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REIVINDICACIONES

1. Un método de aumentar el volumen 6seo, que comprende administrar a
un sujeto una cantidad eficaz de un agonista EP;4 seléctivo que no
ocurre naturalmente.

2. El método de la Reivindicacién 1 en donde el agonista EP, que no

ocurre naturalmente es selectivo para el receptor EP, sobre otros
receptores de prostaglandina excitatorios en una relacién de por lo
menos 1:10.

3. El método de la Reivindicacién 2 en donde el agonista EP{ que no
ocurre naturalmente es adicionalmente selectivo sobre todos los otros
receptores prostanoides en una relacion de por lo menos 1:10.

4. El método de la Reivindicacién 3 en donde el agonista EPy que no
ocurre naturalmente es selectivo para el receptores EP4 sobre otros
receptores de prostaglandina excitatorios en una relacién de por lo
menos 1:20. |

5. El método de la Reivindicacion 4 en donde el agonista EP;y que no
ocurre naturalmente es adicionalmente selectivo soBre todos los otros
receptores prostanoides en una relacion de por lo menos 1:20.

6. El método de la Reivindicacién 5 en donde el agonista EPy que no

ocurre naturalmente es selectivo para todos los otros receptores de

prostaglandina excitatorios en una relacién de por lo menos 1:50.
7. El método de la Reivindicacién 6 en donde el agonista EP; que no
ocurre naturalmente es adicionalmente selectivo para todos los otros

receptores prostanoides en una relacién de por lo menos 1:50.

8. El método de la Reivindicacion 7 en donde el agonista EP; que no



ocurre naturalmente es un analogo de prostaglandina.

9. El método de la Reivindicacion 8 en donde el agonista EP; que no

ocurre naturalmente se administra transdérmicamente.

10. El método de la Reivindicacion 8 en donde el

analogo de
prostaglandina tiene la formula general:

Ri

en donde:

R¢ es COzH, C(O)NHOH, COzRa, CHzOH, S(O)2R3, (o] C(O)NHRs,

que se caracteriza en que Rj; independientemente es alquilo,

heteroalquilo, anillo alifatico carbociclico, anillo

alifatico
heterociclico, anillo aromatico, o anillo heteroaromatico;
X es CHy, O, o N-OHy4; en donde R4 es hidrégeno o alquilo inferior;
a es un enlace individual, un enlace trans doble, o énlace triple;

cada R; independientemente es hidrégeno o alquilo inferior.

W es:

(@) [C(Rs)(Rs)]m-Y-[C(Rs)(Rs)]--Z; en donde cada Rs independiente-
mente es hidrégeno, alquilo inferior, alcoxi, o halo; m es un
numero entero de 0 a 1 aproximadamente, n es un nimero entero
de O a 1 aproximadamente; Y es C(Rs)(Rs), 0, NH, S o un enlace
covalente; y Z es fenilo,‘ tienilo, o furanilo, el fenilo, tienilo, o

furanilo antes mencionado estan sustituidos o sustituidos con 1 o



2 haldgenos;

0 (b) [C(Rs)(Rs)]p-U-[C(Rs)(Rs)]q; en donde cada Rs es como se
define anteriormente; p es un numero entero de 0 a 3
aproximadamente, q es un numero entero de 1 a 3 aproximada-

mente, y p + q es de 1 a 4, aproximadamente; y U es C(Rs)(Rs),
o,NH,0S;y '

cualquier isbmeros oOpticos, diasteredmeros, enantibmeros de la
estructura anterior o una farmacéuticamente aceptable, 0 una amida

biohidrolizable, éster, o imida de estos.

11. El método de la Reivindicacion 8 en donde el

analogo de
prostaglandina se selecciona del grupo que consiste de 17-fenil-17-

trinor PGEz, 9-metilen-9-deoxi PEG,, y 9-metilen-9-deoxi-16,16-dimetilo
PGE-.

12. El método de Ila Reivindicacion 8 en donde el analogo de
prostaglandina es 17-fenil trinor PGE-.

13. El método de la Reivindicacion 12 en donde el 17-fenil trinor PGE-, se
administra transdérmicamente. |

14. Un método de aumentar el numero trabecular, que comprende

administrar a un sujeto una cantidad terapéuticamente eficaz de un
agonista EP; que no ocurre naturalmente.

-15. El método de Reivindicaciéon 14 en donde el agonista EPy que no

ocurre naturalmente es selectivo para el receptor EP, sobre otros

receptores de prostaglandina excitatorios en una relacién de por lo
" menos 1:10.

16. El método de Reivindicacion 15 en donde el agonista EP1 que no

ocurre naturalmente es adicionalmente selectivo sobre todos los otros



receptores prostanoides en una relacién de por lo menos 1:10.
17. El método de Reivindicacién 16 en donde el agonista EP; que no

ocurre naturalmente es selectivo para el receptor EP; sobre otros
receptores de prostaglandina excitatorios en una relacion de por lo
menos 1:20. :

18. El método de Reivindicacién 17 en donde el agonista EP{ que no

ocurre naturalmente es adicionalmente selectivo sobre todos los otros
receptores prostanoides en una relacion de por lo menos 1:20.

19. El método de Reivindicacion 18 en donde el agonista EP;y que no

ocurre naturalmente es selectivo para.el receptor EP;y sobre otros
receptores de prostaglandina excitatorios en una relacién de por lo

menos 1:50.
20. El método de Reivindicacion 19 en donde el agonista EP4 que no

ocurre naturalmente es adicionalmente selectivo sobre todos los otros
receptores prostanoides en una relacion de por fo menos 1:50.

21. El método -.de Reivindicacion 20-en donde el agonista EP, que no

ocurre naturalmente es un analogo de prostaglandina.

22. El método de Reivindicaciéon 21 en donde el agonista EP; que no

ocurre naturalmente se administra transdérmicamente.

23. El método de la Reivindicacion 21 en donde el analogo de
prostaglandina tiene la férmula general:

Vi



HO HO R, ™

en donde:

Ry es CO,H, C(O)NHOH, CO2R3, CH,OH, S(O):R3, 0 C(O)NHRs3; !
que se caracterizaen que Rj independientemente es alquilo, heteroalquilo, |

|
|
l
|
|
|
|
1

anillo alifatico carbociclico, anillo alifatico heterociclico, anillo aromatico, o !

anillo heteroaromatico;

X es CH,, O, o N-OHy; en donde R4 es hidrégeno o alquilo inferior;
a es un enlace individual, un enlace trans doble, o enlace triple;

cada R; independientemente es hidrégeno o alquilo inferior.
W es:

(a) [C(Rs)(Rs)]m-Y-[C(Rs)(Rs)]--Z; en donde cada Rs independiente-
mente es hidrégeno, alquilo inferior, alcoxi, o halo; m es un
numero entero de 0 a 1 aproximadamente, n es un ndmero entero
de 0 a 1.aproximadamente; Y es C(Rs)(Rs), o, NH, S o un enlace
covalente; y Z es fenilo, tienilo, o furanilo, el fenilo, tienilo, o
furanilo antes mencionado estan sustituidos'o sustituidos con 1 o
2 halégenos;

0 (b) [C(Rs)(Rs)]p-U-[C(Rs)(Rs)]q; €n donde cada Rs es como se
define anteriormente; p es un numero entero de 0 a 3
aproximadamente, q es un niumero entero de 1 a 3 aproximada-

mente, y p + q es de 1 a 4, aproximadamente; y U es C(Rs)(Rs),



|
|

|

|

1

o,NH,0S;y 1

!

cualquier isémeros Opticos, diasteredmeros, enantiomeros de |a

estructura anterior o una farmacéuticamente aceptable, o una amida

l
biohidrolizable, éster, o imida de estos. |
24 El método de la Reivindicacion 21 en donde el analogo de

prostaglandina se selecciona del grupo qde consiste de 17-feni|—1‘}{-

trinor PGE, 9-metilen-S-deoxi PGE,, y 9-metilen-9-deoxi-16,16-
dimetilo PGE,. . ‘1
25. El método de la Reivindicacion 21 en donde el analogo de
prostaglandina es 17-fenil trinor PGE,. .. ' |

|
26. El método de la Reivindicacion 25 en donde el 17-fenil trinor PGE, se;

administra transdérmicamente. |

| i
27. Un método de tratar un trastorno 6seo, que comprende administrar 3
un sujeto una cantidad terapéuticamente eficaz de un agonista EP+ qué
no ocurre naturalmente |

!

28. El método de la Reivindicacion 27 en donde el agonista EP+ que no
ocurre naturalmente es selectivo para el receptor EP;, sobre otros|
receptores de prostaglandina excitatorios en una rélacién de por Ioi
menos 1:10. |

29. El método de la Reivindicacion 28 en donde el agonista EP¢ que no%
ocurre naturalmente es adicionalmente’ selectivo sobre todos los otros |

receptores prostanoides en una relacién de por lo menos 1:10. 1\
30. El método de la Reivindicacion 29 en donde el agonista EP, que no 1
ocurre naturalmente es selectivo para el receptores EP, sobre otros |

receptores de prostaglandina excitatorios en una relaciéon de por o
menos 1:20.

1
\
|
|
|
!
l
|
|
|
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31. El método de la Reivindicacién 30 en donde el agonista EP¢ que nio
ocurre naturaimente es adicionalmente selectivo sobre todos los otros
receptores prostanoides en una relacion de por lo menos 1:20. 1

32. El método de la Reivindicacién 31 en donde el agonist—a EPs que n|b
ocurre naturalmente es selectivo para el receptor EP{ sobre otro‘s

receptores de prostaglandina excitatorios en una relaciéon de por |
menos 1:50. | ‘
33. El método de la Reivindicacién 32 en donde el agonista EPy que no

ocurre naturalmente es adicionalmente selectivo para todos los otro§

receptores prostanoides en una relacion.de por lo menos 1:50. |

34. El método de la Reivindicacién 33 en donde el agonista EP4 que nc’la

l

35. El método de la Reivindicacion 34 en donde el agonista EP; que no

ocurre naturalmente es un analogo de prostaglandina.

ocurre naturalmente se administra transdérmicamente. |

' |
36. El método de la Reivindicaciéon 34 en donde el analogo de

|
prostaglandina tiene la formula general: : ‘1
' l
Ri - 1

\\“\\\\ —5
|
o/ |

155

Ry

$ |
HO R, |

en dondé: ‘ \_
A

xI
Oﬂmn,

R1 es COxH, C(O)NHOH, CO2R3, CH,OH, S(O).R3, © C(O)NHRa,\
que se caracteriza en que Rj; independientemente es alquilo,l

heteroalquilo, anillo alifatico  carbociclico, anillo alifatico

|
|
|
l
|
|
1
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heterociclico, anillo aromatico, o anillo heteroaromatico;
X es CH,, O, o N-OHy,; en donde R, es hidrégeno o alquilo inferior;

a es un enlace individual, un enlace trans doble, o enlace triple;

|

|

cada R; independientemente es hidrégeno o alquilo inferior. -
W es: |
(@) [C(Rs)(Rs)Im-Y-[C(Rs)(Rs)]n-Z; en donde cada Rs independiente-
mente es hidrégeno, alquilo inferior, alcoxi, o halo; m es urp
numero entero de 0 a 1 aproximadamente, n es un numero entercia
de 0 a 1 aproximadamente; Y es C(Rs)(Rs), 0, NH, S o un enlace
covalente; y Z es fenilo, tienilo, o furanilo, el fenilo, tienilo, c?

furanilo antes mencionado estan sustituidos o sustituidos con 1 ¢
2 halégenos; |

0 (b) [C(Rs)(Rs)}p-U-[C(Rs)(Rs)]q; €n donde cada Rs es como sé
define anteriormente; p es un nimero -entero de 0 a 3

aproximadamente, q es un numero entero de 1 a 3 aproximadaJ:

1,
i

mente, y p + g es de 1 a 4, aproximadamente; y U es C(Rs)(Rs)l
o,NH,0S;y ‘ 1,

cualquier isomeros opticos, diasteredmeros, enantiémeros de Ia"
estructura anterior o una farmacéuticamente aceptable, o una amidalr

e . - |
biohidrolizable, éster, o imida de estos. :

37. El método de la Reivindicacion 34 en donde el andlogo delf

!
prostaglandina se selecciona del grupo que consiste de 17-fenil-17-

|
trinor PGE;, 9-metilen-9-deoxi PGE; y 9-metilen-9-deoxi-16,16-;

dimetilo PGE..

38. EI método de la Reivindicacion 34 en donde el analogo de
prostaglandina es 17-fenil trinor PGE..

|
|
|
]
|
|
|
|
|
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39. El método de la Reivindicacién 38 en donde el 17-fenil trinor PGE; se
administra transdérmicamente.

40. El método de la Reivindicacion 38 en donde el trastorno éseo es
osteoporosis.

41. El método de la Reivindicacion 40 en donde la osteoporosis es
osteoporosis posmenopausica.

|

42. El método de la Reivindicacion 27 en donde el trastorno 6seo se
selecciona del grupo que consiste de osteoporosis, osteoartritis,
enfermedad de Paget, osteomalacia, y fractura ésea.

A3. El método de la Reivindicacion 27 en donde el trastorno 6seo eLs
osteoporosis.
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P&G Case No. 7466P
METHOD OF INCREASING BONE VOLUME USING
NON-NATURALLY-OCCURRING EP, SELECTIVE AGONISTS
James Richard Hartke
Mark Walden Lundy
Mitchell Anthony delLong

TECHNICAL FIELD

The present invention relates to novel methods of increasing bone volume

comprising the administration of a non-naturally-occurring selective EP, agonist {]o

a subject in need of such treatment. This invention further relates to a method of

treating or preventing bone disorders comprising the administration of a non-
naturally-occurring selective EP, agonist to a subject in need of such treatment.

i

BACKGROUND OF THE INVENTION i

In osteoporotics an imbalance in the bone remodeling process develops in
which bone is resorbed at a rate faster than it is being made. Although this
-imbalance occurs to some extent in most individuals, both male and female, as
they age, it is much more severe in osteoporotics, particularly those who develc?p
the post menopausal form of the condition. Accelerated bone loss may also result
from drug administration, such as corticosteroids; prolonged bedrest; disuse of ja
limb; and microgravity. A consequence of this loss of bone is the complete
removal of trabeculae and a deterioration of bone architecture such that the

remaining bone is disproportionately decreased in strength. i

: It is thought that to completely return the bone to normal strength, neLN
trabeculae should be formed to restore architecture and increase bone mass. Itis
further thought that when the restoration of normal architecture is associated not
only with an increase in the strength, but also a return to normal stiffness and
shock absorbing capability, the bone is less likely to fracture. Subjects suffering
from other bone disorders such as rheumatoid arthritis, periodontal disease, and
fractures may also benefit from treatments that restore bone mass and normal

i

£

architecture to bone.

There have been many attempts to treat bone disorders with a variety bf
pharmacologic agents with the goal being to either slow further bone loss or {o
produce a net gain in bone mass. There are antiresorptive agents, such as
bisphosphonates, which slow further bone loss, and there are anabolic agents,
such as PTH, fluoride, and prostaglandins, which build bone. But, none of these

!
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agents build bone that is substantially similar, i.e. structurally or architecturally, ‘to
the type of bone lost.

PTH and prostaglandins, especially non-selective prostaglandins of the E
series (e.g. PGE,), are known {o be potent stimulators of bone resorption and
formation. The acceleration in turnover seen with these known bone anabolic
agents may be detrimental to an already osteoporotic skeleton since the increaspd
resorption may cause perforation and loss of trabeculae, or may weaken the
existing trabecular structure. In addition, increased resorption may occur in cortical
bone. These effects may in turn lead to increased fracture incidence at some sites.

Prostaglandins, in addition, have several drawbacks which limit their
desirability for systemic administration. For example, although prostaglandins are
characterized by their activity at a particular prostaglandin receptor, they often bind
to ‘and stimulate other prostaglandin receptors. Thus, systemic administration| of
prostaglandins is known to cause side effects such as inflammation, as well :as
smooth muscle contraction, bronchoconstriction, and vasoconstriction. Systemic
administration of non-selective prostaglandin analogs can likewise cause side

effects.
Thus, there is a continuing need to develop methods of replacing bone tLat

result in bone that is substantially similar, structurally and architecturally, to the type
of bone lost with a bone-specific agent.

SUMMARY OF THE INVENTION 5
It has been surprisingly found that the systemic administration of nLn-
naturally-occurring selective EP, agonists results in a bone anabolic effect. It has
been further surprisingly found that the quality of bone formed by the administrat{ion
of non-naturally-occurring selective EP, agonists is superior to that formed by the
administration of other prostaglandins of the E series. Accordingly, the pres;ent
invention is directed to methods of increasing bone volume by administering to a
subject a safe and effective amount of a non-naturally-occurring selective EP,
agonist. Particularly preferred non-naturally-occurring EP, agonists are seleclive
for the EP, receptor over other excitatory prostaglandin receptors in a ratio of at
least about 1:10, more preferably at least about 1:20, and most preferably at | I!ast
about 1:50. Still more preferred non-naturally-occurring EP; agonists are selective
for EP, receptors over all other prostanoid receptors in a ratio of at least about
1:10, more preferably at least about 1:20, and most preferably at least about 1:50.
It has been further found that non-naturally-occurring selective EP, agonists
increase trabecular number increase bone volume and mass while maintaininF a
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more normal bone turnover rate, and increase formation at the endosteal surface

- without removing bone from the existing cortex. Accordingly, the present inventfon

is directed to methods of increasing trabecular number by administering to a
subject a safe and effective amount of a non-naturally-occurring selective EP,
agonist.

it has similarly been found that non-naturally-occurring selective $P,
agonists are useful in treating bone disorders. Accordingly, the present inventioﬁ is
directed to methods of treating bone disorders by administering to a subject a ste

i

and effective amount of a non-naturally-occurring selective EP, agonist.

DETAILED DESCRIPTION OF THE INVENTION i
The present invention is directed to methods of increasing bone volur}ne,
methods of increasing trabecular number, and methods of treating bone disorders
by administering to a subject a safe and effective amount of a non-naturﬁlly-
occurring selective EP, agonist.

i

Definitions and Usage of Terms I

“Alkyl" is a saturated or unsaturated hydrocarbon chain having 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. Preferred alkyl are saturatled.
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 be unsubstituted or substituted \Lvith
from 1 to 4 substituents. Preferred substituted alkyl are mono-, di-; or
trisubstituted. The substituents may be lower alkyl, halo, hydroxy, aryloxy (e.g.,
phenoxy), acyloxy (e.g., acetoxy), carboxy, monocyclic aromatic ring (e.g., phenyl),
monocyclic heteroaromatic ring, monocyclic carbocyclic aliphatic ring, monoc;lrclic
heterocyclic aliphatic ring, and amino.

“Lower alkyl” is an alkyl chain comprised of 1 to 6, 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 5 to 7 carbon atoms, and most
preferably from 5 to 6 carbon atoms in the ring. Bicyclic aromatic rings contain
from 8 to 12 carbon atoms, preferably 9 or 10 carbon atoms in the ring system.
Bicyclic aromatic rings include ring systems wherein one ring in the system is




aromatic. Preferred bicyclic aromatic rings are ring systems wherein both ring§ in
" the system are aromatic. Aromatic rings may be unsubstituted or substituted with
from 1 to 4 substituents on the ring. The substituents may be halo, cyano, lower
alkyl, heteroalkyl, haloalkyl, or any combination thereof. Preferred substituents
include halo and haloalkyl. Preferred aromatic rings include naphthyl and phenyl.
The most preferred aromatic ring is phenyl.

"Bone disorder” means the need for bone repair or replacement. Conditions

in which the need for bone repair or replacement may arise include: osteoporosis

(including post menopausal osteoporosis, male and female senile osteoporosis and
corticosteroid induced osteoporosis), rheumatoid arthritis, osteomalacia, multié:le
myeloma and other forms of cancer, prolonged bed rest, chronic disuse of a lin‘mb,
anorexia, microgravity, exogenous and endogenous gonadal insufficiency, bone
fracture, non-union, defect, prosthesis implantation and the like.

“Bone turnover rate" is the amount of bone resorption and formation per unit
time measured or estimated using incorporation of fluorescent labels into bone,
fluorescent and bright field microscopy, and histomorphometric techniques or by
measurement of bone metabolism markers. For example, a subject may rescf»rb
and replace (turn over) approximately 3% of its skeleton over a 3 month period.i A
further description of histomorphometric techniques can be found in Bohe
Histomorphometry, 1994, by Eriksen et al., Raven Press.

“Bone volume" is the percentage of the bone occupied by a mineralized
matrix. Measurement or estimation of the mineralized matrix volume can be
- accomplished using histomorphometry, computed tomography, or magnetic
resonance imaging. Two dimensional measurements may be used to estimate t!‘ue
three dimensional volume. A further description of histomorphometric techniqu!Es
can be found in Bone Histomorphometry, 1994, by Eriksen et al., Raven Press.

“Carbocyclic aliphatic ring" is a saturated or unsaturated hydrocarbon rirf\g.
Carbocyclic aliphatic rings are not aromatic. ~Carbocyclic aliphatic rings are
monocyclic. 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 6
carbon atoms in the ring. Carbocyclic aliphatic rings may be unsubstituted or
substituted with from 1 to 4 substituents on the ring. The substituents may be halo,
cyano, alkyl, heteroalkyl, haloalkyl, phenyl, phenoxy or any combination thereof.

"Excitatory prostaglandin receptor” means prostanoid receptors which

cause contraction of smooth muscle or release of internal calcium stores. Such
receptors include but are not limited to EP,, EP,, FP, TP, and TP, :
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 EP, receptor (described in WO 94/28125) as the appropriate nucleic acid

“EP” is an abbreviation for E prostanoid. “EP,” is an abbreviation for E
prostanoid subtype 1.

"EP, agonist" is a compound with affinity for the EP, receptor that results in
measurable biological activity (including but not limited to an elevation |in
intracellular calcium or the contraction of smooth muscle) in cells, tissues, jor
organisms which contain the EP, receptor. Whole cell, tissue, and organism
assays which demonstrate EP, activity of compounds are well known in the art.
One particularly useful assay is a modified R-SAT™ Assay. The R-SAT™ Assay is
described by Brann, et al. in J. Biomole. Screen, Vol. 1, Number 1, 1986. The IR-
SAT™ Assay may be modified by transfecting the cDNA sequence for the human

sequence. Further modifications to the R-SAT™ Assay may be made to optimize
the repeatability of the assay results. Ali such modifications can readily be carried

b4

out by one of ordinary skill in the art.
"EP, receptor” refers to known human EP, receptors, their splice varian?s,
and undescribed receptors that preferentially bind PGE,. A human EP, receptor:is
disclosed in PCT Publication WO 94/28125.
“Halo” or "halogen” is fluoro, chloro, bromo or iodo. Preferred halo are

fluoro, chloro and bromo; more preferred are chiora and fluoro, especially fluoro.
“Haloalkyl" is a straight, branched, or cyclic hydrocarbon substituted wikh
one or more halo substituents. Preferred haloalkyl are C1-C42; more preferred aLe
C1-Cg; more preferred still are C1-C3. Preferred halo substituents are fluoro and
chloro. The most preferred haloalkyl is trifluoromethyl. !
“Heteroalkyl” is a saturated or unsaturated chain containing carbon and at

least one heteroatom, wherein no two heteroatoms are adjacent. Heteroalhkrl
chains contain from 1 to 18 member atoms (carbon and heteroatoms) in the cha|+1,
preferably 1 to 12, more preferably 1 to 6, more preferably still 1 to 4. Heteroalk&l
chains may be straight or branched. Preferred branched heteroalky! have one A)r
two branches, preferably one branch. Preferred heteroalkyl are saturatei .
Unsaturated heteroalky! 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
unsubstituted or substituted with from 1 to 4 substituents. Preferred substituted
heteroalkyl are mono-, di-, or trisubstituted. The substituents may be lower alkyl,
halo, hydroxy, aryloxy (e.g., phenoxy), acyloxy (e.g., acetoxy), carboxy, monocycli
aromatic ring (e.g., phenyl), monocyclic heteroaromatic ring, monocychc
carbocyclic aliphatic ring, monocyclic heterocyclic aliphatic ring, and amino.




“Lower heteroalkyl” is a heteroalkyl chain comprised of 1 to 6, preferably 1
to 3 member atoms.

“Heteroaromatic ring" is an aromatic ring containing carbon and from 1/ to
about 4 heteroatoms in the ring. Heteroaromatic rings are monocyclic or fuéed
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 include ring
systems wherein only one ring in the system is aromatic. Preferred bicyclic
heteroaromatic rings are ring systems wherein both rings in the system are
aromatic. Bicyclic heteroaromatic rings contain from 8 to 12 member ato s,
preferably 9 or 10 in the ring. Heteroaromatic rings may be unsubstituted :or
substituted with from 1 to 4 substituents on the ring. The substituents may be halo,
cyano, alkyl, heteroalkyl, haloalkyl, phenyl, phenoxy or any combination thereof.
Preferred substituents include halo, haloalkyl, and phenyl. i

“Heteroatom” is a nitrogen, sulfur, or oxygen atom. Groups containing mdre
than one heteroatom may contain different heteroatoms. |

“Heterocyclic aliphatic ring" is a saturated or unsaturated ring containing
carbon and from 1 to about 4 heteroatoms in the ring, wherein no two heteroatoms
are adjacent in the ring and no carbon in the ring that has a heteroatom attached'to
it also has a hydroxyl, amino, or thiol group attached to it. Heterocyclic aliphatic
rings are not aromatic. Heterocyclic aliphatic rings are monocyclic. 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. Heterocyclic aliphatic rings may be unsubstituted l r
substituted with from 1 to 4 substituents on the ring. The substituents may be haJo
cyano, alkyl, heteroalkyl, haloalkyl, phenyl, phenoxy or any combination therei'pf.
Preferred substituents include halo and haloalkyl. J

ly
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_ “Measurable” means the biologic effect is both reproducible and significan
different from the baseline variability of the assay.
"Non-naturally-occurring” means an agent that is not biologically derived Zin
mammals.
"Prostaglandin analog" is a non-naturally-occurring compound which s

structurally similar to a prostaglandin.

"Prostaglandin receptor" or "prostanoid receptor” is a
naturally-occurring protein that binds prostaglandins, which when bound aiters tr%e
function of a cell. Prostaglandin receptors may be characterized as eith ; r
excitatory or relaxant. Such receptors include but are not limited to EP,, EP,, EP,,
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" representation or a three dimensional specimen using histomorphome;ry,

. Compounds

- having the following general structure:

EP,, DP, FP, IP, TP, and TP,. These receptors are further discussed by Coleniﬁan
et al., in Pharmacological Reviews, 1994, Volume 6, No. 2, pages 205 -229.
"Selective" means having an activation preference for a specific receétor
over other receptors which can be guantified based upon whole cell, tissue, or
organism assays which demonstrate receptor activity, such as the modified| R-
SAT™ Assay disclosed above. A compound’s selectivity is determined from a
comparison of its EC, (or EDy, if using an organism assay) at the relevi;ant
receptors. For example, a compound having an ECs, of 8nM at the EP, receptor
and an EC,, of 80 nM at the EP, receptor has a selectivity ratio for the EP, receptor
over the EP, receptor of 1:10.
"Subject" is a living vertebrate animal such as a mammal (especially
human) in need of treatment.
“Trabecular number” is to the number of individual trabeculae of bone per
unit volume of cancellous bone measured or estimated from a two dimensiohal

computed tomography, or magnetic resonance imaging.

Compounds useful in the present invention are non-naturaily-occurring
selective EP, agonists. Particularly preferred non-naturally-occurring EP, agonilsts
are selective for the EP, receptor over other excitatory prostaglandin receptors m a
ratio of at least about 1:10, more preferably at least about 1:20, and most
preferably at least about 1:50. Still more preferred non-naturally-occurring éP,
agonists are selective for EP, receptors over all other prostanoid receptors in a

. ratio of at least about 1:10, more preferably at least about 1:20, and most
‘ preferably at least about 1:50.

Particularly useful non-naturally-occurring selective EP, agonists are
prostaglandin analogs. Examples of such compounds are prostaglandin analdgs
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In the above structure, R, is CO,H, C(O)NHOH, CO,R;, CH,0H, S(O),R,, or

. C(O)NHR;;, characterized in that each R, is independently alkyl, heteroalkyl,

carbocyclic aliphatic ring, heterocyclic aliphatic ring, aromatic ring, | or
heteroaromatic ring. Preferred R, is CO,H.

In the above structure, X is CH,, O, or N-OR,; wherein R, is hydroger or
lower alkyl. Preferred X is CH, and N-OR,. Most preferred X is CH,.

In the above structure, a is single bond, trans double bond, or triple bond.
Preferred a is a trans double bond. !

In the above structure, each R, is independently hydrogen or lower alikyl.
Preferred R, is lower alkyl. Most preferred R, is methyl.

In the above structure, W is: (a) [C(Rs)(Rs)]n-Y-[C(R:)(Rs)],-Z; wherein elach
R; is independently hydrogen, lower alkyl, alkoxy, or halo; m is an integer from 0 to
about 1, n is an integer from 0 to about 1; Y is, C(Rs)}(Rs), O, NH, Sora cova!ent
bond; and Z is phenyl, thienyl, or furanyl, said phenyl, thienyl, or furanyl béing
unsubstituted or substituted with 1 or 2 halogens; or (b) [C(Rs)(Rs)], -U-[C(R:)(Rs)].
wherein R; is as defined above; p is an integer from O to about 3, q is an integer
from about 1 to about 3, and p + q is from about 1 to about 4; and U is C(Rs)(Rs)
O, NH, or S. Preferred Z is unsubstituted. Preferred substltuted Zis substltdted
with flouro.

The above structure includes optical isomers, diastereomers, enantiomers
of the above structure or pharmaceutically-acceptable salts, or bio-hydrolyzable
amides, esters, or imides thereof. Preferred stereochemistry mimics that of

naturally occurring PGE,.
Prostaglandin analogs of the above structure include: 17-phenyl-17-trinor
PGE,, 9-methylene-9-deoxy PGE,, and 9-methylene-9deoxy-16,16-dimethyl PQEZ.

Methods of Use

The compounds described above are useful in increasing bone volume,
increasing trabecular number through formation of new trabeculae, increasing bone
mass without increasing the bone turnover rate, and/or increasing formation at, the
endosteal surface without removing bone from the existing cortex. AdditionLlly,
the quality of bone formed by the administration of these compounds is superi !r to
that formed by the administration of other prostaglandins of the E series. Bone
quality refers to the combination of bone matrix (inorganic and organic), bone mass
or volume, and bone architecture which impart overall strength and fracture
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resistance to bone. Accordingly, these compounds are further useful in the
treatment and prevention of a variety of bone disorders. '

The preferred routes of administration for increasing bone volume afnd
treating bone disorders are transdermal and subcutaneous, e.g. injection or pelliet.
Other preferred routes of administration include oral, sublingual, and intranasal. f

The dosage range for systemic administration of the non-naturally-occulv{ing
EP, agonists of the present invention is from about 0.1 pg/kg to about 10 mg/kg
body weight per day, preferably from about 0.5 pg/kg to about 1 mg/kg per b%)dy
weight per day, most preferably from about 1 to about 500 pg/kg body weight :per
day. Plasma levels are expected to be in the range of about 0.01 to about 500
ng/ml, more preferably from about 0.05 to 100 ng/ml, and most preferably from
about 0.1 to 50 ng/mi. ’

While these dosages are based upon a daily administration rate, weekl? or
monthly accumulated dosages may aiso be used to calculate the clinical
requirements. The non-naturally-occurring EP, agonists of the present invention
may be administered, based on a weekly dosage, more frequently than once déily.
The non-naturally-occurring EP, agonists of the present invention may a!sq' be
administered, based on a weekly dosage, less frequently than once daily. He?ce,
the weekly dosage may be divided into 3, 4, 5, 6, or 7 daily dosages, preferably 5,
6, or 7 daily dosages. |

Dosages may be varied based on the patient being treated, the condjition
being treated, the severity of the condition being treated, and the route of
administration to achieve the desired effect. .

It is expecled that prolonged delivery (also referred to as “prolor;Lged
administration”) of the non-naturally-occurring EP, agonist results in improved %iose
separation between side effects and the desired bone effect. As used herein,
“prolonged delivery” or “prolonged administration” means that the total daily dosage
is delivered into the subject’s circulation over a period of at least about 6 hours and
up to 24 hours. Preferred prolonged delivery periods are for at least abo¢t 12
hours and up to 24 hours. Examples of prolonged delivery include administration of
the non-naturally-occurring EP, agonist via a transdermal patch or a subcutaneous
pump that delivers the total daily dosage over a twenty-four hour period.

Itis believed that the flattening of the plasma concentration curve resulting
from prolonged delivery mitigates side effects while maintaining bone efﬁcacy.: ltis
further believed that the administration of non-naturally-occurring EP, agonists with
extended half-lives will likewise resuilt in a flattening of the plasma concentéation

curve without prolonging the administration.

|
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The following non-limiting examples serve to further illustrate the use of t!Le
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agents of the present invention. . (

Example | I
The EP, agonist, 17-phenyl-17-trinor PGE,, is administered to a 65 year old
woman who has decreased bone mass and has been diagnosed with osteoporo_sis
by her physician. She is treated daily with a subcutaneous injection that delivers 1“10
rg/kg 17-phenyl-17-trinor-PGE, over a 24 hour period. This treatment is continued
for 12 months, at which time, vertebral bone mass is substantially increasifed
compared to her vertebral bone mass at the onset of therapy as measured by dual

energy X-ray absorptiometry (DXA).
Example Il ]

The EP, agonist, 17-phenyl-17-trinor PGE,, is administered to a 65 year old
woman who has decreased bone mass and has been diagnosed with osteoporosis
by her physician. She is treated daily with a transdermal patch that delivers‘10
rg/kg 17-phenyl-17-trinor PGE, over a 24 hour period. This treatment is continued
for 24 months, at which time, vertebral bone mass is substantially increa,£ed

compared to her vertebral bone mass at the onset of therapy as measured by <1ual

energy X-ray absorptiometry (DXA). _

Example Il :
The EP, agonist, 17-phenyi-17-trinor PGE,, is administered to a 63 yeario!d
woman who has decreased bone mass and has been diagnosed with osteoporosis
by her physician. She is treated with an implantable subcutaneous pump that
delivers 10 ug/kg 17-phenyl-17-trinor PGE, over a 24 hour period. This treatment is
continued for 12 months, at which time, vertebral bone mass is substantlally
increased compared to her vertebral bone mass at the onset of therapy{' as
measured by dual energy X-ray absorptiometry (DXA). ]

Pharmaceutical Formulations
Pharmaceutical formulations of the present invention comprise a safe ‘and

effective amount of the non-naturally-occurring EP, agonist and a pharmaceuticaily

acceptable carrier. ;

The phrase "safe and effective amount”, as used herein means an am‘bunt
of a compound or composition high enough to significantly positively modify the
symptoms and/or condition to be treated, but low enough to avoid serious side
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effects (at a reasonable benefit/risk ratio), within the scope of sound medigal
judgment. The safe and effective amount of an agent for use in the method of the
invention herein will vary with the particular condition being treated, the age a| d
physical condition of the patient being treated, the severity of the condition, tbe

duration of the treatment, the nature of concurrent therapy, the particular agelnt

being employed, the particular pharmaceutically-acceptable excipients utilized, and
like factors within the knowledge and expertise of the attending physician. f
In addition to the compound, the compositions of the subject inventiPn
contain a pharmaceutically-acceptable carrier. The term "phannaceutica{ly—
acceptable carrier”, as used herein, means one or more compatible solid or liqlLid
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 commingled with the compound, and with each
other, in a manner such that there is no interaction which would substantially
reduce the pharmaceutical efficacy of the composition under ordinary use
situations. Pharmaceutically-acceptable carriers must, of course, be of sufficiently
high purity and sufficiently low toxicity to render them suitable for administrationi to
the subject being treated. |

Some examples of substances which can serve as pharmaceutically-
acceptable carriers or components thereof are sugars, such as lactose, glucose
and sucrose; starches, such as comstarch and potato starch; celiulose and its
derivatives, such as sodium carboxymethyl celiulose, ethyl cellulose, cellul&se
acetate; powdered tragacanth; malt; gelatin; talc; solid lubricants, such as stearic
acid, magnesium stearate; calcium sulfate; vegetable oils, such as peanut joil,
cottonseed oil, sesame oil, olive oil, corn oit and cil of theobroma; polyols such as
propylene glycol, glycerin, sorbitol, mannitol, and polyethylene glycol; alginic apid;
emulsifiers, such as the Tweens®; wetting agents such as sodium lauryl sulféte;
coloring agents; flavoring agents, excipients; tableting agents; stabilizers;
antioxidants; preservatives; pyrogen-free water; isotonic saline; and phosphate
buffer solutions.

The choice of a pharmaceutically-acceptable carrier to be used, in
conjunction with a compound is basically determined by the way the compouna is
to be administered. The non-naturally-occurring EP, agonist of the present
invention may be administered systemically, including transdermaily, orally and/or
parenterally, including subcutaneous or intravenous injection, and/or intranasally.

The appropriate amount of the agent, preferably non-naturally-occurring EP,
agonist, to be used may be determined by routine experimentation with ani%nal




- osteoporosis, as well as disuse models of osteoporosis.
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models. Such a model inciudes, but is not limited to, the intact and ovariectomized

i

- . > !
rat models of osteoporosis, the ferret, canine, and non human primate models| of

A preferred method of administering non-naturally-occurring EP, agonistsjs is
via transdermal delivery. Preferred transdermal dosage forms include transderrhal
patches, creams, ointments, gels and the like. Another preferred method) of
administering non-naturally-occurring EP, agonists is via subcutaneous injection in

"~ a unit dosage form. 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. Yet another preferred method| of
administering non-naturally-occurring EP, agonists is via subcutaneous implanJ or
other subcutaneous slow release dosage forms. ‘
Other preferred dose forms include nasal, rectal, sublingual, and oral.
Suitable carriers for injection or surgical implants include hydrogels, controlledl or
sustained-release devises, polylactic acid, and collagen matrices. Implant devices
may be coated with the non-naturally-occurring EP, agonist. The non-naturglly-
occurring prostaglandin EP, agonist may be dissolved in a buffer and may|be
mixed with a collagen gel which is then coated onto the porous end of the implant
device. |
Preferred oral forms include, for example liposomes, lipid emulsiqns,
proteinaceous cages and pharmacetutically-acceptable excipients. i
The term "pharmaceutically-acceptable excipients” as used herein incluIHes
any physiologically inert, pharmacologically inactive material known to one skilleih in
the art, which is compatible with the physical and chemical characteristics of ithe
particular active ingredient selected for use. PharmaceuticalIy-acceptéble
excipients include, but are not limited to, polymers, resins, plasticizers, ﬁlllars,
lubricants, binders, disintegrants, solvents, co-solvents, buffer systehs,
surfactants, preservatives, sweetening agents, flavoring agents, pharmaceutical
grade dyes and pigments.
The following non-limiting examples illustrate formulations of the subject
invention.
Example IV
Pharmaceutical formulations (compositions) in the form of tablets ‘are
prepared by conventional methods, such as mixing and direct compaction,
formulated as follows
Ingredient Quantity (mg per tablet)
17-phenyl-17-trinor PGE, 5
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Microcystalline Cellulose 100 [
" Sodium Starch Glycollate 30
Magnesium Stearate 3

The above tablet administered orally once daily for six months substantially

increases bone volume of a patient afflicted with Osteoporosis.

Example V
A pharmaceutical compasition in liquid form is prepared by conventionhal
methods, formulated as follows: !

Ingredient Quantity

17-phenyl-17-trinor PGE, 5mg
- Phosphate buffered physiologic saline 10 ml
: Methyl paraben 0.05 ml
* 1.0 mi of the above composition administered subcutaneously once daily, for
: six months substantially increases bone volume of a patient afflicted \)lith
id osteoporosis.

While particular embodiments of the subject invention have been described, ‘
it would be obvious to those skilled in the art that various changes and :
modifications to the compositions disclosed herein can be made without depa iing
from the spirit and scope of the invention.

What is claimed is:
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1. A method of increasing bone volume, comprising administering to a subje‘ict
a therapeutically effective amount of a non-naturally-occurring selective EP,

2. The method of claim 1 wherein the non-naturally-occurring EP, agonistJi is

selective for the EP, receptor over other excitatory prostaglandin receptors in a ratio
of at least 1:10.

agonist.

]

3. The method of claim 2 wherein the non-naturally-occurring EP, agonist is
further selective over all other prostanoid receptors in a ratio of at least 1:10. !

4, The method of Claim 3 wherein the non-naturally-occurring EP, agonist is
selective for the EP, receptor over other excitatory prostaglandin receptors in a rthio
of at least 1:20. I

i

5. The method of Claim 4 wherein the non-naturally-occurring EP, agonist is
further selective over all other prostanoid receptors in a ratio of at least 1:20. (

6. The method of Claim 5 wherein the non-naturally-occurring EP, agonilt is
selective for the EP, receptor over other excitatory prostaglandin receptors in a rfatio
of at least 1:50. ‘

7. The method of Claim 6 wherein the non-naturally-occurring EP, agoni!st is
further selective over all other prostanoid receptors in a ratio of at least 1:50. z

|
8. The method of Claim 7 wherein the non-naturally-occurring EP; agonistj isa

prostaglandin analog. |
|

9. The method of Claim 8 wherein the non-naturally-occurring EP; agonist is
administered transdermally. {

10.  The method of Claim 8 wherein the prostaglandin analog has the gegneral
formula: j

|
|
|
|
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wherein:

R, is CO,H, C(O)NHOH, CO,R,, CH,OH, S(O),R,, or C(O)NHR;;
characterized in that each R; is independently alkyl, heteroalkyl, carbocyclic
aliphatic ring, heterocyclic aliphatic ring, aromatic ring, or heteroaromatic ring;

Xis CH,, O, or N-OR,; wherein R, is hydrogen or lower alkyl;

e a is single bond, trans double bond, or triple bond;

each R, is independently hydrogen or lower alkyl,

Wis:

(@) [CRIR)Y-IC(R)(R:)-Z; wherein each R; is independently

hydrogen, lower alkyl, alkoxy, or halo; m is an integer from 0 to about 1, {n is

an integer from O to about 1; Y is, C(R:)}(Rs), O, NH, S or a covalent bfnd;

and Z is phenyl, thienyl, or furanyl, said phenyl, thienyl, or furanyi béing

unsubstituted or substituted with 1 or 2 halogens; or ’

(b) [C(Rs)(Rs)), -U-[C(Rs)(Rs)),; wherein R is as defined above; p is an

integer from O to about 3, q is an integer from about 1 to about 3, and p?+ q
is from about 1 to about 4; and U is C(Ry)(Rs), O, NH, or S; and ‘

any optical isomer, diastereomer, enantiomer of the above structure or a
pharmaceutically-acceptable salt, or bio-hydrolyzable amide, ester, or irf'lide

thereof. ;
|

11.  The method of Claim 8 wherein the prostaglandin analog is selected from the
group consisting of 17-phenyl-17-trinor PGE,, 9-methylene-9-deoxy PGE,, an;d 9-
methylene-9deoxy-16,16-dimethyl PGE,. /

12.  The method of Claim 8 wherein the prostaglandin analog is 17-pheny! trinor
PGE.,.
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13.  The method of Claim 12 wherein the 17-phenyl trinor PGE, is administered

transdermally. {
14. A method of increasing trabecular number, comprising administering toT a
subject a therapeutically effective amount of a non-naturally-occurring EP, agonist.

15.  The method of claim 14 wherein the non-naturally-occurring EP, agonist{ is
selective for the EP, receptor over other excitatory prostaglandin receptors in a ratio

“of at least 1:10.

16.  The method of claim 15 wherein the non-naturally-occurring EP, agonjsl is
further selective over all other prostanoid receptors in a ratio of at least 1:10.

17.  The method of Claim 16 wherein the non-naturally-occurring EP; agom's; is
selective for the EP, receptor over other excitatory prostaglandin receptors in a ratio

of at least 1:20.

18.  The method of Claim 17 wherein the non-naturally-occurring EP, agonist is
further selective over all other prostanoid receptors in a ratio of at least 1:20. ]

19.  The method of Claim 18 wherein the non-naturally-occurring EP, agoniit is
selective for the EP, receptor over other excitatory prostaglandin receptors in a r’htio

of at least 1:50.

20.  The method of Claim 19 wherein the non-naturally-occurring EP, agonist is
further selective over all other prostanoid receptors in a ratio of at least 1:50.

i

21.  The method of Claim 20 wherein the non-naturally-occurring EP, agoni_lst is

a prostaglandin analog. (

22.  The method of Claim 21 wherein the non-naturally-occurring EP, agonifst is |

administered transdermally. J

|
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! .23, The method of Claim 21 wherein the prostaglandin analog has the genefal

formula:

wherein:

R, is CO,H, C(O)NHOH, CO.,R,, CH,OH, S(O),R;, or C(O)NHRa;
characterized in that each R; is independently alkyl, heteroalkyl, carbocyclic
aliphatic ring, heterocyclic aliphatic ring, aromatic ring, or heteroaromatic ring; .

Xis CH,, O, or N-OR,; wherein R, is hydrogen or lower alkyl; i

a is single bond, trans double bond, or triple bond,; [

each R, is independently hydrogen or lower alkyl;

Wiis: 1
@) [C(R)R:)n-Y-IC(R)Re)I-Z; wherein each R; is independeLtly
hydrogen, lower alkyl, alkoxy, or halo; m is an integer from O to about 1, n is
an integer from 0 to about 1; Y is, C(Rs)(Rs), O, NH, S or a covalent bond;
and Z is phenyl, thienyl, or furanyl, said phenyl, thienyl, or furanyl being
unsubstituted or substituted with 1 or 2 halogens; or
(b) [C(R:)(Rs)], -U-[C(Rs)(Rs)],: wherein Rs is as defined above; p |s.I an
integer from O to about 3, q is an integer from about 1 to about 3, and p/+ q
is from about 1 to about 4; and U is C(Rs)(Rs), O, NH, or S; and
any optical isomer, diastereomer, enantiomer of the above structure or a
pharmaceutically-acceptable salt, or bio-hydrolyzable amide, ester, or ir}ride

thereof.

{
i

24.  The method of Claim 21 wherein the prostaglandin analog is selected from
the group consisting of 17-phenyl-17-trinor PGE,, 9-methylene-9-deoxy PGE,, land
9-methylene-Sdeoxy-16,16-dimethyl PGE,. :

|
25.  The method of Claim 21 wherein the prostaglandin analog is 17-phenyl b‘{inor
PGE,. i
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26.  The method of Claim 25 wherein the 17-phenyl trinor PGE, is administeled
transdermally. {

27. A method of treating a bone disorder, comprising administering to a subjel:t a
therapeutically effective amount of a non-naturally-occurring EP, agonist. J

i

- 28.  The method of claim 27 wherein the non-naturally-occurring EP, agonis,It is

selective for the EP, receptor over other excitatory prostaglandin receptors in a r";cxtio

of at least 1:10. j

* 29.  The method of claim 28 wherein the non-naturally-occurring EP, agonist is

further selective over all other prostanoid receptors in a ratio of at least 1:10. (
30. The method of Claim 29 wherein the non-naturally-occurring EP, agoniét is
selective for the EP, receptor over other excitatory prostaglandin receptors _ln a

ratio of at least 1:20.

31.  The method of Claim 30 wherein the non-naturally-occurring EP, agonist is

further selective over all other prostanoid receptors in a ratio of at least 1:20. j

32. The method of Claim 31 wherein the non-naturally-occurring EP, agonist is
selective for the EP, receptor over other excitatory prostaglandin receptors in a ‘!ratio

of at least 1:50.

33.  The method of Claim 32 wherein the non-naturally-occurring EP, agonist is
further selective over all other prostanoid receptors in a ratio of at least 1:50. |

34.  The method of Claim 33 wherein the non-naturally-occurring EP, agonist is

35.  The method of Claim 34 wherein the non-naturally-occurring EP, agonist is

a prostaglandin analog.

administered transdermally.
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36.  The method of Claim 34 wherein the prostaglandin analog has the genej‘ial

formula:

]
|
;

wherein: }
i

R, is CO,H, C(O)NHOH, CO,R;, CH,OH, S(O),R;, or C(O)NHR;;
characterized in that each R, is independently alkyl, heteroalkyl, carbocy:clic
aliphatic ring, heterocyclic aliphatic ring, aromatic ring, or heteroaromatic ring; }

Xis CH,, O, or N-OR,; wherein R, is hydrogen or lower alkyl; '

a is single bond, trans double bond, or triple bond; J

each R, is independently hydrogen or lower alkyl; (

Wis: i
(@) [C(Rs)(Rs)m-Y-[C(RsHRs)}-Z; wherein each R is independéntly
hydrogen, lower alkyl, alkoxy, or halo; m is an integer from O to about 1,in is
an integer from 0 to about 1; Y is, C(R:)(R;), O, NH, S or a covalent and;
and Z is phenyl, thienyl, or furanyl, said phenyl, thienyl, or furany! bging
unsubstituted or substituted with 1 or 2 halogens: or i
(b) [C(R:)Rs)], -U-[C(Rs)(Rs)),: wherein R; is as defined above; p is an
integer from 0 to about 3, q is an integer from about 1 to about 3, and ‘T +q
is from about 1 to about 4; and U is C(Rs)(Rs), O, NH, or S; and
any optical isomer, diastereomer, enantiomer of the above structure or a

pharmaceutically-acceptable salt, or bio-hydrolyzable amide, ester, or imide
i

thereof. [

37.  The method of Claim 34 wherein the prostaglandin analog is selected from ,

the group consisting of 17-phenyl-17-trinor PGE,, 9-methylene-9-deoxy PGE,, and
9-methylene-9deoxy-16,16-dimethyl PGE,. ‘

38.  The method of Claim 34 wherein the prostaglandin analog is 17-phenyl jrinor
PGE,.
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- transdermally.

41, The method of Claim 40 wherein the osteoporosis is post-menopausal

' 43.  The method of Claim 27 wherein the bone disorder is osteoporosis.

20

+ 39.  The method of Claim 38 wherein the 17-phenyl trinor PGE, is administered

40.  The method of Claim 38 wherein the bone disorder is osteoporosis.

0steoporosis.
|

42, The method of Claim 27 wherein the bone disorder is selected from the li
group consisting of: osteoporosis, osteoarthritis, Paget's disease, osteomalacia, an]

bone fracture. ;
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METHOD OF INCREASING BONE VOLUME USING
NON-NATURALLY-OCCURRING EP, AGONISTS

i

ABSTRACT OF THE INVENTION ;

The present invention relates to novel methods of increasing bone volJme
comprising the administration of a non-naturally-occurring selective EP, agonist to
a subject in need of such freatment. This invention further relates to a method of
treating or preventing bone disorders comprising the administration of a n‘on-

naturally-occurring selective EP, agonist to a subject in need of such treatment. |
t
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