WD 2011/ 071620PCT/ US2010/ 055590 STABLE AQUEQUS COWVPCOSI TI ONS OF PROSTGLANDI N
AGONI ST PRODRUGS AND METHODS FOR USE THERECF | nventors: Robert M Burk and
Wha- Bi n IwoRELATER0APPLI CATI ON [ 0001] Thi s applicati onpclraisosioioksobenef i t
of U S. Provisional Application Serial No. 61/267,897, filed Decenber 9,
2009, the disclosure of which is hereb inc%r orated in its entirety herein

by ref er enc8TABIF. AQEEQLS CW@R@S&F?%@T HebAMRIN ACONISh rel ates
generally to Conpogill&b?ﬂ?ueé&ﬁﬁ%ﬁ%@bsﬂf@ﬁ&ﬁ@&ﬁmﬁﬁwS and rnore

specifically to st e aqueous conpositions of the prostanoid agonists
prodrugs and nmethods for use thereof BACKGROUND OF THE | NVENTI ON [ 0003]
Ccul ar hypot ensi ve agehtvwntors: Bekért M. Butkhend Wdet-Bankm of a nunber of

vari ous ocul ar hypertensive conditions, such as post-surgical and

post-| aser trabecul ectony ocul ar hypertensive episodes, glaucoma, and as
presurgi cal adjuncts. [0004] B@%ﬁéﬁaﬁfﬁgﬂl@gse of the eye characterized
by 11836 Uit ARGHIOR! CRIESIHE Gondl b BA%HSViGhndI! ApBhlMoR0Yeridl! RyCOm
has been classifred as prinmary or secondary. For exanpp , primary glaucoma
i n adul&l2q/cdNg itddt Bkcaghtan Go28)9,nthy dielamsiitchefr wopbnis dwegibg iocorpenated iorits
chronic ?negj%ﬁ-cl q%,ur?. Secondary gl aucoma results from pre-existing ocul ar
di seaseS"EREATTEY WETTTES i ntraocul ar tumpr or an enlarged cataract. [0005]
The underlying causes of primary glaucoma are not yet known. The increased
intraocular tension is due to the obstruction of agqueous hunmor outflow. In
chroni c open-angl e gl aucone, plEhe) @ptglt AYvERGIGRT and its anatomc
structures appear nornal, but drainage of the aqueous hunor is inpeded. In
acut e d00eXribri presenglievantios urleteyl guemhng, totdvenpmsitions of pedvhngrepf psossiald ow,
the filtratjon angle is.narrowed, and the iris .may opstruct the trabecul ar
s hwor OB, BRI SR (ool AU SoRPBHHPIDPT S BRoGrORHEBER I ey
push t hgodRed af mbfiedd fok 8 @EMBrd agai nst the angle, and may produce

pupi |l ary bl ock and thus precipitate an acute attack. Eyes with narrow
anterior chanber angles are predi sposed to acute angl e-cl osure gl aucona
attacks of various degrees of severity. 1 SUBSTI TUTE SHEET (RULE 26) WO
2011/ 071620PCT/ US2010/ 05B294X (ROWBYD SHCtHEANVEN Bl i s caused by any

interfer ewth the flow of aqueous.hunor fromthe posterjor. chanher into
e antRP O EiEp Canki® e SRt o A1 o eTcehar TBpr St ocule:

| nf | anRieftdhslics @BR&HOHs, t E"@cha%ehbﬁfsu%@&ﬁ?%d NER5t-REEY @R AANEOHS BsAPe by
causi ng'conpl ete posterior synechia in iris bonbe, and may plug the

dr ai nadwpettiensivelcpwiotles, eludemasnd @ hesurgsphashuncauses are i ntraocul ar tunors,
enl arged cataracts, central retinal vein occlusion, trauma to the eye,

oper at i[0804jr@leedumnes addeadsabf drctycathahernrehbygecrda@@DittraGonsi essureg Cal |
types t t her,. gl auco occurs i.n about. .2% of .all persons over the age of
40" and HRg SOty RipleR: Blapeams Bus EoR Slan ok poRiraagif geTg I Api " FEREPIGS

VIS On-prinﬁhr(}a@ﬁ&omeﬁl_eacﬁﬂt"sQ(I@éﬂgehﬁalngltauédﬁgd)ctﬁﬁ}@@e &R} 6Bén-aRAE RAURRERH OF
antagoni sts” have traditionally been"the drugs of choice for treating

gl aucorchrori@anH}-closvicaiSecaidensgnuiatsn wawltst fhem praexisting dopdss dirgesss lsednas
reported to iogrss%i%tocul ar_hypot epsi ve tacti vity, and have been recomrended
for use “FHISHIFARBHY HERLYHENT 88t ¥6%aHoi ds and deri vati ves i ncl ude

nuner o i gl,ogically inportant conpoynds such as prostanoi and thejr
dor 1 vati OBt ifesbitien EREan RN ¢ istrits ety Bt Wb [FoBEIIIE aci d
whi ch hae,duhie (ERldoN A1 B thyGou@lioh Withdous HAIGLENERNZ NZci26nid 3p5d719

[ 0009] Various types of prostanoids are known, depending on the structure
and subsgletglamwpmacthcrntedioophanther ahd gy etdtemic sty clofestappegymosnalnbitciraoage

skel et o ” Furtherhcl assifi c?t(iao]g]di stbas%(ir on thgucgunber of unzﬁturtat.ed
bonds i [PHATLEOH: MERET K 1psfiedye Bhage AL HEPTE AL SHHQVFS BEcops dP° PME Fener i
type ofchpmBsit BRALILW,&hE filtRitRatABRI i nEdkobBEREY, tho irishan ebdrieR tHeREFBular and
on the configuration of the substituents on the alicyclic ring indicated

byor (engshworlost thaehigarce of pigrganpd of $cdarnm. APidtoarditee pwi} sag puph the rpelgar ded

t ent I - ' i der i N | ast
oo’ e TR SRS STAL YES DOYRYEhodf IRORE, PSRV ALSH bl o
hypot ensineatagent Bycsakith aagoivdaatdor cHantbed ahgies ke pledivdgodedr tn a0t addle-

managenent of ) )
closure glaucoma attacks of various degrees of severity.
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2 SUBSTI TUTE SHEET (RULE 26) WD 2011/ 071620PCT/ US2010/ 055590 gl aucoma
(see, for exanple, Bito, L. Z Biological Protection with Prostanoids,
Cohen, MwWl2p11ei1620Boca Raton, Fla., CRC Press Inc., 1986r/yspo10@3s59@52; and
Bito, L. Z Appl i ed Pharnacology in the Medical Treatnent of d aucomas

Dr ance, M. and Neufel d, A eds., New. York Stratton, 1984,

pp. 47 7[0%%] Sesonfaryr PatcaRs; lagatl%%éhy&eymﬁzfem Wlthe&ilo AqigPYsfiymor
lipid £t SHRr | .ester,
of "sucr oo hee TR IP 5T hriRE Bl E8 ShReqund Sl R R oo
exper i mzhteaimr datlhmsatordi tahee dhéte amalcprsmgnﬁnbnﬂylmdmedqmalwlﬂ@swpn byn

i ntraocul ar pres results from.i.ncreased uveos outfl ow (N| son
ot ol ot BB Ffeion Techieqih 16 BOTPEvHh Y Dl T3 SIS TOUI e

i sopr opklidfed. eORr c%t%ﬁﬁmhambﬁee 20A¥I4OuRRYE Ri9Ridl ARt yceaﬁeete%tlal

hypot ensi ve potency than the parent conpound, presunmably as a result of its
nor e ef\feet:@qdﬁelqee trevmata ba cyhopagghve hwcedrrereand intackeBF hemhirbagso nmpound was

descri bed as "the npbst potent ocul ar hypotensive agent ever reported" [see,
for ex a{ﬂfm’ﬂ Cdistdering all ZypesAngdtherOplatibmharo¢cursl 353bol0 3% QﬂQBﬁersom;nﬂ/eSitbbol d

et al., 198 013 ereas r.ost anoi ear tp be devoid
oF ol e PR el 5 SRS R Vor ST PoRrRuRE o PokiRs SRR e i pe

hyper enj ger@gsh E@r 1§'n8{‘n{21%i}t’ed5 ?d]ﬁ@atl' Qadﬁmc%mn%ﬁis%t&% |t1}édﬁ§)%91¢3!' gted with
t he topi cal ocular use of such conmpounds, in particular PGF2 and its

pr odr ughs deggof clidiee for fregmegagigucosst er, in humans. The clinical potentials
of prostanoids in the nmanagenent of conditions associated with increased
ocul ar [p8e8i(lurein ei@saglidiuendrethair edegivetitdsy havienbted répprtetiewepeisdes efflact s.
[0014] In a series of Un ted t ates paten ssigned to Allergan, Inc.

pr ost arlBPACBYY & raUyY-h R e e e rameﬂ@%?%fne S dn AR TSPN, ERRgTREHi ed

W th NnGEiRsafiBS Ladtdcpvhivds aHMGEd nﬁh@?ou@ftflél@;gﬁalgy %ngbﬁeﬁtt Cb%?rgyo §ﬂ)§'§uch as
representative exanples are U S

4, 994, ITdstaloids, ardatheir NorivE 028 Pesstanarty dan Se deatribeNigs A0 Cs D pmsltanofc whi ch
are hereb ess peor orated reference. [0015] Further pertinent
backgrcf’ﬁﬁ1y Fﬁﬁé’ %géﬂ"@ngP%W¥ﬁghR¥@’§rdlng the term"prodrug”. An ester
is a conpound which is converted to a therapeutically active conpound after
adm ni stration, and the tzerm should be interpreted aslbroadly herein as is

general ly understood in Qhe art. ile not tending €OO0H Mt the scope of
the inventi ory onwe&s@bn 4Pyd{g$?sL§/zf/an ester group or sone
ot her biolo 'abil e grodp. Generafly, but WOt necessarily, an ester

IS inachv or less|active than the therapeutically active conpound to
which it i converted. 3 SUBSTI TUTE SHEET (RULE 26) WO

2011/071620 CT/ US2(10/ 05559014SUMVARY OF6 THE | NVESTI ON [ 0016] The present
invention is very t a nar ncreas A aqueous
stability (apgd thereb i pro id ag conpositions is
achi eved by incorporati into thi np05|tbﬂns certalﬂ wel | - defi ned
carboxylic acids, and thereafter %justlng e pH of the conpositions from
about 4.0 to about 8.0. As a result, the conpositions and net hods of the

i nvention provide the aqueous stability requi red for marketabl e topical
drug treatnments of a wide variety of ocular disorders. [0017] In one
enbodiﬂﬁﬂ@ﬂdﬂnﬁhﬂQﬁmmeﬁpﬂmmnOMhenﬁqmmm.¢ﬂmuwdg@n¢mﬂpnmhné@mkmmmmMmﬂSng an
ester of a prost oni.st, a carbox i aci sod] osp te di basi c,
Sodt umeHIshBe S0t SAERE e SRt S Mo RE F U sn i bioans DRREPBI -t he
pH of ttﬁ@nﬁrﬁ%‘uﬁbé@ﬁ}ateﬁ RAlvRRdsitE emiR bRt ByomARQh] &bs&rﬂ@&@ﬂer bk

anot her enbodi nent of the invention, there are provi ded nethods for

conf er rgengriatype ofiprostaadidi(p gypmsiaepld@nrﬁb@Et)t mstan@titfdl(HﬁEa)m asdorthof a

pr ost anoi ni s ch me for anple by ;addi ng a
bor boyoraeaafia Stme SENDalBb Rt e RRshe REM S thrg RO BRI om g
to about, QPGPQQFQ] I n anot her enbodi nent of the |nvent|on there are

provi ded net hods for treating an ocul ar di sorder. Such met hods can be

per f or Nee0) b stEXAIPN Ere egﬂle@%@aﬁ!eata%bﬂéﬁt SQIR h§PRIBSHed, MoReed, thesRef a
therapeutlcally effective amount of a conposition including an ester of a
pr ost anetumelgediis the lastdwe dosadbs shoasithiat semdipurstguoats phabighkyi dftesiics osibati um

chl ori sol ubi li zi e renm i nder ter, wherei.n the pH of
he cortaepfih e, Apd B Ay snRSt %4 FERam e ihuesH SUme Sreer
(RULE 26) WO 2011/071620PCT/U82010/055590 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [0020] It is to be understood that both the foregoi ng general
description and the fol | oyipg et 1n¥g are exenplary and

expl anatory only and are not restrlctlve 0 e rnvention clainmed. As used
her ei n, the use of the S|ngular |ncludes the pIuraI unless specifically

Y 1 . o o o T 1




[0022] As used herein, "alkyl" refers to straight or branched chain
hydr ocar byl groups having from1 up to about 100 carbon atons. \Wenever it
appears hwoebnyo7as2nuneri cal range, such as "1 to 100" orCT@s2@oibssspefers to

each integer in the given range; e.g., Cl C100 al kyl" rreans that an al kyl
group may conprise only 1 carbon atom carbon at ons, C n atons,
etc., UBYBMRAES ﬁ)&eﬁ%rml@ B0 4 %ﬂoe%lr%roteaﬁlwue IIi’fQSFPélot rﬁvh% M1 also

i ncl ud% 'HSB%E'&R%oYim’eed?&Pfé nlccqbgsf Zg?gszloisf%@moaﬁozm 3@1&95! gnat ed.
"Substituted alkyl™ Teférs to a I es bearing substituents including

al kyl , Iﬁiahemoﬂquahkl;mb/ﬂedlchlyﬂlem;em @&GLauairkmdynanqseIScB/btaod NeytldaA. /K,
substitte cyel oal kyl | tero iC, it aro aryl,
substit g’ ﬁy\)&? ik, h@g@r‘%g%ﬁ%n gégAStplpt (v e'g(?% {}POI ﬁFﬁ%ﬁFsZubst ituted
aryl oxypGial pgen.anbat@ah kpld-sdtnad sterd] futR as O {J @Pzﬁk laéﬁiei’soe gI lQ%ﬁro
al kyl ami no, | ower al kyl di am no, am do, azi do, 5{4 C(O0)R CR?
-C(0) - estec(ﬁ)such cagapoundf.0) 2, -0C(0)-0-, wherein R? is H or Iovver al kyl ,
acyl, oxyacyl, carboxyl, carbamate, sul fonyl, sul fonam de, sul furyl, and
t he | | I{ﬁOl]AsAlltimelghhlmm’bdse ﬁlbdmtsnaiskry)t yetﬂmbwns:xpeﬂiraéﬂtg,llremiﬁs atdiede that/i ng
from1l Fo about.d on ag As used ere| n. % oal k?/ "1 refers
to cyclifepptagod-ip ‘1‘106 ESHELPhITHY a%‘i PTRSHTS LTS fIop) 188‘1%‘%),3 ¢ORY%iHt'ng in

the rangengl (/pash et’%applnwst ﬁalﬁmpa}’l@%q&m 280 okspbsti tut ed
cycloal kyl" refers to cycl oal groups further bearing one or rmre

substit fafk@,s[f SUBH @-ﬁ%

2311/:) gf%gﬁqﬁgﬁ%pfgggé thagl As -égv}a;hgﬁerel Iﬁgﬁﬁ?&ngﬂ% refers to

st r ai ghtypotenivapethed thivathe payaht omapdaylld gremumbljnaw rﬂgulabf iteam’re cffestive

car bon- carbon doubl e bond, and ving in th n f abg up to about
100 CartbOHSRa RO e ASisar 11 L0k AT Renprund a3 RSBt
furtherochRAhiRdeRNR RentBELrepHRSI [(AE Mrex@RpREBIth AT 1), ARAYEY htﬁﬁln&b‘ied
herein, "lower al kenyl" refers to al kenyl npieties having from2 to about 6

car bon E5oh3q (@6%5] amdsslalstddeh@lr,é’mﬂmgéﬁjé%%b] refers to an al kyl noiety
wherein at | east one nethylene unit has been replaced by an oxygen atom

[ 0026] [A813)sWHcreey mostandidxygicketoyte devetief sighdicant iatrkemdr sidicieytsydoataei n - at
| east one ene it has be ed by.an ox n atom [0027] As
used. hAnErT (cofyan b st ot B o8l srRyic ey S PSR G | eastone
hydr oxydss i QitPwith @R28picAfo RS dsd 16t Bk comﬁéﬁﬁd@’ﬁﬂ%hﬁ{%ﬂlﬂ PG’F? f %cﬁnst o an

aI kenyl npiety bearing at |east one hydroxyl group. As used herein,
"aryl emeddmeg, ers, itsol -gopmbelnsteario fmtriags. @ﬁl@@bslchlamtﬂglalsmftph@tm:@en tfe 6 up to
14 carbon atons and itute refers to dival.ent groups
ur ¢ ner Bugring BrardioRope ECV b AT Sea SEUE Frafient EoBE R orBide) he heed
her ei n,greiBtIGHORT B BBK sidLéfBics. t 0 aromatic noieties containing one or nore
heteroatons (e.g., N, 0, S, or the like) as part of the ring structure and
havi ng [p014)N8 o' RASCMATniR dWRattPpakéntd %s?%ne@tt&ﬂﬁeﬂgﬁn tiRe profshodd EY&E Wit (1. e,

carbon atons and heteroatons). "Substituted heteroaryl ene" refers to
het er oangcaed ogulevimgotamsivh ertivitaadcompaned with moroe sshstrmntially eaduscdagdset forth

above. 031] As. yse erein ef.e lugri de,
e S i R SR e A M

i ncl udiNg 49994e81MeU. DPaf NI, 83908/60H dn@ U0 iRt N 508403 Ylliof vaedhthre BO@bYM
phosphat e di basi ¢, sodium chloride, a sol ubili zi ng agent, and the renai nder
wat er, axResgy inaorrorgrd BY refbrsnednposi tion i s adj usted from about 4 to about
8. In sone enbodinents, the pH of the conposition is adjusted to from about
4.5 to [ﬁbtﬁJtFU@thSr pdrﬁn@méa@mmdidﬁefmtmatﬁmsmwmedtthgardmgﬁbfstetmd‘prddsugidj ust ed
to abou 0033 e OSIt 0 scri herei n exhi bjt. remarkabl e
R ST T S T A T L R

phar maGRutihis@tidnQ hiidha kdraNs o ARt R iRicRSclcB WS BEdaBR R aS s Egﬁéﬁ” 6 SUBSTI TUTE
SHEET ( RULE 26) WO 2011/ 071620PCT/ US2010/ 05559 %0034] used herein, the

phr ase undeiswedsn dreast. | While notaatesding 0aBmit the e & Hieewm@pmpser@fontmﬁe
i nvention of st [ clo in are
cont ens1s CClt‘lI' ‘tazsﬁy& olgglggf MB35t r§e81§) orpsoﬁl o?#gr‘tr)?oégg br 1lle r% }% g}%g?rgl‘ér% P
t he t erdsit Aedes @il emehﬂeﬁlsaﬁaoﬁvebr &smaiuwe aiannh@ﬁleﬁarpem@b)ally attivicodgioand Ay be
derived froma carboxylic acid functional group on another part of the
nol eculVelickidhcyeded-a phenyl ring. Wiile not intending to be liniting, an
ester may be an al kyl ester, an aryl ester, or a heteroaryl ester. In sone
enbodi nents, Cl_6 al kyl esters are conterrpl ated for use in the practice of
the i nvention, wherein the al kyI part3of the ester has from1l to 6 carbon

atonms and includes, but ig tﬁl%gﬂ]gfgaf 1@4@1 et hyl, propyl,
i sopropyl, n-butyl, sec- butyI I so- butyl, ty? ) pentyl i soners, hexyl
i soners, cyplopropyl cyclobutyl cyclopentyl cyclohexyl and combi nati ons

. rr\r\nr\1 . o



7111 ( Z( \ ,--A-C-...".. Z20R | n11 z(

Z3. e e e Joooio o -E -- wherein:
each of Atoto11461628 i ndependently C, N, 0, or S; PATIUS2010052Y6- , or
cis -CH2CH=CH- (CH2) 3-, wherein 1 or 2 carbons may be substituted with S or

0; or Ais -(CH2)m A-(CH2)0- wherein Ar _is arylene or heteroaryl ene,
the sumof mand o is fron$qN@%A'}Tgﬁa}ﬂ%EY%EWTBﬁ@ CH2 may be substituted

with S [@tmﬂ;T@J%ﬂ;&n@h&%hﬁo&ysct&@h Kt the RtBY |thathayﬁfaﬂ3%)ﬁgi:ni5réhse Al &@gbfﬁg

oxyal kenyl , or droxyal kenyl ; R2 1s al kyl, hydroxyl, e, or o; Jis
al kyl , stapclitpaldaydl theoobyalsksif , lifay drforycatakyid; agonist c&mpesitBinslds alckiyhed RS, or
-Y-R3 wherein.Y is 2, S, _or. 0, and R3 | ryl or heteroaryl; SUBSTI TUTE
SHEET (ROTEPIHYE VR 208 10 PP SIORLF PR 018 BB iocTors s oy anineRABr i n a
dashed JdjR@ng @RE §FEMYIStht NOIBRERAS erdth ARVENCE t8faRUPRH. AD SERIt, the
enbodi nents, the prostanoi d agoni st prodrugs have the structure wherein n

is 0. compositianptaheérmeipdliofrethe sinvetienppostdenticdagigons stabpty dicdgiscchdate t he
structure w@ rein i s, alkyl ofr h %éox. | kyl .. ln.certain enmbodi nents, Rl
i's isoﬁ?%%% Eowfﬁ%@%iﬁéﬁwngOFa“X %%6655§mﬁk6gpgﬁgﬁﬁ agoni st prodrugs
I ncl Ude[ﬂﬂpﬂtlnaorn% er}notgodlirlng?lttoefd thte C{ﬁve%%gg,ot%gpesarg%\{rloage& rc]oem]%ésritlilocntsulglc":n‘l'uding an

ester of a prostanoid agonist, a carboxylic acid, sodium phosphate dibasic, sodium chloride, a

solubilizing agent, and the remainder water, wherein the pH of the composition is adjusted

from about 4 to about 8.

[0018] In another embodiment of the invention, there are provided methods for conferring
aqueous stability to a composition including an ester of a prostanoid agonist. Such methods
can be performed, for example, by adding a carboxylic acid to the composition and thereby

adjusting the pH to from 4 to about 8.

[0019] In another embodiment of the invention, there are provided methods for treating an
ocular disorder. Such methods can be performed, for example, by administering to a subject
in need thereof a therapeutically effective amount of a composition including an ester of a
prostanoid agonist, a carboxylic acid, sodium phosphate dibasic, sodium chloride, a
solubilizing agent, and the remainder water, wherein the pH of the composition is adjusted

from about 4 to about 8.
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OH Conpound 1 8 SUBSTI TUTE SHEET (RULE 26) WO
2011/ 071620PCT/ US2010/ 055590 OH 0 Conpound 2 OH Compound 3. [0037] A
wi de rangwoabiiogidoxyl i c aci ds are contenpl ated for usePCm/USh@oossFPOSI ti ons
of the invention. In sone enbodi nents, the carboxylic acidis a G to Go
carboxylic acid. In gne enbodinent, the CaI‘bOX)ﬂ\Ii cacidis citric acid.

t

[ 0038] The carboxyli ORI ERD EiRg%T]iCWS)rFeyéﬁ N@NH@I\&onposition at a

concentration of about 0.05 wt %to about 0.2 Wt % In sonme enbodi nents,

the carl8038)1 i c Acidte depyrdsesigod that thotle dhpdeticepivg sancel cispaaranionatnd theof

(PoLE F8oM RHaY e R et chE SSPRASREE Sy b GrEnat Elbdicor SHEET
t he conposhvention ataimed: onoededaidran, ik Be ladSthwsifdubtaaribauydsi the gdurdl uhlef0039]

Sodi um phogphate di basic.is typically present in the conposition at a
concent%ﬁ%lﬁﬁﬁyo%tat%@a}eﬂﬂse vis wred Sergyy | or 2 mgaRy “agl/of n uslsprestaifp SHICHEIE s

sodi uUmRhASPRGE e BRECieli “HESER” LD wel8sCh \3)5—&1 L OfcRlasif gt ion
of about 1.2 Wt %t 0 gigoﬁt 1.6 vvt]p%A) i one eﬁ%ﬁ I ment ,C sagdilu%ﬂ%e%’osp ate
di basi ¢‘indudedésiendt fimitinge Temnposint hadings usedclomae nte for iooganofatiamed purpbse?2 Wt %

[ 0040] Sodi um chloride is typical.l resent in the conposition at a
concent ?Tlfﬂ;‘r?)flo"atﬂ&’ﬁtcoﬁs.t%%\ﬁ? ﬁ‘%“ﬂ%/g @15815]?] e@.fﬁaqtﬁf B@%Crlggﬁ)'s ome enbodi nent s,
sodiumchl oride is present. in the conposition at a concentration of  about
0.1 wt (9924 e socaife detivitionn, aghBroviisddliveRtmenshidigmUiHESh indeennsctifies ent

in the Wit iid ﬁﬂoﬁ{orﬁp%@&ﬁ% L4 'ﬂ.egﬁhi&lﬁesq}?(ﬁﬁﬁly@ca}%ﬁerﬂfsﬁ% synthetic organic
and inorganic chemistry described herein are those known in the art. Standard chemical
symbols are used interchangeably with the full names represented by such symbols. Thus,
for example, the terms “hydrogen” and “H” are understood to have identical meaning.

Standard techniques may be used for chemical syntheses, chemical analyses, and formulation.

[0022] As used herein, “alkyl” refers to straight or branched chain hydrocarbyl groups having
from 1 up to about 100 carbon atoms. Whenever it appears herein, a numerical range, such as
“1 to 100” or “C;-Ciq0”, refers to each integer in the given range; e.g., “C;-Cg alkyl” means
that an alkyl group may comprise only 1 carbon atom, 2 carbon atoms, 3 carbon atoms, ezc.,
up to and including 100 carbon atoms, although the term “alkyl” also includes instances
where no numerical range of carbon atoms is designated. “Substituted alkyl” refers to alkyl
moieties bearing substituents including alkyl, alkenyl, alkynyl, hydroxy, oxo, alkoxy,
mercapto, cycloalkyl, substituted cycloalkyl, heterocyclic, substituted heterocyclic, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, aryloxy, substituted aryloxy, halogen,
haloalkyl, cyano, nitro, nitrone, amino, lower alkylamino, lower alkyldiamino, amido, azido,

-C(O)H, -C(O)R5, -CH,0R5, -C(O)-, -C(O)-, -S-,

-S(0),, -OC(0)-0-, wherein R is H or lower alkyl, acyl, oxyacyl, carboxyl, carbamate,
sulfonyl, sulfonamide, sulfuryl, and the like. As used herein, “lower alkyl” refers to alkyl
moieties having from 1 to about 6 carbon atoms.

[0023] As used herein, "cycloalkyl" refers to cyclic (i.e., ring-containing) alkyl moieties
typically containing in the range of about 3 up to about 8 carbon atoms, and "substituted
cycloalkyl" refers to cycloalkyl groups further bearing one or more substituents as set forth

above.
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[0041] A wide variety of solubilizing agents are contenplated for use in
the practice of the invention, such as for exanple, polysorbate 80,

pl uroni ¢ W02611/amctot he |i ke. [0042] I n anot her enbodi nercTafS2aloesisavent i on
there are provided nethods for conferring aqueous stability to a

formul ati on conprj sing ester of a prostanaid agoni sit. Such nethods are
per f or 824154y u%%@aﬁf?’é" afgltie%ydd.r#arsatoc%t%%smr. ltra%teg qhainy hwdrecarhl| #PYRM and
therebma% guatlbtw ohB&afignlArtohOdBubId Qmﬁmﬁa Hvin T SAE%, b%ﬁ{‘ésu tohe pH
is adjusted fromabout 4.5 to about 6.5. In so nts, the

adj ust edboutol Gboarbor6 a®ms| @@dS;ubbntutﬁdhfdketafﬂfbmftmmta&eoﬂ grkveps fivrthet bearrmgt her e

are provi ded net an ocul di. sor der od n be
et or it o s sikSiapien® an gt i Ao Aol oSt Clsak ahh sdity et

t her apaf$icea Hayilf &R bity SbanBUWatborfatdmeonposi tion including an ester of a
prostanoi d agoni st, a carboxylic acid, sodium phosphate dibasic, sodium
chlori i N t i H of
ch or | a2t RELuBIIARS SRRk oRRc e eTRMEIRI PG ehE P of
t he terumt'hahéeapeplacahby yn efyfgeonione anobunt” neans t he amount of the
pharmaceutical conposition that will elicit the biological or nedical
respong002d] A&s siwdy] éeicin, n“oxgelitciiyierefts than bikeidi mgictp ugitieibyatt kst one
researcher, veterjnarian, nedical doctor or other clinician. In sone

enbodi ri%?ﬁlléen?Wélt%%H]eé%feﬁl%eﬁéééntoﬁégf‘é’cﬁoms a mammal . In some enbodi ments,
the mammal is human. [0045] Disorders that can be treated using the net hods
of the [PB¥BMS wwdihaindbydrptiyaliarle rafers to prrilksbimoisty btasing oiigastame hudieyy!

i nt raocy 181 pressure, optic neuropathy, corneal pain, diabetic retinopathy,
retinal® '@strophi es, macul ar degeneration, non- exudati ve age related

| SUBSTI.TUTE S 201 620PCT/ USZOlO 055590
oo anarl 0078 AT R oiny ﬁﬁ@fﬁ)tyﬁs&a@@e@t@ﬁ'\qu P PRI heraes BISSERS)

Leber s 13@atdx§1 pRMpopat hy, optic neuritis often associated with multiple
sclerosi's, retinal vein occlusions, ischem c neuropathies and other

neur Od%@fﬁr@st hééﬁ H@te?f?a%i%ﬁlene@ ﬁ‘@ﬂ’e{%' t@%vﬂ&ﬁ‘é@tﬁﬁé{ ﬂoé h%g ﬁlet'HE R A

chorioretinopat hy, cystoi'd macul ar edemm, di abet cul ar edema, nyopic

r et i nalupdeddmertamni avoms awifsebstirited figdeade” ptfatsdp cﬂlwﬂeglmml gepips etheo ﬂ)aarhyg
Behcet' s d| sease, E dtshot rfetl né)chor oi dopat hy, internedi ate uveitis (pars
pl ani tiQF OF PP FYOSEWENE A PRt PVl ti pl e evanescent white dot syndrone
(MEWDS) , ocul ar sarcoi dgsi s, posterior scleritis, serpi g[| hous choroiditis,
subr et i R&F0lipptsd heraind haiapayiengy Frfpis i arayBRte. ROIPARR GPIHAMEIRN S YnlPtire,

punct atﬂ%tér@zﬂﬁ&t %@%rﬂ' BoRAbMhe 1RE PALEHROSHRE hﬁ% st thicl BQHayRbLAg %edraﬁge%tent

epi t hel | opat uté refinal pignent epithefiitis, acute cul ar
neur or éiilmtmphﬁt tW?dmd)nfminl tbowing spnauedueesarboc htoas Joddictuyatems)c "Substiapyd and

| aser - st e eratom | eusi s SI.K).. [0046] The f owi ng exanpl es
e | nUBTIRVERTyrefis 19 [ERrSrcaRu VEAR Sirinhane Abae iRy 56
const I‘Lf@ﬂh@ﬁo‘lel‘ mting the invention. EXAMPLES [0047] The aqueous stability
of invention conpositions was eval uated using Corrpounds 2 and 3. Four

f ormul %b%l"]s vverAes WGRRE&GH h‘a[or%%ﬁ‘cbr GP@[TTHQU H’@kersat% ik 0E1§1'8r1ti£' rBfidad es

bel ow. % Formul’ati o For ation Formul ati on For mul ati on
iodide.

[0032] The invention provides compositions including an ester of a prostanoid agonist, a
carboxylic acid, sodium phosphate dibasic, sodium chloride, a solubilizing agent, and the
remainder water, wherein the pH of the composition is adjusted from about 4 to about 8. In
some embodiments, the pH of the composition is adjusted to from about 4.5 to about 6.5. In

one embodiment, the pH of the composition is adjusted to about 6.0.

[0033] The compositions described herein exhibit remarkable aqueous stability, thereby
resulting in increased shelf life for a pharmaceutical formulation containing invention

compositions.
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4 Compound 2 0.01 0.01 0.01 0.01 Sodi um phosphate di basic, anhydrous 1.42
1.42 1.42 1.42 Citric acid 0.136 0.136 0.136 0.136 Sodi um chloride 0.12
0.12 0. 12w0.20P1/(Pod2gsor bate 80 1.0 1.0 PCT/US2010/055590

[0034] As used herein, the phrase “aqueous stability” means

[0035] In certain embodiments of the invention, ester prodrugs of the prostanoid agonists
disclosed herein are contemplated. An ester may be derived from a carboxylic acid of C1
(i.e. the terminal carboxylic acid of a natural prostanoid), 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 ester. In some embodiments, C, alkyl esters are contemplated for use in the
practice of the invention, wherein the 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, t-
butyl, pentyl isomers, hexyl isomers, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and

combinations thereof having from 1-6 carbon atoms, etc.

[0036] Prostanoid agonist prodrugs contemplated for use in the compositions of the invention

have the structure:

O
g |
A—-C
(ZG \Zz/ TOR;
Re—— |
2 I
z Z -
5\ / 3\__/"—__\ /E
Z, el J

wherein:

cach of Z; to Zs is independently C, N, O, or S;

A is «(CH;)s-, or cis -CH,CH=CH-(CH3)3-, wherein 1 or 2 carbons
may be substituted with S or O; or

A 18 (CHz)m-Ar-(CH3),- wherein Ar is arylene or heteroarylene, the
sum of m and o is from 1 to 4, and wherein one CH, may be substituted with S
or O;

R, is alkyl, cycloalkyl, oxyalkyl, hydroxyalkyl,
alkenyl, oxyalkenyl, or hydroxyalkenyl;

R; is alkyl, hydroxyl, halide, or oxo;

Jis alkyl, cycloalkyl, oxyalkyl, hydroxyalkyl;

E is Cy17 alkyl, R3, or -Y-R3 wherein Y is CHy, S, or O, and Rs is aryl

or heteroaryl;
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Pl uroni c F127 1.0 1.0 pH 6.0 7.3 6.0 7.3 11 SUBSTI TUTE SHEET ( RULE 26)
WO 2011/ 071620PCT/ US2010/ 055590 Table 2 W % Fornul ation 1 Fornul ation 2
For mul at iwo 2811Fonéml ati on 4 Conpound 3 PCT/US2010/055590

nis0or1;
and wherein a dashed line represents the presence or absence of a

bond.

In some embodiments, the prostanoid agonist prodrugs have the structure wherein n is

In other embodiments, the prostanoid agonist prodrugs have the structure wherein R,

is alkyl or hydroxyalkyl. In certain embodiments, R; is isopropyl or -CH,-CH,-OH.

Exemplary prostanoid agonist prodrugs include, but are not limited to, compounds

having the structure:

OH

Compound 1

8
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0.01 0.01 0.01 0.01 Sodi um phosphate di basic, anhydrous 1.42 1.42 1.42 1.42
Citric acid 0.136 0.136 0.136 0.136 Sodiumchloride 0.12 0.12 0.12 0.12
Pol ysor bawe 2801/@16201. O Pl uroni c F127 PCT/US2010/055590

/]

AN

o)
Compound 2

(@]
O/jOH
S
. P
\ OH
D
OH

Compound 3.

[0037] A wide range of carboxylic acids are contemplated for use in the compositions of the
invention. In some embodiments, the carboxylic acid is a C; to Cyo carboxylic acid. In one

embodiment, the carboxylic acid is citric acid.

[0038] The carboxylic acid is typically present in the composition at a concentration of about
0.05 wt % to about 0.2 wt %. In some embodiments, the carboxylic acid is present in the

composition at a concentration of about 0.1 wt% to about 0.15 wt %. In one embodiment, the

9
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1.0 1.0 pH6.0 7.3 6.0 7.3 [0048] The formul ati ons were anal yzed by HPLC
with the foll ow ng neasurenent paraneters: Col um: Bi oW dePore C18

( SUPELCOWwO4ofi/atma2e 25 ¢cm 5 gm Mobil e Phase A: 0. 1% ( VAPLTIUSRG100S3S0@CEL | C
acid (TFA) in di-water, 0.8 mcron filtered Mbile Phase B: 100%
acetonitrile, O. 8 mcron filtered Col um tenp: Anbie njection_ vol urre 30
i ut UV 9Erosylis afid is presaph ig tBGCOMPESIHQD Af # CREGENITALIRD 05@ 137 it e caRapyle

di l uent,.;p0% acetonitrile in di-water [0049] Using the above HPLC
parameters, the following stability data was generated: Table 3 Conpound 1,

For mul aﬁ)b@] Sjod%ﬂrﬁﬁﬁgs\foﬁﬁ% dhsE is typically present in the composition at a concentration of

about 1.0 wt % to about 2.0 wt %. In some embodiments, sodium phosphate dibasic is
present in the composition at a concentration of about 1.2 wt % to about 1.6 wt %. In one
embodiment, sodium phosphate dibasic is present in the composition at a concentration of

about 1.42 wt %

[0040] Sodium chloride is typically present in the composition at a concentration of about
0.05 wt % to about 0.2 wt %. In some embodiments, sodium chloride is present in the
composition at a concentration of about 0.1 wt % to about 0.15 wt %. In one embodiment,

sodium chloride is present in the composition at a concentration of about 0.135 wt %.

[0041] A wide variety of solubilizing agents are contemplated for use in the practice of the

invention, such as for example, polysorbate 80, pluronic F127, and the like.

[0042] In another embodiment of the invention, there are provided methods for conferring
aqueous stability to a formulation comprising an ester of a prostanoid agonist. Such methods
are performed, for example, by adding a carboxylic acid to the formulation and thereby
adjusting the pH to from 4 to about 8. In some embodiments, the pH is adjusted from about
4.5 to about 6.5. In some embodiments, the pH is adjusted to about 6.0.

[0043] In other embodiments of the invention, there are provided methods for treating an
ocular disorder. Such methods can be performed, for example, by administering to a subject
in need thereof a therapeutically effective amount of a composition including an ester of a
prostanoid agonist, a carboxylic acid, sodium phosphate dibasic, sodium chloride, a
solubilizing agent, and the remainder water, wherein the pH of the composition is adjusted

from about 4 to about 8.

[0044] As used herein, the term "therapeutically effective amount” means the amount of the
pharmaceutical composition that will elicit the biological or medical response of a subject in
need thereof that is being sought by the researcher, veterinarian, medical doctor or other
clinician. In some embodiments, the subject in need thercof is a mammal. In some

embodiments, the mammal is human.

[0045] Disorders that can be treated using the methods of the invention include, but are not
limited to, glaucoma, elevated intraocular pressure, optic neuropathy, corneal pain, diabetic

retinopathy, retinal dystrophies, macular degeneration, non-exudative age related macular
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45 C 60 C 15 days 99.8 98.3 89.1 30 days 99.4 98.5 88.3 45 days 100.3 98.1
78.7 12 SUBSTI TUTE SHEET (RULE 26) WD 2011/ 071620PCT/ US2010/ 055590 Tabl e 4
Conpound W 2bowaTud2at i on 2 % Recovery 30 C 45 C 60 C 15 aayassi@0/035596. 7

degeneration (ARMD), exudative Age Related Macular Degeneration (ARMD), Lebers optic
neuropathy, optic neuritis often associated with multiple sclerosis, retinal vein occlusions,
ischemic neuropathies and other neurodegenerative diseases, choroidal neovascularization,
central serous chorioretinopathy, cystoid macular edema, diabetic macular edema, myopic
retinal degeneration, acute multifocal placoid pigment epitheliopathy, Behcet’s disease,
birdshot retinochoroidopathy, 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-Harada
syndrome, punctate inner choroidopathy, acute posterior multifocal placoid pigment
epitheliopathy, acute retinal pigment epitheliitis, acute macular neuroretinopathy, and

following procedures such as photodynamic therapy and laser-assisted in sifu keratomileusis
(LASIK).

[0046] The following examples are intended only to illustrate the invention and should

in no way be construed as limiting the invention.

EXAMPLES

[0047] The aqueous stability of invention compositions was evaluated using
Compounds 2 and 3. Four formulations were prepared for each compound, as set forth in the

tables below.

Table 1
Wt % Formulation | Formulation Formulation Formulation
1 2 3 4
Compound 2 0.01 0.01 0.01 0.01
Sodium phosphate 1.42 1.42 1.42 1.42
dibasic, anhydrous
Citric acid 0.136 0.136 0.136 0.136
Sodium chloride 0.12 0.12 0.12 0.12
Polysorbate 80 1.0 1.0
Pluronic F127 1.0 1.0
pH 6.0 73 6.0 73
11
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89.5 30 days 99.9 96.0 85.8 45 days 101.7 97.9 81.1 Table 5 Conpound 1,
Formul ati on 3 % Recovery 30 C 45 C 60 C 15 days 101.5 101.5 92.3 30 days

99. 7 103.wo03b11l074€@0days 96.7 98. 2 PCT/US2010/055590
Table 2
Wt % Formulation | Formulation | Formulation Formulation
1 2 3 4
Compound 3 0.01 0.01 0.01 0.01
Sodium phosphate 1.42 1.42 1.42 1.42
dibasic, anhydrous
Citric acid 0.136 0.136 0.136 0.136
Sodium chloride 0.12 0.12 0.12 0.12
Polysorbate 80 1.0 1.0
Pluronic F127 1.0 1.0
pH 6.0 7.3 6.0 7.3
[0048] The formulations were analyzed by HPLC with the following measurement
parameters:

Column: BioWidePore C18 (SUPELCO), 4.6 mm x 25 cm, 5 um
Mobile Phase A: 0.1% (V/V) trifluoroacetic acid (TFA) in di-water, 0.8
micron filtered

Mobile Phase B: 100% acetonitrile, 0.8 micron filtered

Column temp: Ambient

Injection volume: 30 uL

UV Detection: 214 nm

Flow: 1.0 mL/min

Run time: 25 minutes

Sample diluent: 50% acetonitrile in di-water

[0049] Using the above HPLC parameters, the following stability data was generated:

Table 3 Compound 1, Formulation 1

% Recovery 30°C 45°C 60 °C
15 days 99.8 98.3 89.1
30 days 99.4 98.5 88.3
45 days 100.3 98.1 78.7

12
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51.3 Table 6 Conpound 1, Formulation 4 % Recovery 30 C 45 C 60 C 15 days
96.9 100.4 85.1 30 days 93.2 88.6 36.0 45 days 93.7 89.9 33.4 Table 7
Conpound W 2bowaTud2at i on 1 % Recovery 30 C 45 C 60 C 15 aayass2010/055590

Table 4 Compound 1, Formulation 2

% Recovery 30°C 45°C 60 °C
15 days 100.7 95.7 89.5
30 days 99.9 96.0 85.8
45 days 101.7 979 81.1

Table 5 Compound 1, Formulation 3

% Recovery 30°C 45°C 60 °C
15 days 101.5 101.5 92.3
30 days 99.7 103.1 55.1
45 days 96.7 98.2 51.3

Table 6 Compound 1, Formulation 4

% Recovery 30°C 45°C 60 °C
15 days 96.9 100.4 85.1
30 days 93.2 88.6 36.0
45 days 93.7 89.9 334

Table 7 Compound 2, Formulation 1

% Recovery 30°C 45°C 60 °C
15 days 97.7 100.2 93.8
30 days 99.6 99.1 86.8
45 days 100.6 98.5 80.8

Table 8 Compound 2, Formulation 2

% Recovery 30°C 45°C 60 °C
15 days 101.8 100.4 94 .4
30 days 101.6 99.4 86.8
45 days 100.8 96.7 81.3

13
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97.7 100.2 93.8 30 days 99.6 99.1 86.8 45 days 100.6 98.5 80.8 Table 8
Compound 2, Formulation 2 % Recovery 30 C 45 C 60 C 15 days 101.8 100.4
94. 4 30 dwp=wLA1€099.4 86.8 45 days PCT/US2010/055590

Table 9 Compound 2, Formulation 3

% Recovery 30°C 45°C 60 °C
15 days 103.2 103 100.2
30 days 106.6 103.3 82.9
45 days 105.8 101.1 79.3

Table 10 Compound 2, Formulation 4

% Recovery 30°C 45°C 60 °C
15 days 101.7 100.7 94.6
30 days 102.9 100.2 73.6
45 days 102.4 99.6 62.3

[0050] From the above stability data, it is apparent that at 30 °C both test Compounds 2 and 3
are stable in each formulation for 45 days. At 45 °C, no significant loss was seen in most

formulations, with the exception of Compound 2 in Formulation 4.

[0051] In addition, it can be concluded that Formulation 2 is superior for both test
compounds, and that polysorbate 80 formulations appear to be superior to the pluronic F127

formulations. Finally, both test compounds appear to be more stable at pH 6 than at pH 7.3.

[0052] While this invention has been described with respect to these specific examples, it is
understood that other modifications and variations are possible without departing from the

spirit of the invention.
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100.8 96.7 81.3 13 SUBSTI TUTE SHEET (RULE 26) WO

2011/ 071620PCT/ US2010/ 055590 Tabl e 9 Conmpound 2, Fornul ation 3 % Recovery
30 C 45 Gvb6QoG/rs62days 103.2 103 100.2 30 days 106. 6 10B8C3/1B2019/08B9aays
105.8 101.1 79.3 Table 10 Compound 2, Fornul ation 4

WHAT IS CLAIMED IS:

1. A composition comprising an ester of a prostanoid, a carboxylic acid, sodium
phosphate dibasic, sodium chloride, a solubilizing agent, and the remainder water, wherein

the pH of the composition is adjusted from about 4 to about §.

2. The composition of claim 1, wherein the carboxylic acid is a C; to Cyo carboxylic
acid.
3. The composition of claim 1, wherein the carboxylic acid is citric acid.
4. The composition of claim 1 having about 0.05 % to about 0.2 % carboxylic acid.
5. The composition of claim 1 having about 0.1 % to about 0.15 % carboxylic acid.
6. The composition of claim 1 having 0.135 % carboxylic acid.
7. The composition of claim 1 having a pH from about 4.5 to about 6.5.
8. The composition of claim 1 having a pH of about 6.0.
9. The composition of claim 1, wherein the prodrug of the prostanoid agonist has the
structure:
0O
i A l!
( Zg)/ \Zz/ TOR
| ‘n
Re— |
Zs Zs 3
_____ E
N N~
wherein:

cach of Z; to Zs is independently C, N, O, or S;
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% Recovery 30 C 45 C 60 C 15 days 101.7 100.7 94.6 30 days 102.9 100.2 73.6
45 days 102.4 99.6 62.3 [0050] Fromthe above stability data, it is

appar ent wbantiat71i20 C both test Conpounds 2 and 3 are strabits2010/083meh

formul ation for 45 days. At 45 C, no significant |oss was seen in nost

formul ations, with the exc ion of, n in Formulation 4. [0051] In
addition, it can be coﬁd?U@Z)‘t'h‘éﬁaﬁcﬁ?ﬁ%&gfggﬁ(dﬁﬁ)@‘§ @Pilo‘?r%%rb th test
conpounds, and t haty poluss@iRateitBd of oF grl ati ons appear to be superior to

the pluronic F127 fornulations. Finalfy, both test conpounds appear to be

nmore stable at pH 6 tham -dCH-Ar-8CHpOOGRIreini ie atyiérs aretemardandidlss been

described with to th i fi | it der st hat
of her modi 11 cati OHB, G “04P e pBreoa e baEeRIT ey it SaSpar RGP Sm t ne
spirit of the inwgmon. 14 SUBSTI TUTE SHEET (RULE 26) WHAT IS CLAIMED IS:

1. A conposition conprising an ester of a prostanoid, a carboxylic acid,
sodi um phosphat e di badtics akgHicuetoelkylo pryrdkylahyseimgiiyil.zi ng agent, and the

e nder v MIAEL IR B SlaiGaRo Ll on 1 ad ueted Trom about 4
a Cl to C10 carboxyli ®Rashulkyl, alkenyl, hydroxyl, halide, cyano, or oxo;
Jis alkyl, cycloalkyl, oxyalkyl, hydroxyalkyl;
E is Cy.17 alkyl, R3, or -Y-R3 wherein Y is CHy, S, or O, and Rs s aryl
or heteroaryl;
nis0or1;

and wherein a dashed line represents the presence or absence of a

bond.
10.  The composition of claim 9, wherein n is 0.
11. The composition of claim 9, wherein R is alkyl or hydroxyalkyl.
12. The composition of claim 9, wherein R is isopropyl or -CH,-CH,-OH.

13.  The composition of claim 9, wherein the prodrug of the prostanoid agonist has the

structure:

16



3. The conposition of claim1, wherein the carboxylic acid is citric acid.
4. The conposition of claim1 having about 0.05 %to about 0.2 % carboxylic
acid. 5.wOhetigongositi on of claim1 having about 0.1 %PCO/shawsBFIA5 %
carboxylic acid. 6. The conposition of claim1l having 0.135 % carboxylic
acid. 7. The conposition of claim1 haying a pH from about 4.5 to about
6.5. 8. The conposition of claim1l hajing a pH of about 6.0. 9. The
conposition of cIa|n11 mhereln g s C re_prostanoi d agoni st has
the structure: ... A-C - f "1 1 n Z5Z3.) ......... - E
Z4. . .- wherein: each of Z1 t ndependently C, N, 0, or S; WD

Ais -(CH2)6-, or cis -CH2CH=CH (CH2) 3-,
substituted with S or 0; or Ais
-(CH2) m Ar- (CH2) 0- wherein is arylene or heteroaryl ene, the sumof m and
ois from1l to 4, and wherein one\CH2 e substituted with Sor 0; Rl is
al kyl, cycl oal kyl, oxyal kyl, hydro yII al kenyl , oxyal kenyl, or

hydr oxyal kenyl ; R2 is al kyl, al kenyl, xyl, hallde cyano, or oxo; J is
al kyl, cycloal kyl, oxyal kyl, hydroxyal kyl ; Eis Cl12 al kyl, R3, or
-Y-R3 wherein Y is CH2, S, or 0, and R3 is/4 ryl\7L—heteroaryI; nis 0 or 1;

OH

14.  The composition of claim 1, having about 1.0 % to about 2.0 % sodium phosphate

dibasic.
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and wherein

a dashed line represents the presence or absence of a bond.

10. The conposition of claim9, wherein nis 0. 11. The conposition of

claim9, wberdgiatid2d i s al kyl or hydroxyal kyl. 12. The cecpas2ei0osssed claim

9, wherein
wher ei n t he
OH 14. TRe ¢

phosphajig,sfli basi c.

Rl is isopropyl or -CH2-CH2-OH  13. The conposition of claim9,

Phscertienon o eal fx A TRaUHG | ot 006 | 0t O ABRTNORNS, S odi Lim

claim1, having about 1.2 %to about 1.6 % sodi um phosphate di basic. 16.

The conpos

tion of claim1, having about 1.42 Wbsodiun1phosphate di basi c.

S or1 a6 R o Bim BE P 1. B g ShoRf DR 20 s pb B RHNS oot O 15

% sodi um ch

| ori de. 19 The conposition of claim1 having 0.135 % sodi um

chloride. 20. The conmposition of claim1, wherein the solubilizing agent
i s pol ylder bakhe ®@oepitioh gf elging | hapipg about 0. 05 % to about 0.2 % sodium chloride.

18.  The composition of claim 1 having about 0.1 % to about 0.15 % sodium chloride.

19.  The composition of claim 1 having 0.135 % sodium chloride.

20. The composition of claim 1, wherein the solubilizing agent is polysorbate 80 or

pluronic F127.

21. A method for conferring aqueous stability to a formulation comprising an ester of a

prostanoid agonist, comprising adding a carboxylic acid to the formulation and thereby

adjusting the pH to from 4 to about 8.

22.

23.

24.

25.

The method of claim 21 wherein the pH is adjusted from about 4.5 to about 6.5.

The method of claim 21 wherein the pH is adjusted to about 6.0.

The method of claim 21 wherein the carboxylic acid is citric acid.

A method for treating an ocular disorder comprising administering to a subject in

need thereof a therapeutically effective amount of a composition according to claim 1.

26.

The method of claim 25 wherein the disorder is glaucoma, elevated intraocular

pressure, optic neuropathy, corneal pain, diabetic retinopathy, retinal dystrophies, macular

degeneration, non-exudative age related macular degeneration (ARMD), exudative Age

Related Macular Degeneration (ARMD), Lebers optic neuropathy, optic neuritis often

associated with multiple sclerosis, retinal vein occlusions, ischemic neuropathies and other

neurodegenerative diseases, choroidal neovascularization, central serous chorioretinopathy,

cystoid macular edema, diabetic macular edema, myopic retinal degeneration, acute

18
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21. A nmethod for conferring aqueous stability to a fornulation conprising
an ester of a prostanoid agonist, conprising adding a carboxylic acid to

t he for mwetzoown7ased t her eby adjusting the pH to from 4 wPoTalsea/085590 22. The
met hod of clain121 wherein the pHis adjusted fromabout 4.5 to about 6 5.

23. The aim 21 . rei h s adjusted to about
The net® P%lﬁp@%%m@ Oleéﬁ@v é?fﬂa%wil%eésea frgshog r%npalil lééep%}ey, 25 A
met hod 1ﬁ@ﬁn&ala@aﬂvags ?ﬂwﬁlldhﬁ%) %&t‘?ﬂ’o@ﬁ%hﬁ%ﬁé Shingp RETh St whng dbe a

subj ect in need thereof a therapeutlcally effective amount of a conposi tion
accor di smgdltomec(l\/éEWDlS) ocRBu sateidnes,hodteabr slleaitin %pl@lmeu@choroﬁélsdl sorder is

| aucoma ted |n raocul ar,_pre opti 0 cor neal pain,
9 abot g Tat ot o Rl SRghRoudRk gy S SRRLRL nEaR e
non- ex udaidi¥hatye adid ﬁés@&id?@ﬁuﬁﬁ)"cal%&%ﬁtﬁﬁ@hieﬁﬂelfwﬁaﬁ@athyeéé{ﬁéirdtl‘ﬁ@l Age
Rel at ed Macul ar Degeneration (ARVD), Lebers optic neuropathy, optic

neur i t igBentenithel by jagute magilehneripiclipopathys laad &dlosving proceduresmichapccl usi ons,
i schem t ses, choroida
neovas Gi]IO &{zléa){ﬁﬁotﬁérg ﬁ{hdl etrgl gél%tg(iw“ﬁ%ﬁ%%{rzg ﬁ%\dcl)s\{sa [%\S%ﬁiyst oi d macul ar
edema, diabetic macul ar edema, myopic retinal degeneratlon acute

mul tifocal placoid pignent epitheliopathy, Behcet's disease, birdshot

reti noctor mﬁk?ﬂ”ﬁ?th%P ig Heigr 2ewhaicw the diserdst islrucopiaicigvated inffaochlppcal
chor0|§5g$§m'nult|ple evanescent white dot syndrone (MEWDS), ocul ar

sarcoi dosi's, posterior scleritis, serpiginous choroiditis, subretinal
fibrosis and uveitis syndrone, Vogt-Koyanagi-Harada syndrone, punctate

i nner chor oi dopat hy, acute posterior multifocal placoid pignment

epi t hel i opat hy, acute retinal pigment epitheliitis, acute macul ar

neur or et i nopat hy, and foll ow ng procedures such as photodynam c therapy and
| aser-assisted in situ keratom |l eusis (LASIK). 27. The nethod of claim 25
wherein the disorder is glauconma or elevated intraocul ar pressure.
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