-}

10

15

20

25

OPTICALLY ACTIVE COMPOUNDS AND A PROCESS
FOR PRODUCING THESE COMPOUNDS'
The present-invention relates to optically active

compounds which are starting materials of physiologically . |

active substances, fﬁnctional materials and the like, and

to a process of producing the optically active compounds.
Optically active compounds énd their esters are

useful compounds as starting materials 6f physiologically

-active substances such as pharmaceuticals and

agricultural chemicals, functional materials and the
like, and as their intermediates. However, the compounds
have optical isomers, and in many cases they do not

sufficiently exhibit their useful characteristics unless

the R- or S-compound is preponderant.

For the above reasons, and in order to obtain an '
oﬁtically active substance, it is necessary to optically
resolve a racemate (itself typically obtained by .a
synthetic chemical technique), to conduct an asymmetric
synthesis, or to convert_ffom an optically active |
starting material by a stereochemical synthetic method.
in many cases, the process. is troublesome and
disadvantageous industrially. ° ,

Accordingly, it is desired to develop a technique
for obtaining optically active compounds by an ,;'
industrially advantageous method.
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The inventors of the present inventién carried out
research for obtaining a process for producing optically

active compounds by an advantageous industrial method.

They found a process for producing an optically active

alcohol and an ester, in which the alcohol and the ester

are efficiently obtained by using an enzyme.
Namely, the present invention provides a compound
represented by the general formula (I):
ORT-
R2_&* H-CH,-OX (1)
whereln Rl is hydrogen or alkanoyl of 2-20 carbon atoums,

.R? is alkyl of 1-40 carbon atoms, alkenyl of 1-40 carbon
atoms, or alkynyl of 1-40 carbon atoms in which the alkyl,

alkenyl or alkynyl moiety is possible to have phenyl,’
cyclohexyl, pyridyl, p&rimidyl, pyridadyl, pyrazyl, -
dioxyl, bicyclooctyl, or a substituent thereof, or halo-
gen, cyanogen, oxygen, nitrogen, silicon or sulfur, and
X is a protective group removable by a chemical method of
organic synthesis and C is an asymmetrlc carbon. -

Further, the present invention provides a process for
produc1ng an optically active compound which comprises
reacting under'substantially.anhydrous conditions and in
the presence of a hfdrolase an ester and a compound
represénted by the general formula (II) :

' or!
R2- CH-CH,~0X (II)

wherein R!, R? and X have the same meaning as described
above, to effect a transesterification reaction, and
resolving to an optically active alcohol which has either
the R- or. S-conflguratlon and the correspondlng ester of
the S§- or R-alcohol; : .

According to the method of the present inVentién, the
reaction is conducted under substantlally anhydrous
conditions. This method does not require the use of a
small amount of water or a lower alcohol instead of the
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water, and a side reaction does not occur such as

_ hydrolysis of obtained esters and esters of starting

compounds and formation of undesirable esters, so that the
enzyme is easily separated after the reaction and re-
used. Furthermore, since fhe reaction is conducted under
substantially anhydrous conditions,.the method can be

kept free from contaminaﬁt of microorganisms. Accordingly,
there is no necessity for preparing special equipwent,
antiseptics, sterilization treatment, etc. It is possible
to conduct the reaction in an open system. Further, the
reaction may be conductod in the same or.higher substrate
concentration in comparison with common organic synthetic

" reactions.

The following descrlptlon illustrates this 1nvent10n mwore
specifically. _

In the present invention, the (R, S)-compounds of the
raw materials can be prepared, for example, by the fol-
lowing process.

?H B OH
R2CHCH,OH —  RZCHCH,0X
(III) (in formula (II}, R! is hydrogen)

" Namely, the (R,S)-compounds can be obtained by
introducing a protective group to a commercially
available diol compound represented by formula (III).

The other hand, ‘after a protective group is
introduced in an available compound represented by
formula.(IV), the carbonyl groub of the compound is
reduced by a reducing agent and (R,S)Qcompound (II) can
be obtained as shown in the following process.

0 o OH
2“ . 2“ 2
R’CCH,OH '—+ RPCCH,0X —+ R“CHCH,0X
(Iv) (V) _ (in formula (II), R‘l is
hydrogen) -

Further, the (R,S)?compoundﬁ can be obtained by the
following_ring opening process of ebpxy compounds (VI)
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which are industrially and inexpensively prepared.

(0] OH
2 7\ N
R°CH-CH, —r R“-CHCH,0X
(VI) ' (in formula (II), R! is

hydrogeh)

The (R,S)-compounds can be produced by various proc-
esses in thch common chemical methods of organic synthe-
sis are used. | ' '

"It is also enough to use esters, preferably tri-
glycerides and fatty acid vinyl esters, which are commer-
cially available without ahy difficulty. As these esters,
methyl propionate, ethyl butyrate, ethyl stearate, tri-
chloroethyl laurate, butyl laurate, ethylene glycol
diacetate, etc, ‘can be used. Eepecially, triglycerides
and vinylesters are preferable. Triacetin, tripropionin,
tributyrin, tricaproin, tristearin, trileurip, trimyris--
tin, triolein, Vinyi acetate, vinyl caproate, vinyl
laurate, etc, can be exemplified as such triglyceti@es
and fatty acid vinyl esters. . '

The_hydrolase which is used in this invention has the
ability to catalyse a transesterification reactioni
preferentially between the R- or S-alcohol and the ester
when the enzyme is used with the (R,S)-compound, and the
enzyme can be used :egardlees its class. For example a
lipase, lipoproteih lipase, esterase, etc. are
preferable. The following table shows‘eommercialiy
available enzymes that can be used in the present
reaction.

o Table
Trade name Origin - - = Seller or Maker
Lipase AP = Aspergillus niggg ' _ Amano Pharmaceutical
’ . - ' Co., Ltd
Lipase M Mucor'javanicds -oo"
Lipase gj , Pseudemonas fluorescens = "

Lipase CES . Pseudomonas Sp | S ' "
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Lipasé CE
‘Lipase F-AP

Lipase I1II

. Lipase VIII

Lipase X
Lipase
Palatase 2
Lipase

Humicola - lanuginosa

Rhizopus javanicus

Porcine pancreas

Geotrichum éandidum

Rhizopus delamar

Chromobacterium viscosum

Aspergillus niger

Rhizopus niveus

1 .
1y
Sigma Chemical
Co., Ltd

1

"
Toyo Jozo Co., Lta
Novo Industi A/S
Nagase Biochemi—
cals, Co. Ltd

In addition to these enzymes, microorganisms which
produce the enzymes having the above ablllty can be used
regardless of their species and genus. As such
microorganisms, the genera Arthrobacter, Acromobacter,
Alcaligenes, Aspergillus, Chromobacterium, Candida,

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

The ‘enzymes produced from these microorganisms can be also

used.

In the following, the process for producing the
optically compounds.is described in more detail. In the

- practice of the invention, the reaction is typically

conducted by mixing an (R,S)>compound with an ester,
preferably a trlglycerlde or a fatty acid v1nyl ester and
contacting efflclently the mixture with an’ enzywne. The

(R, S)~compound and the ester such as the triglyceride or
" the fatty acid v1ny1 ester can be used without any par-

ticular treatments. When the alcohol'is slightly soluble
in the ester, an'ofganic solvent such as, for example
heptane or toluene can be added. The reaction temperature
is suitably 0 to 100°C and especially preferably 30 to
45°C. The reaction time is broadly 5 to 2000 hours. The
reaction time can.be shortened by changing the reaction

temperéture, the kind of the enzyme and the substrate
concentration.

The (R,S)~alcohol which is a substrate and the ester
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are mixed in the fatio 1:0.5 to 1:2 by‘mole, and

" preferably 1:1.1 to 1:2 by mole.

after the transesterification reaction, the enzyme
can be removed by conventional filter operation and used
again, as it is. The filtrate can be separated into an
optically active alcohol and an ester whiéh is an
antipode of the alcohol, reépectivély, for instance by
distillation or column chromatography. The obtained ester
is hydfolyzed in an alkaii or acid solution to derive the
optically active alcohol which is an antipode of the
alcohol. _ .

By the above described process, the optically active
R- and S-alcohol can be obtained.

Since the‘compounds of the present invention
represented by formula (I) are diol compounds in which
one of hydfoxide groups is protected or compounds in
which two hydroxidejgroups are decorated by different
substituent groups, the compdudds can be converted to
various types of compounds. T

As an example, the compound represented by the
general formula (I) where‘in_R1 is hydrogen, R? is ethyl

and X is a€;:> (the same compound as in Example 1) can
be easily converted to optically active 3-hydroxy-
pentanoic acié or optically active 2-methyl-3-hydroxy-
pentanoic acid. The obtained compounds are useful as
starting materials of serricornin or anhydrous-serricor-
nin which is pheromone of Lasioderma serricorne'(R, W,
Hoffmann et al., Tetrahedron lett., 23, 3479 (1982)).
Moreover,'as an exawmple, the compound of the general
formula (I) wherein rR! is hydrbgen and R? is n-pentyl'can
be easily converted to 1-iodo-2-heptanol which is useful
for starting materials of prostaglandin (E. J, Corey et

al., Jo Atn. Chem. SOC. Iz 2_3_, 1491 (1971))-

Since the éompoﬁnds of the general formula (I) can be
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changed to diol compounds or epoxy compounds, these

‘compounds are useful for starting materials of various

compounds.

As an example; optically active epoxy compounds as
shown in the following process are useful for starting
materials of ferroelectric liquid clystal compounds which

are recently noted (Nohira, Kumano, Ishizuka and Miura,

14th Forum of Liquid Crystals, 1B113 (1988)).

, 0\ Hydrogen fluoride- li=‘
. P - *
CnHon1C H-CHZ pyridine - an2n+1C HCH,OH

- - - - Ro@ )—@-ocnzc HC H2n+1

Furthgrmore, the merits of the production process of
the present invéntibn are as follows.
(1) Unnecessary hydrolysis of esters scarcely occurs
because the transesterification reaction is substaqtially
conducted under ‘the conditions of no water.
(2) The enzyme can be easily recoveted and re-used.
(3) No special equipment and materials are used because
the reaction can be performed undé: thé conditions of
relatively low temperéturés and an open system.
(4) Optically active substances having high purity are
obtained by a one-step reactlon.

(5) In spite of the blochemlcal reaction, the substrate

concentration can be increased and big reaction vessels
are unnecessary, because a buffer solution and the like
are not required in the reaction.

The following examples illustrate this invention more
specifically.

.Example 1

. The preparation of optically active 1-
tetrahydropyranyloxy-z-butano1 (in formula (1), r1 is
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_hydrogen, R? is ethyl and X is 4{i:> )

The first step: The preparatlon of (R S)- 1-tetraydro—
pyranyloxy-z-butanone

The mixture of 100 g of 1-hydroxy-2-butanone, 143 g
of 2,3-dihydropyran and 200 ml of dichloromethane was
cooled to 0°C. 4.8 g of pYridine p-toluenesulfonate in
75 ml of dichloromethane was added dropwis€ to the mix-
ture. The mixture was stirred for four hours in an ice
bath and then for one hour at room temperature and left
overnight. The obtained soluﬁion was cooled in an ice
bath. To the solution 3 g of sodium bicarbonate was
added. After stirring for one hpu:, dichloromethane was
removed from the solution under reduced pressure. 200 ml
of n-heptane was added and the obtained product was
purified with a chromatograph over silica gel. After
removing the solvent, 174,g9 of (R,S)-1- -tetrahydro- .
pyranyloxy-2-butanone was obtained by reduced distilla-
tion. b.p. 82°C (4.5 torr). .

The second step: The preparation of (R,S)-1-tetrahydro-
pyranyloxy-2-butanol :

The mlxture of 38 g of LiAlH, and one liter of tetra-
hydrofuran was cooled to 0°C. 173 9 of (R,S)-1-tetra-
hydropyranyloxy-2-butanone in 450 ml of tetrahydrofuran'
was added dropwise to the mixture and stirred at room
temperature for three heurs.

To the reaction product cooled in an ice bath, 300 ml
of ethyl acetate, 300 wml of water and 300 ml of aqueous
solution of 2N sodium hydroxide were added._After solids
were removed by filtration from the reaction system,
tetrahydrofuran vas removed under reduced pressure from’
the filtrate. The obtained product was purified with a
chromaﬁograph over Silica'gel. After removidg the eol-
vent, 64 g of AR, S)-1- tetrahydropyranyloxy-z-butanol was

‘obtained by reduced distillation.

The third step: The optical resolution of (R,S)-1-tetra-

~
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hydropyranyloxy-2-butanol

"The mixture of 10 g of enzyme lipase "Amano" CES
(produced by Amano Pharmaceutical Co., Ltd), 60 g of
(R, 8)-1-tetrahydropyranyloxy-2-butanol and 117 g of

‘tributyrin was reacted with stirring at 38°C for ten

days. Af;er the reaction was stopped, the enzyme was
removed by filtration, and the enzyme-on the filter paper
was washed by using n-heptane. n-Heptane was distilled
away from the filtrate, the residue was-purified with a
chromatograph over silical gel, and 22.5 g of optically
active 1-tetrahydropyranyloxy-2-butanol and 20.8 gy of 1-
tetrahydropyrany1oxy-2-butyryloxybutane=were obtained.
The obtained compounds were determined by structure
analysis of a NMR chart. ) '

Example 2

The determination of the optical purity of oPtlcally
active 1-tetrahydropyranyloxy-2-butanol
The first step: The preparation of optically active 1,2-
butanediol ' : _

The mixture of 4.3 g of optically active 1-
tetrahydropyranyloxy-z-butanol-which was obtained in the
third étep of Example 1, 0.6 g of pyridine p-
toluenesulfonate and 20 ml of ethanol was reacted with
stirring for three hours at 60°C

After ethanol was distilled away from the reacted
product under reduced pressure, 0.48 g of optically
active.1,2-butanediol was obtained by reduced
distillation. b.p. 78°C (10 torr).

The second step: The preparation‘of optically actiye 1,2-
butanedlol dlacetate .

To the mixture of 0. 48 g of optically active 1,2-
butanediol, 5 ml of toluene and 2.5 ml of pyridine, 1.7 g
of acetyl chloride was added'drppﬁise in an ice bath and
stirred for two hours. 10 ml of water and 10 ml of

‘toluene were added to the reaction mixture and stirred.
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The obtained solution was washed with 2N sodium hydroxide
and_then_witﬁ water. The toluene solution was dried. over
anhydrous magnesium sulfate. Toluene was distilled away
from the solution under reduced pressure, the residue was
purified with a chfomatograpﬁ over silica gel) and 1,2-
butanediol diacetate was obtained. The obtained compound

“had a gas chromatographic purity of 98.9%. It showed a

specific rotation of [a]D28 = -12.2°C (¢ = 1 .08, CHCl3)
The optical purity of the compound was determined by
using a column of'optical resolution (Trade name: Chiral
Cel OB, produced by-Daicel Chemioal_Inductries; Ltd., in
Japan). From the peak area of the product, the optical
purity was 85%ee. s
Example 3 ' _

The determlnatlon of the optlcal purlty of Opthdlly
active 1 tetrahydropyranyloxy-2—butyryloxybutane
The first step: The preparatlon of optically actlve 2-

‘butyryloxy-1-butanol

The mixture of 9.5 ¢ of optiically active 1-
tetrahydropyranyloxy-2—butyryloxybutane which was
obtained in the third step of Example 1; 1.5.9 of
pyridine.p-toluenesulfonate and 50 ml of ethanol was
reacted with stirring for three hours at 60°C. After
ethanol was distilled away under reducedipressﬁre, 5.0 g
of optically active 2-butyryloxy-1-butanol was obtained
by reduced distillation. b.p. 90°C (4 torr).

The second step: The preparation of optlcally active 1, 2—
butanediol SN

The mixture of.5,0 g of LiAlH, anﬂ-30 ml of
tetrahydrofuran was cooled -to 0°C. 5.0 g .of optically
active 2-butyryloxye1—butanol'in-ls ml of'tetrahydrofuran
was added dropwise to thejmixture and stirred at room.
temperature for'three hours. To the reaction mixture .
cooled in an ice bath, 10 ml of ethyl acetate, 10.ml of
water and 10 ml of agueous solution of 2N sodium
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'hydroxlde were added. After solids were removed by

filtration from the reactlon system, tetrahydrofuran was

'removed under reduced pressure from the filtrate, and 3.4

g of optically active 1,2- butanediol was obtained.
The third step: The preparation of optlcally active 1,2-
butanediol diacetate )

T6 the mixture of 0.34 g of opticelly active 1,2-
butanediol, 5 ml of toluene and 2.5 ml of pyridine, 1.2 ¢
of acetyl chloride was added dropwise in an ice bath and
stirred for two hours. 10 ml of water and 10 ml of tol-

' uene were added to the reaction mixture and stirred. The

obtained solution was washed with 2N sodium hydroxide and
then with water. The toluene solution dried over anhy-
drous magnesium sulfate. Toluene was distilled away from
the solution under reduced pressure, the residue was
purified with a chtomatograph over silica gel, and 1,2-
butanediol diacetate was obtained. The obtained compound
had a gas chromatographic purity of 95.0%. It showed a
specific rotation of [elp30 + 14.8 (c = 1.12, cucljy).
The optical purity of the compound was determined
by using a_column of optical resolution (Trade name:
Chiral Cel OB, produced by Daicel Chemical Industries,
Ltd., in Japan). The antipode of the product was absent
and the optlcal purlty was 100%ee.
Example 4
_ The preparation of optlcally actlve 1-tetrahydro-
pYranyloxy-Z-butanol.(ln formula (I), R! is hydrogen, R2

is ethyl and X is _(o_-> )

The first step: The optical resolution of (R,S)-1-tetra-
hydropyranyloxy-z-butano1

The mixture of 23 g of enzyme lipase “Amano" CES
(produced by Amano Pharmaceutical Co., Ltd), 40 g of
(R S)-1- tetrahydropyranyloxy-z butanol and 16.5 g of
vinyl caproate was reacted w1th stirring at 38°C for
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'elght hours. After the reaction was ‘stopped, the enzyme '

was removed by letratlon, and the enzyme on the filter
paper was washed by using n-heptane. n-Heptane was dis-
tilled away from the filtrate; the residue was purified
with a chromatograph over silical gel, and 21.5 g of

'optically active 1'tetrahydropyranyloxy-2 butanol and 23

g of 1—tetrahydropyranyloxy 2-caproyloxybutane were
obtained. '

The optlcal purlty of the obtalned compounds which
was determined by using the same method as in Examples 2

‘and" 3 was 67.6%ee and 100%ee, respectlvely.
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CLAIMS:

1. Optically active compounds characterized in that

they have either the R-configuration or the

S-configuration and are represented by the formula:
0R1

RZ-C*H--CHZ-OX (1)

wherein Rl is a hydrogen atom or a-_cl-—c20 group;

R2 is a cl'c40 alkyl. Cz-¢4o alkenyl or

cz-c4'O alkynyl group. which may be substituted or-
interrupted by one or more of substituted-ér
uﬁsubstituted phenyl, cyclohexyl, pyri&yl, pyrimidyl,
pyridazyl, pyrazyl, dioxyl or bicyclooctyl groups, or by
one 6; more of cyanogen groups or halogen, oxygen,
nitrogen, silicon or sulphur atoms; X is a chemically'
removable protective group; and C* is an asymmetric

carbon atonm.

2. An optically active compound as claimed in claim 1,
wherein R is a C;=Cqp alkyl group.

‘3. An optically active compound as claimed in claim 1,
b
wherein X is a tetrahydropyranyl group.

0y gy
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4. An optically active compound as claimed in claim 1,
"wherein R2 is a Cz-c10 alkyl group.
5. An optically active compound as claimed in claim 1,

wherein RZ is an ethyl group.

6. An optically active compound as claimed in claim 1,
wherein R2 is an ethyl group and X is a

tetrahydropyranyl group.

7. 3 process for producing an optically active
compoﬁn&. which process comprises reacting., under
sﬁbstantially anhydrous conditions and in the presence
of a hydrolase, an ester and a compqund of the fbtmula:

ORl

|
R?-CH-CH,-OX - . (11)

(in which RY, Rghgnd X have the meanings defined
above) to effect é transterification reaction, and
resolving to an optically active alcohol which has
either the R- or S—configu:ation énd the corresponding

ester of the S- or R-alcohol.

8. A process as claimed in claim 7, wherein the ester

is a triglyceride.

Wy,
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9, A'process as claimed in cléim 7, whereig the ester

is a fatty acid vinyl ester.

10. A process as claimed in claim 7, wherein the

hydtolase is a lipase, preferably from a Pseudomonas

species.

———————'_——'.—'f_—'—_——_
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