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ACTIVE ALKYL 3-ARYL-3-HYDROXYPROPIONATES 

AND A METHOD FOR PRODUCING THEREOF 

5 The present invention relates to ·optically active 

1 0 

alkyl ·3-aryl-3-hydroxypropionate~ represented by the 

general formula: 
Rz· 

R3 YbR: OR6 

R4~ 
R5 OH 0 

( II ) 

wherein R 1 , R2 , R3 , R 4 and R5 are hydrogen, hydroxyl, 

alkoxy of 1-4 carbon atoms, benzyloxy, fluorine, chlo­

rine or bromirie and a6 is alkyl, 

15 and a method for producing the above compounds. 

Optically active alkyl 3-aryl-3-hydroxypropionates 

represented by -the above formula (II) are new compounds 

which are synthesized by the inventors of the present 

invention. 

20 The new compounds are ?seful as starting materials 

for asymmetric.synthesis of biologically and pharmacolog­

ically active materials. 

It is known that in the optically active alkyl 

3-aryl-3-hydroxypropionates, ethyl 3-phenyl-3-hydroxy-

25 propionate and ethyl 3-(4-methoxyphenyl)-3-hydroxy­

propionate are obtained by a method of Mukaiyama et al. 

(Chem. Lett·., 813(1985)) in which ketoester is asymmetri­

cally reduced by using diamine, a method of Soul et al. 

(J. Am.- Chem. Soc., 86, 725(1964)) in which a compound is 

30 resolved by kinetics with hydrolytic enzyme, and a method 

of Santaniero et al. (J. Chem~ Soc., Perkin Trans. 1, 

1987, 2753) in which asymmetric reduction using baker's 

yeast is mentioned. However, the compounds obtained by 

these methods have low purity, and the method.s are not 
'· 35 desirable industrially an~:,. e~~,~ctively. 

\• 
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- In ·other words, in the method of Mukaiyama et al., 

namely in the asymmetrical reduction of ketoester with 

diamine, the compound obtained has low purity (44%ee). 

The reduction is rather impractical because of the reac-

5 tion conditions at a low temperature, e.g. -100°C. 

The advantage of hydrolysis using enzyme is that (-)­

and (+)-enantiomers are obtained. However, in the mass 

production, there are difficult problems such as selec­

tion of a reaction solvent, immobilization of enzyme, and 

10 purific~tion of the product. The product do not have 

enough optical purity (about 70%ee). 

Moreover, the asymmetric reduction using bread yeast 

is troublesome and the product has low purity (about · 

60%ee). 

15 For the above reasons, it is desired to develop a 

technique for obtaining both enantiomers of ·optically 

active alkyl 3-aryl-3-hydroxypropionates useful for 

common asymmetric synthesis·. 

20 The inventors of the present invention carried out 

research for obtaining efficiently optically active alkyl 

3-aryl-3-hydroxypropionates in large quantities. They 

have found a method for producing in large quantities 

optically active alkyl 3-aryl-3-hydroxy_propionates. 

25 . The present invention provides a method £or producing 

an optically active alkyl 3-aryl-3-hydroxypropionate 

which comprises reacting in the presence of esterase 

produced by a micro-organism or esterase obtained from an 

animal, a triglyceride or a fatty acid vinyl ester with 

30 an· alkyl 3-aryl-3-hydroxypro pionate represented by the 

general formula: 

RZ 
R3~R1 OR6 

R'~ 
R5 OH 0 

( I ) 

... :~-· .. .;4-:..· .. •· -::: .. ~··.· .... 
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wherein R1, R2, R3, R 4 and R5 are hydrogen, hydroxyl, 

alkoxy of 1-4 carbon atoms, benzyloxy, fluorine, chlo­

rine or bromine and R6 is alkyl, 

to effect a transesterification reaction, and.resolving 

5 to an optically active· alkyl 3-aryl-3-hydroxypropionate 

represented by the general formula: 

10 

Rz 

R3~1 Q • . QR6 
Re 

R5 OH 0 

( II ) 

wherein R1, R2, R~, R 4 , R5 and R6 have the same mean­

ings as.described above, 

and an optically active alkyl 3-aryl-3-acyloxypropionate. 

Further, the present invention pro.vides an optically 

15 active alkyl. 3-aryl-3-hydroxypropionate represented by 

the general formula: 

. R'~ *. OR 9 

~ 
R8 OH 0 

(fil} 

.. 
20 wherein R7 and RS are hydroxyl, alkoxy of .1-4 carbon 

atoms, benzyloxy, fluorine, chlorine, or bromine and R9 

is alkyl. 

The following compounds are representative optically 

25 active alkyl ~~aryl-3-hydroxypropionates (II) which are 
. - ·. . 

obtained by th~ present invention: 
• 

(-)-methyl 3-(2-methoxyphenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(2-methoxyphenyl)-3-hydroxypropionate,· 

(-)-propyl 3-(2-methoxyphenyl)-3-hydroxypropionate, 

30 (-)-butyl 3-(2-methoxyphenyl}-3-hydr.oxypropionate, 

(-)-t-butyl 3-(2-methoxyphenyl)-3-hydroxypropionate, 

(+)-ethyl 3-(2-methoxyphenyl)-3-hydroxypro~ionate, 

(~)-propyl 3-(2-methoxypheriyl)-3-hydroxypropionate, 

(+)-butyl 3-(2-methoxyphenyl)-3-hydroxypropionate, 

3 5 ( +) -t-butyl 3- (2-methoxyphenyl) -3-hydroxypropionate, 



.. 
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( - ) -methyl J-(3-methoxyphenyl)-3-hydroxypropionate, 

. . 
(-)-ethyl 3-(3-methoxyphenyl)-3-hydroxypropionate, 
(-)-propyl 3-(3-methoxyphenyl)-3-hydroxypropionate, 
(-)-butyl 3-(3-methoxyphenyl)-3-hydroxypropionate, 

5 (-)-t-butyl 3-(3-methoxyphenyl)-3-hydroxypropionate, 
(+)-ethyl _3-{3-methoxyphenyl)-3-hydroxypropionate, 
( +) -propyl 3- ( 3-methoxyphenyl) -3-hydroxypropionate, 
(+)-butyl 3-(3-methoxyphenyl)-3-hydroxypropionate, 
(+)-t-butyl 3-(3-methoxyphenyl)-3-hydroxypropionate, 

10 (-)-methyl 3-(2,4-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(-)-ethyl 3-(2,4-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(- )-propyl 3-( 2, 4-dimethoxyphenyl)-3-hydroxypropion-. 
15 ate, 

20 

(-)-butyl 3-(2,4-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(-)-t-butyl 3-(2,4-dimethoxyphenyl)-3-hydroxypropion-
ate, ... 

(+)-ethyl 3-(2,4-dimethqxyphenyl)-3-hydroxypropion­
ate, . 

(+)-propyl-3-(2,4-dimethoxyphenyl)-3-hydroxypropion~ 
ate, 

(+)-butyl 3- ( 2-, 4-dimethoxyphenyl)-3-hydroxypropion-
25 ate, .. ·-:· 

· ... ·. 
(+)-t-butyl 3-(2,4-dimethoxyphenyl)-3-hydroxypropion-

ate, 

(-)-methyl 3-(2,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

30 (-)-ethyl 3-(2,5-dimethoxyphenyl)-3~hydroxypropion-
ate, 

_(-)-propyl 3-(2,S~dimethoxyphenyl)-3-hydroxypropion- · 
ate, 

(-)-butyl 3-(2,5-dimethoxyphenyl)-3-hydroxypropion-
3.5 ate, 
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(-)-t-butyl 3-(2,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(+)-ethyl 3-(2,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

5 (+)-propyl 3-(2,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(+)-butyl 3-(2,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(+)-t-butyl 3-(2,5-dimethoxyphenyl)-3-hydroxypropion-
10 ate, 

(-)-methyl 3-(3,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(-)-ethyl 3-~3,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

15 (-)-propyl 3-(3,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(-)-butyl 3-(3,5~dimethoxyphenyl}-3-hydroxypropion-
ate, 

· (-)-t-butyl 3-(3,5-dimethoxyphenyl)-3-hydroxypropion-
20 ate, 

(+)-ethyl 3-(3,5-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(+)-propyl 3-(3,5-dimethoxyphenyl·)-3-hydroxypropion-
ate, 

25 (T)-butyl 3-(3,5-dimethoxyphenyl)-3-hydroxypropion~ 
ate, 

(+)-t-butyl 3-(3,5-dimethoxyphenyl)-3-hydroxypropio~-
ate, 

.·(-)-methyl 3-(3,4-dimethoxyphenyl}-3-hydroxypropion-
30 ate, 

(-)-ethyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion-
ate, 

(-)-propyl 3-(3,4-dimethoxyphenyl}-3-hydroxypropion-
ate, 

35 (-.)-butyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion-
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ate, 

(-)-t-butyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion­

ate, · 

(+)-ethyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion-

5 ate, 

(+)-propyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion-

ate, 

(+)-butyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion-

ate, 

10 (+)-t-butyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion-

ate, · 

(-·)-methyl 3- ( 2-benzyloxyphenyl) -3-hydroxypropionate, 

(-)-ethyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate, 

(-)-propyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate, 

15 (-)-butyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate, 

(-)-t-butyl 3-(2-benzyloxyphenyl)-3-hydroxypropion-

ate, 

(+)-methyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate, 

(+)-ethyl 3-(2-benzyloxyphenyl)-3-hydroxypropion~te, 

20 (+)-propyl 3-(2-behzyloxyphenyl)-3-hydroxypropionate, 

(+)-butyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(2-benzyloxyphenyl)-3-hydroxypropion-

ate, 

(-)-methyl 3-(3-benzyloxyphenyl)-3-hydroxypropionate, 

25 (-)-ethyl 3-(3-bei:izyloxyphenyl)-3-hydroxypropionate, 

(-)-propyl 3-( 3-benzyloxyphenyl)-.3-hydroxypropionate, 

(-)-butyl 3-(3-benzyloxyphenyl)-3-hydroxypropionate, 

(-)-t-butyl 3-(3-benzyloxyphenyl)-3-hydroxypropion-

ate, 

. 30 (+)-methyl 3-(3-benzyloxyphenyl)-3-hydroxypropionate, 

(+)-ethyl 3-(3-benzyloxyphenyl)-3~hydroxypropionate, 

(+)-propyl 3-(3-benzyloxyphenyl)-3-hydroxypropionate, 

(+)-butyl 3-(3-benzyloxyphenyl)~3-hydroxypropionate, 

(+)-t-butyl 3-(3-benzyloxyphenyl)-3-hydroxypropion-

35 ate, 
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( - ) -methyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate, 

(-)-propyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate, 

(-}-butyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate, 

s· (-)-t-butyl 3-(4-benzyloxyphenyl)-3-hydroxypropion~ 

ate, 

(+}-methyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate, 

(+}-ethyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate, 

(+)-propyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate, 

10 (+}-butyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(4-benzyloxyphenyl)-3-hydroxypropion-

ate, 

(-)-methyl 3-(2-fluorophenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(2-fluorophenyl)-3-hydroxypropionate, 

15 (-)-propyl 3-(2-fluorophenyl)-3-hydroxypropionate, 

(-)-butyl 3-(2-fluorophenyl)-3-hydroxypropionate, 

(-)-t-butyl 3-(2-fluorophenyl)-3-hydroxypropionate, 

: (+)-methyl 3-(2-fluorophenyl)-3-hydroxypropionate, . 
(+)-ethyl 3-(2-fluorophenyl}-3-hydroxyi;>ropionate, 

20 (+)-propyl 3-(2-fluorophenyl)-3-hydroxypropionate, 

(+)-butyl 3-(2-fluorophenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(2-fluorophenyl)-3-hydroxypropionate, 

(-)-methyl 3-(3-fluorophenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(3-fluorophenyl)-3-hydroxypropionate, 

25 (-)-propyl 3-(3-fluorophenyl)-3-hydroxypropionate, 

(-)-butyl 3-(3-fluorophenyl)-3-hydroxypropionate, 

(-)~t-butyl 3-(3-fluorophenyl)-3-hydroxypropionate, 

(+)-methyl 3-(4-fluorophenyl)-3-hydroxypropionate, 

(+}-ethyl 3-(4-fluorophenyl)-3-hydroxypropionate, 

30 (+)-propyl 3-(4-fluorophenyl)-3-hydroxypropionate, 

(+)-butyl 3~(4-fluorophenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(4-fluorophenyl)-3-hydroxypropionate, 

(-)-methyl 3-(2,3-difluorophenyl)-3-:hydroxypropion-

ate, 

35 (~)-ethyl 3-(2,3-difluorophenyl)-3-hydroxypropionate, 



ate, 

5 ate, 
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( - ) -propyl 3-(2,3-difluorophenyl)-1-hydroxy~ropion-

(-)-butyl 3-(2,3-difluorophenyl)-3-hydroxypropionate, 

(-)-t~butyl 3-(~13-difluorophenyl)-3-hydroxypropion-

· (+)-meihyl 3-(2,3-difluorophenyl)-3-hydroxypropion­

ate, 

10 ate, 

ate, 

15 ate, 

ate, 

20 

ate, 

ate, 

25 

ate, 

ate, 

(+)-ethyl 3-(2,3-difluorophenyl)-3-hydroxypropionate, 

{+)-propyl 3-(2,3-difluoro~henyl)-3-hydroxypropion-

(+)-butyl 3-(2,3-difluorophenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(2,3-difluorophenyl)-3-hydroxypropion-

{-)-methyl 3-(3,4-difluorophenyl)-3~hydroxypropion-

(-)-ethyl 3-(3,4-difluorophenyl)-3-hydroxypropionate, 

{-)-propyl 3-(3,4-difluorophenyl)-3-hydroxyprop~on-

{-)-butyl 3-(3,4-difluorophenyl)-3-hydroxypropionate, 

{-)-t-butyl 3-(3,4-difluorophenyl)-3-hydroxypropion-

~+)-methyl 3-(3,4-difluorophenyl)-3-hydroxypropion-

(+)-ethyl 3-(3,4-difluorophenyl)-3-hydroxypropionate, 

(+)-propyl 3-(3,4-difluorophenyl)-3-hydroxypropion-

(+)-butyl 3-(3,4-difluorophenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(3,4-difluorophenyl)-3-hydroxypropion-

30 (-)-methyl 3-(3,5-difluorophenyl)-3-hydroxypropion-

ate, 

ate, 

{-)-ethyl 3-(3,5-difluorophenyl)-3-hydroxypropionate, 

{-)-propyl 3·~(3,5-difluorophenyl)-3-hydroxypropion-

35 (-)-butyl 3-(3,~-difluorophenyl)-3-hydroxypropionate, 
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( - ) -t-butyl 3-(3,5-difluorophenyl)-3-hydroxypropion~ 

ate, 

(+)-methyl 3-(3,5-difluorophenyl)-3-hydroxypropion-

ate, 

5 (+)-ethyl 3-(3,5-difluorophenyl)-3-hydroxypropionate, 

( + )-propyl 3-( 3, 5-difluoro.phenyl )-3-hydroxy.propion-

ate, 

1 0 ate, 

( +)-b.utyl 3-( 3, 5-difluoroph.enyl )-3-hydroxypropionate, 

(+)-t-butyl 3-(3,5-difluorophenyl)-3-hydroxypropion-

(-)-methyl 3-(2-chlorophenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(2-chlorophenyl)-3-hydroxypropionate, 

(-)-propyl 3-(2-chlorophenyl)-3-hydroxypropionate, 

(-)-butyl 3-(2-chlorophenyl)-3-hydroxypropionate, 

15 (-)-t-butyl 3-(2-chlorophenyl)-3-hydroxypropio1¥-te, 

(+)-methyl 3-(2-chlorophenyl)-3-hydroxypropionate, 

(+)-ethyl 3-(2-chlorophenyl)-3-hydroxypropionat-e, 

(+)-propyl 3-(2-chlorophenyl)-3-hydroxypropionate, 

(+)-butyl 3-(2-chlorophenyl)-3-hydroxypropionate, 

20 (+)-t-butyl 3-(2-chlorophenyl)-3-hydroxypropionate, 

(-)-methyl 3-(3-chlo~ophenyl)-3-hydroxypropionate, 

(-)·-ethyl 3-( 3-chlorophenyl )-3-hydroxypropionate, 

(~)-propyl 3-(3-chlorophenyl)-3-hydroxypropionate, 

(-)-butyl 3-(3-chlorophenyl)-3-hydroxypropionate, 

25 (-)-t-butyl 3-(3-chlorophenyl)-3-hydroxypropionate, 

(+)-methyl 3-(3-chlorophenyl}-3-hydroxypropionate, 

(+)-ethyl 3-(3-chlorophenyl)-3-hydroxypropionate, 

(+)-propyl 3-(3-chlorophenyl)-3-hydroxypropionate, 

(+)-butyl 3-(3~chlorophenyl)-3-hydroxypropionate, 

30 (+)-t-butyl 3-(3-chlorophenyl)-3-hy"droxypropionate, 

(-)-methyl 3-(4-chlorophenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(4-chlorophenyl)-3-hydroxypropionate, 

(-)-propyl 3-(4-chlorophenyl)-3-hydroxypropionate, 

(-)-butyl 3-(4-chlorophenyl)-3-hydroxypropionate, 

35 (-J-t-butyl 3-(4-chlorophenyl)-3-hydro~ypropionate, 
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(+)-methyl 3-(4-chlorophenyl)-3-hydroxypropionate, 

(+)-ethyl 3-(4-chlorophenyl)-3-hydroxypropionate, 

(+)-propyl 3-(4-chlorophenyl)-3~hydroxypropionate, 

(+)-butyl 3-(4-chlorophenyl)-3-hydroxypropionate, 

·s (+)-t-butyl 3-(4-chlorophenyl)-3-hydroxypropionate, 

(-)-methyl 3~(2,3-dichlorophenyl)-3-hydroxypropion-

ate, 

10 ate, 

ate, 

15 ate, 

ate, 

(-)-ethyl 3-(2,3-dichlorophenyl)-3-hydroxypropionate, 

(-)-propyl 3-(2,3-dichlorophenyl)~3-hydroxypropion-

(-)-butyl 3-(2,3-dichlorophenyi)-3-hydroxypropionate, 

(-)-t-butyl 3-(2,3-dichlorophenyl)-3-hydroxypropion-

(+)-methyl 3-(2,3-dichlorophenyl)-3-hydroxypropion-

(+)-ethyl 3-(2,3-dichlorophenyl)-3-hydroxypropionate, 

(+)-propyl 3-(2,3-dichlorophenyl)-3-hydroxypropion-

(+)-butyl 3-(2,3-dichlorophenyl)-3-hydroxypropionate, 

20 (+)-t-butyl 3-(2,3-dichlorophenyl)-3-hydroxypropion-

ate, 

(-)-methyl 3-(3,4-dichlorophenyl)-3-hydroxypropion-

ate, 

(-)-ethyl 3-(3,4-dichlorophenyl)-3-hydroxypropionate, 

25 (-)-propyl 3-(3,4-dichlorophenyl)-3-hydroxypropion-

ate, 

ate, 

(-)~butyi 3-(3,4-dichlorophenyl)-3-hydroxypropionate, 

(-)-t-butyl 3-(3,4-dichlorophenyl)-3-hydroxypropion-· 

30 (+)-methyl 3-(3,4-dichlorophenyl)-3-hydroxypropion-

ate, 

ate, 

(+)-ethyl 3-(3,4-dichlorophenyl)-3-hydroxypropionate, 

(+)-propyl 3-(3-,4~dichlorophenyl)-3-hydroxypropion-

35 (+)-butyl 3-(3,4-dichlorophenyl)-3-hydroxypropionate~ 



ate, 
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( +) -t-butyl 3-(3,4-dichlorophenyl)-J-hydroxypropion-

(-)-methyl 3-(2-bromophenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(2-bromophenyl)-3-hydroxypropionate, 

· 5 (-)-propyl 3-(2-bromophenyl)-3-hydroxypropionate, 

(-)-butyl 3-(2-brom9phenyl)-3-hydroxypropionate, 

(-)-t-butyl 3-( 2-bromophenyl)-3-hydroxypropionate, 

(+)-methyl 3-(2-bromophenyl)-3-hydroxypropionate, 

(+}-ethyl 3-(2-bromophenyl)-3-hydroxypropionate, 

10 (+)-propyl 3-(2-bromophenyl)-3-hydroxypropionate, 

(+)-butyl 3-(2-bromophenyl)-3-hydroxypropionate, 

(-)-methyl 3-(3-bromophenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(3-bromophenyl)-3-hydroxypropiona~e, 

(-)-propyl 3-(3-bromophenyl)-3-hydroxypropionate, 

15 (-)-butyl 3-(3-bromophenyl)-3-hydroxypropionate, 

(-)-t-butyl 3-(3-bromophenyl)-3-hydroxypropionate, 

(+)-methyl 3-(3-bromophenyl)-3-hydroxypropionate, 

(+)-ethyl 3-(3-bromophenyl)-3-hydroxypropionate, 

(+)-propyl 3-(3-bromophenyl)-3-hydroxypropionate, 

20 (+)-butyl 3-(3-bromophenyl)-3-hydroxypropionate,· 

(+)-t-butyl 3-(3-bromophenyl)-3-hydroxypropionate, 

(-)-methyl· 3-(4-bromophenyl)-3-hydroxypropionate, 

(-)-ethyl 3-(4-bromoph~nyl)-3-hydroxypropionate, 
. 

(-)-propyl 3-(4-bromophenyl)-3-hydroxypropionate, 

2 5 . (..:)-butyl 3-( 4-bromophenyl) -3-hydroxypropionate, 

(-)-t-butyl 3-(4-bromophenyl)-3-hydroxypropionate, 

(+)-methyl 3-(4-bromophenyl)-3-hydroxypr?pionate, 

(+)-ethyl 3-(4-bromophenyl)-3-hydroxypropionate, 

(+)-propyl 3-(4-bromophenyl)-3-hydroxypropionate, 

30 ·(+)-butyl 3-(4-bromophenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(4-bromophenyl)-3-hydroxypropionate, 

(-)-methyl 3-(2,3-dibromophenyl)-3-hydroxypropionate, 

(-)-ethyl 3-.< 2, 3-dibromophenyl)-3-hydroxypropionate, 

(-)-propyl 3-(2,3-dibromophenyl)-3-hydroxypropionate, 

35 (-)-butyl 3-(2,3-dibromophenyl)-3-hydroxypropionate, 



ate, 
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(- )-t-butyl 3-(2,3-dibromophenyl)-3-hydroxypropion-

(+)-methyl 3-(2,3-dibromophenyl)-3-hydroxypropionate, 

(+)-ethyl 3-(2,3-dibromophenyl)-3~hydroxypropionate, 

5 {+)-propyl 3-(2,3-dibromophenyl)~3-hydroxypropionate, 

(+)-butyl 3-(2,3-dibromophenyl)-3-hydro~ypropionate, 

(+)-t-butyl 3-(2,3-dibromophenyl)-3-hydroxypropion-

ate, 

(-)-methyl 3-(3,4-dibromophenyl)-3-hydroxypropionate, 

1 O (-)-ethyl 3-( 3, 4-dibrom.ophenyl )-3-hydroxypropionate, 

ate, 

. 
(-)-propyl 3-(3,4-dibromophenyl)-3-hydroxypropionate, 

(-)-butyl 3-(3,4-dibromophenyl)-3-hydroxypropionate, 

(-)-t-butyl 3-(3,4-dibromophenyl)-3-hydroxypropion-

15 (+)-methyl 3-(3,4-dibromophenyl)-3-hydroxypropionate, 

(+)-ethyl 3-(3,4-dibromophenyl)-3-hydroxypropionate, 

(+)-propyl 3-(3,4-dibromophenyl)-3-hydroxypropionate, 

(+)-butyl 3-(3,4-dibromophenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(3,4-dibromophenyl)-3-hydroxypropion-

20 ate, 

(-)-methyl 3-(3,5-dibromophenyl)-3-hydroxypropionate, 

( - ) .-ethyl 3- ( 3, 5-dibromophenyl) -3-hydroxypropionate, 

(-)-propyl 3-(3,5-dibromophenyl)-3-hydroxypropionate, 

(-)-butyl 3-(3,5~dibromophenyl)-3-hydroxypropionate, 

25 (-)-t-butyl 3-(3,5-dibromophenyl)-3-hydroxypropion-

ate, 

(+)-methyl 3- ( 3, 5-dibromophe.nyl )-3-hydroxypropionate, 

(+)-ethyl 3-(3,5-dibromophenyl)-3-hydroxypropionate, 

{+)-propyl_3-(3,5-dibromophenyl)-3-hydroxypropionat~, 

30 (+)-butyl 3-(3,5-dibromophenyl)-3-hydroxypropionate, 

(+)-t-butyl 3-(3,5-dibromophenyl)-3-hydroxypropion-

ate, 

{~)-methyl 3-(3,5-dichlorophenyl)-3-hydroxypropion-

ate, 

35 (-)-ethyl 3-(3,5-dichlorophenyl)-3-hydroxypropionate, 



ate, 

5 ate, 

ate, 

1 0 ate, 
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(-)-propyl 3-(3,5-dichlorophenyl)-3-hydroxypropion-

(-)-butyl 3-(3,5-dichlorophenyl)-3-hydroxypropionate, 
(~)-t-butyl 3-(3,5-dichlorophenyl)-3-hydroxypropion-

(+)-methyl 3- ( 3, 5-dichlor·ophenyl) -3-hydroxypropion-

(+)-ethyl 3-(3,5-dichlorophenyl)-3-hydroxyprop~onate, 
(+)-propyl 3-(3,5-dichlorophenyl)-3-hydroxypropion-

(+)-butyl 3-(3,5-dichlorophenyl)-3-hydroxypropionate, 
(+)-t-butyl 3-(3,5-dichlorophe~yl)-3-hydroxypropio­

nate and the like. 

In this invention, the alkyl 3-aryl-3-hydroxy-
15 propionates of the raw materials are easily obtained by 

reacting an aryl aldehydes with ethyl bromoacetate in the 
presence of zinc. They are also obtained by the reduction 
of appropriate arylcarbonylacetate esters. 

As for triglycerides in the enzyme reaction, triace-
20 tin, tripropionin, tributyrin, tricaproin, trilaurin, 

etc. can be exemplified, and as for fatty a~id vinyl 
esters, vinyl acetate,·vinyl propionate, vinyl butyrate, 
vinyl caproate, vinyl laurate, etc. can be exemplified. 
These compounds are commercially available and also 

25 easily obtained by synthesis. 

The following table shows commercially av~ilable 
esterases that can be used in the present invention. 
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Trade name 

Lipase PS 

Lipase CES 

Lipase AP 

Lipase M 

Lipase CE 

Lipase F-AP 

Lipase II 

Lipase VIII 

Lipase x 
Lipase 

Lipase A 

Lipase 

Lipase B 

Origin 
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Table 

Seller. or Maker 

Pseudomonas fluorescens Amano Pharmaceutical 

Co., Ltd 

Pseudomonas sp. 

Aspergillus niger 

Mucor javanicus 

Humicola lanuginosa 

Rhizopus javanicus 

Porcine pancreas 

Geotrichum candidurn 

Rhizopus delamar 

II 

II 

II 

II 

II 

Sigma Chemical 
II 

II 

Chromobacterium viscosurn Toyo Jozo Co., Ltd 

Aspergillus niger Novo Industi A/S 

Rhizopus niveus 

Pseudomonas fragi 

Nagase Biochemi­

cals, Co. Ltd 

Sapporo Beer Co., 

Ltd 

In addition to these enzymes, microorganisms which pro-

20 duce the enzymes having the above ability can be used · 

regardless of their species and genus. As such microor­

ganisms, the genera Pseudomonas, Arthrobacter, 

Acromobacter, Alcaligenes, Asperigillus, Chromobacterium, 

Candida, Mucor, Rhizopus, etc, can be exemplified. 

25 In these microorganisms, the genus Pseudomonas is 

more preferable. 

The reaction is conducted by mixing an alkyl 

3-aryl-3-hydroxypropionate with a fatty acid vinyl ester 

or a triglyceride, and contacting efficiently the mixture 

30 with an enzyme. The reaction t~rnperature is suitably room 

temperature (about 10°C) to 150°C, preferably 20° to 

45°C. The reaction time is widely var.iable, say 1 to 1000 
hours. 

The alkyl 3-aryl-3-hydroxypropionate wh_ich is a 
35 substrate and the fatty acid vinyl ester or the triglyc-
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eride are mixed in the ratio 1:0.5 to 1:10 by mole, and 

preferably 1:0.5 by mole. 

As for a reaction solvent which does not inhibit 

esterase activities, if necessary, hydrocarbons such as 

5 n-hexane, n-heptane, etc., benzene, toluene, ethers and 

the like can be used. Otherwise, there is no necessity of 

such solvents. 

After the enzyme reaction as described above, the 

esterase can be removed by conventional filter operation 

10 and used again, as it is. The reactant which is the 

filtrate can be separated into an optically active alkyl 

3-aryl-3-hydroxypropionate and an optically active-alkyl 

3-aryl-3-acyloxypropionate, respectively, for instance by 

distilla~ion under reduced pressure or column chromatog-

15 raphy. After the reaction, when the optical purity of the 

optically active ~lkyl_3-aryl-3-hydroxypropionate is low 

(when the transesterification is not enough), the com­

pound having high optical purity (>99%ee) can be obtained 

by re-transesterification with the esterase. 

20 The optically active ~lkyl 3-aryl-3-acyloxypropion-

ates obtained by the above processes are hydrolyzed in an 

alkali (e. g. potassium hydroxide or sodium hydroxide) or 

an acid (e. g. hydrochloric acid or sulfuric acid) or 

alcoholized (in methanol or ethanol) to derive antipodes 

25 of the above optically active alkyl 3-aryl-3-hydroxy­

propionates or optically active 3-aryl-3-hydroxy propion­

ic acid. 

By the above processes, the optically active (+)- and 

(-)-alkyl 3-aryl-3-hydroxypropionates c~n be obtained. 

30 Further, (+}- or {-)-alkyl 3-aryl-3-acyloxypropionates 

are dependent on the esterases used. 

The method of the present invention is excellent in 

the efficient mass production of new optically active 

alkyl 3-aryl-3-hydroxypropionates having high optical 

35 puriti~s. 
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The optically active alkyl 3~aryl-3-hydroxypropion­

ates are useful as starting materials for asymmetric 

synthesis in wide application. 

For example, optically active ethyl 3-phenyl-3-

5 hydroxypropionate which i·s a known compound is reduced to 

obtain optically active 1-phenyl-1,3-propanediol. The 

compound obtained is a starting material of f luoxetin 

which is an antidepressant (J. Am. Chem. Soc.,~, 

4081(1988)). Moreover, the compounds obtained by the 

10 method of the present invention can be lead to various 

kinds of materials having biological and pharmacological 

activity. 

The following examples illustrate the present inven-

15 tion more specifically. 

Example 1 

The mixture of 5.0 g (25.7· mmol) of ethyl 3-phenyl-3-

hydroxypropionate, 1.83 g (13 mmol) of vinyl caproate and 

1 .O·g of lipase PS was stirred at room temperature for 35 

20 hours. After the lipase was removed by filtration, the 

filtrate was eluted by column chromatography (eluting 

solution; 9/1 of toluene/ethyl acetate) to obtain 2.2 g 

(>99%ee) of (-)-ethyl 3-phenyl-3-hydroxypropionate and 

4.1 g (about 90%ee) of (+)-ethyl 3-pheny~-3-hexanoyloxy-

25 propionate. 

To determine the optica~ purity, (+)-ethyl 3-

phenyl-3-hydroxypropionate which was obtained by alcohol­

ysis of (+)-ethyl 3-phenyl-3-hexanoyloxypropionate in 

ethanol was used. 

30 The optical purity was determined by the following 

method: after the optically active compounds were reacted 

with 4-nitrophenyl isocyanate, the compounds obtained 

were eluted by HPLC (Japanese Patent Application No. 1-

176580). 

35 Example 2 
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The mixture of 4.0 ~ (21 mmol) of S-ethyl 3-ph~nyl-3-

hydroxypropionate having a low optical purity of 13.3%ee, 

2.2 g (15 mmol) of vinyl caproate and 2.0 g of lipase PS 

was stirred at room temperature for 30 hours. After the 

5 lipase was removed by filtration, the filtrate was eluted 

by column chromatography (eluting solution; 9/1 of tol­

uene/ethyl a_cetate). 1.7 g (99%ee) of (-)-ethyl 

3~phenyl-3-hydroxypropionate having high optical p6rity 

and 2.7 g of (+)-ethyl 3-phenyl-3-hexanoyloxy propionate 

10 were obtained, respectively. 

Example 3 

The mixture of 5.0 g (28 mmol) of methyl 3-phenyl-3~ 

hydroxypropionate, ·1. 97 g ( 1 4 mmol) of vinyl caproate and 

2.0 g of lipase PS was stirred at .room temperature for 28 

15 hours. A.fter the lipase was removed by filtration, the 

filtrate was eluted by column chromatography (eluting 

solution; 9/1 of toluene/ethyl acetate). 2.35 g (88%ee) 

of (-)-methyl 3-phenyl-3-hydroxypropionate and 3.97 g 

(91%ee) of (+)-methyl 3-phenyl-3-hexanoyloxy-propionate 

20 were obtained, respectively. 

The optical purity of .(+)-methyl 3-phenyl-3-hexan­

oyloxypropionate was determined by using (+)-ethyl 3-

phenyl-3-hydroxypropionate obtained by alcoholysis of the 

former compound in ethanol. 

25 The optical purities of both (+)- and (-)- compounds 

were determined by the same method as described in Exam­

ple l. 

·Example 4 

The.mixture of 5.0 g of ethyl 3-(4-methoxyphenyl)-3-

30 hydroxypropionate, 1.6 ·g of .vinyl caproate and_ 2.0 g of 

lipase PS was stirred at room temperature for 30 hours. 

Aft~r the lipase was removed by filtration, the filtrate 

was eluted bY column chromatography (eluting solution; 

3/1 of toluene/ethyl acetate). 3.8 g of (-)-ethyl 3-(4-

35 metho~yphenyl)~3-hydroxypropionate was obtained.·The 
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specific rotation of the compound was [a] 0 -19°(c1.22, 

CHC1 3). 

Example 5 

The mixture of 5.0 g (22 mmol) of ethyl 3-

5 {2-methoxyphenyl)-3-hydroxypropionate, 1.6 g (11 mmol) of 

vinyl caproate and 2.0 g of lipase PS was stirred at room 

temperature for 3 days. After the lipase was removed by 

filtration, .the filtrate was eluted by column chromatog­

raphy (eluting solution; 5/1 of toluene/ethyl acetate). 

10 1.9 g {45%ee) of {-)-ethyl 3-(2-methoxyphenyl)-3-

hydroxypropionate was obtained. The specific rotation of 

the co~pound was [a] 0
31 -27.1°(c1.05, CHC1 3}. 

Further, 5.4 g of {+)-ethyl 3-(2-methoxyphenyl)-3-

hexanoyloxypropionate was obtained. The specific rotation 

15 of the compound was [aJ 0
30 +32.0° {c0.20_, CHC1 3 ). 

To determine optical puri·ty of (+)-ethyl 3-( 2-

methoxyphenyl )-3-hexanoyloxypropionate, the compound was 

conv~rted into (+)-3-(2-methoxyphenyl)-1,3-propanediol 

with lithium aluminium hydride, and the compound obtained 

20 was analyzed with an optical resolution HPLC (.Chiral eel 

OB, manufactured by Daisel.Co.). The result was 74%ee. 

Example 6 

The mixture of 5.0 g (20 mmol) of ethyl 3-(3,4-

dimethoxyphenyl} -3-hydroxypropionate, 1 • 4 g (1" 3 mmol} of 

25 vinyl caproate ~nd 1.0 g of lipase PS was stirred at room 

temperature for 12 days. After the lipase was removed by 

filtration, the filtrate was eluted by column chromatog­

raphy (eluting solution; 9/1 of toluene/ethyl acetate) to 

obtain 2 g {>50%ee) of (-)-ethyl 3-(3,4-dimethoxyphenyl)-

30 3-hydroxypropionate and 4.3 g (ab6ut 43%ee) of (+)-ethyl 

3-(3,4-dimethoxyphenyl)-3-hexanoyloxypropionate. 

The optical purity was determined by the following 
( 

method: after (-)-ethyl 3-(3,4-dimethoxyphenyl)-3-

hydroxypropionate was reacted with 4-nitrophenyl isocyan-

35 _ate, the compounds obtained-were eluted by HPLC (Japanese 
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Patent· Application No. 1-176580). The specific rotation 

of the compound was [a.] 0
21 -16.9°{c1.0, CDC1 3). 

To determine optical purity of (+)-ethyl 3-(3,4-

dimethoxyphenyl)-3-hexanoyloxypropionate, the compound 

5 was converted into (+)-3-(3,4-dimethoxyphenyl)-1,3-

propanediol with lithium aluminium hydride, and the 

compound obtained was analyzed with an optical resolution 

HPLC (Chiral eel OB1 manufactur~d by Daisel Co.). 

Example 7 

10 The mixture of 5.0 g (20 rnmol) of ethyl 3-(2,4-

dimethoxyphenyl)-3-hydroxypropionate, 10 ml of vinyl 

acetate and 2.0 g of lipase PS was stirred at room tem­

perature for 50 days. After the lipase wa_s removed by 

filtration, the filtrate was eluted by column chromatog~ 

.15 raphy (eluting solution;. 9/1 of toluene/ethyl acetate) to 

obtain 3.5 g (35%ee) of (-)-ethyl 3-(2,4-

dimethoxyphenyl)-3-hydroxypropionate and 1.5 g of {+)­

ethyl 3-(2,4-dimethoxyphenyl)-3-acetoxypropionate, re~ 

spectively. 

20 The optical purity was determined by the following 

method: after {-)-ethyl 3-(2,4-dimethoxyphenyl)-3-

hydroxypropionate was reacted with 4-nitrophenyl isocyan­

ate, the compounds obtained were eluted-by HPLC. The 

specific rotation of the compound was ca.i'o21 -12.4°(c1.1, 

25 CDC1 3 ). 

Example 8 

The mixture of 5.0 g (20 mmol) of ethyl 3-(3,5-

dimethoxyphenyl)-3-hydroxypropionate, 1.4 g ·(16_ mmol) of 

vinyl acetate and 2.0 g of lipase PS was· stirred at room 

30 temperature for 8 days. After the lipase was removed by 

filtration, the filtrate was eluted by column chromatog­

raphy (eluting solution; 9/1 of toluene/ethyl acetate) to 

obtain 2.2 g (50%ee) of {-}-ethyl 3-(3,5-

dimethoxyphenyl)-3-hydroxypropionate and 2.7 g of {+}-

35 ethyl.3-(3,5-di-methoxypheny~)~3-acetoxypropiona~e. 
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The optical purity was determined by the following 

method: after (-)-ethyl 3-(3,4-dimethoxyphenyl)-3-

hydroxypropionate was reacted with 4-nitrophenyl isocyan­

ate, the compounds obtained were elut~d by HPLC. The 

5 specific r.otation of the compound was [aJ 0
24 -11. 7° (c1 .1, 

CDC1 3 ). 

Example 9 

The mixture of 5.0 g of ethyl 3-(3-chlorophenyl)-3-

hydroxypropionate, 1.6 g of vinyl caproate and 2.Q g of 

10 lipase PS was stirred at room temperature for 13 days. 

After the lipase was removed by filtration, the filtrate 

was eluted by column chromatography (eluting solution; 

9/1 of toluene/ethyl acetate) to obtain 2.34 g (40%ee) of 

(-)-ethyl 3-(3-chlorophenyl)-3-hydroxypropionate and 2.75 

15 g (>90%ee) of (+)-ethyl 3-(3-chlorophenyl)-3-caproyloxy­

propionate. 

The optical purity was determined by the following 

method: after (-)-ethyl 3-(3,4-dimethoxyphenyl)-3-

hydroxypropionate was reacted with 4-nitrophenyl isocyan-

20 ate, the compounds obtained were eluted by HPLC. To 

determin the optical purity of the other compound, (+)­

ethyl 3-(3-chlorophenyl)-3-acetyloxypropionate, the 

compound was converted into (+)-3-(3-chlorophenyl) 1,3-

propanediol with lithium aluminium hydride, and the 

25 compound obtained was analyzed with an optical r_esolution 

H~LC (Chiral Cel OB, manufactured by Daisel Co.). The 

specific rotation of the compound was [a] 0 -16.4°(c1.0, 
CDC1 3). 

Example 10 

30 The mixture of 5.0 g of ethyl 3-(4-chlorophenyl)-3-

hydroxypropionate, 1.6. g of vinyl caproate and 2.0 g of 

lipase PS was stirred at rpom temperature for 13 days. 

After the lipase was removed py filtration, the filtrate 

was eluted by column chromatography (eluting solution; 

35 9/1 of toluene/ethyl acetate) to obtain 2.1 g of (-)-
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ethyl 3-(4-chloroph~nyl)-3-hydroxypropionate and 2.7 g of 

_(+)-ethyl 3-(4-chlorophenyl)-3-caproyloxypropionate, 

respectively. 

The specific rotation of (-)-ethyl 3-(4-chlorophenyl) 

5 -3-hydroxypropionate was {a] 0 -20.2°(c1.0, CDC1 3 ) and 

that of (+)-ethyl 3-(4-chlorophenyl)-3-caproyloxypropion­

ate was {a] 0 -11.0°(c1.0, CDC1 3 ). 
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OPTICALLY ACTIVE ALKYL 3-ARYL-3~HYDROXYPROPIONATES 
AND A METHOD FOR PRODUCING THEREOF 

Claims: 

1. A method for producing an optically active alkyl 

3-aryl-3-hydroxypropionate which comprises reacting, in 

the presence of' esterase prod.uced by a micro-organism or 

5 esteras~ obtained from an animal, a triglyce~ide with an 

alkyl 3-aryl-3-hydroxypropionate represented by the 

general formula: 

1 0 

RZ 

R3~R• OR& 

R'~ 
R5 OH 0 . 

( I ) 

wherein R1 , R2 , R3 , R 4 and ~Sare hydrogen, hydroxyl, 

alkoxy of 1-4 carbon atoms, benzyloxy, fluorine, 

chlorine, or bromine and R6 is alkyl, 

15 to effect a transesterification reaction, and resolvipg 

to an optically active alkyl 3-aryl-3-hydroxypropionate 

20 

represented by the general 
RZ 

R
3

~R
1 

Q "' OR& 
R' 

R5 OH 0 

formula: 

c n > 

wherein R1 , R2 , R3 , R 4, R5 and.R6 have the same mean­

ings as described above, 

and an optica1ly active alkyl 3-aryl-3-acyloxy propion-

25 ate. 

2. A method for producing an optically active alkyl 

3-aryl-3-hydroxypropionate which comprises reacting in 

the presence of esterase produced by a micro-organism or 

30 esterase obtained from an animal~ a fatty acid vinyl 

est~r and an alkyl 3-aryl-3-hydroxypropionate.represented 

by the general formula: 

RZ 

. Rs0R' OR6 

·R'~ 
· R5 OH 0 

35 
( I ) 

111111111111111111111111111111 
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wherein R1 , R2 , R3 , R 4 and RS are hydrogen, hydroxyl, 

alkoxy of 1-4 carbon atoms, benzyloxy, fluorine, chlo­

rine, or bromine and R6 is alkyl, 

to effect a transesterification reaction, and resolving 
S to an optically active alkyl 3-aryl~3-hydroxypropionate 

1 0 

15 

20 

represented by the general 
Rz 

Ra~1 Q . * OR& 
R4 

R5 OH 0 

formula: 

( II ) 

wherein R1 , R2 , R3 , R 4 , RS and R6 have the same mean­

ings as described above, 

and an optically active alkyl 3-aryl-3-acyloxy propion­

ate. 

3. An optically active alkyl 3-aryl-3-hydroxypropion­
ate represented by the general formula: 

R'~OR' 
R8 OH 0 

(ID) 

wherein R 7 and Ra are hydroxyl, alkoxy of 1-.4 carbon 
atoms, benzyloxy, f 1 uorine, ·chlorine, or bromine and R 9 

is alkyl.· 

2S 4. The optically active alkyl 3-aryl-3-hydroxypropi-
onate as claimed in claim 3, R7 and Ra in the general 
formula (III) are methoxy. 

111111111111111111111111111111 
•· C L M S * 


