  a similar fashion were obtained p-nitrophenylazo-yy'-dibromoacetylacetone, yellow, long, 
very slender prisms from alcohol, m. p. 150" (Found : Br, 39.1. CllH,O,N3Br, requires Br, 
39.3y0), and pPw-tribromo-a-ketopropaldehyde-p-nitrophenylliydrazone (J,, 1933, 475). 

The following have been obtained in a similar fashion to (1) above : o-Nitrophenylazo-yy'- 
dibromoacetylacetone, yellow, irregular, lustrous, flattened prisms, from acetic acid, m. p. 168" 
(Found : Br, 39.6%) ; 4-bromo-2-nitrophenylazo- yy'-dibromoacetyZacetone, orange, compact, 
rhombic tablets from acetic acid, m. p. 158" (Found : Br, 49.3. CI1H,O4N3Br3 requires Br, 
49.4%) ; 4 : 6-dibromo-2-nitrophenyZazo-~'-dibromoacetylacetone, yellow, long, flattened prisms 
from acetic acid, m. p. 165" (Found : Br, 56-7. C,,H,0,N3Br4 requires Br, 56.6%). 

Formation of o-NitrophenyZazo-yyy'y'-tetrabromoacetylacetone.-6 G. of bromine in 3 C.C. 

of acetic acid were added to a solution of 2 g. of o-nitrophenylazoacetylacetone in 15 C.C. of 
boiling acetic acid. On cooling and careful addition of water the tetrabromo-compound separated. 
It crystallised from alcohol in yellow, long, slender, flattened prisms, m. p. 132" (Found : Br, 
56-3; N, 7.4. Cl,H704N3Br4 requires Br, 56.6; N, 7.4%). 

Formation of o-Chloro-a-ketopropa2dehyde-2 : 4 : 6-tribromophenylhydrazone.-2 G. of 2 : 4 : 6- 
tribromophenylazoacetylacetone were dissolved in 10 C.C. of acetic acid and chlorine was passed 
for 10 minutes. On careful addition of water the above compound separated. It crystallised 
from alcohol in very pale yellow, long, slender, flattened prisms, m. p. 136" (Found : Br, 55.3 ; 
C1, 8-2. C,H60N2C1Br, requires Br, 55.4; C1, 8.2%). 

w-ChZoro-a-ketopropaldehyde-2 : 4-dibromophenyZhydrazone, clusters of colourless, short, 
hair-like prisms, m. p. 141" (Found : C1, 9.8; Br, 44.8. CgH,0N2C1Br, requires C1, 10.0; 
Br, 45.1 %), was obtained similarly. From p-nitrophenylazoacetylacetone, a-ketopropaldehyde- 
fi-nitro- and -2-chloro-4-nitro-phenylhydrazone was obtained o-chloro-a-ketopropaldehyde-2- 
chloro-4-nitrophenyZhydrazone, clusters of pale yellow, minute prisms from alcohol, m. p. 148" 
(Found : C1, 26.0. C9H,0,N,C12 requires C1, 25.7%). By similar methods was obtained 
w-chZoro-u-ketopropaZdehyde-4-c~Zoro-2-n~tro~henyZhydra~one, deep yellow, long, slender prisms 
from alcohol, m. p. 155" (Found : C1, 25.9%). 

w-Chloro-~-bromo-a-ketopropaldehyde-2-chlo~o-4-n~t~o~heny~~~yd~azone was prepared by the 
action of chlorine upon p-nitrophenylazo-yy'-dibromoacetylacetone and by the action of 1 mol. 
of bromine upon o-chloro-a-ketopropaldeliyde-2-chloro-4-nitroplienyliiydrazone ; i t  crystallised 
from alcohol in pale yellow, short, flattened prisms, m. p, 178" (Found : C1, 20.1; Br, 22.7. 
C,H 603N,C12Br requires C1, 20.0 ; Br, 22.5%). 

Formation of o-ChZoro-a-ketopro~aZdehyde-p-nitro~henylhydrazone.-2 G. of p-nitrophenyl- 
azoacetylacetone or of a-ketopropaldehyde-p-nitrophenylhydrazone were suspended in 15 C.C. 
of dry chloroform, and a stream of dry chlorine passed in for 15 minutes. On removal of the 
chloroform the above compound remained. I t  crystallised from alcohol in pale yellow, slender 
prisms, m. p. 224" (Found : C1, 14-9. C,H,03N,C1 requires Cl, 14.7%). 

Similarly was obtained o-chZoro-a-ketopropaZdehyde-o-nitrop~~enyZhy~razone, yellow, long, 
flattened, rectangular prisms from alcohol, m. p. 173" (Found : C1, 14.3%). 

When w-chloro-a-ketopropaldehyde-p-nitrophenylhydrazone was stirred into alcoholic 
ammonia, a quantitative yield of w-amino-cr-ketopropaldehyde-p-nitrophenylhydrazone was 

(2) Formation of PPw-tribromo-a-ketopropaldehyde-2 : 4 : 6-triBromophenylhydrazone. 
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obtained identical with an authentic specimen (J., Zoc. cit.). Similarly was obtained w-amino-a- 
keto~ro~aZdehyde-2-chZo~o-4-nitrophenyZhyd~uzone~ orange slender prisms from alcohol, m. p. 201" 
(Found : C1, 14.0. C,H,O,N,Cl requires C1, 13.85%). 

By the method previously given (J., Eoc. cit.), the following have been prepared : a-keto- 
~~o~aEdehyde-4-chZ0ro-2-nitrophenyZhyd~uzo~ze, clusters of yellow minute prisms from alcohol, 
m. p. 170' (Found : C1, 14.8. CgH,O,N,C1 requires C1, 14.7%) ; a-ketopropaZdehyde-2-G~ZOYO-4- 
nitrophenylhydrazone, which separated from solution in acetic acid as a labile form in pale yellow, 
hair-like prisms which gradually redissolved with the separation of the stable form in yellow, 
rectangular, dense, somewhat flattened prisms, m. p. 168" (Found : C1, 14.6%) ; a-ketopropalde- 
hyde-p-bromophenylhydrazone, very pale yellow, slender prisms from light petroleum, m. p. 143" 
(Found : Br, 33.1. C,HgON,Br requires Br, 33.20//,). 

THE QUEEN'S COLLEGE Le4BORATORY, OXFORD. [Received, April 7tlt, 1934. J 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
34

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
Sa

n 
D

ie
go

 o
n 

27
/0

3/
20

16
 1

3:
20

:5
6.

 
View Article Online

http://dx.doi.org/10.1039/jr9340000930



