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T H E  a u t o x i d a t i o n  of soybean oil results in the 
forma.tion of volatile earbonyl compounds, one of 
which or a combination of which is responsible 

for  the " r e v e r s i o n "  or aged odor and fla~'or of soy- 
bean oil. These volatile aldehydes were fract ionated 
upon a chromatographic column composed of silicic 
acid into what has been characterized as " p a i n t y "  
and " r a n c i d "  fractions (7). Certain component alde- 
hydes of these fractions, namely hexanal, a-pentenal, 
propionaldehyde, and ace t a ldehyde ,  were identified 
as their  2,4-dinitrophenylhydrazone ( D N P H )  deriva- 
tives. Indirect  evidence was obtained for the presence 
of crotonaldehyde.  Under higher temperature  con- 
ditions of autoxidation and with the use of steam 
deodorization at  reduced pressure for  removal of 
cleavage products, Daubert  and coworkers have iso- 
lated acetaldehyde, a-heptenal, and 2,4-decadienal (8, 
10). 

Organoleptic identification studies of chemically 
modified glycerides show that  the linolenic acid radi- 
cal is an unstable precursor of reversion flavors (2).  
Consequently the isolation and identification of alde- 
hydes from autoxidizing linolenate was undertaken. 
I t  was hoped that  correlation with similar work on 
soybean oil might lead directly to the flavor principle 
or principles responsible for  reversion. 

Methods and Materials 

The methyl  linolenate was obtained from Hormel 
Inst i tute 4 and was prepared by bromination, debro- 
mination, and distillation procedures. 

Autoxidation of methyl linolenate (13 grams) was 
performed at room temperature  by  continuously bub- 
bling a stream of oxygen through a 6-em. layer  for 
7 days. Effluent oxygen conveying the constituents 
volatile at room temperature  and at atmospheric pres- 
ure was then passed through a cold t rap immersed in 
an ethanol and solid carbon dioxide bath. The t rap 
contained 15 ml. of pentane-hexane to facilitate the 
recovery and concentration of the volatiles. 

Chromatographic procedures for separation of odor 
constituents on silieic acid were identical with those 
which have been previously described (7). Fract ions 
(5 ml.) of the eluate were collected in the test tubes 
by means of a Technicon automatic fract ion collector2 
The chromatographic separation of the 2,4-dinitro- 
phenylhydrazones was effected by  combined techniques 
of elution and the cutt ing of the extruded column. 

All solvents were purified as previously described 
and permit ted ultraviolet absorptions to be deter- 
mined upon solutions (7).  

1Presented at American Chemical Society Meeting, March 30-April 3, 
1952, in Milwaukee, Wis. 

2 P r e s e n t  addres s :  Department  of Chemistry, University of Chicago, 
Chicago, Illinois. 

30ne of the laboratories of the Bureau of Agricultural and Indus- 
trial Chemistry, Agricultural Research Administration, U. S. Department 
of Agriculture. Report of a s t u d y  m a d e  under the Research and Market- 
ing Act of 1946. 

aThe mention of products does not  imply endorsement or recommenda- 
tion by the Department  of Agriculture over other products of a s imi lar  
nature  not mentioned. 

Results 

Chromatographic adsorption of the cold trap con- 
tents fract ionated the odor concentrate into rancid 
and painty components. Two major peaks are ap- 
parent  in Figure  1, which shows the spectral absorp- 
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FIG. 1. A d s o r p t i o n  a n a l y s i s  of  vo l a t i l e s  w h i c h  a b s o r b  u l t r a -  
v io le t  l i gh t .  O p t i c a l  dens i t i e s  a n d  o r g a n o l e p t i c  e v a l u a t i o n s  a r e  
p l o t t e d  a g a i n s t  f r a c t i o n  n u m b e r .  

tion at 234 ln~t and 268 m~ plotted against the tube 
number  of the eluate. These wavelengths correspond 
to maxima in volatiles isolated from soybean oil (7).  
Despite the rough parallelism of these curves, the 
spectral absorptions of individual fractions in the 
two peaks differed greatly and confirmed the indica- 
tions that  separations of ultraviolet light absorbing 
substances had been effeeted (see also 7). The judg- 
ments of three experienced tasters associated painti- 
ness with the first major  peak and rancidi ty with the 
second. Based on this information, tubes 16-23 and 
24-28 were combined to comprise the painty and ran- 
cid fractions. The 2,4-dinitrophenylhydrazones were 
then formed from each of the fractions. 

Chromatography of the hydrazones from the painty 
fract ion resulted in the resolution of five bands : 

Band 

P A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Color 

Red 
Orange 
Orange 
Orange red 
Diffuse yellow 

P o s i t i m ~  Weight 

cDl~. I 
6.5- 7.0 
12-14.3 
16-19.0 123.9 
23-25.2 
28-eluate 

m g .  

38.4 
164.7 

33.4 
64.7 

633 

Band PB, af ter  reads0rption and recrystallization 
three times from 80% ethanol, yielded yellow plates 
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melting 161~176 [m.p. 168.5 for acetaldehyde 
DNPH, Bryant, J. Am. Chem. Soc. 60, 2815 (1938)]. 
Anal. ealed, for CsHsN~04 : C, 42.86 ; H, 3.60 ; N, 24.99. 
Found: C, 42.95; H, 3.57; N, 25.00. 

Band Pc, similarly purified, gave yellow crystals 
m.p. 151~176 [m.p. 155 ~ C. for propionaldehyde 
DNPH; Allen, J. Am. Chem. Soc. 52, 2947 (1930)]. 
Anal. calcd, for CsH~oN40~: C, 45.38; H, 4.23; N, 
23.52. Found:C,  45.65; H, 4.08; N, 23.9. 

Band 1)D gave fine red needles after further ad- 
sorption and crystallization steps, which melted at 
157.5~176 [m.p. 162~176 for authentic a- 
pentenal DNPH described below]. Anal. ealcd, for 
C~CH~2N40,: C, 50.3; H, 4.57; N, 21.19. Found: C, 
50.00; H, 4.86; N, 21.3. 

In connection with its isolation from soybean oil 
volatiles, a-pentenal had been synthesized by condens- 
ing ethyl hydrogen malonate with propionaldehyde to 
give ethyl 2-pentenoate. Reduction to the alcohol with 
lithium aluminum hydride and oxidation with dichro- 
mate to the aldehyde yielded a-pentenal. The semicar- 
bazone derivative melted at 172~176 and was 
compared to a value found in the literature [Delaby 
(1) ] of 180~ The DNPtI of the synthetic pentenal 
melted at 162~176 The mixed melting point of 
the synthetic and isolated DNPH was not depressed 
over that of the isolated pentenal DNPH. 

Figure 2 gives the absorption spectrum of the iso- 
lated and authentic a-pentenal DNPH's and supports 
the identity of the pair. 

The rancid component converted to the hydrazone 
derivative was subsequently adsorbed. The following 
bands became apparent: 

Band Color Position Weight 

R A  ~" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R A  2 ............................................. 
RA ~ ............................................. 
l~B .............................................. 

RD .............................................. 

Red 
Red 
Yellow 
Yellow 
Orange 
Yellow 
Light yellow 

cuB. 
5.2- 5.4 } 
5.5- 5,6 
5.6- 5,7 
6.4- 6.7 
8.6-13.0 

14.8-16,7 
20.0-22.6 

m ~  

93.0 

33.1 
206.8 

30.4 
23.7 

Band Rc was the most prominent, and after further 
chromatography and recrystallization, melted at 162 ~ 
163~ [m.p. 168.5 for acetaldehyde DNPH: Bryant, 
J. Am. Chem. Soe. 60, 2815 (1938)]. Anal. ealcd, for 
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FIO. 2. S p e c t r o p h o t o m e t r i c  c u r v e s  f o r  D N P H  d e r i v a t i v e s  of  
a s y n t h e t i c  a - p e n t e n a l  a n d  o f  the  i s o l a t e d  f r a c t i o n .  

CsHsN404: C, 42.86; H, 3.60; N, 24.99. Found: C, 
43.00; H, 3.94; N, 24.8. 

Band RA was studied by combining the upper por- 
tions of several columns. Excess reagent present in 
these bands was reacted with acetone. In order to 
dissolve these hydrazones and introduce them upon 
the chromatographic column, 5% acetone in benzene 
was used for solvent. This solvent was followed by 
pentane-hexane to stop the movement of the band. 
Development then took place in pentane-hexane con- 
taining 25% dicthyl ether. Three bands were ob- 
tained, the lowest being the DNPH of acetone. 

Band Color Position 

cms. 
R.~a ........................................... Orange-red 11.2-11.8 
Rm, ........................................... Yellow-orange 16.0-16.2 
R.ae (acetone DNPI-I ) ............... Yellow 29.6-32.0 

Band Aa was readsorbed twice in Succession and 
yielded 42.3 rag. of deep brown-red crystals. Three 
reerystallizations from an ethyl acetate-ethanol mix- 
ture (1:5) gave crystals melting at 240~176 and 
charring at 270~ On crystallization from nitroben- 
zene and ethanol (1:1) 8.6 rag. of crystals which 

TABLE I 

Schematic Summary of Isolation and Identifications 

Painty fractions 

l (Chromatography of 
DNPt t ' s )  

PB, acetaldehyde DNPI:I 
164.7 rag., m.p. 1 6 1 ~  C H N 

Calcd. 42.86 3.60 24.99 
t~ound 42.95 3.57 25.00 

Pc, propionaldehyde D N P H  
123.9 rag., m.p. 151~ 

Calcd. 45.38 4.23 23.52 
Found 45.65 4.08 23.9 

PD~ a*pentenal D N P H  
33.4 rag., m.p. 158.5~ 

Calcd. 50.3 4.57 21.19 
Found 50.0 4.86 21.3 

Methyl Linolenate 

] 
Adsorption analysis 

I 
[ Silieic acid + fiilter-cel (1 + 1), 

5% ethanol in pentane-hexane] 
[ 

Rancid fractions 

(ChromatographYDNPH,s of t 

R.~a, dicarbonyl (Hexene-3-dial-l,6) 
8.6 rag., m.p. 283~ C t t  N 

Calcd. 45.75 3.41 23.72 
Found 45.0 3.48 23.4 

Re, acetaldehyde D N P H  
81.5 mg., m.p. 165~ 

Calcd. 42.86 3.60 24.99 
Found 43.0 3.94 24.8 
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melted at 283~176 were finally recovered. These 
crystals gave a deep blue color on treatment with 
10% potassium hydroxide solution, which indicated 
the DNPH of a dicarbonyl (12). Anal. calcd, for 
di-DNPH of hexene-3-dial-l,6, C1sH16NsOs: C, 45.75; 
H, 3.41; N, 23.72. Found: C, 45.0; H, 3.48; N, 23.4. 

The absorption spectrum of the dihydrazones of di- 
carbonyls has been shown to differ significantly from 
that of the monohydrazone (9) and the absorption 
spectrum of the present preparation, as given in Fig- 
ure 3, is characteristic of a dicarbonyl dihydrazone. 

A schematic summary of the fractionation, isolation, 
and characterization data is given in Table I. 
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FIG. 3. A b s o r p t i o n  s p e c t r u m  of  t he  d i h y d r a z o n e  of  t he  d ica r -  
b o n y l  in d ioxane .  

Discussion 

Volatile aldehydes isolated from autoxidizing methyl 
linolenate differ from those isolated from soybean oil 
autoxidized under the same conditions in the absence 
of hexanal and in the presence of appreciable amounts 
of a C, dial. I t  may therefore be assumed that acetal- 
dehyde, propionaldehyde, and ~-pentenal isolated from 
autoxidizing soybean oil could have arisen from lino- 
lenic acid. 

The formation of aceta ldehyde,  propionaldehyde, 
crotonaldehyde, and a-pentenal can be rationalized ac- 
cording to present concepts of the mechanism of oxi- 
dation (3, 7). Rationalization of the occurrence of a 
C, dial can be made by postulating the decomposition 
of a 10,15-dihydroperoxide to give hexene-3-dial-l,6. 
Ultimate analysis, absorption spectrum, and color re- 
actions are compatible with this postulate. 

It  seems surprising at the outset that the linolen- 
ate radical which comprises 6 to 9% of soybean oil 
should be the precursor of the principal aldehydes 
isolated. However studies on the isolated compounds 
have shown that linolenate oxidizes 11/~ to 2 times 
faster than linoleate and 16 to 25 times faster than 
oleate (6, 11). Moreover recent studies have shown a 
marked difference in the course of linolenate oxida- 
tion compared to that of oleate or linoleate. Whereas 
monohydroperoxides of the latter two radicals are 
relatively stable, polymerization and scission occur 
immediately upon oxidation of linolenate (4, 5). 

Hexanal was isolated from soybean oil but not from 
methyl linolenate. The presence of hexanal in reverted 
soybean oil can best be rationalized by considering oxi- 
dative reactions of linoleic acid. Hexanal has, in fact, 
been isolated fronl autoxidized cottonseed oil (13). 

The relationship of the isolated aldehydes to the 
reversion flavors of soybean oil are the subject of 
present investigations. 

Summary 

Volatile cleavage products of autoxidizing methyl 
linolenate have chromatographically separa ted  and 
the aldehydes have been isolated as 2,4-dinitrophen- 
ylhydrazones. Acetaldehyde,  propionaldehyde, and 
a-pentenal have been identified. A six-carbon atom 
dialdehyde has been isolated as its hydrazone and is 
postulated to be hexene-3-dial-l,6. 
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[ R e c e i v e d  J u n e  17, 1952]  

CORRECTION 

In reference to the article (pp. 582-586) in the November 1952 issue of the 
Journal entitled "Detergency Evaluat ion" by Jay C. Harris, the Atlas Electric 
Devices Company of Chicago, Ill., has asked to have the correct spelling of 
Launder-Ometer published and some information provided on the size of the 
jars for the machine. The standard size handles one-pint glass jars or the new 
metal containers, which are 31/2 in. by 8 in. with a capacity of 21/2 pints. The 
company also manufactures a large Launder-Ometer which handles one pint, one 
quart, or two-quart glass jars or the new metal containers. A few larger metal 
containers have been made for this model. 


