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Abstract 

Methyl linolenate was hydrogenated with 10% 
copper chromite catalyst at 150 C and atmo- 
spheric hydrogen pressure. The product was 
separated into monoene, diene and triene frac- 
tions by countercurrent distribution. These frac- 
tions were further separated into various geo- 
metrical isomers. The double bond location in the 
various fractions was determined by reductive 
ozonolysis. Double bonds in both cis and trans 
monoene fractions, as well as in cis,trans and 
trans,trans conjugated dienes, were extensively 
isomerized. A monoene containing vinylic un- 
saturation was one of the major products. The 
nonconjugated dienes were mostly dienes whose 
double bonds were widely separated. Results 
are explained on the basis of conjugation of the 
double bonds in linolenate followed by hydrogen 
addition. 

Introduct ion 

Copper catalysts are by far more selective than 
nickel, platinum or palladium for reducing linolenate 
in soybean oil (1-3). Products formed from the 
hydrogenation of linolenate with niekel and platinum 

1Presented in par t  at the symposium "Hydrogenation Process," 
Division of Industrial Engineering Chemistry, 157th American Chemical 
Society Meeting, Minneapolis, April 1968. 
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TABLE I 

Analyses of Hydrogenated Methyl Linolenate 

GLC,a % trans, UV, 
Catalyst 

M D T C D CDT % a~l 

Nickel (4) 37.2 b 40.8 21.1 . . . . . . . . . .  37.2 0.5 
Copper chromite 29.8 8.9 22.9 c 33.8 4.6 31.6 35.2 

aM, monoene; D, diene; T, t r iene;  CD, conjugated diene; CDT, 
conjugated diene-triene. 

b Also 0 .9% stearate. 
c Alkali isomerization. 

catalysts ha~e already been characterized (4). Similar 
data with copper catalysts would be useful in ex- 
plaining the mechanism of hydrogenation. The 
analysis, partial separation and characterization of 
the various isomers formed during hydrogenation of 
linolenate with copper chromite catalyst are described 
here. 

Experimental  Results 

Methyl linolenate was prepared from the methyl 
esters of linseed oil by countercurrent distribution 
(CCD) between acetonitrile and hexane (5). Analysis 
by gas liquid chromatography (GLC) showed the 
linolenate to be better than 99% pure. UV and IR 
analyses showed the absence of conjugation and iso- 
lated trans bonds. Hydrogenation was carried out 
in a glass manometric apparatus (6) at 150 C and 
atmospheric pressure of hydrogen. Copper chromite 
(3 g) was heated to 350 C in air for 2 hr then cooled 
and placed in a hydrogenation flask. After the system 
was flushed with hydrogen gas, the temperature was 
increased to 150 C. The flask was evacuated and filled 
with fresh hydrogen. About 30 ml of methyl lino- 
lenate was then added and stirring was started. The 
rate of hydrogen uptake was measured from the 
drop in pressure in the hydrogen reservoir, which 
constantly fed hydrogen to the reactor at 0.5 psig. 
The reaction was stopped after 1 mole of hydrogen 
per mole of linolenate was added. Analytical data 
on the hydrogenated product and similar data from 
a nickel catalyst (4) are compared in Table I. 

The copper chromite hydrogenated product was 
separated into monoene, diene and triene by CCD 
(Fig. 1). Analytical data on these fractions are given 
in Table II. The diene fraction was further frac- 
tionated by CCD with a silver nitrate system (7) as 
plotted in Figure 2; the analytical data for the 
various fractions are shown in Table III. The triene 
fraction was similarly fractionated. Since separation 

T A B L E  I I  

A n a l y s e s  o f  Countercurrent  D i s t r i b u t i o n  F r a c t i o n s  F r o m  
H y d r o g e n a t e d  L i n o l e n a t e  

F r a c t i o n  W t ,  % G L C ,  % I R  U V  

M a 29.9 1 0 0 %  !~  6 3 . 4 %  t r a n s  b 

M D  10.5 M = 46 . 4 ;  D = 20.6 ; ............ 
CD = 33.0 

D 33.9 D = 16 .5 ;  CD = 83.5 ............ 

D T  1.0 D = 3 .6 ;  T + CD = 86.1 ; ............ 
C D T  = 11.3 

T 24.8 T = 83.5 ; G D T  = 16.5 6 . 0 %  t ra n s  ; 
alo.s ~ = 0.122 ; 
alo.6 ~ = 0.021 

amo m~ = 86.8 

a~o =~ = 36 .1;  
L i n o l e n a t e  ~ 
= 55.6% 

a ~  =~ = 0.22 
a ~ m ~ =  15.5 ;  

L i n o l e n a t e  ~ 
= 85.5% 

a See T a b l e  I ,  F o o t n o t e  a.  
b Also  a b s o r p t i o n  b a n d s  due to v i n y l  g r o u p .  
° A l k a l i  i s o m e r i z a t i o n .  
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T A B L E  I I I  

Ana lyses  of  Diene  F r a c t i o n s  

F r a c t i o n  Wt ,  % GLC, a % I R  UV 

A 80.3 100% CD;  alo.~ ~ = 0.851 ; a,so =~ = 96.2 
trans, trans mo.~ ~ = 0.107 
/c is , t rans  ~'~ 2.3 

B 2.4 D = 27.5; CD = 72.5 t r a n s =  24.3% ; a ~  ~ = 62.0 
mO.l~ ~ ---- 0.211 ; 
a~o.~ ~ = 0.152 

C 9.0 100% D Stuns = 64.4% Con j uga t ab l e  
diene b -- 27.2% 

D 8.3 100% D ~rans = 80.8% ~ Con j uga t ab l e  
diene ~' = 2.7% 

a See Table  I ,  Foo tno te  a. 
b A lka l i  i somer iza t ion  1 hr. 

Also absorp t ion  due to v iny l  groups.  

of components was poor, several transfers were com- 
bined to form individual fractions for analysis 
(Table IV). 

The monoene fraction (Table II)  was further 
separated into cis and trans fractions on a silver- 
saturated resin column (8) .  Monoene with a terminal 
double bond (A17-octadecenoate) eluted as a separate 
peak after cis monoene. However for analytical pur- 
poses, A17 isomer was combined with the cis fraction. 
Conjugated dienes (Table III,  Fraction A) were 
similarly separated into trans,trans and cis, tra~s 
fractions. 

Various fractions from the hydrogenated product 
were ozonized in dichloromethane at --65 C and the 
ozonides reduced with triphenyl phosphine (9). The 
resulting aldehydes, aldehyde esters and dialdehydes 
were analyzed on a Model 810 F&M gas chroma- 
tograph equipped with a hydrogen flame detector and 
4 ft × ¼ in.  dual aluminum columns packed with 
10% EGSS-X on Gas-Chrom P, 100-120 mesh (or- 
ganosilicon polyester packing obtained from Applied 
Science Laboratories, Inc., State College, Pa.). 
Column temperature was programmed at 6°/rain 
from 60-190 C and held at 190 C for the duration 
of the analysis (Fig. 3-5). 

Methyl esters were analyzed with a Pye argon gas 
chromatograph, equipped with a 4 ft  × ¼ in. glass 
column packed with 10% EGSS-X on Gas-Chrom P, 
100-120 mesh and with a Radium D ionization de- 
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FIG. 1. Counte rcur ren t  d i s t r i bu t i on  (COD) of h y d r o g e n a t e d  
me thy l  l ino lena te  be tween ace ton i t r i l e  and  hexane.  

teetor. The column was held at 170 C with a gas 
flow of 45 ml/min. T h e  area under each peak was 
determined from an electronically integrated curve. 
UV and IR analyses were performed according to 
AOCS Official Methods (10). Alkali isomerization 
of diene fractions was carried out for 1 hr (11) to 
measure the total amount of conjugatable dishes. 

D i s c u s s i o n  

The dienes formed from the hydrogenation of lino- 
lenate with copper chromite consisted mostly of con- 
jugated diene (Table I) ,  whereas only traces of con- 
jugated diene arc formed with nickel catalyst. In 
the unreduced triene about 16% of the molecules 
had diene conjugation. GLC analysis showed several 
peaks for conjugated diene-triene, and all possible 
geometrical isomers are present as deduced from IR 
data (Table IV). Some conjugated diene-triene eluted 
after linolenate during CCD (transfers 800-911). 
This behavior indicates that the conjugated diene- 
triene in this fraction may have an all-cis configura- 
tion. The shifting of the maximum in the UV to 
longer wavelength (234 m~) is also indicative of 
cis, cis configuration (12). Apparently conjugated 
double bonds in conjugated diene-triene move away 
from the isolated double bond since ozonolysis (trans- 
fers 200-499; Table IV) showed dialdehydes with 4 
to 8 carbon atoms. Only traces of conjugated trienes 
were found (Table I I ) .  Since conjugated trienes are 
selectively reduced by the catalyst (13), no ap- 
preciable accumulation is possible. Only a small 
amount (6%) of cis to trans isomerization of the 
double bonds occurred in the unreduced triene and 
the GLC and alkali-isomerization values for linolenate 
(Table IV) are in reasonable agreement. 0zonolysis 
of unreacted linolenate (transfers 640-799 ; Table IV) 
gave only one aldehyde ester with 9 carbon atoms 
which indicated that the double bonds remained in 
their original 9, 12 and 15 positions. Kinetic data 
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FIG. 2. C CD of diene f r a c t i o n  be tween  0.2 E s i lver  n i t r a t e  
in  90% methano l  and  hexane.  
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TABLE IV 
Analyses of Triene Fraetlons 

Transfer Wt, % GLCJ % IR UV 
N o .  " 

200-499 6.6 T = 12.4 ; CDT : 87.6 azo.z ~ = 0.784 ; a ~  =~ : 1.88 ; 
me.5 ~ = 0.044 ; a~o =,,, : 82.9 
trans = 13.7% 

500-589 5.5 T = 41.3 ; CDT = 58.7 a~o.1 ~ :  0.361 ; a=~ =~ : 55.7 ; 
azo.5 ~ = 0.077 ; Linolenate b --- 44.0% 
trans : 31.59o 

590-639 14.1 T = 77.8; C.DT : 22.2 trans = 2.7% a ~  ,,~ = 20.1; 
Lino]enate b ---- 79.7% 

640-799 89.4 T = 95.0 ; CDT = 5.0 trans = 1.1% a ~  =, = 4.5 ; 
Linolenate b ---- 94.2 % 

800-911 4.4 T = 87.5; CDT = 12.5 trans : 0% a~= ~ : 12.5; 
Linolenate b ---- 83.2 % 

a See Table I, Footnote a. 
b Alkali isomerization. 

(13) on the  h y d r o g e n a t i o n  of l ino lena te  i nd ica t e  t h a t  
the  c a t a l y s t  f i rs t  con juga t e s  the  double  bonds  in lin=o- 
lena te  to f o r m  c o n j u g a t e d  t r i ene  a n d  c o n j u g a t e d  
d iene- t r iene .  These are  t hen  h y d r o g e n a t e d  to fo rm 
c o n j u g a t e d  dienes  a n d  n o n c o n j u g a t e d  dienes.  

I n  c o n j u g a t e d  d icne  (Tab le  I I I )  t rans , t rans  i somer  
is the  m a j o r  p r o d u c t  ( t r a n s , t r a n s / c i s , t r a n s  = 2.3).  
O n l y  t races ,  i f  any ,  of the  cis,cis i somers  a re  found.  
These a re  c o n c e n t r a t e d  in  F r a c t i o n  B (Tab le  I I I )  
as i n d i c a t e d  b y  GLC a n d  the sh i f t  of the  U V  maxi -  
m u m  to longe r  wavelength .  I n  bo th  t rans , t rans  a n d  
cis , t rans  c o n j u g a t e d  dicnes,  va r ious  pos i t i ona l  isomers  
a re  f o u n d  ( F i g .  3) wi th  the  ±1o,1~, A~1,~3 and  ±12.14 
isomers  p r e d o m i n a t i n g .  These resu l t s  a re  e x p l a i n e d  
on the  basis  of c o n j u g a t i o n  of the  double  bonds  in  
l ino lena te  fo l lowed b y  h y d r o g e n a t i o n .  I t  was shown 
t h a t  f l -e leos teara te  is r e d u c e d  b y  1,6 a d d i t i o n  of 
h y d r o g e n  to fo rm the  10,12 i somer  of  c o n j u g a t e d  
diene as the  m a j o r  p r o d u c t  and  t h a t  ex tens ive  isom- 
e r iza t ion  of the u n r e d u c e d  c o n j u g a t e d  t r i ene  oc- 
c u r r e d  (14) .  On the  bas is  of th i s  f inding,  l ino lena te  
is f i rs t  c o n j u g a t e d  acco rd ing  to the  fo l lowing  scheme : 

( -" _~1~ - ^ \  L L m o ~ n a t v )  
9,11,13 ( (9,13,15) < 9,12,15"----> 10,12,14 

(9,~1,15) 

11,13,15 

M o v e m e n t  of the  9,10 and  15,16 double  bonds  
t o w a r d s  the  midd le  doub le  bond  in l ino lena te  wou ld  

10 12 14  r e su l t  in  A , . -oe tadeca t r i enoa te ,  whi le  movemen t  
of the  m i d d l e  double  bond  forms  two c o n j u g a t e d  
d iene- t r i enes  (Ag.1L15 a n d  ±9,1~,15). The  c o n j u g a t e d  
sys tem in c o n j u g a t e d  d iene- t r i ene  would  move t owa rds  
the  t h i r d  double  bond  to fo rm the  o the r  two con- 
j u g a t e d  t r ienes .  The  th ree  c o n j u g a t e d  t r i ene  isomers  
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Position of the Double Bonds 

FIG. 3. Double bond distribution in conjugated dlenes formed 
during hydrogenation of ]inolenate. 

a rc  then  h y d r o g e n a t e d  to f o r m  A 1°,12, A 11,13 a n d  
A 12,14 c o n j u g a t e d  d iene  isomers.  I somer iza t ion  of the  
th ree  c o n j u g a t e d  t r ienes  fo l lowed b y  h y d r o g e n  a d d i -  
t ion  wil l  a ccoun t  for  the  o the r  isomers formed.  

The monoenes  fo rmed  f rom l ino lena te  a re  even 
more  ex t ens ive ly  i somerized (F ig .  4) .  A c c o r d i n g  to 
the  k ine t ic  scheme p o s t u l a t e d  (13) monoenes  are  
fo rmed  f rom c o n j u g a t e d  diene.  F i g u r e  3 shows t h a t  
c o n j u g a t e d  d ienes  are  ex tens ive ly  isomcrized.  Also,  
f u r t h e r  i somer iza t ion  occurs  d u r i n g  h y d r o g e n a t i o n  of 
c o n j u g a t e d  d ienc  to monoenes  (14) .  H y d r o g e n  add i -  
t ion  to c o n j u g a t e d  diene seems to occur  b y  bo th  1,2 
a n d  1,4 a d d i t i o n  with  the  l a t t e r  be ing  the p r e f e r r e d  
t y p e  of a d d i t i o n  (14).  A c c o r d i n g l y ,  A 11, 412 a n d  
±13 isomers  shou ld  be f o r m e d  f rom the th ree  con- 
j u g a t e d  dienes  t h a t  r e su l t ed  f rom c o n j u g a t e d  t r iene .  
These are  i n d e e d  the m a j o r  p roduc t s ,  as seen in 
F i g u r e  4, a l t h o u g h  extens ive  i somer iza t ion  of  con- 
j u g a t e d  sys tems  d u r i n g  h y d r o g e n a t i o n  r e su l t ed  in  
cons iderab le  s c r a m b l i n g  of the  double  bonds  up  a n d  
down the chain .  A l a rge  a m o u n t  of ±17 isomer  ( abou t  
12% of monoene)  a c c u m u l a t e d  d u r i n g  hyd rogena t i on .  
This  i somer  e lu t ed  as a s e p a r a t e  peak  a f t e r  the  cis 
i somers  d u r i n g  c h r o m a t o g r a p h y  on a s i lver  res in  
column.  Iden t i f i c a t i on  of th is  i somer  is based  on 
IR ,  N M R  a n d  ozonolysis.  This  isomer has no t  p re -  
v ious ly  been r e p o r t e d  to f o r m  wi th  o ther  ca t a ly s t s  
(4,15).  I t  can  be f o r m e d  f rom a A 15,17 i somer  of 
c o n j u g a t e d  d iene  by  1,2 add i t ion .  Since the A15,17 
isomer  is n o t  f o u n d  in c o n j u g a t e d  dienes,  i t  is ap-  
p a r e n t l y  more  reac t ive  (due  to t e r m i n a l  olefin) t h a n  
the  o the r  isomers .  U n d e r  the  mi ld  condi t ions  of 
h y d r o g e n a t i o n  used,  oleate d i d  not  isomerize (14) .  
Thus,  A 17 monoene  r e su l t ed  f r o m  the h y d r o g e n a t i o n  
of a d iene a n d  no t  b y  i somer iza t ion  of monoenes.  

The n o n c o n j u g a t e d  dienes  f o r m e d  f rom l ino lena tc  
a r e  mos t l y  of the  n o n c o n j u g a t a b l e  t y p e  a n d  are  
s e p a r a t e d  in to  two f r ac t ions  b y  CCD (Tab le  I I I ,  
F r a c t i o n  C a n d  D) .  The i r  ana lyses  b y  r e d u c t i v e  
ozonolysis  ( F i g .  5) a re  diff icult  to i n t e rp r e t .  A l a rge  
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FIG. 4. Double bond distribution in cis and trans monoenes 
formed during hydrogenation of linolenate. 
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Fro. 5. A n a l y s i s  b y  r e d u c t i v e  o z o n o l y s i s  o f  n o n c o n j u g a t e d  
d i e n e s  f o r m e d  d u r i n g  h y d r o g e n a t i o n  o f  l i n o l e n a t e .  

number of diene isomers are possible. However, A9,17_ 

diene is inferred to be present in Fraction D. IR 
analysis indicated vinyl unsaturation. Reductive 
ozonolysis of a Cls diene could result in a Cs 
dialdehyde fragment only if the first double bond 
in the diene is at or below the 9,10 position. The 
large amount of C9 aldehyde ester together with 
minor amounts of aldehyde esters containing eight 
carbon atoms or less and the large amount of Cs 
dialdehyde provide evidence for the presence of A 9,17- 
diene in Fraction D. The double bonds in dienes are 
separated by two to six carbon atoms, and a large 
amount of the diene has its first unsaturation at the 
9,10 position. These dienes are formed from the two 
conjugated diene-trienes (A 9,n,15 and ±9,1~,15) that 
are formed from linolenate. The conjugated systems 
in these molecules move extensively in both directions 
during hydrogenation (14). If  the conjugated system 
moves towards the isolated double bond, then con- 
jugated triene would result which will be hydro- 
genated to conjugated diene and then to monoene. 
However, if the conjugated double bonds move away 

from the third double bond, then nonconjugatable 
dienes are formed by hydrogenation of these com- 
pounds. The nonconjugated diene formed from 
±9,13,15 isomer will have its first unsaturation at the 
9,10 position. Therefore, a major portion of the non- 
conjugated diene formed should contain its first un- 
saturation at the 9,10 position. About 60% to 65% 
of the nonconjugated diene (Fig. 5) had its first 
unsaturation at the 9,10 position. The noneonjugated 
dienes formed during hydrogenation of a synthetic 
mixture of A9'11'15 and Ag.13,15-octadecatrienoates upon 
ozonolysis gave products similar to nonconjugated 
dienes in Figure 5 (14). 

The formation of various isomers from linolenate 
with copper catalyst has been explained on the 
premise that conjugation of the double bonds pre- 
cedes the hydrogenation step and that extensive isom- 
erization of conjugated double bonds occurs during 
hydrogenation. The validity of this hypothesis will 
become more apparent from kinetic and mechanism 
data presented in Par t  I I  and I I I  (13,14). 

A C K N O W L E D G M E N T  

NM1% analysis  of Al~-oetadecenoate was  done by C. A. Glass.. 
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