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Invention 5 This invention relates to a process for

the synthesis of enantionerically enriched (1S, 4R

1- aPROCESSFORIPREPARING ENANTHOMERICALDVIENRICHED (1S,4R)
compound useful as an internmediate in the synthesis

of pr ost agl ardAETORYA-BXRRGNKCY GBOPENERENE

Formula I Background The prostagl andins are an

i nportant series of nolecules that have a w de

val. tf uses. There are many known synt heses of
or sl Betevediion (1S 4R 15

1- acet oxy- 4- hydroxycycl opent-2-ene is_a _known )
i nt er mebiiainyeitiongglaesdg aprresesior thesynthgsis of enantiomerically

1- d Ve vAo5aE ol pAL

o SRS MO RIS o OE LS o 6l 1PESpound
etusaful as dicintarediarrin tHORBthesia of pdRBglabing afd prostadoids.et
al ., Tetrahedron, 1997, 53, 1983) including the
enzymatic transesterification of

1, 4- di hydroxycycl opent - 2- ene using acetic acid esters
and porcine pancreatic HQ);’;}S 20 \Q\OACude pancreatic
extracts called pancreatin ‘, F., et al.,
Tetrahedron, 1991, 47, 7569 b yield the 3S, 5R
nonoacet ate. The acetyl ati ons have generally been done
with 2,2, 2-trichloroethyl afemwalas the acetylating
agent and pancreatin as the enzyne. (Thiel, F., et

al ., Synthesis, 1988, 540-541; Thiel, F., et al.
Tetrahedron, 1991, 47, 7569, 1991 and 47, 7569-7582).
S rocedures conpared 2,2,2 25 trichloroethyl
pe 1L e :

h vinyl acetate and vinyl butyrate and al so
R NGRS
LB e e T Ky s of pon@atins and (154R)

| ot-atetonyet-hydiok ayclopernsf2-enezy ainowh altysiegidtemcutio syntheses.
A S B e b RS Pher o
s R SRR, K R 508 197 80

i sT.A.,reald Feomhedrpn,d993 53, P83 )lnaclpdiag tictdnaymeadic rdfSest&Rification

of 1,4-dihydroxycyclopent-2-ene using acetic acid esters and porcine pancreatic lipase

or crude pancreatic extracts called pancreatin (Theil, F., et al., Tetrahedron, 1991, 47,
7569) to yield the 3S,5R monoacetate. The acetylations have generally been done
with 2,2,2-trichloroethyl acetate as the acetylating agent and pancreatin as the enzyme.
(Thiel, F., et al., Synthesis, 1988, 540-541; Thiel, F., et al. Tetrahedron, 1991, 47,
7569, 1991 and 47, 7569-7582). Subsequent procedures compared 2,2,2-
trichloroethyl acetate with vinyl acetate and vinyl butyrate and also demonstrated the
benefits of running the reactions in THF as the solvent with triethylamine as an
additive to improve the selectivity. (Thiel, F., et al., Liebigs Ann. Chem., 1991, 195-
200). However, lot-to-lot variation of enzyme catalysts lead to variable results,
produce significant amounts of diacetate, and the desired monoacetate has been

reported to be isolated only by costly chromatography.
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1- acet oxy-4- hydroxycycl opent - 2-ene which is
consi stent, provides enantionerically enriched
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m ni rum anount of diacetate, consunes a m ni mum

amount of vinyl acetate and allows isolation of the 5

pr oductAdeprdinglg;tthéigahdedrfor Spronessyfonthe plurlubiotestt (il SAR)
This invention provides a process far the preparation

of - -goptexyr-hydraevcyelepent-2-ang arhich iswensipen: prvisdge enantiomerically

COLLS B U 5L L oo

Cidacttade, doiydies xyeiithan ambout-F nf@rgll vtdimk aad ell @ Eisolafdielof the
triethylamne in a solvent; 3) adjusting the water

c dhedist byeryptabizatiot ure such that the water is 5-7% by
wei ght relative to pancreatin; and 4) nmaintaining a

r atyre of -40 Cto +40 C, preferably -5
Cwq&ny? lOzllirring until the reaction is

substanti.al |y conplete. Alternatjvel .he p,Qf

2 ust i 15 e it ke 6Ok e Pickirakiaf o SR 1-acetoxy-4-
t alyBraRlyercfoeai-2leRe 8stHpiind fhe sRpgef.eatin to the

m xture. Accordingly, the process also conprises the

steps df): 1 dejermistieg thierwatey cohteniefipencreatin;ent  of

pancreatin; 20.2a) adjusting, the water content of the

pancr _e%i n SUEHE&HAE™ o c “?%rdl _y§r‘§‘y C%ﬁ’wt'g@“&h‘fmyl acetate,

r ehatddBylh@iRanas6RLA; 3a) m xing pancreatin,

ci s-1, 4-di hydroxycycl opent - 2-ene, vinyl acetate, and

tri et hy)an rdjustingthsorai@ronteanef thajnixmiersuah thantheawater is 5-7%
r%act i.o% tenperature of -40 Cto +40 C, preferably -5
CcOYoRlg _rilf WRAACSHH APdg until the reaction is

subst angi al rlﬂaiﬁ@i'ﬂi’ﬁ%?i RactidifieRbEaro b 2B9L!H QA0 @&f gf?fn%ﬁﬁly -5°C

does not make a dif i

erence in the reaction to
( 16:+AQC with strimgyntil the deassiye isciubgientially-complet©nce t he
reaction is substantially conplete the (1S 4R X
1- acet d@fﬁrﬂ@t’rﬂ?ﬁ? h%?;ﬁi%qf&ﬁlé‘ﬁ?@gz- r\”@tmn@ét ‘?%’6‘? éelné?EFaB? may
t Rfke diade!didre AUERS 1R pandQatt toGRE GRRLFAIARGr iRy
reaction m xture at 20-50C bath tenperature and

2@o8Pnnesghestsps ef: 6) di ssol ving the residue in

-t r i onal | in h
met hy| lta) bmd%le%tnpn?ng thg Q)\Ealteg' c%nteXt cgtr p%%}:reat n;t ©

the process also

2a)  adjusting the water content of the pancreatin such that the water is 5-
7% by weight relative to pancreatin;

3a)  mixing pancreatin, cis-1,4-dihydroxycyclopent-2-ene, vinyl acetate,
and triethylamine in a solvent; and

4a)  maintaining a reaction temperature of -40 °C to +40 °C, preferably -5 °C
to +10°C with stirring until the reaction is substantially complete.

The order of addition of water does not make a difference in the reaction to
form (1S,4R) 1-acetoxy-4-hydroxycyclopent-2-ene. Once the reaction is substantially
complete the (1S,4R) 1-acetoxy-4-hydroxycyclopent-2-ene may be isolated by the
further steps of:

5) concentrating the reaction mixture at 20-50°C bath temperature and
20-60mm pressure;

6) dissolving the residue in methyl-#-butylether, optionally treating the

mixture with activated charcoal and filtering the mixture; and
2.
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1- acet oxy- 4- hydr oxycycl opent-2-ene (Forrmula I) by the
addi ti on of a hydrocarbon solvent at 0-15C. Detail ed
Descri pbi on mécipitaingr(y84R) dracgoTynd-hydesgoyclopeneehe (Formula I)

pr.ovi des.. rocess for th oduction of (1S, 4R)

1- ctb? S‘i‘yaﬂfﬂ%ﬁﬁ%@}l&q[’oﬁg‘f?ﬁ{ %Ez)éﬁ%ocusi ng pancreatin.
Pancreatin is a sempurified enzyme m xture that
undoubt edly contains nmany active enzynes, such as
pdPetailed Desoriptiont dfthé Imvenéion( PPL) . However ,
"pancregtin” gives petter, reactivity and selectivity
than DR ERAPIHAnGTeYIde) APTaecsogIdhnBroRHSR 1S IR)

Li 1 r | ; : o
i e s
C canlizgim® enixiseeckhat ifdeubtedlytcostamg nianytabévememss sush as porcine
determ ning th w?tglr content of pancreatin. The .
weltABFeRHnHRAeS ﬁi‘é’} HEOWEYEy rRARETGAN) SHEISHRSHET Wastivitymadselectivity
t i . . dsyi .
| R B Rnlh dl pfg RESE B L G e
| ds preparet] éfonc Asgpaticredsasi altfoughhsthdsgiaherehtidmrepiratismicoald be used.
is preferred because of its greater speed, 15 and

becaus el Netfirsisteroin theprosess iy ¢eiermuning theayaler ganteng of panereatin.

dr - T M 1 1 i . .

O P RRLHERGS SEUbAo s 2y SRl S i v
| 1grt. ThelEd mkthods$ indlude\thd/BaIFrehentltentibh, aiddneasurement of weight loss
triethylfgrrineinasolvent, in which case the water

c lteeriretyt diyme. AhefarkFishertiratign ispreteried drcaunaef itygreater speed,
o 7% by . o s .

SRR AR ) AL 0 R ARGEE et may, o

c chisgointafiththies paedrvedt ¢ 1pBdihydrseydytdentteéey Eoatelh T,

the pancreatin to the mxture. In this case, the water

content of the pancreatin is adjusted such that the

water is 5-7% by weight relatiye to pancreatin, and

then the pancreatin WPu#,| sQeiaded water is

m xed with cis- 1,4-dihydrd opent - 2- ene, 25 vi nyl

acetate, and triethylam ne $0l vent. Either order

of addition of water | eadsCF[ 0 sane reaction

m xture. The anount of panci®®8™hUused in proportion

t ndylishyiahthe h% sBRknf in®flich Lh& the %te? @&ﬁgﬁ%ﬁ e Mgt is

the slower the reaction. It has been found that

apPiwicdractethpt thaevagerasd -0 BxXwpihtrebstve mo parcrguiamAdternatively,

; dRE e R e e e Raf ity Mg gt Aapulkoalmebyiere adding

the pancreatin to the mixture. In this case, the water content of the pancreatin is

adjusted such that the water is 5-7% by weight relative to pancreatin, and then the
pancreatin with its associated water is mixed with cis-1,4-dihydroxycyclopent-2-ene,
vinyl acetate, and triethylamine in a solvent. Either order of addition of water leads to
the same reaction mixture. The amount of pancreatin used in proportion to substrate
is not fixed. The less pancreatin used, the slower the reaction. It has been found that
approximately one gram of 8X pancreatin per gram of substrate provides a convenient
ratio and allows the reaction to be substantially complete in 22-24 hours.

Prancreatins of greater purity such as 10X may be used in proportionally lower

amounts, while pancreatins of lower purity, such as 4X, may be used in proportionally
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in proportionally -3 WD 2004/063384 PCT/ |1 B2004/ 000045

| arger amounts. The man skilled in the art can readily
della@enhmeuNWaTthmam skitledin thé artgam caddy dﬂemhaWhuEpmpomon of
substrate to. use, .based u on Stelge purity | evel

palfFEeatin FFtlaUV& iy Slth«?&ra%%@ S0 sy o v et g P@rencreatm
SEEITbE BV Rcidh g, OHAPASAOMALER g bl fompured to

acthe atamqgenatamﬂle Astangd of§)td57 mplesof &inyl scemmpann@e Etartﬁqg
l evel .of 6 noles of vinyl acetate per nole starting
refEFig) is copvshicRle s fySHOL @agles of vrmrbaqeﬁat%pwn@wwgmggnatenal
pr y |

D T KO K URTL B prsfet 11980 e 0y O rane o
i SO 0D rv@ h ineoids. of/énd:thylahnrm‘ per Gadbstaming Snaddridl i @nRydiadt Pelevel of

per starting material provides good results.
AFQ8 HIOEF‘é of {rigthylsingee ol starting matasial E@Md@s gwchgsalsults

0,59 .V d,
The T ecaRbihetibnd Tt NG phftfearh i AeERle. BGpIAEE. and the

t osoiviiCare niiked, eliedehotion-ib furl @ a+d4Gon ‘tbhﬁ;h:rﬁhtefdf QP CuBti40°C,
the reactign is substantially conplete. The reaction

mefelsERbborst der G ithatizingsinih thearadfion dnpibstaatislleqpmplete.
t hﬁ{eerebémln a%/ t%e%ﬁmdéré?ig 8& sdbrs]tahﬁﬁ e}P o'%%);f?it avrygx tthere is less than

he progress-o e reac ron m

nrei% ditd ik thewhoduet inhase. ﬂmelgir@giess rbftmeadtionshwbea&leéﬁydrby
| ayer and | |n3w d 15 chromat ography. Once the reaction

i setipds knemindp those skibipd itsthe e S(lq@wh)n layescad digyids-

: hy&@&}ﬁ(?%&é@fem 2-ene may be isolated by the further
eps o

t concentrating the reaction m xture at

20- 50C Odetthé rapdnds siitstatidily 8npIRATThE (ISR Bacetékyid-
di ssol vi Caot he residue in nethyl-t-butylether,

ogtidERrarYSlorentdenagay the isohated by teviither steps ofit ed

charco an the xt.u ipitatin

(1S, 4R§é)1 a%e%%éi{t/r%ﬁhg rrgacﬁlg%l/c o{p‘)](reen?‘tg% g%(l%otfmlﬂﬁg’ﬁ and
by20-6@madséssiven of a hydrocarbon sol vent, such as

strai ght chain, branched chain or cycllc pent anes,

h exanes) heplissabiang e residue in methybebubileshen entivaallptreating the

1- acgfre%éthj& ﬁ ‘r}%%/ag‘géz: %ndefr%]tterﬂ1 & tﬂe mrlr?é?rebe i sol at ed
fromt hg@ rreplleyipnhmtgucl)‘s 4l§t1hﬁfetc§(914-lﬁyc@6k§féyclbf5@1t 2- ene (Formula I)
addition of a 1:\I/dr ocar bon sol vent such as strai ght

c Hi the additipre plea xdﬁ@ﬁarb%ksowm, isechsrstraighb chais bsansbed chain or
he&ﬁ‘@ﬁé‘itan%g LRRGRs, 1%%%@5’ tok c%ngs and petroleum ether at 0-15°C.

The (15,4R) 1-acetoxy-4-hydroxycyclopent-2-ene may be isolated from the
methyl-z-butyl ether solution by the addition of a hydrocarbon solvent such as straight
chain, branched chain or cyclic pentanes, hexanes, heptanes, octanes, and petroleum
ether at 0-15°C. Rapid stirring and seeding are helpful in inducing crystal formation.
Heptane at 30°C to give a 3:1 ratio MTBE-heptane followed by cooling to 10°C with
periodical seeding and rapid stirring are preferred conditions. It was observed that if
the freshly formed suspension of crystals was cooled below 0°C their quality rapidly
deteriorated due to the excessive containment of diacetate byproduct and a heavy oily

coating. To eliminate these problems, it is useful to cool the solution down only to

-4 -



ether at 0-15C. Rapid stirring and seeding are hel pful

in inducing crystal formation. Heptane at 30C to give
W@ 2®406338 | 0 MIBE- hept ane fol | owed by cool i ng POI/IE2@4/000045

with 30 periodical seeding and rapid stirring are

preferred conditions. It was observed that if the

f r @€hingd dddranexd dsioageds Voof thé initial depase velsme oothedrysed] ow

OCtheir qualjty rapidly deteriorated due to the,
exWSBISIAR. féﬂil%%’%%ﬁﬁiw gfysigl caksdnyasheyd prbguecoddpd 04 heptane on a
he s i 0 it
ek 0RAE Ulhe TR ARSS, 40708 U E0H TR i

2 0énhh 063386 pihiiiy /of B200%/ D8PDBetdbiaided.and add an

addi tional 125% of the initial heptane volune to the

5 cryst al Thespdysanordhe reaghnn mashbe sefectadieons etpstsdiavingiboiling points
B - l. )
L 0 R R

crigrhiatdsofinrdnl 2-nestieylitéteig tioturnlr d, §-Wiredth A e @8 romyral &diisopropyl

obtained. 5 The solvent for the reaction may be

seftbes digranybashet ped dibnid pther- boi | i ng points  of

34- 150G ' X t her - bhut. yL. .

S oyl SO Sh e Pl M S, SR s
10 2- ineluldy diat@hacebyskaeth ¢ellllose, magnesium silicate and the like.

2,5-dinmethyl-tetr ah}/ldr of uran, diisopropyl ether,

di-pr opylt hag besp fo #fi the,enaymet preparatioing vauy laf tedotatepding to

PG O 0 A B o o

NBgizgaie U Biajorealsatidthcldien thekariabititydshoeem Tauod,
that the enzyne preparations vary ot to lot, |eading

to differences in the rate of acetylation as well as

selectivity. The water content of the enzyme is a

maf'8r_caulht iys. shagt 9% n~ b€ var ﬁ%b@,t\‘?/%as poyn j noAc

Tabl e HO—B—NGHPmncr e ne, M nyl O,, +SCH HQ

OQAc AcQ,, ~QAtFSC = ° Acetate, 5% Et3N : ~ ,~, THF,
1550C 1 2 3 15 4 Owater wt At time diof nonoacet ate4

di acet at e nonoacetate pancreatin enantioner 3.0% 8

hrs 3.24% 60. 31% 34. 76% 1. 68% 6. 6% 23hrs 2.41% 76. 74%

19.65% 1. 27% 12% 48hrs 4% 79. 1% 16. 9% not det er m ned

Jowater wt/wt time | diol monoacetate | diacetate | monoacetate
pancreatin enantiomer
3.0% 8hrs | 3.24% 60.31% 34.76% | 1.68%
6.6% 23hrs | 2.41% | 76.74% 19.65% | 1.27%
12% 48hrs | 4% 79.1% 16.9% | not determined
Table 1
20 Optimum results are obtained with a water content of 5-7%. Larger amounts

of water decrease the rate of the reaction and do not provide an improvement in

selectivity between the mono-acetate and the di-acetate when a reasonable reaction

endpoint (<5% diol) is obtained. With low water content, the reaction rate is greatly

accelerated and the selectivity between the mono-acetate and the di-acetate decreases.
25 Another factor, which influences selectivity of the transesterification, is the

concentration of the réaction. It has been found that the amount of diacetate formed
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Table 1 20 Optimumresults are obtained wwth a water

cont ent of

5-7%

Lar ger

anount s

of wat

er

decr ease the

WO a108/06384 he reaction and do not provide an i NPCDBN®INT00045

10

in
di

endpoi nt

selectivity between the nono-acetate and the
-acetate when a reasonabl e reacti on

(<5%

di iatieases aphicalilneion indtdabesl Ahusyaik Or2 ©OIRE Edtcenttdidn of the
reactjon rate is greatly

séilbzf%rpwwyloaettmﬁwtrh@
k3t 392,355

uences select I Vi

|n
t he

%%ol%ﬁtr

accel erated and the

f“"}%t{aej factor,

i s

Pfgnencscetatette dipgetatepsoduct is 1 to 1, at 1
whi ch
the transesterl fication,

C ODghenfat fird Wﬁlcﬁﬁnﬂﬁéﬂcds&ﬂ@ira@@steﬂlﬁczﬁéﬁ IRIRE he
that the anount of diacetate forned

erature

-5 WO 2004/ 063384

PC/tharacinm gsromf@ancrﬁ@tireersla@se@d the addifion pHyarying amounts of

OWn

dlqg %?%)%ﬁ/%%/c opent

di the atead fpapéreatitcit 3°6 VaitH ﬁdéd trédth
and at 2 nol ar

It

r’{gble@hn%q

IS

to 2.

I conce

E R

)

whi ch

h{’)‘ﬁsggg@ﬁg{aggqggriﬁcaﬁon are
amifRlafh cbﬂceht%at?bn?bf 22molar of
her factors

| rﬁlh%ﬂﬁ@s’dph@t‘mea ﬂ%ﬁ@@lﬁeh&tefd ipdiabler am dtonueeactivms conducted using
use of pancreatin or

L SHPEL A

Ilpase

Lr e

tﬁ?}‘stdl%cr

i o SORMpER,

triethylamne as shown in Table 2. Optinmum conditions
for the transesterification are

the u

i ng anounts of

e of p

ncreat |

at 5C with _added tri et h?h‘@pnrtwnat’ a concentrafion of
nol ar of EFM'(WO yeyetopenrtener—Resuts | i st edTime
Table 2 & lel\gé{‘?ons Phndlict, d; usi 74%€ t he apse
condi ti oms Hescrl be‘i‘éeﬂa& | Qe AMPLE.™ 10 Pr opof te} U %1
Reaction|Tine N\ono- - 1% e Conditioms Dol [el apsed
acet at e acdiiphse Li pase 100 63 O 91.5 24 200|C 40 C
100 100 0 83,424 1109ase 63 0 91.5 24
0°C
40 °C
] 100 100 0 85.4 24
Lipase
10°C
. 100 36 0 86.3 24
Lipase
100 20 74
823 22
100 20 0
100 20 51
0 °C Lipase 85 26
100 20 0
100 22 11
92.8 48
100 22 0
100 27 27 854 22
10°C 100 28 15
. 88.9 26
Lipase 100 28 0
100 32 0 94.02 48
5%,Et:N, | 100 50 7
o 87.8 16
20°C 100 50 0
Lipase 100 55 0 92.9 23
S %,Et:N,| 100 26 13 90.4 23

n
2



10 C 100 36 0 86.3 24 Lipase 100 20 74 82.3 22 100
20 0 100 20 51 O C Lipase 85 26 100 20 0 100 22 11

W@ 2008/068384 100 22 0 100 27 27 85.4 22 10C 100 PGI/IH2004/000045
88.9 26 Lipase 100 28 0 100 32 0 94.02 48 5 % Et3N,
100 50 7 87.8 16 20 C 100 50 O Lipase 100 55 0 92.9

23 5 % [RMGM.ipa&d 26003 9028 23 -6 WD 2004/ (63384
PCT/ 1 B20Q4/ 000045 |-5C—Lipase-100 25 01100 28 (5 93 9
30 100 48 0 100 25 380 823. 9286 |100525 |0
93.9 30
100 28 0
100 25 36
82.9 16
100 25 0
25 %, Ei3N,
100 26 16
5°C, Lipase 88.8 22
100 27 0
100 32 0 97.7 40
pancreatin
100 48 0 92.1 23
20°C
pancreatin
100 20 21 90.9 22
5°C
pancreatin
5°C,5% 100 23 0 96.2 22
Et;N

e.e. = %major isomer — %minor isomer

Table 2

Without further elaboration, one skilled in the art can, using the preceding

5  description, practice the present invention to its fullest extent. The following detailed

EXAMPLE describes how to prepare the compound and perform the various
processes of the invention and is to be construed as merely illustrative, and not a

limitation of the preceding disclosure in any way whatsoever.

10 EXAMPLE: Preparation of (1S,4R) 1-acetoxy-4-hydroxycyclopent-2-ene.
a) pancreatin (Sigma # P-7545, 8x USP) was assayed for water using
standard Karl-Fisher titration and determined to be 4.4%;

b) pancreatin (39.16g), cis-1,4-dihydroxycyclopent-2-ene (40g, Johnson,

CR,,etal., U.S. Patent 4,873,360), vinyl acetate (221 mL) and triethylamine (2.8 mL)

15 were dissolved in 200 mL of tetrahydrofuran;
c) water (0.84g) was added to bring the water to 6.5% by weight of the

pancreatin;

d) the mixture was cooled to 5°C and stirred for 23 hours;

-7-



25 % Et3N, 100 26 16 5C, Lipase 88.8 22 100 27 0 100
32 0 97.7 40 pancreatin 20 C 100 48 0 92.1 23

w@angnessi n 5 C 100 20 21 90.9 22 pancreati n BCIZB26G4/000045

10

15

100 23 0 96.2 22 Et3N e.e. _ %mjor isoner - % nor
i soner Table 2 W.thout further el aboration, one
ski | | ed®i n tthe reactioramikturgsvasdiltenel thromghdiatgméaceous earth (celite),

£ CpF G B R PGP R0 e S alelze concentated a
defrCibagsSteRP¥tahiRe Qﬁcﬁ#@%@nﬁﬁﬁre%&iﬂ@ound and perform the
various processes of the inhvention and is to be

const r gd ashermsilug wasldissolved inveethgigbutglieth@r (200 ml), activated
s . I

| Icgl]f’igct gt@ﬂ@g Sﬁ L hgggﬁpgr e%edl ng S&lﬁ mqos%gmr eu!gl? dfelltc}/mz\llggus earth and

( i
Jc%née%}r%fea%@am@bﬁn t@f&%ﬁ&%@h agg@)m@g ured

pancreatin (S gna # assayed for
wat er i ng thsbﬂnﬂstepi Pieasl dissobledin triethydt-boty]l &her (80 mL) and

det e o0 be 4.4%_  b) pancreatin (39.16g), cIs-
| B Devish i S e Foereron, t smgw Wathel witheadditional

| t | 21 nL
gnn&et? §rdl tgt%uﬁ %g%? naél ﬁ(tggtgmﬁ!@@d fi]é‘lav({% r“é I'SS os(\)/ ebg in 2)00
nmL of thot r athegdtané (T5anL) whs a\di:led Ito {HR.s8AGbn WA SteEH Bk portions

bri the water to 6.5% Db ght of the pancreatin;
d)afhgﬁl?& TR{XEgIG ceOlgE &0 é%i‘é ﬁtéfﬂseaa%aeeétngsred for 23

hours; j) -7 URe? 4{@/@%@,&4 3 "
reacti 5n mi Xt Ur g&v\és ilter ﬁe%éci hr ou%g% %()Cr%)\cééo Q&C additional
edreptang C®0IrmE) added, and the mixture stirred 1 hour; and
1) the crystals were filtered, washed with cold (0°C) heptane (100 ml) and
dried to give (1S,4R) 1-acetoxy-4-hydroxycyclopent-2-ene in approximately 70%

yield and with enantiomeric excess of >98%.



the filter cake washed wth tetrahydrofuran (50 nL)
and the filtrates concentrated at 40C bath

wao eqopeeBsur e and 40- 60 nm pressure; f) the resPdIEB20&L000045
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di ssolved in nmethyl-t-butylether (200 m), activated
5 charcoal (18 g) was added and the m xture filtered
t hChuige: di at omaceous earth and concentrated at 40C

bat h tenperature and 40-60 nm pressure; g) the oil of
stbp f)Awsecess 95 glenseparationeaf hlS.4R) doaoptoxatdnkydr¢:g@yetbpent-2-ene

?E‘gomngggslriﬁée[gggtﬁégﬁpugh magnesi um si |l i cate (nmagnesol),

eéd wth additional nethyl-t-butyl

ether, Bnd tdgeramfing BRAvAtk! donfdn€sf Wch®@fnt © 30C, 10 h)
heptane (75 nL) was added to the solution of step Q)

in smal?) pormixgegpangredtinis-idbxdibydsoxysytlepent-@-a@Cvinyt deetate,
stlrgi.n nd seeding. i) after crystallization
oc%:n{ﬁirtpg%, %PH e%ﬁgt{adlglgr d%%cool ed to OC, additional

hept ane3)( 100 djikstin@ debflate ACALND BF i hikhSe SichthfShelwater is 5-7%
hour; and j) the crystals were filtered, washed wth

c PaweiglD) relséipe epance@n;And and 15 dried to give

(1S, 4R) ,\1- acet.oxy-.4- hydr oxycycl opent -.2- ¢ in . o
appr oxi Hat el ?m’?g’gfém%f‘g?a&u%%mef RIS gﬁ% i |2Q G peederably -5°C
0f10298%€ with sW&i0ad 8R33&4i10oR G {UbBRRRAL ae. O ai ms:

1. A process for the preparation of (IS, 4R)

1- acet oxy-4- hydr oxycycl opent - 2-ene conprising the

steps of: 1) determ ning.the water content of

paficr ea‘%ip_ﬁ ’c)e%s %Ofmqgir}ﬂ ﬁgabrgpllc?ogg{qsmg. tlgle %urt%er steps of:

cis-1, 45)di hy@nesnt@ya HeGBActién #RRurd hDOLSRERafl fmpeifte and
triethylam ne in tetrahydrofuran; 3) adjusting the
wad(ebOromrmressurepf t he mi xture such that the water is

5-7% by weight relative ta pancreatin;. and 4 i

mai nt ai Hi ng ESPLARY %Sﬁest‘@r?dﬁ fnae{tnwl'é%b‘fﬂqth?ff?lftﬁznﬁﬂﬁé?aung the
prafxelid With acfiGated Ondroat HACHMEL Y L IlifhRg until the

reaction is substantially conplete. 2. process

accor di'hg t redipitating (EBARY il sicetgxy-Heryfluaxtybloehepene{Formula I)
5), . concent.ratin he reaction m xture at 20-50C bath

t eWptgF ﬁﬁl}f‘%n 3#1%%({2%936139%%0 \{,egggt[ﬂ-é ng 6) dissol ving

the residue in nethyl-t-butylether, optionally

treating the
3. A process for the preparation of (1S,4R) 1-acetoxy-4-hydroxycyclopent-2-ene

comprising the steps of:

1a) determining the water content of pancreatin;

2a)  adjusting the water content of the pancreatin such that the water is
5-7% by weight relative to pancreatin;

3a)  mixing pancreatin, cis-1,4-dihydroxycyclopent-2-ene, vinyl acetate,
and triethylamine in a solvent; and

4a)  maintaining a reaction temperature of -40°C to +40°C, preferably -5°C

to +10°C with stirring until the reaction is substantially complete.

4. A process according to claim 3 comprising the further steps of:

5) concentrating the reaction mixture at 20-50°C bath temperature and

20-60mm pressure;



m xture wth activated charcoal and filtering the
m xture; 7) precipitating (1S, 4R

WQ-20d6838Y - 4- hydr oxycycl opent - 2- ene (For mul a 1pCThB20041€00045
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addi ti on of a hydrocarbon solvent at 0-15C. 20 3. A
process for the preparation of (1S, 4R) o
1- acet ofly - 4- digshl Gry theatsipenin-rRetkyle-butylethed, spichallgereating the

f:.1a). d i Ni he wat er content of
o By UL B Bl E SRR o1 (e

j t ' =19 t
et v o papliafs (1SRRIY Ehikd 4 AR Xene (Formuia
ci by the4ddiitiby df okydrpcdrbpesdlvet en®15%d.nyl acetate, and

triethylamne in a solvent; and 4a) maintaining a
reacti on tenperature of -40C to +40C, preferably -5C

t 1006 A e i . E [ '
58%; t an%iﬁgﬁegs %rg%dﬁde%% C%g%l 140.0%8}%@% ét% Scéc):f?)r ding to
cl ai m 3l)conpddteriniging ke Watet dotikens bepmcabtingd)

concentrating. the reaction mxture at 20-50C bath
t enper ablur e BHANE PACHEHM G-bdsdifydroxgysippan(amnes gighacetate,

PCL/4l ] i ssol ving the residue in
m%fﬁ?@%ﬁ?%gﬁﬁéarh%gﬁéghal ly treating the mxture

Wi th acl)i vateiustng ieoskteschidnt bf B inlguid euchitd Wewa@PE 5-7%
7). precipitating (1S, 4R
1-Deweighirelpling i RARGEPERASENt - 2- ene (Formula 1) by the

o ‘ . ' . A .
pr ocessJaccar i EiRE R ErEor B R Bor Sl + 20T, pitgrably -s°C
1) todd ORC wiithistigridghmtilticatadtion iesibsRhtifABGngMEN; 2)

m Xi ng pancreatin, cis-1,4-dihydr oxyc%gil opent - 2- ene,

vi nyl et at@nceniating eaeanfion miners af 20e30°gpatly tofaperatyre and

1053 ' ing the water content of the m xture such
tgzzﬁgé?f@ﬂ\/%gs%{é@’is 5-7% by weight relative to

pancr ea)i n; dndlvig fBiréidicTh AR DGR, bRIPENRIEifg the

of -40C to +40C, preferablg -5C to +10C with stirring

urfixture dthrastivated phareoal anskfikieringhe yixtore| et e. ) 5) )

concentsat | - i mxture at 20-50C baf |

f enper ap{)ur er}g%cgﬁ?atirng?%Aﬁ? 1 lE'ce):&oxy q hydroxycyc?opent & ene (Formula I)
by the addition of a hydrocarbon solvent at 0-15°C.

6. A process according to claim 3 comprising the steps of:

la)  determining the water content of pancreatin;

2a)  adjusting the water content of the pancreatin such that the water is
5-7% by weight relative to pancreatin;

3a)  mixing pancreatin, cis-1,4-dihydroxycyclopent-2-ene, vinyl acetate,
and triethylamine in a solvent; and

4a)  maintaining a reaction temperature of -40°C to +40°C, preferably -5°C
to +10°C with stirring until the reaction is substantially complete.

5) concentrating the reaction mixture at 20-50°C bath temperature and
20-60mm pressure;

6) dissolving the residue in methyl-+-butylether, optionally treating the

mixture with activated charcoal and filtering the mixture; and

- 10 -



15 20-60mm pressure; 6) dissolving the residue in

met hyl -t-butyl ether, optionally treating the mxture
wonzody/oasasii vat ed charcoal and filtering the m XParaB20d)/000045

preci pitating (1S, 4R

1- acet oxy- 4- hydr oxycycl opent-2-ene (Formula 1) by the

addi tior) of mediyigREAIDAR) $QALMBRY-43HydxISfelopéht-B-ené\(Formula I)

process according to claim3 conprising the steps -
1)y the eeditipmpinghydiecapleoneolwohatdhiS°6f pancreatin; 2a)
adjusting the water content of the pancreatin such
that the water is 5-7%by weight relative to
pancreatin; 25 3a) m xing pancreatin,
ci s-1, 4-di hydroxycycl opent - 2-ene, vinyl acetate, and
triethylamne in a solvent; and 4a) maintaining a

5 reaction tenperature of -40C to +40C, preferably -5C
to +10C with stirring until the reaction is
substantially conplete. 5) concentrating the reaction
m xture at 20-50C bath tenperature and 30 20-60nmm
pressure; 6) dissolving the residue in
nmet hyl -t-butyl ether, optionally treating the nixture
with activated charcoal and filtering the m xture; and
-10 WO 2004/ 063384 PCT/ |1 B2004/ 000045 7) precipitating
(1S, 4R) 1-acetoxy-4-hydroxycycl opent-2-ene (Fornmula |)
by the addition of a hydrocarbon solvent at 0-15C. 5
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