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Alkaline Cleavage of Hydroxy Unsaturated Fatty Acids.

I. Ricinoleic Acid and Lesquerolic Acid

M. J. DIAMOND, R. G. BINDER and T. H. APPLEWHITE,

Western Regional Research Laboratory,! Albany, California

Abstract

The effects of temperature and media on the
fusion of ricinoleic and lesquerolic acid deriva-
tives with concentrated aqueous alkali were ex-
amined. Improved yields of o-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

HIGH TEMPERATURE (above 250C) alkaline fusion of
derivatives of ricinoleic acid, 12-hydroxy-cis-9-
octadecenoic acid, is a commercial method for manu-
facturing sebacic acid in high yield (1-9). Lower
temperature (180-200C) alkaline fusion produces
10-hydroxydecanoic acid (1,5,9-12), but the yield is
smaller than for sebacic acid. Analogous compounds
are produced from lesquerolie acid, 14-hydroxy-cis-
11-eicosenocic acid, which is the major fatty acid com-
ponent of some Lesquerella seed oils (13,14). The
high temperature alkaline fusion gives dodecanedioic
acid (15). The low temperature reaction, which has
not been reported previously, yields 12-hydroxydo-
decanoic acid. The following equations summarize
the reactions:

CH,(CH:) s(I)HCHgCH:CH (CH:).COOH
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HOCH.(CH.),«COOH HOOCCH:(CH.),COOH
+ +
CH.(CH.)sCCH, CHa (CH.)sCHOH, + Ho
Il .

n = 7 (ricinoleie acid)
9 (lesquerolic acid)

1A laboratory of the W. Utiliz. Res. Devel. Div.,, ARS, USDA.

In this investigation the effects of reaction media,
reaction times, and temperatures on the alkaline
cleavage of ricinolee acid and lesquerolic acid were
examined. A procedure for enhancing yields of w-
hydroxy acids is discussed in relation to possible
reaction mechanisms (1,5,16,17).

Experimental
Materials

Methyl Ricinoleate. This ester was prepared by
aleoholysis of eastor oil followed by fractional distilla-
tion of the mixed methyl esters under reduced pres-
sure to give a product of > 98% purity (18).

Methyl Lesquerolate. Lesquerella fendlers oil (13,
19) was aleoholized with methanolic sodium methox-
ide, and methyl lesquerolate (~95% purity) was
isolated by fractional distillation at 190-195C and
100-275 p Hg.

2-Octanol. Kastman Kodak 66 (ketone-free) 2-
octanol was used as obtained.

Analytical Technigues

Programmed-temperature gas-liquid e¢hromato-
graphic analyses were run on a model 720 F and M
Gas Chromatograph. The column was a 3-ft, 0.25-in.
stainless steel tube packed with 10% ECNSS-S (Ap-
plied Seience Laboratories, Inec., State College, Penn.)
on 100-120 mesh Gas Chrom P.

Procedures for Alkaline Fusion of Hydroxy
Unsaturated Acids

A. Preparation of Sebacic Acid by High Tempera-
ture Alkaline Cleavage 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 ricinoleate (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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TABLE I
Alkaline Fusion of Hydroxy Acids

Starting materials

Percent composition of crude reaction mixture ¢

Run No Temp, Time, R
: Fatty acid,? NaOH, H:0, Diluent,? ¢ hrs Dibasic w-Hydroxy  Starting Un-
moles moles moles moles acid acid acid knowns

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 14
3 0.40 3.40 2.0 1.50 183 11.6 11 80 9
4 0.10 0.22 13 0 201 2.1 22 20 58 .
5 0.20 1.70 1.5 0.13 192 7.9 53 34 13
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

20 0.10 1.70 0.5 0.38 188 12.6 12 66 9 13

114 0.30 2.55 1.5 1.14 185 12.4 19 63 7 11

aRun 1: added as aqueous sodium ricinoleate; runs 2 and 3: added as methyl ricinoleate; run 4: added as aqueous potassium lesquerolate;

runs 5 to 11: added as methyl lesquerolate.

bRun 2: 2-octancne; run 3: 2-octanol: run 5: p-cresol; run 6: glycerol; runs 7 to 11: 2-octanol.
¢ Analyzed as methyl esters by GLC. Not adjusted for nonvolatile products. Compositions reported on the basis of uncorrected areas of peaks.

d Blanketed with nitrogen.

added dropwise to the stirred hot caustic. Sodium
ricinoleate was sufficiently soluble in hot water to
permit uniform dropwise addition as a homogeneous
aqueous solution. The reaction mixture was then
stirred at 250C for 2 hr and the volatile eomponents
collected. The mixture remaining in the kettle was
cooled to about 90C and dissolved in 90 m! hot water.
After filtration of the hot caustie solution, an aliquot
of the filtrate was withdrawn for analysis. The
aliquot was acidified to pH 1 with 50% aqueous sul-
furic acid and extracted with ether. The ether solution
was dried with sodium sulfate, and the ether was
removed on a rotary evaporator to yield sebacic acid.
This was converted to esters in refluxing excess meth-
anol with 0.5% concentrated sulfurie acid as catalyst.
The resultant dimethyl sebacate was examined by gas-
liquid chromatography (GLC). The GLC pattern
showed only one large peak, and no methyl 10-
hydroxydecanoate was present. The remaining caustic
solution was acidified, and 35.2 ¢ (70%) of >95%
pure sebacie acid was obtained; mp 127-131C.

B. Preparetion of Dodecanedroic 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 lesquerolate was added in water.
The yield of crude dodecanedioic acid obtained was
62% ; mp 110-122C. One crystallization from ethyl
acetate (14:1) gave a 48% yield of dodecanedioic
acid; mp 125-128C. A portion of the crude free acid
was converted to dimethyl dodecanedioate, and ex-
amination by GLC indicated that no methyl 12-
hydroxydodecanoate was present in the sample.

C. Preparation of 10-Hydroxydecanoic Acid by Low
Temperature Alkaline Cleavage of Ricinoleic Acid.
In one experiment without an organic diluent (run
1), the same apparatus and procedures deseribed
above were used except a lower temperature was
maintained. The quantities of reactants, reaction con-
ditions, and analytical results are shown in Table T.

In all other runs, the apparatus was modified by
replacing the take-off arrangement with a reflux con-
denser. A mixture of concentrated aqueous alkali
and an organic diluent such as 2-octanone or 2-octanol
wasg stirred and heated to the desired temperature in
the reaction pot. Methyl ricinoleate was added drop-
wise and the reaction mixture was stirred for the
desired time. The mixture was cooled to 90C, water
was added, and an aliquot was withdrawn from the
vigorously stirred system for analysis. For isolation
of the 10-hydroxydecanoic acid in large quantity, the

mixture was acidified to pH 1, and the lower aqueous
layer was separated from the supernatant 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 erop of
10-hydroxydecanoic acid crystals formed. The mix-
ture was stored at —25C overnight, and the erystals
were filtered, washed with commercial pentane, and
dried. The o-hydroxy acid was further purified by
recrystallization from benzene after decolorization
with charcoal. See runs 2 and 3 for quantities of
reactants, reaction conditions, and analytical results.
D. Preparation of 12-Hydroxydodecanotc Acid by
Low Temperature Alkoline Cleavage of Lesquerolic
Acid. In one experiment, the same apparatus and
procedure described in (B) were used. The quantities
of reactants, reaction conditions, and analytical re-
sults are shown in run 4. In all other runs the reaction
was performed under reflux and worked up as de-
seribed in (C). Methyl lesquerolate was added drop-
wise to a reaction system containing one of the follow-
ing diluents: p-eresol, glycerol, or 2-octanol. The
conditions and results are presented in the table.

Discussion

The nearly exclusive formation of dicarboxylic
acids from the alkaline fusion of some hydroxy un-
saturated acid derivatives at above 250C has been
amply substantiated by numerous earlier investigators
(1-9,15), and further confirmed by the results pre-
sented here. Manufacturing plants claim greater than
80% yields of sebacic acid from castor oil (3,6-8).
Only a 21% yield of dodecanedioic acid from les-
querolic acid was previously reported (15), but by
following procedure B, a 48% yield is obtained.

At lower temperature, the yields of diearboxylic
acids decrease and some o-hydroxy acids form. We
find, however, that the dicarboxylie-acid-to-o-hydroxy-
acid ratio favors the former acid even at temperatures
as low as 183C (cf. runs 1,24, and 5). Hence, lower-
ing the reaction temperature is not adequate to obtain
high yields of w-hydroxy acids. Furthermore, it has
been shown that below 180C no appreciable cleavage
oceurs (5).

In a recent series of investigations, Weedon and
co-workers (16,17,20-22) have extensively examined
the reactions of fatty acid derivatives with concen-
trated alkali. The first step in their proposed mecha-
nism for the alkaline cleavage of hydroxy acids is
dehydrogenation to give a keto acid. In the case of
unsaturated hydroxy acids, e.g., ricinoleic acid or
lesquerolic acid, the dehydrogenation process which
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produces B,y-unsaturated keto acids may be repre-
sented by the following scheme:
R?HCHSCH:CH(CHz)n €009
OH
¥ | OH®
H H—-OH
[~*
R——(]Z‘CHzCH:CH(CHz)nCOOG
0

R(ﬁCHzCH:CH(CHz)nCOOQ + H. 4 OH®

(0]
R = CH;(CH:);—
n="%7or9

Ellis (23) has shown that in alkaline media B,y-un-
saturated ecarbonyl compounds readily undergo iso-
merization to «,3-unsaturated carbonyl compounds.
Fission by a reaction of the ‘‘retro-aldol’ type then
should give a saturated ketone and an wo-aldehydo
acid :

R([J‘CH:CHCHZR'—> R([J‘CHg + OCHCH:R'

(o}
R = —(CH.)sCHs
R = — (CH.).C00®
n=="7o0r9

The isolation of w-hydroxy acids and failures (16)
in attempts to isolate w-aldehydo acids can be attrib-
uted to two factors. Firstly, the aldehyde group may
act as a hydrogen acceptor during the dehydrogena-
tion of the unsaturated hydroxy acid:

OCHCH,(CH.).CO0® + R(fHCHsCH:CH(CHz)“COOGZ

OH
HOCH,CH. (CH.),CO0® + Rﬁ,CHzCH:CH (CH:),C00P

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

In view of the above scheme, another approach to
increasing the formation of o-hydroxy aeid is selec-
tion of a suitable reaction medium. If formation of
a short-lived, intermediate w-aldehydo acid does occur,
then the presence of excess secondary alcohol should
cause the above equilibrium to shift to the right and
thus enhance formation of a primary alcohol. The
high yields of w-hydroxy acids in runs 38 and 7 to 11
provide support for the mechanisms proposed b~
Hargreaves and Owen (5), and Dytham 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 w-aldehydo
acid. Since o-aldehydo acids irreversibly convert to
dicarboxylic acids, the presence of excess ketone
should favor formation of dicarboxylic acid. This
latter hypothesis is substantiated by the result in
run 2 where the fusion is performed in the presence
of excess 2-octanone.

Since an excess of a monohydroxy compound, 2-
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octanol, enhanced the formation of o-hydroxy acid,
an attempt was made to determine whether a poly-
hydroxy compound, glycerol (run 6), would further
improve yields of w-hydroxy acids. The observation
that essentially no cleavage occurred during prolonged
fusion with excess glyeerol was surprising.

Many investigators (4,9,10,11) claim improvement
in the alkaline fusion procedure by using an inert
diluent such as eresol. In our experience, dicarboxylic
acid (run 5) is the predominant product when p-
cresol is added to a low temperature reaction. Using
a purification procedure involving acetylation, re-
peated distillation, and saponification, Fray and co-
workers (10,11) isolated pure 10-hydroxydecanoic
acid in 36% yield following alkaline fusion of castor
oil at 180-195C in the presence of excess tricresol.
By comparison, approximately 50% of the theoretical
vields of both 10-hydroxydecanoic acid and 12-hy-
droxydodecanoic acid 95% pure are readily isolated,
after only one recrystallization in benzene, from the
alkaline fusions of methyl ricinoleate and methyl
lesquerolate respectively when excess 2-octanol is used.
Also, the o-hydroxy acids are readily precipitated
from the 2-octanol solution by adding commercial
pentane.

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