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BACKGROUND OF THE INVENTION
10 The naturally occurring prostaglandin, PGFz, is a twenty-carbon (C-20)
' unsaturated fatty acid derived from arachidonic acid. Using standard prostaglandin
nomenclature, PGF,, possesses alpha-hydroxyl groups at both Cg and at Cj; on the
cyclopentane ring, a cis double bond between Cs and Cs, and a trans double bond between
C13 and Cy4. Thus PGF,, has the following structure:
15

Analogs of PGF;, are useful for the treatment of several medical conditions
20 including, for example: ocular disorders, such as glaucoma; circulatory disorders,
gastrointestinal disorders; fertility control; and bone disorders, such as osteoporosis.
Information regarding the biological effects of Prostaglandin F analogs is disclosed in the
following  references: PCT Publication No. WO 99/12895, 1999; PCT Publication No."
WO 99/12896, 1999; PCT Publication No. WO 99/12898; Chem. Abstr. 1999, 194116
25 “Molecular mechanisms of diverse actions of prostanoid receptors”, Biochimica et
Biophysica Acta, 1259 (1995) 109-120; U.S. Patent No. 3,776,938 issued to Bergstrom,
S., and Sjovall,J., Deceniber 4, 1973; U.S. Patent No. 3,882,241 issued to Pharriss, G.,
May 6, 1975; G.B. Patent No. 1,456,512 (1976) issued to Pfizer Inc., Bundy, G.L.;
Lincoln, F.H., "Synthesis of 17-Phenyl-18,19,20-trinor prostaglandins L. The PG1 Series",
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1979) have been disclosed. However, such compounds suffer from significantly
diminished potency.

25 Further research in the area of heteroatom-containing C,; replacements has been
hampered by the lack of a general synthetic route to advanced or key intermediates that
would allow for the rapid preparation of a multitude of variants to replace C;. The Corey
route to prostaglandins was specifically designed for a carboxcyclic acid moiety, and
modifications which create reagents with relatively acidic protons are either incompatible

30 with this route or cause significant optimization of this difficult step for each new C,
replacement. Syntheses of Prostaglandin F analogs via the Corey route are described in
the following references: Corey, E. J.; Weinshenker, N. M.; Schaaf, T. K.; Huber, W J.

Am. Chem. Soc., 1969, 91, 5675 and Corey, E. J.; Schaaf, T. K.; Huber, W; Koelliker, U.;
Weinshenker, N. M.; J. Am. Chem. Soc., 1970, 92, 397.

35 Thus, while a few Prostaglandin F analogs wherein C; has been replaced with a

heteroatom-containing moiety have been disclosed, there is a continuing need for suitable
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following formula: HQ R cjvV 2 Zein Rl, R2, X, Y, V, a, b, W
and Z are defined bel ow .10 I's inventipn also includes optical isoners,
di astereoners and enanti oner f the HOMl a above, and

pharmaceutical | y-acceptabl e salts, biohydrol yzabl e am des, esters, and

i m des thereof. The conpounds of the present invention are useful for the
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15 invention further provides pharmaceutical compositions comprising these compounds.
The invention still further provides methods of treatment for bone disorders and glaucoma
using these compounds or compositions containing them.
DETAILED DESCRIPTION OF THE INVENTION
The invention is directed to novel 2-decarboxy-2-phosphinico Prostaglandin F
20 analogs, pharmaceutical compositions comprising these compounds, and methods of
treating a variety of disorders by administering these compounds.
Definitions and Usage of Terms ' o
“Alkyl" is a saturated or unsaturated hydrocarbon chain. Unless otherwise
specified (e.g. see “Cy alkyl”, “C; alkyl”, “Cy, alkyl” and “Cp alkyl” below), alkyl chains
25 have 1 to 18 carbon atoms, preferably 1 to 12, more preferably 1 to 6, more preferably still
1 to 4 carbon atoms. Alkyl chains may be straight or branched. Preferred branched alkyl
have one or two branches, preferably one branch. Unsaturated alkyl have one or more
double bonds and/or one or more triple' bonds. Preferred unsaturated alkyl have one or
two double bonds or one triple bond, more preferably one double bond. Alkyl chains may
30 be unsubstituted or substituted with from 1 to about 4 substituents unless otherwise
specified. Preferred substituted alkyl are mono-, di-, or trisubstituted. Preferred alkyl
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“Cq4 alkyl” is an alkyl chain having 4 carbon member atoms. C, alkyl may be
staurated or unsaturated with one or two double bonds (cis or trans), one triple bond, or
one double bond (cis or zrans) and one triple bond. Preferred unsaturated C, alkyl have
one double bond. C, alkyl may be unsubstituted or substituted with one or two

25 substituents. Preferred substituents include lower alkyl, lower heteroalkyl, cyano, halo,
and haloalkyl. More preferred substituents are cyano and halo.

-“Cy alkyl” is an alkyl chain having “I” carbon member atoms. C; alkyl may be
staurated or unsaturated with one trans double bond or one triple bond. Preferred C; alkyl
are saturated. Preferred unsaturated C; alkyl have one frans double bond. C; alkyl may

30 be unsubstituted or substituted with from 1 to about 3 substituents. Preferred substituents
include lower alkyl, lower heteroalkyl, cyano, halo, and haloalkyl.

“Cm alkyl” is an alkyl chain having “m” carbon member atoms. Cp, alkyl may be
staurated or unsaturated with one frans double bond or one triple bond. Preferred
unsaturated C,, alkyl have one triple bond. C,, alkyl may be unsubstituted or substituted

35 with one or two substituents. Preferred C,, alkyl are unsubstituted. Preferred substituents
include lower alkyl, lower heteroalkyl, cyano, halo, and haloalkyl.
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preferred haloalkyl is trifluoromethyl. -

“Heteroalkyl” is a saturated or unsaturated chain contmmng carbon and at least
one heteroatom, wherein no two heteroatoms are adjacent. Heteroalkyl chains contain
from 1 to 18 member atoms {(¢arbon and heteroatoms) in the chain, preferably 1 to 12,
more preferably 1 to 6, more preferably still 1 to 4. Heteroalkyl chains may be straight or
branched. Preferred bidnched 'hétero‘alkyl have one or twd branclies, preferably one
branch. Preferred heteroalkyl are saturated. Unsaturated hetercalky! have one or more
double bonds and/or one or more triple bonds. Preferred unsaturated heteroalkyl have one
or two double bonds or one triple bond, more preferably one double bond. Heteroalkyl
chains may be unsubstituted or substituted with from 1 to about 4 substituents unless
otherwise specified.  Preferred heteroalkyl are unsubstituted. Preferred heteroalkyl
substituents  include halo, aryl (e.g., phenyl, tolyl, alkyloxyphenyl,
alkyloxycarbonylphenyl, halophenyl), heterocyclyl, heteroaryl. For example, alkyl chains
substituted with the following substituents are heteroalkyl: alkoxy (¢.g., methoxy, ethoxy,

l’fbst i tuents
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heteroalkyl, haloalkyl, phenyl, phenoxy or any combination thereof. More preferred
substituents include halo and haloalkyl. Preferred heterocyclic aliphatic rings include
piperzyl, morpholinyl, tetrahydrofuranyl, tetrahydropyranyl and piperdyl.

25 “Heteroaromatic ring" is an aromatic ring system containing carbon and from 1 to
about 4 heteroatoms in the ring. Heteroaromatic rings are monocyclic or fused bicyclic
ring systems. Monocyclic heteroaromatic rings contain from about 5 to about 10 member
atoms (carbon and heteroatoms), preferably from 5 to 7, and most preferably from 5 to 6
in the ring. Bicyclic heteroaromatic rings contain from 8 to 12 member atoms, preferably

30 9 or 10 member atoms in the ring. Heteroaromatic rings may be unsubstituted or
substituted with from 1 to about 4 substituents on the ring. Preferred heteroaromatic ring
substituents include: halo, cyano, lower alkyl, heteroalkyl, haloalkyl, phenyl, phenoxy or
any combination thereof. More preferred substituents include halo, haloalkyl, and phenyl.
Preferred heteroaromatic rings include thienyl, thiazolo, purinyl, pyrimidyl, pyridyl, and

35 furanyl. More preferred heteroaromatic rings include thienyl, furanyl, and pyridyl. The
most preferred heteroaromatic ring is thienyl.
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one heteroatom may contai n di fferent heteroatons. As used herei n, hal ogens
are not 1Q heteroatons. "Heterocyclic aliphatic ring" is a saturated or
unsat ur at eV I¥¥8Bont ai ni ng carbon and from 1 to about PGTAISEN208%lons i n
the ring, wherein no two heteroatons are adjacent in the ring and no
carbon in the ring that has a heteroatom attached to it also has a
hydroxyl, amno, or thiol group attached to it. Heterocyclic aliphatic
rings are not aromatic. 15 Heterocyclic aliphatic rings are nonocyclic, or
are fused or BLowereadkylT ésyan alkyk chain somprised of 1Nond)preferablyhk tte Baastohi C

allphathnémmet&mn?dra Hf&%@taour 2Z%altn Ehiber o misrwe@&@p"ﬁm g%t@gbg“ and

het er oat ons referably fr. nost pr er abl y
menber at® of HE“P*"?%" I?'%%’E?‘f i""%t@ﬂ' @bk syturated; hawer-alkylmay bgnt ai n
from8 tmni@summdtmesuhsummd ,wifir erfecoraboéut t®o mbsﬁﬁemnﬁmfer&ﬂ@mm\m&bﬁ ring.

Het er ogy oﬁ?&f?]eﬁﬁv uted or substituted with
from 1§t g&dgﬁﬁi%ﬁh g%ah?rlgﬁat ts’)rﬁ]on e éq: referred heteroc clic
ali phatic ring s’slarﬂ?FcH‘b"éky i ’E)°°‘E%Fﬁ€° 1 $Qdy Pfaeahly 1 to 3

het er oal kyémbeh afons) iyie, preferably 1, to2veembey aﬂnnsarl;oweohtxemallkymntahmremi' Mor e

preferre de %&@ ﬁiﬂm‘? rocyclic
al i phati g r?ﬁw |(;r#(1:I q&g;r d}/ ilﬂvé? FAMt ?&hﬁd&{)f urany i

tet rahydr%‘?cgﬁwma Wﬁ}' g a@i’%}ﬁ‘} Sﬁﬁf‘?"é“r?qeﬁg ‘Preferred, loyes ¢ i ¢
ring $9sthewraatkyl aersatmgtedalbwmlwmioﬂk)dma;zbbmmbﬁmtedér Subktmned wathsone N t he

ring. Helgr, Béﬁt%aéub&tﬁénwsﬂémﬁ%%ﬂﬁén orpiovL @YEL difde dy) Systenms.
Monocycl i c helfg,mng g S contain rom about out menber
at ons (cé’?‘r?oﬁ‘ Nﬁ%’%; preferably from5 to 7, and nost preferably
from5 to 6 P'Ntheteraalkyl). 1s|3|t(eger¢dlkylrchmnmaﬁngman¢mbariangns Wﬂeedramllf}d om8 to
e e Bl At ol AR O,
about ! BlguIvEEY G e rpsaiee ?Perr’@tl@r@ar%ﬁmrerw .-
subst i tuenpls bundl uBeferted| M, Woﬂkyllmmm Ry heterbatomr osinber atoinsl al_ul kyl ,
phenyl , RhgRsedy ﬂéfem@&‘ﬁné&ﬁﬂiéd‘ﬁﬁ H&Qr&ahgl Ve onRioBbIR 'HRh&" Mﬂxe%m&lt uents
i ncl ude hal q, hal Oau&é a{; ‘ﬁ tL referred het Aro ti G rings
i ncl ude tPAYSIGmsubsfifuied gr 50 sﬁ‘ﬂ'ﬁ? Vi/ oS P¥ WWE’SMBW% g@‘ie Q?gt“f"ﬁf? anyl .
More pr eﬁmimdedowetaﬂtybdmmtdlmcmaﬂthgmpmﬂmdadhﬂ@wl fur anyl and pyridyl.
The gpst prekgy ha@mmyre rlQi‘h&%Elk?l éHaﬁﬂndvﬁ;gt 19 Bitber ﬁoﬁmm.lﬁea&&n?yr
PCT/ USO0/ 20851 Lower ﬁ‘é&ﬂ% % 2;1 %@C%@FI Seﬁliy? to 4,
pr ef er ablSgPHn; 8""3%5‘?’%(5\‘7& '%? e (}'ravi %% bon
menber athetesoatdny memberl dtom. hhyetwalkyhmwbnmd ummmmmﬂemh medrans r ed | ower
al kyl ar QofRik boAd BFlene-HpR" boRll K Prefefed ME heteroalkyl are saturated. M, heteroalkyl

may be unsubstituted or substituted with from 1 to about 3 substituents. Preferred

. 25 substituents include lower alkyl, lower heteroalkyl, and haloalkyl. _
“M, heteroalkyl” is a heteroalkyl chain having “n” member atoms. M, heteroalkyl

contain one heteroatom member atom. M, heteroalkyl may be staurated or unsaturated

with one triple bond. Preferred M, heteroalkyl are saturated. M, heteroalkyl may be

unsubstituted or substituted with one or two substituents. Preferred substituents include

30 lower alkyl, lower heteroalkyl, and haloalkyl. _
“M, heteroalkyl” is a heteroalkyl chain having “q” member atoms. M, heteroalkyl

contain one heteroatom member atom. M, heteroalkyl are staurated. M, heteroalkyl may

be unsubstituted or substituted with one or two substituents. Preferred subsutuents

include lower alkyl, lower heteroalkyl, cyano, halo, and haloalkyl.




upsubstjtuted or substituted with one or about two substituents. Preferred
substituents on 5 | ower al kyl include cyano, halo, triflouronethyl, and
hydr oxy. " LSRR er oal kyl™ is a heteroal kyl chain corrpripgé’a’smm?s'to 4,
preferably 1 to 3 nenber atons, nore preferably 1 to 2 nenber atons. Lower
het er oal kyl contain one or two heteroatom nmenber atons. Preferred | ower
het eroal kyl contain one heteroatom nenber atom Lower heteroal kyl may be

saturated or unsaturated. Preferred ' |ower 10 heteroal kyl are saturated.
Lower het er oalMgmbagstome refers tha polyvalang alom (€, s Ny 018 a@mpiin fckpieor iing about

two SUbsﬁbftétﬁﬁﬁdip?ﬁﬁrﬁfeﬂHeﬁﬁaﬁtﬂiﬂ gls gih.s Fofex Hiﬁ@&:%tlaithil@six ¢disdnuide
cyano, o, triflouronet .a roxy._ " etero yl" 1s a

het er oal l@@?mscﬂ%f’ﬁmlr?gﬁtﬁ'as d?r"é é?'y(g?éer?sa?o'ﬁﬁdﬂﬁg? éﬂ%‘%}?cwf%’m(:ont ain one or two
het er oat om neffBearmacentisallysmcaeptableo sali'y tefers rioan reatignic sl Eormwedogh amys nenber

atom ngy RfSW.L, %Tyaﬂ)xﬁihidlﬁéil\ﬁi Efo@b,edr ih tahlioAe s4lo fde dbANghy(Wdsie @(g.trans) or

one triple.band. Preferysed et al kyl. cagnt ai ni 2 heger om nmenber
atons ar eamxg& §f°&\ped.se eﬁall:t? &Y "YJ%L%P& tlé’daﬁdmﬁ'et gg%aﬁ'&(ywqﬁ@gatghte doubl e
bond. M4 Bublication &Y/052% Johrstem sudlst publisked Septembert 11, JO84 incerporated or two
ﬁ u ?st it :Jeklilli'én b?rrefeedr&]xele.d saubsmstélae maEe lb'y ﬁhgéémgh& HnBW?rto%‘nkll?k’ ngi@aw Iskill
et eroa cyan,. nal o,. a (0] L. er oa I a
ot or oal K ithe ik in oRn22d ha e aRuted iy may opelpL FlEAAAYer R one o
t wo hdoerioprevedselubility stahility, formnlation gase) price anddbe lil¢. Petermination angk er oat om
gengler gtwgmiﬁaﬁdi\ebfg_ﬁaﬂ katts ﬁgwidgm tﬁhétpﬂrﬂx’%ﬁdoﬁihwﬁlﬁﬂé&krafﬂsﬁﬂ‘s%rh{iic@.n? é r aRAs
oupl e or ,.one LIl e 00 ererre eteroak. re.saturat edq.
et or oal RoFEtectr $agtit sl uctaR e i ot B salls fih S 3astiA apll eS| o
subst i t ueamdsalkamef earthonpetap Saltsu(sueh asimagnesivm|andcalcinm) ard leyganicl salisy
het er oal kyrhfetr@admhaﬁeﬁédtml incilhwe daetm?aq; Kghch ia$ ?uldiﬁiéteﬁﬂ&b,kﬁlgf&ﬁﬁ{[s,n hat\l\//ia ng
n er atons. roal Ky on n pne neler om I atom
ot er 081 RPOITIS. pReGee dng e, J0% ifufy SoErBlail R 35y, 3k
Pr ef er r ecadditign $adts thaiamRy [previde amoptieal cgnter/whaee: enasathrigl wanponge For

unsubst i tekaftfple)la chitabtaktratt 84lt Wial be PAcpastid fri the!BSthpdunds bf theRhadmioned
substitu ' | oner heteroal kyl, and hal oal kyl . "M

t.s incl.ude 30 | ower.alkyl,
het er oal k 1sd..igmho“g{cgfa%gﬁ%\f,\fchgﬁgﬁts.ha\(i ng "q" menber atoms. My heteroal kyl
cont ai n one heéPhemydlt isra sie-membergd gnanostslip aramatis ring| whichomay otimay agt bavy
het er Gal KylostitBiéd Wil fHons athvut 1 10 dbRtt Aéubstitiéits. t THeRdbstinieRtsany be/substitued

DSt e Sl MR BMRT BB, NGl B
Preferred phenyl substituents include: halo, cyano, lower alkyl, heteroalkyl, haloalkyl,
phenyl, phenoxy or any combination thereof. More preferred substituents on the phenyl
ring include halo and haloalkyl. - The most preferred substituent is halo.

25 Compounds ' '
The invention involves compounds having the following structure:

HO
Formula I

30



“Menber atont refers to a polyvalent atom (C 0, N or S atom in a chain
or ring sysiRphéss continues the chain or ring system For exanpl e, -
benzene the six carbon atons are nenber atons and-the siXC WW@ h atom;

are not nenber atonms. "Pharmaceutically-acceptable salt” refers to a
cationic salt fornmed at any 5 acidic (e.g., hydroxam ¢ acid) group, or an
anionic salt fornmed at any basic (e.g. am' no) group Such salts are well
known in the See rld Paten blLic on 87/ 05297 Johnston et
al ., .publi shg'?i% \('EI&%B‘%’ fg%h WF 5‘?’&8 - reference. Such

salts ar d\dmweefgyedr&txnmsxykmmw oThtrmoanbmﬁam:iﬂhnymihyl I | nthe art. It is
recogni zed thqﬂl«‘bﬁﬁulalllahéﬁdn fstﬁ,ml'i{@dé | BirbeBRIc A hatfflg, 20°! her for 10

|rrprovedslub|l| stabi [ify., fornul ati on ease. price an he |ike.

Dot er m ndERIVSEAUPATE e, 419 '%w c S erprematicing. . Reeferred B2 LA of t he
skill e8 &lbﬂsmr@rpﬁmcdkzmHMIWmalm cationic salts include the al kali
netal salts (%pp&maqggéunxquopgtmﬁﬁjx @nd al kaline earth netal

a1 s el udon FRmaR L AR ¥ it Serilly, Brotemsed Gy iy mommome - 15

!st%)md@ﬁ‘t Thamogs, 15
car boxyl apm&mth(as@hat es, and the like. Cearly conterrpl at ed In such salts

are additi Onﬁ%inﬁxl&hﬂﬁoﬁ&v:% Mkﬁ%ri\'ﬂ'heﬁma?  prefel higyionce there
was n?(ﬂ For __ex r;e §hg trate salt nay ae prep “fromthe
conpothdMF ﬁﬁ%“i% @r‘l‘f’? finition incl udes such ch| ral salts:

"Phenyl" is altsannﬂaﬁebm,mmmngdiomhdwdmhbibond iongrapdonblevapd.or nmay not be
ﬁgysggs; LE ut Iewn F‘bﬂﬁhlﬁi%ﬂv@@i&tsm%let%n&t}% dﬂuﬁé‘@&fg,s bt fifle o J hﬁeSEbZE 'y} uent 3
or any conbi n!ﬂ? ‘i‘ﬂi#@%‘f‘ w"?”r%%‘e"ﬂé%’ HE%F%LI'E {]{ :"hal o,
cyano, | dwk lewdryalkyl, rmlewgahmalkylaandMIIL lopkrealkyl, oplw\rmhytemalkahy .
conbi wtlmemg@ﬁ a6 Re R eM&@l %&E%&@Htaﬁdﬁ{é syl SPGB R, is'H NO

i ncl ude hal al k eg(?ﬂéﬂl?ﬁ'ﬁ rred su%g_eggt‘;?% |n; Qalr Sct 3?6

Oorrpound?“dr
HOp RL VY RIn FgrmuIaYl atwvlalowhpm Raris|cés double bond or trans double bond, W is

N(OR,); wherein Ry, is as defined above.
In Formula I above, Z is G, alkyl, M; heteroalkyl, Cm alkyl—G’ M, heteroalkyl-G°,

20 G; alkyl-G™’, or M, heteroalkyl-G”’; wherein 1 is an integer from about 3 to about 7, .
preferably from about 4 to about 7; m is an integer from O to about 5, preferably from '
about 1 to about 4, more preferably still about 2 or 3, most preferably 2; n is an integer
from about 2 to about 5, preferably about 2 or 3; p is an integer from O to about 3,
preferably 0 to about 2, more preferably 0 or about 1; q is 2 or 3, preferably 2; G’ is

25 monocyclic carbocyclic aliphatic ring, monocyclic heterocyclic aliphatic ring, monocyclic
aromatic ring, or monocyclic heteroaromatic ring; G’ is bicyclic carbocyclic ‘aliphatic
ring, bicyclic heterocyclic aliphaﬁc ring, bicyclic aromatic ring, or bicyclic heteroaromatic
ring. Preferred G’ is monocyclic aromatic ring or monocyclic heteroaromatic ring.
Preferred G’ is bicyclic aromatic ring or bicyclic heteroaromatic ring.

30 The invention includes pharmaceutically-acceptable salts, or biohydrolyzable
amides, esters, or imides of the above structure. The invention also includes optical
isomers, diastercomers and enantiomers of the above structure. Thus, at all stereocenters
where stereochemistry is not defined (e.g. Ci; and C;s), both epimers are envisioned.
Preferred stereochemistry at C,; and C;5 mimics that of naturally occurring PGFa,.

35 It has been discovered that the novel PGF analogs of the subject invention are
useful for treating bone disorders, especially those that require a significant increase in

9



30 8 WO 01/10873 PCTI US00120851 In Formula | -above, Rl is H or |ower
alkyl. Preferred Rl is lower alkyl. Mre preferred RL is nethyl and ethyl.
The nost pr¥POABP R1L is nmethyl. In Formula | above, R2 i & 1

het er oal kyl, carbocyclic aliphatic ring, heterocyclic aliphatic ring,
aromatic ring, or heteroaromatic ring. Preferred R is Hand 5 alkyl. Mre
preferred R2 is Hand |lower alkyl. In Formula | above, X is 0 or S
Preferred Xis O In Formula | above, Yis O, Sor NH Preferred Yis 0 and
NH. The nbsie mgsls,elﬁcmemﬂmié o5 bélie strengtbr Bukprisinglyb thescompousdsQf the kybjecor W4

?Jit :Ir Ea: k%qv Lﬁgxr rrg{ beefl £ Mglhsto prbvidle'tie follo&ﬁg%ﬁﬁtdﬁ&@éfei kfs/bdne digagdebst i tut ed

I's singl e bond, cis_.double bon r trans
doubl e boﬂ’&mpleﬁ-n Uﬁeﬁ%ﬂ?’&“sf’ “&%&é‘ %E'P‘l’ﬁ% aryation of pew frabagylay
tripl e bofidreaseninfoonerttass dndbony &dunieewhnle mantamngl aembmmb,rmeme mnmrer

N( R3) (@GR4 m‘ﬁf’@% R4 is
H, IovvegrQ %ﬁtﬁ{%&w 35] ﬁg?e%eg e‘?é(;‘g ﬁ?a%k)#%gthﬁ er re iﬁfstﬁ’&Hthdnégeaﬁi ngr
al kyl . NDF@UE@@P@F%d R3 is Hand nethyl. Preferred R4 is H and | ower
al kyl . More prmf &dérad detbrinine Hind nssesepliyacoldgicahractivityy ebténg efcth&éubject H. 1 n

L e i B R G e

N(OR4) ; s .Cl al kyl,
M heter o&!‘kyfm' example  fhe bone pefivity o g ubjectrompoypdsos a‘h Rﬁm@meng
het er ofd kdbméaistratell asing ranlassdy dusigned eqeest theoahilith @i tthe stlject wompodinds to

pret erab Yncda Qg Wi, MssPBihsicy, Aneﬁmaﬂ;dfgera fayb iSO BvarRordhitieh S

preferably Trom abou 0 about nore-pre y still about 2 .or 3,
most pref &Y 2: n is an integer from about 2 to about 5, preferabl y
about 2 or 3; n the cvarieceimiged rat rassayOsik-anantip old 1dts arpmﬁmcedﬂuyedb aged 2bout 2,

mor e P et Sihfisy afld WenBRA %.ceq by SuiRiotatieo u@ryefvﬁﬁ 3okt Zompbund S Uen
~monocyclic carbocyclic a atic rin nmpnocyc 0 l.ic al'iphatic
ring, Hon&espektien °faq‘6 ﬁ‘Hle-(PW‘F mgss apd/ "I%IS‘FW g’é' FIRYA: G is

bi cyclic @Bgohnome&y (DXA) orpesipheral quiantijativei qo;npmed tdmmaamm(pQCT) rinpérat i c
ring, bi C%SJn &%ﬁy éﬁ:@ﬂ?] ertemaﬁyéﬂ' s‘faue%& rd?earxﬂmet&m rbhéifetrybaRf er r ed
I Cc ar ero

G is m)nocy % {9 aromatic ring.
Pr eferredbG“squ‘OB}eé?’E‘f‘ihE‘%F@?Fdf‘l 8“??’ BB P 9PR3HON; ¢ het er oar omatic ring. 30
The invention Phamactdegiedh activity dort glaebing carc bedenadinbieatedbiing assays designed

bi o hydétpl X6 ?egd thie ability of the subject compounds to decrease intraocular pressure.. Examples of
such assays are described in the following reference, incorporated herein: C. liljebris, G.

Selen, B. Resul, J. Sternschantz, and U. Hacksell, "Derivatives of 17- Phenyl-18,19,20-
trinorprostaglandin Foa Isopropyl Ester: Potential Antiglaucoma Agents”, Journal of

Medicinal Chemistry, Vol. 38 No. 2 (1995), pp. 289-304.

25 Compounds useful in the subject invention can'be made using conventional
organic syntheses. Particularly preferred syntheses for preparing the compounds of the
instant invention are described in the following copending application, which is
incorporated herein by reference: U.S. Serial No. ___ _ entitled “A Process For
Making Novel 2-Decarboxy-2-Halo Intermediates”, deLong, M.A. (P&G Case

30 No. ). C

The following non-hmltmg examples illustrate the compounds of the present
invention:

Example 1
Preparation of ' 5-(3-hydroxy-5-(2-fluorophenyDpent-1-enyl)-4-(6-
35 (methyl(hydroxyphosphoryl)j;hex-z-enyl)cydopentane-1,3-diol, sodium salt (E1f):

10



am des, esters, or imdes of the above structure. The invention also

i ncludes optical isoners, diastereoners and enantioners of the above
structure. WRM1083 31| stereocenters where stereocheni sPCUSO20851 def i ned
(e.g. Cl1 and C15), both epiners are envisioned. Preferred stereochem stry
at C31 and Cs mmcs that of naturally occurring PGF2,. 35 It has been

di scovered that the novel POP anal ogs of the subject invention are useful
for treating bone disorders, especially those that require a significant
increase in 9 WO 01/10873 PCT/ US000851 bone mass, bone vol unme, or bone
strength. Surpra singly,othe conpgoands of the subject invention have been
found to proyl'é9 m bone di sorder

e
A crease _tr

t her api es: ul ar nuweBdr t hr n formati on of new
t rabecul ae; ). An incr ease ' mass. and ‘vﬁ & Whi | e mai ntaini ng
a nore no ne turnover ndM8 ( 3p. AN\ ChEase, i N bone

formation at ghe endosteal surfgce ut incre ei ng i'cal porosity.
In order to determ ne and assess ph cological acgrvity;*testing of the
subj ect conpounds in animals is carried out using Vakmgmenassays known to
those skilled in the art. For exanple, the bone aclki @P& of the subject
conpounds can be conggniently 10 denonstrated usin aar.s.gs;@y\%esi gned to
test the ability of ghe suRjgcjp conpounds to jncrease bone vOlume, mass,
or density. An exanfl ¢ ssaysdes, the ogariectom zed rat assay. In
t he ovari ectom zeg,d assay,\si *ﬁf@h ol d =/ areBovari ect om zed,
aged 2 nonths, and thenjdgsdad once B8y Sk with a test
conmpound. Upon 15 ¢ of t he study, 3 aQd/ or density can be
measured by dual energy x-ray absorptonetry (DmaMs Or c@ pher al

quantitative conputed t&fogr aﬁ%ﬁ&,gQCT), or micro Ebnmplted tonography
(nCT). Alternatively, static areadynam c hi stonor phonetry can be used to
measure the increase in bone~NyBP#RR oro or mati on. Phar nacol ogi cal activity
for glaucoma can be denonstrat &d, usi ngk agsa igned 20 to test the
ability of the subject conpounds to I @OCul ar pressure..

Exanpl es of such assays are descri J ol I owi ng reference,
incorporated herein: C liljebris, G ggel&m Resul, J. Sternschantz,

and U. Hacksell, 'Derivatives of 17- Phenyl-1 9, 20- trinorprostaglandin
Fla I sopropyl Ester: Potential Antiglaucoma Agents", Journal of Medicinal-

e S Y ol B oo B SRBISSS 135k, "
5 3-one (Elb): In a flame-dried, round-bottomed flask equipped with a magnetic stirbar,
dimethyl-4-(2-fluorophenyl)-2-oxo-butylphosphonate - (1.43 ’ equiv)) is placed in
dimethoxyethane (DME) and water. To this solution is added lithium bromide (1.65 equiv.),
triethylamine (1.65 equiv), and commercially-available Corey Aldehyde (Ela) (1.0 equiv.).
The solution is stirred at room temperature for 48 hours. At this point, additional
10 triethylamine and water is added and the solution is stirred for an additional hour. The
solution is poured into brine and extracted with 3 portions of ethyl acetate. The organic
layers are combined, dried over anhydrous MgSO;, filtered, and concentrated under reduced
pressure. Purification is effected by silica gel column chromatography (dichloromethane/
methanol 19/1) to give 6-(5-(2-flucrophenyl)-3-oxopent-1-enyl)-7-benzyloxy-2-oxabicyclo
15 [3.3.0] octan-3-one (E1b).

b. 6-(5-(2-fluorophenyl)-3-hydroxypent-1-enyl)-7-benzyloxy-2-oxabicyclo [3.3.01
octan-3-one (Elc): In a flame-dried round-bottomed flask equipped with a stirbar, E1b (1.0
equiv.) and cerium trichloride (1.05 equiv.) are placed in methanol. The solution is stirred at

11



organi ¢ syntheses. Particularly preferred syntheses for preparing the
conpounds of the instant invention are described in the follow ng
copendi ng ay@Io1aesr3 on, which is incorporated herein by r ®CEUSHEISSIU. S
Serial No: entitled "A Process For Making Novel 2-Decarboxy-2-Halo

I nt er nedi at es”, deLong, M A (P& Case 30 No. ). The follow ng

non-limting exanples illustrate the conpounds of the present invention:
Exanpl e 1 Preparation of 5-(3-hydroxy-5-(2-fluorophenyl)pent-I-enyl)-4-(6-
35 (net hylr&&iﬂcl& P05 Vihinhee£le XThe @amhbﬂsclcﬁuaee&mw 308 @hd ss@idinum

sal t EIf 1 1083P [ U L b S1 2
o BAL OH 8“3"' 198 Eﬁ% of i ided sioyfy, 4é sohilafys ‘Pé%f? oA 1;
HF4 iri dnd;o . NE@Hnitsure B trea;ed with water and the pH brought between 6 and 7 with IN
gc § g r]( 2-f Iwg&gn&g&x&) fh,@ﬁﬁmetls Exﬁaéd)tw?cetvﬁgi%ia?wﬂatgoxqabmswéaﬁmh #r] .
- one ui Wi
a magné i @I%P?‘Pg‘a ‘P %%Yﬁﬁ ﬁ?‘f ?‘ﬁ&%&ﬂ%t) 5‘6?@ ‘Hﬁ ﬁ% %t
(1. 43 equipvesiure. sPLpifmemil is reffected‘rby lsilicg eehentem M)nammpwt(@ﬁ %'methanpl;m
sol ution igichRfeiRethire) tu gwa HE ert@eepﬁﬁer@ﬁ ﬁwsm lm&rrdf 0 e 1?5
qui v

ggrhrl)on F‘g OR YRR |a]_¥ ava Vr%%gﬁ?’gx\[ﬁgﬁgﬂ‘gﬁﬁ @Af “this point, The

addi t i onal
10 e 2-decarboxy-2-bromo 11-benzoyl, -15-tert-butyl dimethylsilyl 17-trinor-17-(2-

fluorophenyl) PGF», (E1d): In a round-bottomed flask with a magnetic stir bar, a solution
of Elc (1 equiv.) is stirred in CH,Cl;. To this solution, 2,6-lutidine (1.9 equiv.) is added
dropwise at -78°C followed by tertbutyldimethylsilylitriflate (TBDMSOTT) (1.8 equiv.). The
reaction is stirred for 30 minutes at -78°C and then warmed to 25°C overnight. The reaction
15 is then quenched with water. The organic layer is washed with water, dried over MgSO,, and
concentrated in vacuo to give a product which is subjected to flash chromatography on silica
gel eluting with hexanes then 1% MeOH in CH,Cl;. The product is then washed with 0.1N
HC], water, and brine and then thoroughly dried. Separately, to a suspension of (4-
bromobutyl) triphenylphosphonium bromide (2.2 equiv) in THF at 0°C under N3, a solution
20 of KHMDS (4.4 equiv.) is added dropwise. The resulting reaction mixture is stirred for 1
hour at 25°C. To the reaction mixture above at -78°C is added a solution of the dried silyl-
protected product (1 equiv.) in THF. The reaction mixture is allowed to warm to 25°C
overnight. The reaction is quenched with water at 0°C and the pH is adjusted to 3.5-4.0 with
IN HCl. The water phase is extracted with EtOAc arid the combined organic phase is dried
25 over MgSO, and concentrated in vacuo to give the crude alkene, which is purified via flash
chromatography on silica gel eluting with 30% EtOAc in hexanes yielding 2-decarboxy-2-
bromo 11-benzoyl, 1S-tert-butyldunethylsﬂyl-l7-tnnor—17 (2-ﬂuoropheny1) PGan (x1d).

d. 5-(3-s11yloxy-5-(2-fluorophenyl)pent-1-enyl)-4-(6-(methyl
30 (ethoxyphosphoryl))hex-2-enyl)-1-benzoyloxy-3-hydroxy-cyclopentane (Ele): A mixture
of E1d, diethyl methylphosphonite, and toluene is stirred at 100°C for 6 hours. The solvents
are evaporated and the residue is purified by dry-flash column chromatography (8iO,, 5-25%
2-propanol in 20% dichloromethane-hexane). Appropriate fractions are concentrated, diluted
with water, and extracted with ether three times. The combined extracts are washed with
35 water, dried (brine, then filtered-over Na,SO,), and evaporated to give -5-(3-silyloxy-5-(2-

12



10 triethylam ne and water is added and the solution is stirred for an
additional hour. The solution is poured into brine and extracted with 3
portions OWOSIMIBI3 acetate. The organic |ayers are combi REHUSHRIESY over
anhydrous MgSO4, filtered, and concentrated under reduced pressure.
Purification is effected by silica gel columm chronat ography

(di chl oronet hane/ nethanol 19/1) to give 6-(5-(2-fluorophenyl)- 3-oxopent

| -enyl)-7-benzyl oxy-2-oxabicyclo 15 [3.3.0] octan-3-one (Elb). b.

6. (5- (2-id e.m;pem -@renAethokyphosghbryl)Hes mzet XY-libeﬁzi?Ib yCBo
[3.3.0] ﬁCt % e))wl n a flan%mdiq elgﬁ?ound ggttorred ;gk equi pped
vm'thas‘? gtcy ?3(1 equiv.) and ceriumtrichloride (1.05 equiv.) are
pl aced in nmethanol. The solution is stirred at 11 WO 01/10873

PCT/ USO(h1.20851(3-h3dmm)té@ﬂnatophmyﬂ)pnnﬁl-mﬁhé-é@ The solution is then cool ed

-1gC d | owl
tTﬁe ) @Iibgﬁxrﬁ&gumny ph6y hwi))n&ez é.iyl ol wneh,s-ammt bediah | SaledqELDS| oWl y.

Stirr at -1 r ur.s, LSt d wth
wat er antfithem R&'&&Fﬁ %e?vﬁg% r‘f“%%fﬁ%f“?“ JRiEtre Rfe“ﬁy%ﬁ?%ﬁﬂ “?c(o'eﬁ The
m xture Pmedwlphasphmﬂcd)\pmsmglmdlh detivative X3 e hmb, of aceionitride mdglahm“wm s 5 are
¢ etuceq of HPFRIMER LBRONAIR 5 MRS kopl bt 0'ES %“g“ﬂ“ﬁ“““@?émlum“m”
chr omat oRjicasheg "(‘gl saturated agueoys ?ﬁaﬁ? g‘ﬁ‘fkﬁ“&?"é‘ﬁ\@%&? 8g§ jHyEe {Hnes 1v§th( R
epi map a0H,AlheThS ofg@ic dgyerseare mmhint(MZ\v#Sth)ﬂlmghmlvyxﬂglN HC], brine, an
hyd;Oéyp&{Hd Aveﬁﬁadéamzum}@zwf@wa&:mm by, 373, giexﬁtfeﬁ éthyﬁadé&ﬁ:)(tﬁl c): 10
C. ec r oo 0 y
17-tri no‘?‘ygg‘%/fmdp?tdﬁrog yn5z &&:1243]5?@4 g&" ‘Tqﬁa"éi rodun Igl Jﬁ%é’%ds O | Wi t h-
a nmagnet hydraxider anidais stizedsa| refiuxofer 3drours; (Fhelethanol is eyaposated md, the residueip ) 2. To
]Ehils Soljai dtéa“wuﬁugtétr%a@k Qﬁsh@éuﬂtlh llt]\hc?tlatb?wa(ﬁ(ﬂﬁd_r 'Mé?)ﬁﬂbﬁ\ed&tashei&fé o
ol | one u | ri.fl ate e
react‘ﬁone’ﬁ"éc‘géi t?‘bl&jh 'ﬁ%ﬂ%t@é %g'l ED%@%I%&%%%Z%%E Wﬂg
over ni ghhydrdEhhmlcwEt angnextected Mﬁeﬁth!!wﬁeh@%mﬁ wEecpombined SHUFENIAS | ayer
I s washegh el (biind/MNaS80,) dhd &dpsried t&@&%(saydnxy;mﬂﬁbmﬂi@gll)pmt-wwww 0 give.
a produc \/\/mcF:Q &EF{%
W th hex Y
HCl, water, and brine and then thoroughly dried. Separately, to a .
suspeggsi on of (4- bronobutyl) trEgkaplespi®osphoni um brom de (2.2 equiv) in

THE at OC un ol uti o € e’ e r opw se.
The resul ti ngf’fﬁ'é@ﬁ gr?sr?f&tpfﬁpe | susg‘{% %@%éﬁ’% E‘Hl{lj p}oc %écdg'[g;f
react i ondescritiedrin Bxampleal, subgtigiiting @Gd@ﬂfoﬁn%lsm‘tﬁwmé@glﬁe g gielled | yI

pr ot ect egpiOmF Ehangde RSHpetature, iphessurE; athbgphere pelvents orithe ender ofsreadtibmared t o

a0 2 G ng&gﬁgfﬂgﬁﬂ € il Wridasl nShy SR BESeoHhS BrolPd &b1adk 468 and the

25 react:ons or increase yields as appropriate. All such modifications can readily be carried
out by the skilled artisan in the art of organic chemistty, and thus are within the scope of -
the invention. '

30
Example R Z
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IN HCl . The water phase is extracted with EtCAc and the conbi ned organic
phase i's driced 25 over MySH4 and concentrated in vacuo to give the crude
al kene, whi WO oL4083rified via flash chromatography on si IPCFASOpA0858| ut i ng
with 30% Et CAc i n hexanes vyi el ding 2-decar boxy-2- bronmo 11-benzoyl,
-15-tert-butyldimethylsilyl-17-trinor-17-(2-fluorophenyl) PGF2a (Eld). d.
5-(3-silyl oxy-5-(2-fluarophenyl)pent-I|-enyl)-4-(6-(nmethyl 30

(et hoxyphosphoryl )) hex-2-enyl) - 1- benzoyl oxy- 3- hydr oxy-cycl opentane (Ele): A
m xture of Eld2 diethyl m@Hshyl phosphonite,yand toluene is stirred at 100C
for 6 hours. The solvents are evapsfated a”d the residue is purified by
dry-flash colum chromat ography (Si 02, 5-} 2-propanol in 20%

di chl oronet hane hhexane). Appropriate fra ghs are concentrated, diluted
with water, and extracted with ether three tines. The conbined extracts are
washed with 35 water, dried (brine, then. filtered-:over Na2SO), and
evaporated to gBve -5-(3-LHyyl oxy-5-(2- 12 WO 01/ 10873 PCT/ US00/ 20851

fl uorophenyl ) pent-1-enyl)-4-(6- (net?&i&ﬁ hoxyphosphoryl ) ) hex=2-enyl)

- 1- benzoyl oxy- 3- hydroxy-cycl opentane (E e.

5- (3- hydroxy-5-(2-fl uorophenyl ) pent - 1-eny (6 5

(et hyl (hydr oxyphosphoryl)) hex-2-enyl )cycl opent ane- 1, 3-di ol , sodiumsalt
(EIf): Wthout further purification to the crude reaction nixture of the

2- decar boxy- 2- (@ et hyl - P-qmy hyl phoseti pt ost agl andi n derivative Ele,
3 mL of acetonitrile and 1.1 equ1valents BF/ Pyri di ne are added while
the flask is kept at 0OC. After 3 hours at the reaction is quenched

wi th saturated aqueous NaCl. The aqueous Iayer is extracted three tines
with 10 CH2Cl 2. The orgagﬁf yers aRE ed and washed three tinmes with
IN HC , brine, nd drie 6ve? sodi u After col umm chromat ography,
(7:3, Hexane: ethyl acetate) the silyl-fre€ product is obtained. To this
is added 95% et hanol - and 2.5 M aqueous sodium hydroxide and is stirred
at reflux for 3 _hours. gﬁkggganol S "V-*qrqned and the residue is

¢i luted with wat'er and i ' , ‘acetate two, tines. The

conbi ned washes are 15 extracted mnth watef, the conbi ned aqueous phases
are then acidified with 2. 5M aqueous hydrochloric acid and extracted with
et hyl acetate five tine onbi ned extrgets are dried (brine, Na2SO4)
and evapor at ed tlo give ﬁ?&roxy 5-(2.fl pphenyl ) pent - 1- enyl ) - 4-

(6- (nethyl(hydroxyphosphoryl))hex 2-enyf) gycl"opent ane-1, 3-di ol , sodi um sal t
(EIf). 20 Exanpl es 2-9 Exanpl es 2- 9xare~pgfepared using substantially the
sanme procedure as that described in Exanple 1, substituting the

appropriate starting materials. Th kit ed
PPr op gino mterigls. Thagski

F
) CH N
- T
F.
Example 10
Preparation of 5-(3-hydroxy-4-phenoxybut-1-enyl)-4-(6-

(methyl(hydroxyphosphoryl))hex-2-enyl)cyclopentane-1,3-diol, sodium salt (E10e):

14



artisan may change tenperature,--pressure, atnosphere, solvents or the
order of r%ﬁﬁtions as appropriate. Additionally, the skilled artisan may
use protect &"UFBups to bl ock side 25 reactions or incrdS5aSNIBHs as
appropriate. Al such nodifications can readily be carried out by the
skilled artisan in the- art of organic chemstry, and thus are within the
scope of the invention. , OH Z HH 30 Exanple R1 Z 13 WD 01/10873
PCT/USOON0851 2 CH3 3 CH3 F S 4 CH3 ci 5 CH2CH3 6 CH2CH3 '1~01~ F3 7
CH2CH2CH3 | ., 8 CH3 HN F* 9 CH3 H aF Exanpye 10 Preparation of

5- (3- hydr ox§H4- phenoxybut - | - enyl ) - 4- ( 6-

(et hyl (hygiQxph rvl)) hex-2-enyl)cycl opent ane-1, 3-di ol , sodi um sal t
(ElCe): 5 CT/ USOQ/ 208%1 0 ~"\=}\/\coon
e Ao, DMP EIN

CHCp

a. 16-phenoxy-16-tetranor-PGFz, triacetate (E10b): A mixture of 16-phenoxy-16-
tetranor-PGF,, (E2a) (commercially-available from Cayman Chemical Company), DMAP,
5 dichloromethane, triethylamine, and acetic anhydride (0.70 mL, 7.3 mmol) is stirred at room
temperature for 10 hours and is then stored in a freezer overnight. The mixture is
concentrated and the residue is diluted with saturated aqueous sodium carbonate and is stirred
at room temperature for 3 hours. The mixture is acidified with 1 M aqueous hydrochloric
acid and is then extracted with ethyl acetate five times. The combined extracts are dried
10 (brine, Na;SO,) and evaporated to give 16-phenoxy-16-tetranor-PGFa, triacetate (EE10b).

15



PHr. QOH- ..+ OOH H AOQQ DAP, ESN OH click 11~0 ONO El0e | EfGb (OOCna
N4tIOrypyr|dne 2.4h" CFWCFS; Ot -F(O MEP(CEV Nome a~ a 111011110 O-<
ewd MOO NWOIOIRSBB o PHO ~\~v Na H- OH ElICe a. PCT/US00/20851

16- phenoxy- 16-tetranor-PG- triacetate (El Ob):
tetranor-PG-2a (E2a) (comrercially-avail able from Cayman Chem cal
DVAP, 5 dichl oronethane, triethylam ne, and acetic anhydride (0.70 mj,

7.3 mmol

t enper at
hydr ochl

A m xture of 16-phenoxy-16-
Conpany) ,

) is stirred at roomtenperature for 10 hours and is then stored in
a freezerb. oveBnghtboxjHﬁéoM-i‘-phmdxy-lGﬂstmnmt—PGFﬂﬁ teinebtdte e(B108): d U Oxalsl

di | uted iy éeiELHdﬁ&P‘i'o a4

u hour s. ﬁe m éif(jglri gét?&gdpémlz “%E%\‘A%e@ El)t ah® O
di;met ylé%rmﬂ%#d m (dig %rﬁmé%ﬂeactl‘ﬂemxwrétlﬁyﬂl%ét&t étamiv@ foOFES .
conbi ned temperatates far 80 cinintitbs 14hd( by ithen, cdisceftedgd. anThee veudueaise thke® 1 Ve

16- phe%@%@gﬁ)@fhﬁﬁﬁogef% d ﬁﬁ)&&t@to‘:}\ttﬁe (S sale bP I‘)/ggdpoyyp&d?ne-}ﬂuone

PGT/ US

10

18

20

25

30

35

DMAP, and dichloromethane under argon is brought to reflux by irradiation with a 250 Watt
General Electric floodlamp. To this mixture is added 1,1,1-trifluoro-2-iodoethane, followed
by the solution of acid chloride which is added over 15 minutes. Irradiation is continued for
45 minutes and then the mixture is concentrated and purified by dry-flash column
chromatography (SiO2, 5-45% ethyl acetate-hexane) to give 2-decarboxy-2-iodo-
16-phenoxy-16-tetranor-PG;, triacetate (E10c).

C. 2-decarboxy-2-(0-ethyl-P-methylphosphinico)-16-  phenoxy-16-tetranor-PGFy,
(E10d): A mixture of E10c, diethyl methylphosphonite, and toluene is stirred at 100°C for 7
hours. The solvents are evaporated and the residue is purified by SiO; column
chromatography (5-25% 2-propanol in 20% dichloromethane-hexane). Appropriate fractions
are concentrated, diluted with water and extracted with ethyl acetate three times. The
combined extracts are washed with water, dried (brine, Na;SOy4), and evaporated to give 2-
decarboxy-2-(0-ethyl-P-methylphosphinico)-16-phenoxy-16-tetranor-PGFz triacetate
(E10d).

d. 5-(3-hydroxy-4-phenoxybut-1-enyl)-4-(6-(methyl(hydroxyphosphoryl))hex-2-

enyl)cyclopentane-1,3-diol, sodium salt (E10e): A mixture of E10d, 95% ethanol, and
2.5M aqueous sodium hydroxide is stirred at reflux for 3 hours. The mixture is diluted with
water and is washed with ethyl acetate two times. The combined washes are extracted with
water. The combined aqueous phases are acidified with 1M aqueous hydrochloric acid and
extracted with ethyl acetate four times. The combined extracts are dried (brine, Na;SO4) and
are evaporated. The residue is taken up in methanol and stirred with Amberlite CG-50 (Na*
form) for 15 minutes. The resin is removed by filtration and the filtrate is concentrated to

give * 5-(3-hydroxy-4-phenoxybut-1-enyl)-4-(6-(methyl(hydroxyphosphoryl))hex-2-
enyl)cyclopentane-1,3-diol, sodium sait (E10e).
Examples 11-20

Examples 11-20 are prepared using substantially the same procedure as that
described in Example 10, substituting the appropriate starting materials. The skilled
artisan may change temperature, pressure, atmosphere, solvents or the order of reactions
as appropriate. Additionally, the skilled artisan may use protecting groups to block side

16
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b. 2-decarboxy-2-iodo- 16-phenoxy-16-tetranor-PG-2a triacetate (E10c):

Oxalyl chloride is added to a solution of 16-phenoxy-16-tetranor-PG2a

tri acet at e WEM9$73and di net hyl f or mami de i n di chl or omet hahEI/USWIRO8SL Xt ure i s
allowed to stand at room tenperature for 30 mnutes and is then
concentrated. The residue is taken up in 5 dichloronethane. Separately, a
m xture of the sodiumsalt of N hydroxypyridine-2-thione, DVMAP, and

di chl or onet hane under argon is brought to reflux by irradiation with a 250
Watt  Cenedctibnsdréfidrédse yl‘eldeadh ial€) . AllisGichfhadifiéatiohs caaddadily be carried

L 1, 1171 Gf 4o @b OURET e #L@X\g ndbsth) nP bt/ bde U] R Shshe ! O | d

Whl ch i's over | on-rs contl nue m nut es
and t hen thi@veRIRRUr e i s concentrat ed and purified by dry-flash colum 10

chr omat ogr aph¥of Sife strictukes,oie i ullvantagédis ao vonstive) atodnplete prostaglandin

2-decagb 6 t ] . C.
2-dec a% bgfé%gém%@ ?Xfeﬁﬂﬁ m@r}ﬁ&fﬁﬁ} }‘??"‘s‘% ?ﬂ]ﬂ@ Wﬂéﬁggﬁt@&%@eﬁf %)ﬁ'gr - PGF2a
(Bl &) : Acwli t;stnsrseb%mém&w smmms le 10. %hﬁs@éﬂdum*ﬁéni s
stirred atilkeidgnifewheh anlﬁtei‘f&ﬁﬂﬁun&i%ﬂal&? wogKdintaka italesivabietoalosd. and t he
residue is purified by Si02 colum chromatography (5-25% 2-propanol in 20%
di chl or onet hane- hexane). Apggopriate fraction are concentrated, diluted
with water and extracted wt : et atetpfee tines. The comnbined
extracts are washed with wa ,WSM), and evaporated to
give 2-

decar boxy- 2- (O et hyl - P- meth§| phosphi |co) 16- phenoxy 16-t etranor- PGF2a
triacetate 20 (ElQd). d. HO

5- (3- hydr oxy- 4- phenoxybut - | - enyl ) - 4- (6- (net hyl (hydr oxyphosphoryl )) hex- 2-
enyl ) cycl opem‘ég%l 3-diolg sodiumsalt (Fl Ce): A mxture of E10d, 95% .

et hanol , and aqueous %odl um hydroxide is stirred at refl ux for 3
hours. The m xture is diluted with 25 water and is washed with ethyl
acetate two timgs. The co@Hzned wa<IBEHCH@LOHcted with water. The

conbi ned aqueous phases are acidified with 1M aqueous hydrochloric acid and
extracted with _ethyl aceg fou ed extracts are dried
(brine, Na2804)12and are éﬂé‘ﬂb @@aéﬂiﬁ%c&@éﬁm taken up in nethanol
and stirred with Anrberlite CG50 (Nat fosm for 15 mnutes. The resin is
renoved by filtration and the filtrate is concentrated to 30 give .

5-(3- hydroxy-4- henoxybut enyl) 4- 6 met yl (ydr oxyphosphoryl ) ) hex- 2-
enyl ) cycl opent e 1, 3-di o Hssodi um Exanpl es 11-20 Exanpl es

11-20 are prepared using substantl aIIy the S rre procedure as that
described in Exanple 10, substituting the appropriate starting materi als.

The skilled 33 artisan change te_'p'p , pressure, atnosphere,
solvents or thdorder of ct| ons M‘f

15 CH; :r‘i/\/\T

16 CH,CH,CH, :Hi/\/\|
17 CH; | 7-""7<\/\Y

17
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as appropriate. Additionally, the skilled artisan may use protecting groups
to block side 16 WS81/10973 PCT/ USOOR0851 reactions or increase yields as
appropr i at eWOOKI873uch nodi fications can readily be carri BOT/USWR0SSY t he
skilled artisan in the art. of organic chemstry, and thus are within the
scope of the invention. For some structures, it is advantageous to
construct a conplete prostaglandin 5 using known nmeans and then transform
the conpl eted prostaglandin into the phosphinic acid using substantially

the sane 'nmeansigs descri¢EgH,N Exanpkh e skill ed_ arti san wi |
recogni ze when an interfering functionaf\ty | d make it desirable to do
so. HO Rl OH 2 O HHO_10 Exanple , Z 11 CH3 CH2CH2CH2cH2CH3 12
CHecH3 cHecrcHt o cHo oS @Es13 CHB @ is CH3 16 CH2CH2CH3 17

CH3 17 iim. WO 01/10873 PCT/USOO 20851 18 CH3 19 CH2Q 3 ",r'7c_c o 20

CH3 \/'"V\F F fpganple 21 cny, F
ey

F

: Example 21
Preparation of 5-(3-hydroxy-4-phenoxybutyl)-4-(6-(methyl(hydroxyphosphoryl))hexyl)-
cyclopentane-1,3-diol, Sodium salt;

E3a is stirred at room temperature in ethanol in the presence of hydrogen gas and

Pd/C (5%by weight). The mixture is filtered twice to remove the Pd/C catalyst and diluted

10 with a solution of NaOH in water. This is refluxed until the product is evident by thin-layer

chromatography. The mixture is diluted with water and is washed with ethyl acetate (twice).

The combined washes are extracted with water. The combined aqueous phases are acidified

with IM aqueous hydrochloric acid and extracted with ethyl acetate (four times). The

combined extracts are dried (brine, Na,SO,) and are evaporated. The residue is taken up in

15 methanol and stirred with Amberlite CG-50 (Na* form) for 15 min. The resin is removed by

filtration and the filtrate is concentrated to give the sodium salt 5-(3-hydroxy-4-

phenoxybutyl)-4-(6-(methyl(hydroxyphosphoryl))hexyl)cyclopentane-1,3-diol, sodium salt
(E21a).

20 " Examples 22-31
Examples 22-31 are prepared using substantially the same procedure as that
described in Example 21, substituting the appropriate starting materials. The skilled
artisan may change temperature, pressure, atmosphere, solvents or the order of reactions
as appropriate. Additionally, the skilled artisan may use protecting groups to block side
25 reactions or increase yields as appropriate. All such modifications can readily be carried

18



Preparation of

5-(3-hydr0ﬁ% ’ﬁpenoxybutyl) 4- (6- (et hyl (hydr oxyphosphoryl)) hexyl).

cycl opent a Sodiumsalt; 5 0 Ac OH Ad 1) H2, FRCQT/U§H0/2085c 2)

NaOH, EtOH H20 bH E2la E3a E3a is stirred at roomtenperature in ethano
in the presence of hydrogen gas and Pd/C (5%y weight). The m xture is
filtered twce to renove the Pd/C catal yst and diluted 10 with a solution
of NaOH in water. This is refluxed until the product is evident by

t hi n- | ay enut by theskilled grtisprhip, the et ofiprganie chengistoy, land s wiet withimtherscepedfi s washed
W th et hyhe mv&itdhe (twi ce). The conbi ned washes are extracted with water.
The conbi ned aqueous phases afe acidified wth 1M aqueous hydrochloric
acid and extracted with ethyl acetate (four tlnes) The conbined extracts
are dried (brine, Na2SO4) an€ are evapQr at Ahe residue is taken up in 15
met hanol and stirred with Aqﬂi‘ i ( rm) for 15 min. The resin

is renmoved by filtration a {{trate isyconcentrated to' give the
(hydr oxypH@sphoryl)) hexyl ) cycl opent ane-1, 3-di ol ,

sodi um salt 5-(3-hydroxy-4
phenoxybut yl ) - 4- (6- ( net hyl

sodiungsalt (E21a). 20 Exanples 22-31 Exanples 22-31 are prepared using
substantial l y_the, sane progedure as that cribed in Exanple 21,
substituting &pproprla starting ma erﬁg The skilled artisan may
change tenperaidre, pressufldy at nobspher 8h-<0iN or the order of
reactions as appropriate. Additionally, the § ed artisan may use
protecting groups to block side 25 reactions ncrease yields as
appropriate. Abh such nDQHi' tions can readi carried 18 WO 01/10873
PGI/ USO0/ 20851 out by the ski'lled artisan in

and thus are within the scope of the i M&s QR z 5
24 CH;
%%
25 CH,
~

26 - CHs | }?\/\O
27 CH; ;rr'\/‘:(j\
28 C}hCHh. ij/O\I:::I,c&
29 CH; ,(/\Q

30 CH;

2
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Exanple R Z 22 CH3 23 CH2CH3 24 GHB | 25 CH3 26 CGH3 27 CH3 aF 28 CH2CH3
\"cFg 29 CH3 30 CH3 H 19 "Or: WD 01/10873 PCr/US00120851 31 H Exanple 32

Pr epar at i'orwob/in8(33- hydr oxy- 4- phenoxybutyl ) - 4- ( 6- PCT/US00/20851
(met hyl (hydr oxyphosphoryl ) ) hexyl) - 1-oxynyl - cycl opent an- 3-ol , Sodi um sal t
(E32a): 5 ?j::::& NHH?2) MHEOYHJO ~~0 H Ha _ F 3) naguene Ha / F
Exanpl e 22 E32a 1) NHQOH 2) An2erlyst HQ ONa OF OH A E32b
K) | H
g
Example 32
Preparation of 5-(3-hydroxy-4-phenoxybutyl)-4-(6-
(methyl(hydroxyphosphoryl))hexyl)-1-oxymyl-cyclopentan-3-ol, Sodium salt (E32a):
5
H% He HQ
M/\ i p
\ OCHg ;])al(;-Br-benzylbmnude. %0
" Y 2)NaOH ExOH/H,0
HO F 3) "&“Q:wm Hé E
Example 22 E32a

1) NH,OH
2) Anberlyst
HQ o
4 ONa
R\z
_ o
g
“oH HO F
E32b

To a solution of Example 22 (1 equiv.) in THF is added ortho-2-bromo-benzyl

bromide (0.9 equiv.) and sodium hydride. The mixture is refluxed until complete

10 consumption of the benzyl bromide is achieved, as indicated by TLC. The reaction is
quenched with NH4OAc solution and the product extracted with EtOAc. The solvent is
concentrated under vacuum, and the residue dissolved in ethanol. A solution of NaOH in
water is added and the mixture is brought to reflux. The mixture is diluted with water and

is washed with ethyl acetate twice. The combined washes are extracted with water. The

15 combined aqueous phases are acidified with 1M aqueous hydrochloric acid and extracted
with ethyl acetate four times. The combined extracts are dried (brine, Na,S0,) and are
evaporated. This material is then dissolved in toluene and heated to reflux with tri-n-
butyl tin hydride. The reaction is monitored by TLC and when the starting material is
gone the reaction is cooled to room temperature and the solvent removed. The organic

20



To a solution of Exanple 22 (1 equiv.) in THE is added ortho-2-brono-benzyl
brom de (0.9 equiv.) and sodi um hydride. The m xture is refluxed until ’
conpl et e 1WO®dMesapt i on of the benzyl bronide is achi eveBCT/HS00R20881 cat ed by
TLC. The reaction is quenched with NHAOAc sol ution and the product
extracted with Et OAc. The solvent is concentrated under vacuum and the
resi due dissolved in ethanol. A solution of NaOH in water is added and the
m xture is brought to reflux. The mxture is diluted with water and 1is
washed wiektiacest hylcombnbdtaad tchnoummgiﬂphed:md)thaemdembntvm Nmr&utdvamighd with

vater. TRgmlpatd nﬂ%&%d?#&?é@%)%‘i‘ ﬁlo‘;‘hx’:“edv)gketr e mes“?f}!ﬁs

hydr ochl or | ¢ "aci extrac cet at e

conbi ned "%‘H“Fé“c'tag"“a‘ﬂb‘“dmﬂéﬂ"}( #yd; stigred N&?S@l‘)"ﬂ&ﬁ H:Gaﬁ%m"e\f%rf% Byming s
mat er i aI ‘Ilhs réshe is @nosal by iltratioh ahd ehecfilmae ib eadcentratad toegilve! 3-hydioxyr | -

it br i1 é*m&““gﬂﬂe?’?%ﬁ@?fyg‘%“r%‘ﬁ’é%“éﬁlﬁﬂ SR e B0, ¢ ot g

sol vent sedigmédt 32Bb organic 20 WD 01/10873 .. PCT/ US00120851 extracts
are conbi ned and chr omat ogr aphed and. t he crude product is stirred overnight
wi t h hydroxyl am ne and sodi um acﬂaﬂlﬁes(ajs in 1:1:3 p-di oxane: water:

net hanol . The_ resjdue is taken up I'n net anokband stirred wth Anberlite
CG 50 (Na+ foEx§mplst 3837 s prepased peing substaniially, thesagy proFgdusg pHPabng t he
filtrege dbﬁ:nbed’lﬂeEkamplecBZ, (sul@ptmnmg -they dpprapriate starting materials. The skilled

phenoxybyfacly hm%zm@ l&nb&.mr)méoﬂfeyav}ea&aeﬁé opent an- 3
|l es 33-37 are e arged usi ng

-ol, sodium s %é)

subst ant P%tPPEmE’WE’ uggg&gtgﬁelgll arfigpay may, ec?&‘i‘i”?‘%@&“ipﬁ ft

subst i t utréaogorsive inypeasoyields ae dpprapriaien gAlhstch miadificatidnisecas r¢ddily de caried s an may
change t g ﬁL Wkifled RESHIH e arfb RERREHR MY ¥RAThSs £E Withfh @& S&pe of
reactions ropriate. Additionally, thé skilled artisan may use

prot etk i ﬁ'{f’BY"GH to block side reactions or increase yields as
appropriate. Al such nodifications can readily te carried out by the
skilled artisan in the arbQof organic chen st/ny, and thus are within the

scope of 15 the invention/ \—Oﬁp
2 o
OH HO
Example Ry o Z
33 CHs ;f‘\/’\k
34 CH;
~E

3 CH;
N
36 CH,CH; ;K/‘J\O




Exanple R . . Z 33 CH3 34 CH3 35 CH3 F 36 CH2CH3 37 CH2CH3 cFS 21 71 WO
01110873 PCT/ US00/ 20851 Exanple 38 Preparati on of

3- ( 3- hydr oxxyo41/4087F | uor ophenoxy) but yl ) =2- ( 6- PCT/US00/20851

(et hyl (hydr oxyphosphoryl)) hexyl)-4-(hydroxyam no) - cycl opentan-1-ol, Sodi um
5 salt (E38a): HQCH3 ONa O NaCNBH3 ON HN \CH HO YF \H HO F Z32b E38a

| Conpound E32b is treated with sodi um cyanoborohydride in THF: acetic acid
10 (1:1) and stirred for 2 hours. The m xture is quenched with 0.1 N HCl
and washed with brine twice. The organic layer is dried over nagnesium

sul fate and concentrated. The resultl n i1 is chromatographed (30% et hyl
acetate in hexanes). Appropriate f Exam are conbi ned and concentrated

yi el di ng tppepdiitlowxy! amope. Salt for BE(Bﬂgdman-mﬂmrpphmmwbhyylm(ﬁods

e T S 0 1

) cycl opesall Sodi um sal t (E38a) Exarrpl es 39-44 Exanples 39-44 are
prepared using substantially the same procedure as that 20 described in
Exanpl e 38 substituting thg appropriate stafing materials. e skilled

arti san mayrchange reqpergd yie, pressure, at N9 the order
of reacti o as_appropri de. Additionally, f an may use
prot ecting fGrwps Y06 bbock®side PEIEi ons qpf i yPel dS as

approprlataoﬁ Al | yduchlnodi fi cations can r eadiy be woar rjled _F

e

Compound E32b is treated with sodium cyanoborohydride in THF:acetic acid
10 (1:1) and stirred for 2 hours. The mixture is quenched with 0.1 N HCI and washed with
brine twice. The organic layer is dried over magnesium sulfate and concentrated. The
resulting oil is chromatographed (30% ethyl acetate in hexanes). Appropriate fractions
are combined and concentrated yielding the hydroxylamine. Salt formation is
accomplished by methods  described above, yielding 3-(3-hydroxy-4-(2-
15 ﬂuorophenoxy)butyl)—Z-(G-(methyl(hydroxyphosphoryl))hexyl)—4—(hydroxyamino)—
cyclopentan-1-ol, Sodium salt (E38a).

E32b E38a .

Examples 39-44
Examples 39-44 are prepared using substantially the same procedure as that
20 described in Example 38, substituting the appropriate starting materials. The skilled
artisan may change temperature, pressure, atmosphere, solvents or the order of reactions
as appropriate. Additionally, the skilled artisan may use protecting groups to block side
reactions or increase yields as appropriate.” All such modifications can readily be carried
out by the skilled artisan in the art of organic chemistry, and thus are within the scope of
25 theinvention.
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out by the skilled artisan in the art of organic chemstry, and thus are
within the scope of 25 the invention. .HCR aR-OH 2 O HOHHO?22 - --
i WO 01/ 10%¥%/1p87p/ US00/ 20851 Exanple a b Rl Z 39 cis t prevaisiidssiO 40
single single CH3 F 41 single single CH2ZCH3 S 42 single single CH2CH3
rrr' H1, . 43 cis trans CH2CH3 F 44 single single CH(CH3)2
Conpositions Conpositions of the subject invention conprise a safe and

ef fective_anmount of the subject conpounds, and a

phar maceuExampley- accept athe car Rier. As useZi her ein, "safe and 5 effective

anobunt” neag9 an agRunt tgpsa CapRpund s f t to significantly induce a
positive nodification in the condltion eat ed, but |ow enough to
‘avoid serious side effects (at a reasonab eneflt/rlsk ratio), within

t he scope o#0sounsingiedi sinplej udgtENt. A safe and effective amount of a
compound wi Il vary with the particul ar, condi tbe| ng treated, the age

and physical condition of the patient-¢besng ed, the severity of the 10
condition, the duration of the treatnent, theknafure of concurrent therapy,

the particulgpr pg] pacey catj.% chAgcept abs (er utilized, and like
factors W|th|nthe now e e attendi ng physician. In
addition to the conpound, the corrposrrg subj ect invention contain
a pharmaceutically-acceptable carrier. :

" phar maceut #Zal | ysingleepsialee CH:CHer ", xas N 15 used herein, means one or
nmore conpatible solid or liquid filler \d/lr encapsul ating

43 cis trans CH;CH; \/$\Q/¢
44 single single CH(CHj):
O

Compositions

Compositions of the subject invention comprise a safe and effective amount of the
subject compounds, and a pharmaceutically-acceptable carrier. As used herein, "safe and
5 effective amount” means an amount of a compound sufficient to significantly induce a
positive modification in the condition to be treated, but low enough to avoid serious side
effects (at a reasonable benefit/risk ratio), within the scope of sound medical judgment. A
safe and effective amount of a compound will vary with the particular condition being
treated, the age and physical condition of the patient being treated, the severity of the
10 condition, the duration of the n-eiiuhk:nt, the nature of concurrent therapy, the particular
pharmaceutically-acceptable carrier utilized, and like factors within the knowledge and

expertise of the attending physician.
In addition to the compound, the compositions of the subject invention contain a
pharmaceutically-acceptable catrier. The term "pharmaceutically-acceptable carrier”, as
15  used herein, means one or more compatible solid or liquid filler diluents or encapsulating
substances which are suitable for administration to a subject. The term "compatible", as
used herein, means that the components of the composition are capable of being
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substances \/\hi ch are suitable for-admnnistration to a subject. The term
corrpatl ble", as used herein, neans that the conponents of the conposition
are capabl eV@OVMSTHg 23 WD 01/ 10873 PC/ USO0/ 20851 conmPERUSE28Sh t he
conpound, and with each other, in a manner such that there is no

I nteraction which would substant lally reduce the pharmaceutical efficacy of
the conposition under ordinary use situations. Pharmaceutically-acceptable
carriers must, of course, be of sufficiently high purity and sufficiently
| ow t oxi ccommingledewitle thet dogiposnd, aad vith eaclf otheraiing masteranéinthat thetelie neubj ect

bei ng tr egh&betiorO Which¥ WHNE Subltantidiy t!@mﬁesth%gﬁ&rﬁ@éﬁnﬁ ﬂ'ﬁnﬁ? of the
pharmaceutlcall nggggrglble carriers nts thereo re sugars,
such as | § B"s‘&‘\ nanypse sityagans. H g&ag? acreptable carmiersJpust. o and
pot at 0 st eowse, be ef bufficientlyahigh purity ded sufﬁtmm%lpwsmx:bmam rendér them suitablexy net hy|

cel lul @efor%ﬁl,mlstﬁg%gg@sgub &ebdihg fSfegacet ate; powdered tragacanth; malt;
10 gelatin; talc; fll cants, such as stearic acid, nagnesium

stearate; cal c‘l’?m? §6T"’F‘ %" sybstADees LY °’6|°P§ servg a5 pharpaceptinallyspgeeptablet onseed
oi | , sesapmrieislor camperen thereafcaresugats, suchl anilactosé, ghichsodndsierosg)etaychkss such as

o ODY1 o1t 60 bl iy )oY ok i Bl A Pl YCC s
sodi um | aﬁ?“g "Yar?ﬁ?@féﬁ'seﬁﬁ Sa'yﬁﬁelﬁlgﬁﬁ‘?] “]PF%@?ﬁ{‘? ﬁz'rgp‘ﬁ‘ﬁgﬁfls“a s gnaat s;

t abl et hg gelgiémttale; salidsubridahiszsich jas awatioadidlamignesipmessserate tcalcisn sylfateygen- f r ee
- water, | 5% ﬂibfc &ﬁ' &f26as Qﬂlupﬁlp%gﬁéﬂs@ed J?Py:s%ihe%ﬁl HiiveQfEs cofn”b‘?l aﬁﬁ%ilco? of a

phar maceut,i C carrie I.N CO ch ion with, a
conpound %351%(: qu"tleﬁug nf$h RCHK hé yﬁﬂ V@“Bonsﬁ pigply, and

adm ni st epelyeth¥lere glyenipalginisacik; emhblfpmsmhtth'EwbérEQ wagtmbagemmiuchst ered
system Cah& yodnﬁ’ﬁlli\ﬁﬂ Rlifae) c&dﬁhé‘hg%hfsahh%ngrh%éﬁ’cﬁeexﬁbfbﬂﬁd%%h aBérRd

par ent I ncl subcut aneous I Nt ravenqus 1 njecti.o I cal ;

and/ or ?ﬁﬁﬁ?ﬁflm ngﬁijﬁfegﬁy? N pmpesfva{eﬁés%%%& atngpggsphgtgd may be
determ nebUﬁVSPbBNIMe experimentation with ani mal nodels. Such nodel s

i-ncl ude, but arTge didice! df'i‘ﬂlﬁ%abam'ﬁ:ﬁlg'-acbéﬁtﬂﬁé c@ﬁ& thSé‘ﬁéeﬁ% &m dRflon #ithodel s,

the ferret, cani nodel s suse

model s. PPEPEPY ERTsfcaH?Sgr ge W‘i‘? ifad ﬁ’r‘f compPYl i i%ﬁ%’b%ﬁglts@ﬂ% €ol uti ons
Qf wat er, compannids|ofcthe ;presenll inventionr may meuadsmnismrb sYsteniitadlyp HRofites aif d

sol uti zms admiSud G ﬁaha&t@ﬁsa&malab&ui parénterall},! MISLSA" Sub&itsheb®y drnj ection

or surgi cal

| ant. s el s control | ed- or sust ai ned rel ease
devi ses, Way‘lgnjgff"éecégﬁ' °p1° banéﬂ f'gr h%‘natrl ces.

The appropnate amount of the compound to be used may be determined by routine
experimentation with animal models. Such models include, but are not limited to the
intact and ovariectomized rat models, the ferret, canine, and non human primate models

25 as well as disuse models.

Preferred unit dosage forms for injection include sterile solutions of water,
physiological saline, or mixtures thereof. The pH of said solutions should be adjusted to
about 7.4. Suitable camriers for injection or surgical implants include hydrogels,
controlled- or sustained release devises, polylactic acid, and collagen matrices.

30 Suitable pharmaceutically-acceptable carriers for topical application include those
suited for use in lotions, creams, gels and the like. If the compound is to be administered
perorally, the preferred unit dosage form is tablets, capsules and the like. The
pharmaceutically-acceptable carriers suitable for the preparation of unit dosage forms for
oral administration are well-known in the art. Their selection will depend on secondary

35 considerations like taste, cost, and shelf stability, which are not critical for the purposes of
the subject invention, and can be inade without difficulty by those skilled in the art.
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30 Suitabl e pharmaceutical ly-acceptable carriers for topical application

I ncl ude those suited for use in |otions, creans, gels and the like. 41f the
conpound i sMOPMB Kdni ni st er ed peroraIIy, t he preferred BOT/USMEessye f or m
is tablets, capsules and the |ike. The pharnaceutically-acceptable
carriers suitable for the preparation of unit dosage forns for oral

adm nistration are well-known in the art. Their selection will depend on
secondary 35 considerations like taste, cost, and shelf stability, which
are not critical for the purposes of the subject invention, and can be

made with b f foeeul ty by those skilled in the art. 24 WO 01/10873
PCT/ US00/ %ﬁggg‘{&g‘sﬁods of Use The conpounds of the present invention are

useful in trealhtgomperndsnofithe present Spyentipr arg nseful dnripating manypedical hone
di sor der s disefliefs¢incrbing ferexaapls, bone Uisofdersnd bawlg disokies. t he conpounds of the

pr esente | NVent i Qded 86k clroduf SARL Alscal JEa S i Becklith L RUERE) 2

nunber %hrou h™for mat I NCreasi

mai nt ai ni hgnevqlwd tpabeculas sumber thioysh formation of new ﬂebmdwlm at the
endost eal nfud While maliritdifing almimxlized bbﬁamrﬁmmahélen@mﬁauaﬂ of 86kt thd hus, it

Is further Send" sef u t he, t.r ment and
preventi oﬁnd(#gégloﬁ%&gﬁ%gr sor@éggg%ﬁgﬂgﬁe er"’(riles ‘U{e 50 “saﬁrhs ﬁ'l“@ﬁ ation

for treat belipvedbat thess: epmppupgdscarsy ygeful lﬂr@ﬁst&émt and pgeventionp ghidane Ot her
pref erteed diseidess of adm ni st rat | on i nclude rectal, and sublingual. The

001 15"t 0 apstt PRGN, SO SOmRSnF 160 Beflop B Moy B 1

pre rom abou
about 1ooﬂar%€5ﬂ%ransdat§ﬂn émer gP@FePfaeﬂwmﬁmm e rectaly angh oyt 50
g/ kg body sutstingindl. per day. The transder mal dosages wi || be designed to

tt I I Qﬁ&%g
?hogensi: Iml egr [ ﬁ@%&g cayra?égo‘??ﬁ%oln&a | netics a 'ﬁtgﬁ l F{W“rrﬂl ations.
Pl asmald etetbout K)004elkehody W&tﬁ'ﬁ MGIPQV ixom ahout &k ?h"BH Q‘U‘ P bO8Y ange
of 20 0. Oeipht, Jxﬁ&trmcfegblanﬁbMabowletornbeﬁtesmhnggkgﬂmdm\ﬂmgﬁ pev day. The i, and

oSt I &f aidRkiinal 6aERsCill bk Qesttheld Btain WhilafschliFSp19ARG, Bakaligspd upon a
daily admnjstrat)on rat y. or, nont acc ate dosages y al so
be used t EF”‘HW&?I i&f %l"!s?\rlf\?‘ﬁéfi in, the At Med
based on fdmmujationss Rlasmb evelg forisystemais, adtrinisteatinn altewepﬂctﬂdl tnge mzﬁctramgapéd t he
severijy glo1'd 306 ARHehdnRiimD SloRd plef P from! 6165 o050 Re/fi, ME Mt Prefeddblypn. etc.’
to from 0.1 to 10 ng/ml. While these dosages are based upon a daily administration rate,
weekly or monthly accumulated dosages may also be used to calculate the clinical
requirements. '
Dosages may be varied based on the patient being treated, the condition bemg
25 treated, the severity of the condition being treated, the route of administration, etc. to
achieve the desired effect.
The compounds of the present invention are also useful in decreasing intraocular
pressure, Thus, these compounds are useful in the treatment of glaucoma. The preferred
route of administration for treating glaucoma is topically.

30
Composition and Method Examples
The following non-limiting examples illustrate the compositions and methods of
the present invention. The following composition-and method examples do not limit the
invention, but provide guidance to the skilled artisan to prepare and use the compounds,
35 compositions and methods of the invention. In each case other compounds within the
invention may be substituted for the example compound shown below with -similar
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achieve,the desired effect. The conpounds of the present, invention are

al so useful in decreasing intraocular pressure. Thus, these conpounds 'are
useful in tWeouaesd nent of gl aucoma. The preferred rout e pefrrusomdossist rati on
for treating glaucoma is topically. 30 Conposition and Method Exanples The

following non-limting exanples illustrate the conpositions and net hods of

the present invention. The follow ng conposition and net hod exanpl es do not
limt the invention, but provide guidance to the:skilled artisan to

prepare angdsie THRaKARERPARESner 33 GRFFEGSE tha M Sthplgst lliddnld€ and

I nvention. In each.case other ¢q unds within the  irnvention nmay be
subst it ut eﬁﬁ‘%ﬁ‘f“‘%ﬂ@ﬁgﬁgﬂﬂ#@%@ﬂ&ﬁﬁﬂ@gWﬂgpmuﬁtt h simlar 25 -inmn
WO 01/10873 PCT/ USOQO 20851 results. The skilled practitioner wll
appreciate that the exanpl es provi dgyghhidance and nmay be varied based on

the condition I ng treated and. the patl ent anple A 5 Pharnaceuti cal
conposi g‘i ons i gﬁ?ﬁgacFBtﬁ# Eempasiiiops i the form @{)?F@&%P@Bﬁﬁémic%‘ﬁf‘“%t hods,
such as mni methgdsasuthdis mixing endhdireetcompnessibny formhulstediasfollows:| ows: I n rem

Quantity (N0 pgpefediehiet) Conpound Qhudni dabley M crocrystalline
Cel | ul ose 100 odI Hntgt arthGI ycolTate gnesi um St earate 3 Wen
admi ni st er ed orgjq’gf’“& GLEFERRYY - t he above cdnposition substantially

i ncreases bone MisreprystallneCollalosent sufferi A0 from ost eoporosis. 15 Exanpl e
B Phar mgceut i calodngiBRsH GI9EstateN | 1 qui d forqy are prepared by conventi onal
met hods, forrruiﬁt ed as follfows: In ient Quaptity 20 Conpound of Example'l
5 mg Phosphat e BERFRFHBMSsi ol ogi cal salite 10 nL -

When administered orally once daily, the above composition substantially
increases bone volume in a patient suffering from osteoporosis.

15
Example B
Pharmaceutical compositions in liquid form are prepared by conventional
methods, formulated as follows:
Ingredient uanti
20 Compound of Example 1 Smg
Phosphate buffered physiological saline 10 mL
Methyl Paraben 0.05 mL

When 1.0 mL of the above composition is administered subcutaneously once
25 daily, the above composition substantially increases bone volume in a patient suffering
from osteoporosis. '

Example C
Topical pharmaceutical: compositions for lowering intraccular pressure are
30 prepared by conventional methods and formulated as follows:

In ient Amount (wt %)
Compound of Example 14 0.004
Dextran 70 ' 0.1
Hydroxypropyl methylcellulose 0.3

35 Sodium Chloride | 0.77
Potassium chloride 0.12
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Met hyl Paraben 0.05 nL When 1.0 nL of the above conposition is adm nistered
subcut aneously once 25 daily, the above conposition substantially *
i ncreases hWRSIAWSILUNMe in a patient suffering from osteopecyssos2oskixanple C
Topi cal pharmaceutical: conpositions for |owering.intraocular pressure are
30 prepared by conventional nethods and fornul ated as follows: In ent

Amount (wt %  Conpound of Exanple 14 0.004 Dextran 70 0.1 Hydroxypropyl
met hyl cel l ul ose 0.3 35 Sodi um Chloride 0.77 Potassiumchloride 0.12 26 WO
01110873 PCT/ UBRQadidh¥ETITA QEdetate disodiid) ( Ed@sat e di sodi um) 0. 05 Benzal koni um
chloride 0.01 pH 7.2-7.5 urified water g.s. to 100% 5
When 1 drop ofBthglkg@g@ce%!:o%l?ﬁg;si tionis ag'r%?ni stered to each affected eye
twice daily, Heb nposi ti on sub®HIRAT-8l |y decreases intraocul ar
pressure in a paifiedvatersuffering from glaucrose Wile particul ar

enbodi nents of the subject invention have been described, it 10 would be
obvious to those skilled in the art that various changes and nodifications
to the conposMienddren @fdhm@wewemevﬁmwﬁa@mmweaabﬁw&émWﬁg from
the spiri Haify)dhe abge @mpokition isobstamtialy dedréasésSintradoulal Gulesstire G Ve patient) t he
appended g&% ’froﬂll W&% nodi fications that are within the scope of this

i nvention: nrr: 710873 PCT/ US00/ 20851 28 ijijidjiill iilli iii
111" WHAT | S While particplar embadiments of the subject invention have been described, it

10 would be obvious to those skilled in the art that various changes and modifications to the
compositions disclosed herein can be made without departing from the spirit and scope of
the invention. It is intended to cover, in the appended claims, all such modifications that
are within the scope of this invention.
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1. A conpound having the follow ng structure: HQR -""'s Vim Y-R2 Za W
HO characterized in that RL is Hor lower alkyl; R2 is H alkyl,
het er oal kyl womanésexyclic aliphatic ring, heterocyclic al ippiessoioessing,
aromatic ring, or heteroaronmatic ring; X is Oor S; Yis O Sor NH Vis
C4 al kyl or M4 heteroal kyl; a is singlegbond, cis double bond
doubl e bond; b is single bond, trans doubl e bond, lI’"llMﬁ“ﬂE"mnmen a
is single bond Wis OH or N(RS)(CR4) characteri ze
sel ected fWSHATIS CLAMED k2 , or lower heteroal kyl; characterized in that
said ower alkyl is unsubstituted or substituted with from1l to about 3
substituents selected fromthe group consisting of. hydroxyl, halo, thiol,
and ni tri |l kA compoohdihaviigahe fdldwing stiaetaresai d | ower heteroal kyl is
unsubstituted or substituted with. from1l to about 3 substituents sel ected
fromthe group consisting of: hydroxyl, halo, thiol, and nitrile; and R4 is
H |ower alkyl, or |ower heteroal kyl; when a ¥s cis double bond or trans
t;ﬁ;.

doubl e bond, Wis N(OR4); char erized in |:ﬁ4 is as defined above; Z
is ClL alkyl, ML heteroal kyl, C. Kyl 8§ af eroal kyl -G, Cp al kyl-G',

or My heteroal kyl-G'; character|1 n that 1 YsRm int eger from about 3
N

to about 7; mis an integer fro 0 about 5;-n is an integer from about
2 to about 5; pis an integer fro ‘ 1111112331233 00 1rveld
WO 01/10973 ¢ L M'S PCT/ USQQO 20853 29 abou 3; gis 2o0r 3 G is
nonocycl i c carbocyclic aliphatic Wng, rmndd@cl I ¢ heterocyclic

characterized in that

R; is H or lower alkyl;

R2 is H, alkyl, heteroalkyl, carbocyclic aliphatic ring,
heterocyclic aliphatic ring, aromatic ring, or heteroaromatic ring;

XisOorS;

Yis O, S or NH;

V is C,4 alkyl or M, heteroalkyl;

a is single bond, cis double bond, or trans double bond;

b is single bond, trans double bond, or triple bond;

when a is single bond, W is OH or N(R3)(ORy); characterized in that R; is
selected from H, lower alkyl, or lower heteroalkyl; characterized in that said lower alkyl is
unsubstituted or substituted with from 1 to about 3 substituents selected from the group
consisting of: hydroxyl, halo, thiol, and nitrile; and characterized in that said lower
heteroalkyl is unsubstituted or- sﬁbstituted with- from 1 to about 3 substituents selected
from the group consisting of: hydroxyl, halo, thiol, and nitrile; and R, is H, lower alkyl, or
lower heteroalkyl;

when a is cis double bond or rrans double bond, W is N(OR,); characterized in
that R4 is as defined above;

Z is C alkyl, M, heteroalkyl, C, alkyl-G’, M, heteroalkyl-G’, C, alkyl-G™, or My
heteroalkyl-G’’; characterized in that ] is an integer from al;out 3 to about 7; m is an

integer from 0 to about 5; n is an integer from about 2 to about 5; p is an integer from 0 to
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aliphatic ring, nonocy, g or nonocyclic heteroaromatic ring;
G is bicyclic car bocmmi ﬂlﬁiﬁﬂag ml ng, bicyclic heterocyclic aliphatic
ring, bicycWoeHsBmat i c« i ¢ het eroaronmat i C FOIVUS00/2088k any
pharmaceutical | y- accept abI e sal t, or biohydrolyzable am de, ester, or imde
thereof. 2. A compound according to Clazen 1 characterized in that R is
methyl or ethyl and R2 is Hor |ower alkyl. 3 A conpound according to
Claim 2 characterized in that. Xis 0, Y.is or N\H and Vis 4 alkyl. 4.
A conpoundbtdaAds 28T 3C iemanacyslic RarPoryelis ?15\?6“‘1 5ing mepocyclisheterogyck| - G or

M hetergg %ﬂ%k ﬁg,%&l&wﬂ fombiic EIR E.h E@H&Eﬂo&oﬁ%ﬂ& rﬂ{rg @“QQYC' ic
ma cco chara

het er oaro ring. A conpound to Garm cterrzed in
that Z i sb@yclg %}boc@hc(ﬁhpmc 1ng, btcaelicldwter@ycmwmawn@, bicycli¢ erpulatic
aromatic r matic ring. 6. A nmethod of treating a
human or ginﬁg’r&c (_fffc F%hga#ﬁg a bone disorder, said nethod

conpri si ng adnamy phammagtataﬂy-ameptablemahpbr biohydiplgzabit amﬂe,rektergmt imidé e
structure; ‘R 4, VY-R2 Z a WHO characterized in that Rl is H or
| ower al k)W is H alkyl, heteroal kyl, carbocyclic aliphatic ring,

het erocyclic aliphatic ring, aromatic ring, or heteroaromatic ring;
XisOorS;, Yis O, Sor NH 29 WO Q1/10873 I ~~I1"1 [11LIL ~"L1 I~~~ 11 |~~I
M PCf / USO2REFgmpeund cceding o Claimd cheacterizad iphah Ry @rfﬁeéﬁ“ﬂw ethyl and Ryiifg| e

bond, ci slGUubh& al;]@yp_d or trans doubl e bond;
3. A compound according to Claim 2 characterized in that X is O, Y is O or NH, and V is
C, alkyl.
4. A compound according to-Claim 3 characterized in that Z is Cy alkyl-G’ or M,
heteroalkyl-G’ and said G is monocyclic aromatic ring or monocyclic heteroaromatic
ring.
5. A compound according to Claim 3 characterized in that Z is Cp alkyl-G*’ or M,
heteroalkyl-G’* and said G™" is bicyclic aromatic ring or bicyclic heteroaromatic ring.
6. A method of treating a human or other animal subject having a bone disorder, said
method comprising administering to said subject a compound according to the structure:

characterized in that
R; is Horloweralkyl;
R is H, alkyl, heteroalkyl, carbocyclic aliphatic ring,
heterocyclic aliphatic ring, aromatic ring, or heteroaromatic ring;
XisOorS;
Y is O, S or NH;
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b is single bond, tra r triple bond; when a is single bond,
Wis OH or N(R3)(CR4) Mm “!a“ﬁmmn that R3 is selected fromH, |ower
al kyl, or |WQ8YI08Bt er .Lcharacterized in that said | PORWSARESH s
unsubstituted or substituted with from1 to about 3 substituents sel ected
fromthe group consisting of. hydroxyl gghalo, thiol, and nitrite; and
characterized in that said |lower heteroal kyl is unsubstituted or
substituted with from1 to about 3 substituents selected fromthe group
consi sting of : Vigdlalyl or Maheseroalkylol , and nitrite; and R4 is H, |ower

al kyl, or I i bond or trans double
bond, Wis N(&4333@%%&2&6?%@%%3&?0{%%3d&aﬁgﬂgﬁdgs defi ned above; . Z |s
Cl al kyl, M hebtlesmgbbyﬂd rians doudlddont; dStripléporiizt er oal kyl - G, Op al kyl -

or MWy het er oal

to about 7; mi eﬁﬁ‘ lsl ﬂ?égé’?’gé*%;ni egl'fo“aga%&(%‘ b hgg“"l&;z’r‘ﬁ’t“eﬁér Olgr %Pnogll;)oﬁt

2 to abOUtseﬁete@ from RNowér 48] orl6vashhetefdlkyB BRAHhctetized irl thatsaidlower diky] isS
nmonocyclic carbocyclic aliphatic ring, nonocyclic heterocyclic aliphatic

ring, monowyestitted s sabstigated with srommd de et 3é“h%¥@@#kﬁ'&€l iffom the groug' | s
bicyclic %ﬁﬁ%%%f‘ ‘F:P'&‘ljokﬂh%loc tﬂlede ik | dn NG aBleZoCin ﬁxa@k&@"l@&érc ring,

bi cyclic aroma bi cyclTc heterodaromatic ring;
phar maceuthetsadalkyl aa:gmpbmted onlsebstitwtedovidh framol Yo absus 3ambmen§s seéwctedor i m de

t her eof . 7 T ter in t. | sorder

I S ost eopor 051'S g@b@ﬂsﬂﬁ%ﬁﬁoﬁ( y]CF %ﬁ‘gﬁc érﬁ%?:] earnltdrzig s?‘ﬁioq'ﬁp@ﬂ@a

conpound ilewedwricmatitybr ed orally. 9. A nethod of treati ng gI aucomm, said

met hod conpri si adm ni steri.ng.to. a e a safe. and

ef fective armur‘f?’g'bla 1§c30%§{7n@%g@56rp3f Hﬁ‘ﬁ%" %t‘ ﬁ(@ﬁ‘r)mh nv R w
HO 30 V\DtﬂalmQSZﬁdd?ﬁIdhlﬁﬁ;e{ 20851 31 1 JJtill] 111111 11111 11111 it ill]

characterized in that c ;ﬁis H. or | ower alk is H_ al kyl,
het er oal kyl , c%‘B&t?‘&‘V‘i’M‘Qﬂe (,Cnrqlhd‘c* M, hetero I'G C, alkyl-G™", or

heteroalkyl-G’’; characterized in that I is an integer from about 3 to about 7; m is an

integer from 0 to about 5; n is an integer from about 2 to about 5; p is an integer from 0 to
about 3; q is 2 or 3; G’ is monocyclic carbocyclic aliphatic ring, monocyclic heterocyclic
aliphatic ring, monocyclic aromatic ring or monocyclic heteroaromatic ring; G is
bicyclic carbocyclic aliphatic ring, bicyclic heterocyclic aliphatic ring, bicyclic aromatic
ring or bicyclic heteroaromatic ring; and

any pharmaceutically-acceptable salt, or biohydrolyzable amide, ester, or imide
thereof.
7.  The method of claim 6 characterized in that said bone disorder is osteoporosis.
8.  The method of claim 6 characterized in that said compound is administered orally.
9. A method of treating glaucoma, said method comprising administering to a human

or other animal a safe and effective amount of a compound according to the structure:

HQ R~
2 SN\ \
< \' YRy
Z
a
HO
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het erocyclic aliphatic ring, aromatic ring, or heteroaromatic ring;

XisQorS; YisO SorNH, Vis C4 alkyl orMd heteroalkyl; a is single bond, cis
doubl e bond WQ#/10873ns doubl e bond; b is single bond, tramrerdsoddessibond, or
triple bond; when a is single bond, Wis OH or N(R3)(COR4); characterized in

that R3 is selected fromH, |ower alkyls; or |ower heteroatkyt——m—

characterized in that said | ower alkyl is unsubsti tutm' et
with from1l to about 3 substituents selected fromthe ’"””lﬂ ;’ﬂjm of :
hydroxyl , Fhbaresterized@ithatand nitrile; and characterized i*n €hat sei r

het er oal kyl is S4P 51 1 or substituted with from1 to about 3
substituents seﬁgct e?iIt %vg%ﬁgtlhe group consisting of. hydroxyl, halo, thiol,

and nitrite; anBziRH,ialkylhetewaliyl, earhgdyclioaliphhtivnviig, het er oal kyl ; when a is cis

doubl e bong_ or trans double bond Wis NOR4): characterized in that R4,
1028  dor 1 Mo 3iC Altplight gng. aroman; ringygr “ﬁéfT%F'}d%"E%“,& C. alkyl-G, M
het er oal kyl - G , XGpOarxByl -G', or My heteroal kyl-G'; characterized in that |

is an integer f anﬁgot 3 to about 7; mis an integer fromO to about 5;
nis an integer ¥ on? & 2 to about 5; pis an integer fromO to about

3; g is 2 or 3;vG Ch akARMMelerdalghr bocyclic aliphatic ring, monocyclic
heterocyclic aliphatic ring, nonocyclic . aromatic ring or nonocyclic

het er oaromat i ¢ ﬁswgr,g_lecbonﬂéisciﬂu_bly@n_ of erantdapbleibend;l | phatic ring, bicyclic
et or oat omat i ¢ ¢ P ot s O birk, B @R ofier L 00 01" or
bi ohydr ol yzabl ewhen dds singlecbondpoW iisviO¥e or N(Bs)QR,); dltaractemizedrit batl RS il ai m 9
charact e i g&édd kA 1032k SO BBNE hekcPosH! HbBb:Eifid in HaPlafclobéy aritsd "' M
unsubstituted or substituted with from 1 to about 3 substituents selected from the group
consisting of: hydroxyl, halo, thiol, and nitrile; and characterized in that said lower
heteroalkyl is unsubstituted or substituted with from 1 to about 3 substituents selected
from the group consisting of: hydroxyl, halo, thiol, and nitrile; and R, is H, lower alkyl, or
lower heteroaltkyl; .

when a is cis double bond or trans double bond, W is N(ORy); characterized in
that Ry, is as defined above;

Z is C, alkyl, M, heteroalkyl, Cy, alkyl-G’, M, heteroalkyl-G’, C; alkyl-G™’, or M,
heteroalkyl-G'"; characterized in that 1 is an integer from about 3 to about 7; m is an
integer from O to about 5; n is an integer from about 2 to about 5; p is an integer from 0 to
about 3; q is 2 or 3; G’ is monocyclic carbocyclic aliphatic ring, monocyclic heterocyclic
aliphatic ring, monocyclic aromatic ring or monocyclic heteroaromatic ring; G’ is
bicyclic carbocyclic aliphatic ring, bicyclic heterocyclic aliphatic ring, bicyclic aromatic
ring or bicyclic heteroaromatic ring; and

any pharmaceutically-acceptable salt, or biohydrolyzable amide, ester, or imide
thereof.

10. The method of claim 9 characterized in that said compound is administered

topically.
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