;e3e/\/NNOT" U 6[ T\: 26 June 2003 SPECI FI CATI ON SUBSTI TUTERgARE YoBYR! DI NE
DERI VATI VES AND PROCESS FOR THE PREPARATI ON OE | NTERMEDI ATES FOR OPTI CALLY
ACTI VE ~i 3 AGONI ST BY THE USE OF THE SAME TECHNI CAL FI ELD The present

invention relates to a nethod of producing optically acti

adrenal i ne receptor agoni st internedi ates which are inporq Eﬂ@m Wﬁ&kcing

medi cinals, and to those inportant internedi ates. BACK A in

the art for the production of optically active dihydroxyethyl py¥fdi ne

derivatives or optically active i ivatives which are internedi ates
Al LBfHY

of optically active beta3 adren agoni sts and are represented
by t he gesiEBl ITWIERIACKTI)E Y RO INFOHDER KVANLYHEE)AND PRECESS D&, THE

repr esent , i nighg 0

car bon atoyee AT e SRS SRR BemRGRR SR fadokiesdd
group or BY sTHStUIRt@ B iy oup; . or by the general fornula (16): O x
N (16) in the formula, X is as defined above, are: (i) the process which

i nvolves the catal ytic asymetric 26_June_ 2003 2 di hydroxyl ation
reacti on of vinyl pyridine deriﬁgﬁﬁy%E:Q%W§§§&@84), (ii) the process which
i nvol ves the aspjmrgirdsentedunsientioof rledlajacettyl pynethoe dér pratiugésgwi t h

~ dili sopi noganpheny) borang. GU - fed EeaPhds. rI55L4P08)on 256
intermediates which are important in producing medicinals, and

to those important intermediates.

BACKGROUND ART
Known in the art for the production of optically active
dihydroxyethylpyridine derivatives or optically active oxirane
derivatives which are intermediates of optically active beta-
3 adrenaline receptor agonists andare representedby the general
formula (14):

OH

OH
l X

XN (14)

in the formula, X represents a hydrogen, a halogen, an acyloxy
group containing 1 to 10 carbon atoms, an alkoxy group containing
1 to 10 carbon atoms, anamino group or a substituted amino group;

or by the general formula (16):
g
~ | k
NS
X N (16)

in the formula, X 1is as defined above, are:

(i) the process which involves the catalytic asymmetric

T

*G00002*



(ii1i1) the process which involves the asymetric reduction

am noacet yl pyri di ne derivatives using a m croorganism (W 2%0.03I—|0wever,
the process (i) uses highly toxic osm um oxide and further requires an
expensive asymmetric |igand, hence have problens fromthe industri al
utilization viewoint. The process (ii) requires the use of a

stoi chionetric anmount of diisopinocanghenyl borane chloride, which is an
expensi ve asymetric reduci ng agent, hence has a problemfromthe

comrerci al viewpoint. Further, the hal oacetyl pyridine derivative

unsubst i tditted mraiiedtiaru e dhiahlal W Y P postineo e i ygtiides s used as the
substrat egfygAsygyyet ri ¢ reduction, is produced by hal ogenation of the

met hyl group of the correspondi ng nethyl ketone . However, the nethyl
ketone is ’dﬁ)ffqtheulﬁrqc(?%t”g}%?qhﬂg“fql‘f nébeesas%ﬁ“)‘}“"f'b“@rﬁ‘ﬁjé%‘?rz‘é”‘t sane
usi ng di dradwng pwhidimd slediivhitdwlets &bt hadii sopin@ranptdist foatarscal e
because of, yts. toxj ai q@ i ess, The process (iii) is only

appl i cabl(iet}ft?olsléiee?i(/ﬁéé\lﬁels avi ngpfldoé/s b’staluf%ent on the pyridine ring

(namel y cbhpouride pirockessgehécal ingekiuka P asy(egtshovwrediedoipn winhi ch X
is a hydrggeiaand, ider e e Gl QR QAR the BRI NR6h iQfm Pr oduci ng
pyridine ,, derivatives substituted in position 2 such as 2-am nopyridine
deri vat i vEIOIBBIEE )subst i t ut ed acet yl pyri di ne derivativessubstituted by an
am no group i n Heeiwdgh thewpirobedse (1 pprasentieth iy tbhecgemetrah dxardaul a {1):
26 June 200 Y~ [ v ~N_~=N ~2 R ~1).in the formila, ,Rl each

i ndependea}ﬂ?;ﬁrr gBrgéstéenqusl%e f’/‘E}reox eenrfSla‘ﬁe 3%Wetgtrr gﬁp&c anrf(gﬁ HFHSQQ%V? 10
carbon atmnellews afedkyherioupusionial nithigl 1zati A0 Ceavyorindtons, an acyl )
group cont ai ni Aghel QM L3HON AREre LT A& O CAURMMon QYR

containing 1 to 10 carbon atons and Y1 represents a hal ogen, a hydroxyl
group, arfBRYMHRL dHotgrriditeamhrpiRer ae G hnidg o ich difl @hyl oxy
grogp condgherdigved a@n&x&t&&rdml@dabfimji ageng) koeycgmeuspacendial & ol t 0 18
car bon at , an 1N roup, an a m no qrou ontaining. 1 to 15 carbon
at ons, anag?a‘f(inw%%lnao g‘flo%d’%‘%rﬁ al ﬁ(lr%hfrt’oqﬁ %‘gﬁﬁgﬁeaty%ﬁgflgtlgfﬁl fanyl
group, ardefkyadsiNg unghbgtotiptedmmpnbatituted iy caldoinatomnsidgrian

ar al kyl sup f galcrgt QURs SO RENGulsE Padl ¥ RAYnALeTE c AEGuEKPSET 64 tO be
i nportant conpounds in the production of intermedi ates of opti cal ,I%eactl ve

(0]
bet a- 3adrRHRATFRA PEbedrgenaddiing s Ehpdirdherl, IE PR © b e i RRPIT Y
| i teratuneetdyiDRetpheal Mhoxyacet e perhdilne tdaid vati¥Yescaptesssitediby t he
general f l,a. : 0L 00 (2) in.t f.ar mul X_represent drogen, a
o ogen, SR s Recilary Tol Lokl e A Eahe, (ol RB G
atoms, arWhil@xys didlipcodhit be diangllle po 40 oedbir istlossalgnbapdwse rfoup or a

substi t ut pels apd o0 OF PUPnd 8.8 Bd $Pv&xPest ed to be inportant conpounds in the
producti on of iﬂ% ernmedi ates of optically active beta-3 a(grenal i ne. receptor

) op .
agoni sts. They HePTAGGRETE I UnkhoRhYidPRHeahetadgrd vatiygs e 003 4

Further, hdossbsipitiwcalt yoradattiev @ ypiividney raxyhydenxy ¢t tythypynnds nef dard vat i yes
repr esentggngxyaf % % %r ?JI) foorr rwl) as 03V3r:1 below in which X is a hydrogen]
and there is nodisclosure about the method of producing pyridine
derivatives substituted in position 2 such as 2-aminopyridine
derivatives.
Those substitutedacetylpyridinederivatives substituted
by an amino group in position 2 which are represented by the

general formula (1):



OHaw-~4x N{3inthe fornmula, X represents a hydrogen, 2 galoggﬁ? a
hydr oxyl group, an acyloxy group containing 1 to 10 carbon P al koxy
group containing 1 to 10 carbon atons, an am no group or a substituted

am no group, are also expected.to be inportant conpounds in the production
of internediates of optically active beta-3 adrenaline receptor agonists.
They are, however, unknown in the literalure. Furthernore, those optically
active dihydroxyethylpyrldlne derivatives represented by the fornula (9):
H 4H a {4) or a salt thereof is also expected to be an inportant conpound
in the production of intgfnmediates of optically active beta-3 __ adrenaline
receptor agonists. LL_i howgVer, unknown in the literature. SUMVARY OF

| NVENTION I n vi ew rent state of the art as nentioned above, it is
an obj ect ofRPhe i wenyion to produce an optically active

di hydr oxyet hyl p derivative and an optically active oxirane
derivative, whi Is an jpportant internediate in producing an optically
active beta-3ad naIineK; tor agoni st (as described, for exanple, in

W9821184 and US5561192) represented by the follow ng general fornula (17):
26 June 200 shefoymula, R! andR?each independentlyrepresentsahydrogen,

an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 1 to 10 carbon atoms, an acyl group containing 1 to
10 carbon atoms, or an alkyloxycarbonyl group containing 1 to
10 carbon atoms and erepresents a halogen, a hydroxyl group,
an acyloxy group containing 1 to 10 carbon atoms, a sulfonyloxy
group containing 1l to 10 carbon atoms, an alkoxy group containing
1 to 10 carbon atoms, an amino group, an alkylamino group
containingl tol1l5carbonatoms, anaralkylamino group containing
1 to 15 carbon atoms, a sulfanyl group, an alkylsulfanyl group
containing 1 to 10 carbon atoms, or an aralkylsulfanyl group
containing 1 to 10 carbon atoms, are expected to be important
compounds in the productionof intermediates of opticallyactive
beta-3 adrenaline receptor agonists. However, they are unknown
in the literature.

Those pivaloyloxyacetylpyridinederivatives represented

by the general formula (2):
0

=
S l o) o
X N (;g)

in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, anacyloxygroupcontainingl to 10 carbonatoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a
substituted amino group, are also expected to be important
compounds in the productionof intermediatesof opticallyactive
beta-3 adrenaline receptor agonists. They are, however,

unknown in the literature.



~ NR- X ~N~ (17) which can readily be converted to the abo % ed
conpounds ( 17 ) by expedient nethods known in the art, fro p§§
avail able raw materials in a safe and efficient nanner and, further in an
i ndustrially advant ageous manner. Thus, the present i nventi on provides a
substituted acetyl pyridine derivative substituted by an am no group in
position 2 which is represented by the general formula (1j: Y~ R C~) in the
formula, R and R2 each independently represents a hydrogen, an al kyl group
containing 1 to 10 carbon atons, an aral kyl group containing 1 to 10 carbon
atons, an acyl gF@ﬂ@h@@ntEﬂé%fmbﬁti&bﬂﬂyQﬂf@pﬁea@D@@l&Wl@ﬂya:kyloxycarbonyl
group containin rbon,ato res ogen
R S e M R T S S AR T e e B (S
sulfonyloxﬁogmobp ¢dhtaining 1 to 10 carbon atons, an al koxy group
containing -1 to 10 carbon atons, an am no group, an al kyl am no group
containing 1 to 15 caftbn atong, an aral kyl anmino group containing 1 to 15
carbon atons, @.oupk an al kyl sul fanyl group containing 1 to 10
carbon atons or anyl group containing 1 to 10 carbon atons.
The invention f s a pival oyl oxy acetyl pyridine derivative
represent ed ky” t¢ gzog) rmul a (2) 26 June 2003 6 O/ OO (2) in the
formula, X represent hydrogen a hal ogen, or a hydroxyl group, an
acyl oxy gr n r ning 1
f0 10 sarbon Srome iRy & oy g dbepara et 2 a7
i nvention 9EPPHe@Wﬁ@ﬂAQk%qaﬁUB§PP6&PP9W%ﬁlKhiocarbonatomslanalkOXY i
]pl val Fyl ?éij%db%&ﬁtb%ﬂﬁél di pg deréymbbyeatORE £SERt efiky §Jhougeseral - )
ormul a

ubstituted amino group, are also expected to be important
compounds in the productionof intermediates of opticallyactive
beta-3 adrenaline receptor agonists. They are, however,
unknown in the literature.

Furthermore, those optically active dihydroxy-
ethylpyridine derivatives represented by the formula (4):

OH
OH

(4)

or a salt thereof is also expected to be an important compound
in the production of intermediates of optically active beta-3
adrenaline receptor agonists. It is, however, unknown in the

literature. -~-

SUMMARY OF INVENTION
In viewof the current state of the art as mentioned above,
it is an object of the invention to produce an optically active
dihydroxyethylpyridine derivative and an optically active
oxirane derivative, which is an important intermediate in
producinganopticallyactivebeta~3adrenaline receptoragonist
(as described, for example, in W09821184 and US5561142)

represented by the following general formula (17):



off 04 (3) inthe formula, X represents a hydrogen, a hakﬁﬂﬁﬁ 2%Ogydroxyl
group, an acyloxy group containing 1 to 10 carbon atons, an a ony group
containing 1 to 10 carbon atons, an am no group or a substituted am no
group. The invention also provides an optically active

di hydr oxyet hyl pyri di ne derivative represented by the fornula (4) 4H OH (4)
or a salt thereof. The invention further provides a production nethod of a
substituted acetyl pyridine derivative represented by the general formula
(7): 26 June 2003 7 OY2 ~.~" x win the formula, Y2 represents a hal ogen
and X represents a hydrogen, a hal ogen, a hydroxyl group, an acyl oxy group
containing 1 to 10 @Hrbon atons, an al koxy group containing 1 to 10 carbon
atons, an anino gropp oH a substituted am no group, which conprises
reacting, w oacetic acid derivative represented by the
general for : 4 Y~~Z (S) in the formula, Y2 is as defined above and
Z represeg& dro ?L an al kali nmetal, a hal ogenated al kaline earth
metal or sily groﬁﬁ- antaining 1 to 10 carbon atons, to prepare an

enol ate, reacting the sanme with a substituted nicotinic acid ester

represent@gi by chier S8l Phef Qi A dblo Bhe o8I X ml¥nkidned compounds

(17) by expedient methods known in the art, fromreadilyavailable

raw materials in a safe and efficient manner and, further, in
an industrially advantageous manner.

Thus, the present invention provides a substituted
acetylpyridine derivative substituted by an amino group in

position 2 which is represented by the general formula (1):

0O

1
Z Y

1 1
RN SN

R (1)

intheformula,RlandR?eachindependentlyrepresentsahydrogen)
an alkyl group containing 1 to 10 carbon atoms, an aralkyl group
containing 1 to 10 carbon atoms, an acyl group containing 1 to
10 carbon atoms or an alkyloxycarbonyl group containing 1 to
10 carbon atoms and Y' represents a halogen, a hydroxyl group,
an acyloxy group containing 1 to 10 carbon atoms, a sulfonyloxy
group containing 1l to 10 carbon atoms, an alkoxy group containing --
1 to 10 carbon atoms, an amino group, an alkylamino group
containingl tol5carbonatonms, anaralkylamino group containing
1 to 15 carbon atoms, a sulfanyl group, an alkylsulfanyl group
containing 1 to 10 carbon atoms or an aralkylsulfanyl group
containing 1 to 10 carbon atoms.

The invention further provides a pivaloyloxy-
acetylpyridine derivative represented by the general formula
{(2):



inthe formula, X is as defined above and R3 represents an aﬁgxl group
containing 1 to 10 carbon atons or an aral kyl group contai ni yng 093
carbon atons, and then subjecting the reaction product to acid treatnent
The invention further provides a production nethod of an optically active
hydr oxyet hyl pyri di ne derivative represented by the general formula (10): s
as 26 June 2003 a OHY' *v X Nin the forrmula, X represents a hydrogen,
a hal ogen, a hydroxyl group, an acyl oxy gréup containing 1 to 10 carbon
atons, an al koxy group containing 1 to 10 carbon atonms, an am no group or a
substituted am no group, Y1 represents a hal ogen atom or a hydroxyl group,
an acyl oxy group contaimng 1 to 10 carbon atons, a sul fonyl oxy group
containing 1 to 10 carb at ons, al koxy group containing 1 to 10 carbon
atons, an am no gr 0 group containing 1 to 15 carbon atons,
an aral kyl am no gfjoupf{jcontainiflg 1 to 15 carbon atons, a sul fanyl group, an
al kyl sul fanyl qr ntai ning0l to 10 carbon atons or an aral kyhsul f anyl
group containiab 1 No 1ézh}rbon atons, and represents an asymmetric carbon
atom which conprises enanti osel ectivel'y reducing a substituted

acetyl pyri di nen ¢y farpyba, Eprepees et Hy hfrogegenad i@l odgsmue s a(loydraxyl  x
N (9 in the f@rotppansd@rbigablpaont@inied BPeOVe.cattton AYent] am 4 Likdber
provi des a.production getho OLUE S Qstitgted gcety%géridine derivative
represented bY"THR GRAEP A EEr hutQ F FArOoB ANy AOFH PR N Pila
( 12) in the $opsbibptedi smdsodefowed above and R6 represents an al kyl
group containing 1 #Re Lon(ahPosn 3 fthe Ah A LI Ui RONTR) v tO 15

carbon atons or an aryl group containing 6 to 16 car
pivaloyloxyhydroxyethylpyridine derivative represented by the

general formula (3):

OH
O/I\,O\“/k
XN (3) °

in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, anacyloxy group containingl to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a
substituted amino group. l

The invention also provides an optically active
dihydroxyethylpyridine derivative represented by the formula
(4) :

OH
OH

(4)

or a salt thereof.
The invention further provides a production method of a
substituted acetylpyridine derivative represented by the

general formula (7):



atons, which conprises reacting a substituted acetyl pyri dij%eJqul'zbggti ve
represented by the above general fornula (7) with a carboxyltc acrd
represented by the general formula (11): HO-R6 o (11) in the fornula, R6 is
as defined above, in the presence of a base and a quaternary ammoni um sal t
The invention further provides a production nethod of an optically active
acyl oxyhydroxyet hyl pyri di ne derivative,represented by the general formula
(13): dH~~Ra w~ ~v 4 x N (13) in the formula, X represents a hydrogen, a
hal ogen, a hydroxyl group, an acyloxy group containing 1 to 10 carbon
atons, an al koxy grQup containing 1 to 10 carbon atoms, an ami no group or a
substituted am no oup, .R6 represents an al kyl group containing 1 to 15
carbon atons, K I‘l’zgroup containing 1 to 15 carbon atons or an aryl
group contai pingjlé to 16 carbon atons and represents an asymetric carbon
atom 26 e 4003 to which conprises enantioselectively reducing a
. ubstitut et achf yl()f/Z')di ne derivative represented by the above teneral
formula (12). The invention further provides a production nethod of an
typtiC?IPyxaﬂ%ﬁW?TghhMﬂr83??£@y£@§éhﬂ§n@(ﬁ%ibgéhi?ﬁdf§p26§F@§§§F$Yathed f
gener a Qr a : ~* 1. X . n e formul a Is as de
fined abg\yﬁ)ﬁm r%ﬁ}aﬁsoeqﬁns’ gh *a/s%ﬁﬂ%ié{wn%f b ADHAOKIFIPBonpri ses
subj ect i mprdiagpiniacdl by d8tdamborr \d tmmehy dinorydblyl gyoudi centdeinireg ilve
r epr esent ral: {0 ) Ql | S ] wer
al cohol thICi\l/gﬁ:tatr:iﬁ)r{ ﬁgxg‘f’ g?&ﬁ@g‘lé‘% %f%ﬁﬁt?g% %ﬁ%&a%untfgu%gﬁiaé&@dkg The
i nvention stil Whight ReRPpi§6F derr et Mrodwditinon Basthod habpabptieA9i acti ve
hydr oxy etdet ipyatidien & effd seaitiate byeiiRs gprardyy Adengenersl: fornula (15): OH
Y2

Y’\/lL o’
(5)

in the formula, Y?is as defined above and Z represents a hydrogen,

an alkali metal, a halogenated alkaline earth metal or a silyl
group containing 1 to 10 carbon atoms,

to prepare an enolate,

reacting the same with a substituted nicotinic acid ester
represented by the general formula (6):

0
“ I OR®
X7 SN (6)

in the formula, X is as defined above andl?’represents an alkyl
group containing 1 to 10 carbon atoms or an aralkyl group
containing 1 to 10 carbon atoms,
and thensubjecting the reactionproduct toacid treatment.
The invention further provides a production method of an
optically active hydroxyethylpyridine derivative represented
by the general formula (10):

PRIV P



*. X N( Z5 ) nthe formula, YZ and X are as defined above gggur’;eﬁgﬁesents
n asymmetric carbon atom which conprises reacting, with a base, a
hal oacetic acid :erivative represented by the above general formula (5) to
~repare an enolate, reacting the sane with a substituted nicotinic acid
ester epresented by the above general fornula (6), subjecting the reaction
product to acid treatnent to 26 Juné® 2003 m prepare a substituted
acetyl pyridine derivative represented by the above general formula (7),
foll owed by enantiosel ective reduction. The invention still further
provi des a producti oR thod of an optically active oxirane derivative
represented by the ggneral fornmula (16): O ~ I *~x N ( 16) in the formula,
X is as de fine/ b X' * represents an asymetric carbon atom which
conpri ses reac a base, a hal oacetic acid derivative represented
by the above | formula (5) to prepare an,.enolate, reacting the sane
wth a substXt utNd ni (010[? c acid ester represented by the above general
formula (6), subjecting tHe reaction product to acid treatnment to prepare a
substituted acetyl pyridine derivative represented by the above general
formul a (7An thebfechiuhy, thirepresenést adeeleedéve a bdlioggeon 4 diypheparle an
optically ive I t idi hvat i LesEs£d t bove
gener al fo(‘jralcncmﬁe/{ ?Qé)@ﬁégslégym%‘gy%?g%?g%?? & ?(% Ily\n%tir%gmbase.&mg%ilrg\}g( tion
still fur tHeUpresn e g riodige titb s arbiio @ tons, ofarng Rugid GOV &t idve
?;2¥d&ﬁxy%§db@ﬁm@dﬂﬁdnamhﬁd\gﬂdu@@ géfﬁ$§$abéat§¥a}halagemeag@mebalafornula
ich c rises reacting a substituted ace ridine derivative ..
Fept esent A AP R B BB 0 eter LY B RUP S e DO bGsPoE ame . ()
r epr esent ed sl fiolmy lalzgvergeperait Horimg 4 (41)0 icartbosr ptemencan @fl kabase
andaquat er rggﬁ{p_' ITB: t r U .t ut Lyl idi hederivative
rep resent%?id t he ‘%Jlbqgl\q/'leé glegkg?é@%%ﬁﬁla (1dzr§su'an s%ﬁrtﬁylggﬁﬂr?%p?hgg to
enant i osel%]e‘ﬂi’i!“%ftfdﬁé?ﬁl@ﬁof‘@aﬁﬁéﬁarlet%ﬂl5&;3’{11‘529&1 alomgt pperalkylamino

acyl oxyhydfexnyetddtltairdthg Un& 2033 carbon atoms, a sulfanyl group, an
alkylsulfanyl group containing 1 to 10 carbon atoms or an

aralkylsulfanyl group containing 1 to 10 carbon atoms and *
represents an asymmetric carbon atom,
which comprises enantioselectively reducing a

substituted acetylpyridine derivative represented by the
general formula (9):

0
1
= Y )

|
XN (9)

in the formula, X and Y' are as defined above.
The invention further provides a production method of a
substituted acetylpyridine derivative represented by the

general formula (12):



12 ~yridine derivative represented by the above general for?glg 12é 3
foll owed by subjecting it to solvolysis. The invention stil H ' 9

provi des a production nethod f an optically active di hydroxyethyl pyri di ne
derivative epresented by the above general fornmula (14) which conprises
subj ecting a substituted acetyl pyridine .erivative represented by the above
general fornula (12) to oivolysis while enantioselectively reducing in the
presence f a base -to thereby directly obtain the optically active

i hydr oxyet hyl pyri dine derivative represented by the above eneral.formul a
(14). In the follow n the invention is described in detail. DETAI LED

DI SCLOSURE OF THE | NVENTI ON By enpl oying the processes of the invention, it
is possible o praq tigal |l wfactive oxirane derivatives represented by
he general for S | as optically active ihydroxyethyl pyridine
derivatives repjgsefted by t general ornmula ( 14 ) . Basically, the
processes carXbe N Tl qﬁ? by 't he eaction schenes shown bel ow. The process
for producing the pticta active oxirane derivatives conprises three
steps, anely (a) the step of converting a substituted nicotinic acid ster
represent edlhytﬁ@%osm%alx 1%r§ylci3ef;(ﬁ)ea gbavéuma 'ﬁﬁ%@ﬂr&séxyé@ér ! 911291 _

derivative represented eneral formula Pé he step of reducing
the latter QBOHpéﬁpﬁééﬁdﬁﬂﬂﬁﬁ’g?F@éﬁgﬁ%ﬁﬁW%@aﬂ?& A%%%gﬁﬂ$®F?HF%é“1“g
derivative rlelpcb agsentedoy dtemgeieanl afer Mioud &dbhtanding) 6 tte 15t €prbdn
further treg ? he same with a base to derivatize the sane into a
correspondlng ptically active oxirane derivative. On the other hand, the
process for produehibghtbemppiseslteactive ali $ys bkietdy| ayeivlpwridine

deri vati veseegmaﬁmoyéﬁ%@@ént@ar%y i) ab%%esa%aeq 10@8\61%&5“97 with
substituted nicotinic acid, ster represented general formula (6) to a

substltutedac§?§PB§VﬂaFn%CH%rF%@f?%%“F%%r%%eﬁ%%dq%QeFﬁé fererk? fbthila 7)

, as nentioned above, (d) the step of converting th-a latter 26 June 2003
13 to a substHOyt e %cetylpyrldlne derivative having an acyl oxy substituent
as represented b the general formula (12) , (b) the step of reducing the
same to a corresgp optlcally active hydroxyet hyl pyridi ne derivative
represented by the formula (13), as nentioned above, and (e) the
step of further derlvat|2|n the sane into a _corresponding optically active
di hydr oxyet Bl pYFi dPRBUYRY | 'gatllsve“b &fdingsl yWiovest the acyl oxy group. In
the followi ng, thesetss ppaséaretar (ael)a% endes cfudistridyr Waekabhianesdyt one. /

%_lcﬁs ~b~%;' /O ¥he 1n§jré§1t1*o/n0§|urtﬁ~( [?Lrox;l}dgg ﬁtt)')(*oq%c?:(lgh n}?:]tq]@c%( \E4 élG‘

1. Step (a) Opthpgléb’epC(ia)’e conplosehydeoxyeplyy lpwrhdndaderivahioacetitc
aci d deri Va&bF%e%%ﬂE@éeBE/thQy theraboysrpengr i 3f ornula (5) to prepare an
enol ate, reacting the sane mnt% a substituted nicotinic acid ester
represented by the abo general formula (6) and subjecting the reaction
product to acid treat to thereby prepare a substituted acetyl pyridine
derivative repres e gRdve general formula (7). In the genera
formula (5) or ( A& repreffents a halogen. f Specifically, there may be
ment i onedf |l uorin orine, brgmne, iodine, etc. Chlorine or bromne is--
preferred and | ON neng' e preferred. In the general fornula (5), Z
represents hydrogen, i nmetal, a halogenated al kaline earth netal or
a silyl group containing 1 to 10 carbon at ons. Specifically, Z includes,

but is not hEnnthekdeully,dkogesredditd Uﬁhy&@dl;ém PUATHAH)) aNREDESK ¢

hl ori nesi um br | ci hl.ori
chl ori de, mag e%, %n gcy? ogfgrggp%ourpa%nl%g 1 go 10 carbon atoms, an alkoxy

group containing 1 to 10 carbon atoms, an amino group or a

substituted amino group, R® represents an alkyl group containing
1 to 15 carbon atoms, an aralkyl group containing 1 to 15 carbon
atoms or an aryl group containing 6 to 16 carbon atoms and *

represents an asymmetric carbon atom,



26 June 2003 19 trinethylsilyl, tert-butyldinmethylsilyl, 26 june 2003
phenyl di net hyl silyl and the like. Preferred is sodiumor nmagnesi um
chloride. Preferred as the hal oacetic acid derivative represented by the
general formula (5) are sodi um chl oroacetate, sodi um bronvpacet at e,
magnesi um chl oroacetate chl ori de and magnesi um br onpacet ate brom de.
Magnesi um chl or oacetate chl ori de pa@pared in situ in advance by m xi ng

sodi um chl oroacetate wi th magnesi um chl ori de and all owi ng sodi um chl ori de
to precipitate out may al so be used. The use anount of hal oacetic acid
derivative répresRW IRpS RSl Tl & (FHUSPE o

| Onol ar@lqsl'tyahem aceliyebgrablivieldd vi v thblareptebeakedtisy theladidwe to the
substltuted Eo}&& ¢ ad P ester represented by the general fornula (6).
The bade" T be ULET G n pr'epari ng an enol ate froma hal oacetic acid
derivative rBpe dswenédobylwhehepepaatidasy mprodeitian petthpgref @n arly
restri %eﬂcéyi*aekydealﬁ%@ggyaehmgg&qhaﬁbm iEh vasrd b ddidi i de,
sodlun1an1 e hi um di i sopr op magnesi um di i sopropyl ani de

chl ori ¢, %g%%%‘?{ﬁ‘ﬂr df 9 =¥hYbpli Yni de broni de and magnesi um

di cycl ohexyl am de chloride; al kylmetals such as nethyllithium
n-butyllithium~ hyl magnesi um brom de, i-propyl nagnesi um chl ori de and
tert-butyl magnesi ym chl oride; netal al koxides such as sodi um et hoxi de,

a ﬂotaSS|un1tert but oxi de; and netal hydri des such as
l'i thi um hydfT deffl $odi um hydride, potassium hydride and cal ci um hydri de. .
Preferred hem are magnesi um am des represented by the general fornmyla
{8): 4 X'R- I «Ig.ln general fornula (8), R4 and RS each independenyl’y
represents an al kyl™ group containing 1 to 10 carbon atons or a silyl group

contalnl Q rbon at.Qns ifferent.
Spect 1 1R afpyr Tl HELT 8 s eR R R W Sy BBk s B e ity £,
met hyl , aebhylat@mpropyl tert-butyl, n-octyl, trlnethyIS|IyI

triethylsil Y&hlmew$ﬂ1@§Y§@i§étﬁ® atrh%ﬂﬂllteall@r E‘afcftrﬁ@ y, Rand RS each

represents an i sopropyl group. Qrepresents a halo Chl orine, brom ne or
i odi ne TELRF¥REFFRYEYS Eﬁq¥ﬂﬁ|QFF&X%Fkﬁ%ﬁ?ﬁﬁ?ﬁfe“teﬂu?ﬁnﬁﬁﬁes|un1an1de
repLeZeEbed bynéhelgwﬂﬁﬁlaforwleo(scle)omh d.sgeﬂma{ YL ddee iprafpated. by i

nmet ho t he et ho Cri | seKo ai
Publlca?Fon i+ Egﬁd%ﬁ é??%ﬁnéﬁ1 r1%&ﬁﬁﬁﬁ%r and rea |I925va

secondary anThe Jawdmatl@nl ghald fﬂleetg@ﬂeredQS@ Hﬁgdm:te@nm%se islto

10 nol ap gAUbMRLERi By REel @& Wdr@xﬁ@tt@ylﬂ@idﬁfﬂlﬁ@ﬁmt&vé’ elative to the
substituted nicotinic acid ester represen by the general fornula (6). In

the abotRFGERBFEF P¥rHRf S8y Foymuda, %sents a hydrogen, a hal ogen, a
hydr oxyl group, an acyloxy group containing 1 to 10 carbon atons, an al koxy
group contai ni ng o 10 carbon atonms, an am no group or a substituted

am no group. Uficafdy, it includes, but is not limted to, hydrogen;}_
fluorine, c rom ne, iodine, hydroxyl, acetyloxy, benzoyloxy, =~ 7:
nmet hoxy, bu OXy benzyloxy am no, acetyl am no; benzoyl am no,

pht hal oy lxam Tigs K?LS | am no, di benzyl am no, ¢
benzyl oxycar bonyl a -tert-butyl oxycar bonyl am no, ethoxycarbonyl amno and
the like.. Preferred anDng t hem are hydrogen, hal ogens such as chl ori ne,
brom ne d i d|n oxyl, .am no substituted anlng ch
asacetypagl?nojP ‘§6y|§ (Y pﬁfﬁa?%y ?ﬁQéﬁ;abovg'anﬁ ﬂe ﬁ%gﬁﬁﬁy
d|benzyhaﬁﬁmmmebemzyt@xy@ar@bmyjanlno tert- butyloxycarbonylanlno and

et hoxycar bony ah Qe PLEREE L&Y, %eahx%ee@n,a GhY 958 e and

substituted am no groups such as acetyl am no. ﬁértlcu arly referred are
hydr ogeRF1¥AF&FEnECBRRS @tked | Ry He ??PY?MQ%R#E#%U FHhA S3(06)0, R3
represeptpagd ahkghogaeep containing 1 to 10 carbon atons or an aral kyl
group containing,1 tqQ,10 carbgn,ato icall e but is
not linited t62 gﬁé?‘ﬁ&lh,e RS L e? tSEg)lf %Sﬁerh]y(foglb e af:l il

epresented by the above general formula (6},

subjecting the reaction product to acid treatment to



26 June 2003 is p-nethoxybenzyl and the |ike. Preferred args lawe2008 kyl

groups such as nethyl and ethyl. In the step (a), the order of m xing of
t he hal oacetic acid derivative, base and substituted nicotinic acid ester
is optional . For exanple, the enolate preparation and the reaction of the

enolate with the substituted nicotinic acid ester can be carried out at
once by addi ng dropwi se a base to a mxed sol ution containing the
substituted nicotinic acid ester and hal oacetic acid derivative. An aprotic
organic solvent is preferably used as the reaction solvent in the step (a)
. The aerﬁeiR?f@r@éh‘gétéGP\‘i@ﬁta(i%th'ﬁa‘aﬂ‘}%dﬁﬁliV?tlié’§t FeRERILMAC PiXc| udes,
anong ot gfes abtd Qealchan $8knaMNhs (3YChras18RBEERY, chah¥eB8elBchgyane and
cycl ohexane ther solvents such as diethyl ether, tetrahydrofuran (THE),

1, 9-di ox | tert-butyl ether, dinethoxyet hane and et hyl ene

gI ycol di met hyI a‘lhleem\herhbga&nat&dlsﬁmmns mwelides agitydertel ahhethdd,

chl or of or d i el ¥ f ch as

di et hyl r%g‘m étlc%lp g{#qf%yérrgh%(fone aﬁ% exanr%y %?Seﬁﬁﬂ&f ch riam de.
These rraﬁ%@@s‘ecfoémw@flay (éﬁ fwo or nore of them may be used in conbination.
Preferred are hydrocarbon solvents such as benzene, toluene, n-hexane and
cycl ohexane; and et hergsol vents such as diethyl ether, tetrahydrofuran,

1, 4- di oxane, I t-butyl ether, dinethoxyethane and di et hyl ene gl ycol
di net hyl ethef. Tfje# eaction terrperature is preferably -80C to 100C, nore
preferably - th» 60C. The acid to be used in the acid treatnent in this
step (a) beNany f]f@?neral i norgani c or organic acids, for exanple
hydr ochl ori ¢ aci d, uric acid, nitric acid, acetic acid and citric acid.
This acid treatnent can be effect edbyrri xing a sufficient anpuntof the ac id
toneutrallze tge baiewkth th %g éon m xture at OC to _around room

t enper at UrbtRRHOERITP 1 K] Sae 3¢ 2] Olﬁe%’é%‘?ré‘fsﬂf‘ﬁ‘ﬁmef:filgeveral
hour s. cad®n) w003 m For isolating the product fromthe reaction

mixture in thi %«tﬁ%%&ﬁér?éé& reSRTRLEL | @DeRfa bIGeS el iR cdiG2ChEeES, the

reaction mxture is subjected to aftéf-treatnent in the conventi onal

manner . FRTisatiice represenkedgbyy EhenghpveadeBrtpdctPspuprodadiuFe s
perf or mehregidie: ah, @ndiladky extractl on soI vent such as et hyl acet ate
di et hyl ether, n'eth Inen chl or| & QI CFX;_’;LI tlﬁegmv

reaction sol vedtt&hd "I rHaRErS sch ven romrt e &

SPract “thus oBFalned by a
pr ocedur ererss e deke ity hgeummre reeecheoreadl pfr@gsurae (G\Ahelse'@pélﬁ:ttlhé 8BS red

product Ixse&ml%m%odﬂ&h%gac&hetkbaﬁmehtataearésgk@eﬁ QﬁBQHQEutéda| nbst
pure, the purlty t hereof may further be raised conventi onal rreims of

puri fi catdSityY ieH Hoepderivebiventpyrergetat PXaFPSnabPF’SCfJ?BﬁEf‘

di stil | atficomuadra c(GI)unnubjE@matg)gr,maahyo calarﬂtnme(be)cﬂhee steelutiionc bapri ses
enant i os ivel ti

repr esent'e C% eaynab ve ariqé’r alc % Li%%%?g?w’lgég Rgnggrr y%g:ll y active
hydr oxyetlmmmﬂaldl&@ hjfertlh&ataboe'er epneseht édrpylahd 1éb0véogéﬁﬁﬁél b¥ornul a

(10). The. sthistdptia WA die af gddeed in the enantiosel ective reduction
according to the present invention is a substituted acetyl pyri di

derivative repridehpsanpion gt iddnbiarhepmnravd deg) a @ sadycipn H@tgeﬂer al
formul a (& ,aX siircesiant &C&Lk)}édHQE?Hro&yBQhQQ@QrLalh)édﬂ@)&yk/agliﬁup, an

acyl oxy a ng,1 t 10 carbon,a koxy group containing 1
to 10 ca%b Lpeaﬁ%ﬁis dg)ry grtr‘i “n8 P’Suﬁeb‘?rﬁl EB&‘P%Bté dmi no group.

Speci fical ly, idhici2@olypres2608eantioges, shustisuhet hca'tydadytbdihydr ogen,
fluorine, %& ‘Pa{ﬂl e L% q‘@s@ﬁtehog n@he W\Pé(y enea%a yﬂo%}{ﬂ qrﬂO% PRY:

met hoxy, oxy y, am n ce enzoy

pht hal oy|@@aﬁboxmlm@tatwlchnﬁnaes@hb@@m hhﬁrﬂbovfseg@yew}c%@m&é dilho,

tert-but yirowg%rr@%@y&;ara mbgglg aBHNOXYSEE BRAYY ﬁﬁlnBﬁLuElréi‘eflecr esgraga@g them
are hydrogen, gens such as_chlorine, brom ne. and i odine }/)droxyl

am no or %EBQFH‘E? ﬂdaﬁpﬁglﬁyf‘)%ggﬁeﬁrlvatlve representedby the above

asacet yl afawo; eyl e 2phihal oy paa thimg dibniet vyl amame,i odiedentykam no,
benzyl 0XYC bonyl am no. tert but y| oxygar bonyl am. n et I L, am no and
the Iike. ?\%‘fcet%r S P EP A eaﬁ‘y%lé%)b%%f %rﬁccr}rl neacg 8'?1 %%Q %%p?{’t ut ed

am no groups such as acetylam no. In particul ar, hydrogen, chlorine and
acetylam no are preferred.



In the general fornula (9), Y1 represents a hal ogen, a hydpgXyhe 85@3P, an
acyl oxy group containing 1 to 10 carbon atons, a sulfonyl oxy group
containing 1 to 10 carbon atons, an al koxy group containing 1 to 10 carbon
atons, an am no group, an al kylam no group containing 1 to 15 carbon atons,
an aral kyl am no group containing 1 to 15 carbon atons, a sulfanyl group, ah
al kyl sul fanyl group containing 1 te,10 carbon atons or an aral kyl sul fanyl
group containing 1 to 10 carbon atons. Specifically, it includes, but is
not limted to, hydrogen, fluorine, chlorine, brom ne, iodine, hydroxyl,
acet yl oxyidbeszpy oot i e irkpireseatetlybgxyhe nebbaaeserhd omy | foaymula

b t | t - butyl , b I ,
i nov B et Ryt et SR R e SRRy | DUyl 0 Beneyl oy

p-nitr ophenyTteEt ny\mntm@n Eﬂ?ﬂeﬂoi}‘ét ?Iraﬁr?%‘él%-‘éi athéoiiilﬁélopr“é’-ftémdedarmng
themarg hgal @g@f@aﬂfm@@u@lﬂumoﬁéﬂnﬁ &m il i s i oidraxyl 5 acyl oxy
groups such as acet oxy and benzoyl oxy sulfonyloxy groupssuch as

met hane%\f?%%ﬁ‘%ﬂ(yby SRsif ‘iﬁ(’y HeBul f onyl oxy. More
preferred arehiheat Q@&p&r;sasfmmm@ﬂngg QU.puBﬁdlaﬂtéd)d@Mlgfﬁlimm@t aining 1
to 10 c t ONns AnDn 0] chl orineg i ferr 26 June
2003 193#202%9%%%?“{ ac&%%ﬁ‘ﬁgl ?i)dve ST 1Vat i va%&[ Slene 1%!Iq f0r mul a (7]
i n whi chl ¥alysigerterls emnrmbae(te):tnyeéyhaewemnqtDmid;m Heased as

obtai ned jnpihe @(pot‘_’t?ex.sétﬁp dlq)ectﬁﬁp%%t%qbstﬂﬁétcﬁpkl%th R ididne

derivatives in which Y1 i'n general” formula (9) is a hal ogen atom can be

der i vedlhyéﬁ%ﬁ%%%ﬂmléyé}ﬁ &Py athe YRR Y3y (Fh° fNE a et hod
known ienéhel afdérmkDd exgnpl e, when a substituted acetyl pyrl d| ne derivative
represented he eral formula (7 S reagted wt y anion,

acyl oxy ani og'){ B alfgﬁgﬂﬁ‘ghy"fh%rﬁ%v(edttlﬁn '3 UBEFWP ? ace )ipyrl di ne
derivative in V\/m ch Y1 is an al koxy, acyl oxy or al kyl sul fanyl group,

respectively, is ephairned. D'E%LB%RE%W‘Phﬁstﬁvﬁqui‘oﬁUbSt'tUt ed
acetyi pyridine derivative thus substituted by an acyl oxy group, for

i nst ance, g.%gmtbh@yewﬁé@ﬁ%%@%?hﬁﬂﬁ@%% by AP ERATS S vat i ve in
whi ch Y4 produdeydpbxyal Dy Q@lelerb)pﬂfim@lde&flvatﬂlm subsésémted by

acetyl pXI’I déne d vat i Ves(l'c]é; whi (‘:N \51 S an I TSA r nanely the
substituted a%’é?yl‘% FRd del W idratiSles 3% esen K 8 e general formil a
(12): OilopfraxyeilRy bpyr bbidedevedat ivassudstésenieed dyetlye ganiediade

derivat h¥Ra1 8f (14 gaagiéhli?rmﬂeﬂp%cles%sacm\@ oﬁ%tmaedtpy heedescri bed
| at er hereln ) eneral  fornul a ) , X is as eflneglleabove. ftoé

repr esef®s éﬂ“eﬁ‘k‘%m‘éﬁ o‘ﬁ'ﬁ"ﬁ’oﬁ@épm ng ﬁet%r‘i%e%%r%%ﬁ RRC10h Bfal kyl group
cont ai npngcallp 4ot Das b@furadroerr&ie)nmlaxed AP cont@indeng tepise | 6 car bon
o oropyTRERU AR st e bTgee DS o SUPSL bR EtiL PR Mg e
p-nitr obbﬁtylreplrﬂwyﬂed Pyt bhglgerrpamlt Hiplrmarda t(l@é’ toke. sumtmnuteéit hyI

n- pr opyeetgmgep Aine rHélLitv\levteeQ'te l?%%léht@ﬂdeh@l@é”gé{@rﬂ gloRidngdandnet hyl
26 June_20 t ent - butyi and ph eny are nore preferred. Still, nore

preferrélri &Pt eble pRksh OfHeediEmd 4w e‘t?ctit\f’er rté?jlfctci‘}frqurﬁ’é’t“éid“@b) is an

asyrm‘EtptQCBEﬂyc‘ddt@ﬂ’\reﬁ&lyﬁlrﬁdy@uhybyiyalbhﬁéO(gdzﬁﬁ‘JIabtv@h&d‘pnﬁiierit@(dhni que. As
t he bi ol qqi cal as tr| ctl hnlqe there tloned
asynmet ?’&g‘ rgﬁu%f ﬁ]gé' cgtoorg n snélqglﬁrzgﬂ?écﬁ%cn ng c—ff'nzyme

deri vedhherasfea ﬂm:h/ésbhee ctlmedecav@smwmel samedudid arcqrEaHandeNdt here nmay
be nment j,pned, hydsogen té,@{lﬁ{&( dops Jieduetion us ing a catal yst prepared

froma ruthenium conp p.tically active anm ne and a base; asymetric

hydr ogenat i oﬂ“&@ierfgtbﬁf hé?ﬁrréthfei RrRER BT FOr RIIHRISEE bheamddicerh! Yr ut heni um

iridi Unb@ivé&liﬂt@dilr@my@l&ﬂ apgbuaahe@mgrwmtn&elsl Gomysh: 1 sl thar anepseduct i O|n|
usi ng, y gan an. am no erived. from an optically
active ﬁfnﬁﬁ% g%’l %%% Oafnﬁﬂﬁ"%fﬁé?g a Sﬂﬁﬁﬁdtﬁﬁé% nfﬂ%gjr%la‘bcatl 1§ using a
m croor gaarsma[armlsetﬂtaadlwr ohengémeask eﬁbrmyxiﬁi r(édubbla)rslmsé:lptm@feer red. Wien
am Croegggrﬂggma?ng% { e {he ¢ %%%bﬁ%%he 8 M@ r Ld Oho fig aSUPSt T at e
substitute etyl pyridi'ne deriva |ve Isre -se ectlvely and t hus
t he cor?ésp@ﬁdﬁﬁ@l@RFdh?H@%&yeWHyFb§r$@@méﬂaéppvaﬁﬁﬁégcém@Hé“ﬁﬁﬁalned
preferentially. In this case, the reduction reaction can be carried out
usi ng a m croorgani smderived carbonyl reducing enzyne or a culture of a .
m croorgani sm having an ability of producing said carbonyl reducing enzyne
or a treatnment product thereof. Usable as the carbonyl reducing

enzyme- producing m croorganismin the R-selective reduction are

m croor gani snms bel onging to the genera Ashb a, Candida, Cryptococcus, Debar
onyces, Cuilliernondella, Hansenula, Metschni kow a, Pichia, Rhodotorula,
Rhodosporldlun1 Saccharonycop5|s

o ~ o ~ I T — Y O 2



2i Candida holmi, Candida internedia, Candida magnoli ae, %@ 03
mal t osa, Candi da nelinii, Candi da parapsil osi s, Candi daru osa, Can 8
sonorensi s, Candidatroplcalls Candida utilis, Candida versatilis,

Crypt ococcus al bi dus var. al bidus, Debaryonyces hansenii var. fabryi,
Debar yonyces hanseni i, Debaryonyces mar ama, Debar yonyces

nepal ensi s, Gui | | i er nondel | asel enospor &3 Hansenul a gl ucozyma, Hansenul a
sat urnus, Metschni kowia . reukaufi, Pichia bovis, Pichia farinosa,

Rhodot or u I d t I r rul a
m nut a, Rhgd%t%% aft%‘yu < a%%@g)?;;ﬁrcflcp glolovgag’t/ia{'taeu% %gld%g %??g %
sphaerocaﬁBbﬁFlRH@ﬂegbeﬁﬂreﬁﬁﬂeﬁdH%YGé@fggﬂ%éﬁhﬂbﬂv@dﬁsﬁbzhal%Hgéhe
Schwanni ogy¥egSo £ asdfldirg tﬁeoeb&lboxbely%oﬂmudmgsaemegh@wgeéwe

par ar oseu or obol ces.sal nonicolor, Torul as del pruecki i d
Var rovi a hYEPYYPERYIRUELGLREr ARE L BAFLPEUFAPFSSRREFAr PEALRS ESPAF AN
nagnoliaebeﬁGIﬁS(ljhese;mknnnmngﬁhabmwearangeneraﬂkysahmabmabhetheon1

avai l abl e : b S ure ont he
nacural waeraPdERATRACEE PR aRS EHEBUR Sor FUSKaRY g Bt Bl g A e T e
ment i oneddabweom?tbelwrddsnﬁmﬂrsu@rtlrfm bMt%)lvolAdalerﬂﬁtuheeawloxy

m cr oor gaatauederxrv%ebromeamﬁt;l Cuﬁr@éélcgtépma@swe{]é) byl @8seriveae

mani pul ati.on ngé 3 so be used as the mcroorganisms having an ability of
produci ngPh8e5Bdve RENPYoRBE - enzyme. Genetical |y engineered nicroor gani sns
having the abiligy of producing the enzyme carube obtained, fog exanple, by

a net hod conprls ng,t(# ste atl r(pp if uch enzynme
and deternln{ 3 zﬂ@ rw*;ggiﬁﬂ%?ﬁxof ;ﬁﬁjﬁg%ﬁl sequgnck thereof, the
step of obi £8) codi ng ;i 1? zyme baded ¢m) hat am no

aci d sequence, e step of i trodu0|ng this |nto anot her m cr oor gani sm
to obtain a reconblnant m cr )ganlsn1and t he step of culturing this
reconbi nant mi croorgani sm tfo obtaln he enzy ueftlon (J %anese Pat ent

Appl i cation Hei - 11- 3W :
transformant cells trahsforned cont |n|ng codlng for a
car bonyl 26 June 2063 2(Hehum ng enz’S/rré‘ ded¥kd froma M croddgani sm
bel ongi ng to the genus Candi da and a DNA coding for an enzynme having the
ability of regenerating a coenzyne on which the former enzyne is dependent
Preferably, .there may be nentioned such transformant cells in which the
enzynme havin S li ty of regenerating said coenzyne is glucose
dehydr ogenase, S$hdihb sttrepnéd ocompt i seklreaat kg, ohi tdaa thagey cosal dedgdirogenase
is of the i =al.er] LOLY b tr far C h the
plasnldnen??ghggggggge@% Eé#ﬁ%ﬁ%&@é% §ﬁq%n%r§%§§% ﬁg%?gé %Lﬁ%%QWESF
Escheri chit® e&ePagel pa. enplatgr efepgbipg Fhéréaﬁﬁywbéhn@n@ﬂ%ﬁ%ﬁtﬁﬁe%0||
H8101 ( PNAERGk iniecsesa8i @é\t@wﬁé@fre%@we&%%%hém t;eele\edatlhf&hﬁu% nistry
" Intgrnatlanal Jrade an Indust€¥? ggney qb tlogag t|t tgoof
B|050|enc Angd"AuidhI $EERRSI DRy (223 I Hem8 S ¥ Gk EB | bar aki
PrefectureheiapqnprepdepoalEebsﬂatate&epteﬂ¥épy28dxﬂ@9@¢r1¢my1m@tr|ent
sour ces a%%?@%s%ﬂk%db% sga? ggggglggﬁeggm gggﬁhghly7pe used in cultivating
such organi Y ources su as' car bohydrates, e-g.
gl ucose, sucroséndﬁdiﬁﬁheeeefOG@@é@IG5b@md§7)ngrepaeﬁﬁﬂtééiHalﬁﬁeﬁrc aci d,

citric aCB@e%H@l%%QEQOWHéEEm b@h@%ﬁQHﬁed%Ehoﬁﬂd@”ﬁﬂlé%Eh@|ME@ﬁQhe,
hydr ocar bgns,, e.g. paraffins, Tats and | s such as soybean ‘i |._and

rapeseed 6PIdl“§ndeFr?xt (o ing ﬁéskéro%h'éle i P66§ﬁr§89r‘¥5§ chdering 1s

amoni unswofral pred@@reRdunphosphat e, urea, yeast extract, neat extract,

pept one and cor ep |i a xe Furthe r i norgani c
sal ts, V|tan1nsqan§gﬁlﬁ8 r?rlen¥gu§%ngpéogbe F%%%?&ggaﬁe%fg g%pﬁ?%prlate
amount s aglkeddgsetral, Tha hﬂ%f@d@gmllsm‘sl@@ﬁabeh@lﬂﬁalv@t e untlegrovdi nary

condi ti ong.chnt 9@N8IgA] L Jaqrbo%%&ke aeq ol caldy 18t 2 ikld19faed, Ophe 9.5 in
a tenperature range of for 10 to 96 hours. I'n cases where the

subst r at e 1o 9 ﬁé@&é€@~ﬁ@rrédéﬁ@ﬂe%vtﬁl§GéHma FPEEBBr gRAF&FF T¥Re cul ture
fluid of wWhgnalque WhlbeaAHGINnSFhecdlndBRONaLLY balsub@l thedrigef he
reaction as it is. A concentrate of the culture fluid my al so be used. I|f
a conponent in the culture fluid produces an adverse effect on the
reaction, cells obtained by treating the culture fluid 26 June 2003 23 by
centrifugation, for instance, or a product obtained~by treating the cells
is preferably used. The above-nentioned product of treatnment of m crobial
~celis is not particularly restricted but nention nmay be made of, for
exanpl e, dried cells obtained by dehydration using acetone or di phosphorus
pentoxi de or by drying utilizing a desiccator or fan, products of treatnent
with a surfactant, products of treatment mnth a bacterlolytlc enzyne,

o " o, . I oy e



The reaction is generally carried out with shaking or aer até@mﬁm%
stirring. The reaction tine nay be selected __ according to the substrate
concentration, mcroorgani smconcentration and other reaction conditions.
Generally, the conditions are .preferably selected so that the reaction may
be conplete in 2 to 168 hours. For pronoting the reduction reaction, such
an energysource as glucose or ethanol 1ks preferably added to the reaction
m xture in an anount of 1 to 30a, whereby better results can be obtained.
Further, by adding a coenzynme, such as reduced form nicotinam de adenine

di nucl eot $BEp ot Ly bdieadr brbvaniset hasdd vademheny 1dime thyde idods 24

di nucl eotade @h@syr;:ma%_e (mﬂi)red \Mﬁi d@sbd!i&ng%&elﬁr@bh}ésliaﬁg}:hﬁéri@é. r educt ihon
reactions using_t i ol oqgi thod,, it is s0.possible to pronote the
reaction. Speci‘??%gﬂ’gﬁé?%cﬁﬁﬁa%ﬁo%a%éa‘ﬂ’e‘a&icrlé&j?V?%&t‘ﬁ%rree%&sl% er‘ﬁtxture
or a reachyobhsygérarahviogmaha ath) idne cfodiausi algl deravettiade, ofsodAD or
NADPH nmay t i 1 r g St nzynme in
t he oxi deb?glpﬁ]gggg?E%S(anpql?e?e&tq#egﬁelamg? %gr?%gg:%t gh}fﬂggl%{}h&gﬁ%%qg g‘r mat e
dehydr ogehagRopcatizes hppnide NAMagmestine sbdediogsesptet shioriflag car bon

d: oxi de gﬁﬁeggm@a ifd gﬂ_ggfmhavﬁfz&é,bpﬁ%%gﬂ?-gm&f&hﬂ @H%]é:iz‘éé@@t&@e mit(hr

gl ucose e rogena re ces or, 0 r respecti vely, on
(Reseetty VA SRt AP et A e v e s Reft oo S A
is also ephkchayealsodde asedrfactant, such as Triton (product of Nakal ai
Tesque), Span (PrOGuGCt a%u%ﬁlfﬂt@hﬁs&&%é aFijdT}ﬁ%?ﬂvéu?{@é’%tpr%fse'}{%'éﬁ' al

Tesque) , to the reaction mxture. rther, for avoiding the inhibition of
t he reactPythsygeneralckhornimiehisd 40 nghsregud valgnse  Prefsreddat of the

reduct i oni neASth®Ihr aqWakal=hbs oldilf: ieFgani ths ahM¥e Bl tustsd hids tatni

acet at e, but%{l aget ate, i solgr O(Ey| et.her or to}[ uene, rraysbﬁe added to the
reacti on AFkYuFECeEoFePREFRALFAPY NS ST T yte%'?mqll‘?e( bstrate, it is

al so possi bl e tthatdsa twathensesdlinlprepardarg an sod Vatnd £ sore b had ometeltdmol |

et hanol , one, r r.gdi foxide, . T ically
active hy ?géyé;% ﬁl‘f%%‘?%%%g’qf&%re?l@g% ’32 ?ﬁ%g%npr o&ugééﬂg§at t;%) ?%fjb%t%l on
reacti on P3rbpedlAsYYpesEricketibud i ydamt avangPkhare, mgtpéemigesr after
separ at i 0sueh L£hhighivintdnadsob¥antmHiGaS 18thY inafiattpaopy Llalidene and

t hen renoyi ng t he Sﬁlvent. Fu thecg me[fic tion by recrystallization or
silica gel*EBFarH"cht biiBPbgY {)W ¢ o 1St A €M YISES ™ highly pure form of
t he opti cdiigopcopydanyde oryeinhdé pymd diamnakeruw aliaye: Loveery L aprndehe ot her
hand, hyd&H@SEiEé?‘néfﬁ{rlrﬁé@ﬁlé eRlug! agnmaﬁﬁhgﬁi{tﬁﬂu&,utn%ttﬁqitmum, ‘

enanti osel ective reduction, It Is possible to reduce the Substrate

subst it ut BEtRA¥ERGEp9FivRnbrovidgat i vRre ¥ Heagnqgium ghlegjides@nget j vel y by
sel ecti ngg_éhe—ﬁaRty@haéhgéQﬂlﬂaﬂchl&ﬁdl#rﬂtez:ﬁgsaZ&guigés Fexi eﬁys'fghl&utt)n e
corr espondi R),- Or -.hydr oxyet ri dine derivative, can, be obtaine

o et or ot PaF R 0. Madnds gt Rt ot GuEe A 5 A FE P L Y BEST LR arth 1t i s
necessar ymgbdaphgpardestmmaed al yshiypn hpdridet kedieninydirader gadtaisgiunThe
catal yst BQdP‘EfiH%%QLé‘fI&d[éh &PL ‘T?Xa@]e%e&e%?éx%#gs&h&ﬁg?@h%%%smum ng a
rut heni um conplex wth an ole cally active amne and a base and such a
catal yst 8BAdBE peRparedteyd byiethetdrneresciepuyla n(8ldpanese Kokai

Publ i cati on Hei-10-130289. _ Bival ent ruthenium arene conpl exes are
preferred as the uthenium conpl ex and, anong them bis (r~6-benzene)

di rut heni urSH etradhl oride, bis (r~6-p-cynene) dirutheniumtetrachloride and
bi s(r~6-ne g,ueﬁ&)uji rutheniumtetrachloride are particularly preferred.
Preferred as ths optically active amne are optically active am ne

monosul f onat eskd 0[(t8c)al |y active am no al cohols. Thus, nention may be nade
of 1, 2-di phenyl et hyl enedi am ne sul fonates, specifically

(S, S)-N-p-tosyl 14, g=Abphenyb eyl ep@d] M R@d R® each independently

(R R -N-p-tosyl -1 2-di pheny[ et hyl enedi ani ne,

(S, S) - N- bERPERESHFFORY| 21k Bl iR R ERGditakPnk0 carbon atoms or

(R R) - N- banzenesulfomyl cdna th phenyltet hyl eaedbamatens. R* and R® may

(S, S)-N hanesul f onyl -1, 2-di ghenyl et hyl enedi ani,ne. .

(R R)- N nEEhaReatiieontl 40 B S eny PEr LI EREAV At ] include, but are
(S,S)-N-trifluoronethanesul fonyl -1, 2-di phenyl et hyl enedi am ne,

(R R-N-trifluoronethanesul fonyl -1, 2-di phenyl- _, ethyl enediam ne and the
like. In particular, (S,S)-N p-tosyl-1,2-diphenyl ethyl enedi am ne or

(R R -Np-tosyl -1, 2-di phenyl et hyl enediam ne is nore preferred. The base to
be used in preparing the catalyst is not particularly restricted but may be
an ordinary organic or inorganic base, for exanple n-butyllithium sodium
hydri de, potassiumtert-butoxide, sodium ethoxide, sodium carbonate,

pot assi um car bonate, sodi um hydrogen carbonate,. potassium 26 June 2003



26 hydrogen carbonate, sodi um hydroxide, potassium hydr oxrgeJungegg@gum
hydroxi de, 1ithium hydroxide, barium hydroxide, nagnesiunhydroxi

sodi unacet at e, potassi unacetate, anmonia, triethylamne, pyridine,

pi peridine, N,t~-dinethylam nopyridine or the like. Preferred are sodi um
hydr oxi de and pot assi um hydroxi de. The base nay be added in the formof an
aqueous solution. For preparing the cedalyst for hydrogen transfer type
reduction, the above ruthenium conplex, opti caI ly acti ve am ne and base are
mxedtoehr n riate vent in b|tr order

rut heni u tct ﬁ'b E?‘gptt‘?'cﬁtel Ydet Fggyim he‘?’B%\%% %ﬁ 3é1’réi‘t |°(§trygl

basi cal | yrimethylsidglt hernethgmsmmyhasphenl};{dvsiamertmrtllmlqplt lamal ltheacti ve
am ne an eb ) i RS n eparing
t he cat aﬁytsklt% i sﬁﬁgtﬁgg%??fcu% %qu ﬁrgétgﬁrs%etpe%l%uxt%% \ﬁ‘g‘ %% ﬂrjtlifé]l the sol vent
for use hreRFesemes olaliagen.cator bner dxomigie @b ioelifent s prederaesw i s° pre

f erabl ya%%ﬁ@h‘l@:&inbd% lBget peeekrkdi.Ciency in operat ion . The
tenperature in, catal re paration is 0 to 13{)0 preferably 15 tqQ 60C. The

time required f8f B3 %?? 't‘“‘p"t“% ¢ HSRETLLRORY tho gfé‘e’rt@dr forpidacat al yst
prepar ed (i8n tha BdayEl yrase e epa rpdeberalnat haidh knbived i hothdea rteduecigi.on
reaction he s ti.on for S ssi kbl use the
cat al yst ?%o‘t 'tﬂoéi¢83é etfte(?!sglju a(I)lr(tast()a cr s't)u#)h #8%1{%;{0?’ :%r%?tqraz(r%

t he redudiriodnapebiexpens Ive amere#daﬁw evat hebéet%ﬁny@mdéisy Gugioe wodar

equi val ent drqgaamal @@aggwtval ents on the rutheniumbasis relative to the
substituted ace(i11 i ne derivative, which is_ the reduction substrate
The hydrogen tr at“WJ‘e‘ & QB RUGHRESELE i ok Ok Bt % £ARLYG LRSS exanpl e,
by adm xipl@ﬂerrebdgtmtysﬂmomp@rqadmaﬂetnrte; abevet imarner the tshbtshetamleslt rate
substi tutg I d eriv V. dr en- Ay 8 sSQuhce.

Usabl e atsn %ﬁ%‘?‘%ﬁ% gxéﬁ %%gﬁg é P%%%‘?%%@%rg 141?’ f?qt‘er}caol %%%ngl serve as a
hydr ogen donor Iﬁothﬁeammméateefalarf@rmdprééyl oal é?)hoIX r@@r@ﬁ)@@rtél aformec
aci d and Hyer, é;%nac'adhﬁibgén fgr hiyBebapieqrang, | §9pta%?)ﬂox% gQBQb i's
preferred. s necessa{ré/ {0 use ydraogen transfer
sour ce i FoRFadmdRg: Loko ndt cl’%??“t REAME . @ o5 LY VETUM FPARENVES & t he
reduct i orcosudstarion afses £eabayind tgno‘.anGEda snbkaigeatexcasisno ryamsaby in an
o o peca3 3y 19+ CIHLYALER! Sy MENRbRORE AN B EONRL AL BgURSY as the
hydr ogen transfer $sourc IS 1S erabP use e’ sof vent.

ar bi t r ar \Fl8@Iniae @aﬁomr\asearaelﬂﬁe redet\ie@nhyeméml eerst&)tarfme there

may be’ rrwziz@ryqdmwt ﬁttethakgqhghtsﬂweategzwett QSam&hbangbetguaa\mab

but anol , |sopr al co et ene gl hano

o nesol RSTRY I a8 BBEDRARYTENTHG, PO RaE Y LaRangs pHLPARALLAPAPGEar bon
sol vent s etz ydskxgaaebenytlahilene - irdtebokghoxgnerbenlyéamsobyvent s such as
di et hyl r i.gxane, nmethyl tert-butyl ether and
di met hox%teé?ﬁmﬁ/e estgr Q@gweg g %thqégéet hyl acetate and but acet at e;
ket one sol vent $Tefenrad é@@ﬂ@néhaﬁdaﬁ@t hyfiregap) Réﬂ@ﬁé“shépﬁéeﬁﬁt ed

hydr ocar ken oxalnegnbsohilial asd nleédwrt@nehﬁkl&tyﬂe aiP I euls@nduted

1,1, 1-trichl oroethane; nitrogen-containin Lvents ) %ﬁ?

i et hyl PR CRHBH TSR 85 LY AR L nRERES Y S By RBERaloyLamino,

N- net hyl rnganrraﬁhwra:mnohe)dahsehlayllahdmphobehzyanixdeaabdmydammnoI, sopr opyl

al cohol f C n r (o]
preferabI%%%hwé%ﬁgca%gﬁn}qgglggr %%‘8 Frtﬁfglge&r gtggf)ggﬁg‘gﬂgb JI\%%J)d& ed by
anal yzi n@usfe nrescarenmwykiagaen d@hilley ineacardnpyandisubhsiiidiu @ﬁ!aﬂ@gr aphy,

hi gh perfgqrdt%ceddhqws aeREYTRReahaPY, PF 1 §@Ba £1Y OPRL PEFARAYard OF 1 Nstance,
and det e&@/c&%@t he decrease in the substrate substituted acetyl pyridine

derivat i ePhecpéPﬁéPFoﬁ“QfaFﬁéyééwﬂégpondlng hydr oxyet hyl pyri di ne
derivative. \Whdam aﬁubjsetnéxtﬁlectomttw pgnoh%eeﬂeesuatsven rearyd@s gmbeg by t he
general f ey 12 R a, X 0 t he
forml a, c%’reﬁ?bgl % “°’ﬁ§8r588ﬁ ;{ ajébgﬂ araﬁgﬁféﬁiL%)%gagglglhgcylox
group corlt etrmrlrﬁ)gcarbonlatcmsborﬂr&ta)lnfsycaelri&al Kidx yi rgrlowde sootudi disngot to 10
carbon atigip.ca @11 BRLLAUPRhy3, SUbstLbUted, aphaa,dlodanagd, R6 T epresent s
an al kyl ‘group cont'ai nin 15“carbon at , an aral kyl group containing
1 to 15 carbon atons or an aryl group containing 6 to 16 carbon atons) is
used as the reduction substrate by hydrogen transfer reduction and the
enanti osel ective reduction is carried out us ing isopropyl alcohol as-the
hydr ogen transfer source, the corresponding optically active

di hydr oxyet hyl pyri di ne derivative represented by the general formula (14):
HOH*"



Xx N (14) (in the formula, X is as defined above and * repregefie 2883
asymetric carbon atom can be obtained directly if a base 1s caused to
coexist in the reaction system ~ The base to be caused to coexist for
directly obtaining the optically active di hydroxypyridi ne derivative is not
particularly restricted but may be an inorganic or organic base, for
exanpl e n-butyllithium sodium hydri de® potassiumtert-butoxide, sodium

et hoxi de, sodi um carbonate, potassium carbonate, sodi um hydrogen carbonate,
pot assi um_ on jum r-0xi de,  pot assi d i de,

Cal oi am RyAeoyBaEBeRRV I fue ddher RESERECIR RE) g8 ARCh PR

hydr oxi dehchodisumesbyilagnd pbhadsi um acetate, ammonia, triethyl am ne,
pyridine, piperhdipg, st diNetilyd SRR HiR8 oY offNenki K810 508k Y

hydr oxi de qr, potassi um hydroxide is preferred. Fromthe opération,

ef fici enéyidh 8%6?’?\{:}"% Ras g A0 FPRS CE AT eANR I BAGEN TS afsidh ePeExtRss in
the stepopfioatal.ysFoperprapat| ahesend hate plrepaxaessnhasetimyesetvenas the
base for ol LRE!LY,9BERI DI 00 Lie AR Callved AE149E 290323, pati e

di hydr oxypyridi ne derrvative: THe use anpunt of the basé s prerera ?y 0.1to
10 nol ar {@mwm@t peloacery addihg drgbstisgakbads toanietedselytpyni di ne
derivati v@nthh@ ik@SendByinhe i 2Aded hDcdPen{ OTdRiRf c 8P AGHRONS1 SRESEION. After
conpl etion . of the reaction, the product can be obtained fromthe reaction
m xture BY18 O653&Ati8Ral after-treatment procedure. For exanple, water is
added to the raacapeoticxbugenaét epleenpl ¢ti ppedérabey resed i an, tiol | owed by
an extract-li p usi ng oy di na extract] l.ve as

et hyl ac%%gf gfm&l é‘?gggnu{etsﬁle?bense‘?%@lgaﬂé c?{rlgr“)l'&(gj[e(?&t%%% %gll\érgélleiéljrgg From
t he extrdét nolst pagédculhelyenestoactedvbpnt andludesacanond sotlvers, are

di stilledhyairb Ry pRgakbNgeHRdeEuERIUGEHREBRYN B0l hi8he | NELRELSN VEYEA €UPON
t he desired _product can, be obtai ned. ternative after conpletion of the

Al I
react i onS¥HE é&@@ﬁoﬁtESFvéﬂivﬁﬁ§sbéuFﬁn§8i398F9¥3i§FV?Fed of f by heating
under r edetedhydesturanaTHFhe Badred peooeslume tasylaheve-batyheatloar y i ed out

. Al'thou -th i r i r r [ts I further
be i rrproxg}‘g&‘%%?o%‘d@‘?‘?%ﬁ“gg%@gﬁ%é&?fﬁ%gﬁ‘%&% egtu%%lg’aggg(lgj%%?ca ion by
cryst al | ispdtviesrts sught rénaethivdenel ghilenide, cehdanoEarmnandgr aphy. In this
fth ep, t hel,lql?]Eli—Q:@i'c}i‘ll%gi)b\éﬁtaEM(}" _Qiﬁ}de%ﬁ)fbmﬂ:i gbfmsrdgbivaﬁit:y_es@ﬁprﬁent ed by

e gener r a either i or (. orm.i s obtai ned. e

opti cal | ﬁ&@tﬁ?\)’ﬁﬁﬂg&%r hyrwﬂaﬁﬁgrawﬁé PEvBRdyhi ch have the (R)

absol ut e heowiteginydphospaoe ipriafismiiste . hGhesermaBbe Stseyal § tngMhios St@p (c)
conpri se i ptLcal.ly i | pyg i chi rjyvative
represen?gghﬁggt%g g@%@e&égné%aP§%§r§§|gxg%géxﬁégﬁ'a”%%ggnﬁﬁggf&ﬁﬁthe

cor r espohdid¥g capiopasioy vaat sy euski p&nbBeBéeneat Lobueepr edehednN®\2Rthe above
gener al  fqidTvha xahe); ag?ih%_t?é%elsIvalé?ﬁﬁsQdchnaEh}i§§§ﬁ9pbéfﬂeiﬁ a{l : nor tgagi c
ase or qrganic pase. Specifically, e base includes, but is not limte
o et alt S AT Tl a8 -8 PHPREY NPALDYE HY ESO0 i CERT Jne - 30
hydr oxi delimpdihassietmahydaodi déeahg leakcigligchyddoxe eyl netiadér car bonat es such
as sodi um car bgnat e, _sodi um hydrogen_catbonat 0f assj r e,
potassiun1hydrg@@n%ggfgéﬂaggeéﬁargggfﬁn%éaP58§ng?£%IQ@ ne%glgegﬁih as

met hy! | i tdeinemp ne-fieutaplllyi +ROEM tareé®{d.nagnesi um broni de, i - propyl magnesi um
chloride and teR BUiYl FBIHESHHEY CIY R G TR aladicdentUch 88Lstotspam de,
sodi um am de, |ithiumdiisopropylam de, nmagnesi um dii sopropyl am d

chl ori de, (Fdgha¥ DEm Ry Pgd?fﬁft?d%ﬂlahi‘aégﬁ%?d%e?r%ﬁé%ﬁﬁdifé&)%/?’é?f@% am de
chl ori de hyicah 1@lrkexhde8, At as ¢ adidm met hioxkded, nagneist aaidtnoki de and
potassiunhy%ﬁﬁ-butgﬁide; nmetal hydrides such as lithium hydride, sodium
hydride,(béia§éfﬁﬁ1 ydri de and cal ci um hydride; and am nes such as
triethyl am ne, iyl at idbpeapykaticrm) he redtfiedtegrbohiding,a dihtidienbi | ine
and pyri @nl?)‘%xntpéf?ﬁﬁé %@Qd%d%@:ém@?é EndBLEL YA AES Sl Bt ki hi um

hydr oxi de, s@di um hydroxi de, potassi um hydroxi de and cal ci um hydr oxi de and
met al carfoRdt €0 SuEnngs rSori LERRAF ohR @ndssBi bk hy ditsy 84 xEBFBokRk e,

pot assi uramartb GiRatea;a 1patiassesmMeby deeger icavbesat e and cesi um carbonate. The
use anount of the base in the step (c¢) is 1 to 10 nol ar equival ents,
preferably 1 to 3 nolar equivalents, relative to the optically active

hydr oxyet hyl pyri di ne derivative represented by the general formula (15).
The reaction solvent which can be used in the step (c) is water, an organic
solvent, or a m xed sol vent conposed of water. and an organic solvent. The
above organic solvent is not particularly restricted but includes, anong

ot hers, al cohol solvents such as nethanol, ethanol, butanol, isopropyl

al cohol, ethyl ene glycol and nethoxyet hanol; hydrocarbon sol vents such as
benzene, toluene and cycl ohexane; ether solvents such as diethyl ether,

v o o 1 o o o



31 acetonitrile; and aprotic polar solvents such as dlnethQéJGHgé i de,
N-met hyl pyrrol i done and hexanet hyl phosphoric triam de. These e used
singly or two or nore of them may be used in conbination. Preferred are

wat er, acetone, acetonitrile and tetrahydrofuran. The step (c) is carried
out at a reaction tenperature of -50C to 100C, preferably -20C to 30C.
After conpletion of the reaction, thaproduct is obtained fromthe reaction
m xture by a conventional after-treatnent procedure. For exanple, water is
added to the reaction m xture after conpletion of the reaction, followed by
an extraction pPbckitating r@\%rpm%rff@xt%trﬁeﬁtgepvehrteaehlas et hyl

acet at e, tﬂietgwép ElTaheéft&Et&k}’[hrﬁI@tE@ﬁ A e g@kueaeb@rrelae&aeas,Fm@ t he
extract obtajn reaction, so g?gttand gxtrgctl Iven%Hare distilled

oft by neorehbSh-mLPErERuEe SPpESelFE cRoPeFRLr BRtalRaRE: LSt he dosi req
pr oduct caanetobnainednnérteﬂhan|a&a@@leﬁt&ﬁteanﬁxnltneaﬁmedﬂa raract i on,

the reac i L ng. under
reduced %?gggéggggﬁgxﬁﬁgl@%ﬁ%ggrocedﬁ#%igg gﬁ%veqﬁgﬂjﬁgﬁlgggﬁégglgﬁ .

Al t houghSP hBeRhg8chnse Hevl peebate. 0d eddar| athgn.arethgleng chjonbgef urt her
be lrrplrfu@mt;_buepa]glﬁégahéon méru&ﬁhrwl | e?ﬁlmal ré@@@ﬁol @L@ﬁiﬁr@&;ﬂ%&dal cat LlonS?y
crystallizatio ra ation col umm, chr onat o ep
() *Thi =& EpChign sSatdotron Ehe Rt race Swero iRt LbueybRye ri e
derlvatlsechemseeﬁﬂned;hmdmhergdueedrprSﬂwta,@ﬂynaﬂqnnodUeedesnréhe step
(a) withyp 86&%0&'5853%9&69{%1@9 metﬁﬁug-e&?{aamé&rdﬂﬁﬁédl in the
presence Por ase an quat ernary ammoni um sal prepare a substituted
acetyl pyPFEinEtdér?\‘r'aPﬁVé)‘rr@pregem@d%ythﬁéegéﬂ@rmfuréhﬁmb& yabyedHo~R6 a
(II i) | 2by Jester X000 il T@ah@ioﬂ?ﬂﬁhaﬁléélflrﬂﬂ as(lcﬂlla:? Fur@@ﬂcﬁml%e?i's an L
al kyl grou ont ai ni.n 0 . car bo an ara roup containing
fo'ls cabUrtaloneabidan EPortirnal toatiiiargos o8 c6tullinon atome

Speci fi cahkygmatbgraphydes, but is not limted to, nmethyl, ethyl, n-propyl,
i -propyl, n-butyl, i-butyl, tert-butyl, n-octyl, benzyl, anisyl,

p- n|trobenzyl ph%?yl, p-tolyl, naphthyl and the Iike. Methyl, ethyl,

n- propyl 2 Eﬂﬁﬂbyl, n-butyl, tert-butyl and phenyl are preferred and

met [lylt Lert bfur.érlseeg plltarena&m fﬁs@?rénQﬁEigééEo?ctﬁ@Ql?ttéduéT%ﬂ@ apreLeE E%j
is er u S anoun of X | C acl
'S et eribEb R R g 80F L YRR P Sy e

equivalegeeeraélaormelao(Bhesqbetepatedaacepyhpylld|aetdeelvat|ve of t he
general hoaibkgebRy)pfREapAseaLr; e ioedrkprbbarsheRy (e obe any one
havi ng an” abi | f formng a salt wt e car oxy |c acid of general
formul a #eRerflaharibyabéld) conventional organic or inorganic base . Thus,
it includes, bﬂtt;el §uB§tr.ﬁt€1 tedbé Oreaugeayihld thé uama%@dd)s@l&tydwde

pot assi um t.er ut oxi oxi de, sodi um car.bonat e Si,um

Cor bonat BEISEELR Fot CHBRT e BRaPECSRBEabST it 1y ridyans Cur hORALEY  Sodi um
hydr oxi decepygtlpgsidimbhyde okvale] ve at apues dyidedtiydehel geheual hfodrowl ae,
bari um hydioxi de, nmagnesi um hydroxi de, triethylam ne, pyridine,

pi peri di ne, N, N-di met hyl am nopyri di ne andt heli ke. Preferred are sodi um

hydr ogen carbonate()sodlunrcarbonate pot assi um hydr ogen carbonate and-

pot assi um car bonat In this step (d) , the use anount of the base is
preferably 1 5 r_¥{ui val ents, nore preferably 1 to 3 nolar

equi val ent s, tive to the substituted acetyl pyridine derivative of the
general for a g7). Instead of adding the above carboxylic acid and base
respectlvé(y t8”t heOrpacti on systemin this step (d), a salt separately
prepared in advance by m xing the carboxylic acid and base together may be
added. The salt separately prepared in advance by m xi ng the carboxylic

acid and base tRJEhECHehSral 26 s 2083, 38 Adpreadingaonpalassyunsakt of the
for ipstance, which specificallyincludes 5odium acetate,

carboxylh?30|d gg

pot assi URPALEREY @ NSEHIUM D OVALRY 2D ADEG XIMITOVR SPREAEBENIM bentBat e,
pot assi ucmlnenno.art@n:an(hrt he kbixlkeg rdilie ¢prat £imiaty 1lataord warkant atombe used in
this step ot artlcularl restri d vid i
connercraply dﬁ%‘f(“ﬁPPy avaF1 X: orm%bg ?e Pthe (ygﬁglﬁgllﬁénfloned
quat ernary anmmoni um hal i des, quaternary annnnlunrhydrOX|des quat ernary
anmoni um sul f at es, quaternary amoni um acetates and the |i ke and,
specifically, tetra(n-butyl)amoniumchloride, tetra (n-butyl) amoni um
brom de, tetra (n-butyl) amoni um i odi de, tetra(n-butyl)amoni um hydroxi de,
tetra(n-butyl)amoni um hydrogen sulfate, tetra(n-butyl)anmoni um acet ate,

t et ramet hyl anmoni um chl ori de, tetramethyl ammoni um br om de,

benzyl tri met hyl anmoni um chl ori de, benzyl tri met hyl.ammoni um brom de and the
Irke Preferred are tetra(n butyl)annDnlunrchIorlde and

v o . - T Y M




In carrying out the reaction of step (d) , various organrc que Jacan be
used as the reaction solvents . As the organic sol vents, ﬁg@ B

menti oned, anong ot hers, hydrocarbon solvents such as benzene t ol uene and
cycl ohexane; ether solvents such as diethyl ether, tetrahydrofuran,

1, 4-di oxane, nethyl _, tert-butyl ether and di net hoxyet hane; ester solvents
such as ethyl acetate and butyl acetate; hal ogenated sol vents such as

met hyl ene chloride, chloroformand 1,1, 1-trichl oroet hane;

ni trogen-containing solvents such as N N-di nmethylfornmani de, acetan de,

f or mam deim@hudest dnit Lot énm&pdowc hysiregeso| fbwesinec [shdo rdineet hyl

SU|f0X'debr&hﬂﬁéhYl&&{ﬁ@|'ﬁ@ﬂ%bﬁﬁ!j'H%%%?i 'BEHHByﬂd%ﬁ'meﬂd$% The above
organi ¢ sol vents e used sr(g or_two or of thenrnay be ‘used in
S

combi nat i BAE °¥¥ef%?¥€ﬂl%§%'eﬂW&ﬂ AR Laringy qﬁ%ﬁ 10 her , 26 June
2003 34 tebthayoybiwian, d;dbthymammnormnibénigmamﬂmﬁmd et her and

di met hoxy. i a

t enper at u§%ﬂ?§f ?‘Iegg%{g{%ﬁ% pre ergﬁtﬂer}'%‘d@%to%1 C Af ter

conpletroﬁtb@XYQ@rb@etl¢®hﬂ¢n thrs step (d) t he product is obtained from

the reaction ml?‘fé‘f@rpé'daarﬁ&rﬂj/%énpr@ﬂfe & qgdn ea{aqeg@tenp,r Quedung . FEor
it

exanpl e, anznall anount . of water |.s ad e Iome xtraction
procedureC PRGN rriReAsk deSdneon §8F9é 'sﬁ%hp%s”et St ditece,

di et hyl ehbenogmehbwhﬁnﬂxabheétdeamtnbuemmzawlbmxabe;ﬂﬁmmﬂndymamaxkract

obt ai ned, S tr v r istilled off by
heati ng u%%mgtﬁggg pr§£§§$%yfgm%§¥}|égﬁéiybéyéﬁéﬁgn %bg'deS|red pr oduct
can be obtarhebutﬁlvhmghb@mlmuso.obttaprre'drapb@auéamitsorirévei!rtlye gake- its

purity Wo%érﬁhéfeﬁﬁedr@&%r%eﬂur chileaihan HyikOMMRNIdMali ciRals such
as purification b cry stgglrzatron “fractional di trlhgtrogg@r colunn

chr omat og?4pHhy. gg URP o 3UER) A5 AR XL AR EC (e RATLACPLAEY y NEEFPIED:
di hydr oxyehhgkpyei dhdeadet yvahine aepresefdexedy the general fornula (14)

i s produced by bject t lly Actiyve, | pyridi ne
derivative reprglls{eh?gdé%ge'taﬂleq%eﬂn[g@aal (fgir’rrh{l a %q’%g&rr%g{ ?EM% pt i cél ly
active hyBrEx9eyh@now, dinachépky griowPsCebial mll & tionl § farbeaE top)s t o

sol vol ysi §. theoefw)@}wo%a Boﬁ@aﬁl ?pl t8) 16 cHHIr eéoagt A Wadosky oOr a
erotic organic s vent corrposed O vvat er

andapr ot i 86PHBr S?Pbﬁrﬁaﬂ?csoweﬁ? CaI*FFéO’ab%Wé“%r P G &8P o APent
i ncl udes, aakumgmmanMXnuﬂ¢nmﬁaxﬂnnyﬂ3to§dimmwm@naUOmsaanmamﬁawdbpuemhanol,
but anol , b%eeboexhtakﬁ&?frg 6“1/&6@& 09&0 LQL Pup  aane

m ne rr per| i ne;

soIvents Such as o nea and sO on. The
aboveapro?#&d#ﬁan?éngélgéﬁ?Prﬁ%m l%?dro%ar [FARAPe AEONSOF 28 benzene,

t ol uene aadatyolebexangl @tbep é@ﬂl&@fﬁﬁh@ulihtcasl(ﬂl@iﬂ‘ndn eftuars,, 26 June
2003 35 t trah dro xan t.her ,an

9- di
di met hoxy et i#@r 56| %ﬁf‘é‘?%%'cﬁb%g‘sﬁ h’;‘frt ltc) ard 6‘8&% CI58et at e
ket one sof&antsnsucbhaeranetobeomnmeneibdinearbdd¢QXxﬁuaadﬂﬂyﬂyanacontarnrng
o1t 1 ogen- DanzadoR: (L EERUEPLOELELOLY; O &r‘é@rﬁgﬁﬁ%‘e‘ﬂ%’%‘ aceton trilen!
aprotic pBPEZEBEFY ﬁP§YsQéMrasodvﬁ%¢%Vlf%%W Y dete e ysishyl pyrrol i done and

hexamet hylteb@sahew@xyrla@mdmoy\ﬁr e5m g, |&¥Vﬁ‘ét@l?d3ﬂq{§ althyrafiels,ed and
| ower alcogols ﬁ referred. Parti 3r|y preferred I€h¥ thanol
Thesol vol YEFEYAER X%P@b“ ef’ﬁﬁﬁ”b@hﬁﬁegﬁgﬁﬁ " e base

usabl e i nahbethel Yakygsi s i ncl udes i norganic or organrc bases e.g. sodium
carbonate, pota ol P ASS

hydr ogen Carbon%?bf@k?gdgﬁgﬁgghéﬁ:?é%%f%g;%?ggpﬁﬁagggﬁ %ne crunqlém

hydr oxi deandi epitdnehy vdxpdi! be@Yb@*hy@f@&@@eSU%@gﬁ%sﬂuﬁﬂﬁydﬂbxﬂdb sodi um

acetat e, Ppeh2sylHMyACRIRALRL FEAYPHLf.gridupR! SYERMsNRe t 1AM idisLoxy,
N,I~-dine&ﬁﬁlagrnggyrrdrne g?p 9gbutii%?nnpnfunrh dr oxi Ji¥loxy

t et r amet hPFRARBRPUMIRPHLBXY d&d tesn AHront! ﬁ?ﬁ?&%SfFﬁgﬁﬁﬁjthe
| i ke. Anphglbhens, qaaﬁgﬁﬂﬁkylaﬂﬂDQ1UHkh¥dWGEWdBXySUEhuﬁScontalnlnq 1

benzy! 171 16) W amoh Criya ovcny Sfe BTEpalet o RS ES BV AR AN,

(n-butyl) annnniunrhydroxrde is nore preferred. In that case, the use
anount of the base is 0.001 to 5 equivalents, preferably 0.0l to 1.0
equivalent, relative to the _. optically active acyl oxyhydroxyet hyl pyri di ne
derivative. The reaction tenperature in the step (e) is -20C to 100C,
preferably -10C to 50C. After conpletion of the reaction, the product can
be obtained fromthe reaction mxture by a conventional after-treatnent
procedure. For exanple, water is added to the reaction m xture after

conpl etion of the reaction, follomed by an extractron procedure usrng an

.. -, o




36 or hexane. Fromthe extract obtained, the reaction sol vegty,addoo3
extraction solvent are distilled off by heating under reduced pressure, for
i nstance, whereupon the desired product can be obtained. Aternatively,
afterconpl etion of the reaction, the reaction solvent nmay be i medi ately
distilled off by heating under reduced pressure and the sane procedure as
above be then carried out. Although thesthus-obtained productisnearly pure,
its purity may further be i nmproved by purification by conventional neans
such as purific cry tall.ization, ctional .distillation or _colum
chronatography s@a§ PéeghécﬁFH&BXFlaégehP&ﬁl¥8F&H?F|ﬂ?epﬁrﬁéter but
has very |fowmsdlauki7)ilt {ni nhcbr:gamf Ci-16 G ewet ] ﬁdrmrﬁladr(fa‘)r dy ta halolka n the
desired prqg)ct Qytkh%s %pa%%ta§%% QR R c%g% e s%c qs nen&ﬁon d above.
I n such cases, e Sol'V6 ySi's reactlon i's carried odt a Iomer 3F cohol
sol vent uﬁukgstatqmdeuaﬁatylamdnnm tei vt deegsin h@l@s& amd geaftred

conpl et ort&fmdlme(§piyglwésno§én%a@m €8n b8 deM R AFbrh ¥nSOL YePlkelsenddded 1o
the reaction mxture to_the cause the desired product to precipitate

out, and BY FPEtE§ISHAY ﬁ%r’é‘%é ' h&sdBgi 3 8¢ thosukrewr di bReuttai n&@Twi t h
hi gh pur i texamypd egoatheaf fa (srlmrs(t)idmy:eal sicatlyd pyradetier derikatliower al cohol
sol vent a r U her re a nti oned
her ei nabo%p%?e%&%g% éHg}gyg?%hg%a ?) ti% %“?te w(it% ?ar ﬁtkm;‘

i ncl usi ve adfl%np@h/&@xx@lmm@r allthil§Ud<ftanp/dr@mt@ﬂlaltlhﬁnréﬂlblsétlé@tl@@t may
be any of Jdwsagyrithidehabhevapiveain mﬁ@u ve 1@1 Byds PxyRY M drdd) Be: ( 14)

is hardly sqlubl'e and which can m x wiith _the sol volysis Teaction solvent.
Wen an al gisudiarert GroUieed eapeChd V€Y oliys PO tadRed- ontebtRRRt , a
hydr ocar barydaal masits iof pr eudistdduasd e dtgipyalidiinky deelivant vef ohuexarrpl e,

n- hexane, t I r.ol m_et her ., pe | eum
benzi ne aﬁgﬁ%ﬁﬂiﬁnfkp%géluen§5ﬁ§ &b%& Péferreé &gﬂce’tﬁgvggbgbgtuted
acet yl pyr icfinvee shandiatg \ﬁebsrtepnégén@@ﬂtbyp}’hedg@ﬁei%ﬂl‘fa)trimﬂ dn( whjchs

nentioned y@bgue, hRASExHY bé}bmgted acetylpyrldlne derivatives represented
by the general formula anlnoagroup at .position 2 of

ave
26 June 2003 37 Hh&3Rf; lﬁé'rﬁﬁgsgréuﬁéﬁéFUGGHp REYLIPEFriAAPEN no process
hasdbeeg ldeviny d thi ddie aartu:cn‘wh theipr aduatiydoxyhereap, mmwychh@a]rr now be
pr oduce 0CesSS ent n and,
necessar y,tg{lak} su tg‘retet?gsatce%ty ijty ?lcs?nr&reé%g’t\éﬁ:%’l]e% 'F%gtr%g&ér%%\?apgvg?eare very
usef ul ir1QQR?RﬂkxﬁRﬁmui¢ dﬂZ)nternedlates of optically active beta-3
adrenal i ne receptor agonists. In the above general formula ( 1) , RL and R2
each represents a hy@ogen, an al kyl group containing 1 to 10 carbon atons,
an aral kyl group_conffai ning 1,0 10 carbon atons, an acy.| group contai ning
1 to 10 carbon ﬁyloxycarbonyl group containing 1 to 10 carbon
atons . Rl an y be th sanme or different. Preferred is the case in
whi chRl rep 2? ?ﬁﬁ group and R2 a hydrogen. Y1 is the sane as
that Y1 descCribed h L bove referring to the general formula (9). In the
production nethod of a optically active di hydro~yethyl pyridine derivative
according to e .inyention described herei nabove,

D1 val oy1 S5 B POt 2 SLPRULFS SOepF B LERPLHL BYe 1 e 4o Sifru-a
(2) and t hgemeyit feahhya qm bya rpcwelﬁytbwlty)dmmxg@cthytb@:yradeaaedeun\zat| ve

r epr esent t e for 3).a I er dl roved in
conmpound gﬂlngggééﬁé é?rm Ey%thﬁ%Vféée&%aééaﬁéqrogﬁbfl% EE

pi val oyl roapkyEuytdgr rmnéamhagel aoelﬁr@a@bomommumd@nf@rab\hyblqr@@lppr ocess
for their puoduction hag ?ge@ai‘mﬂ&ni R& aht aﬁgﬂ YRoEh SAN DG RiPduced by

the process of the present invention peari_n gener al fornula

(2) and (3o i@cﬁﬁéoﬁ‘eﬁr@“‘és« tﬁaﬁc)(fbl@%lahlbé& inglaidesh B +epekdilig s t he

general fardulmett6):, /gguyltrﬁapydpgn(ngugﬂ@ﬁyqxrmdmmquQruV@hqus mhlch can
be produced for #ﬁilflrst ti.me accordlng‘ o .the pr.esent |néent|on

t
compound r&prEdd TYHY o MinZY Yo S ¥ nddtt r&? Sund lprtfgndsé of
whi ch as m(G@Byk,eaantdrh;algmucStthmtlsrhmdl HMeehlgds beemdescprbedlby t he
pr esent \. - n Q
AVENT] O TG 6110 e iaaT 6 LT Her Tt o Che br BEGnt. | RuGRL ot
further detail. They are however, by no neans |imtative of the scope of
the invention. Exanple 1 N1-[5-(2-Chloroacetyl)pyridin-2-yl]ethanam de D C
v . N N H Sodi um chl oroacetate (5.2 g, 0.045 nol) and 4.3 g (0.045 nol) of
magnesi um chl ori de were added to a solution of 5.8 g (0.030 nol) of nethyl




6- (net hyl car boxani do) pyri di ne- 3-carboxylate in 100 ml of Thk,,a880491€

m xture was stirred at roomtenperature for 3 hours. Magnhesium

di i sopropyl am de chl ori de solution [solution prepared by adding 20 m (0.
144 nol) of diisopropylam ne dropwi se at 40Cto 67 m (0.120 nol) of a 1.8
M kg n-butyl magnesi um chl oride solution in THF, followed by 3 hours of
stirring at 40C] was added dropw se toothis solution at 0OC over 30 m nutes,
and the m xture was stirred at roomtenperature for 27 hours. A solution
prepared by dissolving 25 m (0.300 nol) of concentrated hydrochloric acid
in 50 nl bPrhaPBEYhENORRrRY HrspRdeE P’E)e?%’ér‘?%acﬁtdrlrln‘f“RF%Pé”eéterGG The
resul tingigi keueebuwBglextracted wth et hyl acetate, and the organi c phase
was washed vvlth satu&rilt ed agtle‘(,)us L tion oft sog))ug] h}e(dro ntcar bonat e
aqueous sol uti 0?1 SRG2OFFRac Vet Lok u‘ﬁn tPrarée e ik di'Stilled
of f under reddatédnpeessied auidbyhe piobegicaksor sﬂieattle:talartdacpmmeed by
SiLl ca geAFgagé{(?logpmggagﬁ@{yI(ﬁe}seasct%nyéeaﬁ?ﬁcﬁ}ee Thire ddy bR give 4
Nl [5 (2 @ﬁpsuleaeetwpﬁw%ﬁwgdyﬂté?ha%rﬁws i} AN G 2 AR SIOIOSO- d6) b

10. 935( i.léb rdudin¥ferdithe GoriBedBDhédélrém. J 7 ﬁéééﬁhemﬁc%ga(ﬁ%hueg:,rlﬂ:mS
O o) peabseibh Gadiniqitl) shekqmay B2, 580018580 vnotal Uik tes) e | o

(KBr) 1690ypmredustdmmesihgacatalystprepared froma ruthenlum complex,

6- (Met hyl gar hoxaud d it&%e(%bﬁ{ybﬁa@% 'eoxx)s?;gﬁ lYch qr‘éa'g'é%aﬁ?l%n aah

N H Sodi um benzoat e
t et r abut ypamnann@%ﬂw%@qmaéaédéédcwpasgm Hw@wmmﬁsle@wm: 5 mol

) of Illlrﬁdﬁum(ozrﬁml@maﬁle&w a)cﬁjlfaﬂlphc%'pﬂlde Qibanam@led bdrand of THF
at roomte ture, and the m xture V{[}’:l %a‘lt f or .hour Co h;reactlon

mi xture wa§ gﬁ £ YF P er 83, 2R YHYE &talm&@to hyl
acetate d@ltrevedgamncalpbasecw%ymshed a/]aptﬂa—amsmcaxmaaquememl ution of

sodi um hYﬂﬁ\eﬁ%”ct{JéH ben@tr%d.%%&eri%gigifg;% g r%@gah@@mdam@éhg‘f@rdz% 'num

sul fate. The sol vent distil er réduced pressuré an
product wh¥ansérit E¥PEngePUEFioRAERy Félietﬁ‘%:%lf‘?jb col utm chr omat ography

(hexane: ethyl aﬁ@hataemrcﬁooﬂaarmsxgllvse ub2¥ Mo el éndft)ioskleheidesi red

T SRS g LG DO PRSI YLl R (400
J=8.8 Hz, is reglulelz':)i (RB- Sel(EQHveilyJa:rSi&IHZS) theg.c@F reBRONdling=7. 8 Hz), 7.70

1H t, J 2 oxX i e‘] ve =al l,n 1S (3H;
(18 L R 20k obhy ke Athe diTe frdElue B3 boigling 1S (S 9).

138.0, 13§r9fef2@t4a1i29 1t 1té989caf25 E eﬁ%d%ctw qeazatlron iclém( RSr) 1720,
1700, 169c¢aecmikd Emarmlséna a- i\ﬁefcb&fqmimmm«axmmlb)qwrbdhyd Feylujcixgoxoet hyl

et hanoat e June 200 ~| | S (s + 1.0
nmmol ) andegfg(%r?g%(rléoc ero? tet“rd L( Oﬁ%anw%érﬁ 3‘% brngﬁl%g‘eaatbell %fd to a
sol ution protiggimg $9idmarbpnyl reduc1ng enzyme or a treatment product

of NI - [ 5- (2nehlegoacetyl ) pyridin-2-yl ] ethanam dein 5 m of THF at room
tenperature, and the m xture was refluxed for 2 hours. The reaction m xture
was suction-filUspbde aRdthRecarpenyk & SACidg AGYBRRPIRSS I Ycet at e. The

or gani ¢ phdseosaganashetn WhehRassBé ¢t i€ G et $0é Wilil b I gasridinism

hydr ogen c¢ar,bonat e uepus sol uti and then dried.qv SO sul fate. The
sol vent vvg)s lgngtllrﬂql %g g?‘? ghber? }g%l‘a%%% ﬁ%{lsd%lé{rgé acnd@i{ﬁog—)pcg!é“g}]ct was

i sol at ed &edamyomiiced , bgugilllicangede L urbarseronis odedsioh(itkowdge : et hyl
acetate =pkchik,) rREQdQk¥eulio ﬁEoéé’éﬁéLdl@ﬁuﬂ Aaddhtdfs)diSis,

Schwanniomyces, Sporidiobolus, Sporobolomnyces, Torulasporaand

Yarrowia.
Specifically, use can be made of Ashbya gossypii, Candida
catinulata, Candida fructus, Candida galacta, Candida

gropengiesseri, Candida quilliermondii, Candida.haemulonii,




2-[ 6- (et hyl car boxami do) pyri di n-3-yl ] -2-oxoet hyl et hanoat e.ogl jqnhMGo§ 400
MHz, DMSO-d6) b 10.93 (1H, s), 8.89 (1H, d, J=2.4 Hz), 8.28 (1H, dd, J=8.8
Hz, 2.0 Hz), 8.19 (1H, d, J=8.8 Hz), 5. 43 (2H, s) , 2. 14 (3H, s) , 2 .13
3H, s) . 13C NWMR (100 MHz, DMSO-d6) b 191.1, 170.2, 170.1, 155.6, 148.9,
138.0, 125.3, 112.6, 66.3, 24.2, 20.4. JR (KBr) 1750,' 1710, 1690 cnrl.
Exanpl e 4 N1-[5-(2-Hydroxyacetyl)pyridin-2-yl]ethanamde OCH O~N 1 H
Pot assi untar bonate (3ng, 0.02mmo1l) was addedt oasol uti on of 48 ng (0.20
mmol ) of 2C[a6fd(1l&tth'tyi:@ﬁib%@@id@)ﬂwéﬂﬁédfaNt]anai@&Qﬁeriﬁ,h@Qﬂaiﬁa 26

June 2003 ai |n5n10 e nol . . and f.he mxture starred at

oont enper BakEd R CadfRe1 1808, AR e e i (Condida pugosa oy,

acet at e, t Eanshideassnaweensirs cdandida sodpdamad dlsf, fandideeusbl ven€andidahen

distilled Q%&s%&qQLs,e@¥gﬁQoQ LeSRY 81p38d st ba prQQBEHu§BSPb§9k?5ﬁgc@§d
marrUgr‘arph xane. eth

f =1:1
P’ gi ve 10 haasepid da fabt tine Dabarysnices hanseniL, Dlbaryonyces &
N1-[ 5- ( 2- hy@direxisa asdyd ) yiéxeéf@namﬂhe&hbmﬁ&iél@@l%zs Qd6) b

éOlgG(gﬁH ggnﬁggui;ig%ucgzééaélﬁange g g %4ﬁé%ﬁhidd§ &igﬁ é 031% 3 FE)

2.12 (3H, eukEITINVRLChigMdwHz, BiBBid6TabindFa, fﬁlodb'm)rum glebin®s 148 .

7, 137 . , 5. i 0D
216 (thhvakz d%lﬁ%ﬁ%?@ﬁ%’ g&adé%o%ulgxgqghgﬁﬁs,2Rhogotorﬁl?pm1nuta,te o

O.~0oN N&hqﬂqmrwlaaﬁuaras Rhedospopdmiym digbpvatugs Rhadpsperidiinm
hydrogen capheraie nQ hollosho? iaRl) tefull ofibabyt xharHRRbMgtEpeTsde wer e

added to a salution Of 0 T9 ol
N1 To- ( 5 oiadandear sohsenniSnvses ackaldiiae SPRrigigholus righusonii

t enper at ur §pcarubdlivenymiest (pxaeaW@Semef,l Spectobodomyhearsalmahéco;dﬁﬂ m) was
added to t&%ﬂﬁ%ﬁgo% XbYLECRAE Mki’yfae&lél A'9ifbX HiSa%?d%t getRd three

times with vvashe W|tha
sat ur at ed ?@cﬁq}rﬁ%]dgﬁe(f%@ﬁiatlé &&&é&@ aﬁ&opﬁ% dried over

sodi um sul fate. 'ﬁh&s%oh\\i@rﬁ)o\ﬁ@%ndbﬁﬂsl hlredg@hérumdgrobeduﬁgdwres@ure and
t he product. wa oI ated an g fi e% silica %el ft(‘)l umm_ chromat oeqraphy

(hexane: et Fiiyvi glcaé{apté’r |pu|r) C&]/téllr(? 790)"f e d]ESI red
2-[ 6- (et hyl szdradmcbﬁrd@)tplyermaitmr& ybrid- ox’bleet milcr2o2gdinirsigsrisiahbat e.

26 June 20Q§ﬁﬁ%ty of producing the enzyme mentioned above may be wild

strains or mutants. )

Alternatively, microorganisms derived by a geneticmethod
such as cell fusion or gene manipulation may also be used as
the microorganisms having an ability of producing the
above-mentioned enzyme. Genetically engineered
microorganisms having the ability of producing the enzyme can
be obtained, for example, by a method comprising the step of
isolating and/or purifying such enzyme and determining part or
thewholeof the amino acid sequence thereof, the stepofobtaining
a DNA sequence coding for the enzyme based on that amino acid
sequence, the step of introducing this DNA into another
microorganism to obtain a recombinant microorganismand the step
of culturing this recombinant microorganism to obtain the enzyme
in question (Japanese Patent Application Hei-11-345541).

For example, there may be mentioned transformant cells

transformedwith a plasmid containing a DNA coding for a carbonyl



NVR (400 MHz, CDC13) b 8.81 (1H, s), 8.32 (1H, d, J=8.6 ?@)J ne 3604 1H, dd,

=8.8 Hz, 19Hz) 8.10 (1H, s), 5.24 (2H, s), '.25 (3H, E30(9H S)
(100 MHz, CDC13) b 190.3, 178.1, 169.0, 154. 8, 148.5, 38.0, 126.1,

3 2, 6S.6, 38.8, 27.1, 24.8. ,xanple 6 2-Oxo0-2-pyridin-3-yleth 1

2-di met hyl pro anoate OO0 D H Pivalic_acid (5.3 g, 52 mol), 8.8 g (104

nmol ) of sodi um ydrogen car bonate and?8. 84 g (2.6 mmol ) of

t et rabut yl amoni um ronmi de were added to a solution of 5.0 g (26 mmol) of -

(2-chl or oaeah&mgmﬂdﬁﬁ@aef&weacl@k@ﬁuQ%ﬂ&&%gmcsf BEroAliAgB §FRer at ure,
and the m xture_ was refluxed for 2 hours. Water m) was a d d to the

reaction AFERPEncHda AR %Oy ?ﬂﬁl‘f‘gxftq}:r é“vx%%z%‘% 189 the @0ililk¥s with
100 M of oetrhzyglené(retahg a e 102 genon whayarthwaso iwashedz yiné i salepaindieaited

sodi um hy e _aqueous soI nd..t hen tied. 9 odi.um
sul fate. 582% ven q‘a%erae ayl# #i%ﬁee%‘}cehd&%gagp?éggﬂge aI?\lasthe r oduct
was i sol awdehmemnzymeemabyngthE@@@eltmf urgeheoabingsapdycocheyawee: et hyl

tat =
gchg S_ 1% dl@o@?&h%&rfégaﬁage(léh%?lprlzo%%sngcgrlﬁﬁ?t El@ﬂlgq(i\ th/lc—ltzl Sa[l)l\%O d6) b

9.13 (1H, %)1008881@ Pmoq&na§e41540§ Wmm}m spch 59 (

1H, dd, JEfansBoHﬁanﬁcel@sl'im)whlcﬁ@héZH,aﬁn)Ld[ﬂ,e12t21((r951'd1adee Cs WMRCREO0 MHz

DV 5) 0049281 hifiGortahiOceldl oy do%d 298,489,000 PB 27 O
1-[5-(2- chaemrjsmtd;wethyrgeWM HementidqretchBnamideHB106 (RNTERE)03 43 . C
I~ O ~ accésbidhthdmogt %ﬂ@iéﬁéﬁd F[Qels%%@te%%ﬁﬁegﬁg Mﬁll?%,Q:

sem synt hetl ¢ medi,um (40 g gl ucose, g yeast extract KH P04 1 3 g
(N} " 2HPDSTDaC L gng! Khystie apepdndest Ppqprsisod Vabiowal Chsgd tytrbsos
|7_|'|20, 0 . o@0H o QeDle anc?ﬁﬂﬁan?‘ech?l)l@g{yhﬁg)ﬁ HOgasHi §- Eﬁ@ine,ﬁ‘;ﬁl&%@&3 1
iterwate teriliz in,a uc sk a

shake- cul Fang Iféatr(?g% c!gﬁé QA Sre FBF‘“& (fgesp Slfﬁ%f‘ﬁ %FB#@““P?E%@ ‘wer e
added 3001R8§9df N1-[5-(2-chloroacetyl)pyridin-2-yl]et hanam de and 1.2 g of
gl ucose, and thﬁn?%%ff’éhﬁ"’%%tﬁ%e@ %‘é:s‘i%tll%tbléogy"‘%&& %f({afﬂirlﬂnsf @598

hours. After co etion of the reaction, reaction. mxture was extracted
with et hyPeREERALE bangednin sulitddr biag %B‘ﬁﬁé’rﬁqad’cléﬂlsundg?rreé‘@%’éd"pr essur e
to give aceeboarddiaticeLONERIAY SgrbbieyProdeic] ]jhegnﬁftﬁsﬁﬂtﬁﬁtmﬂ\a&nd

purifiedo |I|ca colu (hexan et hyl AGet at
opticall yﬂlagtt?)\s/g’ (?%n 261 hygarl%éy%t 1I pf?‘rclgglc- -y(?'] ect anam de.

UponHPL Capghiylsird [rastiram i cChicd dl celfiﬁ@m() bs odfucI efthBnpéednditdasaiol

| ndustri eﬁx,drehsa@ﬂ&nsh%ajﬂeéh,?gﬁfmgncﬂamfigé,aqnﬂé Q%Fx%tseso &hh §in,
tenperature: 40C, det ection wavel en ical purity was 98~

t
ee. i H NVRIE4HBPREES] (o 461 Bliéugss (?L‘H “5‘35 '8329 ’H‘EFO%%“ S@”ﬁfe&H d,
J=8. 3 Hz) sué¢hds dnfhl'dmldJmQEBfaBté'JZémun5n96mbH1bisphaté 7hréda, yedza),extr@2:t9. 79

ioo 5 18pAC xbighll nBbrage dnbilhelyoced IS i i San i1 0.
( KBr) 349@?}1r£66©m@n>31.ot{t@]rpizaorq@mzaécs,« ‘{lmllnsna@@éﬂbﬁgl)utrlents
may also be incorporated in appropriate amounts as necessary.
The microorganisms can be cultivated under ordinary
conditions in general use, for example aerobically at a pH of
4.0 to 9.5 in a temperature range of 20°C to 45°C for 10 to 96
hours. 1In cases where the substrate to be reduced is reacted
with such a microorganism, the culture fluid of the above
microorganisms can generally be submitted to the reaction as
it is. A concentrate of the culture fluid may also be used.
If a component in the culture fluid produces an adverse effect

on the reaction, cells obtained by treating the culture fluid
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N1- ( 5- (2-chl oro-1- hydr oxyet hyl ) pyri di n- 2-yl ] et hanam de 26 Juur?g 2883 44 OH

O, *d ~N..N HRhodotorula rubra (I1FO 0383) was seeded in 30 mM of a
sem synthetic nedium (40 g glucose, 3 g yeast extract, 0.7 g KH2PCa, 1. 3 ¢
(NH4 ) 2HPO4, O . 8 g MySO4 7H20, O . 06 g 2nS04 7H20, 0. 09 g FeS04
7H20, 0 . d0O5 g CuS04 7H20, O . OL g ¥BS04, 0 . 1 g Nad, 5 gCaCo03, 1
liter water, pH= 6.8) as sterilizedina 500nl Sakaguchi flask and

shake-cul tured aer obi cally at 30C for 2 days. To the culture fluid were
added 300 W% %%n\xrlf'sgit‘zlw of ¥ackr 3 IRsR i o<i>1ﬁ 2 BqdiHarmhfididath®y. 2 g of

gl ucose, aﬂde&hﬁx@ea@él@@lwslgqsmmlrmxy aisedC with Stl rr| ng for 48
hours. After co etlon of the. reaction the acti.,on re vvaz)&aéiracted

with ethyl acetal? VEHEEGINRY BRI aetaetd“ e°r Fedt essure
to give a cehtents atat mtauqulwgclme”qsrtaduxtted bilihemeohmentmayebava@qwri f.

ied on a s,El e e Vs

optically a?:t i %/(gPN %lgﬁ%i c f%?&(;)(@@ %/%r%lgggéjflﬁ& %{/ d?%ﬁz@ y]l et Yangni de.
UponHPLCan@f§E9Re [ @B| dhpho apho B P AT Pk &Rl LRE dﬁry h g jigzding a

Lndust rlt esaese%%gagr 8?;@@@/ l;swdli@@a@od)f —tB@é@l{bnt{ merag esnir]f_afdﬂaﬁfﬂ N, 088
enperat ure cti vel en e optica s

cor " Lo oporoigts iFEes LReNE R nacser aliliid BRaSRs, andiiiaed e

2- hydr oxy-@e] Bs (arethil e firberastimatppreganaiphd ettitd i i bgtidiet tud timgpanoat e
Ha-~-0Q E‘].E@Chaﬁ{&?& %éﬁéé'%” \ﬁ&a@%%c}é n at) oz e eaR8TyNR hehbe 26

June 2003 45 nmedi um ucose, yedast extr H2P . 59
(NH4 ) 2HPBaympetpig Wl%@@ perléeeg frRap4h ermldtueve nay g &5y

7H20, 0 . Q89&d49 CuSO4 7H20, 0. 01 g MhS04, 0. 1 g NaC1 5 g CaC03, 1 liter
water, pH = as sterilize

shake- cul t ur ed8) P oBFeRY 1y a‘?u%o%‘? o’?g(g"cg?éjycgakr(ﬁ%ectrf‘iq ﬂiﬁ{(ee?sr‘]lg’fst(rﬁé:ecul ture

fluid obt awedtiBubgd afcety 1P y(minting darbu&amvdor)ambledadﬁ@dyall]l- 2t ovo hyl 2,
2- di met hyl E?ﬁ(r)]@?%‘%tg%n%rﬂ ABMBhOTr H USRI PRI £ ﬁ%"cﬁe% gbﬁ}tilgf@déé”@}% zed

test tube, hake reactl on was carried out at 30C ay. After
conpl et onr%?cf:h‘énréé‘é??%ﬁs t he reactl on mixture was extracted with ethyl

acetate, and the'rsétf@&étiz@ﬁ @tedi 4 rtgﬂ@fteﬁaqdwqcb Ftrcﬁﬁ‘fﬁﬁ@? to give

2- hydr oxy- 2- ar box 0)p d| n- 3 th - di et h; anoate
as a crudePp %gaﬁgﬁ ‘Jﬁé Edntetei S‘Hobr/&bg Rﬂs %‘ n}rqﬁ%dr y])z% %g

crude prodbet SbypHPEErgobyubmtoDBvel osi| ODS-HG 3 (product of Nonura

Chenmi cal ), el uenipe 3RLUY Addd 8P coheliHeRP4on 1.2:5/&1‘%, r&laewléﬁtnﬁxtl;&

m/mn, colum tenperature:” 40C,  detectjon wavel en and t

opt i cal pu?‘?t’f%ﬁ?l&&téfin?%ﬁo%lﬁﬁ? me@@r&%@gc%g@epﬁea&&?ywq@ﬁ% | ayer
chr omat ogr aphyedfict| m\edsmysttﬂ_tﬁé ana‘lh¢s bab6tehuancofibén et geloi( prizduct of

Dai cel Ch = :
T i o CTERRL ORI 8% o B BEPLE)LDBX BT BOPURDAN O noT st aturdd Q1 Tt ©
results thQslospaﬁﬁ&d are shown beI ow in Table 1.

) The reaction is generally carried out with shaking or
aeration and stirring. The reaction time may be selected
according to the substrate concentration, microorganism
concentration and other reaction conditions. Generally, the
conditions are preferably selected so that the reaction may be
complete in 2 to 168 hours.

For promotingthe reductionreaction, suchanenergysource
as glucose or ethanol is preferably added to the reactionmixture
in an amount of 1 to 30%, whereby better results can be obtained.
Further, by adding a coenzyme, such as reduced formnicotinamide

adeninedinucleotide (NADH) or reduced formnicotinamide adenine
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. X,ee collfigu~eLion Ashbyagossypii l FO .

056Q9699RCand| dacat eaul at al FO 0731B4_98RCandi da

. huct us1F0158142. 72RCandi dagal act al FO 1003166~
61RCanfi i dagroperrgiesseril FO 065934 ,,90RCandi dagur ~l i errnandiil FO
04547593RGand' i al ahaomuJoni i | FO 10QQ16693RCandi dahol m~"r 1FO
06605773RCandr dai rrt enxddal FO 0781649i RCand' i al ama~naJnal FO
07058177RdandicdabRli e hsphdte/ GRlbtandiwaamal i igehéthlly required for
07475795RGar r di dapar aps—l. asi sf FO OSE%64~. 7gRt andj'hda Ce
~0salF00756526 TRPANGFa5EvRBF e TR Fb 180348 89 RCAh dPeeRDni thl 13 P 2046261R
Car ndi daupbplsiss bEe@ 06396G1G0RGA i mctEraat | Spesi E0E94184 18080 yay dsoccus' ~
al bi dus v | P das( V., F
OOT56095R%E1§a{Zllcpl cosﬁﬁfggﬁlg%ééglg@gg%wgm aéggéggggnnarﬂagn%m%hr%
08887497R@@babyég¥v&§ reptElidys iformatdeno o £ gkl oy | Bay| hseaaddrsspor ai FO

18507189Rlﬂa;n%ﬁautag&uwﬁyﬂﬁaﬁ%él7t?&gﬁ&3%iam&wIsa&at Hi £6EHEYEE in the
08M™8497RMet.schr.ncow |('31_[_Ef§ukar rf

0749766 OREFIAFaBAERS 1 AT SR8H6IEPI ERERSFFRILA/SHStem in which enzyme
04838692 RRvgtettei dehgtinbghngse areducesnaish id-GADH on the occasion of

Q415961 00RRRO i sl 5 ‘ 0
09283973R§h@§d21:8 té%figa&é'gg%‘p quogxg%égg'%g%g@%@s%a@% bRubor the o
06885694 RRFGELFON aY BR8P hie odghpaMiFo 32 AeaEbIIFrIdso reduGetolrP i es| FO

041384~ 94@%@%69&&0@ z@%@@kﬂ%@%&?xﬂﬁ&@b@@am@ﬂb@q&@ﬁmﬁw 1F01840
4473RSpo~i di o060l Lisjcgf)nsogl i I FO, 89037399R ](_){r%/ (S:s par ar oseusl| FO

04714584RpEEHA DEALLQPNENPESF S FAN P g7ael
122494183RTa~ul 31$pD$ addﬂﬂlarflﬁeckuvéF@J add a surfactant, such as Triton

2 ydr oxy- LR ;*%'%%% %iir%% e oheh. oty SRR Chentcal) noat e
1H NVR (40F 4 o6 Mpkghai Tesqued, :260 (tm raacgignsnmt)ures 02

(1H, d, JZE&rftHd&),,er gaoidﬂlg fHe 1&ﬁ3b&tﬁbnc§fﬁmé‘¥éac51@ﬁb@ﬁﬂaﬂ;ohb‘i4 4 Hz),
4,78 (1H J =10. 4 .03

. : 5 9 Hz) , .
(1H, dd, 3!': SHP‘e Shﬁ’sﬁf)at% Enééo(-s&‘ sS’rOd‘icﬁso’Eg'%Pe s’)'e‘?‘“cl%‘@'%\m (100
VHz , CDCl3)eal§3t]H§?L,la WB8e2-ih5014ble46r¢aniBos@] v, . Such 1®s 6etlg8. 0, 67. 8,
67 .8, 38 ;atA% %ufdlggcegate %@r@p@l@ﬁﬁ&@hk&cﬁ%én\ée ma be added

hydroxyet hyl EXI’I di ne rivatives east strain was seeded Q m of a
seni synt hdd ERAeeRams i nd x§ngeeselon @C;F@&ﬁl“éxﬁﬂ%@@luf”dmiié hgg 5 g

gm;g ) 02H@sg@)st(x}act:uefgo?it|\/i%ﬁgaéltso7ti%@,s18].<306oE]laci'c!ﬂSO.qaték‘LZQol£ibl@901gjd?ﬁ'§?4I t

, : iter
wtor,  pHS R I s PEThRRR T S50 2edie e rrayeta TR e o

shake- cul tdimethag8r shildalxligeat 30C for 2 days. One mlliliter of the culture
fluid obtained, t§ g@clc%@cip §EP?IIU Hyﬁgo 98&5(' Pé(yifj&{}?%d@éfi/@éﬂl\’@e

represent ed by t he general fornu ose were added to a
medi um si Zdd tReedycREDY ARG mwh%%%l%és@&tﬁlaﬁdmeé‘fr%@‘cl%r 1

day. Aftercmomelaeition ffixtiee) e@CtdéOnly tde dfaagt ls@ba@‘h)é‘iuheow&seE]Z@,r act ed
wth et hyI ak%gt atﬁ and t e extraéT E oncentrat ed uﬁﬂﬁ{e reduced pressure
to give a% 8s &iver 8rohatarcs Vit aptiisd by a9y zi ng

t he crude tﬂreodamdlvehry: HPEG:rtbet ulmmrl f)ea&tmmlb@&dd@s&a(ldrmmtombmonur a

cor umn t eiser arps. S hebRetBLERRD bl inS b ek v B ALGRY,

purity waPwe& datithed Wep@pn:ﬂyﬁarlgw retdvaedbygroyvethpiryhidinayer
chr omat ograaphiwsatfiald owed by HPLC anal ysis (col um: Ch| r al ceI Q) (product of

Dai cel Chemi cal | nduxtri s) ,. el %\)é nellso ol = ?‘% fl ow rate:

1 m/nmin, tenpeliiy O“Afg’é,o ‘?’é @‘é‘?%‘ﬂb? rrﬁﬁpe. refRci ¢ s

t hus obt a|Jmedaaweehmmnaé)ehewdant'ﬁaiﬁeele&tlv@ﬁedlmcﬂﬂost% W¥sible x (g~

Table 2 O10Yreduce the substrate substituted acetylpyridine derivative
either (R)- or (S)-selectively by selecting the catalyst to be



-:- 1 1 *~( ~o0o ) NCeroorgaudsnBubstrata (9)Cotwerslon apdcas¥ gire 20048t 9i
xeaMQar af | a~i ~t annadi ai FO
G781AcNf f Cl 58TeRG rrd~d~trt ~p~aJl sl FO14W | cNHClI NB7RG pt ocacctrr : ~idra vyr.
i A~af asl FO 0378l | ~cNHC( 20VRRhoabt at da~I FO
0190A~cNHCI 1881RRbn~abt ar ~dan~dr al FO
0383/ 1 ~aNHC) 8798RSpwi ~i ' 060~sj nJnsana( F&5
8903~cNHCI 8491RSdet ~arrr ~nynaaeest el ~"r! FO1810HCI ~1761RC. enab~r a~ap~ur ei FO
0706HOCO: Bul0071RSoonnWho~f us. bhnsaMrl FO 8803HOCO: Au7068R Exanple 11
(R) - 2- Chl or'Bepyiehi R - Wce Ak SEPoP I (R oF ngﬁg‘yfpiéé’é‘ m%k‘é{df
Escheri chi ayouldirdBIr i(eNieRGranabee obitan. nedriper ferERViIBR-1§898, was seeded
in 100 mM of a seay j hHm gl ., t extract, 6
o Na2k04, 3 g KEBPOR FDehl oty e S RIS fybs GedfASo i
7.2) as stérd INeGaPsara BOPLAPagskdfec watRlyst prdoghire tbel rgdagtaon37C
for 28dhgu!'r9ea8c3:rﬁc3'ﬂ .]<3r Qﬁé- @xtth@ygtﬂ:w BE hageﬁah RBEe hyH] OEBJcOékQﬁp(ij_a, g% \gfats
suspended in 0 0S e .buyffer, e suspension was adjusted to
oh Don e wida o Yo RhERP vARY Rig i T ERend B sotell iy Sk MR w5 | o
Triton X-103;t 8 amiofe ghdcodmsandnd2sBchip afa thiADE twenn laddackparnst Hye
reaction wags,£ Ie i St_rri f .h Al t.er conpl etion of
the reacti on,‘_3 q{éég‘(gqj?f}ee%%g?\@fgqt 'eJla gg(r%eo(r?lgorlrclé%t Sﬁéﬁvlvacsété%tnr acted with
ethyl acet el ~k¢el IA%%ct was concentrated under reduced pressure, and was
p]tgrl( fR I) eg OE| a si Ilnic\aalgagi_t ngﬁlgﬂtiﬁﬁeéﬁléﬁéeé&ﬂ[%léé‘@é e gré{f@}%@ 4H ;t?lél-l . 049
o -2-chl or.o=1-pyridin- 3- an- 1- ol asa, transparentoil.. . opt.i ca
Ut Ly s TR OBy e AR Rt bR hicoit L eRRaneY ST CHER e o7 1
ee. 1H NVR felttxth ddm r iR 0D)i sl n8-p-Sfindide ) dHrut hdn Bum 4fe tirdobh 1ddide land . 90
(d, 1H), b,7. 44 o dd, . . . . . 1 - ai ned
gl Ab ql% il#%???ééﬁgét g}\%&x\ltl_}?atéegré;clzfox( ezal_LDe -gtr}ﬁ:ér%'ifdéﬁ@[

(R)-2-chl oro-1-pyri n-1-o0 ISSolfved in a
hydr ochl orirrefsred] uti on, nmethyl tert-butylether was then gradually added

dr Op\lNit S€, %dtthqw‘éﬁ@&{e%it\&%s t%le:c b ?Qc%éll@?f%@tti%@%ﬁﬁlxﬁg%rteob tibauny The
resul ting ite precipitate was filtere , ive 1.04.g o

(R) - 2-chl or"i‘ﬁ‘il-‘b‘%j)ﬁi“&f‘ TENAS Vi%&ﬁ-""fg-sd?r HPEFSEMM%%‘G&‘S&‘% ?elePhedss. The
opti cal purfhys waserd®idh eay Hd Mude 400 ,WHdipGedgDethyd en@di@cingH) , b
8.84 (dd, 2 - .10 (dd, 1H), b 5.23 (m 1H), b 3.88 (m
2H) . Exarrplléghlfzo‘?‘ﬁ%%’- I-éfggrcol@cf}g ridin-3-ylethyl 2,2-dinethyl propanoate OH
0 ~NJ a 2- G- e o es Byl et sirhenydiatdntha Jaidgre(2g), 2.8 g of

gl ucose, 2. &R )@ -at-p-ARR1Nd D-ApHEnyafe thyillcrHakd@eyere added to 20 m  of

e sae CHlE R Ll S50 OBl i e sagiyen v cart o
aqueous sod{Riui i lwea 2en sl Iuiangn. - 1Af2-eti pheml lettihgn epfedtilbmineact i on, t he
reaction m Qé,%)e—ly\—’axﬁe@ﬁr{ 1%n‘é‘ht—*1,%—Wﬂphae%g}l%tt%ylg%dfi%i%t,raCt was
concentrated under reduce pressure to grve Z. (0]

(R) - 2- hydr ol BL Nrmeframe st a1 -2 , 2-gi iiadreiy depgdd amine,
(S,S)-N-trifluoromethanesulfonyl-1,2-diphenylethylenedi-
amine, (R,R)-N-trifluoromethanesulfonyl-1,2-diphenyl-
ethylenediamine and the like. In particular,
(S,S)-N-p-tosyl-1,2-diphenylethylenediamine or
(R,R) -N-p-tosyl-1,2-diphenylethylenediamine is more
preferred.

The base to be used in preparing the catalyst is not
particularly restricted but may be an ordinary organic or
inorganic base, for example n-butyllithium, sodium hydride,
potassium tert-butoxide, sodium ethoxide, sodium carbonate,

potassium carbonate, sodium hydrogen carbonate, potassium



26 June 2003 so as a light-yellow oil. The optical purity t i ned by
the sanme nethod as used in Exanple 10 and was 1000 ee. 1I—|—%§J %&@6?/}_'2

DVSO-ds) b 8.57 (1H, s), 8.48 (1H, d, J=4.9 Hz), 7.78 (1H, d, J=6.9 Hz),
7.37 (1H, dd, J=7.6 Hz, 9.6 Hz), 5.77 (1H, s), 4.86 (1H t, J=5.4 Hz), 4.20
(1H, dd, J=11.0 Hz, 6. 1 Hz) , 4. 08 ( 1H dd, J=11. 3 Hz, 5. 4 Hz) , 1 .
05 (9H, s) . 13C-NMR (100 MHz, DVBO-dgk b 177.1, 148.6, 148.0, 137.9,
134.1, 123.3, 68.3, 67.9, 38.2, 26.8. IR (KBr) 3200, 173D cm 1. [a] O 5:
-22 . 87 (¢ =1, MeOH) Exanple 13 ) . )

(R) - 2- Hydhysyogen gca eyt ear SRR dBYPyo X Hiew Ptz hyn hfdegivedes OH O /
O 0 H Bi schlicbues{dydbRi@d, di{thhaninpatsetidehhwdr dan (Bydddk g, 0.0053

[y, 7.73 0.02 | f .. ) .
08 it Safat e poar FRk Hoding 2557 b6 RECATE 4B A5 tAg e monia,
nol ) of t he2ipBhyhanhye cappokdimelo)pipedidiie y| | - Z- oxoet hyl et hanoat e
obt ai ned y Ll TBH DO P GFFAIRI e iR Tt YRFAREoN, Be SdHs

al conol , e m

i sopropyl C re was stirred in an argon atnosphere at 80C
for 20 ni hiffeexidgored potasiyndwlRdids - offhg baprpBagske updded in

hydr oxi deth8opspRYb £ ah g 0A@he S Uid Dk ¥&s. added. The resul ting sol ution was
ours. Water

further stirred_. at OC for, 2 hgurs and then_at 15 to 20C for 18

wns added to tnESF RERPORLIT MR €4 et oo NI RET b G M8  act e
wi t h et hykeduoetave, .thiEhebovganitthdraysr comp ldKki esbtovarl Ignhydigaesamiargnesi um
sul fat e, e IS¢ ff_ unde r &SBHL he
resi due o%’?gi %gégmgge\pl)\ﬁ?f%je%b%éag??i{% %é%% %f%%éf)onat ogr?tap]ﬁ{;dat[% gi ve
36.8 ny (§r@pgrqgm)o§q&ier. The ruthenium complex/optically active

(tR)h- 2- h%/déax¥ﬁ2b&5eta_¢ﬁ&|tihwxﬁ@{@@aambc@t Bﬁéj&dhgi '])é'tl)h:qt&){lthe Latﬁthhbmﬁd m2003d5_1
e anhoat e, . e | Cca I was ermne . e S 0] as use I N
Examl 6 OPAiiSnad BHE VRF od el BPATRALAN0 2ty VcARIBS BRE. G4 (AREC YUY 8. 27

(i H, s), Beldfsddlih edlcess? .ThHdsplikntddr usé in prepatihgdthe cataly2A8 ( 1H,
dd) , 4 . i%%%ﬁrt‘i@ul&xﬁi}%gﬁ@l]:yic@é&’b@t ?tsl'xe( §§nesane %‘sll]:hg?’%lx?ént 1.69

(1H bs). Exanple 14 ~ y active ) ]
N1- ( 5- oxi £8R-¥5§ i3y FRECNIRG Y etthenbafdetEop Yearhien to Begwpntinedf 107

mg (0.50 webby iefpraptd elpuded E¥@sidering the efficiencyin operatifon.
of. acet one

N1-[5-(2-chl oro-1-hydroxyet hyl ridin-2-yl]ethanamde jn 5

Was. added 1063 OGRS Mbh ) o LYk PRieBaar Ryt BRib 4L gor e Legtb Bhe

m xture was ts iGD‘r’(éd. atheDCi e Ireui meristo Calat alatser p weysa edldissh tie dlreatr eact i on
mxture, Gheor e§URLLRY. MpHUIE 43S s8X bha g%édlwihhtﬁrehxﬂ)oa@%&n&ertrge

extract was dried_over sodium sul fate; t&e, sol vent was distilled off under
reduced pPESSErabPlYNRIE tRD IR AWt L deasd 1oty i dd 15yi8ithea gel

col utm chsemataeghdpin, (liexanes all Bylpoacdititet Fusbthetdn tgilwe Bssiaed el d
ac

920) of t&e desjred product, optically. ive . .
NL- (5- oxi FaaRo pPpspRUPRSS. by ) Crvafahl HASEER et abe iBoe I 8. 47
(1H, br) regugtiptHreaytjol, 20Pheldsed amput®, 2 fHLhe TaBGBlysk, isld).J&B. 8 Hz,
1.7 H), ?ho&gr(étg‘li@) ent %O'SWOI(axléquqq’al‘geﬁ%s oft e uthéniufddsidl dd,
J=9 . 9 Hz, 2 . Hz , 2. 20 (3H, 's) . Exanple 15 . .
(R) - NL- [ 5Xelasigenhar g aunabisptedt acetylpatrisias derivative, which

is the reduction substrate.

The hydrogen transfer type reduction reaction can be
effected, for example, by admixing the catalyst prepared in the
above manner with the substrate substituted acetylpyridine
derivative and a hydrogen transfer source.

Usableas thehydrogentransfer source, namely the compound
to serve as a hydrogen donor to the substrate, are isopropyl
alcohol, benzhydrol, formic acid and formic acid salts, for

instance, and isopropyl alcohol is preferred.
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(R) - 2- hydr oxy- 2-[ 6- (et hyl car boxam do) pyri di n- 3-yl ] et hyl

2- di met hyl propanoate (1.50 g, 5.35 mmol, 100 ee) obtained by the nethod
of Exanple 9 was dissolved in 15 m of nmethanol, 0.5 mM of a1 M
tetra(n-butyl)anmoni um hydroxi de/ net hanol sol uti on was added, and the
m xture was stirred at 20C for 4 hourd?7. To this solution was added 30 m
of toluene, and the m xture was stirred at -20qC for 3 hours. The

crystallized precipitate was filtered 0 Ql uene and dried at
S0t and 1 Tort Tor 26 RSGFeary bvEe oa PRy et 5 481EcE
(R) - N1- (5‘m( hruithedr ogy el éys )ghar di no2ay| et hemben dereds: tihiet éoctyst al s.

tH R jﬁczghmmrw{ag?@%%ggdgpé%g@%m) 1 61%2ufdlh 1ok Bxbehol 8 00,

Hz) , 4 namgly 1!7@(@@%5 not Jessgshan 59 eamvadaﬁntss %*3@131599120()2?4 m

2.07 (3H, amohoB@W@dl@s( Rirel Hdodidir Irdmeifeaneotrdedi ehibydsochl oride

OH OH J1l ~ ! The Cﬁ@&y({ﬁ‘oxyéﬁp r| di n-3-yl et hyl 2, 2-di met hyl pr opanoat e

concent r & f(e?r‘% oot Y2 was dissolved in a methanolic

hydr ochl ori ¢ adiny sobutrany sa:ridemtecmbatumd aasheef¢axteitbr epl¥8nhour s and

then con c I sol ved
ﬁfcf‘%éﬂ%ﬁg P %[) ‘%ﬁ pd :Pér?éfdﬁeed %’1&?@{?%@16‘@&5 QEll:

in netha ther was gra opw se t he

resul ti ngasnm@maenq/\}as %l'thamcéd utanerh t érﬁ@é)rr@wleaflépholzeseﬁbﬁéegso3 53 1

hour. Thegr@ssl hhﬁgr\éflifﬁdx@{eitftﬁ@oﬂl taﬁmd\@sli]bhtgrﬁﬂ:mﬁ dtletgwaﬂuaég of
(R) - 1pyr|d|n- Jetha

ng rl%l ol h chI OE)I \MyS [ys éal sean- NVR
(400 Mz, P H‘%a §ipgridupe; 0?'136 5 H0 A80°P4S ") . b 8
.00 (dd, tdduend athd 8ycloheddie; etth&r sﬁBv(ents Zdch a[sac}lemel eRber,99 (c =
1 MeOH) Rl Caddrd Rln, 1Y dkatia) HdRA ezl yPHeBHerdalNa
dimethoxyethane; ester solvents such as ethyl acetate and butyl
acetate; ketone solvents such as acetone andmrethyl ethyl ketone;
halogenated hydrocarbon solvents such as methylene chloride,
chloroform and 1,1,1-trichloroethane; nitrogen-containing
solvents such as dimethylformamide and acetonitrile; dimethyl
sulfoxide, N-methylpyrrolidone, hexamethylphosphorotriamide
and so on. Isopropyl alcohol is most preferred. )
The reaction temperature is 0 to 150°C, preferably 15 to
60°C.
The end point of the reaction can be judged by analyzing
thereactionmixtureduring reactionbythinlayer chromatography,
high performance liquid chromatography or gas chromatography,
for instance, and detecting the decrease in the substrate
substituted acetylpyridine derivative and the formation of the
corresponding hydroxyethylpyridine derivative.
When a substituted acetylpyridine derivative represented
by the general formula (12):

0
o._ _RE

XN (12)



The 2-hydroxy-2-pyridin-3-ylethyl 2,2-di methylpropanoate oe 00200
concentrat e(100ng) obt ai nedi n Exanple 12 was dissolved in 1 m of ne?hanol,
50 ul of a 1 M nethanolic Bu4dNHOF# was added, and the reaction was carried
at room tenperaturefor3hours._ The reaction m xture was concentrated under
reduced pressure and the concentrate was purified~on a silica gel colum
(ethyl acetate:nethanol = 4:1) to gizge 50 ng of

(R -1-pyridyl-3-ylethane-1,2-diol as a light-yellow oil. 1H NWR ( 400 MHz,
cb30D) b 8. 79 (d, 1H , b8 . 70 (d, 1H , b 8 . 60 (d, 1H , b 8 . 00
(dd, 1HXip the forgnlam X dpresends. adydumgalH) a. h&kegph e alBydroxyl

(R) -N1- [35Gh, %rﬂ%éy%gm%nw&wamwx ¥bl:&) Bapaoh 42 o, b D1 Koxy~— ~N ~N
H Bi s(r~6-nesityl ene)di rutheniumtetrachloride (3.10 ng, 0.0053, nfrol), 7.73
ng (0. 09¥ORRDEPDERIENS) INER- 18sGRIROD. AEBRENY PRt AVLBAHFAHPNB Y aAd 50 ny
(0. 212 pubkkoetulted- biihoeghylipashaxri v pysd i -2y yd 1 kPt axesihy| 26 June
2003 54 et hanoate gb aig$d by the net hod ofrﬁégggie 3 merengi{ed t oget her
in 5.5 ﬁPnSPlP§88f p ? c ?ntﬁﬁgqﬁ'xﬁﬁrg' aFPEE FRMaf ﬁfﬂgn

at nosphér eoaltS 8@Chbar aROmsicesargbamipg cod€Cadmdng0é &y 1M cefbanl M

ot assi roxi i I I L . ltin

B0l 1 of ok ¥ fiRd 3ahReY edlcs Ao sBB5 KEReR BEREEn ShRRRERE ' Mhen
added, #zRAuckdopand thegnanyieaekeqhkve rpdarEdoBfis Gdered @@uBednFr essure.

The cryskabsopsiie aveshed Wkt heohgdirsgenopyhnalkkeehebuasd, dehed under vacuum

(40C, 1 torr, 6 haurs 0 giye 20,8 ng ield 50 f o s

(R - - EaReesponitbir bRy e T ooeEavA s b kIR ERY SRV Zn ot ca
purity dierd®adise répeesphied| bputhetygeherhd Poodutd dbfacned in this
exanpl e was determ ned by derivatizing the vicinal diol noiety of the
product into the acefonide by treatment with 2, 2-di net hoxypropane and
p-tol uenesul f oni c d in acetone and subjecting the derivative to HPLC
anal ysis (col unq: i rap¢el QI (product of Daicel Chem cal |ndustries),

el uent: hexanw€ i §ppkopanol = 90/10, flow rate: 1 m/mn, tenperature: 40C,
detection wa Q]e th: 210 nm. |1 ~1DUSTRI AL APPLI CABI LI TY The inventi on,
whi ch has xfie nstigg&tinnentionedabove, makes it possible to produce
optically active dihydroxyethyl pyridine derivatives and optically active
oxirane derivatives, which are internediates of beta 3 adrenaline receptor
agoni st 10f tha el availFaprededinfdt 8PPYPsand 4 ¥8P&ECFRBLES flci ent
manner aRGminetadid edubbhi atbyl) athtaMeagbeUs neBNAE ect126i JUN®ad@03s55 CLAI M5
1. (Anende%?cﬁ substitu%ed a%ﬁtylggr%diﬁe de&i&ative substituted by an

am no gf@ﬁb% nﬁﬂxﬁqﬁ%&ﬁ 2 Whi-&f F§9F 6?es§¥? & By the general fornula (1):

The base to be caused to coexist for directly obtaining

the optically active dihydroxypyridine derivative is not
particularlyrestrictedbut may be an inorganic or organic base,
for example n-butyllithium, sodium hydride, potassium
tert-butoxide, sodium ethoxide, sodium carbonate, potassium
carbonate, sodium hydrogen carbonate, potassium hydrogen
carbonate, sodium hydroxide, potassium hydroxide, calcium
hydroxide, lithium hydroxide, barium hydroxide, magnesium
hydroxide, sodium acetate, potassium acetate, ammonia,
triethylamine, pyridine, piperidine,
N,N-dimethylaminopyridine or the like. Sodium hydroxide or
potassium hydroxide is preferred. From the operation
efficiency viewpoint, it is preferred that the base is used in
excess in the step of catalyst preparation so that the excess

base may serve as the base for directly obtaining the optically



Y RR (1) in the formula, RL and R2 each independently repieeafpRiz®os

hydr ogen, an aral kyl group containing 1 to 10 carbon atons, an acyl group
containing 1 to 10 carbon atons or an al kyl oxycarbonyl group containing 1
to 10 carbon atonms and Y1 represents a hal ogen, a hydroxyl, an acyl oxy
group containing 1 to 10 carbon atonms, a sul fonyl oxy group containing 1 to
10 carbon atons, an al koxy group contai@%g 1 to 10 carbon atons, an am no
group, an al kylam no group containing 1 to 15 carbon atons, an aral kyl am no

tai nj . 15 bon. at . | , |Lkyl sul f I
o oup cont afnFge fuhgargxgRiEai B SR ish Gy af bofish Pigt §r s Base™
cont ai ni ng istprdbecavbyn at ons. 1Q. mdher sedpsi va Léeds acel yt pye | b nehe
derivati . e , , ) I q
erivative agGoffiag sh%sglgpﬁﬁea%ﬁ%%cﬁ@%‘iﬁ%ﬂ%i.vgr.‘ aped Yo @ an

R2 represents a hydrogen. acetyl pyridine derivative
accordi ng therddes 1inrthre {pien 0 h a1 a@peenselat i ogen. 4. The

substituted acet yApysi dbdiep Het i ofald i e 186 CRE £l ifort O @@-g:mcﬁiuct Zdh Bene 2003
56 wherein Y1 repr sgnts chlqglnf. 5.. The substitute cetyl pyridi:ne
der i vat i ve SREBHIPRGTYN EF haach ion ERIRS B # pteel Ot by ar oxyl
group or anaftgtokyeagtoempt gooicaiduneg 1Fbo dfampardowadeants agided to the
E)izglfil oyl oxyRELLY | &Y Wil M- ASELYRIL M T EPL &P O Bfle Ved N8 AENELRLIREHY 2
an extraction procedure using an ordinary extraction solvent
suchasethyl acetate, diethyl ether, methylenechloride, toluene
or hexane. From the extract obtained, the reaction solvent and
extraction solvent are distilled off by heating under reduced
pressure, for instance, whereupon the desired product can be
obtained. Alternatively, after completionof the reaction, the
reaction solvent may be immediately distilled off by heating
under reduced pressure and the same procedure as above be then
carriedout. Althoughthe thus-obtainedproduct isnearlypure,
its purity may further be improved by purification by
conventional means such as purification by crystallization,
fractional distillation or column chromatography. )
In this step, the optically active hydroxyethylpyridine
derivative represented by the general formula (8) either in (R)
or (S) form is obtained. The optically active
hydroxyethylpyridine derivatives which have the (R) absolute

configuration are preferred, however.

3. Step (c)

This step (c) comprises treating an optically active
hydroxyethylpyridine derivative represented by the above
general formula (15) with a base to give the corresponding
optically active oxirane derivative represented by the above
general formula (16).

The base to be used in this step (c) is an inorganic base
or organic base. Specifically, the base includes, but is not

limited to, metal hydroxides such as lithium hydroxide, sodium



QOO (2 inthe fornmula, X represents a hydrogen, a halogengséPW%Aﬂqﬁxyl
group, an acyloxy group containing 1 to 10 carbon atons, an al koxy group
containing 1 to 10 carbon atons, an am no group or a substituted am no
group. 7. The pival oyl oxyacetyl pyri di ne derivative according to C aim 6,
wherein X represents any of a hydrogengga chlorine and an acetyl am no
group. 8. An optically active pival oyl oxyhydroxyet hyl pyri di ne derivative
represented by the general fornmula(3): off 0 .J ain the fornmula, X

repr esent syaidopdrdege mo taa sealung dvydraxiydlr and crlaipm aydaoyxicey gedap
contai ni ng. 419, 40 Lanhpn AL 9 mé%lrﬁgmﬁéﬁ%o%%&ﬂ?&%@éﬁ%ajrb%x@%%scar bon

atons, an am no group or a su tute rou 7 9.
The opti c:nqt;aSeﬁcltqm/e:arrmaua@w,omyhyasm@y\ehwrfpgenma@@@wmd/@e@emr di ng

to dai m &aMffRid él'k @fu@%ﬁmkss@éwa%fmétﬂymi?gﬁfhm, nC-WuQEﬁl'l(it@q'l@n@”

acetyl am no graou tically acti ve di hydr.oxyet hyl pyri di ne
derivati vé‘ertgbﬁlé‘%ém i mi 2 1P maaqealtuem)c prade;ands her eof .

11. A prodmﬁu—ﬁuﬁx&h&mﬁ&n‘msmﬂaﬁri@ésd@a&tmﬂ;@ers glidteadanithdumatmide,

represent e, Mnd NG 9RNC A i Ui oProgY1 e’ wWighesium
diisopropylamidechloride, magnesiundiisopropylamidebromide,
magnesium dicyclohexylamide chloride; metal alkoxides such as
sodium methoxide, magnesium ethoxide and potassium
tert-butoxide; metal hydrides such as lithium hydride, sodium
hydride, potassium hydride and calcium hydride; and amines such
as triethylamine, ethyldiisopropylamine, N-methylpyrrolidine,
dimethylaniline and pyridine. Preferred among them are metal
hydroxides such as lithium hydroxide, sodium hydroxide,
po@:assium hydroxide and calcium hydroxide and metal carbonates
such as sodium carbonate, sodium hydrogen carbonate, potassium
carbonate, potassium hydrogen carbonate and cesium carbonate.

The use amount of the base in the step (¢} is 1 to 10 molar
equivalents, preferably 1 to 3 molar equivalents, relative to
the optically active hydroxyethylpyridine derivative
represented by the general formula (15).

The reaction solvent which can be used in the step (c)
is water, an organic solvent, or a mixed solvent composed of
water and an organic solvent. The above organic solvent is not
particularly restricted but includes, among others, alcohol
solvents such as methanol, ethanol, butanol, isopropyl alcohol,
ethylene glycol and methoxyethanol; hydrocarbon solvents such
as benzene, toluene and cyclohexane; ether solvents such as
diethyl ether, tetrahydrofuran (THF), 1,4-dioxane, methyl
t-butyl ether and dimethoxyethane; ester solvents such as ethyl
acetate and butyl acetate; ketone solvents such as acetone and
methyl ethyl ketone; halogenated solvents such as methylene
chloride, chloroform and 1,1, 1-trichloroethane;

nitrogen-containing solvents such as dimethylformamide and



(?~in the formula, Y2 represents a hal ogen andX represent 96ayya¥d00gen, a
hal ogen, a hydroxyl group, an acyloxy group containing 1 to 10 carbon
atons, an al koxy group containing 1 to 10 carbon atonms, an anm no group or a
substituted am no group, which conprises reacting, with a base, a

hal oacetic acid derivative represented by the general fornmula (S): 0 Y ~~Z
(5~ in the formula, Y2 is as defined ajove and Z represents a hydrogen, an
al kali metal, a hal ogenated al kaline earth neta-1 or a silyl 26 June 2003
58 group containing 1 to 10 carbon atons, to prepare an enol ate, reacting

t he sane ﬂﬁﬁﬁoai§ubéebtanédapr@bi¢r@@l@£iGOEEe&tSrepcbsemt@@h@@the gener a

formula (@ fBxids, MBRekniDp %PﬁoiP&gﬂé aana< héx&5e 081 PREsphoVE- and R3

represents an al kyl group containing 1 to cgr on atons or an aral kyl
group cont&ilAmiger tBhage é‘%i’rYbBR 9P ,1%11]& toﬁeﬁ""@u%}' e f themrBa¥tion

product tdeadisddt igatBRBinatidn. Thargiadual infe eitnd acsidliglg to Caim
11, wherein Onigprr?sent 13. The production nethod according

hl
to Caim PfS emﬁgae ﬁg aﬁgﬁf%g%ﬁ?% sodi um or nmagnesi um chl oride. 19.
The production Whehfs)ble[ac(a)r is rrgaltrote@l auf at, a Xaort ik8) telpeeaturkeobase i s
a nmagnesi Umy es Qlzdermla (8): QR-N~My ~a in
t he fornula H% eg %%Q g% g %gg?qyre6125ents an al kyl group
contai ning 1 toAféeEm%%O rthé’ 5????1@;?0@%614‘?‘5'11%?&@ Clb lt1@)‘icar bon

at onms and fQokepheseehstaohahogeire sy dheoRtoAtcbhal AELEPdt BsgOREHPY t O
Clalm19’procedure. For example, water is added to the reaction mixture
after completion of the reaction, followed by an extraction
procedure using an ordinary extraction solvent such as ethyl
acetate, diethyl ether, methylene chloride, toluene or hexane.
From the extract obtained, the reaction solvent and extraction
solvent are distilled off by heating under reduced pressure,
for instance, whereupon the desired product can be obtained.
Alterndtively, after completion of the reaction, the reaction
solvent maybe immediatelydistilledoff by heatingunder reduced
pressure and the same procedure as above be then carried out.
Although the thus-obtained product is nearly pure, its puriﬁy
may further be improved by purification by conventional means
such as purification by crystallization, fractional

distillation or column chromatography.

4. Step (d)

This step (d) comprises reacting the substituted -
acetylpyridine derivative represented by the general formula
(7) asproduced in the step (a) withacarboxylicacidrepresented
by the general formula (11) in the presence of a base and a
quaternaryammoniumsalttoprepareasubstitﬁtedacetylpyridine

derivative represented by the general formula (12).
HO_ RS

o (11)



26 June 2003 59 wherein R4 and RS each represents an isopregyl,ngboesd. 16.
The production method according to Caim14 or 15, wherein Qrepresents a
chlorine. 17. The production nmethod according to Claim11, 12, 13, 14, 15
or 16, wherein X represents any of a hydrogen, a chlorine and an

acetylam no group. 18. (Anended) Aproductionmethodof an optically active
hydr oxyet hyl pyri di ne derivative represéd® ed by the general formula (10) OH
Y *v x N (10) in the fornula, X represents a hydrogen, a hal ogen, a

hydroxyl group, an acyl ox oup containing l to 10 carbon atons, an al koxy
group contai ni ng'A % q@ﬂ%é&boﬁ?r&%% (1A <& ﬁspgﬁéaﬁtéraraa%dfyém%%d

am no gr OU@ontYémi:g@g elsﬁtm S| daaibmeratommycérmmtblgmugroap @@Mt@iil}ll@@igp
cont al ni ng t carbon at ons a Su (0).¢ roup.con g to
corbon ar oho 35 SrERR0 Tt Bl Ak OB EoltadRiB"S Mea B edeth o
group, an at¢ay$ amsSpegjridym ldont &t mnnguﬂetso o1V canbbrilamtmtcamnat!aj/kyl am no
group contgt p,g &—;%Poﬂ-glpa{bﬁflo PITS,_Buf !Lfagylllz ng_)upte 1L_<3ﬁisul f anyl

y nyl gro

group cont a| car bon atofrs or ar al
cont ai ni ngn“lo‘F%Y]iO ReRr bk a‘%%h%yhndpr’ébF’éQQﬁ{‘éyén RRGMYEt rPctebYbon at om

wh: ch COW]Ehﬁaple&hjdEIj}gdatm C{]p@égammsgje,r|e/tﬁq;1;:,arrbqfndpy1¢dqc4mﬁlgynel or a
culture o mi. ¢y oor gani,sm havi n n a of pro sai r bony
reduci ng e%%w{) e%‘f%}énta go@{ﬁ?yi’ h%F%o?r?g fﬁ% ed d(‘?@g}%fectl vel y
reduce a stld:)st'rkbmltxeti an@epiemel 2808 BOracergfeyredi nendestvht inere

represent e‘]girgye,} gfé‘eﬁé‘%tiﬂ’&ﬁyia (9) OY-W x inthe fornmula, X and Y1

are as defined ove oduction nethod according to Claim 18,

wherein Y1 repre’é‘éﬁf‘ésas‘é?ﬂ’ dﬁ)nethﬂolserﬁéloﬁﬂédm%tﬁl eArhr hboc acddr i hy to
Gl aim 18 0fs iPre gl P X HEL W @SARES et vafll ety dnegenprarehhpIyNe @nd an

acetylanlqg %larequlvalents relative to the substituted acetylpyridine
derivative of the general formula (7).

The base to be used in this step (d) may be any one having
an ability of forming a salt with the carboxylic acid of general
formula (11) andmay be a conventional organic or inorganic base.
Thus, it includes, but is not limited to, n-butyllithium, sodium
hydride, potassium tert-butoxide, sodium ethoxide, sodium
carbonate, potassium carbonate, sodium hydrogen carbonate,
potassium hydrogen carbonate, sodium hydroxide, potassium
hydroxide, calcium hydroxide, lithium hydroxide, barium
hydroxide, magnesium hydroxide, triethylamine, pyridine,
piperidine, N,N-dimethylaminopyridine andthelike. Preferred
are sodium hydrogen carbonate, sodium carbonate, potassium
hydrogen carbonate and potassium carbonate.

In this step (d), the use amount of the base is preferably
ltoS5molarequivalents, morepreferablyl to3molarequivalents,
relative to the substituted acetylpyridine derivative of the
general formula (7).

Instead of adding the above carboxylic acid and base
respectively to the reaction system in this step (d), a salt
separately prepared in advance by mixing the carboxylic acid
and base together may be added. The salt separately prepared

in advance by mixing the carboxylic acid and base together is



21. (Deleted) 22. (Anmended)The production nethod according té&g @éhf@O]SB 19
or 20, wherein the m croorgani smhaving an ability of produm ng t

carbonyl reducing enzynme is a m croorgani smbelonging to the genus Ashbya,,
Candi da, Cryptococcus, Debaryonyces, Guilliernondella, Hansenul a,

Met schni kowi a, Pi chia, Rhodot orul a,

Rhodospori di um Sacchar onmycopsi s, SchwannBamnyces, Spori di obol us,

Spor obol onyces, Torul aspora or Yarrowi a. 23. The production nethod
according to Caim 22, wherein the mcroorgani smhaving an abjility of
produci ng tHae SaFBBRPE RARKI IR THEY AE the caberBbiganidmieal ’ébgctéti‘qer'om t he
group consiwiiidlg specAtibadl gostyNides Seadutlaa caxtd el pblassidh atdeatz003 si

Candi da fruct Candi da gal act a,. Candi i esseri, ,Candi,da
T e o R i 2 OB d B I S PSR R R b &2 HE s um
Candi dai nt ebemmaté:amduidlahmalgld(m ae, Candi da mal tosa, Candida nelinii,

Candi da ~ara-~si |l r cand S
tropicalis, Candlolzg &u%ac@qhga aﬁb%rsatl to B%roﬁ&e%%c%\cg%ga%gé%us var
al bi dus, Deb% 'é‘sC‘h]aQEJe\hFPS(?éiLCt?étﬂr‘?VlCE%b&F‘?grﬁk% Frapedre fjall

Debar yOWC%nﬂHf@MLlPe@@dMM@S nepal @&&h@,l@ﬂ Itlhlee@maqebba&@hemaﬁaar a,
Hansenul a gl uco 1\:/ma Hansenul a t rnusg}l%/?tsc ni kow a reukau Pj chia

bovis, Pichi®} 58 £ S 8?&1 e§ru STVAFY YHMPR_hERSTE] : ‘orul a
gram ni s, Riegoeonalyammontian Rhldidtes ubnatenar yRimodosipor adebatdi ahalat um

Rhodospor i di e SRARSLRE AL gg‘i @Qﬂfgp%égté'g{glﬂﬁt'&?%ns enﬁi’xﬁcé??f&b@éfeopm s

mal an a, Schwanni onyces caste porid | 'us ~ohnsoni1, Sporobol onyces

par ar oseus, LEp6R boPwhybeamuch itghbEanbde , Tetuadspdus ydé prrgad i iogHge,
\mr row at Ihl ot vi (8abudl) iﬁﬂ)ﬂmwd%@é hq]gb@@acg{mmg,lp%n@lcﬁugnﬂ3l

erein m, cr oor ganj sm havi n iJi y 0 oduci e carbony
reduci ng eﬁi ﬂ’éo‘?%n(,%‘hijf?i%e' Vit aiﬁbét? %’f"g%cfeed) The production
met hod accotdtngnebhﬂawmﬂ_ﬁ;m Jsﬂlhrrﬂﬁ; vﬁtﬁrmmettﬂ;elammuomga)”ﬁmdeavi ng an
ability of Z1 el ool g1 ng. cel l
transforne %Rggﬂ?asm cont al nlén}l DNA co I{Té?\fiot:‘rt ét{t%}l%[) l}rmedum ng
enzyme derl‘aé‘éf“%‘ii%n?‘adrrﬂé? ob¥ksani ?WEfeEae@n@rﬁg reHe- &éﬁ&é’@&‘ﬁﬂpéamand a
DNA codi ng éRIoandenayaetr fewi (Ig-lﬁltﬁlblim&cynﬂim Negaliedet i ng a coenzynme on
whi ch the forner gnr{:r me i.s d Eﬁg 26 Thg(%r&&uct I%n met. hod accor di ng
to Caim25, wheref ﬁes'ierpa iscarPup BIOT ¢ SN RS ™
accessi on ns@aberiFBREEBPEBIG. 0 217 toA2 pralhuc teiqovi viedieindd , ofar e ubst fienatedy

?Cret y: pyr lldb Ngs 860 I8Nk PP G HErd V@l | M€ e ESEN e NS RReS al
ormila ( gcetylpyrldlne derivative of the general formula (7).

In carrying out the reaction of step (d), various organic
solvents can be used as the reaction solvents. As the organic
solvents, there may be mentioned, among others, hydrocarbon
solvents suchasbenzene, toluene andcyclohexane; ether solvents
such as diethyl ether, tetrahydrofuran, 1,4-dioxane, methyl ___
tert-butyl ether and dimethoxyethane; ester solvents such as
ethyl acetate and butyl acetate; halogenated solvents such as
methylene chloride, chloroform and 1,1,1-trichloroethane;

'+ nitrogen-containing solvents such as N,N-dimethylformamide,
acetamide, formamide and acetonitrile; and aprotic polar
solvents such as dimethyl sulfoxide, N-methylpyrrolidone and
hexamethylphosphoric triamide. The above organic solvents may
be used singly or two or more of them may be used in combination.

Preferred are ether solvents such as diethyl ether,



O ~~Re X ~N~ O (12) in the fornula, X represents a hydrogesg jgndsdgpen, a
hydr oxyl group, an acyloxy group containing 1 to 10 carbon atons, an al koxy
group containing 1 to 10 carbon atons, an am no group or a substituted

am no group and R6 represents an al kyl group containing 1 to 15 carbon
atoms, an aral kyl group containing 1 to 15 carbon atons or an aryl group
containing 6 to 16 carbon atons, which conprises reacting a substituted
acetyl pyridi ne derivative represented ﬁv the general fornmula (7) O' yz v X
N (?) inthe formula, X is as defined above and Y2 represents a hal ogen,

with a car l@@wghgg%quraﬁprsssnaﬁsixme,t hﬁeeﬁgfrééré%u R ddildr ddRrR6 a (m

in the formul a I 5. as defined above, Iin the presence of a base and a

quat er nary dipebheiveshppe - o dehahyshrafiian it it RRedSTdiasy to d ai m 27,

wherein R6 r epr esaat@@m&a‘ téﬁ[b@h’iitui@rﬂs Beb¥krapdy@ienyd 1300GP Smore 26
June 2003 63 TE Bhgg nethod according to Claim27 or 28, wherein
X represenP§ §a8 Ya a chlorine and an acetyl am no group. 30.

The production ndfhed @Q@@&Qﬁl&thf(uhﬁlnqzﬁttmﬁ én gBjis step (d), the

product is obtained from the reaction mixture by a conventional
after-treatment procedure. Forexample, asmall amount of water
is added, followed by an extraction procedure using an ordinary
extraction solvent such as ethyl acetate, diethyl ether,
nmethylene chloride, toluene or hexane. From the extract
obtained, the reaction solvent and extraction solvent are
distilled off by heating under reduced pressure, for instance,
whereupon the desired product can be obtained. Although the
thus-obtained product is nearly pure, its purity may further
be improved by purification by conventional means such as
purification by crystallization, fractional distillation or

column chromatography.

5. Step (e)

In this step (e), an optically active . .
dihydroxyethylpyridine derivative represented by the general
formula (14) is produced by subjecting an optically active
acyloxyhydroxyethylpyridine derivative represented by the
general formula (13) among the optically active
hydroxyethylpyridine derivatives obtainable in the step (b) to
solvolysis.

The solvoly315 in this step (e) is carried out in water
or a proticorganic solvent, or a mixed solvent composed of water
andaproticoraproticorganicsolvent. Theaboveproticorganic
solvent includes, among others, lower alcohol solvents such as
methanol, ethanol, butanol, isopropyl alcohol, ethylene glycol
and methoxyethanol; amine solvents such as diethylamine,
pyrrolidine andpiperidine; andsoon. Theaboveaproticorganic
solvent includes hydrocarbon solvents such as benzene, toluene

and cyclohexane; ether solvents such as diethyl ether, -



wherein Y2 is a chlorine. 31. The production nethod accor dggyderddzal m 27,
28, 29 or 30, wherein the base is any of sodi um hydrogen carbonate, sodi um
carbonat e, potassi um hydrogen carbonate and potassi um carbonate. 32. The
production nmethod according to Claim27, 28, 29, 30 or 31, wherein the
guaternary ammonium salt is any of tetra(n-butyl)ammonium chloride and
tetra(n-butyl)ammoni um brom de. 33. A3woduction nethod of an optically
active acyl oxyhydroxyet hyl pyri di ne derivative represented by the general
formula ( 13% dH a~Ra w~ ~Y Ox N (13) in the fornula X represents a
hydr ogen, t&tEahpgEAfukaRy d} okydioxans, Aathyd| bxhubybupthenta®ding 1 to 10
car bon at@mﬁetaaxgékﬂxuegre@t@m@@lamtﬁ@ubﬂ &s HthGAr Hest at @ Emd it @Im no

o 15 cAPBHRTr SRLOnsr s B as Aoria e chg Lk ueh B Pe St e or -
an aryl ghahpgeoﬁtannanglﬁgtaolﬁenasbsuehtaasmahdyleﬂé Juber 203 64
Shucna & ERHARIACACE beb R AR e ARt o
formul a (B2}vents-sugh a5 glijpey llf@)rmatmlme angk pokrionkKtandeReaRret ke
defined apevgr sifhvelt®s Eﬁ@ﬂl@dﬂﬂeﬁﬁyh%lmrd@ NQ-hOt bl Bb P 31 idhes ei n R6
represents anexanghQthoégﬁérf%“é%iéﬂ?hghe%%te%ranB lower alcohols

are preferred and lower alcochols are more preferred.

Particularly preferred is methanol.

The solvolysisinthis step (e) maybe acceleratedbyadding
a base. The base usable in the solvolysis includes inorganic
or organic bases, e.g. sodium carbonate, potassium carbonate,
sodium hydrogen carbonate, potassiumhydrogen carbonate, sodium
hydroxide, potassium hydroxide, calcium hydroxide, lithium
hydroxide, barium hydroxide, magnesium hydroxidé, sodium
acetate, potassiumacetate, ammonia, triethylamine, piperidine,
N,N-dimethylaminopyridine, tetra(n-butyl)ammonium hydroxide,
tetramethylammonium hydroxide, benzyltrimethylammonium
hydroxide and the like. Among them, quaternary ammonium
hydroxides such as tetra{n-butyl)ammonium hydroxide,
tetramethylammonium hydroxide and benzyltrimethylammonium
hydroxide are preferred as the base, and tetra (n-butyl)ammonium
hydroxide is more preferred.

In that case, the use amount of the base is 0.001 to 5
equivalents, preferably 0.01 to 1.0 equivalent, relative to the __.
optically active acyloxyhydroxyethylpyridine derivative.

The reaction temperature in the step (e) is -20C to 100°C,
preferably -10°C to 50C.

After completion of the reaction, the product can be
obtained from the reaction mixture by a conventional
after-treatment procedure. For example, water is added to the
reaction mixture after completion of the reaction, followed by
an extraction procedure using an ordinary extraction solvent

suchasethyl acetate, diethyl ether, methylenechloride, toluene



35.. The production nethod according to Caim 33 or 34, W Kine 2§03
represents any of a hydrogen, a chlorine and an acetylam no group. 36. The
production nmethod according to Claim 33, 34 or 35, whereinthe optically
active acyl oxyhydroxyet hyl pyri di ne derivative (13) has the (R
configuration. 37. The production nethod according to Caim33, 34, 35 or
36, wherein the enantioselective reduc3@on is carried out in the manner of
(R -sel ective reduction using a mcroorgani smderived car bonyI reduci ng

enzynme or a .culture a i croqrga havi n abi | produci ng said
car bony | PEAIRIARE oyl Thé SXalt ARt psdac Rerebi énFe et Braducti on
met hod aceatdangibo @h#eam@?are/\/mhrsmu’lltehbomfclnpdtmumgndmmgedncaﬂl lity
of produc J t S
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group congistin ssy Candi da, catinulata, .Candi da fructus,
Candi da gakﬁc?gg anﬁa&a grrggenglgesse Fovéngf{dg guFIlFP‘é?’%n ¥i, candi da
haenul oni £pneandidaahokgins cuabi da pnrefﬁedtaonCthcdaﬁaghbizaélon,

Candi damaki{-98@iof@ndudst Ml kBlibn G@neb@amﬁaeaeémheéP§ap ndi da rugosa,
Candi da sonorensis, Candida tropicalis da uti andi da versatilis,
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DEbaryonyBﬂﬁIhﬁﬂSQByHmWEEBaﬁbQM¥Q9311organlc:solvents, it is difficult
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2003 hydroxide to be used here are as mentioned hereinabove. The
low-polarity solvent is a solvent low in polarity, inclusive
of nonpolar solvents. It is not particularly restricted but
may be any of those in which the optically active
dihydroxyethylpyridine (14) is hardly soluble and which canmix
with the solvolysis reaction solvent. When an alcohol solvent
isusedas thesolvolysis reactionsolvent, ahydrocarbon solvent
ispreferredas the low-polarity solvent, for example, n-hexane,
n-pentane, benzene, toluene, xylene, petroleumether, petroleum
benzine and the like. Toluene is more preferred.

Among the substituted acetylpyridine derivatives
represented by the general formula (9) as mentioned above, those
substituted acetylpyridine derivatives represented by the
general formula (1) which have an amino group at position 2 of



66 enzyne derived froma m croorgani smbelonging to the genys %ﬁ and a
DNA coding for an enzynme having an ability of regenerating a coenz

whi ch the forner enzynme is dependent. 42. The production nethod accordlng
to Claim4l, wherein the transformant cell is E. coli HB101l (pNTCRG ,
accessi on nunber E ERM 8P6898. 43. The_production method according to Caim
33, 34, 35 or 36, wherein the enantio8él ective reduction is carried out in

t he manner of hydrogen transfer type reduction u5|ng a hydrogen transfer

o ce AN RS S B R LRt et 8

active anm ne C ron>met ho a|n143
wher ei n theehydyostye Ant Flae Sy §Qlljr ébﬁspmmpwraltéw@bf 45d vvlfhle:tprC@duct i on

met hod aceQk Hegrbueal By 4O Lﬂ&gew%rfemeaﬁyeéeﬁtsu(‘;erﬁclt&nq%rt

di rut heni n1tetrach|or|de bi s(g6- nmene) di rut heni umtetrachl oride and
bi s( q6- mekdt yiRehe) Hi MAIRSHATN ¢ &t r UG W F WS A e PGHeRlum
conpl ex. ﬂﬁeséTmbﬁﬁwnthGSNhﬂ&H¢unyéuxﬂﬂumrmntﬁhé]ﬁﬁdﬂuﬁtlo&QOQr 45, wherein

o N - oLy PR ERERLA O et ofr SAITTY okt DY BREEL 3Rl recepror 1o

R) - N- p-t oSy gnedi amneTi s use op i
am ne. 47ag¢np$©®uct|on met hod of an optically actlve

di hydr oxyet hyl pyf bl nolel juRLY e IERRASCTS PIRDAd W §28R R rkgeRits? (14):
26 June 20Q3 67 x N {14) L
a hydrogen, an alkyl group containing 1 to 10 carbon atoms, an
aralkyl group containing 1 to 10 carbon atoms, an acyl group
containing 1 to 10 carbon atoms or an alkyloxycarbonyl group
containing 1 to 10 carbon atoms. R! and R? may be the same or
different. PreferredisthecaseinwhichR'representsanacetyl
group and R? a hydrogen. Y! is the same as that Y' described
hereinabove referring to the general formula (9).

In the production method of a optically active
dihydroxyethylpyridine derivative according to the invention
described hereinabove, the pivaloyloxyacetylpyridine
derivatives represented by the general formula (2) and the

-optically active pivaloyloxyhydroxyethylpyridine derivatives
represented by the general formula (3) are useful intermediates
improved in compound stability and handleability owing to the
introduction of the pivaloyl group. Furthermore, these are
novel compounds for which no process for their production has
been known in the art and which can be produced by the process
of the present invention. X appearing in the general formula

' (2) and (3) is the same as that X described hereinabove referring
to the general formula (6).

Bmong the dihydroxyethylpyridine derivatives which can
be produced for the first time according to thepresent invention,
the compound represented by the formula (4) is a novel compound
the use of which as a -3 receptor agonist intermediate has been

described by the present inventors.



in the formula, X represents a hydrogen, a halogen, a hydrgxylne®dedp, an
acyl oxy group containing 1 to 10 carbon atons, an al koxy group containing 1
to 10 carbon atonms, an am no group or a substituted am no group and *
represents an asymetric carbon atom which conprises subjecting an
optically active acyl oxyhydroxyet hyl pyri dine derivative represented by the
general formula (13): OHj OR w* ~@g N (13) in the formula, X is as
defined above, Rs represents an al kyl group containing 1 to 15 carbon
atons, an aral kyl group containing 1 to 15 carbon atonms or an aryl group
containing 6 to 16BEST a0ODES ORGR aONRRYINGr eHENTHEaDNUENTTONr i ¢ car bon at om

to sol volysis i ro. l_v I G . .ernary
annoniun1hydrofﬂﬁ%}kﬁggw?%gf%?gbﬁggfogﬂ%%%ﬁgép§8@%$31n§£¥§;&ﬁg?ﬁ?isﬁ

wher ei n Rénrfprigsentdetanil of Thevhgre, thowevetylbyumd pieams lgnoétpsivag. The
product i o ek 80486606 i PRt PnEbRETHAY Or 48, wherein X represents any of
a hydrogen, a chlorine and an acetyl am no group. 26 June 2003 68 50. The
production nmethod according to Claim47, 48 or 49, wherein methyl alcohol
is used agximeléover nl-qehol2 -gletacdtll ) Pia iptiaductiiore tretdied @ccor di ng
to Claim47, 48, 49 or 50, wherein tetra (n-butyl ) ammonium hydroxide is
used as the quaternary gmoni um hydroxi de. 52. The production nethod
according to Cd ainm47 8, 49, 50 or 51, wherein a lowpolarity solvent is
m xtUre after solvolysis to thereby obtain the
optically aclive Jdi hyfir oxyet hyl pyri di ne derivative (14) as a crystal.

Sodium chloroacetate (5.2 g, 0.045 mol) and 4.3 g (0.045
mol) of magnesium chloride were added to a solution of 5.8 g
(0.030 mol) of methyl
6—- (methylcarboxamido)pyridine-3~carboxylate in 100 ml of THF,
and the mixture was stirred at room temperature for 3 hours.
Magnesium diisopropylamide chloride solution {solution
preparedby adding20ml (0.144mol) of diisopropylamine dropwise
at 40°C to 67 ml (0.120 mol) of a 1.8 M/kg n-butylmagnesium
chloride solution in THF, followed by 3 hours of stirring at
40°C] was added dropwise to this solution at 0°C over 30 minutes,
and the mixture was stirred at room temperature for 27 hours.
A solution prepared by dissolving 25 ml (0.300 mol} of
concentrated hydrochloric acid in 50 ml of water was added
dropwise to the reaction mixture at 0°C. The resulting mixture
was extractedwithethyl acetate, and theorganicphase was washed
with.é saturated aqueous solution of sodium hydrogen carbonate
aqueous solution and dried over sodium sulfate. The solvent
was distilled off under reduced pressure and the product was
isolated and purified by silica gel column chromatography
(hexane:ethyl acetate = 1:1) to give 4.5 g (yield 71%) of the
desired N1-[5-(2-chloroacetyl)pyridin-2-yl]ethanamide.
'H-NMR (400 MHz, DMSO-de¢) & 10.93 (1H, s), 8.90 (1H, s), 8.29
(1H, d, J=8.8 Hz), 8.19 (1H, d, J=8.8 Hz), 5.16 (2H, s), 2.13
(3H, s).



53. The production nmethod according to Caimb52, wherein tglugaeoos used as
the lowpolarity solvent. 54. A production nmethod of an optically active
hydr oxyet hyl pyri di ne derivative represented by the general fornula (15) OH
Yz x N (15) in the formula, Y2 represents a hal ogen, X represents a
hydr ogen, a hal ogen, a hydroxyl group, an acyl oxy group containing 1 to 10
carbon atons, an al koxy group contalnégg 1 to 10 carbon atons, an am no
group or a substituted am no group and™ * represents an asymmetric carbon
atom which conprises reacting, with a base, a hal oacetic acid derivative
][epr elsentléd—mt(rle)cgﬁner arbméb@rdml adizgg 7, 129 Jmneszﬁ@g B M~ 213(35|)4k||n t he
ormul a ve an represents a hydrogen, an al ka
nmet al , a% ge(,ra?:l]tze?alrll(lzcajﬁa % drth metal or a silyl group containing 1 to
10 car boriRat 3¢Bx;) tl69) epf e an enol ate, reacting the same with a
substituted nicotinic acid ester represented by the general fornula (6): O
.ORat in the fornula X |s as deflned above and RS represents an al kyl
group corftEulRy A t : ¥ b6 semide) ad- § REYE pup containing 1 to
10 carbomgﬁguﬁylé%yyéggﬂyu]tﬂytﬁéﬁmgron product to acid treatnent to
prepare a substituted acetylpyridine derivative represented by the general
formula (7) OYz x win_the formul E YZ and X are as defined above,

fol | oned by enantiosel egtive red 55. A production nmethod of an
optically active o dergpvat i epresented by the general formula
(16): =

Sodium benzoate (144mg, 1.0 mmol) and 322 mg (1.0 mmol)
of tetrabutylammonium bromide were added to a solution of 106
mg (0.5mmol) of N1~ [5- (2-chloroacetyl)pyridin-2-yl]lethanamide
in 5 ml of THF at room temperature, and the mixture was refluxed
for 3 hours. The reaction mixture was suction-filtered, and
the filtratewas extractedwithethyl acetate. Theorganicphase
was washed with a saturated aqueous solution of sodium hydrogen
carbonate aqueous solution and then dried over sodium sulfate.
The solvent was distilled off under reduced pressure and the
product was isolated and purified by silica gel column
chromatography (hexane:ethyl acetate=1:1) togive 128mng (yield
86%) of the desired 6-(methylcarbox-
amido) -3~ (2~ (phenylcarbonyloxy)acetyl]pyridine.
'H-NMR (400 MHz, DMSO-de¢) & 10.96 (1H, s), 8.96 (1H, d, J=2.5
Hz), 8.33 (1H, dd, J=8.8 Hz, 1.9 Hz), 8.22 (1H, d, J=8.8 Hz),
‘8.03 (1H, d, J=7.8 Hz), 7.70 (1H, t, J=7.2 Hz), 7.57 (2H, dd,
J=7.6 Hz), 5.73 (2H, s), 2.15 (3H, s).
C-NMR (100 MHz, DMSO-dg¢) & 191.0, 170.1, 165.3, 155.6, 149.0,
138.0, 133.8, 129.4, 129.1, 128.9, 125.2, 112.6, 66.9, 24.1.
IR (KBr) 1720, 1700, 1690 cm™

Example 3 2-[6-(Methylcarboxamido)pyridin-3-yl]—-2-oxoethyl
ethanoate )




26 June 2003 ~0 Ox N ( 16) in the fornula, X represents a ‘8{ogﬁﬂ a
hal ogen, a hydroxyl group, an acyl oxy group containing 1 td T & %n
atons, an al koxy group containing 1 to 10 carbon atonms, an anm no group or a
substituted am no group and * represents an asynmetric carbon atom which
conprises reacting, wwth a base, a haloacetic acid derivative represented
by the general formula (5): 0 Y~~Z (S) in the fornula, Y2 represents a

hal ogen and Z represents a hydrogen, & alkali metal, a hal ogenated

al kaline earth netal or a silyt group containing 1 to 10 carbon atons, to
prepare an enol ate, reacting the same with a substituted nicotinic acid
ester represented by th8 general fornula (6): d .oRa x in the fornula, X is
as defined above and R3§represents an al kyl group containing 1 to 10 carbon
atonms or an aral ky coltaining 1 to 10 carbon atons, subjecting the
reaction prdduct reatffrent to prepare a substituted acetyl pyridine
derivative rgpreggnt 2 June 2003 ~i the general formula (7~ O Yz /
vV XN (7 Iﬁ th , Y2 and X are as defined above,

v

Sodium acetate (82mg, 1.0 mmol) and 322 mg (1.0 mmol) of
tetrabutylammonium bromide were added to a solution of 106 mg
(0.5mmol) ofN1-[5-(2~chloroacetyl)pyridin-2~yl}ethanamide in
5 ml of THF at room temperature, and the mixture was refluxed
for 2 hours. The reaction mixture was suction-filtered, and
the filtratewas extractedwithethyl acetate. Theorganicphase
was washed with a saturated aqueous solution of sodium hydrogen
carbonate aqueous solution and then dried over sodium sulfate.
The solvent was distilled off under reduced pressure and the
product was isolated and purified by silica gel column
chromatégraphy(hexane:ethylacetate=1:1)togivellOmg(yield
93%) of the desired
2-{6- (methylcarboxamido) pyridin-3-yl]-2-oxoethyl ethanoate.
{-NMR (400 MHz, DMSO-ds) & 10.93 (1H, s), 8.89 (1H, d, J=2.4
Hz), 8.28 (1H, dd, J=8.8 Hz, 2.0 Hz), 8.19 (1H, d, J=8.8 Hz),
5.43 (2H, s), 2.14 (3H, s), 2.13 (3H, s).

BCc-NMR (100 MHz, DMSO-d¢) & 191.1, 170.2, 170.1, 155.6, 148.9,
138.0, 125.3, 112.6, 66.3, 24.2, 20.4.
IR (KBr) 1750, 1710, 1690 cm™.

Example 4 N1-[5-(2-Hydroxyacetyl)pyridin-2-yl]ethanamide
O

o p OH

A A
N~ N
H

Potassiumcarbonate (3mg, 0.02mmol) was added toa solution
of 48 mg (0.20 mmol) of
2-[6- (methylcarboxamido)pyridin-3~yl]-2-oxoethyl ethanoate



subjecting this to enantiosel ective reduction to prepare apgQphd s6dd Y
active hydroxyet hyl pyridine derivative represented by the general formula
(15): OH Yz ~u x N (15) in the formula, Y2 and X are as defined above and *
represents an asymetric carbon atom followed by treating it with a base.
56. The production nethod according to Caim59 or 55 wherein Y2
represents a chlorine. 57. The product}on method according to C aim54, 55
or 56, Wierein Z represents sodi um or nmagnesium chloride. -. 58. The
product i in ' Dt D I ei base is
a rragnesioitr}lmggltrln% e eratglga?{eogén%%&oleg%tahghgéwgr%aﬁt#%’f%?g}f’gw%m%fgaﬁng 2003 72
4 R~-N~My fQr i%h haters or RbeareRatanl MEXEUER WAdepshdantegd weépheesbBhvd an

?I k{'0 gr %&%@Q{E,atng%%é& Udgs(@tiﬂ&{‘oﬁre?@o@im% gs\ﬂl!%é'tegrﬂg@ st%qmeaeitnit Egdl
(0] car pon (0] .an represents a nal ogen. . € producti on netno
accor di ng*d% %e&ﬁf%%%l%ﬁ%roéﬁ%“ﬁﬂeénﬁe% O &SEMTSgefbd Ehe PIOSGhy|

group. 6GvasTheolraaddc ahdanpuet hied agceiding §01 @@l umd& o ogMagihgi N Q
represent § & G AR BhealRe-Pf ofpCd Qi JELROGACHRL P P F FD 54, 55,

desired N1-[5-(2-hydroxyacetyl)pyridin-2-yl}ethanamide.

'H-NMR (400 MHz, DMSO-ds) & 10.86 (1H, s), 8.85 (1H, d, J=3.4

Hz)}, 8.24 (1H, dd, J=4.4 Hz, 2.0 Hz)}, 8.18 (1H, d, J=6.4 Hz},

$.20 (1H, d, J=5.4 Hz), 4.75 (2H, d, J=5.3 Hz), 2.12 (3H, s).

3C-NMR (100 MHz, DMSO-d¢) & 197.5, 170.1, 155.2, 148.7, 137.9,

125.9, 112.6, 65.4, 24.2.

Example 5 2-[6-{Methylcarboxamido)pyridin-3-yll-2-oxoethyl

2,2-dimethylpropanoate
Q

o,/ ©
//u\ X I o
N N
H
Pivalic acid (3.8 g, 38 mmol), 4.7 g {56 mmol) of sodium
hydrogen carbonate and 0.61 g (1.9 mmol) of tetrabutylammonium
bromide were added to a solution of 4.0 g (19 mmol) of
N1-(5-(2~-chloroacetyl)pyridin-2-yl]ethanamide in 70 ml of THF
at room temperature, and the mixture was refluxed for 2 hours.
Water (100ml) was added to the reactionmixture and the resulting
mixture was extracted three times with 100 ml of ethyl acetate.
The organic layer was washed with a saturated sodium hydrogen
carbonate aqueous solution and then dried over sodium sulfate.
The solvent was distilled off under reduced pressure and the
product was isolated and purified by silica gel column
chromatography (hexane:ethyl acetate=1:1) togive 4.2 g (yield
79%) of the desired
2-[6-(methylcarboxamido)pyridin-3-yl]-2-oxocethyl
2,2-dimethylpropanoate.



56, 57, 58, 59 or 60, wherein X represents any of a hydrogens g.£Bhgfi ne
and an acetylam no group. 62. The production nethod accordi ng to al m 54,
55, 56, 57, 58, 59, 60 or 61, wherein the enantiosel ective reduction is
carried out in the manner of (R)-selective reduction using a

m croor gani smderived carbonyl reducing enzyne or a culture of a

m cr oorgani sm having an ability of Q%oducing sai d carbonyl reducing enzyne
or a treatnent product thereof. 63. The production nmethod according to
Claim 62, wherein the mcroorgani smhaving an ability of producing the

car bonyH-MMiuQi409 BAZY DA IS) a5 8 CFPOMNGANSFM Pelong g &,OJLQ%Q,IQQ;JS i ~shbya,
Candi da, %yg{&co& us _qgf?bg&r%o:{y es, Qi lliernondella, 'Hansenul a,’
Met schni Kowi o P h &~ RbodFrortuPaiz) - 8.10 (1H, 's), 5.24 (2H, sJ,
Rhodospor2di (M Saskhal o3/ coPpsi ss)Schwanni omyces, Spori di obol us,
Spor obolPerymRS (148" S r sYaghow a 6 e, 2003 73 64, The

{ H[l[él, @139060?%me63,178'% ;EHB Ré ggﬁribrb%%i g‘m havi ng

producti on et hod accordi ng whéefein’t
an abi | i18- % M oduci b the Carbomt -Geditihg 2hz8ne is a m croor gani sm

selected fromthe group consisting of Ashbya gossypii, Candida catinul ata,

Candi da ciu ndi d al acta, Candi da gropengi esseri, Candi da
gui | li ef’tn%‘ﬁ’d#?,se @M‘ ¥ iéﬂa T ?-)@a«%ﬁhxg hod i ine thivkhrpnaneatedi a,

Candi danagnol i ag Candi danmal t osa, Candida nelinii, Candi da parapsilosis,
Candi da rugosa, (jCandi da poporensis, Candida tropicalis, Candida utilis,

Candi da v t S yp¥Kococcus al bi dus var. al bi dus, Debaryonyces
hanseni i fabryi, baryonyces hansenii, Debaryonyces
mar ang, ryonmycesneppl ensi s, Guil |l i ernondel | a sel enospora, Hansenul a

gl ucozyma, Mdansenul a saturnus, Metschni kow a reukaufi, Pichia bovis, Pichia
farinosa, Rhodotorula glutinis var. dairenensis, Rhodotorula gramnis,
Rhodot or ul a rHirvatld,c Rhddothriilga s2bhiney1)Rhedesgoriah mmodi) 0P \RIdiMn
Rhodospayd, 4 sah r odosporidi umt orul oi de Sacchar onmycopsi s
mal angafy 5c_h%ﬂnni o%yg(@gggcas el':giqi(,9 _p'OgI‘I Pgﬁo?gstﬁt&?g%%]ﬁmfmum

Spor obol s Yatiearaskiads tosgosedaitdmyc ef Salnmni (@d amolfoafl aspor a

del br ueckia-aithréadeaW1a agra@ﬂmreiwdr@&ﬂpfd@&gﬁﬁiy 3% I o ageording to

Claim 6% wherein the m croorgani smhaving an a of producing the
car bony SRS HE e ARFnERE SO EEHYT @ v afa giedilivred Foro20muss. Thadepr oduct i on
net hod dd¥omdi)ngatso aBHadnt 62t havhes &t i d) an IR 6RO THRNItHAE hawung iy ability

of prodygitig-d 18 sCarie uci ng. enz [ t.ransfarmant cel |
transforneﬂ(}&by asp%srf{lyeé)g arni g a %hcigﬁﬁ'& f relfihﬁ e5PhEN- reduci ng
enzyne A& PFEATECORR HE RivtrD olaghneids mibbl aned tigra ted djenubyGandieda and a
DNA codiat®pdraiteanqaasysesdiam it andabhdh Ik idfa 6@9?@6@{&&‘%&&%‘%@””‘9 on
whi ch tt?lee f%rmer enzgng.lgflfggndggt. 67. The production nethod according
to Clain16€,lvent wa isti o under reduced pressure and the

roduct was isolated and purified by silica gel column

hromatography(hexane:ethylacetate==1:1)tx)give5.3§;(yield

2%) of the desired 2-0x0-2-pyridin-3-ylethyl

+2-dimethylpropanoate.

I-NMR (400 MHz, DMSO-dg¢) & 9.13 (1H, s), 8.84 (1H, d, J=4.4

z), 8.29 (1H, d, J=7.8 Hz), 7.59 (1H, dd, J=7.8 Hz, 4.9 Hz),

.50 (2H, s}, 1.22 (9H, s).

C-NMR (100 MHz, DMSO-d¢) & 192.8, 177.0, 154.0, 149.0, 135.3,

29.5, 124.0, 66.4, 27.0, 26.9.

R (KBr) 1740, 1700 cm™.

xample 7 Optically active
L-[5-(2-chloro-1-hydroxyethyl)pyridin-2-yl)ethanamide




26 June 2003 74 wherein the transformant cell is E. coli HgQlhd#8BCRG
EERM BP6898. 68. A production nethod of an optically
formul a

accessi on nunber

active di hydroxyet hyl pyri di ne derivative represented by the general
(19) HaH  ~ *" x N (14) in the fornmula, X represents a hydrogen,

hal ogen,
at ons,

above and Yz represents
t he general fprmu
group ntajnin
to 15 carbag X
presence of a

al kyl

a hydroxyl group, an acyloxy group containing 1 to 10 carbon
an al koxy group containing 1 tx3l0 carbon atons,
substituted am no group and * represents an asynmetric carbon atom which
conprises reacting a substituted acetyl pyridine derivative represented by
the general fornmula (7)0® Y2 v x w (?) in the fornula, X is as defined

gen , with a carboxylic acid represented by

o (11) in the forrmula, R6 represents an

1 to 15 carbon atons, an aral kyl group containing 1
in the
a quaternary ammoni um salt 26 June 2003 75 to
prepare asubstituted acetyl pyridine derivative represented by the general

Q an aryl group containing 6 to 16 carbon atons,
se and

formula (12): Candida haltrus(IFO 1941} was seeded in 30 ml of a

semisynthetic medium (40 g glucose, 3 g yeast extract, 0.7 g
KH,PO4, 1.3 g (NH4) ,HPO4, 0.8 g MgSO4-7H,0, 0.06 g ZnS0,4- 7H,0, 0.09
g FeSO,4°7TH,O, 0.005 g CuSO4-7H,0, 0.01 g MnSO4, 0.1 g NaCl, 5
gCaCO;, 1literwater, pH=6.8) assterilizedina500ml Sakaguchi
flask and shake-cultured aerobically at 30°C for 2 days. To
the culture fluid were added 300 mg of
N1-{5-(2-chloroacetyl)pyridin-2-yl]ethanamide and 1.2 g of
glucose, and the reaction was carried out at 30°C with stirring
for 48 hours. After completion of the reaction, the reaction
mixture was extracted with ethyl acetate, and the extract was
concentrated under reduced pressure to give a concentrate
containing theproduct. Theconcentratewaspurifiedonasilica
gel column (hexane:ethyl acetate=1/1) togiveoptically active
N1-[5-(2-chloro-1-hydroxyethyl)pyridin-2-yl]ethanamnide.
UponHPLCanalysis {column: Chiralcel AS (productof Daicel

A

Chemical Industries), eluent: hexane/isopropanol = 80/20, flow
rate: 1 ml/min, temperature: 40°C, detection wavelength: 210
nm}, the optical purity was 98% ee.

'"H-NMR (400 MHz, DMSO-d¢) & 10.46 (1H, s), 8.29 (1H, s), 8.01
(1H, d, J=8.3 Hz), 7.76 (1H, d, J=8.8 Hz), 5.90 (1H, t, J=4.4
Hz), 4.82-4.79 (1H, wm), 3.79-3.74 (2H, m), 2.07 (3H, s).
3C-NMR (100 MHz, DMSO-de) & 169.5, 151.6, 146.3, 136.4, 132.8,
112.9, 70.2, 49.9, 24.0.

IR (KBr) 3440, 1660 cm™

() p??: +0.032 (C = 1.00, in acetone)

Example 8 Optically active

N1-[{5-(2-chloro-1-hydroxyethyl)pyridin-2-yl]ethanamide

an am no group or

a



OOHa ( 12) in the formula, X and R6 are as defi ned aboge Jusn20G3ubj ecti ng
this to enentiosel ective reduction to prepare an optically active

acyl oxyhydr oxyet hyl pyri di ne derivative represented by the general fornula
(13): I 7TH~~Ra w-~v , Ox ~N(13) in the formula, X and R6 are as defined
above and * represents an asymetric carbon atom followed by subjecting it
to solvolysis. 69. The producti on n#t#thod according to C aim 68, wherein R6
represents any of nethyl, tert-butyl and phenyl groups . 70. The production
met hod according to Claim68 or 69, wherein X represents any of a hydrogen,
a chlorine and an ace®¥ ami no group. 71. The production nmethpd according to
Claim68, 69 or 70, erei} Y2 is a chlorine. 72. The producti on nethod
according go C , ) 26 June 2003 76 70 or 71, wherein the base is
any of sodffum jen car bonate, sodi um car bonate, potassium hydrogen

car bonat g~a gsi um carbonate. 73. The production nethod according to
Claim68, 69 70, 71 or 72,

Rhodotorula rubra (IFO 0383) was seeded in 30 ml of a
semisynthetic medium (40 g glucose, 3 g yeast extract, 0.7 g
KH2PO4, 1.3 g (NH,),HPO,, 0.8 g MgSO,-7H,0, 0.06 g ZnS0,- 7H,0, 0.09
g FeS04°7TH0, 0.005 g CuS04:7H20, 0.01 g MnSO,, 0.1 g NaCl, 5
gCacCO;, lliterwater, pH=6.8) assterilizedina 500mnl Sakaguchi

flask and shake-cultured aerobically at 30C for 2 days. To
the culture fluid were added 300 mg of

N1-{5-(2-chloroacetyl)pyridin-2-yl]ethanamide and 1.2 g of
glucose, and the reaction was carried out at 30°C with stirring
for 48 hours. After completion of the reaction, the reaction
nixture was extracted with ethyl acetate, and the extract was
concentrated under reduced pressure to give a concentrate
containihgtheproduct. Theconcentratewaspurifiedonasilica
gel column (hexane:ethyl acetate=1/1) togiveoptically active
N1-(5-(2-chloro-1-hydroxyethyl)pyridin-2-yl]lethanamide.

) UponHPLCanalysis [column: Chiralcel AS (productof Daicel
Chemical Industries), eluent: hexane/isopropanol = 80/20, flow
rate: 1 ml/min, temperature: 40°C, detection wavelength: 210
nmj, the optical purity was 98% ee.

(a]o??: -0.035 (C = 1.00, in acetone)

Example 9 Optically active
2-hydroxy-2-{6- (methylcarboxamido) pyridin-3-yljethyl
2,2-dimethylpropanoate

OH

O
)l\ x I ¢
N

Each yeast strain was seeded in 30 ml of a semisynthetic



wherein the quaternary ammonium salt is any of tetra(n-butyk)grE2008m
chloride and tetra(n-butyl)amoni um brom de. 79. The producti on net hod
according to Claim~~8, 69, 70, 71, 72 or 73, whereinthe optically active
acyl oxyhydr oxyet hyl pyri di ne derivative has the (R) configuration. 7g. The
production nmethod according to Claim#68, 69, 70, 71, 72, 73 or 74, wherein
t he enanti osel ective reduction is carriagd out in the manner of

(R -sel ective reduction using a mcroorgani smderived car bonyI reduci ng
enzynme or a culture of a mi croorgani smhaving an ability bPr oducing said

carbonyl rerfiEim§48eLAHCRe &3 g veastentt rddut g KhBPeof : 5‘36( HyhetRffaduct i on
rrFt hoddacccmrsil QIgiS@4S7ﬂzldn Z)Sé)ﬁvvtjemsm Theo) o1 09" gardsuy. hﬁycbﬁgab&)l"bﬁi@l i t%/
of produci C reducin zyne i.s .a mcroorgani smbelonging to
Che genus cﬂ@%i Hoart .9 By B 0 el NaBla Py Aes; Bt 114 e it del |5,
Hansenul a,piVet se 8 kaosv ssherHildhiead in a 500 ml Sakaguch1 flask and

Rhodot oruI odos or| di S cch S nni onyce ari.di obol us,
Spor obol ony¢t Rg Sn% grlc‘? ”%f%g? fo’f ¥8duc [i'%l"f‘ iﬁﬁ} g

accordi ng @b @%l@ﬂ@lr@m@r@m Qbfealrﬁ%d:oofr gahiafim having an ability of
produci ng 4.hee < ardEny ica[ﬁdﬂsdﬂgicﬁwf‘fdir@:ﬁ-ﬂﬁmmm sel ected from
26 June 2003 %’d\t‘he ﬁqﬁr‘é@? consi Stl'ﬂg of Ashbya gossypii, Candida

cati nul at &« €A 103t 6h & 48a‘F“&c‘?€1 ed‘deﬁﬁo?ﬁ‘?fb‘ile‘é‘s"é)r 2,

Candi da gunédiwaironzikd teGanduba, hardusivaké ,r Gartdicawhel darried out at

Candi daj nt dj da noI i a ndi d | t osa, Candi da neli ni.i

Candi da. patOGetPos] SRvcanAPBAF P RaLe Ot A7 S g ot mone, Do rgagy ion

tropi cal i Snixdamek desuektiractedndi th elehghtadetategy yptiotb@(ﬁ)ﬁllwlctﬁ was var.

al bi dus, DRehdyRYLESa NAlESN dedifed fﬁégygur@wr@awces hanseni i,
Debar yonyces rama, Debar nycesnepal ens] s, Gui |l | ilernondel | asel enospor a,

Hansenul a 4TR¥ 'l—[a‘ﬁs hylcarhertami dakReHd its 2 idehbadt i, Pichia
bovi s, Pichj m—cﬂatiettmmrcﬁkmdmw dka drudé proslucar.’. Tled beﬂeéSsSon Rla@éot orul a

ramnis, 0 u I
gl obovat um }%rﬂ&ﬁeg b%anéﬂl;yer ot g%még{-'{ﬁo}éopcgjr&dl Wﬁl%m
Sacchar orry‘é%‘{sl@s WG&hmﬂ%@c}b& N 16 |Ghem1$p@d¢)|,d|edb1@mg

j ohnsoni i ,ammﬁwﬁ@slgoﬁﬁgp@§e@5/‘ﬁporqu PAYELY PRI £ 0l umn
Torul a' spora del brueckii and Yarrow a |ipolytica. 78. The gr oductl on net hod

accor di ng tRFER P 40%€P§Pﬁttlﬁ§ ‘fﬁ‘tﬁ‘]cﬁﬂc.gfdhl 3P raviany Bhe gBiticeyd of
produci ng p1h1mt:1arwm3detreanhjmeag b@npyanﬁflyinaanﬂedarmrpﬁomﬂ BEY @hAm 79.

Th d 1
o b_an S (SR GERLAS, (0 (OALP wliECA 15, Tetgagaent om
t r ansf or mepit ikl ¢el Qhdpspaeatogf Pal epdredi Fp @rmﬂ cdvegtior the

car bonyl rle&u&m@glﬁskzw@amwegb/fmmﬂdu Cﬂféxggqmn&mn%l OkgilRghnt O t he
genus Candj da and a ding for, an enzyne havi an abi | i ty of
regenerat i Tﬂ%‘“%e%'é‘h‘%‘iméoo(g Gipn Wy F“@ﬁ?yn?elgq andepehiteiesudds The
product i ontimes halolt avtced di g oWl dven i@, imdiBaleien T.he transformant cell is
E. coli HB101 (pNTCRG , accession nunmber FERM BP6898. 81. The production
nmet hod according to Claim 68, 69, 26 June 2003



70, 71, 72, 73 or 74, wherein the enantiosel ective reductperuhe2088 ri ed out
in the manner of hydrogen transfer type reduction using a hydrogen transfer
source with a catalyst prepared froma rutheni umconplex, an optically
active amne and a base. 82. The production nmethod according to C aim 81,
wher ei ht he hydr ogentransfersourcei s i sopropyl al cohol. 83. The production

met hod according to 81 or 82, wherei4f any of bis (t~6-benzene ) diruthenium
tetrac~'loride, bis (r~6-p-cynene) dirutheniumtetrachl oride and

bi s(r~6 7 j_l t%zltene)di rutheniumtetrachloride is used as the ruthenium

conpl ex. ~e production nethod according to Claim381, 82 or 83, '
wher ei n any of (S - S)-1~1-p- tosyl 1, 2-di phenyl et hyI ened| amne and (R,

R -N-p-to odi-3 e

am ne. 85.
74, 75, 7Qaetlded8 -1 --__----—-—,—e-——---——-—e-;a' -------- sisis
carried out iMsddnaoner al cof6M@éol ven hod accordi ng
to Oaim85, Medd n net hyfalet@bhol | ol sol vent.

87. The produl®rd# met hod aft¥erding t , R(2, 73, 74,

75, 76, 77, 78294 g0 81, t"83 8 ©r , V\,he(lenthﬁsolvolymsm
carried out |r¢“t‘ presenff@""ﬂf’“g‘"buat o @ ni-um gydr oxi ge. 26 June
2003 79 88. THEf¥oducti oﬁ"%‘é’f'}%’ accepd tgq% aim §y, whegeintetra

F
010831" 69,
0

(n-butyl) a f’ hydr oxi ﬁ’ ,"” ed §p qugt,er nar yg ammonigum hydr oxi de.
89. The produ net hod ae ng t 1M 6%e 69, g0, 71, w2, 73, 74, 7
5 76, 77, 7 80 81 3, 840 86,31 87 oryB8, whgrein a
| ow pol-ari ty 99 i's adg'a the p&afdisoOn Fgxturegpfter g olvolysis to
t her eby obt al opt| cal I | ve difydreoxyetshyl pyrpsli ne derivative (14)
as a crystal. il'he pro g,srret heeh aspsor digeg to @ ai m 8 wherein
tol uene i s us ,,gg‘,the Iow—p,g.bylty SqQfaEmsh . 52 81 R
Candids sonorensis 1FO 10027 99 69 R
Candida tropicalis 1FO1404 62 61 R
Candida wtilis {FO 0639 63 100 24
Candida versatilis {FO 1941 54 100 R
Cryptococcus * afbidus var. albidas  1FO 0378 54 a3 24
Debarypmycés hansenii var.fabryi  IFO 0018 60 99 R
Debaryomyces hansenii iFQ 0082 84 ag R
Debaryomyces maramas {FO 0668 4 97 R .
Debaryoaiycas nepalensis {FO 0039 22 a8 R N
: Guilliermondalia selsnospora (FO 1850 n 69 R .
Hansaaula glucozyma IFO 1472 45 63 R
Haaseaula saturnus IFO 0809 84 97 R
Metschnikowiza reukaufi IFO 0749 16 69 R
Plichia bovis IFO 1886 68 92 R
Pichia farinoss IFO 0463 86 92 R H
Rhodotorula giutinis vardairenensis [FO 0419 96 {00 R ‘
Rhodotorda graminis IFO 0190 45 95 R 8
Fhodotorda minuta {FO 0928 39 13 R ¥
Rhodatoerula rubra < IFO 0383 13 94 R i
Rhodspardium diabovatum {FO 0688 56 94 R
Rhodspaoridium sphaerocarpum IFO 1438 64 96 R
Rhodsporidium torudoides IFO 0413 64 94 R
Saccharomycopsis malinga IFO 1710 48 14 R
Schwanniomyces castelli IFG 1840 44 13 R
Sponidiaholus Jjohnsonii {FO 6803 IR 99 R
Sporobolomyces .PICArOSAUS (FO 0471 45 84 R
Sparobolomyces salmonicolor {AM 12249 41 43 R
Torulaspoca delbrueckif IFO 0381 41 62 R
Yarrowis lipolytica IFO 1548 97 99 R




91. A production nethod of an optically active di hydoxyet hylspyihe @002
derivative represented by the general f fornmula (14) HOH x N (14) in the
formula, X represents a hydrogen, a hal ogen, a hydroxyl group, an acyl oxy
group containing 1 to 10 carben atoms, an al koxy group containing 1 to 10
carbon atons, an am no group-or a substituted am no group, and * represents
an asymetric carbon atom which conprigges subjecting a substituted

acetyl pyridine derivative represented by the general fornula (12): O O~ a
x ~NJ o ( 12) 26 June 2003 so in the formula, X is as defined above and
Rs represeldtHydnoayk¥t [gr Oupttyitanborapilde lop isi dambdny hi opleyl an ar al kyl
group contglgLagmgtr %505@& atons or an aryl group containing 6 to 16
car bon atops to so ysi s e enenti osel ectively reducing in the

presence of é“ﬁéééopdwﬁﬁeﬁgﬁydbﬂ?éQtﬂﬁ bbt e 1 He 26pf Healdry Jaét Pié2) -
di h;éldr oxySBhylzpywﬂldl,e JHE. I3V AL) yer (13t) (1192.ddhey-3 adwet, | QHSFTEEthS a@@or di ng
to Cdaim rejn, t na S ctjyve_redugt rri
manner ?‘%Hr‘ o(génJ Eis J;E{FSI’ {l]yjfjg UQF] o™ Sglﬁgﬁ h%r(sjgr %@e\ﬁ éhs
source WI t bda dat@l YHz,pbepPaied, f4.A8 4 1HUt ddpi w1l tobH =X 5 .dnHapt | Zad)dsy
active an1qg ang)a Pagse. ($§. ghe production method according to C aim 92,
wher ei nt he,| drogen fransfer sourceisisopropylal cohol. 94. The ﬁroductlon
met hod accorditf (308 ¥Ha 99D6E:)93, WHelei A68ny ol Shi 4/ (14661 behiend)
di rut heni umsbetir achbogsi deg . & sef re6- @7pynem@)2ﬂlzgt®en2ynatetrachloride and
bi s(c~6-nesityl ene)dirutheniumtetrachloride is used as the ruthenium
conpl ex.

Example 10 Opticallyactive hydroxyethylpyridinederivatives

Each yeast strain was seeded in 30 ml of a semisynthetic
medium (40 gglucose, 3gyeastextract, 1 gKH,PO,, 6.5g (NH,) HPO,,
0.8 g MgS0,-7H;0, 0.06 g ZnSO,- TH,0, 0.09 g FeSO,-7H,0, 0.005 g
CuS04-7H,0, 0.01 g MnSO4, 0.1 g NaCl, 5 g CaCO;, 1 liter water,
pH = 6.8) as sterilized in a 500-ml Sakaguchi flask and
shake-cultured aerobically at 30°C for 2 days. One milliliter
of the culture fluid obtained, 5 mg of each substituted
acetylpyridine derivative represented by the general formula
(9) and 40 mg of glucose were added to a medium-sized test tubé,
and shake reaction was carried out at 30°C for 1 day. After
completion of the reaction, the reaction mixture was extracted
with ethyl acetate, and the extract was concentrated under
reduced pressure to give a crude product. The conversion rate
was determined by analyzing the crude product by HPLC (column:
Develosil ODS-HG-3 (product of Nomura Chemical), eluent:
acetonitrile/water = 25/75, flow rate: 1.0 ml/min, column
temperature: 40°C, detectionwavelength: 210 nm) and the optical
purity was determined by purifying the crude product by thin
layer chromatography, followed by HPLC analysis {column:
Chiralcel OJ (product of Daicel Chemical Induxtries), eluent:
hexane/isopropanol = 95/5, flow rate: 1 ml/min, temperature:
40°C, detection wavelength: 210 nm). The results thus obtained
are shown below in Table 2.



95. The production nethod according to Caim92, 93 or 94,,gWigkSonsany of
(S, S)-I~-p-tosyl-1,2-di phenyl ethylenediamne and (R, R) -L~-p-tosyl-1,
2- di phenyl et hyl enedi am ne is used as the optically active am ne.

.Al . AR AL. AFe. A E . AY .

.As. A3. A Afl . A F. A Ah9. An. Ay.-As_. AL. A AY. Au. Al . AL. A. AFr. Al . AaR. AnY. Au. AhY. A
AL A AN A(Y?. AALLANY. AL AU AR A LA {]9. AN .AI2 _A AL A3 .AI32 .AY. A
(Y.A".AF.Al.Ale. A3. Aal . Al. AY. ALF. AN A Y.A .Aul .A(l.A&.A .Asa.A N
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bj{X] ca] ca] ca] cRai caJc '€U] a]’Ea] c"a] cBaU] ca] ca] ca] ca] ca] ca]
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Table 2
Microarganism Substrate (3) Conversion Oplicdputy  Abcoluts
X Y' “ “eo canfiguration
~Condida wrtormadix iFO 0781 AcNH ol 7} 78 R
Candida tropicalis IFOt404  AcNH Gl 44 a7 R
Cryptocaccus  atbidus var albides  (FO 0318 AcNH Cl 20 84 R
Rhodotoruda gramiis (FO 0190 AcNH Cl 48 87 R
Rhadotoruia rubra IFO 0383 AcNH a 67 84 R
Spocidiobokes Johasond FO 8903 AcNH a 84 91 R
Schwanniomycas castolli 1FO 1840 H Cl 47 61 R
Ceandids magnolise IFO 0706 H oCOotBu 100 N R
Sporidiobolus _jolmsani (FO 6893 H 0OCOtBu 10 66 R

Examplé 11 {(R) -2-Chloro-1-pyridin-3-ylethan-1-ol

OH

Gl

4

The recombinant Escherichia coli HB101 (pNTCRG}),
accession number FERM BP-6898, was seeded in 100 ml of a
semisynthetic medium (15 g glycerol, 3 g of yeast extract, 6
g Na,HPO,, 3 g KH,PO4, 2 g NaCl, 0.5 g MgSO,-7H20, 1 liter water,
pH = 7.2) as sterilized in a 500 ml Sakaguchi flask and

shake-cultured at 37°C for 28 hours.
2-chloro-1-pyridin-3-ylethan-1-one hydrochloride (2 g) was
suspended in 8 ml of phosphate buffer, and the suspension was
adjusted to pH = 5.5 with 5 N NaOH. Then, 40 ml of the above
culture fluid, 0.04 ml of Triton X-100, 2.8 g of glucose and
2.3 mg of NADP were added, and the reaction was carried at 30C
with stirring for 7 hours. After completion of the reaction,
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)- 0.0053 mmol), 7.73 mg (0.021 mmol) of
{(S,S)-N-p-tosyl-1,2-diphenylethylenediamine and 50 mg (0.212
nmol) of the 2-{6- (methylcarboxamiFio) pyridin-3-yl]-2-oxoethyl

ethanoate obtained by the method of Example 3 were mixed together
in 5.5 ml of isopropyl alcohol, the mixture was stirred in an
argon atmosphere at 80°C for 20 minutes, cooled to 0°C, and 0.053
ml of a 1 M potassium hydroxide/isopropyl alcohol solution was
added. The resulting solution was further stirred at 0°C for
2 hours and then at 15 to 20°C for 18 hours. Water was added
to the reactionmixture, and the resulting mixture was extracted
with ethyl acetate. The organic layer was dried over anhydrous
magnesium sulfate, the solvent was distilled off under reduced
pressure, and the residue obtained was purified by silica gel
column chromatography to give 36.8 mg (yield 73%) of
(R)-2-hydroxy-2-[6- (methylcarboxamido)pyridin-3=-yllethyl
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ZLAPL " R (400 MHz, CDCls) 5 9.14 (1H bs), 8.27 (IH, s), 8.20 (1H,
d), 7.74 (1H, dd), 4.97 (1H, dd), 4.28 (1H, dd), 4.17 (1H, dd),
2.86 (1H, bs), 2.21 (3H, s), 2.11 (3H, s), 1.69 (1H, bs}).

Example 14 * Optically active

N1-(5-oxiran-2-ylpyridin-2-yl)ethanamide

0
. Oy

To a solution of 107 mg (0.50 mmol) of optically active
N1-{5-(2-chloro-1-hydroxyethyl)pyridin-2-yl)ethanamide in 5
ml of acetone was added 0.5 ml (0.50 mmol) of 1 N sodium hydroxide

at 0C, and the mixture was stirred at 0°C for 2 hours. Cold
water was added to the reaction mixture, the resulting mixture
was extracted with ethyl acetate, the extract was dried over
sodium sulfate, the solvent was distilled off under reduced
pressure, and the product was isolated and purified by silica
gel column chromatography (hexane/ethyl acetate = 1/1) to give
82 mg (yield 92%) of the desired product, optically active

N1-(5-oxiran-2-ylpyridin-2-yl)ethanamide.

'H-NMR (400 MHz, CDCls) &6 8.47 (1H, br}, 8.21 (1H, s), 8.20 (1H,
d, J=12.2 Hz), 7.56 (1H, dd, J=8.8 Hz, 1.7 Hz), 3.86 (1H, s),
3.17 (1H, dd, J=4.4 Hz), 2.83 (1H, dd, J=4.9 Hz, 2.0 Hz), 2.20
(3H, s).

Example 15
(R) -N1-{5-(1,2-dihydroxyethyl)pyridin-2-yl]ethanamide
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hydroxide/methanol solution was added, and the mixture was

stirred at 20C for 4 hours. To this solution was added 30 ml
of toluene, and the mixture was stirred at -20°C for 3 hours.
The crystallized precipitate was filtered off, washed with
toluene and dried at 40C and 1 Torr for 6 hours to give 0.937
g (89% yield) of
(R)-N1-{5-(1,2-dihydroxyethyl)pyridin-2-yl}ethanamide as
white crystals.

'H-NMR (400 MHz, DMSO-d¢) & 10.43 (1H, s), 8.22 (1H, 4, J=2.0
Hz), 8.00 (1H, d, J=8.3 Hz), 7.69 (1H, dd, J=8.3, 2.0 Hz), 5.31
(1H, d, J=3.9Hz), 4.74-4.77 (1H, m), 4.51-4.53 (1H, m), 3.33-3.59
(2H, m), 2.07 (3H, s).

Example 16 (R) -1-Pyridin-3-ylethane-1,2-diol hydrochloride
OH

p OH

|
SN HGI

The 2-hydroxy-2-pyridin-3-ylethyl
2,2~-dimethylpropanoate concentrate (2 g) obtained in Example
12 was dissolved in a methanolic hydrochloric acid solution,
and the solution was refluxed for 48 hours and then concentrated
under reduced pressure. The concentrate was redissolved in
methanol, methyl-t-butyl ether was gradually added dropwise,

and the resulting mixture was stirred at room temperature for
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(4, 1H), 5 8.00 (dd, 1H), & 4.87 (m, 1H), & 3.68 (m, 2H).
{a]o?®: -20.99 (c = 1, MeOH)

Example 17 (R} -1-Pyridin-3-ylethane-1,2-diol

OH
OH

/

The 2-hydroxy-2-pyridin-3-ylethyl
2,2-dimethylpropanoate concentrate (100mg) obtained in Example
12 was dissolved in 1 ml of methanol, 50 pl of a 1 M methanolic
Bu,NHOH was added, and the reaction was carried at room
temperature for 3 hours. The reactionmixture was concentrated
under reduced pressure and the concentrate was purified'on‘a
silica gel column (ethyl acetate:methanol = 4:1) to give 50 mg
of (R)-1-pyridyl-3-ylethane-1,2-diol as a light-yellow oil.
'H-NMR (400 MHz, CDsOD) & 8.79 (d, 1H), & 8.70 (d, 1H), & 8.60
(d, 1H), & 8.00 (dd, 1H), & 4.87 (m, 1H), & 3.68 (m, 2H).

Example 18
(R) -N1-[5-(1,2-dihydroxyethyl)pyridin-2-yl]ethanamide a

OH
/u\N N
H

Bis (n®-mesitylene)diruthenium tetrachloride (3.10 mng,
0.0053 mmol), 7.73 mg (0.021 mmol) of
(S,S)-N-p-tosyl-1,2-diphenylethylenediamine and 50 mg (0.212
mmol) of the2-[6~ (methylcarboxamido)pyridin-3-yl]-2-oxoethyl
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argon atmosphere at 80°C for 20 minutes, cooled to 0°C and, 0.27
ml of a 1 M potassium hydroxide/isopropyl alcohol solution was
added. The resulting solution was further stirred at 0°C for
6hours, 10mlof toluenewas thenadded, and theresultingcrystals
was filtered off under reduced pressure. The crystals were
washed with cold isopropyl alcohol and dried under vacuum (40°C,
1 torr, 6 hours) to give 20.8 mg (yield 50%) of
(R)-N1-{5-(1,2-dihydroxyethyl)}pyridin-2-yl]ethanamide with
an optical purity of 90.6% ee.

The optical purityof the product obtained in this example
was determined by derivatizing the vicinal diol moiety of the
product into the acetonide by treatment with
2,2-dimethoxypropane and p-toluenesul fonic acid in acetone and
subjecting the derivative to HPLC analysis (column: Chiralcel
0J (product of Daicel Chemical Industries), eluent:
hexane/iéopropanol = 90/10, flow rate: 1 ml/min, temperature:

40°C, detection wavelength: 210 nm).

INDUSTRIAL APPLICABILITY

The invention, whichhas the constitutionmentionedabove,
makes it possible to produce optically active
dihydroxyethylpyridine derivatives and optically active
oxiranederivatives, whichare intermediatesofbeta 3 adrenaline
receptor agonists, from readily available raw materials in a
safe and efficient manner and in an industrially advantageous
manner.
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derivative substituted by an amino group in position 2 which
is represented by the general formula (1):

0O

1
Z Y

|
R\ Sn

R (1)

inthe formula, R'andR? each independently represents ahydrogen,
an aralkyl group containing 1 to 10 carbon atoms, an acyl group
containing 1 to 10 carbon atoms or an alkyloxycarbonyl group
containing 1 to 10 carbon atoms and Y' represents a halogen,
a hydroxyl, an acyloxy group containing 1 to 10 carbon atoms,
a sulfonyloxy group containing 1 to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group, an
alkylamino group containingl to 15 carbonatoms, anaralkylamino
group containing 1 to 15 carbon atoms, a sulfanyl group, an
alkylsulfanyl group containing 1 to 10 carbon atoms or an
aralkylsulfanyl group containing 1 to 10 carbon atoms.

2. The substituted acetylpyridine derivative
according to Claim 1,

wherein R' represents an acetyl group and R? represents
a hydrogen. '

3. The substituted acetylpyridine derivative
according to Claim 1 or 2,

wherein Y' represents a halogen.

4. The substituted acetylpyridine derivative
according to Claim 3,
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wherein Y' represents a chlorine.

5. The substituted acetyléyridine derivative
according to Claim 1 or 2,

wherein Y' represents a hydroxyl group or an acyloxy group
containing 1 to 10 carbon atoms.

6. A pivaloyloxyacetylpyridine derivative
represented by the general formula (2):

0

=z

|
X N (:Z)
in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, anacyloxy group containing 1l to 10 carbon atoms, analkoxy
group containing 1 to 10 carbon atoms, an amino group or a

substituted amino group.

7. The pivaloyloxyacetylpyridine derivative
according to Claim 6,
wherein X represents any of a hydrogen, a chlorine and

an acetylamino group.

8. An optically active pivaloyloxyhydroxy-
ethylpyridinederivative representedbythegeneral formula (3) :

OH

7

|
X N (:})
in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, anacyloxygroup containing 1l to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a

substituted amino group.
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9. The optically active pivaloyloxyhydroxy-
ethylpyridine derivative according to Claim 8,

wherein X represents any of a hydrogen, a chlorine and
an acetylamino group.

10. An optically active dihydroxyethylpyridine
derivative represented by the formula (4):

OH
OH

(4)

or a salt thereof.

N

11. Aproductionmethodof a substituted acetylpyridine

derivative represented by the general formula (7):
0O

2
2 t '

I
X" N7 (7)
inthe formula, Y’ represents ahalogen andX represents a hydrogen,
a halogen, a hydroxyl group, an acyloxy group containing 1 to
10 carbon atoms, an alkoxy group containing 1 to 10 carbon atonms,
an amino group or a substituted amino group, -
which comprises reacting, with a base, a haloacetic acid

derivative represented by the general formula (5):

Y\/u\o,z
(5)

in the formula, Y? is as defined above and Z represents a hydrogen,

an alkali metal, a halogenated alkaline earth metal or a silyl
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represented by the general formula (6):

o

~ 0R3

l
X“NT(6)

in the formula, X is as defined above and R>? represents an alkyl
group containing 1 to 10 carbon atoms or an aralkyl group
containing 1 to 10 carbon atoms,

and then subjecting thereactionproduct toacidtreatment.

12. The production method according to Claim 11,

wherein Y? represents a chlorine.

13. The production method according to Claim 11 or 12,
wherein Z represents sodium or magnesium chloride.

14. The production method according to Claim 11, 12 or
13,

wherein the base is a magnesium amide represented by the
general formula (8):

i
RKN/Mg
|
R® (8)

in the formula, R! and R’ each independently represents an alkyl
group containing 1 to 10 carbon atoms or a silyl group containing

1 to 10 carbon atoms and Q represents a halogen.

15. The production method according to Claim 14,
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16. The production method according to Claim 14 or 15,
wherein Q represents a chlorine.

17. The production method according to Claim 11, 12,
13, 14, 15 or 16,

wherein X represents any of a hydrogen, a chlorine and
an acetylamino group.

18. (Amended) Aproductionmethodof anopticallyactive
hydroxyethylpyridine derivative represented by the general
formula (10):

OH
- I * y!
XN ('10)

in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, anacyloxy group containing 1l to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a
substituted amino group, Y' represents a halogen, a hydroxyl
group, an acyloxy group containing 1 to 10 carbon atoms, a
sulfonyloxy group containing 1 to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group, an
alkylamino groupcontainingl tol5carbonatoms, anaralkylamino
group containing 1 to 15 carbon atoms, a sulfanyl group, an
alkylsulfanyl group containing 1 to 10 carbon atoms or an
aralkylsulfanyl group containing 1 to 10 carbon atoms and *
represents an asymmetric carbon atom,

which comprises using a microorganism-derived carbonyl
reducing enzyme or a culture of amicroorganismhavinganability
of producing said carbonyl reducing enzyme or a treatment product
thereof to thereby (R)-selectively reduce a substituted
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acetylpyridine derivative represented by the general formula
(9):

1
Z Y

|
X~ N (9)

in the formula, X and Y! are as defined above.

19. The production method according to Claim 18,

wherein Y' represents a chlorine.

20. The production method according to Claim 18 or 19,
wherein X represents any of a hydrogen, a chlorine and

an acetylamino group.

21. ({Deleted)

22. (Amended) The production method according to Claim
18, 19 or 20,

wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is a microorganism belonging to
the genus Ashbya, Candida, Cryptococcus, Debaryomyces,
Guilliermondella, Hansenula, Metschnikowia, Pichia,
Rhodotorula, Rhodosporidium, Saccharomycopsis, Schwanniomyces,

Sporidiobolus, Sporobolomyces, Torulaspora or Yarrowia.

23. The production method according to Claim 22,
wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is a microorganism selected from

the group consisting of Ashbya gossypii, Candida catinulata,
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Candida intermedia, Candidamagnoliae, Candidamaltosa, Candida

melinii, Candida parapsilosis, Candida rugosa, Candida

sonorensis, Candida tropicalis, Candida utilis, Candida

versatilis, Cryptococcus albidus var. albidus, Debaryomyces

hansenii var. fabryi, Debaryomyces hansenii, Debaryomyces

marama, Debaryomycesnepalensis, Guilliermondellaselenospora,

Hansenula glucozyma, Hansenula saturnus, Metschnikowia

reukaufi, Pichia bovis, Pichia farinosa, Rhodotorula glutinis

var. dairenensis, Rhodotorula graminis, Rhodotorula minuta,

Rhodotorula rubra, Rhodosporidium diobovatum, Rhodosporidium

sphaerocarpum, Rhodosporidium toruloides, Saccharomycopsis

malanga, Schwanniomyces castellii, Sporidiobolus johnsonii,

Sporobolomyces pararoseus, Sporobolomyces salmonicolor,

Torulaspora delbrueckii and Yarrowia lipolytica.

24. The production method according to Claim 23,
wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is Candida magnoliae IFO 0705.

25. (Anended) The production method according to Claim
18, 19 or 20,

wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is a transformant cell transformed
by a plasmid containing a DNA coding for the carbonyl reducing
enzyme derived from a microorganism belonging to the genus
Candida and a DNA coding for an enzyme having an ability of

regenerating a coenzyme on which the former enzyme is dependent.
26. The production method according to Claim 25,
wherein the transformant cell is E. coli HB101 (pNTCRG),

accession number FERM-BP6898.

27. Aproductionmethodof a substituted acetylpyridine
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derivative represented by the general formula (12):

=~

0
o. _R%

Y

N (12)

in the formula, X represents a hydrogen, a halogen, a hydroxyl

group, anacyloxygroup containing 1l to 10 carbon atoms, an alkoxy

group containing 1 to 10 carbon atoms, an amino group or a

substituted amino group and R® represents an alkyl group

containing 1 to 15 carbon atoms, an aralkyl group containing

1 to 15 carbon atoms or an aryl group containing 6 to 16 carbon

atons,

which comprises reacting a substituted acetylpyridine

derivative represented by the general formula (7)

X

=

N
N

)
Y2
|
(7)

in the formula, X is as defined above and Y? represents a halogen,

(11):

HO

with a carboxylic acid represented by the general formula

RG

0 (11)

in the formula, R® is as defined above,

groups.

in the presence of a base and a quaternary ammonium salt.

28 . The production method according to Claim 27,

wherein R® represents any of methyl, tert-butyl and phenyl
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29. The production method according to Claim 27 or 28,
wherein X represents any of a hydrogen, a chlorine and
an acetylamino group.

30. The production method according to Claim 27, 28 or

29,

wherein Y? is a chlorine.

31. The production method according to Claim 27, 28,
29 or 30,

wherein the base is any of sodium hydrogen carbonate,
sodium carbonate, potassium hydrogen carbonate and potassium
carbonate.

32. The production method according to Claim 27, 28,
29, 30 or 31,

wherein the quaternary ammonium salt is any of
tetra(n-butyl)ammonium chloride and tetra(n-butyl)ammonium
bromide.

33. A production method of an optically active
acyloxyhydroxyethylpyridine derivative represented by the
general formula (13):

o

H
o._ _R®
=
SR
X* N (13)

in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, anacyloxygroup containingl to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a

substituted amino group, R® represents an alkyl group containing
1 to 15 carbon atoms, an aralkyl group containing 1 to 15 carbon

atoms or an aryl group containing 6 to 16 carbon atoms and *
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represents an asymmetric carbon atom,

which comprises enantioselectively reducing a
substituted acetylpyridine derivative represented by the

general formula (12):

8]
a
Y
X 0
X N ( 12)
in the formula, X and R® are as defined above.

34. The production method according to Claim 33,
wherein R® represents any of methyl, tert-butyl and phenyl
groups.

35, The production method according to Claim 33 or 34,
wherein X represents any of a hydrogen, a chlorine and

an acetylamino group.

36. The production method according to Claim 33, 34 or
35,

whereintheopticallyactiveacyloxyhydroxyethylpyridine
derivative (13) has the (R) configuration.

37. The production method according to Claim 33, 34,
35 or 36, ’

wherein the enantioselective reduction is carried out in
the manner of (R)-selective reduction using a
microorganism-derived carbonyl reducing enzyme or a culture of
a microorganism having an ability of producing said carbonyl

reducing enzyme or a treatment product thereof.

38. The production method according to Claim 37,
wherein the microorganism having an ability of producing
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the carbonyl reducing enzyme 1s a microorganism belonging to

the genus Ashbya, Candida, Cryptococcus, Debaryomyces,

Guilliermondella, Hansenula, Metschnikowia, Pichia,

Rhodotorula, Rhodosporidium, Saccharomycopsis, Schwanniomyces,

Sporidiobolus, Sporobolomyces, Torulaspora or Yarrowia.

39. The production method according to Claim 38,
wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is a microorganism selected from

the group consisting of Ashbya gossypii, Candida catinulata,

Candida fructus, Candida galacta, Candida gropengiesseri,

Candida gquilliermondii, Candida haemulonii, Candida holmii,

Candida intermedia, Candidamagnoliae, Candidamaltosa, Candida

melinii, Candida parapsilosis, Candida rugosa, Candida

sonorensis, Candida tropicalis, Candida utilis, Candida

versatilis, Cryptococcus albidus var. albidus, Debaryomyces

hansenii var. fabryi, Debaryomyces hansenii, Debaryomyces

marama, Debaryomyces nepalensis, Guilliermondella selenospora,

Hansenula glucozyma, Hansenula saturnus, Metschnikowia

reukaufi, Pichia bovis, Pichia farinosa, Rhodotorula glutinfs

var. dairenensis, Rhodotorula graminis, Rhodotorula minuta,

Rhodotorula rubra, Rhodosporidium diobovatum, Rhodosporidium

sphaerocarpum, Rhodosporidium toruloides, Saccharomycopsis

malanga, Schwanniomyces castellii, Sporidiobolus johnsonii,

Sporobolomyces pararoseus, Sporobolomyces salmonicolor,

Torulaspora delbrueckii and Yarrowia lipolytica.

40. The production method according to Claim 39,
wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is Candida magnoliae IFO 0705.

41. The production method according to Claim 37,
wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is a transformant cell transformed

by a plasmid containing a DNA coding for the carbonyl reducing

@
@ !
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enzyme derived from a microorganism belonging to the genus
Candida and a DNA coding for an enzyme having an ability of
regenerating a coenzyme on which the former enzyme is dependent.

42. The production method according to Claim 41,
wherein the transformant cell is E. coli HB101 (pNTCRG),
accession number FERM-BP6898.

43. The production method according to Claim 33, 34,
35 or 36,

wherein the enantioselective reduction is carried out in
the manner of hydrogen transfer type reduction using a hydrogen
transfer sourcewithacatalystprepared froma rutheniumcomplex,

an optically active amine and a base.

44 . The production method according to Claim 43,

wherein the hydrogen transfer source is isopropyl alcohol.

45. The production method according to Claim 43 or 44,

whereinanyoftﬂs(na-benzene)dirutheniumtetrachloridef
bis(n®-p-cymene)diruthenium tetrachloride and
bis(n®-mesitylene)diruthenium tetrachloride is used as the

ruthenium complex.

46. The production method according to Claim 43, 44 or
45,

wherein any of (S,S)-N-p-tosyl-1,2-diphenyl-
ethylenediamine and (R,R)-N-p-tosyl-1,2-diphenyl-
ethylenedianine is used as the optically active amine.

47 . A production method of an optically active
dihydroxyethylpyridine derivative represented by the general
formula (14):
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in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, an acyloxy group containing1l to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a
substituted amino group and * represents an asymmetric carbon
atom,

which comprises subjecting an optically active
acyloxyhydroxyethylpyridine derivative represented by the
general formula (13):

Y

in the formula, X is as defined above, R® represents an alkyl
groupcontainingl to 1Scarbonatoms, anaralkyl groupcontaining
1 to 15 carbon atoms or an aryl group containing 6 to 16 carbon
atoms and * represents an asymmetric carbon atom,

to solvolysis in a lower alcohol solvent in the presence

of a quaternary ammonium hydroxide.

48. The production method according to Claim 47,
wherein R® represents any of methyl, tert-butyl and phenyl
groups.

49 . The production method according to Claim 47 or 48,
wherein X represents any of a hydrogen, a chlorine and
an acetylamino group.
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50. The production method according to Claim 47, 48 or
49,
wherein methyl alcohol is used as the lower alcohol
solvent.
51. The production method according to Claim 47, 48,
49 or 50,

wherein tetra(n-butyl)ammonium hydroxide is used as the

quaternary ammonium hydroxide.

52. The production method according to Claim 47, 48,
49, 50 or 51,

wherein a low-polarity solvent is added to the reaction
mixtureaftersolvolyshstotﬁerebyobtahntheopticallyactive
dihydroxyethylpyridine derivative (14) as a crystal.

53. The production method according to Claim 52,
wherein toluene is used as the low-polarity solvent.

54, A production method of an optically active
hydroxyethylpyridine derivative represented by the general
formula (15):

OH
YZ
~ I %
X \N (15)

in the formula, Y2 represents a halogen, X represents a hydrogen,
a halogen, a hydroxyl group, an acyloxy group containing 1 to
10 carbon atoms, an alkoxy group containing 1 to 10 carbon atoms,
an amino group or a substituted amino group and * represents
an asymmetric carbon atom,

which comprises reacting, with a base, a haloacetic acid

derivative represented by the general formula (5):
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(3)

intheformula,Yzisasdefinedaboveandzrepresentsahydrogen,
an alkali metal, a halogenated alkaline earth metal or a silyl
group containing 1 to 10 carbon atoms,

to prepare an enolate,

reacting the same with a substituted nicotinic acid ester
represented by the general formula (6):

0

~ OR3
X" (6)

in the formula, X is as defined above andl#’represents an alkyl
group containing 1 to 10 carbon atoms or an aralkyl group
containing 1 to 10 carbon atomns,

subjecting the reaction product to acid treatment to
prepare a substituted acetylpyridine derivative represented by
the general formula (7):
0

2
~d ' Y

"

X N (‘7)
in the formula, Y? and X are as defined above,

followed by enantioselective reduction.

55. A production method of an optically active oxirane

derivative represented by the general formula (16):
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in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, an acyloxygroup containingl to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a
substituted amino group and * represents an asymmetric carbon
atom,

which comprises reacting, with a base, a haloacetic acid
derivative represented by the general formula (5):

Q
o
(5)
inthe formula, Y?represents ahalogenandZrepresents ahydrogen,
an alkali metal, a halogenated alkaline earth metal or a silyl
group containing 1 to 10 carbon atoms,
to prepare an enolate,

reacting the same with a substituted nicotinic acid ester
represented by the general formula (6):

0

OR?
(6)

in the formula, X is as defined above and R3 represents an alkyl

”
XN

group containing 1 to 10 carbon atoms or an aralkyl group
containing 1 to 10 carbon atoms,
subjecting the reaction product to acid treatment to

prepare a substituted acetylpyridine derivative represented by



" 10%AA& () -
" 10%AA& () -
" 10%AA& () -
" 10%AA& () -
" 10%AA& () -
" 10%AA& () -

" 10%AA& () -

@../111# omrg/! "10%AA& ()-@'! "10%AA&T()-@3 26 June 2003
@3/KB~"! "109AA& ()-@! "109%AA& ()-@#/ ' T*],]-1>IF ) Mg/
@ "10%A& ()-@/KB~"! "10%A& ()-@'! "10%AA&'() Q!
QF NQT/VIWT/xHtg/ "10%AA& ()-@/ KB~"! "10%AA& ()-@!
@! "10%A& ()-@!' "109%NA& ()-@f/ p/ xI{l~Il]xV&g/ KB~"!
@' "10%A& ()-@! "10%PA& G- @! "109%AA& () -@'!
@/111111]2Z8g/ KB~"! "10%AA& ()-@! "10%AA& ()-@'!
the general formula (7):
0
2

Z Y

<
X N’ (7)

in the formula, Y? and X are as defined above,

subjecting this to enantioselective reduction to prepare
an optically active hydroxyethylpyridine derivative
represented by the general formula (15):

OH
Y2
N\
X N (15)

in the formula, Y? and X are as defined above and * represents
an asymmetric carbon atom,
followed by treating it with a base.
56. The production method according to Claim 54 or 55,
wherein Y? represents a chlorine.

57. The production method according to Claim 54, 55 or
56,

wherein Z represents sodium or magnesium chloride.

58. The production method according to Claim 54, 595,
56 or 57,

wherein the base is a magnesium amide represented by the

general formula (8):
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in the formula, R* and R® each independently represents an alkyl
group containing 1 to 10 carbon atoms or a silyl group containing
1 to 10 carbon atoms and Q represents a halogen.

59. The production method according to Claim 58,
wherein R' and R® each represents an isopropyl group.

60. The production method according to Claim 58 or 59,
wherein Q represents a chlorine.

6l. The production method according to Claim 54, 55,
56, 57, 58, 59 or 60,
wherein X represents any of a hydrogen, a chlorine and

an acetylamino group.

62. The production method according to Claim 54, 55,
56, 57, 58, 59, 60 or 61,

wherein the enantioselective reduction is carried out in
the manner of (R)-selective reduction using a
microorganism~derived carbonyl reducing enzyme or a culture of
a microorganism having an ability of producing said carbonyl

reducing enzyme or a treatment product thereof.

63. The production method according to Claim 62,
wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is a microorganism belonging to

the genus Ashbya, Candida, Cryptococcus, Debaryomyces,

Guilliermondella, Hansenula, Metschnikowia, Pichia,

Rhodotorula, Rhodosporidium, Saccharomycopsis, Schwanniomyces,

Sporidiobolus, Sporobolomyces, Torulaspora or Yarrowia.
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65. The production method according to Claim 64,
wherein the microorganism having an ability of producing

the carbonyl reducing enzyme is Candida magnoliae IFO 0705.

66. The production method according to Claim 62,

wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is a transformant cell transformed
by a plasmid containing a DNA coding for the carbonyl reducing
enzyme derived from a microorganism belonging to the genus
Candida and a DNA coding for an enzyme having an ability of

regenerating a coenzyme on which the former enzyme is dependent.

671. The production method according to Claim 66,
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in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, anacyloxy group containing1 to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a
substituted amino group and * represents an asymmetric carbon
atom, '
which comprises reacting a substituted acetylpyridine
derivative represented by the general formula (7):
Q
2
— I Y
X
X N ( 7 )
in the formula, X is as defined above and Y? represents a halogen,
with a carboxylic acid represented by the general formula
(11):

HO RS
0 (11)

in the formula, R® represents an alkyl group containing 1 to
15 carbon atoms, an aralkyl group containing 1l to 15 carbon atoms
or an aryl group containing 6 to 16 carbon atoms,

in the presence of a base and a quaternary ammonium salt
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prepare an optically active acyloxyhydroxyethylpyridine

y#
X

derivative represented by the general formula (13):

OH

* \lf

\,N (13)

in the formula, X and R® are as defined above and * represents

LN

an asymmetric carbon atom,

followed by subjecting it to solvolysis.

69. The production method according to Claim 68,

whereinRGrepresentsanyofumthyl,tert—butylandphenyl
groups.

70. The production method according to Claim 68 or 69,

wherein X represents any of a hydrogen, a chlorine and

an acetylamino group.
71. The production methopd according to Claim 68, 69 or
70,

wherein Y2 is a chlorine.

72. The production method according to Claim 68, 69,
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wherein the enantioselective reduction is carried out in
the manner of (R)-selective reduction using a )
microorganism-derived carbonyl reducing enzyme or a culture of
a microorganism having an ability of producing said carbonyl

reducing enzyme or a treatment product thereof.

76. The production method according to Claim 5‘75,

wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is a microorganism belonging to
the genus Ashbya, Candida, Cryptococcus, Debaryomyces,

Guilliermondella, Hansenula, Metschnikowia, Pichia,

Rhodotorula, Rhodosporidium, Saccharomycopsis, Schwanniomyces,

Sporidiobolus, Sporobolomyces, Torulaspora or Yarrowia.

7. The production method according to Claim 76,
wherein the microorganism having an ability of producing

the carbonyl reducing enzyme is a microorganism selected from
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marama, Debaryomycesnepalensis, Guilliermondellaselenospora,

Hansenula glucozyma, Hansenula saturnus, Metschnikowia

reukaufi, Pichia bovis, Pichia farinosa, Rhodotorula gliutinis

var. dairenensis, Rhodotorula graminis, Rhodotorula.- minuta,
Rhodotorula rubra, Rhodosporidium diobovatum, Rhodosporidium

sphaerocarpum, Rhodosporidium toruloides, Saccharomycopsis

malanga, Schwanniomyces castellii, Sporidiobolus johnsonii,

Sporobolomyces pararoseus, Sporobolomyces salmonicolor,

Torulaspora delbrueckii and Yarrowia lipolytica.

78. The production method according to Claim 77,
wherein the microorganism having an ability of producing
the carbonyl reducing enzyme is Candida magnoliae IFO 0705.

19. The production method according to Claim 75,

wherein the microorganism having an ability of produc1ng
the carbonyl reducing enzyme is a transformant cell trans formed
by a plasmid containing a DNA coding for the carbonyl reduc1ng
enzyme derived from a microorganism belonging to the genus
Candida and a DNA coding for an enzyme having an ability of
regenerating a coenzyme on which the former enzyme is dependent.

80. The production method according to Claim 79,
wherein the transformant cell is E. coli HB101 (pNTCRG),

accession number FERM-BP6898.

81. The production method according to Claim 68, 69,
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bis(nﬁ—p ~cymene)diruthenium tetrachloride and
bis(nﬁ—mesitylene)diruthenium tetrachloride is used as the
ruthenium complex.

84. The production method according to Claim 81, 82 or
83, ’

wherein any of (S,S})-N-p-tosyl-1,2-diphenyl-
ethylenediamine and (R,R)-N-p-tosyl-1,2-diphenyl-

ethylenediamine is used as the optically active amine.

85. The production method according to Claim 68, 69,
10, 71, 12, 13, 74, 175, 76, 717, 78, 79, 80, 81, 82, 83 or 84,

wherein the solvolysis is carried out in a lower alcohol

solvent.

86. The production method according to Claim 85,

wherein methyl alcohol is used as the lower alcohol
solvent.

87. The production method according to Claim 68, 69,
10, 71, 72, 13, 74, 15, 16, 77, 18, 79, 80, 81, 82, 83, 84, 85
or 86,

wherein the solvolysis is carried out in the presence of

a quaternary ammonium hydroxide.
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89. The production method according to Claim 68, 69,
10, 71, 72, 713, 14, 15, 76, 17, 78, 79, 80, 81, 82, 83, B84, 85,
86, 87 or 88,

wherein a low-polarity solvent is added to the reaction
mixture after solvolysis to thereby obtain the optically active
dihydroxyethylpyridine derivative (14) as a crystal.

90. The production method according to Claim.89,
wherein toluene is used as the low-polarity solvent.

91. A production method of an optically active
dihydoxyethylpyridine derivative represented by the general
formula (14):

H
OH

= | %
XN (14)

in the formula, X represents a hydrogen, a halogen, a hydroxyl
group, an acyloxygroupcontainingl to 10 carbon atoms, an alkoxy
group containing 1 to 10 carbon atoms, an amino group or a
substituted amino group, and * represents an asymmetric carbon
atom,

which comprises subjecting a substituted acetylpyridine

derivative represented by the general formula (12):
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in the formula, X is as defined above and R¢ represents an alkyl
group containingl to15carbonatoms, anaralkyl groupcontaining
1 to 15 carbon atoms or an aryl group containing 6 to 16 carbon
atoms,

to solvolysis while enentioselectively reducing in the
presenceof abase to therebydirectlyobtaintheopticallyactive
dihydroxyethylpyridine derivative (14).

92. The production method according to Claim 91,

wherein the enantioselective reduction is carried in the
manner of hydrogen transfer type reduction using a hydrogen
transfer sourcewithacatalystprepared froma rutheniumcomplex,
an optically active amine and a base.

93. The production method according to Claim 92,
wherein the hydrogen transfer source is isopropyl alcohol.

94. The production method according to Claim 92 or 93,

whereinanyof bis{n®-benzene)diruthenium tetrachloride,
bis (n®~p-cymene)diruthenium tetrachloride and )
bis(nﬁ—mesitylene)diruthenium tetrachloride is used as the

ruthenium complex.

95. The production method according to Claim 92, 93 or
94,

wherein any of (S,S)-N-p-tosyl-1,2-diphenyl-
ethylenediamine and (R,R)-N-p-tosyl-1,2-diphenyl-
ethylenediamine is used as the optically active amine.



