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Abstract

The enzymatic selective acylations of carbohydrates in ionic liquids were explored in both organic solvents and ionic liquids
to see any significant differences in terms of reactivity and regioselectivity between two different classes of reaction media.
Monoprotected glycosides (methyl@-rityl-glucosides and galactosides) were chosen as the substraté€zanitida rugosa
lipase as an acylation enzyme. Two organic solvents, THF and chloroform, and two ionic liquids, [BREM] ([BMIM] +
= 1-butyl-3-methylimidazolium) and [MOEMIM{PR~ ([MOEMIM] ™ = 1-methoxyethyl-3-methylimidazolium), were
employed as reaction media. The enzymatic reactions were performed in the presence of vinyl acetate at room tempera-
ture. It was observed that the reactions in ionic liquids took place more rapidly and more selectively than those in conventional
organic solvents.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction may be employed to overcome the solubility problem
at the cost of enzyme activity and stabilify]. Re-
The chemical selective modification of carbohy- cently, a few groups including ours have reported the
drates usually requires several protecting and de- use of room temperature ionic liquids as useful media
protecting steps, since they have multiple hydroxyl for biocatalysig4]. In some cases, their use enhanced
groups of comparable chemical reactivity]. The the enzyme activity and selectivity. lonic liquids are
enzymatic methods provide a useful alternative to the particularly attractive as a new type of alternative
classical methods for the selective transformations of media for the enzymatic reactions of carbohydrates
the polyhydroxyl group$2]. However, the enzymatic ~ because their polarity enhances the solubility of car-
methods often suffer from slow reaction rates and bohydrates. A recent study has shown that the enzy-
low yields, which are caused by the low solubility of matic reactions of3-p-glucose proceeded efficiently
carbohydrates in most conventional organic solvents. in ionic liquids with superior regioselectivities to
Polar solvents such as pyridine, DMSO, DMF, THF those in conventional organic solven#]. In these
reactions, the primary OH group at the C-6 position of
"+ Corresponding author. Fax:82-54-279-3399. s:ubst.rate was .selectively acylated®sndida antarc-
E-mail address: mjkim@postech.ac.kr (M.-J. Kim). tica lipase B in the presence of several secondary
URL: http:/Avww.postech.ac.kr/chem/mjkim. OH groups. In this work, we explored the selective
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acylations of the 83-protected glycosides witEan-
dida rugosa lipase (CRL) in two organic solvents
and two ionic liquids to see the effects of using ionic

liquids that enhance reaction rate, regioselectivity

(toward secondary hydroxy groups) and yield.

2. Experimental
2.1. General

The C. rugosa lipase was purchased from Sigma
Chemical Co. (St. Louis, MO). Methyl-&-trityl-p-

glycosides were prepared by a conventional method

from the methylp-glycosides purchased from Sigma.
The ionic liquids were prepared according to the liter-
ature procedurd4f,5] and other chemicals were pur-
chased from Aldrich Chemical Co. Chloroform and

THF were used after drying according to the conven-

tional methods.

2.2. General procedure for enzymatic acylation

The procedure for the enzymatic acylation 3if
in ionic liquid 1 is described as a representative. The
mixture of 3b (25mg, 0.057 mmol), CRL (125mg,
500 wt.%), vinyl acetate (0.5ml) in 1 ml of was
stirred at room temperature for 5h. After comple-
tion of the reaction, the enzyme was filtered off
and the resulting filtrate was extracted with diethyl
ether (20mlx 5) and the combined ethereal phase
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2.2.2. Methyl-2-O-acetyl-6-O-trityl-a-
D-glucopyranoside (4b)

1H NMR (300 MHz, CDCh, ppm) 7.43-7.48 (m,
6H), 7.34-7.22 (m, 9H), 4.91 (d] = 3.6 Hz, 1H),
4.72 (dd,J = 10.1Hz, 3.6Hz, 1H), 3.93 (dd/ =
9.88Hz, 8.61Hz, 1H), 3.64-3.67 (m, 1H), 3.60 (t,
J =8.97, 1H), 3.39-3.41 (m, 2H), 3.38 (s, 3H), 2.15
(s, 3H); 13C NMR (300 MHz, CDC#%, ppm) 171.64,
144.31, 129.59, 128.59, 127.83, 97.47, 87.72, 73.92,
73.05, 72.14, 70.10, 64.55, 55.74, 21.65.

2.2.3. Methyl-2-O-acetyl-6-O-trityl-B-
p-galactopyranoside (4c)

H NMR (300MHz, CDCh, ppm) 7.36-7.40
(m, 6H), 7.16-7.26 (m, 9H), 4.88 (dd] = 9.6,
8.06 Hz, 1H), 4.121 (dJ = 7.98Hz, 1H), 3.94 (d,

J = 2.19Hz, 1H), 3.43-3.54 (m, 2H), 3.40 (s, 3H),
3.30-3.38 (m, 2H);3C NMR (300 MHz, CDC4,
ppm) 172.01, 144.19, 129.27, 128.64, 127.89, 102.38,
87.79, 73.88, 73.55, 70.27, 63.40, 57.71, 21.75.

2.2.4. Methyl-2-O-acetyl-6-O-trityl-a-
D-galactopyranoside (4d)

1H NMR (300 MHz, CDCh, ppm) 7.37-7.39 (m,
6H), 7.16-7.25 (m, 9H), 4.94 (dd, = 10.1, 3.7 Hz,
1H), 4.83 (d,J = 3.7 Hz, 1H), 3.95 (dJ = 3.02 Hz,
1H), 3.85 (dd,J = 10.1, 3.34Hz, 1H), 3.76 (] =
5.43, 1H), 3.31-3.38 (m, 2H), 3.28 (s, 3H), 2.06 (s,
3H); 13C NMR (300 MHz, CDC}, ppm) 172.113,
144.27, 129.27, 128.65, 127.90, 98.06, 87.88, 72.40,
70.99, 69.12, 69.08, 64.04, 55.96, 21.77.

was concentrated. The residue was subjected to the

IH NMR analysis for the determination of conver-
sion% and regioisomer ratio, and then to column
chromatography (silica gelp-hexane/ethyl acetate
= 1) to obtain the acetylated produéh as the mix-
ture of two regioisomers in 90% yield (24.7 mg,
0.052 mmaol).

2.2.1. Methyl-2-O-acetyl-6-O-trityl-B-
D-glucopyranoside (4a)

1H NMR (300 MHz, CDC}, ppm) 7.36—7.40 (m,
6H), 7.16—7.26 (m, 9H), 4.73 (dd, = 9.3, 7.95 Hz,
1H), 4.27 (d,J = 7.9Hz, 1H), 3.50-3.55 (m, 2H),
3.44 (s, 3H), 2.06 (s, 3H)!3C NMR (300 MHz,
CDCl3, ppm) 171.58, 144.21, 129.28, 128.63, 127.88,

102.11, 87.76, 76.05, 74.48, 74.34, 73.20, 64.58,

57.19, 21.70.

3. Results and discussion

The enzymatic selective acylations of glycosides
were examined withC. rugosa lipase for four sub-
strates3a—d. The reactions were carried out at room
temperature in the presence of vinyl acetate in four
different media; two organic solvents, THF and
chloroform, and two ionic liquids, [BMIM{PR~
(1, [BMIM] + = 1-butyl-3-methylimidazolium) and
[MOEMIM] *PRs~ (2, [MOEMIM] ™ = 1-methoxy-
ethyl-3-methylimidazolium) Kig. 1). The prod-
ucts from each reaction were analyzed B
NMR spectroscopy. All the reactions provided
2-O-acetyl-glycosides (2-AcG) as the major products
together with 30-acetyl-glycosides (3-AcG) as the
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those in organic solvents. The reactions in THF pro-

OCH

@N/\/\ @N/\/ ’ ceeded slowly and yields were low in most cases. The
N=—" PFe N PFe reactions in chloroform took place relatively more
HaC H3C rapidly and afforded higher yields. It is noteworthy
1 2 that in both chloroform and ionic liquids, the reactions
of 3b andd proceeded rather rapidly (3—11 h) while
Fig. 1. Room-temperature ionic liquids. those of3a andc required rather long reaction times

(50-120h). The second important observation is that
all the reactions performed in ionic liquids were sig-
minor products. The detailed results are described in nificantly more regioselective than in organic solvents.
Table 1 The regioselectivities in two ionic liquids, however,
The first important observation froifable lis that were identical for each substrate. It is noteworthy that
the reactions carried out in ionic liquids, in general, the reactions of3-glycosides3b andd in ionic lig-
took place more rapidly and gave higher yields than uids were highly regioselective to give@-acylated

Table 1
CRL-catalyzed acylation of glycosides
OTr :\ OTr
HO o OAc HO o
HO CRL R
OCH3 2 OCHg
OH 1
3 4

2-AcG: Ry = OAc, R, = OH
3-AcG: Ry =0OH, Ry = OAc

OTr oTr OTr OTr
HO HO
Q Q Q Q
Hﬂ&ma Hﬁ@ Hogwo% Hog
OH OH
HOOCH, HOocH,
3a 3b 3c 3d

Entry Substrate Medium Reaction time (h) 2-AcG/3-AcG Yield (%)°
1 3a THF 96 62/38 20
2 CHCk 90 77123 25
3 1 60 90/10 82
4 2 50 90/10 76
5 3b THF 90 80/20 40

6 CHCk 11 94/6 88

7 1 5 >08/1 90
8 2 5 >08/1 84

9 3c THF 120 68/32 30
10 CHCB 90 87/13 82
11 1 120 96/4 93
12 2 96 96/4 95
13 3d THF 90 94/6 82
14 CHCh 3 95/5 94
15 1 3 >08/1 93
16 2 3 >08/1 94

aDetermined on the basis of the analysestidfNMR spectroscopy.
blsolated yields.
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