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LO QUE SE REIVINDICAES : k2

1. Un compuesto que tier!é la estructura:

donde

(a)Ry es CO,H, C(ONHOH, CO,;Rs, CH.,OH, S(O)Rs,
C(OINHR,, C(OINHS(O)XR. ¥ tetrazol ; donde R; es alquilo,
heteroalquilo, anillo alifatico carboclclico, anillo alifatico
heterociclico, anillo aromético monociclico, anillo
heteroaromatico monociclico; '

(b) Rz es H o alquilo inferior,
(c) X es

(1)C=C 6
(2) un enlace covalente;

(d) Z es un anillo aroméatico o un anillo heteroaromético a
condiciéon que cuando Z sea un anillo heteroaromatico y X
un enlace covalente, Z esté unido a Cys mediante un atomo
miembro carbono; y



( ) cualquier isébm ro 6ptico. diastereémero, enantidmero de la
structura anterior o una sal farmacéuticam nt aceptable o
amida biohidrolizable, éster o imida de ellos.

2. El compuesto de la Reivindicacién 1 donde X es C=C.

3. El compuesto de [a Reivindicacibn 2 donde R; es CO.H,
C(O)NHOH, CO,CH,, C(C)NHS(0),R, o tetrazol.

4. El compuesto de la Reivindicacién 3 donde Z es monociclico.

5. El compuesto de la Reivindicacién 4 donde Z es seleccionado del
grupo consistente de: fenilo, tienilo y furanilo.

6. El compuesto de acuerdo con la Reivindicacion 5 donde Z es
sustituido con un sustituyente, dicho sustituyente siendo

seleccionado del grupo consistente de: alqtiil_o inferior, halo y
haloalquilo.

7. El compuesto de la Reivindicacién 5 donde R, es H.
8. El compuesto de la Reivindicaciéon 7 donde Ry es CO,H o0 COzRs.

9. El compuesto de la Reivindicacién 1 donde X es un enlace
covalente.

10. El compuesto de la Reivindicacion 9 donde R; es CO.H,
C(O)NHOH, CO;R3, C(O)NHS(O)R, o tetrazol.



11. El compuesto de la Relvindicacién 10 dond Z es un anillo
heteroaromatico biciclico.

12. El compuesto de la Reivindicacién 11 donde Z es seleccionado
del grupo consistente de: benzo[ltiazolilo, benzo[B]tiofenilo y
benzoxazolilo.

13. El compuesto de la Reivindicacion 12 donde Z es sustituido con
un sustituyente, dicho un sustituyente siendo seleccionado del
grupo consistente de: alquilo inferior, halo y haloalquilo.

14. E! compuesto de la Reivindicacién 12 donde R; es H.

15. El compuesto de la Reivindicacion 14 donde R, es CO.H ¢
CO2zRa.

16. Un método de tratamiento para un humano u otro sujeto animal
que tiene un desorden ¢&seo, dicho método comprende la
administracién a dicho sujeto de un compueste de-acuerdo con la
estructura: '

HO z

donde



(@R, es seleccionado del grupo consistente de: CO,H,
C(O)NHOH, CO;R;, CH;OH, S(0O);R;, C(O)NHR,,
C(ONHS(OXR, y tetrazol; donde Rs es alquilo,
heteroalquilo, anillo alifatico carboclclipo. anillo alifatico
heterociclico, anillo aromatico monociclico o anillo
heteroaromatico monociclico; y R, es alquilo, heteroalquilo,
anillo alifatico carbociclico, anillo alifatico heterociclico,
anillo aromatico monociclico o] anillo
heteroaromatico monoclclico;

(b) R; es H o alquilo inferior;

(c) X es:

(1)C=C 6
(2) un enlace covalente;

(d) Z es un anillo aromético o un anillo heteroaromético a
condicion que cuando Z sea un aniflo heteroaromatico y X
un enlace covalente, Z esté unida a C,5 mediante un atomo
miembro de carbono; y

(e) cualquier isdmero 6ptico, diasteredbmero, enantiémero de la
estructura anterior o una sal farmacéuticamente aceptable o
amida biohidrolizable, éster o imida de ellos.

17. El método de la Reivindicacion 16 donde dicho desorden éseo
es osteoporosis.



18. El método de la Reivindicacién 17 donde la osteoporosis es post
menopausica.

19. El método de la Reivindicacién 17 donde la osteoporosis es
cortico esteroide inducida.

20. El método de la Reivindicacién 16 donde dicho desorden 6seo
es osteopenia.

21. El método de la Reivindicacién 16 donde dicho desorden dseo
es una fractura de hueso.

22. E! método de la Reivindicacién 16 donde dicho compuesto es
administrado oraimente.

23. El método de la Reivindicacion 16 donde dicho compuesto s
administrado transdérmicamente.

24, El método de la Reivindicacidén 16 donde dicho compuesto es
administrado intranasalmente.

25. Un método de tratamiento de glaucoma, dicho método
comprende la administracién a dicho humano u otro animal una
cantidad segura y efectiva de un compuesto de acuerdo con la

estructura: "

VWR'

HO z
x”

Y



d nd

(a) Ry es seleccionada del grupo consistente de: COzH,
C(O)NHOH, CO:R;, CHOH, S(O):Rs, C(O)NHRa,
C(ONHS(O);R, y tetrazol; donde Ry es alquilo,
heteroalquilo, anillo alifatico carbocliclico, anillo alifatico
heterociclico, anillo aromatico monociclico o anillo
heteroaromatico monociclico; y R, es aiquilo. heteroalquilo,
anillo alifatico carbociclico, anillo alifatico heterociclico,
anillo aromatico monoclclico o anillo
heteroaromatico monociclico; .

(b) R; es H o alquilo inferior;
(c) X es:

(1)C=C 6
(2) un enlace covalente;

(d) Z es un anillo aromatico o un anillo heteroaromatico a
condicién que cuando Z sea un anillo heteroaromatico y X
un enlace covaliente, Z esté unida a C4s mediante un atomo
miembro de carbono; y

(e) cualquier isdbmero dptico, diastereémero, enantimero de
la estructura anterior o una sal. farmacéuticamente
aceptable o amida biohidrolizable, éster o imida de ellos.



26. El método de la R ivindicacién 25, donde dicho compuesto es fx‘:\
administrad tépicamente.
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C1g UNSATURATED FP-SELECTIVE PROSTAGLANDINS ANALOGS

Mitchell dslL.ong
John Wos
Blswanath De
David Soper

TECHNICAL FIELD
The subject invention relates to certain novel analogs of the naturally
occurring prostagiandine. Specifically, the subject ivention reiales to novel
Prostagiandin F analogs. The subject invention further relates to methods of
using sald novel Prostagiandin F analogs. Preferred uses include methods of
treating bone discrders and glaucoma.

BACKGROUND OF THE INVENTION
Naturally occurring prostaglandine (PGA, PGB, PGE, PGF, and PGI) are
C-20 unsaturated fatty acids. PGF,y, the naturally occurring Prostaglandin F in
humans, iz characterized by hydroxyl groups at the Cg and C44 positions on the
alicyclic ring, a cls-double bond between Cs and Cg, and a trans-double bond
between C13 and C14. Thus PGFyq has the following formula:

Analogs of naturally occurring Prostaglandin F have been disclosed in the
art. For example, see U.S. Patant No. 4,024,179 lssued to Bindra and Johnson
on May 17, 1977; German Patent No. DT-002,480,990 issued to Beck, Lerch,
Seeger, and Teufel published on July 1, 1876; U.S. Patent No. 4,128,720 issued

to Hayashl, Kori, and Miyake on December 5, 1978; U.5. Patent No. 4,011,262 -

issuad to Hess, Johnson, Bindra, and Schaaf on March 8, 1977; U.S. Patent No.
3,776,638 issued to Bergastrom and Sjovall on December 4, 1973; P.W. Collins

%
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and S. W. Djuric, "Synthesis of Therapeutically Useful Prostaglandin and
Prostacyclin Analogs”, Cham. Rey, Vol. 93 (1893), pp. 1533-1564; G. L. Bundy
and F. H. Lincoln, "Synthesis of 17-Phenyl-18,18,20-Trinorprostaglandina: I. The
PG4 Series”, Progtagianding, Vol. ® No. 1 (1875), pp. 1-4; W. Bariman, G. Beck,
U. Lerch, H. Teufel, and B. Scholkens, "Luteolytic Prostaglandins: Synthesis and
Biological Activity", Prostaglandins, Vol. 17 No. 2 (1979), pp. 301-311; C. liljebris,
G. Selen, B. Reaul, J. Stemschantz, and U. Hacksel, "Derivalives of 17- Phenyi-
18,19,20-trinorprostaglandin Foa Isopropyl Ester: Potentlal Antiglaucoma
Agents”, Joumne| of Medicinal Chemisiry, Vol. 38 No. 2 (1895), pp. 288-304.

Naturally ocourring prostagiandins are iknown to possess a wide range of
pharmacological properties. For example, prosiagiandins have been shown to:
relax smooth muscle, which resufts in vasodilatation and brenchodilatation, to
inhibit gastric acid secretion, to inhibit platelet aggregation, to reduce intraccular
pressure, and to induce labor. Although naturally occurring prostaglandins are
characterized by thelr activity against a parficular prostaglandin receptor, they
generally are not specific for any one prostaglandin receptor. Therefore,
naturally-occurring prostaglandins are known to cause side effects such as
inflammation, as well as surface liritation when administered systemically. It is
generally believed that the rapid metabollsm of the naturally occuming
prostaglandins following their release In the body limits the eflects of the
prostaglandin to a local area. This effectively prevents the prostaglandin from
stimulating prostaglandin receptors throughout the body and causing the effects
seen with the systemic administration of naturally occuning prostaglandins.

Prostaglandins, especially prostaglandine of the E series (PGE), are
lnown to be potent stimulators of bone resorption. PGF,q has also been shown
to be a stimulator of bone resorption but not as potent as PGE,. Also, i has
been demonstrated the PGF,, has little effect on bone formation as compared to
PGE,. It has been suggested that some of the effects of PGF,, on bone
resorption, formation and cell replication may be mediated by an increase in
endogenous PGE, production.

In view of both the wide range of pharmacological properties of naturally
occurring prostaglandins and of the side effects seen with the systemic
administration of these naturally occurring prostaglandins, attempts have been
made to prepare analogs to the natunally occurmring prostaglandins that are
selective for a specific receptor or receptors. A number of such analogs have
been disclosed in the art. Though a variety of prostaglandin analogs have been

disclosed, there is a continuing need for potent, seleclive prostaglandin analogs -

for the treatment of a variety diseases and conditions.
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SUMMARY OF THE INVENTION
The invention provides novel PGF analogs. In particular, the present
invention relates to compounds having a siructure acconding to the following

formula:
H
e N NP
HO x,z
o\
& R
Formula A
]
E wherein R,, R,, X, and Z are defined below.
I‘,H This Invention also includes optical isomers, diastereomers and
WJ 10 enantiomers of the formula above, and pharmaceutically-acceptable salts,
i biohydrolyzable amides, esters, and imides thereof.
- The compounds of the present Invention ars useful for the treatment of a
£ variely of disesses and conditions, such as bone disorders and glaucoma.
g ; Accordingly, the invention further provides pharmaceutical compositiona
i 15 comprising thess compounds. The invention still further provides methods of
:-3 treatment for bone disorders and glaucoma using theses compounds or the
compaositions containing them.

DETAILED DESCRIPTION OF THE INVENTION
20
Terms and Definitiona .
“Aliyl” is a saturated or unsaturated hydrocarbon chain having 1 to 18
carbon atoms, preferably 1 to 12, mare preferably 1 to 8, more preferabiy still 1 to
4 carbon atoms. Alkyl chalns may be straight or branched. Prefermed branched
25 alkyl have one or two branches, preferably one branch. Preferred alkyl are
saturated. Unsaturated alkyl have one or more double bonds and/or one or more
friple bonds. Preferred unsaturated alkyl have one or two double bonds or ocne
triple bond, more preferably one double bond. Alkyl chains may be unsubstituted
or substituted with from 1 to 4 substituents. Prefered substituted alkyl are
30 mono-, di-, or trisubstituted. The subetituents may be fower alkyl, halo, hydroxy,
aryloxy {(e.g., phenaxy), acyloxy (e.g., acetoxy), carbaxy, monocyciic aromatic .
rng {e.g., phenyl), monocyciic hetercaromatic ring, monocyclic carbocyclic
aliphatic ring, monocydlic heterocydlic aliphatic ring, and amino.
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*Lowar alkyl" is an akyl chain comprised of 1 to 8, preferably 1 to 3
carbon atoms.

‘Aromatic ring” is an aromatic hydrocarbon ring. Aromatic rings are
monocyclic or fused bicyclic ring systems. Monocyclic aromatic rings contain
from about 5 to about 10 carbon atoms, preferably from § to 7 carbon atoms, and
most preferably from 5 to 6 carbon stoms in the ring. Bicyclic aromatic rings
contain from 8 to 12 carbon atoms, prefersbly 8 or 10 carbon atoms in the ring
systam. Bicyclic aromatic rings include ring systems wherein one ring in the
system is aromatic. Prefermed bicyclic aromatic rings are ring systems wherain
bath rings In the sysiem are aromatic. Aromatic rings may be unsubstituted or
substituted with from 1 to 4 substituents on the ring. The substituerdts may be
halo, cyano, alkyl, heteroalkyl, haloalkyl, phenyl, phenoxy or any combination
thereof. Preferred substituents include halo and haloalkyl. Preferred aromatic
fings include naphthy! and phenyl. The most prefamed aromatic ring is phenyl.

“Carbocyclic aliphatic ring” is a saturated or unsaturated hydrocarbon
ring. Carbocyclic aliphatic rings are not aromatic. Carbocyclic aliphatic rings are
monocycllic. Carbocyclic aliphatic rings contain from about 4 to about 10 carbon
atoms, preferably from 4 to 7 carbon atoms, and most preferably from 5 to 8
carbon atoms in the ring. Carbocyclic aliphatic rings may be unsubstituted or
substituted with from 1 to 4 substituents on the ring. The substiients may be
halo, cyano, alkyl, hetercalkyl, haloakyl. phenyl, phenoxy or any combination
thereof. Preferred substituents include halo and haloalkyl. Preferred carbocyclic
aliphatic rings include cyciopantyl, cyciohexyl, cyclohaxenyl, cycloheptyl, and
cyclooctyl. More preferred carbocyclic allphatic rings include cycichexyl,
cyclohaptyl, and cycloociyl.

"Hak" is fluoro, chiaro, bromo or iodo. Preferred halo are fluoro, chloro
and bromo; more prefamed are chioro and fluoro, especially fluoro.

*Haloalkyl” Is a straight, branched, or cyclic hydrocarbon substitited with
one or more halo substituants. Preferred haloalkyl are C1-C15; more preferred
are C1-Cg: more prefarred still are C4-C3. Preferred halo substituents are fluoro
and chioro. The most preferred haloalky! is triflucromethyl.

"HeteroalkyT" is a saturated or unsaturated chaln contalning carbon and at
least one hetercatom, wherein no two heteroatoms are adjacent. Heteroalkyl
chains contein from 1 to 18 member atoms (carbon and hetercatoms) in the
chain, preferably 1 to 12, more preferably 1 to 6, more preferably still 1 ta 4.
Heteroalky] chains may be straight or branched. Preferred branched hetercalkyl

have one or two branches, preferably one branch. Preferred hetarocalkyl are -

saturated. Unsaturated heteroalky! have one or more double bonds and/or one
or more triple bonds. Preferred unsaturated hetaroalky! have one or two double
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bonds or one tripla bond, more preferably one double bond. Heteroalkyl chains
may be unsubstituted or substituted with from 1 to 4 substituents. Preferred
substituted heleroalkyl are mono-, di-, or trisubstituted. The substituents may be
lower alkyl, halo, hydroxy, aryloxy {(e.g., phenaxy), acyloxy (e.g., acetoxy),
carboxy, monocyclic aromatic ring (e.g., phenyl), monocyciic hetercaromatic ring,
monocyciic carbocyclic aliphatic ring, monocyclic heterocydlic aliphatic ring, and
amino.

“Lower heteroalkyl” is a heteroalkyl chain comprised of 1 to 8, preferably 1
to 3 member atoms.

‘Hataroaromatic ring” is an eromatic ring containing carbon and from 1 to
about 4 hetercatoms in the ring. Hetsroaromatic rings are monocydiic or fused
bicyciic ring systems. Monocydlic 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 include ring
systems wherein only one ring in the sysiem is aromatic. Preferred bicyclic
heteroarometic rings are ring systems wherein both rings in the system are
aromatic. Bicyclic hetercaromatic rings contain from 8 to 12 member atoms,
preferably 8 or 10 in the ring. Heteroaromatic rings may ba unsubstiuted or
substituted with from 1 to 4 substituents on the ring. The substiients may be
halo, cyano, alkyl, hetercalkyl, halocalkyl, phenyi, phenoxy or any combination
thereof. Preferred substituents include halo, haloalkyl, and phenyl. Preferred
monocyclic heteroaromatic rings include thienyl, thiazolo, purinyl, pyrimidyl,
pytidyl, and furanyl, More prefemed monocyclic hetercaromatic rings include
thienyl, furanyl, and pyridyl. The most preferred monocydlic heteroaromatic ring
is thienyl. Preferred bicyclic heteroaromatic rings include benzo[Rjthiazotyl,
benzo[B]thiophenyl, quinolinyl, quinoxalinyl, benzofRfuranyl, benzimidizolyl,
benzoxazolyl, indolyl, and anthranllyl. More preferred bicyclic hetercaromatic
rings include benzo[R)thiazolyl, benzo[B]thiophenyl, and benzoxazolyl.

“Heteroatom® is a nitrogen, sulfur, or oxygen atom. Groups containing
more than ona heteroatom may contain different hetercatoms.

“Heterocyclic allphatic ring" is a saturated or unsaturated ring containing
carbon and from 1 to asbout 4 hetsrostoms In the ring, wherein no two
hetercatoms are adjacent in the ring and no carbon in the ring that has a
heteroatom attached to it aleo has a hydroxyl, amino, or thiol group attached to it.
Heterocyclic aliphatic rings sre not aromatic. Heterocydlic aliphatic rings ere
monocydic. Heterocyclic aliphatic rings contain from about 4 to about 10
member atoms (carbon and heteroatoms), preferably from 4 to 7 member atoms, -
and most preferably from 5 to 6 member atoms in the ring. Heterocyciic afiphatic
rings may be unsubstituted or substituted with from 1 t0 4 substituents on the
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ring. Tre substituents may be halo, cyano, alkyl, heteroalkyl, haloalkyl, phenyl,
phenoxy or any combination thereof. Prefarred substituents Include halc and
haloalkyl. Preferred heterocyclic aliphatic rings include piperzyl, morpholinyl,
tetrahydrofuranyl, tetrahydropyranyl and piperdyl.

*‘Phenyl” is a monocyciic aromatic ring which may or may not be
substituied with from about 1 to about 4 substituents. The substituents may be
fused but not bridged and may be substituted at the ortho, mela or para poaition
on the phenyl ring, or any combination thereof. The substituents may be halo,
acyl, cyano, alkyl, heteroalkyl. halcalkyl, phenyl, phenaxy or any combination
thereof. Prefermed substituents on the phenyl ring include halo and haloalkyl.
The most prefermed substituent is halo. The preferrad substitution pattem on the
phenyl ring Is ortho or meta. The most preferred substituion pattern on the
phenyl ring Is meta.

Compounds
The subject invention involves compounds having the following structure:
gﬂ
\/\/\/R '
xl
Rz
Formula A

in the above structure, R, is CO,H, C(O)YNHOH, CO.R,, CH,OH, S(O:R,,
C(O)NHR,, C{O)NHS(O),R,, or tetrazole; wherein R, is alkyl, heteroalkyl,
carbocydlic: aliphatic ring, heterocyclic aliphatic ring, monocyclic aromatie ring, or
monocydiic: heleroaromatic ring; and R, is ajkyl, heteroalkyl, carbocyclic afiphatic
ring, hete-ucyclic aliphatic ring. manocyclic aramatic ring. or monocyclic
heteroaroniatic ring. Preferred R, is methyi, ethyl, and isopropyl. Preferred R, is
CO,H, C(C)NHOH, CO,R,, C{O)NHS({O),R,, and tatrazole. Most preferred R, is
CO,H and COR,,

In the above structure, R, is H or lower alkyl. The most praferred R;is H.

in the above structure, X is C=C or a covalent bond.

In the above structure, Z is an aromatic ring or a heteroaromatic ring -

provided that when Z is a heteroaromatic ring and X is a covalent bond, Z Is
attached to C,, via a Carbon member atom. When X is CaC, preferred Z is
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monacyclic aromatic ring. When X is CaC, more preferred Z is furanyl, thienyl,
and phanyl. When X is a covalent bond, prefermed 2 is a bicydlic hetercaromatic
ring.

The invention also includes oplical isomers, diestersomers and
enantiomers of the above structurs. Thus, at all stereocenters where
stereachemistry is not defined (C,, Cyy. and C,4), both epimers are envisioned.
Preferred stereochemistry at all such stereocenters of the compounds of the
invention mimic that of naturally occurring PGFyy.

As can be readily seen from the deacription above, the invention can be
placed iato two subgenuses based upan the functional group “X." Formula A1
{X is CoC) and Formula A2 (X is a cavalent bond) below depict these two

subpgenuses:

Furrnull A1 Formula A2

it has been discoverad that the noval PGF analogs of the subject
invention are useful for treating bone disorders, especially those that require a
significani increaes in bone masa, bone volume, or bone strength. Surprisingly,
the compounds of the subject invention have been found to provide the following
advantages over known bone dieorder therapies: (1) An increase trabecular
number through formation of new trabeculae; (2) An increase in bone mass and
bone volume while maintaining a more normal bone tumover rate; and/or (3) An
increase in bone formation at the endosteal surface without increasing cortical
porosity.

In order to determine and assess pharmacological activity, testing of the
subject compounds In animals Is carried out using various assays known to those
ekilled In the arl. For example, the bone activity of the subject compounds can
be conveniently demonstrated using an assay designed to tast the ability of the
subject cornpounds to increase bone volume, mass, or density. An example of
such assays is the ovariectomizex rat assay.

In the ovariectomized rat assay, six-month old rats are ovariectomized, l

aged 2 manths, and then dosed once a day subcutaneously with a test
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compound. Upan completion of the study, bone mass and/or density can be
measured by dual energy x-ray absorptometry (DXA) or peripheral quantitetive
computed tomography (pQCT), or micro computed tomography (mCT).
Alternatively, static and dynamic histomorphomebry can be used to measure the
incraase in bone volume or formation.

Pharmacological activity for glaucoma can be demonstrated using assays
desighed to test the abliity of the subject compounds to decreasa intraocular
pressure. Examples of such assays are described in the following reference,
incorporated herein: C. lifiebris, G. Selen, B. Resul, J. Stemachantz, and U.
Hacksell, "Derivatives of 17- Phenyl-18,18,20-trinorprostaglandin Fa Isopropyl
Ester: Potential Antiglaucoma Agents®, Journal of Medicinal Chemistry, Vol. 38
No. 2 (1985), pp. 289-304.

Compounds useful in the subject Invention can be mede using
coniventional organic syntheses. A perticularly preferred synthesis is the
following general reaction scheme:
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) Remowal of 1) Manipulafion of Cr-exter
OH Protecing Croups 4 Ramoval of Profecting
H o Groups
" “A~~Aon OH
OH L A\ANR
X.z H
Formulal OH
F 4
Farrmula ll

in Schame 1, R;, R,, X, and Z are as defined above. The methyl 7[3(R)-
hydroxy-5-oxo-1-cyclopent-1-yl] heptanoate (S1a) depicied as starting material
for Schame 1 Is commercially available (such as from Sumitomo Chemical or
Cayman Chemical).

Tha C,, alcohol of methyl 7{3«(R)-hydroxy-5-oxo-1-cyciopent-1-yi]
heptanoate (S1a) is protected with a suitable protecting group. The most
preferred protecting group is a silyl group. In the above Scheme 1, methyl 7-{3-
(R)-hydroxy-5-oxo-1-cyclopent-1-yl] heptanoate (S1a) is reacted with a silylating
agent and base in a solvent that will allow the silylation to proceed. Preferred

sitylating agents include tert-butyidimethylally! chioride and tert-butyldimethyisilyl

trifluvoromethanesulphonate. The most preferred silylating agent is tert-
butyldimathylsliyl trifluoromethanesulphonate. Prefemed bases inciude

P mmama e e,

A
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tristhylamine, trimethylamine, and 2,6-utidine. More preferrad bases Inchude
triethylamine and 2,8-utidine. The most prefered base is 2,6-utidine. Prefermed
solvents include halocarbon solvents with dichloromethane being the most
preferred acivent. The reaction is allowed to proceed at a temperature praferably
between -1009C and 1009C, more preferably beiween -809C and 80°C, and
most preferably between -70°C and 23°C,

The resulting silylated compound is isolated by methods known to those
of ordinary skill in the art Such methods include, but are not fimited to,
extraction, solvent evaporation, distillation, and crysialiization. Preferably, the
silyl ether is purified after lsolation by distillation under vacuum.

The silylated compound is then reactad with the cuprate generated via
Grignard formation of the appropriate alkenyl bromide as disclosed, for example,
in the following references: H.O. House et. al., “The Chemisatry of Carbanions: A
Convenient Precursor for the Generation of Lithium Organocuprates”, J. Org.
Chem. Vol. 40 (1975) pp. 1480-68 ; and P. Knochel et. al., "Zinc and Copper
Carbenoids as Efficient and Selective a'’/d® Multicoupling Reagents”, J, Amer,
Chem, Soc. Vol. 111 (1988) p. 6474-76. Preferred alkenyl bromides include 4-
bromo-1-butane, 4-bromo-1-butyne, 4-bromo-2-methyl-1-butene, and 4-bromo-2-
ethyl-1-butene. The most preferred alkanyl bromide is 4-bromo-1-butene.
Preferred solvents include ethereal solvents, of which diethyl ether and
tetrahydrofuran are preferred. The most preferred solvent is tetrahydrofuran.
The Grignard reagent is allowed to form at a temperature between 100°C and
23°C, more preferably between 859C and 30°C, and most preferably between
759C and 65°C. The reaction time is preferably between 1 hour and 8 hours,
with a more prefarred rsaction time being between 2 hours and 5 hours, and the
most preferred reaction time being between 3 hours and 4 hours.

Once the Grignard reagent is formed, the cuprate Is generated from the
alkeny!l magnesium spacies. The temperature range for cuprate formation is
beiwean -1009C and 0°C. The preferred temperature range Is between -80°C
and -20°C. The more preferred temperature range is between -75°C and -509C.
The preforred reaction time s between 30 minutes and 6 hours. The more
preferred reaction time Is between 45 minutes and 3 hours. The most preferred
reaction time is baiween 1 hours and 1.5 hours.

The alkene thus formed is isolated by methods known to one of ordinary
sklll In the art. Such methods include, but are not imited to, extraction, soivent
evaporation, distlllation, and crystallization. Preferably, the alkene is purified by

flash chromatography on siica pel (Merck, 230-400 mesh) using 10% -

EtOAc/hexanes as the eluent The alkene is then reacted with a hydride
raducing agent and a polar, pratic solvent to give the C-9 alcohol. Preferred

CEE LY SRRl "rmatma. ..
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reducing agents inciude Jithium aluminum hydride, sodium borohydride, and L-
selectride. More prefamred reducing agents include sodium borohydride, and L-
selectride. The most prefermed reducing agent is sodium borohydride. Preferred
solvents inciude mathanal, ethanal, and butancl. The moat prefsired solvent is
methanol. The reduction is carried out at a temperature between -100°C and
239C. The prefermed tempersature range is between -80°C and 0°C. The most
preferred temperature range is betwesn -45°C and -20°C.

The resulting alcohol Is lsolated by methods known to one of ordinary sidit
in the at. Such methods include, but are not Imited to, exiraction, soivent
evaporation, distillation, and crystaliization. Preferably, the alcohol is purified by
fiash chromatography on siica gel (Merck, 230-400 mesh) using 20%
EtOAc/haanes as the eluent.

The resultant alcohol can be protected as described previously herein.
Preferred silylating agents in this case also include tert-butyldimethylsiiyl chioride
and tert-butyldimethyisilyl trifiuoromethanesulphonate. The most preferred
sllylating agent is tert-butyldimethyisilyl trifluoromethanesulphonate. Preferred
bases include triethylamine, trimethytamine, and 2 6-iutidine. More preferred
bases include triethylamine and 2,8-utidine. The most preferred base is 2,6-
lutidine. Preferred solvents include halocarbon solvenis with dichloromethans
being the most praeferved solvent. The reaction is allowed to proceed at a
temperature preferably betwesn -100°C and 100°C, more preferably between -
60°C and 80°C, and most preferably between -70°C and 23°C.

The resulting silylated compotind Is isolated by methods known to those
of ordinary skill in the art Such methods include, but ars not limited to,
extraction, solvent evaporation, distilation, and crystallization. Preferably, the
sllyl ather is purified after isolation by distillation under vacuum

The protected or alcohol is then treated with a form of osmium, " and
sodium periodate In a solvent where they are both soluble. Preferred forms of
osmium include osmium tetraoxide and potassium osmate. Preferred solvent
sysisms include 1:1 mixtures of scetic acid and water and 1:1:2 mbdures of
water, acetic acid and THF. The result of this treatment is the akiehyde, S1b.

The compound $1b is isolated by methods known to one of ordinary skill
in the ait Such methods Include, but are not limited to, extraction, solvent
evaporation, distilation, and crystallization. Preferably, S1b is purified by flash
chromatography on sllica gel (Merck, 230-400 mesh) using 20% EtOAc/hsxanes
as the eluent.

The key intermediate aldehyds depicted as S1b can be reacted with a
variety unsaturated carbon nucieophiles to provide the C-8 and C-11-protected
13, 14-dihydro-16-tetranor prostaglandin F4a derivatives depicted as S1c.
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with alkyne nucleophiles, the reaction is carried out preferably at between -
80°C and 0°C, more preferably between -80°C and -20°C, and most preferably
batween -80°C and <40°C. Preferred basas for the reaction inciude n-butyt lithium,
sbutyl lithium, tbutyl lithium, and fithium dilsopropyl amide (LDA). Preferred
solvents for the reaction are ether solvents. Preferred solvents include diathyl
ether, and tetrahydrofuran. The most prefamed solvent is tetrahydrofuran. With
heterocyclic nucleophiles, prefarred solvenis include sthersal solvents. More
preferred sthereal solvents include diethyl ether, dibutyl ether and tetrahydrofuran.
The most preferred etharsal solvent Is tetrahydrofuran.

The resulting compounds depicted as §1c¢ can then be deprotected using
techniques known to one of ordinary skilt in the art, and isolated ylelding the 13,14
dihydro-15-substituted-15-pentanar prostaglandin Fy, derivatives daepicted by
Formulal. Compounds depicted by Formula | are exemplified in Examples 1-43.

Compounds depicted by Formula [l can be mada directly from the C-9 and
C-11-protected 13, 14-dihydro-16-tetranor prostaglandin Fia derivatives depicted
as S1c by methods known to one of ordinary skill in the art. For axample, the
condensation of methyl esters of S1c with amines or hydroxylamine provides
compounds depicted by Formula ll. Compounds depicted by Formuia (I are
exsmplified m Examples 44-47. Thess compounds are isolated by methods
known to one of ordinary skill in the art. Such methods include, but are not limited
to, exdraction, aolvent evaporation, distillation, and crystsiization.

The following nondimiting examples DNustrate the compounds,
campositions, and uses of the present invention.

Examples

Compounds are analyzed using 'H and C NMR, Elemental analysis,
mass specira, high resolution masa spectra and/or IR spectra as appropriate:

Typically, inert solvents are used, preferably in dried form. For example,
tetrahydrofuran (THF) s distilled from sodium and benzophenone,
diisopropylamine is distiled from calcium hydride and all other solvenia are
purchased as the appropriate grade. Chromatography is performed an sllica gel
(70-230 meah; Aldrich) or (230-400 mesh; Merck) as appropriate. Thin layer
chromatography analysis is performed on glass mounted silica gel plates (200-
300 mesh; J.T. Baker) and visualized using uv light, 5% phosphomolybdic acid in
E{OH, or ammonium melybdate/cerric sulfate in 10% equecus H,SO,.
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EXAMPLE 1
Preparation of 13,14<dlhydro-15-{thianaphthyl) psntanor
prostagiandin Fqa :

M G‘E n:nui . - 0
S T =
i<

1,

I

e B ;:::;m"?%_

a. Methyl 7-{2-0x0-4-{1,1,2,2-tstramethyl-1-sllapropoxy)cyciopent-1-
enyl) heptancate $2b: To a soltion of Methyl-7-{3-(R)-hydroxy-5-oxo-1-
cyclopenten-1-yl] heptanoate 82a (1 equiv.} in CH,Cl, at -78°C Is added 2,6
Lutidine (1.3 equiv.) dropwise over 15 minutes. The solution is kept at -78°C,
and TBDMS Triflate (1.2 equiv.) in CH,Cl, is added dropwise over 15 minuies.
The reaction is warmed gradually to room temperature and stimed et room
temperature for 15 hours. Aquesous 10% HCl Is added and the layers are
separated. The water layer is extracted with CH,Cl, and the organic layers are
combined. The organic layer is washed with brine, dried (Na2504) and
concentrated. The residue |s distliled under vacuum (10 mm Hg) to provide the
silyl ether §2b.

b. Mathy! 7-{5-but-3-enyl-2-hydroxy-4-{1,1,2,2-tetramethyl-1-
sllapropoxy)cyclopentyl) heptanoate S2c: To a slurry of Mg® powder (2
equiv.) in THF at room temperature is added one crystal of iodine ( catalytic
LYand 1-bromocbutens (2 equiv.) dropwise over 10 minutes. The reaction
proceeds to axotherm as the addition continues. Afier the addition is complate,

the raaction is refluxed for 3 hours and cooled to oom temperature. The .

Grignard is diluted with THF and added via cannula to a 3-necked flask equipped
with mechanical stiring and charged with CuBr.DMS (2 equiv.) in a 1:1 salution
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of THF/DMS at -789C. After the addition of the Grignard (~20 min), the reaction
is stimad for 1 hour at -78°C. The color of the reaction is dark red at this point. A
solution of the ketone S2b (1 equiv.) in THF ia then added dropwise over 25
minutes. The reaction is stimed at -78°C for 15 minutes, then allowed to warm
siowly fo room temperature over 2 hours. The reaction is quenched with
aquaous NH4Cl and the exceas DMS is allowad to evaporate overnight. The
reaction is partitioned between brine/ CH,CLand the layers are separated. The
aqueous layer is back-extracted with CH,Cl, and the organic layers are combined
and dried (Na2SO4). The solvent is removed in vacuo and the residue is
chromatographed on SiO2 (10 % hexane/EtQAc) to give the ketone precursor to
S2c.

The ketone precursor to S2¢ (1 equiv.) is dissolved in MeOH and cooled
to 409C. Sodium borohydride (0.9 equiv.) ia added portionwise ovar 10 minutes.
After the addition is complets, the reaction is stimed for 13 hours at -40°C and
then for 12 hours at -78°C. The reaction is quenched with water, partitioned
between brine and CH2Cl2, and the layers sepamated. The aqueous layer is
back-extracted with CH2Cl2 and the organic layers are combined and dried
{Na2504). The solvent is removed in vacuo and the residue chromatographed
on SiO2 (30 % EtOAc/hexanes) to give the alcohol $2¢.

c Methyl 7{3-but-3-anyl -2,4-di1,1,2,2-tetramethyl-1-sllapropoxy)
cyclopentyl) heptancats S2d: The alcohal S2¢ (1 equiv.) is dissolved In CH,Cl,
and cooled to 09C and added is 2,8 utidine {1.3 equiv.) dropwiss ovar 15
minutes. The solution is kept at -789C, and TBOMS Triflate (1.2 equiv.) in CH,Cl,
is added dropwise over 15 minutes. The reaction Is warmed graduaily to raom
tempemature and stirmed at room temperature for 15 hours. Aqueous 10% HCl is
added and the layers are separated. The water layer Is extracted with CH,Cl,
and the osrganic layers are combined. The omganic iayer I8 washed with brine,
dried (Na2S04) and concentrated. The residue is chromatographed (10% EtOAc
in hexanes) to provide the sliyl ether S2d.

d. Methyl 7{6{(3-oxopropanyl)-2,4-di(1,1,2,2-tetramethyl-1-sllapropaxy)
cyclopentyl) heptancate 82e: In a 50 mL round-bottomed flask, Sodium
periodate (2 equiv.) and 10 mL of water are added, This is stimed untit the
peviodate has completely dissolved. Then an equal portion of glacial acetic acid
is added, followed by two portions of tetrahydrofuran. Finally, a few mols percent
of potassium osmate are added, followed by the alkene S2d (1 equiv.). The -
reaction is stimed at room temperature under nitragen with TLC being used to
moanitar the reaction. When no starting material is evident by TLC, The reaction
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is quanched with brine and is extracted with ethyl acetate and hexanes in a 4:1
ratio. The organic layer is washed with brine to neutral pH, dried over sodlum
sulfate, and concentrated. After column chromatography, (7:3, Hexane: Ethyl
Acetaie) S2e Is obtained.

e. Methyl 7-{5-{3-hrydroxy-3-thlanaphthyl-propanyl)-2,4-d}{1,1,2,2-
tetramethyl-1-sllapropoxy) cyclopentyl) heptanoate S2f: The aldehyde 82e
is diesolved in a few mL of dry THF and is added dropwise to a -78 °C THF
solution of the fithium anlon of thianapthylene (prepared by combining n-butyl
10 lithivm and thianaphthylene at -78°C.) a 50 mL roumd-bottomed flask. This Is
stimed until the reaction has ceased to progress as evidenced by TLC. Then the
reaction is qusnched at -78 “C with a saturated solution of ammonium chioride

0 end Is extracted with ethyl acetate and hexanes In a 4:1 ratio. The organic layer
;; Is washed with brine to neutral pH, dried over sodium sulfate, and concentrated.
] 16 After column chromatography, (7:3, Haxane: Ethyl Acatate) $2{ Is obtained.
W
[g | 3 13,14-dlhydro-15-{thlanaphthyl)-1&-pentanor prostaglandin F,, (82g):
. To a amall round-bottomed flask, is added methyl ester S2f and 3 mL of CH3CN
e and 0.1 mL of HF/Pyridine (0.1 mmol, 1 equiv.) Bre added while the fissk Is
0 20 wammed from 0°C to room temperature. After 3 hours at 21°C, the reaction is
-t tg quenched with saturated aqueous NaCl. The aqueous layer is exiracted three
- . times with CH,Cl,. The organic layers are combined end washed three time with

1N HCI, brine, and dried (Na2S04). After column chromatography, (7-3, Hexane:
Ethyl Acetate) a clear oil Is obtained. This oll is added to a few mL of & 3:1 THF:
25 water solution, and the flask is cooled to 0°C. An excess amount (2.5 equiv.) of
Ithium hydroxide is added, the ice bath s removed, and the reaction Is stimed at
room temperature ovemnight. Methylene chloride snd saturated citric acid are
added fo the reaction mixture, the aqueous layer is washed 3 times with
methylene chioride, the organic layers are combined and washad with brine,
30 dried (Na2604), concentrated in vacuo, and the reeidue is chromatographed
(methylene chioride, methanol, acetic acid, 8.8, 0.4, 0.015), to provide S2g.

Examples 2-22
Examples 2-22 are prepared using substantially the same procedures as
35 those described in Exampile 1, substituting the appropriate starting materiala.
The skilled artisan may change temperature, pressure, atmosphere, solvents or
the order of reactions as appropriate. Additionally, the skilled artisan may usa °
protecting groups to block side reactions or increase yields as appropriate. All
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such modifications can readily be camried out by the skilled artisan in the art of
organic chemisiry, and thus are within the scope of the invention.

. Example 2
5 13,i4-dlhydro-18-{2-hberzathlozoly)-15-pentanor Prostaglandin F{a

OH

Example 3
10  13,14-dlhydro-15{7-fluorobenzathiozoly)-15-pentanor Prostaglandin Fq{a

Example 4
15  13,14-dIhydro-16-ynyl-17<{2,5-dflucrophenyl)-17-trinor Proataglandin Fqa

Example &6
13,14-dlhydro-16-ynyl-17-{2,3-dfluorophenyl)-17-trinor Prostaglandin F{a
20
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Examgpile 6
13,14-dlhydro-16-ynyl-17<{3,6-dfiucrophenyl)-17-trinor Proataglandin Fia

F

Example 7
13,14-dlhydro-16-ynyl-17-(3 4-difluorophenyi}-17-trinor Prostaglandin Fqa

L~

Example 8
13,14-dihydro-15-(6-fluorothianaphthyi)-15-pentanor Prostaglandin F4a

1

Example 8§
13,14-dlhydro-16-ynyl-17-(2,4-diflucrophenyl)-17-trinor Prostaglandin Fja

08
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Example 10
13, 14-dlhydro-18-ynyl-17-{3-fluorophenyl)-17-trinor Prostaglandin Fia

methyl ester
0

Example 11

13,14-dihydro-168-ynyl-17-(2-fluoro-4-mathyiphenyl)-17-trinor Prostaglandin
Fla

{n ?,,, o

y “'OKCHQ’

i 10 ;
{ Example 12
tg . 13,14-dihydro-16-ynyl-17-{4-chlorophenyl}-17-trinor Prostaglandin Fia
n s
1
v H
15 HO
Example 13
13,14-dihydro-16-ynyl-17-phenyl-17-trinor Prostaglandin Fic: isopropyl
ester
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Example 14
13,14-dihydro-18-ynyl-17-{4-flucrophenyl)-17-trinor Prostaglandin Fic ethyl

Example 156
13,14-dihydro-15-(6-fluocrobenzothlazolyl)-15-pentanor Prostaglandin Fqx
isopropyl ester

10
Example 16
13,14-dihydro-18-ynyl-17-{2-chlorophenyl)-17-trinor Prostagiandin Fia

15

Example 17
13,14-dihydro-16-ynyl-174{2-flucrophenyl)-17-trinor Prostaglandin Fic

methyl oster

SII-.
-
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Example 18
13,14-dihydro-168-ynyl-17-{2-flucrophenyl)-17-trinor Prostaglandin Fia

Example 19
13,14-dlhydro-16-ynylM17-{4-phenyiphenyl)-17-trinor Prostaglandin Fia

P e O-O
H HO

Example 20
13,14-dihydro-16-ynyi-18-phenyi-18-dinor Prostaglandin Fia

Yot

Example 21
13,14-dihydro-18-ynyl-17-{4-methyiphenyl)-17-trinor Prostaglandin Fia

YolS

Ouy
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Example 22
13,14-dlhydro-16-ynyl-18-{2-fluorophenyl)-18-dinor Prostaglandin Fia

H
F
H
]
Eample 23
Preparsation of 13,14-dihydro-15-phenyl-16-pentancr prostaglandin Fqa :
/
/ p—s—<
< My, B—o \
w — -\_/VY‘:“'
o © T, C »
> _—
1 HFpryhdin:
2) LIOH, THMR,0
[+
x/\/\ga‘
L]
10

a. Methyl 7-{5-(3-hydroxy,3-phenyl-propanyl)-2,4-di{1,1,2,2-tetramethy|-1-
sllapropoxy) cyclopentyl} heptanocate 83a: The aldehyde $2e from Example
1 Ia dissolved in a few mL of dry THF and |s added dropwise to a -78 "C THF
solution of the Grignard species (prepared by combining Magnesium and
15 bromobenzene at 0°C.) a 50 mL round-bottomed flask. This is stirred until the
reaction has ceased to progress as evidenced by TLC. Then the reaction is
quenched at -78 °C with a saturated solution of ammonium chioride and s
extracted with ethyl acetate and hexanes in a 4:1 ratio. The organic layer is
washed with brine to neutral pH, dried over sodium sulfate, and concentrated.
20 After column chromatography, (7:3, Hexane: Ethyl Acetate) S3a Is obtained.

ihi

e
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b. 13,14-dlhydro-15-phenyl-15-pentanor prostaglandin F,y (S3b): To a
amall round-bottomed flask, is added methyl ester 8$3a and 3 mL of CH3CN and
0.1 mL of HF/Pyridine (0.1 mmol, 1 equiv.) are added while the flask is warmed
from 0°C to room temperature. After 3 hours at 21°C, the reaction is quenched
with saturated aqueous NaCl. The aquecus layer ls extracted three times with

. CHCl,. The organic layers are combined and washed three time with 1N HCI,

brine, and drded (Na,SO,). After column chromatography,
(97:3,dichioromethane:methanol) a clear oll Is obtained. This ol is added to a
few mL of a 3:1 THF: water solution, and the flask is cooled to 0°C. An excess
amount (2.5 equiv.) of lithium hydroxide ls added, the ice bath [s removed, and
the reaction s stimed at room temperature overnight. Methylene chiorkle and
saturated cliric acid are added to the reaction mixture, the equeous layer is
washad 3 times with mathylene chioride, the organic layers are combined and
washed with brine, dried (Na2S04), concentrated Jn vacuo, and the residua is
chromatographed (methylens chioride, methanol, acetic acid, 9.6, 0.4, 0.015), o

provide 83b.

Examplos 24-38

Examples 24-35 are prepared using substantially the same procedures
as those described in Example 23, substituting the appropriate starting
materials. The skilled artisan may change temperature, pressure, atmcsphere,
solvents or the order of reactions as appropriate. Additionally, the skilled artisan
may uss protecting groups to block side reactions or increase yields as
appropriate. All such modifications can readily be caried out by the skilled
artisan in the art of organic chemistry, and thus are within the scope of the
Invantion.

Example 24
13,14-dlhydro-16-(4-methylphenyl)-16-pentanor Prostaglandin Fqa

\"b
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Example 25
13,14-dIhydro-15-{4-trifluoromethyiphenyl)-156-pentanor Prostaglandin Fix

b =
b

OH

Example 26
13,14-dthydro-16 (3-trifluoromethylphenyl)-16-pentanor Prostaglandin F{a

Example 27
13,14-dIhydro-16-(2-flucrophenyi)-15-pentanor Prostaglandin Fia

Spt

Example 28
13,14-dlhydro-15-+(3,5 diffuorophenyl)-15-pentanor Prostaglandin F{a ethyl

S

10

15
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Exampis 20
13,14-dthydro-15-{3-chloro-4-fluoro-6-methyiphenyl)-15-pentanor

Prostaglandin Fia
. Fr/}-
b &I

Exampie 30
13,14-dlhydro-18 (3-pyridinyl)-15-pantanor Prostaglandin Fia

Example 31
13,14-dIhydro~16 (2-chlorophenyl)-15-pentanor Prostaglandin F1a

"RI\N\J\W
wd

Example 32
13,14-dihydro-16 (4-phenyiphenyl)-1§-pentanor Prostaglandin F{a

9“ O
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Example 33
13,14-dihydro-15-8- (2-fluorophenyl)-15-pentanor Prostaglandin Fqa

Example 34
13, 14-dlhydro-15-8- {2-fluoronaphthyl)-15-pentancr Prostaglandin Fia

H H

Example 35
13,14-dlhydro-18  (2-fluoro-4-pyridyl)-15-pentanor Prostaglandin Fqa
lsopropyl eater
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Example 38
Preparation of 13,14-dlhydro-16-(6-methyinaphth-2-yi)-1§-pentanor
prostaglandin Fqa :

}}R) “*m

/
<

a  Methyl 7-{5«(3-hydroxy,(4-methyl-2-napththyl)-propanyl)-2,4-
di{1,1,2,2-tstramethyl-1-sllapropoxy) cyclopentyl) heptancate S4a: The
aldehyde S2e from Example 1 is dissolved in a fow mL of dry THF and is added
dropwise to a -78 °C THF solution of naphthyl anion (prepared by t-butyl Lithium
and the naphthyl bromkis at -78°C.) a 50 mL round-botiomed flask. This Is
stimed until the reaction has ceased to progress as evidenced by TLC. Then the
reaction i quanched at -78 °C with a saturated solution of ammonium chioride
and is extracted with ethyl acetate and hexanes in a 4:1 ratio. The organic layer
is washed with brine to neutral pH, dried over sodium sulfate, and concentrated.
After column chromatography, (7:3, Hexane: Ethyl Acetate) S4a is oblained,

b. 13,14-dihydro-18,17-dehydro-15-{6-methyl-2-naphthyl)-15-pentanor
prostaglandin F,, (S4b): To a small round-bottomed flask, is added methyl
ester S4a and 3 mL of CH3CN and 0.1 mL of HF/Pyridine (0.1 mmol, 1 equiv.)
ars addad while the flask is warmed from G°C to room tempemature. After 3
hours at 21°C, the reaction is quenched with saturated aqueous NaCl. The
aqueous layer Is extracted three times with CH,Cl. The organic layers are
combined and washed three time with 1N HCI, brine, and dried (Na2S04). After
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column chromatography, (87:3,dichiormethane:methanol) a clear ofl is obtained.
This oil is added to a few mL of a 3:1 THF: water solution, and the flask is cooled
to 0°C. An excess amount (2.5 equiv.) of lithium hydroxdde is added, the ice bath
is removed, and the reaction is stimed at room temperature ovemight. Methylene
chioride and saturated citric acld are added to the reaction mixture, the aqueous
layer is washed 3 times with methylene chioride, the organic layers are combined
and washed with brine, dried (Na2804), concentrated in vacuo, and the residue
is chromatographed (methylene chicride, methanol, acetic acid, 9.6, 0.4, 0.015),
to provide S4b.

Examples 3742

Examples 37-42 are prepared using substantially the same procedures
as thoas describad in Example 38, substituting the eppropriate starting materiale.
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 ylakis 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 the invention.

Example 37
13,14-dihydro-15-{benzo[b]thiophen-5-yi)-15-pentanor prostaglandin F,o

Example 38
13,14-dlhydro-15-{6-benzothiazol-5-y1)-16-pentanor prostaglandin F,y
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Example 39
43,14-dhydro-15-(benzo[bjfuran-5-yl)-15-pentanor prostaglandin F,y

methyl ester

Example 40
13,14-dihydro-15<{5-fluoronaphthyl)-16-pentanor prostaglandin F,5

5,

10
Example 41

13,14-dlhydro-15-{8-fluoro-2-naphthyl)-15-pentanor prostaglandin F,,

OH

3,

15
Example 42

13,14-dlhydro-15-(8-triflucromethyl -2-naphthyl)-15-pentanor prostaglandin

Fea

A

20 FiC
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Example 43
13,14-dlhydro-15-{1-fluoro-3-triflucromethyl-2-naphthyl)-15-pentanor
prostaglandin F,; isopropyl sater

g

Exampis 44
Preparation of 13,14-dihydro-16-ynyl-17-{2-flucrophenyl)-17-trinor
Prostaglandin Fia 1-hydroxamic acld:

% - '

—
.4 [

in a flame-dried 25 mL round-botiomed flask equipped with a magnetic
stir bar is placed 13,14-dihydro-16,17-idehydro-17-o-flucrophenyl trinor
Prostaglandin Fia methy ester (Example 17) {1.0 equiv.) in methanol. To this
solution is added hydroxylamine in methanol (1.25 equiv.). The solution stirmed
for a few minutes. The solution is then treated with 1N hydrochioric ecid and
extracted with ethyl acetate. The organic Iayer is washad with brine, dried over
anhydrous MgSO,, filtered and concentrated under reduced presswe. The
reskiue is purified by chromatography to give 13,14-dthydro-18,17-didehydro-17-
o-fluarophenyl trinor Prostaglandm Fia 1-hydraxamic acid.

Examples 45-47
Examples 45-47 are prepared using substantially the same procedures
as those described in Example 44, substituling 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 skie reactions or increase yields as
appropriate. All such modifications can readily be carried out by tha skilled

artisan in the art of organic chemistry, and thue are within the scope of the-

invention.
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Exampie 456
13,14-dihydro-15-(benzathliozolyl)-15-pentanor Prostaglandin Fqa 1-
hydroxamic acld
OH
§ Y
s
Example 46
13,14-dihydro-18-{5-flucrothianaphthyl)-15-pentanor Prostaglandin Fqa 1-
n hydroxamic acld
3
fa
1"
R " N oH
%
il
EJ- H OH
g
tn Example 47
vl 13,14-dhydro-15-thianaphthyl-15-pantanor Prostaglandin Fia 1-N-
- methanesulfonamide
H H 2
HO OH
15
Compositions

Compositions of the subject invention comprise a safe and effective

amount of the subject compounds, and a mmhaceutllly-amphhla carrier.

As used herein, "safe and effective amount” means an amount of a compound

20 sufficient to significantly induce a positive modification in the condition to be
treated, but low enough to avold serious side effects (at a reasonable benefitrisk
ratio), within the scope of sound medical jucigment 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 condition, the

25 duration of the treatment, the nalure of concumant therapy, the particular
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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 @ pharmaceutically-acceptable camier. The term “pharmaceutically-
accaptable carrier”, as used herein, means one or more compatible solid or hiquid
filler ditvents 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 commingled with the compound, and with
each other, In a manner such that there is no interaction which would
subetantially reduce the pharmacautical efficacy of the composition under
ordinary use situations. Phamaceutically-acceptable carriere must, of course, be
of sufficiently high purity and sufficiently low toxicity to render them suitehle for
administration to the subject being treated,

Some cmmplea of substances which can serve as phamaceutically-
acceptable carriers or components thereof are sugars, such as lactose, giucose
and sucrose; starches, such as comnstarch and potato starch; cellulose and its
derivatives, such as sodium carboxymethyl cellulose, ethy! callulose, cellulose
ecetats; powdered tragacanth; mailt; gelatin; talc; solid lubricants, such as stearic
acid, magnesium stsarate; calcium sulfats; vegetable oils, such as peanut oil,
cottonseed oll, sesame oli, olive oil, com oil and ail of theobroma; polyols such as
propylena glycol, glycerin, sorbitol, mannitol, and polyethylene glycol; alginic acid;
emulaifiers, such as the Tweens®; weiting agents such as sodium laury] sulfats;
colaring agents; flavoring agents, excipienis; tableting agents. stabiizers;
antioxidants; preservatives; pyrogen-free water; lsotonic saline; and phosphate
buffer salutions.

The cholce of a pharmaceutically-acceptable carier o be used in
conjunction with a compound is basicaily determined by the way the compound is
to be administered. The compounds of the prement Invention may be
administered systemically. Routes of administration inciude transdermal; oral;
parenterally, including subcutaneous or Intravenous injection; topical;, and/or
intranasal.

The appropriate amount of the compound to be used may be determined
by routine experimentation with animal modeis. Such modeis includse, but are not
limited to the intact and ovarlectomized rat models, the ferret, canine, and non
human primate models as well as disuse models.

Preferred unit dosage forms for injection include sterlle solutions of

water, physiological saline, or mixtures thereof. The pH of said solutions should-:

be adjusted to about 7.4. Suitable carrlers for Injection or surgical implants

¢
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include hydrogels, controlled- or sustained release devises, polylactic acid, and
collagen metrices.

Suitable pharmaceutically-acceptable carmrisre for fopical application
include those sulted for use In lotions, creams, gols and the like. If the
compound is to be administerad perorally, the prefermmed unit dosage form is
tablets, capsules and the ika. The pharmaceutically-acceptable carriers sutable
for the preparation of unit dosage forms for oral administration are wall-Hknown in
the art. Their selection will depend on secondary considerations [ike taste, cost,
and sheif stabliity, which are not critical for the purposes of the subject invention,
end can be mads without difficulty by those akilled in the art.

Methods of Use

The compounds of the present Invention are useful in treating many
medical disorders, including for example, ocular disorders, hypertension, fertility
control, nasal congestion, neurogenic bladder disorder, gastrointastinal
disorders, dermatological disorders, and osteoporosis.

The compounds of the present invention are usaefl In increasing bone
volume and trabecular number through formation of new trabeculae, bone mass
while maintaining a nomalized bone tumover rats, and formation at the
endosteal surface without removing bone from the existing cortex. Thus, these
compounds are useful in the treatment and prevention of bone disorders.

The preferrad routes of administration for treating bone disorders are
transdermal and intranasal. Other preferred routes of administration. include
rectal, sublinguel, and oral.

The dosags range of the compound for systemic aedministration is from
about 0.01 to about 1000 pg/kg body weight, preferably from about 0.1 to about
100 pg/kg per body weight, most preferably form about 1 to about 50 pg/kg body
welght per day. The transdermal dosages will be designed to attain similar serum
or plasma levels, based upon techniques known to those skilled in the art of
pharmacokinetics and transdermal formulations. Plasma levels for systemic
administration are expected to be in the range of 0.01 to 100 nanograma/ml,
more preferably from 0.05 to 50 ng/ml, and most preferably from 0.1 to 10 ng/ml.
While these dosages are based upon a daily administration rats, weekdy or
monthly accumulated dosages may also be used fo calculate the clinical
requirements.

Dosages may be variad based on the patient being trested, the condition

being trestad, the severty of the condition baing treated, the route of-

administration, etc. to achieve the desired effect.
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The compounds of the present invention are also useful in decreasing
Intraccular presswe. Thus, these compounds are useful in the treatment of
glaucoma. The preferred route of administration for treating glaucoma is
topically.

Composition and Method Examples

The following non-limiting exampies illustrate the subject invention. The
following composition and method examples do not imit the invention, but
provide guldance to the skilled artisan to prepare and use the compounds,
compositions and methods of the invention. In each case other compounds
within the invention may be substihited for the example compound shown below
with similar results. The skilled practitioner will appreciate that the examples
provide guidance and may be varied based on the cordition being treated and
the patient.

Example A
Pharmacsutical compositions In the foom of tablets are prepared by
conventional methods, such as mixing and direct compaction, formulated as
follows:

Ingredient Quantity (mq per tabiet)
Compound of Example 1 5
Microcrystaliine Cellulose 100

Sodium Starch Glycollate 30
Magnesium Stearate 3

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

Example B
Pharmaceutical compositions in liquid form are prepared by conventional
methods, formulated as follows:

Ingredient Quantity
Compound of Example 32 1mg
Phosphate buffered physiological saline 10ml
Methyl Paraben 0.05ml

When 1.0 ml of the above composition is administered subcutaneously

once daily, the above composition substantially increases bone volume in a .

patient suffering from osteoporosis.
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Example C
Topical pharmaceutical compositions for lowering intraocular pressure are
prepared by conventional methods and formulated as followa:

Ingredient Amount (wt %)
Compound of Example 1 0.004
Dextran 70 0.1
Hydroxypropyt methyiceliulose 03
Sodium Chloride 0.77
Potassium chloride 0.12
Disodium EDTA (Edatate disodium) 0.05
Benzalkonium chloride 0.01

HCL and/or NaOH pH7.2-7.5
Purified water q.s. to 100%

While particular embodiments of the sublect invention have been
described, It would be obvious to those sidlled 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. Rt is intended to cover, in the
appended claims, all such modifications that are within the scope of this
invention,

WHAT IS CLAIMED IS:

P W e T W e T

W%
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A compound having the structure:

EH

Rz

whenein

(a) R, is selected from the group consisting of CO,H, C(O)NHOH, CO,R,,
CH,OH, S(0O),R,, C{O)NHR,, C{O)NHS(O),R,, and tetrazole; wherein R,
is aliyl, heteroalkyl, carbocyciic aliphatic ring, heterocyclic aliphatic ring,
monocyclic aromatic ring, or monocyciic heteroaromatic ring: and R, Is
alkyl, heteroalkyl, carbocydiic aliphatic ring, haterocyclic aliphatic ring,
monocycdlic aromatic ring, or monocyclic heteroaromatic ring;

{b) R, is H or lower alkyl;

(C)Xis:

(1) CC, or
(2) a covalent bond;

(d) Z Is an aromatic ring or a hetercaromatic ring provided that when Z is a
heteroaromatic ring and X is a covalent bond, Z is attached to C,; via a
Carbon member atom; and

{(e) any opfical isomer, diastereomer, enantiomer of the above structure or a
pharmaceutically-acceptable sait, or bio-hydrolyzable amide, estsr, or
imide thereof.

The compound of Claim 1 wherein X Is CaC.

The compound of Claim 2 wherein R, I8 CO,H, C(O)NHOH, CO,R,,
C(O)NHS(O)LR,, or tetrazole.

The compound of Claim 3 whereln Z is monocyclic.

The compound of Claim 4 wherein Z is selected from the group consisting of:
phenyl, thlenyl, and furanyl.

The compound of Claim 5 wheraein Z subsiiluled with one substituent, said
one substitutent being selected from the group consisting of: lower alkyl, halo,
and haloalkyl.

The compound of Claim 5§ whereln R, is H.

The compound of Claim 7 wherein R, Is CO,H or CO,R,

The compound of Claim 1 wherein X is a covalent bond.

TrINRERAAR AL e S e e
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10. The compound of Claim 9 wherein R, is COH, C{ONHOH, CO.R,,
C{O)NHS(O)LR,, or tetrazols.

41. The compound of Claim 10 wherein Z s a bicyclic heteroaromatic ring.

12 The compound of Claim 11 wharein Z is selected from the group conslisting
of: benzo[Bthiazalyl, benzo{B}thiophenyl, and berzmmazolyl.

13. The compourd of Claim 12 whecein Z substituted with one substituent, said
one substitutent being selected from the group consleting of- lower alkyl, halo,
and haloalkyl.

14. The compound of Claim12 whereain R, is H.

15. The compound of Claim 14 wherein R, Is COH or CO,R,.

18. A method of treating a human or other animal subject having @ bone disorder,
said method comprising administering to said subject a compound according
to the structure:

HO z

wherein

(a) R, Is selected from the group consisting of COH, C(O)NHOH, COR,,
CH,OH, S(O);R,, C(O)NHR,, C{O)NHS(O),R,, and tetrazole; whersin R,
Is alkyl, heteroalkyl, carbocycfic afiphatic ring, heterocyclic aliphatic ring,
monocyclic aromatic ring, or monocyclic heteroaromatic ring; and R, Is
alkyl, heteroalkyl, carbocyclic aliphatic ring, heterocyciic aliphatic ring,
monocyclic aromatic ring, or monocyclic heteroaromatic ring;

(b) R; Is H or lower atkyl;

(C) X is:

(1) CaC, or
(2) a covalent bond;

(d) Z is an aromatic ring or a hetercaromatic ring provided that when Z is a
heteroaromatic ring and X is a covalent bond, Z is atiached to C,; via &
Carbon member atom; and

(e) any optical lsomer, diastereomer, enantiomer of the above struciure or a

pharmaceutically-acceptable sait, or bio-hydrolyzable amide, ester, or

imide thersof.
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17. The method of Claim 18 wherein sald bone disorder is osteoporosis.
18. The method of claim 17 wherein in osteoporosis is post-menopausal.
18. The method of claim 17 wherain in osteoporosls is cortico-steroid inducad.
20. The method of claim 16 wherein sald bone disorder is osteopenia.
21. The method of claim 16 wherein said bone disorder is a bone fracture.
22. The methad of claim 18 wherein said compound is administered orally.

S WA = 1 e s

)24
(3

23.The method of claim 16 whersin saikd compound is administered

transdermally.

24. The method of claim 16 wherein said compound is administered intranasally.
25. A method of treating glaucoma, aaid method comprising administering to a
human or other animal a safe and effective amount of a compound according

to the structure:

wherein

(a) R, is selectad from the group consleting of COH, C{O)NHOH, CO,R,,
CH,OH, S{O),R,, C(O)NHR,, C{O)NHS{O);R,. and tetrazole; wherein R,
is alkyl, heteroalkyl, carbocydiic aliphatic ring, hetarocyclic aliphatic ring,
monocyciic aromatic ring, or monocyclic hetercaromatic ring; and R, is
alkyl, heteroalkyl, carbocyclic aliphatic ring, heterocycic allphatic ring,

monocyclic aromatic ring, or monocyciic heteroaromatic ring;
(b) R; is H or lower alkyt;
(C) Xls:
{1) CaC, or
(2) a covalent bond;

(d) Z Is an aromatic ring or a hetaroaromatic ring provided thatwhen Z s a
heteroaromatic ring and X is & covalent bond, Z is attached to C\y via a

Carbon member atom; and

(e) any oplical isomer, diastereomer, anantiomer of the above structure or a

phamacasutically-accepiable salt, or bio-hydrolyzable amide, ester,

imide thereof.
26. The method of Claim 25 wherein said compound Is administered topically.



C1g UNSATURATED FP-SELECTIVE PROSTAGLANDINS ANALOGS

Abstract Of The invention
The invention provides novel PGF analogs. In particuler, the present
§ invention reiates to compounds having a structure according to the following
formula:

Il.

wherein Ry, Ry, X, and Z are defined below.
v 10 This invention also includes optical isomers, diastereomers and
Ft_l enantiomers of the formula above, s phasmacsutically-acceptable salts,
- blolwdrolyzable amides, esters, and imides thereof.
J The compounds of the presant invention sre useful for the treatment of a
'ty variety of diseases and conditions, such as bone disorders. Accordingly, the
H| 15 invention further providas pharmaceutical compositons comprising these
+J compounds. The invention still further provides methods of treatment for bone
disorders using thesas compounds aor the compositions containing them.
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airoamericanas, o locales de los paises mismbros, de acuardo a b establacido en la
Deacisidn 381 y sus modificaciones y regiamentacionss vigantes. (Art 28-).
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Bogotd, D.C.

Doctor(a)

JIMENA ESCOBAR URIBE

Apoderado(a)

REFERENCIA: Radicacion No. 00-16012
Trémite
Evento 001
Actuacion 418
Oficlo No. 410
Folios 001

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el expediente
Indicado an la referencia, redne los requisitos de forma establecidos en los articulos 26 y 27 de la
Decisién 488 de la Comisién de la comunidad andina, y en las demés disposiciones vigenies sobre
la materia, o envia el exiracio de la soficitud a la Oficina de comunicaciones para efecto de su
publicacién en la Gaceta de Propiedad industrial, conforme lo establece el articulo 40 de la misma

Bogotd, D.C., prf'wrﬂmammm lcado en el nimero S/6 dela
Gacsta de Propiedad Industial, de facha 3 O -0 .5~2 &0¢. El timino hébil sefialado por la ley
‘Eﬂ ol Z 9-0F-0¢_ ySI_NO_X se presentaron oposiciones por parte de tarceros.

Carrera 13 No. 27-00 Plsos 5, 7y 10

Conmutador: 382 0840
Fax: 382 2695
E-mall: info@slc.gov.co
Bogotd, D.C., Colombla
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EDICTO No. 18262

LA SECRETARIA GENERAL AD-HOC
HACE S8ABER:

Que esta Superintandencia profirid Resolucién No. 20808 de 30-NOV-2004. Que el contenkio de la parts resolutiva as como sigue: El
Superintendenis de Indusiria y Comercio.

Para notificar a los

RESUELVE

ARTICULO PRIMERO: Deciarar abandonada la solicitud de priviegio de patants de
invencidin contenida an sl sxpadients do ka referencia.

ARTICULO SEGUNDO: Notificar personaiments el contenido de la presente resoluciin
8 la dectora Jimena Escobar Urbe, 0 a quien haga sus veces, quien actia como
apoderada de The Procter & Gamble Company., entregéndole copla de l2 misma,
advitiéndole que contra ella procede e recurso de reposicion interpuesio ente el
Superintandente de Indusiria y Comercio, al momenio de la nolificacidn o dentro de los
S dias hdbilas sigulenias s ala.

NOTIFIQUESE Y CUMPLASE
Dada en Bogotd, D.C., a los 30 o 2

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO,

J

interesados,
COMERCIO, por el tdrmino de {10) diex h coniados a partir de las 8:30 a.m. de hoy.

Secretarla General Ad-Hoc 14-DIC-2004 " Esto edicio se desfja hoy 27-DIC-2004 a las cinco (5:00 p.m.)
Secretaria General Ad-Hoc

EDICTO No. 16282

so fja gl presante EDICTO en lugar visible al piblico en la SUPERINTENDEEIA DE INDUSTRIA Y



