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In the hydrogenat ion of vegetable  oils,  a l a rge  number  of posit ion i s o m e r s  and geomet r i c  i s o m e r s  
a re  fo rmed .  The i r  ana lys is  and identif icat ion is difficult  because  they pos se s s  ve ry  s i m i l a r  physical  and 
chemica l  p r o p e r t i e s .  

The use  of var ious  methods of ch romatography ,  including ch roma tog raphy  in the p re sence  of s i l v e r  
ions, has made it  poss ib le  to s e p a r a t e  and identify the i somer s  fo rmed  in the hydrogenat ion of these  oi ls .  
In the p r e s e n t  pape r  we give the resu l t s  of an invest igat ion of two samples  of cot tonseed oil pa r t i a l ly  
hydrogenated  with a d i s p e r s e  pal ladium ca ta lys t  ( sample  I) and with an A 1 - N i - C u  (50 :40 :1 )  ca t a lys t  
( sample  II) (Table 1). The composi t ion  of the acids isola ted f rom thei r  hydrogenizates  by the l e a d - a l c o h o l  
method [5] is given in Table 2. It  can be seen f rom Table 2 that hydrogenat ion on the N i - A 1 - C u  ca ta lys t  
takes place m o r e  se lec t ive ly ,  i .e. ,  the l inolenic acid is f i r s t  hydrogenated to oleic,  and then the oleic to 
s t e a r i c .  

The liquid f rac t ion  in the fo rm of me thoxymercu ry  der iva t ives  was s epa ra t ed  on a column of s i l i ca  
gel on the bas is  of the degree  of unsa tura t ion .  According to GLC, the dienic fract ion was obtained with a 
pur i ty  of 100%; the monoenic f ract ion contained 0.7~c of Ci6:0 , 97.4~c of C18:i , and 1.9% of C18:2; the amount 
of t rans  acids in the monoenoic f rac t ion  was 2.6~c and in the dienoic fract ion 20.8°fc, and the amount of 
acids with conjugated double bonds was 12.8ffc. Both the dienoic acid and the monoenoic f rac t ions  were  
s epa ra t ed  into i s o m e r s .  Five zones were  marked  out on a c h r o m a t o g r a m  of the octadecadienoic f rac t ion.  
Each zone was isola ted p r e p a r a t i v e l y .  The resu l t s  of GLC conf i rmed  that all five zones contained only di -  
enoic ac ids .  According to UV spec t roscopy ,  conjugated dienes were  p re sen t  only in zone 4 (14.3~). The 
posi t ions of the double bonds in the dienoic acids of each zone were  de te rmined  by studying the products  
of the i r  p e r m a n g a n a t e - p e r i o d a t e  oxidation. 

It can be seen  f r o m  Table 3 that  the bulk of the dienoic acids r e m a i n  in the native s ta te  (zone 3 is 
the mos t  intense) .  The double bonds mig ra t e  only by one methylene group f rom the initial A ° or  A I2 pos i -  
tion to the lef t  or  to the r ight .  The p r e sence  of the A 8't2 acid in s e v e r a l  zones shows that  it is p r e s e n t  in 
them in d i f ferent  g e o m e t r i c a l  configurat ions (cis, c i s ;  c i s ,  t r ans ;  t r ans ,  c is ;  and t rans ,  t rans ) .  

The sepa ra t ion  of the monoenoic f rac t ion  into i somer s  gave seven  spots well  s e p a r a t e d  f rom one 
another .  The p r e p a r a t i v e  isolat ion of each zone and its invest igat ion by GLC showed that pure  octadecenoic 

TABLE 1. P r o p e r t i e s  and Fat ty  Acid Composi t ions  of the 
Oils 

c~ 

I 
I1 

Fatty acid comp. 

,,,+ i c o+ i c+,, i c,+ o i 
1,60 ] 26,00 I ~- I 7,30 I 43,10 
0,60 26 '?0 , ,60 ._ 4,50 49,~0 

Hydrogenated 

trans- I ~;id, Iodine 
C 13:2 NO., °~o 

I 
'22,o 24,61 I 76,35 
17,5o 32,41 I 75,60 

Insti tute of the C h e m i s t r y  of Plant  Substances,  Academy of Sciences of the Uzbek SSR. Trans la ted  
f r o m  Khimiya Pr i rodnykh  Soedinenii,  No. 6, pp. 716-719, N o v e m b e r - D e c e m b e r ,  1973. Original  a r t i c le  
submit ted  Sep tember  15, 1972. 

© 1975 Plenum Publishing Corporation, 227 West l 7th Street, New York, N. Y. 10011. No part o f  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 o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

685 



TABLE 2. Fat ty  Acid Compo- 
sition of the Fract ions  

Acid 

C14:o 
C16:0 
CI~: I 
C18:0 
C l 8 t l  

C18|2 

Sample I ] Sample II. 
fractions 

liquid' solid ]liquid I solid 

0,9 1,5 0,8 0,9 
3,3 51,5 4,0 36,3 
1,7 0,9 1,6 0,4 
- -  1 7 , 6  - -  8 , 0  

52,8 26,8 79,8 50,5 
41,3 1,7 13,8 3,9 

right, forming the A 8 and A ~° i somers .  

acids were present  in the third to fifth spots.  The f i rs t  spot was 
not identified and the second consisted of the smal l  amount (1.9%) 
of the dienoic fraction present  among the monoenes.  

The s t ruc tures  of the i somer ic  monoenoic and octadecadi-  
enoic acids were determined after  oxidation with p e r m a n g a n a t e -  
periodate (Table 4). In the monoenes f rom both samples of the 
hydrogenated oil, the fourth spot - that of the native oleic acid - 
was the most  intense. In sample riD, the seventh spot appeared 
very  feebly. The degradation of the monoenes gave mainly As-, 
AS_, and A~°-acids, which shows the predominant hydrogenation 
of the A12 double bond - the one the more  remote  from the c a r -  
boxygroup.  This corresponds to l i tera ture  information explaining 
this phenomenon from the point of view of the electronic theory 
[6]. A residual  A9 bond migrates  one place to the left or to the 

The All i somer  can be obtained by the hydrogenation of the con- 
jugated dienes usually formed f rom linoleic acid in the f i rs t  s tages.  

The p r imary  hydrogenation of the A12 bond is also shown by the results  of the oxidation of the mono-  
enoic fraction of sample (II) by the permanganate method [7]. The compositions and amounts of the mono-  
and dicarboxylic acids formed on oxidation are  given below: 

Monocarboxylic acids, % Dicarboxylic acids, ~ 
C~ 6,14 Cr 2.,~ 
Cr 7.37 C~ 16,6 
Cs 21.29 C~ 52.S 
C9 53.89 C:c~ 11.0 
C~ 11.31 Ct, 8.5 

C:2 ~.3 

T A B L E  3. 
Ac ids  

I tq ] DiearbOxylie I [ I acids I [ 

d ~,~ ~ Imo- I m o - 1 o ~  / 
~ Ileeu- lee- / o . . ~ t  

IIa/-,. ular- ]ff ~ l 
~'~ Iwexg nt weigh~[~ ° ~ I 

Resu l t s  of the D e s t r u c t i v e  Oxidation of the O c t a d e c a d i e n o i c  

Structure of the octadecadienoic acids 

o,1 ( o" 
I~ ~ [ c" [~ C I CII.iCtlJcCI{::CHCH2CH2CH::CH{LH2)6-COOH 

0,27 b3,~,j "~s '.*;, : [  CH~ICII):.CH::CHCH2CH:CH(CH2),~.COOH 
0,45! C C. I C Ctt,CH;.CH=:CHCH~CH CII~CH:)-.COOH 

" I " ~' I " 
f CH:(CH:} ,. LH=CH.CH~CH= CH(CH2)~.CX~H 

C * "  IC.. C. IC~ C-/ CIt(CIt),-CH= CH.CH=CHICHIT.COOH 
0,,55 I 2 ,'--31 ...... [ . . . .  t CI-I:,C|I.~:.C"=C".CH--CH.ICH:);.COOH 

] C [C, C [C C [CH,(CI-t).j. CtI=CH.CH~CH:CH=CH(CH:),COOH 
o,68 [ ", ] . . . .  ] ..... tCH (CII.)t.CH::CH.CH.CI{CH-=CHICH,).COOH 

iv,12 
:10,13 

8,12 
S,11 
9.12 
9,12 
9.11 

10,12 
9,1.] 
8,12 

* We did not d e t e c t  oxa l i c  acid b e c a u s e  of its ox idat ion to CO 2. 

T A B L E  4.  R e s u l t s  of  the  D e s t r u c t i v e  Oxida t ion  of  the  O c t a -  
d e c e n o i c  A c i d s  

•[Rf of Dicar- Monocar Position 
~]the bo.x~lie lboxylie Structure of the monoencic acids of the double 

bond ] zone aexos [acids 

3 0,57 
4 0.6t 
5 0,73 
6 0 . 7 9  
7 0,~4 

C t , ,  

C n  
C,., C~ 

I 
CH .(CH,)~.CH = CH-(CII~),.C(X)H .[ 8--9 
CH (CH2)7.CFI:=CH.(CH,I~COOH I 9-  10 

CH3(CH,)0. CI{--CH. (CH.,} 4" COOH 10 - 11 
CHj(CIt 1~. CH =CH- (CH2),. COOH 11 -- 12 
Ct t;tCH.2)t-CI | -CH- {CH2)t,,.COOI 1 12-13 
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TABLE 5. Composit ion 
of the Dicarboxylic Acids 
of the Oxidized Fract ions  
of the Monoenes 

Dicar- 
boxyltc 
acids 

C7 
C~ 
C~ 
Cl0 
Cu 

Amount in 
monoenes, % 

liquid solid 
fraction fraction 

The saturat ion of the A lz double bond forms the following amounts of 
acids (~ of the total mono-  and dicarboxylic acids): 

Monocarboxylie Ca+C9 +C10=21.29+53,89+ 11.31 =86.49. 
Dicarboxylic Cs+C:, !-C~0=16.6+52.8 d- lJ,0~80.40 . 

166.89 

The saturat ion of the AS bond: 

Monoca.rboxylic Csq-C0q- C: =6,14+7,37= 13.51, 
2,8 16,6 1~,4 Dicarboxylic C,t+CI.÷Ct:~=~.5 + 8.3=16.8 

52,8 33,8 30.31 
11,0 27,7 
8,5 17,O Thus, the value of 166.89 shows the p r i m a r y  sa turat ion of the A i~ 
8.3 ~:l double bond, and the saturat ion of the AS bond cor responds  to a figure of 

only 30.31. 

The resul ts  of an investigation of the products of the oxidation of the t rans -unsa tura ted  acids isolated 
f rom the solid f ract ion of sample  (II) in compar i son  with the monoenic liquid fraction, which is present  
mainly in the cis form,  are  given in Table 5. It can be seen f rom this table that in the trans monoenes the 
amount of the A 1° and A n i somers  increases  as compared  with the cis acids.  This shows that the hydrog-  
enation process  takes place through a s tage of semihydrogenat ion.  

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

The saturat ion of the oil with hydrogen was per formed in an apparatus for l iquid-phase hydrogena-  
tion [8]. Each experiment  was pe r fo rmed  with 5 g of cottonseed oil (iodine No. 107.4) in 40 ml of solvent  
at 50°C. 

Sample I - c 0.02% of Pd (on the weight of the oil) on aluminum in hexane$ sample  II - c 1~ of leached 
and washed N i - A 1 - C u  ca ta lys t  in e thano l -hexane  (1 : 1). 

The me thoxymercury  derivat ives of the methyl es ters  of the fatty acids were obtained by Stahl's 
method [9]. The separa t ion  of the acids according to their  degree of unsaturat ion was per formed by the 
method of Jantzen and Andreas [10]. 

The separa t ion of the acids into i somers  was per formed on si l ica gel impregnated with 6~c of AgNY) 3 
as descr ibed previously  [11]. The dienes were run twice and the monoenes once in the b e n z e n e - c h l o r o -  
form (3 : 25) sys t em.  The spots were revealed by heating the edges of the plates to 200°C. The layers  of 
s i l ica  gel corresponding to par t icu lar  spots were removed from the plate and extracted repeatedly with 
diethyl e ther .  After distil lation of the ether,  the individual groups of acids were obtained. 

The oxidation of the methyl es te rs  of the fatty acids was per formed by the pe rmangan te -pe r ioda t e  
method [12]. 

The oxidized fragments  were identified in a thin layer  on cellulose plates [12] in the form of the 
monocarboxylic  acids and the monomethyl es te rs  of the dicarboxylic acids.  The monocarboxylic acids 
were identified by compar ison  with re fe rence  samples Because of the absence of re fe rence  samples of 
the monomethyl es te r s  of the dicarboxylic acids, we based their  identification on l i tera ture  information 
[12] according to which in the 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) solvent sys tem the Rf 
value of the monomethyl  e s t e r  of suberic  acid coincides with that of propionic acid, that of the monomethyl 
es te r  of azelaic with that of butyric acid, and that of the monomethyl es te r  of sebacic  acid with that of 
valer ic  acid. To conf i rm the assumption made, the monomethyl es ters  of the dicarboxylic acids of the 
oxidized products of each zone of the monoenoic fraction were converted into the dicarboxylic acids by 
saponification with ethanolic alkali for 0.5 h and subsequent decomposition by acid. The dicarboxylic 
acids formed were identified with re fe rence  samples  on cellulose in the p r o p a n o l - a m m o n i a - w a t e r  ( 9 : 1 : 2 )  
sy s t em.  

The low-molecular -weight  dicarboxylic acids formed in the degradation of the medium par t  of the 
dienoic acids were detected in the form of the ammonium salts on a thin layer  of cel lulose in the e thano l -  
a m m o n i a - w a t e r  (20 : 3 : 2) sys t em in compar i son  with re fe rence  samples of the ammonium salts of 
malonic,  succinic,  and glutaric acids [13]. 
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SUMMARY 

The separation of the isomers formed in the low-temperature hydrogenation of cottonseed oil in sol- 
vents has been performed by thin-layer chromatography. 

The primary hydrogenation of the A 12 double bond in linoleic acid radicals has been shown. 

The migration of a double bond takes place mainly by one methylene group to the left or to the right 
of the original position. 
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