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Glycidyl Esters. II. Synthesis of Esters of Commercial and

Pure Fatty Acids

GERHARD MAERKER, EDWARD ]J. SAGGESE, and WILLIAM S PORT, Eastern Regional

Research Laboratory,! Philadelphia, Pennsylvania

The reaction of salts of carboxylic acids with epichlorohydrin
in the presence of quaternary ammonium halides to form glye-
idyl esters has been demonstrated to be applicable to a variety
of acids derived from fats, including commerecial mixtures.

The glycidyl esters of pelargonie, lauric, oleic, dimerized
linoleie, ricinoleic, behenic, and sebacic acids as well as those

of the fatty acids derived from tallow, wool wax, and soya oil
have been prepared in 80-95% yields and purities.

HE INCLUSION of oxirane groups in materials de-

I rived from animal and vegetable fats has been

studied widely, and several of the products of
these studies are in commercial use. A common prop-
erty of such epoxidized fatty materials is that the
oxirane function is located 1nternally along the hy-
drocarbon chain as, for instance, in 9,10-epoxystearic
acid. On the other hand, the investigation of fat-
derived materials with terminal epoxide groups has
been neglected almost entirely. A program of prep-
aration of glycidyl esters was undertaken for the
purpose of partially filling this need.

A review of the literature revealed that several
methods of preparation of glycidyl esters were avail-
“able, but none appeared entirely suitable to the prob-
lem at hand. The direct esterification of glycidol with
acid chlorides of carboxylic acids (4 5,16) requires
not only several reaction steps to arrive at the desired
produet but also involves the use of relatively éxpen-
sive chemicals. The reaction of monocarboxylic acids
with epichlorohydrin (15), especially when ecatalyzed
by eompounds of the Friedel-Crafts type (7,13) or by
basic organic nitrogen compounds (11,14), results in
the formation of a-carboxylic esters of y-chloropropyl-
ene glycol. These are then dehydrohalogenated in the
presence of alkali to give the desired glycidyl ester
(Equation A, Figure 1). Over-all yields are low.

Glyeidyl esters can also be obtained directly from
fatty acids and epichlorohydrin by the use of quater-
nary ammonium halide catalysts and a large excess of
epichlorohydrin (10) (Equation B, Figure 1). The
latter, besides acting as solvent, absorbs the hydrogen
chloride evolved. Dlsadvantages of this method are
that for each mole of ester forined two moles of epi-
chlorohydrin are used up and that in many cases the
products obtained are difficult to purify.

The uncatalyzed reaction of epichlorohydrin with
salts of carboxylic acids, rather than with the free
acids, has also been reported. Epichlorohydrin con-
sumption is decreased to the stoichiometrically re-
quired amount, but the presence of even small
amounts of moisture decreases the yields of glycidyl
esters (1,8).

A number of glycidyl esters of fatty acids were
prepared in high yields by Kester and co-workers
(5,6) by the reaction of soaps of fatty acids and
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excess epichlorohydrin in the complete absence of
moisture. Carried out at normal pressure, the reac-
tion time was 5-11 hrs., but considerably less time
was required at superatmospheric pressures. High

pressures or traces of moisture caused the formation

of considerable amounts of high-boiling and poly-
merie by-products. This method was described as
inapplicable to the preparation of diglycidyl sebacate.

Recently the authors reported (9) the preparation
of glycidyl stearate and diglycidyl azelate by reaction
of sodium stearate and disodium azelate, respectively,
with epichlorohydrin in the presence of benzyl-
trimethylammonium chloride (Equation C, Figure 1).
This procedure, which may be carried out in moist
or even partly aqueous media, requires only brief
reaction periods, gives high conversions to glyecidyl
esters, yields easily purifiable reaction products, and
may be adapted readily to bench-scale preparations.
It is the purpose of the present paper to show the
applicability of the new procedure to a variety of
carboxylic acids of fatty origin.

Discussion

As reported earlier (9), both the carboxylic acids
and their soaps react readily with epichlorohydrin in
the presence of certain quaternary ammonium halides
to give glycidyl esters. The soaps however give higher
yields and purer products and were used exclusively
in the present studies.

The required soaps were either prepared separately
and isolated (nonaqueous method), or an aqueous
solution of the neutralized acids was used directly
(aqueous method). Experiments involving the isola-
tion of soaps made from fatty acid stocks are illus-
trated in the experimental section and summarized in
Table I. The procedure, which involved neutraliza-
tion of an acetone solution of the acids, followed by
filtration of the precipitated salts, was chosen for its
convenience and ease of handling in the laboratory.
In all cases somewhat less than the stoichiometrically
required amount of base was used to avoid, as much as
possible, the presence of free alkali in the soaps. As
a result, some loss of fatty material was incurred
because of the solubility of unneutralized acids and
of the soaps in the aqueous acetone. As expected, the
more highly unsaturated materials concentrated in
the acetone filtrate as is shown by the loss of the
iodine value of the isolated soap (Table I). On a
percentage basis this effect was greatest in the case
of the wool wax fatty acids, where a relatively small
fraction of the acids is unsaturated. The concentra-
tion of unsaturation in the agetone filtrate was veri-
fied in the case of soya fatty acids, where the residue
obtained from the evaporation of the acetone filtrate
had an iodine value which was 40% higher than that
of the main fraction and accounted for 63% of the
missing unsaturation.
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F1a. 1. Preparation of glycidyl esters.

Two modifications of the same method were used
to prepare all of the glycidyl esters described in this
paper. In the majority of cases an essentially non-
aqueous system was used although no effort was made
to achieve an absolutely anhydrous system. The pre-
viously isolated and dried soaps were suspended in
an excess of boiling epichlorohydrin and brought to
reaction by addition of the catalyst. A somewhat
different procedure was followed in the preparation
of glycidyl pelargonate and diglycidyl sebacate, where
an aqueous solution of the soap was slowly added to
boiling epichlorohydrin containing catalyst, and the
water so added was removed rapidly as the epichloro-
hydrin azeotrope. Results are summarlzed in Tables
IT and TII.

The choice of the method aqueous or noNagueous,
to be used in an 1nd1v1dual synthesis was governed
chiefly by the solubility of the - particular soap in
epichlorohydrin.

In most of the preparations the nonaqueous system
was, used since the presence of substantial amounts of
water decreases the yields of desired products some-
what. The results in Table IT show that in all of the
preparations both yields and purities were in the
80-95% range. No effort was made to obtain maxi-
mum yields or to improve the purity of the crude
products. It is probable that improvements in both
the product yields and purities could be attained by
changes in such reaction variables as reaction time,
reaction temperature, moisture content, and catalyst
concentration as well as by recovery of by-products.

The latter are most likely a-carboxylic esters of y-
chloropropylene glycol predominantly (9) and, if re-
covered, could be converted to further amounts of
glycidyl esters by well-established methods, such as
treatment with alkali (3,12).

The sodium and potassium salts of dicarboxylic
acids, such as azelaic acid and sebacic acids, and of
shorter-chain aliphatic monocarboxylic acids appear
to have relatively low solubility in epichlorohydrin.
It has been reported previously (9) that the low solu-
bility of disodium azelate causes its reaction with
epichlorohydrin to be slow, giving rise to impure
products in low yields. Use of a partly aqueous sys-
tem was found to decrease reaction time greatly, at
the same time leading to a more easily purifiable
product. A partly aqueous system was similarly
found to give good results in the preparation of di-
glycidyl sebacate. The added water was permitted
to be present only long enough to bring the reactants
into intimate contact and to allow them to react. It
was then removed as rapidly as possible by distilla-
tion of the water-epichlorohydrin azeotrope.

The aqueous method, although it is the more désir-
able for the reaction of soaps which have low solu-
bility in epichlorohydrin, may also be apphed to other
soaps which are at least fairly soluble in boiling
water. In such applications the minor yield losses
involved in the aqueous method may be outweighed
by the advantage of preparing the glycidyl ester
directly from the acids or of using industrial aqueous
soap stocks. Although the illustrations of the pro-

. . TABLE I
Conversion of Fatty Acids to Their Sodium Salts
Fatty Acid NaOH Isolated Sodium Salt
' ey ‘
. R stoichio- :
Name ) . S Weight | Equiv. Acid Iodine | metric | Weight | Acid Todine value
Nam . . nource (g) weight® | number | valué | require- (g.) .| number
: > ‘ ment Calc’d® | Found
Lauric acid... Neofat 11 120.2 200.0 280.6 <0.3 95 112.5 <0.5 -<0.3 <0.3
Tallow fatty acids... Groco 41 . 146.0 274.5 204.4 49.0 95 147.4 8.2 45.4 42.2
Wool wax fatty acxd . Laboratory sample 226.2 377.6 148.6 ¢ 15.5 95 182.5 <0.5 14.6 5.2
Soya fatty acids.. . Regular, Wilmar 611 170.1 282.9 198.3 121.4 98 163.0 2.6 112.6 103.3
Dimerized hnolelc amd Empol 1022 59.6 298.1 188.2 122.5 95 55.7 0.9 114.1 103.9
Oleic acid........ Emersol 233, L.L. Elaine 167.4 278.4 201.5 88.0 98 168.3 2.2 81.6 80.1
Behenic acid... Laboratory sample 42.6 336.6 166.7 <0.3 95 41.7 6.7 <0.3 <0.3
Ricinoleic acid Laboratory sample 156.5 298.1 188.2 83.3 95 146.8 1.0 77.6 79.7

@ Determined by titration with alkali.

PIV. = Bquiv. weight of acid X I.V. of acid
77 Equiv. weight of salt

¢ Saponification No. was 158.5.




TABLE II
Preparation of Glycidyl Esters from Fatty Acid Soaps, Nonaqueous Method

Crude Glycidyl Ester
Parent acid m.p.(°C) Oxirane oxygen Todine value
Conversion Purliuty X -P- a0 -
% * % orny Calculated Foulljnd Caleulated Found
% %o
Lauric acid rersiseseegerieenrentnanieen 83.6 88.1 1.4442 6.24 5.50 <0.3 <0.3
Tallow fatty BCIAS...cccvieriiiriiiririiiiiirieirtniinerenenaaaees 89.7 90.5 28.0-30.0 4.83 4.37 37.9 37.1
Wool wax fatty acids, 94.6 93.0 45.0-50.0 3.69 3.43 4.8 4.6
Soya fatty acids. 92.6 93.8 1.4622 4.71 4.42 92.9 91.1
Dimerized linoleic acid 92.6 86.9 1.4826 4.52 3.93 93.9 106.6
Oleic acid..... 85.8 91.0 1.4581 4.79 4.36 72.1 72.4
Behenic acid . 80.9 89.4 62.0—64.0 4.07 3.64 , <0.3 <0.3
Ricinoleic acid........ 82.1 82.6 - 1.4680 4.53 3.74 72.0 68.5

2 Baged on calculated equivalent weight of the prepared soap.
b Oxirane method of Durbetaki (2)

" Ratio of reactants (equivalents), .epichlorohydrin vsoap: catalyst =16:1:0.1.
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cedure, presented in the experimental section, indi-
cate the use of potassium salts only, glycidyl esters
have been prepared from sodium salts by this method
with equal ease. Presumably other salts could be
used as well. ‘

The role which the catalyst plays in this reaction
has not yet been defined. Compounds other than
benzyltrimethylammonium chloride, for example tet-
raethylammonium bromide, have been used success-
fully and have given similar yields. On the other
hand, tetramethylammonium chloride is unsuitable be-
cause of its low solubility in boiling epichlorohydrin.

The wide scope of this procedure in making glye-
idyl esters is shown by the variety of fatty acid start-
ing-materials. It is evident from the experimental
data that any unsaturation present in the reactant
soaps is unaffected by the reaction.

The products are mostly oils or low-melting solids.
Some of the former have quite low freezing points.
For instance, the glycidyl ester of pelargonic acid
freezes at about —35°C. while that of dimerized lin-
oleic acid melts at —50°C. The solid glycidyl esters
may be purified by crystallization, as illustrated for
diglycidyl sebacate.

Experimental
Starting Materials

Commercial mixtures of fatty acids (Table I) were
used as received. Laboratory samples of individual
fatty acids were used as available without further
purification. Commercial sebacic acid (Eastman Or-
ganic Chemicals, Practical Grade) was recrystallized
twice from o-dichlorobenzene to obtain purified sebacic
acid (A.N. 552, m.p. 132.5-133.7°C.).

Epichlorohydrin (Eastman Organic Chemicals)
was used as received. Crystalline benzyltrimethylam-
monium chloride (Bastern Chemical Corporation),
after drying at 110°C., was used without further
purification.

Preparation of Sodium Salts of Fatty Acids

The method used was essentially that of Kester
et al. (5). Physical constants and experimental vari-
ations are summarized in Table I.

Preparation of Glycidyl Esters of Fatty Acids:
A. Nonaqueous Method

The following example illustrates the general
method used for the preparation of the glycidyl esters
listed in Table II. In all experiments the ratio of
epichlorohydrin to sodium salt to benzyltrimethylam-
monium chloride was (in equivalents) 16:1:0.1. In

one case, the preparation of glycidyl ricinoleate, the

* amount of epichlorohydrin was increased by 50% in

order to improve the workability of the initial slurry.

Preparation of Glycidyl Lawrate from Sodium Lau-
rate. A suspension of sodium laurate (222 g., 0.1
mole) in epichlorohydrin (148.0 g., 1.6 mole) was agi-
tated vigorously and heated to 110°C. Solid benzyl-
trimethylammonium chloride (1.86 g., 0.01 mole) was
added in one batch, and the resulting mixture was
heated at reflux (115°C.) for 25 min. The mixture
was then cooled rapidly to 90°C., and water (100 ml.)
was added. Intimate stirring was continued for 20
min., and the two liquid phases were separated. The
epichlorohydrin solution was again washed with water
(100 ml.) for 20 min., as above. The wash waters were
discarded, and the organic solution was distilled at
reduced pressure under a current of nitrogen until
the residue in the still pot reached 70°C. at 1 mm. Last
traces of epichlorohydrin were removed by azeotropic
distillation under nitrogen with two portions of tolu-
ene (50 ml. each) until each time the material in the
distilling flask reached 70°C. at 1 mm. The remain-
ing yellow oil was crude glycidyl laurate [23.7 g.; oxi-
rane oxygen, 5.50% (method of Durbetaki [2]). (The-
ory: 6.24%) ; ny 1.4442].

Preparation of Glycidyl Esters of Fatty Acids: B. Aqueous
Method, Preparation of Diglycidyl Sebacate from Aqueous
Dipotassium Sebacate

Epichlorohydrin (400 g., 4.3 mole) was heated to
reflux in a 3-neck flask equipped with two addition
funnels, stirrer, and Dean-Stark water trap topped
by a reflux condenser. A solution of benzyltrimethyl-
ammonium chloride (11.6 g., 0.06 mole) in water
(7 ml.) was added rapidly, followed by the addition,
drop by drop, of a hot solution of sebacic acid (60.7 g.,
0.3 mole) and potassium hydroxide (33.3 g., 0.594
mole) in water (210 ml.). During the addition the
aqueous sebacate solution was kept near its boiling
point by means of a heat lamp. Concurrently with
the addition of the aqueous sebacate solution, epi-

TABLE III

Preparation of Glycidyl Esters from Carboxylic Acids,
Aqueous Method

Water I;OPfI Crude Glycidyl Ester
} 0 O
o g;i{v stoichio- 3 Oxirane oxygen
Acid qof * | metric |Conver-| Purity n 36
acid require- | sion % n Cale’d. | Found
ment %? | % o ®
Sebacic 362 99.0 78.3 70.9 1.4634 | 10.18 7.22
Pelar-
gonic 590 98.7 92.7 82.7 1.4390 7.47 6.18

a Acid groups converted to glycidyl ester.
b Oxirane method of Durbetaki (2).



chlorohydrin (100 g., 1.1 mole) was allowed to enter
the reaction mixture from the second addition funnel
at a rate sufficient to keep the amount of epichloro-

hydrin in the reaction mixture approximately con-

stant. Water and epichlorohydrin distilling out of
the reaction mixture were collected in the trap and
cooled to room temperature in a separatory funnel.
The phases were separated, and the epichlorohydrin
phase was returned to the proper addition funnel.
(In later experiments, use of a modified trap permit-

ted the continuous return of distilled epichlorohydrin

to the reaction mixture.) Upon completion of the seba-
cate addition (44 min.), distillation of water and epi-
chlorohydrin as well as epichlorohydrin recycling were
continued for 26 min. Water recovered from the dis-
tillate totalled 212 ml. The reaction mixture was
cooled and was washed twice with water (200 ml.
each time) by vigorous agitation for 30 min. The
combined wash water, after acidification, gave no pre-
cipitate, indicating complete consumption of sebacic
acid. The epichlorohydrin solution was worked up in
the usual manner by distillative removal of epichloro-
hydrin at reduced pressure under nitrogen. The semi-
solid still residue was crude diglycidyl sebacate (104.2
g.; oxirane oxygen, 7.22% ; ny*° 1.4634). Conversion
of carboxylic acid to glycidyl ester: 78.3%.

Crude diglycidyl sebacate (10 g., oxirane oxygen,
7.22%) in Skellysolve C (400 ml.) was heated to
78°C., the solution was decanted from the oily residue
and allowed to cool to 25°C. The resulting mixture
was reheated to 40°C., and the clear solution was
decanted from a second oily residue. Cooling of the
Skellysolve C solution at —20°C. and filtering gave

crystalline purified diglycidyl sebacate [4.4 g.; oxirane
oxygen, 9.44% (theory, 10.18%) ; m.p., 42.8-43.5°C.].

Preparation of Glycidyl Pelargonate from Aqueous Potassium
Pelargonate

A solution of benzyltrimethylammonium - chloride
(5.6 g., 0.03 mole) in water (4 ml.) and a hot solution
of pelargonic acid (47.5 g., 0.3 mole, A.N. 378) and
potassium hydroxide (17.6 g., 0.296 mole) in water
(177 ml.) were added to boiling epichlorohydrin' (400
g., 4.3 mole), using the procedure outlined for the
preparation of diglycidyl sebacate. The reaction prod-
uct was worked up as deseribed above, yielding crude
glycidyl pelargonate [72.1 g.; oxirane oxygen, 6.18%
(theory 7.47%) ; n3° 1.4390]. Conversion of carbox-
ylic acid to glycidyl ester: 92.7%.
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