DESCRIPTION

TITLE OF INVENTION
METHOD FCR PRODUCING OPTICALLY-ACTIVE

o~ SUBSTITUTED=B-AMIMO ACID

TECHNICAL FIELD
The present invention relates to a method for producing an

optically-active a-substituted-B-amino acid.

BACKGROUND ART

An optically-active da-substituted-f-amino acid

represented by formula (2):

R' R

. \/JL\

RZ, . _N So.H (2}
(wherein R* represents a hydrogen atom, a C; to Cip acyl group,
a carboxyl group or a carboxamide group; R? represents a hydrogen
atom, an optionally=substituted Ci to Cio alkyl group, an
cptionally-substituted C¢ to Cyp aryl group, an
optionally=-subkstituted Cy to Cgo aralkyl group, or a Cy to Cyp acyl
group, an optionally-substituted C; tc Cys alkoxycarbonyl group,
an optionally~substituted Cy to Cyp arvlioxycarbonyl group, an
opticnally-substituted (g to Cyp aralkyloxycarbonyl group, or an
optionally=-substituted Cq to Cig cyclic ether group: R’ represents
an optilonally~substituted Cy to Cy hydrocarbon group: X
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represents an oxygen atom or a gulfur atom; and * represents the
asymmetric center.)
is useful as a raw material or an intermediate compound for
producing an active pharmaceutical ingredient compound.

WO 00/61134, for example, describes a method for producing
an cptically~active a~cyclopentylmethyl=p= (N=formyl=N-hydroxy)

amino acid that is a raw materizal for producing an antimicrobial.

SUMMARY COF THE INVENTION

The present invention provides a novel method for producing
the optically-active a-substituted-B-amino acid represented by
formula (2).

That is, the present invention includes the following
inventions [1] to [12]:
[1] A method for producing an optically-active o-substituted-B-
amino acid represented by formula (2) (hereinafter, referred to
as “optically-active a-substituted-PB-aminc acid (2)” in some
cases), the method comprising a step of asymmetrically

hydrolyzing an cptical isomer mixture of an g-substituted-f~anino

acld ester represented by formula (1):

R' R
| "
R?, N\/)\ (1)
)7 co,R*

{wherein Rqrepresents an optionally=-substituted Cy to Cio alkyl
group; and Rl, Rz, R® and X have the same meanings as described

above. )



(hereinafter, referred to as “a~substituted=P~amino acid ester
(1) in some cases)

using an enzyme capable of asymmetrically hydrolyzing the -CO;R*
group (hereinafter, referred Lo asg “ester site” in some cases)
of the optical isomer mixture or a culture of a microorganism
capable of producing the enzyme or a treated product thereof.
[2] The method according to [1l], wherein R’ is an
optionally=substituted Ci1 to Cip hydrocarbon group.

[3] The method according to [1], wherein RYis a cyclopentylmethyl
group.

[4] The method according to any one of [1] to [3], wherein R’ is
a Ci to Cio acyl group.

[5) The method according to any one of [1] to [3), wherein R is
a formyl group, an acetyl group, a propionyl group or a benzoyl
group.

[6] The method according to any one of [1] to [3), wherein R' ig
a hydrogen group.

[7] The method according to any one of [1] to [6], wherein R? is
a Cy to Cyp aralkyl group.

[8] The method according to any one of [1] to [6], wherein R? is
a benzyl group.

[8] The method according to any one of [1] to [8], wherein RY ig
a methyl group or an ethyl group.

[10] The method according to any one of [1] to [2], wherein the
enzyme 1s a hydrolase originated from Chromcochacterium spp. or

Mucor spp. microorganism or a variant-type enzyme cbtained by
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deletion, addition or gubgtitution of 1 or 2 of amino acids
constituting the hydrolase.

[11] The method according to any cne ¢f [1] to [9], wherein the
enzyme 1a a hydrolase originated from Chromobacterium chocolatum
or Mucor miehel microorganism or a variant-tvype enzyme obtained
by deletion, addition or substitution cf 1 or 2 of amino acids
constituting the hydrolass.

[12] The method according tc any one of [1] to [9], wherein the
enzyme 1s an esterase or lipase derived from Chromobacterium
S8C-YM~-1 strain (Agency of Industrial Science and Technology:
National Institute of Bloscilence and Human Technology, accession
numpber: FERM BP=-G8703) or a variant-type enzyme obtained by
deletion, addition or substitution of 1 or 2 of amino acids

constituting the esterase or lipase,

MODE FOR CARRYING OUT THE INVENTION

Hereinbkelow, the production method of the present invention
will be described in detail.

First, the present production method uses an cptical isomer
mixture of the oa-substituted-PB-amino acid ester (1).

R' in formula (1) represents & hydrogen atom, a Ci to Cig
acyl group, a carboxyl group (-COCH) or a carboxamide group
{(-CONHz). Examples of the acyl group include a formyl group, an
acetyl group, a propionyl group, z butyryl group, a valeryl group,
a pivaloyl group, and a benzoyl group, and these may be any of

linear, branched and cyclic. Among them, a hydrogen atom, a
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formyl group, an acetyl group, a propionyl group and a benzoyl
group are preferred, and a formyl group, an acetyl group and a
propionyl group are particularly preferred. In addition, tThese
acyl groups may be a substituted alkylecarbonyl group or a
substituted arylcarbonyl group, and the substituent may be a &
to Cs alkyl group, a Ci to Cs alkeoxy group, a Cy to Cy aralkyloxy
group, a halogen atom, a cyano group, a nitro group, or the like.
Examples of the substituted acyl group include a chlorcacetyl
group, a dichlorcacetyl group, a methoxvacetyl group, =
B—Chloropropionyl group, a toluoyl group, a
trifiucromethylbenzoyl group, a chlorobenzoyl Jgroup, a
flucrobenzoyl group, a methoxybenzovl group, a cyanopbenzovyl group,
and a nitrobenzoyl group. A rawmaterial for producing an active
pharmaceutical ingredient compound like the optically-active
o-cyclopentylmethyl-B- (N-formyl-N-hydroxy)amine acid described
in WO 00/61134 or an intermediate compound can be easily obtained
from an a-substituted-B-amine acid ester derivative wherein R?
is a hydrogen atom or a formyl group.

R? in formula (1) represents a hydrogen atom, an
cptionally-substituted C; to Cip alkyl group, an
optionally=-substituted Cs to Cpzy aryl group, an
cpticnally=-substituted C7 to Cpo aralkyl group, a Cp to Cpo acyl
group, an optionally-substituted C; to Cis alkoxycarbonyl group,
an optionally-substituted Cy to Cyo aryloxycarbonyl group, an
optionally-substituted Cg to Cypg aralkyloxycarbonyl group, or an

optionally=-substituted C4y to Cyio cyclic ether group.
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Examples of the alkyl group include a methyl group, an ethyl
group, a propyl group, & butyl group, a hexyl group, anoctyl group,
a decyl group and the l1ike, and these groups may be any of linear,
branched and cyclic. Among the alkyl group, a methyl group and
a tert-butvl group are preferred.

Examples of the aryl group include a phenyl group, =z
naphthyl group, an anthracenyl group, and a kiphenyl group, and
among them, a phenyl group is preferred.

Examples of the aralkyl group include a benzyl group, =a
meethoxybenzylgroup,and;anaphthylmethylgroup,andamongthem,
a pbenzyl group 1s preferred.

Examples of the acyl group include an acetyl group, a
propionyl group, a butyryl group, a valeryl group, a pivaloyl
group, and a kenzoyl group, and among them, an acetyl group and
a pivaloyl group are preferred,

Examples of the alkoxycarbonyl group include a
methoxycarkbonyl group, an ethoxycarbonyl group, a
propoxycarbonyl group, a butoxycarbonyl group, a
hexyloxycarbonyl group, an octyloxycarbonyl group, and a
decyloxycarbonyl group, and these groups may be any of linear,
branched and cyclic. Among them, a tert=-butoxycarbonyl group is
preferred.

Examples cf the aryloxycarbonyl group include a
phenoxycarbonyl group, a naphthyloxycarbonyl group, an
anthracenyloxycarbonyl group, and a biphenyloxycarbonyl group,

and among them, a phenoxycarbonyl group is preferred.
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Exampleg of the aralkyloxycarbonyl group include a
benzyloxycarbonyl group, and a naphthylmethoxycarbonyl group,
and among them, a benzyloxycarbonyl group 1s preferred.

The cyclic ether group 18 a group obtained by removing one
hydrogen atom from the cyclic ether compound, and the hydrogen
atom removed from the cyclic ether compound is particularly
preferably a hydrogen atom at the position 2 of the cyclic ether
compound. Specific examples of the cyclic ether group include
a tetrahydro=-2H=-pyran=2-yl group, a tetrahydrofuran-2-yl group
and a 1,4-dioxan-2~-yl group, and among them, a
Tetrahydro-Z2H-pyran-2z2-yl group 1ls preferred,

In addition, these alkyl groups, aryl groups, aralkyl
groups, alkoxycarbonyl groups, asryloxycarbonyl groups,
aralkyloxycarbonyl groups and cyclic ether groups are opticnally
substituted, and the substituent can be a C; to Cs alkoxy group,
a Cy to Ci; aralkyloxy group, a halogen atom, and the like. In
addition, the group having an aromatic ring such as an aryl group,
én aralkyl group, an aryloxycarbonyl group or an
aralkyloxycarbonyl group may have a C; to Cg alkyl group, a G to
Cs alkoxy group or a halogen atom in its aromatic ring as =z
substituent,

R? is described with reference to apecific examples thereof
as above, and among them, Rzisgareferablyaac7to Cap aralkyl group,
still more preferably a benzyl group or a p-methoxybenzyl group,
and particularly preferably a benzyl group.

R’ in formula (1) is a Ci to Cao hydrocarbon group, and the
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hydrocarbon group can be any of an aliphatic hydrocarbon group,
an alicyclic hydrocarbon group or an aromatic hydrocarbon group,
or a compbilnation therecof. The carbon number ¢f the hydrocafbon
group of R% is preferably 1 to 7, and more preferably 3 to 6. The
aliphatic hydrocarbon group is typically an alkyl group, and
examples thereof include a methyl group, an ethvl group, a propyl
group, abutyl group, a pentyl group, a hexyl group, anoctyl group,
a decyl group, a dodecyl group, a tetradecyl group, a hexadecyl
group, an octadecyl group, and an icoayl group, and these groups
may be linear or branched. The alicyclic hydrocarbon group
includes a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a cyclooctyl group, a cyclodecyl group, a horbornyl group,
an adamantyl group, and the like. The aromatic hydrocarbon group
is typicallyan aryl group, and specific examples of the aryl group
are the same as those exemplified as the aryl group of R?, In
addition, the hydrocarbon group of R® may also be optionally
substituted, and the substituent is the same as those exemplified
as the substituents of the alkyl group and aryl group of R®, The
carbon number of the opticonally-substituted hydrocarbon group is
preferakbly 1 to 10, and mcre preferably 3 to 7.

R in formula (1) can be, as described above, a combination
of an aliphatic hydrocarbon group and an alicyclic hydrocarbon
group, a combination cf an aliphatic hydrocarbon group and an
aromatic hydrocarbon group, or a combination of an alicyclic
hydreccarbon greoup and an arcmatic hydrocarbon group. The

combination of an aliphatic hydrocarbon group and an alicyclic
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hydrocarbon group 18 typically a combination of a cycloalkyl group
and an alkanediyl group, and the like. It is specifically a
cyclopentylmethyl group, a cyclopentylethyl group, a
cyclopentylpropyl group, a cyclopentylbutyl group, a
cyclohexvylmethyl group, a cyclohexylethyl group, =
cyclohexylpropyl group, a cyclchexylbutyl group, a
cyclooctylmethyl group, a cyclooctylethyl group, a
cyclooctylpropyl group, a cyclooctylbutyl group, and the like,
The combination of an aliphatic hydrocarbon group and an aromatic
hydrocarbon group is typically an aralkyl group, for example, a
benzyl group, and a naphthylmethyl group. The compbination of an
alicyclic hydrocarbon group and an aromatic hydrocarbon group can
be a phenylcyclopentyl group, & phenylcyclohexyl group, a
naphthylcyclopentyl group, a naphthylceyclohexyl group, and the
like.

R? is described with reference to specific examples thereof
as above, and among them, R? is preferably a combination of an
aliphatic hydrocarben group and an alicyclic hydrocarbon group,
further preferably a cyclopentylmethyl group or a
cyclohexylmethyl group, and particularly preferably a
cyclopentylmethyl group.

Réinformula(l}jj:anoptionally-substitutadcltoChoalkyl
group, and the alkyl groupmay be linear or branched. Inaddition,
speclific examples of the alkyl group are the same as those
described in the alkyl group of R® with a carbon number in the

range of 1 to 10. The alkyl group of R* has further preferably
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a carbon number ocf 1 to 4, and is particularly preferably a methyl
group or ethyl group. Incidentally, the optional substituent of
R? is the same as those exemplified as the optional substituent
of R3.

Xin formula (1) represents an oxygen atomor a sulfur atom,
and is preferably an oxygen aton.

Herein, specific examples of the preferred
a—substituted—ﬁ—amino acid ester (1} are shown in Table 1 by

combinations of R' to RY in formula (1).

[Table 1]
a=-gubstituted~— R R® R’ R
B-amino acid
(1-1) -H Renzyl /“T:> ~CHjy
(1-2) -H BenZYl /\O -CoH¢
(1-3) -H Benzyl /\O ~CHj
(1=4) -H Benzyl /\O ~C,Hg
(1-5) -H 4-Methoxybenzyl /D ~CHjs
(1-6) -H 4-Methoxybenzyl /D -C,Hg
(1=7) ~H 4-Methoxybenzyl /\O -CH;
(1-8) -H 4—Methoxybenzyl /\O ~C,Hs
(1-9) -CHO Benzyl /\D ~CH,
(1=-10) ~-CHO Benzyl /\O ~C,Hs
(1-11) ~-CHO Benzyl /\O -CHj
(1-12) -CHO Benzyl /\O -C,Hs
(1-13) -CHO 4-Methoxybenzyl /\O —CHj
(1-14) -CHO 4-Methoxybenzyl /“T:> -C,H:
(1-15) -CHO 4-Methoxybenzyl /U —CHj
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(1-16) -CHO 4-Methoxybenzvyl /\O ~-CyHs
(1-17) -C (O) CHx Benzyl /D -CHsx
(1-18) ~C (O) CHs Renzvyl /b ~C,H:
(1-19) -C (O) CH; Benzyl /\O —CHj
(1-20) ~C (O) CHs Benzyl /\O -CyH;
(1=-21) ~C(Q)CH; | 4-Methoxybenzyl /\O -CHj
(1-22) -C(O)CH; | 4-Methoxybenzyl /\O ~CoHs
(1-23) -C(QO)CH; | 4=Methoxybenzyl /\O ~CHs
(1-24) -C(O)CH; | 4-Methoxybenzyl /\O -C,H:
(1-25) -C (QO)CyH;s Benzyl /\O -CHsy
(1-26) ~C (O) C,H; Benzyl /\O -C.H;
(1-27) -C (0) CoHs Benzyl /\O -CHs
(1-28) -C (O)CyH;s Benzyl /U -CpHg
(1-29) ~C(0O)CyHs; | 4—-Methoxybenzyl /\O ~CHj4
(1-30) -C(O)CyH; | 4-Methoxybenzyl /\Q -C5H:
(1-31) ~C(O)C,Hs | 4-Methoxybenzyl /\O —CHs
(1-32) ~-C(0)CzHs | 4-Methoxybenzyl /\O —-C,Hg
(1-233) ~C (O) CgHs Benzyl /\O ~CH,
(1-34) -C(Q) CgHg Benzvyl /\O -CoHy
(1=-35) ~C (0) CgHs Benzyl /\O ~CHjz
(1-36) ~C (0) CgHs Benzyl /\O -CH:
(1-37) —C(O)CgHs | 4-Methoxybenzyl /\O -CH;y
(1-38) ~C(0O)CgHs | 4=Methoxybenzyl /\O ~CoHs
(1-39) ~C(O)Cefts | 4-MeThoxybenzyl | ~ (3 | ~CH
(1-40) ~C(0O)CeHs | 4=Methoxybenzyl /\O -CoHs

Among the a-substituted-B-amino acid esters shown in Tabkle
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1, (1-1), (1-2), (1=-%), (1-10), (1-17), (1-18), (1-25), (1-26),
(1-33) and (1-34] are preferred, (1-9), (1-10}, (1-17), (1-18),
{(1=-25) and (1-~26) are particularly preferred, and further
preferred iz one in which X isg an oxygen atom.

The optical isomer mixture of the a-substituted=B-aminc
acid ester (1) can be obtained by a known production method. For
example, this productionmethod is described in ARKICOV 2010 (1iX),
pages 196 to 205 and so o¢n.

The optical isomer mixture of the a-substituted-B-amino
acid ester (1) used in the present production method may be z
racemnate, or an lsomer mixture excessively containing one of
optical isomers. These racemate and isomer mixture may be one
newly prepared, or an isomer mixture excessively containing one
of optical isomers prepared by optically resolving the racemate,

The enzyme capable of asymmetrically hydrolyzing the ester
site (-CO.R* group) of the optical isomer mixture of the
a~gubstituted=B=-amino acid ester (1) can be a hydrolase
originated from Chromobacterium spp. microorganism, Mucor spp.
microorganism, or the like, further preferably a hydrolace
originated from Chromobacterium chocolatum microorganism or
Mucor miehei microorganism.

Specific examples of the enzyme capable of asymmetrically
hydrolyzing the ester site of the optical isomer mixture of the
a=substituted=f~amino acid ester (1) include an esterase or
lipase derived from Chromobacterium SC-YM-1 strain (Agency of

Industrial Science and Technoclogy: National Institute of
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Biocscience and Human Technology, accession numpber: FERM BP-6703)
and CHIRAZYME L~9 [derived from Mucor miehei, CHIRAZYME L-9 (trade
name)] that is a commercially available enzyme.

The enzyme capable of asymmetrically hydrolyzing the ester
site of the optical isomer mixture of the a-substituted=B=-aminoc
acid ester (1) (hereinafter, referred to as “the present enzyme”
in some cases) may be an enzyme derived from a mutant induced from
these microorganisms by treatment with a mutagen, ultraviolet
irradiation or the like, an enzyme produced by a recombinant
microorganism into which a gene encoding the present enzvyme of
these microorganisms 1ls Introduced and transformed, or a
variant~type enzyme cobtained by deletion, addition or
substitution of 1 or 2 of specific amino acids in the amino acid
seguence of the present enzyme by a genetic engineering technigue,
and those capable of selectively hydrolyzing the ester site of
the optical isomer mixture of the o~substituted=f-amino acid
ester (1) can be used for the production method of the present
invention,

Examples of a method for preparing a recombinant
microorganism into which a gene encoding the present enzyme is
introduced and transformed include a method in accordance with
a normal genetic engineering technique described in Molecular
Cloning 2nd edition, published by Cold Spring Harbor Laboratory,
1989, edited by J.Sambrock, E.F.Fritsch, and T.Manlatis; and the
like. Further specifically, examples thereof include a methed

in accordance with the method described in JP 3875283, Examples
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cf the presgent enzyme produced as above include an esterase
derived from Chromobacterium SC-YM~1 strain (FERM BP-6703) (JP
Patent 3875283).

In addition, examples of a method for producing a
variant-type enzyme by a genetic engineering technigue include
amethod of Olfert Landt et al. (Gene, 96, 125-128, 1990). Further
gspecifically, examples thereof include az method in accordance
with the method described in JP 2000-78988A and a methed in
accordance with the method described in JP Patent 3486842,
Examples of the variant-type enzyme that can be prepared as above
include variant-type esterase and llipase prepared from an
esterase derived from Chromobacterium SC-YM-1 strain.

The present enzyme used in the present production method
may be a variant-type enzyme obtained by deletion, addition or
substitution of 1 or 2 of aminc acids constituting the hydrolase
criginated from Chromobacterium spp. microorganism. In order to
prepare the variant-type enzyme, a genetic enginesering technique,
specifically, a site-specific mutagenesis of a gene is used.

Particularly preferred examples of the present enzyme
derived from Chromobacterium SC-YM-1 strain described above
include enzymes comprising an amino acid seguence encoded by any
DNA of the following (a), (b), (c), (d}), (e} or ().

(z) Nucleotide segquence shown in SEQ ID NO: 1.
{b) Nucleotide seguence encoding an amino acid seguence formed
by, in the amino acid seguence of the nuclecotide sequence shown

in SEQ ID NO: 1, substituting the 160th amino acid with the amino
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acid selected frem the following Group A, and subgtituting the
189th amino acild with the amino acid selected from the following
Group B.
(c) Nucleotide zequence that ig a nucleotide szequence of DNA
hybridizing with DNA comprising the above (b) under stringent
conditioné, and encodes an amino acid sequence of an enzyme having
a catalytic function eguivalent to that of an enzyme comprising
an amino acid seguence encoded by the above (b).

(Group A)
Alanine, valine, leucine, iscleucine and serine

(Group B)
Alanine, wvaline, leucine, isoleucine, serine, threonine,
prhenylalanine, histidine, tyrosine and arginine
{d) Amino acid seguence wherein the 325th amino acid is
substituted with isoleucine, in the amino acid sequence shown in
SEQ ID NO: 1.
(e) Amino asclid seguence wherein the 240th amino acid is
substituted with alanine and the 288th amino acid 18 substituted
with alanine, in the amino acid segquence shown in SEQ ID NO: 1.
(f) Amino acid segquence wherein the 43rd amino acid is substituted
with serine, in the amino acid sequence shown in SEQ ID NO: 1.

Further preferred examples ¢f the enzyme derived from
Chromobacterium SC-YM~-1 described above include esterase
160R189Y363term derived from Chromobacterium SC-YM-1 strain,
esterase 1608188F363term derived from Chromobacterium SC-YM-1

gtrain, esterasge 160A188F363term derived from Chromobacterium
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SC~-YM-1 gtrain, esterasge V3251 derived from Chromobacterium
SC-YM~1 strain, esterase T240AVZ88A derived from Chromobacterium
SC-YM-1 gtrain, and esterase N43SA363term derived from
Chromobacterium SC=YM~1 strain.

The site-specific mutagenesis will be briefly described.
First, a gene encoding a variant-type enzyme (hereinafter,
referred to as “gene 17 in some cases) 1s obtained. In order to
obtain this gene 1, a wild-type gene encoding a hydrclase
criginated from Chromobacterium spp. microorganieam (hereinafter,
referred toas “wild~-type gene 1" in scome cases) should be cbtained.
The wild~-type gene can be obtalned from Chromobacterium SC=-YM=-1
gtrain in accordance with, for example, a normal genetic
engineering technique described inMolecular Cloning 2nd edition,
published by Cold ESpring Harbor Laboratory, 1988, edited by
J.Sambrook, E.F.Fritech, T.Maniatis, and the like., That is,
Chromobacterium SC-YM-1 strain is cultured using, for example,
LB medium (triptone 1.0%, yeast extract 0.5%, NaCl 0.5%), and the
obtained microbial cells are disrupted by a method such as
ultrasonic crushing, and subjected to protease treatment or the
like, and then genomic DNA is extracted. The obtained genomic
DNA is cleaved with an appropriate restriction enzyme, and
inserted into Agtll as a pharge vector, pUCLY as a plasmid vector
or the like, using ligase to prepare genomic DNA library. The
genomic DNA library is screened by, for example, a hybridization
method using a synthetic DNA probe corresponding to a part of the

amino acid seqguence of the wild=type enzyme, or a screening method
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guch as a method of determining the activity of the wild-type
enzyme, and a clone containing the wild-type gene 1 can be
obtained.

Site=apecific variation is introduced into the wild-type
gene 1, whereby the gene 1 can be prepared. Examples of the
site-specific mutagenesis include methods suggested by Clfert
Landt &t al. {(Gene, 9%¢, 125-128, 1990), Smith et al. (Genetic
Engineering 31 Setlow, J, and Hollaender, A Plenum: New York),
Viasuk et al. (Experimental Manipulation of Gene Expression,
Inouye, M.: Academic Press, New York), and Hos.N.Hunt et al. (Gene,
77, 51, 1989); and the like. For example, in order to prepare
gene 1 enceding an aminc acid seguence in which specific amino
dcid is substituted with other amino acid, in an amino acid
sequence of a hydrolase originated from Chromobacterium spp.
microorganism using the method of Olfert Landt et al. (Gene, 86,
125-128, 1990), first, a plasmid DNA into which wild-tvype gene
1 is incorporated is prepared in accordance with the method
described in Molecular Cloning 2nd edition, published by Cold
Spring Harbor Laborstory, 1989, edited by J.Sambrook, E.F.Fritsch,
T.Maniatlis, and the like. Subsequently, a DNA fragment should
be amplified by PCR method, for example, using oligonucleotide
containing a nucleotide sequence in which apecific amine acid ia
substituted as one primer and using the obtained plasmid DNA as
a template. Here, as the conditions of PCR reaction, for example,
after incubation at 94°C for 5 minutes, a treatment of incubation

at 94°C for 1 minute, and then at 50°C for 2 minutes, and further
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at 75°C for 3 minutes is performed 20 cycles, and the mixture is
lastly incubated at 75°C for 8 minutes. The DNA fragment
amplified as above is digested, for example, with restriction
enzymes BetPI and Xbal, and subjected to ligation reaction with
a plasmid DNA containing wild-type gene 1 subjected to the same
restriction enzyme digestion, whereby intended gene 1 can be
obtained.

Using the gene 1 prepared as above, a variant-type enzyme
can be produced and obtained in accordance with a normal genetic
engineering technigue. Specifically, for example, a plasmid
capable of expressing the gené 1 in a host microorganism cell
gheould be prepared and introduced into a host microorganism cell
to transform the host microorganism cell, and the transformant
microorganism should be cultured. The plasmid as described above
can preferably include a plasmid in which the gene 1 18 introduced
into an expression vector having a promoter and a detectable
marker, which is replicakle in a heost microorganism cell, and is
easily isolated and purified from the host. As the expression
vector, various commercially available vectors can be used, and
for example, an expression vector containing a prometer such as
lac, trp and tac (available from Pharmacia Biotech Inc., and the
like) can be used for the expresgion in E. coli.

As the host microorganism cell, either of eukaryote or
prokaryote, for example, E. colil can be used. The plasmid

described above can be introduced into the host microorganismcell

to transform the host microcrganism cell in accordance with a
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normal genetic engineering technigue. Microorganiams having the
plasmid containing the gene 1 obtained as above can be cultured
py a conventional method. When a hosf microcrganismcell is, for
example, E. coli, culture is carried out in a culiture medium
appropriately containing suitable trace nutrients such as carbon
source, niltrecgen scurce and vitamins. As the culture method,
either of @ solid culture or a liguid culture is available, and
preferable method is an aeration stirring culture. Ccllectiocn
of a variant=type enzyme from the cultured microbiszsl cells can
include a normal protein isclation and purification method,
gpeclfically, the method already shown as the methed of purliying
an enzyme from a culture soluticn.

In the present invention, amutationprimer is prepared such
that the 160th amino acid 1s substituted with the aminoc acid
selected from the Group A, and the 18%th amino acid is substituted
with the amino acid.othez'thanzglycine, in the amino acid seguence
of the nuclectide sequence shown in SEQIDNO: 1, and amplification
by PCRmethod sheculd be performed., Preferably, specificmutation
ig introduced such that the 160th amino acid is substituted with
the amino acid selected fromthe Group A, and the 18%8th amino acid
1s substituted with the amino acid selected from the Group B.

Here, sgsite-sgpecific variation may be gimultaneocusly
introduced into the 160th and 189th amino acids in the amino acid
seguence of the nucleotide sequence shown in SEQ ID NOG: 1.

In addition, a mutationprimer in which the 325th amino acid

is substituted with isoleucine in the amino acid sequence of the
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nucleotide geguence shown in SEQ ID NO: 1, a mutaticon primer in
- which the 240th aminc acid is substituted with alanine and the
Z288th amino aclid 1z substituted with alanine in the amino acid
gequence ghown in SEQ ID NO: 1, or a mutation primer in which the
43rd aminc acid is substituted with serine in the amino acid
seguence shown in SEQ ID NO: 1 ig prepared, and amplification by
PCR method should be performed.

Next, a hydrolase originated from Mucor spp. microorganism
will be described. Among hydrolases originated from the Mucor
spp. microorganism, a hydrolase originated from Mucor miechel
mlcroorganlism 1s preferred. In addition, a commerclally
available enzyme can be also used asg the hydrolase originated from
Mucor miehel microorganism. The commercially available enzyme
is CHIRAZYME L-9 [manufactured by Roche Diagnestics] or the like.
Since the commercially available enzyme is eagily available, it
is preferred in that the present production method can be sasily
carried out. Here, a variant-type enzyme obtained by deletion,
addition or substitution ¢f 1 or 2 of amino acids constituting
the hydrolase is also prepared in the hydrolase originated from
Mucor spp. microorganism, and then the variant-type enzyme can
be used in the present production method., The site=specific
mutagenesis described as a method for preparing a variant-type
enzyme from the hydrolase originated from Chromobacterium sSpp.
microorganism can azlso be used in the preparation of the
variant-type enzyme in this case.

Microorganism producing the present enzyme can be all
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liguid-cultured by a conventicnal method. As a culture medium,
various culture media appropriately containing a carbon source,
a nitrogen source, a mineral and the like used in usual
microorganiam éulture can be used. There canbe uzsed as the carbon
source, for example, glucose, glycerocl, starch, dextrin, an
organic acid, molasses and the like; and as the nitrogen scurce,
fats and oils, polypeptone, yeast extract, meat extract, malt
extract, scybean flour, corn steep liguor, cottonseed flour,
dried yeast, cagamino acid, ammonium chloride, ammonium nitrate,
ammonium sulfate, urea and the like; and as the minerzl, for
example, saltsg, sulfates, acetates, carbonates and phosphates
of potassium, sodium, magnhnesium, calcium, ireon, manganese, cobalt,
zinc, copper and the like, specifically, potassium chloride,
sodium chloride, magnesium sulfate, ferrous sulfate, manganese
sulfate, cobalt chloride, zinc sulfate, copper sulfate, sodium
acetate, calcium carbonate, sodium carbonate, potassium
phosphate, monopotassium dihydrogen phosphate, dipotassium
hydrogen phosphate, sodium phosphate, monosodium dihydrogen
phosphate, disodium hydrogen phogphate and the like. In addition,
in order to enhance the asymmetric hydrolysis ability of the
above-described microorganisms to the da-substituted-f-amino
acid ester (1), a triglyceride such ag an olive oil or tributyrin
or the a-substituted-B~amino acid ester (1) may be appropriately
added tc the medium.

Culture is preferably aerobically carried out in general,

and a shaking culture or an aeration stirring culture is suitable.
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The culture temperature 1s usually 20 to 40°C and preferably 25
to 35°C, and the pH 1s preferably 6 to 8. The culturing time
depends on various conditions, and it is preferably 1 to 7 days.

In addition, it is also po=zszsible to appropriately adopt a
solid culture method as necessary, as long as it is a method capable
of obtaining a micrebial cell having asymmetric hydrolysis
ability of the o=~substituted=B=-amino acid ester (1).

In crder to purify the present enzyme from a microorganism
culture cultured as described above, 1t ghould be ugsuallypurified
in accordance with the method used in the general purificaticn
of an enzyme. For example, [lrst, the microbial cells 1n the
microorganism culture are crushed by a method such ag sonication,
dynomill tresztment or French press treatment. The insoluble
material is removed from the obtained crushed liguid by
centrifugation or the like, and then the target enzyme can be
purified by one or sultably combining a2 plurality of cation
exchange column chromatography, anion exchanges column
chromatography, hydrophobic column chromatography, gel
filtration column chromatography and the like normally used in
the purification of an enzyme. Examples of the carrier used in
the column chromatography include DEAE~Sepharose fastflow
(manufactured by Amersham Pharmacia Biotech Inc.), and
Butyl-Toyopearl 6508 (manufactured by Tosoh Corporation).

The present enzyme can be used in various forms such as a
purified enzyme, a crude enzyme, a microorganism culture, a

microbial cell and a treated product thereof. The treated product
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used herein refers to, for example, freeze-dried microbial cells,
acetone dried microbizl cells, microbial cell ground material,
autolysates of microbial cells, scnicates of micropbial cells,
microbial cell extracts, alkali-treated products of microbial
cells, or the like. Further, the enzymes having varicus purities
or forms described above may also be used after being immobilized
in accordance with a known method such as an adsorption method
cnto an inorganic carrier such as silica gel or ceramics,
celluloase, ion exchange regsinor the like, a polyvacrylamide method,
a sulfur-containing polysaccharide gel method (for example, a
carrageenan gel method), an alginic acid gel method, or an agar
gel methed,.

Subseguently, the present production method using a enzyme
selected from the group consisting of the hydrolase and
variant-type enzymes thereof, a culture of a microorganism
capable of producing the enzyme or a treated product thereof
{hereinafter, the enzyme, culture golution and treated product
used herein collectively referred to as “the present enzyme and
the like”) will be described.

The amount of the present enzyme and the like used is
appropriately selected so as not to cause adelay in reaction time
and a decrease in selectivity of agymmetrical hydrolysis. When
a purified enzyme, a crude enzyme or a commercially availlable
enzyme 1s used, for example, the amount used is usually 0.001 to
2 times by weight and preferably 0.002 to 0.5 times by weight based

on the optical isomer mixture of the a-substituted-f-amino acid
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egter (1) in terms of the welight of the enzyme contained in the
present enzyme and the like, and when a microorganism culture,
microbial cells or a treated product thereof is used, the amount
uged 18 usually 0.01 to 200 times by weight and preferably 0.1
Lo 50 times by weight based on the optical isomer mixture of the
o=-substituted=f-aminc acid ester (1) in terms of the weight of
the enzyme contained in the present enzyme and the like.

The water used in the asymmetrical hydrelysis reaction may
e an agueocus buffer solution. Examples of the aguecus buffer
solution include agqueous buffer solutions of an inorganic acid
salt such as agueous solutions of an alkall metal phosphate, for
example, an aguecus solution of sodium phosphate and an agueous
solution of potassium phosphate; agqueocus buffer soclutions of an
crganic acid salt such as aguecus sclutions of an alkali metal
acetate, for example, an aguecus solution of sodium acetate and
an agueous solution of potassium acetate; and the like. The
amount of the water or aguecus buffer soluticon used should be
usually 0.5 times by weight or more based on the weight of the
optical lsomer mixture of the a-substituted=B~-amino acid ester
{1}, and may be the amount which is the same as that of the solvent
in some cases, but is usually 200 times by weight or less.

The asymmetrical hydrolysis reaction may be carried ocut in
an organic solvent such as z hydrophobic organic scolvent or a
nhydrophilic organic solvent. Examples of the hydrophobic
organic solvent include ethers such as tert-butyl methyl ether

and ilsopropyl ether; and hydrocarbons such as toluene, hexane,
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ayclohexane, heptane, octane and ilsococtane. Examples of the
hydrophilic crganic sclvent include alcohols such as tert-butyl
alcchol, methanol, ethanol, isopropyl alcohol, isobutyl alcohol
and n=butyl alcochol; ethers such as tetrazhydrofuran; sulfoxides
such as dimethvl sulfoxide; ketones such as acetone; nitriles such
as acetonitrile; and amides such as N,N-dimethylformamide.
These hydrophobic organic sclvents and hydrophilic organic
sclvents are used alone or in combination of two or more kinds,
and the hydrophobic organic solvent and the hydrophilic organic
solvent may be used in combination. In addition, in the present
productlion method, water or an adqueous buffer solution, a
hydrophobic organic solvent and a hydrophilic organic solvent nay
be mixed and used.

When the crganic solvent is used, the amount used is usually
200 times by welght or less and preferably within the range of
0.1 tc 100 times by welght based on the weight of the optical isomer
mixture of the a-substituted~B-amine acid ester (1).

The asymmetrical hydrolysis reaction is carried cut, for
example, by a method of mixing the optical isomer mixture of the
a-substituted=B-amino acid ester (1) and the present enzyme and
the like, andwhen anorganic solvent is used, the organic solvent,
water, the optical isomer mixture of the «—substituted-B-amino
acid ester (1), the present enzyme and the like should be mixed.

As the pH of the reaction system, the value in which the
asymmetrical hydrolysis by the present enzyme and the like

proceeds with high selectivity 1s appropriately selected, and is
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not particularly limited, but is usuzlly in the range of a pH of
4 to 10, and preferably @ pH of 6 to 8. During the reaction, an
aclid c¢r a base may Pbe added To adjust the pH within the
appropriately selected range. Examples of the acid include
hydrogen chloride, hydrogen bromide, phosphoric acid, sulfuric
acid, nitric acid and salts therecf; organic acids such as acetic
acid, citric acid, and methanesulfonic acid and salts thereof.
Examples of the base include alkali metal hydroxides such as
godium hydroxide and potassium hydreoxide; alkali metals and
alkaline ezrth metal carbonates such as sodium carbonate,
potasglum carbonate and calclum carbonate; alkall metal
bicarbonates such as scdium bicarbonate and potassium
bicarbonate; phosphates such as sodium dihydrogen phosphate,
disodium hydrogen phosphate, potassium dihydrogen phosphate and
dipotassium hydrogen phosphate; organic bases such as
diethylamine, diisopropylethylamine, triethylamine,
cyclchexylamine, benzylamine, phenethylamine and pyridine; and
ammonia. The bases may be used alone or in a mixture of two or
more kinds. These are selected depending on the kind of the
present enzyme and the like used in the present production method,
and such that hydrolysis of the a-substituted-f-amino acid ester
(1) is not caused by the action of the added acid or base. The
acid or base is usually used in the form of an agueous solution,
but when an organic solvent is used in the reaction, it may be
used in the form of an organic solvent or a mixed soclution of an

organic solvent and water. As the organic solvent, those which

26



are the game as those used in the reaction can be used. In addition,
water dissolving the acid or base may be replaced by an agqueous
buifer sclution. Furthermore, tThe acid or base may be used as
a solid or in the atate guspended in a solution.

As the reaction temperature, the temperature in which the
asymmetrical hydrolysis by the present enzyme and the like
proceeds with high selectivity is appropriately selected, and is
not particularly limited, but the stability of the present enzyme
in the present enzyme and the like Tends to decrease when the
temperature is too high, and the reaction rate tends to decrease
when the temperature 1ls too low. On the other hand, the lower
The temperature is, the more the selectivity tends to increase.
The reaction temperature is usually within the range of -10 to
65°C, and preferably within the range of -5 to 50°C.

The reaction time is usually selected fromwithin the range
cf 1 to 100 hours, and preferably selected from within the range
of 1 to 50 hours. The reaction sclution in the reaction system
of the present prcduction method is appropriately sampled, the
degree of disappearance ¢f the a~substituted-B-amino acid ester
(1) or the degree of production of the a=gubstituted=-pf-amino acid
(2) 18 determined by a sultable analytical means such as HPLC or
GC, and then the reaction time can alsc be set.

Thus, a solution of the optically-active
®-gubstituted=-Pf=-amino acid (2) can bé cbtained, and usually, a
post-treatment operation is further carried out in order to

separate from the enzyme and buffer used in the reaction or the
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carboxylic acid generated by the hydrolysis reaction.

Examples of the post-treatment include a method of
distilling off the solvent in the reaction sgoluticn and then
separating and purifying the a-substituted-B-amino acid (2) using
gilica gel chromatography; a3 method of distilling off the solvent
in the same manner and then separating and purifying the
o-substituted=B=aminc acid (2) by distillation; and a method of
separating and purifying the a-substituted-f-amino acid (2) by
geparation operation.

In separating and purifying the a-substituted=B~amino acid
{(2) by separation operation, when an organic solvent that
dissclves in both water and a hydrophebic crganic sclvent ig used
during the reaction, this organic solvent may be removed by
distillation off and then used. In additicn, when an inscoluble
enzyme, an immobilized carrier and the like are present in the
golution, these may be removed by filtration.

In the reaction soclution after the completion of the
reaction of the present production method are contained the
o-substituted=B-aminc acid (2) as a product of the asymmetrical
hydrolysis reaction and the remaining a~substituted=B-amino acid
gster (1), 1In order to separate both of them, for example, a
methed of carrying out an extraction operation by
water/hydrophobic organic sclvent to distribute the remaining
a-substituted=B~amino acid ester (1) and the
a~substituted=B-amino acid (2) to the organic layer (hydrophcbic

organic solvent layer) and the agueous layer, respectively, and
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geparating the organic layer and the aqueous layer is adopted.

In order to separste the target optically-active
a—substituted—ﬁ-amino acid (2) from the present enzyme and the
like, the buffer and other water-zoluble components, the
optically=-active o=substituted=B=-amino acid (2) should be
extracted to the crganic layer using a hydrophobic organic solvent
and separated from the agueous layer.

Examples of the hydrophobic organic solvent include ethers
guch as tert~butyl methyl ether and isopropyl ether; hydrocarbons
such as toluene, hexane, cyclochexane, heptane, octane and
isooctane; halogehated hydrocarbons such as dichloromethanhe,
dichlorcethane, chlorofcrm, chlorobenzene and
ortho~-dichlorobenzene; and esters such as ethyl acetate, methyl
acetate and butyl acetate. In a case where these hydrophobic
organic solvents are used during the reaction, when the reaction
solution after the completion of the reaction is separated into
the organic layer and the agueous layer, the separation operation
can also be carried out as 1t i1s. Further, in a case where the
hydrophobilc organic solvent i1s not used during the reaction, a
case where the reaction solution is not easily separated into the
organic layer and the agueous layer since the amount of the
hydrephobic organic sclvent or water used is low, or a case where
the reaction solution cannot be easily separated due to the low
amount of water used, the reaction solution should be separated
after appropriately adding the hydrophobicorganic solvent, water

or the l1ike. The amount of the hydrophobic organic solvent used
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is not particularly limited, but is usually 0.1 te 200 times by
welght, and preferably 0.2 to 100 times by weight, based on the
welght of the opticzal isomer of the a-substituted-P-amino zcid
eater (1).

The pH during the extraction of the target substance is

usually within the range of 2 tc 10 and preferably within the range

of 4 to 8. In order to adjust the pH, an acid or a base can also
be appropriately used, Specificexamples of the acidor pbase used

herein are the game as those exemplified for adijusting the pH of
the reaction system of the present production method. When the
gxtraction of the target substance from the aqueous laver 1is
insufficient, the same extraction and separation operation may
be repeated multiple times. Similarly, when the removal of the
water-soluble component from the organic layer is insufficient,
the same extraction and separation coperation may be repeated
multiple ftimes.

The remaining ester separated from carboxylic acid as an
asymmetrical hydrolysate by the above extraction can be isolated
by distilling off the organic solvent in the ovil layer. The
obtained optically=active a-substituted=B-amine acid ester (1)
is subjected to racemizaticon treatment, whereby it can be reused
as an optical isomer mixture of the a-substituted-Pf-aminc acid
ester (1}.

The unreacted o~substituted-B-aminoc acid ester (1)

isclated by distilling off the organic solvent in the oil laver

may be further purified by column chromatography or the like,
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The optically~active a~substituted=Pf=amino acid (2) as an
asymmetrical hydrolysate is contained in the agqueous layer after
geparation by the above extracticn, and can be eagily taken out
fromthe aqueocus laver by diatillation off water, extraction using
an organic solvent after neutralization treatment, or the like.
The separated optically=-actlve a=-substituted=B-amino acid (2)
can be isoclated by distilling off the organic solvent in the oil
layer,

The thus obtained optically-active a-substituted-B-aminc
acid {2) may be further purified bykpurification cperation such
as column chromatography, recrystallization, reprecipiltation or
the like. In addition, in the purification operation such as
recrystallization or reprecipitation, the optically-active
a—substituted~ﬁ—amino cid (2) is further made into & salt by a
suitable base, and thenthis salt ispurified by recrystallization
or reprecipitation, and the purified salt can alsc be converted
agaln to the optically=-active o=-substituted=B~amino acid (2) by
an appropriate method.

Specific examples of the thus obteined optically-active

a~substituted=f~amine acid (2) are shown in Table 2 by the

compinations of R* to R? in formula (2).

rR!' R?
) i -
R2. N, (2a)
~X W/[\‘C-OEH
[Table 2]
g-sgubstituted- R" R” R’

B-amino acid
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(2-1) ~H Benzyl /D
(2-2) ~-H Benzyl /\O
(2-3) -H 4-Methoxybenzyl /\Q
(2-4) -H 4-Methoxybenzyl /\O
(2-5) —CHO Benzyl /\O
(2-6) ~CHO Benzyl /\O
(2-7) -CHO 4-Methoxvybenzyl /\O
(2-8) -CHO 4-Methoxyvbenzyl /U
(2-9) -C (O) CH, Benzyl /\O
(2-10) —-C (O) CH;y Benzyl /\O
(2-11) -C (O) CH; 4-Methoxybenzyl /D
(2-12) -C (0) CH, 4-Methoxybenzyl /U
(2-13) -C(0O) CyH; Benzyl /\D
(2-14) —C (O) CzHs Benzyl /\O
(2-15) -C(0)CzHs | 4-Methoxybenzyl /\D
(2-16) -C(0O)CyHs | 4-Methoxvybenzyl /\O
(2-17) —-C (O) CgHsg Benzyl /D
(2-18) ~C (O) CgHs Benzyl /\O
(2-19) -C(0)CgHy | 4=Methoxybenzyl /\O
(2=20) -C(0)C4Hs | 4=Methoxybenzyl /\O

In the present invention, when an enzyme capable of
selectively hydrolyzing the ester site of an R-form of the
o~-substituted-f-aminc acid ester (1) is used as the present enzyne,
the obtained optically-active a~-substituted-B-amino acid (2) is
rich in the R-form, and when an enzyme capable of gelectively
hydrolyzing the ester site of an S-form of the

o-substituted-P-amine acid ester (1) is used, the obtained
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optically=active a=substituted=f=amino acid (2) is rich in the
S~form. In azddition, when the R-form of the
a-substituted-P-amino acid (2) is obtained using the enzyme
capable of gselectively hydrolyzing the egter site of an R-form
of the a~substituted-B-amino acid ester (1), the S=form ¢f the
a~substituted-B-amino acid ester (1) 15 obtained at the same tine,
and this can be separated from the R-form of the
a~substituted~ﬁ~amino acid (2) by the above extraction,

geparation operation, and the like, and isoclated.

EXAMPLES

Hereinbelow, the present invention will be described in
more detail by way of examples and the like, but the present
inventicon is not limited to these examples.

Examples 1 to 8
Production cf optically-active 2-cyclopentylmethyl-3-[ (N-
benzyloxy-N-formyl)amine]propanoic acid (2-5)

Each of E. coli recombinant scluble fracticns producing
various enzymes or an enzyme shown in Table 3 was weighed into
a vessel in the amount shown in Table 4, and 5mLof a 0.1 Mpotassium
phosphate buffer solution (pH 7.0), 40.0 mg of an optical isomer
mixture (racemate) of Z=-cyclopentylmethyl=3-[ (N=benzyloxy~N-
formyl)aminolpropanoic acid methyl ester and 1 mlL of tert-butyl
methyl ether were added. This scolution was stirred at 25°C for
48 hours, then 1 mL cf an agueocus 3.4% phosphoric acid scolution

and 10 mL of tert=butyl methyl ether were added, and then mixed.
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The mixture was allowed to gtand still,

and then the tert-butyl

methyl ether layer was anslyzed for its optical purity by high

performance liquld chrcematography [column:

mmd x 25 om, 5 pum (manufactured by Daicel Corporation)]

CHIRALPAK AD-H,

4.6

and for

its chemical purity by high performance liguid chromatography

{column:

Imtakt)],

Cadenza CD-18,

4,6 mmd x 15 cm, 3 um (manufactured by

and the conversion and enantiomeric excess of the

resulting optically=-active Z-cyclopentylmethyl=3=[{N-

benzyvloxy=N=formyl)amine]preopancic acid were determined.

results are shown in Table 4.

The

[Table 3]
Exampleg | Name of Enzyme |Originof Enzyme |Method for Preparing
' or Obtaining Enzyme

1 Wild Strain | Chromobacterium| Prepared AReccording to
Esterase chocolatum Method Desgcribed in
Originated from Example 7 of
Chromobacterium JP=3875283.
SC=YM=1 gtrain

2 Esterase Chromobacterium| Prepared According to
Originated from! chocolatum Method Described in
Chromobacterium Example 12 of
SC-YM~1 gtrain, JP-3486942.
160A189Y363term

3 Esterase | Chromobacterium| Prepared According to
Originated from| choceolatum Method Described in
Chromobacterium Example 12 of
SC-YM-1 strain, JP-3486942.
1608189F363term

4 Esterase Chromobacterium| Prepared According to
Originated from | chocolatum Method Described in
Chromobacterium Example 12 of
SC-¥YM~1 strain, JP~3486%42.
160A189F363term

5 Esterase Chromobacterium| Prepared According to
Originated from chocolatum Method Described in
Chromobacterium Example 2 of Jp
SC~YM~-1 strain, 2000-78988A.
V325T

6 Esterase Chromobacterium

Prepared According to
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| Originated from | chocolatum Method Described in

Chromobacterium Example 2 of JP
SC-YM=-1 strain, Z000-T78988A.,
T24CAV288A

7 Esterase Chromobacterium| Prepared According to
Originated from| chocelatum Method Degcribed in
Chromobacterium Example 2 of Jp
SC~-YM-1 strain, 2000-78988A.,
N435A363term

8 CHIRAZYME L-9 Mucor miehel Manufactured by Roche

Diagnostics

[Table 4]

Examples | Amount of | Conversion Enantiomeric | Excessive
Enzyme {(mg) | Rate (%) Excess (%ese) Optical Isomer

1 206.4 17.6 99.9 (R)~form

2 200.0 25.9 98.9 (R)=form

3 201.8 15.1 99,3 (R)~form

4 200.7 11.8 100.0 (R)=~form

5 201.0 18.1 99,9 (R)-form

6 208.2 17.86 99.2 (R)=fornm

7 202.1 18.7 100.0C (R)~form

8 2.0 13.3 99.5 (R}j~form

Examples 9 to 16

Preduction of optically=active 2-cyclopentylmethyl=3=[ (N=
benzyloxy-N-formyl)amino]propancic acid (2=5)
Each of E. coli recombinant soluble fractions producing
various enzymes or an enzyme shown in Table 5 was weighed into
avessel in the amount shown inTable 8, and5mLof a 0.1 Mpotassium
pheoeaphate buffer solution (pH7.0) and 40.0mg of an optical isomer
mixture

(racemate) of Z-cyclopentylmethyl-3-[ (N-benzyloxy-N-

formyl)amino]propanoic acid methyl ester were added. This

solution was stirred at 235°C for 48 hours, and then 1 ml of an
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agueous 3.4% phosphoric acid solution and 10 ml of tert-butyl

methyl ether were added, and then mixed.

to stand still,

The mixture was allowed

then the tert-butyl methyl ether layer was

analyzed in the same manner as in Example 1, and the conversion

and enantiomeric excess of the regulting optically-active

2-cyclopentylmethyl-3-[ (N~

benzyloxy-N~-formyl)aminolpropanoic

acid were determined. The results are shown in Table 6.

[Table 5]

Examples | Name of Enzyme |Originof Enzyme |Method for Preparing

or Obtaining Enzvyme

9 Wild Strain | Chromobacterium| Prepared According to
Esterase chocolatum Method Described in
Originated from Example 7 of
Chromobacterium JP=3875283.
SC=YM=~1 gtrain

10 Esterase Chromobacterium| Prepared According to
Originated from | chocolatum Method Described in
Chromobacterium Example 12 of
SC-YM~1 strain, JP-3486942.
160A1BOY363term

11 Esterase Chromobacterium| Prepared According to
Originated from | chocolatum Method Described in
Chromokhacterium Example 12 of
SC~¥YM-1 strain, JP~34860942.
1603189F363term

12 FEsterase Chromobacterium| Prepared According to
Originated Ifrom| chocolatum Method Described in
Chromobacterium Example 12 of
SC=YM=1 strain, JP=3486942.
160A189F363term

13 Fsterase Chromobacterium| Prepared According to
Originated from| chocolatum Method Described in
Chromobacterium Example 2 of Jp
8C-YM-1 strain, 2000-78B988A.
V3251

14 Esterase Chromobacterium| Prepared According to
Originated from| chocolatum Method Described in
Chromokbacterium Example 2 of JP
SC~-YM~1 strain, 2000-78288A.
T240AV288A

15 Fsterase Chromobacterium| Prepared According to
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Originated from| choceolatum Method Described
Chromobacterium Example 2 of
SC=YM=1 strain, 2000=-78988A.,
N433A363term
16 CHIRAZYME L-9 Mucor miehel Manufactured by Roche
Diagnogtics

[Takle 6]
Examples | Amount of | Conversion | Enantiomeric| Excessive
Enzyme (mg) | Rate (%) Excess (%ss) Optical Isomsr
9 207.8 54.4 20.0 (R)~form
10 201 .4 50.0 89,7 (R)=form
11 200.0 60.1 83.5 (R)y=form
12 204.98 45.8 95.6 (R)-form
13 206.9 52.6 89.7 (R)~form
14 208.1 51.1 97.1 (R)~-form
15 200.4 49.6 97.3 (Ry~form
le 2.0 34.3 26.2 (RY-form

Example 17
Production of optically-active 2-cyclopentylmethyl-3-[(N-
penzyloxy=N-formyl)aminolpropancic acid (2Z2-5)

Intoe a vesszel was weilghed 50.3 g of 2 0.1 M potassium
phosphate buffer solution {(pH 7.0}, and 400.0 mg of an optical
isomer mixture (racemate} of Z=-cyclopentylmethyl=3=[(N=
benzyloxy-N-formyl)amino]lpropanoic acid methyl ester, 7.4 g of
tert-butyl methyl ether and 2.0 g of an alkali treated product
of E., coli recombinant producing esterase N43SAZ63term derived
from Chromobacterium SC-YM=1 strain were added thereto. This
golution was stirred at 28°C for 158 hours, and then the mixture
was analyzed in the same manner as in Example 1, and the conversion

was found to be 44.2% (the enantiomeric excess of (R)=~2-
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cyclopentylmethyl-3-[ (N-benzyloxy-N-formyl)amino]propanoic
acid: 100.0% ee}). To the resulting reaction solution was added
10.6 g of an agueous 3.4% phosphoric acid soluticn to have a pH
of 5.0. To this solution was added 8.0 g of tert-butyl methyl
ether, and the mixture was separated into the c¢il layer and the
agqueous layer by separation. The agueous layer was extracted
Twice with 8.0 g of tert-butyl methyl ether and subjected to a
separation operation, and the agqueous layer was removed, and then
the regulting mixture was combined with the ¢il laver previously
cbhtained. The resultingmixed solutionwas filtered with celite,
washed twlce with 2.0 g of tert-butyl methyl ether, and then
separated into the oil layer and the agueous layer by phase
separation. To the oil layer were added 250.5 mg of
diiscpropylethylamine and 4.0 g of water, and then the mixture
was separated into the oil layer and the agueous layer by phase
separation. BSubseguently, the aguecus layer was washed with 2.0
g of tert-butyl methyl ether, and the o0il layer was removed. To
the resulting aqueous layer were added 1.9 g ¢of 1 N hydrochloric
acid and 8.0 g of tert-butyl methyl ether, and the mixture was
separated into the oil layer and the aqueous layer by separation.
The oil layer was dried over sodium sulfate, and then the organic
solvent of the oil layer waas digtilled off under reduced pressure
to obtain 134.6 mg of (R)-2-cyclopentylmethyl-3-[ (N-benzyloxy-
N-formyl)amino]propsnoic acid as an oily substance. The
resulting olly substance was analyzed in the same manner as in

Example 1, and the yield of the resulting (R)=2-
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ayclopentylmethyl-3-[ (N-benzyloxy-N-formyl)amino]propanoic
acid was found to be 37.6%, and the enantiomeric excess thereof
was found to be 100.0% ee.

Example 18

Production of optically-active 2-cyclopentylmethyl-3-[ (N~
benzyloxy~N-formyl)amino]propancic acid (2-5)

Into a vessel was weilghed 50.2 g of 3 0.1 M potassium
phogphate buffer sclution (pH 7.0), and 400.0 mg of an optical
isomer mixture (racemate) of Z=cyclopentylmethyl=3-[(N=
benzyleoxy-N-formyl)amino]propanoic acid ethyl ester, 7.4 g of
tert=-butyl methyl ether and 2.0 g of an alkall treated product
cf E. coli recombinant producing esterase 160A189Y363termderived
from Chromokbacterium SC-YM-1 strain were added thereto. This
golution was stirred at 25°C for 122 hours, and then the mixture
was analyzed in the same manner as in Example 1, and the conversion
was found to be 48.4% (the énantiomeric excess of (R)—-2-
cyclopentylmethyl-3-[ (N~benzyloxy-N-formyl)amino]propanoic
acid: 95.6% ee). To the resulting reaction solution was added
9.7 g of an aguecus 3.4% phosphoric acid solution to have a pH
of 5.0. To this sclution was added 8.0 g of tert-butyl methyl
ether, and the mixture was separated into the 01l laver and the
agueous layer by separation. The aquecus layer was extracted
twice with 8.0 g of tert-butyl methyl ether and subjected to a
separation ocperation, and the aguecus laver was removed, and then
the resulting mixture was combined with the oil laver previocusly

obtained. The resultingmixed solutionwas filteredwith celite,
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and washed twice with 2.0 g of tert-butyl methyl ether, and then
separated into the coil layer and the agueous layer by phase
separation. To the c¢il layer was added 4.0 g ©of a 1 N agueous
sgodium hyvdroxide golution, and the mixture was separated 1nto the
il layer and the aqueous layer by phase separation. Subseguently,
the agueous layer was washed with 4.0 gof tert-butyl methyl ether,
and the oil layer was removed. To the resulting agueous layer
were added 3.9 g cf 1 N hydrochloric acid and 8.0 ¢ of tert=butyl
methyl ether, and the mixture was separated into the oil lavyer
and the agueous layer by phase separation. The oll layer was
wasghed with 0.8 g of 15% saline and dried over sodium sulfate,
and then the organic sclvent ¢f the oil layer was distilled off
under reduced pressure to obtain 170.6 mg of (R)-2-
cyclopentylmethyl—B-[(N—benéyloxy—N~formyl)amino]propanoic
acid as an oily substance., The resulting oily substance was
analyzed in the same manner as in Example 1, and the yield of the
resulting (R)-Z2-cyclopentylmethyl-3-[ (N-benzyloxy-N-formyl)
amino]propanocic acid was found to be 35.8%, and the enantiomeric
excess thereof was found to be 95.2% ee.
Example 18
Production method of optically=-active 2-cyclopentylmethyl=3=-
[ {N=benzyloxy=N-formyl)amino] propancic acid (2-5)

Into a vessel was weighed 3.0 g of an optical isomer mixture
{racemate) of 2Z2-cyclopentylmethyl-3-[(N-benzyloxy-N-formyl)
aminc]propancic acid ethyl ester, and 14.2 g of 2 0.1 M potassium

phosphate buffer solution (pH7.5) and 0.75 g of an alkali treated
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product of E. coli recombinant producing esterage N43SA363term
derived from Chromobacterium SC-YM-1 strain were added thereto.
The mixture was stirred at 25°C for 24 hours, and then 7.2 g of
a 0.1 M potas=sium phoaphate buffer solution was added. The
mixture was further stirred at 25°C for 53 hours, and then 24.4
g of a 0.1 Mpotassium phosphate buffer solution was added. The
mixture was further stirred at 25°C for 26 hours, and then 45.0
gof a 0,1 Mpotassium phosphate buffer solution was added. The
mixture was further stirred at 25°C for 80 hours, and then 120.0
gof a 0.1 Mpotassium phogphate buffer soclution was added. This
mixture wae further stirred at 25°C for 96 hours, and then the
mixturevwas analyzed in the same manner ag in Example 1, and the
conversion was found to be 40.3% [(the enantiomeric excess of
(R}—-2~cyclopentylmethyl -3~ (N-benzyloxy-N-formyl)aminoc]
propanolc acid: 99.8% ee). To the resulting reaction solution
was added 2.3 g of an aguecus 85% phosphoric écid solution to have
apHcof 5.0. Tothisscluticonwas added 12.0gof tert-butyl methyl
ether, and the mixture was separated into the c¢il layer and the
agueous layer by phase separation. The agqueocus layer was
extracted twice with 12.0 g of tert-butyl methyl ether and
supbjected to a separation operation, and the agueocus layer was
removed, and then the resulting mixture wasg combined with the oil
layer previously obtained. The resulting mixed solution was
filtered with celite, and washed twice with 1.5 g of tert-butyl
methyl ether, and then separated into the cil layer and the aqueous

layer by phase separation. To the oil layer were added 1.74 ¢
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of diisopropylethylamine and 15.0 g of water, and then the mixture
was separated into the oil layer and the agueocus laver by phase
geparation. Subsequently, ©.0 g of water was added to the oill
layer for extraction, the oil lavyer was removed, and then the
resulting mixture was combined with the agueous layer previously
obtained. To the resulting agueous lavyer were added 0.4 g cf 35%
hydrochloric acid and 2.0 g of tert-butyl methyl ether, and the
mixture was separated into the oil layer and the agueous layer
by separation. The organicsclvent of theoll layer was distilled
off under reduced pressure to obtain 1.12 g of (R)-2-
cyclopentylmethyl=3~[ (N=pbenzyloxy=N~formyl)amino]propanolc
acld as an oily substance. The resgsulting olly substance was
analyzed in the same manner as in Example 1, and the yield of the
resulting (R)-Z2-cyclopentylmethyl-3~[ (N~benzyloxy-N-formyl)
amino]propanoic acid was found to be 39.7%, and the enantiomeric
excess thereof was found to be 92.5% ee.

Example 20

Production method of optically=-active 2-cyclopentylmethyl-3-
[ (N-kbenzyloxy)amino]propanolc acid (2-1)

Inte a vessel was weilghed 21.0 g of a 0.1 M potassium
phosphate buffer solution (pH 7.0), and 300.0 mg of an optical
isomer mixture (racemate) of Z~cyclopentylmethyl=3=-[(N=
benzyloxy)amino]propanocic acid ethyl ester and 75.0 mg of an
alkall treated product of E. coli recombinant producing esterase
N43SA363term derived from Chromobacterium SC-YM-1 strain were

added thereto. This solution was stirred at 25°C for 96 hours,
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and then 0.24 g of an agqueous B5b% phosgphoric acid solution was
added to have a pH of 5.0. To this solution was added 6.0 g of
tert=pbutyl methyl ether, and The mixture was separated into the
oll laver and the agqueous layer by phase separation. The aqueous
laver was extracted twice with 6.0 g of tert-butyl methyl ether
and subjected to a separation operation, and the agueous layer
was removed, then the resulting mixture was combined with the oil
layer previocusly cbtained. The resulting mixed solution was
filtered with celite, and washed twice with 1.5 g of tert-butyl
methyl ether, and then separated into the oil layer and the agueous
layer by phase separation. To the oll layer were added 189.9 mg
cf diiscpropylethylamine and 3.0 g of water, and then the mixture
was separated into the oill layer and the agueous layer by phase
separation. Bubsequently, the agueocus layer was washed with 1.5
g of tert-putyl methyl ether, and the oil layer was removed. To
the resulting agueous layer were added 1.6 g of 1 N hydrochloric
acid and 6.0 g of tert-butyl methyl ether, and the mixture was
separated into the oil lajer and the agueous layer by phase
geparation. The oll layerwas dried over socdium sulfate, and then
the organic solvent of the oil laver was distilled off under
reduced pressure to cobtain 17.7 mg of (R}=2=cyclopentylmethyl=-
3=[ (N=-benzyloxy)aminoclpropanoic acid ag an oily substance. The
resulting oily substance was analyzed in the same manner as in
Example 1, and the yield of the resulting
(R)-2-cyclopentylmethyl-3-[(N-benzyloxy)amino]propancic acid

was found to be 5.8%, and the enantiomeric excess thereof was found
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to be 88.2% ece.

Examples 21 to 27
Production oI optically-active 2—cyciopentylmethyl—3—[(N~
benzyloxy=N=acetyl)amino]propanolce acid (2=9)
Each of E. coll recombinant soluble fractions producing
various enzymes shown in Table 7 was weighed into a vessel in the
amount shown in Table 8, and 5 mL of a 0.1 M potassium phosphate
buffer solution (pH 7.0) and 40.0 mg of an cptical isomer mixture
{racemate) of 2=cyclopentylmethyl=3~[(N~benzyloxy=N~acetyl]
aminolpropancic acid ethyl ester were added.

This soclution was

stirred at 2859C for 4B hours, then 1 mL of an aguecus 3.4%

phosphoric acid sclutionand 10 mL of tert~butyl methyl ether were
added,

and then mixed. The mixture was allowed to stand still,

and then the tert-butyl methyl ether lavyer was analyzed in the
same manner as in Example 1, and the conversion and enantiomeric

excess of the resulting optically~active 2~cyclopentylmethyl-3-

[ (N-benzyloxy—-N-zscetyl)aminc] propancic acid were determined.

The results are shown in Table 8,

[Table 7]

Examples | Name of Enzyme |Origin of Enzyme |Method for Preparing

or Obtaining Enzyme

21 wild Strain | Chromobacterium| Prepared According to
Egterase chocolatum Method Described in
Originated from Example 7 of
Chromobacterium JP=-3875283.
SC-YM~1 strain

22 Esterase Chromobacterium| Prepared According to
Originated from| chocolatum Method Described in
Chromobacterium Example 12 of
BC=-YM~1 strain, Jb~3486942.,
160A189Y363term

23 Esterase Chromobacterium| Prepared According to
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Originated from

chocolatum

Method Described in

Chromobacterium Example 12 of
SC-YM~-1 gtrain, JP=3486942.
16081889F363term
24 FEsterase Chromobacterium| Brepared According to
Originated from | chocolatum Method Described in
Chromobacterium Example 12 of
SC-YM=-1 gtrain, JP=-3486942.
160A18B9F363term
25 Esterase Chromobacterium| Prepared According to
Originated from  chocolatum Method Described in
Chromobacterium Example 2 of JPb
SC-¥M-1 strain, 2000-78988BA.
V3251
26 Esterase Chromobacterium| Prepared According to
Originated from | chocolatum Method Described in
Chromobacterium Example 2 of JP
SC-YM-1 strain, 2000~789B8A.
T240AVZB8BA
27 Esterase Chromobacterium) Prepared According to
Originated from| chocolatum Method Described in
Chromobacterium Example 2 of Jp
SC-YM-1 strain, 2000-78988A.
N438A363term
[Table 8]
Examples Amocunt of | Conversion | Enanticmeric
Enzyme (mg) | Rate (%) Excess (%ee)
21 199.9 49.5 99.5
22 201.8 49.9 1 99.3
23 201.1 49,3 92.6
24 203.4 49.1 99.7
25 201.2 49.7 89.6
26 201 .4 49,4 99,3
27 201.7 49,7 100.0

Examples 28 to 34

Production of optically-active 2Z2-cyclopentylmethyl-3-[ (N-

benzyloxy=N=propionyl)amino]propanoic acid

Fach of E.

(2=-13)

coll recombinant soluble fractions producing
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various enzymes shown in Table 8 was welghed into a vessel in the
amount shown in Table 10, and 5 mL of a 0.1 M potassium phosphate
puffer solution (pH 7.0) and 40.0 mg of an optical isomer mixture
(racemate) of 2=cyclopentylmethyl~3=~[ (N~benzyloxy=N-propionyl)
aminolpropancic acid ethyl ester were added. This solution was
stirred at 25°C for 48 hours, then 1 mL of an agqueous 3.4%

phosphoric acid solution and 10 mL of tert~butyl methyl ether were
added, and then mixed. The mixture was allowed to stand still,
and then the tert-butyl methyl ether layer was analyzed in the
same manner as in Example 1, and the conversion and enanticmeric

excess of the resultling optically—active Z-cyclopentylmethyl=

3=[ [N=benzyvloxy=N=-propionyl)aminolpropanoic aclid were

determined. The results are shown in Table 10.
[Table 9]
Examples | Name of Enzyme |Originof Enzyme | Method for Preparing
or Chtalnling Enzvyvme

2 Wild Strain | Chromobacterium| Prepared According
Esterase chocolatum to Method Described
Originated from in Example 7 of
Chromobacterium JP-3875283.
SC~-YM=1 strain

29 Esterase Chromobacterium| Prepared According
Originated from| chocolatum to Methoed Described
Chromobacterium in Example 12 of
SC=YM=1 gstrain, JP=3486942.
160A189Y363term

20 Esterzse Chromeobacterium| Prepared According
Originated from | chocolatum to Method Described
Chromobacterium in Example 12 of
8C-YM~1 strain, JP-3486942,
1608188r363term

31 Esterase Chromobacterium| Prepared According
Originated from, chocolatum to Methed Described
Chromobacterium in Example 12 of
SC~-YM-1 strain, Jp-3486842.
160A188F363term
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Esterase

Chromobacterium

Prepared According

Originated from| chocolatum to Method Described
Chromobacterium in Example 2 of JP
SC=YM=1 strain, 2000-78988A.,
V3281
33 Esterage Chromobacterium| Prepared According
Originated from| chocalatum to Methed Described
Chromobacterium in Example 2 of JP
sC-YM=1 strain, 2000=-78988A.
T240AVZ88A
34 Esterase Chromokacterium| Prepared According
Originated from| chocolatum to Method Described
Chromobacterium in Example 2 of JP
SC=~YM=1 gtrain, 2000~78888A.
N435A363term
[Table 10]
Exampleg Amount of | Conversion |Enantiomeric
Enzvme (mg) | Rate (&) Excess (%ee)
28 200.86 44.1 100.0
25 201.4 46.0 100.0
30 200,77 39.9 100.0
31 203.1 33,7 100.0
32 199.0 43,1 100.0
33 199.0 43.5 100.0
34 201.0 48.5 100.0

Examples 25 to 41

Production of optically=active Z-cyclopentylmethyl=3-[ (N~

benzyloxy=N=benzoyl)amino]propanoic acid

Each of E.

(2~

17)

coli recombinant scoluble fractions producing

various enzymes shown in Table 11 was weilghed into a vessel in

the amount shown inTable 12, and 5mLof a 0.1 Mpotassiumphosphate

buffer sclution {(pH 7.0) and 40.0 mg of an optical isomer mixture

(racemate)

cof 2-cyclopentylmethyl-3-~[ (N~benzyloxy-N-benzoyl)

aminolpropancic aclid ethyl ester were added.
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stirred at 25°C for 48 hours,

then 1 mL of

an agueocus 3.4%

phosphoric acid solution and 10 mL of tert-butyl methyl ether were

added,

and then mixed,

The mixture was allowed to stand still,

and then the tert-butyl methyl ether lazyer was analyzed in the

same manner as in Example 1, and the conversion and enantiomeric

excess of the resulting optically-active 2~cyclopentylmethyl-3-

[ {(N-benzyloxy-N-benzoyl)amino]propanocic acid were determined.

The results are shown in Table 12.

[Table 11]

Examples

Name of Enzyme

Origin of Enzyme

Method for Preparing
or Obtaining Enzyme

SC=YM=1 strain,

35 Wild Strain | Chromobacterium| Prepared According to
Esterase chocolatum Method Described in
Originated from Example 7 of
Chromobacterium JP~3875283.

SC-YM~1 strain

30 Esterase Chromobacterium | Prepared According to
Originated from| chocolatum Method Described in
Chromobacterium Example 12 of
SC-YM-1 strain, JP-3486942.
160A189Y363term

37 Esterase Chromobacterium | Prepared According to
Originated from| chocolatum Method Described in
Chromobacterium Example 12 of
SC~YM-1 strain, JP=-3486942.
1608189F363term

3 8 Esterase Chromobacterium| Prepared ARccording to
Originated from| chocolatum Method Described in
Chromobacterium Example 12 of
SC-YM~-1 strain, JP-3486942Z.
160A1BOF363term

39 Esterase Chromobacterium)| Prepared According to
Originated from| chocolatum Method Described in
Chromobacterium Example 2 of JP
SC-¥YM-1 strain, 2000~-78988A.

V3251

4 0 Esterase Chromobacterium| Prepared According to
Originated from| chocolatum Method Described in
Chromobacterium Example 2 of Jp

2Q00-78988A.
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T240AV288A

41 Esterase Chromobacterium| Prepared According to
Originated from| chocolatum Method Described in
Chromobacterium Example 2 of JP
SC-YM~-1 strain, 2000=78988A.,
N438A363term

[Takle 12]

Examples Amount of  Conversicn | Enantiomeric

Enzyme (mg) | Rate (%) Excess (%ee)

35 200,606 9.2 99.1

3¢ 201.7 35,2 899.8

37 202.7 6.9 98.9

38 201 .4 10.1 100.0

239 201.3 7.8 98. 9

40 200.2 6.8 89.0

41 200.8 12.0 100.0 |

Examples 42 and 43
Production of optically-active 2-benzyl-3-[(N-benzyloxy-N-
formyl)amino]lpropancic acid

FBach of E. coli recombinant soluble fractions producing
various enzymes shown in Table 13 was weighed intc a vessel in
the amount shown in Table 14, and 5mLof 2 0.1 Mpotassiumphosphate
buffer solution (pH 7.0) and 40.0 mg of an optical isomer mixture
{racemate) of 2-benzyl-3-[(N-benzyloxy-N-formyl)amino]
propancic acid ethyl ester were added. This sclutionwas stirred
at 25°C for 48 hours, and then 1 mL of an agueocus 3.4% phosphoric
acld eclution and 10 ml of tert=butyl methyl ether were added,
and then mixed. The mixture was allowed to stand still, and then
the tert=putyl methyl ether layer was analyzed in the game manner

as in Example 1, and the conversion and enantiomeric excess of
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the resulting optically-active

2-benzyl-3-[{N-benzyloxy-N-formyl)

aminolpropanoic acid were

determined, The resgults are shown in Table 14.
[Table 13]
Examples | Name of Enzyme |Oridgin c¢f Enzyme |Methoed for Preparing
cor Obtaining Enzvyme
42 Esterase Chromobacterium| Prepared According
Originated from| chocolatum to Method Described
Chromobacterium in Example 12 of
SC=YM=1 strain, JP=3486942,
160A189Y363term
43 Esterase Chromobacterium| Prepared According
Criginated from| chocolatum to Method Described
Chromobacterium in Example 2 of JP
SC=YM=1 strain, 2000-~78988A.
N43SA3G3term
[Table 14]
Examples Amount of | Conversion | Enantiomeric
Enzyme [(mg) | Rate (%) Excess (%ee)
42 201.2 42.9 92.0
43 201.2 33.6 92.3

Conversion Rate (%) = Amount of Product / (Amount of Substrate
+ Amcunt c¢f Product) x 100
Enantiomeric Excess (% ee) = (A - B) / (A + B) % 100 (A and B each

represent the amount of the correaponding enantiomer, and A> B},

INDUSTRIAL APPLICABILITY

The production method of the present invention is useful
for the production of a raw material or an intermediate compound

for producing an active pharmaceutical ingredient compound.
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CLAIMS

[Claim 1] A method for producing an optically-active

o—substituted-B-amino acid represented by formula (2):

Rﬁ Rﬁ

& N ”hmz L@
(wherein R* represents a hydrogen atom, a C; to Cip acyl group,
a carboxyl group or a carboxamide group: R? represents a hydrogen
atom, an opticonally-substituted C; to Cip 2lkyl group, an
optionally-substituted Cy to Ty aryl group, an
opticnally=substituted C; to Cgp aralkyl group, or a Cp to Cyp acyl
group, an optionally-~substituted C; to Cis alkoxycarbonyl group,
an optionally—-substituted Cy to Cyo arvloxycarbonyl group, an
optionally-substituted Cg to Cyo aralkyloxycarbonyl group, or an
optionally=gubatituted Cy to Cip cyelic ether group; Rarepresents
an optionally-substituted C; to Cyp hydrocarbon group; X
represents an oxXygen atom or a sulfur atom: and * repregentg the
asymmetric center),
the method comprising a step of asymmetrically hydrolyzing an

optical isomer mixture of an a-substituted-f-amino acid ester

represented by formula (1):

rY R
n
R N\//L\ ()
X Co,R

(wherein R* represents an optionally-substituted C; to Cig alkyl
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group; and Rl,Eﬁ, R® and X have the same meanings as described
above),

using an enzyme capable of asymmetrically hydrolyzing the -COzR®
group of the optical isomer mixture or a culture of a microorganism
capable of producing the enzyme or a treated product thereof.
[Claim 2] The method according to claim 1, wherein R® is an
optionally-substituted C; to Cyy hydrocarbon group.

[Claim 3] The method according to claim 1, wherein R? is a
cyclopentylmethyl group.

[Claim 4] The method according to claim 1, wherein R' ig a C; to
Cipo acyl dgroup.

[Claim 5] The method according to claim 1, wherein R ig a formyl
group, an scetyl group, a propilonyl group or a benzoyl group;
[Claim 6] The method according to claim l, wherein R'is a hydrogen
group.

[Claim 7] The method according to claim 1, wherein R? ig a Cs to
Cpo aralkyl group.

[(Claim 8] The method according to claim 1, wherein R? is a benzyl
group.

[Claim 8] The method according claim 1, wherein R is a methyl
group or an ethyl group.

[Claim 10] The method according to any one of claiml toe 9, wherein
the enzyme ig a hydrolase originated from Chromobacterium spp.
or Mucor spp. microorganism or a variant-type enzyme obtained by
deletion, addition or substitution of 1 or 2 of aminoc acids

constituting the hydrolase,
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[Claim 11] The method according to any ocne of c¢laiml to 8, wherein
the enzyme is a hydrolase originated from Chromobacterium
chocolatumor Mucor miehel microorganismor a variant-type enzyme
obtained by deletion, addition or substiturion of 1 or 2 of amino
aclds constituting the hydrolase.

[Claim 12] The method according to any one of claiml to 9, wherein
the enzyme ig an esterase or lipase derived from Chromobacterium
SC-YM-1 strain (Agency of Industrial Science and Technology:
Naticonal Institute of Bioscience and Human Technology, accession
number: FERM BP-6703) cor a variant-type enzyme obtained by
deletlion, additlon or subpstitution of 1 or 2 of amino acids

constituting the esterase or lipase.

53



