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CROSS-REFERENCE TO RELATED PATENT APPLICATION
4

5  The present application claims priority under 35 USC section 119(e) to United States
Provisional application Serial No. 60/384,484:, filed May 31, 2002, which is incorporated
by reference herein as if fully set forth.

BACKGROUND OF THE INVENTION

1. Field of Invention

10 The invention relates to crystalline polymorphs of a polycyclic xanthine

phosphodiesterase ("PDE") V inhibitor.

2. Background

WO 02/24698, which is incorporated herein by reference in its entirety, teaches a
15 class of xanthine PDE V inhibitor compounds useful for the treatment of impotence. A
general process disclosed therein (page 75, line 6 to page 80, line 2) for preparing

xanthine PDE V inhibitor compounds having the formula (1) follows:

, O CHgPh , 0 CllH2R3
R N - . . R\ H
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(1) Q)
20 (i) reacting a compound having the formula (Ill) with an alkyl halide in the presence of

a base (introduction of R? or a protected form of R?);



, I ~ZI~ N~ON'R4A N"2 R (l) 20 (i) reacting a conpound having the
formula (I111) with an alkyl halide in the presence of a base (i Pq&%

of R2 Orvﬁ)@fxﬁt@ﬁt ed formof R2); WO 03/101991 23 FEB 200§ %‘g

(ii) (a) debenzylating and then (b) al kylating the corrpoun resu 'hg from
step (i) with an alkyl halide, XCH2R3; (iii) (a) deprotonating and then (b)
hal ogenati ng the conpound resulting fr%,m step (ii); (iv) reacting the
conmpound resulting fromstep (i ii) witlh an am ne having the fornmul a A 5
RANH2; and@gm) renovi n a protecting ?ortr on of R2, if 'present on

conpoufid ﬁgy'ﬁrle angitagn ?lr)wkv'é Ing the CRENOYRAJERYIIRGVIAN 49} Wrthul a
(). R, R2Z, R3 and R4 are each defined in WD 02/ 24698. WO 02/ 24698 ( pages
44 & 68- 73:)mfaﬂkyll halide,06CHg3%a synthesis for a specific 10 xant hi ne POE V

i nhi bi tor conpound identified ther er n as Conpound 13 or Conpound 114 of

Tabl e &) @W@naﬁngambﬁem 8§edat@igWe Sorfpdlimy eeduifing frdfR Sted (ii);

(hydr oxycycl opentyl)am no] - 3- (2- hydroxyet hyl )-7-1(3- brom) -et hoxyphenyl ) me
t hyl d
ot v {iEh (S8 1e BoMeRd sPadinGtomSERPUIw on PR HRRMGuRG b 900

tre ting e ﬁ%\@l ysfuncti on. However when nade accor dr ng to the pr ocess
rrbed 24698, Conpound 13 can exhi bit sone undesirable
propertr es with
(v) removing a protecting portion of R?, if present on the compound resulting from

step (iv) to form the compound having the formula (1).
R', R?, R® and R* are each defined in WO 02/24698.
WO 02/24698 (pages 44 & 68-73) further teaches a synthesis for a specific
10 xanthine PDE V inhibitor compound identified therein as Compound 13 or Compound
114 of Table ll. Compound 13 can be named as 1-ethyl-3,7-dihydro-8-[(1R,2R)-
(hydroxycyclopentyl)amino}-3-(2-hydroxyethyl)-7-[(3-bromo-4-methoxyphenyl)methyl}-

1H-Purine-2,6-dione:

Br
Q KQ' A\
T~ N H
j\ | )>—N OH
RS
OH
15 Compound 13.

Compound 13 exhibits good PDE V inhibitor activity {potency) and selectivity, and is
useful for treating erectile dysfunction. However, when made according to the process
described in WO 02/24698, Compound 13 can exhibit some undesirable properties with

respect to thermodynamic stability.



respect to thernodynamc stability. WO 03/101991 2 3 FEB 2005 o
PCT/ US03/ 16890 3 Pol ynor phi sm can be characterized as the ability) DfEg)nms
conmpound_to crystallize into different crystal forms, while_maintalning the
same cheMQ& 1% & il a. Pol ynorphs of a given drug substahtd @PE1®RENi cal Iy
i dentical in containing the same atons bonded to one another in the sanme
way, but differ in their crystal forns, which can 5 affect one or nore
physi cal properties, such as squbiIit?, mel ting point, bulk density, flow
properties, etc. It would be beneficial to inprove the thernodynam c
properties BPIYBPiRbIET c2B.be gharaggriged @sttheabijdy ptacompaind o ¢gysiallize
Compound 13 in a stable crystalline form which has consistent physical

pr oper iritedlifférbat crystahférars, sediksnaiotainingitie sanes ehamital Gorotler Podymbiphs,
which will becone apparent as the description progresses. SUWARY OF THE

| NVENT | | | i sEalihi drérpound 13.
A cr yg%lqu%ea@gﬁluryos?{)hh&{:éa}E be ilg%\nr?ft ﬁeihegalb'b c{b?léﬂginﬁggé?m%%t diffraction

mvent POfRARY B8 P8 andtaria Y Fhm@ ey il PAteFan heis SRR BBARE fibas3Re o o

,>-NH OHNOH 13 23 FEB 2005 . . . .
5 affect one or more physical properties, such as solubility, melting point, bulk density,

\
flow properties, etc.

It would be beneficial to improve the thermodynamic properties of Compound 13.
it would further be beneficial to produce Compound 13 in a stable crystalline form,

which has consistent physical properties. The invention seeks to provide these and

10  other benefits, which will become apparent as the description progresses.

SUMMARY OF THE INVENTION
The invention provides two crystalline polymorphs of Compound 13. A
crystalline polymorph can be identified by its x-ray powder diffraction pattern expressed
15 interms of "20 Angles (°)."
One aspect of the invention provides a crystalline polymorph Form 2 of

Compound 13:
Br

OH 13



WO 03/ 101991 PCT/ US03/ 16890 4 that exhibits an x-ray powder diffraction
pattern having characteristic peak locations of 8.1, 11.3, 17.2, ang 62%052
degrees 20 +/-0.5 degrees 20. Another aspect of the invention provid 0

crystall rph Form 2 of Conpound 13, which exhi ay powder
di ffract\!lvgﬁt' 'ga %/{enr)n havi ng characteristic 5 peak Pﬂé@yﬁvgﬁgw of " 8. 1,

11.3, 13.1, 15.3, 16.1, 17.2, 17.6, 18.9, 20.9, 21.8, 22.2, 23.4 24.1, 25.8
and 30.6 degrees 20 +/-0.5 degrees 20. 4 Anot her aspect of the invention
provi des crystalline polynorph Form2 of Conpound 13, which exhibits an

x-ray powder diffraction rn,subs ant al | he sane. as the x-ray_powder
diffr atg?t SHibis ?@rxnraé’ rFf i’%aé“ b?wé‘§ Brigic peak |acabAns 6h

provi des crystalline pol ym)rph Form 2 of Conmpound 13, which exhibits a
di f f er&nt 148, $€¢@nrnd@2Aldegrenst 2§ +pAt5 degreesi@t antially the sane as the
differential scanning calorinmetry pattern shown in FIG 2. The invention

conpri ses POAABF QQp&ﬁrdPtt?e HveHOBR QdAS cARaIRMY pbRABYbh Forth 2 ofhant i oner,

stereoi soner, rotoner and tautoner, thereof. 15 Another aspect of the

ex bi e BRURY iy Sﬁgﬁtﬁtfﬁd&vf@t f?f%%téo%egeiftﬁﬁﬁféﬁiqn%f%we%t%ak
| ocations of 7.3, 9.2 and 23 f ? 12) 5 de% ees 20. Anot her aspect
of 5t hePaakJeratiass ¢h&di dds d y1st1z§| it T?m&?&ﬂﬁo‘? 09218 RApodAd

whi ch exhibits an x-ray powder dlffractlon pattern having characterlstlc 20
peak |Bkat2®mBsamf30.63edbeds 20.42-0. 8 dedreebd28, 15.0, 15.4, 16.5, 18.8, 20.2,
20.9, 24.0, 25.8, 26.4, 27.2, 27.6, 29.3, 31.9 and 34. 6 degrees 20 +/ - 0.5

degrees 20. At‘?&ﬂéhﬁ%pé’&ﬁﬁ%e fivehign oPNABES BR/SRAIRYE § m@ ﬁtffﬂrm Py pol ynmor ph

Form 1 of Conpoun whi ch exhibits an X-ray p |ffract|on pattern

oSt kBl o i BT 0l e Sl P SRS R e P
Vet N5y sowder diftraction pattam SRowhin F1Gs.!
10 Another aspect of the invention provides crystalline polymorph Form 2 of
Compound 13, which exhibits a differential scanning calorimetry pattern substantially
the same as the differential scanning calorimetry pattern shown in FIG. 2.
The invention comprises polymorph Form 2 of Compound 13 and any isomer
e.g., enantiomer, stereoisomer, rotomer and tautomer, thereof.
15 Another aspect of the invention provides crystalline polymorph Form 1 of
Compound 13 that exhibits an x-ray powder diffraction pattern having characteristic
peak locations of 7.3, 9.2 and 20.2 degrees 206 +/-0.5 degrees 20.
Another aspect of the invention provides crystalline polymorph Form 7 of
Compound 13, which exhibits an x-ray powder diffraction pattern having characteristic
20 peak locations of 7.3, 8.4, 9.2, 12.7, 14.3, 15.0, 15.4, 16.5, 18.8, 20.2, 20.9, 24.0, 25.8,
26.4, 27.2, 27.6, 29.3, 31.9 and 34.6 degrees 26 +/-0.5 degrees 20.
Another aspect of the invention provides crystalline polymorph Form 1 of
Compound 13, which exhibits an x-ray powder diffraction pattern substantially the same

as the x-ray powder diffraction pattern shown in FIG 6.



Conmpound 13, which exhibits a differential scanning calorinmetry pattern
substantially the sane as the differential scanning cal orimetry pattéBmis

shown i ggjra(%@weg}'ge invention conprises polynorph Form | gépig@wg%d 13 and

any iso enanti omer, stereoisonmer, rotonmer an

thereof . O her aspects of the invention conprise pharnmaceutically-acceptable
conpositions prepared fromthe inventi §e pol ynor phs. “The inventive conpounds
can be useful for treating a variety di seases, syrrptoms and

physi ol ogi cal di sorders, such as sexual dysfunctl on gfhE i npotence). 10 A
RME©o

further undénethaicasngebef ‘thﬁé”V*PW@ﬂIPTQH'%SIqry%i@”'ﬁ‘&qulY’@ﬁf 8171 ¥wi ng

drawi ngs, description and clains. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1
is a gCaphpaindah3 whiah exbiisra diffeferdal scanmiag tcatorirétrg pgiéal $ubstamailynor ph
15 Form 2 of Conpound 13 crystallized fromacetonitrile. The graph plots the
| nt ensife/ sQne és'“lﬁelitﬁﬁ’éﬁ%nﬁél SRIneslcAldrie Ry fatkeh shEGANA Mergus the

diffraction angle 2 in degrees The sanpl e was unm croni zed and not

packed in t%eﬁwnhedrﬂsﬁse yfiRfoh, HE 1 SEOBRAIRIN nFaag bl 7l ex

di ffractometer scanning ¢ I orinetry

attern of stalll e hlformz of d 13 crystallized from
gc onletgrP'éaX %ﬁ%?PEI%yE%E@%%aP%W?HWﬁ@% fnow in uﬁl ts of

Watts/gram ("Wg") versus t he nmeasured sa enperature in degrees C
FIG 3 is aQjhapaspdctanf therinyepinnieomarise p atmaﬂetpimajfemcepta@f@st alline
pol ymorph Form | of Conpound 13 crystallized from net hanol /water. The graph

pl ots tbmpdsitiohEpréfded fifndBe iHdile POM&QBS 1 63R0INGentive emrapbyndd came
peaks as defined by counts per second versus the diffraction angle 2 6 in

degreege ugé‘?uf?t@r”i?éﬁtu‘@é g’éﬂ@l%ﬁﬂ]& a{&‘ésagﬁm’@%mé’%ﬁp sfbl%@@aﬁﬁ%@r@@u@ﬁr

The data were genera on‘a Rg I ex ter is a

graph oqf a lorimetry pattern of crystalline 5

pol ym)@8ﬁ%ﬁg%1#§f§¢ét@$0%h%§gn§@st allized fromnethanol / water. The
raph pl ot

J 16) PLots A further understanding of the invention wiil be had from the following drawings,

description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a graph of an x-ray powder diffraction pattern of crystalline polymorph
15  Form 2 of Compound 13 crystallized from acetonitrite. The graph plots the intensity of
the peaks as defined by counts per second versus the diffraction angle 2 6 in degrees.
The sample was unmicronized and not packed in the sample holder. The data were
generated on a Rigaku MiniFlex diffractometer.
FIG. 2 is a graph of a differential scanning calorimetry pattern of crystalline
20 polymorph Form 2 of Compound 13 crystallized from acetonitriie. The graph plots the
normalized heat flow in units of Watts/gram ("W/g") versus the measured sample
temperature in degrees C.
FIG. 3 is a graph of an x-ray powder diffraction pattern of crystalline polymorph

Form 1 of Compound 13 crystallized from methanol / water. The graph blots the



the normalized heat flowin units of Watts/gram ("M g") versus thg rre_aﬁwed
sanple tenperature in degrees C. FIG 5 is a graph of an x-ray ﬂ ' v

di ffract] rn of crystalline polynmorph Form 2 of
MRRTE! oot onr Ve L P o BEBSUBH, e

crystallize om acetonitrile. The graph plots the intensi

peaks as defined by counts per second versus the diffraction angle 2 0 in
degrees. The data were generated on Bruker D8 diffractoneter. FIG 6 is a
graph of an x-ray powder diffraction pattern of crystalline polynorph Form
| of Conpound 13 crystallized fromisopropanol/water. The graph plots the

i nt enshtgnssy of the pedksangdetiesd R EMPtcRRINEsopE vessi the diEfragtiontangle 2 6
diffraction angle 2 0 15 in degrees. The data were generated on a Bruker D8

di f f r datdepées.. TRESAMEDWASSCRhIETOKIREdAand sed pablostin thedsdrnpleugiidert The
specification, the following terns, unless 20 otherw se indicated, shall be

under 5&&9%&%@ d@ﬁﬁ/@tﬁ@r‘?r{ﬂdi@ﬂmmw{?md]ﬂﬁéct&ﬁéfér.e”t " includes both human and

ot her ani ma i nCl udes hunans and ot her nmammal i an ani mal s.

"Al kyl" nme . al i t] 3 i e raj_ght or

br anched aﬁ@'%c%ra% QH%E’S’ (ifcq g'*% é;rﬁtfarl gég%’ﬁf'%ﬁ"’m% %K?ﬁ?i@%ﬂ’ Bref erred
al kyl 23 FEB 2005 WO %/ 101991 PCT/ U 0_3/&?890 7 8r oups cong_gi n 1 to about
12 ScarRRIMMRIRIhEOI h #fdemapHnd ey @ypipdized fam methinglotater: doRtgrah plats
about 6 carbon atons in the chain. Branched neans that one or nore |ower

al kyl theoupmaiined hast fhew liry Linite oh¥ atts/gnamo fYW/9" pvarsas tae hehsucedisainpiear  al kyl
chain. The al kyl group can be substituted by one or nore substituents which

may beehiperatuie irbdegre@sf@erent. Non-limting exanples of suitable alkyl
groups include nethyl, ethyl, n- propyl, isopropyl, n-butyl, t-butyl,

n-pentyl, hejpi ¥ is &Q%ﬁyiqfdﬁ?ﬂray Eb%épgﬁﬁgéibn péﬁérﬁ'&%@%%h%ﬁp@ i ng

cycl opropyl et hyl". means” an aromati c nonocyclic
system.conpri.sing abo 6 . t 14 carban Qns referabl.y, about .6 to
ahout OB 13 ey A8 Hogt BesiBRae, o i BrasRupl BRutiens Y BE i
one or nore ring systemsubstituents which may be the sane or different.
NJR- | i thietnaalis @sadaiined f caunts Her seeend vesisuapbe difpokien angle 2 8 in degrees.

The data were generated on a Bruker D8 diffractometer.

FIG. 6 is a graph of an x-ray powder diffraction pattern of crystalline polymorph
Form 1 of Compound 13 crystallized from isopropanol/water. The graph plots the

intensity of the peaks as defined by counts per second versus the diffraction angle 2 6

15 in degrees. The data were generated on a Bruker D8 diffractometer.

DETAILED DESCRIPTION
As used above, and throughout the specification, the following terms, unless
20 otherwise indicated, shall be understood to have the following meanings:
"Patient” includes both human and other animals.

“Mammal” includes humans and other mammalian animals.

"Alkyl" means an aliphatic hydrocarbon group which may be straight or

branched and comprising 1 to about 20 carbon atoms in the chain. Preferred alkyl



phenyl and naphthyl. "Polynorph" means a crystalline formof a substance
that is distinct from another crystalline formbut that shares Zt3He Bsidie

chemi cal ‘{0053?1}!}@1 15 "Rel ative Intensity"” neans the i ntenﬁkiryﬁls@}ﬁgﬁeak

rel ative" ntensity of the |argest peak neasured i powder
diffraction analysis. The relative intensity can be calculated as either
the ratio of the heights of the peaks (nmeasured in counts per second) or
the ratio of the areas of the peaks. Relative intensity data presented

hereln are calculated as the ratios of the heights of ]h ﬁ )
" Ant i - SEIUREEON tapahto abauytpls GHY enta}tem'@ahtﬁ;éaamh&ﬂog6m&% qrfetdﬁ ky! EHOBB$ ute in

a solvent. "c-GW" neans cyclic guanosi ne nonophosphate. "Al cohol" neans an
or gani coutainpddn ébouhb sarbargatens iy beydhaiy. @ranch@HmeansNhat phe'ompsore an
or gani ¢ conpound containing a -C=-N group. WD 03/101991 PCT/ US03/ 16890
23 FEBi{dtalRyl gr&apeslichagnsetayl, et tFrW@@&Q@U&O@lﬂmaﬁmlmﬁ%ﬂ?
en

group, wherein the R s are indepen y al kyl or aryl and the parentheses

s S L oS S I S R,

organi c co ontarning a ca ony grou wo al kyl

R O B

organl ¢ conpound consi sting of carbon ahd hydrogen. 10 Pol ynor phs of
ConpouREPPYS IERRREeYH &~ tltgytgér%uash pentyl dtentﬂagonylmﬂe@ylsﬂuwemaihyst alline
pol yrnorphic forns, each having distinct physical properties. These two
di f f er &ifluocomstigl bhd@yp!obwmﬂrpleﬁt}mf Conpound 13 have been identified as
Form1 and Form 2. Forns | and 2 of Conpound 13 can be characterized by

X-ray powderagifieans 'atﬁrbréﬁia@@ mdno@ch@ of FsLilfdyché rinadyaterflidohfirRifd about
scanning calorinetry (FIGS and .
6 to about 14 carbon atoms, preferably about 6 to about 10 carbon atoms. The aryl

10 group can be optionally substituted with one or more ring system substituents which
may be the same or different. Non-limiting examples of suitable aryl groups include
phenyl and naphthyl.

“Polymorph” means a crystalline form of a substance that is distinct from another
crystalline form but that shares the same chemical formula.

15 “Relative Intensity” means the intensity of a peak relative to the intensity of the
largest peak measured in an x-ray powder diffraction analysis. The relative intensity
can be calculated as either the ratio of the heights of the peaks (measured in counts
per second) or the ratio of the areas of the peaks. Relative intensity data presented
herein are calculated as the ratios of the heights of the peaks.

20 “Anti-solvent” means a substance that reduces the solubility of a solute in a
solvent.

“c-GMP” means cyclic guanosine monophosphate.

“Alcohol” means an organic compound containing a hydroxyt group (-OH).

“Nitrile” means an organic compound containing a -C=N group.



Anal ytical Methodol ogy for Chemical Identification of Polynorphs; Sampy es of
the two polynorphs - Forns 1 and 2 of Conpound 13 - were analyzed as dry
powder s roaXat powder diffraction ("XRPD') and differ j ning 20
cal orine ?'3?3(&0][5%') anal yses. The sanples were anal yzed \?\ﬁﬂﬁ%ﬁgﬁﬁl
preparation to prevent any form changes. The sanples_were lightly rubbed to
insure that particles were not clunp together. No solvents, drying or

ot her preparation steps were used for~these analyses'. The XRPD and DSC
data can each uniquely identify Forms | and 2 of_ Conpound 13. 23 FEB 2005
WO 03/ 10199 EstrTmesns/anceragnts COMpgHRd copRiINreBNIRG(§ 1eR diere. waerain el
using a variety of analyzers. Sonme of the sanples were mcronized, while

ot her R'vare imigpendeetly atkybbr anhaoddhe pasenbssesrindicats tinaf theRingideaed O is

M ni Flex(r) diffractonmeter (manufactured in 1999) that rotated the specinen
at 54 drwmpdrigeasonge grinute ("rpm') to reduce preferred orientations of the _
5 crystals. The pol ynorph sanples were supplied in powder form and were

pl aced ont o G = : ] pl at e
using a handK%hJe d%ﬁ%%%faﬁ&rwg%%nﬁﬁ%ﬁ%%%@%% Ei crssggmd}@ licon
standard used to check peak position accuracy. The sanples were exposed
toganﬁt@?ﬁgédﬂ ?iaﬁﬁyégmﬂpé'x-ray patterns presented in FIGS. 1 and 3 are
filtered with a ni ne-point Savi t_zky;GoI‘ay parabolic filter, 10 but otherw se
are essent i"ExEipigrdwmnsans anressantiaby thest sidstanerinsed 86 aedituas ooto givie- a2  peak
removal . The counts presented on the y-axes of FIGS. 1 and 3 plots are in
uni t s foh ot @sntistgrely te @dfondulatioa. i nstrunent uses a vari abl e di vergence slit
with a 0/2 0 scan axis configuration. The intensity of the peaks (y-axis is

i n counts panyREeaidh" hiedisodr 6Fbaﬁ!@ﬁéh#?ohh6 cOfsidfIgh ®f CArsBH &nd ﬁxbr‘bg‘é‘ﬁgr ees
20). The data of FIGS. 1 and 3 were plotted 15 wth detector counhts
normal i zed for the collection tinme per step versus the 20 angle. The data
wer e eval uated using JADE S pattern processing software version 5.0 from
M‘a'berials Data Inc. ("MDI™) The sof t e autom;il ically does a final
fi'lMtering, fits a backgroure; O rea and hei ght of each

peak. The relative peak intensities are calculated using a ratio of the
hei ght of a@ehpbepdnBasnsadt ih @t tdwst wbd @itin20 coktdlie pelygaaphidakmsrasur ed.

The rel ative peak intensities used were directly equal to
each having distinct physical properties. These two different crystalline polymorphs of
Compound 13 have been identified as Form 1 and Form 2. Forms 1 and 2 of

Compound 13 can be characterized by x-ray powder diffraction (FIGS. 1, 3, 5 and 6)

15 and/or differential scanning calorimetry (FIGS. 2 and 4).

Analytical Methodology for Chemical Identification of Polymorphs

Samples of the two polymorphs - Forms 1 and 2 of Compound 13 - were
analyzed as dry powders for x-ray powder diffraction ("XRPD") and differential scanning
20 calorimetry ("DSC") analyses. The samples were analyzed with minimal preparation to
prevent any form changes. The samples were lightly rubbed to insure that particles
were not clumped together. No solvents, drying or other preparation steps were used
for these analyses. The XRPD and DSC data can each uniguely identify Forms 1 and

2 of Compound 13.



the filtered counts per second of the raw data. Form 2 of Conpo r1£o|é§:q &fl G
1) and Form | of Conpound 13 (FIG 3) each exhibited unique X b il .
X-ray po% diffraction is discussed in the Encycl opedi a d Anal ytic -
sci ence, "AHAYSWnshend, ed., 23 FEB 2005 WD 03/ 101991 PCYFHi85%YHé%b0 10
vol. 9, pp. 5585-5593, Academc Press, London (1995), which is incorporated
herein by reference. Using the R gakugM ni Flex(r) diffractometer and the
above-descri bed nethods, it was found”that crystalline polynorph Form 2 of
Conpound 13 exhibits an x-ray powder 5 diffraction pattern as showmn in FIG
1. The rel aﬁuwbm@r?éﬁi?ﬁe@aéyﬁquerezee%@n@d Hstngtd yadelyrofianalyaess- &2ereei st i ¢
peaks of FIG 1 are displayed in TABLE 1. TABLE 1: Form 2 of Conpound 13 20
Angl e ¢ffiRelssnnples weremsictonized, Retilt dtherd weemsot. yOHei sgh Df (rResskirSneatsovhs
8.4431. 1S 11.543. 6VW 13. 3613. 9M 15. 565. 2W 16. 42100. 0S 17. 4428. 3S 17.9220. 3S

%Z- ig%@’%‘g %01GQ§M RANFIAC. dilttardomiict (AMrRadre PUNWDI thaletatMY the

specimen at 54 revolutions per minute (" rem ") to reduce preferred orientations of the
5 crystals. The polymorph samples were supp\lied in powder form and were placed onto

a face of a Si-coated low background scatter aluminum plate using a hand held dowel
with a minimum of force. A crystalline silicon standard was used to check peak position
accuracy. The samples were exposed to ambient conditions. The x-ray patterns
presented in FIGS. 1 and 3 are filtered with a nine-point Savitzky-Golay parabolic filter,

10  but otherwise are essentially raw pattemns without a background correction or a K-a2
peak removal. The counts presented on the y-axes of FIGS. 1 and 3 plots are in units
of counts per second. The instrument uses a variable divergence slit with a 6/2 0 scan
axis configuration. The intensity of the peaks (y-axis is in counts per second) is piotted
versus the 20 angle (x-axis is in degrees 20). The data of FIGS. 1 and 3 were piotted

15  with detector counts normalized for the collection time per step versus the 26 angie.
The data were evaluated using JADE® pattern processing software version 5.0 from
Materials Data Inc. ("MDI"). The software automatically does a final filtering, fits a
background, and measures the area and height of each peak. The relative peak
intensities are calculated using a ratio of the height of each reported peak to the height

20  of the largest peak measured. The relative peak intensities used were directly equal to
the filtered counts per second of the raw data. Form 2 of Compound 13 (FIG. 1) and
Form 1 of Compound 13 (FIG. 3) each exhibited unique XRPD patterns. X-ray powder

diffraction is discussed in the Encyclopedia of Analytic Science, Alan Townshend, ed.,



26. 0418. 4M 26. 4012. 3M 27. 345. 1W 27. 863. OVW 28. 582. 2VW 29. 086. 4W 29. 7411. 2M
30. 485. 5W 30. 8843. 2S 31. 622. 2VW 32. 143. 1W 32. 687. 6W 33. 028. 7W 337 8252 WD°

34. 684. 01991 23FEB2005 PCT/ US03/16890 11 5 10 3
36. 303. g\%/\@}g‘%%‘zlt 6W 38. 447. OWD 38. 863. 4VW 39. 282. 1VW 40. diti‘zg(@(@/i?o 481. VW
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Using the Rigaku MiniFlex® diffractometer and the above-described methods, it
was found that crystalline polymorph Forn; 2 of Compound 13 exhibits an x-ray powder
5 diffraction pattern as shown in FIG 1. The relative intensities and the 26 angle
locations of the characteristic peaks of FIG 1 are displayed in TABLE 1:

TABLE 1: Form 2 of Compound 13

20 Angle (°) Relative Intensity (% Relative Intensity
Height) {Peak Strength)

8.44 31.1 S
11.54 3.6 VW
13.36 13.9 M
15.56 5.2 W
16.42 100.0 S
17.44 28.3 S
17.92 20.3 S
19.18 15.2 M
21.20 12.8 M
22.12 10.1 M
22.50 13.9 M
23.06 2.8 VWD
23.70 15.3 M
24.46 50.1 S
25.70 16.5 M
26.04 18.4 M
26.40 12.3 M
27.34 5.1 W
27.86 3.0 VW
28.58 2.2 VW
29.08 6.4 W
29.74 11.2 M
30.48 5.5 W
30.88 43.2 S
31.62 2.2 VW
32.14 3.1 w
32.68 7.6 W
33.02 8.7 w
33.82 52 WD
34.68 4.3 w




42.882. OWD 43. 766. 2W 44. 764. 1W 45. 402. 3W\D 45. 823. 2VW\D 46. 723. OVW D
47.443. 5VW D 48. 681. OVW D 49. 608. 9W wher ei n peak strengths categps rgeiis

rel ative_in ities according to the followi ng schene: ' tron

(20. 0- 103.00@5;%:?/% s Medium (9.0-19.9%; Wis Wak (4.0-8. g@j’?m%\’/\ﬂ??‘g Very
Weak (0.1-3.9%; and WD is Very Wak and Diffuse (broad). Using the Ri gaku

M ni Fl exrdi ffractoneter and the above-gdgescribed nethods, it was found that
crystalline polynorph Form 1 of Conpou 13 exhibits an x-ray powder

diffracti.on pattern as shown-FIG 3 The relative intensities and the 20
angl e | otations35d® the characterisfi% peaks of FIG 3 Ve displalyed in TABLE
2: TABLE|2: For 8680f Conpound 13 28.9ngl eRel alive Int¥Wéity Rel ptive
Intensity (% HeBEM® (Peak Strength)4® 48100. 0S| 8. 520. 9WW 9. 3611, 'M
12. 8464. 14. 448 4D 15. 102. 7VWD Wp @3/ 10199112 PCIT {93/ 16890 15. 522. 2VW\D
16. 5813. 2t 38.86 34 VW

39.28 2.1 vw

40.04 1.1 VWD

40.48 1.9 VW

41.08 85 W

41.72 3.7 W

42.88 2.0 wD

43.76 6.2 W

44.76 4.1 W

45.40 2.3 VWD

45.82 3.2 VWD

46.72 3.0 VWD

47.44 3.5 VWD

48.68 1.0 VWD

49.60 8.9 w

wherein peak strengths categorize relative intensities according to the following
scheme: S is Strong (20.0-100.0%); M is Medium (9.0-19.8%); W is Weak (4.0-8.9%);

VW is Very Weak {0.1-3.9%); and VWD is Very Weak and Diffuse (broad).

5
Using the Rigaku MiniFlex® diffractometer and the above-described methods, it
was found that crystalline potymorph Form 1 of Compound 13 exhibits an x-ray powder
diffraction pattern as shown FIG. 3. The relative intensities and the 20 angle locations
of the characteristic peaks of FIG 3 are displayed in TABLE 2:
10 TABLE 2: Form 1 of Compound 13
26 Angle Relative Intensity Relative Intensity
(°) (% Height) (Peak Strength)
7.48 100.0 S
8.52 0.9 VW
9.36 11.7 M
12.84 64.8 S
14.44 4.8 wD
15.10 2.7 VWD




19. 0235. 8S 20. 3414. 4M 21. 004. 7W 21. 944. 1W 22. 703. 1VWD 22. 98. 5\\D 24. 147. 8W
25. 043. 1V\D 25. 8421. 8S 26. 404. 5W 27. 325, 8W 27. 748. 4W 28. 784. 5W | ¥ 20E208° 9OM
30. 401. %ﬁé §§3 4W 33. 024. 3W 33. 665. 1W 34. 635. O\WD 37. 24(3 3VWD 38.121. 7VW\D
40. 464. 8 NEWET 1W 45. 442. 3WD 47.522. 3WD wherei n peak st TeHGPHE68Me
categori zed according the schenme descri bed above. The XRPD anal yses were
repeated using different analytic equi@mant. Ri gaku DMAX 2200 and Bruker D8
diffractometers were used to collect tlhe XRPD data. In 5 these anal yses, the

sanpl es were packed into the reduce

measur ement|_error 104 night [result £rom unevenh sanplMVEurfaced or

i nconsi st ent sanmpl18.9&i cknesses. 13.2 M
19.02 358 S
20.34 14.4 M
21.00 4.7 W
21.94 41 W
22.70 3.1 VWD
22.98 45 WD
24.14 7.8 W
25.04 3.1 VWD
25.84 21.8 S
26.40 4.5 W
27.32 5.8 W
27.74 8.4 W
28.78 4.5 wD
29.20 9.9 M
30.40 1.2 VWD
32.08 3.4 w
33.02 4.3 W
33.66 5.1 W
34.63 5.0 WD
37.24 3.3 VWD
38.12 1.7 VWD
40.46 4.8 w
41.94 5.1 W
45.44 2.3 wbD
47.52 2.3 WD

wherein peak strengths are categorized according the scheme described above.

The XRPD analyses were repeated using different analytic equipment. Rigaku
DMAX 2200 and Bruker D8 diffractometers were used to collect the XRPD data. In

5 these analyses, the samples were packed into the sample holders in such a way as to

reduce measurement error that might result from uneven sample surfaces or
inconsistent sampie thicknesses.

The Rigaku DMAX-2200 diffractometer (manufactured in 1998) was operated
with a take-off angle of 6 degrees and automatic, variable divergence slits. The beam

10 width was 20 mm. The apparatus uses a graphite monochromator and a scintillation



The Ri gaku DVAX- 2200 diffractoneter (manufactured in 1998) was operated
‘with a take-off angle of 6 degrees and automatic, variable divergenggjglits.

The bea i,di h was 20 mm The apparatus uses a graphi onmat or
and a scrqvﬁg"?’llwgg‘uton WO 03/101991 2 3 FEB 2005 PCTI US03/ 1%@8@9‘%2‘%%et ector.

During scanning, the step size was 0.02 degrees over a step duration of 0.3
seconds. Scanni ng speed was 4 degrees r mnute. The sanple spin rate was
40 rpm The Bruker D8 diffractoneter (‘hmanufactured in 2002) has a parall el

optic A5 configuration with a GOBEL beam focusing mrror and a PSD

det ect 7teel®ni PHEAIGCARNES: the Sleprsize yias 0.84 degress SYER/\%@QPS@%FB\HPNP“QH?’ Ant on
Paar TTK450 tenperature stage. The divergence slits are fixed at 0. 6mm The
sanpl esenginder Sgasningt speddoads dgdégrass per ovkute. Sphe sampie epingatewakdd usi ng a
gl ass m croscope slide. The sanpl e chanber was not purged, not heated above
30 degrpnf: and not under vacuum Instrunent calibration 10 was verified
using mca standards. During scanning, the step size was 0.013 degrees over

step duratipnspafkdds Gl?ﬁa&oﬁwe‘igr_c@ﬂgﬁ%fsgﬁrg%%ggﬁj h&s %ﬁ%rﬁﬁé‘l@[ﬁ%i shed using

EVA anal ysi s software, version r'uker witten by SOCABI M
(r). The ., data were fl ed with a .Fast. Fourier t.hi rogra 0. 000 x
)5 TSRt e P EEL ediniBrdsind Raing? AhHE PSR eBcl BB G 15
Exanpl es of XRPD data col |l ected using the Bruker D8 are presented in

FI GURES B! radligl golleislit wagrusedpith gatArlopdaa T Ho#9R tempaature stagpedbevel .
Peak | ocations frompatterns generated on the three instrunents descri bed

above diverggnceslitsiare TedeHest (B6aimal The Fabhpde Boderwakes tppddading drasmbldaka from
five exanples of XRPD patterns generated fromForm 1l sanples. The | ocations

of ni ngpe@merBaveaelEVdIed LSt a BRAISSMATEs dpRSSIee dTHO Eafpid cRXABBl fas iR peak
| ocation data for each characteristic peak are further analyzed for average

o0 AN AGRARRSye SN IR o, PRt RGRCofitioh 1o

10  was verified using mica standards. During scanning, the step size was 0.013 degrees
over step durations of 0.1 and 0.5 seconds. Data smoothing was accomplished using
EVA analysis software, version 7.0, supplied by Bruker® written by SOCABIM ®. The
data were filtered with a Fast Fourier smoothing program (20.000 x 1). The radiation
sources for all three diffractometers are copper (Ka).

15 Examples of XRPD data collected using the Bruker D8 are presented in
FIGURES 5 and 6, which are XRPD patterns for Forms 2 and 1, respectively. Peak
locations from patterns generated on the three instruments described above are given
in Tables 3 and 4. Table 3 provides peak location data from five examples of XRPD
patterns generated from Form 1 samples. The locations of nineteen characteristic

20 peaks are presented for each example. The peak location data for each characteristic
peak are further analyzed for average and standard deviations. Table 4 provides
similar peak location data from six examples of XRPD patterns generated from Form 2

samples. The sample-to-sample variation is generaily about +/-0.5 degrees 20,

preferably about +/-0.3 degrees 20.
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Referring to Table 3, peak numbers 1, 3 and 10, having average peak iocations
at 7.3, 9.2 and 20.2, respectively, are representative of Form 1. Referring to Table 4,
peak numbers 1, 2, 6 and 11, having aver‘?ge peak locations at 8.1, 11.3, 17.2 and
5 22.2, respectively, are representative of Forn: 2. Peak numbers 7, 9 and 12 of Form 1,
have average peak locations of 15.4, 18.8 and 24.0. These appear to roughly coincide
with peak numbers 4, 8 and 13 of Form 2.
The DSC instrument used to test the polymorph samples was a Perkin-Elmer®

model Pryis 1 {manufactured in 1989), which came equipped with a refrigerated cooling

10  system. The DSC cell / sample chamber was purged with 40 mL/min of ultra-high
purity nitrogen gas. The instrument was calibrated with high purity indium. The
accuracy of the measured sample temperature with this method is within about +/- 1°C,
and the heat of fusion can be measured within a relative error of about +/- 5%. The
samples were placed into a standard Perkin-Elmer aluminum DSC pan without a lid.

15  Between about 3 mg and about 6 mg of polymorph sample powder was placed into the
bottom of the pan and lightly tamped down to make contact with the pan. The weight of
each sample was measured accurately and recorded to about a hundredth of a
milligram. The instrument used an empty reference pan. The instrument was
programmed to hold the sample at about 30 °C for about 1 minute before starting a 10

20  °C/min dynamic heating ramp to about 300 °C. The data were reported in units of
"Watts/gram,” which reflects the heat flow normalized by a sample weight. The
normalized heat flow was plotted versus the measured sample temperature. The plots
were made with the endothermic peaks pointing up. The endothermic melt peaks were

evaluated for extrapolated onset and end (outset) temperatures, peak temperature, and
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heat of fusion in these analyses. The melt temperature and the heat required to melt a
sample were unique for Form 2 of Compound 13 (FIG. 2} and Form 1 of Compound 13
(FIG. 4). Differential scanning calorimetry is discussed in the Encyclopedia of Analytic

Science, Alan Townshend, ed., vol. 9, pp. 5155-5160, Academic Press, London {1995),

a
5 which is incorporated herein by reference.

t
FIG. 2 shows a DSC pattern graph for Form 2 of Compound 13. This graph
shows an endotherm beginning at 165.300 °C and ending at 171.729 °C, which

corresponds to the polymorph’s melting point.

10 FIG. 4 shows a DSC pattern graph for Form 1 of Compound 13. This graph
shows an endotherm beginning at 178.092 °C and ending at 181.022 °C, which
corresponds to the compound'’s melting point.

The preparation of Compound 13 is taught in WO 02/24698. An alternative
process for preparing Compound 13 is taught in a copending US patent application

15  entitled Process for Preparing Xanthine Phosphodiesterase V Inhibitors and Precursors
Thereof (Compound 13 is identified as Compound 13A in the copending application),
which was filed on the same day as the present application and is incorporated herein
in its entirety by reference. This process is depicted in Scheme |, which employs the
following abbreviations: Me is methyl; Et is ethyl, OMe is methoxy, M" is a metal ion

20 and OAc is acetate:
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Scheme |: General Synthesis for Forms I and 2 Compound 13

NHCH,CO,Et
MeO@—CHo + HNCH,COftf @ ——— = MeO—@—’
HC!

1A

- OMe
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HN—=N + CHOE), .| NC—N=CqOE — A . \/N,}mu D25
H N
2 Né/
\ 3A
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i 1 o 13
e N P N o
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O N N _.\\OH o} N N "‘\OHC
. - e,
i
| oac | o o Form I of
9 " =~ Compound
13

Using the process depicted in Scheme | will produce a crude Form 1 of

Compound 13 before the final crystallization step. One can prepare pure Forms 1 or 2
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1, 3 and 10, having average peak locations at 7.3, 9,2 and 20. 2,
respectively, are representative of Fofgn 1. Referring to Table 4, peak
nunbers 1, 2, 6 and 11, having average peak |ocations at 8.1, 11.3, 17.2 and

of Compound 13 depending on the crystallization solvent in which the final step is
carried out.

The crystallization of any form of Compound 13 to Form 2 of Compound 13 is
preferably accomplished in an organic sol;/ent selected from the group consisting of
5 alcohols (e.g., methanol, ethanol, normal pro‘pyl alcohol, isopropyl alcohol, etc.), nitriles
(e.g., acetonitrile, propionitrile, butionitrile, vaieronitrile, benzonitrile, p-tolunitrile, etc.),
esters (e.g., methyl acetate, ethyl acetate, normal propyl acetate, isopropyl acetate,
etc.), ketones (e.g., methyl isobutyl ketone, acetone, etc.) and mixtures thereof. Higher
homologs of the exempilified aicohols, nitriles, esters and ketones will also transform
10 Compound 13 to Form 2 of Compound 13. More preferred solvents comprise isopropyl
alcohol, acetonitrile, and mixtures thereof. The Form 2 crystallization step is carried
out in an essentially non-aqueous solvent mixture, which for this step means a
crystallizing solvent mixture comprising less than or equal to about 5%, preferably, less
than or equal to about 2%, of water content by weight based on the weight of the

15  crystallizing solvent mixture.

Crystallization can be carried out without the application of heat, but it is
preferred that it is initiated upon the cooling of a heated saturated solution of
Compound 13 dissolved in a crystallizing solvent. Generally, Compound 13 is put into
a crystallizing solvent and heat is applied thereto until Compound 13 dissolves into

20  solution. The heat applied can vary (e.g., heat sufficient to raise the solvent
temperature to about 30-100 °C) depending on the process conditions and the
concentration of Compound 13 in the crystallizing solvent. After the solution forms, the

application of heat is continued to concentrate the solution (e.g., until about its super-



5 22.2, respectively, are representative of Form 2. Peak nunbers 7 ?Lﬁ% 12
of Form 1, have average peak | ocations of 15.4, 18.8 and 24.0. T%'u% es v

. appear tgo.r coincide with peak nunbers 4, 8 and 13 of Form 2. The DSC
i nstrune 90%@@%0 test the pol ynorph sanples was a Per kipréﬁﬁoéflﬁ%o nodel
Pryis 1 (manufactured in 1999), which canme equipped with a refrigerated
cooling 10 system The DSC cell / sanple chanber was purged with 40 nmiL/mn
of ultra-high purity nitrogen gas. Thé&“instrunent was calibrated with high
purity indium The _accuracy of the measured sanple tenperature with this
met hodbatdralipe mointabdhe cepcentrated sphdiamis theatcogted ipspreMidgdhersiesireds ur ed
within a relative error of about +1- 5% The sanples were placed into a

st andargstBlr ki n- El ner al um num DSC pan without a |id. 15 Between about 3 ny
and about 6 ng of pol ynorph sanpl e powder was placed into the bottom of the

pan and |ightl n | . i ght of
each sanpl gp%%sﬁg@%ﬂggqﬁgégé@h@ Q%dé$@®&%%5%@?%%§&m%{nﬁh%redth of a
mlligram The instrunent used an. enpty referenc an. The instrument was
pr ogr anBROVRS AgI1R theEoua BEusiall b RSD! 1 Piser o BunmiZemALAE AreYaTte
starting a 10 20 & m n dynam c heating ranp to about 300 C. The data were

r epor terdristation of podduct vathe repcior wallh{ible stiekingeofcrystallizedtparriicies tor nmal i zed
by a sanple weight. The normalized heat flow was plotted versus the

neasurredcarilie), vamipe cah WeediffitD R toréndvener ie prefigred that tHieFepg @t her ni ¢ peaks
poi nting up. The endotherm c nelt peaks were evaluated for extrapol ated

031 1018512 BRi BT Tt SR Tuith omPZFIOSTEI M6 (0% 4R ooy, ™

tenpergt ure . .and. t he, heat requi,r t0 | t.. aml e were .uni que.for Form 2
of " Corh i B8 Fopcz O5Ebmra iy 1o GaiPaatiin FP BN aten WSt or enti al
scanning calorinetry is discussed in the Encycl gpedia of Analytic Science,
Al an TovieaRe e Yield of the batoh, qyd avaigdhe potentl o preduabessaistatiiien (1995) ,
5 which is incorporated herein by reference.

10  reactor walls. Encrustation of product on reactor walls will result in yield loss and

solvent entrapment in the isolated crystallized product substance. The trapped solvent
often cannot be lowered to a preferred level of about 0.1% w/w to about 0.2% wiw,
even after prolonged drying. Seeding the batch at an appropriate time during
crystallization will minimize and/or obviate this problem. Preferably, the batch is

15 seeded at or around the super-saturation point; for acetonitrile crystallizing solvent, the
super-saturation point would be around a concentration of about 7 volumes to about 8

volumes of solvent (1 g of solid per about 7 ml to about 8 mi of solvent).

The crystallization of Compound 13 to Form 1 of Compound 13 is preferably
accomplished by dissolving Compound 13 in an organic solvent, then adding water.
20 Preferred organic solvents comprise any of the Form 2 crystallizing solvents described
above (i.e., alcohols, nitriles, esters and ketones). More preferred organic solvents
comprise methanol and isopropanol. As for the Form 2 crystallizations described
above, it is preferred to dissolve Compound 13 in a Form 1 crystallization organic

solvent by heating the mixture until Compound 13 dissolves into solution, and



FIG 2 shows a DSC pattern graph for Form 2 of Conpound 13. This graph shows
~an endot herm begi nning at 165.300 C and ending at 171.729 C, which 3
corresponds to %he pol ynmorph's nelting point. 10 FIG 4 shows a D ‘6a§#@ﬁn
graph for” 28¢MPof Conpound 13. This graph shows an endCHESHBEIP nni ng at
178.092 C and ending at 181.022 C, which corresponds to the conmpound's

mel ting point. The preparation of Conpgund 13 is taught in WD 02124698. An
alternative process for preparing Cbngiund 13 is taught in a copending US
patent application 15 entitled Process for Preparing Xanthine

Phos phadntisuiegdbe heatingiubtit abeutdhe sPpecaatusation moist sofeacbedp dined, $@iterss

I dentified as Conpound 13A in the copending application), which was filed

on the Faed tdrecipititeahpresent capdls @ACopnpand 13. i ncorporated herein in
its entirety by reference. This process is depicted in Schenme I, which

enpl oys the ol | . owi ng- abbr eyi-ati ons: s, . methyl; Et is.ethyl, OWw, is
met hoxy, Mk pl‘l{ber Qatﬁ’ﬁyalq:qr %Ji ?gcg’ﬁ@%&@ &c%ggaqlggmfdg)w:@d@@ a5 SeleRb1991
18 PCT/ US03/ 16890 Schene |1: Ceneral Synthesis for Forns 1 and 2 Conpound 13
r -~ Nietbedben water)to a salutiemof ComnqunactPin a crystallization sevesia Risforped N +
CH(OE()3 NGCN= GrOEet H2 IA EBEQRC--~
5 anti-solvents are hydrocarbons, such as hex?ne, heptane, toluene, xylene, and the like.
For instance, hexane can be added to a solution of Compound 13 in an ester solvent
(e.g., ethyl acetate, isopropy! acetate, and the like), and Form 1 of Compound 13 will
precipitate out. The anti-solvent technique is generally preferable for isolating kinetic
Form 1 of Compound 13. With regard to the organic solvent / followed by water
10  technique, it is generally preferable to control crystallization conditions in order to

isolate kinetic Form 1 of Compound 13. This can be accomplished by filtering the

product as soon as possible (preferably, immediately) after crystallization has occurred.

Forms 1 and 2 of Compound 13 can be obtained from an amorphous form of
Compound 13 or from another form of Compound 13 by choosing the appropriate
15  crystallization procedure. For example, Form 2 of Compound 13 can be crystallized
into Form 1 of Compound 13 by dissolving the former substance in an organic solvent,
and adding water to that solution until Form 7 of Compound 13 precipitates out.
Similarly, Form 2 of Compound 13 can be obtained from Form 1 of Compound 13 by

crystallization in a Form 2 of Compound 13 crystallizing solvent.

20 As can be seen from a comparison of FIGS. 1 and 2 with FIGS. 3 and 4,
respectively, Forms 1 and 2 exhibit different DSC and XRPD graphs. The two
polymorphs also further differ in their water solubilities (Form 1: about 50 pg/mL vs.
Form 2: about 30 pg/mL). Form 2 of Compound 13 is more thermodynamically stable

than Form 1 of Compound 13 at process temperatures. Form 1 can equilibrate to Form



base I N N 3A Using the process depicted in Scheme I will produce a crude
Form 1 of Me Conpound 13 before the final crystallization step. C?r@;fg_cbampﬁ
‘prepare &ﬁr g @géﬂs | or 2 23 FEB 2005 WO 03/101991 PCT/ USQ3/ 16890 19  of--
Conpound” £3°4 ding on the crystallization solvent in Wi ¢WPHENi nal step
is carried out. The crystallization of any formof Conpound 13 to Form 2 of
Compound 13 is preferably acconplished,in an organi c sol vent selected from
t he group consi sting of 5 al cohol s gg.g., met hanol , et hanol, nornal propyl
al cohol , i sopropyl al cohol, etc.z)eé nitriles (e.g., acetonitrile,

pr opi ohvhensgiriedin eReof theFoga I eeryiallizingsolyentsds: g.¢ alcehop nitblew abtari | e,
etc.), esters (e.g., nethyl acetate, ethyl acetate, normal propyl acetate,
i sopr agdyl). &oeemdmple, ethen a nkietuos e Fpend. of Gerippundstdbang Foketdok, acet one,
etc.) and m xtures thereof. H gher honologs of the exenplified al cohols,

nitri I@émfgﬁﬁ@ﬁs@@dsﬂf@ﬁd&ﬁﬁ aM bigadlic erybizARSH® EBIVERAL @pp%ﬁw akdtdt® Form 2 of
Conmpound 13. More preferred solvents conprise isopropy al’cohol ,

acet 0Lk Enor BNl 8RqNETRS] aniforked' ) Snchdsiald heddd gruatagds

carrie ih an essentially ueous solven

step neans crystal lizin | vent, m xture conprising less .than equal to
absut Feptes TPl enyal tpabott hhtss). the 5P d cibaenenkofshe mixwre wiht ent by
wei ght based on the wei ght of the 15 crystallizing sol vent nmixture.

Cr yst adnvegttd diorean obeoompoundd but wi t hout the application of heat, but it

is preferred that it is initiated upon the cooling of a heated saturated

sol uti on ofScHepmg tiudepicts peéfeselvedclion eomdifishsifdritherReHeohey Esteps Gaigsdtd v,
Compound 13 is put into a crystallizing solvent and heat is applied thereto

LT B ety Cor RS SN o b b U3

patent application entitied Process for Preparing Xanthine Phosphodiesterase V

10  Inhibitors and Precursors Thereof (Compound 13 is identified as Compound 13A in the
copending application). Scheme Il allows for an efficient, commercial scale preparation
of Forms 1 and 2 of Compound 13, without the need for chromatographic purification of
intermediates. The experimental conditions disciosed herein are preferred conditions,
and one of ordinary skilt in the art can modify them as necessary to achieve the same

15  products. The following abbreviations are used in Scheme li: EtOH is ethanol; Me is
methyl; Et is ethyl; Bu is butyl; n-Bu is normal-butyl, t-Bu is tert-butyl, OAc is acetate;
KOt-Bu is potassium fert-butoxide; NBS is N-bromo succinimide; NMP is 1-methyl-2-

pyrrolidinone; DMA is N,N-dimethylacetamide; BusNBr is tetrabutylammonium bromide;

BusNOH is tetrabutylammonium hydroxide; and equiv is equivalents.



tenperature to about 30-100 C) depending on the process conditions and the
~concentration of Conpound 13 in the crystallizing solvent. After t?; {L-n s
solution _forns, the application of heat is continued to concentra

sol uti on™@MY%%nti | about its super 23 FEB 2005 WO 03/ T618§¢3/16890

PCT/ US03/ 16890 20 saturation point). The concentrated solution is then
cooled to provide the desired crystals. It is also preferred to seed
control the cooling of a saturated solution of Conpound 13 in the Form2
crystallizing solvent in order to mni28 ze and/ or prevent 5 encrustation
of product on the reactor walls (the sticking of crystallized particles to
reactor wal | s) Schatie ¢ SpeificbByrtlhdsés af Fokmt Dandeh®Memgolind 83 pref erred that the

Form 2 crystallization solution is seeded with a smalixz@npeypt (e.g., about
0. 2%\MeW0 1 Yoveho,@f Edidn BOUf Corm@u.o@z_ﬂ hél'p facilitate the

conver si on\td Form 2, 'HCNCr éase NahB, gicel d of the tch, and avoid the
potential of product encrustation on 10 reactor wgils. Encrustation of
product on reactor walls will result in yield | oss and solvent entrapnent

in the isolated crystallized groduct substance. The trapp?V%nt of ten

cannot be lowered to a preferrled | evel of about 0.1 %ww about 0.2% w w,

even after prolonged dryin Seedi ng the batch at an,apPpr opriate time during
crystigi-H=zat i0aHMED] M@%Lﬂ apdherc-akhyi a.t_e_ﬁhl_s_.probfar?})“ Pr ef ey, t he
oi

batch is 15 seeded at or around the wuper-saturation p or 0&1€cﬁfv0nltl‘l |l e
crystallizing solvent, the super-saturation point wo be around a
concentration of about 7 volurfes to about 8 vol unes of s‘d‘l vent (1 g of

solid per about 7 m to about 8 m of | vwe&at) . The crystallizati Me
Compound 13 B¢ m 1 of Conpound 13 i referably acconpli sohed#@'O

di ssol ui gk@;ound 13 in an orgdhi c~S8tvent | then addi ng wat
Prefergfied'organi c sol vents conpyi nny of then;EogngQmﬂ)r’fsTﬁ I ng sol vent s
des&tﬂ% b dgyei KQ@-Bu Cdlegwlol s§ nilt vi |l es, esters and K&t

pref g

Norganlmmmzments co gg s& met hanol and |soprop§noIH As for t he
Form f crystallizations descrife above, itjis preferred

Conmpounda 13 in a Form 1 crysyal |l iSAKti on orgamic sol ven
m xture until Conpound 135@" ssolves into sol uti L

o di ssol ve
y heatlng t he

OMe ome NI
0 0 BA
j\ ™ NBS (2.7 equiv), MeCN /\N)ENFBI"
NN 3 mol% HyS0; O)\N N NaHCO;, DMA
H 6A ') 7A
OAc OAc Form 2 of
- . _ Br Compound
OMe i .OMe 13
O K©/ crystallization
N J\ | N/>—NH 5 mol% n-BuyNOH %Jt »—NH
NN <OH MeOH ~OH
H b (’ Form I of
[ o ;j;mpound
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WO 03/ 101991 25FEB2005 PCT/US03/16890 21 continuing the heating until
about the super-saturation point is reached. Then, water is added? ¢ &E8 1003
precipitate the Form1 crystals of Conmpound 13. Alternativel Form 1 of
Compound” ?33¢%¥?be obt ai ned by adding an anti - sol vent (r%ﬁﬂé$”9ﬁ§ﬁ wat er)
to a solution of Conpound 13 in a crystallization solvent. Preferred 5
anti-solvents are hydrocarbons, such ﬁf hexane, heptane, toluene, xylene,
and the like. For instance, hexane ca 4be added to a sol ution of Compound 13
in an ester solvent (e.g., ethyl acetate, isopropyl acetate, and the like),
and Form 1 of Conpound 13 will precipitate out. The anti-solvent technique
is generally preferable for isolating kinetic Form1l of Conpound 13. Wth
regard to the organic solvent / followed by water 10 technique, it is
generally preferable to control crystallization conditions in order to

| sol alto e Ki Netlomd@Ind ActiVity PRROHACeUIR Al EoiihdshbridCaRf SRIRLASHETsRY filtering.
From an anof BBud G A obPorauaR e 88th fedll GRIPRERROREY Conpound 13

by choosing the appropriate 15 crystallization procedure. For exanple, Form
2" &f ogﬁgammeq-sTgaﬁ iseenzy e ativitiesd Poirnsieand iIsgentgRe Selrftiytiepgan be

di ssol ving the former substance in an organic solvent, and adding water to
t hat swieasured bynthe PBRANMQspofal@npltiohds tHe goreeintiatiandi oMb of c@npolad! y, Form
2 of Conpound 13 can be obtained fromForm 1 of Conmpound 13 by

cryst alelquirat it provide 5695 Mhbitdn EPPPEIVdsdehAinst The igvastheolalgabf PRIE ¥s can
be seen froma conparison of FIGS. | and 2 with FIGS. 3 and 4,
r
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tenperatures. Form1 can equilibrate to Form2 3 FEB 2005 WD 03/101991
pd® udsgenzygue sgiectivity in this respect may be defined as the activity of a PDE inhibitor

compound for a particular PDE isoenzyme as opposed to another PDE isoenzyme, for
example, the activity of a compound to inhibit a PDE V isoenzyme compared to the
activity of the same compound io inhibit a PDE VI isoenzyme. Once the PDE V iCxg
and PDE V! ICs values have been measured, one can calculate a selection ratio of
15 PDE VI ICsy / PDE V ICso, which is an indicator of isoenzyme selectivity - the larger the
selection ratio, the more selective is the compound to inhibiting PDE V isoenzyme
relative to PDE VI isoenzyme.
Forms 1 and 2 of Corﬁpound 13 each have a PDE V ICxp of between about 2 nM
and about 3 nM. These compounds are relatively highly potent inhibitors of the PDE V
20 isoenzyme. In contrast, Forms 1 and 2 of Compound 13 each have a PDE V! 1C5; of
greater than about 350 nM, which means they exhibit relatively low potency for
inhibiting the PDE VI isoenzyme. The PDE V and VI ICs; data allow for the calculation
of an indicator for isoenzyme selectivity - the ratio of PDE VI ICsp / PDE V ICs

(identified as "PDE Vi / PDE V"). The higher the ratio of PDE VI / PDE V; the more



2 when slurried in one of the Form 2 crystallizing solvents (e.g., al cohol,
nitrite, ester, etc.). For exanple, when a mxture of Form of CZ)lérﬂéﬁﬂﬁf“JB
and Form 2 of Conmpound 13 is suspended in an organic crystal | i 2| ng sol vent
(e.g., eVt Q¥'ate, isopropanol, acetonitrile, and thePfIREPIENY stored
for an extended period of tine (e.g., 5 greater than or equal to about 10
hours), the Form | conponent of the mixture will convert to Form 2 of
Corrpound 13. Scheme Il depicts preferr?ertj reaction conditions for the Schene
| 'steps utilized to prepare Fornms 1 and 2 of Conpound 13. Schene 11 is

al so tselettive is the copwadinddoUshilpbng RPD B Vpsoearyron relative ke BD®r Wtess for
Prepari ng Xant hi ne Phosphodi esterase V 10 Inhibitors and Precursors Thereof

( Conpagpdndane s Aodert ahe @ HCdeappandd 3k3khi linviehe PDPNENDE Vapiibicgfat i on) .
Schene Il allows for an efficient, conrercial scale preparation of Forns 1

and 2 t ﬂﬁﬁpe ' AR Il on of

I nter nﬁ?l %BE_QH g%ggﬁ)gnr‘%ﬁ@ﬁtm% condi't1ons )ﬁ'ﬂ g\%ﬁ rﬁerfﬁagpg\f”{ re?erred
condi t.i of ord rt can dify them as
necessQB §ng @@%@gevﬁ??”g&}rpgaqéaﬁ %%H{%Pb%ﬁ\é 'ﬁBﬂ‘Wﬁ abbrevi ations are
used in Scherre I1: EtOH is ethanol; , Is ethyl; Bu is butyl;
n-Bu is nor/PrmcaBlheweertfrm these gata, tﬁﬁrms 1 ang 2@\‘ Q@mpau@d 13@se ptent (as
potassiumtert-butoxide; NBS is N-brono'succinimde; NW is 1-nmethyl-

pyr r ol inéanorest bYDNRE ¥ I(Slsd\)l-aﬂidrmlmytlvm(atsanédmreﬂlw\lBDEj ¥l b ¥ BIDE Y iﬁ)m)oni um
brom de; Bu4NOH is tetrabutyl amoni urn hydroxi de; and equiv is equivalents.
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significant, and along with the pharmaceutical properties of compositions comprising
the inventive compounds, would find therapeutic uses for the inventive compounds in a
10 number of applications, some of which are specified herein.

Forms 1 and 2 of Compound 13 each have at least one asymmetrical carbon
atom. All isomers, including sterecisomers, enantiomers, tautomers and rotational
isomers, are contemplated as being part of the invention. The invention comprises d-
and /- isomers in pure form, and in admixture, including racemic mixtures. Isomers can

15  be prepared using conventional techniques, either by reacting optically pure or optically
enriched starting materials, or by separating isomers of the inventive compounds.

Forms 1 and 2 of Compound 13 can exist in unsolvated as well as solvated
forms, including hydrated forms. In general, the solvated forms, with pharmaceutically-
acceptable solvents, such as water, ethanol, and the like, are equivalent to the

20 unsolvated forms for purposes of this invention.

The invention comprises Forms 1 and/or 2 of Compound 13, a method for
making either inventive compound, and methods for making and using a
pharmaceutical composition comprising at least one inventive compound and at least

one pharmaceutically-acceptable excipient or carrier to treat a variety of disorders,



O -N+ CH(CEt)3 8585-95 "C4A N2 5 F E B 2005 PCT/USC3/ 16890 Schene |1 _
Specific Syntheses of Forns | and 2 of Conpound 13 NCG-N=C QA H 2 Squ;lmge,
KO-Bu (2.0 equiv Il ~) OON ENHCREt ( K 1A Ovel ~~N N CH3CO2

(gl aci a|3‘0|03’.1§|198~|\u\| H NaHCO3i DVA OVe Form 2 of  Conpoundt TYS3Gago0g A

-

26
symptoms and diseases. The inventive compounds exhibited unexpectedly favorable
properties with respect to PDE V isoenzyme activity and selectivity, which means they
may be particularly useful for treating urogenital diseases, such as male and female
sexual dysfunction, e.g., erectile dysfunction.

2
5 Forms 1 and 2 of Compound 13 can be formulated together with a

y
pharmaceutically-acceptable excipient or carrier. The resulting compositions may be
administered in vivo to mammals (e.g., men or women) and non-mammals to treat a
variety of disease states (disorders, symptoms and diseases). For example, the
inventive compounds and compositions may be used to treat diseases of the urogenital

10  system, specifically, male erectile dysfunction (e.g., impotence) and femaie sexual
dysfunction. Male erectile dysfunction may be defined as an inability of a male to
sufficiently obtain, achieve and/or sustain a penile erection adequate to have
intercourse with his mate. In the treatment of erectile dysfunction, it is believed that the
inventive PDE V inhibitors are beneficial therapeutic agents because they elevate

15 c¢GMP levels in the human body. Such an action may facilitate corpus cavernosum
smooth muscle relaxation, which would provide an increased flow of blood therein,
resulting in an erection. This makes the inventive compounds especially useful for
treating impotence and other- types of diseases that are affected by cGMP levels.

Accordingly, another aspect of the invention is a method for treating erectile

20 dysfunction in a mammal in need of such treatment, comprising administering to the
mammal at least one Form 1 of Compound 13 and/or at least one Form 2 of Compound
13, or a pharmaceutical composition thereof, in an amount effective to ameliorate

and/or reduce one or more of the symptoms associated with erectile dysfunction

sufficiently so that the patient can conduct and complete intercourse.



Ove OH 13 Et ®@2C~-N NHCH2CO Et N N 3A . Ow KO-Bu 0.1 equiv Form | of
Conpound 13 23 FEB 2005 WO 03/101991 PCT/ US03/ 16890 24 Conpound Activity,
Phar maceuti cal Conpositions and Methods of Use Forms | and 2 of Cprpou @ 13

are each, ofOr inhibiting PDE V A 5 isoenzymes. Thej
activiti egﬁ Sglgéﬁlm es) and isoenzyne selectivities can beMFhSr@:‘Z@é%ed by the

PDE V I C50 val ue, which is the concentration (in nM aof conpound required
to provide 50%inhibition of PDE V iso&nzym&. The | ower the val ue of POE V
| C50, the nore active is t he conpound to inhibiting the PDE V isoenzynmne.

Simlarly, an |C50 val may be obtai ned for other ROE isoenzymes, such as

the PDE VI IdeEHSGH 19@8 Ia§(fbH§§W@ép'é@WQ}?fl9eﬂWag S Is iRty theymest

defined as the activity of a POE inhibitor conmpound for a particular POE
i soenzgommasloprsssded onedioaticar toRbEati physidggieallyf-causexk empled erédtide act i vity of
a conmpound to inhibit a PDE V i soenzyne conpared to the activity of the

sane C@f@g@%ﬁ)dwe@"& “EBY) Pleridin pé@@ﬂgyn@we@w%ah@(pe%nye Lk88sirag P?E Vi

| C50 val ues have been neasured, one can cal cul ate a sel ectlon rati o of

PDE VI ég%?reﬁtsp\%ﬂ Vté EYE@ be hr%‘?ar‘nééd i Qrfl SR e Ty n%)rse gaﬁ' ty -
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i nhibiting PDE V i
cause a %ual si %c%y impairing the patient’s color discrimination (blue/green),
t

causing a "blue-halo” light visual alteration. This side effect is presumably due to
inhibition of the PDE VI iscenzyme (found in a retina). See Physicians”Desk
Reference® 55" Ed, pp. 2534-37 (2001).

An advantage of Forms 1 and 2 of Compound 13 is that they can be particularly

10 selective for the PDE V isoenzyme in comparison to other types of PDE isoenzymes,
such as the PDE V!l isoenzyme. It is believed that this increased selectivity will
ameliorate side effects associated with the use of Viagra®. in particular, the high
selectivity of the inventive compounds should minimize, and may even prevent, the
occurrence of a "blue-halo” light visual alteration. It is believed that the increased

15  isoenzyme selectivity in inhibiting PDE V isoenzyme (found in a penis) versus PDE V!
isoenzyme (found in a retina) accounts for obviating the “blue-halo” visual side effect.

Forms 1 and 2 of Compound 13 can be employed alone or in combination with
other active agents, particularly, other types of PDE inhibitors (especially cGMP PDE V
inhibitors), prostanoids, a-adrenergic receptor, dopamine receptor agonists,

20  melanocortin receptor agonists, endothelin receptor antagonists, endothelin converting
enzyme inhibitors, angiotensin il receptor antagoniéts, angiotensin converting enzyme
inhibitors, neutral metalloendopeptidase inhibitors, renin inhibitors, serotonin 5-HT».
receptor agonists, nociceptin receptor agonists, rho kinase inhibitors, potassium

channel moduiators and inhibitors of multidrug resistance protein 5. Examples of



relative to PCE VI isoenzynme. Forms | and 2 of Conpound 13 each have a PDE V
| C50 of between about 2 nM and about 3 nM These conpounds are rekgtrjﬁﬁez Ey
hi ghly potent inhibitors of the POE V 20 isoenzyne. In contrast, r'ng ‘H-
and 2 of YEJRP8IMY 13 each have a POE VI 1C50 of greater tHaHUEH56G$9350 nm
whi ch nmeans they exhibit relatively | ow potency for _inhibiting the PDE VI

i soenzyme. The PDE V and VI 1C50 data_gllow for the calculation of an

i ndi cator for isoenzynme selectivity - e ratio of PDE VI 1C501 PDE V | C50
(identified as "PDE VI / PDE V'). The higher the ratio of PDE VI / PDE V,

t he notherFBUERGENGSthadnomy he used IPcIMbSTRICTE8HD F2ENsskehrd ©iof orspoird

conpound for inhibiting PDE V isoenzyne relative to PDE VI isoenzynme. Forms

| and 3 efre GRNOMhdt DtREctpba ve PREPCENNbitorBacN dsadildenafil cimaeatesgrafian
about 140, which neans they each exhibit relatively high selectivity for

i nhi bi £iLn he P ,spen Lel ak i ve, the RDE V1 jso ). 5 As can
be. seeriftoferReci P AREESHIBs Ay By, Germanul SRR (o
measured by PDE V I C50) and selective (as neasured by PDE VI 1C50 / PDE V

| C50) (Ehaisii kidehE X% Washibgtoorand indigna, IUnitegoBlates); prasteancids, sushlias fi nd t he
bi ol ogi cal data significant, and along with the pharnmaceutical properties
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uses for the inventive conpounds 1n a 10 nunber of appli ons, sone of
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enantionmers, tautomers and rotational _isonmers, are contenplated as being
part ofbesastanayalsertan anfreandesaren oand bifpandagomstsapach asibgsaates and pur e
form and in adm xture, including racem c mxtures. |Isonmers can 15 be
preparABTe83Mg conventional techniques, either by reacting optically pure or
optically enriched starting materials, or by separating isoners of the

inventive cgEpohdststoodiBBIBorhbaiatioRs @thdrafan Unesd des@iberikalsdve may ol vat ed
as well as solvated forns, including hydrated fornms. In general, the
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mammalian disease states, while remaining within the scope of the invention. While
Forms 1 and 2 of Compound 13 can each be used in an application of monotherapy to
a patient, they also can be used in a combination therapy, in which one or both of them
are administered in combination with one or more other pharmaceutical compounds

15 {either separately or physically combined in a single form). The combination therapy is
useful for treating a variety of disorders, symptoms and diseases, such as one or more
of the mammalian disease states described above.

Due to their cGMP-PDE V inhibitory activities (as discussed above), Forms 1
and 2 of Compound 13 are useful for treating urological disorders, in particular, male

20 and female sexual dysfunctions. Other physiological disorders, symptoms and
diseases can also benefit from cGMP-PDE V inhibition. More specifically, the inventive
compounds, and pharmaceutical compositions thereof, may be used to treat

cardiovascular and cerebrovascular diseases, angina pectoris, hypertension, restenosis

post angioplasty, endarterectomy, stent introduction, peripheral vascular diseases,



20 unsol vated fornms for purposes of this invention. The invention conprises
Forns | and/or 2 of Conpound 13, a nethod for making either inventibeb i
conmpound, and net hods for making and using a pharmaceutical conposition
conpri si P BA91%8hst one i nventive conpound and at |east BREUS3/16890
pharmaceutical | y-accept abl e excipient or carrier to treat a variety of

di sorders, WO 03/101991 23 FEB 2005 PCT/ US03/16890 26 synptons and

di seases. The inventive conmpounds exhi ¥ t ed unexpectedly favorabl e
properties with respect to PDE V isoenzyne activity and selectivity, which
means tempralsinpkpergspiratanitract dispségns, seoh asrewenside ainvgembisiiuctiveseases,
such as male and fenmal e sexual dysfunction, e.g., erectile dysfunction. 5
Forms ghmmit 2sthfnaCampbrordthitss, @aerdimdfsordmbmdcmmmratmbY,m@h as
pharmaceutical | y-accept abl e excipient or carrier. The resulting conpositions

may be,agalg| ééz'érnﬁ"[?, a’o gme, ;t)tﬂrd’@l’é‘?'?h?péﬁeﬂsign%Eh%id"ﬁé‘&%gﬁ%‘éggo”' marmel s

to treat a Vvariety I sease states ' (di sorders, synptons seases).

F | th i i i1, . be . dtot t
i scas CaPgred olosd PUFRREY 9GBS RS EBied RTBRRc4oRT rdtln Bistipgte’ © 11O
dysfunction (e.g., inpotence) and fenml e sexual dysfunction. Male erectile

dy ST unBYRHRMPa YRR oiEiiad PAYCYHEIG eiaiian sxndseme. glareerular disgases, sanaly

obtai n, achieve and/or sustain a penile'erection adequate to have

i nt er cmsuffeiendyhnéplyitsatiebulanintérstitalahsense, aotoimmune desedges uglatcoma, it is
believed that the inventive PDE V inhibitors are beneficial therapeutic

agent sifeams otng)dishrewné &athesiddhd exsdér. i n the human body. Such an action
may facilitate corpus cavernosum snooth rnuscle relaxation, which would

provi de an hAGHEFSEHel P8l ARA & A5TFde AEELAMbAGING LB ol BRersT S
makes the inventive conpounds especially usefu or reéatrng 1 npotence and
ot her types of diseases that. are.affected by cGW | evels. cordi ngl.
anot hel BSPElh PETkARRe ANSUER MEHTE HFaars oI CTPRSTD A0 Gorepoions
dysfunction in a mammal in need of such treatnent, conprising adm nistering
t 0! @ heararasedhin cambipgtieon with marmarepticabhacramiable excipientsar qasaers torteeator m 2
of Conpound

physiological disorders, symptoms and diseases in which ¢cGMP-PDE V inhibition plays

a role.

Pharmaceutically-Acceptable Dosage Forms

15 Forms 1 and 2 of Compound 13 can be administered to humans or other
mammals by a variety of routes, including oral dosage forms and injections
(intravenous, intramuscular, intraperitoneal, subcutaneous, and the like). Numerous
other dosage forms comprising the inventive compounds can be readily formulated by
one skilled in the art, utilizing the suitable pharmaceutical excipients or carriers as

20 defined below. For considerations of patient compliance, oral dosage forms are
generally most preferred.

The rate of systemic delivery can be satisfactorily controlled by one skilled in the
art, by manipulating any one or more of the following:

(a) the active ingredient(s) proper,;



13, or a pharnaceutical conposition thereof, in an anmount effective to
aneliorate and/or reduce one or nore of the synptons associ ated MtRB 005
erectile dysfunction sufficiently so that the patient can conduct and
conpl et eWOBEPE8Ur se. WO 03/101991 23 FEB 2005 PCT/ US03/RGHEHEP35$390

I ntroduced in 1998 as a treatnent for inpotence, Viagra is currently the
nmost commonly prescribed nedication tq treat physiol 6gically-caused (nale)
erectile dysfunction ("MED' or " ED‘).3OCertai n patients, however, can
experience undesirable side effects while taking Viagra(r). For instance,
it has been r epoftt)dole phatmytagica{lyjaccaptablecaxcipieat(e) suabrrier@e, sf foagtasdy
inpairing the patient's color discrimnation (blue/green), | causing a

" bl ue- hal 0"trel @fanyd g0 @bt AtéEeRt inGhe a’c‘hwg 6f the mirfiedlkr bstivy mg%méha(sﬁue to
inhibition of the PDE VI isoenzyne (found in a retina)- See Physicians'-Desk

Ref erence(rgeleét?hh Ed, pp. 2534-37 (2001). An advantage of Fornms | and 2 of
Conmpound 137i's at they can be particularly 10 selective for the PDE V

i soenzyne in co rison to other types of PDE isqenzynes, . such as . the PDE
Vi T soenzyme. 1 10 416 Becl K aiaR DHTCA e B abl BB IBBEPtIR)t dppable
aneliorate side effects associ ated v_vi*th the use of Viagra . In particular,

t hé hi gh stiickoessiang permeability (awelling pepesbesidy the excpientts) or carriexts); may
even prevent, the occurrence of a "blue-halo" light visual alteration. It
is believed that(d)hiee tint-d¢epetder conditiony of tise brcibient(sy o bardrighishi ti ng PDE V
i soenzynme (found in a penis) versus PDE VI isoenzyne (found in a retina)

accounts for obv@qﬁéﬁgﬁhr&@e sieUsithéelive| iepl: dpgef fect. - Fornms | and 2 of

Compound 13 can oyed alone or In c I nation with other active
agents, particul a9t her - j.nhi R e ci.al.ly cGw PDE V
inhibitors), pro Iﬁoﬁ“‘gsJé%gngéBgﬁs‘%ﬁﬂ'%‘%F%#ctggt%&pq%i%%r@ﬁ%r‘b%& tor agonists,
20 mel anocortin receptor agoni sts, endothelin receptor antagonists,
endot hel i n Baawqqqﬁgal%ﬁs aP?‘Pn?’Eﬁ'E‘BP@,O%ﬁ?dP%WH”W ﬂ?‘é‘b’@]& agents,
ant agoni sts, angiotensin converting enzyne inhibitors, neutral
metCal | prarisoepticalagrade myielsiargigmentsnisalvents, sotsolegnts ebulferrsyatensiT2c
receptor agonists, nociceptin receptor agonists, rho kinase inhibitors,
pot assswfactants, preservatives, sweetener agents, viscosity agents, fillers, lubricants,
glidants, disintegrants, binders and resins.
Conventional flavoring agents can be used, such as those described in
Remington’s Pharmaceutical Sciences, 18" Ed., Mack Publishing Co., 1288-1300
15 (1990), which is incorporated by reference herein. The pharmaceutical compositions of
the invention generally comprise from 0% to about 2% of flavoring agent(s).
Conventional dyes and/or pigments can also be used, such as those described
in the Handbook of Pharmaceutical Excipients, by the American Pharmaceutical
Association & the Pharmaceutical Society of Great Britain, 81-90 (1986), which is
20 incorporated by reference herein. The pharmaceutical compositions of the invention
generally comprise from 0% to about 2% of dye(s) and/or pigment(s).
The pharmaceutical compositions of the invention generally comprise from about

0.1% to about 99.9% of solvent(s). A preferred solvent is water. Preferred co-solvents

comprise ethanol, glycerin, propylene glycol, polyethylene glycol, and the like. The



channel nodul ators and inhibitors of nultidrug resistance protein 5.
Exanpl es of 23 FEB 2005 WD 03/101991 PCT/ US03/ 16890 28 therapeu%%g.ggﬁﬂts
that may _be used in conbination with Forms 1 and 2 of Conpound 1 Fet
fol I owi n O BRE 1t ypes of PDE V inhibitors, such as S|Idng%?ﬂ$m%V$Whte
(Viagra, Pfizer, Connecticut, United States), Vardenafi | TM ( Bayer, Ger many)
and | G 351 (CialisTNl LiIIy-ICCS, vaégfngton and I ndi'ana, United States);
prost anoi ds, such as 5 prostaglandin a-adrenergi c agoni sts, such as
phent ol anmi ne nesyl ate; dopam ne receptor agonists, such as aponor phine;
angi ot emrmaqat@ﬁﬂb@uﬁp@tﬂ%on%gtweagver@f#m garh Comprise e A% o abeut 5% efnd
candesartan; and ETA antagoni sts, such as bosentan and ABT-627. It is
undershm@dthKS)conbinations ot her than those descri bed above may be 10
undert aken mﬁth routine experinentation by one of ordinary skill in the art

to treat +rbarbu¢ﬁe$§f§ew%t@érﬁ?ns@/abéﬁc Rl BAABNY, tﬂwo@,phbﬁc sqRRMmief the

i nventi on. For ns Conpound 13’ can each be used 1n an

applicati.o h e in.a
conbi ndE N aﬁﬁgﬁ‘)@& " BREG tehzslhe Ml Bbreb BT SRR BT B b
conbi nation w th one or nore other phar maceut i cal _conpounds 15 (either

separ aB@d§ apd tBﬂ‘}?§P€¥H”I‘ )P%%%Pﬁ’e@ﬁq ﬁ”ﬁ“%"“lﬂl@'} galtsor n?”'cqﬂ?éwdlfﬁ{ﬂrf%’( buéffensher apy
|s useful for treating a variety of disorders, synptons and di seases, such
as oneaww phasphoriof tartasicneitnitehndacelic aasle anidesalts Wemnfi Héw mhmmcemiealt 0
their cGW-PDE V inhibitory activities (as di scussed above), Fornms I and 2

of Conpempdsilignabetiesiplentidrogeberdy icopiisel fagth @, t6liadeltsYsSef huffarag)t | cul ar,
mal e 20 and fenal e sexual dysfunctions. O her physiol ogical disorders,

synpt ons anﬁrabﬁsa%«aﬁae&w&éagheg?ﬁ; oSSR BN Yot bl dshg. Mor e

specifically, e inventive maceut i ca conp05|t|ons

t her eof used to,tre cardlovascu ar,_an r ov u i seases,
el mobalyBRistfgent Hodduki EHers, SicroRE e R nd BRAM RS SrdletheRe o on
stent introduction, peripheral vascul ar di seases, 23 FEB 2005 WO 03/101991
pdf usasyhsdate gglts and sodium, potassium and ammonium salts of fatty acids. The

pharmaceutical compositions of the invention generally comprise from 0% to about 2%
of surfactant(s).
Preferred preservatives comprise phenol, alkyl esters of parahydroxybenzoic
acid, o-phenylphenol benzoic acid and salts thereof, boric acid and salts thereof, sorbic
15  acid and salts thereof, chlorobutanol, benzyl alcohol, thimerosal, phenylmercuric
acetate and nitrate, nitromersol, benzalkonium chloride, cetylpyridinium chloride, methyl
paraben and propyl paraben. Particularly preferred preservatives are the salts of
benzoic acid, cetylpyridinium chioride, methyl paraben and propyl paraben. The
pharmaceutical compositions of the invention generally comprise from 0% to about 2%
20  of preservative(s).
Preferred sweeteners comptise sucrose, glucose, saccharin, sorbitol, mannito!
and aspartame. Particularly preferred sweeteners are sucrose and saccharin.
Pharmaceutical compositions of the invention generally comprise from 0% to about 5%

of sweetener(s).



cerebral stroke, respiratory tract disorders, such as reversible airway
obstruction, chronic asthma and bronchitis, allergic disorders ag3g¢hangd
with at o&y, such as wurticaria, eczema, and rinitis, pulnnonary hypertension,
i schem cWMPdB01%d} seases, inpaired glucose tol erance, di aBet/F8034890 el at ed
conmplications, insulin resistance 5 syndrome, hyperglycem a, polycystic
ovari an syndrone, glonerul ar di seases, renal insuffi’ciency, nephritis,
tubul ar interstitial disease, autoi muife di seases, gl aucoma, intestinal
notility disorders, cachexia and cancer. Another aspect of the invention is
to provi de Bréfetredvigoosy agesispeoraprse orathyloelidose, sodiwnngl e package,

wherei n inventive pharmaceutical conpounds, and/or conpositions 10 are used
i n conparmaki@etiiddiufizar iperRxybryl-matagiepliabbe, ydroRyRobslceNuleds ddigmt 0 '
treat physiol ogical disorders, synptons and di seases In ich cGw- PDE V

i nhi bi I r I - ms 15 Forns
| and éfg%t%oﬁa/prggﬁ%ri@@da%f :chg%egxpsaf gpg}é xtég) urr@%b%oﬁ%fn%hmml s by a
variety of routes, ingluding oral dosage, for and ipjection i ntravenous,
!t anbaB oY S e BEaSTLs G rioYe aRh GaBOREko M RN BRBle ot her
dosage fornms conprising the inventive conpounds can be readily fornulated by
ond skfvargunnpeYidoag.tsodikm qarbenyroelayiogiluioseeapt MAGIESIHM GUMEKE! pi ent s or
carriers as 20 defined bel ow. For consiterations of patient conpliance, oral
dosagesificaites Rhvarmagentica|coynpuositions efftbe ieekntibinegeragraihotormpste frioen 08 iovery
can be satisfactorily controlled by one skilled in the art, by manipul ating

any ongpéht S%rcﬁvigco%fﬂ)?a%?ﬁﬂ( M ng: (a) the active ingredient(s) proper; 2 3
FEB 2005 WO 03/ 101991 PCT/ US03/ 16890 30 (b) the pharnmaceutically-acceptabl e

exci pient (s AN : | var.ant 8..dQ. not, i e..n the
activity of PrerERmbE (e geIas ot BRalil b Bl Bicb Bhafype o
exci pi .ntbgsP or .carri ergs%, and the concomtant de i,rabl?

gla sic calcium phosphate, compressible sugar, starch, calcium sutfate, dextro and

10  microcrystalline cellulose. Pharmaceutical compositions of the invention generally
comprise from 0% to about 75% of filler(s).

Preferred lubricants/glidants comprise magnesium stearate, stearic acid and talc.
Pharmaceutical compositions of the invention generally comprise from G% to 7%,
preferably, from about 1% to about 5%, of lubricant(s)/glidant(s).

15 Preferred disintegrants comprise starch, sodium starch glycolate, crospovidone
and croscarmelose sodium and microcrystalline cellulose. Pharmaceutical
compositions of the invention generally comprise from 0% to about 20%, preferably,
from about 4% to about 15%, of disintegrant(s).

Preferred binders comprise acacia, tragacanth, hydroxypropyicellulose,

20  pregelatinized starch, gelatin, povidone, hydroxypropylcelluiose,
hydroxypropylmethylceliulose, methylceliviose, sugar solutions, such as sucrose and
sorbitol, and ethylcellulose. Pharmaceutical compositions of the invention generally

comprise from 0% to about 12%, preferably, from about 1% to about 10%, of binder(s).



5 thickness and perneability (swelling properties) of the excipient(s) or
carrier(s); (d) the tine-dependent conditions of the excipient(s?qqﬁ il
carrier(s); (e) the particle size of the active ingredient; and () fge'
pH dependEht3EaHdi ti ons of the excipient(s) or carrier(s) PCT/USO3/16890

Phar maceuti cal | y-accept abl e exci pients or carriers conprise flavoring
agents, 10 pharnmaceutical -grade dyes or pignents, solvents, co-solvents,
buffer systens, surfactants, preservat Jes, sweet ener agents, viscosity
agents, fillers, lubricants, glidants, disintegrants, binders and resins.
Convent i onalAdditmnal Bggniadeama tvam skidled $ennulatorimayg beluosebided evithbied i n

Rem ngton's Pharmaceutical Sciences, 18th Ed., Mack Publishing Co.,

1288- 13 nkive C&RYDUNdWb Ghedts d Q?ﬁleﬂﬁs’ﬁg%dfobm. rﬂf@h@ﬁ@éy,%&ﬂiéhalﬂg@ms

pharmaceutical conpositions of e invention generally conprise fromQ0%to

be.usoliC e roRd A RRdARRCY 10 A RORRRL A R B ORI iRl oo =

Exci pi ents, by the Anerican Pharnmaceutical Assocjation &t Phar maceut i cal
Soci ety of & BRAMGEUCA| camPepion sigally gareprises @miwpo{]"gtte@ t
reference herein. The pharmaceutical tonpositions of the invention

gen®r al9%y9%dhyp weightfaromlwne t prefdrebty, aowo bf agtiye Ingredieot (fuirgisehendior 2rofe
pharmaceuti cal conpositions of the invehtion generally conprise from about

0.1 % Corapsuid 99), Prefetalsipl frsntabdlt 5% o gbeut ¥8P%s Alore PrefesatMptfesm dicriter r ed
co-solvents conprise ethanol, glycerin, propylene glycol, polyethylene

gl ycol gang, élF'@utlédﬁ/%: FW?r%ﬁWﬁF%ﬁ%’ﬁﬁg%ﬁﬁgb%ﬁ S@#ﬁg to.

phar maceut 1 cal conpositions rise Yot 0 about
50% of . co-.sol vent jS)d.(%)Pref erred buffer syst

car boni BTG SHRBILRE e Ph&m ket Eany 2 EPTRETe BREPEDIS GEta Fiers Bt o,
| actic, glyceric, gluconic, glutaric and glutamc A 5 acids and their
sodi umertga{ selid] oicatidh 2Rfid fFerimPEenarationseempriraPoydsreftablety digpersible
10  granules, capsules, cachets and suppositories. Suitable solid excipients or carriers are
known in the art, for example, magnesium carbonate, magnesium stearate, talc, sugar
and lactose. Tablets, powders, cachets and capsules can be used as solid dosage
forms suitable for oral administration. Examples of pharmaceutically-acceptable
excipients or carriers and methods of manufacture for various compositions may be
15  found in Remington’'s Pharmaceutical Sciences, 18" Ed., Mack Publishing Co. (1990),
which is incorporated in its entirety by reference herein.
Liquid form preparations comprise solutions, suspensions and emulsions.
Common liquid form preparations comprise water and water-propylene glycol solutions
for parenteral injection or addition of sweeteners and opacifiers for oral solutions,
20 suspensions and emulsions. Liquid form preparations may also comprise solutions for
intranasal administration.
Aerosol preparations suitable for inhalation comprise solutions and solids in

powder form, which may be combined with a pharmaceutically acceptable excipient or

carrier, such as an inert compressed gas (e.g., nitrogen).



t are phosphoric, tartaric, citric and acetic acids and salts th rﬁﬂf. The
phar maceuti cal conpositions of the invention generally conprise f onfi 040
about 5% of buffer(s). Preferred surfactants conprise pol yoxyet hyl ene

sor bi t atVPAPIYci d esters, pol yoxyet hyl ene nonoal kyl etH%%@V(§Gé9Bse
monoesters and lanolin esters and ethers, 10 alkyl sulfate salts and

sodi um potassi um and amoni um salts gf fatty acids. The pharnmaceuti cal
conpositions of the invention general § conprise fromQ0%to about 2% of
surfactant(s). Preferred preservatives conprise phenol, alkyl esters of

par ahydr oxfhethesincluded dre solshionyl peeamtiansribet maydielcemeerteal, sbotthyer eof |
boric acid and salts thereof, sorbic 15 acid and salts thereof,

chl or gefbrende, tdRGENM I forh pebedratiohs farethalr orahemyarenteralr admineRiAion . agch

nitrate, nitronmersol, benzal konium chloride, cetyl pyridinium chloride,

met hyl: : : nGi ' referred preservatives are
R e e e T G

nmet hyl paraben and

propyl parahen. The har maceut i.cal _conpositipns of the jnventi general ly
conprise fr WPB“%‘E%%&@%‘%“@ mggﬁ’%bﬁc& vesed Ysaﬁ& eners
conpri se sucrose, glucose, saccharin, saorbitol, mannitol and aspartane.
PaPt i dANsEEMakeTrapeEHoRS BN B hedpEmal crerasaledonscasrasels. andePhar maceut i cal
conposi tions of the invention generally conprise from0%to about 5% of
sweet emeunlémns, 2nd nidstbe DRRUAMD 03 rEa9SErRTPALSOST 26880x 32 red¥redbietymslas
viscosity agents conprise nethylcellul ose, sodi um carboxynet hyl cel | ul ose,

hydr oxy esRwHtioma! ivtheedr 18 asie puryese@xypr opyl cel | ul ose, sodi'um al gi nate,
carboner, povidone, acacia, guar gum xanthan gum and tragacanth.
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10  preparation is subdivided into suitable sized unit doses comprising appropriate
quantities of the active component, for example, an effective amount to achieve the
desired purpose.
The quantity of active ingredient (Forms 1 and/or 2 of Compound 13} in a unit
dose of preparation may be varied or adjusted from about 0.01 mg to about 4,000 mg,
15  preferably, from about 0.02 mg to about 2,000 mg, more preferably, from about 0.03 mg
to about 1,000 mg, even more preferably, from about 0.04 mg to about 500 mg, and
most preferably, from about 0.05 mg to about 250 mg, according to the particular
application. A typical recommended daily dosage regimen for oral administration can
range from about 0.02 mg to about 2,000 mg/day, in two to four divided doses. For
20 convenience, the total daily dosage may be divided and administered in portions during
the day as required. Typically, pharmaceutical compositions of the invention will be
administered from about 1 time per day to about 5 times per day, or alternatively, as a

continuous infusion. Such administration can be used as a chronic or acute therapy.

The amount of active ingredient that may be combined with excipient or carrier



Preferred fillers conprise |lactose, mannitol, sorbitol, tribasic calcium
phosphat e, diabasic cal ci um phosphate, conpressible sugar, starch, calcium
sul fate, dextro and 10 microcrystalline cellul ose. Pharmaceutical? it s
conpositions of the invention generally conprise fromO0%to about 75% of
filler(sYOB Y ¥ red I ubricants/glidants conprise magnesi BifdPeio8i%
stearic acid and talc. Pharnmaceutical conpositions of the invention
generally conprise fromO0%to 7% pr rably, fromabout 1%to about 5% of
| ubricant(s)/glidant(s). 15 Preferred sintegrants conprise starch, sodium
starch gl ycol ate, crospovi done and croscarnel ose sodi um and

m cr ocMaserals theraskiced sisgle sosadedosmwilaary denpodingunes e hasttreatasht i on
generally conprise fromO0%to about 20% preferably, from about 4% to about
15% ohnditisé partigurantnisde oPadméaristeatidn. nile disciusslr atseyeacagpieal prepasation Will

hydr oxypropyl cel lu | ose, 20 pregelatinized starch, gelatin, povidone,

hydroxxc%gﬁyé f8ht 4b8 .;ozmbdépawy@@%' @%&Mb%@ﬁg@l‘gﬁgipﬁgﬁe Yu LR

sugar sol uti1ons, such as sucrose and sorbitol, ose.

Ph i cal it { ' j | ' f 0% t
sbout 2o e BTRON BRe Bhuh o 950t 2B B AEH eobe  RRGHA H do58Gpen | °
2005 WD 03/101991 PCT/ USQ3/ 16890 33  Additional agents known to a skilled
f orfvul aEioyRgyMBK beorasieddeRANdING Weon e FRAUEMeHD & Hirs patentasgitBea singl e

dosage form Alternatively, additional hgents may be separately
adm ni seerity of theacomaditir beimgperateds Detenmhinapdr ofl teagwpeodosade pdgimencfent i cal
conposition typically conprises fromabout 0.1 %to about 5 99. 9% ( by

vei ght a Yarti@lia@su 868 hablnytheiil) oftheasit.| Fer EOVaHd Y, tﬁéfwtaﬁdéliwwgg{e 2 of
. F Conmpound 13), preferably, from about 5% to about 95% nore préferably,
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conpri sing nventi . . armaceutical ly acceptabl e
OBl S e e Sty e e bRl o f ot St S ingsion oo
0! With the compaunds of e present mvention are used at & concentraton suficient
provide a practical size to dosage relationship. The pharmaceutically-acceptable
excipients or carriers, in total, can comprise from about 0.1% to about 99.9% (by weight
or volume, preferably, by w/w) of the pharmaceutical compositions of the invention,
preferably, from about 5% to about 95% by weight, more preferably, from about 20% to
15  about 80% by weight.
Upon improvement of a patient’s condition, a maintenance dose of a compound,
composition or combination of the invention can be administered, if desired or
warranted. Subsequently, the dosage or frequency of administration, or both, may be
reduced, as a function of the symptoms, to a level at which the improved condition is
20 retained. When the symptoms have been alleviated to the desired level, treatment
should cease. Patients may, however, require intermittent treatment on a long-term
basis upon any recurrence of disease symptoms.

Specific dosage and treatment regimens for any particular patient may be varied

and will depend upon a variety of factors, including the activity of the specific compound



known in the art, for exanple, nmagnesium carbonate, magnesi um stearate,

talc, sugar and | actose. Tablets, powders, cachets and capsul es 9@?FP§ZM§ed
as solid dosage fornms suitable for oral adm nistration. Exanples S
pharnaceﬂTVEQﬁV?lacceptable excipients or carriers and n%?ﬂggg“éﬁm

manuf acture for various conpositions may be 15 found _in Rem ngton's

Phar maceutical Sciences, 18th Ed., Ma Publ i shing Co. (1990), which is
incorporated in its entirety by referefice herein. Liquid form preparations
conprise solutions, suspensions and enul sions. Cbnnnn.li%uid form

pr epar @mplyedctheprge oyt weighh @engta heghb siptse sk poe digiafibe pasient, dhe
parenteral injection or addition of sweeteners and opacifiers for oral

sol ut i tme,of 2@nsinispratisn,ahe ratedofesmdretiom the lspquifid drog opTtématicn, tlen seveytyal so
conprise solutions for intranasal adm nistration. Aerosol preparations

sui t abl gy %ﬁﬁrsb%%é‘%&%t&rﬁ%@irﬁfﬂé@t‘eﬁt tHRNSatielt S@LhEStM to MRS GfiGE M Which

may be conbined with”a pharneaceutical [y acceptabl e excipient or carrier,

T/ U s f iR ERRFR T 1hEyegps bhhRERR, RéRr TR e I8E ke ray be
converted, shortly before use, to ligquid formpreparations for either oral
or Yar psageegHneR fPfs? patticylar siyation & yithip therskdll eldhgrart e The pmauwt and

suspensi ons and emrul sions. The conpounds of the invention may al so be
del i veireguencyrnddee @mimigistratien ob Formadderdtat 2od Gmspourmhd3 cartheake the form
of creams, |otions, aerosols and enul sions, and may be included in a

t r ansdgfidrladeatiedl mpodiidris the@sof! ABHBOFegUIatRE Atordifg 46 Iveefuidigpiat dfn t he
art for this purpose. The preferred node of adm nistering the conpounds of

the i W%%'E&e%?%ﬁglﬂ{iﬁhn, %{sregf @é ?#r% bétc%%rg?fgi'f@d BGGE! hea sﬂﬁg@gglé%ﬁgigi sina

uni t dosage su preparation I's su into
compor@ SRl 8GR BONERAGr Ll E SO RRBEIod BPEVTEVES HEUIEsi red pur pose.
The quantity of active ingredient (Forms | and/or 2 of Conpound 13) in a
urfi®  dose %@r ipplapgeait il%ﬁigquD@a%ﬁhiaéa IPpatfasagsilevebis kasegtoroti®l ng to
about vé\ln’ai(z;;(r)t?ofrr%e patient. For example, dosage levels of between about 0.01 mg/kg and
about 100 mg/kg of body weight per day, preferably, between about 0.5 mg/kg and
about 75 mg/kg of body weight per day, and more preferably, between about 1 mg/kg
and about 50 mg/kg of body weight per day, of the inventive compound(s), and
15  compositions described herein, are therapeutically useful for the treatment of a variety
of biological disorders, particularly, male and female sexual dysfunction. Between two
patients of differing weights, a higher dosage will be used for the heavier patient, all
other things being equal.
Forms 1 and/or 2 of Compound 13 are understood to provide efficacicus
20 treatment of (male) erectile dysfunction, including a reasonable time of onset upon
administration, and a reasonable duration after administration. For example, in the
treatment of erectile dysfunction, a dosage of the inventive compound(s) can be taken

about an hour before a sex act is to be undertaken. Particular dosages will work within

about thirty minutes of their administration. Ideal dosages will affect a patient within



15 preferably, fromabout 0.02 ng to about 2,000 ng, nore preferably, from
about 0.03 ng to about 1,000 ngy, even nore preferably, fromabout 0.04 ng to
about 500 ng, and nost preferably, fromabout 0.05 ng to about 250.pm,

according, to.the particular application. A typical reco ﬁ/& dai |y doshge
regi men gé)r&@lpéﬁ%ladm nistration can range from about O. gg@ ‘§§j3 16g%oout 2,000
ng/ day, in two to four divided doses. For 20 convenience, the total daily

dosage may be divided and administered,in portions during the day as
required. Typically, pharmaceutical con%osi tions of the invention will be

adm ni stered from about ti er day t bqut 5 tjnes per day, or

al ter népF’V’efl'W?erh@'r&’tG%BB&\WLREE&'W%E%On\%hgﬁgﬂo%o(ﬁ?'hipé?‘le {Stige PRARESused as
a chronic or acute therapy. The anount of active ingredient that may be
combi nattofiot anéwthigrisyatende coaditions ce8ld-ERgPTOBIhadiMeIletatr apamye)sdsy 16890
35 materials to produce a single dosage formw ||l vary dependi ng upon the
host t gegd RfdwoaNgtdrie adrhinistrdtion, fosandbraadod Mattoptitnom dofagds #cl osed above,
a typical preparation will conprise fromabout 0.1 %to about 99. 9% of
active H{Hﬂ% il : ReTp 590 t Qe 0 I abl y,
from al():gu &%tvg)mﬁ%ﬁ{a?gg&mé%e a@?ﬁgpltﬁéggégﬁ@&g%sngﬁj tg%&ﬁngeyrl?g\g{ h\%ri ed
depﬁndi nﬂ fulpon t he rfqui rerrfnﬁﬁﬁnof the patient and the severity of the

condi t A8 8e?ﬁ%a§cfné"gee@m°55 @ Ration of the proper dosage reginen for a
particular situation is within the skill of the art. For convenience, the
total daily dosage may be divided and adm nistered in portions during the
day as required. The pharnmaceutical |l y-acceptabl e excipients or carriers

enpl oyed in conjunction 10 w t hHahganomipBurigs of the present invention are
used at a concentration sufficient to provide a practical size to dosage

rel ati onshi prefEhgblphtae mesitive RN o AsHReHt @M ouRYCI IFIANS Dand ! Afeeégch | N
total, can conprise fromabout 0.1 %to about 99.9% (by wei ght or vol uneg,

e Shbonf 4 cPind oI b CAOMGEL BBl BRLET o1
SRS P e 1 SR BY RO o0 BRLRUBRP b e R

impurities for the purposes of this invention means less than or equal to about 5% w/w

of chemical impurities, preferably, less than or equal to about 3% w/w of chemical
impurities, more preferably, less than or equal to about 2% w/w of chemical impurities,
and even more preferably, less than or equatl to about 1% w/w of chemical impurities.

15 The inventive polymorphs of Compound 13 are, preferably, essentially free of
other forms of Compound 13. "Essentially free" of other forms of Compound 13 for the
purposes of this invention means less than or equal to about 15% w/w of other forms of
Compound 13, preferably, less than or equal to about 10% w/w of other forms of
Compound 13, more preferably, less than or equal to about 5% w/w of other forms of

20 Compound 13, and even more preferably, less than or equal to about 2% w/w of other
forms of Compound 13.

Preparation of Compound 13 in Form 1 and Form 2

Preparation 1: Form 1 of Compound 13




conposition or conbination of the invention can be adm nistered, iE e_§| red
or warranted. Subsequently, the dosage or frequency of adm nistra |3 i
bot h, reduced, as a function of the synptons, to a_level at Whl ch
the i rrpr%?@ﬁf H3Ndition is 20 retained. Wen the synptoms HaVESBdeR

alleviated to the desired level, treatnent should cease. Patients nmay,
however, require intermttent treat megf3 on a long-term basis upon any
recurrence of disease synptons. SpecifFc dosage and treat ment reginens for
any particular patient may be varied and wll end on a variety of
factors, i melaudilrgof Bempaundi t%/(mfanwrf@rrap@tthfqrtsteﬁ neecee@ime)as VO

03/ 101991 PCT/ US03/ 16890 36 enpl oyed, the age, body wei ght, general health
st at uglissoivechintb soletionbytheatipgtii ierabout 1310 volmenex obalmiaitiotiol &. gomethbrolr at e

of excretion, the specific drug conbination, the severity and course of the

synpt @?ﬁsétﬁbgﬁne&‘; &h56ut th@%oﬁ.&fdn%lh@ Hbrﬁpcbﬁtd tt@bdl@tlérﬁ‘% FeRdiiteréto belh ng

treated and udgment of the treating physician. Determ nation of

pr oper S e [ 0 r in the
skill rgfno?rﬁeangrqarthlﬁg% %%ﬁﬁ Hd(?%ﬂ Fé E)gﬁcg?@%rﬁ bglttgé]% agnbﬁﬁgtdtsg"%f%ﬁmvgtéﬁorns I
and/or 2 of Conpound 13, or euti cal ositions thereof, may be
regul 4P E8MA¥E G %prtuw@ef gﬁ@rﬁ%ﬁcﬁ e SRR SgPRIaTALR A abRidled on
the factors recited above. As a skilled artisan will appreciate, |ower or
hi gherhatfdbe origheah vohose, qosied tedabbidveomelemperatigei aed ditaedreith aheubate, it
is often the case that a proper dosage |level is based on the weight of the

pat i e%aF%iuﬁ@@fﬂh@terdUﬁégﬂeb@wéleﬁi sdlidis tcoeRot, fihersd, Wakhelosiky aBogt a about
100 ng/ kg of body wei ght per day, preferably, bet ween about 0.5 ng/ kg and

o/ kg 2 aREauT repROYs By kel ey pB0R T LE0PCRHRIAE Yelih g 200t T

conpound and 1 05|t ns described herein, are therapeutically
usef ulpr?gaétﬁ?émt?Qgpﬁﬁ{H) var| ety of biological disorders,
particularly, male and fenmal e sexual dysfunction. Between two patients of
dubf eri ng waelghtbouteohogker dosage will be used for the heavier patient, all
ot her things being equal. Forns | and/or 2 of Conpound 13 are understood to
provi de ef Nompbblngy: needles.

Melt Point: about 175-182 °C.

Average DSC Heat of Fusion; about 70 J/g. See FIG. 4 which shows 71.112
J/g.
15 X-ray Powder Diffraction Angle [in degrees}]: See Table 2 and FIG. 3.
Preparation 2A: Form 2 of Compound 13 Without Seeding

About 1 g of Compound 13 (in any form, both crystalline and non-crystalline) is
dissolved by heating it in about 10-20 volumes of a Form 2 crystallizing solvent (e.g.,
alcohol, nitrite, ester or ketone). The solution is then filtered to remove any particulate

20 matter. If desired, Darco can be added in the dissolution step to remove any color
impurities from the batch. The solution is concentrated to about half of the original
volume and cooled to about room temperature. The batch is then stirred at about room
temperature for about 18 hours to obtain equilibrated pure Form 2 of Compound 13.

Yield: about 75-85%.
25 Morphology: plates.



20 treatment of (male) erectile dysfunction, including a reasonable tine of
onset upon admnistration, and a reasonable duration after adm ni %tﬁrf&tﬁlm
For exanple, in the treatnent of erectile dysfunction, a dosage of the

i nvent i v&QHMISWAd(s) can be taken about an hour before BCEERUAMBM s to be
undertaken. Particul ar dosages wll work within about thirty m nutes of
their adm nistration. |deal dosages will affect a pati'‘ent within WD

03/ 101991 PCT/ US03/ 16890 39

23 FEB 2005 37 about fifteen mnutes of their adm nistration. Wile food,

di et, pre-ekeitPoigh abodt 1641152 °Cal cohol and ot her system c conditions coul d

| engthen the tine delay for an inventive drug to work after its

admi ni st r at Avaraget DEE Meatasfdtusieh tataut d poiigmSdesiage s whichcshawsn@8.68n wi t h
sexual Ftl mul ation will result in an efficacious drug treatnent within 5 and
for a f’&asonabl e anount of tinme. Polynorph Puri ty Preferably, the inventive

Chen cal 1 mARReDracta At e gend] S8 Tanie RIS ot cparat i on

of Forms | or 2 of Conpound 13). SuQstantlaIIy free" of chem cal

inpurities for the purposes of this i'nvention neans |ess than or equal to
about , C a , eferably, less than or equal to
about ERATALYR 28 aucts a:s raferably, |less than or equal to
about 2@6m/m1of chenlcal |npur|t|es and even nore preferably, |less than or

equal to Bhwbitch 9o i the sehsarhreainer B8Westribed abbvélier Ih@V@'@FBMﬁidholA( upr phs
of Corrpound 13 are, preferably, essentially free of other tornms of Conpound

13. "Egpppt éc?dhlnéredcfrtﬁ@ olﬂfromcli'%oﬁpfdﬁn %mﬁ@ﬁ@@ﬁéndA 1lf/\()§;\ﬁt5mf hRe SEH&IBﬁngs of

this invention mfeans ess han or equal I about orrr}s of
Co 0

o el 85 b P AR ok R b €
forms of 20 ound 13, and, even nore prefe | ess than or equal to
abtut E%’WMGT’ wobazed on H?%etﬂ?‘ @g 'i'ﬁl”l@e”@‘s ﬁea{%rv%iﬁ liged sphgddu®m3 in

Form1 and Form 2 Preparation 1: Forml of Conpound 13 23 FEB 2005
cooled, filtered, washed with crystallization solvent, and dried at about 70-80 °C under

a vacuum to provide Form 2 of Compound 13. The yield obtained (about 90-95%) is a
litthe more than is achieved in preparation 2A above (due to avoidance of product

encrustation that occurs during preparation 2A).

15 The morphology, melt point, DSC heat of fusion and x-ray powder diffraction

data are the same as shown below for Form 2 made by preparation 2A.

Example

About 10 g of Form 1 of Compound 13 was added to and dissolved in about 17
20  volumes of acetonitirile by heating the batch to about 80-85 °C. The batch was Darco
treated to remove any color impurities. The hot solution was filtered to remove any
particulate matter, and the batch was concentrated atmospherically to a final volume of
about 6-7 volumes. About 0.05g of Form 2 of Compound 13 seed (which is about 0.5%

of the weight of initial charge of Form 1 of Compound 13) was added as a siurry in



WO 03/ 101991 PCT/ US03/ 16890 38 About 1 g of Conpound 13 (in any form both
c[)ystal |l i ne and non-](c:rysta: | Rel) i(s di ssol Vﬁd i Into solution by h %tFiE"BgZ it in
about 5- s of an alcohol (e.g., nethanol or iso g o0 about

t he sol u\%lgé’n&glgﬁsi ng point, and the solution is then fil %&2@?}6 P enove any
particulate matter. If desired, Darco can be added in_the dissolution step
5 to renove any color inpurities fromshe batch. The solution is
concentrated to about half the original volume, cooled to about room
tenperature, and diluted with about an equal volume of water. The

preci AqekeRitfilaofl e bacewas eiadyaliv eqaled TERGRR LR dield thess dptaRrtBus

al cohol solution, and dried at about 70 -80 C under a vacuumto provide

For m |13 bbuGoapduimeh ¢Goled Qo vbeLid0-SatouiTheded5iling sMspphsibagyas filtsrddes. Mel t

Poi nt: about 175-182 C. Average DSC Heat of Fusion: about 70 J/g. See FIG 4

whi ch ng%j : - A bhract, ; ]: See .
Tabl e "2 an %ﬁ&%&%ﬁo#ﬂﬁ%ebgﬁgtqf%da%tk o(r?dr{])qézj6 o} '@%ﬁ‘{aﬁjh@? %36‘%\4%0&8%2:% ng
About of ound 13 (i ny form both crystalline and non-crystalline)
is dié@%ﬂ%ﬂgﬁ%%@ﬁpvﬁ@ gﬁlt'&?n% QA(%'Qut ,10-20 vol umes of a Form 2 crystallizing
solvent (e.g., alcohol, nitrile, ester or ketone). The solution is then

fibtered toTkemyshaoyy, raet pointaD8CReatrsftfesion landdesay pdwdBrditieactim be added
in the dissolution step to renove any color inpurities fromthe batch. The

sol uti pftaizFe GASSNE R SR aBEG forPirn 2imddienPprébalation'v@ une and cool ed to
about rogm‘taerrperature. The batch isr{men Sc{lﬁ?g‘a@;gt abgut room tenperature

for about hour s bt ali. gui.Li br at re Faor f Co und,_13.
Vi el d: - abouotsE a8 sBBNBIA i BhstetsBl Baaths b Sedbsntse WG Al 00,
PCT/ US03/ 16890 39 _ X , . .\ . )
numbers used in the specification and claims expressing quantities of ingredients,
reaction conditions, and so forth, are understood as being modified in all instances by
10 the term “about.” The above description is not intended to detail all modifications and
variations of the invention. It will be appreciated by those skilled in the art that changes
can be made to the embodiments described above without departing from the inventive
concept. It is understood, therefore, that the invention is not limited to the particular

embodiments described above, but is intended to cover modifications that are within the

15  spirit and scope of the invention, as defined by the language of the following claims.



Melt Point: about 164-1172 C. Average DSC Heat of Fusion: about 100 J/g. See
FIG 2 which shows 98.521 5 J/g. X-ray Powder Diffraction Angle [in?3FER 7005
degrees],.  Se le 1 and FIG 1. Preparation 2B: Form 2 Co und 13
Wth Seeglion‘bﬁ?g% batch is run in the sane manner as descrf’%ﬂfs‘é}b@ for the
preparation 2A up to the cooling of the solution to about room tenperature.
At this point, the solution is seeded with a small anount of Form 2 of
Compound 13 solid (e.g., about 0.2% wWw to 10 about 1 % w w based on the

wei ght of starting material). The crystallized solid is then cooled,
filtered, washed with crystallization solvent, and dried at about 70-80 C
under a vacuumto provide Form 2 of Conpound 13. The yield obtai ned (about
90- 95WVHAT 4S CGLAIMEDH®re than is achieved in preparati on 2A above (due to
avoi dance of product encrustation that occurs during preparation 2A). 15 The
mor pho{ 0gy, AT dtafifkPolyrhSiphhRsn Qlof iGhpdungax-ray powder diffraction

data are the sane as shown below for Form 2 nmade by preparation 2A. Exanpl e
About 10 g of Form | of Conpound 13 s added to and dissolved in about 17
20 vol unes of acetonitirile by heatyrg the batch to about 80-85 C. The batch
was Darco treated to renove any/<6MNQr_hnpurities. The hot sol ution was
filtered to renove any Qpartic t. &, and the batch was concentrated
at nospherically to a fifjal vdl unme~e about 6-7 vol unes. About 0.05g of Form
2 of Compound 13.s€&uy i &'sﬁ}dbout EF% of the weight of initial charge
of Form | of Corrpourg\lS) added as™a! sl urry in WO 03/101991

PCT/ US03/ 16890 O N N 23 FEB 2005 40
acetonitrile. The batchlwas gradu cooled to roomtenperature, held there
for about 3 hours, apfd then cooled to about 0-5 C. The resulting suspension
was filtered, washeggmith acetonitrile, and dried at about 70-80 Cin a
vacuumto provide Form 2 of Conpound 13 in about a 90-95%yield. 5 The
m)raohol ogy, nelt point, DS%heat of fusion and x-ray powder diffraction

that exhibits an x-ray powder diffraction pattern having characiteristic peak

locations of 8.1, 1.3, 17.2, and 22.2 degrees 26 +/-0.5 degrees 260.

2. The crystalline polymorph of claim 1 that exhibits an x-ray powder
10 diffraction pattern having characteristic peak locations of 8.1, 11.3, 13.1, 15.3,

16.1, 17.2, 17.6, 18.9, 20.8, 21.8, 22.2, 23.4 24.1, 25.8 and 30.6 degrees 20 +/-

0.5 degrees 20.

15 3. The crystalline polymorph of claim 1 that exhibits an x-ray powder diffraction
pattern substantially the same as the x-ray powder diffraction pattern shown in

FIG 5.



data are the sane as shown above for Form 2 made by preparation 2B. O her
than as shown in the operating exanple or as otherw se indicated, PB'T{:E'M}OS
numbers used in the specification and clainms expressing quantities of - ’
i ngr edi WP 1984 cti on conditions, and so forth, are undefStEsH 48 %ei ng

modified in all instances by 10 the term "about." The above description is
not intended to detail all nodifications and variations of the invention.
It will be appreciated by those skilléd in the art that changes can be nade

to the enbodi ments descri bed above w thout departing fromthe inventive
concept.. |t The corstlling pelymarpbradfctaien 1 theétetht&Siawd@gﬁmrmﬁlisgan@ingl imted to
the particular enbodinents descri bed above, but is intended to cover

modi fi cat i ogslotimetrygrattenh sbbstantiglllthesgime tasahd diffarpatialf sdampingwalotinesry as
defined by the | anguage of the follow ng clains. 23 FEB 2005 WD 03/101991

PCT/ US03/ 16§%A%h%ﬁnlﬁwl MED IS: 1. A crystalline polynmorph Form 2 of
Conmpound 13- 5 13, that exhibits an x-ray powder diffraction pattern

havi ng characteristic peak |ocations of 8.1, 11.3, 17.2, and 22.2 degrees
20 +/-0.5 degrees 20. 2. The crystalljne polynorph of claim1l that exhibits
an x-ray powder 10 diffraction pattern having characteristic peak |ocations
of 58. 15 11. Bhe epysfalling pglymorgh pf claimpt, whick is prepgred hysrystaliigingz 2 23. 4
24.1, 25.8 and 30.6 degrees 20 +1- 0.5 Hegrees 20. 15 3. The crystalline

pol ynor ph o€ooipaiumd 13 inaan esderiially nan-aguemyspohtat. di ffraction pattern
substantially the same as the x-ray powder diffraction pattern shown in FIG
5. WD 03/101991 23 FEB 2005 PCT/ US03/ 16890 42 '

6. The crystalline polymorph of claim 5, wherein the essentially non-aqueous
solvent is an organic solvent selected from the group consisting of alcohols,

10 nitriles, esters, ketones, and mixtures thereof.

7. A pharmaceutical composition comprising the crystalline according to claim 1,

and at least one excipient or carrier.

15 8. The pharmaceutical composition of claim 7 further comprising at least one
compound selected from the group consisting of: a prostanoid, a-adrenergic
receptor, dopamine receptor agonist, melanocortin receptor agonist, endothelin
receptor antagonist, endothelin converting enzyme inhibitor, angiotensin |}
receptor antagonist, angiotensin converting enzyme inhibitor, neutral

20 metalloendopeptidase inhibitor, renin inhibitor, serotonin 5-HT . receptor agonist,
nociceptin receptor agonist, rho kinase inhibitor, potassium channel modulator

and muitidrug resistance protein 5 inhibitor.



The crystalline polynmorph of claim1l that exhibits a differential gﬁ@ﬂiﬂﬂ
calorinetry pattern substantially the sanme as the differential sca Vn@7'*
calorinmetry pattern shown in FIG 2. 5 5. The crystalline pol ynorph of
claiml1, which is prepared by crystallizing Conpound 13 in an essentially
non- aqueous solvent. 6. The crystallin63polynnrph of claimb5, wherein the
essentially non-aqueous solvent is an organic solvent selected fromthe
group consi sti of alcohols, .10 nitriles, esters, ketones, and m xtures
Thereof . %7, A PialitreLiE CYRtaliseRAYTeL ARG R PL T OVReR T ne
according to claim1, and at |east one excipient or carrier. 15 8. The
phar maceut i calprepaisdiontaf shmedicamenhior hertreaimend op aiphyaiglegical alisardghe
conmpound sel ected fromthe group consisting of: a prostanoid, a-adrenergic

receptor, dOpWoﬁE@ﬁ@f&@&s@WﬂPﬁk,urﬁﬁéﬁilfalpmmldvasealantwrelal@@a‘amiar.
endothelin receptor antagoni st, endothelin converting enzyne inhibitor,

angi otensin || erﬁ@g@tﬁscgﬁtrg%ﬁ@h%?%?ﬁg ﬂyﬁéﬁéﬁ’g;&m—ég{eﬁo_@& yme

i nhi bitor, nedtr nmet a ase'inhibitor, renininhibitor,
serotonin 5-HI2G.recept or .agoni st ocj cepti n.recept,or ni st, rho kinase
i nhi bitor, potH¥E? ﬁ?@h&ﬂﬂ@ © EQ”")&T%F"”{ 'EﬁgdHﬁti'qq'@F rralagt?@feance protein 5
inhibitor. 23 FEB 2005 43 9. The use of the crystalline polynorph according
to claim1 forreshiatopsy &pat allptgic asseciated wishatnpys pulmonary hwaerensionf a
physi ol ogi cal disorder, synptom or disease which is urogenital,

car di ovascul ariscitsmnibiiearbdepaied gipsiseforsrahce alistdias andrigi retpect ori s,
hypertensi on, restenosis post angioplasty, endarterectony, stent

| ntroduct | on, SSheRiAbs! il redi8BALE AR Hberd|4 A poRIeRd ated wi Lh

atopy, pul nonary hypertension, 1schem eart g e tol erance,

di abetes and i | at onpl i i ons, i N resi ale ndr one,
hyper gl ycem a, 5‘%6[%?%@&%‘?%“%05@’(#‘%@5%?&% f‘F\%ﬁﬁiﬁl%‘r‘ﬁé’r ﬁ?ﬁbﬁ‘rﬂ% ?léﬁ%f’lp

i nsufficiency, nephritis, tubular, interstitjal, a;,f_t oi ne, gl aucomnma,
i nt esti nal mtlptqrgytfalcé\étﬁggmngr glagsema, intestinal motility, cachexia or cancer.

10.  The use of the crystalline polymorph according to claim 9, wherein the

physiolegical disorder is urogenital.

11.  The use of the crystalline polymorph according to claim 10, wherein the

urogenital disorder is erectile dysfunction.

12.  The use of the crystalline polymorph according to claim 1 for the
preparation of a medicament for the elevation of a cGMP level in a patient

in need of the elevation.

13.  The use of the crystalline polymorph according to claim 11, further

comprising the use of at least one compound selected from the group



10. The use of the crystalline polynorph according to claim9, wherein the
physi ol ogi cal disorder is urogenital. 11. The use of the crystalline

pol ynor ph according to claim10, wherein the urogenital disorder ig jridckli’l e
dysfunction. 12. The use of the crystalline polynorph according to claim!l
for the preparation of a nmedicanent for the elevation of a cGW level in a
patient in need of the elevation. 13. 4fhe use of the crystalline polynorph
according to claiml1 1 , further conprising the use of at |east one
conpound sel ected fromthe group 23 FEB 2005 44 consisting of., a

prost anoi d, a-chséstieggdfcapeesipnoid, ceagramengic rezapion dopamong mcepmﬂ anocortin
receptor agonist, endothelin receptor antagonist, endothelin converting

enzyme i nhi bi tfoniRN QARSI i kécerpﬂgreﬁ@@rms%hagmnﬁtrece;ﬂagamta BAish _
converting enzyhe inhibitor, neutral netalloendopeptidase inhibitor, renin

Mo ki nase i nSLBRIT 5%”%%@@%“%2@%393%5Lﬁ@?&%ﬁ%ﬁéf ReshERSoRerD 3.

protein 5 inhibitor. 14. A rsalllne m)r Form 1 of Conmpound 13: CH

13, that exhl%ﬂg'gt%”l(c‘i’w E?WBPf”P 'i 6‘@%’3& ’F‘@Fﬂ'oﬁaqpﬂﬁo%ﬁact eristic
peak locations of 7.3, 9.2 and 20.2 degrees 20 +/-0.5 degrees 20. 15. The
crystalline pdhy'rhiiop,rreofn iohiitor, 1sbrotoetin ExXHT hireseptor agomigt, pootbeptindi f fract i on
pattern having characteristic peak |ocations of 7.3, 8.4, 9.2, 12.7, 14.3,

15.0, 15.4, 16rezeplt-ahondl; r%o l@ﬂa@e inkibitbr Béta%s;ua@eﬂanr?e?ﬂ?odﬂgtoﬁandzg- 3,
31.9 and 34 6 degr ees 20 +/-0.5 degrees 2b FEB2005 45 16, T

crystalline po,ll%mr%u f?%st%e%?'é%fiﬁiﬁ@(@ﬁ%b' ts an x-ray powder diffraction

pattern substan e sa powder diffraction

14.  Acrystalline polymorph Form 1 of Compound 13;

13,
that exhibits an x-ray powder diffraction pattern having characteristic peak

locations of 7.3, 9.2 and 20.2 degrees 20 +/-0.5 degrees 260.

15.  The crystalline polymorph of claim 14 that exhibits an x-ray powder
diffraction pattern having characteristic peak locations of 7.3, 8.4, 9.2,
12.7,14.3, 15.0, 15.4, 1.5, 18.8, 20.2, 20.9, 24.0, 25.8, 26.4, 27.2, 27.8,

29.3, 31.9 and 34,6 degrees 20 +/-0.5 degrees 20.



pattern shown in FIG 6. 17. The crystalline pol ynorph of claim 14 that
exhibits a differential scanning calorinetry pattern substantiall yg?%]hs?ﬂr@?
as the differential scanning calorinetry pattern showmn in FIG 4. 1

crystal line polynorph of claim14, whi gh is prepared by crystallizing
Compound 13 by dissolving it in an org i ¢ sol vent, and addi ng water
thereto. 19. The crystalline pol ynorph of claim 18, wherein the organic
solvent is selected fromthe group consisting of alcohols, nitriles,
esters, Kt onedhe coystalingpolyswrpRer sm b‘btha'i‘ﬁéh@ﬁ§§f‘d1' 1AYFOWRE Y nor ph of
claim 14, which is prepared by crystallizing Conpound 13 by dissolving it
in an ester, atitiratidnatizn aobstastibetite samhe@sttbe xaray phvadee diffraglion ne

pol ynmor ph of claim 20, wherein the anti-solvent is a hydrocarbon sel ected
fromthe grou i xane, heptane, toluene and xylene. 23
FEB2005 46 22%%@?%@?&@&@(@? conposi tion conprising the crystalline

pol ynor ph according to claim 14, and at | east one excipient or carrier. 23.
The pharnaceutical conposition of claim22 further conprising at |east one

conpound gl ecygd ohy: s%ﬂlﬁé‘gogrn&%h%ﬁ%ﬁdlﬁi14‘91élfexhﬁ31tl§r33§|ﬁéfé?1tlﬁl s@anrivelg ener gi ¢
receptor, dopam ne recept or "agoni st nmel anocortin receptor agoni St

S e SRR ﬁpa%ﬁe?ééhRF%%’SM SR B e L

i nhibitor, neutral netall oend t e inhibitor, renin inhibitor,
serotonin 5- HT3® OF‘G@érﬂtRﬁneéﬁ@ﬁB'é’F‘ ‘”r'lzi1 i %eptin recept or agoni st, rho ki nase
i nhi bitor, potassium channel nodul ator and nultidrug resistance protein 5
inhibitor. 24. The use of the crystalline polynorph according to claim 14
for the preparation of a nedicanent for the treatnent of a physiol ogi cal
di sorder,18. The crystalline polymorph of claim 14, which is prepared by crystalilizing

Compound 13 by dissolving it in an organic solvent, and adding water

thereio.

19. The crystalline polymorph of claim 18, wherein the organic solvent is
selected from the group consisting of alcohols, nitriles, esters, ketones,

and mixtures theresof,

20.  The crystalline polymorph of claim 14, which is prepared by crystallizing
Compound 13 by dissolving it in an ester, and adding an anti-solvent

thereto.

21.  The crystalline polymorph of claim 20, wherein the anti-solvent is a
hydrocarbon selected from the group consisting of hexane, heptane,

toluene and xylene.



synptom or di sease which is urogenital, cardiovascul ar, cerebrovascul ar,

peri pheral vascul ar, angina pectoris, hypertension, restenosis post 773 {t3 7005
angi opl asty, endarterectony, stent introduction, cerebral stroke,
respiratory tract, allergic associated with atopy, pul nonary hypertension,

i schemic heart, inpaired glucose tolerdhce, diabetes and its related
conplications, insulin resistance syndronme, hyperglycem a, polycystic 23 FEB
2005 47 ovarian syndronme, glornerular, renal insufficiency, nephritis,

t ubul ar izg, er sA phafhacautical sompesitignasurmpnising testystalinenpolyinorgt) cachexi a or
cancer. 25. The use of the crystalline polynorph according to claim 24,

wherein the p cﬁo‘?&liﬂﬁ%%‘laiﬁ\i SOTHR af [Basf &%Bkéi fent 8Pcarfiep. use of the

crystalline polynorph according to claim erein the urogenital disorder
is erectile dysfunction. 27. The use of the crystalline pol ynorph according
to claim14 for the preparation of a nmedicanment for the elevation of a cGwW
level in a patient in need of the elevation. 28. The use of the crystalline
pol yrmor ph23iccof ¢ phacroaceutionl cemppsitione’ claighg? futhay coRrising atleast | east one
conpound sel ected fromthe group consisting of: a prostanoid, a-adrenergic

receptor, dopaghdeofrp@thteled8®fiodi tha BlcapkistingIdce prestangianixst
endot helin receptor antagoni st, endothelin converting enzyne inhibitor,

i bi tor . neufyaneRue s oRsBh Wsamioe RO r RS SpiEhbe et FREA: o,
serotonin 5-HT2 recept %raﬂ%gioni st,. nociceptin receptor aggnist, rho kinase

i nhi bi tor, pota3afignes N rREBRICAEAFE t, ardqthaIn gOREETey 2REWEr ot ein 5

nhibrtor. inhibitor, angiotensin Il receptor antagonist, angiotensin converting
enzyms inhibitor, neutral metalloendopeptidase inhibitor, renin inhibitor,
serotonin 5-HT 2. receptor agonist, nociceptin receptor agonist, rho kinase
inhibitor, potassium channel modulator and multidrug resistance protein 5

inhibitor.

24.  The use of the crystalline polymorph according to claim 14 for the
preparation of a medicament for the treatment of a physiological disorder,
symptom or disease which is urogenital, cardiovascular, cerebrovascular,
peripheral vascular, angina pectoris, hypertension, restenosis post
angioplasty, endaiterectomy, stent introduction, cerebral stroke,
respiratory tract, allergic associated with atopy, pulmonary hypertension,
ischemic heart, impaired glucose tolerance, diabetes and its related

complications, insulin resistance syndroms, hyperglycemia, polycystic



23.

26.

27.
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ovarian syndrome, glomerular, renal insufficiency, nephritis, tubular

interstitial, autoimmune, glaucoma, intestinal motility, cachexia or cancer.

The use of the crystalline polymorph according to claim 24, wherein the

physiotogical disorder is urogenital.

The use of the crystalline polymorph according to claim 25, wherein the

urogenital disorder is erectile dysfunction.

The use of the crystalline polymorph according to claim 14 for the
preparation of 2 medicament for the efsvation of a cGMP level in a patient

in need of the elevation.

The use of the crystalline polymorph according to ¢laim 28, further
comprising the use of at least one compound selected from the group
consisting of: a prostanoid, a-adrenergic receptar, dopamine receptor
agonist, melanocortin recepior agonist, endothelin receptor antagonist,
endothelin converting enzyme inhibitor, angiotensin il receptor antagonist,
angiotensin converting enzyme inhibitor, nautral metalloendopeptidase
inhibitor, renin inhibitor, serotonin 5-HT 4. receptor agonist, nociceptin
receptor agonist, rho kinase inhibitor, potassium channel modulator and

multidrug resistance protein 5 inhibitor.



