WO 01/ 87038 PCT/ US01/ 14357 P- CARBOLI NE DERI VATI VES USEFUL AS | NHI Bl TORS OF
PHOSPHODI ESTERASE CROSS REFERENCE TO RELATED APPLI CATION 5 This application
cl ai ms pwooi/gmw3g rom United States provisional applicati oncBeszi4357No0.

60/ 204,667 filed May 17, 2000, the contents of which are hereby
incorporated by reference. 10 FIELD OF THE I NVENTI ON The present invention
relates to novel f3-carboline derivatives, useful as phosphodi esterase
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derivatives and intermedi ates used in their preparation. The present
invention additionally relates to use of the described derivatives for the
treatnent of diseases and 15 conditions related to PDE, for exanple nale
erectile dysfunction. BACKGROUND OF THE | NVENTI ON Erectil e dysfunction
(ED) is defined asCROSS REFHRENCET @HELOVEEDAPRIIGAGIONAN 20 erection
sufficiently rigid for satisfactory sexual i1ntercourse. Currently it is
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proj ectfeterideat the incidence of this condition will rise in the future as
the average age of the population increases. 25 Male erectile dysfunction
may be the consequence of psychogenic and/or organic factors. Al though ED
is nulti-factorial, certain sub-groups within the male popul ation are nore
likely to present with the synptons of the disorder. In particular,

pafi ents with diabetes, hypeflEeDsOBMHESEVENTIONISe, and nul tiple sclerosis
have a 30 particular|ly high preval ence of ED. In addition, patients who
take cert ai il'a/giesensirysptigergleissip 1oyslB—carheling defivaiivegsusefohaas ant i
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agents, papaverine, phentolam ne, and alprostadil are currently used in
pr act iaggitionady selatpsiosusg ef tbaidescribed derivatives for the treatment of diseases and

15  conditions related to PDE, for example male erectile dysfunction.

BACKGROUND OF THE INVENTION

Erectile dysfunction (ED) is defined as the inability to achieve or maintain an

20  erection sufficiently rigid for satisfactory sexual intercourse. Currently it is estimated that
approximately 7-8% of the male population suffers from some degree of ED, the
equivalent of at least 20 million men in the United States alone. Since the likelihood of
ED increases with age, it is projected that the incidence of this condition will rise in the
future as the average age of the population increases.

25

Male erectile dysfunction may be the consequence of psychogenic and/or
organic factors. Although ED is muiti-factorial, certain sub-groups within the male
population are more likely to present with the symptoms of the disorder. In particular,
patients with diabetes, hypertension, heart disease, and multiple sclerosis have a

30 particularly high prevaience of ED. In addition, patients who take certain



effective after direct intracavernosal or intraurethral injection, and are
associated wth side effects such as priapism fibrosis, penile pain and
henmat one Va® 01/838 | nj ection site. Vacuum devi ces are a nonPOBESWIE4357
alternative treatnment for ED. These 10 devi ces produce an erection by
creating a negative pressure around the shaft of the penis resulting in an
I ncreased blood flowinto the corpus cavernosumvia passive arterial
dilation. Although this formof therapy is frequently successful in ED of
organic origin, conplaints include the |lack of spontaneity and the tine
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ej acul atton. A var -rigl I at a € peni |l e’ prostheses
have beeanmﬂmbsvmrehnscmprcmectoemferfrpm EDcul arly in diabetic nmen. These
devices are generally considered when other treatnent options have failed,
and are associated wth an increased risk of infection and ischema. 20
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was approved by the FDA as an oral effective rre I cation for
t r eanermevidesEBnd p@n||lae)ﬁa$the$e$3 {l\mwlgﬁbgwrarm:)’enjuyhgents papaverine,

| perazi n- 1-yl sul - 3-N- 7-di hydro-1

IF—)I-Byraz r}}ﬂnﬁ& % %%F‘?‘Fﬁ?&%@ rg ﬁ%ﬁ ?Qgse Qﬁ NSFACOW t hei r
use as aéﬁécﬁOQ'aﬂéP dﬁta@nhﬁaaé@erﬁewdrméauretﬂ#aﬁn &%ﬁnénal%fe aésodated?: 534
and 5, 346, 901. The use of sildenafil and related analogs Tor treating male
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result fromnon-selective effects on a variety of tissues. In spite of

these sHéiREamMegRANieHleyiary and diffiewdaang dﬁ&pntfﬁftswlﬁse@pera@pab|Aevaroet¢t her
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penis via an e erna VIC
pr ocedur;mrtlcularly in diabetic men. These devices are generally con3|dered when other

treatment options have failed, and are associated with an increased risk of infection

and ischemia.

20 Recently, the phosphodiesterase V (PDEV) inhibitor, sildenafil (Viagra®) was
approved by the FDA as an orally effective medication for the treatment of ED.
Sildenafil, 5-[2-ethoxy-5-(4-methylpiperazin-1-ylsulphonyl)phenyl]-1-methyl-3-n-
propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-7-one and a number of related
analogs and their use as antianginal agents are described in U.S. Patent Nos.

25 5,250,534 and 5,346,901. The use of sildenafil and related analogs for treating male
erectile dysfunction is described in PCT [nternational Application Publication No. WO
94/28902, published December 22, 1994. In clinical studies, the drug improved
sexual function in about 70% of the men who suffer from ED of psychogenic or
organic etiology. However, the drug showed less dramatic efficacy in patients who

30 had undergone a radical prostatectomy, with improved erections in 43% of patients
who took sildenafil versus 15% on placebo. In addition, the use of sildenafil is
associated with several undesirable side effects including headache, flushing and
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5 Daugan et.al, in US Patent No. 5,859,009 (EP 0740668 Bl and W9519978)
descri be the synthesis of tetracyclic derivatives as inhibitors of cyclic
guanosi navo 81/8M38 nonophosphat e specifically phosphodi est ep@p®s01aKas7t hei r

use in treating cardiovascul ar disorders. Daugan et.al., in W97/ 03675
teach the use of tetracyclic 10 derivatives for the treatnent of
i npot ence. Bonbrun et al., in WO 97/43287 describe a series of carboline

derivatives, nore specifically 2-(substituted al kyl carbonyl) substituted
carboline derivatives and their use in treating cardi ovascul ar di sorders
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(pyr aZO'nﬁi@MﬁM“tFlQ@%%)of a%itsrr%l@agﬁbloreé stt?rlblca'l oc\é@u?é/ 16644 teach the use

of selective cGW PDE inhibitors for the eat nt 0 erectile
dysf@nction. Chashi et al., in W9745427 discl ose tetracycl [ c
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descri b&' Syrmaniopsoaplate, @G@MGQY) Phéspmqtdﬁepayae dnddhdieLisedn ltr‘eahngsef uI as
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het epoargdrivativsd for the tréatmést sfampditendd. car bol i ne derivatives having | ong
lasting anal gesic properties. Sexually stimulated penile erection results

froma conplex interplay of 5 physiological processes involvi ng the central

nervous syst e I st e and.th noot h nmuscl e
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their use in treating cardiovascular disorders as inhibitors of cyclic guanosine 3,5-

15 monophosphate, specifically phosphodiesterase.

Ellis et. al., in WO 94/28902 and EP0702555 B1 describes a series of
pyrazolpyrimidinone derivatives and their use in treating erectile dysfunction.
Campbell, S. F. in WO96/16657 teaches the use of bicyclic heterocyclic compounds

20 for the treatment of impotence (pyrazolopyrimidones); while Campbell et al, in
WO,96/16644 teach the use of selective cGMP PDE inhibitors for the treatment of
erectile dysfunction.

Ohashi et al., in W0O9745427 disclose tetracyclic pyridocarbazole derivatives
25 having cGMP PDE inhibitory effects.

Fourtillan et. al., in WO 96/08490 A1 describe a series of carboline derivatives
and their use in the treatment of diseases associated with melatonin activity
disorders. Ueki et. al., in US Patent No 5,126,448 describe pyridine and 1,2,3,4-

30 tetrahydropyridine derivatives useful as psychotropic drugs having antianxiety
effects. Atkinson et. al., in US Patent No. 3,328,412 describe 1-aryl- and 1-



increases intracellular cGW | evels within the corpus cavernosum The
increase in intracellular cGVW reduces intracellular calciumlevels,

resul ti ngvonr/gmadvecul ar 10 snoot h nuscl e rel axati on, whi chCT/UR0114837,
results in corporal volume expansion and conpression of the sub-tunical
venules | eading to penile erection. PDEV has been found in human pl atelets
and vascul ar snooth nuscle, suggesting a role for this enzyne in the
regul ation of intracellular concentrations of 15 cGW in cardi ovascul ar
tissue. In fact, inhibitors of PDEV have been shown to produce
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sel ect i vehglgesowwoperespul nonary arterial pressure in animal nodels of
congestive heart failure and pul nonary hypertension. Hence in addition to
their utility in ED, PDEV inhibitors 20 would likely be of therapeutic
benefit in cogdikiihPpstihikedatile Erictibheesity ﬂﬁ@r'ﬂaé &G\/Ebé%%feﬁ"ﬁ%y%f’ and
angi na. Agents that” increase the concentration of I n pehi tissue,
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concentration of 4 WD 01/87038 PCT/ US01/ 14357 CGVP in the cor pus

caver nosERMRFRSSIhahEE uiciuginalveBwleaieadingdadrble ereqlieni | e erecti on.
Additionally, selective PDE inhibitors are known to be useful in the
treatment 5 of various disorders and conditions including nale erectile

dysfunction ( BDEV hesdeen feexdial hamangatetbts bndcidseniar Ea1oaitie nasols|
dysfunction rel ated to bl opod flow and nitric oxide production in 't he
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produce endothelial-dependent vasorelaxation by potentiating the increases in

intracellular cGMP induced by nitric oxide. Moreover, PDEV inhibitors selectively
lower the pulmonary arterial pressure in animal models of congestive heart failure
and pulmonary hypertension. Hence in addition to their utility in ED, PDEV inhibitors

20  would likely be of therapeutic benefit in conditions like heart failure, pulmonary
hypertension, and angina.

Agents that increase the concentration of cGMP in penile tissue, either
through enhanced release or reduced breakdown of cGMP, are expected to be
25 effective treatments for ED. The intracellular levels of cGMP are regulated by the
~enzymes involved in its formation and degradation, namely the guanylate cyclases
and the cyclic nucleotide phosphodiesterases (PDEs). To date, at least nine families
of mammalian PDEs have been described, five of which are capable of hydrolyzing
the active, cGMP, to the inactive, GMP, under physiological conditions (PDEs I, 11, V,
30 VI, and IX). PDE V is the predominant isoform in human corpus cavernosum.

Inhibitors of PDEV, therefore, would be expected to increase the concentration of



di sorders, thronbosis, coronary rest stenosis, angina pectoris, myocardi al
10 infarction, heart failure, ischem c heart disorders, hypertension,

pul nonar WO hygmsg ensi on, asthnma, intermttent cl audicati oRCEUM0IdI434Tet | C
conplications. Accordingly, it is an object of the invention to identify
conpounds whi ch increase the concentration of cGW in penile tissue
through the inhibition of 15 phosphodi esterases, specifically PDEV. It is
anot her object of the invention to identify conpounds which are useful for
t he treatnent of sexual dysfunction, particularly erectile dysfunction
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Still anot e obj ect the invention is to identify net I ng
sexual dgmfctionti on, especially erectile dysfunction, using the conpounds of
the present 20 invention. It is another obj ect of the invention to

I dentify conpounds which are useful for the treatnment of conditions of
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sexual dysfunction, cardiovascul ar disorders, at heroscf’erom s, arteri al
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Accordingly, it is an object of the invention to identify compounds which increase
the concentration of cGMP in penile tissue through the inhibition of
15  phosphodiesterases, specifically PDEV. It is another object of the invention to identify
compounds which are useful for the treatment of sexual dysfunction, particularly
erectile dysfunction and/or impotence in male animals and sexual dysfunction in
female animals. Still another object of the invention is to identify methods for treating
sexual dysfunction, especially erectile dysfunction, using the compounds of the present
20 invention.

It is another object of the invention to identify compounds which are useful
for the treatment of conditions of disorders mediated by PDEV, such as male
erectile dysfunction, female sexual dysfunction, cardiovascular disorders,

25  atherosclerosis, arterial occlusive disorders, thrombosis, coronary rest stenosis,
angina pectoris, myocardial infarction, heart failure, ischemic heart disorders,
hypertension, pulmenary hypertension, asthma, intermittent claudication or

diabetic complications.

30 We now describe a series of B-carboline derivatives with the ability to inhibit
phosphodiesterase type V in enzyme assays and increase the concentration of

c¢GMP in cavernosal tissue in vitro.



(I~ (RB)m wherein R is independently selected fromthe group consisting
of halogen, nitro, 10 hydroxy, Cl-Csal kyl, G -Csal koxy, -NH2, -NHRA,
-N(RA) 2, woR#7038 C(O) NH2, -C(O NHRA, -C(O N(RA) 2, -NC(O PEAUS1BE@ZNHRA,
-S2N(RA) 2, phenyl (optionally substituted with 1 to 3 RB) and heteroaryl
(optionally substituted with 1 to 3 RB); where each RA is independently is
i ndependently selected fromthe group consisting of G -Csal kyl, aryl
(optionally substituted with 1 to 3 RB), Cl-C8aral kyl 15 (optionally
substituted with 1 to 3 RB) and heteroaryl (optionally substituted with 1
to 3 RB); where each RB is independently selected fromthe group

consi sting of halogen, hydroxy, nitro, cyano, C -Csal kyl, Cl-Csal koxy,

G - CB8al koxycar bonyl, carboxyCl-Csal kyl, Cl- Csal kyI sul fonyl
trifluoronethyl, trlfluoro Rt
di (Cl1-Csal kyl ) am no, di (Cl-€8 di (Cl-

Csal kyl )am n ,)b%qt boxyCG -
Csal kyl car boﬁf/qﬁgwé%-t%?ﬂgéb g{é{g% 1%6/:? r# E&%ﬁ:ﬁ%ﬁ%§§b Hﬁ)guﬁﬁ&

het erocyadefal s hlyd)s;ﬁhodleﬁeedsleanmbltnrs sMare pattieglarlyf thepfeseat thveaborKid s
selected fr co |st| 0, S and NRD, 6 WO 01/87038

PCT/ US0 19 iqég‘ﬁ‘)ﬁﬂ gu%@sog @%Q%Q%é‘ggofrw}ﬁ t'Ke group consisting of hydr ogen,
hydroxy, -ORA, Cl-GCsal kyl (wherein the E{lgkyl is optionally substituted with
one to three substituent i ndependezz el ected from hal ogen, carboxy,

am no, Cl-Csal kyl am no, yk) am no, Cl-Csal koxycar bonyl ,

het eroaryl or heterocycl¢ ryI and 5 heteroarylcarbonyl
(wherein the heteroaryl Ty (¥hbst i tut ed with phenyl or
substituted phenyl, wher F{ ubsti tyen re one to three RB); R2
is selected fromthe gf{Rup consi'sti ngmaf Cb5- o Ik\ | (optionally
substituted with 1 to 3 Rc), aryl (optionall) substituted with 1 to 3 RB),
het eroaryl (optionally substituted with 1 to and het erocycl oal kyl
(optionally substituted with 1t(5)3 10 RB);

wherein
R' is independently selected from the group consisting of halogen, nitro,
10 hydroxy, C4-Csalkyl, C1-Cgalkoxy, -NHz, -NHRA, -N(R*),, -O-R*, -C(O)NH.,
-C(O)NHR?, -C(O)N(R"), -NC(0)-R", -SO.NHR", -SO:N(R™)2, phenyl (optionally
substituted with 1 to 3 RB) and heteroaryl (optionally substituted with 1 to 3 RB);
where each R is independently is independently selected from the group
consisting of C+-Cgalkyl, aryl (optionally substituted with 1 to 3 R®), C;-Cgaralkyl
15  (optionally substituted with 1 to 3 RB) and heteroaryl (optionally substituted with 1 to
3R,
where each R® is independently selected from the group consisting of
halogen, hydroxy, nitro, cyano, C4-Csalkyl, C4-Cgalkoxy, C4-Cgalkoxycarbonyi,
carboxyC+-Csalkyl, C1-Cgalkylsulfonyl, trifluoromethyl, trifluoromethoxy, amino,
20" acetylamino, di(C4-Csalkyl)amino, di(C4-Cgalkyl)aminoC4-Cgalkoxy, di(C- .
Csalkyl)aminoacetylC4-Cgalkyl, di(C4-Csalkyl)aminoacetylamino, carboxyCs-
Csalkylcarbonylamino, hydroxyCi-Cgalkylamino, NHR* N(R*), and
heterocycloalkylC4-Cgalkoxy;
n is an integer from 0 to 4;

25 X'is selected from the group consisting of O, S and NRP:



where each Rc is independently selected fromthe group consisting of

hal ogen, hydroxy, nitro, NH2, NHRA and N(RA)2; Z is selected fromthe group
consi sti mpoof/8@BR, CHOH and C(O; provided that when Z i BCOHSM/W@B57C( O),
then X is NH, 15 R4 is selected fromthe group consisting of hydrogen,

hydr oxy, carboxy, Cl- C6al kyl carbonyl, C.-C6al koxyl carbonyl,

di (Cl- C8al kyl ) am noal koxycar bonyl , di (C1-

C8al kyl ) am noCi - C3al kyl am nocar bonyl, and - CORE; vvhere RF is selected from

t he group consisting of Cl-Csal kyl, NH2 NHRA, -G - Csal kyI NH2,
-0 - Csal ky! - Nifipfur F@’rs%?éd‘téhfm@ upbrfs tfﬁéaé Ngf%% pRAaN
I nt eger fromOtoe; Is selected f omthe glgsro f r?glég?n o? C(O,

(00 C(Q))-Ckaﬂr(Whem thecalkyl iscomionedy substittitee! vgrtbopeaonmaa sutgstiadent

ht hyl t 5 het | kyl : t f 0 to 2;
R 1's | iRy sefftted Bant RaROBRLCBa, 2rbG: S ot e it r o,
G - GCsal kydalkyBhniing @P@alkbk*}cfdrld@ﬁ;ﬂ MREleYbaryl b Iﬂ+t§%f%%"l%ﬁy he@é\%ﬁﬂl and

(optional 'y substituted RB), phenyl sul fony napht h
G - C3ar alhqteroansé@@boayly(wvr(ecﬂpmtbﬁé:ielt@roawlmmsbe optiodaliy smbgtntmtedamRBp)hemquz

NHRA d N(RA 703 [ U 57 C wh
> gl o <Dosutss pRoylanPRR Bepnany sgasttisds, oot o thipg R8), "N 1
phar ”ace”“Ca'Fk*/lsWé@brbmﬁ@@uﬁown%i%fnng%f'dsw&br@! (OfftioRally REbLAURAL | on

I s a pharnaceutic nposi tion conpri sing ar ITHCEU'[ | cal accepta

carrier amth atg 3% aeﬂ é@mtﬁmﬂwubé f@tedawdhaiwo@R Ametemamt(oatuomuyof the
comauna APPSO EREP RGP Lt 1
10 R")
where each R® is independently selected from the group consisting of
halogen, hydroxy, nitro, NHz, NHR? and N(R%),;
Z is selected from the group consisting of CHz, CHOH and C(O); provided
that when Z is CHOH or C(O), then X is NH;

15 R* is selected from the group consisting of hydrogen, hydroxy, carboxy, C+-
Cealkylcarbonyi, C4-Csalkoxylcarbonyi, di(C4-Cgalkyl)aminoalkoxycarbonyl, di(C-
Csalkyl)aminoC4-Cgalkylaminocarbonyl, and -CORF;

where RF is selected from the group consisting of C4-Cgalkyl, NH,, NHRA,
NR",, -C+-Cgalkyl-NH, -C4-Cgalkyl-NHR?, -C4-Cgalkyl-NR*; and -NH-C;-Cgalkyl-
20 NR%; '
a is an integer from 0 fo 1;
Y is selected from the group consisting of CH,, C(O), C(O)O, C(O)-NH and
SOy;

is selected from the group consisting of naphthyl, heteroaryl and
25 heterocycloalkyl;

m is an integer from 0O to 2;
R3is independently selected from the group consisting of halogen, nitro, C+-
Csalkyl, C1-Cgalkoxy, trifluoromethyl, trifluoromethoxy, phenyl (optionally substituted
with 1 to 3 R®), phenylsulfonyl, naphthyl, C4-Csaralkyl, heteroaryl (optionally
30 substituted with 1 to 3 R®), NH,, NHR and N(RM;
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[I'lustrating the invention is a process for maki ng a pharnmaceuti cal
conposition 10 conprising m xing any of the conpounds descri bed above and a
phar macew® oudioys acceptabl e carrier. Exenplifying the i np€eMisar4aize

met hods of treating sexual dysfunction, for exanple, nmale erectile
dysfunction, inpotence, femal e sexual dysfunction, for 15 exanple fenale
sexual arousal dysfunction, fermal e sexual dysfunction related to blood flow
and nitric oxide production in the tissues of the vagina and clitoris,
premature | abor and / or dysnenorrhea in a subject in need thereof
conprising admnistering to tfge._subject a therapeutically effective anmount
of any of the conpounds or ceutical conpositions described above. 20
An exanple of the invention {s a method for increasing the concentration of

cGW in penile tiss hr.ough’ i nhi bition, of. osphodi.est er ases,
specifically pm&ﬁ}?tté("WI e subj e@?i-?q{yt] re%l'%?'ﬁg}r’]le NJBrp ANdpigger from

adm ni st erhpg to the subject an effective amount of any of the conpounds
or pharmaceutical conpositions 25 described above. Further exenplifying the
i nvention is angwhasmaseutinady eraptebirisltreineseof. dependent vasorel axati on by
potentiating the increases in intracellular cGW induced by nitric oxide
in a subject in need thereof conprising admnistering to the 8 WD 01/87038
PCT/ 4501/ 1435Hlusrabiy@of trRNineéhirsH isvephamiade RicaPeompbsitibe ceRTpPRIHYIs OF
pharmaceutical conpositions described above. Further illustrating the

i nvent i opharNacerticady aseentpbligtGaigenardAaY of die sempetads deséribsd abeveyr Aop

nie ' - . . " |
dyst unct MER=ydR e BTEhNS R ot el SombBRERE Riste O BBy T o
rel ated the bbrapdufidodeseriben diidve and deharneddetiicallyidecepribld saties, of the

vagina and clitoris, premature |abor, dysnenorrhea, cardiovascular
di sor der Blustiatiag g inveptier is a precassder jngsR phagnaeputisat COMPESItiedsi s,

Fai 1 0 e, P EEHERbORRTLS e PELRRIERS Qoo PR G Al a DA on

ast hma, bhoteptablet@ntiec! audi cati on and di abetic

Exemplifying the invention are methods of treating sexual dysfunction, for
example, male erectile dysfunction, impotence, female sexual dysfunction, for
15 example female sexual arousal dysfunction, female sexual dysfunction related to
blood flow and nitric oxide production in the tissues of the vagina and clitoris,
premature labor and / or dysmenorrhea in a subject in need thereof comprising
administering to the subject a therapeutically effective amount of any of the
compounds or pharmaceutical compositions described above.
20
An example of the invention is a method for increasing the concentration of
c¢GMP in penile tissue through the inhibition of phosphodiesterases, specifically
PDEV, in a male subject in need thereof comprising administering to the subject an
effective amount of any of the compounds or pharmaceutical compositions
25 described above.

Further exemplifying the invention is a method of producing endothelial-
dependent vasorelaxation by potentiating the increases in intracellular cGMP

induced by nitric oxide in a subject in need thereof comprising administering to the



conplications in a subject in need thereof conprising admnistering to the
subject a therapeutically effective anount of any of the conpounds or
phar macew® oag703x onposi ti ons descri bed above. 15 An exanpPer/mlot/3as7

i nvention is the use of any of the conpounds described above in the
preparation of a nedicanent for: (a) treating sexual dysfunction,
especially male erectile dysfunction, (b) treating inpotence, (c)

i ncreasing the concentration of cGW in penile tissue through inhibition
of phosphodi est erase, 20 especially PDEV and/or (d) treating a condition

sel ect ed sfbft BARIBCAD 2B 5F BAYoPfhe CBAPBLMNISOF F}H@ﬁmaé@(ﬁiﬁﬁﬂor rhea,
cardi ovascul ar di sorders, atherosclerosis, arteria occl usi ve di sorders,

t hr ombosicompesitipngrdescebed aberesi s, angi na pectoris, nyocardi al
infarction, heart failure, ischem c heart disorders, hypertension,
pul mronary hypertension, asthma, intermttent claudication and diabetic

conpl i cati ons Fptther Aistrakihg eie inventedid & diethbd o?ﬁsétihgla FddieNedr THE
I -car

| NVENTI ON The present invention provides novel ol ine derivatives

usef ud f &ion Hee gy eangistingt of gnalesraelile dysfunstien kD) parnatendeafematml e

erectile lon. (E d f.th sent jnvention
oo user SPXgr MR Rfohs Broale S Bt PRI T Sl Miehonta

erecti | e relpsdatechlood flohand nityc ekide preductiintin tAe \(IB9s0d¢ 87 had/dyfirl4 HR@l/ 14357
for the treatnment of femal e sexual dysfunction, for exanple fenmal e sexual

arousal CHpSiSuREAMBMIre jahas) yssesnmnes sprtievasyididisewiers aibeiosalerosa and
R L e g e e e B L
t he pOesemodandiehinfanctian chedrt fiiard, dsomendic hel)t dif¥rdels, (WyparteRAsiBn,
pulmonary hypertension, asthma, intermittent claudication and diabetic
complications in a subject in need thereof comprising administering to the subject a
therapeutically effective amount of any of the compounds or pharmaceutical
compositions described above.

An example of the invention is the use of any of the compounds described
above in the preparation of a medicament for: (a) treating sexual dysfunction,
especially male erectile dysfunction, (b) treating impotence, (c) increasing the
concentration of cGMP in penile tissue through inhibition of phosphodiesterase,

20  especially PDEV and/or (d) treating a condition selected from the group consisting of
premature labor, dysmenorrhea, cardiovascular disorders, atherosclerosis, arterial
occlusive disorders, thrombosis, coronary rest stenosis, angina pectoris, myocardial
infarction, heart failure, ischemic heart disorders, hypertension, pulmonary
hypertension, asthma, intermittent claudication and diabetic complications in a

25 subject in need thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel B-carboline derivatives useful for the

30 treatment of sexual dysfunction, particularly male erectile dysfunction (ED).
Although the compounds of the present invention are useful primarily for the
treatment of male sexual dysfunction or erectile dysfunction, they may also be useful
9



~~\Dd (R3)m wherein all variables are as defined above. 10 Preferably, n
is 0. Preferably, mis an integer fromO to 1. In an enbodi nent of the
present iw@ensgioa X is selected fromS or NRD, wherein RECT@SEGl48%t ed from
the group consisting of hydrogen, hal oCl-C6al kyl, di (G- 15

C4al kyl )am noCi - Céal kyl , heteroaryl, heteroaryl Cl- G4al kyl

het er ocycl oal kyCl- C4al kyl , carboxyCl- C4al kyl, Cl-C4al koxycar bonyl C1- C4al kyl
and heteroaryl carbonyl; wherein the heteroaryl is further optionally
substituted with phenyl or substituted phenyl, wherein the substituents on

t he phen | sel ’ erein each
RE 15 | gt GeafiohCof RAGEERTDERIINCIBR, BT SRS Rom e o3 Htiisel,

ni Ei r o,d_ (ngﬁaczttft%(d,ifeﬁa}&é@td?ﬂ]ysfmglﬁbm u?(atmﬂb_ Ftlybod EISW][ ém)hgﬁ@bhiﬁlﬁf)’ \%ﬁ no .
an i - amnj. no. era : .S selecte romsS or ) ere

is sel ecPQf’UOﬁ?B?’/ﬁ %n?et'wtgﬁr@i%ﬁy%@d 8*"%?@%@59"%%‘%@ lRhoy @fdnoet hyl |

di (et hyly ﬁ%ﬁ@r‘r é?_propyl , di (ethyl)am noethyl, di(ethyl)am no-n-butyl,

N- pyrrol i di nyl et N norphol i nyl ethyl, 2-pyridylmethyl, 4-pyridyl methyl,
5- (4-%et hyl phenyl)-2-pyrimdinyl, 25 carboxynmethyl, carboxyethyl,

4-chloro-n-butyl, 2-(5-(3- trifluoronethyl phenyl)furyl)carbonyl,

(B (3ot t r oMk pRT iy, <ap SOMPADLNTS 6! s BiEsTb U ot os of ebfommula
nethoxycp:bonylnethyl, met hoxycar bonyl et hyl and 2-benzoxazol yl. More
preferab 3, X is NRD, where RD is selected fromthe group consisting of
hydrogen, di (methyl)am noethyl, 4-pyridylgéthyl, 2-pyridyl nethyl,

N- nor phol i nyl et hyl, carboxye |, cap met hyl , di (et hyl)am noet hyl,
N-pyrrolidinylethyl and 5- (45 nethyYphehyl)-2-pyrimdinyl. Mst
preferably, X is NRD, where RD V se ecteN\Lrggl t he group consi sting of
hydr ogen, di (nethyl)am noet byl inyK hyl car boxynet hyl and

N-pyrrolidinylethyl; Pr eféifibl Y, s se|ected }(r;om\t\ e group consisting of
CH2 and C(O); provided 10°that when Z iR*C(O), t’he]n, is NH Preferably, Y
a CH2

is selected fromthe group consisting of C(O),

0 R
wherein all variables are as defined above.
10

Preferably, n is 0. Preferably, m is an integer from O to 1.

In an embodiment of the present invention X is selected from S or NRP,

wherein RP is selected from the group consisting of hydrogen, haloC+-Cgalkyl, di(C4-

15 Caalkyl)aminoC+-Cealkyl, heteroaryl, heteroarylC+-Cqalkyl, heterocycloalkyC4-Csalkyl,
carboxyC+-Cqalkyl, C1-CyalkoxycarbonylC4-Caalkyl and heteroarylcarbonyl; wherein
the heteroaryl is further optionally substituted with phenyl or substituted phenyl,
wherein the substituents on the phenyl are one to two independently selected from
R®; and wherein each R® is independently selected from the group consisting of

20" halogen, nitro, C4-Caalkyl, C41-Cyalkoxy, trifluoromethyl, trifluoromethoxy, amino and
di(C4-Csalkyl)amino. Preferably, X is selected from S or NRP, where RP is selected
from the group consisting of hydrogen, di(methyl)aminoethyl, di(methyl)amino-n-
propyl, di(ethyl)aminoethyl, di(ethyl)amino-n-butyl, N-pyrrolidinylethyl, N-
morpholinylethyl, 2-pyridylmethyl, 4-pyridylmethyl, 5-(4-methylphenyl)-2-pyrimidinyl,

25  carboxymethyl, carboxyethyl, 4-chloro-n-butyl, 2-(5-(3-
trifluoromethylphenyl)furyl)carbonyl, 2-(5-(3-nitrophenyl)furyl)carbonyi,

10



More preferably, Y is selected fromthe group consisting of C(O and CH2.
Most preferably, Yis C(O. 15 C In an enbodi nent of the present

i nventi owosrgmwBected fromthe C group consisting of naph€ChyKo1zres7
heteroaryl. Preferably, is selected from the group consisting of naphthyl,
2-pyrimdinyl, 2-furyl, 3-furyl, 2-benzofuryl, 2- theinyl, 2-benzothienyl,
2- benzot hi azol yl, 2-benzoxazolyl, 2-benzim dazolyl, 4 20 thiazolyl,
2-thiazolyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, 3-(1,2,5-triazolyl), 4-
C isoxazolyl, 2-pyridyl and 3-pyridyl. Mre preferably, is selected from

t he ro St - i dj - = henzof uryl,
2 hi any| e BSREETRmEIn R ARD S cafoRYIcith Y efizoliiy, M E 1 2ot 1
4- t hi azopydfersttly, ¢ ByNRBywheds RIM® §21e8TaBBoMERS roilp £4R&iEting oMasdrogen,
preferably, is selected fromthe r?u consi sting of 2-pyrimdinyl, 2-
furyl, zdﬁmwm'npetiwb&ew meaw, PyHWmetyyl, Nrmomilinyiefhyl, 1 n an

enbodi ne i I i - §: I 5

consi st | B R e e Y N e alTina St AR el Bl find 528

ene_dij@ry mm;]hyipFerIEQ—nyEMdMDelgmt pr@fécab:kyv,w:;x i MRB,r\ﬁbenaﬁR-D [isisélbgﬁﬂo?ﬁtd;m— 6-yl,
ri : en and, subst.itute eny| ; erein the phenyl substituents

Y& e 11 TIPSO O SR SRR BRI SN B R EY BYSh

Cl- C4al k i _diFroki t hyl , , nitro, Cl-

Caal Koy SN - i {1 Caml Kyl § am noCL- Gtal koxy. 10

Preferably, R2 is selected fromthe group consisting of phenyl, 3, 4-

net hyl enedi oxyphenyl,, 4- (difluoro t hyl enendi ox |, )

7! i hyar obelIBRIRYY, Z 1558 Ettert i DR S8R CaT O 7hd GGy praded

3- py1a dyEhat%ﬁéfﬁzwb?@?f,ltheﬁwistmﬂphenyI ,  4-nitrophenyl,
4-trifluoromet hyl phenyl, 4-nmethoxyphenyl, 3, 4-dinethyl phenyl, 3, 5-

di net hyl phenyl , 3, 4-di net hoxyphenyl, 3-trifluoronethyl-4-chl orophenyl, 3,4
15 di chl h - chl. h - et h b I |, .3, 4-
i met Lgxygagﬁyﬁﬂggﬂatﬁy,cp |sogé)|8c:{ee%yfjr0mﬂih%rogﬁ( Xgr?srlstlonng}l of 8?8}/ S0, and %Hz.

More preferably, Y is selected from the group consisting of C(Q) and CH,. Most

preferably, Y is C(O).

15
C_
7/ ’ \\
\ /
in an embodiment of the present invention - is selected from the
C_
/ - \\
\ !
group consisting of naphthyl and heteroaryl. Preferably, = is selected from

the group consisting of naphthyl, 2-pyrimidinyl, 2-furyl, 3~furyl, 2-benzofuryl, 2-

theinyl, 2-benzothienyl, 2-benzothiazolyl, 2-benzoxazolyl, 2-benzimidazolyl, 4-

20  thiazolyl, 2-thiazolyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, 3-(1,2,5-triazolyl), 4-
C

< TN

/ \

/
~ -

isoxazolyl, 2-pyridyl and 3-pyridyl. More preferably, is selected from the
group consisting of naphthyl, 2-pyrimidinyl, 2-furyl, 2-benzofuryl, 2-thienyl, 2-
benzothienyl, 2-benzothiazolyl, 2-benzoxazolyl, 2-thiazolyl, 4-thiazolyl and 2-pyridyl.

11



(di met hyl am no) phenyl and 4-(N-(3-dinmet hyl am no) - n- pr opoxy) phenyl . Mre
preferably, R2 is selected fromthe group consisting of

3, 4- met hwenesglioexyphenyl , 2, 3-d i hydrobenzofuryl and PCT/US01/14357

2, 3-di hydrobenzo-[1, 4] -di oxin-6-yl. Mst preferably, R2 is selected from
the group consisting of 3,4-nethyl enedi oxyphenyl and 2,3 20

di hydrobenzofuryl. Preferably, R4 is selected fromthe group consisting of
hydr ogen, carboxy, C - C4al koxycarbonyl,

di (G - CG4al kyl ) am noCl1- C4al koxycar bonyl and di (Cl-

C4al kyl ) am noCl- C4al kyl @na nocarbonyl. Mre preferably, R4 is selected from
the 25 group consi sti of\hydr ogen, carboxy, dinethylam noethoxycarbonyl,
di met hyl ami noet hyl ani ppcarbonyl and net hoxycar bonyl . Mbst preferably, R4 is
hydrogen,,.In a odi t/of the sent, i nvention, IS i ndependent |y
sel ect edMaHRre nf§ﬁ5‘rv?q}"ve group '@cﬁ%‘?@ggﬁr *h%grob@eqpns,lﬁtmgcpf Zepyresniclinyy 2-

Cl- C4al k L / US01/ 14357 Char al kyl ,
pyrazinyl, lb&rllﬁﬂﬁd*%r%ggﬁiosx&%t J %%Eh\é%%reﬁ]ﬁ%yﬁ%t hyl substituted

i m dazol yI phenyl , phenyl sul fonyl and substituted phenyl; wherein the

SUbst 1 Luent @I BN oFlS Sse Rl Wb AR oSG Y
triflaor @Bﬁélhﬁﬁfd of B'&ﬁ%thﬁ@héﬁ?@xﬁl"%% B Aﬁ-’(@lﬂgoro(ﬂn'e@f’ﬂéﬂfé’dléWJW 2,3-

car boxyCi - C4al Kyl car bonyl'am no, | arfi no,

E1-
di (C1- mélhyﬁrquﬁml @%dmmbw(odﬂ é@omm@ Mhpubéxdepberayham substituted

h | kyl C P d | d f
the " or oaBeBUnBRETe R dRe PREN LSRR e B IT b SRS e SRg e hoxy.
trifluorgaricked fromhalbgen p@ﬁGXéIleb@?@Jalkd&lyeﬂmh%%ﬁl@mﬂ 1cyén8)’ﬁl'h@)xmhe“y|

4- chl orophenyl, 4 10 neth .Cﬁalkyr 3, 4-di net hox

3-trif | ubnatkexygarpramy di(Cq: Jagymet ﬁg&CpﬁeaquBarrqu1 -Cralsexyret hyl phenyl ,

3 am Rophirgraoty, &5 1% SeIRBREIer 1 Dl R g iV P o1 4.

met hyl phwh%leaedlob(yphéﬁm hy(bifmbf@)méth?@whdloﬁymw | 281} B¥hzoffiryl

acetyl am nop enyl (3 car boxy- n- anr bonyl am nophen 2-chl oro 5 15

trifluoré rdiydppRanao-114] (h@HS)tﬁ'ﬂxﬁ} FW“E‘M yrpwid cﬂpﬁé@mph@yl ‘3-nitrophenyl,
(di et hyl 2l BEhERAt XA SIORREIWbnery 2 b B o G HRE k.

4-[2-(4-
dimethylphenyl, 3,4-dimethoxyphenyl, 3-trifluoromethyl-4-chlorophenyl, 3,4-

15 dichlorophenyl, 4-chlorophenyl, 4-methoxycarbonyiphenyl, 3,4-dimethoxyphenyl, 4-
(dimethylamino)phenyi and 4-(N-(3-dimethylamino)-n-propoxy)phenyl. More
preferably, R? is selected from the group consisting of 3,4-methylenedioxyphenyl,
2,3-dihydrobenzofuryl and 2,3-dihydrobenzo-[1,4]-dioxin-6-yl. Most preferably, R? is
selected from the group consisting of 3,4-methylenedioxyphenyl and 2,3-

20 dihydrobenzofuryl.

Preferably, R* is selected from the group consisting of hydrogen, carboxy, Ci-
Calkoxycarbonyl, di(C4-Casalkyl)aminoC-Csalkoxycarbonyl and di(C+-
Caalkyl)aminoC4-Cqalkylaminocarbonyl. More preferably, R* is selected from the

25  group consisting of hydrogen, carboxy, dimethylaminoethoxycarbonyl,
dimethylaminoethylaminocarbonyl and methoxycarbonyl. Most preferably, R* is
hydrogen.

In an embodiment of the present invention, R® is independently selected from
30 the group consisting of halogen, nitro, C4-Cyalkyl, C4-Csalkoxy, trifluoromethyl, C;-
12



nmor phol i nyl ) et hoxy] phenyl, 4-(2-(di net hyl am no) et hoxy) phenyl, 4-pyrazinyl,
2,3- dinethyl-3Himdazolyl, 2-pyridyl and 3-pyridyl. Moire preferably, R3
i s sel ectvedof/sa8 the group consisting of brono, t-butyl, PapUROXM3S7
trifluoromethyl, nitro, phenyl, 4 20 chl orophenyl, 3, 4-di nethoxyphenyl,
3-trifluoronethyl phenyl, 4-nethyl phenyl, 4- nmethoxyphenyl, 2-nitrophenyl,
3-nitrophenyl, 4-nitrophenyl, 3-am nophenyl, 2-nitro-4- chlorophenyl,

2-ni tro-4-nethyl phenyl, 2-nitro-4-nethylsul fonyl phenyl, 4-(3-carboxy-n-
propyl ) car bonyl am nophenyl, 2-chloro-5-trifluoronethyl phenyl,

4- (4- hydC@arankyl myratmamplyadylehalbgeﬁsﬂbé’alulmi bytidyt) mﬁ)@tﬁﬂtsdb@mwfédmenyl

3r2¥éféhnrw¥»d :@W h%ﬁvb@%@a%‘ﬁmﬁﬁ@dgw%aﬁtut%’qﬁ“a's%ﬂ?ﬁ&'emtythggﬁﬁéﬁmmshoxy,
B o roofi e phéndEreIdH Giifiore uSEHAN P e SERRYP GV halogen,
gl t E opng:\%drpxgr,ln Gg:)—;(}ftbdyér%aklﬁékcﬁémnnﬁhimy\bthﬂ, tnﬂthﬁek%WﬁMémM phenyl ,
2, 3- géne?ﬁ%tv%éwpnﬁar%‘@%t{}‘(ﬁﬁw §éfb@5v0m§a%/‘q?éﬁwlﬁ@mq tydeanyCs- of t he
corrpound@4é1t<y|tamlﬁo | YNt any p%%@ H R0y OCS-C RARTERARGE (A Ablino,or

accept abl e sal her sa be use
01/ 87038h%T¢¢J@dnalK)4®5ﬁ4aﬂ¢oe<yarR.teiemabI¢f R& mnpdepeledent@owleagdtfmm lthe

I nvention or of t rmaceut i cal acc i m salt Sui t abl e
phar mac e8Pt ?;p P Eﬁrf’g '819 Eﬁiﬁ' 3 G’ébét‘éf&'qoﬁlﬁﬂhk"i on
sal ts whigh, Esﬁényrf génzwaﬁpé@ylsmmfypmnwbrax %éﬂy“%-%h%?%;?’ﬁérgfc‘ ppf the

compound with a solution of a phafmaceutically accept id such as 5
hydr'tﬁ;hl oetlylplemyl, 3drdimdtaoxyphenyl aftaﬂu@roamtuylpmwi é-tatiuaronsathylphenyiaci d,

t d
L e
fhchude Sf"fgf’.@h)r'r"ef’?mﬂ’awt"?”y'phaémggﬁé'?’ﬁranbﬁ?”@p’é‘f Rt e

earth nefm@thyaheryl, %—r@]tro 4ﬂﬁ&y?ﬁﬁlf©ﬂylﬁﬁgﬁ}élsBtﬁﬁeiﬂammwjera{hdl salts formed

e e T

acettg e, trmaozcﬂﬁewrfmm el-(drydrory-a-btyhamiipteyl, [Bi-sul fate, bitartrate,

borate, brom de, calcium edet ate, cansylate, car bonat e, chloride,

cl avul angqn@ethylammo)acetylamlnophenyl 4-[2-(N- pyrrol|d|nyl)ethoxy]phenyl 4-[2- (4-
morpholinyl)ethoxy]phenyl, 4-(2-(dimethylamino)ethoxy)phenyl, 4-pyrazinyl, 2,3-
dimethyl-3H-imidazolyl, 2-pyridyl and 3-pyridyl. More preferably, R® is selected from
the group consisting of bromo, t-butyl, methoxy, trifluoromethyl, nitro, phenyl, 4-

20  chlorophenyl, 3,4-dimethoxyphenyl, 3-trifluoromethyiphenyl, 4-methylphenyl, 4-
methoxyphenyl, 2-nitrophenyl, 3-nitrophenyl, 4-nitrophenyl, 3-aminophenyl, 2-nitro-4-
chlorophenyl, 2-nitro-4-methylphenyl, 2-nitro-4-methylsulfonylphenyl, 4-(3-carboxy-n-
propyl)carbonylaminophenyl, 2-chloro-5-trifluoromethyiphenyl, 4-(4-hydroxy-n-
butyl)aminophenyl, 2-2-(dimethylamino)acetylaminophenyl, 4-pyrazinyl 2-pyridyl

25  and 2,3-dimethyl-3H-imidazol-4-yl. Most preferably, R® is selected from the group

- consisting of t-butyl, methoxy, nitro, phenyl, 4-chlorophenyl, 4-methylphenyl, 4-
methoxyphenyl, 3,4-dimethoxyphenyl, 3-trifluoromethylphenyl, 2-nitrophenyl, 3-
nitrophenyl, 4-nitrophenyl, 3-aminophenyl, 2-nitro-4-methylsulfonylphenyl, 2-
(dimethylamino)acetylaminophenyi, 2-pyridyl and 2,3-dimethyl-3H-imidazol-4-yl.

30

For use in medicine, the salts of the compounds of this invention refer to non-
toxic “pharmaceutically acceptable salts.” Other salts may, however, be useful in the

13



citrate, dihydrochloride, edetate, edisylate, estolate, esylate, funarate,
gl uceptate, 15 gluconate, glutamate, glycollylarsanilate,

hexyl resov@onsmoag hydr abam ne, hydrobrom de, hydrochl ori dBCT/US01/14357

hydr oxynapht hoat e, iodide, isothionate, |actate, |actobionate, |aurate,
mal at e, nal eate, mandel ate, nesylate, nethyl brom de, nethylnitrate,

nmet hyl sul fate, nucate, napsylate, nitrate, N nethylglucam ne ammonium
salt, oleate, panpate (enbonate), palmtate, pantothenate, 20
phosphat e/ di phosphat e, pol ygal acturonate, salicylate, stearate, sulfate,

subacet atgrepastiioficidiotapduritizadctording té &€ invieRBieh dirof théif phatrBacdut EFLIPW odi de
and val erate. The present invention includes within its scope progr gs of

the conpdfisgptakie sakis.SSyitakiePharmaceitigaly paceptsbiehsalisoefrttg sonipdunis
functi i_vat i f i ch di |y tible i
vive. i o aneiHEaERE ad@fofl saltdith BRTER Wamle Yo MrindeBY Mg emeivten of ne

present ithgeotippundtigh esolticrdol apabenacwiticaabbcetabRBES SukbhGst I eat ment
of the vg.lri ous disorders described with the conpound specifically

di scl 8sedW§FoGHIPNc acide HbURaGH; Bimars acidt mpleic gl sHeainiojacid satasiseatid, but
whi ch co t he. | e [ | r.admpnistration to

t he 30 pzriBt/él?{aZhF é%%’ngg”rﬁg?&(;ﬁh{ar%?lgcegd%éggqﬂéélaﬁﬁe&s@{%%ﬁ%gag preparation
of sui t alffurthgrmote ugherr theatdmpsuratseofdhs dmidption da\r;g axagiiemdidty. fmgbtn of
Prodrugs", ed. H . Efund aar%éj El Fevi er, 1985. 14 01/ 87038 PCT/ USO1/ 14357
Wher e t hPNESMgEEHIRR R ERtatle salts Herephvayindude alkalianeta sakts,ane.. chi r al
center, t FELQ G . B 'Qé]%r . r 0 unds
possess s{b\%udg‘r&‘ re éﬁh%lﬂéégﬁ?g’?%,@é?ﬁ@&%y ad%i'q?/\gﬁlgﬁr@lagﬁasqﬂ% ¢im

di astlor exaitssand saits farmdsbwith suitdblesirganictigahds) é.gs ugiatérsaneamnadilum Xt ur es

h f d wi t.hi h f th )
Fur ¢ her motals: SOe: TP ERENEIYS PRRITARS HSH 2perotahls Sabpsumadnaaglianing: as
pol ymor phs an%c@'ﬁat@?ﬁ@n%&é%}ﬁﬁﬁ@eﬁ%%, b@‘ém&%‘i?] &sﬁl@&mﬂ@&?ﬁ%

invention. In addition, some o e conpounds nmay form solvates W’'th water
(i.e., hydrateedyoroides oatoirmadgdatec cambylate, €artzorhte uctioddé vabasanste, al so

ner oi n. s VAT ST stgtnte: rdsdglaoskiia cuate.dHarF e glucspistone.

fl uongne ghigbrizee!] ditamate, glycollylarsanilate, hexylresorcinate, hydrabamine,
hydrobromide, hydrochloride, hydroxynaphthoate, iodide, isothionate, lactate,
lactobionate, laurate, malate, maleate, mandelate, mesylate, methylbromide,
methylinitrate, methylsulfate, mucate, napsylate, nitrate, N-methylglucamine
ammonium salt, oleate, pamoate (embonate), palmitate, pantothenate,

20 phosphate/diphosphate, polygalacturonate, salicylate, stearate, sulfate, subacetate,

succinate, tannate, tartrate, teoclate, tosylate, triethiodide and valerate.

The present invention includes within its scope prodrugs of the compounds of

this invention. In general, such prodrugs will be functional derivatives of the

25 compounds which are readily convertible in vivo into the required compound. Thus,
in the methods of treatment of the present invention, the term “administering” shall
encompass the treatment of the various disorders described with the compound
specifically disclosed or with a compound which may not be specifically disclosed,
but which converts to the specified compound in vivo after administration to the

30 patient. Conventional procedures for the selection and preparation of suitable
prodrug derivatives are described, for example, in “Design of Prodrugs”, ed. H.
Bundgaard, Elsevier, 1985.
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15 The term "al kyl ", whether used alone or as part of a substituent group,
shal | nean straight or branched chain al kanes of one to ten carbon atons,
or any ™mobes7méthin this range. For exanple, alkyl radieai/@semabirde,

met hyl, ethyl, n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl,
n-pentyl, 3-(2-methyl)butyl, 2-pentyl, 2-nethylbutyl, neopentyl, n-hexyl
and 2-net hyl pentyl. 20 The term "al koxy" shall denote an oxygen et her

radi cal of the above described straight or branched chain al kyl group. For
exanpl e, al koxy radicals include nethoxy, ethoxy, n- pr opoxy, n- but oxy,
sec-butoxy, tert-butoxy, and the I|ike. 25 The term"aryl" indicates an
aromati c groups such as phenyl, naphthyl, and the like. The term "aral kyl"
denot es an al Khege prccmm@lﬂndma@@rdjrmﬂ%thlsanwntgmmye &oleasBonexhingl e,

benz I i ke, 15 WD..01/870 PCT{ USQ1/ 14357 The term
het or oargiidt, Sl nay RFetdifolk skt anan ettt o Whers e ST

monocycl itwoasafBkd hifdl @@n@é@ttﬁ@gﬂ?ﬁ@;ﬁ auaﬂnagawﬁ@x.&paé Bra%?erashfé’rgaitq

i ndependently selected fromN S, any nine or ten nenbere

bi cychi c ungessteeddhal aibsucghsls@meé@ﬁndmvwe@mfenf atcoscamplasses withindhe

may e artaeRel T BreveohBhy EhFRering otk 8 arinEnBE BES oy e

creation Gﬁm@o@i@hey%&@ﬂ@étﬁcﬂymo@m%cﬁés gfichateinbariddd ﬂf@é‘ﬂﬁ:!u&%"d ﬁr‘lCtﬁe but
are not limted to pyridy pyrimdin thienyl, furyl, imdaz

i soxazol yAr eS@&th?'}ilon ﬂjﬁraéiddﬂqn Sﬁm%ﬂyﬂ‘f@l COWUQﬂsymaYtﬂhﬁraﬁolv,ales W|th water

t hi adi az I y f benz ien
bensi soxayar W eFABERe omBRRBaAR IR Y R SiVerpe g e ciniigee to
benzdOhi asb ancdmbasiwwmhmltae@babe of this lim)elnIﬁMh or isoquinoli nyl

Particularly preferred heteroaryl groups include pyridyl, pyrazolyl,
furyl, thiazolyl, thienyl, imdazolyl, isoxazolyl, pyrazinyl, pyrimdinyl,

triazolyl, b g} |yl and
2ol DAEBAE Mo PERRRL e R R Mo REIFOIARSLY, 209

t hr ee t o rbgtite, fluorine and xodlne

15 The term “alkyl”, whether used alone or as part of a substituent group,
shall mean straight or branched chain alkanes of one to ten carbon atoms, or any
number within this range. For example, alkyl radicals include, methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, 3-(2-methyl)butyl,
2-pentyl, 2-methylbutyl, neopentyl, n-hexyl and 2-methylpentyl.

20
The term “alkoxy” shall denote an oxygen ether radical of the above
described straight or branched chain alkyl group. For example, alkoxy radicals
include methoxy, ethoxy, n-propoxy, n-butoxy, sec-butoxy, tert-butoxy, and the
like.

25
' The term “aryl” indicates an aromatic groups such as phenyl, naphthyl, and
the like.

The term “aralkyl” denotes an alkyl group substituted with an aryl group. For
30 example, benzyl, phenylethyl, and the like.
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menber ed nonocyclic ring structure consisting of saturated carbon atons.
Sui t abl e exanpl es i nclude cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,
cycl oheptwo oasm3gycl ooctyl. 20 The term "het erocycl oal kyl PCT/®@R01e83Tt S a
stable saturated or partially wunsaturated, three to ei ght nenbered
monocyclic ring structure containing carbon atons and one to four,
preferably one to two, heteroatons independently selected fromN, 0 or S
and any stable saturated, partially unsaturated or partially aromatic,

nine to ten nenbered bicyclic ring system containing carbon atons and one

to four 25 hetrWéOcéFrﬁWﬁetéﬂ@@r@?%%@éd’hér%‘n??é;ﬁ@séﬁt@@ Habfé Rle of sit"e

het erocycl oal kyl may be attached at any carbon atom or fﬁ{g}teroatom whi ch
results memh@re@rr@anooych@faramaﬁc albgesy§termcsputaemnsmrteauoltbrmla@uermwfs

h | K I dj di nyl,
ot per 221 e RSP SRS o HT G i BunpeliRE RorRhgied bfﬁixﬁa‘%rahyl "
t hi Mﬂi’ne lﬂt}?éi
di hydr LEE‘S@%‘Q‘E“%”Zi e buen oy @Z’h‘ﬁog?ﬁﬁ’ﬁégdg‘? RS, 5.

e

(et W91 elEtEPsRYED .»fs@iﬁa@mféomdﬁ&me% | i helt%rpand greup mayrtm aﬁa«md at

B;f' ?gf’%lﬁh?ﬁ\lel%g%%ﬁ |OI¥\§ %@&%ﬁﬁgﬁ@:{ régﬁgé 6&%’&3 ion g??, s&act?l g’t“&%ﬁz of uryl

and 2, 3- Exbmbi@ab@ﬂﬁ@teidarﬂgr@upéllm‘cl@dév"but%emﬁnhéﬂ% na%epﬁ%ﬁi

i/
shal | denote the presence of a stereogenic 5 center. Under standa d
nomenc! athigeyluB&Y, imideagiib isoxerpy, m@@plymyéaquw@w@zmwnayrrowbrthnaamybf t he

d (f dj.
Funct ongliea opy A 2obaRla Ay, betionidt Mo Mgl aitsEm,

" phety| czbeﬁﬁoﬁatowtkmuammpwdmnué@otm@ablwIbemhﬁédnbz@lw beAZSH@zby,2 group
of the formul a H It is intended

that the qHE\Q"HV'tCPrdﬁOW'”QI?‘/{W’ sEQEtth{QEQ/rﬂrefﬁ”’ekﬂﬁ?qtamaéy|ﬁ ogpspaciudePysdyl ocat i on
in a ml goulenpeuhidaBeBYE Mied, ihlidafH1 BbkAN, &rﬁ?ﬂ@l%ﬁ%f&ﬁﬁﬁ |a.r7_TqI gcule.

benzofuryl, benzothienyl, benzimidazolyl, benzothiazolyl and benzoxazolyl.

15 The term “cycloalkyl” as used herein represents a stable three to eight
membered monocyclic ring structure consisting of saturated carbon atoms.
Suitable examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and cyclooctyl.

20 The term “heterocycloalkyl” represents a stable saturated or partially
unsaturated, three to eight membered monocyclic ring structure containing carbon
atoms and one to four, preferably one to two, heteroatoms independently selected
from N, O or §; and any stable saturated, partially unsaturated or partially aromatic,
nine to ten membered bicyclic ring system containing carbon atoms and one to four

25 heteroatoms independently selected from N, O or S. The heterocycloalkyl may be

~ attached at any carbon atom or heteroatom which resuits in the creation of a
stable structure. Suitable examples of heterocycloalkyl groups include pyrrolidinyl,
pyrazolidinyl, piperidinyl, piperazinyl, morpholinyl, dithianyl, trithianyl, dioxolanyl,
dioxanyl, thiomorpholinyl, 3,4-methylenedioxyphenyl, 2,3-dihydrobenzofuryl, 2,3-

30 dihydrobenzo-{1,4]-dioxin-6-yl, 2,3-dihydro-furo[2,3-b]pyridyl, 1,2-

(methylenedioxy)cyclohexane, and the like. Particularly preferred heterocycloalkyl
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15 It is understood that substituents and substitution patterns on the
conpounds of this invention can be selected by one of ordinary skill in
the art tvopr/gmsgle conpounds that are chemcally stabl e paUUSHIA43T7an be
readily synthesized by techniques knowmn in the art as well as those

met hods set forth herein. It is further intended that when n or mis >1,
the corresponding RL or R3 substituents may be the sane or different. 20
The term "sexual dysfunction” as used herein, includes male sexual
dysfunction, nmale erectile dysfunction, inpotence, femal e sexual

dysf unct gsups ihaIBL ‘E)%/ﬁ’éﬂdiﬁifl, ﬁfo@ﬁrﬁﬂihy|d$§4£mﬂwl@r{bcﬁ<§;§p§r%§g|{hé gexual

dysfunction related fo blood flow and nitri’c ox ction.in the

ti ssues dihydrabenagfurg ant2 Stdibysirpenzeg 1 «lioxdnit-ylsubj ect " as used herein,
refers to an aninmal, preferably a mammal, nost preferably a human, who has
been the object of treatnment, observation or experinent. 17 WD 01/87038

PCT/ US01/ 1435As U@l fhé&rem, the bamieHtF CeHdINdeHote the Pﬁe@ﬁ&'éfﬂf"a %Lé*a%@%ii\@er ein,

means_t hat anmount of active conmpound or pharnaceutical agent t Icits
the bPol 6§M€&l or medicinal response in a tissue system animal or human
that is being sought by a researcher, veterinarian, nedical doctor or

ot her clinician, which includes alleviation of the 5 synptons of the

di sease or di shwieestdpeiarynbmentiatlre ASedSrdubiRs&ithis disdod B8 MhedemAS] tion”
is intended to enconpass a product  conprising the specified ingredients in

t he specPpition aiior ﬁ?§19n§?dv£¢¢ chain ingessribad dirst, fatipwrdrhystheedjacgnt ect 1y or

i ndi rect : ' i eghfiegd i ients in 10
speci fi ekc gﬁéﬁn[{g?&%’gﬁg%ipg | 8ﬁéﬁ%és]§ndé@hqft Y& fsz’ﬁggghepgéttq & ?%'QPC?QM arly
t he Reactlkyizniaodarbonyi®i-Esalkylt subsstitdentirefers tanstotip of @aamakiga | D Nunber
DCC = 1, 3-Di cycl ohexyl carbodiimde DCM = Dichl oronet hane DDQ =

Di chl or odi cyanoqui none O

C4-Cg alky
—;—01-06 alky/U\H/

It is intended that the definition of any substituent or variable at a particular
location in a molecule be independent of its definitions elsewhere in that molecule.
15 Itis understood that substituents and substitution patterns on the compounds of this
invention can be selected by one of ordinary skill in the art to provide compounds
that are chemically stable and that can be readily synthesized by techniques known
in the art as well as those methods set forth herein. It is further intended that when

nor mis >1, the corresponding R or R® substituents may be the same or different.

20
The term “sexual dysfunction” as used herein, includes male sexual
dysfunction, male erectile dysfunction, impotence, female sexual dysfunction,
female sexual arousal dysfunction and female sexual dysfunction related to blood
flow and nitric oxide production.in the tissues of the vagina and clitoris.
25

The term “subject” as used herein, refers to an animal, preferably a mammal,
most preferably a human, who has been the object of treatment, observation or
experiment. '
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Di i sopropyl carbodiimde DI PEA = Diisopropylethylamne DW =

DVBO = Di net hyl sul f oxi de dppp =

1, 3- Bi s( &v@hesnBphosphi no) propane EDTA = Ethyl enedi nit rPCDUSMVESt I ¢ aci d
Fnoc = 9- Fl uor enyl net hoxycar bonyl Fnoc-NCS = 9-fl uor enyl net hoxycar bonyl

| sot hi ocyanate HEPES = 2-[4-(2-Hydroxyethyl)-pi perazinyl]- ethanesul fonic
acid LAH = Lithium Al um num Hydri de PDE = Phosphodi esterase 18 WD

01/ 87038 PCT/ US01/ 14357 Pd2dba3 = Tris(di benzylidene acetone) dipalladium
(0) Pd(QAc)2 = Palladium (I1) Acetate Pd(PPh3)4 Palladium

t et raki s(tri pReyémplthepipentdallyRffeetifthampunPMsFusedhsrel, AsdianBassthbamy!
fluoride _PPh3 Triphenyl phosphine PyBop = (1 -Hydroxy-1

H benzot Pf aﬁtwpaaomngttr\qy ar phasnecevtichl agentdhakelieds sis bpﬁmﬁ oz medicinal

o o " edRba {1 SBule BUROSRSh NS o UFap RRLLMBALLAGHN 1S lRelheE o,

Tosi ¢ Acweéterinarian, medical doctor or other clinician, which includes alleviation of the

D C =
N, N- Di net hyl f or mram de

5 symptoms of the disease or disorder being treated.

As used herein, the term “composition” is intended to encompass a product
comprising the specified ingredients in the specified amounts, as well as any product
which results, directly or indirectly, from combinations of the specified ingredients in the

10  specified amounts.

Abbreviations used in the specification, particularly the Reactions and

Examples, are as follows:

Cmpd # = Compound 1D Number

DCC = 1,3-Dicyclohexylcarbodiimide

DCM = Dichloromethane

DDQ = Dichlorodicyanoquinone

DIC = Diisopropylcarbodiimide

DIPEA = Diisopropylethylamine

DMF = N,N-Dimethylformamide

DMSO = Dimethylsulfoxide

dppp = 1,3-Bis(diphenylphosphino) propane

EDTA = Ethylenedinitrilotetracetic acid

Fmoc = 9-Fluorenylmethoxycarbonyl

Fmoc-NCS = 9-fluorenylmethoxycarbonyl
isothiocyanate

HEPES = 2-[4-(2-Hydroxyethyl)-piperazinyl]-
ethanesulfonic acid

LAH = Lithium Aluminum Hydride

PDE = Phosphodiesterase

18



Compounds of fornula (1) may be prepared according to the processes
outlined in nore detail below 5 Conpounds of fornmula (1) wherein (Y)a is
C(O may weopsmpar ed according to a process as outlined pPor/Bstenss7l. R4 R4
NH2 + RRCHO\ NH (R1)n X (Rn X R2 (Il) (II1) (I'V) 19 WD 01/87038

PCT/ US01/ 14357 R4 A(IOC(R3 m/ NO --</ (v) (RI XC 2RI, (la) (R3m
SCHEME 1 More particularly, a conmpound of formula (I11), wherein Xis 0, S
or NHL a 5 known compound or conpound produced by known nethods, is
reacted with a suitably substituted al dehyde of forrmula (111), in an
organi c sol vent siebdisess DCM= THFrig(dibeengidenachddiend) ke, in the presence
of an acid catalyst such as TFA, tosjc acid, and the like, to produce the
corresponding tricyclic conmpound Spaiaflipm @)(IV). The conpound of fornula
(I'V) is reacted w uitably it ut npound of formula (V),
wherein A is hal \ggtgﬁbgﬁcﬁz the pr ei%l%?g'% (gyﬁé(gtg?és)uch as triethylam ne
(TEA), diisopropyPe(PPham ne (D FEfadiwndewakis@igiuiai e and the like, in an
organi ¢ sol vent such as dichl oronet hane (DCM, N, N -di nethyl formam de

phosphine)
Ph = Phenyl
PMSF = Phenylmethane sulfonyl fluoride
PPh; Triphenyl phosphine
PyBop = (1-Hydroxy-1H-benzotriazolato-O)tri-
1-pyrrolidinyl phosphorous
PyBrop = Bromo-tri-1-pyrridinyl phosphorous
SNP = Sodium nitroprusside
TEA = Triethylamine
TFA = Trifluoroacetic acid
THF = Tetrahydrofuran
TsOH = Tosic Acid

Compounds of formula (I) may be prepared according to the processes

outlined in more detail below.

Compounds of formula (I) wherein (Y), is C(O) may be prepared according to
a process as outlined in Scheme 1.

R4

e

X / \ NH2 +
GON X

(i
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(DMF), tetrahydrofuran (THF), and the like; or with a suitably substituted
conpound of formula (V), wherein Ais hydroxy, in the presence of a

coupl i ng vegens7ossich as 15 DCC, DI C, PyBop, PyBrop, and theCTUK&/14837 an
organi ¢ sol vent such as dichloronmethane (DCM, N, N -di nethyl f or mam de
(DMF), tetrahydrofuran (THF), and the like; to produce the corresponding
conpound of fornula (la). Alternatively, conpounds of forrmula (1), wherein
Xis 0, S, or NHand (Y)ais 20. C(O nay be prepared according to a
process as outlined in Scheme 2. R4 O 1~ NH2. R A (Rn X (II) (M) 20
WD 01/ 87038 PCT/ US01/ 14357 R4 R4 NHNH (R)n x OR2 (®n x 2 (MI1) (IV)
RA& A(OC ~.i (Rs)mN(F@, - (V) R _(la) (Rm EME 2 5 More
particul arly, aconpoun(ﬁ [ X5(s 0, S.or NH, is
reacted with a swA(ﬂ»jQ/(O

ormJIa (11
| ' ted corpoung Ia(@ wherein Ais
hal ogen or hydroxy, in an or ic sol vp g R F DMF, and the

i ke, to produce the correspondlng i

I ke, - The conpound
of formula (VII) is cycll d by trea yo “ 1P, organic

sol vent such as tol uene, benzene, and the |ike, foII%med by.reduction with
(ia)

SCHEME 1

More particularly, a compound of formula (If), wherein X is O, S or NH, a
5  known compound or compound produced by known methods, is reacted with a
suitably substituted aldehyde of formula (lil), in an organic solvent such as DCM,
THF, toluene, and the like, in the presence of an acid catalyst such as TFA, tosic
acid, and the like, to produce the corresponding tricyclic compound of formula (IV).
The compound of formula (IV) is reacted with a suitably substituted
10  compound of formula (V), wherein A is halogen, in the presence of a base such as
triethylamine (TEA), diisopropylethylamine (DIPEA), sodium carbonate and the like,
in an organic solvent such as dichloromethane (DCM), N,N’-dimethylformamide
(DMF), tetrahydrofuran (THF), and the like; or with a suitably substituted compound
of formula (V), wherein A is hydroxy, in the presence of a coupling agent such as
15 DCC, DIC, PyBop, PyBrop, and the like, in an organic solvent such as
dichloromethane (DCM), N,N'-dimethylformamide (DMF), tetrahydrofuran (THF), and
the like; to produce the corresponding compound of formula (1a).

Alternatively, compounds of formula (I), wherein X is O, S, or NH and (Y), is

20 C(O) may be prepared according to a process as outlined in Scheme 2.

PN
<R1)\/\ L R A i
n X
(1) (V1)

20



NaBH4, in an organi c solvent such as ethanol, isopropanol, and the like, to
produce the correspondi ng conpound of formula (1V). The conpound of
formul a WOP1/8M3%8 hen reacted with a suitably substituted PcDUpOIUNIGSTOf
formula (V) to produce the conpound of forrmula (la) as outlined in 15
Scheme 1. Conpounds of formula (1), wherein Xis O, S or NHand (Y)a is SO2
may be prepared according to a process as outlined in Schene 3. 21 WD
01/ 87038 PCT/ US01/ 14357 R4/ NH + AR2S (R3m (RQ)n X R2 (IV) (MI1)
RAN S22 x 2 (Ib) (RBA)m SCHEME 3 5 Accordingly, a suitably
substituted conpound of formnul aRQIV) is reacted with a suitablﬁﬁ
substituted conpound of forrmula (VIIl), wherein A is hal ogen or,Fhydroxy, a
—Co 6ads\ i N afiorgani ¢ sol vent
to p
nds/

known conpound oy co prépared by known net
ougce t he

such as DCM chl Qr fo E, _and the Li ke,
corresponding ¢ forfgla (1b). 10 Conp of formNg (1)
wherein X is ORr m(}}@is CH2 may be repared-accgrding to a
process as outFi A R% R4

SCHEME 2

5 More particularly, a compound of formula (II), wherein X is O, S or NH, is
reacted with a suitably substituted compound of formula (V1), wherein A is halogen
or hydroxy, in an organic solvent such as DCM, THF, DMF, and the like, to produce
the corresponding compound of formula (VI!).

The compound of formula (VIl) is cyclized by treatment with POCls, in an
10  organic solvent such as toluene, benzene, and the like, followed by reduction with
NaBH,, in an organic solvent such as ethanol, isopropanol, and the like, to produce
the corresponding compound of formula (IV).
The compound of formula (IV) is then reacted with a suitably substituted
compound of formula (V) to produce the compound of formula (la) as outlined in
15  Scheme 1.

Compounds of formula (I), wherein X is O, S or NH and (Y), is SO, may be
prepared according to a process as outlined in Scheme 3.

21



x MLIAIHKA NCH 2 (R(R)nx 2 C-12dC-1 (RBRm(R3)m 15 SCHEME 4 22
WO 01/ 87038 PCT/ USO1/ 14357 Accordingly, a suitably substituted conpound of
formul a Wap1/3m3greated with a reduci ng agent such as LAHpCOUBarw@sy7 and t he
| i ke, preferably LAH, in an organic solvent such as nethanol, THF, diethyl
ether, and the like, preferably at a tenperature in the range of about -20
to 40C, to produce the corresponding 5 conpound of formula (lc). Conpounds
of formula (I) wherein (Y)a is CH2 and X is NH, may alternatively be
prepared according to a process as outlined in Schene 5. R4 R3 R4 Q'CH2
1~ NH (IX) 1~ NCH2 (Rn HRZ ( (RRn N\R3 R 10 (lIVa) (1d) SCHEME 5
Accordingly, a ¢ ound of formula (IVa) ig-1eqcted with a suitably
substituted cdipo la (1 X), whergin i s hal ogen, O-tosylate or
0- 15 nesol at [ sol vent o Sh&\% THF, -art—the—»ke, to
produce the coAr I,c}‘fir_'bound of "t 8rmula” (I B )mConpounds of formnul a
(1), wherei (RB;nis H and (Y)ais (Y)o (i.e. wherein ais 0, such
that Y is absent), pared according to a process as 20 outlined

’n>15(1y be

in Schene 6. R4 NH(&)[HaI ogen]' (R3) (Vi)

SCHEME 3

5 Accordingly, a suitably substituted compound of formula (IV) is reacted with a
suitably substituted compound of formuia (VIlI), wherein A is halogen or hydroxy, a
known compound or compound prepared by known methods, in an organic solvent
such as DCM, chloroform, DMF, THF, and the like, to produce the corresponding

compound of formula (Ib).

10
Compounds of formula (I) wherein X is O, S or NH and (Y), is CH, may be
prepared according to a process as outlined in Scheme 4.
LiAlH,
15 SCHEME 4
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(RDOn x 2 m(lV) (X 23 W 01/87038 PCT/US01/ 14357 R4 (R)n x 2 (le)
(R3)m SCHEME 6 More specifically, a conmpound of fornmula (I1V), a known
conpound voo 058esrpound produced by known nethods, is reacPedUstta3zy
suitably substituted halide of fornmula (X), a known compound or conpound
prepared by known nethods, in an organic solvent such as tol uene, DWVF,
1-met hyl - 2-pyrrolidirnone, and the like, preferably at a tenperature in the
range of about 80 to 250C, to produce the correspondi ng conpound of
formula (le). 10 Conpounds of forrmula (I) wherein X is NRD may be prepared
?g{) accor dLng %@coﬂinrﬁt?l?ce%ﬁltéﬂ)(/%Ub‘sﬂltﬂﬁﬂj ¢6}n§6@ﬁd@fiormﬁfagé)uszt{§at%@.th %| N
a _~
(R3)m 1&@&Hﬂ/ﬁgenwraﬁ h@Hydlt@r@lmrﬁnﬂJﬂi@ lide, Drﬂ‘fer[ﬂtw LAH), in ancegatied W t h

hal 0- |
0. roont asavehysut AR bl THRCHRaS: PRt DRty o, and
the Tiketerhperitg@! iMené rételofdout —20 to 40°C, to produce the corresponding

5 compound of formula (lc).

Compounds of formula (1) wherein (Y), is CHz and X is NH, may alternatively

be prepared according to a process as outlined in Scheme 5.

R4 ‘T3
Q_—'CHZ

Y

(IX)

10
SCHEME 5

Accordingly, a compound of formula (IVa) is reacted with a suitably
substituted compound of formula (1X), wherein Q is halogen, O-tosylate or O-
15 mesolate, in an organic solvent such as DCM, THF, and the like, to produce the

corresponding compound of formula (Id).

Compounds of formula (1), wherein X is O, S or NH and (Y)a is (Y)o (i.e.
wherein a is 0, such that Y is absent), may be prepared according to a process as
20 outlined in Scheme 6.

(\ - .

[Halogen] <5 (R3)m
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20 1-net hyl -2-pyrrolidinone, and the like, to produce the corresponding
conpound of formula (1g). 24 WO 01/87038 PCT/ US01/ 14357 Conpounds of
formula WOowsmsein Zis CHOHor C(O nay be prepared apcoDUding3i’o a
process as outlined in Schene 8. R4 (R)n NHR2 C, (Ifl (Rm HOR4 O4
+ M (R)h N2 C (Rn NHRH2Cd-1 (lh) (RBAm(li) (R3)m 5 SCHEME 8
More particularly, a conmpound of fornula (If) is treated with an oxidi zi ng
agent such as DDQ chloranil, and the like, in a solvent such as THF,
met hanol , water, and the like, preferably at a tenperature in the range of
about -78 to about 30C, to 10 q&oduce a mxture of the corresponding
conpounds of formula (I1h) and f¢1'i). Preferably, the conpounds of formula
£ se % known met hods, such as recrystallization,
col umm chr omat odg aphy, | i ke. Compounds of formula (1) wherein is
2-thiazolyl, may \ cording to a process as outlined in
Schene 9. 25 \/@19“1/ 87 PCT. USOlQlSE‘; R4 R4 Fnoc NH Frnoc-NCS | 7 NH

R2 N
(le) (R%)m
SCHEME 6

More specifically, a compound of formula (IV), a known compound or
5 compound produced by known methods, is reacted with a suitably substituted halide
of formula (X), a known compound or compound prepared by known methods, in an
organic solvent such as toluene, DMF, 1-methyl-2-pyrrolidinone, and the like,
preferably at a temperature in the range of about 80 to 250°C, to produce the

corresponding compound of formula (le).

10
Compounds of formula (1) wherein X is NR® may be prepared by according to
a process as outlined in Scheme 7.
=1
O
() R
15 SCHEME 7

Accordingly, a compound of formula (If) is reacted with a compound of
formula (X1), wherein Z is halogen, hydroxy, O-toylate or O-mesolate and a base
such as sodium hydride, potassiUm t-butoxide, and the like, in a solvent such DMF,

20 1-methyl-2-pyrrolidinone, and the like, to produce the corresponding compbund of
formula (Ig).
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\ * ~~* N (R)h NHR (R)n H2S R (IVa) (XIl) R4 0 R3,'KC
[Hal ogen] (RI))n HR2Z S (XIV) (XIll) RA 3 Rm (RnN2SH (li) 5
SCHEME 9 waoosmBsgly, a suitably substituted conpound of POTWROIZI4$37Va) i S
reacted with Fnoc-NCS, in an organic solvent such as DCM DM, THF, and
the like, preferably at roomtenperature, to produce the correspondi ng
conpound of forrmula (XII). 10 The conpound of (XlIl1) is reacted with 20%
pi peridine, in an alcohol such as nmethanol, ethanol, and the like, to
produce the corresponding am ne of fornula (Xl 11). The am ne of formula
(XI11) is reach ' hialh Wy ; of
formula (XIV), ?ﬁbquﬁg%p?gggﬂ%ego)f gﬁaﬁggﬁﬁﬂ?ﬁ \E}ggog)r%rxj%g@éfg&such as
DVF, et haserdifidoteamerocass asheut|ingdkin $eheme 8or esence of a base such as TEA,
26 WO 01/87038 PCT/ USO1/ 14357 DIPEA, and the like, preferably at a
tenperature of about 70C, to produce the correspondi ng conmpound of formula
(I'j). Conmpounds of fornula (I) wherein (Y)aF'ch C(0)0, may be prepared
accordi ng

5 . SCHEME 8

More particularly, a compound of formula (If) is treated with an oxidizing agent
such as DDQ, chloranil, and the like, in a solvent such as THF, methanol, water, and
the like, preferably at a temperature in the range of about —78 to about 30°C, to

10  produce a mixture of the corresponding compounds of formula (ih) and (li).
Preferably, the compounds of formula (Ih) and (li) are separated by known methods,
such as recrystallization, column chromatography, and the like.

Compounds of formula () wherein - is 2-thiazolyl, may be prepared
15  according to a process as outlined in Scheme 9.
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5 to the process outlined in Schenme 10. (R3)m R4 ; (XV) Cd Oor NH™ "0 O
O(RE )n XCYYC (XM) 00 (V) (R3m(RB)m R4 7DN,,-rO-'C (RB)I X
R 2 O (1Wo¢0R8pas SCHEVME 10 10 More particularly, a conporemusél/f4e37mul a

(I'V) is reacted with a suitably substituted chloroformate of formula (XV)
or an anhydride of formula (XVI) in an organic solvent such as DCM DV,
THE, and the like, to produce the corresponding conpound of formula (1Kk).
15 Conpounds of formula (1) wherein (Y)a is C(O-NH may be prepared .
according to a process as outlined in Scheme 11. 27 WD 01/87038

PCT/ US01/ 14357 R4 O=C=N~ ;I R3 NH (XVIl) ( )m (R1)n X2 (IVV R&A H ~ ~
NN\ C :

4

Fmoc

5 SCHEME 9

Accordingly, a suitably substituted compound of formula (IVa) is reacted with
Fmoc-NCS, in an organic solvent such as DCM, DMF, THF, and the like, preférably
at room temperature, to produce the corresponding compound of formula (X11).

10 The compound of (XIl) is reacted with 20% piperidine, in an alcohol such as
methanol, ethanol, and the like, to produce the corresponding amine of formula
(XI).

The amine of formula (XIll) is reacted with a suitably substituted a~halo
methyl ketone of formula (XIV), in the presence of an organic solvent or mixture

15 such as DMF, ethanol.dioxane, and the like, in the presence of a base such as TEA,
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(RL )n X R Ol (Im (R3)m SCHEME 11 5 Accordingly, a conpound of formnula
(I'V) is reacted with a suitably substituted conpound of formula (XVI1), in
an organiwososmweht such as DCM DMF, THF, and the |ike, POT/ps@d46E t he
correspondi ng conpound of formula (In). Wiere the processes for the
preparation of the conpounds according to the 10 invention give rise to

m xture of stereoisoners, these isoners may be separated by conventi onal

t echni ques such as preparative chromatography. The conpounds may be
prepared in racemc form or individual enantioners nmay be prepared either
by  enantp|PERe Ginki the 48! PRFEDRY atlty tdriSEratlire ¥ abblE 76 T PBUIHEELERYhe T OF
exanpl e, be resolved into thei'r conponent enantioners by standarcje

t echni quesrrespohdiag aomepabidf efrfoemilen(lipf di ast ereoneric pairs by salt
formation with an optically active acid, such as
(-)-di-p-toluoyl-d-tartaric acid and/or (+)-di-p-toluoyl-Il-tartaric acid
foll owed by fr hen \ } e i .hase.
The conpounds C?rﬁéa@bglluz(?)s %fe:ﬁoyrflg?ow/\é/gé{)?ﬁf(?rgﬁ%ﬁo b?ﬁg‘i %nggﬁgﬁﬁég@éﬁrs
or anbdedo thepranssd dslinserioreahegrepli ¢  separation and renoval of the
chiral auxiliary. Alternatively, the conpounds nmay he 20 resol ved using a
chiral HPLC col um. 28 WO 01/87038 PCT/ US01/ 14357 ( ing any of the

processes for preparation of the conmpounds qf the _,resent invention, it may
be necessary and/or desirablesto protect seRsitiyg lok reactigﬁ groups on
ved' i
NG

any of the nolecules concer Thi s may bejlachi y mean

conventi onal cting/g such as gjhose @e ed in Prefective

Goups in 5 i i ed—3+FW—Mome—HPerumPress—»1973; and
T.W G eene &XP. ot ecti-vg GOUPS. O Or@g\i@c; nt hesis, John
Wley & Son JT991. e protecti Qr, ups%ﬁy barre d-a W nveni ent
subsequent stage usi%g mephods knewn/from bhe arlt . 10\The,'dtility of the
conmpounds to treat sexual sfuncti can be’ det ef mi ned™<gecording to the

procedures descri beqw)n Exanpl e 10,(Ri)]m and 12 herein. (R3)
m

SCHEME 10

10 More particularly, a compound of formula (V) is reacted with a suitably
substituted chloroformate of formula (XV) or an anhydride of formula (XVI) in an
organic solvent such as DCM, DMF, THF, and the like, to produce the corresponding
compound of formula (Ik).

15 Compounds of formula (1) wherein (Y). is C(O)-NH may be prepared
according to a process as outlined in Scheme 11.
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The present invention therefore provides a nethod of treating sexual
dysfunction in a subject in need thereof, which conprises adm nistering any
of the MOovspPe’inds as defined herein in a quantity effePCTVW8I@337 eat
sexual dysfunction. The conpound may be administered to a patient by any
conventional route of admnistration, including, but not imted to,

i ntravenous, oral, subcutaneous, intranuscular, intradernmal and
parenteral. The quantity of the conpound which is effective for treating
sexual dysfunction is between 0.1 ng per kg and 20 ng per kg of 20 subject
body wei ght. The present inventigs# al so provides pharmaceuti cal
conpositions conprising one-Qr Nore conp Uﬁ§§‘HK\t IS invention in
association with ’Eﬁa maceutitally acceptable c i Preferably these
conposi tions are {o uni d\sagehnprns such ig iS a Eﬁmﬂs,-capsules,
powders, granul es/\s ile F&nt er al SO|U€I H or~suspensi ons, netered
aer osol or quuK§1bpray X drops, anpoul es, autoinjector devices or
suppositories; for oral parentgfal, intranasal, sublingual or rectal

adm ni stration, or for ﬁﬁﬂinistration by inhal ation or insufflation.

Al ternatively, the conpésition may be presented in a formsuitable for
once-weekly or once-nonthly adng#istration; for 30 exanple, an insoluble
salt of the active_gonpoun sdch as the decanoate salt, may be adapted to
provi de a depot T ef i r intrgmuscul ar injection. For preparing

—~

solid conpositilns spch | ets,Nthe principal active ingredient is
mxed with a 29 [ Op01/ 14357~ phar maceutical carrier, e.g.
conventional tYRb).eting xnhgredi ent§ such’as gorn starch, |actose, sucrose,

sorbitol, talc, stearic acid,Rfragnesiu stedrate, di cal ci um phosphate or
guns, and ot her pharmaceutical dil uents, g. water, to forma solid
prefornul ati on conposi{lim)on cont ai ni ng a(R&mpgeneous m xture of a conpound
of the present 5 invention, or a pharmaceutically acceptable salt thereof.
When referring to these prefornulaggbﬁmd%ﬂﬂositions as honogeneous, it is
meant that the active ingredient is dispersed evenly throughout the
conposition so that the conposition may be readily subdivided into equally

effechi ve doségeofdingly, 3 eompasint ath fernsylagiV)lis reacted ayitui saitadiRisabstited
.then subdivided into unit dosage fornms of the

ecii ve d y, suom
bype 10 GoTROLAEE1E0YadEHILiRBRPIERBIG SOt SusasIBGM. fRMbS THFe aaekthoe

I ngr edi efike ab grbBuce the corresponding compound of formula (Im).

Where the processes for the preparation of the compounds according to the

10  invention give rise to mixture of stereoisomers, these isomers may be separated by
conventional techniques such as preparative chromatography. The compounds may
be prepared in racemic form, or individual enantiomers may be prepared either by
enantiospecific synthesis or by resolution. The compounds may, for example, be
resolved into their component enantiomers by standard techniques, such as the

15 formation of diastereomeric pairs by salt formation with an optically active acid, such as
(-)-di-p-toluoyl-d-tartaric acid and/or (+)-di-p-toluoyl-I-tartaric acid followed by fractional
crystallization and regeneration of the free base. The compounds may also be
resolved by formation of diastereomeric esters or amides, followed by chromatographic
separation and removal of the chiral auxiliary. Alternatively, the compounds may be

20  resolved using a chiral HPLC column.
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present invention. The tablets or pills of the novel conposition can be
coated or otherw se conpounded to provide a dosage form affording the
advant agavob1/gmed onged action. For exanple, the tablet oPCPUKII/BAFY
conprise an inner dosage and an outer dosage conponent, the latter being
in the formof an envel ope over the fornmer. The 15 two conponents can be
separated by an enteric |ayer which serves to resist disintegration in the
stomach and permits the inner conponent to pass intact into the duodenum
or to be delayed in release. A variety of material can be used for such

enteric | ayerBuring@estofiths precedsestdgsrephrationChitfle RnTpdUHHIRIT thé pRAIaHIE! i C
acids with such materials as shellac, cetyl alcohol and cellulose acetate.
20 The |inYanteR.dt mayihe BRERSFaNhander epsiEahipdeipreiest semnsitiveopreasive

i nventio ' f L NI Sfr.at or.al: [, by _injection
I ncl ude, &rgéf )éc%"ggn Oﬁﬁﬁegﬁéfétc%%ﬁ %%ﬁ%%q?at%'ﬁ?ééggfr%%g%yeéﬁ%gﬁén&&oi I
suspensi corsverdindal praiectingdgreaps siuwhsasithiose desticibed o Ploteuale BFoGss fronseed
oil, Esaes me qil, coconut Oh-l% orMpEéﬁm,ut oil, as well _as eI xirs and

si m 1%r Qﬁ%@%&é@%ﬁ%% £{¥sMcamieaBlenum §pessi 18y 3 anddsPesaesgefgent s
for aque ' vl : [ na las:
tragacantta}L1€,§''\}F'zlyzg/g%?$:trejﬂa%tl'\/é@JO,H Lk 5\?& nﬁ%lg’a¢dg%r§¥/vr¥gy h@§§§§§’ﬁﬂ§g‘5e,

met hy| ceThelpostecting by psyinay foer reotdvedrat socomgamentrsubs@qlibet stagyd adingf
treating s%u(fl d sfgrnct{on particularly male erectile dysfunction (ED)
descri be@SPISHNWR IR N&3%nt i on may al so be carried out using a

phar maceuti cal conposition conprising any of the conmpounds as defined
herein and a 30 WD 01/87038 PCT/ US01/ 14357 pharnaceutically acceptable

carrier. The phauiiiyeftthe sompompdsito treat seyual dystinctiohatanaendeteavindd Ny and
1000 ng, _preferably about 10 to 500 ,~0f the conpoun and may be

const i tu?‘g(i?rg'rqp Oéﬁ? PrRCeUE? p&B?l’ngch% %Wﬂ@d@o‘m %@ﬁinqgi@{?‘&t i on sel ect ed.
Carriers include necessary and inert pharmaceutical excipients, including,
but not 5 limted to, binders, suspending agents, lubricants, flavorants,
sweet eners, phepeaseat investiorjhesefommgrayiskesi angeth@bopiveatirigssesuali t abl e f or

oL SR B i e oS B S BB R EhS s
rel egse tompotitds a08efind Bevelrtin.a QshtiBPYEEEtRe to treat sexual dysfunction. The
compound may be administered to a patient by any conventional route of
administration, including, but not limited to, intravenous, oral, subcutaneous,
intramuscular, intradermal and parenteral. The quantity of the compound which is
effective for treating sexual dysfunction is between 0.1 mg per kg and 20 mg per kg of
20  subject body weight.

The present invention also provides pharmaceutical compositions comprising
one or more compounds of this invention in association with a pharmaceutically
acceptable carrier. Preferably these compositions are in unit dosage forms such as

25  tablets, pills, capsules, powders, granules, sterile parenteral solutions or suspensions,
metered aerosol or liquid sprays, drops, ampoules, autoinjector devices or
suppositories; for oral parenteral, intranasal, sublingual or rectal administration, or for
administration by inhalation or insufflation. Alternatively, the composition may be
presented in a form suitable for once-weekly or once-monthly administration; for

30  example, an insoluble salt of the active compound, such as the decanoate salt, may be
adapted to provide a depot preparation for intramuscular injection. For preparing solid
compositions such as tablets, the principal active ingredient is mixed with a

29
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and liquid fornms, such as solutions, syrups, elixers, emulsions, and
suspensions. 10 Forns useful for parenteral admnistration include sterile
sol uti onsyoensinoss ons and suspensi ons. Advant ageously, coP@DUReE4637 t he
present invention nay be administered in a single daily dose, or the total
dai |l y dosage may be adm nistered in divided doses of 15 two, three or four
times daily. Furthernore, conpounds for the present invention can be

adm nistered in intranasal formvia topical use of suitable intranasa
vehicles, or via transdermal skin patches well known to those of ordinary

ski Il i nphhahaedticallearher, e@@i@oﬁké@tﬁr@@tdb’lbth@%g?r@ﬂl@n‘?é sich 58BSHESERN,
delivery system the dosage adm nistration wTl, of course, be continuous

rat her t IGO0 SEEIPSEt ATPItRI e FieAric adid regnasiimstarste, dicalciFamphosphatace,

for oral | ' i 3y Of t abl et qr .capsul t he actj ve
tr g conShau: 8hd Bt Bralnbenlcal (e &0 Wity % 578 Sh pistSmnaietan y
accept abcempositivh coptainiag ashurhogenediuaniiure 8f 3 €BrfPountdi tie pRdchhe | ke.
Mor eover, when desired or necessary, suitable binders, lubricants,

di si n? eg/MENHRN. Y ehpRarmrsesticallyi angehtpbla salttharers. ¥Vken tefeiringdo tueset ed i nt o

the m xt L I L ' | |t ation. .. starc .

gel at i ?(1 Bﬁﬁ?hﬁg?ﬁgﬁéﬁg bg@@ﬁ}é gé IP‘%M%%E 8%%55‘544@6@%4@9 a%\f%'n%%ﬂ%@d%r s,

nat ural aispessaut duanlcthgoughait tfe esmpositioraso tHaades eavnPosition Athytse RiRRmY €.

sodi um st e&r,@t g naq%rqleﬁl um st earate, sodi umbenzoate, sodium acetate,

sodi um cRHBJIVigednta qayally pliectivs daspoedermosuch acialirss, pills andicapsules.aThisn,

st ar ch, ; PR I LR : d e like. 31

v 01/ 5700 Bl BLlNer GupBsetion s HeRGIbENHLA s U ARBABE T ol Bovag o ca

suspia&?ndi ngscribedi aiqmeaiam@aiaiggﬁtmnﬁdofabaa} ’ll(Dtllﬁ mgrttfl‘nlgé bﬁti\@ﬁ FetiHitaf tgdins, folr

exa e, tragacantr cia, Jet - cellulgse and the |ike. For parentera

adm'rrgi st Pﬁqeg‘ﬂ',nvgf‘@m'?ﬁﬁg Efgﬂ%tﬁsqréﬁg ojﬁl&e 88Y]| CrBIPSSitigncandas eeated Iogot oni c
repar at | [ I [ ' 1 ' r oyed

Rhon | nt CARTHAR PRRIRER OPIERM 8\ dsabt KM SAEEANE Ak R d nrallR

i nvent i oactiem aorsexapepladimeriabletoegillican tchenpiise mndfned dgsagerandist byery

systens, ,such as snmll. uni Iﬁl | l.ar . vesicles, | argél uni l anel l ar vesi cl es,

and mul { APSPHS PamBYRRt fhedatiet Deiag i B arm gL an SrHElane cyer thaarmet. y Tt

15 two components can be separated by an enteric layer which serves to resist

disintegration in the stomach and permits the inner component to pass intact into the
duodenum or to be delayed in release. A variety of material can be used for such
enteric layers or coatings, such materials including a number of polymeric acids with
such materials as shellac, cetyl alcohol and cellulose acetate.
20
The liquid forms in which the novel compositions of the present invention may
be incorporated for administration orally or by injection include, aqueous solutions,
suitably flavoured syrups, aqueous or oil suspensions, and flavoured emulsions with
edible oils such as cottonseed oil, sesame oil, coconut oil or peanut oil, as well as
25  elixirs and similar pharmaceutical vehicles. Suitable dispersing or suspending agents
for aqueous suspensions, include synthetic and natural gums such as tragacanth,
acacia, alginate, dextran, sodium carboxymethyicellulose, methylcellulose, polyvinyl-
pyrrolidone or gelatin.

30 The method of treating sexual dysfunction, particularly male erectile
dysfunction (ED) described in the present invention may also be carried out using a
pharmaceutical composition comprising any of the compounds as defined herein and a

30



10 phospholi pids, such as chol esterol, stearylam ne or phophati dyl choli nes.
Conmpounds of the present invention may al so be delivered by the use of
nonocl onayo angiobodi es as individual carriers to which thePCDOUwpaLNIGs7

nol ecul es are coupl ed. The compounds of the present invention may al so be
coupled with soluble 15 polyners as targetable drug carriers. Such pol yners
can include pol yvinyl pyrrolidone, pyran copolyner,

pol yhydr oxypr opyl nmet hacryl am dephenol , pol yhydroxyet hyl aspart am dephenol ,
or pol yet hyl - eneoxi depol yl ysi ne substituted with palmtoyl residue.

Fur t her npharmaduiticaliyrassegtabid camier. PTRS PRBrAYRACEEbABYSItsh ngdint 0 a
cl ass of biodegradabl e polyners useful in achievin controII rel ease of

20 a dr uBetwesn abautgineg aﬁéﬂ@ﬁ@dﬂg,oorﬁtqrably@@pybb@tq @Dawamtlm@@mpund
| yhyd ' I h

ol vy anaid mth ¥ bongtfiede i@y oA SERANE Tor R INRRES Pa Bnip el Bh piictey  °"

hydr ogel @ar@ammhmﬁn@desbhry%ndﬁmerttpmmuﬁwl éﬁkﬂpl@h%t fioheting, manoef the

foregoin (i ng) sitions nd accorijl ng to dosage regi nens established in
t he %t &'Ngﬁ \%% ‘i) %a‘?t%ﬁf‘ RN Qﬂ&?@ﬂ@nﬂ@Y%ﬁ“tSp&W@G@ﬁEEﬁ,l y male
erect i | eppyshyuivhs yebEd bé?ﬁrg%u'é&ﬂpo{ﬁgrbsdah a)bléjﬁ?gﬁla[%fn'uhgﬁa%@dums may

be vari eB over a wide ran hurman r day.

For oral mihdemcﬂrdrfartmsqrsuch lae piltsyaidets) mpﬁetareaps&(bsweetﬁﬂrﬁfhhdﬁng mmediﬁiei n
the form qf talet gontalnlrtg 5%(% 2>n€0 50.0, 100, 250 and
500 11 Teeath tB1ed mEARe s P relfse lgpme F?é'0§§/ Falves. @ndapavidarent  of
the dos t v he drug
is ordi n§E|&||§9Id2fBﬁVQ)§%%F§%§gﬂjly%:lﬁ U%%%’%I é‘% EHU %sd%gtﬁr%}é%g%égél evel of
f r om@Gbobords Usefyl foy pacerdeabadministeation incblud@d;errvmscgbnona:)emtdabns Bndf er abl y,
t he range is fromabout 0.2 ng/kg to about 10 ng/kg of body weight per
day, and €Uty from about 0.5 ng/kg to about 10 ny/ kg of body weight
per day. The conpounds may be adm nistered on a reginmen of 1 to 4 times per
day. 5 Optinmal dosages to be adm nistered nay be readily determ ned by

t hose skill edAdwanﬁageowly,,coarmbundmofm praaienhinvemiqmmaydm agdmnistpredrnid aused,

th d f tratj t f th t d f
e ot ppleE Hoser Aol i S<R ey Bo Al 8d it dq¥esiiar t on.
factms as AR @do ified BaiIRaF kathRdre, MM BRINARTbPe present invention can

be administered in intranasal form via topical use of suitable intranasal vehicles, or via

transdermal skin patches well known to those of ordinary skill in that art. To be
administered in the form of a transdermal delivery system, the dosage administration
will, of course, be continuous rather than intermittent throughout the dosage regimen.
20
For instance, for oral administration in the form of a tablet or capsule, the active
drug component can be combined with an oral, non-toxic pharmaceutically acceptable
inert carrier such as ethanol, glycerol, water and the like. Moreover, when desired or
necessary, suitable binders, lubricants, disintegrating agents and coloring agents can
25  also be incorporated into the mixture. Suitable binders include, without limitation,
starch, gelatin, natural sugars such as glucose or beta-lactose, corn sweeteners,
natural and synthetic gums such as acacia, tragacanth or sodium oleate, sodium
stearate, magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and
the like. Disintegrators include, without limitation, starch, methyl cellulose, agar,
30  bentonite, xanthan gum and the like.
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10 treated, including patient age, weight, diet and tinme of adm nistration,
Wil result in the need to adjust dosages. The foll ow ng Exanpl es are set
forth tovddysn3g he understanding of the invention, and R€PUR@1483Tt ended
and shoul d not be construed to limt in any way the 15 invention set forth
in the clainms which follow thereafter. Unless otherw se indicated, 1H NVRs
were run on a Bruker AC-300. 20 EXAMPLE 1 1-(3,4-M ethyl

enedi oxyphenyl )-2-f5-(3-trifluoromethyl phenyl) uroyll-2 3 4 9-
tetrahydro-1 H 13-carboline (#58) To a suspension of

5- (3-tri fl uor awetiguldfoeny Indyiheiute atitdbly 2R0or s irlisgeedth

anhydrous) was added oxal yl yéhl oride (165 ny, 1.%%1@,&;&6%0%%%%?%25
two dr opSUueh apiire symibetis sidipatufipl Qusns, feleexanpleosagacantuasaciee nfadhyld h. A

| uti < Lhy T J-2 3 4 9-tetrahydro-1 ,
it 3- car BalRe Aod R RS ORUT Ba et e LB o sqlutions
di scl osedra des\a U48RBIT prepatations diHidreg@neraiNeoRain &nBbld prabBiiagiedgrd 0. 4
m.) in DCM (10 nL, anhydrous) was. added and the m xture was stirred at

r oom ? enBERRYAGWReR intEyenqis pdinidtation: s depledo with aqueous NaHCOB, brine
(2X), 1 N HC and brine (2X) and. dried with MgSO4. After evaporation of
the solvent, a white solid was obtained. np: 126-129 C 33 WO 01/87038

PCT/ US01/ 1435 TheMBnipuunyd: of 3834 ptdddn) invehtioivBart 61361 13 ad@mihiféreddn tde forfh 612, 1
H) , 3.24,ém I % 3. 56 gm 1 52 4.6([) ﬁd’ f =8 Hz, I H, 590 (s, 2 H,
6. 70 (d, liQosorge elivery gystegisgsug a9 syl upliggnellar vesicleg Jargernilamallar 7 55 (m
3 H, 7 i ¥ ; ; ; MPLE 2
-1 2. (ysrar it pliimelorfasics’ ipBsores ban beidnb e ibotd vatlely &

f 5- (89 t r phosghadipieishglich phengleptenslpstebryarBing drpHoptiatdyichblihdscar bol i ne (#75)
10 To a solution of 1-(3,4-nethyl enedi oxyphenyl)-2-[5-(3-trifluoronethyl
phenyl)furoyl]-2,3,4,9-tetrahydro-1 H[3-carboline (prepared as in Exanple

1) (600 Compounds of the present invention may also be delivered by the use of

monoclonal antibodies as individual carriers to which the compound molecules are
coupled. The compounds of the present invention may also be coupled with soluble

15 polymers as targetable drug carriers. Such polymers can include polyvinylpyrrolidone,
pyran copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxyethylaspartamidephenol, or polyethyl-eneoxidepolylysine substituted with
palmitoyl residue. Furthermore, the compounds of the present invention may be
coupled to a class of biodegradable polymers useful in achieving controlled release of

20 adrug, for example, polylactic acid, polyepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and cross-linked
or amphipathic block copolymers of hydrogels.

Compounds of this invention may be administered in any of the foregoing
25 compositions and according to dosage regimens established in the art whenever

treatment of sexual dysfunction, particularly male erectile dysfunction (ED) is required.

The daily dosage of the products may be varied over a wide range from 1 to
1,000 mg per adult human per day. For oral administration, the compositions are
30 preferably provided in the form of tablets containing, 5.0, 10.0, 15.0, 25.0, 50.0, 100,
250 and 500 miiligrams of the active ingredient for the symptomatic adjustment of the
dosage to the patient to be treated. An effective amount of the drug is ordinarily

32



ng, 1.14 mol) in DMF (15 nL, anhydrous) was added sodi um hydride (60% 105
ng, 2.6 mol) at roomtenperature. The m xture was stirred at room

t emrper at we@ 0f/81038 30 nmi n. N-chl oroet hyl pyrrolidi ne hydrochporiude/(42374 ny,
1.26 mmol) and 15-crown 15 ether-5 (1 drop) were added. The m xture was
stirred at roomtenperature for 16h, quenched with NH4Cl, extracted with
ethyl acetate and dried with MgSO4. After evaporation of the solvent, the
resi due was purified by col unmm chromat ography (silica gel, ethyl

acet at e: hexanes 3:1) toyield a white solid. M5 (mz): 628 (MH) 20

8H— HZNR l(@a@bﬂéd 8t éd%@a%@iev@l bb frord-dbéuf O rﬁgﬂﬁb to %b%&t ang&kdﬁbf b@dﬁ%&gﬂt J =

H), 4 16 qemday @ref(erablggth@dangeisfg)rm;_aboqt mg/kgeo(a@oum@ﬂng/ﬁg gbbgdy, J = 8

(S’ 1 H ’wt%g@éae%r@ayz bgj’9359%”5%Hom‘]abo%éli%gwaboytéé "@7@%9 P% E%’dlé‘b“’%7 43

cor r esporngsraigy "itheasespodrafs map dbddp@histeres on=eRgiraen BY 1a6lditiva é}fdaly 0
equi val ent of nethanesul fonic acid to a solution of the title corrpoun in

DCM t 8 produce product for biological testing. np: 122-124C. 30 34 WO
01/ 87038 PCTIL&Q%{] ,4&%

1- (3, 4- Met hyl enedi oxyp gm%)@xg léteﬁe t%eo';(efgr']lgﬁj& %rBW?cH% }}?SS Skl"fa}j 23
4 9- t et rrinkysdad; énd-HvillBsfarwv\btbllthe@a(’tit?l)ar,éompiouhdmedf the mode of admmlstratlon
1(34rrehyt5 nglox % 9tetrah dro-1H[i-carboline 3.73 g,
12.8 rrrmltg"e@ pRgH A4 &H iRy, t”ée p}fé‘éaﬁ@sféatm %ﬂdbe@dwancam@wams?

F el T v

st i r 1Dng tfeated, Gincludi hg padiant age wmghtudlet e ticpeaafeueinistriation, Nt Gdsutid the
extracted wi th eth acetate. The organi c phase was washed with brine 10
(2X) and "eA40 a4 Hﬁ%s Col unm chr onmat ogr aphy (silica gel, ethyl

The following Examples are set forth to aid in the understanding of the
invention, and are not intended and should not be construed to limit in any way the
15 invention set forth in the claims which follow thereafter.

Unless otherwise indicated, 'H NMRs were run on a Bruker AC-300.

20 EXAMPLE 1
1-(3.4-Methylenedioxyphenyl)-2-[5-(3-trifluoromethyiphenyl)furoyl]-2.3.4.9-
tetrahydro-1H-B-carboline (#58)

To a suspension of 5-(3-trifluoromethylphenyl)furoic acid (256 mg, 1 mmol) in

DCM (20 mL, anhydrous) was added oxalyl chloride (165 mg, 1.3 mmol), followed by
25 two drops of DMF. The mixture was stirred at room temperature for 1h. A solution
~ of 1-(3,4-methylenedioxyphenyl)-2,3,4,9-tetrahydro-1H-B-carboline (292 mg, 1
mmol) (prepared according to the process as disclosed in W097/43287,
Intermediate 7, page 24) and triethylamine (0.4 mL) in DCM (10 mL, anhydrous) was
added and the mixture was stirred at room temperature for 16h, washed sequentially
30  with aqueous NaHCOj, brine (2X), 1N HCI and brine (2X) and. dried with MgSO..
After evaporation of the solvent, a white solid was obtained.
mp: 126-129 °C
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tate: hexanes = 2:3) yielded a white solid. np: 173-175 C M5 (m z): 507
)1H-N|\/R(CDC13)6291(d J =9 Hz, 1 H, 3.02(td, J =9, 1 Hz, 1
3.39W0odys7036 J = 9, 1 Hz, | H), 3.92 (s, 3 H), 3.94 peT/US01H13575. 02 (d,
9, 1 Hz, I H, 592 (s, 2 H, 6.72 (d, J =8 H, 1 H, 6.87-7.03 (m 4
, 7.11-7.17 (m 3 H), d, J =8Hz, 1 H, 7.56 (d, J =8 Hz, | H,

ac
(
H)
J
H)

7.31 (d,
7.80 (s, I H, 856 (s, 2 H 20 EXAWPLE 4 1-(3,4-M ethyl
enedi oxyphenyl ) -2-[5- (3, 4-di net hoxyphenyl ) yri m di n-2-vl 1-9-
di met hyl am noet hyl -2, 3, 4-tri hydr 0-1 H R-carboline (#5) Follow ng the
procedure out IM&Q@h/i)nSEX:ﬁmH & 2, 1 (3 4 et hyI ened
i oxyphenyl) - 2- met hox )pyrimd -tetrahyd ro-

e PIE R ey baHTR a6 a8 T aaafﬁ%,l LHE) S0 6 1,536 hirarhy . 460

2-chloro iyl ch.l h 3 di um
ydri de. (So%e 0 9ob Mo R 5a IS T i e ot B Hnd e 24
yield thf@npﬂ@ﬁlym5$€rn83$4 | gramt J)be'VlHZ\MSH)) i7eb5 &, tiei), Py ® £ hnomat ogr aphy
with silica gel, ethyl acetate Ms (nfz): 578 M—I+) 30 1H-'NVR'(CDCl 3) 8
2.21 Ps, 6 H), 222(m|H),261(m|H),289(dd J = 13, 4 Hz, | H,
3.03 (td, J =13, 4 Hz, | H, 3.35 (td, J =13, 4 Hz, 1 H, 3.91 (m | H,
35 WO 01/87038 PCT/US01/14357 3.92 (s, 3 H, 3.95 (s, 3 H, 4.06 (m 1 H),
4.96 (dd, J = 13, 4Hz,1|—|),593§ !ﬁ, 672(d =8 H, 1 H, 6.83
(d, 1 H, 6. : _ 4 21 (d, J = 8 Hz,
1 H, 7.319(d:(Pyroli@ 3-triflug thyl- 8.56
(s, 2 H 5 Exarrple 5
|oxyphenyl) 2-[5-(4-
oxo- 203, 4, 9- tGTd@bMIdlthnbel-([334-¢r$éth321bhé@loﬂ(ﬁdﬁ')yﬁ-{@-(@ﬂﬁﬁid’rnm&ﬁ%y|
r

enedi oxy- phen ) - 2-[ 5- (4- met hoxyphenyl én
hydoxy - 2 phenylfurey}- Bdetrahycﬂr@-ﬂzhﬁb@arbﬁ ¢ {rspared asin Example 1) (600

mg, 1.14 mmol) in DMF (15 mL, anhydrous) was added sodium hydride (60%, 105

J
7.

mg, 2.6 mmol) at room temperature. The mixture was stirred at room temperature for
30 min. N-chloroethylpyrrolidine hydrochloride (214 mg, 1.26 mmol) and 15-crown
15  ether-5 (1 drop) were added. The mixture was stirred at room temperature for 16h,
quenched with NH4Cl, extracted with ethyl acetate and dried with MgSO,. After
evaporation of the solvent, the residue was purified by column chromatography
(silica gel, ethyl acetate:hexanes = 3:1) to yield a white solid.
MS (m/z): 628 (MH")
20 "H-NMR (CDCl3) 6 1.26 (m, 4 H), 2.64 (m, 4 H), 2.89 (m,2H),3.05(d,/=8
Hz, 1H),3.28 (t, J=8 Hz, 1 H), 3.59 (t, J = 8 Hz, 1 H), 3.96 (m, 1 H), 4.16 (m, 1 H),
4.58 (d, J=8Hz, 1 H), 5.96 (s, 2 H), 6.75 (d, J =8 Hz, 1 H), 6.84 (m, 2 H), 7.02 (d, J
=8 Hz, 1 H), 7.15-7.29 (m, 4 H), 7.43 (s, 1 H), 7.59 (m, 3 H), 7.89 (d, J =7 Hz, 1 H),
7.96 (s, 1 H)
25
| The corresponding methanesulfonic acid salt was prepared by addition of 1.0
equivalent of methanesulfonic acid to a solution of the title compound in DCM to
produce product for biological testing.
mp: 122-124°C.
30 |
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To a mxture of DDQ (113.5 ng, 0.5 mml) and 1-(3, 4-
met hyl enedi oxyphenyl ) - 2-[ 5- (3, 4- di met hoxyphenyl ) pyrim din-2-yl]-2,3,4,9-tet
rahydr o- WO kit/gio3gar bol i ne (prepared as in Exanple 3) (51 BqI/USOmmSVDI) was
added a m xed 15 solvent of THF:water (9:1) at -78C. The m xture was
stirred at OC and allowed to warmto roomtenperature over a period of 15
h. Col um chromat ography (silica gel, hexanes:ethyl acetate = 1:1) vyielded
t he- oxo- and - hydroxy derivatives respectively, as white solids. #157: 20
M5 (nmfz) 521 (M#), 519 (M1) 1H NWR (CDCI3) 6 3.90 (d, J =18 Hz, 1 H),
3.89 (s, 3 H), 391(s 3I—|),54SEQ(QM\/||§|_5318HZ 1 H, 584 (s, 2 H,
6.62 (d, J =8 1 H, 1 (d 1 H, 6.88-7.00 (m 4 H),
7.29-7.43 {3 4@Methvlenedaox\aohenvnﬁ2 f@(&é dlmethow,rpheavlmW(rs:d:rﬂ{-m2394 85 (s,
| H 25 #158: I\/S(rrlz) 523( 13rbr| (CbCI3) 53.30 (t, J =6
| H), 3.69 (d, J = 6 Hz, n 3.94 (s, 3 H), 5.97 (s,

Hz,
i}b 3211 (|S_|) A éolh'ilen (@f ?3(3(4dmeihﬁe§ed"éx (é'r')yi) @32@9 ?elﬁéh)ﬁdﬂ) 41ﬁ'é35gar5’35%‘§ (d,

, 4
, (3 738 1(2d8 njmcl $priebp,ared Bb;corﬂln@to(‘rhe @oedss & disclosedlinH) 36 WO

gﬁégrgigﬁgr%@%gﬁfﬁ LE ? %1” 'Pﬁ’ 32@{]0% §/|(3142 34 9- tetrahydro-1
H 13- car bghbfxy ﬁﬂé@ @rlﬁﬂidlﬂie((?l’ @g“@ﬂtrhbﬂol nerﬂF}Lf*SngP %fﬁ@é&&s Pwvhg~ (1 u o

renyl nmethyl oxyca rbo nyl) hi oCar banoy! -tetra ro-'1
H 3- car bbeatas m&@u@deﬁstlmmggfar-mhetﬁlye reaction mixture was quenched with

d 4, 9:1 H- bol 2.6
Cbr epar oGP sracued bSO SlcBide” Tine. F5RB miitscligos mabhad with brine’
| nt eqgedi@2Xpard dpadsvitigdm,. l@@gmrﬁa’ﬁr@hﬁe&&?@@hg (énﬁcégegetﬁﬁ 14 10 ol )

was di ssolved in dry dichl oronet hane e mxture was stirred for
16 hour s ageteipihiesancs erﬂa@)rﬂ@@ﬁé‘awﬁ&etsﬁlbd concentrated in vacuo.

Purification mp: 173-175 °C
MS (m/z): 507 (MH")
"H-NMR (CDCl3) § 2.91 (d, J =9 Hz, 1 H), 3.02 (td, J= 9, 1 Hz, 1 H), 3.39 (td,
15 J=9,1Hz 1H),3.92(s,3H),3.94(s,3H),5.02(d, J=9, 1Hz, 1H),5.92 (s, 2 H),
6.72 (d, J=8Hz, 1 H), 6.87-7.03 (m, 4 H), 7.11-7.17 (m, 3 H), 7.31 (d, J = 8 Hz, 1
H), 7.56 (d, J =8 Hz, 1 H), 7.80 (s, 1 H), 8.56 (s, 2 H)

20 . EXAMPLE 4
1-(3.4-Methylenedioxyphenyl)-2-[5-(3.4-dimethoxyphenyl)pyrimidin-2-yi]-9-
dimethylaminoethyl-2,3 ,4-trihydro-1H-B-carboline (#5)

Following the procedure outlined in Example 2, 1-(3,4-
methylenedioxyphenyl)-2-[5-(3,4-dimethoxyphenyl)pyrimidin-2-yl]-2,3,4,9-tetrahydro-
25 1H-B-carboline (prepared as in Example 3) (1.0 g, 1.97 mmol), 2-chloro-N,N-
dimethylethylamine hydrochloride (0.342 g, 2.37 mmol), sodium hydride (60%, 0.190
g, 4.74 mmol) and 15-crown ether-5 were reacted to yield the product as a slightly
yellow solid (after column chromatography with silica gel, ethyl acetate).
MS (m/z): 578 (MH")
30 'H-NMR (CDCl3) § 2.21 (s, 6 H), 2.22 (m, 1 H), 2.61 (m; 1 H), 2.89 (dd, J =
13,4 Hz, 1 H), 3.03 (td, J = 13, 4 Hz, 1 H), 3.35 (td, J = 13, 4 Hz, 1 H), 3.91 (m, 1 H),

35



by flash chromat ography (0-10% et hanol in dichl oronethane) yielded the
protected thiourea as a pale yellow solid. Ms (mz): 574 (M#) 15 1H NWR
(CDCl 3) 8vaossoggld, J = 12.9, 5.1 Hz, | H), 3.09 (dt, J =pavVusQUB3y Hz, 1
H, 3.56 (dt, J = 12.9, 5.1 Hz, 1H), 4.19 (t, J =6.9 Hz, 1 H, 4.43-4.53
(m 2 H), 591 (s, 2 H, 6.70 (d, J =8 Hz, | H, 6.90 (br d, J = 7.6 Hz,

Il H, 6.97 (br s, I H), 7.11-7.78 (series of m 17 H 20 B. 1-(3,4-M et hyl
enedi oxyphenyl ) -2-(thi ocarbanoyl)-2, 3,4,9-tetrahydro-1 H 43- carboline A
solution of the protected thiourea fromPart A (4.78 g, 8.33 mml) in 20%
(v/v) pipeg2 ¢ seH), B o8 Hampl), 4/»@@ meatle)mge(&i | pix 1f30m$zh1 Hj@ [—?
concentrated in vacuo to yield a crude residue whi 1ash

25 chr on&t cdtdhphy 8(t$z.0bH) 06 @@%ﬁﬁaﬂ‘ﬁaﬁ@ﬁ -6. ﬁ8dm:m o, o-hﬂzﬁ N@,né? & ldz,yil eH d7&1

yeIIow i, d 3 H- I 2. ser f m
84S fg”?m%w A0S 130T B ) e Gt on gt
672 (d, zH§. 0 Hz, 6.87 (d, J =8 301H) 7.00-7.11 (series
ofm3H),730(d J—80Hz 1H, 746(d J=7.7Hz, 1H), 7.74 (br
s, 3%), 11.06 (s, 1 H 37 VO 01/ 87038 PCT/ USO1/ 14357 C. 1-(3,4-Methyl e
nedioxyp henyl)-2-[4-(4-methoxyp h e nyl )thi azo I-2yl]-2, 3,4, 9-
tetrahydro-1 H 3-carboline (#169) To a solution of the thiourea fromPart B
(223 ng, 0.63 mmol) ina l1l:1 5 mxtuEaan*fmgli{soxane et hanol (5 nmL) was added

4- et hoxyphenyl -2' - Dbr acet ophenone (175 rrg, 76 mmol ) and triethyl am ne
(0.40 nb) - The i-4ad:\ethianecioipben Vlbr2ﬂ5d4+@éiwpﬁ@aﬂb;@aﬂ@m&m]ﬁ
tenperature and conc r i The residue was
purified by flash ch%% g'dgt trahyBo A % n di chl or oret hane)

to yield a col arizsMethQleneHioty-gHen¢iiz)5- (48thddyphenyl)-pyrimidin-2-yl]-4-
hydoxy-2,3.4,9-tetrahydro-1H-B-carboline (#158)
To a mixture of DDQ (113.5 mg, 0.5 mmol) and 1-(3,4-
methylenedioxyphenyl)-2-[5-(3,4-dimethoxyphenyl)pyrimidin-2-yl]-2,3,4,9-tetrahydro-

1H-B-carboline (prepared as in Example 3) (51 mg, 0.1 mmol) was added a mixed
15  solvent of THF:water (9:1) at -78°C. The mixture was stirred at 0°C and allowed to
warm to room temperature over a period of 15 h. Column chromatography (silica
gel, hexanes:ethyl acetate = 1:1) yielded the—oxo- and —hydroxy derivatives
respectively, as white solids.
#157:
20 MS (m/z) 521 (MH"), 519 (M-1)
'H NMR (CDCl3) 8 3.90 (d, J = 18 Hz, 1 H), 3.89 (s, 3 H), 3.91 (s, 3 H), 543
(d, J=18Hz, 1 H), 5.84 (s,2H), 6.62(d, J=8Hz, 1H),6.71(d, J=8 Hz, 1 H),
6.88-7.00 (m, 4 H), 7.29-7.43 (m, 3 H), 7.53 (s, 1 H), 8.25 (m, 1 H), 8.51 (s, 2 H);
9.55 (s, 1 H)
25 #158:
MS (m/z) 523 (MH"), 521 (M-1)
'H NMR (CDCl3) & 3.30 (t, J =6 Hz, 1 H), 3.69 (d, J = 6 Hz, 1 H), 3.92 (s, 3
H), 3.94 (s, 3 H), 5.97 (5,2 H), 6.11 (s, 1H), 6.71(d, J =8 Hz, 1 H), 6.93-7.05 (m,
4H),718(d,J=8Hz,1H),7.23(d, J=8Hz, 1H),7.40 (t, J=6 Hz, 1 H), 7.49 (d, J
30 =8Hz 1H),7.82(d,J=8Hz 1H),843(s,2H);9.15(s, 1 H)

36



"H-NWR (CDC13) b 2.86-2-3.07 (series of m 2 H, 3.61-3.72 (m | H), 3.78
(s, 3H, 3.92-4.02 (m 1 H, 599 (d, J =3.3 H, 2 H, 6.58 (s, 1 H),
6.80-7. 1wo(¢sgmBes of m 8 H), 7.31 (d, J = 7.8 Hz, 1 H),Pr@rA8iYd3s7) = 7.6
Hz, | H, 7.82 (d, J = 15 8.7 Hz, 2 H, 10.93 (s, | H EXAMPLE 7 1-(3,4-M
et hyl enedi oxyphenyl)-2-14-phenyl thi azol -2-yl1-2,3,4,9-tetra hyd ro- |

H 33- 20 carboline (#170) A 1-(3,4-Methyl ened ioxyphenyl)-2-[3-(fluorenyl
met hyl oxycar bonyl) thiocarbanoyl]-2,3,4,9-tetrahvdro-1 H[3-carboline A

m xture of 1-(3,4-nethyl enedi oxyphenyl)-2,3,4,9-tetrahydro-1 H[3-
carboline (2.66 g, 9.08 mmol) (prepared according to the process as
disclosed in 25 W97/43287, Internediate 7, page 24) and

Fnoc- i sot hi ocyanate (2. 82 g, 10.14§ﬁﬁﬁﬁﬂi&ﬁs di ssolved.in dry
dlchloroneth ). ' , 1

t enper at ure

chr omat ogr aphy (0- 10% rret h@étmh drao.cln-p Jdéf : gb y| eI ded the prot ect ed
thiourea as a pale yellow so VH+) 38 WD 01/ 87038
PCT/ US01A14351-(3: I@@@djpxyp?mrwl)s%[% worenydnnahyipxgcalrbenyl)l H, 3.09

d J =,17. 1 =.12.9, 5.1 Hz, | , 4.19 , J =
gs.tg He, ’ih'ilﬁarbﬁmﬂl%z %é‘l?‘ggt”azhy‘f&‘,ﬁ‘gb&fr ding’ H) 6.70 (d, SD - 8 H, (} H) ,
6. 90 b d, J . [ f 17
H 5 (B r1 (3, éml\/émﬁrf:_%fn1egl @Tﬁﬁ‘é’%ﬁeﬁmﬁ??ﬁf“& -pﬁj( @a%'iﬁgg'lt gfrghycr?r o-1
Iél-?l??, car batbofine A2 66| ¢it9.08 narhot) l(grqmaméebebaﬂﬁtdg ?llhe@rﬁcefe ’g’@tdtscl‘bsfélé |ﬁ’8fg, :

nmo i di ne, angl was heated to reflux for

h The mk&@é?/éﬁgf I% %@fﬁ@@nﬁr%ﬁ%ﬂ @fﬁ%m%'éoth%qyanat%%%%gr ¢8i1due whi ch

ri Hrﬁﬂ;m% s/ digsdlved PR} aEhBRINMelEna350 Fri A REHIRARL el stired for

d| ch or onet to yie a yel
16 hours at ambient temperature, and then concentrated in vacuo. Purification

by flash chromatography (0-10% methanol in dichloromethane) yielded the
protected thiourea as a pale yellow solid.
MS (m/z): 574 (MH")
15 'H-NMR (CDCl3) 5 2.86 (dd, J = 12.9, 5.1 Hz, 1 H), 3.09 (dt, J = 17.1, 6.9
Hz, 1 H), 3.56 (dt, J = 12.9, 5.1 Hz, 1 H), 4.19 (t, /= 6.9 Hz, 1 H), 4.43-4.53 (m, 2
H), 5.91 (s, 2 H), 6.70 (d, /=8 Hz, 1 H), 6.90 (brd, J=7.6 Hz, 1 H), 6.97 (brs, 1
H), 7.11-7.78 (series of m, 17 H)

20 B. 1-(3,4-Methylenedioxyphenyl)-2-(thiocarbamoyl)-2,3,4,9-tetrahydro-1H-B-
carboline
A solution of the protected thiourea from Part A (4.78 g, 8.33 mmol) in
20% (v/v) piperidine in methanol was heated to reflux for 5 h. The mixture was
concentrated in vacuo to yield a crude residue which was purified by flash
25 chromatography (SiO2, 0-10% methanol in dichloromethane) to yield a yellow
solid.
MS (m/z): 352 (MH")
'H-NMR (CDCl3) & 2.69-2.87 (series of m, 2 H), 3.16-3.19 (m, 1 H), 4.24
(brs, 1 H), 6.00 (d, J=3.3Hz, 2H),6.72 (d, J=8.0 Hz, 1 H), 6.87 (d, J = 8.0 Hz,
30 1H),7.00-7.11 (series of m, 3 H), 7.30 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.7 Hz,
1H), 7.74 (br s, 3 H), 11.06 (s, 1 H)
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M5S (mz): 352 (M#) "H-NVWR (CDCI3) 6 2.69-2.87 (series of m 2 H),
3.10-3. 19(m 1H, 4.24 15 (br s, 1 H, 6.00 (d, J =3.3 Hz, 2 H, 6.72
(d, J vootk7038 H), 6.87 (d, J = 8.0 Hz, | H), 7.00-7.ear/gserisexy of m 3

H) , 7.30 (d, J =80Hz, 1 H, 7.46 (d, J =7.7 Hz, 1 H, 7.74 (br s, 3
H, 11.06 (s, 1 H C 1-(3,4-Methylen edi oxyphenyl)-2-[4-phenylth

iazol -2y1]-2, 3,4, 9-tetrahyd ro- 20 1 HJ[i-carboline (#170) To a solution
of the thiourea of Part B (227 ng, 0.65 mmol) was added [i -

br onbacet ophenone (159 ng, 0.80 mml) and triethylamne (0.40 nL). This

m xture was heated to 70C for 3 h, cooled to roomtenperature and
concentrated in a rotary evaporator The resi due was g_gl’lfled by flash 25

chr omat ot aphy-@g-biethgenedionwtemer2i4r (¢inetihexmharyhHiazelRWiraBdt a- pal e

[ H NVR ( CDCl 3 82.872306 f
AP S?‘%ﬁ%ﬁ/‘%@%%‘rq&ﬁ%@@@ 3. 99 (ﬁn 1 H§ 509 (d, J = gsgrngs >
|‘|), 6. 59 (788910 b")SOILQIO&]Oﬁhélhlbﬁfﬁd ﬁémqf’aﬁﬂB (QZBDm]g_b@@ﬂm?ﬁolz g (‘ge“ es of

pCT/ LQO 1;11)913;5@& @a}s\m@t@nol 5 mL|_)|) was added Sl -methoxyphenyl-2’-

i n ooy PRgeCiBRRAIET 0 vife diidh did R RS O AR e by b By
idi nyl }ﬁlitu('éw&smdwwm%‘t@mh C@dﬂ&dﬂ)ﬁo Pootn 4em erét@?ééﬁwdro 1

H R-carboline (0.45 g, 1.00mmol), 1,2-dinethyl-1 i mdazole (0.18 g, 1.87
mol ), P&pERRYitated i ﬁgotedmyaﬁﬁiﬁtqr BM@SQ%% was porifieddyl flashnd k2co8 (0. 28

s pour S0 RSO0k A e et Tl at (o i 28V AT 1t Ton
was €Xtr goliced wi th CHZCI 2 (3x50 m-) and dried over Na2SO4. Purification by

preparative T title pr oduct as yell ow powder. 1H NVR 300 Mz
(CDCI 3) szé\hg((\é/ 21%3 M@B 2.90 (m 2H), 3.10

"H-NMR (CDCl3) 5 2. 86 2 3 07 (serles of m, 2 H), 3.61-3.71 (m, 1 H), 3.78
(s, 3 H), 3.91-4.02 (m, 1 H), 5.99 (d, J = 3.3 Hz, 2 H), 6.58 (s, 1 H), 6.80-7.11
(series of m, 8 H), 7.31 (d, J= 7.8 Hz, 1 H), 7.48 (d, J = 7.6 Hz, 1 H), 7.82 (d, J =

15 8.7 Hz, 2 H), 10.93 (s, 1 H)

EXAMPLE 7
1-(3.4-Methylenedioxyphenvl)-2-[4-phenyithiazol-2-yI]-2,3.4,9-tetrahydro-1H-B-
20 carboline (#170)
A. 1-(3,4-Methylenedioxyphenyl)-2-[3-(fluorenylmethyloxycarbonyl)
thiocarbamoyl]-2,3,4,9-tetrahydro-1H-B-carboline
A mixture of 1-(3,4-methylenedioxyphenyl)-2,3,4,9-tetrahydro-1H-p-

carboline (2.66 g, 9.08 mmol) (prepared according to the process as disclosed in
25 WQOQ7/43287, Intermediate 7, page 24) and Fmoc-isothiocyanate (2.82 g, 10.14
mmol) was dissolved in dry dichloromethane (50 mL). The mixture was stirred for
16 hours at ambient temperature, and then concentrated in vacuo. Purification
by flash chromatography (0-10% methanol in dichloromethane) yielded the
protected thiourea as a pale yellow solid.
30 MS (m/z): 574 (MH™)
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(t, 2H, J = 8.8.Hz), 3.35 (m | H), 4.52 (t, 2H, J = 8.8.Hz), 4.91 (m 1
Hy, 6.68 15 7.61 (m 10 H M (nmz) 463 (MH), 461(M—r) EXAMPLE 9 20

2-[ 2, 3] Biwgpisgtioss/| - 6' -yl - 1- (2, 3-di hydr o- benzof ur an- 5- yl ) - BCBU8019:483%5t r ahydr o
-1 H[3- carboline (#191) A

2- (5-Brono-pyridin-2-yl)-1-(2, 3-di hydro- benzofuran-5-yl)-2, 3,4, 9-
tetrahydro-1 H[i-carboline 25

1- (2, 3-di hydro- 5-benzofuranyl )-2, 3,4,9-tetrahydro-1 H R-carboline (11.6 g,
40 mmol ), 2, 5-di bronopyri di ne (10 42 g, 44 mol), Pd2dba3 (1.465 g, 1.6

mol ), dppp (A |\3I9IFQ(CBC%) mmea (addJ Naf2 By 5(5HI8 10H), F0I@l, U #varer sg.or r ed
in 60 nL at 80C fo g The reaction m xture was fllteredthrough
a plug oHZ &), t3e5@v(dth~f€l—&2:92 T3 t Ect18r(td %69 EandsH), Hehd-dobid ént Rat ed,

Lie, CTUR)38 g 1515, oAy 0190 bBAec 91 B BOUUTPA(IIT, By % by el) ane
test tubep, 7.7MHe7. psngm;xs ok, WD H)L/ 87038 PCT/ USO01/ 14357 was concentr at ed

and then recrystallized from THE to y| eld the product as yellow crystals.
"H NMR 400 MHz (THF-d8) 6 0.91 (m 1 H), 1.15 (m 1 H), 1.25(t, 2H, J =

H 0o e By O3 iRa-dngbvipfedix ﬁé‘“ﬁ;‘vﬁ-(@ﬁs%‘?b%ﬂwéﬁ%ﬁz%t%mﬁwﬁéﬂ B350 (|
2H), 5.58afyBling H), 5.72 (m 1H) 6.28 (s, 1 H), 8.12 (s, 1 NB (1t 2)

446, 448 (NHY), 444, 446 (MH')
2-[2, 3" ] Bi pyr Aoselytionof memo(ezct@d mlﬁymecfr@@r&@mr&ﬂ%gyBﬁiiznmo&) -t et rahydr

- 10 1 t 896 I
> 1 but 20% SAERPENGRCIR pRBaHE wag RELRE8 Lad R n L drglisire88s5 g
0. 1040 mmebhcevtratedtih vaedo tayield écdjwmmjl(eﬁWMCh Was Brlﬁédﬁ fiddhh. The
reaction mxture was filtered through a plug of Celite w h CH2Cl 2 and

then con&BrAMaicsmRY i9med! 0\/@)%”@%6&9@@0@@@1@@@ Wgda vellgw acet ate
/ hexanesof"}pen 5% CH3OH / CH2Cl 2) vyielded the product

MS (m/z): 352 (MH")
"H-NMR (CDCls) § 2.69-2.87 (series of m, 2 H), 3.10-3.19 (m, 1 H), 4.24
15  (brs, 1H),6.00 (d, J=3.3Hz, 2 H),6.72 (d, J = 8.0 Hz, 1 H), 6.87 (d, J = 8.0 Hz,
1 H), 7.00-7.11 (series of m, 3 H), 7.30 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.7 Hz,
1H), 7.74 (br s, 3 H), 11.06 (s, 1 H)

C. 1-(3,4-Methylenedioxyphenyl)-2-[4-phenylthiazol-2yl]-2,3,4,9-tetrahydro-
20  1H-B-carboline (#170)

To a solution of the thiourea of Part B (227 mg, 0.65 mmol) was added -
bromoacetophenone (159 mg, 0.80 mmol) and triethylamine (0.40 mL). This
mixture was heated to 70°C for 3 h, cooled to room temperature and
concentrated in a rotary evaporator. The residue was purified by flash

25  chromatography (SiO2, 0-10% methanol in dichloromethane) to yield a pale
| yéllow solid.

MS (m/z): 452 (MH")

"H-NMR (CDCls) & 2.87-2-3.06 (series of m, 2 H), 3.63-3.73 (m, 1 H), 3.93-
3.99 (m, 1 H), 5.99 (d, J = 3.3 Hz, 2 H), 6.59 (s, 1 H), 6.81-7.11 (series of m, 5 H),

30 7.25-7.69 (series of m, 6 H), 7.89 (d, J = 7.4 Hz, 2 H), 10.95 (s, 1 H)
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as a yellow solid.

H),

6.85 (d, WObB/SM3Is& 7.
procedures as describe

4. 31

H
(m 1H, 4.53 (
6

Cpd # RDR 2 CR 1 H 3,4-nethylene - - dioxyphenyl 2 dinethyl
3, 4- et hyl ene 2-benzot hi azol yl am noet hyl di oxyphenyl 3 H 3, 4-net hyl ene

2- benzot hi azolyl - di oxyphenyl 4 dinethyl 3,4-nmethylene 2-pyrimdinyl

am noet hyl di oxyphenyl chlorophenyl) 5 dinethyl 3,4-nethylene
2-pyrimdinyl 5-(3,4-di am noethyl dioxyphenyl nethoxyphenyl) 6 dinethyl

3, 4-net hyl ene 2- pyr| m di nyl 5- (4 neXAMKLE &ni noet hyl di oxyphenyl
H 3, 4- neth j | 50 ( 1 hox

10

15

20

25

30

NSRSy

vl]-2.3.4 .9-tetrahydro-1 H-B-carboline (#190)

|

2-(5-bromo-2-pyrimidinyl)-1-(2,3-dihydro-5-benzofuranyl)-2,3,4,9-
tetrahydro-1H—B-cérboline (0.45 g, 1.00mmol), 1,2-dimethyl-1H-imidazole (0.18 g,
1.87 mmol), Pd(OAc), (12 mg, 0.05 mmol), PPhs (26 mg, 0.1 mmol) and K.CO3
(0.28 g, 2 mmol) were stirred in 3.5 mL DMF at 140°C for 14 hours. The mixture
was poured into aqueous 10% NaOH solution (50 mL). The resulting solution
was extracted with CHxClz (3x50 mL) and dried over Na;SO,. Purification by
preparative TLC yielded the title product as yellow powder.

'H NMR 300 MHz (CDCl3) § 2.21 (s, 3H), 2.35 (s, 3H), 2.90 (m, 2H), 3.10
(t, 2H, J = 8.8.Hz), 3.35 (m, 1H), 4.52 (t, 2H, J = 8.8.Hz), 4.91 (m, 1H), 6.68 ~
7.61 (m, 10 H)

MS (m/z) 463 (MH"), 461 (MH").

EXAMPLE 9
2-[2,3"Bipyridinyl-6'-yl-1-(2,3-dihydro-benzofuran-5-yl)-2,3,4,9-tetrahydro-1H-p-
carboline (#191)

A: 2-(5-Bromo-pyridin-2-yl)-1-(2,3-dihydro-benzofuran-5-yl)-2,3,4,9-
tetrahydro-1H-B-carboline
1-(2,3-dihydro-5-benzofuranyl)-2,3,4,9-tetrahydro-1H-B-carboline (11.6 g,
40 mmol), 2, 5-dibromopyridine (10.42 g, 44 mmol), Pd.dba; (1.465 g, 1.6 mmol),
dppp (1.32 g, 3.2 mmol) and NaO#Bu (5.38 g, 56 mmol) were stirred in 60 mL
DMF at 80°C for 3 days. The reaction mixture was filtered through a plug of
Celite with CHxCl,. The reaction mixture was then concentrated, the crude
mixture was then loaded on Foxy column (110 g silica gel) and eluted with ethy!
acetate / hexane (3:7). The product crystallized out in test tubes. The product

40

NVR (CDCI3) 6 2.82 (m 1 H, 3.10 (m 3H), 3.58 (m 1
53 (t, 2H, J =9.52), 6.71 (, d, I H J =7.6 Hz),
Hz) M5 (mz) 445, (M+), 443 (MH) PeOUR@l148W ng

d herein, the conpounds as listed in Tables 1-6 were
prepared. 25 TABLE 1 NBC N R- 2 ~ R3 41 WO 01/87038 PCT/ US01/ 14357

5- (4

phenyl) 7
P28



di oxyphenyl nethyl sul fonyl) phenyl 9 H 3, 4-nethyl ene 2-pyrim dinyl

5- (4-nmet hoxy di oxyphenyl phenyl) 10 H 3, 4-net hyl ene 2-pyri m di nyl

5- (4- chl ovoo1/8lioexyphenyl phenyl) 148 2- (N 3, 4- et hyl enePCF/pgol/ B nyl
5- (4-met hoxy pyrrolidinyl) dioxyphenyl phenyl) ethyl 150 2-benzoxazol yl
3, 4-nmet hyl ene 2-benzoxazolyl - dioxyphenyl 151 H 3, 4-nethyl ene

2- benzoxazol yl di oxyphenyl 42 WO 01/87038 PCT/ USO1/ 14357 153 H
3,4-nmethyl ene 2-pyrimdinyl 5-(2-pyridyl) dioxyphenyl 154 2-(N
3,4-nethylene 2-pyrimdinyl 5-(2-nitro-4- pyrrolidinyl) dioxyphenyl

t hyl t | yl
e e L

5- (2- pyrériigtajs. ami noet hyl di oxyphenyl 161 H 3, 4-net hyl ene 2-pyri mi di nyl
2 byr i m ai ny1 PeREUE R o) o BXRGRIRE VTS (e 1 250 2k dinyt 167
4- di e BOX), 2:60VfrhM i), Y81 Bml 319 260%E bexy = Bhepyl, £y IH, u=76
5 H),5.02(d, 1H, J=7.6 Hz), 5.10 ~5.28 (m, 4H), 5.380 (m, 2H), 5.58 (m, 1H),
5.72 (m, 1H), 6.28 (s, 1H), 8.12 (s, 1H)
MS (m/z) 446, 448 (MH"), 444, 446 (MH").

B: 2-[2,3"Bipyridinyl-6'-yl-1-(2,3-dihydro-benzofuran-5-yl)-2,3,4,9-tetrahydro-
10  1H-B-carboline
The product from step A above, (0.4 g, 0.896 mmol), 2-tributylstannanyl-
pyridine (0.8 g, 2.17 mmol) and Pd(PPhs), (0.12 g, 0.104 mmol) were stirred in
1,4-dioxane (5 mL) at 88°C for 24 h. The reaction mixture was filtered through a
plug of Celite with CH>Cl, and then concentrated to a small volume. Preparative
15 TLC (3.7 ethyi acetate / hexane; then 5% CH3OH / CH,Cl,) yielded the product
as a yellow solid.
'H NMR (CDCls) § 2.82 (m, 1H), 3.10 (m, 3H), 3.58 (m, 1H), 4.31 (m, 1H),
4.53 (t,2H, J=9.52),6.71 (,d, 1H, J= 7.6 Hz), 6.85 (d, 1H, J = 7.6 Hz)
MS (m/z) 445, (MH"), 443 (MH")

20
Following procedures as described herein, the compounds as listed in Tables
1-6 were prepared.
25 TABLE1
N
VM
N !
2 N ’
Lo® N
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168 H 3, 4-net hyl ene 2-pyrimdinyl - dioxyphenyl 169 H 3, 4-net hyl ene
2-thiazolyl 4-(4-nmethoxy dioxyphenyl phenyl) 170 H 3, 4-nethyl ene

2-t hi azolwo otispbenyl di oxyphenyl 172 H 3, 4- net hyl ene 2- brap/US01di463y pheny|
i m dazolyl 173 H 3, 4-net hyl ene 2-pyrimdinyl - dioxyphenyl 174 H
5-(2, 3-di hydro)- 2-pyrimdinyl 5-(4-nethoxy benzofuryl phenyl) 175 H

3, 4-nmet hyl ene 2-pyrimdinyl 5-(3,4-dinmethoxy dioxyphenyl phenyl) 43 WO
01/ 87038 PCT/ USO1/ 14357 176 H R-3,4- 2-pyrimdinyl 5-(3,4-dinmethoxy

met hyl ene phenyl) di oxyphenyl 177 H 5-(2, 3-di hydro)- 2-pyrim dinyl

g-(4-hydrg%ﬁmjp?nzor¢$yl phenyT) RA78 HB-(2Z_F dinydro)- Zgpyrim di nyl
-(4-[2-(N benzofuryl pyrrolidinyl) ethoxy}pherkxl) [179 H 3, 4-nethyl ene
2-pyrimdinyl 5ybromo di oxyphenyl 180 H 5- Q,SUU'hydro)- 2-pyri midi nyl
5-(4-(2-(4- ben¥ofuryl nor phol i nyl') ethoxy) phenyV) 181 H 5-(2, 3-di hydro)-
2-pyrimdinyl 5{(4-(2-(dinethyl benzofuryl amno)ethoxy)
1 H 3,4-methylene - -
dioxyphenyl
2 dimethyl 3,4-methylene [2-benzothiazolyl -
aminoethyl dioxyphenyl
3 H 3,4-methylene |2-benzothiazolyl -
dioxyphenyl
4 dimethyl 3,4-methylene | 2-pyrimidinyl 5-(4-
aminoethyl dioxyphenyl chlorophenyl)
5 dimethyl 3,4-methylene | 2-pyrimidinyl 5-(3,4-di
aminoethyl dioxyphenyl methoxyphenyl)
6 dimethyl 3,4-methylene | 2-pyrimidinyl 5-(4-methoxy
aminoethyl dioxyphenyl phenyl)
7 H 3,4-methylene | 2-pyrimidinyl |5-(3,4-dimethoxy
dioxyphenyl phenyl)
8 H 3,4-methylene | 2-pyrimidinyi 5-(2-nitro-4-
dioxyphenyl methylsulfonyl)
phenyl
9 H 3,4-methylene | 2-pyrimidinyl 5-(4-methoxy
dioxyphenyl phenyl)
10 H 3,4-methylene | 2-pyrimidiny! 5-(4-chloro
dioxyphenyl phenyl)
148 2-(N- 3,4-methylene | 2-pyrimidinyl 5-(4-methoxy
pyrrolidinyl) dioxyphenyl phenyl)
ethyl
150 |2-benzoxazolyl| 3,4-methylene | 2-benzoxazolyl -
dioxyphenyl
151 H 3,4-methylene | 2-benzoxazolyl | - -
dioxyphenyl
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uryl 183

2, 3-

pyridyl)

phenyl) 182 H 5-(2, 3-di hydro)- 2-pyrimdinyl 5-(2-pyridyl) benzof

H 3, 4-met hyl ene 2-pyrimdinyl 5-(2-pyridyl) dioxyphenyl 184 H 6-(

2-pyri m owayi/s®3g 4- met hoxy di hydrobenzo- phenyl) [1,4]-dPORUReIGHYF7) 185 H
5-(2,3-di hydro)- 2-pyrimdinyl 5-(3-pyridyl) benzofuryl 186 H

5-(2, 3-di hydro)- 2-pyrimdinyl 5-brono benzofuryl 187 H 5-(2, 3-dihydro)-
2-pyrimdinyl 5-(2-pyridyl) benzofuryl 44 WO 01/87038 PCT/US01/ 14357 188
H 6-(2,3- 2-pyrimdinyl 5-(4-nethoxy di hydrobenzo- phenyl)
[1,4]-dioxin-6-yi) 189 H 3, 4-nethylene 2-pyrindinyl 5-(2-pyridyl)

Sera ool S a4y TSR S D
benzofuryl ) TABLE 2 \ QN N{Y digxyphenyR

154 2-(N- 3,4-methylene | 2-pyrimidinyi 5-(2-nitro-4-
pyrrolidinyl) dioxyphenyl methyisulfonyl

ethyl ' phenyl)

165 dimethyl 3,4-methylene | 2-benzoxazolyl -
aminoethyi dioxyphenyl

156 dimethyl 3,4-methylene | 2-pyrimidinyl 5-(2-pyridyl)
aminoethyl dioxyphenyl

161 H 3,4-methylene | 2-pyrimidinyl 5-(4-methyl

dioxyphenyl phenyl)

166 5-(4-methyl | 3,4-methylene | 2-pyrimidinyl 5-(4-methyl
phenyl)-2- dioxyphenyl phenyl)
pyrimidinyl

167 H 3,4-dimethoxy | 2-pyrimidinyl |5-(3,4-dimethoxy

phenyl phenyl)

168 H 3,4-methylene | 2-pyrimidinyl -

dioxyphenyi

169 H 3,4-methylene 2-thiazolyl 4-(4-methoxy

dioxyphenyl phenyl)

170 H 3,4-methylene 2-thiazolyl 4-phenyl

dioxyphenyl

172 H 3,4-methylene 2-benz -

dioxyphenyl imidazolyl

173 H 3,4-methylene | 2-pyrimidinyl -

dioxyphenyl

174 H 5-(2,3-dihydro)~ | 2-pyrimidinyl 5-(4-methoxy

benzofuryl phenyl)

175 H 3,4-methylene | 2-pyrimidinyl [5-(3,4-dimethoxy

dioxyphenyl phenyl)
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R3 Cmpd # RRY CR3 11 H 3,4-nethylene CH2 2-furyl 5-(2-chloro-5-

di oxyphenyl trifluoronethyl phenyl) 12 H 3,4-nethylene CH2 2-furyl

5- (3-tri Waorgro3gli oxyphenyl nmethyl phenyl) 13 dinmethyl 3, Beieséwyl4eite C( O

2- 5-nitro am noet hyl di oxyphenyl benzo(b)furyl 14 H 3, 4-nmethylene C(O 2-
5-nitro dioxyphenyl benzo(b)furyl, 15 H 3,4-nethylene C(O 2- 6-nethoxy

45 WO 01/87038 PCT/ US01/ 14357 di oxyphenyl benzo(b)furyl 16 H 3, 4-net hyl ene
C(0) 2- - dioxyphenyl benzo(b)furyl 17 dinethyl 3,4-nethylene C(O

2- benzo(b ani noet hyl di oxyphenyl thienyl 18 H 3, 4-nethyl ene C(O)
(ST RSPt e [ R Re
2-(3-trif{luoro 3, 4-(difluoro Co®thgenary| 5- (3tr|fluoro pmeiilyi phenyl
54 (i filoro GO 2 turyl o (ORRES Mir iyl ene phenyl) i oxy) ph
177 H 5-(2,3-dihydro)- | 2-pyrimidinyl 5-(4-hydroxy
benzofuryl phenyl)
178 H 5-(2,3-dihydro)- | 2-pyrimidinyl 5-(4-[2-(N-
benzofuryl pyrrolidinyl)
ethoxylphenyl)
179 H 3,4-methylene | 2-pyrimidinyi 5-bromo
dioxyphenyl
180 H 5-(2,3-dihydro)- | 2-pyrimidinyl 5-(4-(2-(4-
benzofuryl morpholinyl)
ethoxy)phenyl)
181 H 5-(2,3-dihydro)- | 2-pyrimidinyl 5-(4-(2-(dimethyt
benzofuryl amino)ethoxy)
phenyl)
182 H 5-(2,3-dihydro)- | 2-pyrimidinyl 5-(2-pyridyl)
benzofuryl
183 H 3,4-methylene | 2-pyrimidinyl 5-(2-pyridyl)
dioxyphenyl
184 H 6-(2,3- 2-pyrimidinyl 5-(4-methoxy
dihydrobenzo- phenyl)
[1,4]-dioxin-6-yl)
185 H 9-(2,3-dihydro)- | 2-pyrimidinyl 5-(3-pyridyl)
benzofuryl
186 H 5-(2,3-dihydro)- | 2-pyrimidinyl 5-bromo
benzofuryl
187 H 5-(2,3-dihydro)- | 2-pyrimidinyl 5-(2-pyridyl)
benzofuryl
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22 H 3,4-(difluoro C(O 2-furyl 5-(3-trifluoro nethylene nethyl phenyl)
di oxy) phenyl 23 2-nethoxy 3,4-nethylene C(O 2-furyl 5-(3-trifluoro
car bonyl avaygi/swsoxyphenyl net hyi phenyl) 24 2-nethoxy 3, 4parUkylasey C( O
2-furyl 5-(3-nitro carbonyl dioxyphenyl phenyl) nethyl 25 2-nethoxy
3,4-nmethylene C(O 2-furyl 5-(3-trifluoro carbonyl dioxyphenyl
nmet hyl phenyl) nethyl 26 2-pyridyl 3,4-nethylene C(O 2-furyl
5-(3-trifluoro nethyl dioxyphenyl nethyiphenyl) 27 4-chloro-n-
3,4-nmethylene C(O 2-furyl 5-(3-trifluoro 46 WO 01/87038 PCT/ US01/ 14357
butyl di dxy Nyl met QyT phenyT) -norp - FWW 2-furyl
5-(3-trifjl u??(; ﬁet hyl llqdi oxyphem?lz@r’r%t hyl phe% td@g gar boxyet Oy
3,4-nmethylene C(O 2-furyl 5-dildydrobénamrio di oxyphenyl metgnenghenyl]) 30
car boxy 3, 4-net hyl ene C(O ?-fzgr#(! 'S_G(iTni tro nethyll di oxyphenyl |phenyl)
31 carbody 3, 4- et hyl ene O( @yl A- 4G B3 trifluoro| methyl dioxyphenyl
nmet hyl pheny- 33 di efghyl am Y[ engy it -Torydo o k3ot T iif | uoro
189 H f304-%1ékh91€h8 thyﬁyr%f,hhc‘girrmgt yl% (2 B&u&ﬂ A

et hyl di gxyphenyl et hyl phenyl -|furyl
5-(3-triflluoro |am nobutyl di ham’I met hyl phenyl ) |35 di net hyl
3,4-nmethylene C(O 2-furyl %-(3-trifluorp am noethyl| di oxyphenyl
met hyl pheny{gg H 5-(2,3-dihydro | 2-pyrimidinyl | 5-(2,3-dimethyl-
benzofuryl) 3H-imidazol-4-yl)
191 H 5-(2,3-dihydro 2-pyridyl 5-(2-pyridyl)
benzofuryl)
TABLE 2
N N
N ) \C N
ll?D R '\\ ) K
R3
Cmpd # R" R Y C R°
\/\ /'
11 H 3,4-methylene| CH; 2-furyi 5-(2-chloro-5-
dioxyphenyl trifluoromethyl
phenyl)
12 H 3,4-methylene| CH, 2-furyl 5-(3-trifluoro
dioxyphenyl methylphenyl)
13 ~ dimethyl |3,4-methylene| C(O) 2- 5-nitro
aminoethyl | dioxyphenyl benzo(b)furyl
14 H 3,4-methylene| C(O) 2- 5-nitro
dioxyphenyl benzo(b)furyl
15 H 3,4-methylene| C(O) 2- 6-methoxy
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36 dinethyl 3,4-nmethylene C(O 2-furyl 5-t-butyl am noethyl dioxyphenyl 37
dimethyl 3,4-nmethylene C(O 2-furyl 5-(4-nitro am noethyl dioxyphenyl
phenyl) wa@odsmes hyl 3, 4-nethylene C(O 2-furyl 5-(3-nitrPCHUSOORBITYI
di oxyphenyl phenyl) 39 dinethyl 3,4-nethylene C(O 2-furyl 5-(4-chloro
am noet hyl di oxyphenyl phenyl) 40 dinethyl 3,4-nethylene C(O 2-furyl
5-(2-nitro-4- am noet hyl dioxyphenyl chlorophenyl) 41 dinethyl
3,4-methylene C(O 2-furyl 5-(2-nitro am noethyl dioxyphenyl phenyl) 42
di mret hyl 3, 4- rre'E hyl ene C(O 2-furyl 5-(2-nitro- 4 aJm' no,eEhy! . di oxXphenyI
am net MLl oxyphenyl 1ri ]IS BNl a7 WBBE RINSR bcT) Usor/ 14357
phenyl) 44 diénetihyl 34 4- mre{ddtesthy®r@ Z{Ohryl 5-Z-3-tr i‘fl uora. am nopr opyl
0L DA r Y ore ot Py 4 by HRRHERRT Ty Sherer oSy ol 1
A T O DR BT e
3, 4- et hyll ene C(Camindaihyl! | Hi¢¥ypttanyt 9 di oxy|phetmygnyphenyl ) 47 H
SR i e s R A E 71 A E YT iz oy M i
dioxyphenyl thienyl
19 2-(3-nitro 3,4-(difluoro | C(O) 2-furyl 5-(3-nitro
phenyl)-5- methylene phenyl)
furylcarbonyl | dioxy)phenyl
20 2-(3-trifluoro | 3,4-(difluoro | C(O) 2-furyl 5-(3-trifluoro
methylphenyl | methylene methylphenyl)
)-5-furyl dioxy)phenyl
carbonyl
21 H 3,4-(difluoro | C(O) 2-furyl 5-(3-nitro
methylene phenyl)
dioxy)phenyl
22 H 3,4-(difluoro | C(O) 2-furyl 5-(3-trifluoro
methylene methylphenyl)
dioxy)phenyl
23 2-methoxy |3,4-methylene| C(O) 2-furyl 5-(3-trifluoro
carbonylethyl| dioxyphenyl methylphenyl)
24 2-methoxy |3,4-methylene| C(O) 2-furyl 5-(3-nitro
carbonyl dioxyphenyl phenyl)
methyl
25 2-methoxy |3,4-methylene| C(O) 2-furyl 5-(3-trifluoro
carbonyl dioxyphenyl methylphenyl)
methyl
26 2-pyridyl  |3,4-methylene| C(O) 2-furyl 5-(3-trifluoro
methyl dioxyphenyl ‘ | methylphenyl)
27 4-chloro-n- |3,4-methylene| C(O) 2-furyl * 5-(3-trifluoro
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48 H 3, 4-methylene C(O 2-furyl
pr opyl car bonyl
di oxyphemwo oasriosophenyl )
di oxyphenyl
di oxyphenyl
di oxyphenyl

C(O 2-furyl

phenyl)

car boxy) - n-

am nophenyl

5-(2-nitro-4- di oxyphenyl

51 H 3,4-methyl ene C(O
chloro phenyl) 52 H 3,4-nmethylene C(O 2-fury!
pr opyl car bonyl

5-[4-(3- di oxyphenyl
] 49 H 3,4-nethylene C(O 2-furyl
50 H 3,4-nmethyl ene C(O 2-fury! PEF/&01Mi48370

car boxy) - n-

2-fury) 5-(2-nitro-4-

5- 4- ( 3-

5-(4-acetyl

am nophenyl] 53 H 3, 4-net hyl ene

met hyl phenyl )

54 H 3, 4- et hyl ene
) 56 H

yl
yl

C(O 2-fury! 5-(3-nitro dioxyphenyl phenyl) 48 V[}01/87038 PCT/ US01/ 14357
3.4 et hjlene ClO 2Tyl |6 Dy Py Yy pheny!  phemyy ap ey
3, 4- met hyl e@8 C(Omarpholinyl 54{rﬁe’thtylame(} 8{O}li joxypHery!| tr BiBuefloors |
Do) gt oA | PR 2% bt 53 o B
phenyl) 29 | carboxyethyl |3,4-methylene| C(O) 2-furyl 5-(3-trifluoro
dioxyphenyl methylphenyl)
30 carboxy |3,4-methylene| C(O) 2-furyl 5-(3-nitro
methyl dioxyphenyl phenyl)
31 carboxy |3,4-methylene| C(O) 2-furyl 5-(3-trifluoro
methyl dioxyphenyl methylphenyl)
33 diethylamino |3,4-methylene| C(O) 2-furyl 5~(3-trifluoro
ethyl dioxyphenyl methylphenyl)
34 dimethyl |3,4-methylene| C(O) 2-furyl 5-(3-trifluoro
aminobutyl | dioxyphenyi methylphenyl)
35 dimethyl |3,4-methylene| C(O) 2-furyl 5-(3-trifluoro
aminoethyl | dioxyphenyl methylphenyl)
36 dimethyl |3,4-methylene| C(O) 2-furyl 5-t-butyl
aminoethyl | dioxyphenyl
37 dimethyl |3,4-methylene| C(O) 2-furyl 5-(4-nitro
aminoethyl | dioxyphenyl phenyl)
38 dimethyl |3,4-methylene| C(O) 2-furyi 5-(3-nitro
aminoethyl | dioxyphenyl | phenyl)
39 dimethyl |3,4-methylene| C(O) 2-furyl 5-(4-chloro
aminoethyl | dioxyphenyl phenyl)
40 dimethyl |3,4-methylene| C(O) 2-furyl 5-(2-nitro-4-
aminoethyl | dioxyphenyl chiorophenyl)
41 dimethyl |3,4-methylene| C(O) 2-furyl 5-(2-nitro
aminoethyl | dioxyphenyl phenyl)
42 dimethyl |3,4-methylene| C(O) 2-furyl 5-(2-nitro-4-
aminoethyl | dioxyphenyl methylphenyl)
43 dimethyl |3,4-methylene| C(O) 2-furyl 5-(2-chloro-5-
aminoethyl | dioxyphenyl % trifluoromethyl
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60 H 3, 4-nethylene C(O 2-furyl 5-[4-(4-hydroxy dioxyphenyl -n-butyl)am no
phenyl] 61 H 3,4-nethylene C(O 2-fu ryi 5-[2-(dinmethyl dioxyphenyl

am no) netw@ brgamsbonyl am no phenyl] 62 H 3, 4-net hyl ene CPCy/URe1i1485/1
5-trifluoro dioxyphenyl nmethyl 63 H 3,4-nethylene C(O 2-furyl 5-brono

di oxyphenyl 64 H 3,4-methylene C(O 2-furyl 5-nitro dioxyphenyl 65 H
3,4-nmethylene C(O 2-furyl 5-t-butyl dioxyphenyl 66-H 3, 4-nethylene C(O
2-fu ryi 5-(2-nitro-4- dioxyphenyl chlorophenyl) 78 H 3-pyridyl C(O
2-furyl 5-(3-trifluoro nethyiphenyl) 79 H4- C(O 2-furyl 5-(3-trifluoro
49 WO 01/,87038 IPCT/ US01/ 14357 chl orophenyl et hyl phenyTl) Sy - @)

uryl %-(3-nifro cyanophenyl pheny H4- C(O 2-furyl

2- y Y ) 81 (O \
5-(3-trifll ubfo cyadiopHbylyl %tm‘?ﬂhﬁ‘ﬁ@ﬁ,ﬁl $(OBZ H 2-fdiviret hyb-(Stdjucrof ry!
g:gg:tmrltl;louo;(r)n n%@l\@ﬁg{}’%&%a %M%RDF' yl) 83 H 4-dinet “¥r'1etﬁ§/|8%e%9|5 aryl

74 4-pyridyl  |3,4-methylene| C(O) 2-furyl 5-(3-trifluoro

methyl dioxyphenyl methylphenyl)
75 pyrrolidinyl |3,4-methylene| C(O) 2-fury! 5-(3-trifluoro
ethyl dioxyphenyl methylphenyl)
45 H 3,4-methylene| C(O) 2-furyl 5-(4-amino
dioxyphenyl phenyl)
46 H 3,4-methylene| C(O) 2-furyl 5-(4-chloro
dioxyphenyl phenyl)
47 H 3,4-methylene| C(O) 2-furyl 5-(2-nitro-4-
dioxyphenyl chlorophenyl)
48 H 3,4-methylene| C(O) 2-furyl 5-[4~(3-
dioxyphenyl carboxy)-n-
propylcarbonyl
aminophenyl]
49 H 3,4-methylene| C(O) 2-furyl 5-(4-acetyl
dioxypheny! aminophenyl)
50 H 3,4-methylene| C(O) 2-furyl 5-(4-nitro
dioxyphenyl phenyl)
51 H 3,4-methylene| C(O) 2-furyl 5-(2-nitro-4-
dioxyphenyl chloro phenyl)
52 H 3,4-methylene| C(O) 2-furyl 5-[4-(3-
dioxyphenyl carboxy)-n-
propylcarbonyl
aminophenyl]
53 H 3,4-methylene| C(O) 2-furyl 5-(2-nitro-4-
dioxyphenyl methylphenyl)
54 H 3,4-methylene| C(O) 2-furyl 5-(3-nitro

dioxyphenyl phenyl)
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84 H 4-nitrophenyl C(O 2-furyl 5-(3-trifluoro nethylphenyl) 85 H
4-nitrophenyl C(O 2-furyl 5-(3-nitro phenyl) 86 H 4-pyridyl C(O 2-furyl
5-(3-nitmooopsmess/l ) 87 H 4-pyridyl C(O 2-furyl 5-(3-triPCOS@/14357

met hyl phenyl) 88 H phenyl C(O 2-furyl 5-(3-trifluoro nethylphenyl) 89 H
3,4-nmethylene C(O 2-thiazolyl 4-nmethyl-5-(4- dioxyphenyl trifluoro

nmet hyl phenyl) 90 H 3, 4-nethylene C(O 2-thienyl 4-phenyl-5- dioxyphenyl
trifluoromethyl 91 H 3,4-nethylene C(O 2-thienyl 5-(4-chloro di oxyphenyl
phenyl) 92 H 3,4-dinethyl C(O 3-(1,2,5- 1-phenyl-4- phenyl triazolyl)

met hyl 93 H53, 4-/di chifgro C(8}- rae(hyl&ef C@@phenyQ—fe |pheny¢\,/\gfab@ vl )
met hyl 94 H 3, 4-di net hoxy %O 3- (1 2, 1-iphenyl - 5 01/ 70u>8

PCT/ US01/{14357 phenyl tri c PWBhW hyl 95 H 3, 4- d| rret r@mmpo)ensla 1,2, 5-

P WS | ,-.r‘lr'\\ 2

1-ph | -&= hytet 12, 5-
I Phenyl -4 @osohenyl £ r1 30T IE MRy L b7 1 3ot ryl SRR 3. (1, 2, 5-

5-(3-pyriidyl)  di oxyphenyl  tdibrysHerly) phenyl)
57 H 3,4-methylene| C(O) 2-furyl 5-(2-chloro-5-
dioxyphenyi trifluoromethyi
phenyi)
58 H 3,4-methylene| C(O) 2-furyl 5-(3-trifluoro
dioxyphenyl methylphenyl)
59 H 3,4-methylene| C(O) 2-furyl 5-(3-amino
dioxyphenyl phenyi)
60 H 3,4-methylene| C(O) 2-furyl 5-[4-(4-hydroxy
dioxyphenyl —n-butyl)amino
phenyl]
61 H 3,4-methylene| C(O) 2-furyl 5-[2-(dimethyi
dioxyphenyl amino)methyl

carbonylamino

phenyl]
62 H 3,4-methylene| C(O) 2-furyl 5-trifluoro
dioxyphenyl methyl
63 H 3,4-methylene| C(O) 2-furyl 5-bromo
dioxyphenyl
64 H 3,4-methylene| C(O) 2-furyl 5-nitro
dioxyphenyi
65 H 3,4-methylene| C(O) 2-furyl 5-t-butyl
dioxyphenyl
66 H 3,4-methylene| C(O) | 2-furyi 5-(2-nitro-4-
dioxyphenyl chlorophenyl)
78 H 3-pyridy! C(0O) 2-furyl 5-(3-trifluoro
‘| methylphenyl)

79 H 4- C(0) 2-furyl 5-(3-trifluoro
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98 H 3-trifluoro C(O 3-(1,2,5- 1-phenyl
chl or ophenyl

-4- et hyl

99 H 4-cyano C(O 3-(1,2,5- 1-phenyl-4- phenyl

-4- triazolyl) nethyl
triazolyl)

met hyl M0 otB#A3sret hoxy C(O 3-(1,2,5- 1-phenyl -4 car bonyPCT/UB@zaBy )
met hyl phenyl 101 H 4-nethoxy C(O 3-(1,2,5- 1-phenyl-4- phenyl triazolyl)
met hyl 102 H 4-nitrophenyl C(O 3-(1,2,5- 1-phenyl-4 triazolyl) nethyl
103 dinethyl 3,4-nmethylene C(O 3-furyl 2-nethyl-5-(4- am noethyl
di oxyphenyl chloro phenyl) 104 H 3, 4-nethylene C(O 3-furyl 2-nethyl-5-
di oxyphenyl phenyl 105 H 3,4-nethylene C(O 3-furyl 2-trifluoro
di_oxypheqyl met hyl - 5- (4- CTlcﬁrcﬁ@b@éWl) 106 H 3, 4- Eret hy|rﬁ8ﬁ1yfér@nyl)
3-pyrazoljyl 1- nl‘pn\/l -5 dioxyphenyl tthyl 107 H 4-[ N (13-di "C(Q)
3-pyrazollyl 8 pHenyl H5- net hyl al‘ﬂ’rno) (@Y | n2ﬁuw‘ﬂ)oxy] 51(3#11]”[@1/ 87038
Eﬂiyﬁﬁi’ §|43%9 ﬂ“i,”ﬁ'. dilgﬁ gyé“%'gﬁﬂ-! ggiagg% 35%%%: thiqﬁlﬂl nyl| met hyl
81 H 4- C(0) 2-furyl 5-(3-trifluoro
cyanophenyl methylphenyl)
82 H 4-dimethyl C(0O) 2-furyl 5-(3-trifluoro
aminophenyl methylphenyl)
83 H 4-dimethyl C(0) 2-furyl 5-(3-nitro
aminophenyl phenyl)
84 H 4-nitrophenyl | C(O) 2-furyl 5-(3-trifluoro
methylphenyl)
85 H 4-nitrophenyl | C(O) 2-furyl 5-(3-nitro
phenyl)
86 H 4-pyridyl C(0O) 2-furyl 5-(3-nitro
phenyl)
87 H 4-pyridyl C(0) 2-furyl 5-(3-trifluoro
methylphenyl)
88 H phenyl C(0O) 2-furyl 5-(3-trifluoro
methylphenyi)
89 H 3,4-methylene| C(O) | 2-thiazolyl | 4-methyl-5-(4-
dioxyphenyl trifluoro
methyiphenyl)
90 H 3.4-methylene| C(0) | 2-thienyl | 4-phenyi-5-
dioxyphenyl trifluoromethyl
91 H 3,4-methylene| C(O) 2-thienyl 5-(4-chioro
dioxyphenyi phenyl)
92 H 3,4-dimethyl | C(O) 3-(1,2,5- 1-phenyl-4-
phenyl triazolyl) methyl
93 H 3,4-dichloro | C(O) 3-(1,2,5- 1-phenyl-4-
phenyl triazolyl) methyl
94 H 3,4-dimethoxy| C(O) 3-(1,2,5- 1-phenyl-4-
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110 H 3, 4-di nethoxy C(O 4-isoxazolyl 3-phenyl-5 phenyl nethyl 111 H
3,4-dinethyl C(O 4-isoxazolyl 3-phenyl-5- phenyl nethyl 112 H
3, 4- mret hywwenes@g) 4-i soxazol yl 3-phenyl-5- di oxyphenyl nepChykoy/mig H
3,5-dinethyl C(O 4-isoxazolyl 3-phenyl-5 phenyl methyl 114 H 3-trifluoro
(O 4-isoxazolyl 3-phenyl-5- methyl-4- nmethyl chlorophenyl 115 H 4- C(O
4-isoxazol yl 3-phenyl -5- cyanophenyl nethyl 116 H 4-nethoxy C(O
4-isoxazolyl 3-phenyl -5 carbonyl nethyl phenyl 117 H 4-net hoxy C(O
4-isoxazolyl 3-phenyl-5- phenyl nethyl 118 H 4-nitrophenyl C(O
4-isoxazol yl 3-phenyl -5 met hylpheh§® H)3, 4- dijmeidolyi( O] 4- metidaol y
1-phenyl 15-_phenyl trifluoromethyl 120 H 3 4-dichldrao ¢(Q 4-pyrazol yl
1- phenyl {5-9bhenyl tH f1 uof 8rfediethyl 21CLOB, [4- A& hrox) d:(pib)erM-ﬁyr azol yl
1-phenyl {5 phenyl trifluorp 52 |WD 01/|8 rJSOl/ 397 122 H
3,4-nethyl ene C{O 4-pyrazpl thprﬁ%h%'hen | -5-n %%;ﬁﬁ'gr pr E' 123 H
3,4-nmethylepg C{O 4+pyraz@ yiméihphery! €fO) -(1,2,5- 1-phenyl-4-
dioxyphenyl trlazolyl) methyl
97 H 3,4-methylene| C(O) 3-(1,2,5- 5-(3-pyridyl)
dioxyphenyl triazolyl)
98 H 3-trifluoro C(0O) 3-(1,2,5- 1-phenyl-4-
methyl-4- triazolyl) methyil
chlorophenyl
99 H 4-cyano C(0) 3-(1,2,5- 1-phenyl-4-
phenyl triazolyl) methyi
100 H 4-methoxy | C(O) 3-(1,2,5- 1-phenyl-4-
carbonyl triazolyl) methyl
phenyi
101 H 4-methoxy | C(O) 3-(1,2,5- 1-phenyl-4-
phenyl triazolyl) methyl
102 H 4-nitrophenyl | C(O) 3-(1,2,5- 1-phenyl-4-
triazolyl) methyl
103 dimethyl |3,4-methylene|{ C(O) 3-furyl 2-methyl-5-(4-
aminoethyl | dioxyphenyl chloro phenyl)
104 H 3,4-methylene| C(O) 3-furyl 2-methyl-5-
dioxyphenyi phenyl
105 H 3,4-methylene| C(O) 3-furyl 2-trifluoro
dioxyphenyl methyl-5-(4-
chlorophenyl)
106 H 3,4-methylene| C(O) | 3-pyrazolyl 1-phenyl-5-
dioxyphenyl methyi
107 H 4-[N~(3-di C(O) | 3-pyrazolyl | 1-phenyl-5-
methylamino)- methyl
n-propoxy]
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di oxyphenyl trifluoromethyl 124 H 3, 4-nethylene C(O 4-pyrazolyl
1-(4-chloro dioxyphenyl phenyl)-5- trifluoronethyl 125 H 3, 4-net hyl ene
C(O 4-pwa@noswBs 1- (4- di oxyphenyl nitrophenyl)-5- trifl upecDwselmss7126 H
3,5-dinmethyl C(O 4-pyrazolyl 1-phenyl-5- phenyl trifluoronethyl 127 H
3-trifluoro C(O 4-pyrazolyl 1-phenyl-5 nmethyl-4- trifluoronethyl

chi orophenyl 128 H 4- C(O 4-pyrazolyl 1-phenyl-5- cyanophenyl
triflueronmethyl 129 H 4-methoxy C(O 4-pyrazolyl 1-phenyl-5 carbonyl
trifluoronethyl phenyl 130 H 4-nethoxy C(O 4-pyrazolyl 1-phenyl-5- phenyl

:r! fluor¢nmethyl | I3T H 4-n tr%@ﬁgm (O 3- pyrazolyl I- prenyt=5"
rifluoronethyl | 132 H 3, 4t nethylene (O 4-ithiazolyl 2-(4-pyrazinyl)
di oxyphenyl1083|H 3, # di ch{J4en&h@ens p@(@ral y8-piribighzyl - B-thlogheny! but yl
134 H 3, 4-di net hoxy C(O) 5fpyrazolyl 1-benzyl-3-t phenyl butyl 135 H
3, 4-di methyl C(Q) 5-pyrazo ﬁ"owpgéﬁ}é'yl -3-t- |53 WO 01/ 87038 PCT/ USO1/ 14357
phenyl byT¥{gg H 3,4-dichloro | C(O) | 4-isoxazolyl | 3-phenyl-5-
phenyl methyl
110 H 3,4-dimethoxy| C(O) | 4-isoxazolyl | 3-phenyl-5-
phenyl methyl
111 H 3,4-dimethyl | C(O) | 4-isoxazolyl | 3-phenyl-5-
phenyl methyl
112 H 3,4-methylene| C(O) | 4-isoxazolyl | 3-phenyl-5-
dioxyphenyl methyl
113 H 3,9-dimethyl | C(O) | 4-isoxazolyl | 3-phenyl-5-
phenyl methyl
114 H 3-trifluoro C(O) | 4-isoxazolyl | 3-phenyi-5-
methyl-4- methyl
chlorophenyl
115 H 4- C(O) | 4-isoxazolyl | 3-phenyl-5-
cyanophenyi methyl
116 H 4-methoxy | C(O) | 4-isoxazolyl | 3-phenyl-5-
carbonyl methyl
phenyl
117 H 4-methoxy | C(O) | 4-isoxazolyl | 3-phenyl-5-
phenyl methyi
118 H 4-nitrophenyl | C(O) | 4-isoxazolyl | 3-phenyl-5-
methyl
119 H 3,4-dimethyl | C(O) | 4-pyrazolyl 1-phenyl-5-
phenyl trifluoromethyl
120 H 3,4-dichloro | C(O) | 4-pyrazolyl | 1-phenyl-5-
phenyl trifluoromethyl
121 H 3,4-dimethoxy| C(O) | 4-pyrazolyl 1-phenyl-5-
phenyl trifluoromethyl
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136 H 3,4-nmethylene C(O 5-pyrazolyl 1-benzyl-3-t- dioxyphenyl butyl 137 H
3,5-dinethyl C(O 5-pyrazolyl 1-benzyl-3-t phenyl butyl 138 H 3-trifluoro
C(O b5-pwaroswss 1- benzyl -3-t- methyl-4- butyl chl or ophergT/Us®14B574- C( O
5-pyrazol yl 1-benzyl-3-t- cyanophenyl butyl 140 H 4-methoxy C(O

5-pyrazol yl 1-benzyl-3-t carbonyl butyl phenyl 141 H 4-nmet hoxy C(O
5-pyrazol yl 1-benzyl-3-t- phenyl butyl 142 H 4-nitrophenyl C(O

5-pyrazolyl 1-benzyl-3-t butyl 143 dinethyl 3, 4-nmethylene C(O napthyl -
am noet hyl di oxyphenyl 144 H 3, 4-met hyl ene C(O napt hyI - di oxyphenyl 145

g 2 4- met hyfoenel SO2 g thi e'IByJI nyctRPIeRY| CHOXY PAPRYAZoH! ?ﬂ‘len
net hyl ene SO2 2-thieny|l 3-phenyl |di oxy[PhenyI sul f ony 7 di met hyl
3, 4- net hyl lene (O 2-benzof @mypheaw noet hyl di oxyphen) L“}ﬁg?ﬁ’y[') )
GO 2+ 415125 bhny T SR BTB o/ eny S gracom | " 1-pRenyts- | o
dioxyphenyl trifluoromethyl
124 3,4-methylene| C(O) | 4-pyrazolyl 1-(4-chloro
dioxyphenyl phenyl)-5-
trifluoromethyl
125 3,4-methylene| C(O) | 4-pyrazolyl 1-(4-
dioxyphenyl nitrophenyl)-5-
" trifluoromethyl
126 3,5-dimethyl | C(O) | 4-pyrazolyl 1-phenyi-5-
phenyl trifluoromethyl
127 3-trifluoro C(O) | 4-pyrazolyl 1-phenyl-5-
methyl-4- trifluoromethyl
chlorophenyl
128 4- C(O) | 4-pyrazolyl 1-phenyl-5-
cyanophenyl trifluoromethyi
129 4-methoxy | C(O) | 4-pyrazolyl 1-phenyl-5-
carbonyl triffluoromethyl
phenyl
130 4-methoxy | C(O) | 4-pyrazolyl 1-phenyl-5-
phenyl trifluoromethyl
131 4-nitrophenyl | C(O) | 4-pyrazolyl 1-phenyl-5-
trifluoromethyl
132 3.4-methylene| C(O) | 4-thiazolyl |2-(4-pyrazinyl)
dioxyphenyl
133 3,4-dichloro | C(O) | 5-pyrazolyl | 1-benzyl-3-t
phenyl butyl
134 3,4-dimethoxy| C(O) | 5-pyrazolyl | 1-benzyl-3-t-
phenyl butyl
135 3,4-dimethyl | C(O) | 5-pyrazolyl | 1-benzyl-3-t-
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WO 01/ 87038 PCT/ US01/ 14357 185 H 3, 4-net hyl ene CH2 phenyl - di oxyphenyl
TABLE 3 R4 gNy HR2Z CR3 Cmpd # RRY CR3 67 3,4-nethyl ene carboxy

C(O 2-fwe)usSng8-nitro di oxyphenyl phenyl) 68 3, 4-net hpCeuso2:4ézsi met hyl
C(O 2-furyl 5-(3-nitro dioxyphenyl am no)ethoxy phenyl) carbonyl 69
3,4-nmethylene 2-(dinmethyl C(O 2-furyl 5-(3-trifluoro dioxyphenyl
am no) et hyl net hyl phenyl) am nocarbonyl 70 3, 4-nethyl ene carboxy C(O
2-furyi 5-(3=trifluoro dioxyphenyl nethylphenyl) 71 3,4-nethylene methoxy
C(O 2-furyl 5-(3-trifluoro dioxyphenyl carbonyl nethyl phenyl) 72
3, 4-net hyl ene met hoxy C(O) | 2- fgheylyl 5- (3-trifil uoro di oxyphegytyl car bonyl
met hyl phenyl) 73 3 4-nethylene nethoxy C(Q 2-furyl 5-(3-nitro _di oxyphenyl
carbonyl [pHEy1)] 5 &6 WO [(RifanetbgieneT/ O8oL/ |1 hanrazateBl Elbenzyl-3-tN]Y s ¢
dioxyphenyi butyl
137 H 3,5-dimethyl | C(O) | 5-pyrazolyl | 1-benzyl-3-t-
phenyl butyl
138 H 3-trifluoro C(O) | 5-pyrazolyl | 1-benzyl-3-t-
methyl-4- butyl
chlorophenyl
139 H 4- C(O) | 5-pyrazolyl | 1-benzyl-3-t-
cyanophenyl butyl
140 H 4-methoxy | C(O) | 5-pyrazolyl | 1-benzyl-3-t-
carbonyl butyl
phenyl
141 H 4-methoxy | C(O) | 5-pyrazolyl | 1-benzyl-3-t-
phenyl butyl
142 H 4-nitrophenyl | C(O) | 5-pyrazolyl | 1-benzyl-3-t-
butyl
143 dimethyl |3,4-methylene| C(O) napthyl -
aminoethyl | dioxyphenyl
144 H 3,4-methylene| C(O) napthyl -
dioxyphenyl
145 H 3,4-methylene| SO, 2-thienyl 5-phenyl
dioxyphenyl sulfonyl
146 H 3,4-methylene| SO, 2-thienyl 3-phenyl
dioxyphenyl sulfonyl
147 dimethyl |3,4-methylene| C(O) | 2-benzofuryl -
aminoethyl | dioxyphenyl
149 H 3,4-methylene| C(O) 2-furyl 5-phenyl
dioxyphenyl
152 dimethyl |3,4-methylene| C(O) 2-furyl 5-phenyl
aminoethyl | dioxyphenyl
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R2 R3 Cmpd # R2 Y CR 76 3,4-nethylene C(O 2-furyl 5-(3-nitrophenyl)

di oxyphenyl 77 3,4-nmethylene C(O 2-fu ryl 5-(4-chlorophenyl) dioxyphenyl
TABLE 5 WORRSH3R3 Cnpd # R2 Z El) R 157 3, 4-net hyl ene C(EyT/BS@ynssn di nyl
5- (3, 4-di met hoxy di oxyphenyl phenyl) 158 3, 4-net hyl ene CHCH 2- pyri m di nyl
5- (3, 4-di met hoxy di oxyphenyl phenyl) 159 3,4-nethylene C(O 2-pyrimdinyl

5- (4- nmet hyl phenyl ) di oxyphenyl 160 3, 4-net hyl ene CHOH 2- pyri m di nyl

5- (4- net hyl phenyl ) di oxyphenyl 56 WO 01/87038 PCT/ US01/ 14357 162
3,4-nethylene C(O 2-pyrimdinyl 5-(4-methoxyphenyl) dioxyphenyl 163

3, 4-met hyl etgs C(O) 2+pyr i M IhmyéthYrelnd] mesHLOXY Phsiad froxyphenyl 164

3, 4- et hyl ene CfHO—| 2-pyrim di_ nyl 5-(44net hoxyphenyly)T di oxyphenyl 165

3, 4-net hyl ene C(O 2-pyri nm dliexyphenyld{ met hoxyphenyl ) di oxyphenyl EXAMPLE
10 I N VI TRO-FESHNG

TABLE 3

Cmpd # R R®

67 .| 3,4-methylene carboxy C(0) 2-furyl 5-(3-nitro
dioxyphenyl phenyl)

68 3,4-methylene | 2-(dimethyl C(0) 2-furyl 5-(3-nitro
dioxyphenyl | amino)ethoxy phenyt)

carbonyl

69 3,4-methylene | 2-(dimethyl C(0) 2-furyl 5-(3-trifluoro

dioxyphenyl amino)ethyl methylphenyl)

aminocarbonyl

70 3,4-methylene carboxy C(0) 2-furyi 5-(3-trifluoro

dioxyphenyl methylphenyl)
71 3,4-methylene methoxy C(0) 2-furyl 5-(3-trifluoro
dioxyphenyl carbonyl methylphenyl)
72 3,4-methylene methoxy C(O) 2-furyl 5-(3-trifluoro
dioxyphenyl carbonyl methylphenyl)
73 3,4-methylene methoxy C(0) 2-furyl 5-(3-nitro
dioxyphenyl carbonyl phenyl)
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5 Cyclic Nucl eotide Phosphodi esterase (PDE) Assay PDEV Isolation PDEV was

i solated fromrabbit and human tissues according to the protocol
Bal | ard, S.PEI/USG#j4657Att ee,

by Bool eWoet/smBs (Boolell, M
S., Miirhead, G J., Naylor,
I nternational 10 Journal of

nodi fi cati ons.
i ce-cold buffer

Briefly,

rabbit or

, Allen,

M J.,

A. M, GOsterloh, |I.

fluoride

H, and G ng

( PMSF) .

ell,

0. 25M sucr ose,
The honobgenat es

descri bed

O in

| npot ence Research 1996 8, 47-52 with m nor
human tissues were honbgeni zed in an
sol ution contai ning 20mM HEPES (pH 7. 2),
mM EDTA, and 1 mM phenyl et hyi sul phonyl

1

were centrifuged at 15 1 00,0009 foryga@mautes at 4'C. The supernatant was

filtered through 0.2M filter

exchange colum (1 m bed
nv EDTA and 0. 5niM PVBF. Aft
were eluted wwth a |inear
(35 to 50 m

nmuscl e,

total,
COr pus cavernosum

40, 45, 50, and 50 m
Il mM/mn and 1 m fractions were collected. Th
various POE activities were pool ed separately a

57 WO 01/87038 PCT/US01/14357 Measurenent of

retina,” heart

and prAat el et were eluted with 35,
THS col _wak
e

and | oaded on a Pharmacia Mono Q ani on

respectively. )

t he enzynes
in the sane buffer

20 from the skel etal

run at a flow rate of
Ctions conprising
used in | ater studi es.

I nAtbiti on of PDEV The PDE

assay wdCrapd#iled out REs descli bey by [Tho and[ Appl ermggf 1 n
Bi ochemistry 1971 10, 311-316{w th m nor ppdirficat)ons, as noted be¢low. 5
The assgys were adapted to a PG-WeII for enzyne was assaye(P in 5mM
Mg 2, 15nM Trijs HO (pH 7.4)] 0.5 ng/m serumal bunmin, I McGW or
CAMP, 0.11 G [3H -cGW or [3H-cAMP, and 2-10 | of} colum el ution. |The
total Vol Uie of 3Hemattndgnavas 1000) . The 2@yt i on| nbxButitophenyincubat ed at
30'C forf 30 m nu':)qe{s. The {eaq:ti on was| stopped by poiling for 1 m pute and
then codl ed down JHOXPHEW! The resultjng [3H 5 -hononucl eotides Vere
further [corpertleds uomeiieHoed 18 nuct epsgi JES Dy 2] [ﬁw g/ m
snake vgnom ( Ophi ophagus hannﬁh) gé ianu 3‘%’?'39 at %84]&”'9& OVHi hute. The
reacti on was stjoppadidxyghartyé addition of 1
TABLE 5
Z\\
< 2 S\ ,N-—E‘
* i
N R
H R2
5 R®
Cmpd # R® pd C RS
\/ K
N //
157 3,4-methylene C(O) 2-pyrimidinyl 5-(3,4-dimethoxy
dioxyphenyl phenyl)
158 3,4-methylene CHOH 2-pyrimidinyl 5~(3,4-dimethoxy
dioxyphenyl phenyl)
159 3,4-methylene C(0) 2-pyrimidinyl | 5-(4-methylphenyl)
dioxyphenyl
160 3,4-methylene CHOH | 2-pyrimidinyl | 5-(4-methylphenyl)
dioxyphenyl
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Bi 0- Rad AGL-X2 resin slurry (1:3). Al the charged nucl eoti des were bound
by the resin and only the uncharged [ 3H]-nucl eosi des remained in the
super nat and oa8tes 15 centrifuging. An aliquot of 200 | waBCT/@kew4asvd
counted by liquid scintillation. PDE activity was expressed as pnol cyclic
nucl eoti de hydrolyzed/ min/m of enzynme preparation. Inhibitor studies were
carried out in assay buffer with a final concentration of 20 10% DMSO.
Under these conditions, the hydrolysis of product increased with time and
enzynme concentration in a linear fashion. Exanple 11 25 In Vitro

Det er m nat Hgp Ka-fnethries phodicgot er ase Of54- 3 adapt ed
to a 96-\wel | forma't_. Pho@phodi es'Fgrlz)ise mgw}g@{}eﬁ-ﬁ%@m%%wm Tris
HCl (pH|7.4), Q.5 digkyewheiwi ne serum al bunin, 30 hM 3H cGW and t est

conpound—atayarioys—concentratio —the—anount -of—30—-enzype—used—+far each
react i on wale suchoPREPUIIRIE ¢ manqg‘% of ZRerimginyl o[ S-(maethqrwheny
converted during tdiex |period. Forjall neasurepents, the test gonpound
58 WD 01/87038 IPCT/US01/14357| was di ssolved and dlluted in 100% DVSO
(29OVBO0 |i n184say) 3,4Tmethybens yolGiOHof | 2-pwiniskay (edd-pasthbxypienyhieact i on
m xt ure |was inclfbacﬁiggyirﬂie %’ﬁ Cifor 90 rA nutes. The|reaction was stopped by
boiling for 1 ninu Phen (i medi at ely cooled by transfer to an ice
bath. Tq eagh 13, 4nvagttiyiene adde t] 4. in@n Y58 nilophagus
hannah) |and th re'a_cti on m xtdir eq%(%zubatzi ﬁg%{a'”o' Ca&ﬁ)r 1083(%% /| The
reacti on was stloppdiexyghemé addition of 1 ml Bio-Rad AGL-X2 resin slurry

(1:3). Anrattgquot—of—200t+—wastaken—and—countedby—Heagui-d——setrnrtit| ati on.
The % inhibition of the maxi num substrate conversion (by the enzyne in 10
t he absence of inhibitor) was cal culated for each test conpound
concentration. Using G aphPad Prism s nonlinear regression analysis
(signoi dal dose response), the % i nhEKAMRIEIE | og of the test conpound
concentration was plotted to deter| '\r/'l I Under conditions where

substrate concentrati on << Km of t G substrate concentrati on

at whg chdyalid Noticbli€e PROsBAbdetaraEe YPDE) hashyie enzyne is achieved), Ki is
equi valent _to the [ C50 val ue.
PDEV lsolation
PDEV was isolated from rabbit and human tissues according to the protocol
described by Boolell et al. (Boolell, M., Allen, M. J., Ballard, S. A., Gefo-Attee, S.,

Muirhead, G. J., Nayior, A. M., Osterloh, I. H., and Gingell, C) in International

—

10  Journal of Impotence Research 1996 8, 47-52 with minor modifications.

Briefly, rabbit or human tissues were homogenized in an ice-cold buffer
solution containing 20mM HEPES (pH 7.2), 0.25M sucrose, 1mM EDTA, and 1mM
phenylmethylsulphonyl fluoride (PMSF). The homogenates were centrifuged at

15 100,000g for 60 minutes at 4'C. The supernatant was filtered through 0.2uM filter
and loaded on a Pharmacia Mono Q anion exchange column (1ml bed volume) that
was equilibrated with 20mM HEPES, 1mM EDTA and 0.5mM PMSF. After washing
out unbound proteins, the enzymes were eluted with a linear gradient of 100-600
mM NaCl in the same buffer (35 to 50 ml total, depending on the tissue. Enzymes

20  from the skeletal muscle, corpus cavernosum, retina, heart and platelet were eluted
with 35, 40, 45, 50, and 50 ml respectively. ) The column was run at a flow rate of
1ml/min and 1ml fractions were collected. The fractions comprising various PDE

activities were pooled separately and used in later studies.
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Mass spec and PDEV inhibitory activity for representative conpounds of the
present invention are described in Tables 6-7. Inhibitory data is presented
either awoa0swbe |1 C50 (M, as a percent inhibition at a BCV®R01/14357
concentration of test conmpound or as a Ki value. TABLE 6 Cnpd # MW MS
(Mtl) %9 nh @10M (rabbit) 1 288.30 289 67 2 496.63 497 43 3 425.51 426
84 4 552.08 553 94 5 577.68 578 59 WD 01/87038 PCT/ US01/ 14357 6 547.66
548 95 7 506.56 507 91 8 569.60 580 89 9 476.53 477 80 10 480.95 481 79
11 550.96 551 53 12 516.52 517 76 13 552.58 553 94 14 481.46 482 88 15
466. 49 4peB0rerhontdSankibitdd/of8BDEY7 523. 65 524 88 18 452.53 453 87 19
758. 64 759 15__ 20 884. 64 805 4 _2& 543. 48 544 32 22 566.48 567 16 .

The PDE assay was carried out as described by Thompson and Appleman in

Biochemistry 1971 10, 311-316 with minor modifications, as noted below.

5 The assays were adapted to a 96-well format. The enzyme was assayed in
5mM MgClz, 15mM Tris HCI (pH 7.4), 0.5 mg/ml bovine serum albumin, 1 uM cGMP
or cAMP, 0.1 uCi [°H]-cGMP or [°H]-cAMP, and 2-10 pl of column elution. The total
volume of the assay was 100 pul. The reaction mixture was incubated at 30°C for 30
minutes. The reaction was stopped by boiling for 1 minute and then cooled down on

10 ice. The resulting [*H] 5’-mononucleotides were further converted to uncharged [°HJ-
nucleosides by adding 25 pl 1 mg/ml snake venom (Ophiophagus hannah) and
incubating at 30°C for 10 minute. The reaction was stopped by the addition of 1 ml
Bio-Rad AG1-X2 resin slurry (1:3). All the charged nucleotides were bound by the
resin and only the uncharged [°H]-nucleosides remained in the supernatant after

15  centrifuging. An aliquot of 200 pul was taken and counted by liquid scintillation. PDE
activity was expressed as pmol cyclic nucleotide hydrolyzed/min/mi of enzyme

preparation.

Inhibitor studies were carried out in assay buffer with a final concentration of
20 10% DMSO. Under these conditions, the hydrolysis of product increased with time
and enzyme concentration in a linear fashion.

Example 11
25 In Vitro Determination of K; for Phosphodiesterase Inhibitors:

The assay was adapted to a 96-well format. Phosphodiesterase was
assayed in 5mM MgClz, 15mM Tris HCI (pH 7.4), 0.5 mg/ml bovine serum albumin,
30 nM 3H-cGMP and test compound at various concentrations. The amount of
30 enzyme used for each reaction was such that less than 15% of the initial substrate
was converted during the assay period. For all measurements, the test compound
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23 616.

621. 05
565. 54
629. 68
602 98
93 40

44 615.

578 60

10

15

20

59 617 30 24 579.

622 56 28 643.66
560 9887034, 588. 54
630 63 34 629.68
36 513.63 514 97
613. 07 614 78 41

65 616 65 45 477.

49 519.55 520 60

56 580 40 25 602.56 603 20 26 621.61 622 88 27
644 94 29 602.56 601- (M1) 79 No Ml ion 30

587* (M1) no 75 M1 ion 33 629P6BUSBMAI43E 33

630 67 60 WD 01/87038 PCT/US01/ 14357 35 601.62
37 578.62 579 95 38 578.62 579 91 39 568.07 569
578.62 579 93 42 592.65 593 89 43 636.07 637 22
52 478 46 496.95 497 47 541.94 542 83 48 577.59

was dissolved and diluted in 100% DMSO (2%DMSO in assay). The total volume of

the assay was 100 pl.

The reaction mixture was incubated at 30°C for 90 minutes.

The reaction was stopped by boiling for 1 minute and then immediately cooled by

transfer to an ice bath. To each well was then added 25 ui 1 mg/mi snake venom

(Ophiophagus hannah) and the reaction mixture incubating at 30°C for 10 minute.

The reaction was stopped by the addition of 1 ml Bio-Rad AG1-X2 resin slurry (1:3).

An aliquot of 200 pul was taken and counted by liquid scintillation.

The % inhibition of the maximum substrate conversion (by the e'nzyme in

the absence of inhibitor) was calculated for each test compound concentration.

Using GraphPad Prism’s nonlinear regression analysis (sigmoidal dose

response), the % inhibition vs log of the test compound concentration was plotted

to determine the ICso. Under conditions where substrate concentration << K, of

the enzyme (K = substrate concentration at which half of the maximal velocity of

the enzyme is achieved), K; is equivalent to the ICs value.

Mass spec and PDEV inhibitory activity for representative compounds of the

present invention are described in Tables 6-7. [nhibitory data is presented either as

the 1Cso (uM), as a percent inhibition at a given concentration of test compound or as

a Ki value.

TABLE 6
Cmpd # MW MS (M+1) | %Inh @ 10uM
(rabbit)
1 288.30 289 67
2 496.63 497 43
3 425.51 426 84
4 552.08 553 94
5 577.68 578
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50 507.50 508 76 51 541.94 542 52 577.59 578 76 53 521.53 522 85 54

507.50 508 81 55 519.55 520 70 56 507.50
531 59 4WOoBR8AWIB 92 60 549.62 550 89 61

508 57 564.
562. 62 563

95 565 76 58 530.50
90 PERUSEMIIAT 455 86
61 WD 01/ 87038

50 No M+l ion 68
588.54 587* (M 1) 21
54 564* (M1) 20 No

63 465.30 465 78 64 431.40 432 83 65 442.51 443 66
PCT/ USO1/ 14357 66 541,94 542 23 67 550.50 549* (M 1)
622.63 623 35 69 644.65 645 21 70 574.51 573 46 71
No M1 ion 72 588.54 587* (M1) 15 No Mkl ion 73 565.
Ml ion 74 621.61 622 84
6 547 66 548 95
7 506.56 507 91
8 569.60 580 89
3 47653 477 80
10 480.95 481 79
11 550.96 551 53
12 516.52 517 76
13 55258 553 04
14 48146 482 88
15 466.49 467 90
16 43647 437 88
17 523.65 524 88
18 452.53 453 87
19 758.64 759 15
20 804.64 805 4
21 54348 544 32
22 566.48 567 16
23 616.59 617 30
24 579.56 580 40
25 602.56 603 20
26 62161 622 88
27 621.05 622 56
28 643 66 644 o4
29 60256 | 601 (M-1) 79
No M+1 ion
30 565.54 564 93
31 58854 [587" (M-1) no 75
M+1 ion
33 62968 630 88
33 629.68 630 63
34 62968 630 67
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75 627.

520. 94
529. 56
464. 48
547 69

93 502.

480. 55
463. 54

66 628 76 524.55 525 27 77 514.00 515 58 78 487.48 488 35 79

521 37 80 488.50 489 27 81 511.50 510* (M1) 18 No M+l ion 82

5300 1887088 506. 56 507 27 84 531.49 532 20 85 508rdPUSO%N43E 86

465 69 87 487.48 488 34 88 486.49 487 49 89 561.58 562 90 546. 57
91 513.01 514 82 62 WO 01/87038 PCT/ US01/ 14357 92 461.57 462 39

40 503 44 94 493.56 494 19 95 461.57 462 13 96 477.52 478 57 97

481 71 98 535.95 536 38 99 458.52 459 40 100 491.55 492 24 101

464 48 102 478.51 479 40

35 601.62 602 08
36 513.63 514 97
37 578.62 579 95
38 578.62 579 91
39 568.07 569 93
40 613.07 614 78
41 578.62 579 93
42 592.65 593 89
43 636.07 637 22
44 615.65 616 65
45 47752 478

46 496.95 497

47 541.04 542 83
48 577.59 578 60
49 519.55 520 60
50 507.50 508 76
51 541.94 542

52 577.59 578 76
53 521.53 522 85
54 507.50 508 81
55 519.55 520 70
56 507.50 508

57 564.95 565 76
58 530.50 531

59 47752 478 92
60 549.62 550 89
61 562.62 563 90
62 454 40 455 86
63 465.30 465 78
64 431.40 432 83
65 44251 443 66
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103 510.97 511 55 104 476.53 477 72 105 564.95 565 40 106 476.53 477 70
107 533.67 534 15 108 431.88 432 48 109 502.40 503 31 110 493.56 494 32
111 461. 3604687030 112 477.52 478 33 113 461.56 462 29 RAWUSBH43FT 536 27
115 458.52 459 30 116 491.54 492 32 117 463.53 464 32 118 478.51 479 28
119 514.55 515 28 120 555.39 556 18 121 546.55 547 10 122 504.59 505 65
63 WO 01/87038 PCT/ USO1/ 14357 123 530.50 531 56 124 564.95 565 53 125
575.50 576 54 126 514.55 515 12 127 588.94 589 13 128 511.51 512 11 129
544.53 545 46 130 516.52 517 45 131 531.49 532 12
66 541.94 542 23
67 550.50 | 549* (M-1) 50
No M+1 ion
68 622.63 623 35
69 644.65 645 21
70 574.51 573 46
71 588.54 | 587* (M-1) 21
No M+1 ion
72 588.54 | 587* (M-1) 15
No M+1 ion
73 565.54 | 564* (M-1) 20
No M+1 ion
74 621.61 622 84
75 627.66 628
76 524.55 525 27
77 514.00 515 58
78 487.48 488 35
79 520.94 521 37
80 488.50 489 27
81 511.50 | 510* (M-1) 18
No M+1 ion
82 529.56 530 13
83 506.56 507 27
84 531.49 532 20
85 508.49 509 26
86 464.48 465 69
87 487.48 488 34
88 486.49 487 49
89 561.58 562
90 546.57 547 69
91 513.01 514 82

62



132 480.55 481 76 133 557.52 556 1 134 548.68 547 5 135 516.69 517 8

136 532.64 533 18 137 516:69 517 -3 138 591.07 592 13 139 513.64 514 -9
140 546. V05487088 141 518.66 519 11 142 533.63 534 -5 1HGT/H$N/BIS7518 60
144 446.50 447 76 145 578.69 579* (M1l) 43 No Mtl ion 146 578.69 579 35
%INH @0 M (rabbit) 147 507.59 508
5.2 52 148 573.69 574 4.4 66 64 WO 01/87038 PCT/ US01/ 14357 149 462.50 463
0.75 80 150 526.55 527 4 151 409.44 410 0.13 95 152 533.63 534 1.2 80

153 447.50 448 0.12 95 154 666.76

TABLE 7 Cnpd # MWV MS (M+1)

518. 62 519 0. 0075

1C50 (M)

667 0.11 97 155 480.56 481 9.2 57 156
92 461.57 462 39
93 502.40 503 - 44
94 493.56 494 19
05 461.57 462 13
96 477.52 478 o7
97 480.55 481 71
98 535.95 536 38
99 458.52 459 40
100 491.55 492 24
101 463.54 464 48
102 478.51 479 40
103 510.97 511 55
104 476.53 477 72
105 564.95 565 40
106 476.53 477 70
107 533.67 534 15
108 431.88 432 48
109 502.40 503 31
110 493.56 494 32
111 461.56 462 35
112 477.52 478 33
113 461.56 462 29
114 535.95 236 27
115 458.52 459 30
116 491.54 492 32
117 463.53 464 32
118 478.51 479 28
119 514.55 515 28
120 555.39 556 18
121 946.55 547 10
122 504.59 505 65
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157 520. 54 521 0.0087a 158 522.56 523 49 159 474.52 475 0.024 160 476. 53
477 8.95 161 460.54 461 0.789 162 490.52 491 0.024a 164 492. 53 493 82

166 628. M0 6297038 167 522. 60 523 1.49 168 370.41 371 2. 1BeT/Us®@P1448%1. 57 482
0.042 170 451.55 452 0.049 172 408.46 409 44a 174 474.56 475 0. 150a 175
506. 56 507 0.214 176 506.56 507 0.056 178 557.70 558 37 179 449.31 450
1.58 180 573.69 574 40 182 445.52 446 0.058 183 447.50 448 0.122a 184

0. 640a 185 446 200.40 a 65 WO 01/87038 PCT/USO1/ 14357 186 448 240.10 a
187 446 49.79 a 188 491 642.69 a 189 448 121.60 a 190 463 Ki = 14.21 nM

191 443 Ki 0. 69nM 123 530.50 531 56
124 564.95 565 53
125 575.50 576 54
126 514.55 515 12
127 588.94 589 13
128 511.51 512 11
129 544.53 545 46
130 516.52 517 45
131 531.49 532 12
132 480.55 481 76
133 557.52 556
134 548.68 547
135 516.69 517
136 532.64 533 18
137 516.69 517 -3
138 591.07 592 13
139 513.64 514 -9
140 546.67 547 8
141 518.66 519 11
142 533.63 534 -5
143 517.63 518 60
144 446.50 447 76
145 578.69 | 579" (M-1) 43

No M+1 ion
146 578.69 579 35
TABLE 7
Cmpd#| MW IMS (M+1)| ICs (uM) | % INH @10 uM
(rabbit)
147 507.59 508 5.2 52
148 573.69 574 4.4 66
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a Conpounds tested using human tissue.

Fol | ow ng the procedure disclosed by Carteret al.,
in The Jour nal
i nvention are tested for
Exanpl e 13 As a specific enbodi nent of an oral

S. A,
conpounds of

conpound of

to provide a total

capsul e.
present inve
it wll be wu
of the usual
t he scope of
PCT/ US01/ 1435

N(Y)a (R 2

selected from t

C1- C8al koxy,
-C(O N(RA) 2,

aval 0 MsrpBROr
t he present

A

M)

Exanmple 12 5 I N VI VO TESTI NG

(Carter,

A J.,
of Urol ogy 1998pPCT1/6601/133¥- 246,
in vivo efficacy.
conposition,

Bal | ard,
10

100 ng of the

Exanple 7 is formulated with sufficient finely divided | actose

anount of 580 to 590 ngy to fill
15 Wil e the foregoing specification teaches the principles of the

n{1 o9 W t Re@Xanml e4gy oVv| de@d #fpr [he purgpse of 1l
ngerstood that t practice of thelinvention encon
((riaL] prepodtary attihs prdl of ol oS ions 5 g0
7| BTcr ai A944 A cohifbuni of-the formul a%l): Ra
Vhé?ﬁ?;mgsggﬁé%ét?gﬁgg?)H;Iodgﬂer;:?rsl %Pygpgggtn

- NH2153 NHRAG7 B9 RA) 2448 O RA, 0.1 O) NH2, - 860) NHRA.
- NCLO-RA—— SORNHIRA—-SC2N(CRA) -2 ph ' y

154 " 666.76 667 0.11 9

155 480.56 481 9.2 57

156 518.62 519 0.0075

157 520.54 521 0.0087°2

158 522.56 523 49

159 474.52 475 0.024

160 476.53 477 8.95

161 460.54 461 0.789

162 490.52 491 0.024°

164 492.53 493 82

166 628.73 629 58

167 522.60 523 1.49

168 370.41 371 2.15°

169 481.57 482 0.042

170 451.55 452 0.049

172 408.46 409 443

174 474.56 475 0.150%

175 506.56 507 0.214

176 506.56 507 0.056

178 557.70 558 37

179 449.31 450 1.58

180 573.69 574 40

182 445.52 446 0.058

183 447.50 448 0.122°

184 0.640°

185 446 200.40°
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substituted wwth 1 to 3 RB) and heteroaryl
10 where each RA is independently is independently selected from
(optionally subBCTAUGIEEd3W t h |
to 3 RB) and heteroaryl
where each RB is independently

to 3 RB);

t he groupvoousmssti ng of Cl- C3al kyl

3 RB), d -C8aral kyl

(optionally substituted with 1 to

a

sel ected fromthe group consisting of

Cl - Caal kyl
Cl - C8al kyl sul fonyl ,

Cl - C8al koxy,
trifluoronethyl,

Cl - C8al koxycar bonyi ,

3 RB);

ryl

(optionally substituted with |

(optionally substituted with 1

to

15 hal ogen, hydroxy, nitro, cyano,
car boxyCl- C8al kyl ,
trifluoronmethoxy, am no, acetylam no,

di (Cl- GBal kyl) amygp di (O - C3al kylggam [noGi - CBal koXy, 241 4 &2-

C8al kyl ) ami noa¢etyl G 4 CRal kyl | di (G - G8al kyl ) ani noacetyl anino, |car boxyCl-

C8al kyl car bonyl ai&o, hydroxy(‘l @@I kyl ami no, NHRA M@F&S? and 20

het er ocycl oal kyHESi—E8at-koxy .T. af—hteger—-om-6 4 ——%+8$ sel ected

fromthe groupjconsisting of 0, é And NR; where RD i & %Qgected fromthe

group consi sting {gg hydrogen, hyqr4@xy, -ORA CI- (,Bauqyb @wherein the al kyl

is optionally substituted withh one to three substituent 25 i ndiependent |y

sel ected from halt8fen, carboxy, ahﬁ3no Cl- C8al kyl dfind4. 2 G

C8al kyl ) am no, -t ma’.%eexycar bery—heteroary—br—heter hm'f‘! eal kyl ),

het eroaryl and 01/ 8703$ éf'pUSOU 14357 het Ié(rTO'aq §p bonyl (wherein
PSS s Wi T phenyl—or bstituted

t he heteroarylaﬁgm dﬁolte's&gﬂl i
phenyl, where t Bﬁﬁn tigtgents are one to three RB); R2 is selected

fromthe group consisting of C5-Ci oal kyl (optionally substituted with 1 to
3 Rc), aryl (optionally substituted with 1 to 3 R), heteroaryl (optionally
5 substituted with I to 3 RB) and heterocycl oal kyl (optionally substituted

with 1 to 3 RB); where each Rc is igygg_,p}%gqgntly sel ected fromthe group
consi sting of hal ogen, hydroxy, nifT NHRA and N(RA)2; Z is selected

from¥bhe group consisting of CH2,! F\UJINQ,DJIESE,LNQ, provi ded 10 that when Z

'h§ d?;g;n?r hy d?&@t hent[}'néori{;ce'\l@ire cf‘ scloseg k)y%aerfjerfert% Eé]aertgrr, %.J?J.,Cé)élﬁalrg,té.ng of
A., and Naylor, A. M.) in The Journal of Urology 1998, 160, 242-246, compounds of

the present invention are tested for in vivo efficacy.

10
Example 13
As a specific embodiment of an oral composition, 100 mg of the compound of
Example 7 is formulated with sufficient finely divided lactose to provide a total
amount of 580 to 590 mg to fill a size O hard gel capsule.
15 |
While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, it will be
uhderstood that the practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within the scope of the

20 following claims and their equivalents.
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C6al kyl car bonyl , G - C6al koxyl carbonyl, di (G - C8al kyl ) am noal koxycar bonyl ,
di (C1- C8al kyl)am nod - Csal kyl am nocar bonyl, and -CORE;, where RF is

sel ect ed Woonstbe group consisting of Cl-Csal kyl, NH2, NHRA[/USAZ14BIRA2,

-d -Csal kyl - NH2, -Ci1-Csal kyl - NHRA, - Cl-Csal kyl - NRA2 and - NH C1- C8al kyl - N
RA2; ais an integer fromO to 1; Y is selected fromthe group consisting
of CH2, C(O, C(OO C(O-NHand SO2; C 20 is selected fromthe group
consi sting of naphthyl, heteroaryl and heterocycloalkyl; mis an integer
fromO to 2; R3 is independently selected fromthe group consisting of

hal ogen, nitro, G- C8al kyl, Cl1-C8al koxy, trifluoronethyl,
trifluoronethoxy, phenyl (optionally substituted 25 with 1 to 3 R),
phenyl suW@.Q_Bﬁ_f)l napht hyI Cl -Csaral kyl, heteroaryl (optionally substituted

with I NH2 d 12; C provided that when is 2-furyl or
2-t hi enqu th ¢9H‘P9U%‘?. Fﬁlea@é’F‘NFrP@n 1 to 2; 68 WO 01/87038 PCT/ US01/ 14357
and pharmaceutically acceptable salts t eof . 2. The conpound of Claim!]l
wherein nis 0; 5 Xis selected fr% r NRD, wherein RDis selected from
the group consisting of EH%Cl Ceal kyl ,

di (C1- C4al kyl ) am noC1- C6 roar het eroaryl Cl- CAal kyl,

het er ocycl oal kyCl- C4al kyl a\R@(I)a Cl- C4al koxycar bonyl a Cal kyl
and heteroaryl carbonyl ; ?g e h teroar?ﬂc)s\ urther optionally
substituted with phenyI(Ro)n subsfi t ut eqgdhenyl é\qhe? in the substituents on

the phenyl 10 are one to two independently sel'ect from RB; where each RB
I s i ndependently selected fromthe group consis

) (R%)m
5 wherein
R'is independently selected from the group consisting of halogen, nitro,
hydroxy, C1-Cgalkyl, C1-Cgalkoxy, -NHz, -NHR?, -N(R"),, -O-R*, -C(O)NH,,
-C(O)NHR?, -C(O)N(R™)2, -NC(0)-R?, -SONHRA, -SO,N(RA),, pheny! (optionally
substituted with 1 to 3 RB) and heteroaryl (optionally substituted with 1 to 3 RB);
10 where each R* is independently is independently selected from the group
consisting of C4-Cgalkyl, aryl (optionally substituted with 1 to 3 R®), C-Cgaralkyl
(optionally substituted with 1 to 3 R®) and heteroaryl (optionally substituted with 1 to
3 R®);
where each R® is independently selected from the group consisting of
15 halogen, hydroxy, nitro, cyano, C4-Cgalkyl, C4-Cgalkoxy, C4-Cgalkoxycarbonyi,
carboxyC4-Csalkyl, C4-Cgalkylsulfonyl, trifluoromethyl, trifluoromethoxy, amino,
acetylamino, di(C+-Csalkyl)amino, di(C4-Cgalkyl)aminoC4-Cgalkoxy, di(C1-
Csalkyl)aminoacetylC4-Cgalkyl, di(C4-Csalkyl)aminoacetylamino, carboxyCs-
Csalkylcarbonylamino, hydroxyCi-Csalkylamino, NHR* N(R"), and
20  heterocycloalkylC4-Csgalkoxy;
n is an integer from 0 to 4;
X is selected from the group consisting of O, S and NR";
where RP is selected from the group consisting of hydrogen, hydroxy, -OR”,
C1-Cgalkyl (wherein the alkyl is optionally substituted with one to three substituent
25 independently selected from halogen, carboxy, amino, C1—Cgaikylamino, di(Cs+-

Csalkyl)amino, C4-Cgalkoxycarbonyl, heteroaryl or heterocycloalkyl), heteroaryl and
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hal ogen, nitro, Cl-C4al kyl, G -C4al koxy, trifluoromethyl, trifluoronethoxy,
am no and di (Cl-C4al kyl)am no; R2 is selected fromthe group consisting of
3, 4- met hwenesglioexyphenyl , 3,4- 15 (difl uoro) nmet hyl enedi oxpohvesyl/14357

2, 3-di hydrobenzofuryl, 2, 3-di hydrobenzo-[1, 41- dioxin-6-yl, pyridyl, phenyl
and substituted phenyl; wherein the phenyl substituents are one to two
substituents independently selected from hal ogen, Cl-C4al kyl, G- C4al koxy,
trifluoronmethyl, cyano, nitro, (-C4al koxycarbonyl, di (Cl-C4al kyl)am no or
di (Cl1- C4al kyl ) am noGi - C4al koxy; 20 R4 is selected fromthe group consisting

of hydr ogemro@@tdwbdnylQWheE’éimﬂk@hEmmnbﬂay be optionally substituted with phenyi
di (G - A4al kyl') am noG - C4al koxycar bonyl and

C4al kyl ) SrPRbtuisdphenyhnvheredhsahgny! wh%ltw(té@f%@nﬁrt@rmeﬁé? Bt oup

consi sting of 0 n t|n
of napht hgl ang(l ??é?léa?%ﬁﬁﬁm tﬁgggr%gcgﬁ?%@]ue% ggr%%‘%@@ﬁ ﬁ&%@ﬁt? grgup
consi st i mghotftd'@IR?geaaryl (’ontma"y@éubﬂlaiblﬂwlth Clto @R?}(%Yerobfyl (d)ptﬁfn@ﬂ?t hyI
Cl- C4aral k yra grldglh halo substituted , |rrethyl
subst tu?‘é%s‘[ftﬁ‘pe@a‘i’éhalto 3p%e}1§'i‘ Bies ”ﬂ@r‘?P iQflly %Lhﬁli/ te@mm biedyl ;
wherein ? substituents on the phenyl are one or nore substituents

|

i ndependent’ly sel ected from hal ogen, hydroxy, Cl-C4alkyl, Cl-C4al koxy, 30 '
trifluor omat hyhere eath RS is snndémm}denltlytsetect@d‘rfmm thecgo mlpacmriststlng of

o Bt s chy e BT L o
G C4 {1.@&3
hle'g er ocygi o)elll EQF‘SB%@(G}? Egﬁ(‘ rouE %‘Sgﬁgﬁgtﬂg agﬂ#ﬂ@g"%ﬁ#’b?@} rbg(r)\(?éeghl enyl ,

t heniOn i ﬂwaimvhmitZg&CH@ldmr O(Q)otr@n XisaNHl; phar maceutical |y acceptable salts

th f m 2, wh ip X ted f S NRD,
whor o RD i sBY 6% SRRETL o oS P CRRHENES PhoYIEeR hydige, caroowy, Cr-

di (et hy C,amRarsdhyl, CATERbRYEIBBhYO dRCRICHRMY )afthihAIRS K HFHBRL BE:-
Cgalkyl)aminoC4-Cgalkylaminocarbonyl, and -CORF;
where R is selected from the group consisting of C4-Cgalkyl, NH,, NHRA,
15 NR";, -C4-Cgalkyl-NHz, -C4-Cgalkyl-NHR?, -C4-Cgalkyl-NR"; and -NH-C;-Csalkyl-
NR*,;
ais an integer from 0 to 1;
Y is selected from the group consisting of CHy, C(O), C(0)O, C(O)-NH and
SOz,

20 - is selected from the group consisting of naphthyl, heteroaryi and
heterocycloalkyi;
m is an integer from 0 to 2;
R3is independently selected from the group consisting of halogen, nitro, C4-
Cgalkyl, C1-Csalkoxy, trifluoromethyl, trifluoromethoxy, phenyl (optionally substituted
25  with 1 to 3 RP), phenylsulfonyl, naphthyl, C4-Cgaralkyl, heteroaryl (optionally
substituted with 1 to 3 R®), NHz, NHR” and N(R*),;

provided that when - is 2-furyl or 2-thienyl, then m is an integer from
110 2;
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10 di (et hyl)am no-n-butyl, N-pyrrolidinylethyl, N-norpholinylethyl,
2-pyridyl methyl, 4 pyridyl nmethyl, 5-(4-nethyl phenyl)-2-pyrimdinyl,

car boxynmswayi/g7ostar boxyet hyl , 4- chl oro- n-butyl, PCT/US01/14357
2-(5-(3-trifluoronethyl phenyl)furyl)carbonyl, 2-(5-(3-

ni t rophenyl ) furyl)carbonyl, methoxycarbonyl nmet hyl, nethoxycarbonyl ethyl and
2- benzoxazolyl; 15 R2 is selected fromthe group consisting of phenyl,

3, 4- et hyl enedi oxyphenyl, 3, 4-(difl uoro)nethyl enendi oxyphenyl ,

2, 3-di hydrobenzofuryl, 2, 3-di hydrobenzo-[1, 41- dioxin-6-yl, 4-pyridyl,

3-pyridyl, 4-crahomremdeutidally accapiablelsaltd-tnérebhphenyl , 4

trifluoronethyl phenyl, 4-nmethoxyphenyl, 3, 4-dinethyl phenyl,

3, 5-di net hyl phenyl, 3, 4-di net hoxyphenyl, 3-trifluoromethyl -4-chl orophenyl,
3

3

: 221 di ChI%nggﬁwn&?méﬁgg?&@@élﬁg@%m n4- met hoxycar bonyl phenyl,

, 4-di et I met hyl am no phenyl and
4- (N-(3-di net hylsa@n no) - n- propoxy)phenyl R4 is selected fromthe group

t f d h b |
;fﬁ% | KLQE} ok iyid weéﬁqarﬁg?'\%d SRR R e—
2- benzof ucgyrﬁ}d%zd-t Hz]:aﬁ({/cﬁ]gﬁgggh?gtb%%ﬁiﬁysa@%en -gﬁ#g Et’eerHé/Y I’bé%rzoo;](&ééél
2- benz: ml(a@ikyl meterzsbcybioaﬂmql-maﬂzylMarbokyﬂlh—CEalhylr @ae%gdlkoﬁgasbc&@t(t%l I 5-7 .
r tr r n r
05 01/ e R naEisossaserbrbYL ¥eidb s deisrand i bitthes Sptignabie o oup
consi st i ngatituedd it pHEIBr sub&fthied. pH@;nIW Q\Fﬁéremt Oh&y.?ﬂsht&l%ﬁé@ﬂhe phenyi

trifluoronmethyl, nitro, phenyl, benzyl, Rl%ny su ydr ox
4- ch@r opreronie, toztwnsndgp@mmly sehacztedmmm pxyphenyl ,

3-trifl t h I flu

tri 1[ : uo?g:rg?ﬁwh%?{grﬁeﬂ% IﬁB %‘PHISQ?% &E Seqécﬁaﬁ‘%rbH@%Qfou%cwst@t&ﬂﬁfnyI
4-ni t rOph@w en, rﬁrr@rm ggamwa (’5@%6)@09%6)’6me§1yﬂ'tﬁﬂ@orﬁh?é}hekypg?ﬁ%'and
2-nitro-4 eny| - mtro4n‘ethy|sufonypeny,

3-acetyl HGro @@Eﬂ)amWOacetyl ani nophenyl , 4- (3-

R R o L s R e

4-[ 246N (dlﬂuoro)methylenedloxyphenyl 2,3- dlhydrobenzofuryl, 2,3-dihydrobenzo-[1,4}-
dioxin-6-yl, pyridyl, phenyl and substituted phenyl; wherein the phenyl substituents
are one to two substituents independently selected from halogen, C4-Caalkyl, C-
Cqalkoxy, trifluoromethyl, cyano, nitro, C4-C4alkoxycarbonyl, di(C4-Cgalkyl)amino or
di(C4-Csalkyl)aminoC4-Csalkoxy;

20 R* is selected from the group consisting of hydrogen, carboxy, C4-
Caalkoxycarbonyl, di(C4-Cqalkyl)aminoC+-Csalkoxycarbonyl and di(C+-
Caalkyl)aminoC4-Cjalkylaminocarbonyl;

Y is selected from the group consisting of C(O), SO, and CHa;

is selected from the group consisting of naphthyl and heteroaryl;

25 R? is independently selected from the group consisting of halogen, nitro, C4-
Caalkyl, C4-Cjalkoxy, trifluoromethyl, C4-Cyaralkyl, pyrazinyl, pyridyl, halogen
substituted pyridyl, dimethyl substituted imidazolyl, phenyl, phenylsulfonyl and
substituted phenyl; wherein the substituents on the phenyl are one or more
substituents independently selected from halogen, hydroxy, C4-C,alkyl, C1-Csalkoxy,

30 - trifluoromethyl, trifluoromethoxy, nitro, amino, acetylamino, C4-C,alkyisulfonyi,
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10 pyrrolidinyl)ethoxy] phenyl, 4-[2-(4-norpholinyl)ethoxy]phenyl, 4-(2-

(di met hyl am no) et hoxy) phenyl, 4-pyrazinyl, 2,3-dinethyl-3Himdazolyl,

2- pyri dyiwands7o3s pyri dyl; C provided that when is 2-furyPCOUS@/t4Bs7eNyYl ,
then mis an integer from 1 to 2; 15 and pharmaceutically acceptable salts
thereof. 4. The conpound of Claim3 wherein X is NRD, where RDis selected
fromthe group consisting of hydrogen, di(nethyl)am noethyl,

4-pyridyl met hyl, 2-pyridyl nethyl, N-norpholinylethyl, 20 carboxyethyl,

car boxymet hyl , di (ethyl)am noethyl, N pyrrol i di nyl ethyl and 5-(4-

et hyl pheavldw; Oxy‘bdh@n%ﬁr%éylgﬁﬁrab S"p{ioﬁ @ﬁl&?ébﬁﬁ;ﬁ éﬂ(cS’H@‘;QRﬂ%rﬁHo@- of

3, 4- et hyl enedi

2, 3- di hy @@llenxypdi C-L,alkyDammaiacetylaRino sr hyeragelvalRBC¥O,alkeglect ed from
the group consisting of C(O a CH2; Cis selected fromthe group

consi sting of naphthyl, 2-pyr} Nyl , 2- furyl, 2-benzofuryl, 2-thienyl,

2- benzot hi enyl , 2- benzothlaz Vyl \ -benzoxazolyl 2- thlazolyl 4- thlazolyl
and 2-pyridyl; 71 WO 01/8703 PCI/ S01/ 14357 mis an integer fromo0 to 1;
R3 is select ecprbwdafdtthﬁ whenp Si 3% Refgrybior Brtbremyl, thérutyis, anmizttéageryfrom
trlfluoronet nitro, phenyl, 4-chlorophenyl, 3,4-dinethoxyphenyl, 3-
trifluoro n%& yIphenyI 4- met hyl phenyl, 4-nmet hoxyphenyl, 2-nitrophenyl, 3 5
ni troghenyl, 4 [Sﬁém%émhealﬁré’éﬂé}f?ﬁlé@é\ts tHerBbf." O- 4- chl or ophenyl,
2-nitro-4- nethylphenyl 2-ni'tro-4-met hyl sul f onyl phenyl, 4-(3-carboxy-n-
propyl ) car bonyl am nophenyl, 2-chl oro- 5- trlfluoronethylphenyl,

4- (4-hyd but di it hyl ari i nophenyl
oy e B AP e T ) gt e P

X is selected from S or NRP, where R® is selected from the group consisting

of hydrogen, di(methyl)aminoethyl, di(methyl)amino-n-propyl, di(ethyl)aminoethyl,

10 di(ethyl)amino-n-butyl, N-pyrrolidinylethyl, N-morpholinylethyl, 2-pyridylmethyl, 4-
pyridylmethyl, 5-(4-methylphenyl)-2-pyrimidinyl, carboxymethyl, carboxyethyi, 4-
chloro-n-butyl, 2-(5-(3-trifluoromethylphenyl)furyl)carbonyl, 2-(5-(3-
nitrophenyl)furyl)carbonyl, methoxycarbonylmethyl, methoxycarbonylethyl and 2-
benzoxazolyl;

15 R? is selected from the group consisting of phenyl, 3,4-methylenedioxyphenyl,
3,4-(difluoro)methylenendioxyphenyl, 2,3-dihydrobenzofuryi, 2,3-dihydrobenzo-[1,4]-
dioxin-6-yl, 4-pyridyl, 3-pyridyl, 4-cyanophenyl, 3-nitrophenyl, 4-nitrophenyl, 4-
trifluoromethylphenyl, 4-methoxyphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl,
3,4-dimethoxyphenyl, 3-trifluoromethyl-4-chiorophenyl, 3,4-dichlorophenyl, 4-

20  chlorophenyl, 4-methoxycarbonylphenyl, 3,4-dimethoxyphenyl, 4-
(dimethylamino)phenyl and 4-(N-(3-dimethylamino)-n-propoxy)phenyi;

R* is selected from the group consisting of hydrogen, carboxy,
dimethylaminoethoxycarbonyl, dimethylaminoethylaminocarbonyl and
- methoxycarbonyi;

25 is selected from the group consisting of naphthyl, 2-pyrimidinyl, 2-
furyl, 3-furyl, 2-benzofuryl, 2-theinyl, 2-benzothienyl, 2-benzothiazolyl, 2-
benzoxazolyl, 2-benzimidazolyl, 4-thiazolyl, 2-thiazolyl, 3-pyrazolyl, 4-pyrazolyl, 5-
pyrazolyl, 3-(1,2,5-triazolyl), 4-isoxazolyl, 2-pyridyl and 3-pyridyl;
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C. _ o0 10 provided that when is 2-furyl or 2-thienyl, then mis 1; and
phar maceutically acceptable salts thereof. 5. The conpound of Claim4
wherein Xv0e1/8i88% where RD is selected fromthe group conBCHURSHIg46S7

hydr ogen, 15 di (et hyl)am noet hyl, N norpholinylethyl, carboxynmethyl and
N-pyrrolidinylethyl; R2 is selected fromthe group consisting of

3, 4- met hyl enedi oxyphenyl and 2, 3-di hydrobenzofuryl; Z is selected fromthe
group consisting of CH2 and C(O); provided that when Z is C(O, then X is
NH, 20 Yis C(O; Cis selected fromthe group consisting of

2-pyrim dinyl g3gs ifng:éélendgﬁt#)p@élé&%g rfzerrg l’ﬂige @%gﬁsﬁ%ﬁ’rl& of@tﬂ&jo?ﬁ%lﬁét and

2-pyridyl; R31s s cted Tromt uty hoxy,
nitro, pmetwl, n4romylj Bbuiyhemsthoxy-tridadrphmieyly hitrod phehlokgphgnyi |

3, 4-di net ho nyl , 5 trifluoronpethyl phenyl, 2-njitrophenyl,

3_-?it'r2pmﬁ fuqﬁm%ﬁ,t"f-lgﬁr@ﬁyriﬁe@{a‘%fﬁl‘éﬁéﬁyi %methylp:henynf’s,z;r.]y P

nitro-4-x ) =" enyl, 2-

Tnd o SaoRHeR Y SaEomemy BB L OB A B0 sy

pr ovi?egtrin‘lhat?r?m#{ylpm@%f%wgwtlfnypbenyh gmitftcphem_yli mharomxeel t yz i4]§|aitrbp)thﬁnyl,

acce apl e Sa er eor.. . C ou al sSel ecte rom e rou

e T aErRoBRanylsA e Rye s Sa AR hehg. Priteramehyaanyl. - O OUP
| b&irysLA - \ ohlNpes i -(3-

A I TRy Suon e S BPedidininophahiy s sRstylamingpiienyl. 4-(3

di ( met hytgrhekyoepiopyl)gabony@gmisophedr o-chlorR-riflubmmethylpheq$l, 4-@et hyl ened

| oxyphenyl drogy bl anh BHemO PRy S RE) A Besamihdshenyl, 4-12-(N-
10 pyrrolidinyl)ethoxy]phenyl, 4-[2-(4-morpholinyl)ethoxy]phenyl, 4-(2-
(dimethylamino)ethoxy)phenyl, 4-pyrazinyl, 2,3-dimethyl-3H-imidazolyl, 2-pyridyl and
3-pyridyl; '

provided that when s 2-furyl or 2-thienyl, then m is an integer from
1to 2;
15 and pharmaceutically acceptable salts thereof.

4. The compound of Claim 3 wherein
X is NRP, where RP is selected from the group consisting of hydrogen,
di(methyl)aminoethyl, 4-pyridylmethyl, 2-pyridylmethyl, N-morpholinylethyl,
20  carboxyethyl, carboxymethyl, di(ethyl)aminoethyl, N-pyrrolidinylethyl and 5-(4-
methylphenyl)-2-pyrimidinyl;
R? is selected from the group consisting of 3,4-methylenedioxyphenyl, 2,3-
dihydrobenzofuryl and 2,3-dihydrobenzo-[1,4]-dioxin-6-yl;
R* is hydrogen;
25 Y is selected from the group consisting of C(O) and CHy;

is selected from the group consisting of naphthyl, 2-pyrimidinyl, 2-
furyl, 2-benzofuryl, 2-thienyl, 2-benzothienyl, 2-benzothiazolyl, 2-benzoxazolyl, 2-
thiazolyl, 4-thiazolyl and 2-pyridyl;
7



10 1, 2, 3, 9-tetrahydro-4-oxo-4H 3-carboline 1- (3, thyI ened

i oxyphenyl ) -2-[5-(4-net hyl phenyl ) -2-pyrimdinyl]- ,3,9- tetrahyd

r o- 4- oxo-Wo bi/gB®3gar bol i ne; 1-(3, 4- met hyl ened PCT/US01/14357
i oxyphenyl ) - 2-[ 5- (4- met hoxyphenyl ) - 2- pyri m di nyl ] -

1,2, 3,4-tetrahydro-4-oxo0-4H[i-carboline; 15
- (3, 4- net hyl enedi oxyphenyl ) - 2-[ 4- (4- met hoxyphenyl ) - 2-t hi azol yl ] -2, 3, 4, 9-
etrahydro-1 H [ 3-carboli ne;

(3, 4- net hyl enedi oxyphenyl ) - 2- (4- phenyl - 2-t hi azol yl')-2, 3, 4,9-tetrahydro- 1
H-[ 3- carbol i ng; ls%m[lﬁte%ér%‘ @ltg|1nyl 6' -yl -1-(2, 3-di hydro-benzofu
ran-5-yl)-2, 3,4, 9-tetrahydro- 20’1 H[3-carboline;

1-(2, 3-di hydrlaf)a\sejéuhedrfrcﬁnym9201[[56@231@@ ufehmmyﬂm :il-lbutym, deetiobxyd- yl ) - 2, 3-

2,3,49-t et rahydr 3-.car oI| eand cceptabl e salts
t her eof . tn%lggr tﬁyéﬁgfmnt 8@&5@@ ﬁ{ﬂq %\éng thar maceutical |y

accept abﬂrmuofaﬁémgrph@w: a. ﬁ]@mg@;smnwm ﬁ;le%hcs&yﬂphe%yl £-ARBORBAALSL Cal

conposi tion nade m Xi ng a conpound adarmil a pharhaceutically
accepi abmlﬁopbemyleﬁ mtrczpmma-am@aomw l%oimd%broghen\ylpﬁﬂnm-é for maki ng

h d of | and
ohar macetEHbEME BB A BS S ARER b EYa Y, 3ot t feati ng sexual
dysf unct p.@rp%/l @ar@oa?mnqﬁbphame@@htda@memfluor&ﬁmwyﬁdrr&yadmmhﬁr%&ghg to the

subj ect a therapeuti cal é effective anount of the conpound aiml. 11.
The net hl@utyl)ammcmheiny{; % a(d@netbylgnun@)tacatylammp@myn@ pywazingl 2-pyriEdysexual

10 dysfu € 6 dysfunction. 12. The nmethod of C aim 10,
wherein Srﬁ%bségtﬁ?tﬁgbgﬁun i orll(il@’ selected from the group consisting of
mal e sexual dysfunction, male €rectile dysfunction, inpotence, fenale

sexual dysfunction, femal e sgxuat \arousal dysfunction and 15 fenal e sexual
dysfunction rel ated to bl ood| flowjand nitric oxide production in the

tissyps of the AU R 20heh! ! “is 2-furyl or 2-thienyl, then m is 1:

and pharmaceutically acceptable salts thereof.

1
t
1-

5. The compound of Claim 4 wherein
X is NRP, where R is selected from the group consisting of hydrogen,
15 di(methyl)aminoethyl, N-morpholinylethyl, carboxymethyi and N-pyrrolidinylethyl;
R? is selected from the group consisting of 3,4-methylenedioxyphenyl and
2,3-dihydrobenzofuryl;
Z is selected from the group consisting of CH, and C(O); provided that when
Zis C(0O), then X is NH;
20 Y is C(O);

is selected from the group consisting of 2-pyrimidinyi, 2-furyl, 2-
benzofuryl, 2-benzoxazolyl, 2-thiazolyl and 2-pyridyl;
R? is selected from the group consisting of t-butyl, methoxy, nitro, phenyl, 4-
chiorophenyl, 4-methylphenyi, 4-methoxyphenyl, 3,4-dimethoxyphenyl, 3-
25  trifluoromethylphenyl, 2-nitrophenyl, 3-nitrophenyl, 4-nitrophenyl, 3-aminophenyl, 2-
nitro-4-methylsulfonyiphenyl, 2-(dimethylamino)acetylaminophenyl, 2-pyridyl and
2,3-dimethyl-3H-imidazol-4-yl;
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13. A nethod for increasing the concentration of cGW in penile tissue in a
mal e subject in need thereof conprising admnistering to the subject an

ef fecti vavanogmss 20 of the conmpound of Claiml. 14. A nepbD@S@i14837eati ng a
condition selected fromthe group consisting of male erectile dysfunction
(ED), inpotence, female sexual arousal dysfunction, female sexual
dysfunction related to blood flow and nitric oxide production in the

ti ssues of 25 the vagina and clitoris, premature |abor, dysnenorhea,

car di ovascul ar di sorders, atheroscler03|s arterial occlusive di sorders,

t hronbosi s, coronary rest ste S, angina pectoris, nyocardi al

i nfarction, heart failure, I (;ﬁem' heart disorders, hypertension,
pul nonary hyperten5| on ast he, in er mttent claudication and diabetic
conplicati ons Bf f @m}‘[ ng adm nistering to the
30 subject a erapeut | ?ﬂﬁ y effecti vﬁﬂg@d iSﬂie conmpound of C aim 1.
74 and pharmaceutically acceptable salts thereof.
6. A compound of Claim 3 selected from the group consisting of
5 1-(3,4-methylenedioxyphenyl)-2-[(5-phenyl-2-furyl)carbonyl}-2,3,4,9-

tetrahydro-1H-B-carboline;
1-(3,4-methylenedioxyphenyi) -2-[5-(2-pyridyl)-2-pyrimidinyl]-9-
di(methyl)aminoethyi-2,3,4,9-tetrahydro-1H-B-carboline;
1-(3,4-methylenedioxyphenyl)-2-[5-(3,4-dimethoxyphenyl)-2-pyrimidinyl]-
10 1,2,3,9-tetrahydro-4-oxo-4H-B-carboline
1-(3,4-methylenedioxyphenyl)-2-[5-(4-methylphenyl)-2-pyrimidinyl]-1,2,3,9-
tetrahydro-4-oxo-4H-3-carboline;
1-(3,4-methylenedioxyphenyl)-2-[5-(4-methoxyphenyl)-2-pyrimidinyl]-
1,2,3,4-tetrahydro-4-oxo-4H-B-carboline;
15 1-(3,4-methylenedioxyphenyl)-2-[4-(4-methoxyphenyl)-2-thiazolyl]-2,3,4,9-
tetrahydro-1H-B-carboline;
1-(3,4-methylenedioxyphenyl)-2-(4-phenyl-2-thiazolyl)-2,3,4,9-tetrahydro-
1H-B-carboline;
2-[2,3"Bipyridinyl-6'-yl-1-(2,3-dihydro-benzofuran-5-yl)-2,3,4,9-tetrahydro-
20 1H-B-carboline;
1-(2,3-dihydrobenzofuran-5-yl)-2-[5-(2,3-dimethyl-3H-imidazol-4-y)-2,3-

2,3,49-tetrahydro-1h-B-carboline;and pharmaceuticaily acceptable salts thereof.

25 7. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and a compound of Claim 1.

8. A pharmaceutical composition made by mixing a compound of Claim 1

and a pharmaceutically acceptable carrier.
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9. A process for making a pharmaceutical composition comprising mixing a

compound of Claim 1 and a pharmaceutically acceptable carrier.

10. A method of treating sexual dysfunction in a subject in need thereof
comprising administering to the subject a therapeutically effective amount of the
compound of Claim 1.

11.  The method of treating sexual dysfunction of Claim 10, wherein the sexual

dysfunction is male erectile dysfunction.

12.  The method of Claim 10, wherein the sexual dysfunction is selected from
the group consisting of male sexual dysfunction, male erectile dysfunction,
impotence, female sexual dysfunction, female sexual arousal dysfunction and
female sexual dysfunction related to blood flow and nitric oxide production in the

tissues of the vagina and clitoris.

13. A method for increasing the concentration of cGMP in penile tissue in a male
subject in need thereof comprising administering to the subject an effective amount
of the compound of Claim 1.

14. A method of treating a condition selected from the group consisting of male

erectile dysfunction (ED), impotence, female sexual arousal dysfunction, female

- sexual dysfunction related to blood flow and nitric oxide production in the tissues of

the vagina and clitoris, premature labor, dysmenorhea, cardiovascular disorders,
atherosclerosis, arterial occlusive disorders, thrombosis, coronary rest stenosis,
angina pectoris, myocardial infarction, heart failure, ischemic heart disorders,
hypertension, pulmonary hypertension, asthma, intermittent claudication and
diabetic complications in a subject in need thereof comprising administering to the
subject a therapeutically effective amount of the compound of Claim 1.
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