-1-[0001] DESCRIPTION PROCESSES FOR PRODUCING
OPTICALLY ACTIVE 1-SUBSTITUTED 2- METHYLPYRROLIDINE AND
INTERMEDIATE THEREFOR Technical Field The present invention
relates to a process for producing an optically active 1-substituted 2-
methylpyrrolidine, which is useful as an intermediate for medicines,
agricultural chemicals, and the like. The present invention also relates to
a process for producing an optically active 1,4-pentanediol, which is
useful as a synthetic intermediate in the above process. Background Art
(0002] The following processes are known as a process for producing an
r0ood tically active 1-substituted 2- methylpyrrolidine. (1) A process for
producing (R)-1-benzyloxycarbonyl-2- methylpyrrolidine including

converting a hydroxyl group ez &-pretirelgerived from L-proline to a
chloro group with thionyl chloride, protecting a nitrogen atom with a

PRbERAAESY CEDRO MR QALY ¥k doBdibaly. redugsing the preguss WItUTED 2 -

tributyltin hydride (Non-Patent Document 1).
METHYLPYRROLIDINE AND INTERMEDIATE THEREFOR

Technical Field

The present invention relates to a process for
producing an optically active l-substituted 2-
methylpyrrolidine, which is useful as an intermediate for
medicines, agricultural chemicals, and the like. The
present invention also relates to a process for producing an
optically active 1,4—pentanédiol, which is useful as a -
synthetic intermediate in the above process.

Background Art
[o002]

The folléwing processes are known as a processg for
producing an optically active l-substituted 2-
methylpyrrolidine.

(1) A process for producing (R)»1»benzyloxycarbony1~2—
methylpyrrolidine including converting a hydro%gl group of
L-prolinol derived from L-proline to a chloro group with
thionyl chloride, protecting a nitrogen atom with a
benzyloxycarbonYl group, and radically reducing the product
with tributyitin hydride (Nen-Patent Document 1).

(2} A process of optically resolving racemic 2-



(2) A process of optically resolving racemic 2 - 2 methylpyrrolidine with
tartaric acid (Non-Patent Document 2). [0003] However, process (1)
includes many steps and uses a highly toxic tin compound. In process
(2), crystallization must be repeated a plurality of times, and thus the
operation is complex. Thus, any of these processes is not an industrially
advantageous process. [0004] If an optically active 1-substituted 2-
methylpyrrolidine is derived using an gptically active 1,4- pentanediol as a
starting material, the above problem would be solved to efficiently
produce an optically active 1- substituted 2-methylpyrrolidine. However,

methﬂ%@kg%" pyocess, f rkprgduccn%the ogu Ig/ ctlv%14ggnltsned|ol L':,E 23 .
)

& iR naﬁy a vantageous process. PEorexam
rooofollowing processes are reported as a process for producing an optically
active 1,4-pentanediol. (3) A process for producing (S)-1,4-pentanediol

ifcluding rcoyuplimgears er{ol atel prepadied: froam, 4e4=-trivaetiyti2 «xazokne
and n-butyllithium and (S)-epichlorohydrin, hydrolyzing the product with
hlghﬁ?d&@ﬁkﬁm?ﬁﬂdQQWPR%MQWQ In process (2}, crystallization

must be repeated a plurality of times, and thus the
cperation is complex. Thus, any of these processes is not
an industrially advantageous process.

[0004]

If an optically active l-substituted 2-
methylpyrrolidine is derived using an optically active 1,4-
pentanediol as a starting material, the above problem would
be solved to efficiently produce an optically active 1-
substituted 2-wmethylpyrrolidine. However, any known process
for producing the opticalliy active 1,4-pentanediol is not an
iﬂdusﬁriaily advantageous process.

[0005]

For example, the following processes are repcorted as a
process for producinQ an optically active 1,4—peﬁtanediol.
(3) A process for ptoducing (8} -1,4-pentanediol including
coupling an enclate prepared from 2,4,4-trimethyl-2-
oxazolihe'and n-butyllithium and (8)-epichlorohydrin,
hydrolyzing the product with hydrochloric acid, and reducing
‘the product with Iithium aluminum hydride (Non-Patent
Document 3} .

(4) A process for producing (S)-1,4-pentanediol including



the product with lithium aluminum hydride (Non-Patent Document 3). (4)
A process for producing (S)-1,4-pentanediol including - 3 treating
D-giutamic acid with nitrous acid to produce y- butyrolactone-4-carboxylic
acid, reducing the carboxylic acid with borane-dimethyl sulfide complex to
produce an alcohol, tosylating the hydroxyl group, and reducing the
product with lithium aluminum hydride (Non-Patent Document 4). (5) A
process for producing (S)-1,4-pentagediol including reducing a carbonyl
group of an ester of levulinic acid (ester of 4-oxopentanoic acid) with
baker's yeast, and reducing the product with lithium aluminum hydride

credNORg Ratent Rocurpent 5); (8) A process forproduging,, produce y-. .
(R)-1,4- pentanedlol including protecting a hydroxyl group at the 1- pgsmon

butyofsaeermiend 4peatanediol idthaa-trilyl greapcasymmeticadyaeyiating
_ the product with a lipase, separating an ester from the resulting mixture of
acighe dsterpicpas aftbhellunt gepiotestinerni potuenesardonie svid

t t D 6). J0006 3 d (4)
, alcogéuderé%#}é%ﬁﬁ%iﬁkg g éééxf?Ngﬁgﬁg?ﬂgﬁﬁeié&ﬁﬂlng the

product with lithium aiuminum hydride (Non-Patent Document
4).

(5) A process for producing (8)-1,4-pentanediol including
reducing a carbonyl! group of an ester of levulinic acid
(ester of 4-oxopentancic acid) with baker's yeast, and
reducing the product with lithium aluminum hydride {Non-
Patent Document 5).

(6) A process for producing (R)-1,4-pentanediol including
protecting a hydroxyl group at the l-position of racemic
1,4-pentanediol with a trityl group, asymmetrically
acylating the product with a liﬁase, sgparating an ester
from the resulting mixture of the ester and an alcohol, and
deprotecting with p-toluenesurfonic aéid (Non-Patent
Document 6).

[0006]

However, processes {(3) and (4) include many steps and
require using many expensive reagents. In process (5), thé
yield of the reductive reaction by the‘microorganism is low,
60% at the maximum. Furthermore, process {6) is a racemic
regolution and thus inefficient.

[Non~-Patent Document 1] J. Org. Chem., 1989, Vol. 54,



require using many expensive reagents. In process (5), the yield of the
reductive reaction by the microorganism is low, 600 at the maximum.
Furthermore, process (6) is a racemic resolution and thus inefficient.
[Non-Patent Document 1] 1. Org. Chem., 1989, Vol. 54, 4 - pp. 209-216
[Non-Patent Document 2] hcta. Pharm. Suec., 1978, Vol. 15, pp. 255-263
[Non-Patent Document 3] J. Chem. Soc., Chem. Commun., 1994, pp.
483-484 [Non-Patent Docum(::-ntd4]_:]. Med. Chem., 1982, Vol. 25, pp.
943-946 [Non-Patent Document™s] Synthetic Communications, 1990, Vol.
20, Pp. 999-1010 [Non-Patent Document 6] Bioorganic M' Medicinal
Chemistry Letters, 1996, Vol. 6, 'p. 71-76 Disclosure of Invention
Pp. 20Prebfems to be Solved by the invention [0007] in view of the above
situation, it is an aim of the,_embaqdiments of the present i tion fo.
R T SO OCeSs (o BreucHir A Optiealy dche g oo
" peﬁlgasn_@&l. Furthermore, it is an aim of the _

_
15,

Non-Patent Document 3] J. Chem. Soc., Chem. Commun.,

1284, pp. 483-484
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[Non-Patent Document J. Mzd., Chem., 1982, Vol. 235,

Dp. 943-94§

Synthetic Communications, 1880,

(82
Bnd

[Non-Patent Document
Vol. 20, pp. 288-1010C
[Non-Patent Document 6] Bioorganic & Medicinal

Chemistry Letters, 198%6, Vol. &, pp. 71-78

Disclaosure of Invention

Problems tc bs Solved by the Invention

[0607)

In view of the above situation, it is an aim of ths

embodiments of the present invention to provide an

gificient process for producing an cptically active 1,4-
pentanedicl. Furthermore, it is an aim of the

empodiment of the present invention to provide a process



embodiment of the present invention to provide a pr-ocess simply and e f
e "1V producing alt Opts ally a tive Suost tut_u 2-me™h pcrro_? dine from
theo _ 5'..dive 1,4-pentanediol. - 5 - Means for Solving the Problems
[0008] As a result of intensive studies, the present inventors have
developed a process for simply producing an optically active
1,4-pentanediol by asymmetrically reducing 5-hydroxy- 2-pentanone,
which is easily available at low cosk The present inventors have also
developed a process for simply producing an optically active 1-substituted
2- methylpyrrolidine by sulfonylating the optically active 1,4- pentanediol to

onvert jt to an optically active sulfonate compound, and reacting the
Mean%o%%%u%égvﬁt né?] gﬁnelneﬁ.r[%%qogﬁ\lamely, the present invention provides

rooo@jprocess for producing an optically active 1,4-pentanediol represented

by formula (2): (0010] [0011] OH )OH (2) |

As a result of intensive studies, the present inventors
have developed a process for simply producing an optically
active l,4—péntanediol by asymmetrically reducing 5-hydroxy-
2-pentanone, which is easily available at low cost. The
present inventors have also developed a process for simply
producing an optically active 1—substituted 2=
methylpyrrolidine by sulfonylating the optically active 1,4-
pentanediol to convert it to an optically active sulfonate
compound, and reacting the compound with an amine.
[0009]

Namely, the present invention provides a process for
producing an optically active 1,4-pentanediol represented by
formula (2}:

[0010]

[0011]

OH
Aon @
#*

[o012]
(wherein * represents an asymmetric carbon atom) by

asymmetrically reducing 5-hydroxy-2-pentanone represented by

formula (1):



[0012] (wherein * represents an asymmetric carbon atom) by
asymmetrically reducing 5-hydroxy-2-pentanone represented by formula
(1): 100:31 0 OH (1).In one aspect, there is provided a process for
producing an optically active 1,4-pgnanediol represented by formula (2):
OH OH C?) (wherein *. represents an asymmetric carbon atom)
comprising asymmetrically reducing 5-hydroxy-2-pentanone represented
focl 3by formula (1): 0 and wherein said 5-hydroxy-2-pentamone is
asymmetrically reduced by the action of an enzyme source having the
Oact|V|ty of stereoselectlvely reducmg the compound. in another aspect,

there is prowded cess f producing an optically active 1-substituted
W presented by formula (4): [00151 C~* ~ (4)
EDGlél

in one asbect, there 13 provided & process for

producing an optically active 1,4- -penanedicl represented by

formula (2}

OH
‘ﬁ .
P

(wherein * represants an asymmetric carbon atom) comprising

asymmetrically reducing 5-hydroxy-2-pentanone represented

by formula (1):

| : ' .
ﬂ \
| o D
\/ . p
and wherein said 5-hydroxy-Z-pentamone 1s asymmetrically

reduced by the acticn of an enzyme SOUICe having the

activity of sterecseslectively reducing the compound.

In ancther aspect, there is provided a process Ior

producing an opticallyv active l-substituted Z-

methvipyrrolidine represented by formula (4):

focxs]l

/ \\
(4)
| N/*\

RZ



N R2 -6a- j0016] wherein R2 represents a hydrogen atom, a Hydroxyl
group, a methoxy group, a benzyloxy group, a substituted or
unsubst_-u-ed alky' group tga'v_ng 1to 12 carborn atoms, a subst sited
or unsubst_tuted aralkyl grc')uf)"having 7 to .12 carbon.atoms, or a
substituted or unsubstituted aryl group having 6 to 12 carbon atoms, and
r represents an asymmetric carbon atom) comprising sulfonylating the
optically active 1,4-centafediol represented by said formula (2) produced
(wherei % any. %egég_g processes defined mhpyedo sordvestit 1o gnopticady
active disulfonate compound represented by formula (3) [0017]
methoxy QHoGO2R1 (3N 6S02R~ J0018],(VeheseinsRL FapréSers a substituted or
unsubstituted alkyl group having 1 to 12 carbon atoms, a substituted or
unsubst IMSLHStIREY Arak@EFotE halngy 7L Pcarbor dtorfis, B *
gubgtitutad o unsubstituted aralkyl group havingiT o 12
carbon atomg, or a substituted or unsubstitutad arvi grour

‘ e i . i
having 6 to 12 carbon atoms, anc ~ recresents an asymmstric

carbon atom) comprising sulfonylating the

cprically active l,é—peniaﬁedi&l represented by said
formula (2) produced Dy any one of the processes defined
above to convert it to an optiéally active disulionate
com@ound repraesented DY formuiz (3):

[00L7]



a substituted or unsubstituted aryl group having 6 to 12 carbon atoms,
and * represents an asymmetric Carbon atom), and reacting the
compound with an amine. In another aspect, there is provided a process
for producing optically active-1,4-pen7:anediol represented by formula
(2): OH (wherein * represents an asymmetric carbon atom) comprising:
Jdrolvzinc _ co_y V-butt olac~one represented by formula J '}.rc t.-es nc
- ()Ji -1 . a--id _nto .-.n Vu_'c7;y- -DeT"./_'O e eoresented "V formula
/ﬁ () and asymmetr_ca-_y reducing o-nydroxy 2 pentanone
represented by said formula (5) g\% ptically active 1,4 pentanediol
represented by said formula (2) antages of the invention [0019]
According to the)Rresent inVﬁention, an optically active 1,?-Penta-ied~cl

d an optically actife(Q-sdbstituted L-

O

[ooig]

{(wherein R% represents 2 substituted or unsubstituted alkyl
group having 1 to 12 carbon atoms, z substituted or
unsﬁbs;ituted aralkyl group having 7 to 12 carbon atoms, OF
2 substituted or unsubstituted aryl group having & to 12

on i b

carbon atoms, and * represents an asymmetric carbon atom),

and reacting the compound with an amins.

Tn another aspect, there is providecd a process Io
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nroducing optically active 1,4-pentanedicl re
" formula {(2):
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.methylpvrrolidine, which are useful as intermediates for medicines or
agricultural chemicals, can be simply produced at low cost from an
inexpensive and easily available® starting material. Best Mode for Carrying
Out the Invention [0020] rst, a starting material used in the present
invention and products will be described. 5-Hydroxy-2- Pentanone, which
is the starting material of the present - 8 - invention, is represented by
| formula (1): [OOZJ@Q{ OH (:()1 [0022] This compound is available at low
st. Aternatively,~5-hydroxy-2-pentanone can be simply produced by
hydrolyzing 2-acetyl-y-butyrolactone represented by formula (5): [0023] O
anz 00 (5) [0024] which is less expensive and easily available, in the

presence of an acid such.as. phasphorig acid, sulfuric agid <oz

e - oar on o
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Advantages of the Invention

rooLsel

| according to the pressnt invention, an cpt;cally active
1,4-pentansdicl and an optically active l-substituted‘z-
-ﬁathylpyrrolidine, whi:h are useful as intermediates ZIor
medicines or agricultural chemicals, can be simply produced
zt low cost fromlan‘inexpansive'and easily available

starting material.

Begt Mode for Carrying Out the Invention

{0020]

tx)
H

irst, = starting material used in the present

invention and products will be described. . 5-Hydroxy—2~

pentanonse, wihich is the starting material cof the presen



nitric acid, or methanesulfonic acid. [0025] When 5-hydroxy-2-pentanone
represented by said formula (1) is stored at a high concentration, the
purity thereof - may be decreased because of dehydration condensation by
itself. Alternatively, 5-hydroxy-2-pentanone may be stored in the form of
an acidic aqueous solution of the compound (1) prepared by hydrolyzing
2-acetyl-y-butyrolactone 9 represented by said formula (5) in the
presence of an acid, or an aqueoys solution prepared by neutralizing the
agueous acid according to need. In such a case, the above problem
does not occur, and the aqueous solution can be used as a starting

. terjal qf th ic yeducti gqsg |0 ithout further treatment.

e [03286% ' A%Sop%c I;%Egge&fa-%%ngne |o%IL wﬁijévz is a product of the

[oo2present invention, is represented by formula (2): [0027] OH OH (2)
[0028] In the formula, * represents an asymmetric carbon atom and the

(absolute configuration thereof is R or S. Herein, R

[0022]
This compound is available at low cost. Alternatively,
5-hydroxy~2-pentanone can be simply produced by hydrolyéing

2-acetyl-y-butyrolactone represented by formula (5):

[0023]

[0024]
, which is less expensive and easily avallable, in the
presence of an acid such as phdsphoric acid, sulfuric acid,
nitric acid, or methanesulfonic acid.
[0025]

When 5-hydroxy-2-pentancne represented by said formula
(1) is stored at a high concentration, the purity thereof
may be decreaéed because of dehydration condensation by
itself. Alternatively, S5-hydroxy-2-pentanone may be stored
in the form of an acidic aqueous solution of the compound

(1) prepared by hydrolyzing 2-acetyl-y-butyrolactone



represents all the cases where, among both enantiomers, the R isomer is
excessively included. Similarly, S represents all the cases where, among
both enantiomers, the S isomer is excessively included. [0029] An
optically active disulfonate-compound, which is a product of the present
invention, is represented by formula (3) : - 10 - [0030] O'-~SO2R1 (3)
01~1 SO2R [0031] In the formula, R1 represents a substituted or
unsubstituted alkyl group having.1 tp 12 carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 12 carbon atoms, or a substituted
or unsubstituted aryl group having 6 to 12 carbon atoms. [0032]

r’eprgé%fﬁ%y’ ésag]c?ﬂ%éa%ﬁli%’ e{EX' %ﬁugﬁghﬁfg%ggy%g{) %rll acid,
' trifluoromethyl group, benzyl group, phenyl group, 4-methyphenyl group,
or ad-chigrephenydrauposr pifephery AU REOPNLIYLIOHD, aquecus
4-nitrophenyl group,
acid according to need. In such a case, the above problem
does not occur, and the agueous solution can be used as a
starting material of the asymmetric reductive reaction

without further treatment.

[0026]

An optically active 1,4-pentanediol, which is a product
of the present invention, 1s represented by formula (2):

[0027]

OH

f0028]

In the formula, * represents an asymmetric carbon atom and
the absolute configuration thereof is R or 8. Herein, R
repregsents all the cases where, among both-enantiomers, the
R isomer is excessively included. Similarly, 8 represents
all the cases where, among both enantiomers,.the 8 isomer is
excesSiVEly included.
[0029]

An optically active disulfonate compound, which is a

product of the present invention, is represented by formula

{(3):



or the like. More preferably, R1 is methyl group or 4- methyphenyl group.
Symbol * represents the same as the above. [0033] An optically active
1-substituted 2-methylpyrrolidine, which is a product of the present
invention, is represented by formula (4): [0034] - 11 - (4) N R2 [0035] In
the formula, R2 represents a hydrogen atom, hydroxyl group, methoxy
group, benzyloxy group, a substituted or unsubstituted alkyl group having
1 to 12 carbon atoms, a substitutgg or unsubstituted aralkyl group having
7 to 12 carbon atoms, or a substituted or unsubstituted aryl group having
6 to 12 carbon atoms. [0036] Preferably, R2 is hydrogen atom, hydroxyl
[0038§oup, methoxy group, benzyloxy group, methyl group, ethyl group,
n-propyl group, tert-butyl group, allyl group, benzyl group, 1-phenethyl
ro heytyl group, or methoxyphenyl group.
g/tg@zp{ﬂ/ group yphenyl group

0
MO Y
* SO,R!

{0031}

In the formula, R! represents a substituted or
unsubstituted alkyl group having 1 to 12 carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to 12
carbon atoms, or a substituted or unsubstituted aryl group
haﬁing 6 £o 12 carbon atoms.

[0032]

Preferably, Rl is methyl group, ethyl group,
chloromethyl group, trifluoromethyl group, benzyl group,
phenyl group, 4-methyphenyl group, é?chlorophenyl group, 2-
nitrophenyl groﬁp, 3-nitrophenyl group, 4-nitrophenyl group,
or the like. More preferably, Rl is methyl group or 4-
methyphenyl group.. Symbol * represents the same as the
above.

[0033]

An optically active l-substituted 2-methylpyrrolidine,
which is a product of the present invention, is represented
by formula {4):

[0034]



More preferably, R2 is benzyl group. Symbol * represents the same as
the above. [0037] Next, description will be made of a step of producing
an optically active 1,4-pentanediol represented by said formula (2) by
asymmetrically reducing 5-hydroxy-2-pentanone represented by formula
(1). Examples of the process of asymmetric reduction in this step include,
but are not limited to, a process of reduction with a hydride reducing - 12
agent modified with an optically_active_compound, a process of
hydrogenation in the presence of an asymmetric transition metal catalyst,
a process of performing a hydrogen transfer reduction in the presence of
asymmetric transition metal catalyst, and a process of reduction with a
migroorganism or an enzyme derived from a microorganism. [0038]
Spacific examples, of the hydride reducing agent modified with an
tieallyactive pound include a reducing agent prepared from an
tically active tartaric acid and sodium borohydride, a reducing agent
repared from an optically active oxaborolidine derivative and borane, a
reducing agent prepared from an optically active ketoiminato cobalt
[003§Pnuﬂex,sodunnkxxohydﬂde,andteUahydroﬂMan-Z-

In the formula, R2 represents a hydrogen atom, hydroxyl
group, methoxy group, benzyloxy group, a substituted ox
unsubstituted alkyl group having 1 to 12 carbon‘atoms, a
Substituted or unsubstituted aralkyl group having 7 to 12
carbon atoms, or a substituted or unsubstituted aryl group
having 6 to 12 carbon atéms.

[0036]

‘Preferably, RZ is hydrogen atom, hydroxyl group,
methoxy group, benzyloxy group, methyl group, ethyl group,
.n—propyl group, tert-butyl group, allyl group, benzyl group,
l-phenethyl group, phenyl group, or methoxyphenyl group.
More preferably, R2 is benzyl group. Symbol * represents
the same asgs the above.

[0037]

Next, description will be made of a step of producing
an optically active 1,4-pentanediol represented by said
formula (2) by asymmetrically reducing 5~hydroxy—2—pentanoﬁe
represented by formula (1). Examples of the process of
asymmetric reduction in this step include, but are not

limited to, a process of reduction with a hydride reducing



methanol, and a reducing agent prepared from optically active
1,1'-bi-2-naphthol and lithium aluminum hydride. [0039] Preferred
examples of the asymmetric transition metal catalyst used in the
hydrogenation or the hydrogen transfer reduction include metal
complexes of a Group VIl element in the periodic table, such as
ruthenium, rhodium, iridium, or platinum. From the standpoint of the
stability of the complex, availabjlity.and economical efficiency, a

~ ruthenium complex is more preferred. [0040] - 13 A chiral ligand in the
metal complex is preferably a phosphine ligand. As the phosphine ligand,

oo e B OB R e L 25RpRIR o Jagec
I erlvatlves suc

of hg M&%ptﬂ@oﬁ:ﬁé B@@QQM@ ad Tol- %lé}%gn@:’glc transition
is(di-p-tolylphosphino-1,1"-binaphthyl); BDPP (2,

metabistdiphepyphosphine)pentane];, PEPHving a hydrogen transfer
bis(diphenylphosphinomethyl)-2,2-dimethyl-1,3-dioxane; BPPFA
redugfipp- B@(d?bl@eMﬁﬁﬁﬁ?ﬁwdj%rﬁé&eﬁ%ﬂéﬁﬁ?l’éﬁ%ﬁe)tI@HﬂQ«AFDPF@@eml
tan DEGPHOS 1- substituted
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an eHQ9§Eh@@@QﬁE@Z%Q%hanﬁyEfgggganlsm.

[0038]

Specific examples of the hydride reducing agent
modified with an optically active compound include a
reducing agent prepared from an optically active tartaric
acid and sodium borohydride, a reducing agent prepared from
an thically active oxaborolidine derivative and borane, a
reducing agent prepared from an optically active ketoiminato
cobalt complex, sodium borchydride, and tetrahydrofuran-2-
methanol, and a reducing agent prepared from optically
active 1,1'~bi-2-naphthol and lithium aluminum hydride.
[0039]

Preferred examples of the asymmetric transition metal
catalyst used in the hydrogenation or the hydrogen transfer
reduction include metal complexes of a Group VIII element in
the periodic table,.such as ruthenium, rhodium, iridium, or
platinum. From the standpoint of the stability of the
complex, availability, and economical efficiency, a
ruthenium complex is more preferred.

[0040]



(1,2-bis[(0o-methoxyphenyl)phenylphosphino]ethane). [0041] The
asymmetric reduction can be performed with hydrogen gas or a
compound that can provide hydrogen, such as isopropanol, formic acid,
or ammonium formate, in the presence of the asymmetric transition metal
catalyst. [0042] Alternatively, an optically active 1,4-pentanediol
represented by said formula (2) can be produced by stereoselectively
reducing the carbonyl group of 5-hydroxy- 2-pentanone represented by
said formula (1) in the presence of an enzyme source having the activity
of stereoselectively reducing the carbonyl group. - 14 - [0043] The term

s fobes e onlum o oot g e s

reduction activi also a“cdlture

phostheigdueten REtivity, T hetermy, culiured-product of a migrogeganism”
means a culture solution containing microbial cells, cultured microbial
ligacellsisrpiprbeessetl. produetpfitbe microhial edlitedbetermi'geacgessed
) product of the microbial cells” means, for example, a crude extract,
1nclNgahiiZdd MierbidTely e etoid dAsd BiRifbial Tehs, -

bisdiphenylphosphino-1,1'-binaphthyl) and Tol-BINAP (2,2'-
big{di-p-tolylphosphino-1,1'-binaphthyl); BDPP (2,4-
bis(diphenylphosphino)pentane); DIOP(4,5-
bis(diphenylphosphinomethyl)—2,2~dimethyl—1,B—dioxane; BPPFA
{1-f1",2-bis(diphenylphosphino) ferrocenyl] ethylamine) ;
CHIRAPHOS (2,3-bis(diphenylphosphinc)butane); DEGPHOS (1-
substituted 3,4«bis{diphenylphosphino)pyrrolidine)} DuPHOS
(1,2-bis(2,5-substituted phospholano)benzene); and DIPAMP
(1,2-bis[ (o-methoxyphenyl)phenylphosphinol ethane) .

[0041]

The asymmetric ieduction can be performed with hydrogen
gas or a compound that can provide hydrogen, such as
iéopropanol, formic acid, or ammonium formate, in the
- presence of the asymmetric transition metal catalyst.

[0042]

_ Alternatively, an optically active 1,4-pentanediol
represented by said formula (2) can be produced by
stereoselectively reducing the carbonyl group of 5-hydroxy-
Z2-pentancne represented by saild formula (1) in the presence
of an enzyme source having the activity of stereoselectively

reducing the carbonyl group.



and a disrupted product thereof. Furthermore, these enzyme sources can
be used in the form of an immobilized enzyme or an immobilized cell
prepared by a known method. The immobilization can be performed by a
method (for example, a cross-linking method, a physical adsorption
method, or an entrapment method) known to those skilled in the art.
(0044] Examples of the enzyme source having the activity of
stereoselectively reducing the cargnyl group of the compound
represented by said formula (1) in the enzymatic reduction step of the
present invention include enzyme sources derived from microorganisms
[Oogghected from the group consisting of genus Candida, genus Devosia,
genus Rhodococcus, and genus Rhodotorula. [0045] - 15 Among the

ahoyeteNZyMe:soYReS sexarRles of the 882y MB £SQUEE havingtheye

activity of selectively reducing the carbonyl group of the'’compoun
itseléprleseited nsarkfomautae ()¢ produce-theiSysdamer iatkideenzyme

sources derived from microorganisms such as Rhodococcus sp. or

cul LR deror Grutiris J0DA6T ERAFRIES B fievemgnidsouredirivingthe

acti@§%¥ﬁyoﬁhe term "cultured product of a microorganism®
means a culture solution containing microbial cells,
cultured microbial cells, or a processed product of the
microbial cells. The term ﬁprocessed product of the
microbial cells" means, for example, a crude extract,
ilyophilized microbial cells, acetone-dried microbial cells,
and a disrupted product thereof. Furthermore, thesge enzyme
sources can be used in the form of an immobilized enzyme or
an immobilized cell prepared by a known maethod. The
immobilization can be performed by a method (fdr example, a
cross-linking method, a physical adsorption method, or an
entrapment method) kgown to those skilled in the art.
[0044]

- Examples of the enzyme source having the activity of
stereoselectively reducing the carbonyl group of the
¢ompound represented by said formula (1) in the enzymatic
reduction Step of the present invention include enzyme
gources derived from microorganisms selected from the group
consisting of genus Candida, genus Devosia, genué

Rhodococcus, and genus Rhodotorula.

[0045]



selectively reducing the carbonyl group of the compound represented by
said formula (1) to produce the R-isomer include enzyme sources derived
from microorganisms such as Candida magnoliae, Candida malis, or
Devosia riboflavina. [0047] The microorganism having the ability of
producing the reducing enzyme derived from a microorganism may be a
wild strain or a mutant strain. Microorganisms derived by a genetic
method such as a cell fusion or a gesne_tic manipulation may also be used.
Genetically manipulated microorganisms producing the enzyme can be
obtained by, for example, a method including the steps of isolating and/or
%Q(%ag %'@le enzyme t%ggtergniré%g éﬂl‘t or the whale of the amino acid
<equence oF the enzyme. obtainmg the DNASEEGFerce Efcadity T yY™e

sour &87YRe Qiytherhasis.pf e acld sequenss, iprgdusing the DNA
into another microorganism to produce a recombinant microorganism,

carbanglulinting thef - tBereconbinmat npicpoeganisatia-ghtant thefenzyme:
(W098/35025). [0048] The culture medium for a microorganism used as

(1) #ee RiRgHSsdiltee fs hOpEEcHRAy NifftearRy®Ag SRhees derived

from rmgroror%anism,can grow. An example of the culture mediunl:l tgat can be
WG ISR O AP LIS Wit : 8p. or Rhodotorula
glutinig.
[0046]

Examples of the enzyme source having the activity of
selectively reducing the carbonyl group of the compound
represented by said formula (1) to produce the R-isomer
include enzyme sources derived from microorganisms such as

Candida magnoliase, Candida malis, or Devosia riboflavina.

{0047}

The micrcorganigm having the abiliﬁy of preducing the
reducing enzyme derived from a microorganism may be a wild
strain or a mutant strain. Microorganisms derived by a
genetic method such asgs a cell fusion or a genetic
manipulation may also be used. Genetically manipulated
microorganisms producing ﬁhe.enzyme can be obtained by, for
example, a method including the steps of isolating and/or
purifying the enzyme to determine a part or the whole of the
amino acid sequence of the enzyme, obtaining the DNA
sequence encoding the enzyme on the basis of the amino acid
seqguence, introducing the DNA into another microorganism to

produce a recombinant microorganism, and culturing the



carbon source, sugars such as glucose and sucrose, alcohols such as
ethanol and glycerol, fatty acids such as oleic acid and stearic acid,
esters thereof, and oil such as rape oil and soybean oil; as a nitrogen
source, ammonium sulfate, sodium nitrate, peptone, casamino acid, corn
steep liquor, wheat bran, and yeast extract; as inorganic salts,
magnesium sulfate, sodium chloride, calcium carbonate, dipotassium
hydrogenphosphate, and potas_sitirg dihydrogenphosphate; and as
another nutrient source, malt extract and meat extract. The culture is
aerobically performed. In general, the culture time is about 1 to 5 days,

nge H of the culture medium_is in the ran% of 310 9, and the cylture
reconly i xRS 1€ O TRE Pargh GG S S0C Rodep At rethidhte Teddion
roo4@hthe present invention can be performed by adding
5-11ydroxy-2-pentanone serving as a substrate, a coenzyme NAD(P)H,

2nd aceultuieed preduichef the- neicionrganisFReriaRracessed Progct
thereof into a suitable solvent, and stirring the mixture at an adjusted pH.

enzymgn sAyraguasud afedidm seh snaatet briatmdfer solution i sistibty
used as a reaction solvent, but the reaction may be performed in a

micro&&%%ﬂ&?é“sﬁt@nﬁﬁ%ding“&p BFGERd SoRBnt Rich AL etk Retdidor
that E%H?@%@%%gy?%gy%PQ§§Hﬁgynliquid medium containing, as a

carbon source, sugars such as glucose and sucrose, alcohols
such as ethanol and glycerol, fatty acids such as oleic acid
and stearic acid, esters thereof, and oil such as rape oil
and soybean oil; és a nitrogen source, ammonium sulfate,
sodium nitrate, peptone, casaminolacid, corn steep liquor,
wheat bran, and yeast extract; as inorganic salts, magnesium
sulfate, sodium chloride, calcium carbonate, dipotassium
hydrogenphosphate, and potassium dihydrogenphosphate; and as
another nutrient source, malt extract and meat extract. The
culture is aerobicaily.performed. In general, the culture
time is about 1 to 5 days, the pH.of the culture médium is
in the range of 3 to 9, and the culture temperature is in
the range of 10°C to 50°C.

[0049]

The reductive reaction of the present invention can be
performed by adding 5-hydroxy-2-pentanone sexving as a
substrate, a coenzyme NAD(P)H, and a cultured product of the
micrcorganism or a processed product thereof'into a suitable

golvent, and stirring the mixture at an adjusted pH. An



(0050] The reaction conditions depend on the enzyme source used, the
concentration of the substrate, and the like. The concentration of the
substrate is generally about 0.1 to 1000 by weight and preferably 1 to 600
by weight. The molar amount of the coenzyme NAD(P)H is generally
0.000001 to 1 times and preferably 0.000001 to 0.001 times the amount
of the substrate. The reaction temperature is generally in the range of
10C to 60C and preferably in the range of 20C to 50C. The pH during
reaction is generally in the range of 4 to 9 and preferably in the range of 5
to 8. The reaction time is generally in the range of 1 to 120 hours and

preferably in the range of 1 to 72 hours. The substrate may be added at
2queGHE REGPBOMRTEPLES), TAETEatiorrmal DESpeFBRHEA B o falthual Ly

usedPHCSS PLALGONINUQUS PLOGess, [0S, In the requglion step of the

present invention, by combining a commonly used coenzyme NAD(P)H
per f FRURNEIANG: SysiermHhg AW consumAatian ok ihe-expensivesolvent

coenzyme can be significantly reduced. A typical example of the
suchN£&D (PYHyrégenerating systeneisi@method of bsingauglogesered 8um.
{Oosgﬁehydrogenase and glucose. (0052]

The reaction conditions depend on the enzyme source
used, the concentration of the substrate, and the like. The
concentration of the substrate is generally about 0.1 to
100% by weight and preferably 1 to 60% by weight. The molar
amount of the coenzyme NAD(P)H is genefally 0.000001 to 1
times and pref@rably 0.000001 to 0.001 times the amount of
the substrate. The reaction temperature is generally in the
range of 10°C to 60°C and preferably in the range of 20°C to
50°C. The pH during reaction is generélly in the range of 4
to 9 and preferabiy in the range of 5 to 8. The reaction
time is generally in the range of 1 to 120 hours and
préferably.in the range of 1 to 72 hours. The substrate may
be added at one time or continuously. The reaction may be
performed by a batch process or a continuous process.

[0051]

In the reduction step of the present invention, by
combining a commonly used coenzyme NAD(P}H regeﬁerating
system} the amount of consumption of the expensive coenzyme

can be significantly reduced. A typical example of the

NAD(P)H regenerating system i1s a method of using a glucose



When the reductive reaction is performed using a cultured product of a
transformed microorganism prepared by introducing a gene of the
reducing enzyme and a gene of an enzyme (for example, glucose
dehydrogenase) having the ability of regenerating a coenzyme on which
the reducing enzyme depends into a single host microorganism, an
enzyme source required for regenerating the coenzyme need not be
separately prepared. Thus, an optically active 1,4- pentanediol can be
produced at lower cost. [0053] Aﬁ%xample of such a transformed
microorganism is a transformed microorganism transformed with a
plasmid having a DNA encoding the reducing enzyme and a DNA
dehy@reatinrthesBAzyEFRTMg the ability of regenerating the coenzyme on
(00 ECh the reducing enzyme depends. As the enzyme having the - ability of
enerating the coenzyme, a glucose dehydrogenase is preferred and a

gHease dehydragenasg, derived frgm Ba é%]gér%%@ret My | ?mrgre

preferred. As the host microorganism, Escherichia cor is preferred. [0054]

cultMer® preferably, examplessthereahieclude Eseberchia saplbHBifted by
(PNTS1G) (Accession number: FERM BP-5835, Date of depositing:

intrqbbriag 24, 9999) ainslenieadncd redoimyng9and a gene of an
enzyme (for example, glucose dehydrogenase) having the
ability of regenerating a coenzyme on which the reducing
enzyme depends intc a single host microorganism, an enzyme
source required for regenerating the coenzyme need not be
separately prepared. Thus, an optically active 1,4-
pentanediol can be produced at lower cost.

{oo53]

An example of such a transformed microerganism is a
transformed microorganism transformed with a plaemid having
a DNA encoding the :edﬁcing enzyme and a DNA encoding the
~enzyme having the ability of regenerating the coenzyme on

] . ’
which the reducing enzyme depends. As the enzyme having the
ability of regeﬁexating the coenzyme, a glucose

dehydrogenase is preferred and a glucose dehydrogenase

derived from Bacillus megaterium is more preferred. As the

host microorganism, Escherichia coli is preferred.
[0054]

More preferably, examples thereof include Escherichia

coli HB101 (pNTS1G) {Accession number: FERM BP-~5835, Date of

depositing: February 24, 1997) transformed by a reducing



enzyme gene derived from Candida magnoliae IFO0705 and a glucose
dehydrogenase gene derived from Bacillus megaterium; Escherichia coli
HB101 (pNTFPG) (Accession number: FERM BP- 7117, Date of
depositing: April 11, 2000) transformed by a reducing enzyme gene
derived from Candida malis IF010003 and a glucose dehydrogenase
gene derived from Bacillus megaterium; Escherichia coli HB101
(PNTDRG1) (Accession number: FERM BP-08458, a strain domestically
deposited on May 29, 2002 was transferred to an international depositary
under the Budapest Treaty) transformed by a reducing enzyme gene
derived from Devosia riboflavina IF013584 and a glucose dehydrogenase

e THVET TSR BT eRSkw iR E80Hek i EAPABL0ITENTRS)

o) ted
sSR0SI afae ol nieed feein

Eschdhe JBudapest {Treaty) rangfommed by @ seducing-enzyme generdeivesh -
from Rhodococcus sp. KNKO1; and Escherichia coli HB101 (pNTRGG1)

7117 (Neesssion nimtser i EERYE BRo7858, Datead odepdsitanys January 28, a
2002) transformed by a reducmg enzyme gene derived from Rhodotorula

reducg%%.?l?émﬁs%%ea %ﬁaﬁao% i senididse iRader eHFPd M B Acimas
a gldggg%te&l pese wansf gﬂgd é@%&qpégar%lsms Q%ve tiien deposited

with Intern tlona atent Organism Depositary in titute of
mega Avaneedipdustrial-peignee andFecholgNTDRGL) (Accession

number: FERM BP-08458, a strain domestically deposited on
May 292, 2002 was transferred to an international depositary
under the Budapest Treaty) transformed by a reducing enzyme

gene derived from Devosia riboflavina IFO13584 and a glucose

dehydrogenase gene derived from Bacillus megaterium;

Escherichia coli HB101 {pNTRS) {(Accession number: FERM BP-

08545, a strain domestically deposited on February 13, 2002
wag transferred to an internmational depositary under the
Budapest Treaty) transformed by a reducing enzyme gene

derived from Rhodococcus sp. KNKO01; and Escherichia coli

HB101 (pNTRGGL) (Accession number: FERM BP-7858, Date of
depositing: January 22, 2002) transformed by a reducing

enzyme gene derived from Rhodotorula glutinis'IF0415 and a

glucose dehydrogenase gene derived from Bacillus megaterium.

These transformed microorganisms have been deposited with
International Patent Organism Depositary in National
Institute of Advanced Industrial Science and Technology

(Central 6, 1=1-1, Higashi, Tsukuba-shi, Ibaraki-ken, Japan).



(Central 6, 1-1-1, Higashi, Tsukuba-shi, Ibaraki-ken, Japan). - 20 - [0055]
When the reduction step of the present invention is performed in
combination with a coenzyme regenerating system, or when a cultured
product of the transformed microorganism or a processed product thereof
is used as the enzyme source, a less expensive oxidized NAD(P) can be
added as the coenzyme to perform the reaction. [0056] The optically
active 1,4-pentanediol produced by the reductive reaction can be purified
by a known method. For exampl “Qvhien a microorganism or the like is
used, a suspended substance such as the microbial cells is removed by a
~centrifugation, filtration, or the like according to need, the residue is
moss'ijbjected to extraction with an organic solvent such as ethyl acetate or
{‘ltjene, 1:gltnd th 9L anic solvent i%r rpl%ved under a reduced,pressure to

0

§ Grdét Compdtnd’ THE trye conﬁo%%ﬁ{arfﬁué BBt e Rad &

a1
aln a

per £ HIBANAL ISSHHGIERLILNSINGHR the SURIEANROT Slepeddouevelqingidesy,

to further increase the yield in the subsequent step or the purity 6t a
or witampoundlprepatedinsiitecsubseqtient stepn HFophiEly of the-targetni sm

compound may be further increased by a general purification method
or a peheessed product thereof is used as the enzyme source,
a less expensive oxidized NAD(P) can be added as the
coenzyme to perform the reaction. |
[0056]

The optically active 1,4-pentanediol produced by the
reductive reaction can be purified by a known method. For
example, when a microorganism or the like is used,.a
suspended.substance such as the microbial cells is removed
by a éentrifugation, filtration, or the like according to
need, the residue is subjected to extraction with an organic
solvent such as ethyl acetate or toluene, and the organic
solvent is removed under a reduced pressure to obtain a
target compound. The target compound thus obtained has a
purity that is sufficient for using in the subsequent step.
However, in order to further increase the yiei@ in the
subéequent step or the purity of a compound prepared in the
subsequent step, the purity of the target compound may be
further increased by a general purification method such as
fractional distillation or column chromatography.

[0057]

Next, description will be made of a step of



fractional distillation or column chromatography. [0057] Next, description
will be made of a step of - 21 sulfonylating the optically active
1,4-pentanediol represented by said formula (2) to convert it to an
optically active disulfonate compound represented by said formula (3).
This step can be performed using a sulfonylating agent in the presence of
a base. [0058] Examples of the sulfonylating agent include sulfonyl

halide and sulfonic acid anhydride, Examples of sulfonyl halide include
methanesulfonyl chloride, ethan"es%ﬂ'foﬁyl chloride, chloromethanesulfonyl
chloride, benzylsulfonyl chloride, benzenesulfonyl chloride,
4-methylbenzenesulfonyl chloride, 4-chlorobenzenesulfonyl chloride, 2-

sul £ oiolsEnAafe siforsP ERRide Y3 HiFdshent sBfsHyR 1 idiRde, and

4-nitrobenzenesulfonyl chloride. Examples of sulfonic acid anhydride
oD S hethar el imr R ARG (hasl

optidaathanasulionyl ghleride on 4r methyipsnzenasulfppychiQrideares s 5 g
preferred. The molar amount of the sulfonylating agent used is preferably
form2ite 1B timesTand norepreferalily 2terk timesdheiatnoynd of the

compound (2).
sulfonylating agent in the presence of a base.

[0058]

Examples of the sulfonylating agent include sulfonyl
halide and sulfonic acid anhydride. Examples of sulfonyl
halide inciude methanesulfonyl chloride, ethanesulfonyl
chloride, chloromethanesulfonyl chloride, benzylsulfonyl
chloride, benzenesulfonyl chloride, 4-methylbenzenesulfonyl
chloride, 4-chlorobenzenesulfonyl chloride, 2-
nitrobenzenesulﬁonyl chloride, 3-nitrobenzenesulfonyl
chloride, and 4—nitrobenzenésu1fonyl chloride. Examples of
sulfonic acid anhydride include trifluoromethanesulfonic
anhydride. Among these, methanesulfonyl chloride or 4-
methylibenzenesulfonyl chloride are preferred. The molar
amount of the sulfonylating agent used is preferably 2 to 10
times and more preferably 2 to 4 times the amount of the
compound (2) . )

[0659]

‘The base is not particularly limited but tértiary
amines are preferred. Examples thereof include
triethylamine, tri-n-butylamine, N-methylmorpholine, N-

methylpiperidine, diisopropylethylamine, pyridine, and N,N-



[0059] The base is not particularly limited but tertiary amines are
preferred. Examples thereof include triethylamine, tri-n-butylamine,
N-methylmorpholine, N- methylpiperidine, diisopropylethylamine, pyridine,
and N,N - 22 dimethylaminopyridine. Triethylamine or pyridine is more
preferred. The molar amount of the base used is preferably 2 to 100
times and more preferably 2 to 4 times the amount of the compound (2).
[0060] The base may also be used as a reaction solvent. Alternatively,
the following solvents may be usedésthe reaction solvent. Examples
thereof include ether solvents such as tetrahydrofuran, 1,4-dioxane, and
ethylene glycol dimethyl ether; ester solvents such as ethyl acetate and
dimetdyplapiaeerite hydrocariohcdonNertE saeh a5 HaYiréAd neolden 8t
£ hexa&e; kef ne soQ/ents such as a%etgﬂe nd methyl ethyl keto%e; ni%if
Prelebivents suchald" %cgtrcm?trﬂ%u%nd%roploﬁitn Ee",sf’:iallcl)ﬁg ated IR/W cArbonY

2 to SPlENIS sleh as dngttvlens chigride,and chigrofpr: amide galvents sych

as N,N-dimethylformamide and N,N-dimethylacetamide; sulfoxide
of tiselventgosuntiag dimethyl sulfoxide; urea’ solvents such as

dimethylpropyleneurea; and phosphoric triamide solvents such
{0060

The base may alsc be used as a reaction solvent.
Alternatively, the following solvents may be used as the
reaction solvent. Examples thereof include ether solvents
gsuch as tetrahydrofuran, 1,4-dioxane, and ethylene glycol
dimethyl ether; ester solvents such as ethyl acetate and
isopropyl acetate; hydrocarbon solvents such as benzene,
toluene, and hexane; ketone solvents such as acetone and
methyl ethyl ketone; nitrile solvents such as_acetonitxile
and propionitrile; halogenated hydrocarbon solvents such as
methylehe chloride and chloroform; amide solvents such as
N,N~dimethylformamide and N,N-dimethylacetamide; sulfoxide
solvents such as dimethyl sulfoxide; urea solvents such as
dimethylpropyleneurea; and phosphoric triamide solﬁents such
as hexamethylphosphoric triamide. Among these,
tetrahydrofuran, ethyl acetate, or toluene is preferred.
These may be used alone or in combinationg of two or more.
When two or more types of the solvents are used, the mixing
‘ratio is not particularly limited. The weight of the
reaction solvent used is preferably 50 times or less and

more preferably in the range of 5 to 20 times the weight of



as hexamethylphosphoric triamide. Among these, tetrahydrofuran, ethyl
acetate, or toluene is preferred. These may be used alone or in
combinations of two or more. When two or more types of the solvents are
used, the mixing ratio is not particularly limited. The weight of the
reaction solvent used is preferably 50 times or less and more preferably
in the range of 5 to 20 times the weight of 23 - the compound (2) [0061]
From the standpoints of reducing reaction time and improving the
yield, the reaction temperature is preferably in the range of -20C to 150C
and more preferably in the range of OC to 100C. The method of adding
the optically ,active 1,4-pentanediol represented by said formula (2), the

the <ol 31/1 g(%gent, the base, and the solvent, and the order of adding

006 fhese components are not particularly limited. [0062] As a treatment after
the reaction, a general treatment for obtaining the product from the

reection selutieaisiperiormess Foeaxample, afier theseompletiont theg
reaction, the reaction solution is neutralized by adding water, and
impreictoalingito éed,an alkalimeagoéous sslugerature is preferably

in the range of -20°C to 150°C and more preferably in ﬁhe
range of 0°C to 100°C. The method of adding the optically
active 1,4mpentanediol represented by said formula (2), the
sulfonylating agent, the base, and the solvent, and the
order Qf adding these components are not particularly
limited.

[0062]

As a treatment after the reaction, a general treatment
for obtaining the product from the reaction solution is
performed. For example, after the completion of the
reaction, the reaction solution.is neutralized by adding
water, and according.to need, an alkaline aqueous solution
such as an aqueous solution of sodium hydroxide or an
aqueous solution of sodium hydrogencarbonate, or an acidic
agueous solution such as an aqueous scolution of hydrochloric
acid or an aqueous solution of sulfuric acid, and an
extraction operation is performed with.a general extracting
solvent such as ethyl acetate, diethyl ether, methylene
chloride, toluene, or hexane. The reaction solvent and the
extracting solvent are distilled off from the extract by,

for example, heating under a reduced pressure, thus



such as an aqueous solution of sodium hydroxide or an aqueous solution
of sodium hydrogencarbonate, or an acidic aqueous solution such as an
agueous solution of hydrochloric acid or an aqueous solution of sulfuric
acid, and an extraction operation is performed with a general extracting
solvent such as ethyl acetate, diethyl ether, methylene chloride, toluene,
or hexane. The reaction solvent and the extracting solvent are distilled off
from the extract by, for example, heating under a reduced pressure, thus
- 24 obtaining the target compou ¢ The target compound thus obtained
has a purity that is sufficient for using in the subsequent step. However, in
order to further increase the yield in the subsequent step or the purity of a
obta iy Urite pFepEied ir e B tquehb Stept HESSuriy P e targBtLs

ot £QPUNG may be fuher Increased by.a gencral puriication, method,
such as Crystailization, fractional distilfation, or column chroma ograpny.

subsdB083]t Nextdescripiipnwill be madeha sigpQf Pradycing A QpUcall.

active 1-substituted 2-methylpyrrolidine represented by said formula (4)
yvieldyireachrg theveplitady tactivepdisulfaiate gompound fepresented:hyi said

formula (3) with an amine. This step can be performed by reacting with

prepared in the subsequent step, the purity of the target
compound may be further increased by a generai purification
method such as crystallization, fractional distiilation, or
column chromatography.
[0063]

| Next, description will be made of a step of producing
an optically active l-substituted 2-methylpyrrolidine
represented by said formula (4) by reacting the optically
active disulfonate compound represented_by,said formula (3)
with an amine. ~ Tﬁis step can be performed by reacting with
an excessive amine or reacting.with an amine in the presence
of a base.

[0064]

| Examples of the amine include ammonia, hydroxylamine,
methoxyamine, benzyloxyamine, methylamine, ethylamine, n-
propylamine, tert-butylamine, allylamine, benzylamine, 1-
pheneth?lamiﬁe, aniline, and 4-methoxyaniline. Among these,
benzylamine is preferred.

[0065]

Examples of the base include alkali metal hydrides such

as sodium hydride and potassium hydride; alkali metal



an excessive amine or reacting with an amine in the presence of a base.
[0064] Examples of the amine include ammonia, hydroxylamine,
methoxyamine, benzyloxyamine, methylamine, ethylamine, n-
propylamine, tert-butylamine, allylamine, benzylamine, 1- phenethylamine,
aniline, and 4-methoxyaniline. Among these, benzylamineis preferred.
[0065] Examples of the base include alkali metal hydrides such as
sodium hydride and potassium bygré'_\de_; alkali metal - 25 alkoxides such
as sodium methoxide, sodium ethoxide, and potassium tert-butoxide;
alkali metal hydroxides such as lithium hydroxide, sodium hydroxide, and
potassium hydroxide; alkali metal carbonates such as sodium carbonate

A koG Aot SHG S 6T 2R EEFEER Smirka S SERRHGRmiAEY
potaliTvaming Nometymarpboline, Nnetapeldng, cucn o

iisopropylethylamine, pyridine, an aminopyridine. Among

1ithibesesedim hydraxde upolagsiuskhd oxigded spdigx sarhgnate,
-potassium carbonate, triethylamine, or pyridine is preferred. [0066] The
hydrondldeamolnedfthecdminecasdebisgreferabiyll s sodium carbonate

and potassium carbonate; and tertiary amines guch as
triethylamine, tri-n-butylamine, N—methylmorphoiine, N-
methylpiperidine, diisopropylethylamine, pyridine, and N,N-
dimethylaminopyridine. Among these, sodium hydroxide,
potassium hydroxide, sodium carbonate, potassium carbonate,
triethylamine, or pyfidine is preferred.

[0066]

The molar amount of the amine used is preferably 1 to
100 times and more preferably 1 to 10 times the amount of
the compound (3). The molaxr amount of the base used is
preferably 1 to 10 times and more preferably 1 to 5 times
‘the amount of the compound (3). |
[0067]

The amine may also be used as a reaction solvent.
Alternatively, the following solvents may be used as the
reaction solvent. Examples thereof inciude water; alcohoi
solvents guch as methanol, ethanol, and isopropancl; ether
solvents such as tetrahydrofuran, 1,4-dioxane, and ethylene
glycol dimethyl ether; ester solvents such as ethyl acetate
and isopropyl acetate; hydrocarbon solvents such as benzene,

toluene, and hexane; ketone golvents such as acetone and



100 times and more preferably 1 to 10 times the amount of the compound
(3). The molar amount of the base used is preferably 1 to 10 times and
more preferably 1 to 5 times the amount of the compound (3). [0067] The
amine may also be used as a reaction solvent. Alternatively, the following
solvents may be used as the reaction solvent. Examples thereof include
water; alcohol solvents such as methanol, ethanol, and isopropanol; ether
solvents such as tetrahydrofuran, 1,4-dioxane, and ethylene glycol
dimethyl ether; ester solvents such %s“ethyl acetate and isopropy!
acetate; hydrocarbon solvents such as benzene, toluene, and hexane;
ketone solvents such as acetone and - 26 methyl ethyl ketone; nijtrile

methygh\ by Sukit S BRetoRitfife ARdFhopithitiie SHEBgERakaahd&arboR

solvents such as methylene c%lor'd and chloroform; amide solvents_such
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methpPMeOts auch-as dimelhyLsulioxide; trea spVERISUCRAAT s such as

dimethylpropyleneurea; and phosphoric triamide solvents such as
N, N~diranigtiylprosphoiie tdamide.lidng theskadetramjdiefuran | byl de

acetate, or toluene is preferred. These may be used alone or in

sOLVeBhThiFAFEhLET s Thire. SWhEPFtheTor MERAtypes 6Pl sivehtsate

dimeéﬁ?gpggig@ggéurea; and phosphoric triamide solvents such
ag hexamethylphosphoric triamide. Among these,
tetrahydrofuran, ethyl acetate, or toluene is preferred.
These may be used alone or in combinations of two or more.
When two or more types of the solvents are used;.the mixing
ratic is not particularly limited. The weight of the
reaction solvent used is preferably 50 times or less and
more preferably in the range of 5 to 20 times the weight of
the compound (3).

- [0068]

From the.standpoints of reducing the reaction time and
improving the vield, the reaction temperature is preferably
in the range éf -20°C to 150°C and more preferably in the
range of 0°C t§ 100°C. The method of adding the optically
active disulfonate compound represented by said formuia (3},
the amine, the base, and the solvent, and the order of
adding these components are not particulariy limited.

[0069]
As a treatment after the reaction, a general treatment

for obtaining the product from the reaction solution is



ratio is not particularly limited. The weight of the reaction solvent used is
preferably 50 times or less and more preferably in the range of 5 to 20
times the weight of the compound (3). [0068] From the standpoints of
reducing the reaction time and improving the yield, the reaction
temperature is preferably in the range of -20C to 150C and more
preferably in the range of OC to 100C. The method of adding the optically
active disulfonate compound reprezsfnzed by said formula (3), the amine,
the base, and the solvent, and the“order of adding these components are
not particularly limited. [0069] As a treatment after the reaction, a general
treatment for obtainingﬂe;[ehe product from the reaction solution is - 27

Perfcﬁ@?ﬁ%gd?%r Exampte; a@Fﬁ@c&ﬁﬁleﬁSﬁ%}ﬂE?&&%n‘E% reaction
reac tsn‘[’cgif.'f) NJRA e}fé@%ﬁ%gy 5‘99%91 WA, %Q@&ggﬂ%&? tﬁgd dhing
alka C u ium

Ine aqueous solution such as an aqueous solution o

watehydigxide erandaddeays sletinn ahsediuanhykogeptashanalg: Q- abn
acidic aqueous solution such as an aqueous solution of hydrochloric acid

such grareayuwspuscsTiution. oftsufuric Acith&hdrarmyektragticie operation is
performed with a general .extractirclig o
aqueous sclution of sodium hydrogencarbonate, or an acidic
aqueous solution such as an agueous solution of hydrochloric
acid or an agqueous soluﬁion of gulfuric acid, and an -
extraction operation is performed with a general extracting
solvent such és ethyl acetate, diethyl ether, methylene
‘chloride, toluene, or hexane. The reaction solvent and the
extracting solvent are distilled off from the extract by,
for example, heating under a reduced pressure, thus
obtaining the target compound. The target compound thus
obtained has a sufficient purity as an intermediate for
synthesizing medicines, agricultural chemicals, or the like.
However, the purity of the target compound may be further
increased by a general purification method such as

crystallization, fractional distillation, or column

chromatography.

EXAMPLES
[0070]

The present invention will now be described moré
specifically by way of examples. The present invention is

not limited to the examples.



solvent such as ethyl acetate, diethyl ether, methylene chloride, toluene,
or hexane. The reaction solvent and the extracting solvent are distilled off
from the extract by, for example, heating under a reduced pressure, thus
obtaining the target compound. The target compound thus obtained has a
sufficient purity as an intermediate for synthesizing medicines, agricultural
chemicals, or the like. However, the purity of the target compound may be
further increased by a general purification method such as crystallization,
fractional distillation, or columndct%r%nfatography. EXAMPLES [0070]
The present invention will now be described more specifically by way of
__examples. The presentiinvention is not limited to the examples. - 28 -
[007%h07 11 (EXAMPLE 1) Production of optically active 1,4- pentanediol Each
recom '%ntll_:jscgecr)igﬂig coli sho noitTiabaﬁ was i”OUIﬁtezgjréSO m|_||_
: 2 L £ LOCUCLION, QL OPL1Ed ‘BoE 6:5%, pH =
flask, followed by shaking

VC R A U 70 \[o,

Each recombinant Escherichia coli shown in Table 1 was

inoculated in 50 mlL of 2 x YT medium (tripeptone 1.6%, yeast
extract 1.0%, NaCl 0.5%, pH = 7.0) that was sterilized in a
500-mL Sakaguchi flask, followed by shaking culture at 37°C
for 18 hours. Subseguently, 10 mg of 5-hydroxy-2-pentanone,
1 mg of NAD or NADP, and 20 mg of glucose were added to 1 mL
of the resulting cﬁlture gsolution, and the mixture was
stirred at 30°C for 20 hours. After the reaction, the
reaction solution was subjected to extraction with 2 mbL of
ethyl acetate. Trifluorcacetic anhydride was added to the
extract to perform derivatization. The O-TFA derivative
product was then analyzed according to the following
analytical method. The results are shown in Table 1.
[Aﬁalysis condition]

Column: CHIRALDEX G-TA 20 m x 0.25 mm I.D. (manufactured by
ASTEC), Column temperature: 80°C, Split ratio: 100/1,
Carrier gag: He 40 cm?/sec, Detection: FID, Sample: O-TFA
derivative

Conversion rate (%) = amount of product/(amount of substrate
+ amount of product) x 100

Optical purity (%ee) = (A - B)/(A + B) x 100

(Each of A and B represents the amount of corresponding



for 18 hours. Subsequently, 10 mg of 5-hydroxy-2-pentanone, 1 mg of
NAD or NADP, and 20 mg of glucose were added to 1 mL of the resulting
culture solution, and the mixture was stirred at 30C for 20 hours. After the
reaction, the reaction solution was subjected to extraction with 2 mL of
ethyl acetate. Trifluoroacetic anhydride was added to the extract to
perform derivatization. The O-TFA derivative product was then analyzed
according to the following analxticéaé method. The results are shown in
Table 1. [Analysis condition] Coluimin: CHIRALDEX G-TA 20 m x 0.25 mm
[.D. (manufactured by ASTEC), Column temperature: 80C, Split ratio:
100/1, Carrier gas: He 40 cm3/sec, Detection: FID, Sample: O-TFA
enantyGhave Edfversiortrate (%) = amount of product/(amount of substrate
[007Fz@mount of product) x 100 Optical purity (%ee) = (A - B)/(A + B) x 100
(Each of A and B represents the amount of corresponding - 29 -
iTalgn@antiomer, and A > B.) [0072] [Table 11 Recombinant Coenzyme

T HeBnVETRIRN Tatg Qi) AETY AJ3s0ldR FReNaTCHRGPIG (Yoee)eentie
Esgratiolia coli (%) (%ee) configuration

Escherichia coli NADP 100 89 (R)
HB101(pNTS1G)
FERM BP-5835

Escherichia coli NAD 100 99 (R)
HB101(pNTFPG)
FERM BP-7117

-Escherichia coli NAD 100 a9 {R)
HB10HpNTDRGT)
FERM BP-08458

Escherichia coli NAD 100 99 (S)
HB101(pNTRS)
FERM BP-08545

Escherichia coli NADP 160 99 (S}
HB101(pNTRGG1) :
FERM BP-7858

[0073]

(EXAMPLE 2) Production of S-hydroxy-2-pentanone

- First, 100 mL of a 5% aqueous solution of phosphoric
acid was added to 12.8 g (100 mmol) of 2-acetyl-y-
butyrolactone, and the mixture was stirred at 100°C for 4
hours. The solution was cooled to room temperature, and the
solution was then neutralized with an agueous solution of
rsodium hydroxide to obtain an aqueous solution of 5-hydroxy-
-2—pentanoné (13G.§, 7.8 % by weight).

[00741]

(EXAMPLE 3) Production of (8)-1,4-pentanediol

Reccmbinant Escherichia coli HB101 (pNTRGG1) with an




Escherichia coil NADP 100 99 (R) HB101(pNTS1 G) FERM BP-5835
Escherichia coli NAD 100 99 (R) HB101(pNTFPG) FERM BP-7117
Escherichia coli NAD 100 99 (R) HBIOI(pNTDRGI) FERM BP-08458
Escherichia coli NAD 100 99 (S) HB101(pNTRS) FERM BP-08545
Escherichia co/i NADP 100 99 (S) HB101(pNTRGGI) FERM BP-7858
[00731 (EXAMPLE 2) Production of 5-hydroxy-2-pentanone First, 100 mL
of a 5% aqueous solution of phosghoric acid was added to 12.8 g (100
mmol) of 2-acetyl-y- butyrolactone, and the mixture was stirred at 100C for
4 hours. The solution was cooled to room temperature, and the solution

ool I pRSa S sty el o
2 x MWelghhium (tripeptone 1.6%, yeast extract 1.0%, NaCl
0.8%, pH = 7.0) that was sterilized in a 500-mL Sakaguchi
flask, followed by sﬁaking culture at 37°C for 20 hours. An
agqueous solution (32 g) containing 2.5 g of 5-hydroxy-2-~
pentanone produced in Examplé 2, 2.5 mg of NADP, 6.6 g of
glucpse were added to 50 ml. of the resulting culture
solution. The solution was stirred at 30°C for 24 houxrs
while the pH of the solution was adjusted to 6.5 by adding a
7.5 M agqueous solution of sodiuﬁ hydroxide dropwise. After
the reaction, 50 nL of ethyl acetate was added to the
'reaction.solution to perform an extraction. The organic
layer was distilled off under a reduced presgsure. Thus, 2.6
g of (8)~1,4-pentanediocl was obtained as a light brown oily
substance (vield: 100%). Thé optical purity of the product
was measured by the same method as that in Example 1. The |
product had an optical purity of 99%ee or more.

1H-NMR (400 MHz, CDCly) & 1.21 (3H, d), 1.4-1.6 (4H, m),

2.6-3.0 (2H, brs), 3.67 (2H, m), 3.86 {IH, m).



[0074] (EXAMPLE 3) Production of (S)-1,4-pentanediol Recombinant
Escherichia coli HB101 (pNTRGG1) with an 30 accession number of
FERM BP-7858 was inoculated in 50 mL of 2 x YT medium (tripeptone
1.606, yeast extract 1.0%, NaCl 0.5%, pH = 7.0) that was sterilized in a
500-mL Sakaguchi flask, followed by shaking culture at 37C for 20 hours.
An aqueous solution (32 g) containing 2.5 g of 5-hydroxy-2- pentanone
produced in Example 2, 2.5 mg_of3 ADP, 6.6 g of glucose were added to
50 mL of the resulting culture solution. The solution was stirred at 30C for
24 hours while the pH of the solution was adjusted to 6.5 by addinga 7.5
(007 M.aqueous solution of sodium hydroxide dropwise. After the reaction, 50 °
™l of ethyl acetate was added to the reaction solution to perform an
XasHons The oRRG eyLas d %5"69 oLt yndet avieduiged pressure.

6 g0 A-pentanediorwas obtained a prown oily
a@bﬁan(ielémeldgi%%hmﬁ@p&eal ptmﬁaoﬁthegm@mt wasrnaasured
by the same method as that in Example 1. The product had an optical

accesfaimy of09bse GfmBRRM HERIMR 460 ®atdz, \CPCRIR8aR LB L of

4-1.6 (4H; m), 2.6-3.0 (2H, brsl 3.67 (2H, m), 3.86 (1H m) -31-
2 X YT medium’ (fripeptone 1.6%, yeadst eXtract 1.0%, NaCl

0.5%, zinc sulfate heptahydrate 50 mg, pH = 7.0) that was
sterilized in a 500-mL Sakaguchi flask, followed by shaking
culture at 30°C for 40 hours. Subseguently, 1,000 units of
glucose dehydrogenase (manufacturéd by Amano Enzyme Inc.),
an agueous solution (64 g) containing 5.0 g of 5-hydroxy-2-
pentanone produced in Example 2, 2.5 mg of NAD, 13.2 g of
glucoge were added to 50 mL of the resulting culture
golution. The solution was stirred at 30°C for 24 hours
while the pH of the solution was adjusted to 6.5 by adding a
7.5 M agqueous solution of sodium hydroxide dropwige. After
the reaction, 100 mL of ethyl acetate wags added to the
reaction solution to perform an extraction. The organic
layer_Was distilled off underla reduced pressure, and the
product was then purified by silica gel column
chromatography. Thus; 5.0 g.of olly (S)—1,4—pentanediol was
obtained (yield: 100%). The optical puiity of the product
was measured by the same method as that in Example 1. The
product had an optical purity of 99%ee dr more.

[0076]

(EXAMPLE 5} Production of (8)-1,4-




[0075] (EXAMPLE 4) Production of (S)-1,4-pentanediol Recombinant
Escherichia coli HB101 (pNTRS) with an accession number of FERM
BP-08545 was inoculated in 50 mL of 2 x YT medium (tripeptone 1.6%,
yeast extract 1.0%, NaCl 0.5%, zinc sulfate heptahydrate 50 mg, pH =
7.0) that was sterilized in a 500-mL Sakaguchi flask, followed by shaking
culture at 30C for 40 hours. Subsequently, 1,000 units of glucose
dehydrogenase (manufactured by Amano Enzyme Inc.), an aqueous
solution (64 g) containing 5.0 g of 5-hydroxy-2- pentanone produced in
Example 2, 2.5 mg of NAD, 13.2 g of glucose were added to 50 mL of the
resulting culture solution. The solution was stirred at 30C for 24 hours
Sh-bEthe sohddéiEwag ddjusted to 6.5 by addinga 7.5 M
srorssoliion. afsodium hygroxide diapuig Afters theseartign. 100
ed to the reaction solution to perform an
pent E@EHN piiio@aici dayerwgs distilledzaft ugderra reglieced pressure,
and the product was then purified by silica gel column chromatography.
trietfhusa®itng of aid(S)1 Miparfiantdiplwas cdistamedygietthdDedo)- FThe°C.
optical purity of the product was measured by the same method as that in

SubsqEIERGLY, The® pfodit NEBAH oftical it B 9es5&8 8 niohe JD6 6]

was added to the solution, and the solution was stirred for

one hour. The solution was washed by adding 15 ml of a
saturated agqueous soclution of sodium hydrogencarbonate. The
organic layer was further washed with 15 mlL of water, and
was dried over anhydrous magnesium sulfate. The solvent was
then distilled off under.a reduced pressure. Thus, (S)-1,4-
bis (methanesulfonyloxy}pentane was obtained as a light
yvellow oily substance (6.1 g, yield; 98%).

IH-NMR (400 MHz, CDCly) & 1.45 (3H, 4}, 1.7-2.0 (4H, m), 3.03
(6H, s8), 4.27 (2H, m), 4.86 (iH, m).

[0077]

(EXAMPLE 6) Production of (R)-1-benzyl-2-

‘methylpyrrolidine

First, 2.49 g (9.6 mmol} of (8}-1,4-
bis (methanesulfonyloxy)pentane produced in Example 5 and
5.13 g (47.92 mmol) of benzylamine were stirred at 70°C for
three hours. Subsequently, 30 ml. of ethyl acetate and 4.0 g
of a 20 weight percent aqueous solution of sodium hydroxide
were édded to the mixture to perform an extraction. The

organic layer was concentrated under a reduced pressure to



(EXAMPLE 5) Production of (S)-1,4 32 - bis(methanesulfonyloxy)pentane
A solution containing 2.5 g (24 mmol) of (S)-1,4- pentanediol produced in
Example 3, 7.3 g (72 mmol) of triethylamine, and 30 mL of ethyl acetate
was cooled to 5C. Subsequently, 6.6 g (58 mmol) of methanesulfonyl
chloride was added to the solution, and the solution was stirred for one
hour. The solution was washed by adding 15 mL of a saturated aqueous
solution of sodium hydrogencarbonate, The organic layer was further
washed with 15 mL of water, and was dried over anhydrous magnesium
sulfate. The solvent was then distilled off under a reduced pressure.

Thus, (9):1,4- bis(methanesulfonyloxy)pentane was ohtained as a |ight
obtal g ATl g (5 1 S oot S A 0D nHB?, EHETY &

by s1idB@H), 220 A P35 8-S, 4 22K, Mk 86 Lk ). 2 -
[0077] (EXAMPLE 6) Production of (R)-1-benzyl-2- methylpyrrolidine

meth¥insty 2040 §dOmamel) @b {S)-had bis{methdnrgsulfonyloxypehliane
produced in Example 5 and 5.13 g (47.9 mmol) of benzylamine were

SUbSERRER at 70E3fo8 thieeeR6lrs 1 8062equently, 30 mL of ethyl acetate and

O .
1H—Nl\éR 9400 MHz, CDCl,)} 6 1.17 (3H, 4), 1.45 (1H, m), 1.6-1.8
(2B, m), 1.93 (1H, m), 2.09 (1H, dd), 2.38 (1H, dg), 2.89

(1H, dd), 3.13 (1H, d), 4.02 (1H, 4), 7.2-7.4 (5H, m).



of a 20 weight percent aqueous solution of sodium hydroxide were added
to the mixture to perform an extraction. The organic layer was
concentrated under a reduced pressure to - 33 obtain a yellow oily
substance. This product was purified by silica gel column
chromatography. Thus, (R)-I-benzyl-2- methylpyrrolidine was obtained as
a light yellow oily substance (1.83-gzyeld: 100%). 1H-NMR (400 MHz,
CDC13)81.17 (3H, d), 1.45 (1H, m), 1.6-1.8 (2H, m), 1.93 (1H, m), 2.09
(1H, dd), 2.38 (IH, dq), 2.89 (1H, dd), 3.13 (1H, d), 4.02 (1H, d), 7.2-7.4
[0G3K] m). 1.. 34 - [0078] CLAIMS 1. A process for producing an optically
active 1,4- pentanediol represented by formula (2) OH (wherein *
represents an asymmetric carbontem)eomprising asymmetrically
{edu%n 5-hydnoxy-2-nentanone represented by formula (1): O XOH (1)
ahd whéreitT Sait 5-hydioxy2ipéntanene ipasymmetrically sve 1 -

pentanedicl reprasented by formula (2)-

OH
i /\/OH ‘

(wherein * repressnt i
bresents an asymmetric carbon atom) comprising

(2)

.asymmetrlcqlly reducing 5- nydroxy 2-pentanone represented by
[

Lormula (1) -

O
///JL\\\//)A\\\J//C)P{ . (1)

and wherel id S~hydroxy- b ;
i €10 sald S-nydroxy-2-pentamone is asymmetrically

reduced by the act? :
‘ ction of an enzvme source having the

Mo
+3
o
®

sour ce 1s a cu*“
ured product o
L of a micr OOlgaﬂ‘S
m Da?oﬂgwng to

e}
IHJ:C_‘:...,~ OO.LC]&I“_'.S 0ns.

[0og1]



reduced by the action of an enzyme source having the activity of

stereoselectively reducing the compound [0080] 2. The process

according to claim 1, wherein the enzyme source is a cultured product of

a microorganism belonging to genus Candida, genus Devosia genus

Rhodouo or genus Rhodla and/or an enzyme obtained from any of these

microorganisms. [0081] 35 3. The process according to claim 1, wherein

the enzyme source is a cultured product of a microorganism that has the

. : . - 35 )

activity of selectively reducing the compound represented by said formula

(1) to produce the S-isomer and that belongs to genus Rhodococcus or

genus Rhodotorula and/or an enzyme_pbtained fr ny of these
; 'mic%%o?gfn“lgr%%?fOOBBCZ?[Oﬁg‘i‘Hg prgce%%é(?%o%rdin‘g{%% axll‘r?] ébl\%hgpezlr%] Itnﬁje
soSPAIme squrge;ihat selectively produces the Sisomer s a cullured -
T pro Lct f Rhodococeus ?p. of Rhodotortla @uﬁnls anaror an en%ym 25 Lae

acPbipined fremsany. of these mictoarganismsp 0083131 ERe PIXEESSerted by

according to claim 3, wherein the enzyme
said formula (1) to produce the S-isomer and that belongs to

genus Rhodocococus or genus Rhodotorula and/or an-en2yme

~obtained from any of these microorganisms.

{aog2]
4. The process according to claim 2, wherein the enzyme
source that seiectively produces the S-isomer is a cultured

pfoduct of Rhodococcus sp. or Rhodotorula glutinis and/or an

enzyme obtained from any of these microorganisms.

£0083]
5. The process according to c¢lzim 3, wherein the enzyme

source that selectively produces the S-isomer is a cultured

product of Escherichia coli HB101 (pNTRS) (FERM BP-08545) or

Escherichia coli HB101 (pNTRGGL) (FERM BP~§858) and/or an
enzyms obtained from,ény of these microorganisms.

{00841 |

€. The process according to claim 1, wherein the enzyme
souice is a cultured product of a microergénism that ﬁas the
activity of seléctivaly‘reducing-the compound represented by
said fo;mula (1} to produce the R-isomer and that belongs £o
genug Candida or genus Devosia and/or an enzyme obtained
frem any of these microorganisms.

{0085]



source that selectively produces the S-isomer is a cultured product of
Escherichia coli EB101 (pNTRS) (FERN BP-08545) or Escherichia coli
HB101 (bBNTRGG1) (FERN BP-7858) and/or an enzyme obtained from
any of these microorganisms. [00841 6. The process according to claim
1, wherein the enzyme source is a cultured product of a microorganism
that has the activity of selectively reducing the compound represented by
said formula (1) to produce the R-isomgr and that belongs to genus
Candida or genus Devosia and/or an enzyme obtained from any of these
microorganisms. [00851 36 The process according to claim 6, wherein
Tthe erzyene, sousce that seleetively-prodyces the Rsisomer,is aquitred
product of Candida malis, Candida magnoliae, or Devosia riboflavina
sandier amenzyrae obtained-from-any.olthese micrqorganisms, [9086] 8. .. 4
The process according to claim 6, wherein the enzyme source that
pefactvelyprododésithesRlisometisracduttured: pieductof Eseherchia cali
HB101 (pNTS1G) (FERN BP-5835), Escherichia coli HB101 (pNTFPG)
| TIPERNEPIA PHISPESChef Rl HBIOIPNTDRGIMRERN these

nFE-08423)kandigran

fooge]

8. The process according to claim é, wherein the BNZyme

$ource thaﬁ'selectively produces the R-isomer is a cultured

-product of Escherichia coli HB101 (pNTS1G) (FERM BP-5835),

Escherichia coli HB101 (pNTFPG) (FERM BP-7117), or

Escherichia coll HB101 (pNTDRGL) (FERM BP-08458) and/or an

enzyme obtained from any of thesge microorganisms .

foog7]

g.

The process according to any ocne of claims 1 to 8,

-wherein 5-hydroxy-2-pentanone represanted by sald formula

{1} produced by hydrolyzing 2-acetyl-y-butvrolactone

represented by formula (5) :

o O

()

in the presence of an acid is used as a starting material.



enzyme obtained from any of these microorganisms. [0087] 9. The
process according to any one of claims 1 to 8, wherein
5-hydroxy-2-pentanone represented by said formula (1) produced by
hydrolyzing 2-acetyl-y-butyrolactone represented by formula (5): O O O
(5) in the presence of an acid is used as a starting material. 37 - [0088)
10. A process for producing an optically active 1- substituted
2-methylpyrrolidine represented by formula (4) (4) N R2 (wherein R2
represents a hydrogen atom, a. hydroxyl group, a methoxy group, a
benzyloxy group, a substituted or unsubstituted alkyl group having 1 to 12
carbon atoms, a substituted or unsubstituted aralkyl group having 7 to 12
0% on atoms, or a substituted or unsubstituted aryl group having 6 to 12

10, q@r%%g oggs,w e escelr)ts an as mrpetrgc carQqq at,:())rq)mcomprising
sulf‘onyla%ng the opﬁca{%uact&% ?L?4-ﬁ}/gr§téﬁgdi%¥réip"ré§gﬁted by said

sub@ﬂﬂﬂ@%é@Fﬂoﬂé@ﬁ¥@¥yrrolidine represented by formula (4) :
[ )\ (4)

'FQZ %

R

(Whérein R? represents a hydrogen atom, a hydroxyl group, a
methoxy group, a benzyloxy group, a éubstituted or
unsubstitgted alkyl group having 1 to 12 carbon atoms, a
substituted or unsubstituted aralkyl group having'7 to 12
carbon atoms, or a substituted or unsubstituted aryl group
having ¢ to 12 carbon atoms, and * represents an asymmetbric
carbon atom) comprising sulfonylating the'optically active
1;4~pentanediél reprasented by'said formula (2} produced by
any one of the process according te claims 1 to @ to

‘convert it-te an optically active disulfonate compound

represented by formula (32):

SO,R"
o

- T 80,R!

(wherein R represents a substituted or unsubstituted alkyl
group having 1 to 12 carbon atoms, a substituted or

unsubstituted aralkyl group having 7 to 12 carbon atoms, or



any one of the process according to claims 1 to 9 to convert it to an

optically active disulfonate compound represented by formula (3):

'--~S02R1 0) SO02R1 (wherein R1 represents a substituted or

unsubstituted alkyl group having 1 to 12 carbon atoms, a substituted or

unsubstituted aralkyl group having 7 to 12 carbon atoms, or - 28 a

substituted or unsubstituted aryl group hﬁvmg 6 to 12 carbon atoms, and

* represents an asymmetric carbon atom) and reacting the compound

with an amine [0089) 11. The process according to claim 10, wherein RI
gisTUifiethyHGratipor a d-methpherykgroupyandia2isa benzylggroups 12

12 A rocess for producin optlcall%actlve 1, 4- pencanediol represented

Gy fot u‘fa GIOHDH (3) MiereiT FepredentSamasymtetic Eabon tom .
a@{&@é@@{@@“%ﬁy@g]&m&% agetyly ggtygg{@gone represented by

formula
{0089)]

11. The process according to claim 10, wherein Rl is a
methyl group or a 4-methyphenyl group and R? is a benzyl

group .

12. A process for producing optically active 1, 4&-

!

pentansdiol represented by formula (Z)

OH

/{j:\/VOH (2)

(wherein * represents an asymmetric carbon atom} comprising:

hvdrolyzing Z-acetyl-y-butyrolactcone represented by formula
(D)
in t S5-hydroxy-Z-pentancne

; and
asymmetrically reducing 5-hydroxy-Z-pentanone represanted

by said formula (5} to optically active 1,4-pentanediol

represented by sald formula (2.



O O O (5} in the presence of an acid into 5-hydroxy-2-pentanone
represented by formula (1) 0 and asymmetrically reducing
5-hydroxy-2-pentanone represented by said formula (5) to optically active
1,4-pentanediol represented by said formula (2). ABSTRACT The
present invention relates to a process for producing an optically active
1,4-pentanediol by asymmetrically reducing 5-hydroxy-2-pentanone,
which is easily available at low_cos$. The present invention also relates to
a process for producing an optically active 1- substituted
2-methylpyrrolidine including sulfonylating the optically active
[0o9dy4-pentanediol to convert it to an optically active sulfonate compound,
and reacting the compound with an amine. According to the processes of
the present invention, an optizaliyraeive 1,4-pentanediol and an optically
active 1-substituted 2-methylpyrrolidine, which are useful as an
iRt nitRaersr fevdiidoand ahapte mictidelscagidulttieal chemicals,
can be simply produced from, an inexpensive starting material.
produc?ng an.%éé%ca%iy active l,iipentanegigl %y
asymmetrically reducing 5-hydroxy-2-pentanone, which is
easily available at low cost. The present invention also
relates to a process for producing an optiéally active 1-
gubstituted 2-methylpyrrolidine including sulfonylating the
optically active 1,4-pentanediol to convert it to an
optically active sulfonate compound, and reacting the
compound with an amine. According to the processes of the
present invention, an optically active 1,4-pentanediol and
an optically active 1—substituted 2-methylpyrrolidine, which
are useful as an intermediate for medicines and an

- intermediate for agricultural chemicals, can be simply

produced from an inexpensive starting material.



