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The posi t ion i somer i za t i on  and geome t r i ca l  i somer iza t ion  of unsa tura ted  fat ty acids taking place dur-  
ing the hydrogenat ion of oils  [1-4] pe rm i t  the expecta t ion of the appearance  in the hydrogeniza tes  of a se -  
r i e s  of unsa tura ted  acids bes ides  the native oleic and l inoleic acids .  We have studied this  phenomenon 
widely in the case  of the hydrogenat ion of sunf lowerseed oil .  

We hydrogenated ref ined sunf lowerseed  oil with an iodine number  (I. No.) of 107.67 in a continuous 
co lumn (h = 45 cm) on a s ta t ionary  fused n i c k e l - c o p p e r  ca ta lys t  with the addition of t i tanium at 180°C. The 
r a t e  of feed of hydrogen was  1 l i ter / ra in .  The t ime  of contact  of the oil with the ca ta lys t  was  55 min.  
Some p r o p e r t i e s  of the hydrogeniza te  were  de te rmined :  I. No. 77.37, mp 33-34°C. The fa t ty -ac id  c o m -  
posi t ion,  according to gas- l iquid  ch roma tog raphy  (GLC) was  as  follows (%) : 

C12:0 -- trace~ CIS:0 -- 5.9 
C 1 4 : 0  - -  0,7 Cts:i -- 51.4 
C16:o -- 26.2 CIs:2 -- 15.8. 

The content of t r ans  acids (IR spect roscopy)  was  44%, and that  of dienic acids with conjugated double 
bonds (UV spect roscopy)  2.8%. 

The bulk of the sa tu ra ted  acids we re  separa ted  f r o m  the acids obtained by cold saponif icat ion [5] by 
the prec ip i ta t ion  of the lead sa l t s .  The unsa tura ted  acid f rac t ion,  which sti l l  contained a ve ry  smal l  amount 
of sa tu ra ted  acids,  was  methyla ted  and was  then conver ted  into the a c e t o x y m e r c u r i - m e t h o x y  de r iva t ives  
[5, p. 402]. The l a t t e r  were  sepa ra ted  accord ing  to the i r  deg ree s  of unsa tura t ion  in a thin l a y e r  of s i l i ca  
gel .  Two f rac t ions  w e r e  obtained, cons is t ing  of de r iva t ives  of monoenoic acids (Rf  0.91) and of dienoic 
acids  (Rf  0.46); a f te r  the saponif icat ion of the methoxy and the a c e t o x y m e r c u r i  groups,  f rac t ions  of mono- 
enoic and dienoie acids  w e r e  obtained. The dienoic f rac t ion,  according to GLC, cons is ted  of oc tadecadi -  
enoic acids (88.7%), octadecenoic  acids  (6.8%), and sa tu ra ted  acids (4.5%). 

Then the combined octadecadienoic  acids we re  sepa ra t ed  into subgroups  by the method that  we have 
developed of t h in - l aye r  ch roma tog raphy  (TLC) on s i l ica  gel impregna ted  with s i lve r  n i t ra te .  Seven zones 
w e r e  fo rmed .  On the p r e p a r a t i v e  isolat ion of each of zone and i ts  invest igat ion by GLC, it was  found that  
zones  I - V  contained only dienoie acids ,  zone VI monoenoic acids,  and VII a mix ture  of monoenoic and sa t -  
u ra ted  acids .  We studied the acids of the f i r s t  five zones.  

It was  found by UV spec t roscopy  that  only zones I and II contained acids with conjugated double bonds 
(3-4%). This was  conf i rmed  by des t ruc t ive  oxidation. In all  the zones,  the p r e sence  of acids with the t r ans  
conf igurat ion was  found by IR spec t roscopy  (peaks at 970 or  990 cm -1 ). 

The s t ruc tu re  of the octadecadienoic  acids of each zone was  de te rmined  by  p e r m a n g a n a t e - p e r i o d a t e  
oxidation with subsequent identif icat ion of the degradat ion products  in a t h i n l a y e r  of cel lulose [6] (Table 1). 

Insti tute of the Chemis t ry  of Plant Substances,  Academy of Sciences of the Uzbek SSR. Trans la t ed  
f r o m  Khimiya Pr i rodnykh Seedinenii, No. 6, pp. 694-697, N o v e m b e r - D e c e m b e r ,  1971. Original  a r t ic le  sub- 
mi t ted  July 20, 1971. 

© 1974 Consultants Bureau, a division o f  Plenum Publishing Corporation, 227 lI'est 17th Street, New York, N. Y. 10011. 
No part of  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of  the publisher, l 
copy of  this article is available from the pnblisher for $15.00. 

675 



TABLE 1. R e s u l t s  of the  D e s t r u c t i v e  Ox ida t ion  of the  O c t a d e c a d i -  
e n o i c  A c i d s  
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The t a b l e  shows ,  in the  f i r s t  p l a c e ,  tha t  the  double  b o n d s  of the  a c i d s  w e r e  sh i f t ed  by  only one m e t h y l -  
ene  g roup  in one d i r e c t i o n  o r  the  o t h e r  (a A9 bond to p o s i t i o n  8 o r  p o s i t i o n  10; a A12 bond to p o s i t i o n  11 o r  
13); in the  s econd  p l a c e ,  tha t  con juga t ed  s y s t e m s  of b o n d s -  9,11 and 1 0 , 1 2 -  w e r e  found only among  the 
a c i d s  of zones  I and II; and,  in  the  t h i r d  p l a c e ,  tha t  a c i d s  wi th  s i m i l a r  p o s i t i o n s  of the double  b o n d s  w e r e  
found in d i f f e r e n t  z o n e s  ( for  e x a m p l e ,  the 8 ,12-  and 9 , 1 3 - d i e n o i c  a c i d s  in zones  I and II and the 9 , 1 2 - d i -  
eno ic  ac id  in zones  II  and IV). The l a t t e r  c i r c u m s t a n c e s  can  be e x p l a i n e d  by  t h e i r  d i f f e r e n t  s p a t i a l  con f ig -  
u r a t i o n s :  it  i s  known tha t  in a th in  l a y e r  of s i l i c a  g e l  i m p r e g n a t e d  wi th  s i l v e r  n i t r a t e  the  t r a n s  i s o m e r s  
m i g r a t e  f a s t e r  than  the c i s  i s o m e r s .  

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

The fa t ty  a c i d s  w e r e  m e t h y l a t e d  in m e t h a n o l  wi th  c a t a l y t i c  a m o u n t s  of H2SO ~ [7]. 

P r e p a r a t i o n  of the  A c e t o x y m e r c u r i - m e t h o x y  D e r i v a t i v e s  of the  Methyl  E s t e r s  of the  F a t t y  A c i d s  
[5, p.  403].  A so lu t ion  of 14 g of m e r c u r y  a c e t a t e  in 250 m l  of m e t h a n o l  con t a in ing  2.5 m l  of w a t e r  a n d l  ml  
of CH3COOH w a s  p r e p a r e d .  F o r  each  g r a m  of fa t ty  ac id  m e t h y l  e s t e r s ,  40 m l  of t h i s  so lu t ion  w a s  t aken .  
The m i x t u r e  w a s  le f t  in the  d a r k  fo r  two d a y s .  {This t i m e  i s  su f f i c i en t  to b ind  a l l  the  t r a n s  ac ids . )  Then 
the  m e t h a n o l i c  so lu t ion  w a s  e v a p o r a t e d  in an a t m o s p h e r e  of n i t r o g e n  at  40°C. The r e s i d u e  w a s  d i s s o l v e d  
in c h l o r o f o r m .  The c h l o r o f o r m  so lu t ion  w a s  w a s h e d  wi th  w a t e r  to e l i m i n a t e  the e x c e s s  of m e r c u r y  a c e t a t e  
and w a s  then  d r i e d  o v e r  a n h y d r o u s  s o d i u m  su l fa te  and e v a p o r a t e d  in vacuum in a c u r r e n t  of n i t r o g e n  at 
40-50°C.  

P r e p a r a t i v e  S e p a r a t i o n  of the A c e t o x y m e r c u r i - m e t h o x y  D e r i v a t i v e s  of the  F a t t y  A c i d s  a c c o r d i n g  to 
T h e i r  D e g r e e  of U n s a t u r a t i o n .  P l a t e s  (18 x 24 cm) w e r e  c o v e r e d  wi th  a p a s t e  c o n s i s t i n g  of 14 g of KSK 
s i l i c a  ge l  ( p a r t i c l e  d i m e n s i o n s  0.1 mm) ,  10% of gypsum,  and 38 ml  of w a t e r .  The p l a t e s  w e r e  d r i e d  in the  
a i r  fo r  18 h,  a f t e r  wh ich  a 20% so lu t i on  of the  a c e t o x y m e r c u r i - m e t h o x y  d e r i v a t i v e s  of the  f a t ty  a c i d s  in 
c h l o r o f o r m  w a s  d e p o s i t e d  on t h e m  in an amoun t  of 25 m g  p e r  p l a t e .  F o r  the f r a c t i o n a t i o n ,  n - p r o p a n o l -  g l a -  
c i a l  a c e t i c  ac id  (100 : 1) w a s  u s e d  a s  the so lven t .  A f t e r  7 h, the  f ron t  had moved  12-13 c m .  The a c i d s  w e r e  
d e t e c t e d  by  s p r a y i n g  the edge  of the  p la te  wi th  a 0.1% so lu t ion  of d i p h e n y l c a r b a z o n e  in 96% e thano l  (v io le t  
s p o t s  on a whi te  b a c k g r o u n d ) .  The adduc t s  of the  monoeno ic  a c i d s  ( R f  0.91) w e r e  s h a r p l y  s e p a r a t e d  f r o m  
t h o s e  of the  d ieno ic  a c i d s  (double  spot  wi th  R f  0.69 and 0.46). 
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The zones of the si l ica gel corresponding to the dienoic f ract ion were  scraped f rom the plates and 
were  then shaken in a f lask with 70 ml of CH3OH and 35 ml of concentrated HC1. The solution was decanted. 
The precipitate was t reated with the same mixture again. The combined solutions were diluted with 150 ml 
of H20,fi l tered,  and extracted with diethyl ether  (1 x 50 ml and 4 × 20 ml). The ethereal  ext rac ts  were 
washed with water  and dried over  Na2SO 4. The ether  was distilled off to give the octadecadienoic acid 
fract ion.  

Separation of the Octadecadienoic Acids into Subgroups. A mixture of 14 g of KSK sil ica gel and 10% 
of gypsum was mixed with 37 ml of 6% si lver  nitrate solution and deposited on plates (18 x 24 cm). The 
plates were  dried in the air  for 18 h. Then a solution of the octadecadienoic acids in benzene was deposited 
on them at the rate of 15 mg per  plate at a distance of 1.5 cm f rom one edge. The acids were separated 
with b e n z e n e - c h l o r o f o r m  (3 : 25). The spots were  revealed by spraying the edge of a plate with 50% H2SO ~ 
and heating it at 200°C (yellow-brown spots on a gray background). The layers  of s i l ica gel corresponding 
to each spot were scraped off the plates and extracted with diethyl e ther  (4 × 50 ml). The ether  was dis- 
tilled off to give individual f rac t ions ,  which were studied by GLC and by IR and UV spectroscopy.  

Pe rmangana te -Per ioda te  Oxidation of the Fatty Acid Methyl Es t e r s  [6]. A solution of 0.001 mole of 
K2CO 3 and 0.001 mole of KMnO 4 in 10 ml of H20 was mixed with a solution of 0.001 mole of KIO 4 in 10 ml 
of H20 in a rat io of 1 : 2. This oxidizing mixture was added dropwise to a small  flask containing 5-10 mg 
of fatty acid methyl e s t e r s .  Each success ive  drop of oxidizing mixture was added after the disappearance 
of the color  of the solution f rom the preceding drop. When the solution ceased to change color ,  the drop- 
wise addition of a 2 N solution of HCI was begun, and then this was followed by a solution of sodium bisul-  
fite until decolorat ion had been achieved. The contents of the f lask were shaken with a small  amount of di- 
ethyl ether  for the fullest possible extract ion of the oxidation products .  However, the lower dicarboxylic 
acids (malonic, succinic,  glutaric) remained in the aqueous layer .  The oxalic acid was oxidized to CO2, 
so that we did not detect  it. 

Identification of the Oxidation Products  in a Thin Layer  of Cellulose [6]. Cellulose mixed with water  
to a c r e a m y  consis tency was deposited in a thin l ayer  on plates (18 × 6 cm) which were left in the air  over -  
night and were  then dried at 105°C for 1 h. After cooling, the plates were  impregnated with a 40% solution 
of dimethylformamide in benzene and were  dried in the air  for 5-10 min. On each plate was deposited by 
means  of a capi l lary a diethyl ether  solution of the oxidation products,  among which was to be expected the 
p resence  of monomethyl e s t e r s  of dicarboxylic acids, together  with monocarboxylie acids; as ma rke r s  the 
corresponding monocarboxylic  acids and monomethyl e s t e r s  of dicarboxylic acids were  deposited on the 
same plates.  The f ragments  were  separated with hexane -d ie thy l  e t h e r - d i m e t h y l f o r m a m i d e  (40 : 20 : 1). 
The ch roma tog rams  were run for  20 min. Then the plates were placed in a chamber  saturated with am- 
monia for  10 min, af ter  which they were  sprayed with Duncan 's  indicator [8]. Bright yellow spots appeared 
on a green background. 

To establ ish the mutual posit ions of the double bonds in the dienoie acids, the low-molecular-weight  
dicarboxylic  acids (the products  of the oxidation of the segments  of the initial acids lying between the two 
double bonds in each case) that had remained in the aqueous solution were  also chromatographed in a thin 
layer  of cellulose.  The plates with the cellulose were  prepared  as descr ibed above. The acid aqueous so-  
lution was deposited on them by 10 applications of a capi l lary,  and malonic,  succinic,  and glutaric acids 
were  deposited on the same plate as m a r k e r s .  Thw low-molecular -weight  dicarboxylic acids were  sep- 
ara ted  by means of n - p r o p a n o l - w a t e r - a m m o n i a  (6 : 2 : 1), the running time being 1 h. The plates were  
dried in the air  for  30 min, until the small  of ammonia  had disappeared.  The acids were revealed by spray-  
ing the plates with Bromphenol Blue. Blue spots appeared on a yellow background. 

CONCLUSIONS 

A method for the part ial  separat ion of the combined octadecadienoic acids isolated f rom the hydro-  
genation of sunflowerseed oil has  been developed. This method is considered as the f i rs t  stage of the sep- 
ara t ion of the octadecdienoic acids into the individual i somers .  
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