WO 03/ 008368 PCT/ US02/ 20188 PROCESS AND | NTERVEDI ATES TO PREPARE
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1 and rRi4nigS%q%%%g%F%réﬁ?soﬁﬁo@é?ﬁb@lb@faﬁe.t FKER. ERFLIDET 11855, 955861 1 ve
(1988) describes a single example of reduction of an acyclic aryl enone, 4-phenyl-3-
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 3- and 4- positions of the phenyl ring where the second ring fromthe
R3- position to the R4- positionis -CHCHO and 1 WO 03/008368

PCT/ US02/®0188083ehere is a single or double bond and phar magaisoz/eeass y
acceptable salts r eof: i J aration
of a 15(S)-pr osta&#’gﬁﬁls?%gﬁaﬁg&ﬁ%lg%ge %@%&%?@%ﬁ%%fé uplggéagtgi sting
of conpound {He¥8ofO 5 where R3, R4 and are as defined above and where X11 is
phenyl or phenyl substituted with one thru three Cl1-C4 alkyl, gne thru
three Cl-C4 al koxplsogheclomsding procgssefor Heprensrationof a 15¢§)-progipglantin . | ang

compound ( XV| L] [ qzmg | ' {ch conprises: (1)
contacting amé%l#peé%ﬁ geé:%gc e hfér%éﬁ}f %@Sgﬁg%gle%%??‘gﬂ @g} of conpound 15
(rrr) where R3, R4, X11 and..... ar@ as defined above or compound (XVII),

respectively, -2 WO 03/008368 PCT/ US02/ 20188 X1RgO where X11 is defined
above with (-)-chlorodiisopi nocar?ph‘yl borane whill e gmintaining the

reaction mxture tenperature in “range of f out -50 to about 5 0
and A

/‘i OH

X O (IV)

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)

1 ()

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



(2) contacting the reaction mxture of step (1) with a boron conpl exing
agent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Latanoprost (XVl) is known,
see US Paweri/od83d®2, 368, Exanple 2. 10 The process of thePgprdasentoissiventi on
is set fort in CHARTs A and B and in BEXAWMPLES 1-12. The enone (I111), as
wel | as the other conmpounds of the inveg{li on, has three possibilities for
the substitution on the phenyl ring of9The bottom side chain. These are
where R3 and R4 are: 15 (1) R3is -H And R4 is -H which gives phenyl, (2)
R3is -Hand R4 is -O CH3 which give and (3) R3 and R4 are
taken together to forma five nenber fing at the 3- and 4-
positions of the phenyl ring where t&e secong ring fromthe R3- position to
the R4- positionis -CHCHO;_2 ovhere ..., is a single or double bond
and where X11 is phenyl or pfenyl'~“substituted with one thru three Cl-C4

al kyl, one thru three Cl1-C4 al koxy, one phenyl, one thru three -F, -C and
-Br. It is preferred that R3 and R4 are both -H It is preferred that Xl11
i s phenyl. The enone (lI1) nmust .he praqtect.ed.at th -11 position as is
ot 1 howBereds: Bdefinedararconth GPpoRaFpidearBRrdboinRy i °t he
protecting g D i r; SYRsE edpg.t e
thru threele-h%t{lPaé?l Il?g%?%?égl #Iﬁﬁltrﬁre C?icl-llgcina E(Q)%{ e, one b%ﬁ%ng?ﬂogﬁgﬁ?hru
three -F,s-Qp°eaid -Br. Wth regard to the (-) chlorodiisopi nhocanpheyl bor ane
reduction of the a, (3-unsaturated enone (lI1) the reduction_can be
perfornmed in any Chepntaiingthe rragtionsixpastof sisp ity s heonygorpleiigagsnt. - 3 WO
03/ 008368 PCT/ US02/ 20188 the enone (I111). Suitable solvents include THF,
nmet hyl ene chl ori de and DVE and m xtures thereof MIBE and tol uene al one are
not operable. The use ODETANED BESCRIPTION OF THE INVENTION

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-



such as hexane, heptane, isooctane or simlar hydrocarbons is not necessary
but is preferred. This is inportant since
(-) - chl orwoimssegpsssocanpheyl borane i s avail abl e 5 conmer ci 2CMyUsay2@ssol uti on

| n these sol yentsn. MIPS ARG BIRREGAR 1ie UnatlyRR (BHaCARED The

nature of the solve has virtually no effect regard to the
15(9)/ 15(R) mattin@s therédfe MTRE tad toldehe alonp ars et bpetableaTh uesfzbansolvant; o
about 4 equivalents of (-)-chlorodiisopinocanpheyl borane be used; it is

more pr ef er r wighephexane, hepiane, i800stang of Gihlan hydrgearbons is not necessary but is
(-)-chlorodiisepinoganph [ N i s the
reaction is ?rﬁge%ﬁ% gﬁles;ls ?rﬁéér}%n?gﬁ%%@% %g?%\%w %%Bc%ﬁx‘ﬁ?%l%&gﬁ@féﬁ%&at%ﬁ” ty

Wi th nor e eqginviabenlls.as Wishitibh & thede-sohleatsON TBIO pid ol P bay bdwsedas thes
contacted wth the ¢ -unsaturated enone (111), the tenperature should be
mai nt ai ned | easelventaheqature of the splaerthas yirtuaHy ne gHe¢teviferegedrie thée nai nt ai ned

at |l ess than, z20; <Mt 1.8 e refer. t r e mai ntai ned
in the rangelscgsg}”(g{r}]raé{[booﬁﬁﬁq %rgafl%' z%%g%f%%-tﬂé%%ggﬁﬁ}gtg% ﬁuetqsel ectivity
decreases anghup@iidits e01Enlordliiddpenocathfhdyisrarsheled; isisamore proferrqt thetdtcal .

When the reaction is conplete, the excess (-)-chlorodiisopinocanpheyl borane
nust be destleastded ¢spivadentosf (2)-tderodiiwpingcanphrylbaganaboatsrdnh Wik fe@Fect ed from
the gro consi sting of ter. Cl-C6 alco Lql. am, ne,
i ot hanot i fuvarst{ e dachBh Rine oI B30 B LuBRefbfiR e LR 12,

that the bor @fth e LQXVA1entaOFRén the €-)BhiviedikepinatfnpiRilbotinetieontdctud ne; it
is nmore preferred that the conplexing agent be water. It is preferred that
prior to stepith®e o.Prmsatwrated enoner( Ik, thetepfpesaterp shayld g magripiaed keas thant h a
readily redugj bl.e al dehyde or ketone. It is preferred that the readily
reducible 2%- qlﬂgm'éedéﬂatlég‘? @H@ef@“&?fﬁg@f’&ﬁ‘%&ﬁﬁefﬂgaﬁgﬁuﬁg BdA¥st i ng of
Cl- C6 al dehy Benaahsdaty8he tangt 8f FBMGILBLETBIh @Boithat the
readily redu@?%ﬁ%agﬁ%gt&%@g‘?ﬂgiet one 1Is acet%negor nmet hyl et hyl ket one. Wen
addi ng t e bet3n Abompl-3Xi theschapeintty decredsss prddicdow ebout hd5® the bate becains tdxe

added. It is pref Erred .that the base is selected fromthe group consisting
of car bonat eSlOWi®® 8F BBSHE: nono- di- and tri- Cl-C6 al kyl ami nes,

When the reaction is complete, the excess (-)-chlorodiisopinocampheylborane
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 wicessbonate. 4 WO 03/ 008368 PCT/ US02/ 20188 Eiprcirarsopediss to, or
after, step (2), Li,.is.preferr r.m.t t ] . t 15
fo about 25, 11" 1905 BrBf Peff {5 S B E bR A B HAn R PR 0

1 to about 3,Hatt 13-8LHBEPIPSt s P RRrréBthkNBvReacQodRirteRf 1t wanfied frogPiidual M c
pharmaceutical 5 agent, see US Patents 5,296,504 and 5, 422,368. In

addi ti on, |ntwrabauidhal Publicati on WH98/30900 discloses that |atanoprost

XVI) i ful int ti h ht h ' Lt i.a., Th
brocess of - CHART RN PLEknan §EEARRET LS on AT R ne (vt 1)
and transf orjmnf ted 9 PRk, AeCsUA0Ind 420! J68. IRNE&IiHBH iIRkMatiBRMPubEcidn 10

useful in the pfoduction of pharmaceufically useful prostaglandins, see

Tet r ahedr on WQIBEWO0 JBEBsdOiiar 10aaBYst4 XY [)is asefchivrtre8ting amsther3phithginiit970) .
The process of the reduction of the non-aryl a, 3-unsaturated ketone (XVI1)
i s anal ogousCMgOReMYRYActi on of the aryl a, (3-unsaturated ketone (I11).

The products whergnR3obdss o CRINRTS (aid ERANIBLRNH &h@g@wﬁ@@ml&ﬁwe t aken

15 together to forma five nenber ring attached to the 3- and 4- positions
of the phenydnone (§VIet gatsfiensdtorbe i3-agoholdVIHpinR3megdiati knowm todet he R4-

position is - CHO are.als known .t Q. be efu‘fi har maceut j cal , agent s.
Those twh agisid T Prgtine oA tEy 1R prosteeBodar hd el iedkfir
| nventi on. EEEJeEJI, Th8¥p0 AN oI A A2 050ENS2, d0F igNi1 HTONTHRRBELRBIFVARAL | ONS
below are for the terns as used throughout this entire docunent including
bot h t he speedfidtoatofdie rmmsaryhe, Belmmatmmted KafdrleNIXMIDNISamldgaue npthe a¢ducden ar e i n
degrees Cel si us.

of the aryl a,-unsaturated ketone (III).

The products where R; is —H and R4 is —-O-CHj3 and where R; and R, are taken
15  together to form a five member ring 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.



Lat anoprost (XVl) refers to (52)-(9C)-7-[ (1R 2R, 3R 5S) -3, 5-di hydroxy-2 25
[ (3R) - 3- hydr oxy- 5- phenyl pentyl ] cycl opentyl ]-5-heptenoic acid 1-nethyl ethyl
ester. |twoics/oed3s® known as 17-phenyl -18, 19, 20-tri nor - PF2@cCrampz/opgs ester.

0 et A By LB

chr omat ogr aphy. ers to tetra of ur an. ers to
t et rahydr opyésaipdund@al i ne refers to an aqueous saturated sodiumchloride

solution. Chromatography (colum and flash chromatography) refers to
puri fication/ sepa¢MR wierdto Cdfpamgtc EsspRanss sRECHesEpYRbemEcal ghifiente) . 1t i s

understood -5 3/ 008 PCT/ US02/ 8 that the appropriate fractions

are pool ed aﬁaggﬁfﬁ@éﬁ’mﬁgawﬁgelg%?glt?rﬁésade.si red conpound(s). CMR refers to
C 13 magnetic r esQNADRSerS REAUJIQS Bbbn? fhgmdtiabsonihdd spe@fdcopye BRdmhiesl i n ppm
(S) downfield fromTWMS. 5 NWR refers to nuclear (proton) nmagnetic resonance

spect r oscopyshifthaniremirted sthpr $0)atosvnfepbirermdetramgshytsi{a®e. downfi el d from
tetramethylsilane, TMS refers to trimethylsilyl. -0 refers to phenyl
(C6H5). MB refersTMgrﬁgé%tos‘E@@{hrym{'ry expressed as mle, mz or mass/charge

unit. 10 [M+ H 4 cetelsibii@gilositive ion of a parent plus a hydrogen
atom El refers tg) eFegﬁjro }(rrggt't. Cl refers to chem cal ionization. FAB

refers to fast atNIB refepsoanaisepdctrohielp ckpkeved at av/&limyh of emed/ciargeunias s
spectronetry. Pharnmaceutically acceptable refers to those properties and/ or

subst ancts W&H]+Isfe§rt@ tmmvgbqnéof Q)pqrﬁ%t p&és( 3 hyylrogenstem. %I refers to
phar macol ogi gl@ét{otnqﬁ{pﬁal. @'r&%}s t8 ghé%icglf ioMiz&{6:£ ridAB refers to fast atom

bombardment.
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-



to the manufacturing pharmaceutical chem st from a physical/chem cal point
of view regarding conposition, formulation, stability, patient acceptance
and bi cavaDloalodd3sg y. psi refers to pounds per square i nchlrCTWsen2@E8$ vent

pai rs are used, thg: ka5 AlipRAYIRBIHRRTLRNAIYQLOVTE] Kaking® W2 Lot V).

When the solubility o a solvent 1s us ratio of the solid
to the sol v@ltmi pantethgblufry@boled td 0k /RotassidhBAbutoxitle (20% ov/di 1.6 nli) sglution
al umi num hydride. THAM refers to tris( hydroxyqﬁaet hyl ) am nonet hane. 25

é €

EXAMPLES W t WolHF isgaotfsh ta) a e butayide sofutjoq 1padded je the sy RBWSRi | 1 ed i n

nvent i on 1oL fing BECREEERR B0 AES Pl R R HRE IS RREE e 1 e

how to prepasdutidifis isdnl @vkdaorp@unds and/or perform the various processes
of the invention and are to be construed as nerely 30 illustrative, and not

limtati ons BKAMBLBAecedi nfpaBriSandedi.pacding-(hezovloay ssahydro-4-throxe-
skilled in the art will progi%i‘lesﬁ/yé%%%g‘ %IP@?ZIEB‘Z{I&%H{@%}/‘?&L&Q(ﬁ s fromthe

procedures both as to react Feactron I“ons ‘and

techni ques.  PREPARSII MR &SHiisdissolved in THF (170 mL). Dimethyl (2-oxo-4-
5-(triphenyl phos‘phoranyl | dene) pent aonate -6 WD 03/ 008368 PCT/ US02/ 20188

4- Car boxybut phenyibuidphbsithosgth il U4 ) anditeiethylamine )3 mé) sxeiaddeds Thea h THE (10
I 21 10F A SER eoR ROEESHARVLBR A0 a1
LT OSBRSSl S Sana e R 50 B0,
1 [3aR [ 3aa, THFEYS mlﬁ,imgz)e]ii@th(ebmigy I Xkpyeheves Hyree bouss.( Bheysesulting mixture
5-phenyl -1 - plesr&ilergg lfc}r_ I%Fﬁo%¥sc4t998d? t&[tm: ferlljé 8t t_hlZs_t?nrl]ee, I\(IHBE)(I 00 mL) is added and
the mixture warmed to 0 to +20°. Sodium bisulfite (38%, 100 mL) is added and the
15  two-phase mixture was stirred for 10 min. The phases are separated and the organic
phase is washed with saturated aqueous sodium bicarbonate solution (100 mL). The
organic phase is separated and concentrated under reduced pressure to a volume of
<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 (CDCls, 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-



Lithiumchloride (2.6 g) is dissolved in THE (170 nL). Di nethyl (2-oxo0-4
phenyl but yl ) phosphonate (Il, 7.87g) and triethylamne (4.3 nL) are added.
The ~ 10 nwetoamessss stirred and cooled to -10. A sol ution @CTIUSE2/LOBRY

al dehyde ben 1 t -25° and stirred for two h
N ORI - o 1 BRdlfadded it e mixtuce i allowed to warm 10 20-25° and stimed for fwo hours. o

in THE (75 MIBH 6l0adaleds tadddrad tieacd sobutian oftsadienbiearboiuted Ohg) um watefhe
resulting mxture is stirred for 18 hours at -10. At the end of this tineg,
MIBE (100 ni§l5Pgnlakigagdednd hetye Phiserainaraay siswdier B my. L4 Phagdidtim

bisulfite (3 %@ﬁ irred
for 10 mn. ﬁﬁ%ﬁate%gses ar gﬁmé‘ g%gtlg ang%{lﬁgw%%ggﬁp gﬂ%phaselﬂéa‘?ll ﬁég wth
sat ur at eds aqmuﬁnﬁaﬁmﬂ&r hidoegdypeate. MTBEI (360 (L)@ addpd addehe mixgaaithenphase
is separated and concentrated under_reduced pressure to a volune of <100

nL. Ethyl aceangerirgiehoAsptonifrde 9danlhin dddgseand;the pixtuseds agnie eopcenifadedt o a
vol urre of 50,01, an%% E) ﬁgﬁhéﬁ?a)&ggfl@pmiygﬁ a'aﬁe(fn W Oﬂlﬁli%l'r? sto cool

to 20 20 25de rei1s en coo e hours.

The solids wafrfed thShﬁﬁQﬁﬂth&ﬁah@de&\tdshttM]’ HELlehdsedrelreesépmtea Ahtr ogen press
to give the title conpound, (CDCL3, 400 MHz). 8 7.82,
7.41, 7.28, Fepitrie prse 5. %gacted mtth heBtam9(3 &I%mLi Fhe agtpmitrie phage ICVR

(CDC13, 100. 3.5, 131.4,
1204, 178, soratastt g8 BpftonbEihe'coptitllistlglya amdfiifed 855, 0 197
(Eg(AhIVPIaE 2 [gaﬁ?ﬁ][naﬁ)igm%ﬁ{/ @dﬂ#&fg‘el,,ﬁgﬁ%aﬂe}sh; Eepgtzﬁﬁfell?& hestat}, hlél()aib)gd\Feilhéﬁtle :
ydr oxy- 5- pheny pent eny cycl opent a uran m xt ure
gf L 3aR|-[?aacmnamc@pd;smafaﬁa§] N%\(Ibé@wé&i/w&% G d- 342,(390&95 6\34 00
phenyl -1 - pente e : :
0.0247 30 mg%v)éq , 51‘#2—'454%0%9&?3%% ooPLan %6%3@%{) engt: WM 8 of (-
chl orodi i sopjy®samBleys R B, 123b] mIex28e, 14538 1H3)3,178. 2a¢ﬂgdsw 4hg _enone
(rrr)y mxture rr3a| n%gl ni ng}ltjk;e internal’ tenperature ‘at [ess than -35. Wien
t he addi 14 on38.%, 37chBgl%nd, 31the mxture is stirred at -38 to -42 for 18
hours. At thbg \MPFE € O3k A300,24(1E, 35%), 5B 6a0]]-5-(Benzoyloxy)hexahydro-4-
(3-hydroxy-5-phenyl-1-pentyl)-2H-cyclopenta[b]furan-2-one

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)
-8-



WO 03/ 008368 PCT/US02/20188 nlL) is added and the m xture is allowed to
warmto 20-25 and stirred for two hours. MIBE (100 nmL) is added and then a
sol uti on wD 0s0ak368n bi car bonate (10 g) in water (150 nl) ip€TAdBCN18The two

phase mixture is gtxh{]gggo%pﬂamterp%rom@( PiReRifol r)aah@dvawsthe

organi ¢ phase is was 100 nL). The organic phase is

concentr at edml]U)Mddé@tblpali-[pﬁ@as(uE&&S*WBJEaQEQK)(HEhioyl@(y)l@hiahly(hmd (Bhe m xture
then concentrated. Acetonitrile (100 nmL) is added and the m xt ure is again

concentr at edhydrmﬁrphmh1#1@“@)1)3%@?%%*‘@@3%%%‘166 EXAMILE Hadbe. The

t wo- phase m xt yre .| he
phases are s%]b Prgt%gtm dhzfgtee ‘??‘?gl (tgah gﬂgsf%&?)sgu%(%racm tﬁg%éaﬁ gne (3
x 100 nm)s Tésm@Aer! melnmtdr@lsm@mm@dhadmwmaa pedsate. er(wmwﬁnd he
concentrate is renoved and purified by chromatograph silica gel, 230-400
rresh hept an®TRE(100ank) ae eddetl/anyl theomiityre Stlﬁéd@ﬁm?-; t}ébﬁémdﬂ aﬁ‘¢$78 81;
(CDC13 400 %f;) 7.77, %32 7,19, .7.04 %4 5..01,

4 79, 3.88, ¥cghowedtpsepagie. JThg plodst iSaR/h (aﬁbﬁi‘éﬂ’ 'i‘ffoa"g tﬁﬁ&’)ga%" Phasgg iy’

166. 0, 141. 7rend3Bd Gnd d3arded. T%@Eﬁ of%@a(ﬁpoﬂgﬁmage is@djudted £8 14o 1.6bydhe 93. 9,
42.6, 15 38.7, 37.5, 34.9 and 5. EXAMPLE 3

[ 3aR- [ 3aa, 4adddii@sHhysechimic]ack (BBbraboy Gy ). esehyiged- The solution is stirred

e A
phenyl -1 - pe “Fd% QY12 Hoake TREpRisad Bk kepadtie Rai@e (dMeo i) dxtrddted Snéb Ssol ved

in THE (125 nlL). Platinumon carbon catalyst (5% 1 g) and triethyl am ne
(3.4 L) ar ewithddEBE (Fhelyi TheMTBE phasesyard cmmbhleduandwelwdawuhtsmnmand t he

m xture is stl g si .hydro

reaction was® %?fb"‘?ee(tleNag)r mﬁiaﬁ’&ﬁu@ﬂ% is %/t d%@‘?\'l ?}HP?%OQR#\%@&HW th
ni trogen. Theydrhhe (}?8 bS45 5 kdrSd1€inQvaér (260 ﬁﬁJt) if6:€30 nhf¥e THelphastk@rd S _
concentrated under redtced pressure to give the crude product. A portion

of the ptodusdpaiatedrandoheauands phasé isiaddedyo & bluoymf oiriaptig H(Oglphycb@te PO 230-
g) and ethyl acetate (100 mL) at 20-25deg. The mixture is stirred for 15 min and the
phases are separated. The aqueous phase is extracted with ethyl acetate (5 x 50 mL).
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.

-9.



400 nesh; heptane/ethyl acetate, 1/1) to give the title conmpound, np =
68-70; NWVR (CDC1l3, 400 MHz) S 7.91, 7.47, 7.36, 7.19, 7.10, 5.18, 4.99,
3.56, 2.8wWo0a3pug362. 44- 2.26, 1.71-1.16; CVR (CDC13, 100. 6 pighia)sog23$. 9,

166. 0, 141. 133.2. . : .6, 43.5,
30,0, a7. 7, B 5y i98big il heBy emobipotine i fomilhml. ThOxygpéisg, 40
'z = 409 (m gtirfe) .at EBAWBOEfof 18 nlif, Iddring hidRime massive crystallization occurred.

5S) - 3, 5- Di hydroxy-2-[ (3R) - 3-hydroxy-5- phenyl pentyl] cycl opentyl] acetic
acid (V1) - 8Afie thepuugserdpostalsed) baptawr (3Amh)sis %F?iiéd@fferplétraslsiﬁmsw oxi de

(10) in nethanol 0 J_and.water . (5 i s added..to ,

[ 3k [ 3a. 4ap peolsdt 278? wlf Hi@l BF Ldul | The @il Sedyand ried under

hydr oxy- & p sl i { funair 4¥o MEHNLES 3) . The
St o e o b R o N s ohen 1 he
reaction is Th2600G, dts, 3168e2.89-2t561 2342 Eoanclend -4 B84 ICMRICEDC AU edIMIBD s s ur e.
Water (100 nli) and MIBE (100 m) are added and.the mgér@r% stirred at
20-25 for 150 W18, RS, pR%Eek25 %88 0aV ] dvetd1- L épdr 32-L: 3o ddd@di s in

t he agqueous se and the organic phase is renoved and di scarded. The pH
of the aqueous phase is adjusted to 1 to 1.5 by the addition of

hydr ochl ori cEXaMPI(B6N, abo@uRER,IR,6a8)e5-(eHthoxecthoxy)de[(3R)-BH(1-on is stirred
lo at 20-25. After 30 min, MIBE &1100 m_g is added and the mi xture stirred
at 20-2510 for about 12 hour&hoxysoppadphenyipentdhsralydip-2d t he aqueous

phase extracted once wth 5. BE phases are conbi ned and
washed with sodi um car bona%l%ﬁi&ﬁﬁ]@%gnn%;ghg he MIBE m xture is stirred

with a sol ution q3aRqBaE3HURT), IByEAOPKHEENyAro35-BydréRy-8-(BTtiekyisn wat er (100
m.) for 30 m n. The phases are 15 separated and the agueous phase i s added

to a slurry pfenglpentyd-2dtryrlonsntsiifiran-a-qug (Y. EQAMPEE &t hi)i2, ddenmples)it00 ni)
o 2025000, TOE M R A S gl AP PRE PISBIRET
The conbjsnedy s tube. PUABES ndll 6f Lhixgee@f &fichdddic@uigl (8Qdig) i Swethyie (8. 90
o) for 15 chloride (10 mL) followed by ethyl vinyl ether (6.3 mL). The pressure tube is closed
and heated to 45° in an oil bath for about 8 hours. At this time, triethylamine (0.12
mL) is added and the mixture is stirred for 10 minutes. The mixture is then
concentrated under reduced pressure.
20 EXAMPLE 7 (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.

-10 -



mn. The ethyl acetate extract is concentrated under reduced pressure to a
vol ume of 20 100 nL naintaining the internal tenperature |ess than 30.
Et hyl acewatos/ (269 nL) is added and the m xture is agai npcariseztoiated to a

B e T T
LE 5
L ot

hydr oxy- 5- phenyl pent yl ) - 2H- @48l opent a[ b] f ur an- 2- one (VII) 2-[ (1R, 2R, 3R

ard (V1 BB TS e Bl R o ke BEO P e ana the
slurry heat eghdn9ipefiyl] ek ahPro 3-8 dlopetal i§ifurdhl 2081 XL, IHIEA MPILIEET)Es Hissotbeds| oW y

distilled at atnospheric pressure to renmove water. After about 1 hour of
distillati onmctxyfFHFHéOtnyId)ranﬂwdé‘tdfaahagmdbﬁ@mhmmm@um-ut| on is then

d || ed b
50" and ot hy! CAesSHoRpgrargigeheenafine CRETARAHION 5 S PRBn S e Lo anout
30 and hept ajge l(eglgtlﬁ%)mktﬁreﬁg deéded 18 WBLOPHARSE 36BssRfdd UBO03K 28488 miThe

m xture i s seeded a small amount of the title conpound. The mxgure IS
stirred at abadded3®vef 40 niibutes, mhendanlnyl lagetwm(ﬁhrmh) aed ageousy/ EHAM seolation @&t i on

occurred. After the du t had i zed, hept 30 dded
over" 1% o kil ade I Re pBaseh areoaPara e i B remed PRRC P vith e - Tra
roduct is f r d,
gp du o '7 : é%%%%sﬂﬁ%%ﬂ%?x ﬁSﬂBLB rﬂ%gué&ls%ys%sh&ecomb&ﬂea aelarmoun

2.89-2. 55, 2wadhe@ 0O withl ethyBacetat3d 5 I@RMTBE](SO nflQ0s &ddeHid thefBom'b?ne@ 141. 9,
128.4, 125.9, 84.0, 71. 53.9, 43. l 36. 0, oséi 32.0 and

3
28.9. EXAVPLEUSOUSTHESHR The igxaye - %%‘%4&‘8%? 36&‘;}) aqjiepy opig acifly
et hoxyet hoxy )bz PAER YRR pHabd %N AEPard Eoncentrated under reduced pressure to 20

15 mL. Solids (5-diphenypphosphinopentanoic acid) crystallized. MTBE (50 mL) is
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)

-11-



cycl opent a[ b] furan-2-one (X) [3aR-[3aa,4a(R*),5
(3, 6aa] ] - Hexahydr o- 5- hydr oxy- 4- ( 3- hydr oxy- 5-
phenyl pervglopo@ddecycl opent a[ b] f uran-2-one (VII, EXAVPLE 5PCIG0y20188 3

oL 2 VSR S o L i

pl aced in a seala res a mxture

trichl oracetfoG shghfof{ @sidh @tbirate@icy)lis MMF ¢10 aiL).d2-1¢ddpropane (049 migds by
ethyl vinyl ether (6.3 nL). The pregsure tube is closed and heated to 45
in an oi | baadded and thsslurygs healedto 48 ferabeut ¢ heurs.tWhen theregefipe iy @mplete, ) | s

dded and t ) ' ti ] - ] ' h
concent  at ed IO PEolAEd ireBl i ar R A i ke 0 st Bor 5 €
(3aR 4R, 3R, 6adtdr: (The Eh&geé yRtsapacited 4nd (h3Ruéus bhase is washed with MTBE (20
et hoxyet hoxy) - 5- phenyl pent yl ] hexahydro- 2H cycl opent a[ b] furan-2-ol (XI)

(ﬁaR, I4R, 5R, laaﬁ).-sl?]e( argmnip phases Arsopmbinedaplromrentrated.h bl eensentyate 5
en ent drp- 2H f 5 2 . 6).i1s 25
i sool vea | rbrspapRtgoRed (it 1088 A Gl m Gl 5 Gih Bre e abgRbrind o0

punp, Dl BALfrActiofls Me pdoiéd alilh coitch@atb@ fLgive theaRednipvend. 15 m nut es,
mai ntaining the internal tenperature at |less than -30. The m xture is

stirred for BXAMBLE &5 af t e2-[{1Re 2RcHhpi o3 bRiidraxye2-HaR) Brivroxyhen et hyl
acetate (0.38 nlL) is added. The,m xture is_..pou hknto a sol ution of

pot assi ulfh sodium tartarate ?“-Irﬂgl]lc%c)f%nﬁ@aﬁuc\?%%‘{ewand 30 warned to 20- 25,
The two phase m XtyCRlotcHibaRh&@AnipReiboiafé (17.0%) antlssoheq ik TBIFgdo mihhadphases
are separated and the organi c phase is concentrated. -10 WO 03/008368

PCT/ US02/ 2018®]edEXARFL. EA éixture of [3aR-[3ac,40(E),5B,6a0]]-5-(benzoyloxy)hexahydro-4-

et hoxy et hoxy - BTSTEAG T e USLEYY 2 850 Lot Bebror 4t S5 19(19)
(3aR 4R, 5R, 68k R (1374 h ey &t PEXY30 fill) (BRded nalnBinipne idiex) te@perature

15  of the mixture at < -35°. The mixture is stirred at —35 to —40° for 18 hours. Acetone
(12.3 mL) is added and the solution stirred at 20-25° for 2 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

-12-



5 phenyl pent yl ] hexahydr o- 2H cycl opent a[ b] furan-2-ol (XI, EXAMPLE 7) is
dissolved in dry THE (10 nL) and added to a m xture contai ni ng potassi um
5- (t ri phwoyBpbsssphor anyl i dene) pent aonat e ( PREPARATI ON 1) pealuso?/onsat - 10

to -5 The ﬁrﬁgytédh@&a;gpag% m ﬁﬁlfna epartué?% lp%ﬁv&b&hb@gthan-

Water (30 ni; m nut t hen et(ﬁ acetate m.) and-
aqueous THAMEg®I wetamﬂ(l()@(ﬂlﬂ)ﬂs mﬂdedlmdmmtmEhec@i@mweaMMesmdacm ed and the

organi ¢ phase I's washed with aqueous THAM sol utjon ﬁlS% 2 x 15 nm). The
aqueous phaspressife(38omaxm éﬁi@per%ﬁ%ehéha volumewt ahout BRynL Mra%ugﬂtgl%mm

MIBE (50 m_) b ] dsS
acidified to pﬁ‘olaﬁigo dzo E"%’%ﬁé‘%ﬁ‘gﬁp osp g%?‘?}qg?.‘%%ﬁ@%mﬁ%e organldc phase
i s separaf edl(W“dNEﬂUR%UDW@dLOUMHE)E;@dWS%D Preas5.98£4.06) 3284, 336124850l i ds
(5- di phenypphosphi nopent anoi ¢ aci d) crystal i zed. MIBE (50 m.) is added

and the slur2$s cibhlcéﬂt’)r hB8ed2 T ddrand O EMRP (DM B0 D06 Mil2) 0d 7614820 M .

Th lid t 1 The |t

concent r at ed Uit 3| PLdlrey ety b 10 gt 5@5 RO PYRY Lot LEamLE o
Lat anoprost #€idnd 3. 7-[ (1R 2R 3R 5 §)-3, 5-Di hydroxy-2 20

[ (3R) - 3- hydr oxy- 5-phenyl pentyl] cycl opentyl]-5-heptenoic acid (XV) 7-[(1

R 2R 3R 5 S)EXAMPIEH Ihbxyet Mdnﬁ%sﬁsréa&)c}iqxa]zyc{r()5R)yd3m(yi4{a(t1ﬁcﬁ>&béi-hyﬂw8y~5-
T (Sottit) | “Vater (15 ) ERETIROLEGRIGPLEET E o 67 mt) are
added and the 25 fr‘[(? RUBR m @@?Qﬂ%ﬁm&ﬁfi WARS-OMhyaRRYL1-2 hours. The m xture

is cooled and MIBE s ad phases "are”separated. The organic
phase is vvasdsneehyb]nm}opamtﬁ acswd amb(XIX)(EXﬂMPL]EHd @ﬁgg)nscstuphhwéhMTBE

concentrated under. r ressur.e
concent r at ed(lﬂﬂa@) alng %@QFOE eé@?ﬁﬂdéotlbq (§F VE&E ﬂB‘TYi‘StIPeé edé% ﬁ%ﬂ‘éﬁgr M8 EXAMPLE
10 Latanopr Ogby oﬁer’ i %Eﬂ tr?e’tlﬂ%léi%n%@ élﬂn@% a@de‘é R Yok Ry Is?eboled and
[ (3R) - 3- hydr oxy- 5- p enyl pentyl’] cycl opentyl | - 5-heptenoi c acid
washed once with water (50 mL) of water. The mixture is dried over anhydrous
granular sodium sulfate and then concentrated under reduced pressure to give the title
compound, NMR (CDCls, 400 MHz) 8 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; CMR (CDCls, 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.



1-net hyl ethyl ester (XVl) -11 WD 03/008368 PCT/ US02/ 20188 Latanoprost acid
(XV, EXAMPLE 9) is dissolved in DM (10 nL) and added to a slurry of cesium
car bonat ewplosdoggps i n DMF (10 ni). 2-1odopropane (0.49 nl) picy/usagld@mds and t he

slurry is heated to 45 for about 6 hours. Wen the reaction is conplete,
MIBE (40 ni) and water (50 nL) are adddeHARIT ¥he nixture is stirred for 15
5 mnutes. The phases are separated and the aqueous phase is washed with
MIBE (20 nL). The organi c phases are conbi ned and concentrated. The
concentrate is chrdmtographed (silica, 150 g, 230-400 mesh) eluting wth

MIBE. The appr opr

e

fractions agp pgoled and coxicentrated to give the

title conpound. SLE A1 2-[ (1R PR ! gc Rs

5S) - 3, 5- Di hydr oxy/ T(SR) yd s 5Eteny oycl opentyl L acetRc acid
(XIX) (-) Chloro OpI@OC eyl bor aneo% 0 g@idl ssol ve THE (90
m.) and cooled to - SO of \ =

[ 3aR-[ 3aa, 4a(E),
(3- oxo- 1- octenyl

i nt er nal tenperatu

-35 to -40 for

stirred at 20-25 for

stirred for 5 mn.

, 6a@] | -
H—cyclopenta[b]furan 2-one (
96(18), 5865%X#6 (1974), 7.4 g) in THE (30
§u15 of the m xtiyre at < -

-4- R
11, J.9Am CheRTESH®),

" added nalntalnlng t he

5. The mifthire is stirred at

r

Acetone (12.3 nlL) is added and the sol ution
2 hours. MIBE (50 nL) and saturated aqueous sodi um
bi carbonate solution (50 nL) are added and the two-phase mxture is

The organi c phase is separated and washed once with

water (50 nmlL), then concentrated under reduced pressure. The mxture is

stirred at 20 reflux w th nethanol

(75 m), water ( 7.5 nmL) and potassium

hydroxide (4.76 g) for 2 hours. The m xture is concentrated under reduced

pressure. The concéntrate is
S phase is

(75 nmL). The aqu
m.). The pH of t

hydrochl oric am<ijL~h0 and st

ueous phas

partitioned between water (75 niL) and MIBE

epar at ed and %ftracted with MIBE (2 x 50
i s R,adj usted;to about 1. gamnth

d for 2.50hgq

rs. The

~
N
D

Rs

S : >
/‘L OH STEP (C) > - STEP (D)
0 OH
X{1 (IV) /&O
Xq1 V)
o)
CO,H Rs 0
HQ l 2 R = A

* STEP (E) <i:l\/,\\/A\v/[::]
— > .
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25 mxture is saturated with sodiumchloride and then extracted with MIBE
(4 x 75 m.). The MIBE m xtures are conbi ned and washed with sodi um

car bonat eweaB@od3er (1 M 2 x 50 nL). The sodi um car bonat @CT¥alS0/2@B% are
back extracted wiih MIBE (2 x 50 nl)q The conbi ned MIBE extracts are

concentrated to vol ume of gbout 100 t hen sélrred fo@ one hour with a
sol ution of po® |unthydrOX|ﬂe %?._ ) in water %3& 3Qé . The aqu-m‘s
phase is separated and addeg QU r| aci d )

in ethyl acet & 3 are separ g
is extracted YWTW%Ebhy tdte (47X s conbl
extracts arqulItere@HtmﬁiEﬁFanHerous &9dl@ﬂ15u| tes(about 1 QQ).
filtrate i s concentrated - B7IEAM03/ 008368 P /U 0 Gié% underOWeducegTEp
pressure (30 naxinggﬁtenperature) to any Iu 100 nL. Ethyl
acetate (100 nl) i added and the mxture is concentrated under (IXeduced
pressure (30 maxi numtenperature) to a volune of about 80 nL. The resulting
slurry is cooled to -20 for one hour and then filtered, to give the title
conmpound, np = 105 5 07; NWMR (d6- DMSO, 400 MHz) SHj.37-5.49, 4.61, 4.58,
-2.16, 1.8, 1.2[7-1.51 and 94; CMR

4.06, 3.94, 3.76, 24@ 2.35, 2.A
(d6- DVMSO, 100. 6 |\/Hz9 174. 48, 6.33, 131.21, 95N\65, 71.40, {89.87, 53.79,
44,42, 44.31, 37.8(0~S1.82, 31.6 .16, 22.49-an ANVPTE 12

(3aS, 4S, 5S, 6aR) - He > 4—%%&)E,3R)

1-octenyl ] -2H pen“a[b f uran- 2- ogeeg ¥¥) 2 [ (IR R,_3'

5S) - 3, 5-di hyd %:}f [ (3R -8 oxy-|l octe \]r ycI opend b acet Igeaq))d
(XI'X, EXANPLE 2.55q0) is ptirred with MFBE (100 ni) \1r|chloroacet|c

acid (0.102 g). The slurry is heated to reflux for nore than one hour.
Then triethylam ne (009 nL) is added. The m xture is(Xgool ed and 15 washed
once with water (50 nL) of water. The m xture is dried over anhydrous
granul ar sodium sul fate and then concentrated under reduced pressure to
give the title

)

STEP (K)

-15-



conpound, NMR (CDC13, 400 Miz) 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; CMR (CDC13, 100.6 Miz) 8
176. 94, 186.03808364.30. 20, 82.41, 76.27, 72.78, 56.12, 42.3#CTAGNH1SB7. 05,
33.98, 31.60, 25.06, 22.52 20 and 13.94. WD 03/008368 CHART A (1) STEP (E)
PCT/ US02/ 20188 WD 03/ 008368 0 HO (VI L) HO OH PCT/ US02/ 20188 OH STEP STEP
(K) STEP (J) (XIV) HOHOOH(X&E—L’@

(0]

@Y\/\/ o
9

O
@"’0/ l

”'O

: XVill)
OH
o
co
o A
(XIX)
HO
OH

<l/\/\/\/ (XX)
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OH 5 -15 WD 03/ 008368 PCT/ US02/ 20188 CHART B 0 (XVI1) CO (XVI11) COHO | |

CO 2H HO =

OH |

(XI'X) (XX) OH 13PT WD 03/ 008368 CLAIM 1. A conpound of the

formul a (WD)3sosshere: 10 PCT/US02/20188

10

15

20

25

CLAIM

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
(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.

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.

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
bond which is 2-[(1R, 2R, 3R, 55)-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-



15 PCT/ US02/ 20188 (1) R3is -Hand R4 is -H (2) R3is -Hand R4 is -OCH3
and (3) R3 and R4 are taken together to forma five nenber ring attached to
the 3- amdod3/opssssti ons of the phenyl ring where the secomdTrisaz2dis®m t he

R3- position to the R4- position is -CHCH O and where is a single or
doubl e bond and pharmaceutically agceptable salks thereof. 2. A conpound
according to claim1l where the cé&ign of the sal |§Qselectedfromthe

group consisting of sodium potassidim lithiu est Um RLR2R3N+- H wher e
Rl, R2 and R3 are the sane or ere_nt and @ 1-C4 al kyl,

a- rrethyl benzyl am ne, pyridine, pyT oA TENsUbs ' ed with Cl-C4 al kyl ,

benzyl am ne and (3-phenet hyl am gg. 20 3.z A conmpound according to claim2
where the am ne of the cation ig_triethy am ne or pyridine. 4. A conpound
according to claim1 where R3; OR4 arg 5oth -Hand is a single 25 bond
which is 2-[(1R 2R 3R 5S)-3, 5. di hydr BYY- 2- [ (3R) - 3- hydr oxy- 5-

phenyl pentyl]cycl opentyl] acetic acid. 5. A process for the preparation of
a 15(S)-prostaglandin internedi ate selected from the group consisting of
conmpound (1 V}=17 WO 03/008368 PCT/US02/20188 where: (1) R3is -Hand R4 is
-H, 5 (2) RBIs -Hand R4 is -OCH3 and (3) R3 and R4 are taken together to
forma five nmenber rin@)®;tiadbend Rpis-H,

5 (2) R3is —H and R4 is -O-CHj3 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 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 3- and 4- positions of the phenyl ring where the second ring fromthe
R3- position to the R4- positionis -CHCHO; where_is a single or
doubl e bowo caas3s® were X11 is phenyl or phenyl substitut @dmuison2ase t hru
three C1-C4 I ut KGPRb I ru three
F, -d, -Br@hé% By Ré%dlgﬁ%ﬁmﬁﬁgg?%}e%? a'%(ll poilliid PYVTTY resp &?Veg};fu ned
above mhlch conprises: (2) contacting a @onpound sel ected fromthe group
consi sting of conpound (I111) WD 03/0 8 PCT/ US02/ 20188 where R3, R4,

X11 and..... are as defined above or conpound (XVI1), respectively, X11 CO
where X11 is defined above with (-)- rodllsoplnocanpheylborane while 5
mai ntai ning the reaction m xture t enpy it range of from about -50
to about 0O and (2) contacting the r ctlon i xture step (1) with a

boron conpl exi ng agent. 6. A procegs accordlﬁg to claim5 where the
reaction mxture tenperatureyi-s—tess than 10 -20. 7. A process according to
claim6 where the reaction nlyture tenperature is from about -35 to about
-45. 15 8. A process according to claim5 where about 3 to about 4
equi val ents of (-)- chlorodiisopinocanpheyl borane are used. 9. A process

accor di ng t oyglah & WABEE ave VERSL)-Sh1SroRflspiflcBRpReRbortind 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-



chl or odi i sopi nocanpheyl borane are used. 20 10. A process according to claim
5 where prior to step (2), the reaction mxture of step (1) is contacted
with a readidspossegiuci bl e al dehyde or ketone. 11. A proces®canisoe/diigg to

claim10 whe R j: [ : cted
fromthe gr OL% %‘%ﬁ%‘@f&ﬁéﬁa&@ glléﬂd% iwﬁéfﬁ?ﬂ%‘gﬁgﬁémﬁ@%gﬁgg hgrgdg%é%?éacﬁe dehyde.
12. A pr ocesfomah® gbup gohgistitigdf Malel, GREE alcbinds haddiblsyethetilamtieg al dehyde or
ketone is acetone or nethylethyl ketone. -19 WO 03/008368 PCT/ US02/ 20188
13. A procesdicthendlprinegtricthasplaminsangiaipdurehbersof.on conpl exi ng agent i s
selected fromthe group consisting of water, Cl-C6 al cohols and diols,

et hanol am ne, diethanol am ne, triethanol am ne and m xtures thereof. 5 14.
A process; aceqr AipagcebPacebrdin® tb1aMner3ewhdie thetobon csmnplbeing Agerd geselected
selected fromthe group consisting of water and di ethanolam ne. 15. A
process accofreinrthe gwup cansisting ofifiates and dichwnelamiethpl exi ng agent is water. 10
16. A process according to claim1l5 where base is added with the boron
conpl exing agent. 17. A process according to claim 16 where the base is
sel ect ed fr o t RerafefdiftcofiRipStoSldimal 40k h&a fembbaéeconpledng apéi: & waeno- di -
and tri- Cl-C6 al kylam nes, pyridine and pyridine substituted with C1-C4
al kyl . 15 18. A process according to claim 17 where the base is bicarbonate

Ctep (2) 101 ni6 Bl SERRIAPENE (s S8 A G bulinsbRa¥ind) 567" o

process accoggnfig to claim19 where the where the reaction mxture is

war nmed . _
17. A process according to claim 16 where the base is selected from the group

consisting of carbonate, bicarbonate, mono- di- and tri- C;-Cs alkylamines, pyridine

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)




fromabout 1 to about 3 hr. 21. A process according to claim5 where X11 is
phenyl . 25 22. A process according to claim5 where the 15(S)- prostagl andi n
i nt er medi woa3iosszegconpound (V) -20 WD 03/008368 PCT/ US02/ 2a1as02/kneswn as

3aR- [ 3aa, 4 Y . -(3- - 5-
bhonyt S 1 - ool BaB3hd fAB eI h BRI ISR g GRS &
'E ;)(V ::: i’il) m C(5) \Qﬁ}%gl-uJpentk5§1$)zf]p¢}f@§ipagﬂaﬁj]ﬂirﬁh-24bhe,r mediate is 5 conpound

nown as

[ 3aR-[ 3aa, 4a(E), 5(3, 6aa] ] - 5- (benzoyl oxy) hexahydr o- 4- ( 3- hydr oxy- 1| -

octenyl)-2H chkcfj[r)gc%tssa cbcl)rJiHé fac‘)nc'le%fnog"%her%Qhe 15(S)-prostaglandin intermediate is

5  compound (XVIII)

i
SO

yd H
O

known as [3aR-[3ac,40(E),5B,6aa]]-5-(benzoyloxy)hexahydro-4-(3-hydroxy-1-
octenyl)-2H-cyclopenta[b]furan-2-one.

'no

S
N
K

O wien

10
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