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57 ABSTRACT

Optically active N-(S-2-acetylthiomethyl-1-ox0-3-phenyl-
propyl)-glycine benzyl ester useful as an enkephalin inhibi-
tory agent or ACE inhibitory agent can be produced at low
cost in an industrial manner, by a method comprising
subjecting optically active 2-hydroxymethyl-3-phenylpropi-
onic acid and glycine benzyl ester to condensation to sub-
sequently convert the hydroxyl group into an elimination
group, and substituting the elimination group with an
acetylthio group.
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METHOD FOR PRODUCING OPTICALLY ACTIVE
PHENYLPROPIONIC ACID DERIVATIVE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a method for
producing optically active N-(2-acetylthiomethyl-1-0x0-3-
phenylpropyl)-amino acid ester. The present invention is
useful for producing optically active N-(2-acetylthiomethyl-
1-0x0-3-phenylpropyl)-glycine benzyl ester.

[0003] 2. Description of the Related Art

[0004] (S)-N-(2-acetylthiomethyl-1-ox0-3-phenylpropyl)-
glycine benzyl ester with an inhibitory action against angio-
tensin converting enzyme is useful as therapeutic agents of
deteriorated cardiovascular system, hypertension, cardiac
function impairment and liver function impairment. Alter-
natively, the (R) form thereof with an inhibitory action of
enkepharinase is useful as analgesic, antidiarrheic, and ant-
acid (JP-A-2-161 and JP-A-8-59606). Methods for produc-
ing optically active N-(2-acetylthiomethyl-1-0x0-3-phenyl-
propyl)-glycine benzyl ester having been known so far
include a method comprising optically resolving racemic
2-acetylthiomethyl-3-phenylpropionic acid by using ephe-
drine and subjecting one of the resulting products to con-
densation with glycine benzyl ester and N, N'-dicyclohexy-
Icarbodiimide (JP-A-8-59606). According to the method,
however, the efficiency of the optical resolution of
2-acetylthiomethyl-3-phenylpropionic acid with ephedrine
is so low that the method is not practical. Furthermore, the
method generates such an enormous volume of sulfur-
containing wastes that the method cannot be said to be an
industrially advantageous method.

SUMMARY OF THE INVENTION

[0005] It is an object of the present invention to provide a
method for producing optically active N-(2-acetylthiom-
ethyl-1-ox0-3-phenylpropyl)-amino acid ester, particularly
optically active N-(2-acetylthiomethyl-1-0x0-3-phenylpro-
pyl)-glycine benzyl ester, in an inexpensive manner suitable
for industrial production.

[0006] The present inventors have made investigations so
as to overcome the problems. Consequently, the inventors
have found a method for producing N-(2-acetylthiomethyl-
1-0x0-3-phenylpropyl)-amino acid ester, the method com-
prising subjecting optically active 2-hydroxymethyl-3-phe-
nylpropionic acid and an amino acid ester to condensation to
subsequently convert the hydroxyl group into an elimination
group, and substituting the elimination group with an
acetylthio group. Thus, the invention has been achieved.

[0007] More specifically, the invention relates to a method
for producing an optically active N-(2-acetylthiomethyl-1-
oxo-3-phenylpropyl)-arnino acid ester, represented by the
general formula (IV):
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0
AcS. ﬁ R?
C
e O/
0 R!

[0008] wherein R, represents hydrogen, an amino acid

(v)

side chain or a protected amino acid side chain; R, repre-
sents a linear or branched C; to C,4 alkyl group, or a benzyl
group which may or may not have a substituent; AcS
represents an acetylthio group; and * represents an optically
active carbon atom, the method comprising subjecting opti-
cally active 2-hydroxymethyl-3-phenylpropionic acid, rep-
resented by the general formula (I):

O
HO OH

[0009] wherein * represents an optically active carbon
atom, to reaction with an amino acid ester or a salt thereof
for conversion into optically active N-(2-hydroxymethyl-1-
oxo-3-phenylpropyl)amino acid ester, represented by the
general formula (ID):

0
HO. g R?
e O/
o R!

[0010] wherein R; and R, independently represent the
same as described above and * represents an optically active
carbon atom; activating the hydroxyl group of the
hydroxymethyl group at the 2-position for conversion into
optically active N-acylamino acid ester, represented by the
general formula (IIT):

(I
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(1)

(0]

[0011] wherein R, and R, independently represent the
same as described above; X represents chlorine, bromine,
iodine, a linear, branched or cyclic C,-C, alkylsulfonyloxy
group which may or may not have a substituent, or a C,-C, 4
arylsulfonyloxy group; and * represents an optically active
carbon atom; and further subjecting the resulting optically
active N-acylamino acid ester to reaction with a thioacetate
salt or thioacetic acid in the presence of a base.

[0012] The present invention is particularly useful for
producing optically active N-(2-acetylthiomethyl-1-0x0-3-
phenylpropyl)-glycine benzyl ester. More specifically, the
invention relates to a method for producing optically active
N-(2-acetylthiomethyl-1-0x0-3-phenylpropyl)-glycine ben-
zyl ester, represented by the general formula (IV):

(v)

[0013] wherein R, represents hydrogen; R, represents a
benzyl group; AcS represents an acetylthio group; and *
represents an optically active carbon atom, the method
comprising subjecting optically active 2-hydroxymethyl-3-
phenylpropionic acid, represented by the general formula

O:

O

HO. OH

[0014] wherein * represents an optically active carbon
atom, to reaction with glycine benzyl ester or a salt thereof
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for conversion into optically active N-(2-hydroxymethyl-1-
oxo-3-phenylpropyDglycine benzyl ester, represented by the
general formula (ID):

(I

ZT
]
1S}

HO,

0 R!

[0015] wherein R; represents hydrogen; R, represents
benzyl group; and * represents an optically active carbon
atom; activating the hydroxymethyl group at the 2-position
for conversion into optically active N-acylglycine benzyl
ester, represented by the general formula (III):

0
X g R?
e O/
0 R!

[0016] wherein X represents chlorine, bromine, iodine, a
linear, branched or cyclic C;-Cy alkylsulfonyloxy group
which may or may not have a substituent, or a Cg,-C,g
arylsulfonyloxy group; R, represents hydrogen; R, repre-
sents a benzyl group; and * represents an optically active
carbon atom; and further subjecting the resulting N-acylg-
lycine benzyl ester to reaction with a thioacetate salt or
thioacetic acid in the presence of a base.

(1)

[0017] According to the invention, the optically active
carbon atom can be in the S configuration or in the R
configuration.

[0018] Additionally, significant intermediates according to
the method, namely the optically active N-(2-hydroxym-
ethyl-1-ox0-3-phenylpropyl)-glycine benzyl ester repre-
sented by the general formula (IT) and the optically active
N-acyl-glycine benzyl ester represented by the general for-
mula (IIT) are also encompassed within the scope of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] The optically active 2-hydroxymethyl-3-phenyl-
propionic acid (I) for use as a raw material in accordance
with the invention, can be prepared by optically resolving
racemic 2-hydroxymethyl-3-phenylpropionic acid by using
an optically active amine such as (1R,2S)-(+)-cis-1-amino-
2-indanol (JP97-270680).
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[0020] The amino acid in the amino acid ester or a salt
thereof for use as the raw material in accordance with the
invention includes glycine, phenylglycine, alanine,
glutamine, asparagine, valine, leucine, isoleucine, proline,
methionine, serine, threonine, phenylalanine, naphtylala-
nine, tyrosine, 3,4-dihydroxyphenylalanine, tryptophan, his-
tidine, glutamic acid, aspartic acid, lysine, and arginine.
These amino acids may satisfactorily have substituents at the
side chains thereof. Examples of substituents include C,-Cq
alkyl groups, C,-C, alkoxy groups, a halogen group and a
nitro group. Furthermore, any reactive finctional group
within the side chains is preferably protected with protective
groups for use in peptide synthesis, for example ester-type
protective groups such as methyl ester, ethyl ester, and
benzyl ester for carboxyl group; acyl groups such as formyl
group, acetyl group, trifluoroacetyl group, benzoyl group,
t-butyloxycarbonyl group and benzyloxycarbonyl group for
amino group; and ether-type protective groups such as
benzyl ether and t-butyl ether and ester-type protective
groups such as acetyl or benzoyl for hydroxyl group.

[0021] In the amino acid ester, a.-carboxyl group has been
esterified preliminarily. The ester includes for example
methyl ester, ethyl ester and benzyl ester. The ester may
optionally have substituents. Examples of substituents
include C,-C, alkyl groups, C,-C, alkoxy groups, a halogen
group and a nitro group. Because the a-carboxyl group of
the amino acid in the final compound, namely N-(2-
acetylthiomethyl-1-oxo-3-phenylpropyl)-glycine benzyl
ester as one of the objective compounds of the invention, is
prepared in the form of benzyl ester, the amino acid ester is
preferably in the form of benzyl ester. The amino acid ester
in the objective compounds may satisfactorily be depro-
tected in a conventional manner.

[0022] The reaction of optically active 2-hydroxymethyl-
3-phenylpropionic acid (I) with an amino acid ester to
convert the phenylpropionic acid (I) into optically active
N-(2-hydroxymethyl-1-0xo-3-phenylpropyl)-amino  acid
ester (IT) is promoted by a condensation process for use in
general peptide synthesis.

[0023] More specifically, optically active 2-hydroxym-
ethyl-3-phenylpropionic acid (I) is subjected to reaction with
an amino acid ester in the presence of a condensation agent
in a solvent.

[0024] The condensation agent for use in the reaction
includes N, N'-dicyclohexylcarbodiimide, a water-soluble
carbodiimide, carbonyldiimidazole, and diphenylphospho-
ryl azide.

[0025] Glycine benzyl ester may be used in the free form
or in the form of a salt with hydrochloric acid, sulfuric acid,
p-toluenesulfonic acid, methanesulfonic acid and the like.
Use may be made of solvents such as hydrocarbon halides
such as dichloromethane and chloroform;

[0026] ethers such as tetrahydrofuran and methyl tert-
butyl ether; acetate esters such as ethyl acetate and isopropyl
acetate; nitriles such as acetonitrile; aromatic hydrocarbons
such as toluene and xylene; dimethylformamide and dim-
ethylsulfoxide.

[0027] Additionally, bases such as triethylamine, pyridine,
N-methylmorpholine, and 4-dimethylaminopyridine may
optionally be present concurrently in the reaction system.
Still further, additives such as N-hydroxysuccinimide and
1-hydroxybenzotriazole may also be used.
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[0028] The conversion of optically active N-(2-hydroxym-
ethyl-1-0x0-3-phenylpropyl)-amino acid ester (II) into opti-
cally active N-acylamino acid ester (III) by activating the
hydroxyl group of the hydroxymethyl group at 2-position of
the amino acid ester (IT) can be promoted by alkylsulfona-
tion, arylsulfonation or halogenation or the like for general
use in the activation of the hydroxyl group.

[0029] The hydroxyl group is alkylsulfonated or arylsul-
fonated by the action of an sulfonation agent in the presence
of an activation base. The sulfonation agent includes meth-
anesulfonyl chloride, p-toluenesulfonyl chloride, benzene-
sulfonyl chloride, p-nitrobenzenesulfonyl chloride, and tri-
fluoromethanesulfonyl chloride. The activation base
includes triethylamine, pyridine, 4-dimethylaminopyridine,
and N-methylmorpholine.

[0030] The hydroxyl group is halogenated via the action of
halogenating agents such as thionyl chloride, phosphorus
trichloride, phosphorus pentachloride, phosphorus oxychlo-
ride, and phosphorus tribromide or via the action of halo-
genating agents, in the presence of triphenylphosphine, such
as N-chlorosuccinimide, N-bromosuccinimide, bromide,
carbon tetrachloride and carbon tetrabromide. Alternatively,
the halogenation of the hydroxyl group comprises alkylsul-
fonating, arylsulfonating or haloformylating the hydroxyl
group, and subsequently subjecting the resulting haloge-
nated hydroxyl group to reaction with lithium chloride,
lithium bromide, sodium bromide, potassium bromide, mag-
nesium bromide, tetra-(n-butyl)ammonium bromide or
sodium iodide.

[0031] The optically active 2-hydroxymethyl-3-phenyl-
propionic acid (1) can be converted into-optically active
N-acylamino acid ester (III) at one step, by subjecting the
2-hydroxymethyl-3-phenylpropionic acid (I) to reaction
with thionyl chloride or thionyl bromide or the like to
convert the carboxyl group into an acid chloride and con-
currently preparing the hydroxyl group into an elimination
group such as halogen or sulfinyloxy-chloride group and
subjecting the elimination group to reaction with amino acid
ester.

[0032] The optically active N-acyl-amino acid ester (II)
can be converted into optically active N-(2-acetylthiom-
ethyl-1-0x0-3-phenylpropyl)-amino acid ester (IV), by sub-
jecting the optically active N-acylamino acid ester (II) to
reaction with a thioacetate salt or reaction with thioacetic
acid in the presence of a base. The thioacetate salt includes
potassium thioacetate, sodium thioacetate, lithium thioac-
etate, and cesium thioacetate.

[0033] For the aforementioned reaction, any inorganic
base or organic base may be used in the co-existence of
thioacetic acid; the inorganic base includes sodium hydrox-
ide, potassium hydroxide, sodium carbonate, potassium car-
bonate, and cesium carbonate; and the organic base includes
triethylamine, pyridine, N-methylmorpholine, and diisopro-
pylethylamine.

[0034] For the reaction, the thioacetic acid salt, thioacetic
acid and base are used at 1.0 to 4.0 equivalents, preferably
1.0 to 2.0 equivalents. The solvent includes hydrocarbon
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halides such as dichloromethane and chloroform; ethers
such as tetrahydrofuran and methyl tert-butyl ether; ketones
such as acetone and 4-methyl-2-pentanone; acetate esters
such as ethyl acetate and isopropyl acetate; nitrites such as
acetonitrile; aromatic hydrocarbons such as toluene and
xylene; and dimethylformamide and dimethylsulfoxide. The
reaction temperature is 0 to 100° C., preferably 20 to 60° C.

[0035] The objective compound can be isolated, by
removing impurities via procedures such as extraction after
completion of the reaction and depositing the crystal in an
appropriate solvent. Then, procedures for example column
chromatography may also be conducted.

[0036] When amino acid side chains are protected, gen-
erally, deprotection is conducted finally by a general proce-
dure. Thus, the objective compound can be obtained.

[0037] The present invention will now be described in
more detail with reference to examples and reference
examples, but the invention is not limited to these examples.

REFERENCE EXAMPLE 1

[0038] Synthesis of 3-hydroxy-2-methylene-3-phenylpro-
pionate Methyl Ester:

[0039] A mixture of benzaldehyde (63.67 g; 600 mmol),
methyl acrylate (60 ml; 667 mmol) and 1,4-diazabicyclo
[2.2.2] octane (13.46 g; 120 mmol) is stirred at ambient
temperature for 119 hours. To the reaction solution is added
water (60 ml), 37% hydrochloric acid (60 ml) and ethyl
acetate (120 ml), and then, the organic phase is extracted.
The resulting organic phase is washed twice with saturated
saline (60 ml), dried over anhydrous sodium sulfate and
filtered, then concentrated under reduced pressure, to give a
crude product of the title compound at a yield of 108.8 g.

[0040] 'H-NMR (CDCL) d: 3.12 (1H, s), 3.69 (3H, s),
5.55 (1H, s), 5.83 (1H, s), 6.33 (1H, s), 7.29-7.37 (5H, m).

REFERENCE EXAMPLE 2

[0041] Synthesis of 2-benzylidene-3-acetoxypropionate
Methyl Ester:

[0042] The product (108.8 g) in Reference Example 1,
namely 3-hydroxy-2-methylene-3-phenyipropionate methyl
ester, is dissolved in acetic anhydride (113 ml; 1.20 mol), to
which sulfuric acid (0.2 ml) is added, and the resulting
mixture is stirred at 100° C. for 4 hours. The reaction
solution is concentrated under reduced pressure, to give a
crude product of the title compound at a yield of 143.9 g.
TH-NMR analysis reveals that the compound is a mixture of
the E form and the Z form at a ratio of 87:13.

[0043] E Form

[0044] 'H-NMR (CDCL) d: 2.09 (3H, s), 3.82 (3H, s),
4.95 (21, s) 7.35-7.45 (SH, m), 7.98 (1H, s).

REFERENCE EXAMPLE 3

[0045] Synthesis of 2-benzylidene-3-hydroxypropionic
Acid:

[0046] The product (143.9 g) in Reference Example 2,
namely 2-benzylidene-3-acetoxypropionate methyl ester, is
dissolved in methanol (400 ml), followed by addition of an
aqueous solution of sodium hydroxide (96.0 g; 2.40 mol;
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purity of 97%) in water (800 ml). The resulting mixture is
stirred at ambient temperature for 90 minutes. The reaction
solution is concentrated under reduced pressure to distill off
methanol, followed by addition of water (100 ml) and 36%
hydrochloric acid (250 ml) for adjusting the resulting mix-
ture to neutrality and subsequent extraction into ethyl acetate
(600 ml). The resulting organic phase is washed with satu-
rated saline (300 ml). After filtering off insoluble matters, the
resulting solution is concentrated under reduced pressure. To
the resulting residue is added toluene (250 mlx4), and the
mixture is concentrated under reduced pressure to remove
acetic acid to give a crude product of the title compound
(107.8 g).

[0047] E form

[0048] 'H-NMR (CDCL) d: 4.53 (21, s), 7.40-7.55 (SH,
m), 7.97 (1H, s).

[0049] MS (ESI)
[0050] 177.0 (M-H)-).

REFERENCE EXAMPLE 4

[0051] Synthesis of 2-hydroxymethyl-3-phenylpropionic
Acid:

[0052] The product (107.8 g) in Reference Example 3,
namely 2-benzylidene-3-hydroxypropionic acid, is dis-
solved in methanol (500 ml), followed by addition of
triethylamine (100 ml; 717 mmol) and 5% palladium-carbon
(5.00 g; water content of 52.7%) for catalytic reduction in a
hydrogen atmosphere for 50 hours. The reaction solution is
filtered through Celite to remove the palladium-carbon. The
resulting filtrate is subjected to HPLC analysis, indicating
that the filtrate contains the title compound (71.0 g; 394
mmol) (at a yield of 65.7% (on a benzaldehyde basis)). The
filtrate is concentrated under reduced pressure, and the
resulting residue is dissolved in ethyl acetate (600 ml),
followed by addition of water (600 ml) and 37% hydrochlo-
ric acid (150 ml) and subsequent agitation, to extract the
resulting organic phase. The organic phase is washed with an
aqueous mixture solution of water (240 ml) and 37% hydro-
chloric acid and then with saturated saline (300 ml), and
dried over anhydrous sodium sulfate. By filtering off the
resulting dried matter, the solution is concentrated under
reduced pressure, to give a crude product of the title com-
pound. The crude product is dissolved in ethyl acetate (50
ml), followed by addition of hexane (450 ml), and the
resulting mixture is gradually cooled from 60° C. to 5° C.,
to precipitate crystal, which is then filtered and dried to
recover the title compound (48.45 g at a purity of 96.5%;
295.5 mmol).

[0053] 'H-NMR (CDCL) d: 2.83-2.94 (2H, m), 3.09 (1H,
m), 3.70-3.83 (2H, m), 7.20-7.33 (5H, m).

REFERENCE EXAMPLE 5

[0054] Synthesis of (S)-2-hydroxymethyl-3-phenylpropi-
onic Acid:

[0055] To (RS)-2-hydroxymethyl-3-phenylpropionic acid
(500.0 mg; 2.775 mmnol) was added (1R, 2S)-(+)-cis-1-
amino-2-indanol (311 mg; 2.085 mmol), followed by addi-
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tion of 2-propanol (8 ml). While heating the mixture to 70°
C. under stirring, the resulting mixture is dissolved therein,
followed by gradual cooling. Finally, crystal is precipitated
under cooling in an ice bath. The precipitated crystal is
filtered under aspiration, washed with a small volume of
2-propanol, and dried under reduced pressure, to give the
salt of (S)-2-hydroxymethyl-3-phenylpropionic acid (1R,
28)-(+)-cis-1-amino-2-indanol (361.1 mg; 79.0% as the
yield on the salt basis; optical purity of 95.0% ee). The
resulting salt is recrystallized in 2-propanol, to give the salt
of (S)-2-hydroxymethyl-3-phenylpropionic acid (1R,2S)-(+
)-cis-1-amino-2-indanol at 100% ce (92%). Double decom-
position of the resulting salt with hydrochloric acid and
extraction into ethyl acetate affords (S)-2-hydroxymethyl-
3-phenylpropionic acid (yield of 95%).

EXAMPLE 1

[0056] Synthesis of N-(S-2-hydroxymethyl-1-oxo0-3-phe-
nylpropyl) Glycine Benzyl Ester:

[0057] S-2-Hydroxymethyl-3-phenylpropionic acid (9.00
g; purity of 98.5%; 49.22 mmol) and glycine benzyl ester
p-toluene sulfonic acid salt are suspended in tetrahydrofuran
(90 ml), followed by addition of triethylamine (7.55 ml; 54.
17 mmol) and 2-hydroxybenzotriazole monohydrate (7.32 g;
54.17 mmol), and the resulting mixture is cooled down to 3°
C. To the solution is dropwise added a solution of dicyclo-
hexylcarbodiimide (11.17 g; 54.14 mol) in tetrahydrofuran
(22 ml) over 15 minutes while the solution is kept at 3 to 4°
C., for subsequent reaction at 3 to 4° C. for one hour. After
elevating the temperature to ambient temperature, the reac-
tion further progresses for 15 hours. After the precipitated
dicyclohexylurea is filtered off, the resulting solution is
concentrated under reduced pressure. Then, the resulting
residue is dissolved in toluene (100 ml) and ethyl acetate
(150 ml), followed by addition of 1 mol/liter hydrochloric
acid (200 ml). The resulting mixture is stirred for one hour.
After the generated solid is filtered and washed with ethyl
acetate (50 ml), the organic phase is separated. The resulting
organic phase is sequentially washed with 1 mol/liter hydro-
chloric acid (60 mol), an aqueous saturated sodium hydro-
gen carbonate solution (sequentially in 150 ml and 50 ml)
and saturate saline (100 ml) and then dried over anhydrous
sodium sulfate. After the sodium sulfate is filtered off, the
organic phase is concentrated to give a crude product of the
title compound. HPLC analysis reveals that the organic
phase contains the title compound at 15.86 g (48.44 mmol)
(reaction yield of 98.4%; optical purity >99% ee). m.p.: 62°
C.

[0058] 'H-NMR(CDCly) d:2.65 (H, ms), 2.78 (1H, dd),
3.01 (1H, dd), 3.70-3.80 (2H, m), 3.87 (1H, dd), 4.17 (1H,
ddy, 5.14 (1H, d), 5.19 (1H, d), 5.18 (1H, br.t), 7.18-7.41
(10H, m).

[0059] MS (ESI)
[0060] 328.3 (MH+)
[0061] [a]D -52.5°®1.00, MeOH, 25° C.)
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EXAMPLE 2

[0062] Synthesis of N-(S-2-methanesulfonyloxymethyl-1-
oxo-3-phenylpropyl)-glycine Benzyl Ester:

[0063] The product in Example 1, namely N-(S-2-hy-
droxymethyl-1-oxo-3-phenylpropyDglycine benzyl ester
(15.86 g; 48.44 mmol) is dissolved in toluene (100 ml)and
pyridine (15.7 ml; 194.1 mmol), followed by addition of
methanesulfonyl chloride (9.37 ml; 121.1 mmol), and the
resulting mixture is stirred at ambient temperature for 17
hours. To the reaction solution is added 1 mol/liter hydro-
chloric acid (150 ml), and the resulting mixture is stirred for
30 minutes. Then, the mixture is subjected to phase sepa-
ration, and to the resulting organic phase is added an
aqueous saturated sodium hydrogen carbonate solution (100
ml). The mixture is then stirred for 30 minutes, followed by
phase separation. The resulting organic phase is further
washed with saturated saline (100 ml), for HPLC analysis,
which indicates that the organic phase contains the title
compound at a yield of 19.33 g (47. 67 mmol; reaction yield
of 98.4%). The organic phase is concentrated, and by
subsequently adding toluene (250 ml) to the resulting resi-
due, the residue is dissolved under heating. After filtering off
insoluble matters, hexane (100 ml) is added to the resulting
solution, followed by heating to 55° C. for dissolving the
residue. By gradually cooling the resulting solution to 5° C.,
the precipitated crystal is obtained by filtration and washed
with toluene/hexane (=1/1; 60 ml in total), to give the title
compound (17.99 g) (yield after crystal isolation=91.6%)
m.p.: 83° C.

[0064] 'H-NMR(CDCL,) d:2.75-2.98 (3H, ms), 3.98 (3H,
s),3.89 (1H, dd), 4.10 (1H, dd), 4.28 (1H, dd), 4.39 (1H, dd),
5.15 (2H, s), 5.97(1H, br. t.), 7.15-7.40 (10H, m).

[0065] MS (ESI)
[0066] 306.3 (MH+)
[0067] [a]D -333°® 1.04, McOH, 25° C.)

EXAMPLE 3
[0068] Synthesis of N-(S-2-bromomethyl-1-ox0-3-phe-
nylpropyD)-glycine benzyl ester:

[0069] The product in Example 2, namely N-(S-2-meth-
anesulfonyloxymethyl-1-0xo0-3-phenylpropyl)-glycine ben-
zyl ester (16.95 g; 42.0 mmol), is dissolved in acetone (120
ml), followed by addition of lithium bromide (7.30 mg; 84.0
mmol) for heating under reflux for 24 hours. After the
completion of the reaction, the solvent is distilled off, and
ethyl acetate (120 ml) and water (50 ml) are added. The
organic layer is separated and then dried over anhydrous
magnesium sulfate. After magnesium sulfate is filtered off,
the resulting matter is concentrated, to give a crude product
of the title compound. HPL.C analysis reveals that the title
compound is contained in the product at a yield of 16.07 g
(41.17 mmol) (reaction yield of 98.0%).

[0070] m.p.: 95° C.

[0071] 'H-NMR(CDCL) d:2.80-3.02 (3H, m), 3.41 (1H,
dd:), 3.61 (1H, dd), 3.95 (1H, dd), 4.10 (1H, dd), S.16 (2H,
s), 5.92 (1H, br.t), 7.15-7.38 (10H, m).

[0072] MS (ESI)
[0073] 390 (MH+)

[0074] [o]D-338°®  1.00, MeOH, 25° C)
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EXAMPLE 4

[0075] Synthesis of N-(S-2-acetylthiomethyl-1-0x0-3-
phenylpropyl)-glycine Benzyl Ester:

[0076] The product in Example 3, namely N-(S-2-bro-
momethyl-1-0x0-3-phenylpropylglycine  benzyl  ester
(834.5 mg; 2.14 mmol), is dissolved in methyl isobutyl ether
(4 ml), followed by addition of potassium thioacetate (256
8 mg; 2.57 mmol) and stirring at 50° C. for 3.5 hours. After
the completion of the reaction, the organic phase is extracted
into ethyl acetate (30 ml) and water (5 ml), and is then
washed with an aqueous saturated sodium hydrogen carbon-
ate solution (5 ml) and saturated saline (5 ml), followed by
addition of active charcoal (2 mg) and stirring at ambient
temperature for 20 minutes. The resulting matter is dried
over anhydrous magnesium sulfate. After the active charcoal
and magnesium sulfate are filtered off, the resulting matter
is concentrated, to give a crude product of the title com-
pound (842.3 mg). By adding methyl t-butyl ether (4.2 ml)
to the resulting crude product and cooling the mixture from
ambient temperature to 0° C. under stirring, crystal is
precipitated. The precipitated crystal is filtered and washed
with methyl t-butyl ether (1 ml), to give the title compound
(416.4 mg; yield of 50% after crystal isolation; optical purity
>99 % ee).

[0077] m.p.: 59-60°° C.
[0078] 'H-NMR (CDCL) d:231 (3H, s), 2.62-2.67
(3.11M, m), 2.62-2.67 (3H, m), 2.87-3.07 (2H, dd), 3.08-3.11

(1H, dd), 3.85 (1H, dd), 4.07 (1H, dd), 5.13 (2H, s), 5.83
(1H, br.t)), 7.14-7.39 (10H,m).

[0079] MS (ESI)
[0080] 386.2 (MH+)
[0081] [o]D +23.0°U 1.00, MeOH, 25° C.)

EXAMPLE 5

[0082] Synthesis of N-(S-2-acetylthiomethyl-1-0x0-3-
phenylpropyl)-glycine Benzyl Ester:

[0083] Potassium thioacetate (386 mg; 3.31 mol) is sus-
pended in methyl isobutyl ether (6 ml) followed by dropwise
addition of a solution of N-(S-2-methanesulfonyloxymethyl-
1-0x0-3-phenylpropyl)-glycine benzyl ester (812.9 mg; 2.01
mmol) in methyl isobutyl ether (11 ml), and the resulting
mixture is stirred at ambient temperature for 3 hours. After
the completion of the reaction, an aqueous saturated sodium
hydrogen carbonate solution (20 ml) is added to -the result-
ing matter, and then the organic phase is extracted, washed
with saturated saline (20 ml) and dried over magnesium
sulfate. After filtering off magnesium sulfate, the resulting
matter is concentrated. Subsequently, the resulting residue is
purified by silica gel chromatography, to recover the title
compound of 742.7 mg (at a yield of 97%).

EXAMPLE 6
[0084] Synthesis of N-(S-2-(p-toluenesulfonyl)methyl-1-
oxo-3-phenylpropyD)-glycine Benzyl Ester:

[0085] 327.4 mg of N-(S-2-hydroxymethyl-1-ox0-3-phe-
nylpropyl)-glycine benzyl ester (1.0 mmol), is dissolved in
dichloromethane (5 ml), followed by addition of pyridine
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(0.18 ml; 2.2 mmol) and p-toluenesulfonyl chloride (381.3
mg; 2.0 mmol) for stirring at ambient temperature for 4 days.
The solvent is distilled off, and the resulting matter is
subjected to silica gel chromatography with an ethyl acetate-
hexane solution, to give the title compound at a yield of
373.1 mg (0.77 mmol) (yield of 77.5%).

[0086] 'H-NMR(CDCly) d:2.42 (3H, s), 2.73-2.87 (3H,
m), 3.90-3.94 (2H, m), 4.05-4.21(2H, m), 5.14 (2H, s), 6.05
(1H, brt), 7.15-7.74 (14H, m).

[0087] MS (ESI)
[0088] 481.5 (MH+)

EXAMPLE 7

[0089] Synthesis of N-(S-2-(p-nitrobenzenesulfonyl)m-
ethyl-1-0x0-3-phenylpropyl)-glycine Benzyl Ester:

[0090] 327.4 mg of N-(S-2-hydroxymethyl-1-oxo0-3-phe-
nylpropyD)-glycine benzyl ester (1.0 mmol), is dissolved in
dichloromethane (5 ml), followed by addition of pyridine
(0.24 ml; 3.0 mmol) and p-toluenesulfonyl chloride (738.8
mg; 3.0 mmol) for stirring at ambient temperature for 20
hours. The solvent is distilled off, and the resulting matter is
purified by silica gel chromatography with an ethyl acetate-
hexane solution, to give the title compound of 331.6 mg
(0.65 mmol) (yield of 65.0%).

[0091] 'H-NMR(CDCL,) d:2.73-2.88 (3H, m), 3.84 (1H,
dd), 4.03- (1H, dd) 4.20 (1H, dd) 4.31 (1H, dd), 5.15 (2H,
s),5.92 (1H, br. .), 7.08-7.40 (10H, m), 8.02-8.06 (10H, m),
8.31-8.35 (10H, m).

[0092] MS (ESI)
[0093] 513.1 (MH+)

EXAMPLE 8

[0094] Synthesis of N-(S-2-acetylthiomethyl-1-0x0-3-
phenylpropyD)-glycine Benzyl Ester:

[0095] 157.3 mg of N-(S-2-(p-nitrobenzene sulfonyl)m-
ethyl-1-0x0-3-phenylpropyl)-glycine benzyl ester (0.31
mmol), is dissolved in methyl isobutyl ether (1 ml), followed
by addition of potassium thiolacetate (70.0 mg; 0.61 mmol)
for stirring at ambient temperature for 5 hours. After the
completion of the reaction, ethyl acetate (20 ml) and an
aqueous saturated sodium hydrogen carbonate solution (5
ml) are added to the reaction solution. The organic layer is
separated, and is then dried over magnesium sulfate. After
filtering off magnesium sulfate, the resulting matter is con-
centrated, to give the title compound (104.1 mg; 0.27 mmol;
yield of 88.0%).

[0096] As has been described above, in accordance with
the present invention, optically active N-(S-2-acetylthiom-
ethyl-1-0x0-3-phenylpropyl)-glycine benzyl ester can be
produced at low cost in an industrial manner.

[0097] The disclosure of the priority document, applica-
tion Ser. No. 32791/1998, which was filed in Japan on Feb.
16, 1998, is incorporated by reference herein in its entirety.

[0098] Having thus described the invention in detail, it
will be understood that these details need not be strictly
adhered to, but that various changes or modifications may
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suggest themselves to those skilled in the art, all falling
within the scope of the invention as defined by the claims.

What is claimed is:

1. A method of producing an optically active N-(2-
acetylthiomethyl-1-0x0-3-phenylpropyl)-amino acid ester,
represented by the general formula (IV):

0
AcS. g R?
C
e O/
o R!

wherein R, represents hydrogen, an amino acid side chain
or a protected amino acid side chain; R, represents a lin-
ear or branched C,-C,g alkyl group, or a benzyl group
which may or may not have a substituent; AcS represents
an acetylthio group; and * represents an optically active
carbon atom, the method comprising

(v)

reacting optically active 2-hydroxymethyl-3-phenylpro-
pionic acid, represented by a general formula (I):

O

HO, OH

wherein * represents the optically active carbon atom,
with an amino acid ester or a salt thereof to form an
optically active N-(2-hydroxymethyl-1-0xo-3-phenyl-
propyl)-amino acid ester, represented by a general
formula (II):

0
HO. ﬁ R?
e O/
0 R!

wherein R, and R, independently represent the same as
described above; and * represents the optically active
carbon atom,

(m

activating the hydroxyl group of the hydroxymethyl
group at a 2-position for conversion into an optically
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active N-acylamino acid ester represented by a general
formula (IID):

(IIT)

wherein R, and R, independently represent the same as
described above; X represents chlorine, bromine,
iodine, a linear, branched or cyclic C,-Cg4 alkylsulfo-
nyloxy group which may or may not have a substituent,
or a C4-C, ¢ arylsulfonyloxy group; and * represents the
optically active carbon atom, and

further subjecting the optically active N-acylamino acid
ester to reaction with a thioacetate salt or thioacetic
acid in the presence of a base.

2. The method according to claim 1, wherein the amino
acid ester or the salt thereof is in a form of a glycine benzyl
ester or a salt thereof, and wherein R, represents hydrogen
and R, represents a benzyl group.

3. The method according to claim 2, wherein the glycine
benzyl ester or the salt thereof is in one of a free form and
a form of a salt with one of hydrochloric acid, sulfuric acid,
p-toluenesulfonic acid and methanesulfonic acid.

4. The method according to claim 1, wherein the reaction
of the optically active 2-hydroxymethyl-3-phenylpropionic
acid represented by the general formula (I) and the amino
acid ester or the salt thereof occurs in the presence of a
condensation agent comprising at least one of N,N'-dicyclo-
hexylcarbodiimide, a water-soluble carbodiimide, carbonyl-
diimidazole and diphenylphosphoryl azide.

5. The method according to claim 1, wherein the reaction
of the optically active 2-hydroxymethyl-3-phenylpropionic
acid represented by the general formula (I) and the amino
acid ester or the salt thereof occurs in the presence of a
condensation agent and a solvent, and the solvent comprises
at least one of a hydrocarbon halide, an ether, an acetate
ester, a nitrile, an aromatic hydrocarbon, dimethylforma-
mide and dimethylsulfoxide.

6. The method according to claim 1, wherein the reaction
of the optically active 2-hydroxymethyl-3-phenylpropionic
acid represented by the general formula (I) and the amino
acid ester or the salt thereof occurs in the presence of at least
one of an additional base and an additive; the additional base
is selected from triethylamine, pyridine, N-methylmorpho-
line and 4-dimethylaminopyridine; and the additive is
selected from N-hydroxysuccinimide and 1-hydroxybenzo-
triazole.

7. The method according to claim 1, wherein the activa-
tion of the hydroxyl group of the hydroxymethyl group at the
2-position is promoted by alkylsulfonation, arylsulfonation
or halogenation.

8. The method according to claim 7, wherein the alkyl-
sulfonation or arylsulfonation of the hydroxyl group occurs
by the action of a sulfonation agent in the presence of an
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activation base; the sulfonation agent comprises at least one
of methanesulfonyl chloride, p-toluenesulfonyl chloride,
benzenesulfonyl chloride, p-nitrobenzenesulfonyl chloride
and trifluoromethanesulfonyl chloride; and the activation
base comprises at least one of triethylamine, pyridine,
4-dimethyaminopyridine and N-methylmorpholine.

9. The method according to claim 7, wherein

the halogenation of the hydroxyl group occurs by the
action of a first halogenating agent comprising at least
one of thionyl chloride, phosphorus trichloride, phos-
phorus pentachloride, phosphorus oxychloride and
phosphorus tribromide;

the halogenation of the hydroxyl group occurs by the
action of a second halogenating agent in the presence of
triphenyphosphine, and the second halogenating agent
comprises at least one of N-chlorosuccinimide, N-bro-
mosuccinimide, carbon tetrachloride and carbon tetra-
bromide; or

the halogenation of the hydroxyl group comprises alkyl-
sulfonating, arylsulfonating or haloformylating the
hydroxyl group to form a halogenated hydroxyl group,
and subsequently subjecting the halogenated hydroxyl
group to reaction with lithium chloride, lithium bro-
mide, sodium bromide, potassium bromide, magne-
sium bromide, tetra-(n-butyl) ammonium bromide or
sodium iodide.

10. The method according to claim 1, wherein the thio-
acetate salt comprises at least one of potassium thioacetate,
sodium thioacetate, lithium thioacetate and cesium thioac-
etate; and the base used with the thioacetic acid comprises
at least one of sodium hydroxide, potassium hydroxide,
sodium carbonate, potassium carbonate, cesium carbonate,
triethylamine, pyridine, N-methylmorpholine and diisopro-
pylethylamine.

11. The method according to claim 1, wherein the opti-
cally active carbon atom is in the configuration S.

12. The method according to claim 2, wherein the opti-
cally active carbon atom is in the configuration S.

13. The method according to claim 1, wherein the opti-
cally active carbon atom is in the configuration R.

14. The method according to claim 2, wherein the opti-
cally active carbon atom is in the configuration R.

15. The method according to claim 1, wherein the reacting
of optically active 2-hydroxymethyl-3-phenylpropionic acid
of the general formula I with the amino acid ester or salt
thereof occurs in the presence of a halogenating agent
selected from the group of halogenating agents that are
capable of replacing hydroxyl groups with halogen atoms
and that are capable of converting carboxylic acid groups to
acid halides.

16. The method according to claim 1, wherein the further
subjecting the optically active N-acylamino acid ester to
reaction comprises subjecting the optically active N-acy-
lamino acid ester to reaction with the thioacetate salt or with
the thioacetic acid in the presence of the base.
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17. Optically active N-(2-hydroxymethyl-1-oxo-3-phe-
nylpropyl)-amino acid ester, represented by a general for-
mula (ID):

(m

ZT
el
IS}

HO.

wherein R, represents hydrogen, an amino acid side chain
or a protected amino acid side chain; R, represents a lin-
ear or branched C,-C,, alkyl group, or a benzyl group
which may or may not have a substituent; and * repre-
sents an optically active carbon atom.

18. The ester according to claim 17, wherein R, represents
hydrogen, and R, represents the benzyl group.

19. The ester according to claim 18, wherein the optically
active carbon atom is in the configuration S.

20. The ester according to claim 18, wherein the optically
active carbon atom is in the configuration R.

21. Optically active N-acylamino acid ester represented
by a general formula (III):

(IIT)

0 R!

wherein R, represents hydrogen, an amino acid side chain
or a protected amino acid side chain; R, represents a lin-
ear or branched C,-C,, alkyl group, or a benzyl group
which may or may not have a substituent; X represents
chlorine, bromine, iodine, a linear, branched or cyclic
C -Cs alkylsulfonyloxy group which may or may not have
a substituent, or a C,-Cq ;arylsulfonyloxy group; and *
represents an optically active carbon atom.

22. The ester according to claim 21, wherein R, represents
hydrogen, and R, represents the benzyl group.

23. The ester according to claim 22, wherein the optically
active carbon atom is in the configuration S.

24. The ester according to claim 22, wherein the optically
active carbon atom is in the configuration R.

#* #* #* #* #*



