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Metathesis of Fatty Esters Derived from South African Sunflower Oil 
C.P. N ico la ides  ",a, J.H. O p p e r m a n  a, M.S. Scurre l l  o a n d  W . W .  F o c k e  b 
acatalysis Programme, Division of Energy Technology and bpolymers Programme, Division of Materials Science and 
Technology, CSlR, P.O. Box 395, Pretoria 0001, Republic of South Africa 

T h e  m e t a t h e s i s  o f  t h e  m i x t u r e  o f  fa t ty  m o n o e s t e r s  de-  
r ived  f r o m  s u n f l o w e r  o i l  w a s  e x a m i n e d  u s i n g  t h e  WC16- 
(CH3)4Sn c a t a l y t i c  s y s t e m .  A f t e r  d i s t i l l a t i o n  o f  t h e  re- 
a c t a n t  m i x t u r e ,  a t o t a l  c o n v e r s i o n  o f  81% and  a 17% 
y i e l d  o f d i e s t e r s  w a s  a c h i e v e d  u s i n g  a 1:1:30 m o l e  ra t io  
o f  c a t a l y s t : c o c a t a l y s t : e s t e r .  T h e  ra te  o f  r e a c t i o n  o f  t h e  
e t h y l  l i n o l e a t e  w a s  d o u b l e  t h a t  o f  t h e  o l e a t e .  

The meta thes is  of fa t ty  esters  using the WC16-(CH3)4Sn 
catalyt ic  system was first descr ibed in 1972 (1). Since 
then numerous  publicat ions have appea red  dealing with 
the  meta thes is  of esters such as methyl  oleate (2), methyl  
l inoleate (3), methyl l inolenate (4) and others  (5), as well 
as the  meta thes is  of fa t ty  oils (6). The heterogenous cata-  
lysts Re/Al203 (7) and  Re/SiO2-A1203 (8) have also been 
successfully employed for the  meta thes is  of these unsat-  
u ra ted  esters. Of in teres t  to us was the synthesis of the 
diesters  (for polymerizat ion purposes )  via the meta thes is  
of the mix ture  of monoes ters  as obta ined from the vege- 
table oils. Whereas previous repor t s  have deal t  with 
s ingle-component  fat ty  ester  systems (9-11),  in this com- 
municat ion we repor t  on the tungsten-cata lyzed me- 
ta thesis  react ion of the  mix ture  of unsa tu ra t ed  acid es- 
ters  t ha t  were derived from South African sunflower oil. 
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MATERIALS AND METHODS 

The major  const i tuents  of the  ester  mix ture  were 6% ethyl 
s tearate ,  7% paimitate ,  28% oleate and 59% linoleate. The 
ester  mix ture  was distil led (12) and then degassed with 
nitrogen pr ior  to use. The catalyt ic  exper iments  were car-  
r ied out  in a two-necked flask which was fi t ted with a 
rubber  sep tum and a condenser ,  on top of which a T-piece 
was placed to allow for a cont inuous  flow of nitrogen. 

WCl~ (99.9+% pure)  and  (CH3)4Sn were purchased  from 
Aldrich Chemical Co. (Milwaukee, WI). The addi t ion of 
reagents  was as previously descr ibed (13). Care was tak- 
en th roughout  all the s teps to exclude air and  moisture.  
In a typical  exper iment ,  1.4 g of WCI6, 40 ml of esters  and  
0.6 ml of (CH3)aSn were used. The react ion was car r ied  
out  at  110-120~ At the end of the reaction,  the meta l  
species was p rec ip i t a ted  by adding an aqueous ammonia  
solution (2). Analyses were carr ied out  by gas chromato-  
graphy using FID with a BP-1 capi l lary column and an OV- 
101 packed  column. The react ion mixtures  were fur ther  
analyzed by gas chromatography-mass  spectrometry.  

RESULTS AND DISCUSSION 

After  disti l lation and using a 1:1:30 mole rat io  of cata-  
lyst:cocatalyst:ester,  a to ta l  conversion of 81% of the li- 
noleic and  oleic esters  was obtained.  This compares  favor- 
ably with the l i te ra ture  results  of 84% conversion for the 
meta thes is  of pure  methyl  l inoleate (4), and  of 50-54% of 

*To whom correspondence should be addressed. 

FIG. 1. Reactivity of the monoesters. 

methyl oleate (13), where a 1:1:50 mole rat io was used. 
Considerably lower conversions were obta ined  with the 
undist i l led ester  mixture.  

The react ivi ty of each of the  unsa tu r a t ed  esters  p resen t  
in the r eac tan t  mix ture  was moni tored  with t ime and the 
results  are  shown in Figure 1. Within an hour, 69% of the  
linoleic and 33% of the oleic esters  had  reacted.  After 
three  hours, the  conversions were 84 and 50%, respective- 
ly. The higher conversion ra te  of the  linoleic esters  com- 
pa red  to tha t  of the oleic (ca. 2:1) could be a t t r ibu ted  to 
the  presence of two double bonds in the former, as com- 
pa red  to only one in the latter.  

The react ion p roduc t s  (viz., alkenes, mono- and dies- 
ters)  arising from the meta thes is  react ion of (i) a linoleic 
and  linoleic ester, (ii) oleic and  oleic, and (iii) linoleic and  
oleic, were identified by mass  spect rometry .  The p roduc t s  
of the first two combinat ions  are as previously r epor ted  in 
the  l i te ra ture  (3,14). The only new products ,  a conse- 
quence of the th i rd  combinat ion,  were the C6=C 9 and 
C6=C3=C9 alkenes at  m/e=210 and 250, respectively. Two 
diesters  were observed, EtOOCCs=CsOOEt (m/e=368)  
and EtOOCCs=Ca=CsOOEt (m/e=408)  (Et=ethyl),  and the 
percent  yield with t ime is shown in Figure 2. However, we 
have been unable to detect  the EtOOCCs=C3=CsCOOEt 
dies ter  or any others  of higher molecular  weight in the  
p roduc t  mix ture  obta ined under  our react ion conditions.  
This species was previously observed (2.3 mol%) in the 
p roduc t s  arising from the meta thes is  of the pure  linoleic 
ester  (3). The influence, therefore,  of the differences in 
the  react ion condit ions and of the  use of a mix ture  of 
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FIG.  2. P lo t  o f  p e r c e n t a g e  y i e l d  o f  d i e s t e r s  v s  t ime .  

esters  resul t ing  in s e c o n d a r y  me ta thes i s  (of the  highly 
u n s a t u r a t e d  esters  to p roduce  lower molecu la r  weight  
p roduc t s )  and  a lower probabi l i ty  of format ion ,  respec-  
tively, c a n n o t  be excluded.  Thus, the  meta thes i s  of the  
m i x t u r e  of u n s a t u r a t e d  fa t ty  esters  der ived from sun-  
flower oil has  been d e m o n s t r a t e d .  U n d e r  these  reac t ion  
condi t ions ,  high convers ions  were ob t a ined  af ter  a s imple  
dis t i l la t ion of the  r e a c t a n t  mixture .  
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