- 1 [0001] DESCRI PTI ON PROCESSES FOR PRODUCI NG
OPTI CALLY ACTI VE 1- SUBSTI TUTED 2 METHYLPYRROLI DI NE. AND
| NTERVEDI ATE THEREFOR Technical Field The present
dinvention relates to a process for producing an
optically active 1-substituted 2- nethyl pyrrolidine,
which is useful as an internediate for nedicines,
agricultural chemicals, and the Iike. The present
invention also relates to a process for produci ng an
optically active 1, 4-pentanediol, which is useful as a
synthetic internediate in the above process.
[OOQiéckground Art [0002] The follow ng processes are
known as a process for producing an optically active
1-substituted 2- neth%ﬂ%&?ﬂ@ﬂT@Nhe (1) A process for

roduci n R) - 1- benz carbon - net hyl pyrrolidine
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benzyl oxycar bonyl group, and radically reducing the
product wth tributyltin hydride (Non-Patent Docunent

Tecﬁghca( %lelgyocess of optlcally resol ving racemc 2

_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 produc1ng an
optlcally active 1,4- pentaned101 which is useful as a
synthetic intermediate in the above process.

Background Art | |
[oo02]

The fOlI&wing procesSeé are known as a pfocess for
producing an optically active l-substituted 2-
methylpyrrolidine. |
(1) A process for producing (R)~1—benzyloxycérbonyl-2—
methylpyrrolidine inciuding converting a hydro§¥; group-of
L-prolinol derived frOm‘L-prolinedto é c¢hloxro g;oup with
~ thionyl éhldride, protécting a nitrogen atom with a

.benzyloxycarbonyl group, and radically reduc1ng the product
, w1th tributyltin hydride (Non-Patent Document 1).

(2) A process of-optically resolving racemic 2-




- 2 methylpyrrolidine with tartaric acid (Non-Patent
" Docunent 2). [0003] However, process (1) includes
many steps and uses a highly toxic tin conpound. In
process (2), crystallization nust be repeated a
plurality of tinmes, and thus the operationis
conpl ex. Thus, any of these processes is not an
i ndustrially advant ageous Erocess. [0004] If an
optically active 1-substitatéd 2- nethylpyrrolidine is
derived using an optically active 1,4- pentanedi ol as
‘a starting material, the above problem would be
methydpyedoliddehki eiieht laraducacm optdrcald terac tDdttimkent 2) .
substituted 2-nethyl pyrrolidine. However, any known
- [o00pdocess for producing the opti-cally. active
-1,4-pentanediol is not an industrially advantageous
pHoweysr, [0006¢ss FOt) ekanphdes trimny ot @pd ngndroses ses
___are reported as a process for producing an optically
highdgt bexie, fipeapapedindl.. [8)propesse$d)f{orrpebalitingtion
(S)-1, 4-pent anedi ol including coupling an enol at'e
mustppgpaeRgategnr2pAdugal itirephy Fines oxardl Fhusabbe
n-butyl | ithium and %S)-epichloroh drin, hydrolyzing
OPEerafaopr d8uEPTRILER - hydhBER| 8RY cofictBesanareegaesagis tiet
an igéoduct Lth |ithiumalum num hydri de (Non-Patent

BERERE y_advantageous process.
[0004] | |

If an optically active 1-substituted 2-
methylpyrrolidine is derived using an optically active 1,4-
_pentanediol as a starting material, the above problem would
be solved to efficiently ﬁroduce an optically active 1-
substituted 2—methyipyrrolidine. However, anyrkﬁown process
for producing the optically active 1,4-pentanediol is not an
indusfrially advantaggous process.

[0005]

For example, the following processes are reported as a
process fox producing an optically activg 1,4—peﬁtanédiol.
(3) A process for pfoducing (8)-1,4-pentanediol including
: chpling an enolate prepared from 2,4,4Ftrimethyl~2—
oxazolihe'and n-butyllithium and (S)-epichlorchydrin, .
hydrolyzing the product with hydrochloric acid, and reducing

~ the product with lithium aluminum hydride (Non-Patent

. Document 3).

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




(4) A process for producing (S)-1, 4-pentanedi ol
including - 3 treating Dglutamc acid with nitrous
acid to produce y- butyrol actone-4-carboxylic acid,
reduci ng the carboxylic acid w th borane-di nethyl

sul fide conplex to produce an al cohol, tosylating the
hydr oxyl group, and reducing the product with |ithium
al um num hydri de (Non-Patent Document 4). (5) A
process for producing (S)-1,4-pentanedi ol including
reduci ng a carbonyl group of an ester of levulinic

aci d Igester of 4- oxopentan0|c acid) wth baker's

tre t‘raéwc.aﬁgl et auiatou tal¢lldi {19 PrROAGSi Hum

ride hbn- tent Docunent 5). A_process for
buty Cglcﬁfc‘% ( P%’&Hcaﬁé&dol ﬁq@aqaaagngheplc@fr@@@cw@c:a
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. (3) and (4) include many steps and reqU|re u5|ng many
expensive reagents. in process (5), the yield of the

(5) @Xe?)lf%e\é% rf%acb@fe,aue%g Qsy-§r qoggaeafxggﬁall chlué%{%

t he maxi-num Furt nor e,

'reduc1ng a carbonyl group of an ester of levuliniec acid

{ester of “4-oxopentanoic acid) with baker's yveast, 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 i-position of racemic

1,4-pentanediol with a trityl group, asymmetrically

acylating the product with a lipase, separating an ester

‘_from_the resulting mixture of the aster and an alcohdl, and

deprotecting with p-toluenesurfonic acid (Non-Patent
Document 6),
~{o0o0s6]

However, processes (3) and (4) include mahy steps and

require using many expensive reagents. In process (5), the

vield Qf the reductive reaction by the microorganism is‘low,
60% at the maximum. Furthermore, process {6) is a racemic
resolutlon and thus inefficient.

{Non—PatentADocument 1] J. Org. Chem., 1989, Vol. 54,




resolution and thus inefficient. [Non-Patent Docunent

11 J. Org. Chem, 1989, Vol. 54, - 4 pp. 209-216

[ Non- Pat ent Docunent 2] Acta. Pharm Suec., 1978, Vol.

15, pp. 255-263 [ Non-Patent Docunent 3] J. Chem Soc.,

Chem Commun., 1994, pp. 483-484 [ Non-Patent Docunent

4] J. Med. Chem, 1982, Vol. 25, pp. 943-946

[ Non- Pat ent Docunment 5] Synthetic Conmuni cati ons,

1990, Vol. 20, pp. 999-1010 [ Non- Patent Document 6]

Bi oorganic & Medicinal Chem stry Letters, 1996, Vol.

6, pp. 71-76 Disclosure of Invention Problens.to be
Pp. &bPvelsby the Invention [0007] In view of the above

situation, it is an object of the present invention to

ph¥an (Retentefidminent glodeds f Ghampr.oduecng 4878, Vol.

optically active 1, 4-pentanediol. Furthernore, it is
15, BR- o%?%c%G%f the present invention to provide a

process for sinply and efficiently producing.an

oBI%aWar%ﬁntad%qwepts ddstdi-t e -2 Sest-hy ChgRr oFPambe -

fron1the oEtlcaIIy active 1,4-pentanediol. - 5
1994, pp.

| [Non-Patent Document.4] J. Med. Chem., 1982, Vol. 25,
pp. 943-946
| [Non-Patent Document 5] Synthetic Communications, 1990,
Vol. 20, pp. 999-1010
[Non-Patent Document 6] Bioorganic & Med1c1nal

Chemlstry Letters, 1996, Vol. 6, pp. 71-76

- Disclosure of Invention
Problems to be Solved by the Invention
[0007]

~ In view of the above_situation; it is an object of the
present invention to provide én efficient proéess for
producing an optically active 1,4-pentanediol. Furthermore,
it is an object of the present invention to provide a

process for simply and efficiently producing an optically

' actlve l-substituted 2- methylpyrrolldlne from the optically _

active 1,4-pentanediol.




Means for Solving the Problens [0008] As a result of
i ntensive studies, the present inventors have
devel oped a process for sinply producing an optically
active 1, 4-pentanedi ol by asymmetrically reducing
5- hydr oxy- 2-pentanone, which is easily avail able at
| ow cost. The present inventors have al so devel oped a
process for sinply produqéng an optically active
1-substituted 2- nethyl pyrtrolidine by sulfonylating
the optically active 1,4- pentanediol to convert it to
an optically active sulfonate conpound, and reacting
Meangh&orofpbuidgwihé Bnobhems. [0009] Nanely, the
) present invention provides a process for producing an
[Uooébtlcally active 1, 4-pentanediol represented by
formul a (2 [0010] [0011] OH OH (2) [0012] (wherein

*AF ePr afh IeRmive ctewlisen dthenmpuspent inventors

as nnetrlcally reduci ng 5- hydroxy-2-pentanone
haVEréﬁV@é@ﬂ%@dauar@%@ﬁ%|%p¥151mplxspqqﬁmgqng an optically

active 1,4—pentaned101 by asymmetrically reducing 5-hydroxy-
2-pentanone, which is easily available at low cost. The
present inventors have also developéd a procegs fﬁr simply
producing an optically active l-substituted 2-
- methylpyrrolidine by sulfonylating—theloptically active 1,4-
penﬁanediol to convert it to an optically active sulfonate
compound, and reacting the compound with an amine.
[00091

Namely, the present invention provides a process for
producing an optically active 1,4-pentanediol represented by
formula (2}:
- {00101

[0011]

OH
///i\\\v/)/\\\«//()kl (2)

[0012]
(wherein * represents an asymmetric carbon atom) by
 asymmetrical1y reducing 5-hydroxy-2-pentanone represented by

formula (1):



O ~1) OH [00147 The present invention also provides
a process for producing an optically active
1-substituted 2- methyl pyrrolidine represented by
formula (4): [00157 [0016] (wherein R2 represents a
hydrogen atom a hydroxyl group, a nethoxy group, a
benzyl oxy group, a substituted or wunsubstituted al kyl
group having 1 to 12 carbon atons, a substituted or
unsubstituted aral kyl group having 7 to 12 carbon
atons, or a substituted or unsubstituted aryl group
havi.ng 6 to 12 carbon atons, and * represents an
[0013bymetric carbon aton) including sulfonylating the
optically active 1, 4-pentanediol represented by said
Qormula (2) to convert it to an optically active

i sul fonate conpoundéiepresented by formula (3):
. {0017] - 7 'Ck)FrSCQ (3) SO02rR [0018]

[0014]
The present invention also provides a process for
producing an optically active l-substituted 2-

methylpyrrolidine represented by formula (4):

Too15]

[OOlS]

(wherein R? represents a hydrogen atom, a hydroxyl groﬁp, a
.'methoxy group, a benzyloxy group, a substituted or
~unsubstitﬁted alkyllgroup having 1rto 12 carbon atoms, a
substituted or unsubstituted aralkyl group having 7 to 12
carbon atomg, or‘a substituted or unsubstituted aryl group
having 6 to 12 cerbon atoms, and * represents an asymmetric
carbon atom) including sulfonylating the opticall? active
1,4-pentanediol represented by said formula (2) to convert
it to an optically active disulfonate_compeund represented
by formula (3):

[0017]




(wherein Rl represents a substituted or unsubstituted
al kyl group having 1 to 12 carbon atons, a
substituted or unsubstituted aral kyl group having 7
to 12 carbon atons, or a substituted or unsubstituted
aryl group having 6 to 12 carbon atons, and *
represents an asymmetric carbon atom, and reacting
the conpound with an am ne., Advantages of the
Invention [0019] According to the present invention,
an optically active 1,4-pentanediol and an optically
active 1l-substituted 2.- nethyl pyrrolidine, which are
usef8 ntermedi ates for nedicines or agricultural
‘c¥yeém cal's, can be sinply produced at |ow cost from an
If[nexpensi ve and easi.ly avait le starting material.
Eﬁrrying CQut I nvention [0020]
*' i naterl?l used in the present
i nvention ard prodﬁHDE be described. 5-Hydroxy- 2-
pent anone, mhlch Is the startlng material of the
[00 esent - invention, is represented by fornmula (1):
:F9021] [0022] This conmpound is avail able at | ow cost.
whé&gggggtl g%t@ygfgg%s% %%%% %Qeuggﬂbggighgggyalkyl

pro rolyzih
-group having 1 to 12 carbon atoms, a substituted or

unsubstituted aralkyl group having 7 to 12 carbon atomé,‘or
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. |

Advantages of the Invention

[0019]

- According to the present invention, an optically active
1,4—pentanediol and an optically active l-substituted 2-
-methylpyrrolldlne, Wthh are useful as 1ntermed1ates for
med1c1nes or agrlcultural chemlcals, can be simply produced
at low cost from an inexpensive and easily available

B starting material.

Best Mode for Carrying Out the Invention
[0020]. | |

Fifst a startlng material used 1n the present
1nvent10n and products will be descrlbed . 5-Hydroxy-2-

pentanone, which is the startlng material of the present



2-acetyl -y-butyrol actone represented by formula (5):
[0023]. 0 \'5) [0024] which is |ess expensive and
easily available,’" in the presence of an acid such as
phosphoric acid, sulfuric acid, nitric acid, or
met hanesul fonic acid. [0025] When
5- hydr oxy- 2- pent anone represented by said fornmula (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 formof an acidic aqueous sol ution
inveptithe tomEpreben(tidd greparmhilsy Hiidr ol yzi ng
2-acetyl-y-butyrolactone 9 represented by said ,
[602%brmula (5) in the presence of an acid, or an aqueous
sol ution prepared by neutralizing the aqueous acid
ccording to need. In such a case, the above problem
oes not occur, and %ﬁﬁ aqueous sol ution can be used
S a artinq) teri of the asymretric reductive
r on wthout further treatnent. [0026] An
optically active 1, 4-pentanediol, which is a product
the present invention, is represented by fornul a
toozfg) !

This compouhd is available at low cost. Alternatively,
5-hydroxy-2-pentanone can be simply produced by hydrolyéing
-2~acety1—yébutyrolactone represented by formula (5):

[0023]

[0024]

. which is less expensive and easily available, in the-
~presence of an acid such as phdsphoric acid, sulfuric acid,
nitric acid, or methaﬁesulfonic acid. | |
.[0025]

When Sthdroxf—2—pentanone represented by said formula
'.(1)'is stored at a high concentration, the purity thereof
méy be decreased because of dehydraﬁion condensation by
- itself. Alternatively, S—hydroxy—z—penténone may be'Stbred‘
in the form of an acidic aqueous solution of the compéund'

"(1)‘prépared by hydrolyzing 2-acetyl-y-butyrolactone




-~

[0027] OH OH (2) [0028] In the fornula, * represents
an asymetric carbon atomand ,the absolute
configuration thereof is Ror S. Herein, R represents
all the cases where, anong both enantionmers, the R

I somer is excessively included. Simlarly, S
represents all the cases where, anmpng both
enantioners, the S isonmer ps- excessively included.
[0029] An optically active disul fonate conpound,

which is a product of the present invention, is
0030] O -, SR

. feprrﬁ%%ﬁ‘%%%?%@%ﬁ Toitita (51 nérlé?%%&@ﬁ?%g%n?g an acid,

[ bstituted, al kyl .having 1 to
or URHRT S B sS ol rotp b ng Lt
; I . ' tg 1 ar bon ons, Or a
acialaBelrifhaLs HAKLTD I Bred ar orBgr oBhe FanfhSeobten
doeslact2bBRArat 9B the aqueous 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, is represented by formula (2):

[0027]

OH
MOH @

[0028]

In the formula, * represents an asymmetric carbon atom and

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

. represents all the cases where, among both enantiomers, the

"R isomer is excessively inclﬁded. Similarly, 8 fepresents

all the cases where, among both enantiomers, the S isomer is

'éxceséivély included.

' [0029]

An optically active diéulfonate‘compound, which is a
product of the present invention, is represented by formula

{3):




[0032] Preferably, RL is nethyl group, ethyl group,
chl oronet hyl group, trifluoronethyl group, benzyl
group; phenyl group, 4-methyphenyl group,
4- chl orophenyl group, 2- nitrophenyl group,
3-ni trophenyl group, 4-nitrophenyl group, or the
like. More preferably, RL is nmethyl group or 4-
. met hyphenyl group. SynQoho*_represents the sane as
the above. [0033] ‘An optically active 1-substituted
2-nmet hyl pyrrolidine, which is a product of the present
invention, is represented by formula (4): [0034] - 11
[003p0035] In the formula, R2 represents a hydrogen atom
hydr oxyl" group, nethoxy group, benzyl oxy group, a
.subQ@gR d or unsubstituted al kyl group having 1 to
cjﬂ/car on atonms, a substituted or unsubstituted
ral kyl group having 7.to g%) carbon atons, or a
ubstituted or-unsubstituted”aryl group having 6 to
* _ >\%£gf?#g Preferably, R2 is hydrogen
ato hydr oyl gr ofet hoxy group, benzyl oxy group,
net hyl group, ethyl group, n-propyl group, tert-butyl
[o039j OuP al 'yl group, benzyl group, E

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
éarbon atoms, or a substitutéd or unsubstituted aryl group
-haﬁiné 6 to 12 carbon atoms.

{0032]

Preferably, Rl is methyl group, ethyl group,
chloromethyl group, trifluoromethyllgroup, benzyl group,
phenyl group, 4-methypheny1 group, 4-chlorxophenyl group, 2-
nitrophényl‘groﬁp, 3-nitrophenyl group,'éénitrobhenyl group, -
or the like. More preferably, R! is methyl group or 4-

- methyphenyl group. Symbol * represents the same as the
abovei

{00331

: An optically.active l-substituted é-methylpyrrolidine,
which ié_a-product of the present inveﬁtion, is represented
by formula (4): |

[0034]



1- phenet hyl "group, phenyl group, or nethoxyphenyl
group. Mre preferably, R2 is benzyl group. Synbol *
represents the sane as the above. [0037] Next,
description will be nmade of a step of producing an
optically active 1, 4-pentanediol represented by said
formula (2) by,asynnetrically reduci ng
5- hydr oxy- 2- pent anone ﬁ&esented by formula (1).
Exanpl es of the process o asynmetric reduction in
this step include, but are not I|imted to, a process
of reduction with a hydride reducing - 12 agent
ified with an optically active conpound, a process
of \hydrogenation in the presence of an asymetric
ition tal catalyst, a process of performng a
dkogen. transfer reduction in the presence of an
ymetric transition nmetal catalyst, and a process
reduction with a mcroorganismor an e€nzyne
derived froma mcroorganism [0038] Specific
exanpl es of the hydride reducing agent nodified with
,[°°3§ﬁ optically active conmpound include a reducing agent

gggqaﬁg roa an gptlcall aCtIVS%}aEb%%L%F@%F}%a%E%§N1
grougy ?_%ﬁh%%‘%gé:%%é?ﬂ %?@%% T (P e V%:?sp%ccfr
unsul?%% J?{é‘ﬁ%:/ %]?%f O%tacup ha%@xlxge X tSOOdléJ car ! Ohydccgmdse, aan

substituted or unsubstituted aralkyl group having 7.to 12

carbon atoms, of a substituted or unsubstituted aryl group
lhéving 6 to 12 carboh-atéms. |
[0036] _

'Preferably, R2 is hydfogen 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, RZ is benzyl group. Symbol * represents
, the‘séme as the above. '

[0037]

Next, descrlptlon will be made of a step of produc1ng
an optically active 1,4-pentanediol represented by said
formula (2) by asymmetrically'reducing 5~hydroﬁy524pentanone
repreéented by formula (1j.- Examples of the process of
asymmetric reduction in this step include, but are not

‘limited to, a process of reduction with a hydride reducing

g




met hanol, and a reduci ng agent prepared fromoptically
active 1,1 -bi-2-naphthol and Iithium alum num
hydri de. [0039] Preferred exanples of the asynmetric
transition netal catalyst used in the hydrogenation
or the hydrogen transfer reduction include netal
.conpl exes of a Goup VIII elenent in the periodic
tabl e, such as ruthenium _rhodium iridium or
- platinum Fromthe standp&%ﬂ“(ﬁ the stability of the
conpl ex, availability, and econom cal efficiency, a
rut henium conplex is nore preferred. [0040] . - 13 A
agenthinodl £ egandthnahheptital igoapkexei soppetiadabhypaocess
phosphi ne Iigand. As the phosphine |igand, a bidentate
of hiytigagdnbsipnefar thd. pEraspbesodf ahhashndetntatetkagantdion
i ncl ude BI NAP derivatives such as BINAP (2,2'- '
metai ediphgayl phoppbrassleof’ pbicfiaphthyl  hpdrdgénBtNARsfer
(2,2'- bis(di-p-tolylphosphino-1,1'-binaphthyl); BDPP -
reducpign bnstlepheagephosphfi ap) pepnastyicDtoPid]6ion metal
bi s(di phenyl phosphi nonet hyl ) -2, 2-di net hyl - 1, 3- di oxane;
catapppEa and a process of reduction with a microorganism or

(1-.[11, 2- bi s(di phenyl phosphi no) ferrocenyl ] et hyl am ne)
an enzypyy fAPHOEY( Sranpd sPEFpACKRFABASEPhI no) but ane) ;

HOS (1- substituted
[Ooggf?bis(diphenylphosphino)pyrrolidine); DuPHOS

(Jo2. bl o % 2 5upst 144180 Rosphol ano) benzene) , and
moaified Bt £h( 20 "BHELXYPRENYLL PRENKLRIGSRE! 1L £L48NE)
reducing agent prepared from an oﬁtically active tartaric
acid and sodium borohydride, a reducing agent prepared from
an thically active oxaborolidine derivative and bbrane, a
reducing agent prepared from an optically active ketoiminato
‘cobalt complex, sodium borohydride, and tetrahydrofuran-2-
methanoi, and a reducing agent prepared from thicélly
active 1,1'-bi-2-naphthol and 1i£hium aluminum hydride.
[0039]

Preferred examples of the asymmetric transition metal
catalyst used.in the hydrogenation or the hydrbgen transfer
peduction include metal'complexes of a Group VIII element in
the periodic tablé, such as ruthenium, rhodium, iridium, or
‘platinum. From the standpoint of the stability of the
complex, availability, and economical éffiéiency, a
ruthenium complex is more preferred.

- [0040]




[0041] The asymmetric reduction can be perforned with
hydrogen gas or a conpound that can provi de hydrogen,
such as isopropanol, form c acid, or anmmoni um
formate, in the presence of the asymmetric transition
metal catalyst. [0042] Alternatively, an optically
active 1, 4-pentanediol represented by said fornmula (2)
can be produced by stereoselectively reducing the
car bonyl group of 5-hydrbx§%'2-pentanone repr esent ed
by said fornula (1) in the presence of an enzyne
~source having the activity of stereosel ectively
r adohiinglt hégeadbdnythgrwapal - cddipl&R043] prdherdlelya
"enzyne source" includes not only an enzyne itself
phogpdnineg ltlgendbov @sr edhec phospadheviligahdt, al dddantate
cultured product of a m croorgani smhaving the
ligamelddst powfexeedyvi t Exafpdesenmh tbel bidedtptedlicgand a -
. _mcroorgani snf nmeans a culture solution containing
inclyider BBNAP deriyatiygist sied ascBENARI (8eRl's, or a
] O_l!p_rocessed product of the mcrobial cells. The term
bisdiphepydpbgspréagct . 3f ~PhaaphEhybi apndelrs ~BRNARS (2§ 3f -
. exanple, a crude extract, _Iyoghilized nm crobi a
bis (ddIPs toh¥PBREPHENEd tmild rEARaPhERYIS ; BRRE 42dfsrupt ed

S A L T T L R L G

: bis(diphenylphosphinomethyl)—2,2edimethyl~1,3-dioxane; BPPFA'
'(1—Ilf,2—bis(diphenylphosphino)ferrbcenyl]ethylamiﬁe);
CHIRAPHOS (2,3-bis(diphenylphosphino)butane); DEGPHOS (1-
substituted 3,4—bis(diphenylphosphino)pyrrolidine)} DuPﬂOS
(1,2-bi§(2,5—substituted phospholano) benzene) ; and DIPAMP
(1,2—bis[(o~methoxyphenyl)phenylphosphino]ethane).

[0041] |

- The asymmetric feduction‘can be performed with hydrogen
gas or a-compound that can provide'hydrogen, such as
iéopropanol, formic acid, or ammonium formate; in tﬁe
: presencé.of the asymmetric tfénsition metal catalyst.

[0042]

"'Alternatively, an optically active 1,4—pentanédiol
represented by said forﬁula (2) can be,producea'by- |
.stereoselectiVely ;educing the carbdnyl group of S5-hydroxy-
2~pen£anone represented by said formula (1) in the presence
of an enzyme source having the activity of‘étereoselectively

'Lreducing the carbonyl group.



an i mobilized cell prepared by a known nethod. The
i mmobi i zation can be performed by a nmethod (for
exanple, a cross-linking method, a physica
adsorption nethod, or an entrapnent nethod) known.to
those skilled in the art. [0044]  Exanples of the
enzynme source having the activity of -
stereosel ectively reducing,he carbonyl group of the
conmpound represented by sai'd formula (1) in the
enzymatic reduction step of the present invention
i ncl ude enzyme sources derived from m croorgani sms

- [00&&] ected from the group consisting of genus Candi da,
gﬁnus Devosi a, genus Rhodococcus, and genus

ot BF I FENF O 5jouras’ immhitfiahacib ol v ey mnzyme
. urces, exanples of the enzyne source having the
itselE, hGV L9 IS oF BoTS EPUF EHR: Het THeLY cRFBoRLAO 6 oup
- ourofohESaReY g opepsp et b s g Lol e L Lo
et O FHROLERDLFIM BUED, S5 OLOCE L BB i
wean o4 561 LML LU SELILY, o S0 SEDAI ot e
32 APt Mt b e e TR A
microbial cells. The term "processed product of the °
microbial cells" means, for example, a crude extract,
lyophilized microbial cells, acetone-dried microbial cells,
and a disrupted product thereof, Furthermore, these enzyme -
SOurces can be used in the form of an immobilized enzyme or
an immobilized cell prépared by a known method. The-
immobilization can be performed by a method.(fdr eﬁample, a
cross-linking method, a physical adsorption'method,_or an
'entrapment method) kpown_to those skilled in the art.
[0044] |

. Examples'of the enzyme'éource having the activity of
stereoselectively féducing the carbonyl group of fhe
9ompound represented by said formula (1) in the enzymatic
reduction Step of the présent invention include enzyme
sources derived from microorganisms selected from‘the group

consisting of genus Candida, genus Devosia, genus

Rhodococcus, and genus Rhodotorula.

10045]



Candi da magnol i ae, Candida nmalis, or Devosia
ri boflavina. [0047] The m croorgani sm having the
ability of. producing the reducing enzyne derived from
a mcroorganismnmay be a wild strain or a nutant
'strain. Mcroorgani sns derived by a genetic method
such as a cell fusion or a genetic rmanipulation may
al so be used. Genetically ni pul ated m croorgani sns
produci ng the enzyne can Bgaébtained by, for exanple,
a method including the steps of isolating and/or
purifying the enzyme to determine a part or the whole
Gfmdrte themiakmvac ieth zyagu enor cefs ,t sagmaypse pfobhai Bhagme
the DNA sequence encoding the enzyne on the basis of
sourchchavimy EHee dcisbgusnos Selteadiuc ng tdtidig ithieo
anot her m croorgani.smto . produce a reconbi nant
carbeny} qpreami it cawaund meptesentks] e corid farmula
m croorgani smto obtain the enzynme (W08/35025).
(1) toorsydugre g tArisonal dmdlorde erizymsospanices deed vast
the .enzyme source is not particularly limted as |ong
£rom Jul GFROT AT aHIbs A ARPARRCNUE Stampite Ripdoierula
: culture medium that can be used is a normal |iquid
ﬁlEEiﬂiﬁunwcontarning, as a carbon source, sugars such as
[OO{HUCOSG and sucrose, alcohols such as ethanol .and
' ]ycerol fatty acids such as ' oleic acid and stearic

d h f d oi I
HiphpaRt e bR e O i s, PR mnrbar anr bt ¢ ot

selectively reducing the carbonyl group of the compound

xepresehted 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 abilify of producing the

.reducing énzyme derived from a microorganism may be a wild
strain or a mutaﬁt strain. Microorganisms derived by a
genetic method such as a cell fusion or a genetic
"manipulation may also be used. Genetically'mahipulated
microorganiéms produéing ﬁhe.enzyme can be obtained by, for’
example, a method including the steps of isolating and/or
purifying the enzyme to determine a paft or the whole of.the
amino acid sequence of the enzyme, obtaining the DNA
sequence encoding the enzyme on the basis 6f the amino acid
sequence, introducing the DNA intoc another microorganism to

produce a recombinant microorganism, and culturing the




sodiumnitrate, peptone, casam no acid, corn steep
liquor, wheat bran, and yeast extract; as inorganic
salts, magnesium sulfate, sodiumchloride, calcium
carbonat e, di potassium hydrogenphosphate, and
pot assi um di hydr ogenphosphate; and as anot her
nutrient source, nmalt extract and neat extract. The
culture is aerobically pe{%o[ned. In general, the
culture tine is about 1 5 days, the pH of the
culture nediumis .in the range of 3 to 9, and the
culture tenperature is in the range of 10C to 50C.
recor@lv)m@}t lrguetisctiisre treeadttiadm dhet leazymes dMO98/35025) .
i nvention can be perforned by adding
[004lhydr oxy- 2- pent anone serving as a substrate, a
coenzynme NAD(P)H, and a cultured product of the
Fher 6UAGaRESHEBAVA SPycasBéarppodanisnhesedfasntbea
suitable solvent, and stirring the mxXture at an
ENZYMSSRUEE Fi9. DART P&FF1Q¥$ﬁ§dﬁ§3r€@¢@ﬂa@@cﬂoﬂg A&t Eheor
a buffer solution is usuall used as a reaction
mlcros%ﬂ?é’rhsm 560 EFEY eaé‘ﬂ &ff%%@f FBEf GrAtdrEnmgdium
hase sten1|n | u |qg an or ni c solvent , such-as

that éﬁw X d5of PO HBoGSTBdPtRg, as a
carb%no%?%]er CI’—EE s488ER, ke tﬁ&?ﬁ%ﬁgegl@ﬂ 598 abeer oL Bk
t t f th b { LS, .
such ol derifio B BRVERRENT 680H) Ahefisht Sehadbr of i gprgic
~and s%e%&uﬁp%bqﬁ.“%bggEs E%%r@%%arand 0il 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 extrect; as inorganic salts, magnesium
sulfate, sodium chloride, calcium carbonate, dipotassium
hydrogenphosphate, and poﬁassium dihydrogenphosphate; and.as
another nutrient source, malt extract and meat extract. The
culture is ae;obicaliy.perfqrmed., In general, the culture
time is about 1 to 5 days, the pH of the culture medium is
in the range of 3 to 9, and the cultdre teﬁperatdre is in
the range of 10°C to 50°C. | |

[0049]

‘ " The reductive reactlon of the present 1nvent10n can be
performed by addlng 5- hydroxy 2~pentanone serving as a
substrate, a coenzyme NAD(P)H, and a cultured product of the
microorganism ofra processed producf thereof-into a suitable

solvent, and stirring the mixture at .an adjusted PH. An



anmount of the coenzyme NAD(P)H is generally 0.000001
to 1 tinmes and preferably 0.000001 to 0.001 tines the
anount of the substrate. The reaction tenperature 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 tine 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
one time or continuously. The reaction may be

aquebabfméﬁﬁdmbﬁuahbabCha@éﬁc@%Saobuﬂféﬁnébnu@ﬂ§npiQC@§§a11y
[0051] In the reduction step of the present

used A¥eat reacthynceshi-ehty BueOBRBNk¥adsedn CRENZYAE
NAD( P) H regenerating system the anmount of
perfoemednphi anteb-phesexpepsemeinotndyn® agadrh&nic solvent
significantly reduced. A typical exanple of the
suchNAB( 8LHyilegeneabti og sygitenei and tké haguedus shadian.
gl ucose - 18 dehydrogenase and gl ucose. [0052] Wen
[005Phe reductive reaction is perfornmed using a cultured
product of a transformed m croorgani sm prepared by
I'THe otRRE PP Qrndl tiging hiepenttlichth ¢t hen Anmymen s ngEne
of an enzyne (for exanple, glucose dehydrogenase)
usedha*\?hﬁgCPﬁ@en*aﬁaﬁtw of Fhygepebatratea addntleelre. The
_ t he redu0|ng enzynme depends into a S|ngle host
CODCﬁpEF%B}aanpgth%n %h§9ﬁ%te is generally about 0.1

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 preferably 0.000001 to 0.001 times the am0unt 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 generally in the range of 4
to 9 and prefeﬁaﬁly in the rahge of 5 to 8. The réaction
time is'general;y in the range of 1 to 120'hours-and
preferably;in the range-of 1 to 72 héurs.‘ The substrate may
be added at one time or continuocusly. The reaction may be
performed by a batch process or a coﬁtinuous process.
{oo051]

| In the reduction step of the present invention, by'
-combiniﬁg a commonly used coenzyme NAD(P)H regeﬁerating ‘
system; the amount of consumption of the expensive coenzyme
can be significantly reduced. -Artypical example of the

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




source required for regenerating the coenzyne need not
be separately prepared. Thus, an optically active
1, 4- pentanedi ol can be produced at |ower cost. [0053]
An exanpl e of such a transformed m croorganismis a
transfornmed m croorganismtransformed with a plasmd
having a DNA encoding the reducing enzyne and a DNA
encodi ng the. enzyne having the ability of
regenerating the coenzymel®n- whi ch the reducing
enzynme depends. As the enzyne having the ability of
regenerating the coenzyne, a glucose dehydrogenase is
dehy@r&§eiied And s @ghygose dehydrogenase derived from
Bacillus nmegateriumis nore preferred. As the host
foosaEroorgani sm Escherichia coli is preferred. [0054]
More preferably, exanples thereof include Escherichia
oldn HBEO re((INESHe) reActassi AR MarrRmeGERMI BR- 5835,
Date of depositing: February 24, 1997) transforned by
cultareddpcodgetl D f e zymren genenat® mmetbdreamiGan dirépared by
magnol i ae | FOO705 and a gl ucose dehydrogenase gene
introéndirey 4 rgendact [thes rebhatiarg wnzyns Gl i ljisaiccalfi an
HB101 (pNTFPG) (Accession nunber: FERM BP- 7117, Date
enzymd tepostdmyle Agivcokl R008rdgenssar medimg &he
. _reducing enzynme gene derived from Candida malis
abilipo @003 gantrat Ylacoswadeys cgendsieiydie dedurdag
fromBacillus negaterium Escherichia coli HB101
enzmq)p@ms (J,@t@sasisdﬁlgle host microorganism, an enzyme

source required for regenerating the coenzyme need not be
separately prepared. Thus, an optically active 1,4-

| pentanedidl can be produced at lower cost.

- [0053]

An example of such a transformed microorganism is a
transformed microorganism transformed with a plaémid haﬁing
a DNA encoding the.;edﬁcing enzyme and é DNA encodiﬁg the.
| _enzyme having the ability of regenerating the coenzyme on
wﬂ;ch the reduéing enzyme depends. ‘As the enzyme having the
- ability of regeﬁerating 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

coll HB101l (pNTS1G) (Accession number: FERM BP-5835, Date of

depositing: February 24, 1997) transformed by a reducing




nunber: FERM BP-08458, a strain donestically deposited
on My 29, 2002 was transferred to an internationa
depositary under the Budapest Treaty) transforned by
a reduci ng enzyne gene derived from Devosi a
ri bofl avine 1 F0O13584 and a gl ucose dehydrogenase gene
derived fromBacillus negateriun Escherichia col
HB101 (pNTRS) (Accession E?nper: FERM BP 08545, a
strain donestically deposited on February 13, 2002
was transferred to an international depositary under
the Budapest Treaty) transfornmed by a reduci ng enzyne
enzyyengeng elevied r frorheapd bde ysaapo 1 KMKOIFQRIME and a
Escherichia coli HB101 (pNTRGGl) (Accession nunber:
glucespHEYIEEInING RS 7634 i figem Baeiaku meqg@ayium;

s L1 AR T 0 AL L
uarSSRUELORENSE S, dory e om, ] mgassr
reauflid i RS e DT Rdvar STk LS S80a000% Fad
= GG N SEEHL odhn, Fnsind " A pagid et i on
- mega%%ﬁéw céé;eh‘\ré;)r/ﬁ r%lq{ieig@r@ é{ i r ge @é{ééa’lﬁionor |

- numbdeFERE Wi Wk P edugt,. of, -tcfbgnetsrﬂﬁlﬁr){rﬁ%pgosfi ted on

m Cr oorgani sm or a processea pro 'S usSed

May 25, [TRERENTR SRl 85 SreRRANG i¥-dl 220 NADCR),
can be added as the
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
was transferred to an international deposiﬁary under'the.
Budapest Treaty)} transformed by a reducing enzyme gene

 derivéd from Rhodococcus sp. KNKO1; and Escherichia coli .

' HB101 (pNTRGGL) (Accession number: FERM BP-7858, Date of

depositing: Janﬁary 22, 2002) transformed.by a reducing

enzyme gene derived from Rhodotorula glutinis IFO415 and a

glucqse dehydrogenase gene derived-fromaBacillus,megaterium.
These transforméd‘microorganisms héVe been deposited‘with
International Patent Organism Depositary in National
Institute of Advanced Industrial Science and Technoldgy

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



coenzyne to performthe reaction. [0056] The
optically active 1, 4-pentanedi ol produced by the _
reductive reaction can be purified by a known net hod.
For example, when a mcroorganismor the like is
used, a suspended substance such as the nicrobia
cells is renoved by a centrifugation, filtration, or
the like according to Qegﬁ,_the resi due is subjected
to extraction with an orgénic . solvent such as ethyl
acetate or toluene, and the organic solvent is
renoved under a reduced pressure to obtain a target
[008Bhpound. The target conpound thus obtained has a
purity that i's sufficient for using in the subsequent
ditgn thowmdsrct iion ertggr afo the dresentc iereattioe yisel d
. _in the subsequent step or the purity of a conpound
performedréy fambheatiobsefibne spepzynherpgeneyabingheystem,
target. conpound nay be further increased by a general "
or Wik iq | ¢t herehR st cf dghe frand rmiedimitdndandagism |
or col um_chromat ography. [0057] Next, description
or a,PTPceRseRdrduct sihgrenf -1 used g hfatgnrymensource,
' optically, active 1,4-pentanedi ol represented by said
a 1e90, ST (GRS (AR (g A Rspradsied Peadtiave
‘COendiSUl faonate conpound represented by said fornula (3).
x B e r?%ﬁqg;FQBing a sul fonyl ating

[ooségent in the presence of a base.

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
golvent is removed under a reduced pressure to obtain a
target'compound. The target compound thus obtaine@ has ar
purity that is sufficient for using in the.subsequent step.
However, in order to further increase the yiel& in.the‘ |
subéequent step or the purity of a COmpoﬁnd prepared in the
subgequent step, the purity of thertargét.compound may be
further indréased by a general purifiqatioﬁ method such asr
fractional distillation or column chromatography.

[0057] |

Next, description will be made of a step of



[ 0058] Exanples of the sul fonylating agent include

sul fonyl halide and sulfonic acid anhydride. Exanples
of sulfonyl halide include nethanesul fonyl chloride,
et hanesul fonyl chloride, chloronethanesul f onyl

chl oride, benzylsulfonyl chloride, benzenesul fonyl

chl oride, 4-nethyl benzenesul fonyl chloride,

4- chl orobenzenesul fonyl chl ori de, 2-

ni trobenzenesui f onyl chi-olitde, 3-nitrobenzenesul f onyl
chl oride, and 4-nitrobenzenesul fonyl chloride.
Exanpl es of sulfonic acid anhydride include

sulfﬁ%¥iag9ﬁgn€ﬁ@aa§§y&£9r§Cac@f@ydijéspeﬁwaﬁaai$ﬁse,

hanesul f onyl “chl oride or 4- nethyl benzenesul f onyl

. repréBhRtEAenQr 8o paef SRty THE 8| @nvarPunt ©f dhe
sul fonyl ati ng agent used is preferably 2 to 10 .tines

‘optieallyoset prefeiahl Forat® dodpilsd thepteimte@ibi rig
conmpound (2). [0059] . The base is not particularly

formuiai (BY. burhierstap yeamribe gsenf @i @s1egl.a Exanpl es -
thereof include triethylamne, tri-n-butylam ne,

sul fohykd bitgrongpdmot | e, tie petdariqe pef idivese.
di i sopropyl et hyl am ne, pyridine, and N,N - 22
[00%8het hyl ami nopyri dine. Triethylanmne or pyridine is
nore preferred. The nolar anount of the base used is
Fretarlgs wi Xhe sio@anvied iagd agend dmefladgblsplionyll
times_the amount . of the conpound (2). '

halide and sulfonic acid anhydride. Examples of sulfonyl
halide include methanesulfonyl chloride, ethanesul fonyl
‘éhloride, chloromethaneéulfonyl chloride(‘beﬁzylsulfonYl
chloride, benzeneéulfonyl chloridé, 4—methylbenzenesu1fony1
chloride, 4-chlofobenzenesulfonyl chloride, 2- |
'nitrobenzenesulfpnyl chloride, 3-nitrobenzenesulfonyl
chloride, and 4—nitroben2enésu1fonyl chloride. Examples of
sulfonic acid anhydride inciude_trifluoromethanesulfonié
dnh?dride. Among these, methanesulfonyl chloride or 4-
'methylbenzenesﬁlfényl chloride are preferred. The molar
amount of the sulfonylating égent used is preferably 2 to 10
times and‘more preferably 2 to 4 times the amount of the
‘compound (2). | - |
00581

‘The base is not particulérly limited but tertiary
_amines are preferred. Eiamples thereof iﬁclude
triethylamine, tri-n-butylamine, N-methylmorpholine, N-

‘methylpiperidine, diisoﬁropylethylamine, pyridine, and N,N-



[0060] The base may al so be used as a reaction

solvent. Alternatively, the, follow ng solvents may

be used as the reaction solvent. Exanples thereof

i ncl ude ether solvents such as tetrahydrofuran,

1, 4-di oxane, and ethyl ene glycol dinethyl ether;

ester solvents such as ethyl acetate and isopropyl

acet at e; ‘hydrocarbon sol vents such as benzene,

tol uene, and hexane; keto sol vents such as acetone

and nethyl ethyl ketone; nitrile solvents such as

acetonitrile and propionitrile; hal ogenated
dimehpgl svanbppridinent sTsithpsanims hyt eper tdlos i te mmcke

chl orof orm am de sol vents such as

prefarredi meThy| fiotaandeeuaindof, theli petdyhsedt herigeeferably

sul foxi de solvents such as dinethyl sulfoxide; urea
2 tospPhehinesuahd asorei pree hgtppbyy? ereut ela:,m@mdthe amount
hosphoric _triam de solvents such as
of tﬁ%xﬁﬁ@Pﬁ?ﬂ%hb&bhorlc triani de. Anpng these,
trahydrofuran, ethyl acetate, or toluene is

‘[Oosﬁfeferred These may be used alone or in conbinations -

t nore.. Wien two or nore types of _the
%}%%Qﬁ fY G %él%ﬁ%a«?g 2 TREcsdog ferlvent.

s BT ) i i e s 22
reactl&h AR ' AAGLANISIA Sl %A ALSAE I Ui
suchS&Q“@@é&éﬁfﬁfgfdfgh¥”f¥hI&E%ééﬁ%?'éﬂatééﬁ§fghe 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‘solvenfs such as acetonitrile

and propionitrile; halogenated hydrocarbon solvents such as

”methylone c¢hloride and chlorocform; amide solvents such as

N, N-dimethylformamide ahd N,N-dimethylacetamide; sulfoxide

solvents such as dimethyl sulfoxide; urea solvents such as
dimethylpropyleneurea; and phosphoric triamide solvents such
as hexamethylphosphoric_triamide. “Among these,

tetrahydrofuran, éthyl acetate, or toluene is preferred.

'These may be used alone or in cowmbinations 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 preforably in.the range of 5 to 20 times the weight of



improving the yield, the reaction tenperature is
preferably in the range of -20C to 150C and nore
preferably in the range of 0C to 100C. The nethod of
adding the optically active 1,4-pentanedio
represented by said fornula (2), the sulfonylating
agent, the base, and the solvent, and the order of
addi ng these conmponents are not particularly Ilimted.
[0062] As a treatment affér-the reaction, a genera
treatnment for obtaining the product fromthe reaction
solution is perfornmed. For exanple, after the
the conpb@tidompf the reaction, the reaction solution is
neutralized by adding water, and according to need,
[oo6ah al kal i ne aqueous sol uti on such as an aqueous
sol ution of sodi um hydroxi de or an aqueous sol ution
dfrcgro dihem shheordpgeimtar lodnateducdnganhacirdbetiaguedms and
solution such as an aqueous solution of hydrochloric
impreciny orharny befdoushs otesd wirroft e dnativreadisd praafb b ly
extraction operation is performed with a general
in thstrargs mf sl @o st Garel more@otefieaabdivetiny the
: ether, nethylene «chloride, toluene, or hexane. The
rang¢ e t§ Yn ol WHC andhchanetdad aufh iavflisel véet omtdcally
,distilled off fromthe extract by, for exanple, :
acti¥ie gk i hiPemcaiedi e dirRieSEediiy, g formmlagy2dinitig

~the target conpound. .The target conpqund thus
sl Fopy REFTE D1 PAExt 3 S ISR 0 ARG RS | 0
orde%rg% adding these components are not particularly
limited.

_{0062]

| As a treatment after the reaction, a general treatment
for dbtaining the product from the feaction'sqlutidn-is
performed. For examplé, after the completion of thel
~reaction, the reaction solution. is neutralized by adding
-ﬁater, and accqrdinglto need, an a;kaline aqueoﬁs_solution
such as an aqueous solution of sodium hydroxide or éﬁ
agqueous solution of sodium hydrogencarbonate, or an écidiC'.
agueous solution such as aﬁ aqueous solution of hydrochloric
acid or an agueous solutipn of sulfuric acid; and an
-1extraétion operatioﬁ is performed with‘a‘generél extracting“‘
solvent such as-ethyi acetate, diethyl ether, methylene’
chloride, toluené, or hexane. The reaction solvent and the
extracting solvent are diétilled—off from the extract by,

for example, heating'under a reduced pressure, thus




subsequent. step. However, in order to further
increase the 'yield in. the subsequent step or the
purity of a conmpound prepared in the subsequent step,
the purity of the target conpound nmay be further

i ncreased by a general purification nethod such as

crystallization, fractional distillation, or colum

chr omat ogr aphy. [0063] _Next . description will be nmade

of a step of producing. an optically active

1-substituted 2-nethyl pyrrolidine represented by said
_ formula (4) by reacting the optically active
obtagnsuy f Ut taxmp oterpewpd es dte ddygsti coriprungd ahus3)
with an amne.' This step can be perforned by reacting
obtaipe@ ham axpwekiyethal nks gruffdasienty fvr isimamimdahan
the presence .of a base. [0064] Exanples of the :
subsegyeret | HesRide HOWRYRS, HY RISEH dif nearthax Haxgradsee the
) enzyl oxyam ne; nethyl am ne, ethylanmne, n-
vield, yihe i Hise@n b RRRH LRy HR R dammpaiche,
1 égenebgﬁ%anine, ani |.i ne, and 4-nmet hoxyaniline. Anong
- Prepafed i VTURA SREISRE iRy (i PY065 | it teg 951t
- t he. base .i nc qugalkali nmet 1? drides such as sodi ym
compel i ity S USRS e Pk S50 b Pur ifg cation
method such as crystallization, fractional distillation, or
column chromatography .
[0063]

Next, description will be made of a step of producing.
an optically active 1l-substituted 2-methylpyrrolidine
represented by‘said formula (4} by reacting the optically
active disulfonate compound represented by said formula (3)
‘with an amine.  This step can be performed by reacting with
an excessive amine or reacting.with an amine in the presence
‘of a base.

- .10064]
Examples of the amine iﬁclude ammonia, hydrokylamine,
- methoxyamine, benzyloxyamine, methylamine, ethyiamine, n-
~ propylamine, tertmbutylamihe,'allylamine, benzylaminé, 1-
phénethylamine, aniline, and 4—methoxyani1iné. Among these,
benzylamine is preferred. |
[0065]
Examples of the base include alkaii metal hydrides such -

as sodium hydride and potassium hydrideprélkali metal




al koxi des such as sodi um net hoxi de, sodi um et hoxi de,
and potassiumtert-butoxide; alkali netal hydroxides
such as lithium hydroxide, sodium hydroxide, and
pot assi um hydr oxi de; al kali mnetal carbonates such as.
sodi um car bonate and potassi um car bonate; and
tertiary am nes such as triethylam ne,
tri-n-butylam ne, N-nethyl norpholine, N
met hyl pi peri di ne, diisoprépylethyl am ne, pyridine, and
N, N di net hyl am nopyri di ne. Anong these, sodium
hydr oxi de, potassi um hydroxi de, sodi um car bonat e,
alkoPROHasSkUAL §3' BEARLER, methbRl QY| aB8bALum OStYXidk Neai s
preferred. [0066] The nolar anount of the am ne used
potatsSipmeterabbiitdxige; 10kl Mefe bl Hpdtopi@Eeraldly dsto
’ 10 tinmes the anmount of the conpound (3). The nol ar
lithaomuhiydobxide, baséiws ellydsoxpief eand| yoladoidd ti nmes
and nore preferably Ito 5 tines the anmount of the
hydronigenndlk3d).l 18067 ] cadbenatesesualy @b seodibumisesklasnate
reaction solvent. Alternatively, the follow ng
and potasaisnnegbecnsed; aznd heertbacyi aonimod veuth d@Xanpl es
t hereof include water; al cohol solvents such as
trieppyhamone., et harotbutntansepr dianethy drpho ke edis
" such as tetrahydrofuran,_ 1, 4-dioxane, and_ethylene
methylpéper ddipe hﬁlﬁ%@pﬁ%@@ywﬂmt PEOEHLRE, Ty |N, N~
-, acetate and, isopropyl acetate; hydrocarbon so| vents
dimeGhyrhoBingRRyEREne - t MRS, ChBRE heliabiaim efdr i vent s

potaggggmaﬁygggéfgg,agghium carbonate, potassium. carbonate,
triethylamine, or ?yridine is preferred.

[0066]

The molar_amoﬁnt'of the amine used is preferably 1 ﬁo

100 times and more preferably 1 to 10 timés the amount of
the compound (3). The molar amount of the bése used is
preferably 1 to 10 times an& more preferably 1 to 5 timés
“the amount of the compound (3). | o

‘[0067]

| The amine may also be used as a reaction solvent.

_Alternatively, the following solvénts may be used as the
;reaction solvent. Examples theréof‘iﬁclude water; alcoﬁoi
solvents such as methanol, ethanol, and isopfopahol; ether
'solvents such as tetrahydrofuran, 1,4—aioxane, and ethylene
glycol dimethyl'ether;'ester solvents such as ethyl acetate
and isopropyl acetate; hydrocarbon solvénté such as benzene,

toluene, and hexane; ketone solvents such as acetone and



- 26 nethyl ethyl ketone; nitrile solvents such as
acetonitrile and propionitrile; hal ogenated
hydr ocar bon sol vents such as nethyl ene chloride and
chlorof orm am de sol vents such as
N, N- di met hyl f or mami de and N, N-di et hyl acet am de;
sul foxi de solvents such as dinethyl sulfoxide; urea
sol vents such as di et hyl_propyl eneurea; and '
phosphoric triam de sol vedf’s "such- as
hexanet hyl phosphoric triam de. Anong these,
tetrahydrofuran, ethyl acetate, or toluene is
methpi ebehyedketFhesenirayibe sskdeatsnsuoh af seabombtiDhs
- of two or nore. Wen two or nore types of the
- and pubpeatstaibepsed]logivatedi hgdroaditbohssobtents such as
particularly limted. The weight of the reaction
methybepenchierdde sand efelabbfos0; t ambde osolesstansuchoas -
| preferably in the range of 5 to 20 tines the weight of
N, N-gdheetbypbornandde 20d68] Nrdonethelacapapbiat sswifoxide
reduci ng the reaction time and inproving the yield,
solvenks, gachidn fEApEREt upel fexpief cnnptr ysehvenes reige a3
., -20C to 150C and nore_preferably in the _range of 0C
dimetRyipgery ieReWetrhoPod Blaespicrie bpianide yokwente such

as hEFRST PSR FRBELe. CRAN fe: PPN CHERE Cho o der of
ceerfifhfgellgee sompoEtiosare gol spitbeularly Linied
Thesér§§§nﬁgtused alone or in combinations of two or more.
When two or more types of the solvenﬁs are used;‘therﬁixing
- ratio is not particularly limited. The weight of the
redction 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 ﬁherstandpoiﬂts'of reducing the reaction time and
improving the yield, the reaction temperatuxe is preferablyx
in the range éf -20°C to 150°C and more preferably in the
range.of70°c to 100°C. The method of adding the éptiqaily:
- active disulfonaﬁé compound represenfed by said fofmuia (3},
‘ the.amine; the base, and the solvent, and the order of
Védding theéé'compopents are not particularly limited.

i0069i
As a treatment after the reaétion, a general treatment

- for obtaining the product from the reaction solution is




for obtaining the product fromthe reaction solution
“is - 27 perforned. For exanple, after the conpletion
of the reaction, the reaction solution is neutralized
by adding water, and according to need, an al kaline
~aqueous solution such as an aqueous solution of
sodi um hydr oxi de or an aqueous sol ution of sodium
hydr ogencar bonate, or an acidic aqueous sol ution such
as an aqueous sol ution of 2Aydrochloric acid or an
aqueous solution of sulfuric acid, and an extraction
operation is perfornmed with a general extracting '
perfoahy@nt BoehetanEldy| af oLt he, céieldiotdershe .
met hyl ene chloride, toluene, or hexane. The reaction

reacisbbventhanceddigioexés et iog 50| v ral et by | dRthf f
fromthe extract by, for exanple, heating under a
water gdunddaqresding, td hused phimi allegl e drgels caspaiirs
~ The target compound, thus obtained has a sufficient

such ;e i 4y aguesus rdekneithnatef fovdiwy Mkbsixidy aredici nes,
agricultural chemcals, or the |ike. However, the
aquegie i 39l wiieheof faqiun dmplcrakmmariymafue t her an acidic
i ncreased by a general purification method such as
Cagqueysy stlutien i BiEh faman creeistddiutiamn obrhwbtagidoric
., . chromat ography. EXAVMPLES [00701 The present invention
acid \@F |ah REROHe K WekPhorle swkawiq adid, mpdvan of

ex | es. The present inventjon is )
extraction operation 1s performed with a general extracting

solvent such és ethyl.acetate} diethyl ether,-methylené
‘chloride, tolugne, 6r hexane. The reaction solvent and the
'éxtracting solvent are distilled off from the extract by,
for example, heating under a redpced—pressure, thus
obtaining the target compound. The target cémpound_thus
obtained has a sufficient purity as an intermediate for
synthesizing medicines, agricultural chemicals, or the like.
ﬁowever, the purity of the_térget compound may_be'further'
increased by a generai purification method‘sﬁch as |

- crystallization, fractional distillation, or coluﬁﬁ

chromatography.

EXAMPﬁES
[0070]

- The present. inVention wiil- now be described moré
specifically by way of examples. The present invention is

not limited_ to the examples.



F

not limted to the exanples. - 28 [0071] (EXAMPLE 1)
Production of optically active 1,4- pentanedi ol Each
reconbi nant Escherichia coli shown in Table 1 was
inoculated in 50 nmL of 2 x YT nmedium (tripeptone 1.6%
yeast extract 1.0% NaC 0.50, pH = 7.0) that was
sterilized in a 500-nm. Sakaguchi flask, followed by
shaking culture at 37C f 18 hours. Subsequently, 10
‘mg of 5-hydroxy-2-pentanoiie, 1 ng of NAD or NADP,
and 20 ng of glucose were added to 1 nL of the
resulting culture solution, and the m xture was
[007%}irred at 300C for 20 hours. After the reaction, the
reacti on solution was subjected to extraction mnth 2
nEXMPLE K| Bradugtd o lapdreaddnt @dniivedni,de. was
added to the extract to perform derivatization. The
Pent?@a¢ﬂpher|vat|ve product was then anal yzed accordi ng
he follomnn analytlcal met hod. The results are
n% Edi showp dol Table 1 was
(manuf actured by

TA 20 ]
inocu %@Eﬁ( & IR oo &%ﬁf@%@t (tSiﬂHEthfﬁlei & sfoolveast

el T IS e, LA S S i o

roduct) X
500—%8:‘&%&4&@%8.&, Sfjo%torwaetdF by S%nq{t,llr}}g %fulr%ure at 37<C
for 18 hours. Subsequently, 10 mg of 5—hydroxy—2—pentanone,
1 mg of NAD or NADP,_and'ZO mg of glucose were added to 1 mL

of the resulting culture golution, and the mixture was

- . stirred at 30°C 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
analytical method. The results are shown in Table 1.
[Analysis 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 gas: He 40'cm3/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

. (Bach of A and B represenfs the amount of corresponding




Optical purity (%e) = (A - B)/(A + B) x 100 (Each of
A and B represents the anount of corresponding - 29
enantioner, and A > B.) [00721 [Table 1]

Reconbi nant CoenzyneConversion rateQptica
purityAbsol ute Escherichia coli%®econfiguration
Escheri chi a coli NADP10099(R) HB101(pNTSI G FERM

BP- 5835 Escherichia coli NAD10099( R) HB101( pNTFPG FERM
BP- 7117 Escheri chi a col rNAB10099(R) HB101( pNTDRGL)
FERM BP- 08458 Escheri chi a col i NAD10099(S) HB101( pNTRS)
FERM BP- 08545 Escheri chi a col i NADP10099( S)

enantiBdRd{ pNIREEA ) » FERM BP- 7858 [ 0073]  ( EXAMPLE 2)

_ Production of 5-hydroxy-2-pentanone

[0072]

 [Table 1]

" Recombinant Coenzyme Conversion rate Optical purity Absolute
Escherichia coli {%) (%ee) configuration
Escherichia coli NADP 100 99 (R)

HB101(pNTS1G) _ '
FERM BP-5835 '

Escherichia coli NAD 100 99 {R)

HB101(pNTFPG)
FERM BP-7117 - ' ,

-Escherichia coli NAD 100 99 ' (R}

HB101(pNTDRG1) :

FERM BP-08458 .
Escherichia coli NAD 100 99 {S)
HB101(pNTRS) '

FERM BP-08545 : :
Escherichia coli NADP 100 29 (S)

HB101(pNTRGG1) ' 1
FERM BP-7858

[0073]

(EXAMPLE 2) Production of 5-hydroxy-2-pentanone

.rFirst, 100 mL of a 5% aqueous solution of.phosphoric
acid was added to 12.8 g (100 mmol) of 2-acetyl-y-
ibutyrolactone, and the mixtufe was stirrved at 100°C for 4-
hours. The solution was cooled to room temperature, and the
- solution was then neutralized with an aqueous solution of
ISOdium hydroxide to obtain an aqueous solution of 5-hydroxy-
 2-pentanone (130.5, 7.8 % by weight).
[00741

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

" Recombinant Escherichia coli HB101 (pNTRGGL) with an



First, 100 nL of a 50 aqueous solution of phosphoric
acid was added to 12.8 g (100 mmol ) of 2-acetyl-y-
but yrol actone, and the m xture was stirred at 100C for
4 hours. The solution was cooled to roomtenperature,
and the solution was then neutralized with an aqueous
sol ution of sodium hydroxi de to obtain an aqueous
sol uti on of 5-hydroxy-. 2- gentanone (130 g, 7.8 0 by
wei ght). [0074] (EXAMPLE ) Producti on of :
(S)-1, 4-pentanedi ol Reconbi nant Escherichia col
HB101 (pNTRGGlL) with an - 30 accession nunber of FERM
accesFdAB8unssr | SR etb 4 T8 5 wis ofnodiDatéll NBdi MM of
(tripeptone 1.6% yeast extract 1.0% NaC 0.5% pH =
2 x YT Gedhai (tasimigrdrdd z2ed% n yeeddiD-adtGakagualy, nNdask,
_ foll owed by shaking culture at 37C for 20 hours. An
0.5/.acp},éo=us7 Sl uthaon W82 ghewciohntzedi g 2.8 gmaf Sakaguchi
5- hydr oxy-2- pentanone produced in Exanple 2,. 2.5 ny
f£laslof MADRywes] Goyy sifakigigicosidwier eatadiiEd tﬁmsomﬂhcuira .he An
_ resulting culture solution: The solution was stirred
agquecits 3p6 YtororpA(Fo s cagriidinine % of athé dunfdndxom avas
adjusted to 6.5 by adding a 7.5 M aqueous sol ution of
pentayme RIS da deR s .2 Af & g 1o MBRR 6,6 D QA
‘ of ethyl acetate was added to the reaction solutlon
glucqge gt it &a rittloPt e Jraphitdng Spet-yikes

dlstlll d of f_ under a reduced pressure. Thus,
sotuirols) B I e s ohied U 95 gt Pt

‘while tﬁg pH of the solution was adjusted to 6.5 by adding a
7.5 M aqueocus solution of sodlum hydrox;de dropwise. After
the reaction, 50 mL of ethyl acetate was added to the
:reaction-solution to perform an extraction. ‘The organic
‘layer was distilled off under a reduced pressure. Thus, 2.6
g of (8541,4-penténediol 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 |
prodﬁct had an optical purity of 99%ee of more.

ClH-NMR (400 MHz, CDCl3) & 1.21 (3E, d), 1.4-1.6 (4H, m),

2.6-3.0 (2H, brs), 3.67 (2H, m), 3.86 (1H, m).




substance (yield: 100% . The optical purity of the
product was neasured by the sane nethod as that in
Exanple 1. The product had an optical purity of 99%
or nore. iHNWR (400 MHz, CDC13) 8 1.21 (3H, d),
1.4-1.6 (4H m, 2.6-3.0 (2H, brs), 3.67 (2H, m,
3.86 (1H, m. - 31 [0075] (EXAWPLE 4) Production of
(S)-1, 4-pentanedi ol Reconbi nant Escheri chia col
HB101 (pNTRS) with an accéssfion number of FERM
BP- 08545 was inoculated in 50 nL of 2 x YT nedi um
(tripeptone 1.6.;, yeast extract 1.00, Nad 0. 5a,
[oozginc sul fate heptahydrate 50 ng, pH = 7.0) that was
sterilized in a 500- M. Sakaguchi flask, followed by
ShxivrpgE eyl Prbguat i38CoFor(s40 1haupentabelseqguent |y,
I7000 units of glucose dehydrogenase (nmanufactured by
fReaoabEnzayte Ecatie)ichds agleoHslsal YpNORS(64igh an
containing 5.0 g of 5-hydroxy-2- pentanone produced in
accedsdanplminte?.dE RERM BYADSSUE Fag dhoqylledese imes@ mL of
added to 50 nL of the resulting culture solution. The
2 x Wolmediom wis igeptoes dt. 630CYeast2 éxttaacd 1wt e Naké pH
: of the solution was adjusted to 6.5 by adding a 7.5 M
0.5% aquissuswdlans diepdfalysiiang Hdmai @& dr Gpwl)s &hasf was
, the reaction, 100 nL of ethyl acetate was added to the
sterildgad dm SolPP0-oH SRR BHMmdR skt Fadtlicoied e shaking
organic |ayer was distilled off under a reduced

Cult‘ﬁ?eesastu@é’,"caﬁd’rt KO hsgduct SbseaNeR i -89 oyditsi ef
glucégg égﬂfgyégenase (manufacturéd by Amano Enzyme Inc.),

an aqueous solution (64 g) containing 5.0 g of S—hydroxy-z—
_pehtaﬁone.produced in Exampié‘z,-2.5 mg of NAD, 13.2 g of
gltcose were added to 50 ml of the resulting culture
solution. The solution was stirred at 30°C for 24 hours
while the pH of the solution was adjusted to 6.5 by adding a
77.5 M aqueous solution of sodium hydroxide dropwise. After
the reaction, 100 erof‘ethyl acetate was added to the
reacﬁion solution to perform aﬁ extraction. The oxganié
"iéyer was distilled off under a reduced pressure, and the
produét was then-purified by silica gel column |
chromatography . 'Thus;_S.D g.of oily-(S)—1,4~pentanediol was
obtéined'(yield: 10b%). The éptical pufity of the product
was measured by the same method as thaﬁ in Example 1. The
produét had aﬁ optical purity of 99%ee dr more.

[0076]

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




chromat ogr aphy. Thus, 5.0 g of oily
(S)-1, 4-pentanedi ol was obtained (yield: 100% . The
optical purity of the product was neasured by the
same nethod. as that in Exanple 1. The product had an
optical “purity of 99" ee or nore. [0076] (EXAMPLE 5)
Production of (S)-1,4 - _
bls(nethanesulfonyloxy)peg&ane A sol ution containing
2.59g (24 mol) of (S)-1 pent anedi ol produced in
Exanple 3, 7.3 g (72 mmol) of triethylam ne, and 30
nL of ethyl acetate was cooled to 50C. Subsequently,
bis (Bethane¢ 881 fiomy ) oxy) penbamesul f onyl chloride was added
to the solution, and the solution was stirred for one
Ho e L uthieors gt enasim s Avedks reed( 3y rerateli ngofL5( - 10f4 a
saturat ed aqueous sol ution of sodi um
rentapal bl neherdenad ein Theamplgadi c71 Aygr (Wasuhel) hef
washed with 15 nL of water, and was dried over
trle%ﬂﬁy@F%%% iR e3P Uk sof faklyl Theetate s werolederp 5°C.
dlst ed off un a reduced pressure. Thus, (S)-1, 4-
Subsegque %an%s®|$og@$dwvﬁ DerfhnestBanesebforgl 42h 0 idht

R °r§,H ] S 181G Gl SRR
\ 00771
one iy SURRS | SAH0F TR W IR Y THAR,NS OWE net

saturated agqueous solution of sodium hydrogencarbonate. The

organic layer was further washed with 15 mL of water, and
was dried over anhydrous‘magnesium sulfate. The sblvent.wes
then distilled off under‘a reduced pressure. Thus,i(S)—l,é-
-bis (methanesul fonyloxy)pentane was obteined as a light
yellow oily substance (6.1 g, yield; 98%).

TH-NMR (400 MHé,.CDCl3)'8 1.45 (3H, d), 1.7-2.0 (4H, w), 3.03
(6H, s), 4.27 (2H, m), 4.86 (1H, m). |

[0077]

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

"methylpyfrolidine

First, 2.49 g (9.6 mmol) of (8)-1,4-
Ibis(methanesulfonfloky)pentane produced in‘Example 5 and
: 5.13 g (47.9 mmol) of benzylaminé we?e_stirred at 70°C.for
‘three houxrs. Subseqﬁently, 30 mL of ethyl aeetate and 4.0 g
of a 20'weight percent aqueous solution of sodium hydroﬁide
were edded to ‘the mixture to perform an extraction. The

organic layer was concentrated under a reduced pressure to



First, 2.49 g (9.6 nmol) of (S5)-1, 4-

bi s(met hanesul f onyl oxy) pent ane produced in Exanple 5

and 5.13 g (47.9 nmmol) of benzylam ne were. stirred

at 70C for three hours. Subsequently, 30 niL of ethyl

acetate and 4.0 g of a 20 wei ght percent aqueous

sol ution of sodi um hydroxide were added to the

m xture to performan extraction. The organic |ayer

was concentrated under & Pediced pressure to - 33

obtain a yellow oily substance. This product was

purified by silica gel colum chromatography. Thus,
obtalR) ai ye2Day! 021y netbyt gyeeol | Thile PRSIEEE akfedo@sified

l'ight yellow oily substance (1.83 g, yield: 100%.
by sikibdlRy¢106cMim AR t8gtagily (3HThdy, (R¥SL{Bdhzy)-2-
: 1.6-1.8 (2H, m, 1.93 (1H, nm, 2.09 (1H dd),
meth@lpgrtoHidigg , ws 8@btdikkbdday, a31iGh€ 1yl dw 4iD@ (1H,

d, 7.2-7.4 (5H m. - 34 [0078] CLAIMS 1. A process
substancer 6Hué3 ng. aniepdi cal0y) active 1,4 pentanedio

represented by fornmula (2): OH OH (2) (wherein *
TH-NYR pf46&@ MHZ arCREhsimét Li-d 7cdBBondat o) 48orpHi simhg 1.6-1.8

mretrically reduci ng 5-hydroxy-2-pent anone

as
'(ZHfr@gre%e%¥eﬁl%y mforn®d (4§: dd), 2.38 (1H, dq), 2.89

™

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




O OH (1~ [0079] 2. The process according to claiml1,
wher ei n 5- hydroxy-2- pentanone represented by said
formula (1) is asymmetrically reduced by the action
of an enzyne source having the activity of
stereosel ectively reducing the conpound. [0080] 3. The
process according to claim?2, wherein the enzyne
source is a cultured proddggt ..of a m croorgani sm
bel ongi ng to genus Candi da, genus Devosia, genus
Rhodococaus, or genus Rhodotorula and/or an enzyne
[007§ tained fromany of these mcroorganisns. [0081] -
4. The process according to claim2, wherein the
' enzyme source is a cultured product of a
m cr oor gani sm t hat has‘?ﬁ%Imﬁctivity of selectively

r ' he. conpound represent ed said formula (1
R e B T b e e e o
' é%%ﬁk%%) ' otorul a..and/ or an enzyne
Pent bt a ne?#ﬁ%%eg%sé&;ﬁj}f%cgﬁmu%r@fgani SIs. [OO%Z] 5.

yie process according to claim4, wherein the enzyne
jsource that selectively produces the S-isonmer is a
cul tured product ofcsyodococcus sp. or Rhodotorul a
A ut s, and.&Han '

(wherein * represents an asymmetric carbon atom) comprising

‘ ‘asymmetrically reducing S—hydroxy-z—pentanone represented by

formula (1) :

0 -
//’Jl\‘\J/’/A\\\vx"C)Fi 2

£0079]

2. The process according té claim 1, wherein S5-hydroxy-2-
pentanone_represented by said formula (1) is asymmetrically
reduced by the action of an enzyme source having the
activity of stereoselecti#ely feduding the compound.

[0080] - | |
3. The process according to claimlz, wherein'the enzyme
éburce is a cultured product of a microorganism béionging'to

- genus Candida, genus Devosia, genus Rhodococcus, or genus

Rhodotorula and/or an enzyme obtained from any of these
_microorganismé.

[0081]



enzyme obtai ned fromany of these m croorgani sns.
[0083] 6. The process according to claim4, wherein
the enzyne source that selectively produces the
S-isoner is a cultured product of Escherichia col
HB101 (pNTRS) (FERN BP-08545) or Escherichia col
HB101 ( pNTRGGl) (FERN BP-7858) and/or an enzyne
obtai ned from any of these nmicroorganisnms. [0084] 7.
The process according to ¢Paim2, wherein the enzyne
source is a cultured product of a m croorgani smthat
has the activity of selectively reducing the conpound
4. eppessd @b dhesHdidprinl@adil 4,0 iodiGe tihe enzyme
R-i soner and that belongs to genus Candida or genus
sourd&EVDSi A AthBfedHeREYIE abtaitied-odrfmany Hatd MRSE the
m croorgani sns. (0085] - 36 8. The process according
actitDogl aff nedlecthisrein tducingy the sim@uidiatepresented by
selectively produces the Risomer is a cultured
said pfaxhicka ofl )Candimsodmta ssheCandistamayagnel itdet drelongs to
Devosia riboflavina and/or an enzyne obtained from
genuahodo¢dmss an ey dtichsorfle8éind Ar Bie @rueEss
according to claim?7, wherein the enzyne source that
obtaimdd cirtamelany rafd ddesse el rdonganisbms a cul tured
" product of Escherichia coli HB101 (pNTS1G (FERN
[008H 5835) , _ '

5. The process according to claim 4, wherein the enzyme

source that selectively produces the S-isomer is a cultured

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

- enzyme obtained from any of these microorganisms.
{0083]
6. The process according to claim 4, wherein the enzyme

source that selectively produces the S-isomer is a cultured

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

Escherichia coli HB1L01 (pNTRGG1) (FERM BRP-~7858) and/or an

-enzyme obtained from ény of these microorganisms.
[0084] |

7. The process according to claim 2, wherein the enzyme
' soufce is a cultured pro&uct of a microorgéhism that has the
activity of seléctively‘reduciﬁg-the compound represented by
éaid formula (1) to produce the R-isomer and that belongs to
genus Candida or genus Devosia and/or an enzyme obtained
from any of these microorganisms, | |

[0085]




Escherichia coli HB101 (pNTFPG (FERN BP-7117), or
- Escherichia colt HB101 (pNTDRGl) (FERN BP-08458)
and/or an enzynme obtained fromany of these
m croorgani snms. [0087] 10. The process according to
any one of clainms 1 to 9, wherein
5- hydr oxy- 2- pent anone represented by said fornmula (1)
produced by hydrol yzi ng 2- %petyl y-but yrol act one
represented by fornul a (5) 0 0\5) in the presence
of an acid is used as a starting material. - 37
[0088] 11. A process for producing an optically
8.actheeprrogabst Aeaerding neehglpymr 8l | dhareirpths eatzyne
by fornmula_(4): (4) (wherein R2 represents a hydrogen
Souraﬁoﬁhaa ﬁ?éﬁ@RyVebYdﬁﬁDd%Cﬂﬁtﬁb%yRQF%Q@eral%e@zvmbﬁvred

a substltuted or . . unsubstituted al kyl group

prodigti fh fandide Eﬁkb%n.%@@ﬂtééamégﬁgéiiﬁut@@ vosia
substltué?d ar al k oup having 7 to 12 carbon

- xibo ribof [3%{na (ona/rpaR; § o?bsﬂéﬁﬁgtﬁpaﬁéymérgﬁ s

6 to 12 carbon atons, and * represents an

m1°r88§%ﬁ§%FTE carbon atomnm) .conprising sul fonylating the
{ooggilcally active 1,4-pentanediol represented by said
ormul a (2) produced by any one of the processes

' 9.ac'fﬁédﬂ398cé§scégé£@d£né Otc}oc.ILaQim 7. wherein the enzyme

source that selectively produces the R-isomer is a cultured

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

Escherichia coli HB10l (pNTFPG) (FERM BP-7117), or

Eschérichia coli HB101 (pNTDRG1) (FERM BP-08458) and/or an
énzyme obtained from lany of thése microorganisms.

[0087] |

10. .The process according to any one of claims :1 to 9,
- wherein 5~hydroxy—2-iaentanone represeﬁted by said formula
{1} produced by hydrolyzing 2-acetyl¥y—butyrolactone

represented by formula (5):

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



convert it to an optically active disul fonate conmpound
represented by fornmula (3): O<SO2R1 (3) SO02R (wherein
Rl represents a substituted or unsubstituted al kyl
group having 1 to 12 carbon atons, a substituted or
unsubstituted aral kyl group having 7 to 12 carbon
atons, or - 38 a substituted or unsubstituted aryl
group having 6 to 12 carbgn atons, and * represents
an asymetric carbon aténf? “and reacting the conpound
with an am ne. [00891 12. The process according to
claim1ll, wherein RL is a nethyl group or a

foodshet hyphenyl group and R2 is a benzyl group.

‘11, A process for producing an optically active 1-

substituted 2-methylpyrrolidine represented by formula (4):

(Whérein R represents a hydrogen atom, a hydroxyl group, a
methoxy group, a benzyvloxy group, a éubstitUted 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
having 6 to 12 carbon atoms, and * represents an asymmetric
carbon atom) comprising sulfonylating the optically active
1;4—pentanediol represented by said formula (2) produced by
any one of the processes according to claims 1 to 10 to
convert it to an optically active disulfonate compound

- represented by formula (3):

SO,R"
o 4

)\/\/O . ”
TEN SSOR'

(wherein r1 represents a substituted or unsubstituted alkyl
group having i'to 12 carbon atoms, a substituted or

unsubstituted aralkyl group having 7 to 12 carbon atoms, or




- 38 -

a substituted or unsubstituted ary1 group having 6 to 12
cérbon atoms, and * represents an asymmetric carbon atom)’,
and reacting the compound with an amine.

[0089] | |

12. The process according to c¢laim 11, wherein R! ig a
methyl'group or a 4-methyphenyl group and R? is a benzyl

group.




