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Isolation and Identification of Carbonyl Compounds Formed 
by Autoxidarion of Ammonium Linoleare 
H. T. BADINGS, 1 Laboratory of Technical Biology, Technical University, Delft, The Netherlands 

V ARIOUS STUDIES, involving the volatile decompo- 
sition products formed by autoxidation of edible 
fats and oils, have been carried out during the 

past few years. Among these products many carbonyl 
compounds have been identified (4, 7, 8, 9, 12, 14, 15, 
16, 19, 20, 21, 22). 

I t  is commonly accepted that  the autoxidation of 
noneonjugated unsaturated fa t ty  acids starts with the 
formation of a-methylene radicals and that  the hydro- 
peroxides produced in the so-called propagation stage 
decompose to form carbonyl compounds, keto acids, 
etc. As will be discussed later, these theories imply 
that  specific earbonyl compounds are to be expected 
as the (pr imary)  products of the decomposition of the 
hydroperoxides derived from a specific unsaturated 
f a t ty  acid. 

t towever too complicated a mixture of unsaturated 
fa t ty  acids has usually been studied. A mixture in- 
volves the production of a whole series of carbonyl 
compounds, each of which may have been formed in 
several ways. Swift, O'Connor, Brown, and Dollear 
(22) and Lea (17) have shown that  specific carbonyl 
compounds are to be expected and have, in fact, been 
found in autoxidizing systems containing linoleate. 

Using a method published by van Duin (11), we 
have studied the main carbonyl compounds produced 
af ter  a limited autoxidation of a system containing 
linoleic acid (in the form of ammonimn linoleate) as 
the only fa t ty  acid, with the object of discovering 
whether these carbonyl compounds in fact  were those 
to be expected on theoretical grounds. 

l~Iethods 
Autoxidation of Ammonium Li~oleate. Linoleic 

acid of a high degree of pur i ty  (prepared from the 
urea addition compound, giving 99.3% pur i ty)  has 
been used in the work described. A limited autoxida- 
tion was carried out according to a method described 
by Tappel (23). A solution of 0.02 N[. ammonium 
linoleate in 0.1 5I. of phosphate buffer of p i t  6.9, con- 
taining 10 -4 1Vi. CuS04 as a catalyst, was subjected to 
autoxidation in air at 37.2 ~ C., using a Warburg  ap- 

1 Present  address :  Netherlands Ins t i tu te  for D a i r y  I%esearch, N.I.Z.O., 
Ede, The Netherlands.  

paratus. After  an uptake of ~/~ tool. 02 per tool. of 
linoleate, the reaction was stopped. 

Concentration of Carbonyl Compounds. The car- 
bonyl compounds were collected by extracting the re- 
action mixture three times with 25 ml. of carbonyl-free 
benzene. This extract  was chromatographed, using a 
column of aluminum oxide containing 5% water ;  the 
oxidation products, such as acids and peroxides, were 
retained. In this way a benzene solution containing 
the carbonyl compounds free from acids, peroxides, 
etc., was obtained. 

Conversion into D.N.P.-Ones. The conversion of 
the carbonyl compounds into their D.N.P.-ones (abbr. 
for  2,4-dinitrophenyl hydrazones) was carried out 
by adding 0.5 g. of 2,4-dinitrophenyl hydrazine and 
2.5 g. of trichloroaeetic acid to the benzene solution 
and leaving the mixture in the dark at 20~ for 12 
hours. The reaction mixture  was shaken twice with 
5% sodium bicarbonate solution, then three times with 
water, and dried over anhydrous magnesium sulphate. 
The benzene was removed by distillation under  re- 
duced pressure and a temperature  not to exceed 30~ 
Final ly  the D.N.P.-ones were extracted from the resi- 
due with four 10-ml portions of earbonyl-free petro- 
leum ether (b.p. 60-80~ 

Separation of the D.N.P.-Ones. Separation and 
identification were carried out, using the method 
of van Duin (10, 11). 2 By part i t ion chromatog- 
raphy  on a column with nitromethane on silica gel 
as the immobile phase and petroleum ether (b.p. 
60-80~ as the mobile phase, a separation based 
on the chain length of the carbo'nyl compounds was 
carried out. The existence of a rect i l inear-relat ion 
between the logarithms of the retention volmes of the 
D.N.P.-ones of the single members of vario~as homol- 
ogous series of carbonyl compounds and the sequence 
of these members in these series was used for the deter- 
mination of their  chain length. 

A fur ther  separation of each fract ion from the par- 
tition column was necessary because D.N.P.-ones of 
different types of carbonyl compounds may possess 
the same retention volume in spite of a different chain- 
length. This was effected by van Duin (lot. cir.) by 

This method will be described in more detail in  a thesis which will 
be published in the near  future.  
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apply ing  adsorption chromatography  on zinc car- 
bonate columns. This method was used at first, but  
later  on the use of ehromatoplates,  made by apply ing  
a s lur ry  of zinc carbonate with 5% starch on a glass 
plate, was preferred.  Addit ion of pyr idine to the 
petroleum ether-benzene eluent gave an identification 
chromatogram because the eluted bands assumed char- 
aeteristic colors. 

The data  of par t i t ion  and adsorption separat ion 
combined with the determinat ion of U.V.-absorption 
spectra (5) enabled conclusive identifications to be 
made. 

R e s u l t s  

About  1 g. of linoleic acid was oxidized in the fo rm 
of ammonium linoleate and t reated as described in the 
preceding p a r a g r a p h  to yield the D.N.P.-ones which 
were subsequently separated and identified by using 
the methods mentioned. 

The results are summarized in F igure  1. I t  can be 
seen that  the D.N.P.-ones are mainly  concentrated 
into two bands on the par t i t ion column. When eluted 
on a ZnCO3-adsorption column, Band A appears  to 
consist of a sa turated n-aldehyde. The determinat ion 
of the U.V.-absorption spectrum in both ethanol and 
chloroform confirms this conclusion. The number  of 
carbon atoms in this sa tura ted  n-aldehyde is found by 
nlaking use of the recti l inear relation between the 
logari thms of the Rt-values of the D.N.P.-ones of the 
single members of the sa turated n-aldehydes and the 
sequence of these members in this series. F rom this 
we may  conclude that  Band A consists of the D.N.P.- 
one of n-hexanah 

In  the same way Band B of the par t i t ion  column 
has been studied. F u r t he r  separat ion on a Z n C Q -  

adsorption column shows tha t  this band consists of 
two D.N.P.-ones, namely, of an a/?-unsaturated 
aldehyde and of an a fl, y ~-di-unsaturated aldehyde. 
Determinat ion of the U.V.-absorption spectra in both 
ethanol and chloroform confirms this observation. By 
fo'llowing the same procedure as described for Band A, 
it is now possible to determine the number  of carbon 
atoms in these earbonyl compounds, using the relation 
of log Rt (Vs = 10) to n per ta in ing  to mono- and di- 
unsa tura ted  aldehydes, respectively. F r o m  this we 
can conclude tha t  Band B consists of the D.N.P.-ones 
of 2-oetenal and 2, 4-decadienal. 

Minor quanti t ies of other D.N.P.-ones were present,  
but  these have not been studied. 

D i s c u s s i o n  

The question arises whether the carbonyl  compounds 
found are those which, according to existing theories, 
are to be expected as major  oxidation products  of lino- 
leic acid. 

The mechanism which leads to the format ion of 
hydroperoxides as well as the dismutat ion of these 
products  to carbonyl  compounds is now well under- 
stood (1, 3, 13). The hydroperoxides are formed in 
a chain reaction of radicals, in which the methylene 
group adjacent  to the double bond is involved. In  the 
autoxidation of linoleate the C,l-methylene group is 
preferent ia l ly  involved in the chain reaction. The 
format ion of three isomeric hydroperoxideg is pos- 
sible (F igure  2). However  investigations by Cannon, 
Zileh, Burket,  and Dut ton (6) and Privet t ,  Lundberg,  
Khan ,  To lberg ,  and  W h e e l e r  (18) have  shown  
tha t  by fa r  the greater  pa r t  of the hydroperoxides 
formed (probably even 100%) consists of the hydro- 
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Fro.  3. D i smu ta t i on  o f  hydroperoxides.  

peroxides with conjugated double bonds. Various ex- 
planations are possible for this feature (1, 13). 

The disnlutation of the hydroperoxides may occur 
as shown in Figure  3 by Bell (2). According to reac- 
tion (a) of this scheme, we expect the formation of 
2,4-decadienal and hexanal as dismutation products  
of the conjugated hydroperoxides. Dismutation of the 
nonconjugated hydroperoxide would lead to the for- 
marion of 2-oetenal. However in the investigations 
mentioned above the presence of this hydroperoxide 
could not be demonstrated. 

I t  is possible that the no'nconjugated ROO.-radieal  
would be formed but because of its less stable configu- 
ration would either dismutate, leading to the forma- 
ion of 2-oetenal or change rapidly into its conjugated 
isomers. I t  is also possible that  2-oetenal is formed as 
a result of the decomposition of 2,4-deeadienal. Hence 
it is not clear how 2-octenal is actually formed. 

As has been stated in the introduction, Swift, 
O'Connor, Brown, and Dollear (22) and Lea (17) 
have shown that  specific earbonyl compounds are to 
be expected and have, in fact, been found in autoxi- 
dized systems containing linoleate. Swift, O'Connor, 
Brown, and Dollear (22) collected the steam-volatile 
products from autoxidized cottonseed oil. From this 
they isolated and identified n-hexanal, 2-oetenal, and 
2,4-decadienah As linoleie acid is a major  constituent 
of cottonseed oil, our experiments in a system with lin- 

o le ic  acid (in the form of ammonimu linoleate) as the 
only fa t ty  acid are a confirmation that  indeed the 
identified carbonyl compounds have been formed by 
autoxidation of linoleate. 

As far  as we know, there is no reason to suppose 
the existence o'f a different mechanism of autoxidation 
for  the ester and for the free acid although the rates 
of autoxidation will differ. 

Summary 
1. The isolation and identification of carbonyl com- 

pounds formed by autoxidation of pure ammonium 
linoleate (0.02 M. in water)  has been carried out. 

2. The autoxidation has been performed according 
to a method described by Tappel (23). A solution of 
0.02 M. ammonium linoleate in 0.1 M. phosphate buffer 
of p H  6.9, containing 10 4 M. CuS04, was subjected 
to antoxidation at 37.2~ 

3. The isolation and identification of the D.N.P.-ones 
of the earbonyl eompounds have been carried out, 
using a method of part i t ion and adsorption chroma- 
tography published by van Duin (10, 11). 

4. I t  was demonstrated that  the principal  com- 
pounds formed were n-hexanal, 2-octenal, and 2,4- 
deeadienal. 

5. The formation of these aldehydes is ful ly  in line 
with the theories of autoxidation of unsaturated fa t ty  
acids (1, 37 13) and of the dismutation of the hydro- 
peroxides formed (2). 
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