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Abstract 
A convenient laboratory method to prepare 

trans,trans-9,11-octadecadienoic acid (TTA) via 
a polyester intermediate is described. Ricinelaidic 
acid was heated at 235C under vacuum for 3-4 
hr to form a polyester having a tool wt of 1,500- 
1,600. Pyrolysis of this polyester and simultane- 
ous distillation of the products gave crude dehy- 
drated acids. TTA was crystallized from a 95% 
ethanol solution of these acids, in a yield of 35%. 
Of the variables affecting pyrolysis, the tool wt of 
polyester had the greatest effect on yield of TTA. 

Introduction 
S P A R T  OF A S T U D Y  o n  Diels-Alder addition reac- 
tions of conjugated fatty acids, it was necessary 

to prepare pure TTA in quantity. By following Man- 
gold's (8) procedure, dry vacuum distillation of 
ricinelaidic acid, we were able to obtain dehydrated 
acids that had only 37% conjugated dienc. 

Studies on dehydration of related hydroxy com- 
pounds (9) were reviewed to evaluate procedures and 
catalysts with an objective of increasing the yield and 
puri ty of TTA. Experiments with several dehydra- 
tion catalysts, i.e., potassimn acid sulfate, Dowex 50, 
zinc chloride, boric oxide, boric and tetraboric acids, 
confirmed that TTA was formed, but increased yields 
were desired. 

Ricinoleic acid slowly undergoes intermolecular 
esterification (estolide formation) at room temp. 
Hawke and Koh]l (3) have shown that when this acid 
is heated in an inert atmosphere, estolide formation 
is the main reaction; its rate increases with rising 
temp. These workers (4) also reported that when 
ricinoleic acid is chemically dehydrated in the pres- 
ence of sodium bisulfate catalyst at 180C, the reac- 
tion proceeds in two stages: short-chain estolides and 
nonconjugated dicthenoid acids are formed initially, 
but as the hydroxyl value approaches zero, rupture 
of the estolide chains occurs, resulting mainly in the 
formation of conjugated 9,11-oetadecadienoic acid. 
Grummit and Marsh (2) reported the preparation of 
conjugated acids by heating rieinoleic acid with ac- 
tivated alumina for 3.5 hr at 225C followed by dis- 
tillation of the acids. They proposed estolide forma- 
tion and the generation of a new double bond by 
decomposition of this estolide. 

We have shown that rieinelaidic acid, like ricinoleic 
acid, will undergo estolide formation without catalysis 
at temp above 200C and under vacuum. By proper 
control of conditions, this estolide can be conveniently 
prepared and pyrolyzed in simple laboratory appara- Reaction 
tUS to give TTA in good yield. 

A ........................ Experimental B ...................... 
C ....................... Ricinelaidic Acid. Ricinoleic acid (Baker Castor Oil D ....................... 

Co. P-10 acid of 90% purity) was purified by a modi- E ....................... 
F ....................... 
Cl . . . . . . . . . . . .  

1 P a p e r  I I  in  the series on "Reac t ions  of Conjuga ted  F a t t y  Acids ,"  
presented at  AOCS meet ing  in  At lanta ,  1963. 

2 A labora tory  of the No. Uti l iz .  Res. & Dev. Div.,  ARS,  USDA,  

fication of the method of Kass and Radlove (5). The 
crude acids were filtered through a sintered-glass fml- 
nel at room temp to remove solids and then extracted 
with cold petroleum ether at zero C. Residual solvent 
was removed to yield an oil having a neutral eqtliva- 
lent of 298.2 and a Wijs iodine value ( I .V.)  of 88.9; 
theoretical values for ricino]eic acid are 298.5 and 
85.0, respectively. Thin-layer chromatography (TLC) 
showed that polyunsaturates account for the slightly 
high i.v. 

The purified acid, 145 g was elaidinized according 
to the procedure of McCutchon et al. (7). The crude 
elaidinized mixture was dissolved in 90% aqueous 
acetone (6 ml/g),  and the product was crystallized to 
yield 73 g crude elaidinized acid. Recrystallization 
from 90% acetone gave 58 g ricinelaidie acid, 40% 
yield, mp 50-51C, N.E. 298.5; LV. 85.0. TLC showed 
only one component. 

trans,trans.9,1l-Octadecadieuoic Acid. Catalytic 
Procedure: Ricinelaidie acid and catalyst were heated 
1 hr at 200C under a 20-ram vacuum, then cooled, 
dissolved in diethyl ether, washed free of catalyst and 
dried. The solvent was removed, and the dark brown 
residue was vacuum distilled. Table I shows the re- 
sults of dehydrating ricinelaidie acid with various 
catalysts. TTA was isolated by crystallization from 
95% ethanol at -15C, and recrystallized once under 
the same conditions. 

Estolide Procedure. A typical procedure was as fol- 
lows: ] 0 0 g  ricine]aidic acid were placed in a 250-ml 
round-bottom flask fitted with a short Claisen distilla- 
tion head, thermometer, vacuum adapter and receiver. 
The flask was warmed to melt the acid, placed under 
a l-ram vacuum, and then carefully lowered into a 
Wood's metal bath at 235C. Temp was maintained at 
235C for a selected time (estolide formation) and then 
increased slowly until smooth distillation occurred 
(pyrolysis). A bath-to-head differentia/ o f  approx 
100C was required for smooth distillation of the 
pyrolysis products. Highest temp reached during the 
latter part of the distillation were: bath 325C and 
head 240C. Most of the product distilled at 200-225C/ 
0.5-0.8 ram. The distillate was semisolid at room 
temp. The dehydrated acids were dissolved in 95% 
ethanol (3 ml/g) and allowed to crystallize at -15C. 

A twice-recrystallized product had an absorptivity 
(a) of 123.7 (methanol) and 114.1 (isooetane) at 231 

T A B L E  I 

Catalyt ic  Dehydra t ion  of Ric ine la id ic  Acid at  2o0C 

Diene  
Catalys t  conjuga- Yield, b mp 

tion, ~ % C % 
5v/o NaI~[SO~ 41.5 

20 % Dowex 50 e 41.1 
lV~ Znel2 40.8 9.8 4 7 - 4 9  
1 %  ~ s B O s  35.1 
1 v~ ]~O3 45.3 

2 0 %  HaBO3 51.7 21.3 5 3 - 5 4  
13v~ I-I2B 40 v 57.4 23.4 51 -52  

605  

I n  dis t i l led dehydrat ion mixture .  
b Based  on r ic inela id ic  acid. 
e Su]fonated polystyrene ion-exchange resin.  
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~ - I . . . . ~ . . . . . .  " 
Z .......................... 
K..'.'.'.'.'.'.'.'.'. ' .'.'.' .'.'." ." ( .'. ) .'." ). 

N .......................... 

Estol ide p r e p a r a t i o n  

T i m e  of P r o d u c t  
reac t ion ,  mol  

h r  w t  b 

1 780 
1 705 
2 1165 
2 1172 
3 1885 
3 1540 
4 1605 
4 1650 
6 1800 

17 2025 

Yield, c 
% 

86 .6  
89.5 
84.7 
92.7 
76.0 
83.0  
85,1 
88.2 
88.4 
74.3 

D e h y d r a t e d  acids  

Neutra l  
equ iva lent  

333 
302 
307 
339 
280 
280  
293 
299 
308 
289 

Total  
d iene  

conj uga-  
t ion,  % 

49.2 
46.7 
53.5 
47.9 
54.1 
62.6 
61.7 
52.3 
54.4 
56.4 

trans,trans-9,11- 
Octadecad ieno ic  acid  

Yield r ,d 
% 

26.0 
28.1 
31.0 
28.2 
30.8 (25 .9)  " 
3 5 . 1 ( 2 8 . 7 )  ~ 
3 2 . 9 ( 2 7 . 6 )  ~ 
36.2 (25 .5 )  e 
35.3 
24.4 

v[~O, d 
C 

47--49.5 
48.5--50 

60--61 
48--49 

47.5--49 ( 5 3 - 5 3 . 5 )  e 
49--50(53--53.5)  e 

50 (53--53.5)  e 
48 .5 - -49 .5  ( 5 3 )  e 

48--49.5 
4 8 . 5 - 5 0  

a H - R  carr ied  out  at  235C u n d e r  l - r am v a c u u m ;  S carr ied  out  at 1 9 5 C  a tmospher ic  pressure ,  u n d e r  N2. 
b Calcula ted  f r o m  neu t r a l  equivalent .  
e Yie ld  based  on estolide. 
d 0nce-crys ta l l i zed  product .  
e Reerys ta l l i zed  once f r o m  5 ml 9 5 %  e thano l /g .  

m~. IR spectroscopy of this product  showed a strong 
absorption at 987 cm -1, a = 1.240 (carbon disulfide) 
at t r ibuted to trans,trans conjugated diene. 

Table I I  lists data for  experiments based on this 
method of preparation.  Mol wt of the estolides were 
calculated from the neutral  equivalent on the assump- 
tion of one carboxyl/molecule. Conjugated diene 
values were determined in isooctane at 231 m~ based 
on a = 110 (10). 

Discussion 

Data on the catalytic dehydrat ion of ricinelaidie 
acid show in Table I. Conjugated diene values of 
41% were found in the dehydrated acid products when 
such dehydrat ion catalysts as sodium bisulfate, Dowex 
50 or zinc chloride were used to dehydrate  ricinelaidic 
acid. In reactions A, B and C, the yields of TTA were 
low, and the isolated products were impure. Ap- 
parent ly  in these reactions TTA was difficult to crys- 
tallize f rom the mixture of dehydrated acids. How- 
ever when boric acid or tetraboric acid was used 
(F,G) ,  significantly higher diene values, 52-57%, 
were obtained. In those reactions, TTA could be iso- 
lated much more easily by crystallization; however, 
yields were still only fair, and several recrystalliza- 
tions were required to obtain a sufficient pure prod- 
uct for  our use. 

Data on the pyrolysis of ricinelaidic estolides show 
in Table II .  The factor that  proved most important  in 
the preparat ion of TTA via the pyrolysis of estolide 
intermediate was its real wt. The temp of 235C was 
chosen for prepar ing the estolide because it  ensured 
a relatively short reaction time but  did not cause sig- 
nificant pyrolysis. Vacuum facilitated removal of 
water formed during esterification. By increasing the 
reaction time, higher mol wt were obtained. 

While dehydrated acids from estolides (Table I I )  
may arise pr imari ly  f rom the pyrolysis of ester link- 
ages, Hawke and Kohll (3) show from calculations of 
mol wt distribution based on F lorey ' s  principle of 
linear polycondensation (1) that  polyesters having 
mol wt of 1,500 contain as much as 18-20 mole per- 
centage of monomeric hydroxy  acid. Hawke and 
Kohll (4) suggest that, with ricinoleic acid dehy- 
drations using sodium bisulfate catalyst, intramolecu- 
lar dehydrat ion of monomer acid occurs and leads 
mostly to the production of nonconjugated diethenoid 
acids, whereas pyrolysis of estolide linkages leads 
mainly to conjugated acids. Similarly, ricinelaidic 
estolides would contain monomerie acids in vary ing  
amounts, depending on the mol wt. Thus, the pos- 
sibility for  both direct dehydrat ion and estolide py- 

rolysis reactions exists. This suggestion appears to 
be substantiated by comparing reactions H and J 
with N (Table I I ) .  In H or J the lower mol wt 
estolides contain more monomeric acid and are py- 
rolyzed to give products containing less conjugated 
diene that those from experiment N. Apparent ly ,  in- 
tramolecular dehydrat ion leading to noneonjugated 
acids is more important  in H and J. 

Maximum amount of distillate is obtained by the 
use of a very  short Claisen head. In  certain reac- 
tions, e.g., H and L, pyrolysis of low-mol-wt estolides 
gave dehydrated acids with somewhat higher neutral  
equivalents. TLC showed that  cstolides and ricinela- 
idle acid were present in these distillates. These con- 
taminants were apparent ly  carried over by evolution 
of water resulting from dehydrat ion or esterifieation 
of rieinelaidic acid, which would be present in ap- 
preciable amounts in low-mol-wt estolides. The higher 
temp and lower pressure of distillation, in comparison 
to the conditions of original estolide formation, would 
encourage these reactions of the monomer acid as well 
as promote relatively violent evolution of the water 
so formed. 

A 3-hr reaction appears to be the min time to en- 
sure an estolide of suitable mol wt. Maximum yield of 
TTA was obtained f rom an estolide having a mol wt 
of 1,500-1,600 as shown in the 3-4 hr reactions. IR 
analysis of the methyl ester of these acids (N) dis- 
closed the absence of hydroxyl  at 3,570 am -1 and in- 
dicated complete dehydration.  When the reaction 
mixture was heated an additional 3 hr, the yield of 
TTA  did not improve significantly (compare R and 
N).  The decreased yield of TTA caused by low yield 
of dehydrated acids possibly is a t t r ibuted to formation 
of polymeric products  that  cannot be pyrolyzed (S) .  

A C K N O W L E D G ~ I E N T  

Spectra l  data  by  G. E .  Mc~Ianls ,  J r . ;  a s s i s t ance  in  the  expe r imen ta l  
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the  s t udy  f r o m  J .  C. Cowan.  
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