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R E C E N T L Y  a2-undecenal  was shown to be a 
decomposition product  of methyl  hydroperoxido 
oleate (1). Assuming that  methyl  hydroperoxido 

oh,ate is a pro to type  of the hydroperoxides  formed 
when fats  oxidize, A~-unsaturated aldehydes, such as 
A"-undecenal and its analogs and homologs, should be 
among the constituents of oxidizing fa ts  systems. The 
present  repor t  represents an extension of previously 
repor ted work and is concerned especially with the 
val idi ty  of the above-ment ioned premise and the 
ident i ty  of the aldehydes produced dur ing the au- 
toxidation of cottonseed oil. The results repor ted 
here indicate that  dur ing the oxidation of this oil the 
unsa tura ted  and sa tura ted  aldehydes, A2:~-deeadienal, 
• and hexanal, are produced. 

E X P E R I M E N T A L  

Preparation and Fractionation of Semicarbazones of 
Carbonyl Compounds Produced During the 

Oxidation of Cottonseed 0il 
Ten kg. of refined cottonseed oil was heated at ca. 

70~ and aerated by  bubbl ing  air  through it unti l  
the oil a t tained a peroxide value of approximate ly  
250, a f ter  which it was heated to 100~ and steam 
distilled to decompose the peroxides and to separate  
volatile carbonyl  c o m p o u n d s .  The peroxide value 
was reduced to ca. 120 dur ing the steam distilla- 
tion. About  3 1. of s team distillate was collected in 
a receiver containing 5 g. of semicarbazide hydro-  
chloride and 7.5 g. of sodium acetate. The mixture  
in the receiver was allowed to stand overnight,  where- 
upon 1.2 g. of semicarbazones crystallized and was 
separated by  filtration. Another  f ract ion consisting 
of 1.0 g. of semicarbazones was extracted f rom the 
filtrate with chloroform. 

A 10-kg. batch of cottonseed oil was al ternately 
oxidized and steam distilled f rom two to five times�9 
Yields of the corresponding c r y s t a l l i z e d  and ex- 

�9 P r e s e n t e d  b e f o r e  t he  2 2 n d  F a l l  M e e t i n g  of  t h e  A m e r i c a n  Oi l  Chem-  
i s t s '  Soc ie ty ,  New Y o r k  Ci ty ,  N o v e m b e r  1 5 - t 7 ,  ] 9 4 8 .  

O n e  of  t h e  laborator ies  of  t h e  A g r i c u l t u r a l  R e s e a r c b  A d m i n i s t r a t i o n .  
B u r e a u  of  A g r i c u l t u r a l  a n d  i n d u s t r i a l  C h e m i s t r y ,  U .  S.  D e p a r t m e n t  of  
A g r i c u l t u r e .  

t racted fract ions (Frac t ions  1 and 2, respectively) 
were combined. The characterist ics of these fract ions 
are shown in Table I. The above-described method 
was modified dur ing  the p repara t ion  of F r a c t i o n  
lAy ,  which will be discussed later. Dur ing  the prep-  
arat ion of the la t ter  f rac t ion  an atmosphere of car- 
bon dioxide was main ta ined  ill the steam distillation 
appara tus .  

Frac t ion  1 was separa ted  into several fu r the r  frac-  
tions by  crystall ization f rom ethanol as follows: 6.5 g. 
of the mixture  was dissolved in 130 ml. of ethanol�9 
Af te r  the solution had been allowed to stand for  30 
minutes, it was filtered and a f ract ion consisting of 
].6 g. of crystall ine scmicarbazones (Frac t ion  1A) 
was s e p a r a t e d .  The filtrate was allowed to stand 
for  several hours at  room tempera tu re  and a second 
fraction, consisting of 2.1 g. of semicarbazones, was 
separated.  Wate r  (100 ml.) was added to the fil- 
trate,  and the solution was mainta ined overnight  at 
0~ whereuporl 2.0 g:. of semiearbazones (Fract ion 
1B) separated.  The melt ing points, spectral  absorp- 
tion, and composition of Fract ions  1A and I B  are, 
shown in Table 1. 

Identification of Aldehydes from the 
Fractionated Semicarbazones 

Fract ionat ion of the semicarbazones produced ap- 
preciable separation as indicated by  the absorption 
spectra  and  compositional data  for  F r a c t i o n s  1A, 
1B, and 2 (Table 1). The differences in the absorp- 
tion spectra and composition reflect the differences 
in s t ructures  and chain lengths, respectively, of the 
components of these fractions.  As will be shown later  
the s t ructure  of the pr incipal  aldehydic component  of 
each fract ion of semicarbazones was determined on the 
basis of its absorpt ion spect rum and that  of its semi- 
carbazone, and chain length was determined b y  con- 
version to and identification of the c o r r e s p o n d i n g  
n-al iphatic-2,4-dinitrophenylhydrazone.  

a~:4-Decadienal, Component of Fraction 1A: Two 
crystall izations of Frac t ion  1A (1.5 g.) f rom ethanol 
yielded 0.2 g. of a p roduc t  (Frac t ion  l a x )  which 
had the propert ies  shown in Table 7. To supplement  

T A B I . E  I 

Character i s t ics  of  F r a c t i o n s  of S e m i c a r b a z o n e s  

F r a c t i o n  No. M . P .  
~  

S p e c t r a l  a b s o r p t i o n ,  e x t i n c t i o n  coeff icients ,  

M a x i m u m  
mbr 

.E g . / l ,  at. m a x i m a  l ClTI, t 

]~'Zlem.g'/l" MaximUmrng 

1 1 7 . 9  2 9 0 - 2 9 1  
1 1 9 . 1  2 9 3 - 2 9 4  
�9 . . . . . . .  2 9 3 - 2 9 4  
.... . . . .  2 9 4 - 2 9 5  

147 .0  ........ 
71 .0  ........ 

'2!}7 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . .  148-152  265  
I A  .......................... , 160 -162  2 6 6  
l A x  ........................ : 1 7 8 - 1 7 9  ........ 
l a y  ........................ ', 181 -183  ........ 
113 156 -160  2 6 4 - 2 6 5  
:::::::::::::::::::::::::::: 85-100 229-2~0 

1 S h o u l d e r  of  a b s o r p t i o n  m a x m m m .  
2 C a l c u l a t e d  fo r  s e m i c a r b a z e n o  of  A-~ 
z C a l c u l a t e d  fo r  semic . a rbazone  of  AZ-octenal. 
4 C a l c u l a t e d  fo r  s e m i c a r b a z o n e  o f  b e x a n a l .  

E g' /]" 
1 e r a .  

4 9 . 4  ~ 
86.1 

162 .7  
198 .5  

F o u n d  

Cam  ~osi t ion 

I H y d r o -  [ Ni t ro -  
C a r b o n  g e a  I gen  

9 o 2 1 . 6  
61 .3  �9 2 0 . 6  
61 .9  9.1 20 .4  
62 .6  9.0 , 20 .3  
59 .1  9 .0  [ 22 .5  
54.1 9 .4  [ 26 .0  

C a l c u l a t e d  

[ H y d r o - '  Ni t ro -  
- - . . . - ~ - . .  C a r b o n  % I gen  ] gen  % % 

63.12 9.1 20 .1  
59.03 i 9.3 23 .0  
54.14 I 9 .6  26 .8  
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FIO. 1. Ultraviolet spectral absorl)tion of aldehydes. (5.1ryes 

A and B represent hydrolysis products of Fractions IB (-~'-'- 
octenal) "~nd lAy (,A':'-de(,adiemd). 

the small amount  of Fract ion  l a x  wl}ieh was avail- 
able, an additional,  corresponding fract ion (Fract ion 
l A y )  was prepared.  ] )ur ing the prepara t ion  of Frac-  
tion l A y  an atmosl)hcrc of carbon dioxide was used 
to protect  tile carbonyl  compounds, especially dur ing 
the initial steam distillation. 

As shown in Table I, the absorpt ion spectra  of 

Fract ions  l A x  and l A y  exhibited maxima at 293-2!}4 
m~ and 294-295 m~ and extinction coefficients, E ~'/L 1 CIll. 
at  these maxima of 162.7 and 198.5, r e s p e c t i v e l y .  
Apparent ly ,  the p repara t ion  of Frac t ion  l a y  under  
an atmosphere of carbon dioxide yielded a product  
of higher puri ty .  As indicated in Table l I, Fract ion 
l a y  had an absorpt ion spectrum corresponding to 
that  of a semicarbazonc of a • (or a dicnone 
with an equivalent trienc s t ructure) ,  based on the 
data of Evaus and Gillam (2) whose results indicate 
that  these compounds exhibit absorpt ion at 301 .+_ 
8 m/~. 

A portion (0.1 g.) of Fract ion  ] A y  was hydro- 
lyzed in 4% hydrochloric acid. The spectrum of the 
regenerated ahlehyde (Figure  1) exhibiled a maxi- 
mum at  273-274 m~ and an extinction coefficient, E g/1- l(:m, 
(273-274 m~) ---- 170.6. As shown ill Table I I ,  the ab- 
sorption of the regenerated aldehyde corresponds to 
the absorption of a A'~:4-dienal, likewise based on the 
data of Evans and Gillam (2) whose results indicate 
that  absorpt ion at ca. 270 m~ is c h a r a c t e r i s t i c  of 
A'-':~-dienals (such as • 

A port ion (0.15 g.) of Fract ion l A y  was hydrogen- 
ated in ca. 20 ml. of ethanol using pal ladimn (0.1 g.) 
as catalyst.  The catalyst  was separated by  filtration, 
and the filtrate was heated to boiling with sufticient 
2,4-dinitrophenylhydrazine to produce a s a t u r a t e d  
solution. Two drops  of concentrated hydrochloric 
acid was added, and the solution was boiled for  ca. 
2 minutes. The solution was allowed to cool where,- 
upon a yellow p r e c i p i t a t e  of 2, 4- dini trophenylhy- 
drazone separated. Af te r  two crystallizations from 
ethanol the precipi tate  was analyzed. As shown in 
Table I I I  the composition corresponds to the 2,4-di- 
n i t rophenylhydrazone of d e c a n a l ,  C~,I[,_,4N,O,. It 
melted at 101.0-101.5~ and a mixture  of the prod- 
uct with an authentic  specimen of the 2,4-dinitro- 
phenylhydrazone of decanal melted at 101.5-104.0~ 

A'-'-Octcnal, a C o m p o n e n t  of  F r a c t i o n  1 B :  As shown 
in Table I and Figure  2, the absorpt ion Sl)e('trum of 
Fract ion 1B exhibited a maximum at  264-265 m/~ 
and an extinction cocffieient, E ~/L (264-265 m / ~ ) ~  

1 C 111. 

147.0. The absorption of Fract ion IB  at 264-265 m/~, 
as indicated in Table II ,  corresponds to the absorl)- 
tion of the semicarbazones of A"--cnals or -enones hav- 
ing an equivalent dicne s t ructure  which according to 
the data of Evans  and Gillam (4) exhibit  character- 
istic absorption at 267 _+ 7.5 m/~. 

A l:)ortion of Fract ion 1B was hydrolyzed in 4% 
hydrochh)rie acid and the regenerated aldehyde was 
recovered. The absorI)tiou spectrum of the ah]ehyde 
exhibited a l n a x i m u m  at 216-217 m/~ (Figure  1) 
which is in the region, 220 _+ 5 m/~, of the absorption 
of •  (4). A comparison of the I)ositions of the 
maxima of these aldehydes is shown in Table II .  

A port ion (0.3 g.) of Fract ion 1B was dissolved 
in 20 ml. of ethanol and hydrogcnate(l with palla- 
(lium (0.2 g.) as catalyst.  The catalyst  was removed, 
and the h y d r o g e n a t e d  semiearhazone was treated 
with 2,4-dinitrophenylhydrazine as described in ttle 
case of Fract ion lAy .  Af te r  several reerystalliza- 
tions the derived product  melted at 99~176 ', . I t  
was identified as the 2,4-dinitrophenylbydrazone of 
octanal on the basis of its composition which corre- 
sponded to C,,~I[.,oN~O~. When mixed with an au- 
thentic specimen of the 2,4-dinitrophenylhydrazonc 
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TABLE I [ 
Spectral Absorption of Semiearbazones and Regenerated Aldehydes 

] ) r o d u c t  

. 

F r a c t i o n  l a y .  .................................................................. 
Aldehyde r egene ra t ed  f rom F r a c t i o n  l A y  ....................... 
F r a c t i o n  I B  ..................................................................... 
Aldoi~y(Ic r egene r a l ed  f rom F r a c t i o n  I B  ......................... 
F r a c t i o n  2 ........................................................................ 

S p e c t r a l  a b s o r l ) t i o n  a t  
position of maximum 

:Maximum E g./L 
in,//, i c m. 

2 9 4 - 2 9 5  1 9 8 . 5  
2 T 3 - 2 7 4  17{) .6  
2 6 4 - 2 6 5  1 4 7 . 0  
2 1 6 - 2 1 7  . . . . . .  
2 2 9 - 2 3 0  7 1 . 0  

1 S l ) e c t r u m  of  a n  a u t h e n t i c  s p e c i m e n  of  h e x a n a l  s e m i c a r b a z o n e .  

Type of aldehyde based on sl)ee~ral absorption 

Posi t ion  of 
Compound maximum, 

m/z 

S e m i e a r b a z o n e  of  AC:4-(l ienal 3 0 1  -4- 8 
A ~ : a - D i e n a l  c a .  2 7 0  
Semicarbazone of A'2-enal 267 • 7.5 
A e - E n a l  2 '20 + 5 
S e m i c a r b a z o n e  of  h e x a n a l  1 2 2 9 -  2 3 0  

R e f e r e n c e  

(2) 
(2) 
(4) 
(a) 

of oetanal (m.p. 106~ the mixture  melted at 104 ~ 
106~ These data are shown in Table ] l I .  

Hexanal, a Compo~ent of Fraction 2: The data 
shown in Table I indicates tha t  Frac t ion  2 had a 
composition which corresponded to C7II,5ON3 and an 
absorpt ion spectrum (Figure  2) which exhibited a 
maximum at  229-230 mt~ and an extinction coefficieut, 
E~./1. (229-230 mt~) = 71.0. This spectrum, as indi- 

1(111. 

eated in Table ][,  corresponded to the spec t rum of 
an authentic specimen of the semicarbazone of hex- 
anal which exhibited a maximum at  229 m~ and an 
extinction coefficient, E ~./L (229 m~) = 78.0. 

I enl, 

A sohltion of 0.5 g. of Fraction 2 in ethanol was 
treated with 2,4-dinitrophenylhydrazine as previously 
described in the case of Fraction lay .  After several 
reerystallizations the reaction product melted at 102 ~ 
I03~ and was ideutifled as the 2,4-dinitrophenylhy- 
drazone of hexanal on the basis of the correspondence 
of its composition with C~II~N404. Mixed with an 
authentic specimen of the 2,4-dinitrophenylhydrazone 
of hexanal it melted at 102~176 These data are 
shown in Table Il l .  

Discussion 

In relating present and previous results reported 
in this series of communications to the oxidation of 
fats, it is recognized that the nature of the oxidation 
products which are formed depends to some extent 
on the method of oxidation. Previous investigators 
(5) have identified a series of oxidation products 
from oxidized fats consisting of hexanal and a num- 
ber of other aliphatie aldehydes to which the odors 
and flavors of rancid fats have often been attributed. 
In the present investigation several unsaturated, but 
only one saturated aldehyde, namely, hexanal, ap- 
peared to be present in oxidized cottonseed oil. The 
fact that a relatively simple mixture of aldehydes was 
obtained may be attributed to the fact that they were 
isolated before they had undergone fission, further 
oxidation, polymerization, or condensat ion which 
might occur under other experimental conditions or 
during long periods of storage. 

Origin of A'~:4-Decadienal, K~-Octenal, and Hexanal : 
Linoleie acid is the pr incipal  f a t ty  acid consti tuent 
of cottonseed oil as well as the most readi ly  oxidized 
eomponcnt  of the oil. Oxidized linoleic acid, or spe- 
cifically its hydroperoxides,  represent  the probable  
precursors of the thrce aldehydes which have been 
identified. Bolland (6) and BergstrSm (7) have re- 
ported tha t  the hydroperoxides of methyl  linoleate 
comprise a mixture  containing a large propor t ion of 
the methyl  esters of •176 ( I )  and 
A~*:u-13-llydroperoxido ( I I )  octadecadienoic acids. In  

addition, Bolland has proposed that  the methyl  ester 
of Ag:'2-11-hydroperoxido oetadecadienoic acid ( I I I )  
is one of tile hydroperoxides  of methyl  linoleate, but  
this was not confirmed in Bergs t rSm's  investigation. 
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:FIG. 2. Ultraviolet  spectral absorpt ion  of scnlical'])azone frac- 
tions. Curves A, ]~, and C represent  Fract ions  ~No. 2 (hcxanal ) ,  
1B (A-~ and l A y  (A":'-decadicnal). 



3 0 0  T H E  J O U R N A L  OF T H E  A M E R I C A N  OIL C I I E M I S T S '  S O C I E T Y ,  , J U N E ,  1 9 4 9  

Semica rbazone  

A l d e h y d e  
F r a c t i o n  e o m p o n e n t  

No. ident i f ied 

Procedure of 1 
ident i f icat ion  M . P .  

~ 

- - -  101.0- Scmica rbazone  h y d r o g e n a t e d ,  
eonver ted  to 2 ,4 -d in i tropheny l -  101.5 I 

TAB]~E I I I  

Ident i f i ca t ion  of 2 , 4 - I ) i n i t r o p h e n y l h y d r a z o n e s  P r e p a r e d  from S e m i e a r b a z o n e a  

Character i s t i c s  of 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e s  of s a t u r a t e d  a ldehydes  

Comlmsit ion 

Mixed  
m. p. 

~ Carbon % 

57.0 

F o u n d  Calculated 

l tydro-  Nitro- t tyd:o-  
gen Carbon gen g e n  % 

7.1 

M. p. t  
au thent ie  
s p e c i m e n  

% % t% 

1 Ay AU :i- 
D e c a d i e n a l  

1B A:-Octenal 

2 n o x a n a l  

16 .6  57.1 7.0 

18.0 54.6 6.6 

20.1 51.4 5.7 

103.5- 101.5- 
104.0 104.0 

h y d r a z o n e  of decana l  I 
S e m i c a r b a ~ o n e  h:r ] 99- ] 106 104- 54.9 6.5 

conver ted  to 2,4-dini t rophenyl-  ] 101 I 106 
h y d r a z o n e  of  octanal  I t 

Semica rbazone  converted  to I 102- I 104 lO2 51.8 5.7 
2 ,4 -d in i l rophen  y lhyd  razono I 103 I 104 
r,f h e x a n a l  [ I 

Nitro- 
gen 
% 

16.7 

18.2 

2o.0 

t Melt ing  po ints  of 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e s  of decanal ,  octanal ,  and  h e x a n a l  reported  to be 104 'C., 106~ and  1()4~ respect ive ly  (3 ) .  

O 
I .  C H $ ( C ~ ) 4 C H  "- CH - OH �9 C~ - CH(CH2)7COOR 

H 
O 
0 

I I ,  CH3(C h ) 4 C H  - GH " CH - CH �9 CH(CH 2)TCOQR 

III. 01Ls(CH2)4CII " OH - OH - OH =- CH(CR2)?C0~R 

Assuming fission of hydroperoxide isomers I, II ,  
and IIl occurred as shown in equations A, B, and  C, 
respectively, A'-':4-decadienal, hexanal, and A"-octenal 
would be produced. 

H 

A. CH3(C~)4CH �9 CH - OH * CH - C~CZz)TC0~ 

Cll3(CH2)4Cll �9 Cll - CH = CH - CHO + ? 
H t 

_ ~_3t_ 

~. CH3(C~)4CHICH = CH - CK " CH(C~2)~C0OR ~- 

c~(c~)4cso �9 

c. c~a(czz)4cH ~- cs - cH,~ C~ - CH(CZZ)TC0C.~ 
g 

c~ (ca z)4cH = cH CH0 �9 T 

While the above reactions cannot bc exactly repre- 
sented stoiehiometrically, they appear to offer a rea- 
sonable explanation of the present results. A similar 
decomposition reaction was postulated by Swift et al. 
(1) to explain the production of A-'-undecenal during 
the decomposition of methyl hydroperoxido oleate. 
Martin et al. (8) recently advanced evidence indi- 
cating that A2-heptcnal is a constituent of reverted 
soybean oi l  The peroxide decomposition reactions 
postulated afford an explanation of the origin of this 
aldehyde as a decomposition product of the hydro- 
peroxides of linolenic acid, only if extreme mobility 
of double bonds is assumed. 

Absorption Spectra of Oxidized Fats: A number 
of investigators (6-11) have reported considerable 

data relative to the development of absorption bands 
in the ultraviolet spectral region in autoxidizing fat 
systems. In several instances absorption in the re- 
gion ca. 275 m/~ has been reported and ][olman et 
al. have examined the spectra of a number of com- 
pounds which might be considered as being responsi- 
ble for this absorption band. IIowever, none of the 
compounds examined c o r r e s p o n d e d  in absorption 
characteristics to the compounds in autoxidizing fat 
systems (9, 12, 13). Bolland (6) and BergstrSm (7) 
attributed the observed absorption at 275 m/~ to the 
presence of a conjugated diene ketone. In view of 
the isolation from autoxidizcd cottonseed oil of A-o:*- 
decadienal which exhibits absorption at 273-274 m~ 
it appears that this compound may account for the 
absorption maxima observed by various investigators. 

Summary 

Spcetrophotometrie evidence was obtained that A 2- 
and A2:4-unsaturated aldehydes are produced during 
the autoxidation of cottonseed oil. 

The unsaturated carbonyls were converted into 
s e m i c a r b a z o n e s and 2, 4- dinitrophenylhydrazones 
whose characteristics indicated that the oxidation 
of cottonseed oil produces A2:4-decadienal, A2-octenal, 
and hexanal. 

Although the exact mechanism of their formation 
has not been established, these aldehydes are believed 
to result from the decomposition of the isomeric hy- 
droperoxides of linoleic acid, the principal fatty acid 
constituent of cottonseed oil. 
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