WO 2009/132088PCTAIS2009/041389 SUBSTITUTED GAMMA LACTAMS AS THERAPEUTIC
AGENTS By Inventors David W. Old and Danny T. Dinh CROSS-REFERENCE [0001]This application
claims priorigyd9.4b2: @ Visional Application serial number 61/047,501, fiteciuspeib241 3007, which is
hereby incorporated by reference in its entirety. DESCRIPTION OF RELATED ART [0002]Ocular
hypotensive agents are useful in the treatment of a number of various ocular hypertensive conditions,
such as post-surgicgli B TITSTESCCHRMMALIGECTAME M THERAPENE!I6pAGERE laucoma, and as
presurgical adjuncts. [0003]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 inEadintettmademiicl \WlaOtbarg Regryd el 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. [0004]The underlying causes of primary glaucoma are not

yet known. The increased intraocular ten&$A&BrEsEReMigEruction of aqueous humor outflow. In

chronic opgprapale SIRICARACUIR RISHR SHAmpes end Iransiomic:gipusiutss eprsaunaenal, but
drainage e’aqueous humor is impeded. In acute or chronic angle-closure Iauco{na, the anterior
chamber B140ATIAR 1 tHkeaARIbRArITisHERDIRREERY m%ofr?grrﬂ%%lgsrﬁ%{@fﬂ%etﬁﬁacular meshwork
at the entrapgeg:pf the canal of Schlemm. Dilation of the pupil may push the root of the iris forward
against the angfe, and may produce pupilary block and thus precipitate an acute attack. Eyes with

narrow anterior chamber angles areDESCRIPERN QdcRELMDEDARTre glaucoma attacks of various

degrees o{o%e()\éeirlty' 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.

{0003] 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. Secordary glaucoma results from
pre-existing ocular diseases such as uveitis, intraocular tumor or an enlarged cataract,

[0004] The underlying causes of primary glaucoma are not yet known. The
increased intraocular tension is due to the obstruction of agueous humor outflow. In
chronic open-angle glaucoma, the anterior chamber and its anafom ic structures appear
normal, but drainage of the agueous humor is impeded. In acute or chronic angle-
closure glaucoma, the anterior chamber is shallow, the filiration 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.

[0005]  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 adueous
escape by causing complete posterior synechia in iris bombe, and may plug the
drainage channe! with exudates. Other common causes are infraocular tumors,



[0005]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 escalpe by causing complete
posterior syne8H¥H I EHombe, and may plug the drainage channel With'%@@é’{"@g‘?gr common

causes argnrkigas etaattorseivs) 200811320860 (5T S2A0RL0%1B8%gs|arpedh hagaracts, central
retinal vein occlusion, trauma to tl%gﬁ e, oé%erative procedures and intraocular hemorrhage.
[0006]Coﬁ§%ceer#l‘ée§”a&ﬁé%t%a%‘f r, érl%r A% occurs in about 2% of all persons over the age of 40
and may mptoti r j i f\ision;Be rgery is
ot nchoa G Epioa e el e Shace fo
treating glavesoing AIRD0 70T My Gsaadiowinis feeyasiRATOES RIROIRFFEMITOERIM KR/

available fggige | gladcamRPRY %“ﬁo@iﬁ@ﬁ%@@&?%ﬂfbﬂﬁ&@ﬂﬁ%ﬁe&#ﬂ%ﬂ%@@mﬁ% biologically

important compounds such as prostaglandins and their derivatives. Prostaglandins can be described

as derivatiaedrastiienlyieagtom N gmob A8 18iTRF U6 SlaHAAE nula: [0008]Various types of
prostaglandins are known, depending on the structure gnd substituents, carried on the alicyclic ring of
the prostaW&ﬂT cid sr@eqa?dﬁ.%%Wéﬁﬂoaﬁﬁﬂeéiﬁ&f&%”@}éﬁ%ﬂ?h%”HSH?%?% TS ll]Fr%.ted bonds in the
side chainaivaligble doby s inmearigat stiascraptsgaitezthd geserioitiperaf geostdiyles dinlelg. prostaglandin
Ei (PGEL), prostaglandi P figurati iﬁfﬁmﬁ the alicyclic ring
indicated Bilj or a?é&ggp%%@a%éé}(}ﬁ]ﬂggg%%%ggﬁ%go%ﬁ%é g@l%?ﬁ EP2 s%_ective agonists are
believed td¢rivasisevefilasiadieatinesarbeaicasiiedasdeiatvesoimastaradasichesighe use of
prostaglandipFRe @ﬂmméemg sfarirgating or preventing inflammation and pain in joint and

muscle (e.g., rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis, juvenile
arthritis, etc.), inflammatory skin condition (e.g., sunburn, burns, eczema, dermatitis, etc.),

inflammatory eye condition (e.g. 7conjunctivit , etc.), lungdisorder in wijeliinflammation is involved
(e.g., asthma, bro hitis,gig@&ﬁ% cier's dise e,iygw;wﬁ, condition of the gastrointestinal
tract associated fith inflamMation (et
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[6008] 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 E1
(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)].

{0009} Prostaglandin EP; selective agonists are believed to have several medical
uses. For example, U.S. Patent No. 6,437,146 teaches the use of prostaglandin EP;
selective agonists “for treating or preventing inflammation and pain in joint and muscle
(e.g., rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis, juveniie
arthritis, etc.), inflammatory skin condition {e.g., sunburn, burns, eczema, dermatitis,
etc.), inflammatory eye condition {e.g., conjunctivitis, efc.), lung disorder in which
inflammation is involved (e.g., asthma, bronchitis, pigeon fancier's disease, farmer's
iung, etc.), condition of the gastrointestinal tract associated with inflammation (e.g.,



aphthous ulcer, Chrohn's disease, atrophic gastritis, gastritis varialoforme, ulcerative colitis, coeliac
disease, regional ileitis, irritable bowel syndrome, etc.), gingivitis, inflammation, pain and tumescence

gﬁter operéﬁmmépjawe’n, m?im:mhfeaa@, jetmgm@rgﬁﬁ@ml&@ga@@iﬁéaﬁéwgétbﬂﬁmg@ edienivallergic
isease, systemic lypus crythematasus, scleroderma, polymyositjs, tendinitjs, bursitis, periarteritis
nodose, rf‘%é' aﬁ%é&)%ﬂ'%%@?@n?g%‘&ld%ﬁf&s'B%ﬁ%%?ed%@ég SYROIBM/IES §peSitiitiiRes, diabetic

complicatinfis(einbétie, misiroang iupasbys disheti miieepiathyr difbetipyesiopsithynetstherephrotic
syndrom,e%?rﬁgstic anemia mdya% he]rclia rr%aa\('is uv?itis‘c%!:tact derma}titis, soriasis, Kawasaki disease,

sarcoidos ’3&2@?&%‘8‘5%9?",& NEAET d?shéaaég,r% é?/e(i?&u??'cct 8ﬁ“ﬁ] is, nephritic syndrome,
etc.), livercytsiemetiosuéh epkits sone) gl reyositiga strmdinté s ialrdiisfuretanefiiambdaséflammatory
bowel disgage %E%)fé?r&r‘?%égf’éhes%iﬁ&%‘?n@a%éﬁé%‘i‘%%%%%é‘ﬁﬂ%’?&h Otrg}?%é‘}eé?a olism such as ,
osteopor05|su_(@spe0|a y, postmenopausal osteoporosis), hypercalcemia; hyperparathyroidism, Paget's
bone disedigbstiostenipikatioypisisarinmucotangliprethyy disibedc witirayEtioyedinbedistases, rheumatoid
arthritis, peggonalis, astepatiiieO SiPRIURL ASLRER AN ERIE RN, gp?é% ORRiliasis
(especially, urolithiasis), sofid carcinoma, mesangial proliferative glomerulonephritis, edema (e.g.
cardiac ed&MacterspaliESipeats,) KRS ERResEc R ASHRMR R DAY EeRisRRser the like,
premenstiyahiaARAN g liERaE) kR ﬁﬂgéﬁ@f}%@%ﬁﬁt@%%ﬁ&%@gf@j@&é%%% FRpnic failure,
hyperphosphaturia, or the like." [0010]United State Patent No 6,710,072 teaches the use of EP2
agonists By EERRHERAILS CTEMR 0B RHsStEsh Sshtnsion (Ripaiasrders, sexual
_dyS;U_n%tiQﬁﬂI@@!ﬂﬂ@@@l o el '{@%e%@_@?@foﬁ)‘%iﬁtﬂj%ﬁ_@?@%@ﬁ@@h@r@ﬁéﬂ@é@ﬂbl ' ; y-\é@bfi@!yrﬁa};1 bone
pathophysiological diseases including acute myocardial infarction, vascular thrombosis, hypertension,
pulmonarym%%é? ERRiBA° is%%gﬁ%?coﬂg‘acf’?’ai@e%é&‘ﬁbﬁd’é’ft%ﬂ@ﬁﬁ“@jﬁﬁt%%’@ﬁ@ a pectoris."
SUMMA Ry (HrcEHENY ENEDAafBRHlm oPegadisens th ciedssen\Gerb iy siontypanchiepresented by
one of the QOIIoYvirll%formu{ e.or a-}fph?rmaceuti alpé-acce table alé thrﬁ{e f: OH. HO_F

of maligrancy with or without boné metastases, meumatoid arthritis, pericdonriis,

osteoarthritis, ostealgia, osteopenia, cancer cachexia, calculosis, lithiasis {especiatly,

urolithiasis), solid carcinoma, mesangial proiiferative glomerulonephritis, edema (e.g.

cardiac edema, cerebral edema, etc.), hypertension such as malignant hypertension or

the like, premenstrual tension, urinary caiculus, oliguria such as the one caused by

acute or chronic faiiure, hyperphosphaturia, or the like.”

{0010} United State Patent No 6,710,072 teaches the use of EP2 agonists for the
treatment or prevention of “osteoporosis, constipation, renal disorders, sexual |
dysfuract'ioa, baldness, diabetes, cancer and in disorder of immune regulation...various
pathophysiological diseases including acute myocardial infarction, vascular thrombosis,
hypertension, pulmonary hypertension, ischemic heart disease, congestive heart failure,
and angina pectoris.” |

SUMMARY OF THE INVENTION




wherein Y is [0010131In other aspect, there is provided a compound as defined above for use in
treating baldness. [0011]Disclosed herein are compounds useful in treating glaucoma, inflammatory .
bowel disease, the stimulation of hair growth, and the stimulation of the conversion of vellus hair to
terminal hair. The compounds themselves are disclosed below. DESCRIPTION OF -

T by, [00120ne ermbodiment s 2 Coimpa D BRERIIaghin: e faybde W@e folowing

formulae or a pharmaceutically-acceptable salt thereof:
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OH wherein Y isOor or a pharmaceutically acceptable salt or a prodrug thereof. [0013]In another
embodiment, said compound, salt thereof, and/or prodrug thereof is used to treat and/or prevent
glaucoma and/or ocular hypertension in a mammal. [0014]In another embodiment, said compound,
1, ufacture of a medicament for the

treatment and/or preventlon off Faanye # a mammal. [0015]In another
embodiment, said cgmpgan § prodrug thereof is used in the manufacture of
a medicament for t a phammal. [0016]Another embodiment is a composition
comprising said ¢ d/or prodrug thereof, wherein said composition is

treatment and/or prevention, and/or in

ophthalmically accept _
vention, of any disease and/or condition

the manufacture of a me

embodiment is a compound according to the formula
oH OH OH

wherein Y is
O'\/\ /\1
N
Q
. O 8]
- Q or .

{0010b] In other aspect, there is provided a compound as defined above for use in treating
baldness.
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WO 2009/132088PCT/US2009/041389 OH OHO wherein Y isOor or a pharmaceutically acceptable
salt or a prodrug thereof. [0019]In another embodiment; said compound, salt thereof, and/or prodrug
thereof is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammal. [0020]In
another embodiment, said compound, and/or salt thereof, and/or prodrug thereof is used in the
manufacture of a medicament for the treatment and/or prevention of glaucoma and/or ocular
hypertension in a mammal. [0021]In another embodiment, said compound, and/or salt thereof, and/or

prodrug thesqqy is usa bt m%%e%%me@ie@mﬁnme%g%mgf AaldRgssd

a
mammal. [002Z]Another embodiment is a composition comprising sai om&ound, and/or spglt thereof,
and/or pré@wg Fisesse e rtinmdalipadhpatissE o ghthimrEiNyiatier sbine JoDEsRinebf this
compoungi e dleriremiaider PrevesEahRMdSaMRIves are disclosed below.

, DESCRIPTION OF THE INVENTION
[0012] One embodiment is a compound according to the formula
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manufacture of a medicament for the treatment and/or prevention, of any disease and/or condition
mentioned herein as related to prostaglandin EP2 activity is also contemplated. [0024]Another
embodiment is a compound according to the formula WO 2009/132088P 3890 ora
pharmaceutigé(ﬁf?og%/&i)zﬁ’fngle salt or a prodrug thereof. [0025]In another e%&é ?r%gﬁftg@’;% compound,
salt thereof, and/or pro@itig thereof is used to treat and/or prevent glaucoma and/or ocular

treatment of b¥dness in a mammal. [0028]Another embodiment is a composition comprising said
compound, and/or\sa@reof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable. S

. O\AN/\
fiﬂ/ o | K/
wherein Y is o or

or a pharmaceutically acceptable salt or a prodrug thereof.

[0013] In another embodiment, said compound, salt thereof, and/or prodrug thereof

is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammal.

(06014} In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of 2 medicament for the treatment and/or prevention

of glaucoma and/or ocular hypertension in a mammal.

[G015] in another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a

mammal.

[0016] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptabie.

[6017] Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

~andfor condition mentioned herein as related to prostaglandin EP2 activity is also
contemplated.

[6018] Another embodiment is a compound according to the formula



[0029]Use of this compound in the treatment and/or prevention, and/or in the manufacture of a
medicament for the treatment and/or prevention, of any disease and/or condition mentioned herein as
related to prostaglandin EP2 activity is also contemplated. [0030]Another embodiment is a compound
according to YR ¥RV 0 20091132088PCT/US2009/041389 01-1 OHFWHIPEFH¥#9200r or a
pharmaceutically accegtable salt or a prodrug thereof. [0031]In another embodiment, said compound,

salt thereof, and/or prodrug thereof is used to treat and/or prevent glaucoma and/or ocular
hypertensiof in mat’ [0832]mn another embodiment, said compound, and/or salt thereof, and/or
prodrug th i d in the manufacture of a medicament for the treatment and/or prevention of
glaucoma gng/or ocular hypertension in a mammal. [0033]In another embodiment, said compound,

and/or salt th . anﬁ prodrug

Y

O
o \\/\N/\l
\/\OH 5 k/
wherein Y is 0 or

or a pharmaceutically acceptable salt or a prodrug thereof.

[0019] in another embodiment, said compound, salt thereof, and/or prodrug thereof

is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammal.

[0020] in another embeodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of glaucoma and/or ocular hypertension in a mammal.

[0021] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a

mammat.

10022} Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

[0023] Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related to prostaglandin EP2 activity is also

contemplated.

[0024] Another embodiment is a compound according to the formula



thereof is used in the manufacture of a medicament for the treatment of baldness in a mammal.
[0034]Another embodiment is a composition comprising said compound, and/or salt thereof, and/or
prodrug thereof, wherein said composition is ophthalmically acceptable. [0035]Use of this compound in
the treatment’Sndf8r pi&ention, and/or in the manufacture of a medicam8htfor e tfdttent and/or
prevention, of any disegse and/or condition mentioned herein as related to prostaglandin EP2 activity
is also contemplated. [A036}Another embodiment is a compound according to the formula WO
2009/13208%PC 2009/041389 OH OH wherein Y isOor

N
O\—@

Y

X o}
wherein Y is 0 or ;
or a pharmaceutically acceptable salt or a prodrug thereof.
[0625] i another embodiment, said compound, salt thereof, and/or prodrug thereof

is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammal.

[0026] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of g!aucoma and/or ocular hypertension in a mammal.

[0027] in another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a
mammal.

[0028] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

[0029]  Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related to prostaglandin EP2 activity is also

contemplated.

[0030] Another embodiment is a compound according to the formula



or a pharmaceutically acceptable salt or a prodrug thereof. [0037]In another embodiment, said
compound, salt thereof, and/or prodrug thereof is used to treat and/or prevent glaucoma and/or ocular
hypertension in a mammal. [0038]In another embodiment, said compound, and/or salt thereof, and/or
prodrug ther®? A9464H the manufacture of a medicament for the treatrhEAt SRS ention of
glaucoma and/or oculaphypertension in a mammal. [0039]In another embodiment, said compound,
and/or salt thereof, anddor prodrug thereof is used in the manufacture of a medicament for the
treatment ofbaldffespin e marfimat, [0040]Another embodiment is a composition comprising said

AN L6 At thereof, and/or prodrug thereof, wherein said composition is ophthalmically
41]Use of this compound in the treatment and/or prevention, and/or in the manufacture
of a medicamdnt for the treatment and/or prevention, of any disease and/or condition mentioned
herein as related t\n_p@glandin EP2 activity is also contemplated. [0042]Another embodiment is a
compound according ® \gformula WO 2009/132088PCT/US2009/041389

0-\/\ /\l
N

o}

5&‘/ \/\QH o K/O
wherein Y is o or ;

or a pharmaceutically acceptable salt or a prodrug thereof.

[0031] In another embodiment, said compound, salt thereof, and/or prodrug thereof

is used to treat andfor prevent glaucoma and/or ocular hypertension in a mammai.

[0032] in another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of glaucoma and/or ocular hypertension in a mammal.

[06033] In another embodiment, said compound, and/or salt thereof, andfor prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a

mammal.

[0034] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

[06035] Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related to prostaglandin EP2 activity is also

contemplated.

[0036] Another embadiment is a compound according to the formula



OH OHO wherein Y isOor or a pharmaceutically acceptable salt or a prodrug thereof. [0043]In another
embodiment, said compound, salt thereof, and/or prodrug thereof is used to treat and/or prevent
glaucoma and/or ocular hypertension in a mammal. [0044]In another embodiment, said compound,
and/or salt iR prodrug thereof is used in the manufacture of & FELREAMEASr the
treatment and/or prevapgon of glaucoma and/or ocular hypertension in a mammal. [0045]In another
embodiment, said compound, and/or salt thereof, and/or prodrug thereof is used in the manufacture of
a medicamént o@* reatment of baldness in a mammal. [0046]Another embodiment is a composition
comprising.8ajc-eQm ound, and/or salt thereof, and/or prodrug thereof, wherein said composition is
ophthalmi acceptable. [0047]Use of this compound in the treatment and/or prevention, and/or in
the manufactuse 8f a medicament for the treatment and/or prevention, of any disease and/or condition

mentioned herein lajed to prostaglandin EP2 activity is also contemplated.
S
Y
OH 8] K/O
wherein Y is O or ;

or a pharmaceutically acceptable salt or a prodrug thereof.
[0037] In another embodiment, said compound, salt thereof, and/or prodrug thereof
is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammal.

[06038] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of glaucoma and/or ocular hypertension in a mammal.

[0039] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a

mammal.

[06040] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

{00411 Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related to prostaglandin EP2 activity is also

contemplated.

[0042] Another embodiment is a compound according to the formula



[0048]Another embodiment is a compound according to the formula WO _
2009/132088PCT/US2009/041389 OH or a pharmaceutically acceptable salt or a prodrug thereof.
[0049]In another embodiment, said compound, salt thereof, and/or prodrug thereof is used to treat
and/or preveMYtAIRBRMBand/or ocular hypertension in a mammal. [0050[f% HRSHE ¥iBbdiment, said
compound, and/or salt tpgreof, and/or prodrug thereof is used in the manufacture of a medicament for

. the treatment and/or prevention of glaucoma and/or ocular hypertension in a mammal. [0051]In
another emlgbdi airtompound, and/or salt thereof, and/or prodrug thereof is used in the

manufactur ]I; icament for the treatment of baldness in a mammal.

O\_@

Y

' 0
. ‘;‘{W]/ \/\N/\
. \/\OH 8 k/o
wherein Y is O or ;
or a pharmaceutically acceptable salt or a prodrug thereof.

[0043] in another embodiment, said compound, salt thereof, and/or prodrug thereof
is used to treat andfor prevent glaucoma and/or ocular hypertension in a mammat.

| [0044] Ih another embodiment, said compound, and/or salt thereof, and/or prodrug
- thereof is used in the manufaciure of a medicament for the treatment and/or prevention

of glaucoma and/or ocular hypertension in a mammal.

[0045] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness ina

mammal.

[0046] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthaimically
acceptiable.

[00471 Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease
and/or condition mentioned herein as related to prostaglandin EP2 activity is also
contemplated.

[G048] Anocther embodiment is a compound according to the formula



[0052]Another embodiment is a composition comprising said compound, and/or salt thereof, and/or
prodrug thereof, wherein said composition is ophthalmically acceptable. [0053]Use of this compound in
the treatment and/or prevention, and/or in the manufacture of a medicament for the treatment and/or
prevention, oV 8 Wis&E#8: and/or condition mentioned herein as related t8PYOSHYMAHAMEP2 activity
is also contemplated. [@§34]Another embodiment is a compound according to the formula WO
2009/132088PCT/US2@09/041389 OH  0; Y isOOr

&(O\/\ O\/\N/\
on Il k/
wherein Y is © or

or a pharmaceutically acceptable salt or a prodrug thereof.

[0049] In another embodiment, said compound, salt therecf, and/or prodrug thereof
is used fo treat and/or prevent glaucoma and/for ocular hypertension in a mammal.

[0050] in another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of glaucoma and/or ocular hypertension in a mammal.

[0051] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a
mammal.

[0052] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

[0053] Use of this compound in the freatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related fo prostagiandin EP2 activity is also

contemplated. |

[0054] Another embodiment is a compound according to the formula
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or a pharmaceutically acceptable salt or a prodrug thereof [0055]In another embodiment, said
compound, salt thereof, and/or prodrug thereof is used to treat and/or prevent glaucoma and/or ocular
hypertension in a mammal. [0056]In another embodiment, said compound, and/or salt thereof, and/or
prodrug ther®& 4944 the manufacture of a medicament for the treatheA{ SRS H&Vention of
glaucoma and/or oculaphypertension in a mammal. [0057]In another embodiment, said compound,
and/or salt thereof, and¢or prodrug thereof is used in the manufacture of a medicament for the
treatment ofbal n mal. [0058]Another embodiment is a composition comprising said

It thereof, and/or prodrug thereof, wherein said composition is ophthalmically
59]Use of this compound in the treatment and/or prevention, and/or in the manufacture
t for the treatment and/or prevention, of any disease and/or condition mentioned

O
Y is 0 or :

or a pharmaceutically acceptable salt or a prodrug thereof.

f 0

[0055] In another embodiment, said compound, salt thereof, and/or prodrug thereof
is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammai.

[0056] In another embodiment, said compound, and/or salt thereof, andfor prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of glaucoma and/or ocular hypertension in a mammal.

[0057] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a
mammeal.

[0058] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

[0059] Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related to prostaglandin EP2 activity is also

contemplated.

[0060] Another embodiment is 2 compound according to the formula

11



0 L".7. Y isOH or0 or a pharmaceutically acceptable salt or a prodrug thereof. [0061]In another
embodiment, said compound, salt thereof, and/or prodrug thereof is used to treat and/or prevent
glaucoma and/or ocular hypertension in a mammal. [0062]In another embodiment, said compound,
and/or salt tHEEEWL%4d®Y prodrug thereof is used in the manufacture of & FIeHRANENSHSr the
treatment and/or prevegtion of glaucoma and/or ocular hypertension in a mammal. [0063]In another
embodiment, said compound, and/or salt thereof, and/or prodrug thereof is used in the manufacture of
a medicam t fof the treatment of baldness in a mammal. [0064]Another embodiment is a composition
comprising-SaigkCsvapound, and/or salt thereof, and/or prodrug thereof, wherein said composition is
ophthalmically acceptable. [0065]Use of this compound in the treatment and/or prevention, and/or in
the manufactube-Qf a medicament for the treatment and/or prevention, of any disease and/or condition

Yis o or :
or a pharmaceutically acceptable sait or a prodrug thereof.
[0061] In another embodiment, said compound, salt thereof, and/or prodrug thereof

is used fo treat and/or prevent glaucoma and/or ocular hypertension in @ mammal.

[0062] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of glaucoma and/or ocular hypeﬁension in a mammal.

[6063] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness ina
mammal.

[0064] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

[0065] Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease
and/or condition mentioned herein as related to prostaglandin EP2 activity is also
contemplated.

[0066] Another embodiment is a compound according to the formula

12



[0066]Another embodiment is a compound according to the formula WO
2009/132088PCT/US2009/041389 OH or a pharmaceutically acceptable salt or a prodrug thereof.
[0067]In another embodiment, said compound, salt thereof, and/or prodrug thereof is used to treat
and/or preveﬂi"g?%’ﬂfé’c?ﬁ‘?ﬁgand/or ocular hypertension in a mammal. [0068flf 4HeHE & Hodiment, said
compound, and/or salt thgfeof, and/or prodrug thereof is used in the manufacture of a medicament for
the treatment and/or prevention of glaucoma and/or ocular hypertension in a mammal. [0069]In
another emigpdimefit 5.com s "and/or salt thereof, and/or prodrug thereof is used in the
manufactur ofa cament for the treatment of baldness in a mammal. [0070]Another embodlment

. T
;‘K( S~ on I k/
Y is 0 or

or a pharmaceutically acceptable salt or a prodrug thereof.

[06067] In another embodiment, said compound, salt thereof, and/or prodrug thereof
is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammal.

[0068] In ancother embodiment, said compound, and/or sait thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of glaucoma and/or ocular hypertension in a mammal.

{0069] in another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a
mammal. 4

[0070] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthaimically
acceptable.

[0071] Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related to prostaglandin EP2 activity is also

contemplated.

[0672] Another embodiment is & compound according to the formula
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[0071]Use of this compound in the treatment and/or prevention, and/or in the manufacture of a
medicament for the treatment and/or prevention, of any disease and/or condition mentioned herein as
related to prostaglandin EP2 activity is also contemplated. [0072]Another embodiment is a compound
according to ¥fe F¥AiAEAWO 2009/132088PCT/US2009/041389 OH  sKé T ReBeIB1%%r

OH :
0 U\/\/\/
N
(]
S
Y
: AN
;{\“/ \\/\OH 8 K/
O
Yis 0 or :
or a pharmaceutically acceptable salt or a prodrug thereof.
[0073] In another embodiment, said compound, salt thereof, and/or prodrug thereof

is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammal.

[0074] in another embodiment, said compound, and/or salt thereof,'and/or' prddrug
thereof is used in the manufacture of a medicament for =’ihe treatment and/or prevention

of glaucoma and/or ocular hypertension in a mammal.

[6675] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a
mammal.

[0076] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

[06077] Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related to prostaglandin EP2 activity is also

contemplated.

10078} Another embodiment is a compound according to the formula
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or a pharmaceutically acceptable salt or a prodrug thereof. [0073]In another embodiment, said
compound, salt thereof, and/or prodrug thereof is used to treat and/or prevent glaucoma and/or ocular
hypertension in a mammal. [0074]In another embodiment, said compound, and/or salt thereof, and/or
prodrug ther®¥p 9sEa ¥ the manufacture of a medicament for the treatrf&rit 881 pri&ention of
glaucoma and/or ocular fypertension in a mammal. [0075]In another embodiment, said compound,
and/or salt thereof, and/ r prodrug thereof is used in the manufacture of a medicament for the

treatment ofcpald 0076]Another embodlment Is a composmon comprlsmg sald
compound, gnd/o

herein as related to p

compound according te_ e @rmula WO 2009/132088PCT/US2009/041389 OH

Ao T
o I 1\/
Y is © or

or a pharmaceutically acceptable salt or a prodrug thereof.
[0079] in another embodiment, said compound, sait thereof, and/or prodrug thereof

is used to treat and/or prevent glaucoma and/or ocular hypertension in a mammal.

[0080] In another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment and/or prevention
of glaucoma and/or ocular hypertension in a mammal.

[0081] in another embodiment, said compound, and/or salt thereof, and/or prodrug
thereof is used in the manufacture of a medicament for the treatment of baldness in a

mammal.

[0082] Another embodiment is a composition comprising said compound, and/or
salt thereof, and/or prodrug thereof, wherein said composition is ophthalmically
acceptable.

[0083] Use of this compound in the treatment and/or prevention, and/or in the
manufacture of a medicament for the treatment and/or prevention, of any disease

and/or condition mentioned herein as related to prostaglandin EP2 activity is also

contemplated.

[0084] The compounds disclosed herein are useful for the prevention or treatment
of glaucoma or ocular hypertension in mammals, or for the manufacture of a
medicament for the treatment of glaucoma or ocular hypertension. They are also useful
for the treatment of those diseases disclosed in the art as being amenable to treatment
by prostaglandin EP3 agonist, such as the ones listed previously.
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Y isOOr or a pharmaceutically acceptable salt or a prodrug thereof. [0079]In another embodiment, said
compound, salt thereof, and/or prodrug thereof is used to treat and/or prevent glaucoma and/or ocular
hypertension in a mammal. [0080]In another embodiment, said compound, and/or salt thereof, and/or

prodrug ther®? 4685 the manufacture of a medicament for the treatmié&rit &Rdf8P ¥ jention of

glaucomargpgsr OCUI@W&@Q%W adeapiani {88t snenalnesfmhariseet asaitgempound,
and/or salt thereof, and/or prodrug thereof is used in the ma,nufa%‘u e ofa medicameng#or the
i

treatment SPURAHRECOMRPHIXHARA C RES S WAL A BIGIHEIR e RpS S o C¥Atising said
compoundsfRiassalb etk Bnefatpadragriheseakavhetainthaidaraexpdsmoitisipishthalmically
acceptable, {00SKISS S5 S LY MDA SRS RTAR" Yol RrsYEoshy e bl

also refers to any salt which may form in vivo as a result of administration of an acid,

anocther salt, or a prodrug which is converted into an acid or salt.

[0G86] Pharmaceutically acceptable salts of acidic functional groups may be
derived from organic or inorganic bases. The salt may comprise a mono or polyvalent
ion. Of particular interest are the inorganic ions, lithium, sodium, potassium, calcium,
and magnesium. Organic salts may be made with amines, particularly ammonium salts
such as fnonow, di- and trialkyl amines or ethanol amines. Salts may also be formed
with caffeine, tromethamine and similar molecules. Hydrochloric acid or some other
pharmaceutically acceptable acid may form a salt with a compound that includes a
basic group, such as an amine or a pyridine ring.

[GO87] A “prodrug” is a compound which is converted to a therapeutically active
compound after administration, and the term should be interpreted as broadly herein as
is generally understood in the art. While not intending to limit the scope of the
invention, conversion may occur by hydrolysis of an ester group or some other
biologically labile group. Generally, but not necessarily, a prodrug is inactive or iess
active than the therapeutically active compound to which it is converted. Ester prodrugs
of the compounds gisclosed herein are specifically contemplated. An ester may be
derived from a carboxylic acid of C1 (i.e. the terminal carboxylic acid of a natural
prostaglandin), or an ester may be derived from a carboxylic acid functional group on
another part of the molecule, such as on a phenyl ring. While not intending to be
limiting, an ester may be an alkyl ester, an aryl ester, or a heteroaryl esfer. The term
alkyl has the meaning generally understood by those skilied in the art and refers to
iinear, branched, or cyclic alkyl moieties. C.4 alkyl esters are particularly useful, where
alkyl part of the ester has from 1 to 6 carbon atoms and includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, iso-butyl, {-butyl, penty! isomers,
hexyl isomers, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and combinations
thereof having from 1-6 carbon atoms, etc.

[0088] A metabolite is broadly defined as a compound which is formed in vivo from

the disclosed compound.
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manufacture of a medicament for the treatment and/or prevention, of any disease and/or condition
mentioned herein as related to prostaglandin EP2 activity is also contemplated. [0084]The compounds
disclosed herein are useful for the prevention or treatment of glaucoma o sion in
mammals, ort3r e #iilifacture of a medicament for the treatment of glgggggr%o%%ﬁﬁgr
hypertensjoas8dhey afeadsckidetlifonermtimalitraadi piititeretdizb s Jatisdodaigtiatibe erths being

amenable to tr t r ' | 1es i Iusly WO

2009/ 1328%?%@2§ﬁﬁ§%§%@5§%%§%§ lﬁ%%ﬁé%i%%%%ﬁ g%ﬁitﬂfﬁny saﬁhthat retains
the activitphdnhegsiréealvorapeniat araxelpie FovMaePEasy aiRINEHANGMIBLIEHEELE: untoward effects
on the SU%SQUF?C‘%Q?% lisrdrpiistenprsand dnsthacrariant in whichdldsAdhriaisieregsaiapared to the

parent compound. A pharmaceutically acceptable salt also refers to any salt which may form in vivo as

a result oPAHAARISHATBIE HFEnsEa SSRIHIA s ST WS 0D SHFRE WHEN 38 OSR HEWP HoSHK acid or salt.

[0086]Phaymasrtisalmpeepptahiersaliamimsigicdunrstionalgksnips may be derived from organic or
inorganic bases. The salt may comprise a mono or polyvalent ion. Of particular interest are the

inorganic {ggglthiunfsadiliigeaigs sarms calcadicane magresioxic Sotiduversalts intaydbebwade with
amines, particularly ammonium sal n I trj ' 0 WI mines. Salts
may also &gengr?@é]%ﬁ%ﬁ?ﬁe?&%ﬁ%ﬁ%ﬁgﬁrgg r%ﬁggr%a#%i?ﬂmr&% oric aﬁd or some
other phaMgmdemi@dmﬁkM%@&%,atai@hﬁ@)d‘tﬁﬁ’@!m, iBEIERRS a basic group,
such as et Sh@ RAYEAING FingaFB0RZIA "PrRASHA] R SmBRYBHANIEE ihesmeriadie

therapeutically active conipound after administration, and the term should be interpreted as ﬁroadly

herein as BR)ehecoFienByrsvaiRaE gHeNRikeRdt fivinanigtioniaAnfRBSEEB N HEinvention,
CONVersioR MayiARNRY sl ahs B Se) BRIIY aURSsRIetoardusiagicativlpeingr sp.

Generally, but not necessarily, a prodrug is inactive or less active than the therapeutically active
compounctGWAIENFHEE @Yt@ga.tgré?éF';5?80"?3éBﬁfM@@%’ﬂ?ﬁ%@%&f%&’gﬁﬁfﬁfﬁ?r & specifically

contemplatesl: Be @sigoyeay DecgerisgdivomeaceaitbdXylithacidobh@lé. eetireibedrimddecbrBoxidic acid of
a natural prost in), o ‘ma ' from a carboxyli id functional group on another
part of thewﬂglggéaégﬁgh ‘Eai%%ﬁéeéh%%%@%% r%%cr%'f%?g’r%?r% %ﬁ%%ﬁ%%mgébign%es ('::'or may be an
alkyl estercamiraiyiebsies,. okigihé weharmacesticaiihederimisiiapl ¢ doshgariesninepge Ruraigib@erstood

oy 1hose Slagind es%f&m SPLSaUneRL Branhath & atlebled Mpietiom CmBallsesters are

particularly useful, where part of the ester has from 1 to 6 carbon atoms and includes, but is not
limited to, AnStRPLiEIAYPHABHLaSERROPYILIRMEH 2EBIHETYISISH-BE{RT EXRHP HeMBjEisSAIER, hexyl
isomers, CyelQIORYeSKBID WS IIeRNY, SYEIReNyd, aptherspyinavipassHeieafdraving from 1-6

carbon atoms, etc. [OO%E%JA metabolite is broadly defined as a compound which is forme(ﬂsi(? vivo from

the discloseRBMRIBUALISRIE LR AR FRISEHIRISFHY B4 P3dg De administered may a

contain minor amounts of nontoxic auxiliary substances such as wetting or emuisifying
agents, pH buffering agents and the like. Typical examples of such auxiliary agents are
sodium acetate, sorbitan monolaurate, triethanolamine, sodium acetate, triethanolamine
oleate, etc. Actual methods of preparing such dosage forms are known, or will be
apparent, to those skilied in this art; for example, see Remington's Pharmaceutical
Sciences, Mack Publishing Company, Easton, Pa., 16th Edition, 1980. The composition
of the formulation to be administered, in any event, contains a quantity of one or more
of the presently useful compounds in an amount effective to provide the desired

therapeutic effect.

[0091] Parenteral administration is generally characterized by injection, either
subcutaneously, intramuscultarly or intravenously. Injectables can be prepared in
conventional forms, either as liquid solutions or suspensions, solid forms suitable for
solution or suspension in liquid prior to injection, or as emulsions. Suitable excipients
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[0089]Those skilled in the art will readily understand that for administration or the manufacture of
medicaments the compounds disclosed herein can be admixed with pharmaceutically acceptable
excipients which per se are well known in the art. Specifically, a drug to ﬁ%@, ' i ggsystemically,
it may be coﬂ%gcztée%} /g’gﬂgspowder, pill, tablet or the like, or as a solution, glr%]ulsm%a}%tﬁsgen'sion, aerosol,
syrup or elisér Buiesien e, ovater, palioatsietserairditestioh eihamellandibfoligo]Fordditiantidsage forms
or medicagaents, nAgRXia AL RanBI Ao RIGRIERS Bkes inlierpely igplades of

mannitol, lactose, sta magnesium stearate, sodium saccharin, the polyalkylené glycols, talcum,
cellulose, GIRIBENEGERRLUNG RiGTcEIKin Barfianatebsirncefid el a§veiting ArE/BEMESated or
they may Q&e(;g@tsgd{ By HBMYH§shRIgHaSHe melay disintegration and absorption in the gastrointestinal
tract and thereby provide a sustained action over a longer period. For example, a time delay material
such as gipess] morpistcaraierniogyecpybsisitpiaieionaging@mployedmpoeydsadaisudieredated by
the technique described in the U.S..-Pat. Nos. 4,256,108: 4.166.,452; and 4,265 form osmotic

: therapeut%’tgf)Fé)tgr?gr 8??&85?&%%2&*.‘%"5 f@%%%%%%%ﬁtﬁgﬁf%ﬁnﬁﬁ% A ’Ig%g}i%%é%%@nég can, for
example, canpnisicbaisgltriamcdr sndpessiceritf snd vererefdhehmamnyselityedfigtamnpbends and
optional phar i ' i [ f lersaling aAfFQUS dextrose,

%Hﬂ%?%ﬁé&%ﬂ?é&ﬁ%ﬁ B g&@@g@n@%ﬁérﬂmaﬁm oPhE'Ba

glycerol, ethanol a e, to thereby form ution or suspension. If desired, the pharmaceutical
compositieATPGensdphiERsterd HfaS akeyean A AINDP AMasies oTbAEBIGEAIBNERAN S8R ANces such

as wettingrp.amuisifying Ageniachld Ruisga s rerntsarddbe sk Drrisalmesn Riss b syehiguxiliary

agents are sodium acetate, sotitan monolaurate, triethanolamine, sodium acetate, triethanolamine

oleate, et@ A BHSIL09B RN Q&Hrtﬁgﬁéé fOrRIROK ! Qﬂdﬁﬂﬁ‘%ﬂﬁ/ﬂl be apparent, to those

skilled in thi ; for example, see Remington's Pharmaceutical Science ack Publishing Company,
Easton, Pan?aéfh Ed%fﬁ?%gg.' 8 88%%%?@@?4E%ﬁ%%@(f?#ﬁléﬁ%ﬁ%‘%? gM r%?rﬁs%ear?ag,c %r%br% event,
contains aaguanktyeiioneioalimdoettd dye pise ntyniséihadhpeunasiinzad asoumtre#fective to provide
the desired therapeutic effect C (]! jon | I Il by injection,
either sub§8 gﬁ@‘(%hé@ﬁ%@%%@%%r ﬁ?ﬁ%@g}fgﬁsﬁ%%% Igg"@%%%par dﬁﬁ%onventional
forms, eithecasditpitlisatutionsoptiga sendieiis 13dlg easrdRlieMEgscssngbheomayEpEssion in liquid

prior 10 niggling, 8BS IRRT PULARIE R ERIEAISIE RIGRAIOISBETIAN A0 are, for

example, water, saline, dextrose, glycerol, ethanol and the like. In addition, it desired, the injectable

pharmacedBbHIaBHsH6G: ML Ry AhRBea s ascantaie digvis Shoolth&lBenBA-toxic
auxiliary syhstageasisusings waltisg @nhemisivéigsaentsiobdudietoataonisiendibe like.
[0092]The amount of the presently useful compound or compounds administered is, of course,
dependen & ﬂ‘?&ﬁapeutic effect or effects desired, on the specific mammal being treated, on the
severity a re of.the I's ition, Qn,t anne f ini [ ncy and
pharmacom/or%a%f#cs orf‘ he %gﬁ]ﬁ?ﬁﬁgr %%(ﬁrﬁ%%{ll% r?‘d %%i(%?)n%ou ndsg (glr%%rﬂ{!cgﬂéigf%g %ﬂ&é@ﬁ%@ rar?ent of the

prescribingghgsiaraysithgita rapindisaliyieffestivendiyagehsiehaisamc sstrlicbsrapeusd or
Compoundg&&a%ﬁgra@'%m%@%oé&%ﬁé%@ O-PRAHUIPARPHEADE Matkesare{P0BRA liquid

which is ophthalmically acceptable is formulated such that it can be administered topically to the eye.
The comfdRrBHbRIRIEMAYT SQRH3IMERIVESYiIEaHRc Y HoadnRerReLRIFRIRERS R TIVeS,
consideraiiens (£e6s SHd0SiaHitRrdNay necessitate less than optimal comfort. In the case that comfort
cannot be maximized, the liquid should be formulated such that the liquid is tolerable to the patient for
topical opljiassyic userégiditinivallythat rephtbalusiedlly teeeptxbiedeptidavouidasthenshefaekaged for
single o RS IRVL AR VAL B0 r%eKSPH&%%"l's‘é%&‘6%@%%%&3?&1@%%%158&,
ophthalmi agﬁllcatlon, solutions or medicaments are often prepare _
thimerosal, phenyimercuric acetate and phenylmercuric nitrate. A useful surfactant is,
for example, Tween 80. Likewise, various useful vehicles may be used in the
ophthalmic preparations of the present invention. These vehicles include, but are not
limited to, polyviny! alcohol, povidone, hydroxypropyl methyl cellulose, poloxamers,

carboxymethyl cellulose, hydroxyethyl cellulose and purified water.
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using a physiological saline solution as a major vehicle. Ophthalmic solutions should preferably be
maintained at a comfortable pH with an appropriate buffer system. The formulations may also contain

conventionalx‘;%harrgnaceuticalIy acceptable preservatives, stabilizers and %rﬁ#@’@% 11389
[0095]Prese tf\?@glﬁggﬁnay be used in the pharmaceutical compositions of the present invention

include, b[a0g&] not Iiﬁdtéci_t;oaﬂeakzr&mﬁumecaﬁﬂmbaahmdbdtahogﬂmi@fﬁsﬁh@hmrcuric_
e LRSS alR: SRl dy SATian hidRee BEASI RVERDED, LHEHIRS: varids

useful vehicles may be used in the op preparations of the present invention. These vehicles
include, batdrelyssriimeearny ofutyinieale srbinabuisaheapgersBis EprRariEalulose, poloxamers,
carboxymethyl cellulose, hydroxyethyl cellulose anggpuri]‘ied water.

f

WO
2009/132088%4 T/U S5i8/B LA OO STPERR IS AHHSIBIE RYAYBY BBHSGEENLAEP P onvenient.
They includeulubasepatdimiies éphasdimipayicdesit seidiuneainoinigs;, hotéssiinslciosdetamannitol

and glycerin, or any other suitable ophthalmically acceptable tonicity adjystor. [0097]Varigus buffers
and mean24F5d aisy %)P%g%bggeguﬁ% ggcﬁ%}?%tseuRPr?ée'ber{eﬁpg#a‘cﬁ%%Sg&%?]@(rﬁéalIy
acceptablesé¢ oorstinglyireuffdrefitudsddmoetattobaféersgettiede buffers, phosphate buffers and borate

buffers. Acids or bases may be used to adjust the pH of these formulations as needed. [0098]In a
similar veif#088bphthalmeialipareéprablerhitivriraly farcReian hansiedearidoeHEB Aintfides, but is

not imited-jaAc i meizbigidie seiumdhinpbtets, ssatvinsianasbrialediiroxyanisole and
butylated ydr?éytoluene. [0099]Other excipient components which may be included in the ophthalmic

preparatiofiosHiite REMY BGHARRS PULARIEE Ry ARRIEIS M BIMARS Y GH ¥ INBE® other

chelating agents may also be used in place or in conjunction with.it. [00100]The.ingredients are usually
used in th ingQ 8[1&%91%%? éﬂ?RH%G%E“@)?"‘wT\SV be ;nciud[—x? int eophﬂgal‘?mc

preparations are chelating agents. A useful chelating agent is edetate disodium,
although other chelating agents may also be used in place or in conjunction with it.

[00100] The ingredients are usually used in the following amounts:

ingredient Amount {% wiv)

active ingredient about 0.001-5
preservative 0-0.10

vehicle 0-40

fonicity adjustor 1-10

buffer 0.01-10 -

pH adjustor g.s.pH4.5-75
antioxidant as needed

surfactant as needed

purified water as needed to make 100%

Applications for Stimulating Hair Growth

[006101]  In one embodiment, the compounds disclosed herein can be useful in the
treatment of baldness and/or hair loss. Alopecia (baldness) is a deficiency of either
normal or abnormal hair, and is primarily a cosmetic problem in humans. ltis a
deficiency of terminal hair, the broad diameter, colored hair that is readily seen.
However, in the so called baid person, although there is a noticeable absence of
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active ingredientabout 0.001-5 preservative0-0.10 vehicle0-40 tonicity adjustor1-10 buffer0.01-10 pH

adjustorg.s. pH 4.5-7.5 antioxidantas needed surfactantas needed purified wateras n

eeded to make

100% Applications for Stimulating Hair Growth [00101]in one embodiment, the comgé)unds disclosed

herein can b& Q&1 e treatment of baldness and/or hair loss. AIopecPaFMéff’aWé

}i&%a deficiency

of either nermalamakneEekinaba shisdimarly Baosmetic iBrobiescisidnesanairlivisiendetigiency of
terminal hair, the broad diameter, col red hr#cee{hat isr ad|I seen. I-égwev%@m the so called bald

person, alfABHER ?H@?%S%OE’H&’%BLB%'S[ES ech“Wd ?fﬁﬁﬁs

56@&?389 terminal

hair, the ske@eesrt¢ontaminellnsihair, which is a fine colorless hair which may require microscopic

examination to determine its presence. This vellus hair is a precursor to terminal hair.
[00102] The compounds described herein can be used to stimulate, such as the

conversion of vellus hair to growth as terminal hair, as well as increasing the rate of

growth of terminal hair. The utility of the compounds described herein for the
simulation of hair growth was discovered as follows.

[060103] In the course of treating patients having glaucoma, treatment may

only be

appropriate in one eye. Within the course of daily practice, it was discovered that a

patient who had been treated with bimatoprost, a prostaglandin analogue, developed

lashed that were longer, thicker, and fuller in the treated eye than in the non-tr

eated

eye. On examination, the difference was found fo be very striking. The lashes were

longer and had a fuller, denser appearance in the treated eye. The lash appearance on

the lids of the treated eyes would have appeared quite atiractive if it represented a

bilateral phenomenon. As a result of its asymmetric nature, the long lashes on one side

could be construed as disturbing from a cosmetic standpoint. A systemic examination

was preformed as a result of the asymmetric phenomenon. It soon became apparent

that this altered appearance was not an isolated finding. Comparison of the lids of

patients who were taking bimatoprost in only one eye revealed subtle changes in the

lashed and adjacent hairs of the bimatoprost-treated side in several patients. Definite

differences could be identified to varying degrees in the lashes and adjacent hairs of all

patients who were taking the drug on a unilateral basis for longer than 6 months.

f00104] The changes in the lashes were apparent on gross inspection in several

patients once attention was focused on the issue. In those with light colored hair and

lashes, the differences were only seen easily with the aid of the high magnification and
lighting capabilities of the slit lamp biomicroscope. In the course of glaucoma follow-up
examination, attention is generally immediately focused on the eye itself. As a result of
the high power magnification needed only one eye is seen at a time and the eye is seen
at a high enough power that the lashes are not in focus. At these higher powers, any
lash asymmetry between the two eyes is not likely to be noticed except by careful

systematic comparison of the lashes and adjacent hairs of the eyelids of the two eyes.
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[00102]The compounds described herein can be used to stimulate, such as the conversion of vellus

hair to growth as terminal hair, as well as increasing the rate of growth of terminal hair. The utility of

the compounds described herein for the simulation of hair growth was di3§8¥,%%%‘3 %‘Iloslggws. [00103]In

the course o?vt?ezgﬂ?{yﬁogﬁents having glaucoma, treatment may only be appropriaté in one eye. Within

the cours§0of@aly p@abties;dtiwasatimtereieatithgtta hatmmairsohdtdigeort calpgividr gimiatbprost, a

PS8 Do Seyplaned shefb AL R IRasoHURRG RABIEHIDmARGLRS Ve an
fred eye. Ot 2 di ? e very str

in the non- e n examination, erence was found to striking. Thé lashes were
longer anwedrauiting, déesdnepgedrnsceasethicnehitelileseedHaqmanap peEraptedastRSlids of the

treated eyﬁﬁrﬁ%@ MM%%Eﬁ%fﬁéf, e ARG B SREPSRIP S ARUIEI A HREBOMENANarfS a result

of its asymmetric nature, the long lashes on one side could be construed as disturbing from a cosmetic

standpoin@ R 4 éeriviafin RBARTEODPR ATRRR AL TE LB RSP O TRYFMAARE shefHinenon. It soon
became appassstdnatdis-pliietiaPreaRarARaNdlamdzniniaciineing. caamprsiean of the lids of
patients who were taking bimatoprost in only one eye revealed subtle changes in,the Ias%led and
Ejacent HAFEHH@ SRR AN LAdaRe HUEHERS RURERS: BRRE SIS e
identified tecvesgieg degreeadtitickiasiasf find hdiacehd i aff dH patipnenivin esdditaling the drug
on a unilateral basis for longer,than 6 manth 104]The char i I S e apparent on
gross insﬁ%%'{?oq? T &R p%LH%% g Hqcée'%rt}téﬁ%%ﬁa%%i%%ép%fﬁﬁgﬁ%uﬂgﬁ 'trrofiée with light
colored haivrsidsiasHes; trar djffestiniestivedatedlpseerstegitipdintanplogie st ligh magnification

and lighing, capailiies AL ISRl RIPBISKORRARE dnaRsikALiRe 7 g'aHeRruialierpout

examination, ntion 1s generally immediately focused on the eye itself. Asa result of the high power
magnificatfoRases qutranijpbn pasgaeiescel HeE ARREARD B8 elfe e B ONYFEABRRFhDower that

the lashes,a4g nQtdpfecus. At these higher powers, any lash asymmetry between the two eyes is not

likely to be noficed except by careful systematic comparison of the lashes and adjacent hairs of the

eyelids of [H@106) eyae \BhBONAEERRARBIBET RF0 Q9404 bIBM[003IDSIAisgnastaparameters leading

to the conclusi ntrx‘at more robusi,h ir growth o curretd int etretatn}ent!area‘folgowin gdministration

of the prog?fé?gﬂr ﬁ‘ﬁ%ﬁiwgrﬁé: Y ﬁﬁﬁ%ﬁﬁ .'%&Pﬁ?&ﬂ 80" HEraAdE ﬁ%n%migf' ASHe , Increased

number oﬁﬂmafesahmgaﬂmemt_emhaldésh{tm ha(:@aséb amdmmsEamm@téema@i@@ﬂrm‘reqsed '

auxitiary el ke g el iali Kafran ERealaeanAdiAGRR'doAssan Al BeUtdasiaaydiq increased
ash-li al ha ate

auxiliary | e termin irs at the medial an ral canthal area, increased pigmentation of the

lashes, indheiseediugmhens, hecrsasdgndng siiradalion &5 ek aseedhiude Lsatineielthesdrof fine hair on
the skin of b, ariaceakiharddinalndncirrses fpeBYiLHansationrkieshed asklash-like

terminal hairs. The conclusion that hair growth is stimulated by prostaglandin analogues such as
bimatopro8té§srfdha ol @A #§-evidence of a difference in a single parameter, but is based on

multiple p eters qf hair appearance, in treated versus caontrol areas jn many. subjects. [00106]The
compoun@%@%ﬁibe%’ﬁg}%iﬁ@? ‘éFB%E%gTQﬁ&%%%WBSLJ%@%Q&%W@%%#& rﬁ%%[gy g l(féﬁyactivities as
bimatoprostropatibie sebicierat senileriti¢seanhitierefbichareekpeerplapestifoufaepatingrowth and
stimulation_of the conversign of vel ir to_termi nalr. 'm%?}s S
described AaR |(r)1$§}? g(gglrgﬁ;"r.‘:’o% ﬁé%éuﬁﬁlgﬁ]é ?l?;%(? éﬁ&tfﬁ“’?ﬁgﬁgﬁﬁ ﬁ%‘r growﬁs&ggﬁfgg {ﬁzrein,

hair growthsreidebysivtegsacialitewini Bribing, eyelioies vyditsyekisle fafteariedrads of the
skin of anigale, 0 ATAIBINgR AR BBHIR et RresarIRRdS M iXe & Wit ardareaialadiariueompatible

vehicle or carrier. The vehicle, which may be employed for preparing compositions as described
herein, maHESRTBREI IS CkaRfISOSBRAERR SBRARTASSSACROMRESS; I XSIBGEAreaitts, oil solutions,
or ointmenys|JiBge/AIGMATYresmarpaMIe pigis dRnesia aicaliysrowatibipaesesyaves such as
e.g., benzalkonium, chloride, surfactants like e.g., 0I¥sorbate 80, Ii%oi?nles or po(l}/@ers for example,
methyl celHﬁSQéc%Elﬂﬁﬁﬂr}:ﬂégﬁo‘ffsﬁmnﬁ 5&}%%’?5‘8%& L RARARISHRIG S HUURE Phe used for
increasingitiselvisieasity; Ruathemwhane thisigalgaspossivée toinistesmiuble or insoluble drug inserts when

the drug is to be administered. [00108]In one embodiment, dermatological compositions can be
formulate®1108]  In one embodiment, dermatological compositions can be formulated for

topical treatment for the stimulation of hair growth which comprises an effective hair
growth simulating amount of one or more compounds as defined above and a
dermatologically compatible carrier. Effective amounts of the active compounds may
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topical treatment for the stimulation of hair growth which comprises an effective hair growth simulating
amount of one or more compounds as defined above and a dermatologically compatible carrier.
Effective amounts of the active compounds may WO 2009/132088PCPUS2009/041389 be
determined W%H@géiﬁg)%ﬁnary skill in the art, but will vary depending on tﬁggm%ﬁﬁsg%ployed,
frequencytef @gplication mndrdesired iresylskihis coenpoumna will genedalhendirgedroireabout 0.0000001
to about 50% by weight of the dermatological campositio fer e-Go Jl range from
about 0.06?%%%%%? g@%)%%gﬁé?gcﬁe&c t\f)%jl ® é)r(ﬁﬁa b%&r&%ﬁ%&;ﬁ%@ﬁ |(§Jr§1{,1' %@%@%ﬁ@?@;m about

0.1 to aboge3e%!pyavedghoot ahe dd-PIRNEH. q@gmogl|5Q3ﬁ@gmb@@mm§tﬁeramjﬁmi@w of the
present C%@Hgfﬂa&?fﬁ%ﬁ%@yw quﬁg&wmmﬁ iGAtigRsip dnsmmAlisB RReIesyincluding
n Is. In humans, t

both humans -anima compounds described herein can be applied for example, to

the scalp, eighbehtatahdatmpiangisa £ampRsipn efehrdwaieiABl e oS Mrh P 3PEd for their
pelts, e.g. Nk, heigAMY s Hpssiiled herein can be applied over the entire surface of the body to
improve the overall pélt for commercial reasons. The process can also be used for cosmetic reasons
in animals;os-g0spppligd dadhersidioftogs ang siaistbaviigeaitepatthes duritasiange or other
diseases causing.a degree of algpecia. [001.10]The pharmaceutical compositions contemplated for the
stmctation BTNV G e B R oL e T8 b BBl acion. The
term "topitaitnas e @yecdierdémneisses tththeamspoohd dagooiad, arelosigibed appbad Dcorporated

n st e spseLgavie audanaled e s e bl elpes Bperion o

local action. topical conipositio rmaceutical forms in which the

compoundrieappiew erekfaniielraitsce Gntaittwitie trRTBye bearssRal CIRIAEORS
pharmaceyficaliosns {RE BrsiRMEDASRAS WS S&BW@%#BUQ‘M%V@@WE@.H shapapaesiations,

pastes, jellies, sprays, aerosols, and the like, and may be applied in patches or impregnated dressings

P €
dependind ¥FPERE paREPIPEPES FARAR RS TRE R TBAERPS dMBRABES 68 RRIJISY (including

creams) haying oigRemBes WieRsohiimgdierpatsins e asesge. or gaEoBiseasdanolin,
polyethylen&g{lﬁcols as well as mixtures of these. [00111]Typically, the compounds can be applied
repeatedhyF foEHhe HEHiRE PHURBE%UR ime topically on the part of the body to be treated, for example,

the eyelidsagyehf oWkl ghRgRIDERP IRIRILAbAO SRARFRIIIER WvAe uarali iRYAY pafOuar such

as daily, administration for a perio tof at least one month, more preferably at least three
months, agtbwibsinchedierabiymadesticsheamaprssionyeUBIIar3L08sP e 103 eotim 1 1489 [00112]For

topical usepp, g fyaHds Qﬁrﬂﬁfﬁﬁée‘ﬁ%]rgﬂ? RAHR FOMBQURAS GARchR IIRRLIakegkinABgOUS solutions,

creams, ointments, or oils exhibiting physologicla acceptable osmolarity by addition of

pharmacel&gilly ReeEENRAJD Fese aRiesAR eacRYHFAl AatisTs 3nd\PBPIRS\PhBte A¥ding on the

dispenser yigaRtalnrie sevatines StstheRs iRz knilsa taHortiesorlagheddinretiprabutanol,
parahydrogbenzoi,c acids and phenylmercuric sqflé? fsuch as ngfraﬁz chloride, age.tate borate, or
, o !

n
antioxidanfo ROFEANS AAHRR BROREEA AR B R AG S R R d'aiﬁx{;’g?sf? urthermore,
particularleggresiystsoliien soneccaitath e isiiosityhie tresisitg @gevesiSoichl abgoiysactiatides, e.g.,
methylcellulose muconlysacenarides. ¢ g DYAIRIS ARid o0d handioinguliatener palialcohol
e.g., polyv ﬂWa?cSﬁol.' ATouS Blow T8 easing ge?é and ma?ﬁues may also'be employed as well as
soluble anglires|spiayscakosseradohinsisnasndhaeyderapnbetbindesisbening MPERENGéssl Depending

on the actips {IR1ANBRG AREIPAAIAAR BEHBASLA(POLS RERITRRed SRR lfierent dose

regimens may be“employed. Typically, the daily amount of compound for treatment of the eyelid may

be about TRt FIRUBIIHTY (FEfEBar R $ B2y IN@ SIEFARRUSN WRCEI3RRI 8R4I, the
compoundGaNKRERINRNIBEESUSY., petrolatum, lanolin, polyethylene glycols, as well as mixtures

of these.

[00111]  Typically, the compounds can be applied repeatedly for the sustained period
of time topically on the part of the body to be treated, for example, the eyelids,
eyebrows, skin or scalp. The preferred dosage regimen will generally involve regular,
such as daily, administration for a period of treatment of at least one month, more

preferably at least three months, and most preferably, at least six months.
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formulated using ointments, creams, liniments or patches as a carrier of the active ingredient. Also,
these formulations may or may not contain preservatives, depending on the dispenser and nature of
use. Such preservatives include those mentioned above, and methyl-, prci%ﬁl- no

butyl-parahy‘é’r%%%éﬁ%%ﬁ% acid, betain, chlorhexidine, benzalkonium chlori e,ﬂan Gﬁ%oeﬂl gg. Various

matricies [06 tH@5low el egseatiebecsy thayesalbenspehrEwsictiley athiv el oseppbedsprieteon the scalp
is in the range of about 0.1 ng t 0 er. r - out 10 mg
per day, a?ﬁ rhj(cf;ast? %Hﬁfg%aﬁ?/ggb%(ﬂ?%gﬁr%g%)%%gdt igﬁxge@%egf %fé%%%&%‘iﬁﬁ%ﬁﬁg% rr%?é())und and the
formulatiorccRptabisevemh@iixilpy-addiiorophpbaicatier iepbnansgwalicetefiers andrsal® compound

may be admifRERARRRE RaNRerRLIMES skl aribanaiar RO LeIanepical use.

creams, ointments, gels, solutions or Suspensions, efc., containing the compound disclosed herein are
employedsudpriaPeszalkanimg Fhigjigener iR e BRI aNaPrraRY g ReN7 BESSIvent,

emulsifierg REnefEalRLRaNSERs Gae BARIERY StaMrias de@alkeahdWslate, or antioxidants,
2009/132088PCT/U82009/04_13385){)%15%he ctual dose O%qu rﬂgztive compounds of the present
invention A& NEIRSHAPHILVESLR SAHRCER BROIIHISHES B8 A4 Fthe selection of the

appropriafeugeeerinme bavitbinathednmolesigeioiidhe skilferbarisaris¢oeil 6T sompgants disclosed
herein are also useful in combinatign with _ather dr u t of.0l r other
conditions%%i‘a?ﬁﬁgﬁéfsgg ?é%ﬁign?’éﬁ%m%l%%y%'?e?wﬁ %’réﬁégtgléﬁ%gﬁt%%iﬁ\%@%oél)é7]%@0 ut?gen of amide
1 (3.30 g, deldiaminaipirdigiindmsiate, @5pelk)aebeldda, tbaymitiatecdiol. Various slow

4,5-bis(tri ino)- ' é@gg , ); a)3 (317
mg, 0.35 &%%%E%ﬁ%?g%)%%ﬁggg%%%%ol c1- Lor%g%iﬁgéﬁ%lgg%é@ng}%ﬁgm%?%ss mmol)
was adde@cier theadacisringinngee WEeH (S IHENERIGEM N AfKt GRS ALCRERIIICRMeflux for 19

hﬁ tfﬁn coplechtq i e saasti mbrpSUNaSS RNk st i iameatite ovarhinagVaCH2CI2, and
t trat
e e ediﬁerent dose regimens may be employed. Typically, the daily amount of compound for

treatment of the eyelid may be about 0.1 ng to about 100 mg per eyelid.

[06113] For topical use on the skin and scalp, the compound can be advantageously
formulated using ointments, creams, liniments or paiches as a carrier of the active
ingredient. Also, these formulations may or may not contain preservatives, depending
on the dispenser and nature of use. Such preservatives include those mentioned
above, and methyl-, propyl-, or butyl-parahydroxybenzoic acid, betain, chiorhexidine,
benzalkonium chloride, and the like. Various matricies for the slow release delivery
may also be used. Typically, the dose to be applied on the scalp is in the range of
about 0.1 ng to about 100 mg per day, more preferably about 1 ng to about 10 mg per
day, and most preferably about 10 ng to about 1 mg per day depending on the
compound and the formulation. To achieve the daily amount of medication depending
on the formulation, the compound may be administered once or several times daily with
or without antioxidants.

[00114] For topical use, creams, ointments, gels, solutions or suspensions, etc.,
containing the compound disclosed herein are employed. Topical formulations may
generally be comprised of a pharmaceutical carrier, cosolvent, emulsifier, penetration

enhancer, preservative system, and emollient.
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WO 2009/132088PCT/US2009/041389 was concentrated in vacuo. Purification of the residue by flash
column chromatography on silica gel (10%20% EtOAc/Hexane, gradient) afforded 3.53 g (71%) of the
desired product 2. Step 2. Deprotection of 2 to give 3 [OOllS]HF-pyridineéS mL) was added to a
solution of sWPé’ﬂ?é’P%gﬁgg.SSg, 9.76 mmol) in MeCN (20 mL) in a plastic b fife VT e on was stirred
at rt for 5 [oghesjwasTgeantbeddosth shtheatetivaqueopsuNasiGias:(R&Sent jn i ionxierendis
extracted with Et0Ac (3 x 100 mL). The combi S ' ine mL) then dried
(Na2804fr}i&é?es %%1%0%%@ 5 rg%’ég ?r? \%10369 '%%%(g%ﬁdg g%fg%%%%%?%ge%ﬁ#@ S(rc(])tggct 3. Step 3.
AlkylationagfiBdprigiteedheedsterditioo i lGowisrdeyarite ckiliathadiem®mmol) was added to a
solution of alcohol 3 (100 mg, 0.40 mmol) in THE (3 mL) at 0 C under nitrogen. After 1 h at 0 C, methyl
5- bromoVARHAR (67 e comPAAG HeEoseddirEril e AR ESATWAR saBbERtiowAR Y8" After 3 h,
tic analysiérﬁggweéfm%ﬂbhét@etmé\lﬁ@ﬂ@;ég&@imrw b asetasiapertion of bromide (67 pL, 0.47
mmol) was added. After 22 h total reaction time, the reaction was quenched with 1 N HCI and
extracted with EtOAc (3 x 25 mL). Combined exigatapisese dried (Na2S04), filtered and concentrated
in vacuo. Purification of the residue by flash column chromatography on silica gel (40% EtOAc/Hexane
EtOAc, gr&ititietnaffbrded 19 mg (13%) of the desired ester. Step 4. Saponification to give 4
[00120]Aqueous lithium hydroxide (1 N, 0.5 mL) was added to a solution of ester from step 3 above

(12.3 mg, 0.034 mmol) in THF (0,7 mL). After 2.5 h at rt] the reaction was acidified with 0.25 M HCI (5
mL) then extracted with CH2CI 7 mL). Cgmb;@g&ractgggﬁmedrie%(Ng@A\filtered and

i 0
concentratem?cuo to affér 86 A)&, ound 4-5teps SteRs. Co&v s 8a and 8b
OTBS Pds{dba)s, xaniphos
2

Cs,C04, 1,4-dioxane 07BS OH

2. RCH,CH,;0H

1. NaH or i i
KH, 18-Crown-6 o 1. C1C0, kL, EisN, CH,Cly o} 2 R=0U
XCHRCO,R, THF &\, &/
Y

2. LiQH, THF O.R~CCH

TRy TR g

o

‘ B
%’Qﬁ‘f 6 ﬁ"foe 10
Sl e 7 Sl D5 1
Exampie 1

Step 1. Arylation of 1 to give 2

[00117] A solution of amide 1 (3.30 g, 14.4 mmol) in 1,4-dioxane (25 mL) was added
to a mixture of 4,5-bis(triphenylphosphino)-9,9-dimethyixanthene (xantphos, 600 mg,
1.04 mmol), Pdy(dba)s (317 mg, 0.35 mmol) and Cs2CO; (6.46 g, 19.8 mmol). 1-Bromo-
4-tert-butylbenzene (2.40 mL, 13.8 mmol) was added and the reaction mixture was
purged with nitrogen. The mixture was heated at reflux for 19 h, then cooled to rt. The

reaction mixture was then filtered through celite, washing with CHzCl,, and the filtrate
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[00121]Triethylamine and ethyl chloroformate are added sequentially to a solution of compound 4 in
CH2CI2 at room temperature. After 2.5 h, triethylamine and ethylene glycol are added. After stirring
overnight at room temEJerature, the reaction mixture is partitioned betweeg (t:;%%]% gl CﬂéggCIZ. The

phases are %8&93?@3 AR the aqueous phase is extracted with CH2CI2 (2X). The combined organic
phase is washeshaditi s id WE2009/ PBPissiR0 T 52 0esd04 138ksCIchenreive M W) filtered

and concentrated in . Pusficati ft id r r on silica gel
(10% cH38 ﬁ%ﬁ%@@fg a%ﬁ??sgz’)a%%ﬂoﬁo%{% %O#?ﬁ%ﬁﬁ%@%%&ga%% %m%%@&gf%rmate are
added sedggsitédllyrtaiact@lution of compound 4 in CH2CI2 at room temperature. After 2.5 h,

triethylamine and 4-(2- hydroxyethyl)-morphine are added. After stirring overnight at room
temperatUpteie ReRIRRCHARAFL D SAYatdned between H20 and CH2CI2. The phases are separated

and the a%@f@ phase s eiirrete ity s dded @ I&@wi%ﬁ S BlBaSE, is peashed with 1
N HCI then dried (IE/IﬂgS 4a filtered and concentrated in vacuo. Purification of thgog?wutﬁebl%/ flash

o ( [
column ¢ B SAL Tt Te? PIBHCHEH | taT58PPamiRaS oRThaU
Example %/&dafudnéiiedaticn ftS-itegi v tiheesteslaCHI0RBR3RgtaSs i mikyde deat2Sxdantpd.58

mmol) and 18- n-6 (1 0.63 mmal) were added sequentially to a,seolution.af.alcohol 3 (130
mg, 0.53 Mﬁ%ﬁ%{ﬁw(@%@ﬁ&)o%%%r "PFQ‘:%X%?%Ssﬁﬁt?OW%%%étW%Pﬁzﬁgﬁggért]h l)benzoate
(preparedtfrendiieiddteeSgandiligradid reh midenpyrieing apdundthyiaisl 2séé g (8497%.)Ohthra. 1988, 53,

2548-255%@%%3@ §.%iénmol) in THF (1.5 mL) was added via cannula and the reaction was allowed
to warm to rt. After 5 % , the reaction was quenched with 0.1 N HCI (10 mL) and extracted with

Et0AC (3 6ighmBLAikPHRBINBH BidTgrs e eswaghad with saturated aqueous NaHCO3 (15 mL) and
brine (15 mL) then dried (Na2S04), filtered and concentrated in vacuo. Purification of the residue by

flash colufd LB mafRRMSRYRY SR dA hEIeBHE- I BIL We6 ATHRLINR SOHIREHES alfsR P66 mg
(32%) of thdestied . agteimatem 2 HBaEoRilivation o givernifoged] Aaeous hiura hydtayids (1 N, 0.4

35 at ARG AL Hbchiat P 580 O & AL e S BRI S B 16 mb).
Combinedextiet Swietie driet) §isa2B® 4, filbstydstamtirgp ataritchtechainiag @odranifibatiportbthe
residue by fiash callme hramAoRiRRy 2D siisa oo Ao N QANIRHAR BRRCHA 32004 1380

was quenched with 1 N HC! and extracted with EtOAc (3 x 25 mL). Combined extracts

were dried (Na;S0.4), filtered and concentrated in vacuo. Purification of the residue by

flash column chromatography on silica gel (40% EtOAc/Hexane — EtOAc, gradient)

afforded 19 mg (13%) of the desired ester.

Step 4. Saponification to give 4

[00120] Agqueous lithium hydroxide (1 N, 0.5 mL) was added to a solution of ester
from step 3 above (12.3 mg, 0.034 mmol) in THF (0.7 mL). After 2.5 h at rt, the reaction
was acidified with 0.25 M HCI {5 mL) then extracted with CHClz (3 x 7 mL). Combined
extracts were dried (Na;SOy), filtered and concentrated in vacuo to afford 10.2 mg
(86%) of compound 4.

Step 5. Compounds 8a and 8b

[00121] Triethylamine and ethyl chloroformate are added sequentially to a solution
of compound 4 in CH,Cl, at room temperature. After 2.5 h, tristhylamine and ethylene
glycol are added. After stirring overnight at room temperature, the reaction mixture is |
partitioned between H.O and CH2Clz. The phases are separated and the aqueous
phase is extracted with CH.Cl (2x). The combined organic phase is washed with 1 N
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MeOH/CH2C12), followed by preparative thin layer chromatography (10% MeOH/CH2C12) afforded 6.6
mg (20%) of compound 5. Step 3. Compounds 9a and 9b [00125] Compounds 9a and 9b are prepared
from compound 5 according to Example 1, step 5. Example 3 Step 1. Alkylation of 3 to give the ester
of 6 [00126]%£§?mmdride (27 mg, 0.67 mmol) and 18-crown-6 (193 ﬁ%‘:’ﬁs%%]%%l were added
sequentiafiyCiareesaltitdridg 8i0g) ol dredb onm god dehimateal iiny el (APutifctidrCoffterésidat0 C, a
solution of ethyl 5-chloromethylfyran-2-carboxylate esqi ' r drich Chemical
Company, Xg?gsriﬂgf,o&l rﬁﬁﬁ%ﬁ%"?ﬁﬂgﬂ (r)nnLﬁh\/}\(/:g é@%@%i{dﬁfgﬁﬁg 5%%%@: iéﬁ%vpé)su%wowed to
warm to riga#fter 18.5 h, the reaction was quenched with 0.25 N HCI (10 mL) and extracted with EtOAc
(3 x 15 mL). Combined extracts were washed with brine (20 mm%g then dried (Na2504), filtered and
concentral@@figdlacudrigimirrativhasctisd v SiigEhy Mash R ARREShPERHRBEREY Y SR gel

(20%50%¢f gxaneraraientyefirded A8dnalR2 kel he desikad esteihStpR 4-@aponification
to give 6 [00127]Aqueous lithium hydroxide (1 N, 0.5 mL) was added to a solution of ester from step 1
above (667 HRIGTY MRS TNG AEe QSEH LY AFieF NS OSSR R TORT AREHEPWRE 1 N HC (2

mL) then exsariB it € 2GERHEBnNed Benldea opbinad SKralis Weseptheds(Maz&pdyafétered and
concentrated ihvacuo to aﬁ‘grd 54.4 m é%(@iéﬁf éﬂn&go %6 te %bcioergpcigungl% 1Q]a Sgn% 10b
[OOlZS]Ccﬁ“ﬂﬂ HESITRERITBH 4 % %% front c?nﬁ% und'§ B2C0TdIng ToE K ampla T, Step 5.
washed with 1 N HCI then dried (MgSQO,), filtered and concentrated in vacuo.
Purification of the residue by flash column chromatography on silica gel (10% CHzOH /
CH,Cly) affords compound 8b.

_ Example 2
Step 1. Alkylation of 3 to give the ester of 5

[00123] Potassium hydride (23.4 mg, 0.58 mmol) and 18-crown-6 (167 mg, 0.63
mmol} were added sequentially to a solution of alcohol 3 (130 mg, 0.53 mmol) in THF (3
mL) at 0 °C. After 1 hat 0 °C, a solution of methyl 3-(chloromethyl)benzoate {prepared
from the corresponding acid chioride, pyridine and methanol: see J. Org. Chem. 1888,
53, 2548-2552; 116 mg, 0.63 mmol) in THF (1.5 mL) was added via cannula and the
reaction was allowed to warm to rt. After 22.5 h, the reaction was quenched with 0.1 N
HCI (10 mL) and extracted with EtOAc (3 x 15 mL). Combined extracts were washed
with saturated agueous NaHCO; (15 mL) and brine (15 mL) then dried (Na,SOy),
filtered and concentrated in vacuo. Purification of the residue by flash column
chromatography on silica gel (30% — 50% EtOAc/Hexane, gradient) afforded 66 mg
(32%) of the desired ester.

Step 2. Saponification to give 5

[00124] Aqueous lithium hydroxide (1 N, 0.4 mL) was added to a solution of ester
from step 1 above {33.5 mg, 0.085 mmol) in THF (0.75 mL). After 3.5 h at rt, the
reaction was acidified with 0.25 M HC! (5 mL) then extracted with CHClz (3 x 10 mL).
Combined extracts were dried (NazSOQ4), filtered and concentrated in vacuo.
Purification of the residue by flash column chromatogfaphy on silica gel (2%
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Example 4 Step 1. Alkylation of 3 to give the ester of 7 [00129]Potassium hydride (25.2 mg, 0.63
mmol) and 18-crown-6 (181 mg, 0.68 mmol) were added sequentially to a solution of alcohol 3 (140
mg, 0.57 mmol) in THE (4 mL) at O C. After 1.5 h at 0 C, a solution of methyl
5-chlorometVRFRIBAEHESR2- WO 2009/132088PCTRIS2009/041389 carbB%?fH?é"(Bf%ﬂé?%d according

to the progsstores HesebrAldaMAR00H03 6808 tHBAaVg: L8 maroghhishy (A SlelhiGikGdped via
cannula and the re‘igtion Wﬂillowed to wagg to rt. After 20 h, the reaction was quenched with 0.25 N
HCI (15 nfl’ Oéﬂ%de 48 i/ %ﬁ@ﬂ@?@% mL). Combined extracts were washed with brine (30

mL) then %@gﬁéN%%ﬁ)&J&tgé%daﬁq(% oncentrated in vacuo. Purification of the residue by flash

column chromatography on silica gel (20% -> 50% EtOAc/Hexane, gradient) afforded 40.7 mg (18%) of
the desire[PB4851 Stdpom Buineisifeation ¥ GheerTeR@ES0TAHUESTHUUNHR ATEREIREIPL N, 0.4 mL) was
added to %§Q}Hg%n19f5@e§§q~;_from step 1 above (37 mg, 0.092 mmol) in THF (015 mL). After 18 h at rt,
the reaction was acidified with 1 N HO (7 mL) then extracted with CH2CI2 (3 x 10 mL). Combined
extracts were dried (Na2S04), filtered and concentrated in vacuo to afford 22.3 mg (62%) of
compound 7. Step 3. Compounds 11a and 11b 0013% ompounds 11a and 11b are prepared from
compound 7 according to Example 1, step 5. SChEMB'S 4o 2009/132088PCT/US2009/041389

Step 1. Alkylation of 3 to give the esterof 6

[001268] Potassium hydride (27 mg, 0.67 mmol) and 18-crown-6 (193 mg, 0.73
mmol) were added sequentially to a solution of alcohol 3 (150 mg, 0.61 mmol) in THF (4
mL) at 0 °C. After 1 h at 0 °C, a solution of ethyl 5-chioromethylfuran-2-carboxylate
(commercially available from Aldrich Chemical Company, 138 mg, 0.73 mmol) in THF

(1 mL) was added via cannuia and the reaction was allowed to warm to rt. After 18.5 h,
the reaction was quenched with 0.25 N HCI (10 mL) and extracted with EtOAC (3 x 15
mL). Combined extracts were washed with brine (20 mL) then dried {Na;S0y), filtered
and concentrated in vacuo. Purification of the residue by flash column chromatography
on silica geil (20% — 50% EtOAc/Hexane, gradient) afforded 78 mg (32%) of the

desired ester.

Step 2. Saponification to give 6

[06127] Aqueous lithium hydroxide (1 N, 0.5 mL) was added to a solution of ester
from step 1 above (66.7 mg, 0.17 mmol) in THF (0.5 mL). After 3 h at rt, the reaction
was acidified with 1 N HCI (2 mL) then extracted with CHyCl2 (3 x 10 mL). Combined
extracts were dried (Na,SO,), filtered and concentrated in vacuo to afford 54.4 mg
(88%) of compound 6.

Step 3. Compounds 10a and 10b
[06128] Compounds 10a and 10b are prepared from compound 6 according to
Example 1, step 5.

Example 4
Step 1. Alkylation of 3 to give the esterof 7
[00129] Potassium hydride (25.2 mg, 0.63 mmol) and 18-crown-6 (181 mg, 0.68
mmol) were added sequentially to a solutien of alcohol 3 (140 mg, 0.57 mmol} in THF (4
mL) at 0 °C. After 1.5 h at 0 °C, a solution of methyl 5-chloromethylthiophene-2-
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1314 15 Example 5 Step 1. Oxidation of 3 to give aldehyde 12 [00132]Molecular sieves (4k 300 mg),
4-methylmorpholine N-oxide (427 mg, 3.64 mmol) and tetrapropylammonium perruthenate (250 mg,
0.71 mmol) were added sequentially to a solution of alcohol 3 (600 mg, 2.43 mmol) in CH2CI2 (15 mL)
at rt. After 239 IH/F&ABBon mixture was filtered through celite, washing WHERPERZ 6 mL). The

filtrate Waéé%@ﬂﬁfl%%@éﬁﬁbﬁh?@%@c&’mf&?di%qﬁﬂ&&eﬁdﬁl@byﬁwiﬁalmnohrommraMy on silica
gel (CH2C12-+ t

0% EtOAc/CH2C12, gradient) afforded 92 mg (15%) of the desired aldehyde 12. Step
O Wit BRI VS T3 100 TS P OTASHIT) t AR, Ry B R 5 RF LRARS 1.7
0.96 mma) waseesiad wrarspiutionofeddeby dead 2(86achgd Wb el MAIHFB (@ b)lanat rt. After 15
min at rt, the reactjon, mixture was ¢ooled to-55,C for 10 min_before iQF ,
5-carboxy PEFRS A G OR i Bt (307 n5 s e A Lt A %I afer 10
_min at - 5E@theiedddlint Qe sfiliraddrid oammentatediteradin.aPurification of the residue by
flash column chromatography on silica gel (20% — 50% EtOAc/Hexane, gradient)
afforded 40.7 mg (18%) of the desired ester.

Step 2. Saponification to give 7

[00130] Aqueous lithium hydroxide (1 N, 0.4 mL) was added to a solution of ester
from step 1 above (37 mg, 0.092 mmol) in THF (0.75 mL). After 18 h at r1, the reaction
was acidified with 1 N HCI (7 mL) then extracted with CHxClz (3 x 10 mL). Combined
extracts were dried (Na;SQy), filtered and concentrated in vacuo to afford 22.3 mg
{62%) of compound 7.

Step 3. Compounds 11a and 11b
[00131] Compounds 11a and 11b are prepared from compound 7 according to
E"xample 1, step 5.

Scheme 2
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WO 2009/132088PCT1US2009/041389 rt, the reaction was quenched with saturated aqueous NH4CI
(15 mL) and extracted with EtOAc (3 x 15 mL). Combined extracts were washed with brine (20 mL),
dried (Na2SQ4 2fiItered and concentrated in vacuo. Purification of the reggjll%g%@gszﬂ%gtive thin layer

chromatogravg y?%%ﬂ%H/CHZClZ) afforded 10.5 mg (9%) of desired alkene 13. Step 3.

Hydrogenation of 13 to giv% 14 [00134]Palladium on carbon (20 wt. %, 2 mg) was added to a solution

of alkene 13 (58 mgf0.61Y mmol) in MeOH (1 mL)y A hy@irogen-atmosphate wakesiablished by
evacuating and efjliyg-with hydroapé'??@,%?and the rmixture i alloon of
hydrogen for 18 h..The reaction miiture seas: filtered thyough celite, W%W and the filtrate
was concentrated in"vacuo to afforebi4ct mg (70%) of compound 14. Step;4. Compoulds 15a and 15b
[00135]Compounds315a and 15b are prepared from cor‘h%ound 14 according to Example 1, step 5.

OH R=

0 MeOH

[P — N
! &/\/\/\W/O
0
14

1. CICO,EL, EtgN, CHoC!
2 3 2wtz N ) b R= I\(/\l
O

Exampie 5
Step 1. Oxidation of 3 o give aldehyde 12
100132] Molecular sieves (4A, 300 mg), 4-methylmorpholine N-oxide (427 mg, 3.64
mmot) and tetrapropylammonium perruthenate (250 mg, 0.71 mmol) were added
sequentially to a solution of alcohol 3 (600 mg, 2.43 mmol) in CHClz (15 mL) at rt.
After 23 h, the reaction mixture was filtered through celite, washing with CH2Clz (10
mL). The filtrate was concentrated in vacuo. Purification of the residue by flash column
chromatography on silica gel (CH2Clz — 10% EtOAc/CH,Cls, gradient) afforded 92 mg
(15%) of the desired aldehyde 12,

Step 2. Wittig reaction of 12 to give 13

[00133] Potassium bis(trimethylsilyl)amide (0.5 M in PhMe, 1.92 mL, 0.96 mmol)
was added to a solution of aldehyde 12 (86 mg, 0.35 mmol) in THF (2 mL} at rt. After
15 min at rt, the reaction mixture was cooled to — 55 °C for 10 min before a solution of
5-carboxypentyltriphenyiphosphonium bromide (207 mg, 0.45 mmol) was added via
cannula. After 10 min at — 55 °C, the reaction was aliowed to warm to rt. After 18 h at
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n-pentyl i-Pr Bn 25 26 27 a R= OH b R= R = n-pentyl i-Pr Bn Example 6 Step 1. Arylation of 1 to give
17 _

WO 2009/132088 PCT/US2009/041389
rt, the reaction was guenched with saturated aqueous NH4Ci (15 mL}) and extracted
with EtOAc (3 x 15 mk). Combined extracts were washed with brine {20 mL), dried
(NazSQy), filtered and concentrated in vacuo. Purification of the residue by preparative
thin layer chromatography (5% MeQOH/CH.Cl;) afforded 10.5 mg (9%) of desired alkene
13.

Step 3. Hydrogenation of 13 to give 14

[00134] Palladium on carbon (10 wt. %, 2 mg) was added to a solution of alkene 13
(5.8 mg, 0.017 mmol) in MeOH (1 mL). A hydrogen atmosphere was established by
evacuating and refilling with hydrogen (3x) and the reaction mixture was stirred under a
balloon of hydrogen for 18 h. The reaction mixture was filtered through celite, washing
with MeOH, and the filtrate was concentrated in vacuo to afford 4.1 mg (70%) of
compound 14.

Step 4. Compounds 15a and 15b ,
[00135] Compounds 15a and 15b are prepared from compound 14 according to
Example 1, step 5.
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WO 2009/132088PCT/US2009/041389 [00136]A solution of amide 1 (2.89 g, 12.60 mmol) in
1,4-dioxane (20 mL) followed by a solution of 1-(4-methoxybenzyloxymethyl) 4 bromobenzene (16: for
synthesis, see U.S. Patent No. 7,091,231, incorporated herein by reference; 3.88 g, 12.63 mmol) were
added seque‘ﬁﬂaﬁﬁ‘)%:‘é“?ﬁixture of xantphos (877 rug, 1.52 mmol), Pd2(dﬂ]z§3‘gq%]§%ﬁq&3ﬁ?51 mmol)
and Cs2Csiheiied 9.82 mmol) via cannula. The reaction mixture was purged with nitrogen and then
heated at reflux for 22 h. The reaction mixture was allowed to cool to rt then filtered through celite,
washing with CH2C12, and the fiItratf@”cmm@trated in vacuo. Purification of the residue by flash
column chromatogfgphy on silica gg 5P6 EtOAc/He)gane,m@ﬁ%‘fordadﬂﬂﬁiﬁbg (30%) of
desired product 17¢ 2. Depramme 18 foR4 3¥HF-pyridine (M) Was added to a
solution of silyl ethe P738 g, 3.63 0ol kisdvieCN (1 inraglastic bottle at 0 C. The reaction
was stirred at 0 C for 3 i, then was quenched with saturated aqueous NaHCO3 (250 mL). The mixture
was extracted with EtOAc (3 x 100 mL). The combined extractd Were washed with brine (100 mL) then
dried (Na2S04), filtered and concentrated in vacuo. Purification of the residue by flash column
chromatography on silica gel (1% -) 3% MeOH/CH2C12, gradient) afforded 464 mg (45%) of desired
alcohol 18. Step 3. Alkylation of alcohol 18 to give 19 [00138]Pgtassium hydride (44 mg, 1.10 mmol)
and 18-crown-6 (365mgd,38;mmol) were added seque tiaII a sdfitffton of alcohol 18 (315 mg,

0.92 mmol) in EHE nl) at 0 C, AfteBE£praf o', ethyl B=c Ifuran-2-carbeB@late (Q.28 mL,

1.82 mmol) wés gdded and the reactiorywgs allowed to wamk 1 . hrthe reactionavas
guenched with 0. Sii(of (20 mL)%{ exiractethwith EtOAC (3 x 25 mL) fCombined extracts were
washed with brine (§g mL) then dried (Na2S©4), filtered and cohBentrated in vacuo. Purification of the
residue by flash column chromatography on silica gel (20% EtOAc/Hexane -> EtOAc, gradient) afforded
148 mg (32%) of desired product 19. Step 4. Oxidative deprotection of 19 to give 20 and 21
[00139]2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ, 82 mg, 0.36 mmol) was added to a mixture
of 19 (143 mg, 0.29 mmol) in CH2CI2 (4 mL) and water (0.2 mL). oh' tic indicated that starting
material remained and a @ pottion of DDQ (82 mg, 0.362%3/ as added. After a further 1.25 h,

049/0

O

the reaction was quenaliet-wit O 2009/132088PCT/US 1388 ‘
e /O\ O _~ o (N
0
20 N\ __ 2

TPAP, NMO

4A mol. sieves 1. RMgX, THF
CH:Cly 2. LIOH, THF
QH

2. RCH,CH,0OH

OH
o R
o R 1. CICO,EL, Et5N, CHyCl
N

o) OwR o I
@]
n-pentyl 25 o n-pentyl 22
R= { Pr 26 bR=NTY R= -Pr 23
Bn 27 Bn 24

Example 6
Step 1. Arylation of 1 to give 17
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saturated aqueous NaHCO3 (20 mL). The mixture was extracted with EtOAc (3 x 20 mL). The
combined extracts were washed with brine (20 mL) then dried (Na2S04), filtered and concentrated in
vacuo. Purification of the residue by flash column chromatography on silica gel (CH2C12-> 3%
MeOH/CH2C¥2 Yfadiehtf afforded 38 mg (35%) of the desired alcohol 20%%6‘% YRGB itpure
aldehyde moﬂdphyohesz;lumm dﬂﬁimaamr nmﬁt@; preprativel tin [dydibehnen2iagtafoyolses

MeOH/CH2C12 oaffo 7.mgq (45 Ideh te Oxidation.of. 20 to give.
[00140]M 1 gl‘glg(} % ?ﬁb%x Of%o g%’gﬁn]% o&}eﬁ%erg ,'(i%lsﬁ}r%é%s;r]ls ©
tetrapropwamrﬁ’mammm:erﬂ,mﬁer@é (ﬁ@w%ﬂ?&mﬁymmmgeﬂﬁaﬁ@ ONEegoNEeN of
alcohol 20 %6

D) i bt A t e was
filtered throug%g g%%egwas méné)vg‘hgﬁé%%% jf%ﬁ‘%glil% f#étf&%@%ﬂceﬁr@?ﬁ%ﬁﬁgburlflcatlon
of the resitdd ypeomnaivetHin (32 0cArBAamehpia ceviulte OHIE FE2CHTY) BIFEHIEIOS mg (36%) of

the desired pidehyda %&m% &&H@H%E@@%&%ﬂﬁm&hmI%@%@@i@fn%mmyPentyl
magnesium bromide (2.0 M in Et20, 32 L, 0.064 mmol) was added to a solution of aldehgde 21(21.7

mg, 0.058HHE 19 TR/ (@ 4 i) Atermsidnioiah FRtsy Ve YRy it itiatiz B3R PR WEGuenched

with saturgiad asnaeisb40Iand erirsestivitbG2ER 3wy Mish Combinetrontacisapare dried

chromato ARG b CICH S MBS B T IO AU ealet CGeled,

Saponificatigadetdive 22 [00142]Aqueous lithium hydroxide (1 N, 0.1 mL) was added to a solution of
ester from step 6 above (8.8 mg, 0.02 mmol) in THF (0.2 mL). After 1 h at rt, the reaction was acidified
with 0.5 N$i&i 21 mgrmmiextcddtﬁmwe(}lazmz (3 x 7 mL). Combined extracts were dried

g:Noerlﬁs(SJA;l) &%@ ?fa %g&%’gjﬂ; af poung &%ﬁf%rr%d%ﬁ lg]&égﬁrﬁggetﬁjgfm co%n%%u%tﬁzgg

according t@©tainpleTNstep @LExamy@ch et eciid) 82 0BsPrepAlisR oG Glitregaat 0 °C for 3
h, then was guenched with saturated aqueous NaHCO; (250 mL). The mixture was
extracted with EtOAc (3 x 100 mL). The combined extracts were washed with brine
(100 mL) then dried (Na,S0O,), filtered and concentrated in vacuo. Purification of the

residue by flash column chromatography on silica gel (1% — 3% MeOH/CH:Cl;,
gradient) afforded 464 mg (45%) of desired aicohol 18.

Step 3. Alkylation of alcohol 18 to give 19

[060138] Potassium hydride (44 mg, 1.10 mmol) and 18-crown-6 (365 mg, 1.38
mmol) were added sequentially to a solution of aicohol 18 (315 mg, 0.92 mmol) in THF
(4 mL)at 0 °C. After 1 h at 0 °C, ethy! 5-chloromethylfuran-2-carboxylate (0.28 mL,
1.82 mmol) was added and the reaction was allowed to warm to rt. After 22 h, the
reaction was quenched with 0.5 N HC! (20 mL) and extracted with E1OAc (3 x 25 mL).
Combined extracts were washed with brine (50 mL) then dried (Na>S0y), filtered and
concentrated in vacuo. Purification of the residue by flash column chfomatography on
sitica gel (20% EtQAc/Hexane — EtOAc, gradient) afforded 148 mg (32%) of desired
product 19.

Step 4. Oxidative deprotection of 19 to give 20 and 21

[00139]  2,3-Dichloro-5,6-dicyano-1,4-benzogquinone (DDQ, 82 mg, 0.36 mmol) was
added to a mixture of 19 (143 mg, 0.28 mmol) in CH2Clz (4 mL) and water (0.2 mL).
After 3 h, tic indicated that starting material remained and another portion of DDQ (82
mg, 0.36 mmol) was added. After a further 1.25 h, the reaction was quenched with
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Step 1. Grignard reaction with 21 to give the ester of 23 [00144]Isopropyl magnesium chloride (2.0 M
in THF, 31 L, 0.062 mmol) was added to a solution of aldehyde 21 (20.5 mg, 0.055 mmol) in THF (0.4
mL) at -40 C under nitro%en. After 35 min, the reaction was quenched with saturated aqueous NH4CI

and extractel A CE2ER (3 x 7 mL). Combined extracts were dried (Na‘i%ﬁg)z,ﬁﬁ?t’g?éds 4nd

concentrased.hateacanu ddusfidatittlnf (@ meid T dynprieparatve tiadagor thiioiDdn §Baphf (5%
MeOH/CH2C12)-afforded. %) Of ired ester. St ificati e 23
[00145]Aq%%215 ui%k%ﬁ%ﬁ%%?o%ﬁeg {QQ I@,eég g‘g% r%%%vqg%%a%a'%ig@gﬁiﬁ%ﬁ %ﬁ#&ﬂgg égJ rla?‘r%’m step 1

above (3.1illagdoTaaentiataHip (@B mPyritatiantoathe heideadiofiasaseluidfied with 0.2 N HCI

4 P A A ). MBSO RSO0 r

concentrate %) of compound 23."Step 3. Compounds 26a and 26b

[00146]CdRPoLatteswsirerzoeche MPenddd mormtonipsariided e didimyderadampiwas step 5.

Example (ianayreastianiiinabyie ahr aissians) ALEHRmAZ0] MagRsium chicride
(2.0Min %&IE%?M%U L, 0.0 gjmr%%l) v\\llas aildde%ggo a solutioén oe%ﬁyde 21(9.6 nggz?(l)%% mmol) in

THF (0.3 .Y 80946 B Ri& dfhveR® 1After 45 min, the reaction was warmed to 0 C. After 25 min at 0
C, the reacliggon waéﬂaencheg itghsatur *ed aqueous NHA4CI and extracted with CH2CI2 (3 x 7 mL).
Combined™S& et NG 8¥af filtered and concentrated in vacuo. Purification of the

residue byqirepafatividicleoUayesieres tddtiog raghy4TietMadid/GhePad 2)-afidedgd 3.3 1avd(28%) of the

desired exier S(en 2SRRI RAHAL A9V RRABIASHS Y BV Rife 340,05 mb) was

added to amgca)? ion o
sequentially to a solution of alcohol 20 (26.8 mg, 0.072 mmol) in CH2Clz (1.5 mL) at rt.

After 20 min, the reaction mixture was filtered through celite, washing with CH2Clz (5
ml.). The fiitrate was concentrated in vacuo. Purification of the residue by preparative
thin layer chromatography (5% MeQOH/CH.Cliy) afforded 9.6 mg (36%) of the desired
aldehyde 21.

Step 6. Grignard reaction with 21 to give the ester of 22

f00141]  Pentyl magnesium bromide (2.0 M in Etz0, 32 L, 0.064 mmol) was added
to a solution of aldehyde 21 (21.7 mg, 0.058 mmol) in THF (0.4 mL) at — 40 °C under
nitrogen. After 25 min, the reaction was quenched with saturated aqueous NH,Ci and
extracted with CH.Cl, (3 x 7 mL). Combined extracts were dried (Na»S0O.), filtered and
concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography (5% MeOQH/CH,Cl,) afforded 10.6 mg (41%) of the desired ester.

Step 7. Saponification to give 22

[00142] - Aqueous lithium hydroxide (1 N, 0.1 mL) was added to a solution of ester
from step 6 above (8.8 mg, 0.02 mmol) in THF {0.2 mL). After 1 h at r, the reaction
was acidified with 0.5 N HCI (1 mL) then exiracted with CHClz {3 x 7 mL). Combined
extracts were dried (Na;SOs), filtered and concentrated in vacuo to afford 8.2 mg (98%)
of compound 22,

Step 8. Compounds 25a and 25b
[00143] Compounds 25a and 25b are prepared from compound 22 according to
Example 1, step 5.

Example 7
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ester from step 1 above (2.4 mg, 0.005 mmol) in THF (0.15 mL). After 2.5 h at rt, the reaction was
acidified with 0.2 N HCI (1 mL) then extracted with CH2CI2 (3 x 7 mL). Combined extracts were dried
(Na2S04), filtered and concentrated in vacuo to afford 2.2 mg (98%) of cq ogjnd . Step 3.
Compounds %7284 wo 2009/132088PCT/US2009/041389 [00149] COmpounds 27a and 27b

are prepatidgromGrignpalirehdoaceihdiigeqyrdinplestrsé@P. Scheme 4 30 OH tNc0."...AkfrO 0
29 [00144] Isopropyl magnesium chioride (2.0 M in THF, 31 L, 0.062 mmol) was
added to a solution of aldehyde 21 (20.5 mg, 0.055 mmol) in THF (0.4 mL}at - 40 °C
under nitrogen. After 35 min, the reaction was quenched with saturated aqueous NH4CI
and extracted with CH2Clz (3 x 7 mL). Combined extracts were dried (Na:S0y), filtered
and concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography ('5% MeOH/CH,CI,) afforded 5 mg (22%) of the desired ester.

Step 2. Saponification to give 23

[00145}  Aqueous lithium hydroxide (1 N, 0.05 mL) was added fo a solution of the
ester from step 1 above (3.1 mg, 0.007 mmol) in THF (0.15 mL). After 1 h at rt, the
reaction was acidified with 0.2 N HCI (1 mL) then extracted with CH2Cl; (3 x 7 mL).
Combined extracts were dried (Na»S0s), filtered and concentrated in vacuo to afford 2.5
mg (86%) of compound 23.

Step 3. Compounds 26a and 26b
[00146] Compounds 26a and 26b are prepared from compound 23 according to
Example 1, step 5.

Exampie 8
Step 1. Grignard reaction with 21 to give the ester of 24
[00147] Benzyl magnesium chioride (2.0 M in THE, 14 pL, 0.028 mmol) was added
to a solution of aldehyde 21 (9.6 mg, 0.026 mmol) in THF (0.3 ml.} at — 40 °C under
nitrogen. After 45 min, the reaction was warmed to 0 °C. After 25 min at 0 °C, the
reaction was quenched with saturated aqueous NH,Cl and extracted with CHxClz (3x 7
mL). Combined extracts were dried (Na»,S0.), filtered and concentrated in vacuo.
Purification of the residue by preparative thin layer chromatography (7% MeOH/CH:Cl)
afforded 3.3 mg (28%) of the desired ester.

Step 2. Saponification to give 24

[00148] Adqueous lithium hydroxide (1 N, 0.05 mL) was added fo a solution of the
ester from step 1 above (2.4 mg, 0.005 mmol} in THF (0.15 mL). After 2.5 h at rt, the
reaction was acidified with 0.2 N HCI (1 mL) then extracted with CH.Clz (3 x 7 mL).
Combined extracts wére dried (Na,S0,), filtered and concentrated in vacuo 1o afford 2.2
mg (98%) of compound 24.

Step 3. Compounds 27a and 27b
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1 1. PentylMgBr, Et20, THF 2. Rabbit liver esterase, pH 7.2 buffer, CH3CN Example 9 Step 1.
Alkylation of 18 to give 28 [00150]Potassium hydride (55.5 mg, 1.38 mmol) and 18-crown-6 (456 mg,
1.73 mmol) were added sequentially to a solution of alcohol 18 (394 mg, 1.15 mmozle in THE (5 mL) at
0 C. After 1 I ¥ %% ution of methyl 5-chloromethylthiophene-2- car@&&%ﬁ?é)(tg %“Vf?g, 2.30 mmol)
in THF (2 [od) 484s aduedpsancinBldacmadzlie asaptepeveasialioveechimwairddactofdieg 10 h, tic
analysis sEg\évngdist rti% aterial remained. Another portion of KH (20 mg, 0.50 mmol) was added and
the reaction aas WO 7132088PCT/US2009/041389 heated at 50 C. After 2 h at 50 C, the
reaction wgsigaled and quenched with 0.5 N HCI (20 mL) and extracted with EtOAc (3 x 25 mL).
Combined extracts were washed with brine (50 mL) then dried (Na2S04), filtered and concentrated in

vacuo. Purification.gfihegsidue by flash column chromatogr silica gel (15% EtOAc/Hexane ->
EtOAc, gradi ed 108 mg (9%rekeesired prodyct 2 ep 2. Oxidative #EProtectign of 28 to
0

give 29 and 0151]DDQ (91 mg, 0.40-mmol) was addet to a mixtyre of 28 (989,620 mmol) in
Qiater (0.15 m@@%ﬂ\me reactio a?/q@cﬁéﬁ\with saturated aqueous

CH2CI2 (3m
NaHCO3 (15 mi_gand extracted with EtOAc (3x 25 mL). Combi% extraets were washed with brine
(40 mL) then dried (Na2S04), filtered and concentrated in vacud. Purification of the residue by
preparative thin layer chromatography (5% MeOH/CH2C12) afforded 14.4 mg (19%) of alcohol 29 and
16.2 mg (22%) of aldehyde 30. Step 3. Grignard reaction with 30 to give the ester of 31 [00152]Pentyl
magnesium bromide (2.0 M in Et20, 22 pL, 0.044 mmol) was added to a solution of aldehyde 30 (11

mg, 0.029 mmol) in WFmD@i -40 C under nitrogen. Aftgr 1.m@action was quenched with
extracted with CH2CI2 (3 x 7 & ined extracts were dried
e [es

saturated aqueous N Lrl\‘
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Example 9
Step 1. Alkylation of 18 to give 28
[00150] Potassium hydride (55.5 mg, 1.38 mmol) and 18-crown-6 {456 mg, 1.73
mmol) were added sequentially to a solution of alcohol 18 (394 mg, 1.15 mmol) in THF
(5mL)at 0 °C. After 1 h at 0 °C, a solution of methyl 5-chloromethylthiophene-2-
carboxyiate (439 mg, 2.30 mmo!) in THF (2 mL) was added Via cannula and the
reaction was allowed o warm to rt. After 19 h, tic analysis showed starting material
remained. Another portion of KH (20 mg, 0.50 mmol) was added and the reaction was
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Step 4. Saponification to give 31 [00153]Rabbit liver esterase (134 units/mg, 1 mg) was added to a
solution of the ester from step 3 above (3.6 mg, 0.008 mmol) in MeCN (0.1 mL) and pH 7.2 buffer (2.5
mL). After 16.5 h at rt, the reaction was diluted with MeCN (7 mL) and concentrated in vacua The
residue was S pURAESHH cH2ClI2and filtered through a cotton plug. The fhfAe 8L toftentrated in
vacuo to afir@d & 8w 07 %iaf Torapsond 3heStemforCaapodidd 3Ad gndridPed0oili54]Edimpounds

32a and 3gh pre pronared rom compauRd AR LANND TEMBIh SIFRS: REEMERel/©
with brine (50 mL) then dried (Na;SQ.), filtered and concentrated in vacuo. Purification
of the residue by flash column chromatography on silica gei (15% EtOAc/Hexane —
EtOAc, gradient) afforded 108 mg (18%) of desired product 28.

Step 2. Oxidative deprotection of 28 to give 29 and 30

[06151] DDQ (91 mg, 0.40 mmo!) was added to a mixture of 28 (98 mg, 0.20 mmol)
in CH2Cl2 (3 mL) and water (0.15 mL). After 4.5 h, the reaction was quenched with
saturated agueous NaHCO; (15 mL) and extracted with EtOAc (3 x 25 mL). Combined
extracts were washed with brine (40 mL) then dried (Na>S0.), filtered and concentrated
in vacuo. Purification of the residue by preparative thin layer chromatography (5%
MeOH/CHCl,) afforded 14.4 mg (19%) of alcohol 29 and 16.2 mg (22%) of aldehyde
30.

Step 3. Grignard reaction with 30 to give the ester of 31

[06152] Pentyl magnesium bromide (2.0 M in Et;O, 22 pL, 0.044 mmol) was added
to a solution of aldehyde 30 (11 mg, 0.028 mmol) in THF (0.2 mi) at — 40 °C under
nitrogen. After 1.5 h, the reaction was quenched with saturated aqueous NH:Cl and
extracted with CH,Cl; (3 x 7 mL). Combined extracts were dried (Na;S0q), filtered and
concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography (5% MeOH/CH.Cl,) afforded 4.8 mg (37%) of the desired ester.

Step 4. Saponification to give 31 _
[00153] Rabbit liver esterase (134 units/mg, 1 mg) was added to a solution of the
ester from step 3 above (3.6 mg, 0.008 mmol) in MeCN (0.1 mL) and pH 7.2 buffer (2.5
mL). After 16.5 h at rt, the reaction was diluted with MeCN (7 ml.) and concentrated in
vacuo. The residue was suspended in CH;Cl, and filtered through a cotton plug. The
filtrate was concentrated in vacuo fo afford 2.0 mg (57%) of compound 31.

Step 5. Compounds 32a and 32b
[060154] Compounds 32a and 32b are prepared from compound 31 according to
Example 1, step 5.

Scheme 5
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34 35 OH Example 10 Step 1. Alkylation of 18 to give 33 [00155]Potassium hydride (16 mg, 0.39
mmol) was added to a solution of alcohol 18 (112 mg, 0.33 mmol) in THF (1.0 mL) at O C. After 1 h at
0 C, 18-crown-6 (114 mg, 0.43 mmol), potassium iodide (5 mg, 0.03 mm ign of methyl 3-
chloromethyrﬁgnzzggt%z(ﬂ%l mg, 0.66 mmol) in THF (0.5 mL) were addedoé)ggﬂgsr%%ﬁé/g}%?e reaction
was allowed o w After 19 h, the reaction was guen itbrdsa N HCI (10 mL) and

extracted with £ 3 x 10 mL). otBbiratteitfacts w ' h brine (15-m45[-)t%en@|ried
Zn @
it) afforg

(Na2S04), filtered %ﬂd concentrated in yaguo. Purificat f the regidle by flash cahtari20
chromatography vn'silica gel (20% Et0 exane EtOAc, gradierit) ed 23 mg (14%) of desired
product 33. Stefg2. Oxidative deprotectiori ofjg3 o give 34 [00158]DDQ %23 mg, 0.10 mmol) was
added to a mixture of 33 (23 mg, 0.047 mmof in CH2CI2 and water (20:1, 0.25 mL). After 3.75 h, the

reaction was quenched with saturated aqueous NaHCO3 (10 mL) and extractengwith EtOAC (3 x 7 mL).

Combined extra washed with brine (10 mL) then dried (Na2S04), filtered and concentrated in
vacuo. Pu icaﬁ@ﬁ% residue by prégaratNetiindaytr chromat ra@@ﬁ&%’%ex) afforded
13 mg (58A) fa eh34' 2. Rabbit liver esterase, N
© SN pH 7.2 buffer, CH,CN o OH
o
0
34 35

2. RCH,CH,OH

1. CICO,EL, EtgN, CH,Cly &Q/kM
N

5 a R= OH

36 b Rm@}

Example 10
Step 1. Alkylation of 18 to give 33
[060155] Potassium hydride (16 mg, 0.38 mmol) was added to a solution of alcohol
18 (112 mg, 0.33 mmol) in THF (1.0 mL) at 0 °C. After 1 h at0 °C, 18-crown-6 (114
mg, 0.43 mmol), potassium iodide (5 mg, 0.03 mmol) and a solution of methyl 3-
chloromethylbenzoate (121 mg, 6.66 mmol) in THF (0.5 mL) were added sequentially.
The reaction was allowed to warm to rt. After 19 h, the reaction was quenched with 0.1
N HCI {10 mL) and extracted with EtOAc (3 x 10 mL). Combined extracts were washed
with brine (15 mL) then dried (NaSQy), filtered and concentrated in vacuo. Purification
of the residue by flash column chromatography on silica gel (20% EtOAc/Hexane —
EtOAc, gradient) afforded 23 mg (14%) of desired product 33.

Step 2. Oxidative deprotection of 33 to give 34

{00156] DDQ (23 mg, 0.10 mmol) was added to a mixture of 33 (23 mg, 0.047
mmol) in CH,Cly and water (20:1, 0.25 mL). After 3.75h, the reaction was quenched
with saturated aqueous NaHCO3 {10 mL) and extracted with EtOAc (3 x 7 mL).
Combined extracts were washed with brine (10 mlL) then dried (Nax50,), filtered and
concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography {80% EtOAc/Hex) afforded 13 mg (58%) of aldehyde 34.
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WO 2009/132088PCT/1JS2009/041389 Step 3. Grignard reaction with 34 to give the ester of 35
[00157]Pentyl magnesium bromide (2.0 M in Et20, 50 pL, 0.10 mmol) was added to a solution of

aldehyde 34\%%'2&‘;}}52%%93934 mmol) in THF (0.1 mL) at -40 C under nitroggﬁ!%%%@og tige reaction

was quenched'w urated aqueous NH4CI (7 mL) and extracted with X 7 mL).
CombinedéractEvignerdriedciitargh B4 itagwe HelastecehB&ited in vacuo. Purification of the

esidue bygrepsalve i [ruer sbiomaleataay (1 MROLICHPGLY sided R sl o e

desired e p 4. ation to give 35 [00158]Rabbit liver esterase (134 units/mg, 1 mg) was

added to & selution of #icasts 3bMBepg.4bBed Mrehh Ot 101 ”f MEENGENGRIL) and pH 7.2

buffer (2.5 pbyenltetds h Al fictheatersinayasaiHifwifsMarhbimld arcaqnsentrated in vacuo.
Purification of the residue by preparative thin Iaéer chromatogra%hy (5% MeOH/CHZCH}I afforded 1.5
Sth, GonfyBl i

mg (21%) 3T LERIFGHRRY %E &S8P RRG S8B366 1881 BIRpdliRes 36a LigieSsh are

prepared ageprmpttsigdh ageotlimrugicatanpetie steidbe YWWQRr2DaPA138ABBRE/EIS2009/04 389

Scheme 6.0H atography (5% MeQH/CH,Cl,) afforded 8.6 mg (58%) of the desired ester.

Step 4. Saponification to give 35

[00158] Rabbit liver esterase (134 units/mg, 1 mg) was added to a solution of the
ester from step 3 above (7.4 mg, 0.017 mmol) in MeCN (0.1 mL) and pH 7.2 buffer (2.5
mL). After 18 h at rt, the reaction was diluted with MeCN (7 mL) and concentrated in
vacuo. Purification of the residue by preparative thin layer chromatography (5%
MeOH/CH.CIy) afforded 1.5 mg (21%) of compound 35.

Step 5. Compounds 36a and 36b
[001591 Compounds 36a and 36b are prepared from compound 35 according to
Example 1, step 5. |
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Example 11

Step 1. Grignard reaction with 30 to give the ester of 37

[00160] n-Butyl magnesium chioride (2.0 M in THF, 41 pL, 0.082 mmol) was added
to a solution of aldehyde 30 (20.2 mg, 0.054 mmol) in THF-{0.1 mL}) at — 40 °C under
nitrogen. After 1 h, the reaction was quenched with saturated aqueous NH4Cl (10 mL)
and extracted with CH.Clz (3 x 7 mL). Combined extracts were dried (Na;SOq), filtered
and concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography (5% MeQOH/CH,Cl,) afforded 12.3 mg (53%) of the desired ester.

Step 2. Saponification to give 37

[00161] Rabbit liver esterase (134 units/mg, 1 mg) was added to a solution of the
ester from step 1 above (11.2 mg, 0.026 mmol} in MeCN (0.1 ml.) and pH 7.2 buffer
(3.0 mL). After 19 h at rt, the reaction was diluted with MeCN (10 mL) and concentrated
in vacuo. The residue was suspended in 5% MeOH/CH,Clz and filtered through a

39



n-hexyl 42 R = n-propyl 43 ethyl 44

WO 2009/132088 ' PCT/US2009/041389
cotton plug. The filtrate was concentrated in vacuo to afford 10.7 mg (99%) of
compound 37.

Step 3. Compounds 41a and 41b
[00162] Compounds 41a and 41b are prepared from compound 37 according to
Example 1, step 5.

Example 12
Step 1. Grignard reaction with 30 to give the ester of 38
[00163] n-Hexyl magnesium bromide (2.0 M in Et;O, 100 L, 0.20 mmol) was added
to a solution of aldehyde 30 (24.6 mg, 0.054 mmol) in THF (0.12 mL) at — 40 °C under
nitrogen. After 1.5 h, the reaction was quenched with saturated aqueous NH4CI (10
mL) and extracted with CH»Cl> (3 x 7 mL). Combined extracts were dried (Na50y),
filtered and concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography (5% MeOH/CH,Cl;) afforded 16.3 mg (54%) of the desired ester.

Step 2. Saponification to give 38

[00164] Rabbit iiver esterase (134 units/rﬁg, 1 mg) was added to a solution of the
ester from step 1 above (13 mg, 0.028 mmol) in MeCN (0.1 mL) and pH 7.2 buffer (3.0
mL). After 18 h at rt, the reaction was diluted with MeCN (10 mL) and concentrated in
vacuo. The residue was suspended in 5% MeOH/CH,Cl, and filtered through a cotton
plug. The filirate was concentrated in vacuo to afford 11 mg (87 %) of compound 38.

Step 3. Compounds 42a and 42b
[00165] Compounds 42a and 42b are prepared from compound 38 according to
Example 1, step 5.

Example 13
Step 1. Grignard reaction with 30 to give the ester of 39
{060166] n-Propyl magnesium chloride (2.0 M in Et;0, 92 ub., 0.18 mmol) was added
to a solution of aldehyde 30 (22.9 mg, 0.061 mmol) in THF (0.12 mL) at — 40 °C under
nitrogen. After 1.75 h, the reaction was quenched with saturated aqueous NH4CI (10
ml) and extracted with CH2Cl, (3 x 7 mL). Combined extracts were dried (Nax504),
filtered and concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography (5% MeOH/CH,Ci,) afforded 13 mg (51%) of the desired ester.

Step 2. Saponification to give 39
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Example 11 Step 1. Grignard reaction with 30 to give the ester of 37 [00160]n-Butyl magnesium
chloride (2.0 M in THF, 41 pL, 0.082 mmol) was added to a solution of aldehyde 30 (20.2 mg, 0.054

mmol) in THE (0.1 mL) at -40 C under nitrogen. After 1 h, the reaction wag quQche/d with saturated
0 Ay 041389

agueous NH |28f6( fgand extracted with CH2CI2 (3 x 7 mL). CombinelaC Facts Wers dried

(Na2S 04 )R éttbiid dvemestenacentt dtedritsime, 4. iPg) iiestiatdetithe a esiddiebyfgrepastaivisain layer

h t 0 / f i 2.
Saponiticsta W S TR T R M e o e B L0  sorton o
the ester f#digr Siép atabdhe (eactiongvasodisiemivifiieetNi@nminhepasepenratedfeveseomL). After

19 hatrt, g F@@f&é@%@%ﬂ@(@%@(ﬁ%M%%@Q/E@HZ@B%@%@%@E%' Maruadhigilgsidue was
suspended in 5% MeOH/CH2C12and filtered through a WO 2009/132088PCT/US2009/041389 cotton

plug. The TitEatlrRigG@HERNERAEAIRAVANASYS B0 P B ERY W SPpBaHASH Step 3.
Compoundsefla anshddduHA1e24Geragunds 41a and 41b are prepared from compound 37 according

to E I tep 5. .
© xamp{eﬁ&i gﬁp Compounds 43a and 43b are prepared from compound 38 according to
Example 1, step 5.

Example 14
Step 1. Grignard reaction with 30 to give the ester of 40
[00168] thyl magnesium chloride (2.0 M in Efz0, 24 pL, 0.048 mmol) was added io
a solution of aldehyde 30 (5.8 mg, 0.016 mmol) in THF (0.1 mL) at — 40 °C under
nitrogen. After 1.25 h, the reaction was quenched with saturated aqueous NH4Cl (5
mL} and extracted with CH.Cl, (3 x 5 mL). Combined extracts were dried (Na>S0,),
filtered and concentrated in vacuo. Purification of the residue by preparative thin layer
chroematography (5% MeOH/CH,Cl,) afforded 2.5 mg (40%) of the desired ester.

Step 2. Saponification {o give 40

[00169] Rabbit fiver esterase (134 units/mg, 1 mg) was added {o a solution of the
ester from step 1 above (2.8 mg, 0.007 mmol) in MeCN (0.1 mL) and pH 7.2 buffer (2.5
mL). After 17 h at rt, the reaction was diluted with MeCN (10 mL.) and concentrated in
vacuo. The residue was suspended in 5% MeOH/CH.Cl, and filtered through a cotton
plug. The filirate was concentrated in vacuo to afford 2.7 mg (99%) of compound 40.

Step 3. Compounds 44a and 44b
[00170] Compounds 44a and 44b are prepared from compound 40 according to
Example 1, step 5.
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Example 12 Step 1. Grignard reaction with 30 to give the ester of 38 [00163]n-Hexyl magnesium
bromide (2.0 M in Et20, 100 L, 0.20 mmol) was added to a solution of aldehyde 30 (24.6 mg, 0.054
mmol) in THF (0.12 mL) at - 40 C under nitrogen. After 1.5 h, the reaction was quenched with
saturated aqf}' NIRRT, (10 mL) and extracted with CH2CI2 (3 x 7 mL).? € /M%ﬁ%"g!&"’&ﬁ?acts were
dried (NaZBdméiltered and concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography (5% MeQj¢H2C12) afforded 16.3 mg (54%) of the desired ester. Step 2.
Saponification to give.38{00164]Rabbit liyer,esterase (134 ynitsimg, 1 mg) was added to a solution of
the ester from tepg, 0.028vira|) in CH 7.2 butfesgdt0 mL). After
18 h at rt, the r%iﬂ;gﬂ:vas diluted with MeBMi{10 mLY'and concentrated in vactoy Ehe Tesidue was
suspended in 5% /CH2C12and filtered through plug. The filtrate was concentrated in
vacuo to afford 11 mg @@7%) of compound 38. Step 3. Compodfids 42a and 42b [00165] Compounds

42a and 42b are prepared from compound 38 according to Example 1, step 5. Example 13 Step 1. Gr
gnard reaction with 3Q,ta give the ester of 39 [00166]n-Propyl magsgsium chloride (2.0 M in Et20, 92

pL, 0.18 mmol) wag aglded to.a solytien Kf gldehyde 30 (22.9 . ol) in THF (0.12 mL) at -40
C under nit gehe reaétidir was quenched wi turated aqueous NH2€1 (10 mL)
and extractm CH2CI2 (3x 7 mL). @bined extracs were drigioky NagSO4), filtlered, swad
concentrated-i cuo. Purificatior”0 ey by preparative*thinstaygr chromatography (5%

MeOH/CH2C12) afféfled 13 mg (51%) of thé desired ester. Stepygy Sap®nification to give 39
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Example 15
Step 1. Oxidation of 45 to give aldehyde 46
[00171]  Dess-Martin periodinane (1.63 g, 3.83 mmol) was added to a solution of
alcohol 45 (1 43 g, 3.48 mmoal) in CH,Cl; (12 mL) at rt under nitrogen. After 1 h atri the
reaction was quenched with saturated agueous NaMHCO3 and saturated aqueous
NaHSO; (1:1, 100 mL). The mixture was extracted with CH;Cl; (3 x 150 mL). The
combined extracts were dried (Na,S0,), filtered and concentrated in vacuo. Purification
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WO 2009/132088PCT/US2009/041389 Rabbit liver esterase (134 units/mg, 1 mg) was added to a
solution of the ester from step 1 above (10.8 mg, 0.026 mmol) in MeCN (0.1 mL) and pH 7.2 buffer
(3.0 mL). After 17 h at rt, the reaction was diluted with MeCN (10 mL) and concentrated in vacuo. The
residue was‘é’&%i?@?(&@a% 5% MeOH/CH2C12 and filtered through a cottoﬁ??gﬂjﬁz;aﬁ{%ﬂﬁﬁ?ate was
concentradé dhig reatiee toyaftimsid ddluhmgieS¥@iof epmponrediss (Sie MBOEUCItatindsi#Bdeand 43b

[00167] C ounds 43a and 43b. are prepared from compound 39 according to Example 1, step 5.
?ﬁ%%r@ﬁéi oﬁpmg éesnrec? ﬁceﬁ%yénge z:{é..

Example Ignard reaction wi to give the ester of 40 [00168]Ethyl magnesium chloride

(2.0Min %@9,£4m&h ,Qﬁgﬂwlkw%%gg%%g golution Qf aldehyde 30 (5.8 mg, 0.016 mmol) in

THF (0.1 mL) at -40 C under nitrogen. After 1.25 h, the reaction was quenched with saturated aqueous

NH4CI (5 1987 2dld extheciabgtreesert® @M Bt .ddifiMe RAdratrol SrasRReING 2S04), filtered

and conceyjralsd #p Maen9d B uBfieationmgf ihesrasihigiby Preparative 4hin dayer chtpmaiegsenhy (5%
MeOH/CH2C12) afforded 2.5 mg (40%) of the desired ester. Stec%z. Saponification to_give 40

" [00169]RAMIAE IhBEstémhde IBASRGHSMRS FHE) NS RYRAFIECR ShiRRuRCHERd BRI Hdm step 1
above (2.8 fHGAIFrsanalbio e N I lvtantakbdidobusfer 2. 51m L AfEnd inix@ketwthe reaction
was diluted, with, MeCN, (10 mL) and .concentrated i uo. The residue was suspended.in 5%

o0 G B PR 68 i AT QU T i 0 B Sk AR o afford 2.7
mg (99%)vafocom pauifid4idn Steih S r&tmnpduntissézn anth4Hrd6@tGoIapbnposiids 3Rand 44b are

prepared {160, EOOHAS A BASSIURY IR ORI SIS 5B:Re YR GRV9H 2088PCT/US2009/041369

Step 3. Metathesis reaction of 47 to give alkene 48

[006173] Benzylidene[1,3-bis(2,4,6-trimethylphenyl)-2-
imidazolidinylideneldichloro(iricyciohexylphosphine)-ruthenium (Grubbs’ catalyst, 2nd
generation, 48 mg, 0.057 mmol) was added to a solution of alkene 47 (230 mg, 0.56
mmol) and methyl 5-allylthiophene-2-carboxylate (preparation 3, 206 mg, 1.13 mmol) in
CH,Cl2 (3.0 mL). The reaction mixture was heated at reflux for 4 h. The reaction
mixture was cooled to rt and more catalyst (48 mg, 0.057 mmol) and methyl 5-
allylthiophene-2-carboxylate (100 mg, 0.55 mmol) were added. The mixture was
heated for 18 h longer at reflux then cooled and concentrated in vacuo. Purification of
the residue by flash column chromatography on silica (5% —» 50% EtOAc/Hex,
gradient) afforded 100 mg (32%) of the desired alkene 48 along with 130 mg (67%) of
the starting alkene 47.

Step 4. Oxidative deprotection of 48 to give 48 and 50

[00174] DDQ (58 mg, 0.26 mmol) was added to a mixture of 48 (130 mg, 0.23
mmol} in CHxCl (3.1 mL) and water (0.16 mL) at O °C under nitrogen. After 45 min, the
reaction was quenched with saturated aqueous NaHCO; (40 mL). The mixture was
extracted with EXOAc (3 x 30 mL). The combined extracts were washed with brine (25
mL) then dried (Na,S0Qs), filtered and concentrated in vécuo. Purification of the residue
by flash column chromatography on silica (50% — 75% EtOAc/Hex, gradient) afforded
28 mg of an inseparable mixture of starting material 48 and ketone 49, and 63 mg
(62%) of the desired alcohol 50.

Step 5. Saponification of 50 to give 51
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Scheme Example 15 Step 1. Oxidation of 45 to give aldehyde 46 [00171]Dess-Martin periodinane
(1.63 g, 3.83 mmol) was added to a solution of alcohol 45 (1.43 g, 3.48 mmol) in CH2CI2(12 mL) at rt
under nitrogen. After 1 h at rt the reaction was quenched with saturated agueous NaHCO3 and
saturated aqi€otfeN %03 (1:1, 100 mL). The mixture was extracted Wit%chﬁﬁ%ffﬁ/?é}ig%o mL). The
combinedjeatrasts wershtlietdNast&@4g, (filteredianed gohoeyitresechiiteadcoca BoititicatmiresiéO

2009/132088PCMJS2009/041389. of th idue by flash n chr tograp ifi %
MeOH/CH B o QOSTETRY HOMBD) e Gl Sty S T re o i 2 46 o
give alkemd, 47%[0ETRIT ha elildedertiehteOMN (9 inl T EIE] sBGentrakd3mvanipwasaderidud a
solution of al 7 Mg, gﬁ e i - 4 itr - 1hat-40
C the rea({nt%%gvgég%ﬁ%éﬂe']dﬁg%gg ition o%%a%ggﬁtgzr%ﬂd%’ﬁg&?ﬁéoﬁe@%'siigr%]g@%%rously
overnight wéth ¢haceadisitsd &1 YaEQ1S Aflordihe mtdreaas stierrtftAlgh celite, washing with
excess EtOAc. The filtrate was concentrated in vacuo. Purification of the residue by flash column
chromato@r%ﬁ’l- o%%ﬂﬁ%@t%%ﬁ)%”%?&%mex) afforded 254 mg (38%) of the desired alkene 47. Step

3. Metathggpmsiction ohddiads \s2alkraS 28 00 brajaenriite rethbbin(254 Sctdmnitgyipheny1)-2-
imidazolidinylidepeldichloro(tricyclohexylphosphine)-ruthenium (Grubbs' catalyst, 2nd generation, 48
mg, 0.057'%%/ %v&ssg% d to a solution of alkene 47 (230 mg, 0.56 mmol) and methyl _
5-allylthiophene-2-carboxylate (preparation 3, 206 mg, 1.13 mmol) in CH2CI2 (3.0 mL). The reaction
mixture was heated at reflux for 4 h. The reaction mixture was cooled to rt and more catalyst (48 mg,
0.057 mmBphemedethyl 5- allylthiophene-2-carboxylate (100 mg, 0.55 mmol) were added. The
mixture was heated for 8.1 longer at reflux then cogled and concentrated in vacuo. Purification of the

residue by flash columrichrQ

atography on sil % EtOAc/Hex, gradient) afforded 100 mg
(32%) of the esirlkene 48 along with} 3;0 (57%) of the starting a&ene 47.
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Example 16



Step 4. Oxidative deprotection of 48 to give 49 and 50 [00174]DDQ (58 mg, 0.26 mmol) was added to
a mixture of 48 (130 mg, 0.23 mmol) in CH2CI2 (3.1 mL) and water (0.16 mL) at O C under nitrogen.

After 45 min ghe reaction was quenched with saturated agueous NaHCO]gﬁ(%%Q . 1;;15{ ixture was
extracted Wiﬁ%%fﬁ%@i??(g% mL). The combined extracts were washed with brine é m Sgnthen dried

(Na2SO4 g tiitete daaidbton e riiBat@daifowh880. Purification of the residue by flash column

of st Ll 2 S R L8 e S TR L E e e

of starting-mater esired alcohol 50. Step 5.

Saponific48o® & g t6.§iv& BInaly D 20001k 3reteREeTIRE 20080 M3y [00TTBIREBR{YRer esterase

(134 units}éﬁ@eﬂnmémsmeﬁs%ﬁtﬁ@%m;&ﬁ GRS RBABEAWIR S8 M@mPRdnddeEN (0.2 mL) and
pH 7.2 buffer (2.5 mL). After 15.5 h at rt, the reaction was diluted with MeCN (8 mL) and concentrated

in vacuo. NAEI R Gekds Thepaides wasoestiaeind it EXASHS i b thiOGFPTe8Esh plug. The

filtrate wag,gpnagWeHedSNREWIOARErh 3L MBeB4PofireD o) miterbdSies orcentrsisads 52a
el PERHESRR ST 1S58 B DL BRErSVe T RGN R ora RS oA d P

EtOAc/Hex) afforded 1.5 mg {28%) of desired ketone 49.

Step 2. Hydrogenation of 49 to give ester 53

[00178] Palladium on carbon (10 wt. %, 1 mg) was added to a solution of alkene 49
(1.5 mg, 0.0034 mmol) in methanol (0.5 mL). A hydrogen atmosphere was established
by evacuating and refilling with hydrogen (3x) and the reaction mixture was stirred
under a balloon of hydrogen. After 2 h at rt, the reaction mixture was filtered through
celite, washing with MeQH, and the filtrate was concentrated in vacuo to afford 1.3 mg
{86%) of desired ester 53.

Step 3. Saponification of 53 to give 54

[00179] Rabbit liver esterase (134 units/mg, 1 mg) was added to a solution of ester
53 (1.3 mg, 0.0029 mmol) in MeCN (0.1 mL) and pH 7.2 buffer (2.5 mlL). After 23 h at
rf, the reaction was diluted with MeCN (10 mL) and concentrated in vacuo. The residue
was suspended in 10% MeOH/CH,Cl; and filtered through a cotton plug. The filtrate
was concentrated in vacuo to afford 1.2 mg (85%) of compound 54.

Step 4. Compounds 55a and 55b
[06180] Compounds 55a and 55b are prepared from compound 54 according to
Example 1, step 5.

Scheme $
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Example 16 WO 2009/132088PCT/US2009/041389 Step 1. Oxidation of 38/39 afford 39 [00177]DDQ
(5.5 mg, 0.024 mmol) was added to the mixture of ether 48 and ketone 49 (6.8 mg, 0.012 mmol) in
CH2CI2 and water (20:1, 0.25 mL) at room temperature under nitrogen. Afger 1.5 h, the reaction was
guenched wi P (53[%0c§gaqueous NaHCO3 (5 mL). The mixture was extrac é‘és\%\{/}l?ﬁmé%aﬁc (3x5mL).

The combined extracts wergwashed with brine (5 mL) then dried (Na2S0O4),iltered and concentrated
in vacuo. Purificatign ;@jem\y@by prepagativethin layer chromatog OAc/Hex)
afforded 1.5 mg (Zgnﬁjo,q esired ketone 49.:8Btepy@erHydrogenation o give ester 53

[00178]Palladium o0 wb A), 1 mg) was added to a soluti ¢4.5 mg, 0.0034
mmol) in methanol (0.5 mL). A hydrogen atmosphere was established by evacuating and refilling with
hydrogen (3x) and the reaggon mixture was stirred under a balloon of hydroggn. After 2 h at rt, the
reaction mixture was filtered through celite, washing with MeOH, and the filtrate was concentrated in
vacuo to afford 1.3 mg (86%) of desired ester 53. Step 3. Sapgnification of 53 to give 54 [00179]Rabbit
liver esterase (134 units/mg, 1 m%} was added to a soluti (2.3 mg, 0.0029 mmol) in
MeCN (0.1 mL) and pH 7.2 buffér (25 hl). After 23 R at e reaction was diluted with MeCN (10
mL) and concentrated in vacuo. THeRfEsidge was su NndeMIp%;MeOH/CHZClZ and filtered
through a cotton plug. The filtrate was concentrated in vacuo to %ff‘od‘fz\‘?ng (95%) of compound 54.
Step 4. Compounds 55a and 55b [00180]Compounds 55a and 55b are prepared from compound 54
according to Example 1, step 5. o7 b n:;;;;\(,)

Example 17
[06181] Rabbit liver esterase (134 units/mg, 1 mg) was added to a solution of ester
53 (0.6 mg, 0.014 mmol) in MeCN (0.1 mL} and pH 7.2 buffer (2.5 mL). Afier 17 hatrt,
the reaction was diluted with MeCN (8 mL) and concentrated in vacuo. Purification of
the residue by preparative thin layer chromatography (4% MeQOH/CH:Cly) afforded 1 mg
(17%) of compound 56. Compounds 57a and 57% are prepared from compound 56
according to Example 1, step 5.

Scheme 10
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Scheme 9 WO 2009/132088 0 PCT/US2009/041389 0  Rabbit liver esterase pH 7.2 buffer, CH3CN

WO 2609/132088 PCTAIS2009/041389
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Examples 18
[00182] The two diastereomers (58, ~100 mg) were separated on a Waters 600
HPLC instrument employing a Waters 2996 PDA detector and 2 Whatman Partisi® 10
M20/50 column, 22 mm x 500 mm (Cat. No. 4232-220, Q.A. No. 3TA0ZD80). Using
60% EtOAc/Hex as the eluent and a flow rate of 15 mlL/min, the first diastereomer (59,
32.8 mg total isolated) eluted at 55-60 min, and the second diastereomer (60, 52.6 mg
total isolated ) eluted at 61-70 min.

_ Example 19
[00183] Aqueous 1 N lithium hydroxide (0.05 mL, 0.05 mmol) was added to a
solution of faster eluting ester diastereomer 59 (2.7 mg, 0.0057 mmol) in THF (0.1 mL)
and the mixiure was heated at reflux overnight. After 17 h, the reaction was cooled to



a R= OH 57b Example 17 [00181]Rabbit liver esterase (134 units/mg, 1 mg) was added to a solution

~ of ester 53(0.6 rug, 0.014 mmol) in MeCN (0.1 mL) and pH 7.2 buffer (2.5 mL). After 17 h at rt, the
reaction was diluted with MeCN (8 mL) and concentrated in vacua Purification of the residue by
preparative iR FS%IRMBmatography (4% MeOH/CH2C12) afforded 1 m§Y 8B Edfpound 56.
Compoungs i@t ecs prepaeesié einiqemnound skireceilinghe Bxamdes step SiHecheme
10 Examples 18 [00182]The two diastereomers (58, -100 were separated on a Waters, 600 HPLC
instru men?@ﬁﬁﬂ%&r@%ﬁbﬁty&r % Qgﬁ%ﬁéitﬁ%ﬁ %r\%ﬁéﬂ%%ﬁrlgge?ﬁéﬂd’ 9 %\%%’E{({)?u%nn 22
mm X 500mign(1(I044.) Nbcdi232 2206 Q. A dNpARTHAS BDS @) dUSBin 66 Y- EffeAx] rexnasothparlodnt and a
flow rate %&%@T@E@é@%&%ﬁé@% $8r§er (59, 32.8 mg total isolated) eluted at 55-60 min, and the

second diastereome mg to <E:1 isOlated ) eluted at 61-70 min. Example 19 [00183]Aqueous 1

N lithium hydroxide (0.05 mL, 0.05 mmol) wasgggﬁglgjz@solution of faster eluting ester diastereomer

59 (2.7 mg, 0.0057 mmol) in THE (0.1 mL) and the mixture was heated at reflux overnight. After 17 h,
the reactidRAA8¢lcooraugrusd Mot itgdsprdds (580604 pgmol) was added to & -

solution of slower eluting ester diastereomer 66 (2.8 mg, 0.0059 mmol} in THF (0.1 mL)
and the mixiure was heated at reflux overnight. After 23 h, the reaction was cooled to
rt, acidified with 0.05 N aqueous HCI (5 mL) and extracted with CHxCl; (3 x5 mL). The
combined extracts were dried (Na;S04), filtered and concentrated in vacuo to afford 1.7
mg (67%) of cdmpound-ﬁz. Compounds 64a and 84b are prepared from compound 62
according to Example 1, step 5.
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rt, acidified with 0.05 N aqueous HCI (5 mL) and extracted with CH2CI2 (3 x 5 mL). The combined
extracts were dried (Na2S04), filtered and concentrated in vacuo to afford 2.5 mg (100%) of

compound 61. Com}oounds 63a and 63b are prepared from compound 61 accordin to Example 1,
step 5. Exarﬁ%?@% f@%ff§4]Aqueous 1 N lithium hydroxide (0.05 mL, O. oé’ﬁ%‘%ﬁ% ¥58%ed to a
solution ofslograe dliiting ester diastereomer 60 (2.8 mg, 0.0059 mmol) in THE (0.1 mL) and the

mixture was heated at reflux overnight. After 23 h, the reaction was cooled to rt, acidified with 0.05 N
aqueous HCI (5 mL¥ and extracted with CH2CI2 (3 X 5 L). The combined extragts were dried
(Na2S04), filte ntrateghip vacuodo afforg 1:7 mg (67%) of co 162” Compounds

64a and 6 repared from cempotrd 6 ording to Example 1/step 5. WG
2009/132 /523009/041389 Scheme xteice of diaste i
diastereomer)(slowersel ing diastereomer) 1 Rabbit liver esterase pH 7.2 buffer, CH

aster eluting
CN 1 Rabbit
liver esterase pH 7g& buffer, CH3CN 00 70a R= Og#/1 67
{mixture of diastersomers) {faster eluting diastereomer)  (slower eluting diastereomer)

Rabbil liver esterase Rabbit liver esterase

pH 7.2 buffer, CHRCN pH 7.2 buffer, CH,CN
o} o

o /@/k/\/\ o /@)\/\/\
N + N
7 M. on 7 Do
8 S
e}
68 © 69

1. CICOEL, EtgN, CH2Chy 1. CIGOEL, EtN, CHCly
2. RCH;GH0OM 2. RCHzGHZ0H
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o /@J\/\/\ o /@)\/\/\
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O s O TR
Q o}
70 a R=0H 71
b R= N
O

Exampies 21 _
[00185]. The two diastereomers (65, ~43 mg) were separated on a Waters 600
HPLC instrument employing a Waters 2996 PDA detector and a Whatman Partisil® 10
M20/50 column, 22 mm x 500 mm (Cat. No. 4232-220, Q.A. No. 3TA02D80). Using
55% EtOAc/Hex as the eluent and a flow rate of 15 mL/min, the first diastereomer (66,
16 mg) eluted at 68-75 min, and the second diastereomer (67, 19 mg) eluted at 80-88
min.

Example 22
[00186] Rabbit liver esterase (134 units/mg, 2 mg) was added to a solution of faster
eluting ester diastereomer 66 (16 mg, 0.036 mmol) in MeCN (0.2 mL) and pH 7.2 buffer
(3.0 mL). After 18 h at rt, the reaction was diluted with MeCN (10 mL) and concentrated
in vacuo. The residue was diluted with CHzCl2 (5 mL), filtered through a plug of glass
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b R= N'Th Examples 21 [00185]The two diastereomers (65, -43 mg) were separated on a Waters 600
HPLC instrument employing a Waters 2996 PDA detector and a Whatman Partisil0 10 M20/50 column,
22 mm x 500 mm (Cat. No. 4232-220, Q.A. No. 3TA02D80). Using 55% EtQAc/Hex as the eluent and
a flow rate o fE2MY/f8the first diastereomer (66, 16 mg) eluted at 69-75 M Ahd the second
diastereomes|(6rd t3moghiehitedar80u88 MinfiExdonpiétda [eelide]Rppbipiaretestomasayer34 units/mg,

2 mg) was added to a solytion of fas, i diastereomer 66 (1 : [) in MeCN
(0.2 mL) éﬁ&oﬁnﬁ @@Ve%%@@%ﬁﬁgfﬁwgﬁﬁﬁe 'gg‘i |®1 ?Nf%)é f@tﬁ%mvﬁtmégmlo mL) and
concentragechifouad 8s. Themesidnes wdr dihadd iy heQr @245 o) clitterednd Gliagtcarplog Bf glass
WO 2009/13208 P1CT US§009/041389 WO001 and concentrated in vacuo. Purification of the residue by
preparativ il gyérsc%?orhatography (Et0AC 25% MeOH/EtOAC, gradient) afforded 12 mg (77%) of
compound 68. Compounds 70a and 70b are prepared from compound 68 according to Example 1,
step 5. Example 23 [00187]Rabbit liver esterase (134 units/mg, 2 mg) was added to a solution of
slower eluting ester diastereomer 67 (19 mg, G¥2HRIESS in MeCN (0.2 mL) and pH 7.2 buffer (3.0

mL). Afted@ilg At It, Esesacionssasaiutegwitiiag P (H9 ynasaastieanoentistabinoratned he
e e e
MeOH/Et0Aq grayiextpafigtidad i Grieme (hievoyves aivtpdunithGdeCnipd unldseritacancefiratarke
prepared ]:Ro\rrgccu%m%%nl%g U%cgv%rg '&%80’5 %Eﬁ“@l%&f{% Qni)ﬁﬁ%%gbetﬂr?ough a plug of glass
wool and concentrated in vacuo. Purification of the residue by preparative thin layer
chromatography (EtOAc — 25% MeOH/EtOAc, gradient) afforded 10.5 mg (57%) of
compound 68. Compounds 71a and 71b are prepared from compound 69 according to

Example 1, step 5.

Scheme 12
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| 1. CICO2Et, Et3N, 0H2C12 2. RCH2CH20H 1 1. CICO2Et, Et3N, CH2CI2 2. RCH2CH20H 0 0 n0-
-s- 0 81 WO 2009/132088PCT/US2009/041389 Example 24

WO 2009/132088 ' PCT/US2009/041389

Example 24
Step 1. Arylation of 1 fo give 72
[00188] Pdz(dba)s (550 mg, 0.60 mmol), xantphos (1.04 g, 180 mmol) and Cs,CO3
(5.87 g, 18.0 mmol) were added sequentially to a solution of amide 1 (3.45¢g, 15.0
mmol) in 1,4-dioxane (100 mL). A solution of 1-(1-(4-methoxybenzyloxyheptyl)-4-
bromobenzene {preparation 4, 5.30 g, 13.54 mmol) in 1,4-dioxane (50 mL) was added
via cannuia. The reaction mixture was purged with nitrogen then heated at reflux
overnight. After 17 h, the reaction was cooled to rt and filtered through celite, washing
with CH2Cl.. The filtrate was concenirated in vacuo and the residue was puritied by
flash column chromatography on silica gel (5% — 35% EtOAc/Hexane, gradient) to
afford 5.26 g (72%) of the desired product 72.

Step 2. Deprotection of 72 to give 73

[00189] HF-pyridine (8.8 mL) was added to a solution of silyl ether 72 (5.26 g, 9.74
mmol} in MeCN (50 mL) in a plastic bottle at 0 °C. After 45 min at G °C, the reaction
was quenched with saturated aqueous NaHCO; (400 ml.). The mixture was extracted
with EtOAc (3 x 200 mL). The combined extracts were washed with brine (200 mL)
then dried (Na;S0.), filtered and concentrated in vacuo. Purification of the residue by
flash column chromatography on silica (CH:Clz — 5% MeOH/CH.Cls, gradient) afforded
3.9 g (94%) of the desired alcohol 73 as a pale yeliow solid.

Step 3. Alkylation of 73 to give 74

[00190] A round bottom flask was charged with potassium hydride (30 wt% in oil,
138 mg, 1.03 mmol). The material was washed with hexanes (3 x 1 mL), then
suspended in THF {1 mL). The mixture was cooled to 0 °C and a solution of aicohol 73
{339 mg, 0.80 mmol) in THF (1.5 mL) was added via cannuta. After 1hat0°C, a
solution of isopropyl 5-chloromethyithiophene-2-carboxylate (preparation 2, 174 mg,
0.80 mmol) in THF (1.5 mL) was added via cannula. Potassium iodide (14 m'g, 0.08
mmol} was added and the reaction was allowed to warm to rt. After 18 h, the reaction
was guenched with saturated aqueous NH.CI (15 mL) and extracted with EtOAc (3 x 25
mL}). Combined extracts were washed with brine (15 mL) then dried (NazS0,), filtered
and concentrated in vacuo. Purification of the residue by flash column chromatography
on silica gel (20% — 75% EtOAc/Hexane, gradient), followed by preparative thin layer
chromatography (65% EtOAc/Hexane) afforded 65 mg (14%) of desired product 74.



Step 1. Arylation of 1 to give 72 [00188]Pd2(dba)3 (550 mg, 0.60 mmol), xantphos (1.04 g, 180 mmol)
and Cs2003 (5.87 g, 18.0 mmol) were added sequentially to a solution of amide 1(3.45 g, 15.0 mmol)
in 1,4-dioxane (100 mL). A solution of 1-(1-(4-methoxybenzy|oxyheptyl)-%@mm%&zlggbe (preparation
4,5.30 ¢, 13%%%%8}%%81,4-&%%63 (50 mL) was added via cannula. The reaction mixture was
purged wiltamitdogBnitiatinehaeprotetieo Déderdgina. 7&fter 17 h, the reaction was cooled to rt and

fitered tigygh fHelepMeEsiagau i o3 1Rty Jbe SliseieyaseRnaitiemdss vagLe i esiue

was purifi sh colu hromatography on silica gel (5%35% EtOAc/Hexane, gradient) to afford
5.26 g (72965 BtHe (ekirdd preouater A0E 5 2) BEPr&tetifer Hitosen gitd e do1BolRf-pyridine (8.8

mL) was agdaehio\RsaiutiarRisiiketaas-dR(Patfish % Mamoo) (PoMeGMHE rlakiadvatastic bottle at
0 C. After 45 min at 0 C, the reaction was quenched with saturated aqu ?éjs wbccﬁi\g 0 mL). The
5’@@& SR P

mixture wEEXE & tedWith EBRRPHRDEIAES MREEKATDRSY B g brine (200
m%) then r?ﬁé%@@?ﬁ%bdiﬁﬁ?e@b?a&@@?é@mﬁr&mm W&aﬂuﬂf&aﬂgn&zﬁnﬂm tqasf(tfm by flash ot
column chromatography on silica (CH2CI2 -> 5% MeO 2, gradient) affor 4%) of the
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flask was ggiesdraifferninssjemdhystideoapid460%iET38MexbAS) mifoolled B8 MaESEbvas
washed with hexanes (§§< 1 mL), then suspended in THE (1 mL). The mixture was cooled to 0 C and a
solution of Fc%HBP‘?%d( 9 mg, 0.80 mmol) in THF (1.5 mL) was added via cannula. After 1 hat0 C, a

solution of isopropyl 5-chIoromethylthiophene&gmﬁw@e (preparation 2, 174 mg, 0.80 mmol) in
THE (1.5 mL) was added via cannula. Potassium iodide (14 mg, 0.08 mmol) was added and the

reaction W88 t8lved Thenmoriasieranmets (@ SirSfoasionermeanaaiamenatiVeriz 488 aqueous
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56.5-70 min.

Example 26 _
[00193]  Aqueous 1 N lithium hydroxide (0.05 mL, 0.05 mmol) was added to a
solution of faster eluting ester diastereomer 76 (3.5 mg, 0.0072 mmol) in THF (0.1 mL)
and the mixture was heated at reflux overnight. After 18 h, the reaction was cooled to
rt, diluted with water (2 mL), acidified with 1.0 N aqueous HCI (1 mL) and extracted with
EtOAc (3 x 5mL). The combined extracts were washed with brine (5 mL), dried
(Na»SO0,), filtered and concentrated in vacuo to afford 3.0 mg (94%) of compound 78.
Compounds 80a and 80b are prepared from compound 78 according to Example 1,
step 5. |

Example 27
[00194] Aqueous 1 N lithium hydroxide (0.05 mL, 0.05 mmol) was added to a
solution of slower eluting ester diastereomer 77 (3.5 mg, 0.0072 mmol) in THF (0.1 mL)
and the mixture was heated at reflux overnight. After 18 h, the reaction was cooled to
rt, diluted with water (2 mL), acidified with 1.0 N aqueous HCI (1 mL) and extracted with
EtOAc (3 x 5 mL). The combined extracts were washed with brine (5 mL)}, dried
(NaxS0.), filtered and concentrated in vacuo to afford 3.2 mg (89%) of compound 79.



in CH2CI2 (1.4 mL) and water (0.07 mL) at O C under nitrogen. After 40 min, the reaction was
guenched with saturated agueous NaHCO3 (20 mL) and extracted with EtOAc (3 x 20 mL). Combined
extracts were washed with brine (15 mL) then dried (Na2S04), filtered a ntr in vacuo.
Purification of the' fe&igte by flash column chromatography on silica gel ( Sgigé%ﬁ}%%Ac/Hexane,
gradient), Galfopmehtly Blepemdtf/tbtain kippactddmacpapopic 00 Eoxding iamaatdeded 36 mg
(69%) of gsg%olﬁ_und 75. Examples 25 [00192]The two diastereomers (75, -36 mg) were separated on a
Waters 6 LC instrument employing a Waters 2996 FDA detector and a Whatman PartisilO 10
M20/50 column, 22 mm x 500 mm (Cat. No. 4232-220, Q.A. No, 3TA02D80). Using 60% EtOAc/Hex as
the eluent and a flow rate of 15 mL/min, the first diastereomer (76, 14.8 mg) eluted at 50-56.5 min, and
the secongd¢hasteragmer (77, 16.4 mg ) eluted at 56.5-70 min. Example 26 [00193]Aqueous 1 N

lithium hydroxide (0.05 mL, 0.05 mmol) was added to a solution of faster eluting ester diastereomer 76
(3.5 mg, 0.0072 mmol) in THE?Y0.1 mL) and the mixture was he at reflux overnight. After 18 h, the
reaction was coolagl to ilu it watebé2oms), acigifie;mggw"aq’ueo%gbhg&g mL) and
extracted with EtOé’:r( mL). The commtractm ashed with brine—ﬁ?—ml:), dried
(Na2304), filtered centrated in vacuo to afford (94%) of compoun 78. Compounds
BOa and BOb are prepar%from compound 78 according to mple 1, steps. Example 27
[00194]Aqueous 1 N lithium hydroxide (0.05 mL, 0.05 mmol) added to a solution of slower eluting
ester diastereomer 77 (3.5 mg, 0.0072 mmol) in THE (0.1 mL) and the mixture was heated at reflux

overnight. After 18 h, the reaction was cooled to rt, diluted with water (2 mL), acidified with 1.0 N
aqueous HCI (1 mL) anggxtracted with EtOAc (3 x 5 mL). The compised extracts were washed with

brine (5 mL), dried tered-ancbeorcgntrated in va mg (99%) of compound
79. WO 2009{13 PCT/US2009/041889:Compounds 1 81b are prepared #¥8m compound 79
according to Ex m/ple 1, step 5. Schﬂ/l\éPMOM A CHyClp. HO
& S ~ s ~
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7382 WO 2009/132088PCT/US2009/041389 Example 28 Step 1. Oxidation of 73 to give aldehyde 82
[00195]1-(3-(Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI, 1.43 g, 7.45 mmol) and
DMSO (0.70 mL, 9.86 mmol) were added sequentially to a solution of alcghol 06 g, 2.48 mmol)
in benzene (W?%’B?’é?ﬁsﬁnder nitrogen. After 10 min at rt, pyridinium trifllfgrgzofa[gé%?%@% mg, 2.73
mmol) was added. After 3 h at rt, the solution Basrdpba@ted from the oily residue and the residue was

washed V\Ig{é nzZgne, éﬁ' gb]éfmoén% %%’gpyzleed@enzene phases were concentrated in vacuo.

Purification of the resi _ lumn chromatography on silica (CH2CI2-> 3% MeOH/CH2C12,
gradient) EMYEBH 1.0 -434B%s )8 tissnieapren ddeadcerbatipideMpthoftriim Eliltd dve alkene

83 [00196]The & ahhe 1epeeai8d ¥ 1o HiF o/l Fﬂhno'f’y5\1@@‘936’5@%@5@6@&%@@%"ek%ﬁi_@ﬁ aldehyde
82 (1.0 g,2.36 mmol) in THE (16 mL) at -40 C under nitrogen. After 1 h at -40 C the reaction was

quenchedb#8aBRIdR &1 A8Lectéd RS ZENR (32 Ad-S @B ORRI B TG e AfiGh \HitAthe

addition o{Tiim(AGiMkh Fhecrbstsawasiiftergd 2reuehesiias waganoAvith excesstRHRAC. The

filtrat centrated i . Purificati fth ' by flash col h h ili
(40%% EIOREINBE U0 AT FTD%5 b S R AEE HRIFREE Sep S THE LR AR of 83 t

give alkeng 84 HOAILY7[Grekbsiisieeariskgeereatitmseatalys (38cagirotéd inmaweip whsriduéidrio a
of the residue by flash column chromatography on silica (CH2Clz — 3% MeOH/CH;Cl2,
gradient) afforded 1.0 g (95%) of the desired aldehyde 82.

Step 2. Methylenation of 82 to give alkene 83

[00196] The Tebbe reagent (0.5 M in THF, 7.0 mL, 3.5 mmol) was added to a
solution of aldehyde 82 (1.0 g, 2.36 mmol) in THF (16 mL) at — 40 °C under nitrogen.
After 1 h at — 40 °C the reaction was quenched by addition of aqueous 2 N NaOH (5.25
mL) and stirred vigorously overnight with the addition of THF (20 mL). The mixture was
filtered through celite, washing with excess EtOAc. The fiitrate was concentrated in
vacuo. Purification of the residue by flash column chromatography on silica (40%
EtOAc/Hex) afforded 195 mg (20%) of the desired alkene 83.

Step 3. Metathesis reaction of 83 to give alkene 84

[00197] Grubbs’ second generation catalyst (38 mg, 0.045 mmol} was added to a
solution of alkene 83 (190 mg, 0.45 mmol) and methyl 5-allylthiophene-2-carboxylate
{preparation 3, 173 mg, 0.95 mmol} in CH:Cl; (2.4 mL). The reaction mixture was
heated at reflux for 2 h. The reaction mixture was cooled to rt and more catalyst (9 mg,
0.011 mmol) and methy! 5-allyithiophene-2-carboxylate (165 mg, 0.91 mmol) were
added. The mixture was heated for 22 h longer at reflux then cooled and concentrated
in vacuo. Purification of the residue by flash column chromatography on silica (2 times,
first using 5% -» 50% EtOAc/Hex, gradient then second using CH2Clz — 3%
MeOH/CHCl», gradient) afforded 180 mg (69%) of the desired alkene 84.

Step 4. Oxidative deprotection of 84 to give 85

[00198] DDQ (78 mg, 0.34 mmol) was added to a mixture of 84 (180 mg, 0.31
mmol) in CH2Clz (4.1 mL) and water (0.21 mL) at 0 °C under nitrogen. After 45 min at 0
°C, the reaction was quenched with saturated aqueous NaHCOs3; (50 mL). The mixture
was extracted with EtCAc (3 x 50 mL). The combined extracts were washed with brine



solution of alkene 83 (190 mg, 0.45 mmol) and methyl 5-allylthiophene-2-carboxylate (Preparation 3,
173 mg, 0.95 mmol) in CF-12C12 (2.4 mL). The reaction mixture was heated at reflux for 2 h.- The
reaction mixture was cooled to rt and more catalyst (9 mg, 0.011 mmol) ap&mg%{f}%l 041389
5-a|IyIthiophmzﬂq%/é?BWylate (165 mg, 0.91 mmol) were added. The mixttire Was heated for 22 h

longer at (sluxithérenabled el Bangiiteateideindvemume: Praieid ati oaafehé vssidaibyofldsh column

chromatogra n silica (2 times, first using 5%50%.Et X i C fele]
CHoC 12 B 20 B P H O L B Teshey o e O Sk B 4.
Oxidative aiéprze Gomef 8340 givbe88¢Eio08IEDQ@ B8 mg, 0.34 mmol) was added to a mixture of 84

(180 mg, 0.31 mmol) in CH2CI2 (4.1 mL) and water (0.21 mL) at 0 C under nitrogen. After 45 min at 0
C, the reaBtrindwaktyiiogenedtianiof Satinatve asiesd¥s NaHCO3 (50 mL). The mixture was extracted

with Etop‘Eﬁ@léﬁP mbﬁi@ﬁ%ﬁ?&?@%@o@‘ﬁ@%.‘”/@,@m horhwERAIN® Y\diution of alkene 85
2009/132088PCT/US2009/041389 (50 mL) then dried ( a2804{, filtered and concen,trﬁted in vacuo.

Purificatioi®®f e FidiBBY MaRIe kRt ek BatBdrapiaren airespisikasss i B¥adient)

afforded 50, ma4B830rf thaidrsiad alerbgbBiaRtenditdydagrmationabsbds givecsiaidt
[00199]Palladium on carbon (1 wt.g°§ 12 mgd)ewas aﬂged to a solutiop, 0

: f alkene 85 (50.mg, 0.11
mmol) in RRARARAT (BYSTRAST AR 65ehalithdeprERs Qs”é'%f&[?ﬁghaesdpg;‘?reeva%&'%%%% %82' Srefilling with
hydrogen@xhaihvitia MeCtigrambttediltvale sterecbnndeiratédlio oaafthigdadigeth SAfteg 282Aat rt, the
reaction mi EHre ng?efi terfd ough celite, washing with MeOH, and the filtrate was concentrated in
vacuo to affor §8 mg (33 %5 of the desired ester 86. Step 6. Saponification of 86 to give 87

[OOZOO]AO@%L@ %@#EHW&&M@@@% %49 g3, 0.19 mmol) was added to a solution of ester 86 (17
mg, 0.038 mmol) in THE (0.4 mﬁ.a%t\ir 8 h at rt, H20 (1.0 mL) was added and the mixture was
Sl

acidified WAR208] aquBiroHE] Hwdrexidaded Sank- ot el WAL 99 RE Dofbined extracts
were washefidiiae-FEB L) HhenodiseiNaRSRHHiiteradrand saseestratedtjnyacuod Purjfication

O o A edes ong the mhaure Wa SOMRERARTY (3R L8RE RO AL PliRrSd 2cdpo (4%

with EtOAc (3 x 10 mL). The combined extracts were washed with brine (10 mL}) then
dried (Na;SQ,), filtered and concentrated in vacuo. Purification of the residue by
preparative thin layer chromatography (15% MeOH/CH.CI,) afforded 5.6 mg (34%) of

compound 87.

Step 7. Compounds 88a and 88b
[00201} Compounds 88a and 88b are prepared from compound 87 according to
Example 1, step 5.



Step 7. Compounds 88a and 88b [00201] Compounds 88a and 88b are prepared from compound 87
according to Example 1, step 5. WO 2009/132088PCT/US2009/041389 Scheme 14 868990 (mixture
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91 1, CICO2Et, Et3N, CH20I2 2. RCH2CH20H 92 1 1. CICO2Et, Et3N, CH2C12 2. RCH2CH20H

WO 2009/132088PCT/US2009/041389 Examples 29 [00202] The two diastereomers 86 (-34 mg) were
separated on a Waters 600 HPLC instrument employing a Waters 2996 Pﬁ%@%ﬁg}é% d a Whatman
Partisil(r) L0 VRHEGF EEnn, 22 mm x 500 mm (Cat. No. 4232-220, Q.A. No. . Using 55%
EtOAc/Hex as the eluent and a flow rate of 15Eramylesti#@first diastereomer (89, 10.7 mg) eluted at

78-87.5 mj th i 7 '
00205 ETE | T ER SIESLOes e 8 B e b Wol I LC uting

ester diasistomeniBaTIiRYingya C\EEermates RoA-tetectorandAmsthesteatiertsitP (A OO fPas

added and themistisiie wassagidifiedouihneNiaguems HG (4 mtAmskexrarteg wi EtOAC (3 x 10
mL). The combined extracts were washed with brine (5 mL) then dried (Na2S0O4), fllggéquazd
r

concentrdR@ACARNBS N SrRIHEN0ANE 2dt) Bl BHRoTh 87, BEHIL GRS AR 830 '4é prepared
from compguing RacesCrEciTostemxampitd ssiams daaseterdt (80204 Aq)anued N Bthilin hydroxide

(0.08 mL, 0,08 mmol) was added to a solution of slower eluting ester diastereomer 90 (7.0 mg, 0.015
mmol) in THE (0.2 mL). After 66 h at rt, H20 (1.0 mL) was added and the mixture was acidified with 1
N aqueous HCI (1.0 mL) and extracted with Eﬁ%‘g%’ génL). The combined extracts were washed
with brine (5 mL) then dried (Na2S04), filtered and concentrated in vacuo to afford 6.5 mg (96%) of
compound@203bmpdaneeus4h Mithann aydrorédald & ot O oUnE DYt earfAdad Example 1,

Step 5. solution of faster eluting ester diastereomer 89 (10.7 mg, 0.023 mmol) in THF (0.3 mL).
After 66 h at rt, H,O (1.0 mL) was added and the mixture was acidified with 1 N
aqueous HCI (1.0 mL) and extracted with EtOAc (3 x 10 mL). The combined extracts
were washed with brine (5 mL) then dried (Na80.), filtered and concentrated in vacuo
to afford 10 mg (96%) of compound 81. Compounds 93a and 93b are prepared from
compound 91 according to Example 1, step 5.

Example 31
[00204] Agueous 1 N lithium hydroxide (0.08 mL, 0.08 mmol) was added tc a
solution of slower eluting ester diastereomer 80 (7.0 mg, 0.015 mmol) in THF (0.2 mL).
After 66 h at rt, HO (1.0 mL) was added and the mixture was acidified with 1 N
aqueous HCI (1.0 mL) and extracted with EtOAc (3 x 8 mL). The combined extracts
were washed with brine (5 mL) then dried (Na;S0,), filtered and concentrated in vacuo
to afford 6.5 mg (96%) of compound 92. Compounds 94a and 94b are prepared from
compound 92 according to Example 1, step 5.
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1. CICO2Et, Et3N, CH2C120 2. RCH2CH20H O aR=OH 98I, R= WO
2009/132088PCTAJS2009/041389 Example 32

WO 2009/132088 PCT/US2009/041389
Example 32

Step 1. Mitsunobu reaction of 45 and methyl 4-hydroxybenzoate to give 95
[00205]  Diisopropyl azodicarboxylate (DIAD, 194 pl., 1.0 mmol) was added to a
solution of alcohol 45 (200 mg, 0.49 mmol), triphenylphosphine (191 mg, 0.73 mmol)
and methyl 4-hydroxybenzoate (87 mg, 0.57 mmol) in CHzCl, (2.5 mL). After stirring 18
h at rt, the solvent was removed under a stream of nitrogen and the residue was |
suspended in EtOAc (75 mL). The mixture was washed with saturated agueous

- NaHCO;3 (3 x 25 mL) and brine (25 mL) then the organic phase was dried (NaS04)
filtered and concentrated in vacuo. Purification of the residue by flash column
chromatography on silica gel (50% EtOAc/hexane — EtOAc, gradient) afforded 81mg
(31%) of the desired ether 95.

Step 2. Oxidative deprotection of 95 to give 96

[60206] DDQ (37 mg, 0.16 mmol) was added to a mixture of 95 (81 mg, 0.15 mmol)
in CHZC.iz (2.0 mL) and water (0.1 mL) at 0 °C under nitrogen. After 45 min at 0 °C, the
reaction was quenched with saturated aqueocus NaHCO; (25 mL). The mixture was
extracted with EtOAc (3 x 25 mL). The combined extracts were washed with brine (25
ml) then dried (Na280.), filtered and concentrated in vacuo. Purification of the residue
by flash column chromatography on silica (85% EtOAc/Hex — EtOAc, gradient)
afforded 31 mg (49%) of the desired alcohol 96.

Step 3. Saponification of 96 to give 97

[00207] Aqueous 1 N lithium hydroxide {0.35 mL, 0.35 mmol} was added to a
solution of ester 96 (30 mg, 0.071 mmol} in THF (0.7 mL). After 20 h at rt, water (2.0
mi.) was added and the mixture was acidified with 1 N agueous HCI (1.5 mL) and
extracted with EtOAc (3 x 10 mL). The combined extracts were washed with brine (10
mL) then dried (NazS0.), filtered and concentrated in vacuo. Purification of the residue
by flash column chromatography on silica (EtOAc — 10% MeOH/EtOAc, gradient)
afforded 11.5 mg (38%) of starting ester 86 and 8.5 mg (28%) of compound 97.

Step 4. Compounds 98a and 98b
[00208] Compounds 98a and 98b are prepared from compound 87 according to
Example 1, step 5.

Preparation 1
1-(1-(4-Methoxybenzyloxy-hexyl)-4-bromobenzene
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Step 1. Mitsunobu reaction of 45 and methyl 4-hydroxybenzoate to give 95 [00205]Diisopropy!
azodicarboxylate (DIAD, 194 pL, 1.0 mmol) was added to a solution of alcohol 45 (200 mg, 0.49
mmol), triphenylphosphine (191 mg, 0.73 mmol) and methyl 4-hydroxybenzoate (87 mg, 0.57 mmol) in
CH2CI2 (2.5%{L YR {{é2%Sfirring 18 h at rt, the solvent was removed under B&HeENBIiFdgen and the

residue wmqsp@g}ﬁ '@,gﬁ%@ é@@;mh);&h@,mb@y@w@ggyg@@d with saturated aqueous NaHCO3
(3 x 25 mL) and brine (25 mL) then the organic ) fllter d and ntrated in
vacuo. Pu I ofrifeefg}élg(ﬁﬁ%gﬁﬁlﬁgh%ﬁimﬁ% @16 I‘é?&st% @f%%éﬁ xane ->
EtOAc, graﬁwﬂﬁllaﬁ@fde@r&bﬁb@dﬁﬂé@e@@xﬁ@(d&gﬁﬂ?&ﬂ%nﬁ&im Step zzo:mmmm t@pm:lectlon of 95 to
e 90 SRRIRDRE I (d emmob nasadiedds a el S ma driameh p CHZC2

(2.0 mL) an der' min at & Tesction was quenched
with saturatéﬂ@qﬁéo@N@H@@G)@&m IWeFEHea‘ah&drwiﬁvdy!eﬁt(ée&mwtld@dANQME mL). The

combinedfﬁ:})‘g3 tgnwecrﬁg\e%iﬁ?gag%gﬁi (()%@nm ﬁf‘gﬂrbg{@rg%@%ggg)ﬁgg}?w concentrated in

vacuo. Purification of t romat phy on silica (85% EtOAc/HexEtOAc,

gradient) SHEPTRIBTARGY(R0%)eA ﬂ% BSsiFPARbie) @éf 8p B.'sapchificatior(bf 96 to give 97
[00207]Aque W%Tyh;t HaRdpyergxide (0.35 mL, 0.35 mmol) was added to a solution of ester 96 (30
mg, 0.071 mmol F (0.7 mL). After 20 h at rt, water (2.0 mL) was added and the mixture was

acidified vgtfad N squetisdiélhb. aiodhbaas iexIviIe dthith EtOAc (3 x 10 mL). The combined extracts

of the oot 2 0 st SOR MG RO Sh A Pt B AR aeaoRe Sl
afforded 14fhmng!(38% fufrstsiemg Ester @m@rﬁirﬁrﬁahgrﬂ@%)amﬁda?ﬂﬁdarﬂd 20 rﬁtéptéﬂ Tompounds
J0a and IRdEPaRElEaT ﬁgmﬁa %ﬁoxy s ffl%oxy exygw%ﬁﬂaﬁa EOUPOUNC 9% BsRigNag Example

1, step 5. Preparatio romobenzene WO
2009/132@%%1:;@5%;{5@1\@@0 warm to rt. The reaction was then heated at 80 °C. After

17 h, the reaction was allowed to cool to rt, quenched with saturated aqueous NH,CI
(100 mL) and extracted with EtOAc (3 x 100 mL). The combined extracts were washed
with brine (100 mL), dried (Na,;S04), filtered and concentrated in vacuo. Purification of
the residue by flash column chromatography on silica gel (2% EtOAc/Hex) afforded
7.02 g (94%) of the title compound.

Preparation 2
tsopropyl 5-chloromethylthiophene-2-carboxylate
Step 1. Preparation of the bis-isopropy! ester
[00211] DBU (31.3 mL, 209 mmol) and 2-iodopropane (20.9 mi, 208 mmol) were
added fo a solution of thiophene-2,5-dicarboxylic acid (6.0 g, 34.9 mmoi) in acetone (60
mL) at rt under nitfogen. After 21 h at rt, the reaction was quenched with saturated
aqueous NaHCO; (300 mL) and extracted with EtOAc (3 x 150 mL). The combined
extracts were washed with brine (200 mL), dried (NaxS04), filtered and concentrated in
vacuo to afford 7.59g (85%) of the diester.

Step 2. Reduction to the hydroxymethyl ester

[00212] Sodium borohydride (3.36 g, 88.8 mmol) was added fo a solution of the
diester (7.59 g, 29.6 mmol) in CHxClo/MeOH (1:1, 100 mL) at O °C under nitrogen. The
ice bath was removed and the reaction was allowed to stir at rt overnight. After 20.5 h
at rt the reaction was concentrated in vacuo then agueous 0.5 N HCI (100 ml) was
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Step 1. Pentyl grignard addition to 4-bromobenzaldehyde [00209]n-Pentyl magnesium bromide (2.0 M
in THF, 27 mL, 54 mmol) was added to a solution of 4-bromobenzaldehyde (5 0g, 27 mmol) in THE
(20 mL) at 0 C under nitrogen. After 1 h, the reaction was quenched with gggtracted with
Et20 (3 x 128[%{5 eHBined extracts were washed with brine (100 mL), rled NaZSO4) filtered and
concentrmdded vabeonRiuitcaterent deterewitiu€ HyGlash x300nm lchrd e syt sERieR gel (5%

Et0Ac/Hex g?%%%%%& i fletd éﬁd%@ﬁ@ﬂé‘ﬂm%& Phrfisiicn Braecianpkibg alconol

as its MP ride wt. in oil, 0.95 g, 2 %‘g was added to a solution of
the alcohcﬂhﬁrbrmgm]c(ﬁoma@gm@ﬁm)limﬂﬁ% and @i Et@ﬁ@&bemg)r gt AférEaRrdg8n. After 1
hatOC, éygﬁ‘lgﬁ&de (3.23 mL, 23.8 mmol) and the reaction was allowed to warm to rt.

The reactzlllgﬁlwas}x%eated at 80 C. After 17 h, the reaction was allowed to cool to it, quenched with

saturated @@f@ugyﬁégﬁ@@ m@bm@xgm@&wmgtOAc (3 x 100 mL). The combined extracts
were washed with brine (100 mL), dried (Na2$04), filt and onc in. va Purification of
the residud@®%1sh Mﬁf&‘rﬂﬁ‘%ﬂt‘gﬂ%’ {SSIRpRS EQ‘I i fe}’.ngﬁ(ﬂ{ﬁlﬂé%‘ %@@ed 3065” gll;' (94%) of the
- title compfpgrmnﬂt@nwatwecﬂjmwmhﬁaﬁlylermmﬁmb-;tdnermnmrmmm@nqb (9P mgaration of .
the bis-isq | es 209 mm mol)
were add(i:‘iodz%)D ’tl),l ?ﬁ?gﬁ?hbééﬁ']&% dicarb nodx%/m%?éé%egb (T Rgg%%moé%%%gé%ﬁe %G%n mL) at rt
under nitrtigeresktien 2dah alloty¢adoadicivewghipionchdtenith sadhe deatiRuBEEINaPOESB (300 mL)
and o L ritel i de6as Rl f@@%ﬂ? SRS YRS RS aMthdiing. (3@ mL), dried

(Na2804) ere centrated in vacuo to afford 7.59¢g (85%) of the dlester Step 2. Reduction to
the hydrommh?ﬂe@té“ﬁmmﬁﬁﬁdrﬁ%ﬁﬂy)dﬂﬂérw 369 CQB@W@?@@ aesdeed %Blglc%ﬂﬂlon of

the diestep{ -89 gsideboP Ml BofahpChaiMantd Hiky B0sME) 8694 Cranderisiljesrndddiesae bath

was removed and the reaction was aIIowed to stir at rt overmght After 20.5 h at tithe reaction was

concentraf@d (f %4 6b PR EUSRABA’Y'S N HCI (100 mL) was

Preparation 3
Methyl 5-allylthiophene-2-carboxylate
Step 1. Preparation of the methyl ester
[00214]  Acetyl chloride (6.9 mL, 96.6 mmol) was added to a solution of 5-bromo-2-
thiophenecarboxylic acid (4.0 g, 19.3 mmol) in methanol (30 mL) atrt. After 17 hatrt,
the reaction was heated at reflux for 1.5 h to drive it to completion. The reaction was
then cooled to rt and concentrated in vacuo to remove methanol. Saturated agueous
NH4C1 (120 mL) was added and the mixture was extracted with CHzClz (3 x 100 mL.).
The combined extracts were dried (Na,SO.), filtered and concentrated in vacuo to
afford 3.57 g (84%) of the desired methyl ester as an off white solid.

Step 2. Allylation of the bromothiophene

[00215] Isopropyl magnesium chloride (2.0 M in Et20, 8.9 mL, 17.8 mmol) was
added to a solution of the bromide from step 1 (3.56 g, 16.1 mmol) in THF (10 mL) at —
40 °C under nitrogen. The reaction mixture was stirred at — 40 °C for 1 h, then copper
(1) cyanide (144 mg, 1.61 mmol) and allyl bromide (3.0 mL, 35.4 mmol) were added
sequentially. The reaction mixture was stirred at — 40 °C for 1 h then was quenched
with saturated agqueous NH4Cl (100 mL) and extracted with EtOAc (3 x 100 mL). The
combined extracts were washed with brine (100 mL), dried (Na,SQ,), filtered and
concentrated in vacuo. Purification of the residue by flash column chromatography on
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WO 20091132088PCT/US2009/041389 added. The mixture was extracted with CH2CI2 (3 x 100 mL).
The combined extracts were dried (Na2S04), filtered and concentrated in vacuo. Purification of the
residue by flash column chromatography on silica (5% -> 60% EtOAc/Hex, gradient) afforded 738 mg
(12%) of the %R SMB(1BEED 3. Conversion of the alcohol to the chloride [Ooéﬁgﬁ%ﬂ[ K& ifonyl chloride
(0.67 mL, Siitayeof B Oietisilamitotdet MU 5P (33tnhol) thetdladdethsequestialhangbtioopwise to a
solution of Ell?' aﬂco %%5(56 mg n3c.1,4!5]8 mmol) in CH2CI2 (4.0 mL) at O C under nitrogen. The ice bath
was removed and We Teallion %Naé Srowed to stir overnight at rt. After 17 h, the reaction was
guenched with saturated agueous NaHCO3 (30 mL) and extracted with CH2CI2 (3 x 50 mL). The
combined extracts were dried (Na2S04), filtered and concentrated in vacuo. Purification of the residue
by flash column chromatography on silica (5% R ekifk#afforded 664 mg (87%) of the title

compound. RrepaatinnsoMeiins-abyiinphepebearepsylate Step 1. Preparation of the methyl
ester [0021 ]A?cet | chloride ( .9)§1[L, 6@]

thiophenei#Bdxy MeX4i@anRE 29HRHieIHRRTBRRENGRISBINTS at rt. After 17 h at rt, the reaction was
heated at pafipaeipr 15 e /drivefidsivarprieiias.(Z ievaadtio wWwasriie L ontedl Yovisaastiedrioentrated

in vacuo to remave methanol. Saturated agueous NR4C1 (120 s adde the mixture was
extracted Qvﬁﬂ' |Q§§|}24(§§(0 mﬁ.%ﬁ%yé%nﬁggd xﬂ“é@és v{/'?erﬂ_lrd’éb}i (K\alabggg.) i grgeeti and
concentratégcigevactdo affdra 305 Tyti@dsEs aitth e e siiedchethgloediewils aNOGUKRS bljd. Step 2.
Allylation of ro ' 0245]l | iym. [ [ qmL, 17.8
R e R e A S G S
C under nititiyEROr X d26tioh mikerbined exiiecisawere drird (Naxfen ddigsed @dyanide (144 mg,
1.61 mmo}and AL WSS - PiHnicERhBIIRY NEKR BIALILIACMA I&hmassgﬁmramure was

stirred at -40 C for 1 h then was quenched with saturated %%ueous NHA4CI (100 mL) and extracted with
Et0Ac (3 »8ilios afl (5hecitbirkdrsiigsiaiiered ahed (hth uine(¢rbtPmephenst-IeRE04), filtered

and conceyjtrated in vacuo. Purification of the residue by flash column chromatography on WO
2009/132088PCT/US2009/041389

Step 2. Protection of the alcohol as its MPM ether

[60217]  Sodium hydride (60% wt. in oil, 0.991 g, 24.8 mmol) was added fo a solution
of the alcohol from step 1 (5.6 g, 20.6 mmol) in THF and DMF (2:1, 30 mL} at 0 °C
under nitrogen. After 5 min at 0 °C, the reaction was allowed to warm to rt and 4-
methoxybenzyl chloride (3.4 mL, 25.0 mmol) was added.. The reaction was then
heated at 80 °C. After 18 h at 80 °C, the reaction was allowed to cool to rt, quenched
with saturated aqueous NH4C! (50 mL) and concenirated in vacuo. The remainder was
extracted with EtOAc (3 x 100 mL). The combined extracts were washed with water (2
x 100 mL) and brine (75 mL), then dried (NaxS0,), filtered and concentrated in vacuo.
Purificatidn of the residue by flash column chromatography on silica gel (2%
EtOAc/Hex) afforded 7.5 g (93%) of the title compound.

[00218] Exemplary, non-limiting examples of compounds useful according to the

present disclosure include the foliowing compounds.
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silica gel (5% EtOAc/Hex) afforded 2.45 g (83%) of the title compound as a pale yellow oil that
solidified on standing. Preparation 4 1-(1-(4-Methoxybenzyloxy-hepty1l)-4-bromobenzene Step 1.
Hexyl grignard addition to 4-bromobenzaldehyde [00216]n-Hexyl magnesium bromide §2.0 M in Et20,
27 mL, 54 mifRRBHP4S28#ied to a solution of 4-bromobenzaldehyde (5.0 d BT HHFHE (20 mL) at
0 C under nitrogen. After 1.5 h at 0 C, the reaction was quenched slowly with 3 N EICI (20 mL) and
concentrategl in vaguo; The residue was diluteg=aith &yater (30 mL) and@extragted With Et20 (3 x 150

mL). Combjked @ / dried (Na23894 red ncheoncentrat jo. Parification of the
residue by flash cefumn chromatographyioq silica gel (5%10% EtOAc/
oph

afforded 5.6 g (76%) of
1-(4-brom wl)-heptan-1- ol. Step 2. 6"- alcohol as its et 00217]Sodium
hydride (60% wit. 91 g, 24.8 mmol) was addethp a solution of the alcohokfrem step 1 (5.6 g,
20.6 mmol) in THF and DMF (2:1, 30 mL) at O C under nitrogen. After 5 min at O C, the reaction was
allowed to warm to rt and 4- methoxybenzyl chloride (3.4 mL, 25.0 mmol) was added.. The reaction
was then heated at 80 C, After 18 h.at 80C, the reactfdpn was allowed to cool to rt; guenched with
saturated aqueous NH4EI (50 mL) and cofcen vacuo. The remaind aszextracted with
EtOAc (3 x 10p mLj~ thecombined extra ashéd with water ( )a e (75 mL),
then dried (Na280%)Afiltered and concentrated in vacoo. Purification
chromatograptty op silica gel (2% EtOAc/Hex %@;5 g (93%) of the ¥
[00218]Exemplary, m@ting examples of compo useful according to the

include the following coffipotinds.
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WO 2009/132088Pa/1;52009/041389 Composition Example: [00219]A composition comprising a
compound listed above, wherein said composition is a liquid which is ophthalmically acceptable.
Medicament Examples: [00220]Use of a compound listed above in the manufacture of a medicament

for the treatMEhtBPGIRIma or ocular hypertension in a mammal. [00224548 8P H %4 hound listed

above in the manufacture of a medicament for the treatment of baldness in a mammal. [00222]A
medicamelsepopliRndExampieound listed above, wherein said composition is a liquid which is

ophthalmi cepfable. Method Example:; [00223]A meth ] inistering a compound
listed abo@ %‘ %?maréﬁ%%ﬁﬁg r&3thient of %I%%rg rcl’"ltgingrE %%%ﬁr%{ééépegﬁg%@%égmm method
comprisingeacimigiigierng bocimnpbichddistadraboieatty acoaptaie.

Medicament Examples:

[00220] Use of a compound listed above in the manufacture of a medicament for the

treatment of glaucoma or ocular hypertension in a mammal.

[006221] Use of a compound listed above in the manufacture of a medicament for the

treatment of baldness in a mammal.

[060222] A medicament comprising a compound listed above, wherein said
composition is a liquid which is ophthalmically acceptable.

Method Example:
[00223] A method comprising administering a compound listed above to a mammail
for the treatment of glaucoma or ocular hypertension.

[06224] A method comprising administering a compound listed above to a8 mammal
for the treatment of baldness.

Kit Example:

[00225] A kit comprising a composition comprising a compound listed above, a
container, and instructions for administration of said composition to a mammal for the
treatment of glaucoma or ocular hypertension.

[066226] A kit comprising a composition comprising 2 compound listed above, a
container, and instructions for administration of said composition to a mammal for the
treatment of baldness.

[00227] A “pharmaceutically acceptable salt” is any salt that retains the activity of
the parent compound and does not impart any additional deleterious or untoward
effects on the subject to which it is administered and in the context in which it is
administered compared to the parent compound. A pharmaceutically acceptable sait
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.

[06228] Pharmaceutically acceptable salts of acidic functional groups may be
derived from organic or inorganic bases. The salt may comprise a mono or polyvalent
ion. Of particular interest are the inorganic ions lithium, sodium, potassium, calcium,
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for the treatment of baldness. Kit Example: [00225]A kit comprising a composition comprising a
compound listed above, a container, and instructions for administration of said compositionto a
mammal for the treatment of glaucoma or ocular hypertension. [00226]A kit comprising a composition

comprising a¢@RIpYIHEsted above, a container, and instructions for adﬁmi/&?g%f}gf? ®id

composition to a mammal for the treatment of baldness. [00227]A "pharmaceutically acceptable salt" is
any salt thaid etaigsabieractbityanidiselzarent bempaiewitndrdoes, nuriiopareaysddiionabideleterious
or untoward effects on the.subject to which it is administ di text | jch itds .
administe?g&ig%f)ne%%"’tg 5fhaen{§§rr|§r%ﬂgrw f)%eusnal.’ S\q%%%ﬁ%@é%%ta%éﬁagc@%gtggg%‘é\ﬁgg@é&refers to any
salt whichwithycédigine tVivoetb anvissulnof sidiatisuaaou asf. ah wiesiadereig it sonzepsrddiug which is

converted plpraaciikal Pal-daaBIENamas el ACAR'aNE RAUSRI Aeiirdhedanal aroups

may be derived from organic or inorganic bases. The salt may comprise a mono or polyvalent ion. Of
particular Reteiegtae, HieCihasghrMMEIEs WFRYISO&i AT -potassium, calcium, WO

2009/132088PCT/US2009/041389 and magnesium, Qrganic salts may be made wijth amines,
particularliPAA#abniufh @éﬁe@acﬁ&%ﬁwﬁi‘%ﬂaﬁﬂﬁ%&?%‘éé%? ﬁlﬁ%%ﬂy&ég&ﬁs may also

be formedcwtitipcafieintestmmetharatiomn aacddsimilasrmalesule beHytrpebtod madichbadisamesothasr
pharmaceutically acceptable acid fo salt with a compound that includes.a basic group, such
as an amiﬁeggpérsg i(‘i{?ﬂ eﬁsﬁ pfbﬁéﬁr{n\ﬁ R nokh en&né’feﬁmmﬁ? Q&8 of

prodrug™is a compdund which is conver ed to a
therapeuticaky BotiyecteaTpmmu aftecadrin sydiibs antiah e stangshauit Berirtebrted as broadly

herein as | I e dij il i ' i jpvention,
Comeraiol SETRM AR ORIR. e Al By Ao eeay e e
Generally abtive flare s G1eBpeUE radvURCHY M sefiveosnfbiss ildigheltifapomee thsta SFSlRICRIRIA % e
compoundg,fenahighBdaruRIRA B HefdMosidIgsRfifbaigapprindadisclapessherrinase specifically

contemplated. An ester may be derived from a carboxylic acid of Cl (i.e. the terminal carboxylic acid of

a natural &Y&EI 46T, G eeulisaciRpf bl dbRvERe AT ARl SHERNEGRRIGH @iBA% 8roup on another
part of thegprieeiiporcbesosstpheiybErpbridiledatdniendirgitodesl lfnidfignangester snay be an

alkyl ester, an aryl ester, or a heteroaryl ester. The term glkyl has the meaning generally understood
by those s%'ﬂ%‘% hRe 8?{%%8"@?&}@% W a??b?ﬁﬁcﬁg%ﬁﬁrr (ﬁ%l@ﬁkﬁlq%oigi?ﬁgg&%&%kyl esters are
particularliirniieig) awlesteratiyy pareofaig! ester has frghedico, 6rcatmipratowissted ifdladesnbut is not

somers, R B B e e o B aTS o 16
carbon atdimsarteranched, or cyclic alkyl moieties. Cq¢ alkyl esters are particularly useful, where
alkyl part of the ester has from 1 to & carbon atoms and includes, but is not iimited to,
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, iso-butyl, t-butyl, pentyl isomers,
hexyl isomers, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and combinations

thereof having from 1-6 carbon atoms, etc.

[06230] Those skilled in the art will readily understand that for administration or the
manufacture of medicaments the compounds disclosed herein can be admixed with
pharmaceutically acceptable excipients which per se are well known in the art.
Specifically, a drug to be administered systemically, it may be confected as a powder,
pill, tablet or the like, or as a solution, emulsion, suspension, aerosol, syrup or elixir

suitable for oral or parenteral administration or inhalation.

[00231] For solid dosage forms or medicaments, non-toxic solid carriers include, but
are not limited to, pharmaceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharin, the polyalkylene giycols, talcum, cellulose, glucose,
sucrose and magnesium carbonate. The solid dosage forms may be uncoated or they
may be coated by known techniques to delay disintegration and absorption in the
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[00230]Those skilled in the art will readily understand that for administration or the manufacture of
medicaments the compounds disclosed herein can be admixed with pharmaceutically acceptable
excipients which per se are well known in the art. Specifically, a drug to be administered systemically,
it may be cotHBAYY B8 owder, pill, tablet or the like, or as a solution, eRTUISISH "¢0&p&hsion, aerosol,
syrup or elixir suitable for oral or parenteral administration or inhalation. [00231]For solid dosage forms
or medicagaetitsintustirtakicasbhidd #remisyincindde Bussinetliziied toephdongeeptdatigfades of

itol, lact tarch ' t t di ' I I , tal ,
colliose, SORE: SonEa s o BRI AR OSSR AT o o

they may ivecoatecbipkeduiheyohalyaiss tocdetajedisiitber taidimiang deseribesninritRe) widat.
20091320RAPG BRASRA0Y Q43 st alaies iial Ak ATk hsieIpdda-ARbRiaingd action over a

longer period. For example, a time delay material such as gfli ceryl monostearate or glyceryl distearate

may be eRMISREEIPASS. rhiguiflshBENARRCEMRE RiBIRtHADI JOsAABIARTIRETY BT PXE MR,
4,256,108;4hkhR4 2% AbA AP B.R A4 QibRr BT esmBlienhierapaidisiadialy iasaranbahriengs. Liquid

pharmaceutically administrable dgsage forms can, for example, comprise a ?olution or %.lsgension of
one or mateLPRe LR ALSHFR AARNG T APBtRON S Th AT A BNRICA Sl RS X e arrier,
such as forRxan e naiss, galaeciaatiends deytiestkelyoararathioob ansbtbidiker to thereby form a

solution or suspension, If desired, the pharmaceutical composition.to be admini e also
ot PRI HE A MR Pe e Rt E s IR L A QI ety B
agents, buftemiain ageotssanoLiite tkeofpicahexitiangleshstaucts aukiliay wgling aresodiinngcetate, -

sorbtan gpnlaUe, RN IARoS, ST 2Ct RIS PRIETING leai 1y A pethods of

preparing nown, or will be ‘apparent, to those skilled in this art; for example,

see Remifgtiws PeRigitacaibitan Swentus aigattaIRAEME & SnpiaRY acalaisn eshaelAEaRion,
1980. Thecompasition afine: fapudaionde e dminiaikiade b Ahy SerictraMsiaguantity of one

or more of the presently useful compounds in an amount effective to Provide the desired therapeutic

effect. [002803FATErEIMPSRIRHHRI RIS &Gt B g 88 B By M ScHBATBRAEH L cutaneously,
intramusCEiGEy sinavr Fais i ijectrbiemoaB A sparetbin eatiem e [Troseitbesitenliquid
solutions or. suspensions, solid forms. suitable for solution or suspension in Jiquid prior to injection, or
as emuIsi8|f1@%?ﬂf%%g%i%ig?ﬁéaq@mé%ﬁ%%W\%‘f@ﬂ&%ﬂﬂ%?%se%%@&& y%qe% ; g{hﬂgﬁjﬁ and the
like. In addiide, iredesiteduteéuinjentpblepharmaceuticat edfieqivsitiopsavide thddasiststed may also
contain m'{p]or amohmtsﬁof on-toxic auxiliary substances such as wetting or emulsifying agents, pH

buffering ageern “ihd the fike. [00233]The amount of the presently useful compound or compounds

administerggja seperdentepihesinprensiis Rffesiarnifentssasiiogs &) thpenssiigmeammal being

treated, on the severity and nature of the mammal's condition, on the manner of administration, on the

potency aRHSHERRRASIYNAFIEAUSEHIRY R IRV B8RSO AT RBIFD SAR RE RIS Mind on the
judgment ghthemsesariinaskysisian ihadkelansuioakyshiesivageongamhibetesenidy useful

compound or compounds may be in the range of about 0.5 or aboyt 1 to a@io t 100 mg/kg/day. WO
0001130 AR, HIBOOREA T2 EHIO PN AR e MRS AEEH A & 16 mulated
such that isearideexample, water, saline, dextrose, glycerol, ethanol and the like. In addition, if

desired, the injectable pharmaceutical compositions to be administered may also

contain minor amounts of non-toxic auxiliary substances such as wetting or emulsifying

agents, pH buffering agents and the like.

{00233] The amount of the presently useful compound or compounds administered
is dependent on the therapeutic effect or effects desired, on the specific mammal being
treated, on the severity and nature of the mammal's condition, on the manner of
administration, on the potency and pharmacodynamics of the particular compound or
compounds employed, and on the judgment of the prescribing physician. The
therapeutically effective dosage of the presently useful compound or compounds may
be in the range of about 0.5 or about 1 to about 100 mg/kg/day.
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administered topically to the eye. The comfort should be maximized as much as possible, although
sometimes formulation considerations (e.g. drug stability) may necessitate less than optimal comfort.
In the case that comfort cannot be maximized, the liquid should be formulated such that the liquid is

tolerable to tH& BEYERREY8! topical ophthalmic use. Additionally, an ophthaffhitHiy §eC&btible liquid
should either be packaged for single use, or contain a preservative to prevent contamination over

multiple upse 180235 Fonizphtiiaimicoppmisiatioal\sakdeptskie faddicanaedssar dfanitprapded using a
physiological saline solution as.a major vehicle, Opht [ lut] 1 r be maintained
B com BRI TP Doro DR o R g B e R L

conventiopassitieraitieaugicatynations dbie piaienransid; s 9 afdg wiRiitintgnay
[002361Prgsgrxafiyes g may Dt e adn iR PRafBaERUAl comRaRaRARIIb % plspd]vention

include, but are not Timited to, benzalkonium chloride, chlorobutanol, thimerosal, phenylmercuric

acetate afepitaigiphetddriefrratdaied serh Sintdoaabawd fsteesndotir eatisn! If‘ﬂféﬁﬁ:@ﬁ'various‘

useful Ve'EF#%éﬂﬁbéQ%&S%%%}%WHH%JmiﬁaBrﬁwwigeééﬁé%mm@@mwﬁmeﬁwse vehicles
include, but are not limited to, polyvinyl alcohol, povidone, hydrox IE)ro | methy] cellulose, poloxamers,
carboxymBaaResiLiBs& NYRIGE AhFPREINI B SR RINRET Wft\éé fﬁgﬁv‘@ﬁ%ﬁa&%’cﬂﬁstors may be
added as pragad @saennvenient. They include, but are not limited to, salts, particularly sodium chloride,
potassium chloride, mannitol and glycerin, or any other suitable ophthalmically acceptable tonicity

adjustor. [DZIFV aribos dptitbesraiccppdiaatoior sdjlismsoop I atigebenteare @ ftayrasrAEete sulting
preparation i mi . - i ingh. } buffers,
Phosphatd B L o o ST ot s
formulatiopestesatde dedTRIDESM &t sisarafortaklcanbprithanAeRIPRIEEREBR SHHSkHdMSor use in

the present Ry gotgHs! So RUhiB R HMERLLIRaISAHB M IBsRRIaN fies SO srigaultites,
acetylcysteine, butylated hydroxyanisole and butylated hydroxytoluene. WO
2009/132G48piEZers. 383 SOYARAARE9 [00240]Other excipient components which may be included in the

e DR e S RS na L sttt ovon
present invention include, but are not limited to, benzalkonium chioride, chlorobutanol,
thimerosal, phenylmercuric acetate and phenylmercuric nitrate. A useful surfactant is,
for example, Tween 80. Likewise, various useful vehicles may be used in the
ophthalmic preparations of the present invention. These vehicles include, bul are not
limited to, polyviny! alcohoi, povidone, hydroxypropyt methyl cellulose, poloxamers,
carboxymethy! cellulose, hydroxyethyl cellulose and purified water.

002371 Tonicity adjustors may be added as needed or convenient. They include,
but are not limited to, salts, particularly sodium chloride, potassium chloride, mannitol
and glycerin, or any other suitable ophthalmically acceptable tonicity adjustor.

[00238] Various buffers and means for adjusting pH may be used so long as the
resulting preparation is ophthatmically acceptable. Accordingly, buffers include acetate
buffers, citrate buffers, phosphate buffers and borate buffers. Acids or bases may be
used to adjust the pH of these formulations as needed.

[00239]  In a similar vein, an ophthalmically acceptable antioxidant for use in the
present invention includes, but is not limited to, sodium metabisulfite, sodium
thiosulfate, acetylcysteine, butylated hydroxyanisole and butylated hydroxytoluene.
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[00241]The ingredients are usually used in the following amounts: IngredientAmount 1% w/v) active
ingredientabout 0.001-5 preservative0-0.10 vehicle0-40 tonicity adjustor1-10 buffer0.01-10 pH
adjustorg.s. pH 4.5-7.5 antioxidantas needed surfactantas needed purified wateras needed to make
100% Applichibi8¥d#28tfmulating Hair Growth [00242]In one embodimerf THECBHBEWHAYs disclosed
herein can be useful in the treatment of baldness and/or hair loss. Alopecia (baldness) is a deficiency
of either eoRabyr algneenakbipieranmisdoimaelyaico sagtisenrenlertimhbmapist-éisig deficiency of
terminal hair, the broad diameter, colored hair that is.readily seen. Howgeyer, in the so called bald
person, aﬁﬁ%‘?ﬂﬁtﬂﬂgﬁea@ éﬂ%ﬁ 'ngﬁ@e g'e%é"es %ﬁe%%gﬁéa?ﬁ%ﬂg%I(aﬁ%g%teesdc':%on &in'vellus hair,
which is adiiheumgiiortess ttafatihicbgaats reqyissmintassmpio pleaainatiototgldeiErmmiEits presence.

This vellus hair is a precursor to terminal hair. [00243]The compounds described herein can be used
to stimulaf§02d4dh asthe ingredients are usually used in the following amounts:

ingredient Amount (% wlvj

active ingredient about 0.001-5
preservative 0-0.10

vehicle 0-40

tonicity adjustor 1-10

buffer 0.01-10

pH adjustor g.s.pH 4.5-7.5
antioxidant as needed

surfactant as needed

purified water as needed to make 100%

Applications for Stimulating Hair Grawth

[06242] In one embodiment, the compounds disclosed herein can be useful in the
treatment of baldness and/or hair loss. Alopecia (baldness) is a deficiency of either
normal or abnormal hair, and is primarily a cosmetic problem in humans. ltis a
deficiency of terminal hair, the broad diameter, colored hair that is readily seen.
However, in the so called bald person, although there is a noticeable absence of
terminal hair, the skin does contain vellus hair, which is a fine colorless hair which may
require microscopic examination to determine its presence. This vellus hair is a
precursor to terminal hair.

[00243] The compounds described herein can be used to stimulate, such as the
canversion of veilus hair to growth as terminal hair, as well as increasing the rate of
growth of terminal hair. The utility of the compounds described herein for the

simulation of hair growth was discovered as follows.

[00244] in the course of treating patients having glaucoma, treatment may only be
appropriate in one eye. Within the course of daily practice, it was discovered that a
patient who had been treated with bimatoprost, a prostaglandin analogue, developed

69



conversion of vellus hair to growth as terminal hair, as well as increasing the rate of growth of terminal
hair. The utility of the compounds described herein for the simulation of hair growth was discovered as

follows. [00244]In the course of treating patients having glaucoma, treatment maﬁ/ only be appropriate

in one eye. WithiPOtia?é8trse of daily practice, it was discovered that a p&?gﬁ?% %’/ﬁ%)(aggeen treated
with bimatoprost, a prostaglandin analogue, developed WO 2009/132088PCT/US2009/041389 lashed
that were ilegtget thiaickersdonied|dhickTe dnebiid b elyetiedneiat ddeeyeriraedtethe yardreei@mination, the

difference was &nu%% to iReta\f)enrytﬁgiggﬁgr e];la% A@%jg%ﬁ/%% k%]gtgb{a&gg bﬁgj%@ésgggﬁrgppearance

in the trea?gg'eye. e lash appearance on ed eyes ave appeared quite
attractive ibitg@proddradd ApatclenysicnneeianeeAs hedseated ryasyMereticaniersanse Why lashes

on one SideRNLPHEMAUTLASYRUDIN L A BresHelie siatank erapRisatitegpmination was

preformed as a result of the asymmetric phenomenon. It soon became apparent that this altered

appearanbaifgImhearmienard fif @ngs o RIS BTARE RIWE pHifelARABRER RN ERM e
bimatoprogi itieRi:ens:exe ryerrewbieeharessitithadaghemand apiesen briimiabtios

bimatoprost-treated side in several 5atients. Definite djfferences couyld be identified to vag g degrees

i
in the lasH¥SHIG QPR AR RFRSEE Sl DS RMI A GRS TR Me HrBECORCEHISEPRAELSs for longer
“than 6 montshio GRérddhe changres wdbedashessstieel dppargntCongressdnspebtdidsoseveral
patients once attention was focused on the issue. In those with ligh 0 i lashes, the
difference@%ﬁ%‘? S0 %&?s“é%rﬁ é%éﬁg?%%at Qi OF %}5 rﬁaﬁ ﬁyggrr%ﬁggﬁ?c%%g%%%i%ﬁéﬁé%a%a@%ities of the
slit lamp Hshestestbpejalvetiidabarskiod glamOmasﬁeﬂwew_emmmiﬁaﬁemEMﬂm Redisfierally
immediateliciised on) 0. £y6lRlaAS aarertyiidhe biamower magnificglicafepfiedbpaly one eve

is seen at a time and the eye is seen at a high énough power that the lashes are not in focus. At these
higher poweatignimy/nesiyersyiainarie sive an themiaesgbsasindetileges thambtirentBcept by careful
systematic comparison of the lashes and adjacent hairs of the eyelids of the two \ia/es.

[00246]OB08RAY parHiRABRARNASSHIR 'R 'BTE LD AR RPHET MBS Fe B LSRE T YoMt T D& Bhred in the
treatment ga6a-fielonde & wshmsrsirasi ascob acopr taidgiandimanatagudivieret mulbieie hahendacluded
increased length gof lashed, increased number of lashes algng th rmal lash line.increa

thickness 1§ﬁa%ﬁs%? 6’?98&%%%‘?%‘%%%&@%%%Wa??ﬁi%r‘?’-'ﬁﬁﬁ}%g%‘?ﬁ%ﬁ girﬁl i r@ﬁ&ﬁ@ﬁgﬁgpegaﬁsgadjacent
to areas ofigtdingatdashitiiest, the sdiaerdrabiitiacydssipiikendhminalresrsf labeamediallawdifateral
canthal areg, increased pign: i - ' rﬁcﬁﬁg NG e : ell as
increased Tiia e{r’\ﬁa:(f]b t%@é?ﬁ@égg‘ #%rﬁ?égt{a;ivént g%lﬁlér\lgo t e%gj%@epr% ﬁg ,Qaﬁsﬁ?nﬁé?f%ggggg
perpendictilgrigiy grwenrosgasiiealian d eesiedie e ARMEaY B as SCPRE o NGRS g g RKGth is

stimulated py PrgstasiRRinARalogEehaYsERs RivaNFeRIdsdhus sURRORBHEISdWeryidagce of a
difference in a single parameter, but WO 2009/132088PCT/US2009/041389 is based on multiple

parameter§%t ARYAPBEXIRPRICHN RS WP \RHESIS AP I B RLGRH SSRRE S Y68 The
compoundsysiesesiregdnesaiisarcoprastaginasmanaipeees aacstbetetosgdiavasimilaradisties as

bimatoprost, contain structural similarities, and therefore are expected to stimulate hair growth and
stimulatioj¢if248] conDemsoredfparbuseheis teaddingitaiteaoohaelosier thebdiorenplihet dem goomtls

described elgipand e piprivgs canBURRAIBR R ST OLA-graudlh Analisaitherein
growth includes hair associated with the scalp, eyebrows, eyelids, beard, and other areas of the
skin of aniwetle muitiple. They included increased length of lashed, increased number of lashes
along the normal lash line, increased thickness and luster of lashes, increased auxiliary
lash-like terminal hair in transitional areas adjacent to areas of normal lash growth,
increased auxiliary lash-like terminal hairs at the medial and lateral canthal area,
increased pigmentation of the lashes, increased numbers, increased length, as well as
increased luster, and thickness of fine hair on the skin of the adjacent lid, and finally,
increased perpendicular angulation of lashes and lash-like terminai hairs. The
conclusion that hair growth is stimulated by prostaglandin analogues such as

bimatoprost is thus supported not by evidence of a difference in a single parameter, but
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[00248]In one embodiment, the compound is mixed with a dermatologically compatible vehicle or
carrier. The vehicle, which may be employed for preparing compositions as described herein, may
comprise, for example, aqueous solutions such as e.g., physiological salines, oil solutions, or
ointments. THEVEKIEE 4B thermore may contain dermatologically compatBfe PrEeHIAtRA8s such as
e.g., benzalkonium chloride, surfactants like e.g., polysorbate 80, liposomes or polymers, for example,

methyl celiinsssddetymoylRicphalmnbreiny Haw raiskune realihyalurenicersid; cbaselmmabenused for

increasin%):[the visca@}%it . Furthermore, it is also possible to use soluble or insoluble drug inserts when

the drug i 3ve’y stered. [00249]In one embodiment, dermatological compositions can be
formulate ica far Imlati f hai ' ' effective hair
growth sirié%téf r? am%@%?%ﬁ?ég o?%ﬁ%%oﬁ%r%ﬂ%sé gg%%%ﬁ@ﬁeggr%gé%%%oIogically

compatibléhesefiwe Edfectinoilanmivites ascoipmenteshpmunias sfEyche  sierhairéerbgshe of ordinary

skill in the,agh iftamlvary <lepg RdEh AN cRIRAVIC-SIRIRYEABRAYEAEX ShARRIGREeN and
desired result. The compound will generally range from about 0.0000001 to about 50% by weight of

the dermat8ibHiERICEMPHRIIBHN BrefEr 20K SMEYMBLLRAFIMRSYBIRRT BBRADEHEFEBout 50%
b%/ \;]veig htwfde@b@ﬂ%g(%gakﬁ%@mb '_@'cma,nmﬁ'ﬁow@f@r@ibkyrtf?rﬂ .apgulsed E’ﬁ@r@bQuiad'-ﬁO‘}/O by weight
of the compositjon. n one embodiment, the application of the present compounds for
byl o R R R v S = S
animals. lareumahtdhlkicahpokmes.described herein can be applied for example, to the scalp, face

beard, head, pubic area, upper lip, eyebrows, and eyelids. WO 2009/132088PCT/US2009/04 389 In
animal rai§@eR#B1theinpens eenpodimitHbeonfpoous it drixeoad icacliercaridleogigrilied over the entire

surface of i DRI AHRIE YR EafRYCTPHPGGRIL MR TrAY IS2eRMoNdl BIGsERS AR alS0 be used

for cosmetic reasons in animals, e.?., applied to the skin of dogs and cats having bald patches due to

mange or SRARHQGEOASES Gissiriges Hesrul By SREWRESHIOLIXPRPISh AFHESESRAVESSShons

contemplaggdhfgr e sibidgiatos-nhbairarevtitione!usiophiaisnase Heal eamp siiamerd erkior topical
and local action. The term "topical” as em@loyed herein relates to the use of%com oun?é%!sﬁ
. described FREVER SSEBRIOIARAINY SLNRAH epﬂ'éﬁ?ﬁS{%Wﬁéa?lé%r?egr,eaQTds%}ﬂ PRSI SPehinning

hair or balgnesstémthestiog. optogedactioBOAtpordimgly csyeytapieafeosxpeosgiliensaditefide those
pharmaceutical forms in which the compound is applied exterpally by direct cantact with, the skin to be
eatod. CORIBRTENEY B e D e e g A e e o
shampoosydetidns nastesnieliies/ispraify, demsets)aaditiedike, pussiiaydesamsligtlthgpatches or

impregnated Lﬁﬁé@%%@&@QHeME%e%ngtithéhSebé%ﬂMims'E@réEﬁated- The term "ointment" embraces

formulations (including’creams) having o inous, water-soluble and emulsion-type bases, e.g.,

petrolatunyglssuin, PRIVSIBYERRSE NS, dsrmigtbReyBersbapesitereci0zb - hvbigalty réne
compounds can be applied reegeate_dly for the sustalne\%‘gsrlod of time g)élcally on the part of the body

to be treatPiF8H ERAIMSR! s SHAL BB RS SRIRYINSERIRN FREBFERT 2T FRSYE Aimen will
generally ignalte seaulaingushamdaiipnadsnimisteationdor adsesipdatineaaihtert afdaleast one month,

more preferabl least three months, and m referably, at least six months. [00253]Ear topical use
o the oy L B ATaETBNS T AU b b B R LIRS A Moo croams.
ointments berdetemxinibiting @iy sb nyicarpctdptatiie esmulbnitii baradtinendhplearthaceutically
acceptabl %qgﬂ% ‘ WA in SRENSAM contain
preservati%:é%é& gﬁ(@? %%%ﬁ%ﬁgﬁ%ﬁ%wwe, rrli]flogrﬁ(g(i%i]’?e?%%ce)cgg%%tnﬁbﬁkggégh@groxybenrzoic acids
and phenygeretallicraags §goh 2RouRA0EKIOHde ahestRe ahl Weiatd Brikefsxiaamiegsaivell as
additives Iike.LR3difnSOMBIRLABRC RtanddlRdirasaskliivass FoeODee Assticamibaaueous

solutions may contain viscosity increasing agents such as polysaccharides, e.g., methylcellulose,
mucopoly ¥ RéEdabdemgialagna sRIPATHRRRAFSIRREETRRY, PR AEShbIoagout
polyvinylalgofipbyMasigHs Sleme compaosition.

[00250] In one embodiment, the application of the present compounds for

stimulation of hair growth finds applications in mammalian species, including both

humans and animals. In humans, the compounds described herein can be applied for

example, to the scalp, face beard, head, pubic area, upper lip, eyebrows, and eyelids.
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WO 2009/132088PCT/US2009/041389 releasing gels and matricies may also be employed as well as
soluble and insoluble ocular inserts, for instance, based on substances forming in situ gels. Depending
on the actual formation and compound to be used, various amounts of the drug and different dose
regimens m3y B&&HpI8%d. Typically, the daily amount of compound for BeEtAEREBt 4 eyelid may
be about 0.1 ng to about 100 mg per eyelid. [00254]For topical use on the skin and scalp, the

compoundrcanifelad vt asrepus péaanalatethivging otimesis.oe eansidélmersm aapatehes as a
carrier of the ?ct've inqil%dient. Alsg these formulatjons ma Xno contain preservatiyes,
QY eri}hor

dependin@%ﬁ' Od’igfo SS'P%{ﬁQSH ﬁﬁ%%ftnge brp@gggr/\?g%\%% REIRGS Mentione

0s€ mentioned above,
and methykagoopy|The butybsmcahyal soxyb ersedi docids etaineebtorh dxrliioalse ezalkepilisd chloride,
and the like. Various ricies fo r ive May; TvRigally, the dose to
be applieﬁ%%ﬁ%&ﬂécgr{;$§%%tﬁé ég%é&%ﬁﬁé%gaaé% %ﬁét\% %out ’1%%3\ %%%m%y, f%c?ree preferably about
1 ng to abcrsiGoagdseretagt avg@endst preferably about 10 ng to about 1 mg per day depending on
the compound and the formulation. To achieve the daily amount of medication degending on the

formulatiotP 4R dompderehaTslAse Hisslisrmreaiipneoniemeriaiahies hsig miREIPhRhBRY
antioxidaniso WA 2861IRr (aRiees cEE RIS GENIBRE GG B SofitiansnarSusPattRIanSTIgic.

containing the compoynd disclosed herejn are emplqyed. Topical formulatjons may gengrally be
comprise%‘?ff% b?%?maééﬁmalﬁaﬁgigﬁ%&a?\b%tﬁﬁ mﬁ%ﬁ%’r, @n%q{%ﬁ%néjnﬁargeesh rg?%g‘?erva\tive
system, ahgremoliieotp{PORb|T hesaitabéd gbhaedchetiaeticerdempodrapiddha resietahvention
depends qp.the specific co : iti be t +th |on,of the appropriate
dose is wgﬁ'\r}vrlzf ?ﬁ gé%%#&%% %?!?é]geséh%? gﬁ%%r%%%oB%S Sgti gh(%# §lljﬁn;ﬁ§8cﬁ§%losed herein are
also usefutmpositianationlwithtotser uiragsasssfitabfamestieaviiehtof gReeKTHId% sadiedonditions.
[00258]FO&%@&&%@@?&HP@E@WRHQH@Q&W%6&%@%@% VAlhi iRl AlaseaRe4 drugs are

contemplated: 13- kers (or 13-adreneroic antaoonistsl including carteolol, levobunolol,

metiparan®61 % fAbBihRWARAE f1ElUGR SBEMRINEREN I SR SER0EanthAgBITSRSsIRIPES BE&IRSIoI, and
the like, orgiasmpesydicalbsaaecBIRbIRSAKS, anbraftiyes kigired ifgmorseiornpnisiadeguding

dressings depending on the part of the body to be treated. The term “ointment”
embraces formutations (including creams) having oleaginous, water-soluble and
emulsion-type bases, e.g., petrolatum, lanolin, polyethylene glycols, as well as mixtures
of these.

[00252] Typically, the compounds can be applied repeatedly for the sustained period
of time topically on the part of the body to be treated, for example, the eyelids,
eyebrows, skin or scalp. The preferred dosage regimen will generally involve regular,
such as daily, administration for a period of treatment of at least one month, more
preferably at least three months, and most preferably, at least six months.

[06253] For topical use on the eyelids or eyebrows, the active compounds can be

~ formulated in agueous solutions, creams, ointments, or oils exhibiting physologicla
acceptable osmolarity by addition of pharmaceutically acceptable buffers and salts.
such formulations may or may not, depending on the dispenser, contain preservatives
such as benzalkonium chloride, chlorhexidine, chlorobutanol, parahydroxybenzoic acids
and phenyimercuric salts such as nifrate, chloride, acetate, and borate, or antioxidants,
as well as additives like EDTA, sorbitol, boric acid and the like as additives.
Furthermore, particularly agueous solutions may contain viscosity increasing agents
such as polysaccharides, e.g., methyicellulose, mucopolysaccharides, e.g., hyaluronic
acid and chondroitin sulfate, or poly alcohol, e.g., polyvinylalcohol. Various slow

72



WO 2009/132088PCT/US2009/041389 non-selective adrenerqic aqonists such as epinephrine borate,
epinephrine hydrochloride, and dipivefrin, and the like, or pharmaceutically acceptable salts or
prodrugs thereof; and selective adrenergic nonists such as apraclonidine, brimonidine, and the like,
or pharmacetift &R aéEptable salts or prodrugs thereof; Carbonic Anhydta$& iABitéeéthcluding
acetazolamide, dichlorphenamide, methazolamide, brinzolamide, dorzolamide, and the like, or

pﬁa;macewgéﬁmgwﬁm%b 05 n;iagl_ra!gg W@F‘?ﬁf@%@d@@ é_Tg@aiabt_ﬁérde_ mmﬁ;b&ﬁt acting ;
cholinergic agon|sts such as carpachol, pillocarpine ro oride,.pilocarbine nitrate, pilocarpine, an
e ke, LSt S R B R S Bt GES PUE At ey BEE RIS ouen o
demecariuhg eclatfmpisiten Emgsostigrmime, arokthedik e avicpbamaceistichihe avogpable salts or

d f: Gl A i ' + |
Do Sk ManaRpcaaU e SRS Rl G s TRt

blockers such as meman ycerin,
CGS-1973s:ajingai o yhieleieadjd/araphmiapenidhami, themmthidiepiaes risyslidil,
diphenylbutyl g)eridines, diphenylpiperazines, HOE 166 and related drugs, fluspirilene, eliprodil,
ifenprodil,@?jg 6l 6060TiIRRESHES D808 SHAPBA G atRIER ARSI ANEAFdBM OCARMARIBRROUSHhodipine,
barnidipingsreliRamilsidodRznenter epiaminmiasate crpiaide, And Berdrrangbatmnaceutically
acceptable salts, or prodrugs thereof; Prostam ides such as bimatoprost, or pharmaceutically
Cceptablo LR orB g e EOR A BRI A T G B QU0 B (G G SAeERrostenol,
fluprostenoh 3 tismihydrenoth lopiostenakasopuchybresepresiesdntiudadposst medtibrdike.
Cannabinqids including CB| agonists sugh as WIN-55212-2 and CP-55940 .an like,.or
oharmaceiodt S BT S SR e e bR aels AR e B g e
eye includirenzgditum, dhiesdeamg doedikscall déoad miaidtiee davpiealgwoelzrsgasivatyaocularly, or
0y any Ok RS v Leans e R A0RE B RSP A RaI RGNS pcoma
prostaglandin EP2 selective agonists are believed to have several medical uses. Forexample, U.S.
Patent Noabout 0.1 ng to about 100 mg per day, more preferably about 1 ng to about 10 mg per

day, and most preferably about 10 ng to about 1 mg per day depending on the

compound and the formulaﬁon. To achieve the daily amount of medication depending

on the formulation, the compound may be administered once or several times daily with

or without antioxidants.

[00255] For topical use, creams, ointments, gels, solutions or suspensions, etc.,
containing the compound disclosed herein are employed. Topical formulations may
generally be comprised of a pharmaceutical carrier, cosolvent, emulsifier, penetration
enhancer, preservative system, and emollient.

[00256] The actual dose of the active compounds of the present invention depends
on the specific compound, and on the condition o be treated; the selection of the
appropriate dose is well within the knowledge of the skilled artisan.

[00257] The compounds disclosed herein are also useful in combination with other
drugs useful for the treatment of glaucoma or other conditions.

[006258] For the treatment of glaucoma, combination treatment with the following
classes of drugs are contemplated:

B-Blockers {or 3-adrenergic antagonists) including carteolol, levobunolol, metiparanolol,

timolol hemihydrate, timolol maleate, p1-selective antagonists such as betaxolol, and
the like, or pharmaceutically acceptable salts or prodrugs thereof;
Adrenergic Agonists including
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WO 2009/132088PCT/US2009/041389 6,437,146 teaches the use of prostaglandin EP2 selective
agonists "for treating or preventing inflammation and pain in joint and muscle (e.g., rheumatoid
arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis, juvenile arthritis, etc.), inflammatory skin
condition (e.§'OSWAYLSBUrNs, eczema, dermatitis, etc.), inflammatory eyd-doRHtISHEY.,

conjunctivitis, etc.), lung disorder in which inflammation is involved (e.g., asthma, bronchitis, pigeon

fafr;cier's digpa %e&fﬁ%&f‘iﬁ‘éﬁ@@lgi@@d%ﬁi@?&%m @%tbg;gwﬁﬂwwﬁw,@@m@mm teoll vaith
inflammatjon (e.q., aphthous ulcer, Chrohn's disease, atrophic gastritis, gastritis varjaloforme,
ulcerative L&ﬁfi?&%&%ﬁi%n%\%&é%’é??&@i&% Weeitl ,eirr(ﬁra%Ig%%e\?&gs?ﬁmo%%?é{%?eﬁﬁgﬁn |rs,
inflam_mat';m'ogpagls ﬁrﬁiﬁtufpasdence_afte_r operation or i_njury, pyrexia, pain and other conditions
assocateq Rl el Rl skl dleeaRs Y SISTIG iR hrihehalng  an e B
polymyositis; ; , ifis nodose, rheumatic fever, Sjgreh's syndrome, Behcet
disease, tijwaitities tiosllydisbepsehigiabitiocoraghisasidne(@rietic microangiopathy, diabetic
retinopathy HRRIA NEAl AR iR ceuadipmR daP BRHibANRMIAn My asthenia grav,

uveitis contact dermatitis, psoriasiS, Kawasaki disease, sarcoidosis, Hodgkin's disease, Alzheimers
disease, k*i‘ﬂﬁ@ﬁ?@'@miﬁﬁi(gﬁ IFSIHRE. SORERIRESRARBMESHKS, RiehayaReRISR Mepatitis, cirrhosis,
etc.), gastipipiesiingl shisfergieardianhaeomflammatory bowel disease, etc.) shock, bone disease
characterized by abnormal bone metabolism such as osteoporosis (especially, postmenopausal
osteoporo'st ,“ ,’H§Mﬁgrathyroidism, Paget's bone diseases, osteolysis, hypercalcemia
of malignafieycyidtiog wibingaaneguetistase's athearathis aibatsipeiydoottisridsteoarthritis,

ostealgia, osteopenia, cancer.cachexia, calculosis, lithiasi ial rolithiasi lid.carcinoma,
mesangiat TGN o Bl B R B AP R MBS T
hypertensipedugs dsenealignant hypertension or the like, premenstrual tension, urinary calculus,

oliguria su X WA (o) ic, fail S ia..orthe like o
o061 e e e
preventiorik® o5t ErocR e L AReHI AR ISR <o @Ers @ (i @Psiunction, baldness, diabetes,
cancer angiisard N-ehdaue @ raBiRIiaTe uksbiesRIEAREVE logical disEagesrineluding acute

myocardial infarction, vascular thrombosis, hypertension, pulmonary hypertension, ischemic heart
disease, cBIOGEEIR SUREPEAIRINENIRG SHYHUFHR fiErarias! RSB B RIERI 041389
[00262] Thesesiasinettis catslse besuskd thdrsaideiayexaabaatidisarnpafitcting the posterior part of
the eye including maculopathies/ retinal degeneration such as.npn-exudative age . acular
degenera&ﬁpfﬂ%ﬁfﬁ? @gﬁdgﬁ%djggipbgpgﬁ)ﬁﬁ@d%f na!ingeesngljgﬁgﬂy Riﬁﬁﬁ%’,“c C)rom%atlel%éna Ll
neovasculesiatdtbdrudjaptisispickimen athyypdit uifemandila Cie LEdrétto phtysivenad8Briound

chorioreti p@éh ' e iabetic macula 13- HVelt] pitis/ choroiditis
such as arc]:él)ne mﬁﬂ%ﬁ%%ﬁg%%{%ﬁrﬂeeﬂ%g&%&%aﬁﬁﬁogé cét%ggﬁ%}jgg’bi%gﬁggy ’
retinochortiifdisaing, ikmbemin@iatinie, lgmioridbe rddars | ikexoplBRATRASUEaHY aaRaBlaRSItis (pars
planitis), nyé,@§o&aé§g@[@g%rgy!tiple evanescent white dot syndrome (mewds), ocular sarcoidosis,
posterior scleritis, serpiginous choroiditis, subretinal fibrosis and uveitis syndrome, Vogt-Koyanagi-and

Harada syBiR8!d@idRs SHET afsRiRaoretl Qi Ph BiaacsidicRibhasS PRIRRIF SRR QT RIOUIMEE disease,

central retipakyginggeriusion, disseminated intravascular coagulopathy, branch retinal vein occlusion,

hypertensive fundus ¢changes, ocular ischemi rome, retinal arterial microanpeyrysms, Coat's
Chapase, pLTBRARERR TELIAER RUARTEIG iAo O AP SURTRBRO Ceto i retinal artery
occlusion, dirgmieb-cetinabatéery deolrsiop, warptas tmery ameszeCid)tHeddted branch angiitis, sickle
cell retinopathy and other he [alal ies, Qi c il lative Vi inopathy,
and Eales BB S e R e e et
disease, réiigabdetzihmentticalyrecospielitio neltaas soogyuas dnecerlditions caused by photodynamic

therapy, plgyasepaulaipn, HypRRRYrSIeBAEINgRUBENh B IR IEHApaIRLRItRene marow

transplant tetinopathy; proliferative disorders such as proliferative vitreal retinopathy and epiretinal

membrane$BREYASH AR A EHRBEreaERIARNY iIRRIIARHIR Y sHYERASHATH &6 Br @Y RS®plasmosis,
ocular toXQERLRsiS nEapd RS RriHardistoplasmosis syndrome (PONS), endophthalmitis,
toxoplasmosis, retinal diseases associated with HIV infection, choroidal disease associate with HIV
infection, Ugowed]isedaedstncidatetingtirdaivharfeofigiaudoahae pnistaglenttirdifabalectoss, progressive

outer retingl aecrais, (ungal gpal diseases, oqdar syphlle: eeyaLsICHosis glfsgniateral
subacute FElToretAItS, and myiasis; genetic disorders such as re initis pigmentosa, systemic
disorders with accosiated retinal dystrophies, congenital stationary night blindness, cone dystrophies,
Stargardt's disease and fundus flavimaculatus, Best's disease, pattern dystrophy of the retinal
pigmented epithelium, X-linked retinoschisis, Sors?fy's fundus dystrophy, benign concentric
maculopathy, Bietti's crystalline dystrophy, and pseudoxanthoma elasticum; retinal tears/ holes such
as WO 2009/132088PCT/US2009/041389 retinal detachment, macular hole, and giant retinal tear;

tumors such as retinal disease associated with tumors, congenital hypertrophy of the retinal pigmented
anithalitim bpoctariar infeal melannma chornidal hemanoinma chornidal oectenma choroidal




[00264]A person of ordinary skill in the art understands the meaning of the stereochemistry associated
with the hatched wedge/solid wedge structural features. For example, an introductory organic
chemistry textbook (Francis A. Carey, Organic Chemistry, New York: McGraw-Hill Book Compan

y
1987, p.63) ¥XEYW*43F 8 ge indicates a bond coming from the plane of tHe 3apef W& the viewer
and the hatched wedge, indicated as a "dashed line", "represents a bond receding from the viewer."

Unless steragehemisiasie expdcidy depiostdgristindifess| aviveleddoisi oleteatnygpwssible
stereoisomer, baqth pure or in,any possible. mixture. Unless, stereochemi | jcitly depicted, a
structure %rﬂﬁrﬁﬁgdi?ﬁm%%%ogﬁeﬁg%@sﬁ%I’g 'gteargéjig})urﬁgﬁ E%%p%?éj @rg ?élgngyég@éible mixture.
[00265]T e doregwingsdesdyijtimroskewddisjiscifiounheanbdisisidvenipasiidis #adcan be employed to
practice th | [ J res tgjﬁﬁln Sonteraplateds Hewever, it is apparent for
one of ordﬁgrl:ﬁfz%?ﬁg é?ﬁ a%?%géﬂ%;iﬁg(%ur%%ﬂn IS Wi%]lcé[%% desir"ed pharm’acplc))?gical properties can
be prepardamaratonsieye gondiionete Snd-amitAREViiscRISos lbompPERR FaNYRISB be obtained from

different siitingreempRURdBIVIJETEreRt shemiseinaasiopy cimintie-dirieat plrarmaesutical

compositions may be prepared and used with substantially the same, re,suét. Thus, however detailed

the foregdhitgneis- hspaaHiPtekine gastissiRAl Brshassra@irtitil IR 8pE-hereof:

rather, the;amkief theRERRsH AnYeRERRdS A0 dishnyssnas Oghs tivishetaididraan sticetitivef the
appended claims.

e o e R e e o,
which is reptesentédr\peaireavktheiolorricg &tenuperstide aphiumapeetiallysicesptatiersalt thereof:
conditions associated with inflammation, allergic disease, systemic lupus
crythematosus, scleroderma, polymyositis, tendinitis, bursitis, periarteritis nodose,
rheumatic fever, Sjgren's syndrome, Behcet disease, thyroiditis, type | diabetes,
diabetic complication (diabetic microangiopathy, diabetic retinopathy, diabetic
nechropathy, etc.), nephrotic syndrome, aplastic anemia, myasthenia gravis, uveitis
contact dermatitis, psoriasis, Kawasaki disease, sarcoidosis, Hodgkin's disease,
Alzheimers disease, kidney dysfunction (nephritis, nephritic syndrome, etc.), liver
dysfunction (hepatitis, cirrhosis, etc.), gastrointestinal dysfunction (diarrhea,
inflammatory bowel disease, etc.) shock, bone disease characterized by abnormal bone
metabolism such as osteoporosis (especially, postmenopausal osteoporosis),
hypercalcemia, hyperparathyroidism, Paget's bone diseases, osteolysis, hypercalcemia
of malignancy with or without bone metastases, rheumatoid arthritis, periodonritis,
osteoarthritis, ostealgia, osteopenia, cancer cachexia, calculosis, lithiasis (especially,
urolithiasis), solid carcinoma, mesangial proliferative glomerulonephritis, edema (e.g.
cardiac edema, cerebral edema, etc.), hypertension such as malignant hypertension or
the like, premenstrual tension, urinary calculus, oliguria such as the one caused by |

acute or chronic failure, hyperphosphaturia, or the like.”

[00261] United State Patent No 6,710,072 teaches the use of EP2 agonists for the
treatment or prevention of “osteoporosis, constipation, renal disorders, sexual
dysfunction, baldness, diabetes, cancer and in disorder of immune regulation...various
pathophysioclogical diseases including acute myocardial infarction, vascular thrombosis,
hypertension, pulmonary hypertension, ischemic heart disease, congestive heart failure,

and angina pectoris.”
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OHOH 000 etsi_ Ns.A 3. A compound according to Claim 1, which is represented by one of the
following formulae or is a pharmaceutically-acceptable salt thereof: 011 4. A compound according to
Claim 1, which is represented by one of the following formulae or is a pharmaceutically-acceptable salt
thereof: OH W8.28088#$8und according to Claim 1, which is represented By & X888 formula oris
a pharmaceutically-acceptable salt thereof:

[00262] These compounds can also be used to freat or prevent conditions affecting
the posterior part of the eye inciuding maculopathies/ retinal degeneration such as non-
exudative age related macular degeneration (ARMD), exudative age related macular
degeneration (ARMD), choroidal neovascularization, diabetic retinopathy, acute
macular neuroretinopathy, central serous chorioretinopathy, cystoid macular edema,
and diabetic macular edema; uveitis/ retinitis/ choroiditis such as acute multifocal
placoid pigment epitheliopathy, Behcet's disease, birdshot retinochoroidopathy,
infectious (syphilis, lyme, tuberculosis, toxoplasmosis), intermediate uveitis (pars
planitis), multifocal choroiditis, multiple evanescent white dot syndrome (mewds), ocular
sarcoidosis, posterior scleritis, serpiginous choroiditis, subretinal fibrosis and uveitis
syndrome, Vogt-Koyanagi-and Harada syndrome; vasuclar diseases/ exudative
diseases such as retinal arterial occlusive disease, central retinal vein occlusion,
disseminated intravascular coaguiopathy, branch retinal vein occlusion, hypertensive
fundus changes, ocular ischemic syndrome, retinal arterial microaneurysms, Coat's
disease, parafoveal telangiectasis, hemi-retinal vein occlusion, papillophlebitis, central
retinal artery occlusion, branch retinal artery occlusion, carotid artery disease (CAD),
frosted branch angiitis, sickle cell retinopathy and other hemoglobinopathies, angioid
streaks, familial exudative vitreoretinopathy, and Eales disease; traumatic/ surgical
conditions such as sympathetic ophthalmia, uveitic retinal disease, retinal detachment,
trauma, conditions caused by laser, conditions caused by photodynarmic therapy,
photocoagutation, hypoperfusion during surgery, radiation retinopathy, and bone
marrow {ransplant retinopathy, proliferative disorders such as proliferative vitreal
retinopathy and epiretinal membranes, and proliferative diabetic retinopathy; infectious
disorders such as ocular histopiasmosis, ocular toxocariasis, presumed ocular
histoplasmosis syndrome {(POHS), endophthalmitis, toxoplasmosis, retinal diseases
associated with HIV infection, choroidal disease associate with HIV infection, uveitic
disease associate with HIV infection, viral retinitis, acute retinal necrosis, progressive
outer retinal necrosis, fungal retinal diseases, ocular syphilis, ocular tuberculosis,
diffuse unilateral subacute neuroretinitis, and myiasis; genetic disorders such as retinitis
pigmentosa, systemic disorders with accosiated retinal dystrophies, congenital
stationary night blindness, cone dystrophies, Stargardt's disease and fundus
fiavimaculatus, Best's disease, pattern dystrophy of the retinal pigmented epithelium, X-
linked retinoschisis, Sorsby’s fundus dystrophy, benign concentric maculopathy, Bietti's
crystalline dystrophy, and pseudoxanthoma elasticum; retinal tears/ holes such as
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OH 6. A compound according to Claim 1, which is represented by the following formula or' is a
pharmaceutically-acceptable salt thereof: 0 7. A compound according to Claim 1, which is represented
by the following formula or is a pharmaceutically-acceptable salt thereof: OH 8. A compound
according to EAHY133Hich is represented by the following formula or is & CT/US2009/041389
pharmaceutically-acceptable salt thereof: OH 9. A compound according to Claim 1, which is

representegkibytbetieierdnt fesmuie avis, antiginracetitsplbapcoapabinsalbthertol @ddase
associated with tumors, congenital hypertrophy of the retinal pigmented epithelium,
posterior uveal melanoma, choroidal hemangioma, choroidal osteoma, choroidal
metastasis, combined hamarioma of the retina and retinal pigmented epithelium,
retinoblastoma, vasoproliferative tumors of the ocular fundus, retinal astrocytoma, and
intraocular lymphoid tumors; and miscellaneous other diseases affecting the posterior
part of the eye such as punctate inner choroidopathy, acute posterior multifocal placoid
pigment epitheliopathy, myopic retinal degeneration, and acute retinal pigement
epitheliitis. Preferably, the disease or condifion is retinitis pigmentosa, proliferative
vitreal retinopathy (PVR), age-related macular degeneration (ARMD), diabetic
retinopathy, diabetic macular edema, retinal detachment, retinal tear, uveitus, or
cytomegalovirus retinitis.

[00263] These compounds are also useful in treating asthma.

[00264] A person of ordinary skill in the art understands the meaning of the
stereochemistry associated with the hatched wedge/solid wedge structural features.
For example, an introductory organic chemistry textbook (Francis A. Carey, Organic
Chemistry, New York: McGraw-Hill Book Company 1987, p. 63) states “a wedge
indicates a bond coming from the plane of the paper toward the viewer” and the
hatched wedge, indicated as a “dashed line”, “represents a bond receding from the
viewer.” Unless steresochemistry is explicitly depicted, a structure is intended to include
every possible sterecisomer, both pure or in any possible mixture. Unless
stereochemistry is explicitly depicted, a structure is intended to include every possible
stereoisomer, both pure or in any possible mixture.

[00265] The foregoing description details specific methods and compositions that
can be employed to practice the present invention, and represents the best mode
contemplated. However, it is apparent for one of ordinary skill in the art that further
compounds with the desired pharmacological properties can be prepared in an
analogous manner, and that the disclosed compounds can also be obtained from
different starting compounds via different chemical reactions. Similarly, different
pharmaceutical compositions may be prepared and used with substantially the same
result. Thus, however detailed the foregoing may appear in text, it should not be
construed as limiting the overall scope hereof; rather, the ambit of the present invention
is to be governed only by the lawifu! construction of the appended claims.
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10. A compound according to Claim 1, which is represented by the following formula or is a
oharmacieutically-acceotable salt thereof: OR 11. A compound according to Claim 1, which is
represented by the following formula or is a pharmaceutically-acceptable salt thereof: OH 12. A
compound~&&88t8ing to Claim 1, which is represented by the following formula or is a
pharmaceutically-acceptable salt thereof: OH 13. A compound according to Claim 1, which is
represented by thedolowingrferamtda ordsea hairiradaritcallyear caprabrasdiftthensaitaOH

salt thereof:
OH OH o
S
Y Y . Y
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baldness

14. A compound according to Claim 1, which is represented by the following formula or is a
pharmaceutically-acceptable salt thereof: OH 15. A compound according to Claim 1 for use in treating

Wk
S
&

OH

i
N
O

OH
O d/\/\
N
N 0
S Y
wherein Y is
O
o TNy
. "o
Q or

2. A compound according to Claim 1, which is represented by ons of the following
formutae or is & pharmaceutically-acceptabie salt thereof:
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3. A compound according to Claim 1, which is represented by one of the following

formuiae or is & pharmaceuticaily-acceptable salt thereof:

OH
OH OH
oO)\/\/\ O)O)\/\NQOX/\
O QO
I.
Ty 7Y s\r’

4. A compound ascording to Claim 1, which is represented by ane of the foliowing
formulazs or is a pharmaceutically-accepiable salt thereof

g s ,

S Y
Y

5. A compound according to Claim 1, which is represented by the following formula or

is a pharmaceutically-acceptable sall thersof:
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6. A compound according to Clabm 1, which is represanted by the following formula or

is a pharmaceutically-sccaptable sall thersol

O
O 2 -
QLQ
4
SJ
Y

7. Acompound according to Claim 1, which is represented by the following formuia or

is a pharmaceutically-acoeptable salf thareol

OH
O/@M/\
N
';z
Y

8. A compound according to Cleim 1, which is reprasentsd by the following formula or

is & pharmaceutically-acceptable salt thereof

QH
O/@/\N\
Q\O

/.

s!'

. Y
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9. A compound aceording to Claim 1, which is represented by the following formula or

is & pharmaceuticaily-accapiable salt theraof:

OH

O\—__@
Y

10, A compound according to Claim 1, which is represanted by the following formuia or

iz a pharmaceutically-acceptable sall thersof,

: oH

N
O
<

Y

11. A compound according to Clalm 1, which is represented by the following formuls or

is a pharmaceuticaslly-acceptable salt thereot

OH

|
S
LY

12. A compound acsording to Claim 1, which s represented by the following formula or

is 2 nharmaceuviicalhaccepiable salt thereoh
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1%, A compound according to Claim 1, which is represerted by the following formula or

s a pharmaceutically-accapiable salt thereof

14, A compound according to Claim 1, which is represented by the fcllowing Tormula or

is & pharmaceutically-scceptable salt thereof:

OH

15, A compound according to Claim 1 for use in reating baldnass.
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