-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). (2) A process of optically
resolvif§ FACErRERROLIDINE 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 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 optically 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, any known process for producing the optically active

methéfgg%%g %8'&;”—!35 natan industrially ady Qﬁttagﬁ%{? pracess- 19093 Ge':z?{ 2) .
ple, the tollowing processes are reported as a process for producing
[ooo8hn optically active 1,4-pentanediol. (3) A process for producing
(S)-1,4-pentanediol including coupling an enolate prepared from
2hMetrinethylx2 ogazoling Jantebutidlithinmmand {8 pepichtbralydring
~hydrolyzing the product with hydrochloric acid, and reducing the product
highyithiReilm SLiReRRRHRde (NBR-PRRAE Docltentyystallization

must be repeated a pluralitonf 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



(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-pentanediol including reducing a carbonyl
group of an ester of levulinic acid-(egter of 4-oxopentanoic acid) with
baker's yeast, and reducing the product with lithium aluminum hydride
(Non- Patent Document 5). (6) A process for producing

credBopegianedial dncluding, pratecting, 2 hydroxyl,groyp at the 1-position

of racemic™ 1,4-pentanediol with a trityl group, asymmetrically acylating
but ythe produntsvith-adipase;separatingan estendiomn thasesitingmxtuse of
. the ester and an alcohol, and deprotecting with p-toluenesurfonic acid
acigNehthafert mecithanrtély J0006] Hewevamplcsesses ¥3)ahd:&4)an
include many steps and require using many expensive reagents. In
alegfig Jrednete

s (BT HR" VikTd bR the PEdhRivE reHctibR byahe misrftrgaisiTe
prodﬂw%,QQBﬁEtb§EH%&H“&EJ%&HH%”E?%&T@&G%%Q@Jégééﬁ%”ﬁ%cument

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,



resolution and thus inefficient. [Non-Patent Document 1] J. 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 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 M’ M_ediciqal Chemistry Letters, 1996, Vol. 6, 'p.
71-76 Disclosure of Invention Problems to be Solved by the invention
[0007] in view of the above situation, it is an aim of the embodiments of
the present invention to provide an efficient process for producing an
Pr. 20%ptiedlly active 1,0 pentanediol. Furthermore, it is an aim of the
embodiment of the presen nv ntion to_provide a pr-oces pl and ef
Nemng Eroecfh“cn?dj St aﬁy a%ve“S’uod%ﬁLﬁ 338 8T pe?r%sw’dlﬁ]e ffrom
pyh% 9: - 5:.. dive 1,4-pentanediol.

15, P

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

1994, pp. 4B83-482

>

[Non-Patent Document J. Mzd., Chem., 1982, Vol. 235,

Dp. 943-94§

(82
Bnd

[Non-Patant Docunent Synthecic Communications, 18%0,
Vol., 20, pp. ©88-1010
[Non-Patent Document 6] Bioorganic & Medicinal

Chemistry Lettsrs, 1956, 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
for simply and efficiently producing an optically active 1-

substituted Z-methylpyrrolidine from the optically active

e T i



- 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 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 gonvert 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

Mean pﬁcally ti\\r/e 1.4- eé\t%nreodri) Ierrggresented by formula_(Z): (0010] [0011]
% Csjé id’(iz wherein * represents an asymmetric carbon atom) by
roooggymmetrically reducing 5-hydroxy-2-pentanone represented by formula
(1):100:31 B _
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):



0 OH (1) In one aspect, there is provided a process for producing an
optically active 1,4-penanediol represented by formula (2): OH OH C?)
(wherein *, represents an asymmetric carbon atom) comprising
asymmetrically reducing 5-hydroxy-2-pentanone represented by formula
(1): 0 and wherein said 5-hydroxy-2-pentamone is asymmetrically
reduced by the action of an enzyme source having the activity of

focl 3$tereose|ectlvely reducing the compound. in another aspect, there is
provided a process for producing an optically active 1-substituted 2-

Omethylpyrrolldlne represented by formula (4): [00151 C~* ~ (4) N R2 -6a-

j0016] wherein R rese t hydrogen atom, a Hydroxyl group, a

H
Wg(o\ug,a onxy group, a substituted or

EDGlél

in one asbect, there 13 provided & process for

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

formula (2}
OH
M :
g
!

(wherein * represants an asymmetric carbon atom) comprising

asymmetrically reducing 5-hydroxy-2-pentanone represented

by formula (1):

| \/O ) .

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):

foox1s]
:N/*\ (4)

RZ



unsubst_-u-ed alky' _group ha'v_ng 1 to 12 carborn atoms, a subst sited
or unsubst_tuted aralkyl group having 7 to .12 carbon atoms, or a
substituted or unsubstituted aryl group having 6 to 12 carbon atoms, and
I represents an asymmetric Earbon atom) comprising sulfonylating the
optically active 1,4-centafediol represented by said formula (2) produced
00161 by any one of the processes defined above to convert it to an optically
sYEs active disulfonate compound represented by formula (3) [0017]
(where 12087 S02R1L (3) 0502 Rey d0CTRI VEhesein R1 repfesents acsubstituted or
unsubstituted alkyl group having 1 to 12 carbon atoms, a substituted or
methoxy @Rsubshitued anatikilgrgughaving ZtosLiZBtarbon aforms, or a
substituted or unsubstituted aryl group- having 6 to 12 carbon atoms, and
unsubst Freprsents vh EYARetR Cabon atdmy,2and-reatting i tompound

with_ an amine. In another aspect,.!therjeé%?#%\gfe%%ﬁ%ggfggﬁg o

subst i tEraauEhgBpCaRy active T 4 pen7 ant

carbon é@gms, or a substituted or unsubstitutsed aryl group

having 6 to 12 carbon aLOms, and * reprasents azn 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]



(wherein * represents an asymmetric carbon atom) comprising: Jdrolvzinc
_ co_y V-butt olac~one represented by formula J'}.rct-esnc-_J =t- .
a--id _nto .-.nVu_'c7;y- -DeT ./ ' O e eoresented "V formula 7a- 0 OH (I)
and asymmetr_ca-_y reducing -nydroxy 2 pentanone represented by
said formula (5) to optically active 1,4 pentanediol represented by said
formula (2) Advantages of the invention [0019] According to the Present
ipventiart, an optically active 1,?-Penta-ied~cl and an optically active
Bstituted L- .methylpvrrolidine, which are useful as intermediates for

0" medicines or agricultural chemic can be simply produced at low cost

from an inexpensive and easily lable starting material. Best Mode for

Carrying Out vention [9020] rst, a starting material used in the

sent invéntion ar&l@rgﬁ.lcts will be described. 5-Hydroxy-2-

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

and reacting the compound with an amins.

Tn another aspect, there is provided a process for

'
B
()
v
U]
!
ct
1]
O,
o]

W

nroducing optically active 1,4-pentanedicl re
" formula {(2):
i [
OH
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(wherein * repressnis an asymmetri:C -l
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Pentanone, which is the starting material of the present - 8 - invention, is
represented by formula (1): [0Q21] O OH (1) [0022] This compound is
available at low cost. Alternatlve?y 5-hydroxy-2-pentanone can be simply
produced by hydrolyzing 2-acetyl-y-butyrolactone represented by formula
(5): [0023] O 0 O (5) [0024] which is less expensive and easily available,
1in the presence of an acid s qh as phosphoric acid, sulfuric acid, nitric
| acid, or methanesﬂ(%) ic a J[0025] When 5-hydroxy-2- pentanone
resent formula (1) is stored at a high concentration, the
purity thereof may be decreased because of dehydration condensation by
ans  itself. Alternatively, 5-hydroxy-2-pentanone may be stored in the form of
an acidic agueous soluilon of tgg c;ompguqd (1) prepared.by hydrolyzing.
ymmeTy a%fety}by bafyrsiattone 9 “

& fermula (5) to optically active 1,4-pantansdiol
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g van—agms of the Invention
rooLsel
3

according to the pressnt invention, an cpt;caliv active

1,4-pentanadicl and an opt ically active l-substitute d‘z-

methylpyrrolidine, which are useful as intermediates fo:
medicines or agricultural chemicals, can be simply produced

=t low cos- from an inexpensive and easlily available

starting material.

Begt Mode for Carrying Out the Invention

{0020]

tx)
H

s, = starting material used in the present
T4 g = L
invention and products will be de scribed. - 5-Eydroxy-z

pentanonse, wihich is the starting wmaterial cf the present



represented by said formula (5) in the presence of an acid, or an aqueous
solution prepared by neutralizing the agqueous acid according to need. In
such a case, the above problem does not occur, and the aqueous
solution can be used as a starting material of the asymmetric reductive
reaction without further treatment. [0026] An optically active
l,4-pentanediol, which is a product of the present invention, is
represented by formula (2): [00270H OH (2) [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

inveS0RBIOMELS 106, BdsopeniSExcessiayanqluded Simiarty, S
represents all the cases wheré, among both enantiomers, the S isomer is

[oo2EXcessively included. [0029] An optically active disulfonate-compound,
which is a product of the present invention, is represented by formula (3)

Q - 10 - [0030]

[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



0'-~SO2R1 (3) O1~1 SO2R [0031] In the formula, 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
a substituted or unsubstituted aryl group having 6 to 12 carbon atoms.
[0032] Preferably, R1 is methyl group, ethyl group, chloromethyl group,
trifluoromethyl group, benzyl group, phenyl group, 4-methyphenyl group,
4-chlorophenyl group, 2- nitropheny group, 3-nitrophenyl group,
4-nitrophenyl group, or the like. More preferably, R1 is methyl group or 4-
methyphenyl group. Symbol * represents the same as the above. [0033]

oo fRIMESI U RS e T SR
or an aqueous solution prepared by neutralizing the agueous
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
PN

[0028]
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):



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 substituted 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 group, methoxy group, benzyloxy group,
methyl group, ethyl group, n-propyhgroup, tert-butyl group, allyl group,
benzyl group, 1-phenethyl group, phenyl group, or methoxyphenyl group.
More preferably, R2 is benzyl group. Symbol * represents the same as
rooadie above. [0037] Next, description will be made of a step of producing
an optically active 1,4-pentanediol represented by said formula (2) by
asyggﬁtfgélly reducing 5-hydroxy-2-pentanone represented by formula
58 ples of the process of asymmetric reduction in this step include,

ut are not _Iimite_d to, a process of {lgjuction with a hydride reducing - 12
W&an optically acti compou_nd, a process of

hydro ni ﬂessén;% ¢f an asymmetric transition
{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]



metal catalyst, a process of performing a hydrogen transfer reduction in
the presence of an asymmetric transition metal catalyst, and a process of
reduction with a microorganism or an enzyme derived from a
microorganism. [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 pptically active oxaborolidine derivative
and borane, a reducing agent prepared from an optically active
ketoiminato cobalt complex, sodium borohydride, and tetrahydrofuran-2-
thanol, and a reducing agent prepared from optically active
'-bi-2-naphthol and lithium aluminum hydride. [0039] Preferred

ples of thz ymmetric transition metal catalyst used in the
drogenation or the hydrogen transfer reduction include metal
mplexes of a Group VIII element in the periodic table, such as
uthenium, rhodium, iridium, or platinum. From the standpoint of the

stability of the complex, availability, and economical efficiency, a
[003§|]|thenium complex is more preferred. [0040] - 13 A chiral ligand in the

: metal complex is preferably a

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



phosphine ligand. As the phosphine ligand, a bidentate ligand is
preferred. Examples of the bidentate ligand include BINAP derivatives
such as BINAP (2,2' bisdiphenylphosphino-1,1'-binaphthyl) and Tol-BINAP
(2,2'- bis(di-p-tolylphosphino-1,1'-binaphthyl); BDPP (2,4-
bis(diphenylphosphino)pentane); DIOP(4,5-
bis(diphenylphosphinomethyl)-2,2-dimethyl-1,3-dioxane; BPPFA
(1-[1',2-bis(diphenylphosphino)ferrpgenyl]ethylamine); CHIRAPHOS

" (2,3-bis(diphenylphosphino)butane); DEGPHOS (1- substituted
3,4-bis(diphenylphosphino)pyrrolidine); DUPHOS (1,2-bis(2,5-substituted

hos anag)benzene); and DIPAMP .
s e o R RS IR oFETP o) Thepooess
of hPSYBRsIHe feduclignaan be-pedormed with hydogen. 928 O @-ansition
compound that can provide hydrogen, such as isopropanol, formic acid,
metabr aatmanism, formaieyda e qfegencioafithe@synmmetricd@nsitioametat

catalyst. [0042] Alternatively, an optically active 1,4-pentanediol
redusdreBedtediesHd $50NAs () caiibe Proveenllsy treresdslectvenptal
cata ed cin%thé carbonyl rougé)f Sél(}fydr%xy- Z&en none re resented,%/

sditTormifa @) i he prasthcd Braneridynie 5bude Mg thedttivity ©©
an eRLyiRrecRalecivelvs reducing ihe-cyPoaylgraup. - 14 -

[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]



[0043] The term "enzyme source" includes not only an enzyme itself
having the above reduction activity but also a cultured product of a
microorganism having the reduction activity. The 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 "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

- Prepe edb know meth Thel ob|I|z ion can be performed by a
m‘lg'\f'-:thei})1 ]for ;L(a gi a cro%s%s nﬁ‘qng met eﬁghyls?cagfﬁ%% T?Ji’?’ 4

phos?@ﬂﬂéﬂIH@Eh&nUaR@eBE@%ﬁﬁﬁﬁﬁﬁ%@qK&%@ﬁ@Sk@egiﬁgﬁ%Qge

0044] Examples of the enzyme source havingthe activity of

1igastérecseiectitetyraducing:thecadonyt geoup biithencempolndand
represented by said formula (1) in the enzymatic reduction step of the

inclyrreREBNHEH ititde’enzyiNe bsiic B MM etPfrérh-microorganisms
o1soJSRESAIMAIE UL SOTssng LoEnys Cand, eDNE PP
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.



- 15 Among the above enzyme sources, 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 S-isomer
include enzyme sources derived from microorganisms such as
Rhodococcus sp. or Rhodotorula glutinis. [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 magnoliae, Candida malis, or Devosia riboflavina. [0047] The
[Ooﬁi?roorganism having the ability of produc_ing the_ reducing enzyme
derived from a microorganism may be a wild strain or a mutant strain.

Miseoargamismsderivedsby: acgenaticimgthad siah ana-eell fusianara

genetic manipulation may also be used. Genetically manipulated
itsehicloovdadsmsspadaviagteeenzyme candderdbtainac-by fer example,

a method including the steps of isolating and/or purifying the enzyme to

culEerstniing Qsdrt OF e WhERESTIAE drihd aeid 88qlibfce Fretemyme,
S A e S
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]



produce a recombinant microorganism, and culturing the - 16
recombinant microorganism to obtain the enzyme (W098/35025). [0048]
The culture medium for a microorganism used as the enzyme source is
not particularly limited as long as the microorganism can grow. An
example of the culture medium that can be used is a normal liquid
medium containing, as a carbon source, sugars such as glucose and
sucrose, alcohols such as ethano!1 nd 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,
rzr\)tone Cfi‘sa no aC|d corn stee?ll quor, wheat hran, a ? %/east extract;

as Inorganic salts. magnegmm §Gitt g’ddu?ﬁ%%rpﬁ) r?fe Widilig enzyme
sour@érh%ﬁgdlE@l@sa@mxhjygj;owpé@ﬁeeﬁ@véﬁlgf PPLIRESHN G the

dihydrogenphosphate; and as another nutrient source, malt extract and
carbomagt extranp The thiuredspenshicalypperfermast Ingenetal, theauliuse
time is about 1 to 5 days, the pH of the culture medium is in the range of

(1) BRom: efdtfe Haftufe tevnpiratira o 1 ¢h e FeFigecofsTOT &5 508 J00249%

The reductive reaction of the present invention can be performed by

Erom i S RIS peRERoRE SPAAGERSE SEnERate"h SRR

glut{\{ﬁ[g(P)H, and a cultured product of the

[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



microorganism or a processed product thereof into a suitable solvent, and
stirring the mixture at an adjusted pH. An - 17 aqueous medium such as
water or a buffer solution is usually used as a reaction solvent, but the
reaction may be performed in a two-phase system including an organic
solvent such as ethyl acetate or toluene and the aqueous medium.
(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
.p00001 tq 1 times and preferably 0.000001 to 0.001 times the amouns
reco W&u%?&f&%ﬁ@?@ﬁ%oﬁ% efattird R SHATAmFin e itelsr )
100439C 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
10:8. The reactionetimens Benesallyiinthe rapge el 10:220 Hourhand
preferably in the range of 1 to 72 hours. The substrate may be added at
eNzZymgne& gHiecsr dohtintbusipr Thevdaction rmapbeegedsrmedpy asbatch
rocess or a continuous process. [0051] In the reduction step of the

. P
mlcroﬁﬂé%@ﬂ%ﬁ\‘}eﬁf?&,W%ombﬁﬂn&%%ﬁloﬂﬁl G EeriZhfe RABPETH
that RIENSAYNGG is a normal liquid 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



system, the amount of consumption of the expensive coenzyme can be
significantly reduced. A typical example of the NAD(P)H regenerating
system is a method of using a glucose - 18 - dehydrogenase and glucose.
(0052] 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 abi[jtqu; regenerating a coenzyme on which
the reducing enzyme depends intd 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

aqueRsty RS HiTovet dodt 5[0 ArP&xam B o St cRA Har&iBriidd Usual Ly

|croQorganism J ed,micr anj 0 ith a
a5 atng 3 DA e aing e 1B e B oy M a A
perfepRgRANG the: engymembawng e ahilitrefregeneralingihe £aepzWne Rt

which the reducing enzyme depends. As the enzyme having the ability of

suchregernetdting thecdoerzyme, acgluesse aetiydivgengsedsipreferdedand a
lucose dehydrogenase derived from Bacillus megaterium is more
{OOSEFeferred. As the host microorganism, Escherichia coli is preferred.

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



[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 - 19 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
IFO010003 and a glucose dehydrob%nase gene derived from Bacillus
megaterium; Escherichia coli HB101 (pNTDRG1) (Accession number:
FERM BP-08458, a strain domestically deposited on May 29, 2002 was
dehydp@ires e irfél@®idnal depositary under the Budapest Treaty)
{ooéragsformed by a reducing enzyme gene derived from Devosia riboflavina
F)13584 and a glucose dehydrogenase gene derived from Bacillus
ProRl Eaghanania el RGO (PNTRS)Agesignyprher: FERM
BP 08545, a strain domestically deposited on February 13, 2002 was

cul titansferreditae-an diemationakdepesianmniodesdhgaBudaprestebeaty by
. transformed by a reducing enzyme gene derived from Rhodococcus sp.
intredurdngarnd getigerivhid beli 148101 (N FRGGE) (Aedessigrmantoeran

FE%M BP-7858, Date of depositing: January 22, 2002) transformed by a
SnZYREHERY ERATRE Gend HATRER ionr RitastRarRsyulifsir®4%8%nd a

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 microorganism is a
transformed microorganism transformed with a plaémid 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



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). - 20 - [0055] When the reduction step of the present
invention is performed in combination with a coenzyme regenerating
system, or when a cultured produgf of the transformed microorganism or
a processed product thereof is used as the enzyme source, aless
expensive oxidized NAD(P) can be added as the coenzyme to perform the

reaction. [0056] The optically active 1,4-pentanediol produced by the
N2y TEQGET (ORGSR bt B Y WA BRR oA P0! Ghatigle
| i like. i d S stance such
b SoIR T Femav s By & e e L Ohgr b gt
Eschaetording 4o 1ieads tha regitueriscsubjectied 4 exiractianwith apaiganis-
solvent such as ethyl acetate or toluene, and the organic solvent is
7117 reRwvedaindirordbiad prégsuié td dbtakd a Otargetegunipourd] The a
target compound thus obtained has-a purity that is sufficient for using in

reduGHEE, FREHTENERES. MORAVER I DTl g HerabetYHARn e

a glucose dehydrogenase gene derived from Bacillus

megaterium; Escherichia cecli HB101 (pNTDRG1l) (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 (pNTRGG1l) (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).



subsequent 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 - 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 presenc%%f a base. [0058] Examples of the
sulfonylating agent include sulfonyl halide and sulfonic acid anhydride.
Examples of sulfonyl halide include methanesulfonyl chloride,
mo%’iﬂuanesulfonyl chloride, chloromethanesulfonyl chloride, benzylsulfonyl

oride,.benzenesulfonyl chloride, 4-methylbenzenesulfonyl chloride,
: iﬂéﬁ%% enzengesugﬁ‘onf/{cﬁ:or%e E npt1 bénz@ﬁeg’ulfjbnyfeéﬁorci’ale 18
perfrRit@Lenzengaionyl; chiogdeand 4\ epeSUInNLENIREdSy st em,

Examples of sulfonic acid anhydride includetrifluororethanesulfonic

or wianthydridelAmnosg theseuuethanesufonyt ghlofidendd-microorganism
methylbenzenesulfonyl chloride are preferred. The molar amount of the
or 2 DfeRPRiRg apErtuséd BHERIEADD weed 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



times and more preferably 2 to 4 times the amount of the compound (2).
[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 usetl’as a reaction solvent. Alternatively,
the following solvents may be used as the reaction solvent. Examples
thereof include ether solvents such as tetrahydrofuran, 1,4-dioxane, and

sul fXAGRd B ol inBihyFethby: &t ¥8vénts SRR &Ry Pdcetate and

reprlQRIRRY atotate: ivdroonrbon splvents sych gs benzene toluene, and
P €ﬁexane; etdné Solvents such as atetone and me%hﬁ] ethﬁ kertlone; nitrile

opt i 8QIVEpts; suah,as acetenitiles aad prepionitrle;-halogenated hysirocarpgn
solvents such as methylene chloride and chloroform; amide solvents such
formabaN{Ndimetihyifermamiderand IN; Nedimiatihylacetamide; sulfoxide
solvents such as dimethyl sulfoxide; urea’' solvents such as
sulfonylating agent in the presgence 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-



dimethylpropyleneurea; and phosphoric triamide solvents such 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 0C to 100C. The method of adding
dimeghy bpidaiyPEathbl 1o peftan8diBY reifd Shted by Shidiformules ()t
sulfo%ylatinlqjggenaéhre base, %nd t e s olvgglt, and the_order of addin

pref?ﬁersee c‘omponer’ﬁcs) are n%r?%gﬁlcu?arly imitéd” ﬁ)oléﬁje%\slaa’ tied Sﬁta%f{’é?
2 to e eacliqn.a generrltregtment farqbtaining the product frm the ¢

reaction solution is performed. For example, after the completion of the
of theacimmpthenteattipn solution is neutralized by adding water, and

according to need, an alkaline aqueous solution
[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



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, 9 ating under a reduced pressure, thus
- 24 obtaining the target compound. The target compound thus obtained
has a purity that is sufficient for using in the subsequent step. However, in
the Corder to f%rtger increa_se the vyield in the subsequent step or the purity of a
c%tﬁ?poolﬁ ?e?pared in the subsequent step, the purity of the target
roos£pmpound may be further increased by a general purification method
such as crystallization, fractional distillation, or column chromatography.

[0063] dext descaptiaomdll be madr.efiagteprel predueingnar opticallys

active 1-substituted 2-methylpyrrolidine represented by said formula (4)
impreyyiredciigthelegtitallphactiveadisdfonate sompatmdee preserettny baiv

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

in the, SRRdEVRamMiNG Or rERcthid With HAChHMNESNRRE brésdhgs 1n the

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 ieaction 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 agqueous sgolution 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



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 hydride; alkali metal - 25
alkoxides such as sodium methoxide, sodium ethoxide, and potassium
tert-butoxide; alkali metal hydro"ki(fe4s such as lithium hydroxide, sodium
hydroxide, and potassium hydroxide; alkali metal carbonates such as
sodium carbonate and potassium carbonate; and tertiary amines such as
obta ndigldriifie CREADUNFSRRREIM metAfOrBRERE, RRTRERTHifdHne,

cta iggPigRYnyamine, pydine, and e dimettyiaminopyiding, Afjong

T
se, sodium*hydroxide, potassiu roxide, sodiunt car :

subsAQLRSRIUDCaTbonalg, driefhylaming  alpyridine-isprgiarred, d0Q66l Thee
molar amount of the amine used is preferably 1 to 100 times and more

yvieldreterably lstack:times the aspount of Hibewempound {33 Tenpwlard
amount of the base used is
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«methoxyaniiine. Among these,
benzylamine is preferred.
[0065]
Examples of the base include alkali metal hydrides such

as sodium hydride and potassium hydride; alkali metal



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 as ethyl acetate gnggso_propyl acetate; hydrocarbon
solvents such as benzene, toluene; and hexane; ketone solvents such as
acetone and - 26 methyl ethyl ketone; nitrile solvents such as acetonitrile
and propionjtrile; halogenated hydrocarbon solvents such as methylene

ALk b Rle R ABraiom i Sians suEREEUR, R dhirEi i fornathide
e dt dmite Soive .
potadofMN-dimetiassiamider sylpxide, solveris suchsadimeluh oo

de; urea solvents such as dimethylpropyleneurea; and phosphoric
1ithifamidessolvants sushdasinexgmetwiphospharc péamise; Among these,
-tetrahydrofuran, ethyl acetate, or toluene is preferred. These may be
hydraopedalore bainicombinatioas bbtwd: osmove.h \Wirers twio. ommose Iypestef
the solvents are used, the mixing ratio js not particularly limited. The

and RALEREIMRe CRERABA 6K el Hsdd K PRI aBR S FmBY R 165% and
cr1tBYERIEIRIAOY,IH e £300P 9f 3 1220 YMeS e WRIgNtOh s e, -
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



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 0C to 100C.
The method of adding the optically active disulfonate compound
represented 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 obtaining
the product from the reaction solufién is - 27 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

methpk Si-8ydediid-SOlGtio o LodiEmINIIFERItE oF ARt adde SGESONiGHK i ©

sodium hydrogencatbonate, or.an.acidic_agquequs solutjon such as
G- LT R e v g e B

met hFEEh ANEALSXHACHeRM OBaIalien 18 PRITOEMEGWIhA general sxkacting
solvent such as ethyl acetate, diethyl ether, methylene chloride, toluene,
N, N-dihexape £ Oreseaiciion sofl/ént land ithe téxticoting soivibat ase: tistitadioff
from the extract by, for example, heating under a reduced pressure, thus
solvents such as dimethyl sulfoxide; urea solvents such as
dimethylpropyleneurea; 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 éptically
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.

[00691

As a treatment after the reaction, a general treatment

for obtaining the product from the reaction solution is



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 more specifically by way of
examples. The present invention ig not limited to the examples. - 28 -
[007 11 (EXAMPLE 1) Production of optically active 1,4- pentanediol Each
recombinant Escherichia coli shown in Table 1 was inoculated in 50 mL

- _of 2x YT medium (tripeptone 1.6%, yeast extract 1.0%, NaCl 0.5%, pH =

PerEozPEfar waSSIENTRAYR a 3BETHL 'SakagHoh fREkRIIGwed sy shaking

reac (gtHre %hggeg)é%?o%o B ﬁsﬁtﬁufgtlﬁe%q ed b din
-hydroxy-2-pentanone, U%. mg o D or NADP, andzféim&roﬁglucoge
watemergrafdeddermig of theresyltingrcultue selbtion prdthe mixtwewas
stirred at 30C for 20 hours. After the reaction, the reaction solution was
such subjevted tpiextuactomiwith @b bf sodium hydroxide or an
aqueous.solution of sodium hydrogencarbonate, or an acidic
aqueous solution such as an agueous solution of hydrochloric
acid or an agqueous soluﬁion of sulfuric 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 cémpound 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.



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
[.D. (manufactured by ASTEC), Column temperature: 80C, 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 OptTca% %ufity (%ee) = (A - B)/(A + B) x 100
(Each of A and B represents the amount of corresponding - 29 -

N,
pentéﬂ%ﬂﬂéf

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



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 phosphoric 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 1Q room temperature, and the solution
was then neutralized with an aqueous solution of sodium hydroxide to
obtain an aqueous solution of 5-hydroxy- 2-pentanone (130 g, 7.8 % by
weigh [OO?%é\: XAMPLE 3) Production of (S)-1,4-pentanediol
in Herichia coli HB101 (pPNTRGG1) with an 30 accession

[eowj’nber 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. O) that was
iTawsterilized in a 500-mL Sakaguchi

enan

" Recombinant Coenzyme Conversion rate Optical purity Absolufe
Escherichia coli (%) {Y%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




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 of NADP, 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 M
agueous solution of sodium hydroxide dropwise. After the reaction, 50 mL
of ethyl acetate was added tothe 3rdgagtion solution to perform an
extraction. The organic layer was distilled off under a reduced pressure.
Thus, 2.6 g of (S)-1,4-pentanediol was obtained as a light brown oily
substance (yield: 100%). optical purity of the product. was measured

acoegR o, ST ot B et LA g o 1o THECF e ad i S oF

2 x UK Qt 98%eeardugie, J-NMR (400 MHz, CRC13) 311 2% (3
1.4-1.6 (4H; m), 2.6-3.0 (2H, brs), 3.67 (2H, m), 3.86 (1H, m). - 31 -

0.5% [08FSH EXANPLEA) Rreadustien-afl(5)<lj4-pentarcuiomB esarodinastt 1.
Escherichia coli HB101 (pNTRS) with an accession number of FERM

£laskgpHBbiswit Rvcahedd rEST LIS LT MG uFtEiFEhtonETHY%, An

east extract 1.0%, NaCl 0.5%, zjnc, sulfate heptahydrate 50 mg, pH =
2cuedi) Ha Uk OBretiZed I SRODIAE Sikagoch TRk, HIBNEATaHiking

pentéﬂwﬂga@E%@gé%B4QHOE§%$§$@e§9GEWE%QQQHﬂﬁﬁgﬁ, 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).



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 while the pH of the solution was adjusted to 6.5 by addinga 7.5
M aqueous solution of sodium hydroxide dropwise. After the reaction, 100
mL of ethyl acetate was added to g_e reaction solution to perform an
extraction. The organic layer was distilled off under a reduced pressure,
and the product was then purified by silica gel column chromatography.
[007TBUS’ 5.0 g of oily (S)-1,4-pentanediol was obtained (yield: 100%). The
ddtical purity of the product was measured by the same method as that in

yamiels & Fhe mrgduethad,an eptegl purity afag%ee pr more. [0076]
Xy)pentane

Aeﬁ&hdﬁﬁh@@tﬁamméﬁzg:%nmmﬁﬁ)eh4 (pertapediol produeed in

Example 3, 7.3 g (72 mmol) of triethylamine, and 30 mL of ethyl acetate
accesgastobietlte 5 ISIRIGUBRY T36 (‘E«Bﬁnmcbﬂﬁétﬁénéﬁulﬁjhyhﬁ of

chloride was added to the solution, and the solution Was stlrred for i)ne

2 X YomehE ol ibhRTRS RRShdd bY adéfits s Fritbrs & Nac

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-




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, (S)-1,4- bis(methanesulfonyloxy)pentane was
obtained as a light yellow oily substance (6.1 g, yield; 98%). 1H-NMR
(400 MHz, CDC13) 8 1.45 (3H, d), 1.7-2.0 (4H, m), 3.03 (6H, s), 4.27 (2H,
m), 4.86 (1H, m). [0077] (EXAMFgIE 6) Production of (R)-1-benzyl-2-
methylpyrrolidine First, 2.49 g (9.6'm.mol) of (S)-1,4-
bis(methanesulfonyloxy)pentane produced in Example 5 and 5.13 g (47.9
. . mmol) of benzylamine were stirred at 70C for three hours. Subsequently,
bis (mef St f a 20 weight percent aqueous solution
of sedlup ingroxide wers pridedlofhe mixie 19 petors ansexpraction.
The organic layer was concentrated under a reduced pressure to - 33
pent OhédinA ygllevaoibesubisianse dilis produgt wag purifiegmby silie gel
column chromatography. Thus, (R)-I-benzyl-2- methylpyrrolidine was
trieghdinedras.a kgt yallowloilyf sebdtaice (L83 te yield: 10098)d HENMRC.
(400 MHz, CDC13) 8 1.17 (3H, d), 1.45 (1H, m), 1.6-1.8 (2H, m]?, 1.93
Subs?ﬁﬁﬁﬂﬁ}?@gﬁiﬂ,%dﬁ%ﬁg@%ﬁ%%kﬁﬁz%@thaneSU1fonYl 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 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



(1H, dd), 3.13 (1H, d), 4.02 (1H, d), 7.2-7.4 (5H, 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
carbon atom) comprising asymmetrically reducing
5-hydnoxy-2-nentanone represented by formula (1): O XOH (1) and
wherein said 5-hydroxy-2-pentamone is asymmetrically 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
belongin enus Candida, genus Deyosia genus Rhodouo or genus
obtah %%rgg%épf)xg o:.ir\mf s&sﬁ:‘tc%'w% %15 (% ucté Wa, gl% JS(_ad

0 or an"enzyme obtainéd from any Tese micro%rsgn
by S[’LQL%%@I column chromatography. Thus, (R)—lmbehzyl—z—
methylpyrrolidine was obtained as a light yellow oily
substance (1.83 g, yield: 100%).
1H-NMR (400 MHz, CDC13)-5 1.17 (3H, d), 1.45 (1H, m), 1.6-1.8
(2B, m), 1.93 (1H, m), 2.09 (1H, 4dd), 2.38 (1H, dg), 2.89

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



3. 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
S-isomer and that belongs to genus Rhodococcus or genus Rhodotorula
and/or an enzyme obtained from any of these microorganisms. [00821 4.
The process according to claim 3,-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
[0 giigtoorganisms. [00831 S. The process according to claim 3, wherein the
enzyme source that selectively produces the S-isomer is a cultured
product of Escherichia coli EB101(RNTRS) (FERN BP-08545) or
FSCth’IChIa coli HB101 (pNTRGG1) (FERN BP-7858) and/or an enzyme
obtairied fronT %y%ﬁh@ﬁﬂ%ﬁé@@aﬁ@mp{@%él 16. Eha:precess 4 -
ng.to L Wher the £enzyme source is a cultured product of
peggﬁ%%:%o%%mgs% that has the gcﬂ\ﬁ%‘f%@ledtﬁﬂeiy reducing the
coipdound represented by said formula (1) to produce the R-isomer and

that belongs to ‘genus Candida or genus Devosia and/or an enzyme
olgtained from any o@hese m(&éorganisms. [00851
* /\/ ﬁ .
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36 The process according to claim 6, wherein the enzyme source that
selectively produces the R.-isomer is a cultured product of Candida malis,
Candida magnoliae, or Devosia riboflavina and/or an enzyme obtained
from any of these microorganisms. [0086] 8. The process according to
claim 6, wherein the enzyme source that selectively produces the
R-isomer is a cultured product of Escherichia coli HB101 (pNTS1G)
(FERN BP-5835), Escherichia coli HB101 (pNTFPG) (FERN EP-7117), or
Escherichia coli HB101 (pNTDRG1) RN EP-08453) and/or an enzyme
obtained from any of these microorganisms. [0087] 9. The process
accaqrding to any one of claims 1 to 8, wherein 5-hydroxy-2-penta
oA By S TP (] prodTese by hydraiymag oo oeR2Ee
2-acetyl-y-butyrolactone represented by formula (5); O O.0 (5) in the
PO Ot A s R L St T mbHAr S5 088 10k e the

acPraeess farpraducing:an. epticallyactive; 1= substituted, asmethylpyrroliding 1.,

represented by formula (4)
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]



(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 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) produged by 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) S02R1 (wherein R1
represends grsubstituted of Msu@sﬂigteﬂ ~alkyl %roqpb@@vm% Ltgel%nz me
carbon atoms, a substituted or unsubstituted araikyl group having 7 to
s@arken atams, élﬂe?cﬁ@@Q@Stwgéﬁﬁlé@s%y%eq@Qﬁllcgfoli%h%\)”%% tured
to 12 carbon atoms, and * represents an asymmetric carbon atom
PYedetiry the comgouind withian, amined@@8d)nagnoliae, or Devosia

criboflavina and/or an enzyme obtained from any of these

microorganisms.

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 (pNTFDG) (FERM BP-7117), or

Ezcherichia coli HB1O1 (nNTDRGl) {FERM BP- 08458) and/or an

enzyme obtzined from any of these mlcroorganlamh.

foog7]

o . . .
g. The process according to any one 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.



11. The process according to claim 10, wherein Rl is a methyl group or a
4-methyphenyl group and A2 is a benzyl group. 12. A process for
producing optically active 1, 4- pencanediol represented by formula (2)
OH OH (2) (wherein * represents an asymmetric carbon atom) comprising:
hydrolyzing 2-acetyl-y-butyrolactone represented by formula (5) 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 Oj"p ically 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
m%\%@finmetrically reducing 5-hydroxy-2-pentanone, which is easily available

10. 3 low cost, The present ipyention alsg relates g 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 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 T 80,R!

(wherein R represents a substituted or unsubstituted alkyl

group having 1 to 12 carbon atoms, a substitured or

unsubstituted aralkyl group having 7 to 12 carbon atoms, or



substituted 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 mtenﬁedlate for agricultural chemicals,
can be simply produced from an inexpensive starting material.

a substituted or unsubstituted aryl group having 6 to 12
carbon atowms, and * represents an asymmetric carbon ataom),
and reacting thé compound wifh an amine.

{00839]
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

ke

(wherein * represents an asymmetric carbon atom} comprising:

g

hydrolyzing Z2-acetyl-y-butyrolactone represented by formula

(

(n

in the presence of an acid into S-hydroxy-Z-pentanone

; and
asymmetrically reducing 5-hydroxy-Z-pentanone represanted
by said formula (5} to optically active 1,4-pentanediol

represented by sald formula (2.





