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ABSTRACT

(R)- and (S)-Methyl 2-(phenoxy)propionate and their acids could

be separated simultaneously by a Chiralcel OD or OK column, while (R)- and
(S)-methyl 2-(4-chlorophenoxy)propionate and their acids were separated concur-
rently only by an OK column. This is a novel and facile way to measure the
enantiomeric excesses of the remaining substrate and product in the reaction of
enzymatic resolution; enantiomeric ratios could then be calculated.
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INTRODUCTION

Enzymes are chiral catalysts in living systems. They
have been used in the preparation of chiral compounds
for a long time." In particular, hydrolytic enzymes such
as lipases and proteases are suitable for asymmetri-
cally synthetic applications because they accept a
broad range of compounds as substrates and many of
them are highly enantioselective.? In the enzymatic
kinetic resolution of enantiomers, the enantiomeric ex-
cesses (ee) of remaining substrates (ee,) and products
(ee,) are variable and dependent on the extent of con-
version (C), so they are not suitable as indexes for com-
paring the enantioselectivity of different enzymes
toward the same substrate in the same reaction condi-
tions.3 In 1982, Sih and his co-workers developed Equa-
tions (1) and (2) to calculate the E value, which is a
biochemical constant and gradually has been recog-
nized as an index to express enantiospecificity.*
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To calculate E values, conversion (C) and ee (ee, and
ee;) should be measured first. Generally, the proce-
dures to measure ee, and ee,, are tedious. In this article,
a facile way to separate (R)- and (S)-methyl 2-
(phenoxy)propionate and their counterpart acids si-
multaneously by chiral HPLC is developed and this
method can be used to measure the ee, and ee; of 2-
{(phenoxy)propionate (1, 3) and its related compounds
such as 2-(4-chlorophenoxy)propionate (2, 4) in the res-
olution of enzymatic reactions.
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MATERIALS AND METHODS

Lipase AP6 (Aspergillus niger), lipase N (Rhizopus
niveus), lipase MAP (Mucor meihei), lipase CE-5 (Hu-
micola lanuginosa), lipase AK (Pseudomonas sp.), and
lipase AY (Candida cylindracea) were obtained from
Amano, Japan. Alcalase was purchased from NOVO,
Denmark and lipase OF and lipase MY (Candida cy-
lindracea) were from Meito Sangyo Co., Ltd., Japan.
TLC was performed on silica gel G.60 (E. Merck, FRG)
precoated on a glass plate. All solvents were obtained
from Alps Chemical Co., Taiwan. The Chiralcel OD
and OK columns (25 cm X 4.6 mm i.d.) were products of
Daicel Chemical Industries, Ltd., Japan. An HPLC
System of Waters Assoc. (Milford, MA) was used for the
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analytical separations, which consisted of one M6000A
solvent delivery unit and a U6K Universal liquid chro-
matograph injector, coupled to a M450 variable-
wavelength UV spectrophotometer and an SIC chroma-
tocorder 12 integrator, System Instruments Co., Litd.,
Japan. 2-(4-Chlorophenoxy)propionic acid and 2-
(phenoxy)propionic acid were purchased from Aldrich
Chemical Co., Inc. and their methyl esters were pre-
pared by diazomethane treatment.

General Procedure for the Resolution of Compounds 1
and 2 by Enzymatic Hydrolysis

To 100 mg (0.47 mmol) of racemic methyl ester, sus-
pended in 2 ml of 0.2 M phosphate buffer, pH 7.1, was
added 30 mg of the crude enzyme. The reaction mixture
was stirred at room temperature, and the progress of
the reaction was roughly monitored by silica gel TLC
with n-hexane/EtOAc (4:1, by volume) as the develop-
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Fig. 1. Separation of (R,S)-1 and (R,S)-3 by (a) Chiralcel OK column. (b) Chiralcel OD column. The
conditions are described in Materials and Methods.
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ing system and visualized under UV lamp. The reac-
tion was terminated by adjusting the pH of the solution
to pH 2 with 1 N HCl. The remaining ester substrate
and acid product were extracted together with ether (3
X 2 ml). The ether layer was collected, treated by
Na,S0,, and analyzed directly by chiral HPLC.

Analysis of Chiral HPLC

The extracted ether solutions were analyzed on a
Chiralcel OD column at ambient temperature isocrat-
ically with n-hexane/isopropanol/formic acid (90:10:1,
by volume} at a flow rate of 0.5 ml/min and detected at
UV 254 nm. Analysis on the Chiralcel OK column was
performed under the same conditions as the OD col-
umn, except the elution was with n-hexane/isopropanol
(5:1, by volume).

Calculation of E Value

The ee, and ee, in the resolution of enzymatic hy-
drolysis were determined by chiral HPLC, Based on the
ee data and Equations (1) and (2), the E of different
enzymes could be calculated.

RESULTS AND DISCUSSION

2-(Phenoxy)-propionate and 2-(4-chlorophenoxy)pro-
pionate are potent herbicides. However, only the R-
isomers are biologically active. In previous reports, the
resolution of compounds 1 and 3 was carried out by
enzymatic hydrolysis, and ee, and ee, were measured
by a tedious procedure. As shown in Scheme 1, the
remaining substrate and product should be separated
first, then their optical purities (ee) were measured in
two ways: directly by polarimeter® or directly by NMR
with chiral shift reagents.®” However, the determina-
tion of ee by polarimetry may suffer from serious draw-
backs, such as the following: (1) The chiral product
must be isolated in nearly 100% purity. (2) A relatively
large quantity of the chiral compounds is required for
polarimetric measurement. (3) The chiral compound
must have medium to high optical rotatory power. (4)
The accuracy of optical rotation is greatly influenced

TABLE 1. Separation factors (a), capacity factors (k'),
and resolution factors (R,) of compounds 1, 2, 3, and 4 on
Chiraleel OD and OK columns

Chiralcel OK Chiralcel OD

Compounds k' a R, k' a R,

1R 1.66 1.38 207 134 263 44
S 2.29 0.51

2R 1.55 1.66 3.79 034 1.00
S 2.57 0.34

3R 0.65 1.35 1.07 173 214 393
S 0.88 0.81

4R 0.65 1.73 229 063 100
S 1.12 0.63

TABLE 2. Enantioselective hydrolysis of methyl
2-(phenoxy)-propionate by various enzymes

Reaction
time ProR ee, e, C

Enzymes th) orS % @® @B E
Alcalase 180 S 9 18 33 2
Lipase AP-6 180 R 19 40 32 3
Lipase AY-30 43 R 51 69 43 9
Lipase AK 200 R 8 47 15 3
Lipase CE-5 180 R 24 90 21 21
Lipase OF 22 R 45 45 50 4
Lipase N 180 S 2 8 20 1
Lipase MY 25 R 54 72 43 105
Lipase MAP 10 180 R 8 8 50 1

by temperature, solvent, concentration, and the purity
of the measured compound. These shortcomings make
the ee obtained from the measurement of polarimeter
very unreliable. As for the determination of ee by NMR
with the addition of chiral shift reagents, compounds 1
and 2 could be measured directly, while 3 and 4 should
first be converted to 1 and 2 by treatment of diazo-
methane and then measured. The doublet of the a-CH,
of 1 and 2 at & 1.2 ppm in "H-NMR spectra was shifted
more downfield after adding chiral shift reagents and
split into two doublets, in which the signals of R-
isomers were more downfield than those of S-iso-
mers.®” Based on the ratios of two doublets, ee, and ee,
were determined. In these whole procedures, there are
several disadvantages: (1) The purity of the measured
compounds should be very high, because a little impu-
rity probably makes shift reagents inactive. (2) The
expensive NMR machine has to be available for testing
different kinds of shift reagents. (3) The procedures are
tedious. In recent years, chiral columns of HPLC and
GC have been introduced to measure the optical purity
of chiral compounds directly and these simple methods
are superior to other methods.®*®

In order to find good enzymes for kinetic resolution,
nine hydrolytic enzymes are employed to hydrolyze
compounds 1 and 2. From the results of Figure 1 and
Tables 2 and 3, (R,S)-1 and (R,S)-3 could be separated

TABLE 3. Enantioselective hydrolysis of methyl
2-(4-chlorophenoxy)-propionate by various enzymes

Reaction
time ProR ee, ee, C

Enzymes (h) orS (%) @ (% E
Alcalase 180 S 7 63 10 5
Lipase AP-6 48 — ~0 ~0 25 1
Lipase AY-30 48 R 33 62 35 6
Lipase AK 200 R 10 36 22 2
Lipase CE-5 144 R 17 73 19 8
Lipase OF 48 R 34 45 44 35
Lipase N 180 S 2 8 20 1
Lipase MY 25 R 54 72 43 105
MAP 10 180 R 8 8 50 1
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Fig. 2. Separation of (R,S)-2 and (R,S)-4 by Chiralcel OK column.
The conditions are described in Materials and Methods.

simultaneously by Chiralcel OD or OK columns. (R,S)-
2 and (R,8)-4 could be separated simultaneously by a
Chiralcel OK column, but not by a Chiralcel OD col-
umn (Fig. 2). The enantiomeric ratios (E) of enzymes
for compounds 1 and 2 are calculated and listed in Ta-
ble 2 and 3.

Compared with the old methods such as NMR and
polarimetry (summarized in Table 4), the chiral HPLC
method has several advantages: (1) Because it is not
necessary to separate the remaining substrate and
product, the whole procedure is facile, easy to handle,
and fast. (2) C, ee,, and ee, can be determined concur-
rently. (3) the data measured by this method are more
reliable. (4) ee is not greatly influenced by a little im-
purity in the measured compounds.

TABLE 4. Comparison of different methods on the
measurement of ee, and ee;

Chiral
Polarimetry NMR HPLC

. Is it necessary to Yes Yes No

separate the remaining
substrates and products?

. Is a large quantity of Yes Yes No

the measured
compounds required?

. Is ee greatly influenced Yes Yes No

by a little impurity in
the measured

compounds?

. Are the procedures to Yes Yes No
measure ee, and ee,,
tedious?

. Are the data obtained No Yes Yes

more accurate and
reliable?
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