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Abstract

Racemic methyl 2-aryloxypropionates (�)-1 were subjected to hydrolysis in water and in a series of two-phase
aqueous organic media in the presence ofCandida rugosalipase (CRL). The biocatalytic material used was the
enzyme of commercial CRL purified by treatment with different alcohols. The purification of CRL and the reaction
medium play an important role in the enantioselection of racemates (�)-1. While it is not possible to use the same
protocol for all substrates, by combining the different ways of purifying the enzyme with the various reaction
media, it is possible to achieve high enantioselectivities of racemic esters. © 1999 Elsevier Science Ltd. All rights
reserved.

1. Introduction

Lipases are enzymes widely used in organic synthesis because of their ability to regio-, diastereo-
and enantioselectively catalyze hydrolysis and esterification in water as well as in aqueous organic
media.1 The enzyme is sometimes more active in aqueous organic media than in water and this can be
explained by hypothesizing an oil–water interfacial activation associated with a conformational change
of the protein molecule.2 The activity of lipases is also increased by using a purified or a semipurified
native material.

Several protocols have been proposed to obtain a biocatalyst with different degrees of purification,
with the most common ones being a multi-step purification,3–7 dialysis,8 direct treatment of crude lipase
with deoxycolate followed by ethanol–ethyl ether,7 and theiso-propanol treatment.9,10

Candida rugosalipase (CRL) is an extracellular protein. Structural analysis reveals that the catalytic
triad is not exposed to the reaction medium, and the polypeptide lid, which covers the active site of the
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native enzyme, is displaced before the substrate approaches the active site.11 Scattered data indicate that
the method of CRL purification and the reaction medium12 strongly influence the activity and selectivity
of lipase but systematic studies in this area are rare.10,13

Optically active 2-aryloxypropionic acids are a family of compounds of great biological interest14

which, in principle, should be easily obtained by lipase kinetic resolution of parent esters. The literature
data show that crude CRL in water is poorly enantioselective towards this class of compounds and with
the exception of our recently reported hydrolysis of racemic methyl 2-(2,4-dichlorophenoxy)propionate
by treated CRL,10 no investigation in an aqueous organic medium has been reported.

As a continuation of the research, we report a systematic study on the ability of CRL, purified
by treatment with different alcohols, in the kinetic resolution of racemic methyl aryloxypropionates
(�)-1 in both water and aqueous organic media. The hydrolysis of esters was chosen rather than the
transesterification reaction because the acid reaction product can be easily separated by washing with
alkali and no reagent other than the substrate is required.

2. Results and discussion

Firstly we studied the hydrolyses of esters (�)-1 (Fig. 1) in water by CRL purified by treatment with
simple aliphatic alcohols (methanol, ethanol,n-propanol andiso-propanol).

Fig. 1.

The results of the reactions carried out at room temperature and at pH=7.2 are illustrated in Table 1.
The acids (+)-(R)-2 and the esters (�)-(S)-3 were isolated in all the experiments. It is known that an
enantiomeric ratio value of E�20 indicates a high level of enantioselection.15 On this basis, the MeOH-
or n-PrOH-purified CRL in water enantioselectively hydrolyzes only the (+)-(R) enantiomer of (�)-1d
yielding enantiomerically pure forms of (+)-2d and (�)-3d. Treatments with EtOH andi-PrOH allow
CRL to also recognize the (+)-(R) esters of (�)-1b and (�)-1eand to obtain (+)-2b and (�)-3ewith high
enantiomeric excesses.

The effect of the reaction medium was evaluated by carrying out the hydrolyses at room temperature
and pH=7.2 withiso-propanol-treated CRL in homogeneous and heterogeneous 10:1 v/v aqueous organic
media. The 10:1 v/v water:organic solvent ratio was chosen based on previous experiences10 which
indicated that beyond 10% of the amount of organic fraction, the E value does not change, while the
rate of hydrolysis decreases. The organic solvents (acetone, diethyl ether, benzene and cyclohexane)
were chosen in order to cover a wide range of hydrophobicity values expressed by log P (from�0.23 to
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Table 1
Hydrolysis of (�)-methyl 2-aryloxypropionates1 in water at room temperature and pH 7.2 by CRL

treated with the simplest aliphatic alcohols

3.20). The results are illustrated in Table 2. The isolated compounds were again the acids (+)-(R)-2 and
the esters (�)-(S)-3. The aqueous–organic medium influences the enantioselectivity, as well as the rate
of hydrolyses. The water–benzene medium gives the best results: the reactions are slower than in water
but the acids (+)-2b and (+)-2eare isolated in optically pure form while the acids (+)-2a and (+)-2d are
enantiomerically pure after only one recrystallization.

In water–acetone and water–diethyl ether media the CRL purified byi-PrOH only recognizes the (+)-
(R) enantiomer of racemic1a, 1b and1d. The water–cyclohexane medium deactivates the enzyme.

On the basis of these results, the water–benzene medium was also used to test the enantioselectivity
of the methanol-, ethanol- andn-propanol-purified CRL. The results are illustrated in Table 3 along with
those ofiso-propanol-treated CRL. The water–benzene medium always improves the enantioselectivity
of the enzyme with respect to water only (Tables 1 and 3). This is particularly important for the hydrolysis
of (�)-1cbecause only by using this protocol is it possible to obtain enantiomerically pure (+)-2c.

The ee of products obtained in the hydrolyses with E�20, using different protocols are summarized
in Table 4. The table shows that none of the protocols is effective for all five esters (�)-1, rather it is
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Table 2
Hydrolysis of (�)-methyl 2-aryloxypropionates1 by iso-propanol purified CRL in different aqueous

organic media at room temperature and pH=7.2

necessary to combine the methods of CRL purification and the reaction medium in order to achieve the
best results.

Enantiomerically pure acids (+)-2b and (+)-2d can be easily obtained by using several procedures
(seven for the former and nine for the latter: entries 1, 2, 5, 8–11 and 1–5, 7, 9–11, respectively) while
(+)-2c can only be prepared by using the protocol of entry 9. The (+)-2 and (�)-3 are simultaneously
obtained, with a high enantiomeric excess, only from (�)-1d (entries 1, 3 and 7) and from (�)-1e(entry
5). All acids (+)-2 and the esters (�)-3d and (�)-3e are obtained enantiomerically pure in good yield
by using the suitable protocol, while no procedure yields (�)-3a, (�)-3b and (�)-3c with high ee value
and satisfactory yield. The procedure that usesi-PrOH-purified CRL and water–cyclohexane as reaction
medium is ineffective for all substrates.

In conclusion, the CRL purification and the reaction medium play an important role in the enantioselec-
tion of racemates (�)-1 but it is not possible to use the same protocol for all substrates. The purification
eliminates non-essential material or that which hinders the reaction, while the reaction medium influences
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Table 3
Enantioselection of (�)-methyl 2-aryloxypropionates1 in water–benzenea at room temperature by

CRL treated with the simplest aliphatic alcohols

the conformational state of the enzyme (i.e., open or closed form) which then determines the geometry
of the active site, allowing one compound to be recognized more easily than another.

3. Experimental

3.1. General

Lipase fromCandida rugosa(crude CRL E.C. 3.1.1.13 type VII) was purchased from Sigma Chemical
Co. Racemic 2-aryloxypropionic acids were obtained from Aldrich Chemical Co. All the organic solvents
were of reagent grade and used without further purification. The ees of acids (+)-2 were determined
on corresponding methyl esters obtained by treatment with CH2N2. [Eu(hfc)3] was used as chiral shift
reagent to determine enantiomeric excess recording the1H NMR spectra in CDCl3 solution on a Bruker
AC 200 MHz spectrometer. The ees were determined after the usual work-up of the reaction mixture
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Table 4
Enantioselection of (�)-methyl 2-aryloxypropionates1 by CRL under different conditions

before the purification of the reaction products. Racemic esters1 were prepared in 90% yield by treating
commercial (�)-2 with anhydrous methanol in the presence of catalytic amounts ofp-toluenesulfonic
acid at reflux for 3 h. The products were separated and purified by usual chemical work-up and spectral
analyses were consistent with those previously described.15 Purification of crude lipase fromCandida
rugosaby treatment with different alcohols was carried out according to the general procedure reported
below. The specific activity of purified lipase was determined as previously described.10 The hydrolysis
of (�)-1d with iso-propanol-treated CRL in water–ethyl ether is reported as the typical procedure.

3.2. Alcohol-treated CRL

Commercial material (10 g, Sigma Chemical Co.) was mixed in phosphate buffer (50 mL, 50 mM, pH
7.2, 4°C) by stirring for 30 min. Alcohol (Table 1) (50 mL) was added dropwise over 40 min at 4°C.
This heterogeneous medium was stirred at 4°C for 46 h. The mixture was centrifuged (3000 rpm, 30 min,
4°C) to remove the precipitate. The supernatant was dialyzed against phosphate buffer solution (1�2 L,
50 mM, pH 7.2) and then against deionized distilled water (1�2 L). The protein solution was stored at
4°C and used within one week. Protein concentrations were obtained by spectroscopic determination at
288 nm using bovine serum albumin (Sigma Chemical Co.) as standard (3 mg/mL).

3.3. Hydrolysis of methyl 2-(4-chlorophenoxy)propionate (�)-1d with iso-propanol-treated CRL in
water–ethyl ether

Ethyl ether (1.2 mL) was added to a phosphate buffer (20 mM, pH 7.2) solution ofiso-propanol-treated
CRL (12 mL, 260 units, withp-NPA assay) and the mixture stirred for 15 min at room temperature in
a closed vessel. The resulting enzymatic system was added to the substrate (214 mg) and the mixture
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stirred and maintained at pH 7.2 by automatic titration with NaOH (0.2N) using a Mettler DK pH-Stat.
When the hydrolysis reached 50% conversion (23 h), a saturated solution of NaCl (15 mL) was added to
the reaction mixture, the pH was adjusted to 2 using 6N HCl and extracted with ether (3�30 mL). The
combined ether extracts were treated with saturated aqueous NaHCO3 (3�40 mL) and the layers were
separated. The ether layer was dried with Na2SO4 and concentrated in vacuo giving the ester (�)-3d: 104
mg (90% yield), ee 94%,���25

D �38.6, lit.17 ���25
D �41.1 (c=50, EtOH). The combined aqueous layers

were acidified to pH 2, extracted with ether (3�30 mL), dried with Na2SO4 and concentrated in vacuo
giving the acid (+)-2d: 84 mg (85% yield), ee 92%,���25

D +36.6, lit.18 ���25
D +39.8 (c=30, EtOH). After

one recrystallization from hexane:ethyl acetate (10:1), ee 99%.
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