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DESCRIPTION OF THE INVENTION

12] Ocular hypotensive agents are useful in the treatment of a number of various
ocular hypertensive conditions, such as post-surgical and post-laser trabeculectomy
ocular hypertensive episodes, glaucoma, and as presurgical adjuncts.

[3] Glaucoma is a disease of the eye characterized by increased intraocular pressure.
On the basis of its etiology, glaucoma has been classified as primary or secondary. For
example, primary glaucoma in adults (congenital glaucoma) may be either open-angle or
acute or chronic angle-closure. Secondary glaucoma results from pre-existing ocular
diseases such as uveitis, intraocular tumor or an enlarged cataract.

(4] The underlying causes of primary glaucoma are not yet known. The increased
intraocular tension is due to the obstruction of aqueous humor outflow. In chronic open-
angle glaucoma, the anterior chamber and its anatomic structures appear normal, but
drainage of the aqueous humor is impeded. In acute or chronic angle-closure glaucoma,
the anterior chamber is shallow, the filtration angle is narrowed, and the iris may obstruct
the trabecular meshwork at the entrance of the canal of Schlemm. Dilation of the pupil
may push the root of the iris forward against the angle, and may produce pupilary block
and thus precipitate an acute attack. Eyes with narrow anterior chamber angles are
predisposed to acute angle-closure glaucoma attacks of various degrees of severity.

(5] Secondary glaucoma is caused by any interference with the flow of aqueous
humor from the posterior chamber into the anterior chamber and subsequently, into the

canal of Schlemm. Inflammatory disease of the anterior segment may prevent aqueous
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[8] Various types of prostaglandins are known, depending on the structure and
substituents carried on the alicyclic ring of the prostanoic acid skeleton. Further
classification is based on the number of unsaturated bonds in the side chain indicated by
numerical subscripts after the generic type of prostaglandin [e.g. prostaglandin E{
(PGE1), prostaglandin E2 (PGE2)], and on the configuration of the substituents on the
alicyclic ring indicated by o or B [e.g. prostaglandin F2 (PGF2p)].

[9] Disclosed herein are compounds having a formula:
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pressure has been shown to delay or prevent the onset

ipfragauianEspswp digs hergl 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 suitable 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).
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[11]  For the purposes of this disclosure, “treat,” “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 salt is any salt of the parent compound that is
suitable for administration to an animal or human. A pharmaceutically acceptable salt
also refers to any salt which may form in vivo 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
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containing the moieties -CO,(CH;),0H, 0 |\/O , 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 different 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.

[20] C, alkyl is alkyl having from 1 to 6 carbon atoms.

[21]  Linear alkyl is alkyl having no branching or rings.
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[28] In other words, examples of R include:

a. -CH3, -C2H5, -C3H7, -C4H9, -C5H11, -C6H13, cyclic -C3H6, CyCliC -C4H3,

cyclic =CsHjq, or cyclic ~C¢Hj2, wherein “cyclic” indicates the presence of a

ring;

b. -CHy-OH, -C;H4-OH, -C3Hg-OH, -C3Hs-OH, -CsH,9-OH, -C¢H;,-OH, cyclic
-C3H5.0H, cyclic -C4H7-OH, cyclic ~CsHy-OH, or cyclic ~C¢H;,-OH,
wherein the —~OH may be in any position on the hydrocarbyl moiety;

¢. -CiH;3-(OH),, -C3Hs-(OH),, -C4H7-(OH),, -CsHo-(OH),, or -C¢H,1-(OH),,
cyclic -C3H;-(OH),, cyclic -C4Hg-(OH),, cyclic —CsHg-(OH),, or cyclic —
CsH,9-(OH),, wherein - OH), represents 2 distinct —OH moieties, and each
—~OH may be in any position on the hydrocarbyl moiety; or
F £ AN 4 AN
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[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 —
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[36] In other words, examples of X include:
-(CH2);CHs, -(CH,)4CH3, -(CHa)sCH3, -(CH,)sCHs, -(CH,),CHs, -
(CH,)sCH3, -(CH2)oCHs;
f. linear isomers of -C4Hg, -CsH,q, -C¢Hya, -C7Hy4, -CsHye, -CgHys, or -
CioHyo containing a double bond;
g. aorbabove containing 1 ~OH attached to any carbon atom in place of a
hydrogen;
h. aor b above containing 2 ~OH moieties, each attached to any carbon in
place of a hydrogen;
i. aorb above 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] Inone embodiment X is -(CH,);CHj, -(CH,);CH3, -(CH,)sCHj;, -(CH»)¢CH3, -
(CH,)7CH3, ~(CH;)3CH3, or -(CH,)oCH;.
[38] Inanother embodiment X is -CH=CH(CH,),-Z, whereinn is 3, 4, 5, 6, 7 or 8,
and Z is —H or ~OH.
[39] In another embodiment, X is —(CH»),-OH, whereinpis 4, 5,6, 7, or 8.
[40]  In another embodiment, X is ~(CH,)qCH=CH,, wherein q is 4, 5, 6, 7, or 8.
[41]  In another embodiment, X is cis -CH=CHCHOH(CH,),CH;, wherein r is 0, 1,
2,3,4,5,or6.
2.
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[44]  Another embodiment is a compound having a formula:
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[45] Another embodiment is a compound having a formula:
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[46]  Another embodiment is a compound having a formula:



carbon atom Thus, many of these groups actually
represent a variety of isonmers. For exanple, each O-C
Woi200008H0, -CoHL 1, and -C H represent nore POERDSING082469
isomer. Simlarly for each 8 OH present, an additiona
nunber of isonmers is introduced dependi ng upon which

rbon atomit is attached to. [80] Yis -d, -F, -CN,

- CF3 [31] I'n one enbodi ment , is -d. [32] In

I n anot her enbodi nent

"-n;Kkai\hSEOB. [ 35]
or ‘et’keny aving from
- ) fromO to 3 -OH noi eti es.
e anpl es of X include: e.
QCHQ)SCHG - (CH2) 6CHS,
(CHQ)9CH8 f . linear
|soners O - 4H8, C5H|O -C6H 2, -C/H 4, -C Hi 6,
-C8Hi 8, or - C oHRbcontalning a double bond; g. aor b
above containing 1-OH attached to any carbon atomin

pl ace of a hydrogen;
[47]  The following are examples of useful compounds.

[48]  5-[3-((1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-pentyl-cyclopentyl)-propyl]-

thiophene-2-carboxylic acid (entry 1, table 1)

[49] 5-[3-((1R,2R,3R,5R)-5-Chloro-2-hexyl-3-hydroxy-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid (entry 2, table 1)

[50] 5-[3-((1R,2R,3R,5R)-5-Chloro-2-heptyl-3-hydroxy-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid (entry 3, table 1)

[51]  5-[3-((1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-octyl-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid (entry 4, table 1)

[52] 5-[3-((1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-nonyl-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid (entry 5, table 1)

[S3] 5-{3-[(1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-(8-hydroxy-oct-1-enyl)-
cyclopentyl]-propyl}-thiophene-2-carboxylic acid (entry 6, table 1)

[54] 5-[3-((1R,2R.3R.5R)-5-Chloro-3-hydroxy-2-pent-1-enyl-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid (entry 7, table 1)

[55]  5-[3-((1R,2R,3R,5R)-5-Chloro-2-hept-1-enyl-3-hydroxy-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid (entry 8, table 1)

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

[57]  5-{3-[(1IR,2R,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]-
propyl}-thiophene-2-carboxylic acid (entry 11, table 1)

591 5-[3-((1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-oct-7-enyl-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid (entry 12, table 1)



h. a or b above containing 2 -OH noieties, each

attached to any carbon in place of a hydrogen; i. a or
wh2@boysicont ai ning 3 -OH noi eties, each attach€rUsm08/082469

any carbon in place of a hydrogen; provided that there

are no nore than 1-OH on any given carbon atom [37]

MﬂwémmmRIS)%ﬁhw@%%(l-@%%l-enyl)-
- , - 7 , - ! , - , 0Or
CJ%@HE%%@EKBEOPWI WW@&@&%@XY@&@@& (RRARY 43( tptde JioH=CH( CH

Z, 5.1 L or
by ER LR LR 3B a0 koo
thiopheaier?2-parbexylic dsjd @ntry,14otabl®.1)[ 40] | n anot her

[gsPodg-g?.?@&;& PR SKior Bl agear s B (RE3 Ry et Tenyl)-

S RbfRe MBS NcacigTehry 1518 10 1, S

& n one enbodi nént, consi sts of
63 heat-{ WR, 21198RaﬂH@eﬁthlohaﬁfhygrdXWeRf((E){(’&) 3—(hydla)p<bmqt 1-enyl)-

2 3 h
Tt R R R S R A AR ) S
[ga]she@thyw(sz -(MHI2Ra RSRY BechdsrBSERERoQy-2absence of a

line indicates a cis or a trans

Qc@ﬁ@ycéqpegtyl)gfhylthlo)thlazole -4-carboxylate (6-7, entry 17, table 1)

[65] 5-(3-((1R,2R,3R,5R)-5-chloro-3-hydroxy-2-((E)-oct-3-
enyl)cyclopentyl)propyl)thiophene-2-carboxylic acid (7-4, entry 18, table 1)

[66] 5-(3-((1R,2R,3R,5R)-5-chloro-2-decyl-3-hydroxycyclopentyl)propyl)thiophene-
2-carboxylic acid (entry 19, table 1)

[67]  The following examples are intended only to illustrate the invention and should 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.
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5-[3-((I R 2R, 3R, 5R) - 5- Chl e B E Xy cycl ope
NN ~<PLopybi~ Lhiaphene-g%fhf;g?;ﬁgéﬁésLﬁ ( 2,
tabl e %)4 [50] s
5-[3- ((I R 2R B3R 5R) - 5- CAFBr 0- 2- Hept yI - 3- hydr oxy- cycl op
entyl)-propyktjA?hK@pﬁﬁﬁe-2-carboxy|ic acid (entry 3,
table 1) [SZEL%d
5-[3- ((I R ZR°3R, 6R) - 5- Chl or o- 3- hydr oxy- 2- oct yl - cycl ope
ntyl)-propyl]- thiophene-2-carboxylic acid (entry 4,

taq%§ 1) [52] cl

5-[3=((LR 2R SBbggﬁChloro-S-h roxy-2-ng hx%tglope
nt yl/4=pr opyl T 1/hi oph€ne-@- car bo Fé\aﬁ?d§§%ﬁtry 5,

t abl 3
53@55[(IRH%R,SR,SR)-S-ChIoro-$8§ydroxy-g$(8-hydroxy-oc
t-1-enyl)- "cycl opentyl]

-propyl }-thi ophene-2-carboxylic acid (entry 6, table

1)
cl cl
S~ ~CO,CHs 4 S -COR ¢
\/\@/ _d \/U o
HO\\ 1-6 HO\\
R=H, 17
e( '
cl R =-CH,CH,0H, 1-8
- S~ ~CO,iPr
\/\<\I
HO 1-9

(a) -Buli; 2-ThienylCuCNLi; (b) L-selectride; (c) MsCl, TEA; TBAC 55 °C; (d) 1 M LiOH, THF 60 °C;
(e) CICO,Et, Et;N; ethylene glycol; (f) DBU, 2-iodopropane, acecne.

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

[70]  5-{3-[(1R,2R,3R)-3-(fert-Butyl-dimethyl-silanyloxy)-2-octyl-5-0xo-
cyclopentyl]-propyl} -thiophene-2-carboxylic acid methyl ester (1-3). tert-Butyllithium
(2 mL, 3.4 mmol, 1.7 M/pentane) was added to a -78 °C solution of 1-iodooctane (310
mkL, 1.7 mmol) in ether (3.4 mL). The reaction was stirred for 30 min. and then a
solution of 2-thienylCuCNLi (6 mL, 1.92 mmol, 0.32 M/THF, prepared as previously
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

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



54
g-[%-((lR,2R,3R,5R)-5-Ch|oro-3-hydroxy-2-pent-|-enyl-c
wQ elooperstyl ) - propyl ] - thiophene-2-carboxylic arCTIUS2008/082469
(entry 7, table 1) [55] 11
5-[3-((I R 2R, 3R 5R) - 5- Chl or o- 2- hept - | - enyl - 3- hydr oxy- ¢
Al ® BRIt wise bg cQmld, Tinking MANENE 1l ERED ORI e Gul@id Mixture was
(entry 8, table 1) [56%E ) .
%u{eéﬁ{ (1BRC2Rr 3R MR 250 i forr 41 pirgeand|at grpph teBapteyaturgygr 3ymin.
heOREMMNI s eh'bytaﬁhf?igg%rf‘gétgfa?e%rlgﬁwll slo?ut%%l(% fneL'}taEX the
table 1
Bsylng (nliRu%RVE&R;xﬁﬁéte&i“@h: e@liﬂﬁaethltﬁdfs Q>Gé0—rﬁl:1. gfﬁby@hﬂil j ﬁ{ec_pffjthyl
e{céqu%e; sfg)){t(él@?lp\tefagt r!@]d-fﬁg{rggga{, f%l%etreci e?n% eevgg(;rat-e(c:lérl’u?ig%:/atio% b%/cfllash
_ - . -Bo 00-.3- -2 - he
T e BT P G P e DA e e
@ompbufe (58ymg, 185% @bl e 1) [ 59]
5-[3-((I R 2R, 3R, 5R) - 5- Chl or o- 3- hydr oxy- 2-oct - 7- enyl - cy
cl opentyl)-propyl]- thiophene-2-carboxylic acid (entry

B2y Al embhiddBOdf the com%(')junds in scheme 1, with the exce téon of l-ﬁ
5-{3-[ (I R 2R, 3R, 5R) - 5- Chl or 0- 3- hy roxy-2-(7-h§ r oxy- he
(ptocbdlgnylps)c.ribg@: belopenverk preppredpmygldescribed previously (US 7,091,231 and

= tLhi - 2- car.boxyl i i entry 13, table 61
WS pUb RRPER ik tenty Suhish Rfibdaaporstcidiandin Bhgrifee).
cl opentyl)-propyl]- thiophene-2-carboxylic acid (entry
14, table 1) [62]
[82] 3-T(3-&! BRRGIR SR)-S5Cldhptood-bydromy draskyl-re {ope)ty Ryomv hy

-0gt - - 1)~ | - prapyhl .
SgeELako 8T 0 SYEHRRENY LI N paipmor s
dhé#dformate in CH,Cl, (0.5 mL of a 8 uL/mL solution, 0.042 mmol) was added to 1-

5-{3-[ (I R 2R, 3R, 5R) - 5- Chl oro- 3- hydroxy-2-((E)-(S)-3-hy

Tl 8>092. 35| mmpl)l Vriethylamine (40 pL, 0.29 mmol) was added and after 1 h,
ethylene glycol (100 pL, 1.79 mmol) was added. The reaction was allowed to stir for 3
days and then 1 M HCI (4 mL) was added. The resulting mixture was extracted with
CH,Cl, (3 x 20 mL) and the combined CH;,Cl, solution was washed with brine (20
mL), dried (Na;SOy), filtered and evaporated. Purification of the residue by flash
chromatography on silica gel (0% => 15% methanol/CH,Cl,) gave the title compound

(5 mg, 32%) along with 1-7 (8 mg, 57%).

Scheme 2
@
Br(CH,),OH Br(CH,),OTHP PhsP(CH,),OTHP
2.1 2.2 Br®
2-3

(a) dihydropyran, PPTs, CH,Cl,: (b)PhsP 120 °C.

[73]  Scheme 2: (Phosphonium salts used in the Wittig synthesis of entries
6,10,11,13).



cycl opentyl] -propyl} -thiophene-2-carboxylic acid
(entry 15/16, table 1) [64] Ethyl
wWQ2(02068I R, 2R, 3R, 5R) - 5- chl or o- 3- hydr oxy- 2- PCT/US2008/082469
octyl cycl opentyl ) et hylthio)2hiazol e-4-carboxyl ate
(6-7, entry 17, table 1) [65]
[34] 3-2(7-Brodiy-B&ytHIkdky Btehyaire-pSradnydrxy= 2: Dil)dr@Sta¢l mL,
enyl )Coid opent yl.) pr og)){l )t hi ophene- 2- car boxylic acid
1(1 ) pim )fﬁqdypyllgl’lmgrgm- \gp}le{%@pats(k@ mg(O.ﬁq’r@mlgwere added to a

Bjuhigh 0P 7S or. ‘3 | - , -

g LTy CTBoEAEO T bbbt §OAERRL R CPLCE @k fer stimine

caeindghtethe syludn waablaghel)wifl6 T M HiGg (20lLoyvangated NapICEs, solution
ded .aonl ustrate th nventj on

@gunand B Sl behesnbitpo ot datd DSy RS Ind evaporated.
THMEAORas FeEH 15K %Ma&&gr%g&aﬁ Qégis-ggo%&ﬁﬁ

are many ways to prepare the co
adnetatsihexangs pfogive thepitierndsipoanyd de8 gbtl@0k@d by using or
adapting the follow ng exenplary procedures. Schene 1

TBSO 1-2 (a) NBuLi, 2-Th ienyl CuCNL i, (b)

2575 eI fgheh AE7-(t6€ahyNRCD H-phEdh-2- tydfphoffhonihinVBkdde (2-
e 631.110(?(37( Oy CoREt ,p@m?ﬁg‘?%%%eﬂg’ gl@@ol mPRgde (23,
npBUL 2 nbdBisrad Bahel-8 aceberemngd) argceRe 1. 715 g, @ S4dunal) vas

hlre(?t_gi] 9191 ngetrglgﬁ{ S rm%xt%?é N zﬁlozwfed%O acggl tg)' %Oofn[l ?erpnge%alﬁluree and
was purified by flash chromatography on silica gel (0% = 30% methanol/CH,Cl,) to
give the title compound (1.174 g, 2.17 mmol, 38% from 7-Bromo-1-heptanol).

Scheme 3
Cl of
S~ ~CO,CHs S~ —CO,CHj
S CHO STTNF
THPO THPO R
341 3-2
o] of
S<,—~CO,CH; S, —~CO,CH;
Y : Yl :
THPO R HO R
3-3 34
of
S~ —~COH
\/\<\J/
HO R

(a) RCH,PPh3*X", KOtBu,THF; (b) Hy, Pd/C; (c) PPTs, MeOH; (d) 1 M LiOH, THF 60 °C.



[70] 5-{3-[( 1R 2R 3
R) - 3- ("rt-Butyl -di net hyl -si | anyl oxy) - 2-octyl -
w0 evooysiopent yl ] - propyl }-thi ophene- 2- car boxReT/TS208/082469
nmet hyl ester (1-3). /er/-Busyllithium (2 nL, 3.4 mol,
1.7 Mpentane) was added to a -78 0C sol ution of
(6] odahemane WiBikOsyiihesid (dsedt®prepane catrfeer, §.35,4, mL9,.9, Thea 1, 13,
e? iion was stirred for 30 mn. and then a sol ution
§tﬁhlr3éﬂl)y| CUCNLi (6 ni, 1.92 mmol, 0.32 M THF,
prepared as previously described in US 7,091, 23 1) was
added. The reaction was stirred for 10 mn. at 0 0C
(AR Va§3-{(NBRR, 3R 5&))SdChloro-7-8100C-endt -3t (ndtsthydivepyran-2-yloxy)-
sol utio are

SrlovrstlrgoniEarrmeat B U o809 05800 Rh berer (ETuCHy)
(gﬂt%%l Tﬂxeﬁgspﬂaﬁﬂm%@ﬁll&y(4@@myl1@mﬁioﬂs rﬁQA&ayws (ﬁ}e@'under

resul ti ng m xture was sti rre
V30uum (\Q 4 mtar foO & dhvp: ThO driedhsalt wamitaken meodmtle FiHE raat urselutlon

e EaOR e obRGi oMU e Sikad: PR Radiun Rgranee
smumaﬁ héas WBS e B u@%ﬁdanw théh sgwhoﬁsﬁéléélfygé?s -1 1} I\Ian%g.ﬂ

he conbi ned ethyl acetate solution was dried
n)r,nOI‘ US BrozidicmndP aterd pqpdic@dhn NoirG0f 94502040 iledyuf 32A07) in 1 mL

TP &P RTE Hei o i et T SR temesjlowed to si

f80PS h dnd Mas The qurRABHAAR adaftichE SGRIRAURRS NH4@P§6¢lﬁﬁ)anhe
with the exception of 1-8 (procedure described bel ow),

njehee peeprastdavitedrkacoett (Fredd mhs kyd theSombirgd @gmic
séﬁﬂoﬁ’§va§98 éﬁ%%%% fi t1 Fedent Ie{e/zli,ep ¢ n& %yﬁ%caﬂon\’\@y ﬁgshar €

ncor pora e r
cﬁrc{n&ﬂé grhIEhyZBx S (@%Gh I wWetBylfatéfawme-xan&q Ve PNChORBI%) of

ntyl)- yl]-
the fitle compound

[78] 5-{3-[(1R,2R,3R,5R)-5-Chloro-2-heptyl-3-(tetrahydro-pyran-2-yloxy)-
cyclopentyl]-propyl} -thiophene-2-carboxylic acid methyl ester (3-3, R = -(CH;)sCHj3).
Pd/C (17 mg, 10%) was added to a solution of 3-2 (R = (CH;)4CHj3, 20 mg, 0.04 mmol)
in methanol (2 mL). The reaction was placed under 1 atm H; (balloon) and after 5 h,
was filtered through Celite and evaporated. The reaction was incomplete and so was
resubmitted to the reaction conditions (17 mg Pd/C and 2 mL methanol). After
overnight stirring, the mixture was filtered through Celite and evaporated. The residue
was purified by flash chromatography on silica gel (0% > 50% ethyl acetate/hexanes)
to give the title compound (25 mg, >100%).

[791  5-[3-((1R,2R,3R,5R)-5-Chloro-2-heptyl-3-hydroxy-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid methyl ester (3-4, R = -(CH;,);CHj3). PPTs (8 mg, 0.032
mmol) was added to a methanol (1 mL) solution of 3-3 (R = -(CH,)4CHj3, 25 mg, 0.051
mmol). The solution was stirred at 40 °C overnight and then was evaporated.
Purification of the residue by flash chromatography on silica gel (0% = 50% ethyl

acetate/hexanes) gave the title compound (18 mg, 87%).



t hi ophene- 2-carboxylic acid 2-hydroxy-ethyl ester
(1-8). A solution of ethyl chloroformate in CHd (0.5
workoooes18 L/ nl sol ution, 0.042 nmol) was addedI/Us2008/082469
7 (14 ng, 0.035 nmol ). Trid#¢hylam ne (40 ni, 0.29

nmmol ) was added and after 1 h, ethylene glycol (100
F80] 15-TR((TRuIB, 3m)andmm-Ihﬁpfyeaqtydecrkyvmlo@bh@quﬁ T}%}Q]

tir for 3 days and then 1M HC (4 nlL) was added.

KpheRs- %@awpxrlm xidek S X FrdetlaeC i hhapreropsly slescribgd LiOH

[ solution was washed wth
IE)grO %@F@g‘%&\%ﬁ??ﬁgrﬁﬁgo%% filtered and
evaporated. Purification of the resi due by flash
fgﬁonq{ography on silica gel (0% -> 15% net hanol / CH

gave the title conpound (5 nmg, 32% along with
1-7 (8 ny, 57% . Schene Br(CHQ)nOH " Br (CH2) nOTHP

Ph38{ CH2 nOTHR 2- 2Br Q $13 (a) dihydr an,
@ p%%ié o“w@lf&%
ttig symthesis _T__’

PPTs 12& 0C.

(efF}TF% es Cgil l:igl 11, %ﬁg e%/\/[:]\/1(1_“:00

2-(7- Bronq1heptyloxy)4ﬂetrahydro pyran (2-2, n = 7).

Di hydropyran ( 1 nL, 11.0 mmol) and ,gyridini um

p-tol uenesul fonate (148 ng, 0.59 mmol) were added to a
solgtion of 7-Brono-I|-heptanol (1.1 g, 5.64 mmol) in

(2 S~Afa®mEHstirring CO,CH;
QLIRQ§;F¥ !
/ - N
HO

OH OH
44 45

THPO

(a) 4-2, NaH, THF; (b) NaBH,, MeOH; (c) PPTs, MeOH; separate diastereomers; (d) 1 M LiOH, THF 60 °C.

[81]  5-{3-[(1R,2R,3R,5R)-5-Chloro-2-((E)-3-0x0-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 pL, 0.19 mmol) 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 to 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 mL THF. The reaction was allowed to warm to room
temperature and after stirring overnight, was quenched by addition of 10 mL saturated
NH,;Cl solution. The resulting mixture was extracted with ethyl acetate (3 x 25 mL) and

the combined ethyl acetate solution was dried (Na,SOy), filtered and evaporated.



overni ght, the solution was washed with 1M HO (20

m.), saturated NaHCO solution (20 nL) and brine (20
workgog/odqisel sol uti on was dried (Na SO t), filterpd/asmos/ 082469

evapor ated. The residue wadSpurified by flash

chromat ography on silica gel (0% - 50% et hyl

Patifit@ios/ H@ﬁ*&heﬁx)onﬁdﬂog}hp‘t@f drhgli¢d ddl 0% O0NPOURethyl. Betdic/hexanes)

>100%

g?W?@ﬁ@ﬁ?P?WW?W§U§§HWﬁK@/@FLpyran 2-yl oxy) hept yl ) phosph

oniumBromde (2-3, n 7). A mxture of 2-2 (1.8 g,

<5.64 mmvol ) and Ph3P (1.715 g, 6.54 mmpl) was heat ed

(8] 1206{30[Cl R2&r3IR GRY-5-(Hieront-KEH3ehyasxyabdtavwad - (eshydro-

ptg%pg?g,ggégf g&ﬁgp%ggfrl]gpqggxl&mg@p %Jr{gla,g Igaerd@&hcfalmd rgethyl ester (4-4).

I e
NP 9Ll 4080 5, SO (014 5
IrROetheRHI3 1 1)), THOrBativiFwag Sjrrad2t rdvoh &mpfecjtufeRds2 hMadthen was

Sch 3. W th
apgishee Pttt el REUCY g g Tigg g e i yirh
ClﬁClzla‘hd tﬂ@c&rﬁlﬁﬁécﬁ(ﬁ?ﬂﬁh SBRI?I])I] was dried fN a2804) filtered and eveg)orated.

3-[ (IR 2R, 3R, 5R) - 5- Chl or 0- 2-non- I -enyl-3-(tetrah
Pgm GAtEn-by- fiﬂsb@zx)omatography on silica gel (ethyl acetate/hexanes) gave the title

§ pyI} t hi ophene- 2-carboxylic acid
BRI spi3EY! L ophene, 2 e
Cxtyltrlphenylphosphonlun1bron1de (454 ng, 1.0 mo
ri ed_under vacuun1§0 nmbar) for 3

(€ly - FrE Kok SR )£ Gatlgor Lo e - Syt 1-enyl)-
?cg%kyql}ﬁﬁfpyg folplﬁﬁrggs%-%ggg¥g‘§ ach I%e{ﬁ%) L:s’ter]anMSTBF ) was
[(1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-((E)-(R)-3-hydroxy-oct-1-enyl)-cyclopentyl]-
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)-5-Chloro-
3-hydroxy-2-((E)-(R)-3-hydroxy-oct-1-enyl)-cyclopentyl]-propyl } -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).



solution was stirred for 45 mn. and then a sol ution

of al dehyde 3-1 ( 111 ng, 0.27 mmol, US Provi sional
w@aa0e0618Mppl i cati on No. 60/ 947,904, filed Jul yPGr/uS0§)82469

in 1nL THF was added by canfiula, rinsing with 1nL THF.

The reaction was allowed to stir for 1.5 h and was

tShlemegquenched by addition of 5 nL saturated NH4C

sol ution. The m xture yas extract ed with et hyI acet ate

(3 x 20 nmL) and the c i ned organic solution

dri @d\( Na SO)PthI|tQE‘ d and evaporat ed. Pu@ |cat| on

by sh”Cheomt ogr 7 y on silica gelP (0% -~50% et hyl
Q;/d}exaﬁes) ga . (74% of the e
d. [78] :

EB%?D 5[1(| R, 2R, 3R, g?—SSGh? or o- 2- hept yl -3-(F8tram@|ro- py
ran- 2-yl oxy) - Ocycl opentyl] - propyl

}-thi ophenes2tcarboxylic acid nethyl ester (3-3, R =
-(CHa) CH ) . sPd/C (17 ng, 109 was added to a
solution o -2 (R = (CH2)4CH3, 20 ng, 0.04 mmol ) in
met hanol g g tion was placed under 1 atm
H2 (bal I'§BR) and after 5 h, was filtered through
Celite and evabrated. The reaction was inconplete and
SO was fapsuHBodOK, e (1) 8, Phie, Meorqt)idbyraaad PETspSC.17 Ny
Pd/ C and 2 nL nmethanol). After overnight stirring, the
m xture was filtered through Celite and evaporat ed.

r It j ;
TN RN P S R
&Pﬁ@yqlppma fuyanridoes- %gn hsnt@bw@spl{onm Brogd¢ (3.185 g, 7.22

ni'nﬁ é%va% %n%ﬁa)u éerga{:&)‘.f:? tor é'] &D Is]¥1nd Wwas then taken into dry THF (22 mL).

roxy- cyclopen
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,5R,6aS)-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 NH4Cl solution. The resulting mixture was extracted with ethyl
acetate (3x) and the combined ethyl acetate solution was dried (Na,SQy), filtered and
evaporated. Purification of the residue by flash chromatography on silica gel (Isco

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

[86] (3aR.4R.5R,6aS)-5-hydroxy-4-octylhexahydro-2H-cyclopenta[b]furan-2-one
(5-3). A mixture of 5-2 (595 mg, 1.62 mmol) and 5% 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 title 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 uL, 0.66 mmol) and PPTs (11 mg,



t hi ophene- 2-carboxylic acid nethyl ester (3-4, R =

-(CH2)4CH3). PPTs (8 ng, 0.032 nmmol) was added to a
woredobaesiil (1 nl) solution of 3-3 (R = - (CHa) 4BH/USD58/082469

ng, 0.051 mmol). The sol utildn was stirred at 40 0OC

overni ght and then was evaporated. Purification of the

0.845 s | oyerkladédl why sotmioagif a8 1 ang,91.32 ol did¥eromethane

0% et h acet at e/ hexanes ave the title conpound (18
ﬁgz, ?ng)lz%/il_tqrg)@fm?ght stirring, the )rea%tion was washed with 1 rl{/?HCL sat(urated

- . - r - - r - p
NOP) SORISTmTbRE The PR 3,87 IRRUNH (N MO Bled gD
eva@hialed GPur)ficafibve opthe vesidiel by ftkah chichedodraby qar Gliediel Esco

s, used ((US 20060205800) . me 4 4-2, NaH, THF,
@%?blﬁa%w(lg e th’é)cow@%’gr}ds i ,g»s9é‘,%§3 at e
ddcasheasr eoners, (d) 1 MLiOH THF 60 C [81]
5-{3-[ (I R 2R, 3R, 5R) - 5- Chl oro-2- ((E) - 3-oxo-oct-1-enyl) -
3-(t 9< ahydr o- pyr an- 2-Ho MsO

yl 0%Y)\ cycl opent¥1 ] - pr opyl-h<1 Pt opheneb 2- car bpxyiN coMs
aci et hyl ester (4- SMf pﬁos
(4 : i ol ni s added:-t o~an-i ce

\ ) i Bs2-
aeld m xt ur e of I\IaHfFEOrrg, 0.23 mol, 60%6PI) ip 1.6
nm. THE4by cannul a. The milure was allowed to warmto
roomtenperature and after 1 h, was recooled to 0 OC

At this ti™sQ a solution aof Wy dé¥sB- 1 (80 Qo.E9
mmol ¥ ip 0.6 /M THFNas addﬁlp&f canmnt ~;\p?ﬁ2§/¥/§ Wi t he
0.6 nmL THF. reacti o s al | owed m {0 _rogm

t enper at urgegind af ter Stitring ovexphyht,” was quenched

by addition of &80 nlL saturated NH C sol utdbn. The
resulting mxture was extracted with ethyl acetate (3

x 25 nmL) and

cl N _-CO,Et ¢l N~—COR
\/S_<’SJ/ ? f \/S'ﬁ]/ ‘
3 HO

66
R =Et, 67

16
R=H, 68

(a) LiAIH,, THF 0 °C; (b) MsCI, Et3N, CH.Cly; (c) KSAc, DMF; (d) PBua, K,CO3, EtOH 40 °C;
(e) BugNClI, toluene 55 °C; (f) PPTs, MeOH 40 °C; (g) 1 M LiOH, THF.

[88]  (1S,2R,3R.4R)-2-(2-hydroxyethyl)-3-octyl-4-(tetrahydro-2H-pyran-2-
yloxy)cyclopentanol (6-1). A solution of LiAlH4 (1.5 mL, 1.5 mmol, 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, H,0 (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
dichloromethane 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%).



t he conbi ned ethyl acetate solution was dried (Na
SH), filtered and evaporated. Purification by flash
we@ booossasogr aphy on silica gel (0% - 100% et hyl PCT/US2008/082469
acet at e/ hexanes) gave the tiBtle conpound (59 ng, 60%.
[ 82]
891 3-1-((1 R 2RB B BS');R)(Hﬁﬂ@fduﬁbﬁlexﬁ)éEbc@} By(ebtrakydro H-py@A-2-

h
AR A L TV W %mqlbwas

LT P S e oy, v
mnnol)en dahbirothethams (5)mL Y Hée remdbn onas wAswsd iorwath @tros@om

(ERPR T ke PrARU RN CG) HREOT Bonseg T heepdgie mixure
MS@%}%@@M@@CHI&%H&%& MRY aflidfd DniRhddl dl&ﬂo%tl%{n% S8iution

(Na2SO ), filtered and evaporated. Purification
Wwiasakted ¢ Negd dgteagphandaayaporhied aPgdlicatiet hifthe residue by flash

0,
c?\g%e']tuggger/ap e};( & seﬂ:%a geal Eomttﬁlasfl tum? bg ?&:B?ge?v% tglél gtlggémggu{?d' (326
e {538°4)(| R 2R, 3R, 5R) - 5- Chl or o- 3- hydr oxy-2- ((E) - (§) - 3- hy

dr oxy-oct-1-enyl) -
cycl opentyl ] -propyl }-thi ophene-2-carboxylic acid

h t -d3-
P3RS LR ARG octdsylfonviony) - qepy-(ehydi Al agn-2-
y-l@@t)e;lcicgj&;ﬂy))eﬂlytbtﬁﬂﬁﬂﬁmhtb {6-3). KSAc (1 15 m% 1.01 mmol) was added to
pyl } -t hi ophene- 2 carboxyllc aci d ester

a(sa?? wion of e GEPeNEdGrmBI0 IR Scek &}MFstecquw wasrallowed to stir
5 PRl YRR SUSRE LD s Bl 0 il B Sy BisBRGR e

ctne hedtatl Iﬁbx@ﬁesl)) gavbe tdrebined ethyﬂacatatajsoa&im\easrmmled with

lfzgia,%h;g() mL) aﬂg bpge (5%1 /i) a[rl]le sgllug\cl)vg rWas then dneg%\l a2SO/% filtered and
‘3':‘_*”5“{0?1’%“[3g1 ! ﬁrgﬁaﬁ& §;R}]a§1 Cq%rﬁﬁt@gl%pﬂy dh 9i¥a gel((eg)nb @sh %nmﬁy

droxy-oct-1-enyl)~-
Isco) gave the title compound (183 mg, 58%).

[91]  Ethyl 2-(2-((1R,2R,3R,5S)-5-(methylsulfonyloxy)-2-octyl-3-(tetrahydro-2H-
pyran-2-yloxy)cyclopentyl)ethylthio)thiazole-4-carboxylate (6-4). PBu; (20 uL, 0.08
mmol), ethyl 2-bromothiazole-4-carboxylate (6-5,119 mg, 0.50 mmol) and K,COs (107
mg, 0.77 mmol) were added to a solution of 6-3 (183 mg, 0.38 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 (30 mL) and the ethyl acetate
solution was washed with brine (20 mL). The solution was then dried (Na,SOy),
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-
yloxy)cyclopentyl)ethylthio)thiazole-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



cycl opentyl ]-propyl}-thiophene-2-carboxylic acid and
5-{3-[(I R 2R, 3R, 5R) - 5- Chl or o-

w@20vaesxy- 2- ((E) - (R) - 3- hydr oxy-oct - | - enyl ) - cyrCDp82008/082469
]-propyl }-thi ophene-2- carbdgxylic acid (4-6). The
i ndi vi dual di astereoners were hydrolyzed to the
eoipeasponnd ngs tedd trohdh Colitet W@s}ﬁﬂg}hﬁh eflyl acetate. The filtrate
dlastereoner and 81% for the | ower di ast er eoner
W8] AGPPREdRndhoissidye g ewlﬁ%cabxﬂ@h Propaggiophy gssilica gel

e

(3aR, 4Rh5R 6aS)-5-(tert-butyIdinethylsiIgloxy) 4- goct-
- - 5-
193 o PP DELR B ARSI GHPs BB OB 37 22 ol ) whs

ty1e¢cl
e O (P S 3R AbTS that
dﬁ?@ilbedlfomdlfh@undds4 adsl eskdastdrtingevitle24ingi 636 ancé}iroa'rcﬁmg@3 mg,
Iu%ﬁ?vmssﬂrHMfor45nﬂm at room tenperature.
iﬁ bt {on of
(3aR, 4R, 5R, 6aS)-5-(tert-butyl di net hyl silyl oxy)-2-oxohe
[>9a]1ydl 92 e(mym BRSRY A-cHipoLB-Bfdrx r&@ll@&@htgféﬁtyd)'éthyuhm?uazole-
ad

Cayman) in 7 nmL_THF was

Flirmidic HHS g e DI ol drpeibe4OR progdute @ 1867.091.231) was
C I td MedNMO

e YD Bt P Al B L g P G 1

8¢Hemle 7Tacet at e (3x) and the conbi ned ethyl acetate

solution was dried (Na SO ), filtered and evapor at ed.

Purification of the residue by flash chronat ography on

S|k)ca gel (Isco Cbnblflash unit) gave tge title

co d £595 ny NN

U@aR AR5R6a9) - 5- hydrd%g 4= oc yl iexahydr o- 2H—cycI§R$n

ta[b]fdran 2-one
S~ —-COzH

Cl
see scheme 1
—
——

HO

74

(a) LiAlH,4, THF; (b) Ph3P, I, imidazole, CH,Cl,.

[95]  (E)-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 allowed to warm to room temperature and after 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 dichloromethane (3 x 100
mL). The combined organic layer was washed with brine (100 mL) and was then dried
(Na;SOy), filtered and evaporated. Purification of the residue by flash chromatography
on silica gel (Isco Combiflash unit) gave the title compound (1.283 g, 76%).



(5-3). Amxture of 5-2 (595 ng, 1.62 mmol) and 5%

Pd/ C (556 ng, 0.17 mmol) in nethanol (80 nL) was
warimwmneiunder 1 atm H pressure (ball oon) overpPCTOB2008/082469

The m xture was then filtered through Celite and the

filtrate evaporated. Purification of the residue by

[Obps h 1 iotedegrariy-30M siikive@o O P (3 909 C@'@hﬁﬂl(ﬂ? Bmidazole

unit) gave the title conpound (396 . 9 %
ASakea anea%)anf! ot GiL B rmmeRlya Tk (b ks sty a
BB%?%%%%%%’?{% 1991%% %[ 8RJtIOHr ?9 quogg‘é ‘Li’? 6){11111% an&I&glz (4.8

mhpivis adled b&ddmdilzt Olrﬁlngoi/lﬂt # ﬁfL 0H,6L 3At&13 hghe hiddre was
fgl]mlti in | chl or onet han 0) After overni ght
tared threy! th%éw@ Pi‘d’ﬁa ik it Acetaip/pexanes The fitrate
t
P i iy e T

(Eas:pl(fqndaﬂashmrmﬁ td plevrdeshednmﬂae mpduad i2.623 on@%)gr aphy on
silica gel (lIsco Conbiflash unit) gave the title
conpound (100 ng, 93% . Schene 6 (a) LiAIH4 , THF 0 C

t . PBu3,
@b]) M@ e(lﬁzﬁtl\kR@H?-@é&iorégl tol%eocé g)c ?f) -

qwmsydm)eowl)p((g)yl)lhwpmne}a CWYHIS@]:ICI (7-4). The title compound was
S 2R 3 thyI) 3-octyl-4-(tetrahydro

p(r %d;arsadr?s?@ I2f8§<§')76§; ‘anol (6-1). A solution

OLIAH((15 nm, 15mm| 1I\/!THF) was added to a O

OC solution of 5-4 (453 ng, 1.34 mmol) in THF (5 nL).
After 3 h, H20O (5 nlL) was added dropw se fol |l owed by
di chl oronmet hane and 15% NaCH (10 nL). The



reaction was allowed to warmto roomtenperature and
was stirred further for 30 mn. The resulting m xture
wor@estsiact ed wi th di chl oronet hane (3x) and tPET/US2008/082469

conbi ned di chl oronet hane s@llution was dried (Na SO4),
filtered and evaporated. Purification of the residue

by flash chromat ography on silica gel (Isco Conbiflash
unit) gave the title corrpound (447 ng, 979% . [89]

2-((I R 2R 3R, 5S) - 5- (et HyVid Examplexy) - 2- oct yl - 3- (tetr

dr I
§ ha‘gré fec ot:?g E%.Xé@%%{é%?ér?&ﬁ%%l)ﬁggxgzﬁled 0{1 October 26,

Z(Id)dsﬁhc:(br@oﬁmed b,}erefﬂém‘be%kdﬂﬂi idepcrites helmé#dds wed tcﬂ.o@im the in
and Et N (1.3 nL, 9.33 nmol) in dichloronethane

‘(’goﬁﬁt)am?ﬁ@erl Won was allowed to warmto room

t@iperature and after 3 h, saturated NaHCO sol ution

was added. The resulting m xture was extracted with

di chl oronet hane (3x) and the conbi ned dichl oromet haggugr

solution was dried (Na SO4), faphtered and epapor ati@EEPTOR

Purification of the residue by flash chromatography os

silica gel (Conbiflash uphMPby | scoj2+gave2the Kiitle Cad+

dapound (SFSJGRYRES09)) . F@@? EC50 EC50 50 (nM)

S-2-((IR 2R 3R, 5S) - 5- ( ety sull\f‘ony]'\@xy)(nfﬂ) ochi - E

trahydgp- 2H pyran- 2- yl oxy) cycl opentyl) et hyl

et hanet N oate (6-38). KSAc ( 115 ng, 1.01 nmol) wa$p2084)EP3
@ sof utfop 6P276-2 (326 ng, 0.65 mmol) in 8(mho).

DMF. The-TRasliqQn was al |l omed 0 sti4 oweyni gNR andTP(187)

then 285 H O was added. The resulting m xture was NA:

extracted with ethyl acetate (3 x 20 nL) and the EPLFPIP

conmbi ned ethyl acetate solution was washed with

EP3(5994),DP
(1781),
4 405 9380 754 TP(2986)
NA:
EP1,FP.IP

DP(2246),EPI
(3391),
EP3(6658),FP
(10K),
IP(>10K)TP(1
0K)

3 67 7508 330

EP1(18,214),E
P3(9526),
DP(6768)

NA: FP,IP,TP

0.5 11 11,437 395

EP3(6661)
NA:
EP1,DP.FP,IP,
TP

1.5 21 >10K 1225




H20 (3 x 60 nL) and brine (50 nL). The sol ution was
then dried (Na2SO, filtered and evapor at ed.

woromwfssat i on by flash chromat ography on sili cBCT®EE2008/082469
(Conbi flash unit by Isco) gave the title conmpound (183
ng, 58% . [91] Ethyl
2-(2-( IR 2R, 3R, 5S) - 5- (net hyl sul f onyl oxy) - 2-octyl - 3- (t

et r ahyd o- 2prr anz
zegl oX W@@wl t hi 0) t hi azol e- 4- car boxyl %’é((?)%?))
N3 A 20 0. 08 Mol )37 et A

oxylate (6-5,1 19 ng, O. 50 mrpi:glpr
and (107 ng, 0.79Hmmol) were added to a sol ution

of 6-3.(183 ng, 0.38 mml) in 1.6 nL ethanol. The

m Xt ur&, was_ st j rrgd at 40 OC overni ght and then 20 nL
H20 wa de e €9uliti ng m xture was extract edr(573),EP3(
with et et (30 nmL 5and60t he cet gl e 1158).TP(249)

. %thy4
sol uti ed wth brine (20 e sol uti onNA:
was then dried (Na2SO, filtered, and evaporated. EPLFRIP
Purification of the residue by fI ash chromat ogr aphy on
siliceagigel (Combiflash unit by Isco) gave the title

8% 921 Ethyl 2-(2-((!
R;N\S/Wg?@/ 8 octyl - 3- (tetrahydro- 2H pyréﬁ( ), DP(
yléxy) cycT et hyl t hi8o) t htdazoll & 4- gaoboxigbat ) (230)
(6-6) HOA mxture of>»6-4 (41 ng, 0.069 mmol) and EP]FPIP
tetra-"-butyl ammoni um chl oride (200 ng, 0.72 nmol)

1 nL toluene was stirred at 55 OC overnight. The

m xt urg was aI I ovged to cool to roontenperature and was

filter t‘h Ga-8, washing with ethyl acetate.
DP(lO 544)

The fi vva vaporated and the residue was
pwrifig ttgr aptdy obixi [3daat gedos( |
Conbi tHI ash unit) to give the title conpound (24 E?PIE?%FP[
65%) .
02H DP(6133)
NA:
10 69 <I0K EP1,EP3.FP,I
P, TP
DP(1946)
NA:
11 9 10 23,665 1518 EP1.EP3.FP.I
P, TP
DP(3208),EP1
(883),
EP3(4990),FP
12 3 7 6466 351 (7570).
TP(10,297)

NA: [P



[93] Ethyl 2-(2-((IR 2R 3R 5R)-5-chl oro- 3- hydr oxy- 2-
octyl cycl opentyl)ethylthio)thiazol e-4-carboxyl ate

W@ 800961881 si mi | ar procedure as that descri bed POF/US2008/082469
conmpound 3-4 was used, starsing with 24 ng 6-6 and
providing (13 ng, 67% of 6-7. [94]
2-(2- (€A R 2R, 3R 5R) - 5-chl or o- 3- hydr oxy- 2- oct yl cycl open

h 8z 0lce:H 4- carboxylic acid (6-8). TRes3).EP3
previ o m Li OH procedure (US 7,091, 231) wa$d)
us'éd, 13, ng36- 7 &hd pfovi Hi¥y 658 (13 NA:
my, 106%). Scheme 7-(a) LiAlH4 , THF; (b) Ph3P, |§PIEP3FPI

i mdazole, CH2CI2 . [95] ()-oct-3-en-l-ol (7-2). P.TP
Li Al H4 (13 5, 13.5 mol, 1 MTHF) was added to an

ice co solutlonsof ()- oct 3-enoic acid (7-1, 1.86 g,
13.1 [ Ontl) . The reactl on was al | owarP(11(738),E
wapm t o

te ature and afster ed 93(12996)
an i ceHcpat H2O was added sl o@mé I\lag—|

50 mL) and H20 (50 nl) were added and the resulti 1FPIPTP
m xture was extracted with di chl oronethane (3 x 100
m.). Tde conbi ned organic | ayer was washed with brine

(100 mL)-ar tSe jied (Na2SO ), filtered and
evapor @ Pur | alalogﬁ of the residue by flash PPUYEPI(

cHbonmat 6g™Nept n ilica @&l (I’sco 0Gonbid.kash 4ani t))%g(l)l%(g))’
gave tHfe titlé conpulnd (1.283 g, 76%.[ 96] NA:FP,IP

()-1-iodooct-8"ene (7-3). A nmixture OFPh3P (3.205 g,
12.2 myol ), imdazole (1.221 g, 17.9 mmol), and |2
(3. 024%, 119m’rgl) in CH2A 2 (38 niL) was stirred at

\ ) CO-H DP(7732),EP1

(86),
5 202 26 42 577 EP3421)

OH NA:FP,IP.TP

16

DP(842),
EP1(456),
02 34 641 1421 EP3(329),
IP(9655),
TP(1067)

DP(2800),
EP1(4934),
18 51 713 <10K  EP3(593)
NA: FP, [P,

TP

NA:
6 1168 >>10K 7103 EP1,EP3.DP,F
P.IP. TP




roomtenperature. After 15 mn., a solution of 7-2

(1.283 g, 100 nmol) in CHOA (4.8 nL) was added by
we@amnobsilirinsing with 4 nb CH2A 2. After 3 h, PCT©S2008/082469

m xture was filtered through basic alum na, washing

with 10% et hyl acetate/ hexanes. The filtrate was

evaporated and the resi du¥iwasxapples i ed by flash

chromat ography on silica gel (lIsco Conmbiflash unit) to

provide the title conpound (2 323 g, 98% . [97]

[59 3 [(h(l & S?tﬁeg’ﬁ?t)éﬁ)Ng 169193 égﬁz'eﬁé(cy b re(férace%'ielg describes

)cycl opent yl') propyl thIOp carboxylic aci

tbé’ M)hodﬁ'hsedttotolb&um trpoung tesisespite pasadedis Tide?.i bed

for 1-7 in schene 1.1n Vitro Exanples [98] United

States Patent Application Serial No. 11/553, 143, filed

PILEt ober 26, 2006, incorporated by reference herein,

describes the nethods used to obtain the in vitro data

in Tablle 1 bel ow. Tabl el OTHER EP2 EP4pBECEPTOR S MONKEY

CAMP Cd2+ Ca2+ Ki En nEQT UCTURE BC50 7 EQS50
ks

EN®YEQS50 (nMR%TMRE (mv; (Mux) HOPP  Max. Max. AIOP
(%) hyperemia (%)
mL)
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cl
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2
cl o
. S
o \ ’ O/<
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cl N__CO,H
NG {
~ T
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Cl S
CO,H
5 \/\<\I 0.01 22 1.3 22
HO

OH




NA:

No. 7,091 ,23 1,

| PP, TPIn Vivo Exanples [99] United States Patent
i ncor porated by reference herein,

waoelemenstses t he net hods used to obtain the in vPEDUSHS$/082469
results presented in Table22. Table 2[100] Wiile this
i nventi on has been described with respect to these
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[100] 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 -CH 2CH3, -CH2CH2OH, O -CHCH 2; t is O 1, 2,
3, 4, or 5. 4. The conpound of claim3, having a
wo oroab16. The conpound of claim 3, having a POF/IB1088/082469
6. The conpound of claim 326el ected from
5-[3-((1R 2R, 3R 5R) - 5- Chl or 0- 3- hydr oxy- 2- pent yl -cycl op
EmmyTISQIQnyﬂm)isthiophene 2-carboxylic acid; 5-[3
((1R 2R 3R 5R) - 5- Chl or o- 2- hexyl - 3- hydr oxy- cycl opent yl
% pro ryl]- thiophene-2-carboxylic acid;
[ 3- %GPRP@N@ﬁ@Wﬁ%aﬁﬂ@ﬁFbro 2- hept yl - 3- hydr oxy- cycl op
gntyl)-propyl]- thiophene-2- carboxyllc aci d;
S5\[3-((I R 2R, 3R 5R) - 5- Chloro 3- hydr oxy- 2- octyl cycl ope
[ I] gxylic acid; 5-[3-((
xy-R- nonyl - cyclopentyl)-p
carbgxylic acid,
| offo- 3- hde@&y 2- (8- hydroxy-oc

5[ 3-((I R 2R 3R, 5R) - 5- Chloro 3- hydr oxy- 2-pent -1 -enyl -
V@Iopentyl) propyl ] - thiophene-2-carboxylic acid;
wherein R is H, or R consists of: 1) C,4 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.

2. The compound of claim 1 wherein X consists of: 1) linear alkyl 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:

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

R'is -H, or ~OH;

R’ is <CH,CHj3, -CH,CH,OH, or ~CH=CH,;

tis0,1,2,3,4, or 5.

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



5-[3-((I R 2R 3R, 5R) - 5- Chl or 0- 2- hept - | - enyl - 3- hydr oxy-c

ycl opentyl)-propyl]- thiophene-2-carboxylic acid;
WGB20034068I R, 2R, 3R, 5R) - 5- Chl or 0- 2- dec- | - enyl - 3- hRAT/UK3008/§82469

cl opentyl)-propyl]- thiopheéhe-2-carboxylic acid;

5-{3-[ (I R 2R, 3R, 5R) - 5- Chl or 0- 3- hydr oxy- 2- ( 8- hydr oxy- oc

4 I) cycl opentyl]- propyl}-thiophene-2-carboxylic

_Cy

phene 2-car oxyllc aci d;
(IR 2R 3R, 5R} - 5- Chl or 0- 3- hydr oxy- 2-non-1 - enyl - cy

L I RTN pOE .

y oct-1-enyl)- cyclopentyl]-‘ropyl}
|ophene 2- carboxyllc aci d; ang
’ Qr 0- 3- jydr oxy- 2- ((E) - (S) - 3- hy
~propyl }
Yhe conpound of claim

| open

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;
5-[3-((IR,2R,3R,5R)-5-Chloro-2-hexyl-3-hydroxy-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;
5-[3-((1IR,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-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;
5-[3-((IR,2R,3R,5R)-5-Chloro-3-hydroxy-2-nonyl-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,2R,3R,5R)-5-Chloro-3-hydroxy-2-pent-1-enyl-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;
5-[3-((IR,2R,3R,5R)-5-Chloro-2-hept-1-enyl-3-hydroxy-cyclopentyl)-propyl]-

thiophene-2-carboxylic acid;



8. A nethod of reducing intraocul ar pressure

conprising adm nistering a conpound according to claim
wa2da09/06u8smanral i n need thereof. 9. Use of a cop@DURIN08/082469
according to claim11 in th@manufacture of a

medi canment for the treatnment of glaucoma. 10. An

opht hmm(dal 2R, 3REReH-@hlogo- mcmulda@umyldm@gcyalc@@ﬂ@g%dpyu

cc g to claiml and an ophthal m cally acceptable
élg(qﬂ peé tcarboxylic acid;

5-{3-[(1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-(8-hydroxy-octyl)-cyclopentyl]-
propyl}-thiophene-2-carboxylic acid;
5-{3-[(1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-(7-hydroxy-heptyl)-cyclopentyl]-
propyl}-thiophene-2-carboxylic acid;
5-[3-((1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-oct-7-enyl-cyclopentyl)-propyl]-
thiophene-2-carboxylic acid;
5-{3-[(1R,2R,3R,5R)-5-Chloro-3-hydroxy-2-(7-hydroxy-hept-1-enyl)-
cyclopentyl]-propyl}-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)~(S)-3-hydroxy-oct-1-enyl)-
cyclopentyl}-propyl}-thiophene-2-carboxylic acid.

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

Y 0

8. A method of reducing intraocular pressure comprising administering a

compound according to claim 1 to a mammal in need thereof.

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.



