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I N the l i terature several methods are described to 
investigate the possibility of a migrat ion of double 
bonds dur ing the hydrogenat ion of f a t ty  oils and 

their  derivatives. The oxidation experiments  of Moore 
( t )  and Hildi tch and Vidyar th i  (2) with par t ia l ly  
hydrogenated derivatives of oleic acid indicated a dis- 
placement of the double bond with formation of A 8,9 
and A~O,~l compounds. Their  conclusions were con- 
firmed by  Scheffers (3) and Bauer  and Krall is  (4), 
but  because none of these investigators confirmed 
their  conclusions by  comparat ive oxidation experi- 
ments of their  s tar t ing materials,  the question arises 
as to the pur i ty  of those products. Besides, the oxi- 
dation of the hydrogenated f a t ty  acid derivatives 
was at tended with considerable losses, and the an- 
alysis of the oxidation products  had a very prelimi- 
nary  character.  

Some years  ago a new method for  the determination 
of the place of double bonds in monounsatura ted  f a t ty  
acid esters was described (5), depending on a part i-  
tion chromatographic  analysis (6) of the diearboxylic 
acids formed b y  an oxidation of the esters. In  the 
experiments described below this niethod was applied 
for  a more exact investigation of the migrat ion phe- 
nomena of the double bond dur ing the hydrogenat ion 
of methyl  esters of oleic, elaidie, petroselinic, a n d  
linoleie acid. 

Experimental 
Star t ing  mater ia ls  for  the hydrogenat ion experi- 

ments were : 

a) Methyl oleate, prepared by methanolysis of oleie acid, 
isolated from tea seed oil by Bertram's method (7). 

b) Methyl elaidinate, obtained from tea seed oil fatty acids, 
which were elaidinized, using selenium as a catalyst (8) ; 
the elaidic acid, isolated from the solid reaction products 
(obtained by a Twitchell separation) by a repeated re- 
crystallization from acetone, was methanolized with 
methyl alcohol.. 

c) Methyl petroselinate, the acid being isolated from parsley 
seed oil (10) by Bertram's method (7). 

d) Methyl linoleate, the linoleic acid being prepared by a 
debromination of tetrabromostearic acid (11). 

Hydrogenation. Hydrogenat ion was executed in a 
small reaction tube, using approximate ly  10 g. of 
ester and 3% of a nickel on guhr  catalyst  (20% wt. 
of Ni) in each experiment.  Hydrogen  was introduced 
by means of a narrow capillary. The gas bubbles 
caused an int imate contact between oil, gas, and cata- 
lyst. By means of an oil bath  the tempera ture  was 
kept between 170 ~ and 180~ The course of the hy- 
drogenation was. followed by  means of the refract ive 
index; samples were wi thdrawn when the decrease of 
the refract ive index indicated saturat ion of about  
30% and 65%, respectively. The real degree of un- 
saturat ion was determined by  means of the iodine 
value. 

In  other experiments  nitrogen was used instead of 
hydrogen to investigate the influence of the nickel- 
kieselguhr catalyst  and of the kieselguhr alone in the 
absenee ot~ hydrogen. 
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Oxidation of Reaction Products. The reaction prod- 
ucts as well as the s tar t ing nmterials were oxidized by  
K M n Q  in acetic acid solution (9 ) ;  this method of 
oxidation gave rise to only a very small disruption of  
the f a t ty  acid esters (5). To 1 pa r t  of methyl  estei:, 
dissolved in 6 to 8 par ts  of glacial acetic acid, were 
added 2 to 3 par ts  of finely powdered K M n Q .  The 
tempera ture  was mainta ined below 50~ by  external 
cooling. Af t e r  a few hours the acetic acid was re- 
moved by a low tempera ture  vacuum distillation (20 
mm. ttg.,  t empera ture  <50~  the residue t reated 
with dilute sulphuric  acid and sodium bisulphite 
until  complete decolorization, and the acids formed 
extracted with ether. 

The ether solution was extracted with a 20% so- 
dium carbonate solution and the extract  saponified 
completely by  boiling with a small excess of sodium 
hydroxide on a steam bath. The mixture  of mono- 
and dicarboxylic acids was isolated by  extraction of 
the acidified solution with ether. The extract  was 
washed two Or three times with concentrated brinel 
dried with sodium sulphate, filtered, and freed f rom 
solvent by  distillation. 

The monocarboxylic acids were wi thdrawn f rom 
the mixture  b y  a repeated extraction with petroleum 
ether (boiling point 40-60~ The remaining mix- 
ture of dicarboxylic acids (the yield amounted to 
80-90% of the theory, calculated on the hydrogen- 
ated esters) was analyzed by  means of part i t ion 
chromatography.  

Chromatogra~phic Analysis. Chromatographic  an- 
alysis of the dicarboxylic acid mixtures  was executed 
according to Miss H a v e r k a m p  Begemann, e. s. (5)  in 
a glass column (50 x I cm.). 

The water  phase and benzene phase needed for the 
part i t ion chromatography  were prepared  by  shaking 
3 vol. of ethanol, 4 vol. of methanol, and 3 vol. of 
water  with 10 vol. of benzene and separat ing the two 
layers in a separat ing funnel. To t rea t  the silica gel 
(prepared  according to Gordon, Martin, and Synge 
(6) f rom pure  sodimu silicate) with the amount  of 
water  phase required, it is advisable to cover the 
gel with the benzene phase before adding the water  
phase;  in this way evaporat ion losses due to the heat 
of adsorption, which are inevitable when t reat ing the 
d ry  gel immediately with water  phase, are avoided. 
In  our experiments  to 10 g. of silica gel, suspended 
in a glass-stoppered Er lenmeyer  flask in 100 ml. of 
benzene phase, 12-14 g. of water  phase were added 
little by  little under  continuous shaking. The amount 
of water  phase must  be large enough to prevent  the 
possibility of direct adsorption of the dicarboxylic 
acids oil the gel dur ing the percolation process, but  
not so large tha t  the silica gel loses its c rumbly  con- 
sistency. The wetted silica gel, suspended in the ben- 
zene phase, was then b r o u g h t  into the column and 
its content filled up uni formly  by  the use of a small 
glass pestle. 

The column of silica gel must  be kept  covered 
with benzene phase to avoid evaporat ion losses of 
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TABLE I 

Displacement of the Double Bonds During Hydrogenation of Fatty Acid Methyl Esters 

Ester 

Methyl oleate 
Methyl oleate 
Methyl oleate 

Methyl elaidinate 
Methyl elaidinate 
Methyl elaidinate 
Methyl elaidinate 
Methyl elaidinate 
Methyl elaidinate 

Methyl petroselinate 
Methyl petroselinate 
Methyl petroselinate 
Methyl petroselinate 
Methyl petroselinate 

Methyl linoleate 
Methyl linoleate 
Methyl linoleate 

Treatment 

Hydrogenation 
Hydrogenation 

Hydrogenation 
Hydrogenation 
Heated in Ne-stream 
Heated in N2-stream 
Heated in Nu-stream 

Hydrogenation 
Hydrogenation 
Heated in N2-stream 
Heated in Na-stream 

Hydrogenation 
Hydrogenation 

a C1.~ and higher. 

Reaction 
time, 
rain. 

2 0  
3 7  

1 5  
3 0  

2 4 0  
2 4 0  
2 4 0  

1 0  
2 5  

2 4 0  
2"40 

2 5  
5 5  

Temp. 
oC.  

1 7 0 - 1 8 0  
1 7 0 - 1 8 0  

1 8 0  
1 8 0  
1 8 0  
2 2 5  
2 2 5  

1 8 0  
1 8 0  
2 2 5  
2 2 5  

1 8 0  
1 8 0  

Catalyst 

3 %  N i - g u h r  . . . . . . . . . .  
3 %  Ni-guhr 

3 %  Ni-guhr 
3 %  Ni-guhr 
3 %  Ni-guhr 
3 %  Ni-guhr 
3 %  Guhr 

3 %  Ni-guhr 
3 %  Ni-guhr 
3 %  Ni-guhr 
3 %  Guhr 

3 %  Ni-guhr 
3 %  Ni-guhr 

Refrac- 
tive Iodine 

index value 
n~ (Wijs) 

8 5 . 0  
5 5 . 2  

. . . . . . . . . .  3 0 . 2  

1 . 4 4 1 8  8 7 . 8  
1 . 4 3 9 1  5 2 . 0  
1 . 4 3 6 2  2 5 . 7  
1 . 4 4 2 0  8 7 . 2  
1 . 4 4 2 8  8 7 . 0  
1 . 4 4 2 0  8 7 . 5  

1 . 4 4 2 9  8 7 . 7  
1 . 4 3 7 0  6 4 . 4  
1 . 4 3 5 0  2 5 . 8  
1 . 4 4 3 4  8 7 . 3  
1 . 4 4 3 1  8 7 . 5  

1 . 4 5 1 2  1 7 4 . 0  
1 . 4 4 5 9  1 3 6 . 2  
1 . 4 4 1 0  9 6 . 0  

Composition of dicarboxylic acids obtained by 
oxidation with KMn04 in acetic acid (tool. % )  

04 Co I Co 

100 
2222 1520 63  
. . . .  1 3 . 0  5 4  
. . . .  0 . 5  9 9  

d:g 

07 

1 9 . 0  
2 4 . 0  

0 . 5  

0 . 5  

Os 09 

5 95 
2 0  8 5  
2 1  2 6  

2 9 8  
1 9  5 0  
1 7  3 2  

2 9 7  
6 9O 

(31o C11 C1~ a 

2 7  11  7 
2 1  1 5  1 7  

2 2  7 2 
2 5  13  13  

1 . . . . . . . . . .  
4 . . . . . . . . . .  

2 9 8  . . . . . . . . . . . . . . .  

3 . . . .  
9 

i00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  2 9 8  
. . . . . . . .  8 4 0  2 7  9 1 5  

. . . .  10  9 1 0  4 9  2 2  

the water phase. To start the percolation the col- 
umn is drained in portions of exactly 1 ml., using 
small gauged siphons. When the benzene phase has 
just disappeared into the silica gel, approximately 20 
rag. of a mixture of dicarboxylie acids, dissolved in 
5 ml. of benzene phase, are brought on the gel. These 
5 ml. are followed by portions of 2 and 1 ml. benzene 
phase. Then the percolation is continued regularly 
with the benzene phase, after having introduced an 
overpressure (10-12 cm. Hg.)  on the top of the col- 
umn. The perco la ted  fract ions  are titrated with 
0.025 N alcoholic NaOH and phenolphthalein as an 
indicator. 

The amounts of alkali necessary for the neutrali- 
zation of the percolated fractions are plotted against 
the total amount of percolate, thus giving a direct 
impression of the dicarboxylic acids present (see Fig- 
ures 1 and 2).  By  executing blank percolation ex- 
periments with dicarboxylic acid mixtures of known 
composition the nature of the percolated acids was 
determined. Analyses of the diearboxylie acids ob- 
tained by oxidation of the pure starting materials 
ascertained the reliability of the analysis. 

The composition of the percolated diearboxylic acid 
mixtures was calculated from the amounts of NaOH 
nece~ary for neutralizing the succeeding acids. The 
percolation losses were very small and amounted to 
approximately 1-2% of the intake. 

The results of chromatographic analyses of the 
different products are collected in Table I, and some 
of the chromatograms are represented in Figures 1 
and 2. 

Discussion of Results 

Chromatographic analysis of mixtures of dicarbox- 
ylic acids allows a sharp separation into the compos- 
ing acids as follows from the distinct peaks in the 
chromatograms. 

The analyses of dicarboxylic acids obtained by oxi- 
dation of pure fatty acid methyl esters with KMnO~ 
in glacial acetic acid show that the formation of acids 
of a lower molecular weight due to disruption of the 
esters during the oxidation process, though not abso- 
lutely inevitable, is of little importance and does not 
influence the results of the experiments. 

During hydrogenation of monounsaturated fatty 
acid esters with a nickel on guhr catalyst at 180~ 
a considerable migration of the double bond occurs, 

resulting in a mixture of a large number of position 
isomers as is shown by the chromatographic analysis 
of the oxidation products. Migration of the double 
bonds in the direction of the ester group is restricted 
to the nearest place and occurs only to a small ex- 
tent. Migration of the double bonds in the opposite 
direction results in the formation of larger amounts 
of several isomeric acids. 

When heating the esters with a nickel on guhr cat- 
alyst in a nitrogen stream, a small displacement of 
the double bonds takes place only at higher tempera- 
tures (225~ In the absence of nickel however n o  
formation of position isomers could be detected. 

Hydrogenation of linoleic acid methyl ester shows 
the same migration phenomena of the double bonds: 
migration is strongly pronounced in a direction op- 
posite the ester group. This confirms the well known 
fact of the applicability of Bertram's method for the 

!::i 
q 

r test mixture 

i A . . . .  " . . . .  ' ~  

f J l  methyl petroselinate, 

| ~ , ] \  hydrogenated, 

/ SO I00 150 

~176 c f~c~ hydrogenated, 
o,~ l.V. 25,8 

. . . .  s O  " ' " ~ a o " - - - ' -  ' , ~ '  

ml of percolate 
�9 F r o .  1 .  Chromatographic  ana lys i s  of  d i carboxy l i c  acids,  ob- 

ta ined  f r o m  p a r t l y  h y d r o g e n a t e d  m e t h y l  petrose l inate .  
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methyl linoleate, 

I.V. 174,0 

100 lSO 

hydrogenated, 

I.Y. 136,2 

c$ C 4 
lO0 IS~ 

hydrogenated, 

I.V. 96 ,0  

100 150 

ml of percolate 
Fro. 2. Chromatographic analysis of dicarboxylic acids, ob- 

tained from partly hydrogenated methyl linoleate. 

determination of saturated fatty acids in hydrogena- 
tion products of methyl esters of oleic and linoleic 
acid (12). 

Summary 
The displacement of the double bond of several 

unsaturated fat ty acid methyl esters during hydro- 

genation with a nickel-kieselguhr catalyst at 180~ 
was investigated. The analysis of the dicarboxylic 
acids (obtained by oxidation of the reaction prod- 
ucts with KMnQ in acetic acid solution) by means 
of partition chromatography enabled a reliable semi- 
quantitative determination of the position isomers 
formed. 

During hydrogenation of methyl esters of oleie, 
elaidic, petroselinic, and linoleic acid formation of 
large amounts of position isomers was proved to 
occur. Migration of the double bonds in both direc- 
tions took place but was in all cases strongly pro- 
nounced in a direction opposite the ester group. The 
place and configuration (cis or trans) of the double 
bonds in the starting material apparently were of 
little importance in this respect. It  follows that hy- 
drogenation of fat ty acid esters leads to products 
which are far more complicated, as is generally 
known. This is especially of importance with respect 
to the application of hydrogenated fatty oils in the 
food industries. 
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Structure of Hydroperoxides Obtained from Autoxidized 
Methyl Linoleate ''2 
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T HE course and mechanism of the autoxidation of 
linoleate esters have been extensively studied (3, 
4, 5, 15, 16). It appears well established that the 

principal products formed initially under mild condi- 
tions of oxidation are monomerie monohydroperox- 
ides, a high proportion of whieh contain conjugated 
diene systems (4, 5, 15). The geometric configurations 
in the double bond systems, of the autoxidation prod- 
ucts have not hitherto been established. 
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Previous estimates of the amount of conjugated 
peroxide (3, 4, 5, 15, 16) have been based on the mo- 
lecular extinction eoeffieient for trans, trans linoleie 
acid (32,200 at 230-234mt~, mole/liter, 1 era.). The 
peroxides were estimated to be 70 to 75% conjugated. 
The remaining peroxide was assumed to be noneonju- 
gated. However a linoleate peroxide formed at 0 ~ 
with lipoxidase catalyst was reported with 97.5% con- 
jugation on this basis (2). 

The trans, trans isomers were the only pure eonju- 
gated linoleates then known. More recent work has 
shown that the eis, trans conjugated linoleates have 
lower molecular extinction coefficients, 27,400 (11) or 
28,700 (17). Obviously a knowledge of the geometric 


