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Erectile dysfunction (ED) is defined as the inability to achieve or
mai ntain an erection sufficiently rigid for satisfactory sexual

I ntercourse. Currentlpyphled t,.approxi mtely 7-8% of the male
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disorder. In particular, patients with diabetes, hypertension, heart
di sease, and nultiple sclerosis have a particularly high preval ence of ED.

In addition, patients who taE&!ﬁr;tﬂE cl asses of drugs such as
anti hypertensives, antidepre d TOMd anxi ol ytics are nore
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devi ces, &s@dgensyrdhesis of aed pbarmacadicaheomnpesii@wotatbmiRgy S,  papaveri ne,

compounds and their use for the treatment of sexual dysfunction. The

compounds of the present invention are phosphodiesterase inhibitors useful for

the treatment of sexual dysfunction, more particularly male erectile dysfunction.

BACKGROUND OF THE INVENTION
Erectile dysfunction (ED) is defined as the inability to achieve or maintain
an erection sufficiently rigid for satisfactory sexual intercourse. Currently it is
estimated that approximately 7-8% of the male population suffer from some
degree of ED, the equivalent of at ieast 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 oFthe population increases

Male erectile dysfunction may be the consequence of psychogenic
and/or organic factors. Afthpugh ED is multi-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 particularly high prevalence of ED. In addition
patients who take certain classes of drugs such as antihypertensives, ,

antidepressants, sedatives, and anxiolytics are more prone to suffer from ED
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phent ol am ne, and al prostadil are currently used in practice. These agents
are only effective after direct intracavernosal or intraurethral 17 N0V 2004
i nj ection, g{ﬁj lzg? associated with side effects such as priapis

o PR RS

m
fibrosis, n and hematoma at the injection site. VAGHHPHEIEes
are a noninasive alternative treatnent for ED. These devices produce an
erection by creating a negative pressure around the shaft of the penis.
resulting in an increased blood flow into the corpus cavenosumvia passive -

arterial dilati his, f,orm of. ther is  frequently successful
in ED of organi ?Q%?%‘%'ﬂgqggﬁ}& 'B?'Hpg 3 W'%&%tq?g%m@qgﬂc ageyyAt wAGUYm and
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use as anty i ribed in U Pat ent, . 5,250,534 and
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sildenafil versus 15% on placebo. In~addition e use o
associ at efave bipesenyzedwithrigeme suetasss patialady irsdiabetiodiery Thesdalvites

fl ushi ng | t .Ml Sion which result fromngn-sel ective
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i ntroduction of 2 17 Nov 2004 WD 0110882 PCT/ USOL/ 14391 nedi cation directly

into the penis via injection, the use of an external device or a surgical
procedure. 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-methyipiperazin-1-ylsufphonyi)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.
5,250,534 and 5,346,901. The use of sildenafil and related analogs for treating
male erectile dysfunction is described in PCT Intemational Application Publication
No. WO 84/28902, 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 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 includ ing
headache, flushing and disrupted color vision which result from non-selective
effects on a variety of tissues. In spite of these shortcomings, the drug is viewed

by patients as preferable to other treatments which invoive the introduction of
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Daugan et.al, in US Patent No. 5,859,009 and EP 0740668 Bl descri be the
synthesis of a series of tetracyclic derivatives as inhibitors of cyclic
guanosine 3',5" nonophosphate specifically phosphodi esterase, andlgfﬁlﬂv 2004
use in treahig@/geagdi ovascul ar di sorders. Daugan et.al., in WZ97/03675
teach the use of the tetracyclic derivatives for the treatnBhl/U§p1/14391

| npotence. Garinaux, J.-F. et al., in Tetrahedron Letters 38(17), (1997),

pp 2997-3 . di.scl th nt hesi s of tricyclic quinolone derivatives via
oxi dat i onqvg?d'fg{,@ﬁﬁ%%ﬂy érgetp;tﬁ§(ﬂ)ep@_\réa EURHIM HBe uspradian exernal Bevice di
2803541 anrdrdiCaRaiceRiduNg. 4, 235, 907 discl oses substituted

9H pyrrol o-[3, 4-b] qui noli n-9-ones and their use in the treatnent of
allergic asthma. Sexually stimnmulated penile erection results froma conpl ex

interplay of si ol ogi cal , processes involving the central nervous system
the peri pheral @%mfbﬁgagﬁp‘%n?a’&ﬁwphé-%%@% andSuP ©740668iF1 deddribe the

rel ease ofyithksi i I 00~ rgic. .non-chol i nergi c nerves and
endot hel i u%ﬂgtgtg iist:/%f%ss ggﬁgr?i ?@fﬁg%ﬁg@@tﬁg E%n'@pg)é@é% OF Rys$lisamangsine 3P

evel s wi mianophosphatespeciioallpimsahodiBstorbse! Sad hdifuboid fegtdqil ar cGWP
reduces intracellular calciumlevels, resulting in trabecu A% ot h
muscl e r efAPIRYSCUIRgAIEAders, Dapgan ebal iNIMORHOBEB5 dtactothentse 6Kk@aNSi on

and conpregsi-oRl; : '@é%bf ' lkes | eading to penile erection. PDEV
has been %ouﬁgailcﬁaﬁhprﬁtﬁ p g%gfgeﬁgétarﬁ/n%n\%ggﬁp oot h nuscl e, suggesting a
role for this enzynme in the regulation of intracellular concentrations of
C@GW in cardioyascular tissue. In fact, inhibitors of PDEV have been shown

to produce en @f"ﬁépi"ai‘:ﬁe@te@idélhﬁre(ralswr@lnab@ﬂémﬁ&ﬂ"fp((ﬂng]k/gpimﬁggoo

I NCr easesy;d ' ; . i nduced by nitric oxide. Mreover, PDEV
i bt orisdlose the %&ﬁ;ﬁé%'%%ﬁ%'& WﬁBHﬁfff?'@(ﬁi’éﬁ ¥ie oxidation of 1,2,34+ nal
nodel s oftengh%gﬁ.gs@rbgmés_fai |l ure and pul nonary hypertension. Hence in
addition to their utility in ED, PDEV 3 17 NOV 2004 WO 01/87882

PCT/ USO01/ 14391 inhibitors would likely be of therapeutic benefit in

diti i fail , I t i on, d I na. Agent
Chat i nor sase FRETIRe At PLPE AT ae U Walonk Sl 15246 80iksuioses hr ough

enhanced substtsed OH-poFtolke ,bbﬁﬂfrﬁiﬂm-%fn i ected to b
effective treatnents ?or E% The intraceFF%tﬁﬁéﬁ%&eﬁmﬂgofegul at ed

by the allergic asthma.

Sexually stimulated penile erection resuits from a complex interplay of
physiological processes involving the central nervous system, the peripheral
nervous system, and the smooth muscie. Specifically, release of nitric oxide from
the non-adrenergic, non-cholinergic nerves and endothelium actlivates guanylyi
cyclase and increases intraceilular cGMP levels within the corpus cavernosum.
The increase in intracellular cGMP reduces intracellular calcium levels, resulting in
trabecular smooth muscle relaxation, which, in turn, results in corporat volume

expansion and compression of the sub-tunical venules leading to penile erection.

PDEV has been found in human platelets and vascular smooth muscle,
suggesting a role for this enzyme in the regulation of intracellular concentrations
of cGMP in cardiovascular tissue. In fact, inhibitors of PDEV have been shown to
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
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enzynes involved in its formation and degradati on, nanmely the guanyl ate
cycl ases and the cyclic nucl eotide phosphodi esterases (PDEs). To dakt ¥V Al

| east ni newdams#iges of nammalian PDEs have been described, gdvMgsf;s3¥pi ch
are capable of hydrolyzing the active, cGW, to the inactive, , under
physi ol ogi cal conditions (PDEs I, 11, V, VI, and I X). PDE Vis the

predom namyinit et D sum_.Inhi bitors of PDEV, : ‘
Pher of or o Dt W BLICYNEATEE of BidtReuf S K e AR H EoncinR KRt faibker i n 1t he
cor pus capelrosvanyahybertdvasion, driteatginatl i on and frequency of penile

erection. Additionally, selective PDE inhibitors are known to be useful in
the treatnent of various disorders and conditions including nmale erectile

dysf ti E | f Lan, female |
st uncti on r o e FinERALR ind B SEEE i et fosua, e tme
tissues othrotigie evigineadasibagkidreeiSeed bRIEKIBHG, 6?@@@%%@%&%%@09% or s

cardi ovascul ar disorders, atherosclerosis, arterra
t hr onbosi &ffedbiedieatnentsdor EDenbise intranetian Ipas of cEGMPne 26gilated by the

o on bt LN Gue e gl et BT
conpl | catamhthe APARY Midl8bide phodphddleQBFASs (ﬁp%@f/;oﬁﬁgéhﬂé@%fpﬁ%ﬁgt Ity

conmpounds which " increase the concentration o

through tfAgiliemobmaromalian Rids pavdibeshataseibeds fies of Whidh drPDEYabiblosi S
gnpounds whi ch are usegul for

anot her | c}t of %{éﬁ%ifnven i to, identi f\é_m(/:' .

the treat FENYYENGYS AFIVE, SRt todhe inagtivel BBy upder pbysiblegital fconditions
and/ or i EBNCE N h - ; : jon in femal e aninals.
Still angmner oglj'ec’t\m]?)lflaﬁtdﬁbetD m%r}fﬁkﬁﬁfﬁsﬁ%pén}u‘gﬂéﬁ{#% WYBENPYS eat i ng
sexual dyaverasum, Inkdiptars alf PPEY etheréferelysbulddtié expedtsting ifdease gp@pounds
of the presentt i?venii %ﬂ\a 4 17 NOV 7004 WO 01/81882 PCT/ USOL/ 143 It is
anot her B[ &Eptration pl GGNEAR the CoppyskavertoswBmms oaksanee the durationsefdll f or

the treafrgpeney FFpetilkiqasti@f disorders nediated by PDEV, such as nale
erectile dysfunction, fermale sexual dysfunction, cardiovascul ar disorders,

atherosclerosis, arterial occlusive disorders, thronbosis, coronary

ir gih;ﬁn'egoﬁlez ' ﬁﬁ@%ﬁ‘%@f g%}e%?i\'/g Ptgg?nchxri(tjér%laryﬂn%r\f% to be ugee?ljltin ftt?elel e
treatment of various disorders and conditions including male erectile
dysfunction (ED), 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, 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.

Accordingly, it is an object of the invention to identify compounds which
increase the concentration of cGMP in penile tissue through the inhibition of
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 invention.



hypertensi on, pul nonary hypertension, asthma, intermttent claudication or
di abetic conplications. W now describe a series of pyrrolopyridi nonej
derivatives with the ability to inhibit phosphodi esterase type Vi A eWﬂyZHﬁ
assays. SUMWVBRY/se¥s2 THE | NVENTI ON The present invention provi gfs novel
pyrrol opyri di none derivative conpounds useful as phosphodi e§tHPayd4391

i nhi bitors. Mre particularly, the present invention is directed to
conpoeunds of the general formula (1) or (I1): wherein R is selected from
t he group consi ;ti ng of hydrogen, carboxy, -C(0)-GC C6al kyl,

-C(O) - C1- Coal koltys anctHar dtof feal i i < - kvl - NHRA,
09N G Gen kI T2 L0 Mo o deuf) oL R are

C, - Coal ky|4s§ipl Tor the bisatment ofguditians chdiskiderdRidted by PDEV, such as

-NH-C, - C6 5 : ch, RA is independently sélected fromthe

gr oup con?ﬂé%él‘l %ﬂgﬁgﬁg’@f%?@‘?m 5‘@?’,‘“%,({5" HpRytardiovasevlar disordersywher e
the aryl, athemskidrosis, ahetigr - PiHQR# ) substituted with one to
three RB; 5 WD 01/87882 17 N%?' %éd‘ég%g’br‘?‘fﬁog"f%@’&fMBF@%é?ﬁtﬁﬁﬂ0§IS.

i ndepende@N9iNa Beelrisdmyosardialdntarotion, dosat SiiiLAg istherhial f%‘?{lﬁiSfﬂH&Q’ cyano,
C1- Coal kylh ??teﬁglﬁhkﬁw Cl- C6al kyl carbonyl, carboxyd - Coal kyl, '

C1- Ceal kyl YBFFERTP™ W?W&Mﬂ?'%ﬂﬁ \maji intermittanticlaydication or

acetyl am afabetierdodipiidatiopal Kyl car bonyl am no, hydroxyG - Coal kyl am no, NHRA

and N(RA}2; R2 is selected fromthe group consisting of C5-Cloal kyl
(optionally substituted with one to three substituents independently

sel ected from gg%%gen h dI’OXé,_ nitro, amno, NHRA or N(RA)2), aryl
(optional ly subBsTi mgﬁs‘?ﬁﬁ%é deg Sf PYRPIRPYSdinonet desivatives dithethdesbillty to
sel ect ed fhitit BG&SpdefﬁéﬁéH@étyggm Hpgﬁ%ﬁgﬁég%%l tuted with one to three

substituents independently sefecte eteroaryl (optionally
substituted with one to three substituents independently selected from
Rc), and heterocycl oal kyl (optionally substituted with one to three
substituents independently selected fromRc); where Rc is selected fromthe

group consisting of hal ogeSUNMMARY ¥ §8fE INVENTION
The present invention provides novel pyrrolopyridinone derivative
compounds useful as phosphodiesterase inhibitors. More particulanly, the

present invention is directed to compounds of the general formula (1) or (11):

wherein

R'is selected from the group consisting of hydrogen, carboxy, -C(0)-C;-
Cealkyl, -C(0)-C4-Csalkoxy, -C(O)-NH-C,-Cealkyl-NH,, -C{O)-NH-C;-Csalkyi-
NHR?, -C(O)-NH-C1-Cealkyl-N(R),, -C(O)-NHg, -C(O)}-NHR", -C(O)}-N(R™,, -
C1-Cealkyl-NH,, -C4-Cgalkyl-NHR®, -C1-Cealkyl-N(R™),, -NH-C,-Cealkyl-N(R*),:

where each R* is independently selected from the group consisting of
C+-Csalkyl, aryl, C+-Csaralkyl and heteroaryl, where the aryl, aralkyl or
heteroaryl may be optionally substituted with one to three RS,
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Cl- CBal kyl, G -C6al koxy, trifluoromethyl, trifluoromethoxy, NH2,
NH( C1- C6al kyl ) and N(Cl-Csal kyl)2; R3 is selected fromthe group 17 Ngy 2004

consi sti ng wb wdsxrgen, Cl- Céal kyl, Cl1- C6al kyl car bonyl , PCTIUSO1/1439
C2- C6al kenyl car bonyl and C2-Csal kynyl carbonyl; b is an integer tirom 3% o 4,
R4 is independently selected fromthe group consisting of hal ogen,

hyd , b Csal.k b |,

trif 1 uor oge:élhﬁf“”“ﬁﬁ%%?f:”fmﬁH’éﬁ%P%'ﬁ%éﬁﬁ%ﬁ@ﬁ RS oxsingansining o1
bstitut ogenhnmrmec 6,HC L Esaltbls 0 LTk neesy

RD) . Iphgné It yan%} vl cpscéar e Oignen kr}:&sn?ﬁhhgfs&g(({fom

ar al kyl E% &y&ea&ﬁ?ﬁp B;i yrifluqrasistiyl: aening. tdﬂ(br@salbyl)dmm substituents
d d t D het | b

opt § ol F;ﬁ‘?‘u i R e R T T A T T

sel ected famj‘rNIHR kheterocycl oal kyl, NH2, (Cl-CA4al kyI) -0 (Cl C4a| kyI )--N
NHRA, N(RA)2, (CJ-Cdalkyl) 6 WO 01/87882 N\__/ N---(Cl-Cdal kyl) -

O ( Cl- C4al kyl ) -R" is sgipcteddeom tiur gusg consstiig of ch;,gmayikm@.onani\
wher e each Ris

--0-(C1-

i ndeéendent @"J‘sdé "Y'%Ef’é? g"n%’ﬁﬁ%? EBBﬁﬁt“ﬁWﬁ 'BﬁﬁpeB%%'Hb&%Hecwxﬂofrom hatogery | |
C, - 4al kyl VPO, | |

G- Gyl Car b o et PPk R RN eitprn
C( O N( RA) thregoaubistivents mdﬁnandenaymnctecd)fmm RC pc;e&mmgm(épﬂ,c;,qmw

."%282%% sbS R Gir sGhaBuBRls Bretende b saieeigertiom R b,

: heteroary! (optionally substituted with one to three substituents independently
selected from RC), and heterocycloalkyl (optionaily substituted with one to three
substituents independently selected from R);

where R is selected from the group censisting of halogen, nitro, cyano,
C,-Cealkyl, C1-Cealkoxy, triflucromethyl, trifluoromethoxy, NH,, NH(C4-Cgalkyl)
and N(C,-Cealkyl):;

R? is selected from the group consisting of hydrogen, C4-Cgalkyt, C;-
Csalkylcarbonyl, C,-Csalkenylcarbonyl and C2-Cealkynylcarbonyi;

b is an integer from 0 to 4;

R*is independently selected from the group consisting of halogen,
hydroxy, carboxy, oxo, nitro, C4-Csalkyl, C4-Csalkoxy, C,-Cealkoxycarbonyl,
trifluoromethy!, phenyl (wherein the phenyt group may be optionally substituted
with one to three substituents independently selected from RD), phenylsulfonyl,
naphthyl, Cy-Cearalkyl, -O-aralkyl, (wherein the aralkyl group may be optionaily
substituted with one to three substituents independently selected from RP),
heteroaryl (wherein the heteroaryl may be optionally substituted with one to
three substituents independently selected from RD), heterocycioalkyl, NH,,

£C1-C4alky!)
—O—-(C1—C4alkyl)—N\
NHR®, N(R%),. (C1-C4alkyl),



hydroxy, C-C6al kyl, Ct-C6al koxy, -NH2, -NHRA, -N(RA),, -OR, -C(O NH2,
-C(ONHRA, -C(ONRA) 2, -NHC(Q RA, -S02NHRA, -S02N(RA)2, where RA is as
defined above, phenyl (optionally substituted with one to three 17 NOV 2004
substit uent wo ongegendent |y sel ected from RB), heteroaryl (o‘pét@nﬁl I ¥
substituted with one to three substituents independently se 8U/ ¥ Ym R)
and heterocycloal kyl (optionally substituted with one to three

ais an integer fromO to 1;

substiituents i ndependently selected from RB);
al kyl -, -(Q-, -(Cl-

Y selected fromthe group consisting of -Ct-

C6al kyl ) car bonyl -, -(C2-C6al kenyl)c - (C2- Coal kynyl ) car bonyl -, -
car bonyl ( G2 Ceal , -carbonyl (C2- YN -B(0) 0- (G - Csal kyl) -,
-C(St-, - S&g- NW'Q@S%%]‘OW) | fonyl (Gi|- Ceal kyl)-, -C(O NH,
“O(0) NH- (Ct / OB kyl ) LerEppted) crey oMl kyl ) land N

- (C3- Crcycl‘oal kyl O-; 7 W 01/87882 1 7 NOvV 1904 \IECTJO,JSW)MSQI is

sel ected fromthe group consisting phenyl, fury[, thienyl and pyrrolyl; C =
i.s selected fromthe group copnsisti ryl, heteroaryl, cycloal kyl and

het erocycl aalkyl ;~ ppoyj ded f hat enjlR 18 hydrogen, R3 is ogen, b is
0, cis O, adlss @1-@4?‘1(3/60_;& , iJs phdnyl T C phealjy])then i s not

tri met hoxyphenyl, (i.e. the c ound Is"hot 1, 2, 3,4-tetrah < 2-

(phenyl net hyl )-3-(3,4,5-tri Wyphenyl ) - 9H pyrrol of 3, 4- b] qui nbl i n-9-one) ;

and pharmaceuytic llﬁ acceptable salts thereof. Illustrative of the
I nvention is _'p(@ kyl} | corposition conprising a pharmaceutically
acceptable carrier and any o ounds described above. An

illustration of the invention is a pharnmaceutical conposition made by

m xing an conpounds descri above and a pharnaceutically
accept abl e o bug_iﬁr @{y ng vention is a process for making a
phar maceuti c rrposi( o ppr xi ng any of the conpounds

descri bed above~and a pharnaceutiC acceptable carrier.

where each RP is independently selected from halogen, hydroxy, carboxy,
oxo, Cy-Caalkyt, Cyalkylthio, hydroxyC,alkyl, C+-Caalkoxy, C1-C4alkyoxycarbonyl.
C+-Csalkylcarbonyl, trifluoromethyl, trifluoromethoxy, NH,. NHR?, N(R"),,
C(O)N(R"Y),, acetylamino, nitro, cyano, formyl, C+-Cealkyisulfonyt, carboxyCs-
Cealkyl and aralkyl:

c is an integer from 0 to 4;

R%is independently selected from the group consisting of halogen, nitro,
hydroxy, C+-Cealkyl, Cs-Csalkoxy, -NHz, -NHRA, -N(R™),, -OR*, -C(O)NH;,
-C(O)NHR?, -C(O)N(R*),, NHC(O)R™, -SO-NHR", -SO,N(RA),, where R? is as
defined above, phenyl (optionally substituted with one to three substituents
independently selected from RB), heteroaryl (optionally substituted with one to
three substituents indepgndentiy selected from RB) and heterocycioaikyl
(optionally substituted with one to three substituents independently selected from
R

ais an integer from 0 to 1;

Y selected from the group consisting of -C4-Cgalkyi-, -C(0)-, «(C:-
Cealkyl)carbonyi-, ~(C2-Cealkenyl)carbonyl-, -(C2-Cgalkynyt)carbonyl-, -
carbonyl(C+-Cealkyl)-, -carbonyl{C,-Csalkenyl)-, -C{0)O-(C1-Csalkyi)-, -C(S), -
SOz, -(C4-Cealkyl)sulfonyl-, -sulfonyl(C4-Cealkyl)-, -C(O)NH-, -C(O)NH-(C;-
Cealkyl)-, -C(O)Cs-Crcycloalkyl)- and —(C3-Crcycloalky!)-C(O)-;

7



Exemplifying the invention is a nethod of treating a condition selected
from the group consisting of male erectile dysfunction (ED), inpot Z%ﬁv
femal e sexugp o1/88688 unction, fenmal e sexual arousal dysfunctiop, fenma 2004
sexual dysfunction related to blood flow and nitric oxide pFoUHEY¥YHIn
the tissues of the vagina and clitoris, premature |abor, dysnenorrhea,
cardi ovascul ar disgrders, atherosclerosis, arterial occlusive disorders,

t hronbosi s, corgmnarjy rest stenosis, angina pectoris, nyocardi al

i nfarction, hea ailure, ischemc heart disorders, hypertension,

pul monary hyper tensi®Aelestechifem the eforp cansistioigaplierad; fuoyl, #rigngizket i ©
conplicatgﬂnﬁghn a subject in need thereof conprising admnistering to the
subj ect t her'apeutically effective anount of any of the conpounds or
pharmaceutical C ositions described above. 8 17 NOv 2004 WO 01/87882
PCT/ US01/ 14391 {An EEanple of the invention is a nethod for increasing the

concentration oRZ¢G¥RdléctBaTidr théwp Fﬁﬁg% rgqag[}g]nglgfel tion of

phosphodi est er ases, specifically P a MPAYheed t her eof
conpri si ngyekeaikyl an@heterocyclioatkybubj ect  an effective amount of any of the

conpounds or pharmaceutical ¢ ositions _described above. Further
exenplifying t Ré‘“ﬁ%@ﬁ?ﬁfﬁ%@)‘ Heageds Rods Byerogene st vt isa,-a Mependent
vasorel axation by pgtentiating thecingreases in intracellular cGW induced
by nitric oxide i ubj ect in n@her eof conprising adm nistering to
the subj acjs -gp,ef Rect ijy BhaRPUg OL-any; e unds.,or pharmaceuti cal
2 E it S @?’ebﬂéﬂ? VEnt'? &t

conposi tions described above” An exanpl e Is the use of any
of the coffoethaxypiar. (bedtheabompolind tisacpt 2B kaietiaihydio.2- medi cament  f or

t ti I ' i al | I tile dysf tion, (b
{reati ng. (BSVEHEYIEFS A RehRSingyVohaw EBiiToIaid Srblauinotm-oneheni | &
tissue thr OUQhahd‘BhB%be&tﬁa&@%t |§SLRL ﬂ,§eereﬁg.especi ally PDEV and/or (d)

treating a condition selecte e group consisting of premature
| abor, dysnenorrhea, cardiovascul ar disorders, atherosclerosis, arterial
nhosi s,. coron reststenosi s, angi na pectoris,

occl usive di so.gdeq_st thtrtgl . ﬁr%ﬂ : S
myocardi al i nf APRqqDi¢ OHBE PVeatien isa Pha rfuliqal spmppsitonl eomprising a
hy per t enspiggmaceutiGEINAEdcPBBIE ERRb e A8t s HER LSS O
and di abel?i ¢ conpli x?i pér?\é in a suﬁjggc(’:t%ﬁ%n ne%&%ﬁ%%@s. described above.
An illustration of the invention is a pharmaceutical composition made by mixing
any of the compounds described above and a pharmaceutically acceptable
carrier. lllustrating the invention is a process for making a pharmaceutica
composition comprising mixing any of the compounds described above and 3

pharmaceutically acceptable carrier.

Exemplifying the invention is a method of treating a condition selected from
the group consisting of male erectile dysfunction (ED), impotence, female sexuai
dysfunction, femaie sexual arousal dysfunction, femaie sexual dysfunction related
to blood fltow and nitric oxide production in the tissues of the vagina and clitoris,
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 subject in need thereof comprising administering to the subject
a therapeutically effective amount of any of the compounds or pharmaceutical
compositions described above.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention provides novel
pyrrol opyridi none derivatives useful for the treatnent of sexual
dysfunction, particularly nmale erectile dysfunction (ED). Al though N 2004

conpounds oWwotdigvggeesent invention are useful primarily for f,él'em s g?gtlrrent
of mal e sextal dysfunction or erectile dysfunction, they may a sg g

useful for the treatnent of fenmal e sexual dysfunction, for exanple fenale
sexual arousal dysfunction, femal e sexual dysfunction related to bl ood
flow and nitric 9 WO 01/87882 17 NOV 2004 PCT/ USOL/ 14391 oxi de production

in the tissue oAntdamplgidfahantventidromsi $meaith irR{rﬁQ?ihprtﬁelr@R%% rﬁorl'bﬂf ar e

dysnenorr he Mre particularly, the conpounds of e prese

of dt'hﬁ f of %"’( iﬂ?“’!ﬁ“ﬁﬂue)thrgff@héhﬂ!l:ml!{)itioalof?bbﬁmc;diestgfag&%gpggﬁﬁg ve,

and phar Bih/ e s ) ereof. Preferably, i s hydrogen.
In an enbrrgﬁl m::ritq ﬁgf%?@gﬁgéﬁﬂt"?‘?@g}ﬁ@ﬁﬂcwwﬁng@ﬂ@ﬁ'ﬂ'ééﬁfmg)ﬁmthh@ugjeunhp
consi st i ngawkffebery hrrlcept opPBAYIof theRSH ' L. Lo substituent
sel ected from hal ogen, nit ro,y cyano?Hgfﬁégg|°\ﬁﬂ§’?‘,g”@-8%%§?ﬁ‘i&mp°s* ons

trifl uor orid@seyibedtatiaveuor omet hoxy, NH2, NH(C, - C3al kyi) or N(C, - C3al kyl ) 2),
het eroaryl and heterocycloal kyl. Preferably, R2 is selected fromthe group
consi sting of 3,4- nethyl enedi oxyphenyl, 3, 4-di nethoxyphenyl,

5- (2, 3-di hydr olmy it Bt theii QZ.0- | oxin-6-yl,. .

S bemmoturyl el o R e ehad T Pl sldcthetial e
%, Sl e MM Py
5-i ndanyl f}pﬂﬁg%e BeRtE é?‘@ie. i”i\%?\éblﬁf%gwﬂ {heseqf gompasing adseinisterig) torthm t he

group. conskbjdchancéfrehtife ERGUAESIA PAVIHRRH) ;?h;;(s rpé}' h%qﬁdr!ll pgpzof uryl ),

3, 4- di hydr ob}ean; [1,4]-dioxin-6-y ,’Pé-ﬁ%i ey o ??fgg M ?'Céfbenzof uryl .

Most pr ef &PEHOsItioRE desasibedabmye.r om t he group consisting of 3, 4-

met hyi enedi oxyphenyl, and 5-(2, 3-di hydrobenzofuryl). 10 17 Nov 1004

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,
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 reststenosis, angina pectoris,
myocardial infarction, heart failure, ischemic heart disorders, hypertension,
pulmonary hypertension, asthma, intermittent claudication and diabetic
complications in a subject in need thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel pyrrolopyridinone derivatives useful

for the 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 for the treatment of female sexual dysfunction, for exampie female sexual

arousal dysfunction, female sexual dysfunction related to biood flow and nitric



WO 01/67882 PCT/USO /14391 Preferably, R3 is selected fromthe group
consisting of hydrogen and Cl- Cdalkyl. Mre preferably, R3 is sel ec]t VZU(]#
fromthe ng{?oﬁﬁﬁ?ﬂ sting of hydrogen and nethyl. Mst preferabl

y

hydrogen. Preferably, b is an integer from0 to 4. Mre pref &3 %’”B‘Wé in
integer fromO to 1. In an enbodi nent of the present invention, R4 is

sel ected fro the I_&‘goup C%ﬁ%] sting of hal ogen, hydroxy, carboxy oxo, -
C, - C3al kyl © i In 18¢ tigsue o mﬁc&awaaﬁnd Gieiis: ardwicprematuteciapoeny |

may be Optia(?'@anﬁ dmeHb ut ed W|th one to two substituents selected from
hydr oxy, car ox{/ %H @b% C, 4al kyl t hi o, hydroxyC, - 4al kyl ,

Cl- 4al koxy, C, -C4al kyoxycar bonyl C(ONRA) 2, trifluoronethyl,

trlfluoronethoxy, am no, 4a) kyl ) am no, dl(O 4al kyl )am no, nitro,
cyano or fornyl ¥ More pagi rl}’.H’t&@@maﬂyndﬁwﬁmeepmsehermehabﬁ@waﬂw be
optionall Ys (% WI th one to two substituents sel ected from hydroxy,
car boxy, ox Cl- C3al koxy, Ci1-C3al kyoxycarbonyl, C(O N(RA) 2,

trifluoromnet hyI trifl uoronet hoxy, am no, nitro, Cl-C3al kyl carbonyl or CI1.
(C1- C3al kyl) ---0---(Cl -C3al kyl )---N 4aral kyl), heterocycloal kyl, N

N --(Cl-C3al kyl) (Cl-@3al ky -0-(Cl1-C3al kyl)--N s ~~ 7,0 _(clcdal kyl )-NJ
O -(C1-C3al kyl)---N O]fand - (C, -C4al kyl)- ~~ (Ci1- aIkyTPreferany, R4
is selected fro 1 NOV_{2004 WO 01/87882 PCT/ UZQ /13391 the group

consi sting of car boxy, oxo, |, 4-

hydr oxyphenyl , —Phenyl, 4-hy met hy| pheryt(Y)4-
car boxyphenyl , 4-\0éet hoxyphe N ' hoxyphenyl , 4-
R% | I EN N 2 /9
R Lo R ( ;
M 14 £1))]
(R or R

wherein all variables are as defined above, and pharmaceutically

acceptable salts thereof.
Preferably, R' is hydrogen.

In an embodiment of the present invention R? is selected from the group
consisting of phenyt (optionally substituted with one to two substituent selected
from halogen, nitro, cyano, C,-Caalkyl, C4-Caalkoxy, trifluoromethy!,
trifluoromethoxy, NH, NH(C,-Caalkyl) or N(C,-Csalkyl);), heteroaryl and
heterocycloalkyl. Preferably, R? is selected from the group consisting of 3,4-
methylenedioxyphenyl, 3,4-dimethoxyphenyl, 5-(2,3-dihydrobenzofuryl), 3,4-
dihydrobenzo-[1,4}-dioxin-6-y, 5-benxofuryl, 5-indanyl and 3-thienyl. More
preferably, R? is selected from the group consisting of 3,4-
methylenedioxyphenyl, 5-(2,3-dihydrobenzofuryl), 3,4-dihydrobenzo-{1,4]-
dioxin-6-yl, 3-thienyl, 5-indany! and 5-benzofuryl. More preferably still, R? is
selected from the group consisting of 3,4-methylenedioxyphenyi, 5-(2,3-
dihydrobenzofuryl), 3,4-dihydrobenzo-{1,4]-dioxin-6-yl, 3-thienyl, 5-indanyi and
5-benzofuryl. Most preferably, R? is selected from the group consisting of 3,4-
methylenedioxyphenyl, and 5-(2,3-dihydrobenzofury),

10



met hoxycar bonyl , 4-net hoxycar bonyi phenyl, 3-triffuoronethyl phenyl, 4-
cyanophenyl, 4-am nophenyl, 4-di nethyiam nophenyl, 3-nitrophenyl,
ni t rophenyl, 4-fornyl phenyl, 4-nethyithiophenyl, benzyl oxy, 2-pyri d]| Hﬁ]\f 208+

pyri di nyl, b Ny , N—oxy-2-pyridiny|, 3-thieny| 2-furyl
1-i ni dazol y‘ff)mg{sz%? benzyl - 2-met hyl i mi dazol yl), 5-(1, 2-di metByYSHALESI yI)
5-(1-net hylimdazoly), 5-(1-benzylimdazolyl), 3,4-nethylenedi oxyphenyl, 0O
- NNNCH3 N ~~ 11 CH3 Ok, r . Mre preferably, R4 is selected from the
group consisting of 5-brono, 2-hydroxy, 6-hydroxy, 4-carboxy, phenyl, 4-

o boxyphenyl | 4 e e B o e SR e S Rdyam ape. Ca, 4.
di met hoxy pBealkyl, Moreprefesatiy, mglsele‘btéﬁ‘ﬁrbﬁ?(ﬂ%;qr%gp O?Eeny ’Ofgyﬂﬁgredbhenyl

trlfluororret enyl, 4-am no

- nit ropk@?ﬁi}f\;‘&ay[ MﬁﬁbW@rﬁ?ﬂa Mﬂr‘gdﬁi hydiogeny| , benzyl oxy, 2-pyridinyl,
3 pyridinyl, 4-pyridinyl, 2-furyl, 3-thienyl, N oxo-2-pyridinyl,

1-im dazol yI 5-(1-benzyl -2 12 17 NOV 2094 WD 03/ 87882 PCT[ USO]/14391

et hyl i mi dazol yiPdefefably, 1§ aRiddertaiagaoyd ) o%‘b %@} 'Xf? nedi ﬁﬁg&henyl

and . Mre preferably still, R4 Ts selected rom ?lng of
5- br ono, iKHV&} V., 6- hydroxy 4- car boxy, phenyl, 4- hydroxyphenyl

3- hydr oxymnet hyl phenyl , 4-hydroxynet hyphenyl, 4- carboxyphenyl, 4-nethy|
phenyl , 4-nmethyl t hi ophenyl, 4-nethoxyphenyl, 3,4- dinmethoxyphenyl,

£ T mehenyC"en dmBeTISConRe A e, 1 AN G
group consisting of halogen, hydroxy, carboxy, oxo, C+-Caalkyl, C4-Caalkoxy,
C4-Csalkoxycarbonyl, phenyl (wherein the phenyl may be optionally substituted
with one to two substituents selected from hydroxy, carboxy, C4-Caalkyl, C4.
aalkylthio, hydroxyCi4alkyl, C4-C4alkoxy, C1-Caalkyoxycarbonyl, C(ON(R?),,
trifiuoromethyl, triflucromethoxy, amino, (C14alkylyamino, di{C,alkyl)amino,
nitro, cyano or formyl), O-aralkyl, heteroaryl (wherein the heteroaryl may be
optionally substituted with one to two substituents selected from hydroxy,
carboxy, oxo, C+-Caalkyl, C+-Caalkoxy, C1-Csatkyoxycarbonyl, C(OIN(R™),,
trifluoromethyl, trifluoromethoxy, amino, nitro, C+-Caalkylcarbonyl or C,.

(C1-Caalkyl)
—(C,4 -Caalkyl)-——N
saralkyl), heterocycloaiky!, (C1—Caalky!)'
O

o — N
>,N N=—(C4-C,alkyl) O

\ / (C1-C3alkyl)
“O—-(CfCSaIkyI)—NO OO —(C4-Caalkyl)— G

—O—(C;-Cialkyl)—N O
and

O
——< - —(Cy-C,alkyl)—N o)
| S

11

. Preferably, R* is selected from



ni trophenyl, 4-cyanophenyl, 4-fornylphenyl, benzyloxy, 2-pyridinyl,

3-pyridinyl, 4-pyridinyl, Noxo-2-pyridinyl, 3-thienyl, 2-fury!, 1T NOV 2004

1-im dazoléj ?s é benzyl -2- nmethylim dazolyl), 5-(1,2-dinethylimdazolyl),
B

3, 4- et hyl henyt, 13 WD 01/87882 17 NOV 2004 PCT/ USST/UN3B43%nd ' -
-%" 'CH3. More preferably still, R4 Is selected fromthe group consisting
of 6-hydroxy, 4- carboxy, phenyl, 4-hydroxyphenyl, 3-hydroxynethyl phenyl,

Pt Ez'xp“%g"’“"““"”ﬁ*‘"“ r@”"‘“‘“ﬁ""“’“@@“‘”‘”""’“m&???‘et*ﬁ‘é'n‘“f’d“ﬁ"eﬁf‘??épﬂiﬂyl
2-pyri di %f)?‘%%%{}?”’dl nﬁdeM%@hﬁgppﬁ$WQxE gﬁ"@&!}/ l, 43_t hi enylo d
vooy” Denzubrbox el Stiemgiptehyl, % bt DrEmn S I BiAc R o 20 -

Most Preferably, |s sel écted’fromthe cdn3| S oxy,

4- et hyl pﬁmwmrbmmmbqyyqarﬁonylpuemﬂ Bmxﬂpbmémyibngﬁthpgycar bonyl ,
3- trlfluororrethbe en I 4- sené/L11 P) yridinyl, 3-pyridinyl, C and
14 WO 01/ QAP et M'@Q'l'npﬁ anyk 3f’§kﬂ§hemﬂb6d| ment ¢ is

0. | f |
erbodi moi pheRd! %f@?ﬂ?ﬁ?mﬂg'émqe’?'%@“@ﬁ%pﬁiﬁ' DE I, AR, "
“q o 'c”"‘””m"y* G P oy B &qm&@?%'?ﬁﬁl (1)~ and

-C(O) NH( nzvgga%ﬁ%n»'*mlgﬁév@r% - d"?"ei“éyltﬂélld@é’p@tﬂ) r(dnﬁnelﬁwhgﬂdamlgpnm sting
of -CH2-, -C(S)- —

N
o/ \_

5-(1-benzylimidazolyl), 3,4-methylenedioxyphenyl, /

0]
>' N/—\_/_\I\I_C}-I3 O\CH

O
: . More preferably, R* is selected from the

group consisting of 5-bromo, 2-hydroxy, 6-hydroxy, 4-carboxy, phenyl, 4-
hydroxyphenyl, 3-hydroxymethyiphenyl, 4-hydroxymethyiphenyl, 4-
carboxyphenyl, 4-methylphenyl, 4-methylthiophenyl, 4-methoxyphenyl, 3,4-
dimethoxyphenyl, 4-methoxycarbony}, 4-methoxycarbonyiphenyi, 3-
trifluoromethylphenyl, 4-aminophenyl, 4-dimethylaminophenyl, 3-nitrophenyl, 4-
nitrophenyl, 4-cyanophenyl, 4-formylphenyl, benzyioxy, 2-pyﬁdinyl, 3-pyridinyl,

4-pyridinyl, 2-furyl, 3-thienyl, N-oxo-2-pyridinyl, 1-imidazolyl, 3-(1-benzyl-2-
12



-¢(0)-, -OO0CR-, -O-CR2CH2-, -(O-CH=CH, -(ON+CH2-, -(O -

cyclopropyl and -C(O CH2-. More preferably, Y is selected fromth ﬂé\P

consisting of -C(O-, -C(0)O CH-, -C(0)-CHCH2-, -C(O) - CHECH, ahdl -@b)-

cycl opr opyiy Lewspreferably still, Y is selected fromthe group consisting
o dipef geray

of - C(O-, CH2- and -C(O)-CH=CH. Most preferably, B3k ed
from the group consisting of -C(O- and -C(O O CH2-; Preferably, ci is
phenyl ;, - n.an, e di t of the present invention, LJ is selected from
the gr ouE%hﬁ%?&%%?bﬁjﬁ%éwm@hﬂé?'éﬁéaw 3 dnaetutenetioe ey, .
Preferably, is selected fromthe greyp consisting of phenyl, 2-furyl,
2-benzo(b)furyl, 2- i mdinyl, 2-gyridinyl, 3-pyridinyl, 4-pyridinyl,

1-imdazolyl, 2-imd¢azolyl, 2 hi azqQl yl ,~and 2-oxa- bi cycl o[ 2. 2. 1] hept anyl .
3 theNg’r% consi sting of phenyl, 2-furyl,

More preferably —#H sel ect ec

2-benzo(b) fdl_ud/,_g- Pyri i di pyridingl, 3-pyridinyl, 4-pyridinyl and
2-thiazoly})~ Mst preferably~JF1s selsgtedfromthe group consisting of
2-furyl, 2-benzo(b)furyl, 4-pyridinyl, 2- pyri@rﬂdj nyl and 2-thiazolyl. The
term "hal ogen" shall include jodine, bromne, chlorine and fluorine. 15 17

NOV 2004 WO 01/87882 PCT/ US@1/ #4391 The term "al kyl ", whet her used al one or
as part of a substituent grpup,{ shall nean straight or branched chain

al kanes of one to ten carboN-atons, or any nunber within this range. For
exanpl e, al kyl radicals inglude, neghyl, ~ethylk, n-propyl, isopropyl,

n- butyl, isob sec/butyl, t-btfyl - penNyl ,N3-(2- et hyl) butyl,

2- pentyl, (= gt @l , neopentyl, n-hexyl [and 2-nethyl pentyl. Simlarly,
al kenyl and a | groups include straight d_Br anched chain al kenes and

al kynes having two to ten carbon atons, or any nunBBA within this range.
The term "al koxy" shall de?—eoan oxygen et her radical of the above

N .
‘@‘O
. More preferably still, R* is selected from the

group consisting of 5-bromo, 2-hydroxy, 6-hydroxy, 4-carboxy, phenyi, 4-
hydroxyphenyl, 3-hydroxymethylphenyi, 4-hydroxymethyphenyl, 4-
carboxyphenyl, 4-methyiphenyl, 4-methyithiophenyi, 4-methoxyphenyl, 3,4-
dimethoxyphenyl, 4-methoxycarbonyl, 4-methoxycarbonylphenyl, 3-
trifluoromethylphenyl, 4-aminophenyl, 4-dimethylaminophenyi, 3-nitrophenyl, 4-
nitrophenyl, 4-cyanophenyl, 4-formyiphenyl, benzyloxy, 2-pyridinyl, 3-pyridinyl,
4-pyridinyl, N-oxo-2-pyridinyl, 3-thienyl, 2-furyl, 1-imidazotyl, 5-(1-benzyl-2-
methylimidazolyl), 5-(1,2-dimethylimidazolyl), 3,4-methylenedioxyphenyl,

e
o 0

4 L
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descri bed strai ght or branched chain al kyl group. For exanple, alkoxy

radi cal s include nmethoxy, ethoxy, n-propoxy, n-butoxy, sec- butoxyl7NﬂV2M4
tert-butoxwoairgrsghe |ike. The term"aryl" indicates an ar ggaiii€o: 95040
such as phenyl, naphthyl, and the like. The term "aral kyl" denotes an

al kyl group substituted with an aryl group For exanple, benzyl,

phenyl ethyl, and the like. Simparly, the term"aral kenyl” denotes an’

al kenyl group substituted mg{h an aryl group, for exanpl e phenyl et hyl enyl,
and the |like. The term "het roargl" as used herepn represents a stable flve
or six nenbered nonocyclic ) tic ring syste contalnlng one to three
het er oat ons i ndependently sgl'ected from N, B, a any nine or ten
menber ed bi cycl i ng ¢arbo atonms and one to

four heteroatd gndently sel ected , 0 or he het er oar yl
group may be at any het er oat gater_£4ar bon results in
the creation f—# stable structurandExanples of het eroar yp roumei ncl ude,

soxazol yPregEAYISH, K5 Keleble rerpmthe dipki Copsisumpier bkt
bengi soxacil Y Ereth L Eﬁ‘?ﬁé?-“kfdf°’$r§“%‘ﬂwﬁ%%-fﬁﬁ%®3%%‘-’

01/ 81882 P@thylﬂmmpmeegll%reaﬁmyphewlys 4. Umethbhyplnbrwlod-meih@qrm&ém zol yl ,
qui nol i ny, h &fln qY ﬁ? Eref rr d heteroaryld?roups |nc1ude
pyri m di ny1t 'H?ﬁm'l’ 81y ﬁ nitrapReayh A-piropheRYs Rrydiahd-pynidingl, d-.  The
term"cyc ¥ e K

menber ed %gﬁ& ytr?g&?lnggg?§|0?3p£ oﬁi?gkﬁﬁgyl%?ﬂgﬁwraﬁggo%grgéﬁqgtons
Sui t abl e exanpl es i nclude cycl oprop® , cycl obutyl, cyclopentyl, cycl ohexyl ,
cycl oheptyl and cyclooctyl. The terfp "heterocycl oal kyl" represents a stable
saturated or partially wunsa @ to ei ght nenbered nonocyclic

ring structure containing and one to four, preferably one to
two, heteroatons independen sslecte from N, O or S; and any stable

CH3 and

O
: . Most preferably, R* is selected from the

group consisting of hydroxy, 4-methylphenyl, 4-methoxyphenyl, 3,4-
dimethoxyphenyl, 4-methoxycarbonyi, 3-trifluoromethyiphenyl, 4-nitrophenyl, 2-

~
pyridinyl, 3-pyridinyi, CH; and

O~
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partially aromatic, nine to ten nenbered bicyclic ring system containing
carbon atons and one to four heteroatons independently sel ected BrﬂV]M’ 0
or S. The heterocycloal kyl may be attached at any carbon at om of ' NOV 2004
het er oat omwenior/R7882 esults in the creation of a stable structgrasebuisoabl e
exanpl es of° heterocycl oal kyl groups include pyrrolidinyl, pyrazolidinyl,
pi peridinyl, piperazinyl, norpholinyl, dithianyl, trithianyl, dioxolanyl,

di oxanyl, thi onmy ahebicmdd erdbddirA@ityisene 'éﬁﬁ?ﬂ? i ‘
2, 3- di hydr obenzof u%l , 2,3-di hyd robenzo-[1, 4] -di oxiehr-r%q )t/aln:lbodlmenta 1S

2, 3- di hydraniniegeefrenbd g di di nyl, 1, 2- (met hyl enedi oxy) cycl ohexane,
i ndanyl, 2- oxa-bicyclo[2.2.1]heptanyl, and the |like. Preferred
het er ocycl oal kyl groups include piperidinyl, pyrrolidinyl, norpholinyl,

L 5 S e, S e

robe nzofu ryl and 2, 3-di hydro 1- "dioXin n, the
not ati on "¢onsistg otiéhelalkyie -(85 M@ )af-CRODLCoayD- COTRHC I t i

i.nt ended t hat t{l_e i of ituent or variable at a
D2

initio an t
parti cul ar°t8i4 oﬂfé ‘{aa?' q’é%”LHl)é: é@ﬁ?ﬁéﬁmk%} ands-G(63)Ni-{C ons
el sewher e ¢ at | &.icldd)d 0, t it ts
subst | tuti%%lgg?i eﬁrﬁ?rgﬁw, '?hltsa S%(')érrc;%%n E{o %Fé%ﬁ&%ﬁﬁgcﬂ{'@ﬁ'ﬁﬁgg‘r ected
by one of -8{@iatyOsRiTHi-i +CIOCHZCHR, 0C(BY8BR-CH-, NotO RPQ4C RETL /14391
art to provigﬁa cogpou %z( t&ﬂmﬂa}lw chen{j cally stable and that can be readily
synt hesi z&¥URPTPR rﬁﬂcg' 0) Nerelesily o¥ iIswgipcied fromdtbergroupds set
forth herginRisti s chant ihi-andec K n k Slsy3l, th
corr espon(jc'i%rrl}g'Sllgzlbfﬂgoc%fs-gi‘ig5 Slt}ggt)}c'?ﬁ% sq;é?ga‘%'é'mﬁ g%@ @r-l—gl?'f' @Pgrﬁec(%er e
the conpowydiopacpyr diorg prefarably stily ¥ris isefected foat theepdlp@misist’al- center,
t hey may rdi i st _as antiaoners. \Wiere the conpounds possess two
or nore c%ﬁb&f 'gggbér'é, nﬁ*@-@@-&%@%%ﬁpr%ﬂ,‘ﬁraé:tly,a% is gelgctastfeomers. |t
is to be F i 1 's% _apd..m xtures thereof are
encorrpassgg@\%iﬁ?ﬁg?%gmsgcgtoecwtaﬁg pr egg)n?p{?dventi on. Furthernore, sone
of the crystalline fornms for the conpounds may exist as pol ynorphs and as

such are intended to be jnAcluded in the present invention. |In addition,
sonme of the conpounds w@rm solvates with water (i.e.,

Preferably, is phenyl;

In an embodiment of the present invention, Q is selected from the
group consisting of phenyl, heteroaryl and heterocycloalkyl. Preferably, NS
is selected from the group'consisting of phenyl, 2-furyl, 2-benzo(b)furyl, 2-
pyrimidinyl, 2-pyridinyl, 3-pyridinyl, 4-pyridinyl, 1-imidazolyl, 2-imidazolyi, 2-

C-
thiazolyl, and 2-oxa-bicycio[2.2.1]heptanyl. More preferably, Q is selected
from the group consisting of phenyl, 2-furyl, 2-benzo(b)furyl, 2-pyrimidinyl, 2-

C/‘\
pyridinyl, 3-pyridinyl, 4-pyridiny! and 2-thiazolyl. Most preferably, O is
selected from the group consisting of 2-furyl, 2-benzo(b)furyl, 4-pyridinyl, 2-
pyrimidinyl and 2-thiazolyl.

The term *halogen” shall include iodine, bromine, chlorine and fluorine.
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hydrates) or common organi c solvents, and such solvates are al so intended
to be enconpassed within the scope of this invention. Under standardN0V 2004

nomencl at ukgoY$eshst hr oughout this disclosure, the term nal | t he
desi gnated side chain is described first, foll oned by the a@?’é’@%‘ﬁp‘%

functionality toward the point of attachment. Thus, for exanple, a
"phenyl C1- Cs al kyl am nocar bonyt C1- Céal kyl " substituent refers to a group
of the formula 0 ~C-Cfi a" - -Cy-C6 alky N H The term "sexual

dysfunction” astpsggdnhengjm wHéiﬁéPg&-?q IRhe 0?‘3&”}2%3/;% fo‘#%s%l#ig%ﬁﬁgqr}%nalges exual

erectile dysfunction, inpotence, fenale sexua unc

arousal dyshialimoeanstraigit be bedrecheeierain djiehes officrre fefert €stbbA atBhR0g, f | ow
and nitric oxide pro uctihon int ti ssues of the vagina and clitoris. 18

WO 01/ 87881 Wbl thiseernggo horsemmecalkyradicalpjralude avetlgdd her ei n,

f t ani ROE) ferabl h , who h

been the. SEUET by, BOBIGHA By SBETDI cel By L BLRATR peri $d2m " "¢

"t her apeumethi)yutef, 2epéntyk 2ametnibutys nes dniyﬁrrfh@xw@?d@-ﬁaaﬂfyép@d@rnt of
ol"ogi c

active conpound or pharmaceutical agent that elicits the Dbi or
medi ci nal S¥EEatnFikeny! and;alkyny! syayrsminchudiersiraight andrbnandized tisainei ng sought

by a res My iV, | 1L-an, l,cal doctor or other clinician, which
"ncl udes Seos anckgkghes e BiiER caltl Sloskhad B ahowraartw NG
treated. Asngesed herein, the term"conposition" is intended to enconpass a

product conprising the specified ingredients in the specified anounts, as
well as any product which results, directly or indirectly, from

mbi nat i £ 8d.ii dients in t i fied ts. F
oo i nmedi ci ndne LR SERELY ol BHGE B ety Bdtotolhermbarer (o
non- t oxi cdésdrivedaarughcer branshee Rl kgRdrbep. FMsia ?!et, SIKERY rafigaRyer . be

useful in the preparation of conpounds according to this'inventron or of
t heir include methoxy, ethoxy, n-propoxy, n-butoxy, sec-butoxy, tert-butoxy, and the

like.

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

The term "aralkyl” denotes an alkyl group substituted with an aryl group
For example, benzyl, phenylethyl, and the like. Similarly, the term “aratkenyl”
denotes an alkenyl group substituted with an aryl group, for example
phenylethylenyi, and the like.

The term “heteroary!” as used herein represents a stable five or six
membered monocyclic aromatic ring system containing one to three
heteroatoms independently selected from N, O or S:; and any nine or ten
membered bicyclic aromatic ring system containing carbon atoms and one to
four heteroatoms independently selected from N, O or S. The heteroary! group
may be attached at any heteroatom or carbon atom which resuits in the
creation of a stable structure. Examples of heteroaryl groups include, but are
not limited to pyridinyl, pyrimidinyl, thienyl, furyl, imidazolyl, isoxazolyl, oxazolyi,
pyrazolyl,pyrazinyl, pyrrolyl, thiazolyl, thiadiazolyl, triazolvi, benzimidazolyl,

benzofuranyl, benzothienyl, benzisoxazolyl, benzoxazolyl, indazolyl, indolyi,
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pharmaceutically acceptable salts. Suitable pharmaceutically acceptable
salts of the conpounds include acid addition salts which may, for NWH?
be fornmed by m xing a solution of the conmpound with a solution of a

phar maceut ive@lolg78azcept abl e acid such as hydrochloric acid, mulbdeinsseaci d,
fumaric acid, maleic acid, succinic acid, acetic acid, benzoi ¢ acid, citric
acid, tartaric acid, car bon| c acid or phosphorl c aci d Furt hernore, where

t he ' conpo f

phar maceut ng'lﬁ?tgiazgrc}ﬁeb E'ﬂﬁlé@%ﬁ@f er;& gg‘wﬁ@y P #m '§Pﬂlé'InPP '?ﬁzt al salts,
e.g., sodi putinyl. Ppefemm metescmrybgroatbka:hmlude@@rhﬁIUmF ahrigpvi $ , calcium
or magnesi um salt salts formed with suitable ofganic I] dands e.g.,
quat er narynﬁﬁﬁﬁﬂyﬁman Iuﬂé' a"ﬂﬁ@éazohépr esent ative pharmaceutically
acceptable salts include the follow ng: acetate, benzenesul fonate,

benzoate, bicarbonate, bisulfate, bitartrate, borate, brom de, calcium

edetate, cansyt Bhetermatdyoatkl” ashised isreirch Yéée@ﬁ@h% IthFeldt
di hydr ochi or IN%@ det at e, e?ﬁ?syl ate, estol ae'?e esy tablgfth’??:%ts elght19 WO
01/ 87882 ITefR5¢reDPnOBYalicUsg Fiautare @Pﬂﬁt&ib@&f@ﬂﬂg‘at&cbmb@n gomisanat e,

I 1yl hydr ob d
fydr el orr ey ST pol NGBS B BOBTRY, sy R L erl. viianeoad,
| act obi onatyeloheptyl ahd cyclabetye, nal eate, mandel ate, rresyl ate,

met hyi brom de, nethylnitrate, methylsulfate, nucate, napsylate, nitrate,
. N-net hyl gl ucam ne anmoni um salt, ol eate, panpate (enbonate), palmtate,

h « I l'icyl
I e L S

tosyl ate, unsehisatedpifivele eighy miomisired bRoBIAE ANl skl RAARbLeS Wi L hin
Its scope prodru s of conpounds of thi's invéention. I'n gene such

pr odr ugs FRMONAOMFRA Bﬂ%FO fous, preserablysonst ta twe, thoatoiﬁsme@bndéﬁﬂ eadily
tib d. T th th f
convertiblg éc d’fr&ﬂ N O r I Gnd’ st thsea?g%?un g@%r%pnﬁéee gﬁal? S0

treat nent O t resent I'nven

enconpass pahally ae:anammfmé td tet membeped btby%@cf g §y§i@ﬁ%¢u}i}‘éﬁn Ee
corrpound Sf)eCI flgal I y isclosed or with a npound whi ch ma@ts
speci fi caPl]MePe PBEé %metmmmémwfamy salected from N, Qor S The

heterocycloalkyl may be attached at any carbon atom or heteroatom which
results in the creation of a stable structure. Suitable examples of
heterocycloalkyl groups include pyrrolidinyl, pyrazolidinyl, piperidinyl, piperazinyl,
morpholinyl, dithiany!, trithianyl, dioxolanyi, dioxanyi, thiomorpholinyl, 3,4-
methylenedioxyphenyl, 2,3-dihydrobenzofuryl, 2,3-dihydrobenzo-{1 4]-dioxin-6-yi,
2,3-dihydro-furo[2,3-bjpyridinyl, 1,2-(methylenedioxy)cyciohexane, indanyl, 2-
oxa-bicyclo[2.2.1)heptany!, and the like. Preferred heterocycloalky! groups
include piperidinyl, pyrrolidinyl, morpholinyl, indany!, 2-oxa-bicyclo[2.2.1]heptanyl,
3,4-methylenedioxyphenyl, 2,3-dihydrobenzofuryl and 2,3-dihydrobenzo-[1,4}-
dioxin-6-vl.

As used herein, the notation “*” shall denote the presence of a stereogenic
center.

itis 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. It is understood that substituents and substitution patterns on

the compounds of this invention can be selected by one of ordinary skill in the
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specified conpound in vivo after admnistration to the patient.

Conventional procedures for the selection and preparation of sui tgqlrﬁw 2004
for exanple, in "Design of Prodr "

prodrug dery i are described, ugs",
ed. H. Bund\gg&rl@?ﬁ% sevier, 1985. Abbreviations used in thepgﬁ’é]épﬂ"ég’cion,
particularly the Schenmes and Exanples, are as foll ows:

BI NAP=(R) - (+) - 2, 2' - Bi s(di phenyl phosphi no)- 1, 1" -bi napht hyl Crpd=Conpound
DBU=2, 3, 4, 8t 10 provideocampanyds diatsye cheigally, stableaarmpthat can be readily

i azenedi OV BBESPRES DI NHIHRSEI B BEATIABINAS BHAS6 WoHIemeA fartinac
Et OH Et 3N frgiesin NASsHBRRSr HRbRdecPiHat biflerfly oMe G-HCRRADREL 5 Fttirs B or RO

substituents may be the same or different.

Where the compounds according to this invention have at least one
chiral center, they may accordingly exist as enantiomers. Where the
compounds possess two or more chiral centers, they may additionally exist as
diastereomers. lt is to be understood that all such isomers and mixtures
thereof are encompassed within the scope of the present invention.
Furthermore, some of the crystalline forms for the compounds may exist as
polymorphs and as such are intended to be included in the present invention.
in addition, some of the compounds may form solvates with water (i.e.,
hydrates) or common organic solvents, and such solvates are also intended to

be encompassed within the scope of this invention.

Under standard nomenclature used throughout this disclosure, the
terminal portion of the designated side chain is described first, followed by the
adjacent functionality toward the point of attachment. Thus, for example, a

“phenytC4-Cs alkylaminocarbonylC+-Cealkyl” substituent refers to a
group of the formula

O

C1'Cs alk
"§—C1 -Cs aIkY/“\ H/

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.
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Pd( Ph3P) 4 Ph

NVP Pd2dba3 Pd(dppf) (OAc)2 Pd(OAc)2 Pd(dppf)Cl2 Pd(PPh3)4 or

1 7 NOV 2004 PCT/USOL114391 Diisopropyl et hyl am ne

N, N - Di met hyl - 4-pyridi nam ne N, N -D et hyl formarni de Di met hyl sul f ¢Ripge 21][]'4
1, 3- Bi s(di pwernyispdsesphi no) propane Ethyl enedinitrilotetracegicuaflghot hY
Acetate | Ethanol Triethylamne [(9H-fl uoren-9-yl met hoxy)

carbonyl ] -t hi ocyanate 2-[4-(2-hydroxyethyl)-pi perazinyl]- ethanesulfonic

acid 'H gh Press Lauiod.: Chr t ogr.aphy ound I dentification Nunber
Pot assi um t - but g?(ql‘%c}lghg} fﬂ%ﬁ;‘aa%or{fsegga{&gr ggpo[?y"l‘féﬁ%?@v preferaldy@ um

t - but oxi de mankiay, | mdkingridivrabl- PHimahi Who ®ae bBensthel &ﬁé‘&tydfit%%ﬂ'ﬁeﬁt?et one)

di pal I adi un{ O
P ggsgrvatjon or experiment.

The term "therapeutically effective amount” as used herein, means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human that is being sought by
a researcher, veteninarian, medical doctor or other clinician, which includes
alleviation of the symptoms of the disease or disorder being treated.

As used herein, the term “composition” is intended to encompas§ 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 specified amounts.

For use in medicine, the saits of the compounds of this invention refer to
non-toxic “pharmaceutically acceptable salts.” Other salts may, however, be
useful in the preparation of compounds according to this invention or of their
pharmaceutically acceptable salts. Suitable pharmaceutically acceptable salts
of the compounds include acid addition salts which may, for example, be
formed by mixing a solution of the compound with a solution of a
pharmaceutically acceptable acid such as hydrochioric acid, sulfuric acid,
fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid, citric acid,
tartaric acid, carbonic acid or phosphoric acid. Furthermore, where the
compounds of the invention carry an acidic moiety, suitable pharmaceutically
acceptable salts thereof may include alkali metal salts, e.g., sodium or
potassium salts; alkaline earth metal salts, e.g., calcium or magnesium salts;
and salts formed with suitable organic ligands, e.g., quaternary ammonium
salts. Thus, representative pharmaceutically acceptable salts include the
following:

acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitarstrate,
borate, bromide, calcium edetate, camsylate, carbonate, chloride, clavulanate,
citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumnarate,
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1, 1' - bi s(di phenyl phosphi no) ferrocene pall adiumdi acetate Pal |l adium (11)
Acetate 1,1'-Bid(di phenyl phosphino) ferrocene palladium (1!) di chlp”}ﬂe i
Pal | adium tetrakis(tri phenyl phosphine) -- J Phenyl 21 WO 01/87882 1 Nz)@
2004 PcCT/ Y¥CPAB7#291 PMVBF=Phenyi net hanesul fonyl fl uori de PPAGEFRISHaMY |
phosphi ne PyBr OPBrono-tri s-pyrroiidi no-phosphoni um hexaf | uor ophosphat e
TEA=Tri et hyl am ne TFATri fl uoroaceti c Acid THE=Tetr ahydrof uran TLCThi n Layer

Chr omat ogr BisiegPiaieHsiicnsiate gisianiaini glyaoidarshRitate] hexy\Fdsominatesi de
Conpounds pf . fornul a (| erein R3 is hydraqgen, may be prepared according
to two al tgYﬂ'M'n&byéE%Q”W%rhygrg&l?é‘g@’ ipemaphtheateoagdisiend of
formul a (1igethiohatd ) s previ.gusl y defined,
which is sgl erg?ed é'e{ﬁ%ﬂéﬁ%’eﬁbﬂgg Bé%%??%ﬁ%’%%%%’%.&eﬁ% '@%ﬁ%@@fﬁd of formula
(ill) is aMenge,cn@bgdbcbm'rdecmmmdnﬁ_raté,rmpﬁfwmﬁ‘le,hﬁ%ﬁte[rﬁap%&e for
exanpl e accordi to the process outlined in” Scheme | below 22 17 NOV
2004 WO 01Mi ﬁ@gg-methylglucamme ammonium salt, oleate, pamoate (embonate),

paimitate, pantothenate, phosphate/diphosphate, polygalacturonate, salicyiate,

stearate, sulfate, subacetate, succinate, tannate, tartrate, tecclate, 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 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 disciosed or with a
compound which may not be specifically disclosed, but which converts to the
specified compound in vivo after administration to the patient. Conventional
procedures for the selection and preparation of suitabte prodrug derivatives are
described, for exampie, in “Design of Prodrugs”, ed. H. Bundgaard, E!sevier,
1985.

Abbreviations used in the specification, particularly the Schemes and

Examples, are as follows:

BINAP = (R)-(+)2,2"-Bis(diphenylphosphino)-
1,1-binaphthyl

Cmpd = Compound

D8U = 2,3,4,6,7,8,9,10-octahydro-
pyrimido[1,2-ajazepine

DCC = 1,3-Dicyclohexylcarbodiimide

DCM = Dichloromethane

DEAD = Diethyl diazenedicarboxylate
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R2CHO (V) Schenme 1 PCT/US01/ 14391 Accordingly, a conpound of fornula (1V),
a known conpound or conpound produced by known nethods, is reacted with a
suitably substituted al dehyde of formula (V), in an organic sol vent] &Ecpi04
as DCM THwoupbtene, and the like, in the presence of an gg q‘;‘?ﬁm Lyst

" such as TFA, tosic acid, and the like, to produce the corre go '%
conpound of formul a (111) Cenerally, in the first of two alternative
proclesses" t he 3?' Arads—of ormila (1Y mav. he anDared by reacti ng a

suitably substit orpound f Damrpayl(afhyia)mme produce the
[TRVT-Y T h Second

correspondi ng su Ted pyrrotopyy eHHr-at-ve 3
ant oces=§sNL¢mé{EgFf ¥AdiRamise  or mulla (1) may be

process of two alternative pr
prepared by initilBiFy reacting a SN'NﬂDﬂrﬂetﬁW&HanﬂaéT compound of formul a

(111) to formajtricyclic pynrol opyridinone noiety, followed by

i ntroduction of |&MBB onal sulsst i | Dismetsyl s‘[ﬂfoxldsecond process §s

particularly p ﬂ..cufm—,)resalwn—et—cacqwund;umﬂa(l) wherein

Yis --C(S), - £ RAor-C(O)RA 'édéﬁﬂeﬂ'lﬁnf@aphlym)bmnamds of formul a
bubsti tuted

(.

(1) wherein R3 K3 rogen, nay p
conpound of for TLI| a (111) actordi %p{eﬁgpk‘@?ﬂg vssﬁécﬁtjtl inefl in Scheme 2.

23 WD 01/87882 TEEDAene 2 17} MOV IR RsetbddS017 TA39T T the frst process,
a Suitab|y substituted conpo ind f formila (111) is reacted Wth a

suitably substift Ei@d corrpoun:l-of fidhandia (VI) wherein X is pal ogen,
+oPh de—or—the like _preferably X is

hydr oxy, tosyla resytateTp-hiern uu;\ ge
hal ogen, hydr ox EB’N p-nitrophénoxhr(f@y yianme organl c sol vent such as DWVF,
;I'HE, IDCI\/I(V'It ?l) uelrggmo@qqlcghedl Jsfe,f @Fprlggté%egbd] et‘hB ;)puuyl t ZYgzgm()pund of
ormul a . fFor conpounds| o erern ais I.e.

where a is 0 spjch that Y is| absemtiboryfiethicegahaen m xture is] preferably

heated to a HEPES = [ 2{4<2-hydroxyethyl) piperazinyil-
ethanesulfonic acid
HPLC = High Pressure Liquid
Chromatography
iD# = Compound Identification Number
KOt-Bu = Potassium t-butoxide
MeOH = Methanol
mCPBA = 3-Chloroperoxybenzoic Acid
NaOt-Bu = Sodium t-butoxide
n-Bu = n-Butyl
NMP = N-methyi-2-pyrrolidinone
Pd,dbas = Tris(dibenzylidene acetone)
dipailadium(0)
Pd{dppf}(CAc), | = 1,1"-bis(diphenylphosphino)
ferrocene palladium diacetate
Pd(OCAc): = Palladium (if) Acetate
- Pd(dppf)Cl, ="t 1,1-Bid(diphenylphosphino)

ferrocene palladium (!1) dichloride

Pd(PPh3); or = Palladium tetrakis(triphenyl
Pd(PhsP)4 phosphine)
Ph = Pheny!
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tenperature of greater than or equa
formula (1) wherein (Y)a is (Y)o (i.e.
and rc~ is bif4s8y! . the reaction mxture is preferably ca
tenperaturgﬂ?n the range of about 30-120C with a catal yst s
Pd2dba3, Pd(dppf)Cl2, and the I|iKke,
1, 4-di oxane, THF——24—7Nowv-2004

t ol uene, and thkPM% to yieFd t
(M'1). The conp of —formuia—\

NG b,

agent such as K02, sjngl gt
preferably oxy epyBpopPappl I efi=at
correspondi ng pyrrol opyridinpne g
oxi dizing agerlt is oxygen ggs,

of a base such Fps—sedium-h fid
the alternative cess outlfTed

to about 100C. For conpounds of
where a is 0 such that Y is

am il

in an organi c solvent such as
WO 01/87882 PCT/USQ /14391 DVF, DCM

RE0
f.’dgc]) 2%

Hﬂ’&ibﬂm@mﬂﬂﬂﬁwfgnqumhnd of | formul a

IT[!|3 r .uuvtﬂﬂ wi-th—an gxi di zi ng

SRIIBE gas, ozone, |and the Iike,

d h
Ig??vgtlve oﬁa 'hﬁﬁﬁgg§ﬁ [”ﬁwmo Pihe o e
[

en the
hexa@aotdphsphatar ri ed out t he presence
ssiumt-hbut gxide. and

he like. In
Trﬁ‘e@&)ﬁ@mf@ a sui tabl ly subst
conpound of fonmgEg (TTT)TSIETT5%

ituted
Nl 04r K02, silnglet oxygen,| oxy§dfigae a‘%}'%ﬁ%&d Oxt-ei-2i-hg

a—exi-eH-2 gent such as
and the Ilke preferably

oxygen gas applTHE at about ﬂinpsgugh?gﬂgﬁ@§§ure

correspondi ng jcaonpound of flornmula (Vi When the oxidizing

zar T_Bih bayeri @htdma e of a

it do—and the like The caonp

T v PﬁﬁgU§ﬁ¢§Qﬁ9ﬁﬁ3a§G%stltuted C

t he

agent is
base such as
pund of
anpound of

O produce

oxygen gas, th911ﬁgaction i
sodi um hydrl de T &S Sttt
formula (M 11) r eact

ed w

formula (VI),

“@ﬁﬁp
p- ni trophenoxi de_or_the |ikd,

XIS nal

Qgen

IIL'.'D_yI G.L

pre

erggﬁ¥yyp?ﬂﬁﬁkﬁ%gen

hydr ox

-

V or p-

ni t r ophenoxi de,

the |ike,
t he
conmpounds  of
Y is absent),

t

in an organic solvent such as DVF, THF,” DCM

he

Y

optionally in the presence of a catalyst such as DVAP,
corresponding substituted pyrrol opyridi none of formul a (Ia)

ECORPYhds! of 19SS

reacti on m Xt

wWhardin B

re 1s pref

S hieMdodt HATbE 5aps

ol uene, and
to produce
For

0 such that
erature

?é*ﬁ’p

of great ack:ardlog tedqwal alterna o84 ﬁ-cm 8 B
V\/ne?e| n ?YI)T% la (HS Y)qgﬂ(l e. mca ° SueblyIsutith et BenipduAd bl

R1

NH

/

N
H

(R)
R2
(i)
wherein R', R%, R® and ¢ are as previously defined, which is selected
and used as a starting reagent.

The compound of formula (1) is a known compound or compound

prepared by known methods, for example accordmg to the process outlined in
Scheme 1 below:
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is O such that Y is absent) and ~%is pyridinyl, the reaction mxture is
preferably catalyzed at a tenperature in the range of about 30-120C with
catal yst such as Pd(OAc)2, Pd2dba3, Pd(dppf)Cl2, and the like, inldmiV 2004
organi c sevoens7sspch as 1, 4-di oxane, THF, DMF, DCM tol uenei,gﬁ@é@%g Ilke
to yield the corresponding conpound of fornula (la). 25 WO 17
7094 PCT/USO /14391 Alternatively, for conmpounds of formula (I) wherei n
(Ya is CH2 and is unsubstityted or substituted aryl or unsubstituted or

t he

substituted heteroaryl,
reacting a conpound g

onpound of fornula (VII1) may be prepared by
mula (la) with hydrogen gas, where the bydrogen

gas is appli .t a pressyre in the range of about essure to
about 80 p.$ \t he priésence bhﬁcat al yst such g pal | adi um
Qn carbon, ay ke, in an ong vent such 3 N#t hanol
et hyl acet an t hen be

e like. The g@rrpound of for%
further functional Hzed as describ above. Conpou e of rrrula (1)

wherein b is 1 (i.e. wherein the group c; represented by Hl is sghstituted
with one R4 subst (Myent) may be prepared froma suitably substituted
conmpound of forrmula (Ili) according to three alternative( rocesses. In the
first process, a suitably substituted conpound of fornul a'@l 1) is
initially converted to the correspofdhameyrrol opyridi none according to the
process outlined in Scheme 2, followed by two step substitution at the
pyrrole nitrogen, as outlined in Schene 3. 26 WD 0118 7882 (Vial) R4AB(OH) 2

(XI') + or RASAcgoRtihgly( ¥ldompound of formuta (IV), a known compound or compound
produced by known methods, is reacted with a suitably substituted aldehyde of
formula (V), 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 compound of formuia (ill).

Generally, in the first of two alternative processes, the compounds of
y formula (I} may be prepared by reacting a suitably substituted compound of
formula (111) to produce the corresponding substituted pyrrolopyridinone
derivative. In the second process of two alternative processes, the compounds
of formula (1) may be prepared by initially reacting a suitably substituted
compound of formula (lil) to form a tricyclic pyrrotopyridinone moiety, followed
by introduction of additional substituents. This second process is particularly

preferred for preparation of compounds of formula (1) wherein Y is ~C(S), —
C(0)O-R* or -C(O)R™.

More specifically, compounds of formula (1) wherein R? is hydrogen, may
be prepared from a suitably substituted compound of formuia {111} according to
the processes outlined in Scheme 2.
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Schenme 3 17 NOV 1004 PCT/USO01/ 14391 Specifically, the conmpound of formula
(M11) is reacted with a suitably substituted conpound of forrrula, X%
wherei n X g d1/fagPgen, in the presence of a base such as Tllt,%ﬁ, E‘%% W
the like, in an organic solvent such as DW, DCM THF, and LU
preferably at a tenperature in the range of about 20 to about 150C, to
yield the correspondi ng conpound of forrmula (X). The conpound of fornula

(X) is reacted with a swtatﬁy substi boronic acid of forﬂnula (XI)

or a suitably substitufed |bl)¢-y4(Y @mnane of formula ( 0 yield the
correspondi of¥{fforrmul a (I )XB I's a boronic
acid of for onpound of | a ( s Teacted in an organic

sol vent sudjsas/ DVF\\ THF, HNibxane, and {Rfy, | ike
catal yst s
terrperatur(B ln t range\ of about 8@,2;50C Wh
tributyl-stannanedof forgda (X I) e conpound of H or mul LS.] eact ed
in a sol vent suc(p as DMF, " in the presence of a cat al(Ylfl
Pd( dppf) ( OAc) 2. r?the second process, the conmpound‘of”fornula ( * )f S
initially c substituted with a bromp-substituted , then converted to the Q
27 WD 01/87882 17 2004 PCT/USO /14391 correspondi{ng pyrrol OpWI)dI none,
and then further sybstituted at the , as shown in Schene 4. Rl Br (R)c

(X111) (XIV) (R5)c|H (XV)

/(_—__,\ l NH (R*) N— Y)a
R N ]
o 5 O
R
VIl
(viny 12) R4)
Scheme 2 °

In the first process, a suitably substituted compound of formula () is
reacted with a suitably substituted compound of formula (V1), wherein X is
halogen, hydroxy, tosylate, mesylate, p-nitrophenoxide or the like, preferably X
is halogen, hydroxy or p-nitrophenoxide, in an organic solvent, such as DMF,
THF, DCM, toluene, and the like, to produce the corresponding compound of
formula (VIl). For compounds of formula (1) wherein (Y), is (Y)o (i.e. where a is
0 such that Y is absent), the reaction mixture is preferably heated to a
temperature of greater than or equal to about 100°C. For compounds of

formula (1} wherein (Y), is (Y)o (i.e. where ais O such that Y is absent) and
C-2

Al ]
~

is pyridinyl, the reaction mixture is preferably catalyzed at a temperature
in the range of about 30-120°C with a catalyst such as Pd(OAc)., Pd.dbas,
Pd(dppf)Clz, and the like, in an organic solvent such as 1,4-dioxane, THF,
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O Rl Schene 4 Br RAB(OH)2 (XI') + or R4Sn(n-Bu)3 (X1li) Mre particularly, a
suitably substituted conpound of fornula (111) is reacted with a iL}itany
[

substituted conpound of forrmula (X111), wherein X is a hal ogen, VA 2004
presence ofy@opgsR, such as TEA, DI PEA, and the like, in an_ organic

- sol vent such as , toluene, and the like, preferably at aPf Mit8te in
the range of about 100 to about 1500C, to yield the correspondi ng  conpound
of fornmul I The conpou of formula (XIV) is reacted with an

oxi di zi ng@@éﬂﬁ%’”cpﬁ“%@ev e liks» 1o yielg tha corsapendingampogad of ozone, and
the like, fprpfigr@hl)y oxygen gas applied at atnpspheric pressure, to
produce the corresaondi ng conpound of fornmula (XV). 28 WO 01/87882 17 NOV

2004 PCT/ USO1/ TS 8ampoend afforandadh/!f o5 Atkiaebeldd with éﬁaﬁfo‘.?ﬂg@’:ay%n?

suitably substit te boronic acid of forrmula (XI) or a suit
Subst i t ut S4ChAHNEIY . &Cn sinalelsIxygess exyaen §as,)qzone, snetik tike corr espondi ng

Formul a (5 e s P eq A AR T ar0s s ioTonitagues To Brodicedhec
Sol vent suohesﬁoﬁﬁﬂﬁ? g\#&:ﬁg(?}&idiw@ﬂeri@él%é moghﬁliﬁﬂiéa).i lr?liv[zgﬁ tgé g’?‘i‘l}%e of a

catal yst such as Pd Pd(dppf) (CAc) 2: a B'Ey at a
t enper at upgenhisieeyoeargas, die mastionds cariabout in16O presenkeroftbaselsaek ed

reagent i ' - St ane of .formyl a i), the conpound of fornula
(XV) is ré%%??ﬁj'ﬁmhggt 68 S‘EUE'ﬁ"béﬂgo%,a"gﬁéﬁe Ik8d the Iike, in the.
presence of a catal yst such as Pd(dppf)(OAc)2. In the third process, the

conpound of formul a ﬁlll)‘ is initially substituted wth a
br ono- subst i t ulitthepalternative progess cutised inSekerat 2 hesuitably $litsstidted

et oo BA 1B € At P b DRSS SRR Bt SSRGS
KO., singlet oxygen, oxygen gas, ozone, and the like, preferably oxygen gas
applied at about atmospheric pressure, to produce the corresponding
compound of formula (VHI). When the oxidizing agent is oxygen gas, t-he
reaction is carried out in the presence of a base such as sodium hydride,
potassium-t-butoxide, and the iike.

The compound of formula (VII) is next reacted with a suitably
substituted compound of formula (V1), where X is halogen, hydroxy, tosylate,
mesylate, p-nitrophenoxide or the like, preferably X is halogen, hydroxy or p-
nitrophenoxide, in an organic solvent such as DMF, THF, DCM, toluene, and
the like, optionally in the presence of a catalyst such as DMAP, to produce the
corresponding substituted pyrrolopyridinone of formula (la). For compounds of
formula (1) wherein (Y), is (Y)o (i.e. where a is O such that Y is absent), the
reaction mixture is preferably heated to a temperature of great than or equai to

about 50°C. For compounds of formula (Vill) wherein (Y), is (Y) (i.e. where a

R
is 0 such that Y is absent) and Q is pyridinyl, the reaction mixture is
. preferably catalyzed at a temperature in the range of about 30-120°C with
catalyst such as Pd(OAc),, Pdzdbay, Pd(dppf)Cl,, and the like, in an organic
solvent such as 1,4-dioxane, THF, DMF, DCM, toluene, and the like, to yield
the corresponding compound of formuta (la).
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RAB(OH)2 (XI) + or R4Sn(n-Bu)3 (XI1) (XIV) (XVI) Scheme 5 More
particularly, the conpound of formula (XIV) is reacted with a suitablygy 7p,

substitut edyb@imigse acid of formula (XI) or a suitably subst Mﬁ#j}[gg %%? WO
01/ 87882 17 NOV 2004 PCT/ USOL/ 14391 tributyl-stannane of formia X1y, to

yield the correspondi ng conpound of fornmula (XVlI). Wen sel ected reagent
IS a boronic aci . the . compound,of .fo la (XIV) is '
reacted in an ojﬁggﬁ{agfvgwgﬂct&@%%c&soﬁfﬁﬁ?‘w%ﬁgwgﬁé‘?'n\ﬂggﬁcﬁnanﬂhe li ke,
in the pregénpe of a catalyst such as Pd(Ph3P)4, Pd(dppf)(0OAc)2, and the
l'i ke, prefy at a tenperature in the range of about 80 and about 920C.
When the seleet ¢glunsalstiteldsoraubslitity arildn H(Xl1), the
conmpound of forrmula (XV) ei ) rr eactrgg@qr?rg c@%@ﬁ?@&%ﬁgg@b%@(}dl oxane,
and the | ihederaaryt iee peepenne obformuat(vliy)anag berprepardl bynphifias) 2. The
conmpound of_ for nul Ay XVI) Qs r g{a{ed wi th an oxidizing agent such as
Na104, KOZCTaRQYIEP @95@%{'%@5 dgeaen gasnwhermthe Mginoges gasrisf er abl y
oxygen gag [ ! r the corres di ng
compoung SPHISE &1 PR AARE Lo of SOBLE arhSsMSHi iGasire B PESAESY nt cger
sel ected fxem i the preseoce of a-cataldst fucheas PAePe phlfadf o Saddhshhiut ed
wth 2, 3,0r .4 R4 rou&g&@g&i simlarly be prepared according to the
processes HRtKEnEFM AT erd suchggy methapelhe pethat acetates taridgheon of
t he cont aipsn | | reagent. wherejin the ' -
i s substi thﬁ(té'eg-r{/?n'et E?ué\ﬂgffoj:ﬂﬁlrlag%‘)lrlllg%éfﬁ%%”ge?@nher nc 'O\é\g'zed as

' described above.

Compounds of formula (1) wherein b is 1 (i.e. wherein the group

)
represented by =/ is substituted with one R* substituent) may be prepared

from a suitably substituted compound of formuia (l1t) according to three
alternative processes.

In the first process, a suitably substituted compound of formula (Iit) is
initially converted to the corresponding pymrolopyridinone according to the
process outlined in Scheme 2, followed by two step substitution at the pyrrole
nitrogen, as outlined in Scheme 3.
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groups, which brom ne groups are sequentially reacted to incorporate the
desired R4 groups. Conpounds of fornmula (I) wherein (Y)a is C(O my be
prepared according to two alternative processes. In the first proc]eﬂs;g;,v ﬁ@"
pyrrol opyriwpqRsssacompound of formula (VII1) is initially substituted wth
a suitably selected carboxylic acid or acid chloride, foll AU 143t her
substitution of the with the R4 substituent, as outlined in Scheme 6. 30 17
NOvV 2004 " WO 01/86882 PQT/ USO1/ 14391 (XVI1) + RAB(OH)2 (XI) (Xvill) O
More particularlyy a siRtably substituted pyrrol opyridi @one C‘erpound of
formula (Mill) i eacfed with a suitably substituted cgrboxyl'ic acid or

acid chl origeYof f L!E'(Mi\f? erein Wis O
sol vent suchy_a , dio W@g t he—mke,
presence of :a cayaly such as PyBrop, DCC, and t

M 5 4
i'n the prelfehce Hf a base such as TEB; DIPEA, amd)the [Ni ke, \pref@eably at
a tenperature in_ the range of about >é}&)to about 3011C, to yi&td i@é

)

vvh’e|W|p§_ in the
' ' Eh Wis d

correspondi ng co Bund of  fornula ( I'1). The conpoun) of for (XVI1T)
is reacted with a suitably substituted boronic acid of formula ( { in an
organi ¢ sol vent such as DWVF, dioxane, water, and the like, in the presence
of a catalyst such as Pd(Ph3P)4, and the 31 01/ g7882 17 NOV 2004
PCTNS01/ 14391 | i keg# bﬁ%ﬁﬁi ly at a tenperat iy the range of about 80 to
about 120C, to, yiel {t e 'correspondi ng mfoé&rla (Id). In the
second process, i'tably substituted or a (111) is
Rt i

initially convert ef’@Brrespondi n ridifone, followed by two

Scheme 3

Specifically, the compound of formula (VII1) is reacted with a suitably
substituled compound of formula (1X), wherein X is a halogen, in the presence
of a base such as TEA, DIPEA, and the like, in an organic solvent such as
DMF, DCM, THF, and the like, preferably at a temperature in the range of
about 20 to about 150°C, to yieid the corresponding compound of formuia (X).

The compouqd of formula (X} is reacted with a suitably substituted
boronic acid of formula (XI) or a suitably substituted tributyl-stannane of
formula (XI1), to yield the corresponding compound of formula ('b). When
selected reagent is a boronic acid of formula (X!), the compound of formuia (X)
is reacted in an organic solvent such as DMF, THF, dioxane, and the like, in
the presence of a catalyst such as Pd(PhsP),, Pd (dppf)(OACc), and the like,
preferably at a temperature in the range of about 80-150°C. When the
selected reagent is a tributyl-stannane of formula (XI1), the compound of

formula (X) is reacted in a solvent such as DMF, in the presence of a catalyst
such as Pd(dppf)}(OAc).

In the second process, the compound of formula (1) is initially
C2

1 +

A

substituted with a bromo-substituted “=>" | then converted 1o the
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step substitution using a suitable selected carboxylic acid, followed by
boronic acid or stannane, as outlined in Schene 7. RAB(OH) 2 (XlI) 4 @[{y 004
RASN( n- Bu) Iy Bhikdssz Br (XVI1) Mre particularly, a suitably substi t]u?t
conpound of formula (111) is reacted with a suitably substi¥GtE§01/14391
carboxylic acid of formula (XVIl), wherein W is hal ogen or hydroxy, in an
organi ¢ solvent such as TEA, DI PEA, and the |ike, 32 WD 01/89882 17 NOV
2004 PCT/USOL/ 14391 preferably at a tenperature in the range@bout 80

to about 130C _to yield he correspondi ng conpound of fornul i\(g&l X). The
conpound cﬁ{’?f‘%ﬁqﬂﬂdin@ ?i’%?‘qpy“fdmee@”ﬂitf’ﬁ” Judhen subsjitulet st theut basgoni ¢
acid of fHamid Zbheffe & suitably substituted tributyl-stannane of

formula (XIl), to yi eﬁ{(fthe correspondi ng conpound of formula (XX). Wen
sel ected reagent is a boropilic acid of formula (XI'), the conpound of formula
(XIX) is reacted in ap_organic solvent such as DV, dioxane, water, and the

like, in the of»\a cat al yst ch as Pd(Ph gf ) (QAc) 2, and
the |Iike, ﬁt_ﬁﬂ'&&L@iﬂthgra 80 t g-ahout
120C. Wen ad/ T eagent i&i' ri butyl - shg Nrru+(a\ ),

t he corrpzﬁa of A (XIX) is reacted in a sglve DIVF\"_(’

di oxane, d’c t he , Rh t he preseﬁ!’:e of a c4R

Pd(dppf) (OAc) 2. The conpound of for (XX) is reacted with*an oxi Bf zi ng
agent such as Nqlj4, K02, singl et n, oxygen gas, ozone, and the |ike,

preferably K02, to produce_the corresponding corrpoun@“&‘f) formula (1d).
Conmpounds of fornula (1), ereinrRR3 is other than hydrogen, and conpounds
of formula (11), may be pregpared According to the process outlined in

Schene 8. ﬂ R4B(OH)2 (X1
N=—G, + or S

AL
: Br  R'Sn(n-Bu) (X
(XV)
O R’
(L T =€)

N L
(ic)

Scheme 4

More particularly, a suitably substituted compound of formula (Ill) is
reacted with a suitably substituted compound of formuila (X1}, wherein X is a
halogen, in the presence of a base such as TEA, DIPEA, and the like, in an
organic solvent such as DMF, toluene, and the ke, preferably at a temperature
in the range of about 100 to about 150°C, to yield the corresponding
compound of formula (XIV).

The compound of formula (XIV) is reacted with an oxidizing agent such
as NalO,, KOz, singlet oxygen, oxygen gas, ozone, and the fike, preferably

oxygen gas applied at atmospheric pressure, to produce the corresponding
compound of formuila (XV).
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33 WD 01/87882 (RD)c H R2 ,~ R3-X (XK) Schene 8 17 NOV 2004 PCT/ USO
- /14391 More specifically, a conpound of forrmula (la) is reacted with a
suitably substituted compound of fornmula (XX), where X is hal ogen} 7 NOV 2004

hydroxy, tegybaksss: nesylate, and the like, preferably X is fdalw@emszoln an
- organi ¢ sol'vent such as THE, DWMF, dichloro nethane, toluene, and the Ilike,

preferably THE or DMF, to yield a mxture of the correspondi ng substituted

d of f Lng .substityt ed d of
Formia (1) vitle Boadrh rohfifie VIS PeeL0 hudy 5 Shisdaty ShnsBihen ™ ne
reaction isbronefatidhiffomalai (X0 o suitdbly BAbSOERNEBUBA-sBhrIndaky C of

I norgani ¢ _base such as triethylam ne, diisopropylethylam ne, potassium
car bonat e fogauiauX!hy & vigld thedirespoRgingosemeound of faemilik ¢c). TWeheompounds  of

recr yst al PERAPR1EabEnlh BYBLRAGPLIREIRED, e cmprend pkrmivo.
U PRl RGBTl S
be prepar §ieainchedpresence af praatalyst such asiPA{PedP )i, PddppAtOAC),Hand bh&noc Q
R4.TKC Ii{(gl,a g:ga?eepelbly at a temperature in the range of about 80 to about 160°C.
When the selected reagent is a tributyl-stannane of formula (XII), the
compound of formula (XV) is reacted in a solvent such as DMF, TEA, and the

like, in the presence of a catalyst such as Pd(dppf)(OAc)..

In the third process, the compound of formula (1) is initially substituted

with a bromo-substituted ">, further substituted at the =2 with the R*

substituent, and then converted to the corresponding pyrrolopyridinone, as

shown in Scheme 5.

R'B(OH),  (X1)
+ or
R*Sn(n-Bu)y (xm)

y

Scheme 5

More particularly, the compound of formula (X)V) is reacted with a
suitably substituted boronic acid of formula (XI) or a suitably substituted
29



H2 (XXI'V) SCHEME 9 Accordingly, a suitably substituted conpound of fornula
(I'11) is reacted with Fnoc-NCS, in an organic sol vent such as DCM QIW
THF, and the like, preferably at roomtenperature, to produce the TTNOV 2004
correspondi NE ¥HBBnd of fornmula (XXI1). The conpound of ( RRIF[US01/E4391
reacted with 20% pi peridine, in an alcohol such as nethanol, ethanol, and
the like, to produce the correspondi ng am ne of formul a (X)a 11). 35 WO

01/ 87882 1ributyi-steonaneof fuseda (4B 1o Tield dhe cerrespbnding lcampOdnd of i S

reactedvvl h a,s substituted a-hal o  nmethyl ketone of formula
(XXI V), rﬁ&"ﬁﬂ&@ﬁcg" %ﬁi @PS&%@%G%'F‘\%WFQWC ﬁﬁilsitqijrf@rmldadxl)aﬂmwl:

et hanol : n@rtglffbhﬂ uch
Dl PEA, and t h 't ke, pre ?rbﬁglfsgﬁgﬁtog{ne%fgﬁa@é 8&@@@% %M% pr oduce
the corr estﬂnoudnagmmpwddhahké annké préséendce of §@@€dl§9t%u@h%§t g‘HSP:? s of the
conmpounds 59 gJor (I% particul arly conmpounds of fornula
wher ei n d F?R’ﬁ:ﬂfg@a ther Pt&fﬁfﬁ@}ﬁﬁéaltemmratune lrttherlailngeanftahmm t he
R2 bond t p I LS re prepared according to
the procestd S e f‘ﬁ?‘@cﬂ&ﬁéﬂ% SRIecied reqgens atofioh Siannarawh (o 1)
(XVET 1T formti¥d [XIiR @hMeoRboBAE B4 i) (XIV) is reacted in a solvent such as

DMF, dioxane, and the like, in the presence of a catalyst such as

Pd(dppf)(OAc)..

The compound of formula (XVI) is reacted with an oxidizing agent such

as NalO4, KO, singlet oxygen, oxygen gas, ozone, and the like, preferably

oxygen gas applied at atmospheric pressure, to produce the corresponding

compound of formula (ic).

Compounds of formula (1) wherein b is an integer selected from 2, 3 and
Cr‘-

1
1 I

4, (i.e. wherein the 27 is substituted with 2, 3 or 4 R* groups) may simitarly
be prepared according to the processes outlined in Schemes 3,4 and 5, with
Ca =

L}
1 ’

appropriate substitution of the 2~ containing reagent with the

®
corresponding reagent wherein the 22" is substituted with 2,3 or 4 bromine
groups, which bromine groups are sequentially reacted to incorporate the

desired R* groups.

Compounds of formula (1) wherein (Y), is C(O) may be prepared
according to two alternative processes. In the first process, a pyrrolopyridinone
compound of formula (Vill} is initially substituted with a suitably selected

carboxylic acid or acid chloride, followed by further substitution of the
CI =~

with the R? substituent, as outlined in Scheme 6.
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Schene 10 17 N4V 2004 PCT/USOL/ 14391 (Villa) Accordingly, a suitably
substituted conpound of fornmula (XXV), a known conpound or conpound
prepared by known nethods, wherein R is hydrogen and Ar is an aryl’ §otl

preferably , hore preferably 1-naphthyl, is reacted wth a
sui tably su‘ggﬁ)?{sﬁgﬁléd al dehyde, a conmpound of fornula (XXVI ),q’qTﬁésogﬁ”&gani o
sol vent such as p-xyl ene, o-xylene, toluene, DCM and the |like, at a
tenperature in the range of about 25-270C, under aprotic or protic
conditions, to yield m xt ype of the corr@Op¥ndi ng di astereoners,
conpounds of fornula 11y and (XXVI11).| The R-di astereoner, the
conpound of fornmu S separated Q t he conmpound of formula
(XXVI11) by recrystal lizat|i lﬁ-rl sijJica chrorrat ogr aphy. The conpound
of formula (XXVI he ereoner) ig~cednverted to the desired
of forrrulg XXVI'11), by stirring the conpound
such as EA, HCl, TsOH, and the like, in the

R-di ast ereoner, t'he co
of formula (XX{RT) in & aci

presence of an organic solve such as CHZ&ﬁ DCM 7 mi-di oxane, and the
I'i ke, to yield the de{VHBd R-di ast er eoner, Y conpound of fornula
(XXVI'11). The conpound of forrmula (XXVII1) is reacted with an oxidi zing
agent such as oxygen Has, sigiglet oxygen, K02, NalO4, ozone, and the like,
preferably oxygen gas §t aboput atnospheric pressure, to yield the
correspondi ng co mul a,@XXI X). Wien the oxidizing agent is
oxygen gas, the {ffeadtion | ied out ,in Bffsence of a base such as
sodi um hydri de, siu « jJut oxhde, and the |(I = I n an organi c sol vent
such as DV, O NWR, and the | n 37 WO X187882 1 7 NOV 2094

PCT/ USQ / 14391(RMe confdound g# for(mul a) (XXIX) is reacted with a reducing
agent such as hydrogen gas, In thezpresence of a catal yst such as

pal | adi um on carbon, (XWii)a pol ar sob ent such as met hanol, ethanol, and the
like, to yield the

O R
- O
L T
®.
o R2 |‘~r’|
(1) ,
Scheme 6

More particularly, a suitably substituted pyrrolopyridinone compound of
formula (VIll) is reacted with a suitably substituted carboxylic acid or acid
chioride of formula (XVIH), wherein W is OH or Cl, in an organic solvent such
as DMF, THF, dioxane, and the like, and when W is OH in the presence of a
catalyst such as PyBrop, DCC, and the like, and when W is Cl in the presence
of a base such as TEA, DIPEA, and the like, preferably at a temperature in the
range of about 0 to about 30°C, to yieid the corresponding compound of
formula (XVII). |

The compound of formula (XVill} is reacted with a suitably substituted
boronic acid of formula (XI), in an organic soivent such as DMF, dioxane,

water, and the like, in the presence of a catalyst such as Pd(Phs;P)s, and the
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correspondi ng conmpound of fornmula (Villa). The conmpound of fornmula (Villa)
may then be further reacted to yield the correspondi ng conpound of ngﬁ%k[ﬁ
(D) accordl‘{tgm}sége process outlined in Schenme 3 above. For compou 4

formula (1) is other than hydrogen, a second CchRGEUSHEH%r
will exist at the bond of the R group to the pyrrolopyridinone. If a
specific orientation of the R group is present in the starting reagent, the
conpound dikef praferably xx¥teinpeBathesran He ripgeaf dbout QD'térﬁtﬁiu'tQQO“’Clt | mpact
the conver Rﬁ%Of di astﬁreoners Where the processes for the preparatlon
of the coﬁ/ﬁgﬁ CQresPanFgo e mMpeind al/ Eimulm(id).ve rise to a mxture of
stereoi soners, these isoners may be separated by conventional techniques
such as preparative chromat ography. The conpounds may be prepared in

racem c form on thedegdnth plockRaNEI RABLR, sd@rt@ggﬁoﬁgﬂtﬂ'ﬂi Q\?’nglrmgéa W)

enanti osel ective synthesis, by resol ution or
enri ched rse@éj@#b’s?on?ﬁée@é@rﬁmﬁdgeﬁagndmgrpyemt;yrﬂimdhe folsead 8¢ thipt 0 their

conmponent stand n such as_ the formation of

di ast er eoﬁ%rba%sdpsgﬁé&b@glgglatsw &F?@FW ybperidafoliowad by borenicd, such
as (-) - dacith dritiibng d6Ufhba .ﬁecﬁ pgizor (+)-di-p-toluoyl-/-tartaric
acid followed by fractional crysta FI zat1on and regeneration of the free
base. The conpounds may al so be resol ved by formati on of diastereoneric
esters, amdes or am nes, 1foI | owed by chronmat ographi ¢ separation and

removal of the chiral auxtliary rnatively, the conpoun may be
resol ved usin HPLC coI ufp During any of t he progesses for

preparation onpdunds of present [ i ta\may be) necessary
and/ or desir t se’njat:E or _reac ps opy_any of the

nol ecul es cgh {s may bedc eved by Se o,nentl onaI
protectingR oupsN such gs t scribed i nps38 1 01/ 87882
PCT/ USO1/ 14391 Pr bt ect| e Groups gani c €mstiy, ed. 3. F.

Pl enum Press, ? and T.W Gre & P.GM Wits, ProtectlveGr ps |n
Organic Synthesi'$) John Wley & Sons, 1991. The pridd¥}ting gro rray be
renoved at a convenl ent subsequent stage using nethods known fr mthe art.

R*B(OH),  (xI)
+ or
R*Sn(n-Bu); (xI)

Scheme 7

More particularly, a suitably substituted compound of formula { 1) is
reacted with a suitably substituted carboxylic acid of formula-(XVIl), wherein W
is halogen or hydroxy, in an organic solvent such as TEA, DIPEA, and the like,
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The utility of the conpounds to treat sexual dysfunction can be determ ned
according to the procedures described in Exanple 95, 96 and 97 herein. The
present invention therefore provides a nethod of treating sexual 17 NOV 7004
dysfunctioqNPqﬁ%gmﬁarticularly mal e erectile dysfunction in a su?&ect Pn

iC

need thereo conprises adm ni stering any of the corrpoPLﬁ:Fd‘é,s d43ef i ned
herein in a quantity effective to treat ED. The conpound nay be

adm nistered, tq,a patient by any conventional route of adm nistration,
n r%gya? y any

i ncl udi ng, PIIE PitRMPEER e In the rRsRAfsabasit 80 to ebbutil 380 us, vield
i ntranusc i I I Jhe quantity of the conpound
which is m%?ﬂrgiﬁ%gﬁﬁgﬁég@gsad%fﬁ@%ﬁl@i{k}ébn 0.01 ng per kg and 20 ng per
Kg of subj ect bTHg ourhgiund FHonPURS ) i HARKIEE it ity L Situte

nas™ o is

phar maceuti cal .,conpositions conprising one or nore conp
i'nvent i on POroaisaeidafifermulet (X or » suitably subistiaitey tribctytathaneaf 1 er .

f bl it ' it d f h bl ,
oi 115 capengs CERRITEM SRSt pohalil bomBaliR s feman 5k Mibenor

suspensi onsaleffedetagdefEkeFBbradic htidw ; Q4
aut oi nj ect or devi ceg or supposi% or’i g'bsf;%ﬁgp%g é?q’ﬁa%?‘gw gﬁﬁﬁ,c’?ifﬁﬁlgﬁasal ,

subl i ngual(XbX) iscieegtedigrampeganit soivenbsudhoas IMF ndiekars, iveatebyarid el ation or
i nsufflati.an. . A.ternativel t he conpqgsitio be presented in a form
sui tabl e hggr '“ﬁ?&&‘iﬁ%&ﬁ?@ ‘%P "&r‘?{j&?mﬁ?}ﬁb&zﬁf{?ﬁl)&tf?@ﬁp@ﬁ(%@h. srdithée, an

i nsol ubl e jigal brefgfabifat 836 cano salt, may be
adapt ed toi p?[)?/i dae g dep%ﬁnbgFéggggrng?‘%nraigr%%fﬂfnP %ﬂgggﬁa@fwﬁﬁg ion. For

pr epar i ng Wbendhe setgnbed reagent ssiahrinetyi-atdreiahe ofiermith X aheact i ve

i ngredi ent armaceutical carrier, e.g. Conventional

is mxed wth a ]
tabl eti ngwwiﬂt g@ﬂ%(ﬁgywﬁ?m%HT@ﬁP’V%ﬁ@@é?SQMFodbxaBGIMd ol ,

talc, stegyd ﬁké‘qhqherﬁgﬁ%maﬁ&g@@%umcgsf% @?Bﬁjw%g&phate or guns, and

ot her pharmaceuti cal uents, e.g.” water, 2004 WD 01/87882

PCT/ US01/ 14391 Ther compeond of forefuda X ts mactedmithisn Gidemy aiehich
ound of the present invention, or a

honogeneous ,m x{ u of . (of0)
phar naceu?Fé\ia%'ﬁf’ g@eﬁ?‘&%té”%’ £ OXYREWRS, QROER, pRg Hie likey nrefarhblye
pr ef or mul RO.0f0 BRIMAS thQr B jete nt that the active
i ngredi ent izs d?sper sed everf'l%?mt ﬁ%ﬁg’ﬁ@ﬁ?ﬁ? ﬁjétf%%ﬁﬁ’)%?l ion so that the
conposition may be readily subdivi ded
Compounds of formula (1), wherein R® is other than hydrogen, and
compounds of formula (Il), may be prepared according to the process outlined

in Scheme 8.
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into equally effective dosage forns such as tablets, pills and capsul es.
This solid preformulation conposition is then subdivided into unit 9 @p%
forns of tMeobypmsilescri bed above containing from1 to about(ﬁgag § 0
the active ingredient of the present invention. The tablets or

t he novel conposition can be coated or otherw se conpounded to prOV|de a

prol onged action. For exanple, the
osageRand an outer dosage conponent,
el opef over the fornmer. The two
*gyer whi ch serves to resist
thN—rﬁﬂgr conmponent to pass

dosage form affording the advantage o
tablet or pill can conprise an inner
the latter being in the formof an e
conponents can be separated by
disintegration in the stonmach a
intact into the duodenumor to relfase A variety of

materi al can be used for such ﬁFrIC NIayer or geatings, such materials

i ncl udi ng a number of pol yneri¢ a€ids Mith Racty"haterials as shell ac,

cetyl al cohol and cellul ose acetate. ﬁﬁg l'iquid Xaos in which the nove
conpositions of the present inventioh™my be incofrp hgted for

adm nistration orally or by injection inglude, aque tsolutlons, sui tably
fl avoured syrups, aqueous or oil suspensifons, and flavoured enulsions with
edible oils such as cottonseed oil, sesa X coconut oil or peanut oil
as well as elixirs and simlar pharnaceu Qgkyvehicles. Suitable

di spersing or suspendi ng agents for aquegus suspensions, include synthetic
and natural guns such as tragacanth, acag¢ia, alginate, dextran, sodium

car boxynet hyl cel | ul ose, nethyl cel | ul ose, polyxgnyl pyrrolidone or gelatin.
The nethod of treati@ sexyad dysfunction, ~articularly male erectile
dysfunction describeg in the present invention ma al sompk carried out
using a pharnmgce 2
defined herei
phar maceut i cal Ai‘i oV 2004
contai n bet weeA™abo ){ and ﬂOOO ngy, pre
t he conpound}fhpd may_ be cdpsti d into,any forfh suithble
admi ni stration sel edR®dd. CaYri -FSncludeaﬁgtessary and R2nef’
pharmaceutical excipients, |n§;§%\ g but not limted to, ki rs,
suspendi ng agents, {lejoricants, flgROyants, smeeqﬂpers, preserv hkves
dyes, and coatings. Conpositions

r. The

1/ 818B1 Pﬁl:.u@(yl/ 14391 may
1 td 200 ny, of

t he npde of

Scheme 8

More specifically, a compound of formuia (la) is reacted with a suitably
substituted compound of formula (XXI), where X is halogen, hydroxy, tosylate,
mesylate, and the like, preferably X is halogen, in an organic solvent such as
THF, DMF, dichloromethane, toluene, and the like, preferably THF or DMF, to
yield a mixture of the corresponding substituted compound of formula (le) and
the corresponding substituted compound of formula {I1). When in the
compound of formula (XX}, X is halogen, the reaction is preferably carried out
in the presence of an organic or inorganic base such as trethylamine,
dilsopropylethylamine, potassium carbonate, sodium hydride, sodium
hydroxide and the like.

The compounds of formula (le) and {11} are preferably separated by

known methods such as recrystallization, column chromatography, HPLC, and
the like.
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suitable for oral admnistration include solid forms, such as pills,

tabl ets, caplets, capsules (each including imredi ate rel ease, tined

rel ease and sustained release fornulations), granules, and powders,7 ¥Vdl4
liquid for r@ooygq&hzas sol utions, syrups, elixers, enulsi anPCﬁQ&y‘g’P’

- suspensi ons: Forns useful for parenteral adm nistration includ terile
sol utions, enul sions and suspensi ons. Advant ageously, conpounds of the

present inventign n%y be §dninistered in a squle dai ly dose, or the total
dai |y dosage ma@ofﬁ? Utiéisi ofi 'emepka(MIh wheretiete §o%ed-eohemsin ¥ Isratmsent) and
fourtines - Furt hernore, conpounds for the present invention can be
admini stered i'myintranasal formvia topical use of suitable intranasa
vehicles, gk_vi/a transdernal skin patches well known to those of ordinary
skill in that~aris 2{4-substititea)tsiazolyly may bberépamddcoarding a9 adfoiBs as

del i very ;ﬁﬁfeQ%Fige dosage adm nistration will, of course, be continuous
rather th i 'F@%ﬁ@ ‘hr oughout the dosage regi nen. For instance, for
oral administration in the formof a tablet or capsule, the active drug
conponent can be conbined with an oral, non-toxic pharmaceutically
acceptable inert carrier sug as ethanol, glycerol, water and the Iike.

Mor eover, wh necessary, suitable binders, |ubmricants,

di si ntegrati col oring agents c or poriated into
the mxtured bi ndgps _iMMEPENCS wi t Hout Hgation, stadeEmece
gelatin, na ug ch as glucose or sweet ener s,
nat ur al adB:kynthemic gu such as acacia(R5; aga sodhum ol eat e,
sodi um stearate, mkhnesi Rt st earat e, sodi um “benzo i umSacet at e,
sodium chloride and the like. Disintegrators include, wthout limtation,
starch, nethyl cellld} ose, agar, bentonite, xanthaqxgyg;and the |ike. 41 17
NOV 2004 WO 01/87882 PCT/ USOI /14391 The liquid forns y include suitably
flavored suspendi ng or dispersing agents such as the synthetic and natural
guns, for exanple, tragacanth, acacia, nethyl-celluloge and the |ike. For
parenteral administration, sterile suspBnsions and soflutions are desired.
| sotoni ¢ preparations whj ~Contai n suitabl r edHaicgenyes are
enpl oyed when intravenoys adn n i sNHesi re® The }eonpound of the
present invention can a.}@ b¢g/ ad in the _formof2|iposone

- vesicles, large "

(XXIV)

SCHEME ¢

Accordingly, a suitably substituted compound of formula (IN) is reacted with
Fmoc-NCS, in an organic solvent such as DCM, DMF, THF, and the like,
preferably at room temperature, to prodube the corresponding compound of
formula (XX11).

The compound of (XXII) is reacted with 20% piperidine, in an alcohol such
as methanol, ethanol, and the like, to produce the corresponding amine of formula
(XX).
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uni | anel l ar vesicles, and nmultilanellar vesicles. Liposonmes can be forned

from a variety of phospholipids, such as chol esterol, stearylam ne or

phophat i dylchal | %ﬁz Conpounds of the present invention may also be 11 N0V 2004
SFOtERE of

del i vered monocl onal antibodi es as |nd|V|duaIP€Eﬂ$9%k§9ko
whi ch t he conpound nDIecuIes are coupl ed. The conpounds of the present
i nvention may also be_coupled with soluble polyners as targetable drug

calr r |he2|s Such d&eyaming eaierinia G@é”llfotﬁ IWK: hwgh taoskwlthr?iyiesubgmated:gpﬁﬁwelr
t t
br ol yer nTe BRKBHESS i T BRI & the FEsEhls bh aparabnisBOest onmdire

Fur t her nor gycjs B mﬂF‘Fem’&?ﬁ)I LoxXahe, Eﬁ@?ﬁ@ﬁké r% evp?&eli%y?f%b@éépﬁu@ﬂ e

cl ass of biodegradabl e polymers useful in ac e of
a dni g, foFrEMDiﬁEés ot Yiedike| preferably aioéy@mﬁemare @ﬁsbebta? @Gtﬁ

pol yhydr ox ric acid, polyorthoesters, polyacetals, Jﬂ}ogyrans
pol ycyanoaé}ey RSPORING EeERouNg Rl dommulari¥Hepat hi ¢ bl ock copol yners of

hydr ogel s. Conpounds of this invention nmay be administered in any of the
foregoing conpositions and according to dosage regi nens established in the
art whenever tSpetuﬁermaﬂérmmlofdhéfcuﬁrddtﬁﬂs dT%ﬁnH%f%(}Hng ly male
erectile dysfunction is required. The d osage o e products may be
varied ovePamicuiagdy compRrundsRh formuta () \Gberemg Rods hgdmgerhandlmrﬂer day. For

of "t abl ot ot of (e ERERERhl Wihe B BRs03he myrdlonwinoneds o
01187882 REA¥iND) MhAB8 hroPakd FRDrdiR§ % ﬁwpﬁ%s@dd&%@%&wgw@ };@Ct Ive

i ngredient for the synptomatic adjustnent of the tient to
be treated. An effective amunR'of the drug is ordinarily supplied at a
dosage | evel of from about 0.@1 ngﬂég to about 20 ngy/kg of body weight per
day. Preferably, the rangg is\fromsabdut 0.1 ng/kg to about 10 ngy/ kg of
body wei ght per day—~% from abget }ﬂjng/kg to about 3 ngy/kg
of body wei ght pe{ Nt i mal dosrges to be admnistered nay be readily
det erm ned by tEﬁ $ ed in thé¥art,~and wirt—vary with the particul ar
conpound used, R modeNof adnlnlstratlon Rxvey rength of the
preparation, the node off adm ni stration, and

(XXV}
R R’
CHj CH,
( N/
/ Ar / \ Z Ar
R% N R? R N %2
XXV XXV
R‘l
CH,
| — N—~
> - ‘Ar -
(R°) N R?
XXV
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t he advancenment of the disease condition. In addition, factors associ ated
with the particular patient being treated, including patient age, weight,
diet and tine of admnistration, will result in the need to adjust 17 NJY 2004
dosages. THEOPUBTS8N ng Exanples are set forth to aid in the yrggsshggi ng
of the invention, and are not intended and- should not be construed to

limt in any way the invention set forth in the clains which follow
thereafter. Unl ess ot@erw s&i i ndi cated, 1H NVMRs were run on a Bruker

i nstrunment. EXAMPLE 1j]1
9-tetrahydro-1

3 Met hyl enedi oxphenyl -2-benz{) -2 3Rglq

To ;g4sol ution of the

1-(3,4-nethyle -2,344,9-tetrahydro- 1 (prepared
according to t i SG| osed i A——WBOLA432 e 7, page
24) (7.37 g, 2 NFP Oy DMFA(25 nl)  was adde 3.52 .,
25 mmol ) and @efzy! hyom de%S.O m., 25 mmol). The stirred at

anbi ent tenperature overni gRt and added dropw se(R?jca soﬁutior&gf sodi um
hydroxi de (25 mmi) in water (200 nL). A precipitate was forme&” col | ect ed
by vacuumfiltration, Eed with water (2 x 50 nL), and dried in vacuo
overnight to yield tr%y@? duct as a freely flow ng pale(ypldyow powder. M
(mz) 383 (MH+) 43 WO 01/87882 17 2004, PCT/US01/1 4391 "H NWR (CDCl 3)
5 2.57-2.89 (series of m 3H), 3,18°8"e®e&M 1H), 3.33 (d, J = 13.7 H, 1
H, 3.63 (d, J =13.7 Hz, 1 H, 4.55 (s, 1 H, 594 (nd, J = 2.2 Hz, 2H),
6.77-7.52 (seriges of. mbkl?)l_i)'. EXAVMPLE 1A

(R) - 1- (3, 4- Met HYSCERAETHK Posikitaply) substitites lcotnurid Sffoﬁehfm@mm),llg known

(R 1 (3, £oN il B e R 4 5o mtheigombereiniR 25 budtageme vas
50505y omengor o She &y CAEENBO AR bl ART 2ol 1
y substituted aldehyde, a compound of formula (XXV1), in
an organic solvent such as p-xylene, o-xylene, toluene, DCM, and the like, at a
temperature in the range of about 25-270°C. under aprotic or protic conditions,
to yield a mixture of the corresponding diastereomers, compounds of formula
(XXVI1) and (XXViI),
The R-diastereomer, the compound of formula (XXV1I) is separated from
the compound of formula (XXVIl) by recrystallization or silica gel
chromatography.
The compound of formula (XXViI ) (the S-diastereomer) is converted to
the desired R-diastereomer, the compound of formuia (XXVIII), by stirring the
compound of formula (XXVII) in an acid such as TFA, HCI, TsCH, and the like,
in the presence of an organic solvent such as CH:Cl;, DCM, 1m4-dioxane, and
the like, to yield the desired R-diastereomer, the compound of formula (XXVIII).
The compound of formula (XXVIII) is reacted with an oxidizing agent
such as oxygen gas, singlet oxygen, KO,, NalQ,, ozone, and the like,
preferably oxygen gas at about atmospheric pressure, to yield the
corresponding compound of formula (XXIX). When the oxidizing agent is
oxygen gas, the reaction is carried out in the presence of a base such as

sodium hydride, potassium-t-butoxide, and the like, in an organic solvent such
as DMF, DMSO, NMP, and the like.
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The title product was prepared according to the process described in

Exanpl e | usmg 1- (2, 3-di hydr obenzofuran-5-yl)-2, 3, 4, 9 t et rahydr o- II—’-W

car bol i ne qg, Fu 8g%artlng reagent. Ms (nfz) 381 (M—I+) "H NMR 2004
(EQY A

2.59-2.90 f m 3H), 3.13-3.24 (m 3H), 3.33 (d, J _11@5‘91
H, 3.93 (d, J = 13.5 Hz, 1 H), 4.56 (t, J = 8.6 Hz, 2H), 6.75 (d, J=8.1
Hz. | H), 7.05-7.35 (series of m 10H), 7.49-7.52 (m | H) EXAMPLE 2A

(R - 1- (2, 3- Di hykheobengaiuscaor Briilie GOUEN Eyteated dith d"t L@Xh‘é quy&fuch

H J3-carboline Follow ng the procedure as describe
(R) - 1- ( 2, @ hydiggen was: 51 thexpresepcy 02a3taaalgsitmcraaspabamuh’rdlﬁcﬁﬂjdwﬁﬁ ne was

ted t d. 381 (VH4 = -56.9
Egag gz %—%‘@éﬁg@%ﬂbggﬁ'}@%fgﬁ% Pt %gsﬁ’('gj ﬁ&)‘t@d@;ﬂwgéh&%wm 3123
4- Tetrahydbﬂea 8 p@uﬂd@?&%tﬁé‘?@'ﬂ%yphe”yl -9 Hpyrrolo-[3,4-

b] qui nol i n-9- one (#54)

1- (3, 4- Met hy| eléei exypoend of-farmbalayili2), ray toen eerfatther feakidd 10 yléﬂrth%' | ne
was di ssolved indry DVF (15

(0.79 g, 2. prepared, a Ie 1

h) | pot abareRmRndpbiaRBouas Bhfastu B RrSeting o theseemoeseputined in by
oxygen, babRERE B Aap@v@, SYringe needl e. The m xture was mai ntained at room
tenperature for one hour and then poured onto a mxture of INHC (5 nm),
water (35 nL) and ethyl acetate (35 nmL). A fluffy yellow precipitate was
col |l ected, the organi C Ir}q\i ff(?ermved and t he, aqueous sol ution extracted

with ethyl acEPh emPa Aeulad )y Mhesain %y@rothestmem bydregenna seednasi de
ht t dyct

or cci pi {2 age! confer %%?ﬂ%y*“%b‘l?ﬂdéf (e PR oMb el fonsodt fne

p(r]I gdugt _aipl&cmﬁebhemtatmmliethe rb\]ibaﬁ pr@&s?e)nt(ihﬂtﬁé stdntiflyRe4ddMBQnd6) 6 3.52

( B compbund H% formt'J—Pa ()8(\?) in (Scheme 10 above, its orientation will impact the

conversion of diastereomers,

Where the processes for the preparation of the compounds according to
the invention give rise to a mixture of sterecisomers, 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 by enantioselective synthesis, by resolution or from
enantiomerically enriched reagents. The compounds may, for example, be
resolved into their component enantiomers by standard technigues, such as
the formation of diastereomeric pairs by salt formation with an optically active
acid, such as (-)-di-p-toluoyi-d-tartaric acid and/or (+)-di-p-toluoyi-Hartaric acid
followed by fractional crystallization and regeneration of the free base. The
compounds may also be resolved by formation of diastereomeric esters,
amides or amines, followed by chromatographic separation and removal of the
chiral auxiliary. Alternatively, the compounds may be resolved using a chiral
HPLC column.

During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable to protect sensitive or
reactive groups on any of the molecules concemed. This may be achieved by

means of conventionai protecting groups, such as those described in
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Hz, | H), 3.84 (d, J =13.2 Hz, | H, 3.93 (dd, J = 11.9, 3 Hz, 1 H, 5.10

(s, | H, 6.05 (nd, 3254 Hz, 2 H), 6.98 (s, 3 H, 7.26-7.36 (m E@A
7.54-7.59 (m 2 H), 8.10 (d, J = 8 Hz, 1 H), 11.42 (s, 1 H). EXAVPLENGAZ0:

(R -1 2,3, 4Wlattrsabdr o- 2- benzyl - 3- (3, 4- net hyl enedi oxypheny! ) perysayissor
9H- pyrrol 0-13, 4- b] qui nol i n-9-one #67 Fol | owi ng the procedure as descri bed

in Exanple 3, (R -1-(3, 4-
Met hyl enedpeserle8 Y b f s Bhdnil ey a T 3-carbol i ne was
reacted tO proauce bubsiftant Cndn ! '\gj(‘wwm SRUANIEES4 45 WO
01187882 1719RENand(4W REMdie@ PLEIAL WL, Brotdetilel GRIHY iR GraBRRZY! - 3- (2
3-di hydr obgnzof ur an-5-vyl ).-9H eyrrof o-f 3. 4- quinorrm-9- 0)
1- (2, 3- Di h&E&E&&&o‘PﬁM\‘})—'E@y% $ODsHEI| The prateeting graupsinay betiemovear bol | ne
(prepared ' J 8..15 I s dissolved in dry DW
(20 ni). P%f%glsa?%ﬁ@%%?éﬁ?@ge%%@%e 5?‘”96“%0?4%?%50@d6@aﬂ-fo| | owed by
oxygen, bubbled in via syringe needle. The solution was stirred for 1.5 h.
To the reactio_n_Bgiexture was added a solution of HCl in ether (10 nL, 2M

[

and the sol ut atiibpettherrampaipids tp traatisekagl aysfenctichhear Bsul ti ng
suspensi o St vernight. A bro solid was filtered off and
washed with Wat 'é‘rgdl %‘g&dﬁq {Oﬂgg@rﬁﬁ%d%@ﬁ%ﬁﬁ'q’éﬂ' xampleNiyRfand 83ul t i ng
in a yell owrpineci pitate. The solid was filtered, washed with water, dried
briefly, and partially dissolved in THE nethanol. The precipitate solid
was filtered and washed with ether to vyield the product as a pale yellow

solid. M (M z ) N O-d6). 5 3.19 (t, J =8.7 Hz, 2H), 3.53
(d, J = 11.8 Hﬁﬁ{ﬁﬁ%@#ﬁh@%ﬁhgr —°’f2P'91’|q£,5 amafhog ogtreating sexual2. 2 Hz, 1
H, 3.92 @dysfuhctiohlntbrezparticiibsly nthlé 2rddtile dv ioff i fi) et 2endSa L M
6.81 (d, J =81 H, 1), 7.16°7.50 (seri Agsnfrgttingidlogt fratga ")
Hz, 1 H), thereabwhich comprisxadministxing any of the compounds as defined

herein in a quantity effective to treat ED. 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 ED is

between 0.01 mg per kg and 20 mg per kg of 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 tablets, pills, capsules, powders, granules, sterile
parenteral solutions or suspensions, metered aerosol or liquid sprays, drops,
ampoules, autoinjector devices or suppositories: for oral parenteral, intranasat,
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 example, an insoluble sait
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
pharmaceutical carrier, e.g. conventional tableting ingredients such as com
starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium stearate,

dicalcium phosphate or gums, and other pharmaceutical diluents, e.g. water, to
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(R - 1,2,3 4-Tetrahydro-2-benzyl -3- 2 3-di hydrobenzofuran-5- | 9H pyrrol o-
13,4 b] qU| nol i n-9-one (#77} Follow ng the procedure as described i n!LENHW? e

4, (R-I- Zﬂé)e\&ggfrobenzofuran 5-y1)-2-benzyl -2, 3,4, 9-tetrahydr
i

H p- car bol eacted to produce the title conpound. MSPE 13681
(MH) [a] = -110.0 (c = 0.43, CH3OH); HPLC Chiralpak 0D 0.46 x 25 cm 0.1
YDEA/ MeOH, Tr= 5.36 0 min. EXAWPLE 5 46 17 NOV 2004 WO 01187882

PCT/ USO1/ 14801 & solig preformulation composition containing a homogeneous mixture of

4- Tet r ahyd P edi.o en rrol 3, 4-b] nolin-9- one
hydroghlgrrdﬁgﬁﬁ“ﬁgﬁﬁﬂgﬁ% I“’Mr}@&wf‘? "@%@&S e ”d/rﬁ(&ep?ﬁlljll)le sa'lt

1,2, 3, 4-t etrafausit WhehgBfart

met hyI enedi oxyphenyl ;a_ OH p;rglégo gféS% %re{)?rmulatl 7% 8ﬁ'g0?3ragpar ed as in

Exanpl e 3) homagengows, $is moednt that tmetdnawelmgl‘éﬁiédt i adpéPIed evénI(y500 o)
was added The reaction m xfure was

: H_(CB:(I gg‘ %}Pr sol utj.on 14 m., 2N).

agi t at ed uffdf&Y Ohé/ B Gempesiigs shdhat tf@scwp?sttlananﬁabe reppily swbdivided 6 h.
Th | t t

Tacuo to | 18 SNl ifeckive dokabiciing BUGAR 1SHible, BIR N BRSTHRS THiE Nk

DVEO- d6 snd fbmﬁllt - 7.40
Et O d ) o Iﬁﬁe E(mn@ifblpoﬁtlmls(me@ﬁéshqi%w@é{i int§- u%?t% s%e %83&) 5. 68

, 71
(s, 1 H), ?!19 maqéesqrhqpa (‘Bﬂlﬂ’g rTB&i@abouHOOO mg of the active
1- (3, 4- net tra ro-1, Hp-carboline , a known
conpound, rggﬁae?% 1altcc ﬁ‘%hﬁ?ﬁ tggé?%gr Hl“§893§%6‘°i"ﬁ W097143287,

i nt er medi ag@m sﬁma’aﬂﬂbe(c&aﬁte%olgmthé?wé B8h ;Wﬁé \ (90
m.). Pot assi ur?r)10tert but oxi de (10.02 g, 39 3 %r?m o ceggfﬂw

portion andfferting the advaetag pselonged agtion) F@relxempls,dhettabmt okgsill can

oo o7 or CUYBRR HopeP oL ARRRE SR BBl S e aoroghasn

acetic the form of an envelope over the former. The two components can be
separated by an enteric layer which serves to resist disintegration in th.e
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, cety! alcoho! and ceilulose acetate.

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 emuisions with edible oils such as cottonseed oil, sesame oil,
coconut oit or peanut oil, as well as 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 carboxymethylcellulose, methyicellulose, polyvinyl-pyrrolidone or
gelatin.

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

and a phan‘naceutical!y acceptable carrier. The pharmaceutical composition
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acid (5.11 nL, 89.3 nml) and poured into diethyl ether (1 L), which
resulted in a precipitate that was collected by filtration. The product
was purified by flash chromatography (0-50% EtOH THF) to yield the1 Tp,q[ﬂd@m:;
as a yellow powder. M5 (nfz): 307 (M#) 'H NVR (CD3OD) 8 4.18 (d, J ='13.
Hz, 1 H), V918825 = 13.7 Hz, 1 H), 4.92 (broad s, 2 H), PCHGs0ia4391 H),
5,92 (s, 1 H), 6.74 (s, 1 H, 6.81 (s, 1 H, 7.36-7.70 (series of m 4 H)
8.31 (d, J =8.6 Hz, | H. 47 17 NOV 2004 WO 01/87882 PCT/ US01/ 14391

EXAVPLE 5ATRay-contaif, Hetileén abystronir 4/ 1000
4- et hyl enedi oxyphenvl ) - 9H pér r o[ITc? r3,4 b]rra%iprl]'%ﬁe{art{)_l%?g%t H/%‘r?ggm%rqfde

salt #48 FeIcNBYURthang: ey bacenatitutiesinto bey farm shitatild forihe Misdwer A (R -
1,2,3,4-t £ 2- |- 3- (3, 4- net hyl di henyl) - 9H | o-[3, 4-
o1 qut nor 1 rEPIRYEHREiE RIEAK Calritss iirkias pResssan Ah B pRaIT b Utinal) 307
M) EXANBidbibnk. hudi (2. 3 di fur.an-5- vl
g)H— pg/r rol o- [ lééln%f ?u@ndéﬁq’-r@gb a@ﬁﬂ{té’%gbdﬁbﬁ%%'gfr%@%@ﬁﬁa&%@guﬁﬁgﬁlﬁ Sal t
The titl e flavodants, sweetenemapasenctives] dys, anthoaiigcess ﬁgoin:hged in

Z

Bxanpl e 4 wi.th substitution of appropriate reagents. M 05 (MH+) "H
NVR (Dwso%?gQ 1or praladsnistrationnclugessplid foomguchigs, pilis, tablets, chpldts, 6. 85

d, J =8 . i 1 7.30 (s, 1 H), 7.40 (t, J
3 Hz,C%fE'ﬁ&‘?S](‘?.@éﬁ‘ "{Ctl"?&'}é E"@é?'ﬁﬁ%fé'ﬁg?‘z—ﬁ:t"ﬁe%@%ﬁseJaﬁ ?P%‘ah?m%d 1H, DT
(d, J = 8réiedse formiifptions) /dranles! ahl) polvbiets, dries [,qmdl-fl}_)i_n.gygg@%p?? Free Base

y ~tar bo

0
1- (2, 3-di hydr o-5-benzofuranyl)-2, 3,4, 9-tet rahydro- ine (1.06 g,
3. 64 ol SOHIRFRTUSENIERY EMuisiensirantl sispengions. Formsausefddess as

di scl osed 143287, Jotermedi ate 10, page 25) was dissolved in dry
DVF (8 rrL)D.a‘ikﬂoﬂ?g%?ﬁﬁnﬁ%g?{'%ﬁf@ﬁﬁeﬁgf@‘%&"%v?%?ﬁﬁﬂﬁ INQaYSPeRsienfuced i n
one portion and the suspension was stirred until a clear solution was

obt ai ned.
Advantageously, compounds of the present invention may be

administered in a single daily dose, or the total daily dosage may be
administered in divided doses of two, three or four times daily. Furthermore,
compounds for the 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.

For instance, for oral administration in the form of a tablet or capsuie, 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 also be incorporated into the mixture. Suitable binders
include, without imitation, starch, gelatin, naturaf sugars such as glucose or
beta-lactose, com sweeteners, natural and synthetic gums such as acacia,
tragacanth or sodium oleate, sodium stearate, magnesium stearate, sodium
benzoate, sodium acetate, sodium chioride and the jike. Disintegrators include,
without limitation, starch, methyl celiuiose, agar, bentonite, xanthan gum and the
like.
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Oxygen gas was then passed through the solution via a syringe needle for 50
mn. The reaction was quenched by the addition of glacial acetic acijq N)@-70%
m., 7.34 nga{)h’e{ poured into diethyl ether (50 nL), which resulted in a

t

precipita s collected by filtration. The product waRCHUBGMIHEd by
flash chromatography (0-50% McOHI THF) to yield the product as a yell ow
powder. 48 WD 01/81882 17 NOV 2004 PCTIU SOL/14391 M5 (m z): 305 (MHT).

H NVR ( CD3OD 4.18 (d, :
Y Pt ):ﬁe;@““hff’"*sm%%% Sty e Bhspdiaify B dispersingy . 5 44
, 1 ,agente spdh a3 the&yathatic ahd ral 94 7 1

|(_DS 7 4';)( ¢ et y? l';&i: h Eh;lattldlg n{_sjforJexa?’n[ﬂe"ﬁl_ﬁéad?ng% ada%la(s
Hz "Qé%"%"u@s% agdihe fifie. Forparemtpmabadministtation, 5tetild sdsgarisicHy dr o- 3

2 3- d h d _ lo- 3 4- b lin-9- hydr ochl ori d
s e A s ek B W
1,2,

3, 4- tmmdt’@eﬁa@i@m?’e’d(@& RiYEh00S BaRAISREcH K dciiaPy 70 -1 3. 4-

bj qui nol i n-9-one was react to produce t e trtle conpo (mz) 305

(M) [a} = +39.0 (C = 0.605, 1 % TFA in CH3OH) EXAMPLE 7
4- Pvndi nyf t b d t T | ut f
4 oyr 1 di nyi car BEOTBGU B FHelpESert BvRyiancas olsstbe Adatiyisiemedinthe
di cht d{.ﬂﬂn@db] it

n: tCr ogagmr@ﬁ%k of or mat e I( 291‘% ; %FEQ alrée‘éérggu @ﬁ"%‘?ﬂ"ﬂ Vesigles. l3moer ed

over ni ght uat!araetbalemsmieapmchtrmnitéameléawesnﬂesI Dj S&Sﬁie‘s%rrﬁé’?drﬁ-l whi ch
was renmoved.b I tratl and concentrated. The semn so resi was
treated §ivEH€ C)?'p{dé pUtthaa chiplesterpl, staasylamire ofhe pr eci p| tat e was

col | ect edphy hf-)itidﬂélﬁ}hh% concentrated and purified by flash chromatography
(20% THE/ C? to yreld the product as an orange solid. M5 (mz) 275

((MHH)

Compounds of the present invention may also be delivered by the use of
monoclonal antibodies as individual carriers to which the compound molecules
are coupied. The compounds of the present invention may also be coupled with
soluble polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropyimethacrylamidephenol,
polyhydroxyethylaspartamidephenol, or polyethyl-eneoxidepolylysine substituted
with palmitoy! residue. Furthermore, the compounds of the present invention
may be coupled to a class of biodegradable polymers useful in achieving
controlled release of a drug, for exampile, 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
compositions and according to dosage regimens estabilished in the art whenever
treatment of sexual dysfunction, more particulanly male erectile dysfunction 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 preferably provided in the form of tablets containing 1.0, 5.0, 10.0, 15.0, 25.0,
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, 2H), 7.41 (d, J = 9.4
8 Hz, 2H). 49 WD 01187882
17 1 OU 2004 PCT/ USO /14391 EXAMPLE 8 6-[2-( 1-Mor holino ethox 17 NOV 2004
- 2- benzof urwpoargysszl i ¢ acid A sol ution of 6-nethoxy-2- benzo?gﬁﬂﬁﬁhpﬁiyl ate
“methyl - ester (868 ng, 4.52 mmol) in dry benzene was treated Wt

tri phenyl phosphine (1.18 g, 4.52 mol) and 1-(2-hydroxyethyl)-norpholine
(0.72 nmL, 4.5 i) .under an _argon atnosphere. DEAD (0.55 ni, 4.5 mmol)

ot R 25

'"H NVR (CDOI3) 8 5.33 (s, 2H), 7.36 (d, J = 5.8 H
Hz, 2H), 8.30 (d, J = 9.4 Hz, 2H), 8.68 (d, J = 5.

was added antbo0Q sailligragms af thewaative ingredient fanthe spnptaratiche

| uti Sl _ght trated | d th i d
uri 110 byolRLIERER BETIUE o InE R0 GloRieciychiey &) Seidp amaureal freoduct
was Subl ected loordinanty S giiscoa 4 a5ssadield A fibit abBLh 1 o 1 HBAAD0, 21

aqueous | N NaCH §80 mL) at reflex terperature. reac
neut r al i zefatkg BT bedy wieighitnsat dagl Rrmeferablpcthetrangeis from Mg,ﬁﬁg@i ue
S

whi ch was | turated w thanal (20 nL), The resulting salt renoved
by filtrat %EHUtaL@”@glfﬂtgtBPg{?w@ﬁ Fﬁggﬁﬂ: #@W“Yef@fmﬁbwhaﬂ muks to
simlarl ' ' : ,rd residue was dried under vacuumto
Jield the %?%%ﬁﬁ%@??@???%’%@?%&??% (mz) 292 (MH4) 'H NVR (DMBO- d6) S
2.57 (broad s, 4H), 2.87 (t, J =5.3 Hz, 2H), 3.64 (t, J = 4.6 Hz, 4H),
4.23 (t, J = 5.& Hz, él—l), 6.97 (dd, J =8.7,2 Hz, 1 H, 7.31 (s, 1H),
7.53 (s, 1 H), PPEF3 §osages fp begdministered maynm raglily determined by those

1-(3, 4- Met £Nadi 2 arbon 1)-2.3.4,9 tetrahydro-1
H- ( i car bogl’]?"!]e %1’39?189%21%%&\%9; %’ﬁﬁ P BERRYERESHBouh sed, the mode of *

1- ( 3, 4- netaghipistdition ength, o tde Pre harfi i} 7.7 9,
94?8 mol )‘mégr egar edygfcgg;u?d?%g tot 2%%@%??@%%@%@@%#%43283,
| nt er medi 4P @gvapee@enh ot he @!ﬁ9a$%9md1§¢n.(tamﬁdmign. faaoradsediated with

i - but yl : : L)..Shortly after.the additi f th
oy borthe B batient Betha el Rekind Whlen afie: Feigtiisl ad fmoefat

administration, will result in the need to adjust dosages.

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

indicated, 'H NMRs were run on a Bruker instrument.

EXAMPLE 1
1-(3.4-Methvienedioxyphenvl)-2-benzyl-2,3.4,O-tetrahvdro-1 H-B-carboline
To a solution of the 1-(3,4—methylenedioxyphenyl)—2,3,4,9-tetrahydro-
TH-B-carboline (prepared according to the process as disclosed in
WQO97/43287, Intermediate 7, page 24) (7.37 g, 25 mmol} in dry DMF (25 mL)
was added triethylamine (3.52 mL, 25 mmol) and benzyl bromide (3.00 mL, 25

mmol). The mixture was stirred at ambient temperature ovemight and added

dropwise to a sofution of sodium hydroxide (25 mmo!) in water (200 mL). A
precipitate was formed, collected by vacuum filtration, washed with water (2 x
50 mL), and dried in vacuo ovemnight to yieid the product as a freely flowing
pale yefiow powder.

MS (m/z) 383 (MH™)
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anbi ent tenperature for 1 h, resulting in formation of a white precipitate.
The solid was collected by filtration, washed with a 1:1 m xture of 0V 72004
diethyl etvpopsmsane, and dried in vacuo to yield the produgé 0 ﬁ@ﬂ
solid. 50 W 01/87882 17 NOV 2004 PCTI USOL/ 14391 NS (ndz) 415 ?

1H-NWR (CDCI3) 5 1.53 (s, 9H), 275317(ser|es of m 3 , 422 (broad

7157733 (Seri of SMR(CDGR 8F57:2 48 (sphesoin B -{%q% 5%:39@1 Brbsaass

EXAMPLE 10(d, B= 13.7 Hz, 1H), 3.63 (d, J = 13.7 Hz, 1H), 4.
4- Met hyi ened| OQPSOhe%y? -2) benz(yl oxycar bor%yl )) g ,9- tHgtr%ym b4 =12-8-

carbol i ne Al &R(@Enes of m, 13H).

1- (3, 4- net hyI enedi oxyphenyl)-2, 3,4,9-tetrahydro-1 H 3 carboline (9.11 g,
31.1 mmol) (prepared according to the process as disclosed in W97/43287,
Internediate 7, page 24) in dry dichloronethane (100 m-) were added
triethylamne (8.80 nL, 63.1 nmol) and di net hyl am nopyridine (5 nyg),

foll owed by the dropw se addition cEXAMPIAVKANI orof ormate (4.60 ni, 30.6
nmof) over @ perlod of 30 mn The reactlon m xture was stirred for 16 h,
transf er r ed Rkl 434 - naylvd. Bid, Qetriahydrbr 1 catbiofifle OV er

22?%%?3;2‘3%395% é‘%%ﬁ@?%&u@%’%@%é Tl Ebrale R4 425 (M 1)
(1 Et (l;lg/g ( %Dﬁéﬁ%%@nﬁd@%v@a@@li Q@@@-t@traﬁﬂ?ﬂy]ﬁ—?l-é?rgoﬁge Q&Tglszﬁeg%d f‘ol“g) 5 00

(s, 2 H, predese(timemae cbrrfpoured.80 (broad, 3 H), 7.09-7.35 (series of m 8
H, 7.53 (d, J ém ;\l} ,+7 70 (broad, 1 H; EXAMPLE 11 1 - 3 4-Dinetho
hen12349trg F3§1 ) carboline To a sol ution of tryptam ne (5.0
g, 0.0312 nol) and 3, 4-di net hoxy benzal dehyde (5.7 g, 0.0312 nol) in

CH2Cl 2 (220 nmL) was added TFA (4.5 nmL, 0.0584 nol). The deep bl ue solution
was stirred at roomtenperature for 20 h The reaction m xture was
neutralized with NaHCO3 (4.9 g, O. OE M@r—} in HO

1-(2,3-Dihydrobenzofuran-5-wvl)-2-benzyl-2 3.4 9-tetrahydro-1H-8-carboline

The titie product was prepared according to the process described in
Example 1 using 1-(2,3dihydrebenzofuran-5-yl)-2,3,4,9-tetrahydro-1 H-B-
carboline as the starting reagent.

MS (m/z) 381 (MH™)

"H NMR (CDCls) § 2.59-2.90 (series of m, 3H), 3.13-3.24 (m, 3H), 3.33
(d, J=13.5 Hz, 1H), 3.93 (d, J = 13.5 Hz, 1H), 4.56 (t, J = 8.6 Hz, 2H), 6.75 (d,
J=8.1 Hz, 1H), 7.05-7.35 (series of m, 10H), 7.49-7.52 (m, 1H)

EXAMPLE 2A
(R)-1-(2.3-Dihydrobenzofuran-5-vi}-2-benzyl-2.3,4 .9-tetrahydro-1 H-B-carboline
Following the procedure as described in Example 2, (R)-1+2,3-
dihydrobenzofuran-5-yl)-2,3,4,9-tetrahydro-1H-p-carboline was reacted to
produce the titte compound.
MS (m/z) 381 (MH")
[a} = -56.9° (c=0.62, CH;0H)




(50 mL) and the organic | ayer washed with brine (2 x 100 nmL). The reaction
m xture was dried with MJSO4 and t he sol vent evaporated. Product was 51 1
7 NOV 201 WD 41187882 PCT/ USOL1/ 14391 i sol ated by col um chronat ogi by 2004
(silica gelwods@sEt OAc = 1:9) as a yellow sh oil, which sgtigi Jlgg:%]
-slowy upon standing at roomtenperature. np: 146- 148C VS (rﬂz§

(M1), 309 (MH#) 1 HNWR (CDCA3) 5 2.70 -2.92 (m 2H), 3.05 (m 1 H, 3.31
(m 1H, 3.65 (s, 3H), 3.81 (s, 3H, 5.01 (s, 1 H, 6.72 (m 2H), 7.12
(m 3H, 7.52 (m 1 H, 8. 18(s, 1H) EXAMPLE 12

(3, 4- Met hyl ened| oxyphenyi) - 2- [ 5- (BXmPeRphenyl ) -pyrimdin 2-y11-2, 3, 19
rah dro-1 rbol i ne

1-
tet

1 ( s (2 ’u ag= imd - 3.0 ;

9.6 mml) (prepared accord| ng t the pracess d| sclosed In
I nternediate 7, page 24) and Z-mﬁgm-&igﬂvﬂﬁﬁ@oxyphenyl ) py6ni di ne (1 04
g, 4.78 mmol) - Oy r at, 1 for 16 h.

The resulting F\nqgt ufﬁeét gﬁg%}g)r(l é‘g’aﬂ% Ebngﬁl?r]%‘ge%?mdmé% gact ed W|th
et hyl acectaztbeilw@dfﬁl@cﬂ Wmmol\)’qﬁ@ﬂ)aré'masﬁr?ﬁﬁbhfﬁl'e InY

evapor at ej?,g‘?nﬂ I due purified (66/ colum chro togra fsﬁj I“ca gel,
et hyl e OiaiS"ﬂ% thwitgride ¢0.6Reg, 5.0 mmp!) a!aaaaaddmd e‘oH@Jved np:

20? 30380(%3/\@?‘4%%)%%%37(1( M%yn%éim dg&)@gre was rrgamtamed at ?oozni (m |

d. J 5Hz 1 e fa=6ik hol J =9
(d. 9= , enperawie [Grie hotr #hd terfiodéd o}1toa8rnu>!fl§ne3<?lrf %Hd J(ggﬂgf'

7. 46 (d, J’Va*eé(iim'é J?”B’b@%ﬁfgg%a@ﬁzmm-i)ﬂ\fBlﬁM(éﬂp@l-t)nec:p]ﬂaté)Q'a@S 1 H);

EXANPLE 1 4 3,4-d th h |

pyri ni di n%gi‘le ﬁéd %&@%ﬁ@%&b?ﬁé@&&g iqd%hkﬁ%quﬁé%q’g%ﬁﬁet%éalﬁhne
d i@cetatedd S5iml gt

i ot L i i gt a0 s s, 1

Mo ) 52 foliowing day an additional quantity of product (as a precipitate)
was collected. Drying of the combined solids yielded the product as a yellow
powder.

MS (m/z): 397 (MH")
"H-NMR (DMSO-d6) § 3.52 (dd, J = 11.9, 3 Hz, 1 H), 3.63 (d, J = 13.2
Hz, 1 H), 3.84 (d, J = 132 Hz, 1 H), 3.93 (dd, J = 11.9, 3 Hz, 1 H), 5.10 (s, 1

H), 6.05 (nd, J = 3.4 Hz, 2 H), 6.98 (s, 3 H), 7.26-7.36 (m, 6 H), 7.54-7.59 (m, 2
H), 8.10 (d, J =8 Hz, 1 H), 11.42 (s, 1 H). |

EXAMPLE 3A
(R)-1.2.3.4-Tetra hydro-2-benzyl-3-(3.4-methvienedioxyphenyl }-9H-pyrrolo-[3.4-
blquinolin-9-one (#67)

Following the procedure as described in Example 3, (R)-1-(3,4-
Methylenedioxyphenyl)-?—benzyl-Z,3,4,9-tetrahydr0—1 H-B-carboline was reacted
to produce the title compound.

MS (m/z) 397 (MH")

EXAMPLE 4
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W O /8 '882 17 NOV 2004 PCT/USOL/ 14391 (prepared according to the process

as disclosed in W97/43287, Internediate 7, page 24) and 0
2- chl or o- 5\&30]‘} .}%{ﬂat hoxyl phenyl ypyrimdine (1.60 g, 6.4 mm i n I})My ¥
L, anhydrous) Were reacted to yield the product as a whi t e PIEPSH/143

173-175 C, M8 (mz): 507 (MH+) 'HNVR (CDCI3) S 2.89 (d, J = 15 Hz, 1H)

3.02(m 1 H, 339 (m 1H, 392 394(25 6 H, 5.03 (d, J= 12 Hz, |
H, 5.92 (dL2a34-ietih b djhvdr r313.16- 6 H)
7.56 (d, J =7 Hz, 2 H, 7.80( 1I—P,98 56 2H) ;

4-Meth | enedio hen 2- 5- 4- rreth 22- | -2 3 4 9- tetrahydro-1

H[ 3- bol i I t d le 12,

1 (3, 4 et hyl g oy AR - 05 2 i 8 é%é‘teahid}pﬁxﬁﬁﬁee<z 19 g,
7.5 mol) ca(‘lpmlerm(mdpacmbasilmixém ter@)(psr g8, f@nﬂhﬁgv&ﬁ 2817,

I nt er nedi at.e page 24) and 2-c Ioro rrethytp pyrlmdlng(l 03

g, 5 ol YMFR 29cmh nE’Oleum t-ba mmﬁ 6?43 gan?ﬂ BBUNM®! Owat hdded efollewebed to
{4 S i sl =
g t ,73J(a 1Z‘o|;the réablion Ebn&ﬂuré%s aHdédlé‘sHﬁ.ttlok @HO’FW@%?&& ni[_ %l\mzqnéS 7 50
(m 7 H the;sglgtlpa drzppednntezgapjd!y-l}stlrmgma(&r Thﬁesmﬂt{ﬁg“rs(: endldn w§§A'VP'-E 15
_1' i 3 C;f'bg/g{tﬁgd %@ggﬁpﬁ Og&r}gpwn SOIId was f" Itered or?yr}dlv;azsh%d with E;v%ttérahTh;O L
Lo o ke s o« e SEAIR o ors AR Thol) 78
solid was filtered, washed with water, dried briefly, and partially dissoived in
THF/methanol. The precipitate solid was filtered and washed with ether to
yield the product as a pale yellow solid.
MS (m/z) 395 (MH")
H NMR (DMS0-d6) 8 3.19 (t, J = 8.7 Hz, 2H), 3.53 (d, J=11.8 Hz, 1H),
3.61(d, J=12.2 Hz, 1H), 3.82 (d, J = 12.2 Hz, 1H), 3.92 (d, J = 11.8 Hz, 1H),
4.55 (t, J= 8.7 Hz, 2H), 5.08 (s, 1H), 6.81 (d, J = 8.1 Hz, 1H), 7.16-7.59 (series
of m, 9H}, 8.10 (d, J = 8.1 Hz, 1H), 11.42 (s, 1H).

EXAMPLE 4A
(R)-1,2.3.4-Tetrahydro-2-benzyl-3-(2.3-dihvdrobenzofura n-5-y}-8H-pyrrolo-
[3.4-blguinolin-9-one (#77)

Following the procedure as described in Example 4, (R)-1-(2,3-
Dihydrobenzofuran-5-yi}-2-benzyi-2,3,4,9-tetrahydro-1 H-p-carboline was
reacted to produce the title compound.

MS (m/z) 395 (MH")

[a] = -110.0° (c = 0.43, CHsOH); HPLC Chiralpak OD 0.46 x 25 cm,
0.1%DEA/ MeOH, Tr=5.36 0 min.

EXAMPLE 5
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1 7 NOV 21104 PCTIUSQO /14391 W97/ 43287, Internmedi ate 7, page 24),

4-pi colyl chloride hydrochloride (1.64 g, 10 mmol) and DBU (3.1 g, ﬁg [H

in DVF (50 (@Q{@% stirred at room tenperature for 16 h. Water (1 NWD
23 il

and et hyl 00 nmL) were added to the reaction m xtuPET/UShRI4SEI Ut e,
present in the organic phase, was purified by colum chromatography
(silica gel, ethyl acetate) to yield the product as an off-white solid. M
(mz) 382 (134 : : = ‘

H, 3.15 (m | H), 3.35 (d, J =15 Hz, 1 H), 3. =517
4.57 (s, | H, 5.94 (s, 1 H),oBeydrachioridesalti{#4) H), 6.89 (m 2 H),
7.20-7.40 (m 7 H), 7.51 (d, J =6 Hz, 1H), 853 (d, J =7Hz, 1H;
EXAMPLE 16 1-(3, 4- Met hyl enedi oxyohenyl)-2-(pyrimdin-2-vl)-2,

3.4, 9-t et r Msttod-A: HEELBaltcar bol i ne '

1- (3, 4- net hy)eng_di oxyphenyl)-2,3,4,9-tetrahydro-1 H Ji-carboline (2.3 g,
8.0 mml) (prep Pe%lS&é@@?ﬂpﬁ@ft1o'é,ﬁh1etquabwdscs-2drenﬁyssl(@,s¢ad in W97143287,

I nt di - imdine (0.914 g, 8.0 nmol
Sl v og 1 nrietfyieR8afEBhefS ot Stk A6 4 iiyopR- Srone araated dan i Xt ur ¢ was
di | uted wi EraeiphyB) @tdtay, . N NH4Cl
Sl)| Et ?onWI( 103 rrLﬁ})@i. Whe_?d?e%%%%é? %Qﬁﬁéﬂggﬁﬂéﬁﬁsﬁ%ﬁ@d@ g’?‘; Z (2 x
50 nl). TWESESKSICHE! it eter solutipar(d.deme, BNShThewiehbtibh niiRur@ was80 ML) and

dried with . | yents re evaporated and the product was isol ated
by col umn %ﬁf?a?%t“é@?%ﬁ?wsgﬁ iaﬁoa%?redﬂéﬂ&’m@ﬁéﬁﬂmm)umr6 heel | owi sh
sol i d. np:THE eesidiing shifutiof was filkréd( ( . Anal .. cal cul ated for
C22H SN402, C 71.%, H4 90 N {591*]3’1;@9&‘%%'%8%é@j@ﬁ@{pgg{v VRcYs Idg zH
NVR ( CDCl Jyieldshg produst ag pigreensalidm 11-1), 3.29 (m 1H), 4.92 (dd, 1 H,
J =14, 7 He), .= 6 Hz), 6.43 (t, | H J =6 Hz), 6.63 (d, |
H J =54 17 SR ae MR 5es Per LSoat14301
1
H NMR (DMSO-d6) 5 4.39-4.48 (m, 2H), 6.09 (broad s, 3H), 6.97-7.05
(m, 3H), 7.40 (t, J = 7.1 Hz, 1H), 7.60-7.71 (m, 2H), 8.17 (d, J = 8.0 Hz, 1H)
'9.68 (s, 1H), 11.13 (s, 1H).

= D

H= INRERY G

Method B: Free Base
1-(3,4-methylenedioxyphenyl)-2,3,4,9—tetrahydro-1 H-B-carboline , a

known compound, (prepared according to the process as disclosed in
WO97/43287, Intermediate 7, page 24) (15.35 g, 52.5 mmol) was dissolved in
dry DMF (90 mL). Potassium tert-butoxide (10.02 g, 89.3 mmol) was
introduced in one portion and the suspension was stirred until a clear solution
was obtained. Oxygen gas was then passed through the solution via a syringe
needle for 50 min. The reaction was quenched by the addition of glacial acetic
acid (5.11 mL, 88.3 mmol} and poured into diethyl ether (1L), which resulted in
a precipitate that was collected by filtration. The product was purified by fiash
chromatography (0-50% EtOH/THF) to vield the product as a yellow powder.

MS (m/z): 307 (MH")

"H-NMR (CD;0D) 6 4.18 (d, J = 13.7 Mz, 1 H), 4.36 (d, J = 13.7 Hz, 1
H), 4.92 (broad s, 2 H), 5.43 (s, 1 H), 5.92 (s, 1H), 6.74 (s, 1 H), 6.81 (s, 1 H)
7.36-7.70 (series of m, 4 H), 8.31 (d, J = 8.6 Hz, 1 H).
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10 Hz), 6.81 (d, 1 H J

= 10 Hz), 6.95 (s, 1 H), 7.08 (m 3H), 7.21 (d, 1
H J=8 H), 754(d 1H J =10 H), 8.12 (s, 1 H), 8.30 (d, 2H 7 X0 1B
 4-

Hz) ; EXAI\/P%@.JS-,}%Ar 3, 4 et hyl enedi oxyahenyl ) - 2-15- (4 _chl gg?ﬁ}é‘a@éﬁg

-yrlmdln 2-v11-2 - tetrah Wdro-1 H -carboline Follown
procedure as outlined in Exanple 12 above, 1-(3,4- nethyl enedi oxyph
enyl)-2,3,4,9-tetrahydro-1 H-(i-carboling §295 nmg, 1 nmmol) (prepared

according to the process as disclos 43287, Internediate 7, page

24) and 2-chlo 1 5 nmol DMF (5
nL, anhydrous) 54?{4‘34? PAEN 4‘MS

(mz): 479 (M) HNNR( na)mfg-anaz»?h @k@cmbnaeﬂs it | H, 3.01 (dt, J
=5 12 Hz, I:-l_j)338 t, dJ—5 14 Hz, 1
H), 5.91 (d, J ollomting the pipcedursas desgribed in-Exampld) 5, MeBbd A, ﬁz 7 Hz 1

Do o (723 Patrehyfio Phenzy b3 L igstniiEhgdiokypheriy otigysplods.4n
EXAVPLE 101{HRoAST I Wagraaien s oy gt g bhlolels

met hoxyoheny ,9- tetrahydro-1 R 13-ca 1ow ng the sane
procedure as ouMSI(lmdlZ)lfn‘Derhjl e 16, 1-(3, 4-

nmet hyl enedi oxyphenyl ) -2, 3,4, 9-tetrahydro-1 H (3-carboline (prepared
according to the process as disclosed in W97/43287, Internediate 7, page
24) and 2- chloro-5-(3,5-di net hoxyphenyl ) pyrimdine were reacted to yield
the product as a-white solid. np. 184-186 C, M5 (mlz) 523 (M#), 521 (M1)
1IH NVR (CDCI3) 5 2.81 -- 3.20 (m 2EKAMP4BAM 1 H, 3.71 (s, 3H), 3.79
{s, 3H), 3,88 3 : 501(dd 1H J = 14 Hz, 5Hz), 6.68
(d, 1 H, 5524 }-@hism b quir :
(8m527|(—|) ZH)ZB (t 1 H J 8 HZ)Jnth’&?roﬁ:hlonﬁe'@alt‘] =8 Hz, 820 (s, 1 H,
: S,

AMethod A: HC! Sait

The titte product was prepared according to the process described in
Exampie 4 with substitution of appropriate reagents.

MS (m/z) 305 (MH")

'H NMR (DMS0-d6) & 3.17-3.20 (m, 2H), 4.38-4.60 (m, 4H), 6.10 (s, 1H)
6.85 (d, J=8.2 Hz, 1H), 7.21 (d, J = 8.1 Hz, 1H), 7.30 (s, 1H), 740 (t, J= 7.1
Hz, 1H), 7.61 (t, J = 8.2 Hz, 1H), 7.68(d, J=7.2 Hz, 1H), 8.17 (d, J = 8.8 Hz,
1H), 9.71 (s, 1H}, 11.17 (s, 1H).

Method B: Free Base
1-(2,3-dihydro-5-benzofuranyl)-2,3,4,9-tetrahydro-1H-B-carboline (1.06
g, 3.64 mmol), a known compound, (prepared according to the process as
disclosed in WO97/43287, Intermediate 10, page 25) was dissolved in dry
DMF (8 mL). Potassium tert-butoxide (829 mg, 7.38 mmol} was introduced in
one portion and the suspension was stimed until a clear solution was obtained.
Oxygen gas was then passed through the solution via a syringe needie for 50
min. The reaction was quenched by the addition of glacial acetic acid (0.42
mL, 7.34 mmoi) and poured into diethyi ether (50 mL), which resulted in a
precipitate that was collected by filtration. The product was purified by flash
chromatography (0-50% MeOH/THF) to yield the product as a yellow powder.
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EXAMPLE 19 1.2.3 4-Tetrah dro-3- 3 14-dinethox hen | -9H rrolo- 3 4-b

ui nolin-9-one #12 1-(3,4-D nethoxyphenyl)-2,3,4,9-tetrahydro-1

H 13-carboline (1.854 g, 6.04 nmml) (prepared as in Exanple 11) and TV~ 280
(1.14 g, 10MB0M§A883 were stirred in DVF (60 nlL) at room t ePpBUSINS9If OF
~10 mn. Oxygen was bubbl ed through the solution for 1h. The reaction

m xture was neutralized with 1 N HC solution (10.15 ni, 10.15 mmol) and
the viater renmovedS (miexaos D%H jan azeotrope with toluene. Silica gel (- 59)

was added to the residual solution, followed by diethyl ether (600
mL), which resul tel!NIR (%Q@l&&ﬂ?({h bE 8.7 Iz, PHIISC6-BBY i, rge}_glhl-,@calildgel

The di ethyl BE wa |_§I %a:{é]&d S the silica gel was washed with et hyl
ether (2 x 1D ﬁ_s"z'if b Jof Vet Hgat H) d‘é(ﬁ@r(ﬁeﬂ"zﬁnﬂl'&n? H)arﬁaM(sl,gltrace
arount s evapo h | url chr rap
(silica get:"’ %iéﬁﬂ’a‘}m? 20 $49. P (B PP ofice ST T Bl el (581 ow
solid. The7® dtHyas54 r\ystaa‘Bszadﬂ 7066 etihapal C

(nl z): 323':’(Z 321 (Nﬁ) “H NVR (CD);,QD) R ﬂﬁf’,g‘?%s@z'?sﬁ 83%5,
418(d 14 Hz), 4.38 (d, 1 H J =14 Hz), 5.41 (s, 1 H, 6.83 (m
3H), 7.39 (t, 1H J=7Hz), 7.58 (m 2H), 8.22 (d, 1 H J =6 Hz), 11.85
(s, 1 H); EXAMPLE 20 t2 3 4-Tetrah dro-2- 5- 4-nmetho hen ( rimdin-2- -3- 3
4-meth ene- diox hen 1 -9H pyrrol o L3. 4-bl ouinolin-9-one (#2) Sodium

hydride (60%in mneral oil, 36 ng, 0.9 mol) and 1-(3,4- nethyl ened
i oxyph a nyl)-2- [5 (4- et hoxyph a BXAMBLE BAdi n-2-yl]-2,3,4, -

tetrahydro-1 2 3 d as in Exanple 12)
in DW (10 ) 3£IT|9 h 63 24! 5OH syl grgiard3 ¥ mn. Dr
air 56 WD 01/87882 17 NOV inofCBLAROIH aﬂ?&ﬂor‘f@éséf en bUbb' ed through the
solution for 16h. Ethyl acetate ed NaHCO3 wer e added,

the organic phakeliQwingihe meacadure aﬁa:{eacnbednm Exxamgphel 6dMetiiodvAl, (IRM SO4.
Sol vent waf 763 218f8h§lro28behli-4-85 5 Whydrobenzofuran- -5-y1)-9H-pyrrolo-[3,4-
b]quinolin-9-one was reacted to produce the title compound.
MS (m/z) 305 (MH")
[a} = +38.0° (C = 0.605, 1% TFA in CH;0H)

EXAMPLE 7
(4-Pyridinyhimethyl-4-nitrophenvicarbonic acid ester
To a solution of 4-pyridinyicarbino! (50 mmol) and triethylamine {50
mmol} in dry dichloromethane (100 mL) was added a soiution of 4-
nitrophenyichloroformate (50 mmol). The reaction mixture was stirred
overnight at ambient temperature, resulting in a yellow precipitate which was
removed by filtration, and concentrated. The semisolid residue was treated
‘with THF (50 mL) to form a white precipitate. The precipitate was collected by
filtration, concentrated and purified by flash chromatography (20% THF/CHCI3)
to yield the product as an orange solid.
MS (m/z) 275 (MH")
"H NMR (CDCl3) 6 5.33 (s, 2H), 7.36 (d, J = 5.8 Hz, 2H), 7.41 (d,J=9.4
Hz, 2H), 8.30 (d, J=9.4 Hz, 2H), 8.68 {(d, J = 5.8 Hz, 2H).
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triturated with ethyl acetate to yield the product as a white solid. rrp:
325-327 G I\/IS(niz) 491 (MH); 489 (M 1) 'H NVR (DVSO- ds) 5377(

4.86 (d, J = 1 H, 4.96 (dd, J= 15 Hz, 1 H), 5.98 (s, 2 16Nﬁ‘92[}ﬂf.
(d, J=2.5 HEOUIIBPBBZ 6.87 (d, J =8 H, 1 H), 6.95 (d, J = 9PEM!S@1/H)91 6. 98

(s, 1 H, 7.02(d, J =4t 3H, 7.34 (t, J=
Hz. 2 H. 7.63 (dd, J = 8 Hz, 3 H), 8.16 (d, J
2 H; 11.85 (s, | H); EXAVPLE 21EXAMPLE 8

Sy

1,2.3,4-Tetrahydro-2 (3. 4-di nmet hoxyphenyl) -Dyrimdin-2-yl] 3 (3.4
rrrethyl enedi oxyphe@;&)ﬁiﬁi&fmﬁetmlﬁ@gﬂ bmgoiotantﬂ@bwc(éﬂd Sodi um
hydri de (60%in nmol ) .and

met hyl enedi oxypﬁerﬁﬁ&gof%r? xﬁ%n%? @ﬁ‘&ﬁWYWﬁWm}’heﬂeﬂ@G&m@ 4, 9-

t et r ahydr &t 82 ol CiardQ! npl e 13)
in DV (10 ni, anﬁ? ?gfgﬁaagggﬁass{@??%gﬁﬂ@ n&«g{rpp%ggéﬁlﬁ @,‘sﬂ%g %Z’n n. Dry
air  was tEebandie@- bydrougmhylbmnsrqﬂhotm@(n VQrmEGHI SYE ﬂﬁ&%@éﬁ (100 ni)
and saturated NaHCOﬁ %‘?—)S&d the organl c phase was vv?a wth water,
brine, and'gPh AMQSP 9%5@5 Ve rPL.thS Temehovas edded diropwisesto thge
urified ct\%ﬁﬁﬂﬁl r acetat |eldthe
Broduct arg Ite g%létﬁaé"ﬂ)é%ﬁgé}?hggl?%l—g# h %%eé)p,z DIVISO dae) S
.77 (s, ZohgenBak®l ipsvackotdnd the&@s(dise ;Jurﬁeh%ﬁﬂasﬁ chlﬂ a (99;9 ﬁﬂf’% J= 15 Hz
1 H 6.31 (d, J = 7rn B
,6295%8/9&4&05%@5%'32 ,g98(s 1 ,702 rn ,f()?l?(d J?Hz
1H),722(s 17 (d, J = 8 Hz,
1 H. 8.74 (br yaﬁ”rﬂ#aﬁhfgwég%@*é%eﬁo 5398'\%'%*19"%#8‘8@ hiina Wdv 20
PCT/USQY / tridale BRAMhENaldnd Shuedus INNMEOFRBOADY KR FaMA lefifetaflid! Tt o hen
I rimdin:
met hyl ene&%@ﬁﬁ@ﬁfﬂ'} n@ﬂ”ﬁ?fﬂaélﬂﬁl{t@lﬂedm’(ﬁl teridemtited $1GI3Nd Eohddmiatagt he
procedur et AgeReS tELBEE WHc VAR At With mathanal (20 mL). The resulting
salt was removed by filtration and concentrated to vield a second residue that
was similarly triturated with THF. The third residue was dried under vacuum to
- yield the product as a yellow powder.
MS (m/z) 292 (MH")
'H NMR (DMSO-d6) & 2.57 (broad s, 4H), 2.87 (t, J = 5.3 Hz, 2H), 3.64
{t, J=4.6 Hz, 4H), 4.23 (t, J = 5.5 Hz, 2H), 6.97 (dd, J = 8.7.2 Hz, 1H), 7.31 (s,
1H), 7.53 (s, 1H), 7.63 (d, J = 8.7 Hz, 1H).

7 Hz, | H, 7.57 (d, J =9
=8 H, 1 H), 8.69 (broad,

EXAMPLE g
1-{3.4-Methylenedioxyphenyl)-2-{tert-butoxvca rbonyl)-2,3.4 9-tetrahydro-1H-B-
carboline
To a suspension of 1-(3,4-methylenedioxyphenyl)—2,3,4,9-tetrahydro—1 H-
p-carboline (27.7 g, 94.8 mmol) (prepared according to the process as
disclosed in WO87/43287, Intermediate 7, page 24) in dry methano! {300 mL)
was added f-butylpyrocarbonate (25.0 g, 114 mmol). Shortly after the addition

of the pyrocarbonate, a clear solution was formed. The solution was stirred at

ambient temperature for 1 h, resuiting in formation of a white precipitate. The
solid was collected by filtration, washed with a 1:1 mixture of diethyi
ether:pentane, and dried in vacuo to yield the product as a white solid.
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net hyl enedi oxyphenyl ) - 2-[ 5- (3, 4- di met hoxyphenyl ) - pyri m din-2-yl]-2,3, 4, 9-
tetrahydro-1 H 3-carboline was reacted to yield the title conpound. EXAI\/PLE
21 BR-12 3 4-Tetrah dro-2- 5- 3 4-dinmetho hen 1 rinidin-2- 1 -3 3 %NOV 2004
met hyl enediwxyqirsesszl - OH- pyrrol o-[ 3, 4-b] qui nol i n-9-one #36 @ QM1EHt he
procedure as described in Exanple 21, (R-1-(3,4
nmet hyl enedi oxyphenyl) 2- [5 (3, 4-di rret hoxypheny!)-pyri mdin-2-yl]-2, 3,4, 9-
tetrahydro-1 H p3g Mf@agreactedto yield the title corrpound

O_

EXAI\/PLE221234Tetrah 5- 4-meth | hen | rimdin-2- -3- 3
4- et hl ene- di oimmml(tmg)pgrtgbotiagy})bjgg_lgnp-jrl(ge%e n ffr#7b E@L/ha? ng

t he sane procedure as outlined 1, sodium y ride (
ni neral oi (broad, idi). B.9% (snioH), &Bd hJFc(a‘ﬁi4H ), 6.64-6.72 (m, 2H 680 (s, 1

) e R B S BT et g gl 2 e

Exanple 12) in DVF (15 nlL, anhydrous) were reacted to yield the product as
a white solid. M5 (mz) 475 (M+#) 'H NWR (DVSD-d6) 8 2.32 (s, 3 H), 4.86

(d, J =12 Hz, | H, 4.96 (dd J:15Hz 1H) 598(s 2 H, 6.30 (d,
J=2,5 Hz, 1 H), 6.87 (d, J =8 1 H?: 695 J 9 Hz, 2 H, 7.02 (d,
J = 4 He, 3H),724(d J-?HZM J=7 He, 1 H), 740765
3 , & . . 1.85 (s,
(E>TAI\/PLE) 238' . NER { y ’ Ia{etrah\/dro 1H-B- 1
1,2,3,4- Tetrahydro [ 5-(3, 4-di rrethoxy@jrgayrlla pyrlmdln 2-yl]1-3-(3, 4-
di met hoxyphenyl ) - 94 pyrrol o] 3, 4- bl ournol' i n-9-one (#15) Foll owi ng the sane
procedure as out® Bregdution ektfpremethyldrizdicyphenyl)-2,3,4,9-tetrahydro-1H-p-

p
> T - CEPEBRYE) Bdh mmor] [prekingt accoRiingad Rre avesess ab gissiasethe |
product aﬁwomyzt@zaspltm@nnh@a&@hz a§§%4 M#rgg ?%Zrcg—b{,'é‘iﬁane%wmﬁmom °

3.74 (s, 3H), 3.79 (s,
were added tnethylamme (8 80 mL 63.1 mmol) and dimethylaminopyridine (5

mg), followed by the dropwise addition of benzylchloroformate (4.60 mL, 30.6
mmol} over a period of 30 min. The reaction mixture was stirred for 16 h,
transferred to a separatory funnel, washed with 2N HCI, brine, dried over

anhydrous magnesium sulfate and concentration in vacuo. Flash

chromatography yielded the product as a white solid.

MS (m/z): 425 (M-1)

'H-NMR (CDCl) & 2.78-2.95 (broad m, 2 H), 3.15-3.25 (m, 1 H), 4.40
(broad, 1 H), 5.14 (d, J=12.3 Hz, 1 H), 5.22 (d, J = 12.3 Hz, 1H), 5.90 (s, 2 H),
6.35 (broad 1 H), 6.80 (broad, 3 H), 7.08-7.35 (series of m, 8H),753(d,J=
7.6 Hz, 1 H), 7.70 (broad, 1 H);

EXAMPLE 11
1-(3.4-Dimethoxyphenyi)-2,3.4,9-tetrahydro-1H-B-carboline
To a solution of tryptamine (5.0 g, 0.0312 mol) and 3,4-dimethoxy
benzaidehyde (5.7 g, 0.0312 mol) in CH,Cl, (220 mL) was added TFA (4.5mL,
0.0584 mol). The deep blue solution was stirred at room temperature for 20 h.

The reaction mixture was neutralized with NaHCO3 (4.9 g, 0.0584 mol) in H,O
(50 mL) and the organic layer washed with brine (2 x 100 mi_). The reaction

mixture was dried with MgSQ,4 and the solvent evaporated. Product was
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5.0 (m 2H), 6.31 (s, 1 H, 6.75 -7.15 (m 5H), 7.36 (t, 1 H J =81HxJY 200
7.32(d, 1H J=8H), 7.61 (m 2H), 8.29 (d, 1 H J = 8 Hz), 8.58 (s,

2H) ; EXAMPL 3
4-H)Tet r ahydrgpgf}fs%?%- met hyl enedi ophenyl ] - 2- [ pyri di n- 4- yI ] met hfFT&§01/14391
pyrrol o- (3, 4-b] qui nol i n-9-one (#5) Follow ng the sane procedure as outlined
in Ex I d de (60% I 0 I d
173 4 et HoREIRE '“9}5ngﬁgﬁéoéaéogﬁnﬁﬁ”w”&%?é@n@ﬁ@ugt@Ac =91~e¢ag‘£yér2”1
H- (3- car bolyiegwish IR which Qoﬁ&’iﬁgﬁ%ﬁvrlgrﬂ{pn%ﬂasrt dagtatggg@a% in DM (10

m., anhydrous) were reacted to Pid. M5

(nfz) 398 (M'H) mpHm«m@ISQW@ @75@.4(18 SQQ'ﬂVIi—F)HZ |‘|) 3 76 (d, J =
15 Hz, 1 H), = 15 Hz, 1 H) J £ 14 He, 517(s

1tH)J 6. 03 (s, *IHAVMR (0B 230192.92. (1 ZHY, B0 (+). ) 1H) @Qn(@ aHpj)a 63, 34
( | H W@ §b§: §f“§ éoﬂefsr'awl_%r%@ me%IﬂwuﬁMmaalﬂw 52 (m, 1H{

I) 3- (3 4- gﬁgﬁﬁ P8 di oxyphenyl)-9H pyrrol o-[ 3, 4-b] qui nol i n-9-one (#3
2--t-But oxycarbonyl’-1 -(3, 4- et hyl enedi oxyphenyl)-2, 3,4, 9-tetrahydro-1 H
R-carboline (4.09 g, 10.4 mmol) (prepared as in Exarrple 9) was dissolved in
dry DMF (100 mi). Potassiumt-butoxide (2.55 g, 22.7 nmol) was introduced
59 WD 01/87882 17 NOV 2004 PCT/US01/14391 in one portion and the

suspensi on was stirred until a cl eaéXﬁ\ﬂ’/IIj;it_E‘f 2@ was obtained. Oxygen gas was

t hen passed through the sol ution vi needl e for 16 h. The

reaction 5 (314 dvie it nadio v haead 205 .mfm@thgg e .J ' 5rr§t_)l) and
poured into a mxture of di et h}/l et her an a
precipitate that was coll ected b Itm pr oduct was purified by

T e AR AR
4.79- 4. 88 d.6vmioh)(prépdted according to the process as disclosed in WQ97/43287,
Intermediate 7, page 24) and 2-chloro-5-(4-methoxyphenyl)pyrimidine (1.04 g,
4.78 mmol) were stirred in DMF (20 mL, anhydrous) at 120 °C for 16 h. The
resulting mixture was quenched with saturated NH,Cl, extracted with ethyl
acetate and dried with MgSO;. The reaction mixture solvent was evaporated
and the residue purified by column chromatography (silica gel, ethyt
acetate:hexanes = 1:2) to vield the product as a white solid.
mp: 200-202 °C; MS (miz): 477 (MH")
"H-NMR (DMSO-dg) §2.71 (m, 2 H), 3.25 (m, 1H), 3.78 (s, 3 H), 4.93 (d,
J=12Hz, 1 H),599(d, J=5Hz, 2 H),6.76 (d, /=8 Hz, 1 H),6.87 (d, /=8
Hz,2H),7.02(d, /=9 Hz, 2H),7.06(d, J=7 Hz 1 H), 7.11 (s, 1H), 7.31 (d,
J=8Hz,1H), 746 (d, J=8Hz,1H), 759 (d, J=9 Hz, 2 H), 8.74 (s, 2H),
11.00 (s, 1H);

EXAMPLE 13
1-(3.4-Methylenedioxyphenyi}-2-[5-( 3 4-dimethoxypheny)-pyrimidin-2-yll-
2,3.4 9-tetrahydro-1H-B-carboline
Following the same procedure as outlined in Example 12, 1-(3,4-
methylenedioxyphenyl}-2,3,4,9-tetrahydro-1H-B-carboline (3:73 g, 12.8 mmol)
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6.27 (series of m 3 H) 6.71-7.50 (series of m 7 H), 11.57 and 11.64 (s,
1 H; EXAMPLE 26 1.2, 3.4-Tetrahydro-2-(benzyi oxycarbonyl)-343. 4- rreth Vi e
19H rrol o- 3 4- b%@w nol i n- 9- one (#27) 17 NOV 2004

2- benzyl oxy¥arL8 - (3, 4- met hyl enedi oxyphenyl ) - 2, 3, 4, 9- t etRCINSd/4391
H R-carboline (3.63 g, 8.51 mmol)) (prepared as in Exarrple 10) was
di ssolved- in dry DVF (25 nL). Potassiumt-butoxide (2.40 g, 21.4 mml) was
i nt r oduceqpiepzrad awmﬁ t@fte bteBd TRESEIOS n
e S e e B on vi s

solution _was obtai ned gen gas was then pass
a syringe 7, pagel 24 and i’ﬁihlorow |4aiametm“ymr‘qdl)p§mnmﬂné)(1tﬁmeg algition of

gl aci al aceti and ured into water (250 ni),
whi ch resﬂmpgﬁ 'Pm% @e@ﬁpmcﬁc’?ﬁh‘ﬂ’e%ée Y'@l!j productas ewhitehe
product wagjigpurified by flash chromatogr aphy (2-10% I\/EO—V CHCI 3) to yield
the product as a red powder. M5 (nfz): 439 (M1) 1HNWR (CDO 3) S
4.63-5.18 (serimg: 1)73m75¢04)MS$nﬂi)-50$3M1-$2ri es of m 3 H), 6.54-6.72
(-series of m il;& 6.98 (m H) 5-7.57 (series of m 7 H),
8.27-8.32 (m 1H MMC@&IIf)rﬁoE 88 (GBJ(=515 Hz); H 80P U, amn@ag&g&n&]@go 3-f

i ﬁol?)lﬁ gﬁg’@%ﬁ&ﬁ?gs éé@35%£éﬂz§ fé]é‘ég ﬁgﬁn& (@g{Helro %58‘6) B 0187882 17

Nov 2004 =PCHLU T t f (gz 14 X n acid
(500 g, 3 1oy e 42 B FORK'T 28 (8 Y o 2 HY, THE HER BB fer an
argon at nddphere with oxalyl chloride (3.00 m., 34.4 mol) and a drop of
dry DVF. After heating at 50C for 2 hours, the reaction m xture was
concentrated in vacuo to yield the acid chloride of (E)-carboxynethyl
cinnamc acid as a tan solid. B. The product fromPart A (78 ng, 0.35 mmol)
was added to a solution of 1,2,3,4

t et rahydr o- 3- (2 3- di hydr obenzof ur ZEXAMPLE 94+ pyrrol o- 13, 4-b] qui nol i n- 9=
one (93.5 . . %par as, i n Exa Ie 6) THE (3 m_)

triethyl am 20 MR g 8 wi-ic
stirred for 16 hat roomterrpe{MygquBl %gbemth 1 N HCI (10 m-) and the

Following the same procedure as outlined in Example 12, 1-(3,4-
methylenedioxyphenyl)-2,3,4,9-tetrahydro-1H-B-carboline (2.19 g, 7.5 mmol)
{prepared according to the process as disclosed in W097/43287, Intermediate
7, page 24) and 2-chioro-5-(4-methylphenyl)pyrimidine (1.03 g, 5 mmol) in
toluene {50 mL, anhydrous) and DBU (0.9 mL) were reacted to yield the
product as a white solid.

MS (m/z): 459 (MH")

'H-NMR (CDCl;) 32.43 (s, 3 H), 2.85(d, J=14 Hz, 1 H), 3.01 (t, J= 12
Hz, 1 H), 3.38 (t, J=12Hz 1 H),5.04 (dd, J=14 Hz, 1 H), 588 (d, J = 4 Hz, 2
H), 6.73 (d, J=7 Hz, 1 H), 6.89 (d, J= 7 Hz, 1 H), 7.02 (s, 1 H), 7.25-7.50 {m,
7 H), 7.56 (d, J =7 Hz, 1 H), 7.79 (s, 1H), 8.54 (s, 2H);

EXAMPLE 15
1-(3,4-Methvlenedioxyphenyl)-2-(pyridin-4-yDmethyl-2 3 4 9-tetrahydro-1H-B-

carboling
A solution of 1-(3,4-methylenedioxyphenyl)-2,3,4,9-tetrahydro-1 H-B-
carboline (2.92 g, 10 mmol) (prepared according to the procéss as disclosed in
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resulting white precipitate collected by filtration. The solid was washed
with water (3X), with diethyl ether (3X) and dried in vacuo to yi gl7covyen,
product as &vO8147gsx |y pink solid. Ms (mz): 493 (MH#+) '"HN 13

3.10-3. m 2H), 3.87 (s, 3 H, 4.43-4.52 (m 2 H), 4.70-5.14 (series of m
2 H, 6.23 and 6.61 (s, | H, 6.72-6.79 (m 1 H), 7.07- 819(ser|esofm

12 H), 10 7
3. 4 Tt rahyr o s (5, 4-merme Ve 7, ESORTAR, T ichiehiprioe pysragbieside (1.64 g,

met hyl pheny0)rmhmabyand @quy'ii nad, czqa.nﬁ;;pirqgmmggﬂg) AR %’%{’Tﬁ raofrfl :Jtnl (inlof

5-(3-trifl he furoic acid (8

T, SIS Al oL et v sl
t enper at ur e e@bﬁ&wglnsuspens| OQY@P §resent it ing Plganin phasg, was purified
met hyl eneobpnptnimmph}erﬁb’tqgfa;ﬁw gﬂ[ dfel bty g@étﬁ{eé)? gﬁdgﬁép?%%t 0.314

nmol ) f?ared as. i n Exanple trlethy am
(trace) |rP -whitergelidr - (5 nmL) was added. The resulting mxture was stirred

at room tenper I Et hyl acetate (50 nmL) was added, and the
sol ution was @%(erﬁlzf\)\n%agj(ﬁ%-l NaHCO3, brine, IN HCl, brine and then dried

ol D 55 BN (B0 058 62 BT R W28 TOE ) MEHS 5

evaporated and t he re5|due trltur ed with

product adik 3B (¢, d&t 6. Haypt H218.822H, @ MB5(HE,2) HfS%y(ggﬂ)H 5@53((@&%3)

1Py ) S8 PP R ARy G B 3y 77 o T, S e

9Hz, 1H)1Hyg)g3£asd;_1m%m)33(d J=8H, | H, 7.38(d, J =4 H, 1

H, 7.43 (d 60(mJ 8Hz, 2 H, 7.77 (d, J=5 Hz, 2
H, 8.16 (d, J 4 Hz, 3 H, 11.55 (s, 1 H. EXAWPLE 29

1,2,3,4- Tetrahydro 3- (3 4- met hyl enedi oxyphenyl ) - 2- ( 6- hydr oxy- 2- benzo- f ur oyl
) 9H—pyrro| o[ 3, 4- b] qui nol i n-9-one (#9)

EXAMPLE 16
1-{3.4-Methyienedioxyphenyl)-2-( pyrimidin-2-yh)-2.3 4 9-tetrahydro-1 H-B-

carbgline

1-(3,4-methylenedioxyphenyl)-2,3,4,9-tetrahydro-1 H-B-carboline (2.3 g,
8.0 mmol) {prepared according to the process as disclosed in WO0g7/43287,
Intermediate 7, page 24) and 2-chloropyrimidine {0.914 g, 8.0 mmol) were
stirred in anhydrous DMF (15 mL) at 140°C for 24 h. The reaction mixture was
diluted with ethyl acetate (100 mL) and washed with saturated aqueous NH,C!
solution (100 mL). The aqueous layer was extracted with ethyl acetate (2 x 50
mL). The combined organic layers were washed with brine {2 x 80 mL) and
dried with MgSQ4. The solvents were evaporated and the product was isolated

by column chromatography ( silica gel, EtOAc:Hexane = 1:9 ) as a yellowish
solid.

mp: 176-177°C;

MS (m/z). 371 (MH"), 369 (M-1); Anal. calculated for C22H1gN4O2, C
71.34, H4.90, N 15.13; found C 70.57, H, 4.92, N 15.38

"H NMR (CDCl3) 8 2.71 (m, 1H), 2.92 (m, 1H), 3.29 (m, 1H), 4.92 (dd,
1H, J=14,7 Hz), 591 (d, 2H, /=6 Hz), 643 (1, 1H, J=6 Hz), 6.63 (d, 1H, J =
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To a solution of 6-hydroxy-2-benzofuranoic acid (0.054 g, 0.3 nmol) in
tetrahydrofuran (5 nL) at OC was added dropw se oxalyl chloride (0.0# ﬁUVg?ﬂ[]ﬂ
0. 36 rrm)l) \9@9 by DM (2 drops). The solution was warned to 25C a
stirred for 1&' then concentrated in vacuo. The residue W@%ﬂfswwed
in tetrahydrofuran (5 nL), and added to a sol ution of
1,2,3,4-tetrahydro-3-(3, 4-

met hy| enedil Oxyph &g Xd9H-prIr=t dDoHE)3 8L UH)OF IOB- @n 0B8R ( g

(prepared F\-‘f )Z l, '!-'I‘)I eth yﬁg BF‘Q @899@54@0,311?
and 4-di me Qﬁl%ﬁ‘fﬁ(@ﬁ“pdméod‘@)oﬁd &a‘iH).83ﬂ1@§cHu.thﬁ1Hw};s stirred for 20
h at 25C, and then concentrated in vacuo. The resulting crude residue was
purified by silica gel colum chromatography, eluting with 3% net hanol in
di chl oronet hane, to yield the product as a clear oil. 1H NWVR (CD3QD): S
5.25 (d, J =15 Hz, 1 H), 5.48 (d, J =15 Hz, 1 H, 5.91 (s, 2H), 6.45
(broad s, 1 H, 6.84 (m 3H), 6. QSE_M EE, 177. 00 (s, 1 H, 7.25- 7.89
(rover | appi ng, ¥ 3 3

3-Oxo-3-[1, 25-3; e e R et Sty th: 4 3f

. 4- bl qui nol i n- 9 one- 2- yI] 1-pr Q)2 -Egr (ﬁ' met hyl ester. (#6) 62 17
NO\/ 200 WO 01/87882 PCT/ USO1/ procedure outlined in
Exarrpl e 20, 1, Fdlowingtthelsain® pcedure as outllned in Example 12 above 4-

(3, 4- net hyl enedi oxyphenyi ) -9H pyrrol o-[ 3, 4- b] qui nol i n- 9- one ﬂrg 1.30
mol ) ( pr EPEHYEE r&ﬁwnﬂa@w}% B%/ gﬁﬂgal'mh@-t‘léﬂﬁwartboltﬂie(%ﬂﬁ mgchlmmcﬂlje of (E)-

11 et hyt anPreP s B ERiaing 6 he BoqBs 5 sty ima’rﬂﬂgbﬁ%a%%ﬁﬁﬁé‘%ﬁgﬁ%m THE
Eég?) 38 LA 836g|e<(:.tzs4mdmodu§ﬁo 534%*“@2%'??“3; ggnﬁ@.hg'(ﬁs r@&@égﬂa@l){#
6.27 and &WF (ésml-aapb'ydwwémrelecheal tcemeldfthmprmeuep as @. Wifiteasotidi 1. 9

(broad s, 1 H) ?ﬁyg

1,2.3,4- Tetrahy:\ﬂ -2- (1 m d I -yI ) t hi ocar bonyi - 3- (3. 4- net hyl enedi oxy

phenyi ] - OH pyr r'pl-RMIR, e;mt veng, #48127q i po gof

1,1 -thiocarbonyl dii m(dazo g gmg 4&2, I})E*)'iSGE@F’e@E F 50 12 hz, 1
H), 3.38 (dt, /=4, 14 Hz H) 504(dd J 5 14 Hz, 1 H),5.91(d, /=4 Hz, 2
H), 6.73(d, J=7 Hz, 1 H), 6.89 (d, J = 7 Hz, 1 H), 7.00 (s, 1 H), 7.20 (s, 1 H),
7.25(m, 2 H), 7.30 (d, J =7 Hz, 1 H), 740 (m, 4 H), 7.56 (d, J = 7 Hz, 1 H),
7.83 (s, 1H), 8.54 (s, 2H);

EXAMPLE 18
[5-(3.4-Dimethoxyphenvh)-pyrimidin-2-yi]-1-( 3.4-dimethoxyphenyt)-2.3.4 .0-

tetrahydro-1H-B-carboline

Following the same procedure as outlined in Example 18, 1-(3,4-
methylenedioxyphenyl)-2,3,4,9-tetrahydro-1H-B-carboline (prepared according
to the process as disclosed in W097/43287, Intermediate 7, page 24) and 2-

chloro-5-(3,5-dimethoxyphenyl)pyrimidine were reacted to yield the product as
a-white solid.

mp. 184-186 °C;

MS (m/z) 523 (MH"), 521 (M-1)

'H NMR (CDCl5)  2.81 ~ 3.20 (m, 2H), 3.40 (m, 1H), 3.71 (s, 3H), 3.79
(s, 3H), 3.88 (s, 3H), 3.91 (s, 3H), 5.01 (dd, TH, J = 14 Hz, 5Hz), 6.68 (d, 1H, J
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DMF (5 nlL, anhydrous) at OC was added 1, 2, 3, 4-tetrahydro-3-(3, 4-
net hyl enedi oxyphenyl ) - 94 pyrrol o-[ 3, 4- b] qui nol i n-9-one (0.30 g, O. 93 W%
(prepared asyd pgggpl e 5). The mixture warned to roomtenperature rq 04
stirred for 20 h. The solution was diluted with water and exthCI{&133%t o
ethyl acetate. The organic |ayers were conbi ned and washed with ag. NaHCGO3
and brine_ dr S and concentrated in vacua, to yield the

Flf) gl

product as a 190 .d/Hh- 2&1t11H 245 &ZHQQLeESP tl\'ﬁ-l(.WEZQ ngll%?_bl\/# 1)
'H-NI\/R( 8@@-2,;;)16@1 | , 5.46 (d, J = 7.17
(over | appi g'ms 42 (m 2 H) ,752(m lH) 758(m 2 H), 8.28
(m | H. EXAMPLE 32

{E)-4-[3-Ox0-3-[1, 2, 3, 4-t et rahydr o- 3- (3. 4- net hyl enedi oxyphenyl ] - 9H pyrrol o
[ 3, 4- b] qui nol i n-9-one-2-v! 1- 1- propenyl | benzoic acid (#8) 63 WO 01/87882 17

NOV 2004 PCT/ USQOL/ 14391 (E )-4-][3- - -[ 1,2, 3,4-tetra h yd
ro-3-(3,4-methyl en ed |oxyphenyl) 19

pyrrol o-[ 3, 4203 : ; et ester
(149 ngy, 0.30 nmmo F &0 ' eSS HahaRed-Brone 1: 1

m xture of | N aqueous sodi um hydrOX|(#¢2) rret hanol (10 m_) and heated to
reflex for 8 h,l\‘\%gel3 tion mxture was treated with aqueous HCl to pH 1,
resulting in a E’P(W‘i‘%ﬂ)@ 2 BifeSgetrahpitcad bi- ﬂ\-@ar&ﬁinle q9temd ﬁ‘y

o oo 6l YO *%%hf&é%?wwsc» s
g 573%, ? %g V(werstmsedah [OMF(60, L) &t %rﬁ’t%ﬁp%%tu?e E%r 1[3@ gngeg(«%l (s, I H,
11.94 (br g&ﬁ%Lede t% gﬁ]ﬂ)@\w%ogjor Th. The reaction mixture was neutralized \?nf
]1- éi—l?.pllr Igmﬂ?%@“w E}(ipf‘rn 2 Q%Wgngqxg)wgteg ?er%gvgtlj t|nr \Cf)gcu%ngs ruroy!
1,2, 3, 4- Tenrazieptiope il tcluems.NBilracst: ¢X g e aadbh Ry Wlidad BmF
soiution, followed by diethy! ether (600 mL), which resulted in precipitation ofi
the product onto the silica gel. The diethyl ether was decanted and the smca
get was washed with diethyl ether (2x 100 mL). After the solvent was
decanted and any remaining trace amounts evaporated, the residue was
purified by column chromatograph (silica gel; EtOH:EtOAc = 1 9 ) to yield the
product as a bright yellow solid. The product was recrystallized from methanot.
mp. 223-225°C:
MS (m/z): 323 (MH"), 321 (M-1)
H NMR (CD30D) & 3.71 (s, 3H), 3.88 (s, 3H), 4.18 (d, 1H, J = 14 Hz),

4.38 (d, TH, J = 14 Hz), 5.41 (s, 1H), 6.83 (m, 3H), 7.39 (t, 1H, J = 7 Hz), 7.58
(m, 2H), 8.22 (d, 1H, J = 6 Hz), 11.85 (s, 1H);

EXAMPLE 20
1.2414—Tetrahvdro-2-{5-(4-methoxyphenvi »pyrimidin-2-yi]-3-(3.4-methviene-
dioxyphenyh)-9H-pyrrolo-[3 4-blquinolin-9-one (#2)
Sodium hydride (60% in mineral oil, 36 mg, 0.9 mmol) and 1-(3,4-
methyfenedioxyphenyl)-2-[5-(4-methoxyphenyi)—pyrimidin-2-yl]-2,3,4.9-
tetrahydro-1H-B-carboline (186 mg,

0.39 mmol) (prepared as in Example 12} in
DMF (10 mL, anhydrous) were stirred at room temperature for 30 min. Dry air



bl qui nol i n-9-one (70.3 ng, 0.229 mmol) (prepared as in Exanple 5), 5- (4-
nitrophenyl)-2-furoic acid (58.9 ng, 0.25 nmmol) and PyBrOP (0.118 g,
nol ) V\erebﬁsh{éﬁg"rln DVF (3 ni-) and DI PEA (0.088 mL, 0.50 nmol) far Nﬂﬁ?ﬂﬂ&
The reacti ! e was poured into ethyl acetate (80 ni-) PERAISOHBI3N
resulting organic |ayer washed with 1 N aqueous HCl (3 x 50 nmL), saturated
aqueous 'Na2CO8 solution (1 x 50 m-) and brine (1 x 50 nL). The organic
| ayer was Wasitken fbhlentiBouginitet dodution farrtibhe iEthg adetstd %&ﬁﬂ?apgol um

e

o ouet o< LB SCERSIH Bt Ui Shase womovass s, 10,
(55 25 H§d brhéga(nb Enéoqwiﬂﬁ)M §O45f6§i/en]téﬁs é\?apggéte';!%pm%@ 2H), 126(%2

3H), 8. 39 t(ityratsd) wltl1 BthM a(:etate talyield thel pradiet 89 whitOsBid. 87882
PCT/ USCL/ 14391 EXAIVPLE
1, 2, 3, 4-t et r ahy8Po %@‘@21 et hyl enedi oxyphenyl ) 2-[ 5- (4- am nophenyl . furoyl ] -

;Etegi%%%Eﬁ:ﬂ%@ﬁ%ﬁﬁﬁ:@%@%’) , 2,3, 4- Tetﬁ; Z;Z;:O 3I ;3 4-m et hzl
1 el 39 s SN NN A 1 o i
pr oduct o g’%% 'rI'HI?C as( v 25o'\?v2 gwd}é BK/&@ o @p,qéa.g
(VH4) ; 4933(5‘9?(53 @@c@é@pﬁ@@z‘sﬂm OBHJJ 4 iz, BAY), 7534t(JeL71H J
I %43H§f) Tet rah E%{w ﬁmﬁﬁﬁ%”h?ﬁé@ﬁhény?ﬁé %%J'hgldlﬁdgy?t&%g/ﬂ_)lz Sa

pyrrol o 3Hj; &BQQbmmi isn29Hprtd 3281 HYl | owi ng the procedure outlined in
Exanple 33, with appropriate substitution of reagents, the product was
obtained as a pale yellowsolid. M (mz): 428 (MH); 426 (M1) 'H NWR
(CD30D) S 4.65 (d, J = 14 Hz), 5.10 (d, 1 H, J = 14 Hz), 5.85 (s,
EXAMPLE 21
1L2J3,4—Tetrahvdro-2-15—(3i4-dimethoxvphenvi)-Dvﬁmidin-Z-vﬂ-S—(BA-
methylenedioxyphenwl)-9H-pyrrolo-{3.4-blquinolin-9-one (#1)

Sodium hydride (60% in mineral oil, 40 mg, 1.0 mmol) and 1-(3,4-
methylenedioxyphenyl)—2—[5-(3,4-dimethoxyphenyl)—pyrimidEn—2-yl]—2,3,4,9-
tetrahydro-1H-B-carboline (218 mg, 0.43 mmol) (prepared as in Exampile 13)in
DMF (10 mL, anhydrous) were stirred at room temperature for 30 min. Dry air
was then bubbled through the solution for 16h. Ethyl acetate (100 mL) and

saturated NaHCO3; were added,' the organic phase was washed with water,

brine, and dried with MgSQa. Solvent was evaporated and the residue purified

by chromatography (silica gel, ethyi acetate) to yield the product as a white
solid.

MS (m/z) 521 (MH’); 519 (M-1)

"H NMR (DMSO-ds) & 3.77 (s, 3 H), 3.83 (s, 3 H), 4.86 (d, J =12 Hz, 1
H), 4.96 (dd,J=15Hz,1 H),5.99 (5,2 H), 6.31 (d, J = 2.5 Hz, 1 H), 6.87
(d, J=8Hz 1H) 685(d J=9Hz 2H),6.98 (s, 1 H), 7.02 (m, 1 H), 7.17 (d,
J=7Hz, 1H),7.22(s, 1H), 7.35(t, J=7 Hz, 1 H), 7.62 (m, 2 H), 8.17 (d, J = 8
Hz, 1 H), 8.74 (broad, s, 2 H); 11.85 (s, 1 H);

4
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2H), 5.92 (s, 1 H, 6.50 -7.10 (m 3H), 7.30 -7.70 (m 5H), 8.25 (m 2H).
EXAMPLE 36
1,2, 3, 4- Tetywahy @k 3- (3, 4- et hyI enedi oxyphenyf) - 2-[ 5- (4 nmet hox¥/8henyll) NOV 2004

furoyl]-9H pyrrol 0[3 4-b] qui nol i n-9-one (#21) Fol | owi ng t hePGHYEUAIZH
outlined in Exanple 33, with appropriate substitution of reagents, the
product was obtained as a pale yellowsolid. M (rn/z): 507 (M#); 505
(M1) HNI\/R(CDC13) S 3.85 (s, SFEXPMHDE(ZdAlH J =14 Hz), 5.38 (d, 1
H J= 14 Hz) , : _H) 680-- 835(m 13H), 11.80
(s, 1 H. 65 W : AN 23 2

furoyl 9H—pyrro|o -] U RO T8O
outlined in Exaﬁ@iOaVlBgIh@\ptdnednpe@prdwcﬁbegwbEgbwé n @jl?_g? Qents 41§rl1e ~

r oduct ain el l ow solid
FM 151 HW@’[&{M 6”5‘%5[5&%6 4?"\!’!yetlm;ypmen%pyrmmzeyu.zn J= 14 H),

#9
724 it i o e, | O

met hoxycar bonyl phenyl )-furoyl]-9H pyrrol o[ 3, 4-b] -quinolin 9-one (#24)
Fol | ow ng the procedure outlined in Exanple 33, with appropriate
substitution of reagents, the product was obtained as a pale yellow solid.

"H NMR (DMBO-d6) 5 4.10 (s, 3H), (d A H J =14 H), 550 (d 1H 3
= 14 Hz), 6.02 (s, 2H), 6.45 (s, %_EE@M - 8.35 (m 13H); EXAMPLE 39 1

2, 3, 4- Tet r ahy d(R)-3;4 8 4-Tetrahydro-2-[5-(3.4-dimeth

4- et hyl enedi oxvphen -2 15-(4- imidi

9H pyrrol o[ 3, 4- Umm)é]mmenel)%pﬁﬂ-blmm.nﬂ UiSoli-9 Byequt lined in
Exampl e 33, w Qlczw rc{ﬁrlate substitution of reagents, oduct was
obtai ned as a % H 6‘8 BRracRduwe asveesarbed. in Sxample 21, (R)-1-(3,4-

methylenedioxyphenyl)-2-[5- (3,4-—d|methoxyphenyl}-pynmidin-2-yl]~2,3,4,9-
tetrahydro-1H-B-carboline was reacted to yield the title compound.

EXAMPLE 22
1 ,2,3,4-Tetrahvdro-2-[5-(4—rnethvlDhenvl)-pvrimfdin-2-vﬂ—3-( 3.4-methyiene-
dioxyphenyl)-9H-pyrroio-[3.4-blquinolin-S-one (#7)
Following the same procedure as outlined in Example 21, sodium
hydride (60% in mineral oil, 43 mg, 1.09 mmol) and 1-(3,4-

: methyienedioxyphenyl)—2-[5-(4—methyiphenyl)-pyrimidin-2-yl]—2,3,4,9—tetrahydro~
1H-B-carboline (278 mg, 0.60 mmoli) (prepared as in Exampie 12) in DMF (15
mL, anhydrous) were reacted to yield the product as a white solid.

MS (m/z) 475 (MH")

'H NMR (DMSO-dg) 5 2.32 (s, 3 H), 4.86 (d, J = 12 Hz, 1 H), 4.96
(dd, J=15Hz,1 H), 5.98 (s, 2 H), 6.30 (d, J=2.5 Hz, 1 H), 6.87 (d, J = 8 Hz, 1
H), 8.95(d, J=9Hz, 2 H), 7.02 (d, J=4 Hz, 3 H), 7.24 (d, J= 7 Hz, 2 H), 7.34

(t, J= 7 Hz, 1 H), 7.40-7.65 (m, 3 H), 8.16 (d, J =8 Hz, 1 H), 8.69 (broad, s, 2
H), 11.85 (s, 1 H);

EXAMPLE 23
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'H NMR (DVBO-d6) 8 5.10 (d, 1 H. J = 14 Hz), 5.55 (d, 1 H, J = 14 Hz),

- 6.02 (s, 2H), 6.45 (s, i H, 6.80 -- 8.35 (m 13H). EXAMPLE 40 7 NOV 2004
(E)-4-f3-Oxo-3-f 1,2, 3.4-tetrahydro-3-(3, 4- et hyl enedi oxyphenyl ) -4 1IN

met hyl - 9OH W@HS7882 3, 4- b] - qui nol i n-9-one-2-yl ] - 1- propenyl ] rermaosoe/1a39i d,

met hyl ester (#63) 66 WD 01/87882 17 NOV 2004 PCT/US01/14391
(E)-4-[3-0x0-3-[1, 2, 3, 4- tetrahydro 3- (3, 4- et hyl enedi oxyphenyl) 9- met hoxy-
9H pyrrol o-[ 3, 44 ester (#64)
A sol ution of (

net hyl enedi oxyphenydf_'méih’emmfe@wn-s{l-l’»pérrb umoﬁn-@%@ #g)- 1-
propenyl]benzm’(_: @B’W rrﬁt hyl ester (349 ny prepared as in
Exanpl e 30) and"PkrwRethesamepmsedute aaogﬂ;nﬁﬁmﬁxammwgagﬁetame (10 n -)

hoated to PO HBAEAIEATAE @Zﬁhl@P&%?fr@ﬁm@;oawéﬁsw%% ot ur e
was concemmaé@:%onﬁeYmar@dlsstimgx§ﬁ®lléim8 'rééag @ﬁﬁé&@r@t ogr aphy

(-0- 10% et hanol in dichloronmethane) to yie a mx nd O-
met hyl at edspa shilet2nlidThe mi xture of N- and 0- net hyl at ed products was

N et hy! at oo prdRUGEl B3 H B Aty o o Lo YielaEhe

oyt ol or 13 b LN RCBROBh 84 PARS PP 1L AT IS i3 8 (A st e
as a tan &OI frd, 2N [6@‘12()5 15996(754—1? 15%!\@“@3@?@ @}3 5? I(-IE& 73)’550(8 3.93

(s 3 2 78 (d,
= 7. 9 HIH, 11’H§3H6)§ ‘6r962fdh1839|69.,1ﬁ .Aszz)z@s&emzm of m 6 H), 8.05
(d J = 8.2 Hz, 8.55 (d, J = 7.4 Hz). and the O-nethylated product

(E)-4- [3 xo- 3- [1 2 3 4-tetrahydro-3-(3, 4-

nmet hyl enedi oxyphenyl ) - 9-met hoxy-9H-pyrrolo-[3,4-b]q uinol in-2-yt]-1-
propenyl ] benzoi c acid, nethyl ester as a pink solid. Ms (mz): 509 (M1)
"HNWMR (CDCI3) S 3.93 (s, 3 H, 4BRAMBLES24), 5.45 (d, J = 17.1 Hz, | H),

1.2.3 4-Tetrahydro-3-(3.4-methylenedioxyphenyl)-2-{pyridin-4-y}lmethyi-9H-

pyrrolo-{3.4-blquinolin-9-one (#5)

Following the same procedure as outlined in Example 21, sodium
hydride (60% in mineral oil, 40 mg, 1.0 mmol) and 1-(3,4-
methylenedioxyphenyl)-2-(pyridin-4-yl)methyi-2,3 4,9-tetrah ydro-1H-B-carboline
(192 mg, 0.50 mmol) (prepared as in Example 15) in DMF (10 mL, anhydrous)
were reacted to yield the product as a white solid.

MS (nvz) 398 (MH™)

"H NMR (DMSO-dg) 5 3.58 (d, J=14 Hz, 1 H), 3.76 (d, J= 15 Hz, 1 H),
3.88(d, J=15Hz, 1H),4.01(d, J= 14 Hz, 1 H), 517 (s, 1 H), 6.03 (s, 1 H),
6.97 (s, 3H), 7.7.35(m, 3 H), 7.60 (m, 2 H), 7.34 (t, J= 7 Hz, 1 H), 8.11 (d, J =
8 Hz, 1 H), 8.563(d, J=6 Hz2 H); 11.45 (s, 1 H);

EXAMPLE 25
1,2.3.4-Tetrahydro-2-(tert-butoxycarbonyi}-3-(3 4-methvienedioxyphenvi}-9H-
pyrrolo-{3.4-blquinolin-8-one (#3)

2-t-Butoxycarbonyi-1-(3,4-methylenedioxypheny!)-2,3 4 9-tetra hydro-1H-
p-carboline (4.09 g, 10.4 mmol) (prepared as in Example 9) was dissolved in

dry DMF (100 mL). Potassium t-butoxide (2.55 g, 22.7 mmol) was introduced
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5.64 (d, J =17.1 Hz, | H, 5.91 (s, 2 H, 6.26 (s, 1 H, 6.75-7.09 (series
of d, 4 H), 7.39-8.23 (series of m 9 H). EXAWPLE 41 17 NOV 2004
1,2, 3, 4- Tet Qyvigeen2- (pyri m di n-2-yl

-3- (3, 4- net hyl enedi oxyohenyl ) - 9H pyrrol o [3, 4-b]-quinolin- 9PoRYSIHIN 67
WO 01/87882 17 NOV 2004 PCT/USQO /14391 To a sol ution of

1- (3, 4-net h&l enedi Qxyphentﬁl )-2-(pyrimdin-2-y1)2,3,4,9- tetrahydro-1
H- 0- car bol i"heNe POLiy ang thesuspangio( vaspstireati vstili ancEaasphiohtyas i N

anhydr ous (4,1 s added KO Bu . 079 0.70 mol, 1.7 eq.).
After 5 i Wadé?/dgen e e Weik |%Pﬁ%§%ﬁ%‘ﬁ°w{gt%wﬂiﬂ9ﬁ Vida syringeDi et hy!

et her 45 | le | ) I o er nat ant
decant e((j. ng}a?i r?\gé'(sgeﬁ) qi&/%?%?ﬂ%%%%%ﬁuﬁgcﬁ%eépgggegdr@nﬁﬁoﬁa aggliGisted to

pH-7 by  aeaidi(R6rimotol hane wodrepintot rixirbGf didthg! elesart@FaterRNEH | N vacuo

as an azeotr W th tolu nF{\. The resulting deep red residue was di ssol ved

ina mni Fﬁ.ﬁ"{‘ﬁgﬁ%ﬁ‘tp'@l‘:‘ﬁﬁ%? Rafvasueoliscted by filltation The predug vaghy (sil ca
|; Et 1 =h 1 ' Whi lid. M

(i 2y saaP e o Sagh Hrdathrby (% RsPHICHER R e droduznase, 10

Hz), 5.98 &shiteldolid6. 25 (s, 1 H, 6.69 (t, 1 H J =5 Hz), 6.85 (d, 1 H J

= 8 Hz), 6.92 J =8 Hz), 7.00 (s, 1 , 7.33 (t, 1 H J =7 Hz),

7.60 (¥n 2H) %ﬂ§5<1m)2>:10$4,(~13m)8 Hz) , 8.(41 (lt;?oad s, (2H), 11.9 (s, 1 H§

EXAMPLE 42 1.21?‘_ _ Cls) 8,1 38,1 .

4- Tet r ahydr o- 2- p{/\lM%(&%LZ 0113851 65 (perigs 9 Se Qed) th7 BHaA§ o2 Hyr5.860- [ 3

4-b] - qui ndB PR{Se - :

1, 2], 3?4- Tetr ajk(lydr?%g—ai’)%f ﬁ%? f?'n?éz?]yﬁ“:é%?ﬁngfy‘gh"e’h?/H’-’ 51@7@??&10@[ ég'ﬂ:l H); )

b) qui nol i n-9-one (100 ng, 0.3265 mmol) (prepared as in Exanple 5) and 2-

chl oropyrimdine (38 ng, 0.3265 mml) were stirred in DM (2.5 m-) at 100
C for 16 h. The solvent was renoved under vacuum and the residue purified

by colum chromat ography (silica %ggimﬁﬁ/%gé’sd-l /| CH3Cl) to yield a yellow

oil. Trituration of the oil with ed the product as a pale

yel I ow sol iz Tetnehydra@s(bettipxy@aboiWHSY 3,4-methylenedioxyphenyl).-SH-
pyrrolo-[3,4-blauinofin-9-one (#27)
2-ben2yloxycarbonyl-1—(3,4-methylenedioxyphenyl)—2,3,4,9-tetrahydro—
1H-B-carboline (3.63 g, 8.51 mmol) ) (prepared as in Example 10) was
dissolved in dry DMF (25 mL). Potassium t-butoxide (2.40 g, 21.4 mmol) was
introduced in one portion and the suspension was stirred until a clear solution
was obtained. Oxygen gas was then passed through the solution via a syringe
needie for 16 h. The reaction was quenched by the addition of glacial acetic
acid (1.23 mL, 21.0 mmol) and poured into water (250 mL), which fesulted ina
precipitate that was collected by filtration. The product was purified by flash
chromatography (2-10% MeOH/CHCI) to yield the product as a red powder,
MS (m/z): 439 (M-1)
'H-NMR (CDCls) § 4.63-5.18 (series of m, 4 H), 5.71-5.85 (series of m, 3
H), 6.54-6.72 (series of m, 3 H), 6.88-7.01 (m, 1 H), 7.25-7.57 (series of m, 7
H), 8.27-8.32 {m, 1 H), 10.04 and 10.33 (s, 1 H);

EXAMPLE 27
(E)-4-13-Ox0-3-1.2,3 4-tetrahydro-3-(2, 3-dihydrobenzofurain-5-yI}-9H-pyrrolo-
[3:4-blguinolin-9-one-2-vil-1-propenvilbenzoic acid, methyl ester (#20)
60




'H NVR (DMSO-d5) S 4.84 (dd, 2H J = 14
‘1H) 6.69 (t, 1 H J =05 Hz), 6.85 (d,
(

7 00 7. 33 (t 1 H J 7
“599,118 road s, 11.9 (s,

PCT/ USOl/ 14391 EXANPLE 43 1 2 3
. 4- Tet r ahydr o- 2- (4- pri di nyl ) rret hyl oxycar bonyl ] - 3- (3, 4-

met hyl ened. oxybPesglumGIQHf @E)%@ab@rﬁeﬁdx}qunaﬂma&n@(@f&g @YQﬂqCﬁin%lg %356” t
henyl

#37 A mx hydr o- 3- ( 3, 4- net hyl enedi o
pyrrol o-[ ﬁ*je&uﬂr%)’ ﬁ'lf'g(%’ﬁ I@%’Qr‘[ﬁ%?@r‘hﬂgﬁr 8B QrQQQ@ITInﬁ);}/JEQf%\BHh’Tml )

d b id
coter | %8*%%' EAGRBTROR L. 2 & AHIAFaol = B B O e e ne (2
eq.) was 38T déor 2 hours; fthex réadtioh rhnxterana@ﬁwﬁréfbdt;Hr@c@gﬁ; ggymﬁgrat ed in
vacuo and purified qé@:_flash chr onat ography (0-10% McOHI

cor r espond@Fidgchieride »easbaxymeipypeispapiic acidoas aftan iselidet hanol i ¢ sol ution
of the free base with a solution of HCl -ether. M (rﬂz) 442 (MH) "H NWR
(CD30D) 8 5.02-5.62 (series of m 4H), 5.93-6.00 (m '2H), 6.23 and 6. 44

(s, 1H), 6, 82- Th@?)r&dﬂlctfﬂ‘iﬂm Parf A- é?B?ﬁd@BS%ﬁgﬁ%ﬁd‘%f golatngﬁof 1H,

8. 44 (s,
, 4- Tet rahinﬂa)Agetreh &(ayﬁl-t)lhgdmngohnmmﬁyyl}-gwﬂw&o [3,4-b]lquinolin-9-

di hydr ob f I I #53) Foll

theypﬁgcgaﬁgéﬁgﬂg r%?’ %O%a(}g aslln%m&%eé)?-arwgneng_ ) Following
2, 3- di hygeghpa |

Elydroclhl gri de sgilce'tm?%? ?E)%r‘peﬁgiram %xg%"?%ﬁé)g]fgﬁ}j TAE! Hidiirdas

(4- pyri di stitgchferiplh at mamdptnmnpatuw lafilnte with i1 B531 €1 0(mLpMed gk as i n

Exanpl e 7 re re ct ed t oduct slightly pink solid. M5
(mz) 440 F\ﬁﬁlﬂﬂ h‘% 99% grﬂt ratiagy ?EFSQPFWQS washedavithseri es of

TZ gg‘) ( br\ga%l (jﬁ%dﬁﬂﬁie&ﬁétﬂeﬁgxs 38Rl dtRed%h VBcud'th vidld e Préfudtls £H -

slightly pink solid.

MS (m/z): 493 (MH")

'H-NMR (DMSO) § 3.10-3.m, 2H), 3.87 (s, 3 H), 4.434.52 (m, 2 H),
4.70-5.14 (series of m, 2 H), 6.23 and 6.61 (s, 1 H), 6.72-6.79 (m, 1 H), 7.07-
8.19 (series of m, 12 H), 10.68 and 10.77 (s, 1 H).

(m 2H), 8.15 dI?NﬂVHDI]i.S

EXAMPLE 28
1.2.3.4-Tetrahydro-3-(3 4-methvlenedioxyphenyl)-2-[5-(3-trifluoro-
methylphenvl)furoyi]-9H-pyrroio-[3.4-blquinolin-9-one (#13)

To a solution of 5-(3-trifltuoromethylphenyi)-2-furoic acid (80.44 mg,
0.314 mmol) in 1:1 DCM:THF (5 mL, anhydrous) was added oxalyl chioride
(43.85 mg, 0.345 mmol), followed by two drops of DMF. The mixture was
stirred at room temperature for 1 h. A suspension of 1,2,3,4-tetrahydro-3-(3 4-
methylenedioxyphenyl)-SH-pyrrolo-[3,4-b]quinolin-9-one (96.2 mg, 0.314 mmol)
(prepared as in Example 5), triethylamine (0.13 mL), and DMAP (trace) in 1:1
DCM:THF (5 mL) was added. The resulting mixture was stirred at room

temperature for 16h. Ethyl acetate (50 mL) was added, and the solution was
washed with ag. NaHCOg, brine, 1N HCI, brine and then dried with MgSOq.
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EXAMPLE 45 69 17 NOV 2004 WO 01/ 87882 PCT/ USQOL1/ 14391
|, 2,3, 4-Tetrahydro-2-4[ [ 5- [ 2- (4- nor phol i nyi ) et hoxy] - 2- benzofuryl]kahl[wow%]

3. (3 4- metygwl oxyphenyl ) - 9H pyrr ol o- ( 34- b] qui nol i n- 9- ong
hydr ochl ori‘gg’ ﬁ@i Y #49 PCT/US01/14391
1, 2, 3, 4- Tetrahydr o- 3- ( 3, 4- net hyl enedi oxyphenyl )-9H pyrrol o- [3, 4-
b]quinoI| 9- one, rochlorlde salt (222 ng, 0.65 mmol) (prepared as in
Exarrpl e 5) %EO'HGP Y“@P rfkedepidue bituatediwith edhy acptzte taci d (209

, 0. Ie 8) were suspended in dry THE (10

To tﬁﬂgbhnégtgga&ggsgggggagg OP (358 nmg, 0.77 mmol) and

trlethylanlne (Bp4218L22L°@7 mol ). The m xture was stirred overni ght under
an argon at nosphere and concentrated i n vacuo. Purification of the residue

by flash chroldSdgn/aprias (MEONEEE QM=) 543 Vel %Jed the free base. The

recipitation of the nethanolic solution

d
of e’ fr e bageMAIRHDATSOrdn 8e BB HOm 4 ki, 1 i 8463, 58014 M1 1Y R

o ok 228 Adls, iy 6P Y 2B T L W) b9 Kooz, UHY 1825 1,
1 H, 5.4, (1dH)J7331§:| Y+ HA HH $.38Q d(§l 32& 1696 f‘?éd ,55)45&5%397 08

(series of m 2-7.66 ( serles

8.16 (d, Uﬁﬂ(snmqﬁ Ha.:Hﬁ 71D?81.~(%5H2I@H)l&de(S,-lei):SI'E)XQ"FQ@(sAG
1-(2, 3- d|ﬂ¥§robenzofuranyl) 2- 5-(4-met hoxyphenyf)-pyrimdin L4
-. tetra 1 H& carboline 1-(2,3-di hydrobenzo-5
furanyl)-2,3,4,9-tetrahydro-1 H 0-carboline (prepared according to the
process as disclosed in W97/43287, Internediate 10, page 25) (3.35 g,
11.54 mol ), 5-(4-nethoxyphenyl)-2-chloropyrimdine (2.55 g, 11.54 nmol),

and N, N-diisopropylethylamne (3.5 %E were stirred in DM (10 ni,
anhydrous) at 120C for 16 h. The r B Xxture was quenched with

109NaCl a-nQ @2;11'@@53 )@ washed
wth 10%™N prine,and ‘ A

i 9

9H—Dvrroiof3 4- b]qumolm-g-one (#9)

To a solution of 6-hydroxy-2-benzofuranoic acid (0.054 g, 0.3 mmol) in
tetrahydrofuran (5 mL) at 0°C was added dropwise oxalyl chioride (0.046 g,
0.36 mmol) followed by DMF (2 drops). The solution was warmed to 25°C and
stirred for 30 min, then concentrated in vacuo. The residue was dissolved in
tetrahydrofuran (5 mt), and added to a sotution of 1 .2,3,4-tetrahydro-3-(3,4-
methylenedioxyphenyi)-9H-pyrrolo-[3,4-blquinolin-9-one (0.092g, 0.3mmol)
(prepared as in Example 5) in THF (5 ml), triethylamine (0.045g, 0.45mmol)
and 4-dimethylaminopyridine (0.01g, cat.). The solution was stirred for 20 h at
25°C, and then concentrated in vacuo. The resulting crude residue was
purified by silica gel column chromatography, eluting with 3% methanol in
dichioromethane, to yield the product as a clear oil.

'H NMR (CD3OD): & 5.25 (d, J = 15 Hz, 1H), 5.48 (d, J = 15 Hz, 1H),
5.91 (s, 2H), 6.45 (broad s, 1H), 6.84 (m, 3H), 6.93 (m, 2H), 7.00 (s, 1H), 7.25-
7.89 (overlapping m’s, 5H), 8.32 (d, 1H).

EXAMPLE 30
(E)4-[3-Ox0-3-[1.2.3 4-tetrahydro-3-(3.4-meth vlenedioxvoﬁenvl }-9H-pyrrolo-

[3.4-blquinolin-9-one-2-vll-1-propenyilbenzoic acid methyl ester (#6)
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m xture sol vent was evaporated, the resulting residue triturated with
CH2d 2 70 17 NOV 2004 WO 01/878%2 PCT/ USOL/ 14391 and filtered. The filtrate
was purified by colum chronatography (silica gel, ethyl acetate:HeWin8l =

4:6) to yieyg dikesgroduct as a white solid. np: 242-243 C N%((ZT;L;@!}IQJ@S
, orT2 (t,
8.7 Hz

(MH4), 483 (M 1) 1H-NVR (DMBO-d5) 8 '2.50 (s, | H), 2.83 (m
J=87H, 2 H, 3.24(m 1H, 3.78 (s, 3 H, 4.49 (t, J= 2 H),

4.90.(d, J= 12 1. 6.72 (d, J =8.2 Hz, 1 , 7.°03 4 H, 7.06
(d, J(: 7 He, 1EZ95'?W'P!31‘F9(H9°%‘“£_‘9@*@*ﬂqutnzféxawpie?é&d.2,3,4-te(trg]hsdmtl)3-| H)
7.46 (d, 2 : ) ol = 8.6 : , , 11.00
(s, )¢ H Eﬁiﬁg}knﬁ%@g@géq@? ?!;ﬁg,vgfcgpg_g.ﬁbﬁﬁno%n-gﬁ%ne 2de s 1.5

5- (4- met haw apsd asiinlEr 5)lwas (e Vi oG

- 9|(—|- p)r/nrar ol o-[ 3, 4- bp- p%(ii,ﬁg}ti,n-%?glnée %%IQSGS?)%%%“%%{% de %@%@?i@yr@?{er al oil,
87 ny, 2. P@"%‘ﬁﬁ‘ﬂ)‘e cinnamig agichipdi ang, bedznmal)yyn the2preséncdef et ra

hydr o- 2- [ 3= L I o dinyl)-1 H 13- bol i 450 , 0.95
oty ( pr S PARRREAE TR 1487 athon R VR kit of dioiRipmethanes Teikst 7 ed
at room t paPenk) ty geldthe3Srodutt ad¥ Yan 8bligwas then bubbl ed through the
solution for 16h.. Ethyl acetate (200 nL) was then added to the sol ution.

The resul ting MRt/ v#3 Mdhed with 10% NaCl  sol ution, brine and then
dried with MyS t ev, rgted _and the residue triturated
with ethyl ace?ﬁi‘%’% @ﬁﬁ@}tﬁ@%&%ﬁ% 4.65:5.26 (seriew pf . 2 ), 5.93610302C;
VB (M 2) 4RI 2(IWHHE. 2748 Td 6Mal)s ] lesBordnllally ok 847 Hex 2 H),
3.77 (s, gﬁj 4747 (1 8()?ﬂ|zw\|¥%é G gg&%s% *%.%gﬁssqaadﬁﬂfg%. 72
(d, J = 8(bromd, s, 11 H), 6.95 (d, J = 8.7 Hz, 2H), 7.29 (m 3H), 7.57 (d, J =
8.6 Hz, 2 H, 7.64 (d, J =82 Hz, 2 H, 8.16 (d, J =8.0 Hz, I H, 8.67
(s, 2 H, 11.87 (s, | H Exanple 47TAR1 2 3
4- Tet r ahydr o- 2-[ 5-[ 4- met hoyphenyl -pyrimdin-2- | 1-3-(3 4-
di hydr obenzof uranyl } - 9H pyrrol o-[ 3, 4-b] - qui nol i n-9-one (#66) 71

EXAMPLE 31

1.2.3.4-Tetrahydro-2-(imidazol-1-yi)thiocarbonyl-3-( 3.4-methvlenedéoxv—
phenvi)-9H-pyrrolo-{3 4-blquinolin-S-one (#18)
To a suspension of 1,1'-thiocarbonyldiimidazole (0.192 g, 1.08 mmol) in
 DMF (5 mL, anhydrous) at 0°C was added 1,2,3,4-tetrahydro-3-(3,4-
methylenedioxyphenyl)-9H-pyrrolo-[3,4-b]quinolin-8-one (0.30 g, 0.98 mmol)
(prepared as in Example 5). The mixture warmed to room temperature and

stirred for 20 h. The solution was diluted with water and extracteg into ethyl
acetate. The organic layers were combined and washed with ag. NaHCO; and
brine, dried with MgSO; and concentrated in vacuo, to yield the product as a
light tan solid.

mp: 211 - 215 °C (dec.)

MS (m/z): 415 (M-1)

'H-NMR (CDsOD) 5 4.71 - 5.16 (m, 1 H), 5.46 (d, J = 15Hz, 1 H), 6.36-
7.17 (overlapping m's, 5 H), 7.42 (m, 2 H), 7.52 {m, 1 H), 7.58 (m, 2 H), 8.28
(m, 1H).

EXAMPLE 32
(E}4-[3-Ox0-3-{1.2,3.4-tetrahvdro-3-(3,4-methylenedioxyphenyi}-9 H-pyrroio-
[3.4-blguinolin-8-one-2-y!}-1-propenyilbenzoic acid (#8)
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| ? NOV 2004 WD 01/87882 PCTI US01114391

(R -1, 2,3, 4-tetrahydro-3-(2, 3-di hydr obenzof uran-5-yi)-9H pyrrol o-[ 3] 4NJV 2004
b] - qui nol i nW® @arsssg20. 23g, 0.678 mmol ) (prepared as in Exanpl sﬁi@gb ﬁ}g

5- (4- et hoxyphenyl)-2-chl oropyri m dine (0.167g, 0.758 mmuol) Y37t ed
with diisopropyl ethyl amne (0.33 rnL) and KF (44 8 ng, 0.758 mmol) in

(75 i) "ana G (TR 1 Aot S GEEABR T Akt Siedousminati okia x 100
). Thi symoBenblmituit-9iohb-byiiicprbBerty é&é 2okl BE°T | () e

MySH, this Ez)\/asi)oq%onc«fntrated to yell ow 0| e crude pr
by silica Gl th%ﬂaéediaﬁH@ EXﬁDTMeBOc’;\waM‘su emdeddin A% 1 Misklire 499

(W) AP MO0, 03B e 2y L 100 582 1651

15. 6 Hz < d 2H J = 7.8
), 7. 14 l‘ﬁ{ﬂ!éﬁﬁ'?ﬂg:ﬂ()d;%nud@éﬁg tratch »Uzméqggét@ "@‘H) B S UH%‘Q( i

CH3OH cHCM)ite presipiiatel TArdirgsi statefwa uméda 76, %
M)t resip s é&ﬁ?&“lﬁa% %HH}BS%T@

4.95, 9N 90 vC

Exanpl e 45’13(‘%7( ‘-3 a&@%ﬁ—‘&aﬂ%@r&éf @q @Mimmmmémmmwmfezscﬂ@ (3-
trifluoronet hyluggﬁﬂ%)l )mqur( yI )-9H pyrrol o-[ 3, 4-b] - qui nol i n-9-one (#50)
To a solution trifluo orrethylphenyl) 2-furoic acid (504.4 ng, 1.97

mol) in 1:1 M(msmmrmysmeteﬁng@éfa@w 5 ofTHPT B8 54> 'Y

2 17 mmol t@?é{ t wo drgg)s of The' rea tirred
room t ? 5@417713 sefies ok awt 10t )n7:89+7o2neme Farglesl 13.5.17

trlethyl n L race) and a suspension of enantionerically
pure 1, 2, FH t‘tr% D)ro @ ‘413;] g ‘met hyl enedi oxyphenyl ) - 9H pyrrol o-[ 3, 4-

b] qui nolin 9 one (603 ng, 1.97 mmol ) (prepared as in Exanple 5A), in 1:1
DCM THF (10 nmL). The resulting m xture was stirred at roomtenperature for
16h. Ethyl acetate (100 nL) was added, and the solution was washed with aq.
NaHCO3, brine, 1 N HO, brine and i with MgSO4. The reaction 72 17

1 ,2.3,4-Tetrahvdro-3-(3.4—methvlenedioxvphenvl)—2-!5—(4-nitrophenvl)—furoyl]—
9H-pyrrolo[3 4-blquinolin-9-one (#16)

1 ,2,3,4~Tetrahydro-3-(3,4-methylenedioxyp henyl)-9 H-pyrrolo-[3,4-
biquinolin-9-one (70.3 mg, 0.229 mmol} (prepared as in Example 5), 5-(4-
nitrophenyl)-2-furoic acid (58.9 mg, 0.25 mmol) and PyBrOP (0.118 g, 0.25
mmol) were stirred in DMF (3 mL) and DIPEA (0.088 mL, 0.50 mmol) for 16 h.
The reaction mixture was poured into ethyl acetate (80 mit) and the resulting
organic layer washed with 1N aqueous HCI (3 x 50 mL), saturated agueous
Na2CO; solution (1 x 50 mL} and brine (1 x 50 mL). The organic layer was
dried with MgSO4 and the solvent evaporated in vacuo. Column
chromatography of the residue (silica gel, 5% CH30H / CH;Cl) yielded the
product as a yellow powder.

MS (m/z): 522 (MH"), 520 (M-1)

'H NMR (DMSO-ds) & 5.05 (d, 1H, J = 14 Hz), 5.45 (d, 1H, J = 14 Hz),
6.0 (s, 2H), 6.42 (s, 1H), 6.95 (m, 3H), 7.32~7.41 (m, 2H), 7.55 ~7.65 (m, 3H),
8.12 (m, 3H), 8.39 (m, 2H), 11.91 (s, 1H).
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WO 01/87882 PCT/ USOL/ 14391 m xture sol vent was evaporated and the resi due
triturated with ethyl acetate to yield the product as a white solid.
219-221 C M5 (mz): 545 (M), 543 (M1). 1 HNWR (DVBO-d6) 8 5. 091(7cN[]ViDlH:
13 Hz, 1 Hvoodseass2(d, J = 13 Hz, 1 H), 6.00 (s, 2 H), 6.3%¢Busdyfde 6. 91
(d, J =8 H, 1 H, 6.97 (d, J =8 H, 1 H, 7.02 (s, 1 H, 7.33(d, J =17
Hz, | H, 7.38 (d, J =4 Hz, 1 H, 7.43 (d, J =4 Hz, 1 H,

ZgGO(mJ =8Hz, 2H), 7. 77(d, J=5Hz, 2H) M{D(EEJS‘PHZ 3H), 1.1. 90(s, 1 H) Exanple

,9-tetra

H [ 3-carboli ne (prepar ed %ﬂﬂ@lglg,%mquhmhp@o § ’) di scl osed in

ol ooa5 L, A AR St dhye Rl R bsbeHR e Ihau(5.(4-sitepheny))

N, N-d t hyd
At 120C (arSEOR AR ol e @sTha 0 8470t eadinn a8 Y ana
extract e@mmpieeamaasmvem WIthT‘rﬁ%d?d oacﬁa&donr(sanmg UW?Q/\ﬁrﬁnol\}Vas hed with

10% Nadl , rg{eéne and then dried with The reaction m xturée sol vent
was evapdingesd almHerdt reemy lgmpeiature f@d%p dblesaivertiwaseveapoeaiag apdi | i ca

oe 1%“ﬁﬁ%‘?é‘féﬂ?%?ﬂ)ﬁ“@%b‘?’ﬁﬂaﬂw gascl g, o e ol

5 Hz, 3M8((’rﬁ/z) mz&wmﬁmgawn) 3.27 (d, J =12.4 Hz, | H), 4.96 (d,
J:126 Il:% 1H), 699(t,J:74HzIH),
7.07 (t, Y NMR (@Dm;)b ﬁ@zs((g ﬂzHy 4 Bz}, §.45 (¢, 8H2J Ht4 H2)H), 7. 47 (d

‘(]d_ [ ?’2%1 L%@*i) é)’%&"( q&”(gﬂEH)B%&”o{g l‘§7 23H§ &1 ey 2004 U0 O

01/ 87882 PCT/ USA / 14391

EXAMPLE 35
1,2.3.4-Tetrahydro-3-(3,4-methylenedioxyphenyl)-2-[2-hydroxynicotinoyl)}-9H-
pyrroto[3 .4-bj-guinolin-9-one (#25)

Following the procedure outlined in Example 33, with appropriate
substitution of reagents, the product was obtained as a pale yellow solid.

MS (nvz): 428 (MH"); 426 (M-1)

*H NMR (CD30D) 5 4.65 (d, J = 14 Hz), 5.10 (d, 1H, J = 14 Hz), 5.85 (s,
2H), 5.92 (s, 1H), 6.50 ~7.10 {m, 3H), 7.30 ~7.70 (m, 5H), 8.25 (m, 2H).

EXAMPLE 36
1,2.3.4-Tetrahydro-3-(3,4-methvienedioxypheny!)-2-[5-(4-methoxyphenyi)-
furovil-9H-pyrrolof3.4-bl-quinolin-9-one (#21)

Foliowing the procedure outlined in Example 33, with appropriate
substitution of reagents, the produi:t was obtained as a paie yellow solid.

MS (m/z): 507 (MH"); 505 (M-1)

'H NMR (CDCls) 8 3.85 (s, 3H), 5.10 (d, 1H, J = 14 Hz), 5.38 (d, 1H, J =
14 Hz), 6.02 (s, 2H), 6.41 (s, 1H), 6.80 ~ 8.35 (m, 13H), 11.80 (s, 1H).
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Example 50 1,2,3, 4-Tetrahydro-2-[5-[2-pyridinyl]-pyrimdin-2- - 3-

di hydr obenzof uranyl ] - 9H pyrrol o-[ 3, 4- b] - qui nol i n- 9- one (#61) Sodl U|’n7 NUV 2004
hydri de (6G¥gpipq/gmagaeral oil, 182 ngy, 4.55 nmmol) and 1-(2,3 ]

di hydr o- 5- benzof uranyl ) - 2, 3, 4, 9- t et r ahydr o- 2- [ 5- ( 2- pyri di nyl FEYVBH 31 ny!
]-1 B P-carboline (16176-23) (882 ng, 1.98 mmol) (prepared as in Exanple
49) in DW (30 nL, anhydrous) were stirred at roomtenperature for 30 'mn.
Dry air then was bubbl ed through tEEAMﬂ@_n mxture for 16 h. Ethyl

acetate (2004 g@lq)Tg\@gh!gd:rr ure was vvats]hed with 10%
NaCl sol uti . e WSO 2 (-By YB :

sol vent was evapor at ed - _Hild t th | acetate to
yield the produc!to as a% 5 M’ 1Fn & z)y460 (M—I+) 458
(M 1) 1HNVR( DvErpliesying the pracedure caltlﬂ'r&dt in Ek&mplé 3{5 \(uth a%profﬁl
4.91 (m 673 J =81H 7.59
(t, J(: Ubs@%ﬁ %feaée'gp&  prpd df“@%btalneﬁ)asap@ie yeljow$oﬂd7 Hz 1 H,
8.16 (d, J= 7. 0 4.5 Hz, | , 8.98 (s 1 9.12
i e g v e (=10,
(R)-1.2,3, 4- Tet HaNMR (DRISC-0Ps msm M) 4 RY14 ngm@(c{ 16@3.;9314%_

di hydrobe oH- pyrrol 0-[ 3, 4- b] qui nol i n-9-one
1- met hyl - E%épfﬁ%/ d)ﬁn?gﬂl §s. 2H), |8n$@6rmve 18HYi kt.60ds ptH).
2- (2-pyridinyl)mal ondi al dehyde (5 g, 0.0335 nole), nethyl wurea (4.72 g,

0.0637 nmole), and toluenesulfonic acid (450 ng) was refluxed in toluene
(100 m.) in an apparatus fitted with a Dean-Stark water separator for 4 h.
The m xture was cooled and the precipitate was filtered. The solid was

triturated with water and recryst aEXAMBLER38m et hanol to vyi eld t he product.
NBrﬂz(M’rH) 188 PANEQAER (S 4 A8n(i 7.9 8.18(d, J
8.0 Hz, MWF g ,’?’ %‘;@1‘4{ Qeﬁﬁ?{%}e&_@&gwg b- D b1/ 57a82

PCTI USOl1143Qnemoxﬂearbbnvlﬂhén('ﬁfmw\mﬁ@Hyti\)rﬂildimm—ﬁi-aﬁinolin-g—one (#24)
Foliowing the procedure outlined in Example 33, with appropriate
substitution of reagents, the product was obtained as a pale yellow solid.
'H NMR (DMSO-d5) & 4.10 (s, 3H), 5.10 (d, 1H, J = 14 Hz), 5.50 (d, 1H,
J =14 Hz), 6.02 (s, 2H), 6.45 (s, 1H), 6.80 ~ 8.35 (m, 13H);

EXAMPLE 39
1.2,3.4-Tetrahydro-3-(3 4-methylenedioxyphenyl}-2-] d~(4-formylphenvi)-furoyl}-
9H-pyrrolo(3,4-bl-quinclin-9-one (#23)

Following the procedure cutlined in Exampte 33, with appropriate
substitution of reagents, the product was obtained as a pale yellow solid.

MS (m/z): 503 (M-1)

"H NMR (DMSO-d¢) § 5.10 (d, 1H, J=14 Hz), 5.55(d, 1H, J= 14 Hz),
6.02 (s, EH), 6.45 (s, 1H), 6.80 ~ 8.35 (m, 13H).

EXAMPLE 40
{E}4-[3-Ox0-3+[1,2,3 4-tetrahydro-3-(3.4-methvlenedioxypheny! }-4-methyl-9H-
pyrrolo-{3.4-blquinoiin-9-one-2-yl]-1-propenyllbenzoic acid, methyl ester (#63)
&
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A m xture of 1-nethyl-5-(2-pyridinyl)-2(1 H)pyrimdone (8.994 g, 0.048

nol e), phosphorus pentachloride (2.156 g, 0.0104 nole), and phosphorus
oxychloride (24 m-) was refluxed at 120 C for 8 h. POClI 3 was di st|II it
under redugadlopgegsure. The residue was cooled to roomterrp ?‘h}é‘)ﬁlﬁ@

| ce-wat er was added. The m xture was extracted wth Et QAc, e organic

| ayer was washed with 15% NaCl solution, brine and dried over MySOH4.

Sol vent under reduced pressure to y|eId a solid. The
wat er | ayer={#as 4stedahydro -.Sdau“.hj. o BEVHER
extracted w br i ne,

dried over ¢ to give

L T ' /| F2,
a solid. AfterA smmncmat( .ga-oxob@?z @ddbirhﬁwﬂo@f(sdlmt was obt ai ned. M
mz (MH 192 'H NVR (DVSO-d 1 H, 7.89 (d, J =

8.8 Hz, mﬁr}hylwmlowphwyﬂ-%pmlo 13, Hi)blqalr@!an(geone Z-MJ -19.31 (s, 1 H. C

(R 12 SR RS a2l Mot BN Jh s YD ML 2L LS (3 -

(R)-1,2
(% 5 2 ST 20y iR I RB I Bl iElon (3713 o

( pr epar edvag tr@ﬁéﬁrﬁbWKhWydmuﬂp@taemEn( Eamonadb, (349 mg,iinT4immAcl)@ndls g,
0 00373 nol.e 00373 nol e and i sopropyl et hyl am ne (2.27

in al?P J’%’é%ﬁéﬁf‘gﬁf ap asgorratgpSphere. EHh\reaRISNInIe Wasl thg
m xture d@&eﬂﬁéf&ﬁﬂ:ﬂédbooarﬂ\'trfé iers'sdhé‘ﬁgﬁfed Bgﬁgwéa %é%r&&' ne an

dried over MSO4. Solvent was distil out er re re to give
a sol i d. TAHé meihiana! inedictliossrokteahe) to Y8 menbawre of theditcid@Oenet hane and

purified VI ol urmdlhcgrorratography (EtOAc to 10%CHBO—I in EtOAc) to yield
thetltlem dRedydso31. 233 MS iz (MrH) 460 'H NMR (DVBO-d6) S 3. 11

(d 2 =8 ZI) Hzrhe'zht)ixmﬂe 8PN dng 0: m&h?ﬁf@d phidu ?sﬁa}ﬁﬁéﬁ%%b%l 33"
NOV 2664 Chmmatmplm@ﬂ 0% MeOH/DCM) to yield the N-methylated product (E)-4-
[3-Ox0-3-[1,2,3,4-tetrahydro-3-(3, 4-methylenedioxyphenyl)-4-methyl-9H-
pyrrolo-[3,4-bjquinolin-S-one-2-yl}-1-propenylibenzoic acid, methyl ester as a
tan solid.
MS (m/z): 509 (M-1)
'H-NMR {CDCl3) 5 3.55 (s, 3 H), 3.93 (s, 3 H), 5.10 (m, 2 H), 5.94 (nd, J
=3.7Hz, 2 H),6.53 (s, 1 H), 6.78 (d, J = 7.9 Hz, 1 H), 6.86-6.96 (m, 3 H), 7.44-
7.76 (series of m, 6 H), 8.05 (d, J= 8.2 Hz, 2 H), 8.55 (d, J = 7.4 Hz).
and the O-methylated product (E)-4-{3-Ox0-3-[1 +2,3,4-tetrahydro-3-(3,4-
methylenedioxyphenyl)-9-methoxy-QH-pynoio-[é,4-b]quinolin-2-y|]-1-
propenyllbenzoic acid, methy! ester as a pink solid. '
MS (m/z): 509 (M-1)
"H-NMR (CDCl3) § 3.93 (s, 3 H), 4.38 (s, 3 H), 5.45 (d, J = 17.1 Hz, 1 H),
5.64 (d, J=17.1Hz, 1 H), 5.91 (s, 2 H), 6.26 (s, 1 H), 6.75-7.09 ({series of d, 4
H), 7.39-8.23 (series of m, 9 H).

EXAMPLE 41
1.2,3 4-Tetrahydro-2-(pyrimidin-2-y1)-3-(3.4-methvlenedioxypheny}-9H-pyrrolo-
[3.4-blquinolin-9-one (#11) '
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7.59 (m 2H, 7.82 (m 1 H, 7.912 (d, J =8.0, 1 H, 816 (d, J =8.0, 1

H, 8.60, j = 4.5 Hz, 1 H, 898 (s, 1 H, 9.12 (s, 1 H), 11.92 (57 ?ﬂm
The title coxpaugekspas di ssol ved in nethanol, one equival ent g{, B

met hane sulfonic acid (in methanol) was added. Solvent was di StT/PPUG$L

under reduced pressure to yield the nethane sulfonic salt. [a] = -236.2 0
(c=1.0333 g/dL, CH3OH). Exanple 51 2-chl oro-5-bronmopyrimdine :

2- chl or o- 5- br anopy & $@lutioe ofids(34-epatheienédionyBhdmi-2XRHFiidin . N
(purchased from Fro?é Er Scientific Inc % accorm}g ;‘(gpt he pr02§3349
g

di scl osed {&aD¥diesi Bb-cRgbolines@s1%3q, 0.4+ prnal) |(mepare¢asum’£>da?npl§>q6qml e 52

é 'E gt fa*fﬂﬁhﬁfﬁ?wﬁe soll(%t1|2r(r)]i1)r’8}1‘%‘r TR (©. 67&5 0278 mmol, 1.7 eq.).
1- (3, 4- et hylten® diin Xy R bis Vad wt%léc?ﬂfrébgﬁ'ﬂ?é Bb'rém‘ébl fgggg{)l Q%ﬁ'@zg%

15. 0 mol) (%re ared according to the procesSs as
| nt er medi at{@>mipage azh:bedamhz-reBCanﬁxtutﬁ ano thye sapdirmaild&ared. 15 0

| d 5 d DVF (30 m dded N,
) o SRR %‘HgﬁmH%ws'q?ﬂ%aqé’te%?eﬁﬁmmémtméa“-’éibﬁt ’

120- 130C |l .ut ed th ethyl
acet at e. ?‘r@dgéﬂmﬂ %Iéwwadgbe/as hgmél hﬁ'ﬁ@&; a‘{%owég rrlgﬁ%a%ddﬂ K%&P\émrasaﬁ‘fg b?ll ne,

t hen dried azeetropammhmeheoﬁ'd)erresam:ag deep rédQEglduBLW.’aé Ui%%blv%gj E)é fl ash
colum (sil | cal

hexane: et hy"" l@'ﬂaﬁrgonﬁ 8€$Hj:t P¥'9 B“rﬁ;eglth?t’;@'é‘ﬁ@ fa?r@maiogmm (shiéa gel sol i d.
VS (n12) 4@&0@%!43@[ (M’ﬂ*b ttﬁlﬁ}}(ﬂgﬁ% @ﬁ%uéﬂ\é%é vih;%%(CDq 3) 3 2.82-3.02

(m 2 H), 3.30-3.4
H), 5. 92(d J=3. 2h&5Wz)6383((M-J)=83&5wH) , 6.85 (d, J 76 17 NOV 2004 WO

01187882 PCT/ US 91 7.02 (s, 1
7.13-7.21 (m 2%&’&% @p‘dﬁ&“?ﬂlﬂﬂddﬂﬂ‘h-ﬂ—ﬁ 147l-||5-,|)51(adj-[z),]§(9% @, EQ); 6l2%) |

7.73 18 Tet d 5-b

ropyrt m i a5 58S (61 T AR A S na Ny e 8 WU ),
700 (s, 1H), 7.33 (t, 1H, J = 7 Hz), 7.60 (m, 2H), 8.15 (d, 1H,J—8Hz), 8.41
(broad s, 2H), 11.9 (s, TH).

EXAMPLE 42
1,2.3.4-Tetrahydro-2-(pyrimidin-2-vi}-3-(3,4-methvlenedioxyp henvl}-SH-pyrrolo-
[3,4—blquinoﬁn-9—one (#11)
1,2,3.4-Tetrahydro-3-(3,4-methylenedioxyphenyl}-QH-pyrroIo-[3,4-
b]quinoiin-9-one (100 mg, 0.3265 mmol) (prepared as in Example 5) and 2-
chloropyrimidine (38 mg, 0.3265 mmol) were stirred in DMF (2.5 mL) at 100 °C
for 16 h. The soivent was removed under vacuum and the residue purified by
column chromatography (silica gel, 5% CH3OH / CHaCH) to yield a yeliow oil.
Trituration of the oil with MeOH afforded the product as a pale yellow solid.
MS (m/z): 383 (M-1); 385 (MH")
'H NMR (DMSO-dg) & 4.84 (dd, 2H, J = 14 Hz, 10 Hz), 5.98 (s, 2H), 6.25
(s, 1H), 6.69 (t, 1H, J = 5 Hz), 6.85 (d, 1H, J = 8 Hz), 6.92 (d, tH, J = 8 Hz),
‘ 7.00 (s, 1H), 7.33 (t, 1H, J =7 Hz), 7.60 (m, 2H), 8.15(d, 1H, J = 8 Hz), 8.41
(broad s, 2H), 11.9 (s, 1H).
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9H rrolo- 3 4-b uinolin-9-one #55 Method A: A solution of

1- (3, 4- net hyl enedi oxyphenyl ) - 2- (5- bronopyri m di n-2-yl ) -

2,3,4,9-tetrahydro-1 H(i-carboline (1.0 g, 2.2 muol) (prepared as’ NAV 2004
Exanpl e 5Xpobistiy DMF (40 nml) was cooled in an ice bath. pathie)isen
mneral oil, 0.18 g, 4.4 mol) was added and the m xture was stirred at 0C
for 45 mn. Dried air was bubbled through the solution and the m xture was
allowed to warmto roomtenperature overnight. The reaction m xture was
guenched with water and extract edEM_M_éﬁa& acetate. The organi c phase

was washed with I or ﬁg !] 2S centrated and
purified by fla ?zug?uﬁﬁg?m 2 HH 'dﬂ{ | ?Jﬁ%%ﬁ&%&hﬁgi v | v,
fol | oned byrﬁéﬂ f et 3 . id. M

(m z) 465 and Z VH W Fat 50 (d, J =
8.2 Hz, 1 H, 489(de 6.8 Hz, 598(s 2H) 620(s H)

6. 85-6.93 2 7.57-7.64
(m 3H), 8( r1n5( 1(2@41 ée%h d@%@d‘l tﬁﬂe?%%w'lﬁﬂyg?ﬁfd
1,2,3,4-t | |

L3 iR %‘Mm“%“* ApedtaIBraRanK19PHo RIS htiohTpfeila ) g
2- cglror3e5a$mcﬁmpia15hl(ﬁ@yﬁdmyhmemyl~l4 mtmnlphemdc?gan:nej?ﬁdleastenr] (ﬁnmme A eu|51)
in

02 ot ) B3R el phendisl R EpTape A Ancsb B RrORKI(Grac) WAE heted fon was
cool ed, d'rbﬁt?] FbrWl hh T iachBR inifurd ihs UATRRAMARN -2l ddd fuffiedny 1at 7

and bri ne en dried over Na2SO4 and concentrated i n vacuo cation
by flash dlasbmhromaltmgmpggl(o 1084 MeO B OWCHY.7 TheE cN@dsﬁﬁﬁ:lithélmé§7882
PCT/ USO1/ 1439 cetate.= v/iv, foll O\j\ég}gjt%&r}ea et hyl acetate) vyielded

the produdpmaed quplpga'ggn Pﬁthq\@e(ﬂi’ﬁ%'lc Ao freg-pyse with aand 461
(M1). 1Hsumﬁomgﬁqbggghe5480(d J = 8.2 Hz, 4.89 (dd, J = 6.8 Hz,
1 H), 5.98 (s, 2H), ,1H),685693(m2|—|) 6.98 (s, 1 H), 7.34
(t, J =7.3 HzMSZ{m&)44?25|VlH7)64 (m 3H), 8. 15(d, J=8. OHz, 2H) .
'H NMR (CDs0D) 8 5.02-5.62 (series of m, 4H), 5.93-6.00 (m, 2H), 6.23
and 6.44 (s, 1H), 6.82-7.04 (m, 3H), 7.71-7.90 (m, 4H), 8.12 (d, J = 6.2 Hz,

1H), 8.44 (s, 1H), 8.78 (s, 1H), 8.84 (s, 1H).

B

EXAMPLE 44
1,2,3.4-Tetrahydro-2-{{(4-pyridinyl)methyloxvcarbonyil-3-(2 3~
dihvdrobenzofuran-5-vi)-9H-pyrrolo-{3,4-blauinolin-S-one {#53)
Foilowing the procedure outlined in Example 36, 1,2,3,4-tetrahydro-3-

(2,3-dihydrobenzofuran-5-y1)-9H-pyrrolo-[3,4-b]quinolin-9-one, hydrochioride
salt {prepared as in Example 6) and (4-pyridiny|)methy1-4-nitrophenylcarbonic
acid ester (prepared as in Example 7) were reacted to yield the product as a
slightly pink solid.

MS (m/z) 440 (MH")

'H NMR (DMSO-d6) § 2.82-2.94 (m, 2H), 4.35-5.26 (series of m, 6H),
5.91 (s, 1H) 6.45-7.58 (series of m, 9H), 8.30-8.46 (m, 2H), 12.26 (broad, 1H).

EXAMPLE 45
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Exanple 54 | ,2,3,4-Tetrahydro-2-[5-(3-pyridinyl)-pyrimdin-2-y1]-3-(3 4

met hyl enedi oxyphenyl ) - 9H pyrrol 043 4-bl gui nol i n-9-one (#56) Mt hPAJA 203

stirred m'qu]&\é%% ailadium(ll) acetate (0.8 ng, 3.6 nol) and 1,1 -
R,

bi s(di phenyl'pho o)ferrocene (dppf) (2.4 ng, 4.3 unol) i nPGIUSOM3OL. O
m) was warnmed to 50C for 15 mn and then cooled. 1, 2,3, 4-tetrahydro2-(5-
bromopyri m di n-2-yl)-3-(3, 4- net hyl enedi oxyphenyt) 9H— pyrrol 0-[3, 4-b] qui nol i
n- 9-one (201 44Betrahydrop? B0 ed-rasriHb i PIIEIoR §)b ZBHiridHaRygr oni ¢

acid (6.0 ny 43 ] DI ) and trret vl amne (8 T ettt its t he
sol uti on antd.fuBethvignedioxypbenwiOstpymoloda 4-@ LiiﬁOIm -9ddree, SRUES dHIGHYE S

diluted with ethyl acetate and fllter? :Elgsough filter paper. € organic
phase was washed w th brine and wat then dried over Na2SO4. A snal |

amount of silica, e 4-Taanpdised. 8 mtﬁme&ﬁ}@eﬁé’&iﬁwgﬁ?rﬁ@gg%&yr%%%l on was

dried in vacuo. Purification by flash col um Afmoni um

c\%d[ oxi dF b}qma@fm-%@rei Onidrechleride saltN %2( 'Ig(l\/B g%% gamﬁgg (grgbg?ég)%gq%fai az
ite soli =
4 99 (gx B"mé%f}%g?% W"—ZFPBO thoxy-£-b @Z@Iur(a@panbdmxc acms(zo@ J

H'z, 1 ’ 1 %4?9677;‘9@(1)"7%% beﬁ%&?gg% E’?‘a%’ ?95 “gif(&sé’e&gé@d“ dey I“W G0 61

H, 8. 16 (nn,L.JTnmssamrixturawa)s acﬁieﬁ?f&i’@g %erﬂ%@z? i) 01/28573833 17 Mo
\

br oad, 1,87
(205?1a PCTI @9@'@? ioﬂ%zf%i-@ ﬁ@ﬁﬂmgsl 7('?33 nummwmmmamrgﬁtmder

2-[ 5- 3 9 o-1 bol 100
2 153 Prah b Ul dh o 1 Sod B0 bt B B3
Y e ﬂmaﬂnhmm@@aphﬂo mmnabmchrag Qhé%réETB%é%bl eaadded and

the m xture was stjrred at 0C for 4 a r was t hr ough
t he sol ut i HresRPndig saltwasdomed by previpiation Mrtlme methanolid SHNBHA LA tee

cvetat o fIeE BatE M %%gl@%aa“&s*%b%ﬁ&r%yt poef and extracted by ethyl
MS (m/z) 580 (MH")
"H NMR (DMSO-d6) 8 3.17-3.24 (m, 2H), 3.52-3.61 (m, 4H), 3.80 (t, J =
11.7 Hz, 2H), 3.98 (d, J = 12.1 Hz, 2H), 4.53 (broad s, 1H), 5.10 (d, J = 13.3
Hz, 1H), 5.40 (d, J = 13.3 Hz, 1H), 6.00 (s, 2H), 6.42 (s, 1H), 6.90-7.08 (series
of m, 4H), 7.32-7.66 (series of m, 4H), 7.73 (d, J = 8.5 Hz, 1H), 8.16 (d, J= 8.0
Hz, 1H), 10.81 (s, 1H), 12.06 (s, 1H).

@II

Example 46
1-(2.3-dihydrobenzofuranyl)-2-[5-(4-methoxyphenvl)-pyrimidin-2-yl}-2.3.4.9-

tetrahydro-1H-B-carboline

1-(2,3-dihydrobenzo-5-furanyl)-2,3,4,9-tetrahydro-1 H-p-carboline
(prepared according to the process as disclosed in WO97/43287, Intermediate
10, page 25) (3.35 g, 11.54 mmol), 5—(4-methoxyphenyl)-2—chloropyrimidine
(2.55 g, 11.54 mmol), and N,N-diisopropylethylamine (3.5 mL) were stirred in
DMF (10 mL, anhydrous) at 120°C for 16 h. The resulting mixture was
quenched with 10%NaCi and extracted with ethyl acetate. The organic layer
was washed with 10% NaCl, brine, and then dried with MgSO,. The reaction

mixture solvent was evaporated, the resuiting residue triturated with CH.Cl,
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brine and water, then dried over Na2SO4, concentrated and purified by flash
columm (silica gel, 10% ammoni um hydroxide in water:actonitrile =117 RI¥, 7004
v/iv) to vyield the product as a white solid. I\/B(rﬂz) 460 (M1). 1H NWR
(DVMSO-d6) SwdoP87dsdl, J = 4.1 Hz, 1 H), 4.99 (d, J 4.1 Hz IZ)Q (s,
2H), 6.31 (s, 1H), 6.88 (d. J = 7.9 Hz, 1 H), 6.96 (d. J é’%f%"”‘i”

7.04 (s, 1 H, 734(t J:69Hz 1 H, 7.43-7.50 (m 1H) 7.56-7.70 (m

2 -808 816dJ:79H21 8.53 (d, J =
4H) ﬁ&]g filtgreg. 5?192“ l*(raie qu pyrifieg] (BE cosymn HhrormatO@?alngw (sllice) ge(lEx anpl e

55 1- 314 en
-2 [5({3 py{rl d?ﬁ%ﬁl@ﬂf%%@% n‘yé i yield the prgductas awhiteosalid4 6- car bol i ne A
stirred m xtureng): 2gl-padiegn(11) acetate (27 ng, 0.12 mmol) and 1, 1'-
bi s(di phenyl pho h| no)ferrocene (dppf) (83 ng, 0.15 nmmol) in dry DVF (20
m) was warned 48 iyhen cool ed. 1-(3, 4-

MS (502 #55 (W5 Ki483ML1y

hyl di - 2-(5- di )-2,3,4,9- hydro-1 H J3-
Car bol § ne ( 67 VoML BMECLAOR 250 Gt Tol). 2EEemahd, BAR (1 J o 8.7 F >

i di ne-3 0.3
Dol ) wer chhored Gy PN 2818, T8 4ad (B %@3&%%&%&%%—”3@&4:& Moo .
The sol uti @ﬂr2v(ﬂ$Jd¢ B iad, 1\N)thogt(hyl4 H?eﬁ gquagg ¥ let §r Ttﬁ]% ijQ' ter

paper. The or anl c phase was washed wi'th brine and Wat drived over
Na2so4. AR o= 8iHa, daH), Je46 (rhs/ add@did, rtid), t?h59$@l.ﬂi=|3)g HAG the

sol ution Vﬁf ? %IQLVIaICq(?(sv 1[')_Hr| fication by flash colum (silica gel,
aceta I'v

hexane: et hyt foll owed by hexane:ethyl acetate = 1:2,
vlv) yielded the product as a white solid. 79 WD 01/87882 | | NOV 2004
PCTIUSO /11391 MS (nfz) 448 (M#) and 446 (M1). 1H NWMR (CDClI 3) 8 2.85-3.10
(m 2H), 3.33-3.48 (m ? H), 5.06 (dd, J 8.5 Hz, 1H), 5.94 (d, J = 4.7,
2H), 6.73 (d, J =8.0, 1 H, 6.90 (d, J =80, 1 H, 7.02 (s, 1H),
7.13-7.23 (m 2 H), 7.32-7.42 (m MPELEE (d, J = 7.4 Hz, 1 H),

7.79-7.84 (M 2HR.3 8- Btrditurd-2H5-(48nEHSeyoREhy B0 lfirkdindyHla.E3@P! € 56
dihydrobenzofuranyl)-SH-pyrrolo-[3.4-blquinolin-9-one (#39)

Sodium hydride (60% in mineral oit, 87 mg, 2.18 mmol) and 1-(2,3-
dihydro-S—benzfuranyt)—2,3,4.9—tetrahydro-2—[5-(4-methoxyphen)d)-2-
pyrimidinyl]-1H-B-carboline (450 mg, 0.95 mmol) (prepared as in Example 46)
in DMF (30 mL, anhydrous) were stirred at room temperature for 30 min. Dry
air was then bubbled through the solution for 16h.. Ethyl acetate (200 mL) was
then added to the solution. The resulting mixture was washed with 10% NaCli
solution, brine and then dried with MgSO,. The solvent was evaporated and
the residue triturated with ethyl acetate to yield the product as a white solid.

mp: 301-302°C;

MS (m/z) 489 (MH"); 487 (M-1)

"H NMR (DMSO-de) 6 3.11 (1, J = 8.7 Hz, 2 H), 3.77 (s, 3H), 447 (t, J =
8.7 Hz, 2H), 4.89 (m, 2H), 6.29 (s, 1H), 6.72 (d, J = 8.1 Hz, 1H),6.95(d, J =
8.7 Hz, 2H), 7.29 (m, 3H), 7.57 (d, J = 8.6 Hz, 2 H), 7.64 {d, J=8.2 Hz, 2 H),
8.16 (d, J = 8.0 Hz, 1 H), 8.67 (s, 2 H), 11.87 (s, 1 H)

Example 47A
(R}1.2,3,4-Tetrahydro-2-[5-(4-methoxyphenyl)-pyrimidin-2-vl 1-3-(3.4~

dihvdrobenzofuranyf}-QH-pvrrolo-B,4—b1quinolfn-9—one (#66)
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t 2,3, 4-Tetrahydro- 2-f5- (4-pyndinyi)-pyrimdin-2-y11-3-(3, 4

met th enedi oxyphenyl) 9H pyrrol o (3, 4-bl guinoiin-9-one (#571 A St]'TrN'[]?%UL
m xture of 1 4-tetra hydro-2-(5-bromopyrimdin-2-yl)-3-(3, 4-

net hyl enedl%QQBW %1 ) - 91 pyrrol o- (3, 4- b) qui nol i n-9-one (46 ri@TTf@S”lﬂM?bl)
(prepared as in Exanple 53), (PPh3)4Pd (3.5 ng, 3.0 nol) and 4-t i-n-
butyl stannyl pyridine (37 ng, 0.1 mml) in dry DM (2.0 mM) was heated at

140C for 12 h. - {for e, 2caualeshybid. 5018 HRBIRALRA G 5 BA.JAKLHER- Wy |

refluxed for 4 and then cool ed. 'The utlon was di

acetate avguindindg-enet (rim9.678 tmnot)dpmparﬁdhasqh@@ncplemgeams_(\q@s hed
A smal | amount of silica gel

%Itshaﬁéieﬁemﬁ{*@»&sfﬁ’ﬁ%ﬁz'&% Gl @) f%ﬁaa& ORI  ash
e
' wat er act err) e B EminRAB bk o K o BT B 1 7S Vs

(m z) 460 o} ay 60°CGHfoNES th\Bm m@)cnaném&mredvasldﬁut@daum CIH %7%@9 (d, J =
4.2 He, q';?téoigém'% 6.90 (d, J = 6.98
(d, J = 8.&8GEtCAC k-0 h‘?é“’aslwﬂ?hef#%tﬁ' TN asuteous HE! (37X690(rbtbad 2H) |

7.77 (d hroad, 1
H, 9.00 ?m:o\é\%s]tﬁeﬁ)qma%}e'd \K’ftﬂ bglﬁél(zi( ?b 2 rﬁ%? é‘ﬁ?‘%?@q%g OQ'L'ZMBH&C?P Qr3=,|1“|ed| 0]
hen | -2- vigs @M&rrtmteﬂdoqellow&iﬂ- The calde SroéiutBhail iﬂeEl B Ghés §&30)

5- Br ono- 2-f r0| aclg'%% 7. 54 mml(% in THE(2 was stifred wth
oxal yl chl’8 rﬂ@ yigig t prqd\{gf,;{%m ite geli oomterrperature To the mixture
80 WO 01/87882 P 14391 was added 2 drops of DWW
resulting in a“{'/l %Iﬁgre@/m b%% vol ution of gas. After the

evol ution of g sfmméccoen H0gict,inal = quamHzt)ymfz @x8 ¥|4Q-H§Pr2|-fie,j (0.1
m., 0.71 mml%ﬁwas m&roduced via syringe and'the m xture was sti'rred at
r oom t enpé et iF)e 41t (Aol Hii h= b Hzdn598i (s aH., ak= 966 Ha), &MlﬁsrﬁH)Sﬁlﬁ&nt and

excess oxakydiychl VR e_ l,tin n eIIow

pevieadi (LIS R Y G S A G A Y R R OB T B

3-(2,3- d8.65(s, 1H)

i hydr o- 5- benzofur a 4-t etrahydro-9H- pyrrol o] 3, 4- b) qui nol i n-9-o0ne

(2}/1 Hf 8 47 (10“/3 CHaoHICHCY,la) Elemgztai analysis: for) 830H24N403 '
calculated %C 73.76, %H 4.95, %N 11.47, %0 9.82; found %C 73.73, %H

4.87, %N 11.40, 0% 9.65.

Example 48
(R}-1,2,.3.4-Tetrahydro-3-(3,4-methylen edioxyphenyi}-2-[5-(3-

trifluoromethylphenylifuro-2-vil- 9H-pyrrolo-[3,4-b]quinolin-S-one (#50)

To a solution of 5-(3-trifluocromethylphenyl)-2-furoic acid (504.4 mg, 1.97
mmot} in 1:1 DCM:THF (10 mL, anhydrous) was added oxalyl chloride (275
mg, 2.17 mmol), followed by two drops of DMF. The reaction mixture was
stirred at room temperature for 2 h. To the reaction mixture were added

triethylamine (1.1 mL), DMAP (trace), and a suspension of enantiomerically
pure 1.2,3,4—tetrahydro-3-(3,4-rnethylenedioxyphenyl)-QH-pyrroIo-[3,4—
b]quinolin-9-one (603 mg, 1.97 mmol) (prepared as in Exampie 5A), in 1:1
DCM:THF (10 mL). The resulting mixture was stirred at room temperature for
16h. Ethyl acetate (100 mL) was added, and the solution was washed with aqg.
NaHCOj3, brine, 1N HCI, brine and then dried with MgS0,. The reaction
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g) (prepared as in Exanple 6), in THE (20 nm.). Et3N (4.55 nL, 32.6 nmol)
and a catal ytic anount of DVAP (40 ng) were then added to the reaﬁmn

m xture. A few drops of DVF were added, resulting in a clear reac 2004
mxture. WROVEHSZIi on mi xture was stirred at room tenperat wCenfsor44on. The
"reaction mxture solvent was evaporated resulting in a solid residue. The
resi due was re-dissolved in CHC13 (200 nm.), washed with water (3 x 200 nli)

dth ' t t ed
foCyiord Rade soREt Wit o defin XHITEe rettnattibisd Wabe TRy Restaletns (v 1)
1H NVR CD@:@ldShé.;ﬁr&dodt aslalvbhnté solio- 5 Hz), 5.23 (d, 1 H J =15.5 Hz),

5.85 (d, 2H J =8 0 Hz 40(m2H) 6.56 (m 1 H, 6.81 (m 2H), 7.00
(d, 1 H J mﬂz‘fﬂ-2 = 8.6 Hz), 7.53 (t, 1 H J =28.6

(t,
sz;rrpEeGgg(gMIMg 54%@4'5%) ﬁ4gc@ﬂ)g ' Snzénebg-rgn:_%) amlé ole 1
4- Ca - i 0.22
D ly e PR fs0si) & §5ﬁ%?ﬂ‘£r% B VR BT, so6n
4 mol ) i 6.00/s,(Z HYLB.38 (s] 061N B@’[p(ej atxgaq o[rH}%gy cﬂppgr%q MI& (10%

NEO—V CHCI i%dR?” el ded t he product as white soli 249
Ml) 1H HieO33(d J367 He, 134), 7.3848, (5.4 21;1 Ha 15743((5 J2H) HB.1533).(

PCT/ USOl/ %légi arrpl'_égég'q)sz % 4‘77%3'#%1%’3%?%6?% %&8#;837%?21 11Z30( 7004

| enedi oxyphtepyl }-2. (5- (4-(1-(4-nmethvil

pi per azi nyl car bonyl ) - phenyf) -furoyl ) - 9H pyrrol of 3, 4- b] gui nol i n-9-one (#44}
1,2, 3, 4-Tetrahydro- 3- ( 3, 4- net hyl enedi xoyphenyl ) - 2- (5-(2- brono-furoyl) -
9H—pyrro| o[ 3,4-bjquinolin-9-one (59.6 ng, 0.12 nmol) (prepared as in
Exarrple 57), was stirred with Pd(PPh3)4 (7.37 ng, 0.0062 nmol) in dioxane
(5.5 m) with N2 bubbling for 10 myuamhlesy ution of 4-(4-methyl)-piperazi

nyl carbon 5 benzeneboronic acid , 0.15 mmvol) and K2CO3 (51.5 nmg,
0. 37 ol J=(£3-Dihvdrobenzofuranyl)-2-[5-(2- -pyridinyl)-pyrimidin-2-vi}-2.3.4 S-tetrahydro-
1H-B-carboline

1-(2,3—dihydrobenzofuranyl)-2,3,4,9-tetrahydro—1 H-B-carboiine (prepared
according to the process as disclosed in WO97/43287, Intermediate 10, page
25) (1.35g, 4.66 mmol), 2-chloro-5-(2-pyridinyl)-pyrimidine (893 mg, 4.66 mmol)
and N,N-diisopropytethylamine (1.4 mL) were stirred in DMF (10 mL,
anhydrous) at 120°C for 16 h. The resulting mixture was quenched with 10%
NaCl and extracted with ethyl acetate. The extracted organic layer was
washed with 10% NaCl, brine and then dried with MgSQ,. The reaction
mixture solvent was evaporated and the residue purified by column

chromatography (silica gel, ethyl acetate:hexanes = 4:6) to yield the product as
a white solid.

mp: 170-171 °C

MS (m/z): 446 (MH"), 444 (M-1)

"H-NMR (DMSO-ds) 5 2.85 (d, J= 5 Hz, 2 H), 3.12 t, J= 8.7 Hz, 2H),
3.27 (d, J =124 Hz, 1 H), 4.96 (d, J= 12.6 Hz, 1 H), 6.72 (d, J = 8.2 Hz, 1 H),
6.99 (t,J=7.4 Hz, 1 H), 7.07 (t, J = 7.1 Hz, 2H), 7.21 (s, 2H), 7.31(d, J = 8.2
Hz, 2 H), 7.47 (d J = 7.6 Hz, 1H), 7.85 (d, J =7.8 Hz, 1 H), 7.93 (d, J = 8 Hz, 1
H). 8.62 (d, J=4.5Hz, 1 H), 9.13 (s, 2H), 11.01 (s, 1H)
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H20(1.1 nm) was then added. The reaction m xture was stirred at }Qmm 1

h. The sol vent was evaporated, the residue purified by preparatory (‘10%

MeOH CHCl 3poangrégren triturated with ether/ MeOH (15 nil 1 0 yield
SBerhfi!

the product as a pale yellow powder. M5 (mz): 603 (M), AH NVR
CD30D b 2.32 (s, 3H), 2.53 - 2.62 (m 4H), 3.53 (broad s, 2H), 3.83 (broad
s, 2H, 5.17 (d, 1 H J = 15.5 Hz), 5.41 (d, 1 H J = 15.5 Hz), 5.83 (s,
2H), 6.22 (s, 1 H, 6,70 (m 1 H, 6.82 (m 2H, 7.03 (m 1 H), 7.25 --
7.34 (m 2H), 7.46 7.56 (m 4H), 7.}_:93‘_51d, 2H, J = 8.6 Hz), 8.31 (d, 2H, J
= 8.6 Hz). Exanple 59A 1R-1 2,3  Lxample 50

4- Tet rahydr o- 3- ( 3. 4-PetNyEgRRGH ph A Vi

pi per azi nyl car bony pheny ' O Py o o7 3, A= Bt

A 5- (4- (4- et hyl ) -gihperobenrofucambb8iikpwheoys Jinlaainelias gneTaEhy! ester A

m xture of 4-(4-Jrethyl)-piperazi nyl carbony enzenebo | d (prepared
as in Exanple 5 O#ﬂ%ﬁyq};’#e@éﬁ’ Wndinerakgit, Hpe rogofdSumaial) eader-(2,81. 08g,

5.28 | - f ' LG Cl | Me f 5 h at

Cenper at ur o e B B b - Rt T byt (o )
f 10 m Bobdlin | . ._and
OB (2. Tanm B e o Ghe od Fepanmelipichatedts i RedmpR sty

Sﬁ! vent wal v@ﬂ)ﬂﬂ{:@ﬁﬁﬂ)%&ww??gm a;tmzomhitesmeratlnég&ﬁl%@%%. (BROaipL) -

This wa r dried over , concentration
uner vZc%%nﬁﬁkgb%#u@goﬁ‘oﬁﬁ&eaﬁgﬁ fidyrejprsig hc%bhﬂ aestptem{206%
CH3OH CHCI L) Waisyaddist, il mécrés@mngsmi&ﬁ!)rb 9%&1339%%#% &ggﬂmlégégg?%gﬁéngg{ ]

2004 PCT/USO 114391 MG (miz): 315°(NHH),
2.48 (m HWne, angkthes digg with MBS Qs., The)readidmisture 8bivent a8l (d, 1 H J =

2.0 Hz), 7 = 2.0 7,49 (d, 2H J = 7.9 Hz), 7.83 (d, 2H,
1= 7 g LS v%épf-é;'te&l%qﬁ E%%SM@@%W@ g?hyl acetate to vield cha product as(
5- (4- (4- med Wiikte-goliger azi nyl car bonyl phenyl)furoic acid To the product from
Step A above (5-(4- 64- met hyl ) - pi per azi nyl car bonyi
mp: 201-203 =C
MS (m/z) 460 (MH"); 458 (M-1)
'H NMR (DMSO-dg) 5 3.11 (t, J = 8.5 Hz, 2H), 4.46 (t, J = 8.5 Hz, 2H),
4.91 (m, 2H), 6.34 (s, 1H), 6.73 (d, J = 8.1 Hz, 1H), 7.31 (m, 4H), 7.59 (t, J =
8.6Hz, 2H), 7.84(d, J=7.1Hz, 1H),7.91(d, J= 7.7 Hz, 1 H), 8.16 (d, J=7.0

Hz, 1 H), 8.60 (d, J=4.5Hz, 1 H), 8.98 (s 1H), 9.12 (s, 2H), 11.90 (s, 1 H).

Exampile 50A

(R)-1,2,3.4-Tetrahydro-2-[5-{2-pyridiny))-pyrimidin-2-yl 1-3-(3.4-
dihydrobenzofuranyl}-8H-pyrrolo-[3,4-blquinolin-9-one (#65)
A. 1-methyl-5-(2-pyridiny!)-2(1H)pyrimidone

A mixture of 2-(2-pyridinyl)malondiatdehyde (5 g, 0.0335 mole), methyi
urea (4.72 g, 0.0637 moie), and toluenesulfonic acid (450 mg) was refluxed in
toluene (100 mL) in an apparatus fitted with a Dean-Stark water separator for 4
h. The mixture was cooled and the precipitate was filtered. The solid was
triturated with water and recrystallized from ethano! to yield the product.

MS m/z (M+H) 188

'H NMR (DMSO-05) § 7.48 (m, 1H), 7.98 (m, 1H), 8.18(d, J = 8.0 Hz,
1H), 8.75 (s, 1H), 9.41(s, 2H).
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phenyl )furoic acid, nethyl ester) (1.08g, 3.29 mml), dissolved in THE
(98.7 nlL) was added LiOH (16.45 nL, 0.2 Nin H20). The solution was
stirred at roomtenperature for 3.5 h and was neutralized by HC miblﬂ\é@ﬂﬂﬁt
1.0 Min ef her%BﬁAfter concentration, the crude material was_used w thout

further puWOIBI82on VB (i z): 329 (MHE), 327 (M 1) ' H NVPGEEE#H% 35
(s, 3H), 2.36 -- 2.58 (br s, 4H ), 3.48 (s, 2H), 3.85 (s, 2H), 6.90 (d, J=
2.0 Hz), 7.02 (d, 1 H, J=2.0 Hz), 7.46 (d, 2H J = 7.9 Hz), 7.95 (d, 2H,

J=17.9 Hz) C.

(R -1, 2, 3,4-Tetrahydro met hyl enedi oxyphenyl ) -2-{5-[4-(1-(4- m

et hyI) p i %e r&P%?TQ:&'(?H@MW!D)@PYﬁ"@IWI]fu royl}-9 Hpyrro to [3, 4-b] ¢
ui not in-9-o0

R 153, 4 et rary iyt ie.?%1L{n%by%%@wamp&(awwnrmone 8.994 9, 0.048
pyrt ol o- [ 3ndoik), %Hd%ﬁhbﬂxsgpé}ﬂSchlBMQé??HBBrg Fmﬂ%)t ;aﬁg%gqo%pég&;gml) -

(prepared as 1 n Exanp , and the product from

rnmol ) vvasoxgsd:hlonéel(mtTH.)Wyﬁmﬂué(&d&BM@ °C¥o2® mBQCla wheldibsizier omy! et hyl
amne (1.716  nm, 9.87 mmol) in DM (30 m-) at roomtenperature for 12 h.
The react i BRIeR{eduses RIESSYIE! Jitharresidue wee cpoledro reom tempenative qris nl) .

Th I 2.5 %

Gacn Ged Bt wa aeL ThE sRlye MR E e, Jﬂeﬁ@?Wﬁye"eos
(M#4), 601wabhiashied wwwmcpsaluaoazbme aabi)dnea ermgsen. (8 é’rh'% 3.33
(br s, 2H), 3.83 (br s, 2H), 5.25 (d, 1 H, —155Hz§19551d1HJ

15 5 Hz) wasﬂiﬁtﬁledwt\md@um Rressire tgo@eﬂd Petlid Shhe weatenlagey was. 29

o0y 7. ab 2SR oty e byl SraiblnG Oy Witn ot Eiofe ) LT 6
Hz) HPLC mhe@r@a&ﬁcmé\@agww@emhh%muwb% dried 6v§ﬂ?§@021,) Exanpl e 60
1,2,3 ,4-Tetra hyd ro- , 4- mEth:?/ en edi oxyp heny (44-h yd

r oxy) heSﬁl\f@nt Wﬂsﬂﬁt&’?ﬂ)ﬂl@mﬁﬁr used, PrepsuE tadive asaide, Aftesdi um salt (Na
Sal tof #1220, Fioh i DRGISUHRS B M W SabdbcBrarm © 59, th

appropri ate
MS m/z (M+H) 192
"H NMR (DMSO-ds) & 3.56 (s, 3H), 7.33 (m, 1H), 7.89 (d, J= 8.8 Hz,
2H), 8.61 (d, J = 4.7 Hz, 1H), 8.95 (s, 1H), 9.31 (s, 1H).

C. (R)}1,2,3,4-tetrahydro-2-{5-(2-pyridinyl}-pyrimidin-2-yl J-3-(3,4-
dihydrobenzofuranyl)-9H-pyrrolo-{3,4-b]quinolin-9-one

A mixture of (R}-1,2,3,4-Tetrahydro-3-(2,3-dihydrobenzofuran-5-y1-9H-
pyrrolo-[3,4-b]quinolin-9-one, hydrochloride salt (1.273 g, 0.00373 mole)
(prepared in example 6A), 2-chloro-5-(2-pyridinyl)pyrimidine (0.714 g, 0.00373
mole), KF (0.216 g, 0.00373 mole), and diisopropylethylamine (2.27 mL) in
DMF (45 mL) was heated at 55 °C for 4 h, EtOAc was added, and the mixture
was washed with 0.5N citric acid, then with 15% NaCl, brine and dried over
MgSO4. Solvent was distilled out under reduced pressure to give a solid. The
solid was dissolved in 10% methanal in dichloromethane and purified via
column chromatography (EtOAc to 10% CH3OH in EtOAC) to vield the title
compound.

mp 231-233 °C

MS m/z (M+H) 460

*H NMR (DMSO-ds)  3.11 (d, J = 8.7 Hz, 2H), 4.46 (d, /= 8.7 Hz, 2H},

4.92 (m, 2H) 6.34 (d, /= 1.6 Hz, 1H), 6.73 (d, J = 8.1 Hz, 1H), 7.28 (m, 4H),
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substitution of reagents, the product was obtained as a off-white solid.
MS (mz): 493 (M), 491 (M1) 1HNWVRCDCI3 5 5.21 (d, | H J =356 ).
5.57 (d, 1§’§)0]1!8:;s 5.6 Hz), 6.12 (s, 2H), 6.51 (s, 2H) 6.68 (d, 1 H J =

4.1 Hz), 6. 4 (m 4H), 7.38 (s, 1 H), 7.48 (t, 1 H JFPA/GEIHI),
7.62 -7.79 (m 4H), 8.08 (s, 1 H, 8.28 (d, I H J 8.6 Hz). Exanple 61
(4-(2-(1-Pyrrolidinyl)ethoxy)phen)4) boronic acid (Prepared according to

t he proceduf.69desAHHFdEDYmt , 761 @ yan , inJe O m. 1996, -
61, 7940.) To gms;'ol u)'?i on gf H?W[:)??PA?@ gnng'rqgiln@z’ygmsh@l’?- pgroraﬁ)d% r(’f. 709,
10 mmol ) ihSTHE 1H)0 8+28 (saHh el (31-14ik wh 92 (shitkyp (6.9 nL 1.6 Min

hexanes, 11 '%f'ciiﬁ -78C. The reagtion mxture was stirred at -78C for 15
m n and then HQ COMPHNY wasidigsaivad IBgnathanad, snerequiralemtol D.0gas t hen

added to t hgethaR@CEUHRh : T | xturg was gradyally warnmed to
room terrperaturg%&@ﬁﬁ%ﬁ{dﬂémﬁﬁ@&%éﬁ%@h‘gc’lr”gﬁﬁﬁ’ﬁﬁ ISt Y was

hydr ol yzed Untler reduschpragsiie seblui@tiasinidtisfe aaRggUSaRO! uti on (100ML) at
room tenperature for 30 mn. The upper organic |ayer was coll ected. The

aqueous | ayer Ueh=eX86at terDBH3 gralll, THOH).00 ). The organic |ayers
were conbined, washed with brine (2X100 m-) and dried with MyS04. The
sol vent was evaporated, resulting in a dense oil which was purified by
colum 84 17 NOV 1604 WO 01/87882 PCTIUSQO /14391 chronmat ograph (10%
MeOH/ CHCI 3 and 1% Et3N) to yield the product as a white solid. M5 (nl2z):
236, (M), 234 (M1) 1H NVR CD30D5 Bxf&hplewi 4H), 2.67 (m 4H), 2.89 (t,
2H, J = 6.0 Hz), 4.08 (t, 2H,,J. =6.0 Hz), 6.74 (d, 2H J = 8.6 Hz), 7.62
(d, 2H, J = 8.6 Hz). Exanpl e 62-chloro-5-bromapyrimidine

o]

[ ai ny) et hoxy) DTS- P SO R0 873 P fitR o hvdrsrmieinid
Fol | owi ng_(Awechasabfiame FrontiérBelentificnaniiceokiing ' the PPOEORIL Stiosed .

substituti.o f_ reagents,_ the product was obtai hed as
|nr|J§ Patentho.%,SSti3,61 , Preparation 6, Column 17.

Example 52
1-(3.4-Methvienedioxyphenvyi)-2-(5-bromo pyrimidin-2-yi}-2 3 4 9-tetrahvydro-1H-

B-carboline

To the solution of 1-(3,4—methytenedioxyphenyl}-2,3,4.9-tetrahydro—1H-
p-carboline (4.38 g, 15.0 mmol) (prepared according to the process as
disclosed in WO87/43287, Intermediate 7, page 24) and 2-chloro-5-
bromopyrimidine (2.90 g, 15.0 mmol) (prepared as in Example 51) in dry
degassed DMF (30 ml) was added N, N-diisopropylethylamine (4.2 ml, 30
mmol). The mixture was heated at 120-130°C overnight. The mixture was
then cooled and diluted with ethy! acetate. The solution was washed with 0.5
N citric acid, water and brine, then dried over Na>S04 and concentrated in
vacuo. Purification by flash column (silical gel, hexane:ethy! acetate = 6:1, v/

v, followed by hexane:ethyl acetate = 4:1, v/ v ) vielded the product as a white
solid.

MS (m/z) 451 and 449 (MH"), 447 and 449 (M-1).
"H NMR (CDCl3) § 2.82-3.02 (m, 2 H), 3.30-3.40 (m, 1 H), 4.92 (dd, J =
18.1Hz, 1H), 5.92 (d, J = 3.2 Hz, 2 H), 6.72 (d, J = B.0 Hz, 1 H), 6.85 (d, J =
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M5 (mz): 590, (MH+), 588 (M1) 'HNWVR CDCI3 5 2.18 (s, 4H), 2.55 (s, 4H),
' 2.75 (m 2H), 2.90 (m 2H), 4.67 (d. 1.H J = 15.6 Hz), 4.82 (d, vlﬂv% -
156Hz)518(s 2H) 5.81 (m 1 H), 6.08 (m 1 H, 621(s 2#&@

682(m 3H), 6.92 (m 1 H),

(s 2H) 7. éq}g%i H J =86 H). Examle 63 3- 2 3- D|h dr@%”ﬁ??’n%?uran
-1 2 3 4- tetrah dro-2-ben ! 9H rrolo 3 4-b uinolin-9-one #60
1- (2, 3-Di 'hydr o- 5- benzof uranyl ) - 2- benzyl - 2, 3, 4, 9-tetrahydra-1 H R carbol i ne
(prepared 8$ He, BEXHNHISS @), 1(1), 250@(5 lﬁH?].?ITB‘Dﬁ?-] (@pgqulmgj opd gey (3. 92
g, 5524mm|%é_§n%1_18- rown- 6 g 3 lrrrm)weremxdvmth DIVF
(100nL) i nt& 95 (hsk= 7T5|§|Z|;édd}. of 3 (6. Xt ), 8.9 §s,BH)t ai ned at room
tenperature overnight. The reaction m xture was slowy added into a
separate 500 nmL flask containing a m xture of E#OAc (172 mL), H20 (172 nl)
and 1 N aqueous HCI (50 nlL). The m xture was observed to produce tiny gas
bubbl es. The reaction m xture was stirred at OC for 30 mn, resulting in
the formation of a preci p|tate at Exam efb8ce of the two liquid |ayers.

‘ b

The preci pi washed wi th H20 (20 n) and
then dried +# FHE 3-2yyikdriSi4-methvienedigyprenstl i d. 85
WO 01187882 17 Nov 2004 e B8R § 4ne (MH), 393 (M1). 'H

NVR CDC13 d 3.12 (t, 2H, J—:%Mm,sgg(d 1 H J=
13.0 Hz), MeftwdM; 1 H J = 13.0 Hz), 4.55 (t, 2H, J = 8.7 Hz), 4.91 (s, 1
H, 6.74 (d, 1 7.11 - 7.48 (t, 1 H J =28.7

Hz), 8.30 (t, ‘TSH‘]U“S’M@ gg ﬁsz’etiwéﬁﬁﬁ%om(henyl)?(5-br0m0pyﬂmldln-2-yl)

3- (3, 4- Metyig r
trifluor ogghﬁﬁ%ﬁgﬂur oy '3?@1);&? (%ag?@“ﬂl)ﬁ (%5‘81’ 35.18 Bypanle:1 3)
Fol | owi ng 52)én Ao DMIEI(40 ml) iagembolat IR<aTTIeeh &R, N&H&s@?ﬁh%rn ?z?i%él
substitution of reagents, airi 4- et hyl enedi oxyphenyl) - 2-benzy 3,4,9-
t et r ahydr 6-18 8. R4ETHol) Was addeEBand the niisiarenmsls)stives ateGeet fod 45ami. el d t he
Dried air was bubbled through the solution and the mixture was allowed to
warm {o room temperature overnight. The reaction mixture was quenched with
water and extracted with ethy! acetate. The organic phase was washed with
brine and water, then dried over Na,S0,, concentrated and purified by flash
column (silica. gel, hexane:ethyl acetate = 1:1, v/ v, followed by neat ethyt
acetate) to yield the product as a white solid.
MS (m/z) 465 and 463 (MH"), 463 and 461 (M-1).
'H NMR (DMSO-dg) 5 4.80 (d, J = 8.2 Hz, 1H), 4.89 (dd, J = 6.8 Hz, 1
H), 5.98 (s, 2H), 6.20 (s, 1H), 6.85-6.93 (m, 2 H), 6.98 (s, 1 H),734t J=73
Hz, 2 H), 7.57-7.64 (m, 3H), 8.15(d, J = 8.0 Hz, 2 H).

Method B:
To the solution of 1,2,3,4-tetrahydro-3-(3,4-methylenedioxyphenyi)}-9H-

pyrrolo-[3,4-b] quinoiin-8-one (31 mg, 0.1 mmol) (prepared as in Example 5,

_ free base) and 2-chloro-S-bromopyrimidine (19 mg, 0.1 mmol) (prepared as in

. Example 51) in dry degassed DMF (2 ml) was added N, N-

diisopropylethylamine (28 ul, 0.2 mmol). The mixture was heated at 120-
130°C overnight. The solution was cooled, diluted with ethyt acetate and
washed by 0.5N citric acid, water and brine, then dried over Na»S0O,4 and

concentrated in vacuo. Purification by flash column (silica gel, hexane:ethyl
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product as a off-white solid. Note that for full formation of the
precipitate, the two liquid reaction m xtures were naintai ned at roogymv 200
terrperature:;wbtl\)%1 ?{?&2 rat her than overnight. M5 (mz): 545 (MH)

( Mr23) By882 L \MR (DVBO-d5) 8 5.09 (d, J = 14 Hz, 1 HICT/ESe@4ey, J =
14 Hz, | H, 5.99 (s, 2 H, 6.39 (s, 1 H, 691(d J:8HzIH),697
(d, J =9 Hz, 1 H, 7.02 (s, 1 H, 7.33 (d, J =38 7.38 (d, J =4
Hz, | H), dceidtd €,1:3, V/v4fdﬂéwe13l neat & 7 (d J= 5"
e, 2 H), 816 (d ) =4 b, W) At Meé{ylﬁdéﬁkﬁ%ﬁ@@“&gag Met h
enedi o herwhite salid4- net ho hen I th| azol - 1-2 3 4 9- tetrahydro- 1

et ! - oxycar bdi (PSR AT § g‘lﬁ%egfgihé%ﬁ Qbbhydr oo & 11 - carbol ine A
ma)rdl’f)lcj)lr ?ngf ( % égl-g @Mm@?qégfr(gdgz&n‘yL?C%&%ﬁﬁa %gg{&ggm@&ggé

di scl osed H), 5,999/ 23R %720 (41t t
(550 et Mk BoPRs 2R 20 (NLBIE B 83 m 0y, 695 & F B 1S PoYna ©

m xture waiz,&6H), B.5NcK:64002 3N)OBOE (87 982800 LB®), 14391 stirred for 16

hours at anbient tenperature, and then concentrated in vacuo. Purification

by flash chronmat ography (0-10% net hanol in dichloromethane) vyielded the

protected thiourea as a pale yellowsolid. M5 (mz): 574 (M) 'H NWR

(CDC13) b 2.86 (dd, J = 12.9, 5.1 Hz, 1 H, 3.09 (dt, J =17.1, 6.9 Hz,

H, 3.56 (dt, J = 12.9, 5.1 Hz, | Hixamiplb4t, J 6.9 Hz, 1 H), 4.43-
= 8 6

4,
(m 2 H), 5.91 (s, —6.70 (d Fz, 1 6.90 (br d, J =7.6H, 1
H, 6.97 (br s, H RECA, $310ygdiyinpyrmidin- 26/11-3-(3,4-
1- (3, 4- Met hyi e”eﬁ“eﬂﬁ gh@ﬂl‘é& $ i quil li 0 . & [
p-carboline A solution o nNe pro e gores 4. 78 g, 8.33
mol ) in Methed W:v) piperidine in nethanol was heated toreflux for 5 h.

The m xture wag concentrated in vacuo to yield a crude residue which was
purified by fl rreé mixture of palladium(il) acetate (0.8 mg, 3.6 pmot) and 1,1-

bis(diphenylphosphino)ferrocene (dppf} (2.4 mg, 4.3 umol) in dry DMF (1.0 ml)
was warmed to 50°C for 15 min and then cooled. 1,2,3,4-tetrahydro-2-(5-
bromopyrimidin-2-yl)-3-(3,4-methylenedioxyphenyl)-9H—pyrro!o—[3,4-b]quino!in-
9-one (20 mg, 43 pmol) (prepared as in Example 53), pyridine-3-boronic acid
(6.0 mg, 43 pmol) and triethylamine (8 pi, 60 rmot) were added to the solution
and the mixture was heated to 90°C for 16 h. The solution was diluted with

ethyl acetate and filtered through fiiter paper. The organic phase was washed
with brine and water, and then dried over Na,SO,. A small amount of silica gel
was added into the solution and the solution was dried in vacuo. Purification
by flash column (silica gel, 10% ammonium hydroxide in water-acetonitrile =
1:10, v/v) yielded the product as a white solid.

MS (m/z) 460 (M-1),

"H NMR (DMSO-ds) 5 4.88 (d, J = 4.1 Hz, 1H), 4.99 (d, J=4.1 Hz, 1 H),

. 5.89 (s, 2H), 6.31 (s, 1H), 6.88 (d, J = 7.9 Hz, 1 H), 6.96 (d,J=8.1Hz, 1H),

7.04 (s, 1H), 7.34 (t, = 6.9 Hz, 1H), 7.43-7.50 (m, 1H), 7.56-7.70 (m, 2H),
8.08 (d, J=8.0Hz, 1H),8.16 (d, J=7.9 Hz, 1 H), 8.53 (d, 4 =4.1 Hz, 1H),
8.72-8.82 (broad, 1H), 8.89 (s, 2H), 11.87 (s, 1H).

Method B:
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chr omat ography (Si 02, 0-10% net hanol in
solid. M5 (nfz): 352 (M+) 'H NWVR ( CDCl
3.10-3.19 (m 1 H), 4.24 (br s, I H, 6.0
J =8.0 HZ,“,réOm?as@. 87 (d, J =8.0

+7.30 (d, J'=8.0 H, 1 H, 7.46 (d
11.06 (s, 1 H C

1- (3, 4- Met hy) enedi oxyphenyl ) - 2-[ 4- (4- met hoxyphenyl ) t hi azol - 2y1J-

2, 3, 4, 9- t et r ahyQrSQUUUIPR OF 1-(d Arothylemelimxyphenyt)i DAS4B-pyniginyLyngigid-r om
Part B (

2 : 1) i 1:1 mxt f di -eth | (5 nL
ndded 4. e Kby heiePaRvdror fidcceiolintiohemne: P ) tmepamid asid.
triethyl am . ' ted to 70C. cool ed t
Fom t orper S 99 iy DAFE (40 Hbs IBPISeER S et e oFeH T iBer due s

i fied lyinkralsdil, Shrwyrat ' | Qe dj th
ltogrlyi ;Fd lamymcol or | ess_h?;ﬂ ?WM??%%%%@%%# 8%%@%@%?@%)
2004 PC fand ming d0tied @inwes bamirdihreugh 86e Zolitdh 4k theemidiirdwagd H .
3.61-3.71 3..78 e 3 . 3.91-4,02 1 , 5.99 (d, J = 3.3
Hz, 2 H), a@&%@%’(@wﬁr yto ’%‘.S'%d?mi’gpfi“’@s%\ﬁfw?@f (rﬂe '@a:%ign wasméenched: 7.8
:"ZH) 1E|>_<DANB%E€%§(‘ %p(%eﬁtrgct@d BYetth BRetate. 8Fhe dlgadicpiiise (Es washby v 2 (S
Vet hy| enebiliogyaneewsiter, thénldpbdoyértha S0, cBnckhtrited 4nd phAtié@Bydaen1H p-

car bol i ne : - o . L

1- (3, 4- mFﬂ@P&%éﬂl'Bﬁ%éM RrneriuT hyshedRe inwatersgtanitriteonyii 40, viv) to

t hi ocar ba - 1 Hp-carboline A m xture of

1-(3,4-ne h;q tm%g%%%hﬁwhégé@ 9-tetrahydro-I H p- carboline (2.66 g,
9.08 muol) (pr&RB(euzpdcd(Mit)g to the process as disclosed in W97/43287,

LSRR R O kO P e T T
- 5.89(s, 2H), 6.31 (s, 1H), 6.88 (d, J = 7.9 Hz, 1 H), 6.96 (d, J = 8.1 Hz, 1 H),
7.04 (s, 1H), 7.34 (t, ) = 6.9 Hz, 1H), 7.43-7.50 (m, 1H), 7.56-7.70 (m, 2H),
8.08 (d, J = 8.0 Hz, 1H), 8.16(d, J = 7.9 Hz, 1 H), 8.53 (d, J = 4.1 Hz, TH}),
8.72-8.82 (br, 1H), 8.89 (s, 2H), 11.87 (s, 1H).

di chl oronet hane) to yield a yell ow
) 2.69-2.87 (series of m 2 H),
(d, J = 3.3 Hz, 2 H), 6.7780V(zB04

5
0
Hz, | H), 7.00-7.11 (ser] f 3 H,
L, 1 =7.7 H, 1H, 7.74’@@,‘“‘29%,

3

Exampie 55
1-(3.4-Methylenedioxyphenyl}-2-[5-(3-pyridinyl)-pyrimidin-2-y)-2.3.4.9-
tetrahydro-1H-B-carboline
A stirred mixture of palladium(il) acetate (27 mg, 0.12 mmol) and 1, 1'-

bis(diphenylphosphino)ferrocene (dppf) (83 mg, 0.15 mmol) in dry DMF (20 mi)
was warmed to 50°C for 15 min and then cooled. 1-(3,4-
methylenedioxyphenyi)-2-(5-bromopyrimidin-2-yl)-2,3.4,9-tetra hydro-1H-f-
carboline (674 mg, 1.5 mmol) (prepared as in Example 52), pyridine-3-boronic
acid (203 mg, 1.7 mmot) and triethylamine (0.3 mi, 2.1 mmol) were added to

the solution and the mixture.heated to 90°C for 16 h. The solution was diluted
with ethyl acetate and filtered through filter paper. The organic phase was
washed with brine and water, then dried over Na;SQ,. A small amount of siiica
gel was added into the solution and the solution was dried in vacuo,
Purification by flash column (silica gel, hexane:ethyl acetate = 1:1, vlv, foliowed

by hexane:ethyl acetate = 1:2, viv) yielded the product as a white solid.
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stirred for 16 hours at anbient tenperature, and then concentrat ed in
vacuo. Purification by flash chromatography (0-10% nethanol in [HV zgm,
di chl oronetwdﬁ)-,sszyl el ded the protected thiourea as a pale yell ow

MS (mz): 574 (M) 'HNMR (CDClI3) 5 2.86 (dd, J = 12.9, 5.1 REAUSPIYN 3 o9

(dt, J=171 6.9 Hz, 1 H), 356(dt J=12.9, 5.1 Hz, 1 H), 419(t J
= 6.9 Hz, 1 H), 4.43-4.53 H, 5.91 (s, 2 H, 6.70 (d, J = 8 Hz, 1

H, 6.90 (br d MﬁHn#Z)eM&éMlﬂ Hind @487M1). s, | H), 7.11-7.78 (series of

m 17 B.

i oxyph::)nyl ) - 2- (qﬂ%@iﬁﬁ}ﬁg 228%341@(%£kﬁr@3603 #8HmM, 1t HarH06i(oe, A=

sol ution st hi pyr Rar t ( 8. 33 nmmol ) in 20%
(v/v) piperi ﬁeﬂ-ﬁ};@gﬁ a’n‘t(J)I é/)\/gsgﬁl&aé Zgl fjo rqupuijg (ﬁ’: J8.Orilkur e was
concent r at2Q2i(s, v&ud.1B7V23{E, 2 H) 7 ou flash
chr omat ogrfaﬁgy( éSlO)Z 0-10% {rret h;f\)ol d\‘lﬁzn'?&@cﬁh' mé? 6,\@;'] %Sﬁh 1a¥yel | ow
solid. M5 ZH8) 5865, ﬂH)N&ﬁmeoﬁ-l)/m?trl(/ssﬂwz PCT/ 1JS01114391
1H-N|\/R(CDCI3) 8 2.69-2.87 (series of m 2 H), 3.10-3.19 (m | H), 4.24 (br
s, 1.H, 6.00(d, J =3.3H, 2 H, 6.72 (d, J =80 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 H, 1 H),

7.46 (d, J = 7.7 Hz, 1H), 7.74 (br s, 3 H, 11.06 (s, 1 H C

1- (3, 4- Met hyl enedi oxyphenyl) 2 [ 4- pEaammde gzol -2y1]-2,3,4,9-tetrahydro- 1
H (i-carboline To,a | hi ourea of Part B (227 ng, 0.65 mmol)
was added (i- brorvBeetephe e Ao DY INAITY by | am ne (0. 40

m.). This mxt Uﬁ-@ténagi@i 26 : nmper at ure
and concentrated ITn a rotary evaporato < iled by flash

chr omat ogr aphy A Stiroag nmxme/oafrétman@letrah)@rciﬂ— -armhb ld| —2¥ i ? 3?4 _pal ef
s&fies o

vel 'ZO‘LVD sO) 'eggyign§ésoew¥)hgn¥§ SHebisoic T%%%:ra%agé 646 (ng an mBoB Hz, 2
H. 6.59 {srephrdd as th Bkafphd 5855PM%)Pd 3,57 mg, 3.0 umol) and 4-tri-n-
butylstannylpyridine (37 mg, 0.1 mmol) in dry DMF (2.0 ml) was heated at
140°C for 12 h. More catalyst (3.5 mg) was added and the mixture was
refluxed for 4 h and then cooled. The solution was diluted with ethyt acetate

and filtered through filter paper. The organic phase was washed with brine and
water, then dried over Na,SO,. A small amount of silica gel was added into the
solution and dried in vacuo. Purification by flash column (siiica gel, neat
acetonitrile followed by 10% ammonium hydroxide in water:actonitrile = 1:10,
viv) yielded the product as a white solid.

MS (m/z) 460 (M-1).

"HNMR (DMSO-dg) 6 4.93 (d, J =4.2 Hz, 1H), 5.00 (d, J=4.2 Hz, 1 h),
8.01 (s, 2H), 6.33 (s, 1H), 6.90 (d, J = 8.0 Hz, 1 H), 6.98 (d, J = 8.0 Hz, 1 H),
7.05 (s, 1H), 7.34 (broad, 1 H), 7.62 (broad, 2H), 7.77 (d, 2H), 8.19(d, J= 7.9
Hz, 1 H), 8.61 (broad, 2H), 8.78 (broad, 1H), 9.00 (broad, 1H).

Example 57
1 .2,3,4—Tetrahvdro-3-(3,4—methvrenedioxyphenyi )-2-(5-(2-bromo)-furoyl)-9H-

pyrrolo[3 4-Blquinolin-9-one (#30)
5-Bromo-2-furoic acid (1.44 g, 7.54 mmol) in THF (20 ml.) was stirred

with oxalyl chloride (1.06 mL, 7.54 mmol) at room temperature. To the mixture
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H, 7.25-7.69 (series of m 6 H, 7.89 (d, J =7.4 Hz, 2 H, 10.95 (s, | H)
Exanpl e 67 3-(2.3-Di hydro-benzofuran-5-yl) 1.2, 3.4-tetrahydro-3R_ 9H py,

rrolo[3,4 iquinolinone A: [2-(1 HIndol-3-yl)-ethylj-(1 ]'ZNUVZU[]!.
- napht hal eRgd ny/b7g8t hy! ) - anmi ne was prepared accordi ng to thg)rcgr ces
~described i'n Kawate, T.; Yanmanaka, M: Nakagawa, in Het éWF’ 91 1999,

50, 1033 B: R~ and S- Di astereoners of
1-(- 2, 3-di h dr8 ggtzfgjuranS )-2-(1 R1- na phthalen-1
-yl - et hyl ¥ de PPﬁmdeM resulting daebdgomes[raadtion W|th evolution of

H I nd | 1- th , 3.18 |
andn20|3 dPﬁ% r@%ﬁﬂ?ﬁ@@%@ﬁﬁgﬁe & éd'%lggar?gﬂl% t}9ﬁ2f C?W&Wl)chlmﬁr;m :
t d 5] frfo t t
added” si 1 oa bl (10 oo wasdpéficcd B%SZFL’;@ R R E A
F L Phre pon oeea Jons o D MM d@’l’“?ﬁ%% JTONERERESS 100
iltrate e silica gel was washed w e acefate
m.). The é?%?ﬁdﬁ §’3@Fg@ﬂ°§g F WEhe rﬁﬁ@vgdawﬁgy@dresumegammme vetleg crude
t | d | ked |
Gol *col ungYELRIAe SoKe. Tonn® SEIE ML HSuBl I, {7 LS apdia bolutiamet 82,3/ el o
two di ast@hygmebshenzafund-ige, Byd{@trélwgfgm.@ rdiof3 ﬂﬂé’*{’@"‘g one (2.1 (th
e e

R- 1- napht en-1- 2,3 - tetrah dro 1 car
non- degl r&oﬂp&?agﬁ‘%i@%fﬂaéx;ﬁ" ﬂi"d-'“@(201myl30%tﬁ‘ﬂ mssrnaxamaﬁ m; bt a| ned

gsegel(l Owlﬁh!&%%%%%wﬁ%l@@ Tg 63‘*&9 ﬁatf(etreamom - 8 8

Hz 4. 72miirel wi d 05 --
H %35 ' Priurel 14 fewt dBips GIDMF Vkre ﬁdﬁéd(f@suw ﬂf%'ggf\%ég)m‘xa"

1- (-2, 3-di H%dﬁa%%ﬂamr%w stime |&ammﬁm Iemapmmad fon41h.y ThetrBgtlion. 3, 4, 9-
t et r ahyd d d Ls B) (Rf = 0. 51
5006 e oA soifbit waS LLBkdrafed KNI 6 sob FRtle) Hom robiurreas coci 3) |5

1.58 (d, sblwe@n') | 2B =
L5 Hg d re-}dhs i CHZOZ (%chﬁﬁ'll.()rfirva,éhéﬁi with \%éﬁzr((ﬁnx f@"{'—ﬁ]a% e

organlc iayer dr|l_2d over MgSQ,. The orgamc soivent was evaporated to yield
the product as a off-white solid.

MS (m/z): 480, (MH"), 478 (M-1)

'H NMR CDCl, 3 5.03 (d, 1H, J = 15.5 Hz), 5.23 (d, 1H, J = 15.5 Hz),
5-85(d. 2H, J = 8.0 Hz), 6.40 (m, 2H), 6.56 (m, 1H), 6.81 (m, 2H), 7.00 (d, 1H,
J=4.3Hz), 7.32 (t, 1H, J = 8.6 Hz), 7.53 (t, 1H, J = 8.6 Hz), 7.65 (d, 1H, J =
8.6 Hz), 8.38 (d, 1H, J= 8.6 Hz), 12, 8 (s, 1H).

Example 58
4-(4-Methyl)-piperazinylcarbonyi benzeneboronic acid

4-Carboxybenzeneboronic acid (0.332g, 2 mmol), 1-methylpiperazine
(0.22 mL, 2 mmol) and PyBrOP (0.9334g, 2 mmol) were stirred with DIPEA
(0.696mL, 4 mmol) in DMF (7 mL) at room temperature for 16 h. Preparatory
TLC (10% MeOH/CHCI,) yielded the product as white solid.

MS (m/z): 251 (MH"), 249 (M-1)

'H NMR CD;0D 5 2.36 (s, 3H), 2.43 (s, 2H), 2.57 (s, 2H), 3.51 (s, 2H),
3.82 (s, 2H), 7.34 (s, 2H), 7.76 (s, 2H).
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1 H, 510 (s, 1 H, 6.68 (m 1 H), 6.8 (s, 2H, 7.11 (m 2H), 7.20 -7.50
(m 5H), 7.68 (m 2H), 7.81 (m 1H), 8.21 (m 1 H M (m2z) M—|+(44§3)Nﬂvzﬂm
MH' (443). Gyvo@rysnrsi on of S-diastereoner to R-diastereoner

1- (- 2, 3-di hydr o- benzof uran-5-yl ) - 2- (1 R- 1- napht hal en- 1- yl - et y//J38/1439} ¢
tetrahydro-1 S-1 H (3-carboline (the non-desired di astereorrer A) (190 g,
0.428 mol) was stirred in 1000 nL CH2A 2 with TFA (52 nlL, 701 nol) at’
room tenperature overnight. The re xainpte fs quenched with NaOH (35 g,

0. 875 nol) |{1 ; 0 ction xture was mxed vveII and t hen
| et stand for—6+= SAIRXYRhE £ -The

a1 er. nder high
..... _\ g = Euq.uu 8 2

precipitate ppe
vacuumto yi eld P S ‘
PCTI US01114391 1L.2I3 mkktmdra}édﬁvbahethwehédixoyéhenyl)—2—( 5-(2-bromo-furayi)-

1- (-2, 3-di dro ran5 - R-1-
naE)ht hat eI ffogﬁﬁ;ﬂ g’ qﬂf@l'ﬂ‘%of‘ét G5£9r1§/mg) O 12 mnol) dpretpalred @s(inthandsisi r ed

gl iStnSLﬁ? hal’e tlﬁ et hlﬁ-f ﬁmﬁiﬁﬁ????%gﬁ@gp%%@ﬁi—%ﬂwn@[@ Q"EL})qu

i nol i none mr(mz &uabhgglmr-mamf Arstlatory b 444 iethyl
R- 1- napht haI en-1-yl-ethyl)-2, 3,4, 9- tetrah;%/?:lro yr_){plperafmnyicgarirbg YII ne

(0. 6469 g Penzagehanyc aﬁa (éB{Od@g; Orita mnelp and &K2CQ8. (51% mg, D.3B mmol))inwer e

d bubbl h
"eact fon A WLk Bher 89 "R Bhblch andyrdRen sl mcian 106 rde i, 1
N aqueoush, 'Euélsblvenems@véﬁ@r&!éd)th@ﬂésid%@ p&ﬁﬁdmf%ﬁpﬁé%fa?a Eh\ggmd{j@igt The

organic la éer was sg)parat ed. The aqueous |ayer s extrac

acetate ( anpthep trisgated Wltfrmherdb’lgé}h-i €19 enLérisniviete yisds gl Wi t h

brine (3 MySO4. The resulting product was
concentraé 0391&15)5 ﬁg}e%édl‘a&;go\g@?l ca gel (2% nethanol / CH2ClI2) to yield
t he product aSMSYﬁ/i)OGOSW}-ﬂ 601 (\R)300 MHz (CDbC13) 5 1.65 (d, 3H J =
6.5 Hz), 3.05 (t, 2H J = 8 Hz), 4.01 (m 2H), 4.51 (t, 2H, J = 8.8 Hz),

4.68 (m 1 H, 8. WR(SDa@%zse G239, 2.58 HR. 6B A HY] . 3853 (mauzgi)gma 25 (d,
LR VB (815 uhbla 67 2R), 5 M 1R/ = 15.5 Hz), 5.41 (0, 1H, U = 15.5 Hz), 5.83 (s,

2H), 8.22 (s, 1H), 6.70 (m, 1H), 6.82 (m, 2H), 7.03 (m, 1H), 7.25 ~ 7.34 (m,

2H), 7.46 ~ 7.56 (m, 4H), 7.93 (d, 2H, J = 8.6 Hz), 8.31 (d, 2H, J = 8.6 Hz).

Example 59A
(R}-1,2.3.4-Tetrahydro-3-(3,4-methylenedioxyphenyi}-2-(5-(4-(1 -(4-methvyl)-
piperazinylcarbonvl)-phenyl}-furovl}-9H-pyrrolof3,4-blquinolin-g-one (#69)
A 5-(4-(4-methyl)-piperazinylcarbony! phenyl)furoic acid, methyl ester
A mixture of 4-(4-methyl)-piperaziny!carbonyl benzeneboronic acid
(prepared as in Example 58) (1.31 g, 5.28 mmol), methyl bromofuroic ester
(1.08g, 5.28 mmol (prepared from 5-bromofuroic acid in HCI/MeOH for 5 h at
room temperature) was degassed by N bubbling in dioxane (45 mL) and H,0
(9 mL) for 10 min. To this was added with Pd(PPh;), (0.6279, 0.528 mmol}
and K>COj3 (2.185g, 15.84 mmol). The solution was stirred at 100°C for 3 b.
Solvent was evaporated and the residue was dissolved in CH2Cl, (100 mL).
This was washed with brine (3 X 100 mL), dried over MgSO., concentration
under vacuum and the crude product purified by silica gel column (5%
CH3;OH/CHCIs) to yield the product as yellow solid.

82




E: 3-(2, 3- Di h yd ro-benzofuran-5-yl)-1, 2, 3, 4-tetra hyd ro-3
"R-9H- pyrrol o] 3, 4- b] qui noli none 3-(2, 3- D hydr o- benzof uran-5-yl) - 2- (1 R1
-napht halen-1 -yl-ethyl)-1, 2,3, 4- T NOV 2004

t et r ahydr o-WB-¢3g7ger r ol o[ 3, 4- b] qui nol i none (24 ng, 0.0524 m(]g}
"dissolved in 5 nL ethanol. To the reaction nixture was adde %U/g@é“/gb (50

ng) and HCl (1.0 Min diethyl etherf(O 05 rrLf 0. 05hrrL)) The reaction

' : H2 3

Tenpor ot ure. TS EREASTS GBI 10 Sany on 5 plug of . ore??{“fe e
P

br opar at C‘J%‘W?@m%ﬁ@% S2AR P uTH AT Y S 2o 2B fsomi st

solid. 91 M@)%B&?@BZHLZ!:B@\O QQP47 25’%?] H$0};82 g@&é ?HQ%MRQIS{O%J\/;%’('CECI 3) 5

13.23 (d, 2H, J =
11A), 6. 88(.8 ( c_!H?.Haf%ZE%Hvz)zH) 7.72 (m 3H), 8.32 (m 1 H. M (nl2z) M—I}

|(3(2)r5% 5- mné?%gE@Tkﬁ%%ngﬁ?g%?é%ﬂ%gi ?gﬁlydr o- pvrrolo 3

4-Db] aui no!in-9-one To a solution of 5-bronmo-2-furoic acid (2.1 g, 6.856
mmol) in THE (20 m-) was added oxalyi chloride (0.66nL, 7.541 mmol). 2
drops of [BWF \Neﬁ*é4—(441mthatjdnmhramrtylt@rb@@dtpheni xéigragid W t h bubbl es of CO

?Eiﬁrééﬁeﬁf Tha @ Bterh i Siee %2@&(%?@3%%3 (Mupéiq%ﬁ&i,b%?f’aiod
Vacuum t 0PI AT b Bolracil! Metn PRIl BaG, e e pise e RS b g, - T

crystal | i mel)owshs addedd iObl (16.46 b'qurﬁ).? ﬂ\hme\‘ﬂz@} C'Bh@@ﬁwtyoﬁhhgg gﬁ}eea\@§
dissolved in T

3-(2, |3 di FORYP Ha@%zam?k% %%W ?ﬁgzvass aetftahzaﬁmrfd%@zs mL, 1.0 M in i
e, ?F?T:? e CoRceRraton, tie SRl v\ dbwiBul e 357 o))

wer e thepudbieatibn.n sequentially. A few drops of DVF were added to the

react ion m xt M§(rtn92)kﬁﬁg (W—P’) Sé’if}r\in-oﬂ clear. The reaction m xture was

stirred at roo
"HNMR § CD30D 2.35 (s, 3H), 2.36 ~ 2.58 {brs, 4H,), 3.48 (s, 2H), 3.85

(s 2H), 6.90 (d, J= 2.0 Hz), 7.02 (d, 1H, J= 2.0 Hz), 7.46 (d, 2H, J = 7.9 Hz),
7.95(d, 2H, J = 7.9 Hz)

C. (R)-1,2,3,4-Tetrahydro-3-(3,4-methylenedioxyph enyl)-2-{5-[4-(1-(4-
methyl)-piperazinylcarbonyl)»phenyl]furoyl}-QH;pyrrolo[3,4~b]quinoiin-g-one
(#69)

A mixture of R-1 12,3,4-tetrahydro-3-(3,4-methylenedioxyphenyl!}-9H-
pyrrolo-[3,4-blquinclin-S-one, hydrochioride salt (1.12 g, 3.29 mmofl) (prepared
as in Example 5A), and the product from Step B (1.034 g, 3.29 mmol) was
stired with PyBroP (1.535 g, 3.29 mmol) and diisopropy! ethyl amine (1.716
mL, 9.87 mmol) in DMF (30 mL) at room temperature for 12 h. The reaction
mixture was diluted with CH;Cl (75 mL) and EtOAc (75 mL). This was purified
on a silica gel column (neat CHxCly, to 2.5 % CH30OH/CH.Cl,) to vield the
product as an off-white solid.

MS (m/z): 603 (MH’), 601 (M-1)

'H NMR 5 CD;0OD §2.32 (s, 3H), 2.43 ~ 2.55 (m, 4H), 3.53 (br s, 2H),
3.83 (brs, 2H), 5.25 (d, 1H, J = 15.5 Hz), 5.51 (d, 1H, J = 15.5 Hz), 5.87 (s,
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tenperature for 4 hours and then concentrated under vacuum The residue
was dissolved in CHCI 3 (200 m -) and washed wth H20 (3x200 nL). The
organic Iayw? ied over MgSO4 to yield the title product aﬁﬁn 17 NOV 2004

off-white further purification was necessary. 1H b/ 144%
(CD3CD)8487(d lHJ:115Hz)519(d 1H J= 11.5 Hz), 5.78 (m
2H) 624--760@/&‘s 8.39 (d, 1 H J =8.3H) M (nl2): 479 481"
(NH+), 479,2E%6.2 )%)«ﬁxmrinegi-t)maaqm 291 ) G068 (h, ﬂqpqeﬂ@l (}QP

01/ 8' 7882 I /14 3-B 1 I-5 5- b
rono-fu ra]%Hglg\/%gr bdﬁgl f#ﬁz% él éjggzé’f rja‘g1 n’ég} 5-31 {d, .'IZﬁXS 8.6 I-)i“z) B

| o[ 3,4-b 3 t i th
ﬁ]y)r([ arg[ of a)gﬂﬁ?gg ghgﬁ ('?ut egqbﬁooﬁpgqaglwyﬁggéfﬁgﬁg"'\i\'ﬁnéq)(:i
Pd(PPh3)4 (12. 4 ng, 0.01043 mmol ), K2CO8 (86.4 ngy, 0.6258 mmol) in

1, 4-di oxane (8 nL) and H2O (2 nL) was degased under N2 and then stirred at
1000C for 1.5 hours. The crude reaction m xture was | oaded onto a silica

gel preparative TLC plate and el ut Wt % CH30HI CH2CL2 to yield the
i sol at ed pr oduct as a solid. Oorrpouﬁgm eacted with phenyl bor oni c

id) 1H NVR.BO-Tettak@hiaah ) ). whb )=
aci 5)Hz) VR, 280- Felrah @3] 33-tnelfl léﬁedlé byl (8-l bl ey bR nylt

(M), 475 (M MuredirSsheyTelofd Athle kmevwrt sodih gt Nep@éwaf'#m oni ¢

it I T 7. r‘g?%"é??@c§SUfesouq*n¢g " EaplesSS) with ppropriatete), 6 95"
(s, 2H), 7sdbstitutiorf oﬁieég@ntékhlé)proauét%ééjob% %d[é @qf,%ﬁ@)ﬂ? (mz): 523

(M), 521 (MH) Conpound #112 (reacted wt *acid) 'H NWR
300 MHz (CD30D) M$ gnfz): 483 (MHY), 48=(M1)5 Hz), 5.43 (d, 1 H, J 11.5 Hz),

5.88 , 2H), 631 8 38 MS (M 483 ( MH+ 481
i)\ Componnd 15 R GRGIRA 82T f8. ok 2 a5 BBNan B, 40 856 H).
6.12 (s, 2H), 6.51 (s, 2H) 6.68 (d, 1H, J = 4.1 Hz), 6.98 ~ 7.14 (m, 4H), 7.38 (s,

1H), 7.48 (t, 1H, J = 8.6 Hz), 7.62 ~7.79 (m, 4H), 8.08 (s, 1H), 8.28 (d, 1H, J =
8.6 Hz).

. Example 61
{4-(2-(1-Pyrrolidinyl)ethoxy)phenvi) boronic acid

(Prepared according to the procedure described by Hoye, T. R. and Chen, M.
in J. Org. Cherm. 1996, 61, 7940.)
To a solution of 1-[2-(4-bromophenoxy)ethyl}-pyrrolidine (2.70g, 10
mmol) in THF (40 mL) was added n-buty! lithium (6.9 mL 1.6 M in hexanes, 11
mmol) at —78°C. The reaction mixture was stirred at —78°C for 15 min and then
at 0°C for 15 min. Trimethyl borate (2.5 mL, 22 mmol) was then added to the
reaction mixture at 0°C. The mixture was gradually warmed to room

temperature overnight. Methyl borate in the reaction mixture was hydrolyzed
by reacting with saturated NH,Cl aqueous solution (100mL) at room

temperature for 30 min. The upper organic layer was coliected. The aqueocus
layer was extracted with CHCI3 (2X100 mL). The organic layers were

combined, washed with brine (2X100 mL} and dried with MgSQ,. The solvent

was evaporated, resulting in a dense oil which was purified by column
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1H NVR 300 MHz (CD30D) 8 2.25 (s, 3H), 5.21 (d, 1 H J = 11.5 Hz), 5.42
'(d, 1 H J=11.5 Hz), 5.80 (s, 2H), 6.38 (s, 1 H), 6.74 -- 831(

MS (nfz): 491 (M#), 489(MH) Conpound #113 (reacted with 2-nitroph %)lwﬁv 2004
_boroni c aci W0 a¥7BR 300 MHz (CD30D) 8 5.25 (d, 1 H J = 11.f&cH@serR3A2 (d,
1H J 11.5 Hz), 5.88 (s, 2H), 6.39 (s, 1 H, 6.68 -- 8.66 (m 13H M
(mhz): 522 (MH+), 520 (MH) Conpound #117 (reacted with 2-thien | boronic

d 93 WO / 61 N 300 CD30D) 8
510 - 5. AT AR (N MGBRUOHET A (e EiRfg Vel dasain e
(m z): 467 whiealid465 (M—I—) Corrpound #118 reacted with 3, 4 met hyi enedi oxy

henyl bor oni OD) 8 5.19 -- 5.42 2H), 5.93
4%]?/ e.garso?ls? aiAéﬂ)(m/:@ 2&5.-(1%'8 323%§5M 11)2H§ MB (miz): 521 (l(vr|3+) H?319 (NH-§m

Co d #119 d H NVR 300 MHz
(CD3np8l[J>)n S 5. 21(?9%%W@B§% g>{g”0g§16n}f(65 Or%@)gé%c@ls(t) 2hi-y/ 640H8),51 (m
13 VB 0

4- mdroxglgﬂlsyﬁtﬁgngﬁgﬁzﬁl g@c d?”%@w%@z@%@oﬁy %539 (s, 2H),
5,25 (d, 1 H J = 11.5 Hz 5.52 (d, 1 H J =11.5 Hz 5. 89 , 2H), 6.48
(s, l(H), 6.70 - 8.31(m)13H) I\/B((rdz): 507 (MH), 52)5(M—|—)(?:orrplc_)?md
#121 (reacted with 3-hy-droxynet hyl phenyl boronic acid) 'H NVR 300 MHz
CD30D) 8 4.79 , 2H), 5.21 (d, 1 5 Hz 5.48 (d, 1 H J = 11.5
( ) (s, 2H) (4 1 Bodpfelds Ho). (

Hz), 5.89 (s, 2H), 6.31 (s, 1 H), 31 (m 13H) I\/S(rrlz) 507
(M), 505 (MH')1 ety R 3((8 emwntemo& hamyipl@ngeppenyl  boronic

aci d) 'H NVR 300 M 8 N2l o oD 50 ( ), 5.90 (s,
2H), 6.40 (d,%ﬂﬁmm}” EAN0X _ Mh:gH\-DvrrOO[Bd:b]q_nolm 9-one (#45)

Following the procedure outlined in Example 59, with appropriate

substitution of reagents, the product was obtained as a off-white solid.

MS (rvz): 590, (MH®), 588 (M-1)

'H NMR CDCl; 5 2.18 (s, 4H), 2.55 (s, 4H), 2.75 (m, 2H), 2.90 (m, 2H),
4.67 (d, 1H, J = 15.6 Hz), 4.82 (d, 1H, J=15.6 Hz), 5.18 (s, 2H), 5.81 (m, 1H),
6.08 (m, 1H), 6.21 (s, 2H), 6.35 (s, 1H), 6.60 (s, 1H), 6.82 (m, 3H), 6.92 (m,
1H), 7.04 (m, 1H), 7.21 (s, 2H), 7.62 (d, 1H, J = 8.6 Hz).

Exampie 63
3-(2 3-Dihydro-5-benzofuranwi}-1,2,3,4-tetrahydro-2-(benzyl-9H-
pyrrolo[3 4-blquinoclin-9-one (#60)
1—(2,3-Dihydro-5—benzofuranyl)—2-benzyl—2,3.4,9-tetrahyd ro-1H-3-
carboline (prepared as in Example 2) (5.25 g, 13.81 mmol), potassium dioxide
(3.92 g, 55.24 mmol) and 18-crown-6 (3.65 g, 13.81 mmol) were mixed with
DMF (100mL) in a 200 mL flask. The reaction mixture was maintained at room

. temperature overnight. The reaction mixture was slowly added into a separate
. 500 mL flask containing & mixture of EtOAc (172 mL), HO (172 mL) and 1N
aqueous HCI (50 mL). The mixture was observed to produce tiny gas bubbles.
The reaction mixture was stirred at 0°C for 30 min, resulting in the forrmation of
a precipitate at the surface of the two liquid layers. The precipitate was
coliected by filtration, washed with H,O (20 th) and then dried in a vacuum
oven to yield the product as a off-white solid.
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M5 (mz): 520 (M#), 518 (MH') EXAMPLE 80 3-(2
3- Di hydr o- benzof uran-5-yl )-2-pyrimdin-2-yl-12, 3, 4-tetrahydro-pyrr cil'fOPJ[]?'Zﬂﬂ-l.

b uinolin-9 3 3-(2,

3- Di hydr o- Sgﬁgg?ﬁsrkgn 5-yl)-1, 2,3, 4-tetrahydro-pyrrol o[ 3, 4- FCHUS01/14391

b] qui nol i n-9-one-HCl salt (0.15 g, 0.440 mvl) was stirred with

chl oropyrimdine (60.5 ng, 0.528 mml), KF (31 ng, 0.528 mml) and DI EA '
(0.19 m, 1.1 rkiS(v/zt385GMIY), 383 (M-The reaction mixture was diluted with
94 1 ? NOV 20041"@%%1(/&% 82 PCT/ USOL/ 14391 H20 (20 nlL). The solid was

filtered and dri Ehd B he {lurhblJ T8de HZ)vAS0ur3.6 A1 me PHY, 3. Beddgel
preparati v Cqat r ut_ |soI | ow solid. "H NWR
300 MHz ( Jf@d;ﬁfé’{?% L ﬂq I= %ig‘ ??‘ 5214?597[]}"%) 4.9 (svz) 4 92
(m 2H), 6.HE6.R & 1) J08.H) 5 £ ) 3

(M+). EXA LE 81@ rg]enzofurhétzrz Ea\]j _PG?S(?’ny“ di na'%t("mZJ ﬁ\%(wé%}f

1, 2, 3, 4-t ét,rldd,ny8@ &6 HEB)rrol 03 4-b uinolin-9-one #126 A

Benzof ur an- 5- car bal dehyde was prepared according to the process described
by H roya, K ; Hashinura, K. ; Ogasawara, K. in Heterocycles, 1994, \Vol.
38, No. 11, 2463-72 B: 1-Benzofuran-5-yl-2,3,4,9-tetrahydro-1

H (i-carboline was prepared according to the process outlined in Exanple
12, "H NVR 300 MHz (CDClI 3) 8 2.68 -Ex&wmp(g642H), 3.10 (m 1 H, 3.28 (m 1
H, 5.25 (s, 1 H, 6. 715(m3 7.38 (m 2H), 7.51 (m 1
H, 7.58 (s, | H, & O Dakie .3 4datrahyaio- . C

1- Benzof ur an- %Morgrr{é’_thﬁ di ( ' ) hydro-l
H a- carbol i ne-Was prepared @ Exarrple
12. 'H NWR BOOHMMM@mébrcﬁeau%ﬁmheahﬁEx%rﬁ@le(@f@ vht%ppr%pﬁéte(m 1hH,
6. 65 (s, 00 H)y, 8.22 (s,

oH) M5 (ngtlt\wpn pflgfgggern%m -((al,ézrpethyleneé:oxyphggyl)-.?-benzyi-z 3,4,9-
tetrahydro-1H-B-carboline {0.381g, 0.719 mmol) was reacted to yield the
product as a off-white solid. Note that for full formation of the precipitate, the
two liquid reaction mixtures were maintained at room temperature for 48 h,
rather than ovemight.

MS (m/z): 545 (MH"), 567 (M+23), 543 (M-1)

'H-NMR (DMSO-ds) 3 5.09 (d, J = 14 Hz, 1 H), 5.46 (d, J = 14 Hz, 1 H),
2.99(s,2H),6.39(s,1H),6.91(d, J=8Hz, 1 H),6.97(d, J= 9 Hz, 1 H), 7.02
(ss1H),7.33(d, J=8Hz, 1H),7.38(d, J=4 Hz, 1 H), 7.43 (d, J= 4 Hz, 1 H),
7.60 (m, J=8Hz, 2H),7.77 (d, /=5 Hz, 2 H), 8.16 (d, J = 4 Hz, 3 H), 11.55 (s,
1 H).

EXAMPLE 65
1-(3.4-Methylenedioxyphenyl}-2-[4-(4-methoxyphenyNthiazol-2-y1]-2.3.4.9-

tetrahydro-1H-g-carboline

A, 1-(3,4-Methylenedioxyphenyl)-2-[3-(ﬂuorenylmethyloxycarbonyl]
thiocarbamoyl]-2,3,4,9-tetrahydro-1H-p-carboline

A mixture of 1-(3.4-methyienedioxyphenyl)-2,3,4 9-tetrahydro-1H-B-
carboline (2.66 g, 9.08 mmol) (prepared according to the process as disclosed
in WO97/43287, Intermediate 7, page 24) and Fmoc—isothioéyanate (2.82 g,

10.14 mmol) was dissolved in dry dichloromethane (50 mL). The mixture was
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D: 1-(5-benzofuryl)2,34,9-tetrahydro-2-[5-(2-pyridinyl)-2-pyrimdinyl]-1
- H$3- carboline (30 ng, 0.06764 mml) and KO Bu (12.9 ng, 0.915 nmol) were
stirred in DW (1 nL) under 02 gas for 10 hours at room tenperature. DRIWQG

01/ 87882 1 woNdé7&204 PCT/ USO /14391 Preparative TLC (5% (gﬁﬁﬂz“ %bs
CH2Cl 2) yielded the title product as yellow solid. 1H NWR ( 0D)

&5.15 (m 2H), 6.55 (s, 1 H), 6.82 -8.98 (m 15H) MS (mz) 458, (M), 456
(M+). EXAMPLE %@ _
3- (2, 3- Di h§ired FnYSParEmatambjent temperatuse, gynd ien-@ngentrated imvdicoe 2- y! )

N P x et 2.,
TEPBA (1 78 e boato e Pirde & ARV I, ) "R ow drops of - DVF

were added to nMSe(mﬁ’é 824 (MHOh cl ear. The reaction mxture was stirred at

roomterrperatur e d then at 60C for 8 hours. Preparative TLC
(10% MeCH i n %W&%‘S&Eﬂ atﬁ 6 (ddy & PrideRic?- 1addzofl fHWS.68 (bl =, 17u t h

sone recoy Li 2 (t, 2H J =
55 Hr), f?@%*ﬁw@?@?gfa B S REE 218 LR e, T s

8.99 (m Iin,td HYG.OM(s) 2455 6.1 Jﬂ@ﬁl—:ﬁWHmﬁ 3 Ik

1-(2, 3- D|1( dr o- %?Elzofuran 2 yfa)wdi 2, 3- d| nmet hyl - ﬁ.mbﬁg%hﬁﬁsw
yf)-py_ri B§n1 )F112737&1(3ﬁﬂ9§tqu b1 H -carboline

2- (5-brono-2-pyrimdinyl)-1-(2, 3-di hydro-5-benzofuranyl).. 2, 3,4, 9-
tetrahydro-1H J3-carboline (0.45 g, 1.00mmol), 1,2-dinethyl-1 Himdazole

(0.18 g, B.. 87 mh}MeﬂM@i’@dlaxKﬂ%n&EQ ﬂh%am%%{r)%%ésg.@%df%ﬂ 'l'iTml)

and K2CO3 (0.28 g, 2 mmol) were stirred in
hours. THeCRbRliDPe was poured into aqueous 10% NaCH sol ution (50 nl). The

resul ti ng sol ut racted, with CH2Cl 2 x50 nL) and dried over
oSO 9 A 881BR SPHhE PRl thibures Fotn Pata (4.%8 g, 8.33 mmol) in

20% (viv) 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
chromatography (SiOz, 0-10% methanol in dichloromethane) to yield a yellow
solid.

MS (m/z): 352 (MH™)

"H-NMR (CDCl3) 6 2.69-2.87 (series of m, 2 H), 3.10-3.19 (m, 1 H), 4.24
(brs, 1 H), 6.00 (d, J = 3.3 Hz, 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), 746 (d, V=77 -
Hz, 1H), 7.74 (br s, 3 H), 11.06 (s, 1 H)

C. 1-(3,4-Methylenedioxyphenyt)-2-[4-(4-methoxyphenyl)th iazol-2yi}-
2,3,4,9-tetrahydro-1H-p-carboline

To a solution of the thiourea from Part B (223 mg, 0.63 mmol) in a 1:1
mixture of dioxane:ethanoi (5 mL) was added 4-methoxyphenyl-2'-
bromoacetophenone (175 mg, 0.76 mmol) and triethylamine {0.40 mL). The
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
chromatography (SiO;, 0-10% methanol in dichloromethane) to vield a
colorless solid.

MS (m/z): 482 (MH")
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Purification by preparative TLC yielded the title product as yell ow powder.
96 WO 01/87882 17 NOV 2001 PCTIUSOL/ 14391 '"H NMR 300 MHz (CDCI3) 5 2 ﬁﬁw 004
1

(s, 3H), (2',520&[%7’5&?%3 2.90 (m 2H), 3.10 (t, 2H, J = 8.8.%%1811%1%%%&(”12)

Hy, 4.52 (t .8.Hz), 491 (m 1 H, 6.68--7.61 (m

463 (MH), 461 (MH ). The follow ng conpounds were simlarly prepared
according to the rocedure descri bed above with appropriate selection and ,
substitution of H-NMR d8IDCk)bBs2.86tR-8d7 twgiestaf. -2 fH), 3.61-3. 1ém' 1 Hg
5-(3-Benzv]) ,2- - i m.dazol -4-yl)-pyrimdin-2-yl'l-1-(2, 3-di hydr 0-
benzof ur aéﬁh%gi%%gﬁﬁhﬂdﬁbqbﬁmal Eat-Bdizné HISE(HY () 1599,6.804+)
537 (VH). - rime PR Y - zof ur - _

)-2-f5-( 2,73f-13i(§é¥'ﬁ§|°?§ﬂ§jm ag% @4lf'}y_l ?’B?S'% Hof 48 (d. /= 7.6 Hz, 1 H), 7.82
2-yil-1,2,, 4= 817 gy @rtdy, pmgg)(ggfﬁ-.{)él- 13l gui nol i n-9-one (#128) 'H NWR 300
MHz (CD30D) 5 3.08 (t, 2H, J = 9.5 Hz), 3.28 (s, 3H), 3.50 (s, 3H), 4.42
(t, 2H, J =9.5 Hz), 5.0 2 (br, s, 2H), 6.24 (s, 1 H, 6.63 (m 1 H, 6.84
(s, 1H, 7.19 (m 2H, 7.31 (m 1H, 7.53 (s, 2H, 8.35 (m 3H M (m2z)
477, (MH), 475 (MH). 2-L

- (3-Benzvl - 2-met hyl - 3Hi m dazol - 4- \@yapl Egeli Nn-2-y-1 3- (2, 3-di hydro-
benzofuran-5 yl)-1,2.3,4-tet rahydrc-—p‘yT‘l’TFTrR‘:i, 4- bl oui nol i n-9-one (#127) 'H
NVR 300 MHE- tened@RypsenBHp;[4-dh2hykisazak)-yiD 32 Sietrahidrd- fH-g8- 8
Hz), 4.48 (t, 2H, J = 8.8 Hz), 5.12 ( 2H), 6.15 (s, 1T H), 6. 6T -- 8.85
(m 15H MS (mz) M+ (553), MH ( oliEKAVPLE 87

b 1 nol a5 one Rl AR R b b ORI RS 5 Vetra h
yd ro-9 H*thipltﬂlﬁdm@yl]@ﬂ#,ggieltdrgah%.gH eBmoiike (0.30g, 0.88 mml) and

2-brono-pyridine (2 nlL), Pd2dba .23g, 0.25 mml), BINAP (0.47g, 0.75
mol ) and Na@westyre. @fety(3.4-methyienedioxyphenyl)-2,3,4,9-tetrahydro-1H-B-

carboline (2.66 g, 9.08 mmol) (prepared according to the process as discloéed
in WO97/43287, Intermediate 7, page 24) and Fmoc-isothiocyanate (2.82 g,

10.14 mmot) 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 yeliow solid.

MS (mvz): 574 (MH")

- "H-NMR (CDCl3) 5 2.86 (dd, J = 12.9, 5.1 Hz, 1 H), 3.09 {dt, J = 17.1, 6.9
Hz, 1H), 3.56 (dt, J=12.9, 5.1 Hz, 1 H),4.19 (t, J = 6.9 Hz, 1 H), 4.43-4.53 (m,
2H),5.91(s,2H),6.70 (d, J=8Hz, 1 H),6.90 (brd, J=7.6 Hz, 1 H), 6.97 (br
s, 1 H), 7.11-7.78 (series of m, 17 H)

B. 1-(3,4-Methylenedioxyphenyl)-2-(thiocarba moyl)-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%
(viv) piperidine in methanol was heated to reflux for 5 h. The mixture was
concentrated /n vacuo to yieid a crude residue which was purified by flash
chromatography (SiQ,, 0-10% methano! in dichloromethane) to yield a yellow
solid.

MS (m/z): 352 (MH™)
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mmol) were stirred in 1,4-dioxane (4 nL) at 90C for 1 hour. The resulting
- 97 WD 01/87882 17 NOV 2001 PCT/U50111 4391 m xture was concentr at ed @? }
then filtered on a plug of Celite with CH2Cl 2. Purification by prepar Y\Z@

TLC (5% CH3 01/86483Cl 2) yielded the title product as a yel ll‘ajf‘fﬁﬁll )lg:m
“NVR 300 MHz' (CDBOD) 5 2.92 (t, 2H, J = 9.5 Hz), 4.40 (t, 1y |

4.54(d 1HJ:22Hz)485(dIHJ:22Hz)655(m2H) 7.10 (m
3H),7.35 8..02 8.30 (d, 1 H J =9.3 H) M5 (m 382,

(II;/ID-I{) 380((|\}ﬂ1=f)l %Sgla?ﬁ &ﬁeﬂ@s.qﬁmxaﬁmwa 19(m)1 H), 51242()br

| -2-(4-im dqzl% éL-O)bI (dpge_ngla)H% EI—F} él7t2e6dr ?}wngPHer-l)aﬁ?’sflcP LnBOtl)l}-?zg one

#133

3-(1,3-b L = 9
(305 . o e T o T G T 1 ol

Pd2dba3 (4H, g4 Qs w106 ts,dhidhyl - 2-yI - di -t ent - but yl - phosphane 3.0
ng, 0.01 nmmmol) and NaO:Bu (14 ng, 0.14 nmol) were stirred in 1,4- dioxane
(0.6 mM-) at 89C for 17 hours. Purification by preparative TLC (5% CH3OH

G2 031 St i A o A 200
(m 14H) WB- xdamom&(mg) MH (447) EXAMPLE 89 2- 2 3 Bi ridin 1-6'- |-3-

2 3-di h dro-benzofuran-5- # -1 2 3.4-tetrah dro-
pyrrol of 3, 4- 'BD @ﬁ@iuttmoétm@iw@amf Part B (227 mg, 0.65 mmol) was added B-

.[2 e'g r5 aﬁ;gr {gégé ogi%ng%ﬁiéég %nQ\oB%r%ot]:’lg{hayrlla_ml—ne 20 40 mL) Thls
1- (2, 3- di fyigipe %#ﬁé@t%ﬁ&é%"@f@r §h4céolfe%ttbar§§ﬁ{ féﬁgé?%ﬁﬁgﬁ{dgol ine (11.6

g, 40 nmmol), 2, 5-dibronopyridine (10.42 (1.465 g, 1.6
mol ), dpp@wganmtegi in& wtmv)aparaiomameme$nau6&v@ purffiedpy Jlagere stirred in

ol ug of | CETereARarAPRY $0D%. 0-4Rek e ehin siorl oo oliane hisyielont oald at od, ¢ he
yellow 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), 3.83-
3.99 (m, 1 H), 5.99(d, J=3.3Hz, 2 H), 6.58 (s, 1 H), 6.81-7.11 (series of m, 5
H), 7.25-7.69 (series of m, 6 H), 7.898 (d, J = 7.4 Hz, 2 H), 10.95 (s, 1 H)

Example 67
3-(2.3-Dihydro-benzofuran-5-yl}-1.2 ,3,4-tetrahydro-3R-GH-pyrrolo[3 .4~

blquinolinone

A [2-(1H-Indol-3-yl)-ethyl]-(1-naphthalen-1-yl-ethyl}-amine was prepared
according to the process described in Kawate, T.; Yamanaka, M.; Nakagawa,
M. in Heterocycles, 1999, 50, 1033

. B: R- and S- Diastereomers of 1-(-2,3-dihydro-benzofuran-5-yl}-2-(1R-1-
naphthalen-1-yl-ethyl)-2,3,4,9-tetrahydro-1H-B-carboline
[2-(1H-indol-3-yi)-ethyl]-(1-naphthalen-1-yl-ethyl)-amine (1.0 g, 3.18
mmol) and 2,3-dihydro-benzofuran-5-carbaldehyde (2.356 g, 15.92 mmol) were
stirred in p-xylene (20 mL) at 165°C for 7 h. To the reaction mixture was added

silica gel (10 g} and hexane (200 mL). The reaction mixture was filtered and
89



98 WD 01/87882 17 NOV 2004 PCTI1JSO /14391 crude m xture was then | oaded

on Foxy colum (110 g silica gel) and eluted wth ethyl acetate / he,rﬁﬁ’va 0

(3:7). The ‘groduct crystallized out in test tubes. The product was 1 2
€

concent r at e§O¥E™®Ren recrystal lized from THE to yield the PEDHESeN143%
yellow crystals. 1H NWR 400 MHz (THF-d8) 8 0.91 (m | H), 1.15 (m lH),
1.25(t, 2H, J = 9.5 Hz), 1.60 (m 1 H, 2.31 (m 1 H), 2.60 (t, 2H, J.

9.5 Hz), 4héxdich y/ 5. 10 -5. 28
o 4Hg o Bgsodl( mesiszﬁl_})lraieSwas d(l&d?%ed ﬁ@e%ﬁm{? rﬁéﬂfﬁwaéh%% elﬁyl e 1o

(s, 1 H nNSqtatefoumlladhenathyl actidtedstivéntias eRaporated, the concentrated
2[23]B r|d| @g% -'rﬁé 3d|hyrobenzofuran5yl -2,3,4,9-
tetrahydr %’é“l’ Wasdi & b smalk ampypkef ‘A?Hab‘dn@c(paakegjome%
mmol ), 2-t | Pd(PPh3)4 (0.12
g, 0. 10 n%‘%%%"e‘?*e‘ﬁ?t“? FThe Bl WS el ity 8% Bl Bchisteheseheso ), 'the
reactlon I‘Y\IBWIIWG diasterebtrersd t hrough a plug of Celite with CH2Cl 2 and

then concentrated to a small volune. Preparative TLC (3:7 ethyl acetate |
heaxne; then 5% CH3OH | CH2Cl 2) yi el ded the product as a yel |l ow sol i d 1H

a5a (1 oy aT%3tydroBenzbrirdpl sl iR -BaphBajen st 28 09- = 7.6
Hz) M5 (tétEahyHto-1 SW‘F«Brca‘Pﬂéhr(é\@’fhé ngg-desblred diastereo rANR] =059

2-[2,3 JBi pyridinyl-6"-yl (2, 3-di hydr enzouran--
t et rahydrBOéglEtt@P@[/Hemalmﬁ}mamobiama} asge(leWwIblidFol | owi ng the procedure

feagents, vi o ToRMRSd MHE QR5REE 1 B8 620 aH. Uik Arirtiane BHa B 3) 8
512 (s 1) tng By 0P R0 bn.E51, 0. FHasd ), LB ondrg 28 To
01/87882 (s, NHYOB.68 0, 1H), 6.92 (m, 4H), 7.05 ~ 7.65 (m, 5H), 7.70 ~ 7.95 (m, 4H)

MS (m/iz) MH*(445), MH (443).

1-(-2,3-dihydro-benzofuran-5-yi)-2-(1R-1-naphthalen-1 -yl-ethyl)-2,3.4,9-
tetrahydro-1R-1H-B-carboline (the desired diastereomer B) (Rf = 0.51 in 30%
EtOAc/Hexane) was obtained as a yeliow solid.

"H NMR 300 MHz (CDCl5) 6 1.58 (d, 3H, J = 6.5 Hz), 2.65 (m, 1H), 2.91
(m, 2R), 3.05 (t, 2H, J = 8.8 Hz), 3.15 (m, 1H), 4.51 (1, 2H, J = 8.8 Hz), 4.65 (m,
1H), 5.10 (s, 1H), 6.68 (m, 1H), 6.85 (s, 2H), 7.11 (m, 2H), 7.20 ~7.50 (m, S5H),
7.68 (m, 2H), 7.81 (m, 1H), 8.21 (m, 1H)

MS (m/z) MH’(445), MH"(443).

C: Conversion of S-diastereomer to R-diastereomer
1-{-2,3-dihydro-benzofuran-5-y1)-2-(1R-1 -naphthalen-1-yl-ethyi)-2,3,4,9-
tetrahydro-1S-1H-B-carboline (the non-desired diastereomer A) (190 g, 0.428
mmol) was stirred in 1000 mL CH,Cl; with TFA (52 mL, 701 mol) at room
temperature overnight. The reaction was quenched with NaOH (35 g, 0.875 mol)
in water (100 mL). The reaction mixture was mixed well and then let stand for 0.5
hours, during which time a precipitate formed. The precipitate was filtered, the

solid washed with water and dried under high vacuum to yleld the product as a
solid.
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PCT/ USO01/ 14391 EXAMPLE 90 3- 2 3-Di h dro-benzofuran-5- 1 -2- 5- 3-neth

| -3H1im dazol-4- | ridin-2- 1- 1 2 3 4-tetrah dro- rrolo 3 4-b .

ui nolin-9-one #137 A 2-C h Toro-5-(3-nethyl -3 Himdazol-4-yl)-p y”(yw A00k
e 2-Chl orowgepstsspyridine (0.239 g, 1 mmol), 1-nethyl-1Hirg llﬁﬁ’(’p 41
‘g, 5 mml), Pd(OGAc)2 (22.5 ng, 0.1 nmol), PPh3 (53 ngy, 0.2 nmol

Cs2CO3 (0.326g, 1 mmol) were stirred in DM (3 nL) at 120 C, for 6 hours.
Purification byﬁgméﬁratlve TLC yi el ded the product as an oil containing 1-

methyl -1 Himid waeidgptieride thasolis¢, Iﬁ@rhydne-bmzbfmam- }tzh -
furth S 3.6 7.19 7,27
(gr 1erH) P‘%bg‘aﬁg’t' 1&@‘““&@?&@% ﬂ?e?t@-@arbdmﬁ)(m eﬁrﬁ)ﬂ MH+ (194) .

B: 3-(2, g;@t%rﬁ%benzofura n-5-yi)- [5 (3-methyl-3 H im

| dazol -4-yi)-pyrid i n-

2-yl]-1, 2,3, 4-tetrahydro-pyrrol o] 3, 4- b] qui noi i n-9-one (#137)

3-(2, 3- dlggdro b nzofuran 5- yl} 1,2,3,4-tetrahydro-pyrrol o[ 3, 4-b] qui noi i n-
9-one (0 Spihygrrdienzoturan-5-yi)-2-(1R-1-naphthalen- -1-yl-ethyl}-1,2,3 4-

IZDdEE)IAg;(Z) t%%i(%; %§ 8%;@’%%%9%8%@ erzl S: E]edl ((:SCIC)ghg;(yIO gﬁo;ngﬁa)ne (5.43
19, 0. 0155 s 3l hG-BshAchurRs 4 )-2- (PRSI -n Qaldﬁgeyl%l%gga R

4-di oxane (0.6 nlL) at 90C Purlflcatlon by preparativ
CH2Cl 2) ydra-i R-pHefitoatbotine (616468 6,01 46 mmdl)m BEfhd¥iim @a@sﬁae S 3.12

t 50 2 JH). 6.08 (s, 1 H & 70
( d% gf’%é @ﬁ*&wﬁa ¥ %571) wﬂi’"{ib&z)‘n!- M#FPOP%QNEOSWZ‘NBE cqi (m
2-15-(3- | i d ro-b
nzéf u( > s Wk ubibd ?‘ﬁﬁfée’{%%hiﬂa%”ﬁf% esfight,” The Teher % wgso'ne AT

g ( 3- Benzplerghiediwith HCId248-mL) 1N ablieons). Bihyi st pbd avi }g%proce‘j“re
Subst | ¢ lPBAT! WEES GiAft ad0%sT 6T B SroRRicaueT S 'géé;rastééff’%d{e aqEAE NOV 2054
layer was extracted with ethyl acetate (50 mL) and CH,Cl, (50 mL). The
organic layers were washed with brine (3 X 50 mL) and dried over MgSQ0,.
The resulting product was concentrated and purified via silica gel (2%
methanol / CH2Cl;) to yield the product as a yellow solid.
'H NMR 300 MHz (CDCI;,-) 8 1.65 (d, 3H, J=8.5Hz), 3.05 {t, 2H, J= 8.8
Hz), 4.01 (m, 2H), 4.51 (t, 2H, J = 8.8 Hz), 4.68 (m, 1H), 5.31 (s, 1H), 6.62 (s,
1H), 6.88 ~7.88 (m, 12H), 8.25 (d, 1H)
MS (m/iz) MH® (459), MH " (457).

E: 3-(2,3-Dihydro-benzofuran-5-y1)-1,2,3,4-tetrahyd ro-3R-9H-pymrolo[3,4-
blquinolinone

3-(2,3-Dihydro-benzofuran-5-yl)-2-(1R-1-naphthaien-1 -yl-ethyl}-1,2,3 4-
tetrahydro-3R-9H-pyrroio[3,4-b]quinclinone (24 mg, 0.0524 mmol} was
dissoived in 5 mL ethanol. To the reaction mixture was added 10% Pd /C (50
mg) and HCI (1.0 M in diethy! ether (0.05 mL, 0.05 mL)). The reaction mixture
was stirred under 35 psi of Hz gas for 3 hours at room temperature. The
catalyst was filtered away on a plug of Celite. The reaction mixture was
concentrated to yield crude product. Purification by preparative TLC (5%
MeOH /CH,Cly) yielded the title product as yellowish solid.
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WO 01/87882 PCTI US01114391 'H NMR (CDC13) 5 5.15 (s, 2H), 6.86 -8.30 (m 10

H M (mz) MK (270) B: Follow ng the procedure described in ExarrpL?e [IC\?

Step B, vvit\l,}oﬁfh[:)%ﬁpri ate selection and substitution of reagents, Yyi 3 ill@"
Id.

product as a so 1H NWVR 300 MHz (CD3CD) 5 3.12 (t, 2H), 3PGDUSMY142H),
4.55 (t, 2H), 5.10 (m 2H), 6.05 (s, 1 H, 6.45 -8.54 (m 12H) M (m z)
M+ (538), MH 151"5336). EXAMPLE 92 .
3- (2, 3- Di hydr o- i NASR BODWHHAIOD i3k - _

3, 4-tetrahydro- gvrrol of 3.4 blﬂqui%%F?J_%SgngQﬁ#I%%é_s Hz).4.59 (,2H, =88
3-(2, 3-di hiélxr)o‘i- Brlan A ur3d1(8.)1H), 8,88(, tiety ABIARe AR BHim gHgig_Efg, 4-

b] qui nol i n49- gp' HCl (0.0341 g, 0.1 mmol), 2-iodo-pyridine {0. 13417g, 0.2
nmol ), Pd2g5'a ?’22. 9 nmg, 0.025 mml), BINAP (46.7 ng, 0.075 mmol) and

NaQx Bu (58 ng, mifBP | in,1,4-di oxane (0.8 m-) at 50CC for
3 hours. Puri fr\iqggtlon%wgpggiyg{%)ﬂc (5 % met hanol | CH2Cl 2) vyi el ded
the product as a yellow solid. '"H NVR 300 Mz (CD30D) 5 2.92 (t, 2H, J =
9.5 Hz), 4.40 (t, 2H, J =9.5 Hz), 4.54 (d, 1 H J =22 Hz), 4.85 (d, | H,
J =22 Hz), 6.55 (m 2H), 7.10 (m 3H), 7.35 (m 4H, 8.02 (m 1 H), 8.30
(d, 1 H J =19.3 Hz) M5 (mMz) MK ( %8(380) HPLC trace: Chiral OD,
met hanol , 25C, tr = 5.201 mn. Exa 2 3-di h dro-benzofurn-5- 12-
5- 3h i m daz@ Bénzd[1(3]didxol5-yi-b-&-Brainoi@ah@eafdrvBl £ 234 4eth Alkro-

i nolin-9-one A stirred solution of

2-[ 5- ( 3- Benzyl - 3Hi ni dazol - 4- pyiroe3iddblauolih]9-6aé 2, 3-

di hydr o- benzof - - 3. 4-t gt.rahydr.q-pyrral of 3, 4- b] qui nol i n-9-one

(0.005 mmol, lifdg%ugi%\%*aéhejs 5-‘35?@5’;;?738 a'?*a (Eﬂa&sp@@[f@wr&vdn THF (20

p- t ol uenesul § way laddevidhadiiddiie2f0. , ! i o4 (3 n-)

D about oa Ly edde e 87882 080 7301 oI £Riors, SOV Est o

sol ution dherggrgrhtadbe seactian mixtuce, withiutides uf £O 6bsBYel3oMome out
vigorously. Oxalyl chloride ((COCH), (0.1 mL) was then added. The reaction

mixture was stirred at room temperature for 10 min and at 90°C for 10 min.

Solvent and excess (COCI), were taken off under vacuum to vield 5-bromo-
furan-2-carbonyl chloride as a pale yellow crystalline solid.
The solid 5-bromo-furan-2-carbonyt chioride was dissolved in THF (20
mL). A solution of 3-(2,3-dihydro-benzofuran-5-yl)-1 2,3 ,4-tetrahydro-gH-
pyrrolo[3,4-b]quinolinone (2.1 g, 6.856 mmoel) in THF (20 mL) was then added.
Triethylamine (4.56 mL, 32.64 mmol) and DMAP (40 mg, 0.327 mmo}) were
then added in sequentially. A few drops of DMF were added to the reaction
mixture to keep the solution clear. The reaction mixture was stirred at room
temperature for 4 hours and then concentrated under vacuum. The residue
was dissolved in CHCl; (200 mL) and washed with H,0 (3x200 mL). The
organic layer was dried over MgS O, to yield the title product as an off-white
solid. No further purification was necessary.
'"H NMR 300 MHz (CD30D) § 4.87 (d, 1H, J = 11.5 Hz), 5.19 (d, 1H, J=
11.5 Hz), 5.78 (m, 2H), 6.24 ~ 7.60 (m, 8H), 8.39 (d, 1H, /= 8.3 Hz)
MS (m/z): 479, 481 (MH™), 479, 477 (MH")

EXAMPLE 69 through 79

General Procedure
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over about a 2 h period. The m xture is stirred for about another 3 h at
_about 800C, then cooled to about 25 C, and the solvent evaporated. The
residue is dissolved into CH2C12 (20 m.), washed with saturated aq ?3@@ ot
NaCl (10 ried (Na2SO4), and concentrated to yield the title ZII
- Exanpl e 94 Y2 Y5¥ Ay dr o- benzof uran- 5-yl ) - 2- [ 5- ( 2- net hyl - 3H PRTASAYI3E1 y| -
ri mdin-2- yl] _1,2,3,4-tetrahydro-pyrrol o[ 3 4-Dbl pui nolin-9-one Foll ow ng

t he procedure described in Exanple 93, 2-[5-(3-benzyl-2- nmethyl-3Himid
azol - 4-yi ) - pyr i BiBbrizo{3)didxcR-5 g 2-35-Bromb- ) [R5 Svi)-

1,2, 3,4-tetrahydro- y!,ro%do 3, 4-%‘]%5? ﬁé‘??’ﬁ%ﬁg’ﬁ%?s%@rg’g'géyﬁeﬁaﬁxgm e 86,
i s react eRYMTO[3.f1bjquinelineg-aren{ib 10 g, E2886IremdY was MirFBOWilSA Irigtureyc! i ¢

Nucl id ' PDE) A PDEV | I ' PDEV I d
r om 1 abbi 3 AASHD RLEH SRR G 2295 @O, b PR G2l by -
Bool el | etmal I . ' d,. S LA - Attee, S.,
Vi r head. ee 3 OMEEE oD, JCOR(BER mhf 0b2sp Mol i1 iqifiang 8 BLyand™

| nt er nat i ded (2 onlr)wds dégdsgabtiedercNRane #aisthibaB106°C Far Wid Roffid o

nodi ficatiqgns. Briefly, rabbit or human tissues were honogeni zed Tn an
i ce-col d bhi§ erIdesERGHGR Midyre wasilpedet aMoHERIS: gpHbiepiratite TEI} gles ose, 1

mM EDTA, ¥ | sui; phonyl . fl uorijd PVSF) . The honopbgenat es
were cent ?l?'gju%gg% %Fﬁ?gb%%%%q%yfﬁﬁ WE&F" Ampeselidant was
filtered through 0.211M filter and | oaded on a Pharmacia Mono Q ani on

exchange colum (1 m bed volune) that was equilibrated with 20mV HEPES, 1
mV EDTA afs<mpsung plAE (reagiadewitivphienmbberohicadidiund pr ot ei ns, the enzynes

were eluted wit ' 02.17 : WO 01/ 87882 PCT/USO /14391
gradi ent of 106[3‘6'878| 1z E?E)?ﬂg%aﬁzrggﬁﬁ%ﬂ t39.3 blz305.412 fdottdd, J =
dependi ng19r1p I-&P,EB.Q.IS@,LEEH), g_rg?glﬁa'z,t}.grgrmthg_ﬁk&metﬁh nmuscl e, corpus

cavenosum retina, hear anq et were e ith 35, 40, 45, 50, and
50 m respecti M ym/2): 4R (Mbl" Y75 (MH)

Compound #111 (reacted with 4-methylthiophenyl boronic acid)
"H NMR 300 MHz (CD30D) § 5.21 (d, 1H, J = 11.5 Hz), 5.44 (d, 1H, J =
11.5 Hz), 5.91 (s, 2H), 6.40 (s, 1H), 6.77 (d, 1H, J = 9.0 Hz), 6.98 ( s, 2H), 7.21
~7.81 (m, 11H), 8.31 (d, 1H, J = 9.0 Hz) '
MS (m/z). 523 (MH"), 521 (MH)
Compound #112 {reacted with 3-thienyl boronic acid)
'H NMR 300 MHz (CDs0D) 6 5.22 (d, 1H, J = 11.5 Hz), 5.43(d, 14, J=
11.5 Hz), 5.88 (s, 2H), 6.38 (s, 1H), 6.72 ~ 8.38 (m, 12H)
MS (m/z): 483 (MH"), 481 (MH")
Compound #116 (reacted with 4-methylpheny! boronic acid)
'H NMR 300 MHz (CD;OD) 5 2.25 (s, 3H), 5.21 (d, 1H, J = 11.5 Hz),
5.42 (d, 1H, J = 11.5 Hz), 5.80 (s, 2H), 6.38 (s, 1H), 6.74 ~ 8.31 (m, 13H)
MS (m/z): 481 (MH"), 489(MH") '
Compound #113 (reacted with 2-nitropheny! boronic'.acid)
'H NMR 300 MHz (CD30D) § 5.25 (d, 1H, J = 11.5 Hz), 5.42 (d, 1H, J =
11.5 Hz), 5.88 (s, 2H), 6.39 (s, 1H), 6.68 ~ 8.66 (m, 13H)
MS (miz): 522 (MH"), 520 (MH")
Compound #117 (reacted with 2-thieny! boronic acid)
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was run at a flowrate of 1 mM/mn and 1 m fractions were collected. The
fractions conprising various PDE activities were pool ed separ at el y ﬁl}[/a
used in | at®ip flgyghies. Measurenent of | nhibition of PDEV The PDE asda i
carried out as described by Thonpson and Appl eman in Bi ochefF&{USLgm 10,
311-316 with mnor nodifications, as noted bel ow. The assays were adapted
to a 96-well format. The enzyme was assayed in 5mM MyCl2, 15nM Tris HCl

Egg 7. QVP 0. 5[ndﬁrNMEoW®MHe(®?g?Db;&rﬁ mica ~15|a2:\(lmc3_ifry}D 5)%%%) g,gﬂ f
-C c of colum el ution e tota me o
t he assay \%’g %g% é'}%] 'gﬂélon m xture was incubated at 30C for 30
mnutes. The regd (Afk) vrgg—,-s?gﬁ?)%é;%\n |Iing for 1 mnute and then cooled

down on ice. The resul'tin ucl eotides were further converted

t o unchar ﬁMdr#MBﬂreadmﬂ \igh adﬁmmhﬁénbdlbw
( Ophi ophagus hapn and incubat [g) at 30*C 10 eaction was

st opped by the %&MR@OWHZ (HD13) &Rad! NEB.42 (megH), 5198 (1, 4143 %_33/(\&1;I t he
char ged n.H_qj gp}dd ﬁﬁ% %nd by the resin and onl’y uncharged '

[ 3H - nucl eosf'deés [ o? ' the supernatant after centrifuging. An
aliquot of 200 Mm% (wag) tﬂqew;qr‘gd\:,mq ed by liquid scintillation. PDE
activity was expressed as cyclic “nucl eotide hydrolyzed/ mn/m of

enzyme pr&ﬂﬂﬂ%ﬂﬂﬁﬂd&ﬂ@&d VGMCG%WP in assay buffer with
a final concenty f Under these conditions, the hydrol ysis
of product i ncr%@gW@PﬁM ﬁg\%% Alrre Sedoh onHy 5.5 (rnn 2H), B0ER(s,

f ashi on. 60 98 5pg¥8g§nget ermnation of K, for Phosphodi esterase

| nhi bitors: 103 WO 01/ 7 Nov 2004 PCT/USOL/ 14391 The assays were
adapted to a QMS\/élh‘i/z)t ﬁﬂﬁﬁMHPhﬁ@@wm)ester ase was assayed in 5mM MyCl 2,
15mM Tri s HCl (pH bovr ne serum al bum n, 30 nM 3H cGW and
t est conpethd a0 rtlorohrceaa‘cz used for

conver ted dur’ ﬁﬁﬁ’ﬂ?ﬁ%@ﬁ@*z @53%5 AREH éra&?ﬁzgr&h%@?b < Hbata conpound
was di ssob.Gatidan, df + utl eiHz) 5199 % IHBLE( L8RS, 570 ~ 8.31 (m, 13H)
MS (m/z): 507 (MH"), 505 (MH")
Compound #121 (reacted with 3-hvdroxymethylphenyl boronic acid)
'H NMR 300 MHz (CDs0D)  4.79 (s, 2H), 5.21 (d, 1H, J=11.5 Hz),
.48 (d, 1H, J = 11.5 Hz), 5.89 (s, 2H), 6.31 (s, 1H), 6.62 ~ 8.31 (m, 13H)
MS (m/z): 507 (MH"), 505 (MH")
Compound #122 {reacted with A-dimethviaminophenvt boronic acid)
"H NMR 300 MHz (CD30D) § 5.21 ~ 5.50 (d, 1H, J = 11.5 Hz), 5.90 (s,
2H), 6.40 (d, 1H), 6.64 ~ 8.31 (m, 13H)
MS (m/z): 520 (MH"), 518 (MH)

EXAMPLE 80
3-(L&D’rhvdro-benzofuran-S-vI)-2-pvrimidin-2-vl—1 2,3 4-tetrahydro-pyrrolof3 .4-
blguinolin-9-one (#123)
3-(2,3-Dihydro-benzofuran-5-yl)-1,2,3,4-tetrahyd ro-pyrrolo{3,4-

bjquinoiin-9-one-HCl salt (0.15 g, 0.440 mmol) was stirred with
chloropyrimidine (60.5 mg, 0.528 mmol), KE (31 mg, 0.528 mmol) and DIEA
(0.19 mL, 1.1 mmol) at 60°C for 16 h. The reaction mixture was diluted with
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assay). The total volume of the assay was 100 Al. The reaction m xture was
. incubated at 30'C for 90 m nutes. The reaction was stopped by boili ntE; 6@2“[
m nute and then i mediately cooled by transfer to an ice bath. To eh N 0
was then il 1 nmg/m snake venom ( Ophi ophagus hannah nd the

- reaction %ggﬁ)g@gélzncubati ng at 30'C for 10 minute. The reaclfq'%mg%gé”l
stopped by the addition of 1 m Bio-Rad AGL-X2 resin slurry (1:3). An
aliquot of 200 d was taken and counted by liquid scintillation. The %

i nhi bi ti onHeD 2WeminhxiThersdidbwas fitteredoamvidged on(Dyudtion fnemanden t he
absence of inhibitg v_\‘as ca}dgrul ated f_gr each test conpound concentration.
Usi ng G apNREYHBr iHR'SIHGhoehREParaliyectlst oneditis Rredyct was dsalated asese
response), y%ﬁtﬁm%ﬁ@hi bition vs log of the test conmpound concentration was
plotted to’determne the 1C50. Under conditions where substrate

concentration <%KIMR 300 Midz ¢0DOID 5(3@101%,%#3.%}i@t@ﬁzg)“@.%zt(f,?"élii,oﬁ:%t.s whi ch
ed), ;

hal f of the nmaxi mal velocity of the enzyne is achiev I's ‘equi val ent
to the | Csbizyat. 82 (mEaH)o6i tg~BAdcinutel) &3 8t dbgrs, BED) herein, the conpounds

as listed in T s, 1- p red. PDEV inhibitory activities for

t hese conpoundsﬁgrﬁ'"jzéﬂg@m& \éﬁ)a\QFﬂas the 1C50 (M), as a percent

i nhibition at a given concentration of test conpound or as a Ki value in
t he Tabl es bel ow. Unl ess otherwi se noted, PDEV inhibitory activities were
measured using human tissue. The abbreviation "stereo"” refers to the

stereogeni c configuration, the abbreyiation ' Rac" shall denote a racemc
m xture. 104 |1 NOV 2044 WO 01/ 87885&&@-&@1 PCTI US01114391 NH CCN H R2

| D#RSt er e01C503 Gy ofttafl-3%1-DU AR B MRS RMERCE0A-1.2.3 4-tetrahvdro-
pyrrolo[3.4-blguinolin-9-one (#126)

A: Benzofuran-5-carbaldehyde was prepared according to the process
described by Hiroya, K.; Hashimura, K.; Ogasawara, K. in Heterocycles, 1994,
Vol. 38, No. 11, 2463-72

B: 1-Benzofuran-5-yl-2,3,4,9-tetrahydro-1H-f-carboline was prepared
according to the process outlined in Example 12,
 H NMR 300 MHz (CDCl3) 6 2.68 ~2.95 (m, 2H), 3.10 (m, 1H), 3.28 (m,
1H), 5.25 (s, 1H), 6.65 (s, 1H), 7.15 (m, 3H), 7.38 (m, 2H), 7.51 (m, 1H), 7.58
(s, 1H), 8.22 (s, 1H)
MS (m/z) MH" (289), MH™ (287).

C: 1-Benzofuran-5-yl-2-(5-pyridin-2-yl-pyrimidin-2-yi}-2,3,4,9-tetrahydro-1 H-p-
carboline was prepared according to the process outlined in Example 12.

*H NMR 300 MHz (CDCl3) § 3.00 (m, 2H), 3.40 {m, 1H), 5.11 (m, 1H),
6.65 (s, 1H), 7.15 ~8.00 (m, 12H), 8.61 (m, 1H), 8.91 (m, 1H), 8.22 (s, 2H)

MS (m/z) MH™ (444), MH™ (442).

D: 1-(5-benzofuryl)2,34,9-tetrahydro-2-{5-(2-pyridinyl)}-2-pyrimidinyl]-1H-B-
carboline (30 mg, 0.06764 mmol) and KOBu (12.9 mg, 0.115 mmol) were
stirred in DMF (1 mL) under O, gas for 10 hours at room terﬁperature.

95



123, 4- di met hoxyphenyi Rac549 a 175-(2, 3-di hydrohenzofuryl ) Rac65% | nh @ 70M

483, 4- net hyl enedi oxyphenyl R TABLE 2 | D# 3 Re 3, 4-net hyl enedi oxyphenyl
1 C50 (nM) 3340 0 N---Ca :q N4 )h HR 1D#R4a11 1 7NOV 2004

Stereo Rac \gﬁﬁh%g&
St er eoR1C5 13, 4- et hyl eneRac2- pyri m di nyl 5- ( 3, 4- di neRGBXRSO/1388
di oxyphenyt phenyl ) 105 WO 01/87882 2 7 11 35 36 55 56

Preparative TLC (5% methanol in CH,Cl,) yielded the title product as yellow
solid.
"H NMR 300 MHz (CD;0D) & 5.15 (m, 2H), 6.55 (s, 1H), 6.82 ~8.98 {m,

15H)
MS (m/iz) 458, (MH"), 456 (MH").

EXAMPLE 82
3-(2,3-Dihydro-benzofuran-5-v1)-2-15-(1-oxy-pyridin-2-yi »-pyrimidin-2-yl]-1,2 3 4-
tetrahvdro-pyrrolof3,4-blquinolin-9-one (#125)

3-(2,3-dihydro-5-benzofuranyl)-1 2,3,4-tetrahydro-2-[5-(2-pyridinyl)-2-
pyrimidinyl}-(3R)-9H-pyrroio[3,4-b]quinolin-9-one (4.5 mg, 0.010 mmol) and
mCPBA (1.73 mg, 0.010 mmol) were stirred in THF (2 mL). A few drops of

DMF were added to make the solution clear. The reaction mixture was stirred
at room temperature for 80 hours and then at 60°C for 8 hours. Preparative
TLC (10% MeOH in CH,Cl,} yielded the title product as off-white solid, with
some recovered starting material '

'H NMR 300 MHz (CD30D) § 3.12 (t, 2H,J=8.8 Hz),4.45(t, 2H, J=8.8
Hz), 6.35 (s, 1H), 6.55 (d, 1H), 7.21 ~ 8.99 (m, 11H)

MS (m/z) 458, (MH"), 456 (MH).

EXAMPLE 83 Through 86
1-(2,3-Dihydro-benzofuran-5-y1)-2-[5-(2,3-dimethyi-3H-imid azol-4-yl)-pyrimidin-
2-y11-2.3.4 S-tetrahydro-1H-B-carboline |
2—(5-br0m0—2-pyrimidiny!)-1-(2,3-dihydro-5-benzofuranyl)—2,3,4,9-
tetrahydro-1H-B-carboline (0.45 g, 1.00mmol), 1,2-dimethyi-1H-imidazole (0.18
g, 1.87 mmol), Pd(OAc), (12 mg, 0.05 mmol), PPhs (26 mg, 0.1 mmol) and
KzCO3 (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 CH,Cl, (3x50 mL) and dried over NazSO0,.
Purification by preparative TLC yielded the titie product as yél!ow powder.
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57 15 39 66 42 51 52 3, 4-nethyl ene Rac di oxyphenyl 3,4-nethyl ene Rac
di oxyphenyl 3, 4-nethyl ene Rac di oxyphenyl 3, 4-nethylene S dioxyphenyl

3,4-nmethyl ene R di oxyphenyl 3, 4-nmethyl ene Rac dioxyphenyl 3, 4- mﬂt}h’w ﬁ
di oxyphenyl 3, 4-di net hoxy Rac '’ g

Rac di oxy n 4- et hyl ene Rac
- 5-(2,3-di h%ﬁéﬁ%éa benzofuryl) 5-(2,3-di hydro- R benzof uP§IjUso114391
5-(2, 3-di hydro- Rac benzofu ryl ) 5-(2,3-di hydro- Rac benzofuryl)
5-(2, 3-di‘hydro- Rac
"H NMR 300 MHz (CDCl3) 8 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").

The following compounds were similarly prepared accarding to the
procedure described above with appropriate selection and substitution of

suitably substituted reagents.

2-{5-(3-Benzyl-2-methyl-3H-imidazol-4-vi}-pyrimidin-2-yl]- 1-(2.3-dihydro-
benzofuran-5-yt)-2.3 4,9-tetrahvdro-1H-B-carboline

MS (m/z) 539, (MH"), 537 (MH").
3-(2,3-Dihydro-benzofuran-5-yi)-2-[5-(2,3-dimethyl-3H-imidazol-4-vi}-pyrimidin-
2-¥1]-1,2,3,4-tetrahydro-pyrrolo[3,4-flquinolin-9-one (#128)

"H NMR 300 MHz (CD3;0D) & 3.08 (t, 2H, J = 9.5 Hz), 3.28 (s, 3H), 3.50
(5. 3H), 4.42 (t, 2H, J= 9.5 Hz), 5.0 2 (br, s, 2H), 6.24 (s, 1H), 6.63 (m, 1H),
6.84 (s, 1H), 7.19 (m, 2H), 7.31 (m, 1H), 7.53 (s, 2H), 8.35 (m, 3H)

MS (m/z) 477, (MH"), 475 (MH").
2-[5-(3-Benzyl-2-methyl-3H-imidazol-4-y!)-pyrimidin-2-yi}-3-(2,3-dihydro-
benzofuran-5-v1}-1.2.3,4-tetrahydro-pyrrolo[3,4-blauinolin-9-one (#127)

"H NMR 300 MHz (CDs0OD) & 1.90 (s, 3H),2.21(s,2H), 3.12 (t, 2H, J =
8.8 Hz), 4.48 {t, 2H, J = 8.8 Hz}, 5.12 (m, 2H}, 6.15 (s, 1H), 6.61 ~ 8.85 (m,
15H)

MS (m/z) MH” (553), MH  (551).

: EXAMPLE 87
- : 3-(2,3-Dihydro-benzofuran-5-vi)-2-pyridin-2-vl-1,2.3 4-tetrahydro-pyrrolo[3.4-
_ blavinolin-9-one (#129)
i 3-(2,3-dihydro-5-benzofuranyl)-1,2,3,4-tetrahydro-8H-pyrrolo[3,4-
b]quinolin-9-one HCI (0.30g, 0.88 mmol) and 2-bromo-pyridine (2 mL), Pd,dbas
(0.23g, 0.25 mmol), BINAP (0.47g, 0.75 mmol) and NaOtBu-(O.GBQ, 6.87

mmol) were stirred in 1,4-dioxane (4 mt) at 90°C for 1 hour. The resulting
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benzofuryl) 61 5-(2,3-di hydro- Rac benzofuryl) J 2-pyrim dinyl
2-pyrimdinyl 2-pyrimdinyl 2-pyrimdinyl 2-pyrimdinyl 2-pyrim d|

2-pyrim di nylo g3rshaghi M di nyl 2-pyrimdinyl 2-pyrimdinyl 2-pyrinm INUV 2004
2-pyrimdinyl 2-pyrimdinyl 2-pyrimdinyl 17 NOV 2001 PCT/ LP<sBY '114

5- (4-met hoxy phenyl) 0.191 5-(4-nethyl 0.325 phenyl) 3.73 absent

5- (3, 4-di net hoxy 1.42a phenyl) 5-(3, 4-di met hoxy
mixture was concentrated and then filtered on a plug of Celite with CH,Cl..

Purification by preparative TLC (5% CH3OH / CH,Cty) yielded the title product
as a yellow solid.

"H NMR 300 MHz (CDs0D) 6 2.92 (t, 2H, J = 9.5 Hz), 4.40 (t, 2H, J= 9.5
Hz), 4.54 (d, 1H, J = 22 Hz), 4.85 (d, 1H, J = 22 Hz), 6.55 (m, 2H), 7.10 (m
3H), 7.35 (m, 4H), 8.02 (m, 1H), 8.30 (d, 1H, /= 9.3 Hz)

MS (m/z) 382, (MH"), 380 (MH")

EXAMPLE 88 ,
3-Benzo[1,3]dioxol-5-vl-2-(4-imidazol-1-yl-phenyl)-1.2 -1.2,3 4-tetrahydro-
pyrrolo{3.4-biquinolin-S-one (#133)
3 -(1,3-benzodioxol-5-yi}-1,2,3,4-tetrahydro-9H- -pyrrolo[3,4-blquinolin-S-
one (30.6 mg, 0.1 mmol), 1-(4-bromo-pheny!)-1H-imidazole (22.3 mg; 0.1
mmol), Pdzdbas (4.6 mg, 0.005 mmol), biphenyl-2-yl-di-tert-butyl-phosphane
3.0 mg, 0.01 mmol) and NaOfBu (14 mg, 0.14 mmol) were stirred in 1,4-

dioxane (0.6 mL) at 89°C for 17 hours. Purification by preparative TLC {5%
CH3OH /CHCly) yielded the title product as yeliow powder.

'H NMR 300 MHz (CD;0D) 8 4.70 (d, 1H), 5.02 (d, 1H), 5.48 (s, 2H),
5.88 (s, 2H), 6.75 ~ 8.32 (m, 14H)

MS (m/z) MH"(449), MH(447)

EXAMPLE 89
2-[2,3"1Bipyridiny!-6"-yl-3-(2,3-dihvdro-benzofuran-5-yl)-1.2.3.4-tetra hydro-
pyirolo[3 4-blauinolin-9-one (# 134)
A 2-(5-Bromo-pyridin-2-y!)-i-(2,3-dihydro-benzofura n-5-yi)-2,3,4,9-
tetrahydro-1H-B-carboline

1 -(2,3-dihydro-5—benzofuranyl)—2,3.4,9-tetrahydro-1 H-B-carboline (11.6
g, 40 mmol), 2, 5-dibromopyridine (10.42 g, 44 mmol), Pdxdba; (1.465 g, 1.6
mmol), dppp (1.32 g, 3.2 mmol) and NaOfBu (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 CH,Cl,. The reaction mixture was then concentrated, the
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0. 075 phenyl) 5-brono4.48 5-(3-pyridinyl)1.24 5-(4-pyndinyl)O0.84

. 5-(3,4-di methoxy 1156 phenyl) 5-(4-nmethoxy 0.47 phenyl) 5-(4-nethoxy 0.19
phenyl) 5-(4-hydroxy 1.06 phenyl) 2-pyrimdinyl 5-(2-pyridinyl) 1. {?Nﬁ\/ (?ﬂuffo

a 1.03 106 wgol¥Hg2004 WO 01/87882PC f USOL114391 655-( 2, 3- dkgi‘ﬁfs&?usm

R2- pyrim dinyl 5- (2-pyridinyl)0.23 benzofuryl) 705-(2, 3-di hydfo-

Rac2- pyri m dynyl 5- (3-pyridinyl)2.10 benzofuryl)

735- (-2, 3-di hydr o- R2- pyri mi dynyl 5- (4- met hoxy0. 170 benzof uryl ) phenyl)
745- (2, 3- digiyde snixiyewas \hem lagded Bndraxybhgon (110 g silica gel) and eluted
with ethyl acetate / hexane (3:7). The product crystallized out in test tubes,
The product was concentrated and then recrystallized from THF to yield the
product as yellow crystals.
"H NMR 400 MHz (THF-d8) & 0.91 (m, 1H), 1.15 (m, 1H), 1.25(t, 2H, J =
9.5 Hz), 1.60 (m, 1H), 2.31 (m, 1H), 2.60 (t, 2H, J = 9.5 Hz), 4.75 (d, 1H, J=
7.6 H},5.02 (d, 1H, J = 7.6 Hz), 5.10 ~5.28 (m, 4H), 5.380 (m, 2'H), 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-benzofu ran-5-yi}-2,3.4,9-
tetrahydro-1H-p-carboline

The product from step A above (0.4 g, 0.896 mmol), 2-tributylstannanyl-
pyridine (0.8 g, 2.17 mmol) and Pd(PPh;)s (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 TLC (3:7 ethyl acetate / heaxne; then 5% CH3OH / CH2Cl>) yielded
the product as a yellow solfid,

'H NMR (CDCls) 5 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, /= 7.6 Hz)

MS (m/z) 445, (MH"), 443 (MH")

C: 2-[2,3"Bipyridiny}-6'-yl-3-(2,3-dihydro-benzofura n-5-yl)-1,2,3,4-
tetrahydro-pyrrolo[3,4-b]quinolin-9-one (#134)

Following the procedure describe in Example 19 with appropriate
selection and substitution of reagents, yielded the title product as a solid.

"H NMR 300 MHz (CDCl3) 8 3.16 (t, 2H, J= 9.5 Hz), 4.43 (t, 2H, /= 9.5
Hz), 4.98 ~ 5.20 {m, 2H), 6.12 (s, 1H), 6.60 ~ 8.70 (15 H)

MS (m/z) 459 (MH"), 457 (MH')
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benzofuryl) 765-(2,3-di hydro- R2-pyrim dynyl 5-(2-pyridinyl)0.230

benzofuryl) 815- (2 3- di hydr o- R2- pyri m dynyl 5- (3, 4- di met hoxyO0. 230

benzof uryl )‘Rfﬁ' 845 (2, 3-di hydro- S2- pyri m dynyl 5- (4 met hoxy?2. 42
eny

benzofuryl)p

2853, 4- met hyl eneRac2- pyri mi dynyl r~~""0. 90 HCTAS)BHIBhy| "

a 913, 4- net hyl eneRac2-t hi azol yl 3- (4- net hoxy0. 410 di xoyphenyi phenyl)
963, 4- Rac2- pyri m dynyl 5- (4- met hoxy0. 520 di hydr obenzo- phenyl)

di oxi n- 6-yi 993 4-met hyl ene REOAMPLEBOIynyl 5- (4-pyridinyl)O0. 840

[1,4]-
di xoyphenyl : _oyrldlnyI)O 520
dlxoyphenyl3 4 e £

di oxyphenyl) 1235 (Zq?zg' n
12413-t hi enyl JRac2-py 1

A: 2-Chloro-5-(3- methyl-3H-1mndazol—4-yl)-pyndme

2-Chloro-4-iodo-pyridine (0.238 g, 1 mmol), 1-methyl-1H-imidazole (0.41
g, 5 mmol), Pd(OAc)z (22.5 mg, 0.1 mmol), PPh; (53 mg, 0.2 mmol) and
Cs2C0s (0.326g, 1 mmol) were stirred in DMF (3 mL) at 120°C, for 6 hours,
Purification by preparative TLC yielded the product as an oil containing 1-
methyl-1H-imidazole. The product was used for the next step without further
purification. ' ,

'H NMR (CDCI3) 5 3.68 (s, 3H), 7.19 (s, 1H), 7.27 (s, 1H), 7.56 (s, 1H),
7.68 (dd, 1H), 8.45 (d, 1H)

MS (m/z) MH" (194).

B: 3-(2,3-Dihydro—benzofuran-5-yl)-2-[5-(3-methyl-3H-imidazoM-yi)—pyridin-
2-yl}-1,2,3,4-tetrahydro-pyrvolo[3,4-blquinolin-9-one (#1 37)

3-(2,3-dihydro-benzofuran-5-yl)-1 2,3,4-tetrahydro-pyrrolo[3,4-b]quinolin-
S-one (0.127 g, 0.372 mmol), 2-ch|oro-5-(3-methy!-3H-imidazol-4—yl)—pyridine
(0.06 g, 0.31 mmol), Pd(OAc); (3.5 mg, 0.0155 mmol), biphenyi-2-yl-
dicyclohexyl-phosphane (5.43 mg, 0.0155 mmol) and NaOtBu (0.104 g, 1.085
mmol) were stirred in 1, 4-dioxane (0.6 mL) at 90°C. Purification by preparative
TLC (5% MeOH in CH,Cly) yielded the product as yeliow solid.

'H NMR 300 MHz (CDCl3) 8 3.12 (t, 2H), 3.60 (s, 3H), 3.50 (1, 2H), 5.12
{m, 2H), 6.08 (s, 1H), 6.70 {m, 2H), 7.20 ~8.55 (m, 10 H)

MS (m/z) MH" (462), MH™ (460)

EXAMPLE 91
2—[5-(3—Benzy1-3H-Emidazol-4-yl)—pyridin-2-yl]—3—(2,3-dihydro-benzofuran-S—yt)-
1 ,2,3,4-tetrahydro-pyrrolo[3,4-b]quinolin~9-one (#138)
A: 5-(3-Benzyl-3H-imidazol-4-yl)-2-chloro-pyridine
Following the procedure described in Example 90, Step A, with
appropriate selection and substitution of reagents, yielded the product as a

solid.
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- 5-(2, 3-di hydroRac2- pyri m dynyl N- oxo- 2- pyri di nyl Ki

1265- benzof uryl Rac2- pyri m dyny) 5- (2- pyri di ny! ) Ki =
1275- (2, 3, v bygiggiRac2- pyri m dyny) 5- (1- benzyl - 2- Ki
~ benzofuryl ) met hyl -i m dazol yl ) 0. 140

1285- (2, 3, - di hydroRac2- pyri m dynyl 5- (1, 2-di net hyl Ki -

benzofuryl)im dazolyl)0.300 1295-(2, 3-di hydr oRac2- pyndi nyl absent Ki =

benzof uryl ) 0. 6507 {CRE;) 1b Hydiso 2RAc8.86yr8.80 dsmylitekbr onpl. 9 benzof uryl)
1315- (2, 3-di hyd < x4 Ayl 5- br onoKi = benzofuryl) 1. 55 1323, 4- net hyl ene
Rac2- pyri di nyl am/%h%(y yl

1333, 4- net hyl eneRacphenyl 4- (1-i m dazol yl ) Ki = di oxyphenyl 1. 75

1345- (2, 3-di hydroRac2- pyri di nyl 5- (2- pyndi nyl ) Ki = benzofuryl) 1. 10

1365- ( 2, 3-Bi hy drdiaving thel prodealnse dekcrbéee irg Bkample 90 Step 37 wifl2, 3- di hydr o

faca- byt 1 ARPETE seledin g subsBben & feddantsaroiing product as a solid.
'H NMR 300 MHz (CD30D)  3.12 (t, 2H), 3.60 (m, 2H), 4.55 (t, 2H),
5.10 (m, 2H), 6.05 (s, 1H), 6.45 ~8.54 (m, 12H)
MS (miz) MH® (538), MH" (536).

benzofuryl)O0. 144
. 138 17 NOV 2004
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EXAMPLE 92
3-(2.3-Dihydro-benzofuran-5-vi)-2-pyridin-2-yi-1,2.3 4-tetrahydro-pyrrolo[3.4-
blauinolin-9-one (#136)
3-(2,3-dihydro-5-benzofuranyi)-1,2,3,4-tetrahydro-(3R)-9H- pyrroio[3,4-
bijquinclin-9-one HCI (0.0341 g, 0.1 mmoal), 2-iodo-pyridine (0.0341 g, 0.2
mmol), Pdxdba; (22.9 mg, 0.025 mmol), BINAP (46.7 mg, 0.075 mmol) and
NaOtBu (58 mg, 0.6 mmol) were stirred in- 1,4-dioxane (0.8 mL) at 50°C for 3

hours. Purification by preparative TLC (5 % methanol / CHCl,) yielded the
product as a yellow solid.

"H NMR 300 MHz (CD3OD) § 2.92 (t, 2H, J = 9.5 Hz), 4.40 (t, 2H, J = 9.5
Hz), 4.54 (d, 1H, J =22 Hz), 4.85 (d, 1H, J = 22 Hz), 6.55 (m, 2H), 7.10 (m,
3H), 7.35 (m, 4R), 8.02 (m, 1H), 8.30 (d, 1H, J = 9.3 Hz)

MS (miz) MH" (382), MH™ (380)

HPLC trace: Chiral OD, methanol, 25°C, tr = 5.201 min.

Example 93
3-(2,3-dihydro-benzofurn-5-vi}2-{5-(3H-imidazol-4-v)-pyridin-2-yil-1 2.3 4-
tetrahydro-pyrrolo[3 4-blquinolin-8-one |
A stirred solution of 2-{5-(3-Benzyl-3H-imidazol-4-yl)-pyridin-2-yi]-3-(2,3-
dihydro-benzofuran-5-yi}-1,2,3,4-tetrahydro-pyrrolo[3,4-b]quinolin-9-one (0.005
mmol, 1 equivalent), prepared as in Example 91, and p-toluenesulfonyt

hydrazide (0.25 mmol, 50 equivalents) in CHOH (3 mL) at about 80°C is
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108 WD 01/87882 TABLE 4 11 NOV 2004 PCT/USO /14391 | D#R1St ereoYRI C50 r(nM
53, 4- RacCH24- pyri di ny) absent 688 net hyl ene di oxyphenyl 17 NOV 2004

63, 4- RacC( Omsigphaigy! 4- met hoxy0. 507 net hyl eneCHcar bonyl di oxypo g/
83, 4- RacC( O) - phenyl 4- car boxy0. 828 net hyl eneCH=CH di oxypheny| FCT/US01/14391

93’4 RacC( O) 2- benzo(b) 6- hydr oxy0. 460 mnet hyl enef uryl di oxyphenyl

133, 4-RacC( O 2-furyl 5-(3-tri 0.227 met hyl enef | uor or net hyl

di oxyphenyl ag ﬁ@ﬂ;tq))a s@tian Résodio atetats 6.64nmol, 10D 39GivITES hpg)e@ergmenyl )

di oxyphenyl %‘%]3 @ I?aacg(hs g g.nt 54% et hyl enei m dazol' yl I'nh

di oxyphenyl 6% 4391 h@iﬂ 0 %Wﬁswﬁwd:fwus@wt/anmﬁms bR aboBac CH2

| phenyl abse@@@"ch@ﬁ‘cﬁbieﬁ‘ﬁ) about 25°C, and the solvent evaporated. The residue is
dissoived into CHClz (20 mL), washed with saturated aqueous NaCl (10 mL),

dried {Na2S0Q.), and concentrated to yield the title product.

Example 94
3-1;3-Dihvdro-benzofuran—5-vl)-2-[5-(2-methyl-3H—imidazol-4-vl)—Dvrimidin-2-
vii-1,2.3 4-tetrahydro-pyrrolo[3 4-blauinolin-9-one

Following the procedure described in Example 93, 2-[5-(3-benzyi-2-
methyl-SH-imidazol—4-yl)—pyrimidin~2-yl]—3-(2,3-dihydro-benzofuran-s-yl)-
1.2,3,4—tetrahydro-pyrrcio[B,4—b]quinolin—9-one. prepared as in Example 86, is
reacted to yield the title compound.

Example 85
IN VITRO TESTING

Cyclic Nucleotide Phosphodiesterase (PDE) Assay
PDEYV lsoiation

PDEV was isolated from rabbit and human tissues according to the
protocol described by Boolelf et al. (Boolefl, M., Allen, M. J., Ballard, S. A., Gefo-
Aftee, S., Muirhead, G. J., Naylor, A. M., Osterloh, 1. H., and Gingell, C) in

Intemnational 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 phenyimethylsulphony! fluoride (PMSF). The homogenates were centrifuged
at 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
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di oxyphenyl 3,4- 5-(4- 2lmethylene Rac C(O 2-furyl net hoxy 1.93

di oxyphenyl Tphenyl) 3,4- 2-furyl 5-(4- 0.86 22net hyl ene Rac C(O) hydr oxy

di oxyphenyl phenyl) 23 3,4- Rae C(O 2-furyl 5- (4 formyl 1.76 methyl dr?a'\l[]V 2004
phenyl) di oxyphePys, 24 3.4- Rac (O 2-fu ryl 5-(4- 1.21 n'eth | ene rretho Xy
-~ di oxyphenyl T'carbonyl phenyl) 25 3,4- Rac C(O 3-pyndi nyl 'H EQ'GSQ 1 57
net hyl ene di oxyphenyl 26 3,4- Rac c(o0) 2-furyl 5-(4-amno 1.92 rret hyl ene
phenyl ) di oxyphenyl 27 3,4- Rac C(O O

gradient of 100-600 mM NaCl in the same buffer (35 to 50 mi total, depending on
the tissue. Enzymes from the skeletal muscle, corpus cavemosum, retina, heart
and platelet were eluted with 35, 40, 45, 50, and 50 m! respectively. ) The column
was run at a flow rate of 1ml/min and 1mi fractions were collected. The fractions
comprising various PDE activities were pooled separately and used in later

studies.

Measurement of Inhibition of PDEV
The PDE assay was carried out as described by Thompson and Appleman
in Biochemistry 1971 10, 311-316 with minor modifications, as noted below.

The assays were adapted to a 86-well format. The enzyme was assayed in
SmM MgClz, 15mM Tris HCI (pH 7.4), 0.5 mg/mi bovine serum albumin, 1 pM
cGMP or cAMP, 0.1 uCi [*H}-cGMP or [*H}-cAMP, and 2-10 i of column elution.
The total volume of the assay was 100 . 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 ice. The resulting [3H]5'-mononucleotides were further converted
to uncharged [3H]-nucleosides by adding 25 ui 1 mg/ml snake venom
(Ophiophagus hannah) and incubating at 30°C for 10 minute. The reaction was
stopped by the addition of 1 m! Bio-Rad AG1-X2 resin slurry (1:3). All the charged
nucleotides were bound by the resin and only uncharged [3H]—nuc!eosides
remained in the supernatant after centrifuging. An aliquot of 200 pl was taken and
counted by liquid scintillation. PDE activity was expressed as pmol cyclic

nucleotide hydrolyzed/min/ml of enzyme preparation.

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

time and enzyme concentration in a linear fashion.

Example 96
In Vitro Determination of K; for Phosphodiesterase .Inhibitors:
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28 3,4- S CH2 nethyl ene

henyl | absent 6881 a di oxyphenyl 29 3,4- Rac C(O 2-furyl 5-(4- 1.05%-
et hy carboxy phenyl) 110 | '1 NOV 2004 47 wo 01/ o1 4% 20

t hyl ' nyl
methylene  foiiyhis yrret hyl ene RacC(0)2-furyl 5-brono5. 20 a dPSX{ISAEHMT 3, 4-

met hyl ene CH2 phenyl absent 3.40 a di oxyphenyl

PCTI US01114391 3, 4- (
C(o0)- 4-nmethoxy nmethylene RacC H2- CH2phenyl car bonyl 11- 20 di oxyphenyl

N b) -N/'= 1
2-benzo(b) The assays were adapted to a 96-well format. Phosphodiesterase was
assayed in 5mM MgCl,, 15mM Tris HC! (pH 7.4), 0.5 mg/ml bovine serum

albumin, 30 nM *H-cGMP and test compound at various concentrations. The

3, 4-

amount of 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 was dissolved and diluted in 100% DMSO (2%DMSQ 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 cooied by transfer to an ice bath. To each well was
then added 25 pl 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 pt was taken

and counted by liquid scintillation.

The % inhibition of the maximum substrate conversion (by the enzyme
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 ICs,. 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.

Following procedures as described herein, the compounds as listed in
Tabies 1-6 were prepared. F'DE{/ inhibitory activities for these compounds are
presented either as the IC (uM), as a percent inhibition at a given concentration
of test compound or as a Ki value in the Tables below. Unless otherwise noted,
PDEYV inhibitory activities were measured using human tissue. The abbreviation
“stereo” refers to the stereogenic configuration, the abbreviation “Rac” shail

denote a racemic mixture.
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met hyl eneRac
CH2- CH2phenyl 4- car boxy3. 40 di oxyphenyl
/[--\ NC~- ,59.50 lerre y H2-CH2 di oxyphenyl
CH24- pyri di nyl absent 5. 72 di oxyphenyl

C(Ofur

D---/3.40 |

di oxyphenyly/ 3,4- Rac qo-~
3,4- Rac C(o0)-

3.4- C-Cal

3, 4- Rac C(0)0-

nmet hyl ene Rac

met hyl ene
met h Cphenyl 0 * N
met hy? ¥ive 2004

C(0) 2-furyl WO 4)/83882 58 di oxyphenyl 3. 4- PCT/US01/14391
TABLE 1
0]
I NH
ko
b
R?
|D# R® |  Stereo ICs0 (M)
4 3,4-methylenedioxyphenyi Rac 664
12 3,4-dimethoxyphenyi Rac 549 °
17 5-(2,3-dihydrobenzofuryl) Rac 65% Inh @ 10uM
48 3,4-methylenedioxyphenyt R
TABLE 2
[ 0
N—C(O)O-t-butyi
H
R?
ID# R Stereo ICsp (NM)
3 3,4-methylenedioxyphenyl Rac 340°
TABLE 3
9)
—)
e
H R? (R
1D# R'z Stereo Ra ICsq
(nM)
1 3,4-methylene Rac | 2-pyrimidinyl | 5-(3,4-dimethoxy | 0.165
dioxypheny! phenyl)
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met hyl ene R C(o0)2-furyl'dy 040. 32 di oxyphenyl
C(o0) 2-furyl 1. 33 di oxyphenyl

Raco(0) 1 ur 1 0 U

RC(O) 2-furyl fl uoronet hyl

i oxyphenyl

3,4-R C H2phenyl absent di oxyphenyl

004 PCTftZQl/ 14391 3, 4- 2-benzo(b)
3,4- 5-(3-tri
0. 61 a di oxyphenyl phenyl)

3, 4-

50net hyl ene
3, 4-

met hyl ene Rac

met hy| @NgY 2004

49net hyl ene
PCT/US01/14391

54net hyl ene '

RacCH2phenyl absent 234 di oxyphenyl 3,4- 5-(4-

2 | 3,4-methylene Rac 2-pyrimidinyl 5-(4-methoxy 0.191
dioxyphenyi phenyl)

7 3,4-methylene Rac 2-pyrimidiny} S-(4-methyl 0.325
dioxyphenyl phenyl)

11 | 34-methylene | Rac | 2-pyrimidinyl absent 3.73
dioxyphenyl

35 | 3,4-methylene S 2-pyrimidinyl | 5-(3,4-dimethoxy | 1.42°
dioxyphenyl phenyl)

36 | 3,4-methylene R 2-pyrimidiny} 5-(3,4-dimethoxy | 0.075
dioxyphenvi phenyl)

55 | 3,4-methylene Rac 2-pyrimidinyi S-bromo 4.48
dioxyphenyl

56 | 3,4-methylene Rac 2-pyrimidinyt 5-(3-pyridinyl) 1.24
dioxyphenyi

57 | 3,4-methylene Rac 2-pyrimidinyl 5-(4-pyridinyl) 0.84
dioxyphenyl

15 | 3,4-dimethoxy Rac 2-pyrimidinyt 5-(3,4-dimethoxy | 1156
phenyl phenyl}

39 | 542,3-dihydro- | Rac 2-pyrimidinyl 5-(4-methoxy 0.47
benzofuryl) phenyl}

66 | 5-(2,3-dihydro- R 2-pyrimidinyt 5-(4-methoxy 0.19
benzofuryl) phenyl)

42 | 5-(2,3-dihydro- | Rac 2-pyrimidiny| 5~(4-hydroxy 1.06
benzofuryl) phenyl)

51 | 5-(2,3-dihydro- | Rac | 2-pyrimidinyl D 1.70°
benzofuryl) \[:lw/r

52 | 5-(2,3-dihydro- | Rac | 2-pyrimidinyl o 0.40°
benzofuryl) \I:leJKVJ

61 | 5-(2,3-dihydro- | Rac 2-pyrimidinyl 5-(2-pyridinyl) 1.03
benzofuryl)
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58net hyl ene RacC(O) 2-fury) hydroxy 0.86 di oxyphenyl phenyl) 3,4- 5-(3-tri

59net hyI ene RacC(0)2-furyl fl uoronethyl
(O - met hoxy 20di hydro- RacCH=CHphenyl! car bonyl 0. 530 benzof uryl ) /SN0 2208-

0. 66 di oxyphenyl phenyl) 5-(2, 3-

phenyl)

90 SYBTReC2 Pyl sbsens a0 g bzl e T
RacC( O phenyl absent 51. 51

65 | 5-(2,3-dihydro- R 2-pyrimidinyl 5-(2-pyridinyl) 0.23
benzofuryl)

: 70 | 5+(2,3-dihydro- | Rac | 2-pyrimidynyl 5~(3-pyridinyl) 2.10
benzofunyl)

73 | 5-(2,3-dihydro- R 2-pyrimidynyl 5-{(4-methoxy 0.170
benzofuryl) phenyl)

74 | 5~(2,3-dihydro- | Rac | 2-pyrimidynyl 5-bromo 1.80
benzofuryl)

76 | 5-(2,3-dihydro- R 2-pyrimidynyl 5-(2-pyridinyl) 0.230
benzofuryl)

81 | 5-(2,3-dihydro- R 2-pyrimidynyl | 5-(3,4-dimethoxy | 0.230
benzofuryl) phenyl)

84 | 5-2,3-dihydro- S 2-pyrimidynyt 5-(4-methoxy 2.42
benzofuryf) phenyi)

85 | 3,4-methylene | Rac | 2-pyrimidynyl w1 0.90
dixoyphenyl \T::lﬁ(N\/)

. 0

91 | 3.4-methylene Rac 2-thiazoiyt 3-(4-methoxy 0.410
dixoyphenyl phenyi)

96 3.4- Rac | 2-pyrimidynyl S5-(4-methoxy 0.520
dihydrobenzo- phenyl)
[1,4]-dioxin-6-yl

99 | 3,4-methylene Rac | 2-pyrimidynyi o~(4-pyridinyl) 0.840
dixoyphenyi

100 | 3,4-methylene Rac | 2-pyrimidynyl 5-~(3-pyridinyl) 0.520
dixoyphenyi

114 5-indany! Rac | 2-pyrimidyny! | 5-(3,4,-methylene | 1.14

i dioxyphenyl)

123 | 5-(2,3-dihydro Rac | 2-pyrimidynyl absent 12.8
benzofuryl)

124 3-thienyl Rac | 2-pyrimidynyi | 5-(3,4-dimethoxy | 4.132
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di oxyphenyl
? NOV 2004 PCTNS0211.391 3,4- C(O O
nt 34. 78 di oxyphenyl
ent 2. 710 di oxyphenyl 823, 4-RC(O) 2-fury)~ ¢ ©O85¢/H3N

5-(2,3- C(O O

01/ 97882i

RCH24- pyr i
SCH24- pyri
met hyl ene O di oxyphenyl

RacCH2ph

Janame

775- (2, 3- RCH2phenyl absent 62. 67 di hydr o-

3,4- C(0)O

79net hyl ene

86di hydr o-

nyl 4- carboxy3. 310 benzofuryl) 3,4- C(O O phenyl

benzofuryt) 112 WO

80net hyl ene 17N0V 7004

125 | 5-(2,3-dihydro Rac | 2-pyrimidyny! | N-oxo-2-pyridinyl Ki =
benzofuryl) 0.144
126 | 5-benzofuryl Rac | 2-pyrimidyny| 5-(2-pyridinyl) =
0.138
127 | 5-(2,3,-dihydro Rac | 2-pyrimidynyi 5-(1-benzyl-2- Ki=
benzofuryl) methyl-imidazolyl) | 0.140
128 | 5-(2,3,-dihydro Rac | 2-pyrimidynyl | 5-(1,2-dimethy! Ki=
benzofuryl) imidazolyi) 0.300
129 | 5-(2,3-dihydro Rac 2-pyridiny} absent Ki =
benzofuryl) 0.650
130 | 5-(2,3,-dihydro Rac | 2-pyrimidyny 5-bromo 1.9
benzofuryl)
131 | 5-(2,3-dihydro Rac 2-pyridinyi 5-bromo Ki=
benzofuryl) 1.55
132 | 3,4-methylene Rac 2-pyridinyl absent
dioxyphenvt
133 | 3,4-methylene Rac phenyl 4-(1-imidazolyl) Ki =
dioxyphenyl 1.75
134 | 5-{2,3-dihydro Rac 2-pyridinyl 5-(2-pyridinyl) Ki=
benzofuryl) 1.10
136 | 5-{2,3-dihydro R 2-pyridinyi absent Ki =
benzofuryl) 0.18
137 | 5-(2,3-dihydro Rac 2-pyridinyt 5-(5-(1-methyl)-
benzofuryl} imidazolyi)
138 | 5-{2,3-dihydro Rac 2-pyridinyl 5-(5-(1-benzyl)-
benzofuryi) imidazolyt)
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87met hyl ene RacCH24- car boxyl. 560 di oxyphenyl

- Racbenzof uryl 6- benzyl oxyl. 430 di oxyphenyl
car bonyl

4- et hoxy2. 880 di hydr o-

97met hyl enewBagghkdabsent 2. 120 di oxyphenyl
* Racbenzof uryl absent 1. 020 benzofuryl) 1013, 4- RacC(O) -

CH2 |1

3,4- O 2-
925- (2, 3-
benzofuryl) 3,4- C(O O pheriyNiy 2004
5-(2,3- QO 2-

RacC( O O

88net hyl ene

phenyl |

ey

phenyl absen

met hyl enecycl o di oxyphenyl propyl 113 WD 01187882 102 103 104 106

TABLE 4
0 ]
N=—(Y},
N e
* ()
(’L}b
ID# R* Stereo Y R* ICs0
(nM)
5 3,4- Rac CH2 4-pyridinyl absent 688
methylene
dioxyphenyl
6 3,4- Rac | C{O)CH= phenyl 4-methoxy | 0.507
methylene CH carbonyl
dioxyphenyt
8 3,4- Rac C(0)- phenvi 4-carboxy 0.828
methylene CH=CH
dioxyphenyl
9 3.4- Rac C(0) 2-benzo(b) | 6-hydroxy | 0.460
methylene furyl
dioxypheny!
13 3.4- Rac C(0O) 2-furyl 5-(3-tri 0.227
methylene fluoromethyl
dioxyphenyl phenyl}
16 3,4- Rac C(0O} 2-furyl 5-(4-nitro 0.390
methylene phenyl)
dioxyphenyi
18 3,4~ Rac C(S) 1- absent 54%
methylene imidazolyl Inh @
dioxypheny! 10uM
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107 110 111 112 113 115 116

3, 4- net hyl ene

di oxyphenyl

3, 4-

met hyl ene
di oxyphenyl 5-(2,3- d ihydro benzof uryl )-, ﬁﬂ\ﬁﬂﬂfn

di oxyphenyl 3, 4- nethyl ene
met hyl ene woexyphenyl 3, 4- nethyl ene di oxyphenyl 3, 4- nethébﬁgﬁ 114391
di oxyphenyl 3, 4- nethylene dioxyphenyl 3,4- nethylene diox Qv 143¢

19 3,4- Rac CH» phenyl absent 234
methylene
dioxypheny}

21 34- Rac C(O) 2-furyl 5-(4- 1.93
methylene methoxy
dioxyphenyl phenyl)

22 3.4- Rac C(0) 2-furyl 9-{4- 0.86
“methylene hydroxy
dioxyphenyl phenyl}

23 3.4- Rac C(O) 2-furyl o-(4-formyl | 1.76
methyiene phenyi)
dioxyphenyl

24 3.4- Rac C(O) 2-furyl 5-(4- 1.21
methylene methoxy
dioxyphenyl carbonyl

phenyi)

25 3.4- Rac C(0) 3-pyridinyl | 2-hydroxy 1.57
methylene
dioxyphenyi

26 3.4- Rac C(0) 2-furyl 9-(4-amino | 1.92
methylene phenyl)
dioxyphenyl

27 3,4- Rac | C(O)O- phenyl absent 340°
methylene CH;
dioxypheny!

28 3,4- S CH; phenyl absent 6881 °
methylene
dioxyphenyl

29 3,4- Rac C(O) 2-furyl 5-(4- 1.05
methylene carboxy
dioxyphenyl phenyl)
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3,4 Rac |

C(Q CH2 Rac C(O) -

CH=CH Rac |

111

5-(2,3- dihydro benzofuryl)
- C(O-CH2 Rac | C(O Rae C(O-NH CH2 Rac C(O Rac | C(O 4 Rac | C(P?NW?UI]F
C(O Rac | C(O Rac ! C(O 3-pyridinyl phenyl 4-pyridinyl F 2-fury!
4-pyridinylwdéwsmsy 2-fury} 2-furyl -1 2-furyl 2 imdazolylperiegisad? NOV
2004 PCT/ USO1/ 14391 absent 1 95.10
30 3,4- Rac C(O) 2-furyl 5-bromo | 5.20% |
methylene
dioxyphenyl
31 3,4- Rac C(O)- phenyl 4-methoxy | 11.20
methylene CHg-CH; carbonyl
dioxyphenyl
32 3,4- Rac C(0) 2-benzo(b) /| 3.40
N
methylene furyl /o—/— j—
dioxyphenyl
33 3,4- Rac C(O) phenyi 4-carboxy 3.40
methylene CH2-CH;
dioxyphenyl
34 3,4- R - Q
ac C(O) phenyl >—N/_-\N-CH; 59.50°
methylerme CH>-CH; N~/
dioxyphenyl
37 3,4- Rac C(O)O- | 4-pyridinyi absent 5.72
methylene CH;
dioxyphenyl
44 3.4- Rac C(O) 2-furyl \O\r 158
n
methylene 5
dioxyphenyl
69 3.4- R C(0O) 2-furyl \(:H"/\NM 0.32
N
methylene g
dioxyphenyi
45 3,4- Rac C(0) 2-furyl D 1.33
methylene \O\OI
dioxyphenyi
- 47 3,4- R CHa phenyl absent
methylene
dioxyphenyi




absent 1 0.540 absent 67.050 J 1.30 O absent 140.550 5-phenyl 1 0.755

5- (4- net hyl
ni t rophenyl
PCTI USQL/ 14

0. 952

gipop

14.3 5-(4 met hyl
met hyl ene phenyl) di oxyphenyl
3,4- 5-(3,4-

JC(O) 2-furyl 5-(2-fury!)4.75 di oxyphenyl
| C(O) 2-furyl net hyl ene 1. 97 di oxyphenyl di oxyphenyl 3,4- 5-(4-cya no

3, 4-

t hi ophenyl) 5-(3-thienyl) 1 0.699 5-(3- 0.812
4.01 114 WD 01/87882 17 NOV 20
117 mePRT/UENE 4pic

118net hyl ene Rac

49 3.4- Rac C(0) 2-benzo(b) /o\/\N’\ 1.1272
methylene furyl N
dioxyphenyi

50 3.4- R C(0) 2-furyl 5-(3-tri 0.61°
methylene fluoromethyi
dioxyphenyl phenyl)

54 3,4- Rac CH, phenyl absent 234
methylene
dioxypheny!

58 3.4- Rac C(0) 2-furyl 5-(4- 0.86
methylene hydroxy
dioxyphenyi phenyl)

58 3,4- Rac C(O) 2-furyl 5-(3-tri 0.66
methylene fluoromethyl
dioxyphenyi phenyl)

20 5-(2,3- Rac C(O)- phenyl 4-methoxy (| 0.530
dihydro- CH=CH carbony}
benzofuryl)

53 5-(2,3- Rac | C(0)O- | 4-pyridinyl absent 5.340°
dihydro- CH;
benzofuryl)

60 5-(2,3- Rac CHz phenyi absent
dihydro-
benzofuryl)

75 3.4- Rac C(0O) phenyl absent 51.51
methylene
dioxyphenyi

77 5-(2,3- R CHz phenyi absent 62.67
dihydro-
benzofuryl)
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119net hyl ene Rac |1 C(O) 2-furyl phenyl ) 1. 19 di oxyphenyl
- 120nmet hyl ene Rac ZC( O 2-furyl hydroxy 1.22 di oxyphenyl net hyl
121met hyl ene Rac 1 C(O) 2-furyl hydroxy 0.56 di oxyphenyl net hy
3,4- 5-(4- wodimmishy! ene RacC(O 2-furyl di methyl 2.05 di oxypt}%}yﬁﬁ
' phenyl) 5-(2, 3-

5- ( 3-

S- 2- oxa-

3,4- 5-(4-
phenyl) 3, 4-

'M@?%m' )

79 3,4- R C{O)O- | 4-pyridinyl absent 34.78
methylene CHa
dioxyphenyl

80 3.4- S C(O)O- | 4-pyridinyi absent 2.710
methylene CH;
dioxyphenyi

82 3.4- R C(0O) 2-furyl \O\rO’“’ 0.320
methylene °
dioxyphenyi

86 5-(2,3- Rac C(O)O- phenyl 4-carboxy | 3.310
dihydro- CH2
benzofuryl) |

87 3,4- Rac C(O)O- phenyl 4-carboxy 1.560
methylene CHs
dioxyphenyl

88 3.4- Rac C(O) 2- B-benzyloxy | 1.430
methylene benzofuryl
dioxyphényl

82 5-(2,3- Rac C(0)O- phenyi 4-methoxy | 2.880
dihydro- CHa carbonyl
benzofuryl)

97 3.4- Rac C(0)O- phenyi absent 2.120
methylene CH;
dioxypheny!

o8 5-(2,3- Rac C(O) 2- absent 1.020
dihydro- benzofuryl
benzofuryt)

101 3,4- Rac C(O)- pheny! absent 2.90
methylene cyclo
dioxyphenyl propy!
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135di hydro RC(O) bi cycl o 3-o0xo0-4,7, 7-
5-(2,3- R 2-o0xa-
benzof uryl )W@.02/81882t r i net hyl
| D# 63 3, 4- net hyl ene

hept anyl

Racenat e)

ID # 64

di oxyphenyl

hept anyl

Y |

R (O -

139di hydro RC(O) bi cycl o 3-o0xo0-4, 7, 7-
115 WO 01/87882 TABLE %
CH=CH net hyl

TABL E

Ki = benzofuryl)[2.2.11 trinethyl 13.9

1 T NOV_2004

O_glrnat e)

102

3,4-
methylene
dioxyphenyi

Rac

C{O)CH,

3-pyridinyl

absent

95.10 |

103

3,4-
methylene
dioxyphenyl

Rac

C(O)-
CH=CH

phenyi

absent

0.540

104

3.4-
methylene
dioxyphenyl

Rac

C(OY-CH,

4-pyridinyl

absent

87.050

106

5-(2,3-
dihydro-
benzofuryt)

Rac

C(0)

2-furyl

1.30

107

3,4-
methylene
dioxyphenyl

Rac

C(O)-NH-
CH;,

4-pyridinyl

40.550

110

3,4-
methylene
dioxyphenyl

Rac

C(O)

2-furyi

S-phenyi

0.755

111

3,4-
methylene
dioxyphenyl

Rac

2-furyl

o-{(4-methyi
thiophenyl)

0.952

112

3,4-
methylene
dioxyphenyl

Rac

C(O)

2-furyl

5-(3-thienyl)

0.699

113

3.4-
methylene
dioxypheny!

Rac

C(O)

2-furyl

5-(3-
nitrophenyl)

0.812

115

5-(2,3-
dihydro
benzofuryl)

Rac

C(O)

2-
imidazolyi

absent

14.3

116

3,4

Rac

C(0O)

2-furyl

S-(4methyl J

4.01
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R 3, 4-net hyl ene di oxyphenyl Y C(O - CH=CH w net hyl a Conpounds tested

using rabbit tissue. phenyl phenyl 4-nethoxy carbonyl 4-methoxy carbonyl’
- 17NOV18 PCTI U501/ 14391 5118-1 IC50 (nM 1138 116 WD 01/87882 17 NOV 7004
PCT/ US01/ 14391 Exam le 97 IN VIVO TESTI NG Fol | owi ng the procedurk! Jisiifjpsed
. by CarteretWQ018788arter, A J., Ballard, S. A, and Nayl orPCTAISMI¥3%in The
Journal of Urol ogy 1998, 160, 242-246, the conpounds as listed in Table 7

were tested for in vivo efficacy, with results as tabul ated bel ow. TABLE 7

| D #Ef fi dacy BGhettiyéne phenyi)
dioxyphenyl
117 3,4- Rac C(O) 2-turyl 5-(2-furyl) 4,75
methylene
dioxyphenyi
118 3.4- Rac C(O) 2-furyl 5-(3,4- 1.97
methylene methylene
dioxyphenyl | dioxyphenyl
118 3,4- Rac C(O) 2-furyl 5-(4-cyano 1.19
methylene phenyl)
dioxyphenyt
120 3.4- Rac C(0) 2-furyl 5-(4- 1.22
methylene hydroxy
dioxyphenyl methyt
phenyl)
121 3.4- Rac C(O) 2-furyi 5-(3- 0.56
methylene hydroxy
dioxyphenyl methyt
phenyl)
122 3,4- Rac C(O) 2-furyl 5-(4- 2.05
methylene dimethyl
dioxyphenyl amino
phenyl)
135 5-(2,3- R C(O) S-2-oxa- | 3-ox0-4,7,7-| Ki=
dihydro bicyclo trimethyl 13.9
benzofuryi) [2.2.1]
heptany!
130 o-(2,3- R C(O) R-2-oxa- | 3-0x0-4,7,7-
dihydro bicyclo trimethyl
benzofuryl) - [2.2.1]
heptanyl
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37Active 65Active 66Active Exanple 98 As a specific enbodi nent of an oral
conposition, 100 ng of the conpound of Exanple 21 is fornmulated w.th
sufficient fi ne%sdi vided | actose to provide a total anount of 580 't Vs

mg to fill W&

teaches the principles of the present invention, wth exanples provi
for the purpose of illustration, it will be wunderstood that the practice

of the invention enconpasses all of th
o :

and/ or

% hard gel capsule. Wile the foregoing SP@CTIUSVat 4391

ded

raRigugl  variations, adaptations

F.i_g_g_g,at_._gns_as come within tfe—scope of the follow ng clains and
their equfvalents. 117 17 NOV 200&@ Claim 1. A conpound of fornura (1) or

('1): 0 (l) (10 wherein
hydr ogen, { car boxy, -C(0)- 6
-C(0) - NH-} - - C1- - Coai kyl -1 NH N - - Cg; - G6al kyl - NHR - - C( O) - NHH
C -Coalkyl-N(R")_, -C(O ?@

-C, -Coalkyl- NHR-O, -C,-C6

Rl is seljected fromthe group consisting of
S s(0)- C, -C6al koxy,

a0) - N( RA) 2, *- C, - Cpal kyl
- - - - NPGE—Cpal kyl -N (R 2

s i ndependently sel ected

NET
ere
bal kyl ,

cyano,

each R' | fro_’m’ he group ~eopsisting of C -Cf
aryl:. Cl-C6arallcyl and heterog¥dyl, whiere tHhe ary) aral kyl or heteroaryl
may be dptionally substituted with one to threg [R8,/ where each RS i §
I ndependgntly sel ected fromthe group consisting~of hal ogen, nitro,
C, - CBai kyl , R*p
(As Racemate)
! ]
.t (nM)
63 3,4-methY|enB C(O)- methYI phenyl 4_meth0xy 511 F]
dioxyphenyi CH=CH carbonyl
TABLE 6
OR?
I
N—(Y),
o *
N
R2
R,
(As Racemate)
D # R® Y R™ T C R ICso
‘.'\ (nM)
64 3,4—m9‘thy‘ene C(O)— methy] pheny] 4-meth0xy 11379
dioxyphenyl CH=CH carbonyt

* Compounds tested using rabbit tissue.
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Cl- Co alkoxy, Cl-Cbalkylca rbonyl, carboxyC -C6al kyl, Ci-C6al kvl sul fonyl,
- trif?uoronethyl, am no, di(Cl-C6al kyi)am no, :tcetylam no,
car boxyCl- CSal kyl car bonyl am no, hydroxyC, - Céal kyl am no, N -IR a an(’i 0V2004

N(R4) 2; 118,441 3546,2004 R2 is selected fromthe group consi Sl;?'frl)l?s of.

~alkyl (optionally substituted with one to three substituent 0114391

i ndependently sel ected from hal ogen, hydroxy, nitro, amno, NHR'' or
N(R')j, aryl (optionally substituted w th one to three substituents

i ndependent |y selected fromRc), cydxammelS7 optionally substituted with

one to three substituents indeperme.‘s_&eéfﬁd fromRA), heteroary.l

(optionally substituted with one t i tuents independently

sel ected from REpliowind) thetpro&Sdify & j Y, tityt W one
e harl o QL l Shrer aFalY R b Trapdrd, .

to three substituents independently s rom erevR

sel ected t#A-oandidagiosud Mans Téei oy rodl ofildtoiegni 998, 1160, 26y2a@, 15 Coal kyl
Cl- Coal ko% trifl uor.O{redtS‘.hyrl , t&i fl uoronet hoxy, NH2, N :1(Cl-Csal].yl)
and N( C1- CEEPRYYS as fistedin Jable. ¢ were tgatadhior it wivp effinasy swith gestdltshysir ogen,
Cl- Coal kykahGhtdd do car bonyl, C.,-C6 al kenyl carbo- nyl and

C --Co6all.ynylcarbonyl; 1) is an integer fromO to 4; R4 is independently
sel ected fromthe group consisting of halogen, hydroxy, carboxy, o0xo,
nitro, Cl -C6al kyl, C--Cbal koxy, C -C_;al koxycarbonyl, trifuorornethyl,
phenyl (wherein the phenyl group may BABME7onally substituted with one to
t hree substituents independ lr'r"by S ith phenyl sul f onyl ,

napht hyl, d -Caral kyl, -O-araliﬁyl L (w Y t he [aral kyl group may be-
uptionally substituted withjonggto fhree gghe

37 Active
65 Active
66 i
| Active
Example 98

As a specific embodiment of an oral composition, 100 mg of the compound
of Example 21 is formulated with sufficient finely divided lactose to provide a totat
amount of 580 to 580 mg to fill a size O hard gel capsule.

While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, it will be
understood that the practice of the invention encompasses ali of the usual
variations, adaptations and/or modifications as come within the scope of the
following claims and their equivaients.
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stituents independently selected fromR ), heieroaryl (wherein the
heteroaryl may be optionally substituted wth one to three substituents

i ndependently selected fromRD), heteiocvcloalkyl, NI.1 N3 [R', ~I(RA)2,
-O(Ck-C.1 tkvl)-iN (C---C.,alky!'), O N(C~--.,aikyl), O~ N(C HWV@EUL
yl). -0 - (g--Calky I) --- IN 119 17 NOV 2004 0 0.1 where each 'ieis

i ndependentllaimsel ect ed from hal ogen, e hydroxy, carboxy, oxo, G -C. akyl,

C, _, Rlal ktyhi 03 hydroxy C , al kyl, C, _C4~al koxy, C, Cl1 al kyoxycarbony C C,
al kyl carbonyl triflwyo , oxv, NH, NHR', SON.P,-"),,,
acetylam no, nitro, gyé%gﬁﬁ;&)’dd OfttrOhL M?{f Eh;l sul fonyl carboxy C~_C6'

al kyl and aralkyl c is an int eger from 0 to 4, R5 is |nd%§endently sel ected
fromthe group consisting of hg ogen, n| tro, hydroxy, Coal kyl ,

g - C, bal koxy, -NH, -NFW -OR--, C(O) -C(ONHR A, -C(ONR-A),,
-NY1C(O)R-', _SO,1\11-M ™", )" V\/nere "R~l is as defined above,
phenyl (optionally substit to three substituents

i ndependent |y sel ected fr i/e\f"o—dwl (Optionally substituted with
one to three sub- h

(R%) T \q

R R

nr
(0

OR? al

R
AN
(R%), N

(R%y

wherein
R* is selected from the group consisting of hydrogeo,
carboxy, —C(0)—C,-Czalkyl, —C(0)—

C,—Csalkoxy, —C(O)—NH— C} -Cgalkyl—NH,,
—C(O)—\IH—C ~Cgalkyl—NHR™, ——C(O) NH—
C,—Cyalkyl-l \I(R")n —C(0)—NH,, —C(O)—INHR",
—C(O)—N(R™Y),, ~~C,~Csalkyl-NH., -—C,-Cgalkyl-
NHR?, —CJ—CGallcyl-N(R“‘)z, ——NH—CJ—Céalkyl-N
(R™)z;

where each R” is independently selected from the group
consisting of C,-Cgalkyl, aryl, C,—Cgaralkyl and
heteroaryl, where the aryl, aralkyl or heteroaryl may be
optionally substituted with one to three R,

where each R” is independently sclected from the group
consisting of halogen, pitre, cyano, C,~Cgalkyl,
C,-Cgsalkoxy, Cl—Cdalky]carbonyl,
carboxyC,-C alkyl, C,-Cjalkylsulfonyl,
triflucromethyl, amino, di(C,-Cgsalkyl}amino,
acetylamino, carboxyC,-C,alkylcarbonylamino,
hydroxyC,~Cgalkylamino, NHR* and N(R%),;



stituents independently selected fromR ") and hetero- cvcl oal kyl
(optionally substituted with one to three substituents independently
selected fromR] a is an integer fromO to 1; Y selected fromthe]gwgwggm
consisting of -CC alkyl- -C(O-, -(CC alkyl) car bonyl -(GC

al kenyl ) carbonyl -, - (&= G, g é&ycre;yﬂa qew%ﬂ 0&51&9@\(% 1@?}@0@ e(3)
Lf(bs

-SO-, (C—Calkl sul O NH
(C-C al kyl)- c{og(c- @ﬁ ‘P%"‘H{ ;};[”Le ~A )~-r)
ny -):Dy B (CI c6(m FREGESE iefm ﬁ—l “ O
(C 1_CBal' ky, 1) )8, N 18 G AER D T OP&BB*” "55” 1?‘%‘“ _Led from the
gj ' ouP consi stinc" Fbt ) mep I‘QJWFE’ SU@HWC“WPWE‘W&”’]X?@ ¢§9“NOV 2004 i s
sel ected fromthe gr oupff@@r}i"sl),éiﬁ"'? Agp(cargaally ﬁlettséf%f‘air\?ﬂh ongig
het erocycl oal kyl ; provi ded mbamtuvm@nnmm%mﬁyoﬁﬁef@@ﬁ "™ R3).hydrogen, b is
0,cisO,a is Yis -0 -I-,hitgophefgdtioanty issbypliesy Wik heh (R'tbieg not
tri met hoxyphenyl; or asu;blsmtandtpweH:mw stceptiaot 8 3abd bthereof . 2. The
conpound of claim:| whebgicioalky! (optionally substituted with cne to three
substituents independently selected from R);
where RS is selected from the group consisting of
balogen, nitro, cyano, C,-Cgatkyl, C;-Cgalkoxy,
trifleoromethyl, {rlﬂLoromclhoxy NH.,
NH(C,—-Cgatkyl) and N{C,~Cgsalkyl),;
R® is selected from the group consisting cf hydrogen,
C,-Cgalkyl, C,-C,alkylcarbonyl, C,-C, alkenylcarbo-
nyl and C,—Cgalkynylcarbonyl;
b is an integer from O o 4;
R* is independently selected from the group cousistin'* of
halogen, hyvdroxy, carboxy, oxo, nitrg, T -Cialkyl,
C,~Cjaikaxy, C,~Csalkoxycarbonyl. trifluoromethyl,
phenyl {(wherein the pheoyl group may be ophionally
substituted with one to three substituents independently
selected from RP), phenylsulfonyi, naphthyl,
C,—Cgaralkyl, —Q-aralkyl, (wherein the aralkyl group
mav be gptionally substituted with one Lo three sub-
stituents 1ndependently selected [rom R R, heieroaryl
(wherein the heterocaryl may be Optlumlly substituted
with one io three substituents independently selecled
from R?), hetzrocveloalkyl, NH,, NHR®, N{R™),,

(Cl"‘c.ﬁ!]('_‘,’l)
/
-——O—{_C,—C.‘akaI')—“"N\
- (CCaslkyl),
N SN
: >—N N—(C,=Caalkyl),

/\
I K/
Cy-Cantkyl),
—0—{C,LCulky)— N/\_j
/\j
\/ (C—Caalkyl)——N
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R is hydrogen; R2 is selected fromthe croup consisting of phenyl
(optionally substituted with one to two substituent selected fron1haﬁmggmg

nitro, cyano, C, -C3alkyl, C -C; alkoxy, trifluorcrmetbyl, tritluoronet
N1-1.,, NI(C-C3alkyl) or {C -C alkyi}3), hcteroaryl and

het er ocycl oai kyl; R3 is selected fromthe grqﬁﬁ_épnsisting of H and
C -Calky |; b is an integer fom-Ou-0.:455RMNis seledted fromthe group
consi sting of hal ogen, hydroxy, carboxy, oxoy,_C/-C3al kyl, C, -C; al koxy,

C, - G al koxycar bonyl, phenyl (whetei n the phenyl ?ayﬂbe optionally
substituted with one to two supstitu- ents sel ected fkom hydroxy, carboxy,
C --Calkyl, GC -"alkylthio, Hydroxy€& = (@ C\ c4 al’koxy,

C, - C4al kyoxycar bonyl ], C(0) N ~,, trifluoronet < trifluorometboxy,
am no. (C, 4alkyl)am no, di(C, - aal kyl)am no, nitro, cyano or fornyl),
O-raral kyl, het- eroaryl (wherein the heteroaryl na¥_be q tionally sub-
stituted with one to tm0W§ubsmﬁﬂheﬁt@d§§P@%@é&e?F%ﬁ1“ﬁ?ﬁ?g&ﬁ; car boxy, oxo,
C,-Calkyl, G -C alkoxy, hv@oxg; altkyoxyear Bongyka kg GaNgFyjieio,
trifluorornethyl, terfl uancimeieky, «Bhino,CniGrd ke -C%i®yt car booyl or

C, -4aral kyl ), heterocycl oallkybxytatba#yNOV Q004 {iGylcachEEy:lyl) (d (C

C, aL<yl) 0-(c, - C,,al 1<yl)ifMroaRi(CL ifiCpaimeyhyxy,~NHG, aliR%>- O (O - C

oxXV,

aryl)- 0; ci s O} N(R™)., C(CIN(R™),, SON(R™),, acetylamino, aitro,
cvano, formyl, C,;-Cgzalkylsultooyl,

carboxyC,~Cgalkyl and aralltyl;

c is an integer trom O 1o 4,

R* is independently seiected from the group consisting of
halagen, nitro, hydeoxy, C;—Cgalkyl, C,-Cgalkoxy,
—NH,, —NHR*, ——N(R%),, —OR*, —C(O)NH,,
—C(O)NHR*, —C(O)N(R*),,” —NHC(O)R?,
—SO,NHR", —SO,N(R™Y).,, where R s as defined
above, phenvl (optioually substituted with ene to three
substituents independently selecied from R, het-
eroaryl (optionally substituted with one to three sub-
stituents independently selected from R#) and hetero-
cycloalky! (oplionally substituted with one 1o three
substituents independently selected from R,

a i an integer from 0 1o 1

Y selected from the group consisting of —C;—Calkyl-,
—C(D)—, —(C,-Czalkylycarbonyl-,
—(C,-Cialkenyl)carbonyl-, —(C,-Cealkynyl)
carbonyl-, —carbonyl(C,-Cyalkyl)-, -carbooyl
(Co-Cialkenyl)-, —C(OYO-~HC,~Cealkyl)-, —C(S)—,
—50,-—, —(C,-C,alkyl)sulivnyl-, -sulfonyl
(C,-Cgalkyl)-, —C(OYNH—, —C(O)NH—
(C,-Cgalkyl)-, C(O)(C4-Cyeycloalkyl)- and
—(C;~C eycloalkyl)-C(C)—; '

C

is selecied from the sroup consisting phenvl, furyl,
thienyl and pyrrolvl; :



is an integer fromO to 1; Y is selected fromthe group consisting, of

-C -Cal kyl-, -C(s)--, -C(O _-, -C(o)o--(C, -0Cnal kyl) -,
_C(O-(C --c4alkyl)-, -C(QG-(C,-C, ;alkenyl)-, C(0)--(C -Crcycloal kyl) -
-,nd ----C(O)NH (C1--C_ alkyl)-; is phenyl; is selected fromthe oroNgy 2004

consi sting of phenyl, het- eroaryl and hgterocycloal kyl; or a

phar maceutical ly acceptabl e salt theredf ,V7 17 NOV 2096 3. The conpound
of claim2 wherein R2 is selected fron1¥he/grout consi sting of 3,4-

met hyl enedi oxyphenyl, 3, 4-di net hoxyphenyl, 5-(2, 3- dlhydrobenzafuryl),

3, 4-cdi hl7ci r obenzo- [1 4] - di oxi n-6- yl, 5-benzo[ur 5-indanyl arid
3ithicoyl; R3 is sel ectedifscomet Femghogpue omsissrg n Wﬁkhﬂb@nﬁdnethyl R' Is
sel ected from the group censhatmogleikdrono, hydroxy, carboxy, oxo,

methyl, phenyl, 4-hydr %x\nbw pwr?epfwﬂﬁ%me ﬂ){im%omlonen b is

4- hydr oxymnet hyl phenyl , @g f nnﬁ yphenyl, “4-'ni et hoxyphenyl ,
- 3,4- clinmethoxyphenyl, t o fcérbonyl 4- ﬁethoxycarbenylphenyl
3-trif|uoronethy|pheny|, 4- cyanophenyl , 4-am nophenyl, 4-di nethyl -

am nophenyl, 3-nitrophenyl, 4-nitropheny}t; 4-forny|pheny|,

4- et hyl t hi ophenyl , benzyl oxy, 2-pyridi , 3-pyridinyl, 4-pyridinyl,
N-oxy-2- pyric'inyl, 3-thienyl, 2-furyl, "Ivim dazolyl, 5-(1-benzyl-

2-nzethylimclazolyl), 5-(1,2-dinethylitnidazoly),

5-(1-rnethylinlidazoly), ( e yllnldazolyl) 3, 4-
met hyl en. edi oxyphenyl , %iﬂ%n% %ﬁ

is phenyl, then R* is not trimethoxypheny};

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1 wherein

R* i3 hydrogen;

R? is selected from the group consisting of phenyl
{optionally substituted with ome o two substituent
selected from balegen, nitro, cyano, C,—-Csalkyl,
C,~Calkoxy, triflvoromethyl, trifluoromethoxy, NH.,
NH(C,~Csalkyl) or N{C,-Csalkyi);), beteroaryl and
beterocycicalkyl;

R* is selected lrom the Urrmp consisting of H and

| C -C El“\y :

b is 2n integer from 0 to 4;

R* is stlected from the groﬁp consisting aof halogen,
hydroxy, carboxy, oxo, C,~Cialkyl, C,-C;alkoxy,
C,-Calkoxycarbonyl, phenyl (wherein the phenyl
may be opticnally substimited with one Lo two substitu-
ents selected from hydroxy, carboxy, C,—C,alkyl,
C, q2lkylthio, bydroxyC, ,alkyl, C,-C,alkoxy,
C,-C alkyoxycarbonyl, C(O)N(R™),, trifiucromethyl,
triflucrometboxy, amino, (C, ,alkylamino, di{C,.
azlkyllamino, nitro, cyano or formyl), O-aralkyl, het-
croaryl (wherein the heteroaryl may be optionally sub-
stiluted with one to two substituents selected from
hydroxy, carboxy, oxo, C,~Cjalkyl, C,-Cialkoxy,
C,~Cjalkyoxycarbonyl, C(O)N(R™),, uillunromelbyl,
triffuoromethoxy, amino, nitro, C,—Cialkylearbooyl or
C, _jaralkyl), heterocycloalkyl,



-,\D /-, 0Cr33, and 123 Il NOV 2904 Y is selected fromthe croup
consisting of -CH2-, 0)13 -C(O - -C(O13 -C(OO- c 1 . CHOCH, -
--¢(O--C12-Crl- , ----C(O)NF1- C1-12- (107), --C(O- cyclopropyl and
-C(0)CH2; is selected fromthe group consisting of phenyl, 2-furyl!?NOV 200
2-benzo(b)furyl, 2-pyrimdinyi, 2 pyridinyl, 3-py&idinyl, 4-pyridinyl,

1-?m dazolyl, 2-imdazolyl, 2-thiazclyl, and’z oxa- blcyclo[2 2. 1]heptany|
or a pharnaceutlcally acceptdﬁré “Sart EHey eo? 4. The conpound of claim 3
wherein R2 is selected fromthe group conS|stmngcp&w8,4-

met hyl enedi oxyphenyl , 5-(2,3-dbhydropenzofuryl)

3, 4-cli hydrobenzo-[ 1, 4] - di oxi n- yI ‘hlenyl 5- |ndanyl and
5-benzofuryl; R3is H bis ini fbn1B'TO”T“ R4 is selected fromthe
group consi sting of 5-brono, thy 6- hydr oxy, 4-carboxy, phenyl,

4- hydr oxyphenyl , 3-hydroxynethy|phen t, 4-hydroxynethyl phenyl,

4- car boxyphenyl, 4-rnethyl phenyl, Qn:igthylthlophenyl 4- met hoxyphenyl ,

3, 4- di met hoxyphenyl , 4nethoxy/éﬁﬂ hoxycarbonylphenyl

3-trifluoronethyl phenyl, anlnoph nyl , I|~nethylan1rephenyl
3-citrophenyl, 4- n|trophenyl 4- anop N 4-fornyl ohei iyl , benzyloxy,
2-pyriidinyl, 3- pyri di nyl, 4- gyri di'nyl , ﬁmhﬁehy] :

~—0—(C, -~ Caatkylj—N

U

~— Q00— (C, - Caalkyl)—/N C  and

_</ \ 0—(C - Caalkyl)=—N

cas O

a is an integer from G to 1;

Y is selected from the group consisting of —C,-Cyalkyl-,
—C(3)—, —C(0)—, —C(OYO-—C, _c. salkyl)-,
—C(O)—(C,-C,alkyl)-, —C(O}—(C_-C,alkenyl)-,
C{0)—(C,-C,cycloalkyl}- and ——C(O)er—

(C,~CLatkyD)-;

is phenyl;

is selected {rom the group coasisting of phenyl, het-
groaryl and heterocycloalkyl;
or a pharmaccutically acceptable salt thereol.



N axc 2 pyridiny], 1-imdazolyl, (I benzyl nethylimdazolyl), 5 1,7
clit~aet!:ylis~icl~7zolvl), 3,4 nethylentdi OXV henyl, 17 NOV 2004 and Y
is selected fromthe group consisting of -C(0)--, -C(O O CHH2-,
-¢(o-da-1,d-1,-, -¢(O- d-1=C1-1-, and -C(0)-cycl opropyl; is séi@&‘{@w
fromthe group consi st ngeokptyenyd ol Jaifny? pherei®- benzo(b) furyl,
2-pyrimdinyl, 2-pyridRhyk,seisdiqyifict nyt , gréapytddisnyk ahd,2-t hi azolyl; or a
pharmiiceutical |y accepthheestickiptehar 8of-dimdnoxyphdyvposnd of claim 4
wht.rein R is selected frgmdhg@oup 3conslsbbNgol +Bddvinn@t hy]

gnidi lO_X%Ogen%l S E i’ 2' Cy'é!ﬁb’&l'ZB%?}ﬁ,lniﬂgHiﬂM!z%d 3|l-lhien ;. g g
, 4-cl i hydr obeozo-[ 1, 4}5di gxi,n: 6= -1 ey-oétn ;an
5-benzofuryl; Rd is seiillzgelctsge)la&i;[} r(r)n%tl?leebm%gtopn@fdp%?s quﬁ %gﬁys- br or no,

2-hydro, cy, 6-hydroxy, R4-taFBeky, IEmety ] &oum- P HEx g pIEHYP:,
3- hydr oxynet hyl phenyi, YWH§droxyhrnypbedy:, @Q[@é’ﬂboﬁgﬁﬁéhyl .~
net hyl pbeayl , 4- nl et hyl t/hhopheayahcnyd, [ At Hoxd/ptieny1y p8eayHi met hoxyphenyl ,
4- et hoxycar bonyl , 4- netthoxycarfbonvi lpenyll, < 3arbpRkiyaoeoryhet hyl phenyl
4- ami nophenyl, 4 di net |4-ylamyixbtehényd -m8tmbtypphenyl ,3 4nitrophenyl,
4- cyanophenyl , 4-fornyl pheocylhc beazyd pky, 4 -2 pprddy oyigoBy pyri di nyl
4-pyridinyl, 125 17 NOV 422@0do pyrarieny ippk oyl 3-3khilenygmeRylghemyl ; 1 1 m dazol yl ,
5- (1. -benzyl - 2-rnerhyl idnt dagepeyly), Safnindpmetlhyl-didicaharol yl), 3, 4-
nl et hyl enecl i oxypheny , aminophenyl, 3-nitrophenyl, 4-nitrophenyl,
4-formylphenvl, 4-methylthiophenyi, benzyloxy,
2-pyridinyl, 3-pyridinyl, 4-pyridinyl, N-oxy-2-
nyridinyl, 3-thienyl, 2-furyl, 1-imidazolyl, 5-(1-benzyl-
2-methylimidazolyl), 5-(1,2-dimethylimidazolyl),
S-(1-methylimidazoly), 5-(1-benzylimidazoiyi), 3,3-
methylepedioxyphenyl,

O
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0O aad CH3 Y is selected fromthe group consisting of -C(O-, -C(0)0-CH, -
and -C (0)-d-1-CH; or a pharmaceutically acceptable salt thereof. ,6 Eﬂﬁ
conmpound of claimb5 wherein R is selected fromthe group consistind )l
6- hycl roxv, 4-carbcxy, phcuyl, 4-hydroxyphenyl, 3-hydroxynetbyl phenyl,
4- net hyl pbenyl,  4- methyi tshic apheryd thadg na@hoxyph@h@h'43H4
dinethoxyplienyl 4- - methoxycarbanghi3 3=¢MHEFLGHneﬂe%ﬁthheoyl

3-ni trophenyl, 4- nltrophqﬂxhi__2.pxr[gLank;C3hpthduﬁyN}L4-pyrlcI|nyI

N- oxo0- 2- pyrlcdlnv] 3-th }en¥§g)5_thﬁQeaﬁ%Np? - qet-byd(Ondie],azol yl ), (|

, 2-c]iraet hyI|rn|C|;i co 26 0" 17 2004 CH and or a
pharnaceutically acceptable salt thereo 7. The conpound of claimé®6
wherein P.2 is selected fromthe group-colsisting of 3,4- and 5-(2, 3-
ol et hyl enedi oxypbel I yl  di hydrobenzohinr.yl:)y; R4 is selected fromthe group
consi sting of b-bycl oxy, 4-methyl phenyl, 4-nethoxyphenyi, 3, 4-
clinmet hoxyphe nyl, 4- nethoxycarbonyl, 3-trifiuorornethyl phenyl,
4-nitrophenvl, 2-pyriciin enBéﬁ&y&k%h&m&bnﬂﬂﬁ%Hﬁp&n@Lﬁ4h&dselected from
t he group conS|st|ng of - gi iﬂb? 2-pycimidinyl, 2-pyridinyl,

3.pyridinyl, 4- pyndmyl 1-imidazolyl, 2-imidazolyl,
2-thiazolyl, and 2-oxa-bicyclo{2.2.1]jheplanyl;

or a pharmaceutically acceptable salt thereof.
4. The compound of claim 3 wherein

R2 is selecied from the group coosisting of 3,4~
methylenedioxyphenyl, 5-(2,3- dlhydrobcnxofmyl)
3 4-dihydrobenzo-[1,4]-dioxin-6-yl, 3- thienyl,
5-indanyl and S-benzofuryl;

R?is H;

b is in intzger from O to 1;

R* is selected from the group consisting of 5-bromo,

-hydroxy, 6- hydroxy, 4-carboxy, p‘)enyl

-bydroxyphenyl, 3- hydroxymethylphenyl,

-hydroxymethylphenyl, 4- carboxyphenyl,

-melhylpbenyl, 4- mmhthmphenH

-methoxyphenyl, 3,4- dimethoxyphenyi,

-methoxycarbonyvl, 4.methoxycarbenylphenyl,

triflucromethylphenyl, 4-aminophenyl,

L;J-h#-h-«ih-bl\)

4-dimnethy! drnmophenw‘ B-NrOpHenjl 4-nitrophenyl,

4. (,.'anophc_nyl tonuylnhunl Lenzyloxy,
2-pyridinyl, 3- pmcwr;i 4-pyridinyl, 2-turyl, 3- thmnyl,
N-oxo-2- )»ndmy] 1-imidazoly], 5-(1-benzyl-Z-

methyiimidazolyl}, 5-1,2- drnet"vlnmd azoivi), 3.4-
mehy]unccllo‘qrnhenyi

O ¥ \
N yw N—CH,.
‘ \
N



-C(OOCd-I,-; is selected fromthe group consisting of 2-fury|
2-benzo(b)furyl, 4-pyridinyl, 2-pyrimclinyl and 2-thiazolyl; ZTNUVZWﬁ
pharmaceutically acceptable salt thereof. 127 I 'I NOV 2 064 s, Th
compound of claim7 sc',ectecl fromthe soup consisting of | ,
2, 3, 4- Tet . ahydr o- 2- [ 5- (3, 4- di mut hoxyphenyl ) - p¥¢ nidin ? :] 3 (3,4
nmet! ~ylr ner3i oxypheny.) 911 pyrrolo-[3,4-b yqui oIin-9-one;

y;;rbonyl]- 3 (3.

1,2,3.4 1" etrahydro-2-[ (4-pyriclinyl)roethyl ox

-nethylenedloxyphenyl) 91 1- pyrrol o-[ 3, 4- b] inolin-9-one; 1,2,3,4
Tetrahydro-2-[5-(2-pyriclinyl)- p rrryidi -yl]-3°

(3, 4-di h), drobenzofuranyl)-9 rol [4- b] quirolin-9-one;

1,2, 3, 4-Tetrahydro- 2-[5- (4- nneth B%en I) pyrlnlclln 2-

y!']-3-(3, 4-clihydrobenzof ur: tnxj pyrr [ 3,4-b] quinolin-9-one;
1,2,

3, 4- Tet r ahydr o- 3- ( 3, 4- metAy ne wd/\btenyl) 2-(5-
(4 (1 (4-methyl)-pi p erazinyl carbonyl){phen - fand
Troyt) - 9H pyrrol o[ 3, 4- b] qui nol i n- 9- one; Y3, 4- tetrahydro 2 -[2,3 -b ipy
ridin]-6'-y1-3-(2,3- ciihyc!ro-5
benzof uranyl ) - 9H pyrrol of 3, 4- b] qui nol i n- 9-
1,2,3,4-tetrahydro-2-(2-pyridinyl)-3-(2, 3- d| yaro
benzofuranyl) 9H- pyrrol o[ 3, 4- b] qui nol i n-9- onew_ﬂﬁr a pharnaceutlcally
acceptabl e snit thereof. 9. The conpound of glaim8 selected fromthe group

eny

consisting of R-1,2,3,4-Tetinhyd -cllnethoxyphenyl)
pyrirniclin-2-yl]-3-(3, 4-net ned| ) - 9H

Y is selected from the group consisting of —C(O)—,
—C{0)Y0—CH,—, —C(0)—CH,CH,—, —-C{0)—
CH=CH-, and —C(O)-cyclopropyl;

15 selected from the group consisting of phenyl, 2-furyl,
2-benzo(b)furyl, Z2-pynimidinyl, 2-pyridinyl,
3-pyndieyl, 4-pvndioyl and 2-thiazolyl;
or a pharmaceuticaily acceptable salt thereof.
S. The compound of claim 4 wherein
R® is selecled from the group consisting of 3,4-
mtthylcncdioxypheny], 5-(2,3-dihydrobenzofuryl),
4-dihvdrobenzo-[1,4]-dioXin-6- yl 3-thienvl,
5- mddnyl and 5-benzofuryl;
R" is selecied from the group coasisting of S-bromo,
-hydroxy, 6-hydroxy, 4-carboxy, phenyl,
-hydroxyphenyl, 3-hydroxymethylphenvl,
-hydroxymethyphbenvl, 4-carboxyphenyl,
-methyiphenyl, 4-melhylthiophenyl,
-methoxyphenvl, 3,4-dimethoxypheanyl,
-methoxycarbonyl, 4-methoxycarbonyiphenyl,
-uMluoromc{hvlphenvl -k—mumpha,nvl
-L dimethviarinophenyl, 3-mtrophenyl, 4-nitrophenyl,
d.cyanophenyl, 4-formylphenyl, benzyloxy,
2-pyridinyl, 3-pyridinyl, 4-pyoidinyl, N-oxo-2-

R=T (]

E TS

ol



pyrrolo-[3,4-b Jquiao lien-9-orie; R1,7?,3, 4 Tztaahyclro ? [(4-pyriclinyl)
meshy] oxycai bonyl ] - 3- (3, 4- net hyl enecl i oxyphenyl )- 91-i-pyrrolo [3, 47Ny 004
b] qui nolin-9-one; R-]., 2,3, 4Tetrahydro-2-[5-(2-pyridinvl)-pyrimdin-2- }
(3,4 cIihydrobenzofuranyl) 91-i-pyrrolo-[3,4-b] quinotin-9-one;

R-1, 2, 3, 4- Tet r ahydr o- 2- [ 5- ( 4- met hox ypheny]) pyrinidin-2--y1]-3-(3 4-di hvyd

rObenZOfu r_anyl)-9H rmﬁr{#l)% 3- I[Heé %b]ﬁﬂ' H’H(ﬂl/ w@, \,n

Z
SéZhyf)g-glggﬁggrxg{cargl E%% 7 1~C%¥Ph}hmwa¢MyD g% (4-(1-(4 -

furoyl ) - 9H pyrrol of 3, 47%] u? 6‘Wﬂm@ one; R-1,2, 3, 4-tetrahydro
-2-(2-pyridirsyl)-3-(2, 3-di hydro-5- bernzoftr:ny])-91-1

-pyr, -ol o[ 3, 4-b] qui nol i n-9-one; or a pharnaceltjcal |y acceptable salt

t hereof. 128 10. A conpound of fo m:la (I)Yor (I11): (') (Rb, N R2
(R4)b or on wherein Rl is selected fromthe; up consisting of hydrogen,
car boxy, -C(O) -Cl-Ceal kyl, C(O) C-CGaI kox ---C(0)-NH--C, - Coal kyl - NH2,

-C(O) --NHC, - Caal kyl -1\ 11- IR, C1- Coalkyl N(R')2, -C(O---NH2,
-C(0)--1\\HR , -C(0)--N(R A lcyl-NI-1-,, - Cl- Ceal kyl -

%
N

\ / °
SRS

Y is selected from the group consisling of —C(O)—,
- —(0)0—CH,— and —C(O)—CH=CH—;

or 2 pharmaceutically acceptable salt thereof.

6. The cormpound of ciaim 5 wherein

R*® is selected from the group comsisting of 6-bydroxy,
4-carboxy, phecyl, 4-bydroxyphenvl,
J-hydroxyvmethylphenyl, 4-methylphenyli,
4-methylihiophenyl, 4-methoxyphenyl, 32, 4.
dimethoxyphbenyl, 4-methoxycarbonyl,
S-triflvoromethylphenyl, 3-nitrophenyl, 4-nitrophenyl,
2-pyridinyl, 3-pyridinyl, 4-pvridinyl, N-ocxo-2-
pyridioyl, 3-thienyl, 5-(1-benzyl-2-methylimidazolyl),
5-(1,2-dirpethylimidazolyl),

126




NHR' -C, -C6al kyl-N(R),, -NH.--Cl1-C,,alkyl-N (R )a; where P-2-c,) RAis

i ndependently selected fromthe group consisting of Cl-Coall<yl, aryl,

C -Co6aralLl.yl grid heteroae 1, where the aryl., aral kyl or hetero%ﬁ%& qﬁg
be optionally substituted with one t® three RS; where each RB is 0V 2084
. independently selected frog the group consi sting of halogen, nitro, cyano,

C, -CSsal kyl, Ci-Coal koxy, C1- bdﬁ car boxyC, - Céal | : yl,

C, - Cbalkyl sul fonyl, trifluoro thy a dl(Cl Co6al kyi ) am no,

acetyl am no, carboxyC Coéal kyl rb nyla \,hydroxyd Ceal | : yl an)i no,
NHR4 and N(R),; 17 NOV 2004 429 ?664 ReHi sagel ected fromthe group

substituents independently sel ected from hal 6gen,\hydroxy, nitro, amn no,
NHR * or N(R '-),), ary! (oprionally substitute ith one to three
substituents independently sel ected fron1Rb),NcyéIoaIkyI (optionally
substituted with one to three substituents independently selected from

R '), heteroaryl (optionally substituted/with one to three substituents
i ndependently sel ected from R—5 ﬁ;ﬁl%ﬁﬁﬂ>eroeycloalkyl (optionally
substituted with one to three substiwtuents independently selected from
RC); where Re' is selected fromthe group consisting of halogen, nitro,
cyano, Cl-Coal kyl, C, -C6al koxy, triflu.oronethyl, tritiiioronethoxy, N -1,
N11(Cl- Coal kyl) and N(C, <€a6dhiayichtiicRBy heccplablestiédefs%m t he gr oup

consi sting of by clrogen, TheGbeGpbal kiydimCi »@ow’n kyl car bonyl ,

C2- Ct al kenyl car bonyl ang= G, - Ryl eardenytbip consisting of 3,4-

methylenedioxyphenyl, aod 5-{2,3-
dibydrobenzofuryi);

R* is selected from the group coosisting of §-hydroxy,
4-methylpbenyl, - melhoxypbenyl, 3.,4-
dimethaxyphenyl, 4.methoxycarbonyl,

3-trifiuoromethylphenyl, 4- mnopbpnvl 2- pyr1chw1

-

3- ovnclmv}

consi sting of C5-C, Oah:y! (optlonally substi%u%eq‘mﬁth one to three
g
d

~

N/

Y is selecied from lhe group consisting of —C(O)— and

— C(0YO—CH,—,

is selected [rom the group coasisting of 2-furyl,
2-benzo(b)furyl, 4-pyridinyl, 2-pyrimidioyt and
2-thiazolyvl; ,

or a pharmaceutically acceptable salt thereof.
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bis an integer fromO to 4; !".' is independently selected fromthe group
consi sting of halogen, hydroxy, cnrboxy, nitro, Cl---C, ;alkyl, Cl-Cnal ﬁ
~xy, Cl-C6al:o:.ycarbonyl, trifluoronetbyl, phenyl (wherein the phle’nWV 2004
group may be. optionally substituted with one to three substituents

i ndependently sel ect ed. filhemcRDpyunphérylisul fsenykd fmaphthylqup C1- C5ar al kyl ,
-0-a, al kul, (wherein ¢hesasakd cyl group may be optionally substituted with

one to three sub- stituents,independentty sel egled,frqmR)y. heteroaiyi

(wherein the heteroaryl” iy be option jj_yn uhst 1t ut qlf whidiyone to three
substituents independent Py 9erdcted ” ?j ‘o“‘eﬁzbl ;ég“lilkl ﬁ NRAURER

od 7YY % , 1Cl-C4 t.~"V
Sy -Q (Cs-C ~al kyl) (CHI&W LT g}ﬁ‘j‘%l”ﬁ\‘f“r&l%atl- ‘Callky t),
-0-(C,-C % kyl)-v 130 12.Newepobwrro2(lCHrer ‘I“)’g,*-’Lh?féﬁ'\'-}’.c'r.lr%@,fil‘il% al kyl)-N O
and where each P. is indédéridenthwemsieotddnyhdh Rarogens4-hydrosy car boxy,
Cl-C al kyl, C1-C,, al kozygquin@is-Ecpal kyoxycar bonyl, C, - C4al kyl car bonyl ,
tritluororziethy], trifjuonornet oy [sNElsyidRbyimMa-2 )y FONR *),, SO i
I'(Ei"")_, scetylam no, nit50yinGYashhzofddyalaaylpy @oGembky] sul tonyl and
carboxyCl-C al kyl; c is gppipf.éehefrom) to g =t; RS is independently
SC|e|_ Eg;igof ' ;)m the gr Oupl,gg,Q-SILctsrtallllego—gf[S-(Q-%l.ae?‘, %\'@"phcmytl)r-Syrinlf%m—ﬁ)-xy’ Cl- Coal kyl ,

T y1)-3-(3,4-dibydrobenzofuranyl)-OH-pyrrolo-[3,4-b]

quinolin-9-one;

1,23 4-Tetrahydro-3-(3,4-methylenedioxypheny1)-2-(5-
(4-(1-(4-methyl)-piperazinylcarbonyl)-phenyl)-
Furoyl)-9H-pyrrolo[3,4-b]quinolin-9-one;

1,2,3,2-tetrahydro-2-[2,3'-bipyridin]-6'-y1-3-(2,3-
cIihycim-S;banzofuranyl)-9H-*pyrrolo[3,4-b]quinolin—9—
one; ' ‘

1.2,3,4-tetrahydro-2-(2-pyridinyl)-3-(2,3-dihydro-5-
benzoturanyl)-9H-pyrrole[3,4-bjguinclin-9-cne;

or a pharmaceutically acceptable salt thereol.

9. The compound of claim § selected from the group

consisting of

R-1,2,3,4-Tetrahydro-2-[5-{3,4-dimethoxypheayl)-
pyrimidin-2-y1]-3-(3,4-methylenedioxyphenyl)-9H-
pyrrolo-[3,4-b]quinchin-9-one;

R.1,2,3,4-Tetranhydro-2-[(4-pyridinyl)
methyloxycarbonyl}-3-(3,4-metbylenedioxyphenyl)-
9H-pyrrolo-[3,4-b]ouinolin-Y%-one;

R-1,2,3 4-Tetrahydro-2-[5-(2-pyridiav])-pyrimidin-2-yl]-
3-(3,4-dihvdrobenzofuranyl)-9H-pyrrolo-[3,4-b]
quinolin-S-one;

R-1,2,3,4-Tetrahydro-2-[5-(4-methoxyphenyl}-
pyrimidin-2-yi}-3-(3,4-dihydrebenzoturanyt)-9H-
pvrrolo-[3,4-b]guinelin-9-onze;

R-1,2,3,4-Tetrahydro-3-(3,4-methylenedioxyphenyl)-2-
(S-(4-(l-(4-mc:thyl)—piperazinylcarbonyl)-phenyl)~
furoyl)-OH-pyrrolo[ 3,4-b]quinclin-9-cne;

R-1,2,3,4-telranydro-2-(2-pyridinyl)-3-(2,3-dihydro-5-
benzofvranyl)-9H-pyrrolo[3,4-b]quinolin-S-one;

or a pharmaceutically acceptable salt thereof.
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\-'k, --C(OONl I, -NA -01I -CCONHR, -CCONR),, -NEC(O)R ",

-SO NHR', -SO.,N(R4)-,, where R~ is as riefiried above, phenyl (optionally
substituted with one to three allbstltuents independently sel ected7INJprifl
R), bet- eroaryl (oplifonatponndubstionda 84onilh one to three sub- stitt-erts
i ndependently selected from RB) and hetero- cycl oaLkyl (optionally
substituted with one to three substituects independentlly selected from
Rs); a is an integer from () todﬂ; Y sekected fromthe group consisting of

---C, -C;all<yl , -(C1-- C al
-(C -Coal kynyl ; carbonyl -,
(C_- CEal kenyl)-, -Q(O O ( wC(®),, ---S0---, --(CL-C

al kyl )su] fcnyl -, -sul fonyl 3 A)-, ~C(ONH, -C(ONIL-i-
(Cl-Callcy]l} C(0)(GC; -C, cygFpaikyl)- and - (g .,cycloalicy I) -C(O- is
sel ected fromthe group consistihg phemyl , f , thienyl and pyrro]yl;
131 17 NOV 7004 is selected fromthe ouu Consiisting of aryl, hetelouryl

and heterocycioul kyl; provided thrat when Ri % hydrogen, R is hydrogen, b

bonyl - , -(C;-C aikenyl)carbonyl -,
Cl- Cal kyl)-, -carbonyl

is 0, cis 0, ais'l, Yis -CH -, p.s phenyl and is phenyl, then R is
not tiimethoxvphenyl; or a pharmaceutically acceptabl g;salt thereof. 11_ A
phar maceuti cal conposition conprdgzsi ng alpbarmﬁi- ceuticaliy acceptable

wt

carrier and a conpound of claim|l. 12

A pharnaceuti cal conposition made
by rni,Ning a :

N—{¥)

(R

whereln

R? is selected from the group consisting of hydregen.
carboxy, —C(0)—C,;-Cgalkyl, —C{0O)—
C,-Cgalkexy, —C(0)-—NH—C,~Cgalkyl-NH,,
—C(0)—NH C,—Cgalkyl-NHR", —C(0O)—NH—
C,—-C,aliyl-N(R™),, —C(O)—NH,, —C{Q)—NHR",
—C(O}—N(R*),, —C,-Cgallcyl-NE,, —C,-Cgalkyi-
NHR*, —C,-Cgalkyl-N{R")., —NH—C,-Cgalkyl-N
(R%)a;

where each R™ is independently selected from the group
consisting of C,-Cgalkyl, ary!l, C,-Cgearalkyl and
heteroarvi, where the aryl, aralkyl or heteroaryl may be
opticnally substituled with one to three R,

where each R? s independently selected from the group
consisting of halogen, nitre, cyano, C,-Cgalkyl,
C,-Cyalkoxy, C,-Cgalkylcarbonyl,
carboxyC,-Cyalkyl, C,-Cgalkylsulfonyl,
trifvoromethy!, amino, di(C,-Cgzalkyllamino,
acetylamino, carboxyC,—Csalkylcarbonylamino,
hydroxyC;-Cealkylamino, NHR™ and N(R™),;
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conpound of claiml and a pharnmaceutically acceptable carrier. 13. A
process for ma kind a pharmaceutical conposition conprising mXi ng ft
conmpound of claim 1l and a pharma- ceutically acceptable carrier. 41 N]V 2004
met hod of treating sexual dysfunction in a subject in need thereof
conpri sing admi ni steri rfg i Gelehied Sobj weterevp tdreshpeat Cedl Lyikelf f ecti ve anmount
of the conpound of clai mdbtict8ly Abseuirddvof dreeatibng ssesunalnisdysf unction in
a subject in need thereafdesonpitisiagtadimoi ilegdnn iydoknenisobj ect a
therapeutical ly effectivemampWHR 'ob: NE 0oapOShicanIpiuelaten 11 16. "1 7-, e
met hod of treating sexuakiysfUpakic@RuSdinGnd MieddhdemRede@ictdt he sexual
dysfunction is nmale sexugbm /@YséMRG Oy LIRIE s@BQ%th £ifysd gnct i on,
i npotence, fenale sexuallhlgygh&pglgh@% f mal 8 sexualy a,rogpq@ dysfunction
and fenal e sexual dysfupgtiQn, 5& Il ed stug QLQQC{N 15%\% tric oxide
production in the ti ssue§\t IO mr g{ Sldt g l1Hsf,b) 1%1& i et hocl
forincreasin~; the concen clm' 1 [10 VP sun:isn&?ed Wq pue 1n a mal e
subj ect in need thereof nf) TEREOP l‘ ! X {1 ?1 sUj ect an
effective ;anount of the*¢d r(’f EB?MSPJ;H A 1 o' PP Nov 1094 18. A met hod
of treating a conditi oV epct et SFFeif t BieMgSugTeansisising ¥f mal e erectile
dysfunction (ED), inpot &Hessn.femal ¢ysexudl-aeblislhl Cdyafliasyi on, fenale
sexual dysfunction rel at edft,@ Bhead yfil owiand Butdtine axi et _production ir.
the tissues of the vagi ng U?@CL@LJ;H)%@\h@r_@T@;,\ymure | abor, dysmenorrhea,
cardi ovascul ar di sorders, . aLNeq 96| 610515, Aldelkal: qgeldisi ve disor ders,
t hronbosi s, coronary g’f‘ gl 9 pec 19\ 190r Wg?ﬁll’dl aal

é alxen

. . : !
|nf,arct|on, heart failur y'ﬁdrbony and q Jba 53 %Cdrbﬂﬂyl

b is an integer from 0 to 4,

R* is independently selected from the group consisting of
balogen, hydroxy, carboxy, oitro, C,-Cgalkyl,
C,~Cgalkoxy, C,—Cgalkoxycarbonyl, trifftuoromethyl,
phcnvl {wherein ihe phenyl group may be optionally
substituted! with one to three substinuents independently
selected from RYY, phenvlsulronyl naphthvl,
C,—Caralkyl, —O-aralkyl, (wherein the araliyl group
My bu optionally substitated with voe to three sub-
stitucnls independently selecied from R 2y, heterozryl
(wherein the heteroaryl may be cptionally substituied
with ooe 1o three substituents independenily selected
from R), NH,, NHR?,

(Cl—\..ﬂl kyly
/
—O'——(C,—C.;alkyl)"—\\
(C,—Cualkyl),
O F \
>—~N' N (C)—=Cynlkyh),

0
\\J\
N/w
/
NC=Cantky),

—O-—(C,-aniky!)*——NO
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hypertensi on, pul nonary hypertension, asthma, intermttent claudication

and di abetic conplications in a subject in need thereof conprising
adm nistering to the subject a therapeu- tically effective anount o

conmpound of claim X. 133

\f\lom (Cl_CJ;llﬁiy'-)_r\r‘/\j
A -

S

——0—{C;~Caalky)——N /0 o
1 | /_\\
| _O—(Cl—CJqu}'L)—N\ o;
/

where each RP is independently selected from halogen,

bydroxy, carboxy, C,-C.alkyl, C;-Cialkoxy,
C,-C,alkyoxycarbonyl, C,-C,alkylcarbonyl,
trifluoromethyl, trifiuoromethoxy, NH., NHR?, N{R™)
2 CLOMN(R™M,, SOLN(R™Y),, acetylamino, nitro, cyano,
formyl, C,—Cgalkylsulfonyl and carboxyC,-Cyalkyl,

¢ 15 an integer trom O to 4;

RS

k2l

is independently selected from the group consisting of
halogen, nitro, hydroxy, C,-Cgalkyl, C,-Csalkoxy,
—NH,, —NHR*, —N(R*),, —OR*, —C(O)NH.,
—C(O)NHR*, —C(O)N{R*},, —NHC(O)R™,
_SO,NHR*, —SO.N(R?),, where R? is as deflned
above, phenyl (optionally substimted with one Lo ibree
substiruents independently selected from R7), het-
eroaryl (optionally substiruted with one to three sub-
stituents independently selected from R#) and helero-
cycloalkyl {optionally substituted with one to three
substituents independently selected from R,

is un inleger from 0 to 1;

i

Y selected from Lthe group consisiing of —C,-C alkyl-,

—C(0)—, —{(C,~Cgsalkyi)carbonyl-,
—(C.—C.alkeaylicarbonyl-, —(C.-Cialkynvl)
cartbonyl-, -carbonyl{C,~C,alky])-, -carbonyl
(C.—Calkenyl)-, —C(OYO—C,-C alkyl)-, —C(S)—,
—8S0,—, —(C,-C alkyDsulteny!l-, -suifcayi
(C,-CialkyD)-, —C{O)NH—, —C{O)NH-—
(C,-CgaikyD)-, C{OYC;-C,eyclealkyl)- and
—{Cy-Coeycloalky)-C(O)—;

d

1s selecled from the group comsisting poenyl, furyl,.
thienyl and pyrrolyl;
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1§ selectod from the greup consisticy of aryl, heteroaryl
and heterocycloatkyl;

provided that when R* is hydrogea, R® is hydrogen, b is
0,cisD,aisL, ¥is —CH,—,

15 pheayl and

is pheayl, thes R* is not timethoxyphenyl;

or a pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition comprising a pharma-
ceutically acceptable carrer and a compound of claim 1.

12. A pharmaceutical composition made by mixing a
cowpound of cleim 1 and a pharmaceutically acceptable
carner,

13. A process for makiog a pharmaceutical composition
comprising rmixing a compound of claim 1 and a pharma-
ceutically acceptable carder.

14. A method of treating sexual dysfunciion in 2 subject
In need thereof comprising administerng (o the subject a
therapeutically effective amount of the compound of clam
1_ .

15. A method of treating sexual dysfunction In a subject
in need thereof comprising admicistering 1o the subject a
therapeutically effective amoun! of the composition of claim
.

16. The method of treating sexual dysfunction of claim
14, wherein the sexual dysfunction is male sexual
dystunction, male erectile dystuncticn, impotence, female
sexual dysfunction, female sexual arousal dyvsfunction and
female sexual dysfunction related 10 blood Bow and niiric
oxide produclion in the tssues of the vagina and clitoris.

17. Amethod torincreasing the conceniration of ¢GMP in
pentle tissue in 2 male subject in need thereot comprising
administering to the subjecl an effective amounl of the
compound ot ciaim 1.

,
oy
[
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18. A method of trealing & conditicn selected from the
group consisting of male erectile dysfunction (ED),
impolence, female sexual zrousal dysfunction, female
sexual dysfunction related o blood flow and nitnc oxde
production in the tissues of the vagina and clitons, prema-
ture labor, dysmenorrhea, cardiovascular disorders,
alherosclerosis, arterial occlusive discrders, thrombosis,
coronary resl slenosis, angina pectoris, myocardial

infarction, beart failure, ischemic heart discrders,
hypertension, pulmonary hypertension, asthma, intermittent
claudication and diabetic complications in a subject in need
thereof comprising administering to the subject a therapeu-
tically effective amount of the compound of claim 1.
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