
EP 0 414 453 B1 Description The present invention relates to an optically
active cyclopentenol and its derivative as well as a process for preparing
the same. 5      An optically active cyclopentenol has a fundamental
structure which is utilized to synthesize the basicakel- eton of a
physiologically active natural material such as a steroid or an alkaloid,
and the above kind of cyclo- pentenol is considered to be useful for the
asymmetric synthesis. However, there is not known a synthesis technique of
the optically active cyclopentenol, much less its industrially excellent
and efficient synthesis proc- ess. 10      Taking such situations into
consideration, the present inventors have researched intensively so as to
obtain both the enantiomers of an optically active cyclopentenol and its
derivative, and as a result, the present inven- tion has been achieved. An
object of the present invention is to provide an optically active
cyclopentenol. Another object of the present invention is to provide an
optically active cyclopentenol derivative. 15      Still another object of
the present invention is to provide an effective process for preparing an
optically active cyclopentenol and its derivative (hereinafter abbreviated
to cyclopentenols). According to an aspect of the present invention, there
are provided optically active cyclopentenols repre- sented by the formula
(I) 20 (wherein R is a hydrogen atom or an acyl group having 2 to 15 carbon
atoms, and the symbol * denotes a chiral carbon atom). According to
anotheraspect of the present invention, there is provided a process for
preparing the optically 30  active cyclopentenols which comprises the step
of carrying out a transesterification between ()-cyclopentenol represented
by the formula (IV) OH 35 and triglyceride or a vinyl ester of a fatty acid
(hereinafter abbreviated to vinyl ester) by the use of esterase to 40
obtain an optically active cyclopentenol represented by the formula (II) OH
45 and an optically active cyclopentenol derivative represented by the
formula (III) 50 [err] 



55 (wherein R' is an acyl group having 2 to 15 carbon atoms, and the symbol
*denotes a chiral carbon atom) 2    EP 0 414 453 B1 which is a derivative
of the enantiomer of the above-mentioned cyclopentenol (II). According to
still another aspect of the present invention, there is provided a process
for preparing the optically active cyclopentenols which comprises the step
of hydrolysis or alcoholisis of an optically active cy- 5   clopentenol
derivative represented by the formula (III) 10
[err] (wherein R' is an acyl group having 2 to 15 carbon atoms, and the
symbol * denotes a chiral carbon atom) in 15  order to obtain an optically
active cyclopentenol represented by the formula (II) [err] having the same
absolute configuration as in the aforesaid derivative. 25 DESCRIPTION OF
THE PREFERRED EMBODIMENTS The optically active cyclopentenols of the
present invention are represented by the formula (I) 30 [err]
[err] 35 (wherein R is a hydrogen atom or an acyl group having 2 to 15
carbon atoms, and the symbol * denotes a chiral carbon atom). More
specifically, the present invention is directed to an optically active
cyclopentenol represented by the 40  formula (II) [err] and an optically
active cyclopentenol derivative represented by the formula (III) 50 [err]
[err] (wherein R' is an acyl group having 2 to 15 carbon atoms, and the
symbol *denotes a chiral carbon atom). 3  



EP 0 414 453 B1 Afirst process for preparing the optically active
cyclopentenols of the present invention comprises the step of carrying out
a transesterification between ()-cyclopentenol represented by the formula
(IV) 5 [err] 10 and triglyceride or vinyl ester by the use of esterase to
obtain an optically active cyclopentenol represented by the formula (II) 15
[err] 20 and an optically active cyclopentenol derivative represented by
the formula (III) 25 30 (wherein R' is an acyl group having 2 to 15 carbon
atoms, and the symbol * denotes a chiral carbon atom) which is a derivative
of the enantiomer of the above-mentioned cyclopentenol (II). A second
process for preparing the optically active cyclopentenols of the present
invention comprises the 35  step of hydrolysis or alcoholysis of an
optically active cyclopentenol derivative represented by the formula (III)
(wherein R' is an acyl group having 2 to 15 carbon atoms, and the symbol *
denotes a chiral carbon atom) to 45  obtain an optically active
cyclopentenol represented by the formula (II) [err] having the same
absolute configuration as in the aforesaid derivative. 55      Typical
compounds of the optically active cyclopentenol represented by the formula
(II) of the present in- vention include S-(-)-2-methyl-2-cyclopentenol
represented by the formula (II') 4    EP 0 414 453 B1 OH 5 



and R-(+)-2 methyl-2-cyclopentenol represented by the formula (II") 10
Detailed examples of the optically active cyclopentenol represented by the
formula (III) of the present in- vention are S-(-)-cyclopentenol
derivatives represented by the formula 20 [err] 25 and R-(+)-cyclopentenol
derivatives represented by the formula 30 [err] 35 Typical examples of
these optically active cyclopentenol derivatives include
S-(-)-1-acetyloxy-2-methyl- 2-cyclopentene represented by the formula 40
[err] R-(+)-1-acetyloxy-2-methyl-2-cyclopentene represented by the formula
[err] 55 S-(-)-1-propanoyloxy-2-methyl-2-cyclopentene,
R-(+)-1-propanoyloxy-2-methyl-2-cyclopentene,
S-(-)-1-butyryloxy-2-methyl-2-cyclopentene,
R-(+)-1-butyryloxy-2-methyl-2-cyclopentene, 5    EP 0 414 453 B1
S-(-)-1-caproyloxy-2-methyl-2-cyclopentene,
R-(+)-1-caproyloxy-2-methyl-2-cyclopentene,
S-(-)-1-lauryloxy-2-methyl-2-cyclopentene and
R-(+)-1-lauryloxy-2-methyl-2-cyclopentene. 5      The first process of the
present invention is based on a transesterification reaction represented by
the fol- lowing reaction formula: 10
[err] 25 



esterase                                   OH 30 [err] The reaction is
carried out by mixing [err]-2-methyl-2-cyclopentenol [formula (IV)] with
about 0.5 equivalent of vinyl ester [formula (a)] or triglyceride [formula
(b)], and then efficiently bringing the mixture into contact 50 with
esterase in order to obtain S-(-)-cyclopentenol [formula (II')] and
R-(+)-cyclopentenol derivative [formula (Ill')]. Furthermore, the sign of a
specific rotation, (+) or (-)-, depends upon the kind of esterase which is
used in the reaction. That is, examples having these signs are
R-(-)-cyclopentenol and an S-(+)-cyclopentenol der- ivative represented by
the following formulae (II") and (III"), respectively: 55 6    EP 0 414 453
B1 [err] 0 15      With regard to reaction conditions for the first process
of the present invention, a suitable reaction tem- perature is from room
temperature (about [err] to [err], preferably from 20 to [err]. A reaction
time depends upon [err]-2-methyl-2-cyclopentenol of a substrate, vinyl
ester or triglyceride of an acylating agent, but it is usu- ally from 1 to
1,000 hours. Furthermore, a ratio of ()-2-methyl-2cyclopentenol to the
acylating agent is from 1:0.01 to 1:1.5 (molar ratio), preferably 1:0.5
(molar ratio). 20      After the transesterification reaction, an esterase
powder can be collected by a usual filtration and then reused directly. The
reaction solution which is the resulting filtrate can be separated into
optically active 2-me- thyl-2-cyclopentenol and optically active
1-acyloxy-2methyl-2-cyclopentene by means of reduced pressure distillation
or column chromatography. After completion of the reaction, if
2-methyl-2-cyclopentenol (which is the remaining cyclopentenol) which has
not been acylated has a low optical purity (if the transesterification 25
does not proceed sufficiently), the transesterification reaction can be
carried out again by the use of esterase, thereby obtaining the product
having the high optical purity. [err]-2-Methyl-2-cyclopentenol represented
by the formula (II) which is the starting material in the first man-
ufacturing process of the present invention can be obtained by reducing
2-methyl-2-cyclopentenone (formula c) with sodium borohydride in the
presence of cerous chloride: 



30 [err] 40 In the present invention, various reaction solvents can be
used, so long as they do not impair an esterase activity, and examples of
the reaction solvent include hydrocarbons such as n-hexane and n-heptane,
benzene, toluene and ethers. Examples of the triglyceride regarding the
present invention include triacetin, tripropionin, tributyrin, tri- 45
caproin and trilaurin. Examples of the vinyl ester regarding the present
invention include vinyl acetate, vinyl propionate, vinyl butyrate, vinyl
caproate and vinyl laurate. As esterase regarding the present invention,
enzymes can be used which are produced by microorganisms and which are
derived from animals. Examples of commercially available esterase are as
follows: 50 55 7    EP 0 414 453 B1 Table 5 Trade Name
Origin                          Seller or Maker 10   Lipase P
Pseudomonas fluorescens   Amano Pharma- ceutical Co., Ltd. Lipase CES
Pseudomonas sp 15      Lipase  AP          Aspergillus  niger Lipase M
Mucor javanicus Lipase CE    Humicola lanuginosa 20 Lipase F-AP  Rhizopus
javanicus Lipase II    Porcine pancreas                              Sigma
Chemical Co. 25   Lipase VIII  Geotrichum Candidum
" Lipase X            Rhizopus delamar 



Lipase              Chromobacterium Viscosum  Toyo Jozo Co., 30
Ltd. 30 Lipase A           Aspergillus niger                       Novo
Industi A/S Lipase             Rhizopus niveus
Nagase Biochemi- cals, Ltd. 35 Lipase B           Pseudomonas fragi
Sapporo Beer Co. 40 In addition, esterase produced by any kind of
microorganisms is usable. Examples of such microorganisms Include
microorganisms belonging to Pseudomonas genus, Arthrobacter genus,
Acromobacter genus, Alcali- genes genus, Aspergillus genus, Chromobacterium
genus, Candida genus, Mucor genus and Rhizopus genus. Above all, the
microorganisms belonging to the Pseudomonas genus are particularly
preferable. 45      The second preparation process of the present invention
comprises subjecting the optically active cyclo- pentenol derivative
represented by the formula (III) obtained by the f irst manufacturing
process of the present invention to an alkali hydrolysis, an acid
hydrolysis or an alcoholysis so as to remove the acyl group therefrom,
thereby obtaining optically active 2-methyl-2-cyclopentenol having the same
absolute configuration as in the optically active cyclopentenol derivative
used as the starting material, i.e., the antipode of optically active 2- 50
methyl2-cyclopentenol obtained by the first manufacturing process. Examples
of the base which can be used in the hydrolysis include potassium
hydrogencarbonate, potas- sium hydroxide and sodium hydroxide; and examples
of the usable acid include hydrochloric acid and sulfuric acid. In the
alcoholysis, methanol and ethanol can be used. According to the
above-mentioned first and second manufacturing processes of the present
invention, ()- 55 and (-)- type optically active 2-methyl-2-cyclopentenols
can be obtained. The optically active cyclopentenols of the present
invention are very useful intermediates for an asymmet- ric synthesis.
Furthermore, it is fair to say that the manufacturing process of the
present invention is an industrially ex- cellent and effective synthetic
process. 8    EP 0 414 453 B1 



The optically active cyclopentenol of the present invention can increase
carbon atoms by a dislocation re- action without impairing its optical
purity, its steric configuration being maintained, as shown in the
following: 5 OH                         [err] dislocation 10 15
[err]    hydroboration                             [err] (wherein X is
[err]  and 20 25  denotes an allyl group). That is, the hydroxyl group is
modified with a protective group Xwhich will be a leaving group and is then
dislocated with allyl copper lithium or allyl magnesium bromide in order to
introduce the allyl group into the cyclopentenol, and a terminal olefin is
then treated by hydroboration in order to lead to a com- pound having the
skeleton ofthe formula (IV). The compound having theformula (IV) is useful
as afundamental skeleton (intermediate) of a physiologically active natural
material such as a steroid or an alkaloid and can be 30  applied in many
fields. Now, the present invention will be described in more detail in
reference to examples, but the scope of the present invention should not be
limited to these examples. Example 1 35 In a 500-ml three-necked flask,
20.29 g (0.21 mol) of 2-methyl-2-cyclopentenone was dissolved in 300 ml of
methanol, and 77.6 g (0.21 mol) of cerous chloride was further dissolved in
the solution, followed by stirring at room temperature for 15 minutes and
ice cooling. Afterward, 7.93 g (0.21 mol) of sodium borohydride was added
thereto over 40 minutes with care so as not to exceed a reaction
temperature of [err] After completion 40  of the reaction was confirmed by
means of thin-layer chromatography, the methanol solvent was distilled off
under reduced pressure, and the residue was then extracted with 1.6 liters
of ether. The extractwas then wash- ed with 500 ml of a saturated aqueous
sodium chloride solution and then dried with magnesium sulfate, fol- lowed
by filtration. Next, ether was distilled off under reduced pressure to
obtain 19.85 g of a liquid. The latter was then distilled, thereby
obtaining 14.5 g (0.14 mol, yield 70%) of ()-2-methyl-2-cyclopentenol
having a boil- 45  ing point of from 67 to [err]. 3.93 g (0.04 mol) of the
thus obtained ()-2-methyl-2-cyclopentenol was mixed with 4.5 g (0.02 mol)
of vinyl laurate, and 5 g of Lipase P (made by Amano Pharmaceutical Co.,
Ltd.) was further added thereto, fol- lowed by stirring at room temperature
for 7 hours to carry out reaction. The resulting reaction solution was then
filtered to remove a lipase powder therefrom, and the filtrate was
concentrated under reduced pressure to ob- 



50  tain 7.8 g of a liquid. Next, the latter was separated into 3.4 g
(0.013 mol, oily material) of (+)-1-lauryloxy-2- methyl-2-cyclopentene and
1.9 g (19 mmol, boiling point 71 to [err] mmHg) of
(-)-2-methyl-2-cyclopentenol by column chromatography (eluent:
toluene/ethyl acetate = 10/1). The specific rotation of
(+)-1-lauryloxy-2-methyl-2-cyclopentene was [err] + [err] (c 1.57, [err]).
The specific rotation of (-)-2-methyl-2-cyclopentenol was [err] - [err] (c
1.02, [err]). 55 Example 2 3.4 g (0.013 mol) of
(+)-1-lauryloxy-2-methyl-2-cyclopentene and potassium hydrogencarbonate
were stir- red in a dioxane/water (1/1) solvent at room temperature for
hours so as to carry out reaction. 500 ml of ether 9    EP 0 414 453 B1 was
then added thereto, and the solution was transferred to a separatory funnel
and then shaken. Afterward, an aqueous phase was separated out, and an
ether phase was washed with 300 ml of a saturated aqueous sodium chloride
solution (ice cooling). The ether phase was then dried with magnesium
sulfate, and the solvent 5   was distilled off, followed by distillation,
thereby obtaining (+)-2-methyl-2-cyclopentenol. The specific rotation of
this compound was [err] + [err] (c 0.78, [err]). Claims 10 1.  Optically
active cyclopentenol derivatives of the formula: [err] 15 20      (wherein
R is a hydrogen atom or an acyl group having 2 to 15 carbon atoms; and the
symbol * denotes a chiral carbon atom). 2. An optically active
cyclopentenol according to claim 1 of the formula: 25 30 3. Optically
active cyclopentenol derivative according to claim 1 of the formula: 35
[err] 40      (wherein R' is an acyl group having 2 to 15 carbon atoms, and
the symbol * denotes a chiral carbon atom). 4. A process for preparing
optically active cyclopentenol derivatives which comprises the step of
carrying 



out a transesterification between a ()-cyclopentenol of the formula (IV)
[err]                         (IV) and a triglyceride or vinyl ester of a
fatty acid by the use of esterase to obtain an optically active cyclo-
pentenol of the formula (II) [err] 10    EP 0 414 453 B1 was then added
thereto, and the solution was transferred to a separatory funnel and then
shaken. Afterward, an aqueous phase was separated out, and an ether phase
was washed with 300 ml of a saturated aqueous sodium chloride solution (ice
cooling). The ether phase was then dried with magnesium sulfate, and the
solvent 5   was distilled off, followed by distillation, thereby obtaining
(+)-2-methyl-2-cyclopentenol. The specific rotation of this compound was
[err]   (c 0.78, [err]). Claims 10 1. Optically active cyclopentenol
derivatives of the formula: 15
[err] 20      (wherein R is a hydrogen atom or an acyl group having 2 to 15
carbon atoms; and the symbol * denotes a chiral carbon atom). 2.  An
optically active cyclopentenol according to claim 1 of the formula: 25
[err] 30 3.  Optically active cyclopentenol derivative according to claim 1
of the formula: 35                                     [err]
(III) 40     (wherein R' is an acyl group having 2 to 15 carbon atoms, and
the symbol * denotes a chiral carbon atom). 4.  A process for preparing
optically active cyclopentenol derivatives which comprises the step of
carrying out a transesterification between a ()-cyclopentenol of the
formula (IV) [err] 50 and a triglyceride or vinyl ester of a fatty acid by
the use of esterase to obtain an optically active cyclo- pentenol of the
formula (II) 



55 OH 10    EP 0 414 453 B1 and an optically active cyclopentenol
derivative of the formula (III) 5 [err]                              (III )
10 (wherein R' is as defined in claim 3) which is a derivative of the
enantiomer of said cyclopentenol (II). 5. A process for preparing an
optically active cyclopentenol which comprises the step of hydrolysis or
alco- holysis of an optically active cyclopentenol derivative of the
formula (III) 15 [err] (III) 20 (wherein R' has the meaning defined in
claim 3 and the symbol * denotes a chiral carbon atom) to obtain an
optically active cyclopentenol of the formula 26 [err] 30 having the same
absolute configuration as in the said derivative. 35 PatentansprUche 1.
Optisch aktive Cyclopentenol-Derivate der Formel: 40 FOOR 45 (worin R ein
Wasserstoffatom oder eine Acylgruppe mit 2 bis 15 Kohlenstoffatomen ist;
und worin das Symbol * ein chirales Kohlenstoffatom bezeichnet). 60 2.
Optisch aktives Cyclopentenol gemal1 Anspruch 1 mit der Formel: 



OH 3. Optisch aktives Cyclopentenol-Derivat gem6a. Anspruch 1 mit der
Formel:    * c   L   N   S * O R' 5                                      *
(III 3 (worin R' eine Acylgruppe mit 2 bis 15 Kohlenstoffatomen ist und
worin des Symbol * sin chirales Koh- 10      lenstoffatom bezeichnet). 4.
Verfahren zur Herstellung optisch aktiver Cyclopentenol-Derivate, welches
den Schritt umfalt: Durchfrlh- ren einer Umesterungsreaktion zwischen einem
()-Cyclopentenol der Formel (IV) 15
O ()    egO(IV) 20 und elnem Triglycerid- oder Vinylester einer Fettsaure
unter Verwendung von Esterase, um ein optisch aktives Cyclopentenol der
Formel (ll) 25 OH 4,                   ( II ) 30 und ein optisch aktives
Cyclopentenol-Derivat der Formel (1II) zu erhalten: 35
~~~~~~OR, 40      (worin R' wie in Anspruch 3 definiert ist), welches ein
Derivat des Enantiomeren des Cyclopentenol (ll) ist. 5.  Verfahren zur
Herstellung eines optisch aktiven Cyclopentenols, welches den Schritt
umfalt: Hydrolyse oderAlkoholyse eines optisch aktiven
Cyclopentenol-Derivats der Formel (l1l): 45 O R' (worin R' die Bedeutung
hat, wie sie in Anspruch 3 definiert ist, und worin das Symbol * ein
chirales Koh- lenstoffatom bezeichnet), urn ein optisch aktives
Cyclopentenol der Formel 55 12 



EP0414453B1I OH s                                   O
(II ) zu erhalten, welches dieselbe absolute Konfiguration wie in dem
Derivat aufweist. 10 Revendications 1. Derive de cyclopentenol optiquement
actif de la formule: 15 20~~~ &                           R
(I) 20 (dans laquelle R est un atome d'hydrogene ou un groupent acyle ayant
de 2 a 15 atomes de carbone et le symbole * indique un atome de carbone
chiral). 25 2.  Cyclopent6nal optiquement actif selon la revendication 1,
de la formule: 30
(II) 3   3.  Derive de cyclopent6nol optiquement actif selon la
revendication 1, de la formule:                        ~~~~~~~(III) (dans
laquelle R1 est un groupement acyle ayant de 2 a 15 atomes de carbone et le
symbole * indique un atome de carbone chiral). 4.  Proced6 pour la
preparation de derives de cyclopentenol optiquement actifs, qui comprend le
stade de realisation d'une transesterification entre un (i)-cyclopentenol
de la formule (IV) 50 (t)                   (IV) 56 et un triglyceride ou
un ester vinylique d'un acide gras par l'utilisation d'une esterase pour
obtenir un cy- clopentenol optiquement actif de la formule (II) 13    



EP 0 414 453 B131             111111 111 11  L M     !   I e9,OH
~~~~~(II) et un d6riv6 de cyclopentenol optiquenient actif de la formule
(III) 10 tgo R'                 ~~~~~(III) 15
R i (dans laquelle R1 est tel que defini dans la revendication 3) qui est
un d6rive de l'enantiomere dudit cy- clopent6nol (II). 20  5.  Proc6de pour
la preparation d'un cyclopentenol optiquement actif qui comprend le stade
d'hydrolyse ou d'alcoolyse d'un deriv6 de cyclopentenol optiquement actif
de la formule (Ill) 25
(III) 30      (dans laquelle RI a la signification donnee dans la
revendication 3 et le symbols * indique un atoms de carbone chiral) pour
obtenir un cyclopent6nol optiquement actif de la formule 35
(II) ayant la meme configuration absolue que dans ledit dbriv6. 40 45 50 65
14    


