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, BACKGROUND OF THE INVENTION
1. | Field of the Invention

The invention relates to polycyclic nucleotide xanthine

phosphodiesterase V inhibitors.

2. Description of Related Art

Phosphodie'sterase (“PDE”) V inhibitor compounds are described by
Kenneth J. Murray in Phosphodiesterase V4 Inhibitors, DN & P 6(3), pp. 150-
156 (April, 1993), which is hereby incorporated herein by reference in its
entirety, to have potential therapeutic value for a number of physiological
disorders. One compound disclosed in the Murray article is MIMAX, a
polycyclic xanthine PDE V inhibitor substituted at its 8-position with a ~NHCH3
group.

US 5,409,934, which is hereby incorporated herein by reference in its
entirety, discloses a series of xanthine PDE V inhibitors that are substituted at
the 8-position with, among other possibilities, one of the following groups:
-NO,, -NR°R! or -NR®SO,R5, where R® and R, independently of one another,
are each a hydrogen atom or an alky! group, or R® and R, together with the

nitrogen atom to which they are both attached, form a phthalimido group, R® is

its 8-position with a

the 8-position with, anong other possibilities, one
of the follow ng groups: -NO2, -NRERt or -NR SO2R5, where R5 and Rt,
i ndependently of one another, .25 are each a hydrogen atom or an al kyl group,



nitrogen atomto which they are both attached, forma phthalimdo ﬂrou? R5
is WD 02/24698 .2 0 7 APR 2005 PClYUSO /28983 an al kyl or aryl d¥ AE)R, Bna .
R6 is a hY@&BFéeeP8at om or -SO02R , where R is an al kyl or BEJUSH28883. US
5,470,579, which is hereby incorporated herein by reference in its

entirety, discloses a xanthine PDE V inhibiZor having a substituted or 5
unsubstituted -NH2 group at the 8-position, -for exanple, -NHR, where Ris a
Cl-C6 al kyl group. WO 93/23401, which is hereby incorporated herein by

ref erence in ignsalkgindriargt groug, selddR®is aKaydroges JfhiE of -SOURY, nese Riag aar e
substituted at the 8- position with -NH(CH2) 2CH(CH20R4) 2. 10 WD 92/ 05176,

which is herel%yk)}rll@,g;gp%%gﬁ\ﬁd herein by reference inits entirety, discloses

8- acyl ar ni noxant'hi ne inhibitors that are substituted at the

8-position with -NH . 92/ 05175, which, is, her incor porat ed
herein by refer encéjﬁ?mn‘f"w%&'ﬁ,he ﬁ%i%g&orgtegﬁp%%@ﬁyﬁgﬁéeq%&m S
inhibitors that are substituted at 15 the 8-position with -NH2 or -NHR
where R is an etisty, d'§f3l§’f5§§@/Xa@ﬁh'nﬂlBQEuVm@g'toﬂﬁVé?g)éﬂmS@t%@d g",

het eroaryl) group. Specific PDE V inhibitors have been found useful for

- speci B ¢ i ndiunsubstitated~eNHe>groppat theén8-positiont, fdEavhpleh -NHR)whefeR israat i ng
i npot ence

C4-Cs alkyl group.
WO 93/23401, which is hereby incorporated herein by reference in its

entirety, discloses xanthine PDE V inhibitors that are substituted at the 8-

S

position with —=NH(CH,),CH(CH20R*),.

10 WO 92/051786, which is hereby incorporated herein by reference in its
entirety, discioses 8-acyiaminoxanthine PDE V innibitors that are subsiituied
at the 8-position with -NHCOCgHsCOOH.

WO 92/05175, which is hereby incorporated herein by reference in its
entirety, discloses 8-aminoxanthine PDE V inhibitors that are substituted at

15 the 8-position with —NH, or -NHR, where R is an alkyl, arylalkyl or unsaturated

heterocyclic (e.g., heteroaryl) group.

p—

Specific PDE V inhibitors have been found useful for specific
indications. For example, the use of PDE V inhibitors for treating impotence
has met with commercial success with the introduction of sildenafil citrate,

20 better known as Viagra® (Pfizer, NY, NY). The chemistry and use of Viagra®,
. including its mechanism of action in treating erectile dy./sfunction, are taught in
EP 0 702 555 B1, which is hereby incorporated herein by reference in its

entirety. Additional PDE V inhibitors useful for treating erectile dysfunction




has met with commercial success with the introduction of sil dengfIiLAPRelm?r at e,
20 better known as Viagra(r) (Pfizer, NY, NY). The chem stry an 0

Vi agra(r)WO 06224698di ng its nechani smof action in treating BCEES128983
dysfunction, are taught in EP O 702 555 Bl, which is hereby incorporated
herein by reference in its entirety. Addi8ional PDE V inhibitors useful for
treating erectile dysfunction O 7 APR 2005 WD 02/24698 PCT/USQO /28983 3 are
di scl osed in WO 99/24433, which is hereby incorporated herein by reference
in its entiretye digcicdad i VWG DO/2AUi3BNWhithas theesth\a rlcerparatdd bérein bgcogni zed
health concern, affecting nore than 30 mllion nmen in the United States,
including 5 0'?8fér@né%fffit§¥ﬁﬁreﬂge 65. Erectile dysfunction occurs when a man
consistently Is unable to sustain an erection sufficient for conducting

sexual intercourse.-ln. the _past. .psychql ogical,reasons were the. nost common
expl anati on for erFJSPY"Fe‘?Y&}‘éﬁWE‘t'?%" Q[aglg mh'gg’ﬁ'sﬁeﬁgpggeg 'Tﬁ?m’r al part of
agi ng. However, researchers today acknow edge that nore than 70 percent of

i nstances of TPONeeHELafiesting saredhansS0andicnmendn g Yinited Siatess induding

probl ens. There are several factors that nay contribute to erectile

dysfuldcti on, iomelindoogoverrzage 651 &vdctie dysfuattiom occaishehers al man soasistently
har deni ng of the arteries, high blood pressure and high chol esterol.

Neur ol ogi cal ¢4 REER 1 sustihdnfbrecibh SUffiticht fd cHiRiuCRAg SedlsfARRcAREe. 1P
Par ki nson' s di sease.
the past, psychological reasons were the most common explanation for
erectile dysfunction or it was considered a natural part of aging. However,
researchers today acknowledge that more than 70 percent of instances of
10 erectile dysfunction are due to physical or medipal problems. There are
several factors that may contribute to erectile dysfunction, including:
o Poor blood circulation — atherosclerosis or hardening of the arteries,
high blood préssure and high cholesterol.
¢ Neurological disorders — multiple sclerosis, Alzheimer’s disease and -
15 , Parkinson’s disease.
e Hormone imbalances — diabetes, thyroid disorders and low
testosterone levels.
e Trauma — spinal cord injury, prostate surgery or other trauma to the
pelvic area.
20 . _ ¢ Prescription and over-the-counter medications — blood pressure

medications, antidepressants and certain drug combinations.

o Lifestyle habits — smoking, alcohol abuse and using illegal drugs.




Hor none i nbal ances - di abetes, thyroid disorders and | ow testosterone

| evel s. Trauma - spinal cord injury, prostate surgery or other t@autalilb
the pel vIQ e¥B6a98 20 Prescription and over-the-counter neBCT&ESIE8983 bl ood
pressure nedications, antidepressants and certain drug conbinations. .
Li festyl e habits - snoking, alcohol abuse 4nd usi ng illegal drugs. WO

02/ 24698 4 0 7 APR 2005 PCT/USO 1/28983 U.S. 5,939,419 and U. S 5, 393, 755,
both of which are hereby incorporated herein by reference in their

entirety, discloselh8l $©89,410 andr). 85,398 59, beth ofavhichsarehatrelay e useful for-
the treatnent of cardiovascular and pul nonary disorders. 5 As has been

shown by the g i trafd ) I { i I PDE V
y iSRS SRAe R hbMdn By Lrefdrbfte i’fpgﬁéﬁ erft?é rggcld@%&gﬂlg@a&hﬂ% |

i nhi bitors have been found to"be useful for trea cardi r and
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can be substituted at the 8-position by a variety of groups, 10 including
nitro and unsPYYNORFYLHSYHCEbst it ut ed ami no groups. The substituted anino
groups include saturated heterocycles, where the 1114 nitrogen atomand its
subst i%t uent s t oget Warhdsobeemshowndiythet regresentativeyart icited mbope, certain

- xanthine/guanine PDE V inhibitors have been found to be useful for treating
cardiovascular and pulmonary disorders, while some others have been found
useful for treating impotence. It has been further shown that certain xanthine - 3
PDE V inhibitors can be substituted at the 8-position by a variety of groups,
10 including nitro and unsubstituted or substituted amino groups. The
suDstiituted amino groups inciude saturaied heterocycies, wher
atom and its substituents together form an unsaturated heterocyclic group
(e.;, -NR"RV‘can form a heterocycle).
It is an object of this invention to provide a polycyclic xanthine PDE V
15 inhibitor that possesses bengﬁcial therapeutic properties.
It is a further object of the iﬁvention to provide a polycyclic xanthine
PDE V inhibitor that has especially useful pharmacological properties. -
It is yet another object of the invention to provide a polycyclic xanthine
PDE V inhibitor that has good metabolic stability.
20 | It is still another object of the invention to provide a polycyclic xanthine

PDE V inhibitor that is effective for treating a variety of physiological

symptoms and diseases in which PDE V plays a role.



(e.g., -WRY can forma heterocycle). It is an object of this invent)DAPR 105
provide a polycyclic xanthine PDE V 15 inhibitor that possesses benefici al
't her apeut iWORRBHBties. It is a further object of the i nverRGTHSHBBovVi de a
pol ycyclic xanthine PDE V inhibitor that has especially useful
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stability. 20 It is still another object of the invention to provide a
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0 7 APR 2005 VP iARIASPATFEELHEAAN2EAGANE fbt rbsti) BRocil BDieAlciaf withe

invention to provide a polycyclic xant hi ne PDE inhibitdor that is

especially eff N ting erectile dysfunction with mnimal side
effects. Theseﬁgrfln'hyaqt cgéreﬁ%figtts of the invention will becone apparent as
the 5 description ogresses, Definjtiops,.and, Usa of Terns The, foll ow ng
definitions and ter %eg?@r\ﬁ’s%eﬁ@ el Q)crtﬂ%ﬂ’ye@@'ﬁ@r"&ﬁst@comﬁ)ﬁﬁp@@"%\a§ h8 | ed
artisan. Except where stated otherwi se, the follow ng 10 definitions apply

t hr ougBout t hedeperiptiancprogoessesd cl ai ms. These definitions apply regardl ess
of whether a termis used by itself or in conbination with

Definitions and Usage of Terms

The following definitions and terms are used herein or are otherwise -

known to a skilled artisan. Except where stated otherwise, the following

10 definitions apply throughout the specification and claims. These definitions
apply regardless of whether a term is used by.itself or in combination with
other terms, unless otherwise indicated. Hence, the definition of "alkyl"
applies to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl," "haloalkyl,"
"alkoxy," etc.

15 The term “chemically-compatible,” as used herein, means that a

substituent or variable in a structure, process or the like is selected to be

R

capable of resulting in a stable compound.
The term “substituted” or the phrase “with . . . one or more
substituents,” as used herein, means the replacement of one or more atoms
20 or radicals, usually hydrogen atoms, in a given structure with a chemically-
compatible atom(s) or radical(s) selected f‘rom a specified group. In the
situations where more than one atom or radical may be replaced with
substituents selected from the same specified group, the substituents may be,

unless otherwise specified, either the same or different at every position.



ot her ter ms, unl ess ot herw se indi cat ed. Hence, the defi nition of "al kyl"
appl ies to "alkyl" as well as the "al kyl™ porti ons of "hydroxyal kyl, 07 A

" hal oal k¥{@ ¢2/24684 KOXy, " etc. 15 The term "chem cal | y- conpaftd-l%ﬁnz ﬁ&@&ﬁ
herein, means that a substituent or variable in a structure, process or the
like is selected to be capable of resulting in a stable conpound. The term
"substituted" or the phrase "with ... one or nore substituents," as used
herein, means the replacenent of one or nore atons 20 or radicals, usually,

Py 0080 T Bahlal § Ve”c*@%i@h%%ﬁ s s RIS, RERE, BRI, ©

than one atom or radical may aced with substituents selected from
the sanme speci#lkgaylgapialkyk I@HWE"HUEF\GFQIQWQOQIKY I, gyl anghhelsroayh@PuPse
specified, either the sane or different at every position. 0 7 APR 2005 WO
02/ 24698 PCT/ Usdepesdestly oRadtagstierafitts pee iahothergmaydse sshstituestsdokgany
cycl oal kyl, al kenyl, cycl oal kenyl, alkynyl, arylal kyl, alkylaryl,

het er ocycl oal kydbstmﬁéki@r@d heh@'sg@tryérvmeMWn StaERPENSIREWA Yo B 161thé 0get her
with one another, may be substltuents for any substituted group, unless

ot her se knom&ntﬁé,&t ed or showmn to be to the 5 contrary. Representative
subst uents for a cycl oal kyl, al kenyl, cycloal kenyl, al kynyl,

arylalkyl, alkylar ykepreg/entap \?et, gﬂbse{rltﬁlclantg?gr g]%/lerc% glkyia aliyenﬂ cycﬁ)alkenyl

alkynyl, arylalkyl, alkylaryl, aryl, heteroaryl and heterocycloalkyl groups
include, but are not limited to, the following moieties: alkyl, cycloalkyl, alkenyl, ->
cycloalkenyl, alkynyl, arylalkyl, alkylaryl, aryl, heteroaryl, heterocycloalkyl, -
10 hydroxyalkyl, arylalkyl, aminoalkyl, haloalkyl, thioalkyl, alkylthioalkyl,
carboxyaikyi, imidaz ‘iyiaik.‘yi indotyialkyi, i
di- and trihaloalkoxy, amino, alkylamino, dialkylamino, alkoxy, hydroxy, halo -
(e.g., -Cl and =Br), nitro, oximino, -COOR®, -COR®’, -S0;.,R%®, -SO,NR*R*",
NR%2S0,R%, =C(R*R®"), =N-OR™, =N-CN, =C(halo),, =S, =0, -CON(R*’R"),
15 -OCOR®, -OCON(R*R®), -N(R**)CO(R™), -N(R*)COOR® and
-N(R%2)CON(R*R®"), where:
R*®, R% and R* may be independently selected from the
following: a hydrogen atom and a branched or straight-chain, C1.s alkyl,
Cs.s cycloalkyl, C4¢ heterocycloalkyl, heteroaryl and aryl group, with or
20 without substltuents When permissible, R*® and R“"l can be joined

together to form a carbocyclic or heterocyclic ring system. R*®, R* and

R®2 may also include:

Y



include, but are not limted to, the follow ng noieties: alkyl, cyclﬂo;af\m[]gg,

al kenyl, cycl oal kenyl, al kynyl, arylal kyl, alkylaryl, aryl, heteroaryl,
het er ocycl WRIRZH69810™ hydr oxyal kyl, aryl al kyl, am noal kyl ,  HRETHSW2BIS3
t*hi oal kyl, alkylthioalkyl, 11 _.1-U-J J 1.,,11 1 J: t :f-_I--IL

car boxyai kyi, lrmuaLU ylan KY 1, it [uulyl a-7i i yy.Iflullu-, U-d11U LIl

| di Udhi .1, nono-, di- and trihal oal koxy, am no, al kylam no, dialkylam no,
al koxy, hydroxy, halo (e.g., -d and -Br), nitro, oximno, -COOR50, -COR50,
-SO ZR50, - SO2NR50R51, NR52SER50, =C(R5R51), R4\ OR50, =N- CN, =E@dnal 0) 2,

=S, =0, -CON(R50R51), 15 50, - OCON(R , -N(R52) CO(R5
-N( R52) 0O00RSD and N ( 51)1, whe [e: 5O, RS% a e

i ndependent |y sel ected flffomt hgg—Rol | owfig: a en aton and abrgiched
or straight-chain, Cl.6 C3-6 cyclal ky j Ca. 6 hete

het eroaryl and aryl group, h or 20 with substituents.

cycloﬁlkylu
perni ssible, R50 and R51 can be joined togéether to forma cafbocyclic or
heterocyclic ring system R50, R51 and R52 nay also include: 0 7 APR 2005

WO 02/ 24698 PCTTUSO /28983 R40 R4A0 N -~N AN-R41 R40
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where,
5 R* and R* are, independently of one another, each a hydrogen

atom or a branched or straight-chain, optionally substituted, alkyl,

cycloalkyl, heterocycloalkyl, halo, aryl, imidazolylalkyl, indolylalkyt,



5 RA0 R42 N-N-R43 where, RAO NN N N 7 RAO N=N R40 and R41 are,

i ndependent|ly of one another, each a hydrogen atomor a branched @Qr7 APR 2005
strai ght - Ay ptionally substituted, alkyl, cycloalkyl -
het or ooy el AP B hal 0. aryl. inidazol vl al kyl | indolylal kyl SPHE W he0s o 0
7 APR 2005 PC fUSQOL/ 28983 heteroaryl, arygal kyl, aryl al koxy,

het eroaryl al kyl , heteroaryl al koxy, am noal kyl, hal oal kyl, nono-, di- or *
trihal oal kyl, nmono-, di- or trihal oal koxy, nitro, cyano, al koxy, hydroxy,

o 0, PROSEA 2. BARRRR A BRI ve ey
al kyl.am noal kyl, aminoalkyl, haloalkyl, mono-, di- or trihaloalkyl, mono-, di- or
trihaloalkoxy, nitro, cyano, alkoxy, hydroxy, amino, phosphino,
phosphate, alkylamino, dialkylamino, formyl, alkylthio, trialkylsilyl,
5 alkylsulfonyl, arylsuifonyl, alkylsulﬁnyl,'éminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, hydroxyalkyl, morpholino, thioalkyl, alkylthioalkyl,
carboxyalkyl, oximino, -COOR®, -COR™, -S0¢..R*, -S0NR*R", -

NR*2S0,R®, -CON(R*R?"), -OCON(RR®"), -N(R%2)CO(R™), -

)
N(R®2)COOR®, -N(R**)CON(R*R®™") or -OCONR™ group, where, R®,
10 R® and R%2 are as defined above;
R*? is a hydrogen atom or a branched or straight-chain,

optionally substituted, alkyl, alkenyl, arylalkyl or acyl group; and
R* is a hydrogen atom or a branched or straight-chain,
optionally substituted, alkyl or aryl group;
15 wherein, the optional substituents are defined the same as
above for the one or more substituents.
Preferred substituents on aryl and heteroaryl groups include, but are
not limited to, any of the moieties recited above in the definition for R* and
R,
20 The term “heteroatom,” as used herein, means a nitrogen, sUIfur,‘ or
| | oxygen atom. Multiple heteroatoms in the same group may be the same or

different.




di al kyl am noal kyl, hydroxyal kyl, norpholino, thioalkyl, alkylthioal k)i/l L
car boxyal kyl, oxi mino, -COOR51, -COR50, -SOO 2R50, - S02NR5' R51, - 07 APRZ05
NR52S02R50,, 50R51) - OCON( R50R51), -N(R52) CQ(R50), - Ogggg 0,
-N(R52) CO(\%'%) é or -OCONR5 group, where, R5 10 R51 and Lar S “defi ned

above; 15 R42 Ij a iydi vg9ln | aiul, or aef), ai,Cieur Gstlal& IL chain
optionally substituted, alkyl, alkenyl, arylalkyl or acyl group; and R43 is
a hydrogen atom or a branched or straight-chain, optionally substituted,

al kyl or aryl group;., wherein, the opt,jonal bstituents are defined the sane
as above for the oﬁB\é’g?r%ES@feﬁ%f t@n’t‘%e.sg’?'@ﬂ‘érmﬁﬁﬂ%ﬁmﬂwgr icgly|
and heteroaryl groups include, but are not limted to, any of the nojeties
recited above ¢tonsisingief onlytcadior and Rydragen atems, inpfuding aliphatic, ksomedat om ™
as used herein, nmeans a nitrogen, sulfur, or oxygen atom Miltiple

het er oat ons i nnbimals saturgtedwndmysaigratdd hgdroeadsonsdi fferent. 0 7 APR 2005 WO
02/ 24698 PCT[ US01/ 28983 9 The term "hydrocarbon,"” as used herein, neans a

g??gﬁg{‘?c?r a: gg;tcﬁlz',l'hé%ﬁrh 85king & uSe Hereh HABaR n MElBSRNtY &8 1 ncl uding
5 substituted, straight or branched, hydrocarbon chain (i.e., comprising carbon
and hydfogen atoms bonded together), having, preferably, from one to
twenty-four carbon atoms, more preferably, from one to twelve carbon atoms,
and most preferably, from one to eight carbon atoms.
The term “cycloalkyl” or "cycloalkane," as used herein, means an
10 | unsubstituted or substituted, saturated, stable non-aromatic carbocyclic ring,
| having, preferably, from three to fifteen carbon atoms, more preferably, from
- three to eight carbon atoms. The carbon ring radical.is saturated and may be
m;;d, for example, benzofused, with one to three cycloalkyl, aromatic,
heterocyclic or heteroaromatic rings. The cycloalkyl may be attached at any
15 endocyclic carbon atom that results in a stable structure. Preferred
carbocycles have from five to six carbons. Examples of carbocycle radicals
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the
like.
The term "alkenyl," as used herein, means an unsubstituted or
20 substituted, unsaturated, straight or branched, hydrocarbon chain having at
least one double bond present and, preferably, from two to fifteen carbon
atoms, more preferably, from two to twelve carbon atoms.

The term “cycloalkenyl,” as used herein, means an unsubstituted or

substituted, unsaturated carbocyclic ring having at least one double bond



normal , saturated and unsaturated hydrocarbons. The term "al kyl ," ai W?&
herein, means an unsubstituted or 5 substituted, straight or branch cﬁ, )
hydr ocar be® @feaé98 (i .e., conprising carbon and hydrogen aromashnrsiss

toget her), having, preferably, fromone to twenty-four carbon atons, nore -
preferably, fromone to twelve carbon aton8Q and nost preferably, fromone .
to eight carbon atons. The term "cycloal kyl"™ or "cycl oal kane, " as used
herein, means an 10 unsubstituted or substituted, saturated, stable

non-aronati ¢ gedereid, préfensbly, i thece B fft€srrbhibondtfst hidre greferabliyeen
carbon atons, nore preferably, from three to eight carbon atons. The carbon

(100,120 cal R PoShod R RRE i o et 1L

one to three cyc aroma eroaronmatic rings.

The cycl oal kyl be attached at any, 15 endocyclic carbop atomthat results
T a Lt an e catoric bendt oExaieI St avRRkS Yiarates Bikide & depemanuly bons
Exanpl es of carbocycle radicals include cyclopropyl, cyclobutyl,

cycl opentyl , @pd eyalayexenylicl oheptyl and the |ike. The term "al kenyl," as
used herein, nmeans an unsubstituted or 20 substituted, unsaturated, straight

or brgnched, hydr oCEdtsmthayhyhads igedtherbibaaieamiscarrondlisstiisad dpr esent and,
preferably, fromtwo to fifteen carbon atons, nore preferably, fromtw to

| b ! » IcRai
s oo SPGB MR G R

unsubstituted or ed, IC ring having
one doubl e boqgas\{\lc))noez{n%flefsggnd present and, preferably, from two to twelve carbon

| east
atoms, more preferably, two to ten carbon atoms.

The term “bicycloalkyl,” as used herein, represents a saturated linearly

10 fused or bridged carbocyclic ring having, preferably, from 5 to 12 carbon -
atoms.

The term “aryl,” as Qsed herein, means a substituted or unsubstituted,
aromatic, mono- or bicyclic carbocyclic ring system having from one to two
aromatic rings. The aryl moiety will generally have from 6 to 14 carbon atoms

156 with all available substitutable carbon atoms of the aryl moiety being intended
as possible points of attachment. Representative examples include phenyl,
tolyl, xylyl, cumenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl and the
like. If desired, the carbocyclic moiety can be substituted with from one to
five, preferably, one to three moieties, such as mono- through pentahalo,

20 - alkyl, trifluoromethyl, phenyl, hydroxy, alkoxy, phenoxy, amino,

| monoalkylamino, dialkylamino and the like;
The term “heteroaryl,” as used herein, means a mono- or bicyclic ring

system containing one or two aromatic rings and at least one nitrogen, oxygen

or sulfur atom in an aromatic ring. Heteroaryl groups (including bicyclic



10 0 7 APR 1005 PCT/ USCOL/ 28983 present and, preferably, fron1thrq?7mﬁ§mm
fifteen carbon atons, nore preferably, fromfive to eight carbon atons. A
cycl oal kerowb oguge8i s an unsaturated carbocyclic group. ExarpiresniqBess
cycl oal kenyl groups include cycl opentenyl and cycl ohexenyl. 5 The term

"al kynyl ," as used herein, neans an unsubstliftuted or substituted,
unsaturated, straight or branched, hydrocarbon chain having at |east one
triple bond present and, preferably, fromtwo to twelve carbon atons, nore

preferably, t“ﬁefé?oé@ﬂgﬁﬁfp%?&aﬁb@@nsumtdtéﬂ Br shbstitateepivith 'a dﬁluaaﬁityléfsd _
herein, represents a'saturated linearly 10 fused or bridged carbocyclic

. havi ng. , . " | "
ring having,  pLahaRAb ofrOmbRy helf FRI QRIS o rehElRly. 2 tio 8F

used herein, neans a sub u aronatl C,
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avai |l abl e substitutable carbon atons of the aryl noiety being intended as
possi bl e poi nt phenylahydrexyeaikoxypairansy: amings necnagikdaming (dialsylpming and
tolyl, xylyl, cumenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl and
the Ibke. If teslikedd Typlvallgaa betarobing grouetepresentba opdiisigroup efifive bhsikr om
one to five, preferably, one to three noieties, such as nono- through

pentahal o, 20 aidd, .or'd bith&IR! QBRI nin@ P IH atoel 0 dast BhEBRHWhiBR &NOXY.

am no,
carbon, and having at least one oxygen, sulfur or nitrogen atom interrupting a

) carbocyclic ring having a sfﬂfﬁcient number of pi () electrons to provide
aromatic character. Repre%sentative heteroaryl (heteroaromatic) groups are
10 pyridinyl, pyrimidinyl, pyraziinyl, pyridazinyl, furanyl, benzofuranyl, thienyl,
benzothienyl, thiazolyl, thiadiazolyl, imidazolyl, pyrazolyl, triazolyl, isothiazolyl,
benzothiazolyl, benzoxazolyl, oxazolyl, pyrrolyl, isoxazolyl, 1,3,5-triazinyl and
indolyl groups.
The term “arylalkyl,” as used herein, means an alkyl moiety substituted

15 with an optionally substituted, aryl or heteroaryl group. Representative

arylalkyl groups include a benzyl group and fused bicyclic systems which

e

contain one aryl group.
The term “alkylaryl,” as used herein, means an aryl or heteroaryl
moiety substituted with an optionally substituted, alkyl group. Representative
20 alkylaryl groups include o-, m- and p-linked tolyl and xylyl groups.
Unless otherwise known, stated or show_n to be to thé contrary, the
point of attachment for a multiple term subétituent (multiple terms thaf are
combined to identify a single moiety) to a subject structure is through the last

named term of the multiple term. For example, an “arylalkyl” substituent



nmonoal kyl am no, dial kylam no and the |like. The term "heteroaryl," [\?@Al"’ksﬁﬁt
herein, nmeans a nono- or bicyclic ring systemcontaining one or t :
aronmati c Wags2apkl at | east one nitrogen, oxygen or sul furCIiase/2spsan
aromatic ring. Heteroaryl groups (including bicyclic O 7 APR 1005 WD -
02124698 PCT/ USOL/ 28983 11 heteroaryl groud® can be unsubstituted or
substituted with a plurality of substituents, preferably, one to five
substituents, nore preferably, one, two or three substituents (e.g., nono--

t hrough pent ahaltgehed !6Vé tarbétédlstar&amww h et gﬁl Mbﬁﬁ’thé‘%lﬁﬁs‘ﬁtuent

phenoxy, am no, nonoal kyl am no, dial kyl am no and the l'ike). Typical y, a

B?E?E??Ey'gr8L85§P9§%ﬁ§§Sﬁ!’“%%ef?;‘e;%‘@ﬁ%@%{t?#%&'%’#:‘Zﬁoa?"amﬁb%ﬁo- (Eeteon

havi ng at |east,K one o u) fur nit en atominter ting a

car bocyclic ri AHUFHHE ﬁ{{gagamer ule fe‘?‘ b&i"‘”ﬁ"@) %@P o'=hs to provide
aromatic character. Representative heteroaryl (heteroaromatic) groups are 10 .
pyridinyl, pyrcydloalkylalkybgubstitugnt, attacheddeiantargeted tamopgh therdatbéntatin! |
thienyl, benzothienyl, thiazolyl, thiadiazolyl, imdazolyl, pyrazolyl,
triazogyl, i iogbﬁ%ﬁ%ﬂthe subgmehmeagoSt&uctm@rmwaz?aloxdlkylpxazol yl, pyrrolyl,

i soxazolyl, 1,3,5-triazinyl and 1 ndolyl groups he term "aryl aI kyl ," as
used herein, neans ke EI
substituted, aryl or ﬁ%@o%%f&gr oup. Rgtgtues?énté?llnw& ?ﬁpbbﬁ%kt%égsor

| ncl ude - a benzgthbsq{tt?tlé ggﬁlxrétlé cycP(':?i (és'y%tesh\ﬁlta(\anrrr\% from(inree to fifteen members,

preferably, from three to eight members, and comprising carbon atoms and at )
least one heteroatom és part of the ring. J
10 The term “heterocyclic ring” or “heterocycle,” as used herein, means an
unsubstituted or substituted, saturated, unsaturated or aromatic ring,
comprised of carbon atoms and one or more heteroatoms in the ring.
Heterocyclic rings may be monocyclic or polycyclic. Monocyclic rings
preferably contain from three to eight atoms, most preferably, five to seven
15 atoms. Polycyclic ring systems consisting of two rings preferably contain from
six to sixteen atoms, most preferably, ten to twelve atoms. Polycyclic ring
systems consisting of three rings contain, preferably, from thirtéen to
seventeen atoms, most preferably, fourteen to fifteen atoms. Each
heterocyclic ring has at least one hetero atom. Unless otherwise stated, the
20 heteroatoms may be independently selected from the following: nitrogen,
sulfur and oxygen atoms: .
The term “carbocyclic ring” or “carbocycle,” as used herein, means an
unsubstituted or substituted, saturated, unsaturated or aromatic (e.g., aryl),

hydrocarbon ring, unless otherwise specifically identified. Carbocycles may



contain one aryl group. The term "al kylaryl,"” as used herein, neans an aryl
or heteroaryl noiety substituted wth an optionally substitut ed,-ﬂqlmng%

group. Repweseniueii ve 20 al kylaryl groups include o-, m angrngsoingdead tolyl
and xylyl groups. Unless otherw se known, stated or shown to be to the
contrary, the point of attachnment for a mildtiple termsubstituent (rmultiple
ternms that are conbined to identify a single noiety) to a subject structure
i's through the last naned termof the nmultiple term For exanple, .an .

"arylal kyl " sulpgtibHEECIE of p6ﬁ}%y%@&5Mo%c?@f@ﬁ@%r€@f’hb§@dr§§ﬁa‘?qrﬁZh?éét@C hes

to a targeted structure through“the "al ky portion of the substituent.

Conversely, wh bsit.i s, mlkyl "t ; ed
struct ur e hr o StAiRs bt BE8racly, 1 8158 eh st B hds figh gt
cycl oal kyl al kyl , substjtuent attaches to a.targeted through _the latter

“ATkyl B port ras greterabiy caataih Gom Speogitees PlReEoR Rpferapb B 11 ) . The
term "heterocycl oal kyl," as used herein, neans an unsubstituted or

substituted, séwvelvetatdmsyand thosenbawing thneetringsrrefarablytdontaintfrorh ithitieen to
menbers, preferably, fromthree to eight nmenbers, and conprising carbon

atons @nd at, gskeasteeAnrome] Aozt prstersblpFolriéén tdfiftéémnatomé The term
"heterocyclic ring" or "heterocycle," as used herein, neans an

st L SR USRS By gR E Fopao
hydrocarbon chain, such as an alkyl or alkenyl group (e.g., -O-alkyl or -O-
M alkenyl). Representative alkoxy groups include méthoxy, ethoxy, and
isopropoxy groups.

10 The term “hydroxyalkyl,” as used herein, means a substituted

“hydrocarbon chain, preferably, an alkyl group, having at least one hydroxy
substituent (i.e., -OH). Additional substituents to the alkyl group may also be
present. Representative hydroxyalkyl groups include hydroxymethyt,
hydroxyethyl and hydroxypropy! groups.

15 The term “carboxyalkyl,” as used herein, means a substituted
hydrocarbon chain, preferably, a substituted alkyl group, which has a carboxyl
substituent (e.g., -COOH) and may also have additional substituents (such as
one of the representative substituents identified above for the term
“substituted”). Representative carboxyalkyl groups include carboxymethyl (-

20 CH2CO2H) and carboxyethyl (-CH.CH>CO.H) groups, and derivatives thereof,

| | such as the corresponding esters.

The term “aminoalkyl,” as used herein, means an alkyl group

substituted with an amine moiety (e.g., -alkylNH), such as aminomethyl.



Het erocyclic rings may be nonocyclic or polycyclic. Mnocyclic rings
preferably contain fromthree to eight atons, nost preferably, fi\ve AR Heven.
15 atons. WRobyeaegi c ring systens consisting of two rings poafesoatssgs contain
from six to sixteen atons, nost preferably, ten to twelve atons. Polycyclic
ring systens consisting of three rings condain, preferably, fromthirteen
to seventeen atons, nost preferably, fourteen to fifteen atons. Each

het erocyclic ring has at | east one hetero atom Unless otherw se stated, the

20 heteroat oms may ?ﬁe&&%%ﬂ?ﬁ%hd "%@lL%%HqFEI’ETrPWIéé}% éﬁbhﬂﬁb%ueﬁ'ﬁﬁa\mgfn

sul fur and oxygen atons: The term "carbocyclic ring" or "carbocycle,

used herein, S ur at ed
or aromatic (e. §H‘ o@%%%@d%@%ﬁﬂ%‘ﬁ%r@% Nﬁ'llé@g'g’ 3?%%&@@%&}@% toCal Iy
identified. Car bocycé may WO 02/ 24698 13 Q 7 APR 2005 PCT/ USOL/ 28983 be
monocyclic or pol ycyBEitemM \@lkerylamino.r ahysed hereina fISANSAR aming MeietYnr ee t o
ei ght atonms, nost preferably, five to seven atons. Pol ycyclic rings having
two rings prehavinglfpne oneairiwbralkemyl substitsertse rhese times nitragen atoef efrthbl v,
ten to twelve atons, and those having three rings preferably contain from

thirtegn to S seiRNGRRID idrTEabREd tPTHRS SkeRtYornhiAlcafbon bforh éé et‘uHitomS

The term "al koxy," as used herein, neans an oxygen at om bonde

hydr ocar bon Ch@\-@-alfé’rﬁh),§ﬁcﬁ%sadllb<lwen9fan%5.enyl group (e.g., -0- aI kyI or -0-

The term “arylamino,” as used herein, means an amine moiety .

substituted with an aryl group (i.e., -NH-aryl). o D

\.

The term “alkylimino,” as used herein, means an imino moiety having
10 one alkenyl or two alkyl substituents (e.g., -C=N-alkyl).
The term “oximino,” as used herein, means compounds containing the
-C=N-OR®® radical, where RG? is a hydrogen atom or an alkyl or aryl group.
B The term “aroyl,” as used herein, means the radical R-CO-; where R is
an aromatic group. Representative aroyls are benzoyl and naphthoyl.
15 The term “aryloxy,” as used herein, means an oxygen atom having an
aryl substituent (e.g., -O-aryl).
The term “ester,” as uséd herein, means compounds containing a -
substituted carboxylic acid (e.g., -COO-aryl).
The term “acyl” or “carbonyl,” as used herein, means a carbon to
20 oxygen double bond, (e.g., R-C(=0)-), which can be a radical of a carboxylic
acid having the formula alkyl-CO-, aryl-CO-, ar.ylalkyl-CO-, cycIoaIkyI-CO-,
alkylcycloalkyl-CO- or heteroaryl-CO-. Representative acyl groups include

acetyl, propionyl, butanoy! and benzoyl groups.



al kenyl). Representative al koxy groups include nethoxy, ethoxy, anﬂ ' :
i sopropoxy groups. 10 The term "hydroxyal kyl ," as used herein, nea d APR 100

substi t ut ego dpgdegcar bon chain, preferably, an. alkyl grouper/héni-gssat
| east one hydroxy substituent (Le., -OH). Additional substituents to the

al kyl group may al so be present. Representative hydroxyal kyl groups include
hydr oxynmet hyl , hydroxyet hyl and hydroxypropyl groups. 15 The term
"car boxyal kyl ," as used herein, neans a substituted hydrocarbon chain,

preferably, a substi a b i ch has car i

(e.g., -COOH) and ngbgggﬂg %géxgdggpﬁgmﬁz@{?b&%ﬁﬁﬁg)?@ét?cﬂ%ﬁ%{ghé% t he
representative substi t,uenti identifi eg above for_the ter[? "substituted").
Repr esent at | ve@6¥ fiiend (e-gr.olhacyth dorngxarpplen Ryr&Ialkyl. 20 cocoeH)  and
car boxyet hyl (-CH2CH2CO2H) groups, and derivatives thereof, such as the
correspondi ng est er $hetammt‘acylamimd,hasuked herein, meanstar amino medety having ky|
group substituted with an amne noiety (e.g., -alkylNH2), such as

ani nonet hyl . \Vigh Gy P4@SSitdentqel. ARRI-EOQB, foPEXAkBIY, 2B WthitRE Tormula

"al kyl am no," as uSed herein, neans an am no noiety having fromone or two

YL S0t VAR g, ) e g A ELDAAL I o it
| with the formula -NH-(C=0)-OR, where R is an alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, arylalkyl or heterocycloalkyl group.

The term “halo,” “halogen” or *halide,” as used herein, means a chloro,
bromo, fluoro or iodo atom radical. Chlorides, bromides and fluorides are

10 preferred halides.
The term “lower hydrocarbon” (e.g., “lower alkyl"), as used herein,
~means a hydrocarbon chain comprised of from, unless otherwise stated, one
to eight carbon atoms, preferably, one to six carbon atoms, and most
preferably, one to four carbon atoms.
15 The term “polyhalo,” as used herein, represents substitution of at least
two halo atoms to a group modified by the term "polyhalo."

The term “aminosulfonyl,” as used herein, represents a group having
the formula: -SO;NR"°R®, where R"® and R®® are, independently of one
another, each a hydrogen atom or a lower alkyl (e.g., from 1 to 6 carbon

20 atoms) or aryl group.
| The term “sulfonyl,” as used herein; represents a group having the
formula: -S(0),~.

When a variable appears more than once in a structural formula, for

example, ng for where X is -C(ORSQ)Z-, the identity of each variable appearing



having fromone or two al kenyl substituents, where the nitrogen atom of the
5 amino group is not attached to the al kene-form ng carbon atom (e.(d. APR 2063
CHZ- al kenWQ 02/36%8h as di but enyl am no. The term "aryl am no, ‘PCaTSoFesIsher ei n,

‘means an amine noiety substituted with an aryl group (i.e., -NHaryl). The-
term"al kylimno," as used herein, neans at6imno noiety having 10 one
al kenyl or two al kyl substituents (e.g., -C=N-alkyl). The term"oximno," as

used herein, nmeans conpounds containing the C=NOR69 radical, where R69 is-

a hydrogen at giprérthan oMcéha9 bedhiibp&idailly sEksctea8fiom M@ybfinition forsipat herein, -
means the radical RRCO; where Ris an afomatic group. Representative

aroyls are be%ﬂg eand naphthoyl. 15 The term "aryloxy," as used herein,
means an oxygen atom having an aryl substituent (e.g., -0-aryl). The term
"ester," as used herein, neans cqnpounds, containin substitufed,.
carboxyl i ¢ actd (614 EIBORIANE) SSriizsd hEmin.Jepresats a Zomennd Fabis ased
herein, means a carbon to 20 oxygen double bond, (e.g., RC(=O-), which can
be a radical @fugpreaussly Which iliowing administiation ioralpatienk yeleases axnig-ico- |
aryl al kyl - CO-, cycl oal kyl -CO-, al kyl cycl oal kyl -CO- or heteroaryl-CO.

Repr edgent at i vejaoya spheel Rihd ofcdhetsicalearad/gt physiolpigivay brodessdeay) a prstragnzoy|

groups. 0 7 APR 2005 WD 02/ 24698 PC | USQJ/ 28983 15
on being brought to a physiological pH and/or through an enzyme action is
converted to a desired drug form).
The term “compound of the formula (1.1) or (11.1)", as used herein,
represents a compound having a chemical structure encompassed by the
10 formula (I.1 ) or (Il.1), and includes any ana all enantiomers, stereoisomers,
‘rotomers, tautomers andprodrugs of the compound. Compounds of the
- formula (1.1) or (ll.1) also include their corresponding pharmaceutically-
acceptable salts, solvates, esters and derivatives.
The term “pharmaceutically-acceptable excipients,” as used herein,

15 includes any physiologically inert, pharmacologically inactive material known
to one skilled in the art, which is compatible with the physical and chemical
characteristics of the particular active ingredient selected for use.
Pharmaceutically—acceptéble excipients include polymers, resins, plasticizers,
fillers, binders, lubricants, glidants, disintegrates, solvents, co-solvents, buffer

20 systems, surfactants, preservatives, sweetening agents, flavoring agents,

| pharmaceutical grade dyés or pigments, and viscosity ageﬁts.
The term “pharmaceutical composition,” as used herein, means a
combination of at least one inventive compound (e.g., PDE V inhibitor) and at

least one pharmaceutically-acceptable excipient.



The term "acyl oxy," as used herein, neans an oxygen atom having an ace{d
substituent (e.g., -0-acyl), for exanple, -OC(=0-al kyl. The ter m0 7 APR 2005
"acyl am ngo 02&86d¢sed herein, neans an am no noi ety havi ng p@Rydfiydsess
substituent (e.g., -NHacyl), for exanple, an anmde with the formula 5

-NH- (C=O-alkyl, a urea wwth the fornula 4RH (C=0O -NH al kyl or a carbamate
with the formula -NH (C=0-0OR, where Ris an alkyl, cycloal kyl, alkenyl,

cycl oal kenyl , al kynyl, arylal kyl or heterocycl oal kyl group. The term "hal o, "

"hal ogen” or "hali "y u i HQr o or

i odo atom radi cal .?Eﬁltgﬁﬁ%eéﬁﬂggﬁﬁwéglm%ﬁoﬁg?%@anrtraeai%mp%rcg (lglr"lér]led ‘

hal i des. The term "] .0 hydy ocar bon” o TR ) al kyl "), used herein,
neans a hydroE%fPBBﬁ't‘B\ﬁgﬁﬁr%og'n'BFﬁ'Q@d‘%ﬁi'(aﬁr%m'Clﬂﬂd\gggalm%érﬂisscgﬁé?at ed, one
to eight carbon atons, preferably, one to six carbon atons, and nost

preferably, oeempeund@r compasition assveliss solvatas, esteis apisalis(aaareised
herein, represents substitution of at least tw halo atons to a group

nmodi fi ed by tdefirieet belaw)ltibriod, andiuethiee invlides dedvdtives\df the asentieel her ei n,
represents a group having the formula: -S02NR79R69, where R79 and R89 are,

N ndepﬁndentlyc%ggﬂﬁggnot her, each a hydrogen atomor a |ower alkyl (e.g.,

fromI to 6 carbon 20 atoms) or aryl group. The term "sulfonyl," as used

IR R R D RS R
cationic salt formed at an acidic (e.g., carboxyl) group or an anionic salt
N formed at a basic (e.g., amino) group of the compound. Many such salts are .
known in the art, for example, those that are described in WO 87/05297
10 (1987), which is hereby incorporated in its entirety by reference herein.
Preferred cationic salts include the alkali-metal salts (e.g., sodium and
potassium) and alkaline earth metal salts (e.g., magnesium and calcium).:
Preferred anionic salts include the halide (e.g., chloride), acetate and
phosphate salts.
15 The phrase “effective amount,” as used herein, means an amount of a

compound or composition which is sufficient to significantly and positively

| )
e

modify the symptoms and/or conditions to be treated (e.g., provide a positive
clinical response). The phrase “safe and effective amount,” as used herein, .
means that an “effective amount” must also be safe, that is, an amount that is
20 sufficient to provoke a positive response, yet is small enough to avoid serious
side effects (at a reasonable benefit/risk ratio), within {he scope of sound
medical judgment. The effective amount of an active ingredient for use in a
pharmaceutical composition will vary with the particular condition being

treated, the severity of the condition, the duration of the treatment, the nature



exanple, R59 for where Xis -C(OR59)2 , the identity of each variable
appearing WO 02/ 24698 16 0 7 APR 2005 PCT/ USOL/ 28983 nore than oth¢dPRaithbe
i ndependenwby2edgcted fromthe definition for that vari aldcz/ushhesdser m
"prodrug," as wused herein, represents a conpound that is a drug precursor, -
which follow ng adm nistration to a patientd releases a drug in 5 vivo via .,
sone kind of chem cal and/or physiological process (e.g., a prodrug on being
brought to a physi ol ogi cal pH and/or through an enzynme action is converted-

to a desired f a?ﬁégﬂﬁr“é‘& - Lan kthé11.1)", -
as used herei gdft&rn gg?@é%ﬁsgy’gg%oun avi Ir\ligéfl'!'?tbc éénﬁcﬁa%%@? ﬁ’é%%?og
enconpassed by the , 10. fornula. (1. 1) or 1.1)...and includes.an al |
enant Lomer s; - RargpEpRaRbats dicaiaboshiahle stoibielf e AL gy Rl
conpound. Conpounds of the fornmula (1.1) or (11.1) also_include their
cor r espondi ng Withiptae dnowedgeandexpentiss of the pitendipgiphwsigian. esters and
~derivatives. The term "pharmaceutical |l y-acceptabl e excipients," as used

herein, 15 incl udebhaphrasey/ sdoinigterild [jo arpatient pleaferand|afigictiae laynourdof i ve
material known to one skilled in the art, which is conpatible with the

physi cgl - and Cth@riﬁ\?éﬁtivecélﬁh??lgrgc’]i"%é GSecPherdii® r@faerr&it&ah?wd‘rﬁ: {)f’ﬁutr‘oa% j ent

sel ected.for use. Pharnmaceu | y-accept abl € excrl pi en ude polyirers,

resins, plast _' a?ﬂyz formi (e.g., solid, liquid or gas) of the inventive compounds in vivo to a

patient (e.g., human or mammal). For example, introduction 6f the inventive -
compound to a patient may be accomplished via oral ingestion (e.g., tablets,
capsules, gels, solutions, etc.), adsorption, absorption (e.g., transmucosal

10 sublingual or buccal administration), transdermal applications (e.g., topical
applications via patches, lotion.s, etc.), suppositories, etc.

The term “oral dosage form,” as used herein, means any
pharmaceutical composition intended to be systemically administered to an
individual by delivering the composition to the gastrointestiﬁal tract of an

| 15 individual, via the mouth of the individual. For purposes of the invention, the
delivered form can be a tablet (coated or non-coated), solution, suspehsion or .
capsule (coated or non-coated).

The term “injection,” as used herein, means any pharmaceutical
composition intended to be systemically administered to a human or other

20 mammal, via delivery of a solution or emulsion containing the active
L ingredient, by puncturing the skin of said individual, in order to deliver the
solution or emulsion to the circulatory system of the individual either by

intravenous, intramuscular, intraperitoneal or subcutaneous injection.



fillers, binders, lubricants, glidants, disintegrates, solvents

co-sol vents, buffer 20 systens, surfactants, preservatives, smeet%AAﬁgzms
agents, fl| aWoQp2/pp9gent s, pharnmaceutical grade dyes or pi gnearaiSORIRIS3
vi-scosity agents. The term "pharmaceutical conposition,” as used herein,
means a conbination of at |east one inventi¥e conpound (e.g., PDE V
inhibitor) and at | east one pharnaceuticalIy-acceptable excipient. 0 7 APR
2005 WD 02/24698 PCTI USO /28983 17 The terns "conpound [ having the formul a
(1] or a phar maceut Ogi ih&98BIhbWNIR tﬁé‘%P@FHtmg iislBs o7 itfeth is Bftictiviseand

al kaline forns of the conpound or conposition, as well as solvates, esters

and salts (as . i t.h |vat|ves
of the inventi é&lcgge?o%ﬁﬂ“ﬁgérgﬁﬁzgd 'ﬁ Iﬁ?%ﬂ%ﬁﬁ%@i‘héﬁiélﬁwggggg‘%ﬁsﬂﬁe salt,

as used herein, nmeans a,..cationic salt formed at an acidjc 0X I)
group or an ani Brantities of ingrediepts, é@a%t'%‘aﬁﬂr@'t{@sgandéﬂfﬁﬂf‘ Qé%ﬂgd‘?fﬁ%‘iq{E
conpound. Many such salts are known in the art, for exanple, those that are
described i n Wbedng osxiiffed i Qlll%tancemhydheitsrméa!mm;t.”i ncorporated in its
entirety by reference herein. Preferred cationic salts include the

al kali -gretal salts (e.g., sodiumand potassiun) and al kaline earth netal
salts (e.g., magnesiumand calcium. Preferred anionic salts include the
halide (e.g., chloride), acetate and phosphate salts.

SUMMARY OF THE INVENTION

The invention comprises a compound having the formula (1):

10

0

(a) R' and R? are, independently of one another, each a C.15

-,

alkyl group, branched or straight chain, with or without one or
15 more substituénts, such as a hydroxy or alkoxy substituent
group, a C,.15 alkenyl group, branched or straight chain, with dr
without one or more‘ éubsﬁtuents, a C,.15 alkynyl group,
‘branched or straight chain, with or without one or more
substituents, a Cs.15 cycloalky! group, with or without one or
20 more substituents, an arylalkyl group, with or without one or

more substituents, an aryl group, with or without one or more




15 The phrase "effective anmount,"” as used herein, means an anount g o3 20
conmpound or conposition which is sufficient to significantly and p gl

modi fy t hwaseapasess and/ or conditions to be treated (e.g., POIVSO2S983
positive clinical response). The phrase "safe and effective anount,” as -
used herein, means that an "effective ano2®t" nust al so be safe, that is, .
an anount that is 20 sufficient to provoke a positive response, yet is small
enough to avoid serious side effects (at a reasonable benefit/risk ratio),

within the scope of sourghbstitlientd, 4 He@IBayl grai, Hithesit WitRoatBsnenédr @lorén
active ingredient for use in a phar maceuti cal conposition will vary with

the particular conditio I_eypdse d(g‘g Fy. C 5 t he
duration of the treat rrerrlktdb%ItI e #éits)?\te \Cj% %@5% Mbcé(%%gbg’hbwm

PCT/ USO01/ 28983 of concur.re hera the ticylar active.in t bei ng
enpl oyed, the particul d° ﬂ%%’é%ﬁ’@sﬂrlﬂl 3&559835 r@%&ﬁ?é ‘HFIER?g"etg Ht PRRd
and like factors wthin the know edge and expertlsse of the attending

physi ci an. The phrase "armaressuhstiieents opreferably M’ ia ashydrogan alomaytan e
anount of 5 the inventive conpound],"” as used herein, refers to any node of
introdgucing any form( Eal@yl,gremb,ilﬂanbhewbdstraigb‘ﬂ%ham‘, wiitheor witlesutior or
compounds in vivo to a patient (e.g., human or mamal). For exanpl e,

i ntroduction of the i nve,gbfélgjbsqwgr@r to a patient may be acconplished via
oral ingestion (e.g., tablets capsul es, gels, solutions, etc.),

adsorption, absorption (e.g. orld S‘Pﬁ“‘éﬁaﬁﬂ is equal to a hydrogen atom, and the

other one of R! and R? is defined the same as above;

10 (b) R?is an aryl group, with or,withoﬁt one or more
substituents, such as a hydroxy or aikoxy substitueni group, a
heteroaryl group, with or without one or more substituents, or a
heterocyclic group having from 1 to 3 heteroatoms fused to a 5-
or 6-membered aryl ring, with or without one or more
15 . substituents, with the proviso that R® is not an aryl group
substituted at its para position with é -Y-aryl group, where Yisa |
carbon-carbon single bond, -CO-, -O-, -S-, -N(R?')-, -CON(R?)-, ) ‘
-N(R*)CO-, -OCHy-, -CH20-, -SCHy-, -CH3S-, -NHC(R®)(R**)-,
-NR#S0,-, -SO.NR?-, -C(R®)(R?**)NH-, -CH=CH-, -CF=CF-,

20 -CH=CF-, -CF=CH-, -CH>CHp-, —CF,CF -,



10 sublingual or buccal adm nistration), transdermal applications (e.qg.,
topical applications via patches, lotions, etc.), suppositories, &’r]d\%Rﬂﬂé
term "oral WodeR¢esf orm " as used herein, neans any pharnmaceOt/usal28983 -
conposition intended to be systemcally adm nistered to an individual by
del ivering the conposition to the gastrointdstinal tract of an 15

i ndividual, via the nmouth of the individual. For purposes of the invention,
the delivered formcan be a tablet (coated or non-coated), solution,
suspensi on or capsule (coated or non-coated). The term"injection," as used
herei n, means any pharnaceutical conposition intended to be systemically
adm nistered to a human or ot her 20 mammal , via delivery of a solution or
emul si on containing the actiNe A ngredient, by puncturing the skhg2®of said
individual, in order to deliver the sol uthQn g/Qﬁml sion to theg circulatory
system of the individual ei t/ﬁe\ by int raVQdD , li ntranuscul ar F

i ntraperitoneal or subcuta@puCH-+H+ection.~0 7 2005

PCTI USOL/ 28983 19 Other than as shown in the operating exanples or whéere is
otherwise indicated, all nunbers used in the specification and clains
expressing quantities of ingredients, reaction conditions, and so forth,
are understood as being nodified in all instances by the term"about." 5
SUMMARY OF THE | NVENTI ON

\ S
) —CH— —C— —C—
where,

'R?*'is a hydrogen atom or a~CO(C1.4 alkyl), C1.5 alkyl, allyl, Cas
5 cycloalkyl, phenyl or benzyl group;

R* is a hydrogen atom or a C..¢ alkyl group;

R? is a hydrogen atom or a C1.5 alkyl, aryl or ~CHa-aryl group;

R** is a hydrogen atom or a Cy.4 alkyl group;

R% is a hydrogen atom or a Cy.g alkyl, C1.g perfluoroalkyl,

R

10 Cs.s cycloalkyl, phenyl or benzyl group;
R is a hydrogen atom or a C4.s alkyl, Ca.s cycloalkyl, phenyl or
benzyl group;

R% is -NR®R?*, -OR?, -NHCONH,, -NHCSNHg,

T
©)
I

|

\_/

>

p~

Nn=—=0

\ / CHj or .‘l\l

O=—wn

O




The invention conprises a conpound having the formula (1): CH2R3 R-N16 5 ~H
31 9~~N ONNRa R2 10 15 20 (i) where, (a) Rl and R2 are, inddpkABRH}Y .
of one ansv®er/2468®ich a Cl15 al kyl group, branched or strai gar/ussaigssswi th or
Wi t hout one or nore substituents, such as a hydroxy or al koxy substituent
group, a C2.15 al kenyl group, branched or fPraight chain, with or wthout .
one or nore substituents, a C2_15 al kynyl group, branched or straight

chain, with or without one or nore substituents, a C3.15 cycloal kyl group, -
with or without one or nore substituents, an arylal kyl group, with or

W thout one or nore substituents, an aryl group, with or w thout one or

more 0 7 APR 2005 WD Q2424698 PCTI USQOl /28983

R? and R? are, independently of one another, each a Cq4 alkyl
group or, taken together, a -(CHz)q- group, where qis 2 or 3;

5 Wherein, R?! through R? are with or without one or more

substituents; and

(c) R*is a Ca.15 cycloalkyl group, with or without substituents,
such as a hydroxy substituent group, a Cs.15 cycloalkenyl group,
10 - with.or without one or more substituents, or a heterocycloalkyl
group of 3 to 15 members, with or without one or more
substituents; |

wherein, the optional one or more substituents for all the groups are

chemically-compatible and are, independently of one another, each defined
15 the same as recited above in the definition section.

The invention comprises at least one compound of the formula (1),
which includes any and all enantiomers, stereoisomers, rotomers, tautomers
and prodrugs of the at least one invehtive compound. Compounds of the
formula (1) also include their corresponding salts, solvates (e.g., hydrates),

20 esters, and the like. The invention further comprises pharmaceutically-
acceptable compositions prepared from an inventive c-ompound or a mixture
of inventive compounds, or a salt, solvate or eSter thereof. The compounds of

formula (1) can be useful for treating a variety of diseases, symptoms and




20 5 substituents, a heteroaryl group, with or without one or nore APR 2007
substituents, -OR5, -COOR5, -C(OR5 or -C(ONR5)2, where R5 is a hy rogen
atom or a woléxmegsbon radical, with or without one or nore@UPSH2kesaNt S,
preferably, R5 is a hydrogen atomor an al kyl group, branched or straight
chain, with or without one or nore substit28nts; or one of RlL and R2 is
equal to a hydrogen atom and the other one of Rl and R2 is defined the
same as above; 10 (b) R3 is an aryl group, with or without one or nore

substituents, ugnaamgmé)‘s Yuchl Ut BV EESH, é% BERily impbirREOar yl

group, with or wltho one or nore substituents, or a eterocycllc gr oup
having from1l tg 3 ed to a 5- or 6-nenbered aryl ring, with
or wthout one (%rgn%fegﬁ%scﬂés?ﬁqtf ents, with the proviso that R3 is nhot an
aryl group substituted at its para position with a - -ardyf gr.oup, V\her

is a carbon-carbon Afuiies ussiesstangding, of the investion will Rehad fromdke follgwin
N(R22) CO-, -OCH2-, -CH2O, -5CH2-, -CH2S-, -NHC(R23)(R24)-, - NR23SOZ-
_SO2NR23-, - C( RRSK(iRid) biprefertet @rhbodi@BRtSE-, 20 CHECF-, - CF=CH-,. - CHRCH2- ,
-CF2CF2-, 5 10
5
DESCRIPTION OF PREFERRED EMBODIMENTS
The inventive compounds having the formula (l) are substituted at the
:) 8-position on the chemical structure with an amino group that itself is
substituted with one of the following groups: an unsaturated or saturated
10 carbocyclic group and a saturated heterocyclic group. The inventive
substituted xanthines exhibited unexpectedly enhanced properties with
respect to enzyme activity and enzyme selectivity. It is believed that the
substitution at the 8-position of the subject PDE V inhibitor compounds with
these specific groups, helped produce unexpectedly highly potent and
15 selective xanthines, which exhibited increased isozyme selectivity when
compared to conventional xanthines. Pharmaceutical compositions
comprising the inventive compounds possess unexpectedly superior
therapeutic properties.
Referring above to the inventive xanthine PDE V inhibitor compounds
20 having the formula (1), the 8-position on the chemical structure is substituted
| with a -NHR* group, where R? represents a carbocyclic or heterocyclic
system defined as follows: a Cs.15 cycloalkyl group, a Cs.15 cycloalkenyl group

or a heterocycloalkyl group of 3 to 15 members. All of the cyclic systems are

optionally substituted. Preferred substituents on the cyclic systems include a



WO 02/ 24698 0 7 APR 2005 PCT/ US01/28983 21 i H2 OR25 ¢ -CH CH CH2 - CH

OCOR26 | -CH NR27 R280 OR29 'l or C -C where, R21 is a hydrogen atﬂ)ynl\tpg 005 .

a: - CQ( Cl -wodl2kyédg, Cl1 6 al kyl, allyl, C3-6 cycloal kyl, phepgt/mssy/izeszzy
group; R22 is a hydrogen atomor a Cl-6 al kyl group; R23 is a hydrogen atom

or a CL.5 alkyl, aryl or -CH2-aryl group; 2824 is a hydrogen atomor a C.4 .

al kyl group; R25 is a hydrogen atomor a Cl1-8 al kyl, C, -e perfluoroal kyl,
C3.6 cycl oal kyl, phenyl or benzyl group; R26 is a hydrogen atomor a Cl
al kyl, C3-6 cygpl;@¥clodikyl gbeiy,a 0.6 alkoxy Ci. alkyl group, a C. alkyl group,:an
amino C.g alkyl group, a C4.sdialkylamino C,.¢ alkyl group, a Css
dicycloalkylamino C1.¢ alkyl group, a hydroxy group, an alkoxy gréup, an
oximino group, -COR®, -SO,R®, -COOR®, -CONR®R’, -SO,NR°R’,
5 -N(R.a)SozR‘5 and —-NR°R’, where:
R® is a hydrogen atom or an optionally substituted, C1_5 alkyl,
Cs.s cycloalkyl, Ca¢ heterocycloalkyl, aryl or heteroaryl group;
Risa hydrogen atom or an optionally substituted, .C1'6 alkyl,
Cs.6 cycloalkyl, Ca.s heterocycloalkyl, aryl or heteroaryl group; or
10 R® and R’, when applicable, may be joined together to form a
heterocyclic ring system; and
R® is a hydrogen atom or an optionally substituted, C1. alkyl,
Cs.6 cycloalkyl, Cs.6 heterocycloalkyl, aryl or heteroaryl group.
Furthermore, R* may also be substituted with ~ZR7°Z’-, where R’°,
15 tdgether with Z and Z’, form a spiro-fused 5- to 7-merﬁbered ring or a linearly
fused 4- to 7-membered ring system, and Z and Z’, independently of one

another, are each an oxygen, sulfur or nitrogen atom. For example, when Z =

Z' = 0, R* may be substituted by the following structure having the formula

Vil

O

(Viil)
20 .




benzyl group; R27 is -NR23R24, -0OR24, -NHCONH2, -NHCSNH2, H O 1 11 CHS %
~-- i ----S' N O W 02/24698 0 7 APR 1005 PC |US01/28983 22 5 and 08Pk

R29 are, i epeently of one another, each a Cl.4 alkyl gkg ken
t oget her,l‘g@- CH2)y- group, where g is 2 or 3; \Werein, Rg%%ﬁﬁregﬁsg 331R29,are

with or without one or nore substituents;ognd (c) R4 is a C3.15 cycl oal kyl
group, with or without substituents, such as a hydroxy substituent group, a
C3. 15 cycl oal kenyl group, 10 with.or w thout one or nore substituents, or a

cubst i uent o: vher o fEErRY sypbfubie BRI Hed photelorihe SRl TrRE ™t fe
groups are substituents may also be used, such as ketones, oximes, cyclic systems, : -
including lineraly fused and bridged, mono-, bi- and tricyclic rings, spiro-cyclic
systems, including ketals and thioketals directly attached to R?* halogens and |
5 sulfonamides. One skilled in the art can determine other possible substituents

depending on the conditions employed and the desired properties.

A preferred structure of the invention is represented by formula (l1):

(i
10 where,
R, R? and R?® are defined the same as above for the compound
of formula (1);
R? is one of the following atoms or groups:
(@) a hydrogen atom;
15 (b) an oximino group;
| {c) a carboxyalkyl éroup;
(d) a Cyp alkoxy Ci5 alkyl group;
(e) an aryloxy Cs. alkyl group;

(f)  a Csg cycloalkoxy C+.5 alkyl group; .



chemi cal | y-conpati bl e and are, independently of one another, each ﬂgf“keﬂ%
15 the sane as recited above in the definition section. The inventi‘on

conpri seswad 0d/mgsd one conpound of the formula (1), whichgpmnaidsdessany and
all enantioners, stereoisoners, rotoners, tautomers and prodrugs of the at-
| east one inventive conpound. Conpounds of 26he fornula (1) also include
their corresponding salts, solvates (e.g., hydrates), 20 esters, and the

| i ke. The invention further conprises pharnaceutically- acceptable

conpositions prepared from an(@nvegtﬂe\fgrogpggg#l@ﬂfﬁ%k@g%g%.ur e of inventi ve’

conpounds, or a salt, solvate™Or ester the nds of fornula
(1) can be useful for treati ng,é)a variﬁ ,gf di seases, synptons and 0 7 APR
200" WD 02/ 24698 PCTI USOL/ 28983 28 p @Z‘? 1¥9YRal di sorders, such as sexual
dysfunction, especially inpotence (e.g., erectile dysfunction), A further
under st andi ng of the inventi ofi)wi | PNES@I@roupom t he fol | owi ng ~descri ption
of preferred enbodi nents. 5 DESCRI PTI ON OF PREFERRED EMBODI MENTS The
inventive conpounds having th§)for @ dlkyl groapsubstituted at the
8-position on the chem cal structure with an am no group that itself is

carbocycl ¢ group and a saturSed Rorsoar L OB e Trventive
)] a Cs6 heterocyclic group;
(m)  ahydroxy C4.5 alkyl group;
(n) anaryl group; or D
(o)  aheteroaryl group; .
10 wherein, all of the above groups are optionally substituted;
R* and R are substituents on the same or different carbon
atoms of the ring and, independently of one another, are each defined
the same as above for R® and, additionally, may each be one of the
following groups:
15 (a)  ahydroxy group;

(b)  anester group derived from a hydroxy group with

a:
() C1.s carboxylic acid;
(i) Cs.6 cycloalkyl C4.5 carboxylic acid;
20 (i) aryl C4 carboxylic acid; or

(iv)  heteroaryl C4.¢ carboxylic acid group;
(c) aCyp alkoxy group;
(d) anamino group;

(e) aCy.s mono- or dialkylamino group;



substituted xant hi nes exhi bited unexpectedly enhanced properties with
respect to enzyne activity and enzyne selectivity. It is believed t@?%PR?@S
substitution at the 8-position of the subject PDE V inhibitor conmpounds wth
t hese specMl @/2¢6Bups, hel ped produce unexpectedly highly pRE®H$012898315

sel ective xanthines, which exhibited increased isozynme selectivity when
conpared to conventional xanthines. Pharma@déutical conpositions conprising
the inventive conmpounds possess unexpectedly superior therapeutic
properties. Referring above to the inventive xanthine PDE V inhibitor

conpounds 20 having the formifia (la)C,4 kyRBrcpRehinoarogy; t he chemi cal
structure is substituted with a -NHR4 group, where R4 represents a

b i het i t j : i G315 | oal kyl
carbocyclic or heterocyclic g?%zpe@oggébﬁggu'%ng%%‘ggﬁ{ﬁ@p%? cycl oal ky

group, a C3-15 cycl oal kenyl teroc droup of 3 to 15
menbers. Al of the cyclic systens ar Lenal |y substituked. Preferred
substituents on the cyclic syzmams %-@%@&(B %9634/‘}132 eé% &5 @ XBRIRRs -
PCT/ USQ / 28983 C3. 6 cycl oal kyl group, a Cl.6 alkoxy Cl_6 al kyl group, a Cl
al kyl group, an amino Cl_6 aldgm ajesugptionally sulistiiutsd, atkylor eyl @reumkyar
group, a C3.6 dicycloal kylamno Cl1.6 al kyl group, a hydroxy group, an

al koxy5group, an oxi m nR'§aadiR!"; 18REN GogethERRith s20BRRher SRINRIPtionaBRANRER7,

5 -N(R8) SO2R6 and - NR6R7, where:
’ one or more carbon and/or hetero atoms of the ring, form an optionally
substituted, spiro-fused, linearly fused, bi- or tri-cyclic ring system of
b from 8 to 12 members, including from O to 4 hetero atoms, where, all of
the above R, R" and R™ groups are optionally substituted;
10 m and n are, independently of one another, each from 1 to 3;
and
X is a chemcially-compatible group, which is ~C(R'°R™)-,
-S(0)y, -O-, -N(R®)-, where:
R and R are, independently of one another, each
15 defined the same as previously;
yis from 0 to 2;
R® is a hydrogen atom or a Cq.g alkyl, C15 alkynyl, C1.s
alkenyl, Cs.g cycloalkyl, aryl, heteroaryl, C4.s heterocycloalkyl,
COR®', SO,R®!, COOR®", CONR®'R®2 or SO,NR®'R®2 group,
20 ‘ with or without substituents, where:
| R®" is a hydrogen atom ora C1.g alkyl, C+.g alkynyl,
C1.s alkenyl, Css cycloalkyl, aryl, heteroaryl or C4.

heterocyclic group, with or without substituents;



R6 is a hydrogen atom or an optionally substituted, Cl.6 alkyl,
cycl oal kyl, C3.6 heterocycloal kyl, aryl or het eroaryl group R7 is aﬂﬂﬁﬂR&@én

~atom or aw(p@t/zamal |y substituted, Cl1.6 alkyl, C3-6 cycl ogld¢yibsor/esdsd

het erocycl oal kyl, aryl or heteroaryl group; or 10 R6 and R7, when
applicable, may be joined together to form& heterocyclic ring system and .
R8 is a hydrogen atomor an optionally substituted, Cl.6 alkyl, C3.6

cycl oal kyl, C3.6 heterocycl oal kyl, aryl or heteroaryl group. Furtherm)re,

R4 may al so be substituted with - Z&&qgg h){%géﬁa 'ﬁorjasclgg %1(_]8\,\%!‘(9?%’ and

Z', forma spiro-fused 5- to 7-nenbere ngvor ~a l'inear

7-menbered ring system and Z.and Z', indepe of no are
each an oxygen, sulfur or ni t(Pbg@lﬁeayloﬂaaﬁS(P%@ﬁwagl hﬁﬁ%rﬁaﬂq 4§ 0, R4 may
be substituted by the follow ng structure having the formula (Vill): (vng

20 0 7 APR 2005 WO 02/ 24698 Hetewsgslicgsad, abthroravithowtdsuhstituants) are
defi ned above for the groups. O her substituents may al so be used, such as

ketones, oximes, cyclic systenms, WwRéh R afd RAeralthef sknd o@@ﬁffé?éht)ml
nono-, bi- and trlcycllc rings, spiro-cyclic systens, including ketals and

thiokgtals directly attached 44,84 1h3!:288R%4eRRLd, be joined together to form a

carbocyclic or heterocyclic ring system;
wherein, the optional substituents and the one or more
substituents are defined the same as for the one or more substituents
of formula (1) above.
10 In the compound of formula (I1), the different carbon atoms to which R'°
and R** may be connected can be adjacent or non-adjacent. Preferably, R°,
R'% and R are all hydrogen atoms. In another embodiment of the invention,
one of R' or R" is, advantageously, a hydroxy group.
In the compounds of formulas (I) and (ll), R' is, preferably, an alkyl
15 group or an arylalkyl group, particularly, a benzyl group. More preferably, R

is a lower alkyl group of from 1 to 4 carbon atoms, and most preferably, a

N

methyl or ethyl group.
R? in the compounds of formulas (1) and (ll), is, preferably, an alkyl
group, particularly, an alkyl group substituted with a hydroxy group. More
20 preferably, R? is a lower alky! group of from 1 to 3 carbon atoms or a
| . hydroxyalkyl group, and most preferably, R? is a methyl, ethyl, iso-buty! or
hydroxyethyl group.
In the compounds of formulas (1) and (I1), R® is, preferably, an aryl

group, particularly, an aryl group substituted with a hydroxy-, alkoxy- or



5 sulfonam des. One skilled in the art can determ ne other possible
substituents depending on the conditions enployed and the desired
properties. A preferred structure of the invention is represented BQ L T
(I'1): 0 RWOIR24¢9® (CH) (CHm\X 10 where, 15 Rl, R2 andPRI/H0Y2898% i ned
the sane as above for the conpound of formula (I); RO is one of the
follow ng atons or groups: (a) a hydr oger?%t om (b) an oximno group; (c) a
car boxyal kyl group; (d) a Cl -6 al koxy C1_6 al kyl group; (e) an aryloxy Cl.6
al kyl group; (f) a C3.6 cycloal koxy Cl1.6 al kyl group; 07 APR 7005 WO
02/ 24698 PCTI @saihb28 B yPgrobip( which rmely dreo ady hotageblishy, alikstitutgdowith 1 or 2
halogen atoms. When R® is a heteroaryl group in the compounds of formulas
(1) and (I1), it is generally preferable to utilize heteroaryl groups other than
furan. Most preferably, R® is a methoxyaryl group substituted on its aryl ring
5 with at least one halogen atom, for example, a substitution with 1 or 2 halogen
atoms, such as chlorine or bromine. For instance, R® can be 4-
hydroxyphenyl, 3-chloro-4-hydroxyphenyl, 3-bromo-4-hydroxyphenyl, 4-
N methoxyphenyl, 3-chloro-4-methoxyphenyl, 3-bromo-4-methoxyphenyl, 4-
aminosulfonylphenyl group, 3-chlorb-4-aminosulfonylphenyl group or 3-
10 bromo-4-aminosulfonyl-phenyl.
R*, in the compound.of formula (1), is, preferably, a cycloalky! or
heterocycloalkyl group, particularly, a-cycloalkyl group substituted with a
hydroxy group. More preferably, R* is a cyclohexyl, hydroxycyclopentyl or
tetrahydropyranyl group. Most preferably, R*is a hydroxycyclopentyl group.
15 For instance, R* can be a 2(R)-hydroxy-1 (R)-cyclopentyl group. All of the
preferred embodiments may be unsubstituted or substituted.
The compounds of formulas (1) and (ll) are useful for treating urogenital
diseases, such as male (e.g., impotence / erectile dysfunction) and female

sexual dysfunction. The following compounds listed in Tables | and 1l are

20 illustrative of the invention:



(h) a -COOH group; (i) an ester group; (j) a Cl_6 al kyl group; (k) ﬁl C@R' @5
cycl oal kyl group; (I) a C3_6 heterocyclic group; (m a hydroxy Cl.% Ilg
group; (®odasnasy! group, or (o) a heteroaryl group; 10wheiGinkei@kdssof the
above groups are optionally substituted;: R0 and R' are substituents on the-

same or different carbon atons of the ring3@nd, independently of one

anot her, are each defined the sane as above for R9 and, additionally, may
each be one of the followinrou s: g g a hydroxy group; p an ester group
derived froma hydroxy group with 15 (a) a: (b) (i)

TABLE |

Compound No. Structure
o ;LJI;Q
IO
e
: r@»’
12 ~
z\ﬁ%—"ﬂo

” ‘ \Jlr@ ‘1
14 /;LJ:@‘//@ )

15 ~

16 ~




Cl. 6 carboxylic acid; 20(ii) C3.6 cycloal kyl C1_6 carboxylic acid; (iii)aryl
Cl6 carboxylic acid; or (iv)heteroaryl Cl_6 car boxylic acid group; ﬂ?)APﬁlm
al koxy gr oWy o2/246bs an am no group; (e) a Cl_6 nono- or di al /8601 380gg" OUP; O
7+ APR 2005 V\D 02/ 24698 PCT/ 1TS01/ 28983 27 10 (f) a Cl.6 alky acyl am no
group; (g) a CL.6 al kylsul fonyl am no group;zqor (h) a -NHCON(R14)2 group,
where R14 is a hydrogen atomor an optionally substituted, alkyl or aryl
group; or R10 and Rl11, taken together with each other and, optionally, wth
one or nore carbon and/ gEhekssemaionmaaiSEhasaisagm==f orm an optionally
substituted, spiro-fused cyclic ring system of
from8 to 12 nenbers, i —at ons, where, all of the
above R10, Rl11 and R14 ¢ ted; mand n are,

i ndependent|y of one anot her, each froml to 3;

ﬁw
_OF@!

19 >\|>—

20 ~ //O
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15 20 X is a chentially-conpatible group, which is -C(R1OR11)-, -S(OY,
-0-, -N(R60)-, where: R10 and R11 are, independently of one another 7»PEWN5 .
defi ned t hwoYanweas previously; y is fromO to 2; R60 is a;hymmgm@dka om or

a C1.8 alkyl, Ci1-8 al kynyl, C1.8 alkenyl, C3_5 cycloal kyl, aryl, -
heteroaryl, C4_5 heterocycloal kyl, COR61, 3302R61, COOR61, CONR61R62 or
SO2NR61R62group, wth or wi thout substituents, where: R61 is a hydrogen
atomor a Cl.8 alkyl, Cl1-8 alkynyl, C1.8 alkenyl, Ca.e cycloal kyl, aryl,
het eroaryl or C4-8 het et m o Ut SUbst it uents; 0 7

al kyl, C1.6 al kynyl, C
C4_ 8 heterocyclic grou
are (the same or differ
together to forma car

aryl, heteroaryl or
~tr—or ts; and when R61 and R62

al kyl (he n, if desired, be joined’
30cyc|£§ or he iT ring system
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wherein, the optional
defi ned the sane as for

10 "I n t heygpipaynd of f

and Rmay be connected can be adjacent or non-adjacent.
n anot her3zenbodi nent of the |nvent|on
advant ageousl vy,

Rl is,

and R11 are all
one of R10 or Rl11 is,
formulas (1) and (I11),

hydr ogen atons. |

substituents and the one or

t he one or
ormula (I1),

pref erably,

no

nore substituents

the different c

a hydroxy grou
an al kyl 1

substituents are
of formula (1) 0aEPRE00S

arbon apepF 6leml ch RlO
PreferabF :

re

p. In the conpounds of
5 group or an aryl al kyl

group, particularly, a . R1 is a |ower alkyl
group of from1 to 4 carbon atons, thLﬁbkt referably, a nethyl or ethyl
group. R2, in the conpou u , is, preferably, an
al kyl group, particul arss d with a hydroxy group.
More 20 preferably, R2lis a |ower aljkyl _ from1l to 3 carbon atons
or a hydroxyal kyl group, and nost prefgfa IS met hyl , ethyl,
i so-butyl or hydroxyethyl gr@dp. In|thg dpnopqunds of formulas (1) and (I1),
R3 is, preferably, an anyl group, pgr& an jaryl group substituted
with a hydroxy-, al koxy-{ or 0 7 APR 2005' WO 4698 PCT/ USOL/ 28983 29
am no-sul fonyl group, ich may be, gdvantage Iy, isubstituted with | or 2
hal ogen atons. When R3 ifs a het eroar\l gnOUQ,ijfﬁe conpounds of fornul as
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(') and (I1l1), it is generally preferable to utilize heteroaryl groups other
than furan. Most preferably, R3 is a nethoxyaryl group substituted ®h APR400>
aryl ringwo ¢ddpesat | east one hal ogen atom for exanple, a puisdoibsdgson W th
| or 2 halogen atons, such as chlorine or bromne. For instance, R3 can be-
4- hydroxyphenyl, 3-chl oro-4-hydroxyphenyl 343- brono- 4- hydr oxyphenyl , 4-

nmet hoxyphenyl , 3-chl or o- 4- met hoxyphenyl , 3-brono-4-net hoxyphenyl, 4

am nosul f onyl phenyl group, 3-chl oro-4- anlnosulfonylphenyl group or 3 10

br ono- 4- am nosul f onyl - -—~-——————— formula (1), is,
preferably, a cycloal kyl particularly, a

cycl oal kyl group substi B W Thaa | NYOT&AXY+QrPuUp. (More preferably, R4 is a

cycl ohexyl, hydr oxycycl epertift—er—ip -6 group. Most preferably,
R4 is a hydroxycyclopentyl group. 15 For |nst R4 can be a ‘
2(R) - hydroxy-1(R) - cycl dpentyl group. preferred enbodi nents may

be unsubstituted or substitut4d. The c u of farmulas (1) and (I1) are
useful for treating uraggenital disea ngl e (e.qg., inpotence
erectile dysfunction) and femal e sekual sf ctron. The foll ow ng

conpounds listed in Tables | and Il pre 2 illustratlive of the invention: WO
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The compounds of the invention are useful for inhibiting PDE V
enzymes. Their enzyme activities and enzyme selectivities can be evaluated

5 in a number of ways. In particular, enzyme activity can be measured by the

| PDE V ICs value, which is the concentration (in nM) of the compound

required to provide 50% inhibition of PDE V. The lower the value of ICsp, the
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more active is the compound. Measurements on the compounds in Tables |

and Il gave the following data (all numbers are modified by the word “about”): -

A. all compouhds had a PDE V ICs, within the range of from <1
nM to >100 nM; |

B.  compound nos. 13-18, 25, 30-32, 38, 41-43, 55-58, 69-71, 77,
85, 92, 96, 98, 101, 113, 120, 121, 126, 128, 131, 137, 138,
141, 146-48, 165, 166, 173, 176, 181, 182, 184, 185, 193 and
‘194 had a PDE V ICso within the range of from > 15to 100 nM;

C. compound nos. 23, 24, 29, 33, 34, 39, 40, 93, 94, 108, 111, 112,
125, 136, 144, 160 and 161 had a PDE V ICs within the range
offom >10to 15nM.

D. compound nos. 21, 22, 28, 36, 37, 59, 66, 68, 78, 79, 89, 95, 99,
110, 115, 132, 159, 171, 172, 175, 180, 183, 190 and 199 had a
PDE V ICsp within the range of from > 5 to 10 nM; and

E.  compound nos. 60-65, 67, 103-07, 114, 116-19, 122-24, 142,
168-70, 177, 178, 179, 186-88, 191, 197 and 198 had a PDE V

IC5p within the range of up to 5 nM.

In addition, another type of measurement that can be made is the ratio
of PDE VI ICso / PDE V ICs (identified as “PDE VI / PDE V"), which is an
indicator of enzyme selectivity — the h'igher the ratio, the more selective is the
compound to inhibiting PDE V enzyme relative to PDE VI enzyme.

Measurements on the compounds (except for compound nos. 189, 192, 195
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and 196) in Table 11 gave the following data (all numbers are modified by the

word “about”):

compound nos. 1-188, 190, 191, 193, 194 and 197-99 had a
PDE VI/PDEV ratio of > 0;
compound nos. 165 and 193 had a PDE VI / PDE V ratio within

the range of from > 01to 10;

compound nos. 101, 108, 136, 141, 146, 148, 168, 173 and 194 --

had a PDE VI / PDE V ratio within the range of from > 10 to 25;

compound nos. 104, 125, 131-32..137-38, 142, 144,170, 175,

177, 185 and 199 had a PDE VI / PDE V ratio within the range
of from > 25 to 50;

compound nos. 103, 110, 111, 117, 159, 166, 182 and 187 had
a PDE V1 / PDE V ratio within the range of from > 50 to 75;

compound nos. 105, 106, 147 and 171 had a PDE VI/PDE V

- ratio within the range of from > 75 to 100;

compound nos. 112, 113, 123, 124, 126, 169, 172 and 184 had * ~

a PDE VI / PDE V ratio within the range of from > 100 to 140;
and

compound nos. 107, 114-16, 118-22, 128, 160-61, 176, 178-81,
183, 186, 158, 190, 191, 197 and 198 had a F"DE VI/PDEV

ratio of from > 140.

)
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Preferred compounds of the invention include those found in classes E
and/or M: compound nos. 60-65, 67, 103-07, 114-24, 128, 142, 160-61, 168-
70, 176-78, 179, 186, 188, 191, 197 and 198. More preferred compounds of
the invention are compound nos. 107, 114, 116, 118, 119, 122, 160, 178 and
5 186 of Table Il.
Another preferred compound of the invention would have the following

chemical structure:

Br

9 @, .
10 | e N
- 1w
1 O °NT °N O
- 8

OH

Specific and general procedures for producing three preferred
15 compounds follow below (compound nos. 107, 114 and 160). Obvious
modifications to these procedures may be undertaken by one of ordinary skill
in the art. Other compounds of the invention may be produced along the

same lines.
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Svynthesis of Compound No. 107 in Table 1l (7)
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Experimental Procedure: Compound No. 107 in Table 1l (7)
1 (20.0 g, 74.0 mmol) was dissolved in dimethylformamide (370 mL)

under nitrogen and (2-bromoethoxy)-tert-butyldimethylsilane (31.8 mL, 148
mmol) was added dropwise. The reaction was stirred at room temperature for
5 115 hrs., then diluted with ethyl acetate and washed with water several times.
The organic mixture was dried over potassium carbonate, filtered and
concentrated under vacuum. Purification via flash chromatography (30/70
M ethyl acetate/hexanes) yielded 2(28.1 g, 88%).
| "H NMR (400 MHz, CDCls):  7.52 (s, 1H), 7.29-7.39 (m, 5H), 5.49 (s,
10 2H), 4.25 (t, 2H, J= 6.0 Hz), 4.07 (q, 2H, J=7.2 Hz), 3.93 (, 2H, J =
6.0 Hz), 1.24 (t, 3H, J=7.2 Hz), 0.75 (s, 9H), 0.08 (s, 6H). HRMS:

Calcd for C2oHaoN4O3Si (M+H): 429.2322. Found: 429.2329.

To a solution of 2 (2.10 g, 4.89 mmol) in methanol (375 mL) was added
15 ammonium formate (4.64g, 73.6 mmol) and 20% palladium hydroxide on

carbon (980 mg). The reaction was heated to reflux for 1.5 hrs., then cooled

p—

to room temperature, filtered and concentrated under vacuum. Purification via
flash chromatography (50/50 ethyl acetate/hexanes) yielded 3 (1.26 g, 94%).
'H NMR (400 MHz, CDCl5): 5 7.82 (s, 1H), 4.33 (t, 2H, J = 6.0 Hz), 4.16
20 (9, 2H, J=7.2 Hz), 3.99 (t, 2H, J = 6.0 Hz), 1.29 (t, 3H, J=7.2 Hz),
0.78 (s, 9H), 0.06 (s, 6H). HRMS: Calcd for C15H26N403Si (M+H):

339.1852. Found: 339.1864.



ANiINH Oi N 0 1390 N /398.2192398.2196(Mr1) />H QJ-~ N 1400 \
/382.2243382.2238(Mrl) NH Oi N \0 1410 N /398.2192398. 2192( M+1)) 7IAPR/ 2885NH )
D N N a 7wiRizdeisd PCT/ USO /28983 ' PCT/US01/28983

64

To 3 (970 mg, 2.86 mmol) was added dimethylformamide (14 mL), 3-
chloro-4-methoxybenzyl bromide 9 (1.72 g, 5.70 mmol), and potassium
carbonate (785 mg, 5.70 mmol) under nitrogen. The reaction mixture was
stirred at room temperature for 24 hrs., then diluted with ethyl acetate and

5 washed with water several times. The organic mixture was dried over
potassium carbonate, filtered and concentrated under vacuum. Purification by
flash chromatography (30/70 ethyl acetate/hexanes) yielded 4 (1.14 g, 81%).
"H NMR (400 MHz, CDCls): & 7.52 (s, 1H), 7.33 (d, 1H, J = 2.4 Hz),
7.25(dd 1H, J=2.0Hz, J=8.4 Hz), 6.90 (d, 1H, J=8.8 Hz),5.40 (s,
10 2H), 4.25 (t,2H, J=6.0 Hz), 4.07 (g, 2H, J=7.2 Hz), 3.93 (t, 2H, J =
6.0 Hz), 3.89 (s, 3H), 1.25 (t, 3H, J = 7.2 Hz), 0.75 (s, 9H), 0.08 (s, 6H).

HRMS: Calcd for Co3H33CIN4O4Si (M+H): 493.2038. Found: 493.2032.

To solution of 4 (1.14g, 2.32 mmol) in tetrahydrofuran (20 mL) under

15 nitrogen at -78 °C (dry ice/acetone bath) was added lithium diisopropylamide
(2M in THF/heptane, 1.7 mL, 3.48 mmol). After stirring for thirty minutes, 1,2-
dibromotetrafluoroethane (0.55 mL, 4.63 mmol) was added dropwise over five
minutes. The reaction was stirred for 1.5 hrs. at —78 “C then quenched with
saturated aqueous sodium bicarbonate and warmed to room temperature.

20 The mixture was extracted with dichloromethane, dried over potassium
carbonate, filtered and concentrated undel-r vacuum. Purification via flash
chromatography (30/70 ethyl acetate/hexanes) yielded 5 (640 mg, 48%).

'H NMR (400 MHz, CDCl3): 8 7.42 (d, 1H, J=2.4 Hz), 7.31(dd, 1H, J=

2.0 Hz, J = 8.4 Hz), 6.88 (d, 1H, J = 8.8 Hz), 5.45 (s, 2H), 4.22 (t, 2H, J
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= 5.6 Hz), 4.07 (q, 2H, J = 7.2 Hz), 3.92 (t, 2H, J = 5.6 Hz), 3.88 (s,
3H), 1.25 (t, 3H, J = 7.2 Hz), 0.74 (s, 9H), 0.08 (s, 6H). HRMS: Calcd

for C23H32BrCIN4O4Si (M+H): 571.1143. Found: 571.1149.

5 To 5 (320 mg, 0.56 mmol) was added cyclohexylamine (0.25 mL, 2.24
mmol), diisopropylethylamine (2.8 mL.), and 1-methyl-2-pyrrolidinone (2.8 mL).
The reaction mixture was heated to 160 °C in a sealed tube for 18 hrs., then
cooled to room temperature. Water was added, then the mixture was
extracted with ethyl acetate and washed with water several times.: The
10 organic mixture was dried over potassium carbonate, filtered and
concenirated under vacuum. Purification via flash chromatography (30/70
ethyl acetate/hexanes) yielded 6 (210 mg, 64%). - |
'H NMR (400 MHz, CDCls): § 7.27 (d, 1H, J = 2.0 Hz), 7.13 (dd, 1H, J =
2.0Hz, J=8.4Hz), 6.89 (d, 1H, J = 8.8 Hz), 5.23 (s, 2H), 4.19 (t, 2H, J
15 =6.2 Hz), 4.05 (q, 2H, J=7.2 Hz), 3.93 (t, 2H, J= 6.2 Hz), 3.89 (s, -
3H), 3.86-3.91 (m, 1H), 3.69-3.80 (m, 1H), 1.88-1.96 (m, 2H), 1.52-1.64
(m, 3H), 1.28-1.42 (m, 2H), 1.23 (t, 3H, J = 7.2 Hz), 1.04-1.22 (m, 3H),
0.81 (s, 9H), 0.01 (s, 6H). HRMS: Calcd for CagHs4CINsO4Si (M+H):-
590.2937. Found: 590.2929.
20
| 6 (191 mg, 0.324 r'nmol) was dissolved in dichlorométhane (4.0 mL)
under nitrogen and cooled to 0 °C in an ice bath. Boron tribromide (0.14 mL,
1.42 mmol) was added to the reaction mixture and warmed to room

temperature. After 1.25 hr., the reaction was diluted with dichloromethane
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and washed with water several times. The organic phase was dried over

potassium carbonate, filtered and concentrated under vacuum. Purification

via PTLC (70/30 ethyl acetate/hexanes) yielded 7 (compound no. 107 in Table

) (122 mg, 74%).
'H NMR (400 MHz, CDCly): & 7.25-7.28 (m, 1H), 7.09 (dd, 1H, J = 2.0
Hz, J=8.0 Hz), 7.01 (d, 1H, J = 8.0 Hz), 5.69 (s, 1H), 5.23 (s, 2H),
4.32-4.36 (m, 2H), 4.16 (t, 1H, J = 6.0 Hz), 4.06 (q, 2HJ =7.2 Hz),
3.90-3.98 (m, 3H), 3.62-3.72 (m, 1H), 1.87-1.96 (m, 2H), 1.54-1.66 (m, b
3H), 1.31-1.43 (m, 2H), 1.25 (t, 3H, J = 7.2 Hz), 1.06-1.22 (m, 3H).

HRMS: Calcd for C22H23CINsO4 (M+H): 462.1908. Found: 462.1901.

3-Chloro-4-methoxytoluene 8 (2.6 mL, 19.2 mmol) was dissolved in
dichlomethane (30 mL) and N-bromosuccinimide (3.75 g, 21.1 mmol) was
added followed by AIBN (36.0 mg). The reaction was heated to reflux for 19
hrs., then cooled to ;roovm temperature and the precipitate was filtered off. The
filtrate was diluted with dichloromethane and Washed with 0.5 M aqueous
sodium bicarbonate, followed by water. The organic mixture was dried over
sodium sulfate, filtered and concentrated under vacuum to yield 9 (4.73g,
82%). The benzyl bromide was used as the crude materiai without further
purification. . | |

H NMR (400 MHz, CDCl3): 8 7.42 (d, 1H, J = é.4 Hz), 7.26 (dd, 1H, J=

24 Hz,J=8.4Hz), 6.88 (d, 1H, J = 8.4 Hz), 4.44 (s, 2H), 3.90 (s, 3H).
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General Synthesis of Compound No. 107 in Table 11 (7)

a) Reacting 1 with an alkyl halide and base to form 2;
b) Debenzylation of 2 to form 3;
c¢) Alkylation of 3 with a benzyl halide to form 4;
5 d) Deprotonation of 4 followed by addition of a brominating agent to
form §5; '

e) Displacement of bromo 5 with an amine to form 6; and

a f) Treatment of 6 with boron tribromide to form compound no. 107 in

/ Table Il (7) via cleavage of both silyl and meth)}I ethers. |

10

S
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Synthesis of Compound 114 in Table Il (13)
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Experimental Procedure: Compound 114 in Table Il (13)
1 (20.0 g, 74.0 mmol) was dissolved in dimethylformamide (370 mL)

under nitrogen and (2-bromoethoxy)-tert-butyldimethylsilane (31.8 mL, 148
mmol) was added dropwise. The reaction was stirred at room temperature for
5 115 hrs., then diluted with ethyl acetate and washed with water several times.
The organic mixture was dried over potassium carbonate, filtered and
concentrated under vacuum. Purification via ﬂash chromatography (30/70 -
) ethyl acetate/hexanes) yielded 2 (28.1 g, 88%).
( 'H NMR (400 MHz, CDCl3): § 7.52 (s, 1H), 7.29-7.39 (m, 5H), 5.49 (s,
10 2H), 4.25 (t, 2H, J = 6.0 Hz), 4.07 (g, 2H, J = 7.2 Hz), 3.93 (t,2H, J =
6.0 Hz), 1.24 (t, 3H, J=7.2 Hz), 0.75 (s, 9H), 0.08 (s, 6H). HRMS:

Calcd for C22H32N403Si (M+H): 429.2322. Found: 429.2329.

To a solution of 2 (2.10 g, 4.89 mmol) in methanol (375 mL) was added
15 ammonium formate (4.64g, 73.6 mmol) &nd 20% palladium hydroxide on
carbon (980 mg). The reaction was heated to reflux for 1.5 hrs., then cooled
to room temperature, filtered and concentrated under vacuum. Purification via
flash chromatography (50/50 ethyl acetate/hexanes) yielded 3 (1.26 g, 94%).
'H NMR (400 MHz, CDCl3): 5 7.82 (s, 1H), 4.33 (t, 2H, J = 6.0 Hz), 4.16
20 (q,2H, J=7.2Hz), 3.99 (t, 2H, J = 6.0 Hz), 1.29 (t, 3H, J=7.2 Hz),
| 0.78 (s, 9H), 0.06 (s, 6H). HRMS: Calcd for C1sH2sN403Si (M+H):

339.1852. Found: 339.1864.
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To 3 (970 mg, 2.86 mmol) was added dimethylformamide (25 mL), 3-
bromo-4-methoxybenzyl bromide 15 (1.62 g, 5.79 mmol), and potassium
carbonate (800 mg, 5.79 mmol) under nitrogen. The reaction mixture was
stirred at room temperature for 21 hrs., then diluted with ethyl acetate and

5 washed with water several times. The organic mixture was dried over
potassium carbonate, filtered and concentrated under vacuum. Purification by
flash chromatography (30/70 ethyl acetate/hexanes) yielded 10 (1.55g, -
100%).

"H NMR (400 MHz, CDCls): § 7.52 (s, 1H), 7.51 (d, 1H, J = 2.4 Hz),

10 7.30 (dd 1H, J=2.0 Hz, J = 8.4 Hz), 6.87 (d, 1H, J = 8.8 Hz), 5.40 (s,
2H), 4.25 (t, 2H, J= 6.0 Hz), 4.07 (9, 2H, J= 7.0 Hz), 3.93 (t, 2H, J =

6.0 Hz), 3.88 (s, 3H), 1.25 (t, 3H, J = 7.0 Hz), 0.75 (s, 9H), 0.08 (s, 6H).

HRMS: Calcd for C3H33BrNsO4Si (M+H): 537.1533. Found: 537.1540.

15 To solution of 10 (1.50 g, 2.80 mmol) in tetrahydrofuran (24 mL) under
nitrogen at -78 °C (dry ice/acetone bath) was added lithium diisopropylamide 3
(2M in THF/heptane, 2.2 mL, 4.33 mmol). After stirring for thirty minutes, 1,2-

- dibromotetrafluoroethane (0.69 mL, 5.77 mmol) was added dropwise over five

minutes. The reaction was stirred for 1.25 hrs. at —78 °C then quenched with

20 saturated aqueous sodium bicarbonate and warmed to room temperature.

| The mixturd was extr'acted with dichloromethane, dried ovér potassium

carbonate, filtered and concentrated under vacuum. Purification via flash

chromatography (30/70 ethyl acetate/hexanes) yielded 11 (600 mg, 34%).
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"H NMR (400 MHz, CDCl5): § 7.60 (d, 1H, J = 2.4 Hz), 7.35 (dd, 1H, J =
2.0 Hz, J= 8.4 Hz), 6.84 (d, 1H, J = 8.4 Hz), 5.45 (s, 2H), 4.21 (t, 2H, J
= 5.6 Hz), 4.07 (q, 2H, J = 6.8 Hz), 3.90 (t, 2H, J = 5.6 Hz), 3.87 (s,
3H), 1.24 (t, 3H, J = 6.8 Hz), 0.73 (s, 9H), 0.08 (s, 6H). HRMS: Calcd

for CoaHa2BroN4O,Si (M+H): 615.0638. Found: 615.0633.

To 11 (1.89 g, 3.07 mmol) was added the amino alcohol hydrochloride
salt (1.31 g, 12.27 mmol), diisopropylethylamine (15.4 mL), and 1-methyl-2-
pyrrolidinone (15.4 mL). The reaction mixture was heated to 160 ‘C in a
sealed tube for 13 hrs., then cooled to room temperature. Water was added,
then the mixture washextracted with ethyl acetate and washed with water
several times. The organic mixture was dried over potassium carbonate,
filtered and concentrated under vacuum. Purification via flash
chromatography (3/97 methanol/dichloromethane) yielded 12 (1.77 g, 90%).

"H NMR (400 MHz, CDCla): § 7.45 (d, 1H, J = 2.0 Hz), 7.17 (dd, 1H, J =

24 Hz, J=8.6 Hz), 6.86 (d, 1H, J = 8.4 Hz), 5.18-4.34 (m, 3H), 4.00-

4.23 (m, 5H), 3.86-3.98 (m, 6H), 3.69-3.79 (m, 1H), 2.10-2.21 (m, 1H),

1.99-2.10 (m, 1H), 1.60-1.84 (m, 3H), 1.32-1.43 (m, 1H), 1.24 (1, 3H, J

=7.2 Hz), 0.75 (s, 9H), 0.07 (d, 6H, J = 4.0 Hz). HRMS: Calcd for

CoaHy3BrNsOsSi (M+H): 636.2217. Found: 636.2207.

12 (1.77 g, 2.78 mmol) was dissolved in tetrahydrofuran (28 mL) under

- nitrogen and tetrabutylammonium fluoride (1M in THF, 28 mL) was added

dropwise. The reaction was stirred at room temperature for 15 hrs., then
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diluted with dichloromethane and washed with water several times. The
organic mixture was dried over potassium carbonate, filtered and
concentrated under vacuum. Purification via flash chromatography (3/97
methanol/dichloromethane) yielded 13 (compound no. 114 in Table lI) (760
mg, 52%).
"H NMR (400 MHz, CDCls):  7.47 (d, 1H, J=2.0 Hz), 7.19 (dd, 1H, J=
2.0 Hz, J= 8.4 Hz), 6.88 (d, 1H, J = 8.4 Hz), 5.25 (s, 2H), 5.09 (s, 1H),

4.21-4.27 (m, 3H), 4.06 (q, 2H, J = 7.0 Hz), 3.90-3.97 (m, 3H), 3.89 (s,

S

1H), 3.74-3.82 (m, 1H), 3.08 (s, 1H), 2.12-2.22 (m, 1H), 1.98-2.08 (m,
1H), 1.60-1.86 (m, 3H), 1.33-1.43 (m, 1H), 1.25 (t, 3H, J=7.0 Hz),

~1.06-1.22 (m, 3H). HRMS: Calcd for Co2H2sBrNsOs (M+H): 522.1352.
Found: 522.1346.

2-Bromo-4-methyl anisole 14 (2.2 mL, 14.9 mmol) was dissolved in
dichlomethane (30 mL) and N-bromosuccinimide (3.75 g, 16.4 mmol) was
added followed by AIBN (26.0 mg). The reaction was heated to reflux for 19 ;)
hrs., then cooled to room temperature and the precipitate was filtered off. The
filtrate was diluted with dichloromethane and washed with 0.5 M aqueous
sodium bicarbonate, followed by water. The organic mixture was dried over
sodium sulfate, filtered and concentrated under vacuum to yield 15 (4.16 g,
100%). The benzyl bromide was used as the crude material without furfherl
purification.

'H NMR (400 MHz, CDCla): 8 7.59 (d, 1H, J = 2.0 Hz), 7.30 (dd, 1H, J =

2.4 Hz, J=8.4 Hz), 6.85 (d, 1H, J = 8.4 Hz), 4.37 (s, 2H), 3.90 (s, 3H).
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General Synthesis of Compound No. 114 in Table 1 (13)

a) Reacting 1 with an alkyl halide and base to form 2;
b) Debenzylation of 2 to form 3;
| c) Alkylation of 3 with a benzyl halide to form 10;
d) Deprotonation of 10 followed.by addition of a brominating agent to
form 11;
é) Displacement of bromo 11. with an amine to form 12; and -

f) Silyl ether cleavage of 12 to form compound no. 114 in Table Il (13).

Synthesis of Compound No. 160 in-Table 1l (18)
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Experimental Procedure: Compound No. 160 in Table 1l (18

To 16 (150 mg, 0.579 mmol) was added dimethylformamide (3 mL), 6-

chloropiperonyl chloride (142 mg, 0.694 mmol) and potassium carbonate (120
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mg, 0.868 mmol) under nitrogen. The reaction mixture was stirred at room
temperature for 137 hrs., then diluted with ethyl acetate and washed with
water several times. The organic mixture was dried over magnesium sulfate,
filtered and concentrated under vacuum. Purification via PTLC (1/1 ethyl
5 acetate/hexanes)‘yielded 17 (84.1 mg, 34%).
"H NMR (400 MHz, CDCl5): & 6.89 (s, 1H), 6.09 (s, 1H), 5.95 (s, 2H),
5.59 (s, 2H), 3."60 (s, 3H), 3.38 (s, 3H). HRMS: Calcd for

| C15H128|'C|N4O4 (M+H)Zv426.9809. Found: 426.9802.

10 | To 17 (72.0 mg, 0.169 mmol) was added cyclohexylamine (86.7 mg,
0.883 mmol), diisopropylethylamine (0.8 mL) and 1-methyl-Z-pyrrolidinone
(0.8 mL). The reaction mixture was heated to 160 °C in a sealed tube for 17
hrs., then cooled to room temperature. Water was added, then the mixture
was extracted with ethyl acetate and washed with water several times. The
15 organic mixture was dried over magnesium suifate, filtered and concentrated
under vacuum. Purification via PTLC (1/1 ethyl acetate/hexanes) yielded
compound no. 160 in Table Il (18) (50.9 mg, 68%).
'H NMR (400 MHz, CDCl,): & 6.84 (s, 1H), 6.815 (s, 1H), 5.96 (s, 2H),
5.33 (s, 2H), 4.42 (d, 1H, J= 7.2 Hz), 3.68—3.79 (m, 1H), 3.53 (s, 3H),
20 13.40 (s, 3H), 1.94-2.05 (m, 2H), 1.55-1.74 (m, 3H), 1.25-1.42 (m, 2H),
1.10-1.22 (m, 3H). HRMS: Calcd for C21H24CIN5O4 (M+H): 444.2400.
Found: 444.2394.
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General Synthesis of Compound No. 160 in Table 1l (18)
a) Alkylation of 16 with a benzy! halide to form 17; and

b) Displacement of bromo 17 with an amine to form compound no. 160

in Table 11 (18).

Accordingly, the invention includes a method for producing a-
compouhd having the formula (1), comprising:
0] reab’ting a compound having the formula (111) with an alkyl
| halide in the presence of a base to form a compound

10 having the formula (IV):

1 i 1
RSNSAN alkyl halide ~ RSN\PSN
A L2 base A I_ 2
N” N N~ N

(I (V)
where,
15 ‘
(a) R'is a hydrogen atom or a C1.15 alkyl group, branched or
straight chain, with or without one or more substituents, a Ca.15
alkenyl group, branched or straight chain, with or without one or
more substituents, a Co.45 alkynyl group, branched or straight chain,
20 . with or without one or more substituents, a Cs.15 cycloalkyl group,
with or without one or more substituents, an arylalkyl group, with or
without one or more substituents, an aryl group, with or without one

or more substituents, a heteroaryl group, with or without one or

more substituents, -OR®, -COORS, -C(O)R?® or -C(O)N(R®),, where
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R® is a hydrogen atom or a hydrocarbon radical, branched or

straight-chain, with or without one or more substituents

L is R%or a protected form of R% and

Ph is a phenyl group;

(i) debenZyIating and then alkylating the compound having
the formula (IVV) with an alkyl halide, XCH,R3, to form the

compound having the formula (V):

v . | 1. debenzylation - N I/)
o NN 2. alkylation (XCH,R®) O)\N N
L

where,

X is a halogen atom (e.g., a chlorine or bromine atom)

R® is an aryl group, with or without one or more
substituents, a heteroaryl group, with or without one or more -
substituents, or a heterocyclic group having 1 to 3 heteroatoms
fused to a 5 or 8 membered aryl ring, with or without one or
more substituents, with the proviso that Fé is not an aryl group
substituted at its para position with a -Y-aryl group, where Y is a
carbon-carbon single bond, -CO-, -O-, -S-, -N(R?!)-, -CON(R%)-,

-N(R*)CO-, -OCHa-, -CH20-, -SCHy-, -CH,S-, -NHC(RZ)(R*)-,
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| -NR®S0;-, -SO,NR%-, -C(R®)(R*)NH-, -CH=CH-, -CF=CF-,

-CH=CF-, -CF=CH-, -CHzCHz-, —CFzCFz—,

H H
>C\/ ~ /THZ cI)R25
C
—c—CH— . <7 ¢H, . —CH—
26 27

| OCOR ﬂlR . R20 OR%®

o VAl
5 where,

Cs. cycloalkyl, phenyl 6r benzyl group;

R? is a hydrogen atom or a C1. alkyl group;

R? is a hydrogen atom or a C1.5 alkyl, aryl or —CHz-aryl
10 group;

R?* is a hydrogen atom or a C14 alkyl group;

R? is a hydrogen atom or a Cy.s alkyl, C1. perfluoroalkyl;

Cs.s cycloalkyl, phenyl or benzyl group;

R%is a hydrogen atom or a C4 alkyl, Cz.s cycloalkyl, phenyl

15 or benzyl group;

R? is ~-NR*R?*, -OR%*, -NHCONH,, -NHCSNH,,

nNn=—=0

\\ / CH; or N

o

Q=—=Wn==0
“
AN
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R? and R? are, independently of one another, each a C14
alky! group, or R?® and RZ?, taken together with each othér, are a
5 | | —(CHz)q group, where q is 2 or 3;
wherein, R%! through R* are optionally substituted with any of

the groups defined above for the one or more substituents; and

B j
" Py
~—r

(i) ~ deprotonating and then halogenating the compound

10 | 'héving the formula (V) to form a compound having the
formula (V1):
.9 C’;HzRa 0 (,3H2R3
1
R N | N> 1. deprotonation R N | N)——Hal
/ : /
O)\ f,“ N 2. halogenation o )\N N
L L
)
V) (VD)
15 where,

Hal is a halogen atom;

(iv)  reacting the compound having the formula (V1) with an
amine having the formula R*NH; to form a compound

20 having the formula (VII):
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O CH.RR® O CH,R®
R1\N N RNH R1\N N H
Al ol e A || 2N
O [?1 N 8) [?] N
L L
1) iy

where,

Rtisa Cas.15 cycloalkyl group, with or without one or more

substituents, a Cs.15 cycloalkenyl group, with or without one or

more substituents, or a heterocycloalkyl group of 3 to 15

members, with or without one or more substituents; and

v)

removing the protecﬁng portion of L, when L is the

protected form of R?, on the compound having the

formula (VI1) to form the compound having the formula (1):

.0 (IJH2R3
R \N N /H
A N 2N
O”°N N

R2
M

R4

where,
R? is defined the same as R! above, with the
proviso that at least one of R! and R? is not a hydrogen

atom;

F M REl dMt1 No. CTUa oun.
| ~N TIN NH 173N 07 APR 2005
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wherein, the one or more substituents are defined the

same as for the one or more substituents of formula (1) above.

Pharmaceutically-Acceptable Dosage Forms

5 The compounds of the present invention may 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 containing the compounds of the

\\_//

bresent invention can be readily formulated by one skilled in the art, utilizing

10 | the suitable pharmaceutical excipients.as defined below. qu considerations
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 proper;

15 (b) the pharmaceutically-acceptable excipient(s), so long as the
variants do not interfere in the activity of the particular active ingredient
selected:; ' )

(c) the type of excipient(ys)’, and the concomitant desirable
thickness and permeability (swelling properties) of the excipient(s);

20 (d) the time-dependent conditions of the excipient(s);

~ (e) the particle size of the granulated adive ihgredient; and
(f) the pH-dependent conditions of the excipient(s).
Pharmaceutically-acceptable excipients include flavoring agents,

pharmaceutical-grade dyes or pigments, solvents, co-solvents, buffer
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systems, surfactants, preservatives, sweetener agents, viscosity agents,
fillers, lubricants, glidants, disintegrants, binders and resins.

Conventional flavoring agents may be used, such as those described in

Remington’s Pharmaceutical Sciences, 18™ Ed., Mack Publishing Co., pp.

1288-1300 (1990), which is incorporated in its entirety by reference herein.

The pharmaceutical compositions of the invention generally contain from

- about 0 to 2 % of flavoring agents.

Conventional dyes and/or pigments may also be used, such as those
described in the Handbook of Pha(maceutical Excipients, by the American
Pharmaceutical Association & the Pharmaceutical Society of Great Britain, pp.
81-90:(1986), which is incorporated in its entirety by reference herein. The
pharmaceutical compositions of the invention generally contain from about 0
to 2 % of dyes and/or pigments.

The pharmaceutical compositions of the invention generally contain

from about 0.1 to 99.9 % of solvent(s). A preferred solvent is water.

Preferred co-solvents include ethanol, glycerin, propylene glycol, polyethylene

glycol, and the like. The pharmaceutical compositions of the invention may

include from about 0 to 50 % of coi-so!vents.

Preferred buffer systems in‘clude acetic, boric, carbonic, phosphoric,

succinic, malaic, tartaric, citric, acetic, benzoic, lactic, glyceric, gluconic,
glutaric and glutamic ac;ids and their sodium, potassiurﬁ and émmbnium salts.
Particularly preferred buffers are phosphoric, tartaric, citric and acetic acids
and salts thereof. The pharmaceutical compositions of the invention generally

contain from about 0 to 5 % of a buffer.
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Preferred surfactants include polyoxyethylene sorbitan fatty acid
esters, polyoxyethylene monoalky! ethers, sucrose monoesters and lanolin
esters and ethers, alkyl sulfate salts and sodium, potassium and ammonium
salts of fatty acids. The pharmaceutical compositions of the invention

5 generally contain from about 0 to 2 % of surfactants.

Preferred preservatives include phenol, alkyl esters of
parahydroxybenzoic acid, o-phenylphenol benzoic acid and salts thereof,
boric acid and salts thereof, sorbic ‘acidt and salts thereof, chlorobptanol, oy
benzyl alcohol, thimerosal, phenylmercuric acetate and nitrate, nitromersol,

10 benzalkonium chloride, cetylpyridinium chloride, methyl paraben and propy!

- paraben. Particularly preferred preservatives are the salts of benzoic avcid,‘
cetylpyridinium chloride, methyl paraben and propyt paraben. The
pharmaceutical compositions of the invention generally include from about O
to 2 % of preservatives.

15 Preferred sweeteners include sucrose, glucose, saccharin, sorbitol,
mannitol and aspartame. Particularly preferred sweeteners are sucrose and
saccharin. Pharmaceutical compositions of the invention generally include
from about 0 to 5 % of sweeteners.

Preferred viscosity agents include methylcellulose, sodium

20 carboxymethylcellulose, hydroxypropyl-methylcellulose,

L hydroxypropyldellulose, sodium alginate, carbomer, povidone, acacia, guar
gum, xanthan gum and tragacanth. Particularly preferred viscosity agents are
methylcellulose, carbomer, xanthan gum, guar gum, povidone, sodium

carboxymethylcellulose, and magnesium aluminum silicate. Pharmaceutical
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'compositions of the invention generally include from about 0 to 5 % of

viscosity agents.
Preferred fillers include lactose, mannitol, sorbitol, tribasic calcium
phosphate, diabasic calcium phosphate, compressible sugar, starch, calcium
5 sulfat'e, dextro and mfcrocrystalline cellulose. Pharmaceutical compositions of
the invention generally contain from about 0 to 75 % of fillers. '
Preferred lubricants/glidants include magnesium stearate, stearic acid
) and talc. Pharmaceutical compositions of the invention generally include from
about 0 to 7 %, preferably, about 1 to 5 % of lubricants/glidants.

10 - Preferred disintegrants include starch, sodium starch glycolate,
crospovidone and.croscarmelose sodium and:microcrystalline. cellulose.
Pharmaceutical compositions of the invention generally include from about 0
to -26 %, preferably, about 4 to 15 % of disintegrants. -

Preferred binders include acacia, tragacanth, hydroxypropylcellulose,

15 pregelatinized starch, gelatin, povidone, hydroxypropylcellulose, -

hydroxypropylmethylcellulose, methylcellulose, sugar solutions, such as
sucrose and sorbitol, and ethylcellulose. Pharmaceutical compositions of the
invention generally include from about 0 to 12 %, preferably, about 1 t010 %
of binders.

20 Additional agents known to a skilled formulator may be combined with
the compounds of the invention to create a single dosage form. Alternatively,
additional agents may be separately administered to a mammal as part of a

multiple dosage form.
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For preparing pharmaceutical compositions containing the inventive
conipounds, inert, pharmaceutically acceptable carriers can be either solid or
liquid. Solid form preparations include powders, tablets, dispersible granules,
capsules, cachets and suppositories. The powders and tablets may be
comprised of from about 5 to 95 weight percent of active ingredient. Suitable
solid carriers are known in the art, for example, magnesium \éarbonate,
magnesium stearate, talc, sugar and IaCtose. Tablets, powders, cachets and
capsules can be used as solid dosage forms suitable for oral administration. =
Examples of pharmaceutically-30ceptéble carriers and methods of |

manufacture for various compositions may be found in Remington’s

| Pharmaceutical Sciences, 18" Ed., Mack:Publishing Co. (1990), which is

incorporated in its entirety by reference herein.

Liquid form preparations include solutions, suspensions and emulsions.
Common liquid form preparations include water and water-propylene glycol
solutions for parenteral injection or addition of sweeteners and opacifiers for
oral solutions, suspensions and emulsions. Liquid form preparations may
also include solutions for intranasal administration.

Aeroso! preparations suitable for inhalation include solutions and solids
in powder form, which may be combined with a pharmaceutically acceptable
carrier, such as an inert compressed gas (e.g., nitrogen).

Also included are solid form preparé_tions that may be converted,
shortly before use, to liquid form preparations for either oral or parenteral
administration. Such liquid forms include solutions, suspensions and

emulsions.
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The compounds of the invention may also be delivered transdermally.
The transdermal compositions can take the form of creams, lotions, aerosols
and emulsions and may be included in a transdermal patch of a matrix or
reservoir type as is conventional in the art for this purpose.
5 The preferred mode of administering the compounds of the invention is

oral. Preferably, the pharmaceutical preparation is in a unit dosage form. In

] such a form, the preparation is subdivided into suitable sized unit doses

1 : ) containing appropriate quantities of the active component, for exémple, an

| effective amount to achieve the desired purpose.

10 The quantity of active ingredient (compound) in a unit dose of
preparation may be varied or adjusted from-about 0.01 to 4,000 mg,
preferably, from about 0.02 to 1,000 mg, more preferably, from about 0.3 to
500 mg, and most preferably, from about 0.04 to 250 mg, according to the
particular application. A typical recommended daiiy dosage regimen for oral

15 administration can range from about 0.02 to 2,000 mg/day, in two to four
divided doses. For 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 to 5 times per
day, or alternatively, as a continuous infusion. Such administration can be -

20 used as a chronic or acute therapy. The amount of acﬁve ingredient that may

| be combinéd with carrier haterials to produce a single dosége form will vary
depending upon the host treated and the particular mode of administration. A

typical preparation will contain from about 5 to 95 % of active compound
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(w/w). Preferably, such preparations will contain from about 20 to 80 wt. % of
active compound.

The pharmaceutically-acceptable carriers employed in conjunction with
the compounds of the present invention are used at a concentration sufficient

to provide a practical size to dosage relationship. The pharmaceutically-

acceptable carriers, in total, may comprise from about 0.1 to 99.9 % by weightA

of the pharmaceutical compositions of the invention, preferably, from about 20
to 80 % by weight.
Upon improvement of a patient’s .conditio‘n, a maintenance dose of a
compound, composition or combination of the invention may be administered,
-if necessary.- 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 retained. When the symptoms have been alleviated to
the desired level, treatment should cease. Patients may, howevér, require
intermittent treatment on a long-term basis upon any recurrence of disease

symptoms.

J

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 employed, the age, body weight, general health status,
sex and diet of the patient, fhe time of administration, the rate of excretion, the
specific drug combination, the severity and course of tﬁe symptoms being
treated, the patient’s disposition to the condition being treated and the
judgment of the treating physician. Determination of the proper dosage

regimen for a particular situation is within the skill of the art. The amount and

@)
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frequency of the administration of Compounds of the invention or their
pharmaceutically acceptable salts may be regulated according to the
judgment of the attending clinician, based on the factors recited above. As a
skilled artisan will appreciate, lower or higher doses than those recited above
may be required.

For example, it is often the case that a proper dosage level is based on
the weight of the patient. For instance, dosage levels of betwéen about 0.01
and 100 mg/kg of body weight per day, preferably, between about 0.5 and 75
mg/kg of body weight per day, and more preferably, between about 1 and 50
mg/kg of body weight per day, of the inventive compounds, compositions and
salts thereof 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.

The inventive compounds are understood to provide efficacious
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 may be faken 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 about fifteen minutes of their
administration. While food, diet, pre-existing conditions, alc‘ohdl and other
systemic conditions could lengthen the time delay for,an. inventive drug to

work after its administration, it is understood that optimum dosages in
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combination with sexual stimulation Will result in an efficacious drug treatment
within and for a reasonable amount of time.

The inventive compounds can exist in unsolvated as well as solvated
forms, including hydrated forms. In general, the solvated forms, with

5 pharmaceutically- acceptable solvents, such as water, ethanol and the like,
are equivalent to the unsolvated forms for purposes of this invention.

The inventive compounds may form pharmaceutically-acceptable salts
with organic and inorganic acids. Examples of suitable acids for salt
formation are hydrochloric, sulfuric, phosphoric, acetic, citric, malonic,

10 salicylic, malic, fumaric, succinic, ascorbic, maleic, methanesulfonic and other
mineral and carboxylic acids well known to those skilled in the art. The salts
are prepared by contacting the free base forms with a sufficient amount of the
de—s’ired acid to produce a salt in a conventional manner. The free base forms
may be regenerated by treating the salt with a suitable dilute agueous base

15 - solution, such as dilute aqueous sodium hydroxide, potassium carbonate,
ammonia or sodium bicarbonate. The free base forms may differ somewhat .
from their respective salt forms in certain physical properties, such as -
solubi!ify in polar solvents, but the salts are otherwise equivalent to their
respective free base forms for purposes of the invention.

20 | The invention comprises a compound having the formula (1) or (Il), a
method for making an inventive compound, a hethod for making a ”
pharmaceutical composition from at least one inventive cohpound and at

" _least one pharmaceutically-acceptable carrier, and a method of using one or

-’
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more inventive compounds to treat a variety of disorders, symptoms and -
diseases.
_The inventivé compounds and their pharmaceutically-acceptable sait
and neutral compositions may be formulated together with a pharmaceutically-‘
5 acceptable carrier. The resulting composition may be administered in vivo to
mammals, such as men or women, to treat a variety of disorders, symptoms
and diseases. For example, the inventive compounds and compositions may
oy be used to treat diseases of the urogenital system, specifically, male erectile
| | dysfunction (e.g., impotence) and female sexual dysfunction. Male erectile
10 dysfunction may be defined as an inability of the male to sufficiently obtain
~ and/or sustain -an erection to-have intercourse with his mate. - In the treatment
- of erectile dysfunction, it is believed that the inventive PDE V inhibitors of
formulas (1) and (Il) are beneficial therapeutic agents because they elevate
¢GMP levels in the human body. This action facilitates corpus cavernosum
15 smooth muscle relaxation, which provides an increased flow of blood therein
and results 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
20 erectile dysfunction in a mammal in need of such treatment, comprising
administering to the mammal at least one éompound having the formula (1) or
(1) or a pharmaceutical composition thereof in an amount effective to

ameliorate and/or reduce one or more of the Vsymptoms associated with
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erectile dysfunction sufficiently enough so that the mammal can complete
intercourse with another mammal.

Introduced in 1998 as the first pill to treat impotence, Viagra® today is
the most commonly prescribed medication to treat physiologically-caused
erectile dysfunction (“ED”). Certain patients, however, can experience
undesirable side effects while taking Viagra®. For instance, the use of Viagra®
is contraindicated to patients who are using organic nitrates, either regularly or
intermittently. Physicians’ Desk Reference® 55 Ed, pp. 2534-37 (2001).
Combining Viagra® with nitrates can cause a hypotensive episode or suddenly
reduce blood pressure to dangerous levels, which may cause a heart attack.
Id. Accordingly, men who have a heart condition that requires the use of
nitrate drugs should not use Viagra®. Id. It has also -been reported that
Viagra® can cause a vision side effect by impairing the patient’s color
discrimination (blue/green), causing a “blue-halo” light visual alteration. Id.
‘This side effect is presumably due to inhibition of the PDE VI isoenzyme
(found in a retina). /d.

An 'advantage of the inventive compounds is that they can be
particularly selective for the PDE V isoenzyme in comparison to other types of
PDE isoenzymes, such as the PDE VI isoenzyme. It is believed that this
increased selectivity Will ameliorate side effects associated with the u’se of
Viagra®. In particular, th(;: high selectivity of the inventive Ct.)mpounds should
minimize, and may even prevent, the occurrence of a “blue-halo” light visual

alteration. It is believed that the increased isoenzyme selectivity in inhibiting
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PDE V isoenzyme (found in a penié) versus PDE VI isoenzyme (founq ina
retina) accounts for obviating the “blue-halo” visual side effect.

Furthermore, a representative inventive compound did not adversely
react with nitrate medication in a rat. It is believed the same lack of adverse
interaction will apply to all inventive compounds fn all mammals, including
humans. An adverse reaction with nitrate medication may be dangerous and
fatal. Adverse reactions include any reaction that could jeopardize or
otherwise diminish the body’s physiological functions. More specifically, in the
case of combination therapy for a patient, comprising'administering to the
patient a nitrate donating agent combined with a PDE V inhibitor agent, an
adverse nitrate reaction would be one in which the patient’s blood préssure
drops significantly more than with either agent administered alone.

This feature opens up a method of erectile dysfunction treatment to
many patients who suffer from both an erectile dysfunctionand a
cardiovascular or other disease(s) that is treated with a nitrate donating
medicament. Patients suffering from two or more different ailments that
require dual (or multiple) treatments may have been born with one or both
ailments, or later developed one or both ailments due to genetics or some
other type of injury or disease, such as nerve damage, spinal cord injury,
diabetes, and the like. Accordingly, it is another embodiment of this invention
to treat a patient suffering from both (1) an erectile dy;sfunction and (2) at least
one condition that can be treated with a nitrate donor medication, the inventive
treatment comprising, a combination therapy comprising, an administration to

a mammal of at least one inventive compound or a pharmaceutical
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composition théreof, and at least one nitrate donating compound or a
pharmaceutical composition thereof. The patient suffering from both erectile
dysfunction and a need for a nitrate donating medicament can be treated for
both conditions sequentially, concurrently and/or simultaneously. The
5 combination therapy can be taken separately in any form, preferably in oral or
patch doses, or can be formulated together for a single, combined dosage.
The ';)mpounds of the present invention may be employed alone or in

combination with other agents, particularly, other types of PDE inhibitors M
(especially cGMP PDE V inhibitors), prostanoids, a-adrenergic receptor, ‘7

10 dopamine receptor agonists, melanocortin receptor agonists, endothelin
receptof antagonists, endothelin converting enzyme inhibitors, angiotensin Il
receptor antagonists, angiotensin converting enzyme inhibitors, neutral
metalloendopeptidase inhibitors, renin inhibitors, serotonin 5-HT,. receptor
agonists, nociceptin receptor agonists, rho kinase inhibitors, potassium

15 - channel' modulators and inhibitors of muitidrug resistance protein 5.

Examples of therapeutic agents that may be used in combination with ) :

compounds of the invention are the following: PDE V inhibitors, such as !
sildenafil citrate (Viagra®, Pfizer, Connecticut, United States), Vardenafil™ -
(Bayer, Germany) and 1C-351 (Cialis™, Lilly-ICOS, Washington and Indiana,

20 ~United States); prostanoids, such as prostaglandin E4; a-adrenergic agonists,
‘such as phentolamine mesylate; dopamine receptor agonists, such as
apomorphine; angiotensin Il antagonists, such as losartan, irbesartan,

valsartan and candesartan; and ETa antagonists, such as bosentan and ABT-

627.
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It is understood that other combinations may be undertaken while
remaining within the scope of the invention. While one or more of the
inventive compounds may be used in an application of monotherapy to treat
erectile dysfunction, they also may be used in combination therapy, in which

5 the iﬁventive compounds are combined with one or more other
pharmaceutical compounds that are useful for treating erectile dysfunction
and/or other types of disorders, symptoms and diseases.

) As discussed above, due to their cGMP-PDE V inhibitory activities, the
| inventive compounds are useful for treating urological disorders; in particular,
10 female and male sexual dysfunctions. Other physiological disorders,
- symptoms and diseases can also beneiit from cGMP-PDE V inhibition. More
specifically, the inventive compounds, salts and derivatives thereof may be
u;d to treat cardiovascular and cerebrovascular diseases, angina pectoris,
hypertension, restenosis post angioplasty, endarterectomy, stent introduction,
15 peripheral vascular diseases, cerebral stroke, respiratory tract disorders, such
as reversible airway obstruction, chronic asthma and bronchitis, allergic
disorders associated witﬁ atopy, such as urticaria, eczema, and rinitis,
pulmonary hypertension, ischemic heart diseases, impaired glucose
tolerance, diabetes and related complications, insulin resistance syndrome,
20 hyperglycemia, polycystic ovarian syndrome, glomerular diseases, renal
insufficiency, nephritis, tubular interstitial diseése, autpimmune diseases,
glaucoma, intestinal motility disorders, cachexia and cancer.
Another aspect of this invention is to provide a kit comprising separate

containers in a single package, wherein the inventive pharmaceutical




J F 0 7 APR 7005 PCTIUS01/28983 The conpounds of the invention ﬁ“}‘ipk’?ﬁE“'
for inhibiting PDE V enzynes. Their enzyne activities and enzyne

sel ecti Vi t,§92/5 be evaluated in a nunmber of ways. |n pargd nzyme
activity caﬁ %)/e‘%grrseasur ed by the PDE V 1 C50 val ue, which isl{ ﬁb%)gfﬁﬁggﬁtrati on

(in nM of the conpound required to providgq50% i nhibition of PDE V. The
| ower the value of I1C50, the 0 7 APR 1005 02/ 24698 PCTI USOL/ 28983 59
nmore active is the conpound. Measurenents on the conpounds in Tables I and
11 gave the follow ng.data (al.l. nunbers are , nodified by the word."about"):
A all corrpoun‘E%mHQHﬁgs'lfﬂ@éPﬁ'w W‘ffﬁfﬁa@%@qﬁﬂ €S lg,ﬁOJHV\ﬁlnaBOIﬁWTF\O >100 -
nM B. compound nos. 13-18, 25, 30-32, 38, 41-43, 55-58, 69-71, 77, 85, 92,
96, 98, 101, i1pBkarmaceutically-acceptablescarisns tofprat digwders,symptamsad 165, 166,
173, 176, 181, 182, 184, 185, 193 and 194 had a PDE V IC50 within the range -
of from > 15 tdisé8SesWhetd cGMR-PDE ¥hihhitsitton BlllysZrol@9, 33, 34, 39, 40, 93,

94, 108, 111, 112, _
It is understood that other combinations may be undertaken while

5 remaining within the scope- of the invention. While one or more of the -
inventive compounds may be used in an application of monotherapy to treat
erectile dysfunction, they also may be used in combination therapy, in which -
the inventive compounds ére combined with one or more other = - , Sy
pharmaceutical compoundé that are useful for treating erectile dysfunction

10 and/or other types of disorders, symptoms and diseases.

As discussed above, due to their cGMP-PDE V ihhibitory activities, the
inventive compounds are usefui for treating urological disorders, in particular,
female and male sexual dysfunctions. Other physiological disdrders,
symptoms and diseases can also benefit from cGMP-PDE V inhibition. More

15 speciﬂcally, the inventive compoUnds, salts and derivatives thereof may be
used to treat cardiovascular and cerebrovascular diseases, angina pectoris,
hypertension, restenosis post angioplasty, endarterectomy, stent introduction,
peripheral vascular diseases, cerebral stroke, respiratory tract disorders, such
as reversible airway obstruction, chronic asthma and bronchitis, allergic

20 disordérs associated with atopy, such as urticaria, eczema, and} rinitis,
pulmonary hypertension, ischemic heart‘diéeases, impaired glucose

tolerance, diabetes and related complications, insulin resistance syndrome,

hyperglycemia, polycystic ovarian syndrome, glomerular diseases, renal




125, 136, 144, 160 and 161 had a PDE V I C50 within the r‘ange of from> 10
to 15 nM conpound nos. 21, 22, 28, 36, 37, 59, 66, 68, 78, 79, 8®] A8R b9,

110, 115, 332409, 171, 172, 175, 180, 183, 190 and 199 h V |1 C50
within the range of from> 5 to 10 nM and E. conpound nos%&@%@ﬁ%,

103-07, 114, 116-19, 122-24, 142, 168-70, gk77, 178, 179, 186-88, 191, 197
and 198 had a PDE V 1C50 within the range of up to 5 nM 20 In addition,
anot her type of neasurenent that can be made is the ratio of PDE VI |C50/

POE V IC50 (id fef " PLE ' [ i ndi of
enzyme sel ecti &g%ﬁd&ﬁ@ﬁﬁpgﬁeﬁ’@ R(élaF Eﬁ?rg_,t&'?lhdé@%gréé a?é@@‘c’ﬂ’@% dlfs‘getatghg,

on The. compoundleUeRBitioRiral caaiy Atsorurs. Geiexiand caBCeth 021 24608 60 0 7
APR 2005 PCT/ USOL/ 28983 and 196) in Table Il gave the follow ng data (all

nunbers are nodifi eAnbthertaspesbetithisiipyantion isfto providewnkit comprisingessparste,
191, 193, 194 and 197-99 had a 5 PDEVI/PDEVratio of >0; G conpound nos.

165 and 193 hadortahidrs A a/sifile péckageovhérein the ihbéntivigieadhadduticaP O to 10;
5 compounds, compositions and/or salts thereof are used in combination with
pharmaceutically-acceptable carriers to treat disorders, symptoms and

diseases where cGMP-PDE V inhibition plays a role.

S 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

10 changes can be made to the embodiments described above without departing
from the inventive concept. ltis understood}, therefore, that the invention is
not limited to the particular embodiments described above, but is intended to
cover modifications that are within the spirit and scope Qf the invention, as
defined by the language of the following claims.

15




H. conpound nos. 101, 108, 136, 141, 146, 148, 168,173 and 194 h@gr@ %&E Vi
/ PDE Vratio within the range of from> 10 to 25; 10 1. conpoun §

104, 125, 13%0 322434 - 38, 142, 144, 170, 175, 177, 185 and 199 hacﬁ@r{@@'ﬁzéﬂ /| PDE V -
ratio wthin the range of from> 25 to 50; J. conpound nos. : fé 111,
117, 159, 166, 182 and 187 had a PDE VI /gBDE V ratio within the range of
from> 50 to 75; 15 K conpound nos. 105, 106, 147 and 171 had a PDEVI / PDE ~
V ratio within the range of from> 75 to 100; L. conpound nos. 112, 113,
123, 124, 126, 169, \i’l2. . .had a PDE VI / PDE V ratio within the range
of from> 100 to 14wha%é§§gﬁégﬁ/l's'corrpound nos. ’
107, 114-16, 118-22, 128, 160-61, 176, 178-81, 183, 186, 188, 190,191, 197 and
198 had a PDE W / Amempoyns;iincludingrashesantiomen\siesepisabway, BtomeY, APR 2005
PCTI USO / 28983 Preferred conpounds of the invention include those found in
cl asses E and/or Mautomppand/onrgsodiig-theredi,/or 4 PRafiMacdutieal ¢ompd8ition

142, 160-61, 168- 70, 176-78, 179, 186, 188, 191, 197 and 198. More preferred

compounds of -~ the | ' oAl (B4, 116, 118, 119, 122,
160, 178 and tHergst, Bie E5RpeaR NedmgRE-fotfidla (B

0 <|:H2R3
R1\'65 H
NN

o N R
'2 )

A
Z

)
where, ’
(a) R' and R? are, independently of one another, each a C1.45
10 alkyl group, branched or straight chain, with or without one or
more substituents, a Co.15 alkenyl group, branched or straight
chain, with or without one or more substituents, a C,.15 alkynyl
group, branched or straight chain, with or without one or more
substituents, a Cs.45 cycloalkyl group, with or without one or
15 more substituents, an arylalkyl group, with or without one or
more substituents, an aryl group, with or without one or more
substituents, a heteroaryl group, with or without one o‘r more
substituents, -OR?, -COOR?, -G(O)R® or -C(O)N(R®),, where, R®
is a hydrogen atom or a hydrocarbon radical, with or without one
20 : or mbre substituents, or one of R' and R?is a hydrogen atom

and the other one of R! and R? is defined the same as above;




186 of Table 11. Another preferred conpound of the invention would _have the
followng chem cal structure: Br OH 10 Specific and general pr oce8uriFR By

pr oduci ng eferred 15 compounds fol |l ow bel-ow (conp 07, 114
and 160). w&\@?’%ﬁ’gé nodi fications to these procedures may bg’%gﬂjc%?/?%gﬁ%n by

one of ordinary skill in the art. O her cogpounds of the invention may be
produced al ong the sane |ines. WO 02/ 24693 62 Synthesis of Conpound No. 107
ikn Table 11 (7) 3 Preparation of 9 NBS. AIBN 6 Pd(CH)21C HCO2NH4, MeOH

fl 1. LDA THF -, 78C -, . .
reriux (b) R3 is an aryl group, with or without one or more

substituents, a heteroaryl group, with or without one or more
- substituents, or a heterocyclic group having 1 to 3 heteroatoms
fused to a 5- or 6-membered aryl ring, with or without one or
5 more substituents, with the proviso that R® is not an aryl group
substituted at its para position with a -Y-aryl group, where, Y is a
carbon-carbon single bond, -CO-, -O-, -S-, -N(R?')-, -CON(R%)-,
M | N(R?)CO-, -OCHg-, -CHz0-, -SCHy-, -CH,S-, -NHC(RZ)(R?)-,

- -NR®80,-, -S0,NR%-, (R®)(R**)NH-, -CH=CH-, -CF=CF-,

10 . ‘ -CH=CF-, ~-CF=CH-, -CH2CHy2-, -CFCFo-,
H H
25
>c\/ ~ /cI:Hz OR
C
——CH—CH— -~ cH, . —CH—
26 27
OCOR hIR N R20 OR2
—oh— | —— N
)
where,

R?' is a hydrogen atom or é —CO(C14 alkyl), C1.5 alkyl, allyl, 63-6
cybloalkyl, phenyl or benzyl group;
15 - - R?2 is a hydrogen atom or a C1.5 alkyl group;
R? is a hydrogen atom or a C1.5 alkyl, aryl or —CHz-aryl group; -
R? is a hydrogen atom or a C1.4 alkyl group;

R? is a hydrogen atom or a C1.s alkyl, C. perfluoroalkyl,




CH3 Cu Cv LOCH | 2 2 0 7 APR 2005 PCTIUSO /28983 0 7 APR 2005 WD 02/ 24698
PCT/ US01/ 28983 63 Experimental Procedure: Conpound No. 107 in Tabd ARR 00h) 1
(20.0 g, |) was dissolved in dinethylformm de (37 y
ni trogen and&%r onoet hoxy) -tert-butyl di net hyl silane (31. gc%)smi%gg mol ) .
was added dropW| se. The reaction was stirr at roomtenperature for 5 115
hrs., then diluted with ethyl acetate and shed with water several tines.
The organic m xture was dried over potassium carbonate, filtered and
concentrated under vacuum Purjfication via flash chromat ography (30/70

et hyl acet at e/ hexanes)C38 @cRalky, phenyl o5 beggyh group; NMR (400 MHz, CDCI3): S
7.52 (s, 1 H, 7.29-7.39 (m 5H), 5.49 (s, 10 2H), 4.25 (t, 2HJ-60
Hz), 4.07 (g, 2H J = 7.RP&)p hyireger atorldr alCxs alkyl) Cizg cycloalkyl(pherdpior ) =
7.2 Hz), 0.75 (s, 9H), 0.08 (s, 6H). HRVMS: Calcd for C22H32NAC3Si (MtH):
429. 2322. Found: 429. yld-l‘bu? solution of 2 (2.10 g, 4.89 mol) in

nmet hanol (375 m-) was added 5 ammoni um formate (4.64g, 73.6 nmmol) and 20%

pal | adi um hydr oxi de on R? is _NRZR2*, -OR%*, -NHCONH, -NHCSNH,

T

\  / CH; or N

Z2—1T
Nn=—=0
n=—=0

>

o
(®)

and
R?8 and R?® are, independently of one another, each a C14 alkyl
group or, taken together with each other, a —(CH), group, where q
is 2 or 3; and
10 (c) R*is a C3.15 cycloalkyl group, with or without one or more
substituents, a Cs.1s cycloalkenyl group, with or without one or
more substituents, or a heterocycloalkyl group of 3to0 15
members, with or without one or more substituents; | )
wherein, the one or more substituents for all the groups are cherﬁically-
15 compatible and are, independently of one another, each an: alkyl, cycloalkyl,
alkenyl, cycloalkenyl, alkynyl, arylalkyl, alkylaryl, aryl, heteroaryi,
heterocycloalkyl, hydroxyalkyl, arylalkyl, aminoalkyl, haloalkyl, thioalkyl,
alkylthioalkyl, carboxyalkyl, imidazolylalkyl, indolylalkyl, mono-, di- and
trihaloalkyl, mono-, di- and trihaloalkoxy, amino, alkylamiﬁo, dialkylamino,
20 alkoxy, hydroxy, halo, nitro, oximino, -COOR®, -COR®, -S0,R%, -

SONRR’!, NR%2S0,R%, =C(R%*R5"), =N-OR%, =N-CN, =C(halo),, =S, =0,




carbon (980 ng). The reaction was heated to reflux for 1.5 hrs., then cool ed
to roomtenperature, filtered and concentrated under vacuum Purlfl qaé%{pmm
Vi a flash chromat ography (50/50 et hyl acetate/ hexanes) yielded 3

949 . 'H NWV® ¢4B3698Hz, CDCI3): S 7.82 (s, 1 H) 4.33 (t, 2HpCI/US0X28083Hz) ,
4.16 20 (g, 2H, J = 7.2 Hz), 3.99 (t, 2H, J 6.0 Hz), 1.29 (t, 3H J =7.2
Hz), 0.78 (s, 9H), 0.06 (s, 6H). HRMS: CaI%Qi for CL5H26NAC3SI (M+H):

339. 1852. Found: 339.1864. 0 7 APR 7005 WO 02/24698 PCTI US01/ 28983 64 To 3
(970 ngy, 2.86 mmol) was added di nethyl fornmanide (14 m), 3-

chl oro- 4- met hoxm@“PRB‘r)orQOeM" (HOGBNGR™RT) -R(R)COMRE) PAREYCTOR™ or
carbonate (785 ng, 70 mmol ) under nitrogen. The reaction m xture was

stirred at roo R $1 .then diluted with ethyl acetate and
5 washed with \Am/;{(er sever al ?ge&fp%e organic m xture was dried over

pot assi um carbonate, filtegedsand @centr t ed r vacuum,, Purifijcation by
flash chromat ogr aphy (30/'% gth?ﬂ e?é? dh %fg@') fanﬁéﬁ%h%&ef&h& 81%

"H NMR (400 MHz, CDCI3 8 7.52 (s, , .33 25
(dd I H J = 2.0 Hz hy regen atqm)oradoreoc @doustnalght-ﬁhamgoplﬂfynalbl smm(ﬂwted.lo
2H), 4.25 (t, 2H, J = 6.0 Hz), 4.07 (g, 2H, J = 7.2 Hz), 3.93 (t, 2H J =
6.0 Hz)5 3.89 (s, 3?6)1,5 alkih Qals, cy8idalkyl,<Cyls Retigrocydioalkyl( isetefddryl o &9l groupbH) .
HRVS: Cal cd for C23H33CI NAO4SI (MtH): 493.2038. 'Found: 493.2032. To solution

of 4 (1.14g, 2.32 mBRighd R¥" &@Y8ieb'bgithe? b fBrin 4@8Rocyclic or heterocyclic
ring system, or R®, R®' and R* are, independently of one another,

each:

N




2H,

carbonate, filtered a rnc Nat ed underz¥a

15 nitrogen at -78 C (dry icel acetone bath) was added lithium

di | sopropyl am de (2Min THF/ heptane, 1.7 nmL, 3.48 mol). After stig7ijppliler
thirty m Rib@Sn4chg2- di bronotetrafl uoroethane (0.55 nL, 4. Giidhhsoyas added 1
dropwi se over five mnutes. The reaction was stirred for 1.5 hrs. at -78 C.

t hen quenched with saturated aqueous $0Qdi um bi carbonate and warnmed to room ‘
tenperature. 20 The m xture was extracted wi th dichloronethane, dried over
potassium carbonate, filtered and concentrated under vacuum Purification

Vi a flash chr omat ogr aphy (30/7 & hyl acet at el he anes) yielded 5 (64 9 no,

89@ "H NMR (400 MHz, CDC 7 42 (d : 2.4 Hz), 7.3L (R, 1 H J°
5 45 (s, , \az (t,
4US 83 .07 (4 21? J

.0 Hz, J =8.4 Hz
J 0 7 APR 2005 WD 02
= 7.2 Hz), 3.92 (t, 2H J . 3.88 25 (t. |BH, 3 37R
Hz), 0.74 (s, 9H), 0.08 ( . HRNB Cal C23H32Br Cl i
571. 1143. Found: 571.1149. 5 To '5 (320 ng, OMNo6 mmol) was add
cycl ohexyl am ne (0.25 nL, 2.24 nmmol), dilsopropylethylamne (2.8 nL),.and
1-nmethyl -2-pyrrolidinone (2.8 nL). The reaction mxture was heatgd to 160 C
in a sealed tube for 18 hrs., then <cooled to roomtenperature. ter was

added, then the m xture was extr asted with ethyl ptetate and washed with
wat er several times; The 10 anlc mxtu'/ma/drled over potgsgsium

8
12469
- 5.6

PUI‘IfIC&N on ‘Nf.lash
chr omat ogr aphy (30/70 41
| Z | J\
| N .. N/ Rt
. /.)

R40 R4°‘
»/\// {——N R40
|/ ﬁ RA2 —-—//I—- /\—%—-R“ /_l_\ RA1
N N K ) ’
l I43 S
H R
N""N"“"R43 N—N
H N )
‘_4 /\N —( R
N/ ' . / ’ -——\'___\tho
‘N—/=N )

where,
R* and R" are, independently of one another, each a hydrogen
5 atom or a branched or straight-chain, 6ptiona||y substituted, alkyl,

cycloalkyl, heterocycloalkyl, halo, ary, imidazolylalkyl, indolylalkyl,




et hyl acetate/ hexanes) yielded 6 (210 ng, 64% .. 'H NWR (400 MHz, CDCI3): S
7.27 (d, 1 H J =2.0Hz), 7.13 (dd, 1 H J = 2.0 Hz, J = 8.4 Hz), 6.89 (d,
1 H J=2828Hz), 5.23 (s, 2H), 4.19 (t, 2H, J 15 = 6.2 Hz), 4057(M’Rm% J
= 7.2 Hz) W@0BB608, 2H, J = 6.2 Hz), 3.89 (s, 3H), 3.86-3. ptT(Uspi/isokd ,
3.69-3.80 (m | H, 1.88-1.96 (m 2H), 1.52-1.64 (m 3H), 1.28-1.42 (m
2H), 1.23 (t, 3H, J = 7.2 Hz), 1.04-1.22 (it 3H), 0.81 (s, 9H), 0.01 (s,

6H). HRVS: Cal cd for CmH44CI NSO4Si (M+H): 5902937. Found: 590.2929. 20 6
(191 ng, 0.324 mmol) was di ssolved in dichloronmethane (4.0 ml-) under

ni trogen and cool echdterdardl, bryialkyl BBIARGLY, HRAERANIEIYL oBtsloatfalkdanl, 1. 42

nmol ) was added to the reaction m xt'ure and warnmed t0 room tenperature.

After 1.25 hr., the 0, a 7 APR 20D5
00 021 21608 PCT USCHTEEIARIAACH MBS it bfiefduiRRENga"g: & T A7

or gani ¢ phase was otassium carb filtered and concentrat ed
under vacuum Puri & bé%agﬁ’xyvp P‘ﬂi@‘t AN g‘yafﬂxya@m'%ﬂ éﬁ?ﬂépgﬂ&) yi el ded 7
(conpound no. 107 in Table 11) (122 m% 749% . 5 '"H NWR (400 MHz, CDCI3): 8
7.25-7.28 (m 1 H),phosphatei@lkylamina dialledaming, formylgaliyitaip, trialiisid, 1 H J
8.0 Hz), 5.69 (s, 1 H, 5.23 (s, 2H), 4.32-4.36 (m 2H), 4.16 (t, 1 H J
6.0 %iz), 4.06 (q,alRylsulforsyl,/argistifonyl, alkylsulfinyl, aminoalkyl, alkylaminoalkyl,

dialkylaminoalkyl, hydroxyalkyl, morpholino, thioalkyl, alkylthioalkyl,
carboxyalkyl, oximino, -COOR¥, -COR®’, -S0,,R*’,
) -SO,NR¥R®!, -NR2S0,R¥, -CON(R®R®"), -OCON(R¥R®),
-N(R®)CO(R™), -N(R*3)COOR®, -N(R*3)CON(R**R%") or -OCONR®®
10 ~ group, where, R®, R® and R® are defined the same as above;
R* is a hydrogen atom or a branched or straight-chain,
optionally substituted, alkyl, alkenyl, arylalkyl or acyl group; and
R*® is a hydrogen atom or a branched or straight-chain,
optionally substituted, alkyl or aryl group;
15 wherein, the optional substituents are defined the same as

- ' above for the one or more substituents.

2. The compound or pharmaceutical composition according to claim 1, -
20 where, R'is an alkyl or aryl group, with or without the one or more

substituents.

3. The compound or pharmaceutical composition according to claim 2,
where, R' is a methyl, ethyl or benzyl group, with or without the one or

25 more substituents.



3.90-3.98 (m 3H), 3.62-3.72 (m 1 H, 1.87-1.96 (m 2H), 1.54-1.66 (m
3H), 1.3|1-1.43 (m 2H), 1.25 Et,HéaH, J =7.2 Hz), é.06-1.22 (m  3H)7 ARR 7005
HRVS: Ca 2H23CI N5sO4 (M+H): 462.1908. Found: 462.1

3- Chl oro- ?ifbngit?%g%tol uene 8 (2.6 m., 19.2 mmol) was dissol ?/@%/I{Sgl/zw% .
di chl onmet hane (30 nL) and N-bronosuccinimgp (3.75 g, 21.1 nmol ) was added
foll owed by AIBN (36.0 ng). The reaction was heated to reflux for 19 15
hrs., then cooled to roomtenperature and the precipitate was filtered off.
The filtrate was diluted with dichloronethane and washed with 0.5 M aqueous
sodi um bi carbonate, followed by water. The organic m xture was dried over
sodiumsulfate, filtered and concentrated under vacuumto yield 9 (4.73g,
829 . The benZkl brThe eempeundasphasmaseutical tompasitidreacagirdingde dlaim her 20
purification. "H NVR (400 MHz, CDCI3): S 7.42 (d, | H J 2.4 Hz), 7.26 (dd,
1H J= 24 H, Jwhel R%*Hehn :ﬂkﬁ%rbd% wittrlor WithoBt thetdne oftmbfe (s, 2H), 3.90
(s, 3H). WD 02/24698 67 0 7 APR 2005 - PCTIUSQO /28983 Ceneral Synthesis of
Conmpound No. 107 i (7) a) Reacting 1 with an al kyl halide and
base to form 2; b)%h%’itgtion of 2 toform3; ¢c) Alkylation of 3 with a
benzyl_halide to form4; d) Deprotonation of 4 followed by addition of a
brom r?ati ng agent to

5. The compound or pharmaceutical composition according to claim 4,
where, R? is a methyl, ethyl, iso-buty! or hydroxyethy! group, with or

without the one or more substituents.

RN

10 6. The compound or pharmaceutical composition according to claim 1,
where, R? is an aryl group, with or without the one or more

substituents.

7. The compound or pharmaceutical composition according to claim 6,
16 : where, R® is a hydroxyaryl, alkoxyaryl or aminosulfonylaryl group, with

or without the one or more substituents.

8.  The compound or pharmaceutical composition according to claim 7,
where, the hydroxyaryl, alkoxyaryl or aminosulfonylaryl group for R3is

20 substituted with at least one halogen atom on the aryl ring.

9. The compound or pharmaceutical composition according to claim 1,
where, R* is a cycloalkyl or heterocycloalkyl group, with or without the

one or more substituents.




I

formb5; e) Displacenent of brono 5 with an amne to form6; and f) }r@ﬁgéﬁgnt
of 6 with boron tribromde to form conpound no. 107 in Table I (91

cl eavage ilyl and nethyl ethers. 10 WD 02/24698 0 7
PCTI USCOL/ (21&82’2)2%? Synt hesi s of Conpound 114 in Table 11 1]?51%5)5#{289%; ation
of 15 14 CH3 NBS, AIBN CH2CI2 0 12 15 CH3 1\/&' 02/ 24698 69 0 7 APR 2005

10.  The compound or pharmaceutical composition according to claim 9,
where, R*is a cyclohexyl, hydroxycyclopenty! or tetrahydropyranyl

group, with or without the one or more substituents.

11.  The compound or pharmaceutical composition according to claim 1,
where, R' is a methyl or ethyl group, R? is a methyl, ethyl or
‘ ) hydroxyethyl group, R® is a 3-chloro-4-hydroxyphenyl, 3-bromo-4-
hydroxyphehyl, 3-chloro-4-methoxyphenyl, 3-bromo-4-methoxyphenyl,
10 or 4-aminosulfonylpheny! group and R*is a cyclohexyl,

tetrahydropyranyl or 2(R)-hydroxy-1(R)-cyclopentyl group.

12.  The compound or pharmaceutical composition according to claim 1,
where, R' is an alkyl or aryl group, with or without the one or more
15 substituents, R? is an alkyl group, with or without the one or more
substituents, and R® is a 4-hydroxyphenyl, 3-chloro-4-hydroxyphenyl,
3-bromo-4-hydroxyphenyl, 4-methoxyphenyl, 3-chloro-4-
methoxyphenyl, 3-bromo-4-methoxyphenyl, 4-amindsulfony|phenyl, 3-

chloro-4-aminosulfonyiphenyl or 3-bromo-4-aminosulfonylphenyl group.




PCT/ US01/ 28983 Experi nmental Procedure: Conmpound 114 in Table I @% gﬁg 0
g, 74.0 mol ) was dissolved in dinethylformamde (370 nl-) under B

and (2- broarshhésy) -tert-butyldimethylsilane (31.8 ni, 148, QH?E/ added
dr opwi se. The reaction was stirred at roomtenperature for g ﬁ%s t hen,
diluted with ethyl acetate and washed w tRgyater several times. The organic
m xture was dried over potassium carbonate, filtered and concentrated under ’
vacuum Purification via flash chromatography (30/70 ethyl acetatel hexanes)
yielded 2 (28.1 g, 88%. 'H NWR (400 Mz, CDCI3): 57.52 (s, 1 H, 7.29-7.39
(m 5H), 5.49 (s 10 2H), 4.25 (t 2H, J = 6.0 Ft) 4. 07 (q, 2H, J = 7.2 '
Hz), 3.93 (t, = 6.0 Hz) 24 (t, 3H J = 2 0.08
(s, 6H). HRvs! Caﬂaw @@npqymmggeacwma} comgsﬁ@zza qﬂ@@im tOAJi@mzkzg To
a solution of 2 (2.10 g, 4.89 mml) in nethanol (375 m-) was added 15 ;
anmmoni um format e ( Avlsidlyjs:73. 6 nmol ) and 20% pal | adi um hydr oxi de on carbon
(980 ng). The reaction was heated to reflux for 1.5 hrs., then cooled to
roomtenperature, filtered and concentrated under vacuum Purification via
flash chronatograggi (50/50 et hyl cacetlat e/ Hexanes) yielded Br(1.26 g, 94%.

1H NVR (400 MHz, 13): 5 7. 82 1H), 4.[33 (t, J= 60 Hz)| 4.16 20
(g, 28 J = 7.2 Hz) | 3.99 (t, OH6.0 Hz), 1.29 (t /.2 Hz),
0.78 (s, 9H), 0.06 (s, 68. Calcd for ClSH M@&@iﬁ N\|339. 1852.
Found: 339.1864. O V/AP 20Q \ ,
| C%\ ll\lll>_NH l />—N OH
OH ’ OH
10
Br Br
OH =\ _OH
0O . 0
| )—NH NJ][,}—N OH
B S AR ON RS AR
OH , OH
20 0O Br
\ Nl“b )
K@l% Q A

0
- I@)—NH l@)—NH
pateli Nisale




WO 02/ 24698 PCT/ US01/ 28983 70 To 3 (970 ng, 2.86 mmol) was added

di met hyl formam de (25 nlL), 3- brono-4-net hoxybenzyl brom de 15 (10G2ARR 208- 79
mol ), andygebas@gum carbonate (800 ng, 5.79 mmol) under rﬂ(’ff/ﬁ?ﬁﬂw%he
reaction mxture was stirred at roomtenperature for 21 hrs., en diluted
with ethyl acetate and 5 washed with wateryggveral tinmes. The organic

. mxture was dried over potassiumcarbonate, filtered and concentrated under
vacuum Purification by flash chromatography (30/70 ethyl acetate/hexanes)
yielded 10 (1.55 g, 100%. H NWR (400 MHz, CDCI3): S 7.52 (s, 1 H, 7.51
(d, 1 H J=2.4H), 107.30 (dd 1 H J=2.0Hz, J=28.4Hz), 6.87 (d, 1
H J =88 Hz), 540 (s, 2H), 4.25 (t, 2H, J = 6.0 Hz), 4.07 (q, 2H, J =
7.0 Hz), 3.93 (t, 2H J = 6.0 Hz), 3.88 (s, 3H), 1.25 (t, 3H, J = 7.0 Hz),

0.75 (s, 9H), 0.08 (s, 6H). HRWVS: Calcd for 3H333LN¢LOA$|_(.M+_H)_;_5$7. 1533.
Found: 537.1540. 15 To sofut I7®r|l of —X0(1}1 50 g, R.80 nmml) in tefrahydrofuran
(24 nmL) under nitjrogen at - dry icp/acetone bath) was added Lithium

di i sopropyl am de |(2M i n THE hegtane P L, 4{ 33 R ing for

thirty mnutes, 1,12- digyonote hane (.69 WZS added
dropwi ge over fivg mnytes. /TheNLsdctidh was sfirLe N1 25 hrs t -78 C
a

)l )
t hen quenched with ed aqueo@s bkodi um pi caiNbon teg\f war ﬁed to
roomtenperature. | T i urx_ﬁg extragted with chi ne, diied
over potassium cgrhb f[\fll t and foncent| a ndelN va

Purification via fl3Sh

Br ‘ Br
10 _ _
N N—OMe . //S,/OH
U [/\/I/ v //\///
N N a N
| )—NH or N)j )—NH
O/)\ N O)\N N
’ Q ’ g
OH OH
15
;‘)
14. The compound or pharmaceutical composition according to claim 1, .
which is:
0]
/\N N
| )—NH

OH




chromat ography (30/70 ethyl acetate/hexanes) yielded 11 (600 ng, 34%.

02/ 24698 0 7 APR 2005 PC fUSOL/ 28983 71 5 1H NMR (400 VHz, CDC13)[}7QPW206§0

(d, 1 H, ), 7.35 (dd, 1 H J = 2.0 Hz, = d, 1 H,
J=84 Hzi’ﬁlc,"’%/.‘o‘ﬂﬁgk%s, oH), 4.21 (t, 2H J = 5.6 Hz) 4. 07%“3%%33(3_ 6.8 .
Hz), 3.90 (t, 2H, J = 5.6 Hz), 3.87 (s, 3111)6 1.24 (t, 3H, J 6.8 Hz), 0.73
(s, 9H), 0.08 (s, 6H). HRVS: Calcd for C23H32Br 2NAO4SI (M+H): 615. 0638. ’
Found: 615.0633. To 11 (1.89 g, 3.07 mmol) was added the am no al cohol

ang 1 ety 21y ToP R chicout A ke AT abitd ot |

160 "Cin a 10 sealed_ tube for 13 hrs., then cooled to roomtenperature.
Water was added, tW&ithise ni xture was extracted with et hyl acetate and
washed with water several tinmes. The organic mBiturefwas dried over

pot assi um carbonate, filtefed and concentr at eg under vacuum Purification
via flash chronmat ography (3f 97 net hanol / di c} le) yielded 12 (1.77 g,
90% . 15 1H NWMR (400 MHz, [CDCl 3): CB74 : .0 Hz), 7.17 (dd, 1
H J= 2.4 H, J=28.6 Hz)gge\ , 5.18-4.34 (m 3H),
4.00- 4.23 (m 5H), 3.86-3 ansH)I 1H), 2.10-2.21 (m 1H),
1.99-2°10 (m 1 H, 1.60-1. 84(5,91\3

L H), 1.24 (t, 3H, J

OH

16.' The compound or pharmaceutical composition according to claim 1,

10 which is: ' Br

N
OH
15
)
17.  The compound or pharmaceutical composition according to claim 1,
which is:
ich is Br
OH
20 9




‘reflux for 19

= 7.2 Hz), 0.75 (s, 911), 0.07 (d, 6H, J = 4.0 Hz). HRVs: Calcd for 20

C28H43Br N5O6Si (M+H) : 636.2217. Found: 636.2207. 12 (1.77 g, 2.780midRMas

di ssol vedy hydrofuran (28 m -) under nitrogen and amoni um |
fluoride W#H/%%%F, 28 m-) was added dropw se. The reac%?%@g@/a%s?%%ti rred |
at roomtenperature for 15 hrs., then 0 744fR 2005 WO 02/ 24698

PCT/ USQJ/ 28983 72 diluted with dichl oromet hane and washed wi th water several |
tinmes. The organic mxture was dried over potassium carbonate, filtered and

trated ynd Purificati i a flash chronat hy,( 3/,97
et hanol | i chlr ot ESRPOE AERRGTnE e AL ARIPRES IO AER ARRLCRIY Tt 760

my, 52%. 1H NMR (400 Mz, CDCI3): 5 7.47 (d, 1 H J = 2.0 Hz), 7.19 (dd, 1
H J= 2.0 H, J whichhisy), 6.88 (d, 1 H J ), 5.25 (s, 2H), 5.09
(s, 1 H, 4.21-4.27 (m 3H), 4.06 (g, 2H J ), 3.90-3.97 (m 3H),
(m. 1 1
m | H, 1.25 (t, 3H, J

3.89 (s, 1 H), 3.74-3.82 Hy 308 (s 1 2-2.22 (m 1 H,
or \ RHESBr N5CB (MFH) : 522, 1352.

IL N

~PEE

1.98-2.08 (m 10 1 H), 1.60-1.86 (m 3H), 1.3%0L. 43
= 7.0 Hz), 1.06-1.22 (m |3H). HRVE: Cal

Found: 522.1346. 2-Brono-4-nethyk ani solg 14 w2 7l 14.9 mmol ) was
di ssolrﬁ%e;d in , 15 dichl onret hanejy( 30 d N(prongsucci nimide (3.75 g,
16. 4 ) was added foll owd\b I BNj(26.0 ng). The |reaction was heated to

10 19.  The compound or pharmaceutical composition accdrding to claim 1, -

which is:

Br

Nj)j[ Q |
& ll\j>—NH
i |

15
20.  The compound or pharmaceutical composition according to claim 1,
which is:
Cl
20
: @
1 )
~ N O




hrs., then cooled to roomtenperature and the precipitate was filtered off.

The flltrate was diluted with dichl oronet hane and washed wthOSUM&Rﬂ@ﬂﬁus ‘
sodi um bi @%8 fol l oned by water. The organic m xtureppg 6‘11%5% over |
sodi um su ate iltered and concentrated under vacuumto Yyi elg 4.16 g, . \
100% . The benzyl brom de was used as theqggude nateri al W|thout further 3
purification. HNI\/R(400M—|z CDCl3): 6 7.59 (d, 1 H J =.2.0 H), 7.30 7
(dd, 1HJ24Hz 84Hz)685(dIHJ 84Hz)437(s,2|—|), .

3.90 (s, 3H) 02/ 4698 PCT/ USOL/ 28983 7 S hesi s

of Compound N3 1ﬁ%n39'§893 Y 9F pRafhaCau TRl Eom G RON 4G ONG 18 Ml e and
basetoformz b) Debenzylation of 2 to form3; c) Alkylation of 3 with a
benzyl halide to f dyhiehds: fol |l owed. by addition of a
brom nating agent to <form 11; e) Displacegnment df bromp 11 with an amne to -
form12; and f) Silyl ethgr cleavage of /&2 gj rm conpound no. 114 in Table
11 (13). 10 Synthesis of Conpougy No. X abgle 11(18) 0 16

/\

5 O)\Jl\‘lj[,\f%NH |

22.  The compound or pharmaceutical composition according fo claim 1,

10 which is:
Br
OMeé
B O
. AN N
ojil Y
"
15 o)
OH

23. The compound or pharmaceutical composition according to claim 1, .

which is:

S R
cf;cQ

OH

z%:z
Z
I




D PEA, NMP 160 C seal ed tube Experinental Procedure: Conpound No. 160 in
Table 11 (18) 15 To 16 (150 ng, 0.579 nmmol) was added di net hyl for rrgmngﬂg
m.), 6- chloropiperonyl chloride (142 ng, 0.694 nmol) and potassium ‘
car bonat ewWQ 2024468 02124698 74 0 7 APR 1005 PCl YUSO1/ 28983 pag/U01/86883 nmol )
tnder nitrogen. The reaction mxture was stirred at room tenperature for
137 hrs., then diluted with ethyl acetate H¥d washed with water several
times. The organic m xture was dried over magnesium sulfate, filtered and
concentrated under vacuum Purification via PTLC (1/1 ethyl 5

acet at e/ hexanes) yielded 17 (84.1 ng, 34%. '"H NWR (400 MHz, CDCI3): 5 6.89

(s, 1 H, 6.09 (s, 1 H, 595 (s, 2H, 5.59 (s, 2H), 3.60 (s, 3H), 3.38 (s,

To 17 (72,0 mi 0. 180°FRBTP R acllithal Onhociin sadilig S hyihs 10

1), dii | et hyl ani -) .and. 1-met hyl - 2- | ipdi 0.8
M) The roact | on nMAGH BSEER ir bso Wi TCtecBPRS PTABB AP B or 17 hrs.

then cooled to roomtenperature. Water was added, then the m xture was
extracted with ethyl acetate and washed with water several tinmes. The

5 25. The compound or pharmaceutical composition according to claim 1,

which has a ratio of PDE VI ICso/ PDE V ICs of > about 140.
") 26. The compound or pharmaceutical composition according to claim 1,
which has a PDE V ICsp within the range of up to about 5nM and a

10 ' ratio of PDE VI ICse/ PDE V ICsy of > about 140.

27.  The compound or pharmaceutical composition according to claim 1,

where, R* is:
R?
R11 O\
) 74 /\
(CHh /(CH)m
- X |
15 . where,

R', R? and R®, independently of one another, are each defined
‘the same as above for the compound of formula (1);

R? is a hydrogen atom or an optionally substituted, oximino,
carboxyalkyl, C1.6 alkoxy C4.5 alkyl group, aryloxy C1. alkyl, Cs.¢

20 cycloalkoxy C1. alkyl, heteroaryloxy C4.¢ alkyl, —COOH, ester, C1.5



15 organic m xture was dried over nagnesiumsulfate, filtered and
concentrated under vacuum Purification via PTLC (1/1 ethyl 07 AP ;
acet at e/ hexanes) vyielded conpound no. 160 in Table Il (18) (50.9 ny, M .
"H NVR (489 ®AA694CDCI 3): 8 6.84 (s, 1H), 6.815 (s, 1H), 5. 86T(ES01/28983 5. 33
(s, 2H), 4.42 (d, 1 H J=7.2 Hz), 3.68-3.79 (m 1 H), 3.53 (s, 3H, 20
3.40 (s, 3H), 1.94-2.05 (m 2H), 1.55-1.7410m 3H), 1.25-1.42 (m 2H), .
1.10-1.22 (m 3H). HRVS: Calcd for C21H24CI N504 (MtH): 444.2400. Found:
444.2394. 0 7 APR 2115 WD 02/ 24698 PCT/ USQ /28983 75 Ceneral Synthesis of

Conpound No. 160 i ralkgbCes tycloaikyl, Cy)s Hetesdcytlimrhyaioxy6Cwi Blkyd, dryhey| hal i de
to form17; and b) D splacenent of bronb 17 with an amne to form conpound
no. 160 in Table IHeteddhryl giBupccordingly, the invention includes a method.
for producing a conpound having the forrmula (1), conprising: (1) reacting a.
conpound havi ng the for nﬁi

base to forma conpound " h& h%?{g#L&Sﬁﬂ;’eﬂtgﬁb)tbg%Eh%‘;gih&#e%?ggﬁce of a

atoms of the ring and, independently of one ahother, are each:
5 ' (a) defined the same as above for R%;
(b)  ahydroxy group or an ester group derived from a
hydroxy group with a (i) C1.¢ carboxylic acid;
(ii) Ca.s cycloalkyl C1.s carboxylic acid; (iii) aryl Cr.c
carboxylic acid; or (iv) heteroaryl C4.¢ carboxylic
10 . acid group; or
() = a Cy alkoxy, amino, C4.5 mono- or dialkylamino,
C1.¢ alkylacylamino, C4.s alkylsulfonylamino or
-NHCON(R"), group, with or without one or more
substituents, where R is a hydrogen atom or an
15 "~ optionally substituted, alkyl or aryl group, or
R'® and R", taken together with each other and, optionally, with
one or more carbon and/or hetero atoms bf the ring, form an optionally - J
substituted, spiro- or linearly fused, bi- or tri-cyclic ring system of from 8
to 12 members, including from O to 4 hetero atoms;
20 ' m and n, independently of one other, are each from 1 to 3; and
| Xis a cheﬁlically-compaﬁbie group, which is ;-C(R1°R")-,
-S(0),, -O- -N(R®)-, where:
R'® and R"" are defined the same as above;

yis from O to 2; and



, RL RN, alkyl halide OAN-Nf base OGNl N HL 15 20. (111) (IV) R%US
(a) R1 is a hydrogen atomor a Cl.15 al kyl group, branched or stralg

chai n, out one or nore substituents, a C2_,5 up,
branched or s ral t chain, with or without one or nore sﬁ%‘gﬁﬂﬁ}@g g a
C2_15 al kynyl qgr oup, branched or straight ghgin, wth or w thout one or

nore substituents, a C3.15 cycl oal kyl group, wth or without one or nore
substituents, an arylal kyl group, with or wthout one or nore substituents,

roup wth o w thout one or Rt 8 ISsGarH BT o an GReorak eHRs TEier s or
"AONRS) 2, where O 02/a21|?ﬁ981.2 al7kyﬁ5|RCZ1(2,oalkenyl Cs. 8 cycloalkyl, aryl, heteroaryl,
C..s heterocycloalkyl, COR®', SO,R®', COOR®', CONR®'R®? or
S0,NR®'R®2 group, where:

5 R®' is a hydrogen atom or an optionally
substituted, C4.5 alkyl, C». alkynyl, C..g alkenyl, Cs.s
cycloalkyl, aryl, heteroaryl or C4.g heterocyclic group; and

Y - R% is a hydrogen atom or an optionally
substituted, Cq.g alkyl, Co.5 alkynyl, C..g alkenyl, Cs.5
10 cycloalkyl, aryl, heteroaryl or C4.5 heterocyclic grbup; and
when R®' and R® are the same or different alky!
groups, they are, optionally, joined together to form a
carbocyclic or heterocyclic ring system;

wherein, the optional substituents are defined the same as for

15 the one or more substituents of formula (1) above.

28. The compound or pharmaceutical composition according to claim 27,
where, R? is an optionally substituted, hydroxyaryl, alkoxyaryl or
aminosulfonylaryl group, wherein, the optional substituents are defined

20 the same as for the one or more substituents of formula (1) above.

29. The compound or pharmaceutical composition acéording to claim 27,

where, R? is a hydrogen atom.



PCT/ USOL/ 28983 76 5 R5 is a hydrogen atom or a hydrocarbon radical, branched
or straight-chain, with or without one or nmore substituents (b) LOi7sAPR20Mr
a protecwedRemdsn of R2; and (c) Ph is a phenyl group; delengsdiakisng and ’
t hen al kyl ating the conpound having the formula (I1V) with an al kyl halide,
XCH2R3, to formthe conpound having the Tt nula (V): RO CHZPh R 0 CH2R3
"I n~ N 1. debenzvlation ,.) N O-N-N 2. alkylation (XCH2ZR3) O-NLN L L 10
N) where, X is a halogen atom(e.g., a chlorine or bromne atom) 15 20 and
R3 is an ary30.9r ofiRe chinpbuff oMgHeacelBca 'coMPdsition according to claim 27,
where, one of R"®and R"" is a hydrogen atom, and the other one of R™

and R" is a hydrogen atom or a hydroxy group.

31. Use of the compound or pharmaceutical composition according to

claim 1 for the preparation of a medicament for the treatment of a

physiological disorder, symptom or disease, wherein the physiological

disorder, symptom or disease is urogenital, cardiovascular,

cerebrovascular, peripheral vascular, angina pectoris, hypertension,

10 restenosis post angioplasty, endarterectomy, stent introduction,
cerebral stroke, respiratory tract, allergic associated with atopy,
pulmonary hypertension, ischemic heart, impaired glucose tolerance,
diabetes and its related complications, insulin resistance syndrome,
hyperglycemia, polycystic ovarian syndrome, glomerular, renal
15

insufficiency, nephritis, tubular interstitial, autoimmune, glaucoma,

intestinal motility, cachexia or cancer.

32. Use according to claim 31, wherein the physiological disorder is a
urogenital disorder.
20
33. Use according to claim 32, wherein the urogenital disorder is an

erectile dysfunction.



substituents, a heteroaryl group, with or without one or nore substituents,

or a heterocycl i c group having | to 3 heteroatoms fused to a 5 or §3 00
menber edygf ¥nqkdgNd, W th or without one or nore substi tuents wi th ARk
provi so that |s not an aryl group substituted at its PaFXS ?)‘6@?%31 on wlth

a -Y-aryl group, where Y is a carbon- caﬁti)gn single bond, -CO, -0-, -S,

-N(R21) -, -CON(R22)-, N(R72)CO, -OCH2-, -CH2O, -SCH2-, -CH2S-,

- NHC( R23) (R24) -, WD 02/24698 0 7 APR 200 PCT1US01/ 28983 77 - NR23S02-,

- SO2NR23-, -C(R23) (R24)NH, -CH=CH, -CF=CF-, -CH=CF-, -CF=CH, -CH2CH2-,

- CF2CF2-, 5 Q30R2@Jsdl dfl thewksermpoundHdr phatmate@igal Nl-diposition according to
claim 1 for the preparation of a medicament for the elevation of cGMP

level.

5 35. Use of at least one of the compound or pharmaceutical composition
according to claim 1 for the preparation of a medicament for the

treatment of an erectile dysfunction.

36. Use according to claim 35, wherein the medicament further comprises

10 a nitrate donating pharmaceutical composition.

37. Use of at least one of the compound or pharmaceutical composition
according to claim 27 for the preparation of a medicament for the

treatment of an erectile dysfunction.

15
38.  Use according to claim 37, wherein the medicament further comprises
a nitrate donating pharmaceutical composition.
39. Use of at least one of the compound or pharmaceutical composition
20 according to claim 1 and at least one compound selected from the

group consisting of: a prostanoid, a-adrenergic receptor, dopamine



-Cor OR25 -C OOR29 -C p21 isw a hydrogen a+o,.~.-~r.-.n,/C -4 n.ly.,
,1/, vn, 6 a~ tkyi ., auny.,i irr al,, 10 15 C3.6 cycloal kyl, phenyV ABR 2005 .
benzyl GgVOWR246%F2 is a hydrogen atomor a Cl.6 al kyl grolRCT/HEE/28%83,
hydrogen atomor a C,_5 alkyl, aryl or-CH2-aryl group; R24 is a hydrogen -
atomor a Cl4 alkyl group; R25 is a hydrbbden atomor a Cl-6 al kyl, C1-8 -
perfl uoroal kyl; C3-6 cycl oal kyl, phenyl or benzyl group; R26 is a hydrogen
atomor a Cl.6 alkyl, C3.6 cycloal kyl, phenyl or benzyl group; R27 is

- NR23R24,

10

15

20

-OR24, -NHCONH2, -NHCSNH2, HO Il -N-S

receptor agonist, melanocortin receptor agonist, endothelin receptor
antagonist, endothelin convertingﬁ enzyme inhibitor, angiotensin |l
receptor antagonist, angiotensin converting enzyme inhibitor, neutral
metalloendopeptid‘ase ~inhibitor, renin inhibitor, serotonin 5-HTxc
receptor agonist, nociceptin receptor agonist, rho kinase inhibitor,
potassium channel modulator and multidrug resistance protein 5
inhibitor for the preparation of a medicament for the treatment of an

erectile dysfunction and/or another symptom, disease or disorder.

40. A method for producing a compound having the formula (1), comprising:
(i) reacting a compound having the formula (lit) with an alkyl

halide in the presence of a base to form a compound having

the formula (IV):
O CHyPh O CHyPh
R I : R I 2
N | N) alky! halide N ! N>
7 base /
O)\l\ll N Q)\il\] N
H L
(1 (V)

where,

(@) R'is ahydrogen atom or a C1-15 alkyl group, branched or
straight chain, with or without one or more substituents, a Cz.15
alkenyl group, branched or straight chain, with or without one or

more substituents, a Ca.5 alkynyl group, branched or straight chain,



0 11 15 11 ~~ O 1 CH3 or -N WD 02/24698 10 78 and 0 7 APR 2005
PCT/ USQOL1/ 28983 R28 and R29 are, independently of one another, each o) TAPB 2005

al kyl gro 8 and R29, taken together with each ot her (CH2) g
group, \Ahg?gogfzfés?% or 3; wherein, R21 through R29 are opti or'll‘?‘ﬁ%ﬂ38983

substituted W|th any of the groups defin bove for the one or nore
substituents; and (iii) deprotonating and en hal ogenating the conpound
havi ng t he formJIa (V) to forma conpound having the forrmula (VI): 15 0

CHzR3 with or without one or more substituents, a Cs.15 cycloalkyl group,

with or without one or more substituents, an arylalkyl group, with or
without one or more substituents, an aryl group, with or without one
or more substituents, a heteroaryl group, wifh or without one or

5 more substituents, -OR®, -COOR?®, -C(O)R® or -C(O)N(R®),, where
Rois a hydrogen atom or a hydrocarbon radical, branched or

straight-chain, with or without one or more substituents;

(b)  Lis R%ora protected form of R% and

10
(c) F’h is a phenyl group;
(iiy debenzylating and then alkylating the compound having
the formula (IV) with an alkyl halide having the formula
15 XCH;R? to form the compound having the formula (V):
)
.9 CH.Ph O CH.,R®
R \N’IKJEN> 1. debenzylation R1\NJ\/|[I\,J
/ - . ..
O)\'?’ N 2. alkylation (XCH,R®) O)\N N’>
L L
(V) : | V)
where,
20 X is a halogen atom and

R?is an aryl group, with or without one or more

substituents, a heteroaryl group, with or without one or more



NN > 1. deprotonation N 2. hal ogenation O NO 20 N) where, Hal is a hal ogen
atom CH2R3 N/ -Hal N (iv) reacting the conpound having the formul B7(AMR)2005
with an % oxdags/i ng the formula RANH2 to form a conpound pdrawdenasdshe

formula (M1): WO 02!24698 0 NO 5 where, 0 7 APR 2000 PCT/ U501/ 28983 79 .

CHZR30 CHZR3 | 116
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substituents, or a heterocyclic group having 1 to 3 heteroatoms
fused to a 5- or 6-membered aryl ring, with or without one or
more substituents, with the proviso that R® is not an aryl group
substituted at its para position with a -Y-aryl group, where Y is a
5 - carbon-carbon single bond, -CO-, -O-, -S-, -N(R*')-, -CON(R?)-,
-N(R®)CO-, -OCHjy-, -CH20-, -SCHa-, -CH,S-, -NHC(R®)(R?*)-,
-NR?%S0,-, -SONR%-, -C(RZ)(R**)NH-, -CH=CH-, -CF=CF-,

-CH=CF-, -CF=CH-, -CH,CH,-, ~CF,CF>-,

H H
ANV4 ORZ
C CH,
al >
—CH—CH— . -~ CH, . —CH—
26 27
OCOR*” . ﬁR - R280\ /OR29
10 —CH— , —C— —C—
where, S
R?' is a hydrogen atom or a —~CO(C1 alkyl), C1. alkyl, allyl,
Cs.6 cycloalkyl, phenyl or benzyl group;
15 R? is a hydrogen atom or a C1.¢ alky! group;

R¥is.a hydrogen atom or a C..5 alkyl, aryl or ~CH-aryl
group;

R?* is a hydrogen atom or a Cq4 alkyl group;

R® is a hydrogen atom or a C1 alkyl, C+.g perfluoroalkyl;

20 Cs.6 cycloalkyl, phenyl or benzyl group;



NRANH2\ RN NHN -Hal4 ONNRIi L R4 is a C3.15 cycloal kyl group, with
or w thout one or nore ‘substituents, a C3_15 cycl oal kenyl group, w 0 &RR 2005
wi t hout oneO@P/2469®r € substituents, or a heterocycl oal kyl grpeupyigsso 15
menbers, with or without one or nore substituents; and 10 (v) renoving the
protecting portion-of L, when L is the prptected formof R2, on the
conpound having the forrmula (VII) to formthe conpound having the formula
¢l1): 15 (1) where, R2 is defined the sanme as R above, with the proviso that

at least one of Rl and R2 R85 0§ hididydho6h &t 8, alkyl, Cs cycloalkyl, phenyl

or benzyl group;

R¥ is —=NR*R?*, -OR%, -NHCONH,, -NHCSNH,,

I
o

CH3 or N

z
o==w=—0

AN
o=0

=4

AN

5 and
| R and R* are, independently of one another, each a C14
alkyl group, or R28 and R?, taken together with each other, are a
—(CHa)q group, where g is 2 or 3; |

wherein, R?' through R?® are optionally substituted with one or-

10 more substituents; and

(i)  deprotonating and then halogenating the compound

) having the formula (V) to form a compound having the
formula (VI):
15
O CHR® O CHR®
R1\ l\,l : . R1\ ‘1]
N ) 1. deprotonation N I y—Hal
2. i
OJ\I}I N halogenation O)\l}l N
L : L
v) ~ \%)

where,



WO 02/24698

10

15

(iv)

1 Q |
RNNSAN
BN | )—Ha
O”"N N
L

118

Hal is a halogen atom;

07 APR0S

PCT/US01/28983

reacting the compound having the formula (VI) with an

amine having the formula R*NH, to form a compound

having the formula (V1)

CH.R3

(V1)

where,

R*N

H,

O CH,R®
R1\ [1] H
j‘\ [ >Ngs
L
(vir)

R*is a Cz.15 cycloalkyl group, with or without one or more

substituents, a C3.45 cycloalkenyl group, with or without one or

more substituents, or a heterocycloalkyl group of 3 to 15

members, with or without one or more substituents; and

V)

removing the protecting portion of L, when L is the

protected form of R?, on the compound having the

formula (V1) to form the compound having the formula (1):

O CH.,R?
N
I[N

N~ N

Il?z

H
4

R



RNy

10

15

20

WO 02/24698

07 APR 2005
PCT/US01/28983 -
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where,

R? is defined the same as R' above, with the
proviso that at least one of R' and R? is not a hydrogen
atom;

wherein, the one or more substituents for all the

groups are chemically-compatible and ére, independently of one
another, each an: alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
arylalkyl, alkylaryl, aryl, heteroaryl, heterocycloalkyl,
hydroxyalkyl, arylalkyl, aminoalkyl, haloalkyl, thioalkyl,
alkylthioalkyl, carbbxyalkyl, imidazolylalkyl, indolylalkyl, mond-,

di- and trihaloalkyl, mono-, di- and trihaloalkoxy, amino,

~ alkylamino, dialkylamino, alkoxy, hydroxy, halo, nitro', oximino,

-COOR®, -COR®, -S0,.5R%°, -SO,NR**R5! NR¥2S0O,R*°,

~ =C(R*R™), =N-OR™, =N-CN, =C(halo),, =S, =0, -CON(R*R™"),

-OCOR¥, -OCON(R*R®"), -N(R**)CO(R®), -N(R*)COOR™ or
-N(R%)CON(R*R®") group, where:

R, R% and R® are, indépendently of one another, each
a hydrogen atom or a C4.5 alkyl, Cs.6 cycloalkyl, Css |
heterocycloalkyl, heteroaryl and aryl group, or R® and R®' are
joined together to form a carbocyclic or heterocyclic ring system,

or R®, R* and R* are, independently of one another, each:



WO 02/24698

07 APR 2005
PCT/US01/28983

120

R*! ~R*1 41
F ' K / - I lll "
/ 3
- N N~
R40
40 R40
R N
XX

R4 R%0 20
e iy | T
(s L g4t 41
—R ] J )R
AN R &
| ) s
H R®
N—N—~R?* N—N
/o [\ ™S |
N N
——LN/ ! N/N ! -T*>\R4O
- N==N -
L

where,
R* and R*' are, independently of one another, each a hydrogen
atom or an alkyl, cycloalkyl, heterocycloalkyl, halo, aryl, imidazolylalkyl,

indolylalkyl, heteroaryl, arylalkyl, arylalkoxy, heteroarylalkyl,



10

15

WO 02/24698

07 APR 2005

PCT/US01/28983
121

heteroéryla!koxy, aminoalkyl, haloalkyl, mono-, di- or trihaloalkyl,
mono-, di- or trihaloalkoxy, nitro, cyano, alkoxy, hydroxy, amino,
phosphino, phosphate, alkylamino, dialkylamino, formyl, alkylthio,
trialkylsilyl, alkylsulfonyl, arylsulfonyl, alkylsulfinyl, aminoalkyl, .
alkylaminoalkyl, dialkylaminoalkyl, hydroxyalkyl, morpholino, thioalkyl,
alkylthioalkyl, carboxyalkyl, oximino, -COOR®’, -COR®, -S0,.,R™,
-SO;NR*R®!, -NR¥S0,R%, -CON(R**R®"), -OCON(R*’R®"),
-N(R¥)CO(R®), -N(R*?)COOR, -N(R*?)CON(R*R®") or -OCONR®®
group, where, R®, R®! and R are defined the same as above; o

R* is a hydrogen atom or an alkyl, alkenyl, aryialkyl or acyl
group; and —

R* is a hydrogen atom or an alkyl or aryl group;

where, R* through R*® and R*® through R®? are, independently
of one another, each optionally substituted with any one of the groups

defined above for the one or more substituents.



