
DESCRIPTION Title of invention: METHOD FOR PRODUCING 3,4 SUBSTITUTED
PYRROLIDINE, DERIVATIVE Technical Field [0001]        The present invention
relates to a novel method for producing a 3,4-disubstituted pyrrolidine
derivative, which is an intermediate for production of antibacterial agents
which. are effective also to resistant bacteria. Prior Art [0002] Patent
Documents I and 2 disclose a 10-(3-eyclopropy1aminometh)(14-substitucti
IS1.-pyrrolidinyl)pyridobenzoxazinecarboxylle acid. derivative and a 7(3-
cyclopropylaminomethy1-4-substituted I -pyrrolidinyl)quinolonecarboxylic
acid derivative as antibacterial agents which show excellent antibacterial
activities on resistant bacteria and are highly safe, [0003]
However, the compounds described in Patent Documents 1 and 2 have a
(3R,4S)- 3-kylaininoinethyl-4-flutiropyrro]idinyi group at the 7-position,
but for the synthesis of its raw material, that is,
(3R,43)-3-alkylaminometay1-4-fluoropyrrolidine, there have been problems
such as multi-step process (Patent Documents 1 and 2) and the difficulty in
purification (Patent Document 3). 2[0004]        Therefore, in Patent
Document 4, an improved method for producing an ctsubstituted f3-ketoester
derivative using an asymmetric hydrogenation reaction has been disclosed.
That is, it is disclosed that an optically active form of an
aati-($S,4R)-3- alkoxycarbonyl-4-hydroxypyrrolidine derivative or it's
enantioraer can he obtained with 30high stereoseleetivity by carrying out
asymmetric hydrogenation using an optically active catalyst of a racemic
3-alkoxycarbony1-4-oxopyrrolidine derivative. [0005]        In addition, it
is disclosed that an optically active foixu of an anti-(3SAR)-3-
alkylcarbarrioyl.-44ydroxypyrrolidine derivative is obtained by converting
an ester group 35moiety of the obtained optically active form of the
anti-(3S,410-3-alkoxyembony1-4- hydroxypyrrolidine derivative into an
alkylaraide group. [0006]  The compound has superior crystallinity, and the
enantionier [(3R,43)-form and it's diastereomers of the desired product,
which are produced in small amounts from the asymmetric hydrogenation step,
can be removed by recrystallization or the like. Thereafter, an optically
active form of (3R,48)-3-alkylaminamethyl-4-fluoropyrrolidine may be
derived through the step such as fluorination of a hydroxyl group (Patent
Document 4). [0007]        Furthermore, similarly, in the case of using an
optically active form of an ant
(3R,48)-3-alkoxycarbony1-4-hydroxypyrrolidine derivative, an optically
active form of a 



10(3S,4R)-3-aikylaminotnethyl-4-fluoropyrrolidine may he derived (Patent
Document 4). [0008]        On the other hand, there are few examples of
catalytic asymmetric hydrogenation reactions using an a-substituted
ll-ketoamide derivative. In Non-Patent Document 1, examples of the
catalytic asymmetric hydrogenation using an a-alky1-f3-ketoamide are 1
Sdescribed. Prior Art Document Patent Documents [0009] 2:0[Patent Document
11 International Publication WO 2003/078439 [Patent Document 2/]
International Publication WO 2005/026147 [Patent Document 3] Japanese
Patent Publication JP-Lk-2005-239617 [Patent Document 4] International
Publication WO 2007/102567 Non-Patent Document /3[00101 [Non-Patent
Document 1] Organic Letters, 2010, 12(3), 512-515 Summary of Invention
Problems to Be Solved by the Invention [0011]        The production method
described in International Publication WO 2007/102567 (Patent Document 4)
is significantly useful in that it has a small number of steps involved and
permits easy purification, but it provides problems that high-pressure
conditions are required when carrying out an asymmetric hydrogenation
reaction and a large amount of 3 5 catalysts are used. In addition, the
main product obtained, as a desired product in Organic Letters, 2010,
12(3), 512-515 (Non-Patent Document 1) is a syn-ii-hydrox.yanaide form and
does not provide the anti-form as a main product. [0012]  'Therefore, the
present invention provides an inexpensive and industrially advantageous
method for producing an optically active form of an anti-(3S,4R)-3-
alkylcarbarnoy1-4-hydroxypyrrolidine derivative orenantiomer, which is a
key intermediate for producing a high-quality optically active form of
(311.,48)-3- alkylamiriondethyl-4-fluoropyrrolidirte or it's enantiomer
useful as an intermediate for producing pharmaceuticals. Means for Solving
the Problems 0013]        The present inventors have made extensive studies
in order to solve the above-described problems, and as a result, they have
found that an anti-(3S,4R)-4- hydroxypyrrolidine-3-earboxamide derivative
or it's enaatiomer is obtained with high optical purity by carrying out
catalytic asymmetric hydrogenation using a rae.ernie 4-
oxupyrrolidine-3-carboxamide derivative, thereby completing the present
invention (Step A), [0014]        In addition, they have found that a
4-oxopyrrolidine-3earboxamide derivative which is a reaction starting
material for the asymmetric hydrogenation can be synthesized efficiently by
a step of using a 3-[(alk.oxycarbonylmethyl)amino]propionic acid ester
20derivative as a. raw material and selectively converting one of ester
groups into carboxylic 



acid (Step D), a step of subjecting the obtained monec.arboxylic acid
derivative to amidation (Step C), and a step of carrying out Dieckmarin
cyclizatiort (Step B), thereby completing the resent invention. [00151 That
is, the present invention includes the following inventions. A method for
producing an optically active anti-4-hydroxypyrrolidine-3- carboxamide
derivative represented by the general foitiona (II) or it's enantiomer by
carrying out an asymmetric hydrogenation using an optically active catalyst
of a 4- oxopyrrolidine-3-carboxamide derivative represented by the general
formula (1) (Step A).  [0016] [Chem. 1]    [0017]        ;In the formula
(I), PG/ represents a protecting group for an amino group, an RI represents
hydrogen, a Cl to C6 alkyl group which may be substituted, or a C3 to C8
cycloalkyl group which may be substituted.] [0018] [Chem. 2]  [0019] [In
the formula (II). PG" and re have the same meanings as described above.]
[2]A method for producing an optically active anti-44hydroxypyrrolidine-3-
earboxamide derivative represented by the general formula (ii) or it's
enantiomer, comprising Steps B and A below;        (Step B) a step of
heating a compound represented by the general formula (III) with at least
one kind of base selected from an alkali metal carbonate, an alkali metal
amide, an alkali metal hydride, and an alkali metal alkoxide to obtain a
4-oxopyrrolicline-3- earboxamide derivative represented by the general
foormia (I); and        (Step A) a step of subjecting the compound
represented by the general formula (I) obtained in Step B to asymmetric
hydrogenation using an optically active catalyst to obtain a compound
represented by the general formula (II) ) or it's enantioiner,  [0020]
[Chem. 3] it\lf.R1 (111) R202C---'-1,1 PG1 [0021]        [In the formula
(III), Pd represents a protecting group for an amino group, R' represents
hydrogen, a Cl to C6 alkyl group which may he substituted, or a C3 to CS
cycloalkyl group which may be substituted, and R2 represents a Ci to C6
alkyl group] [0022] 



[Chem, 4]  [0023] [In the formula (I), PG/ and. have the same meanings as
described above] 1 5[0024] [Chem. 5]           Ri HR ttH (II) PG1 [00251
20[In the formula (11), Pd and R/ have the same meanings as described above
1.31A method for producing an optically active anti-4-hydroxypyrrol ne-3-
carboxamide derivative represented by the general formula (II) or it's
enantionner, comprising Steps D to A below:        (Step D) a step of
treating a compound represented by the general formula (IV) with an acid to
obtain a compound represented by the general formula CV);        (Step C) a
step of condensing the compound represented by the general formula (V)
obtained in Step D with an amine represented by the general formula (VI) to
obtain a compound represented by the general formula (III);        (Step B)
a step of treating the compound represented by the general formula (III)
obtained in Step C with at least one kind of base selected from an alkali
metal carbonate, an alkali metal amide, an alkali metal hydride, and an
alkali metal alkoxide to obtain a 4- oxopyrrolidine-3-earboxamide
derivative represented by the general formula (1):        (Step A) a step
of subjecting the compound represented by the general formula (I) obtained
in Step B to asymmetric hydrogenation using an optically active catalyst
having chiral ligand to obtain a compound represented by the general
formula (11) or it's enannomer. 100261 [Chem. 6]  R2O2CNOt ' [00271
[In the foninula (IV). PC' represents a protecting group for art amino
group and R1 represents a Ci to C6 alkyl group.] [0028] [Chem. 71
R202C--N-COn 



PG ' 10029/ [In the formula (Vk PC' and R2 have the same meanings as
described above]  [00301 [Chem. 8] 131-NH2(VI) [0031]        [In the
formula (VI), RI represents hydrogen, a Cl to C6 alkyl group which t ay be
substituted, or a C3 to C8 eyeloalkyl group which may be substituted.]
[0032] [Chem. 9]  1 R202C---`N'NeR (ID) le)G1 a .5 [0033] [In the formula
(III), PC!, RI, and above] [0034] [Chem. 10] have the same meanings as
described     [0035] 20[In the formula (j), PC' and le have the same
meanings as described above.]  [0036] [Chem. 11] 



[0037] [in the formula (II), PG' and le have the same meanings as described
above.]        [4]The production method described in any one of [1] to [3]
above, wherein the optically active catalyst in Step A is an optically
active ruthenium catalyst having a chiral ligand. 151The production method
described in any one of [1] to [4] above, wherein in Step A, the chiral
ligand in the optically active catalyst is an optically active 2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl(BINAP) or it's analogue, 5,5-
bis(diphenylphosphino)-4,4'-bi-1,3-benzudioxole (SEGPII0S) or it's
analogue, or (2,2'- bisdiphenylphosphino)-6,6'-dirriethoxy-1,1'-biphenyl
(Me0-11IPHEP) or it's analogue. 15[6]The production method described in any
one of [1] to [5] above, wherein in Step A, the chiral ligand in the
optically active catalyst is 2,T-bis(diphenylphosphin.o)-
1,1'-binaphthyl(B1NAP) or
5,5'-bis(diphenylphosphino)-4,4'-bi-1,3-henzodioxok,- (SEGPII0S).
[7] The production method described in any one of [1] to [6] above, wherein
the -protecting group for the amino group represented by Pfil is an
aralkoxycarbonyl group or an alkoxycarbonyl group.         [8] The
production method described in any one of [I] to [7] above, wherein the
protecting group for the amino group represented by PCil is an
araikoxycarbonyl group,         [9] The production method described in any
one of [1] to [8] above, wherein 25the protecting group for the amino group
represented by PG/ is a henzyloxycarbonyi group.         [10] The
production method described in any one of [1] to [9] above, wherein R/ is a
cyclopropyl group.         [11] The production method described in any one
of [I] to [10] above, the reaction in Step A is carried out under the
conditions of a hydrogen pressure of from ordinary pressure to less than 1
MPa.  [12]The production method described in any one of [1] to [11] above,
wherein the optically active catalyst in Step A is used in an amount of
from 0,0] to 2 mol %, with respect to the general formula (1), [1$]The
production method described in any one of [1] to [12] above, wherein 6the
optically active catalyst in Step A is used in an amount of from 0.01 to
mol %, with respect to the general formula (1), [14] A method for producing
a compound represented by the general formula (I) for the asymmetric
hydrogenation using an optically active catalyst, comprising 



(Step B) a step of treating the compound represented by the general
foiraula with a base selected. from an alkali metal carbonate, an alkali
metal amide, an alkali metal hydride, and an alkali metal alkoxide to
obtain a 4-cixopyTrolidine-3-carboxamide derivative represented by the
general formula (1). [003K] [Chem. 12] 0 ---,W R202C N"`Ne 101 [0039] [In
the formula MB , 1)01 represents a protective group for an amino group, R'
represents hydrogen, a CI to C6 alkyl group which may be substituted, or a
C3 to C8 20cycloalkyl group which may be substituted, and R2 represents a
Cl to C6 alkyl group.] [0040] [Chem. 1.3] [0041] [in the formula (I), PGI
and RI have the same meanings as described above.]          [15] The
production method described in any one of [2] to [141, above, wherein the
base in Step B is an alkali metal alkoxide.         [16] The production
method desert bed in any one of [2] to [15] above, wherein the base in Step
B is potassium tert-pentoxide.         [17] The production method described
in any one of [2] to [16] above, wherein the base in Step B is used in the
amount of from I to 1.5 equivalents, with respect to the compound
represented by the general formula (ilI).            [18] The production
method described in any one of [1] to [17] above, wherein the protecting
group for the amino group represented by PG' is an aralkoxycarbonyl group
ILOand RI is a e2,7elopropyl group.         [19] .A method for producing a
compound represented by the general formula (V), comprising (Step D)
treating a compound represented by the general formula (W) with an acid.
[0042] [Chem. 14] 0 R202C N\ttBu PG1 (IV) 



[0043] 20[in the formula (IV), PG: represents a protective group for an
amino group and R2 represents a Cl. to C6 alkyl group.] [0044] [Chem. 15]
R202C7 N "91(V)  [0045] [In the :formula (V), Pd and R2 have the same
meanings as described above.]           [20] The production method
described in any one of [3] to [13] above and 1191 above ;herein the acid
in Step D is trilluoroacetic acid. or formic acid.         [21] The
production method described in any one of [3] to [[19], and [20] above
wherein the acid in Step D is formic acid.         [22] The production
method described in any one of [2] to [21] above, wherein the protecting
group for the amino group represented by PO" is an aralkoxycarbonyl group
and R2 is a Ci to C4 lower alkyl group. Effects of the Invention [0046]
According to the present invention, a racemie.
4-oxopyrrolidine-3-carbexamide derivative represented by the general
formula (I) can be obtained in high yield. [0047]        Furthermore,
according to the present invention, an optically active form of an
miti-(3SAR)-4-hydroxypyrrolidine-3-carboxamide derivative, or it's
enantioiner can he obtained with high optical purity by carrying out.
asymmetric hydrogenation using an optically active catalyst of a racenaic
4-oxopyrrolidine-3-carboxamide derivative. [0048] An optically active form
of art anti-(38,4RH-hydroxypyrrolidine-3-carboxamide 20derivative, or it's
enantioiner obtained by the method of the present invention can be
converted to an optically active form of
(3R.4S)-3-alkylaminornethy1-4-fltioropyrrolidine or it's el-tuition:et'
useful as an intermediate for producing phamiaceuticals by a known method
(International Publication WO 2007/102567), [0049]        Therefore,
according to the present invention, an industrial production method for an
optically active form of (3R,4S)-3-alkylaminomethy1-4-fluoropyrrolidine or
it's enantiomer is provided, Embodiments for Carrying Out the ivention 3
0[0050] 



ilereinbelow, the present invention will he described in detail. [0051] The
production method of the present invention will be described in Scheme 1,
[0052] [Chem. 16] Scheme 1    PG1 (I)(ID [0053]        in the formulae (I)
to (IV), PGI represents a protecting group for an amino group. In the
formulae (I) to (III), R3 represents hydrogen, a CI to C6 alkyl group which
may be substituted, or a C3 to CS cycloalkyl group which may be
substituted. In the formulae (1) to (III), R2 represent a Cl to Co alkyl
group, and preferably a Ci to C4 lower alkyl group. 1 Cl[0054]        As
described in the present specification, the "protecting group for an amino
group" is not particularly limited as long as the protecting group is
commonly known as a protecting group for an amino group, and may include,
-for example, an aralkyl group such as berizyl group or a p-methoxybenzyl
group, an alkoxycarbonyl group such as a 15methoxycbonyi group, an
ethoxycarbonyl group, a propyloxyearbonyl group, an isopropyloxycarbonyl
group, a butyloxycarbonyl group, an isobtityloxyearbonyl group or a
tert-butyloxycarbonyl group, an aralkoxycarbonyl group such as a
benzyloxycarbonyl group, a p-methoxybenzyloxycarbonyi group or a
p-nitrobenzyloxycarbonyl group, a (filkoxy)alkyl group such as a
methoxymethyl group, a methoxyethoxymethyl group, a I(ethoxy)e-thyl group
or a methoxyisopropyl group, an acyl group such as an acetyl group, a
irititioroacetyl group, a propionyl group, a butyryl group, a pivaloyl
group, a benzoyi group or a methythenzoyl group, or the like. [005$]
Among these, an aralkoxycarbonyl group or an alkoxycarhonyl group is
preferred, an aralkoxycarbonyl group is more preferred, and a
benzyloxycarbonyi group is even more preferred. [0056]        As described
in the present specification, the "Cl to C6 alkyl group which may he
substituted" means a Cl to C6 alkyl group which may have one to five
substituents  selected 'from the group consisting of a halogen atom, a
hydroxyl group, a cyan group, a Ci to CO alkoxy group, an aryloxy group
which may be substituted, a Cl to CO alkylearbortyl group, a Cl to C6
alkoxycarbonyl group, a Cl to CO alkylthio group, an amino pimp, a mono- or
di-substituted CI to CO alkylamino group, a C4 to C9 cyclic amino group
which may include one to three hater atoms, a forrnylarnino group, a Cl to
CO alkylcarbonylamino group, a Cl to C6 alkoxycarbortylamino group, a Cl to
CO alkylsuifonylamino group and an arylsulfonylamino group which may be
substituted. [0057] The "Cl to CO alkyl group" means a straight chain or
branched alkyl group. 



1.0Examples of the CI to C6 alkyl group may include a methyl group, an
ethyl group, a propyl group, a 1-methylethyi group, a I-methylpropyl group,
a 2-triethylpropanThyl group, a tert-butyl group, a I-ethylpropyl group, a
2-ethylpropyl group, a butyl group, a hexyl group, or the like. Among
these, an ethyl group or a tert-butyl group is preferred. [0058] 1. 5As
described in the present specification., the "C3 to C8 cycloalkyl group
which may be substituted" means a C3 to C8 cycloalkyl group which may have
one to five substituents selected from the group consisting of a halogen
atom, a hydroxyl group, a cytmo group, a CI to CO alkoxy group, an. aryloxy
group which may be substituted, a Ci to CO alkylearbonyl group, a CI to C6
alkoxycarbonyi group, a Cl to CO alkylthio group, an 20amino group, a mono-
or di-substituted Cl to CO aikyl amino group; a C4 to C9 cyclic amino group
which may include one to three helm atoms, a formylatnino group, a Cl to CO
alkylearbonylamino group, a CI to CO alkoxycarbonylamino group, a Ci to CO
alkylsullonylamino group and an arylsulfortylamino group which may be
substituted, [0059] 2 5The "C3 to C8 cycloalkyl group" means an alkyl group
having a eyeloalkyl ring, Examples of the C3 to C8 cycloalkyl group may
include, for example, a cycloproo:/1 group, a cyclopropylmethyl group, a
cyclobutyl group, a cyclopentyl group, a eyelohexyl group; a cycloheptyl
group, a cyclooetyl group, or the like, and a cyclopropyl group is
preferred. [0060]        Examples of the "Cl to CO alkoxy group" may
include, for example, a methoxy group, an ethoxy group, a butoxy group, a
hexyloxy group, or the like, [0061] The "aryloxy group which may be
substituted" means an aryl.oxy group which O[may have one to five
substitucnts selected from a group consisting of a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a Ci to C6 alkyl group, a Ci to C6
alk.oxy group and a Cl to C6 alkylthio group. [0062]         Examples of
the "aryloxy group" may include, for example, a phenoxy group, a
naph.thyloxy group, or the like. [0063]        Examples of the "Cl to C6
alkylearbonyl group" may include, for example, an acetyl group, a propionyl
group, a tnityryl group, an isohntyryl group, a valeryl group, an
isovaleryl group, a hexanciy/ group, or the like. [0064] Examples of the
"Cl to CO alkoxycarbonyl group" may include, for example,, me oxycarbonyi
group, an ethoxycarhonyl group, a lert-hutoxycarbonyl group, or the like,
[0065].        Examples of the "Cl to CO alkylthio group" may include, for
example, a methylthio group, an ethylthio group, a .propylthio group, an
isopropylthio group, or the like. [0066] 



The "mono- or di-substituted CI to CO alkylamino group" mean.s a CI to CO
alkylamino group which may have one to two substituents selected from the
group consisting of a halogen atom, a hydroxyl group, a cyano group, a CE
to CO alkoxy group, a Cl to C6 alkylihio group, an amino group, a C4 to C9
cyclic amino group which may include one to three hater atoms, a
formylamino group, a C I to C6 alkylcarbonylamino group, a Cl to CO
alkylsulfonylamino group, an arylsultbnylamino group which may be
substituted, or the like, [0067] Examples of the "Ci to C6 alkylamino
group" may include, for example, a methylarnino group, an ethylamino group,
an n-propylamino group, an wbutylamino group, a. see-hutytamino group, an
n-pentylamino group, an mhexyl amino group, or the like, [0068] The "C4 to
C9 cyclic amino group" means a cyclic amino group which contains      one
or more nitrogen atoms in the ring and in which an oxygen atom or a sulfur
atom may 3 0also he present in the ring, Examples of the C4 to C9 cyclic
amino group may include, for example, an aziridyl group, a pyrrolidyl
group, a piperidyl group, a morpholyl gaup, an oxazolyl group, an
azabicycloheptyl group, an azabicyclooctyl group, or the like, [0069]
Examples of the "CI to CO alkylcarbonylamitio group" ma.y include, for
example, 35an acetylainino group, a propionylamino group, a butyrylainino
group, or th.e [0070]           Examples of the "Cl to CO
alkoxycarbony/amitio group" may include, for example, a
methoxycarbonylarnino group, an ethoxycarbonylamino group, a
tertbutoxycarbonylamino group, a hexyloxycarbonylamino group, or the like.
[007 I ]      Examples of the "Cl to C6 alyisulfortylamino group" may
include, for example, methylsulfonylamino group, an ethylsulfonylamino
group, or the like. [0072]        The "arylsolfonylaminci group which may
be substituted" means an rnyisulfonylamirto group which may have one to
five substituents selected from the group 10consisting of a halogen atom, a
hydroxyl group, a eyano group, a nitro group, a CI to Co alkyl group, a Cl
to C6 alkoxy group and a Cl to C6 alkylthio group. 100731        Examples
of the 'arylsulfonylamino group" may include, for example, a
phenyisulthnylamino group, a 4-methylphenylsulfonylamino group, a
inaphthylsulfonylamino group, or the like. [0074]        As described in
the present specification, the "Cl to C4 lower alkyl group" means a linear
or branched alkyl group. Examples of the "C.1 to C4 lower alkyl group"
include a methyl group, an ethyl group, a propyl group, a I-methylethyl
group, a 1-methylpropyi 20group, a 2-methylpropan-l-y1 group, a tertbutyl
group, a butyl group, or the like. Among these, a methyl group or an ethyl
group is preferred, with the ethyl group being more preferred, 



[0075]             As described in the present specification. examples of
the "alkali metal" include 25lithium sodium, potassium, or the like. [0076]
(Step D)           The step D is a step of subjecting an ester group
(tert-butyl ester group) on one side of a diester compound represented by
the general formula (IV) to ester cleavage by the 30addition of an acid to
obtain a monocarboxylic acid compound (V). [0077]        As used in the
reaction of Step D, the "acid" means an organic acid or an inorganic acid,
with the organic acid. being preferred. [0078] 35As used in the reaction of
Step D, the "organic acid" means an organic compound having an acidic
functional group, such as carboxylic acid, sulfonic acid, sulfinic acid,
phenol, or the like, Examples of the organic acid include formic acid,
acetic acid, tritthoroacetic acid (TEA), p-thiiienesulfonie acid (p-Ts0II),
and meihtmesuifonie acid.  [0079]        Among these, from the 'viewpoint
of yield, trifluoroacetic acid or formic acid is preferred, and formic acid
is more preferred, in the case where formic acid is used, there are
advantages that control of calorific values or isolation is easy. [0080]
As used in the reaction of Step D, the "inorganic acid" means an acid
obtained in the chemical reaction of an inorganic compound, Examples of the
inorganic acid include hydrochloric acid, nitric acid, phosphoric acid,
sulfuric acid, hydrofluoric acid, boric acid, hydrogen chloride, or the
like. Among these, hydrochloric acid is preferred. [0081]        in the
case where trifitioroacetie acid or formic acid is used as an organic acid,
the amount of trifluoroacetic acid or formic acid to be used is usually
preferably from 10 to 100 equivalents, and more preferably from 10 to 60
equivalents, with respect to the compound represented. by the general
formula (IV). Further, in the case where ptoluenesulfonic acid is used as
an organic acid, the amount of p-toluenesulfonic acid to be used is
preferably from 0,1 to 2 equivalents, and more preferably from 0.1 to 0.5
equivalents, with respect to the compound represented by the general
formula (IV). [0082] In the case where hydrochloric acid is used as an
inorganic acid, the amount of )hydrochloric acid to be used is usually
preferably from I to 100 equivalents, and. more preferably from 50 to 60
equivalents, with respect to the compound represented by the general
formula (1V). Further, in the case where a hydrogen chloride/ethyl acetate
solution is used as an inorganic acid, the amount of the hydrogen
chloride/ethyl acetate solution to he used is usually preferably from 1. to
5 equivalents, and more preferably from 1.5 to 2.5 equivalents, with
respect to the compound represented by the general fbrinula (IV). [0083]
The reaction temperature for Step D is usually preferably in the range from
012, to      the boiling point of the solvent, more preferably from 25C. to
the boiling point of the 3 0solvent, and even more preferably from 40 to
50C. 



[0084]        The reaction solvent for Step D is not particularly limited
as long as it is stable tinder the reaction conditions and it is inactive
and does not interfere with the reaction, or without solvent, Examples of
such a solvent include hydrocarbons such as hexane, $5eyelohexane,
fteptane, or the like, aromatic hydrocarbons such as benzene, toluene,
xylene, or the like, ethers such as 1,2-dimethoxyethane (DME),
tetrahydrofuran (TUT), diisopropylether, 2-methy1tetrahydrofuran.,
tetrahydropyran, diglyme, cyclopentylmethylether, or the like, esters such
as methyl acetate, ethyl acetate, isopropyl  acetate, butyl acetate, or the
like, nitrites such as acetointrile, propionitrile, or the like, alcohols
such as methanol, ethanol, 2-proaanol, tert-butyl alcohol,
2-methoxyethanol, ethylene glycol, diethylene glycol, or the like,
halogenated hydrocarbons such as dichloromethane, chloroform,
1,2-diehlomethane, 1,1,1,3,3-pentalluombutanc. or the like, and amides such
as N,N-dimethylformamide (DMF), N,N-dimethylacietamide, Nmethylpyrroiidone,
or the like. [0085] These solvents are properly selected depending on the
ease of initiating the reaction, and used either alone or in combination.
Further, the solvent may be used as a 10non-aqueous solvent, using a proper
dehydrating agent or desiccant, as desired. [0086]        In Step D. in the
case where formic acid is used as an acid, it is preferable to carry out
the reaction in the absence of a solvent, while in the case where the
reaction is carried out using other organic acids, the solvent is
preferably aectonitrile or toluene, and more 1 5preferably toluene, [0087]
(Step C)        Step C is a step of condensing the monocarboxylic acid
compound represented by the general formula (V) with an amine represented
by the general formula (VI) to obtain an 20amide compound represented by
the general formula (III). For the condensing reaction, the condensing
conditions which are generally used may he used, [00881 [Chem, 17] R
NH2(VI) 25 [0089] In the formula (VI). R1 has the same meaning as described
above. [0090]        The amount of the amine represented by the general
formula (Vi) to be used is not particularly limited, and is usually
preferably from Ito 3 equivalents, and more preferably from 1.0 to 1.5
equivalents, with respect to the compound represented by the general
formula (V), [0091] 



It is preferable to use a condensing agent in the reaction of Step C. The
condensing agent is not particularly limited as long as an amide bond can
be produced from a carboxylic acid and an amine. [0092]        Examples of
the condensing agent include I-ethyl-343- dimethylaminopropypcarbodiimide
(MCI) or a hydrochloride thereof, dicyclohexylearbodiiinide (DCC),
diisopropylcarbodiimide (DIPC), diphenylphosphorylaz.ide (DPPA), diethyl
cyanophosphate (DE,PC), benzotriazol-11-1- oxylrisdimethylaminophosphoniuin
hexafluorophosphate (BOP),hydrohenzotriazol- Ic,1,3,34etramethyluronium
hexafluorophosphaie (IIBTUT), 2-(14tydrobenzotriazol-1-
y1)-1,1,3,3--tetramethyluroniumtetrafluoroborate (MTh), 2-chloro-N,N,2-
trimethylpropenyiamine, 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT),
445,6- dimethoxy-1,3,5-triazin-2-yI]-4-methylmorpholine hydrochloride
(DMTNIM), 2-chloro-1methylpyridinium iodide (CNIP1), or the like. [0093]
Among these, 1-ethy1-3-(3-dimethylaminopropyl)earbodiimide (EDO) or a
hydrochloride thereof is preferred, and
1-ethyl-3-(3-dimethylarminopropykarbodiimide hydrochloride (EDCHICO is more
preferred. [0094] 20The amount of the condensing agent to be used is not
particularly limited, and is usually preferably from I to 5 equivalents,
and more preferably from 1.0 to 1.5 equivalents, with respect to the
compound represented by the general formula (V), [0095]        In the
reaction of Step C, an additive is preferably used since the reaction yield
is enhanced when the condensing agent is used together with an additive,
[0096]        Examples of the additive include 1-hydroxybenzotriazole
(I-10B0, 1-hydroxy-7- azabenzotriazole (BOA, I -hydroxysuccinimide (110Su),
and 3,4-dihydro-3-hydroxy-4- oxobenzotriazine (MOB. Among these,
1-hydroxysuccinimide (1-10Suj or I- 30hydroxybenzotriazole (HOBO is
preferred, and 1-hydroxybenzotriazole (HOBO is more preferred. [0097]
The amount of the additive to be used is not particularly limited, and the
reaction yield can be maintained even in the case where it is decreased to
0.01 equivalents with 35respect to the compound represented by the general
formula. (V). The amount of the additive to be used is preferably from 0.01
to 5 equivalents, and more preferably from 0.01 to 1.2 equivalents. [0098]
In Step C, the reaction proceeds even without use of a base, but the use of
the condensing agent together with a base increases the reaction conversion
rate, which is thus preferable, [0099] The base may be any one which does
not interfere with the reaction, and examples 



thereof include organic bases such as triethylamine, trimethylamine,
tripropylamine, dirsopropyl ethylamine, pyridine, dimetlaylaniline,
N-methylmorpholine, Nmethylpyrrolidine, and 4-dimethylaminopyridine, [0100]
Among these, N-methylmorpholine, N-methylpyrrolidine, or trieth famine is
preferred, and triethyiamine is more preferred. [0101]        For the
reaction of Step C, it is usually preferable to use a solvent. Examples of
the solvent include esters such as ethyl acetate, butyl acetate, isopropyl
acetate, or the like, 1 5aromatic compounds such as benzene, toluene,
xylem, or the like, hydrocarbons such as hexane, heptane or cyclohexane, or
the like, ethers such as dlogane, tetrahydrofuran
2-methyltetrahydroftiliantert-butyl methyl ether (TBME), dimethoxyethane
(DME), diglyme, or the like, halogenated hydrocarbons such as
diehloromethane, chloroform, carbon tetrachloride, 1,2-elichlomethane, or
the like, nitrites such as 20acetonitrile or the like, amides such as
N,N-dimethylformamide (DMF), N,N- dimetlaylacetamide, N-methylpyrrolidone,
or the like, water, or a mixture thereof. [0102]        Among these,
tetrahydrofuran, a mixed solvent of tetrahydrofuran and
N,Ndimethylformamide, or a mixed solvent of 2-methyltetrahydroftiran and
N,N- 2 5dimethylfonnamide is preferred, and tetrahydrolaran is more
preferred, [0103]        The reaction temperature of Step C is usually
preferably in the range from -20C. to the boiling point of the solvent to
be used, more preferably in the range from 0C to the boiling point of the
solvent, and even more preferably from 30 to 50C, [0104] (Step B) Step B is
a step of treating the amide compound represented by the general formula
(111) with a base to obtain a 4-ogopyrrolidine-3-carboxamide derivative
represented by the general formula (1). 3 5[0L05]        Examples of the
base include an alkali metal carbonate, an alkali metal amide, and an
alkali metal alkoxide, or an alkali metal hydride, Among these, alkali
metal alkokides are preferred.  [0106]        The "alkali metal carbonate"
means a. carbonate of an alkali metal, Examples of the alkali metal
carbonate include lithium carbonate, sodium carbonate, and potassium
carbonate, and potassium carbonate is preferred, [0107]        The "alkali
metal amide" refers to a compound formed by substituting a hydrogen atom of
an amine with a metal atom, Examples of the alkali metal amide include
lithium amide, sodium amide, potassium amide, lithium diethylamide, lithium
diisopropylamide, lithium cyclohexylisopropylamide, lithium
tetramethylpiperizide, lithium hexamethyl 10disilazide (LENDS), sodium
hexamethyl disilazide (NaTIMDS), and potassium hexamethyl disilazide
(KHMDS), Among these, potassium hexamethyl dishazide is preferred. 



[0108] The "alkali metal allroxide" refers to a compound formed by
substituting a 1 5hydroxyl group of an alcohol with an alkali metal,
Examples of the alkali metal alkoxide include sodiummethoxide (Na0Me),
sodiumethoxide (Na0F,t), potassiumethoxide (KOEt), sodium tert-butoxide
(taiONa), potassium tert-butoxide (tBuOK), lithium tert-butoxide (tBIJOU),
sodium tert-pentoxide (C21I5C(CF13)20Na), potassium tert-pernoxide
(C2113C(CH3)20K) or the like, 20[0109]        Among these, potassium
tert-butoxide, sodium tert-pentoxide, or potassium tertpentoxide is
preferred, and potassium tert-pentoxide is more preferred, [0110]
Examples of the "alkali metal hydride" in.clude lithium hydride sodium
hydride, potassium hydride, or the like. [0111] The amount of the base to
be used is not particularly limited, and is usually preferably from I to 4
equivalents, with respect to the compound represented by the general
formula (111), and from the viewpoint of suppression of production of
side-products represented by the general formula (/11), it is more
preferably from I to 1.5 equivalents.  [0112] [Cheat. 18] HO2C NNR PGI
[0113] In the general formula (Vie, PG' and RI have the same meanings as
described above. [0114] The reaction temperature of Step B is usually
preferably in the range from -20 to 10100"C, and from the viewpoint of the
suppression of production of side-products represented by the general
formula (VW, it is more preferably front 35 to 55C, and even more
preferably from 40 to 50C. [0115]        For the reaction of Step B, it is
usually preferable to use a solvent. Examples of the solvent include
alcohols such as methanol, ethanol, 2-propanol, tert-butyl alcohol, 2-
metboxyetbanol, ethylene glycol, diethylene glycol, or the like, esters
such as ethyl acetate, butyl acetate, or the like, aromatic compounds such
as benzene, toluene, xylene, or the like; hydrocarbons such a.s hexane,
heptane, cyclohexane, or the like, ethers such as dioxane, tetrahydrofuran,
2-methyltetrahydrofuran, dimethoxyetharte, digylme, or the like,
halogenated hydrocarbons such as diehloromethane, chloroform, carbon
tetrachloride, 1,2- dichloroethane, or the like, nitrites such as
acetoratrile or the like, amides such as N,Ndimethylfatinainide (DMF),
N,N-dimethylacetamide, N-tnethylpyrrolidone, or the like, and a mixture
thereof [0116]        Among these, N,N-dimethylfortnamide, tetrahydrofuran,
or toluene is preferred, and toluene is more preferred. [0117] (Step A)
Step A is a step of subjecting a racernic form (I) of a 4-oxopynolidine-3- 



30carboxamide derivative to asymmetric hydrogenation using an optically
active catalyst to  obtain an optically active thnn (II) of an
anti-(3S,4R)-4-hydroxypyrrolidine-3- carboxianide derivative or it's
enantioiner. [0118]        The "optically active catalyst" is au optically
active transition metal compound obtained by mixing a transition metal
compound with an optically active chiral ligand in an organic solvent.
[011.9]        Examples of the transition metal compound include a
ruthenium compound, a rhodium compound, an iridium compound, a nickel
compound, a palladium compound, a platinum compound, or the like, and a
ruthenium compound is preferred. [0120]        Examples of the ruthenium
compound include dic,hlorci(p-cemene)ruthenium(1l) dirtier a
dibromo(p-cemene)ruthenium(II) diner, a diiodo(p-cemene)ratheniuma diner, a
diehloro(1,5-eycl000tadiene)rutheniuin(1l) polymer, a
dichlorobenzencintheniunicie 1 5chinch a dibromobenzeneruthenitim(10
ditner, a diiodoberizencrutheniurn(B) &mar, or the like. Among these, a
dichlorobenzeneruthenitun(Jl) dimer is preferred, [0121] As the chiral
ii,gand, a chiral ligand which is usually used can be used. Examples
thereof include the ligands described in CATALYTIC ASYMMETRIC SYNTHESIS,
20Second Edition, 2000, WILEY-11CH, p. 2 to 6. [0122]        Examples of
the chiral lignid include C2-chiraidiphosphilles such as (S)431NAP,
(S)-To1BINAP, (S)-XylBINAP, (S)-Cy-ISINAP, (S)-H8-BINAP, (S)-Me04MPHEP,
(S)-p- TolMe0-131PHEP, di443u-Me0-BIPLIEP, (S)-SEGIPTIOS, (S)-DM-SEGPTIOS,
(S)- DTBM-SEGEHOS, (S)-QUINAP, (S,S)-BDPP, (S)-BIPTIEMP, (S)-Me-BPE,
(S,S)-D1011, (S,S)-DIOP-OH, (S,S)-DIPAMP, (S)-SYNPHOS, (S,S)-CHIRAPHOS,
(S,S)-Me-DuPHOS, or the like, and. their criantiemen, or
non-C2-chiraldiphosphines such as (R)-(S)-13PPFA, (R)-(S)-BPPEOH,
(2S,41S)-BPPM, (R)-(S)-JOSIPHOS, (R)-(S)-XYLIPHOS, (R)- PROPII0S,
(R)-Me0-MOP, or the like, and enantioniers thereof. 30[0123]        Among
these, (S)-BINAP, (S)-ToISINAP, (S)-Me0-BIPHEP, (S)-SEGPHOS, (5)-
DM-SECIPHOS, or their enantiomers arc preferred, and (S)-BINAP or it's
enantiomer is more preferred, [0124] BINAP means
2,2'-bis(diphonylphosphino)-1,1'-binaphthyl, [0125] SEC/PROS means 5,5'
-his(diphenylphosphino)-4,4'-hi-1,3-berizodioxole. [0126]  OM-SECIPTIOS
means 5,5'-his(di(395-xylyppbosphino)-4,4'-bi-1,3-benzodio ale, [0127]
Tolii3INAP means 2,2%-bis(cli-p-tolylphosphino)-1,1'-binaplithyt. 



[0128] Me0-BIPLIEP means
(6,6'-climethoxybiphenyl-2,2'-diyi)his(diphenylphosphine). [0129]
The BTNAP analogue means a compound each having I to 5 substituents such as
an alkyl group or the like in 4 benzene rings on phosphorous atoms of
B1NAP, a compound having a substituent such as an alkyl group and an aryl
group on a inaphthyl ring of &NAP, 10 a compound having a naphthyl ring
partially hydrogenated, or the like. Examples of the BINAP analogue include
(S)-ToIBINAP, (S)-Xy1l3fINAP, (S)-Cy-BINAP, (S)-H8-BINAP, or the like.
[0130] The SEGHOPS analogue means a compound each having 1 to 5
substituents such 1 5as an alkyl group, an alkoxy group, or the like in 4
benzene rings on phosphorous atoms of SEGTIOPS. Examples of the SEGHOPS
analogue include (S)-DM-SEGPHOS, (S)- DTBM-SEGPITIOS, or the like. [0131]
The Me0-131PHEP analogue means a compound each having Ito 5 substituents
20such as an alkyl group or the like in 4 benzene rings on phosphorous
atoms of Me0- BIPTIER Examples of the Me0-BIPTIEP analogue include
(S)-p-1ol-N4e0-4tIPHEP, ditert-Bu-Me0-13/PHEP, or the like. [0132] The
optically active catalyst may be any optically active transition metal
23compound which is obtained by mixing a transition metal compound with an
optically active chiral ligand in an organic solvent Examples of the
optically active catalyst include a ruthenium-(S)-BIN.AP catalyst produced
from a. ruthenium compound and an (8)- &NAP, a ruthemitam(S)-SEGPHOS
catalyst produced from a ruthenium compound and. (S)-SEGPITOS, a
ruthenium-(S)-Me0-BIPIIEP catalyst produced from a ruthenium 30 compound
and (S)-Me0-BIPITTEP, and a ruthenium48)-DM-SEGPHOS catalyst produced from
a ruthenium compound and (S)-DM-SEGRHOS. Among these, a ruthenium-(S)-
BENAP catalyst is preferred. [0133] The amount of the optically active
catalyst to be used is not particularly limited, 35and is usually
preferably from 0.01 to 20 mot %, more preferably from 0.01 to 2 mol and
even more preferably from 0.01 to I. mol Vo, with respect to that of the
compound represented by the general formula 0). In the reaction of Step A,
even in the case where  the amount of the optically active catalyst to be
used is decreased to 0.1 mot %, the reaction proceeds while not affecting
the yield or the stereoselectivity of a desired product. [0134]        In
the case where the amount of the optically active catalyst is large, a
transition metal compound or the like remains in the compound represented
by the general formula (11), which is a desired product, and purification
is difficult, and the optically active catalyst is expensive. 'Therefore, a
smaller amount of the optically active catalyst to be used is more
preferred. 



[01351 IDExamples of the hydrogen source include hydrogen or formic
acidhriethylamines, formic acidla-phenethylamines, formic
acidltriphenylamines, ammonium formate, cyclehexenes, 2-propanol, or the
like, and hydrogen is preferred. [0136]        For the reaction of Step A,
it is usually preferable to use a solvent. Examples of the solvent include
water, organic acids such as formic acid, acetic acid, or the like, esters
such as ethyl acetate, butyl acetate, or the like, aromatic compounds such
as benzene, toluene, chlorobenzerto, xylene, or the like, hydrocarbons such
as hexane, heptane, cyclohexane, or the like, alcohols such as methanol,
ethanol, 2,2,2- In fluoroethanol(CE3C1I201E, 2-propanol(2-PrOlf), terthutyl
alcohol, ethylene glycol, 20diethylene glycol, or the like, ethers such as
dioxane, tetrahydrofuran, dimethoxyetbane, diglyme, or the like,
halogenated hydrocarbons such as dichloromethane, chloroform, carbon
tetrachloride, 1,2-dichlomethane, or the like, amides such as
N,Ndimethylformamide (DIVIF), h1,1\i-dimethylacetamide,
N-methylpyrrolidone, and a mixture thereof. 2 5[01371 Among these,
diehloroniethane, tetrahydrofuran, ethyl acetate, toluene, xylene, or
chlorobenzene is preferred, and dicbloromethane or ehlorohenzene is more
preferred. [0138] The reaction temperature is usually preferably in the
range of from -20C to 30200C, more preferably in the range of thom 25C to
T20C, even more preferably in the range of from 60C to 100C, and
particularly preferably in the range of from 60 to 80C. [0139]        The
reaction pressure is not particularly limited, and the reaction can be
usually carried out under the conditions of from ordinary pressure to 10
1N4Pa. In the reaction of 35Step A, oven in the case where the reaction is
carried out under the condition of low pressures of from 0.1 to I MPri, the
reaction proceeds while not affecting the yield or the stereoseleetivity of
a desired product. The reaction under the high pressure condition is not
industrially suitable and has a high risk of explosion, and therefore, a
lower reaction  pressure is preferred. In the present reaction, the
preferable reaction pressure is from 0.1 to I MPa. [0140j        After the
reaction of Step A ends, the compound of the general formula (II) can be
isolated by purifying, as desired, with a general separation means (for
example, extraction, recrystallization, chromatography, or the like).
[0141]        Particularly by carrying out recrystallization, in the
reaction of Step A., it is possible to remove enantiomers and diastereumers
(syn-forms) of the desired products 10which are produced in a small amount,
thereby obtaining an optically pure anti-4-
hydroxypyrratidine-3-carboxamide derivative. Further, in the case where the
amount of an optically active catalyst to he used is 0.1 mol % or less, a
purification operation other than recrystallization is not required for
removal of residual metals, [0142]        The reaction of Step A is an
excellent production method in that the reaction can be carried out under
a. low pressure condition, the amount of an expensive optically active
catalyst to be used can be decreased, and the purification is easy by
controlling the amount of the optically active catalyst to be used, as
compared with methods in the prior art using an asymmetric hydrogenation
reaction of an. a-substituted P-ketoester derivative 



20(international Publication WO 2007/102567). [0143]        Furthermore,
the reaction of Step A is an example of catalytic asymmetric hydrogenation
using an a-substituted p-ketoamide derivative as a substrate, but thereby
obtaining a desired product, an anti-P-hydroxyamide derivative, as a main
product. Although an example of catalytic asymmetric hydrogenation using
a-substituted Pketoamide can he found in Organic Letters, 2010, 12(3),
512-515, a syn-ftaydroxyamide form is provided as a main product, which is
totally different from the present reaction for providing an
anti-P-hydroxyamide form as a main product. Examples [0144]        Next,
the present invention will be described with reference to Examples, but the
present invention is not limited to these Examples. [0145] 3 5In Examples,
Reference Examples, and Comparative Examples, "-tbid amount" means an
amount (mL) of a solvent with respect to the mass (g) of a substrate.
[01461 (Reference Example 1)  tert-Butyl
3-{N-benzyloxyearbony1-N-(ethoxycarhonylmethyl)amino}propionate        To
glyeine ethyl. ester hydrochloride (163 g, 1,17 awl) were put a 3:1 mixed
solvent of 2-propanol and water (600 mL), followed by warming the mixture
and triethylamine (174 mL, 1.25 Imo!) was added thereto at an internal
temperature of 59C. To the mixed liquid was added dropwise tert-butyl
acrylate (50.0g, 0.390 met) at an internal temperature of from 60C to 62C,
followed, by stirring at an internal temperature of from 60C to 62C for 2
hours. Furthermore, to the mixed liquid was added dropwise tert-butyl
acrylate (50.0 g, 0.390 mol) at an internal temperature of from 62C to 63C,
followed by stirring at an internal temperature of from 60C. to 62C for 3
hours. 10[0147]        The reaction mixture. was cooled to room temperature
and was allowed to stand overnight. The reaction mixture was diluted by the
addition of ethyl acetate (1 1.), and extracted by the addition of 3%
sodium hydrogen carbonate (1 id. The organic. layer was collected by
separation to obtain a solution of tert-butyl 3-
15(ethoxycarbanylinethylamino)propionate in ethyl acetate. The product was
partially concentrated and 1H NMR was measured. [0148]          NIVIR (400
MHz, CDC13) 6: 1.28 (311, t,"1-7.2Hz), 1.45 (9H, s), 2.44 (211, t,
1-6,614z), 2.87 (211, t, J=6.6Hz), 3A I (2H, s), 4.20 (2H, q,1=7. n[0149]
To the total amount of the solution of tert-butyl 3-
(ethoxycarbonylinediyiamino)propionate in ethyl acetate was added a sodium
hydrogen carbonate solution (72.1 g (0.860 mol) of sodium hydrogen
carbonate was dissolved in 1.3 L of water) at approximately room
temperature, and benzyl chloroformate (133 g, 0.780 25mol) was added
dropwise at an internal temperature of from 26C to 33C, followed by
stirring at an internal temperature of from 28C to 33C for 2 hours. [0150]
The reaction mixture was cooled to room temperature and allowed to stand
overnight and then extracted. The organic layer was collected by
separation, and the 



30 organic layer was sequentially washed with 0,5 mola, hydrochloric acid
(0.5 L) and 5% brine (0,5 L), and dried over anhydrous sodium sulfate. The
insoluble materials were separated by filtration and the filtrate was
concentrated under reduced pressure to obtain 265 g of a title compound as
yellow oil. [0151]          NMR (400 MHz, CDC13) 5: 1.23 (311, di, J=29. 3.
7,3Hz), 1,43 (9H, s), 2.56 (OH, dt, .1=22.5, 6.4Hz), 3.56-3.64 (2H, ri),
4.054.21 (411, rid), 5.11-5.17 (2H, m), 7.297.38 (5H, m). [0152]
The reaction conversion rates of Examples 1 to 3 in Table I are values
calculated as follows, by carrying out HPLC measurement using the
measurement condition A below and taking the area percentages (%) of the
obtained substrate and desired product to give a total percentage of 100%.
[0153] Reaction conversion rate (%) - Desired produet/(Substrate 4. Desired
product)x 100 [0154] The substrate refers to tert-butyl 3-{N-benzy
oxycarbenyl-N- 1 0(etboxycarbonylinethyDaminolpropionate and the desired
product refers to 3-IN- benzyloxyearbonyl-N-(ethoxycarbonylmethyDamino
propionic acid, respectively. [0155] Measurement Condition A Column;
Chemicals Evaluation and Research institute, CER1 E-eolunm2 ODS, 154.6yxI50
mm, 3 tun), pre-column: Chemicals Evaluation and Research Institute, CERI
L- column2 ODS, 4,0x10 mm, mobile phase: Solution A: methanol, Solution B;
phosphate buffer (pH 6.9), 0 to 5 minutes; A:13--53:47 (isocratic), 5 to 15
minutes; A.:B=53:47->75:25 (linear gradient), 15 to 40 minutes; A:B-75:25
(isocratic), detection wavelength: 210 urn, column temperature: 40C, flow
rate: 0.80 mlimin. 20Retention time: substrate; approximately 32 minutes,
desired product; approximately 6 minutes [0156]        The reaction
conversion, rates of Examples 4 to 7 in Table 1 are values calculated as
follows, by carrying out 'PLC measurement using the measurement condition B
below and taking the area percentages (%) of the obtained substrate and
desired product to give a total percentage of 100%. [0157] Reaction
conversion rate (%) - Desired product/(Substrate  Desired produet)x 100
30[0158]        The substrate refers to ert-butyl
3-IN-berz.yloxycarbonyl-NfethoxycarbonylmethyDaminolpropionate and the
desired product refers to
3-1Nbenzyloxyearbonyl-N-fethoxycarbonylmethypamino)propionic acid,
respectively, [0159] Measurement condition B        Column; GI, Sciences
Inc., Inertsil ODS-3 (4.6x 150 rum), pre-column; GL Sciences Inc., Inertsil
ODS-3 (4.0(px10 nn), mobile phase; Solution A: acietanitrile, Solution B:
diluted phosphoric acid (I-->1000) solution, 0 to 25 minutes; A:B=60:40 



(isoeratie), detection wavelength: 210 am, column temperature: 40C, flow
rate: 1,0 mUmin, Retention time: substrate; approximately 3 minutes,
desired product; approximately 14 minutes [0160] (Example 1)
3-(N-Benzyloxycarbonyl-N-(ethoxycarbonylmethypamino1propionic acid
To tert-hutyl
34N-benzyloxycarbon2,71-N(ethoxycarbonylmethyl)arnino}propionate (500 mg,
1.37 mmol) was added formic acid (2.5 mE, 66 3 mm.o1), followed by stirring
at an outer temperature set of 40C for 3 hours. After leaving lobe cooled,
to the reaction mixture were added ethyl acetate (10 and water (10 aiL).
and. the organic layer was collected by separation. To the aqueous layer
was added ethyl acetate (10 mL), the organic layer was collected by
separation, and then the organic layer was combined, washed with saturated
brine (10 n-11,), then dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The obtained concentrated residue was
dried, at room temperature wider reduced pressure to obtain 421 mg (yield
99%) of a title compound as colorless oil. [01611 (Examples 2 to 7)
The reactions were carried out under the conditions described in Table 1
using tertbutyl
3-{N-benzyloxycarbonyl-N4ethoxycarbonylmethyeamino1propionate, and the
1-IPLC measurement of the reaction mixture was carried out. The results are
shown in Table 1. [01.621 c 1]   Reaction conversion rate (%)  HCO2H. (48.4
equivalents),35 to 45C TFA (24.6 equivalents), CH2C12 (5-fold amount), 30C
p-Ts01-11-120 (0.1 equivalents); Toluene (5-fold amount), reflux
p-Ts0H1-120 (1.5 equivalents), acetorutrile (10- fold amount), room
temperature  Hydrogenchloride/ethylacetate(2.0 equivalents), room
temperature Hydrochloric acid (58.1 equivalents), PrOH (5-fold amount),
room temperature 



Example 7  Hydrochloric acid (58.1 equivalents); THET (5- fold amount);
room teninerature  [0163] In any case of the reaction conditions shown in
Table I, the reaction of Step D proceeded., thereby obtaining a desired
product (Examples I to 7). Particularly, in the case of using formic acid
and nifinoroacetic acid as an acid, the reaction of Step D proceeded
smoothly, thereby obtaining a desired product in high yield (Examples 1 and
2). [0164] In Tables 2 to 4, the reaction conversion rate refers to a value
calculated as follows, by carrying out FIRER measurement using the
measurement condition C below and taking the area percentages (%) of the
obtained substrate and desired product to give a total percentage of 100%.
[0165] Reaction conversion rate (%) = Desired product/(Substrate + Desired
produc0x100 [0166] 1 5The substrate refers to 3-{11/44-benzyloxycarbonyl-N-
(ethoxycarbonylmethyl)amino}propionic acid and the desired product refers
to ethyl N- benzyloxycarbonyi-N-1(2-cyclopropylaminocarbonyl)ethyll
aminoacetate, respectively. [0167] Measurement Condition C        Column;
COL Sciences Inc., Inertsil ODS-3 (4.69x150 mm), pre-column; GI, Sciences
Inc., Inertsil ODS-3 (4.0(px10 mm), mobile phase; Solution A: ac.etoninile,
Solution B; diluted phosphoric acid (I-41000) solution, 0 to 25 minutes;
A:B=60:40 (isocratic), detection wavelength: 210 urn, column temperature;
40C, flow rate: 1.0 mUmin. 25Retention time: substrate; approximately 22
minutes, desired product; approximately 25 minutes [0168] (Example 8) Ethyl
N-benzyloxycarhonyl.-N-{(2-eyclepropylaminocarbonyf)ethyl}aminoacetate 3
0To 3-1N-benzy1oxyearbonyl-N-(ethoxycarbonyiniethyDaminolpropionie acid
(866 mg, equivalent to 2.83 inmol) were added TIIF (17 MC), followed by
dissolution. HOBH-12.0 (521 mg, 3,40 mined), cyclopropylamine (0.49 mid,
7.08 mmol), and EDCHICI (652 mg, 3.40 mmol) were sequentially added
thereto, followed by stirring at room temperature for 1 hour. 



3 5[0169]        After being allowed to stand at room temperature
overnight, 2 inol/L hydrochloric acid (10 inE) and ethyl acetate (20mL)
were added to the reaction mixture, and the organic layer was collected by
separation. To the aqueous layer was added ethyl acetate (20 MI,),  the
organic layer was collected by separation, and then the organic layer was
combined, sequentially washed with water (20 mid), saturated sodium
hydrogen carbonate (20 ml,), water (20 nit:), and saturated brine (20 mL) ,
and then dried over anhydrous sodium sulfate. [0170] After concentrating
under reduced pressure, the concentrated residue was purified by silica gel
colunm chromatography (Kanto Chemical. Co., Inc.) Si60 (spherical),
eltient: ethyl acetate), and dried at room temperature under reduced
pressure to obtain 71:2 mg (yield 72%) of a title compound as a white
solid. [0171] (Examples 9 to 16)        By the same methods as in Example
8, the reaction was carried out at room temperature using cyclopropylamine
(1.1 to 2.5 equivalents) and HOBO-120(0 to 1,2 equivalents) in the amounts
shown in Table 2 and a 2:1 mixed solvent (204o1d amount) of 1_ 5TITE/Dh4F
or 2-MeTHEIDIVIE as a reaction solvent. [0172] Subsequently, the 1-11)LC
measurement of the reaction mixture was carried out and 20 a desired
product results are shown [0173] [Tableil was purified in Table Cyclopropyi
amine (equivalents) and isolated 2. 



HOBP1120 (equivalents) by silica gel column chromatography. Solvent
Reaction conversiou rate (M)) The Yield (tr,)  mple 9 .55 1.2  1.2  THF
THF/D1\413 100 10D 72   :      ENallErit 10 



2.5 0. 171-1FiDNIF 100 73  Example1 2.5 0.1  2-1v1eTHEDNIF 100 7  Examnle
12 2.5 0.05 2-1vie cH11131\1F 100 69  Example 13  2.5 0.01 2-MeTi1F/DME 100
Example. 14  2.5 



2 -MeTHE! DM F 100 56 Example 15  2.1 0.05  2.-MoT1lELDME 100 70 [ Example
16   0.0.5 2-1vie THE/DM F 100 83 [0174] Under all the reaction conditions
shown in Table 2, the reaction of Step C was carried out smoothly (Examples
8 to 16). Even when HOBt.I120 as an additive was not added, the reaction of
Step C proceeds (Example 14), but in the case where 0.01 to 0.1 equivalents
oft/0.81E20 was added, a desired product was obtained in excellent yield
(Examples 11 to 13). Further, it became clear that the equivalents of
cyclopropytantine as an amine can be decreased to 1.1 equivalents (Example
16). [0175] (Examples 17 to 20)          To
3-{N-benzyloxyearbonyi-N-(ethoxyearbonylinethyDamino}propionic acid
(corresponding to 100 mg, 0,311 ramol) was added THE (0.5 nfi.,), followed
by dissolution. HOB4.1120(2.39 ma, 0.0156 irtmol), a base shown in Table 3
(Li equivalents), cyclopropyla.mine (23.7 ill, 0342 mmol), and EDC1.1-1C1
(71(5 mg, 0.373 mmol) were nsequentially added thereto, followed by
stirring at an outer temperature set of 40C for 1 hour. Then, the 1-113LC
measurement of this reaction mixture was carried out. The results are shown
in Table 3. [0176] ['Mile 31  



Base Trietlaylamine N-Methylpyrrolidine   Reaction conversion rate   (%)
100 87.5 97.5 97,5  [0177]        Under all the reaction conditions shows
in Table 3, the reaction of Step C proceeded (Examples 17 to 20). Even when
the base was not added, the reaction of Step C proceeds (Example 20), but
in the case where the base was added, the reaction conversion rate was
improved (Examples 17 to 19). In particular, in the case where
triethylamine was added as a base, the reaction conversion rate was highest
(Example 17). [0178] (Examples 21. to 29)        To
3-{N-berizyloxycarbonyl-N4ethoxyearbonylmethyl)aminolpropionic acid
(corresponding to 100 mg, 0.311 mmol) was added the, solvent shown in Table
4 (0.5 nth), followed by dissolution, HOBPI420 (2.39 mg, 0.0156 mmol),
triethylamine (47.4 it11" 0.342 mmoi), cyclopropylamine (23.7 pi, 0.342
mmol), and EDC1.1-1(11 (71.5 mg, 0.373 mmol) were sequentially added
thereto, followed by stirring at an outer temperature set of 40C for 1 to
4.5 hours. The EIPLC measurement of this reaction mixture was carried out.
The results are shown in Table 4.  [0179] [fable 41  Solvent Reaction
conversion rate (%)   Reaction hours(hours)  Example 17 TI IF 100 1 Ex
ample 212-MeTHF 



94.6  Example 22 2-MeIHEOME 96.7  Example 23 TBME 95.7  Example 24  DME
92.3  Example 25 dblueue 95.4  Ex amp] e 26 Isopropyl acetate 89.5 2
Example 27  DIVIE:1420- I 5:1  83.5 1.5 Example 28  DME:H20-20:1 



94,0 4,5  Example 29  THE:1120-9:1191.9 4.5  [0180] Tinder all the reaction
conditions shown in Table 4, the reaction of Step C 5proceeded (Examples
17, 21 to 29). In particular, in the ease where THE was used as a solvent,
the reaction conversion rate was highest (Example 17). [0181]        In
Tables 5 to 6, HPLC (%) refers to a value calculated as follows, by
carrying out HPLC measurement using the measurement condition D below and
taking the area 1 0percentages (1%) of the obtained substrate, desired
product, and hydrolyzed products to give a total percentage of 100%, [0182]
Area Percentage of Each. Component (A) (Area Value of Each
Component)/(Total Area Value of Each Component)x100 1[0183] The substrate
refers to ethyl N-benzyloxycarbonyl-N-{(2-
cyclopropylaminocarbonyeethyl}aminoacetate, the desired product refers to
henzy13- (cyclopropylcarbairoy1)-4-oxopyrrolidirte-1-carboxylate, and the
hydrolyzed product refers to
N-benzyloxycarbony1-19-{(2-eyclopropylaminocarbonyflethyliaminoacctic acid,
20respectively. [0184] Measurement Condition D Column: GL Sciences Inc.,
Inertsil ODS-3 (4,6px150 rum), pre-c,olunin; GL Sciences Inc., Inertsil
ODS-3 (4.0x10 mm), mobile phase; Solution A: acetonitrile, Solution B:
diluted phosphoric acid (1-41000) solution, 0 to 25 minutes; A:B-38:62
(isocratic), detection wavelength: 210 rim, column temperature: 40C, flow
rate: 1.0 mUmin, 



Retention time; substrate; approximately 21 minutes, desired product;
approximately 13 minutes, and hydrolyzed products: approximately 6 minutes
[0185] (Example 30) Benzyl
3-(cyclopropylcarbamoy1)4-oxopyrrolidine-l-carboxylate        To a solution
of ethyl N-benzyloxyclubonyi-N-l(2-
cyclopropylarainocarbonyeethyllaminoacetate (200 mg, 0,574 mmol) in toluene
(2.0 mL) was added potassium tert-butoxide (136 mg, 1.21 mmol) as a base at
an outer temperature set of 40C, followed by stirring for 2 hours, Then,
the HPLC measurement of this reaction mixture was carried out. The results
are shown in Table 5. [0186] (Examples 31 to 40)        By the same method
as in Example 30, the bases (2.1 equivalents) and the solvent (10-fold
amount), described in Table 5, were stirred at an outer temperature set of
40C, for 0.5 to 7 hours. Then, the BMX measurement of this reaction mixture
was carried out. The results are shown in Table 5. [0187] Mble 5]
Substrate:desired  Base Solvent product: hydrolyzed product Example 10
tBuOK Toluene 0'81 3'16 7 Example 31  tBuONa Toluene 0:55.0:45,0  Example
32 diu0Li 



Toluene 40.0:52.I :7.9 Example 33  KEINIDS Toluene 0:61.1:38.7  Example 34
NaHMDS  Toluene 0:87.6:12.4  Example 35  EHMDS  Toluene 0:84.5:15.5 Example
36  NaH  TlIF 0:87.0:13,0  Example 37  Na0Me Methanol 0.7:70,7:28.6 Example
38  Na0Me  Toluene 81.3:7.7:11.0 Example 39  2I15e(CET3)20K  



Toluene 0:94.2:5.8 Example 40  C21I5C(C113)20Na Toluene 0:74,6:25.4  [0188]
Tinder all the reaction conditions shown in Table 5, desired products could
be obtained by the reaction of Step B (Examples 30 to 40). Particularly, in
the case where potassium tert-hutoxide, sodium tert-butoxide, potassium
hexamethyl disilazide, sodium bexamethyl disilazide, lithium hexamethyl
disilazide, sodium hydride, or sodium tertpentoxide was used as a base,
hydiolyzed products were generated as side-products, but the reaction could
be completed (Examples 30, 31,33 to 36, and 40). [0189]
Furthermore, in the case where potassiu3n tert-pentoxide was used as a
base, the side production of hydrolyzed products could be suppressed to
less than 10%, and further, the reaction could be completed (Example 39).
[0190] (Example 41) fi enzyl 3 -(cyclopropylcarbamoy0-4-oxopyrrolid
ine-l-carboxylate        To a solution of ethyl N-henzyloxycarbonyl-N-{(2-
cyclopropylaminocarbonypethyl]aminoacetate (500 mg, 1.44 mmol) in toluene
(5.0 inE) was added a 1.7 moll solution (2.6 niL, 4.46 mmol) of potassium
tert-pentoxide in toluene at an outer temperature set of 40C, followed by
stirring for 2 hours, [0191] The reaction mixture was ice-cooled, 2 mon
hydrochloric acid (10 m11.) and ethyl 1. 0acetate (20 mE) were added
thereto, and the organic layer was collected by separation. To the aqueous
layer was added ethyl acetate (20 InE), the organic layer was collected by
separation, and then the organic layer was combined and washed with
saturated brine (20 mL). [0192]         After drying over anhydrous sodium
sulfate and then concentrating under reduced pressure, the concentrated
residue was purified by silica gel column chromatography (Kanto Chemical
Co., Inc. Si60 (spherical), eluent: hexane/ethyl acetate:.. 1/5). and dried
at room temperature under reduced pressure to obtain 337 mg (yield 77%) of
a title compound as a reddish brown solid. [0193] (Examples 42 to 45)
By the same method as in Example 41, the reaction was carded out using
equivalents of potassium tert-pentoxide (El to 3.1 equivalents), at a
reaction temperature (30C to 60'(1), for 0.5 to 1 hour, described in Table
6, and the reaction was evaluated using 'PLC.The [0194] [ThI'$01 



results are shown Potassium tert- pentoxide  (equivalents) in Table 6.
Temperature (C)      Desired product:hydrolyzed  product(HPLC%) Yield (%)
Example 41 4093.8:6,2  Example 39 2,1I4094,2:5.8  Example 42 4097.6:2.4 84
Example 43   1,1 I3094.0:6,0  Example 44  1.1 I5097,1:2.9   Example 45  



6095.4:4.3   [0195]        Under all the reaction conditions shown in Table
6, the side production of hydrolyzed products could be suppressed to less
than 10% by the reaction of Step B (Example 39, 41 to 45). Particularly,
the equivalents of potassium tert-pentoxide were  investigated, and as a
result, it was proved that if 2.1 equivalents were decreased to 1,1
equivalents at a reaction temperature of 40C, the side production of
hydrolyzed products could be controlled to less than 3% (Examples 39 and
42). Further, the reaction temperatures were investigated, and as a.
result, it was proved that a range from 40C to 50C was suitable (Examples
42 and 44). [0196]        In Tables 7 to 10, the reaction conversion rate
and the diastereomer excess (de) are values calculated as fo]lows, by
carrying out EIPLC measurement using the measurement condition E and taking
the area percentages (%) of the obtained substrate, syn-forms, and
10anti-forms to Mve a total percentage of 100%. [0197] Reaction conversion
rate (%) Syrt-foi.E. t Anti foi../(Substrate 4 Syn-farm Afctrin)x 100
[0198] 15de (%) = (Anti-form - Syn-fou)/(Syn-form + Anti-form)x 100 [0199]
The substrate refer to benzyl 3-(eyclopropylcarhamoye-4-oxopyrrolidine-1-
carboxylate, the syn-form refers to benzyl
(3R,4R)-3-(cyclopropylcarbamoye-4- hydroxypyrrolidine-l-carboxylate, it's
enantiomer, and a mixture thereof; and the anti-form 2 0refers to berizyl
(38,4B)-3-(cyclopropylcarbrunoy1)-4-hydroxypyrrolidine-l-carboxylate,
enantionter, and a mixture thereof, respectively. [0200] Measurement
condition E        Column; CL Sciences Inc., inertsll ODS-3 (4.6px150 mm, 3
pm), pre-column; CI Sciences Inc., Inertsil ODS-3 (4.0px10 mm), mobile
phase; Solution A: methanol, Solution B: diluted phosphoric. acid
(1-->1000) solution containing 5 nintol of sodium 1- octanesuifonate, 0 to
30 minutes: A:B=42:58 (isocratic), detection wavelength: 215 mu, column
temperature: 40C, flow rate: 0.80 mUrnin, Retention time: substrate;
approximately 22 minutes, syn-form; approximately 15 3 0minutes, and
anti-form, approximately 16 minutes. [0201]        In 'Tables 7 to 10, the
enantiomer excess tee) is a value calculated as follows, by carrying out
JINX measurement using the measurement condition F and taking the area
percentages (%) of the obtained (3R,4S)-forms, (3S,4S)-forms,
(3R,4R)-forms, and (3S,4R)-forms to give a total percentage of 100%. [0202]



ee (%) = [(3S,4R)-forms (3R,4S)-forms]/R3S,4R)-forms + (3R,4S)-forms]s:100
[0203]           The (3R,4S)-form refers to benzyl
(3R,4S)-3-(cyclopropylcarbamoy1)-4- hydroxypyrrolidine-1-carboxylate, the
(3R,4R)-form refers to benzyl (3R,4R)-3-
(cyclopropylcarbamoy1)-4-hydroxypyrrolidine-1-carboxylate, the (38,48)-form
refers to benzyl
(38,48)-3-(cyclopropylcarbamoy1)-4-hydrox,ypyrrolidine-1-earboxylate, and
the 5(3S,4R)-form. refers to benzyl
(3S,4R)-3-(cyclopropylcarbamoy0-4-bydroxypyrrolidine-l- carboxylate,
respectivel)c In the case where the peaks of the (3B.,4R)-forin and the
(3S,410-fortn were observed as a. peak mixture, not separated completely
from each other, the presence ratio, of each form was calculated from the
above de, and used. [0204] 0Measurement condition F Column; Daicel Chemical
industries, Ltd., Chiralpak(4,6wx150 min) and Dolce! Chemical Industries,
Ltd., Chiralpak AD-3R (4.6px1.50 ram) connected, pre column; (IL Sciences
Inc., Inertsil ODS-3 (4.0px10 mm), mobile phase; Solution A: acetonitrile,
Solution B: diluted phosphoric acid (1-4,1000) solution, 0 to 30 minutes; 1
5A:B-25:75 (isocratic), detection wavelength: 215 rim, column temperature:
40C, flow rate: 1.0 mulnin.        Retention time: (3R,4S)-thrtn;
approximately 12 minutes, (3S,4S)4'orm, approximately 16 minutes,
(3R,4R)-form; approximately 20 minutes, and (3S,4R)-form; approximately 20
minutes. 20[0205] (Example 46)        To benzyl
3-toyelopropylcarhamoy0-4-oxopyrrolidine-1-carboxylate were added a
catalyst (dichloroberizene ruthenium(II) (timer, 0.5 mei %), a chiral
ligand [(S)-(-)EINAP, 1,0 mot and a solvent (dic,hloromethane, 7.54o1d
amount). The mixture was 25subjected to hydrogen substitution, and hydrogen
pressure (0.5 to 0.6 MPa) was applied thereto, followed by stirring at an
outer temperature of approximately 60C for 8 hours. The TIPLC measurement
of this reaction mixture was carried out. The results are shown. in Table
7. [0206] 30(Examples 47 to 55 and Comparative Examples 1 to 2)        By
the same method as in Example 46, the reaction was carried out for 6 to 10
hours using the solvent (7.5-fo1d amount) described in Table 7, The results
are shown in Table 7,  [0207] (Table 71  Example 46  Example 47  Example 48
Solvent Dichloromethane Methanol 2-PrOII  - CT3CII20I1 DMF  Reaction 



conversion rate        100  HPLC (%) de 97,1  ee 94.9 32.1 51,5 66.9 77,9
83.5 78.8 89.3 92,1 88,4 NT NT   99.8 94.9 86.9 81.3 85.8 90.5  78,3 69.7
92.6 90.9 97.0 96.6 96.3 3.0 52.4  Example 49  Example 50  Example 51  Ex
ample 52  Example 53  Example 54 Example 55  Comparative Example 1
Comparative Example 2  



Ethyl acetate THE Toluene Chiorohenzene  Xylene Acetonitrile Solkane6
365mfc (..C4fisFs) 100 100 97.2 99,8 90,3 0.5 0,1    NT: Not tested (not
measured) [0208] in the ease where dichloromethane was used as a solvent
(Example 46), the reaction of Step A proceeded with good selectivity. In
the case of using methanol (Example 47), 2-propanol (Example 48),
2,2,2-trilluomethanol (Example 49), N,Ndtmethylformamide (Example 50),
ethyl acetate (Example 51.), or tetrahydrofuran (Example 52), the
selectivity was lowered, as compared with dichloromethane, but the reaction
of Step A proceeded well. [02091        Furthermore, in the case of using
toluene (Example 53), chlorribenzene (Example 54), and xylene (Example 55),
each of which is an aromatic solvent, the reaction of Step A proceeded with
good selectivity. On other hand, in the case of using acetonitrile
(Comparative Example 1) or Solkane (registered trademark) 365mfc
(Comparative Example 2), the reaction of Step A substantially did not
proceed. [02101 (Examples 56 to 62) 



By the same method as in Example 46, the reaction was carried out for 6 to
10 20hours with the hydrogen pressure and the amount of the catalyst
described in Table 8. Th.e results are shown in Table 8.  [0211] 1113.bk ]
hessure (Wu) catalyst ( 11101 (Y0) Amount of  Reaction1 conversion rate HP
LC C (%) dc cc Example 56:  252.7 2.0 100 95,3  87.2 Example 57  0.8-0.9
2,0 100  96,0 



91,7 Example 58 0.5-0.6 2.0  100 96.3 91.2 Example 590.3-0,4 2.0 100 96.3
92.0  Example 600,1-0.2  100  96.5 93.7 Example 61  05-0.6 0.5  100 95,3
87.9 Example 62  0.1  100 95.1 84,0  



[0212]        In the case of changing the pressure in the range shown in
Table 8 (Examples 56 to 60), the reaction of Stop A proceeded with good
selectivity in any case, and the pressure could be decreased to 0,1 to 0.2
IVIPa (Example 60). Further, also in the case of changing the amount of the
catalyst (Examples 61 and 62), the reaction of Step A proceeded with good
selectivity in any case, and the amount of the catalyst was decreased to
0.1 tnol % (Example 62). 1.0[0213] (Examples 63 to 66) By the same method
as in Example 46, the reaction was carried out for 6 to 10 hours using the
chiral lig,and described in Table 9. The results are shown in Table 9,
[02/4] Pablo.: 9] Example 46  Chiral ligand (S Reaction 100 conversion rate
IIPI,C (43)  de 97,1 cc 94.9 Example 63  (8)-To1BINAP   100 96.0 94.4
Example 64  (8)-SEGPIIOS 100 95.3  98.7  Example 65 



(S)-DM- 10096.598.3  SEGPIIOS  ExMe 66  (S)N1c0-BIPHEP 10095.1 96,9   [0215
In the case of using the chi TUI ligand shown in Table 9 (Examples 63 to
66), the reaction of Step A also proceeded while maintaining good
selectivity. Particularly, in the ease of using (5)-SEGPHOS (Example 64),
(S)-DM-SEGPHOS (Example 65), or (S)- 2 0isile0-BIPITEP (Example 66), it was
confirmed that the optical purity (cc) was enhanced in any case, as
compared with a case of (S)-BINAR [0216] (Example 67)         To benzyl.
34cyclopropylcarhamoy1)-41-oxopyrrolidine-1-earboxylate were added a
catalyst (dichlorobenzene ruthenium(11) dimer, 0.5 trot 3/4), a chiral
ligand [(8)-(0-BINAP, 1.0 mol 3/41, and a solvent (toluene, 7,5-fold
amount). The mixture was replaced by hydrogen, and hydrogen pressure (0.5
to 0.6 WIPa) was applied thereto, followed by stirring at an outer
temperature of approximately 55C for 8 hours. The HPLC, measurement of this
reaction mixture was carried out. The results are shown in 'fable 10.
[0217] (Examples 68 to 70) By the same method as in Example 68, the
reaction was carried out for 6 to 10 hours at the temperature [0218] [Table
101 described in ('C) Temperature  Table 10,The results Reaction 



conversion rate are shown in HPEC (%) de Table 10. ee Example 53  60
97.297.0 89.3 Example 67  55  65.7 96,7 89.5  Example fig  70 97.3 96.3
87.8 Example 69  80 100 96.0 88.3 Example 70  100 100 



92,1 83.1  [0219]        In the case of changing the temperatures in the
range shown in Table 10 using toluene as a solvent (Examples 67 to 70), the
reaction of Step A proceeded with good selectivity in any case. in the case
of changing the temperature, a decrease in the reaction conversion rate was
observed with a decrease in the temperature, as compared with a case with
60C (Example 67), whereas a slight decrease in the selectivity was observed
with an increase in the temperature (Examples 68 to 70). [02201 (Reference
Example 2) tert-Butyl 3- IN - benzyloxycarbonyl-N-(ethoxycarbonyl
methyBarrii nolpropionate  [0221] [Chem. 19]  [0222]        To gtycine
ethyl ester hydrochloride (817 g, 5.85 mol) were added water (750 mL) and
2-propanol (2.3 L), followed by warming the mixture and triethylamine (870
raL, 6.24 mol) was added thereto at an internal temperature of from 55C to
57C. To the mixed liquid was added dropwise tert-butyl acrylate (250 g,
1,95 inol) at an internal temperature 10of from 60C to 62C, followed by
stirring at an internal temperature of from 60C to 62C for 2 hours. [0223]
Furthermore, tert-htityl acrylate (250 g, 1.95 mol) was added dropwise to
the mixed liquid at an internal temperature of from 63C to 64C, followed by
stirring at an internal temperature of from 63C to 64C for I hour. The
mixed liquid was cooled to an internal temperature of 30C and allowed to
stand overnight. The mixed liquid was warmed again and stirred at an
internal teriapeiatare of from 55C to 64C for 2 hours. The mixed liquid was
cooled to an internal temperature of 30C, and then 3% sodium hydrogen
carbonate (5 L) was added thereto, followed by extraction with ethyl
acetate (5 L), The organic layer was collected by separation. [02241
To the ethyl acetate solution was added a sodium hydrogen cathonate
solution (328 g (3,90 mot) of sodium hydrogen carbonate had been dissolved
in 6.5 L of water) at an internal temperature of from 25C to 30C, and
henzyl chloroformate (557 mi" 3.90 25mol) was added dropwise thereto at an
internal temperature of from 29C to 36C, followed by stirring at an
internal temperature of from 30C to 33C for 2 hours. The reaction mixture
was cooled to an internal temperature of 24C and the organic layer was
collected by separation, The organic layer was sequentially washed with 0.5
moll hydrochloric acid (2.5 L) and 5% brine (2.5 L), and concentrated under
reduced pressure to 30obtain 1329 g of a title compound as a reddish brown
oil. [0225]             NMR. (400 MHz, CDC13) 6: 123 (3H, di, J-29, 3,
73112), 1.43 (911, s), 2.56 (2H, dt, 6.411z), 3.56-161 (2II, m), 4,05-4,21
(4H, m), 5,11-5.17 (2H, m), 7,30- 7.38 (5H, m). [0226] 



(Example 71) 3- {N-Benzylcixycarbortyl
N-(etlitoxycarbonylmethyl)amino}propionic acid [0227] [Chem. 20]  10 [0228]
To teit-buty13-{N-benzyloxycarbonyl-N(ethoxyearbonylmethypamino]propiortaie
(corresponding to 1329 g, 3.90 mei) synthesized by the method of 'Reference
Example 2 was added formic acid (4 L, 106 raol) at 311 internal temperature
of from 35C to 40C, followed by stirring at an internal temperature of from
40C to 50C for 3,5 hours. [0229]         The reaction mixture was cooled
and 5% brine (10 L) was put thereinto. Then, a toluene/MME (1:1) mixed
liquid (10 L) was added thereto, followed by extraction. To the 20organic
layer was added 20% potassium hydrogen carbonate (5 L.) and the aqueous
layer was collected by separation. lib the aqueous layer was added 6 motil,
hydrochloric acid (.2 Lit at an internal temperature of from 10C to 11C to
adjust to approximately pH 1, followed by extracting with a toluene/1)MB
(4:1) mixed liquid (7 L). The organic layer was collected by separation,
washed with water (3.5 L), and concentrated under reduced pressure, To the
concentrated residue was added toluene (1.5 L), followed by concentrating
under reduced pressure, to obtain 796 g of a title compound as a brown oily
substance. [0230] 10,11?,, (400 MHz, CDC13) 6: 1.22 (3H, dl. J-31.4,
7,0Hz), 2. 71 (2H, di:, J-30.0, 6,4Hz), 3.60-161 (2H, m), 4.05-4.21 (414,
m), 5.12-5.17 (211, m), 7.28-7,36 (5H, m). [0231]  (Example 72) Ethyl
N-herizyloxycarictonyl-N-f(2-c,yclopropylaminocarbonyl)ethyl}aminoacetate
[02321 [Chem. 21]  [0233]
To3-{N-benzyloxycarbonyl-N-(etboxycarbonylmethyl)amino}propionic acid.
(corresponding to 796 g, 2.57 inol) synthesized by the method of Example 71
was added 10THE (4.3 L.), HOBt4I20 (21.5 u, 0A40 mol), triethylamine (435
int, 3.12 mol), cyclopropylamine (216 rnL,3,12 mol), and EDCIthICI (627 g,
4.10 moll were sequentially added to the mixed liquid, followed by stirring
at an internal temperature of from 35C to 49C for 2 hours. [0234] 15The
reaction mixture was cooled to an internal temperature of 17C, water (8 14
and toluene (8 1..) were added thereto, followed by stirring and
extracting, and the organic layer was collected by separation. The organic
layer was sequentially washed with I mon hydrochloric acid (4 L) and water
(2 IA and concentrated under reduced pressure. To the concentrated residue
was added toluene (1.5 L), followed by concentrating under 



20reduced pressure. To the concentrated residue were added acetone (0.5 L)
and diisopropylether(14. 5 14, followed by warming, crystallizing at an
internal temperature of 35C, and then stirring at an internal temperature
of from 30C to 33C for 0.5 hours. [02351 The mixed lipid was slowly cooled
and then stirring at an internal temperature of 25from 5C to 9C for 0.5
hours. The precipitated crystal was collected by filtration and washed with
dilsopropyl ether (2.5 14. The wet crystal was dried at 40C overnight under
reduced pressure to obtain 689 g (yield 51%, 4 steps) of a title compound
as a slightly yellowish white crystal, [0236]  1H NMErl. (400 MHz, CDCI3)
8: 0.42-0.48 (211, in), 0.69-0.75 (2H, m), 1.23 (311, dt, I-26.2, 7.0Hz),
2.34-2.68 (3H, m), 3.62-3.68 (211, m), 4.03-4.23 (411, in), 5.10-5,19 (2II,
in), 610 OIL br s), 7.26-7.38 (511, m). [0237] (Example 73) Benzyl
3-(cyclopropylearbantoy0-4-oxopyrrolidine-1-carboxylate [0238] [Chem. 22]
[0239l To ethyl N-benzyloxycarbonyl-N-{(2-
eyelopropylaminocarhotryBethyllaminoaectate (600 g, 1.72 mol) synthesized
by the method of Example 72 was added toluene (6 L), and then to the mixed
liquid was added 1dropwise a 1.7 nion solution (1.11 L, 1.89 mot) of
potassium tert-pentoxide in toluene at an internal temperature of from 46C
to 48C, followed by stirring at an internal temperature of from 48C. to 49C
for 2 hours. The reaction mixture was cooled and then adjusted to pH 1.2
(pH-meter) by the addition dropwise of I moll hydrochloric acid. (2,1 Id)
at an internal temperature of from 4C to 7C. 2[0240]        The mixture was
extracted with ethyl acetate (6 L), washed with water (3 L), and then
concentrated under reduced pressure. To the concentrated residue was added
2- propanol (2.1 L), followed by heating and dissolving, and then water
(3.9 L) was added dropwise thereto at an internal temperature of from 64C
to 68C, tbilowed by cooling to 2.5an internal temperature of 55C. After
cooling to an internal temperature of 35C and crystallizing, the mixed
liquid was warmed to an internal temperature of 45C, [02411 Water (2.4 L)
was further added thereto at an internal temperature of from 45C to
46C, followed by stirring at an internal temperature of from 45C to 46C for
0.5 hours, 30The mixture was cooled to an internal temperature of 25C and
stirred at an internal 413 



temperature of from 20C. to 25C for 0,5 hours. The precipitated crystal was
collected by filtration and washed with a 2-propartoliwater (1:3) mixed
liquid (3 L). The wet crystal was dried at 50C for ovemight under reduced
pressure to obtain 448 g (yield 86%) of a title compound as a pale brown
crystal, [0242]          NMR (400 MHz, CDCL) 6: 0.50-0.58 (211, m),
0.75-0.85 (211, in), 2.69-2.77 (1H, m), 3.41 (1II, t, 8Hz), 3.86-4,07 (21I,
in), 4.20-4.27(211, m), 5,15-5.23 (2H, m), 6.60-6.80 (111, in), 7.30-7.44
(5H, in). [0243] 1 0(Example 74) Benzyl (38,4R)-3-(cyclopro
ylearbamoy0-4-hydroxypyrrolidine-1-carboxylate [0244] [Chem. 213]  [0245]
To benzyl 3-(cyclopropylearbnoy1)-4-oxopyrrolidine-1-carboxylate (26.0 g,
86.0 name synthesized by the method of Example 73 were added a
dichlombenzene ruthenium(Ii) dirtier (21:5 mg, 43.0 prnol),
(S)-2,2-bis(diphenylphosphino)-1,1- binaphihyll(S)-(-)-BINAP] (53.6 rag,
86.0 pmol), and dichloromethane (196 al). The mixture wa.s replaced by
hydrogen and the initial hydrogen pressure was adjusted to 1.0 MPa, and the
mixture was stirred at an outer temperature of approximately 60C for 10
hours. [0246]        Hydrogen was released and then the reaction mixture
was concentrated under reduced pressure. To the residue was added ethyl
acetate (364 inL), followed by heating to an internal temperature of
approximately 74C and dissolving, and then cooling to an internal
temperature of 18C. The precipitated solid was collected by filtration and
washed with ethyl acetate (119 inL). After drying at 50C for 2 hours under
reduced pressure, 21.3 g (yield 81%) of a title compound as a white floss
crystal was obtained.  [0247j Melting point (hot plate method): 134.4 to
135.0C           NMR (CDC13, 400 MHz) 5: 0,45-0.77 (2H, in), 0.69-0,77
(21-1, m), 2.63-2,82 (21-i, in), 3.19-3.29 (1H, in), 3.49-3.85 (3H, m),
3.91-4.15 (1H, m), 4.35-4.49 (1H, m), 5.10 (211, s), 6,57d, J-I5.9Hz),
7.26-7.37 (5H, in). [0248] Chemical purity: 98.3% (99.6% de, retention time
17.0 minutes), column; CL Sciences Inc., lnertsil ODS-3 (4.6yx150 mm, 3
pm), pre-coluran; (11., Sciences Inc., Inertsil ODS-3 (4,0px10 ram), mobile
phase; Solution A: methanol, Solution B: diluted 10phosphoric acid
(1-41000) solution containing 5 mmol of sodium 1-octariesulfonate, 0 to 30
minutes; A.B=42:58 (iseeratte), detection wavelength. 215 mm, column
temperature: 40C. flow rate: 0.80 pd.Umin. [0249] Optical purity: 100% ee
(retention time: 16.4 minutes), column Dulcet Chemical 



industries, Ltd,, Chiraipak AD-RIT (4.64ix150 mm)+Daicel Chemical
Industries, Ltd.; ClUralpak AD-3R (4.6ifix150 mm), pre-c,olumn, Gil.
Sciences Inc., Inertsil ODS-3 (4.0ipx10 mm), mobile phase; Solution A:
acetonitrile, Solution B: diluted phosphoric acid (1-41000) solution, 0 to
30 minutes; A:B-25:75 (isecratie), detection wavelength: 215 mm, column
temperature: 40C, flow rate: 1.0 mid/min 20[0250]        In Tables 11 to
12, the reaction conversion rates were values calculated as fellows, by
carrying out HPLC measurement using the measurement condition G below and
taking the area percentages (A) of the obtained, substrate, syn-form, and
anti-form to give a total percentage of 100%. [0251] Reaction conversion
rate (%) = Syn-form + Anti-form/(Substrate Symto Anti-fon:)x 100 [02521 The
substrate refers to a. 1-benzy1 3-ethyl 4oxopyrrolidine-1,3-dicarboxylate
and 30the desired product refers to a 1-benzyl 3-ethyl
anti-(3ft.,4S1-4-hydroxypyrrolidine-1,3- dicarboxylate, respectively.
[0253] Measurement Condition Ci        Column; GL Sciences Inc., Inertsil
ODS-3 (4.6ip<150 mm), pre-column; GL Sciences Inc., Inertsil ODS-3 (4.0x10
mm), mobile phase; Solution A: diluted phosphoric acid (1-*1000) solution,
Solution B: acetonitrile, 0 to 30 minutes; A:B=50:50 (isoeratic), detection
wavelength: 210 nm, column temperature: 30vC, flow rate: 1.0 intim:in.,
retention time: desired product; approximately 4 minutes, raw material;
approximately 7 minutes [0254] In Tables 11 to 12, de was a value
calculated as follows, by carrying out FIPLC hmeasurement using the
measurement condition 1-1 below and taking the area percentages (%) of the
obtained substrate, syn-form, and anti-form to give a total percentage of
100%. [0255] de (%) - (Anti-form - Syn-thma)/(Syn-form + Anti-thni-)/100
[0256]  1 0 In Tables 11 to 12, ee was a value calculated as follows, by
carrying out HPLC measurement using the measurement condition H below and
taking the area percentages (DA) of the obtained (3R,4S)-forms,
(35,45)-forms, (3R,4R)-forms, and (35,4R)-forms to give a total. percentage
of 100%. [0257] 15ee (%) = [(3R;45)-forin - (35,4R)-formil[(3R,4S)-form +
(35,41)-form1x100 [0258]        The (3R,4S)-tbrm refers to 1-benz.y1
3-ethyl (3R,45)-4-hydroxypymilidine-1,3- dicarboxylate, the (3R,4R)-form
refers to 1-benzyl 3-ethyl (3RAR)-4-hydroxypyrrolidine1,3-dicarboxylate,
the (35,48)-form refers to 1-betizyl 3-ethyl (35,4S}-4- 2
0bydroxypyTrolittine-1,3-dicarboxylate, and the (3R,45)-form refers to
1-benzyl 3-ethyl (3R,45)-4-hydroxypyrrolidine-1,3-dicarboxylate,
respectively. [0259] 



Measurement Condition H Column; Daicel Chemical Industries, Ltd., Chiraleel
AD-REI (4.6px150 mm), pre- column;Sciences Inc., inensil ODS-3 (4.0tpx10
MT)), mobile phase; Solution A: diluted phosphoric acid (iH+ 1000)
solution, Solution B: acemnitrile, 0 to 30 minutes; A:B=80:20 (isocratic),
detection wavelength: 210 rim, column temperature; 50eC, flow rate:
1.0retention time: desired product; approximately 23 minutes, enantiomer;
approximately 18 minutes, diastereomer; approximately 23 minutes and 28
minutes, 30[0260] (Reference Examples 3 to 7)        A dichlorobenzene
ruthenium(H) dimer (172 mg, 0.34 mmol), (S)-(-1-BINAP(4213 rug, 0.69
rinnol), and diehloromethane (3.7 int) were added, followed by stirring at
an outer temperature of from 60C to 65C for 0.5 hours and then cooling to a
temperature of 35approximately room temperature, [0261]        To a mixture
were added a 1-betizyl 3-ethyl 4-oxopytroildine1,3-diearboxylate (5.0 g,
17.2 mmol) and dichloromethane (15 mL) under an argon atmosphere, followed
by  stifling at an internal temperature of from 60C to 65C for 8 hours
under hydrogen pressurization. The LIPLC measurement of this reaction
mixture was carded out. The results are shown in Table H. [02621 (Table 11.
[0263] Reference Examples 3 to 7 are prior arts described in international
Publication WO 2007/102567, and are each an asymmetric hydrogenation
reaction of 1-benzyl 3-ethyl 4-oxopyrrolidine-1,3-diearbox2,4ate. It can be
seen that if the hydrogen pressure is 10lowered to from 0.5 to 0.6 !APR,
the reaction conversion rate is lowered (Reference Example 3). [0264]
On the other hand, according to th.e present invention, as shown in
Examples 46 to 55 and 58 to 70, the reaction proceeds without a decrease in
the reaction conversion rate even at a low pressure of from 0.5 to 0.6 MPa
or lowerreaction under the high pressure condition is not industrially
suitable and has a high risk of explosion, and therefore, it can be said
that the present invention is more useful than prior ails, [0265]
(Reference Examples 8 to 10) 



A diehiorobenzene ruthenium(II) dimer, (S)-(-)411NAP, and diehioromethano
(3.7 trit,) were added, followed by stirring at an outer temperature of
from 60C1 to 65C for 0.5 hours and then. cooling to a temperature of
approximately room temperature. To the mixture were added a 1-benzyl 3ethyl
4-oxopyrrolidine-1,3-diearboxylate (5.0 2, 17,2 mmol) and diehioromethane
(15 iii) under an argon. atmosphere, thIlowed by stirring at an internal
temperature of from 60C to 65C for 8 hours under hydrogen pressurizatim of
from. 2.0 to 2.5 MPa, The HPLC measurement of this reaction mixture was
carried out. The results are shown in Table 12.  [0266] Table 12]  hIPLC
(%) Reaction conversion rate  Reference Example 8  Reference Example 9
Reference Example 10 1  [0267]        Reference Example 8 to Reference
Example 10 are prior arts described in International Publication WO
2007/102567, and are an asymmetric hydrogenation reaction of 1-benzyl
3-ethyl 4-oxopyrrolidine4,3-dicarboxylate, It can be seen that if the
amount of the catalyst is decreased to 1 mol Yo, the reaction conversion
rate is decreased (Reference Example 10), [0268]        On the other hand,
according to the present invention, as shown in Examples 46 to 55, 61 to
66, 68 to 70 and 74, the reaction proceeded without a decrease in the
reaction conversion rate even at the amount of the catalyst. of 1 mot % or
less, or even lower amounts, From the viewpoint that optically active
catalysts are expensive, it can be said that the present invention in which
the reaction proceeds with a stria/1 amount of the catalyst is industrially
excellent, [02.69]        The present invention is described in detail and
with reference to specific embodiments, but it is apparent to persons
skilled in the art that various changes or modifications may he added
without departing from the spirit or scope of the present invention.
The present application is based on Japanese Patent Application No,
2010-238077, tiled on October 25, 2010, the content of which is hereby
incorporated by reference, Industrial Applicability [0270]        The
present invention allows industrially advantageous preparation of an
optically active form of an
anti-(38,4R)-3-alkyleathamoy1-4-hydroxypyrrolidine derivative or it's
enantioiner, which is a key intermediate for producing a high-quality
optically active form of (3R,48)-3-alkylantinomethy1-4-fluoropyrrolidine or
it's enantiomer useful as an intermediate for producing a pharmaceutical,
and is thus useful,  Claims [ClainA method. for producing an optically
active anti-4-hydroxypyprolidine3 carboxamide derivative represented by the
general. formula (II) or it's enantiumer by subjecting a
4-oxopyrrolidine-3-carboxamide derivative represented by the general
formula (I) to asymmetric hydrogenation using an optically active catalyst
(Step A), [Chem. lj  



PG 4 ' 1 0[wherein, in the formula (I). PG' represents a protecting group
for an amino group, and. re represents hydrogen, a Cl to C6 alkyl group
which may be substituted, or a C3 to CS cycloalkyl group which may be
substituted], [Chem 21  [wherein, in the formula (II). PC and it' have the
same meanings as described above] [Claim 21A method for producing an
optically active aziti4-hydro,xypyrro ion -- earboxamede derivative
represented by the general formula (11) or it's enantiomer, comprising
Steps B and A below: (Step B) a step of treating a compound represented by
the general formula (III) ast one kind of base selected from an alkali
metal carbonate, an alkali metal  amide, an alkali metal hydride, and an
alkali metal alkoxide to obtain a 4-oxopyrrolidine-3- earboxamide
derivative represented by the general formula (I); and        (step A) a
step of subjecting the compound represented by the general formula (I)
obtained in Step B to asymmetric hydrogenation using an optically active
catalyst having a      ligand to obtain a compound represented by the
general formula (ID ) ot it's enantioiner, [Chem, 3] 0 -  R202C---'N'N--t'\
W (lit) 10[wherein, in the formula (HI), PG/ represents a protecting group
for an amino group, RI represents hydrogen, a Cl to C6 alkyl group which
may be substituted, or a C3 to CS cycloalkyl group which may be
substituted, and R2 represents a CI to C6 alkyl group], [Chem, 4]  ein, in
the tbrmula (I), PG1 and R1 have the same meanings as described above],  



[Chem. 5]    erein, in the formula GP, PG1 and Ri have the same meanings as
described above]. [Claim 3]A method for producing an optical!), active
anti-4-bydroxypyrrolidine-3- carboxamide derivative. represented by the
general formula (II) or it's enantiorner, comprising Steps D to A below:
10(Step D) a step of treating a compound represented by the general formula
(IV) with an acid to obtain a compound represented by the general formula
(V);        (Step C) a step of condensing the compound represented by the
general formula (V) obtained. in Step D with an amine represented by the
general formula (VI) to obtain a compound represented by the general
formula        (Step B) a step of treating the compound represented by the
general formula (Ill) obtained in Step C with at least one kind of base
selected from an alkali metal carbonate, an alkali metal amide, an alkali
metal hydride, and an alkali metal raoxide to obtain a 4-
oxopyrrolidine-3-carboxamide derivative represented by the general formula
(I); (Step A) a step of subjecting the compound represented by the general
formula (1) 20obtained in Step B to asymmetric hydrogenation using an
optically active catalyst having a chiral ligand to obtain a compound
represented by the general formula go or it's enantiomer, IChe 6] (Pi
R202C---" N x`'OBU PGI        [wherein, in the formula (IV), PG1 represents
a protecting group for an amino group and H2 represents a Cl to C6 alkyl
group],  [Chem. 7] I( R202c(v) FG [wherein, in the formula (V), PG` and R2
have the same meanings as described above], [Chem. 8] 



Ri-NH2       [wherein, in the formula (VI), R` represents hydrogen, a Cl to
C6 alkyl group 10which may he substituted, or a C3 to C8 cyc]oalkyl group
which may be substituted], [Chem, 9] R1 'N- PG1        [wherein, in the
Ibrmula (III), PG`, RI, and. R2' have the same meanings as described
above], [Chem. 10] [wherein, in the formula (I), PG1 and R1 have the same
meanings as described  [Chem. 11] 0 W HR. t-N1-1 ((11) IbG1 [wherein, in
the formula (II). PG/ and Ri have the same meanings as described 5above],
[Claim 4]The production method according to any one of claims 1 to 3,
wherein the optically active catalyst in Step A is an optically active
ruthenium, catalyst having a chiral 2. 0 [Claim 5]The production method
according to any one of claims 1. to 4, wherein in Step A, the chiral
ligand in the optically active catalyst is an optically active 2,2%
his(diphenylphosphino)-I ,1%binaphthyl(BINAP) or it's analogue, 5,5'-
his(diphenylphosphino)-4,4%bi-1,3-herizodioxole (SEGPII0S) or it's
analogue, or (2,2% bisdiphenylphosphino)-6,6'-dimethoxy-1,1%biphenyl
(N4c0-BIPHEP) or it's analogue. [Claim 61The production method according to
any one of claims I to 5, wherein in Step A, the chiral ligand in the
optically active catalyst is 2,2%bis(diplienylphosphino)-        , 1 -bi
naphthyl(BINAP) or 5,5 '-bis(diphenylphosphino)-4,4 '-bi- ,3-benzodirgiole
20 (SEOPHOS). [Claim 7]The production method according to any one of claims
1 to 6, wherein the protecting group for the amino group represented by PG'
is an aralkoxycar bony! group or an alkoxycarbonyl group. 2 5 



[Claim 8]The production method according to any one of claims Ito 7,
wherein the protecting group for the amino group represented by PG/ is an
aralkoxycarbortyl group. [Cairn 9]The production method according to any
one of claims ito 8, wherein the 30protecting group for the amino mut)
represented by PG/ is a benzyloxycarbonyi group.  [Claim 10]The production
method according to any one of claims 1 to 9, wherein R is a cyclopropyi
group. [Claim 11]The production method according to any one of claims I to
10, wherein the reaction in Step A is curried out wider the conditions of a
hydrogen pressure of from ordinary pressure to less than 1 MPti. [Claim
12]The production method according to any one of claims 1 to 11, wherein
the optically active catalyst in Step A is used in an amount of from 0.01
to 2 awl %, with 10respect to the general formula (I). [Claim 13]"The
production method according to any one of claims 1 to 12, wherein the
optically active catalyst in Step A is used in an amount of from 0,01 to 1
mol %, with respect to the general formula (1). [Claim 14]A method for
producing a compound represented by the general formula (I) for the
asymmetric hydrogenation in Step A, comprising (Step B) a step of treating
the compound represented by the general formula with a base selected from
an alkali metal carbonate, art alkali metal amide, an alkali metal hydride,
and an alkali metal alkoxide to obtain a 4-oxopyrrolidine-3-carboxamide
derivative represented by the general formula (I), [Chem. 12] 0
R202C---"NN-R1 (I11)       [wherein, in the formula (Ill), PCil represents
a protective group for an amino group, R" represents hydrogen, a CI to C6
alkyl group which may be substituted, or a C3 to C8 cycloalkyl group which
may be substituted, and R2 represents a Cl to C6 alkyl group],  [Chem, 13]
0 1101 [wherei above]; 



W -NH e formula (I), PG' and R1 have the same meanings as described  [Claim
15]The production method according to any one of claims 2 to 14, wherein
the base in Step B is an alkali metal alkoxide, 1 0[Claim 16]The production
method according to any one of claims 2 to 159 wherein the base in Step B
is potassium tert-pentoxide. [Claim 17]The production method according to
any one of claims 2 to 16, wherein the base in Step B is used in the amount
of from 1 to 1.5 equivalents, with respect to the compound represented by
the general formula [Claim 18]The production method according to any one of
claims 1 to 17, wherein the protecting group for the amino group
represented by PG/ is an aralkoxycarbonyl group and H! is a cyclopropyl
group. [Claim 19]A method. for producing a compound represented by the
general formula (V), comprising (Step D) treating a compound represented by
the general formula (IV) with an acid,  [Chem. 14] R202C- ts;iI PG1 0
OtEiu(IV)         [wherein, in the formula. (IV), PG1 represents a
protective group for an amino group and R2 represents a Cl to C6 alkyl
group], [Chem. 15] [wherein, in the formula (V), PG and R2 have the same
meanings as described 10above]. [Claim 20]The production method according
to any one of dailVAS 3 to 13 and claim 



19, wherein the acid in Step D is trifluoroacetic acid. or formic acid.
15[Claim 21]The production method according to any one of claims 3 to 13,
19, and 20, wherein the acid in Stop D is formic acid. [Claim 22]The
production method according to any one of claims 2 to 21, wherein      the
protecting group for the amino group represented by PGI is an
aralkoxycarbonyi group 20and R2 is a Cite C4 lower alkyl group. 


