H X
'EP 0. 414 453 Bl Description The present invention relates to an optically
active tycl opent’enol and its derivagpyaifdssgs! ! as a process for preparing
-the sane. 5 An optically active cycl opentenol has a fundanent al
structure wRich is utilized to synthesize the basicakel - eton of a
physi ol ogi cBP¥%PHRY i ve natural material such as a steroid or an al kal oi d,
and the above . kind of. cycl o- ntenal .is.considered t e yseful fo e
asymet 1 ¢ syohiire s BioSF AR S A Aol e PRl E L g bl
the .optigal |y et @%&Mgé 99&%#&?94“@%"&@ § t.Jr$ﬁméhra;%asétba}nln\ssifein@.lagsa&.-
and\ef f i Ci ey ok bhyMofbl i) b6 ndita matbi such as o bl Br = UkHloid, sl e 68 Khd bfGyco-
consi der at i QihtenbifiEcoRfiderds bd MURNbARS ady@¥Erid SARELIE REFvEIhER T NbERNbwT ﬁf&e&@
obt ai n bot heghRus SradlobRARa8tvE EycBFbnRRd nfah b 8 RliskBiy SXBheARARbRRGH: syRthEsis
derivative, g@nd as a result, the present inven- tion has been achieved. An
obj ect ofp t he TRSEMsitiaivh MtolcOridb@tidnhdirédéhtthoeritdis 1S resbalchad itehbivelyeso as to obtain
cycl opent enpdth théetintidterstiparepticalf achive eycpp@enbitand itd\dedvative/and &s drésulltiirddent iiden-
optical | y afidnihdebezyathipaint enol derivative. 15 Still another object of
t he present i rnebjbdtofthe wredect inyeion & moevide ki ewitally ectipy aydepestefiabr pr epari ng an
optical |l y act iAnetherpbjed phe pessht invattion is ¢ mievide an bptivally adlivy @tlopehternl detipdiveevi at ed
t 0 cycl ofient erfél enpthepphiast of ithecprasent invendioie & preyide (ah effestivepragessiforpeeparing an ontically e
are provi dedgctipeyrlierentenol andits derivatiye (hefginpites phreyiated forasclopsrienolsd by t he fornul a
(1) 20 (wher eiAgeardingdo gp & therpregent iveptionatherg @tp Prayider Apticalix Actity cyciappntengls gaprenon
atons, and teveddyiB&rmEalenotes a chiral carbon atom. According to
anot heraspect of the present invention, there is provided a process for
preparinfd the optically 30 active cyclopentenols which conprises the step
of carrying out a tran esterdki cation between ()-cycl opentenol represented
by “he fornmula (1V) QA and~triglyceride or a vinyl esteé oi a fatty acid
(hereinafter abbrevig 5 vi nyl ester) by the use of est rja e to 40
obtain apg optically a e cycl opentenol represented by the fornmula (11) CH
45 and an optically active cycl opentenol derivative represented by the

formula (Il {wWherdfd H i8&hdrogen atom or an acyl group having 2 to 15 carbon atoms, and the symbol + denotes a
chiral carbon atom). ' '
According to another aspect of the present invention, there is provided a process for preparing the optically
S0  active cyclopentenols which comprises the step of carrying out a transesterification between (1)-cyclopentenol
represented by the formula (IV)

OH
35 () -~ (V)

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 cyclopentenal represented by the formula (I)

OH :
& * (I

and an optically active cyclopentenal derivative represented by the formula (1)

OR’
x ()

(wherein R’ is an acyl group having 2 to 15 carbon atoms, and the symbol * denotes a chiral carbon atom)
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: t
55" (wherein R is*an,acyl group having 2 to 15 carbon atons, and the synbol
“denotes a chiral carbon aton) 2 B0 344453 Bl which is a derivative
of the enantioner of the above-nentioned cyclopentenol (I11). According to
still another asgect of the esent i nvention, there |s grow ded a process

for prepari N§t'h d‘t’5‘f5‘[’ti" %fl”'efl/E ‘f"?"‘?f te 840y '?g?ﬁ“m P’é"' ‘e( onprises the s
of hydrol ys %giﬁ; ri eiqe%l{Y g; ysnsor ohonsmofanoﬁlcaﬂgacawecy.

d nlal 2 ﬁ? Q
erivati
[err] ( eré'llga %’m‘? e"va've e B AV 2 to 15 carbon atons, and the

synhgl * denotes a Chl raI carbon aton) |n 15 order to obtain an optically
active cycl opentenol reprisented by the fornmula (Il) [err] having the sane
absol ute configuration agxn t DR &f oresai d derivative. 25 DESCRI PTI ON OF
THE PREFERRED ENMBODI MVERA g€ optically active cycl opent @ﬂs of the
present invention are sented by the forrmula (I) SO(te

[err] 35 (wherein R is a&a®kydrogen atom or an acyl group having 2 to 15
carbon atons, and the synbol * denotes a chiral carbon aton). Mre

speci fi cal | (wheteindR’ isiae s@yhdrouphendngt to 16 ¢asbonlatores etthé symbol * dpriotes alchisal cadion atem) in
cycl openise noidenteehtainsanvpiivdllyipptive aelopéntenpl@gpmsbrded by the fprewia[Iland an optical |y
active cycl opent enol derivative represented by the formula (I11) 50 [err]
[err] (wherein R is an acyl group having 2 to 15 carbon atonms, and the

synbol *denotes a chiral arboBI_flton) 3 .
» (1)

~ having the same absolute configuration as in the aforesaid derivative.
“ DESCRIPTION OF THE PREFERRED EMBODIMENTS
The optically active cyclopentenols of the present invention are represented by the formula (1)
30

i *‘,O'R (1)

(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 ()

OH _
pe % . (11)

and an optically active cyclopentenol derivative represented by the formula (lll)

. ORI
i} éﬁ - (L)

{wherein R’ is an acyl group having 2 to 15 carbon atoms, and the symbol * denotes a chiral carbon atom).
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EP 0 414 453 Bl Afiirst process for preparing the optically active

cycl opentenol s of the present inventérgqm:&ggr‘i ses the step of carrying out
a transesterification between ()-cyclopentenol represented by the fornula
(I'V) 5 [err] 10 and triglyceride or vinyl ester by the use of esterase to
obtain an o i‘é’éﬂ{gzxeé%ff"i af&gfﬂe E‘@ﬁ'tyéﬁ'&‘%l“yF'%‘EF‘é}"éﬁ‘P}/@ap's “'g'?’(g;g& fisgs the pipp 15
[err] 20 antfAmYast gugnpeptedieiapdetuge Birxrierepiatc Gupsepist Pytae Hented by
the formyla (I111) 25 30 (wherein R is an acyl group having 2 to 15 carbon
atons, ahd the synbol * denotes a chiral carbon atom) which is a derivative
of t\e enantioner of the abo-rrentdﬂned cycl opentenol (11). A second

~ process for prepari@%?th_e QP a4’y active cycl opentenols o N)‘ue pr esent

i nvention conprises e 35 g of hydrolysis or al coholysis of an
optically active cycl opent enel—derivative represented by the formula (I11)
(wherein R is an acyl group having 2 to 15 carbon atons, and the synbol *
denot es a chidtijlyceriae boinylakendy tieQs<lss estérhdedsd dbtaian@ptichiyattivy cyalopdntéRol represented by
cycl opent entie formpa gsent ed by the formula (11) [err] having the sane
absolute configuration as in the aforesaid derivative. 55 Typi cal
conpound® of the optically active cycl opentenol represented by the formul a
(I'l) of the present in- venti 08 ;tncl ude S-(-)-2-nethyl-2-cycl opent enol
represented by the for )I 4 EP 0 414 453 B1 C]d]f)

and an optically active cyclopentenol derivative represented by the formula (lil)

W
2 . .
OR’ -
* ' (m)
» .
{wherein R’ is an acyl group having 2 to 15 carbon atoms, and the symboi * denotes a chiral carbon atom)
which is a derivative of the enantiomer of the above-mentioned cyclopentenol (ll).
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 (1)
- .OR’
0 % . (I
St

(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 (Il

OH |
80 % (o)

having the same absolute configuration as in the aforesaid derivative.
55 Typical compounds of the optically active cyclopentenol represented by the formula (l) of the present in-
vention include S-(-)-2-met_hyl-2—cyclopentenal represented by the formula (II’)



and R-(+)-2 nethyl-2-cycl opentenol represented by the formula (I1") 10

Det ai | ed exafrpl es of the optically & § M8 45964 opent enol represented by the
formula (111) of the present in- vention are S-(-)-cycl opentenol
derivatives represented by the fornula 20 [err] 25 and R-(+)-cycl opentenol
derivatives represented byl the fornula 30 [err] 35 Typical exanples of
these optically active c ope ol derivatives include

S-(-)-1-3cetyl oxy-2-net Q@ opent ene represented fylHhe fornula 40
[err] R—?+)-1-acety|oxy- hyl - 2- cycl opent ene represented by the formul a
[erry+55 S-(-)-1-propanoytoxy-2-nethyl -2-cycl opent ene,

R- (+) - 1- propanoyl oxy- 2- net hyl - 2- cycl opent ene,

S-(-) - 1- but oy R@¥Ymet lopetteRdf FpRBEHEIBY Ehe formula I

R-(+)-1- hutyrylgﬁy 2- ﬁﬁ%H§Ip2 cycfopentege (gP 0 414 453 Bl
S-(-)-1-caproyl oxy-2-net hyl - 2-cycl opent ene,

R- (+) - 1- capr oyl oxy- 2- net hyl - 2- cycl opent ene,

S-(-)-1-1auryl oxy- 2- neth,' -C p?@pentene and

R-(+)-1-1 auryl oxy- 2- met@ Bycl opentene. 5 The fiGEY)process of the
present imvention i s bay gn ‘a transesterification reaction represented by

the fol- lowng reactionTornmula: 10
[err] 25
Detailed examples of the optically active cyclopentenol represented by the formula (ill} of the present in-
vention are S-(-)-cyclopentenol derivatives represented by the formula
20
25
and R-(+)-cyclopentenol derivatives represented by the formula
30

(
i : \\\\\ORI
35

Typical examples of these optically active cyclopentenol derivatives include S-(-)-1-acetyloxy-2-methyi-
2-cyclopentene represented by the formula

40
C 'e) CH
b N _ 7
il
0

R-(+)-1-acetyloxy-2-methyl-2-cyclopentene represented by the formula

|
: CH
. c
i
' 0

8-(-)-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,
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reacti on sol ution whi s the resd|ting filtrate can be segar at eg into
optically active 2-nme- thyl-2-cyclopentenol and optically active

1- acyl ox®- 2net hyl - 2-cycl opent ene by nmedr® Jof reduced press(@be distillation
or colum chronatography. After conpletion of the reaction, if

2- et hyl - 2- cycl opentenol (which is the remaining cyclopentenol) whi ch has
not~been acyl ated has a | ow 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
havi ng the high opti cal purfty [err]-2-Methyl-2-cycl opent enol represented
by the formula (11) which is the starting nate |aI the first man-
-ufacturing process oﬁsﬁﬁga@ﬁe§pnt§;nvgnt an gér ained by reduci ng

2- met hyl g2- cycl opent enone (fofrula c) mnth SQ borohydrlde in the
presence of cerous chloride:

(1)
35
N
OH
/ 0 RII
ot O \ R” H R’ \{
“ + R-(BO-C VY + | Y °F 0
-0 R
I’ .
(') L 0 J
pu .
(wherein R" is an alkyl group having 1 to 14 carbon atoms).

The reaction is carried out by mixing (+)-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
.

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-
jvative represented by the following formulae (II”) and (llI"), respectively:

85



30 [err] 40 In the present invention, various reaction solvents can be
used, so long as' they do not inpair R &pi8pE3se activity, and exanpl es of
the reaction solvent include hydrocarbons such as n-hexane and n-hept ane,
benzene, toluene and ethers. Exanples of the triglyceride regarding the
present invention include tri.cetiq?ﬁ;rtpropionin, tributyrin, tri-

caproin and trilau ofs vinyl ester regardin present
i nventi op i ncl ude b’l n;ﬂl'"Ej;ce gyﬁﬁf

vi nyl propionate, vinyl Vi nyl
caproate and vinyl laurate. \As ¢gsterase regarding the present |nvent|on
enzyges can be used which are produced by mcroorgani sns and which are
derived fromani mal s.- Exanpl es of commercially avail abl e esterase are as

follows: 50 55 7 EP O 414 453 Bl Table 5 Trade Nane -

Oigin 4 Seld erpor Maker 10 Lipase
Pseudononas f | uor eScaAs™) ~A P é# ?PceuticaI_Cb., Ltd. ]%a e CES
Pseudononas sp 15 Li pas Aspergillus niger Lipase M

Mucor javani cus Lipase CE unicoléjlanuginosa 20 Li pase F-AP Rhi zopus

j avani cus Li pase |1 Por ci ne pancreas Si gma

Chem cal 5Co. Méth reg_arqjagggctw panditighe dar tHedingd mo@aﬂgnthﬁmqsent invention, a suitable reaction tem-
" Li pase X peratureisfrom roomigronsratyee (geobtIRHd) to 150°C, preferably from 20 to 45°C. Areaction time depends

upon (£)-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 (x)-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-2methyi-2-cyclopentene by means of reduced pressure

s 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 opticaf purity.

(1)-2-Methyl-2-cyclopentenol represented by the formula (1l) 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
¢) with sodium borohydride in the presence of cerous chloride:

80
//0 ' OH
36 reduction . (i) -
NaBH;
(0) CeCE;,'7H20 <n)
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 solventinclude 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 tritaurin.
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:



prase : * Chronobacterium Vi scosum Toyo Jozo Co., 30

Ltd. 30 Lipdase A Asper gi | Igp% 404 £8's1 Novo
| ndusti A/'S Li pase Rhi zopus ni veus
Nagase Bi ochem - cals, Ltd. 35 Lipase B Pseudononas fragi

Sapporo Beer Co. 40 In addition, esterase produced by any kind of

m croorgani sns i s usable. Exanples of @abllem croorgani sns | ncl ude
nicroorggnisns bel ongi ng to Pseudononas genus, Arthrobacter genus,
Acrompbacter genus. Alcali- genes gepnus.  Aspergillus genus Chronpbacterium
genys, Candi da genus, Micor genus and Rhi zopus genus ove al ], the

ni cr oor gani snBTBARONEFRg to t he Pd&didononas genus ar%gtigﬁiQﬁn &F

pref erabl e. 45————Fhe—seeconrd—preparatt+on—proecess—of—the—present—tnventi on
conpri segp subjpecting,the ' ctd = pe I lvative
represented b?ggﬁgef%rnuIOp nonaldle1tHrREells f §é§é§;§q1 gﬁglﬂﬂdng

"~ process of the present invention to an alkali hydrolysis, an acid

hydrol ysi s or 1,2BagkCon®! yspSewdonshds) spenove the acyl group'therefrom

t hereby obtaining optically active 2-nethyl-2-cycl opentenol having the sane
absol ut efsconf Lgpasei 3R as Aspérwi s qdider active cycl opent'®nol derivative

used as the starting material, i.e., the antipode of optica|ly active 2- 50
met hyl 2- cycl opéRasfaol obt Meeer Kav¥asd qus st nanuf act uri ng process. Exanpl es
of the base which cap_be uged. in the hydrolysis include pot@ssium

hydr ogencar bok&PasepbEas- £ 2 sodi um hydroxi de; and exanpl es

of the u®able Ld 1 pclyd lsQr .G s8Gied and sulfuric acid. In the

al cohol ysi s, #gghgﬁoF_éﬁdeRﬁ EO0E HyaniRls d. According to the
above-menti onggdphiestrand pec@iwh NBEHEr@RIUr i Ng pr ocgsgns Cheniwalpraient

i nention, ()- ES and (-)-"type optircalTy active 2-nethyl-2-cycl opentenol s
can be ol ai nedpasbevDpri caddtyratin canyddldoment enol s of t he" present
invention are very useful internediates for an asymret- ric_ synthesis.

Furthernore, Lipasef¥ir toRkhzopumtdelamaganufacturing proce$s of the
resent invention is an industrially ex- Il ent and.effective synthetic
Brocess 8 Lipages14 453gsgomobac erium %%scosum goyo szo é%.y
' il Ltd.
30
Lipasé A Asperqgillus 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 Pssudomonas genus, Arthrobacter genus, Acromobacter genus, Alcali-
o 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 (lll) obtained by the first 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, (+)-

85  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.



The optically acti've,cycl opentenol of the present invention can increase
carbon atons’ by a dislocation re- acdygfishssgout inmpairing its optical
purity, its steric configuration being maintained, as shown in the

]E glr lr i) w ng'hygr 0 lpat[c Igﬁctive cyclopentenol of the presenLtlenrvér]tiond :!.aﬁ !ngrﬁéﬁteé%rg 10 £g¥ ﬁdll;{oqa jon re-
[err] and ZGBYRNoYHMBITNG t3opticyl pyrity: B sistip jonfiapion heine map "ﬁ%}r\gy Wi ing °JE|%“"P%
nndifiedsmﬁth a protective group Xwhich will be a leaving.group and is then
di sl.ocated with allyll cop l'ithium pr al ma (ymprom de in order to
i ntnoduce the a||y|K§;ZﬁﬁB§¥tq_Lge éh%tnol%ggﬁﬁga hinal olefinis
then treated by hyd ration in or to |l ead TO a_conr pourtd havi ng the
skel eton ofthe fornmula (1V). The conpound havi ngdipkeertdem (1V) is useful
as afundgrental skeleton (intermedi ate) of a physiologically active natural
material such as a steroid or an al kaloid and can be 30 applied in nmany
fields. Now, the present invention will be described in nore detail in

ref erence to exanpl es, t the scope of the present _in tion,should not be
limted to thegse exdnp EXapRkebdrabibf 2 SOO-NiOtﬁngSQGEQZH Kk,
20.29 g (0. 21 of thyl -2-cvcl nt enone was di ssolved in m  of
nmet hanol, and 77.6 g (0.21 nol) of cerous chloride was furth di ssolved in
the solution, followed by stirring at roomtenperature for 15°m nutes and
ice cooling. Afterward, 7.93 (0.21 nol) of sodium borohydride was added

t hereto over(w'lﬂf"}%ﬁl?ﬁ&o'\ﬁﬁtqq”%%'@”sstpzfé'dnot to exceed a reaction
tenperat@te of [err] After conpletion 40 of the reaction was confirmed by
means of thin-layer chronatography, the t hanol solvent was distilled off
under reduced pressure, and the residue’was then extracted with 1.6 liters
of et her. The extractwas then wash- ed with 500 mM of a saturated aqueous

sodi um chy Orgeflies 3R bily B, PR, tHAGParHl Rl WinlobridTRER 8 BlotdBive brbdpBd vihich Willbs a leSVifgd
by filtrati QpuphNeMd therfdishiehtedVath afiYi &dpbdr litRlm®@F dityl HAGKREIU BIdHRIE f oRIeAS RidddBcd the allyl
obtain 19. 8§nﬂp flo the dybiGpsh@Enol, Thea telitabsierivasthén 1R BtedlbyiylibbdRsion th BRERSKad to a com-
obt ai ni ng 14oéndHavirg thedkdBMnof tyié Bhtlia (09 rhe@bmboundtaiiiy thyformdiaGiyyis ©efrks 8 fufdamental
havi ng a boiskeletéhqintelhsgiapp biatphyfolobitaiadive daturdi btedal sudh &3 sterdidor@4 alkandid andlari bae
t hus obt ad nagplied inZnangtidiigl - 2- cycl opent enol was mxed with 4.5 g (0.02 nol)

of vinyl | aur atay, thepesént gvenfionlwiliba descidefl matbes deail MmeferencPlvcexaraptss | kiut the bcofoof the
Ltd.) was f wreséntnventichetiodldvex it limited to khesd exampleshy stirring at room tenperature
for 7 hours to carry out reaction. The resulting reaction solution was then
filtered toBxamplet a |ipase powder therefrom and the filtrate was

concentr & ed under reduced pressure to ob- )
: In a 500-ml three-necked fiask, 20.29 g (0.21 mol) of 2-methyl-2-cyclopentenone was dissolved in 300 ml

of methanoal, 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 sadium borohydride was
added thereto over 40 minutes with care so as not to exceed a reaction temperature of 20°C. 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 extract was then wash-
N 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 68°C.

3.93 g (0.04 mol) of the thus obtained (t)-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 cb-

80 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 72°C/35 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 [o]28; + 35.52° (¢ 1.57, CHCly).
The specific rotation of (-)-2-methyl-2-cyclopentenol was [u]31p - 41.3° (¢ 1.02, CHCl3).

Example 2

3.4 ¢ (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



50 tai“n 7.8 g of *a lLiquid. Next, the latter was separated into 3.4 ¢
(0.013 nol, oily material) of (+)-1-gdpajifaxhsdes- 2- nethyl -2-cycl opentene and
1.9 g (19 mml boiling point 71 to [err] nmHg) of

gbl) ;Jg,‘ng‘?;?%l Qe TC| S ﬁgr}etgngtli leog CO' urm Chr Ormt O r }/ nelangrl'lenshaken Afterward,

ti‘-; ashe lof s te
i Tit i e g sﬁmdwg} e psra
1.02, P err ?%anfolo e b fis Ia f ﬂ&&ﬁb&ﬁn? -2~ eﬁ?l- ~Cy lﬁ‘\cﬁ espe rﬁ({rs jo
(+)+21- I aur yI oxy - -c cf of)ent ene glr)\d pot assi um hydr ogencar bonat e
were stir- red in a di oxane/vvater (1/1) solvent at roomtenperature for
hours so asciféimgarry out reaction. 500 m of ether 9 EP 0 414 453 Bl was
then addgd thereto, and the solution was transferred to a separatory funnel
and t hen shakeuopticAflytactiveaycdpentiiol aBiveivusof peastuMas separat ed out, and an

et her phase was washed with 300 m of a saturated agueous sodi um chl ori de
solution (ice cooling). The ether phase was then dried with nmagnesi um

sul fate, and the sol vent 5 was diggtilled off, followed by distillation,

t her eby @bt ai ning (+)-2-ng Z-cycl opentenol. The spgcific rotation of
this conmpound was [err] T'{(c 0.78, [err]). dai 10 1. Optically
active cycl opentenol derivetiwes of the formula: [err] 15 20 (wherein
R is a hydrogen atomor an acyl group having 2 to 15 carbon atons; and the
synbol * denotes a, chiral carbon ato 2. An opticall ct|

cycl openflenol E’ﬂ' 'E?r’(ﬁ 7Y Mpowt A 8‘9 e hFB'?grﬁigil °a§‘o°" d(ﬁ? Pyl enotes
active cycl opeﬂf"@rﬁo Y% Wat i ve according to claim1 of the formula: 35

[err] 40 AnbRESY Bt cybuépea@n@s;aébm. Q‘dﬂmhﬁdf'tﬂ%gor%m&o 15 carbon atons, and
t he~synbol 2 denotes a chiral -carbon aton). 4. A process for preparing
optical |y active cyclopentenol derivatiyves V\/m ch conprises the step of
carrying OH
-
s0

3. Optically active cyclopentenol derivative according to claim 1 of the formula:

36 OR’ | (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

el out a transesterification between a (d:)—cyclope.ntenol of the formula (V)
45
OH
£) - . av)
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 (1)
55

OH
(11)

10



out a transesterification between a ()-cyclopentenol of the formula (1V)
[err] (I'V) and a-triglyceridé or vinyl ester of a-
fatty ,acid by the use of esterase to obtain an optical

pentenol of the foormula (I1) [err] 10 EP 0 414 453 H“mﬂmmmmmm
thereto, and the solution was transEglb ﬂjﬁgg,la separ at ory tunwnel® afd then
shaken. Afterward, an aqueous phase vvas separated out, and an ether phase
was washed with 300 m of a saturated aqueous sodi um chl oride sol ution (ice

cool i ng). Tethep pdded Histetosanddke solytign wap Iransferipd t 2 SeRIFALEEY TURReLand then shakerh Afteryard,
sol vent 5 a"wa%“m @Pfq yasgersyated ou AR Akaienghaas e 1asaad vkl 300 R @ 'aﬁf' aﬂ

(+)-2-me w‘i" Aieneiza o ling), Ehegther phapgwas Hien g ltp,:paqn i
b b [, ST & Pk et A et
Eig”l/atl \(/gs"(: PRRoUp D*i)ll? 9 CH@? 9%
[err] 20 (V\/nerel n R is a hydrogen atomor an acyl group having 2 to 15

carbon at onggpand the symbol * denotes a chiral carbon atom). 2. An
optical ly active cyclopentenol according to claim1 of the fornmula: 25
[err] 30 3.4, %Eléagﬂch\)é@&&p'emaqoﬁa%l/éﬁ%%h(ﬁgf&m&i@fl vative according to claim1l
of the formul a: [err]

(rrr) 4o (wherein R isyan acyl group having 2 to 15 carbon atons, and
the synbol * denotes a chirgl carbgn atom. 4. A process for preparing
optical kg active cycl ope deri vatives which conpr,_ses the step of
carrying out a transester atT on between a ()-cyclo tenol of the
formula (1V) [err] 50 and\a iglyceride or vinyl ester of a fatty acid by
the use of esterase to obtain an optically active cyclo- pentenol of the

f or mul am(l 1)

{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:

OH
*.
30 .
3. Optically active cyclopentenol derivative according to claim 1 of the formula:
3 . OR’ (II1)
i *
40 {wherein R’ is an acyl group having 2 to 15 carbon atoms, and the symbol * denotes a chiral carbon atom}.
R 4. A process for preparing optically active cyclopentenol derivatives which comprises the step of carrying
out a transesterification between a (t)-cyclopentenol of the formula (IV)
45
OH
£) - . (1v)
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 (1)
55

OH
(I1)

10



55 OH 10 EP O 414,453 Bl and an optically active cycl opentenol

(igr I(://\Etelr\e/?nmlc?' t |h§ ;gr(rjneJ:‘ ?n(eljl : 31 gl <[51|€Hr%rnh)14\7\%3|88h is a derivative- o{ I“lmmI" III" "II' "I
enanti omer of sajd ct?/cl oEtt%nteno for preparing*an¢ t

optical ly acti 8% 28R °8'Bé 8%\”‘?}6\'??’9!Hg’E’BtIYﬁP”E%g"‘i”f?éﬁ'Et ep of hydrolysis or
al co- holysis of an optically active cycl opentenol derivative of the
formul a (SI [1) 15 [err] (111) 320 (wherein R has the neaning defined in
claim 3 and the synbol * denagpes a%IRyral carbon atom to obtain an
~optigal |y active cycl opent & 41 the forrmula 26 [err(IBB)having the sane
absol ute configuration as i ¥aid derivative. 35 Patent ansprUche 1.
Opti sch aktive Cycl opent enol\~De¥ivate der Fornel: 40 FOOR 45 (worin R ein
Wasser st g@f f at om oder eine Acyl gruppe mt 2 bis 15 Kohl enstoffatonen ist;
und worin das fmHeRRIR i agldlingdh Biah8pwiiehiE £auwiitld dtharmdneanedr 6138i@ kyclop&itend!.(Il).

Opt i sch aktives Cycl opentenol gemal 1 Anspruch 1 mt der Fornel:
5. Aprocess for preparing an optically active cyclopentenol which comprises the step of hydrolysis or alco-

holysis of an optically active cyclopentenol derivative of the formula (Ill}

7,

15

OR’
* (II1)
20
W (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
25
.OH
* (I1)
30
having the same absolute configuration as in the said derivative.
35
Patentanspriiche
1. Optisch aktive Cyclopentenol-Derivate der Formel:
40 1
|
L ‘ OR
bt ; (1)
.\-
- .

{worin R ein Wasserstoffatom oder eine Acylgruppe mit 2 bis 15 Kohlenstoffatomen ist; und worin das
Symbol * ein chirales Kohlenstoffatom bezeichnet). '

50 2. Optisch aktives Cyclopentenol geman Anspruch 1 mit der Formel:

OH
\ *

3. Optisch aktives Cyclopentenol-Derivat gemaR Anspruch 1 mit der Formel:

11



o+ 3. Qotisch'akti'ves Cycl opent enol - Deri vat genﬁa Anspr
Fornel : - c ‘L N S*OR 5Epoﬁ4§5331

(111 3 (worin R eine Acyl gruppe nit 15 Kohl enstoyrmum(lmﬂumm’
worin des Synbol * sin chirales Koh- 10 | enst of f at

Verfahren zur Herstellung optisgh aktiver Cycl opentenol Der i vate, "wet ches
den Schritt unfalt: Durchfrih- pgen epipr Unesterungsreaktion zw schen einem
()-Cycl opent enol der Fornmel ( . IIT
O () - ggO(IV) 20 und el nem cerid- oder Vi r%yllegt er einer Fettsaure
unt ef_ Ver wendung von Esterase,\ ein optisch aktives Cyclopentenol der
Formel (11) 25 OH 4, ( 1'l') 30 und ein optisch aktives
Cycl opent enol - kih Kedinedy rEQJermtlz lﬂs”ﬁ'laohléﬁétoﬁ‘étbﬁéntlﬁ'ﬁnd wiotin das Symbol * ein chirales Koh-
~~~~~~ ORyp 40 |enstofemgege,g¥nety\n e in Anspruch 3 definiert ist), welches ein
Derivat des Enantioneren des Cycl opentenol (II) ist. 5. Verfahren zur
Her st el | ung 4ei Nerfahrepzurdieistetilap ptiesh abiverd GypenentemiDerjvateptetchessieni@ehritBofalttDurchfih-
unfal t: Hydr ol yeinedénesteknbardajdios zeissheseitant (s@yslopgotensl der Formel (V)

Cycl opent enol - Derivats der Formel (l11l): 45 OR (worin R die Bedeutung
hat, wie#sie in Anspruch 3 definiert ijst, Lts‘lg worin das Synbol * ein
chiral es Koh- |enstoffatom Piéei_c_hn u n opti sch aktives

Cycl opent enol der Fornel 55 V)

20
und einem Triglycerid- oder Vinylester einer Fetts@ure unter Verwendung von Esterase, um ein optisch
aktives Cyclopentenol der Formel (11}
St
25
OH
* (I1)
30
_und ein optisch aktives Cyclopentenol-Derivat der Formel (11i) zu erhalten:
/
» OR
* (III)
40 (worin R’ wie in Anspruch 3 definiert ist), welches ein Derivat des Enantiomeren des Cyclopentenol (ll)
ist.
St 5. Verfahren zur Herstellung eines optisch aktiven Cyclopentenols, weiches den Schritt umfalt: Hydrolyse
oder Alkoholyse eines optisch aktiven Cyclopentenol-Derivats der Formel (lil):
45
OR’
x (11I1)
50
(worin R’ die Bedeutung hat, wie sie in Anspruch 3 definiert ist, und worin das Symbol * ein chirales Koh-
lenstoffatom bezeichnet), um ein optisch aktives Cyclopentenol der Formel
55

12



EP0414453B11 OH s - ' o
(I'l' ) zu erhalten, vel ches di esel be %bos‘geg £hionfigurati on vm

Derivat aufweist. 10 Revendi cations rive de cyCI thuenent
actif de la fornule: 15 20~~~ & ﬂ

(I') 20 (dans laquelle R est un atone d' hydrogene ou un’ gfoupen ayant
de 2 a 15 atones de carbone et | ¢ sy le * indique un atone de carBone
chiral).525 2. Cycl opent 6nal t actif selon la revendication 1,
de la fornule: 30 * (I1)

(I3 3 3. Derive de cyclope | optiquenent actif selon |la

revendi cation 1, de la formule:  ~~mm—ee (rrr) (dans

laquel | e RL eSty sfai@hWeRAERRLIRGERuteWAdurdiEn wie A 04 DBfvalRAvelie Car bone et le
symbol e % i ndi que un atome de carbone chiral). 4. Proced6 pour |la

preparation de derives de cycl opentenol optiquenent actifs, qui conprend |le
st ade de resevemii¢adionsl' une transesterification entre un (i)-cyclopenteno

de la formule (1V) 50 (t) (I'V) 56 et un triglyceride ou
un ester Vi ryl iDéuve de cyslopantind eptiynansenieatif db Jaforimules at i on d' une est erase pour
obtenir wh cy- clopentenol optiquenent actif de la formule (I11) 13

OR
* (1)
20
v (dans laquelle R est un atome d'hydrogéne ou un groupent acyle ayant de 2 & 15 atomes de carbone et
le symbole * indique un atome de carbone chiral).
25 _
2. Cyclopenténol optiquement actif selon la revendication 1, de la formule:
OH
30
o’ (11)
a5 3. Dérivé de cyclopenténol optiquement actif selon la revendication 1, de la formule:
OR’
o % (I11)
o/

(dans laquelle R est un groupement acyle ayant de 2 a 15 atomes de carbone et le symbole = indique
45 un atome de carbone chiral).

4. Procédé pour la préparation de dérivés de cyclopenténol optiquement actifs, qui comprend le stade de
réalisation d'une transestérification entre un (&)-cyclopenténol de Ia formule (IV)

OH
() — (IV)

56

et un triglycéride ou un ester vinylique d’un acide gras par F'utilisation d'une estérase pour obtenir un cy-
clopenténol optiquement actif de la formule (II)

13



A

EP O ?14) 453 BlSé | ' I111111 111 11 L M ! l i”m"m I,H"l
~~~~~ I+) et un ‘d6rivé de cycl opent ueni ent acti m
(rrr) 10 tgo R ~~~S{Wﬁ199§3‘5§

R i (dans Iaquel le RL est tel que defl ni dans | a revendi cation 3) qU| est
un dé6rive de |'enantionere dudit} cy- oqj‘opent6nol (rr). 20 5. Proc6de pour
| a preparation d un cycl opent @04 I'"quenent actif(igpi conprend | e stade
d' hydrol%se ou d' al cool yse d'\ ¥v6 de cycl opentenol optiquenent actif
de la fo mule (111) 25

(11 I\L, (dans laquelle Rl a la signification donnee dans |a

revendi cation g alush o8 ¥ilhlfend obilHnibHEackle AlifiEie iy carbone chiral) pour
obtenir un cycl opent6nol” optiquenent actif de ormul e 35

(I'l') ayayt |a nmene configuration absolue que dans ledit dbriv6. 40 45 50 65
14

’
*OR (1II)
15

{dans laquelle R1 est tel que défini dans |a revendication 3} qui est un dérivé de I'énantiomére dudit cy-
clopenténol (II).

20 5. Procédé pour la préparation d’'un cyclopenténol optiquement actif qui comprend le stade d’hydrolyse ou
d'alcoolyse d'un dérivé de cyclopenténol optiquement actif de la formule (1i1)

St
’
25 OR
% (II)
30 {dans laquelle R? a la signification donnée dans la revendication 3 et le symbole * indique un atome de
carbone chiral) pour obtenir un cyclopenténol optiquement actif de la formule
0H -
. L (1)
ayant la méme configuration absolue que dans ledit dérivé.
40
45
50
55
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