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optically active N benzyl-3-pyrrolidinol by an enzymatic reaction 35
i nvol vi ng stereosel ective reducti OBA@:&(GNO%WX\IR‘IS;
' Optically active N-benzyl-3-pyrrolidinol is useful as an
intermediate for the syﬁthesis of medicinal compounds.  For the
15 method of producing optically active N-benzyl-3-pyrrolidinol,
a technology comprising synthesizing the same £from an optically

active compound and a technology starting with a prochiral
compound and conducting asymmetric synthesis or optical
resolution, among others, are known. As such a fnethod, the
20 method disclosed in Japanese Kokai Publication Hei-06-141876
comprises producing optidally active N-benzyl-3-pyrrolidinol
by stereoselectively reducing N-benzyl-3-pyrrolidinone in the
presence of an enzyme capable of catalyzing the stereoselective
reduction of N-benzyl-3-pyrrolidinone. However, this method
25 1is not suited for practical use, partly because fungi used as
an enzyme source are difficult to cultivate on an industrial
scale and carry out the process thereafter and partly because
the charge concentration of the substrate and the rate of
conversion ffom the substrate to the product are low.
30
SUMMARY OF INVENTION
In view of the foregbing, it is an object of the present
invention to provide an efficient method of producing optically
active N-benzyl-3-pyrrolidinol by an enzymatic reaction
35 involving stereoselective reduction of N-benzyl-3-



2 pyrrolidinone: The present invention consists in a nethod of producing
optically active N-benzyl-3-pyrrolidinol which conprises a step of-
obtalnlng a reaction mxture by treating N-benzyl- 5 3-pyrrolidinone wth
cells or a culture of a mcroorganism or, a material derived therefrom and
a step of recovering optically active N-benzyl-3-pyrrolidinol fromsaid
reaction mxture, in which nethod said mcroorganismis a mcroorgani sm
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t he present I nvention, a m croorganl sm bel onging to t he  genus
Depodascus, QgabaeioR¥Fc ¥ ISaRahaikamiaes P chi a, Rhodospori di um

Trichosporon, M crococcus, Komagat ael | a Ogat aea or Zygosaccharomyces is

used as the above-mantioned
DETAILED DESCRPTION OF THE INVENTION

In the following, the present invention is described in
15 detail.

In the present invention, the substrate N-benzyl-3-
pyrrolidinone is first treated with cells or a culture of the
microorganism, or a material derived therefrom, to give a
reaction mixture. _ |

20 Said N-benzyl-3-pyrrolidinone can be synthesized by the
process disclosed in Japanese Kokai Publication Sho-54-16466.
Thus, benzylamine and ethyl acrylate are subjected to Michael
addition and the thus-obtained 8 -alanine derivative is reacted
with ethyl chloroacetate in the presence of a base. The .

25 compound obtained is cyclized in the presence of metallic sodium
to give N-benzyl-4-carboethoxy-3-pyrrolidone, which is
decarboxylated by using hydrochloric acid, whereby N-
benzy1-3-pyrrolidin6ne can be obtained.

In the present invention, a microorganism belonging to

30 the genus Depodascus, Debaryomyces, Cryptococcus, Pilchia,
Ogataea or Zygosaccharomyces is used as the above-mentioned
' microorganism. Such a microorganism stereoselectively
reduces the 3-position carbonyl group of the above-mentioned
35 N-benzyl-3-pyrrolidinone.



m croorgani sm Such a microorgani smstereosel ecti vel y reduces the

3-posij tion carbonyl group of the above-mentioned 35

N-»benzyl 3- pyrrolidinone. 3 Specific exanples of said m croorganl sm

i nclude, but are not particularly limted to, Depodascus tetraspernma CBS
765 . 70, Debaryonyces hansenii yar. hansenii |FO 0728, Cryptococcus

al bi dus yar. al bidus I FO 0378, Pichia nenbranaefaciens | FO 0189, 5
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cultivated ﬁcouabgg gnﬁeq:hlémlg_q{g ai ni ng nutrient corrponent S. A sol I d medi um
such as an agar iumor a I'fquid mediumis generally used as said nedium
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pept one andrehettlpnéomanuséngmt@bmmd@ tirese Mdcroorganisms. Further.
those derived from these microorganisms by the genetic

15 engineering or bioengineering techniques, such as recombinant
DNA and cell fusion etc., may also be used.

Said microorganisms can be cultivated by u'si_ng a medium
containing.nutrient components. A solid medium such as an agar
mediﬁm or a liquid medium is generally used as said medium.

20 For mass cultivation of said microorganism, a liquid medium is
suitably used. The carbon source, for example, saccharides
such as glucose, sucrose and maltose, organic aclds such as
lactic acid, acetic acid and citric acid, alcohols such as
ethanol and glycerol, and mixtures of these can be incorporated

25 in the medium, -and the nitrogen source, for example, ammonium
sulfate, ammonium phosphate, urea, yeast extracts, meat
extracts, peptone and the like can be incorporated. Further,
other inorganic salts, vitamins and other nutrient sources may
also be incorporated optionally.

30 Said microorganisms can be cultivated generally under
ordinary cohditions, for example aerobically at pH 4.0 to 9.5
within the temperature range of 20 to 45C for 10 to 96 hours.

In treating the above-mentioned N-benzyl-3-
pyrrolidinone with the above-mentioned microorganisms, the

35 culture fluid containing said microorganism as obtained can



other inorganic salts, vitam ns and other nutrient sources may al so be

i ncor.poerated optional I y. 30 Said m croorgani snms can be cultivated
general |y under ordinary conditions, for exanple aerobically at pH 4.0 to
9.5 within the tenperature range of 20 tq 45[err]C for 10 to 96 hours. In
treating the above-nenti oned N benzyl-3- pyrrolidinone with the :
above- nenti oned m croorgani sns, the 35 culture fluid containing said
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with the above-nentioned 20 mcrobial cells, cultures or materials derived
t her ef rom B G‘ﬁ%%enzyl 3-pyrrolidinone nay be added all at once

initially or in pidikd€erT4t dEPLYEQNEFSTPERSLEPLRRe [IRE1 6468, IBut is
not particularly limited to, concentrated cultures, dried
cultures, surfactant- or organic solvent-treated cultures,

15 lytic enzyme-treated cultures and the like. Furthermore,
enzyme preparations purified from the cultured cells or
cultures may also be used.

_ In carrying out the reaction by treating the above-
mentioned N-benzyl-3-pyrrolidinone with the above-mentioned

20 microbial cells, cultures or materials derived i:herefrom, said
N-benzyl-3-pyrrolidinone may be added all at once at initially
or in portions. The reaction temperature on that case is
generally 15 to 50C, preferably 20 to 40T, and the pH is
2.5 to 9.0. -

25 The amount of the cells in the reaction mixture may
suitably selected depending on the catalysing ability of the
cells. The substrate concentration is preferably 0.01 to 50%
(w/v), more preferably 0.1 to 20% (w/v).

Generally, the reaction is carried out with shaking or

30 with aeration and agitation. The reaction time may suitably
be selected depending on the substrate concentratibn, the
amount of microorganism and other reaction conditions.
Generally, it is preferred that the respective conditions be
selected so that the reaction may be complete in 2 to 168 hours.

35 For promoting the above reaction, an energy source such as
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generally 15 to-50[err]C, preferably 20-to 40[err]C, and the pHis 2.5 to
9.0." 25 The anpbunt of the cells in the reaction m xture may- suitably
bé ‘'sel ect ed depending on the catalysing ability of the cells. The substrate
concentration is preferably 0.01 to 50%£FM'V) nore preferably 0.1 to 20%
(wv). Generally, the reaction is carried out with shaking or 30 with
aeration and agitation. The reaction tinme may suitably be sel ected
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NADPH or the like 10 may added to_the reaction system For exanple, use

may be nadeo¥faeagten |Sr3ﬁﬁ@}" FAPaR 1R ef formingNADH.oNARRE oF the 1ike
occasi gfp of nhepEoadRERCR. Othé aFdaEt 610X Pt &nd Wfrefmé Orlfﬂé;rr%?v thel N

the presence of fornate dehydrogenase, or the reaction whi ch NADPH

is formed fmadenal khepreactien byowhichoNADH ﬂ-ﬁefpé'ﬂﬁﬁt FE€|"?ﬂb\NAD on the
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surf actant suc Triton glpr oduct of Nakal ai Tesque), Span (product of
Kant o Cheni §arplc acid in the presence of formate ehydrogenase or the

reaction by which NADH/NADPH is formed from NAD/NADP on the
15 occasion of the formation of gluconolactone from glucose in the

presence of glucose dehydrogenase. A surfactant such as Triton
(product of Nakalal Tesque), Span (product of Kanto Chemical)
or Tween (product of Nakalai Tesque) may also be added.

In the present reaction, the product, namely optically

20 active N-benzyl-3-pyrrolidinol, is then recovered from the
reaction mixture.

The method of recovering salid N-benzyl-3-pyrrolidinol
from the reaction mixture is not particularly restricted but
any general method of isolation may be employed. For example,

25 optically active N-benzyl-3-pyrrolidinol can be obtained by a
method which comprises adding an organic solvent such as ethyl
acetate to the reaction mixture to thereby effect extraction,
dehydrating the obtained exti‘act over anhydrous sodium sulfate
or the like, and removing the organic solvent under reduced

30 pressure. In this case, a salt such as sodium hydrogen
carbonate or sodium chloride may be added to improve the
extraction efficiency. When necessary, this roughly purified
product can be converted to a more purified form of optically
active N-benzyl-3-pyrrolidinol by distillation, silica gel

35 column chromatography or the like technique.



or Tween (product of Nakal ai Tesque) may al so be added. In the present
react.i on, the product, -nanely optically 20 active N-benzyl-3-pyrrolidinol,
is then recovered fromthe reaction m xture. The nmethod of recovering said
N- benzyl - 3-pyrrolidinol fromthe reactlo% m xture is not particularly
restricted but any general nethod of isolati.on may be enpl oyed. For
exanple, 25 optically active N benzyl-3-pyrrolidinol can be obtained by a
met hod whi ch conpri ses addi ng an organic sol vent such as ethyl acetate to
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sol vent under redth%@@d%ht@mnplhs Hildusirateathal preseint atnvarlt ioch

Qisggtelnoﬁaiel?f i Cl enc d&%ﬁ%ir? néce sg??,mi ngrg%ggﬁ?yg%dﬁ?rovgl‘%?ﬁﬁﬁv%an

be convért Qf tthey WEG pefi thedrresentf inyenddony active

N- benzyl - 3-pyrrolidinol by distillation, silica gel 35 colum

chromat ography or the |like technique. 6 BEST MODES FOR CARRYI NG OQUT THE
| NVENTI ON RA¢ oli ng exanples illustrate the pr esent invention in
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conposi tion: ucos
0.3% 15 KHerr]PJerr] 0.1%

Medium composition:

Glucose | 43
Yeast extract 0.3%
15 KH,PO, 0.1%
(NH, ) ,HPO, - 0.65%
NaCl 0.1%
MgsoO,* 7H,0 ' 0.8%
ZnSso0,* 7H,0 0.06%
20 FeSO,*7H,0 0.09%
CuSO,*5H,0 . 0.005%
MnSO, 4~6H,0 0.01%
Tap water
PH 7.0

25

Those medium portions were respectively inoculated with
one loopful of one of the microorganisms shown in Table 2. Then,
shake culture was conducted at 30C for 24 to 72 houfs.
Thereafter, cells were harvested from each cultu}:é fluid by

30 centrifugation, washed with water and then suspended in 1 ml
of 100 mM phosphate buffer (pH 6.5). Each suspension was used
as a component of the following reaction mixture.

Reaction mixture composition:
35 (1) The above cell suspension 1 ml



(NH err])[err]HP[ err] . 0.65% NaQ

0.1% MgSOerr] 7Herr] O . © 0.8% zZnSJerr] 7Herr]O
0:06% 20 FeSOerr] 7Herr]O ) ' 0.09% CusSg err] 5Herr]O
0. 005% WMWSOH4. 4-6H err] O . 7 0.01% Tap water pH 7.0 25 Those

medi um portions were respectively inoculated with one | oopful of one of the
m croorgani sns shown in Table 2. Then, shake culture was conducted at 30t
for 24 to 702ho&MicosrRereafter, cells were harveé8ted from each culture

~fluid by 30 g;erﬁ {%éﬁ#lgn?%ﬁﬂgéi%ég wat er ggdphen suspended in 1 n

of 100 mM p spha ach suspensidn was used as a
conponent of the follow ng reaction m xture. Reaction m xture conposition:

35 (1) The abOVeTﬁS'dboiﬁéSES fipoABnts (1) to %3) ais%rmbutedhﬁ@é dddif 886t
20 mg (3) N-Benzyl - 3-pyrrolidi none he _above conponents (1) to

(3) di sPri bteRe W‘T‘E'% ed 1uR rangd thee W%W@&%Bléﬁﬂe@h§°r BEEEPBA ks
al | owed to ﬁ‘@ﬁ%ﬁ%rﬁ%n%@:[ﬁ{d Fer'abhshak. NGafCér hd1Q¥att ¥ 213,151 of

reacti on, of ety\% acetate was added to each reaction mxture and

t he whol e V%Ehxhar?%ﬁa yas added tgneachrragtiomimixtyzs apd thepyheled to
gas chronatwas atinrred weadayed ﬁ@ft%ﬁ%ﬁ!he%%éﬁﬁé'l@y& wh §96366%ed'rhe

opti cal purlty t hereof was al so determ ned b¥ LC. Gas, chronmato
condi t i ons: tR gafnehngmaiRgraphy gnd assayed for N-benzyl-3-pyrrolidinol

10 content. The optical purity thereof was also determined by
HPLC.

Gas chromatography conditions: column: Uniport B, 10%

PEG~20M, 4.0 mm ID x 1.0 m; column temperature: 200C; carrier
15 gas: nitrogen; detection: FID.

HPLC analysis conditions: column: Chiralcel OB (product
of Daicel Chemical Indus{:ries); eluent: n-
hexane/isopropanol/diethylamine = 99/1/0.1; detection: 254
20 nm; flow rate: 1 ml/min.; elution time: (R) form 6.1 minutes,
(S) form 7.9 minutes.

The rates of conversion to product and the optical
purities of the products are summarized in Table 1.



PEG 20M 4.0 mMmID x 1.0 m colum tenperature: 200[err]C, carrier 15 gas:
ni trogen; detection: FID. HPLC analysis conditions: colum: Chiralcel OB
(product of Dai'cel Chenical Industries); eluent: n- -
hexane/isopropanol/diethylanine = 99/1/0é} detection: 254 20 nm flow
rate: 1 m/mn.; elution tinme: (R form6.:1 mnutes, (S) form7.9 m nutes.
The rates of converS| on to product and the optical purities of the products

are sunmariPablenlTabl e 1. Table 1 Mcrobial strain
Conver si on % ur it oasT el T AasSper™
10 Mi?%‘?"%‘?icé???? Y0 Debar yonycet & aﬁéé‘gﬁﬂ %ffddf "
(S) 84 yar—hapsentt—+ O 0/28—Cryptececeds Retequl purity (%se)
(S) 100 YA iPﬁﬁgs EBLESEREZIA, | o nenbr anaef 44 ens (8) 97. 15
(S) 84 IF m@ﬁﬁ EZl@\?inZerl diumtoruloides 33 (S 7
| FO 0413 TfRehaspenyses: hanaenid 757 ($B)oB4aTCC
10675 Konapat¥aki hapgepllsIFO 0728 14 ($) 61 IFO 0948
Ogat aea po| @uwppbgoccus albidus 17 34 (S) 89 I[FO(s)7a00
Zygosacchaj ongaes &bbldus IFO 0378 12 (S) 62 IJFO 0519 Exanplle 2
Pichia membranaefaciens 12 . (S) 84
IFO 0189
Rhodosporidium toruloides - 33 (S) 74
IFO 0413
Irichosporon fermentans 75 (S) 96
ATCC 10675
Komagataella nastgris 14 (S) 61
IFO 0948
Ogataea polymorpha 17 (S) 89
IFO 1476
Zygosaccharomyces bailii 12 (S) 62
IFO 0519
Example 2

A liquid medium having the composition shown below was
5 prepared and distributed in 10-ml portions into large-sized -

test tubes and steam-sterilized at 120°C for 20 minutes.

Medium composition:

: Meat extract : - 1.0%
10 Peptone 1.0%
Yeast extract 0.5%
NaCl 0.3%
Tap water
PH 7.0

15 ,
Each portion of this liquid medium was inoculated with
one loopful of Micrococcus luteus IFO 13867 and shake culture

was performed at 30C for 24 hours. Then, this culture f£luid
was subjected to centrifugation and cells were thereby
20 harvested, washed with water, and suspended in 2 ml of 100 mM



A liquid nmedi um having the conposition shown bel ow was 5 prepared and
distributed in 10-m portions into |arge- sized test tubes and :

steam sterilized at 120[err]C for 20 minutes. Medi um conposition: Meat
extract 1.0% 10 Pept one ' N 1. 0%
Yeast extract - 0.5% Nad : 0.3% Tap
water pH 7.0 15 Each portion of this liquid nmediumwas inoculated with one
| oopful of phesphateubulfferus piF®.538GhAd thes mispendton evamsugped fas nad at

22%5;”‘ u;g{?%ﬁpg gnief’% %wr?r ggtar?eﬁ'm t“?%‘ﬁ?[frbgﬁ%éusb&ﬁechﬁ&éﬁrmﬁ?e and
suspended |lihxamp1e01 1 0RE et alg.ommgpht:he pbeattiofpHd. proarddt Hor 20
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manner as i n 0O procCee
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product wer IR YTy %ﬁ% Egﬁf v I on
rate was 811’3/ an kr?e optlté(-:h"%rpg:url tyém%s%&%r?ﬁéo%%e ﬁnﬁur 1 s'E5)
The microory@@®see.i ndicated in Table 3 were cultured in the sanme nmanner as
in Exanpl e 1. Then, each culture fluid was subjected to,centrifugation to

t hereby harvest cells, which were washed with water and suspended in 1 n
of 100 mM pkespbiee3buffer (pH 6.5). The suspension was used as a conponent

of the 45 followhg ffaFbdLFafl ¥he fadicated in Table 3 were cultured in
the same manner as in Example 1. Then, each culture f£luid was

subjected to centrifugation to thereby harvest cells, which
were washed with water and suspended in 1 ml of 100 mM phosphate
buffer (pH 6.5). The suspension was used as a component of the
15 following reaction mixture. '

Reaction mixture composition:

(1) The above cell suspension ' 0.5 ml
(2) Glucose 5.4 mg
20 (3) Nicotinamide adenine dinucleotide
phosphate (oxidized form) 0.275 mg
(4) Glucose dehydrogenase (product of
Amano Pharmaceutical) 2.84 units

(5) N-Benzyl-3-pyrrolidinone 1 mg
25 '

The above components (1) to (5) were placed in a test tube
and mixed up, and the reaction was allowed to proceed at 30T
with shaking for 20 hours. After the reaction, the rate of
conversion to product and the optical purity of the product were

30 determined in the same manner as in Example 1. The results thus
obtained are summarized in Table 2.



Reaction m xture conposition:

0.5mM (2)

(1)

d ucose

The above cel |

5.

suspensi on

4 ny 20 - (3)

Ni cot’i nam de adeni ne dinucl eotide phosphate (oxidized form

0.275 ny (
"2.84 units

4)

(5) N—Benzyl-3-pyrro|idinoneo

~d ucose dehydrogenase (product of Anmano Phar maceutical)

1 ng 25 The

above conponents (1) to (5) were placed in a test tube and m xed up, and
t he reactlonaumé allowed to proceed at 30[err] mnth shaklng for 20 hours

IFO 0519

After the t-1 c—of—converston act |\,a|
3 al Str ih RyEEETbn jdi:‘j
purt 1y of (RERPEERE REPE S aoermnea 1, SR Sl henn O/ 5
M cr obi al igtrasnerma Conver si pn tical rate‘sé 6
purity (%) SoteR iR tetraspernn 15 (S) 96 CBS
765. 70 DebiRebay¥eBvycrsnbansenii 9 9 S) (B2 $4r .
hansenii | | BRslwmcenidcbFeu8748bi dus 47 (S)
var. al bi duervhEaro6acéasPadidusenbr anaef aclens 47 68) 91
(S) 83 | FQ 038 Rmbab@ws | TFON0BBBUI oi des 74 (S) 74
| FO 0413 Trpg£BR$AOMEMAbrahEeFati®ens 7%1 ($5)983ATCC
10675 IFO 0189
Rhodosporidium toruloides 74 (S) 76
IFO 0413
Irichosporon fermentans 74 (S) 96
ATCC 10675
Komagataella pastoris 18 (S) 58
IFO 0948
Ogataea polymorpha 13 (s) 89
IFO 1476
Zygosaccharomyces bailii 15 (S) 58

10

15

20

Example 4 .

The microorganisms indicated in Table 3 were cultured in

the same manner as in Example 1.

buffer (pH 6.5).
following reaction mixture.

Reaction mixture composition:
(1)
(2)
(3)

Glucose

(6xidized form)
(4)
Amano Pharmaceutical)

(5) N-Benzyl-3-pyrrolidinone

- The above components (1) to (5) were

The above cell suspension

Then, each culture fluid was
subjected to centrifugation to thereby harvest cells, which
were washed with water and suspended in 1 ml of 100 mM phosphate

Nicotinamide adenine dinucleotide

Glucose dehydrogenase (product of

The suspension was used as a component of the

0.5 ml
5.4 mg

0.26 mg

2.84 units
1 mg

placed in a test

91



Komagat ael | a pastoris - 18. (S) 58 | FO 0948 Ogat aea
pol ynpr pha . . 13 (S) 89 | FO 1476 Zygosaccharomnyces
bil'ii - 15 - (S) 58 IFO 0519 Exanple 4 The

m croorgani sms i ndi cated in Table 3 were_cultured in 5 the same manner as
I n Exanpl e 1. Then, each culture fluid wh subjectedto centrifugation to
t her eby harvest ceI | s, which were washed with water and suspended in 1 m

of 100 nmM ptubehahné mikédrup pHatd Hhe rEacthiimpeas alloweditedpaeceed at

conponent o e fqallqQw.ng reactign.m xture 0 Reaction m xtur

Conposi t i on:t‘0 )Witc}‘rﬁg"aa}ﬁﬂb% 1-?%1}- 124 PRt oﬁflﬁer the réaction, %genraa:g)

d ucose of conversion to product and the gpHiogl (pl)ritwaﬁ)u:haaprdduct
adeni ne di ( .
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2. 84 un|5ts tbiis obitBineyd a¥epwummariizeshein Table 3. 1 nmg 20

The above conponents (1) to (5) were placed in a test tube and m xed up,
and the reaction was allowed to proceed at 30[err]C with shaking for 20
hours. AfteFabhe Beaction, the rate of conversion to product and the

opt i cal pumwrebiam&a%ct WET € determge@nw@fs&warre BEURGa s 1 N
Exanpl e 1.| The results t hus obtai ned ar rgg@na(%;ed |n_§ﬁgi&§3(gggje 3
M crobi al mﬁpﬂmawuvcl ST O (59 99
purity (%eg ; CBS 765.70
Debaryomyces hansenii 6 (s) 83
var. hansenil IFO 0728
Pichia membranaefaciens 24 (S) 80
IFO 0189
Rhodosporidium toruloides 72 (S) 76
IFO 0413
Irichosporon fermentans 74 (S) 96
ATCC 10675
Komagataella pastoris 19 (S) 59
IFO 0948
Ogataea polymorpha 11 (S) 87
IFO 1476
Zygosaccharomyces bailil 13 (S) 63
IFO 0519
Example 5
10 Micrococcus J.u:t_ens IFO 13867 was cultured in the same

manner as in Example 2. The cells obtained were suspended in
2 ml of 100 mM phosphate buffer (pH 6.5), and the suspension
was used as a component of the reaction mixture given'in Example
3. After allowing the reaction to proceed for 20 hours, the

15 rate of conversion to product and the optical purity of the
product were determined in the same manner as in Exa'mpie 1. The
conversion rate was 78% and the optical purity was (S) 100%
ee.

20 Example 6
Micrococcus luteus IFO 13867 was cultured in the same



Depodascus tetraspernm - ' 33 " (S) 99 CBS 765.70 -

Debar yonyces hansenii . 6 - (S) 83 var. hanenii |IFO
0728 Pichi a menbranaef aci ens : 24 (S) 80 I'FO 0189
Rhodospori di um t or ul oi des 7212 : (S) 76 IFO 0413

Tri chosporon fernentans 74 (S) 96 ATCC 10675
Komagat ael | a pastoris 19 (S) 59 I FO 0948 (Qgat aea

pol ynor pha manner as in Exampld 2. The cellsSpb83@1hE@ %é¥6 suspended in
Zygosacchar e [ 3 Q |l e
590" 2 WE e o0 o pomphate uETeR. (o §1%) e bnd tHE HaSESRELRET o

i n Exanpl e was Tised ekl & compaineat mér’ehe;m‘e[wtd@ah nhxgume g}tvdmﬁ.mmd:ptlpiphat e
buf f er (pH 5) e n r tion
it ar e gi ven /G A Eotig Rl SLedBEALE °Eh BorBabRRTERE oo PhollE. [ ERE)
hours, ®he nateraf.econveami@ns iton mMmﬂ dihe taptiogal cmllr:bturi of thet he

product wer SRR B onvaLsi on
rate was 78&'@ é&ﬁ?eé}g%td:e%a: purl tynvvas %?@%%%%%%@%ﬁg}:ﬁfeg #he
M cr ococcuscmveusipnorMsG?me?%l and cthe nopticahnpurityowaank8) 300#n

Exanpl e 2. e cells obtained were suspended in 2 m of /100 nM phosphate
buffer (pH and t he suspensi on

10 Example 7
A liquid medium having the composit:l.on given in Example

2 was prepared and distributed in 100-ml portions into
twenty-five 500-ml Sakaguchi flasks and steam-sterilized at
120C for 20 minutes. The contents of each flask was

15 aseptically inoculated with 2 ml of a £fluid culture obtained
by cultivating Micrococcus luteus IFO 13867 in the same manner
as 1n Example 2, and shake-culture was carried out at 30C for
24 hours. Cells were harvested from the resultant culture
fluids by centrifugation and suspended in 500 ml of 100 mM

20 phosphate buffer (pH 6.5). To this suspension was added 5 g
of N-benzyl-3-pyrrolidinone, and 10 g of glucose. The reaction
was allowed to proceed at 30C with stirring for 24 hours, while
the reaction mixture was maintained at pH 6.5 with 6N aqueous
sodium hydroxide solution. Thereafter, the reaction mixture

25 was extracted with 2.5 L of ethyl acetate, and the aqueous layer
was further extracted with 1 L of ethyl acetate. The organic
layers were combined and dehydrated over anhydrous sodium
sulfate, and the solvent was then distilled off under reduced
pressure. The residue was distilled to give 3 g of (S)-N-

30 benzyl-3-pyrrolidinol. The yleld was 60%, the optical purity
was 99.8% ee, the boiling point was 132 to 137 C/3 mm Hg, and
the optical rotation [ 1, was -3.77° (CH,0H, ¢ = 5). H-NMR
0 (CDCl,): 1.63-1.76 (1H, m), 2.09-2.21 (1H, m), 2.26-2.37 (1H,
m), 2.51-2.64 (2H, m), 2.75-2.85 (1H, m), 3.38 (1H, brs), 3.61

35 (2H, s), 4.24-4.33 (1H, m), 7.19-7.37 (5H, m).



was used as a conponent of the reaction-mxture given in Exanple 4. After
allowing the reaction to proceed for 20 hours, the 5 rate of conversion to
product and the optical purity of the product were determ ned in the sane
manner as in Exanple 1. The conversion rate was 78% and the optical purity
was (S) 100% ee. 10 Exanple 7 A liquid nedium having the conposition given
i n Exanple 2 was prepared and distributed in 100-m portions into
twenty-five 500-m Sakaguchi flasks and steamsterilized at 120[err] 0 for
20 m nutes :nggpi gngents of each flask was 15 aseptically inoculated with
2 mM of a f]F' cul ture obtained by cultivating M crococcus |uteus |IFO
13867 i n the sanmeAnkhgeidaedhumhaping they eompasddion glvenin Exampde out
at 30[err] Gf I eshedol : u t

Fllui ds by chrteriioapieed, fh SLBEERoRU TR 00! f“%ﬁ“’%%%%%ﬁ?ghgég 28

buf fer @GpH 306yml S$Sakaguchdufpaskisoandasteaiest®nildfzed at 1200 for 20

N-benzyl - 3- ﬁ!ﬁﬁﬁébd' “Pﬂéccﬁﬁféril& chgaéﬁ ¢3a3R wdd @sepraldAn yWAcahaped t o
proceed at 3£gerr stlrrlngf 24 hours, while the réaction mxture

was nai nt ai WtBhat {5‘F1 BfSa\M tWiQ\IGAHJéﬁ% ki ingd R cxaeleatingon.

Thereaf ter, pHD8h68B6H0AN FETfiditAnD AMERS ﬁ)@-i@cmdtmt&mae&nanﬁéreagyhn
acetate, and the a?ﬁueous | ayer was further extracted with L of eth

yl
acetate. Th¥appdant capdyahakengwl tar® Wascarrled ppd ak éQo((:)v%‘Pr YNBSS
sodi umgul f 8621 s2REreNBaTestild Waon aie Hedul t&dt Qf:ﬁlt'@f'ér fiﬁﬂaﬁeﬁy

pressure. The residue was distilled toqsgl ve

benzyl - 3- pyfeBErdfHgptiophangd gusnpRd %ntfmﬁdﬂléﬁl 1?5QIrWyPM§P99tS% ee,

the boiling,peeay (BR 6332}'0 -118»71{&&]& SHB1in, &b 'acd?ied%t Y bg
[a][err] was -3.77[err] err ). [err] H-NI\/R_Jerr CDCl errd)
1.63-1. 76 (Hrberpy 230932-' ,O%v 19 96085 glugase. 75 ma pXoogidize

2.75-2.85 (#6rmMhicdt3Ramide BAShind 8indelebihldeSphobphatd Iprodictbe
7. 19-7. 1357 (Kohjin Co.) and 1,420 units of glucose dehydrogenase (product
of Amano Pharmaceutical Co.)}, and the reaction was allowed to
proceed at 30C with stirring for 48 hours, while the reaction
mixture was maintained at pH 6.5 with 6N aqueous sodium
hydroxide solutlion. Thereafter, the reaction mixture was
20 extracted with 2.5 L of ethyl acetate, and the agqueous layer
was further extracted with 1 L of ethyl acetate. The organic
layers were combined and dehydrated over anhydrous sodium
sulfate, and the solvent was then distilled off under reduced
pressure. The residue was purified by subjecting the same to
25 silica gel column chromatography (eluent: ethyl
acetate/methanol = 2/1) to give 2.5 g of (S)-N-benzyl-3-
pyrrolidinol. The yield was 49%, the optical purity was 96%
ee, the boiling point was 132 to 137C/3 mm Hg, and the optical
rotation [ ], was -3.73° (CH,OH, ¢ = 5). 'H-NMR 0 (CDCl,):
30 1.63-1.76 (1H, m), 2.09-2.21 (1H, m), 2.26-2.37 (1H, m),
2.51-2.64 (2H, m), 2.75-2.85 (1H, m), 3.38 (1H, brs), 3.61 (2H,
s), 4.24-4.33 (1H, m), 7.19-7.37 (5H, m).

Example 9
35 A liquid medium having the composition given in Example
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13 Exanple 8 A liiquid nmedi um having the. corrp05|t|on given in Exanple 1 was
prepared and di stributed in 50-n portions-into flfty 5 500-m Sakaguchi
ft asks and steamsterilized at 120[err]C for 20 nminutes. The contents of
each flask was aseptically inoculated with 1 m of a fluid culture obtained
by cultivating Trichosporon fernentans A¥EC 10675 in the same manner as in
Exanpl e 1, and shake-culture was carried out at 30[err] for 24 hours. 10
Cell's were ha«va{ﬁ%ﬁbéfem ah@ aesthipated@UihUs@-mi Lbé'ﬁt:bdnéeﬂﬁfbfﬂﬂﬁlt?n
and suspended in 500 mM of 100 nmM phosphate buffer 5). this

suspensi on,59¢zRrt Hrkagughidfiagkss apdpsheqm-stey zleﬂ]i ﬁd?né-zol §°§f 20

glhuwﬁe, ZZxﬁiﬂ%teé o;«n@e T tedtB 6F @RI TSR géabeasaptdfbau.q&emw@lated
phosphat e odu n its o ucose -

dehydr ogena ?C'O'Bg P% f gﬁ’h‘h‘& ﬁgg'i’:)r‘?é:@e&q]tﬁ'i ?% j?‘ﬁ% tiRgction was
al | onedst o ntmﬁﬁdpgtgﬁotemmbﬁxmhMUd 1oy s din 4&1&1@&1&; mdnhertie in
reaction m xture_was naintai ned at ‘%H 6.5 with 6N agueous,{qgodl um hydr oxi de

sol ution. TeeemBled, apdshakeqqultungvassariiepoutat A0 e £ 24 oursg. of
et hyl acet atellanderbchagvesied f£irem whe mesdisrarsx teuwlctwerce WEldwids Lbpf

anhyar ous. Cee bRt EBRAEan 2R Endeliidbar R S0 ol o SV i Bd¥ihane

reduced prelmflfer TbH 6eSi)dueThascelilsf weuteb;iism'hjpeteﬁl by whdromme dal5

ot ve 518°; SPLHEDRR ANBER01B MoOTHHET anl (e BEEDERELURS COBhamef by ..

purity vvas eéfitrifugatibui, | nagely rtheraell3Xnee ]eﬁr?l[mcﬂ Clvasmusgd asdat he

Lorr ( co FappppeRoBE; i foydol %hegrﬁ% AhH pbyter o) 5726 2 o7 (1M

m, 2.51-2.64 (2H, m, 2. 75 2.85 (1H, , 3.38 (1H, brs) 3 61 (2H, s),
4.24-4.33 (&é*acﬁm iRt lrd’ c%ﬁ.%os@uo%xa”p' e 9
15 (1) The above cell suspension 0.5 ml
(2)  Glucose 5.4 mg
(3) Nicotinamide adenine dinucleotide
(oxidized form) : 0.26 mg
(4) Glucose dehydrogenase (product of
20 Amano Pharmaceutical) 2.84 units
(5) N-Benzyl-3-pyrrolidinone 1 mg

The above componernts (1) to (5) were placed in a test tube

and mixed up, and the reaction was alloWed to proceed at 30TC

25 with shaking for 20 hours. After the reaction, the rate of

conversion to produdt and the optical purity of the product were

determined in the same manner as in Example 1. The conversion
rate was 19% and the optical purity was (S) 96% ee.

30 ' INDUSTRIAL APPLICABILITY
The method of producing optically active N-benzyl-3-
pyrrolidinol according to the present invention, which has the
constitution mentioned above, can produce optically active
N-benzyl-3-pyrrolidinol efficiently on a commercial scale.
35 The optically active N-benzyl-3-pyrrolidinol obtained

This Sheet Has Been Replaced
ﬂ REPLACED

I IIII l"l" I I Il THIS SHEET HAS BEEN




35 A l'iquid nedium having the conposition given 14 1 was prepared
and -di stributed in 50-m portions into fifty 500-m Sakaguchi flasks and
steamsterilized at 120t for 20-minutes. The contents of each flask was
aseptically inoculated with-1 m of a fl .‘f%d cul ture obtained by cultivating
5 Trichosporon fernmentans ATCC 10675 in~“The sane manner as in Exanple 1,
and shake-culture was carried out at 30[err]C for 24 hours. Cells were

har vest ?ﬂd f?mrhmngeﬁid uﬁm pu:tgissnmff invient.ony i@ﬁblfr higgabphmcamdpﬁnipynded
in 500 o] rri\/lpo at.e er H65 The ¢

2B own cel #add® AR RIRE AN 4B erBpatBie fot thbbrrdieELuR ok ardighhat ey
by centri fu@apoﬁﬂdsnamﬁly ke Bellactane adtiibdeiticssand ediRgdhopprpanast of
the foll ow O%m ggﬁ&gon m xture. Reaction m xture conposition: 15 (1) The
above cell sus%ena on 0.5 mM (2) "Qucose

5.4 ng @63) Ni coti nam de adeni ne di nucl eotide (oxidized form

0.26 ny (4) @ ucose dehydrogenase (product of 20 Amano

Phar maceuti cal) 2.84 units (5)

N- Benzyl - 3- pyrrol i di none 1 ng The above components (1)
to (5) were placed in a test tube and m xed up, and the reaction was
allowed to proceed at 30[err]C 25 wth shaking for 20 hours. After the
reaction, the rate of conversion to product and the optical purity of the
product were determ ned in the same manner as in Exanple 1. The conversion
rate was 19% and the optical purity was (S) 96% ee. 30

| NDUSTRI AL APPLI CABI LI TY The net hod of producing optically active

N- benzyl - 3- pyrrolidinol according to the present invention, which has the



constitution nentioned above, can produce optical |y active '
N-benzyl - 3-pyrrolidinol efficiently on a commercial scale. 35 The optically

acti ve’ N-benzyt=3=pyrrofidinol obtained. - 15 according to the present

i nvention i purity and #13 an inportant internediate for
. the product Im“l llw'm H!l!m" opounds suc -lactam anti biotics and

di hydr opyri di*neccorpoun M 1. A met hod of producing optically
active N-benzyl- 3-pyrrolidi noI Whl ch QLNIM ses a step of obtaining a
reaction 5 mxture by treating N benzyl-3-pyrrolidinone with cells or a

‘culture of a mcroorganism or a material derived therefrom and a step of
recovering optically Pacllebmow-@énlzybdecipgroptﬂ.ch&&y activeh & -beacylon

genus 10 L RErafiaLb gAL08 bolbhEeds B SO SETLDER 1B O Keale B

Tri chosﬁordhixMEeobﬁctn%atmﬁa@abaEZYé 3®Hr§9éidﬂ-n9;hgoyé.¢bhae&ﬂ:§ces a
culture of a microorganism, or a material derived therefrom,
and a step of recovering optically active N-benzyl-3-
pyrrolidinol from the reaction mixture, wherein said

microorganism is a mi_croorganism belonging to the genus

10 Depodascus, Debaryomyvces, CJ:y.p_tg_Qchns Pichia,



