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Alkaline Cleavage 
I. Ricinoleic Acid 

of Hydroxy Unsaturated Fatty Acids. 
and Lesquerolic Acid 

M. J. DIAMOND, R. G. BINDER and T. H. APPLEWHITE, 
Western Regional Research Laboratory, ~ Albany, California 

Abstract 
The effects of t empera ture  and media on the 

fusion of ricinoleic and lesquerolic acid deriva- 
tives with concentrated aqueous alkali were ex- 
amined. Improved  yields of e,-hydroxy acids were 
obtained by use of excess 2-octanol. The effect 
of excess 2-octanol is discussed in relation to a 
recently proposed reaction mechanism. 

Introduction 

H IGH TEMPERATURE (above 250C) alkaline fusion of 
derivatives of ricinoleie acid, 12-hydroxy-cis-9- 

octadeeenoic acid, is a commercial method for manu- 
fac tur ing  sebacic acid in high yield (1-9).  Lower 
t empera ture  (180-200C) alkaline fusion produces 
10-hydroxydeeanoic acid (1,5,9-12), but  the yield is 
smaller than  for sebaeie acid. Analogous compounds 
are produced f rom lesquerolic acid, 14-hydroxy-cis- 
11-eicosenoie acid, which is the major  f a t ty  acid con> 
ponent  of sonic Lesquerella seed oils (13,14). The 
high tempera ture  alkaline fusion gives dodeeanedioie 
acid (15). The low tempera ture  reaction, which has 
not been reported previously, yields 12-hydroxydo- 
decanoic acid. The following equations summarize 
the reactions : 

Cg~ (.C fI _0 ~CHCH,_,CH=CI¢ (CH~) ,,COOn 
I 

O H  

H O C H ,  (CH_~),,.1COOH t t O O C C H :  (CH._,), ,COOH 

÷ + 

CH~(CH~)~CCHa CHj(CH~)~CHCH:~  + H2 
II I 
O O K  

n : 7 ( r i c lno le l c  a c i d )  
9 ( ] e sque ro l i c  a c i d )  
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In  this investigation the effects of reaction media, 
reaction times, and temperatures  on the alkaline 
cleavage of rieinolee acid and lesquerolic acid were 
examined. A procedure for enhancing yields of ,~- 
hydroxy acids is discussed in relation to possible 
reaction mechanisms (1,5,16,17). 

Experimental 
M a t e r i a l s  

Methyl Ricinoleate. This ester was p repared  by 
alcoholysis of castor oil followed by fract ional  distilla- 
tion of the mixed methyl  esters under  reduced pres- 
sure to give a product  of > 98% pur i ty  (18). 

Methyl Lesquerolate. Lesquerella fendleri oil (13, 
19) was alcoholized with methanolic sodium methox- 
ide, and methyl  lesquerolate (~--95% pur i ty )  was 
isolated by fract ional  distillation at 190-195C and 
100-275 ~ Hg. 

2-Octanol. Eas tman Kodak 66 (ketone-free) 2- 
oetanol was used as obtained. 

A n a l y t i c a l  T e c h n i q u e s  

Programmed- tempera ture  g a s - l i q u i d  c h r o m a t o -  
graphic analyses were run  on a model 720 F and 3/[ 
Gas Chromatograph.  The column was a 3-ft, 0.25-in. 
stainless steel tube packed with 10% ECNSS-S (Ap- 
plied Science Laboratories,  Inc., State College, Penn.)  
on 100-120 mesh Gas Chrom P. 

P r o c e d u r e s  for  A l k a l i n e  F u s i o n  of  H y d r o x y  
U n s a t u r a t e d  Ac ids  

A. Preparation of Sebacic Acid by High Tempera- 
tare Alkaline Clea~age of Ricinoleic Acid. A one-liter 
nickel resin kettle and top were fitted with a sealed 
steel stirrer,  heated dropping funnel, and a condenser 
for  collection of volatile by-products.  The reaction 
vessel was charged with 17.8 g of sodium hydroxide, 
2.5 g of water, and 3.9 g of lead oxide as catalyst  (8), 
and brought  to 250 C with an electrically heated sili- 
cone oil bath. Methyl rieinoleate (78 g) was saponified 
with 20 g of sodium hydroxide in 12 ml of water. The 
soap was dissolved in 138 ml of hot water,  and was 
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S t a r t i n g  m a t e r i a l s  P e r c e n t  composi t ion of c rude  r eac t ion  m i x t u r e  ¢ 
Temp,  Time, 

B, un  No. F a t t y  acid,  a N a 0 t t ,  1-I20, Di]ucnt ,  b C h r s  D ibas i c  w-Hydroxy  S t a r t i n g  Un-  
moles moles moles moles ac id  acid  ac id  k n o w n s  

1 0 .10  0 .22  15 0 202  2.3 37  23 40 
2 0 .10  0 .85  0.5 0 .38  184  6.6 67 19 .... 
3 0 .40  3 .40  2 .0  1 .50 183 11.5  11 80 .... 9 
4 0 .10  0 .22  13 0 201  2.1 22  20  58 .... 
5 0 . 2 0  1 .70 1.5 0 .13 192  7.9 58 34 18 
6 0 .10  0 .85  0.5 0 .82 191 24 .8  0 0 98 ' 2  
7 0 .10  0 .85  0.5 0 .19  187 10.5  21 63 11 5 
8 0 .10  0 .85  0.5 0 .38  183 12.7  14 66 13 7 
9 0 .10  0 .85  0.5 0 .57  186  22 .5  23 64 5 8 

10 0.10 1.70 0.5 0 .38 183 12 .6  12 66 9 13 
11 a 0 .30  2 .55  :[..5 1 .14  185  12.4  19 63 7 11 

B u n  1 :  added  as aqueous  sodium r i c ino i ea t e ;  r u n s  2 and  3 :  added  as  methyl  r i c ino lea t e ;  r u n  4 :  added  as aqueous  po tass ium lesquero la te ;  
r u n s  5 to 1 1 :  added  as methyl  lesquerola te .  

bi%un 2 :  2 -oc tanone ;  r u n  3 :  2-octanot ;  r u n  5 :  p c r e s o l ;  r u n  6 :  g lycero l ;  r u n s  7 to 1 1 :  2-octanol .  
e Analyzed  as methyl  es ters  by GLC,  Not ad jus t ed  for  nonvo la t i l e  p roduc t s .  Composi t ions  r epo r t ed  on the bas i s  of u n c o r r e c t e d  a r e a s  of peeks, 
a B]anke ted  wi th  n i t rogen .  

added dropwise to the st irred hot caustic. Sodium 
ricinoleate was sufficiently soluble in hot water  to 
permit  uni form dropwise addition as a homogeneous 
aqueous solution. The reaction mixture  was then 
st irred at  250C for 2 hr  and the volatile components 
collected. The mixture  remaining in the kettle was 
cooled to about 90C and dissolved in 90 ml hot water. 
Af te r  fil tration of the hot caustic solution, an aliquot 
of the filtrate was wi thdrawn for analysis. The 
aliquot was acidified to p H  1 with 50% aqueous sul- 
furic acid and extracted wittl ether. The ether solution 
was dried with sodium sulfate, and the ether was 
removed on a ro ta ry  evaporator  to yield sebaeie acid. 
This was converted to esters in refluxing excess meth- 
anol with 0.5% concentrated sulfuric acid as catalyst. 
The resul tant  dimethyl  sebaeate was examined by gas- 
liquid chromatography  (GLC).  The GLC pa t t e rn  
showed only one large peak, and no methyl  10- 
hydroxydecanoate  was present. The remaining caustic 
solution was acidified, and 35.2 g (70%) of > 9 5 %  
pure  sebacic acid was obtained; mp 127-131C. 

B. Preparation of Dodecanedioic Acid by High. 
Temperature Alkaline Cleavage of Lesquerolic Acid. 
The equipment  and procedures used were identical 
to those described above except that  the less soluble 
sodium lesquerolate was added in ethanol, or the more 
soluble potassium lesquero]ate was added in water. 
The yield of crude dodeeanedioic acid obtained was 
62%; mp 110-122C. One crystallization f rom ethyl 
acetate (14:1) gave a 48% yield of dodecanedioic 
acid; mp 125-128C. A port ion of the crude free acid 
was converted to dimethyl  dodeeanedioate, and ex- 
aminat ion by GLC indicated that  no methyl  12- 
hydroxydodeeanoate was present  in the sample. 

C. Preparation of lO-Hydroxydecanoic Acid by Low 
Temperature Alkaline Cleavage of Ricinoleic Acid. 
In  one experiment  without an organic diluent (run 
1), the same appara tus  and procedures described 
above were used except a lower tempera ture  was 
maintained. The quantit ies of reactants,  reaction con- 
ditions, and analytical  results are shown in Table I. 

In  all other runs, the appara tus  was modified by 
replacing the take-off a r rangement  with a reflux con- 
denser. A mixture  of concentrated aqueous alkali 
and an organic diluent such as 2-octanone or 2-octanol 
was st irred and heated to tlle desired tempe~'ature in 
the reaction pot. Methyl ricinoleate was added drop- 
wise and the reaction mixture  was st irred for the 
desired time. The mixture  was cooled to 90C, water  
was added, and an aliquot was wi thdrawn from the 
vigorously stirred system for analysis. Fo r  isolation 
of the 10-hydroxydecanoie acid in large quanti ty,  the 

mixture  was acidified to p H  1, and the lower aqueous 
layer  was separated f rom the superna tan t  organic 
layer. The hot organic solution was washed with hot 
water, dried with sodium sulfate, and filtered. Com- 
mercial pentane was added, and a copious crop of 
10-hydroxydecanoic acid crystals formed. The mix- 
ture was stored at - -25C overnight,  and the crystals 
were filtered, washed with commercial pentane, and 
dried. The o,-hydroxy acid was fur ther  purified by 
reerystall ization f rom benzene af ter  decolorization 
with charcoal. See runs  2 and 3 for quantit ies of 
reactants,  reaction conditions, and analytical  results. 

D. Preparation of 12-Hydroxydodecanoic Acid by 
Low Temperature Alkaline Cleavage of Lesquerolic 
Acid. In  one experiment,  the same appara tus  and 
procedure described in (B) were used. The quantit ies 
of reactants,  reaction conditions, and analytical  re- 
sults are shown in run  4. In  all other runs the reaction 
was per formed under  reflux and worked up as de- 
scribed in (C).  Methyl lesquerolate was added drop- 
wise to a reaction system containing one of the follow- 
ing diluents:  p-cresol, glycerol, or 2-octanol. The 
conditions and results are presented in the table. 

Discussion 

The nearly exclusive format ion of dicarboxylic 
acids f rom the alkaline fusion of some hydroxy  un- 
saturated acid derivatives at  above 250C has been 
amply  substant iated by numerous earlier investigators 
(1-9,15), and fu r the r  confirmed by the results pre- 
sented here. Manufac tur ing  plants  claim greater  than  
80% yields of sebaeic acid f rom castor oil (3,6-8). 
Only a 21% yield of dodeeanedioie acid f rom les- 
querolic acid was previously reported (15), but  by 
following procedure B, a 48% yield is obtained. 

At  lower temperature ,  the yields of dicarboxylic 
acids decrease and some o-hydroxy acids form. We 
find, however, that  the dicarboxylic-acid-to-o, hydroxy-  
acid ratio favors the former  acid even at tempera tures  
as low as 183C (cf. rmls 1,2,4, and 5). Hence, lower- 
ing the reaction tempera ture  is not adequate to obtain 
high yields of o-hydroxy acids. Fur thermore ,  it has 
been shown tha t  below 180C no appreciable cleavage 
occurs (5). 

In  a recent series of investigations, Weedon and 
co-workers (16,17,20-22) have extensively examined 
the reactions of f a t ty  acid derivatives with concen- 
t ra ted  alkali. The first step in their  proposed mecha- 
nism for  the alkaline cleavage of hydroxy acids is 
dehydrogenat ion to give a keto acid. In  the case of 
unsa tura ted  hydroxy  acids, e.g., ricinoleic acid or 
lesquerolic acid, the dehydrogenation process which 
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produces fl ,~-unsaturated keto acids may  be repre- 
sented by the following scheme: 

R C H C H s C H - - - - C H  (CH~,) ,  C O O  0 

O[I-I ~ O H O  

H H - - O H I  

R - - C C H 2 C t I ~ C H  ( C H ~ ) ~ C 0 0  e 

R C C H 2 C H = C H ( C H 2 ) . C 0 0  o -~- H2 -~ 0 H e  

o 
R ~- CH3(CH_~)5-- 
n -~7or9  

Ellis (23) has shown tha t  in alkaline media fl,~,-un- 
sa turated carbonyl compounds readily undergo iso- 
merization to af t -unsa tura ted  earbonyl compounds. 
Fission by a reaction of the " r e t r o - a l d o l "  type then 
should give a sa tura ted  ketone and an o~-aldehydo 
acid : 

R C C H - - - - C H C H , R '  ) R C C H ~  ~- O C H C H . o R '  
II II 
0 O 

R ---- - -  (CH_,) ~CHa 

R' = -- (CH~),COOO 
n - - - - 7 ,  o r 9  

The isolation of o)-hydroxy acids and failures (16) 
in a t tempts  to isolate el-aldehyde acids can be at t r ib-  
uted to two factors. Firs t ly,  the aldehyde group may  
act as a hydrogen accepter dur ing the dehydrogena- 
tion of the unsa tura ted  hydroxy  acid: 

O C H C H 2 ( C H ~ ) , ~ C 0 0  0 + I ~ C H C H . , C t I z C H  ( C H 2 ) , , C O 0 0 ~  - 

l 
OH 

t I O C H ~ C H _ ~ ( C H ~ ) , C O 0  0 + R C C H 2 C H = C H  ( C H 2 ) n C O O  0 

o 

The preceding equation represents an equilibrium 
between a Meerwein-Ponndorf  type reduction and 
an 0ppenaue r  oxidation (16,24). Secondly, in the 
presence of strong alkali at elevated temperature ,  
aldehydes are irreversibly converted to earboxylic 
acids with the evolution of hydrogen. 

In  view of the above scheme, another  approach to 
increasing the format ion of o,-hydroxy acid is selec- 
tion of a suitable reaction medium. I f  format ion of 
a short-lived, intermediate o,-aldehydo acid does occur, 
then the presence of excess secondary alcohol should 
cause the above equilibrium to shift  to the r ight  and 
thus enhance format ion of a p r i m a r y  alcohol. The 
high yields of o)-l~ydroxy acids in runs 3 and 7 to 11 
provide suppor t  for the mechanisms proposed b7 
Hargreaves  and 0wen (5), and Dy t ham  and Weedon 
(16). Also in accord with the above mechanism, the 
presence of excess ketone should cause the equilibrium 
to shift  to the left  and favor  formation of el-aldehyde 
acid. Since o~-aldehydo acids irreversibly convert to 
dicarboxylie acids, the presence of excess ketone 
should favor  fornlation of dicarboxylic acid. This 
la t ter  hypothesis is substant iated by the result  in 
run  2 where the fusion is per formed in the presence 
of excess 2-octanone. 

Since an excess of a monohydroxy compound, 2- 

octano], enhanced the format ion of o ,hydroxy acid, 
an a t tempt  was made to determine whether a poly- 
hydroxy  compound, glycerol (run 6), would fu r the r  
improve yields of o-hydroxy acids. The observation 
that  essentially no cleavage occurred dur ing prolonged 
fusion with excess glycerol was surprising. 

Many investigators (4,9,10,11) claim improvement  
in the alkaline fusion procedure by  using an inert  
diluent such as cresol In  our experience, dicarboxylic 
acid (run 5) is the predominant  product  when p- 
cresol is added to a low tempera ture  reaction. Using 
a purification procedure involving aeetylation, re- 
peated distillation, and saponification, F r a y  and co- 
workers (10,11) isolated pure  a0-hydroxydecanoic 
acid in 36% yield following alkaline fusion of castor 
oil at 180-195C in the presence of excess trieresol. 
By  comparison, approximate ly  50% of the theoretical 
yields of both 10-hydroxydecanoic acid and 12-hy- 
droxydodecanoie acid 95% pure  are readily isolated, 
af ter  only one recrystall ization in benzene, f rom the 
alkaline fusions of methyl  ricinoleate and methyl  
lesquerolate respectively when excess 2-oetanol is used. 
Also, the e,-hydroxy acids are readily precipi tated 
f rom the 2-octanol solution by adding commercial 
pentane. 

Ansell and Weedon (1) claim tha t  an oxygen-free 
atmosphere is necessary for obtaining good yields 
of alkaline cleavage products  and per formed their  
experiments under  a blanket  of nitrogen. When 
excess 2-octanol was used with or without a ni trogen 
blanket  (compare run  11 to runs 7-10) essentially 
the same yields of ~-hydroxy acid were obtained. 
Perhaps  oxygen is adequately excluded by the re- 
fluxing 2-octanol vapors. 

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

R. E. Knowles and  A. R. Gramps  p repared  the methyl ricinoleate 
and  methyl lesquerolate. 
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