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OP'RICAL‘LY ACTIVE ALKYL 3-ARYL-3- HYDROX.YPROPIONATES
' . AND A METHOD FOR PRODUCING THEREOF

- . - w——

The present invention relates to ‘optically active
alkyl 3- aryl 3-hydroxypropionates represented by the
general formula:

RZ
R3_. Rt )
. ORS (1)
R* ,
R® O0H O
1 2

wherein R', R, R3, R 4 and R5 are hydrogen, hydroxyl,
alkoxy of 1-4 carbon atoms, benzyloxy, fluorine, chlo-

rine or bromine and R® is alkyl,

‘and a method for producing the above compounds.

Optically active alkyl 3—aryl—3—hydroxypfopionates
represehted by the above formula (II).are new compounds
which are'synthesized by the inventors of the present '
invention. - ) _

The new compounds are useful as starting materials
for asymmetric synthesis of biologically and pharmacolog—'
ically active materials. '

It is known that in the optlcally actlve alkyl

3-aryl—3—hydroxyproplonates, ethyl 3-phenyl-3-hydroxy-

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

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 purlty, and the methods are not
de51rable industrially anq effectlvely.

~
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In other words, in the method of Mukaivyama 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-
tidn 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
purification 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 pfoduct has low purity (about - |
60%ee).

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.

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-hydroxypropionates.

. The present invention provides 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 estefase obtained from an
animal, a triglyceride or a fatty_acid'vinyl ester with
an alkyl 3—aryl-3-hydroxy§ro pionate represented by the
general formula: ' ' o

pe
R*_ R!

RC

OR® (1)
R® OH O
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wherein R1, R2, R3, R 4 ana R> are hydrogen, hydroxyl,

alkbxy of'1-4_carbon atoms, benzyloxy, fluorine, chlo-

rine or bromine and R6 is alkyl,

to effect a transesterification reaction, and resolving
to an optically active alkyl 3-aryl-3-hydroxypropionate
represénted by the general formula:

_ .
R3 Rl
* - OR® (o)
R4
R® OH O

wherein R1, RZ, R?, R 4, Rs and.R6 have the same mean-

ings as_described above,
and an optically active alkyl 3-aryl-3-acyloxypropionate.

Further, the present invention provides an optically
active alkyl_3-aryl—3—hydroxypropionaté represented by
the general formula: | '
m@\::/’yon" ' '
B ( ' (m) : .
R® OH © ' -

wherein R’ and R® are hydroxyl, alkoxy of 1-4 cérbbﬁ
atoms, benzyloxy, fluorine, chlorine, or bromine and R

is élkyl. o ‘

The following compounds are representative optically
active alkyl 3-aryl-3-hydroxypropionates (II) which are
obtained by thé present invention:

(-)-methyl 3—(2-metﬁoxyphenyl)-3-hydroxypropionate,

(-);ethyl'3—(2-methoxypheny1)-3—hydroxypropionate,f

(-)-bropyl 3-(2-methoxyphényl)-3-hydroxypropionate{

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

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

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

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

(+)-butyl 3—(2-methoxyphenyl)-3—hydroxypropioﬁate,

(+)-t-butyl 3-(Z—methoxyphenyl)—3—hydroxypropiohate,
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(-)-methyl §-(3—methoxyphenyl)-3-hydroxypropionate,

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

(-)-propyl 3-(3-methoxypheny1)-3;hydroxypropionate,

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

(-)-t-butyl 3-(3-methoxypheny1)—3-hydroxypropionate,

(+)—ethy1_3—(3—methoxyphenyl)-3—hydroxypropionate,

(+)-propyl 3~-(3-methoxyphenyl)-3-hydroxypropionate,

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

| (+)-t-butyl 3—(3-méthoxyphenyl)-3-hydroxypropionate,

(—)—methyl 3—(2,4-dimethoxyphenyl)—3-hydroxypropion—

ate, ' -
(-)-ethyl 3—(2,4—dimethoiyphenyl)-3-hydroxypropion-
ate, . o -
(-)-propyl 3—(2,4—dimethoxypheny1)-3—hydroxypropion--
ate, - ' '

(-)-butyl 3-(2;4-dimé£hoxyphenyl)-3-hydroxypropion—
ate, | : :
(-)-t-butyl 3—(2,4—dimethoxypheny1)—3-hjdroxypropién-
ate, ' _ el

(+)-ethyl 3-(2,4-dimethoxypheny1)—3—hydroxy§ropion-
ate, _

(+)-propyl 3-(2,4-dimethoxyphenyl)-3-hydroxypropion-
ate,
(+)-butyl 3-(2,4-dimethoxyphenyl)-3-hydroxypropion-
ate, ' v _ .
(+)-t-butyi 3-(2,4—dimethoxyphenyl)-3-hydroxypropion—

(-)-methyl 3-(2,5-dimethokypheny1)-3-hydroxypropion-
ate, . . . :
(-)-ethyl 3-(2,5-dimethoxyphenyl)-3;hydroxypropion—
ate, B | | - |

{-)-propyl 3-(2,5-dimethoxyphenyl) -3-hydroxypropion- -
ate, _ _

(-)-butyl 3;(2,S—dimethoxypheny})-3-hydroxypropion¥
ate, :
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..5_ ' .
(-)-t-butyl 3-(2,5-dimethoxyphenyl)-3-hydroxypropion-

(+)-ethyl 3—(2,S-dimethoxypﬁenyl)-3—hydroxypropion-
(+)-propyl 3-(2,5—dimethoxybhenyl)-3—hydroxypropion—
(4)—butyl 3—(2,S—dimethoxyphenyl)—3-hyaroxypropion—
(+)~t-butyl 3-(2,5—dimethoxyphepy1)-3-hydroxypropidn—
(—)-methyl 3—(3,S—dimethoxyphenyl)—3—hydroxy§ropion—
(-)-ethyl 3—(3,5—dimetﬁoxyphenyl)-3—hydroxypropion—
(-)-propyl 3—(3,5—dimethoxyphenyl)-3—hydroxypropion-
(-)-butyl 35(3,Shdiﬁethoxyphenyli—3~hydroxypropiop-
(-)-t-butyl 3—(3,5—dimethoxyphenyl)—3—hydroxypropion—
(+)-ethyl 3—(3,5—dimethoxyphenyl)—3-hydroxypropion—
(+)-propyl 3—(3,deiméthoxyphenylj—3-h§d;§xyp;opion—
(+)-butyl 3-(3,5-dimethoxyphenyl)-3-hydroxypropion-
(+)-t-butyl 3-(3,Sfdiﬁethoxyphenyl)—3—hydroxypropion—
(-)—metth 3-(3,4—dimethoxyphenyl)-3—hydroxyp¥opion—
(-)-ethyl 3-(3,4-diﬁethoxypheny1)—3-hydroxypropion-
(-)-propyl 3-(3,4-dimethoxyphény1);3—hydroxfpr0pion—

(-)-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-
ate, |
(+)-propyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion-
ate, . ; ' ) :

(+)-butyl 3-(3,4-dimethoxyphenyl)-3-hydroxypropion-
ate, : : _ '
~ (+)-t-butyl 3-(3,4-dimethoxyphenyli—3—hydroxypropion—

(-)-methyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate,
~ (-)-ethyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate,
(-)-propyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate,
(-)-butyl 3—(2—benzyloxtheny1)-3—hydroxypropionate,
(-)-t-butyl 3-(2-benzyloxyphenyl)-3-hydroxypropion-
ate, | .
(+)-methyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate,
(+)-ethyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate,
(+)-propyl 3-(2-behz§loxypheny1)—3—hydroxypropionate,
(+)-butyl 3-(2-benzyloxyphenyl)-3-hydroxypropionate,
(+)—t-buty1'3-(2—benzyloxyphenyl)43—hydroxypropion—
ate, o |
(;)-methyl 3-(3-benzyloxyphenyl)-3-hydroxypropionate,
(~)-ethyl 3—(3-bepzyloxyphenyl)—3—hydroxypropionate,
(-)-propyl 3-(3-benzyloxyphenyl)-3-hydroxypropionate,
(-)-butyl 3-(3-benzyloxyphenyl)-3-hydroxypropionate,
(-)-t-butyl 3-(3-benzyloxyphenyl)-3-hydroxypropion-
ate, ' : _ '
(+)-methyl 3—(3—benzyloxyphenyl)-3-hydr6xypropionate,
(+)~ethyl 3—(3—benzy16xypheny1)-34hydroxypropionate,
(+)-propyl 3-(3-benzyloxyphenyl)-3-hydroxypropionate,
{+)-butyl 3-(3-benzyloxyphenyl)—3-hydroxypropionate,
(+)-t-butyl 3-(3-benzyloxyphenyl)-3-hydroxypropion-
ate, :
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(-)-methyl 3—(4~benzyloxyphenyl)—3fhydroxypropionate,
(—)éethyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate,
(-)-propyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate,
(;)-butyl 3—(4—benzyloxyphenyl)-3—hydroxypropionate,
(-)-t-butyl 3-(4-benzyloxyphenyl)-3-hydroxypropion-

(+)Fmethy1 3-(4-benzyloxyphenyl)-3-hydroxypropionate,

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

ate,

(+)-propyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate,
(+)-butyl 3-(4-benzyloxyphenyl)-3-hydroxypropionate,
(+)-t-butyl 3—(4—benzyloxyphenyl)-3-hydroxypropion—

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

ate,

(4)-etﬁyl 3—(2-fluoropheny1)—3-hydroxyprdpionate,
(+)-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,
(-)-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,
(+)-propyl 3-(4-fluorophenyl)-3-hydroxypropionate,
(+)-butyl 3:(4-fluorophenyl)-3-hydroxypropionate,
(+)-t-butyl 3-(4—f1uor6phenyl)-3—hydroxypropionate,
(-)—methyl 3-(2,3-difluorophenyl)-3-hydroxypropion-

(~-)-ethyl 3-(2,3-difluorophenyl)-3-hydroxypropionate,
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(-)-propyl 3-(2,3-difluorophenyl)~-3-hydroxypropion-
ate, . ' ' ' .
(-)-butyl 3-(2,3-difluocrophenyl)-3-hydroxypropionate,
(-)-t-butyl 3-(2;3-difluorophenyl)-3-hydroxypropion-
ate, : :

- (+)-methyl 3-(2,3—dif1uorophenyl)—3-hydroxypropion—
ate,

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

(+)-propyl 3—(2,3—difluorophenyl)-3—hydroxypropion—
ate, |

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

(+)-t-butyl 3-(2,3-dif1uorophenyl)—3-hydroxypropioﬁ-
ate,

(-)-methyl 3-(3,4-difluorophenyl)—3fhydroxypfopion—
ate, '

(-)-ethyl 3—(3,4—dif1uorophenyl)—3—hydroxypropionate,

(-)-propyl 3-(3,4-difluorophenyl)-3-hydroxypropion-
ate, o

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

(-)-t-butyl 3-(3,4-difluorophenyl)-3-hydroxypropion-
ate, . |

(+)—methy1 3—(3,4—dif1uorophény1)-3—hydroxypropion-
ate,
(+)-ethyl 3-(3,4-dif1uorophenyl)—3—hydroxypropionate,
(+)-propyl 3-(3,4-difluorophenyl)-3-hydroxypropion-
ate, | _ : .
(+)-butyl 3-(3,4-difluorophenyl)-3-hydroxypropionate,
(+)-t-butyl 3-(3,4-difluorophenyl)-3-hydroxypropion-
ate, _ _

(-)-methyl 3-(3,5-difluorophenyl)-3-hydroxypropion-
ate, . '
(-)-ethyl 3-(3,S—difluorophenyl)-3-hydroxypfopionate,
_ (-)-propyl 3L(3,5—difluoropheny1);3—hydroxypropion-
ate,

(-)-butyl 3-(3,5-difluoropheny1)-3—hydroxypropionate,
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(-)-t-butyl 3—(3,S—difluorophenyl)-3—hydroxypropion*

(+)—mgthyl 3-(3,5-difluorophenyl)-3-hydroxypropion-

(+)-ethyl 3-(3,5-difluorophenyl)-3-hydroxypropionate,
(+)-propyl 3—(3,5—difluordphenyl)43—hydroxyprqpion—

(+)-butyl 3-(3,5-difluorophenyl)-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,
(-)-t-butyl 3-(2-chlorophenYl)—3-hydroxypropiongte,
(+)-methyl 3-(2-chlorophenyl)-3-hydroxypropionate,
(+)-ethyl 3—(2—chlorophenyl)-3-hydroxypropionate,
(+)-propyl 3-(2-chlorophenyl)-3-hydroxypropionate,
(+)-butyl 3-(2-chlorophenyl)-3-hydroxypropionate,
(+)-t-butyl 3—(2-chloropheny1)—3—hydroxypropion€te,'
(-)-methyl 3—(3—chloropheny1)—3—hydroxypropionate,
(-)-ethyl 3-(3-chlorophenyl)-3-hydroxypropionate,
(-)-propyl 3-(3-chlorophenyl)-3-hydroxypropionate,
(-)-butyl 3-(3-chlorophenyl)-3-hydroxypropionate,
(—)—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,
(+)-t-butyl 3-(3-chlorophenyl)-3-hydroxypropionate,

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

(-)~ethyl 3-(4-chlorophenyl)-3-hydroxypropionate,
(-)-propyl 3-(4-chlorophenyl)-3-hydroxypropionate,
(-)-butyl 3-(4-chlorophenyl)-3-hydroxypropionate,
(—)Qt—butyl 3—(4-chlorobhenyl)—3—hydroxypropionate,
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ate,

ate,

ate,

ate,
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(+)-methyl 3—(4-chlqrophenyl)-3—hydroxypropionate,
(+)-ethyl 3-(4-chlorophenyl)-3-hydroxypropionate,

(+)-propyl 3-(4—chlorophenyl)-3ehydroxypropiOnaté,

(+)-butyl 3-(4-chlorophenyl)-3-hydroxypropionate,
{(+)-t-butyl 3-(4-chlorophenyl)-3-hydroxypropionate,
(-)-methyl 3-(2,3-dichlorophenyl)-3-hydroxypropion-

(-)-ethyl 3—(2,3—dichlofophenyl)—3—hydroxypropionate,
(-)-propyl 3-(2,3-dichlorophenyl)=3-hydroxypropion-

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

(+)-methyl 3-(2,3—dichloropheny1)—3-hydroxypropion—

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

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

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

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

(f)ebutyi 3-(3,4-dichlorophenyl)-3-hydroxypropionate,
{-)-t-butyl 3-(3,4-dichlorophenyl)-3-hydroxypropion--

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

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

(+)-butyl 3-(3,4—dichlorophenyl)—3—hydrox?propionatet
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(+)-t-butyl 3-(3,4—dichlorqpheny1)—3—hydroxypropion-

(-)-methyl 3-(2-bromophenyl)-3-hydroxypropionate,
(-)-ethyl 3-(2-bromophenyl)-3-hydroxypropionate,
(-)-propyl 3-(2-bromophenyl)-3-hydroxypropionate,
(-)-butyl 3-(2-bromophenyl)-3-hydroxypropionate,
(-)-t-butyl 3-(2-bromophenyl)-3-hydroxypropionate,
{+)-methyl 3-(2-bromophenyl)-3-hydroxypropionate,
(+)-ethyl 3-{(2-bromophenyl)-3-hydroxypropionate,
(+)-propyl 3-(2-bromophenyl)-3-hydroxypropionate,
(+)—buty1'3—(2—bromophenyl)—3—hydroxypropionate,
(-)-methyl 3-(3-bromophenyl)-3-hydroxypropionate,
(-)-ethyl 3—(3—bromophenyl)-3—hydroxypropionate,
(-)-propyl 3-(3-bromophenyl)-3-hydroxypropionate,
(-)-butyl 3-(3-bromophenyl)-3-hydroxypropionate,
(—)—ﬁ—butyl'3—(3-bromophenyl)—3—hydroxypropionate,
(+)-methyl 3-(3-bromophenyl)-~3-hydroxypropionate,
(+)-ethyl 3-(3-bromophenyl)-3-hydroxypropionate,
{+)-propyl 3-(3-bromophenyl)-3-hydroxypropionate,
(+)-butyl 3-(3—bromophenyl)-3—hydroxypropiohate;'
(+)-t-butyl 3-(3-bromophenyl)-3-hydroxypropionate,
(—)—methyl'3—(4—bromophenyl)—3-hydroxypropionate,
(-)-ethyl 3-(4-bromophenyl)-3-hydroxypropionate,
(—)fpropyl 3-(4-bromopheny1)-3-hydroxypropionaté,
(=)-butyl 3—(4—bromophenyl)-3—hydroxypropionate,
(-)-t-butyl 3-(4-bromophenyl)-3-hydroxypropionate,
(+)-methyl 3-(4-bromophenyl)-3-hydroxypropionate,
{(+)-ethyl 3;(4-bromopheny1)—3-hydroxypropionate,
(+)-propyl 3-(4-bromophenyl)—3-hydroxypropionate,

“{+)-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,
(-)-butyl 3—(2,3—dibromophenyl)—3-hydfoxypropionate,



10

15

20

25

30

35

ate,

ate,

ate,

-12-
{-)-t-butyl 3-(2,3—dibrom6pheny1)—3—hydroxypropion~

(+)-methyl 3-(2,3-dibromophenyl)-3-hydroxypropionate,
(+)-ethyl 3-(2,3-dibromophenyl)-3-hydroxypropionate,
(+)~-propyl 3-(2,3-dibromophenyl)-3-hydroxypropionate,
{+)-butyl 3—(2;3-dibromophenyl)-3—hydroxypr0pionate,
(+)—t—buty1 3-(2,3-dibromophenyl)-3-hydroxypropion-

{-)-methyl 3-(3,4—dibromophenyl)-3—hydroxypropionate,
(-)-ethyl 3—(3,4—dibrombphenyl)—3-hydroxypfopionaté,
(-)-propyl 3—(3,4-dibromophenyl)—ﬁ-hydroxypropionate,
(-)-butyl 3-(3,4-dibromophenyl)-3-hydroxypropionate,
(-)-t-butyl 3-(3,4-dibromophenyl)-3-hydroxypropion-

(+)-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-

ate,

ate,

ate,

ate,

(-)-methyl 3—(3,S—dibromophenyl)—3—hydroxypropionate,
(—)réthyl 3-(3,5-dibromophenyl)-3-hydroxypropionate,
(-)-propyl 3-(3,5-dibromophenyl)-3-hydroxypropionate,
(-)-butyl 3-(3,5-dibromophenyl)-3-hydroxypropionate,
(—)Qt—butyl 3-(3,5;dibroﬁophenyl)—3-hydroxypropion—

(+)-methyl 3-(3,5-dibromophenyl)-3-hydroxypropionate,
(+)-ethyl 3-(3,5-dibromophenyl)-3-hydroxypropionate,
(+)—prqpyl_3-(3,5-dibromophenyl)—3—hydroxypropionate,
(+)-butyl 3;(3,S—dibromophenyl)—3;hydroxypropionate;
(+)-t-butyl 3-(3,5-dibromophenyl)-3-hydroxypropion-~

(4)-methyl'3-(3,S-dichlorophenyl)—3—hydroxypropion-

(—)-ethyl 3-(3,5-dichlorophenyl)-3-hydroxypropionate,
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(-)-propyl 3-(3,5-dichlorophenyl)-3-hydroxypropion-
ate, -

(-)-butyl 3—(3,5—dichloropheny1)—3-hydroxypropionate,

(-)-t-butyl 3-(3,5-dichlorophenyl)-3-hydroxypropion-
ate,

(+)-methyi 3-(3,S—dichlorOphenyl)-3-hydroxypropion-
ate, _ )

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

(+)-propyl 3-(3,5-dichlorophenyl)-3-hydroxypropion-
ate, '

(+)-butyl 3-(3,5-dichlorophenyl)-3-hydroxypropionate,

(+)-t-butyl 3-(3,5-dichlorophenyl)-3-hydroxypropio-
nate and the like.

In this invention, the alkyl 3-aryl-3-hydroxy-
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-
tin, tripropionin, tributyrin, tricaproin, trilauriﬁ,
etc. can be exemplified, and as for fatty acid vinyl
esters, vinyl acetate, vinyl propionate, vinyl butyrate,
vinyl caproate, vinyl laurate, etc. can be exemplified.
These compounds are commercially available.and_also_
easily obtained by synthesis. -

The following table shows commercially available

esterases that can be used in the present invention,
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Table

Trade name Oriéin ' Seller or Maker

Lipase PS Pseudomonas fluorescens Amano Pharmaceutical
Co., Ltad

Lipase CES Pseudomonas sp. "

Lipase AP Aspergillus niger "

Lipase M Mucor javanicus - "

Lipase CE Humicola lanuginosa "

Lipase F-AP Rhizopus javanicus "

Lipase II1 Porcine pancreas Sigma Chemical

Lipase VIII Geotrichum candidum ' "

Lipase X Rhizopus delamar "

Lipase Chromobacterium viscosum Toyo Jozo Co., Ltd

Lipasé A Aspergillus niger Novo Industi A/S

Lipase Rhizopus niveus Nagase Biochemi-
cals, Co. Ltd

Lipase B Pseudomonas fragi Sapporo Beer Co.,
Ltd

In addition to these enzymes, microorganisms which pro-
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.

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 triglycéride, and contacting efficiently thé mixture
with an enzyme. The reaction temperature is suitably room
temperature (about 10°C) to 150°C, preferably 20° to
45°C. The reaction time is widely variable, say 1 to 1000
hours. '

The alkyl j—aryl-3—hydroxypropionate which is a
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, hydrocérbons such as
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
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
distillation under reduced pressure or column chromatog-
raphy. After the reaction, when the optical purity of the
optically active alkyl_3-aryl—3-hydroxypropionate is lbw
(when the transesterification is not enough), the com-
pound having high optical purity (»>99%ee) can be obtained
by re-transesterification with the esterase.

The optically active alkyl 3-aryl—3—acyloxypropibn-
ates obtained by the above processes are hydrolyzed in an
alkali (e. g. potassium hydroxide or.éodium hydroxide) or
an acid (e. g. hydrochloric acid or sulfuric acid) or
alcoholiged (in methanol or ethanol) to derive antipodes
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 can be obtained.
Further, (+)- or (-)-alkyl 3earyl—3—acylokypropionates

~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
purities.
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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-
hydroxypropionate which_is a known compound is reduced to
obtain optically active 1-phenyl-1,3-propanediol. The
compound obtained is a starting material of fluoxetin
which is an antidepreséant (J. Am. Chem. Soc., 53,
4081(1988)). Moreover, the compounds obtained by the
method of the present invention dan be lead to various
kinds of materials having biological and pharmacological
activity.

" The following exémples illustrate the present inven-
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
1.0°'g of lipase PS was stirred at room temperature ﬁor 35
hours. After the lipase was removed by filtration, the
filtrate was eluted by column chromatogfaphy (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-phenyl-3-hexanoyloxy-
propionate. _

To determine the optical purity, (+)-ethyl 3-
phenyl-3-hydroxypropionate which was obtained by alcohol-
ysis of (+)-ethyl 3-phenyl-3-hexanoyloxypropionate in
ethanol was used.

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). '

Example 2 '. -

°
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The mixture of 4.0 g (21 mmol) of S-ethyl 3-phenyl-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
lipase was removed by filtration, the filtrate was eluted
by column chromatography (eluting solution; 9/1 of tol-
uene/éthyl acetate). 1.7 g (99%ee) of (-)-ethyl
3-phenyl-3-hydroxypropionate having high optical pﬁrity
and 2.7 g of (+)-ethyl 3-phenyl-3-hexanoyloxy propionate
were obtainéd, respectively.

Example 3 .

The mixture of 5.0 g (28 mmol) of methyl 3-phényl-3-
hydroxypropionate, 1.97 g (14 mmol) of vinyl caproate and
2.0 g of lipase PS was stirred at room temperature for 28
hours. After 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
were obtaihed, respectively. ‘

The optical purity of (+)-methyl 3-phenyl-3-hexan-
oyloxypropionate was determined by using (+)-ethyl 3-
phenyi—3—hydroxypropionate obtained by alcoholysis of the
former compound in ethanol.

The optical purities of both (+)- and (-)- compounds
were determined by the same method as described in Exam-
ple 1.

-Example 4

The mixture of 5.0 g of ethyl 3-(4-methoxyphenyl)-3-
hydrokypropionate, 1.6 g of vinyl caproate and 2.0 g of
lipase PS was stirred at roém temperature for 30 hours.
After 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-
methoxyphenyl)-3-hydroxypropionate was obtained.iThe
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specific rotation of the compound was [alp -19°(c1.22,
CHC13).
Example 5 _ :

The mixture of 5.0 g (22 mmol) of ethyl 3- ,
(2-methoxyphenyl)-3-hydroxypropionate, 1.6 g (11 mmoi) of
vinyl caproate and 2.0 g of lipase PS was sfirred 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).
1.9 g (45%ce) of (-)-ethyl 3—(2-methdxyphenyl)-3-
hydroxypropionate was obtained. The specific rotation of
the compound was [a]D31 -27.1°(¢1.05, CHCly).

Further, 5.4 g of (+)-ethyl 3-(2-methoxyphenyl)-3-
hexanoyloxypropionate was obtained. The specific rotation
of the compound was [a]D30 +32.0°(c0.20, CHCl3).

To determihe optical purity of (+)-éthy1 3-(2-
methoxyphenyl)-3-hexanoyloxypropionate, the compound was
converted into (+)-3-(2-methoxyphenyl)-1,3-propanediol
with lithium aluminium hydride, and the compound obtained
was analyzed with an optical resolution HPLC (Chiral~Cel
OB, manufactured by Daisel Co.). The result was 74%ece.
Example 6

The mixture of 5.0 g (20 mmol) of ethyl 3-(3,4-
dimethoxyphenyl)-3-hydroxypropionate, 1.4 g (13 mmol) of
vinyl caproate and 1.0 g of lipase PS was stirred at room
temperature for 12 days. After the lipase was removed by
filtration, the filtfate 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)-

3-hydroxypropionate and 4.3 g (about 43%ee) of (+)-ethyl
3-(3,4-dimethoxyphenyl)-3-hexanoyloxypropionate.

- The optical purity was depermined by the following
method: after (-)-ethyl 3-(3,4-dimethoxyphenyl)-3-
hydroxypropionate was reacted with 4-nitrophenyl isocyan-

‘ate, the compounds obtained were eluted by HPLC (Japanese



10

15

20

25

30

35

-19-
Patent Application No. 1-176580). The specific rotation
of the compound was [alp?! -16.9°(c1.0, CDCls).

To determine optical purity of (+)-ethyl 3-(3,4-
dimethoxyphenyl)-3-hexanoyloxypropionate, the compound
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 Cel OB, manufactured by Daisel Co.).

Example 7.
The mixture of 5.0 g (20 mmol) of ethyl 3-(2,4-

dimethoxyphenyl)-3-hydroxypropionate, 10 ml of vinyl
acetate and 2.0 g of libase PS was stirred at room tem-
perature for 50 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 3.5 g (35%ee) of (-)-ethyl 3-(2,4-
dimethoxyphenyl)-3-hydroxypropicnate and 1.5 g of (+)-

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

spectively. )

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 [01021 -12.4°(c1.1,
CDC13).

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 -
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 (+)-
ethyl.3—(3,5—di—me£hoxyphenyl)—3—acetoxypropionate.
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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 eluted by HPLC. The
specific rotation of the compound was [a]D24 —11.7°(ci.1,

-CDC13).

Example 9

The mixture of 5.0 g of ethyl 3-(3-chlorophenyl)-3-
hydroxypropionate, 1.6 g of vinyl caproate and 2.0 g of
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 acetaté) to obtain 2.34 g (40%ee) of
(-)-ethyl 3-(3-chlorophenyl)-3-hydroxypropionate and 2.75
g (>90%ee) of (+)-ethyl 3-(3-chlorophenyl)-3-caproyloxy-
?ropionate. ‘

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 eluted by HPLC. To
determin the optical purity of the other compound, (+)-
ethyl 3—(3—chlorophenyl)-3—acetyloxyp:opionate, the
compound was converted into (+)-3-(3-chlorophenyl) 1,3-
propanediol with lithium aluminium hydride, and the
compound obtained was analyzed with an optical resolution
HPLC (Chiral Cel OB, manufactured by Daisel Co.). The
specific rotation of the compound was [alp -16.4°(c1.0,
CDCl1,).

Example 10

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 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 2.1 g of (-)-
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ethyl 3-(4—éhlorophenyl)-3—hydroxypropionate and 2.7 g of
(+)-ethyl 3—(4—chlorophenyl)—3-caproyloxypropionate,
respectively.

The specific rotation of (-)-ethyl 3-(4-chlorophenyl)
-3-hydroxypropionate was [u]D_—20.2°(c1.O, CDCl3) and
that of (+)-ethyl 3-(4-chlorophenyl)-3-caproyloxypropion-
ate was [alp -11.0°(c1.0, CDCl3).
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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 produced by a micro-organism or
esterase obtained from an animal, a triglyceride with an
alkyl 3-aryl-3-hydroxypropionate represented by the
general formula: ' '

. Rz

Rs.,. Rl

R‘

OR® (1)
RS OH 0

wherein R1, Rz, R3, R 4 and Rs are hydrogen, hydroxyl,
alkoxy of 1-4 carbon atoms, benzyloxy, fluorine, l
chlorine, or bromine and R6 is alkyl, _
to effect a transesterification reaction, and resolving
to an optically active alkyl 3-aryl-3-hydroxypropionate
represented by the general formula:

R3 RT R! .

' * OR® ()

RI

RS OH O

wherein R1, Rz, R3 R 4, R5 and-R6 have the same mean-
ings as described above,

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

ate.

2. A method for producing an optically active alkyl
3-aryl-3-hydroxypropionate which comprises reacting in
the presence of esterase'éroduced by a micro-organism or
esterase obtained from an animal, a fatty acid vinyl
ester and an élkyl 3-aryl-3—hydroxypropionate_représented

- by the general formula:

RZ
R® R!
'R‘ OR® (1)

-R® OH O

) AR L
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wherein R1, Rz, R3, R 4 and R® are hydrogen, hydroxyl,
alkoxy of 1-4 carbon atoms, benzyloxy, fluorine, chlo-
" rine, or bromine and R® is alkyl,
- to effect-a transesterification reaction, and resolving
5 to an optically actiﬁe alkyl 3-aryl-3-hydroxypropionate

represented by the general formula:

RZ
R3 R!
. OR® (o)
Rl
R O0H O

10 .

wherein R1, Rz, R3, R 4, R5 and R6 have the same mean-

ings as described above,

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

ate.

15
3. An optically active alkyl 3-aryl-3-hydroxypropion-
ate represented by the general formula:
R? * OR?
| (m)

20 R® OH O

wherein R’ and R® are hydroxyl, alkoxy of 1-4 carbon

atoms, benzyloxy, fluorine, chlorine, or bromine and r?

is alkyl. | ' |
25 4. The optically active alkyl 3-aryl- 3'hydroxypropi-

onate as claimed in claim 3, R’/ and r® in the general
formula (III) are methoxy.

* < L M 5 *



