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OPTICALLY ACTIVE 2-ATKOXYCARBONYT,-2-CYCTLOATKENE
DERIVATIVES AND A PROCESS FOR PRODUCING THE DERIVATIVES

The present invention relates to optically active 2-
alkoxycarbonyl-2-cycloalkene derivatives, especially
optically active 2-alkoxycarbonyl-2-cycloalkene-1-ols,
useful as starting materials of pharmaceuticals, agricul-
tural chemicals and the like, and optically active 2-
alkoxycarbonyl-1-acyloxy-2-cycloalkene, and a process for

production of these compounds.

The optically active 2-alkoxycarbonyl-2-cycloalkene-
1-0ls are useful as starting materials for physiological-
ly active compounds such as pharmaceuticals and agricul-
tural chemicals. Namely, the compounds have two different
functional groups, a hydroxy group and a carboxyl group,
and the compounds are convertible into antipodes each
other by isomerization to obtain only one optical isomer. "
However, since the optically active compounds fepresented
by the following formula (1) or (2) of the present inven-
tion have not been synthesized hitherto, it is impossible
to satisfactorily value the utility.

In recent years, though methods for production of
several kinds of optically active compounds with enzymes
by optical resolution have been reported (for example,
USP 05107039), the process for producing the compounds
represenfed by the following formula (3) or (4) of the
present invention has not been known.

Considering these problems, the inventors of the
present invention investigated to obtain two enantiomers
of optically active 2¥a1koxycarbony1-2-cycloa1kene deriv-

atives. Then, they have found the process for producing
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of these compounds in the presence of lipase.

The first invention provides an optically active 2-
alkoxycarbonyl-2-acyloxy-2-cycloalkene represented by the
formula (1):

COOR!
.0 R2
hig (1)
Jo ©

1

wherein * shpws an asymmetric carbon, R’ and R2 are alkyl

and n is 1 or 2.

The second invention provides a method for producing
an optically active 2-alkoxycarbonyl-2-cycloalkene deriv-
ative characterized in that it comprises reacting by
transesterification a racemic—2—alkoxycarbonyl—2-cyc;o-

alkene-1-0l represented by the general formula (3):

COOR!
OH

Jo

wherein rR! is alkyl and n is 1 or 2, with an acylating

(3)

agent in the presence of lipase, and obtaining an opti-
cally active 2-alkoxycarbonyl-2-cycloalkene-1-o0l repre-
sented by the general formula (2):

COOR!
. _OH

o

wherein * shows an asymmetric carbon, rR1 is alkyl, and n

(2)

is 1 or 2, and an optically active 2-alkoxycarbonyl-1-
acyloxy-2-cycloalkene represented by the general formula

R R
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COOR!
o) R2
hid (1)
Jo ©

1 and R2 are

wherein * shows an asymmetric carbon, R
alkyl, and n is 1 or 2, respectively.

The third invention provides a process for producing
an optically active 2-alkoxycarbonyl-2-cycloalkene deriv-
ative characterized in that it comprises hydrolyzing a
racemic-2-alkoxycarbonyl-t-acyloxy-2-cycloalkene repre-
sented by the general formula (4):

COOR!
o__R?
\“/ (4)
Ja ©

1

wherein R’ and R2 are alkyl and n is 1 or 2, in the

- presence of lipase, and obtaining an optically active 2-

alkoxycarbonyl-2-cycloalkene-1-0l represented by the
general formula (2}:

COOR!
- OH

o

(2)

wherein * shows an asymmetric carbon, r! is alkyl, and n
is 1 or 2, and an optically active 2-alkoxycarbonyl-1-

acyloxy-2-cycloalkene represented by the general formula

{1):
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o_ _R?
il (1) -
)n ©

wherein * shows an asymmetric carbon, R! and R? are
alkyl, and n is 1 or 2, respectively.
The reaction process of the present invention may be

represented by the following formulas:

CHO  (EORP(OICHLOA' COOR!
[ ] > OH
(CHp,— CHO K,COs, H0

)n

()
' (3)
Dialdehyde having formula (5} wherein n=1 as an

example, which is a starting material of the process, can
be obtained by acid treatment of commercially available
2,5-dimethoxytetrahydrofuran. 1In the case of n=2, the
compound is easily available by oxidation of 1,6-hexane-
diol or by reduction of adipic acid. When the compound is
changed to a racemic-2-alkoxycarbonyl-2-cycloalkene-1-o0l,
it is easily obtained by a Wittig-Horner reaction (M.
Graff, A. Al Dilamani, P. Seguineau, M. Rambaud, J.
Villieras, Tetrahedron Lett., 24, 1577 (1986)).

The second process of the present invention is as
follows.
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COOR! /\WOY R? COOR! COOR!

OH . 0 R2 . OH
: ) 0 . Y .
) n Lipase ) n © ) n
3 - - (2)
COOR!
. OH

)n

Obtained racemié—2—alkoxycarbony1-2—cycloa1kene-1-ol
(3) may be added to a suspension of an acylating agent
and lipase, the mixture is stirred at room temperature to
preferentially acylate either of the enantiomorphs, and
an optically active 2-alkoxycarbonyl-2~cycloalkene-1-ol
(2).and an optically active 2-alkoxycarbonyl-1-acyloxy
-2-cycloalkene (1) are obtained. Though the reaction time
may be varied by loadings, it is preferably 0.3-5 days.
For separating these products, for example, column -
chromatography may bhe used.

Optically active 2-alkoxycarbonyl-2-cycloalkene-1-ols
may be obtained by hydrolyzing optically active 2-
alkoxycarbonyl-1-acyloxy-2-cycloalkenes in a phosphoric
acid buffer solution (huffer/acetone = 9/1 (V/V)) with
lipase. The pH vaiue of the phosphoric acid buffer
solution, depending on the kind of lipase, is 4-9, pref-
erably 7-8.

In the above process, fatty acid esters, benzoates
and the like which can act as a substrate of transesteri-
fication by lipase can be used as the acylating agent,
and vinyl esters such as vinyl acetate, vinyl propionate,

vinyl butylate, vinyl valerate, vinyl caproate and vinyl
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laurate cén be preferably used. Organic solvents such as

benzene, toluene, dichloromethane and t-butyl methyl ether

are preferably used. However, if the reaction is not

inhibited, any kinds of organic solvents may be used.
As the lipase, if it acts as a catalyst, any kinds of
lipase may be used. As microorganisms, the genera Pseu-

domonas, Arthrobacter, Alcaligenes, Aspergillus, Chromo-

bacterium, Candida, Mucor, Rhizopus, etc, can be exempli-

fied. The lipase may be extracted from the viscera of
animals, for example, the liver or the pancreas of pigs
or cattle. Particularly, lipase from a Pseudomonas genus
can be preferably used. As commercially available lipase,
lipase PS, OF, AY and AK (manufactured by Amano Pharma-
ceutical Co., Ltd.), MY (manufactured by Meito Sangyo)

and PPL (manufactured by Sigma company)'can be exempli-

fied, and PS is desirable.

As carriers immobilizing the lipase, chromosorb,
Cerite (Trade name of Johns-Manville), cellulose, carra-
geenan or various synthetic polymers by which the lipase
activity is not inhibited can be used.

The third process of the present invention is as

follows.
COOR! COOR! COOR!
O\n/ﬂz H0 . O\er2 .- _OH
. +
)n o Lipase . )n 0o )n
(4) o (2)
COOR!

. OH

(2)
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The racemic-2-alkoxycarbonyl-2-cycloalkene-1-0l which
can be used as a starting material may be acylated by a
conventional method (for example, by treating with acetic
anhydride in the presence of pyridine} to obtain a race-
mic-2-alkoxycarbonyl-1-acyloxy-2-cycloalkene (4).

Then, an optically active 2-alkoxycarbonyl-2-cycloal-
kene-1-0l (2) and an optically active 2-alkoxycarbonyl-1-
acyloxy-2-cycloalkene (3) may be obtained by the.process
comprising adding the raﬁemic—z-alkoxycarbony1—1—acyloxy—
2-cycloalkene (4) into a lipase suspending buffer solu-
tion of phosphoric acid (buffer/acetone = 9/1 (v/V)), and
hydrolyzing the mixture. The pH value of the phosphoric
acid buffer depends on the lipase, and it is 4-9, prefer-
ably 7-8.

The posttreatment is conducted by the same method as
in the process of the second invention. Namely, an opti-
cally active 2-alkoxycarbonyl-2-cycloalkene-1-0l may be
obtained by hydrolyzing an optically active 2-alkoxycar-
bonyl-1-acyloxy~2-cycloalkene in a phosphoric acid buffer
solution (buffer/acetone = 9/1 (V/V)) with lipase or by
conventional chemical hydrolysis (for example, stirring
in a water-alcohol solution of sodium hydroxide). The pH
value of the phosphoric acid buffer, depending on the
kind of lipase, is 4-9, preferably 7-8.

As the lipase, if it acts as a catalyst of a stere-
oselective hydrolysis reaction, any kinds of lipase may

be used. As microorganisms, the genera Pseudomonas,

Arthrobacter, Alcaligenes, Aspergillus, Chromobacterium,

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

lipase may be extracted from the viscera of animals, for
example, the liver or the pancreas of pigs or cattle.

Particularly,llipase from a Pseudomonas genus can be

preferably used. As commercially available lipase, lipase
PS, OF, AY and AK {(manufactured by Amano Pharmaceutical
Co., Ltd.), MY (manufactured by Meito Sangyo) and PPL
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(manufactured by Sigma company) can be exemplified, and
PS is desirable. Wheﬁ the lipase is immobilized, as
carriers immobilizing the lipase, chromosorb, Cerite,
cellulose, carrageenan or various synthetic polymers by
which the lipase activity is not inhibited can be used.

By the above described process, the optically active

- 2-alkoxycarbonyl-2-cycloalkene-1-0ls can be obtained. By

the obtention of the compounds, for example, it becomes
possible to produce jasmonate or an intermediate for
synthesizing vitamin D3 useful to a therapeutic drug of

osteoporosis by the following reaction process.

COOEt 9
O CHg Claisen rearrangement EtQ

N o
O

COOEt

N\

Vitamine 03 ingmechaie

The following examples illustrate this invention more
specifically, but these will not always be precise in
practical applications.

Example 1

Synthesis of (t*)-2-ethoxycarbonyl-2-cyclopenten-1-0l

To 26.53 g (201 mmol) of 2,5-dimethoxytetrahydro-
furan, 160 ml of 0.6 N hydrochloric acid was added, and
the mixture was stirred at 70°C for two hours. After
cooling to room temperature, the mixture was neutralized
with an agqueous solution of 10% potassium bicarbonate, 1
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ml of an aqueous solution of 6 M potassium carbonate was
added, and the mixture was stirred at room temperature
for 30 minutes. Then, 45.0 g (201 mmol) of triethyl
phosphonoacetate was added, 67 ml of an agqueous solution
of 6 M potassium carbonate was added dropwise'for 20
minutes, and the.mixture.was stirred for 48 hours. The
reaction mixture was extfacted with ether, and the organ-
ic layer was washed with a saturated sodium chloride
agueous solution. After the solution was dried over
magnesium sulfate, the solvent was distilled éway. 14.3
g (yield 46%) of colorless liquid was obtained by distil-
lation under reduced pressure. Boilihg point 90-~100°C
(0.5 mmHg) . '

Synthesis of optically active-2-ethoxycarbonyl-2-
cyclopentene-1-0l / |

To 66 ml of t-butyl methyl ether, 1.027 g (6.58 mmol)
of {+)-2-ethoxycarbonyl-2-cyclopentene-1-0l, 1.3 ml (14.1
mmol) of vinyl acetate and 66 mg of lipase PS (produced
by Amano Pharmaceutical Co., Ltd.) were suspended. The
mixture was stirred at room temperature for 27 hours.

The lipase was filtered off with Cerite, the filtrate was
concentrated under reduced pressure. The residue was
subjected to a column chromatograph over silica gel to
separate the desired alcohol and acyl compounds, respec-
tively.

(+)-2-ethoxycarbonyl-1-acetyloxy-2-cyclopentene:
623.5 mg (yield: 47.9%, 100%ee), [alp>' +3.23° (c1.456,
CHCl4), boiling point 45°C (0.1 mmHg)

(-)-2-ethoxycarbonyl-2-cyclopentene-1-0ol: 484.3 mg
(yield: 47.1%, 99.3%ee), [alp3' -33.52° (c1.256, CHCly),
boiling point 45°C (1 mmHg).

The optical purity was determined with CHIRAT. CEL OD

(manufactured by Daicel Co., Ltd., trade name).
Examples 2-6

The same method as in Example 1 was used, and (+)-2-
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ethoxycarbonyl-2-cyclopentene-1-0l was used as a starting
material. The results are shown in Table 1. Each lipasé
manufactured by Amano Pharmaceutical Co., Ltd. was used.
The reaction time of each example was 72 hours, and a
mixture of 1 mmol of the (f)-compound, 2 mmol of vinyl
acetate, 10 mi of solvent and 100 mg of lipase were used.
Table 1

Example Solvent Alcohol Acyl Lipase

- - ———— — o — o

Yield g%ee Yield gsee

2 CH,CL, 22.4 96.5 53.2 >99 PS

3 benzene 17.4 >99 53.6 92.7 PS

4 t_BuOMe  27.6 >99  43.6 82.9 PS

5 t -BuOMe 32.5 >99 42,5 88.5 AK

6 t-BuOMe  45.4 98.9  40.0 >99 PPT.
Example 7

Hydrolysis of (+)-2-ethoxycarbonyl-1-acetyloxy-2-
cyclopentene _

To 30 ml of phosphoric acid buffer containing 10%
(V/V) acetone, 623.5 mg (3.147 mmol) of (+)-2-ethoxycar-
bonyl-1-acetyloxy-2-cyclopentene was mixed. After adding
30 mg of lipase PS, the mixture was shaken at 27°C for 24
hours. The reaction solution was filtered on Cerite, and
the filtrate was extractéd with ether. The organic layer
was dried over magnesium sulfate, and the solvent was
distilled away under reduced pressure. The residue was

subjected to a chromatograph over silica gel to obtain
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442 mg (yield 90%) of colorless oil of (+)-2-ethoxycarbo-
nyl-2-cyclopentene-1-ol.

o130 + 34.2° (c1.43, CHCl,),
Example 8

Synthesis of optically active-2-ethoxycarbonylcyclo-
penta-2-en-1-o0l

To 5 mi of phosphoric acid buffer containing 10%
(V/V) acetone, 107 mg (0.54mmol) of (+)-2-ethoxycarbonyl-
1-acetyloxy-2-cyclopentene was mixed. After adding 11
mg of lipase PS (produced by Amanoc Pharmaceutical Co.,
Ltd.), the mixture was shaken at 27°C for 24 hours. The
lipase was filtered off with Cerite, Ehe filtrate was
extracted with ether, and the organic layer was dried
over magnesium sulfate. After the solvent was distilled
away under reduced pressufe. The residue was subjected
to a chromatograph over silica gel to obtain the desired
alcohol and acyl compounds, respectively.
. (+)-2-ethoxycarbonylcyclopenta-2-ene-1-0l: 35.7 mg
(yield: 42.4%, 100%ee), [alp30 +34.2° (c0.85, cucly),

{(-)-2-ethoxycarbonyl-1-acetyloxy-2-cyclopentene: 49.3
mg (yield: 46.1%, 93.4%ce)

The optical purity was'determined with CHIRATYT, CET, OD
(manﬁfactured by Daicel Co., Ltd., trade name).
Examples 9-11

The same method as in Example.1 was used except that
lipase was changed. The results are shown in Table 2.

As the lipase, PS manufactured by Amano Pharmaceuti-
cal Co., Ltd., PPL ‘(Wako Junyaku Co., T.td.), and PLE
(sigma Chemical Co.) were used. All of these were 100

mg/mmol of lipase per (%)-compound.
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Table 2
Example Reaction Alcohol Acyl _ Lipase
time(day) ~~——=--——— e
Yield %ee Yield see
9 1 46.8 100 44.8 100 PS
10 L 28.8 74.9 18.6 73.4 PPL
11 1 27.2 93.3° 60.6 41.3 " PLE
Example 12

Hydrolysis of (t)-2-ethoxycarbonyl-1-acetyloxy-2-
cyclohexene

To 10 ml of phosphoric acid buffer containing 10%
(v/V) acetone, 210 mg (0.99 mmol) of (t)-2-ethoxycarbo-
nyl-1-acetyloxy-2-cyclohexene was mixed. After adding
200 mg of lipase PS (manufactured by Amano Pharmaceutical
Co., Ltd.), the mixture was shaken at 27°C for 72 hours.
The lipase was filtered off with Cerite, the filtrate was
extracted with ether, and the organic layer was dried
over magnesium sulfate. After the solvent was distilled
away under reduced pressure. The residue was subjected
to a chromatograph over silica gel to obtain the desired
alcohol and acyl compounds, respectively.

(+)-2-ethoxycarbonylcyclohexa-2-ene-1-0l: 71.7 mg
(yield: 42.6%, 100%ee), [0lp?® + 57.6° (c0.59, cHCly),

(-)-2-ethoxycarbonyl-1-acetyloxy-2-cyclohexene: 33.3
mg (yield: 43.6%, 99.0%ee) '

The optical purity was determined with CHIRAL CET. OD

(ménufactured by Daicel Co., Ltd., trade name).



10

15

20

25

30

35

-13-

OPTICALLY ACTIVE 2-ALKOXYCARBONYL-2-CYCLOALKENE
DERIVATIVES AND A PROCESS FOR PRODUCING THE DERIVATIVES

Claims )
1. An optically active 2-alkoxycarbonyl-l-acyloxy-2-

cycloalkene represented by the formula (1):

COOQR!
.. 0 R2
hif (1)
)o ©

wherein * shows an asymmetric carbon,_R1 and R2 are
alkyl, and n is 1 or 2. _ *
2. An optically active 2-alkoxycarbonyl-2-cycloal-

kene-1-0l represented by fthe formula (2):

COOR' - y
. _OH

)n

(2

1 2

wherein * shows an asymmetric carbon, R' and R“ are

alkyl, and n is 1 or 2.

3. A process for producing an optically active 2-
alkoxycarbonyl-2-cycloalkene derivative,
which comprises reacting by transesterisfication a
racemic-2-alkoxycarbonyl-2-cycloalkene-1-0l represented
by the formula (3):

COOR!
OH

)n

wherein R! is alkyl and n is 1 or 2, with an acylating

(3)

agent in the presence of lipase, and obtaining an opti-

cally active 2-alkoxycarbonyl-2-cycloalkene-1-0l repre-

T T
——v—— .

Iy T
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sented by the general formula (2):

COOR!
. OH

)n'

wherein * shows an asymmetric carbon, R! is alkyl, and n
is 1 or 2, and an optically active 2-alkoxycarbonyl-1-

10 acyloxy-2-cycloalkene representéd by the general formula
(1):

COOR?
.. 0 R2

b (1)

15 ), ©

wherein * shows an asymmetric carbon, R1 and RZ are
alkyl, and n is 1 or 2, respectively.

20 4. A process'for pfoducing an optically active 2-
alkoxycarbonyl-2-cycloalkene-1-0l, said process compris-
ing hydrolyzing in the presence of 1ipase an optically
active 2-alkoxycarbony1—1—acyloxy-z—cycioalkene repre-
sented by the general formula (1) obtained by the process

25 of claim 3. '

5. A process for producing an optically active 2-
alkoxycarbonyl-2-cycloalkene derivative as claimed in

claim 3, wherein R}

is ethyl.

6. A process for producing an optically active 2-
30 alkoxycarbonyl—2-cy¢loalkene derivative as claimed in
1 is ethyl and R? is methyl.

7. A process for proddcing an optically active 2-

claim 3, wherein R

alkoxycarbonyl-2-cycloalkene derivative as claimed in
claim 3, wherein the acylating agent is a vinyl ester.
. 35 8. A process for producing an optically active 2-

r—
——

g
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alkoxycarbonyl-2-cycloalkene deriyative as claimed in

claim 3, wherein the lipase is derived from Pseudomonas.

9. A process for producing an optically active 2-
alkoxycarbonyl-2-cycloalkene derivative,
which comprises hydrolyzing a racemic-2-alkoxycarbonyl
-1-acyloxy-2-cycloalkene represented by the general:
formula (4):

COOR!
0 R?
Y (4)
)a ©

L and R? are alkyl and n is 1 or 2, in the

wherein R
presence of lipase, and obtaining an optically active 2-
alkoxycarbonyl-2-cycloalkene-1-0l represented by the

general formula (2):

COOR!
. _OH

)n

(2)

wherein * shows an asymmetric carbon, R1

is alkyl, and n
is 1 or 2, and an optically active 2-alkoxycarbonyl-1-
acyloxy-2-cycloalkene represented by the general formula

(1):

COOR’
.. 0 R2
il (1)
Jo ©

wherein * shows an asymmetric carbon, R1 and R2 are
alkyl, and n is 1 or 2, respectively.

10. A process for producing an optically active 2-
alkoxycarbonyl-2-cycloalkene-t-0l, said process compris-’

=T

L
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ing hydrolyzing an optically active 2-a1k6xycarbonyl—i—
acyloxy-2-cycloalkene represented by the general formula
(1) obtained by the process of claim 9 in the presencé of
a base. | '

11. A process for producing an optically active 2-
alkoxycarbonyl-2-cycloalkene derivative as claimed in

claim 9, wherein R!

is ethyl,.

12. A process for producing an optically active 2-
alkoxycarbonyl-2-cycloalkene derivative as claimed in
claim 9, whérein R! is ethyl and R? is methyl.

13. A process for producing an optically active 2-
alkoxycarbonyl—z—cycloalkene'derivative as claimed in

claim 9, wherein the lipase is derived from Pseudomonas.

e g e o et g e
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