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Preparation of 1,3-Diacylglycerols and 1-Alkyl-3-acylglycerols
in the Presence of Quaternary Ammonium Salt

I. \kkeda, X.-P. Gu, I. Miyamoto and M. Okahara*

Department of Applied Chemistry, Faculty of Engineering, Osaka University, Yamadaocka 2-1, Sulta, Osaka 565, Japan

A series of symmetrical and racemic 1,3-diacylglycerols
and l-alkyl-3-acylglycerols were prepared simply, and in
high yields, by the reaction of carboxylic acids with
glycidyl esters or glycidyl ethers in the presence of
quaternary ammonium salt. The effect of reaction con-
ditions on the yield, the ratio of 1,3- and 1,2-diacylglycer-
ols, and the stability of 1,3-diglycerides are also discussed.

Diacylglycerols (diglycerides} represent an important
class of food emulsifiers and are used in the preparation
of processed foods such as ice cream and peanut butter
and for many other uses {1,2). [t was reported recently
that this class of material also is a potent activator for
some enzymes and is attracting the attention of bio-
chemists (3). Diglycerides can be classified into two types,
namely, 1,2- and 1,3-isomers. Although several methods
for the selective preparation of 1,2- or 1,3-diglycerides
{4-8), respectively, have been developed previously, all
of the known methods are relatively tedious.

Zlatanos (9) has reported the preparation of mono-
glycerides from glycidol and carboxylic acids using phase-
transfer catalysts. The preparation of glyeidyl carbox-
ylates from epichlorohydrin developed by Aserin (10) also
attracted our attention. Recently, we investigated the
reactions of epichlorohydrin in the presence of PT cata-
lysts and found several novel and useful reactions (11-13).

The present study was undertaken in an attempt to
prepare symmetrical and racemie 1,3-diglycerides and
1-alkyl-3-acylglycerols simply, and in good yield and high
purity. This purpose is attained by reacting glycidyl car-
boxylates or glycidyl ethers with carboxylic acids in the
presence of catalytic amounts of lipophilic quaternary am-
monium salt and sodium hydroxide.

EXPERIMENTAL PROCEDURES

Glycidyl carboxylates were prepared by the reaction of
epichlorohydrin with sodium carboxylate in vields of
80-90% under PT catalytic conditions (10} Glycidyl
ethers were prepared from epichlorohydrin and alcohols
in the presence of a base, sodium hydroxide, Other
materials were purchased from Tokyo Kasei Kogyo Co.,
Ltd., Japan, and used without further purification.
1,3-Diacylglycerols: Typieal procedure, A mixture of
5.12 g (20 mmol) glycidyl laurate, 4.40 g (22 mmol) lauric
acid, 0.04 g (1 mmol) sodium hydroxide and 0.34 g
{1 mmol) tetrabutylammonium hydrogensulfate in 20 ml
of ethanol was refluxed at 80°C for 20 hr. The solid
material was removed by filtration through a short col-
umn filled with silica gel and washed with dichloro-
methane. After removal of the solvent by evaporation,
the solid reaction mixture was separated by centrifugal
partition chromatography (CPC) (14) with acetonitrile-
hexane as a distribution system to give a white powder,
a mixture of 1,3- and 1,2-dilaurins {80:20, estimated by
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'H-NMR) in 74% yield; m.p. 48-52°C. CPC with this
distribution system can separate 1,3- and 1,2-dilaurins as
one fraction from other components such as glycidyl
laurate, lawric acid and sodium laurate. In another run,
the same reaction mixture was also fractionated by re-
crystallization from methanol to give 4.78 g {yield 52%)
1,3-dilaurin as a white powder; m.p. 55.0-56.0°C {8’ 54 C,
8 56.5°C) (15}, The structure and purity of 1,3-dilanrin are
ascertained by TH-NMR, MS, IR and elemental analyses
{within * 0.4%). No contamination with the 1,2-isomer
was ascertained by melting point, 'H-NMR (Fig. 1A),
and thin layer chromatography (silica gel TLC-FID
Analyzer, Fig. 2A), In this case, 1,3-dilaurin might be
separated from the 1,2-isomer by recrystallization
bhecause of its higher melting point. Other digiycerides
were obtained analogously.

L-Alkyl-3-acylglycerols. Reaction of glycidyl ethers with
carboxylic acids in the presence of quaternary ammonium
salt as described for diglycerides produced l-alkyl-3-
acylglycerols that were isolated by CPC, The yields and
isomer ratios of symmetrical and racemic 1,3- and
1,2-diglycerides and alkylacylglycerols are summarized
in Table 1.

RESULTS AND DISCUSSION

The effect of quaternary ammonium salt on the reaction
of glycidyl esters and ethers with carboxylic acids is
remarkable. For example, in the reaction of glycidyl

TABLE 1

Yields and the Ratios of 13- and 1,2-Isomers of Diglycerides
and Acylalkylglycering

~7 a R-OCH ROCH
r-d o’ + R'co0H — Lot + R'-coo¢n2
R'-COCCH, CH,OH
Yieldd Ratio® m.p.

R R’ (%) {1,3:1,%) °C
Lauroyl Methyl 73 60:40 Liguid
Caproyl Pentyl 70 60:40 Liquid
Acetyl Undecyl 81 8020 Liquid
Lauroyl Undecyl 74 80:20 48.0-52.0

{52¢ 100: 9} 55.0-56.0
Abletyl Undecyl T2 100: O Thick liquid
Myristoyl Tridecy! 72 50:20 56.5-61.0

(54¢ 100: 0} 65.5-66.5
Dodecyl Methyl T2 100: O Liquid
Dodecyl Undecyl 83 100: 0 44,5-46.0

{73¢ 100: 0} 44.5-46.0
Benzyl Undecyl 75 100: 0 Liquid

4 Tetrabutylammonium hydrogensulfate and sedium hydroxide {5
mol% both),

blsolated by CPC (centrifugal partition chromatograph-L.L.N,
Model- NMF, Sanki Engineering Ltd. Kvoto, Japan).

CIsolated by recrystallization from methanol.
dEstimated from 'H-NMR.
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FIG. 1. 'H-NMR spectra recorded on a JEOL-GSX-2708 in CDCly with MeSi as internal standard; A, 1,3-dilaurin purified by recrystalliza-
tion from methanol: B, mixture of 1-lavroyl-3-acetylglyeerol and 1-lauroyi-2-acetylglycerol (80:2()) isolated by CPC (centrifugal partition

chromatograph).

TABLE 2

Effect of Reaclion Couditions on ihe Yields
and the Isomer Ratios of Dilaurins

Heaction
Temp. Time Yield® Lsomer ratioP
{“C}) thr! Solvent b 1,3:1,2)
B0 20 Dioxane 71l 80:20
80 20 Ethanoi 74 R0:20
60 20 Ethanol 50 910
40 35 Ethanol 16 90:10

21solated hy CPC {centrifugal partition chromatograph-L.L.N,
Model-NMF, Sanki Engineering Ltd., Kyote, Japan).
bEstimated from 'H-NMR.

acetate with lauric acid, the yields of the diglyceride are
81% in the presence of tetrabutylammonium hydrogen-
sulfate and an equal amount of sodium hydroxide, and
11% in the absence of quaternary ammonium salt, respec-
tively. This result can be attributed to the increase of
nucleophilicity of the laurate anion through combination
with the bulky quaternary cation (186).

Table 1 shows that the main products of the reactien
of glycidyl esters and ethers with various carboxylic acids
in the presence of gquaternary ammonium salt are
1,3-diglycerides and 1-alkyl-3-acvlglycerols, respectively.
This reaction is viewed as an S 2 cleavage of the epox-
ide as proposed by Ulsperger {17). The effects of reaction
temperature and solvent on the yields and isomer ratios
of 1,3- and 1,2-dilaurins are summarized in Table 2. No
obvious effect of solvent on yields or isomer ratios was
observed within the present study.

A 1,3-dilaurin B 1,3-dilaurin

Mllaurln

FIG. 2. Thin layer chromatograms by a silica gel TLC-FID Analyzer
(Tatroscan TH-10, [atron Lahoratories Ine) n-hexane, ethyl acetate,
and acetic acid (200:20:1} as mobile phase; A, 1,3-Dilaurin recrystal-
lized from methanol; B, Mixture of 1,3- and 1,2-dilaurins (72:28} ob-
tained by treating 1,3-dilaurin {A) with an equivalent weight of lauric
acid at 80°C for 5 hr {isolated by using CPC).

The distinctive spectral feature of 1,2-diglycerides in
the 'H-NMR spectra is the existence of the absorptions
at 6 = 3.73 {d, -CILL,OH) and 5.10 |m, C{O}OCH=]
(Fig. 1B}, as noted by Johnson (18}. 1,3-Diglycerides have
no signal in these regions (Fig. 1A). Therefore, the ratio
of 1,3- and 1,2-isomers was estimated from 'H-NMR.
1,3- and 1,2-diglycerides can also be differentiated by a
gilica gel TLC-FID Analyzer with a mixture of n-hexane,
ethyl acetate and acetic acid (200:20:1) as a mobile phase.
Figure 2A shows a chromatogram of 1,3-dilaurin purified
by recrystallization from methanol. Figure 2B shows that
of the mixture of 1,3- and 1,2-diglycerides.

The stability of 1,3-dilaurin was evaluated. No iso-
merization from the 1,3- to the §,24somer was observed
when the material was held at room temperature for
several months or at 80°C for 50 kr in ethanol. But under
acidic conditions, for example, stirring with an equivalent
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weight of lauric acid at 80°C for 50 hr, 1,3-dilaurin partly
isomerized to the 1,2-isomer, yielding a 72:28 ratio as
determined with a silica gel TLC-FID Analyzer (Fig. 2B}
and estimated from 'H-NMR. 1,3-Dilaurin also isomer-
ized to an 85:15 mixture by stirring with lauric acid in
ethanol at 80°C for 20 hr in the presence of catalytic
amounts of tetrabutylammonium hydrogensulfate and
sodium hydroxide.

The structures of 1-alkyl-3-acylglycerols were ascertain-
ed by '"H-NMR and a silica gel TLC-FID Analyzer. No
evidence of the formation of the 1,2-isomer was observed
in the product isolated by CPC. It therefore appears that
the reaction of glycidyl ethers with carboxylic acids pro-
ceeded very selectively, and essentially no isomerization
occurred in the reaction, In fact, even stirring with an
equivalent weight of lauric acid under rather drastic con-
ditions (80°C, 72 hr), only about 3% of 1-dodecyl-2-
lauroylglycerol was formed from the 1,3-isomer (deter-
mined with a silica gel TLC-FID Analyzer).

ACKNOWLEDGMENT

We thank H. Maeda for the silica gel TLC-FID Analyzer deter-
mination,

REFERENCES

1. Swern, D, in Bailey's Industrial Oil and Fat Products, Vol. 1,
Wiley-Interscience, New York, 1979, p. 3.

JAOCS, Vol 66, no. 6 (June 1989)

(-]

00 =1 T OF o

10.
11.
12.

13.
14,

15,

16.

11.
18.

. Pratt, C.D., and W.W. Hays, Food Eng. 24:109 (1952).
. Kido, H., N. Fukusen, K. Ishidoh and N. Katunuma, Biochem.

Biophys. Res. Commun. 158275 (19886}

. Grun, A,, and P.8. Schacht, Ber. £0B:1778 (1907).

. Grun, A., and P.8. Schacht, Ihid 45:3420 (1912).

. Whithy, C.D., Pre. Roy. Scc. Can. 13255 (1919).

. Fiacher, E., Ber. 52:1621 {1920).

. Daubert, B.F., and E.8. Lutton, J. Am. Chem. Soc. 63:1449

(1947).

. Zlatanos, S.N., A.N. Sagredos and V.P. Papageorgion, J. Am.

08l Chem. Soc. 62:1575 (1985).

Aserin, A, N. Garti and Y. Sasson, Ind. Eng. Chem. Prod. Res.
Deve. 23:452 (1984},

Gu, X.-P,, L. Ikeda and M. Okahara, Synthesis, No. 6/7, 649
(1985).

Gu, X.-P,, I. Ikeda and M. Okahara, Bull Chem. Soc. Jpn. 60:397
(1987).

Gu, X.-P., L. Ikeda and M. Okahara, Fbid. 60:867 (1987).
Bruening, R.C., F. Derguini and K. Nakanishi, .7. Natural Pro-
ducts 42193 (1986),

Komori, S., in A Handbook of 0il and Fat Chemistry, edited
by the Japan Oil Chemists' Society, Maruzen, Tokyo, Japan,
1985, p. 98.

Weber, W., and G.W. Gokel, in Phase Transfer Catalysis in
Organic Synthesis, Springer-Verlag, Berkin, 1977, p. 6.
Ulsperger, E., Tenside 2:331 (1965).

Burgos, CE., D.E. Ayer and R.A. Johnson, J Org Chem.
52:4973 (1987).

[Received June 20, 1988; accepted December 5, 1988]
[J5503]



