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a b s t r a c t

A number of allyl esters of various carboxylic acids and N-protected amino acids were synthesized and
their hydrolysis by Candida antarctica lipase B and pig liver esterase was studied. In order to test the
selectivity, the enzymatic hydrolysis of the corresponding methyl and ethyl esters was also examined.
Both enzymes easily remove the allyl esters of monocarboxylates. The chemo- and regio-selectivity for the
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hydrolysis of glutamate diesters was studied, too, and it was found that the preference for the hydrolysis
of a particular ester group depends not only on the ease of the hydrolysis observed for the esters of
monocarboxylic acids, but also on the position (�- or �-).

© 2009 Elsevier B.V. All rights reserved.
nzymatic deprotection
ig liver esterase

. Introduction

During recent years, enzymes have been extensively used in
rganic synthesis, not only in small-scale laboratory syntheses but
lso in the industrial production of fine chemicals. Biocatalysts offer
reat alternative to chemical methods. Moreover, they are envi-
onmentally beneficial and of increasing interest by chemical and
harmaceutical industries.

In particular, functional group deprotection is one of the
rocedures that usually demands strong alkaline, acidic or reduc-
ive conditions. Removal of esters by means of hydrolases
akes place in almost neutral pH values, ambient tempera-
ure and aqueous solution. Due to high chemo-, regio-, and
nantioselectivities of lipases and esterases, biocatalysis has
ound wide application mainly for the production of enan-
iopure organic molecules [1] but also in protecting group
hemistry [2,3]. Methyl, heptyl, 2-N-(morpholino)ethyl, choline,
methoxyethoxy)ethyl, and methoxyethyl esters are some exam-

les of enzymatically removable carboxyl protecting groups
4].

Recently, we demonstrated that an esterase from Bacillus sub-
ilis (BS2, EC 3.1.1.1) and lipase A from Candida antarctica (CAL-A,

∗ Corresponding author. Tel.: +30 210 7274462; fax: +30 210 7274761.
E-mail address: gkokotos@chem.uoa.gr (G. Kokotos).

381-1177/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.molcatb.2009.07.012
EC 3.1.1.3) were able to cleave tert-butyl, methyl, benzyl, allyl,
2-chloroethyl, 2,2,2-trichloroethyl, phenacyl, and diphenylmethyl
esters from a variety of substrates including simple carboxylic acids,
N-protected amino acids and dipeptides, under mild and selective
conditions, that avoid side-reactions [5–7]. To extend our studies,
we investigated the applicability of various lipases and esterases
for the removal of allyl esters from a variety of substrates. In par-
ticular, two enzymes, pig liver esterase (PLE, EC 3.1.1.1) and lipase B
from Candida antarctica (CAL-B, EC 3.1.1.3), were found to be active
toward allyl esters. Both enzymes are among the most efficient
biocatalysts in organic synthesis. CAL-B is frequently used for the
preparation of enantiopure alcohols [1]. PLE represents by far the
most important enzyme and numerous examples in kinetic reso-
lution and de-symmetrizations can be found [8,9]. Moreover, both
enzymes are commercially available at low price. However, up to
now none of them has been studied for the removal of the allyl ester
group, which represents an important carboxyl protecting group,
due to their ease of preparation and their stability under a variety
of reaction conditions.

2. Results and discussion
The most common chemical cleavage method for allyl esters is
catalytic hydrogenation using Pd0 [10]. Catalytic hydrogen transfer
[11], Pd(OAc)2 [12], PdCl2(Ph3P)2 [13], ruthenium [14] and rhodium
[15] complexes have also been used in deallylation, as well as the

http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:gkokotos@chem.uoa.gr
dx.doi.org/10.1016/j.molcatb.2009.07.012
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Table 1
Hydrolysis of allyl �-(benzyloxycarbonylamino)butanoate by various hydrolases.

.

Entry Enzymea Time (h) Yield (%)b

1 BstE >24 n.d.c

2 CRL >24 n.d.c

3 RMIM 4 34
4 TLIM 4 15
5 Amano-PS 4 65
6 PFEI 4 81
7 SDE 3 81
8 PLE 2 87
9 CAL-B 1 90

10 BS2 1 97

D
n
[
I
o

T
H

a For abbreviations, see text.
b Yield of isolated product.
c Not detected.
MSO-iodine reagent [16], H-� zeolite [17], sulphated SnO2 [18],
atural kaolinitic clay and EPZG [19], and montmorillonite K-10
20]. Papain has also reported to be able to cleave allyl esters [21].
n the present work, initially we studied the enzymatic hydrolysis
f allyl esters by various hydrolases.

able 2
ydrolysis of allyl and other esters by CAL-B and PLE.

Entry Substrate Product CALB

Time

1 1

2 1

3 1

4 1

5 24

6 24

7 1.5

8 1.5

9 1.5

a Yield of isolated product.
b Not investigated.
c Not detected.
Allyl �-(benzyloxycarbonylamino)butanoate was prepared,
serving as a model compound, and its hydrolysis by a number of
hydrolases was studied in an initial screening (Table 1). Recom-
binant esterase from Bacillus stearothermophilus (BstE) produced
in E. coli, Candida rugosa lipase (CRL), immobilized lipase from

/substrate 1:4 CALB/substrate 1:30 PLE/substrate 1:4

(h) Yield (%)a Time (h) Yield (%)a Time (h) Yield (%)a

88 1.5 58 1 90

92 1.5 75 1 92

89 1.5 77 1 90

18 1.5 9 n.i.b

76 n.i.b n.i.b

58 n.i.b n.i.b

88 n.i.b >24 n.d.c

83 n.i.b 4 58

76 n.i.b n.i.b
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Fig. 2. Time course for the hydrolysis of various phenylacetates by PLE
(enzyme/substrate 1:4, w/w). Conditions: phosphate buffer (pH 7.4)/hexane 9:1,
37 ◦C. Methyl phenylacetate (�), allyl phenylacetate (�), ethyl phenylacetate (�).

on glutamic acid. The results obtained using CAL-B are summarized
in Table 3, and those using PLE are shown in Table 4. In the case of
�-ethyl, �-allyl and �-allyl, �-ethyl Z-l-glutamates (entries 1 and 2,
Table 3), CAL-B shows a preference for ethyl esters, either in �- or in
ig. 1. Time course for the hydrolysis of various phenylacetates by CAL-B
enzyme/substrate 1:4, w/w). Conditions: phosphate buffer (pH 7.4)/hexane 9:1,
7 ◦C. Methyl phenylacetate (�), allyl phenylacetate (�), ethyl phenylacetate (�).

hizomucor miehei (RMIM, Novozymes), Thermomyces lanuginosa
ipase (TLIM), Amano lipase PS from Pseudomonas cepacia (Amano-
S), recombinant esterase from Pseudomonas fluorescens (PFEI)
roduced in E. coli, Streptomyces diastatochromogenes esterase pro-
uced in E. coli (SDE), pig liver esterase (PLE, Roche) and lipase B
rom Candida antarctica (CAL-B, Novozymes) were tested toward
he model substrate. The reaction took place in a mixture of
uffer/hexane (9:1) containing a small amount of methanol. BS2
as also employed and the results are presented in Table 1. Apart

rom BS2 (entry 10, Table 1), PLE (entry 8, Table 1) and CAL-B (entry
, Table 1), showed the best activity, within a maximum reaction
ime of 2 h. Based on the results of this initial screening, CAL-B and
LE were chosen for further studies.

The next step was the preparation of various allyl esters of
arboxylic acids and N-protected amino acids. For comparison rea-
ons, the hydrolysis of the corresponding methyl and ethyl esters
as also studied. The results of their hydrolysis by CAL-B and PLE,
sing a 1:4 enzyme/substrate ratio, are summarized in Table 2. Both
nzymes removed allyl, methyl, and ethyl esters from phenylacetic
cid in high yields (entries 1–3, Table 2). CAL-B seemed to be inef-
cient to cleave the tert-butyl group from phenylacetic acid within
he same time (entry 4, Table 2). Cinnamic and octanoic acid were
solated in moderate yields from the corresponding allyl esters in
he presence of CAL-B, demanding longer reaction time (entries

and 6, Table 2). Concerning the allyl and methyl ester of Boc-
-alanine and allyl ester of Boc-�-aminobutanoic acid, CAL-B was
ffective, hydrolyzing all three substrates in high yields within 1.5 h
entries 7–9, Table 2). On the contrary, PLE needed longer reaction
ime in the case of Boc-�-alanine methyl ester, showing no activ-
ty at all in the case of Boc-�-alanine allyl ester (entries 7 and 8,
able 2).

The hydrolysis of allyl, methyl and ethyl phenylacetate was also
onitored by HPLC and the results are presented in Figs. 1 and 2.
s shown, ethyl and allyl esters were quickly hydrolyzed by CAL-B

n less than 5 min, while the methyl ester was hydrolyzed quanti-
atively within 10 min (Fig. 1). Monitoring employing PLE showed
slightly longer reaction time and no differentiation between the

hree esters (Fig. 2). Similar curves were obtained when lower CAL-
/substrate ratios (1:10 or 1:20) were used (data not shown).

Since the hydrolysis of the above mentioned esters was very
uick and non-selective under the conditions used, the removal of
hese groups using an even lower ratio of CAL-B/substrate (1:30)
as examined and the results are presented in Table 2. It is clear

hat longer reaction times were needed and the methyl ester was

lower hydrolyzed by CAL-B, than the allyl and ethyl esters (entries
–3, Table 2). As expected, tert-butyl phenylacetate was a very poor
ubstrate for the lipase (entry 4, Table 2), as it is known that CAL-B
s not active towards esters of tertiary alcohols [5]. HPLC monitor-
Fig. 3. Time course for the hydrolysis of various phenylacetates by CAL-B
(enzyme/substrate 1:30, w/w). Conditions: phosphate buffer (pH 7.4)/hexane 9:1,
37 ◦C. Methyl phenylacetate (�), allyl phenylacetate (�), ethyl phenylacetate (�).

ing, as depicted in Fig. 3, is consistent with the results taken from
Table 2. Hydrolysis of phenylacetic acid allyl ester by CAL-B went
to completion within 20 min, while that of ethyl ester needed 1 h
(Fig. 3). Removal of methyl ester was 50% within 90 min. When PLE
was used in a ratio enzyme/substrate 30:1, the hydrolysis of methyl
ester was quantitative in 20 min, while in the same time, ethyl ester
was very slowly hydrolyzed (not more than 5%) (Fig. 4).

In order to further investigate the quick and possibly selective
removal of the groups mentioned above, in case they are present in
the same molecule, we synthesized a series of dicarboxylates, based
Fig. 4. Time course for the hydrolysis of various phenylacetates by PLE
(enzyme/substrate 1:30, w/w). Conditions: phosphate buffer (pH 7.4)/hexane 9:1,
37 ◦C. Methyl phenylacetate (�), allyl phenylacetate (�), ethyl phenylacetate (�).
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Table 3
Hydrolysis of various Z-l-glutamic acid diesters by CAL-B.

Entry Substrate Product CAL-B/substrate 1:4 CAL-B/substrate 1:10 CAL-B/substrate 1:30

Time (h) Yield (%)a Time (h) Yield (%)a Time (h) Yield (%)a

1 4.5 26 4.5 9 4.5 9

4.5 50 4.5 34 4.5 24

2 4.5 22 4.5 12 4.5 16

4.5 44 4.5 18 4.5 23

3 24 0 n.i.b n.i.b

24 17 n.i.b n.i.b

a A mixture of the two products was isolated and the yield of each one was determined from the 1H NMR spectrum of the mixture.
b Not investigated.

Table 4
Hydrolysis of various Z-l-glutamic acid diesters by PLEa.

Entry Substrate Product PLE

Time (h) Yield (%)b

1 4.5 40

4.5 18

2 4.5 47

4.5 12

3 4.5 26

4.5 14

4 4.5 30

4.5 10

a Enzyme/substrate ratio 1:30 (w/w).
b A mixture of the two products was isolated and the yield of each one was determined from the 1H NMR spectrum of the mixture.
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-position. The reaction rate is lower when the enzyme/substrate
atio is decreased, while the selectivity for ethyl toward allyl ester
s not improving (entries 1 and 2, Table 3). The hydrolysis of �-allyl,
-tert-butyl Z-l-glutamate (entry 3, Table 3) is slow and reaches a
aximum of 17% yield within 24 h at a CAL-B/substrate ratio 1:4.
lthough the removal of allyl ester was selective, the yield of the

solated product was not improved even after 48 h (18%).
PLE at an enzyme/substrate ratio 1:30, shows a preference for

llyl esters, either in �- or in �-position (entries 1 and 2, Table 4).
nterestingly, in the case of �-methyl, �-ethyl and �-ethyl, �-

ethyl Z-l-glutamates (entries 3 and 4, Table 4), there is a subtle,
hough noteworthy preference for the hydrolysis of methyl ester of
oth substrates. Such preference in the removal of methyl ester in
he presence of ethyl ester can hardly be accomplished by chemical

eans.

. Conclusions

Allyl, methyl and ethyl esters of monocarboxylic acids were eas-
ly hydrolyzed by CAL-B and PLE at a 1:4 enzyme/substrate ratio.
he structure of the carboxylic acids played a crucial role in the
ydrolysis rate. Specifically, when CAL-B was employed at a ratio
:30 enzyme/substrate, the hydrolysis of allyl and ethyl esters was
aster, in comparison to that of the methyl ester. Regarding PLE,
he hydrolysis of allyl and methyl esters was significantly faster,
ompared to the ethyl ester, at the same enzyme/substrate ratio.

In the case of �-allyl, �-ethyl or �-allyl, �-ethyl l-glutamates,
LE showed a preference for the hydrolysis of allyl esters, though
ot quantitatively. On the contrary, when CAL-B was used, there
as a preference for the cleavage of ethyl esters, either in �- or

n �-position. When �-ethyl, �-methyl or �-methyl, �-ethyl l-
lutamates were used as substrates of PLE, the observed preference
as in favor of methyl esters. Despite the limited yields, it must be
oted that such differentiation between methyl and ethyl esters
annot be achieved by any chemical process. In the case of gluta-
ate diesters, the preference for the hydrolysis of a particular ester

roup depends not only on the ease of the hydrolysis observed for
he esters of monocarboxylic acids, but also on the position (�- or
-).

. Experimental

.1. General

Melting points were determined on a Buchi 530 hot stage appa-
atus. Specific rotations were measured on a Perkin Elmer 343
olarimeter at 25 ◦C using a 10 cm cell. NMR spectra were recorded
n a 200 MHz Varian spectrometer. TLC plates (silica gel 60 F254)
nd silica gel 60 (70–230 or 230–400 mesh) were used for column
hromatography. Visualization of spots was effected with UV light
nd/or phosphomolybdic acid and/or ninhydrin, both in EtOH stain.
lectron spray ionization (ESI) mass spectra were recorded on a
innigan, Surveyor MSQ Plus spectrometer. All amino acid deriva-
ives were purchased from Fluka Chemical Co., CAL-B, PLE, CRL,
MIM, TLIM and Amano-PS are commercially available (see Sec-
ion 2). Details for recombinant enzymes are given in Section 2 and
revious work [5–7].

.2. General method for enzymatic hydrolysis
To a stirred solution of the substrate (0.15–0.40 mmol) in n-
exane (1 mL) and CH3OH (100 �L) was added a solution of the
nzyme (12–1.5 mg, as indicated in tables) in phosphate buffer
9 mL, 100 mM, pH 7.4). The reaction mixture was stirred at 37 ◦C.
fter acidification until pH 6 and extraction with EtOAc (3× 5 mL),
sis B: Enzymatic 61 (2009) 241–246 245

the organic layers were combined and washed with 5% NaHCO3 (3×
5 mL). The aqueous layer was acidified until pH 6 and extracted
with EtOAc (3× 10 mL). The combined organic layers were dried
over Na2SO4, and the organic solvent was removed under reduced
pressure to give the product. All products of the enzymatic hydrol-
ysis were identified by their analytical data in comparison with
authentic samples.

4.3. Synthesis of substrates

4.3.1. 3-tert-Butoxycarbonylamino-propanoic acid allyl ester (7,
Table 2)

A mixture of BocNH(CH2)2COOH (0.19 g, 1.0 mmol) and Cs2CO3
(0.16 g, 0.5 mmol) was dissolved in DMF (5 mL) and a few drops
of water were added. The mixture was distilled under reduced
pressure to dryness and the residue redistilled twice from DMF
(10 mL), until all the water has been removed. The solid cesium
salt was stirred with allyl bromide (0.1 mL, 1.15 mmol) in DMF
(0.6 mL) overnight at room temperature. After removal of DMF,
EtOAc (20 mL) was added, the organic layer was washed consec-
utively with a saturated solution of NaHCO3, water and brine,
dried over Na2SO4, and the solvent was evaporated under reduced
pressure. The residue was purified by column chromatography
using CHCl3 as eluent, to give product as an oil (0.19 g, 81%); 1H
NMR (200 MHz, CDCl3): ı 5.91–5.71 (m, 1H, CH ), 5.40–5.16 (m,
3H, CH2 , NH), 4.58–4.43 (m, 2H, CHCH2O), 3.39–3.23 (m, 2H,
CH2NH), 2.45 (t, 2H, J = 6.2, CH2CO), 1.33 [s, 9H, C(CH3)3]; 13C NMR
(50 MHz, CDCl3): ı 171.7, 155.5, 131.7, 118.1, 78.9, 65.0, 35.9, 34.3,
28.19; Anal. Calcd. for C11H19NO4: C, 57.62; H, 8.35; N, 6.11; Found:
C, 57.46; H, 8.51; N, 6.02.

4.3.2. (S)-2-Benzyloxycarbonylamino-pentanedioic acid 5-allyl
ester 1-ethyl ester (1, Table 3)

Compound 1 (Table 3) was prepared from Z-Glu(OH)-OEt [22]
(0.31 g, 1 mmol) according to the procedure described in Section
4.3.1. The residue was purified by column chromatography using
CHCl3 as eluent, to give product as an oil (0.31 g, 89%); [˛]25

D + 89.6
(c 1.0, CHCl3). 1H NMR (200 MHz, CDCl3): ı 7.47–7.23 (m, 5H,
Ph), 6.04–5.81 (m, 1H, CH ), 5.45 (d, 1H, J = 7.2, NH), 5.41–5.18
(m, 2H, CH2 ), 5.11 (s, 2H, CH2Ph), 4.67–4.53 (m, 2H, CHCH2O),
4.46–4.33 (m, 1H, CH), 4.21 (q, 2H, J = 7.2, CH3CH2O), 2.57–2.35 (m,
2H, CH2CO), 2.32–2.15 (m, 1H, CHHCH), 2.08–1.90 (m, 1H, CHHCH),
1.28 (t, 3H, J = 7.0, CH3); 13C NMR (50 MHz, CDCl3): ı 172.3, 171.8,
155.9, 136.1, 131.9, 128.5, 128.2, 128.1, 118.4, 67.0, 65.3, 61.7, 53.3,
30.1, 27.6, 14.1; Anal. Calcd. for C18H23NO6: C, 61.88; H, 6.64; N,
4.01; Found: C, 61.55; H, 6.81; N, 3.91.

4.3.3. (S)-2-Benzyloxycarbonylamino-pentanedioic acid 1-allyl
ester 5-ethyl ester (2, Table 3)

Compound 2 (Table 3) was prepared from Z-Glu(OEt)-OH
(0.31 g, 1 mmol) according to the procedure described in Section
4.3.1. The residue was purified by column chromatography using
CHCl3 as eluent, to give product as a white solid (0.25 g, 73%); mp
41–43 ◦C; [˛]25

D + 35.4 (c 1.0, CHCl3). 1H NMR (200 MHz, CDCl3):
ı 7.49–7.17 (m, 5H, Ph), 6.10–5.78 (m, 1H, CH ), 5.52–5.17 (m,
3H CH2 , NH), 5.12 (s, 2H, CH2Ph), 4.71–4.54 (m, 2H, CHCH2O),
4.49–4.31 (m, 1H, CH), 4.13 (q, 2H, J = 7.2, CH3CH2O), 2.56–2.29 (m,

2H, CH2CO), 2.28–2.10 (m, 1H, CHHCH), 2.09–1.85 (m, 1H, CHHCH),
1.25 (t, 3H, J = 7.2, CH3); 13C NMR (50 MHz, CDCl3): ı 172.6, 171.5,
155.9, 136.1, 131.4, 128.5, 128.2, 128.1, 119.0, 67.0, 66.1, 60.7, 53.4,
30.2, 27.6, 14.1; Anal. Calcd. for C18H23NO6: C, 61.88; H, 6.64; N,
4.01; Found: C, 61.51; H, 6.79; N, 3.91.
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.3.4. (S)-2-Benzyloxycarbonylamino-pentanedioic acid 1-allyl
ster 5-tert-butyl ester (3, Table 3)

To a stirred solution of Z-Glu(OBut)-OH (0.34 g, 1 mmol)
nd allyl alcohol (0.2 mL, 3 mmol) in CH2Cl2 (2 mL), 4-
dimethylamino)pyridine (0.01 g, 0.1 mmol) and subsequently
,N′-dicyclohexylcarbodiimide (0.25 g, 1.2 mmol) were added at
◦C. The reaction mixture was stirred for 1 h at 0 ◦C and overnight
t room temperature. After filtration, the solvent was evaporated
nder reduced pressure and EtOAc (20 mL) was added. The organic

ayer was washed consecutively with brine, 1N HCl, brine, 5%
aHCO3, and brine, dried over Na2SO4 and evaporated under

educed pressure. The residue was purified by column chromatog-
aphy using CHCl3 as eluent, to give product as an oil (0.29 g,
6%); [˛]25

D + 0.74 (c 1.1, CHCl3). 1H NMR (200 MHz, CDCl3): ı
.32–7.25 (m, 5H, Ph), 5.91–5.78 (m, 1H, CH ), 5.49 (d, 1H, J = 8.0,
H), 5.40–5.21 (m, 2H, CH2 ), 5.09 (s, 2H, CH2Ph), 4.68–4.55 (m,
H, CHCH2O), 4.45–4.31 (m, 1H, CH), 2.34–2.18 (m, 2H, CH2CO),
.16–2.06 (m, 1H, CHHCH), 2.01–1.67 (m, 1H, CHHCH), 1.41 [s, 9H,
(CH3)3]; 13C NMR (50 MHz, CDCl3): ı 171.9, 171.6, 155.9, 136.1,
31.4, 128.4, 128.1, 128.0, 118.9, 80.7, 66.9, 66.0, 53.4, 31.3, 27.9,
7.5; Anal. Calcd. for C20H27NO6: C, 63.64; H, 7.21; N, 3.71; Found:
, 63.42; H, 7.34; N, 3.62.

.3.5. (S)-2-Benzyloxycarbonylamino-pentanedioic acid 5-ethyl
ster 1-methyl ester (3, Table 4)

Compound 3 (Table 4) was prepared from Z-Glu(OEt)-OH
0.31 g, 1 mmol) and MeOH (0.1 mL, 3 mmol) according to the pro-
edure described in Section 4.3.4. The residue was purified by
olumn chromatography using CHCl3 as eluent, to afford prod-
ct as an oil (0.23 g, 70%); [˛]25

D + 17.2 (c 1.0, CHCl3). 1H NMR
200 MHz, CDCl3): ı 7.47–7.28 (m, 5H, Ph), 5.44 (d, 1H, J = 8, NH),
.12 (s, 2H, CH2Ph), 4.54–4.35 (m, 1H, CH), 4.12 (q, 2H, J = 7 Hz,
H3CH2O), 3.76 (s, 3H, CH3O), 2.53–2.32 (m, 2H, CH2CO), 2.30–2.14
m, 1H, CHHCH), 2.09–1.90 (m, 1H, CHHCH), 1.25 (t, 3H, J = 7.2,
H3); 13C NMR (50 MHz, CDCl3): ı 173.0, 172.2, 155.9, 136.0, 128.4,
28.1, 128.0, 67.0, 60.8, 53.2, 52.4, 29.8, 27.5, 14.1; Anal. Calcd. for
16H21NO6: C, 59.43; H, 6.55; N, 4.33; Found: C, 59.25; H, 6.73; N,
.19.

.3.6. (S)-2-Benzyloxycarbonylamino-pentanedioic acid 1-ethyl
ster 5-methyl ester (4, Table 4)

Compound 4 (Table 4) was prepared from Z-Glu(OH)-OEt
0.31 g, 1 mmol) and MeOH (0.1 mL, 3 mmol) according to the pro-

edure described in Section 4.3.4. The residue was purified by
olumn chromatography using CHCl3 as eluent, to afford product
s an oil (0.15 g, 46%); [˛]25

D + 5.8 (c 1.0, CHCl3). 1H NMR (200 MHz,
DCl3): ı 7.48–7.31 (m, 5H, Ph), 5.43 (d, 1H, J = 7.6, NH), 5.12 (s, 2H,
H2Ph), 4.51–4.34 (m, 1H, CH), 4.13 (q, 2H, J = 7 Hz, CH3CH2O), 3.76

[

[
[
[

sis B: Enzymatic 61 (2009) 241–246

(s, 3H, CH3O), 2.53–2.33 (m, 2H, CH2CO), 2.30–2.14 (m, 1H, CHHCH),
2.05–1.90 (m, 1H, CHHCH), 1.25 (t, 3H, J = 7.2, CH3); 13C NMR
(50 MHz, CDCl3): ı 172.3, 172.2, 155.9, 136.0, 128.4, 128.0, 127.9,
67.1, 60.6, 53.2, 52.3, 30.1, 27.3, 14.0; Anal. Calcd. for C16H21NO6:
C, 59.43; H, 6.55; N, 4.33; Found: C, 59.20; H, 6.69; N, 4.22.

Compounds 1–3, 5 and 6 (Table 2) are commercially available.
The model substrate [7] (Table 1) and the substrates 4 [23], 8 [24]
and 9 [7] (Table 2) were prepared according to known procedures
of esterification and their spectroscopic data were in accordance
with the given literature.
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