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A New Enantioselective Synthesis of (2R,3.5)-3-(4-Methoxyphenyl)glycidic
Ester via the Enzymatic Hydrolysis of erythro-N-Acetyl-f-
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Enantioselective synthesis of (2R,35)-3-(4-methoxyphenyl)glycidic ester ((2R,35)-1) via the enzymatic hydrolysis
of erythro-N-acetyl-B-(4-methoxyphenyl)serine (9) was investigated. Treatment of the obtained «-amino acid (—)-10
with NaNO,—KBr—dilute H,SO,, esterification, and subsequent oxiran-ring closure of the halohydrin gave the target
compound (2R,3S)-1 with high enantiomeric excess (94% ee).
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Glycidic esters are good intermediates for the synthesis
of many useful compounds. In particular, optically active
trans-3-(4-methoxyphenyl)glycidic ester ((2R,3S5)-1) is an
efficient and practical key intermediate for the enantioselec-
tive syntheses of diltiazem (4), which is a typical calcium
channel blocker used as an antianginal and antihypertensive
agent,*? and of clentiazem (5), the 8-chloro isomer of 4,
which is a cerebral vasodilator and antihypertensive agent,®
as shown in Chart 1.

In the preceding paper,” we reported a new, efficient
synthesis of (2R,3R)-1 via the asymmetric reduction of
3-(4-methoxyphenyl)-3-oxopropionic esters, as a part of our
studies on the asymmetric reduction of various aromatic
ketones. Some other approaches involving conventional
optical resolution of 3-(4-methoxyphenyl)glycidic acid,?
enzymatic kinetic resolution of (4)-1, and Darzens
reaction in the presence of lithium salt of chiral organic
base” have been reported by several research groups. On
the other hand, in view of the excellent enantiodifferentiating
ability of many aminoacylases not only in the laboratory
but also industrially, the enzymatic hydrolysis of the
corresponding N-acyl-a-amino acids seemed to be an
obvious and facile approach to the above optically active
molecule 1.

In this paper, we wish to describe a new, efficient synthesis
of (2R, 35)-1 via the enzymatic hydrolysis of erythro-N-
acetyl-p-(4-methoxyphenyl)serine (9) by using aminoacy-
lase, as shown in Chart 2.

erythro-p-(4-Methoxyphenyl)serine ethyl ester (8) was
prepared by nitrosating anisoylacetic ester (6)® and then
hydrogenating the resulting 3-hydroxyimino compound (7)
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in an acidic medium in the presence of Pd—C® in high yield.
According to Chang and Hartung®® the hydrogenation of
the a-hydroxyimino-ketones in an acidic medium gave the
erythro-aminoalcohol as a sole product via a rigid ring-like
substrate—catalyst complex, which was probably formed by
the coordination of the nitrogen and oxygen atoms of the
substrate molecule to the catalyst (Pd).

The hydroxyamino ester (8) was converted to the
N-acetamino acid (9) either by hydrolysis of the ester group
and then N-acetylation or conversely by N,O-diacetylation
and then hydrolysis in overall yields of 78.3 and 41.1%,
respectively.

Enantioselective enzymatic hydrolysis’® of the N-acetyl
group of 9 using aminoacylase (Amano Pharmaceutical Co.)
in the presence of CoCl,'! at 3744 °C in aqueous solution
(pH 7.0) gave the (—)-a-amino acid ((—)-10, 100% ee) and
the (4 )-a-acetamino acid ((+)-9) in 31 and 35% yields,
respectively. Generally, aminoacylase hydrolyzes exclusively
the N-acyl group of an a-amino acid of L-configuration,
but not the corresponding D-enantiomer. Consequently, the
absolute configuration of (—)-10 obtained above was
presumed to be 2, 3S, and this was confirmed by derivation
to the desired (2R, 35)-glycidic ester ((2R, 35)-1).

Deamination of (—)-10 by treatment with sodium nitrite
in 1.25~ H,S0, in the presence of KBr as a halogen source
under ice-cooling, followed by esterification with diazo-
methane, gave the bromohydrin ((+)-11) as an oil in 40%
yield. Use of KCI in concentrated HCI instead of KBr
in H,SO, afforded the chlorohydrin derivative in almost
the same yield. Deamination reaction of a-amino acid is
known to proceed with nearly complete retention of the
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Chart

W OH
(28, 3S5)-11
1
TaBLe 1. Oxiran Ring-Closure of 11 and 12

Startlpg Base Solvent Conditions Y‘elf of 1
material (%)
(+)-11 K,CO; Et,0-MeOH? 0—5°C, 30 min 94
(+)-11 KHCO, Et,0-MeOH? r.t., 6h 96
(+)-11 Na,CO; Et,0-MeOH? r.t., 6h —b
(+)-11 K,CO; Et,0-MeOH?® 0—5°C, 30min 74
()12 K,CO; Et,0-MeOH? 0—5°C, 1h 80

a) Without MeOH the reaction proceeded very slowly. b) No reaction was
observed. r.t.=room temperature.

configuration at C, through anchimeric assistance of the
adjacent carboxylic acid function.'® The erythro-stereo-
chemistry of the bromohydrin ((+)-11) was confirmed by
comparison of its NMR spectra with that of a known
compound, methyl erythro-2-chloro-3-hydroxy-3-(4-me-
thoxyphenyl)propionate.®)

Finally, epoxy ring-closure of (+)-11 with 2 eq of K,CO,
in MeOH under ice-cooling gave the desired (2R, 35)-1 of
94% ee in 74% yield. The results of oxiran ring-closure
of the halohydrins 11 and 12 by treatment with a base
such as K,CO;, KHCO;, or Na,CO, are summarized in
Table 1.

Experimental

All melting points are uncorrected. IR spectra were taken with a Hitachi
IR-215 instrument. 'H-NMR spectra were recorded on a JEOL PMX60
or JEOL JINM-FX100 spectrometer with tetramethylsilane as an internal
standard. Mass spectra (MS) were measured using a JEOL JMS-HX100
mass spectrometer. Microanalysis was performed on a Perkin Elmer 240B
C,H, N analyzer and a Yokogawa IC-100ion chromatographic analyzer.

erythro-p-(4-Methoxyphenyl)serine Ethyl Ester (8) i) A solution of
NaNO, (22.4 g, 0.32mol) in H,O (47 ml) was added to a solution of 6
(67.3g, 0.30mol) in AcOH (40 ml) at 10—20°C during a period of 1h.
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(2RS, 3RS) (2RS, 3RS)
8 9

(2R, 3R)-9

(28,3S5)-10

MeO

After being stirred for 2 h, the reaction mixture was extracted with Et,0.
The extracts were combined, washed with water, NaHCO,, and water
successively, dried, and concentrated, and the residue was recrystallized
from iso-Pr,O-n-hexane to give ethyl a-hydroxyimino-$-oxo-4-methoxy-
benzenepropionate (7) (61.4g, 88%), mp [18—120°C (lit.,®® mp
[13—114°C).

ii) A solution of 7 (15.0 g, 64.9 mmol) in EtOH (90 ml) and concentrated
HCI (15ml, 180 mmol) was hydrogenated in the presence of 10% Pd—C
(2.23 g) under ordinary pressure at ambient temperature overnight. The
reaction mixture was diluted with water to dissolve the precipitated HCI
salt of 8 and Pd-C was filtered off. The filtrate was concentrated and the
residue was recrystallized from 95% EtOH to give 8-HCI (15.1g, 85%),
mp 167—170°C (dec.). IR (Nujol): 3220, 3190, 3120, 2800—2500,
1735cm ™. MS m/z: 239 (M™), 222, 166, 148, 137, 103, 74. 'H-NMR
(DMSO-ds-D,0) 6:1.04 (3H, t, J=THz, CHj;), 3.75 (3H, s, OCH,), 4.10
(IH, d, J=3.3Hz, CHNH,), 4.04 (2H, q, J=7Hz, CH,), 5.18 (1H, d,
J=3.3Hz, CHOH), 6.90 (2H, d, J=9Hz, aromatic H), 7.29 (2H, d,
J=9Hz, aromatic H). Anal. Calcd for C,,H,;CINO,: C, 52.27; H, 6.58;
Cl, 12.86; N, 5.08. Found: C, 52.35; H, 6.40; Cl, 12.87; N, 5.00.

(% )-erythro-N-Acetyl-B-(4-methoxyphenyl)serine ((+)-9) Method A:
A suspension of 8-hydrochloride (14.0 g, 50.8 mmol) in aqueous NaOH
(NaOH (7.31g, 0.183mol) and water (39ml)) was stirred at room
temperature for 30 min.'* To the obtained clear solution was added Ac,0O
(6.74 g, 66.0mmol) at 30—35°C over a period of 30 min. The reaction
mixture was stirred for 1 h, then acidified with concentrated HC), saturated
with NaCl, and extracted with CHCl,. The extracts were combined, dried
over MgSQO,, and concentrated. The residual solid was recrystallized from
Et,0 to give (+)-9 (9.42 g), mp 82—85 °C. The aqueous layer was charged
on a Mitsubishi Diaion HP-20 column, eluted with water to remove
inorganic compounds, and then eluted with MeOH-H,O (1:1) to give
additionl (+)-9 (650mg after recrystallization, total yield 78%). IR
(CHCl;): 3300, 3000—2200, 1720, 1640, 1600cm™!. MS myfz: 253 (M),
137 (base peak), 135. 'H-NMR (CDCl;) é: 1.98 (3H, s, COCH,), 3.77
(3H, s, OCH,;), 4.88 (1H, dd, /=6.3, 7.0Hz), 5.19 (1H, d, /=6.3 Hz), 6.60
(1H, d, J=7.0Hz), 6.83 (2H, d, J=8.6 Hz, aromatic H), 7.25 (2H, d,
J=8.6Hz, aromatic H). 4nal. Caled for C,,H,sNO,: C, 56.91; H, 5.97;
N, 5.53. Found: C, 56.87; H, 5.86; N, 5.60.

Method B: Acetyl chloride (7.10 g, 90.4 mmol) was added to a mixture
of 8-hydrochloride (8.00 g, 29.0 mmol), triethylamine (13.1g, 0.129 mol),
and CH,Cl, (50ml) under ice-cooling. After being stirred at room

NII-Electronic Library Service



September 1993

temperature overnight, the reaction mixture was diluted with water,
acidified with dilute HC], and extracted with AcOEt. The extracts were
combined, washed with water, dried over MgSO,, and concentrated to
give an oil, which was purified by chromatography (silica gel, eluted with
CHCl,-AcOEt (8:2)) to give (=)-erythro-N,0-diacetyl--(4-methoxy-
phenyl)serine ethyl ester (8.27 g, 88%) as an oil. IR (liquid): 3340, 3270,
1740, 1660, 1600cm ™. MS m/z: 323 (M™), 264, 222, 218, 179, 137.
H-NMR (CDCl,): 1.26 (3H, t, J=7Hz), 2.00 (3H, s), 2.10 (3H, s), 3.80
(3H, s), 4.18 (2H, q, J=7Hz), 5.18 (1H, dd, J=4.4, 8.8 Hz), 5.94 (1H, d,
J=8.8Hz, NH), 6.13 (1H, d, /J=4.4Hz), 6.87 (2H, d, J=8.8Hz), 7.22
(2H, d, /=8.8 Hz).

The obtained diacetyl ester (8.27 g, 25.9 mmol) was hydrolyzed by stirring
in a solution of EtOH (5ml!), H,O (20 ml), and NaOH (2.04 g, 51.2 mmol)
at room temperature for 30 min. The reaction mixture was worked up in
a usual manner to give (4)-9 (3.02g, 47%).

(28, 35)-(—)-p-(4-Methoxyphenyl)serine ((—)-10) A suspension of
(+)-9 (10.0g, 39.5mmol) in water (200ml) was converted to a solution
by adjusting its pH to 7.0 with 2N NaOH. To this solution, CoCl,6H,0
(20mg) and acylase (Amano Pharmaceutical Co., Ltd.) (150mg) were
added, and the mixture was stirred at 37 +4 °C. Stirring was continued for
61, additional acylase (150 mg) was added, and the pH was adjusted to
7.0. Stirring was continued for 24h, then the reaction mixture was
concentrated under reduced pressure until the volume of the mixture
became ca. 20 ml. The residual oil was acidified with concentrated HCl and
extracted with CHCl,. The extracts were combined, dried over MgSO,,
and concentrated to give (2R, 3R)-9 (3.54 g, 35%)'> as an oil, which was
identical with (+)-9 on TLC (silica gel, CHCl;-EtOH-HOAc-H,0
(65:30:3:2)).

The aqueous layer was made basic with concentrated NH,OH and
concentrated until the volume of the solution became 5—10ml. The
precipitated crystals were collected on a filter, washed with a small amount
of water, and recrystallized from aqueous MeOH to give (—)-10 (2.82 ¢,
31%), mp 163—166 °C (dec.). [«]3’—2.73 (¢=0.586, MeOH-H,0 (1:1)),
100% ee as determined by HPLC [column, MCI gel CRS 10W (Mitsubishi
Kasei); eluent, 2mM CuSO,/MeOH-H,0 (1:9); flow rate, 1ml/min;
retention times, 15.1 and 19.6min for (+)-10 and (—)-10, respectively;
detector, 254nm]. IR (Nujol): 3470, 3220, 3000—2500, 1670, 1620cm ~*
(HCI salt). Anal. Calcd for C,oH,3;NO, H,0: C, 52.39; H, 6.60; N, 6.11.
Found: C, 52.51; H, 6.54; N, 6.18.

Methyl (28, 35)-(+)-2-Bromo-3-hydroxy-3-(4-methoxyphenyl)pro-
pionate ((+)-11) A mixture of (—)-10 (1.91 g, 8.32mmol), KBr (3.48g,
29.1 mmol), 1.258 H,SO, (17.3ml, 21.6mmol), and Et,O (4ml) was
treated with NaNO, (920mg, 13.3mmol) over a period of 1h under
ice-cooling. After being stirred at room temperature for 2h, the reaction
mixture was extracted with Et,0. The extracts were combined, washed
with saturated aqueous NaCl, and treated with a solution of diazomethane
in Et,0 [prepared from nitrosomethylurea (1.0 g, 10 mmol), 50% aqueous
KOH (6.43 g, 57.4 mmol), and Et,0]. The reaction mixture was stirred at
room temperature for 10 min, then concentrated under reduced pressure
and the residual oil (1.77 g) was purified by column chromatography (silica
gel, eluted with CHCI;-EtOH (99: 1)) to give (4)-11 (970mg, 40%) as
an oil. IR (liquid): 3470, 1740 cm ™ *. MS m/z: 290, 288 (M *), 137. '"H-NMR
(CDCl,) é: 3.04 (1H, d, J=5Hz, OH), 3.81 (6H, s, OCH,), 435 (1H, d,
J=8.3Hz, CHBr), 5.04 (1H, dd, J=8.3, 5.0Hz, CHOH), 6.90 (2H, d,
J=8.8 Hz, aromatic H), 7.31 (2H, d, J= 8.8 Hz, aromatic H). [a]2° +9.62°
(¢=0.239, MeOH), 98% ee as determined by HPLC [column, Chiralpak
AD (Daicel Chemical Industry); eluent, hexane-iso-PrOH (90:10); flow
rate, 1 ml/min; retention times, 17.0 and 20.5 min for (—)-11 and (+)-11,
respectively; detector, 220 nm]. Compound ( +)-10 was also converted to
(+)-11 in 42% yield as an oil in the same manner as described above.

When (4)-10 (300mg, 1.42mmol) was treated with KCl (240 mg,
3.22 mmol), concentrated HCI (1.0 ml, 12 mmol), Et,O (5ml), and NaNO,
(170 mg, 2.46 mmol) and then diazomethane at room temperature for 2h
in the same manner as described above, the (+)-chlorohydrin (12) was
obtained in 32% yield.

Methyl (2R,3S5)-3-(4-Methoxyphenyl)glycidate((—)-1) Under ice-cool-
ing, a mixture of (+)-11 (169 mg, 0.585 mmol), Et,O (1 ml), MeOH (2 ml),
and K,CO, (powder, 170 mg, 1.23 mmol) was stirred for 30 min, diluted
with ice-water, and extracted with CHCl;. The extracts were combined,
washed with water, dried over MgSQO,, and distilled in vacuo after removal
of the CHCl; to give (—)-1 (90mg, 74%) as an oil, bp 130—140°C
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(0.3mmHg). [«]3°—168.6° (c=0.690, EtOH), 94%ee as determined
by HPLC [column, Chiralcel OJ (Daicel Chemical Industry); eluant,
n-hexane—iso-PrOH (70 : 30); flow rate, 1 ml/min; retention times, 13.9 and
17.0 min for (+)-1 and (—)-1, respectively; detector, 254 nm]. IR (liquid):
1730cm ™ !. mp 88—89 °C.
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