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ABSTRACT

Lipase-catalyzed transesterifications in ionic liquids proceeded with markedly enhanced enantioselectivity. It was observed that lipases were
up to 25 times more enantioselective in ionic liquids than in conventional organic solvents.

Room-temperature ionic liquids are attracting growing inter-
est as alternative reaction media for chemical transforma-
tions.1,2 One of several advantages of ionic liquids is that
they are environmentally benign since they have no detect-
able vapor pressure. Accordingly, they are emerging as novel
replacements for volatile organic solvents in industrial
organic synthesis. They are particularly promising as solvents
for catalysis. Their use can enhance activity, selectivity, and
stability of catalysts. Most of the studies in this area have
so far focused on transformations using transition-metal
catalysts.3 Very recently, two groups have reported the use
of ionic liquids as solvents in enzymatic reactions.4

Erbeldinger et al. used ionic liquid in the synthesis of (Z)-
aspartame using thermolysin.4a Lau et al. reported that lipase-
catalyzed alcoholysis, ammonolysis, and perhydrolysis in
ionic liquids and reaction rates were generally comparable
with, or better than, those observed in organic media.4b As
a part of our “green chemistry” research program, we became
interested in ionic liquids as alternative solvents for biotrans-
formations using cell-free enzymes. We herein wish to report
the preliminary results from our studies that the use of ionic
liquids enhanced significantly the enantioselectivity of lipase

in transesterifications.5 It was observed that lipases were up
to 25 times more enantioselective in ionic liquids than in
conventional organic solvents.

Two ionic liquids, [EMIM]-[BF4] (1, [EMIM] + ) 1-ethyl-
3-methylimidazolium)6 and [BMIM]-[PF6] (2, [BMIM] + )
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1-butyl-3-methylimidazolium),7 were tested as media for
lipase-catalyzed transesterification (Scheme 1) and compared

with two organic solvents, THF and toluene, in terms of
enzyme enantioselectivity. The evaluations of enzyme enan-
tioselectivity in these media were carried out with alcohols
3a-d as the substrates in the presence of vinyl acetate at
room temperature. Two lipases,Candida antarcticalipase
B (CALB, immobilized)8 andPseudomonas cepacialipase
(PCL, native),9 were chosen as the enzymes. The enantio-
selectivity of CALB was evaluated for the reactions of3a
and3b, and the enantioselectivity of PCL was evaluated for
the reactions of3c and3d.

In typical experiments, an enzymatic reaction was per-
formed with a solution containing substrate (0.15 mmol),
lipase (20 mg), and vinyl acetate (1.5-3 equiv) in solvent
(1 mL) at room temperature. After the reaction reached 10-
50% completion, the enzymes were removed by filtration
and the resulting solution was concentrated. In the case of
ionic liquid solution, the solution mixture was first extracted
with ethyl ether and the ethereal phase was concentrated.
The organic residues were subjected to silica gel chroma-
tography to obtain unreacted substrate and acetylated product.
Their optical purities were then determined by HPLC using
a chiral column, which allowed us to measure the enantio-
meric excess (ee) up to>99.5%. The E values were
calculated using the equation,E ) ln[1 - c(1 + eep)]/ln[1
- c(1 - eep)], wherec ) ees/(ees + eep).10 The results are
given in Table 1.

The transesterification of3acatalyzed by CALB proceeded
with better enantioselectivity in ionic liquids than in organic
solvents (Table 1, entries 1-4). The best enantioselectivity
(E ) >967) was observed for the reaction in2, which was
5-7 times higher than for those in organic solvents. The
high enantioselectivity (E ) 648) was observed for the
reaction in1, which was 3-4 times higher compared to those
in organic solvents. The CALB-catalyzed transesterification

of 3b showed a different pattern in enantioselectivity (entries
5-8). The highest enantioselectivity (E ) 651) was observed
in 1, but the enantioselectivity in2 was moderate (E) 155)
and comparable to that in toluene. The lowest enantioselec-
tivity was observed in THF. Accordingly, the enantioselec-
tivity enhancements were 25-fold between THF and1, 3.5-
fold between toluene and1, and 6-fold between THF and2.

The PCL-catalyzed transesterifications of3c and 3d
proceeded with high enantioselectivity (E ) >450 and
>1000) in ionic liquid2 (entries 12 and 16). The enantio-
selectivities in ionic liquid1 were modest (E ) 183 and 172)
but comparable to the best (E) 158 and 150) in organic
solvents (entries 10, 11, 13, and 15). Accordingly, the use
of 2 enhanced the enantioselectivity by 3-8 times for the
reaction of3c and by 7-12 times for the case of3d.

The enantioselectivities of lipases, in general, were higher
in hydrophobic2 than in hydrophilic1 except for the reaction
of 3b. In several cases, the lipase enantioselectivity in ionic
liquid reached a synthetically desirable level (E ) >400,
entries 4, 7, 12, and 16). As an illustrative example, the
reaction of3d corresponding to the entry 16 was performed
twice on a 0.6 mmol scale.11 In the first run, the reaction
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L-2, c-f, C3, lyo. Its price is 406 DM for 150 kU.

(9) This enzyme is available from some commercial suppliers such as
Fluka, Roche, and Amano. We used the one provided by Amano, whose
price is not available. The price of the Roche enzyme (trade name,
Chirazyme L-1, Lyo) is 406 DM for 5.0 MU.
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(11)Experimental detail: 3d (109 mg, 0.6 mmol), vinyl acetate (1.8
mmol), and PCL (218 mg) were mixed with ionic liquid2 (3 mL), and the
resulting heterogeneous mixture was stirred at 25°C. When the reaction
reached slightly over 50% completion (48 h), the reaction mixture was
extracted with ethyl ether (5 times with a 20 mL portion). The ethereal
phase was concentrated and subjected to silica gel chromatography to
provide the unreacted substrates ((R)-3d, 47.3 mg, 0.26 mmol, 43%,>99.5%
ee) and the acetylated products ((S)-4d, 63 mg, 0.28 mmol, 47%, 97.7%
ee). The second reaction was performed under the same conditions, except
that the reaction was carried to about 46% completion (36 h), to afford the
unreacted substrates (46.5 mg, 0.256 mmol, 43%, 85.8% ee) and the
acetylated product (56.9 mg, 0.255 mmol, 42%,>99.5% ee). The optical
purities were determined by HPLC using a chiral column. See the footnote
in Table 1 for the HPLC conditions.

Scheme 1. Lipase-Catalyzed Transesterification

Table 1. The Enantioselectivities for the Lipase-Catalyzed
Transesterification in Organic Solvents and Ionic Liquidsa

entry substrate lipase medium ees eep E

1 3a CALB THF 0.916 0.955 141
2 toluene 0.976 0.958 207
3 1 0.915 0.990 648
4 2 0.789 >0.995 >967
5 3b CALB THF 0.803 0.827 26
6 toluene 0.975 0.954 187
7 1 0.941 0.989 651
8 2 0.677 0.941 155
9 3c PCL THF 0.182 0.958 56

10 toluene 0.420 0.981 158
11 1 0.397 0.984 183
12 2 0.123 >0.995 >450
13 3d PCL THF 0.420 0.980 150
14 toluene 0.418 0.965 85
15 1 0.499 0.981 172
16 2 0.854 >0.995 >1000

a On the basis of analyses by HPLC using a chiral column. Analytical
conditions: Chiralcel OD, hexane/2-propanol) 95/5 (3a), 98/2 (3b), 90/
10 (3d,4d), flow rate) 1.0 (3a,b), 0.5 mL/min (3d,4d), UV 217 (3a,b),
250 nm (3d, 4d); Whelk-O1, hexane/2-propanol) 99/1 (3c,4a-c), flow
rate) 0.5 (4a,b), 1.0 mL/min (3c, 4c, UV 217 (3c, 4a-c).
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was carried to slightly over 50% completion to obtain the
unreacted substrates of>99.5% ee in 43% yield. In the
second run, the reaction was carried to 46% completion to
get the acetylated products of>99.5% ee in 42% yield.

It was observed that in most cases the activities of lipases
in ionic liquids were as good as or slightly lower than in
organic solvents.12 One exceptional case was the reaction of
3c in 2, which proceeded at much lower rate. An advantage
of ionic liquids as solvents is that they can be readily reused
together with catalysts. For the CALB-catalyzed reaction of
3a in 2, we were able to reuse ionic liquid and enzyme twice
without loss in enantioselectivity and reactivity after the first
run.

All of these results clearly prove that the lipase-catalyzed
transesterifications took place effectively in ionic liquids1
and2, in some cases with impressively high enantioselec-
tivity. Now the question is why lipases show such high
enantioselectivity in ionic liquids. At this time, no satisfactory
answers are available since the enzyme enantioselectivity
could be affected by several factors, including the nature of
medium, the diffusion rates of substrate and product, the
water content, and the conformational rigidity of enzymes.

Accordingly, we should wait until further systematic studies
disclose the effects of these factors with some detail in the
near future.

In summary, this work has demonstrated that ionic liquids
can serve as the solvents for lipase-catalyzed transesterifi-
cations with an advantage of enhancing the enantioselectivity,
suggesting that they have great potential as alternative media
for biocatalysis and biotransformations. Several ionic liquids
including those used in this work are commercially avail-
able.13 The lipase reactions in ionic liquids can be scaled up
without a major difficulty.14 We believe that the use of ionic
liquids now opens up a new field in nonaqueous enzymology
as the use of organic solvents did in the early 1980s.15

Acknowledgment. This work was supported by the
Korean Ministry of Science and Technology. We thank the
Korean Ministry of Education for a postdoctoral fellowship
to K.W.K. and a graduate fellowship to B.S.

OL015824F

(12) The activities of lipases decreased roughly in the following orders:
toluene> THF≈ 1 ≈ 2 for the reaction of3a, toluene> THF ≈ 1 > 2 for
the reaction of3b, toluene> THF ≈ 1 >> 2 for the reaction of3c, and
toluene≈ THF ≈ 2 > 1 for the reaction of3d.

(13) From Solvent Innovation GMBH, Cologne. The prices of1 and2
are, respectively, 529.30 and 647.50 DM for 100 mL. In this work, we
used chemically prepared ionic liquids. See ref 7.

(14) When the reaction corresponding to entry 4 in Table 1 was scaled
up by 10-fold (3a, 225 mg, 1.5 mmol), the same level of enantioselectivity
was realized.

(15) Reviews: (a) Klivanov, A. M.Chemtech1986, 16, 354. (b)
Klibanov, A. M. Acc. Chem. Res.1989,23, 114. (c)Enzymatic Reactions
in Organic Media; Koskinen, A. M. P., Klibanov, A. M., Eds.; Blackie
Academic & Professional: Glasgow, 1996.
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