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LATANOPROST BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present iwoantgsesi s a process, including |ntermad| ates, treTUSIZDEISS 5
| at anoprost, a ph , , j
conditions. 2. ‘ e 4

di scl oses | at anoprost (ExarrplgAg*)K@mgUmopslqmlmeENm@mn opht hal m c
agent. The patent discloses a process (Exanple 2) to prepare |atanoprost
and two closely rel ated conpounds. J!E_'l'sh.ef_té_m_nmy limted numbers of
exanpl es of reduc%ons of .a, 13-unsat ur at ed @non
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descri bess 2 Ex'td?l%ﬁ)s% H@Jn@aceﬁmraﬁslg&t b RRIGh reRiOphtHafmR bhdgBRNE.

4- phenyl - utenh-2-o0 wi th chlorodiisopi nocarrpheyl borane giving an 81 %
eantiorrerlc selectlwty, - @eacryitio: pteé Aaitycl i ¢ non-aryl

conj ugat ed enones 5 Bu m_ Soc. 5 1033- 4 1994
addresses the i ssyéjpﬁfenisfzzﬁgg glfgloies atapepresti(Bxe I&P]]FI)%) an<91ts ustfinesd ¥ an

chl orodii sop Rt disdi EUsS PSANP188) to ¢ RERbRR Vi Ly
or diaster eogﬂﬁg%ﬁmé\]/%hpg}: théageasgé)tg?%{r)\%m 'Fetrahe%r ont Eﬁgtélt%érs 10%7 !1070
(1976) di sclmﬁbtsvoeclo:sptylmhmﬁmoamdd acid where the si de-chain did not
contain any aronmatic functlonallty 20 SUMVAI%R ENT\ﬂ?\I Dlsclos dis a
conpound!®f the f dhgiRaEe yey linpsdcrysppersof gxamp ﬂOfF‘I'éu P‘BWﬁé‘F‘E“te 5 (1)

s e el P kSl ORERE o 0P 905 8 Py e ore
posi tions of (1988) dkertityds arsinple waeipde bhedsavand aniaoglit raqmehh&:, RSphanBBJc ion to

buten-2-one, with chlorodiisopinocampheylborane giving an 81% eantiomeric

selectivity, and no examples of simple acyclic non-aryl conjugated enones.

15 Bull. Korean Chem. Soc., 15(12), 1033-4 (1994) addresses the issue of 1,2
versus 1,4 reduction with chlorodiisopinocampheylborane but did not discuss the
enantioselectivity or diastereoselectivity of the reductions.

Tetrahedron Letters 1067-1070 (1976) discloses a cyclopentane diol-acid
where the side-chain did not contain any aromatic functionality.

20 SUMMARY OF INVENTION

Disclosed is a compound of the formula (VI)

(V1)

where:
25 (1) Rzis—H and R4 is -H,
(2) R3 is —H and R4 is -O-CHj and
(3) R; and R4 are taken together to form a five member ring attached to
the 3- and 4- positions of the phenyl ring where the second ring from the R3- position to

the R4- position is -CH-CH-O- and



the R4- positionis -CHCHO and -1 WO 03/008368 PCT/US02/ 20188 where is
a single or double bond and pharnaceutically acceptable salts thereof.

Al so di scWwova083s8 a process for the preparation of a 15(Spcprusst/agbandi n
internediate sele fr - Sd Sid BedidtYd sfisR3 R a
OH X11 05 (1V) %glge—ﬁgm‘Eigglgg’:ﬁ%ggggggadsﬁdiﬂﬁggcegg%g Haan%k\/\he?esml is
phenyl or phgeyof substituted with one thru three Cl C4 al kyl, one thru

three Cl1-C4 al koxy, one phenyl, one thru three - - Br and -1 and
conpound (XVI | 1) podisahesed i@ oFpcessifor @Waéloﬂff allé(ﬁﬁrpﬁé%la%%ve whi ch

Compound 155 g elgt iR LB A B B ORI °Rf ST anal > *.

are as defined above or conmpound (X¥1), respectively,

where R3, R4 and ..... are as defined above and where X, is phenyl or phenyl
substituted with one thru three C-C4 alkyl, one thru three C,-C4 alkoxy, one phenyl,
one thru three —F, —Cl, -Br and -1 and compound (XVIII)
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where X, is defined above which comprises:
(1) contacting a compound selected from the group consisting of compound
15 (110)

ST (1)

where R3, R4 X and ..... are as defined above or compound (XVII), respectively,



-2 WD 03/008368 PCT/ US02/20188 O O O X1 CO where X11 is defined above
with (-)-chlorodiisopi nocanpheyl borane while rmaintaining the reaction

m xture twopaet3ss e in the range of from about -50 to aborCT/BD2m88 (2)
contacting the reaction mxture of step 1) with a boron conpl exi ng agent.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Lgt anoprost (XVl) is known, see US
Pat ent 5,422,368, Exanple 2. 10 The pr¥ckss of the present invention is set

Q

fort in CHARTs A and B and in EXAMPLESy1-12. The enone (111), as well as

t he other conpounds of the invention, S three possibilities for the
substitution on the phenyl ring of theg bdft ORrshee in. These are where
R3 and R4 are: 15 (1) R3is -H and is -H@hich gives phenyl, (2) R3is

-Hand R4 is -O CH3 which gi ve_Aé hoxyphenyl and (3) R3 and R4 are taken
together to forma five nmenb&t rrng attached to the 3- and 4- positions of
t he phenyl ring where the second ring fromthe R3- position to the R4-

positionis -CHCHO; 20 where ..... is a single or double bond and where

X11 is phenyl  or phenyl. substitute ith ane.thru three Cl- al kyl, one
thru three CYhes Xy fafgfine F‘n‘éo"ﬁﬁ@ﬁvg),‘\éf&H‘é’d{‘FﬁP&mlcﬁ’inBéeX"?;‘Fa@edV%%d “Br. It is

preferred t 4 : 5 I; r X&do { nyl .

The enone (| tzlﬁig ellgéf)crﬁ(fl;)}til 2%1? g%@(gietn{'}'%eﬁiéﬁr&@ tll{%p{glgﬁ(iﬂg%ngg@%ust %%o%rs?bte ?)tet hose
25 skilled igeddde art. It is preferred that for the protecting group

-CO X11, X11 is phenyl or phenyl substituted with one thru threeCl-C4

al kyl, one thru t & eentegtinggheraeghign myrwre of pisay]) Witha berepgompleing ggent ¢ and
-Br. Wth regard to the (-) chlorodiisopi nocanpheyl borane reduction of the
a, (3-unsaturated enone (l111) the reduction can be performed in any

chem cally inert sol venDEIA ERdpESAREPHION OFAHVEENVENTION

Latanoprost (XVI) is known, see US Patent 5,422,368, Example 2.

10 The process of the present invention is set fort in CHARTSs A and B and in
EXAMPLES 1-12.

The enone (III), as well as the other compounds of the invention, has three
possibilities for the substitution on the phenyl ring of the bottom side chain. These are
where R; and R, are:

15 (1) R3 is —H and R4 is —H which gives phenyl,
(2) R3 is —H and R4 is —O-CHj; which give 4-methoxyphenyl and
(3) R; and Ry are taken together to form a five member ring attached to
the 3- and 4- positions of the phenyl ring where the second ring from the R3- position to
the Rs- position is -CH-CH-O-;
20 where ..... is a single or double bond and

where X1 is phenyl or phenyl substituted with one thru three C,-C, alkyl, one
thru three C,-C4 alkoxy, one phenyl, one thru three —F, —Cl and -Br. It is preferred
that R3 and Ry are both —H. It is preferred that X, is phenyl.

The enone (III) must be protected at the C-11 position as is known to those

25  skilled in the art. It is preferred that for the protecting group —CO-X1, X1 is phenyl
or phenyl substituted with one thru threeC;-C4 alkyl, one thru three C;-C4 alkoxy, one
phenyl, one thru three —F, —Cl and -Br. With regard to the (-)-
chlorodiisopinocampheylborane reduction of the a,3-unsaturated enone (III) the

reduction can be performed in any chemically inert solvent that adequately dissolves
-3-



-3 WD 03/008368 PCT/ US02/ 20188 the enone (I11). Suitable solvents include
THF, nethyl ene chloride and DVE and m xtures thereof MIBE and tol uene
al one ar ewpaB/0o§36s abl e. The use of a cosolvent, such as Rrexarse2/2nept ane,

I sooct ane Orth%!e%Aea{[I}?YSg{%@BI%rSQR/BﬁtSiil?cllm%tTﬁ ,qg?tg e QHE)riJieSancﬂPglfg]e:{erfdgd- This

is inportant since orodi i sopi nocanphe rane I's aval

comrer ci al | ym@gui@s Srkddfi MTBBahd@dens alone atesnot bp&ablan@ht akeiefiecosalvelite used
as the cosolvent. The nature of the solvent has virtually no effect with
regard to t hwichpsheyanesiariang d69Qstang of pignijsr udregarbens ip gotnecewadyt tShat fr om

about 3 to about i . -.chl i : b
doed: it s et JAEI L ERL sie (LA RIAIABRATGATIR A ARRANS De
(-) - chl orpdi irppEREUFED Beylubes andetsolieats. MIBHakEwhiend Carebiisedlaeties t he

reaction is inconplete; there is no inprovenent in rate or selectivity

with nore eqeisolertiatkhe nafise of the splventdiap yirdally se sffagcubpreesndiothene i s
contacted A c_.-unsat urated e 1), r re shoul d be
mai nt ai ned Y\Lgs(g)/ﬁ@a Tatipiny ﬁe 1rsc’%lﬁéri‘['e telrgB%Zergéﬁe{kgttfﬁée&?téﬁggﬁgtagéﬁe{ 4be mai nt ai ned

at | ess thanequihlenits ofr@-émmdﬁwpﬂ{oeampnkyumnetmse@,rrpemadsmrpeefaeemmamai ned
in the range of from about -35 to about 15 -45. Above -35 the selectivity

decr eases anlgasidl oeduinsdents off9-¢terodisopinesempkaylhasenc beused t Withdepenct i cal

When the reaction is,compl.ete,. th c (=)= .0 i | bor ane
st bo. Heerseyatenssn SRS & iplPipIERCRRR 4t pd yARcREAChi eRL BOSRIRIRY BoT 20"
the group C@nkingdré BELivdleMatWhen & Sehirédiopimoaditbtdlybofancéd bvarakaini ne,
di et hanol am ne, 20 triethanol am ne and m xtures thereof It is &rsef erred

t hat the borwithtiengBexisatyratesicanone Ji).ghotempseatyigishould he miirteinethisbaipne; it
is nore preferred that the conpl exing agent . b ter. LI is.preferred that
prior to st e§ - ({t3§ pr ‘Héedrtggég‘? %Blpr‘?fa)?frgtbﬁ%@f’nt%‘flﬁgm\(ﬂ%s tF‘%" '(?(tg)nt libst“@%re with a
readi |y redugi.pl @ 3 AeYERpSankebORRintdihed M tRE BfBE bRFomNAbul 138 toasslit! ¥
reduci bl e g@ege}rﬁehyage orﬁllgetaone IS 1snelle%t ed fro%theogroug consi sting of
Cl- C6 al oehydes. abdvkeld Pribsseleutivip deatatehymichelow abent b ethpraté beqopebsttdmt t he
readily reduci bl e al deh%qe or ketone is acetone or nethyl ethyl ketone. Wen
addi ng t he bYPEHC BERECERAINng agent it is preferred that a base al so be

added. 1t is prefgiahd RaltichScHAsite! e SRERS t-zghf&&iﬂsBﬂﬁocﬁ{ﬂHﬂbsﬁﬂ§i sting
of carbonate, bicarbonate, nono- di- and tri- -C6 al Kyl am nes;

must be destroyed by use of a boron complexing agent which is selected from the

group consisting of water, C;-Cg alcohols and diols, ethanolamine, diethanolamine,

20 triethanolamine and mixtures thereof. It is preferred that the boron complexing agent
be group be water and diethanolamine; it is more preferred that the complexing agent
be water.

It is preferred that prior to step (2), the reaction mixture of step (1) is contacted
with a readily reducible aldehyde or ketone. It is preferred that the readily reducible

25  aldehyde or ketone is selected from the group consisting of C{-Cs aldehydes and
ketones and benzaldehyde; it is more preferred that the readily reducible aldehyde or
ketone is acetone or methylethylketone. When adding the boron complexing agent it
is preferred that a base also be added. It is preferred that the base is selected from the
group consisting of carbonate, bicarbonate, mono- di- and tri- C;-C¢ alkylamines,

30  pyridine and pyridine substituted with C,-C, alkyl; it is more preferred that the base be

bicarbonate or carbonate. It is even more preferred that the base be bicarbonate.



30 pyridine and pyridine substituted with C1-C4 alkyl; it is nore preferred
that the base be bicarbonate or carbonate. It is even nore preferred that
t he base we wioessbonate. -4 WO 03/ 008368 PCT/ US02/ 20188 BEictrheso2/prisor t o,

or after, step (2,1t . referr wnar | ] % bout
15 to about 25. | lﬂlleépf)l?é é(r)l(reaef? "t %&?’HQ{% g%t% ?%{r(\)%%?éé%&y\g?x%% rom
about 1 to aRQHis B dbout 1t ANRRETEted KM the rdackatOMikthR D atfied Wondsboun

opht hal m ¢ pharmaceutical 5 agent, see US Patents 5,296,504 and 5, 422, 368.
I n addi tion,1 togbenhdhi.onal Publication W98/30900 di scl oses that

Lo ost )RRy ST kPR 155 BB SR T
enone ( X\ |),20d ¢ B8 PhRNESS 296,302 4nS,4b2;398C BhQddifiefIIhtkInaliBh PIBKE0LE known

to be 10 useful 1n the production of pharnaceutically useful

pr ost agl andi W&984¥900 dischisexthairiatasoprest{ X VIDi @isgfol7id t(cafigpnathet ophthalmic

J. Am Chem Soc. 92, 397-8 (1970). The process of the reduction of the
non-aryl a, FRAUNIYPRIA ket one (XVI1) is anal ogous to the reduction of
the aryl a, (3-unspidinatad okeroner 6l (hid EXAMPIEOAUL! D) WARS Qifd% inpwrH and R4
is -OCH3 and where R3 and R4 are taken 15 together 'to forma five nenber
ri ng attacheshohe (XWH) 2ad trardifetmspowithé bhrslcoholt(Xy IPhimtgrinediategknowimgp det he

d ring fromthe R3- posifion to the R4- position.is - |
cnown toitbe WEH i R bEn | BRFmaREaly ROL B SRR oS dahide e ©

prepared by ;5he. RHFEEER) {1?‘978%@%@%@3%?@, i30M.8 (PEFd)NTHE G2 AN the
CONVENTI ONS 20 The definitions and expl anations below are for the terns as

used t hr oughediictionhif sheamin-argl @feumentatédiciterdi (X§/ 1haos ndlbgous pete fredmtioon and
the clains. DEFINITIONS Al tenperatures are in degrees Cel sius.
Lat anopr ost ¢H&g 3rvt afiewnsatugatedigtonadl).- 7-[ (1R 2R 3R 5S) - 3, 5- di hydroxy-2 25

[ (3R) - 3- hydr oxy- 5:~ph leyel yl:1-8- i ci - et hyl
ester. It is al gglpilﬁgé\%&sggh%%}%ﬁg n@f&gqghi% @0&? f%nﬁggﬁe&%g\éhﬁ%‘bér%gh%est er.
MIBE refgys thgeth@itd¥drmita fivd mbmBérttig.attached to the 3- and 4- positions of the phenyl ring

where the second ring from the R;- position to the R4- position is -CH-CH-O- are also

known to be useful pharmaceutical agents. Those two agents can also be prepared by

the process of the present invention.

DEFINITIONS AND CONVENTIONS

20 The definitions and explanations below are for the terms as used throughout
this entire document including both the specification and the claims.

DEFINITIONS

All temperatures are in degrees Celsius.
Latanoprost (XVI) refers to (5Z)-(9CI)-7-[(1R,2R,3R,58)-3,5-dihydroxy-2-
25 [(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-5-heptenoic acid 1-methylethyl ester. It
is also known as 17-phenyl-18,19,20-trinor-PF, isopropyl ester.
MTBE refers to methyl #-butyl ether.
TLC refers to thin-layer chromatography.
THEF refers to tétrahydrofuran.
30 THP refers to tetrahydropyranyl.
Saline refers to an aqueous saturated sodium chloride solution.
Chromatography (column and flash chromatography) refers to

purification/separation of compounds expressed as (support, eluent). It is understood

-5.



TLC refers to thin-layer chromatography. THE refers to tetrahydrofuran. 30
THP refers to tetrahydropyranyl. Saline refers to an aqueous saturated
sodi um chworosdesss®l uti on.  Chromat ography (col umm and f | a®eTasopeasogr aphy)

refers to purjfi ' : gt i . {support,

i uent). 1t gt e BirbBAkE PRGBS BB B RO Bhg3Fe fRibe T

appropri ate édmsdun@@y. are pool ed and concentrated to give the desired

conmpound(s). CVR refers to C 13 nagnetic resonance spectroscop%, chem cal
ga

shifts are reporEMR referp gnt(1S)maEngHS reSPRANCE SPRCTRESOPS, qipmiGabslifts ateo nucl ear
(proton) magnetic, reson e s ros , chemcal shifts are reported in
ppm (S) domlfePgﬁ‘%“PrPé’m@ﬁP‘Xﬂﬁ?qﬁﬁ%? ?% TMS refers to trimethylsilyl. -0
refers tg phenyl (RERfers Monic@dag (Srotod) MRAESetfRNESnh AFBRpEMrRBSYE Shdticas N e,

mz or mass/charge unit. 10 [M+ H + refers to the positive ion of a

parent pl us shifiyate ogrented iroppm B$) dosfrdicld from tetrampdthydsilanepact . C refers to
chem cal ionizatign, FAB refer 0 {Bast atom bonbardnent. HRMS refers to
hi gh resol ution MNYS rgffé%ﬁortﬁ}?éﬁ‘ryiﬁ?ly harmaceutical ly acceptable refers to

t hose properties : 1 which 15 are acceptable to the patient
from a pharnmacol o&ng%%ttﬁ%p@é?g%% al point of viewand to the

manuf act uri ng phaxsaeid fodadss Sheeiosietry erpressefy ai/€ah/zoh amsellargoinit  of vi ew
regardi ng conposition, formulation, stability, ﬁat I ent acceﬁt nce and
bi oavai | Bbi | iMy HI gefersrtels rostitye otz payent Rigs s wdrpgraptomy £ r‘%‘c’ﬂs\tfént pairs

are used, thaclfhlifbadl REERMD ShetARA BhSat . WTRE YOLNTE fasfBofn// V) - Vien the

solubility o n a solvent 1's use eratro o e solid to the
sol vent is visdrgburdiventunme (wt/v). DIBAL refers to diisobutyl alum num
hydri de. HRMS refers to high resolution mass spectrometry.
Pharmaceutically acceptable refers to those properties and/or substances which
15  are acceptable to the patient from a pharmacological/toxicological point of view and
to the manufacturing pharmaceutical chemist from a physical/chemical point of view
regarding composition, formulation, stability, patient acceptance and bioavailability.
psi refers to pounds per square inch.
When solvent pairs are used, the ratios of solvents used are volume/volume
20 (V/V).
When the solubility of a solid in a solvent is used the ratio of the solid to the
solvent is weight/volume (wt/v).
DIBAL refers to diisobutyl aluminum hydride.
THAM refers to tris(hydroxymethyl)aminomethane.
25 _ EXAMPLES
Without further elaboration, it is believed that one skilled in the art can, using
the preceding description, practice the present invention to its fullest extent. The
following detailed examples describe how to prepare the various compounds and/or
perform the various processes of the invention and are to be construed as merely
30 illustrative, and not limitations of the preceding disclosure in any way whatsoever.
Those skilled in the art will promptly recognize appropriate variations from the
procedures both as to reactants and as to reaction conditions and techniques.

PREPARATION 1  Potassium 5-(triphenylphosphoranylidene)pentaonate

-6-



THAM refers to tris(hydroxynethyl)am nomet hane. 25 EXAMPLES Wt hout
further elaboration, it is believed that one skilled in the art can, using
t he precewprigoossgri ption, practice the present inventionPCo/USIT2(188 | est

extent. The fol I@\@ xgﬁﬁ%lth@%n%mﬁ%h%ﬁiuﬂ?&%ﬁﬂi@@ zfm;v% | R PRERRifh THe

vari ous conpounds and vari ous pro e 1 nvention
and are to baoaﬁhpiﬂdlhdsla&ymeoleﬂyoeﬁ) Rdtdsuisihr abutueide 206 mat, 1.6 mll) adlutios of
the preceding di sclosure in any wa §soever Thgose skilled.in the art

wi Il pronpt | i THE éygaokd g@p J&Fbaf%l%ﬁo utionds added dafherlnmydrgpwisir es bot h as

to reactants ON 1
Pot assi um 5- 1(ntgfr}ll pﬁﬁﬁ ?peﬁ%}g{%?gﬁ dn)aglzer?ta%{g%ﬁ ﬁmfﬁ%ﬁ‘?%@@?ﬁ&
PCT/ US02/ 2018utich iCatidacopledtty 101 phenyl phosphoni um bronide (2.91 g) is
stirred with THEIglO m.) and the slurry cooled to 0. Potassiumt-butoxide

(20% W v, 7.BXAM IsEﬂut. on [3aR- Wm%h%ﬁ%ﬂ]ﬁdbwoméy}wm €HP¥®i on i s

added to the slurry dropw s ntainin 28 o 5 and
then stirring for 1 hour. ﬁé’he%‘/surlf nﬁenyglztlggyd%};& ?Ilt i'gsnegﬁie)n cooled to

-10. EXAMPLE 1 [ 3pithibdeehldideRR.6%)Rs 8dddivedin(Temaay! )Ib‘lﬁi(aﬂ’iw -Bxdk4{ 3- Ox0-
5- phenyl - | - pentenyl ) - 2Hcy cleg gggt){%s&b fur ann2 ong1 (ri Li t hi Szm)f:hl oride

(2.6 Q) |s dpmlbuéd)nhﬂsphpl&ate 1(?107 g) angy tﬁetthml,amnqezcw are added. The
henyl but honate (1] 7 t Ryl dd d.
The 10" M xt BPERS 8P i sonff G g5 "R ooldih SRS fy idenie bt o0

al dehyde be n@l@aﬂl@6R(7:R)%-§>rmyl 7- (benzylox%) -2- oxablcyclo[3 3.0]octan-3-one (I, 8.42g) in

R, 6R, 7R) - 6- forrryl -m-iébenz 0XYy) - 2- oxabi cycl o[ 3. 3 octan-3 -one (I 8.42Q)
in THE (75 ®HF (& mdddearded te the reaction muktupg ey ItlyeQJ 1s.t HheesHbng §nxt1rrf-'e

resulting m xt irr or tinme,
MIBE (100 i e s ety S0 rache PR bR Rtmd o ¢ A8 EI & loed B

bi sul fite (38%ixdROwatmed %o eseZN°aSAdfulEbibH fta\G8PH) 206 mIi)is sddedwadtiet i rred
for 10 min. The phases are separated and the organic phase is washed with

sat ur at etb aqtyeopkase orikiurs waesiirtsdriar E0 8ién. ufheophagasgue pappraterhand the giganie phase
i S separat edgt?gggco nt L t e@ﬂ%%ﬁﬂ%ﬁéwéﬁsgs% ed d. Bl oH£t$ <SiRtidy glq)lounq@t oltcil e <100

m.. Et hyl Te kY urels concent 0 a

vol une of 50odFhnic WBS% ié Qéiﬁreﬁféd arldSconéiddtednadéhedited tpidssure $o avbawRdft 0 cool
to 20 <100 mL. Ethyl acetate (200 mL) is added and the mixture is concentrated to a
volume of 50 mL. MTBE (100 mL) is added and the mixture is allowed to cool to 20-
20 25deg for 1 hour. The mixture is then cooled to —20° for 2 hours. The solids were
filtered, washed with MTBE and dried on a nitrogen press to give the title compound,
mp = 117-118% NMR (CDCls, 400 MHz) 6 7.82, 7.41, 7.28, 7.10, 7.02, 6.49, 6.04,
5.12,4.91, 2.72 and 2.5-2.1; CMR (CDCl;, 100.6 MHz) 6 198.5, 175.7, 165.8, 143.0,
140.8, 133.5, 131.4, 129.4, 128.5, 126.2, 83.0, 78.4, 54.0, 42.5, 37.8, 34.8 and 29.9.
25 EXAMPLE 2 [3aR-[3a0,4a(1E,3S*),5B,6a0]]-5-(Benzoyloxy)hexahydro-4-
(3-hydroxy-5-phenyl-1-pentenyl)-2H-cyclopenta[b]furan-2-one
Iv)
A mixture of [3aR-[3a0,40(E),5p,6a0]]-5-(benzoyloxy)hexahydro-4-(3-oxo-
5-phenyl-1-pentenyl)-2H-cyclopenta[b]furan-2-one (III, EXAMPLE 1, 10.0 g, 0.0247
30 mole) in THF (100 mL) is cooled to -38 to -42°. A solution of (-)-
chlorodiisopinocampheylborane (2M in hexane; 43 mL) is added to the enone (III)
mixture maintaining the internal temperature at less than -35°. When the addition is

complete, the mixture is stirred at -38 to -42° for 18 hours. At this time acetone (12.7

-7-



20 25deg for 1 hour. The m xture is then cooled to -20 for 2 hours. The
solids were filtered, vvashed with MIBE and dried on a nitrogen press to
gi ve the Wotobmossesrpound = 117-118; NWR (CDC13, 400 MHCY/(®072888 7.41,

7.28, 7.10, Zl%ggsqsdg (T%xgd@l Qrili glrérsja%?_lggvéggolwag%?c&@ﬂ@ ;ﬁld%ﬁ S&for%h()g:s)?l?”

100.6 MHz) 8 8, 133.5, 131.4, 129.4

128.5, 126. 2MTEE QL00ABLYis addedind4iZenty soBitids), of 3ddidmabidarBénade (1252) BXANRRLE 2

[ 3aR-[ 3aa, 4a£ 1E, 38*) 513, 6aa] ] - 5- (Benzoyl oxy) he>%ah dr o- 4-

( 3- hydr oxy- 5(I5Aamk) is #ddsen IR \e Phasedp xR intisied for T amim  TiePhagesge A mi xt ur e

of [3aR- [3aa (

5- phenyl -1 - peé?ﬂ(a ?’Qﬁ@‘?"}“g é\%ggf%%ﬂfragﬁl oneMgb(}Tﬁ) &X%ﬁlc phai%ls
0.0247 30 W&hﬁ):nttd%edﬁlrﬂﬂef #dd0cedpredsarec MTBE (B00 mdJ id silded And teswiktutré then of ( )
chl or odi i sopi nocanpheyl bor ane éZM in hexane; 43 nl) is added to the enone

(111)  mi xt upencpitraiedai Afatepitrie i0Rmak his pddeshand ths miEure s pgain conegpirated  When

nouro. At ¢ neprERTELE] B B S GrBants RS Bheiationtin ) " <

added and t hgirfdd¥bt!s enih SndiHepWRewEdtonttIv. tThe3Mhaiks asr@paraiedr @lief or two
hours. MIBE (100 nL) is added and then a solution of sodi um bi carbonate

(10 g) in watsstonitrilemphase is exgragtediwéth heplane (bx pAGE)nilke assdonikilephase &y for 15
(100 mis 10 RES e fed, SERBNANSE B Dok AR S30NGvARA GBI 10 R e

(100 niL).” Thé organic¢ ase i ncentrat pressure. MIBE

(300 ) is aﬁ‘dmdto@ﬂ@hy (licH gel, W36-400aneshehuptantetial acttatéclét Moigive thetild 00 )
i s added and the mxture is again concentrated. ~Acetonitrile (150 mi) and

hept ane (1000qm9011@ﬂemad’d7e‘3d81 TR (8Dphaded MBa)$ %779 .32 7ilPr 840945 nin and

< ot ract easbth hegiahe, 355 2bb2at 2 SFRRS bt oM FonEfplAR M B, o

concentrat edy 74, Iq%tol o191 136118 1998CE7Y. 4,808 4, $23. gm\@d@@ndl bUsi §ipdk by
chr omat ography (silic¢a gel,” 230-400 nesh; heptane/ et hyl " acet ate, 1/ 1) to

gi ve theltitB&7, Xohpdwand 3hbd.= 78-81; NWR (CDCLl3, 400 MHz) S 7.77, 7.32,
7.19, 7.04, 6 .94, 45 5. 7 8 1-2.23 2 01 1. 60:
CVR (CDC13, EE8MP 1@’61‘5[%3%%‘8(1% gﬂfﬁfgaﬂé@mﬁﬂg"@he’%%d%n "128. 4,
1258, 83.3, 79,2, 712, 53¢hydidnsds.phinsB ooy HpShudihudhfone

V)

[3aR-[3a o ,4a(1E,3S*),5B,6ac]]-5-(benzoyloxy)hexahydro-4-(3-hydroxy-5-
20  phenyl-1-pentenyl)-2H-cyclopenta[b]furan-2-one (IV, EXAMPLE 2) is dissolved in
THF (125 mL). Platinum on carbon catalyst (5%, 1 g) and triethylamine (3.4 mL) are
added. The mixture is purged with nitrogen and then and the mixture is stirred
vigorously under 5 psi hydrogen at 20° = 5°. When the reaction was complete as
measured by HPLC, the reaction is purged with nitrogen. The mixture is filtered over
25  celite. The filtrate is concentrated under reduced pressure to give the crude product.
A portion of the product is removed and purified by chromatography (silica gel, 230-
400 mesh; heptane/ethyl acetate, 1/1) to give the title compound, mp = 68-70°; NMR
(CDCls, 400 MHz) 8 7.91, 7.47, 7.36, 7.19, 7.10, 5.18, 4.99, 3.56, 2.84-2.57, 2.44-
2.26,1.71-1.16; CMR (CDCls, 100.6 MHz) 8 176.9, 166.0, 141.8, 133.2, 129.6,
30 128.4,125.9,84.4,80.1,70.8, 52.6, 43.5, 39.0, 37.7, 36.2, 35.1, 32.0 and 29.5; MS
calculated m /z=408 , foand m /z=409 (m + 1) .
EXAMPLE 4 2-[(1R, 2R, 3R, 55)-3,5-Dihydroxy-2-[(3R)-3-hydroxy-5-

phenylpentyl]cyclopentyl]acetic acid (VI)
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EXAMPLE 3 [3aR-[ 3aa, 4a( 1E, 3S*), 50, 6aa] ] - 5- (Benzoyl oxy) hexahydr o- 4-
( 3- hydr oxy- 5- phenyl - 1- pentyl ) - 2H cycl openta[ b] furan-2-one (V) [3aR-[3a a
, 4a( 1E, 33WP,0808&36%8a] | - 5- (benzoyl oxy) hexahydr o- 4- ( 3- hydr oxPC3AUSED20188

pheny 1= pentenyl \-ghéG¥ el fRERah Rldika o Pﬂleméth%ol @g‘w\éﬁb%naxvat& (§li ssol ved

in THE (125 nl). at1num on car bon cat al yst and triethyl am ne
(3.4 n) ar emmmedI&Bampgwme(uEs3s&msgmawi-rbenmyl@gemanyﬂmhe(l and t he

m xture is stirred vigorously under 5 pSI hydrogen at 20 5. \Wen the

reacti on washydsepi-epleny-1- P@éﬁéh?ﬂc?ywpﬂm&]fuf%ez P@ea@f,l@ﬁAWL&ﬁ)gg&ew th
ni trogen. The, marg:f,llsj Ft?rcrjeltjdz aendi hetcl%h%i ap g@{) 01?§atﬁ ?(%IJ atb%ut 2 g(g-l er{aéx?t%-g réa tion is

concentr at edmu)f'n pressure he Ccru portion

of the prod U@émﬂ)léter&Mﬁd\r@ﬂd:oﬁétmhﬁteﬂ(ﬂmbéf reducedptaegirap Watdrgi 00 @d) ged , 230-
400 mesh; heptane/ethyl acetate, 1/1) to give the title conmpound, np =

68-70; NWVR (vﬂtm@OOmD) aszc)ldes and ghe, mixture stiredat 20725 dfor 73 min. Bhejshases 99
3.56, 2.84-2.57. 2.44-
166.0, 141.sarcpdewed toﬁﬁaféte é‘é“’fé “&glsﬂ%q{‘%%‘sﬁa%‘ba"% tﬁ)%r é‘l“’gbasé 1543, 5,

?g 0, 48; (7m %@l&o)g'ed %5& &rsca’%gecp ’Iﬁ@ ?HQOQ’ tRo ild\t{@ouscﬁiaﬁéliséﬁﬁﬂte@té 1t514@8,thé ound m

5S) - 3, 5- Di hyaticblan of l[y(dﬁﬁ)ﬂomcmpWr@)N/aboutpﬁﬁ)emylap@mylqud)cgfbﬁ &piémryIS]stla@éu c

TR0 TG00 0 i e
[3aR-[3aa, 4afdl-'§bgl§ 02 A, @ﬁ@ﬂm‘s@s Arb 8EFRMb XY ﬂh@’@g&‘ s%lése(é’xtracted once

hydr oxy- 5- phenyl - 1- pent yl ) cycl opent a[ b] furan one (V, EXAMPLE 3). The
mxture is swithiMBBEGH0 héai &lic MilBipBBeoire CDmbhleﬂ@ndavb@lmd withgedism When t he

Vet er (100 nty SR (e mebo i YTERSiied e wan frgRipl SCtiRmE oo
20-25 for 15h{Rrbkidd bﬁs h@ﬁﬁlm&éﬁn%té}vmo ;rmﬁ&p@rxﬁirﬁ ThEpafs agict Is in
J{lﬂx ? he gﬂh

t he agueous phase and organic phase is renoved and carded. The pH
of the atueosspaphaismditse aqiicast puse 5 added tda luby of kigric aeidimanehydste (8.90

i 026"5'50 SR e SR e R R S e
at 20-25 {)hébs%t& sdpardlO T Bhe afiBoRIRESis Bk RatEPRItALAN] Aethtd (Fex SOIEHUS
phase extracted once
The combined organic phases are dried over anhydrous sodium sulfate (8.90 g) for 15
min. The ethyl acetate extract is concentrated under reduced pressure to a volume of
20 100 mL maintaining the internal temperature less than 30°. Ethyl acetate (200 mL) is
added and the mixture is again concentrated to a volume of 100 mL. The resulting
slurry is stirred at 0-5° for 30 min. The solids are filtered and washed with
heptane/ethyl acetate (1/1, 35 mL), then dried on a nitrogen press to give the title
compound.
25 EXAMPLE 5 [3aR-[3a0,40(R*),5B,6a0]}-Hexahydro-5-hydroxy-4-(3-
hydroxy-5-phenylpentyl)-2H-cyclopenta[b]furan-2-one (VII)
2-[(1R, 2R, 3R, 5S)-3,5-Dihydroxy-2-[(3R)-3-hydroxy-5-
phenylpentyl]cyclopentyl]acetic acid (VI, EXAMPLE 4, 4.80g) and toluene (100 mL)
are stirred and the slurry heated to reflux for 30 min. After 30 min, the toluene is
30  slowly distilled at atmospheric pressure to remove water. After about 1 hour of
distillation, all the hydroxy acid has dissolved. The solution is then distilled to a

volume of about 50 mL. The mixture is then cooled to about 80° and ethyl acetate (25

mL) is added. The mixture is then cooled to about 30° and heptane (20 mL) is added.
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with MIBE (50 nlL). The MIBE phases are conbi ned and washed wi th sodi um
carbonate (1 N, 50 nL). The MIBE m xture is stirred with a solution of
pot assi unwoh})mnma'; de (2.8 g, 42.5 mole) in water (100 nL)PCfrmSOZ'QX)m#n The

phases are s t

citric aci d rmno fgee?g&jﬂgng ?’ggﬁg%&%f] ﬁgﬁﬁggtg (?rﬂﬁ' C?’%‘Soqr%? nﬁkHﬁé% 25deg.

The m xture dtﬁfreatat ﬁtﬁcﬁiﬂ 30Wor15nﬁhrdtﬁim§ szHial tipb agRSvacsstakiatia@i edurrdde

aqueous phase is extracted with eth acetate (5 x 50 The corrbi ned
T

or gani c phas@ﬁerdhépmdlu@fdlaé\ﬁék‘staéw Weéé@ml%mdﬁépéﬂ( o ghheshpryr 5

m n. The eth C Xt r cent at ed und e ure to a
vol une of Zd %ﬁ{%?ﬁ %ﬂcﬁﬁ%e elpr?%%ésr (Paq%e%seat %§§1 30.

Et hyl acetat d hesqm@t WMRI(EDRIAUDO MHIHRM.Bated to a
vol une 01Eas 10 Igtré%g‘ [?r‘)er%lzglt@?ﬁlggmg{au?%y is sti rreé at %‘ for£’)30 mn. The

sol i ds are f7.06,en@0] 4063 68sh89-2\i5t 7344265t andel/. 8%-hypH; GVER e@mcb,uop 6 8Blz)) ,

[ 35R [ 3aa, 40 K Bod1 Cadps D pan b oA gyt T ¢35 16055 2 oo™ = °
hydr oxy- 5-p | pentyl)-2H cycl openta[ b]furan-2-one (VII) 2-[(1R 2R 3R

5S) - 3, 5- Di hydroxy- 2-[ (3R) - 3- hydroxy-5 phenyl pentyl] cycl opentyl] acetic
acid (VI, EXAKRMPIE 64. 809)(3aRARL IR, Ges)e5-(1LBthorigthoay)@-[£3R)-3€1- and t he
slurry heated to reflux for 30 mn. After 30 mn, the toluene is 30 slowy
distillet at atnospheric pr&Bexyedory- 5@%‘)’&’%@?“@6@{0& about 1 hour of

distillation, all the hydro 1 ¢ d. The solution is then
distilled to a volune of a ou?gfgg[bn@? Z’ﬁ%‘lx ure is then cool ed to about

80 and ethyl acet@uR- (32@40411:)) Sﬁ%aa@i}iﬂéxah'y_bﬁ) Shydrokg4i(3-ytieiyseol ed to about
30 and heptane (20 ni -9 WD 03/008368 PCT/ US02/ 20188 The
mxture is sld@d}él@elm’l)ﬂfhcmemaﬁﬂﬁum 2gme( Wi, EXANPEB ApbQigel3-3TABolesXiSur e i s

stirred at abou Q _for \ l|'1'ization
occurred. A fsé’ﬁva Hbe}lgéﬁ' mﬂdngegrygfg }A‘?l z&&t'ﬁgp{@%&d 136%%?61?5 added
over 15 ¥ n.prE&Q@restubé.rAdd 1.6 nfIoef £flidtere P tr2éhlGracktistabidr(0Q 7 in thettglene The
product is flltered and dried under 5 nitrogen to %I ve the title corrpound

np = 69-71 ;chigyRle(tHmI3, folpgedprzgthy vindsther .2 g1L)5 1o pressuye tubg iggosed
252 5 BT Tyt SRR el MlgRd . 1619
mL) is added and the mixture is stirred for 10 minutes. The mixture is then
concentrated under reduced pressure.
20 EXAMPLE7 (3aR,4R,5R,6a8)-5-(1-Ethoxyethoxy)-4-[(3R)-3-(1-
ethoxyethoxy)-5-phenylpentyljhexahydro-2H-
cyclopenta[b]furan-2-ol (XI)
(3aR,4R,5R,6aS)-5-(1-Ethoxyethoxy)-4-[(3R)-3-(1-ethoxyethoxy)-5-
phenylpentyl]hexahydro-2H-cyclopenta[b]furan-2-one (X, EXAMPLE 6) is
25  dissolved in THF (14 mL) and the mixture cooled to —40°. Using a syringe pump,
DIBAL (1.0 M, 3.78 mL in toluene) is added over 15 minutes, maintaining the
internal temperature at less than -30°. The mixture is stirred for 15 minutes after the
completion of the addition, then ethyl acetate (0.38 mL) is added. The mixture is
poured into a solution of potassium sodium tartarate (10g in 30 mL of water) and
30  warmed to 20-25°. The two phase mixture is heated to 45° for 1 hr and then cooled.

The phases are separated and the organic phase is concentrated.
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28.9. EXAMPLE 6 (3aR 4R, 5R 6aS)-5-(1- Et hoxyet hoxy)-4-[(3R)-3-(1- 10
et hoxyet hoxy) - 5- phenyl pent yl ] hexahydr o- 2H cycl opent a[ b] f ur an- 2- one ( X)
[ 3aR- [ 3aawdaBBug3s® (3, 6aa] ] - Hexahydr o- 5- hydr oxy- 4- ( 3- hydr @xyA502/20188

ol es) 15 MR Th el R RS R e b R oo B €
placed in a seal able 15 preghgiyRtionhrs paeieylﬁen@yl]wclefaemyms-hepw@l@imd

trichloracetic acid (0.27 g) in net erne chloride (10 nmL) foll owed by
ethyl vinyl ether (6.3 nl).(XiBe pressure tube is closed and heated to 45

in an oil bath,f ot rs, tr ne (0.12 mnL) is

added and th ﬁiﬁ{ﬂ?g $5 E{E %é(éf tp%’fY)10ﬂ(§r‘{i13?g'eth°flﬁee&1?r¥2ta§l?re |g t hen )
t d

?gg%eer ?ReG%Hé:?l???nqﬂgiéﬁg%rg{ﬁ@ym&ben%R@M) A |(-d'ii_(XI EXAMPLE 7) is dissolved

et hoxyet hoxyin-dsy gy 0 pelntapidjad ﬂQ;ﬂdnUIIEHCOI@W@IWSal[UD] $uran-2-ol (XI)

phonyl pent yi FRRHpEPRNSY s e ety PR S ABAT NS SRARE 080 1% o5

di ssol ved i np sﬁlﬁf}g Hin}tupelg sti&d Tordbetes RARL 8ledtharf05°. WohiBH(30 Yy dopge
punp, D BAL In toluene) is added over 15 m nutes,

mai nt ai ni ng i‘stadded meeﬂﬁhahnmtesnﬂmnaetthm ecaite (2wl hnthagqu@oOus "JI‘HéMBodumle(hOs
stirred for 15 m fter the conpleti on of the addition, then ethyl
ccetate (0 IBLAyMHd adheabaorhaeesrirs and e sdmritonat § e wifon of

pot assi um so 0 bied 20- 25.
The two phasgejdulr%’lm)l(%%?éﬁf gélﬁmg%gg/{ 2 xi% 115%; Olf1h e\r%ghgc%bs pfﬁﬁ%ﬁ%odﬁd aEII}ﬁe phases
are separ at edashed ohdrewh gthyl acepia@é mk). AMABEASO atldds added ty\DeEBMDOBE6S
PCT/ US02/ 20188 EXAMPLE

7-1(1R 2R, 3@%‘3?“93}’ ieSEtlﬁ’SWéFﬁ%Wfldsﬁer&y32“ltwf"%s Rhpsphoric acid

et hoxyet hoxy . ﬁ?@ﬁg&ﬁﬁ@ﬂ LS EX GEORREY Xﬁd &n@@xﬂ?a@élpdrﬂeﬁféﬁgced(p&slsﬁre to 20
(3aR, 4R 5R 6 )-5- 1- oxyet hoxy)-4-[ (3 3- (1- et hoxyet hoxy) - 5-

phenyl pent yl ﬂtlﬂ]emtislsjﬁedizhbrwpph@phmbﬁ{mqmw aond)Zrystallizdd, I\EXBB’IPQ(Em'L)) 1§ s

di ssol ved

added and the slurry concentrated under reduced pressure to a volume of 20 Ml. The
solid is filtered and washed with MTBE (100 mL). The filtrate is concentrated under
reduced pressure to give the title compound.
EXAMPLE 9 Latanoprost acid; (5Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-
20 [(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-5-heptenoic acid
(XV)
7-[(1R,2R,3R,55)-3-(1-Ethoxyethoxy)-5-hydroxy-2-[(3R)-3-(1-ethoxyethoxy)-5-
phenylpentyl]cyclopentyl-5-heptenoic acid (XII, EXAMPLE 8) is dissolved in THF
(30 mL). Water (15 mL) and phosphoric acid (85 wt %; 0.67 mL) are added and the
25  mixture is heated to reflux for about 2 hours. The mixture is cooled and MTBE (30
mL) is added. The phases are separated. The organic phase is washed once with
saline (100 mL). The organic phase is concentrated under reduced pressure. MTBE
(3 x 50 mL) is added and concentrated under reduced pressure to give the title
compound.
30 EXAMPLE 10 Latanoprost; (5Z)-(9CD-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-
[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-5-heptenoic acid
1-methylethyl ester (XVI)
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indry THE (10 ni) and added to a m Xxture containing potassium 5-
(triphenyl phosphoranyl i dene) pent aonat e ( PREPARATION 1) solution at -10 to
-5.  The weloos3sgy m xture is stirred for about 3 hours atrCrase2rdiahn - 5.

vater (30 m O) IAGAHESGEYRY, BRAUEHESS i d BN ML AL Pal PlhigEl) and

aqueous THAM sol ution IS ad ases are separated and the

organi ¢ phasg a ssurstheeium éaiboracie Bug il BMF §100 sil).op-1¢ddptopade ¥0.4Pmi) Js The
aqueous phases are conbi ned and washed once with ethyl acetate (15 ni).

MIBE (50 ml)added aeidithg stusrytinBeaterhisi %Eéor ahquicdbeurpniBentheTerstian is epmplsts,

Caitied ( 2 th . ks rivald S
s separ at ek @0AtLH G NR 42 REHRI in S Blsthuint® b Tl 1) P
(5- di phenypphgsiRi MABPRARE AfcGepsihidl afid Hetaqliédus HaseNy RiasiaOvif- M TBE (28dded

and the slurry concentrated under reduced pressure to a volune of 20 M.
The solid imL).i Theeprganiaphiasassise@mpined apgBenqentatedd The qpnsentate fsat e i s

concentrated. under red d SS ive.the tit XAVPLE 9
Lat anopr ost %l’é?‘&?“’%zﬁe-#@ﬁﬁgiﬁ’ g E?gﬁb@f%éﬂ)lselﬁl%ﬁlrt%@rgg% RBropriate

[ (3R) - 3- hydr@aiors ﬁla%meaaﬂaxbﬂceﬁmh@neglwtﬂﬁﬁrefwagpaaﬁu.c acid (Xv) 7-[(1
R 2R, 3R, 5 S)-3-(1-Ethoxyet ho%%{eS- hé({jr oxy-2-[(3R)- E 1- et hoxyet hoxy) - 5-
R e vt b ety S S R
added antf the 25 mixture iso‘%eé’é'{]g%&‘fl%nygafﬁ%? afcbdr((é%gut 20 hours. The m xture
i s cooled and MIBE) CR@rodikdpihscanfpiedborihe (PNO$FSE BEs@@RRTAFYY0 mit)andr gani
phase is washed once with saline (100 nL). The organic phase is

concent r at eccootedgp 88U Uk edxfures3ak-[3MEHEE) (S8,6a05R5-Mhenzo ¥ oxibexdhadrg-4-

concentrat ed_undey redyc ressur 0 give tit] e conpoun 0 EXAMPLE
10 Lat anopr dStoXor 2?9’(1@}:?%:‘%9{%’?&%@&%{“?&%§5’9 IS??&ID?' %r%fﬁ’?ggc" 96(1%’

[ (3R) - 3- hydr gg-hs b R Y THE SO 8RR ¥dded PndhRRIEROKE ifterhdl tedhpBiuny | et hyl
ester (XVl) Qﬁwgg%og?g%’ypd}(usozﬁzows Lilﬁtganopros% acfﬂdte(y(!\%/,ﬁu?XANPLé
9) is di ssolofabe mixtDierat €105t Theanikturd dredirted ab—33 tor-r40° &ir 18dwiutsm Acgtdnenat e

(1.6.9) In I:%I\l/lgj(ml]?) 1217(1)(31(.?16(3 ';nldotgg Eéll? 1(%1nsetir$e%'alt180-r}15)’ foirsz hours. MTBE (50 mL) and
saturated aqueous sodium bicarbonate solution (50 mL) are added and the two-phase
mixture is stirred for 5 min. The organic phase is separated and washed once with
water (50 mL), then concentrated under reduced pressure. The mixture is stirred at

20  reflux with methanol (75 mL), water ( 7.5 mL) and potassium hydroxide (4.76 g) for 2
hours. The mixture is concentrated under reduced pressure. The concentrate is
partitioned between water (75 mL) and MTBE (75 mL). The aqueous phase is
separated and extracted with MTBE (2 x 50 mL). The pH of the aqueous phase is
adjusted to about 1.2 with hydrochloric acid (3 M) and stirred for 2.5 hours. The

25  mixture is saturated with sodium chloride and then extracted with MTBE (4 x 75 mL).
The MTBE mixtures are combined and washed with sodium carbonate solution (1 M,
2 x 50 mL). The sodium carbonate solutions are back extracted with MTBE (2 x 50
mL). The combined MTBE extracts are concentrated to a volume of about 100 mL,
then stirred for one hour with a solution of potassium hydroxide (3.29 g) in water (30

30 mL). The aqueous phase is separated and added to a slurry of anhydrous citric acid
(9.68 g) in ethyl acetate (100 mL). The phases are separated and the aqueous phase is
extracted with ethyl acetate (4 x 50 mL). The combined ethyl acetate extracts are

filtered through anhydrous sodium sulfate (about 10g). The filtrate is concentrated
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added and the slurry is heated to 45 for about 6 hours. \Wen the reaction
is conplete, MIBE (40 nlL) and water (50 nlL) are added and the m xture is
stirred fwo 03808681 nutes. The phases are separated and thecaquevedsphase is
washed with 0

concentr at edM#Eeegégencﬁpe%s}l%et & 1%91 E o%gaﬁgrpe)ﬂ{oga H‘P‘??ggb(%ggoom 230- 400
nmesh) el uti nBthyd 4ddtabd@60 miltds a@xwdmpdulad mlxtﬁmasmmmrmceumafeddcmd
concentrated to give the title compound. EXAMPLE 11 2-[(1R, 2R, .3R,

5S) - 3, 5- Di hyreekie GO] parimwe fRpapesatye) to i@léﬁlﬁé’tﬁ%?%ﬁ@l%ﬁgéﬂﬁyﬁ%ﬁl%m d

% X)a i g )Cg;,lls%rgglga ko ;@b B Co%g%ﬁl%qga{'ﬂu&@& 18 gfe théifld SHRHNRE, P =THd5- (90

[ 3aR- [ 3aas 4af@Er, RMRoar DM, 10020k 5 BhexBud10448, 4.06, 3.94, 3.76, 2.48,
( 3- oxo- 1- octenyi) 2H cycl opent a[ b] furan-2-one (XVIIl, J. Am Chem Soc.

96(18), 586533R.1119146)]1.871. Z7g)51|and‘DHE1 CBOR £d§-DMS QA5 Miiz) ©di7di48g t he

35 10 40 1 bio-un AbaterS b ol aness thads e d e ol ¥ 81y g

stirred at 28y 29,4P14.23. hours. MTBE (50 nL) and saturated aqueous sodium
bi carbonate solution (50 nL) are added and the two-phase mixture is
stirred for BXAMPLER2 or gaiia8,4fifss@mR)Heehalratsellydsong-4vf(d BESR)shnbydrokyt-h

water (50 nmL), then concentyated reduc pressure he m xture is
stirred H 20 reflux with Pﬁtﬁmﬁlw?{%}' entig]tf%ﬁan% Gfleéxé) and pot assi um
hydr oxi de (4.76 gjLQRr 2R, 3@055;)535'5hg,df5x>§,1y|{)§1{)§}g,aﬂﬁ?mr ated under reduced

pressure. The concentfaté is 'partitionéd between water (75 nL) and MIBE
(75 m) . Theocaqqda]oyrslopﬁm)dhcetm acke DG EAA MRUEeNt 286 sturehwNTBETBR x 50

Th H h d t
hydr oc hleorpl 0889 PHS(a?g ﬁﬂ&gﬁa‘?%@ioflggjggsg ﬂﬂﬁ?q’ﬁﬁ%dég fg? BOfes
saturated w {h, 3ROh4R %Eﬁfﬂe@?lﬁﬂﬁet(b@@n ik ﬁé&étde(i"h‘é‘rﬁlbltd}@_ BRobrd%nd> N) .

The MIBE m xtures are conb sodi um car bonate solution (1
M 2 x B0 nwhshedbeceswith water §5bmhabewststk. ulfheomsnaces@wdk)vev(arﬂladltog@l with I\/rI'BE

2 x 50 nL nbln MT extracts a ated to a v
Cbont 200 erantlirsedeim PG wo thenEomerael tades rebier et O e BepllE,
hydr oxi de (3 i 3 h i ted and
Tea 1o a Sadhd M R b 5 S S B 3 S 2 o (100

m.). The phazgs.anesemalat e;ﬂs aaxﬂd) 89)@1\&344@@@33, phasaVHsg) 6 ¢¥6.94dB6AdIW t h
ethyl acetate (4 X cetate extracts are

filtered thr b, §§H9'd7@£~é 7@67(% é%lg’lﬂzf%ﬁ é9éib%95 B38Y) 31-60e2540% £282e i s
concent r% edarld 13.94.



-12 WD 03/008368 PCT/US02/ 20188 wunder reduced pressure (30 maxi mum
tenperature) to a volunme of about 100 nL. Ethyl acetate (100 nlL) is added
and t he nwotosmnesscs concentrated under reduced pressure (3QTIESOR/DUASS
tenperature) to a volunme of about 80 nlL. The resulting slurry is cooled to
-20 for one hour and then filtered, to @H®RTHe title conpound, nmp = 105 5
107; NMR (d6-DWVMSO, 400 MHz) S 5.37-5.49, 4.61, 4.58, 4.06, 3.94, 3.76,

2.48, 2.35, 2.11-2.16, 1.8, 1.27-1.51 and 0.94; CMR (d6-DVMSO, 100.6 MHz) S
174.48, 136.33, 131021, 75.65, 71.40, 69.37, 53. 79 44. 42, 44.31, 37.80,
31.82, 31.64, 25. 22.49 and 14.23. oEXAMPLE 12 O

(3a$, 4S, 5S, 6aR) - Hexahydrry; 5- hydr ox

4- 3R) - ydroxy- 10 R;
1- octenyl ] -2H Cyc ‘enta[ > @%ﬁ?f& [ (IR 2R, 3R R,
5S) - 3, 5- di hydr ox (3R) - dr oxy- | opent y! ] @ ¢ acid
(XI'X, EXAMPLE 11,:2. hed with MTBE @\ 2 znl or oacetic
acid (0.102 g). e sHurr (f)or nor ell t han ore—hour»
Then tri et hyl am (0.2 nl) is added. The nixtufe is coBl ed and STEREIhed
once with wat &ti (58 m.) of water. The m xturg @lri ed gver anhydrous
granul ar sodi um suquéate and then gancentrated under reddtdd pressure to
give the title conpound, NVMR (CDC1l3, 400 MHz) b 5.58, 5.43, 4.88, 4.03,
3.92, 3.55, 2.8, 2.71, 2.3-2.5, 2.22, 1.9, 1.2- 1.6 and 0.89; CWR (CDC13,
100.6 MHz) 8 176.94, 136.79, 130.20, 82.41, 76.27, 72.78, 56.12, 42.34,
39.61, 37.05, 33.98, 31.60, 25.06, 22.52 20 and 13.94. -13 WD 03/008368
PCT/ US02/ 20188 CHART A 000 0J - JJ iR RBRP-OCCH3 3 R

OH STEP (C) STEP (D)
X11 (|V)
0
R3
HO Cl:OZH . o)
e .
HO EW

-14 -



OCH3 a 0 Oa STEP (A) OOSTEP (B) XiQ X '1~O (I) (I1) 11 (I11) O R3 O
Ra R3 Ra O OH STEP (C) STEP (D) X11 Q (1V) OH X11 (V) 0 HOC 02HR3 R O
a STEP (BVOM®0@H6+HO OH (VI) (Vil) -14 WO 03/008368 PCT/ BE0A/SEDAA8 O O A
RRARBRORZ RAJU4 R +/ | HOHO OHy \-~ STEP (F) O /O O O OH STEP
(V1) (M) |||/'€||| (19 QOHA

(@]

HO &y ——> HO

(VI (Vi)

STEP (H)

TN Y ey

(X) (Xi)

>

)

STEP (K)
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ARZS 4RA OOSTEP (H OVO10O0L1OOSTEP (I) (X (X)) HO'- CO2H
HOOO-/ \ CO2HR4A OHR4 (XII1) R3 1010 TI STEP (K) 3 + HO STEP (J)
CO2H ( XIWP oR40s364 O O R3  (XI'V) HO CO2H HO HO OH R4 STEPPCIjUSR2HB 4 R3
OH (XV) (XVI) R3 5 -15 WD 03/ 008368 PCT/ US02/ 20188

CHARTB

(XVI1)

(XVIII)

(XIX)

<l/\/\/\/ (XX)
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CHART B O O (XxVIl) OOU-pco 0 0= (XVIll) OHOco CO2H HO at (Xl X
o~ HO= OH O (XX) HO OH 13PT 16 WD 03/008368 PCT/ US02/20188 CLAIM
1. A conpword/oafict he fornula (VI) R3 HO CO2H Ra HO OH 5prCvIgso2/whes e: (1)

R3is -Hand R4 is -H,

1. A compound of the formula (VI)

where:
(1) Rzis—H and R4 is -H,
(2) R3 is—H and R4 is —O-CH3 and
10 (3) R; and Ry are taken together to form a five member ring attached to
the 3- and 4- positions of the phenyl ring where the second ring from the R3- position to
the R4- position is -CH-CH-O- and
where ..... is a single or double bond and pharmaceutically acceptable salts
thereof.
15
2. A compound according to claim 1 where the cation of the salt is selected from the
group consisting of sodium, potassium, lithium, cesium, R,R,R;N"-H where R, R,
and Rj are the same or different and are C;-C, alkyl, a-methylbenzylamine,
pyridine, pyridine substituted with C,-Cj alkyl, benzylamine and B-phenethylamine.
20

3. A compound according to claim 2 where the amine of the cation is triethylamine or

pyridine.

4. A compound according to claim 1 where R; and R4 are both —H and ..... is a single
25  bond which is 2-[(1R, 2R, 3R, 5S)-3,5-dihydroxy-2-[(3R)-3-hydroxy-5-
phenylpentyl]cyclopentyl]acetic acid.

5. A process for the preparation of a 15(S)-prostaglandin intermediate selected from
the group consisting of compound (IV)
-17-



(2) RBis -Hand R4 is -OCH3 and 10 (3) R3 and R4 are taken together to
forma five nmenber ring attached to the 3- and 4- positions of the phenyl
ri ng wherwotohwossegond ring fromthe R3- position to the REI/ysOoFRAIBON i S
-CHCHO and where is a single or gdouble bond and pharmaceutically
acceptable salts thereof. 15 2. Ajconpound acce( ding to claim1l where the
cation of the salt is selected fC the onS|Rst| ng of sodi um
potassium |ithium cesium RIR2E B2 4and R3 are the sanme or
different and are C1-C4 al kyl, & , pyridine, pyridine
substituted wth CL-C4 al kyl, bebl phenet hyl am ne. 20 3. A

conpound according to clai m2 V\/@are the &nine of the cation is
triethylamne or pyridine. 4. conmpound according to claim1 where R3 and
R4 are both -H and is a singlg ® bond wgich is 2-[ (1R, 2R 3R

59) - 3, 5-di hydr oxy-2-[ (3R) - 3- hydroxy 5- Q nyl pentyl ] cycl opentyl] acetic

acid. 5. A process for the preparation of a 15(S)-prostaglandin
i nternedi ate selected from the group consisting of conpound (1V) -17 WO
03/ 008368 P é}%2l20188 0O 0O RBRa OHXl1 O(IV) where: (1) R3 is-H and
R4 is-H 5 ( is-Hand R4 is -OCH3 and (3) R3 and R4 are taken
together to forma fiv@)mgipdi and Rgisattt,ached to the 3- and 4- positions of
t he phenyl ring where the second ring from tcpe R3- position to
5 (2) R31s —H and R4 1s=O-CH3 an
(3) R; and Ry are taken together to form a five member ring attached to
the 3- and 4- positions of the phenyl ring where the second ring from the R3- position to
the Ry4- position is -CH-CH-O-;
where ..... is a single or double bond and
10 were X is phenyl or phenyl substituted with one thru three C-C4 alkyl, one
thru three C;-C4 alkoxy, one phenyl, one thru three —F, —Cl, -Br and —I and

compound (XVIII)

{

"o

AN
Q

15
where X, is defined above which comprises:
(2) contacting a compound selected from the group consisting of compound

(1)




the R4- positionis -CHCHO; where _ is a single or double bond and 10
were X11 is phenyl or phenyl substituted with one thru three C1-C4 al kyl,
one thruwolhBees3ek- C4 al koxy, one phenyl, one thru three PEI/USC/20188r and
-1 and conp O ove

whi ch conpri ‘ggés}g % X% gdonalgab‘t‘rn%?éas ?bfﬁlﬁgugﬁéées%hﬁoﬁﬁ% X?nH? Prgép gftgbﬁg}b
consisting of conpound (IlIl1) O p R3 RO OO X11 (IIl) -18 WO 03/008368
PCT/ US02/ 20188 where R3, R4, X11 and., K . are as defined above or conpound
(XVI'l), respectively, Or OO0 X'COawhgre X11 is defined above with
(-)-chl orodiisopi nocanpheyl bor ane whi '5 mai ntaining the reaction mxture
tenperature in the range of from about 0 = 0 and (2) contacting
the reaction mxture of step (1) wt $a borofl cofpl @xi’ng agent. 6. A
process according to claim5b where)/he reactPon m xture tenperature is |less
than 10 -20. X,;7—CO

where X is defined above with (-)-chlorodiisopinocampheylborane while
5  maintaining the reaction mixture temperature in the range of from about —50° to about
0° and

(2) contacting the reaction mixture of step (1) with a boron complexing agent.

6. A process according to claim 5 where the reaction mixture temperature is less than

10 =20°.

7. A process according to claim 6 where the reaction mixture temperature is from

about —35 to about —45°.

15 8. A process according to claim 5 where about 3 to about 4 equivalents of (-)-

chlorodiisopinocampheylborane are used.

9. A process according to claim 8 where at least 3.5 equivalents of (-)-
chlorodiisopinocampheylborane are used.

20
10. A process according to claim 5 where prior to step (2), the reaction mixture of

step (1) is contacted with a readily reducible aldehyde or ketone.

11. A process according to claim 10 where the readily reducible aldehyde or ketone is

25  selected from the group consisting of C;-C¢ aldehydes and ketones and benzaldehyde.

12. A process according to claim 11 where the readily reducible aldehyde or ketone is

acetone or methylethylketone.

-19-



7. A process according to claim6 where the reaction m xture tenperature is
from about -35 to about -45. 15 8. A process according to claim5 where
about 3 twoaboui3e¥ equi val ents of (-)- chl orodii sopi nocanpoayisope@Ese are
used. 9. A pygpc | & ] ad vem,gl; j nts of
(-)- chlor od#?sgﬁ%%g%%ﬁg%%%#gaﬂaﬁéase &S%E%‘h&g%ﬂlgﬁggrgggw%%&e ding to
clai m5 wher go@rth@proup cohging Y watdteC-Caalcolsls Ankdidlspethbnolahizg, (1) is
contacted with a readily reducible al dehyde or ketone. 11. A process

accor di ng t odigthanotammenjricthanplamineang mixtireyhgreefe al dehyde or ketone is 25
selected fromthe group consisting of Cl-C6 al dehydes and ket ones and
benzal dehyde. 12. A process according to claim1ll where the readily

reduci bl & al ﬂ@hxg)eo&ﬁs KRbRINE: foS1aiACI Whee e bBRMYdresBYihE apanés setet@dVO

03/ 008368 PCT/US0O2/ 20188 13. A process according to claim5 where the

bor on conpl eftpmghagrenp cprsigiagef water and disthanelagriefup consi sting of water,

Cl- C6 al cohol s and diols, ethanolam ne, diethanolam ne, triethanolam ne
and m xtures thereof. 5 14. A process according to claim 13 where the boron
conpl exi ng apenA précesLARE1RE tofdlAm 14Neh&s Béboeensdmsilexigg afentas witeand

di et hanol am ne. 15. A process according to claim 14 where the boron

conpl exing agent is water. 10 16. A process according to claim15 where

base i s gdde ith the bhoron .compl ex ent, 17. . rocess. a rding to
e m 16 el Mredsaea R P Pk BRE G packl i RERSRRRgRpRSM

carbonate, bidegafbonate, nono- di- and tri- Cl- C6 al kyl am nes, pyridine and
pyridine substituted with C1-C4 alkyl. 15 18. A process according to claim
17 where t hel bad@reesshicsardingriatciaior I couhase Hgtbase ispglectad fogr B Lratpcor di ng t o
claim5 where prior to.or after. step (2). the.rgaction, mxture.is warned
to about 15 ?o&glgh%?}’ %l_)onﬂ?, Elcarbonate, rgorgo di antﬁn El E,IG aH(ylammes, %ygdmg

and pyridine substituted with C;-C, alkyl.

15
18. A process according to claim 17 where the base is bicarbonate or carbonate.
19. A process according to claim 5 where prior to, or after, step (2), the reaction
mixture is warmed to about 15 to about 25°.

20
20. A process according to claim 19 where the where the reaction mixture is warmed
from about 1 to about 3 hr.
21. A process according to claim 5 where X, is phenyl.

25

22. A process according to claim 5 where the 15(S)-prostaglandin intermediate is

compound (IV)

e}




20. A process according to claim 19 where the where the reaction m xture is
warnmed from about 1 to about 3 hr. 21. A process according to claimb5
where Xllwosphsseyl . 25 22. A process according to cl ai mPETsez/eoishe

15(S) - prosta I, Nl Rt hat s ) ALY X1 O
(v 20w EreB BB A0 TR g O o M pld A i

S¥), 5(3, 6aa] )P_l:&ry(-h)@&ﬁt@ﬁ&l A hetopontdtfufar-3-oaydr oxy- 5- phenyl - | ,
-pentenyl ) -2H cycl openta[ b] furan-2-one. 23. A process according to claim5b
where the 15(S)-prostaglandin internediate is 5 conpound (XVIIl) O O O CO
OH known as

[3aR- [ 3aa, datl) HLeERATPding 19mA whoris LG yprstiefaadin gieggsdipte is
oct enyl ) - 2H gyppapanxafiy) furan-2-one. 10 -21
0]

i
SO

yd H
O

known as [3aR-[3ac,40(E),5B,6aa]]-5-(benzoyloxy)hexahydro-4-(3-hydroxy-1-

"'O

O wien

octenyl)-2H-cyclopenta[b]furan-2-one.

10
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