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5 The present application clainms priority under 35 USC
section 119(e) to United States Provisional
application Serial No. 60/629,030, filed Novenber
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Field of the | nverCONGESHV{E HEART FAIEUREN rel ates
to novel nethods for treating congestive heart

failur . , ciall i

compouti AR RERERY é%@éﬁiﬁﬂ@éﬁﬁﬂi‘ﬂﬁ@%oﬁ

("PDE V'). 15 The present invention also relates

phar naEla@.ﬁr%%ﬁnt ieatian @akng priorityhinder S&t HSﬁtseqtloaHFl 9(e) to

conprising a conmpound which inhibits PDE type V. 2.

Desited Piates RrbviREinal edplivatioar$eriad No. diE6221680] filediNaiember

the heart loses its ability to punp blood 20

efd,izooaniihich Eiecorpyates rngzereaéreﬁtﬂ& HeseiA@Lif fully 406t drih.

t he general popul ati on. the US, nore thanthree

mllion people have CHF, and nore than 400,000 new

patients present yearl y Appr oxi mat el y 30- 40% of

patients with ChFpe g#*r?@w\YENmmaf- CHF is

the | eadi ng di agn03| S- reI ated group anong

Hhspi tEield ed thetineentiomn! der than 65 years. The 5- year

nort al rate after. 25 di 0Si S was, I rted in

e 60011 PrEen Ty erdof T/l ovel Tisieds Ry at(%@tfr}go«‘rﬁngeswe

t he Fram ngham heart study showed the 5-year nortality

rhgadt feghire GGk 4R marannlays esrariain §umansamiiae cwnpﬁuad which
medi an survival of 3.2 years for 1 WO 2006/ 055573

paTibisphospbadiestrasmtype A(PBEA "Years for fenal es.

This may be secondary to an aging US population with

decl i vy préddrtlinvientidn @ldcorediide to Praemaesutical compositions for

the treatment of CHF comprising a compound which inhibits PDE type V.

2. Description of Related Art

CHF is a disorder in which the heart loses its ability to pUmp blood
efficiently. The prevalence of CHF is about 1-2% of the general population.
In the US, more than three million people have CHF, and more than 400,000
new patients present yearly. Approximately 30-40% of patients with CHF are
hospitalized every year. CHF is the leading diagnosis-related group among
hospitalized patients older than 65 years. The 5-year mortality rate after
diagnosis was reported in 1971 as 60% in men and 45% in women. In 1991,
data from the Framingham heart study showed the 5-year mortality rate for

CHF essentially remaining unchanged, with a median survival of 3.2 years for



CHF may be caused by the occurrence of an index event
such as a nyocardial infarction (heart attack) or be
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cardi ac mal formati ons such as val vul ar di sease. The
i ndex event, or other cause, results in an initial
decline in the punping capacity of the heart, for
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been found to be i ndependent of the patient's
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db§§ ofh%rr c%ﬁ%@‘pi]e%uﬁg lr?éﬁrﬁlhggjé@ilngtlﬁtrtﬁé) Hﬁmﬁe 5&855ac1ty of

ea rt an rcula
h wh [ CHF
f@e"é%ez""r‘t“JgF%%w%BPeyf?sﬁﬁ e frlisiie: of 5 tacdg ™
axi s, system c endotheli al d sf unction and ocar di al

r BHBWENG FRpachy may ﬂabb@smgmm%a@mfgpa&le «tuecle the activation of
counteracting the activation of the

hope oh ancrei compansatenyymnadhamamsaxiewever tieeprogression of CHF
bet a- adrener gi ¢ bl ocki ng agents (beta-bl ockers),

ahgs bbensound wive indereneeny obtHeASdlents Hephddyriamic status.
certain calcium channel bl ockers, nitrates and
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bl ockers and nit ates | e produci ng clinica
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al dosterone antagonists. Experinental studies using
eflddIghB1e early phages eigChifeney aciually eondiiputs to regiessian of the
ef fect.

disease, for example by exerting deleterious effects on the heart and

circulation.

Some of the more important pathophysiologic changes which occur in
CHF are activation of the hypothalamic-pituitary-adrenal axis, systemic
endothelial dysfunction and myocardial remodeling. |

Therapies specifically directed at counteracting the activation of the
hypothalamic-pituitary-adrenal axis include beta-adrenergic blocking agents
(beta-blockers), angiotensin converting enzyme (ACE) inhibitors, certain
calcium channel blockers, nitrates and endothelin-1 blocking agents. Calcium

channel blockers and nitrates, while producing clinical improvement, have not
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5 Current therapy for heart failure is insufficient.
Al t hough angiotensin converting enzynme (ACE)

w0 pdslosisas s have been shown to have benefi ci al PCPUSOS/641386

in patients with heart failure, they appear
consistently unable to relieve synptons in nore than
60% of heart failure patients. In addition, they
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expl ored as_ potential treatment for CHF. Preclinical
santagenisty Expedmeniadetudigs asing qnriokietisr bblacking aggnts have
Nat. Med. vol. 11, no. 2, 214-222, Feb. 2005) have

dehrms ter ereeficigl affectir oni ¢ i nhibition of cGW PDE V
prevents and al so 15 reverses cardi ac hypertrophy in
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i nproved cardi ac henodynam cs in the cardi onyopathic
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al , 2002&. The data_ in the 20 dog paci ng i nduced nodel

oY RIS amofR Bgh §ffied hear fedldgbaliente, InagditigRethey reduce
study show ng sone benefit (Yamanoto, T. et al, Cin.
soprialisupiheassiailpggsnly byxmprogiomielyat28vot Heerciorewtraye is
none (Chen, Y., et al, Am J. Physiol Heart Crc.

Riopsn for.imp28vemetitSh 3heltisaiapy 200kt fBitunef i ci al effects
of PDE V inhibition on renal function have been

report in _ani ngl _nod f .heart WD 2006/ 055573

b LSS BsPlsi seaMP R BPE"V HaDi e iecoBHy DRgg Sxplored as
ani mal nodel s, especially in mce and rats, has been
qeisntiaisatmentiarGEE. iRreplimaalsstufies ia 6rwiserpodet eff GHF

di seases and heart failure have denonstrated nodest
r(@akipnoto £. iet ah INaddMedessiurid, nad2, 2b4-2aBeFab. 2005) have
vasodi | ation, but no effects on cardiac contractility

eradnstratedIhatéibhic iMRBRIG of FGMPOPDE ¢ipibvdid ifdl diSo
humans have been reported. A recent study concl udes

}r%ﬁ%s}e%icdrﬁfa%@%@ﬂ%bfﬁ@fpmﬁ%‘ﬂSﬁ&tg%cﬁﬁih%%%h'of a PDE V
inhibitor improved cardiac hemodynamics in the cardiomyopathic hamster
model of heart failure (Inoue, H. et al, Eur. J. of Pharmacology, 443, 179-184,
2002). Chronic treatment of these hamsters with PDE V inhibitors has been
demonstrated to improve survival rates (Inoue et al, 2002). The data in the
dog pacing induced model of heart failure produce a mixed picture, with one
study showing some benefit (Yamamoto, T. et al, Clin. Sci., Supp. 48, 2585-
262S, 2002), and another showing none (Chen, Y., et al, Am. J. Physiol
Heart Cire. Physiol., 284, H1513-H1520, 2003). Beneficial effects of PDE V

inhibition on renal function have been reported in animal models of heart
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cardi ac hypertrophy (Mendel sohn, M, Nat. Med., 11,
115-116, Feb. 2002). The potential beneficial effects

wW@R00RDESSY3 | nhi bition in CHF could result from PCT/US2005/041386

reduction in pre-load and after-1oad, inproved renal
function and possibly io fromcardiac renodeling. It
is unlikely that PDE V inhibition would have direct

ghilget STHE ret@y4HRCofGRBES éﬁﬁﬁél'rﬁ&deléné‘sﬁdﬁﬁﬂlﬁ rAike and rats,
cardiac function may be secondary to its effects on
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99/ 24433). Specific PDE V inhibitors have been found
waipul. Howeggre oioflong 26rm sididiss indnsnaf®haex depheepotied. A
use of PDE V inhibitors for treating i npotence has

FBEe étbdf eBRBILEES thAURE f5stenbd th EGRIP BhnssHIBY ispdemdfil inhibits
sildenafil citrate, vardenafil, and tadalafil (i.e

a%:aaw;a FR o008, s, f30ect 396, 2002

Snlenabe e 2iefis i 2B I TR8H LhF gowg resutt from
2006/ 055573 PCT/ US2005/ 041386 Accordin it is an,
defuetionpin preriead ansraftesrioas 'B?FHQY%‘E %Sw%a@noan QPﬁijb'y
a PDE V inhibitor to treat a patient who has, or is at

fiask cafdiac semedeling ItheantikelnithairRDE Ahhibition meauld have direct
cardi ovascul ar conditions. 5 Definitions and Usage of

Hocks dheafdiht eontrgcitigy. Anyiefiestsaon chedias fationgady be
herein or are otherwise known to a skilled arti san.

Fsé%@ﬁHan%ﬁ% éﬁé’é@ @ncﬁéiéfa\ﬁ" HPerfréishy &hd Pe¥nBEeling.

definiti'ons apply throughout' the 'specification and
claims. These' definitions

PDE V inhibitor compounds and their use in treating a variety of
physiological conditions are described in a number of patents (e.g., U.S. Pat.
Nos. 5,409,934, 5,470,579, 5,939,419 and 5,393,755) and foreign
publications (e.g., WO 93/23401, WO 92/05176, WO 92/05175, and
WO 99/24433).

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,
vardenafil, and tadalafil (i.e., Viagra®, Levitra®, and Cialis®, respectively).
The chemistry and use of Viagra®, including its mechanism of action in

treating erectile dysfunction, are taught in EP 0 702 555 B1.



0o apply regardl ess of whether a termis used by
itself or in conbination with other terns, unless
wordvensdsse i ndi cated. Hence, the definition of PCHUK3005/041386
applies to "alkyl" as well as the "al kyl" portions of
"hydroxyal kyl ," "hal oal kyI ,"  "al koxy," etc. The term
"chem cal |l y-conpatible," as used herein, neans that a

15 subggédr F?'@;‘Iy, @ is ¥ disjeEEofi tHISQn%rﬁﬂéﬁ ’ﬂé)r;ﬁfoviéi'éoé B¥thod of
the like is selected to be capable of resul tlng In a
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i 5 $fc§f 98?0 esguBire ﬁﬁwﬁtsg.”ﬁen Structure

with a chemcally 20 conpatible aton(s) or radical (s)
sel ected froma specified group. In the situations
where nore than one atomor radical may be repl aced
with substituents selected fromthe sane specified
group, the substituents may be, unless otherw se

speci fied, either Dimifions aid Ushg€'of Teris every
position. RadicalS of speciftred gr oups such as

52 LN e ) b g v
M{c}/ X h@eter $ Cl g%%é(&dyhﬁrrg&?tﬁgdotaﬁ%ﬁg%n following

anot her, may be subst ituents _for any substituted
@%wwmmﬁx thyoHehasheERagiicalipn @Bl drimshohinesedglinitions
to the contrary. 5 Representative substituents for

aApply regardlesaldiyhethéike tgrim iscysdably Keelj br in edrkbination with
aryl al kyl, al kylaryl, aryl, heteroaryl and

hether teeins| aaldsy lotigsmigs indicatbd d¢erfaet thay defiviition iofldlkeg"

to, the follow ng noieties: alkyl, cycloal kyl,

aé B¥ ho "alky® 'a%%élﬁﬁé’ khe GAIKYI”]LSBHIO%Wahifdtlo’xyél'kgb/" Halbalkyl,"

heterodaryl, heterocycloal Kyl, hydroxyal

aﬁi{ﬂ%’ e am noal kyl, “hal oal kyl, thioalkyl,
hi o%l kyl, 1o car boxyal kyl, im dazol vyl aI kyl ,

i ndol y] al ) - ang trihal o

R SR I RS VIR i
alkoxy hydr oxy, hal o

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

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
or radicals, usually hydrogen atoms, in a given structure with a chemically-
compatibie atom(s) or radical(s) selected from 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.

Radicals of specified groups, such as alkyl, cycloalkyl, alkenyl, cycloaikenyl,
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(e.g., -d and -Br), nitro, oximno, -COOR50, -COR50,
-SO0_2R50, S02NR50R51, NR52S02R50, =C(R50R51),

WEDBeRSB73 =N- CN, =C( hal 0) 2, =S, =0, - CON( RSOR5BR{T/US2005/041386

- OCOR50, - OCON(R50R51), -N(R52)CQO(R50), -N(R52)000R50
and 15 N(R52) CON( R50R51), where: R50, R51 and R52 may
be i ndependently selected fromthe followi ng: a

ramymggar;mwn alkylagy| Pheteedsdlozikydt agl ghd hetexbaryl Glowps,
al ky C3_6 cycl oal kyl, C4- 6 heterocycl oal kyl ,

hﬁHSPQﬁHé{ﬁtlyﬁé\‘%r% &th8F At orfd éﬁ‘oi‘Prér Vihé\'{"'] B@tsubstltuents for any

substi tuent’s n permssible, R50 can

A bBRTLAF ﬁ%h@%@ﬁ“"ﬂ%%@%&%ﬁéﬁgwoawesgo the

i ncl ude: 6 WD 2006/ 055573 PCT/ US2005/ 041386 R40 R40
EUBAY- || /~ 41 RRRAI N N RI0O RIO RAO rNN N |

R41 1 41 N\ R41 NR N R40 R40 R 40 42 R4l Ry/-
R 41 Representative substituents for alkyl, cycloalkyl, alkenyl, cycloalkenyl,

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,
hydroxyalkyl, arylalkyl, aminoalkyl, haloalkyl, thioalkyl, alkylthioalkyl,
carboxyalkyl, imidazolylalkyl, indolylalkyl, mono-, di- and trihaloalkyl, mono-,
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""),
-OCOR®, -OCON(R®*°R®"), -N(R%*?)CO(R®), -N(R**)COOR®* and
-N(R**)CON(R*R®"), where:

R%, R®" and R*® may be independently selected from the following: a
hydrogen atom and a branched or straight-chain, C4.s alkyl, Cs.¢ cycloalkyl, Cy.
s heterocycloalkyl, heteroaryl and aryl group, with or without substituents.
When permissible, R*® and R®' can be joined together to form a carbocyclic or

heterocyclic ring system. R®°, R®" and R* may also include:
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43 where, 5 R40 and R41 are, independently of one
W@r@bi083573 each a hydrogen atom or a branched BPET/US2005/041386

straight-chain, optionally substituted, alkyl,

cycl oal kyl, heterocycl oal kyl, halo, aryl,

i m dazol yl al kyl , indolylal kyl, 7 WO 2006/ 055573

PCT/ US2005/ 041386,40 het eroaryl , ar oal kyl, aryl al koxy

het er oaryl al k eteroaryl al am noal kyl , R
AN dl or trpfal o nono-, g

hal oal
tri hal oal k y I 41cyan.o__ al k ydr oxy, i ho,
phosphi no, || phosphate, al kyLN\ d| al kyI am fo, -
fornyl, alk trialkyl s al kyl sul f ,/N ’
aryl sul fonyl, al kyl sul finyl, noal kyl , N
al kyl am noal kyl, di al kyl am noal kyl , hydr oxyal kyl ,
nor phol i no, thi oal kyI aI kyl t hi oal kyl, car boxyale(yI
oxi m no, -COOR50, - SO 2R50 - SO2NRS0R51
NR52SC2R50, C(]\Ih%ORSl) 51)

N(R52) , ?( R52) COCR ( R52) CON( R50 or

R41

- OCONRS0 gr R50, 1 and R52 arN” a
defined ab ﬁ‘”a hydtrogen ajjom or a br nched
straight-c n, ptlonally ubstj ted al kyll, /
al kenyl , aryl or acyl gr R43
hydrogen atom or a branched or 'Str ght chai n,
optional'ly substituted, alkyl or aryl group;

\ - H /N\
— [N l\ia

N N N=—N ,

where,
R* and R*' are, independently of one ancther, each a hydrogen
atom or a branched or straight-chain, optionally substituted, alkyl,

cycloalkyl, heterocycloalkyl, halo, aryl, imidazolylalkyl, indolylalkyl,
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15 wherein, the optional substituents are defined the
same as above for the one or nobre substituents.

woe@besisesl substituents on aryl and heteroaryl PQr/oswes/041386

include, but are not |limted to, any of the noieties
recited above in the definition for RA0O and R41 20
The term "heteroatom " as used herein, neans a

ni t r ogpetersayf, Wiylamky!, apyad@xy aherodvilalkyp! feteroarylalkoxy,
het eroatons in the same group may be the sanme or

h
di fferegpt U529 1388
term" %%?%%gmﬁeg%gﬁﬁd ﬁggeri n, rgrélggg a cohrqgs)ﬁd
or radjgal nsi st.i ng of on car hon and .hydrpgen .
at o, TELSAIER G PLIS oBnPC b e HRtaphosDino,
saturated and unsaturated hydrocarbons. The term )
" al kyl PhogRhaig czlkyaming, diatyiaening, iendyb alkwia driakysilyl,
substituted, straight or branched, hydrocarbon chain
(i.e., aiylspliosylngrytsutfooyl, adindsifjmd caramoaliotsalkpladedoalkyl,
toget her), having, preferably, fromone to

t went ydfaﬂwlammbbmyl,Ekty@li’@g/aﬁm,Q’nbl‘pﬂfcﬁih@birﬁoalkypEﬂk‘\]ﬂﬁiobﬂ(yl,
twel ve carbon atons, and nost preferably, fromone to

eLant eabRRPaRlIDBRImING .G OORY CYBIRY 86, 8%, -SONR™R™, -

"cycl oal kane, "" as used herein, means an

T SR ool T -
R s i L T

radical .js s%g%lrat ed and rraleg be fused, for exanple,
benzof Bse@nd it Areoav detingthebeveycl oal kyl , aromati c,

heterocyclic or heteroaromatic rings. The cycl oal kyl
may be att aBffeid asltydrogen Hiomrte prarichedarstraigtterhdimat
results in a stable structure. Preferred carbocycles

have fépﬁar_faiuy%ub@tit&i@@,@@kﬁp@menﬁ%am&lﬁg HasRERAH el
radicals include cyclopropyl, cyclobutyl, _
cycl opent yl ey c] RRGEYEN Y5 FEBRachBAD R Rightl dffin,
optionally substituted, alkyl or aryl group;
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*,

The term “heteroatom,” as used herein, means a nitrogen, sulfur, or

oxygen atom. Multiple heteroatoms in the same group may be the same or

different.



The term "al kenyl ," as used herein, neans an
unsubstituted or 20 substituted, unsaturated, straight
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doubl e bond present and, preferably, fromtwo to
fifteen carbon atons, nore preferably, fromtwo to
twel ve carbon atons. The term "cycl oal kenyl ," as used

her ei nTharaits “yuroosiboal’i dsiisat! éreirs uhesang atmhpound or radical
unsat urated carbocyclic ring having at |east one
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carbocyclic group. Exanples of cycl oal keny| groups

i ncl ud h@ﬁ%‘ﬂ%p@h&" A U%Bemlfﬂ%%&%ﬁmuﬁsébﬁ“%étq Pim

"al kynyl ," as used herein, neans an unsubstituted or
ssifstititede siraight at breached, Rydratagongzhain dieheamprising carbon
hydr ocar bon chain having at |east one triple bond

paes Bpdrayeh, atpref sradddytogbtimn), thawirg) preferatsly claodmasne to

~atoms, nore preferably, two to ten carbon atons. The

L QVehty Bb Gy Bah “é‘x’éms %ré‘??&e%;ﬁ'ﬁbmrﬁﬁr 83@Ne éarbon atoms,
sat ur at ed linearly to ed or ‘bridged carbocyclic

T%Hcg {rg?s\{'p'?ar y@ﬁf (érﬂbclﬂé tohélﬁm Qarb8n Ja:for‘f@r bon atoms.

used neans subst ituted
or uns stitut ronatic . or b|
chr boc) BR et ey et rPé{GI%BP o o HEed Bersif, means an
ar ormtl c rings. The aryl noiety will generally have

f yRgHstityed or sabpbinted, @%ur@@dmablgmona@r@m%tm qarbocyclic ring,
substitutabl e carbon atons of the aryl noviety being

‘i méng epreferablyp Sronbtteee do fifteentatiaragtomes)tmore preferably, from

Represent ati ve exanpl es i nclude phenyl, tolyl, xylyl,

CHIFSE Y0 eighteBEIBA atoh®. fﬂh@déﬂfmﬁﬁ@v’édlcalﬂ@l@a}{kmed and may be

|ndenyl and the Ilike. If desired, the carbocycllc

Hyfo‘i%&aﬁg)lé UnsHAdiideRe WHH Ohd (P88 %y&l%a myi \Homatic,

pre e?a 'y, dne to three’ noieties, such

HOCRH RE Y AR BarchRal il ﬁggfcygraaﬂzww be BISHd at any

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
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
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nonoal kyl am no, dial kylam no and the |like. The term
"heteroaryl," as used herein, neans a nono- or

WhR@gobise3 ri ng system contai ni ng one or two aPCIHBE1005/041386

rings and at |east one nitrogen, oxygen or sulfur
atomin an aromatic ring. Heteroaryl groups (including
bi cyclic 10 WD 2006/ 055573 PCT/ US2005/ 041386

%éﬁﬁéﬂd fé‘r‘é’ﬁ%f @?eéjfbgﬁﬁ@éd EaBH éibn%uﬁ%rb?r‘téfge‘?ably,

aplu stituents, preferably,

G IR AR on E‘Emﬁsprﬁe?v%&%ﬁ'ﬁé’%ﬁﬁﬁﬁa% R Hagyiretets
anérfa'egy"qiéﬁéﬁ&'y ARG o ardloa KPR or e kil Fyaiggenteny

Typically, a heteroaryl group represents a cyclic

carulipyadhéxeryl.or six atons, or a bicyclic group of
nine or ten atons, at |east one of which is carbon,

and havheterat “dll@&f@/l ” ap@isergesin, mdansrarounsulistigied or
atominterrupting a carbocyclic ring having a

sdlidshifutea! ﬁ&é@&%&e@fstmlgr(ﬂdr)brsha%d wyarédhrabﬁwh% having at

aronmatl c character esentative héter oary

e r [

JoRe #r*’%i‘{n%‘%ﬁ%g?é. i, PrctE e R o 1R el

th| e ben fhiaz |, thiadi azoI yl,
AORS siqye Pregredur 1o to feRiBon 29, hi aooryl

benzot hi azol yl , benzoxazol yl, oxazolyl, pyrroly
i soxaaneyterrrtL“bgwqalhdz.awtus%aerewmd@pgﬂse@ﬁ%a&@tumt@ linearly
term"arylal kyl," as used herein, nmeans an al kyl
nfosed yr briiged t:attmd:ycll(S ring thavinyg, @mﬁemtﬂy,l fyomubi il 2 ¢adzhn
aryl or heteroaryl group. Representative arylalkyl

HtekHes | ncl ude a benzyl group and fused bicyclic
systerrB whi ch contain one aryl group. The term

“al kyl-gy 1 %?gu’sé%du RbFein g‘ﬁ@ﬁﬁ A MeYitut8d or unsubstituted,

het er oary ty substitute an optionally
substitu [ r.yl
B 5ot 4l ER, AR ) ol fzé;h ¥ wo
groups. Unl ess ot herw se k [ t ed ﬁr sho be
Ry OIRAICARI9Y ahye ARhENCIS: Wil asmessllavasprY 60 44 'carbon atoms
rrultllol e termsubstituent (nmultiple terns that are
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,
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



conbined to identify a single noiety) to a subject
structure is through the ast nanmed termof the

woriobiopises t erm For exanple, an "arylal kyl " subPST/UB20051041386

10

15

20

11 WD 2006/ 055573 PCT/ US2005/ 041386 attaches to a
targeted structure through the "al kyl" portion of the
substituent. Conversely, when the substituent is

" heteybanyy graups) can theciresibstituéed ar gebstiuteior with ar@urality of
through the "aryl"™ portion of the substituent.

SsubdtRudnts, preféibipdnknbaikWubstiehtd, ¥edie BiciaabRs ohe, two or
a targeted through the latter "alkyl™ 5 portion  of

t i : S res - I
e SHBRIERE .6 Ponop Rt BRr BTG Sk, ARl Blomeiny,
upsubst t tedc] substituted, saturate cclic{(in%.
SHREIh udoRg dlkand AEDOXY ey B 0, dialkylahino and
preferably, fromthree to eight nenbers, and )
clhrediesi dyPisallsom hatesparvhgepus represants gryclie gspuroblive or six
as part of the ring. 10 The term "heterocyclic ring"

oqtohiss tag reoleigytlie, groap al itk betes atprmes ah foamh one of which is
unsubstituted or substituted, saturated, unsaturated

otardbAaAd Galingoat le4Statd 68fe? sORUPEMIGLEBR AGG iRRPrupting a
or nore heteroatons in the ring. Heterocyclic rings

I : l hd ' -
e SR B BB BB S Bpovie
pr ef er.abl five to seven 15 atons. Polycyclic rin
SHBNAE Wierial RisPossalBlYs e eRnt TRIIOA eBRIG) oups are
from six to sixteen atons, nost preferably, ten to
tgidirylapwirsidimd) pwaginyt pyridgzinyl durany!, benzpirany, tienyl,
three rings contain, preferably, fromthirteen to
seararttieienyk tiiazolyintisiadiazelyk imidazolyl opyraeelyl, ttnaolfk &ethiazolyl,
atons. Each heterocyclic ring has at |east one hetero

dherpotihiakelys benkexitdif, skaidd, p?h@lyﬁ%&)@iz@l;ﬂ,ai BByl and
be i ndependently selected fromithe foll ow ng:

Wh&é@ggfb psSul fur and oxygen atoms. The term
"car bo y(ﬁ ic ring" or "carbocycle," as used herein,

reans e WA B Boogiial DS oF ALAHESK substutes
&j; gefpgﬁgﬁinﬁ%ﬂﬁéﬁ%f’e%, Sélcr)ﬁCoirfhie(t:éarlola)r/yl igdrgLrl]é.i He%?ésentative
arylalkyl groups include a benzyl group and fused bicyclic systems which
contain one aryl group.

The term “alkylaryl,” as used .herein, means an aryl or heteroaryl
moiety substituted with an optionally substituted, alkyl group. Representative
alkylaryl groups include o-, m- and p-linked tolyl and xyly! groups.

Unless otherwise known, stated or shown to be to the contrary, the

point of attachment for a multiple term substituent (multiple terms that 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

11



12 WD 2006/ 055573 PCT/ US2005/ 041386 be nonocyclic or
pol ycyclic. Monocyclic rings preferably contain from

wo booe®353583 ei ght atons, nost preferably, five POI/BES065041386
atonms. Polycyclic rings having two rings preferably
contain fromsix to sixteen atons, nost preferably,
ten to twelve atons, and those having three rings
patbehabtyadangetacstructord throtighe the @iKyl!"sportioh e thesabstituent.
m)st preferably, fourteen to fifteen atons. The term

" @drmsysel OIy afhes e é\ﬂjsqnmmr@aélﬁy@m”om&@&héé @cmahargéqed
to a ocarbon chain, such as an al kyl or al kenyl

- i e O
N T N e

al kyl group, having at |east one hydroxy substituent
5 ( podtion ofdhe supgtiiuenb ., Sisstureckylcycloaling). al kyl

group may al so be present. Representative
hydr oxyakekgim Jnetepscyichudlkdg dsyubeoidyerethyheans an unsubstituted or
‘hydroxyet hyl and hydroxypropyl groups. 15 The term

" sabsiieal, Kiluratedcydli€ dinfay8idin haRRMYSrémHRSY id fifteh members,
hydrocarbon chain, preferably, a substituted al kyl

aﬁﬁé@rat}{‘ﬁ“ffﬁ?n 'ﬂ%g@%%lémbéé‘baﬂd éé’rﬁﬁﬁs‘uﬁ?suclaon Gt and at

may al so hav substi tue

f t stltuent5|dent|f|ed
a%%k?EOP%F“%{‘r(@Q 033%9* paq[t)gf h@f’ Repr esent at | ve
car box Qrou clude c rboxymst | (-
10 cHpcoe e %'an c'a&tsg%yé’ ﬁ;ﬂng?o hyi‘;‘-i Hﬁ?fi: he&ﬂa means an
derivatives thereof, such as the corresponding
eyneykstitairg qr@ummamcmcww;ated unsatiyetether aiamatincaing,
an al kyl group substituted with an am ne noiety
( eomprised ok gaidda) atomeciinc onawir mooret Heteroatdds\Wthe ring.

2006/ 055573 PCT/ US2005/ 041386 The term "al kyl am no, "
apletsBeydIRNfHge mER MSmaRoyBlRLPIIIIE aKAdHbeyclic 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, preférably, from thirteen 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

12
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fromone or two al kyl substituents (e.g., -NHalkyl),
such as dinmethylam no. The term "al kenyl am no," as

W@ e®d/okssrei n, neans an ami no noiety having frpoT/0R®0D041386

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.g., -NH CH2-al kenyl),
ﬁ%%@&%oﬂ%l@&@ﬁdlb%ﬂh%g Mn%_rlikgcly(:ﬁé %é‘p‘%f‘%t%tg? con%?n HeRfthree to

[ Th rm
chitly ERE shosidupterahy TG seeBgroRER, ey Eults ndling two
al kenyl or two al kyl substituents (e.g., -C=N-alkyl).
TS Rielerabli eamfain frem sistaisikisesi ator%em%st Mﬂﬁ&mﬂs"en to
containing the -C=N-OR69 radical, where R69 is a
H}A@ul\mganmnaﬁ @andothose haiving thoge engs pgﬁffetqrbly chiain &om thirteen to
"aroyl," as used herein, neans the radical R-CO;

WeRtdR i StoRts ahesmireferablgVfpuridenrieditleeatdtvmsar oyl S
are benzoyl and napht hoyl . 15 The term "aryl oxy," as

used eEtdim THRGKY, o BXRBrcR AR A Fenditiin bonded to a
O R Tl s

a ny as used erein, nea on to, 20
Ao JBRBrESentmie FE0R) GroxPegadyds MERPE CARpENg
radi cal of a carboxylic acid having the fornula
dBRIYNOPORY grewns.- CO-, aryl al kyl -CO-, cycl oal kyl - CO-,
al kyl cycl oal kyl -CO- or heteroaryl-CO . Representative
acyl drimapsam fiolduobeyallad g aglusepriepeionyhearsua aobygtitutend
benzoyl groups. 14 WO 2006/ 055573 PCT/ US2005/ 041386

H}@Jré@%irﬂbn@\‘dlrf”ﬁfefer@ﬁl Uéﬁﬁll@ﬁ{;ﬁid’p h&%ﬁf@aﬁ@aﬁ%ﬁydroxy
at'om havi ng an acyl substituén -0-acyl),

Sl {Lﬁe’nnéané G ﬁdhmonawl?osttﬁuéﬂts%Yﬁ@@@?groﬁmwwm be

an®am no

Vaur?%ctaul?tth Lﬁc%rre%ﬁp%ﬁve hy'a'rox%ll?yl ch?Jpsel)r()c'we%yoaroxymeﬁ\yl

hydroxyethyl and hydroxypropyl groups.

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 (-
CH.CO2H) and carboxyethyl (-CH.CH2CO.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., -alkyINH,), such as aminomethyl.

13



5 -NH(CO-alkyl, a urea with the fornul a
-NH (C=O -NHal kyl or a carbamate w th the fornul a

WO N6 03350 - OR, where R is an al kyl, cycl oal kyl PCT/US2005/041386

10

15

20

al kenyl, cycl oal kenyl, al kynyl, aryl al kyl or
het er ocycl oal kyl group. The term "hal o," "hal ogen" or
"hal i de," as used herein, nmeans a chloro, brono,

f1 uor o T tentdaikyminadiszaliseddhérelr, dasandan BnGlAs nidlgty having
fluorides are io preferred halides. The term "l ower

hyidine® 6aE RP Ao G substitd¥Ris (%'I._%y-!l\'lll)iﬂgll@?), %ﬁ@ﬁ’ a'%%ﬁte@ylamino.

means a hydrocarbon chaln cofprise rom un

ot her w t . 19 _eight, carbon atons . .

pr ef e\er;II‘k?}I(é taF ngﬁPBQ@?@J”@’aPﬁ S IHEM, MiANTpd amino moiety
preferably, one to four carbgn atons. 15 The term

" 8»/59'93%?4-0“&50@&/@06'}5@@3@iw,bswéxsn&% ahese 4o sitragan algmef the
at least two halo atons to a group nodified by the

t &MiNo gedyrhisl net attaigbed o ithe alikkenedatmhingydarbonsitaradd.g., -NH-
herein, represents a group having the fornula:

- ShRNRKERAR sushersediBdRngniR89 are, independently of

one another, each a hydrogen atomor a | ower alkyl

(e.g., Tﬁé%}rﬂl“ér&leﬁnﬁ@(’bﬁ‘ug& ABRITE) mBAn& okl arfif@4Roicty'e

term "sul fony as used herein, represents a group

PSR B e a5 12 speeer

nor e an once i mul a, for exanple,

R59 fo ere X is -C(ORb9)2 the identity of eacgh .
vari ablBEdEE AR gy RHbeR e s gans an'imino foiety having
PCT/ US2005/ 041386 nore than once may be independently
sene @yt poiwa alkybsuhsiityers (e -Qaad‘{-alkvar i abl e. The

term "pharnmaceutically acceptabl e excipients,” as used

her ei nTheitenn todémiramy apwssitldierging eddansi coenpounds containing the
phar macol ogi cally inactive material known 5 to one

sicLN@RMrativel,avkiereMRPB d lydregeabitdtherdr AkyiNg: aryl group.

physi cal and chem cal characteristics of the

parti cehghe@s tarsgl,t A9USEH PR eiRehRENEdhs PAdIHSER-CO-; where R is
an aromatic group. Representative aroyls are benzoyl and naphthoyl.

The term “aryloxy,” as used herein, means an oxygen atom having an
aryl substituent (e.g., -O-aryl).

The term “ester,” as used herein, means compounds containing a
substituted carboxylic acid (e.g., -COO-aryl).

The term “acyl” or “carbonyl,” as used herein, means a carbon to
oxygen double bond, (e.g., R-C(=0)-), which can be a radical of a carboxylic
acid having the formula alkyl-CO-, aryl-CO-, arylalkyl-CO-, cycloalkyl-CO-,
alkyicycloalkyl-CO- or heteroaryl-CO-. Representative acyl groups include

acetyl, propionyl, butanoyl and benzoyl groups.

14



Phar maceuti cal | y acceptabl e exci pients incl ude
polyners, resins, plasticizers, fillers, binders,

wo adweiosmns s, gl i dants, disintegrates, sol vent SPCT/US2005/041386

10

15
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co-sol vents, buffer systens, surfactants,

preservatives, sweetening agents, flavoring agents, io0

phar maceuti cal grade dyes or pignments, and viscosity

agent s Theherneaoylophaasasedttierain, awamesart oxyyeh awmibeading an
herein, means a conbination of at |east one PDE V

. rabybsabymmme@,d@aé%tfoi 8R&hpRNCO-QRAPARGUL i cal |y
accept abl e exci pi ent. e term "pharmaceutically

accept led, & [ s . | ONi .
Sai Tt arleagnd beylafing” 88 1380 Heleint Esfan, fiii hioidlh having
anionic salt formed at a hasic (e.qg., amn Q of

t R AN aRsiiuens gy ﬂ@d—a&é{& %’ﬁie&‘g‘”bog‘?’t%” P%ﬁ?%lﬁ’%[‘ttﬁé formula
alkali-netal salts (e.g., sodium and potassium and
arNBHGRO)-alkyh B ureaavithstetformulagNH-{ggdmllgd @r a carbamate
calcium. Preferred anionic salts include the halide

( with.the dbimouladd)H-(Ge@)-1F, aherepR ds phatlieyl seidcalkyaOalkbayl,

_phrase "effective amount,” as used herein, nmeans an

anpeioaikehyR alkgRy anigdikr ocrsRasdyici clkyMkGilp. i S
sg??i ci en%l to‘@??gnﬂ]i cgnt ly and y|tgosi t)}i'\@e(lgl{/p nodi fy the

Synpt OfpeaBfHh .@ﬁaféf’nﬂbfdg%?ls o? ARl ’fﬁsahgg? ﬁ@r&n; means a chloro,
provide a positive clinical response w respec?l 8

T, hrase "saf nd, e Gl v amunt , " .as .ysed
e, Ml da oty Fadpel, Soh LY Sopei o e 42gHRE are
sajfaﬁ, 18% 2006/ 055573 PCT/ US2005/ 041386 that is, an
EL Ides. sufficient to provoke a positive
response, yet is small enough to aveid serious side
ef f ect $hederm “lowes biydmaarben'efa.g., flower alityi"h)as wsedhherein,
the scope of sound nedical judgnent. The effective

ammans sohydrocadiorvehain eghtisedtoffim ustes®otherwise stated, one
pharmaceutical conposition will vary with the

PRy bightibaibon ARERTE bi&TBrdM, hd IRak 2ariéh Q’tgn%'hé:ﬂd’ mb8€

severity of the condition, the duration

t |%‘EW , f current therapy, the
pg'ree?‘lscull érontaegtgifgg}b%@é)ﬁeaél&gﬁf bei ng enpl oyed, the

e AR A S RERS ARty SUBL i o at i
et)\(/\llooel%liosaetog'\fs ttohae 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
atoms) or aryl group.

The term “sulfonyl,” as used heréin, represents a group having the
formula: -S(0),-.

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

example, R> for where X is —C(ORSQ)Q-, the identity of each variable appearing

15



attendi ng physician. 10 The phrase "adm nistering [to
a patient a safe and effective anmount of the PDE V

WO pdv6lo53503 conpound] , " as used herein, refers POI/EAZ005/041386
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node of introducing any form(e.g., solid, liquid or
gas) of the PDE V inhibitor conpounds in vivo to a
patient (e.g., human or mammal ). For. exanpl e,

| fdredhah oABe @,ﬁa@beméﬁén@ahtr%berecmewmetdéﬁﬂition for that
patient may be acconplished 15 via oral ingestion

(€afapiet @bl et's, capsules, gels, solutions, etc.),
adsorp?ion, absorption (e.g,, transnucosal sublingua

or buccal .adm.nistration t ransder mal .appl,icatio ,
Ce. o g 1P EE Phsimacetibbis et DB et ERBy amused Rerein,
etc.) suppositories, etc. The term"oral dosage

f Kok desany rlysiplepisally inrh mhazmacologisedly inadliveiralerial known
conmposition intended to be system cally adm ni stered

t to ane skitlddn theahrtpyhibdl is cempadibichwitis ding phiysicanandchémical
gastrointestinal tract of an individual, via the

NeRAMCcRristibe of i pafidalar deave Myrediens sélectdtffor use.
invention, the delivered formcan be a tablet (coated

( Dhaftfiatanica oot BB URRRELAR RilymeR Wsfis, plastcizers,
PCT/ US2005/ 041,386 ., The. YNy i ! d
nBVérs Bt do ey Al iSRS, oehigats, buffer

to be systemcally adnm njstered to a human or other
nBYFIBMS, svHadiants, drgsesvativeso swertanioy agriissiflgmoring agents,
containing the active ingredient, by puncturing the
skharnadiceidicel gradieviiysadr, pigmenis@nd \dseldiiy\agentsie 5
solution or enulsion to the circulatory systemof the
i ndi vi Thalteen tbhlesirnigceutiohr cormposiion, asrnaddarbim, means a
i ntraperitoneal or subcutaneous injection. The terns
" E6eBlralion G1d leddt RBOE'V Mot ¢RhI AR 4% b RladtBne
preventing, |owering, stopping, or reversing the

' i o, condition or s tons
EfdaRall aGETRbl it and

reate etérns "treating" and io

;fj :n_e?]\it gﬁ‘? ;elérinj(x)Ep%%%qp%%b?g@é%%c&%k@élgesra ,'eelljst. Lged herein, means a
cationic salt formed at an acidic (e.g., carboxyl) group or an anionic salt
formed at a basic (e.g., amino) group of the compound. 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., chioride), acetate and phosphate salts.

The phrase “effective amount,” as used herein, means an amount of a
compound or composition which is sufficient to significantly and positively
modify the symptoms and/or conditions to be treated (e.g., provide a positive
clinical response with respect to CHF). The phrase “safe and effective

amount,” as used herein, means that an “effective amount” must also be safe,
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an existing condition (e.g., CHF) and/or prophylactic
adm nistration intended for the prevention of such

wa@onwdiosisen, as appropriate. Other than as shownCT/HS1008041386
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15

20

operati ng exanples or where otherw se indicated, al
nunbers used in the specification and clains
expressing 15 quantities of ingredients, reaction

Cangli it] anaman tis i euffidiontit® proVbRes pOsHivsS redpRINGs. vet is small
nodified in all instances by the term "about.” SUVMARY

%ngﬂgggy%ﬂ Q\‘icﬁ% déitgef\ BHEcRYEE ‘étreaéé‘\%ﬂlé‘lﬁgﬂéﬁtgrg‘srl{ ratio), within

direc to a net treati ng congestive

failure risin dni nj st er. to.a .patient in need.

ofhe S BT Bl AT LRIGR N, ol Sride B By St A 8t

i nhi bi tor conpound, wherein said caonpound is a i
cHrgrediant &or uss ima Bhamnyaceapticaheempesitien Wil ¥aryovitlh g particular
rotomer, tautoner or a pharnmaceutically acceptable
s&bnditiverkeing treaed®@. 20 0IR) 5B E7Sc Rty bblheosyraiticagsh@duration
CH2ZR3 R~ N6 5 ~H ~-NO MN\R4 R~ (I) wherein the

vaf tirbtreatraset, gre t@licnetchietietant theyappothegsarisyar hctive
the invention is directed to a method of treating

CaRfrealeny %eh@ééﬁgio?éé%‘%h% lng ngrﬁgc‘,’éd}icf%‘l? BEB&HthBIA

patient in n “such 5 treathent an effective
BBl BNE LA R PR oy B of o
Dratte(n)di\n/g ;%y%iéiaé. o .

The phrase "administering [to a patient a safe and effective amount of
the PDE V inhibitor compound]," as used herein, refers to any mode of
introducing any form (e.g., solid, liquid or gas) of the PDE V inhibitor
compounds in vivo to a patient (e.g., human or mammal). For example,
introduction of a PDE V inhibitor compound to a patient may be accomplished
via oral ingestion (e.g., tablets, capsules, gels, solutions, etc.), adsorption,
absorption (e.g., transmucosal sublingual or buccal administration),
transdermal applications (e.g., topical applications via patches, lotions, 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 gastrointestinal tract of an
individual, via the mouth of the individual. For purposes of the invention, the
delivered form can be a tablet (coated or non-coated), solution, suspension or

capsule (coated or non-coated).
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NNNI11O //-NHi}-NOH C'" NONNOHOH 19 WO

2006/ 055573 PCT/ US2005/ 041386 Br Br OO O\ OH NNH
WG2006M55580H />-N H/>-N ON OH CH 10 O Br O PCT/US24bE041386

OO /"-NN;eNNi>NH/ -NH ONN 15 (ml 0 OH

O /\ Nr-& NNNHi>NH 20 ;° NNNNand 20 WO

2006/ 055573 PCT/ US2005/ 041386

The term “injection,” as used herein, means any pharmaceutical
composition intended to be systemically administered to a human or other
mammal, via delivery of a solution or emulsion containing the active
ingredient, by puncturing the skin of said individual, in order to deliver the

5  solution or emulsion to the circulatory system of the individual either by
intravenous, intramuscular, intraperitoneal or subcutaneous injection.

The terms “treating” and “treatment” are understood to include
preventing, lowering, stopping, or reversing the progression or severity of the
condition or symptoms being treated. As such, the terms “treating” and

10 ‘"treatment" include both medical therapeutic administration in the presence of
an existing condition (e.g., CHF) and/or prophylactic administration intended
for the prevention of such condition, as appropriate.

Other than as shown in the operating examples or where otherwise
indicated, all numbers used in the specification and claims expressing

15 quantities of ingredients, reaction conditions, and so forth, are understood as

being modified in all instances by the term “about.”

SUMMARY OF THE INVENTION
20 In one aspect, the invention is directed to a method of treating
congestive heart failure comprising administering to a patient in need of such
treatment an effective amount of a PDE V inhibitor compound, wherein said
compound is a compound of Formula (I), an enantiomer, stereocisomer,

rotomer, tautomer or a pharmaceutically acceptable salt thereof:
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I n anot her aspect, the invention is directed to a
nmet hod of treating congestive heart failure conprising

wW@dive/0sBreri ng to a patient in need of such tPEBRURENS/041386

an effective anount of a PDE V inhibitor conpound,
wherein said conpound is a conpound of the foll ow ng

structure: 5 Br -" O NNN,SOH ON N 10 OH In sone
enbodi nents, this nethod furt her conpn
adm nistering to the patient.an ve anmount of

at | east one therapeut|c1age
group consisting of proEiap0|
receptor, dopam ne receptorN1
receptor agonists, endothel |on Jﬂ Qnt agoni sts, 15
endot hel i n converting en Nt or s, F#hgloten3|n

Il receptor antagonists, ~angig@tensin converting
enzyme inhibitors, neutral I | oendopepti dase
inhibitors, renin inhibitors, s@ otoni n 5-HT2.

receptor agonists, nociceptin receptor agonists, rho

< nas uhBRIR Y Sratiel 8Re by Mefinadpeleiodul at ors and

i nhibitors o resistance protein 5. In sone
enbodlnent the 2 thod furth
i ni Brahathg’ SepachdnB amvatiionn erlel R Melhesef pating
at | east one ETA receptor antagonist selected from
fangestivn Sieatti faurerconyising afminisiegingdogmpatient in need Of such
anbri sentan, darusentan, sitaxsentan, ABT-627, TBC
et ment -an0SEctisPRNEDMmt obB-PRESE mhummrmapom wieraindsaid
BE- 18257B. I n 21 WD 2006/ 055573 PCT/ US2005/ 041386
SEUTRPEUMRD Y satetted fidm shergrdugicdnaistiey ofconpri ses
adn1n|ster|ng to the patient an effective anount of
sitaxsentan. In other enbodinents, the invention is
directded to a pharnmaggutilcal Br

R o KOOI_ . o K;@/o\
| /—NH
Pl

OH OH

seIF d fromthe
5 adren gic

g anocortin
rgce

3

2 2
Q
R,
Z%—/z
Z
“©
I
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5 conposition conprising a PDE V inhibitor conpound,

an ETA receptor antagonist, and a pharmaceutically
waewepsdnd e excipient. In sonme enbodi nents, tPeT/BPREB03041386

i nhi bitor conpound is selected fromthe group

consi sting of those conpounds listed in Tables | and

Il. In sone enbodinents, the PDE V inhibitor conpound

is selected fromthe group io0 consisting of: C Dr

O:O nrpn 9\ 1R1_NH|\I\II\/H(\LI P'P\IO!\II\\IG‘}
OH | 22 WD 2006/ 0555 PCT| US2006/ 041386 Br Br ORS O
OH| NNH//\-NHIL-NGH5NP-~-- NN OHO 1oo
Br INp\ \ p\ / OHNH N N H Np~ OH
O
N N
| )—NH ,>—N OH
N
OH , OH :
10 o) Br

OH

and

20



15p \ O\ / ONp) 20 N/>NHINNH ONNand 23 WO
2006/ 055573 PCT/ US2005/ 041386 | n some enbodi nents,

W b@6@EHs73/ i nhi bitor conmpound is Br O 0 f-& sPQI/NBR005/041386

10

15

20

,SOH ON N OH In sone enbodi ments, the ETA receptor
antagoni st is sitaxsentan. 10 A further understanding
of the invention will be had fromthe foll ow ng

det ai | gilafemer bgbé&nw@inb@ﬁtidﬂéedﬂé&é‘d 15 HigtheH of ireating
DESCRI PTION OF THE | NVENTI ON 15 Systeni ¢ endot heli a

OSSR I g8 A o v
R nER B ePeShATSholR g PR E35Bkitor e Thg Pe Whetein said
rel ati onship of the nyocardial mcrocirculation with

cEPIPENFhisHa POBRWOUNEOT the ifellavdag stiyghnes t hat
m crovascul ar dysfunction contributes significantly to

Br
o KO/ N
j’\ >—N_ OH
07 >N~ "N D
OH

In some embodiments, this method further comprises administering to the
patient an effective amount of at least one therapeutic agent selected from the
group consisting of prostanoids, a~-adrenergic receptor, dopamine receptor
agonists, melanocortin receptor agonists, endothélin receptor 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 channel modulators and
inhibitors of multidrug resistance protein 5. In some embodiments, the
method further comprises administering to the patient an effective amount of
at least one ET, receptor antagonist selected from the group consisting of
bosentan, atrasentan, ambrisentan, darusentan, sitaxsentan, ABT-627, TBC-

3711, CI-1034, SPP-301, SB-234551, ZD-4054, BQ-123 and BE-18257B. In
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10

15

20 nmyocyte dysfunction and the norphol ogi cal changes
which lead to progressive nyocardial failure.

wenaenbisls al dysfunction is associated w th i npEl/UABNG/041386

of aerobic capacity in patients with heart failure.

| mpai red endot hel i um dependent vasodilation in
patients with heart failure can be attributed to
deemeBhodimenip hisopetiwstirghprrpprises adminigtering to the
bi oavail ability of nitric oxide and attenuated

r paipentsaseffectiviet amounixdfditaksentaascul ar snoot h nuscl e.

| npai red vasodilation in response to nitric oxide
derived from vascul ar endotheliumor organic nitrates
in vascul ar snooth nuscle may be related in part to

i ncr eaﬁ?é’th‘é‘?%@ﬁcﬁ%ﬁn’n@ﬂts‘jfthé l?ﬁeﬁﬁ&@@%ﬁ’e&ﬁégﬁﬁgﬁtarr%g: Ufical

guanosi he no phaté by type

S ecifi haos od| ster
EBPSPhesmaRG S s XL BBy SOk TCaR 5k regeptor
erectil e dysfunction, has been shown to acutely
eﬁrhtéeeelst%&@M&rmﬁpa@mmmew@&mexwwh lrhsome
patients with heart failure. Tadalafil, and
veimdedumnéents, thie EREndrhibiéerrcasnpdurat is;s@epmed\fmain tioe gtdup
treatnment of io erectile dysfunction, may al so enhance
ecoiistirlg oimhdep @odgrdundasiettd iat Tables Nangal i [BEomav t h
heart failure. Thus, the use of any PDE V inhibitor
(érﬂ%bblﬁh@ﬂs fH@PEEO\/ iR abitaH &?n;ﬁomﬂffﬂjls'éelf’&gd %or 3% §oup
as well as tadalafil, vardenafl

s(t(%] J) C|trat e) for the treatnent of CHF and/or

er c d| ovascular conditions is within the scope
of the present invention. 15 The conpounds descri bed
in US. Pub. No. 2002/0169174 (which is herein
|ncorporated inits entlrety by reference) are potent
PDE V i
havi ng

thefornula( arp substituted at theBr
8- posi tlion on the gbs | strjucture with a '
group tihat |(t)self i tutled Wlt one g
fol | ow n-unsaft uratfed or t urat

a
car bocy at ur MH cdgr ou
upme N;‘e

O

The sul ht hi nejs exhfi bit
enhancg \th Jresp cto
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enzynme activity and enzynme selectivity. It is believed
that the substitution at the 8-position of the

W@ aime®s3575DE V i nhi bitor conmpounds with these BEEUSI0&041386
groups, hel ped produce unexpectedly highly potent and
sel ective xanthines, 25 WO 2006/ 055573

PCT/ US2005/ 041386 whi ch exhi bited increased i sozyne
sel ectivity when conpared to conventlona

xanthines.

oalNy | Rsir oup

5
5 systens are
opt|i onal ) . bd S tituents onvt he
cyclic tens include a 10 C3_6 cyd oal kyl group, a
Clle alldixy c1 6 alkyl agrébup, alcr OBl kyl group, an
amno Cl_6 al kyl group, a CL_6 dlalkylan1no Cl 6 al kyl
group, a C3_6 dicycloalkylanmno CL 6 alkyl group, a
hydroxy group, an al koxy group, an oxXim no group,
- COR6, -S02R6, -COOR6, - CONR6R7, - S02NRER?,
-N(R8) SO2R6 and - NR6R7, where: 15 R6 is a hydrogen
10 at gm-er—an—epttenat-ty—sgbstifuted] ClL_6 al kyl, C3p¢
cydl oal kyl, C3_6 G&ycloalkyl aryl or heterogtyl
grdqup; R7 is a h NGk or ~ ah optionally 'e)
sufjsti t ut@d, S 7 C3[6 cygl oal kg , _ \
hetler ocycjl oal r heferoa r 7
anc/ﬁQ\ ol i ¢ , may be jo r o for
a [20 h ter &5 g system a hﬂ@en
atgm OpNi on substifuted 6
cyql oal ky|, C3_6 yocycl opl kyl | aryl |or hete
gr qup. /J ’ /J
15
Cl
OH
0 8 0
N
~ N © @
N | )—NH
2 | )—NH N
N~ N
|

and
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Fur t her nor e,
where R70,

R4 may al so be substituted with -ZR70Z' -

together with Z and Z', forma spiro-fused

W®2006053873renbered ring or a linearly 26 WO 20P6r/0SH5T®41386

10

15

20

PCT/ US2005/ 041386

and Z and Z',
an oxygen,

fused 4-

I ndependent|y of one
sul fur

or nitrogen

atom For

exanpl e,

to 7-nmenbered ring system
anot her,

are each
when

Z|irsorfe emBodl%rﬁ@MhBeP@@\?ﬁhﬁlHﬂ&dc%Mpélﬁ}?d fso! I owi ng

structure having the f

ormul a

O

(MI11) 5

Preferred substituents are defi ned above for the

groups. O her
ket ones,
fused and brid
spiro-cyclic

directly attac

oXi nes,

substituents may al so be used,
cyclic systens,

i ncl udi

such as
ng lineraly

jed, nono-, DI -
5yst ens, i ncl udi
hed to R4, hal og

and gf1 cycl
ng et als @

ic rings,
and t hi oketal s
sul f onam des.

/e other possible
ondi ti ong enpl oyed and
fture i s

d
o Rgﬁai(l H \Nl1 s |
% 2[(C) (CH) m

the ar© can ¢e

Hependi
Tﬁgf\tl e/% >e_f__
1 C%N

One skilled in
substituents
the desired pr
represented by|for
i ~~N SRs 0 N 4QV
R X (Il) 15 where,

OH

In some embodiments, the ETa receptor antagonist is sitaxsentan.

A further understanding of the invention will be had from the following

detailed description of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Systemic endothelial dysfunction is a well-recognized feature of CHF
and is clearly present by the time signs of left ventricular dysfunction are
present. Endothelial dysfunction is important with respect to the intimate
relationship of the myocardial microcirculation with cardiac myocytes. The
evidence suggests that microvascular dysfunction contributes significantly to
myocyte dysfunction and the morphological changes which lead to
progressive myocardial failure.

Endothelial dysfunction is associated with impairment of aerobic
capacity in patients with heart failure. Impaired endothelium-dependent

vasodilation in patients with heart failure can be attributed to decreased
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27 WD 2006/ 055573 PCT/ US2005/ 041386 R, R2 and R3 are
defi ned the sane as above for the conpound of fornula
W@ kJop/0RB73 s one of the follow ng atons or groupsT/USZ083/041386

a hydrogen atom 5 (b) an oximno group; (c) a
car boxyal kyl group; (d) a Cl1_6 al koxy Cl1_6 al kyl
group; (e) an aryloxy Cl1_6 alkyl group; (f) a C3_6

C pidavali&tsiky (ﬁluiﬁcéﬁxi@d afd euBhuatbd respomsdieioatifrity akias ¥n
Cl1_6 al kyl group; a -COOH group; (i) an ester

9[sRilak éré ?rﬁhuéggl gbfi?aﬂrea%sofjhatlcﬁl ﬁe@p&{% f2hie oxide

group; terocyc IC gro

[.OX 6_al k n [ Qup
ndPErRY e Ga it ﬁ[@?@é"wmé g 2 st fi e Slissthedn
optionally substituted; 20 0 and R' are substltuents
ofMusele Baddegielaipd p@ﬁttOdacarsaﬁed segrasiagipniaidhe isggond
and, independently of one another, are each defined

5t m$angemsycﬁb@wanbeineﬂaoanldhoamate byriye V, phosphedidsterase.
. be one of the follow ng groups: (a) a hydroxy group;
2BilNén 2N 0S 6p66iHE BT/ BHoephbd4isiB8Se inhibitor currently approved for
the treatment of erectile dysfunction, has been shown to acutely enhance
endothelium dependent vasodilation in patients with heart failure. Tadalafil,
and vardenafil, which have been similarly approved for the treatment of
10 erectile dysfunction, may also enhance endothelium dependent vasodilation in
patients with heart failure. Thus, the use of any PDE V inhibitor (including
those of formulas | and |l and of Tables | and I, as well as tadalafil, vardenafil,
and sildenafil citrate) for the treatment of CHF and/or other cardiovascular
conditions is within the scope of the present invention.
15 The compounds described in U.S. Pub. No. 2002/0169174 (which is
herein incorporated in its entirety by reference) are potent PDE V inhibitors.
The PDE V inhibitor compounds having the formula (I) 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
20 carbocyclic group and a saturated heterocyclic group. The 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 selective xanthines,
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(b) an ester group derived froma hydroxy group wth
a. (i) C1L .6 carboxylic acid; (ii) C3-6 cycloalkyl Cl1.6

w@a00bo5s3sr3 ¢ acid; 5 (iii) aryl Cl_6 carboxyl i BCHUBIIN5/041386

10

i5

20

or (iv) heteroaryl Cl_6 carboxylic acid group; (c) a

Cl1 6 al koxy group; (b) an am no group; (c) a Cl_6

nmono- or dial kyl am no group; 10 (d) a Cl1_6 )
awkighaexiikitedh 1cgeangst ispayma seledivily krestdropgiesioreenventional
group; or (f) a -NHCON(R14)2 group, where R14 is a
hyanibgess. Bhamaceudinabgimpositiblys somptisingtthd ,PLRIE Ky inhiitor

aryl group; or R10 and R11, taken together with each
otb@poands potésNahéxpectédl} slibeBBiEthRfapBUtR FapEARs.

and/ or hetero atons of the ring, forman optionally

substi ﬁé{f%ﬁipp%‘ﬂdv@'tf) YRE Q?nﬂ#rﬂ? ?’ﬁ?’ }/‘SHQ@H% %@Pgﬁnds having the

tri-cy ng system o rom

BSbUPAES, Rt SRR BT eblu ot

substjtuted; mandg n are, independently of one
ablbtFheBroup, ¢rhare bin repiesents azgriapryche og haterocyclic system
chenti al | y-conpati bl e group, which is -C(RLOR11) -,

- @¢fingg as deljows@reH)s-Gyclaadkyd grajam aald Reycoakenyl group or a
i ndependent|y of one another, each defined the sane

aseteresyaivekyl,grédp WO32606/ Hehibéds PAT/JIH2S 8¢ iR4s38ems are
is fromO to 2; R60 is a hydrogen atomor a Cl1 8
appsiidnalfylsubsatutydy Prefetred substituents on the cyclic systems include a
Ca.g cycloalkyl group, a C1.¢ alkoxy C1.s alkyl group, a C1.s alkyl group, an
amino Cy.s alky! group, a C4.¢ dialkylamino Cy.¢ alkyl group, a Cs s
dicycloalkylamino C+.¢ alkyl group, a hydroxy group, an alkoxy group, an
oximino group, -COR®, -SO,R®, -COOR®, -CONR®R’, -SO.NR°R’,
-N(R®)SO,R® and -NRPR’, where:
R® is a hydrogen atom or an optionally substituted, C1.g alkyl,
Cs.s cycloalkyl, Ca.¢ heterocycloalkyl, aryl or heteroaryl group;
R’ is a hydrogen atom or an optionally substituted, C1. alkyl,
Cas.s cycloalkyl, Cs.6 heterocycloalkyl, aryl or heteroaryl group; or
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, C.¢ alkyl,
Ca.s cycloalkyl, Cs¢ heterocycloalkyl, aryl or heteroaryl group.
Furthermore, R* may also be substituted with ~-ZR”°Z’-, where R,

together with Z and Z', form a spiro-fused 5- to 7-membered ring or a linearly
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10

15

al kenyl, C3_8 cycloal kyl, aryl, heteroaryl, C4_8
het erocycl oal kyl, COR61, SO02R61, COOR61, CONR61R62 or

WEORBIRSSER62 group, 5 with or wi thout substituPeT/ES2005/041386

where: R61 is a hydrogen atomor a Cl1 8 alkyl, C1_$
al kynyl, C1_8 alkenyl, C3_8 cycloal kyl, aryl,
heteroaryl or C4 8 heterocyclic group, with or
. n .

s B TSl ing Rt Anf YA ROES i iBrdfontly G ofie
cycloal kyl, aryl. heteroaryl or.C4A 8 heterocyclic
o Bafieriaeiash Al oXERn. Sl ot hirroet aldm. ViR PxasiPlg hen Z =
R62 are (the sane or different) alkyl groups, they
cén= Q\;fR d'é@b’lb@os,ubﬁ'nj'téﬂr%’dhﬁcf@ Wieg stiyciyeiaying the formula
carbocyclic or heterocyclic ring system 15 wherein,
t Mlippt i onal substituents and the one or nore
substituents are defined the sane as for the one or
nore substituen fopaula (1) above. In the

Ly, t di fferent carbon atons
to which RbG ny be|connected can be adj acent
or non-adj acenu. bly, IR9, 20 R10 and Rl1l are
al | hydrogen at d#s- oot her enbodi nent of the
i nvention, one of R10 or Rl1 is, advantageously, a
hydroxy group. In th¥lgonmpounds of formulas (1) and
(1), R is, preferably, an al kyl group or an
aryl al kyl group, particularly, a benzyl group. Mre

IR T WO T

and npst preferably, a nmethyl or ethyl group. R2, in

b LBt iy RO 6 wehch ST s RIoae JoxifeS, Biciic systems,
preferably, an alkyl group, particularly, an alkyl
gineluslingularalyutised windHoridgegd mone-ghioapd tieyalic rigs, spiro-cyclic
preferably, R2 is a | ower alkyl group of from1l to 3
csyshems ainchslirgy ketals and thioketals directly attached to R*, halogens and

sulfonamides. One skilled in the art can determine other possible substituents
depending on the conditions employed and the desired properties.

A preferred structure is represented by formula (ll):

(I1)

where,
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20

hydr oxyal kyl group, and nost preferably, R2 is a
met hyl , ethyl, iso-butyl or hydroxyethyl group. In

wo b@sossspounds of forrmulas (1) and (11), R3 i SPCT/US2005/041386

preferably, an aryl group, particularly, an aryl
group substituted with a hydroxy-, al koxy- or to
am no-sul fonyl group, which may be, advantageously,

substi tut edpwi RAo L @B Fro J@in%@qge %tgﬁ{E‘]gas %ﬁ{/‘e %3( thé c%md:)ound

het eroaryl group 1 n the conpounds or mu

(rry, e rally preferable to utilize heteroaryl
groupsotFﬁivﬁ? g furan. Most preferably, R3 is a

met hoxyaryl _group substltuted onits aryl ring wth
at | east onB 2P0 Oh the talowing alommPr @0URSs ubst i t ut i on
with 1 or 2 hal ogen 15 atons, such as chlorine or

broni ne. For insaﬁnceafwﬂnmaNWBbwm- hydr oxyphenyl ,
3-chl or o- 4- hydr oxyphenyl , 3-brono-4- hydr oxyphenyl, 4-
met hoxyphenyl , 3&ghloanf&"ﬁ¢mhgmuphenyl

3- br ono- 4- nethoxyphenyl 4- an1nosu|fony|pheny| group,

3-chl or o- 4- am nogyl f o\ Ik %4530r 3-
~ brono- 4-am nosu ony p eng ﬂg , in the corrpound

of formula (1), }§, er
het er ocycl oal kyI rou ks @FB&PaPI Ig% ¢l oaI kyl
group substitut ege)vvl t h a dir oxy Mor e

preferably, R4 i©a cHRIH ¥p16rﬂ} S%R/’CI opentyl or

t et rahydr opyranyl group. Most preferabl R4 is a
hydr oxycycl opent §) ~gr 8- @rlaatk®o06-088Fgroup;
PCT/ US2005/ 041386 For instance, R4 can be a

2(R) - hydr oxy- 1( Rig)cy chdyéerogrylgxyp Q. alyll godui;he
preferred enbodi nents nmay be unsubstituted or

substi t ut ed. The(}-gol | gwW.ooorpewrds |isted in Tables
Il and I'l (fromU Ser. No. 08/940,760) are

illustrative of bse %g&gl@g used in the inventive
nmet hods 5 of tr at| ng car vagcul ar conditions that
i ncl ude congesti é)e hearé éﬁk | r%u 32 WD 2006/ 055573
PCT/ US2005/ 041388 TABEE 16 &IKY! 9roup;

(k) a Cs.6 cycloalkyl group;
(1 a Cs.¢ heterocyclic group;
(m) a hydroxy Cy.5 alkyl group;
(n)  an aryl group; or
(0) a heteroaryl group;
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:

(a) ahydroxy group;

28



Compound No. Structure o\ / rQ 10 NV O O\ / 11\
l i~~~/ \\/) \ 12N N}~J O\ / 131~ OO\ /

wQ 400665373 16 33 WO 2006/ 055573 PCT/ US2005/ 041 3B6T/T8BLF041386
I Conmpound No. Structure 17 Ol NN 18 I N

(b)  an ester group derived from a hydroxy group with

a:
(i) C+.s carboxylic acid;
(ii) Cs.6 cycloalkyl C1.¢ carboxylic acid;
5 (iiiy  aryl Cq.6 carboxylic acid; or

(iv)  heteroaryl C4.6 carboxylic acid group;
(c) a Cq.¢ alkoxy group;
(b)  an amino group;
(¢) a C1. mono- or dialkylamino group;
10 (d)  aCiealkylacylamino group;
() aCypalkylsulfonylamino group; or
(/)  a-NHCON(R'). group, where R™ is a hydrogen
atom or an optionally substituted, alkyl or aryl group; or
R™ and R", taken together with each other and, optionally, with
15 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
from 8 to 12 members, including from 0 to 4 hetero atoms, where, all of
the above R, R" and R™ groups are optionally substituted:
m and n are, independently of one another, each from 1 to 3;
20 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

defined the same as previously;
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34 WD 2006/ 055573 PCT/ US2005/ 041386 TABLE |  Conpound
wokoosBsysaxcture Iyl \ / \ 23---N\/} O N ~/ PCHUH0$/041386

NON28 " 29 ON- 1| b- 30 )~ 1 vy

yis from O to 2;

R¥is a hydrogen atom or a C.g alkyl, C1.g alkynyl, C1.g
alkenyl, Cs.g cycloalkyl, aryl, heteroaryl, C4.g heterocycloalkyl,
COR®', SO,R®', COOR®!, CONR®'R®? or SO.NR®'R® group,

5 with or without substituents, where:

R®' is a hydrogen atom or a C1.g alkyl, C+.g alkynyl, C1.g
alkenyl, Cs.g cycloalkyl, aryl, heteroaryl or C4.g heterocyclic
group, with or without substituents;

R® is a hydrogen atom or a Cy.g alkyl, C1.g alkynyl, C1.g

10 alkenyl, Cs.g cycloalkyl, aryl, heteroaryl or C4.g heterocyclic

group, with or without substituents; and

when R®' and R% are (the same or different) alkyl groups,
they can, if desired, be joined together to form a carbocyclic or
heterocyclic ring system;

15 wherein, the optional substituents and the one or more
substituents are defined the same as for the one or more substituents
of formula (I) above.

In the compound of formula (Il), the different carbon atoms to which R
and R"" may be connected can be adjacent or non-adjacent. Preferably, R®,

20 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 (1) and (1), R' is, preferably, an alkyl

group or an arylalkyl group, particularly, a benzyl group. More preferably, R’
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31 NI f 0Oy O\ 32 N 35 W 2006/ 055573

PCT/ US2005/ 041386 TABLE | Conpound No. Structure o
W@3006/0555784 o\ 0 O 35 36 Nb rO 37 0 & 38 RCHUK2005/041386

39 | 40 H(\/\NJ11/ y N 36 WD 2006/ 055573

PCT/ US2005/ 041386 TABLE |

is a lower alkyl group of from 1 to 4 carbon atoms, and most preferably, a
methyl or ethyl group.'
R?, in the compounds of formulas () and (11), is, preferably, an alkyl

group, particularly, an alkyl group substituted with a hydroxy group. More

5 preferably, R? is a lower alkyl group of from 1 to 3 carbon atoms or a
hydroxyalkyl group, and most preferably, R? is a methyl, ethyl, iso-butyl or
hydroxyethyl group.

In the compounds of formulas (1) and (Il), R® is, preferably, an aryl

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

10 amino-sulfonyl group, which may be, advantageously, substituted with 1 or 2
halogen atoms. When R® is a heteroaryl group in the compounds of formulas
()] énd (II), it is generally preferable to utilize heteroaryl groups o‘/rher than
furan. Most preferably, R® is a methoxyaryl group substituted on its aryl ring
with at least one halogen atom, for example, a substitution with 1 or 2 halogen

15 atoms, such as chlorine or bromine. For instance, R® can be 4-
hydroxyphenyl, 3-chloro-4-hydroxyphenyl, 3-bromo-4-hydroxyphenyl, 4-
methoxyphenyl, 3-chloro-4-methoxyphenyl, 3-bromo-4-methoxyphenyl, 4-
aminosulfonylphenyl group, 3-chioro-4-aminosulfonylpheny! group or 3-
bromo-4-aminosulfonyl-phenyl.

20 R*, in the compound of formula (I}, is, preferably, a cycloalkyl 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.
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Conpound No. Structure or-0-\ 41 ONI xy 42 O N
43 ON O44 J1 N ON 47 \N/>N6 ON4,81\J O\

W0 200655549 N N Gk | N 37 WD 2006/ 055573 PCT/US2005/041386
PCT/ US2005/ 041386 TABLE I Conmpound No. Structure O\

For instance, R* can be a 2(R)-hydroxy-1(R)-cyclopentyl group. All of the
preferred embodiments may be unsubstituted or substituted.

The following compounds listed in Tables | and Il (from U.S. Ser. No.
08/940,760) are illustrative of those compounds used in the inventive methods

5  of treating cardiovascular conditions that include congestive heart failure.
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O
CIQ ]
Iy r@ b "’
179 | ~ N 509.1738 | 509.1729 | (M+1)
O)\ | )—NH
) N
Br(\? "
3
o f@ o)
180 [~ N 555.1233 | 555.123 | (M+1)
O)\ | )—NH
) N
CIQ
ot
o)
181 |~ N 511.153 | 511.1524 | (M+1)
Oél\ | )NH ©
N 0
(0]
‘\*NHg
Q @,
N N
182 |” TN 491.2077 | 491.2087 | (M+1)
OHN N
OH
CIO
ré/ T
O W
N
183 )\)i/ NH 505.1687 | 525.1697 | (M+1)
IO
OH
| |
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ON N OF These conmpounds are useful for inhibiting

PDE V receptors. Their receptor activities and
WO e@e/53373 sel ectivities can be evaluated i n a POMDS20089641386
5 ways. In particular, receptor activity can be
measured by the PDE V | C50 value, which is the
concentration U,m Ej Ene conpound-Tequj red to
provide 50% i nh PDE V. The | owefr the val ue
of 1Ch0, _the nore active is the 61 W) 2006y 055573

Q05/ §ASGUREC ONE amalch/ﬁmﬁﬁa\mw on the

-Egﬁg?fé'o Hr—Fab €5 } d—I1-dave thelfol] owi ng data

(all npnbers are d|f|=d by tlhe word "about"): ‘A al
conpouhds Bad\SVN*r‘ZCSO wi tthin the| range of from <
Mto >100 WM ®.
Eﬁfﬁ 69-71

66,
P

113, 1p 131, |137, 138, 141, 146-48,
thin
12,
a PDE V ICBQ Wi t range of from> 10 to 15 nM
60- 65,

ff

67, -

3-07, 114,

10| nM and E. co

116- 19, 122-24

mpoun

142

id nos.
- 168-70,

165, 1 182, |184, 185, 198 and 194
had a t he rgnge of fromp 15 to 100
D. "conp nEes. 21, 2p 36, 37, 59, 66, 68, 78,
791889, o5\ B.)—NHLQH 1@@8141932' 5344698 1) 70, 175,

| C50
177, 17
| C50 wi

3, 179, 186888,
thin the

191, 197 and 1
5 nM

98 ha
20 In

d a PDE V
addi ti on,

up td
ent that can

SE%Sg |55 Q344

de is the
fied as " PDE

be ma

)

ure
NLCSO /
i's

ol

Q f@
H

1 5n compourid nos. [13-18, 25, 30-32,
38184114 577.7164 |851.1938, | (861) 98, 101,

128

181

V IC50

mvi—10 P “”““““” pres— 2324293834, 39, 40,
93, 94, 108 111, 125, 136, 144, 160 and 161 had
180, 18B0C Mnd/ 19 had a 15 PDE Wi thin the
range o
another
ra
\ﬂﬁ?§PE

Esz%

(M)

PN LRMS

187 575 575

Et/N‘Et

iy,

HhL,
2/81)

0
\\ Nl__é

188 477.192 | 477.1919 | (M+1)

189 477.192 | 477.1919 | (M+1)

59



i ndi cator of enzyme selectivity - the higher the
ratio, the nore selective is the conpound to
WO 2velos3575g PDE V enzyne rel ative to PDE VI enegTES2005/041386
Measurenents on the conpounds (except for conpound
nos. 189, 192, 195 62 WD 2006/ 055573 PCT/ US2005/ 041386
and 196) in Table Il gave the followi ng data (all
nunbers are nodi word about ")} F.
compound nos. M,—lgl 193, 194 and 197-99 had
a 5 PPDE-\—/] Dhl:\Ir atio of >0 G conp und 0os. 165 and

a PBE:NCTUHRDE \}HRIMd:aQ. WRMdYothd | M. IMe1 | ange of

—rom->—f—t o0 —H g eonppuRe—Rgs—103 168 136, 141,
146, 14B, 168, 17 @'Id 194 had a PDE VI /| PDE V ratio
within the ange $MNBm > 10 |to 25; | 10 1| conpound
nos. 104 314 3. 137-38,| 142, 144, 170, 175,
17790 18 9 had a PPE16A7 |/55PDEOA (Ml p within the
range NP5 to 50; J. conmpound nos| 103, 110,
111, 11 6,\ 182} and 187 had Ja PDH VI / PDE V
ratiow nge pf from> 50 tp 75;; 15 K

conpoung—Tos. 109, 5,100, 147 and I71 had a PDE VI / PDE
V ratilp vvlthlnt eOrange of filrom> 75 to {100; L.
con‘poumd nos. Eb 123, 124, 126, 169} 172 and 184

PDE [ th| nge of from>
89 o %ﬁ»ﬁ?ﬁ%ﬂr 5’%6@19 D M4 16,
118 22 17p, 178481, 188, 186, 188, 190,

191, 197 198hdaPDEVI /| PDE V| ratfjo of from>
140. 63 2006/ 573 CT/ US2005/ 041386

192 )\Jt />—NH 194.1637 | 494.1636 | (M+1)
S

”O

K&

193 )\Ji />—NH 510.1578 | 510.1574 | (M+1)

,,S
| - >
Br
° //@,OMe
e N
ron Oi))j[ -~ 554.1073 | 554.1066 | (M-+1)
N~ N
3 o

0
A8
o
195 Oji;['\/g—NH 525.159 | 525.1582 | (M+1)
Y : :
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Preferred conmpounds of U S. Pub. No. 2002/0169174

i ncl ude those found in classes E and/or M conpound
wWooms/ 083765, 67, 103-07, 114-24, 128, 142, 16PeBLS$2005/041386

168-70, 176-78, 179, 186, 188, 191, 197 and 198. Mre

preferred are conpound nos. 107, 114, 116, 118, 119,

122, 160, 178 and 186 5 of Table Il. Another

~Ff
|JI CI CI I cu bUIIPUUII

hc -avent-en—would—have t he
fol |l owi ng chen1 2& 10 N //\-N
H NNco~ SpeC|f|c and gener al

Eubture: Br oH 0\
ures for
@mmmﬂng ; @m&m&r of err ﬁﬁké%éalc.c QURUAY

proced
di scl osed
71 94(] Vi ous Inodi f
these pr undert

A Anrvmaasrad

-

t he

Su RLEL 01 S

i cations to
oceduﬁbggﬁhy b aken by| one jof ordinary

skill ih the ar?. h

may be

i nventi on
Ph atgemac
of the
humans

3rod ed

or otiher

?;accep

r conpqunds of
imlar {synthesis s

a2k 569 3261 €570 (WR-1)T]
n may bhe adm ni ster

chenmes. 20
\he conpounds
ed to

by a variety jof r

ut es,

and inj ections
ul Ay nt ranorl tan al
LI L] IIII.ILAP T COTTU

Nuner ous otCL; dosage
npoundg of the 64
041386 | present inv

VA781188 g Kr8.1683 i (M+1h

i ncl udi hg 6ral dos
nnnnn H 1t 1

Hatray HAEF GHHS
subcut adneous, and /"t he
forns containgg%;ézaam
2006/ 095573 P 005
bel9%adi Iated
ngfL
Br

utilizi
o OMe
N
O

Br

o KOOMG
N N
%IN’*”@

i ke) .

ention can
e art,

198 522.1174 | 522.1169 | (M+1)

199 542.1405 | 542.143 | (M+1)

These compounds are useful for inhibiting PDE V receptors. Their
receptor activities and receptor selectivities can be evaluated in a number of
ways. In particular, receptor activity can be measured by the PDE V ICsg
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 more active is the
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the suitabl e pharnmaceutical excipients as defined
bel ow. For considerations of patient conpliance, oral

walomagsssforns are generally nost preferred. TheCT/EE®0D041386

10

15

20

system c delivery can be satisfactorily controlled by
one 5 skilled in the art, by manipul ating any one or
nmore of the follow ng: (a) the active ingredient

PESRBbuUNEP éé‘&r@ﬁ%ﬁé@é@ ll‘liiz%1 gérlnlpﬁuﬁ&§ ﬁm’%@'eﬁol @and Il gave the

excipirent(s), so variants

ipterfere jn the activity of .th rticylar tive
PPl el iR e i By M el e et ()
and the concom tant desirable thickness and

pernmeahilit swel li ng propertie of .t he '

exci pi B (57 COMpPUNRE hq@@l’@eép}%ﬁ%w'tﬁmetraaag bfrom <1
the excipient(s); (e) the particle size of the

granul at ed abtioel0hgMedi ent; and (f) the

pH dependent conditions of the excipient(s). 15

Phar maBeut i caimppuad et 48H8, @6¢ B3N BS, unadl)ds-58, 69-71, 77,
flavoring agents, pharmaceutical -grade dyes or

pignents, sgbkventgs, gw-199! Y¢8! f20,041 4be, 3981 £3%.137, 138,
surfactants, preservatives, sweetener agents,

viscosity, 89¢Mide-asl 165 o(de, 17401782065 148 #1185, 193 and

di si ntegrants, ndet s and resi hs. “Conventi’'onal

flavoring a S ma ed, .. su as _tho descr L be

%0 rom (ot ord B E R itE R SRade BT ol en 1 645 100
Mack Publ i shi n% Co., pp._  1288-1300 (19383, which is

i ncor pr at eBOMROMG NESt 23629 3R 33ePdr 3R cA0.HET, &4n 108THET, 112,
pharmaceuti cal conpositions of the invention generally

cont ai n froh25,ab3;t14@, 6 60amelt 6 2hasl af PDEaV dCsonwithin the range
agents. 65 WD 2006/ 055573 PCT/ US2005/ 041386

Convent i onadf fiiyras >argicors ppment s may al so be used,

such as those described in the Handbook of

Phar meeut i §gthpBsd Rb8N $, 20y '
Phar maceuti cal pAssoci ation & t%lg’%pﬁgfﬁ%’g%ﬁ%;& 79,89, 95,99,

Soci ety of Isintal - 8 ' [
i ncor por at eg(l?ﬁﬂ$s1 3t§hb|g?e?51 ’bﬁ%éf%gr é%@e?%%rmgﬂqﬂgg had a
PDE V ICso 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

ICs0 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 higher 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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5 pharmaceuti cal conpositions of the invention
generally contain fromabout 0 to about 2 % of dyes

wa@reboss5ps gnent s. The pharnmaceuti cal conposit i BEEUSL005/041386

the invention generally contain fromabout 0.1 to
about 99.9 %of solvent(s). A preferred solvent is
water. Preferred co-solvents include ethanol,

g &y haneks o
Sh1o 3047, TS9O 080 ol e 5 o by e

[ L ARy include fromabout O to about 50 %of
c\wésgdowIa{vbﬁjtt?al Preferred buffer systens include acetic,
boric, carbonic, phosphoric, succinic, nalaic,

tartaric, citric, acetic, benzoic, lactic, glyceric,
gluconic, glutaric and gI utam c aci ds and their

sodi unf- pot e@Bpound m@saimidi®, 180s191,519319 Haand 18799 had a
preferred buffers are phosphoric, tartaric, citric and
aceti c aci dBDEavit/ BBIE ¥ ratieokcef 0; The phar maceut i cal
conpositions of the invention generally contain from

about @.to @hfapgbuRd ¥oef 165 BHET1®3 hdd &FDER’A / PDE V ratio within
surfactants include pol yoxyethyl ene sorbitan fatty

acid esterge @ﬂbg%xg}r\qy> @n[g 1r60noal kyl ethers,

sucr ose nonoesters an anol ’20 esters and ethers

al kyl gulfate salt and o $S

Salls B 1 abdpBaubd oAl Wﬂéﬁe ROl 13%'92#%5&”“94
of the invention. generally contain fronrabout

about 2 %ora%arﬁlﬂgt\ér{t%D \prattoaitiin ‘rtaeé@@g%irrpesﬂoto 25;

i ncl ude phenol, al kyl esters of parahydroxybenzoic

aci d, lo- ph&@hph@h@lnobeﬂrﬁﬁ Radidd-3hd FaBB8s14etdlof1 70, 175,
66 WO 2006/ 055573 PCT/ US2005/ 041386 boric acid and

sal ts theretf7, 85 bnhd 189ithceaDEM £ POEVeatio within the range
chl or obut anol, benzyl al cohol, thinerosal,

phenyl mer cudsﬁfgorﬁcgtgyﬁ,g@d ni trat e, nitronersol,
benzal koni um chl ori de, cetyl pyridinium chlori de,

et hyl par ansiodfa RoSPYs, PRIATGN 1172189, 48 ek and 187 had

preferred pres rva I'Ves ar’e al'ts’ ‘benZoi C ac

o s AP IR B R, 35,049
et N G aund noaC 105 S8, 37 e 171 had a PDE VI / PDE V
ratio within the range of from > 75 to 100;
L. 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
M.  compound nos. 107, 114-16, 118-22, 128, 160-61, 1786, 178-51,
183, 186, 188, 190, 191, 197 and 198 had a PDE VI/ PDE V

ratio of from > 140.
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to about 2 % of preservatives. Preferred sweeteners
i ncl ude sucrose, glucose, saccharin, sorbitol,

wWorwaiosss73 and aspartanme. Particul arly preferreBCT/US2005/041386

10

15

20

sweet eners are sucrose and 1o saccharin.
Phar maceuti cal conpositions of the invention generally
i ncl ude from about 0 to about 5 % of sweeteners.

Prefer na ggq;@@%@%ﬁ@seﬁf %%&B!%o.’%d@/bfé”éf?% i8R Rke those

sodi um

r oxypr.o | cel | ul ose,
nJek b 8RYs Errdicsal: oSmaPyRT 08 SRS, 6a1 B3, 114-24, 128,
povi done, acac:la guar 15 gum xant han gum and
t rM@adéﬂtG‘i 18810, JuBar8,y1 7%, 486y 11 88, 1/9‘501(957 anyd 3g8ntdore
are nmethylcellul ose, carboner, xanthan gum guar gum
ppvéfeorae, areadinpounchnds xoTet hyl teh,| 1Ksd9, ard, 160, 178 and 186
magnesi um al um num si |l i cate. Pharnaceuti cal
cofmapid jjons of the invention generally include from
about 0 to about 5 %of viscosity agents. 20

Pref er %%tlﬁ%nj Cér%fe?récﬂ&éﬁﬁﬁgyha%tf ?r?egmvgﬁﬁgh Waum ﬁg{/é"tﬁé)l‘ollowmg

tr| basi C ca
hat e ressi bl e sugar, starch, cal CI um
B? 'S&fé’%ﬁ% and microcrystal line cell ul ose.
Phar maceut i cal cpnposi tions of th@gd nvention
generally contaiph fromabout 0 to aAbout 45 % of
fillers. 67 WD 2p06/055573 PCT/ SIOFHL386

Preferred | ubricpnts/ gIQ)dant e magnesi um
I c ar macequt i cal

stearate, stearit , aC| d n :

conposi tions of general ly ilncl ude from
about 0 to about % pre |er Habout 1 to about 5 %
of | ubricants/gl gyé\ Nerr I Si ntjegrants

i ncl ude starch, podium tarch gl te, |5

crospovi done and| cr oscar el ose s&di
m crocrystal line|cellulose. Pharneeeutidal

conmposi tions of phe iQ@iention generally ijnclude from

about 0 to about 20 % preferably, about 4 to about

15 % of disintegrants., Preferred binders include

acaci aSpecH @aw?@%ernylmylpfeﬂofﬁr@éwmi@@wee preferred
pregel ati ni zed starch, gelatin, povidone,

hgdmpoypds pyé dédcladedsia,U.S. Ser. No. 08/940,760. Obvious modifications

to these procedures may be undertaken by one of ordinary skill in the art.
Other compounds of the invention may be produced using similar synthesis

schemes.

Pharmaceutically acceptable Dosage Forms

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
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I 0 hydroxypropyl net hyl cel | ul ose, nethyl cel | ul ose,
sugar sol utions, such as sucrose and sorbitol, and

wedvglossls ul ose. Pharmaceutical conpositions oPCT/N82005/041386

10

20

i nvention generally include fromabout O to about 12

% preferably, about 1 to about 10 % of binders.

Addi tional agents known to a skilled formulator may be

c resasidnvertion dan bbgeadPRWALRIET by Rfiel SKIRTY inGReteRt, utilizing

create a single dosage form Alternatively,

aqeb suRABlke M cTRYal cﬁﬁ%’rﬂé %ts%éfin%grﬁé%\ﬁt ¥t LohQicrations
| as tiple orm For

manmma art of a nu osage

pr i .maceut i cal caonpositions containin he
PRt e AHRIRE S e PSS b1 BRaslanerGieleftea
acceptafl e excipients can be 20 either solid or

li qui d. 813t of sYsiepiie galivary 6as hensatishectpeliranirolled by one
tabl ets, dispersible granules, capsules, cachets and

s @bjllediin dne ag, byimeanipuidting aamdnet eivhetes ohiing following:
conprised of fromabout 5 to about 95 wei ght percent

of active i(apthedactivie inGredietipoper;i d excipients are
known in the art, for exanple, rmagnesium carbonate,

magnesi um s . : b

0800 2006/ CIELE MhalcotEa becifal '%og\?\ﬁy%r,‘t@a%ﬁg@"sg as the
and ca . . d f Lo :
i t apira oS, A RoPugtietiftn Bl BB B active ingredient
phar maceutical | y acceptabl e excipients and nethods of
manuf a@?tjﬁ%e(ior vari ous conpositions may be found in

Rem ngton's Pharnaceutical Sciences, 18th Ed., Mack

Publ i shi ng €®.thetypef exgpigitsh and thecenneenaitan desirable
entirety by reference herein. In one solid dosage form
enbodi tipknesshandPpeErmeaitityswelindrprgpepiesiiof theé sxdipient(s);
the formof a filmcoated, innmedi ate rel ease tablet,

whose core (gohicaime-depentbni carifort bliBBlexcipient(s);
m crocrystalline cellulose as a binder, croscarnel ose

sodi um as a & B H9ERYize BWer@rgHS%&éWhéfi@@[ﬁ%%igﬁt; 3nd

io lubricant.” Thi's core I's coat using an a
REPENS! o0 B bR TG o L Ehus).
Pharmaceutically acceptable excipients include flavoring agents,
pharmaceutical-grade dyes or pigments, solvents, co-solvents, buffer
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 about 2 % of flavoring agents.
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nonohydr ate, hypronel |l ose, titanium dioxide, and
triacetin. Liquid form preparations include sol utions,

waeempessrons and enul sions.  Conmon |iquid forPCT/US2005/041386

10

15

20

preparations include water and wat er - propyl ene gl ycol

15 solutions for parenteral injection or addition of

sweet eners and opacifiers for oral solutions,
suspen€oamentionl dyres andfts pigmeoisdmay alspbe b&ed: suhsas those
may al so include solutions for intranasal

ag@&d dtibsid intthe Mantibook @f Aagmaceltical £xeipients) ey trer American
i nhal ation include solutions and solids in powder

fpﬁﬁ?mg\%lﬁf&a ¥sBatiHIRItAEP rﬁﬁcéuﬁ&&rsw&vtdf@‘ebi’&ltam pp.

accept a O excl pi ent, such as an inert cConpressed

b B M M A o008, 30 e oo

RN L I R A CE

sol uti ons, suspensions and enmul sions. 69 WO
0B QB 70 yRSUBRIOEPIgNESES.  The compounds of the
invention may al so be delivered transdernally. The

t r ans d¥hephacoapesidal compositionslad thd énvemtion gfeneralynntain
| otions, aerosols and enulsions and may be incl uded

| flom AsAnere tBboREdS D BfofBoNRNt(sY. Arpreféttsd ¥olvent igpeater.
as is conventional in the art for thi s purpose 5 The

pf’Fng{réa ol QiGertth |ﬁcqg?g a‘?'[) I ;@y&%ﬁ Eﬁ% I)R:fol tHbel’yethylene

nventron is oral

FosEa) Bhu e 1e o o500 B é’f"@gz@érﬁ{?ﬂme‘v

doses contai ni ng appropriate quantities of the-active
Fhsiediem ahqut 939@;9%"‘ Qnve ‘gtogeiq ly&iSamount to

achl eve the desired purpose. 10 The quantity of active

i ngr edPegferreddmpbien sygtems cludet achiice bofic, gar paIICaPh@WhO”C

may be varied or adjusted from about 0.01 to about

4sishiopmaldic ahaaab) oltric wostia euizolt, (attico gbieerit, Jlu€diic,

ng, nore preferably, fromabout 0.3 to about 500 ng,

agthdRSAnP pRitEMAPANds BhaTthak eBkiln Joth8siahPahd drfindBium 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 about 5 % of a buffer.

Preferred surfactants include polyoxyethylene sorbitan fatty acid
esters, polyoxyethylene monoalkyl 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
generally contain from about 0 to about 2 % of surfactants.

Preferred preservatives include phenol, alkyl esters of

parahydroxybenzoic acid, o-phenylphenol benzoic acid and salts thereof,
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according to the particular application. A typical
recomended daily dosage 15 reginen for oral

W@dw/053U3 at i on can range from about 0.02 to abPOLNUS2005/041386

10

15

20

2,000 ng/day, in two to four divided doses. For
conveni ence, the total daily dosage nmay be divided
and adm ni stered in portions during the day as

r r A
RO an KA il SARACBERLIACOAILOBRER, Hh RS o,
about 5 tines per day, ,or alternatively, as.a .

c BRbev Bl giRp SRy rorey Bhe U aceldandiate, piromersol,
used as a chronic or acute therapy. The anmount of

afen IgEENeAE e CRIYIPNHGINBEN €0IAHIGee NGMNYIHOMROPH iaatPropy
BenzalkpmigrLaleritle; vetylpyeginisen ebidsidee aihykpaRbepiaestpropy!
materials to produce a single dosage formw Il vary

dppmidim gPanhionlarlyerefesied preatpatiaasl ard tiee paltd othdrmroic acid,
node of admi nistration. A typical preparation wll

it i 3
o e S o e

BB AR HioaEHtp R SRE oPlReiion gERElEMy ol agBREHbout
dai | regimen for oral admnistration is about
S?Q%Efo%%%@g re?’rﬁf"@&V?% n a single dose, or intw to

four di:)vi ded doses. Dos_agles 5 of about 50 to about 75

my/ day "FRI§TEE SwRedeneisriariHea susrRse, BiIGRsCe BRFRNANNy SOrbitol,
accept abl e excipients enployed in conjunction wth

t Manedapauthaspatamee Rartdewartly preferredaweatenersaaresguctose and
concentration sufficient to provide a practical size

t sactdmaige R reratdomusibalconipesitipimonthedntéston yenerally include
accept abl e excipients, in total, may conprise from

afortt atsbut 0 1© AsbREPW of M Rnébtdhéns, Wei ght of the

phar maceuti cal conpositions of the invention,

pref er ﬁm%rrefjr\%ao%‘&? ébeﬁ% iheluﬂg%éthgpﬁe:)(ﬂa@iée‘ggbgﬂah

Upon i nprovene patient s condi
mai nt enance . d of ,a, compound 0 sition or
c %‘@PMPF@W'%@EF% » PGERYP nyt5¥'%E@Wﬁ?st ered, if
necessary. Subsequently, the dosage or frequency of
aAATRXERIPRYIcsuloge, soriit: Hgingis assbeendeeyidere, #cacia, guar
function of the synptons, to a |level at which the
i gwmoyanthaogiing aod tragacanti. nedrticulerly prefersgurpisoosityhagents are
been alleviated to
methylcellulose, carbomer, xanthan gum, guar gum, povidone, sodium
carboxymethylcellulose, and magnesium aluminum silicate. Pharmaceutical
compositions of the invention generally include from about 0 to about 5 % of
viscosity agents.
Preferred fillers include lactose, mannitol, sorbitol, tribasic calcium
phosphate, diabasic calcium phosphate, compressible sugar, starch, calcium
sulfate, dextro and microcrystalline cellulose. Pharmaceutical compositions of

the invention generally contain from about 0 to about 75 % of fillers.
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the desired level, treatnent should cease. Patients
may, however, require intermttent treatnent on a

wo e0vgAHsBrIN basi s upon any recurrence of di seasBCT/US2005/041386
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synptons. 20 Specific dosage and treatnent regi nens

for any particular patient may be varied and wll

depend upon a variety of factors, including the

activi : i3 : ;
Pody vey S o) B RREll i IREHE AR U S1ed Ao Aari acid
t he tient., the Li of admnistration. the r f
o350 B0 i harmelSufiedleonip ity S 3 e Tatich farlsPay Motude from
severit&and course of the synptons being 7f1 WO .
28beu0B 55 BowCT s etesably 3@t a5 Fhel yhfirants/glidants.
di sposition to the condition being treated and the

j udgme Rrefefredhdisintegrantsgnalbgeistarah, s@iuey starcit glyaolate,

t he proper dosage reginmen for a particular situation

| groapblidonelhdsdrobta@helbde sadium ahe naicroonystallide cellulose.
frequency of the adm nistration of conpounds of the: ‘

ingvﬁﬂgéeé‘ut%al EBRIpbsRioRS ¥ TR ﬁ'n%hgéh }gﬁg%ﬁﬁﬁh@?b? r]:@% Bbout 0

regul ated according to t

I GRS Zo bRy SRS R AR 1 Db B, o

hi gher _doses than those recited above be
requi r BEETeRER RiAdersIiacirle 36aCs fragapaaine DUdroxHRtoRy cellulose,
proper dosage |level is based on io0 the vveieagt of the

paragsiatinizey sianch. Aataiin, poyiggae, bydioxypropyéaaltiseabout
0.01 and about 100 ng/ kg of body wei ght per day,
phydrexgbiopyrhethyisetiul@se umethyiceliios a Isoigiar 6lutigh& gsunth as
body wei ght per day, and nore preferably, between

abgstbsd amaicscrbiEsll afd effl/iddiufisdh ordMaMﬁé@UticaEéorﬁpmitiléﬁs of the

the PDE V inhibitor conpounds, conpositions and salts

t #ﬂ%féﬁﬁé? g?ﬁ%ﬁdu?%aﬂ&é Hlofh aBb 6t dk blasmapg H/%: pglét%rléitg% abgut 1 to

use e treat nent a variety o

dj sor S, rticularly, male and femal e sexual

d?é?l&ﬂ@ i/‘bﬂf. &Eg{é(ﬁeen two patients of differing

wei ghts, a higher dosage will be used for the heavier .
pat i enfddiionabegrits KRGS aekiied iepmulator 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.

For preparing pharmaceutical compositions containing the PDE V
inhibitor compounds, inert, pharmaceutically acceptable excipients 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 about 95 weight percent of active
ingredient. Suitable solid excipients are known in the art, for example,

magnesium carbonate, magnesium stearate, talc, sugar and lactose. Tablets,
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The PDE V inhibitor conpounds can exi st in unsol vated
as well as 20 solvated forns, including hydrated

wo eooa®s55r5 general , the solvated forms, with PCT/US2005/041386

pharmaceutical |l y- acceptabl e sol vents, such as water,
et hanol and the like, are equivalent to the
unsol vated fornms for purposes of this invention. The

RE%wdersNBAsHdt8 fandiBRudScaRye LSEdN A8 édlitedesdde®ring suitable
acceptable salts with organic and inorganic acids.

. sUi.tabl ' .
BRSNS bEY e o] B S aliballp R8pIAE Stapiemts
24 Htioa ORRBRI e PR oo BB oy
Ebintehis AamsssynSueatan ol 3 Wedk BRDIanEo Oo. (1990)
salts are prepared by contacting the free base forns
wvhichas sndorpaisted irait®antirebf by hefefertesheeadn.aci d to
produce a salt in a conventional manner. The free base

forme |nee belid @S forecerhodiitait] e PDE Vdhhibitot druy
suitabl e dilute aqueous base solution, such as dilute

?’B@B%S%H%é‘gilrm’ng{ﬁ’ﬁirﬁ%oa%, %@Lég?f@(e@é’é@ fblet, whose core

nmoni a or so I car bonat e. ree base fornms may
di f f.e t hei ' | |
S iEha TR 2 2 BT ot G3RAMS ERITEED st PRoeF,
pol ar sol vents, but thq? ,s?l ts ?re ot herw se equi vfal ent
tgostrImelose SR 78 & FigbieaBt ABFNIAPHPSINR Eg“saéé oS @
the invention. The PDE V inhibitor may be enpl oyed, .
dHbrieardr Tihis sermisrraatesh ugingran aqureEUS BHSRRASIEN Of a film-coating
t herapeutic agents, particularly, prostanoids,

cagaht ¢0pagn® |IrWhdptY6B0- 183 which ds epnyprissgboi [actose

nmel anocortin receptor agonists, 15 endothelin receptor

anbasYUrats Hypebmellose, Bitdniuecaiokioe, amdagacesn.s, _
endot hel i n converting enzyme inhibitors, angiotensin

Ilor eq_qa{,@if foﬂﬁgﬂ@BQbﬁfoﬁs indfigd %Pﬁﬁgrﬁb%gggf@ﬁéibﬁg and emulsions.

enzynme 'nhibitars, neutral netalloen pti dase

Gt i 5h BrémgreRbh It ahaleraid il Sropyiane aiveo
_ki nase i nhi bitors, . pot assi um _hann?l nmodul at ors . and ,go
| $HURNSRE Parenigral |"5f3950fi 8%?%‘5'39'&@ FMREIPHEE and opacifiers for

oral solutions, suspensions and emulsions. Liquid form preparations may
also include solutions for intranasal administration.

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

Also included are solid form preparations 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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Non-limting exanples of specific therapeutic agents
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prostagl andi n E1; a-adrenergic agonists, such as
phent ol am ne nesyl ate; dopam ne receptor agonists,
such as aponor phine; 73 WO 2006/ 055573

PCT/ US20Q5MipS8%ds &Ttﬁgfi foP ma) PP SefiversdGfarftiermally.

bosent an, atrasentan, risentan, darusentan,

> ThEte sl ool e e ekl ShiarPiso bhingSgerosos

bi osynthesis iphibitors such as aspjrin; thronboxane
2 AP AN SInSaNdimay hedpaludgdda @ transslesmh RaiFD Glrmatrix or

ramat roban; adenosi ne di phosphate (ADP) inhibitors

sirgeryeir tdeps ioepraientional indﬁ@ Gelrfas this porseor s such

as aspirin, neloxicam rofecoxib and cel ecoxib;

angi ot dinei prefertehmodetaf eslngihistsxringalheasdmpounds of the invention is
tel msartan, candesartran, irbesartran, |osartan and

eBFd1S PrefdtabfN Y hred rhibc@tisABHephfationus n 8unit dosage form. In
tezosent an; phosphodi esterase i nhibitors such as

L& %@ﬁ&?@%{‘ﬁ?%ﬁ?%' ig‘%ﬂﬁﬁiv?d?sgj i ggﬂgé{kp?%&‘éﬁg@gggﬁe’s

enzyne ors such as cap

enaljprilat, spirapril,..gui ril. perindopril,

- Bfinlsfing Bppeditsif Riantijet b15B astive ROmetiaBisfof example, an
noﬁx‘iaqpril and benazapril; neutral endopeptidase

i RHPEMLRDIONNE TR aEnieva Hiskdesiiad RW@oseadot ri | ;

anti coagul ants such as xinel agatran, fondaparin and
enox apa%erquacm”tityr eft aciivedogtedientdbompotihd hini alenit tose of

hydr ochl or ot hi azi de, ethacrynic acid, furosem de and

aprdparatien nayaielated agagj&gwd foomi ABBRIC.OT fo a6t 900 mg,
abci ximab and eptifibatide; and GP IIb/llla

et i [ i £ \ t
apicigibiy trom eeBhi @.@E‘t@%})’dﬂg 1fbd§) rgwrgl;r ﬁt?c‘ﬁrg pgégﬁrably, from about

antagoni'sts are preferre ase _
e g Tl A RS O Sl 0 Gy R 250 mo
Ceralotorbe Peclar sndicelion: & bRte ey nande gk sosage
these reasons, conbinations with sitaxsentan are
piegireppdar oral administration can range from about 0.02 to about 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 about 5 times per day, or alternatively, as a continuous
infusion. Such administration can be used as a chronic or acute therapy. The
amount of active ingredient that may be combined with excipient materials to

produce a single dosage form will vary depending upon the host treated and

the particular mode of administration. A typical preparation will contain from
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When the invention conprises a conbination of a PDE V
inhibitor and one or nore other therapeutic agents,

WO b@et9&370r nore active conponents 74 WO 2006POBES2085/041386
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PCT/ US2005/ 041386 may be co-adm ni stered

si mul taneously or sequentially, or in a single

phar maceuti cal conposition conprising a PDE V

i ABPY © & abeHHBB Ye ohaetieneompetiad (wiver drefrrablyagaal ( s)

in a pharnmaceutically acceptabl e excipient. The

c prgparationss vill threairointimreioud 20¢amboat 80Witn s bEaeile compound.
individually or together in 5 any conventi onal dosage

form suchredsrré@Bal Bosad@PtRfimeRIBESFal aBiffiRiglration is about 5 to
suspensi on, solution, suppodsitory, nasal spray, etc.

APy by (S DUk TP B Ko BB0AL bosages
G MR N R

di sorders, to synptons and di seases can al so be

t r eat edNBPhecECPRECallyi ageepiable axcipinnis espeyed ipatanjynction
PDE V inhibitors nay be used to treat atherosclerosis,
awith éhe compaaungisofride pressendimieptibnizae usedrdt adcaraaptration
nyocardi al infarction, thronbotic or thronboenbolytic

ssuffisient fo grRARdY aiprattiap BReIb HosugBFERtionship. The
t hr omboenbol i sm a cardi ovascul ar di sease associ at ed

%ﬁ&nﬁ%ﬂﬁﬁllﬁécé%ﬁ?@%%ﬁieﬁ%e [rPiXal mai/f‘c?dﬁgﬁegﬁnog‘l about 0.1

i ntravascul ar” coadul ati on ‘'syndfonme, fen

cer I [ , | i,scherni cerebral

R aRosRe “REG FEhreT e drafdRcellia ks odhe

PDE V.inhibjtof, c ounds can al so be used in

COBRYRR RSRLETRPYH TBIMHaRO A0} kAt Stk weight.

descri bed above to treat these physiol ogical

di sor dépan impravaipertof s paiiantsfcartdition, mveaintenmance dose of a
provide a kit conprising separate containers in a

stargpeundcdageosititre be combirationbgfane imkatioacagy bealdministered,
conpounds, conpositions and/or salts thereof are used

| ifinE6EEYaMAt SUbsebiibntin 1Ré ABSAYE bF AelMieAGF 8PA@RIMstration, or

exci pients to treat disorders, synptons and di seases

VkKth EmaMe Riduckd! BE'UAERSh B #¥%°syinpfonfs, 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, however, require
intermittent treatment on a long-term basis upon any recurrence of disease
symptoms.

Specific dosage and treatment regimens for any particular patient may
be varied and will depend upon a variety of factors, including the activity of the
specific compound employed, the age, body weight, general health status,
sex and diet of the patient, the time of administration, the rate of excretion, the

specific drug combination, the severity and course of the symptoms being
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be appreciated by those skilled in the art that
changes can be made to the enbodi nents descri bed above
W t hout departing fromthe inventive concept. It is

undartdt, 906 patibrr £ABpBsitibAS tHdEohdNER bbby fdatediid the

i
limted to the particular enbodi nents descri bed above,

mqqn?eﬁt'gfqﬂg ?@FPH% ﬁ@?é@@@ﬁé%ﬂd@@éﬁ?ﬁ%%)’r&?gr dosage

n the sp the

def i.ned t he..l gnguage, of, the.fqol | ow ng cl ai - 76 WD
2ersimees8h 3 o fasobETonis shinhia YL SEirs Sea The!arpount and
The use of a PDE V_ inhibitor conpound for the )
pflepdeasy shtheradminiiitationrafrompeunds«fithe fnvestigaritheir

heart failure, wherein said PDE V inhibitor conpound

i pharmacqudicatly atcéjuabid sal{d hay de regalatéd aecording to the
stereoi sonmer, rotonmer, tautomer or a pharmaceutically

afiepietl o tha bittendifgdififciarf) Hadé8dn heHackrs rétilddabd/e3 As a
ON4 N\RA R2 (I) wherein: 10 (a) RL and R2 are,

SRSl P55 R6F o S oL ar N eped above
SHRS! b Hdifirea

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 between abo’ut'0.01
and about 100 rﬁg/kg of body weight per day, preferably, between about 0.5
and about 75 mg/kg of body weight per day, and more prefefably, between
about 1 and about 50 mg/kg of body weight per day, of the PDE V inhibitor
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 PDE V inhibitor compounds can exist in unsolvated as well as
solvated forms, including hydrated forms. In general, the solvated forms, with
pharmaceutically- acceptable solvents, such as water, ethanol and the like,
are equivalent to the unsolvated forms for purposes of this invention.

The PDE V inhibitor compounds may form pharmaceutically acceptable

salts with organic and inorganic acids. Examples of suitable acids for salt
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with one or nore substituents, a C2_15 al kenyl group,
branched or straight chain, unsubstituted or
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al kynyl group, branched or straight chain, 15
unsubstituted or substituted wth one or nore
substituents, or one of RL and R2 is a hydrogen atom

gg&rrﬁafo(rgéF@ngq}esmehc,%qnfu%dBﬁ%’s;srforféeab@ﬁcd dithe,  RhiES

unsubstitute

. W b
- Sateuie bley bl ﬁ%g@ﬁ”‘%&?@%ﬁ%‘&“i%@hﬁpﬁw@w apd other
one or nore substjtuents, or a heterocyclic
2 (BP T EEPcaberis ARty wal spewndpdhpsalileg Iqth%ar; The salts

heteroatons fused to a 5- or 6-menbered aryl ring,
urlse pseparetdyy eontacthyy thedteslbase fororsewith ammufiicient amount of the
substituents, with the proviso that R3 is not an. aryl

gdesped ek prodede atsdlitia pesiivamivhbl eannet.hThe fPéetvade forms
group, where, Y is a, s carbon-carbon single bond,

) N(@Zbe re%enera%&%h’é%he séﬁ Q)tN(anl% ag_% dilute aqueous base

%%Eﬁ%rﬁ%@nute %o%@@n@ﬁégwézm&g&m

P@@w@@,@ﬁ%@camgﬁm\m 008/0 5579%%@@\613/ difigr somewhat

OCOR26 NR27 R280 OR29 | -CH C. | or | )
from their respective salt forms in certain physical properties, such as

solubility in polar solvents, but the salts are otherwise equivalent to their
respective free base forms for purposes of the invention.

The PDE V inhibitor may be employed alone or in combination with
other classes of therapeutic agents, particularly, prostanoids, a-adrenergic
receptor, dopamine receptor agonists, melanocortin receptor agonists,
endothelin receptor antagonists including ETa receptor antagonists,
endothelin converting enzyme inhibitors, angiotensin 1l receptor antagonists,
angiotensin converting enzyme inhibitors, neutral metalloendopeptidase
inhibitors, renin inhibitors, serotonin 5-HTy receptor agonists, nociceptin
receptor agonists, rho kinase inhibitors, potassium channel modulators and
inhibitors of multidrug resistance protein 5.

Non-limiting examples of specific therapeutic agénts that may be used
in combination with compounds of the invention include the following:
prostanoids, such as prostaglandin E4; a-adrenergic agonists, such as

phentolamine mesylate; dopamine receptor agonists, such as apomorphine;
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C where, R21 is a hydrogen atomor a -CQ(Cl.4 al kyl),

Cl-6 alkyl, allyl, C3-6 cycloal kyl, phenyl or benzyl
W@e@a55533 R22 is a hydrogen atom or a Cl-6 al kpeT/gsmp941386

R23 is a hydrogen atomor a Cl1-5 al kyl, aryl or .

-CH2-aryl group; R24 is a hydrogen atomor a Cl.4

al kyI group; R25 is a hydrogen atomor a Cl_8 al kyl,

A F@%ﬁtbl" Qﬁféﬁglﬁé% suchr %B¥§érﬂ§h ké’tkaseﬂ?frp yelreQH%entan

drogen atom o

al ik al k n z ar
Qay%ﬁﬂ%&ftgxﬁéﬁn Xhm%lfm*b%’é@?ﬁﬁ a4, S0 S Se-
i and 79 WD 2006/ 055573
P%ﬁﬁ%‘zc%i%ﬂ@@fsﬁ@ 188 @ndBE /8854 Be thrombepane A& bipsynthesis
one another, each a Cl-4 al kyl group or, taken
t ivdpéitoss suth Iasmpiﬂmﬁhmmbm(ar(ecaﬂﬁazgorgstslmmhvdseseratrodast
2 or 3; and (d) R4 is a C3-15 cycl oal kyl group, :
5 upisotaphideuirnetraphateatst; iddenedine d:Eho@lﬁ't@ NDPWlﬁbltors such as
substituents, or a C3-15 cycl oal kenyl group,

UASH %;kéluéy%l'o Q%é'lﬁhibﬁgrs"!dcﬂ é@&sed? r&@gﬁmcam rofecoxib

substi fuent’s e n, the one or )
an
o B0 SISty S it
c%al an dft%?llégt?%? lo r%r? glﬁé alnkendofhelm antagonists

such as tezosentan; phosphodiesterase inhibitors such as milrinoone and

10 enoximone; angiotensin converting enzyme (ACE) inhibitors such as captopril,
enalapril, enaliprilat, spirapril, quinapril, perindopril, ramipril, fosinopril,
trandolapril, lisinopril, moexipril and benazapril; neutral endopeptidase
inhibitors such as candoxatril and ecadotril; anticoagulants such as
ximelagatran, fondaparin and enoxaparin; diuretics such as chlorothiazide,

15 hydrochlorothiazide, ethacrynic acid, furosemide and amiloride; platelet
aggregation inhibitors such as abciximab and eptifibatide; and GP 11b/llla
antagonists.

Combinations with ETa receptor antagonists are preferred, based on
the dual mechanism of action that would be brought to patients. Among the
20  ETa receptor antagonists, sitaxsentan is particularly selective over ETg, and
demonstrates pharmacokinetics best suited to once a day dosing. For these
reasons, combinations with sitaxsentan are preferred.

When the invention comprises a combination of a PDE V inhibitor and

one or more other therapeutic agents, the two or more active components
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di- and trihaloal kyl, nono-, di- and tri hal oal koxy,
am no, al kyl am no, dial kyl am no, al koxy, hydroxy,
hal o, nitro, oximno, -COOR50, -COR50, -SQ0-2R50,

- SEYNIRECRBUMIiNREZ SR RE0ltareUROMGI§quentialyrsw, in2nsiaple
15 =C(hal 0)2, =S, =0, -CON(R50R51), - OCOR50,

ﬁmﬁ:ﬁﬂ%&b compldihen eeXrigriding a NS R)ikkIBREPcompound and the
- N(R52) CON( R50R51) group, where: R50, R51 and R52 are,

| Sfepeidiantliic Bhe afﬁﬁ’ﬁ%o‘ﬁa. fn c%%éa@a?ﬁéﬁagé%@iﬁém?whe

a branched or s optio substit

ShpRb o Ty o EARtS TR PRN b or
S8 e r%’tﬂo fCakhe G 9P a3 eAPT BB RISHRYICH OB,
anot her, each: 80 WO 2006/ 055573 PCT/ US2005/ 041386
RIGIRIG IR, S0lution4suppaeitornramsakspray, R0 Tireidosage Nf tge other
NN 141 R1 | N R41 N R41
therapeutic active agent(s) can be determined from published material, and
may range from 1 to about 1000 mg per dose. |

In addition to congestive heart failure, other physiplogical disorders,
symptoms and diseases can aiso be treated by CGMP-PDE V inhibition. More
specifically, PDE V inhibitors may be used to treat atherosclerosis, acute
coronary syndrome, arrhythmia, heart disease, myocardial infarction,
thrombotic or thromboembolytic stroke, a deep vein thrombosis, venous
thromboembolism, a cardiovascular disease associated with hormone
replacement therapy, disseminated intravascular coagulation syndrome, renal
ischemia, cerebral stroke, cerebral ischemia, cerebral infarction, migraine, or
renal vascular homeostasis. PDE V inhibitor compounds can also be used in
combinations with other therapeutic agents as described above to treat these
physiological disorders.

Another aspect of this invention is to provide a kit comprising separate
containers in a single package, wherein the subject pharmaceutical
compounds, compositions and/or salts thereof are used in combination with

pharmaceutically acceptable excipients to treat disorders, symptoms and

diseases where cGMP-PDE V inhibition plays a role.
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RAO RAO ~ RA0 R 42 /1-1-NR 41 R41 NN143 S HNN

RAZB N-NHN / \\ N_ NN/ NNRoo 143 R where,
weddcand7RA1 are, independently of one anot her PCERESID0R041386

hydrogen s atom or a branched or strai ght-chain,

optionally substituted, alkyl, cycloalkyl,

heterocycl oal kyl, hal o, aryl, imdazolylalkyl,

i ndol yTéB lajpove @Esmtmls/rMWEed@d:w dstzdasl meddigations and

heteroaryl, arylal kyl, aryl al koxy, heteroaryl al kyl,

hmm:ms)dfahdxm%ntloamlmmlde/éppr’eaiatt@d ky thoseoskiled th the art that
or trihal oal kyl, nono-, - or trihal oal koxy, nitro,

esfddiPBY méﬁédl'botﬁé erﬁ&?«ﬁ%en"t’i‘@ééﬁ“ﬁm abcﬁ)éo\ﬁlﬁﬁéﬁtedepamng

alkylamno di al kyl am no ornyl, alkylth

t'frl’ ﬁll th}éll {ve nﬁ%éw ﬁw UR(E%IJﬁﬁO?m}/&H H{gn’%at the invention is

yI suI al 'k

: i k%}ﬂ n'g\ﬁkaﬁyr{*w'aéw\ﬁp ngAeisiptbRy rbOR: hits intended to

CCERSO - COR50, - SO0 2850,
cover modifications that are within the spirit and scope of the invention, as

defined by the language of the following claims.
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defined the sanme as above; R42 is a hydrogen atomor a
branched or straight-chain, optionally substituted,
al kyl, al kenyl, arylal kyl or acyl group; and R43 is a

hydr og ranched or straight-chain,

optionngh§ gl)airfteﬁ%’ al kyl or aryl group; 15

wher ei t he opt upstituents e defined the

sangl- agh edse %&Eta“ E@O'b‘?orPrBﬁ"éni{%ét‘?tp&%W@“OQ of a

The use according to claim1l, wherein RL is a nethyl

or et hiyledigasognt fonirenting cangestive herst Balerayrwhenein said PDE V
substituents. 20 3. The use according to claim1,

wher ei mhifsitdrsompainalyik,a edrppgbund 8dFbrmyla @), an enantiomer,
hydroxyethyl group, with or wthout the one or nore

substi beeabiSom@?, M@@@P%M@m%ﬁéﬁ?&@&éﬂﬁ%&%@m salt
The use according to cl'aim 1, wherein R3 1s a phen

gr oup, tﬁlgé .or without the one or nore substituents.

5. The' Us& accor di ng to claim4, wherein the phenyl

group for R3is 5 substituted with at |east one

hal ogen atom 6. The use accordln Ba|n11 wherein
R4 is a cycl ohexyl, hydroxycfplo

t et rahydr opyr anyl group;qhﬁt hout the one or
nore substituents. 10 7. FJ ord| to claim1,
wherein said conpound is ect the group
consi sting of those conpo |n\ﬁ§hles | and
I1: TABLE I Conpound No. ture

(|)

wherein:

(a) R'and R? are, independently of one another, each a C1.15 alkyl
group, branched or straight chain, unsubstituted or substituted
with one or more substituents, a C,.15 alkenyl group, branched
or straight chain, unsubstituted or substituted with one or more
substituents, a Cz.15 alkynyl group, branched or straight chain,
unsubstituted or substituted with one or more 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;

(b)  R®is an aryl group, unsubstituted or substituted with one or
more substituents, a heteroaryl group, unsubstituted or

substituted with one or more substituents, or a heterocyclic
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2006/ 055573 PCT/ US2005/ 041386 TABLE 1 Conpound No.
weoosasre / 13 ONC \ / 14 N 15 16 17 pad/NSID05/041386

/ 18 OANN y 19 N\ / /> b

group having 1 to 3 heteroatoms fused tq ab-or 6-membéred

aryl ring, unsubstituted or substituted with 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, Yis a
5 carbon-carbon single bond, -C(O)-, -O-, -S-, ;N(I321)-, -

C(O)N(R?)-, -N(R*)C(0)-, -OCHy-, -CH0-, -SCH;-, -CHzS-, -

N(H)C(R®)(R*)-, -N(R®)S(02)-, -S(O2N(R%)-,

©  -(R®)R¥)N(H)-, -CH=CH-, -CF=CF-, -CH=CF-, -CF=CH-, -

CH2CHa-, —CF.CF»-,
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\ / OR25
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where,

R?! is a hydrogen atom or a -CO(C1.4 alkyl), C1.s alkyl, allyl, Ca.g
cycloalkyl, phenyl or benzyl group;
54 R? is a hydrogen atom or a C.¢ alky! group;
R is a hydrogen atom or a C.5 alkyl, aryl or -CHs-aryl group;
R*is a hydrogen atom or a C4-4 alkyl group;
R®isa Hydrogen atom or a Cq.g alkyl, C4.g perfluoroalkyl,
Cas.s cycloalkyl, phenyl or benzyl group;
10 R is a hydrogen atom or a Cy.¢ alkyl, Ca. cycloalkyl, phenyl or
benzyl group;

R?" is -NR?®R?*, -OR?*, -NHCONH,, -NHCSNHS,
H

I
N—S CH l
(|)| \ / 3 Or N

O=—=un=—=0
=
AN

and
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86 WD 2006/ 055573 PCT/ US2005/ 041386 TABLE | Conpound
wdeooeBsssaxture O\ | 37 NN I}- 38/ 39 o~ yPOI/USDH05/041386

R? and R*® are, independently of one another, each a C1.4 alkyl
group or, taken together with each other, a —(CHy)4 group, where g
is2or3; and
(d) R*isa Ca.s cycloalkyl group, unsubstituted or substituted with
5 one or more substituents, or a Cs.15 cycloalkenyl group,
unsubstituted or substituted with one or more substituents;
wherein, the one or more substituents for all the groups are chemically-
compatible and are, independently of one another, each an: alkyl, cycloalkyl,
alkenyl, cycloalkenyl, alkynyl, arylalkyl, alkylaryl, aryl, heteroaryl,

10 heterocycloalkyl, hydroxyalkyl, arylalkyl, aminoalkyl, haloalkyl, thioalkyl,
alkylthioalkyl, carboxyalkyl, imidazolylalkyl, indolylalkyl, mono-, di- and
trihaloalkyl, mono-, di- and trihaloalkoxy, amino, alkylamino, dialkylamino,
alkoxy, hydroxy, halo, nitro, oximino, -COOR®°,

-COR, -8002R%, -SONR*R®!, NR®S0,R*, =C(R*R®"), =N-OR®’, =N-CN,

15 =C(halo),, =S, =0, -CON(R*R""), -OCOR®, -OCON(R*’R®"), -N(R*®CO(R®"),
-N(R*®)COOR®™ or -N(R%3)CON(R®*R®") group, where:

R, R*" and R® are, independently of one another, each a
hydrogen atom or a branched or straight-chain, optionally substituted,
C1.s alkyl, Ca cycloalkyl, C4.6 heterocycloalkyl, heteroaryl or aryl group,

20 or R and R®' are joined together to form a carbocyclic or heterocyclic

ring system, or R®, R®" and R™ are, independentiy of one another,

each:
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where,

nd No. Structure 47
I N O fPCT/BE82005/041386

S
N
N—N

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, indolylalkyl,
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I Conmpound No. Structure 54l1i 0r-O 55 QO yiNO\ ,
woekl0ss5573 57 | /~- 0 ONO\N , 58 NI >1 O rPQ/NSZ008041386

59 0 L~ \/\ 60 o 89

heteroaryl, arylalkyl, arylalkoxy, heteroarylalkyl, heteroarylalkoxy,
aminoalkyi, haloalkyl, mono-, di- or trihaloalkyl, mono-, di- or
trinaloalkoxy, nitro, cyano, alkoxy, hydroxy, amino, phosphino,
phosphate, alkylamino, dialkylamino, formyl, alkylthio, trialkylsilyl,

5 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®°
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 use according to claim 1, wherein R' is a methyl or ethyl group,
with or without the one or more substituents.

20
3. The use according to claim 1, wherein R? is a methyl, ethyl, iso-butyl or

hydroxyethyl group, with or without the one or more substituents.
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Structure 69 r-0-0-1 70 |

4. The use according to claim 1, wherein R%is a phenyl group, with or

without the one or more substituents.

5. The use according to claim 4, wherein the phenyl group for R® is
5 substituted with at least one halogen atom.
6. The use according to claim 1, wherein R* is a cyclohexyl,

hydroxycyclopentyl or tetrahydropyranyl group, with or without the one
or more substituents.

10

7. The use according to claim 1, wherein said compound is selected from

the group consisting of those compounds listed in Tables | and Ii:

TABLE |

Compound No. Structure
10 ~ §
o

11 Y
‘J\r %%O
O
12 °
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The use according to claim 1, wherein said compound is:
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e N H
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OH

The use according to claim 9 further comprising the use of at least one

- additional therapeutic agent in the preparation of the medicament,

wherein said therapeutic agent is selected from the group consisting of
prostanoids, c-adrenergic receptor, dopamine receptor agonists,
melanocortin recepfor agonists, endothelin receptor antagonists,
endothelin converting enzyme inhibitors, angiotensin I receptor
antagonists, angiotensin converting enzyme inhibitors, neutral
metalloendopeptidase inhibitors, renin inhibitors, serotonin 5-HT 2
receptbr agonists, nociceptin receptor agonists, rho kinase inhibitors,
potassium channel modulators and inhibitors of multidrug resistance -
protein 5. |

The use according to claim 9 further comprising the use of at least one
ETa receptor antagonist in the preparation of the medicament, wherein
said ETa receptor antagonisf is selected from the group consisting of

bosentan, atrasentan, ambrisentan, darusentan, sitaxsentan, ABT-’627,
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The use according to claim 11, wherein said ETa receptor antagonist is

sitaxsentan.
A pharmaceutical composition comprising an effective amountofa -
PDE V inhibitor compound, an effective amount of an ETa receptor

antagonist, and a pharmaceutically acceptable excipient.

The pharmaceutical composition éccording to claim 13, wherein said .
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