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A Highly Selective Enzyme-catalysed Esterification of Simple Glucosides
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Regioselective 6-O-esterification of alkyl glucosides with long chain fatty acids, yielding more than 95% of
6-O-monoesters, can be achieved using lipases as catalysts in a solvent-free process.

Fatty acid esters of carbohydrates constitute an interesting
group of nonionic surfactants. These surface-active materials
exhibit highly useful properties; they are in principle conju-
gates of cheap and readily available raw materials and they are
expected to be easily degraded in nature.! The possibilities for
preparing esters of carbohydrates have, accordingly, been
extensively studied in the past.2 However, selective esterifica-
tion of unprotected polyols has not proven practically feasible.
Low yields only have been achieved and application of
extensive purification procedures has been necessary to
provide products of high purity. Likewise, specific trans-
formations involving application of protection and deprotec-
tion procedures? have proven not to be economically feasible
for industrial processes. Furthermore, attempts by several
groups to make use of enzymes for synthesis of carbohydrate
esters have been unsuccessful. Yields reported are low and the
amounts of enzyme utilized are too high to allow large-scale
processing.4

In connection with our work on application of enzymes in
organic synthesis, and the exploration of new sugar derivatives
for industrial uses, we have developed a highly efficient
lipase-catalysed process for regiospecific esterification of the
primary hydroxy group in simple alkyl glycosides (Scheme 1).
This procedure allows us, e.g., to esterify ethyl p-glucopyran-
oside with Cg—Cyg fatty acids in yields of 85—95% of the
6-O-monoesters using an immobilized lipase from a species of
Candida antarctica>t as catalyst (Table 1). The reaction was
performed conveniently simply by mixing the two reactants at
70°C under reduced pressure in the presence of the thermo-
stable immobilised lipase. The purity of the glucoside esters
thus obtained is excellent. The surfactant properties have
been found to be similar to those of common nonionic
surfactants (Table 1).

Previous attempts by other groups to esterify enzymatically
a-D-glucose and methyl «-p-glucopyranosides have not been
successful.4 As indicated, however, we found a dramatic
change in the reactivity of ethyl p-glucopyranoside as com-
pared to either glucose or methyl a-p-glucopyranoside (Table
2). Presumably, the higher reactivity of the glucosides is due to
higher solubilities of the reactants in one another and to the
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R! = H, Me, Et, P10, Pri, or Bun. R2 = C;H;5, CoHyg, Cy1Haz, CisHar,
CysHay, or CiyHas.

Scheme 1

 Deposited at Deutsche Sammlung vor Microorganismen (DSM)
according to the Budapest Treaty under the deposit numbers DSM
3855, DSM 3908, and DSM 3909.

substrate-selectivity of the enzyme used. Our best yields were
obtained using Cg—C;g fatty acids and ethyl or isopropyl
glucoside as substrates and, as catalyst, a heat-stable lipase
derived from a strain of Candida antarctica (Tables 1, 2, and
3). This particular enzyme is non-specific with regard to
triglyceride hydrolysis reactions but exhibits a very high
selectivity towards the primary hydroxy group in the syntheses
described.

Table 1. Yield, critical micelle concentration (CMC), and surface
tension (ymin) Of fatty acid esters of ethyl p-glucopyranoside.?

Yield of
6-O-monoester CMC Ymin
Fatty acid 1% /moll=1  /dyncm—1
Octanoic acid 86.9 2.0x10-3 31
Decanoic acid 88.4 9.6 X 10—4 31
Dodecanoic acid 85.8 5.1 x10-5 31
Tetradecanoic acid 89.1 5.3x10~5 33
Hexadecanoic acid 93.1 1.8x 104 39
Octadecanoic acid 95.5 8.3 x 10-¢ 44
Octadecenoic acid 91.8 3.4 x 104 35

2 The standard reaction was performed by mixing 50 g (0.24 mol) of
ethyl p-glucopyranoside} at 70 °C and 0.01 bar, with 1.35 equiv. of
fatty acid and 2.5% (w/w) of immobilized Candida antarctica lipase of
an activity of 40 BIU/g.§ The yields indicated refer to yields of product
obtained after purification by chromatography on silica gel using a
gradient of light petroleum, ethyl acetate, and methanol as eluant.
The CMC and surface tension were determined using a Kriiss
tensiometer type K 10. Mass and n.m.r. (!H and 13C) data
corresponding to the expected reaction products were obtained for all
compounds synthesized.

Table 2. Rate of reaction of selected carbohydrates with dodecanoic
acid.a

Conversion/%  Diester

Carbohydrate$ Tp 6h 24h 1%

«-D-Glucose >1week — <5% —

Methyl «-D-glucopyranoside 22h 200 53.3 3.5
Ethyl p-glucopyranoside 25h 740 92.5 4.9
Isopropyl p-glucopyranoside 21h 700 93.2 4.2
n-Propyl p-glucopyranoside 1.4h 79.2 95.6 17.3
n-Butyl p-glucopyranoside 1.0h 78.5 94.4 21.8

2 Conversion of different carbohydrates was performed at 70 °C and
0.01 bar, using 1.5 equiv. of dodecanoic acid and 6% (w/w) of
immobilized Candida antarctica lipase of 40 BIU/g.§ The progress of
the reactions was monitored by h.p.l.c. ® Time for conversion of 50%
of the starting carbohydrate derivatives.

1 All glucosides except methyl o-p-glucopyranoside were mixtures of
anomers obtained by glucosidation of the desired alcohol with
«-D-glucose.8 The anomeric composition of the crude glucosides was
determined by 'H n.m.r. (400 MHz, D,0). Ethyl p-glucopyranoside:
o/p = 1/1; n-propyl, iso-propyl, and n-butyl p-glucopyranoside: all o/
= 2/1.

§ One Batch Interesterification Unit (BIU) corresponds to 1 mol of
hexadecanoic acid incorporated (initial activity) into trioctadecenoyl
glycerol per minute.
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Table 3. Lipase activity, rate of conversion, and diester content in the
synthesis using different immobilized lipases.2

After24h After48h
Activity Conv. Diester Conv. Diester

Lipase from BIU/g§ /% % 1% 1%
Candida antarctica 40 96.1 3.1 96.3 5.2
Mucor miehei 25 97.9 19.3 97.9 28.5
Humicola sp. 69 99.0 45.8 99.7 64.3
Candida cylindracea 29 21.2 1.2 39.6 6.1
Pseudomonas sp. 181 1.5 — 143 21.6

+ The conversion of ethyl p-glucopyranoside was performed at 70 °C
and 0.01 bar, using 2 equiv. of dodecanoic acid and 6% (w/w) of
different immobilized lipases. The conversions were measured by
h.p.l.ec.

The esterification was found to be catalysed by a variety of
enzymes, however, with quite different conversion rates and
selectivities (Table 2). Lipozyme™, an immobilized Mucor
miehei lipase, is a 1,3-specific lipase with respect to hydrolysis
of triglycerides and as such preferentially catalyses reactions
with primary hydroxy groups, e.g. in acidolysis reactions
explored commercially using this enzyme. Even so, the
activity and selectivity of this enzyme was lower than that of
the unspecific Candida lipase when expressed in the synthesis
of glucoside esters. To achieve the best enzyme activity the
immobilized enzyme preparations were moisturized to a water
content of about 10% .6

The yields obtained using short chain fatty acids, Cs—Cjg,
were generally lower than those realized using their higher
homologues (Table 1). This may be due to an increased
solubility in water of the short-chain fatty acids, which causes a
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pH change in the water bound to the enzyme and which may
also dissolve some water from the enzyme surface and thereby
cause a loss of activity.”
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