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SUMMARY

[1a] In a first aspect, there is provided a compound having a formula:

Y 0
S

\/ OR

HO
wherein R is H, or R consists of; 1} Cj alkyl or phenyl, and 2) from 0 to 2 -OH

moieties,
Y is -Cl, -F, -CN, or -CF3; and
X consists of 1) linear alkyl or alkenyl having from 4 to 10 carbon atoms, and 2)

from 0 to 3 -OH moieties.

[1b] In a second aspect, there is provided the use of a compound as defined above in the

manufacture of a medicament for reducing intraocular pressure.

{ic] In a third aspect, there is provided the use of a compound as defined above in the

manufacture of a medicament for the treatment of glaucoma.



[ 2] Ocul ar hypot ensive agents are useful in the treatnment of a nunber of
various ocul ar hypertensive conditions, such as post-surgical and
post -1l aser trabecul ectony ocul ar hypgitensi ve epi sodes, gl aucoma, and as
presurgi cal adjuncts. 131d aucona is a disease of the eye characterized by
increased intraocular pressure. On the basis of its etiology, glaucoma has
been cl[adki flnedouh psricamtheror meddetiar gphtiFdmicalls ppteptabpy liqred yorgbasedma i n
adul ts (congenital, gl gucona) may i ther open;angle.or acute or chronic
angle-é?%@ﬂ%@pdgéégﬁﬁgﬁéoﬂ? 6HHEE§E§HV?§yP?Sﬁngégg%F?fing ocul ar di seases
such as uveitis, intraocular tunmor or an enlarged cataract. 141The
under |l yi ng causes of prinaré %Iaucona are not iet known. The i ncreased

i ntraocular tension is NGB {l] OMqueous hunmor outflow. In
chroni c open-angl e gl aucoma, the anterior chanber and its anatomc
SUTUCtYps aRREATMOITEL. LUk, ALALAGES AL nhiR AMSOHR TP LaddslapRded. |0
acute chronrc gl'e-cl oSure glaucom, e anterior chanber 1s shall ow,

t he fi [Hypatiemiveanghditioms, naikch oxme gostasnekitdleand i®shayerobsbaculzbtohtye oculabecul ar
meshwor k at the entrance of the canal of ?Ch|6ﬁﬁl Dilation of the pupil may
push t HEPEBHISGrePEREcs glagcenppaf @ Ripsiise! ¢HBShgl e, and may produce

bupi | arpg) b QSkuddith 1W%iRIRUMNE BLE RRaAGHA R hRfdiscdHERo i hriQlfOW
anterior chanber angl es are predisposed to acute angl e-closure gl aucona

at t acksOnftho/basisooSitdetplegs diucemudrasthgen thiStebnadarimagl aussomdary. Faused by

any interference wth the flow. of aqueous hunor fromthe posteriqr chanber
‘nto t HEAEMGATBITE BRERR? iU TrCBRRTBRE) ST e st oBr- &t ghm
| nf | ammpd,ar ¥ dhSRAS Gnble-ib\Rr& NS &bhIry SASERA A F&Mlt@rfﬁﬂﬁfﬁre@%ﬁﬁ%l%cuf\ép
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2009/061811PCT/1J8208 /082469 2 escape by causing conplete posterior
synechi disdanesi surls abaveits, idrdcwaytuplongr athenlaiead patgracichannel wit h exudat es.

O her ¢ causes, are intrapcular tunmors, enlar cataracts, central

et nal et nGoEraenaie st A PHadbnalilbum sEE Al PO doRatcals dtorined
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in about 2% of all persons over the age of 40 and may be asynptotic for
years bufchr alapeagr.cthsi angerias ehapibgr apd Stsofnajomicopfructyies gppasr igepal. df gery i s
not i ndjcated opi cal - adr.en ptr t i A Ltionally
een 1 et Eoer BR S edt R EARRRRAE Bl uc B AN Sp AR siORRRIE Y
thei r d@eiay@tiby Sfaniee iCsHallont thy foBNmRT &ight Isynagioaicl adldethe afis miae obstngk aucoma
managenent . Ei cosanoi ds and derivatives include nuneraqus biologically

i npor t ake TEBaEEeshsvEh ah hepganegyphig Baalfd diranp. dératipargfiiae pupil
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alicyclic ring, of the prostanoi¢c acid ski%e¥on. F%rther | assification is
based CHSHRBOSbETIGHIEHEARHTE SIREOBOAGRSS AT ¥ #HiouS aEerefi Vit cat ed by

nuner i Cﬁg S!J@éc%ﬁwgs 18{dofla LN&WIENSY 1 oyt YREFREnRT WA 38 ARl Bf bGadbus _
prostagl andin El ( d%l), prostaglandin B9 (PGE")], and on the configuration
of the kubstfremeht pogeridtheharmibecindd ite aniterepri ahadindett adl dpseaquentl0 ifite. the
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HO wherein Ris H, or Rconsists of: I) C1 -6 aIkyI or phenyl, and 2) from
Oto2 -OHnoieties; Yis -d, -F, -CN, or -CF3; and X consists of: 1)
linear al k{P 2¥88kKenyl havi ng from4 to 10 carbon attGRES2HH* %Y fromo to
3 -OH noieties. 1101 These conpounds are useful for reducing intraocul ar
pressure. Reduct on of int ssur.e been shown del ay or

D event 1 he oed 81 oAb TR s ras Oy s R, Sd S d0 i By e e event
further vi snlmnndimemdapat Dbt @msionhRaysed mfnyrama;pemuamgiax ghaveanes, Thus,

t hese conpounds, are. al.so sef reatin ffer nt types of
U tabl o oY FRHE B NE0r EARRI LS SR BTe RHGUNS HOUPESHIE. and can be
readily adaphﬂdﬁﬁgr delivery of t he conpounds di scl osed hereln For

exanpl e, ound.coul d b | ved or suspend LN, an _aqueous

SOl ubi on or T8 CrSHe St Barher Senevss SipRupRoHr 1 s bR
adn1n|steredwagpﬂmabh&m@phﬂﬂymyﬁn@%rﬂmﬁﬂﬁﬂﬁémﬁ@eﬁu@$s%pﬂaﬁszsﬁmon1111For

t he purposeﬁ%of this disclosure. reatment” refer

to the use aﬁ”@@ﬁﬁ&&ﬁﬁyl%ﬁﬁﬁﬁ%?Fé W”“?Ré@ﬁﬁgﬁFP%g?Fﬁogg?FV@ agent, or
drug in thetdiidgabsben teulhes ofitioicg &rit@mingtelaadnrent , or preventi on of

di sease or her .undesirable condition. [12] Unl.ess otherw se |ndicated,
feference tla CoHBBTHE-RYS G Ba (e5R8 et 48 urBLG RS e a6

phar maceut i aslik gla@cmﬁrmﬁah)gemeﬁfa[itcssanqﬂﬁma ugﬁzatzteﬁﬁmaraTEmsmerathst ernate solid
forms. non exes nd conbln ns t of a chem ca
entity of agﬁéﬁFﬁ ‘nggghSPﬂF@“ P“%HQ@FE% ‘ﬁ gnd § g%mﬂhﬁﬁﬁrnaceutlcally
accept abl e @aﬁ@gmﬁmamyns@mﬁmﬂﬁdmhknpawenﬁp&mmnmuaddWhahhm&twultable for
adnlnlstratl n. to agﬁaE# or human. A pharnaceutical ly acceptable salt
al so refers'¢8 3ﬁﬁ QF % nay formin vivo as a result of

adm nistration of an acid, another salt, or a prodrug which is converted
into an acid or salt. A salt conprises one or nore ionic fornms of the
conpound, such as a conjugare acid @r base, associated with WO

2009/ 061811PCT/ US20081082489 4 one nor e espondCR@ount er - i ons.
Salts can formfyo r%&ﬁ%orp e one re ot onat ed aci di ¢ groups
(e.g. carboxyli one or nore protonated basic groups (e.g.
amties), oriohoth (e.gf zwitterions). 1141 A prodrug is a conpound which is
converted to a\therapeutically gctlve cqgpound afger adm nistration. For

exanpl e, conversyo occur hydr ol S of a ester gr. or sone ot her
Prodr ut prepar a own in the art.

bi ol ogically Iamlle g

For exanple, "Prodrugs and’ Drug Del [very Syéﬁﬁ mhlch is a chapter in
Ri chard B. Silverman, Crgaﬁ?c Chem Stry of g DeS|gﬂ and Drug Action, 2d
Ed., Elsevier Acadenic Press: Anmsterdam 2004, pp. 496-557. provides
further detail on the subject. In particular, alkyl esters having such as
methyl, ethill, i'%Ssigpoppesof amarglprsinsiagdkngve depimdgh Sicslucuat 3! cont enpl at ed
are prodr UgShe@ntAl g oft tRANBVIGHRAUE (BUSDstaDicYd sRMbn. Qfur@RT phol i ne.
Exanpl es of such prodrugs include conpounds containing the noieties

- 002( CHR) 20Ha¥§§‘mrmhébqsm<@ thy nugmberraf ineriwpisd Bends indtbhdechenandigied byn rapi d
equi l i bri unhaﬁhgrlaazqn&c@%@sﬂf@&he gF%r,cemr&pbi%st ;Mrg@%rﬁo i el ated by
transfer of a proton, drogen atom or ride ion. 61 Unless

stereocheniﬁﬁﬁy)mgm@xbhﬁcﬁﬂK@G%MHdmhaWb¢gmﬁ@gmymdéﬁwav@ﬁnwmsst%mcture is

i ntended to include ever ossi hl e ster OLS mer oth pure or in any

possi bl e ni YR Mgt %df%lrb 52[8?’1 %Osli m%ﬁ% {%(f'l:lszrﬁélr ent solid fonns than

t hose t hat y qggg&kdg&gghgnggﬁbﬁbpgwhg%ig&gﬁgdures descri bed herein. For
exanple, altérnate solid fornms may be pol ynorphs, different kinds of

anor phous solid forns, glasses, and the |ike. 1181 Non-coval ent conpl exes
are conpl exes that may form between the conmpound and one or nore additional
chem cal species that do not involve a coval ent bonding interaction between
t he conpound and the additional chem cal species. They may or may not have
a specific ratio between the conpound and the additional chem cal species.
Exanpl es m ght include sol vates, hydrates, charge transfer conpl exes, and
the Iike. [191 Alkyl is a noiety consisting of carbon and hydrogen and
contai ning no double or triple bonds.




[201 C1.6 al kyl is alkyl having from1l to 6 carbon atons. 1211Li near al kyl
is al kyl having no branching or rings. WD 2009/061811PCT/ US2008/ 082469 5
[22] A kenV’l(’%Og"’“élshbi ety consisting of carbon and hy didgder*&ffd*Cont ai ni ng
at | east one double bond, but no triple bonds. [23] Linear alkenyl is

al kenyl havi 0g no branching or rings. [24f Ris H or R consists of: 1)
Cl1.6 al kyl ory phenyl, and 2) fromO to 2 YOH noieties. [251 In other words,
when R is H the conpqunds £ t he ructure below. 0 [26] HO

[ 271Al t er nat i YeTy- i 6.al kyl or phenyl, and 2) fromO to
2-CH npi et i eg $ Qf Rinclude: a.fTIH --- -4-9,
- 5-11, -Co6N I—% cyclic -05H10, or cyclic

jc" indicates the presence of a ring; b. -CH2-0H,

- C2R4- OH, - C3KH6-0H, -"C4H8-0H, -05F110-0H, -C6H12-0H, cyclic -C3H5_OH,
cyclic -CAH®H, cyclic -05H9-0H, or cyclic -Col-111-0H, wherein the -CH

T b ARG L0, LR, IVBLOCRR JILPLY o hhd g A P01
cyclic - C3H4ndi&dh.9, cyclic -CAH6-(OH) 2, cyclic -05H3-(OH)2, or cyclic -
C6H10r (OH) 2, ,wherei n_.-( represents 2 distinct -OH noieties, and each
-OH may be i‘ﬁ‘séﬁkyﬁzl bgl?ltqg(;&%o?ildt he hydrocarbyl noiety: or -

X consists of: 1) linear alkyl or alkenyl having from 4 to 10 carbon atoms, and 2} from

( to 3 -OH moieties.

{10] These compounds are useful for reducing intraocular pressure. Reduction of
intraocular pressure has been shown to delay or prevent the onset of primary open angle
glaucoma, and to delay or prevent further vision loss in patients with primary open
angle glaucoma. Thus, these compounds are also useful for treating glaucoma.
Different types of suitabic dosage forms and medicaments are well known in the art,
and can be readily adapted for delivery of the compounds disclosed herein. For
example, the compound could be dissolved or suspended in an aqueous solution or
emulsion that is buffered to an appropriate pH, and administered topically to an eye of a
mammal (see US 7,091,231

[11] For the purposes of this disclosure, “(reat,” “treating,” or “treatment™ refer to
the use of a compound, composition, therapeutically active agent, or drug in the
diagnosis, cure, mitigation, treatment, or prevention of disease or other undesirable
condition.

12} Unless otherwise indicated, reference to a compound should be construed
broadly to include pharmaceutically acceptable salts, prodrugs, tautomers, alternate
solid forms, non-covalent complexes, and combinations thereof, of a chemical entity of
a depicted structure or chemical name.

[13] A pharmaceutically acceptable sait is any salt of the parent compound that is
suitable for administration to an animal or human. A pharmaceutically acceptabie salt
also refers to any salt which may form in vive as a result of administration of an acid,
another salt, or a prodrug which is converted into an acid or salt. A salt comprises one

or more ionic forms of the compound, such as a conjugate acid or base, associated with



[29] Any arrangenent of carbon and hydrogen is possible provided that each
carbon atom has four bonds (a double bond counts as 2 bonds for each carbon
form ng t h&®wedsIsand a tripl e bond counts as 3 bondsPGIGR2WEERR48 ar bon

form ng the bond), and hydrogen is afways attached solely to a single
carbon atom by a single bond. Each - 6 OH attaches_ to a carbon atom

provi ded t h&h¢ ¥ DORLIHTFERABE corterinnsabligcrn foam {ir@ o HRePeErER At om  Thus,

many of thes@rgiprRmashiat! bbuﬁse(@rge@%&y@e a\éﬁi@] BieYor Aford SRS bakiOr exanpl e,
each of -C31-17, -C4H9, -C8 and -C61-113 represent nore than one

i somer. Si merwp (g '@Pm%%’d?ﬁb‘?t@@ HrYEERPIS)an additi onal nunber of isoners is

i ntroduced endipRGriPon cMioehd FREPRRoALAR bla thedapdlifca®Ngdyd 0. 1301Y is
-d, -F, qmor - n%%rﬁ cwlmn one enboal nment . aY épeﬁ %h 3\21 | n anot her

enbodi ment vowem#&ﬁﬁ[rg infstatitio f REPABS N HEHED M7y fsccur@sa hyirsh@s Ph anot her

enmbodi ment Yy, kferofdid or sc{n;’e'ilthe}(b{é%ﬁ:h&t 1§b&f roub) plrddﬂﬁgagrelﬁllamm isQenal kenyl
haV|ngfrom4to 10 carbon atons, %rom -OH noieties. [36] In

ot her wor ds kngiahipheast: gPr scampie J’d@dmgSémd D(t@%lﬁ%;fﬂﬂr{l@m@aﬂs - (CH2) 5CH3,

- (CH2) 8CH, cndpfelrid) Rihd3a B: SilVetiah86HR r(hgs@ Dhsigd didaBle usRMEr s Of
-C4H8, - Cat gha(p 11E12 -C711414 Catﬁc ;98}"15’%1;% % cont a%nl ng a doubl e

bond: g. aZ8F deﬁﬁ%Vé%@ﬁ%‘&?Wﬁ%élﬂStET é{iof*ai?}hé?ﬁ 19 pAyidesdrBsh at omin

place of a Ry 9@@1@@%@ a;n%nlau ﬁbgm egt@ﬂ%%ﬁg 6 & médd r@a{y@tlgo%p jeach
attached to anxl car on in place of a hydrogen; i. a or above cont ai ni ng
<

3 - OH i et i2gdthe Bkye %ﬁnfeé%%ﬂi tﬁdbwtee*a}afﬁsﬁfemﬁod;s%@@ﬂ@vmaaﬁgﬁerr ogen;

provi ded th%&oub@&ﬂh%s ﬁicﬁo)lzwom&ﬁh{ﬁikﬁ@nEﬁampgﬁof)ﬁcﬁ @by 8RusAlLRphRtom Pl In
one enbodinent X is - 3CH3, 4CH2)4CH3, - 13, -(CH2)6CH3, -

(CH2) 7CH3, - (CH2) 8CH3, or -(CH2) QCHB her enbodi ment X is
-CH=C1-1(CH2)11-Z, wherein nis 3, 4, 5 6%

contammg the moieties CO;_(CHZ)ZOH and the like.
[15] Tautomers are isomers that are in rapid equilibrium with one another. For
example, tautomers may be related by transfer of a proton, hydrogen atom, or hydride
ion.
[16] Unless stereochemistry is explicitly and unambiguously depicted, a structure is
intended to include every possible stereoisomer, both pure or in any possible mixture.
[17]  Alternate solid forms are difierent solid forms than those that may result from
practicing the procedures described herein. For example, alternate solid forms may be
polymorphs, different kinds of amorphous solid forms, glasses, and the like.
[18]  Non-covalent complexes are complexes that may form between the compound
and one or more additional chemical species that do not involve a covalent bonding
interaction between the compound and the additional chemical species. They may or
may not have a specific ratio between the compound and the additional chemical
species. Examples might include solvates, hydrates, charge transfer complexes, and the
like.
[19]  Alkyl is a moiety consisting of carbon and hydrogen and containing no double
or triple bonds.
(201 C| alkyl is alky! having from 1 to 6 carbon atoms.
{21] Linear alkyl is alkyl having no branching or rings.



and Zis -H or -OH 1391l n another enbodinent, Xis -(CH2)p-OH, wherein p

is 4, 5 6, 7, or 8. Alln another enbodinent, Xis -(CH2) pCH=Cl - 12, wherein
qis 4, 5 WQ20@eH1lg8 [41] In another enbodi ment, XiRTES3008/082469

- CH=CHCHOH(CH2) , CH3. whereinr is 0,2, 3, 4, 5 or 6. WO

2009/ 061811PCI/ US2008/ 082469 7 [4211 n one enbodi nent. X consists of: 1)

li near al kyl?%r gﬁl‘%@ﬁ%“ﬁ%%’ﬁ@“k%&ﬁ@ﬁ@T@@é%ﬁ?ﬁ”éﬂ@%‘?ﬂaﬁﬁe%j fromO to
1 - OH noi et ipg8doubftIbndBotfRerpleshadi nent is a conpound having a fornmula: R
wherein a dashed |ine_indicates the presence or absence of a bond, a wavy

line indicat®y al@pa alkenvd isafkeRy havyng RQRURIEINGRT M- i s -H, or-OH R2 is

- - CH2C1- 13, p2451- RICHZOH cotdists SHP@HR alkh1 drPhbhyt, Ind 2 frod 0 b2 Q5. 1441 Anot her
enbodi ment i s a conmpound having a forrmula: HO Rl f451 Anot her enbodi nent is

a conpound HHV'SY a fornula: O [46] Another enbodiment is a conpound having
a formula. (25] 1In other words, when R is H, the compounds may have the structure below,

Y o
s

D"

[26] HO

271 Alternatively, R consists of: 1) Cy.4 alkyl or phenyl, and 2) from 0 to 2 -OH
moieties.

[28]  In other words, examples of R include:

a. -CHa, -C;Hs, -C3Hy, -CqHs, -CsHyy, ~CeHia. eyclic -C3Hg, cyelic -C4Hs,
cyclic —CsHyg, or cyclic ~CgHiz, wherein “cyclic” indicates the presence of a
ring;

b. -CH-OH, -C;H;-OH, -C3Hg-OH, -C4Hg-OH, -CsH,4-OH, -CsH,-OH, cyclic
-C3H5.OH, eyclic -CsH7-OH, eyclic ~CsHo-OH, or cyclic -C4H;-OH,
wherein the ~OH may be in any position on the hydrocarbyl moiety;

¢. -CaH3-(OH)y, C3Hs-(OH)y, ~CyHz-(OH)a, -CsHo-(OH)y, or -CgHy -(OH),,
cyclic -C3Hy-(OH),, eyclic -CqHg-(OH), cyclic ~CsHg-(OH)a, or cyelic -
CsHyo-(OR),, wherein «(OH), represents 2 distinct ~OH moieties, and each
~OH may be in any position on the hydrocarbyl moiety; or
# £ ™ £ RN

} ——OH l —=Ol

P
d. 7 >

[29] Any arrangement of carbon and hydrogen is possible provided that each carbon
atom has four bonds (a double bond counts as 2 bonds for each carbon forming the
bond, and a triple bond counts as 3 bonds for each carbon forming the bond), and

hydrogen is always attached solely to a single carbon atom by a single bond. Each —



[47] The follow ng are exanples of useful conpounds.

HS] 5-[3- ((I R 2R, 3R, 5R) - 5- Chl or o- 3- hydr oxy- 2- pent yl - cycl opent propyl]-
t hi ophene- YOCAPESWA i c acid (entry 1, table 1) [49] AR Al

543- ((I R, 2R, 3R 5R) - 5- Chl or o- 2- hexyl - % hydr oxy-cycl openty1l) - propyl ] -

t hi ophene- 2-car bax I|c cid ntr
5-[3-((I R 2&151%9 %ﬁ}l OB ASE Pfﬁé%?@ﬁhatsz MF‘SZ?W%@&%E)%&‘} i Sﬁ?’spw Kk
t hi ophene- 2cabsbaxy Tmsazﬁdn(# of enter gyoliﬁvs akradd b@eﬂrésent[a&iﬂietﬁo{ iSomdr{. H
L;:ﬁ’ gRégiRé ?@%pll%%z?fh%f Qﬁﬁréoégﬁg, lc5 tyclndc(),( U, ORI Y kR RV ltSQI’.!ﬂg’phene 2-carbo
5-[ 3- (( 1R 2Rin3RI5R)r-eachClilIOp@sedt, aryd:damalaumeawﬁem@z{s eaenddndad- propyl | t hi ophen
e-2-carboxylic acid g try %, table 1 %& { 3- [( 1 R2R 3
R, 5R) - 5- Chi 8FRs"4n¢ %? PBHAY AT DRV 1- enyl) cycl opentyli-propyl |
-t hi ophene- 2ﬂ@arb@%ﬂk|5 amiﬁ-CEﬁtry 6, table 1) [54] 5-[3-(( 1
R 2R 312,51 5- Chl or 0- 3- h pent- 1 -enyl-cycl opentyO-propyl k
Ttk ola g PO o b 7

t hi ophene- 2 table 1) [55]
543- (( 1R, 2Rg&$ Sﬁhn&h&hhﬁbam%ﬂhapLFl-enyl 3- hydr oxy-cycl opentyl) - propyl k
t hi ophene- 2 , table 1) [56]
5-13-((1R 2 @ﬁ%tgrfﬁﬁﬁgﬁéﬁ d&ct %=enyl-3-hydroxy-cyc|opentyl)-propylIth
ophene-2-caq&@xyhmmn&&m&b@ﬁm&mﬁf@ CFﬁb|e 1) [57] 5- { 3 [( 1 R 2R 3
R 5R)-5 Ch r oct
chlophene %6%§Ys69§§15méghg MEW%E B%ngyg“T nm? f%él
R 2R, 3R, 5R)25&m€hh@36ﬁ8nmhydﬁoxy 2 (7-hydroxy- heptyl) cyclopentylipropyl{
-t hi ophene- 2- lic acid (en table I)
15915- [ 3- ((! dp§é¥§ﬁ?d§eéﬁmﬁﬁé&§”WéH}oxy-2-oct-7-enyl-cyclopentyl)-propyl
i - thi ophene- 2- car box§H.gCHeI-@HROHE W (IR ) CHaBI &3 H; WO H,),CH;, -
2009/ 061811PCTTUS2 4 60] 5-
{3-[ (1R 2R, 3R 5R) - 89%ﬁ$§$ &§{ﬁ§@$bxy 2- (7- hydroxy-hept-1I-enyl)-
cycl opentyl | - propykl dibbr phenef 2:HarOoKy T4l aet-a1 4 entiy-CkBy,, babl e 1) [ 61]
543- ((1R, 2R 3R 5R) 2-non-1-enyl - cycl opentyl) -propyllthio
phene- 2- carboxyl|ccﬁgﬁﬂm?%WF%§Q%ﬁle§%ﬁle 1) [62]
5-{3-[ (1R 2R 3R, 5Rk- a-oEhharve c@udiyids OxPH21idhE) to(ahRy cdbdiyaliokyplRebfa - enyl) -
cyclopentylkpropylhxfhiophene-2-carboxy|ic acid (entry 15/16, table 1)
ydarogen,
h. aor b above containing 2 —OH moieties, ¢ach attached to any carbon in
place of a hydrogen;
. aorbabove containing 3 ~OH moieties, each attached to any carbon in
place of a hydrogen;
provided that there are no more than 1 —OH on any given carbon atom,
[37] Inope embodiment X is «(CHy 3 CH;, «(CH,)4CH;, -(CH;)sCHa, -(CH)CH;, -
(CHy):CH;, <(CH; 3:CHs, or -(CH;)sCHs.
[38] In another embodiment X is ~CH=CH(CH,),-Z, whereinn is 3,4, 5,6, 7 or 8,
and 7. is —H or —-OH.
{39} In another embodiment, X is ~{CH),-OH. whereinpis 4, 5,6, 7, or 8.
{40]  In another embodiment, X s {CH;)CH=CHa, wherein qis 4, 5, 6, 7, or 8.
[41]  In another embodiment, X is cis ~CH=CHCHOHM(CH;),CH;, whereinris 0, 1,
2,3,4,5, or6.
2.



[ 63]

5-{3-[ (1R 2R, 3R, 5R) - 5- Chl or 0- 3- hydr oxy- 24(E) - (S) - 3- hydr oxy-oct -1 -enyl) -
cycl opent yMOFOWIGISIL t hi ophene- 2- car boxylic acid (ent rRFTASEPEISHEL| e 1)
1641Et hyl 2-(2-((I R 2R 3R 5R) - 5- chl of o- 3- hydr oxy- 2-

octylcyclop yI)eth azql e- 4- car boxyl at try table 1)
16515-(3-(( é“@?@éﬁ)"% %‘ﬁ%‘ioéi“%‘sﬂg/&)ri&? y fslffgtd}@‘nng%oméitoi(’)

enyl ) cycl Opezﬁtx}da)tcnﬁ@@dd?))tﬁhmpf@aneﬂzn&areboxyl i c aCI d (7-4, entry 18, table
1) [66]

5-(3- ((1 R 2R3R refhes eppdipgt 5.8 ferpqund bavies o181 opent y1 ) propyl ) t hi ophene2
-carboxylic wacid (entry 19, table 1) [67} The follow ng exanples are
intended onl\to illustrate the inventionfand should in no way be construed

osed herein, useful conpounds may
¢ fol | oy exenplary procedures. 10
R=H 1-7 R = -CH2CH2OH, 1-8

wherein a dashed line indicates the presence or absence of a bond,
a wavy line indicates a ¢is or a frans configuration;

R'is -H, or -OH;

R? is <CH,CHs, -CHCH,OH, or ~CH=CHa;

t1s0,1,2,3,4,0r 3.

{44]  Another embodiment is a compound having a formula:

Y, 0

[45}  Another embodiment is a compound having a formula;

Y, O

HO

[46]  Another embodiment is a compound having a formula:



1-9 (a) (-Bull; 2-Thienyl CuCNLi; (b) L-selectride; (c) MsCl, TEA; TBAC 55
C (d 1 MLIQON, THF 60 C, (e) CICO2Et, Et3N, ethylene glycol; (f) DBU,

2-i odopr opE9aegeBbne. [69] Schene 1: |, 4-addition FETRSPREA to prepare
entries 2,4 and 12 fromtable I). [870] 5-134( 1R 2R, 3 R -3-(ter |-Butyl
-dimethy 1 -gi lany [oxy

) - 2-oct y1-5-oxocycl opent yl kpropy11-t hi oph@
(1-3). tert-Butyllithium (2L 4

C sol ution of i

ne- 2- carboxylic acid nethyl ester
1.7 Mpentane) was added to a -78

wol) jn etheyy (3.4 nL). The
., of 2-thienyl CUCNLi (6
dred//fas previously described in US
@n was stirred for 10 min. at 0 C and was
'Fgge, a solution of enone 2 (510 ng, 1.29
mol , preparged as previously described in US 20060205800) in ether (1.4 n)
was WD 2009/ 061811PCT/ US2008/ 082469 11 added drop wi se by cannula, rinsing
with 0.6 mL ether. The resul®ing mixture was stirred at- -78 C for 30 nin.,
at 0 Cfor 40 min., and at roomtenperature for 30 mn. The reacti on was
guenched by[ difﬂe‘%&ao%ngf%ftzQ{aﬁltpﬁgo%@%ﬂcoﬁ?plg%dson (15 nL) and the resulting
m xture was'extracted w ethyl™ acetat e X 30 nL). The conbi ned et hyl
acet at e sol (#8} orns-ifasi RIZR.6H,SRNGZS0L)-3-hf drbtyel-pehtdrgclepaptratetl- Purification
i1 0, 0,
the t1t1e compatng roop fo A Bl Ol POl of the conpoundd in
schene |, w49 tHhB-EXCEROROR-6Chibr@2-hprydddgddmory-despeithiedrdpell-ow), were
prepared as d ipe 2Vi 7,091, 231 and US 20060205800, the
entire cont éhﬁ(g’zlg%fzbﬁ(%kﬁcaa{rcg&?%%oépy%rea}‘{)ed herein by reference). [72]
543- ((1R 2RI[BR, SRP3-GHTAR ORORBS ihtreX peltylgetyroxyyestiopetylyipyiir opy!l | -
LI ophene: 2 bR L AL UL a1 YT ester (16) A sol bt on of
was added t @511- FIR.PRIRORPSE himob-hydidri-2béyk@mionan(éfoyl]-0. 29 nmol ) was
a0ded, and 20k hed OO SIRAPERh(IO0L Ly 170 i) uas added. e
The resul ti i) m % ER IRSRERY-6 dihtoet 3 hydrhxyCHp@L 2 cfBpentg0-pripyland t he '
combi ned CH2( o] uti Qn,: i,th brine (20 nmL), dried (Na2504).
filtered anﬁ%bég%o“rg%rﬂéog{?h%?%(gﬁggte’?dg}#%f the residue by flash
chromat ogr api®y oniBl(IRER.IGER)COMor>-3150Home L Hidhpld:GHREL2)yIgave the title

d (5 i , %.. 2 ab0 Br(CH2) OH
e o o A T 200 B (oI
CH2C12; (b) PR3P HPOOR PRIR-SBrféinore3-hihasphonilumysatbsenudertorsil-the Wttig
synthesis of; eALILESBxde Adu dRdy 7, table 1)

551 53-[3-((1R.2R,3R.5R)-53-Chloro-2-hept-1-enyl-3-hydroxy-cyclopentyl)-propyi]-

odooctant (

.-Jhe reacti
then recool ed/to -78 C. A }

thiophene-2-carboxylic acid (entry 8, tabie 1)

[56]  5-[3-((1R,2R.3R,5R})-5-Chloro-2-dec-1-enyl-3-hydroxy-cyclopentyl}-propyi]-
thiophene-2-carboxylic acid (entry 9, table 1)

(371  3-{3-[(1R2R.3R,5R)-5-Chloro-3-hydroxy-2-(8-hydroxy-octyl)-cyclopentyl |-
propyl}-thiophene-2-carboxylic acid (entry 10, table 1)

[58]  5-{3-[(1R.2R,3R,5R}-5-Chloro-3-hydroxy-2~(7-hydroxy-heptyl)-cyclopentyl]-
propyi }-thiophene-2-carboxylic acid (entry 11, table 1)

391  5-[3-((1R,2R.3R,5R}-5-Chloro-3-hydroxy-2-oct-7-enyl-cyclopentyl}-propyl]-
thiophene-2-carboxylic acid {entry 12, table 1)



WD 2009/ 061811PCT/ US2008/ 082469 12 [ 74]

2- (7-Brono- heptyl oxy)-tetrahydro-pyran (2-2, n = 7). D hydropyran (1 11.0
mmol ) and P@r@ivmstim p-t ol uenesul fonate (148 ng, 0. 5%FCHHSIPSHRHR added to a
sol ution of 7-Brono- I-heptanol (1.1 ?g, 5 64 mml) in CH2C12 (22 ml). After
stirring overnight sol ution was 1M HCleWé{gO m.), saturated

NaHCC3 sol ut®n %%KI’YE)“ gﬁdﬁ%p.%or@dﬂyﬁmy 21{%‘3’@81‘3&{1?%?1 dried (Na2SO4),

filtered andv@%aﬂor]@t@gzw cmlaghdh@sm@@xw\zaac@wnhg iiedatwy1f | ash chromat ogr aphy
on silica gel (0%4 50% eth ¥{ acet at e/ hexanes) to give the title conpound

(1.8 g, > 1000 37giR,2R 3R,5R)-5-Chloro-3-hydroxy-2-non-1-enyl-cyclopentyl-propyl}-

Tri phenyl( 71;(15@23,5@”1&@15 Cﬁ)(y(eﬂtﬁlyﬂt}ﬂb@)qy) hept yl ) phosphoni um Brom de (2-3, n
= 7). A mxture of nunol ) and Phgl\}(iél?lS ,..6.54 mmol)
was heated a¢?l 12@{{: (63@ 5 EI*H%“’T?I Beiire-2ulde-BIP Swatertdsalt o room

t enper at ur e cadéh eﬁ@ﬁ pwntth@ghaayzfcla@s)tyh@h&@m&@gmphyb;@n snllca gel (0% 4
30% net hanol / CHZCl | ve the title corrpoun 17 nmmol, 38%

from 7- Bromd®31 ki 951?8 P@éh%kﬁ‘ém:%’ hetespy-2-((13- @33‘2"‘11'0“300% eyl 3.5 (a)
RCH2PPh3i t , cméﬁhtl1PCT/y(}%loﬁ?@ne@dﬁ@oxﬂ&)&mﬁ’f’-ﬁ‘&y 1bMefHm{d) 1 MLiOH THF 60

"C. WD 2009/0 UsS2008/ 082469 13
[64] Ethyl 2-(2-((1R.2R,3R,5R)-5-chloro-3-hydroxy-2-
octyleyclopentyilethyithiothiazoie-4-carboxylate (6-7, entry 17, table 1)
[65]  5-(3-{(1R,2ZR.3R,3R)-5-chlaro-3-hydroxy-2-((E}-oct-3-
envheyelopentyDpropyDthiophene-2-carboxylic acid (74, entry 18, table 1)
[66}  5-(3-({1R,2R,3R,5R)-5-chloro-2-decyl-3-hydroxycyclopentyl)propyhithiophene-
2-carboxylic acid (entry 19, table 1)

[67F  The following exampies are ntended only to illustrate the invention and shouid in no way be

construed as limiting the invention,
EXAMPLES

Synthetic Methods

[68] While there are many ways to prepare the compounds disclosed herein, useful

compounds may be obtained by using or adapting the following exemplary procedures.



[ 76] Schene 3: Wttig synthesis (used to prepare entries I, 3, 5, 6, 7, 8,
9, 10, 11. 13, 14, 19 [table 1]). [77] 5- {

3-[ (1R, 2R, 3R BRYWKITh| or 0- 2- non- | - enyl - 3- (t et r ahydr o- Y @AWY Exy) -

cycl opentyl] -propyl -thiophene-2-carboxyl ic acid nethyl ester (3-2, R =
(CH2) 6CF13) . ﬁ%ﬁ/l tri phenyl phosphoni um brom de (454 ng, 1 0 mmol, Alfa
Aesar) was dr ®dnder vacuum (0.4 nbar) for 3 days. The dried salt was
taken into 3 nL THF and a solution of tert-BuOK (900 pl" 0.9 nmol, 1 M THF)
was added. The resulting red-orangegsolution was stirred for 45 mn. and

then a solution of aldehyde 3-1 (11 w\gggme@b%us Provi si onal Patent
Appl i cation No~ _668/947,904, % i ed 3, 2007) in |_M _JHF was added by
cannula, rinsing wisth 1 nL THF. The: Teact™on allowed to stir for 1.5 h
and was then quenched by addi |of‘i’3§‘ﬁ S nf*sat urat ed NHACL sol ution. The

m xture was extracted m@ﬁ\é\%;w “cetate (3 x 20 mL) and the conbined
organi c solution was qdgked,(Na2SO4), filtered and evaporated. Purification
by flash chromatography on 'Silica gel (0% -> 50% et hyl acet at e/ hexanes)
gave 101 ng (749 of the title conpound. [78]

5-{3-[ (1R 2R, 3R§35R) 5- Chloro- 2- hept y1- 3- (@ et r ahydr - pyran 2-yl oxy)

cycl opent yl kpr oy Fhcarboxyl i g~ae COddtier (3-3, R =
-(CH2)4CH3). Pd 1 a soluy nof 332 (R =

(CH2) 4CH3. 2Q. in met han%SéZ ) . e reéaction was pl aced
under 1 atm Haggballdﬁn) and after 5 h, "was filt'red through Celite and
evaporated. The reaction was inconpl ete and so was resubmtted to the
reaction conditions (17 ng Pd/C and 2 niL nmethanol). After overnight
stirring, the myxture was filtered through Celite and evaporated. The

resi due was puri i‘\ei,b@a@ﬁz%hr ongt ogr y\\gu?;ljc@z@elf (0% 4 50% et hyl
acet ate/ hexanes o givathe titl econpo (25 >100% [ 79]
5-13-((1R 2R, 3 <2- heptylShyd Xy=C entyl) - propyl]-

t hi ophene- 2- ca"l’cf)oxyl 6 aci d met hyl estef®(3-4, R = - (CH2)4CH3). PPTs (8 nu,
0.032 mml ) was added to a nethanol (1 MMVion of 3-3 (R =

-(CH2) 4CF13, 25 ng, 0.051 mmol). The sol° |onc¢{ve§1 tj_{)red at 40 C overni ght
and then was ewgpor at ed. Purbfﬂcatlon of ther e y flash

chr omat ogr aphy °8] 7(I % 4 50% et hyl acet at e/ hexanes) gave the
title conpound .~ WD 2009/ 061811PCT/ U52008/ 082469 14

[ 80] 543-41R, 2RBR, 5R) - 5- Chl or o- 2- hept y1- 3- hydr oxy-cycl opentyli-propyl |-

t hi ophene- 2-carboxyf-fc acid (3-5, R = -(CH2)4CH3). The previously described
Li OH pr ocedus eswasthsgclctiliSh 2006030 208, Tea; Fedtener: 4 O LIGHGHFERP®. 4-1 Cl
SC2CH3 a, , ,(GCOREHELN: elrfjeng glprot §-DBUyavipdgordpane, epne THPO

[69] Scheme I: 1,4-addition method (used to prepare entries 2, 4 and 12 from table
1)

1701 5-{3-[(1R,2R3R})-3-(tert-Butyl-dimethyl-silanyloxy)-2-octyl-5-0x0-
cyclopentyl}-propyl}-thiophene-2-carboxylic acid methyl ester (1-3). fert-Butyllithium
(2mL, 3.4 mmol, 1.7 M/pentane} was added to a -78 °C solution of 1-iodooctane (310
mL, 1.7 mmol) in ether (3.4 mL). The reaction was stirred for 30 min. and then a
sofution of 2-thienylCuCNLi (6 mL, 1.92 mmol, 0.32 M/THF, prepared as previousty
described in US 7.091,231) was added. The reaction was stirred for 10 min, at 0 °C
and was then recooled to -78 °C. At this time, a solution of enone 2 (510 mg, 1.29

mimol, prepared as previously described in US 20060205800) in ether (1.4 mL) was



4-2 4-3 OHOH 444-5 OH 4-6 (a) 4-2, NaH, THF; (b) NaBH4, MeOH (c) PPTs,
MeOH;, separate diastereoners; (d) 1 ML10H THF 60 C

[ 81] 5- 13- [ WPRMPRSBR 5R) - 5- Chl or 0- 2- ((E) - 3- ox0- oct - 1- dl¥{5S288082¢Pr ahydr o- pyr
an- 2- yl oxy)-cycl opentyl Fpropyl) - thi phene- 2-carboxylic acid nethyl ester
(4-3). A solution of phosphonate 4- é40 ut, 0.19 nunol) in 2.2 nL THF was
added to an 248 JE HSTRNGADRE SRSINEM 0 F- etipr 2 BheRpiUne6UMGIWE in 1.6

THE by cannuliged af b @ £ 30 RinVaso @ foPWe i an¥arHark Ripafikd RFREHAL ure and
after 1 h, was recooled to 0 C. At this tine, a sol ution of al dehyde 3-1

(80 ny, 0. 19bafrartonivwes guegchad brlﬂwlﬂlwa)soféeraré@dB%@hwhmlpa(wrmwsﬁnﬁ&ew th 0.6 nL

THF. The re3&hiiR nivase dab OWRGed @nﬂ\@{hﬂ‘ deQatf PG APefRicbhEinandnal t er
stirring overnig t, was quenched ﬁta ddition of 10 nL saturated NRI Cl

sol ution. THeEHREUIHOPAGS AiisdDips Qwasliersd sndevegramd Wustisnipn BicBashte (3 x 25

n) and the cﬁx@mﬁ!@g\ogh nthIlca%QlQ@%t—g 459)e 1&&&%&&% dhegfRH), filtered

and evapor at ed 009/ 061811PCT/ 1J82808/ 082469 Purification by flash

chr omat ogr apAPPBRd 6158 igadeye) (0% --> 100% et hyl acet at e/ hexanes) gave the

title conpound (59 ny, 60% . [82] 5-

(3-[ (1R 2R 3R, 5R)-5-Chl oro-24(E)- 3- hydroxy-oct-1-enyl) - gtetrahydropyran 2

“yl oxy) - cycllBdent §a Euppdss of the copraypiian ediome Arwigiis pceionaf 8t hy| ~ est er

(4 4) . NaBH¢ r@&dgre'ﬂfgsmged%iom&e% addak.titdbrauly 108 70b1 katpge 4-3 (59
ng, 0.12 m*rns)nzrO n_met hanol he reaction was Sstirred at room

t enper at ur e o000V & ethe Ff@’r’ie Wnﬁﬁéﬁéﬁbﬁewoﬁlﬂ’éﬁ*@b@ﬁiwy sfepppce). M NCI . The

resulting m xture was extract ed with CH2C1l2 and the conbi ned CH2C12

solution was_dried fNaZS ), filtered and evaporated. Purification by flash

chromat ogr aphy) orrl:i(1R2R S*esIR)(Sé%Y}WP 3é&é’f"éi‘éﬁﬁ’é&%@)’m&&?@Plfiﬂre title

conmpound (%mgm@ﬂ%rboxv[l@ﬂd @hy’lcﬁéa(y éth 1ester(! 8). A solution ofethyl

R 2R3R, 5R) -5 | or 0- 3- hydr oxy- 24( Sy) ydr oxy-oct-|-enyl)-

cycl opent y| Kpeesimpte in ﬁﬁdﬁh@rﬁentzoﬁw BB tiobltia@q 48 paf) W@#éqd tahd 543-

R R 2R 3R, 5 ) I [ ho 3 1)-cycl openty

| kK propyl ] ?hllg%lgd @5%.%%?%&3@ ¥I€%§C| Igrr\e"at Fl)y eg‘%“%;%?ﬁﬁé? dﬁ%mﬁ

PPTs/ met hanethypnogedlif @0 gbstit hed!)fves adictelie r@cwmsvagsbovedRustirfforcat | on  of

t he crude produc omat o hy on ica % 4.100% et hyl
acet at e/ hexans thaevew% ﬁ%i‘ n'c’l’m'”)v""aﬂ (?eddl aste er 88 H%’?us}rev%ﬂm% g 17y, 419
and (| ower Rﬂ‘l'}(,[]g-(j) 10 ml184d. the {c&ib]neB-CHng solution was washed with brine (20

{3-[(1R 2 R3 gF\Qneg (1%@%8,&%5 ?er Qiyagl orateg L:F)urlﬁ‘i z}tmn op 9 ;ﬁf('é‘):léXG 1%9 rtlasi'l enyl)-

cycl opentyl I'- Hene- 22 Car I'c acl
5- 13- [ ( 1R, 2R3RaBRupiG- c@hlliaaga-(ﬁ%d'?dx‘y: rxi_b—t}(a(uE)CHuR)o) Bavhyiartok yeropdund - eny 1) - cycl

opent yt|] pro | b o) - 2 I bax lic acid (4-6). The individual
di aster eomergx1 32/]330%%521(237 8t?%’sf]%}}'/correspondi ng acids (61%for the
hi gher Rf diastereonmer and 81%for the | ower Rf diastereoner) using the

previously dggsgkd ped Li OH procedure (US 20060205800). 16 Schene 5

®
BH{CH,) OH Br({CHy},0THP PhsP(CHy) O THP

241 2.2 Bro
2.3

(a) dihydropyran, PPTs, CH,Clo; (b)PhsP 120 °C.

73]  Scheme 2: (Phosphonium salts used in the Wittig synthesis of eniries
6.10,11,13).



(a) tert-BuOK, THE; (b) H2, Pd/C, MeOH; (c) dihydropyran, PPTs, CH2Cl2.

[ 85] (3aR, 4R, 5R, 6aS)-5-(tert-butyl di nethyl silyl oxy)-4-(oct-1-enyphexahydro-
2H cycl opeMCAWY¥IHan- 2- one (5-2). n-heptyl phosphoni Ut THF%‘W?’B‘@“(QS. 185 g,
7.22 ntnol) was dried under vacuum f%r 3 days and was then taken into dry

THF (22 nl) ot Lum ten-butoxide (7.2 7. ., I MTHF) was added
and the r es&ﬁﬁ)i n%%?%ﬁ’?ﬁftﬁﬂtégx )6tFtﬂ"’tq‘iy8r "F\XEEIES_'FWT @%ﬁeﬁga% M4t room
t enper at ur e.i 1 Angednd @Rridifium p-toluenesulfonate (148 mg, 0.59 mmol) were added to a

(3aR, 4R, 5R, 63S) - 5-.(tert-but yl di hyl si | yl oxy) - 2- 0xoh drp-214-

cycl opent a[ B‘Tal?‘%ﬂ"é’rﬁg ﬁ%‘&?‘gg'f:é@wgg %55 ,m%ﬂgmr%‘}z%iz.@%mm}% CaYtan) in 7 L
THF was addederbightCénpathtion wak Rashagwith tt M BCM20HHR, saffrdt@r NdHEOSsolukibe reacti on
was quenched, by addit.i on. of turated NRACL so ion. The resulting m xture
wns oxtr act o M PR BERGIR0 Siar e St EAT MRt Rt i So HYPoEbt ave

sol pé [ onb\Nafglhdfekieﬁiehwdqﬁﬁmj)by fasth Ekﬁdﬁxﬁﬁ?@ﬁ;ﬂxy@maﬁi@f adl e[d/éoeﬁgnﬂ,? Fihgiﬁti on ;)f t he
resi due by flash chromat ography on silic JLlsco iflash unit) gave
Che t1t1e) cOMBUNITE0s og gy mage (Fe LTbok)

(3aR, 4R 5R 6aS) - 5- hydr oxy- 4- oct yl hexahydr o- 2H cycl opent a[ b] f ur an- 2- one

(5-3). Am re.of 5- 595 ny,. . 1.62 ), and 5% Pd/ C (556 0.17 mmol)
o i hanol {(80° HEhenid-CRRReBR i 2 By R B pRERSUHE TR ba

over ni ght . Thenm xfiute onag (1.hensidd hesigshdisbugh s @es 54 emahdvakhe filtrate
evaporated. Purjfi { on of e residue f.l ash chromat ogr aphy ,on silica
gol (1 aco. i SR Ry S e i HEe HESHE OB RGeS 157)
(3aR 4R 5R, taSpurdico ot fdshThichatormblydsosilzh 4elqyvoah 32vathabypie Ay e o- 2Hcycl ope
nta[ b] furan-2-ane. (5-4). Dihydropyran A 0. 66 and PPTs (11 ng,
VO 2009/ oesﬁﬁ%ﬁ?“%é%%fé‘}’g@z%gé’w Ry Hﬁﬁggg(éﬁﬁbh@r%%l’%’é% “to a sol ution
of 5-3 (81 raghen2.332 nmot) in dichloromethane (1.2 nlL). After overnight
stirring, the reaction was washed with I M HO saturated NaHCO3 sol ution
and brine. Thegprganic Igyer was dried ENa2SO4), filtered and evapor at ed.
Purification of )} he.resj CByeHE | ash chr bggya%@@e@iali a gel (lse()
Conbi {1 ash uni ) have theltitle eqtpeund (100 m\5% . Schbmes

N." -0Q2Et N t"cMBO MSOBr re, - THPd THPW 8-4 6-3 (a) LiAIH4, THF 0 C
(b) MsCl, EtBRC cH2012; (c) KSAc, DVFIHRA) Psu3, K2003, EtOH 40 C (e)
Bu4NC1, toluene 55 C¥*'(f) PPTs, MeOH 40 c:(g)¥#2 M LiOH, THE

Cl ci
S ~CO5CH, S _~CO,CHs
\/\<\J/ . \/\<\I 4
THPG R HO R
33 34
Cl
S~ ~COzH
\/\<\I
MO R
35

{a) RCH:PPhy*X", KOtBU, THF: (b} Hy, PA/C: (¢) PPTs, MeOH; (d} 1 M LiOH, THF 60 °C.



[ 88] (1S, 2R, 3R, 4R) - 2- ( 2- hydr oxyet hyl ) - 3-octyl -4-(tetrahydro- 2H pyran- 2- vyl
oxy)cycl opentano 1 (6-1). A solution of HAIR) (1.5 n_, 1.5 mmol, 1 M THF)
was added PO ®®FSElkol ution of 5-4 (453 my, 1.34 rmolSCHEPES2B8 ni)  After
3 h, H0 (5 nL) was added dropw se 81 1 owed by di chl oronet hane and 15% NaCH

(10 nL). Th e Lon,! .allowed to warmto r.oaom,t I and was
Stirred furtHer TOFIGS R S HRE Gt PG hrR O vl ole bt dd i th
di chl or onet harné [@Bx)i)and t he conbi ned di chl or omet hane sol uti on was dri ed

(Na2SO™4), filtered and evaporated. Purification of the residue by flash
chr omat ogr aphy on silica gel (lIsco Conmbiflash unit) gave the title conpound

(447 nmg, 9797} AG-RORIROBIBI-FHRCTHLS208FOSREHGOrdh8drolp3Bh-2-yloxy)-
2-((1R 2R 3R 59) - 5. (met hyl sul f onyl oxy).-2-.0oct y1-3-(tetrah - pyr an- 2-

o T SRR b Reh et B s B etk Gy By A 2
was added t @caitripteeyipalsphoainiiirtaie 0f546mgdl 1 Q4ddoloyifa Ae3d) wisodidd wmae Et 3N (1. 3
m., 9.33 mol i i ¢chl.ar t hane . The.react.i al l.owed to warm
16 v aomt omgupupde & i M AT $05aled st bas R SRR B B LRMBE aaded. e
(r]I esE: ting niﬁxxeurm@w@l oextd,rmﬁqgﬁl,wwfm@b ok @ﬁm&h@ﬁmﬂ%x(gax%-oﬁﬂgt t he cgrrbi ned
i chl oronet hane sol ution was dri Na2SO4), . filtere nd evapor at ed.

Pur i 11 cat | R BIOTHS WL R D B @5% 361’1%%%‘?%@%&%9"‘0%?%5%% gel

( Conbi f | ash pamiltUDProlisiens Paamespbhetibs Nbesomanpodmikdi386, rayy) ®O%L [ 90]
S-2-((1R 2R met hyl sul f on

, 5S) - b- xy) =2-0G¢tyl - 3- (tetrahydro-21-1-pyran-2
T T o) oy BB P FR bR U e MBACEL {RE glhe ek 1 oM 2701 ol ) - was
added to a s&liuth @ vek tn Judnd2@ bYddiGerGd SMDkakurhted BHNE! sBiMren. The reacti on
was allowed to stir overni %Et nd thf{‘ gé) gg_ Izgge was . aﬁded.. The resulting
T xtur e was EREFAEE Bl HUBERYACHRELat & ) P03t HEPIGAGTENE combi ned et hyl
aclet ate sol u&imﬁm w\%ﬁ;iv%@hﬁghwmt&)eﬁ&ﬁl_ el(vap@gatgﬁpaﬂd;ﬁcaambymaismg (50 rr}_) The )
solution was then drie : . filtered and evaporated. rification by
flash chr om&FSGFYRRILYSH Séi“f‘ Eég‘%}e‘? 5%/68&?‘6’-{‘1‘CF‘§§H“3W$ gw%@g@)%w the title
compound (183 vig cotb@Mhd. [ 91] Et hyl
2-(2-((1R 2R 3R 5S)-5- (net hyl sul fonyl oxy) - 2- octyl - 3- (tetrahydro- 2Hpyr an- 2-y
| oxy) cycl opent yDet hyl t hi 0) t hi azol e- 4- car boxyl ate (6-4). PBu3 (20 uL, 0.08
mrol ), et hyl[782- bs-0rQt R2BA®, B9 4-CasbONEbal-8-( e Baty drbdBrane-vi0x;50 nmol ) and

K2CO3 (107 . 0.77 o] ) were added to a,solution of 6-3 (183 ng, 0.38
noohy 1. Rt e frpel e VR e G leRd e and t hen
20 mL H20 wag/Cadded, 10Phevas asdet td H@lutiox bil-2 (RESCHXICIAC L ®ate i ddhm@blny| acetate

30 nmL d.t he, et hyl tate .sol uti d.with bri 20 nmL). Th
Sol ut 1 bn wed PRETL E° ChesSe M rL e AR TCOMP Pl 11 6t i on of
t he resi due vhyfilidrabthronkli Otiat agreagloyat@n T redctian ged iné@andat fddaskvapini t by [ sco)

the titl 1 d (41 ny,,. .189 t.h
g5 (1R 1o R Gedim (RussB ) megd i wb il etsosl: pgFan. o-
yl oxy) cycl opestiyfratifrinkithé @)sire azolilerd-thaudioXaliadng e(Gofjed. Phefeskdudr e of 6-4

(41 ng, 0.069 )..and tetra-n-butyl anmoni l.orid 20 . .0.72 nunol)
i ol cenEted bE R B Riotst o AP ST TP e | oved 1o
cool to room g\WOh2 60O pdalllPCheUS2088/ 082469 19 tenperature and was
filtered through Celite, washing with ethyl acetate. The filtrate was
evaporated and the residue was purified by flash chromat ography on silica
get (Ise Comtsijf | Eh((LRMRR PRISB)-GiGhdré-Dereptilt1-Bydovpatioenpropyll- 65%) . [ 93]
Ethyl 2-(2-((lR 2R 3R 5R).-5-chl oro-3- hydroxys=2- t | o flethylthio
hi azol e- 4- cg}("%’&%‘ﬁ“ “f‘@%@%cf‘flﬂet&lﬁft?ré? “n oc“é%%?@%ﬁk’ ﬁ%(t% "bég'@wbed f or
conmpound 3- 4nrwAswasddbd b akrthbmd (whl soRdiongf B3 R and Hy, 0k, db mg, (.23 ng, 67%
of 6-7. [94] 2-(2- R 2R, 3. o . ’

R 58 - 5- chi 67T i SRR *5% Jiceg M) r SyeniEd PEMIREUPLRIS of ea- car boxyl i ¢
aci d (6-8). Pihicapsesitoustiyuede Sash dedndidpCdhp pocicireb(0(US S00088y1231) was

lljsoeﬂ,o S;?at?&iﬁn%{c%fletxgnesBga@thg_tgle?b?lgpogrqcp{\&%igp%"/gi8 (13 ng, 100%. Scheme 7 0O



Cl ,\ | see schene 1 HO./ 7-4 (a) LiAlH4, THE;, (b) Ph3P, 12, im dazole,
CH2Cl 2. [95] (E)-oct-3-en-1-ol (7-2). LiAIH4 (13.5 nl, 13 5 mmol, 1 M THF)
was added W@ 284/%18&! col d sol uti on of (E)-oct-3-enoi c BAi§20¥0824691 86 ¢,
13.1 mmol) in THF (48 nL). The reacti*on was allowed to warmto room
tenperature and after 2 h, was cooled in an ice bath and 50 nL H20 was
added sl ow SV INaoOIP-(SRNR-Be S Chorg- 260" -¢ Sody cxpope i@l iind t he

resul ting nmigebpheRe-NasbOXit aGd @ﬂs,\mihcﬂg)wﬂgmﬁ?&éﬁbﬂﬁ GScoclQML) . The
conbi ned organi ¢ |ayer was washed with brine (100 nL) and was then dried

(Na2SO4), f IPFEEP B aT e b\ 3P at@as%0%uri f i cati on of the residue by flash
chromat ography on silica gel (lIse Conbiflash unit) gave the title conpound
(1.283 g, 76?@. WO 2009/ 061811PCT/ US20081082469 20 [ 96]

(E)-1-i odooct“™8™%he (7-3). A mixture of Ph3P (3.205 g, 12.2 mol),

i mdazole (1.2 g, 17.9 mol), and 12 (3.024 g, 11.9 mmol) in CH2C12 (38

m.) was stirrediat roagmgs EQt ure. Al er .15 ma .cqefol ution of 7-2
(1.283 g, 10.0 @WZD(MM) “s\a%@)by canfula, rinsing with
4 nL CH2C 2. Af tef~gich, the mbhxtyre~nas r t hrough basi c al um na,
washi ng with 0% et hyl acet at&! hgxanédt© The f]|tTate was evaporated and the
resi due was purified#by flash chromat ography %n silica gel (Isco Conbiflash
unit) to provide the title conpound (2.323 g#*98% . [97]
5-(3-((1R 2R 3R, 5R) - 5- chl or o- 3- hydr oxy- 2; ((E) - oct - 3-

L .

enyecycl opent yppr opy! $-qptgoe- 2- car boxyl i ¢ aci =AJH, The title conpound
was prepared as{déscrib&difor 1-7dn sc i d
2009/ 061811PCT/ US2068/.882469 21 I n Vitr o BERanAx 981United States Patent

Appl i cation SBFF al Nol,, 11/553, 143, fil € on Ogtpber-26, 2006, incorporated
by reference herein, orlescri bes the nethods used to obtain the in vitro data
in Table 1 below. Tafffe | OTHER EP2EP4RECEPTCR
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(a) 4-2, NaH, THF; (b} NaBH,, MeOH; {c) PPTs, MeOH; separate diastereomers; {d} 1 M LiOH, THF 80 °C.

[81]  5-{3-[{1R.2R,3R,5R)-5-Chloro-2-((E}-3-oxo-oct-1-enyl}-3-(tetrahydro-pyran-2-
yloxy)-cyclopentyl}-propyl}-thiophene-2-carboxylic acid methyl ester (4-3). A solution
of phosphonate 4-2 (40 uL, 0.19 mmel) in 2.2 mL THF was added to an ice cold
mixture of NaH (9 mg, 0.23 mmol, 60%/0il) in 1.6 mL THF by cannula. The mixture
was allowed fo warm to room temperature and after 1 h, was recooled to 0 °C. At this
time, a solution of aldehyde 3-1 (80 mg, 0.19 mmol) in 0.6 mL, THF was added by
cannula, rinsing with 0.6 mI. THF. The reaction was allowed to warm to room
temperature and after stirring overnight, was quenched by addition of 10 mL saturated
NH4Cl solution. The resuiting mixture was extracted with ethyl acetate (3 x 25 mL) and

the combined ethy! acetate solution was dried (Na,S0y), filtered and evaporated.
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DP(2084) , EP3 CORH(1742), 16749099NATP(187) NA: EPI, FP | P EP3(5994), DP 17
0344059380 P9£110(389186 ) NA: EP I, FP, | P DP(2246) . EP {3381 hsy coeH 2
3677508330 EP3(6658), FP (10K),

Purification by flash chromatography on silica gel (0% = 100% ethyl acetate/hexanes)
gave the title compound (59 mg, 60%).

[82]  5-{3-[(1R,2R,3R,5R)-5-Chloro-2-((E)-3-hydroxy-oct-1-enyl}-3-(tetrahydro-
pyran-2-yloxy)-cyclopentyl]-propyl}-thiophene-2-carboxylic acid methyl ester (4-4).
NaBHy (9.2 mg, 0.24 mmol) was added to a solution of ketone 4-3 (59 mg, 0.12 mmol)
in methanol (1 mL). The reaction was stirred at room temperature for 2 h and then was
quenched by addition of 5 mL 1 M HCL The resulting mixture was extracted with
CH,Cl; and the combined CH;Cl solution was dried (Na;SO4), filtered and evaporated.
Purification by flash chromatography on silica gel {(ethyl acetate/hexanes) gave the title

compound (48 mg, 80%).

{83] 5-{3-[(1R,2R.3R,5R)-5-Chloro-3-hydroxy-2-{(E)-(8)-3-hvdroxy-oct-1-enyl}-
cyclopentyl]-propyl} -thiophene-2-carboxylic acid methyl ester and 5-13-
[{IR.2R.3R,5R)}-5-Chloro-3-hydroxy-2-((E)-(R)-3-hydroxy-oct-1-enyi)-cvclopentyl]-
propyl}-thiophene-2-carboxylic acid methyl ester (4-5). The PPTs/methanol procedure
described for scheme 3 was used. Purification of the crude product by flash
chromatography on silica gel (0% - 100% ethyl acetate/hexanes) gave the individual
diastereomers: (higher Rf, 17 mg, 41%) and (lower Rf, 17 mg, 41%).

[84}  5-{3-[(1R.2R,3R,5R}-5-Chloro-3-hydroxy-2-((E}{S)-3-hydroxy-oct-1-enyl)-
cyclopentyl}-propyl} -thiophene-2-carboxylic acid and 5-{3-[(1R,2R,3R,5R)-3-Chloro-
3-hydroxy-2-((E)-(R)-3-hydroxy-oct-1-enyl)-cyclaopentyl]-propyi}-thiophene-2-
carboxylic acid (4-6). The individual diastereomers were hydrolyzed to the
corresponding acids (61% for the higher Rf diastereomer and 81% for the lower Rf
diastereomer) using the previously described LiOH procedure (US 20060205800,



| P(>10K) TP(1 OK) EPI (18, 214),E 0.40.51111, 437395P3(9526), DP(6768) NA:
FP, I P, TP Eps(eeaé) MS/)--OO2H NA: 31.521>| 0KL225 EP |, DR EP 1P TP Cl
8141129, 100P368"158851234, 171695 <1569<I 0K EP3(544) , BiS(/V2008/08%46
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(@) tert-BuQK, THF, (B} My, PdIC, MeOH, (¢) dihydropyran, PPTs, CH,Cly.

851 (3aRM4R,5R,6a5)-5-(tert-butyldimethylsilyloxy)-4-(oct-1-enyl)hexahydro-
2H-cyclopenta|bjfuran-2-ene {5-2). n-heptylphosphonium bromide (3.185 g, 7.22
mmol) was dried under vacuum for 3 days and was then taken into dry THF (22 mL).
Potassium tert-butoxide (7.2 ml., 7.2 mmol, 1 M/THF) was added and the resulting
red-orange solution was stirred for 45 min. at room temperature. A solution of

(3aR 4R, 3R, 6a8)-5-(tert-butyldimethylsilyloxy)-2-oxohexahydro-2H-
cyclopenta[b]furan-4-carbaldehyde (5-1, 502 mg, 1.78 mmol, Cayman) in 7 mL THF
was added by cannula, rinsing with 3 mL THF. After 1.5 h, the reaction was quenched
by addition of saturated NH,Cl solution. The resulting mixture was extracted with ethyl
acetate (3x) and the combined ethyl acetate solution was dried (Na;SOy), fittered and
evaporated. Purification of the residue by flash chromatography on silica gel (Isco

Combiflash unit) gave the title compound (595 mg, 91%).

1861  {3aR,4R.5R,6a8)-5-hydroxy-4-octylhexahydro-2H-cyclopentafbfuran-2-one
(5-3). A mixture of 5-2 (595 mg, 1.62 mmol} and 3% Pd/C (556 mg, 0.17 mmol) in
methanol (80 mL) was stirred under 1 atm H; pressure (balloon) overnight. The mixture
was then filtered through Celite and the filtrate evaporated. Purification of the residue
by flash chromatography on silica gel (Isco Combiflash unit) gave the titie compound
(396 mg, 96%).

[87]  (3aR,4R.5R.6aS)-4-octyl-5-(tetrahydro-2H-pyran-2-yloxy)hexahydro-2H-
cyclopenta[b}furan-2-one (5-4). Dihydropyran (60 pL, 0.66 mmol) and PPTs (11 mg,
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0.045 mmol) were added to a solution of 5-3 (81 mg, 0.32 mmol) in dichloromethane
(1.2 mL). After overnight stirring, the reaction was washed with 1 M HCI, saturated
NaHCO, solution and brine. The organic layer was dried (Na:S0y), filtered and
evaporated. Purification of the residue by flash chromatography on silica gel (Isco

Combiflash unit) gave the title compound (100 mg, 93%).

Scheme 8
O HO MsQ
9/< a :Oi\/;oi\/\/b O:j/\o/Ms\/v
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(&) LiAlF,, THF 0 °C; (b) MsCl, EizN, CHCly, (¢} KSAcC, DMF; {d) PBu,, KoCO4, EIOH 40 °C;
(2} BuyNCl, toluene 55 °C; (f) PPTs, MeOH 40 °C; (g} 1 M LiOH, THF.

[88] (15,2R.3R.4R)-2-(2-hydroxyethyl)-3-octyl-4-(tetrahydro-2H-pyran-2-
yloxy)eyelopentanol (6-1). A solution of LiAlHs (1.5 mL, 1.5 mmeol, 1 M/THF) was
added to a 0 °C solution of 5-4 (453 mg, 1.34 mmol) in THF (5 mL). After 3 h, HO (5
ml) was added dropwise followed by dichloromethane and 15% NaOH (10 mL). The
reaction was allowed to warm to room temperature and was stirred further for 30 min.
The resulting mixture was extracted with dichloromethane (3x) and the combined
dichioromethane solution was dried (Na;SOy), filtered and evaporated. Purification of
the residue by flash chromatography on silica gel (Isco Combiflash unit) gave the title
compound (447 mg, 97%).



EP | ,EP3,FP, 1 P, TP DP(3208), EP1 (883), EP3(4990),FP (7570), TP(10,297) NA
IP 23 C s--C2H DP(253), EP3( 11,335) 133.6604631, 3512389NA: OH
HOEPTEP3, FE¥OI20f8/0F31DP(| 1, 738) , E 144615>10K1112P3( 29T/ WNANSIREGS1 17P, | P, TP

1891 2-((1R,2R.3R,58})-5-(methyisulfonyloxy)-2-octyl-3-(tetrahydro-2H-pyran-2-
yloxy)evelopentyl)ethyl methanesulfonate (6-2). MsCl (0.60 mL, 7.72 mmol) was
added to an ice coid solution of 6-1 (447 mg, 1.31 mmol) and EtsN (1.3 mL, 9.33
mmol) in dichloromethane (5 mL). The reaction was allowed to warm to room
temperature and after 3 h, saturated NaHCOj; solution was added. The resuiting mixture
was extracted with dichloromethane (3x) and the combined dichloromethane solution
was dried (Na;SOy), filtered and evaporated. Purification of the residue by flash
chromatography on silica gel (Combiflash unit by Isco) gave the title compound (326
mg, 50%).

[90]  S-2-{{1R,2R,3R,5S5)-5-(methylsulfonyloxy)-2-octyl-3-(tetrahydro-2H-pyran-2-
yloxy)cyclopentylethyl ethanethioate (6-3). KSAc (115 mg, 1.01 mmol) was added to
a solution of 6-2 (326 mg, .65 mmol) in & ml, DMF. The reaction was allowed to stir
overnight and then 20 mL HO was added. The resulting mixture was extracted with
ethyl acetate (3 x 20 mL) and the combined ethyl acetate solution was washed with
H>0 (3 x 60 mL) and brine (50 ml.). The solution was then dried (Na,SQy), filtered and
evaporated. Purification by flash chromatography on silica gel (Combiflash unit by

Isco) gave the title compound (183 mg, 58%).

(911  Ethyl 2-(Z-((1R,2R,3R,58)-3-(methylsalfonyloxy)-2-octyl-3-(tetrahydro-2H-
pyran-2-yvloxyjeyclopentybethylthio)thiazole-4-carboxylate (6-4). PBus (20 pl. 0.08
mmol), ethyl 2-bromothiazole-4-carboxylate (6-5,119 mg, 0.50 mmol) and K,CO; (107
mg, 0.77 mmol) were added to a solution of 6-3 (183 mg, .38 mmol) in 1.6 mL
ethanol. The mixture was stirred at 40 °C overnight and then 20 mL H,O was added.
The resulting mixture was extracted with ethyl acetate (36 mL) and the ethyl acetate
solution was washed with brine (20 mL). The solation was then dried (Na;S80y),
filtered, and evaporated. Purification of the residue by flash chromatography on silica

gel (Combiflash unit by Isco) gave the title compound (41 mg, 18%).

[92] Ethyl 2-(2-((1R,2R.3R.5R)-5-chloro-2-octyl-3-(tetrahydro-2H-pyran-2-
yloxyjcyclopentyl)ethylthio)thiazote-4-carboxylate (6-6). A mixture of 6-4 (41 mg,
0.069 mmol) and tetra-n-butylammonium chloride {200 mg, 0.72 mmol) in 1 mL

toluene was stirred at 55 °C overnight. The mixture was allowed to cool to room



DP(7732).EP | (86), 2022642577 EP3(42 1 ) NA:FP, 1P, TP OH co02HDP(842),
EP1(456), 0.090.2346411421EP3(329), |P(9655), TP(1067) DP(2800), CCRH EP
1(4934), 2¥@FPHSEIOKEP3(593) NA: F?2, IP, CT/C52008/082469

temperature and was filtered through Celite, washing with ethyl acetate. The filtrate
was evaporated and the residue was purified by flash chromatography on silica get

{Isco Combiflash unit) to give the title compound (24 mg, 65%).

[93] Ethyl 2-Q2-((1R,2ZR,3R,5R)-5-chloro-3-hydroxy-2-
octylcyclopentyljethyithiojthiazole-4-carboxylate (6-7). A similar procedure as that
described for compound 3-4 was used, starting with 24 mg 6-6 and providing (13 mg,
67%) of 6-7,

941  2-(2-((1R,2R,3R,5R)-5-chloro-3-hydroxy-2-octylcyclopentyl)ethylthio)thiazole-
4-carboxylic acid (6-8}. The previously described LiOH procedure (US 7,091,231) was
used, starting with 13 mg 6-7 and providing 6-8 {13 mg, 100%).

Scheme 7
/l?\/\/\/\ : °
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(8} LiAIH,, THF, (b) PhaP, p, imidazole, CHaCl.

1951  (Ey-oct-3-en-1-0l (7-2). LiAlH4 (13.5 mL, 13.5 mmol, 1 M/THF) was added to
an ice cold solution of (E)-oct-3-enoic acid {7-1, 1.86 g, 13.1 mmol) in THF (48 mL).
The reaction was aflowed to warm to room temperature and afier 2 h, was cooled in an
ice bath and 50 mL H;O was added slowly. NaOH {3 M, 50 mL) and H,O (50 mL)
were added and the resulting mixture was extracted with dichioromethane (3 x 100
mL). The combined organic layer was washed with brine (100 m1.) and was then dried
{(NapS0Oy), filtered and evaporated. Purification of the residue by flash chromatography
on silica gel {Isco Combiflash unit) gave the title compound {1.283 g, 76%).



TP C WD 2009/ 061811PCT/ US2008/ 082469 24 I n Vivo Exanples 199] United
States Patent No. 7,091, 231, incorporated by reference herein, describes

t he met hod¥O4¥AEsBE obtain the in vivo test results pgirESEROESA Tabl e 2.
Table 2 ENTRY STRUCTURE DOG MONKEY® Conc. (g/100 nL) Max. MOP (%

[96] (£)-1-iodooct-3-ene (7-3). A mixture of PhsP (3.205 g, 12.2 mmol), imidazole
(1.221 g, 17.9 mmol), and I (3.024 g, 11.9 mmol) in CH>Cl; (38 mL) was stirred at
room temperature. After 15 min., a solution of 7-2 (1.283 g, 10.0 mmol) in CH;Ci; (4.8
mL} was added by cannula, rinsing with 4 mL CH>CL. After 3 h, the mixture was
filtered through basic alumina, washing with 10% ethyl acetate/hexanes. The filtrate
was evaporated and the residue was purified by flash chromatography on silica gel

(Isco Combiflash unit) to provide the title compound (2.323 g, 98%).

(971  3-(3-((1R,2R,3R,5R}-3-chloro-3-hydroxy-2-((E)-oct-3-
enyDcyclopentyl)propylthiophene-2-carboxylic acid (7-4). The title compound was

prepared as described for 1-7 in scheme 1.
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In Vitro Examples

(98]

SHO1-7 0.01%40 1.3 31 20 "----"

PCT/US2008/082469

United States Patent Application Serial No. 11/553,143, filed on October 26,

2006, incorporated by reference herein, describes the methods used to obtain the in

vitro data in Table 1 below.
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In Vivo Examples

[99]  United States Patent No. 7,091,231, incorporated by reference herein, describes

the methods used to obtain the in vivo test results presented in Table 2.

Table 2
BoG MONKEY
ENTRY STRUCTURE C‘,’;‘{;’é Max. AIOP Max, Max. AIOP
g (%) hyperemia {%)
mL)
1 0.01% 40 1.3 31
0.01% 35 2.0 53
2
3 0.01 22 0.9
4 00D5% 44 2.4 56
5 0.01 22 1.3 22




0.01 33 1.8 22 [100] Wiile this invention has been described with respect
to these specific exanples, it is understood that other nodifications and
vari ati ons V&r¥8096E81 bl e wit hout departing fromthe sEHGHYSZPBOEE | nventi on.
WO 2009/ 061811PCl 7US2008/ 082469 26 WAAT I'S CLAIMED IS |. A conpound having a
formul a: HO wherein-Ris--H.or Rconsists of:. 1) Cl.6 alkyl or
phenyl, and 2) fromO to 2-OH noietjes; Y.is -CIPOGFE -CN Tﬁ?’NK@:& and

X consi sts ofgyrdy | | Neafrpakiyde O al kedy! épavi from4 to ’y};ﬁ bon atons,
bon

and 2) fromO to 3|-OH noieties. 2 (gMhe | COl nd g;lngllr gin X
consists of: 1) lihear alkyl or al ken’?’ﬁ lavm fro@ng’i" to 1 at ons,
and 2) fromO to 1| -OH noleties. . Thelconpoung of clalim I, haviing a
formula: R where| nya dashed loi ne |ndi cates the|presence or absence of a

1
q
bond, a wavy |ine W@@r a tfans contiguration; REis -H or
. N i
-OH; & 0.01 21 0.9 24

\/XJ/U\ 0" _oH
7 0.01 33 1.8 22

[£00] While this invention has been described with respect to these specific examples,
it is understood that other modifications and variations are possible without departing

from the spirit of the invention.



R2 is -CH2CH3, -CH2CH2OH, or -CH=C142; t is O, 1, 2, 3, 4, or 5. 4.The
conpound of claim3, having a fornmula: 27 Rl 5.The conpound of claim 3,
havi ng a f BiOomHsisdl 6. The conpound of clai m 3 sel ect G¥TISIH082469
5-[3-((112. 2R, 3R, 5R) - 5- Chl or o- 3- hydr¥xy- 2- pent yl - cycl opent yp- propyl k

t hi ophene- 2- carboxyl i c acid;

5-[3- ((1 R 2RVBARTIRVLAIMEDPdP0- 2- hexyl- 3- hydr oxy- cycl opentyl ) - propyl | -

t hi ophene- 2- car boxyl i ¢ aci d;

5-[3- ((I R 2R, 3R, ARbmboshh@¥ify 2foheiky 1- 3- hydr oxy- cycl openty1l) - propyl ] -

t hi ophene- 2- car boxyl 1 ¢ aci d;

5-[3-((1R,2R73R,5R)-5-Ch|oro-3-hydroxy-2-@cty|-cyclopentyl)-propyl]-

Aonyl - cycl opentyl) - propyl | -
R R, 5R) - 5- Chl or 0- 3
tyll-propyl
, 543-(( 1 R 2L3 R5R)- 5 -Chloro-3
- hydr oxy- 2-pent- 1 -éhyl-cyclopentyl)-propylP t hi ophene- 2- car boxyl i ¢ aci d;
543 -(( 1R 2R 3 R 5R)- 5-Chloro-2-hept-1

-enyl- 3- hydroxy-cycl opentyl)-propyl k t hi ophene-2-carboxylic acid:
y y y wxereinﬁ){ 1s H),/or)R (E)onsigt)s/ of: NCg aFE)kyE or phenyl, and 2} K‘om 0te 2 -OH

moieties;
Y is -Cl, -F, -CN, or -CF;; and
X consists of: 1} linear alkyl or alkenyl having from 4 to 10 carbon atoms, and

2} from 0 to 3 -OH moieties.

2. The compound of claim 1 wherein X consists of: 1) linear altkyl or alkenyl

having from 4 to 10 carbon atoms, and 2) from 0 to 1 -OH moieties.

3. The compound of claim 1, having a formula:

Y, 0

wherein a dashed line indicates the presence or absence of a bond,
a wavy line indicates a cis or a frans configuration;

R'is —H, or —~OH;

R* is ~CH,CH;, -CH,CH,0H, or ~CH=CH,;

tis(, 1,2,3,4, or 5.

4, The compound of claim 3, having a formula:



28 5 -[3 -((1 R2R 3R 5R)-5 -Chloro-2-dec- 1 -enyl-3
- hydr oxy-cycl opent yp- propyli- thiophene-2-carboxylic acid; 5- {3

-[ (1R, 2R, 3ROZA0818TH| or 0- 3 - hydr oxy-2- (8 - hydr oxy- ocﬂV@ﬁmEVEW%ﬁ@ntylk
propyl{ -t hi ophene- 2- car boxyl i ¢ aci d;?’
5-{3-[ (1R 2R, 3R 5R) - 5- Chlor o- 3- hydroxy 2- é?-hydroxy-hePtyl)-cyclOPethle-
propyII-th|0uhene 2- carboxylle aci d;

thlophene 2-_

5-{3-[ (1R, 2R ') 5- Chloro 3- ) seydroxy- hept-1-eny ) -
cycl opent yl kp -t hi ophene-2 poxylic aC|d 5-[3-( (1 R2R3 R5
R) -5 -Chl oro- 3 ~2- hon- t-enyl cyclopentyl) propyl | -

t hi ophene-2-c¢ .
{3-[ (1R2R, 3Bn5R) - 5- Chl or o- 3 hydroxy 24(E) - (R) - 3- hydroxy-oct -1 -enyl) -

cycl opentyl kpropyl -thiophe e- 2- car boxylic acid; and 5-{3-[(1 R 2R 3R /5

R) - 5- Chl or 0- 3 - hydr oxy- 2- ((E) (8)-3 -hydroxy-oct- 1 -enyl)-
cyclopentylgprommkgmgﬁhgghpagngyg@g&gygﬂddglaC|d 7. The conpound of claim3,
having a for ; : of a conpound of claim1 in the manufacture
of a nedica rnt for redUC|ng i ntraocul ar ressure. 9. Use of a conpound
according to ¢laim1l |n t he nanufacture if a nedi canent for the treatnent
of glaucoma. AU~4 Xabl e liquid conprising a conpound
according te cﬁgceptable exci pi ent.

HO

6. The compound of claim 3 selected from:
5-[3-((1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-pentyl-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;
3-[3-((1R,2R,3R,5R}-5-Chloro-2-hexyl-3-hvdroxy-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;
5-[3-((1R,2R,3R,5R}-5-Chloro-2-heptyl-3-hydroxy-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;
5-[3-((1R,2R,3R,5R}-5-Chloro-3-hydroxy-2-octyl-cvelopentyl}-propyl}-
thiophene-2-carboxyiic acid;
3-[3-((1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-nonyi-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;
5-{3-[(1R,2R,3R,5R}-5-Chloro-3-hydroxy-2-(8-hydroxy-oct- 1 -enyl)-
cyclopentyl}-propyl}-thiophene-2-carboxylic acid;
5-[3~({1R,ZR,3R,5R)-5-Chloro-3-hydroxy-2-pent- 1 -enyl-cyclopentyl)-propyt] -
thiophene-2-carboxylic acid;
3-3-((1R,2ZR 3R, 5R}-5-Chloro-2-hept-1-enyl-3-hydroxy-cyclopentyl)-propyll-

thiophene-2-carboxylic acid;
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5-[3-((1R,2R,3R,5R)-3-Chloro-2-dec-1-enyl-3 -hydroxy-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;

5-{3-[(1R,2R,3R,5R}-5-Chloro-3 -hydroxy-2-(8-hydroxy-octyl)-cyclopentyl]-
propyl}-thiophene-2-carboxylic acid;

5-{3-[(1 R,2R,3R,5R)-5-Chloro-3-hydroxy-2-(7-hydroxy-heptyl)-cyclopentyl]-
propyl}-thiophene-2-carboxylic acid;

5-[3-((1 R.2R3R,3R)-3-Chloro-3-hydroxy-2-oct-7-enyli-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;

5-{3-[(1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-(7-hydroxy-hept-1 ~enyl)-
cyclopentyl]-propy! } -thiophene-2-carboxylic acid;

5-[3-((1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-non-1 -enyl-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;

5-{3-[(1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-((E)-(R)-3-hydroxy-oct-1 -enyl)-
cyclopentyl]-propyl}-thiophene-2-carboxylic acid; and

5-{3-[(1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-((E)-(8)-3-hydroxy-oct-1 -enyl)-
cyclopentyl]-propyl} -thiophene-2-carboxylic acid.

7. The compound of claim 3, having a formula:

Y, o)

R1
8. Use of a compound of claim 1 in the manufacture of a medicament for reducing
intraocular pressure.
9. Use of a compound according to claim 1 in the manufacture of a medicament

for the treatment of glaucoma.

10.  An ophthalmically acceptable liquid comprising a compound according to claim

1 and an ophthalmically acceptable excipient.



