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SUBSTITUTED ACETYLPYRIDINE DERIVATIVES AND PROCESS FOR THE 

PREPARATION OF INTERMEDIATES FOR OPTICALLY ACTIVE ~3 AGONIST 
BY THE USE OF THE SAME 

'l'ECHNICAL FIELD 
The present invention relates to a method of producing 

optically active beta-3 adrenaline receptor agonist 

intermediates which are import"ant in producing medicinals, and 

10 to those important intermediates. 

BACKGROUND ART 
Known in the art for the production of optically active 

dihydroxyethylpyridine derivatives or optically active oxirane 

15 derivatives which are intermediates of optically active beta-

3 adrenaline receptor agonists and ar~ represented by the general 

formula (14): 

20 

OH 

x ( 14) 

in the formula, X represents a hydrogen, a halogen, an acyloxy 

group containing 1to10 carbon atoms, an alkoxy group containing 

1to10 carbon atoms, an amino group or a substituted amino group; 

or by the general formula (16): 

0 y 
X ~N ( 16) 

in the formula, X is ·as-·· defined above, are: 

25 (i) the process which involves the catalytic asymmetric 
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dihydroxylation reaction of vinylpyridine derivatives 

(W09821184) I 

(ii) the process which involves.the asymmetric reduction of 

haloacetylpyridine derivatives with diisopinocamphenylborane 

5 chloride (US556142, US5714506), and 

(iii) the process which involves the asymmetric reduction of 

aminoacetylpyridine derivatives using a microorganism 

(W09803672) . 

However, the process (i) uses highly toxic osmium oxide 

10 and further requires an expensive asymmetric ligand, hence have 

problems from the industrial utilization viewpoint. 

The process (ii) requires the use of a stoichiometric 

amount of diisopinocamphenylborane chloride, ·which is an 

expensive asymmetric reducing agent, hence has a problem from 

15 the commercial viewpoint. Further, the haloacetylpyridine 

derivative unsubstituted or substituted by chlorine in position 

2, which is used as the substrate for asymmetric reduction, is 

produced by halogenation of th;e methyl group of the corresponding 

meth_yl ketone. However, the methyl ketone is difficult to obtain 

20 and it is necessary to synthesize the same using diazomethane, 

which is difficult to handle on an industrial _scale because of 

its toxicity and explosiveness. 

The process (iii) is only applicable to deri vati yes having 

no substituent on the pyridine ring [namely compounds of the 

25 general formula (7) or (9) shown below in which Xis· a hydrogen] 

and there is no disclosure about the method of producing pyridine · 

derivatives substituted in position 2 such as 2-aminopyridine 

derivatives. 

Thosesubstitutedacetylpyridinederivativessubstituted 

30 by an amino group in position 2 which are represented by the 

general formula (1) : 
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0 
y1 

(1) 

in the formula, R1 andR2 each independently represents a hydrogen, 

an alkyl group containing 1 to 10 carbon atoms, an aral:kyl group 

containing 1 to 10 carbon atoms, an acyl group_ containing 1 to 

5 10 carbon atoms, or an alkyloxycarbonyl group containing 1 to 

10 carbon atoms and Y1 represents a halogen, a hydroxyl group, 

an acyloxy group containing 1 to 10 carbon atoms, a sulfonyloxy 

group containing 1to10 carbon atoms, an alkoxy group containing 

1 to 10 carbon atoms, an amino group, an alkylamino group 

10 containing 1to15 carbon atoms, an aralkylamino 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 production of intermediates of optically active 

15 beta-3 adrenaline receptor agonists. However, they are unknown 

in the literature. 

Thosepivaloyloxyacetylpyridinederivativesrepresented 

by the general formula (2) : 

20 in the formula, 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, are also expected to be important 

compounds in the production of intermediates of optically active 

25 beta-3 adrenaline receptor agonists .. They are, however, 

unknown in the literature. 
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Further, those optically active pivaloyloxy­
hydroxyethylpyridine derivatives represented by the general 
formula (3): 

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

group, an acyloxy group containing 1to10 carbon atoms, 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 production of intermediates of optically active 

10 beta-3 adrenaline receptor agonists. They are, however, 

unknown in the literature. 
Furthermore, those optically active dihydroxy~ 

ethylpyridine derivatives represented by the formula (4): 

15 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. 

20 SUMMARY OF INVENTION 
In view of 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 
25 producing an optically active beta-3 adrenaline receptor agonist 

(as described, for example, in W09821184 and US5561142) 

represented by the following general formula (17): 
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OH 

x ( 17) 

which can readily be converted to the above-mentioned compounds 

( 17) by expedient methods known in the art, from readily available 

raw materials in a safe and efficient manner and, further, in 

5 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): 

0 
yl 

{l} 
10 in the formula, R1 andR2 each independently represents 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 and Y1 represents a halogen, a hydroxyl group, 

15 an acyloxy group containing 1 to 10 carbon atoms, a sulfonyloxy 

group containing 1to10 carbon atoms, an alkoxy group containing 

1 to 10 carbon atoms, an amino group, an alkylamino group 

containing 1to15 carbon atoms, an aralkylamino group containing 

1 to 15 carbon atoms, a sulfanyl group, an alkylsulfanyl group 

20 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) : 
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x 
in the formula, X represents a hydrogen, a halogen, or a hydroxyl 
group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 
group containing 1 to 10 ca·rbon atoms, .an amino group or a 

5 substituted amino group. 
The invention further provides an optically.active 

pi valoyl_oxyhydroxyethylpyridine derivative represented by the 
general formula (3) : 

oyk< 
.0 

10 in the formula, X represents a hydrogen, a halogen, a hydroxyl 
group, anacyloxygroupcontainingltolOcarbonatoms, analkoxy 
group containing 1 to 10 carbon atoms, an amino group or a 
substituted amino group. 

The invention also provides an optically active 
15 · d~hydroxyethylpyridine derivative represented by the formula 

( 4) : 

or a salt thereof. 
The invention further provides a production method of a 

20 substituted acetylpyridine derivative represented by the 
general formula (7) : 
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in the formula, Y2 represents a halogen and X represents a 

hydrogen, a halogen, a hydroxyl group, an acyloxy group 

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

5 to 10 carbon atoms, an amino group or a substituted amino group, 

which comprises reacting, with a base, a haloacetic acid 

derivative represented by the general formula (5}: 

0 

y~(Y'z 

(5) 

in the formula, Y2 is as defined above and z represents a hydrogen, 

10 an alkali metal, a halogenated alkaline earth. metal or a silyl 

group containing 1 to 10 carbon atoms, 

15 

to prepare an enolate, 

reacting the same with a substituted nicotinic acid ester 

represented by the general formula (6): 

·,ero· ~ OR3 

~ I 
X N (6) 

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

group containing 1 to 10 carbon atoms or an aralkyl group 

containing 1 to 10· carbon atoms, 

and then subjecting the reaction product to acid treatment. 

20 The invention further provides a production method of an 

optically active hydroxyethylpyridine derivative represented. 

by the general formula (10): 
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OH 
y1 

x ( 10) 

in the formula, X represents a hydrogen, a halogen, a hydroxyl 
group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 
group containing 1 to 10 carbon atoms, an amino group or a 

5 substituted amino group, Y1 represents a halogen atom or a 
hydroxyl group, an acyloxy group containing 1to10 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 containing 1to15 carbon atoms, an aralkylamino 

10 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 enantioselectively reducing a 
15 .substituted acetylpyridine derivative represented by the 

general formula (9) : 

0 
yt 

x 

in the fo-rmula, X and Y1 are as defined above. 

The invention further provides a production method of a 
20 substituted acetylpyridine derivative represented by the 

general formula (12): 



9 

0 

in the formula, X is as defined above and R6 represents an alkyl 

g-roup containing 1to15 carbon atoms, an aralkyl group containing 

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

5 atoms, 

which comprises reacting a substituted acetylpyridine 

derivative represented by the above general formula (7) with 

a carboxylic acid represented by the general formula (11): 

HO R6 y 
0 ( 11) 

10 in the formula, R6 is as defined above, 

15 

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

The invention further provides a production method of an 

optically active acyloxyhydroxyethylpyridine derivative 

represented by the general formula (13) : 

OH 
a·· R8 r 

( 13) x 

in the formula, X repr.esents a hydrogen, a halogen, a hydroxyl 

group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 

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

substituted amino group, R6 represents an alkyl group containing 

20 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, 
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which comprises enantioselectively reducing a 
substituted acetylpyridine derivative represented by the above 
general formula (12). 

The .invention further provides a production method of an 
5 opticallyactivedihydroxyethylpyridinederivativerepresented 

by the general formula (14): 

OH 

x ( 14) 

in the formula, Xis as defined above and* represents an asymmetric 
carbon atom, 

10 which comprises subjecting an optically active 
ac-yloxyhydroxyethylpyridine derivative represented by the 
above general formula (13) to solvolysis in ~ lower alcohol 
solvent in the presence of a quaternary ammonium hydroxide. 

The invention still further provides a production method 
15 of an optically active hydroxyethylpyridine derivative 

represen~ed by the general formula (15) : 

OH 
y2 

( 15) 

in the formula, Y2 and X are as defined a,bove and * represents 
an asymmetric carbon atom, 

20 which comprises rea,cting, with a base, a haloacetic acid 
derivative represented by the above general formula (5) to 
prepare an enolate, 

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

25 . subjecting the reaction product to acid treatment to 
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prepare a substituted acetylpyridine derivative represented by 
the above general formula (7), followed by enantioselective 
reduction. 

The invention still further provides a production method 
5 of an optically active oxirane derivative represented by the 

general formula (16) : 

x ( 16) 

in tp.e formula, Xis as defined above and* represents an asymmetric 
carbon atom, 

10 which comprises reacting, with a base, a haloacetic acid 
derivative represented by the above general formula (5) to · 
prepare an enolate, 

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

15 reaction product to acid treatment to prepare a substituted 
acetylpyridine derivative represented by the above general 
formula (7), subjecting this to enantioselective reduction to 
prepare an optically active hydroxyethylpyridine derivative 
represented by the above general formula (15), followed by 

20 treating it with a base. 
The invention 'still further provides a production method 

of an optically active dihydroxyethylpyridine derivative 
represented by the above general formula (14) 

which comprises reacting a substituted acetylpyridine 
25 derivative represented by the above general formula (7} with 

a carboxylic acid represented by the above general formula ( 11) 
in the presence of a base and a quaternary ammonium salt to prepare 

. . 

a substituted acetylpyridine derivative represented by the above· 
general formula (12) and subjecting this to enantioselective 

30 reduction to prepare an optically active acyloxyhydroxyethyl-
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pyridine derivative represented by the above general formula 
{13), followed by subjecting it to solvolysis. 

The invention still further provides a production method 

of an optically active dihydroxyethylpyridine derivative 

5 represented by the above general formula (14) 

which comprises subjecting a substituted acetylpyridine 
derivative represented by the above general formula (12) to 
solvolysis while enantioselectively reducing in the presence 
of a base to thereby directly obtain the optically active 

10 dihydroxyethylpyridine derivative represented by the_ above 
general formula (14). 

15 

In the following, the invention is described in detail. 

DETAILED DISCLOSURE OF THE INVENTION 
By eI_nploying the processes of the invention, it is possible 

to produce optica~ly active oxirane derivatives represented by 

the general formula (16) as well as optically active 
dihydroxyethylpyridine derivatives represented by the general 
formula (14). Basically, the processes can be outlined by the 

20 reaction schemes shown below. The process for producing the 
optically active oxirane derivatives comprises three steps, 
namely (a) the step of converting a substituted nicotinic acid 

ester represented by the general formula (6) to a substituted 
acetylpyridine derivative represented by the general formula 

25 (7), (b) the step of reducing the latter to a corresponding 
optically active hydroxyethylpyridine derivative represented 
by the general formula ( 15) and (c) the step of furth_er treating 
the same with a base to derivatize the same ihto a corresponding 

optically active oxirane derivative. 
30 On the other hand, the process for producing the optically 

active dihydroxyethylpyridine derivatives comprises four steps, 
namely (a) the step of converting a substituted nicotinic acid 
ester represented by the general formula (6) to a substituted 

acetylpyridine derivative represented by the general formula 
35 (7), as mentioned above, (d) the step of converting the latter 
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to a substituted acetylpyridine derivative having an acyloxy 
substituent as· represented by the general formula (12), (b) the 
step of reducing the same to a corresponding optically active 
hydroxyethylpyridine derivative represented by the general 

5 formula (13), as mentioned above, and (e) the step of further 
derivatizing the same into a corresponding optically active 
dihydroxyethylpyridine ·derivative by sol volysis of the acyloxy 
group. .In the following, these steps (a) to (e) are described 
in detail one by one. 

,J. ~ ~yl ~ ~OH ya 

~ .. J ~.oR3 ~ .. J,_, * 
X N ( 6 ) X N ( 7 ) X ( 15 ) 

Ir.\ ~o 
~ .1* 

x . ( 16) 

ol(d) . OH ~·. 
O R' .1!?l, O........_..Re ~ OH 

I Y I* ~ I* . ~ 0 ~)o x (14) 

19 

1. Step (a) 
This step (a) comprises reacting, with abase, ahaloacetic 

acid derivative represented by the above general formula (5) 
15 to prepare an enolate, reacting the same with a substituted 

20 

nicotinic acid ester represented by the above general formula 
(~) and subjecting the reaction product to acid treatment to 
thereby prepare a substituted acetylpyridine derivative 
represented by the above general formula (7). 

In the general formula (5) or (7), Y2 represents a halogen. 
Specifically, theremaybementionedfluorine, chlorine, bromine, 
iodine, etc. Chlorine or bromine is preferred and chlorine is 
more preferred. 

In the general formula (5), Z represents hydrogen, an 
25 alkali metal, a halogenated alkaline earth metal or a silyl group 

containing 1to10 carbon atom~. Specifically, Z includes, but 
is not limited to, hydrogen, lithium, sodium, potass.ium, 
magnesium chloride, magnesium bromide, calcium chloride, 
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trimethylsilyl, tert-butyldimethylsilyl, phenyldimethylsilyl 
and the like. Preferred is sodium or magnesium chloride. 

Preferred as the haloacetic acid derivative represented 
by the general formula (5) are sodium chloroacetate, sodium 

5 bromoacetate, magnesium chloroacetate chloride and magnesium 

bromoacetate bromide. Magnesium chloroacetate chloride 
prepared in situ in advance by mixing sodium chloroaceta:te with 
magnesium chloride and allowing sodium chloride to precipitate 

out may also be used. 
10 The use amount of haloacetic aGid derivative represented 

by the general formula (5) is 1 to lOmolarequivalents, preferably 

.1 to 3 molar equivalents, relative to the substituted nicotinic 
acid ester represented by the general formu.la (6). 

The base to be used in preparing an enolate from a haloacetic 
15 acid derivative represented by the general formula ( ·5) is not 

particularlyrestrictedbutincludes, amongothers,metalamides 

such as lithium amide, sodium amide, lithium diisopropylamide, 

magnesium diisopropylamide chloride, magnesium 
diisopropylamide bromide and magnesium dicyclohexylamide 

20 chloride; alkylmetals such as methyllithium, n-butyllithium, 
methylmagnesium bromide, i-propylmagnesium chloride and 
tert-butylmagnesium chloride; metal alkoxides such as sodium 

methoxide, magnesium ethoxide and potassium tert-butoxide; and 

metalhydridessuchaslithiumhydride, sodiumhydride,potassium 
25 hydride and calcium hydrid.e. Preferred among them are magnesium 

amides represented by the general formula (8) : 

In general formula (8), R4 and Rs each independently 

represents an alkyl group containing 1 to 10 carbon atoms or 
30 a silyl group containing 1 to 10 carbon atoms. R4 and Rs may 

be the same or different. Specifically, they include, but are 
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not l·imited to, methyl, e.thyl, i-propyl, tert-butyl, n-octyl, 
trimethylsilyl, triethylsilyl, phenyldimethylsilyl and the 
'like. Preferably, R4 and R5 each represents an isopropyl group. 
Q represents a halogen. Chlorine, bromine or iodine is preferred 

5 and chlorine is more preferred. 

10 

The magnesium amide represented by the general formula 
( 8) can readily be prepared by a method known in the art (e.g. 
the method described in Japanese Kokai Publication Hei-8-523420) 
from an inexpensive and readily available secondary amine and 
a Grignard reagent. 

The use amount of such base is 1 to 1 O molar equivalents, 
preferably 2 to 6 molar equivalents, relative to the substituted 
nicotinic acid ester represented by the general formula ( 6) . 

In the above general formula (6) or (7), X represents a 
15 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. 
Specifically, it includes, but is not limi~ed to, hydrogen, 
fluorine, chlorine, bromine, iodine, hydroxyl, acetyloxy, 

20 benzoyloxy, methoxy, butoxy, benzyloxy, amino, acetylamino, 
benzoylamino, phthaloylamino, dimethylamino, dibenzylamino, 
benzyloxycarbonylamino, ·tert-butyloxycarbonylamino, 
ethoxycarbonylamino and the like. 

_Preferred am9ng them are hydrogen, halogens such.as 
25 chlorine, bromine and iodine, hydroxyl, amino or substituted 

amino groups such as acetylamino, benzoylamino, phthaloylamino, 
dimethylamino, dibenzylamino, benzyloxycarbonylamino, 
tert-butyloxycarbonylamino and ethoxycarbonylamino. More 
preferred are _hydrogen, chlorine, amino and substituted amino 

30 groups such as acetylamino. Particularly preferred are 
hydrogen, chlorine and acetylamino. 

In the general formula ( 6), R3 repre~ents an alkyl group 
containing 1 to 10 carbon atoms or an aralkyl group containing 
1 to 10 carbon atoms. Specifically, it includes, but is not 

35 limited to, methyl, ethyl, tert-butyl, phenyl, be~zyl, 
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p-methoxybenzyl and the like. Preferred are lower alkyl groups 
such as methyl and ethyl. 

In the step (a), the order of mixing of the haloacetic 
acid derivative, base and substituted nicotinic-acid ester is 

5 optional. For example, the enolatepreparation and the reaction 
of the enolate with the substituted nicotinic acid ester can 
be carried out at once by adding dropwise a base to a mixed solution 
containing the substituted nicotinic acid ester and haloacetic 
acid derivative. 

10 An aprotic organic solvent is preferably used as the 
reaction solvent in the step (a) . The aprotic organic. solvent 
is not particularly restricted but includes, among others, 
hydrocarbon solvents such as benzene, toluene, n-hexane and 
cyclohexane; ether solvents such as diethyl ether, 

15 tetrahydrofuran (THF), 1,4-dioxane, methyl tert-butyl ether, 
dimethoxyethane and ethylene glycol dimethyl ether; halogenated 
solvents such as methylene chloride, chloroform and 
1,1,1-trichloroethane; and aprotic polar solvents such as 
dimethylformamide, N-methylpyrrolidone and 

20 hexamethylphosphoric triamide. These may be used singly or two 
or more of them may be used in combination. Preferred are 
hydrocarbon solvents such as benzen.e, toluene, n-hexane and 

cyclohexane; and ether solvents such as diethyl ether, 
tetrahydrofuran, 1,4-dioxane, methyl tert-butyl ether, 

25 dimethoxyethane and diethylene glycol dimethyl ether. 

The reaction temperature is preferably -ao°C to 100°C, 
more preferably -20°C to 60°C. 

The acid to be used in the.acid treatment in this step 

(a) may be any of general inorganic or organic acids, for example 
30 hydrochloric acid, sulfuric acid, nitric acid, acetic acid and 

citric. acid. 

This acid treatment can be effected by mixing a sufficient 
amount of the acid to neutralize thebasewi th the reaction mixture 

at O°C to around room temperature and stirring the mixture for 
35 about several minutes to several hours. 



17 

For isolating the product from the reaction mixture in 
this step (a)· after completion of the series of reactions, the 

reaction mixture is subjected to after-treatment in the 
conventional manner. For example, after acid treatment, an 

5 extraction procedure is performed using an ordinary extraction 

solventsuchasethylacetate,diethylether,methylenechloride, 
toluene or h~xane. Removal of the reaction solvent and 
extraction sol vent from the extract thus obtained by a procedure 
such as heating under reduced pressure, whereupon the desired 

10 product is obtained. Although the thus-obtained desired 

product is al~ost pure, the purity thereof may further be raised 
by· conventional means of purification, such as purification by 
crystallization, fractional distillation or column 
chromatography. 

15 

2. Step (b) 

The step (b) comprises enantioselectively reducing a 
substituted acetylpyridine derivative represented by the above 
general formula (9) to prepare an optically active 

20 hydroxyethylpyridine derivative represented by the above 
general formula (10) . 

The substrate to be reduced in the enantioselective 
reduction according to the present invention is a substituted 
acetylpyridine derivative.represented by the general formula 

25 ( 9) : 

yt 

x 

In the general formula (9), 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, 

30 an amino group or a substituted amino group. Specifically, it 
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includes, but is not limited to, hydrogen, fluorine, chlorine, 
bromine, iodine, hydroxyl, acetyloxy, benzoyloxy, methoxy, 
butoxy, benzyloxy, amino, acetylamino, benzoylamino, 
phthaloylamino, dimethylamino, dibenzylamino, 

5 benzyloxycarbonylamino, tert-butyloxycarbonylamino and 
ethoxycarbonylamino. 

Preferred among them are hydrogen, halogens such as 
chlorine, bromine and iodine, hydroxyl, amino or substituted 
amino groups such as acetylamino, benzoylamino, phthaloylamino, 

10 dimethylamino, dibenzylamino, benzylo~ycarbonylamino, 

tert-butyloxycarbonylamino, ethoxycarbonylamino and the like. 
More preferred are hydrogen, chlorine, amino and substituted 
a~.j.no groups such as acetylamino. In particular, hydrogen, 

.. chlorine and acetylamino are preferred. 
15 In· the general formula (9), Y1 represents a halogen, a 

20 

hydroxyl group, an acyloxy group containing 1to10 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 containing 1to15 carbon atoms, an aralkylamino 
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 carpon atoms. 

Specifically, it includes, but is not limited to, hydrogen, 
fluorine, chlorine, bromine, iodine, hydroxyl, acetyloxy, 

25 benzoyloxy, trifluoroacetyloxy, ~ethanesulfonyloxy, 
benzenesulfonyloxy, toluenesulfonyloxy, methoxy, 
tert-butyloxy, benzyloxy, amino, dimethylamino, ethylamino, 
phenylethylamino, .. p-ni trophenylethylamino, phenoxyethylamino 
and the like. 

30 Preferred among them are halogens such as chlorine, bromine 
and iodine; hydroxyl; acyloxy groups such as acetyloxy and 
benzoyloxy; and sulfonyloxy groups such as methanesulfonyloxy, 
benzenesulfonyloxy and toluenesulfonyloxy. More preferred are 

halogens, a hydroxyl group and an acyloxy group containing 1 

35 to 10 carbon atoms. Among the halogens, chlorine is preferred. 
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Those substituted acetylpyridine derivatives [general 

formula _(7)] in which Y1 in general formula (9) is a halogen 

atom can be used as obtained in the above step (a),, Those 

substituted acetylpyridine derivatives in which Y1 in general 

5 formula ( 9) is a halogen atom can be derived from those represented 

by the general formula (7) using a metho~ known in the art. For 

example, when a substituted acetylpyridine derivative 

represented by the general formula (7) is reacted with an alkoxy 

anion, acyloxy anion· or alkylsulfanyl anion, then a substituted 

:r· 10 acetylpyridine derivative in which Y1 is an alkoxy, acyloxy or 

::t'..'· alkylsulfanyl group, respectively, is obtained. Further, 
,· 

.. hydrolysis of a substituted acetylpyridine derivative thus 

'·~· 

~-

substituted by an acyloxy group, for instance, gives the 

corresponding substituted acetylpyridine.derivative in which 

·15 Y1 is a hydroxyl group. 

20 

In particular, those substituted acetylpyridine 

derivatives in which Y1 is an acyloxy group, namely the 

s~bstituted acetylpyridine derivatives represented by the 

general formula ( 12) : 

0 

0 R1 

y 
x ( 12) 

0 

can be derived from substituted acetylpyridine derivatives of 

general formula ( 7) by a novel method to be described la ter·herein. 

In the general formula ( 12), Xis as defined above. R6 represents 

an alkyl group containing 1to15 carbon atoms, an aralkyl group 

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

to 16 carbon atoms. Specifically, it includes, but is not limited 

to, methyl, ethyl, n~propyl, i-propyl, n-butyl, i-butyl, 

tert-butyl, n-octyl, benzyl,' anisyl, p-nitrobenzyl, phenyl, 

p-tolyl, naphthyl and the like. Methyl, ethyl, n-propyl, 

30 i-propyl,n-butyl,tert-butylandphenylarepreferredandmethyl, 
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f 
'·· ., 
·( 
·' 
.-:·· 

·, 

20 

tert-butyl and phenyl are more preferred. Still more preferred· 

is tert-butyl. 

The enantioselecti ve reduction in step (b) is an asymmetri.c 

reduction carried out by a biological or chemical technique. 

5 As the biological asymmetric reduction technique, there ~ay be 

mentioned asymmetric reduction by means of a microorganism or 

a reducing enzyme derived therefrom. As the chemical asymmetric 

reduction technique, there may be mentioned hydrogen transfer 

type reduction using a catalyst prepared from a rutheniumc_omplex, 

10 an __ oP;tically active amine and a base; asymmetric hydrogenation 

using an asymmetric catalyst composed of rhodium, ruthenium, 

iridium or palladium and a chiral phosphine ligand; and borane 

re;duction using, as an asymmetric. ligand, an amino alcohol 

derived from an optically active alpha-amino acid; among others. 

15 · Among them, the reduction using a microorganism and the hydrogen 

transfer type reduction are preferred . 

20 

25 

When a microorganism is used for the enantioselective 

reduction, the substrate substituted acetylpyridine derivative 

is reduced (R)-selectively and thus the corresponding 

(R)-hydroxyethylpyridine derivative can be obtained 

preferentially. In this case, the reduction reaction can be 

carried out using a microorganism-derived. carbonyl reducing 

enzyme or a culture of a microorganism having an ability of 

producing said carbonyl reducing enzyme or a "t::reatment product 

thereof. 

Usable as the carbonyl reducing enzyme-producing 

microorganism in the R--selecti ve reduction are microorganisms 

belonging to the genera Ashbya, Candida, Cryptococcus, 

Debaryomyces, Guilliermondella; Hansenula, Metschnikowia, 

30 Pichia, Rhodotorula, Rhodosporidium, Saccharomycopsis, 

Schwanniomyces, Sporidiobolus, Sporobolomyces,Torulasporaand 

Yarrowia. 

Specifically, use can be made of Ashbya gossypii, Candida 

catinulata, Candida fructus, Candida galacta, Candida 

35 gropengiesseri, Candida guilliermondii, Candida haemulonii, 
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Candida holmii, Candida intermedia, Candida magnoliae, Candida 
maltosa, Candidamelinii, Candidaparapsilosis, Candidarugosa, 

Candidasonorensis, Cand~datropicalis, Candidautilis, Candida 
versatilis, Cryptococcus albidus var. albidus, Debaryomyces 

5 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, 

10 Rhodotorula rubra, Rhodosporidium diobovatum, Rhodosporidium 
spha.erocarpum, Rhodosporidium toruloides, Saccharomycopsis 
malanga, Schwanniomyces castellii, Sporidiobolus johnsonii, 
Sporobolomyces pararoseus, Sporobolomyces salmonicolor, 

15 

20 

· Torll:laspora delbrueckii and Yarrowia lipolytica and so forth. 
Particularly preferred is Candida magnoliae IF00705. 

These microorganisms are generally obtainable from 
available or purchasable stock cultures. They may also be 
isolated from the natural world. The microorganisms having the 
ability of producing the enzyme mentioned above may be wild 
strains or mutants. 

Alternatively, microorganisms derived by a genetic method 
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 

25 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 
thewholeoftheaminoacidsequencethereof, thestepofobtaining 
a DNA sequence coding for the enzyme based on that amino acid 

30 sequence, the step of introducing this DNA into another 

microorganism to obtain a recombinant microorganism and 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 
35 transformed with a plasmid containing a DNA coding for a carbonyl 
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reduc.ing enzyme derived from a microorganism belonging to the 

genus Candida and a DNA coding for an enzyme having the ability 

of regenerating a coenzyme on which the former enzyme is dependent. 

Preferably, there may be mentioned such transformant cells in 

5 which the enzyme having the ability of regenerating said coenzyme 

is glucose dehydrogenase, such transformant cells in which said 

glucose dehydrogenase is of the Bacillus megaterium origin, such 

transformant cells in which the pl~smidmentioned above is pNTCRG 

and such transformant cells which are.Escherichia coli cells. 

10 

15 

20 

More_preferably, there may be mentioned~· coli HBlOl (pNTCRG), 

accession number FERM-BP6898 [deposited with the Ministry of 

International Trade and Industry Agency of National Institute 

of Bioscience and Human Technology (1-3 Higashi 1-chome, Tsukuba 

City, Ibaraki Prefecture, Japan), deposited date: September 28, 

1999] . 

Any nutrient sources assimilable by such organisms can 

generally be used in cultivating such organisms. For example, 

carbon sources such as carbohydrates, e.g. glucose, sucrose and 

maltose, organic acids, e.g. lactic acid, acetic acid, citric 

acid and propionic acid, alcohols, e.g. ethanol and glycerol, 

hydrocarbons, e.g. para ff ins, fats and oils such as soybean oil 

and rapeseed oil, and mixtures of these, and nitrogen sources 

suchasammoniumsulfate, ammoniu~phosphate,urea, yeastextract, 

meat extract, peptone and corn steep liquor may be admixed. 

25 Furthermore, other inorganic salts, v1tamins and like nutrients 

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 1o·to 96 
30 hours. In 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 

35 on the reaction, cells obtained by treating the culture fluid 
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by centrifugation, for instance, or a product obtained by 
treating the cells is preferably used. 

The ~hove-mentioned product of treatment of microbial 
cells is not particularly restricted but mention may be made 

5 of, for example, dried cells obtained by dehydration using 
acetone or diphosphorus pentoxide or py drying utilizing· a 
desiccator or fan, products of treatment with a surfactant, 
products of treatment with a bacteriolytic enzyme, immobilized 
cells or cell-free extract preparations obtained by disrupting 

10 cell·~, among others. Furthermore, an enzyme catalyzing the 
asymmetric reduction as purified from the culture may also be 
used. 

15 

In carrying out the reduction rea~tion, the substrate 
substituted acetylpyridine de.rivative may be added all at once 
in the beginning of the reaction or in divided portions as the 
reaction proceeds. 

The reaction temperature is _generally 10 to 60°C, 
preferably 20 to 40°C, and the pH during the reaction is 2.5 
to 9, preferably 5 to 9. 

20 The microorganism concentration in the reaction mixture 
may be selected appropriately depending on the ability thereof 
to reduce the substrate. The substrate concentration in the 
reaction mixture is preferably O. 01 to 50% ·(w/v), more preferably 
0.1 to 30%. 

25 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 

30 complete in 2 to 168 hours. 
For promoting the reduction reaction, such an energy source 

as glucose or ethanol is preferably added to the reaction mixture 
in an amount of 1 to 30%, whereby better results can be obtained. 
Further, by adding a coenzyme, such as reduced form nicotinamide 

35 adenine dinucleotide (NADH) or reduced formnicotinamide adenine 



~:· 

.•. 
~: 

24 

dinucleotide phosphate (NADPH) , which is generally required for 

reduction reactions using the biological method, it is also 

possible to promote the reaction. Specifically, such may be 

added directly to the reaction mixture or a reaction systemhaving 

5 an ability of causing formation of NADH or NADPH may be added 

to the reaction mixture togethe+ with such a coenzyme in the 

oxide form. For example, the reaction system in which enzyme 

formate dehydrogenase reduces NAO to NADH on the occasion of 

its forming carbon dioxide and water from formic acid, or the 

10 _reaction system in which· glucose dehydrogenase reduces NAD or 

NADPtoNADHorNADPH,respectively, ontheoccasionofitsforming 

gluconolactone from glucose can be utilized~ 

It is also effect"ive to add a surfactant, such as Triton 

(product of Nakalai Tesque), Span (product of Kanto Chemical) 

15 or Tween . (product of Nakalai Tesque), to the reaction mixture. 

Further, for avoiding the inhibition of the reaction by an alcohol 

which is the substrate and/or the product of the reduction 

reaction, a ~ater-insoluble organic solvent, such as ethyl 

ac:;etate, butyl acetate, isopropyl ether or toluene, may be added 

20 to the reaction mixture. For increasing the solubility of the 

substrate, it is also possible to add a water-soluble organic 

solvent such as methanol, ethanol, ~cetone, tetrahydrofuran or 

dimethyl sulfoxide. 

The optically active hydroxyethylpyridine derivative 

25 ( 10) produced by the reduction reaction is obtained by extracting 

the reaction mixture, directly or after separation of cells, 

with a solvent such as ethyl acetate or toluene and then removing 

the solvent. Further purification by recrystallization or 

silica gel column chromatography, for instance, gives a highly 

30 pure form of the optically active hydroxyethylpyridine 

derivative. 

When, on the other hand, hydrogen transfer type reduction 

is carried out as the enantioselective reduction, it is possible 

to reduce the substrate substituted acetylpyridine derivative 

35 either (R) - or (S) -selectively by selecting the catalyst to be 
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used, whereby the corresponding (R)- or (S)-hydroxyethyl­
pyridine derivative can be obtained preferentially. 

In carrying out the hydrogen transfer type reduction,. it 
is necessary to prepare the catalyst prior to the reduction 

5 reaction. The catalyst to be used here is, for example, a 
catalyst prepared by mixing a ruthenium complex with an optically 
active amine and a base and such a catalyst can be prepared by 
the method described in Japanese Kokai Publication 
Hei-10-130289. 

10 . Bivalent ruthenium-arene. complexes are preferred as the 

15 

20 

- r 

ruthenium complex and, among them, bis(n6-benzene)diruthenium 
tetrachloride, bis(n6-p-cymene)diruthenium tetrachloride and 
bis(~6-mesitylene)diruthenium tetrachloride are particularly 
preferred. 

Preferred as the optically active amine are optically 
active amine monosulfonates or optically active amino alcohols. 

·Thus, mention may be made of 1,2-diphenylethylenediamine 
sulfonates, specifically 
(.S,S)-N-p-tosyl-1,2-diphenylethylenediamine, 
(R,R)-N-p-tosyl~l,2-diphenylethylenediamine, 

(S,S)-N-benzenesulfonyl-1,2-diphenylethylenediamine, 
(R,R)-N-benzenesulfonyl-1,2-diphenylethylenediamine, 
(S,S)-N-methanesulfonyl-1,2-diphenylethylenediamine, 
(R,R)-N-methanesulfonyl-1,2-diphenylethylenediamine, 

25 (S, S) :-N-trifl.uoromethanesulfonyl-1, 2-diphenylethylened.:l..­
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 
30 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, 

35 potassium carbonate, sodium hydrogen carbonate, potassium 
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hydrogen carbonate, sodium hydroxide, potassium hydroxide, 

calcium hydroxide, lithiu~ hydroxide, barium hydroxide, 

magnesiumhydroxide, sodiumacetate, potassiumacetate, ammonia, 

triethylamine, pyridine, piperidine, 

5 N, N-dimethylaminopyridine or the like. Preferred are sodium 

hydroxide and potassium hydroxide. The base may be added in 

the form of an aqueous solution. 

For preparing the catalyst for hydrogen transfer type 

reduction, the above ruthenium complex, optically active amine 

io and base are mixed together in an appropriate sol vent in an 

arbitrary order. The ruthenium complex/optically active 

amine/base mixing mole ratio is basically 1: 1: 1 on the ruthenium 

bas.is. However, the optically active amine and the base may 

be used in excess. The sol vent for use in preparing the catalyst 

15 is not particularly restricted but the same one as the solvent 

for use in carrying out the reduction reaction to be mentioned 

belowispreferablyusedconsideringtheefficiencyinoperation. 

The temperature in catalyst preparation is Oto lOO°C, preferably 

15 to 60°C. The time required for catalyst preparation is about 
20 1 to 10 hours. The catalyst prepared in the above manner is 

preferably submitted to the reduction reaction as it is in the 

solution form, but it is also possible to use the catalyst isolated 

from the solution by crystallization, for instance, in the 

reduction reaction. T~e use amount of the catalyst is 0.001 

25 molar equivalent to 5 molar equivalents on the ruthenium basis 

relative to the substituted ace_tylpyridine derivative, which 

is the reduction substrate. 

The hydrogen transfer type reduction reaction can be 

effected, for example, by admixing the catalyst prepared in the 

30 above manner with the substrate substituted acetylpyridine 

derivative and a hydrogen transfer source. 

Usable as the hydrogen transfer source, namely the compound 

to serve as a hydrogen donor to the substrate, ·are isopropyl 

alcohol, benzhydrol, formic acid and formic acid salts, for 

35 instance, and isopropyl alcohol is preferred. 
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It is necessary to use the hydrogen transfer source in 

an amount of not less than 1 molar equivalent relative to the 

reduction substrate. Preferably, it is used in large excess, 

namely in an amount not less than 10 equivalents. When isopropyl 

5 alcohol is used as the hydrogen transfer source, this is 

preferably used as the solvent. 

Any.arbitrary sol vent can be used as the reaction sol vent. 

For example, there may be mentioned water; alcohol sol vents such 

as methanol, ethanol, butanol, isopropyl alcohol, ethylene 

10 glycol andmethoxyethanol; amine solvents such as diethylamine, 

pyrrolidineandpiperidine;hydrocarbonsolventssuchasbenzene, 

toluene and cyclohexane; ether solvents such as diethyl ether, 

tetrahydrofuran, 1,4-dioxane, methyl tert-butyl ether and 
• f. ..... 

dimethoxyethane; ester solvents such as ethyl acetate and butyl 

15 acetate; ketone solvents such as acetone andmethyl ethyl ketone; 

halogenated hydrocarbon solvents such .as methylene chloride, 

chloroform and 1,1,1-trichloroethane; nitrogen-containing 

solvents such as dimethylformamide and acetonitri~e; dimethyl 

sulfoxide, N-methylpyrrolidone, hexamethylphosphorotriamide 

20 and so on. Isopropyl alcohol is most pref.erred. 

The reaction temperature is O to 150°C, preferably 15 to 

60°C. 

The end point of the reaction can be judged by analyzing 

the reaction mixture during reaction by thin layer chromatography, 

25 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 

30 by the general formula ( 12) : 

0 
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(in the formula, X represents a hydrogen, a halogen, a hydroxyl 
group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 
group containing 1 to 10 carbon atoms, an amino group or a 
substituted amino group and R6 represents an alkyl group 

5 containing 1 to 15 carbon atoms, an aralkyl group containing 
1 to lS carbon atoms or an aryl group containing 6 to 16 carbon 
atoms) is used as the reduction substrate by hydrogen transfer 
reduction and the enantioselecti ve reduction is carried out using 
isopropyl alcohol as the hydrogen transfer source, the . . 

10 corresponding optically active dihydroxyethylpyridine 
derivative represented by the general formula (14): . 

OH 

x ( 14 ). 

(in the formula, X is as defined above and * represents an 
asymmetric carbon atom) can be obtained directly if a ba.se is 

15 .caused to coexist in ~he reaction system. 
The base to be caused to coexist for directly obtaining 

the optically active dihydroxypyridine derivative is not 
particularly restricted but may be an inorganic or organic base, 
for example n-but.yllithium, sodium hydride, potassium 

20 tert-butoxide, sodium ethoxide, sodium carbonate, potassium 
carbonate, sodium hydrogen carbonate, p9tassium hydrogen 
carbonate, sodium hydroxide, potassium hydroxide, calcium 
hydroxide, lithium hydroxide, barium hydroxide, magnesium 
hydroxide, sodium acetate, potassium acetate, ammonia, 

25 tr~ethylamine, 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 

30 base may serve as the base for directly obtaining the optically 
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active dihydroxypyridine derivative. The use amount of the base 
is preferably 0.1 to 10 molar equivalents relative to the 

substrate substituted acetylpyridine derivative. The base.may 
be added in the form of an aqueous solution. 

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 

10 suchasethylacetate,diethylether,methylenechloride,toluene 

or hexane. From the extract obtained, the reaction sol vent and 
extraction solvent are distilled off by heating under reduced 
pressure, for instance, whereupon the desired product can be 
obtained. Alternatively, after completion of the reaction, the 

15 reaction solvent may be immediately distilled off by heating 
under reduced pressure and the same procedure as above be then 

carried out. Al though the thus-obtained product is nearly pure, 
its purity may further be improved by purification by 
conventional means such as purification by crystallization, 

20 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 

25 configuration are preferred, however. 

3. Step (c) 

This step (c) comprises treating an optically active 

hydroxyethylpyridine derivative represented by the above 
30 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 

35 limited to, metal hydroxides such as lithium hydroxide, sodium 
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hydroxide, potassium hydroxide and calcium hydroxide; metal 

carbonates such as sodium carbonate, sodium hydrogen carbonate, 

potassium carbonate, potassium hydrogen carbonate and cesium 

carbonate; alkylmetals such as methyllithium, n-butyllithium, 

5 methylmagnesium bromide, i-propylmagnesium chloride· and 

tert-butylmagnesiumchloride; metal a:i;n~des such as lithiumamide, 

sodium amide, lithium diisopropylamide, magnesium 

diisopropylamide chloride, magnesiumdiisopropylamidebromide, 

magnesium dicyclohexylamide chloride; metal· alkoxides such as 

10 sodium methoxide, magnesium ethoxide and potassium 

tert-butoxide; metal hydrides such as lithium hydride, sodium 

hydride, potassium hydride and calcium hydride; and amines such 

astriethylamine, ethyldiisopropylamine,N-methylpyrrolidine, 

dimethylaniline and pyridine. Preferred among them are metal 

15 hydroxides such as lithium hydroxide, sodium hydroxide, 

potassium 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 (c) is 1 to 10 molar 

20 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 

25 water and an organic solvent. The above organic solvent is not 
' particularly restricted but includes, among others, alcohol 

solvents such as methanol, ethanol, butano~, isopropyl alcohol, 

ethylene glycol and methoxyethanol; hydrocarbon sol vents such 

as benzene, toluene and cyclohexane; ether solvents such as 

30 diethyl ether, tetrahydrofuran (THF), 1,4-dioxane, methyl 

t-butyl ether and diniethoxyethane; ester solve.nts such as ethyl 

acetate and F>utyl acetate; ketone solvents such as acetone and. 

methyl ethyl ketone; halogenated solvents such as methylene 

chloride, chloroform and 1,1,1-trichloroethane; 

35 nitrogen-containing solvents such as dimethylformamide and 
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acetonitrile; and aprotic polar solvents such as dimethyl 
sulfoxide, N-methylpyrrolidone and hexamethylphosphoric 
triamide. These may be used singly or two or more of them may 

be used in combination. Preferred are water, acetone, 
s acetonitrile and tetrahydrofuran. 

The step (c) is carried out at a reaction temperature of 

-so°C to lOO°C, preferably -20°C to 30°C. 
After completion of the reaction, the product is obtained 

from the reaction mixture by a conventional after-treatment 
10 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 sol vent and extraction 

15 solvent are distilled off by heating under reduced pressure, 
for instance, whereupon the desired product can be obtained. 
Alternatively, after completion of the reaction, the reaction 
solvent may be inunediately distilled off by heating under reduced 
pressure and the same procedure as above be then carried out. 

20 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. 

25 4. Step (d) 
Thi'S step (d) comprises reacting the substituted 

acetylpyridine derivative represented by the. general f~rmula 
(7) as produced in the step (a) with a car_boxylic acid represented 
by the general formula (11) in the presence of a base and a 

30 quaternary anunonium salt to prepare a substituted acetylpyridine 

derivative represented by the general formula (12) . 

HO R1 y 
0 -( 11) 
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In the general formula (11), R6 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. Specifically, itinclud~s,butisnotlimitedto,methyl, 
5 ethyl, n-propyl, i-propyl, n-butyl, i-butyl, tert-butyl, 

n-octyl, benzyl, anisyl, p-nitrobenzyl, phenyl, p-tolyl, 
· naphthyl and the like. Methyl, ethyl, n-propyl, i-propyl, 
n-butyl, tert-butyl and phenyl are preferred and methyl, 
tert-butyl and phenyl are more preferred, and still more 

10 preferred is tert-butyl. 
In this step (d), the use amount of a carboxylic acid (11) 

is preferably 1 to 5 molar equivalents, more preferably 1 to 
3 molar equivalents, relative to the substituted acetylpyridine 
derivative of the general formula (7). 

15 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) and may 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 

20 carbonate, potassium carbonate, sodium hydrogen carbonate, 
potassium hydrogen ~arbonate, sodium hydroxide, potassium 
hydroxide, calcium hydroxide, lithium hydroxide, barium 
hydroxide, magnesium hydroxide, triethylamine, pyridine,· 
piperidine, N, N-dimethylaminopyridine and the like. Preferred 

25 are sodium hydrogen carbonate, sodium carbonate, potassium 
hydrogen carbonate and potassium carbonate. 

In this. step (d), the use amount of the base is preferably 
1 to 5 molar equivalents, more preferably 1 to 3 molar equi val en ts, 
relative to the substituted acetylpyridine derivative of the 

30 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 

35 in advance by mixing the carboxylic acid and base together is 
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the sodiumorpotassiumsalt of the carboxylic acid, for instance, 

which specifically includes sodium acetate, .Potassium acetate, 
sodiumpivalate, potassiumpivalate, sodiumbenzoate, potassium 
benzoate and the like. 

The quaternary ammonium salt to be used in this step (d) 
is not particularly restricted provided that it is commercially 
and readily available. For example, there may be mentioned 
quaternary ammonium halides, quaternary ammonium hydroxides, 
quaternary ammonium sulfates, quaternary ammonium acetates and 

10 the like and, specifically, tetra (n-butyl) ammonium chloride, 

tetra(n-butyl)ammoniumbromide, tetra(n-butyl)ammoniumiodide, 
tetra(n-butyl)ammonium hydroxide, tetra(n-butyl)ammonium 
hydrogen sulfate, tetra(n-butyl)ammonium acetate, 
tetramethylammonium chloride, tetramethylammonium bromide, 

· 15 benzyltrimethylammonium chloride, benzyltrimethylammoniUro. 
bromide and the like. Preferred are tetra(n-butyl)ammonium 

chloride and tetra(n-butyl)ammonium bromide. 
In this step (d); the use amount of the.quaternary ammonium 

salt is preferably O .1 to 2 molar equivalents, more preferably 
. . 

20 0.05 to 0.2 molar equivalent, relative to t.he substituted 
acetylpyridine derivative of the general· formula (7). 

In carrying out the reaction of step (d) I various organic 

sol vents can be used as the reaction sol ven:ts. As the organic 
solvents, there may be mentioned, among others, hydrocarbon 

25 solventssuchasbenzene, tolueneandcyclohexane;ethersolvents 
such as diethyl ether, tetrahydrofuran, 1,4-dioxane, methyl 
tert-butyl ether and dimethoxyethane; ester solvents su.ch as 
ethyl acetate and butyl acetate; halogenated solvents such as 

methylene chloride, chloroform and 1,1,1-trichloroethane; 
30 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 sol vents may 
be used singly or two or more of them may be used in combination. 

35 Preferred are ether solvents such as diethyl ether, 
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tetrahydro;turan, l,'4-dioxane, methyl tert-butyl ether and 

dimetboxyethane. Tetrahydrofuran is more preferred. 

The reaction temperature is preferably O°C to lSO°C, more 
preferably 20°C to ao°C. 

After completion of the reaction in this step (d), the 
product is obtained from the reaction ~ixture by a conventional 
after-treatment procedure. For example, a small amount of water 
is added, followed by an extraction procedure using an ordinary 

extraction solvent such as ethyl acetate, diethyl ether, 
10 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. Although the 
thus-obtained product is nearly pure, its purity may further 

15 be improved by purification by conventional means such as 

purification by crystallization, fractional distillation or 
column chromatography. 

5. Step (e) 
20 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 

25 hydroxyethylpyridine derivatives obtainable in the step (b) to 
solvolysis. 

The solvolysis in this step (e) is carried out in water 
or a protic organic sol.vent, or a mixed solvent composed of water 
andaproticoraproticorganicsolvent. Theaboveproticorganic 

30 solvent includes, among others, lower alcohol solvents such as 

methanol, ethanol, butanol, isopropyl alcohol, ethylene glycol 
and methoxyethanol; amine solvents such as diethylamine, 

pyrrolidineandpiperidine;andsoon. Theaboveaproticorganic · 
solvent includes hydrocarbon solvents such as benzene, toluene 

35 and cyclohexane; ether solvents such as diethyl ether, 
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tetrahydrofuran, 1,4-dioxane, methyl t-butyl ether and 
dimethoxyethane; ester sol vents such as ethyl acetate and butyl 

acetate; ketone solvents such as acetone andmethyl ethyl ketone; 
halogen-containing solvents such as methylene chloride, 

5 chloroform and 1,1,1-trichloroethane; nitrogen-containing 
solvents such as dimethylformamide and acetonitrile; aprotic 
polar solvents such as dimethyl sulfoxide, N-methylpyrrolidone 
and hexamethylphosphoric triamide. Water and lower alcohols 
are preferred and lower alcohols are more preferred. 

10 Particularly preferred is methanol. 

The solvolysis in this 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, potassium hydrogen carbonate, sodium 

15 hydroxide, potassium hydroxide, calcium hydroxide, lithium 
hydroxide, barium hydroxide, magnesium hydroxide, sodium 

acetate, potassium acetate, ammonia, triethylamine, piperidine, 
N,N-dimethylaminopyridine, tet.ra (n-butyl) ammonium hydroxide, 
tetramethyla'mrnonium hydroxide, benzyltrimethylammonium 

20 hydroxide and the like. ·Among them, quaternary ammonium 

hydroxides such as tetra(n-butyl)ammonium hydroxide, 
tetramethylammonium hydroxide and benzyltrimethylamrnonium 

hydroxide are preferred as the base, and tetra (n-butyl) ammonium 
hydroxide is more preferred. 

25 In that case, the use amount of the base is 0.001.to 5 
equivalents, preferably 0. 01to1. 0 equivalent, relative to the 
optically active acyloxyhydroxyethylpyridine derivative. 

The reaction temperature in the step (e) is -20°C to. lOO°C, 

prefe.rably -lO°C to 50°C. 
30 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 

35 suchasethylacetate,diethylether,methylenechloride,toluene 
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or hexane. ·From the extract obtained, the reaction sol ve·nt and 

extraction solvent are dist_illed off by heating under reduced 

pressure, for instance, whereupon the desired protjuct can be 

obtained. Alternatively, after completion of the reaction, the 

5 reaction solvent may be immediately distilled off by heating 

under reduced pressure and the same procedure as above be then 

carried out. Al though the thus-obtained product is nearly pure, 

its purity may further be improved by purification by 

conventional means such as purification by crystallization, 

10 fractional distillation or column chromatography. 

In cases where the product has high solubility in water 

but has very low solubility in organic solvents, it is difficult 

to obtain the desired product by the ordinary reaction procedure 

such as mentioned above. In such cases, the solvolysis reaction 

15 is carried out in a lower alcohol solvent using a quaternary 

ammonium hydroxide as the base and, after completion of the 

solvolysis reaction, a low-polarity solvent is added to the 

reaction mixture to thereby cause the desired product to 

precipitate out, and by filtering the same, the desired product 

20 can be obtained with high purity and good efficiency by a simple 

procedure. The lower alcohol solvent and quaternary ammonium 

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 
·. 

25 may be any of those in which the optically active 

dihydroxyethylpyridine (14) is hardly soluble and which can mix 

with the sol volysis reaction sol vent. When an alcohol sol vent 

is used as the solvolysis reaction solvent, a hydrocarbon solvent 

is preferred as the low-polarity solvent, for example, n-hexane, 

30 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 

35 general formula (1) which have an amino group at position 2 of 
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the pyridine ring are novel compounds for which no process has 

been known in the art for the production there.of and which can 

now be produced by the process of the present invention [step 

(a) and, if necessary, a subsequent substitution reaction]. 
5 These derivatives are very useful in the production of 

intermediates of optically active beta-3 adrenaline receptor 
agonists. 

In the above general formula ( 1) , R1 and R2 each represents 
a hydrogen, an alkyl group containing 1 to 10 carbon atoms, an 

10 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. R1 and R2 may be the same or 
different. Preferred is the case in whichR1 represents an acetyl 
group and R2 a hydrogen. Y1 is the same as that . Y1 described 

15 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 

20 ··optically active pi valoyloxyhydroxyethylpyridine derivatives 
represented by the general formula (3) are useful intermediates 

. improved in compound stability and handleabili ty owing to the 

introduction of the pivaloyl group. Furthermore, these are 
novel compounds for which no process for their production has 

25 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). 

Among the dihydroxyethylpyridine derivatives which can 
30 be produced for the first time according to the present invention, 

the compound represented by the formula (4) is a nov.el compound 
the use of which as a ~-3 receptor agonist intermediate has been 
described by the present inventors. 
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BEST MODES FOR CARRYING OUT THE INVENTION 
The fo1lowing examples illustrate the p·resent invention 

in further detail. They are·, however, by no means limitative 

of the scope of the invention. 

Example 1 Nl-(5-(2-Chloroacetyl)pyridin-2-yl]ethanamide 

0 

Cl 
0 

)lN 
H 
Sodium chloroacetate (5.2 g, 0.045 mol) and 4.3 g (0.045 

mol) of magnes.ium chloride were added to a solutiori of 5. 8 g 

10 . {0.030 mol) of methyl 
· 6- (methylcarboxamido) pyridine-3-t:arboxylate in 100 ml of THF, 
and the mixture was stirred at room temperature for 3 hours. 
Magnesium diisopropylamide chloride solution [solution 
p.i;eparedby adding 20 ml (0 .144 mol) of diisopropylamine dropwise 

15 at 40°C to 67 ml ( O .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 O°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) qf 
20 concentrated hydrochloric acid in 50 ml of water was added 

dropwise to the reaction mixture at O°C. The resulting mixture 
wasextractedwithethylacetate, andtheorganicphasewaswashed 
with a saturated aqueous solution of sodium hydrogen carbonate 
aqueous solution and dried over sodium sulfate. The solvent 

25 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 Nl-(5-(2-chloroacetyl)pyridin-2-yl]ethanamide. 
1H-NMR (400 MHz, DMSO-d6) o 10.93 (lH, s), 8.90 (lH, s), 8.29 

30 (lH, d, J=8.8 Hz), 8.19 (lH, d, J=8.8 Hz), 5.16 (2H, s), 2.13 
(3H, s). 
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13C-NMR (100 MHz, DMSO-d6) o 189. 7, 170.1, i55.4, 149.4, 138.4, 

125.6, 112.5, 47.4, 24.1. 

IR (KBr) 1690 cm-1 • 

s Example 2 6- (Methylcarboxamido) -3- [2- (phenyl­

carbonyloxy) acetyl] pyridine 

0 

)lN· 
oyO 

0 

H 

Sodium benzoate (144mg, 1.0 mmol) and 322 mg (1.0 mmol) 

of tetrabutylammonium bromide were added to a solution of 106 

10 mg(O.Smmol)ofNl-[5-(2-chloroacetyl)pyridin-2-yl]ethanamide 

in 5 ml of THF at room temperature, and the mixture was refluxed 

for 3 hours. The reaction mixture was suction-filtered, and 

thefiltratewasextractedwtthethylacetate. Theorganicphase 

was washed with a saturated aqueous solution of sodium hydrogen . 

15 carbonate aqueous solution and then dried over sodium sulfate. 

The solvent was distilled 6ff under reduced pressure and the 

product was isolated and purified by silica gel column 

chromatography (hexane:ethylacetate=l:l) togive128mg (yield 

86%) qf the desired 6-(methylcarbox-

20 amido)-3-[2-(phenylcarbonyloxy)acetyl]pyridine. 
1H-NMR (400 MHz, DMSO-d6) o 10.96 (lH, s), 8.96 (lH, d, J=2.S 

Hz), 8.33 (lH, dd, J=8.8 Hz, 1.9 Hz), 8.22 (lH, d, J=8.8 Hz), 

'8.03 (lH, d, J=7.8 Hz), 7.70 (lH, t, J=7.2 Hz), 7.57 (2H, dd, 

J=7.6Hz), 5.73 (2H, s), 2.15 (3H, s). 

25 13C-NMR (100 MHz, DMSO-d6) 5 191.0, 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-1 
•. 

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

30 ethanoa te 
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0 

0 

)lN 
oy 

0 

H 

Sodium acetate (82mg, 1. 0 mmol) and 322 mg (1. 0 mmol) of 

tetrabutylaromonium bromide were added to a solution of 1 o·6 mg 

( 0. 5mmol) of Nl- [5- (2-chloroacetyl) pyridin-2-yl] ethanamide in 

5 5 .ml of THF at room temperature,_ and the mixture was refluxed 

for 2 hours. The reaction mixture was suction-filtered, and 

the filtrate was extracted with ethyl acetate. The organic phase 

was washed with a saturated aqueous solution of·sodium hydrogen 

carbonate aqueous solution and then dr;ied over sodium sulfate. 

10 The sol vent 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 110 mg (yield 

.93%) of the d~sired 

2-[6-(methylcarboxamido}pyridin-3-yl]-2-oxoethyl ethanoate. 

15 1H-NMR (400 MHz, DMSO-d5) CS 10.93 (lH, s), 8.89 (lH, d, J=2.4 

Hz), 8.28 (lH, dd, J=B.8 Hz, 2.0 Hz), 8.19 (lH, d, J=8.8 Hz), 

5.43 (2H, s), 2.14 (3H,.s), 2.13 (3H, s). 
13C-NMR (lOOMHz, DMSO-d5) 5191.1, 170.2, 170.1, 155.6, 148.9, 

138.0, 125.3, 112.6, 66.3, 24.2, .20.4. 

20 IR (KBr) 1750,·· 1710, 1.690 cm-1 • 

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

0 

OH 

Potassium.carbonate (3mg, 0.02mmol)wasaddedtoasolution 

25 o'f 48 mg (0.20 mmol) of 

2- [ 6- (methylcarboxamido) pyridin-3·-yl] -2-oxoethyl ethanoate 
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in 5ml of methanol, and the mixture was stirred at room temperature 

for 2 hours. The reaction mixture was extracted with ethyl 

acetate, the extract was dried over sodium sulfate, the solvent 

was then distilled off under reduced pressure, and the product 

5 was isolated and purified by silica gel column chromatography 

(hexane:ethyl acetate= 1:1) to give 18 mg (yield 45%) of the 

desired Nl-(5-(2-hydroxyacetyl)pyridin-2-yl]ethanamide .. 
1H-NMR (400 MHz, DMSO-d6 ) 5 10.86 (lH, s), 8.85 (lH, d, J=3.4 

Hz), 8.24 (lH, dd, J=4.4 Hz, 2.0 Hz), 8.18 (lH, d, J=6.4 Hz), 

10 5. 2 o ( lH, d, J=5. 4 Hz) , 4. 75 ( 2H, d, J=5. 3 Hz) , 2. 12 ( 3H, s) . 
13C-NMR {lOOMHz, DMSO-d6 ) 5197.5, 170.1, 155.2, 148.7, 137.9, 

125.9, 112.6, 65.4, 24.2. 

Example 5 2- [ 6- (Methylcarboxamido) pyridin-3-yl]-2-oxoethyl 

15 2, 2-dimethylpropanoate 

0 

0 

)lN 
H 
· Pivalic acid. (3. 8 g, 38 nunol), 4. 7 g (56 nunol) of sodium 

hydrogen carbonate and O. 61 g ( 1. 9 romol) of tetrabutylanunonium 

bromide were added to a solution of 4. O g (19 nuno.l) of 

20 Nl.,... (5- (2-chloroacetyl) pyridin-2-yl] ethanamide in 70 ml of THF 

at room temperature, an.d the mixture was reflu?ted for 2 hours. 

Water (lOOml) was added to the reaction mixture and the resulting 

mixture was extracted three times with 100 ml of ethyl acetate. 

The organic layer was washed with a saturated sodium hydrogen 

25 carbonate aqueous solution and then dried over sodium sulfate. 

The sol vent 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 4.2 g (yield 

79%) of the desired 

30 2-(6-{methylcarboxamido)pyridin-3-yl]-2-oxoethyl 

2,2-dimethylpropanoate. 
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1H-NMR (40_0 MHz, CDCl3) o 8.81 (lH, s), 8.32 (lH, d, .J=8.6Hz)1 

8.20 (lH, dd, J=8.8 Hz, 1.9 Hz), 8.10 (lH, s), 5.24 (2H, s), 

2.25 (3H, s), 1.30 (9H, s). 
13C-NMR (100 MHz, CDCl3) o 190.3, 178.1, 169.0, 154.8, .148~5, 

5 138.0, 126.1, 113.2, 65.6, 38.8, 27.1, 2,4.8. 

Example 6 2-0xo-2-pyridin-3-ylethyl 2,2-dimethylpropanoate 

Pivalic acid (5.3 g, 52 mmol), a.a g (104 mmol) of sodium 

10 hydrogen carbonate and O. 84 g (2. 6 mmol) of tetrabutylammonium 

bromide were added to a solution of 5.0 g (26 mmol) of 

3- (2-chloroacetyl) pyridine hydrochloride in 80 ml of THF at room 

temperature, and the mixture was refluxed for 2 hours. ~ater 

(100 ml) was added to the reaction mixture and the resulting 

15 mixture was extracted three times with 100 ml of ethyl acetate. 

The organic layer was washed_with a saturated sodium hydrogen 

aarbonate 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 

20 chromatography (hexane:ethylacetate=l:l) togive5.3g (yield 

92%) of the desired 2-oxo-2-pyridin-3-ylethyl 

2,2-dimethylpropanoate. 
1H-NMR (400 MHz, DMSO-d6) 0 9.1~ (lH, s}, 8.a4 (lH, d, J=4.4 

Hz), 8.29 (lH, d, J=7.a Hz), 7.59 (lH, dd, J=7.8 Hz, 4.9 Hz), 

25 5.50 (2H, s), 1.22 (9H, s). 
13C-NMR (lOOMHz, DMSO-d6) o 192.a, 177.0, 154.0, 149.0, 135.3, 

129.5, 124.0, 66.4, 27.0, 26.9. 

IR (KBr) 1740, 1700. cm-1• 

30 Example 7 Optically active 

Nl-(5-(2-chloro-1-hydroxyethyl)pyridin-2-yl]ethanamide 
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.o Cl 

)lN 
H 

Candida haltrus(IFO 1941) was seeded in 30 ml of a 

semisynthetic medium (40 g glucose, 3 g yeast extract, 0.7 g 

KH2P04, 1. 3 g (NH4} 2HP04, 0. 8 g MgS04 · 7Hz0, 0. 06 g ZnS04 · 7Hz0, 0. 09 

5 g FeS04·7H20, 0.005 g CuS04 ·7H20, 0.01 g MnS04, 0.1 g NaCl, 5 

g CaC03 , 1 liter water, pH= 6. 8) as sterilized in a 500 ml Sakaguchi 

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

Nl-[5-(2-chloroacetyl)pyridin-2-yl]ethanamide and 1.2 g of 

10 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 the product. The concentratewaspurifiedon a silica 

15 gel column (hexane:ethyl acetate= 1/1) to give optically active 

Nl-[5-(2-chloro-1-hydroxyethyl)pyridin-2"-yl]ethanamide. 

UponHPLCanalysis(column:ChiralcelAS (productofDaicel 

Chemical Industries), eluent: hexane/isopropanol.= 80/20, flow 

rate: 1 ml/min, temperature: 40°C, detection wavelength: 210 

20 nm], the optical purity was. 98% ee. 
1H-NMR (400 MHz, DMSO-d6) o 10.46 (lH, s)., 8.29 (lH, s), 8.01 

(lH, d, J=8.3 Hz), 7.76 (lH, d, J=8.8 Hz), 5.90 (lH, t, J=4.4 

Hz), 4.82-4.79 (lH, m), 3.79-3.74 (2H, m), 2.07 (3H, s). 
13C-NMR (100 MHz, DMSO-d6) o 169.5, 151.6, 146.3, 136.4, 132.8, 

25 112.9, 70.2, 49.9, 24.0. 

IR (KBr) 3440, 1660 cm-1
• 

[a]~2 : +0.032 (C = 1.00, in acetone) 

Example 8 Optically active 

30 Nl- (5- (2-chloro"."1-hydroxyethyl) pyridin-2-yl] ethanamide 
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OH 

0 
Cl 

.)lN 
H 
Rhodotorula rubra (IFO 0383) was seeded in 30 ml of a 

semisynthetic medium (40 g glucose, 3 g yeast extract, 0.7 g 

KH2P04, 1.3 g (NH4)2HP04, 0.8 gMgS04·?H20, 0.06 g ZnS04·?H20 1 0.09 

5 g FeS04 · 7H20, 0. 005 g CuS04 · 7H20_, 0. 01 g MnS04, 0 .1 g NaCl, 5 

gCaC03 , lliterwater, pH=6.8) assterilizedina500m1Sakaguchi 

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

Nl-[5-(2-chloroacetyl)pyridin-2-yl]ethanamide and 1.2 g of 

10 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;l, and the extract ·was 

concentrated. under reduced pressure to give a concentrate 

containing the product. The concentratewaspurifiedop. a silica 

15 gel column (hexane: ethyl acetate= 1/1) to give optically active 

Nl-[5-(2-chloro-l-hydroxyethyl)pyridin-2-yl]ethanamide. 

UponHPLCanalysis [column:ChiralcelAS (productofDaicel 

Chemical Industries), eluent: hexane/isopropanol = 80/20, flow 

rate: 1 ml/min, temperature:· 40°C, detection wavelength: 210 
20 .nm], the optical purity was 98% ee. 

[a]~2 : -0.035 (C = i.oo, in acetone) 

Example 9 Optically acti v·e 

2-hydroxy-2-[6-(methylcarboxamido)pyridin-3-yl]ethyl 

25 2,2-dimeth¥lpropanoate 

0 

.)lN 
H 

Each yeast strain was seeded in 30 ml of a semisynthetic 

, 
·' 
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medium (40gglucose, 3gyeastextract, lgKH2P04, 6.5g (NH4)2HP04, 
0.8 g MgS04•7H20, 0.06 g ZnS04•7H20, 0.09 g FeS04•7H20, 0.005 g 

CuS04•7H20, 0.01 g MnS04, 0.1 g NaCl, 5 g CaC03, 1 liter water, 
pH = 6.8) as sterilized in a 500 ml Sakaguchi flask and 

5 shake-cultured aerobically at 30°C for 2 days. One milliliter 
of the culture fluid obtain~d, 5 mg of 
2-[6-(methylcarboxamido)pyridin-3-yl]-2-oxoethyl 
2, 2-dimethylpropanoate and 40 mg of glucose were added into a 
medium-sized test tube, and shake reaction was carried out at 

10 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 
2-hydroxy-2-[6-(methylcarboxamido)pyridin-3-yl]ethyl 
2, 2-dimethylpropanoate as a crude product. The conversion rate 

15 was determined by analyzing the crude product by H~LC (column: 
Develosil ODS-HG-3 (product of Nomura Chemical), eluent: 

acetonitrile/0.1% KH2P04 = 25/?5, flow rate: 1.0 ml/min, column 

temperature: 40°C, detection wavelength: 210 nm) and the optical 
purity was determined.by purifying the crude product by thin 

20 layer chromatography, followed by HPLC analysis (column: 

25 

Chiralcel OJ (product of Daicel Chemical Industries), eluent: 
hexane/isopropanol = 90/10, flow rate: 1 ml/min, column 

temperature: 40°C, detection wavelength: 210 nm). The results 
thus obtained are shown below in Table 1. 
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Table 1 

Microorganism Conversion Optical purity Absoh.lte 

% 
%ee configuration 

Ashbya gossypil IFO 05§q 96 99 . R 
Candida cat•nl.llata IFO 0731 64 98 R 
Candida fructus IFO 1581 42 ·72 R 
Candida galacta IFO 10031 66 . 61 R 
Candida· gropefllissssri IFO 0659 34 90 R 
.Candida iuilliermondii IFO 0454 75 93 R 
Candida haomulonii IFO 10001 66 93 R 
Candida holmii. IFO 0660 57 73 R 
C6ndida inttmMdia IFO 0761 64 91 R 
Candida mapoliae IFO 0705 81 77 R 
Candida maltosa IFO 1975 78 81 R 
Candida melinii IFO 0747 57 95 R 
Candida p11rapsilosis IF00585 64 78 R 
Candida rugosa IF00750 52 81 R 
Cand.ida sononmsis IFO 10027 59 69 R 
Candida tropicafis IF01404 62 61 R 
Candida utilis IFO 0839 . 63 100 R 
Candida versatHlis IFO 1941 54 100 R 

Cryptococcus alb1'du$ var. albld/1$ IFO 0378 54 83 R 
Debaryomyces _hansemi var.fabryi IFO 0015 . 60 95 R 
Debaryomyc11s hans.,,;; IFO 0082 84 89 R 
o./Jaryomyces marama IFO 0668 74 97 · R 
Dsbaryomycss nepaltlnsis IFO 0039 22 88 R 
Guilliermandella · selenospora IFO 1850 71 69 R 

Hanssnu/a g/ucozyma IFO 1472 45 63 R 
Hanenula satumus IF00809 84 97 R 

Metschni/towia reukaufii IFO 0749 76 89 R 
Pich/a bovis lFO 1886 GB 92 R 
Pichia farinosa IFO 0463 88 92 R 

Rhodotorula gfutinis var.dairenensis IFO 0415 96 100 R 
Rhodotorula graminls IFO 0190 45 95. R 
Rhodotorula minuta IFO 0928 39 73 R 
RhodottNZJ/a rubra / IF00383 73 94 R 

Rhodsporidium rJlobovatum IFO 0688 56 94 R 
Rhodsporidium sphaerocarpum IFO 1438 64 96 R 
Rhodsporidium toruloides lFO 0413 84 94 R 

Saccharomycopsis malanga IFO 1710 48 74· R 
Schwanniomyces caste/Iii lFO 1840 44 73 R 

SPoridlaba/us iohnsonii IFO 8903 73 99 R 
SpOFObafomyces .pan,ronus IFO 0471 45 84 R 

. Sporobolomycss salmonlcolor IAM 12249 41 83 R 
T W11laspora delbrueckii IFO 0381 41 82 R 

YaJTOwil /fe.olytjca IFO 1548 97 99 R 
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2-Hydroxy-2-[6-(methylcarboxamido)p~ridin-3-yl]ethyl 

2,2-dimethylpropanoate 
1H-NMR (400 MHz, CDCl3) c5 10.46 (lH, s) I 8.26 (lH, d, J=2.5 Hz) I 

8.02 (lH, d, J=8.3 Hz), 7.73 (lH, dd, J=8.8 Hz, 2.5 Hz), 5.66 

5 (lH, d, J=4 .. 4Hz), 4.78 (lH, dd, J=10.7Hz, 5.9Hz), 4.15 (lH, 

dd, J=l0.7 Hz, 5.9 Hz), 4.03 (lH, dd, J=ll.6 Hz, 5.4 Hz), 2.06 

(3H, s), 1.05 (9H, s). 

10 

13C-NMR (100 MHz, CDCl3) tS 177.1, 169.2, 151.'4, 146.1, 136.2, . ; 

132.7, 112.6, 68.0, 67.8, 67.8, 38.2, 26.8, 1 23.8. 

Example 10 Optically active hydroxyethylpyridine derivatives 

Each yeast strain was seeded in 30 ml of a semisynthetic 

medium (40 g glucose, 3 g yeast extract, 1 gKH2P04, 6. 5 g (NH4)2HP04, 

0.8 g MgS04•7H20, 0.06 g ZnS04•7H20, 0.09 g FeS04•7H20, 0.005 g 

15 CuS04. 7H20, 0. 01 g MnS04 I 0 .1 g NaCl' 5 g CaC03, 1 liter water I 

pH = 6.8) as sterilized in a 500-ml Sakaguchi flask and 

shake-cultured aerobically at 30°C fer 2 days. One milliliter 

of the culture fluid obtained, 5 mg of each substituted 

acetylpyridine derivative represented by the general formula 

20 (9) and 40 mg of glucose were added to a medium-sized test tube, 

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· 

25 was determined.by analyzing the crude product by HPLC (column: 

Develosil ODS-HG-3 (product of No~ura Chemical), eluent: 

acetonitrile/water = 25/75, flow rate: 1.0 ml/min, column 

temperature: 40°C, detection wavelength: 210 nm) and the optical 

purity was determined by purifying the crude product by thin 

30 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. 
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OH 

.. 
x x (10) 

Table 2 

Microorganism Subslrata (9) Conversion OpUcll purity A1>1o1uto 

y' 
. eanftauratlon x 9' 'IC.ea . 

rm inlllmHHJia IFOOJIJ AcNH Cl 58 78 R 
Candida tmpiulls IF01404 AcNH Cl 44 81 R 

Cryptoa~ albitJu6 "*= a'1idu IF0037t AcNH Cl 20 84 R 
RhodotonM lf'M'll* IF00190 AcNH Cl .ca 87 R 
Rhadotona Niwa IF00383 h!NH Cl 87 98 R 
~ .John.,,,;i IFO 8903 AcNH Cl 84 91 R 
~ t:#tlllll IFO 1140 H Cl 47. 61 R 

CMdda ,,,.,.,,. IFO 0705 H OCOtBu 100 71 R 
SIJoridiobolua Johnaan;J IFO&g H DCotBu 10 18 R 

Example 11 (R)-2-Chloro-l-pyridin-3-ylethan-l-ol 

OH d"CI 
N . 

The recombinant Escherichia coli HBlOl (pNTCRG), 
accession number FERM BP-6898, was seeded in 100 ml of a 

10 semisynthetic medium ( 15 g glycerol, 3 g of yeast extract, 6 
g Na2HP04 , 3 g KH2P04 , 2 g NaCl, 0.5 g MgS04 ·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-l-pyridin-3-ylethan-l-one hydrochloride (2 g) was 

15 suspended in 8 ml of phosphate buff er, 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 30°C 
with stirring for 7 hours. After completion of the reaction, 
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the reaction mixture was extracted with ethyl acetate, the 
extractwasconcentratedunderreducedpressure,andwaspurified 

' 
on a silica gel column (hexane: ethyl acetate= 1: 2) to give 1. 04g 
of (R) -2-chloro-1-pyridin-3-ylethan-1-ol as a. transparent oil. 

5 The optical purity was determined by the same method as used 
in Example 10 and was 97.1% ee. 
1H-NMR (400MHz, CD30D) 08.58 (d, lH), 0.8.46 (dd, lH), 07.90 
(d, lH), 0 7.44 (dd, lH), 0 4.93 (m, lH), 0 3.75 (m, 2H). . . 

The thus-obtained 
10 (R)-2-chloro-1-pyridin-3-ylethan-1-ol was dissolved in a 

methanolic hydrochloric acid solution, methyl tert-butyl ether 
was then gradually added dropwise, and the mixture was stirred 

at room temperature for 1 hour. The resulting white precipitate 
was filtered off to give 1.04 g of 

15 (R)-2-chloro-1-pyridin-3-ylethan-f-ol hydrochloride as white 
crystals. The optical purity was .99.7% ee.· 
1H-NMR (400 MHz, CD30D) 0 · 8. 93 (d; lH), 0 8. 84 (dd, lH), 0 8. 72 
(d, lH), 0 8.10 (dd, lH), 0 5.23 (m, lH), 0 3.88 (m, 2H). 

20 Example 12 (R)-2-Hydroxy-2-pyridin-3-ylethyl 
2,2-dimethylpropanoate 

2-0xo-2-pyridin-3-ylethyl2,2-dimethylpropanoate (2g), 
2.8 g of glucose, 2.3 mg of NADP and 0.02 ml of Triton X-100 

25 were added to 20 ml of the same culture fluid as used in Example 

11, and the. reaction was carried at 30°C with stirring for 2 
hours while adjusting the pH to 6.5 with a 5 N aqueous sodium 

hydroxide solution. After completion of the reaction, the 
reaction mixture was extracted with ethyl acetate, and the 

30 extract was concentrated under reduced pressure to give .2 .1 g 

of (R)-2-hydroxy-2-pyridin-3-yletbyl 2,2-dimethylpropanoate 
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as a light-yellow oil. The optical purity was determined by 
the same method as used in Example 10 and was 100% ee. 
1H-NMR (400 MHz, DMSO-d6) o 8.57 (lH, s), 8.48 (lH, d~ J=4.9 
Hz), 7.78 (lH, d, J=6.9 Hz), 7.37 (lH, dd, J=7.6 Hz, 4.6 Hz), 

5 5.77 (lH, s), 4.86 (lH, t, J=S.4 Hz), 4.20 (lH, dd, J=ll.O Hz, 
6.1 Hz), 4.08 (lH, dd, J=ll.3 Hz, 5.4 Hz), 1.05 (9H, s). 
13C-NMR (lOOMHz, DMSO-d6) o 177.1, 148.6, 148.·0, 137.4, 134.1, 
123.3, 68.3, 67.9, 38.2,·26.8. 
IR (KBr) 3200, 1730 cm-1

• 

10 [ot]o25
: -22.87 (c = 1,· MeOH) 

Example 13 (R)-2-Hydroxy-2-[6-(methylcarboxamido)­
pyridin-3-yl]ethyl ethanoate 

0 

~N 
oy 

0 

H 

15 Bis(~6-mesitylene)diruthenium tetrachloride (3.10 mg, 
0.0053 mmol), 7.73 mg (0.021 mmol) of 
(S,S)-N-p-tosyl-1,2-diphenylethylenediamine and 50 mg (0.212 

mmol) ofthe2-[6-(methylcarboxamido)pyridin-3-yl]-2-oxoethyl 
l 

ethanoate obtained by the method of Example 3 were mixed together 
20 in 5. 5 ml of isopropyl alcohol, the mixture was stirred in an 

argon atmosphere at 80°C for 20 minutes, cooled to o°C, and O. 053 
ml of a 1 M potassium hydrox.ide/isopropyl alcohol solution was 

added. The resulting solution was further stirred at .o°C for 
2 hours and then at 15 to 20°C for 18 hours. Water was added 

25 to the reaction mixture, and the resulting mixture was extracted 
with ethyl acetate. The organic layer was dried over anhydrous 
magnesium sulfate, the so.lvent 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 

30 (R}-2-hydroxy-2-[6-(methylcarboxamido)pyridin-3-ylJethyl 
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ethanoate. The optical purity was determined by the same method 

as used in Example 9 and was 89.7% ee. 
1H-NMR (400 MHz, CDCl3) 0 9.14 (lH,"bs), 8.27 {lH, s), 8.20 (lH, 

d), 7.74 (lH, dd), 4.97 (lH, dd), 4.28 (lH, dd); 4.17 (lH, dd), 

s 2.86 (lH, bs), 2.21 (3H, s), 2.11 (3H, s), 1.69 (lH, bs). 

Example 14 • Optically active 

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

. 0 

0 ~ 
)lNANJ · 

H 

10 To a solution of 107 mg (0.50 mmol) of optically active 

Nl-[5-(2-chloro-l-hydroxyethyl)pyridin-2-yl]ethanamide in 5 

ml of acetone was added O. 5 ml (0. 50 mmol) of 1 N sodium hydroxide 

at o°C, and the mixture was stirred at O°C for 2 hours. Cold 

water was added to the reaction mixture, the resulting mixture 

15 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 

20 Nl-{5-oxiran-2-ylpyridin-2-yl)ethanamide. 

25 

1H-NMR (400 MHz, CDC1 3 ) (5 8.47 (lH, br), 8.21 (lH, s), 8.20 (lH, 

d, J=l2.2Hz), 7.56 (Ui, dd, J=8.8Hz, 1.7Hz), 3.86 (lH, s), 

3.17 (lH, dd, J=4.4 Hz), 2.83 (lH, dd, J=4.9 Hz, 2.0 Hz), 2.20 

(3H, s). 

Example 15 

(R)-Nl-[5-(l,2-dihydroxyethyl)pyridin-2-yl]ethanamide 
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OH 

0 
OH 

)lN 
H 

The (R)-2-hydroxy-2-(6-(methylcarboxamido)­
pyridin-3-yl]ethyl 2,2-dimethylpropanoate (1.50 g, 5.35mmol, · 
100% ee) obtained by the method of Example 9 was dissolved in 

5 15 ml o~ methanol, 0.5 ml of a 1 M tetra(n-butyl)ammonium· 
hydroxide/methanol solution was added, and the mixture wa~ 

stirred at 20°C 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 

10 toluene and dried at 40°C and 1 Torr for 6 hours to give 0. 937 
g (89% yield) of 
(R)-Nl-(5-(1,2-dihydroxyethyl)pyridin-2-yl]ethanamide as 
white crystals. 
1H-NMR (400 MHz, DMSO-d6) o 10.43 (lH, s), 8.22 (lH, d, J=2.0 

15 Hz), 8.00 (lH, d, J=8 .. 3 Hz), 7.69 (lH, dd, J=8.3, 2.0 Hz), 5.31 
(lH, d, J=3.9Hz), 4. 74-4. 77 (lH, m), 4.51-4.53 (lH, m), 3.33-3.59 
(2H, m), 2.07 (3H, s). 

20 

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

~OH 
~~,J LI~I ~N . HOI 

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 

25 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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1 hour. The resulting white precipitate was filtered off to 

give 1. 31 g of (R) -1-pyridin-3-ylethane-1, 2-diol hydrochloride 

as white crystals. 
1H-NMR (400 MHz, CD30D) o 8.79 (d, lH}, o 8.70 (d, lH), o 8.60 

s (d, lH}, o 8. 00 (dd, lH) , CS 4. 87 (m, lH}, CS 3. 68 (m, 2H) • 
[a]~5 : -20.99 (c = 1, MeOH) 

10 

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

~OH 
~ .. J N 

The 2-hydroxy-2-pyridin-3-ylethyl 
2,2-dimethylpropanoateconcentrate (lOOmg) obtainedinExample 
12 was dissolved in ·1 ml of methanol, 50 µl of a 1 M methanolic 

Bu4NHOH was added, and the reaction was carried at room 
temperature for 3 hours. The reaction mixture was concentrated 

15 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. 
1H-NMR (400 MHz, CD30D) o 8. 79 (d, lH), 5 8. 70 (d, lH), 5 8. 60 
(d, lH) , o 8. 00 (dd, lH), 5 4. 87 (m, lH), 5 3. 68 (m, 2H) . 

20 

Example 18 

(R)-Nl-[5-(l,2-dihydroxyethyl)pyridin-2-yl]ethanamide 

OH· 

0 
OH 

)lN 
H 

Bis(n6-mesitylene)diruthenium tetrachloride (3.10 mg, 
25 0.0053 mmol), 7.73 mg (0.021 mmol} of 

(S,S)-N-p-tosyl-1,2-diphenylethylenediamine and 50 mg (0.212 

mmol) o.f the 2- [ 6- (methylcarboxamido) pyridin-3-yl]-2-oxoethyl 
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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 O°C and, 0.27 
ml of a 1 M potassium hydroxide/ isopropyl alcohol solution was 

5 added. The resulting solution was further stirred at O°C for 
6hours, lOmloftoluenewasthenadded,andtheresultingcrystals 
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 

10 (R)-Nl-[5-(l,2-dihydroxyethyl)pyridin-2-yl]ethanamide with 

an optical purity of 90.6% ee. 
The optical purity of the product obtained in this example 

was determined by derivat;izing the vicinal diol moiety of the 
. . 

product into the acetonide by treatment with 
15 2, 2-dimethoxypropane and p-toluenesulfonic acid in acetone and 

subjecting the derivative to HPLC analysis (column: Chiralcel 

OJ (product of Daicel Chemical Industries), eluent: · 
hexane/isopropanol = 90/10, flow rate: 1 ml/min, temperature: 

40°C, detection wavelength: 210 nm) . 
20 

INDUSTRIAL APPLICABILITY 
The invention, which has the cons ti tutionmentioned above, 

makes it possible to produce optically active 
dihydroxyethylpyridine derivatives and optically active 

25 oxirane derivatives, which are intermediates of beta 3 adrenaline 
receptor agonists, from readily available raw materials in a 

safe and efficient manner and in an industrially advantageous 
manner. 

30 

35 
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CLAIMS 

1. A substituted acetylpyridine derivative 
substituted by an amino group in position 2 which is represented 

s . by the gen.er al formula ( 1) : 

0 
y1 

(1) 
in the formula, R1 andR2 each independently __ represents a hydrogen, 
an·alkyl containing 1 to 10 carbon atoms, an aralkyl group 
containing 1 to 10 carbon atoms, an acyl group containing 1 to 

10 10 carbon atoms or an alkyloxycarbonyl group containing 1 to 
10 carbon atoms and Y1 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 containing 

15 1 to 15 carbon atoms, an aralkylamino 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. 

20 

25 

2. The substituted acetylpyridine derivative 
according to Claim 1, 

wherein R1 represents an acetyl group and R2 represents 
a hydrogen. 

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

wherein Y1 represents a halogen. 

4. The substituted acetylpyridine derivative 
30 according to Claim 3, 

iiii~inr 
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wherein Y1 represents a chlorine. 

5. The substituted acetylpyridine derivative. 

according to Claim 1 or 2, 
5 wherein Y1 represents a hydroxyl group or an acyloxy group 

10 

15 

20 

containing 1 to 10 carbon atoms. 

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

in the formula, x represents a hydrogen, a halogen, a hydroxyl 
group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 
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
ethylpyridine derivative represented by the general formula ( 3) : 

OH 

oy1< 
0 

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

25 group, an acyloxy group containing 1to10 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 

s an acetylamino group. 

10. An optically active dihydroxyethylpyridine 

derivative represented by the formula (4) : 

OH 

10 or a salt thereof. 

11. Aproductionmethodof a substituted acetylpyridine 

derivative r~presented by the general .formula (7): 

y2 

15 in the formula, Y2 represents a halogen andX represents a hydrogen, 

a halogen, a hydroxyl group, an acyloxy group containing 1 to 

10 carbon atoms, an alkoxy group containing 1to10 carbon atoms, 

an amino group or a substituted amino group, 

which comprises reacting, with a base~ a haloacetic acid 

20 derivative represented by the general formula (5) : 

0 

vVl~z 
(5) 

in the formula, Y2 is as defined above and z represents a hydrogen, 

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

to prepare an enolate, 

re·acting the same with a substituted nicotinic acid ester 

represented by the general formula (6): 

~OR3 
h .. J ,. 

X N ( 6) 

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

group containing 1 to 10 carbon atoms or an aralkyl group 

containing· 1 to 10 carbon a toms, 

13, 

and then subjecting the reaction product to acid treatment. 

12. The production method according to Claim 11, 

wherein Y2 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 

wherein the base is a magnesium amide represented by the 

20 general formula ( 8) : 

25 

in the formula, R4 and R5 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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wherein R4 and R5 each represents an isopropyl group. 

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

17. The prod~ction method according to Claim 11, 12, 
13, 14, 15 o~ 16, 

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

18. A production method of an optically active 
hydroxyethylpyridine derivative represented by the general 
formula (10): 

OH 
y1 

x ( 10) 

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

group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 
group containing 1 to 10 carbon atoms, an amino group or a 

substituted amino group, Y1 represents a halogen, a hydroxyl 
group, an acyloxy group containing 1 to 10 carbon atoms, a 

20 sulfonyloxy group containing 1 to 10 carbon atoms; an alkoxy 
group containing 1 to 10 carbon atoms, an amino group, an. 
alkylamino group containing 1to15 carbon atoms, an aralkylamino 
group c_ontaining 1 to 15 carbon atoms, a sulfanyl group, an 

alkylsulfanyl group containing 1 to 10 carbon atoms or an 
25 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) : 

iliifmi~f 



5 

10 

60 
11111111111111 11111 1111111 1111 

* C L M S * 

0 
yt 

x 

in the formula, X and Y1 are as defined above. 

19. The production method according to Claim 18, 
wherein Y1 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. The production method according to Claim 18, 19 or 
20, 

wherein the enantioselecti ve reduction is carried out in 
the manrier of (R)-selective reduction using a 

15 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. 

22". .The production method according to Claim 21, 
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, 

25 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 
30 the group consisting of Ashbya gossypii, Candida catinulata, 

li1Ui1iiHf 
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Candida fructus, Candida galacta, Candida gropengiesseri, 

Candida guilliermondii, Candida haemulonii, Candida holmii, 
Candidaintermedia, Candidamagnoliae, Candidamaltosa, Candida 
melinii, Candida parapsilosis, Candida rugosa, Candida 

5 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 

10 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, 

15 Sporobolomyces pararoseus, Sporobolomyces salmonicolor, 
Torulaspora delbrueckii and Yarrowia lipolytica. 

24. The production method according to Claim 2·3, 
wherein the microorganism having an ability of producing 

20 the carbonyl reducing enzyme is Candida magnoliae IFO 0705. 

25. The production method according to Claim 21, 
wherein the microorganism having an ability of producing 

25 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 h~ving an ability of 
regenerating a coenzyme on which the former enzyme is dependent. 

30 

35 

26. The production method according to Claim 25, 
wherein the trans formant cell is E. coli HBlOl (pNTCRG), 

accession number FERM-BP6898. 

27. A production method of a substituted acetylpyridine 

This Sheet Has Been Replaced 

J 1111111 11111111111111111 
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derivative represented by the general formula (12): 

0 
0 R8 

y 
x ( 12) 

0 

in the form1:1la, X represents a hydrogen, a halogen, a: hydroxyl 
group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 

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

substituted amino group and R6 represen~s an alkyl group 
.containing 1 to 15 carbon atoms, an aralky1 group containing 

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

10 which comprises reacting a substituted acetylpyridine 
derivative represented by the general formula (7) 

0 

in the formula, X is as defined above and Y2 represents a halogen, 

with a carboxylic acid represented by the general formula 
15 ( 11) : 

20 

HO R8 u 
0 ( 11) 

in the formula, R6 is as defined above, .. 

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

28. The production method according to Claim 27, 

wherein R6 represents any of methyl, tert-butyl and phenyl 
groups. 
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29. The production method according to Claim 27 or 2.8, 

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 Y2 is a chlorine. 

31. The production method according to Claim 27, 28, 
10 29 or 30, 

15 

20 

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. ahd tetra (n-butyl) ammonium 
bromide. 

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

x 

OH 
0 R8 

y 
. 0 

( 13) 

25 in the formula, X represents a hydrogen, a halogen, .a hydroxyl 
group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 
group containing 1 to 10 carbon atoms, an amino group or a 
substituted amino group, R6 represents an alkyl group containing 
1 to 15 carbon atoms, an aralkyl group containing 1 to 15 carbon 

30 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 · 

subst_i tuted acetylpyridine derivative represented by the 
general formula (12) : 

0 
0 R1. y 

x ( 12) 
0 

in the formula, X and R6 are as defined above. 

34. The production method according to Claim 33, 
wherein R6 represents any of methyl, tert-butyl and phenyl 

10 groups. 

is 

. 20 

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

· an acetylamtno group. 

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

whereintheopticallyactiveacyloxyhydroxyethylpyridine 

derivative (i3) has the (R) configuration . 

37. The production meth?d according to Claim 33, 34, 

35 or 36, 

wherein the enantioselecti ve reduction is carried out in 
the manner of (R)-selective reduction using a 

25 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~ 

30 

38. The production method according to Claim 37, 
wherein the microorganism having an ability of producing 
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th.e carbonyl reducing enzyme is a microorganism belonging to 
the genus Ashbya, Candida, Cryptococcus, Debaryomyces, 

Guilliermondella, Hansenula1 Metschnikowia, Pichia, 
Rhodotorula, Rhodosporidium, Saccharomycopsis, Schwanniomyces, 

5 Sporidiobolus, Sporobolomyces, Torulaspora or Yarrowia. 

39. The production method accordi~g to Claim 38, 
wherein the microorganism having an ability of producing 

the carbonyl reducing enzyme is a microorganism selected from 
10 the group consisting of Ashbya gossypii, Candida catinulata, 

Candida fructus, Candida· galacta, Candida gropengiesseri, 
Candida guilliermondii, Candida haemulonii, Candida holmii, 
Candidaintermedia, Candidamagnoliae, Candidamaltosa, Candida 
melinii, Candida parapsilosis, Candida rugosa, Candida 

15 sonorensis, Candida tropicalis, Candida utilis, Candida 

versatilis, Cryptococcus albidus var. albidus, Debaryomyces 
. hansenii var. fabryi, Debaryomyces hansenii, Debaryomyces 
marama,Debaryomycesnepalensis,Guilliermondellaselenospora, 
Hansenula glucozyro.a, Hansenula saturnus, Metschnikowia 

20 reukaufi, Pichia bovis, Pichia farinosa, Rhodotorula glutinis 
var. dairenensis, Rhodotorula graminis, Rhodotorula minuta, 

Rhodotoru~a rubra, Rhodosporidium diobovatum, Rhodosporidium 
sphaerocarpum, Rhodosporidium toruloides, Saccharomycopsis . 
malanga, Schwanniomyces castellii, Sporidiobolus johnsonii, 

25 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 
30 the carbonyl reducing enzyme is Candida magnoliae IFO 0705. 

41. The production method accordi~g to Claim 37, 
wherein the microorganism having an ability of producing 

the carbonyl reducing enzyme is a transformant cell transformed 
35 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 trans formant cell is E. coli HBlOl (pNTCRG), 
accession number FERM-BP6898. 

43. The production method according to Claim 33, 34, 
10 35 or 36, 

15 

wherein the enantioselecti ve reduction is carried out in 
the manner of hydrogen transfer type reduction using a hydrogen 
transfer source with a catalyst prepared from a ruthenium complex, 
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 C_laim 43 or 44, 
20 wherein any of bis (Il 6-benzene) diruthenium tetrachloride, 

25 

30 

bis(Il6-p-cymene)diruthenium tetrachloride and 
bis(Il6-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
ethylenediamine is used as the optically active amine. 

47. A production method of an optically active 
dihydroxyethylpyridine derivative represented by the general 
f o.rmula ( 14) : 
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OH 

x ( 14) 

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

group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 

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

5 substituted amino group and * represents an asymmetric carbon 

atom, 

10 

which comprises subjecting an optically active 

acyloxyhydroxyethylpyridine derivative represented by the 

general formula (13): 

x 

OH 

0 R8 

y 
0 

( 13) 

in the formula, X is as defined above, R6 represents an alkyl 

group containing 1to15 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, 

15 to sol volysis in a lower alcohol sol vent in the presence 

of a quaternary ammonium hydroxide. 

48. The production method according to Claim 47, 

wherein R6 represents any of methyl, tert-:-butyl and phenyl 

20 groups. 

25 

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 4 7, 48 or 
49, 

wherein methyl alcohol is ·used as the lower alcohol 
solvent. 

51. The production method according to Claim 47, 48, 
"49or50, 

wherein tetra (n-butyl )_ammonium hydroxide i$ used as the 
quaternary ammonium hydroxide. 

. . 
,52. The production method according :to Claim ;.i;l 7, 4 8, 

. 49, 50 or 51, 

wherein a low-polarity solvent is add~d to the reaction . . 
mixture after sol volysis to thereby obtain the optically active 

15 dihydroxyethylpyridine derivative (14) as a crystal. 

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

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

OH 
y2 

x ( 15) 

·in the formula, Y2 re'presents a halogen, X represents a hydrogen, 
25 a halogen, a hydroxyl group, an acyloxy group containing 1 to 

10.carbon atoms, an alkoxy group containing 1to10 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 

30 derivative represented by the general formula (5) : 

"'.''··· 
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in the formula, Y2 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): 

~OR3 
A .. J ~. 

X N (6) 

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

10 group containing 1 to 10 carbon atoms or an aralkyl group 

containing 1 to 10 carbon atoms, . 

15 

subjecting the reaction product to acid treatment to 

prepare a substituted acetylpyridine derivative represented by 

the general formula (7): 

0 

in the formula, Y2 and X are as defined above, 

followed by enantioselective reduction. 

55. A production method of an optically active oxirane 

20 derivative represented by the gene·ral formula ·(16): 
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in the formula, X represents a hydrogen,· a halogen, a hydroxyl 

group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 

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

5 substituted amino group and * represents an asymmetric carbon 

atom, 

which comprises reacting, with a base, a haloacetic acid 

deriv~tive represented by the general formula (5) : 

0 

v~<Yz 
(5) 

10 in the formula, Y2 represents a halogen 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 

15 represented by the general formula (6): 

~OR3 
XJ..j (6) 

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

group containing 1 tb 10 carbon atoms or an aralkyl group 

containing 1 to 10 carbon atoms, 

20 subjecting the reaction product to acid treatment to 

prepare a substituted acetylpyridine derivative represented by 
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in the formula, Y2 and X are as defined above, 
. subjecting this to enantioselecti ve reduction to prepare 

5 an optically active hydroxyethylpyridine derivative 
represented by the general formula (15): 

OH 
y2 

x ( 15) 

in the formula, Y2 and X are as defined above and * represents 
an asymmetric carbon atom, 

10· followed by treating it with a base. 

·15 

56,. 

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

wherein Y2 represents a chlorine. 

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

wherein Z represents sodium or magnesium chloride .. 

58. The production method according to Claim 54, 55, 

20 56 or 57, 

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



-5 

10 

72 

\ ""'"\\\\\\Ill\\ \\l\l \\ \\l\" 
* C L M S 

in the formula, R4 and Rs each independently represents an alkyl 

group containing 1to10 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 R4 and Rs each represents an isopropyl group. 

60. The production method according to Claim 58 or 59, 

wherein Q represents a chlorine. 

61. The production method according to Claim 54, 55, 

56, 57, 58, 59 or 60, 

wherein X represents any of a hydrogen, a chlorine and 

15 an acetylamino group. 

62. The production method according to Claim 54, 55, 

56, 57, 58, 59, 60 or 61, 

wherein the enantioselecti ve reduction is carried out in 

20 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. 

25 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, 

30 Rhodotorula, Rhodosporidium, Saccharomycopsis, Schwanniomyces, 

Sporidiobolus, Sporobolomyces, Torulaspora or Yarrowia. 
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64. The production method according to Claim 63, 

wherein the microorganism having an ability of producing 
the carbonyl reducing enzyme is a microorganism selected from 

5 the group consisting of Ashbya gossypii, Candida catinulata, 
Candida fructus, Candida galacta, Candida gropengiesseri, 
Candida guilliermondii, Candida haemulonii, Candida holmii, 
Candidaintermedia, Candidamagnoliae, Candidamaltosa, Candida 
melinii, Candida parapsilosis, Candida rugosa, Candida 

10 sonorensis, Candida tropicalis,· Candida utilis, Candida 

versatilis, Cryptococcus albidus var. albidus, Debaryomyces 

hansenii ~ fabryi, Debaryomyces hansenii, Debaryomyces 
marama,Debaryomycesnepalensis, Guilliermondellaselenospora, 
Hansenula glucozyma, Hansenula saturnus, Metschnikowia· 

15 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, 

20 sporobolomyces pararoseus, Sporobolomyces salmonicolor, 
Torulaspora delbrueckii and Yarrowia lipolytica. 

65. The production method according to Claim 64, 
wherein the microorganism having an ability of producing 

25 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 

th.e carbonyl reducing enzyme is a transformant cell transformed 

30 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 . 

35 . 67. The production method according to Claim 66, 
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wherein the transformant cell is~· coli HBlOl (pNTCRG), 

accession number FERM-BP6898. 

68. A production method of an optically active 

5 dihydroxyethylpyridine derivative represented by the general 

formula (14) : 

OH 

x ( 14) 

in the formula, X represents a hydrogen, a halogen, a hydroxyl 
group, an acyloxy group containing 1to10 carbon atoms, an alkoxy 

10 group containing 1 to 10 carbon atoms, an amino group or a 
substituted amino group and * represents an asymmetric carbon 
atom, · 

15 

which comprises reacting a substituted acetylpyridine 
derivative represented by the general formula (7) : 

0 

x 

in the formula, Xis as defined above and Y2 represents a halogen, 
with a carboxylic acid represented by the general formula 

( 11) : 

HO R1 

Y. 
0 ( 11) 

20 in the formula, R6 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, 

in the presence of a base and a quaternary ammonium salt 
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to prepare a substituted acetylpyridine derivative represented 

by the general formula (12): 

0 
0 · R8 y 

x ( 12) 
0 

in the formula, X and R6 are as defined above, 
5 and subjecting this to enentioselective reduction to 

prepare an optically active acyloxyhydroxyethylpyridine 
derivative represented by the general formula (13) : 

x 

OH 
o· R8 

y 
'O 

( 13) 

in the formula, X and R6 are as defined above and * represents 
10 an asynunetric carbon atom, 

followed by subjecting it to solvolysis. 

69. The production method according to Claim 68, 
wherein R6 represents any of methyl, tert-butyl and phenyl 

15 groups. 

20 

25 

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 method according to Claim 68, 69 or 
70, 

wherein Y2 is a chlorine. 

72. The production method according to Claim 68, 69, 



5 

76 I 111111111111111111 1111111 IHI r 
* C L M S * 

70 or 71, 

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

· 1:a.rbona te . 

73. The production method according to Claim 68, 69, 
70, 71 or 72, 

. wherein the quaternary· ammonium s.alt is any_ of 

tetra(n-butyl)ammqnium chloride and tetra(n-butyl)ammonium 
10 bromide . 

. 74. The prqduction method according to ~laim.--~8, 69, 
70, 71, 72 or 73, 

wherein the optically active acyloxyhydroxyethylpyridine 

15 derivative has the (R) configui;;P-tion. 

75. The production method according to Claim 68, 69, 
70, 71, 72, 73 or 74, 

wherein the enar:itioselecti ve reduction is carried out in 
20 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. 

25 76. 
. ·f,·.fi~ 

The production method according to Claim 75, 

wherein the microorganism having an ability of producing 
.the carbonyl reducing enzyme is a- microorganism belonging to 

the. ge:i;ms Ashbya, Candida, Cryptococcus·, Debaryomyces, 

Guilliermondella, Hansenula, Metschnikowia, Pichia, 
30 Rhodotorula, Rhodosporidium, Saccharomycopsis, Schwanniomyces, 

Sporidiobolus, Sporobolomyces, Torulaspora or Yarrowia. 

77. The production method according to Claim 76, 

wherein the microorganism h?iving an ability of producing 

35 the carbonyl reducing enzyme i:~ a microorganism selected from 
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the group consisting of Ashbya gossypii, Candida catinulata, 
Candida fructus, Candida galacta, Candida gropengiesseri, 
Candida guilliermondii, ·Candida haemulonii, Candida holmii, 
Candida intermedia, Candidamagnoliae, Candidamaltosa, Candida 

s melinii, Candida parapsilosis, Candida rugosa, Candida 
sonorensis, Candida tropicalis, Candida utilis, Candida 
versatilis, Cryptococcus albidus var. albidus, Debaryomyces 
hansenii var. fabryi, Debaryomyc.es hansenii, Debaryomyces : 
marama,Debaryomycesnepalensis, Guilliermondellaselenospora, 

10 Hansenula glucozyma, Hansenula saturnus, Metschnikowia 
·.reukaufi, Pichia bovis, ·pichia farinosa, Rhodotorula ·ifil'.utinis 
var. dairenensis, Rhodotorula graminis, Rhodotorula;-~nuta, 
Rhodotorula rubra, Rhodosporidium diobovatum, ~hodosporid~um 
sphaerocarpum, Rhodosporidium toruloides, Saccharomycopsis 

15 malanga, Schwanniomyces castellii, Sporidiobolus johnsonii, 
Sporobolomyces pararoseus, Sporobolomyces ~almonicolor, 
Torulaspora delbrueckii and Yarrowia lipolytica. 

20 

25 

30 

35 

78. The production method according to· claim 77, 
wherein the microorganism having an ability .of p;ro.ducing 

the carbonyl reducing enzyme is Candida magnoliae IFO 0705. 

79. The production method according to Claim 75, 
wherein the microorganism having an ability of prqducing 

. ' . , .. ~· ' 

the carbonyl reducing enzyme is a transformant cell transformed 
by a plasmid containing a DNA coding for the carbonyl ::r;.~ducirig 
enzyme derived from a microorganism belonging to the genus 
Candida and a DNA .coding for an enzyme having an a~i~ity of 
regenerating a coenzyme on which the former enzyme is dependent. 

80. The production metho~ according to Claim 79, 
wherein the transformant cell is~· coli ~BlOl (pNTCRG), 

accession number FERM-BP6898. 

81. The production method according to Claim 68, 69, 
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70, 71, 72, 73 or 74, 

wherein the enantioselective reduction is carried out in 

the manner of hydrogen transfer type reduction using a hydrogen 

transfer source with a catalystprepared from a ruthenium complex, 

s an optically active amine and a base. 

10 

15 

82. The production method according to Claim 81, 

wherein the hydrogen tr.ans fer source is is0propyl alcohol. 

83. The production method according to 81 or 82, 

wherein any of bis (:ri6-benzene) di ruthenium tetrac5'1.'oride, 

bis (r{-~p-cymene) di.ruthenium tetrachloride and ·~::..t•· 

bis(~6-~esitylene)diruthenium tetrachloride is used as the 

ruthenium complex. 

84. The production method accqrding to Claim 81, 82 or 

83, 

wherein_· any of (S, S) -N-p-tosyl-1, 2-diphenyl-

ethylenediamine ·and (R,R)-N-p-tosyl-l,2-diphenyl-

20 .. ethylenediamine i~. used a_s the optically .active. ~mine .. 

25 

30 

.. 

85. The production method according to Claim 68, "69, 

···70, 71, 72, 73 1 74, 75, 76, 77, 78, 79~ 80, 81, 82, 83 or 84, 

wherein the sol volysis is carried out in a lower~'*-~lcohol 
solvent. 

86. The production method according to Claim· 85,. 

wh~rein methyl alcohol is used as the lower alcohol 

solvent. 

·• 87. The production method according to Claim 68, 69, 

70, 71, 72, 73, 74, 75, 76, 77' 78, 79, 80, 81, 82, 83, 84, 85 

or 86, 

wherein the sol volysis is carried out in the presence of 

35 a quat_ernary anunonium hydroxide. 
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88. The production method according to'Claim 87, 

wherein tetra (n-butyl) ammonium hydroxide .. l.s used as the 

quaternary ammonium hydroxide . 

. 5 89. The production method according to Claim 68, 69, 

7 0 I 71, 7 2 I 7 3 I 7 4 ,· 7 5 I 7 6 I 7 7 I 7 8 I 7 9 I 8 Q I 81, 8 2 I 8 3 I 8 4 I 8 5 I 

86, 87 or 88, 

.wherein a low-polarity sol vent is added to the reaction 

mixture after sol volysis to thereby obtain the optically active 

10 dihydroxyethylpyridine derivative (14) as a crystal. 

90. The production method according to Claim .. ,89, 

wherein toluene is used as the low-polarity solvent. 

15 91. A production method of an optically active 

dihydoxyethylpyridine derivative represented by the general 

formula (14): 

OH 

x ( 14) 

in the formula, X represents a hydrogen, a ha_logen, a h_yciroxyl ...... ~ ... - .. · 

20 group, an acyloxy group containing 1to10 carbon atoms, aii'alkoxy 

group COn taining 1 tO 1 Q Carbon a tOmS I an amino groiili ·_'Or a 
substituted amino group, and * repre.sents an asymmetric carbon 

atom, 

which ·comprises subjecting a substituted acetylpyridine 

25 derivative represented by the general formula (12) : 

0 
0 R1 

y 
x ( 12) 

0 
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in the formula, X is as defined above and Rs represents an alkyl 

group containing 1to15 carbon atoms, anaralkyl group containing 
1 to 15 carbon atoms or an aryl group containing 6 to 16 carbon 

atoms, 
5 to solvolysis while enentioselectively reducing. in the 

presence of a base to thereby directly obtain the optically active 
dihydroxyethylpyridine derivative (14) . 

92. The production method according to Claim 91, 
10 wherein the enantioselecti ve reduction is carried in the 

15 

manner of hydrogen transfer type reduction using a hydrogen 
·transfer source with a catalyst prepared from a ruthenium complex, 

an optically active amine and a base. 

93. The production method according to Claim 92, 
whereinthehydrogentransfersourceisisopropylalcohol. 

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

wherein any of bis (I') 6-benzene) di ruthenium tetrachloride, 
20 bis(I') 6-p-cymene)diruthenium tetrachloride and 

bis(I')6-mesitylene)diruthenium tetrachloride is used as the 
ruthenium complex. 

95. The production method according to Claim 92, 93 or 
25 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. 

-.---. ---


