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EP 1 088 825 B9 (W1B1)
Description
TECHNICAL FIELD

[0001] Thisinventionrelates to a production intermediate of antimicrobial compounds and a production method there-
of.

BACKGROUND ART

[0002] 3-Amino-4-fluoromethylpyrrolidinyl group is useful as a substituent of quinolone compounds. This substituent
exists in four stereoisomer forms originated from the configuration of amino group and fluoromethyl group on the pyr-
rolidine ring.

[0003] Thatis, it exists in two isomers of cis and trans forms, and each of them exists in stereoisomer forms having
enantiomorphic relationship, thus existing in four isomer forms. Most useful among these four isomers is (3S,4S)-
3-amino-4-fluoromethylpyrrolidinyl group represented by the following formula:

HoN.  CHoF

which has one of the enantiomorphic relationship of cis configuration and can provide a quinolone having excellent
antimicrobial activity and safety.

[0004] In order to introduce this (3S,4S)-3-amino-4-fluoromethylpyrrolidinyl group into a quinolone compound, (3S,
48S)-3-amino-4-fluoromethylpyrrolidine (formula (Va)):

HZN CHzF
N (Va)
H

or a derivative thereof is required. In order to obtain this (3S,4S)-3-amino-4-fluoromethylpyrrolidine or a derivative
thereof, it is convenient to obtain (3S,9S)-3-amino-4-hydroxymethylpyrrolidine (formula (IVa)):

H,N.  CH,OH
(Iva)

N

H
or a derivative thereof and introduce fluorine atom into the compound.
[0005] However, though cis-3-amino-4-hydroxymethylpyrrolidine as its racemic compound has been known, a meth-
od for the synthesis of (3S,4S)-3-amino-4-hydroxymethylpyrrolidine has not been known. Accordingly, the object of
the invention of this application is to provide an efficient method for the production of (3S,4S)-3-amino-4-hydroxymeth-
ylpyrrolidine or a derivative thereof which is an excellent substituent supply source for efficiently obtaining excellent
quinolone compounds.

DISCLOSURE OF THE INVENTION

[0006] As a result of extensive investigation, the present inventors have found that, when a racemic cis-3-amino-
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4-hydroxymethylpyrrolidine derivative represented by formula (l) is treated with mandelic acid as an optically active
compound in acetone (or in the presence of an appropriate ketone compound), a condensed 1,3-oxazine derivative
(I11) is formed through the progress in an acetone- (or an appropriate ketone compound)-related ring closure reaction
between the amino group and hydroxymethyl group, and one of the isomers of this compound forms a salt with the
optically active mandelic acid and precipitates as crystals.

[0007] That is, it was revealed that separation of enantiomers of the compound of formula () is achieved by the
precipitation of a salt of the oxazine compound represented by formula (1) with the optically active mandelic acid as
crystals. In addition, it was revealed also that, when this salt is converted into its free form by removing mandelic acid
and then hydrolyzed, a 3-amino-4-hydroxymethylpyrrolidine derivative comprised of one of the enantiomers is easily
regenerated through ring opening of the oxazine ring.

[0008] Namely, the present invention was accomplished by finding that one of the enantiomers of the 3-amino-4-hy-
droxymethylpyrrolidine derivative can be obtained easily in this manner.

[0009] Accordingly, the present invention relates to a compound represented by the following formula (ll1a):

R* &'

or formula (lllb):

R’ ,CN—FF
7kN“ (II1Ib)

[in the above formulae,

R represents

a hydrogen atom,

an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl group
having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to 6 carbon atoms),

an acyl group (which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7 carbon
atoms and may have one or more substituents selected from the group consisting of an aryl group, a halogen atom
and an alkoxyl group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an aromatic group and an
aryl group as a substituent on the fatty chain in the case of an aliphatic group, it may have one or more substituents
selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms
and an alkoxyl group having from 1 to 6 carbon atoms),

an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety may have one or more substituents
selected from the group consisting of a halogen atom and an alkoxyl groups having from 1 to 6 carbon atoms), or
an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl group is substituted on an alkyl
group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents selected from the
group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group
having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from the
group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon
atoms);

R2 represents

a hydrogen atom,
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an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl groups
having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to 6 carbon atoms),

an acyl group (which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7 carbon
atoms and may have one or more substituents selected from the group consisting of an aryl group, a halogen atom
and an alkoxyl group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an aromatic group and an
aryl group as a substituent on the fatty chain in the case of an aliphatic group, it may have one or more substituents
selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms
and an alkoxyl group having from 1 to 6 carbon atoms),

an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety may have one or more substituents
selected from the group consisting of a halogen atom and an alkoxyl groups having from 1 to 6 carbon atoms), or
an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl group is substituted on an alkyl
group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents selected from the
group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group
having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from the
group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon
atoms); and

R3 and R4 each independently represents

an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms), or

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl group
having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms); or

R3 and R4 may together form a cyclic structure of from five-to eight-membered ring comprised of a polymethylene chain].
[0010] The present invention further relates to each of the following items.

A salt and a hydrate thereof, formed from a compound represented by a formula (llla) or formula (llIb) and an acid as
an optically active compound;

the aforementioned salt and a hydrate thereof, wherein the acid as an optically active compound is D-mandelic acid
or L-mandelic acid;

the aforementioned salt and a hydrate thereof, wherein the acid as an optically active compound is D-mandelic acid;
the aforementioned salt and a hydrate thereof, wherein the acid as an optically active compound is L-mandelic acid;
the aforementioned salt and a hydrate thereof, wherein R3 and R# are the same group;

the aforementioned salt and a hydrate thereof, wherein R3 and R4 are a methyl group;

the aforementioned salt and a hydrate thereof, wherein R! is a hydrogen atom;

the aforementioned salt and a hydrate thereof, wherein R2 is selected from the group consisting of a tert-butoxycarbonyl
group, a 2,2,2-trichloroethoxycarbonyl group, a benzyloxycarbonyl group, a p-methoxybenzyloxycarbony! group, a p-
nitrobenzyloxycarbonyl group, an acetyl group, a methoxyacetyl group, a trifluoroacetyl group, a chloroacetyl group,
a pivaloyl group, a formyl group and a benzoyl group;

the aforementioned salt and a hydrate thereof, wherein R2 is a benzyloxycarbonyl group;

a method for producing a compound represented by a formula (la) :

R'HN  CH,OH

(Ia)

or formula (Ib):
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H‘HN,’ LH,0H

O (Ib)
R2

[in the above formulae,

R' represents

a hydrogen atom,

an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl group
having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to 6 carbon atoms),

an acyl group (which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7 carbon
atoms and may have one or more substituents selected from the group consisting of an aryl group, a halogen atom
and an alkoxyl group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an aromatic group and an
aryl group as a substituent on the fatty chain in the case of an aliphatic group, it may have one or more substituents
selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms
and an alkoxyl group having from 1 to 6 carbon atoms),

an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety may have one or more substituents
selected from the group consisting of a halogen atom and an alkoxyl groups having from 1 to 6 carbon atoms), or
an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl group is substituted on an alkyl
group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents selected from the
group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group
having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from the
group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon
atoms); and

R2 represents

a hydrogen atom,

an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl groups
having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to 6 carbon atoms),

an acyl group (which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7 carbon
atoms and may have one or more substituents selected from the group consisting of an aryl group, a halogen atom
and an alkoxyl group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an aromatic group and an
aryl group as a substituent on the fatty chain in the case of an aliphatic group, it may have one or more substituents
selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms
and an alkoxyl group having from 1 to 6 carbon atoms),

an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety may have one or more substituents
selected from the group consisting of a halogen atom and an alkoxyl groups having from 1 to 6 carbon atoms), or
an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl group is substituted on an alkyl
group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents selected from the
group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group
having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from the
group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon
atoms)], which comprises the following steps 1, 2 and 3,

step 1:

a step in which an enantiomer mixture of a compound represented by formula (1):
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R'MN  CH,OH

I:J (1)

HZ

(in the formula, R and R2 are as defined in the foregoing, and the substituents R'HN- and -CH,OH on the pyrrolidine
ring are in the cis configuration) is treated with a compound represented by formula (ll) :

Rr* (II)

[in the formula,

R3 and R4 each independently represents

an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms), or

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl group
having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms); or

R3 and R* may together form a cyclic structure of from five-to eight-membered ring comprised of a polymethylene
chain] in the presence of an acid as an optically active compound, thereby obtaining a salt formed from either of a
compound represented by formula (ll1a):

e

N-R

RN (I1IIa)
H4

N

R1

or formula (l11b):

”~,

0] ) 2

3] N-R
NV (I1Ib) -
R* R/t ‘

and the optically active acid,
step 2:
a step in which a free form is obtained by removing the acid from the salt formed from the compound represented by
formula (llla) or (Illb) and the optically active acid, and
step 3:
a step in which the compound represented by formula (la) or (Ib) is obtained by hydrolyzing the free form of the com-
pound represented by formula (llla) or (llIb);
the aforementioned production method, wherein the acid as an optically active compound is D-mandelic acid or L-
mandelic acid;
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a method for producing a compound represented by formula (la) :

R'HN  CH,OH

(Ia)

[in the above formula,

R' represents

a hydrogen atom,

an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl group
having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to 6 carbon atoms),

an acyl group (which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7 carbon
atoms and may have one or more substituents selected from the group consisting of an aryl group, a halogen atom
and an alkoxyl group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an aromatic group and an
aryl group as a substituent on the fatty chain in the case of an aliphatic group, it may have one or more substituents
selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms
and an alkoxyl group having from 1 to 6 carbon atoms),

an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety may have one or more substituents
selected from the group consisting of a halogen atom and an alkoxyl groups having from 1 to 6 carbon atoms), or
an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl group is substituted on an alkyl
group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents selected from the
group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group
having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from the
group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon
atoms); and

R2 represents

a hydrogen atom,

an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl groups
having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to 6 carbon atoms),

an acyl group (which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7 carbon
atoms and may have one or more substituents selected from the group consisting of an aryl group, a halogen atom
and an alkoxyl group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an aromatic group and an
aryl group as a substituent on the fatty chain in the case of an aliphatic group, it may have one or more substituents
selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms
and an alkoxyl group having from 1 to 6 carbon atoms),

an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety may have one or more substituents
selected from the group consisting of a halogen atom and an alkoxyl groups having from 1 to 6 carbon atoms), or
an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl group is substituted on an alkyl
group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents selected from the
group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group
having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from the
group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon
atoms)], which comprises the following steps 1, 2 and 3,
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step 1:
a step in which an enantiomer mixture of a compound represented by formula (1):

R'HN  CH,OH

I
N (I)

R2

(in the formula, R and R2 are as defined in the foregoing, and the substituents R'HN- and -CH,OH on the pyrrolidine
ring are in the cis configuration) is treated with a compound represented by formula (l1):

RB
=0 (II)
H4

[in the formula,

R3 and R4 each independently represents

an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the group
consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms), or

an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a halogen atom,
a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms;
and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl group
having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms); or

R3 and R* may together form a cyclic structure of from five-to eight-membered ring comprised of a polymethylene
chain] in the presence of an acid as an optically active compound, thereby obtaining a salt formed from a compound
represented by a formula (ll1a) :

L0
R3 (I11a)
N

R4 RT

and the optically active acid,

step 2:

a step in which a free form is obtained by removing the acid from the salt formed from the compound represented by
formula (llla) and the optically active acid, and

step 3:

a step in which the compound represented by formula (la) is obtained by hydrolyzing the free form of the compound
represented by formula (llla);

the aforementioned production method, wherein the acid as an optically active compound is D-mandelic acid;

the aforementioned production method, wherein R3 and R4 are the same group;

the aforementioned production method, wherein R3 and R4 are methyl group;

the aforementioned production method, wherein R' is a hydrogen atom;

the aforementioned production method, wherein R? is selected from the group consisting of a tert-butoxycarbonyl
group, a 2,2,2-trichloroethoxycarbonyl group, a benzyloxycarbonyl group, a p-methoxybenzyloxycarbony! group, a p-
nitrobenzyloxycarbonyl group, an acetyl group, a methoxyacetyl group, a trifluoroacetyl group, a chloroacetyl group,
a pivaloyl group, a formyl group and a benzoyl group;

the aforementioned production method, wherein R2 is a benzyloxycarbonyl group;
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and so on.
(Mode for Carrying Out the Invention)

[0011] The compound of the invention represented by formula (l) is described.

[0012] The substituent R is a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, an aralkyl group, an
acyl group, an alkyloxycarbonyl group having from 2 to 7 carbon atoms or an aralkyloxycarbonyl group. When R is a
group other than hydrogen atom, which has such a property that it can take a role as a protecting group and can be
easily removed, such as benzyl group or the like, it is useful as a material compound that can be further converted into
various compounds.

[0013] The alkyl group may be in the form of a straight chain or a branched chain or in a cyclic form. Also, this alkyl
group may have one or more substituents selected from the group consisting of a halogen atom and an alkoxyl group
having from 1 to 6 carbon atoms. Their substituting position is not particularly limited, but on the terminal carbon atom
is desirable. As the halogen atom, fluorine atom or chlorine atom is desirable. The substitution number of halogen
atoms may be one or more, but it may become a perfluoro substitution in the case of fluorine atom. The alkyl moiety
of the alkoxyl group may also be in the form of a straight chain or a branched chain or in a cyclic form. As the alkyl
group, a methyl group, an ethyl group, a propyl group, a butyl group, a trifluoromethyl group, a methoxymethyl group,
a methoxyethyl group and the like are desirable.

[0014] The aralkyl group may have a structure in which an aryl group is substituted on an alkyl group having from 1
to 6 carbon atoms. The aryl group moiety thereof may have one or more substituents selected from the group consisting
of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1
to 6 carbon atoms. The alkyl group moiety may also have one or more substituents selected from the group consisting
of alkyl groups having from 1 to 6 carbon atoms and alkoxyl groups having from 1 to 6 carbon atoms. These alkyl
groups and alkyl moieties of the alkoxyl groups may be in the form of a straight chain or a branched chain or in a cyclic
form. As the aralkyl group, a a-phenylethyl group, a benzyl group, a nitrobenzyl group, a trityl group, a toluyl group
and the like are desirable.

[0015] The acyl group may be either aliphatic or aromatic. In the case of an aliphatic acyl group, it has from 2 to 7
carbon atoms and is either in straight chain or branched chain form. In addition, the fatty chain moiety may have one
or more substituents selected from the group consisting of an aryl group, a halogen atom and an alkoxyl group having
from 1 to 6 carbon atoms. Their substituting position is not particularly limited, but on the terminal carbon atom is
desirable. As the halogen atom, chlorine atom or fluorine atom is desirable. The substitution number of halogen atoms
may be one or more, and it may become a perfluoro substitution in the case of fluorine atom.

[0016] The aryl group as the substituent of aromatic acyl groups and of the fatty chain moiety of aliphatic acyl groups
may have one or more substituents selected from the group consisting of a halogen atom, a nitro group, an alkyl group
having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms. The alkyl moiety of these alkyl
groups and alkoxyl groups may be in the form of a straight chain or a branched chain or in a cyclic form. As the acyl
group, an acetyl group, a methoxyacetyl group, a trifluoroacetyl group, a chloroacetyl group, a pivaloyl group, a formyl
group, a benzoyl group, a nitrophenylacetyl group and the like are desirable.

[0017] The alkyloxycarbonyl group may have from 2 to 7 carbon atoms. Its alkyl group moiety may have one or more
substituents selected from the group consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon
atoms. Fluorine atom or chlorine atom is desirable as the halogen atom, and the alkyl moiety of alkoxyl groups may
be in the form of a straight chain or a branched chain or in a cyclic form. As the alkyloxycarbonyl group, a methoxy-
carbonyl group, a tert-butoxycarbonyl group, a 2,2,2-trichloroethoxycarbonyl group and the like are desirable.

[0018] Regarding the aralkyloxycarbonyl group, its aralkyl group moiety may be considered in the same manner as
the aforementioned aralkyl group. As the aralkyloxycarbonyl group, a benzyloxycarbonyl group, a p- methoxybenzy-
loxycarbonyl group, a p-nitrobenzyloxycarbonyl group and the like are desirable.

[0019] The substituent R2 is a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms, an aralkyl group, an
acyl group, an alkyloxycarbonyl group having from 2 to 7 carbon atoms or an aralkyloxycarbonyl group, and they can
be considered in the same manner as the substituent R1. Regarding the substituent R2, preferred are a methyl group,
an ethyl group, a propyl group, a butyl group, a trifluoromethyl group, a methoxymethyl group, a methoxyethyl group
and the like as the alkyl group; a a-phenylethyl group, a benzyl group, a nitrobenzyl group, a trityl group, a toluyl group
and the like as the aralkyl group; an acetyl group, a methoxyacetyl group, a trifluoroacetyl group, a chloroacetyl group,
a pivaloyl group, a formyl group, a benzoyl group, nitrophenylacetyl group and the like as the acyl group; a methoxy-
carbonyl group, a tert-butoxycarbonyl group, a 2,2,2-trichloroethoxycarbonyl group and the like as the alkyloxycarbonyl
group; and a benzyloxycarbonyl group, a p-methoxybenzyloxycarbonyl group, a p-nitrobenzyloxycarbonyl group and
the like as the aralkyloxycarbony! group.

[0020] The compound represented by formula (l) can be produced by the method shown as reference examples in
this specification or, alternatively, can be produced by applying to this method certain modifications which can be
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generally considered by those skilled in the art.
[0021] Next, the compound represented by formula (Il) is described.

>=0 : (11)

[0022] In this case, the substituents R3 and R4 each independently represents an alkyl group having from 1 to 6
carbon atoms or an aralkyl group, or R3 and R4 may together form a cyclic structure of from five- to eight-membered
ring comprised of a polymethylene chain.

[0023] These alkyl groups and aralkyl groups can be considered in the same manner as the substituent R'. Regarding
the substituents R3 and R4, preferred are a methyl group, an ethyl group, a propyl group, a butyl group, a trifluoromethyl
group, a methoxymethyl group, a methoxyethyl group and the like as the alkyl group; a phenyl group, a dimethoxyphenyl
group, a p-methoxyphenyl group and the like as the aryl group; and a a-phenylethyl group, a benzyl group, a nitrobenzyl
group, a trityl group, a toluyl group and the like as the aralkyl group. Also, R3 and R4 may together form a cyclic structure
of from five- to eight-membered ring (including the carbon atom to which R3 and R4 are bound) comprised of a polymeth-
ylene chain. When a cyclic structure is formed, size of the ring is preferably a five-membered ring or six-membered
ring. This ring may be further substituted by a substituent, and an alkyl group is desirable as the substituent on the
cyclic structure. When the cyclic structure has a substituent in this manner, it is desirable to introduce the substituent
to effect enantiomorph. That is, it is desirable that the oxazine ring formed by the reaction of the compound of formula
(1) with the compound of formula (I) does not generate new asymmetric center.

[0024] Since itis desirable that a new asymmetric center is not generated, R3 and R4 are preferably the same group.
Acetone is particularly desirable as the ketone compound represented formula (l1).

[0025] Inthe reaction for forming a condensed oxazine compound, it may be carried out using a solvent, and because
of the presence of a ketone compound represented by formula (1), the examples of the solvent suited for this reaction
include toluene, xylene and the like hydrocarbon solvents; diisopropyl ether, diethyl ether, tetrahydrofuran and the like
ether solvents; chloroform, dichloromethane and the like halogenated hydrocarbon solvents; and ethyl acetate and the
like esters. These may be used as a mixed solvent. On the other hand, a ketone compound represented by formula
(I) can also be used by itself as a solvent. Practically, it is desirable to use a ketone compound represented by formula
() serving also as a solvent. Also from such a point of view, acetone is desirable as the compound (l1).

[0026] Regarding the amount of the solvent, a salt of the oxazine compound can be crystallized using approximately
from 3 to 100 times, more preferably from about 6 to 20 times, particularly preferably about 10 times, of the solvent
based on the compound represented by formula (1).

[0027] Atthe time of the reaction, mixing ratio of the compound represented by formula (I) and the acid as an optically
active compound may be approximately from 0.1 to 3 moles, more preferably from about 0.5 to 2 moles, particularly
preferably from about 1 to 1.25 moles, of the optically active acid based on 1 mole of the former compound. As a matter
of course, the acid as an optically active compound is a pure substance (consisting of a single isomer) (the term "pure"
as used herein means a chemically pure degree).

[0028] Crystallization of a salt of the condensed oxazine compound can be carried out at a temperature of from the
melting point to boiling point of the solvent to be used, but is preferably from about -40 to 20°C, particularly preferably
from -20 to 0°C.

[0029] The crystallization time may be 30 minutes or more, but preferably from about 20 to 80 hours, particularly
preferably from about 40 to 60 hours.

[0030] Also, the thus precipitated salt of the condensed oxazine compound with optically active acid can be further
purified by recrystallizing it or stirring it under a suspended condition in a solvent after collecting it by filtration. The
solvent in this case is preferably acetone, but the aforementioned solvents can be optionally used. Also, the re-purifi-
cation by recrystallization or stirring under a suspended condition in a solvent can be carried out between the melting
point and boiling point of the solvent to be used, preferably at about -20 to 0°C.

[0031] The thus obtained salt of the condensed oxazine compound as an optically active compound represented by
formula (I1l) with the acid as an optically active compound may sometimes contain the solvent used in the precipitation
of salt and re-purification as a crystal solvent or adhered solvent. In addition, there will be a case in which it contains
crystal water or adhered water.

[0032] The presentinvention also contemplates providing a method for obtaining a pure enantiomer compound rep-
resented by the formula (la) or (Ib), in which a salt of the cyclic compound as an optically active compound represented
by formula (Ill) with the acid as an optically active compound is subjected to salt exchange by a base in an organic
solvent and then to hydrolysis via the cyclic compound as a free optically active compound.
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[0033] The base to be used in the salt exchange is an aqueous solution of hydroxide of sodium, potassium or the
like alkali metal or triethylamine, pyridine or the like organic base, and an aqueous solution of hydroxide of sodium,
potassium or the like alkali metal is preferable.

[0034] The solventis toluene or the like hydrocarbon solvent, diisopropyl ether, diethyl ether or the like ether solvent,
chloroform, dichloromethane or the like chlorine based solvent, ethyl acetate or a mixed solvent thereof, of which ethyl
acetate is particularly desirable.

[0035] In this case, amount of the solvent is approximately from 3 to 50 times, preferably from about 5 to 20 times,
particularly preferably from about 5 to 10 times, of the compound represented by formula (lll).

[0036] Mixing ratio of the compound represented by formula (lll) and the base is approximately from 1 to 3 moles,
preferably from about 1 to 1.5 moles, particularly preferably from about 1 to 1.1 moles, of the base based on 1 mole
of the compound represented by formula (lII).

[0037] The reaction can be carried out at a temperature of from the melting point to boiling point of the solvent to be
used, but is preferably from about 0 to 80°C, particularly preferably from 20 to 60°C.

[0038] The reactiontime may be 30 minutes or more, butis preferably from about 1 to 12 hours, particularly preferably
from about 3 to 6 hours.

[0039] In many cases, it is difficult to isolate the cyclic compound represented by formula (1), because the reaction
partially proceeds to the optically active aminoalcohol derivative represented by the formula (I).

[0040] Hydrolysis of the cyclic compound represented by formula (lll) can be carried out under either an acidic or
basic condition.

[0041] In the case of an acidic condition, hydrochloric acid, sulfuric acid or the like inorganic acid or acetic acid,
trifluoromethanesulfonic acid or the like organic acid may be used.

[0042] Inthe case of a basic condition, the base to be used is an aqueous solution of hydroxide of sodium, potassium
or the like alkali metal or triethylamine, pyridine or the like organic base.

[0043] Among these conditions, preferred is an acidic condition, and hydrochloric acid aqueous solution is particularly
desirable.

[0044] In the case of the acidic condition, the reaction can be carried out at a temperature of from the melting point
to boiling point of the solvent to be used, but is preferably from about 0 to 30°C, particularly preferably from about 10
to 20°C.

[0045] In the case of the acidic condition, the reaction time may be 30 minutes or more, but is preferably from about
1 to 24 hours, particularly preferably from about 6 to 12 hours.

[0046] The method of the present invention can be applied to any compound in which amino group and hydroxyl
group are substituted on such positions that a 1-oxa-3-aza cyclic compound of five-membered ring or six-membered
ring can be formed by incorporating carbon atom of the ketone compound, so that its application is not limited to the
compound of formula (I). The present inventors have considered that a -or y-aminoalcohol compound is suitable as
a compound to which the method of the invention can be applied. A compound represented by the following formula
(A) can be cited as its illustrative example.

HO
\
R3HN (CHy)n'
*x *
(a)
b e
) R¢ R R

[In the formula, R2 represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms (which may have one
or more substituents selected from the group consisting of a halogen atom and an alkoxyl group having from 1 to 6
carbon atoms), an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from
1 to 6 carbon atoms; the aryl group moiety may have one or more substituents selected from the group consisting of
a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to
6 carbon atoms; and the alkyl group moiety may have one or more substi tuents selected from the group consisting of
an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms), an acyl group
(which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7 carbon atoms and may
have one or more substituents selected from the group consisting of an aryl group, a halogen atom and an alkoxyl
group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an aromatic group and an aryl group as
a substituent on the fatty chain in the case of an aliphatic group, it may have one or more substituents selected from

11



10

15

20

25

30

35

40

45

50

55

EP 1 088 825 B9 (W1B1)

the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl
groups having from 1 to 6 carbon atoms), an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group
moiety may have one or more substituents selected from the group consisting of a halogen atom and an alkoxyl group
having from 1 to 6 carbon atoms), or an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which
an aryl group is substituted on an alkyl group having from 1 to 6 carbon atoms; the aryl group moiety may have one
or more substituents selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from
1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms; and the alkyl group moiety may have one
or more substituents selected from the group consisting of an alkyl group having from 1 to 6 carbon atoms and an
alkoxyl group having from 1 to 6 carbon atoms),

Rb, R¢, Rd and Re each independently represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms
(which may have one or more substituents selected from the group consisting of a halogen atom and an alkoxyl group
having from 1 to 6 carbon atoms), or an aralkyl group (having a structure in which an aryl group is substituted on an
alkyl group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents selected from
the group consisting of a halogen atom, a nitro group, an alkyl groups having from 1 to 6 carbon atoms and an alkoxyl
group having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from
the group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon
atoms), with the proviso that

Rb and Re¢ are not the same and/or

Rd and Re are not the same, and

n'is 1 0r0.1

[0047] More preferred compound is a compound represented by the following formula (B) in which the substituents
Re and RY in the aforementioned compound together form a cyclic structure. The present inventors have considered
that this compound represented by the formula (B) gives a more rigid salt having good crystallinity when the salt is
formed from a cyclic compound and an acid.

HO\
R3*HN (CHy)n'
Rb >* */ He
(B)
(CHyn?® - (/CHz)ﬂ3
1 2
Y ~ Z/ Y

[In the formula,

Ra, RP, Re and n'! are as defined in the foregoing,

Y1 represents a methylene group (>CH,), a carbonyl group (>C=0) or a structure >CHRY,

Y2 represents a methylene group (>CH,), a carbonyl group (>C=0) or a structure >CHRS,

Z represents a methylene group (>CH,), a carbonyl group (>C=0), a structure >CHR" or a structure >NR),

Rf, R9 and Rh each independently represents an alkyl group having from 1 to 6 carbon atoms (which may have one or
more substituents selected from the group consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon
atoms), or an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to
6 carbon atoms; the aryl group moiety may have one or more substituents selected from the group consisting of a
halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6
carbon atoms; and the alkyl group moiety may have one or more substituents selected from the group consisting of
an alkyl group having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to 6 carbon atoms),

Ri represents a hydrogen atom, an alkyl group having from 1 to 6 carbon atoms (which may have one or more substit-
uents selected from the group consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),
an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6 carbon
atoms; the aryl group moiety may have one or more substi tuents selected from the group consisting of a halogen
atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon
atoms; and the alkyl group moiety may have one or more substituents selected from the group consisting of an alkyl
group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms), an acyl group (which
may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7 carbon atoms and may have
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one or more substituents selected from the group consisting of an aryl group, a halogen atom and an alkoxyl groups
having from 1 to 6 carbon atoms; and in the cases of an aryl group as an aromatic group and an aryl group as a
substituent on the fatty chain in the case of an aliphatic group, it may have one or more substituents selected from the
group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group
having from 1 to 6 carbon atoms), an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety
may have one or more substituents selected from the group consisting of a halogen atom and an alkoxyl groups having
from 1 to 6 carbon atoms), or an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl
group is substituted on an alkyl group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more
substituents selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6
carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or
more substituents selected from the group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl
group having from 1 to 6 carbon atoms), and

each of nZ and n3 is independently an integer of 8 or less, with the proviso that the total of both cases is 3 or more and
8 or less (3 < (n2 + n3) < 8) (wherein the symbol ">" means bonding of an atom to its adjacent atom).]

[0048] Each of the substituents of compounds represented by formulae (A) and (B) can be considered in the same
manner as the already described corresponding substituent.

[0049] Regarding the compound represented by formula (B), isomers are generated based on the amino group
moiety and hydroxyl group moiety. That is, it exists in two cis and trans forms, and each of them exists in two isomer
forms having enantiomorphic relationship. Though these isomers can be separated by the method of the invention, it
is desirable to use a mixture of only cis form enantiomers or a mixture of only trans form enantiomers in carrying out
the separation. These requirements can be applied in the same manner to the compound of formula (A).

[0050] An acidic condition is necessary in forming a 1-oxa-3-aza cyclic compound with the ketone compound, and
the acid as an optically active compound to be used in the method of the invention takes a role in providing such an
acidic condition. In addition, since this acid is optically active and the acid to be used in the practical reaction is com-
prised of only a single enantiomer, optical resolution is attained by forming a salt with one of the enantiomers of the
compound of formula (A) or formula (B).

BEST MODE FOR CARRYING OUT THE INVENTION

[0051] Next, the present invention is described further illustratively based on Examples and Reference Examples,
though the invention is not limited thereto.

[Example 1] (1S,6S)-8-Benzyloxycarbonyl-4,4-dimethyl-5,8-diaza-3-oxabicyclo[4,3,0]nonane D-mandelate

[0052]

Mef\,r R ©)\coo++

[0053] A mixture of 3,4-cis-3-amino-4-hydroxymethyl-N-benzyloxycarbonylpyrrolidine (racemic compound; 3.00 g)
and D-mandelic acid (1.83 g) was dissolved in acetone (30 ml) at room temperature. After the dissolution, the resulting
solution was stirred at -20°C for 48 hours and then the thus precipitated salt was collected by filtration and dried at
room temperature under a reduced pressure, thereby obtaining 2.26 g of the title compound.

[Cbz: benzyloxycarbonyl]

Elemental analysis: C,4H3oN5Og

Calcd : C,64.27; H,6.89; N,6.25
Found i C,64.37; H,6.76; N, 6.20

Melting point: 77 - 79°C
MASS: m/e = 291 (FABMS)

13



10

15

20

25

30

35

40

45

50

55

EP 1 088 825 B9 (W1B1)

TH-NMR (DMSO-dg) & (ppm): 1.20 (3 H, s, 3-CHa), 1.30 (3 H, s, 3-CHb), (2.08 (s, acetone formed by decomposition
of the title compound)), 3.15 - 4.00 (8 H, m, H1, H5a, H5b, H6, H7a, H7b), 4.90 (1 H, s, methine proton of D-mandelic
acid), 5.06 (2 H, s, 8-NCO,CH,Ph), 7.25 - 7.42 (10 H, m, 8-NCO,CH,Ph, phenyl proton of D-mandelic acid)

(It was confirmed by NMR that the title compound was decomposed with passage of time in DMSO-dg to partially form
3-amino-4-hydroxymethyl-N-benzyloxycarbonylpyrrolidine and acetone. Assignment of the spectrum was described
as the peak originated from the title compound.)

Optical purity: 95.6% ee (measured by inducing the salt into 3-(N-tert-butoxycarbonyl)amino-4-hydroxymethyl-N-ben-
zyloxycarbonylpyrrolidine)

[Example 2] Spiro[(1S,6S)-5,8-diaza-8-benzyloxycarbonyl-3-oxabicyclo[4,3,0]Jnonane-4,1'-cyclohexanel D-mandelate

0] OH
N-Cbz ‘

N COOH

H

[0054]

[0055] A mixture of 3,4-cis-3-amino-4-hydroxymethyl-N-benzyloxycarbonylpyrrolidine (racemic compound; 100 mg)
and D-mandelic acid (61 mg) was dissolved in cyclohexanone (1 ml) at room temperature. After the dissolution, the
resulting solution was stirred at 0°C for 16 hours and then the thus precipitated salt was collected by filtration and
washed with diisopropyl ether. This was dried at room temperature under a reduced pressure to obtain 57.8 mg of the
title compound.

Elemental analysis: Co7H34N5Og

Calcd C,67.20; | H,7.10; | N, 5.80
Found i C,67.27; | H,7.21; | N, 5.59

Melting point: 144 - 147°C

MASS: m/e = 331 (FABMS)

TH-NMR (DMSO-dg) & (ppm): 1.30 - 1.97 (10 H, s, 3-cyclohexyl), 3.11 - 3.97 (8 H, overlapped the signals of H1, H5a,
H5b, HE, H7a, H7b), 4.95 (1 H, s, methine proton of D-mandelic acid) , 5.01 (2 H, s, 8-NCO,CH,Ph), 7.24 - 7.42 (10
H, m, 8-NCO,CH,Ph, phenyl proton of D-mandelic acid)

Optical purity: 97.5% ee (measured by inducing the salt into 3-(N-tert-butoxycarbonyl)amino-4-hydroxymethyl-N-ben-
zyloxycarbonylpyrrolidine)

[Example 3] (1R,6R)-8-Benzyloxycarbonyl-4,4-dimethyl-5,8-diaza-3-oxabicyclo[4,3,0]Jnonane L-mandelate

[0056]

7/,
M 0 N-Cbz
e7.\N\“ . COOH
Me {4

[0057] A mixture of 3,4-cis-3-amino-4-hydroxymethyl-N-benzyloxycarbonylpyrrolidine (racemic compound; 800 mg)
and L-mandelic acid (488 mg) was dissolved in acetone (8 ml) at room temperature. After the dissolution, the resulting
solution was stirred at -20°C for 54 hours. The thus precipitated salt was collected by filtration and dried at room
temperature under a reduced pressure to obtain 448 mg of the title compound.

Melting point: 86 - 87°C

Optical purity: 95.8% ee (measured by inducing the salt to 3-(N-tert-butoxycarbonyl)amino-4-hydroxymethyl-N-benzy-

10
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14



10

15

20

25

30

35

40

45

50

55

EP 1 088 825 B9 (W1B1)
loxycarbonylpyrrolidine)

[Example 4] (3S,4S)-3-Amino-4-hydroxymethyl-N-benzyloxycarbonylpyrrolidine

[0058] A 670 g portion of (1S,6S)-2,8-diaza-3,3-dimethyl-4-oxa-8-benzyloxycarbonylbicyclo[4.3.0]Jnonane D-man-
delate (optical purity: 97.8% ee) was mixed with 1 N hydrochloric acid aqueous solution (6,700 ml) and ethyl acetate
(6,700 ml) and stirred to extract mandelic acid into the organic layer, the organic layer was removed and then the water
layer was stirred at room temperature for 6 hours. After completion of the reaction, the aqueous solution was adjusted
to strongly basic level with 5 N sodium hydroxide aqueous solution and extracted with chloroform (12,000 ml) three
times (4,000 ml x 3) and then the extracts were concentrated to dryness, thereby obtaining 373 g of the title compound.
Optical purity: 97.8% ee (measured by inducing the salt to 3-(N-tert-butoxycarbonyl)amino-4-hydroxymethyl-N-benzy-
loxycarbonylpyrrolidine)

[Reference Example 1] 1-Benzyloxycarbonyl-4-ethoxycarbonyl-3-oxopyrrolidine

[0059] Ethyl acrylate (65.01 ml, 600.0 mmol) was added to a toluene (1,200 ml) solution containing N-benzyloxycar-
bonylglycine ethyl ester (156.3 g, 600.0 mmol) and then, under ice-cooling, sodium hydride (60% oil; 26.40 g, 660.0
mmol) was added thereto. After 10 minutes of stirring at the same temperature, the ice bath was taken off, and the
mixture was stirred at room temperature for 20 minutes and then at 50°C for 3 hours. After completion of the reaction,
and under ice-cooling, the reaction solution was adjusted to about pH 3 by adding 10% citric acid aqueous solution
and mixed with ethyl acetate, and the mixture was shaken and then subjected to separation of layers. The organic
layer was separated and washed with saturated brine, and the water layer was further extracted with ethyl acetate.
The organic layers were dried over anhydrous sodium sulfate and then filtered, and the solvent was evaporated under
a reduced pressure to obtain 196.7 g (600.0 mmol, quantitative) of the title compound.

TH-NMR (400 MHz, CDCl3) & (ppm): 1.22 - 1.32 (3 H, m), 3.93 - 4.05 (1 H, m), 4.05-4.31 (5H, m), 5.13-5.23 (2 H,
m), 7.28 - 7.40 (5 H, m).

[Reference Example 2] 1-Benzyloxycarbonyl-4-ethoxycarbonyl-3-methoxyiminopyrrolidine

[0060] 1-Benzyloxycarbonyl-4-ethoxycarbonyl-3-oxopyrrolidine (196.7 g, 600.0 mmol) was dissolved in pyridine (700
ml) and mixed with O-methylhydroxylamine hydrochloride (76.55 g, 916.5 mmol) under ice-cooling, and the mixture
was stirred at the same temperature for 10 minutes and then at room temperature for 5 hours. Pyridine was evaporated
under a reduced pressure, the residue was mixed with 1 N hydrochloric acid and ethyl acetate and then the mixture
was shaken and subjected to separation of layers. The organic layer was washed with saturated brine, and the water
layer was further extracted with ethyl acetate. The organic layers were dried over anhydrous sodium sulfate and filtered,
the solvent was evaporated under a reduced pressure and then the residue was purified by a silica gel column chro-
matography (n-hexane: ethyl acetate = 1:1) to obtain 187.5 g (589.1 mmol, 98.2%) of the title compound.

TH-NMR (400 MHz, CDCls3) & (ppm): 1.15 - 1.32 (3 H, m), 3.55 - 4.05 (5 H, m), 4.05 - 4.25 (4 H, m), 5 .09 - 5.20 (2 H,
m), 7.28 - 7.40 (5 H, m).

[Reference Example 3] 3,4-cis-1-Benzyloxycarbonyl-3-tert-butoxycarbonylamino-4-hydroxymethylpyrrolidine

[0061] 1-Benzyloxycarbonyl-4-ethoxycarbonyl-3-methoxyiminopyrrolidine (248.8 g, 550.0 mmol) was dissolved in
anhydrous tetrahydrofuran (1,000 ml), a tetrahydrofuran solution of 1 M borane-tetrahydrofuran complex (2.75 I, 2.75
mol) was added dropwise to the above solution which was stirred at -78°C, and the mixture was stirred at the same
temperature for 1.5 hours, under ice-cooling for 2 hours and then at room temperature for 12 hours. Under ice-cooling,
water was added to the reaction solution until generation of gas stopped, and the solution was mixed with potassium
carbonate (60.8 g) and stirred at room temperature for 1 hour. Next, the reaction solution was mixed with di-tert-butyl
bicarbonate (144.0 g, 660.0 mmol) under ice-cooling and then stirred at room temperature for 16 hours. The reaction
solution was mixed with water and ethyl acetate and shaken, and then the organic layer was separated. The organic
layer was washed with saturated brine and then dried over anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under a reduced pressure. The thus obtained residue was crystallized. A portion of the thus precipitated
crystals was purified by a silica gel column chromatography (n-hexane:ethyl acetate = 2:1) and combined with the un-
purified crystals to obtain 121.99 g (348.1 mmol, 63.3%) of the title compound.

TH-NMR (400 MHz, CDCl3) & (ppm) : 1.46 (9 H, s), 2.52 - 2.56 (1 H, m), 2.88 - 2.96 (1 H, m), 3.44 - 3.92 (6 H, m), 4.28
(1H,br),476-4.81(1H,m),510(1H,d,J=13.0Hz),5.14 (1 H,d, J=13.0 Hz), 7.29 - 7.37 (5 H, m).
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[Reference Example 4] 3,4-cis-3-Amino-4-hydroxymethyl-N-benzyloxycarbonylpyrrolidine

[0062] 3-(N-tert-Butoxycarbonyl)amino-4-hydroxymethyl-N-benzyloxycarbonylpyrrolidine (10.0 g, 28.54 mmol) was
dissolved in 1 N hydrochloric acid/ethanol (150 ml) and stirred at 45°C for 15 hours. The reaction solution was evap-
orated under a reduced pressure, and the residue was mixed with dichloromethane and 1 N sodium hydroxide and
shaken and then subjected to separation of layers. The organic layer was extracted and then the extract was concen-
trated to dryness to obtain 7.13 g (28.49 mmol, quantitative) of the title compound.

TH-NMR (270 MHz, CDCl3) & (ppm): 2.29 - 2.41 (1 H, m, H4) , 3.25 - 3.69 (5 H, m, H2a, H2b, H3, H5a, H5b), 3.80 (2
H, d, 4-CH,0OH), 5.13 (2 H, s, 1-NCO,CH,Ph), 7.30 - 7.37 (5 H, m, 1-NCO,CH,Ph)

MASS: m/e = 251 (FABMS)

Claims

1. A compound represented by the following formula (llla) :

o

" -

R 7kN : ' . (IIIa)
R* A1 .

R

or formula (llIb):

| o) C Rt (I11b)
3| - :
R —)\N\“ . S

wherein
R’ represents

e ahydrogen atom,

* an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the
group consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),

e an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6
carbon atoms ; the aryl group moiety may have one or more substituents selected from the group consisting
of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxy! group having
from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from the
group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to 6
carbon atoms),

e an acyl group (which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7
carbon atoms and may have one or more substituents selected from the group consisting of an aryl group, a
halogen atom and an alkoxyl group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an
aromatic group and an aryl group as a substituent on the fatty chain in the case of an aliphatic group, it may
have one or more substituents selected from the group consisting of a halogen atom, a nitro group, an alkyl
group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms),

e an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety may have one or more
substituents selected from the group consisting of a halogen atom and an alkoxyl groups having from 1 to 6
carbon atoms), or

e an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl group is substituted
on an alkyl group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents
selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon
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atoms and an alkoxyl group having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or
more substituents selected from the group consisting of an alkyl group having from 1 to 6 carbon atoms and
an alkoxyl group having from 1 to 6 carbon atoms);

R2 represents

* ahydrogen atom,

¢ an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the
group consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms),

e an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6
carbon atoms; the aryl group moiety may have one or more substituents selected from the group consisting
of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having
from 1 to 6 carbon atoms; and the alkyl groupmoiety may have one or more substituents selected from the
group consisting of an alkyl groups having from 1 to 6 carbon atoms and an alkoxyl groups having from 1 to
6 carbon atoms),

e an acyl group (which may be either aliphatic or aromatic; in the case of an aliphatic group, it has from 1 to 7
carbon atoms and may have one or more substituents selected from the group consisting of an aryl group, a
halogen atom and an alkoxyl group having from 1 to 6 carbon atoms; and in the cases of an aryl group as an
aromatic group and an aryl group as a substituent on the fatty chain in the case of an aliphatic group, it may
have one or more substituents selected from the group consisting of a halogen atom, a nitro group, an alkyl
group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6 carbon atoms),

* an alkyloxycarbonyl group having from 2 to 7 carbon atoms (the alkyl group moiety may have one or more
substituents selected from the group consisting of a halogen atom and an alkoxyl groups having from 1 to 6
carbon atoms), or

e an aralkyloxycarbonyl group (wherein the aralkyl group has a structure in which an aryl group is substituted
on an alkyl group having from 1 to 6 carbon atoms; the aryl group moiety may have one or more substituents
selected from the group consisting of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon
atoms and an alkoxyl group having from 1 to 6 carbon atoms; and the alkyl group moiety may have one or
more substituents selected from the group consisting of an alkyl group having from 1 to 6 carbon atoms and
an alkoxyl group having from 1 to 6 carbon atoms); and
R3 and R4 each independently represents

¢ an alkyl group having from 1 to 6 carbon atoms (which may have one or more substituents selected from the
group consisting of a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms), or

e an aralkyl group (having a structure in which an aryl group is substituted on an alkyl group having from 1 to 6
carbon atoms; the aryl group moiety may have one or more substituents selected from the group consisting
of a halogen atom, a nitro group, an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having
from 1 to 6 carbon atoms; and the alkyl group moiety may have one or more substituents selected from the
group consisting of an alkyl group having from 1 to 6 carbon atoms and an alkoxyl group having from 1 to 6
carbon atoms); or R3 and R* may together form a cyclic structure of from five-to eight-membered ring comprised
of a polymethylene chain.

A salt of a compound represented by the formula (l11a) or formula (IlIb) according to claim 1 with an optically active
acid, or a hydrate thereof.

The salt or a hydrate thereof according to claim 2, wherein the optically active acid is D-mandelic acid or L-mandelic
acid.

The salt or a hydrate thereof according to claim 2, wherein the optically active acid is D-mandelic acid.

The salt or a hydrate thereof according to claim 2, wherein the optically active acid is L-mandelic acid.

The salt or a hydrate thereof according to any one of claims 2 to 5, wherein R® and R* are the same group.

The salt or a hydrate thereof according to any one of claims 2 to 5, wherein R3 and R4 are a methyl group.

The salt or a hydrate thereof according to any one of claims 2 to 7, wherein R' is a hydrogen atom.

The salt or a hydrate thereof according to any one of claims 2 to 8, wherein R2 is selected from the group consisting

of a tert-butoxycarbonyl group, a 2,2,2-trichloroethoxycarbonyl group, a benzyloxycarbonyl group, a p-methoxy-
benzyloxycarbonyl group, a p-nitrobenzyloxycarbonyl group, an acetyl group, a methoxyacetyl group, a trifluoro-
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acetyl group, a chloroacetyl group, a pivaloyl group, a formyl group and a benzoyl group.

10. The salt or a hydrate thereof according to any one of claims 2 to 8, wherein R2 is a benzyloxycarbonyl group.

11. A method for producing a compound represented by a formula (la) :

R'WN  CH,OH
(Ia)
N

Rz

wherein R! and R? are as defined in claim 1,

which comprises the following steps 1, 2 and 3,

step 1:

treating an enantiomer mixture of a compound represented by a formula (1):

R'HN  CH,OH

N (1)

R2

wherein R! and R2 are as defined above, and the substituents R'HN- and -CH,OH on the pyrrolidine ring are in
the cis configuration,
with a compound represented by formula (Il):

R3 o
>x=0 : (1II1)

R"v

wherein
R3 and R4 are as defined in claim 1,
in the presence of an optically active acid, thereby obtaining a salt formed from a compound represented by a

formula (llla) :
S0
. _RZ
3
R N ' (IIXa)

R* A

with the optically active acid,

step 2:

removing the acid from the salt, thereby obtaining the free form of the compound represented by formula (llla), and
step 3:

hydrolyzing the free form of the compound represented by the formula (llla), thereby obtaining the compound
represented by formula (la).

12. A method for producing a compound represented by formula (Ib):
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1
R HN,‘ | \\CHZOH
N " (Ib)
éz
wherein R and R2 are as defined in claim 1, which comprises the following steps 1, 2 and 3,

step 1:
treating an enantiomer mixture of a compound represented by a formula (1) :

RN CH,OH

N (1)

RZ

wherein R and R? are as defined above, and the substituents RTHN- and -CH,OH on the pyrrolidine ring are in
the cis configuration,
with a compound represented by formula (11):

>=O - - (1II)

wherein
R3 and R4 are as defined in claim 1,
in the presence of an optically active acid, thereby obtaining a salt of a compound represented by formula (llIb):

Pl
2 .CN-Hz |
H37LN\;. i . (II1b)

R* &
with the optically active acid,
step 2:
removing the acid from the salt, thereby obtaining the free form of the compound represented by formula (llIb), and
step 3:

hydrolyzing the free form of the compound represented by the formula (llIb) thereby obtaining the compound
represented by formula (Ib).

. The method according to claim 11 or 12, wherein the optically active acid is D-mandelic acid.
. The method according to any one of claims 11 to 13, wherein R3 and R* are the same group.
. The method according to any one of claims 11 to 13, wherein R3 and R# are a methyl group.
. The method according to any one of claims 11 to 15, wherein R' is a hydrogen atom.

. The method according to any one of claims 11 to 16, wherein R2 is selected from the group consisting of a tert-
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butoxycarbonyl group, a 2,2,2-trichloroethoxycarbonyl group, a benzyloxycarbonyl group, a p-methoxybenzyloxy-
carbonyl group, a p-nitrobenzyloxycarbonyl group, an acetyl group, a methoxyacetyl group, a trifluoroacetyl group,

a chloroacetyl group, a pivaloyl group, a formyl group and a benzoyl group.

18. The method according to any one of claims 11 to 16, wherein R2 is a benzyloxycarbonyl group.

Patentanspriiche

1. Verbindung der folgenden Formel (ll1a):

ooy
R7LN |

(IIIa)
R*
R
oder Formel (llIb):
O/,,"
. (IIIb)
3 N=-R?
R %N\“C R
R* A
worin
R1 fiir

e ein Wasserstoffatom,

* eine Alkylgruppe mit 1 bis 6 Kohlenstoffatomen (die einen oder mehrere Substituenten aufweisen kann, die
ausgewahlt sind unter einem Halogenatom und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen),

e eine Aralkylgruppe (mit einer Struktur, in der eine Arylgruppe mit einer 1 bis 6 Kohlenstoffatomen aufweisenden
Alkylgruppe substituiert ist; die Arylgruppierung kann einen oder mehrere Substituenten aufweisen, die aus-
gewabhlt sind unter einem Halogenatom, einer Nitrogruppe, einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen
und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen; und die Alkylgruppierung kann einen oder mehrere
Substituenten aufweisen, die ausgewahlt sind unter einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen und einer
Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen),

e eine Acylgruppe (die entweder aliphatisch oder aromatisch sein kann; im Falle einer aliphatischen Gruppe
weist sie 1 bis 7 Kohlenstoffatome auf und kann einen oder mehrere Substituenten aufweisen, die ausgewahit
sind unter einer Arylgruppe, einem Halogenatom und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen; und
im Falle einer Arylgruppe als aromatische Gruppe und einer Arylgruppe als Substituent an der Fettkette einer
aliphatischen Gruppe, kann sie einen oder mehrere Substituenten aufweisen, die ausgewahlt sind unter einem
Halogenatom, einer Nitrogruppe, einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen und einer Alkoxylgruppe
mit 1 bis 6 Kohlenstoffatomen),

e eine Alkyloxycarbonylgruppe mit 2 bis 7 Kohlenstoffatomen (die Alkylgruppierung kann einen oder mehrere
Substituenten aufweisen, die ausgewahlt sind unter einem Halogenatom und einer Alkoxylgruppe mit 1 bis 6
Kohlenstoffatomen), oder

* eine Aralkyloxycarbonylgruppe (worin die Aralkylgruppe eine Struktur aufweist, in der eine Arylgruppe Sub-
stituent einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen ist; die Arylgruppierung kann einen oder mehrere
Substituenten aufweisen, die ausgewahlt sind unter einem Halogenatom, einer Nitrogruppe, einer Alkylgruppe
mit 1 bis 6 Kohlenstoffatomen und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen; und die Alkylgruppierung
kann einen oder mehrere Substituenten aufweisen, die ausgewahlt sind unter einer Alkylgruppe mit 1 bis 6
Kohlenstoffatomen und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen)

steht;
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R2 fir

* ein Wasserstoffatom,

* eine Alkylgruppe mit 1 bis 6 Kohlenstoffatomen (die einen oder mehrere Substituenten aufweisen kann, die
ausgewahlt sind unter einem Halogenatom und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen),

e eine Aralkylgruppe (mit einer Struktur, in der eine Arylgruppe mit einer 1 bis 6 Kohlenstoffatomen aufweisenden
Alkylgruppe substituiert ist; die Arylgruppierung kann einen oder mehrere Substituenten aufweisen, die aus-
gewahlt sind unter einem Halogenatom, einer Nitrogruppe, einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen
und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen; und die Alkylgruppierung kann einen oder mehrere
Substituenten aufweisen, die ausgewabhlt sind unter einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen und einer
Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen),

¢ eine Acylgruppe (die entweder aliphatisch oder aromatisch sein kann; im Falle einer aliphatischen Gruppe
weist sie 1 bis 7 Kohlenstoffatome auf und kann einen oder mehrere Substituenten aufweisen, die ausgewahit
sind unter einer Arylgruppe, einem Halogenatom und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen; und
im Falle einer Arylgruppe als aromatische Gruppe und einer Arylgruppe als Substituent an der Fettkette einer
aliphatischen Gruppe, kann sie einen oder mehrere Substituenten aufweisen, die ausgewahlt sind unter einem
Halogenatom, einer Nitrogruppe, einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen und einer Alkoxylgruppe
mit 1 bis 6 Kohlenstoffatomen),

¢ eine Alkyloxycarbonylgruppe mit 2 bis 7 Kohlenstoffatomen (die Alkylgruppierung kann einen oder mehrere
Substituenten aufweisen, die ausgewahlt sind unter einem Halogenatom und einer Alkoxylgruppe mit 1 bis 6
Kohlenstoffatomen), oder

* eine Aralkyloxycarbonylgruppe (worin die Aralkylgruppe eine Struktur aufweist, in der eine Arylgruppe Sub-
stituent einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen ist; die Arylgruppierung kann einen oder mehrere
Substituenten aufweisen, die ausgewahlt sind unter einem Halogenatom, einer Nitrogruppe, einer Alkylgruppe
mit 1 bis 6 Kohlenstoffatomen und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen; und die Alkylgruppierung
kann einen oder mehrere Substituenten aufweisen, die ausgewahlt sind unter einer Alkylgruppe mit 1 bis 6
Kohlenstoffatomen und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen); und

R3 und R4 jeweils unabhéngig voneinander fir

* eine Alkylgruppe mit 1 bis 6 Kohlenstoffatomen (die einen oder mehrere Substituenten aufweisen kann, die
ausgewahlt sind unter einem Halogenatom und einer Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen), oder

e eine Aralkylgruppe (mit einer Struktur, in der eine Arylgruppe Substituent einer Alkylgruppe mit 1 bis 6 Koh-
lenstoffatomen ist; die Arylgruppierung kann einen oder mehrere Substituenten aufweisen, die ausgewahlt
sind unter einem Halogenatom, einer Nitrogruppe, einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen und einer
Alkoxylgruppe mit 1 bis 6 Kohlenstoffatomen; und die Alkylgruppierung kann einen oder mehrere Substituenten
aufweisen, die ausgewahlt sind unter einer Alkylgruppe mit 1 bis 6 Kohlenstoffatomen und einer Alkoxylgruppe
mit 1 bis 6 Kohlenstoffatomen); oder

R3 und R4 kénnen zusammengenommen eine zyklische Struktur eines 5- bis 8-gliedrigen, aus einer Polymethy-
lenkette bestehenden Rings bilden.

Salz einer Verbindung der Formel (llla) oder Formel (llIb) nach Anspruch 1 mit einer optisch aktiven Saure, oder
ein Hydrat davon.

Salz oder Hydrat davon nach Anspruch 2, worin die optisch aktive Sdure D-Mandelsaure oder L-Mandelsaure ist.
Salz oder Hydrat davon nach Anspruch 2, worin die optisch aktive Sdure D-Mandelsaure ist.

Salz oder Hydrat davon nach Anspruch 2, worin die optisch aktive Saure L-Mandetsaure ist.

Salz oder Hydrat davon nach einem der Anspriiche 2 bis 5, worin R3 und R4 fiir die gleiche Gruppe stehen.
Salz oder Hydrat davon nach einem der Anspriiche 2 bis 5, worin R3 und R4 eine Methylgruppe sind.

Salz oder Hydrat davon nach einem der Anspriiche 2 bis 7, worin R! ein Wasserstoffatom ist.

Salz oder Hydrat davon nach einem der Anspriiche 2 bis 8, worin R2 ausgewahlt ist unter einer tert-Butoxycarbo-
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nylgruppe, einer 2,2,2-Trichlorethoxycarbonylgruppe, einer Benzyloxycarbonylgruppe, einer p-Methoxybenzylo-
xycarbonylgruppe, einer p-Nitrobenzyloxycarbonylgruppe, einer Acetylgruppe, einer Methoxyacetylgruppe, einer
Trifluoracetylgruppe, einer Chloracetylgruppe, einer Pivaloylgruppe, einer Formylgruppe und einer Benzoylgruppe.

Salz oder Hydrat davon nach einem der Anspriiche 2 bis 8, worin R2 eine Benzyloxycarbonylgruppe ist.

Verfahren zur Herstellung einer Verbindung der Formel (la):

R'HN  CH,OH

2 ; (Ia)

N

R2

worin R! und R2 wie in Anspruch 1 definiert sind,

wobei das Verfahren die folgenden Schritte 1, 2 und 3 beinhaltet,

Schritt 1:

Behandlung eines enantiomeren Gemisches einer Verbindung der Formel (1):

RN CH,OH

N ()

R2

worin R" und R2 wie oben definiert sind, und die Substituenten R'HN- und -CH,OH auf dem Pyrrolidinring in cis-
Konfiguration stehen,
mit einer Verbindung der Formel (l1):

R3
4)=O (I1)
R .

worin
R3 und R4 wie in Anspruch 1 definiert sind,
in Gegenwart einer optisch aktiven Saure, wobei man ein Salz erhalt, das aus einer Verbindung der Formel (ll1a):

0
Hoet
N
R* 9

mit der optisch aktiven Saure gebildet ist,

Schritt 2:

Entfernung der Saure aus dem Salz, wobei man die freie Form der Verbindung der Formel (llla) erhalt, und
Schritt 3:

Hydrolyse der freien Form der Verbindung der Formel (llla), wobei man die Verbindung der Formel (la) erhalt.

(IIIa)

12. Verfahren zur Herstellung einer Verbindung der Formel (Ib):

22



10

15

20

25

30

35

40

50

55

EP 1 088 825 B9 (W1B1)

R'HN,  CH,0H

()

N (Ib)

R2

worin R1 und R2 wie in Anspruch 1 definiert sind, wobei das Verfahren die folgenden Schritte 1, 2 und 3 beinhaltet:
Schritt 1:
Behandlung eines enantiomeren Gemisches einer Verbindung der Formel (1):

R'HN  CH,OH

N (1)

RZ

worin R! und R? wie oben definiert sind, und die Substituenten R'HN- und -CH,OH auf dem Pyrrolidinring in cis-
Konfiguration stehen,
mit einer Verbindung der Formel (Il):

r3 A
>=0 (11)
R4

worin
R3 und R# wie in Anspruch 1 definiert sind,
in Gegenwart einer optisch aktiven Saure, wobei man ein Salz der Verbindung der Formel (ll1b):

O .
-2
R3—7‘\N\\.CN R (IIIb)

mit der optisch aktiven S&ure erhalt,
Schritt 2:
Entfernung der Saure aus dem Salz, wobei man die freie Form der Verbindung der Formel (lllb) erhalt, und
Schritt 3:
Hydrolyse der freien Form der Verbindung der Formel (llIb), wobei man die Verbindung der Formel (Ib) erhalt.
13. Verfahren nach Anspruch 11 oder 12, wobei die optisch aktive Sdure D-Mandelsaure ist.
14. Verfahren nach einem der Anspriiche 11 bis 13, worin R3 und R# fiir die gleiche Gruppe stehen.

15. Verfahren nach einem der Anspriiche 11 bis 13, wobei R3 und R* eine Methylgruppe sind.

16. Verfahren nach einem der Anspriiche 11 bis 15, wobei R' ein Wasserstoffatom ist.
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17. Verfahren nach einem der Anspriiche 11 bis 16, worin R2 ausgewabhlt ist unter einer tert-Butoxycarbonylgruppe,

einer 2,2,2-Trichlorethoxycarbonylgruppe, einer Benzyloxycarbonylgruppe, einer p-Methoxybenzyloxycarbonyl-
gruppe, einer p-Nitrobenzyloxycarbonylgruppe, einer Acetylgruppe, einer Methoxyacetylgruppe, einer Trifluorace-
tylgruppe, einer Chloracetylgruppe, einer Pivaloylgruppe, einer Formylgruppe und einer Benzoylgruppe.

18. Verfahren nach einem der Anspriiche 11 bis 16, wobei R2 eine Benzyloxycarbonylgruppe ist.

Revendications

Composé représenté par la formule suivante (llla) :

‘7L/\¢E:‘. ' A?
R3 -
:

R* 1

) (IIxa)
R
ou la formule (llIb) :
) OI/QCN‘ Rz (IIIb)
R ‘7I\N“' .
R* &

dans lequel

R représente

un atome d'hydrogeéne,

un groupe alkyle ayant de 1 a 6 atomes de carbone (qui peuvent avoir un ou plusieurs substituants choisis
parmi le groupe constitué d'un atome d'halogéne et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone),

un groupe aralkyle (ayant une structure dans laquelle un groupe aryle est substitué sur un groupe alkyle
ayantde 1 a 6 atomes de carbone ; le groupe caractéristique du groupe aryle peut avoir un ou plusieurs substituants
choisis parmi le groupe constitué d'un atome d'halogéne, d'un groupe nitro, d'un groupe alkyle ayant de 1 a 6
atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone ; et le groupe caractéristique du
groupe alkyle peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un groupe alkyle ayant
de 1 a 6 atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone),

un groupe acyle (qui peut étre soit aliphatique soit aromatique ; dans le cas d'un groupe aliphatique, il a de
1 & 7 atomes de carbone et peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un groupe
aryle, d'un atome d'halogéne et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone ; et dans le cas d'un
groupe aryle en tant que groupe aromatique et d'un groupe aryle en tant que substituant sur la chaine grasse dans
le cas d'un groupe aliphatique, il peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un
atome d'halogéne, d'un groupe nitro, d'un groupe alkyle ayant de 1 a 6 atomes de carbone et d'un groupe alcoxyle
ayant de 1 a 6 atomes de carbone),

un groupe alkyloxycarbonyle ayant de 2 a 7 atomes de carbone (le groupe caractéristique du groupe alkyle
peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un atome d'halogéne et d'un groupe
alcoxyle ayant de 1 a 6 atomes de carbone), ou

un groupe aralkyloxycarbonyle (dans lequel le groupe aralkyle a une structure dans laquelle un groupe aryle
est substitué sur un groupe alkyle ayant de 1 a 6 atomes de carbone ; le groupe caractéristique du groupe aryle
peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un atome d'halogéne, d'un groupe nitro,
d'un groupe alkyle ayant de 1 a 6 atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone ;
et le groupe caractéristique du groupe alkyle peut avoir un ou plusieurs substituants choisis parmi le groupe cons-
titué d'un groupe alkyle ayant de 1 & 6 atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de
carbone) ;
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R2 représente

un atome d'hydrogeéne,

un groupe alkyle ayant de 1 a 6 atomes de carbone (qui peut avoir un ou plusieurs substituants choisis parmi
le groupe constitué d'un atome d'halogene et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone),

un groupe aralkyle (ayant une structure dans laquelle un groupe aryle est substitué sur un groupe alkyle
ayantde 1 a6 atomes de carbone ; le groupe caractéristique du groupe aryle peut avoir un ou plusieurs substituants
choisis parmi le groupe constitué d'un atome d'halogéne, d'un groupe nitro, d'un groupe alkyle ayant de 1 a 6
atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone ; et le groupe caractéristique du
groupe alkyle peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un groupe alkyle ayant
de 1 a 6 atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone),

un groupe acyle (qui peut étre soit aliphatique soit aromatique ; dans le cas d'un groupe aliphatique, il a de
1 a 7 atomes de carbone et peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un groupe
aryle, d'un atome d'halogéne et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone ; et dans le cas d'un
groupe aryle en tant que groupe aromatique et d'un groupe aryle en tant que substituant sur la chaine grasse dans
le cas d'un groupe aliphatique, il peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un
atome d'halogéne, d'un groupe nitro, d'un groupe alkyle ayant de 1 a 6 atomes de carbone et d'un groupe alcoxyle
ayant de 1 a 6 atomes de carbone),

un groupe alkyloxycarbonyle ayant de 2 a 7 atomes de carbone (le groupe caractéristique du groupe alkyle
peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un atome d'halogene et d'un groupe
alcoxyle ayant de 1 a 6 atomes de carbone), ou

un groupe aralkyloxycarbonyle (dans lequel le groupe aralkyle a une structure dans laquelle un groupe aryle
est substitué sur un groupe alkyle ayant de 1 a 6 atomes de carbone ; le groupe caractéristique du groupe aryle
peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un atome d'halogéne, d'un groupe nitro,
d'un groupe alkyle ayant de 1 a 6 atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone ;
et le groupe caractéristique du groupe alkyle peut avoir un ou plusieurs substituants choisis parmi le groupe cons-
titué d'un groupe alkyle ayant de 1 a 6 atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de
carbone) ; et

R3 et R4 représentent chacun indépendamment

un groupe alkyle ayant de 1 a 6 atomes de carbone (qui peuvent avoir un ou plusieurs substituants choisis
parmi le groupe constitué d'un atome d'halogéne et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone), ou

un groupe aralkyle (ayant une structure dans laquelle un groupe aryle est substitué sur un groupe alkyle
ayantde 1 a 6 atomes de carbone ; le groupe caractéristique du groupe aryle peut avoir un ou plusieurs substituants
choisis parmi le groupe constitué d'un atome d'halogéne, d'un groupe nitro, d'un groupe alkyle ayant de 1 a 6
atomes de carbone et d'un groupe alcoxyle ayant de 1 a 6 atomes de carbone ; et le groupe caractéristique du
groupe alkyle peut avoir un ou plusieurs substituants choisis parmi le groupe constitué d'un groupe alkyle ayant
de 1 & 6 atomes de carbone et un groupe alcoxyle ayant de 1 & 6 atomes de carbone) ; ou R3 et R4 peuvent former
ensemble une structure cyclique de cing a huit chainons composée d'une chaine polyméthyléne.

Sel d'un composé représenté par la formule (llla) ou la formule (llIb) selon la revendication 1, avec un acide
optiquement actif, ou un hydrate de celui-ci.

Selou un hydrate de celui-ci selon la revendication 2, dans lequel I'acide optiquement actif est I'acide D-mandélique
ou l'acide L-mandélique.

Sel ou un hydrate de celui-ci selon la revendication 2, dans lequel I'acide optiquement actif est I'acide D-mandé-
lique.

Selou un hydrate de celui-ci selon la revendication 2, dans lequel I'acide optiquement actif est I'acide L-mandélique.

Sel ou un hydrate de celui-ci selon I'une quelconque des revendications 2 & 5, dans lequel R3 et R4 sont le méme
groupe.

Sel ou un hydrate de celui-ci selon I'une quelconque des revendications 2 & 5, dans lequel R3 et R4 sont un groupe
méthyle.

Sel ou un hydrate de celui-ci selon I'une quelconque des revendications 2 & 7, dans lequel R est un atome d'hy-
drogéne.
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9. Sel ou un hydrate de celui-ci selon I'une quelconque des revendications 2 a 8, dans lequel R? est choisi parmi le
groupe constitué d'un groupe tert-butoxycarbonyle, d'un groupe 2,2,2-trichloroéthoxycarbonyle, d'un groupe ben-
zyloxycarbonyle, d'un groupe p-méthoxybenzyloxycarbonyle, d'un groupe p-nitrobenzyloxycarbonyle, d'un groupe
acétyle, d'un groupe méthoxyaceétyle, d'un groupe trifluoracétyle, d'un groupe chloroacétyle, d'un groupe pivaloyle,
d'un groupe formyle et d'un groupe benzoyle.

10. Sel ou un hydrate de celui-ci selon I'une quelconque des revendications 2 & 8, dans lequel R? est un groupe
benzyloxycarbonyle.

11. Procédé pour produire un composeé représenté par une formule (la) :

R'™HN  CH,OH

(Ia)
N

Rz

dans lequel R et R2 sont tels que définis dans la revendication 1,

qui comprend les étapes 1, 2 et 3 suivantes,

étape 1:

le traitement d'un mélange d'énantioméres d'un composé représenté par une formule (1) :

R'HN  CH,OH

N (1)
'

RZ

dans lequel R et R2 sont tels que définis ci-dessus, et les substituants R'HN- et -CH,OH sur le cycle pyr-
rolidine sont dans la configuration cis,
avec un composé représenté par la formule (ll) :

Ra
X:O (II)

R4

dans lequel

R3 et R4 sont tels que définis dans la revendication 1,

en présence d'un acide optiquement actif, obtenant de ce fait un sel formé a partir d'un composé représenté
par une formule (llla) :

o .
-2
Rsﬁ%:;:l::> R (IITa)
R* év

avec l'acide optiquement actif,
étape 2:
I'élimination de I'acide du sel, obtenant de ce fait la forme libre du composé représenté par la formule (llla), et
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étape 3:
I'nydrolyse de la forme libre du composé représenté par la formule (llla), obtenant de ce fait le composé
représenté par la formule (la).

12. Procédeé pour la production d'un composé représenté par la formule (Ib) :

R'HN,  CH,OH

S
S

®

N (Ib)

Rz

dans lequel R et R2 sont tels que définis dans la revendication 1, qui comprend les étapes 1, 2 et 3, suivantes
étape 1:
le traitement d'un mélange d'énantioméres d'un composé représenté par une formule (1) :

R'HN  CH,OH

N ‘ (I)

RZ

dans lequel R et R2 sont tels que définis ci-dessus, et les substituants R'HN- et -CH,OH sur le cycle pyr-
rolidine sont dans la configuration cis,
avec un composeé représenté par la formule (ll) :

R3
):O (I1)

R4

dans lequel

R3 et R4 sont tels que définis dans la revendication 1,

en présence d'un acide optiquement actif, obtenant de ce fait un sel d'un composé représenté par formule
(IMb) :

74,

0 2

3 -R

R —/LN\\, (IIIb)
RY &
R

avec l'acide optiquement actif,

étape 2:

I'élimination de I'acide du sel, obtenant de ce fait

la forme libre du composé représenté par la formule (l11b), et

étape 3 :

I'nydrolyse de la forme libre du composé représenté par la formule (lllb), obtenant de ce fait le composé
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14.

15.

16.

17.

18.

EP 1 088 825 B9 (W1B1)
représenté par la formule (Ib).
Procédé selon la revendication 11 ou 12, dans lequel I'acide optiquement actif est I'acide D-mandélique.
Procédé selon I'une quelconque des revendications 11 a 13, dans lequel R3 et R4 sont le méme groupe.
Procédé selon I'une quelconque des revendications 11 a 13, dans lequel R3 et R* sont un groupe méthyle.
Procédé selon I'une quelconque des revendications 11 & 15, dans lequel R est un atome d'hydrogéne.
Procédé selon I'une quelconque des revendications 11 & 16, dans lequel R2 est choisi parmi le groupe constitué
d'un groupe tert-butoxycarbonyle, d'un groupe 2,2,2-trichloroéthoxycarbonyle, d'un groupe benzyloxycarbonyle,
d'un groupe p-méthoxybenzyloxycarbonyle, d'un groupe p-nitrobenzyloxycarbonyle, d'un groupe acétyle, d'un
groupe méthoxyaceétyle, d'un groupe trifluoracétyle, d'un groupe chloroacétyle, d'un groupe pivaloyle, d'un groupe

formyle et d'un groupe benzoyle.

Procédé selon I'une quelconque des revendications 11 a 16, dans lequel R2 est un groupe benzyloxycarbonyle.
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