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The supposition that a-diketo compounds, as well as 
their probable intermediate precursors, the ~-hydroxy- 
keto compounds, may occur among the autoxidation 
products of fats has been discussed in recent publi- 
cations (11, 19). The tests developed by the author 
provide definite evidence for the occurrence in au- 
toxidized unsaturated fats of compounds containing 
either the a-diketo (C-CO-CO-C) or the a-ketoalde- 
hyde (C-CO-CO-H) group. These compounds appar- 
ently have fair ly long carbon chains. 

The tests are based upon the formation of the 
colored nickelous (7, 16), cupric (4, 1 6 ) a n d  bis- 
pyridine-ferrous (16) derivatives of the dioximes of 
the a-dicarbonyl compounds. The procedures are, in 
part,  similar to those used in certain methods for 
the determination of diacetyl, methylglyoxal and 
other homologous ~-diearbonyl compounds in which 
the compounds are converted to the corresponding 
nickelous (1, 12, 13, 18) and diammino-ferrous (13, 
14) derivatives of their  dioximes. Each of the new 
tests involve, (a) t reatment  of the fa t ty  material 
with a reagent containing hydroxylamine, (b) fixa- 
tion of the excess hydroxylamine with acetone, (c) 
addition of the proper  heavy metal ion together with 
certain auxiliary reagents, and (d) extraction of the 
metallic derivative of the dioximes into a clear or- 
ganic solvent phase. Metallic derivatives of the diox- 
imes of a-diearbonyl compounds which contain fair ly 
large alkyl groups are generally quite soluble in 
benzene and other organic solvents. Dilute solutions 
of the nickelous, cupric and bis-pyr id ine-fer rous  
derivatives of such dioximes in organic solvents are 
colored, respectively, yellow, yellowish olive (or or- 
ange in some eases) and red. Solutions of n[ckelous 
derivatives of homologous dioximes have been re- 
ported to exhibit similar absorption spectra (17). 

Autoxidized unsaturated fa t ty  m a t e r i a l s  w e r e  
found to give definite tests for the presence of a-di- 
carbonyl compounds when tested directly or when 
tested after  prel iminary treatment w i t h  f e r r o u s  
chloride to destroy preformed peroxides. The fresh 
fa t ty  materials did not respond to any of the tests 
for the presence of a-diearbonyl compounds. 

The application of the proposed tests may provide 
useful information in regard to autoxidation of f a t s  
and related phenomena. In view of the recognized 
reactivity of a-dicarbonyl compounds, it would not be 
surprising if such compounds exerted activities, possi- 
bly including physiological activity, in addition to 
their suggested rSle (8, 11, 19) of impart ing yellow 
color to autoxidized oils. Since it has been reported 
(10, 15) that diacetyl added to but ter  fat  promoted 
autoxidation, it might be expected that  a-dicarbonyl 
compounds formed during autoxidation might act 
similarly to autocatalyze the oxidation. 

1 This  investiga~ion was aided by the J o n a t h a n  Bowman  l~und for 
Cancer  Research.  

2 Presen t  address :  The Borden  Company Research Divis ion,  Bain-  
bridge, N. Y. 
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Procedure  

About 0.5 g. of fa t ty  material was weighed into a 
test tube for each individual test. Two methods of 
oximation, designated as the "py r id ine  method"  a n d  
the "ace ta te  method,"  were employed for  the con- 
version of any fa t ty  a-dicarbonyl compounds to their 
dioximes. For  the "p y r i d i n e  method,"  2 ml. of a 
freshly prepared 3 per cent solution of hydroxyl- 
amine hydrochloride in pyridine was added to each 
test tube containing a sample to be tested. The tubes 
were then heated for two hours in a bath maintained 
at 80 ° C., and after  cooling, 0.3 ml. of acetone was 
added to each tube and the mixture allowed to stand 
for five minutes before proceeding with the subsequent 
steps of the tests. For  the "ace ta te  method ,"  2 ml. 
of a 3 per cent solution Of hydroxylamine hydrochlo- 
ride in absolute ethanol and 1 ml. of a 10 per cent 
solution of potassium acetate in absolute ethanol were 
added in place of the pyridine solution of hydroxyl- 
amine hydrochloride, otherwise the t reatment  was the 
same as outlined above. 

For  the purpose of determining whether formation 
of hydroxamic acids (R-CO-NIIOH),  part icularly the 
higher members, accompanied the above oximation 
reactions, the ferric chloride test (5) for hydroxamic 
acids was modified in the respect that the red colored 
ferric derivative formed from higher hydroxamic 
acids was extracted from the reaction mixture  (the 
mixture being slightly acidic to Congo red) into a 
benzene phase. This procedure was found applicable 
in trials with reference hydroxamic acids Prepared 
(5) from ethyl laurate and ethyl stearate. By use of 
this modified test appreciable  amounts of higher hy- 
droxamie acids were found in the products obta:ined 
when autoxidized fats were treated by either of the 
two oximation methods, but little or none was found 
in the products from similarly treated fresh fats. 
Obviously, it was necessary to include measures in 
the following steps of the tests for a-dicarbonyl com- 
pounds to prevent interference by metallic derivatives 
of hydroxamic acids. Addition of tar t ra te  and an 
alkali served this purpose and also prevented inter- 
ference by extractable colored metallic salts of free 
fa t ty  acids a s  well. 

The  reagents used in the various tests, both on the 
oximated fa t ty  materials and on known reference di- 
oximes, are shown in Table I. When a given reagent 
was used in a test i t  was added in the amount indi- 
cated in the table and the mixture shaken thoroughly. 
When a metallic derivative was extracted into a ben- 
zene phase the addition of a few drops of n-butanol 
served to break any emulsion which formed. Blank 
tests omitting the heavy metal salts, as well as others 
omitting the oximation, were performed on each ma- 
terial tested. 

In order to compare the tests obtained with the 
oXimation products of the unidentified ~-diearbonyl 
compounds present in autoxidized fats, similar tests 
] 



108 OIL & SOAP, J U N E ,  1942 

were made with several  known dioximes. For  this 
purpose the di0ximes of di-n-butyryl  (13), acetyl- 
caproyt  and n-amylglyoxal  (13) were used. Solutions 
were prepared  by dissolving one millimole of a refer-  
enee dioxime in 100 ml. of ethanol and diluting to 
one liter with water.  

T A B L E  I 

Test Reagents~ 

Concentration Q u a n t i t y  
R e a g e n t  g ,  c o m p o u n d  u s e d ,  

i n  1 0 0  m l .  m l .  
o f  w a t e r  

6 0  
C o n c .  

5 
5 
5 

2 0  
8 

1 0 0  

1 
2 
1 
1 
1 
1 
3 
4 
2 
3 
2 

5 - 1 0  

T a r t r a t e  ( R o c h e l l e  S a l t )  . . . . . . . . . . . . . . . . .  
A m m o n i u m  H y d r o x i d e  . . . . . . . . . . . . . . . . . . . .  
N i c k e l  C h l o r i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o p p e r  S u l f a t e  . . . . . . . . . . . . . . . . . . . . . .  , .......... 
Ferrous S u l f a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o d i u m  A c e t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o d i u m  B i c a r b o n a t e  . . . . . . . . . . . . . . . . . . . . . . . . .  
Potassium Hydroxide ........................ 
Pyridine ( p u r e )  . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . .  
E t h a n o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B (~nzene  ........ ,, . . . . . . . . . . . . . . . . . .  ~ . . . . . .  q .... . . . .  
W a t e r  ( f o r  d i l u t i o n )  . . . . . . . . . . . . . . . . . . . . . . . .  

1 T h e  r e a g e n t s  f o r  t h e  o x i m a t i o n  r e a c t i o n s  a r e  g i v e n  i n  t h e  t e x t .  

Nicketous Derivative of Dioximes. Addit ion of 
nickel chloride and sodium acetate to small amounts 
of each of the reference dioxime solutions produced 
the corresponding niekelous derivatives. On dilution 
with water  and shaking with benzene, yellow colored 
solutions of the niekelous derivatives in the benzene 
phases were obtained. When tar t ra te ,  ammonium 
hydroxide, or pyridine, or any combination of these 
was added the intensity of the colors of the benzene 
extracts was unaffected. 

Nickel chloride, ta r t ra te  and ammonium hydroxide 
were added to fa t ty  material  that  had been oximated 
by one or the other  method, af ter  which the mixture  
was diluted with water  and shaken with benzene. 
This test for  the presence of a-dicarbonyl compounds 
was considered positive if the benzene phase showed 
a yellow color similar to that  observed in the case of 
the reference dioximes. 

Cupric Derivative of Dioximes. Addition of cop- 
per sulfate and either sodium acetate or pyridine to 
each of the reference dioximes, dilution with water  
and extraction with benzene yielded benzene layers 
that  were colored in each case by the extracted cupric 
derivative. Di-n-butyryl  dioxime gave rise to a yel- 
hlwish olive colored extract  while the other two diox- 
imes gave rise to orange colored extracts. Addition 
of ta r t ra te  and ammonium hydroxide to each of these 
specimens and shaking of the mixtures (a measure 
which would often be necessary in tests on fats  in 
order to remove the blue copper derivatives of hy- 
droxamic acids (5) f rom the benzene layers) caused 
some reduction in the intensity of the colors of the 
benzene phases owing to the relative instability (4, 
16) of the cupric derivatives of these fa i r ly ,  low 
molecular weight dioximes. I t  appears  that  m a 
series of dioximes, increase in molecular weight may 
be a factor  in causing increased stabili ty of the vari-  
ous metallic derivatives. 

Pyr idine was added to each sample of f a t ty  mate- 
rial  oximated by the "ace ta te  m e t h o d "  and ethanol 
was added to each sample oximated by the " p y r i d i n e  
method . "  Copper sulfate was then added to each 
specimen followed by the addition of sodium bicar- 
bonate, af ter  which the mixtures  were shaken with 
benzene and diluted with water. In  some of the posi- 

tive tests the benzene phases immediately showed a 
yellowish olive color similar to that  obtained with 
di-n-butyryl  dioxime. However, in many  eases the 
benzene phases were colored bluish or greenish, and 
in these la t ter  eases addition of t a r t ra te  and amino- 
nium hydroxide and shaking of the mixtures  usually 
removed the blue or green compounds f rom the ben- 
zene phases leaving, in the positive tests, the eharac- 
teristie yellowish olive color in the benzene phase. 

Bis-pyridine-f errous Derivative of Dioximes. Addi- 
tion of pyridine,  t a r t ra te  and ferrous sulfate to each 
of the reference dioximes, followed by the addition of 
sodium bicarbonate to neutralize any acid, p r o d u c e d  
intensely red colored derivatives which were easily 
extracted by benzene. 

Addit ion of an excess of saturated potassium by- 
d roxide to a mixture  consisting of the dioxime of a 
reference a-diketone, pyridine,  t a r t ra te  and ferrous 
sulfate caused the salting out of a pyridine l aye r  
containing the red dioxime derivative which was 
formed. When applied to fats this lat ter  proeedure 
avoids interference by the similarly colored ferric de- 
rivatives of hydroxamie acids (presence of ferric iron 
is unavoidable) ,  which are not completely decomposed 
by t reatment  with any less alkaline reagents. 

Tar t ra te  and ferrous sulfate were added to fa t ty  
materials  oximated by the " p y r i d i n e  me thod"  fol- 
lowed by the addition of saturated potassium hydrox- 
ide which was added slowly and with shaking. In  the 
positive tests the pyridine layers developed red colors 
similar to those obtained with the similarly t reated 
reference dioximes. 

This procedure provides a very sensitive test for the 
presence of a-diearbonyl compounds in fats. t towever,  
when applied to materials  oximated by the "ace ta te  
m e t h o d "  and followed by later addition ~)f pyridine,  
the presence of too much ethanol makes the salting 
out of a pyridine layer unsatisfactory.  

Results of the Tests on Some Autoxidized and 
Fresh  Fat ty  Materials 

Table I I  summarizes the results of the several tests 
for the presence of a-diearbonyl compounds in fa t ty  
materials.  In  all eases the blank tests showed no color 
or only the slight color at tr ibutable to the fat  itself. 
All of the unsa tura ted  materials which had become 
autoxidized through heating and aeration, or through 
long storage, gave evidence of containing a-diear-  
bonyl compounds through the format ion of the three 
types of metallic derivatives. The corresponding fresh 
materials  did not respond to any of the tests. The 
relative intensities of the tests are indicated. Com- 
parisons of the colors obtained with fats  and those 
obtained with known amounts of di-n-butyryl  dioxime 
makes possible estimates of the molecular concentra- 
tion of the a-diearbonyl compounds, if  it is assumed 
(a) that  the oximation leads to the quanti tat ive pro- 
duetion of anti-dioximes (6, 7), and (b) that  solutions 
of the same molar i ty  with respect to a given type of 
metallic derivative of the anti-dioximes of different 
a-diearbonyl compounds exhibit approximate ly  the 
same intensity of color. On the basis of these assump- 
tions most of the autoxidized materials  appeared to 
contain the equivalent of 20 or more millimoles of an 
a-diearbonyl compound per kilogram. 

Because the final reaction mixtures  were alkaline, 
those compounds which contain an acidic group in 
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addition to the a-diearbonyl group were not able to 
form extractable metallic derivatives. Besides the 
a-dicarbonyl compounds, there are a few other types 
of compounds (3, 6), which af ter  oximation can also 
form certain metallic derivatives, but  the possibility 
that  these lat ter  compounds were responsible for the 
colors produced can be reasonably excluded. 

TABLE I I  
ReSults of the Several 'Pests for a-Dicarbonyl Compounds Obtained 

With Some Fatty Materials 1 

Fat  
e.r 

ester  

Ethyl 
Steara te  
E thyl 
Linoleato 
Corn 
Oil 
(Refined) 

Cottonseed 
Oil 
(Refined) 
Olive 
Oil 
(Pure)  
Lard  

Condi-  
t ion 
or 

treat- 
m e n t  ~ 

Oximated by Oximated by 
" P y r i d i n e  method"  " A c e t a t e  method"  

Metallic derivatives 

Ni 3u 

F r e s h  0 
I 0 

Fresh1 _ ~  4 

F r e s h  
1 ++ 
I I  + +  
Iii + + ~  

Fresh  
i ++ 
11 I_ ++_ 

¥~sh + i  

F r e s h  
IV  

0 
0 

++ 
5- 

++ 
++ 
+ +  

0 
++ 
++ 

0 %+ 
0 

++ 

Fe'-  Ni 
2 pya 

O 0 
0 O 

O - - -  0 
+ + +  + + +  

o 
++ + 
++ ++ 

--*o + + +  
++  ++ 
% +  ++  

O 0 +LL +$ 
+ +  

Cu 

0 
0 
O 

+ + +  
0 

++ 
++ 

? 

0 

+ +  
0 
? 

+ 
0 

++ 

On the basis of the comparisons with the colors produced with a 
reference dioxime, thepos i t ive  results are expressed in telan s of the 
apparent  number of millimoles per kilogram as follows: 

-4- ~ about 10 to 20; + +  = 20 to 30; + + +  -7- 30 to 40. 
The treatments were as follows: 

I - - H e a t e d  at 100 ° C. for 20 hours  w i t h  constant aeration. 
I I - - A g e d  at ordinary room conditions for a year or move. 

I I I - - A g e d  oil further treated as in I. 
I V - - H e l d  at 37 ° C. for two months. 

a F e .  2Py ---- Bis-pyridine-ferrous. 
4 In  this case the test was definitely positive but the red colored de- 

r ivat ive  did not  dissolve in the  pyridlne phase but collected at the inter- 
face. Since the oil was very viscous, it is possible that the a-dicarbonyl 
Compound was present in the form of a polymerized substance. 

Tests on Fatty Materials with Previous 
Destruction of Peroxides 

I t  was considered important  to determine whether 
the peroxides present in autoxidized fats  might  oxi- 
dize hydroxylamine to nitrous acid or to the nitr0syl 
radical  (2), which in turn  might react with com- 
ponents other than a-dicarbonyl compounds to br ing 
about the formation of a dioxime capable of respond- 
ing to the tests. Fer rous  chloride and other ferrous 
salts are known to decompose true peroxides (20, 21). 
For  the destruction of peroxides, 50 ml. of absolute 
ethanol, 2 ml. of glacial acetic acid and 2 g. of ferrous 
chloride were added to a 2 g. sample of fa t ty  mate- 
rial and the mixture  was refluxed for an hour. Af te r  
dilution with 300 ml. of water  and extraction with 
peroxide-free ether, the ether extract  was fitered and 
washed with 5 per cent sulfuric acid, then with 5 per  
cent phosphoric acid, and finally with water.  When 
autoxidized materials which had been thus t reated 
were tested for  peroxides by the method of French 
et al. (9),  the tests were found to be negative. Ali- 

quots of the ether solutions were evaporated to remove 
the solvent and the various tests for  a-dicarbonyl 
compounds performed.  The intensities of the colors 
produced were approximate ly  the same as those ob- 
tained with the corresponding materials  f rom which 
peroxides had not been removed. I t  was assumed 
therefore, that  the action of peroxides was not re- 
sponsible for  the observed color formation,  and it 
may be concluded that  the method actually is a test 
for  the presence of ~-dicarbonyl compounds in autoxi- 
dized fats. 

S u m m a r y  

Tests have been devised for  detecting a-dicarbonyl 
compounds in autoxidized fats. The tests are based 
upon the conversion of the a-dicarbonyl compounds to 
their dioximes, formation of the ifickelous, cupric and 
bis-pyridine-ferrous derivatives of the dioximes, and 
extraction of these colored metallic d ioxime deriva- 
tives into organic solvent phases. 

The presence of a-dicarbonyl compounds in a num- 
i)er of autoxidized fa t ty  materials  h a s  been demon- 
s t rated by these tests. 

Peroxides in autoxidized fa t ty  materials  could be 
destroyed by t rea tment  with ferrous chloride without 
destruction of a-dicarbonyl compounds. 
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