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bstract

Lipases were shown to catalyze acylation of various sulfonamides using water or ionic liquids (ILs) as solvents. Ionic liquids that
ere used include [bmim][PF6], [bmim][N(Tf)2], and [bmim][BF4] (where bmim = 1-butyl-3-methylimidazolium, PF6 = hexafluorophosphate,
(Tf) = bis(trifluoromethylsulfonyl)imide, and BF = tetrafluoroborate). As a function of the lipase nature the ionic liquid can be or not a suit-
2 4

ble solvent for this reaction. Therefore, it may be stated that an optimization of the process implies a molar ratio of 1:3, the use of lipase PS
mano as catalyst and the use of [bmim][N(Tf)2] ionic liquid as solvent. A comparison of the systems shows that the reactivity of the enzyme in

bmim][N(Tf)2] ionic liquid was generally lower than in water but the selectivity to monoacylated sulfonamide was always 100%.
2007 Elsevier B.V. All rights reserved.
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. Introduction

A major problem in the fine chemistry industry is the
se of solvents as environmental legislation and governmen-
al regulations have severely curtailed the use of dangerous and
ollutant ones. The best solvent is no solvent, and if a solvent is
eeded, it should preferably be water, which is nontoxic, non-
nflammable, inexpensive, and abundantly available [1]. On the
ther hand non-aqueous biocatalysis provides a useful compo-
ent of methodology in organic synthesis [2]. Recently ionic
iquids (ILs), organic salts liquid at or near room temperature,
ave emerged as alternative green media for biotransformations,
sing both whole cell systems and isolated enzymes. The use of
onic liquids in biocatalysis has showed many advantages, such
s better enzyme stability, substrate and/or product selectivity,
nd suppression of side reaction [3]. The rule for enzyme activity
n ionic liquids seems to be “there is no rule”, since the perfor-

ance in a particular ionic liquid appears to vary significantly
rom enzyme to enzyme. Ionic liquids probably affect enzymatic

ctivity in the same way as the commonly used solvents do [3].
egarding stability in ionic liquids, it appears that when enzymes
ctually dissolve in an ionic liquid they are totally inactivated
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4]. To remain active in ionic liquids, enzymes must remain in
powder suspension, so that the system can be classified as a

eterogeneous one. Ionic liquids do not inactivate enzymes as
ydrophilic solvents do, which makes it possible to use ionic liq-
ids for the synthesis of compounds that involve polar substrates,
uch as glucose, maltose or ascorbic acid [4]. However, the IL-
ounter-ion can also affect the enzymes stability. Although the
ajority of enzymes reported to be active in ILs are lipases [5]

he presence of methylsulfate, nitrate or lactate counter-anions
eem to render the enzyme inactive [3].

Acylations are still a current topic in synthetic organic
hemistry. This route provides important intermediates in

very wide field of chemistry, including pharmaceuticals,
osmetics, dyes, fragrances and agrochemicals, such as fungi-
ides, herbicides and insecticides. The acylation is usually
arried out using acid anhydrides or acyl chlorides, as acy-
ating agents, in the presence of stoichiometric amounts of
mine bases (as tertiary amines, 4-(dimethylamino)pyridine,
-pyrrolidinopyridine, tributylphosphine) [6,7]. Many of the
ndustrial processes still use homogeneous catalysts as HF or
lCl3, producing high amounts of contaminating wastes. Fur-

hermore, “classical” chemistry under a variety of conditions

oes not work very selectively. The development of cleaner
ethods of chemical production, which minimizes waste and

voids toxic reagents, is based on the principles of atom effi-
iency and catalysis [8–10]. In view of the requirements of

mailto:v_parvulescu@yahoo.com
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ow-cost production in line with environmental responsibility,
atalytic methods including enzyme-mediated transformations
re preferred tools to meet such necessities. In particular, in
rug synthesis the N-acylsulfonamide moiety has emerged as an
mportant feature for biological activity. Several recently devel-
ped drugs, including therapeutic agents for Alzheimer’s disease
11] and prostaglandin F1 (sulfonamides for the potential treat-
ent of osteoporosis) [12] incorporate this moiety. As for the

ase of the other substrates, this acylation has been initially made
sing basic reaction media [13–15]. Another preparation way
nvolves the use of concentrated H2SO4 in the carboxylic acid
nhydride itself taken as a solvent [16] or the use of concentrated
2SO4 in acetonitrile solvent [17].
We report here a quite unusual route to generate acylated sul-

onamides. Although there are reports indicating that lipases
an catalyze the regioselective acylation of some substrates
18], these enzymes are typical catalysts for deacylation via
hydrolysis route. Serine proteases catalyze the hydrolysis of

mide bonds of their protein and peptide substrates accord-
ng to a three-step mechanism. In the first step, substrate and
nzyme combine to form the Michaelis complex. From within
his complex, the hydroxyl of the active site serine attacks the
arbonyl carbon of the amide bond of the substrate to gener-
te an acyl-enzyme intermediate and liberate the first product
Scheme 4). Finally, hydrolysis of the acyl-enzyme produces
he reaction’s second product and regenerates free enzyme
19–21].

Here we present another example in which the acylation of
ifferent benzenesulfonamides was carried out in the presence
f lipases. These experiments were carried out using as solvent
oth water and ILs.

. Experimental

In a typical procedure, 1 mmol of benzenesulfonamide
erivative (benzenesulfonamide, p-nitrobenzenesulfonamide, p-
ethoxybenzensulfonamide) was dissolved in 8 ml of solvent

water or ionic liquids) in a glass vial of 10 ml. As ionic liq-
ids were used [bmim][PF6], [bmim][N(Tf)2], and [bmim][BF4]
where bmim = 1-butyl-3-methylimidazolium, PF6 = hexafluo-
ophosphate, N(Tf)2 = bis(trifluoromethylsulfonyl)imide, and
F4 = tetrafluoroborate) (Scheme 1). The acylating agent

maleic anhydride, in a substrate:acylating agent molar ratio of

:1–3:1) and the catalyst (15 mg of Pancreatic lipase – PL from
igma; lipase from Candida cylindracea – CaCL from Sigma
r lipase PS Amano – PSAL, from Amano Enzyme Ltd.) were
dded to the above mixture. Buffer salts, Suc-Phe-pNA, and

1
p
d
7

Scheme 1. Ionic liquids used
talysis A: Chemical 279 (2008) 223–229

NAA were from Sigma Chemical Co. The reaction mixture
as vigorously stirred for 18 h at room temperature.
Since the acylated products were practically insoluble in

ater, their separation from the reaction medium (lipase, water
nd unreacted sulfonamide) was done very easily through a sim-
le centrifugation. The reaction carried out in ILs was stopped by
ltration of the enzyme. After that the residual sulfonamide was
xtracted with hexane (6 × 5 ml), and then the acylated sulfon-
mide was separated by extraction with ethyl ether (6 × 5 ml).
fter extraction the solvent was removed under the vacuum.
The separated product was redissolved in methanol and

as subject to the chromatographic analysis. The conversion
nd selectivity were determined from analytic data collected
sing a Knauer HPLC with UV–vis detection system in the
ollowing conditions: column: GROM-SIL 80 ODS-2 FE, elu-
nt: MeOH:H2O = 40:60; flow rate: 0.5 ml/min; wavelength:
35 nm; volume sample:15 �l. The products were identified
ith the aid of pure compounds (standards) separated by

hin layer chromatography, and extracted in methanol. The
urity of these compounds was checked by 1H NMR and
3C NMR spectroscopy using a Varian Gemini 300BB instru-
ent, operated at 300 MHz for 1H and 75.5 MHz for 13C. The

tructures of the compounds was tentatively assigned on the
asis of 1H and 13C NMR analyses: benzenesulfonamide (1H
MR (300 MHz, DMSO-d6): δ 7.36 (1H, s, Ph), 7.51 (2H,
d, 2 × CHCH, Ph), 7.85 (2H, dd, 2 × SCCH, Ph) 13C NMR
75.5 MHz, DMSO-d6): δ 126.0, 129.6, 132.0, 141.8); monoa-
ylated benzenesulfonamide (1H NMR (300 MHz, DMSO-d6):
6.25 (1H, dd, CHCOOH), 6.36 (1H, dd, NHCOCH) 7.36

1H, s, Ph), 7.51 (2H, dd, 2 × CHCH, Ph), 7.85 (2H, dd,
× SCCH, Ph); 13C NMR (75.5 MHz, DMSO-d6): δ 126.1,
29.1, 130.9, 132.0, 144.3, 166.3, 167.3); diacylated benzene-
ulfonamide (1H NMR (300 MHz, DMSO-d6): δ 7.37 (1H, s,
h), 7.45 (2H, s, CH), 7.52 (2H, dd, 2 × CHCH, Ph), 7.87 (2H,
d, 2 × SCCH, Ph); 13C NMR (75.5 MHz, DMSO-d6): δ 124.8,
29.6, 132.0, 149.8, 157.9); p-methoxybenzenesulfonamide (1H
MR (300 MHz, DMSO-d6): δ 3.80 (3H, s, OCH3), 7.1 (2H, dd,
CCH, Ph), 7.76 (2H, dd, SCCH, Ph); 13C NMR (75.5 MHz,
MSO-d6): δ 56.1, 114.6, 128.2, 136.5, 162.2); acylated p-
ethoxybenzenesulfonamide (1H NMR (300 MHz, DMSO-d6):
3.80 (3H, s, OCH3) 6.26 (1H, dd, CHCOOH), 6.36 (1H,

d, NHCOCH), 7.10 (2H, dd, 2 × OCCH, Ph), 7.76 (2H, dd,
× SCCH, Ph); 13C NMR (75.5 MHz, DMSO-d6): δ 55.1,

14.6, 129.1, 131.9, 136.5, 162.2, 165.4, 167.3); diacylated
-methoxybenzenesulfonamide (1H NMR (300 MHz, DMSO-
6): δ 3.81 (3H, s, OCH3), 7.10 (2H, dd, 2 × OCCH, Ph),
.40 (2H, s, CH), 7.80 (2H, dd, 2 × SCCH, Ph); 13C NMR

in these experiments.
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Fig. 1. The conversion of benzenesulfonamide as a function of the molar ratio
and type of lipase (Pancreatic lipase – PL; lipase from Candida cylindracea –
CaCL; lipase PS Amano – PSAL).

Fig. 2. The conversion of p-methoxybenzenesulfonamide as a function of the
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75.5 MHz, DMSO-d6): δ 55.9, 114.6, 129.0, 132.0, 134.3,
36.5, 165.2); p-nitrobenzenesulfonamide (1H NMR (300 MHz,
MSO-d6): δ 8.05 (2H, dd, 2 × SCCH, Ph), 8.48 (2H, dd,
× NO2CCH, Ph); 13C NMR (75.5 MHz, DMSO-d6): δ 124.9,
27.7, 143.3, 149.8); acylated p-nitrobenzenesulfonamide (1H
MR (300 MHz, DMSO-d6): δ 6.25 (1H, dd, CHCOOH), 6.37

1H, dd, NHCOCH) 8.05 (2H, dd, 2 × SCCH, Ph), 8.48 (2H,
d, 2 × NO2CCH, Ph); 13C NMR (75.5 MHz, DMSO-d6): δ

24.9, 127.7, 130.1, 138.2, 143.3, 165.3, 167.2); diacylated p-
itrobenzenesulfonamide (1H NMR (300 MHz, DMSO-d6): δ

.38 (2H, dd, CH), 8.05 (2H, dd, 2 × SCCH, Ph), 8.48 (2H, dd,
× NO2CCH, Ph); 13C NMR (75.5 MHz, DMSO-d6): δ 124.9,
27.7, 134.0, 143.2, 149.7, 162.1).

The activity of the catalysts was expressed in terms of con-
ersion for all the cases.

. Results and discussion

Scheme 2 describes the reactions of the investigated sul-
onamides with maleic anhydride. The reaction can occur
electively to monoacylated compounds or non-selectively to
oth monoacylated and di-acylated sulfonamide-derivatives.
ery surprisingly, all the enzymes catalyzed the acylation of

hese substrates in the first step, while more expected was the
ydrolysis of the sulfonamide into maleic acid and sulfonamide.

In water, the investigated enzymes behave differently as a
unction of the substrate and substrate:acylation agent ratio.
ig. 1 presents the results for the acylation of benzenesul-
onamide in the presence of the investigated lipases. For this
ubstrate, except two experiments, the conversion was essen-
ially the same irrespective of the substrate:acylation agent ratio.
he two exceptions corresponded to the substrate:acylation

gent ratio of 1:2 ratio where CaCL led to the higher con-
ersions, and to 1:3, where the best catalyst was PSAL.
he reactivity of other substrates was different. Using p-
ethoxybenzenesulfonamide (Fig. 2), for a substrate:acylation

i
w
w
a

Scheme 2. Reactions involved in acylation
olar ratio and type of lipase (Pancreatic lipase – PL; lipase from Candida cylin-
racea – CaCL; lipase PS Amano – PSAL). *CaCL – selectivity to monoacylated
roduct: 65.6%; *PSAL – selectivity to monoacylated product: 67.8%.

gent ratio of 1:1 PL led to higher conversions than CaCL and
SAL. The decrease of this ratio at 1:2 was consistent with an
mportant increase of the conversion of CaCL and PSAL, but
ith a decrease of the selectivity in monoacylated sulfonamide,
hile for 1:3 all the three enzymes led to a total conversion with
total selectivity in monoacylated sulfonamide. The analysis

of benzenesulfonamide derivatives.
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Fig. 4. The conversion of benzenesulfonamide as a function of the sub-
s
(
A

s
a
a

o
r
d
s

f
m
t
c
a
s
c

t

l
I
l
c
r
[
t
t

ig. 3. The evolution of the conversion as a function of the substrate nature in the
resence of lipase PS Amano and Pancreatic lipase (acylating agent/substrate
olar ratio: 1/1).

f di-acylated benzenesulfonamide (see Scheme 2) indicated a
ixture of E- and Z-isomers.
Fig. 3 presents the effect of the substrate in this reaction. By

omparing PSAL and PL, it results that the substituent exerts
ndeed an effect. p-Methoxy substituent has either a small (PL)
r no effect on the lipase activity. On the contrary, p-nitro group
xerts a positive role leading to a total conversion for both
nzymes. For p-methoxy derivative the increase of the con-
ersion paralleled the increase of the acylating agent/substrate
olar ratio. However, like for benzenesulfonamide the behav-

or of p-nitro derivative was different. All the lipases catalyzed
he transformation of this substrate efficiently with total conver-
ion of the substrate into acylated sulfonamide. So neither the
nzyme nature, nor the molar ratio influenced the conversion.
t is worth to notice the fact that like for the other substrates
nvestigated in this study, blank experiments without catalysts
sing both maleic anhydride and maleic acid led to conversion
ero.

The catalytic effect the investigated enzymes in this reac-
ion can be explained considering the general mechanism of the
ipases. As mentioned above, lipases are known catalysts for
ydrolysis of different substrates [22]. They have in their struc-
ure a series of three aminoacids: serine, histidine and aspartate,

orming the as named “catalytic triad” (Scheme 3). The position
f the catalytic residue at the end of a sharp turn allows histidine
o gain access at one side and the substrate on the other. It was

Scheme 3. Catalytic triad in lipases.
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trate:acylating agent molar ratio and type of lipase in [BMIm][NTf2]
Pancreatic lipase – PL; lipase from Candida cylindracea – CaCL; lipase PS
mano – PSAL).

tated that this special configuration of the nucleophyle in the
ctive site is essential for the reaction of the substrate. So the
ctive serine is activated by histidine and aspartate residues [22].

Based on this assumption we may speculate that for the case
f benzenesulfonamide derivatives (Scheme 4), Ser-OH will
eact firstly with the acyl donor to give an acyl-enzyme interme-
iate (tetrahedral intermediate), which than will react with the
ubstrate. The reaction will stop in this step.

The high conversions and selectivities in the acylated product
or p-nitrobenzene-sulfonamide, in accordance with the same
echanism, can be explained by the high acidity induced by

he presence of the nitro group on the aromatic ring. The data
ollected for the other two substrates (i.e. benzenesulfonamide
nd p-methoxybenzenesulfonamide) may be attributed to some
taggering effects induced by the geometry of the enzymatic
atalytic site.

Surprisingly, buffering these systems led to a complete deac-
ivation of the enzymes.

The acylation of the same substrates using ILs as solvents
ed to the same products, but the effect of IL was evident.
n [bmim][BF4] and [bmim][PF6] all lipases showed a very
ow activity leading to low conversions of sulfonamides to the
orresponding N-acylsulfonamides (<5%). Fig. 4 shows the
esults obtained for the acylation of benzenesulfonamide in
bmim][NTf2]. Excellent chemoselectivity was observed in all
he cases. No side or monoacylated products were detected under
hese conditions. However, except for PSAL which showed also
eaction for a substrate:acylating agent ratio of 1:1 the other
nzymes required an excess of the acylating agent. The order
f reactivity was preserved for all the substrate:acylating agent
atios: PSAL > CaCL > PL.

When using p-methoxybenzenesulfonamide or p-
itrobenzenesulfonamide, under the same experimental
onditions, the conversion of the substrate was identified even
or a substrate:acylating agent ratio of 1 (Figs. 5 and 6). The
rder of the reactivity was that found for benzenesulfonamide,
.e. PSAL > CaCL > PL. This order can be related to the stability

f these enzymes in ILs. However, the order of the reactivity
f the investigated substrates was different from that found in
ater. In ILs, p-nitrobenzenesulfonamide was less reactive.
hile in water this substrate was fully transformed in all the
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Scheme 4. The acylation of sulfonamides with maleic anhydride catalyzed by lipases.
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Fig. 5. The conversion of p-methoxybenzenesulfonamide as a function of the
substrate:acylating agent molar ratio and type of lipase in [BMIm][NTf2] (Pan-
creatic lipase – PL; lipase from Candida cylindracea – CaCL; lipase PS Amano
– PSAL).

Fig. 6. The conversion of p-nitrobenzenesulfonamide as a function of the
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ubstrate:acylating agent molar ratio and type of lipase in [BMIm][NTf2] (Pan-
reatic lipase – PL; lipase from Candida cylindracea – CaCL; lipase PS Amano
PSAL).

ases, in ILs its conversion varied between 13.4% and 22.4%
s a function of the reaction conditions.

Acylations carried out in ILs show the fact that the anion had
n important effect on the reaction rate. The conversions were
ery small in [bmim][BF4] that is the most hydrophilic IL in
his series. The ionic liquids [bmim][PF6] and [bmim][N(Tf)2],
espite being polar, are hydrophobic. However, high reactiv-
ty differences were observed for the reactions carried out in
hese ILs. We assume that these differences are due to the vis-
osity effect, which is significantly different for [bmim][PF6]
nd [bmim][N(Tf)2] [23,24]. The increase in viscosity from
bmim][N(Tf)2] to [bmim][PF6] is a mass-transfer limiting
arameter that appears to be responsible for the decrease of the
nzymatic activity. Ionic liquids are, however, solvents charac-
erized by a salt-like structure even in the liquid state. These
alts, which cannot form ordered crystals, most probably con-
ain voids that can accommodate small molecules. The different
ature of the anion may affect the cation–anion interaction, and
hus may determine the cavity size distribution and the diffusion
f the molecules [25].

At the beginning of the reaction the pH was around 4 for all the
nvestigated systems. Buffering or lowering the pH completely

nnihilated the reaction.

Comparing the results obtained in water with those in
bmim][N(Tf)2] the differences in conversions obtained
or benzenesulfonamide are not very high. However, the [
talysis A: Chemical 279 (2008) 223–229

onversions for p-methoxybenzenesulfonamide and p-
itrobenzenesulfonamide were much smaller. These results
ere also connected with a more advanced deactivation of these

nzymes in ionic liquids compared to water.
Although the reactivity of enzymes decreased when used in

onic liquids, their selectivity to the monoacylated sulfonamide
as improved. All the reactions performed in ionic liquid pro-

eeded with 100% selectivity. Another significant advantage of
orking in ILs is related on the catalyst separation. Because
f their insolubility in ILs lipases can be easily separated and
eused several times.

These results confirm previous reports showing that not all
Ls are always suitable for biocatalysis, but many enzymes
re active in ILs containing BF4, PF6, or N(Tf)2 anions [26].
owever, for the acylation of different benzenesulfonamides

lthough the three investigated ILs had the same cation, they
isplayed quite different properties.

. Conclusions

The results obtained in this study proved that fact that
lthough lipases exhibit typical hydrolytic properties, they are
ble to catalyze the acylation of different benzenesulfonamide
ith maleic anhydride both in water and ILs. Acylation of these

ubstrates occurred with very high conversions and selectivi-
ies, indicating the use of these catalysts as a promising route
owards the synthesis of acylated benzenesulfonamides. No acy-
ation was detected in blank experiments, namely, in the absence
f enzymes.

Acylation of the investigated benzenesulfonamides was
ound to be sensitive to the ring substituents. In water the best
esults were obtained for p-nitrobenzenesulfonamide. Except for
he substrate, in water, the lipases activity was also sensitive to
he substrate:acylating agent molar ratio. Working in ILs corre-
ponded to a decrease of the conversion. However, under these
onditions the selectivity was always total, and the catalyst was
asily to be recovered and recycled.

In conclusion, acylation of benzenesulfonamides in the inves-
igated media occurred without the formation of any hazardous
ompound, as side products leading to valuable intermediates for
he organic synthesis. Other studies are in progress to explain
he effect of enzyme in such reactions.

eferences

[1] M. Lancaster, The Royal Society of Chemistry (Ed.), 2002.
[2] A.M.P. Koshinen, A.M. Klibanov, Enzymatic Reactions in Organic Media,

Blackie Academic & Professional, Glasgow, 1996.
[3] F. Van Rantwijk, R.M. Lau, R.A. Sheldon, Trends Biotechnol. 21 (2003)

131.
[4] S. Park, R. Kazlauskas, Curr. Opin. Biotechnol. 14 (2003) 432–437.
[5] R.M. Lau, F. Van Rantwijk, K.R. Seddon, R.A. Sheldon, Org. Lett. 2 (2000)

4189.
[6] G. Hofle, W. Steglich, H. Vorbruggen, Angew. Chem., Int. Ed. Engl. 17
[7] E. Vedejs, S.T. Diver, J. Am. Chem. Soc. 115 (1993) 3358.
[8] R.A. Sheldon, CHEMTECH (1994) 38.
[9] R.A. Sheldon, J. Mol. Catal. A: Chem. 107 (1996) 75.
10] R.A. Sheldon, Pure Appl. Chem. 72 (2000) 1233.



r Ca

[
[

[

[

[

[

[

[

[
[

[

[

[

L. Mantarosie et al. / Journal of Molecula

11] T. Hasegawa, H. Yamamoto, Bull. Chem. Soc. Jpn. 73 (2000) 423.
12] Y. Wang, D.L. Soper, M.J. Dirr, M.A. Delong, B. De, J.A. Wos, Chem.

Pharm. Bull. 48 (2000) 1332.
13] K. Kondo, E. Sekimoto, J. Nakao, Y. Murakami, Tetrahedron 56 (2000)

5843.
14] K. Kondo, E. Sekimoto, K. Miki, Y. Murakami, J. Chem. Soc., Perkin

Trans. 1 (1998) 2973.
15] N. Ishizuka, K.I. Matsumura, K. Hayashi, K. Sakai, T. Yamamori, Synthesis

6 (2000) 784.

16] Y. Morisowa, M. Kataoka, H. Negahori, T. Sakamoto, N. Kitano, K.

Kusano, J. Med. Chem. 23 (1980) 1376.
17] M.T. Martin, F. Roschangar, J.F. Eaddy, Tetrahedron Lett. 44 (2003)

5461.
18] R. Salezadeh-As, E. Lee-Ruff, Tetrahedron: Asymmetry 16 (2005) 3986.

[

[

[

talysis A: Chemical 279 (2008) 223–229 229

19] A.C. Hengge, R.L. Stein, Biochemistry 43 (2004) 742–747.
20] W.B.L. Alkema, E. de Vries, R. Floris, D.B. Janssen, Eur. J. Biochem. 270

(2003) 3675–3683.
21] W.Y. Tsang, N. Ahmed, L.P. Harding, K. Hemming, A.P. Laws, M.I. Page,

J. Am. Chem. Soc. 127 (2005) 8946–8947.
22] A.S. Bommarius, B.R. Riebel-Bommarius, Biocatalysis: Fundamentals and

Applications, Willey-VCH, Weinheim, 2004.
23] J.G. Huddleston, A.E. Visser, W.M. Reichert, H.D. Willauer, G.A. Broker,

R.D. Rogers, R.D. Green, Green Chem. 3 (2001) 156.

24] R.T. Fuller, H.C. Carlin, D. de Long, J. Haworth, J. Chem. Soc., Chem.

Commun. (1994) 299.
25] A.J. McLean, M.J. Muldoon, C.M. Gordon, I.R. Dunkin, Chem. Commun.

(2002) 1880.
26] U. Kragl, M. Eckstein, N. Kraftzik, Chem. Biotechnol. 13 (2002) 565.


	Comparative behavior of various lipases in benign water and ionic liquids solvents
	Introduction
	Experimental
	Results and discussion
	Conclusions
	References


