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G E N E R A L I N T R O D U C T I O N . 

The aromatic 1:2 diketones such as benzil are well 

known and carrbe prepared quite readily, usually by 
4110 

oxidation of the benzoins with nitric acid. Corson an 

McAllister (J. A. C. S. , 1929, 51, 2822) have recently ob- 

tained compounds of this type in yields of 80 -90% by 

oxidation of benzoins with iodine in alcohol solution 

in the presence of sodium alkoxide, among ounds 

isolated being anisil, piperil and furii. The ors 

however state that the reaction appears to be of no 

value for the preparation of aliphatic diketones. 

Aliphatic diketones on the contrary are comparat- 

ively rare substances and are generally regarded as ver 

unstable and difficult to prepare. Diacetyl and some 

of its homologues are known but these are still more or 

less laboratory curiosities. Recently diacetyl has 

assumed considerable industrial importance, particular 

in connection with dairy products. It has been shown 
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to be largely responsible for the natural odours and 

flavours of butter, cheese etc., and other vegetable 

fats and oils, and is thought to be the carrier of 

odours of many natural substances. It occurs widely 

in nature and is obtained in small concentrations in 

pyroligneous acid, tobacco and in the distillate from . 

carbohydrates and glucosides. As to its origin in 

nature, it has been shown that certain strains of bact- 

eria in their metabolism of carbohydrates convert them 

into acetyl methyl carbinol (CH3. CO. CHOH. CHs) which is 

then oxidised to diacetyl. In fact the production of 

this compound is now used in bacteriology as a means of 

identifying certain strains of bacteria. In 1929 mar- 

garine was first flavoured with diacetyl, a substance 

which Van Niel, Kluyver and Derx (Biochem. Z., 1929, 210, 

234) had stated to be responsible for the odour of butt r. 

A further industrial use is in connection with tanning 

processes, M. Pouvarin (Brevet Russe, 1934, 3364). It 

therefore appears probable that in the immediate future 

methods of preparation of aliphatic diketones will be- 

come of increasing importance. 

The synthetic methods available for the preparation 

of aliphatic diketones may be classed under two heading . 

1. hydrolysis of the monoximes of the corresponding 

diketones. 

2. Oxidation of the related monoketones or ketols. 

The first synthetic preparation of diketones was 

pu forward in 1888 by Pechmann (Ber., 1888, 1 1411; 
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1889, 22, 2127; 1891, 24, 3954). In these papers is 

described the preparation of diacetyl and some of its 

homologues, among them acetyl propionyl, acetyl iso- 

butyryl, acetyl butyryl, methyl amyl diketone, methyl 

allyl diketone and acetyl benzoyl. Yields of 50% and 

60% are quoted for acetyl butyryl and acetyl isobutyryl 

but in the other cases no yields are given. Pechmann' 

method consisted in saponifying alkyl acetoacetates wit 

sodium hydroxide, treating the resultant product with 

sodium nitrite and sulphuric acid and hydrolysing the 

monoximes so formed with 15% sulphuric acid. The inte 

mediate monoximes were not isolated. The procedure rna 

be illustrated in the following case of diacetyl. 

CH3 CH3 CH3 CH3 
I ' 

I 
I I 

C=0 NaOH C=0 NaNO2 C=0 H2SO4 C=0 
I ----) 

I > I 
------ ) 

CH. CH3 CH-CH 112804 (dil. ) C=NOH dil. C=0 
I I I I 

COOC2H5 COOH CH3 CH3 

After this preliminary investigation various other 

workers entered the field. Claísen and Manasse (Ber. , 

1888, 21, 2176) were the first to study the action of 

amyl nitrite on a nitrosoketone. They showed that amyl 

nitrite was able to convert nitroso phenylacetic ester 

into benzoyl formic ester, according to the equation 

C 61-15. CO i?OH) . CO0C2H5 C5H11 ONO C6H5. CO. CO. 0C2H5 
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On analogy with this reaction Manasse speculated a 

to the possibility of employing amyl nitrite for prepar 

ing aliphatic a -diketones of the type R. CO. CO. R from th 

corresponding nitroso ketones. Claisen and Manasse 

later showed that each ketone R. CO. CH2. R, in which the 

hydrogen of the methylene group was first replaced by 

the isonitroso group to form R. CO. C(: NOH). R, could be 

converted fairly easily by use of amyl nitrite into the 

1: 2 diketone. In their experiments the' above authors 

started with nitroso ethyl phenyl ketone and by heating 

with li parts of amyl nitrite, through evolution of nit 

rous fumes and replacement of the isonitroso group with 

oxygen, arrived at the diketone acetyl benzoyl. 

C6115. CO. C(:NOH).C1I3 + C51111ONU --->C6115. CO. CO. CH3 + C5 11011 

+ N20. 

The diketone was also obtained by direct treatment 

of the monoketone with two molecular proportions of anvil 

nitrite, with subsequent separation of the diketone as 

the bisulphite compound, from which the diketone itself 

could be isolated by steam distillation. In these ex- 

periments, however, no yields of final products are quot- 

ed. They showed that the reaction was fairly generallfr 

applicable. From nitroso diethyl ketone they obtaine 

acetyl propionyl, but all attempts to arrive at the ke o- 

aldehydes from isonitroso derivatives of the type, 
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R. CO. CH: NOH, by means of amyl nitrite failed. Among 

other preparations described in the literature may be 

mentioned those of Diéls and co- workers (Ber., 1902, 35 

3292), Diels and Stephan (ibid, 1907, 40, 4337) and 

Diels and Farkas (ibid, 1910, 43, 1958) who used the 

followi ng transformations. 

CH3 CH3 CH3 
I I I 

CH2 C5H110N0 + HCl C=NOH H2S0 CO 

CO CO CO 
I I I 

CH3 CH3 CH3 

Diels and Jost using the above procedure in the first 

case prepared the monoxime, which they isolated in the 

pure state. The product of the reaction between amyl 

nitrite, hydrochloric acid and methyl ethyl ketone was 

treated with sodium hydroxide to form. the sodium salt. 

The solution containing the sodium salt was extracted 

with ether to remove amyl alcohol and other impurities 

and the monoxime was then obtained by reacidification. 

In the next stage the monoxime was converted to the di- 

ketone by Pechmann's method by distillation with dilute 

sulphuric acid. Diels and Stephan later simplified th 

method of Diels and Jost. Omitting the extraction wit 

ether and the isolation of the monoxime, they diluted 

the alkaline solution, neutralised it with concentrated 

acid and distilled in a current of steam. This simpli 

fication given by Diels and Stephan does not give very 



 

good results since later .¡AorLers using this procodure 

obtainod opeci,r!ens of diacetyl contuininz only 414,4 of 

dincetyl, it is evident thut the prusnce oi" utttt 
Of impuritiQu in the diacetyl prepared sccordinz to thie 

method must b ttributt at 1osL4t in lurt to the Act 

that extroctinn of the taktAine avIution i-ith ethos° hud 

been *vatted. Uence volatile pvo,;.ucts auch w4y1 

LlcobA nL unchangt;d wothyl ethyl ketont still rerusin 

in the diacetyl which is isolated. 

The mutho of analysis udopted in all these ()Gaud 

i* accordin$ to the directions of Van Licl Piochum4 

29110 10_ 470 which is Zounded on the fact that dcty1, 

when beatsh with Lydroxylt,mine hydrocUoride, sodium 

acetutu c-2134 u solution of nickel chloricnet till forw 

nickel suit or dimethyl clyoxims. The mi4ture ik*s nest- 

ed t 80.:WC for 1 hour* coAsd, und allGwed to st,rd 

for 24 hours beiore filterin; J11.6 rsigliinJL the gijoxiwe 

:ore recently tLib pxscedure ruvisud 4y 4, rbi 

coat (The Anulyt,t, 1461,0 jt, U45), ..;xperitsents c)rlied 

out unaer 'tan Liel'a conditions sLot,ed th Lt after further 

heating and colins of the filtrates more of the red 

nickel compouW appehred, thus sLowin4 t4t iuso,)lets 

preciDitatioli bud been waected4 in his revised pro- 

ceuure ..mrnicout UtitAl solution contuining hydroxylai 

hydrochloride (204), sodium acet*xt i) nc nicxel 

olorice (Z4) und heated thL, with icety1 for several 

hours at 60-v0'4C durinz which the solution 'ens allowed 

to elmpoute. Thin treatAent ws* follo by overnight 
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heating at 70 -80 °C. The solution was then cooled, neu 

ralised with ammonia and filtered. The errors so ob- 

tained were very small but it must be remembered that i 

his experiments Barnicoat was only dealing with traces 

of diacetyl, amounting to a few milligrams, contained i 

butter. The conversion of diacetyl into the nickel salt 

of dimethyl glyoxime takes place in the following stage 

1. CH3. CO. CO. CH3 + H2NOH ---) CH3. C(: NOH) . CO. CH3 + H20. 

2. CH3. C (: NOH) . CO. CH3 + H2NOH CH3. C (: NOH) . C (: NOHI . CH3 + H20 

3. CH3. C(: NOH) . C(: NOH). CIi3 + NiCl2--i (CH3. C(: NOH) . C. (N01 CH3 ) 2Ni 

+ 2HC1. 

In 1898 Ponzoi and Prandi (Gazz. chim. ital., 1898, 

28, 279) had shown that Pechmann's method of hydrolysis 

by dilute sulphuric acid was successful for diketones 

,containing only five or six carbon atoms, but that in 

cases such as acetyl caproyl (CH3. CO. CO. (CH2) 4. CH3) it 

was necessary to use as much as 400 -500 g. of acid for 

each gram of isonitroso ketone. Later workers there- 

fore examined the use of other hydrolysing agents. The 

first use of nitrous acid in hydrolysing the monoximes 

of diketones to the parent diketones is recorded by 

Bouveault and Locquin (Bull. Soc., 1904, 31, 1169). 

Bouveault and Locquin's method of hydrolysis is merely an 

application of an observation made by Claisen and ï anasse 
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(loc. cit.) that when an excess of amyl nitrite was 

brought into reaction with a ketone R. CH2. CO.R a certain 

amount of diketone was formed in addition to the isonitroso 

ketone R. C(: NOH). CO.R. Bouveault and Locquin thus de- 

cided to omit the use of amyl nitrite altogether and to 

employ an excess of nitrous acid, the hydrolysis being 

carried out at 20- -30 °C, the temperature not being allowed 

to rise above 40 °C. 

Another interesting preparation of oc -diketones is 

that recorded by Pauly and Berg (Ber., 1901, 34, 2092) 

although it is stated not to be applicable to members 

of the aromatic series. The method consists in con- 

verting ethylidene acetone into acetyl propionyl by 

means of bromination of the starting material followed 

by hydrolysis of the resulting bromo- compound. 

CH3. CH 
N 

CH -' Brp 
I 

CO 

C ii3 

Ethylidene acetone 

CH3. CHBr 

CHBr KOH 

CO 

CH3 

CHs. CH 
II 

C. Br 

CO 

CIi3 

Dibromide Bromoethylidene acetone 

C0. OC. CH3 H20 
> 

CHs. 000K CO 
> 

C: tI3 

Acetoxyethylidene 

acetone 

CH3. CH 
fi 

C. OH 

CO 

Cli3 

Hydroxy ethylidene 

acetone 

ÇH3. CH2 

CO 

CO 

CH3 

Acetone ropionyl 
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The best general method for the preparation of 

d- diketones so far given in the literature is that re- 

corded by Dufraise and Moureu (Bull. Soc. , 1927, 41, 

1370). The method is really a modification of that 

given above by Pauly and Berg but is applicable to di- 

ketones both of aliphatic and aromatic type. It conci 

in treating d -3 - ethylenic ketones with bromine, the bro 

compound then being brought into reaction with piperid- 

ine. These piperidine compounds can subsequently be 

hydrolysed by use of acids to give the corresponding di 

ketones. The preparation may be reduced to a single 

operation, the a -ß - ethylenic ketone being treated suc- 

cessively with 1 mole of bromine, 4 moles of piperidine 

and excess acid. The stages by which the aC- diketone i 

reached are illustrated below in the case of phenyl 

benzyl glyoxal. 

C6H5. CO. CH--CH. C6H5 

sts 
o- 

s 

8r2. C 6H5. C0. CHBr. CI'Br. C 6H5 

- HBr 
. C0. CBr= CH. C h C H NH 

C H 6 5 6 T5 
5 lo C6H5. C0. CBr(1'C5H10) 

C 6H5. C0. C (N. C 5H10 )= CH. C 6H5 
F H20 

C 6H5. CO3 C0. CH2 
acids 

CH2. C 6H5 

C6H5 

Piperidine in this reaction may be replaced by other an nes, 

thus phenyl benzyl glyoxal was obtained starting from bOnz- 

ala.cetophenone by the use of ammonia, and acetyl benzoyl 
was prepared using diethylamine instead of piperidine. 
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When applied to ten various types, both aliphatic 

and aromatic, the method gave in each case the require 

product. Particularly favourable results were obtain 

starting from the vinyl ketones. 

The results recorded are tabulated on p. 11. 

The results recorded by these authors are very 

consistent the only disadvantage of the method appearing 

to be the instability and expensive nature of the start- 

ing materials. 

The application of nitrous acid as hydrolytic re- 

agent for isonitroso -ketones has been further extended 

during recent times by Olivier (Bull. Soc., 1932, 51, 

99). In this paper is described the preparation of 

diacetyl from isonitroso methyl ethyl ketone. Yields 

of 60% of pure diacetyl are claimed. 

jjI3 ; x3 

C-NOh tiNO2 CO 
> 

CO CO 
I 

CH3 CrI3 

Among oxidation methods mentioned in the literature 

for the production of d- diketones two are of primary 

importance. The first is that recorded by Fileti and 

Ponzio (J. pr.,. 1895, 51, 498; 1897, 55, 186) referrin 

to the oxidation of monoketones by means of nitric acid 

Various ketones -:ere tried among them being methyl ethyl, 



s
t
a
r
t
i
n
g
 
M
a
t
e
r
i
a
l
s
 

D
i
k
e
t
o
n
e
s
 
o
b
t
a
i
n
e
d
 

Y
i
e
l
d
 

M
e
t
h
y
l
 
v
i
n
y
l
 
k
e
t
o
n
e
 

C
H
3
C
O
.
C
H
=
C
H
2
 

D
i
a
c
e
t
y
l
 

C
l
l
3
.
C
O
.
C
O
.
C
H
3
 

6
0
 °j

o
 

E
t
h
y
l
 
v
i
n
y
l
 
k
e
t
o
n
e
 

C
2H

5C
O

.C
H

=
C

H
2 

5
8
'
j
ó
 

A
c
e
t
y
l
 
p
r
o
p
i
o
n
y
l
 

C
2
H
5
.
C
O
.
C
O
.
C
H
3
 

E
t
h
y
l
i
d
e
n
e
-
 a
c
e
t
o
n
e
 

C
H

3.
C

H
=

C
H

.C
O

C
H

3 
4
1
%
 

P
r
o
p
y
l
 
v
i
n
y
l
 
k
e
t
o
n
e
 

C
S?

. C
O

 .
 C

H
=

C
H

2 
A
c
e
t
y
l
 
b
u
t
y
r
y
l
 

C
3
1
1
7
 

.
 
C
O
 .

 
C
O
 .

 
C
H
3
 

5
0
 1
°
 

O
x
i
d
e
 
o
f
 
m
e
s
i
t
y
l
 

(
C
H
3
)
2
.
C
=
C
H
.
C
O
.
C
H
3
 

A
c
e
t
y
l
 
i
s
o
b
u
t
y
r
y
l
 

(
C
H
3
)
2
C
H
.
C
O
.
C
O
.
C
H
3
 

s
m
a
l
l
 

P
h
e
n
y
l
 
v
i
n
y
l
 
k
e
t
o
n
e
 

C
6
H
5
.
C
O
.
C
H
=
C
H
2
 

A
c
e
t
y
l
 
b
e
n
z
o
y
l
 

C
6
H
5
.
C
O
.
C
O
.
C
H
3
 

8
0
%
 

E
t
h
y
l
i
d
e
n
e
-
 a
c
e
t
o
p
h
e
n
o
n
e
 

C
6
H
 S
.
C
O
.
C
H
=
C
H
.
C
H
3
 

P
r
o
p
i
o
n
y
l
 
b
e
n
z
o
y
l
 

C
6
H
5
.
C
O
.
C
O
.
C
2
H
5
 

s
m
a
l
l
 

B
e
n
z
a
l
a
c
e
t
o
n
e
 

C
 6
H
 5
.
 C
H
=
C
H
 . 
C
O
 .

 
C
H
 3
 

M
e
t
h
y
l
 
b
e
n
z
y
l
 
g
l
y
o
x
a
l
 
C
6
H
5
C
H
2
.
C
O
.
C
O
.
C
H
3
 

4
0
'
b
 

B
e
n
z
a
l
a
c
e
t
o
p
h
e
n
o
n
e
 

C
6
H
5
.
C
H
=
C
H
.
C
O
.
C
6
H
5
 

P
h
e
n
y
l
 
b
e
n
z
y
l
 
g
l
y
o
x
a
l
 
C
6
1
-
1
5
.
C
H
2
.
0
0
.
0
0
.
C
6
k
i
5
 

6
0
%
 

A
n
i
s
a
l
a
c
e
t
o
p
h
e
n
o
n
e
 

C
H
3
0
C
6
H
4
.
C
H
=
C
H
.
C
O
C
6
H
5
 P
h
e
n
y
l
 
a
n
i
s
y
l
 
g
l
y
o
x
a
l
 
C
H
3
0
C
6
H
4
.
C
H
2
.
C
O
.
C
O
C
6
H
5
 

6
5
7
0
 



12. 

methyl propyl, methyl butyl, methyl hexyl and methyl 

nonyl ketones. No physical constants of the diketone- 

however, are recorded and the authors had to be conten' 

with characterising them as the dioxines and osazones, 

possibly owing to the small yields obtained. Thus th . 

process is more one of formation than one of prepar- 

ation. Yet another disadvantage lies in the fact tha 

by- products were isolated during the course of the rea 

tion. In the case of the oxidation of ethyl isobutyl 

ketone (1 +ileti and Ponzio, J. pr. , 1897, 55, 201) , the 

diketone acetyl isovaleryl I was obtained to ether witY. 

isovaleryl dinitroethane II. 

CH3 
CH3. CH2. CO. CH2. CH 

\ CH3 

,CHs 
CH3. CO. CO. CH2. CH, 

CIi3 

I 

/CHs 
CH3. C. ( N204 ) . C0. CH2. CH\ 

CH3 

The second oxidation method is that given by Coles 

Manske and Johnson (J. A. C. S. , 1929, 51, 2269) . It had 

been previously shown by Gilman and Johnson (J. A. C. S. , 

1928, 50, 3341) that dialkylmalonates could be readily 

oxidised to the corresponding mesoxalates by means of 

nitrogen tetroxide. The success of this work suggeste 

the possibility of using this oxide for the oxidation 

of the methylene group of ethyl phenyl ketone. The 

authors state that the reactivity conferred on the meth 

d 

II 
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ylene carbon atom by the carbonyl and phenyl groups is 

sufficient not only to facilitate attack by the nitroge 

tetroxide, but also to lend sufficient stability to the 

resulting diketone to prevent complete disintegration 

by the further action of the oxidant. Notwithstanding 

this statement, in the actual experiments the formation 

of considerable amounts of benzoic acid could not be 

prevented. Yields of 30 -40% of acetyl benzoyl were 

isolated by Coles and co- workers, the diketone being 

isolated first as the intermediate bisulphite compound 

from which the diketone itself could be later obtained 

by distillation with dilute acid. 

CH3. Cri2. CO. C sH5 N 
CH3. C0. CO. C 6H5, 

n 

With regard to the preparation of isonitrosoketone 

such compounds are formed when the hydrogen atoms of th 

methylene group of a ketone are replaced by the oximinof. 

group (:NOH). The possibility of the conversion of a 

CH2 group to (C:NOH) depends to a considerable extent ok 

the nature of the groups adjacent to it and some group 

which has an activating effect must be present. Among 

such groups producing this desired activation are the 

keto and cyano groups. The reagents commonly used for 

the formation of isonitroso derivatives are amyl and is 

,,.riyl nitrites. These reagents were used by Pechmann 
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(loc. cit.)in_ his preparation of isonitroso- ketones of 

the aliphatic series. Another reagent, ethyl nitrite 

has been used in more recent times. It was employed b 

S.lotta .and Jacobi (Z. anal. Ch. , 1931, 83, 2) for the 

preparation of isonitroso methyl ethyl ketone by passi 

a current of ethyl nitrite into a cooled solution of 

methyl ethyl ketone in ether containing a little hydro- 

chloric acid. 

Among the interesting facts in the literature con- 

cerning the formation of isonitroso derivatives two ar 

of special importance. The first is that recorded by 

Ponzio and Gaspari (J. pr. , 1898, 58, 392) and deals 

with the action of nitrous acid on aliphatic ketones. 

When nitrous acid reacts with a ketone such as CH3. CO. H2.î 

the isonitro ketone CH3. CO. C(: NOH). R is formed. With 

ketones of the general type CH3. CH2. CO. CH2. R two rnethy erne 

groups are open to attack and it is with these points f 

attack that Ponzio and Gaspari concerned themselves. 

They concluded that in this case two isomeric isonitroso 

compounds were formed when R was of normal structure, 

e. g. 

CH3. CH2. CO. 0112. CH2. CH3 

7 CH3 . C ( : NOH) . CO. CH?. CH2. CH3 + H20 

CH3. CH2. CO. C (: NOH) CH2. CH3 

With ketones, however, such as CH3. CH2. CO. CH2. R where 

was a branched chain, only one isonitroso ketone was 
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formed,, the reaction being inhibited on the side of th 

molecule to which :ñ is attached. 

CHg 
. 

,CH3 
CH3 . CH2. C0. CH2. CH N-N0 a CHs . C ( : NOH) . C0. CH2. CH 

\ CtI3 CH3 

e 

The second interesting fact is that recorded by 

Aston and Mayberry (J. A. C. S. , 1935, 57, 1888) and deals 

with the action of ethyl nitrite upon certain isopropyl 

ketones of the formula (CH3) 2CH. CO. CH2. R. These workers 

found that in this case both groups adjacent to the car 

bonyl group were attacked, one yielding an isonitroso 

derivative and the other a true nitroso derivative. 

( CH2 ) 2. CH. CO. CH2R 

(Cil3)2.C(NO).CO.CH2.R + H20 

( CH3 ) 2. CH. CO. CO NOH) . R + H20 

This example of Aston and Mayberry, while not exactly 

the same as that of Ponzio and Gaspari, is very similar 

in form and it is strange that in the compounds examinea 

by the latter authors the presence of the branched chaff 

should not only prevent the adjacent (CH2) from being 

attacked but that no true nitroso compound should be 

produced by interaction at the' - carbon atom. Thus no 

compound of the type CH3. CH2. CO. CH2. C (NO) (CH3) 2 is ob- 

tained. If such a compound had been formed it would 

have been readily isolated as these true nitroso com- 

I 
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pounds are insoluble in alkali. 

Another interesting observation recorded by riston, 

Menard and Mayberry (J. A. C. S. , 1932, 54, 1530) is that 

when ethyl nitrite reacts on methyl desoxybenzoin the 

substance is disrupted according to the following equat 

C 6H5. CO. CH. C61-1 + I-1NO2 C sHS. COOH + 06H5. CH NOH 
CHs 

On the other hand Meyer and Oelkers (Ber., 1888, 11, 

1295) reported that the reaction of nitrous acid on sod- 

ium desoxybenzoin yielded the d -oxime of desoxybenzoin. 

C6115. CH. CO. C6115 + I.V02 .^----'! C 6115. 9. co. C 6H5 

Na HON 

The work of the present thesis deals with 

a. Comparative experiments on the reactivities of the 

o! -methylene groups of various types of ketones. 

b. Hydrolysis of the monoximes of diketones to the 

diketones themselves by means of nitrous acid. 

on. 
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SUIVIIARY OF EXPERII::ENTAL 

AND 

DISCUSSION OF RESULTS. 

The formation of an isonitroso compound involves 

the replacement of the hydrogen of a methylene group 

with the oximino group (:NOH). The reagent employed 

is usually amyl or isoamyl nitrite, or, as in the cases 

considered here, ethyl nitrite. A small quantity of 

mineral acid is necessary to convert the nitrite to 

nitrous acid, which then reacts with a methylene group 

in the compound used. 

-CO.CH2- ; -CO. CO NOH) 

Whether such a reaction will proceed by treating a 

given compound with nitrous acid depends to a consider - 

able extent on the nature of the atoms adjacent to the 

methylene group, and it is essential that some group 

which has a large activating effect should be present. 

Such groups are generally strongly electronegative ones, 

such as the keto and cyano groups. 

In ketones of the type CH3.CO.CH2.R, the methyl 
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group is much less reactive than the methylene group 

and reaction with nitrous acid takes place exclusively 

at the latter point. That it is the a- methylene group 

which is attacked is proved by the formation of a:ß- 

diketones on hydrolysis. 

1. CH3. CO. CH2. R + ENO --3 CH3. CO. C (: NOH) . lt + II20 

2. CH3. CO. CO NOH) + H20 CH3. CO. CO. ti + NH20H. 

The use of ethyl nitrite for the production of 

isonitroso- derivatives of ketones as outlined in the 

experimental part of this thesis was found to give very 

satisfactory results. In the cases of all the aliphatic 

ketones considered, the isonitroso -derivatives 

obtained directly in a high state of purity, the melting 

points not being affected by further recrystallisation. 

In the cases of methyl ethyl and methyl propyl ketones, 

the yields of isonitroso- derivatives could be increased 

by a few units per cent by repeated extraction of the 

reaction liquid with ether, but in other cases, notably 

those of methyl n -amyl and methyl isoamyl ketones, ex- 

traction with ether gave no increase in the yield of 

isonitroso - compound. 

Isonitroso methyl n -amyl ketone is not recorded in 

the literature and the composition of this compound 

was therefore confirmed by nitrogen analysis. The 

phenyl hydrazone, dinitrophenyl hydrazone and semi - 

carbazone were also prepared, and their compositions 
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established by analyses. 

A property observed during the foregoing work was 

the strongly exothermic nature of the reaction, cooling 

being necessary to maintain the reaction mixture within 

the required temperature limits. The rise in tempera - 

ture was much more pronounced with the aliphatic ketones 

than with those of aromatic type. Desoxybenzoin, for 

example, required continued heating to maintain the 

temperature around 50 °C. Mixed ketones like propio- 

phenone behaved in much the same way as the aliphatic 

derivatives. This increase in temperature, where it 

,occurred, served as a further indication of the end - 

point of the reaction, for it was found in all cases 

that when the equivalent quantity of reagent had been 

absorbed, the temperature showed no further tendency to 

increase, but slowly decreased, even on further addition 

of reagent.. 

A small quantity of diketone was found to be formed 

in the experiments upon aliphatic ketones and also when 

a mixed ketone like propiophenone was employed. This 

was indicated by the yellow colouration which always 

developed during the reaction. The production of 

diketo compounds was also shown by pouring the reaction 

mixture into alkali, when a dark brown colouration due 

to the presence of p- xyloquinones (II) could be ob- 

served. The mechanism of the reaction may be indicated 

by the following equation referring to the case of 

diacetyl. 
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The formation of xyloquinones could be prevented, 

,however, by pouring the reaction mixture into alkali 

;which had been previously cooled below 7 °C. Any di- 

ketone could then be extracted along with unchanged 

monoketone, leaving the isonitroso -compound behind as 

the sodium salt, from which the free isonitroso- deriva- 

tive could be obtained by acidification with hydro- 

chloric acid. 

In the first part of this thesis an account is 

'given of the changes in the reactivity of a compound 

CH3.CO.CH2.R towards nitrous acid resulting from vari- 

ations in the nature of the hydrocarbon radical R. 

comparative investigation of this kind has yet been 

described in the chemical literature. 

Various factors were examined, among them being: 

I. Lengthening of the hydrocarbon chain, R. 

II. Branching of chain. 

III. Substitution of Methyl by larger radicals. 

IV. Cases of methylene groups present in cyclic 

ketones. 

No 

To obtain a correct estimation of such factors it 

was necessary to adopt a standard method of procedure, 

which could be applied in general to each of the given 

examples. All experiments, where possible, were 
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therefore carried out under the same conditions, at 

'similar temperatures (45- 55 °C), and with the use of 

;equal amounts (one equivalent) of ethyl nitrite. The 

method of procedure may be given briefly as follows. 

A weighed quantity of the ketone was dissolved in 

a little dry methyl alcohol and about 1 c. c. of concen- 

trated hydrochloric acid was added. The flask, fitted 

with thermometer and inlet tube, was weighed, and the 

temperature of the contents raised to about 45 °C. Dry 

ethyl nitrite was then added until the theoretical amount 

had been absorbed, the temperature being maintained 

during the addition at 45 -55 °C. The reaction mixture 

was then poured into dilute alkali, previously cooled 

'below 7°C, and unchanged monoketone and diketone, formed 

during the reaction, extracted with ether. The free 

isonitroso- compound was then obtained by teacidification 

with hydrochloric acid. 

I. Effect of Lengthening the Hydrocarbon Chain. 

For this purpose the following ketones were em- 

ployed. 

1. Methyl ethyl ketone, CH3. CO. C2H5. 

2. Methyl n- propyl ketone, CH3. CO. C3H7. 

3. Methyl n- amyl ketone, CH3 . CO. C 5H1 1. 

4. Methyl n -hexyl ketone CH3. CO. C6H13. 

The yields of isonitroso- compounds obtained were 

as follows. 
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Isonitroso methyl ethyl ketone, CH3. CO. C (: NOH) .CH3 66%. 

Isonitroso methyl n- propyl ketone, CH3. CO. C(: NOH). C2H5 60 %. 

Isonitroso methyl n -amyl ketone, CH3. CO. C(: NOH). C4H9 49 %. 

Isonitroso methyl n -hexyl ketone, CH3. CO. C(: NOH). C5H11 41 %. 

From these results it is seen that as the chain in- 

creases in length, the yields of isonitroso- compounds 

show a steady decrease. The change from methyl ethyl 

ketone to methyl n- propyl ketone is relatively small, 

but that from methyl ethyl to methyl n -amyl ketone and 

methyl n -hexyl ketone is much more pronounced. 

In attempting to interpret the above data it appears 

to be a reasonable assumption that the more electro- 

positive the hydrogen of the methylene group, the more 

readily will it unite with oxygen of the added nitrous 

acid to form water. This reaction probably proceeds 

according to I, although the mechanism II is known to 

operate in the case of certain more complex nitroso 

derivatives. 

0 0 

Ili II 
I d+ 

C C - (-tl 0) - C -CH -- 
d+ H 116+ N: 0 

HO. NO 

0 

- C - C - 
ll 
N. OH 

II . OC. CH2. + 0: N. OH . OC. C (: N. OH) . + H2O. 

Process II may be compared to the reaction of 

acenaphthenone with nitrosobenzene which gives the anil 

of acenaphthenequinone. 
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The electropositive character of the hydrogen atoms in 

the reactive methylene group in the ketone is enhanced 

by the presence of the adjacent ketonic group, since the 

ketonic oxygen which forms the negative end of the strong 

CO- dipole will attract electrons towards itself (see I) 

and thus by inductive action throughout the chain tend 

to withdraw them from the methylene hydrogens. The 

state of affairs showing the position of the electrons 

in the chain may be represented diagrammatically as 

follows. 

O . 

H 

In addition, nitrous acid tends to hydrolyse the iso- 

nitroso compound already formed, to give hydroxylamine 

and a diketone. The hydroxylamine then reacts with more 

nitrous acid, undergoing decomposition into oxides of 

It must be admitted that this mechanism does not ex- 
plain why the nitrous acid does not also attack the 
terminal methyl radical attached directly to the ketonic 
group. 
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nitrogen. 

III - C - C - (1.111°2)\ ; - C - C - + NH2OH 
u u H 

2 
0 n n 

0 NOH 2 O O 

IV NH2OH + HNO2 N20 + 2H20. 

The reactions in question are therefore complex in their 

nature, and a complete investigation of the problem is 

made more difficult by the probability that the mon- 

oximes undergo partial decomposition under the conditions 

of experiment to give disruption products such as acids 

and amides, which are extremely difficult to trace in 

the aqueous mixture employed, especially in the case of 

the aliphatic compounds. This part of the change is 

discussed later in the thesis. 

Probably the chief cause of the steady fall in 

yield of isonitroso compound on passing from the methyl 

ethyl ketone to the methyl n- propyl, methyl n -amyl and 

methyl n -hexyl derivatives is the greater steric hin- 

drance offered by the larger alkyl radicals, which tends 

to prevent the reagent from approaching the activated 

methylene group. This effect is greatest in the cases 

of the methyl n -amyl and n -hexyl ketones as the longer 

chains are of such a length as to be capable of return- 

ing upon themselves in certain positions of the mole- 

cule (so- called growing chain effect). 
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II. Branching; of the Hydrocarbon Chain. 

1 

In this connection an examination was made of the 

!cases of methyl isobutyl and methyl isoamyl ketones. 

The yields of isonitroso compounds found were as follows: 

,CII3 

Isonitroso methyl isobutyl ketone, CH3. C0. C. CH\ 
N0H CH3 

23J. 

xCH3 
Isonitroso methyl isoamyl ketone, CH3. C0. C. CII2. CH 

CH3 
NOH 

Here the low yields appear to be due in part to the 

increased steric hindrance arising from the presence of 

the branched chain, an effect which is naturally more 

evident in the case of the isobutyl derivative where 

the branching is adjacent to the reacting methylene 

group. 

A comparison of the yield (32 %) obtained for the 

methyl isoamyl compound with the much larger one (49 %) 

found in the case of methyl n -amyl ketone, or of methyl 

n- propyl ketone (60 %), suggests however some additional 

factor must be operating, since the gem - dimethyl group 

in the former case is in the ß- position to the methylene 

group and should not exert a very large steric influence. 

The additional factor is probably the inductive effect 
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of the gem -dimethyl group. It is well known that the' 

,methyl radical exerts an electron -repelling influence 

'upon the hydrocarbon chain to which it is linked and 

that the gem- dimethyl group, containing two methyls 

attached to the saine carbon atom, exhibits an even 

greater effect of this kind. An electron repulsion 

along the chain in the isoamyl ketone arising from the 

gem- dimethyl group will tend to neutralise the strain in 

the valency bonds of the reactive CH2 group set up by 

the inductive effect (electron attraction) of the a -car- 

bonyl group 

H H 
C 

H H ,CH3 
-- C - CH -- - CH3 

and thus render the compound less reactive towards 

nitrous acid. This hypothesis not only explains the 

differences observed with the isomeric iso- and n -amyl 

derivatives but also accounts for the very low yield 

obtained with methyl isobutyl ketone, in which the 

proximity of the gem- dimethyl group to the methylene 

group leads to an increase not only in the steric 

hindrance but also in the inductive effect. 

It was at first considered that some formation of 

true nitroso compounds might also have taken place with 

these ketones thus leading to a lower yield of the iso 

derivative. Such compounds were obtained, along with 

isonitroso compounds, by Aston and Mayberry (J. A. C, S. , 
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1935, 57, 1888) when investigating the behaviour of 

ethyl nitrite towards certain isopropyl ketones of the 

type (CH3)2. CH. CO. CH2R. (See Introduction, p.'S ). 

This result was in direct contrast to the conclusions 

previously recorded by G. Ponzio and A. De. Gaspari, 

(J. pr. Chem., 1898, 58, 392) who investigated the 

reaction of nitrous acid with ketones of the types 

CH3. CH2. CO. CH2. R and CH3. CH2. CO. CH2. R1 where R and R1 

were normal and branched chains respectively. The 

latter workers found that with normal chain ketones 

containing two methylene groups, one on either side of 

the carbonyl group, two isomeric isonitroso derivatives 

were obtained. 

CH3 C ( : NOH) . CO. CH2. R 
CH3. CH2. CO. CH2. R 

CH3. CH2. CO. C(: NOH) . R. 

With ketones, however, containing a branched chain on 

one side of the carbonyl group only one isonitroso com- 

pound was obtained and no mention was made of the iso- 

lation of any true nitroso compound. 

CH3. CH2. CO. CH2. R1 CH3. C(: NOH) . CO. CH2. R1 

Aston and Mayberry stated that the true nitroso 

compounds differed from the iso- derivatives in being 

insoluble in dilute alkali. In the isolation of iso- 

nitroso isoamyl and isobutyl ketones during the present 

work the minimum quantity of dilute alkali was used, 

but complete solution always occurred indicating that 

only one compound was obtained and that was of the 
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isonitroso type. It should be noted that Aston and 

Mayberry employed compounds in which the two interact - 

,ing groups .CH2 and :CH were present on opposite sides 

of the ketonic group. In the cases considered here, the 

activated methylene group and the branched part of the 

chain lay on the same side. It thus appears unlikely 

that both reactions would proceed concurrently as indic- 

ated by the following equation. 

CH3 ,CH3 , CH3 
CH3. CO. CH2. CH CH3. CO. C. CH\ and CH3. CO. CH2. C\ 

CH3 
NOH 

CH3 ) CH3 
NO 

III. Substitution of Methyl by barer Radicals. 

For this purpose desoxybenzoin and propiophenone 

were used. 

Yields of isonitroso compounds found: 

Isonitroso desoxybenzoin, C6H5. CO. C(: NOH). C6H5 33%. 

Isonitroso propiophenone, C6H5. CO. C(: NOH). CH3 64%. 

It was expected that the introduction of the 

electronegative phenyl groups would have an added act- 

ivating effect on the neighbouring methylene groups, 

but the yields "of isonitroso compounds recorded above 

show that this activating effect, if present, is more 

than counterbalanced by the large steric factor intro- 

duced, at all events in the case of desoxybenzoin, 

That the low yield in the latter case is due to steric 

hindrance is proved by the large yield obtained from 
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propiophenone, where one of the bulky phenyl groups has', 

been replaced by the smaller methyl group. The activ- 

ating effect of the phenyl group is shown by the fact 

that propiophenone gives a larger yield than any of the 

purely aliphatic ketones examined with the possible 

exception of methyl ethyl ketone (66%). In this compoúnd 

the electron attraction exerted by the phenyl group 

assists that of the keto group and leads to a highly 

activated methylene group. It is interesting to note 

that in the actual isolation of isonitroso desoxybenzoin, 

the odour of benzaldehyde could be distinguished. This 

indicated that a partial rupture of the molecule had 

taken place, which may possibly occur according to the 

following equation. 

H ;OH 

C 6H5. C. CO. , C 6H5 C 6H5. CH: NOH + C 6H5. COOH 

NOH 
Y 

C 6H5. CHO 

No benzaldehyde or benzoic acid however could be iso- 

lated, and it must be assumed that if cleavage had taken 

place it was in insufficient quantity to be detected 

other than by the odour. This cleavage of compounds 

by nitrous acid was remarked upon by Aston, Menard and 

Mayberry (J. A. C. S. , 1932, 54, 1530) when attempting to 

prepare a true nitroso- compound of methyl desoxybenzoin 

by reaction with ethyl nitrite. These workers reported 

that no nitroso- compound was obtained, but the molecule 
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was disrupted according to the equation, 

C6H5. CO. CH. C6H5 HNO2) C 6H5. COOH + C6H5. C. CH3 

CH3 NOH 

It is also an interesting point that in the experiments, 

carried out during the present work, the ß -oxime of des - 

oxybenzoin was obtained, where V. Meyer and L. Oelkers. 

(Ber., 1888, 21, 1295) reported that reaction between 

nitrous acid and sodium desoxybenzoin gave the a- oxime. 

C6H5. C0. CH. C6H5 HNO2> C6H5. CO. C. C6H5 , m. p. 134-135°C. 
I 11 

Na NOH 

The ß-oxime, C6H5. C0. C. C6H5, melts at 113°C. 
II 

HO. N 

IV. Cases of Methylene Groups Present 

in Cyclic Ketones. 

The ketones used were cyclohexanone and cyclo- 

pentanone. 

Yields of isonitroso ketones found: 

Cyclohexanone dioxime, 

Cyclopentanone dioxime, 

C.H,, 

H,,i NC--.-NON 350. 

NLc\ / c = C- NoN 

HL C C\ NoH 26%. 

o 

HZC---C NOH 
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In these cases two methylene groups are open to 

attack and for this reason the yields cannot fairly be 

compared with those of the monoximes discussed in the 

,foregoing pages. Nevertheless no explanation can be 

advanced for the surprisingly low yields of dioximes 

',obtained with the cyclic ketones. It was expected in 

the case of stable ring systems such as the above, 

where no appreciable steric hindrance should exist, that 

normal yields of dioxime would be obtained. In these 

experiments two equivalents of ethyl nitrite were used. 

The above dioximes were first isolated at low tempera- 

tures by Borsche (Cent., 1909, 2, 1549) by reaction 

with isoamyl nitrite using acetyl chloride as catalyst, 

but no yields were recorded. The experiments with 

ethyl nitrite in the present work were at first carried 

out at the usual temperature range of 45 -55° but the 

dioximes formed charred very quickly in the reaction 

vessel, evidently undergoing spontaneous decomposition. 

The reaction was then repeated, keeping the temperature 

constant at 20 °C when the products were obtained in the 

pure state. It was thought possible that, using a 

slow passage of ethyl nitrite and by absorption of only 

one equivalent, the reaction could be arrested at the 

monoxime stage. All efforts to do so however, failed, 

the dioxime being obtained in every case, showing that 

reaction must have proceeded simultaneously at both 

methylene groups. 

For the sake of comparison with the above cyclic 
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ketones, the behaviour of diethyl ketone was investig- 

ated. In this ketone there is an activated methylene 

group on either side of the carbonyl group. If a ketone 

of this type is similar in behaviour to the cyclic ket- 

ones, then the formation of a dioxime could be expecte. 

On the other hand on the basis of the results recorded y 
Ponzio and Gaspari (loc. cit.) only one monoxime shoul 

be obtained. Experiment showed that isonitroso diethyl 

ketone was obtained in 59% yield, which is in good agree - 

ment with the yields of monoxime already found for methyl 

ethyl and methyl n- propyl ketones. 

Beckmann Rearrangement of Isonitroso methyl 

n -amyl Ketone. 

An attempt was made to prove the configuration of 

certain oximes of the aliphatic series by application 

of the Beckmann Rearrangement. Depending on the rel- 

ative position of the (:NOH) grouping, the change coul 

be expected to proceed according to one of the follow- 

ing equations. 

1. C1713 . C0. C, ( CH2 ) 3. CH3 -j CH3. CO. NH. C0. ( CH2 ) 3. CH3 
I I 

N 
L 

CH3 . COOH + CH3. ( CH2 ) 3. COOH 

2. CH3. CO. C. ( CH2 ) 3. CH3 CH3. CO. C. OH 
II 

II 

H0. N N. ( CH2 ) 3. CH3 

CH3.COOH + CH3. (CH2) 3. Nc 
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Alternatively, both of these reactions may proceed 

together. 

Isonitroso methyl n -mìiyl ketone (0. 5 g.) dissolved 

in 30 c. c. of dried ether was treated with PC15 (0.5 ;. ) 

for z hour. On evaporation of the ethereal solution 

the oxime was recovered. unchanged. 

The experiment 'as repeated using 3 g. of iso- 

nitroso compound and 5 g. PC15 and the mixture boiled 

under reflux for 3 hours. The smell of isocyanide 

could be detected, but it appeared that all four pro- 

ducts derived from the two above equations were obtained. 

No separation of the mixture could be effected and the 

results are quite in keeping with those of Hantszch 

who reported that with oximes, the Beckmann 

change proceeded in both directions simultaneously. 
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Hydrolysis of Isonitroso Compounds to Diketones. 

The most widely used reagents for accomplishing 

hydrolysis, are mineral acids, usually hydrochloric or 

sulphuric acid. In the case of isonitroso compounds 

of the aliphatic series, both of these reagents have 

been used with varying degrees of success. During the 

present work a detailed investigation of the hydrolytic 

'action of nitrous acid towards various isonitroso com- 

pounds of aliphatic and aromatic types was carried out. 

With ordinary acids the equation for the reaction may 

be represented thus: 

H20 + -CO-C- --4 CO-CO- + NH2OH 

Nn OH 

In the hydrolysis of isonitroso compounds nitrous acid 

appears to be the most effective of the reagents common- 

ly used, the reason being that it destroys the hydroxyl - 

amine split off, thus preventing the formation of di- 

oxime s. 

NH2OH + N20 + 2H20 

Again, it does not polymerise the aliphatic diketones as 

hydrochloric acid and sulphuric acid do. Another ad- 

vantage lies in the fact that, at lower temperatures 

nitrous acid does not bring about oxidisation of the 

diketones, as does nitric acid. 
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Comearative Ex eriments on the drol sis 

of Isonitroso Compounds to Diketones. 

Experiments carried out on the preparation of di- 

acetyl by hydrolysing the isonitroso derivative of 

methyl ethyl ketone with nitrous acid according to the 

method of Olivier (Bull. Soc. , 1932, 51, 99) gave yield's 

in agreement with those already quoted by this author; 

yields of 58 -60% of pure diacetyl were obtained. 

An attempt was made to improve this procedure by 

preparing diacetyl in one stage starting from methyl 

ethyl ketone without any intermediate separation of the 

monoxime. The experiments were carried out at 15- 20 °C'. 

and four equivalents of nitrous acid were used. Yields 

varying from 40-54 were obtained. The liquid isolated 

boiled over a temperature range of 76 -85 °C and a faint 

odour of methyl ethyl ketone could still be detected. 

Pure diacetyl boils at 88 -89 °C while methyl ethyl ketone 

boils at 79.6 °C. Owing to the close proximity of these 

two boiling points it was not found possible to separate 

the two components of the mixture by fractional distill- 

ation. 

An attempt was made, however, to estimate the per- 

centage of diacetyl in this mixture. Experiments with 

methyl ethyl ketone and diacetyl respectively showed 

that only diacetyl would form a nickel salt when treated 

with hydroxylamine and a solution of nickel chloride. 

This formation of a nickel salt of dimethylglyoxime was 

first discovered by Van Niel (loc. cit.). In the first 
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experiments performed, diacetyl, which had been distilled 

to constant boiling- point, was treated with the calcul 

'ated quantity of hydroxylamine and sodium acetate, and 

then a boiling 1% solution of nickel chloride was added. 

The yields of diacetyl, based on the weight of nickel 

salt obtained, were very low, being in the region of 

40 -50 %. 

In the hope of improving the yield of this compound, 

the experimental conditions were varied slightly. Be- 

fore adding the boiling solution of nickel chloride, the 

mixture of diacetyl, hydnoxylamine and sodium acetate 

was allowed to stand for one hour. Low yields were 

still obtained. 

A modified method of procedure based on that of 

C.R. Barnicoat (loc. cit.) gave better results. A 

. large excess of hydroxylamine was used and the mixture 

was heated at 80 -90 °C for three hours and then treated 

with an excess of a 4 solution of nickel chloride. 
Yields of diacetyl up to 80 -84% were obtained but noth- 

ing in the region of the theoretical yield could be 

achieved. Barnicoat, however, was dealing with traces 

of diacetyl, amounting to only a few milligrams, con- 

tained in butter. In the experiments performed here 

0.1 g. of diacetyl was used. The method was finally 

abandoned as not suitable for a quantitative estimation 

of the percentage of diacetyl in the crude product 

obtained. 

Acetyl- 'aenzoyl from Isonitroso- propiophenone. 

The first attempts to hydrolyse this isonitroso 
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compound gave very unsatisfactory results. The oxime 

was dissolved in glacial acetic acid and solid sodium 

'nitrite was slowly added, the temperature being main- 

tained within the range 15 -20 °C. The oxime however was 

recovered unchanged. The experiment was repeated using 

hot glacial acetic acid and again adding solid sodium 

nitrite, the solution being then diluted with water and, 

subjected to steam distillation. Only low yields of 

19 of acetyl -benzoyl were obtained which were not in- 

creased on successive attempts at hydrolysis. On ex- 

traction of the residue remaining in the flask after 

steam distillation, yields of 18% of benzoic acid were 

isolated. This was remarkable since benzoic acid is 

itself volatile in steam. The steam distillation how- 

ever was only continued until no further oily droplets 

of acetyl -benzoyl came over. The fact that acetyl - 

benzoyl is readily volatile in steam and will therefore 

distil over rapidly may account for the presence of the 

benzoic acid in the residue. In other words a prefer- 

ential steam distillation of acetyl -benzoyl has taken 

place. These results indicated that a cleavage of the 

molecule had occurred, which must have happened during 

the actual hydrolysis, for the diketone itself is quite 

stable to steam distillation, this being the general 

method of isolating such compounds. 
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gioN C6115. CO. CO. CH3 

C6115. COOH + CH3. CH: NOH 

On carrying out the hydrolysis in the manner des - 

cribed for diacetyl (p.80), very satisfactory yields of 

diketone were obtained. Acetone was at first used as 

solvent for the isonitroso -propiophenone and yields of 

45% of acetyl -benzoyl were obtained. Owing to the poss- 

ibility of some of the nitrous acid being used up in the 

formation of isonitroso acetone the hydrolysis was re- 

peated using ether as solvent. In this case the yield 

of acetyl benzoyl rose to 75%. Benzoic acid to the 

'amount of 20% was extracted from the residue after steam 

distillation. This confirmed the conclusion that a 

certain amount of disruption must have taken place at 

the same time as actual formation of diketone, and also 

explained the unsatisfactory results of previous attempts 

at hydrolysis. The yield of 75% of acetyl -benzoyl 

compares very favourably with those quoted in any of th'e 

methods described in the literature for its preparation. 

The best yields previously recorded are those given by 

Dufraise and Moureu (lo c. cit.), who obtained 80%. The 

method described above, besides giving almost identical 

yields, has the obvious advantage that the starting mat- 

erials are stable compounds and much more easily obtain- 

ed. Dufraise and Moureu started from phenyl vinyl 
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,ketone which in addition to being an expensive compound 

does not show any great degree of stability and its pre- 

paration is laborious. On the other hand the yields of 

isonitroso propiophenone are good and this substance 

affords a very ready starting material. 

In the method of Manasse (Ber., 1888, 21, 2176) for 

the preparation of acetyl -benzoyl by interaction of two 

molecules of isoamyl nitrite on phenyl ethyl ketone with 

subsequent separation of the diketone as the bisulphate 

compound, no yields were quoted. It can therefore be 

assumed that they were relatively small, since this 

method does not appear to have been accepted as satis- 

factory by later workers. V. Pechmann and Muller (loc. 

cit.) also quoted no method consisted 

of distilling with 30 -35 parts of 5% sulphuric acid, the 

monoxime, obtained by treatment of phenyl acetoacetic 

ester with sodium hydroxide, followed by sodium nitrite 

and sulphuric acid. Pechmann and Muller did not iso- 

late the intermediate monoxime and the yields of the final 

product must have been small. The amount of sulphuric 

acid is very large and quite a large part of the diketones 

must have been lost. 

Borsche (Ber. , 1907, 40, 740) and Kolb (A. , 1896, 

291, 286) hydrolysed «- phenyl- a- oximido4- ketopropane, 

C6H5C(: NOH). CO. CH3 with 10%, sulphuric acid and quoted 

a quantitative yield. Hydroxylamine is split off in 

this reaction so that it would be expected that a cer- 

tain amount of dioxime would be formed, but no mention 
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is made of this. Also the oxime is difficult to pre- 

pare being obtained in only 33% yield by reaction of 

isonitroso acetone and diazobenzene. In the latest 

method of preparation, Coles, Manske and Johnson (J. A. C. S. , 

1929, 51, 2269) used the reaction between nitrogen tet- 

roxide and propiophenone, and then extracted the diketone 

as the bisulphite compound. This gave only 30 -40% yields. 

The method described in this thesis thus affords a better 

preparation of the diketone. 

H drol sis of Isonitroso Meth 1 n -Pro + 1 Ketone. 

CH3. CO. C(: NOH) . C2H5 + H20 CH3. CO. CO. C2H5 + NH2OH 

This hydrolysis was carried out by the normal pro 

cedure no variations being necessary. Yields of 40% 

of diketone were obtained. The yield of diketone is 

smaller than those obtained for other diketones both of 

aliphatic and aromatic type. It is difficult to under- 

stand why lower yields than the normal should be obtained 

but a comparison of the yields obtained by other workers 

shows that these are in good agreement. Dufraise and 

Moureu (loc. cit.) starting from methyl vinyl ketone 

(C2H5. CO. CH:CH2) reported yields of 50% but using ethyl - 

idene- acetone (CH3. CH: CH. CO. CH3) as starting material 

obtained only 41% yield. Both of these starting mater- 

ials are expensive and not easily prepared. 

Pechmann and Muller (loc. cit.) in their prepar- 

ation by distilling the monoxime with dilute sulphuric 
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acid quoted no yields. In the method of preparation 

described by Pauly and Berg (Ber., 1901, 34, 2092) by 

bromination of ethylidene acetone and subsequent treat- 

ment with potassium hydroxide and potassium acetate 

neither yield nor boiling point is recorded. Ponzio 

and Fileti (J. pr. Ch. , 2, 1897, 55, 199) obtained the 

diketone by oxidation of methyl propyl ketone with nitric 

acid, the diketone being isolated as the dioxime, the 

yields of dioximes being only 2O -30%. 

From this comparison of results it appears that the 

method described in this thesis affords a better pre- 

,paration of the diketone. 

.Hydrolysis of Isonitroso Desox.ybenzoin. 

C0. C (: TTUi?) . + H20 C0. C0 + NH204 

Hydrolysis of this oxime yielded the expected pro- 

duct, benzil, the formation of which offers another 

example of the very powerful hydrolytic effect of 

nitrous acid. The hydrolysis is speedy, easily per - 

formed, and is carried out at ordinary temperatures. 

The formation of benzil, while not being put forward in 

preference to the usual preparation from benzoin by 

oxidation with nitric acid gives very satisfactory 

yields, 60% yields being consistently obtained. 
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Hydrolysis of Isonitroso Methyl Isoamy1 ketone. 

C113. CO. C (: NOH) . CH2. CH. ( CH3) 2 + H2O --> CH3. CO. CO. CH2. CH. ( CH3) 2 

In this hydrolysis yields of 50% of acetyl isoval- 

Meryl were isolated. The only two methods of preparatián 

¡listed, as that of Pechmann (loc. cit.) who quoted no 

yields, and that of Ponzio and Fileti (loc. cit.) who 

obtained the diketone from ethyl isobutyl ketone by 

oxidation with nitric acid, dinitroethane (III) and iso- 

valeryldinitroethane (II) also being formed. 

,CH3 ,CH3 
CH3. CH2. CO. CH2. CH + I',TTO3 - CH3. C( NO2 ) 2. CO. CH2. CH\ 

Ch3 CH3 
(II) 

CII3. C (NO2 ) 2. CO. CH2. CHCH3 + H20 CH3 CH(NO2) 2 + ( CH3 ) 3 CH. CIi2 COOI 
CH3 

(III) 

The diketone was isolated as the dioxime, the yields of 

dioxime being 20 -30ó. The formation of the above men- 

tioned by- products using nitric acid is a strong point .n 

favour of nitrous acid as hydrolytic reagent, since in 

general no oxidation or nitration appears to take place 

in the latter case. 

Hydrolysis of Isonitroso Methyl n -amyl Ketone. 

CH3. CO. C(: NOH) . ( CH2 ) 3. CH3 + H20 CH3. CO. CO. ( CH2 ) 3. CH3. 
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In this hydrolysis yields of 45.4% of acetyl valer' 

yl were obtained. This diketone is not recorded in the 

literature. The semicarbazone and osazone derivatives 

were prepared and their compositions confirmed by anal -,I 

yses. Acetyl valeryl like the other members of its 

class is a yellow liquid with a boiling point slightly 

higher than that of the monoketone. It has the char- 

acteristic odour of diketones with a smell resembling 

that of rancid. butter. 

Hydrolysis of Isonitroso Benzyl Cyanide. 

This compound was prepared by A. Heyer (Ber., 1883, 

21, 1314) and also by Frost (A., 1889, 250, 163) by 

treatment of benzyl cyanide with sodium ethylate and 

amyl nitrite at low. temperature. No yields were re- 

corded. 

An attempt was made to prepare the above isonitroso 

compound by the method generally adopted during the course 

of this work, by use of ethyl nitrite at 45 -55 °C. One 

equivalent of reagent was passed in but no isonitroso 

compound was isolated. An excess of reagent was also 

tried without success. The method of Frost was then 

applied when consistent yields of 49% of isonitroso 

compound were obtained. 

Hydrolysis of this isonitroso derivative with 

nitrous acid brought about unexpected results. The 

only attempts at hydrolysis of this substance found in 'the 
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literature are those recorded by A. ,ussanow (Ber., 1891, 

24, 3505) and Meyer (Ber., 1888, 21, 1315) who on boiling 

the oxime with a concentrated solution of sàdium hydrox- 

ide obtained the oxime of benzoyl formic acid, the oxime 

grouping remaining unchanged by this treatment. 

C6H5. C. CN C6115. C. CÙOH 
11 N 

NOH NOH 

Hydrolysis with nitrous acid was found to bring about aka 

entirely different change. The hydrolysis was first 

carried out by dissolving the oxime in cold glacial 

acetic acid and adding three equivalents of solid sod - 

lium nitrite. In this case the oxime was recovered 

unchanged. 

On dissolving the oxime in boiling acetic acid and 

again adding solid sodium nitrite a reaction took place. 

After all the sodium nitrite had been added, the reaction 

mixture was cooled and diluted with water, when the smell 

of benzaldehyde was at once distinguished. A little of 

the oily liquid tested with Schiff's reagent showed the 

presence of aldehyde. The mixture was allowed to stand 

overnight and was neutralised with dilute alkali. A 

small amount of a green compound which could not be 

identified was filtered off, and the alkaline filtrate 

was then reacidified with hydrochloric acid. This acid 

solution was next extracted with ether, and the ether dis- 

tilled off. A pale yellow solid was obtained which 
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showed a strongly acidic reaction. On fusion with 

sodium the presence of nitrogen was revealed. The pro' - 

!duct melted over a wide range (70- 110 °C) indicating they 

'existence of a mixture of compounds. Repeated recrys 

tallisation from hot water gave no separation, the melting 

,point remaining unchanged. On boiling up with petrol 

!ether (b.p. 60 -80 °), however, in which the bulk of the 

product is soluble, a small amount of a white solid 

m.p. 110 -116° was extracted.. This on recrystallisation 

from hot water proved to be benzoic acid, m.p. 120 °C. 

A mixed melting point with pure benzoic acid confirmed 

this conclusion. 

The stages by which this is formed are assumed to 

be as follows: 

C6H5. C. CN C6H5. CO. COOII C 6H5. CHO C 6H5. COOH 

NOH 

The nitrogenous component of the above mixture was not 

identified, but it is possible that it may have been a 

little by- product formed by nitration of the benzene 

nucleus, in the presence of excess nitrous acid. 

The melting point of the nitrogen derivative, judg- 

ing from the behaviour of the mixture, appeared to lie 

within the region of 70 -80 °C. 3- Nitro -benzoyl formic 

acid melts at 76 -78 °C and the formation of such a com- 

pound would serve to explain the above observations. 

Assuming the reaction to proceed in the above stages, 
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as soon as benzoyl formic acid is produced nitration 

by nitrous acid may take place, which would occur in the 

3- position since the -CO.COOH group is m- directive. 

Attempted Formation of Isonitroso Diphen.ylmethane. 

It was considered that the presence of the two 

weakly electronegative phenyl groups might activate the 

intermediate methylene group in diphenylmethane to such 

an extent that this group would become susceptible to 

the action of nitrous acid. Even on passing a large 

excess of ethyl nitrite into a methyl alcohol solution 

of diphenylmethane, however, no isonitroso compound could 

be isolated. Frost's method (loc. cit.) was also tried 

without success. 



47. 

Preparation of Diphenyl Triketone. 

The three methods which have been employed 
for the 

preparation of diphenyl triketone 
all make use of diben- 

!zoylmethane as starting material. De Neufville and V. 

Pechmann (Ber., 1890, 23, 3375) who discovered the first 

method, recommended the conversion of 
the diketone (I) 

into dibenzoylbromomethane (II), transformation of this 

to the acetate (III) followed by bromination to the 

dibenzoylbromoacetate (IV), which is then hydrolysed 
to 

the triketone (V). 

co- co - co- 4( -to- 

Tr 

Cp-41O(OH3' W- _____ 
c.0 Cß,rO(cocf(+ o 

--- 
\ 

QTca.3- 

Y 

These authors also refer to the treatment of iso- 

nitroso dibenzoyl methane dissolved in hot glacial acetic 

acid with solid sodium nitrite, but no definite yields 'of 

triketone hydrate are given, the yields being quoted as 
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,varying considerably in different experiments. 

A second method of preparation was described by 

Wieland and Bloch (Ber., 1904, 37, 1524). An ethereal 

solution of dibenzoyl methane was treated with nitrous 

fumes, evolved by action of nitric acid on arsenious 

oxide. There was deposited a white powder, insoluble 

in most organic solvents and melting with decomposition, 

at 125 °C. This was identified as bisnitroso dibenzoyl 

methane (II). 

0 Coua,:co / 
cA 

Hc kozcN 

-Tr 

co- 

From the ethereal liquors of the bisnitroso dibenzoyl 

methane diphenyl triketone separated as the crystalline' 

hydrate (III). 

_ 

and Bloch record the yield of bisnitroso- compound 

as 50 -60% but give no yields of diphenyl triketone 

hydrate. It is rather curious to note that according 

to these authors, if the ethereal extract of triketo 

compound were allowed to evaporate down too far, decom -, 
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position to benzoic acid occurred. This is remarkable; 

in view of the fact that the hydrate is a very stable 

compound. They also stated that the yield of triketone 

;hydrate could be increased by decomposing the bisnitrosó- 

compound with cold dilute sodium hydroxide to give the 

H:Lxime of dibenzoyl methane, which was then treated with 

more nitrous fumes. 

A third method of preparation of the triketone and 

easily the best is that due to L. Bigelow and H. S. 

Hauslick (Oro. Syn. , 13, 38). This method is mentioned, 

but not described, by De Neufville and V. Pechmann, andl 

is simpler and more direct than their method already 

indicated above. 

Dibenzoyl methane was treated with bromine to form' 

dibenzoyldibromomethane (II). This was then boiled 

under reflux with a solution of fused sodium acetate in 

hot glacial acetic acid. Dilution with water precip- 

itated the curdy triketone hydrate from which the tri- 

ketone (IV) itself was obtained by vacuum distillation. 

Yield - 91% theoretical based on the triketone 

hydrate (IV). 

Hydrate - Yield 86% based on dibenzoylbromomethane. 

aeoe.1-iu- c- a1L 
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Formation of Isonitroso Dibenzoyl Methane. 

Some unexpected results were obtained during the 

present work in attempts to form isonitroso dibenzoyl 

methane by interaction of ethyl nitrite and dibenzoyl 

methane. It was thought that, by reason of the close 

proximity of two carbonyl groups, the methylene group 

situated between them would be doubly activated, and thus 

a large yield of isonitroso compound could be expected. 

But difficulty was at first experienced in obtaining any 

isonitroso compound at all and it was for some time con- 

sidered that the reaction would not take place with this 

particular reagent. 

In the first experiments a benzene solution of 

dibenzoyl methane was allowed to absorb one equivalent of 

ethyl nitrite, benzene being employed owing to the low 

solubility of dibenzoyl methane in alcohol. The temp- 

erature rose to 56 °C and remained for some time at this 

point. A white solid was precipitated which melted 

with decomposition at 127 °C and was found to be insoluble 

in all the common organic solvents. It proved to be 
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identical with the bisnitroso compound obtained by 

Wieland and Bloch (loc. cit.) by use of N203. These 

workers quote 125 °(d) as melting point. Unchanged 

dibenzoyl methane was recovered from the benzene mother 

liquor. The yield of bisnitroso compound however was 

small, only amounting to 3 -4% as compared with the 50- 

60% olaimed by these previous investigators. 

Since 1 equivalent of ethyl nitrite did not bring 

about the required reaction, in a repeat experiment two 

equivalents were added. The same low yield 3-4% of 

bisnitroso compound was obtained but from the filtrate 

after evaporation to dryness and treatment with dilute 

alkali, a small percentage of benzoic acid was isolated 

along with unchanged material. From this it appeared 

that a rupture of the molecule had taken place, the 

change in all probability occurring according to the 

following equation 

oHl 
1H 

-e.01 - co-- U:00/1 

Noi 

r 

Oc-H=N01.( 

Ü 
On passing in a large excess (5 equivalents) of 

ethyl nitrite the same small yield of bisnitroso .compound 
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'was obtained. In this case, however, the filtrate on 

treatment as before, yielded benzoic acid in theoretical 

quantity. From this it was seen that almost complete 

disruption of the molecule must have taken place. This 

isolation of benzoic acid may be taken in conjunction 

with Wieland and Bloch's statement, that on complete 

evaporation of their ether filtrate, the triketone broke 

down to give benzoic acid. Bearing in mind that the 

triketone is an extremely stable product, it appears 

that these workers may also have obtained a partial 

breaking up of the oximino derivative. The fact that 

they employed N203 as the reagent, a much stronger 

nitrosating agent than ethyl nitrite, adds considerable 

support to this idea. 

When the solvent benzene used during the above 

experiments with ethyl nitrite was replaced by ether 

however, an entirely different result was obtained. In 

this case large yields of isonitroso compound were iso- 

lated without any production of bisnitroso compound. 

Some trouble was expected in obtaining a measure of 

the quantity of reagent absorbed using ether as solvent 

but a factor observed during the reaction obviated this 

difficulty. Dibenzoyl methane did not dissolve complete- 

ly at ordinary temperature in the volume of ether used, 

but it was noticed that as the reaction proceeded the 

undissolved material gradually went into solution, and 

at the end point of the reaction was completely 

dissolved. 
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The temperature, allowed to rise of its own accord, 

gradually increased to 28 °C and remained there until all 

lof the dibenzoyl methane had gone into solution. When 

this point was reached the temperature gradually decreas- 

ed even on further addition of reagent. This was in 

complete agreement with results obtained for other ket- 

ones. To see whether small variations in temperature 

had any definite effect on the results of the experi- 

ments carried out with benzene as solvent, these were 

repeated at the lower temperature, but as before, the 

bisnitroso compound was obtained, an excess of reagent' 

yielding benzoic acid, with no production of isonitroso 

compound. 

The reaction between dibenzoyl methane, dissolved in 

hot glacial acetic acid, and solid sodium nitrite was 

found to give 70% yield of benzoic acid, the remainder 

of the starting material being recovered unchanged. 

Hydrolysis of Isonitroso Dibenzçl Methane. 

The work described here was undertaken in an 

attempt to improve upon the experiments of Neufville 

and Pechmann, using nitrous acid in much the same manner 

as mentioned by these authors but under slightly differ- 

ent conditions. From experiments already described in 

this thesis upon the hydrolysis of monoximes of diketones 

by nitrous acid it appeared that the reaction proceeded 

more satisfactorily at low temperatures, since a rise 
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in temperature frequently lowered the yield owing to 

the formation of by- products. Pechmann and Neufville 

employed 1 equivalent of nitrous acid and carried out 

their reactions at the boiling point of acetic acid. 

In the experiments described here, a large excess of 

nitrous acid was used by adding 5 equivalents of sodium 

¡nitrite, and the reactions were all carried out at room 

temperature. Om the first addition of sodium nitrite, 

it was evident that a reaction rapidly set in as shown 

by the dense evolution of nitrous fumes, and also by 

the immediate yellow colouration which ensued. The 

hydrolysis was repeated several times, and in each case 

yields of 90% of triketone hydrate were obtained. 

These results were obtained consistently and are in dir- 

ect contrast to the facts stated by Pechmann and Neufville 

whose yields are said to have varied from experiment to 

experiment, although no actual figures are recorded. 
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Attempt to Develop a New Method of Preparing Ninhydrin. 

Ninhydrin, triketohydrindene hydrate, has been found 

to be an extremely valuable reagent for the detection of 

uncombined amino and carboxyl groups ( Ruhemann, 

1910, 97, 2025), in proteins, peptides and amino acids, 

and in the diagnosis of pregnancy (Warfield, J.Amer. 

heed.. Assoc. , 1914, 62, 436). 

The first method of preparation as given by 

Ruhemann (J.C.S., 1910, 97, 1438) is laborious, expensive, 

and requires starting materials not readily obtainable. 

He obtained ninhydrin by the action of dilute sulphuric 

acid at waterbath temperature on 1 oxy-2:3- bis(4- 

dimethylamino- phenylimino)hydrindene. 

More recently an alternative and much superior 

method of preparation has been put forward by two 

American investigators Teeters and Shriner (J. A. C. S. , 

1933, 55, 3026). In this paper they describe how 

diketohydrindene prepared by the method of Wislicenus 

(Ann., 1888, 246, 347) from diethyl phthalate and ethyl 

acetate, can be readily oxidised to ninhydrin by use 

of selenious acid or selenium dioxide. The value of 

this selective oxidising agent had previously been 

pointed out by Riley, Morley and Friend (J.C.S., 1932, 

1875). A thorough study of this reaction waa made 

and the maximum yields obtainable were found to be 

31.35 %. Teeters and Shriner also prepared the "P -oxime 

of triketohydrindene and tried to hydrolyse it to nin 
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'hydrin using varying strengths of sulphuric acid. They 

examined_ the action of sulphuric acid in strengths 

ranging from 5% to 35 %, heating under reflux for varying 

'periods of time, but in all cases recovered the oxime 

'unchanged. 

Hydrolysis of the -oxime of 1:3- Diketohydrindene. 

This section deals with attempts to hydrolyse the 

oxime of 1:3-diketohydrindene by means of nitrous acid, 

a reagent which has been used with considerable success 

during the course of this work in hydrolysing the mon- 

oximes of diketones to the diketones themselves. It 

was considered possible that by this method larger 

yields than those obtained by Teeters and Shriner (loc. 

cit.) might be obtained. The hydrolysis of the oxime 

with nitrous acid produced rather an unexpected result, 

yielding a compound which was not at first easily iden- 

tified. The reaction offers a number of different 

possibilities as to the final product, and we may here 

set them down in order of probability. 

CO\ 
-r 

C O 

A.,4.140-zog e 
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CO 

nM.h. 2[c( 3c. 
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The melting point of the substance isolated was in 
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the region of 194 °C. It gave a strongly acidic reaction 

however, and dissolved easily in alkali, whereas tri- 

ketohydrindene (II), is known to be insoluble in dilute 

;acids and alkalis. The latter compound was thus ruled 

out. The triketone hydrate III (ninhydrin) could also; 

be excluded because of its higher melting point, and 

also because the product of the above reaction gave no 

blue colouration withc(- amino -acids, a specific test for 

ninhydrin. 

The acidity of the compound pointbd towards an 

acid, and a third possibility now offered itself. The 

oxime might undergo some kind of Beckmann rearrangements, 

giving a product which would break down on further hyd -I 

rolysis to yield an acid. This might have taken place 

according to the following scheme: 

C=NO 
/ 

CO 

lit 

o- Carboxy- benzoyl formic acid (III) crystallises with two 

molecules of water and when dehydrated melts att44 -5 °C. 

The possibility of the final product possessing this 

structure was suggested by the observation that the 

substance on melting at 194° appeared to effervesce or' 

lose water and when allowed to solidify, remelted at 

130- 140 °C. o- Carboxy -benzoyl formic acid, however, 

loses its water of crystallisation at a low temperature 
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and in this respect differs from the compound obtained. 

The final suggestion as to the course of the reaction 

proved to be correct. This was a complete disruption 

of the oxime to give phthalic acid. 

coo 

cOON 

AJ- 

The identification of the product of the reaction as 

phthalic acid explained the behaviour on melting. 

Phthalic acid on melting loses water to give phthalic 

anhydride which then melts at 130 °C. A mixed melting 

point with pure phthalic acid confirmed this conclusion. 

Further on fusion with sulphuric acid and resorcinol thé 

green fluorescence peculiar to fluorescein was obtained. 

It may be assumed that the oxime breaks down by a pro - 

cess of hydrolysis and oxidation according to the follow- 

ling scheme possibly with intermediate formation of the 

triketone. 

co 
c=NOH 
/ '7 

co 

coOH 

C 00H 

To determine whether the course of the hydrolysis could. 

be arrested at the intermediate stage, the reaction was', 

examined under milder conditions, at a low temperature,' 
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and using only one equivalent of nitrous acid. 

For this purpose 1.8 g. of oxime were suspended in 

a mixture of 60 ccs. of glacial acetic acid and 10 ccs. 

of water and cooled in ice to 0 °C. To this suspension 

was added 0.65 g. of sodium nitrite and the whole stirred 

for hour. The unchanged oxime (0.57 g.) was then 

filtered off and was found to dissolve completely in 

alkali and to contain no trace of triketohydrindene. 

The filtrate on neutralisation with concentrated ammonia 

gave ammonium phthalate m.p. 278 °C. This was dissolved 

in water and on neutralisation of the solution with dil- 

ute acid deposited phthalic acid m.p. 195 °C. No tri- 

ketone or triketone hydrate could be obtained under any 

circumstances although other variations in the conditions 

were also made. 

The reaction while not giving the desired product 

(ninhydrin) is an interesting one, because it affords an 

example of the strong hydrolysing power of nitrous acid. 

Nitrous acid in this case appears to accomplish at low 

temperature what sulphuric acids of varying strengths 

were unable to perform even at the boiling point of 

the mixture. 

The decomposition of the above oxime might be re- 

garded as occurring by immediate hydrolytic disruption 

of the oxime or by intermediate formation of triketo- 

hydrindene or of triketohydrindene hydrate. The last' 

possibility is apparently untenable, since a repeat 

experiment in which the hydrate was treated with nitrous 
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acid under the same conditions led to the recovery of 

the unchanged starting material. The case presents 

curious differences from the seemingly parallel one of 

!diphenyl triketone, in which it has already been shown 

that the oxime may be hydrolysed to the triketone hydrate 

in excellent yield. 

0 c0- i- Co- 
1 WO CO cCOHIic 

NON 

In one respect these triketones exhibit marked 

differences in properties. Whereas the diphenyl tri- 

ketone and its hydrate are readily converted one into 

the other, the literature appears to make no reference 

to the possibility of passing from triketohydrindene into 

its hydrate and vice versa. In fact the actual existence 

of the unhydrated form is somewhat doubtful, although it 

is claimed by Kaufmann (Ber., 1897, 30, 387) that a very 

small amount was isolated by oxidising diketohydrindene 

with hydrogen peroxide. The present experiments there- 

fore lead to the conclusion that nitrous acid attacks the 

- oxime of diketohydrindene, leading to direct disruption 

:;without intermediate formation of the triketone or its 

'hydrate. 

A further attempt at hydrolysis carried out in the 

following manner also failed. 
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One gram of oxime was dissolved in 100 ccs. of 

!dilute sodium hydroxide and cooled in an ice -bath to 0 °C. 

3 g. of sodium nitrite were added and the mixture acid 

ified with concentrated hydrochloric acid and stirred 

for z hour. Difficulty was experienced in bringing the 

oxime and the nitrous acid into intimate contact, and 

the oxime was recovered unchanged. 



62. 

EXPERIDIENTAL SECTION. 

The experimental work carried out is described 

in the following pages. Yields are quoted as per- 

centages of the theoretical amount obtainable. Melt- 

ing- points are corrected, the thermometer used having 

been calibrated against short - stemmed standard ther- 

mometers. All new compounds have been analysed where 

possible and the method of analysis noted. 

Methods of Analysis: 

Nitrogen was estimated in every case by the micro 

Dumas method. Specimens of some of the more important 

were sent for micro- analysis to Dr. Oppenheimer :compounds 

(Analytical Laboratories, London.) 
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Preparation of the Reagent: Ethyl Nitrite. 

The reagent was prepared as required for each 

experiment by the method given in (0rg. Syn., 1930, 

a0, 22). 

Solution A. Sodium nitrite (70 g.) was added to ethyl 

alcohol (32 ccs.) and the solution diluted' 

with water to 280 ccs. 

Solution B. A mixture of concentrated sulphuric acid 

(25 ccs.) and ethyl alcohol (24 ccs.), 

diluted with water to 280 ces. 

Solution A was contained in a 1 litre three - necked' 

flask fitted with a mercury seal, mechanical stirrer, 

dropping- funnel and outlet tube. Solution B was allow- 

ed to drop in and the ethyl nitrite liberated was dried 

before entering the reaction vessel by passing through 

,a U -tube containing solid calcium chloride. The mech -, 

anical stirrer ensured an even flow of reagent into the 

reaction mixture. 

The method adopted throughout the course of this 

work is described in detail for the first isonitroso- 

compound prepared, any modification necessitated in 

individual cases is noted therein. 



64. 

Isonitroso Met4y1 Ethx1 Ketone. 

3.6 g. (V20 mole) methyl ethyl ketone 

4 ccs. methyl alcohol 

1 cc. concentrated hydrochloric acid. 

The mixture was placed in a 100 cc. flask, fitted 

with thermometer and an inlet -tube. The temperature 

of the mixture was raised to 45 °C and ethyl nitrite 

was passed in. The temperature at once showed a decided 

increase and it was maintained within the limits 45 -55 °6 

by cooling the reaction mixture with running water. 

!Ethyl nitrite was added till one equivalent (3.75 g.) 

had been absorbed. This was determined by weighing 

the flask and contents before and after absorption. 

!After one equivalent of reagent had been absorbed, the 

temperature did not show any tendency to increase but 

slowly fell, even although further amounts of the reag- 

ent were added. This gave a second method of determin'- 

ing the end -point of the reaction. The reaction mix- 

ture was now poured into dilute alkali which had been 

'previously cooled in ice, and the alkaline solution ex 

tracted three times with ether. The free isonitroso 

compound was liberated as an oil on acidification of the 

alkaline solution with hydrochloric acid. It showed nó 

tendency to solidify and was therefore extracted with ether, 

the extract being dried over solid calcium chloride. 

The ether was removed in vacuo and the isonitroso -com- 
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pound was recrystallised from petrol ether (b.p. 100 - 

120 °) yielding fine needles, m.p. 74 °. (Meyer and 

Zublin, Ber. , 1878, 11, 322 record m.p. 74 °C) 

Yield 3.33 g. 

66% of the theoretical. 

CH3. CO. CH2. CH3 + CH3. CO. CO : N0H) . CH3 + H20. 

Isonitroso Meth 1 propyl ketone. 

8.6 g. (1 /10 mole) methyl propyl ketone 

8 ccs. methyl alcohol 

1 cc. concentrated hydrochloric acid. 

The mixture was allowed to absorb one equivalent 

(7.5 g. ) of ethyl nitrite, the procedure being that 

already described for isonitroso methyl ethyl ketone. 

It was again necessary to extract the isonitroso- compound 

with ether, owing to an oil being formed on acidific- 

ation of the alkaline solution. Recrystallised from 

;petrol ether the compound deposited in fine needles, 

m.p. 53 -55 °C. (Meyer and Zublin, Ber. , 1878, 11, 323 

record m.p. 53-55°C. ) 

Yield 3.45 g. 

600 of the theoretical. 

CH3. CO. CH2. CH2. CH3 + CH3. CO. C(.: NOH) . CH2. CH3 + H20. 
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lethyl Isobutyl Ketone. 

500 ccs. absolute alcohol 

23 g. sodium 

130 g. acetoacetic ester 

123 g. isopropyl bromide. 

To 500 ccs. of absolute alcohol contained in a 2- 

litre three - necked flask fitted with mechanical stirrer', 

dropping- funnel and condenser (open to the air through 

a calcium chloride tube) was added 23 g. of sodium in 

small portions. To the sodium ethylate so formed was 

'then added 130 g. of freshly -distilled acetoacetic ester. 

The mixture was raised to the boiling -point on the steam 

bath and 123 g. of isopropyl bromide were added over a 

period of 30 minutes. The whole was then refluxed for 

8 -10 hours, after which the precipitated sodium bromide 

was filtered off and excess alcohol removed by distill 

ation. The crude isopropyl acetoacetic ester was 

saponified by stirring for 4 hours with a 5% solution of 

sodium hydroxide. The aqueous layer was separated, 

acidified with 50% sulphuric acid and distilled till 

one -half of the total volume had distilled over. The 

distillate was again made alkaline with solid sodium 

hydroxide and distilled. The ketone layer was separ- 

ated and the residue redistilled. The ketone fraction 

'was then washed with a solution of calcium chloride t 
i 

remove alcohol, and dried over solid calcium chloride 

and distilled. 
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Yield - poor. b. p. 118 - 119 °C. 

The poor yield is due to the incomplete reaction 

of the secondary alkyl bromide with the sodium deriva- 

tive of acetoacetic ester. 

CH3. CO. CH2. COOC2H5 + C2H5ONa --j CH3. CO. CIH. C00C2H5 + C2H'50H 

Na 

CH3. CO. CH. COOC2H5 + BrCH. ( CH3 ) 2 ---> CH3. CO. CH. COOC2H5 + Na3r. 

Na. CH. (CH3)2 

CH3. CO. ¡H. C00C2H5 + H2O ---> CH3. CO. CH2. CH. ( CH3 ) 2 + CO2 + C2H5OH. 

CH. ( CH3 ) 2 

Isonitroso Methyl Isobutyl Ketone. 

5 g. (1/20 mole) methyl isobutyl ketone 

4 ccs. methyl alcohol 

1 cc. concentrated hydrochloric acid. 

One equivalent (3.75 g.) of ethyl nitrite was 

absorbed as before. On acidification of the alkaline 

solution with hydrochloric acid the oxime was obtained 

in the solid state. Extraction of the mother liquor 

with ether gave a slight increase in yield of isonitroso- 

compound. The compound recrystallised from ligroin 

in fine needles, m.p. 75 °. (Westenberger, Ber.,1883, 16, 
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2991 records m. p. 75°C. ) 

Yield 1.48 g. 

23% of the theoretical. 

CH3. CO. CH2. CH. ( CH3 ) 2 + --'i CH3. CO. C ( : NOH) . CH. ( CH3 ) 2' + H20. 

y1[et4yl n -amyl ketone. 

(Johnson and Hater (Org. Syn. , 1927, 7, 60) 

400 ccs. absolute alcohol 

23 g. sodium 

130 g. freshly distilled acetoacetic ester 

142 g. n -butyl bromide. 

n -Butyl acetoacetic ester was prepared by the method 

already described for isopropyl acetoacetic ester (see 

p.66 ). The crude substituted ester was then washed 

into a 4 litre flask with a solution of 168 g. of pot - 

assium hydroxide dissolved in 1500 ccs. water and the 

mixture refluxed for 8 hours. The solution was then 

distilled in steam, the ketone separated from the aque- 

ous layer, washed with a solution of calcium chloride, 

dried over solid calcium chloride and distilled. 

Yield 36 g. b. p. 149 -152 °C. 

CH3. CO. CH. C00C2H5 + CH3. CH2. CH2. CH2Br -->CH3. CO. CH. CO0C2I5 + NaBr_ 
f i 

Na (CH2)3CH3 
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CH3. C0. CH. C00C2H5 + H20 ----) CH3. C0. ( CH2 ) 4. CH3 + CO2 + C2H50H. 

(CH2)3CH3 

Isonitroso Methyl n -amyl ketone. 

5.7 g. (1/20 mole) methyl n -amyl ketone 

4 ccs. methyl alcohol 

1 cc. concentrated hydrochloric acid. 

As before, 1 equivalent (3.75 g.) of ethyl nitrite 

was absorbed, the isonitroso- compound being obtained as: 

a white solid on acidification of the alkaline solution' 

with hydrochloric acid. It recrystallised from ligroin 

in fine needles m.p. 58 -59 °. This iscnitroso compound, 

is not recorded in the literature and the composition 

was confirmed by nitrogen analysis. 

Yield, 3.5 g; 

49% of the theoretical. 

Nitrogen Analysis: 

Theoretical Found 

10.0% N2 10.5% N2. (Oppenheimer) 

CH3. CO. ( CH2 ) 4. CH3 + 1-31102 CHE. CO. C ( : NOH) . CH2 ) 3 CH3 + H20. 

2:4 Dinitrorohenyihydrazóne of Isonitroso methyl_ n-aanyl 

ketone. 
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Isonitroso methyl n -amyl ketone (0.3 g.) was dis- 

solved in 5 ccs. of ethyl alcohol and a 5% solution of 

,2:4 dinitrophenylhydrazine in alcohol was added. The 

;mixture was then brought to the boiling- point, a few 

drops of concentrated hydrochloric acid added and the 

mixture boiled for one minute.. The dinitrophenyl- 

hydrazone crystallised out in orange -red needles on 

cooling. It was filtered off and recrystallised from 

dilute alcohol in needles, m.p. 199 - 200 °C. 

Nitrogen Analysis. 

Theoretical Found 

21.67% N2 21.97% N2 (Oppenheimer) 

Isonitroso methyl n -amyl ketone semi - carbazone. 

Isonitroso methyl n -amyl ketone (0.5 g.) was dis- 

solved in 5 ccs. of alcohol and a solution of semicar- 

bazide hydrochloride (0.5 g.) and potassium acetate 

(0.5 g.) in water added. The cloudiness which first 

appeared was destroyed by addition of a few drops of 

water. After standing a few minutes the semicarbazone 

crystallised out as a fine white powder. It was fil- 

tered off and washed with alcohol. 

Yield 0.7 g. (quantitative); m.p. 244 -246° (d. 
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Nitrogen Analysis. 

Theoretical Found 

28% N2 27.7% N2. 

Isonitroso meth 1 n -am 1 ketone then lhydrazone. 

To a solution of isonitroso methyl n -amyl ketone 

(0. 2 g.) in 3 ccs. of alcohol was added phenylhydrazine 

(0. 5 g.) in 3 ccs. alcohol. The mixture was boiled for 

a few minutes cooled and diluted with water. The 

phenylhydrazone recrystallised from dilute alcohol in 

pale yellow needles, m. p. 110 -112 °. 

Nitrogien Analysis. 

Theoretical Found 

18. 02% N2 18.20% N2. 

Isonitroso l Methyl n -hexy ketone. 

12.8 g. (1 /10 mole) methyl hexyl ketone 

8 ccs. methyl alcohol 

1 cc. concentrated hydrochloric acid. 

One equivalent (7.5 g.) of ethyl nitrite was absorb- 

ed, the time required for absorption being slightly 

longer than in the cases of the other normal chain 
1 

ketones. The isonitroso compound recrystallised from 

petrol ether (b.p. 100 - 120 °C) in fine colourless needls, 
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m.p. 55 -56 °C. (Ponzio and Prandi; G. 2811, 280 record 

m. p. 55-56°C. ) 

Yield, 6.42 g. 

41% of the theoretical. 

CH3. CO. ( CH2 ) 5. CH3 + HONO -j CH3. CO. C (: NCH). ( CH2 ) 4. CH3 + H20. 

¡ Isobutyyl Iodide. 

In a distilling flask fitted with upright condensek 

and closed side -tube was placed a mixture of 129 g. of 

iodine and 75 g. of isobutyl alcohol. Red phosphorus 

(10.5 g.) was added in small quantities, the flask being 

cooled in water during the addition. The mixture was 

then refluxed on an oil -bath for 1 hour, cooled, and 

the contents then distilled from the side -tube. The 

coloured distillate was washed with sodium hydroxide, 

dried over calcium chloride and distilled through a 

short column. 

Yield 133 g ; b. p. 115 -118 °. 
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Ethyl isobutylacetoacetic ester. 

330 ccs. absolute alcohol 

15.2 g. sodium 

85.8 g. freshly distilled acetoacetic ester 

133 g. isobutyl iodide. 

The substituted ester Was prepared by the method 

already described under methyl isobutyl ketone. (See 

p. 66). 

Methyl isoamyl ketone. 

The crude ethyl isobutylacetoacetic ester was hyd- 

rolysed according to the method of Dehn and Jackson 

(J. A. C. S. , 1933, 55, 4284). The ester was treated 

with an equal weight of 85% phosphoric. acid and the 

,mixture distilled slowly on an oil -bath. The distill; 

ate, consisting of two layers, an aqueous and an oily 

layer, was separated, the aqueous layer being returned 

to the flask for further distillation and the resulting 

two layers again separated. The combined oily layer 

was then dried over solid calcium chloride and distilled 

through a short column. 

Yield 21 g.; b. p. 144 °. 

CH3. C0. CH. COOC2H5 + ( CH3 ) 2. CH. CH2I-- CH3. CO. CH. COOC2H5 + NaI 
1 

Na CH2 CH. ( CH ) 2 
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CH3. C0. CH. COOC2H5 + H20 --4 CH3. C0. ( CH2 ) 2CH. ( CH3 ) 2 + CO2 

CH2. CH. ( CH3 ) 2 
+ C2H50H 

Isonitroso methyl isoamyl ketone. 

5.7 g. (1/20 mole) methyl isoamyl ketone. 

4 ccs. methyl alcohol. 

1 cc. concentrated hydrochloric acid. 

The mixture was allowed to absorb one equivalent 

(3.75 g.) of ethyl nitrite and the isonitroso-compound 

isolated by the usual procedure. It formed as an oil 

but solidified on standing in an ice -chest. Recrys- 

tallised from ligroin it deposited in fine needles, 

m.p. 42 °. (Treadwell and Westenberger, Ber. , 1882, 15, 

2788; record m.p. 42 °C) 

Yield 2.3 g.; 

32% of the theoretical. 

CH3. CO. CH2. CH. ( CH3 ) 2 + IM02 ----> CH3. CO. CO NOH). CH2. CH. ( C'rI3 ) 2 

+ H20. 

Isonitroso propiophenone. 

6.7 g. (1/20 mole) propiophenone. 

8 ccs. methyl alcohol. 

1 cc. concentrated hydrochloric acid. 
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One equivalent of ethyl nitrite (3.75 g.) wEls ab- 

sorbed as in previous experiments. In this case the 

temperature rise was more marked than usual and contin- 

uous cooling was necessary. As in previous experiments, 

however, the temperature ceased to rise after 3.75 g. o,f 

reagent had been absorbed. The oxime recrystallised 

from hot water in fine needles, m.p. 114 -115 °. ( Pechmann 

113°C. ) and Muller, Ber. , 1888, 21, 2119 record m.p. 

Yield, 5.22 g.; 

64% of the theoretical. 

CH3. CH2. CO. C6H5 + HNO2 ----> CH3. C(: 110H). CO. C 6H5 + H20. 

Desoxybenzoin. 

Alien and Barker, (Org. Syn., 1932, 12, 16). 

68 g. (.5 mole) phenyl acetic acid. 

75 g. thionyl chloride. 

400 ccs. dry benzene. 

75 g. anhydrous aluminium chloride. 

To the phenyl acetic acid contained in a 1 litre 

flask fitted with condenser and apparatus for absorbing 

hydrochloric acid gas was added 75 g. thionyl chloride. 

The mixture was then heated on the steam -bath for 1 

hour. To the still warm contents of the flask was 

added benzene (400 ccs.) and 75.g. aluminium chlo 
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in small quantities. The mixture was then refluxed on 

the steam -bath for 1 hour, cooled, and poured onto 

'500 g. of crushed ice, after which 200 ccs. of concen- 

trated hydrochloric acid were then added. The benzene 

'layer was separated and the aqueous layer extracted 

,once with a mixture of benzene (100 ccs.) and ether 

;(100 ccs.) and dried over solid calcium chloride. The 

solvent was removed in vacuo and the crude desoxybenzoin 

:purified by distillation in vacuo. Further purification 

was obtained by recrystallisation from methyl alcohol, 

,using 4 ccs. of solvent for each gram of solid. 

Yield 60 g.; m. p. 55 -56 °. 

61% of the theoretical. 

cH,; caON cH,.cocl 
+ SOc(, ---' Sot {- H@( 

cH,; OCi 
+ 

Alc(3 CHL CO-- 
+ HG( 

Isonitroso Desoxybenzoin. 

9.8 g. (1 /20)mole) desoxybenzoin. 

50 ccs. methyl alcohol. 

1 cc. concentrated hydrochloric acid. 
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A larger amount of methyl alcohol was required in 

this experiment owing to the low solubility of desoxy- 

benzoin. The temperature did not as in previous cases 

show a decided increase and heating was necessary to 

maintain the temperature within the limits 45 -55 °. The 

absorption of reagent also was much slower than in pre -: 

vious cases. The oxime was recrystallised from petrol 

ether (b.p. 100 -120 °) and was obtained in colourless 

needles, m. p. 112 - 113 °C. (Auwers and Meyer, Ber. , 1889, 

22, 537, record m. p. 113°C.) 

Yield 3.71 g.; 

33% of the theoretical. 

CO-0 H óL-> C- co 
u 
NOH 

In this case the -oxime was isolated, although the 

(3(.-oxime C6H5. 1¡. C0. C6H5 is stated to be the more stable 

H0. N isomeride. 

_yclohexanone dioxime. 

9.9 g. (1 /10 mole) cyclohexanone. 

8 ccs. methyl alcohol. 

1 cc. concentrated hydrochloric acid. 

The experiment was at first carried ou e 
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usual temperature range of 45 -55 °. As the reagent was 

absorbed the dioxime was gradually thrown out of solution 

but was found to char very rapidly at this temperature.' 

The experiment was repeated, the temperature being 

maintained around 20 °C when the dioxirne was obtained in 

a pure state. Two equivalents of reagent were absorbed 

in each case. The dioxime was recrystallised from 

methyl alcohol. It decomposes above 200 °. (Borsche, 

Zent. , 1909, 2, 1549, records m.p. 200°C (d)) 

Yield 5.5 g.; 

35% of the theoretical. 

+zI-I No; 

Cyclopentanone dioxime. 

c H1 / \ 
cH2 C=NOH 

) I 1 cI-IL co 
C =NON 

8.4 g. (1 /10 mole) cyclopentanone. 

8 ccs. methyl alcohol. 

1 cc. concentrated hydrochloric acid. 

-+- 

This oxime behaved in a similar manner to that of 

cyclohexanone. It recrystallised from dilute methyl 

alcohol in flat yellow needles, m.p. 215 °C with violent 
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decomposition. Porsche, Cent., 1909, 2, 1549, records¡ 

m.p. 215 °C (d).) 

Yield 3.7 g.; 

26% of the theoretical. 

C 

t zNlo2 

c. H,_-- c Hi_ 

Isonitroso dieth l ketone. 

3.6 g. (1/20 mole) diethyl ketone. 

4 ccs. methyl alcohol. 

1 cc. concentrated hydrochloric acid° 

r 2 Hzo 

One equivalent (3.75 g.) of ethyl nitrite was ab- 

sorbed, the ketone behaving in a similar manner to the 

other aliphatic ketones used. Diethyl ketone did not, 

give a dioxime as in the cases of cyclohexanone and 

cyclopentanone even although there is an activated meth- 

ylene group on either side of the carbonyl group. Th! 

isonitroso - compound recrystallised from petrol ether 

(b.p. 100 -120 °) in fine colourless needles, m.p. 59 -61°C. 

(Claisen and Manasse, Ber. , 1889, 22, 528, record m.p. 

59-62°.) 

Yield 3.38 g.; 

59% of the theoretical. 
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CH3. CH2. CO. CH2. CH3 + 1E02 CH3. C (o TüOH). CO. CH2. CH3. 

HY.7_RO%.YäIS OF ISONITROSO- COET OUNDS BY iE OF 

NIT:OUS ACID. 

Diacety1, 

Olivier (Bull. Soc., 1932, 51, 99) 

In a 3- necked flask fitted with condenser, dropping - 

funnel and a mercury -seal mechanical- stirrer, was sus 

pended 90 g. of isonitroso methyl ethyl ketone in 1250 

ces. of water. A solution of 180 g. of sodium nitrite 

in ccs. of water was added. The was 

stirred mechanically and Maintained at 20 °C while a 

dilute solution of sulphuric acid (150 ccs. concentrated 

sulphuric acid in 400 ccs. of water) was run in. The 

mixture was allowed to stand overnight and then stirred 

for 1 hour to remove excess nitrous fumes. The sol- 

ution was saturated with anhydrous sodium sulphate and 

distilled till the distillate was colourless. The 

first part of the distillate, consisting mainly of di- 

acetyl, was separated and the residue saturated with 

sodium chloride and again distilled, the diacetyl frac- 

tion being collected. The combined diacetyl fractions 

were dried over solid calcium chloride and distilled. 

Yield 44.4 g.; b. p. 87 -890; 

58% of the theoretical. 
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CH3. CO. C(: N0H) . CH3 + H20 CH3. CO. CO. CH3 + NH2OH. 

Excess nitrous acid destroys the hydroxylamine 

split off thus preventing the formation of dioxime. 

NH2OH + HNO2 --- N20 + 2H20. 

Preparation of Diacetyl in One Stage from Mette Ethyl 

Ketone. 

36 g. ( mole) methyl ethyl ketone. 

140 g. sodium nitrite in 400 ccs. water. 

115 ccs. concentrated sulphuric acid in 

300 ces. water. 

The method employed was similar to that already 

described for the preparation of diacetyl from isonitraso 

methyl ethyl ketone. The sulphuric acid was added to 

the mixture of ketone and sodium nitrite solution the 

temperature being maintained around 20 °C. The diketone 

was isolated as before by distillation and salting out 

with sodium chloride. 

Yield 20 g.; b. p. 78 -85 °; 

46.5% of the theoretical. 

Repeated distillation of the diketone did not give 

any increase in the boiling point, and a faint smell of 

methyl ethyl ketone could still be detected, showing 
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that a complete conversion to diketone had not been 

'obtained. 

CH3. CO. CH2. CH3 + I-111-O2 > CH3. CO. CO. CH3. 

Experiments on the Determination of Diacetyl by precip 

'itation as the Nickel Salt of Dimethyyl ,oxime. 

To see whether this method could he used as a means 

of determining the percentage purity of the above impure 

diacetyl, quantitative experiments were first carried 

out with diacetyl which had been distilled to constant 

boiling- point. 

Outline of Method used. 

A known weight of diacetyl was treated with hydro- 

xylamine hydrochloride and sodium acetate and then with 

a 1% solution of nickel chloride. This precipitated 

the diacetyl as the nickel salt of dimethyl glyoxime 

which was collected in a Gooch crucible and weighed. 

From the weight of nickel salt the percentage of diacetyl 

could be calculated. 

CH3. CO. CO. CH3 + NH2OH -> CH3. C(: NOH) . C (: ITCH). CH3 

NiC12 
(CH3. NO ). CHq 2N1 

Wt. of Nickel dimethylglyoxime X 0.596 = Vt. of diacetyl. 
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In the first experiments carried out low yields 

were obtained. A modified procedure based on that of 

O. R. Barnicoat (The Analyst, Oct., 1935) was therefore 

adopted. The reagent used was a mixture of 20% NH2OH,HC1, 

20% sodium acetate and 5% nickel chloride. This was 

added to a weighed quantity of diacetyl and the mixture'. 

wa.,s heated to 80 -90 °C on the steam -bath for 3 -4 hours 

and left standing overnight. The solution was then 

made alkaline with ammonia and filtered. The precipit- 

ate was dried in an oven at 110° for 1 hours, cooled 

and weighed. 

Results. 

Vt. of diacetyl used 0.1256 g. 

Vt. of precipitate 0.1804 g. 

.1804 X 0. 59 6 X 100 
% diacetyl = = 85. 6%. 

.1264 

This was the highest result obtained, and the 

method was abandoned as not suitable for estimating the 

percentage of diacetyl in a mixture of diacetyl and 

methyl ketone. 

Acetyl propionyl. 

7.6 g. isonitroso methyl n- propyl ketone dissolved 

in 30 ccs. ether. 

14 g. sodium nitrite dissolved in 40 ccs. water. 

19 g. concentrated sulphuric acid diluted to 50 ccs. 
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The mixture of isonitroso compound dissolved in 

:ether and the solution of sodium nitrite were contained 

An a 3- necked flask fitted with condenser, dropping- 

funnel and mercury -seal stirrer. The sulphuric acid 

was run in over a period of 20 minutes and the mixture 

allowed to stand overnight. The solution was then sat - 

urated with anhydrous sodium sulphate and distilled in ' 

steam. The distillate was extracted with ether and 

dried over solid calcium chloride. The ether was re- 

'moved in vacuo and the residue distilled. 

Yield 2.64 g.; b.p. 108° (Manasse, 3er. , 1888, 211, 

2177, quotes b.p. 108°C.) 

40% of the theoretical. 

CH3. CO. CO t NOH) . CH2. CH3 + H20 CH3. CO. CO. CH2. CH3 + NI420H. 

Acetyl isovaleryl. 

5.3 g. isonitroso methyl isoamyl ketone dissolved in 

30 ccs. ether. 

9.6 ccs. concentrated sulphuric acid diluted to 30 ccs. 

10.5 g. sodium nitrite in 40 ccs. water. 

The hydrolysis was carried out in the manner 

already described for acetyl propionyl and the diketons 

obtained by steam distillation and extraction with 

ether. 
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Yield 2.36 g.; b.p. 137 -139 °C ( Pechmann, Ber. , 1889, 

22, 2122, quotes b.p. 138°C.) 

49.7% of the theoretical. 

CH3. CO. C (: NOH) . CH2. CH( CH3 ) 2 + H20 CH3. CO. CO. CH2. CH( CH3 ) 2 

+ NH2OH. 

Acetyl Valervi. 

7.5 g. isonitroso methyl n -amyl ketone dissolved in 

50 ccs. ether. 

10.5 g. sodium nitrite dissolved in 40 ccs. water. 

9.6 g. concentrated sulphuric acid diluted to 30 ccs. 

The sulphuric acid solution was dropped in over a 

period of 20 minutes and the mixture allowed to stand 

overnight. After saturation with anhydrous sodium 

sulphate the diketone was separated by steam distill- 

ation, extracted with ether and distilled. 

Yield 2.9 g.; 153- 155 °C. 

45.4% of the theoretical. 

CH3. CO. C (: NCH) . ( CH2 ) 3. CH3 + H20 -j CH3. CO. CO ( CH2 ) 3. CI-13! 
¡ 

+ NH2OH. 

As this diketone is not recorded in the literature 

sever derivatives were prepared and their comp. sjt' al d a prepared po ion; 
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confirmed by analysis. 

Acetyl Valer 1 dioxime. 

Acetyl valeryl (0.3 g.) was dissolved in a little 

alcohol and heated with a solution of hydroxylamine 

hydrochloride and 2 ccs. sodium hydroxide on a water - 

bath for - hour. On cooling, the dioxime separated out 

and was filtered off and recrystallised from dilute al- 

cohol, from which it was obtained in colourless plates. 

Yield 0.27 .; m.p. 173- 174 °C. 

72% of the theoretical. 

,Lna<l.v s i s. 

.Theoretical 

17.7% N2. 

Acetyl valeryl osazone. 

Found 

17. 9% N2. 

Acetyl valeryl (0.3 g.) dissolved in alcohol was 

treated with a little phenyl hydrazine in water and a 

few drops of acetic acid were added. The mixture was 

heated for a few minutes, cooled, and the osazone pre- 

cipitated by diluting the solution with water. The 

osazone crystallised from dilute alcohol. 

m.p. 116 - 117 °C. 
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Analysis. 

Theoretical 

18.1e"ó N2 

Acetyl Valeryl di(semicarbazone). 

i ound 

17. ,),),/, IT2. Oppenheimer. 

Acetyl valeryl (0.28 g.) dissolved in alcohol was 

treated with a solution of seïiicarbazide hydrochloride 

and potassium acetate. The cloudiness was destroyed 

by addition of a little water. After a few minutes 

the semicarbazone crystallised out. 

Yield 0.52 g.; m.p. 249 -250 °C (d). 

100% of the theoretical. 

Analysis. 

Theoretical 

34.71% N2 

Found 

34.43% N2. (Oppenheimer.) 

Acetyl Benzoyl from. Isonitroso- nroniophenone. 

Isonitroso propiophenone (1 g.) was dissolved in 

acetic acid (10 ces.) and sodium nitrite (2 g.) was 

added. The reaction mixture was then poured into 

water when the starting material was recovered unchanged. 

1 g. of oxime was refluxed for 1 hour with 20 ccs. 

of 50% hydrochloric acid. Again the oxime was recov- 

ered unchanged. 

Attempts at hydrolysis by means of dilute sulphuric 



88. 

acid and also concentrated hydrochloric acid failed, the 

oxime being recovered in each case. 

Isonitroso propiophenone (3 g.) was dissolved in 

20 ccs. glacial acetic acid and sodium nitrite (5 g.) 

was added. The mixture was then slowly heated till 

evolution of nitrous fumes ceased. The solution was 

diluted with water and distilled in steam, the distill 

ate being extracted with ether and dried over calcium 

chloride. The ether was removed and the residue dis- 

tilled in vacuo. 

Yield of acetyl benzoyl 0.52 g.; b. p. 116- 120 ° /16 mms. 

19% of the theoretical. 

The residue in the flask after steam distillation 

was extracted with ether, and dried over calcium chlor- 

ide. On evaporation of the ether, a white solid m.p. 

118 -120° was obtained. On recrystallisation from hot 

water it melted at 120- 121 °. Mixed melting point with 

pure benzoic acid showed no depression. 

Yield 0.4 g.; m.p. 120 - 121 °C. 

17.8% of the theoretical. 

Acetyl Benzoyl from Propiophenone. 

8 g. propiophenone dissolved in 40 ccs. ether. 

12 g. sodium nitrite in 50 ccs. water. 

10 mis. concentrated sulphuric acid diluted to 30 ccs. 
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The reaction was carried out as described for 

acetyl valeryl (see p. 2s ) and the diketone separated 

by steam distillation and extraction with ether. The 

diketone was then purified by distillation in vacuo. 

Yield 5.74 g.; b. p. 103 °C /13 mns. ( Barsche, Ber. 

1907, 40, 740 quotes b. p. 123 ° /23 irons. ) 

75% of the theoretical. 

The residue in the flask after steam distillation 

was extracted with ether, dried over calcium chloride 

and the ether evaporated off. A white solid was ob- 

tained which on recrystallisation from hot water melted 

at 120 -121 °. Mixed melting -point with benzoic acid 

showed no depression. 

Yield 1.2 g.; m.p. 120 -121 °. 

20.4% of the theoretical. 

Frolù the results obtained it is evident that a cer- 

tain amount of cleavage takes place at the same time as 

actual hydrolysis. This may be represented by the fol- 

lowing scheme: 

CH3. C(: ivOH). CO. C6H5 

CH3. C0. CO. C 6H5 + NH2OH 

CH3. CH(: NOH) + C6H5. COOH. 
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Hydrolysis of Isonitroso Desoxybenzoin to Benzil. 

Isonitroso desoxybenzoin (1 g.) was dissolved in 

10 ccs. of glacial acetic acid and solid sodium nitrite 

(2 g.) was added in small portions. The solution was 

gently heated towards the end of the reaction. The sol- 

ution was then cooled and diluted with water, when a 

solid was precipitated. This was filtered, washed with 

a little dilute sodium hydroxide, followed by a little 

water. The substance was then dissolved in hot alcohol 

from which it crystallised in pale yellow needles m.p. 

95 °C. Mixed melting point with pure benzil showed no 

depression. 

Yield : 56 g. 

60% of the theoretical. 

C co 
n1 0 +- 

F{,o 
tcuHLoH 

Preparation of Dibenzoylmethane. 

Benzalacetophenone. 

This was prepared according to the method of 

Kohler and Chadwell (Org. Syn., 1922, 2, 1). A solution 

of 109 g. of sodium hydroxide in 980 ccs. of water and 

500 g. of 95% ethyl alcohol was introduced into a beaker 

fitted with an effective stirrer and surrounded by an 
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ice -bath. Into this solution, acetophenone (260 g.) 

was poured, the stirrer started and benzaldehyde (230 g.) 

added immediately. After 2 -3 hours stirring, the mix -' 

ture was placed in an ice -box for 20 hours. The yellow 

¡solid was washed with water until the washings were neut- 

ral to litmus, and finally with 100 cc. of ethyl alcohol 

cooled to 0 °C. 

Yield 463 g.; m.p. 52 -54 °. 

(2)-CHQ cHj co OcH=GWCO 
/ 

ï3enzalacetónhenone dibromide. 

Benzalacetophenone (280 g., 1 mole) was dissolved 

in 600 ccs. of carbon tetrachloride and 160 g. (1 mole) 

of bromine added with stirring according to the instruc- 

tions of Allen (Org. Syn., 1928, 8, 60). The dibromide 

was filtered off and washed with hot ethyl alcohol. 

Yield 300 g.; m.p. 157- 158 °C. 

0- G. 11 - c,H - co - 
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Dibenzóylmethane. 

This compound was prepared by the method described 

by Allen (loc. cit.) as follows. A solution of sodium 

methylate (23.2 g. of sodium. in 230 cc. absolute alcohol) 

was added with stirring to 184 g. ( -` mole) of benzal- 

acetophenone dibromide suspended in 165 cc. of absolute 

methyl alcohol. When the addition was complete, the 

mixture was boiled under reflux for 3 hours. To the 

brown liquid was added 140 cc. of water in order to 

dissolve the precipitated sodium bromide. The mixture 

was then just acidified with concentrated hydrochloric 

acid, when the colour changed to a light yellow and an 

oil separated. The acid solution was boiled under 

reflux for 2 hours and then cooled in water with rapid 

stirring. The solid product was filtered and washed 

once with 50 ces. of cold 50% alcohol and then with 

water till free from acid. It was then recrystallised 

from 95% alcohol. 

Yield 66 g.; m. p. 76-78°. 

0 cH fl, c,HfSw cp- cCuNi:cH c.0 

In connection with this preparation it is inter- 

esting to note that the dibenzoylmethane was obtained 

in the enolic form (phenylb - styryl ketone) which is 
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probably the most stable 1:3- keto - enolic compound known 

A considerable amount of work has been done on the taut- 

orneric forms of this compound, but in 1912 Abell (J. C. S. , 

'1912, 151, 998) pointed out that the diketonic dibenzoyl- 

methane had never been isolated. 

Isonitroso dibenzóylmethane. 

Dibenzoyl methane (5.6 g. 1/40 mole) was suspended 

in 25 ccs. ether and 1 cc. of concentrated hydrochloric 

acid added. The mixture was allowed to absorb 1 equi -I 

valent of ethyl nitrite. The temperature, allowed to, 

rise of its own accord, quickly increased to 28 °. As 

the reaction proceeded, the dibenzoylmethane gradually 

went into solution, and with complete solution the tem- 

perature slowly decreased. This was taken to be the 

end -point of the reaction. The ether was no removed 

and the resulting white compound recrystallised from 

;boiling petrol ether (b.p. 100- 120 °). The isonitroso- 

compound crystallised in fine needles. 

Yield 4.7 g.; m. p. 145 -146 °. . 

75% of the theoretical. 

C:r cOHI; c.Hca- 
+ I-1 N 

co- c-c0 
ncoN 
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Biphenyl Triketone. 

Isonitroso dibenzoylmethane (l g.) was dissolved in 

25 ccs. glacial acetic acid and 4 g. of sodium nitrite 

added at ordinary room temperature. The solution imme4- 

iately turned yellow with dense evolution of nitrous 

fumes. The solution after allowing to stand for _z dour, 

was poured into water which precipitated diphenyl tri- 

ketone hydrate as a white flocculent mass. 

Yield 0.92 g.; m. p. 85 -88 °. 

92% of the theoretical. 

The hydrate on distillation in vacuo, distilled as 

a reddish oil which solidified to a yellow mass. This 

crystallised from boiling ligroin (b.p. 100-120 °) in 

bright yellow needles m. p. 66 -68 °. 

0- co-C -CO - co ctOHIti 

aoEl 

Diethyl phthalate. 

Cococo- 

Phthalic acid (100 g.) was refluxed on the water- 

bath for 12 hours with 400 ccs. absolute alcohol and 

25 ccs. concentrated sulphuric acid. The excess al- 
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cobol was then distilled off and the residual liquor 

poured into water. The acid solution was neutralised 

with solid sodium carbonate and extracted with ether. 

After drying over solid calcium chloride the ether was 

removed and the crude ester distilled in vacuo. 

Yield 96 g.; b. p. 165 - 166 ° /18 Mies. 

76% of the theoretical. 

Sodium 1:3 diketo- hydrindene -2- carboxylic ester. 

This preparation was carried out according to the 

instructions of Teeters and Shriner (J. A. C. S. , 1933, ,1a, 

3026). 

In a 1 litre round-bottomed flask fitted with an 

efficient reflux condenser and a dropping- funnel, were 

placed 250 g. of diethyl phthalate and 50 g. of sodium 

wire. The flask was placed on a steembath and a mix- 

ture of 245 g. of ethyl acetate and 5 g. of absolute 

ethyl alcohol was dropped in over a period of about 40 

minutes. The material in the flask was refluxed gent y 

during the addition of the ethyl acetate mixture. Th 

heating was continued for six hours, the reaction mix -; 

tore was then cooled, and 100 cc. of ether added. As 

much as possible of the sodium salt was poured onto a 

filter and then washed with ether using as small a vol- 

ume as possible. 

Yield 200 g. 72% of the theoretical. 
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+ cH3 cooCZ1 -+s- 

1:3- Dike_ tohydrindene. 

»oN.ç 
C 

cooCHs 
cp 

To a 2 litre beaker containing 700 -800 cc. of hot 

water was added 45 g. of the sodium salt of 1:3- diketo -I 

hydrinden.e -2- carboxylic ester. The solution was cooled 

to 70° and with vigorous agitation the sodium salt was 

decomposed with 50 cc. of sulphuric acid (3 parts of co,n- 

centrated sulphuric acid to 1 part of water). The 

mixture was then cooled in ice to 15° and filtered. 

Yield 26 g. (97% of the theoretical) 

aecrystallisation from boiling petrol ether (b. p. 

80 -100 °) yielded long glistening needles, m.p. 129 °. 

oKç 

C COO<lHs / 
CO 

-0xine of 1: 3-Diketohydrindene. 

ON 
/(O\ 

Nt_ + CofC,,HSV F-1 / 
CO 

In a 400 cc. beaker fitted with a stirs ®r and ice 

bath was placed 5 g. of diketohydrindene dissolved in 

200 cc. of dilute sodium hydroxide. After the addition 

of 2.5 g. of sodium nitrite the mixture Was cooled to 
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0 °C. Hydrochloric acid was added drop by drop until 

the solution was distinctly acid, whereupon the ice -bate 

was removed and the mixture stirred for thirty minutes 

at room temperature. The solution was filtered giving 

5.9 g. (10(4 theoretical) of yellow amorphous powder. 

The oxime was recrystallised from acetic acid and formed 

yellowish green plates, m.p. 200 -201° (d). 

::> 
NltHNO 

(. \ 
c=NoH + HLa 

cq 

Hydrolysis of the Oxime of 1:3- Diketohydrindene. 

Attempted preparation of ninhydrin (triketohydrindene 

hydrate). 

(a) The above oxime (3 g.) was suspended in 50 ccs. of 

glacial acetic acid and the mixture stirred while 6 g. 

of sodium nitrite was added in small quantities at room 

temperature. As the sodium nitrite was added the oxirde 

gradually went into solution. The mixture was allowed 

to stand overnight and then neutralised with concentra 

ted ammonia. A quantity of solid matter was precipit- 

ated and filtered off. Further quantities were obtained 

by evaporation of the solution. The solid was dissolúed 

in water and acidified with hydrochloric acid, when a 

white solid was precipitated. This on recrystallisation 

from hot water melted at 194 °. Mixed melting point with 
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0 °C. Hydrochloric acid was added drop by drop until 

the solution was distinctly acid, whereupon the ice -bate 

was removed and the mixture stirred for thirty minutes 

at room temperature. The solution was filtered giving 

5. 9 g. (100% theoretical) of yellow amorphous powder. 

The oxime was recrystallised from acetic acid and formed 

yellowish green plates, m.p. 200 -201° (d). 

ro 

,CHt 

co 
t N P( Oz 

cc, 
C= N 0 N i H i, O 

CO 

Hydrolysis of the Oxime of 1:3-Diketohydrindene. 

Attempted preparation of ninhydrin (triketohydrindene 

hydrate). 

(a) The above oxime (3 g.) was suspended in 50 ccs. of 

glacial acetic acid and the mixture stirred while 6 g. 

of sodium nitrite was added in small quantities at room 

temperature. As the sodium nitrite was added the oxime 

gradually went into solution. The mixture was allowed 

to stand overnight and then neutralised with concentra- 

ted ammonia. A quantity of solid matter was precipitH 

ated and filtered off. Further quantities were obtained 

by evaporation of the solution. The solid was dissolved 

in water and acidified with hydrochloric acid, when a 

'white solid was precipitated. This on recrystallisation 

from hot water melted at 194 °. Mixed melting point with 
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phthalic acid showed no depression. 

Further attempts at hydrolysis were made as follows:. 

0 b) The oxime (1.8 g.) was suspended in a mixture of 

60 ccs. glacial acetic acid and 10 ccs. of water and t 

mixture cooled in ice. Sodium nitrite (0. 65 g., 1 equi- 

valent) was added and the mixture stirred for hour. 

The unchanged oxime (0. 57 g.) was filtered off. The 

filtrate was neutralised with concentrated ammonia, 

ammonium phthalate being obtained. This was proved by 

fusing a little with resorcinol and sulphuric acid and 

pouring into alkali when the green fluorescence due to 

the presence of fluorescein was obtained. 

(c) 1 g. of oxime was dissolved in 100 ccs. of dilute 

sodium hydroxide and cooled in an ice -bath. Sodium 

nitrite (3 g.) was added and the mixture stirred and 

acidified with concentrated hydrochloric acid. The mix 

ture was stirred for hour. The oxime in this case 

was recovered unchanged. 

All attempts to isolate ninhydrin failed, the solé 

product of the hydrolysis being phthalic acid. 

Action of Nitrous Acid on Triketodrindene Hydrate. 

Triketohydrindene hydrate (ninhydrin) (.2 g.) was 

suspended in 7 ccs. of glacial acetic acid and (0.6 g.) 

of sodium nitrite was added, the solution being gently 

heated during the reaction. The solution was then 

cooled and neutralised with ammonia. The hydrate was 
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recovered unchanged. 

Attern-oted Formation of Isonitroso Benz,rl Cÿanid.e. 

Benzyl cyanide (5.85 g. , aL.o mole) was dissolved in 

8 ccs. methyl alcohol and 1 cc.'of concentrated hydro- 

chloric acid was added. The mixture was heated. to 500 

and 1 equivalent (3.75 g.) of ethyl nitrite was absorbed. 

The reaction mixture was poured into alkali and unchan 

ed material extracted with ether. The alkaline solution 

was acidified with hydrochloric acid and extracted wit 

ether. No isonitroso - compound however was isolated. 

In later experiments a large excess of ethyl nitrite w 

absorbed, but in no case could any isonitroso- coon-oound 

be isolated. 

Isonitroso Benzyl Cyanide_ 

As the method used gave no isonitroso - compound the 

.oxime was prepared according to the method of Frost 

(Ann. , 1889, 250, 163). 

To 10 g. benzyl cyanide and 10 g. of amyl nitrite 

was added under good cooling the theoretical quantity of 

sodium ethylate (2 g. of sodium dissolved in 20 g. of 

absolute alcohol.) Heat was evolved and the yellow 

sodium salt was, precipitated. After allowing to stan 

for 2 hours this was filtered, washed with a little 

alcohol and water and dried in vacuo over sulphuric acid. 

Yield 6.85 g. (48% of the theoretical) 
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The sodium salt was now dissolved in water and acid. - 

ified with hydrochloric acid, the oil so formed being 

extracted with ether. On evaporation of the ether the 

isonitroso- compound was obtained as a white solid which 

'recrystallised from hot water in flat plates, m.p. l29° 

CI-1.2: CN 

+cSH1iOlVQ +C2.145.4A1c. i 

0- c.(:NntY4)cN 
HQ( ---> 

C:NOAt4 CN 

+ C5H,1OH +CZHSoH 

CJ-CCNOH).CN 

Hydrolysis of Isonitroso Benzyl Cyanide. 

Isonitroso benzyl cyanide (1 g.) was dissolved in 

10 ccs. of glacial acetic acid and 2 g. of solid sodium 

;nitrite added in small quantities. The solution was 

then diluted with water. The oxime was recovered un- 

changed. 

Isonitroso benzyl cyanide (3 g.) was dissolved in 

20 ccs. of glacial acetic acid and the solution slowly 

heated at the boiling -point while 5 g. of sodium nitrite 

was added in small quantities. The solution was then 

cooled and diluted with water when an oily substance 

with a distinct smell of benzaldehyde was thrown out of 
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solution. This on testing with Schiff's reagent re- 

vealed the presence of an aldehyde. The solution was 

now made alkaline with sodium hydroxide and a little of 

,a green compound which could not be identified was fil- 

¡tered off. The alkaline solution was then acidified 

with hydrochloric acid and extracted with ether. On 

¡removal of the ether a semi -solid material was obtained 

;which showed no evidence of undergoing purification on 

'repeated recrystallisation from hot water. The compound 

melted over a wide range (66 -110 °) and a mixture was 

suspected.. Fusion with sodium proved the presence of 

nitrogen. The compound was now boiled up with petrol 

ether (b.p. 60 -80 °C) when most of the substance was ex- 

tracted, leaving a little oily material behind which was 

not identified. The petrol ether was removed leaving 

a white solid, m. p. 110 -116 °. 

This after recrystallisation from hot water melted 

at 120 °. A mixed melting -point with pure benzoic acid 

showed no depression. From this separation of benzoic 

'acid it was evident that a_ disruption of the molecule 

had occurred. 

Attempted Formation of Ssonitroso Diphenyllmethane. 

Diphenylmethane (5 g.) was dissolved in 8 ces. 

methyl alcohol and i cc. of concentrated hydrochloric 

acid was added. The temperature of the mixture was 

raised to 50 °C and ethyl nitrite was passed in till one 
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equivalent had been absorbed. The mixture was then 

poured into dilute alkali and extracted with ether. On 

reacidification of the alkaline solution no isonitroso 

compound could be isolated. From the ether extract the 

: diphenylmethane was recovered quantitatively. 

The experiment was repeated, ethyl nitrite being 

absorbed for over 2 hours. No isonitroso- compound could 

however be obtained. The method of Frost (loc. cit.) 

was also tried. 

Diphenylmethane was treated with a solution of sod - 

lium ethylate and amyl nitrite but no isonitroso - compound 

lwas formed. Diphenylmethane was also refluxed with 

amyl nitrite and a little hydrochloric acid but no iso -!, 

! nitroso- compound could be obtained under any circum- 

stances. 

C c 
; 

lf t (-{Zo 
nf OH 

Beckmann Rearrangement of Isonitroso Methyl n -amyl Ketone. 

Isonitroso methyl n -amyl ketone (1 g.) dissolved 

in 20 ccs. of dried ether was treated with phosphorus 

pentachloride (1 g.) at low temperature for iZ hour. 

The ether was then removed and a little water added to 

the residue. The starting material was recovered un- 

changed. 
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Isonitroso methyl n -amyl ketone (3 g.) was dis- 

solved in 70 ccs. ether, 5 g. phosphorus pentachloride 

added, and the mixture refluxed on the water -bath for 

3 hours. A little solid material was filtered off and 

the ether solution evaporated to half its original vol- 

ume by evacuating in a desiccator. An equal volume of 

water was added, the mixture shaken up and the two layers 

'separated. The ether layer was dried over calcium 

chloride and the ether removed. A little oily sub - 

stance with a very pungent odour was obtained, which it 

was not found possible to identify. The water layer 

was evaporated to dryness and the oil obtained tested 

with a little piperazine in alcohol. A white solid was 

.obtained showing an acid to be present, but no definite 

melting -point could be obtained and the substance was 

not identified. 

It appeared from the results that a mixture of cord - 

pounds was formed, such as might result from the follovt- 

ing changes. 

H3.00.C.(CH2)3.CH3 PCI > CiI3.00.NH.00.(CH2)3.CH3 

ÑOH 
in ether 

H20 CH3 .000H + 0H3 ( CH2 ) 3C004 + NH3 . 

,0H 
CH3.00.C.(CH2)3CH3 CH3.CO.0 

ri 
!i 

NoN N.(CH2)3.CH3 

CH3 . C00.t1 + CH3 . ( CH2 3.N;,C 



104. 

S U M M A R Y . 

A comparative study of the reactivity of the 

a- methylene groups of various types of ketones towards 

nitrous acid has been carried out and an attempt made 

to explain the results so obtained on a basis of the 

electronic arrangement of the compounds concerned. 

A number of a-- diketones have been prepared by 

hydrolysis of the isonitroso- ketones (monoximes of 

diketones) by means of nitrous acid. One new diketone, 

acetyl valeryl was isolated and several derivatives 

were prepared. 

Diphenyl triketone was prepared in excellent yield 

by hydrolysis of isonitroso dibenzoyl methane with - 

nitrous acid. 

An attempt to prepare ninhydrin by hydrolysis of 

the p-oxime of 1:3 diketohydrindene with nitrous acid 

was unsuccessful the oxime being disrupted to give 

phthalic acid. 

In conclusion the author desires to express his 

thanks to Dr. E. B. Womack of Middlebury College, 

Vermont, U.S.A. at whose suggestion this work was 

carried out, and also to Dr. H. G. Rule under whom th 

work was completed. 


