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ABSTRACT 

Conjugation of methyl linoleate was studied by 
treatment with RhC13 or cis-C12[(C6H s)3 P] 2Pt- 
SnC12. PdC12 appeared as effective as RhC13 in hot  
alcohols in conjugating linolenate but PdC12 decom- 
posed to metal. Both RhC13 and the Pt-complex 
catalyzed transesterification in alcohols, especially 
the latter. When the conjugation is carried out in 
methanol at 180 C, the Pt-comptex yielded as much 
as 64% conjugated dienes from linoteate in 24 hr. 
However, typical results in n-butyl  carbitol at 150 
and 180 C were only 25-35% conjugated dienes as 
methyl  esters with either RhC13 or the Pt-complex. 

INTRODUCTION 

Cowan (1) reviewed the methods of conjugating polyun- 
saturated fats and their derivatives in 1949. Nickel in one 
form or another is possibly the metal  catalyst most 
frequently mentioned (2). Among the substances reported 
as catalysts since this review are sulfur or selenium-nickel 
(3), n-bromosuccinimide (4), quinones (5), furfural (6), 
oxygen (7), sulfur dioxide (8), palladium on carbon (9), 
iodine (10), zinc, iron, lead and various clays (11), 
Potassium t-butoxide in dimethyl  sulfoxide is rapid com- 
pared to potassium methoxide in methanol (12). 

Transition metal carbonyl compounds have been studied 
as conjugation catalysts (13). Compounds of rhodium, 
ruthenium, iridium, palladium and platinum were described 
as olefin isomerization catalysts (14). Bailar and I tatani  
(15) investigated complexes of plat inum and palladium 
chlorides with tr iphenylphosphine,  arsine and stibine as 
homogeneous hydrogenation catalysts and observed conju- 
gating activity. Frankel et al. (16) at this Laboratory 
observed conjugation during homogeneous hydrogenation 
of methyl  tinolenate. 

In view of the activity of some of the transit ion metal  
compounds as olefin isomerization catalysts, we thought 
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FIG. 1. Reaction of methyl linoleate with cis-C12[(C6Hs)3P ] 2 
Pt-SnCI 2 (50 mg/g linoleate) at 180 C in methanol. Conjugated 
dienes from gas chromatographic data with cis,cis-conjugated diene 
about equally divided between estimated amounts of cis, trans- and 
trans, trans-conjugated dienes, trans-lsolated from IR as elaidate. 

that  some of them might be potent  conjugation agents for 
polyunsaturated fats. This report  covers an investigation of 
some of  the olefin active catalysts on methyl linoleate and 
some other polyunsaturated fat derivatives. 

RESULTS AND DISCUSSION 

PdCI 2 in aromatic solvents proved rather inactive in 
conjugating methyl  linolenate, possibly because of the 
chloride's low solubility. When a solution of 1 g of methyl 
linolenate in 10 ml of xylene was shaken with 50 mg PdC12 
for 24 hr at 70 C, UV analyses showed ca. 6% and 2% of 
conjugated dienes and trienes, respectively. In 10 ml 
cyclohexanol at 160 C, 50 mg PdC12 and 1 g methyl 
tinolenate gave a homogeneous system and after 24 hr. UV 
analyses of the product  showed ca. 23% and 5% conjugated 
dienes and trienes, respectively. However the PdC12 decom- 
posed slowly to Pd in hot  alcohols and thus limits the 
usefulness of this catalyst in alcohols. 

RhC13 (tr ihydrate) (4 rag) in 10 ml of xylene at 141 C 
gave a heterogeneous solution and at tempts to conjugate 
methyl linolenate ( t  g) with this system were not  success- 
ful. RhC13 in cyclohexanol under the same conditions given 
above for PdC12 in cyclohexanol was stable and yielded 
24% and 4% conjugated dienes and trienes, respectively, 
from methyl linolenate. Similar results were obtained on 
methyl  linolenate with RhC13 in hexanol at 160 C for 24 
hr. In ethanol (10 ml) at 80 C for 24 hr, 4 mg of RhC13 to 
1 g of linolenate afforded 5% and 1% conjugated dienes and 
trienes, respectively. With a similar ratio of catalyst to 
linolenate and amount of dimethylformamide at 160 C and 
24 hr, 13% and 4% conjugated dienes and trienes, respecti- 
vely, were formed. 

Thus PdC12 and RhC13 produce higher levels of conju- 
gation with methyl linolenate in alcohols than in aromatic 
solvents. Others have suggested that  isomerization of olefins 
by transition metal compounds proceeds through metal  
hydride intermediates (14). A metal hydride could be 
formed by removal of hydrogen from an alcohol. There- 
fore, RhC13 was further investigated as a conjugation 
catalyst for methyl  linoleate in a high boiling alcohol as 
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FIG. 2. Reaction of methyl linoleate with cis-CI2[(C6Hs)3P ] 2 
Pt-SnC12 (100 mg/g linoleate) at 180 C in methanol. Conjugated 
dienes from GC data with cis,cis-conjugated dienes about equally 
divided between estimated amount of cis.trans- and trans.trans-con- 
jugated dienes, trans-lsolated from IR as elaidate. 
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TABLE 1 

Isomerization of Methyl Linoteate a 

VOL. 48 

Reaction 
Catalyst 

amount, mg/g Temperature, C Time, hr 

Gas chromatographic analyses of products, % 

Dienes 

Monoenes Nonconjugated Conjugated Transesters Polymer b 

2 150 1 
2 150 5 
2 150 24 
2 180 1 
2 180 5 
2 180 24 

10  1 5 0  1 
10 150 5 
10 t50 24 
I0 180 1 
10 180 5 
10 180 24 

1 85 14 0 0 
5 70 21 0 4 
8 44 18 1 29 
2 79 17 0 2 
5 62 25 0 7 
8 45 25 5 17 
1 7 4  8 0 17 
4 59 22 3 15 

11 41 3t 4 13 
2 64 19 3 12 
9 46 30 5 25 
9 33 31 19 8 

aCatalyst: RhCI3°3H20 Solvent: n-Butyl Carbitol. 
bpolymer estimated by difference. 

solvent.  We selected n-buty l  carbitol  (BC) as a solvent  since 
it can easily be washed f r o m  reac t ion  samples  by water .  

The results  of  expe r imen t s  to conjugate  me thy l  l inoleate  
wi th  RhC!3 in BC at two t empera tu res  and two catalyst  
levels are shown in Table I. 

Data f rom a low r e t en t i on  gas ch romatograph ic  (GC) 
column and  th in  layer ch romatograph ic  (TLC) plates 
showed that  b o t h  BC esters  of  the  fa t ty  acid p roduc t s  
( t ransesters)  and po lymers  were fo rmed  in most  o f  these 
react ions.  Transesters  were ident i f ied  by compar i son  o f  the 
r e t en t i on  t ime (or Rf value) of  an au then t i c  sample of  BC 
l inoleate  wi th  the reac t ion  products .  Po lymers  were deter-  
mined  in the reac t ion  mix tures  using me thy l  pahni ta te  as an 
internal  s tandard  on the  short  r e t en t ion  GC column.  
Accuracy of  this m e t h o d  was de t e rmined  wi th  k n o w n  
mixtures of  volatile and nonvolat i le  esters and showed an 
error  o f  abou t  -+5% in the  po lymer  con ten t s .  

In a con t ro l  expe r imen t ,  me thy l  l inoleate,  1 g in 10 ml 
BC was hea ted  to  1 8 0 C  for 24 hr w i thou t  catalyst .  
Analyses  on this p r oduc t  showed ca. 4% po lymer  and no 
t ransester .  Transester  p robab ly  requires  catalyst  in order  to  
form. 

Table I shows the result  of  exper iments  wi th  RhC13 
catalyst  in BC on me thy l  l inoleate.  With 2 mg/g of  catalyst  
at 150 and 180 C less conjugated diene and less t ranses ter  
fo rmed  compared  to  the cor responding  react ions wi th  10 

mg/g of  catalyst.  When 10 mg/g of  catalyst  was used at 
e i ther  150 or 180 C for  24 hr, about  31% conjugated diene 
was produced .  F o r m a t i o n  of  conjugated diene was more  
rapid at 180 C (30% in 5 hr)  and more  t ranses ter  fo rmed  
(19% vs. 4%) than  at 150 C, while the  a m o u n t  o f  po lymer  
p roduced  at the two t empera tu res  was similar. Some 
reduc t ion  o f  double  bonds  occurred  as s h o w n  by  an 
increase in monoenes .  

The a mo u n t  of  conjugat ion  p roduced  in me t h y l  l inoleate 
by cis-dichlorobis(triphenylphosphine)platinum (CI2PtL 2) 
wi th  s tannous  chloride as cocata lyst  in BC was investigated.  
The results are shown in Table II. No conjugat ion occurs  
w i t h o u t  s tannous  chloride (17). The reac t ion  was s tudied at 
two catalyst concen t ra t ions  at each of  two  tempera tu res .  A 
molar  ratio of  10:1 for (SnC12-2H20):C12PtL 2 was used as 
this was the o p t i m u m  ratio found  by  Tayim and Bailar 
(17).  The yield of  conjugated dienes at 180 C and 24 hr  
wi th  50 mg/g of  catalyst  appears  to be infer ior  to  tha t  
ob ta ined  wi th  RhC13 (based on methy l  esters),  bu t  m u c h  
t ranses ter i f ica t ion (68%) occurred  and the  a m oun t  o f  
conjugated diene in the t ranses ter  f rac t ion  is u n k n o w n .  
However ,  one  might  expec t  the compos i t ion  o f  t ransester  
(with  respect  to conjugated and noncon juga ted  dienes)  to 
be similar to that  of  the me thy l  ester f ract ions ,  e.g., 50% of 
each isomer.  When 100 mg/g of  catalyst  was used at 180 C 
for  24 hr, essentially all the noncon juga ted  me thy l  esters 

TABLE II 

Isomerization of Methyl Linoleate a 

Reaction 

Gas chromatographic analyses of products, % 

Dienes 
Catalyst b 

amount, mg/g Temperature, C Time, hr Nonconjugated Conjugated Transester Polymer c 

50 150 1 100 Trace 0 0 
50 150 S 87 Trace 9 4 
50 150 24 66 7 22 5 
50 180 l 77 Trace 10 13 
50 180 $ 32 22 33 13 
50 180 24 5 5 68 22 

1 0 0  IS0 I 100 Trace 0 0 
1 0 0  150 S 98 2 0 0 
100 150 24 62 15 23 0 
1 0 0  180 1 84 2 2 12 
1 0 0  180 5 40 24 19 17 
I00 180 24 Trace Trace 70 30 

aCatalyst: cis-CI2[C6H5)3P ] 2Pt-SnCI2"2H20 Solvent: n-Butyl Carbitol. 
bCatalyst contained 10 moles of SnCI 2 "2H20/mole of CI2[(C6H5)3P] 2Pt. 
Cpolymer estimated by difference. 
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disappeared and a 70% yield o f  transester  was formed.  
To avoid the fo rmat ion  of  transester,  react ions were 

carried out  in methanol  instead of  BC. Results  f rom the 
react ion of  methy l  l inoleate wi th  C12PtL 2-SnC12 in 
methanol  at 180 C under N 2 at two dif ferent  p ropor t ions  
of  catalyst are shown in Figures 1 and 2. The highest 
conjugat ion was ca. 64%. Abou t  a 10% increase in 
conjugat ion is obta ined  by increasing the catalyst  f rom 50 
mg/g to 100 mg/g.  At  the lower  and higher catalyst  
p ropor t ions  ca. 42 and 31% of  nonconjuga ted  dienes, 
respect ively,  remained after  24 hr. Ca. 7% and 5% of  
po lymer  was est imated at the respective lower  and higher 
catalyst  levels after 24 hr. The trans-isolated products  were 
est imated by IR  based on the ex t inc t ion  coeff ic ient  for 
elaidate. The trans-isolated contents  suggest that  one half, 
or wi th  the higher catalyst  and tempera ture  levels, some- 
what  more than one half  o f  the nonconjuga ted  doubte  
bonds  are in the  trans configurat ion.  

The  react ion in me thano l  wi th  Ct2PtL2-SnC12 slowed 
af ter  6 hr and suggested that  the eff ic iency of  the catalyst  
was reduced after prolonged heat ing at 180 C. Thus,  a 
react ion which had been run for  24 hr at 180 C with  50 mg 
C12 PtL 2-SnC12/g methy l  l inoleate  was t reated again wi th  50 
mg C12PtL2-SnC12. Af ter  another  24 hr at 180 C the  yield 
of  conjugated dienes was 54%. This yield was less than  the 
result  shown in Figure 2 for t r ea tment  wi th  the same 
p ropor t ion  o f  catalyst  for 24 hr at 180 C. 

Trea tment  of  soybean oil wi th  50 mg C12PtL2-SnC12/g 
oil w i thou t  solvent at 180 C for 24 hr  produced  19% 
conjugated diene and 1% conjugated trienes,  respectively.  
Similarly, linseed oil y ie lded 2 I% conjugated diene and 6% 
conjugated trienes as measured by UV. 

EXPERIMENTAL PROCEDURES 

All solvents were  distilled before  use. BC was s tored  in a 
b rown  glass bot t le  under  N 2 in a refrigerator.  Methyl  
l inoleate,  l inolenate  and palmita te  were purchased f rom 
The Hormel  Ins t i tu te  and were at least 99% pure. These 
esters were s tored under  N 2 at -10 C. Nitrogen wi th  an 
oxygen  conten t  less than 0.002% was used for b lanket ing 
stored samples. Ni t rogen used to blanket  reac t ion  mixtures  
was first passed through Fieser 's  solut ion and then  a 
co lumn of  Drierite.  

The gas chromatograph  was a Varian Aerograph Model  
1525C. For  analysis of  the volati le me thy l  ester por t ions  of  
the samples, an 8 ft  X 0.125 in. 10% EGSS-X on 100/120 
mesh Gas Chrom P packed stainless steel co lumn was used. 
Methyl  palmita te  was used as internal  standard. High- 
-boiling transesters were de termined  wi th  t empera tu re  
programming on a 1 f t  X 0.125 in. 0.04% SE-30 on 
100/120  mesh silane-treated glass beads packed in a 
stainless steel co lumn.  Po lymer  contents  were es t imated by  
difference.  

All isomerizat ions,  except  runs in methanol ,  were 
conduc ted  under  a slight positive pressure of  N 2 in a flask 
equipped with  ref lux condenser ,  sampling port  and mag- 

net ic  stirrer. The flask was heated  by a magnet ical ly  stirred 
oil  ba th  having a t empera ture  control ler .  Typical ly ,  the  
flask was charged wi th  the required a m o u n t  of  solvent,  
substrate and catalyst.  Nitrogen was passed through to 
displace air and after 5 min the  flask was lowered into the  
oil bath  at the desired tempera ture .  Products  were taken up 
in hexane and par t i t ioned wi th  H 2 0  four  t imes under  N 2. 
The hexane solut ion was dried over  MgSO4, fi l tered and 
str ipped in vacuo. The residue was analyzed by UV, IR  and 
GC. 

A small rocking autoclave equipped wi th  glass liner was 
used for the runs in methanol .  Af te r  closure, autoclave was 
f lushed three t imes with  200 psig N 2 and then  heated  under  
200 psig N 2 as rapidly as possible to 180 C. Af ter  the 
desired react ion t ime,  the autoclave was cooled  to r o o m  
tempera ture  before  opening.  The products  were processed 
as before .  
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