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FUSED PYRI DOPYRI DAZI NE | NHI BI TORS OF cGWP

PHOSPHODI ESTERASE Field of the Invention
The present invention relates to fused 10 pyridopyri dazi ne conpounds, to
met hods of usiowyssueh conpounds in the treatnent of cGVFCHESBAOsSHDed
condi tions such as sexual dysfunction including erectile dysfunction

and femal e sexual arous@®usEDs ®YBIDOPYRIDAZINE ENHIBITORS OFCeQNPSi ti ons
cont ai ni ng such conpounds, and to 1;:;6&;66%%4 or and net hods of

preparing such conpounds. Background of the

| nvention Erectile dysfunction is the inability to obtain and 20
maintain a penile erection sufficient for sexual i nt ercourse or other
sexual expression. A nunber of factors can place an individual at risk
for this di sorder, for exanple, trauma, pelvic surgery,

hyperchol esterol em a, ischem c heart disease, peripheral 25 vascul ar

di sease, chronic renal failure, diabetes, or the use of certain

medi canent s i ncludi ng sone types of anti hypertensi ve agents, digoxin,
as well as the excessive use pPielfoOkhaSTnébaeieh. tobacco, etc.

Met hods for the treatnent of erectiTe agysruanctron rncrude 30 the use of
vacuum devi ces and penfh& PRBP&REsinvantion rgdates tRefWREni strati on of

nmedi cament s19uClpyas dyphiriiaBéne comPRBRILS! itRe meRHodBOBE PBLNE. sudr oved
net hods for the thi s disorderH?Le sou howeyer, as the

t t f h
af or enent i oned ﬁ@ﬁﬁBHé%%ogﬁg%hgrBG??EF%HR1%§:Fg 3358F??£§8y?° WS e

acconpani ed by duahbaskseanali dgsfunction including erectile dysfunction
and female sexual arousal disorder, to pharmaceutical
compositions containing such compounds, and to
16 intermediates for and methods of preparing such
compounds.

Background of the Invention _
Erectile dysfunction is the inability to obtain and

20 maintain a penile erection sufficient for sexual
intercourse or other sexual expression. A number of
factors can place an individual at risk for this
disorder, for example, trauma, pelvic surgery,
hypercholesterolemia, ischemic heart disease, peripheral

25 vascular disease, chronic renal failure, diabetes, or the
use of certain medicaments including some types of
antihypertensive agents, digoxin, as well as the
excessive use of narcotics, alcohol, tobacco, etc.
Methods for the treatment of erectile dysfunction include

30 the use of vacuum devices and penile implants, as well as
the administration of medicaments such as yohimbine,
papaverine and apomorphine. Improved methods for the
treatment of this disorder are sought, however, as the
aforementioned methods do not provide sufficient

35 efficacy, and/or are accompanied by drawbacks or side
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effects such as erosion, pain, priapismor gastrointestinal disconfort.
As penile erection is dependent upon the presence of adequate |evel s of
cyclic guanosine 3',5' -nonophosphate 5 (cGW), especially in corpora
cavernosa ti swoeese7t9 administration of an inhibitor of a c®uPuUsoeonsion
phosphodi est er ase (cGIVP PDE) particul arl y, a selective I nhi bitor of

cGW PDE Type é ,@&%\f 5 fggg%bges f(?rﬂt%%ngmf g} achieving and

mai nt ai ning an ere er &f o eating erectile
dysfunction. Seestl?¢g®testlnalfto§h§cémf‘a¥t "Nitric Oxide and cGWP: nedi ators

of pelvic nervexstddal %@eerc%hl 08 adpdiREnt" uﬁah ghe FB¥Si&ice of0! -
264 (Feb. 1993); Bownan et al "Cyclic GW nedia neuro en| c

rel axation in PRETERYE nevads &&t Sycbeﬁl%"i@sﬁﬂ%éfe h -pnogho 1,
665- 674 (1%4) (ceamp) Raésfr%’c1allyet1na|:orp5i\h tdaukr@&sdetaSSﬁeMsdl at or of

Rel axation of t pus verno min R onsg,t o Nonadrenergic,
Nonchol i ner gi ¢® %@h?b‘?? ﬁm" Réy\” CE@E 326, 2, 90-94
(Jan. 1992). Sphdep)aédiesﬁemasexe(n:ﬁbde PPBB mtb@e\hadéserabedlastare

phosphodi est er @ﬁﬁ g}/p{:} \, ¢ Q:lgft,}yt tP%bFS?’B u§e£é&M E:t gg (%gg‘%@g Pf erectile

dysfuncti on.
Fenmal e sexual @JEQUSafOJF saq:;‘d-retVl@H £Rd mmt@re@guap erecgidapomard cycl e, and

is charactqyi Z@ﬂePé!féﬂ@rﬁﬁsQ‘ie\é%@lh@aErgétﬂE)rdy(‘s&’hhe{-]noﬂnd s&&rpaspd

clitoral and | abi al nment _ang sen at| n. Studjes est a
pot enti al Refhat et an}r't'rl Sgﬁfll&e éég% r Bed &?F?B?a‘?ig elvic

cavernosal andn¥agénstingldtesimeqltivscie d@saxammonJ PhyResENt 1yel .PDE 5

has been isol a u oral 30, s otI:L cIe Iture Therefore a
sel ective i nhi %??ofpeb n@b@@v}g °BBEs ﬁ?onfd'es #ggﬁs ? BEEHFE%i mi ni shed

physi ol ogi cal aeousgénithargjescagdnicni Gpr the tmjbjrectrlevgactorpaemt ers of

arousal 1 nPot f,BLPe, AN, POS! pHIRRIRAISEY, 665-491°11984) ; and Rajfer
et al., “Nitric Oxide as a Mediator of Relaxation of the
Corpus Cavernosum in Response to Nonadrenergic,
Noncholinergic Neurotransmission,” New England J. Med.,
326, 2, 90-94 (Jan. 1992). Sildenafil, for example, has
20 been described as a phosphodiesterase Type V inhibitor
useful for the treatment of erectile dysfunction. See
Drugs of the Future, 22, 138-143 (1997)}.
Female sexual arousal is part of the female sexual
response cycle, and is characterized by increased vaginal
25 1lubrication, and increased clitoral and labial
engorgement and sensation. Studies suggest a potential
role for nitric oxide as a mediator of clitoral
cavernosal and vaginal wall smooth muscle relaxation.
Recently, PDE 5 has been isolated in human clitoral
30 smooth muscle culture. Therefore, a selective inhibitor
of cGMP PDE5 provides means to restore diminished
physiological arousal changes and improve subjective
parameters of arousal in both pre- and post- menopausal

women.



The present invention provides novel conpounds which are potent and
sel ective-inhibitors of cGWw PDE 5. These conpounds nmay be enpl oyed in

the treatnment of sexual dysfunction including erectile dysfunction and
female 5 sexwsloomsmusal di sorder. In view of their activi tBGTUS00/0810€SE
conpounds can al so be enployed in the treatnent of ot her disorders

esponding o the Tl Bl ke gL EPpcovs AU RodR 1 BEkBUn AR dho4RSCU! &1

di sorders. | nvent
present i nventﬁltﬁl patent eﬁﬁdec?etlécﬁhﬁefH%Tékpltorﬁyrqfd65w’l BBBi he cBmporInds of

the fornmula I &?Aw may H@.erea@ﬁoyé@rl#stﬁm@&ﬂémmahtow Qéxﬁsi\/P PDE,
especially 15 T%g 16"]rd 1/}\41 g S.nitrogen or
[err] ; 20 f‘é"‘?l"r%‘?’bg‘é}? ing gE§Sthto #efgmtcﬁé.pn pnfcfepalge of Y

and Z is nigs r ogemal arousilerdﬂsoaadr[ern]l view igfdeheddeattyvseypcted from
the group con5|st|nq hydrogen, chloro, [err. rl with the
provi so that at"feast™ m}ﬁs RE™ ogﬁﬂﬁ be %mpqlr Je[c{ar%’] the trggkﬁé?g €drogen,
al kyl, substi totkelr adksdrdersy lra@spphding t@rthnnxnhlbutednaoylaGM?IEDE
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such as various cardiovascular disorders.

10 Summary of the Invention

The present invention is directed to the fused
pyridopyridazine compounds of the formula I and salts
thereof, for use as inhibitors of cGMP PDE, especially

16 Type 5,
(I)

wherein:
Y is nitrogen or -C{(Rs)- :
20 Z is nitrogen or -C(Re¢)- provided that at least one of
Y and Z is nitrogen;
R; and R; are independently selected from the group
consisting_of hydrogen, chloro, -SR;, -OR;, -NRgRe, and

TNHTC™Ry3 yith the proviso that at least one of R, or R;
25 is -SRy, -OR;, -NRgRy or  NHTCTRys;

R is hydrogen, alkyl, substituted alkyl, arylalkyl,
or substituted arylalkyl:;



R4 is hydrogen, hal ogen, alkyl, substituted al kyl, [err] [err]
and [err] are independently selected fromthe group consi sting of

hydr ogen, hal ogen, al kyl, and substituted 5 alkyl; [err] and RO
are i ndependgyy dossshigl ected fromthe group consi sting ofprdryulnorgsto

al kyl , substituted al kyl, cycl oal kyl, substituted cycl oal kyl,

cycl oal kyl al kyl , substituted cycl oal kyl al kyl, aryl, substituted aryl,
10 aryl al kyl, substituted aryl al kyl, heterocycl o, het er ocycl oal kyl ,

het eroaryl and h&i ersodvdrakyl ;halogen, alkyl, sahdtitwetéd taddotther with the N
atomto whi chdgigy & enr,,r,4t;t ached can forma heterocyclo ring, a
substituted or unsubstituted i mdazole, .a substituted or unsubstituted
15 pyrazol e, or 3sANsk{et B IEEPERLERSY SGLEQTET i TEAR &he group  [orr] are
i ndependent | yealisttiag &6f dmddvgen, halayen,cabky by iang ehbbydtogan, al kyl,
substi t ut ed aJlliﬁ)Qr- cycl oal kyl, substituted cycl oal kyl, cycl oal kyl al kyl
substituted cycl“oal kyl al kyl, aryl, substituted aryl, 20 aryl al kyl,
substituted aryl Bikyis, feddsoaye| tndependppt by cgi@icEgrk§rom ieheer oaryl and

heher oaryl g' I@’zloliup lconsistix{glerdf% l}({ylarl é??ﬂ' al&ED?Féﬁﬂgtq(iu%bhygllitw,ﬂ(oia' :(Kl :
substituted cycloa , cyclaa a . .substitute oal kyl al kyl ,
aryl, substit c&d’a&%}l{ %‘%%ﬁ%%%d %%g]s%ﬁzﬁ’ t ut¥ °§S&HY§IF9{W?' het er ocycl o,
het er ocycl oaldudstituteteterloamlklylabkyhetagydar yhladtidduted aryl,

Det ai | ed 4lgescy . ALy of Jdvent i fol lowi ng are
definitions ﬁf‘@%éﬁ?éfn%&%%é ed L‘Pynlt%luéqé réi":.t‘i"’i'°c3§t?:ilé’r’1. The i niti al
definition pritfiedegyedpalkyl g hgtgaparyl Padni AbeEIaFYdFdkyds to that group or
term t hr oughgytadd @&, Pt &fAHers ReEh firzAN @Bomi t8liwHidhakhyy odrais part

?L_anOther g%ﬂ%%bh%glggg ggkmgmhggeéggyéi%tgghg, a substituted or
unsubstitutzd imidazole, a substituted or unsubstituted
16 pyrazole, or a substituted or unsubstituted triazole;
Rip, Ri1 and Ry2 are independently selected from the
group consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, cycloalkylalkyl,
substituted cycloalkylalkyl, aryl, substituted aryl,
20 arylalkyl, substituted arylalkyl, heterocyclo,
heterocycloalkyl, hetercaryl and heterocarylalkyl:

R;; is alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, cycloalkylalkyl, substituted
cycloalkylalkyl, aryl, substituted aryl, arylalkyl,

25 substituted arylalkyl, heterocyclo, heterocycloalkyl,

hetercaryl, or heteroarylalkyl.

Detailed Description of the Invention

30 The following are definitions of the terms used in
this specification. The initial definition provided for
a group or term herein applies to that group or term
throughout the present specification, individually or as

part of another group, unless otherwise indicated.



The term "al kyl" refers to straight or branched chai n hydrocar bon

groups having 1'to 12 carbon atons, preferably 1 to 8 carbon atons.
Lower al kyl groups, that is, alkyl groups of 1 to 4 carbon atons, are
nost 5 prefwopess’td The term al kyl when used at the end of petusoo/dsfdom

I .e. cycloal kylal kyl, arylal kyl, heterocycl oal kyl, refers to a straight
or branched chai n carbon bridge of 1 to 12 carbon atons, preferably 1
to 8 carbon atons, and preferably 1 to 4 carbon atons such as
[err] Thge tEEP M ala?ﬂéox;}»’efﬁﬁ €S StE24AN| Ky Drgnshpdas def i ned

above bonded dﬂuimugulydancamygergz(ou@s) haiey tleltm 12 cd ﬁi&ﬂ"a&'&h@" refers to an

al kyl group f t hr uI fur . The
term "cycl oal yﬁck%ﬂagﬁg f)ge% uﬁﬁrb% gg‘?% ied an8r % k‘f))argl‘rl &F’Py 'Eﬁ‘l%‘ét ur at ed
hydr ocar bon r#%wg@lckh(lBgF@uEﬁ of 1 Spefl e¢aiiop 3tpwsy, axmmost atons as wel | as

such rings prdresired.a ﬂ@e@bﬁr Hhk&l%éﬂ%@e@satnﬁ?@end of a Ihe term

"substituted & cl oal kyl S ch 2 rings haV|ng one two or three
substituents, eé‘ﬂrméf ér &bl ﬁycj?oa%dﬁ' -a-—-l%ieﬁré’ alkyly (rrtepsysleakkykt i ng of

al kyl, al koxy‘efers &bkgl stwagightalowd, bhymh:}mw,chayancarhsuﬁ B2idge of NH( al kyl ),
-NH( cycl oal kyly) 11 2- I 2 I
(cy Wo 12 NQ?L!SM Qt[c%sf] pr[e? J’:lbly 1 3 i y{:g% Ky "‘Fér%’b@cl 0

substituted aryl ¥ ﬁ stltute
het er ocycl oalMéft, Pre eﬁ%*? ¥ Jartpl 4 ﬁé%”é‘?fbm!“&l RYy¢h akseto =N- OH, =N-0- | ower
al kyl, and a -f(IHée or —smg-mam)er ed(dg;;p-l, .e 1, 3- di oxol ane or
1, 3- d| oxq The %éerm "substltut’th&I kyI " refers to an al kyl
group as Qeflned above havi’ng one, two or three
The term “alkoxy” refers to an alkyl group as

defined above bonded through an oxygen (-0-). The term
“alkylthio” refers to an alkyl group as defined above
bonded through a sulfur (-8-).

15 The term “cycloalkyl” refers to fully saturated and
partially unsaturated hydrocarbon rings of 3 to 9,
preferably 3 to 7, carbon atoms as well as such rings
having a fused aryl ring such as indan.

The term "substituted cycloalkyl"” refers to such

20 rings having one, two or three substituents, preferably
one, selected from the group consisting of alkyl, alkoxy,
alkylthio, halo, nydroxy, cyano, amino,

-NH(alkyl), -NH(cycloalkyl), -N(alkyl),,
0 o 0

—C—NH I !
2, —C—NH(alkyl), —C'—N(alkyl)zr carboxy,

25 -CO;-lower alkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, heterocyclo, heterocycloalkyl,
heteroaryl, heteroarylalkyl, keto, =N-OH, =N-O-lower
alkyl, and a five or six membered ketal, i.e 1,3-
dioxolane or 1,3-dioxane.

30 The term “substituted alkyl” refers to an alkyl
group as defined above having one, two or three



- 5- substituents selected fromthe group consisting of halo,

am no, cyano, [err] al koxy, alkylthio, - NH( al kyl ), . .
-NH(cycl oal kyl), [err] 5 [err] carboxy and [err] The term

"hal 0" refersgdoysenboro, brono, fluoro and i odo. PCTésop/eq100 " ar y| "
refers to phenyl, 1-naphthyl and 2- napht hyl, with phenyl being
preferred. The term 10 "substituted aryl"” refers to such rings havi ng one,
t wo or three substituents selected fromthe group consisting of

al kyl , subst subseiitugnid sedprb&y, Ik fhe hggpur copfifetk At hRdPe, hydroxy,

15 Lerr] e erae e ohany et myl  phemyl oxy,
, : enyl oxy,
phenyl t hi o, ﬁ@l‘é?b’é%’l 0, yt. phenyloxy

o]

—C—NH —_C—
-NH (cycloalkyl), -N(alkyl), 2, C—NH (alkyl),

|
5 —C—N{(alkyl),, carboxy and -CO;-alkyl.

The term “halo” refers to chloro, bromo, fluoro and
icdo.
The term “aryl” refers to phenyl, l-naphthyl and 2-
naphthyl, with phenyl being preferred. The term
10 "substituted aryl" refers to such rings having one, two
or three substituents selected from the group consisting
of alkyl, substituted alkyl, alkoxy, alkylthio,
cycloalkyl, halo, hydroxy, nitro, cyano, amino,
-NH(alkyl), -NH{cycloalkyl), -N(alkyl)., carboxy,
18 -COz-alkyl,

0]
I ] |
2 , —C—NH(alkyl), —C—NH(cycloalkyl),

I I
—C—N{alkyl),, —C—alkyl,

carboxy, -COz-alkyl,
o

‘—Tr-g-alkyl, -NH-CH,-carboxy, -NH-CH,-CO,-alkyl, phenyl,
benzyl, phenylethyl, phenyloxy, phenylthio, heterocyclo,

20 heterocycloalkyl, heteroaryl, and heterocarylalkyl, as
well as pentafluorophenyl.

The term “heterocyclo” refers to substituted and
unsubstituted saturated or partially saturated 3 to 7
membered monccyclic groups, 7 to 11 membered bicyclic

25 groups and 10 to 15 membered tricyclic groups which have
at least one heteroatom (O, S or N) in at least one of
the rings. Each ring of the heterocyclo group containing

a heteroatom can contain one or two oxygen or sulfur

-6-



20 heterocycl oal kyl, heteroaryl, and heteroaryl al kyl, as wel | as

pent af | uor ophenyl . The term "heterocycl 0" refers to substituted and
unsubstituted saturated or partially saturated 3 to 7 menber ed

nonocycli c gWwewess71¥ to 11 nenbered bicyclic 25 groups andPOTyUStH/08180
menbered tricyclic groups which have at | east one heteroatom (0, S or
N) in at | east one of the rings. Each ring of the heterocycl o group
cont ai ni ng a heteroatom can contain one or two oxygen or sulfur

- 6- atoms and(iof frgRqPRe ¥ FAUGNBLEEPIVLALAMEr BERKLIRDNE provi ded

t hat the totahatitiertoafalnatmbentoimheite reacéms iing eashf piig is url €ss, and

further  provhger dhaluld1® tkAg: SANAGIR Bhae ond F385 BBE.LALPOR atom The
fused rings conpleting the I cyclic an ?rlcycllc groups may"l contain only
car bon aleast ane w@ybpe abemyr atThe, fpaedirings samplatbey the

unsat ur atged. b TEgcTi d IREER raBgcBik fgHoupOREBy htain BRLYO0ABoL be oxi di zed
and the nitrogen atrg‘gs ma\é 0 tlcanallé e ckl;aternl zeg. The heterocyclo
group may be21PAtIUtHEY X 3%9“’5%% raBRECH P AT U6RTBAr ¥ at om of any
of the ringsunddeuretest.oc Fbkonitmpemandostbivr Gtemst may or three
substituents OBt BE, S8 UMY Sk 5 t o, fornyl, am no,
cyano, al kyl ?ﬁgzg[fgrgétlﬁ%utb{gd af’ﬁyf . %ch:l %gﬁf&%n sauglgtgil]@ ed cycl oal kyl,
-NH(al kyl ), 9BtiongldyvcbsarR$r§rnizgd-suBbei PeltePaIchl Jroumreakpe) 2,
al koxy, %0 kyhtbdehed ety @xy, availablepMeRybges UStdarbbRdatom Phamyl |
Pg}/;[ ?lylkyl bfstlii?eStrlitnliI;ts?d Bngnl)(éfeax!ol%lclo rincyr}t%qylcgﬁ'l\.{aighgr@/,l ttrvlvloo’ car boxy,

or three substituents selected from the group consisting

of halo, formyl, amino, cyano, alkyl, substituted alkyl,

cycloalkyl, substituted cycloalkyl, -NH{alkyl),

15 -NH(cycloalkyl), -NH(substituted alkyl), -N{alkyl),,
alkoxy, alkylthio, hydroxy, nitro, phenyl, substituted
phenyl, phenyl-alkyl, substituted phenyl-alkyl,

phenyloxy, phenylthio, carboxy, -CO;-alkyl,
I I
—C—NH-substituted alkyl, —C—NH,; ,
I I Il
20 C—NH(alkyl), —N8—C—0—alkyl, —C—NH(cycloalkyl),
Il i I
—C—N{(alkyl),, —C—alkyl, —C—aryl,

——C—(substituted aryl), _cp,-aryl, -CO,-substituted aryl,
o] 0

—“g——heteroaryl, —C—heterocyclo, ——O—g-alkyl,
~NH-CH,-carboxy, -NH-CH;-CO,-alkyl, heterocylco,

25 heterocycloalkyl, heteroaryl, heteroarylalkyl, keto, =N-
OH, =N-O-lower alkyl, and a five or six membered ketal,
i.e 1,3-dioxolane or 1, 3-dioxane.

Exemplary monocyclic groups include azetidinyl,

pyrrolidinyl, oxetanyl, imidazolinyl, oxazolidinyl,

-7 -



[err] -C-(substituted [err]-substituted aryl, [err]
-NH-CH err]-carboxy, [err] heterocylco, 25 heterocycl oal kyl, heteroaryl,

het er oaryl al kyl , keto, =N OH, =N-0-lower alkyl, and a five or six
menber ed ketwboos6719 . e 1, 3-di oxol ane or 1, 3-di oxane. PCT/O3e0/6100r v
nmonocyclic groups include azetidinyl, pyrrolidinyl, oxetanyl,

I m dazol i nyl, oxazolidinyl, -7-

i soxazol inyl, thiazolidinyl, isothiazolidinyl, t et r ahydr of ur anyl ,

pi peri di nyl , 1pPHRFALINMA,, thiazolidingdi pdFaRhiRACLi8i8%byi peri di nyl ,

2- oxopyr r ol odevydhydrofurangloagiperiinyaz epipedazidypj p2f i donyl ,

t et rahydr opyr.an oI phol,i L. haol i | 2 hol,i_nyl

sul f oxi de, oxog*ﬁ%ﬁ%{r%’i %ypxé%ﬁ‘#e?ﬁémii)’:sqd|°3%%V5%1§i ang y':iét Irzahydr o-

1, 1- di oxot hi engézepihyhe azeRényExdmpiReyidenydol itetrahydeariireayél o gr oups

i ncl ude ogii NieLbibMly1l, thiamorpHd¥E Myl MhiiMRLYhy) rafigckibie, substi t ut ed
and 10 unsubstituted aronnati

[ | or nbered nonqcycl i oups, 9 or
10 menber ed EPE?’B‘P‘F@%W&S?“@E@I%l lt'(}rlgﬁmf‘%]rﬁi’& 588 tYe‘"‘fé\‘%{ﬁ‘?l"i C groups
whi ch have at,ieabboxaucidmgtlenodtthm (10 keS Exengrlaly bicytlicast one of the

rings. Each é{__gg? %&gfougshgég%‘ﬁﬁélﬁingmﬁ tai ning a heteroatom can

contain one ygen i atonms and/or fromone to four
nitrogen atoms prBYe dearm hAEtERRARWH alrehaRbeic Fubstitperd @@t ons i n each

ring i s f@Ur uRBub&EStutie alrdagtic 5 Jr BORefYIEE bRy EELDigRvebss and
(L1 EVEl] 908%BE, MM anpe b hELYGFDL ST 0Tl 25 p8nd Tkl et ur o o0

tricyclic groups which have at least one heteroatom (0, S
or N) in at least one of the rings. Each ring of the
heteroaryl sroup containing a heterocatom can contain one

15 or two oxygen or sulfur atoms and/or from one to four
nitrogen atoms provided that the total number of
hetercatoms in each ring is four or less. The fused
rings completing the bicyclic and tricyclic groups may
contain only carbon atoms and may be saturated, partially

20 saturated or unsaturated. The nitrogen and sulfur atoms
may optionally be oxidized and the nitrogen atoms may
optionally be quaternized. Heteroaryl groups which are
bicyclic or tricyclic must include at least one fully
aromatic ring but the other fused ring or rings may be

25 aromatic or non-aromatic. The hetercaryl group may be
attached at any available nitrogen or carbon atom of any
ring. The heteroaryl ring system may contain one, two or
three substituents selected from the group consisting of
halo, formyl, amino, cyano, alkyl, substituted alkyl,

30 -NH(alkyl), -NH(cycloalkyl), ~-NH({substituted cycloalkyl),
-NH(substituted alkyl), -NH(heterocycloalkyl),
-N(alkyl),, alkoxy, alkylthio, cycloalkyl, substituted
cycloalkyl, hydroxy, nitro, phenyl, phenylalkyl,
substituted phenyl, substituted phenyl-alkyl, phenyloxy,

35 phenylthio, carboxy,

-8-



may optionally be oxidized and the nitrogen atons may optionally be
quat erni zed. Heteroaryl groups which are bicyclic or tricyclic nust

i nclude at |east one fully aromatic ring but the other fused ring or
rings nmay be w900/g7hati c or non-aromati c. The heteroaryl JgPGUPESKAgIohHe
attached at any avail abl e nitrogen or carbon atom of any ring. The
heteroaryl ring systemmay contain one, two or three substituents
sel ected fromthe group consisting of hal o, fornyl, am no, cyano,

al kyl, substituted al kyl, NH(a lt), -NH(cycl oal kyI ), -NH(substituted
cycl oal kyl), NH( substdi 2 et erocycl oal kyl ),

-N(al kyl) 2, al"ﬁ%%q?lk&ﬁkyl t hi o cycl oal k)i;]IH m%@tl tuted cycl oal kyl
hydr oxy, nitro, gphenyl, phenyl al kylg substi tuDed phenyl, substituted

phenyl -al kyl, —Qﬁen&fﬁ? syéloarikywem Dia kIRt —arkyr, [ErTT

i
—O0—C—alkyl, —CO,—aryl , —CO,—(substituted aryl)
~-CH=N-hydroxy, -CH=N-O-alkyl, -CH=N-NH;,
5 -CH=N-NH(alkyl), -CH=N-N({alkyl),,

0O
i
—C—NH-substituted alkyl,
0 | |
—C—heterocyclo, —C—aryl, —C—substituted aryl,
I —C-—NH
—C—NH-ﬁ—NHz , ? ” 2 4
NH —C—NH—heterocyclo,
—C~—NH(alkyl} , —C-—NH(alkyl), ) (!)
10 - NH —C—NH—OH ,

| 0 | '
-—C—NH—0-alkyl , —C—NH—NH, , —C—NH—NH{alkyl) ,
| il
—C—NH—N{(alkyl}, , —C—NH—(heterocycloalkyl),
15
| I
—CH,—C—NH—OH | —CH,—~C——~NH—0—alkyl,
| .
—CH,—C—NH—(substituted alkyl),

Il
—CTNH—S0,7alkyl, peterocyclo, heterocycloalkyl,

heteroaryl, and heteroarylalkyl.



10

15

20

25

Exenpl ary nonocyclic heteroaryl groups include

WO 00/56719 PCT/US00/06100

Exemplary monocyclic heteroaryl groups include
pyrrolyl, pyrazolyl, pyrazolinyl, imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl,
furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, triazinyl and the like.

Exemplary bicyclic heteroaryl groups include
indolyl, benzothiazolyl, benzodioxolyl, benzoxaxolyl,
benzothienyl, quinolinyl, tetrahydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl,
benzofuranyl, chromonyl, coumarinyl, benzopyranyl, '
cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl,
furopyridinyl, dihydroisoindolyl, tetrahydroquinolinyl
and the like.

Exemplary tricyclic heteroaryl groups include
carbazolyl, benzidolyl, phenanthrollinyl, acridinyl,
phenanthridinyl, xanthenyl and the like.

The term “substituted imidazole” refers to an
imidazole, an aryl-fused imidazole such as benzimidazole,
or a heteroaryl-fused imidazole such as a pyridoimidazole
having one or two substituents selected from the group
consisting of hydrogen, alkyl, substituted alkyl, alkoxy,
alkylthio, cycloalkyl, substituted cycloalkyl, halo,
formyl, hydroxy, nitro, cyano, amino,

-NH(alkyl), ~NH(cycloalkyl), -NH(heterocyloalkyl),
-NH (substituted cycloalkyl), -NH(substituted alkyl),

|
—C—NH,

-N(alkyl)z, carboxy, -CO,-alkyl,
I ' [ ]
—C—NH(alkyl), —C—NH(cycloalkyl), —C—N{alkyl),,
I D
I —C—aryl I :
—C—alkyl, Y., —C—substituted aryl,

-10 -



pyrrolyl, pyrazolyl, pyrazolinyl, imdazolyl, oxazolyl, i soxazol yl,

t hi azol yl, thiadiazolyl, isothiazolyl, furanyl, thienyl, oxadiazolyl,
pyridyl, pyrazinyl, 5 pyrimdinyl, pyridazinyl, triazinyl and the |iKke.
Exenpl ary biW¥Q&PEhet eroaryl groups include i ndol yl |, DRET/OROMPEID| v |
benzodi oxol yl, benzoxaxol yl, benzot hi enyl, quinolinyl,

t et rahydr oi soqui nol i nyl, i soqui nolinyl, benzim dazolyl, benzopyranyl,
i ndoli zi nyl, 10 obenzofuranyl, chrononyl, counarinyl, benzopyranyl,
cinnol i nyl, quingxalinyl, indazolyl, pyrrolopyridyl, furopyridinyl,

%Ii( hydlroi soi m@vfriﬁ’tyhhpdéﬁgyi rmlﬂsm_lcutled ﬁmihglhephékﬂzixulcyl,b  dol vi
empl ary trjcycli.c heteroar roups incl ude carhazol y| nzi dol yI ,
phenanthroll%?@ﬁﬁtl 8FF8iB9??§1)£é#%H§haﬁ Téﬁh%%fP?ykaﬁﬁﬁéﬁ§Ya&ﬁafthe li ke.

The term " sHEH=AN-IHad +CH<Nx2B(@1lkydlfers to an i m dazol e, an aryl -fused
i m dazol e such as benzi m dazolg, or a heteroaryl-fused i mdazol e such
as a pyridoi mdazole 20 havinp one or two substituents selected fromthe
group (XHEH#N4N1;1&&1NMHr?Eé%TNHéFR9§§1§9§S§t?%%ﬁ%ﬁi al kyl , al koxy,

al kylthio, cychoal kyl, substituted cygloalkyl, halo, formyl, hydroxy,
nitro, cyano, @m no, -NH(al kyl'), JF NH(cycl oal kyl), -NH(heterocyl oal kyl ),
25 - NH( ubsTTETT W by dIedSERGFY L, - NFGTESEL ) noh R RAK LY ¢ [err]
-10- o

]
—CH,~C—NH(substituted alkyl),

I _
—C—NH-C~NH,

—CO,—aryl, —CO,—~substituted aryl, NH
o —r~NH2 , -C-NH{alkyl) .,
| J

—C—NH~heterocyclo, H NH

—C~NH (alkyl) 2

I I
NH - —C—NH-OH, —C—NH-0O-alkyl,

] i Il _
1g —C—NH-NH;, —C—NH-NH(alkyl), ~——C—NH-N(alkyl),,
I I
—C—NH (heterocycloalkyl), ~—CH,—C—NH-OH,
It I ,
—CH,—C—NH-0-(alkyl), ~—CH,—C—NH(substituted alkyl),

I
—CTNH-50,-alkyl, ,henyloxy, phenylthio, heterocyclo,

heterocycloalkyl, heteroaryl, and heterocarylalkyl.

15 The term “substituted pyrazole” refers to a
.pyrazole, an aryl-fused pyrazole such as benzopyrazole,
or a heterocaryl-fused pyrazole such as a pyrazolopyridine
having one or two substituents selected from the group

consisting of hydrogen, alkyl, substituted alkyl, alkoxy,

-11 -



[err]-al kyl, phenyl, substituted phenyl, phenylal kyl, (substituted
phenyl)-al kyl , - CH=N- hydr oxy, -CH=N- O al kyl, -CH=N-NH2, -CH=N-.NH(al kyl),
[err]

WO 00/56719 PCT/US00/06100

alkylthio, alkoxyalkyl, hydroxyalkyl, alkylthiocalkyl,

halo, hydroxy, nitro, cyano, amino,

-NH(alkyl), -NH(cycloalkyl), -N{alkyl):, carboxy,

0

A,

~-COz~alkyl, 2 , —C—NH(alkyl},
O

I I
5 ——g—-NH(cycloalkyl), —C—N(alkyl),, —C—alkyl,

-—TT-g—-alkyl, -NH-CHz-carboxy, -NH-CH,-CO,-alkyl, phenyl,
benzyl, phenylethyl, phenyloxy, phenylthio, heterocyclo,
heterocycloalkyl, heteroaryl, and heteroarylalkyl.
The term “substituted triazole” refers to an

10 triazole which can contain one substituent selected from
the group consisting of alkyl, substituted alkyl, alkoxy,
alkylthio, alkoxyalkyl, hydroxyalkyl, alkylthioalkyl,
halo, hydroxy, nitro, cyano, amino, -NH(alkyl),
-NH (cycloalkyl), -N{alkyl),, carboxy, -COz-alkyl,

—_— il ]
15 C—NH, | —C—NH(alkyl), —C—NH(cycloalkyl),

il I it
—C—N (alkyl) 2r _c—alle, —O—C—alkyl, -NH—CHz—carboxy,

-NH-CH,;-COz~alkyl, phenyl, benzyl, phenylethyl, phenyloxy,
phenylthio, heterocyclo, heterocycloalkyl, heteroaryl,
and heteroarylalkyl.

20 m is zerxo or an integer from 1 to 4.

Throughout the specification, groups and
substituents thereof may be chosen to provide stable
moieties and compounds.

The compounds of formula I form salts which are also

25 within the scope of this invention. Reference to a
compound of the formula I herein is understood to include
reference to salts thereof, unless otherwise indicated.

The term "salt(s)", as employed herein, denotes acidic

-12-



or a heteroaryl-fused pyrazole such as a pyrazol opyri di ne having one or two
substituents selected fromthe group consisting of hydrogen, alkyl,

substituted al kyl, al koxy, -11-

al kyl t hi o, aweooseaikyl, hydroxyal kyl, al kyl thi oal kyl, h 2GT/USe9/ 0610
nitro, cyano, ani no, -NH(al kyl), -NH(cycloal kyl), -N(al kyl)2, carboxy,
[err] -0-Cal kyl , -NH CH2-carboxy, [err] phenyl, benzyl ,
phenyl et hyl , phenyl oxy, phenylthi o, heterqcyclo,. het er ocycl oal kyl ,

het er oaryl , 5ﬁﬁ?ﬂﬁt¥ﬁ yiaditRy formed with jparganis -and o PEERRLG ri azol e

refers to anatfldstandizedsesnhi ch saditcien,awhenans safipstuniduest f6amac ed from
L ol ORI U B RSIE BYs, SORSy Y LS
am no, - NH(atRyf)pyridineNiqreyridazels,) and\gal kgidic medebyxysuctCo- al kyl ,
[err] 5 as, kot @&k Ylnik@H to-& @ rbxy116 e fd KYdwit £ By G- car boxy,
Lerr] Phenyl uosnZy 5o ISV LEL L cBREY 0 are 1ndIRIY LELRL, RGLST 00V Ol O

term "salt(s)" as used herein. Pharmaceutically

acceptable (i.e., non-toxic, physiologically acceptable)

salts are preferred, although other salts are also

10 useful, e.g., in isolation or purification steps which
may be employed during preparation. Salts of the
compounds of the formula I may be formed, for example, by
reacting a compound I with an amount of acid or base,
such as an equivalent amount, in a medium such as one in

16 which the salt precipitates or in an aqueous medium
followed by lyophilization.

The compounds of formula I which contain a basic
moiety, such as, but not limited to an amine or a
pyridine or imidazole ring, may form salts with a variety

20 of organic and inorganic acids. Exemplary acid addition
salts include acetates (such as those formed with acetic
acid or trihaloacetic acid, for example, trifluorocacetic
acid), adipates, alginates, ascorbates, aspartates,
benzoates, benzenesulfonates, bisulfates, borates,

25 ©butyrates, citrates, camphorates, camphorsulfonates,
cyclopentanepropionates, digluconates, dodecylsulfates,
ethanesulfonates, fumarates, glucoheptanoates,
glycerophosphates, hemisulfates, heptanoates, hexanoates,
hydrochlorides (formed with hydrochloric acid),

30 hydrobromides (formed with hydrogen bromide),
hydroiodides, 2-hydroxyethanesulfonates, lactates,
maleates (formed with maleic acid), methanesulfonates
(formed with methanesulfonic acid), 2-
naphthalenesulfonates, nicotinates, nitrates, ozxalates,

35 pectinates, persulfates, 3-phenylpropionates, phosphates,

-13-



and heteroarylal kyl. 20 mis zero or an integer from1l to 4.

Thr oughout the specification, groups and substituents thereof nmay be
chosen to provide stable noi eti es and conpounds. The conpounds
of formula | waewserial ts which are also 25 w thin the scopercf/ustoiosioo

I nvention. Reference to a conpound of the fornmula | herein is
understood to include reference to salts thereof, unless otherw se

i ndi cat ed. The term"salt(s)", as enployed herein, denotes acidic

-12- Plcratesanﬂ%ﬁlﬁféﬁ'cP§8P%%naft@|5weéa%«\}ftwaltt¢§ngan| c and/or organic

aci ds and basegcihatasddi $unfatesheBush CIMOYBE Hdrriedf Mdkd sulfdricontai ns
bothabasm | ty ch as, but.not limted tp.a ridine or

i m dazol e, ﬁ *agl |%nan%e|set(;§uc}§u?:?| H1o5¢ mﬁﬁ'fl‘?ﬁﬁdollﬁeﬁgir/%lj' to a carboxylic
acid, zw tter’qacmgates (thmiarang&bss"t}omebelfmam saghaae i ncluded within

t he t8rmeoshhte), @fadishbaRetei dhg RARr fpgeutically accept abl e
salts are preferred,

(i.e., non-toxic, Bhysmlomally accetal e)

al t hough ot her safpg ‘é?’&P%ﬂgjé £6 ﬁ%‘@f]tﬂ ghich gaptiadp| apj apidic

purificationmstiepg, Weach as, buaynbe analtayleéowrdawoﬁtwpar@éid)n Salts of

t he conpgyy 1l f roed, for exarn | e, by
ngggﬁgk L0fd Al 8 Lol PR OLOE GG W0 SAEMRAS DY

reacting a co an anoun ase,
equi val ent amISAE; ﬁxwmm#agm@hsaﬁmneclmqammmgm saktsal t

preci pi t abes aQlkail i AL Ut §BEhUSR soailml | vad JRy laxapéuéésgsgc as. but

The conpounds for contain_a basic noi e

not |i g1pt ed tsgﬁgﬁ ﬁfﬁ%ﬂd}e zfar%p BST3isad tar sich @éz&?éc%‘i“hga“drmy formsalts
with a varietmpgB8siah saljani cadhd vitdr gageniadiabes (Esengtanpledci d addition
salts incl Ud%r@ﬁﬁl@t %lr(e%chuaﬁ Sg%ﬁzfa@ﬁgggs Jﬁy%igke%@)amm%%' d or

trihal oaceti¢c acid, for exanp I"pat es,
al gi nat es, a?@SFBB?’éJé“e%slﬁéﬁxfnﬁﬁeglth Nbéh?%&*é@robenzenesul f onat es,

bi sul f at 4§, hoiates)edbyldnddibnies), m—h@@h?&D%ImEﬁiﬁIa@S,N— _
333223[ sul ;gﬂékﬁﬁ D-g 1A MM ANGRIPLANRLES oY SLYEONALSS amino
acids such as arginine, 1lysine and the like. Basic

nitrogen-containing groups may be quaternized with agents

such as lower alkyl halides (e.g. methyl, ethyl, propyli:
20 and butyl chlorides, bromides and iodides), dialkyl

sulfates (e.g. dimethyl, diethyl, dibutyl, and diamyl

sulfates), long chain halides (e.g. decyl, lauryl,

myristyl and stearyl chlorides, bromides and iodides),

aralkyl halides (e.g. benzyl and phenethyl bromides), and
25 others.

Prodrugs and solvates of the compounds of this
invention are also contemplated herein. The term
"prodrug"”, as employed herein, denotes a compound which,
upon administration to a subject, undergoes chemical

30 conversion by metabolic or chemical processes to yield a
compound of the formula I, or a salt and/or solvate
thereof. Solvates of the compounds of formula I are
preferably hydrates.

Compounds of the formula I, and salts thereof, may

35 exist in their tautomeric form (for example, as an amide

<14 -



et hanesul fonates, fumarates, glucoheptanoates, gl ycer ophosphat es,

hem sul f at es, hept anoat es, hexanoat es, hydr ochl orides (fornmed with
hydrochl oric acid), 30 hydrobrom des (forned with hydrogen brom de),
hydr oi odi des,W@0H§sA%oxyet hanesul f onat es, | act at es, mal eatcrauspb/os1oed
wi th mal eic acid), nethanesul fonates (fornmed wth nethanesul fonic
acid), 2- napht hal enesul fonates, nicotinates, nitrates, oxal ates, 35
pecti nat es, persul fates, 3- phe | pr opi onat es, phosphat es,

-13- T 1imino §ERPL} ps, r]Ty% \?HFEt BRUEGREFHCOoAAFRS 25% | cyl at es,

succi nat es, szﬂdtatmpia(:edchemrt h@spai'ﬁl‘dﬂﬁd:hu plressh Wrvention.aci d),
sul fonates (such ag;t Egéfeég&de%e £NeLE Wosent coéné‘cl;tgnrd’it S kL ocyanat es,

t ol uenesul f onat es suc at €s, ‘undecanoat Hd st“ﬁ’ ‘Bfke.
The conpoundsheser ghathamay ik éll;ﬁt £6 ra eymmeticd ccarbonmicst ghesBgh as, but

not limtéd tw &ﬁ%’d&&i'thén@@} Cﬁ:ncludlﬁﬁ}’eﬁﬂﬂoi@rtlé PoHbs 3 haTdpety of

organi ¢ and inor anlg %i"& Ei‘, np d%l basic salts incl u € anmphi um
salts, 10 al'kdl F¥#E a?vg%llt’b cAPEERCH AT ASYIPRERT Hm SaRensdt assi um
salts, al kal idd@assarebmertal famist s asactomsenpdatiedmamdicare w:.tmi&ﬁnemeum sal ts,
salts wth orgRpieColka (f | e (o] C

benzat hi nes, di c'eclogh?)?(?s an@ﬁggg&éﬁp Irhdla’ldf)]gl %gég %(’;%on%%?s °¥ @h

N, N- bi s(dehyd’t°6‘P°TBdsa% ety éPN?P‘éh‘é‘EhWrnéPr RP!?F’ERWI B gl ucam nes, N

met hyl - D1 ummsdaatialmutmeeawneﬁheanxkomlrg§ ¥k tia P B @dmi xedCi dS Suchbas
arginine, ly e i ke. en-contai ni ng groups may be
quat er ni zed v%io{}heggg %’e’ as racgﬁlaggsl%wtgl Ryl RS eLT Q4 Enet hyl,

et hyl, pr opylseleczed' aﬁtleltﬁﬂlwomshsorTms:,hlhnadmcelmsemcbﬁ mlledes) di al kyl
sulfates (e.gredufet fitven Hchl Buh, nebbUN o 8R0RalBqurarsSH! Ll eS) . 1 On0

chai n hal i des C nyri st an eary ori des,

br oni des anddl %@if’ggsw the I&F&Fk}?’ﬁa‘??‘ﬂ’é@e(@a@m%nzyl and phenet hyl

brom des}$ and 25 others. Prodrugs and sol vates of the conpounds
of this invention are also contenplated herein. The term "prodrug”,
as enpl oyed herein, denotes aMetigusid PReplration

The compounds of the present invention may be
prepared by methods such as those illustrated in the
following Scheme I to VII. Solvents, temperatures,

20 pressures, and other reaction conditions may readily be
selected by one of ordinary skill in the art. Starting
materials are commercially available or can be readily
prepared by one of ordinary skill in the art using known
methods. For all of the schemes and compounds described

25 below, Y, Z, Ri, Rz, Rs, Rs, Rs and Rg are as described for
a compound of formula I.

High Speed Analoging (HSA) may be employed in the
preparation of compounds, for example, where the
intermediates possess an activated aromatic position,

30 such as the halogenated 3 or 6 position of a pyridazine.
In the same manner, substitutions on the fused five
membered ring, such as pyrazoles, imidazoles, and
triazoles, may also be achieved through HSA.

-15-



upon admi nistration to a subject, undergoes chem cal 30 conversion by

met abolic or chem cal processes to yield a conpound of the formula I,
or a salt and/or solvate t hereof. Sol vates of the conmpounds of fornula
| are prwbosedrly hydrat es. Conpounds of the f @marisaiderooand
salts thereof, may 35 exist in their tautoneric form (for exanple, as an
am de ) - 14- or imno ether).
Al'l such tautoneric forns are contenpl ated herein as part of the
present invention. Al stefEBEMInders of the present conpounds,
such as thosl&u\@his@heﬁah@m&tec@ua to tﬂﬁé’fﬁfﬁbﬁtﬁtﬁ&{ kangnen the [err]

5 to [err] substituent in enant f may exi st
even in the & 38%“@? U]id%r}%gf’BSngg ‘?‘F(Tu a' 2, 'é%’%eéflegnéﬁ c forms,
are cont enpl i tebgemd aade Zwi s htQ(Rshe] . Etsa@peeeéntml@:hyﬂvéﬂiusmn I ndi vi dual

stereoi sgyrers of the conmpounds of this invention may, for exanple,

10 substantially free of other |sorrers or may be adm xed for

exanpl e, as Racemat es ogto\y;thc B ot OR, ot%}gé

st er eoi somer s(:]'_T‘}Le chiwral cdnt er_<._o.f h‘hé\ Q?E'n have the
S or R configurtti'g® as Eto~ uRfi ned byw'h eﬂ 1974 ati ons.

Met hods of Prepagration The ccﬁg‘pounds of the ergsent Fnventi on may
be pr epar edxmpy net hods Hlch as those illustrated in thé fol |l ow ng

Scheme | to VII. Solvents, tenperatures, 20 pressures, and other reaction
conditions may readily be sel ected by one of dinary skill in the art.
Starting mat eéﬁ al §gr e commer Ci ald y @ual | abl e orwc beyreadily
prepared by one o |n§6 skill in the oLgi ng kno r&;gods For
all of the schema§ |8‘corrpoum»d-s—desuf \d 25 betow- M err] are as
descri bed for nd of formuNa N H g ,Anal ogi ng
(HSA) may be enpl cedyin the prepas atmon of conpoungs, yijor exarrpl e,
where the J
H

Re O -Nenny R:'zN N \H

NI N ° .

T N/ Ra ,lq N Ra

Ry W Ry V

J’

N

-z’

W, N\ Ra  __N.
RG i | Rs i |N
X7 W ———a N Ry o Y~ X" R
N NI NI LT
N N T N7 R,
R3 la

Compounds of formula Ia can be prepared by reactions
of an amine, thiol or alcochol with compounds of formula
10  II using an appropriate base in an inert solvent under
elevated temperature. Exemplary bases include
trialkylamines such as diisopropylethylamine and
triethylamine, and 1,8-diazabicyclo{5.4.0)undec-7-ene

-16 -



I nt ermedi at es possess an activated aromatic position, 30 such as the
hal ogenated 3 or 6 position of a pyridazine. In the sane manner,
substitutions on the fused five menbered ring, such as pyrazol es,

i mi dazol es, A¥RI0V/5671% ri azol es, may al so be achi eved t hr ough FEAS00/06100

- 15- SCHEME |

This schene is

directed to the preparation of the compunds of formula Ia (those of
formula | wth%bQ_Y kS nitroden gggvghéésikgaabe ﬁg represents et hyl

Xemplary iner

[err] 5

methylpyrrolidinone and N,N-dimethyl-formamide.

Compounds of formula II can be prepared by reacting -

an amine, thiol or alcohol with compounds of formula III
This

reaction can be performed at a temperature of between

5 1in an inert solvent and an appropriate base.

about 0°C to about 110°C. Exemplary bases include

trialkylamines such as diisopropylethylamine and

triethylamine, DBU and carbonates such as potassium

10 carbonate, sodium carbonate and cesium carbonate.

Exemplary inert solvents include tetrahydrofuran (THF),

ethanol, N-methylpyrrolidinone, and N,N-
dimethylformamide.

Compounds of formula III wherein W is chloro, which

15 is preferred, bromo, or iodo can be prepared from

compounds of formula IV by reacting with an appropriate

dehydrating agent typically under elevated temperature.

20

25

30

35

Exemplary dehydrating agents include phosphorus
oxychloride, phosphorus pentachloride, thionyl chloride,
oxalyl chloride, phosphorus pentabromide, phosphorus
oxybromide, phosphorus pentaiodide, phosphorus oxyiodide,
etc. This reaction can be performed in the presence of a
cosolvent such as benzene, toluene, xylene, etc.
Optionally, a base such as pyridine or a trialkylamine
may be present.

Compounds of formula IV can be prepared from
compounds of formula V. Compounds of formula V can be
transformed to IV by either hydrolysis or by
diazatization in an acidic aqueous medium under elevated
temperature. Exemplary acids include hydrogen chloride,
sulfuric acid, and nitric acid. Exemplary diazatization
agents include sodium nitrite and organic nitrites such
as t-butyl nitrite.

Compounds of formula IV can be prepared from

compounds of formula VI by reacting with hydrazine alone

-17-



[err]

of an am ne,

appropriate

Exenpl ary baswesodisauPude

Compounds of fornula la can be prepared by reactions
thiol or alcohol wth conpounds of fornula 10 I .using.an

base in an inert solvent under el evat ed t enperature.
trial kyl am nes such as dii sopr op)FEUSNI06H ne and

triethylamne, and 1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene

-16-

met hyl pyrrolidi none and N, N-di met hyl -f or mam de.

(DBU). Exenplary inert solvents include N-

npounds of

fornula Il c&% BB 5?@Rkﬁ%§}Q@ywﬂéac?|9ﬁfb°xyléﬁ %ﬁﬁ4u9CtFW?6Fn6ra%ﬂﬂﬁohol with
conmpounds of ihoafuUiRett |sdivent .anEkemylaryokuenbdxyinict axidppropri ate base.

Thi s reaghl, ?L%%‘F% %%Eghgfﬁdé‘tc GHoR Siﬁf\fl{cfe ol et ween

Oferr]Cto abu

ase

~about
trial kyl am nes such

as diisopr opy@@ﬂhyphﬁ*mmdlml@ﬁ élﬁﬂﬂoéﬁrpﬂéopmland car bonat es such as

Exenpl ary inert sol ven _|nclude t etrahydrofura

pot assi unmgl0 ¢ (G2 REPEE Cer 01 WRHC AL p@-‘lﬁ&:@tﬁ daxﬁﬁsdgma nbgnate
N- et hyl pyr r SFIHHBARS Ja‘rmdﬁ N- EXempIanye dRGFF of 5)

formula 111
be prepared
appropriate

10

15

20

25

30

35

include

\levhbbs W t st rahyoiro funim C mekthylese pdisfidrardde, bd bexhylor

fali elageta] Sididel V by reacting with an
%ggehy%& it RPlty |ca§

rati ng agen
Compounds of formula V can be prepared by reacting

compounds of formula VII with hydrazine in an inert
solvent. Exemplary inert solvents include
tetrahydrofuran, ethanol, and N,N-dimethylformamide.

Compounds of formula VI can be prepared by reacting
compounds of formula VII with a hydroxide source.
Exemplary hydroxide sources include sodium hydroxide and
lithium hydroxide. Exemplary solvents include water,
alcohols, and mixtures of ethers/water.

Compounds of formula VII can be prepared by reacting
compounds of formula VIII with a cyanide donor in an
inert solvent typically under elevated temperature.
Exemplary cyanide donors include inorganic cyanides such
sodium cyanide, potassium cyanide and copper (I) cyanide,
and organic cyanides such as tetrabutylammonium cyanide.
A combination of inorganic cyanides with a phase
transferring agents such as tetrabutylammonium salts can
also be utilized. 1Inert solvents include N,N-
dimethylformamide, ethanol, and tetrahydrofuran (THF).

Compounds of formula VIII can be prepared from
compounds of either formula IX or formula XI by reacting
with an appropriate dehydrating agent typically under
elevated temperature. Exemplary dehydrating agents
include phosphorus oxychloride, phosphorus pentachloride,
thionyl chloride and oxalyl chloride.

Compounds of formula IX can be prepared from

compounds of formula XI via an intramolecular cyclization

-18 -
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Exenpl ary dehydrating agents include phosphorus oxychl ori de, phosphorus
pentachl oride, thionyl chloride, 20 oxalyl chloride, phosphorus

pent abr om de, phosphorus oxybrom de, phosphorus pentai odi de, phosphorus
oxyi odi de, WO OREG719 Thi s reaction can be performed in the p?‘é’E’E’FRS'@‘@P a
cosol vent such as benzene, toluene, xylene, etc. Optionally, a base
such as pyridine or a trialkylamne 25 may be present. Conpounds

f f la IV c f f I . Co ds of
Formi a v cahvBeesEEy FERE S1sxaers vopdtf R Rern puri Sobremyr -
di azati zat i ofior nexampls dikd phgogdustedi on dndeeatl tvat.ed 30 tenperature.
Exenpl ary aci ds | aghsiendy Hrog8Pmah Q’Ei Q%m be pEé’;LaH-Kd ‘iaya‘&bﬂb élﬂ?%n' tric

acid. Exenplary diazatization agents I nclude 'sodi umni trrt d organic
nitrites sucfompounds iof, fopmuda; ?‘Ffeand XI1I eitfRRAtd®Xofinf @ nul a | V can

be prepar®d fihept 3501€anOES eRbmb D, MHiphéhylyetipact ivypivhtyhydrazi ne

al one r _elevated temperatur -17- orin
conbi nati on W ?ﬁ % oxyI CEPSERE R i vat i ng agent in an inhert

sol vent. Exenpl ar?ommmwqucfamdla XITa@ndy §ormela daiftls arrceiteer

car bonyl di i rrbeaaekslally adzlaqxsb@b_ee;ylMﬁ%@txb%ﬁ@,mmmf hHaLRPAGNO!
trifluoroacetate, ?ﬂl(q?’ glmethylamnoroi ) - 3- et hyl car odllmde
Exenpl ary i n8PE §5H7]e s FefudEt- (?B‘I?B‘E e/ { SVFRANESoPEr an, et hyl ene
di chl ori tie, doeinbyd XII reiyhee, paapabed\-adi esbylbed niamr’&ench Patent
Conpounds of 4f gpguL3, 5&%&‘3{%8992?&!” 15%%2%9 e 6 ngﬂBzggﬁeOf formula

VII with hydrézméln nplary 1 e nts
i ncl ude t etrahydrofuran, ethanol, and N, N-di met hyl f or mam de.

Compounds of fornula VI can be prepamﬂ«_@y;jeacti ng conmpounds  of
fornula VII with a hydroxide source. 15 Exenplary hydroxide sgurces

i ncl ude sodi um hydr oxi de and l'ithium hyde

i ncl ude wat efe al coho anRem Xt ur es
Conpounds of fmk Ml cgn eN%F@pa-r—ed.ﬁ

‘tle. Exenpl aPy _Bql vents
t hg?’s/ wat er®s W
g——-— N/ l \ 0

g 'il N” R, N"ONTTR,
2 Rs XIVa Ry v
Xin Xv '
\ ] |
Re E
a0 &
N"NTTR,
Rs xivb

15
Compounds of formula IV which are useful

intermediates for the synthesis of compounds of formula
Ia can also be prepared by the reaction of hydrazine with
compounds of formula XIVa wherein R;s is -O-alkyl or by

20 the reaction of hydrazine with compounds of formula XIVb
wherein E is an oxygen atom, -NH- or -N(alkyl)-. These
reactions are performed in an inert solvent typically
under elevated temperature. Exemplary inert solvents
include alcohols, ethers such as tetrahydrofuran, or N,N-

25 dimethylformamide.
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conpounds of formula VIII with a cyanide donor in an 20 inert solvent
typically under elevated tenperature. Exenpl ary cyani de donors incl ude
i norgani ¢ cyani des such sodi um cyani de, potassi um cyani de and copper
(1) cyani de,wooos@msl organi c cyani des such as tetrabutyl ameoruswosesn de.
A conbi nation of inorganic cyanides with a phase 25 transferring agents
such as tetrabutyl ammoni um salts can al so be utilized. Inert solvents

i ncl ude N, N- di met hyl f or mam de, et hanol, and tetrahydrofuran (THF).
Conpounds of for nGPEPYRRES fl?é’“]éi’-ép’é?‘éid ando¥i Vb capisoprépapédei t her

formula I X orfrmr RHEADXE1 VIR YRACHLAG Béh oF BmBBuRN gD Fok@r ey dr ati ng
agents TR RAn MBS h G G oRE o R KK GoHiRY 08 BRNFSRMIARS de,

t hi onyl chl oreuleetand paat \diehipbildein a protic Sohysnnds Eabmpdaryl a | X can
be preparsd 14iQRo3Ri 160 AR QinbOAPd h ik dufth il ATREECH! AT

cyclization typically
under el evat 831edfparhyeridsn mateintde ansl Yepethylmakegmideanple, bi phenyl

ether, or lnﬂm@abaf;eraf olef:.n basearr@mmiamqfest oa r&&rﬁ:o)ﬁlltﬁaa be prepared by
conbi ni ng 2r320RQUNds of f T dab and XLII r nciat or inan 5

i nert solvent, " T0r exarrprl1 |apﬁeny¥ e’f‘f‘?eern °Fy'6f%all emPlag¥der el evated

t enperat ure. protic Solmtmﬁ)un@é-uejé Vatem @ackkicaacid.ormmgl a Xl |1 are either
comer ci apl y g Labbgecofiavidilgabl e via net hods known to one skilled in

the art. For example, conpounds of 10 fornula X1, may be prepared as
described i FrentRTRARRYt of Iormupa X yhesgin; {':%Il%\bé)t'ra&bf% 4985, Vol une

63, 14871a]. N(alkyl): can be prepared by reacting compounds of
formula XIII with either N,N-dialkylamide dialkylacetals,
such as N,}¥-dimethylformamide dimethyl acetal, or

15 orthoesters, such as trimethylorthoformate, in an inert
solvent or in neat form under elevated temperature.
Exemplary inert solvents include ethers such as
tetrahydrofuran, methylene chloride, or N,N-

dimethylformamide.
20
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[err] 15

Compounds of fornula IV which are useful

internmedi ates for the synthesis of conpounds of formula la can al so be
prepared by the reaction of hydrazine with conmpounds of formula Xl Va
wher ei n [ er rVOi08/56782 a] kyl or by 20 the reaction of hydrazi RETHFMN6100
conpounds of fornula Xl Vb wherein E is an oxygen atom -NH or

-N(al kyl)-. These reactions are perfornmed in an inert solvent typically

under el evated tenperature. Exenpl %EE i geéhsol vent s i ncl ude al cohol s,

et hers such as tetrahydrofuran, or

di et hyl f or mani de.

-19- This schem€ofpodinirted ftor bhe apdépAradidnXb¥btican be

prepar ed %&]ﬁcﬁe J2 QB%mﬁ\iQefb r Q3lsle0B 0o ERMMPUNGReRE 1 £ 0F Ml 8 XV
wherein LG i s qr aI kyl)2 with an appropriate el ect ron poor
di enophile if %r?)r}?ﬂ "§6F9€ R) - B&ppt$irdtky -di enophi | es i ncl ude

di met hyl et yl ene di car boxyl at e, rral ei ¢ anhydride, nal eim de and

N-met hyl mal ei m dgy In the gase of ol efinpased di enophijgs, a

concomtant o,N
protic solvents
Conmpounds of

BId,Zatd,An _lediqked w0 % CCUr So,NEX
Iude——w&tzemﬁs—ael d i flu ro cetl% aci d.

8« XV Whexei is -0Ocs - (RyHN

Xxvi xXxXv xxlv xxm
CO.H CN CN
N e r—— o —————— .
'y P h p
NTNR N"SNTR, (RaHN" N" R,
Ry XX Ry xxi XXt
H
(0] N‘NH HzN N\NH
N NZ R, N“NP R,
R; xvi As XiX
W, /N\IN W. /N‘F R, /r\LIN
N:,N l R W e N/:N l = R1 Nn,N I = R1
A Y \ r
N \ e R
Ry Xvi Ry, XV Ry Ib

Compounds of formula Ib can be prepared by reactions

of an amine, thiocl or alcohol with compounds of formula

10 XVI using an appropriate base in an inert solvent under

elevated temperature. Exemplary bases include

trialkylamines such as diisopropylethylamine and

triethylamine, and DBU. Exemplary inert solvents include

N-methylpyrrolidinone and N,N-dimethylformamide.
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N(al kyl )2 can be prepared by reacting conpounds of formula XIIl with

ei ther N, N-di al kyl am de di al kyl acet al s, such as [err] dinmethyl acetal,
or 15 orthoesters, such as trimethylorthofornmate, in an inert sol vent
or in neat fwoOpssIer el evat ed tenperature. Exenpl ary i HelPS0@s9ent s

I ncl ude ethers such as tetrahydrofuran, nethylene chloride, or N N

di net hyl f or mam de. 20

- 20- WO 00/ 56719

PCT/ USOQ 06100 Compounds XVI can be prepared bYSE?ﬁﬁﬁ%“Fan amine, Thi s
schene is di rtadbedot calduhqlr epahatenpowidst hé formelEpyiddesidg faarnul a |1 b

(those of foEgBL§p£i¥%E”ﬁ§§% Xnagg inert solvent. This reaction can
be performed at a temperature of between about 0°C and

5 110°C. Exemplary bases include trialkylamines such as
diisopropylethylamine and triethylamine, DBU, and
carbonates such as potassium carbonate, sodium carbonate
and cesium carbonate. Exemplary inert solvents include
tetrahydrofuran (THF), ethanol, N-methylpyrrolidinone and

10 N,N-dimethylformamide.

Compounds of formula XVII wherein W is chloro, which
is preferred, bromo or iodo can be prepared from
compounds of formula XVIII by reacting with an
appropriate dehydrating agent typically under elevated

15 temperature. Exemplary dehydrating agents include
phosphorus oxychloride, phosphorus pentachloride, thionyl
chloride, oxalyl chloride, phosphorus pentabromide,
phosphorus oxybromide, phosphorus pentaiodide, phosphorus
oxyiodide, etc. The reaction ‘can be performed in the

20 presence of a cosolvent such as benzene, toluene, xylene,
etc. Optionally, a base such as pyridine or a
trialkylamine may be present.

Compounds of formula XVIII can be prepared from
compounds of formula XIX. Compounds of formula XIX can

256 Dbe transformed to formula XVIII by either hydrolysis or
by diazatization in an acidic aqueous medium under
elevated temperature. Exemplary acids include hydrogen
chloride, sulfuric acid and nitric acid. Exemplary
diazatization agents include sodium nitrite and organic

30 nitrites such as t-butyl nitrite.

Compounds of formula XVIII can be prepared from
compounds c¢f formula of XX by reacting with hydrazine
alone or in combination with a carboxylic acid activating

agent in an inert solvent. Exemplary carboxylic acid

-22-



Z are both nitrogen). R30 is alkyl. 5 OH d

CN ' CN 02N Nk CO2R30 2N Q Sr CO2R30 02NA d- ~CO2R30

O02N. . - LkCo2R30 HO N R4 C NR4 cl NR4 (R3)HN NR4

XXV WO/K6719 XX 'V XX PCT/US00/06100 COPH

CN CN Nr 2CO2H tt CO2R30HzN>CO2R30

N H Nc OR4 (RB)HN N R4 R3 XX

ggAﬁ)Cl actﬁﬁiﬁinﬁX§££nts include caiﬁg$¥#€iimidazo%@?+fmﬁ | NO

HN N dicyclohéxylcaxbodiimide, pentdfNlugpphenol R3 XVI |

53 Xl X trxfluoroaceté@b,rﬁnd“193Bnglﬁ@kﬁﬂﬂ@ﬁ&ﬁBbﬁEﬁYpﬂﬁf-5‘?N LN
~—— evat e

R4 etq¥§c§gppd11m1de qumgyiry inert solventsF§quyde i Ry

Conpounds 50f Hearrahlyarblfucam, bethydearedidlylomaet, i diethyl «xfhean aadi ne, thiol

or al cohol wi _ Jrula 10 XVl using an appropriate base in
an inert soI@%E%%BH%QH9§§°£m?Jﬁgted tenperature. Exenpl ary bases incl ude

trial kyl am nes suERmRSUAHF sobrisFdenfIAnsse engrepared by meagting, and
DBU. Exenpl ardbmipd@htisSekVestmula®xadeith hphrmtingl wrmlirfarrtone and

N N—dlnethyIfOH%%nge Exemplary inert solvents include

10 tetrahydrofuran, ethanol, and N,N-dimethylformamide.

Compounds of formula XX can be prepared by reacting
compounds of formula XXI with a hydroxide source.
Exemplary hydroxide sources include sodium hydroxide and
lithium hydroxide. Exemplary solvents include water,

15 alcohols, and mixtures of ethers/water.

Compounds of formula XXI can be prepared by treating
a compound of formula XXII with a diazatizing reagent in-
an acidic aqueous medium. Sodium nitrite is an exemplary
diazatizing reagent and dilute (1N) HCl is an exemplary

20 reaction solvent. '

Compounds of formula XXII can be prepared via the
reduction of compounds of formula XXIII in an inert
solvent. This reduction may, for example, be mediated
via a platinum or palladium-catalyzed hydrogenation using

25 platinum or palladium on carbon, hydrogen and an inert
solvent such as ethanol or methanol or, alternatively, by
use of a stoichiometric reducing agent, such as
stannous (II) chloride, in an inert solvent such as ethyl
acetate.

30 Compounds of formula XXIII can be prepared by
reacting compounds of formula XXIV with amines of the
formula R3NH;. The reaction may be performed in an inert
solvent as appropriate, such as ethanol, in the presence
of an appropriate base, such as triethylamine, and

35 typically under elevated temperature.
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Compounds XVI can be prepared by reacting an am ne, thi ol or al cohol
wi th conpounds of fornula XVII using an appropriate base in an inert
solvent. This reaction can be perforned at a tenperature of between
about O[err WO aME719%5 110[err]C. Exenplary bases incl ude trdrajsSopbane nes
such as di i sopropyl et hyl am ne and triethyl am ne, DBU, and

carbonat es such as potassium carbonate, sodi um carbonate and cesium
carbonate. Exenplary inert solvents include tetrahydrofuran (THF),

et hanol , N- et hy CAPPPBNAS i Horferanda 18X IR qandibee PE§PR BRI de.

Conpounds ofr daitdnbacb duvde roFi &o¥ﬁt5aqkﬂvﬂw1mhmﬁlthnlde'd%nBEeiﬁrrEd

bronmo or e red f.ro formula XVII1 by
reacting wi '?% 3Re-e Sg%p%)%tpﬁ-iygtlgaggﬁ ‘éﬁ‘gﬁ’i r?a'eé'égﬁg YRR Y funder el evat ed
15 tenper atfiﬂe@PlaEXemr)amqe divimpats ai Repdey dmoggrnit uckanidesphoshhor us

oxychl orsde,aso@ga@hﬁra§am a%&agsﬂ&n d rﬁ@él and c&Sh& (g€, oxalyl

chl ori de, phos horus rEenta rom de, )EEI horus o rom de, phosphorus
pent ai odi de,"] 38pnore OrIaTREy cYanides e"'tLLCh TRetPEERRY 9 armsRimE per f or med
inthe 20 pyanddee oA aomtasmlt\ientojsup’cbxaﬁrhenagaﬁldés)lmttmea xyl ene,

etc. Optiongyaye @aoﬂéf’eé%i  33eRYE! SLAE L t%trab%@éypa' Hopi g ne may be

present . or nu can repa?‘é’ﬂ from
conpounds ofS¥&FnGRA §(1-§@ pmfddhgedof FrnmntuisglXent ¢ ainclsidepl, Nransf or med

to formiba ththpyfetﬁlé}ﬂdé]y(éltﬁhﬁ§l,s #Ha THF.by diazatization in an acidic

aqueous nedi um u I eva ed,tenperature. ar aC| ds i ncl ude
hydr ogen chl g é%ds s?ﬁe eﬁt‘:? PhfPTmoEpds ‘égn%
di azati zat i éﬁXIégeHKSIInCXXIdle sﬁdﬁi amal I’XXV1 tagreakdow gscmdne?»@klmédil tes such

as t-but y| Rint 'i:hEeart For exafd 3 55'%? n@’thfo%ﬂ%gné% e ¢30nGe; prepared

from rir]'pounds of formula reacti a hy rdrazi e al one or
i n conbi nat i%off -wFBheaE L et t?J)Q/I%'é'a& 3 AG8yappfgd- 048 é@@nt in an inert
sol vent 15Ex@uwpbanyds asHoboniud aakKWI are either commercially -22 -
available or prepared by methods known to one skilled in
the art.
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activating agents include carbonyl diim dazol e,

di cycl ohexyl carbodi i m de, pentofl uorophenol trifluoroacetate, and

1- ( 3-di net hyl am nopr opyl ) - 3- et hyl carbodi i mide. Exenplary inert

sol vents i ncWQA®S678 t et r ahydr of uran, methyl ene dichl ori de, Pﬁ’ﬂ?‘?‘?{?ﬁ"’gt her
and N, N- di net hyl f or mam de. Conpounds of fornula Xl X can be
prepared by reacting conpounds of formula XXI with hydrazine in an

i nert sol vent. Exenplary inert gglyents;include 10 tetrahydrofuran,

et hanol, and N, N-di net hyl f ormam de.——— Conpounds of fornula XX can be

prepared by reactififs scher®TROUAISeed ¥oTiha XXpatddica Bydegsi de source.
Exenpl ary hydroxi de sources incl ude sodi um h¥dI’OXI de and ., lithium

hydr oxi de. ESEWRPERYS T FOFMULRNEF uHARS &F, TeEuLld chfheseinng H¥ xt ures of
et her s/ wat er ~C (Rs) - and @ouponitthsogen)f.or Ryl asXadlkyln be prepared by treating
a conpound of forrmula XXIl with a diazatizing reagent in an acidic
aqueous dium Sodiumnitrite is an exenplary di azati zi ng reagent and
dilute (IN HO is ancﬁxenpl ary 20 reaction solvent. Conpounds of
formula XXI'l can t“a pepfa;rég via the N eduction of conpo s of formula
XXI11 in an inert? | Ple. This N {SRway, for Cot nedi at ed
via a platinu pr)H I i‘:(um"C'aT’alRi?ég 0genation s A pl ati num or
pal | adi um on c rbon, My d tgen and antindft ™ solvent suctNasRethanol or
met hanol or, alternat®fely, by ust ¥XXh stoi chi omet Msc ¥&duci ng agent,
such as stannous(11) chloride, in anyjinert solvent suchjas ethyl
acetate. 30 Conmpounds of fornula Xil Il can be preparei by

reacting conpounds of forrmula XXIV with am nes of the fonjul a RINH2.
The reaction may be performed in an iH(pMN. solvent as N‘Hhi ate, such
as ethanol, in the presence of an agpropri ate base, such a
triethylamne, and 35 typicall ydgg_qg ed terrpﬁsr_g%N N0

- 23‘ N N/ R4

Ry N. W. N. W_ _N.

~Z N d z
|
/N = R1 72 = R1 /N S W
Re—<C ]I — R~ | R I
NTSNT R, N~ "R, 'i‘ N~ R,
3 XXV Ry XXVIII

Ra ¢

Z

—-=Z

Compounds of formula Ic can be prepared by reactions
of an amine, thiol or alcochol with compounds of formula
XXVII using an appropriate base in an inert solvent under

10 elevated temperature. Exemplary bases include
trialkylamines such as diisopropylethylamine and
triethylamine, and DBU. Exemplary inert solvents include
N-methylpyrrolidinone and N,N-dimethylformamide.

Compounds of formula XXVII can be prepared by

15 reacting an amine, thiol or alcohol with compounds of
formula XXVIII using an appropriate base in an inert

solvent. This reaction can be performed at a temperature

of between about 0°C to about 110°C. Exemplary bases
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Compounds of fornula XXIV can be prepared by reacting conpounds of
formula XXV with a cyani de donor in an inert solvent typically under

el evat ed t enperat ure. Exenpl ary cyani de donors include inorganic

cyani des suowmoo®se7es sodi um cyani de, potassium cyani de and R3P{58e44190

cyani de, and organi c cyani des such as tetrabutyl anmoni um cyani de. A
conbi nation of inorganic cyanides with a phase transferring agents such
as tetrabutyl anmoni um salts can al so 8e_ utili er{ solvents

: . . zed. |
i ncl ude N, N-inpludg fiiplpdrRaRtHes vt Ran Hs%ﬁﬁ?pfﬁllgﬁhy?amme angbt hods of
synt hesi s of teostiophidai nef, DBUNahd oftbonates X3lidh a¥Xpbkasx¥, XXV and XXVI

e o 0Bl v LR bng Bl SIRTUBAUED, T ool 00 oo
Conpounds of Ekerpiazy Xoogrtaseleenterinedner eetahydrofuggni (Hide or prepared
by nethods kaemendD, Mifhethiyhb9eréllidinoneh8nd@rt, N-dimethylformamide.
Compounds of formula XXVIII wherein W is chloro,
which is preferred, bromc or iodo can be prepared from
compounds of formula XXIX by reacting with an appropriate
dehydrating agent typically under elevated temperature.
10 Exemplary dehydrating agents include phosphorus
oxychloride, phosphorus pentachloride, thionyl chloride,
oxalyl chloride, phosphorus bromide, phosphorus
oxybromide, phosphorus pentaiocdide, phosphorus oxyiodide,
etc. This reaction can be performed in the presence of a
15 cosolvent such as benzene, toluene, xylene, etc.
Optionally, a base such as pyridine or a trialkylamine
may be present.
Compounds of formula XXIX can be prepared from
compounds of either formula XXX or formula XXXI. g
20 cCompounds of formula XXX can be transformed to XXIX by...
either hydrolysis or by diazatization in an acidic
agqueous medium under elevated temperature. Compounds of
formula XXXI can be transformed to XXIX by reacting with
hydrazine alone or in combination with a carboxylic acid
25 activating agent in an inert solvent. Exemplary acids
include hydrogen chloride, sulfuric acid, and nitric
acid. Exemplary diazatization agents include sodium
nitrite and organic nitrites such as t-butyl nitrite.
Exemplary carboxylic acid activating agents include
30 carbonyldiimidazole, dicyclohexylcarbodiimide,
pentofluorophenol trifluorcacetate, and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide. Exemplary
inert solvents include tetrahydrofuran, methylene
dichloride, diethyl ether, and N,N-dimethylformamide.
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-24 - Schenme |V Thi s scheme

Is directed to the preparation of the conpounds of fornmula Ic (those of
formula | wherein Y is [err] and Z is nitrogen). [err] is alkyl.
[err] WO 00/56719 PCT/US00/06100

Compounds of formula XXX can be prepared by reacting
compounds of formula XXXII with hydrazine in an inert -
solvent. Exemplary inert solvents include
tetrahydrofuran, ethanol, and N,N-dimethylformamide.

5 Compounds of formula XXXI can be prepared by
reacting compounds of formula XXXII with a hydroxide
source. Exemplary hydroxide sources include sodium
hydroxide and lithium hydroxide. Exemplary solvents
include water, alcochols, and mixtures of ethers/water.

10 Compounds of formula XXXII can be prepared from the
condensation of compounds of formula XXII with an
activated ester derivative from an acid of the formula
R7~-CO2H under basic conditions or acidic conditions in an
inert solvent typically under elevated temperature.

16 Exemplary activated esters include acid chlorides derived
from R,-CO;H, N,N-dialkylamide dialkylacetals, such as
N,N-dimethylformamide dimethyl acetal, and activated
esters derived from the reaction of R;-COz;H with exempiary
carboxylic acid activating agents such as :

20 carbonyldiimidazole, dicyclohexylcarbodiimide,
pentofluorophenocl trifluoroacetate, and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide. Exemplary
bases include sodium hydride, potassium hydride, cesium
carbonate, potassium carbonate, potassium

25 hexamethyldisilazide, and potassium t-butoxide.

Exemplary acids or Lewis acids include hydrogen chloride
and zinc chloride. Exemplary inert solvents include
ethers, N,N-dimethylformamide, and acetonitrile.

Compounds of formula XXII are prepared as discussed

30 in Scheme III.

Scheme V
This scheme is directed to the preparation of the
compounds of formula Id [those of formula I wherein Y is

35 nitrogen, Z is -C(Rg¢)~, and -R; is chloro] and the
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Compounds of fornula Ic can be prepared by reactions of an am ne, thiol
or al cohol with conpounds of fornula XXVI'l using an appropriate base in
an inert solvent under 10 elevated tenperature. Exenplary bases include
trial kyl am @ 04867 as di i sopropyl et hyl am ne and tri et RATAIS0MEs106GNd

DBU. Exenpl ary inert solvents include N- net hyl pyrrolidi none and

N, N- di net hyl f or mam de. Conmpounds of fornula XXVII can be prepared
by 15 reacting an am ne, thiol or alcohol wth conpounds of formul a
XXVI 11 usi ngCFPAtH 5t &PE™BLR S n[tzi‘r‘?sF’n%Ftf°r“‘“1§gEth?’?eiFhiYs igeaction can
be perfor nednitregdmnzeiat HCERe) -, aql brt WeeRAyab®3dn]QC t o about 110C

Exenpl ary bases Cle N R - 25- i ncl ude
trial kyl am NesR SUTE an dii sopropn[,ef i ne and trkseﬁz Nam ne,~ DBU and
car bonat es such_ashpgtassi um [ & sodi um car bdnat
carbonate. N’

ary Thert oql v nt i ficFode—tetT ahydr f\’an"(

et hanol, N-neti i di none an met hyl f or mam du N*
Conpounds of fgrqu [11 wher ern Wl s chloro, vvhlngh 'IeS preferred,
brono or iodo can be prepared from conpounds of fornula XXI X by

reacting with an GPEEPEsapE formya, Jdr sen ke RyepRTed PP Aeartinasr el evat ed
t enper at U e. of Oan Reeinel, artmdbh:y:draauddmglagem Scdmpeunds §HosPHRNIES

oxychl ori de, thlo chl ori oxaIyI
chl ori de, ph{)gflﬁ%sr)l&g 5h ﬁ?g&&?@# y %%se £ha) meﬁtoﬁ?g tp for us

pent ai odi de, ebﬁ%‘iﬁ?bﬁl?@?@%ﬁ‘@d‘?de Exemplerr: baﬁﬁss ingdudéon can be per f or ned

in the presepgfaDiylamtpesCoach VANtGiSUER ra§ M}iﬁ.l@ﬁnné%ﬁ@ne xylbene et ct
rial am ne € presen

Optionally, a base such as i ne or ma

Conpounds ™ of - fb’?%]:fWFX E‘g% %Bg" or EFEFRYEFY o"rﬂert seéﬁ?}&ﬁrdwépde. t her

f or mul a PXX Wrmétdryhpyar r¥XXdin@le aEehpoNAdimeatfhyfldormbaideXX can be
transformed to XYgfdiinas of folthdieTeMNdh P/ PripQhelVngli@gat i ation in an

acidic
reduction of compounds of formula Id using a hydrogen

source and a transition metal catalyst. Exemplary
hydrogen sources include hydrogen and ammonium formate.
15 Exemplary transition metal catalysts include palladlum on

carbon and palladium hydroxide on carbon.

Scheme VI
This scheme is directed to the preparation of the
20 compounds of formula If [those of formula I wherein Y is
nitrogen, Z is nitrogen, and -R; is chloro] and the
compounds of formula Ig [those of formula I wherein Y is

nitrogen, Z is nitrogen and -R; is hydrogen].

Cl MNey, Re ANy N
N,,Nl\'c,____.. N:P‘I\Im N,!“I\IH
T R, N"NR, NTONR,
Ry XV Ry I Ri 1g
25 Compounds of formula If can be prepared by reactions

of an amine, thiol or alcohol with compounds of formula
XVII using an appropriate base in an inert solvent under

elevated temperature. Exemplary bases include
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aqueous nedi um under el evated tenperature.
can be transformed to XXI X by reacting with
combi nation with a carboxylic acid 25 activating agent

Conmpounds of formul a XXXI
hydr azi ne al one or in
in an inert

solvent. EX¥REVEN aci ds i ncl ude hydrogen chloride, suPELUB®OstN0d, and
nitric acid. Exenplary diazatization agents include sodi um nitrite
and organic nitrites such as t-butyl nitrite. Exenpl ary carboxylic acid
activating ncl.ude 30 . carb yI diim

i azol e
di cycl ohexylgﬁ‘%@ﬂ’]laml&gs Such 3¢ sﬁBFSBﬁg?\UPY]taF’f’ﬂeuéPGacet ate, and 1-(3-
di met hyl am nopreshpDardnet hghdabBbdi iBxeoplarximgdtarsovlientENehéL & vent s

| ud o h d
:\1 nﬁ} ude E ﬁty {ﬁ%ﬁ%ﬁ& 1IREANAEMha N, Nl ERL O s rnflinl Y ng er, an

Compounds of for MAM™PORRAScAh BFPdpdfedanybs FaRargd by tbepounds of
formul a XX teductmdmyebrraebmpomusamﬂ Hekiula ISQlMERE a B¥QPH&LY i nert
sol vents | nc Hgg t of uran t hano. and i met hyl f or mam de.
5 éun S oafndf %r '%%F%{‘Q n heke Ee %?%{)%Srted B#empgaf%actl ng conpounds
of for ITU| a mqqogmrt Igoarpedr bx¢ldule hydgsogen eandegmoindy fyrnoed .de sour ces

i ncl ude SOdlEﬂ@mplaﬂ?y@&gﬁhﬂ@léﬂ“ﬁéﬂaﬁhbHEE §”Qﬂéiud§§e§gifgé&ﬁ&9|Vents
i ncl ude wat er xtures of her s/ wat er Conpounds

of formul a )Sé(lclarg’z?ﬁ‘ 88’ pP2 g%ﬁ%’d‘"? lhé!f'?FPﬁ% e on Ga¥PSRsati on of conpounds of

formula DIl with an activated ester derivative froman acid of the
formul a R7- CO2H under basic cogghé Npr POr acidic conditions in an
inert solvent typically under el ev rature. 15 Exenplary activated

esters include adifdschrbemeess dhmegsgd to ﬁh%ml[e@lalr]athbm-@f athey| ani de

di al kyl acet adcmpoeis 8¢ formiN-1H TRhbB¥E fOF NEYTRA adiTMGLEYL 1 RGela) . and
activated @s ers_deriv, d fromtﬂ% reagtion of R7-CO2H wt exerrpl ary
h™

carboxyl i ¢ aci d%4cti §at r{b" A§8RPs RWTH Bas 180 R HINANG EhEdazol e,
di cycl oh@ylwmm&snpde;formulq)elr]t dthose ophefrodmuflii Tl wos oaetaties, and 1- ( 3-

di met hyl am nappy) ) z 3r St 6aeR0diAdT 98- s EXRPR Yeh .

Cl Ra N Ra N

z |N 4 "N v ‘r‘
N a N ,N N OH
Rs—<¢ | P — R | _ — R P
I ONTTR NTONTR, N N Re
Rs  xxvui Rs IH Ra i

Compounds of formula Ih can be prepared

of an amine, thiol or alcohol with compounds

20 XXVIII using an appropriate base in an inert
under elevated temperature. Exemplary bases

trialkylamines such as diisopropylethylamine

by reactions
of formula
solvent
include

and

triethylamine, and DBU. Exemplary inert solvents include

N-methylpyrrolidinone and N,N-dimethylformamide.
25 Compounds of formula Ij can be prepared by the
reduction of compounds of formula Ih using a hydrogen
source and a transition metal catalyst. Exemplary
hydrogen sources include hydrogen and ammonium formate.
Exemplary transition metal catalysts include palladium on

30 carbon and palladium hydroxide on carbon.
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bases i nclude sodi um hydri de, potassium hydride, cesium car bonat e,
pot assi um car bonate, potassium 25 hexanet hyl di sil azi de, and potassi um

t - but oxi de. Exenpl ary acids or Lewi s acids include hydrogen chloride
and zinc chl MQW&sTiExenpl ary i nert sol vents include et hBEHUS00/06100

N, N- di met hyl f or mam de, and acetonitrile. Compounds of fornula XXl |
are prepared as discussed 30 in Schene I|11.

Scheme V This schene is directed to the preparation of the
conpounds of formula Id [thoseP3ELesredIGOMPOMREEein V¥ i s 35 nitrogen, Zis

hl d.t
E:g:r{:)ljulnzscof 01[ g]r nﬁ‘{]efﬁrrefjt SSTROYPAT Hmirds| LM E R ?rFsth°se fftrogen, Zis

[err] and [efpfmuka Wcirrts@}eld)mg[eml}maceutlcally accepeapdensisitod fornula Id

can be prepaggerbys rr?a?lﬁtdgo'ﬂﬁe o f ovih A B REni ¢ fifd. Or al cohol with
conpounds_ of fornul a using an-appropriate ‘base in an inert solvent

under Selevat el ’t%r?dé?&ﬁﬁf‘e“%?ﬁﬂ’ ary bases include trial kyl am nes
such as diisopropylit hitasigea and-C(Re) +rpedvidednicRer and dBBY. okgenpl ary
inert sol veny na&}djq]e 1Json1 &prl pyrrolidinone and N, N-di et hyl f or mam de.
Conmpounds of rmu e can prepar ed by the reducti on of conpounds
of formula Id u5|$1ga§dh§dr%¥@eﬁndepe%‘éﬁn@el amdeated ofromt tbe getwd cat al yst.

Exenpl ary  cohyIHigRN cTOUNRES, Immnhxdamrbx%n%em YRdkgate. 15
Exenpl ar yq tr sition e al catg I¥sts L ncl ude pal I adi um on car bon and

pal | adi um hy ‘5?( e 1§85¢aPBBN° or Rz is -NRgRs.
R3; is hydrogen, alkyl, substituted alkyl, —-(CH).-

phenyl, or -(CH:),~substituted phenyl.
Ry is hydrogen, halogen, substituted alkyl, -OR;y or
~NR11R12.

15 Rs and R¢ are independently selected from the group
consisting of hydrogen, halogen, alkyl, and substituted
alkyl. '

Rg and Ry are independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl, )

20 - (CHz)m-cycloalkyl, -{(CH;)p—-Substituted cycloalkyl,

- (CHz) n—phenyl, -(CH:)n-substituted phenyl, -(CH,)u~
heterocyclo, and -(CH;)y-heteroaryl or Rsg and Ry taken
together with the N atom to which they are attached can
form a heterocyclo ring, a substituted or unsubstituted

25 1imidazole, a substituted or unsubstituted pyrazole, or a
substituted or unsubstituted triazole.

Rio, Ri11 and R;; are independently selected from the
group consisting of hydrogen, alkyl, -(CH;).-phenyl,
- (CHz)n-substituted phenyl, and -~ (CHz) p—heteroaryl.
30 m is zero or an integer from 1 to 4.
' n is an integer from 1 to 4.
In the above preferred groups the following
definitions apply:
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Schene VI This schene is directed to the preparation of the 20

conpounds of formula If [those of fornula | wherein Y is nitrogen, Zis
nitrogen, and [err] is chloro] and the conpounds of fornula Ig [those
of formula WM Y is nitrogen, Z is nitrogen and [RGT/Y§S0pg6100
hydrogen). [err] 25 Compounds of fornula If can be prepared by
reactions of an amne, thiol or alcohol with conpounds of formula

XVl using an apptopriate, base,in an_inert solvent _under el evat ed
t enper at ur e. Exe%Fa%?r’Bas%@(yﬁnclrﬁggrs €8 s 5%14RR" ah%lanched . -28-
trial kyl am rdsisuglroapsdef sbproBykcethghzuri ne and triethylamne, and

DBU. Exenpl ary i t e I e AN-Jet B | and
N, N- di et hyl f or na%i 82% éﬂ@sdﬁ%%ﬁfghﬁéls O%H%lf o%%?g{%é%ar?%rpr epared by

the 5 redfd¥dn SPIBEAPBRMICIORIKYL RS IavWeFsphlyd S¥RKBRy&RVing source

and a transidhegn tiet ak €Ried ysibstExaapt firgelectedy dromeths Qoups i ncl ude
hydr ogen and,_anmmoni.um f or e. _ X t It netal catalysts

i ncl udes palﬁoél(ﬁll?&]mg Ogn%?’boécgﬁg“xg‘%ké%yhn#%& (o%lgggro ﬁ&%ﬁ‘ﬁon. 10
Schene VI lower alkyhtbigchamigmoi, s -NHibewe alkyilhe p¥élewerti on of the
conpounds of formula Ih (those of forngla | whergin Y is -C(Rs)-, Zis
nitrogen, and [err] is chloro] and thell 15 compqunds of formula Ij [those

of formula IaMhangl MowdsS alky1kRis) 7 ¢S Wt r,oge@mNEAddwier alky® hydr ogen] .

—C—N(lower alkyl)ys carboxy, and -CO,-lower alkyl.
10 The term “cyloalkyl” refers to unsubstituted fully
saturated rings of 3 to 7 carbon atoms.

The term “substituted cycloalkyl” refers to such
cycloalkyl rings having one, or three substituents
preferably one substituent, selected from the group

158 consisting of lower alkyl, lower alkoxy, lower alkylthio,
halo, —-({(CHz)x~hydroxy, cyano, amiho, ~-NH(lower alkyl),

o
—C—NH
-NH (cycloalkyl), -N{(lower alkyl}a, 2

I I
=C—-NH (lower alkyl) —C—N{lower alkyl),, carboxy, =-COz-

lower alkyl, -(CHz)p-phenyl, -(CH;)p-substituted phenyl,
20 - (CH;)p~heterocyclo, =-{(CH;)p-hetercaryl, keto, =N-OH, =N-
O-lower alkyl, and a five or six membered ketal, i.e 1,3~
dioxolane or 1,3-dioxane.
The term "substituted phenyl™ refers to a phenyl
ring having one, two or three substituents selected from
25 the group consisting of lower alkyl, lower alkoxy, lower
alkylthio, halo, cyano, hydroxy, substituted lower alkyl,
nitre, amino, -NH(lower alkyl), -NH(cycloalkyl), and
—N{(lower alkyl);, and/or one substituent selected from
the group consisting of phenyl, benzyl, phenylethyl,
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[err] Compounds of fornula Ih can be prepared by reactions
of an amne, thiol or alcohol with conmpounds of forrmula 20 XXVIII using an
appropriate base in an inert solvent under el evated tenperature.

Exenpl ary ba¥e@8u/56ftd ude trial kyl am nes such as dii sopr gsSa/ésobrgdiea ne
and triethylam ne, and DBU. Exenplary inert solvents include

N- et hyl pyrrolidinone and N, N-di net hyl f ormam de. 25 Conmpounds of
formula Ij can be prepared by the reduction of conpounds of formula Ih
usi ng a hydriSEY10xY: sBUPREL GHP a CRFERRY ¢ | GiP2mkPuer Hik¥ilyst . Exenpl ary
hydrogen sourc@s includg hydrogen and ammonpum for nat e. Exenpl ary
transition nm%_L_N%at aI ydts i nclude fal | adi ufh on 30 carbon and pall adi um
hydr oxi de on carboR. » —C-NH(lower alkyl) -——C-—NH(cycloa}iyl),

Preferred ConpQunds Pre erred conpounds of this invention are

t hose of fiprmul a | including pharmaceutically acceptable salts

t hereof havi TCTI Lowkkodd kgl ldefAitilower abkyl), Y is nitrogen or [err]

Z is nitrogen or GC(RG) provi ded that at |east one of Yand Z is

ni t rogen. H [err] and [err] are independently selected fromthe
group consistt g lever aylly drmgen,aparisdtwr o-Ne-CH, 1d®-poeYE SO 10  t hat
at | east sone, [ecp) of rr R3 i s hydrogen, alkyl,
substltut ed aJIq{Xl E‘hrr CI[I"S“‘ Jb%%eflrc{a%% art llpﬁ‘esnyl R4 is

hydr ogen, hé?%&@rflugﬂesbﬂﬂ]ted alkyl, [err] or

The term “heterocyclo” refers to substituted and
unsubstituted saturated or partially saturated 3 to 7
membered monocyclic rings having one or two O or S atoms

10 and/or one to four N atoms provided that the total number
of heterocatoms is four or less and that the heterocyclo
ring contains at least one carbon atom, the nitrogen and
sulfur atoms may optionally be oxidized, and the nitrogen
atoms may optionally be quaternized. The heterocyclo

15 substituent is one, two or three substituents attached to
an available carbon or nitrogen atom and selected from
the group consisting of halo, hydroxy, cyano, lower
alkyl, cycloalkyl, substituted lower alkyl, lower alkoxy,
lower alkylthio, keto, formyl, nitro, amino -NH(lower

20 alkyl), -NH(cycloalkyl), and -N{(lower alkyl);, and/or one
substituent selected from the group consisting of phenyl,
benzyl, phenylethyl, phenyloxy, phenylthio, carboxy,
substituted phenyl, substituted phenyl-CH;~, substituted

0
——g——NH
phenyl-CH,-CH;-, -CO;-lower alkyl, 2
0
25 ~C—NH (lower alkyl)’-—g—-NH(cycloalkyl), ——g-—heteroaryl,

o]
1
—C—N(lower alkyl),, —NH—C—O-—(lower alkyl),
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[err] - 15
consisting o
[err] and [e
hydr ogen,
[err] phenyl
N atomto wh
substituted
pyrazol e, or
I ndependent |

[err] and [err] are independently selected fromt
f hydrogen, hal ogen, al kyl, and substituted al kyl .

he group

r are independently sel ected from the group consi sting of
Wz} 'UBstituted alkyl, 20 [err] [err] cycl oal RAT/US000610% [
[err] heterocyclo and [err] taken together with the

ich they are attached can forma heterocyclo ring,
or gunsubstituted 25 imgazole, a substituted or unsub
all substituted or unpubstituted triazole. _

y SETEERVRF falditd he O~ @rudipwennziktli) ng—wfi-dy,dr ogen,

et TR S L] guion " R R B 0T

groups the f
- 30 -
chaln gr oups
"substitule

Oupﬂmmmqgeterogmylﬂ“qN—@Hs aprPytower alkyl, and a five or
six membered kéEQQ tergi EgJﬁﬂoxoﬁgﬁgrértf)§ﬂaﬁgkgné Q?d

he term "substitute Ky
WFL%\B?S su &ﬁberf’@if%}% FirasudMsgrkye aRbeyheringky|

having 5 one, tvmmrtetﬂnr &hesubsarylientetesel ect 8bf romembergaoup

I
Ryl thi oo anerec feyied o rrae P Yoy FRoel HIE A BASRAE ringd LT

al kyl) [err]

10

15

20

25

30

heg}%)@pe &¥d ter P] orl kyatoms and/or one to four N atoms
provided that the total number of hetercatoms in the ring

is four or less, and 9 or 10 membered substituted or
unsubstituted bicyclic rings wherein at least one of the
rings is aromatic and wherein at least one of the rings
contains one or two O or S atoms and/or one to four N
atoms provided that the total number of heteroatoms in
either ring is four or less. The nitrogen and sulfur
atoms may may optionally be oxidized, and the nitrogen
atoms may optionally be quaternized. The heterocaryl
substituent is attached to an available carbon atom and
is one, two or three substituents selected from halo,
cyano, lower alkyl, cycloalkyl, substituted lower alkyl,
lower alkoxy, lower alkylthic, hydroxy, nitro, formyl,
amino, -NH(lower alkyl), -NH(cycloalkyl), and —-N{lower
alkyl)., and/or one substituent selected from the group
consisting of phenyl, benzyl, phenylethyl, phenyloxy,
phenylthio, carboxy, substituted phenyl, substituted
phenyl-CH;-, substituted phenyl-CH,-CH,-,

-COz;-lower alkyl, TCTNE, » —C—NH(lower alkylh

I f
—C—NH(cycloalkyl), —C—N(lower alkyl),,

[ [
—C—(lower alkyl), —0—C—{lower alkyl), -NH-CH,-

carboxy, -NH-CH;-CO;-lower alkyl, -(CH;)p-heterocyclo, and

-33 -
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10 The term "cyl oal kyl" refers to unsubstituted fully sat ur at ed

rings of 3 to 7 carbon atons. The term 'substituted cyel oal kyl "
refers to such cycl oal kyl rings having one, or three substituents
preferably oweoesaisrituent, selected fromthe group 15 consPGHYHYIE | ower
al kyl, I ower al koxy, |ower alkylthio, hal o, [err] cyano, am no,

-NH(I ower al kyl), [err] | oner al kyl, [err] [err] phenyl, 20
[err]-heteroaryl, keto, =N-CH =N O-lower alkyl, and a five or six
member ed ket ai(CBp) nghet8roarylyi oxol ane or 1, 3- di oxane. The term

"substituted phenyheé terfrEI“SlibGtatptMIySJmldazble’g hafiernsy tonan two or three
substituents , Se'dssggg 4043 - anearﬁﬁ%a%@ | bRt Dlbduifiagbdid, 1 Over

al koxy, | over" cyano roxy, substitute ovier al kyl ,
nitro, am noer- NI—KIEt)ma%{lkﬂu)Sed W%%FGJGaISRy‘h)aS hPYTidoipidazele err]
and/ or ong S%la%tlhtgusﬂé Seled edpbtOflentd Re18E08Y EUISitHlel Bogp Pphenyl,
benzyl, phenygggggtlng of hydrogen, lower alkyl, cycloa vl, [err]

substituted lower alkyl, lower alkoxy, lower alkylthio,

nitro, halo, cyano, formyl, amino, -NH(lower alkyl),

-NH {cycloalkyl), -NH(substituted lower alkyl), and

10 -N(lower alkyl),, and/or one substituent selected from

the group consisting of phenyl, benzyl, phenylethyl,

substituted phenyl, substituted phenyl-CH;-, substituted

phenyl-CH,-CH;-, phenyloxy, phenylthio, carboxy, -CO,-

+ O

—C—NH,
lower alkyl,

15  alkyl,

r —=CH=N-hydroxy, -CH=N-O-lower

I I
—C—NH (lower alkyl), —C—NH(cycloalkyl),

li il
—C—N (lower alkyl),, —C—lower alkyl,

|
—-0-C-—{(lower alkyl), _cy=N-NH,, -CH=N-NH(lower alkyl),

II
~CH=N-N(lower alkyl)a, —C—NH-substituted alkyl,

I
20 —C—I(CH,),~heterocyclo, —CO,~phenyl,

—g—NH-C-NHz ,
—CO,—substituted phenyl, NH
o
-—-g——NH-(CHz)m—heterocyclo, -—-g——(CHz)m—heteroaryl,
—C—NH;, -C-NH({lower alkyl),

I

NH —CH=N-OH ,
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(lower al kyl), -NH CH2-carboxy, [err] 5 alkyl, and [err] as well as
pent af | uor ophenyl . The term "heterocycl 0" refers to substituted and
unsubstituted saturated or partially saturated 3 to 7 menber ed
nmonocycl i c WHYSSHEvi ng one or two 0 or S atoms 10 and/or JEEYSAYHEE N
atons provided that the total nunber of heteroatons is four or |less and
that the heterocyclo ring contains at | east one carbon atom the
nitrogen and sul fur atons may optionally be oxidized, and the nitrogen
atons may optionally be quaternized. The heterocyclo 15 substituent is one,
two or three 3 Nﬁzéﬁﬁﬁzﬁhﬁwﬂézhed to an avail abl e carbon or nitrogen
at om and sel ectlled from t he group_cgg_s_i st :1% of hﬂlco, hydr oxy, cyano,
| ower al kyl Nicycl oal kyl, substitutetd 1owerrCPRyR kY ower al koxy, | ower
al kylthi o, keto, fornyl, nitro, amno -NH(l ower 20 al kyl), -NH(cycloal kyl),
and -N(I ower alkyl)2, and/op one substituent sglected fromthe group
consi sting of enyl , befjzyl , phenyl et hyl, phejyl oxy, phenylthi o,
car boxy, strigstNHu0BRd phelytVH-QisweruabhylpheTyC—@HE-NH, subst i t ut ed

- 32 -

[err] 5

(0]
I It
—C—NH-N(lower alkyl),, -—C—NH-NH{lower alkyl),
]
—C—NH-C-NH,, ~—C—NH(lower alkyl),
Il Il
10 —C—NH-SO,- (lower alkyl), —CH,—C—NH-OH,

(0]
f-CHj-g-NH(substituted lower alkyl),
~NH-CHz-carboxy, —-NH~CH,-CO,~lower alkyl, -{CHz)n—
heterocyclo, and -{CH;)n-heterocaryl.
The term “substituted pyrazole” refers to an

15 pyrazole, an aryl-fused pyrazole such as benzopyrazole,
or a hetercaryl-fused pyrazole such as a pyrazolopyridine
having one or two substituents selected from the group
consisting of hydrogen, lower alkyl, substituted lower
alkyl, lower alkoxy, lower alkylthio, -(CH;),-lower

20 alkoxy, -(CHz)u-hydroxy, nitro, halo, cyano, amino,
-NH(lower alkyl),-NH({cycloalkyl), and -N{lower alkyl),,
and/or one substituent selected from the group consisting
of phenyl, benzyl, substituted phenyl, substituted
phenyl-CH;-, substituted phenyl-CH,-CH;-, phenylethyl,

25 phenyloxy, phenylthio, carboxy, -CO;-lower alkyl,
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[err] carboxy, [err] alkyl, [err] [err] =N-OH, =N-0-Iower alkyl,
and a five or si x nmenbered ketal, i.e 1, 3-dioxol ane or 1, 3-di oxane as

5 well as such heterocyclo rings fused to a phenyl ring. - The term
"het eroaryl WO e¥s6Ti@ to 5 or 6 nenbered substituted or ®EETAISBVI6LAet ed
nmonocylic aromatic rings having one or two O or S atons and/or one to
four N atons provided that the total nunber of heteroatons in the ring
10 is four or,less, and 9 or 10 nenbered substituted or unsubsti tuted
bi cyclic ringsjwherein af | east one of the rings is aromati.c and

wherein at |ea6tNoige of—Chensi{Ngfer alkgoNt a.l_rl;ls_gg@c%a&lgmyq)or S atons
and/or one to four N’ atons provi ded that the to nuber of

heteroatons irf15 either ri ng is four or less. The nitrogen and sul fur

at ons nmay rra-y—cérp-tn (QB&kkyabey i, d-2ed-1 e hiRyDj trogen at ons nmay
optional l'y be aterni zed. The heteroaryl substituent is attached to an

avai l abl e carbofi at om and is one, two or three substituents sel ected

from hal o, 2@—Cyanoyekoakkyll, k)LhH ENLIAZbEYY, fﬂthfcfa' L6, (iobeiéer al kyl,
| ower al koxy,_ |aower al kylthio, roxy n| tro, forny F m no, - NH(I ower

al kyl), - NHEYS oal‘l@f‘a)m"é{ﬁﬁer‘?\‘i(if‘&ﬁer and 'é¢*k29h7}23te§r?&Féfll one substit uent
sel ect ed5f rom t he&hgr egpm smuseungrﬁzqahenybfeberﬂdlan phenyl et hyl,

ggm XY Fhi gt%gtyhgb%g% SR s s PHBRY 'SRl BNERY 1 BROLp1 o
33 -

consisting of ower alkyl, substltuted lower alkyl, lower
alkoxy, lower alkylthio, - (CHz)p,~lower alkoxy, - {CHz)}n—
hydroxy, halo, cyano, amino, -NH{lower alkyl), -

10 NH(cycloalkyl), -N{lower alkyl),, phenyl, benzyl
phenylethyl, substituted phenyl, substituted phenyl-CH,-,

substituted phenyl-CH;-CH;-, phenyloxy, phenylthio,

Il
. —C—NH
carboxy, -CO;-lower alkyl, 2

e
RL0N

Il ]
—C—NH(lower alkyl), —C—NH(cycloalkyl),
Il Il
15 —C—N(lower alkyl),, —C—lower alkyl,

I
-0—C—(lower alkyl), -NH-CH,-carboxy,

=NH-CH,-CO,-lower alkyl, -(CH;)n-heterocyclo, and
= (CHz) n~heteroaryl.
More preferred are the compounds of formula I and
20 pharmaceutically acceptable salts thereof having the
following definitions:
Y is nitrogen.
Z is -C{Rg) -
R; and R; are independently selected from the group
25 consisting of -NRgRy, hydrogen and chloro with the proviso
that at least one of R; or Ry is -NRgRg.
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[err] The term "substituted i m dazole" refers to an I m dazol e,
an aryl-fused i mdazol e such as benzi m dazol e, or a heteroaryl-fused

i m dazol e such as a pyridoi m dazol e 5 having one or two substituents

sel ected fr &YR M"Y oup consi sting of hydrogen, |ower al’iGHUSOPEI08, ky|
substituted | ower al kyl, |ower al koxy, |ower alkylthio, nitro, halo,
cyano, fornyl, am no, -NH(lower alkyl), -NH(cycl oal kyl'), -NH(substituted

the-group. const ot i dF BheRyt Doyt eny SRy o St Lt d phenyl
substi t ut ed PREali-sehsti EEﬁ%tE*ﬁRYéd phenyl - CH2- CH2-, phenyl oxy,
phenyl t hi o, carbayyis [IB/drdogen. [err]

Rg¢ is hydrogen.

5 Re and Rg are independently selected from the group
consisting of hydrogen, lower alkyl, substituted lower
alkyl, = (CHz)p-cyclohexyl, -(CH;)y-substituted cyclohexyl,
~{CH2) w-phenyl, -(CH;)p-substituted phenyl,

- (CH;) nw—heterocyclo, —{CH;)p~heterocaryl or Rg and Ry taken-

10 together with the N atom to which they are attached can
form a heterocyclo ring or a substituted or unsubstituted
imidazole. '

m is zero or an integer from 1 to 4.
n is an integer from 1 to 4.

15 In the above more preferred groups the following

definitions apply:
The term “lower alkyl” refers to straight and
branched chain groups of 1 to 4 carbons.
The term “substituted lower alkyl” refers to such
20 lower alkyl groups having a single substituent selected
from the group consisting of halo, -(CH;),-hydroxy, lower
alkoxy, amino, -NH(lower alkyl), -NH(cycloalkyl of 3 to 6
carbons), -N(lower alkyl),, carboxy, -COz;lower alkyl,

Il i
~—C—NH, —C—NH(lower alkyl), anq

i
25 —C—N{lower alkyl),,

The term “substituted phenyl” refers to a phenyl
ring having one, two or three substituents selected from
the group consisting of halo, cyano, lower alkyl, lower
alkoxy, - {(CHz)m-hydroxy, trifluoromethyl, amino, -NH(lower

30 alkyl), -NH(cycloalkyl of 3 to 6 carbons), and -N(lower
alkyl),, and/or one substituted selected from the group

-37-



- 34- [err] --CH2- G- NH( substi tuted

| oner al kyl), - NH CH2- car boxy, [err] alkyl, [err] het er ocycl o, . and
[err] The term "substituted pyrazole" refers to an 15 pyrazole, an
aryl -fused pyPIYB'E such as benzopyrazol e, PCT/US00/06100
I
—C—NH,

consisting of carboxy, -CO,-lower alkyl, ’

|
—C—NH (lower alkyl),

I

—C—NH (cycloalkyl of 3 to 6 carbons),
o] 0
i

Il
—C—N(lower alkyl),, —C—iower alkyl, and

It
5 ~O0-C—(lower alkyl) .5 well as pentafluorophenyl.

The term “heterocyclo” refers to 3 to 7 membered
substituted or unsubstituted monocyclic saturated or
partially saturated rings having one or two O or S atoms
and or one to four N atoms provided that the total number

10  of heteroatoms in the ring is four or less, and the ring
contains at least one carbon atom. The nitrogen and
sulfur atoms may optionally be quaternized. The -
heterocyclo substituent or substituents are attached té;:
an available carbon or nitrogen atom and are one or thm

15 members selected from the group consisting of halo, keto,
hydroxy, cyano, lower alkyl, substituted lower alkyl,
cycloalkyl of 3 to 6 carbons, lower alkoxy,
trifluoromethyl, amino, -NH(lower alkyl),

-NH(cycloalkyl of 3 to 6 carbons), and -N(lower alkyl),,

20 or one substituent selected from the group consisting of
carboxy, -COz;-lower alkyl,

0 0
] i I
—C—NH; A —C-NH(lower alkyl)l —C—heteroaryl,

|
—C—NH (cycloalkyl of 3 to 6 carbons),

I I
—C—N(lower alky1)2, —C-—(lower alkyl},
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or a heteroaryl-fused pyrazole such as a pyrazol opyri di ne havi ng one or

two substituents selected fromthe group consi sting of hydrogen, | ower
al kyl , subst| ower al kyl, | ower al koxy, |ower alky ' err] 20
al koxy, [er r‘i’&%’?&b hal o, cyano, am no, - NH( | owner Lw’bgﬁm[‘mo
al kyl'),-NH(cycl oal kyl ), and -N(lower alkyl)[err] and/ or one substi tuent
sel ected fromthe group consisting of phenyl, benzyl, substituted
phenyl , substituted phenyl - CH2-, substituted. yl - CH2- CH2-,

[eqr] al kyl,

phenylethyl 25 henyloxy, phenyl t hi o, carbox
- 35- (1 ower alk

[ - N CH2- car boxy, [err]
al kyl, - [erranﬁH—KE@wérEﬁlkyl) Thér $£5dny1Subst |

d.tLijaggl e" refers to

an triazol e havi ng one substituent selected fromthe group consi sting
of | ower al kyl, substituted | ower alkyﬁ, | ower al koxy, |ower alkylthio,
[err] al koxy, 1 r OX Y+ NHataH,—Cya0ol owdd BokyI NH(l.ower al kyl), - 10
NH(cycIoaIkyI§ 63%%”%§N§?Xgﬁk 1) 2, phenyl benzyl ph?ﬁ “et hyl ,

substi t ut ed Man%ulﬁmil tu e‘éil????é"fﬁylasmll as sjghstringsefused rt]o
phenyl oxy, pheghddli Ging.

5 The term “heterocaryl” refers to 5 or 6 membered
substituted or unsubstituted monocyclic aromatic rings
having one or two O or S atoms and/or one to four N atoms
provided that the total number of heteroatoms in the ring
is four or less, the nitrogen and sulfur atoms may

10 optionally be oxidized, and the nitrogen atoms may
optionally be quaternized. The heterocaryl substituent or
substituents are attached to an available carbon atom and
are one or two members selected from the group consisting
of halo, hydroxy, cyano, lower alkyl, substituted lower.

15 alkyl, cycloalkyl of 3 to 6 carbons, lower alkoxy,
trifluocromethyl, amino, -NH({lower alkyl), ~-N(lower
alkyl)z, and -NH(cycloalkyl of 3 to 6 carbons), or one
substituent selected form the group consisting of
carboxry, -CO;-lower alkyl,

O
20 —g—NHz , -%—NH(lower alkyl),

i
—C—NH (cycloalkyl of 3 to 6 carbons),

Il ‘ It
—C—N(lower alkyl);,K —C-—{lower alkyl), ,p4

[
—0—C—(lower alkyl). The term “heteroaryl” also refers

25 to substituted or unsubstituted 9 or 10 membered bicyclic
rings wherein at least one of the rings is aromatic and

wherein at least one of the rings contains one or two O
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[err]

are the conpounds of fornula I

[err] alkyl, [err] and - (CH2) [err] More preferred

and 20 pharnmaceutically acceptable salts

t her eof having the foll owing definitions: Y is nitrogen.
WOO0BFEI?] are i ndependently sel ected fromthe gPELES®HE6100

is [err]

consisting of [err] hydrogen and chloro with the proviso

one of [err] or [err] is [err] - 36-

R3 is hyd el |
[erlr]s ig L;gr]ggsena. oms anhy"’[‘e%r?e]r rt|]°s%%§)8r%g[j%¢1°.r"l% provide

wer al -substitgted phenyl

i ndependent | Yol evmbgrf pEnhetrrcptoms in eirisstiing o8 by agen,
al kyl , substjdgsg ed | ower al kyl, [err] -cyclohexyl, [err] cycl ohexyl,

[err].-substituted phenyl [ 1 or
together with theéh§ &FS’?‘IP\ { SR I tede Gyt b antlac KedeEan

err] [err

het erocyd o twagulistdtauhssiselertedr fUoRULSS idreudconsistikpzd e.

IS zero or ay..l fr to.4. i ninteger froml to 4. 15
In the aboveforr%érlte%%%é’flér?&er aolkoxyl’héo‘f'%flaoqv)\ﬁyﬁ'&%l°' lé

10

15

20

25

red groups
- (CHz) n~hydroxy, cyano, amino, -NH{lower alkyl), and

-N{lower alkyl),, and/or one substituent selected from
the group consisting of carboxy, -CO;-lower alkyl, =N-OH,
=N-O-lower alkyl, 1,3-dioxolane, 1,3-dioxane,

I i
—C—NH, —C—NH(lower alkyl), znq

I
—C—N{lower alkyl),,

The term “substituted imidazole” refers to an
imidazole having one or two substituents selected from
the group consisting of lower alkyl, substituted lower

alkyl, lower alkoxy, halo, =-(CH;),~hydroxy, cyano, formyl,
trifluoromethyl, amino, -NH(lower alkyl), sy

-N(lower alkyl),;, and -NH(cycloalkyl of 3 to 6 carbons),
or one substituent selected from the group consisting of
—C—NH,

r

carboxy, -CO,~lower alkyl, NH
—C—NH{lower alkyl),

NH

—C—N(lower alkyl),,

NH —CO,~—phenyl,
—CO,—tsubstituted phenyl),

0
|

—C—NH;  —C—NH(lower alkyl),

-40-
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The term "l ower alkyl" refers to straight and branched chain groups of 1

to 4 carbons. The term "substituted | ower alkyl" refers to such 20
| ower al kyl g&o s.having a single substituent sel ected fromthe 9roup
consi sting o 91@?5 lerr] |ower al koxy, amino, -NH(I onerf<t3ppyer0
-NH(cycl oal kyl of 3 to 6 carbons), -N(lower alkyl)2, carboxy, [err]

al kyl , [err] The term "substituted phenyl" refers to a
phenyl ring having one, two or three substituents selected from t he
group consi sti rgjg of hal o, cyano, |ower alkyl, |ower al koxy, [err]

trifluoromethylj amno, -NH(lower 30 alkyl), -NH(cycloalkyl of 3 to 6
carbons), and—aN-Naueycloalkyr rdf andbéoé camdonshstituted sel ected fromthe
group -37 - [err]

I
~—C=—NH (substituted lower alkyl),

5
I
—C—NH—C—NH, |,
i
—C—N(lower alkyl),, NH
[4
I [
—C—NH—NH, , —C—NH—NH(lower alkyl),
i
10 —C—NH—N(lower alkyl),, —(CH;);—heterocyclo,
|
—C—NH—(CH,) ;s/—heterocyclo, —C—(CH,) ,—heterocyclo,
I i
—C—(CH,) ;—hetercaryl, —C—lower alkyil,
|
15 —O0—C—(lower alkyl), —CH=N—OH,
I
—CH=N—0-—lower alkyl, —C—NH—OH,
i
—C—NH—SO,~lower alkyl, ~——CH==N—NH,,
20 —CH=N—DNH—¢{lower alkyl), ~—CH=N-—N(lower alkyl),,
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5 (lower alkyl) as well as pentafl uorophenyl. The term
"heterocyclo" refers to 3 to 7 nenbered substituted or unsubstituted
nonocyclic saturated or partially saturated rings having one or two O or
S atons %67 8ne to four N atoms provided that the togﬁT“ﬁHWU@W 10 of
heteroatons in the ring is four or less, and the ring contains at |east
one carbon atom The nitrogen and sul fur atons nay optionally be
guat erni zed. The het erocycl o substituent or substituents are attached
to an avail abl § carbon or nitrogen atomand are one or two 15 nmenbers
sel ected frOﬁﬂnbeqmﬂmmr@walﬁhlng of hal o, keto, hydr oxy, cyano, | ower
al kyl, substituted | ower al ky cycl oal kyl of 3 to 6 carbons, |ower
al koxy, triflu§ronmethyl, am no, -NH(Iower alkyl), -NH(cycl oal kyl of 3
to 6 carbons),ci _JN@uggggt{gﬁggd ggwgg PNE1gubstituent sel ected fromthe
group consisting o - 38 -
[err]

Most preferred are the compounds of formula I and
5 pharmaceutically acceptable salts thereof having the
following definitions:

Y is nitrogen.

Z is -C(Rg)-.
10
R1 is -NH({lower alkyl), -N(lower alkyl)az,
~NH~ (CH;) —OH, =-NH-(CH;),-N(lower alkyl),, -NH-(CH3z)a.-
substituted phenyl, — NHT{CHp) ——C—NH,
' ___//Rzo
R0  ~NH-(CH,) m_<j_\ <
(X W
15 M, ) Ry, '

R R
/( 20 ' /_-—k( 20
~NH- (CH,) l_/n—R23 ~NH- (CH,) n—N\_LJQ ,

Rz , 21
5 Ry Rag
S X
~NH~ (CH,) m‘( /7 -NH-(CH,) & o
' _J/ ,
i |
Rn Rz
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=N-O-l ower al kyl, [err] alkyl, 1, 3- di oxol ane, and 1, 3-di oxane as wel |
as such rings fused to a phenyl ring. 5 The term "heteroaryl”
refers to 5 or 6 nenbered substituted or unsubstituted nonocyclic
aromatic rinyQ%5671%5ying one or two O or S atons and/ or onBCTASE0MGI0ON

at ons provi ded that the total nunmber of heteroatons in the ring i's
four or less, the nitrogen and sul fur atons nay 10 optionally be oxidized,
and the nitrogen atons nay optionally be quaternized. The heteroaryl
substituent or substituents are attached to an avail abl e carbon atom and
are one or two nenbers sel.ecjfggl fromthe group consisting of hal o,

hydr oxy, cyanq,_ %%W?L_§VK§P\ substituted |l ower 15 alkyl, cycloal kyl of 3
to 6 carbons, dMeF Al koxy, trifluoromethyl, am no, -NH(Iower alkyl),
-N( | ower al kyl) 2, adhn;_ (cycloal kyl of 3 to 6 carbons), or one
substituent selected for/mthe group consisting of carboxy, [err] alkyl,
[err] (1 oner alky$¢ The term "heteroaryl" also refers 25 to
substituted or unsubstituted 9 or 10 nenbered bicyclic ri ngs wherein at
| east one of the rings is aromatic and wherein at | east one of the
rings contains one or two O N==3/R20 - 39-

-NH- (CH,) m——&- j
~NH- (CH,) m_@,@_o@ ' '

’

Ry
5

—N 20

.
Ry
P R
20
"N\\\:j/// —N /1//
\ LJ\

Ra1 Ra1,

O
~NH- (CH,) 1 . Ryq

—I—' 0 _xm- (o) {
2'm
10 Ra \\\RZI'
Rog __Ty,Rzo
/ /\Rzo —N/ /b -—L "N—R,;
- ) \—_./ ’ r
N | |
Ry 21 Ry
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or S atons and/or one to four N atons provided that the total nunber of

heteroatons in either ring is four or | ess. The term )
"substituted cycl ohexyl"™ refers to one or 5 two substituents selected from
t he group cOM@iI&Sa7Hy of | ower al kyl, |ower al koxy, | owscTarsey/béibo o,

hal o, ket o, [err] cyano, am no, -NH(lower alkyl), and -N(| owner

[err] and/or one substituent selected from the group consisting of
carboxy, [err] alkyl, =NOH, 10 =N-Olower al kyl, 1, 3-dioxol ane,

1, 3-di oxane, [err] R The te/n?\”}subs'ti tuted i m dazol e" refers
to an i m dazol e havi g oge”0f° t wo—stllist | tjuents sel ected from 15 the
group consi stiNiy (6H,1 r kal, substit | ower al kyl , I ower al koxy,
hal o, [err] cyano, fdfﬁSLFJ

trifluoromne 1%/ am no, -NH(Iower alkyl),
-N(l ower alkyl) 2, and -NH(cydteabkyl of 3 Raw 6 carbons), or one
substituent selected from the group consisting of

-C-NH2 [err]
/ },/’
\—J\
Rz is —-NH-(CHz),- substituted phenyl, 1.
Rz
74
-NH (CH,) ,—N Q
(P et
Rz . 0/J or

H

N
- -NH (CH,) "‘—<\/\|th

R3 is hydrogen, ethyl, or -(CH:;),-substituted phenyl.
R; is hydrogen. '

Re¢ is hydrogen.

m is zero or an integer from 1 to 4.

10 n is an integer from 1 to 4.

Rzo and Rz; are independently selected from hydrogen,
lower alkyl, methoxy, chloro, -(CHz)m~hydroxy, cyano,
formyl, cyclopentyl, cyclohexyl, amino, -NH(lower alkyl),

15 and -N(lower alkyl);, or Rz is hydrogen and Ry is

selected from the group consisting of carboxy,

I

—CTNH; |, —C—NH(lower alkyl), =—C—N(lower alkyl),,
O
I

—C—1lower alkyl, —C—0O-lower alkyl,

20
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- 40-

10

15

[err]

WO 00/56719 PCT/US00/06100

—0—C-lower alkyl, tetrazolyl,

0
—NH—CH,~—C—0—lower alkyl , —NH—cyclopropyl ,

-..70

or Rz and R;; are attached to the same carbon and taken

together are selected from the group consisting of keto,
0—CH,

=N-OCHj;, =N-OH, and ©—CH

Q is O or N-Rp;3

Rp3; is hydrogen, lower alkyl, or — c—iower alkyl.
Rz is hydrogen, formyl, -CO,~lower alkyl,

0
|

—C—NH ——
substituted lower alkyl, 2 ,—C—NH(lower alkyl)

—C—N(lower alkyl), —(CH,);—heterocyclo ,

——CH==N-OH , —CH=N-O-lower alkyl,

|
—CH==N-N(lower alkyl),, —C—NH-subsituted lower alkyl,
0

—C—heterocyclo, —CO,—substituted phenyl,

—C-—NH-NH{lower alkyl),
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-41- [err] _ Most preferred are the conpounds of
formula | and 5 pharnaceutically acceptable salts thereof having the

foll ow ng definitions: Y is nitrogen. Zis -Clerr] - 10
[lerkr})l[s -i\lwqmmsrnsm kyl), -N(lower [err] -NH [err]-OH, 'I‘%l"t‘ﬁ“—”ﬂf‘?qomer
al kyl)[err

~—~C—NH—C—NH, ,
QH —C—NH- (CH,) ,-heteroccyclo,

—C—(lower alkyl) ,

—C—NH-cyclopropyl, NH
—C—NH-S0,-1lower alkyl, —C-—NH—OH,

—CH,~C—NH—OH, .

—CH,~C—NH—(substituted lower alkyl).

In the most preferred groups the following
10 definitions apply:

The term "“substituted phenyl" refers to one or two-
substituents selected from the group consisting of :
methoxy, chloro and fluoro as well as pentaflurophenyl.

The term "lower alkyl" refers to straight or

15 branched chain groups of 1 to 4 carbons.

The term "substituted lower alkyl" refers to such
lower alkyl groups as defined above having a substituent
selected from hydroxy, carboxy, amino, -NH(lower alkyl),

ﬁ
-N(lower alkyl)s, -CO;-lower alkyl, —C—Rh; .
20

l
—C—NH (lower alkyl), g5q ~—C—N(lower alkyl),.

The term heterccyclo refers to the following
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[err] - 42 -

WO 00/56719 PCT/US00/06100

CH,
__7 -—N NH ,
—N R N N-CH
NN “cH, /s

el
5 : ;o — o

H
. H (o] N
/N] —N
’
’ and 0

Rz¢ is hydrogen, amino, -NH-CO,-lower alkyl, -N(lower

10 alkyl),, -NH(lower alkyl), methoxymethyl, hydroxy,
—N
hydroxymethyl, or \¥——

Among the most preferred compounds of this invention
the following are of particular interest:
15
1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino)-3-
ethyl-3H-pyrazolo[4',3':5,6]pyrido(3,4-d]pyridazin-6-yl]-
N-methyl-lH-imidazole-4-carboxamide:;
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[err]

10

15

20

25

30

35

WO 00/56719 PCT/US00/06100

1-[{9-[[ (3-chloro-4-methoxyphenyl)methyl}amino]-3-
ethyl-3H-pyrazolo[4',3':5,6]pyrido[3,4-d]pyridazin-6-yl]-
N-methyl-lH-imidazole-4-carboxamide, methanesulfonate '
(1:1);

N’-[(3-chloro-4-methoxyphenyl)methyl]-3-ethyl-Né-(4-
pyridinylmethyl)-3H~-pyrazolo[4',3':5,6])pyrido[3, 4-

d]lpyridazine-6, 9-diamine;

1-[9-({[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H-pyrazolo[4',3':5,6]pyrido(3,4-d]lpyridazin-6-yl}-~

N-l1H-imidazole~-4-methanol;

1-[{9-[[ (3-chloro—-4-methoxyphenyl)methyl])amino]}-3-
ethyl~3H-pyrazolo[4',3':5,6)pyrido[3,4-d]pyridazin-6-yl]}-
N-l1H-imidazole-4- (N,N-dimethylethylene) carboxamide;

1—[9—[[(3—chloro—4-methoxyphenyl}methyl]amino]-3eay;

ethyl-3H-pyrazolo(4',3':5,6)pyrido[3,4-d]pyridazin-6-yX]-
N-1H-imidazole-4- (N-methylpiperidinyl) carboxamide;

1-[{9-[[ (3-chloro-4-methoxyphenyl)methyl]lamino}-3-
ethyl-3H-pyrazolo(4',3':5,6)pyrido[3,4-d]lpyridazin~6-yl]-
N-1H-imidazole-4-pyrrolidinyl carboxamide;

1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H-pyrazolo(4',3':5,6]pyrido(3,4-d]pyridazin-6-yl]-
1H-imidazole54—[R-l-amino—2—(methoxymethyl)-
pyrrolidinyllhydrazide; and

1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H-pyrazolo{4',3':5,6]pyrido(3,4-d])pyridazin-6-yl}~-
lH-imidazole-4-acetic acid; especially the first two

compounds listed above.
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- 43 - [err] [err] is hydrogen,
ethyl, or -(CH2) [err] phenyl. . [err] is hydrogen. [err] is
hydr ogen. (10({/%6%} S zero or an integer from1 to 4. 10 PCT/USO06T002 "

I nt eger frony
Utility
The compounds of this invention inhibit cGMP PDE,
and in particular are potent and selective inhibitors of
CcGMP PDE V. Thus, these compounds are useful in the
5 treatment of cGMP-associated conditions. A “cGMP-
associated condition”, as used herein, denotes a disorder
which can be treated by inhibiting cGMP PDE or elevafing
the level of cGMP in a subject, wherein treatment
comprises prevention, partial alleviation or cure of the
10 disorder. 1Inhibition of cGMP PDE or elevation of the
cGMP level may occur locally, for example, within certain
tissues of the subject, or more extensively throughout
the subject being treated for such a disorder. Treatment
may be facilitated wherein elevation of the cGMP level
15 potentiates additional beneficial therapeutic effects,
such as where elevation of the cGMP level potentiates the
effects of endothelium-derived relaxing factor. .
The compounds of this invention are useful for the
treatment of a variety of cardiovascular diseases
20 including, but not limited to, hypertension, angina
{stable, unstable, and variant), {(congestive) heart
failure, restenosis, atherosclerosis, and dyslipidemia,
as well as reduced blood vessel patency, thrombus, both
venous and arterial, myocardial infarction, peripheral
25 vascular disease, stroke, bronchitis, chronic asthma,
allergic asthma, allergic rhinitis, glaucoma, diseases
characterized by disorders of gut motility, diabetes
mellitus, benign prostate hyperplasia (BPH),and forms of
cancer responsive to the inhibition of cGMP PDE. In
30 addition, these compounds are useful in the treatment of
sexual dysfunction in both men (erectile dysfunction, for
example, due to diabetes mellitus, spinal cord injury,

radical prostatectomy, psychogenic etiology or any other
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[err] and [err] are independently selected from hydrogen, | ower al kyl,
nmet hoxy, chloro, -(CH2).-hydroxy, cyano, fornyl, cycl opentyl,

cycl ohexyl, _am -NH(l ower al kyl), 15 and -N(lower alkyl)[err]is hydrogen
and R20 is wo”@%?@@t ed fromthe group consisting of car box;f,k""“s 0/06100° | o]
20 -44- [err] and
5 or [err] eads¢keranjd arenet ttachegrovinbebiaod Lkswarp aiiek t aken t oget her

are sel ectedgbpppiNg, WO GONS),Stind9 8LpkE Cavernosum.

The present invention thus provides methods for
the treatment of cGMP-associated conditions, comprising .
5 the step of administering to a subject in need thereof aﬁ
least one compound of the formula I or a salt thereof in
an amount effective therefor. Other therapeutic agents~
such as those described below may be employed in
combination with the compounds of formula I in the
10 present methods. In the methods of the present invention,
such other therapeutic agent(s) may be administered prior
to, simultaneously with or following the administration
of the compound(s) of the present invention.
The present invention also provides pharmaceutical
15 compositions comprising at least one of the compounds of
the formula I or a salt thereof capable of treating a
cGMP-associated condition in an amount effective . )
therefor, and a pharmaceutically acceptable vehicle or .
diluent. The compositions of the present inventionﬂmgy
20 contain other therapeutic agents as described below;;épd
may be formulated, for example, by employing conventiénal
solid or liquid wvehicles or diluents, as well as
pharmaceutical additives of a type appropriate to the
mode of desired administration (for example, excipients,
25 ©binders, preservatives, stabilizers, flavors, etc.)
according to techniques such as those well known in the .
art of pharmaceutical formulation.
The compounds of formula I may be administered by
any suitable means, for example, orally, such as in the
30 form of tablets, capsules, granules or powders;
sublingually; bucally; parenterally, such as by
subcutaneous, intravenous, intramuscular or intrasternal
injection or infusion techniques (e.g., as sterile
injectable aqueous or non-agqueous solutions or

35 suspensions); nasally such as by inhalation spray:
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[err] R23 is hydrogen, lower alkyl, or [err]-lower alkyl. 10
R22 is hydrogen, fornyl, -CQO2-I|ower alkyl,
[err] - 45-

WO 00/56719 PC’I‘IUSOWOGI[O(?r ' ]
topically, such as in the form of a cream or ointment; or
rectally such as in the form of suppositories; in dosage
unit formulations cecntaining non-toxic, pharmaceuticélly
acceptable vehicles or diluents. These compounds may,

5 for example, be administered in a form suitable for
immediate release or extended release. Immediate release
or extended release may be achieved by the use of
suitable pharmaceutical compositions or, particularly in
the case of extended release, by the use of devices such

10 as subcutaneous implants or osmotic pumps. The present
compounds may also be administered liposomally.

Exemplary compositions for oral administration
include suspensions which may contain, for example,
microcrystalline cellulose for imparting bulk, alginic

16 acid or sodium alginate as a suspending agent,
methylcellulose as a viscosity enhancer, and sweeteners
or flavoring agents such as those known in the art; and
immediate release tablets which may contain, for example,
microcrystalline cellulose, dicalcium phosphate, starch,

20 magnesium stearate and/or lactose and/or other
excipients, binders, extenders, disintegrants, diluents
and lubricants such as those known in the art. The
compounds of formula I may also be delivered through the
oral cavity by sublingual and/or buccal administration.

25 Molded tablets, compressed tablets or freeze-dried
tablets are exemplary forms which may be used. Exemplary
compositions include those formulating the compound(s) of
this invention with fast dissolving diluents such as
mannitol, lactose, sucrose and/or cyclodextrins. Also

30 included in such formulations may be high molecular
weight excipients such as celluloses (Avicel®) or
polyethylene glycols (PEG). Such formulations may also
include an excipient to aid mucosal adhesion such as
hydroxypropyl cellulose (HPC), hydroxypropyl methyl

35 cellulose (HPMC), sodium carboxymethyl cellulose (SCMC),
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In the nost preferred groups the follow ng 10 definitions apply: The

term"substituted phenyl" refers to one or two substituents.sel ected
fromthe group consisting of met hoxy, chloro and fluoro as well as

pent af | uroph‘¥83‘)?’ 56719 The term"lower alkyl" refers to sEGHV$RO6I9P 15
branched chain groups of 1 to 4 carbons. The term "substituted | ower

al kyl " ref er sndleisuanhydrlideecopbkythe gr giips. ,aSateiriendd, abadeafant H9 a
FAPe] TSN o SELSGLECLARLE)8ho s SAARLATE B L OVET 52 1),
- 46- Carbopol 934®). Lubricants, glidants, flavors, coloring
agents and stabilizers may also be added for ease of
5 fabrication and use. P

Exemplary compositions for nasal aerosol or
inhalation administration include solutions in saline
which may contain, for example, benzyl alcohol or other
suitable preservatives, absorption promoters to enhance

10 bioavailability, and/or other solubilizing or dispersing
agents such as those known in the art.

Exemplary compositions for parenteral
administration include injectable solutions or
suspensions which may contain, for example, suitable

15 non-toxic, parenterally acceptable diluents or solvents,
such &s mannitol, 1,3-~butanediol, water, Ringer's
solution, an isotonic sodium chloride solution, or other
suitable dispersing or wetting and suspending agents, 3
including synthetic mono- or diglycerides, and fatty;;.

20 acids, including oleic acid. R %

Exemplary compositions for rectal administration
include suppositories which may contain, for example, a
suitable non-irritating excipients, such as cocoa butter,
synthetic glyceride esters or polyethylene glycols, which

25 are solid at ordinary temperatures, but liquefy and/or
dissolve in the rectal cavity to release the drug.

Exemplary compositions for topical administration
include a topical carrier such as Plastibase® (mineral
0il gelled with polyethylene).

30 The effective amount of a compound of the present
invention may be determined by one of ordinary skill in
the art, and includes exemplary dosage amounts for an
adult human of from about 0.05 to 100 mg/kg of body
weight of active compound per day, which may be

35 administered in a single dose or in the form of
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individual divided doses, such as from 1 to 4 times per
day. It will be understood that the -specific dose level
and frequency cf dosage for any particular subject méy be
varied and will depend upon a variety of factors
including the activity of the specific compound employed,
the metabolic stability and length of action of that
compound, the species, age, body weight, general health,
sex and diet of the subject, the mode and time of
administration, rate of excretion, drug combination, and
severity of the particular condition. Preferred subjects
for treatment include animals, most preferably mammalian
species such as humans, and domestic animals such as
dogs, cats, horses and the like, subject to cGMP-
associated conditions.

The compounds of the present invention may be
employed alone or in combination with each other and/or
other suitable therapeutic agents useful in the treatment
of cGMP-associated conditions such as other cGMP PDE
inhibitors, particularly other cGMP PDE V inhibitors,

‘modulators of the large-conductance calcium-activated

potassium (BK) channels, prostanoids, oa-adrenergic
agonists, endothelin antagonists, angiotensin II
(especially, subtype AT,) antagonists, angiotensin
converting enzyme (ACE} inhibitors, renin inhibitors, and
serotonin (5-HT,.) agonists.

Exemplary of such other therapeutic agents are the
following: phentolamine, yohimbine, papaverine,
apomorphine, sildenafil, pyrazolopyrimidinones as
described in U.S. Patent Nos. 5,272,147; 5,250,534;
5,426,107; and 5,346,901, guinazolinones as described in
U.S. Patent No. 5,482,941; AT, antagonists such as from
losartan, irbesartan, valsartan, and candesartan: ETa
antagonists such as bosentan, ABT-627, and those
described in U.S5. Patent No. 5,612,359 and U.S. Patent
Application Serial No. 60/035,832, filed January 30,
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Anong the nost preferred conpounds of this invention the follow ng are
of particular interest: 15 :
1-[9-[[(3-chl oro- 4- met hoxyphenyl ) net hyl ] am no) - 3-
et hyl - 3H pyr¥Q8V¥(¥ 3':5 6] pyri do[ 3, 4-dl pyri dazi n-6-yl]- FPCT/US00/06100
N-net hyl -1 H i mi dazol e- 4- car boxam de; -47 -
1-[9-[[(3-Ch|Iﬁ&ﬂ%LHnﬂ:WoﬁmpﬂbﬁybkﬁﬁkéwddﬁﬁﬁIi&gmﬁjnddazrquinazolines
et hyl - 3H pyrazol ol.édk a% /o R yridol 3, 4- d] pyri | N6 P
N- et hyl - | H i EET eg-%ﬁf-oga"?]ﬁgkafng‘a%?zérle $ Xt F B0 8)-“6%5'(?.01);
NO- [ (3-chl oD ORI lavdy [Wie AV 1 ABT By |imiBlagtopypiriN@negi{see WO
Py | di oyl et ) Jr o4 YT Sedledinddadol @s Ol WiPlsd/4u334)

pyridazi_ne- 6, 9-di_am ne; _1
1- [ 9- [ [ ( 39chIRFRALLAFHEO)FRERY (TRt PyF | BAtEST- Yo. 5,488,055),

et lhyl - 3Hapyr fliﬁilrﬁz%l,iﬁdnismaﬁ)iaégefﬁoéh dlPyw.isdapak=ftYhAbplication
N-1 Hi m dazol g-4- anal ; . oy
1-[9-[[(3-chlsgerr -ag?hg’rh?%f}ﬁgng?%ﬁ%‘iﬂ | Then y- 3998, pyridines as

et hyl - 3H pyr aie;ﬁcn{iﬁe,dB'inSUG]Spthtle:[lB,Kk;siﬂi@alﬂida_Z Serfall No.

N-|1 Hi m dazol AN, [ y r m de, o .
1-[9-[1(3-chl ﬁé@ﬁ%%&ﬁe%%’?ﬁ%ﬁ%ﬁﬁno -'395.'9}‘:‘“9611‘: acid

et hyl - 318y r sdestiofarives: SseppyPi 8B BW D) pifrisedz hetérptycles (see WO

98/07430) and thienopyrimidines (see DE 19632423); and 5-
HT;c agonists selected from indoles (see J. Med. Chenm.,
40, 2762-2769 (1997), EP 655440 and EP 657426), and
modulators of the large-conductance calcium-activated
15 potassium (BK) channels as described in U.S. Patent Nos.
5,565,483 and 5,602,169, and in WO 98/04135 and
W098/23273.
The above other therapeutic agents, when employed
in combination with the compounds of the present S,
20 invention, may be used, for example, in those amounts.
indicated in the Physicians' Desk Reference (PDR) or as
otherwise determined by one of ordinary skill in the art.
The following assay can be employed in ascer-
taining the degree of activity of a compound as a cGMP
25 PDE inhibitor. Compounds described in the following
Examples have been tested in this assay, and have shown

activity.

PDE Scintillation Proximity Assay Protocol

30 Sonicated human platelet homogenates are prepared by
the method of Seiler, et al. (Seiler, S., Gillespie, E.,
Arnold, A.J., Brassard, C.L., Meanwell, N.A. and Fleming,
J.S., “Imidazoquinoline derivatives: potent inhibitors of

platelet cAMP phosphodiesterase which elevate cBAMP levels
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N-| Hi m dazol e- 4- (N- net hyl pi peri di nyl ) car boxam de;

1-19-[[ (3-chl or o- 4- net hoxyphenyl ) net hyl ] am no] - 3-

et hyl - 3H—pyr 3':5, 6Epyrido[ 3, 4-d] pyri dazin-6-yl]- 25

N- | H i ni dazol 85?9%ylr’r ol i di nyl ~car boxani de; PCT/US00/06100
1-[9-11(3-chl oro- 4- met hoxyphenyl ) net hyl ] am no] - 3-

et hyl - 3H pyr azoldop4tigars, E?p?eidokBHMS@Lbymﬂd&zﬂntsy?IFhrombosls

1

H d I 2 h iyl )espe3 I h d d d
L decole; slfipham g a I proge 1 e s dh! Lvigg oo

et hyl - 3H pyr apdiadpdets, : 5n6] 99@%'(:8 éld]%m%&maﬁeéyyﬁp% of the cGMP
1H i m dazol e- 4nRcehive i8Chdti $5PFCLR! die trnﬁnofdern%tcegm RRefORROLLLS, ) | St ed

above.
Uility ©° PDE VrgancBapsasalved £¥Rm qtrhﬁerntPDgnaFﬁmne@m iDE, and

in particul ar rm@gRakERE B9daﬁEbECé:kcyﬁhﬂcjﬂ1|deToﬁ\lé$.o@f:aphy 6P FL V. Thus,
t hese conpounds inthe 5t soci at ed

e _usef ul reat nent o S
condi ti ons. 8%@?“ ilquéﬁsﬁ%F%T%ﬁP?ﬁﬁéh¥|§¥?te gsggég HEtRF @ MRt es a
di sorder mhamﬁonaaxbbahgeateﬂhmw (FHEdmadiag eCPe@Dikivh &£| Buadd g

t he | evel of %QQP PP o?“?b ﬁ%,_m@gﬁghp&&{ &gat nent _conprises prevention,
0

parti al aIIeV|at|on or cure sorder. Inhibition of cGW PDE or
el evati on18f the ThecphPsphodiertgrane rctivddlyl §s fosapgdnpsing va t hin

certain t Ic%m«a%c%ﬁpeawmssie ﬁogg}fcﬂdl%%%bge'[mltétmlghout the
subj ect being treated fof such di sorder. Treatnent be facilitated

wherein el evatslc(-}ﬁtéﬂllaﬁéoﬁd?@*éﬂ}ﬁy 16 PRosseyakas éﬁ’ﬂ?ﬁ’éﬁ&l betes i ci al

t her apeutic einfae.@tfacturersgcbra'ao&dmeries e M dhvie@n eﬁfalwﬁtﬁﬁ\@x&@ﬁ@l
potenti ates th of endothellu derlvE reIaX|€g?factor
e

The conpounds © ttﬁP? Fﬁ@%ﬁ%?%ﬁ At (RHRY PEE PheToO™ LPRBRIATHTSF a
vari ety ofldcamrgidodastuhanradtseasesv® cGMMdlsudinedpdidt inothéi nited to,

hypertenSIOH,S%gg AQion of sSPA beads to prevent the synthesis of any
additional radioactive products.
All documents cited in the present specification
are incorporated herein by reference in their entirety.
20 The following Examples illustrate embodiments of
the present invention, and are not intended to limit the

scope of the claims.
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(stabl e, unstable, and variant), (congestive) heart failure,
restenosis, atherosclerosis, and dysli pi dem a, as well as reduced bl ood
vessel patency, thronmbus, both venous and arterial, nyocardi al
infarction, WMWY al 25 vascul ar disease, stroke, broncHiGHES00QHK0YN ¢
ast hmma, allergic asthma, allergic rhinitis, glaucoma, diseases

char act eri zedabrehrisoriceyss of gut notility, diabetes mel litus, benign
prostate hyperplasia (BPH),and forns of cancer responsive to the
inhibition of cGWw PDE. In 30 addition, these conpounds are useful in the
treat nent of sexual dysfunction in both nen (erecrile dysfunction, for
exanpl e, due BMF ¢t abietegdhvidlorimengdespi nal cord i njury, radi cal .
prostatectony, psychogenic etiology or any other .

- 49- DMSO " diet igd$uhdAERdBY i nproving bl ood flow to the
genitalia, elsgeci ally, the corpus cavernosum The present

i nvent i on % hust p’rcﬁﬁ%’\@s nmet hods for the treatnment of cGW-associ ated
condi ti ons, cls)gq“?({ei_si ng.5 the ste mnistering to a subject in need

p,of a

t her eof at dsth pf&ﬁﬁ&ﬁﬁdlbﬁuf%ecqlﬁ?’?ﬁﬁ% PS¥ a salt thereof in
an amount eff | ve therefar. her _t her utic.agents such as: those
descri bed belf(;@vgénai/ e err?ﬁ%(%'f/% nnass Sc%lergﬁrnoé'ﬁto with the conpounds of
formula | in §he LefRfesent met hods. In the nmethods of the present
i nvention, such ot'her therapeutic agent(s) may be adm ni stered prior
to, simultangpusk Y= Wddhadoif 0l | oW ng the adm ni stration of the
conpound(s) of the present invention. The present invention al so
provi des foharfmceuid Balngl poim@nposi tions conprising at |east one of the
conpounds of the formula | or a salt thereof capable of treating a
cGVP- associ at e comBtirahydrmo faraanount ef fective t herefor, and a
phar maceutical |y acceptabl e vehicle or di luent. The conpositions of the
present inventlorr mehdireayegnchicpmatberaphter apeuti ¢ agents as descri bed
bel ow, and may be fornul ated, for exanple, by enpl oying conventi onal
solid or |iquF TerRt demper@tpyents, as wel |l "as phar maceut i cal
additives of a type aPpropriate to the

h ="hour(s)

-

16 . H0 = water
EtOH = ethanol
H3PO, = phosphoric acid
NaOH = sodium hydroxide
EtOAc = ethyl acetate
20 <
>

less than

greater than

EDAC * HCl = ethyl-3-(dimethylamino)propyl carbodiimide,
hydrochloride salt

HOBT = hydroxybenztriazole

25 KxCO3; = potassium carbonate
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node of desired adm nistration (for exanple, excipients, 25 binders,
preservatives, stabilizers, flavors, etc.) according to techni ques such

as those we in the art of pharmaceutical fornul
The comoun&ow&%r mula | may be adm ni stered by any slﬁél;llt/g%f"gﬂﬂ%ans,
for exanple, orally, such as in the 30 formof tablets, capsules, granules
or powders; subl i ngurepazptigh| of Staxting Miterialsh as by
subcut aneous, intravenous, intranuscular or intrasternal i njection or
i nfusion techniques (e.g., as sterPkgeparatioep et abl e aqueous or- non- aqueous
solutions or 35 suspensions); nasally such as by inhalation spray;
- 50 - (1-Ethylrpigﬁa&ﬂlr\]@g@amﬁma{me%hymemlﬁmq; ddrettwlo e sgienrt ment ;
or rectally such as in the form of suppogb%gries; i n dosage uni t

e

f ormul ati ons cont ai ni ng non-toxic,épﬁg;_ Iy accept abl e vehicl es
or diluents. These conpounds may, S5%§ %?%5%@
o} exten

be adm nistered in a form
suitable for i mredi ate rel ease X rel ease. I medi ate rel ease
or extended rel ease may be achi eW88 by the use of sui tabl e
pharnaceuhical conpositions or, particularly in t he case_of extended
rel ease, By the ufen§PtdE8Q1eEioR h ITPMipe-dasthviresazortrplaht or osnotic
purrpsl. The [reas enlol ) a?aoamewlagisd@ﬁyo@mx@ae@dmambahfégdm90§pmalIy.
Exenpl ary co sitiqns far, or adm nj stg.ati on i .ude _suspensi ons

whi ch may co |WW°35rw8§aﬂ§P§?d at {2irégﬁ%§iélPrneegéFIUFggﬁg?gr

i nparti ng bulvas alsgidnidd rébtlacwiltioouts otlintthead gpurdatfécasiansuspendi ng agent,
nmet hyl cel | ul a . VYIS j e (g eRens oQr flavoring
agents such g§§¥§55et&%o&£89%¥%hgggp%sc§ﬁ§H91%%?%%ezggt%GPelgaéé' ablets
whi ch mayOcommitig) tter agkanrpl ehe titls gammopsdallsi Aeléanidl wbachdi cal cium
phosphat e, stgyiGhii f2@MREBNESEYRAN SERAT 18 ARUNPounACHESE PRULORCPLPES

exci pients, binders, extenders, disintegrants, diluents and [ ubricants
such as thoséHKiGin™Pn>Pradart: The conpounds of formula I nay al so be
del i vered through the oral cavekgpayasidi ingual and/or buccal

adm nistration. 25 Mol ded tablets, conpressed tablets or freeze-dried
tabl ets are ekeBig -y -fhordre xwhil 8hpres z ko (34D Ibyerigliaer S-carboxyddict i ons

i ncl ude those formnul ating the conmpound(s) of
15 acid, ethyl ester

N

(1-Ethylpyrazol-5-ylamino)methylenemalonate diethyl

Hj

ester (180 mmol from previous reaction) was dissolved in
diphenyl ether (200 mL), and the resulting solution was

20 placed in a preheated oil bath at 255°C. The reaction
solution was heated for 5 h, and then the diphenyl ether
was removed via distillation. The resulting brown
reaction mixture was cooled to room temperature and
poured into hexane (1lL). This solution was cooled to

25 -78°C, and the resulting precipitate was filtered to
afforded the title compound as a beige colored needle

shaped solid that was >%0% pure by HPLC and was used
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this invention with fast dissolving diluents such as manni tol, | actose,
sucrose and/or cyclodextrins. Also 30 included in such fornulations may be
hi gh nolecukﬁg u6€79weight exci pients such as cellul oses (Avicel) or

pol yet hyl end §f%¥&’s (PEG) . Such formul ations may al so PCYEiSaYes1of,
exci pient to aid nucosal adhesion such as hydr oxypr opyl cell ul ose
(HPC), hydr o¢peesyly fébhgt 88% f£eif |3sws)HPMVE) posbiidmrwasr boxynet hyl
cel lul ose (SeMekystallized using ethanol-H,0 to affésrdPh white solid:
mal ei ¢ anhydri de ql Gantrez and agents to control

cgp yner ge. )

rel ease suchmﬁssa6 ?agfypﬁ% c&%ﬁﬁbwﬁ%s(@ﬂ }; Car bopol 934). Lubricants,
glidants, flavors, coloring agents and stabilizers may al so be added
for ease of 5 fabrication and use. Exenpl ary conpositions for
nasal aer®sol or i nhal ati on adhrepstataidror® i ncl ude solutions in saline
whi ch may contain, for exanple, benzyl alcohol or other sui tabl e
preservati vesi-@hiorptl ooty briit-awsrarzoleiRaAck] gor ixdicwmdidciboxil i cand/ or
ot her solubilizing or dispersing agents such as those known in the art.
Exenpl ary conpositions for parengaeidi ethylag@giteirstrati on include injectable
sol utions or suspensi ons which may contain, for exanple, suitable 15
non-toxic, parenterally acceptable dilue r sol vents, such as
mannitol, 1,3-butanediol, water, Rin ' ogpl ution, an isotonic sodi um

chl oride solution, or other suit spersing or wetting and
suspendi ng agents, i ncludi ng syntMfet Nc nmono- or diglycerides, and
fatty, 20 acids, including oIeidh§C|d. Exenpl ary conpositions
for rectal adm nistration i ncl ude suppositories which may contain, for

exanpl e, a sutt EbRElndmydrotynifipyeacrppéit 4T kRt dnetcoa butter,
synt het i t0 gl yaebbsgleat etsd pretfiofly eistdrenesghyces s mkd0h w2 are solid at

ordinary tenperatures, .but. liquefy and/or, . . di lve in the rectal cavity
to rel ease {Tﬁésa‘?&g?a +n ph°°&°%§seﬁﬁﬁy§?9°56ﬂﬁo§f$§dﬁ@¢cﬁn dhi%al

admi ni strati grsultingckattet Ton ofE s dleatadr her refiblx afoPladt. bade (i neral

oi I gelled wth pakygt ?M&%rus‘?‘%xychloridzhﬁagfI‘&%\!’é’da Apunt of .a

conpound of the presén )
evaporation under reduced pressure. The residual light-

15 brown solid was recrystallized from EtOH-hexane to afford
the title compound as a white solid (14 g, 55.3 mmolj~
87%): HPLC (YMC S5 ODS 4.6x50 mm column, 4 minute
gradient- 0% B to 100% B, 4 mL/min flow, sclvent A: 10%
MeOH-90% H20-0.2% H3PO4, solvent B: 90% MeOH-10% H,0-0.2%

20 H3PO,;) retention time 3.84 minutes showed a purity of 96%;
LRMS (m/z) 254 (MHY). '
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invention may be determ ned by one of ordinary skill in the art, and

i ncl udes exenpl ary dosage anmounts for an adult human of from about 0.05
to 100 ny/ kowefooséney wei ght of active conpound per day, be 35
adm nistered in a single dose or in the form of Péﬂbg&mﬂﬂ%

- 52 - i ndi vi dual di vi ded doses such as from1 to 4 times per
day. It will be understood that th se | evel and frequency
of dosage for ar varled and mnll depend upon
a variety of fac G Ricimare , 2 22 2%

enpl oyed, the netabolic stabuhb&y %Qg &eggEE of actlon of that
conpound, the species, age, body al th, sex and di et
of the subject, the node and tine of nbnlstration, rate of excretion,
drug conbi nation, and 10 severity of thelpajlticular condition. Preferred
subj ects for treatnent include ag¥ mdeEt preferably nmanmmal i an
speci es such as humans, and donestic f S such as dogs, cats, horses
and the like, subject to cGWw- H@séoci ated conditions. 15 The
conpounds of the present |nvent|on may be enployed alone or in

conmbi natign with epfimg{ﬁgyﬁg@/log ylamPhdte &1hsk gpggte ﬁyggent S

useful in the treatment GhP—aSSOC|ate co 1tions su t her

cGWP PDE ¢34 Di L 9pat412| éu{“ﬁPH/ ﬁﬁ&lW%EWHWPbPFGSS 20
modul at or s of oxeh 1 igR: ¢BOUKLS ANCEL Ll Wlwkiaet w48t Reated a90£@§faym (BK)

channel s rosta dre S endot hel I n
ant agoni stg Pigd[ g}]sqe#e F] gfé?ﬁ‘ﬁ Vot s‘%’g{%’fdéieA’fF‘ér FF5“°:’iﬁ?agon| sts,

angi ot ensi n Vla(nxannnauMQnennﬁae tédﬁﬁedrﬁndxﬂur@& mhhlmesnhtbhgors and
25 ser otgni ol ud Al Ardle) va40RLShPed. v with BeoR a%ipgaf o bxBien ghher

therapeutic agents ‘are m n Freted
papaverine, Withgwomsriane, @ppd@hamli) pylﬂwz@lomby-nlem dlrganes as

d bed 14 2 2 d
i e | Shchan s nddinialy S DtheptlectiBalbly o

AT[err] antagddiff SttiuAPRSURAoAs an obkathigh forpedaddght gapsartan, and
candesart an; risldlle shaipledigetiystalsuahomssthefAMNPAL éBEmﬁEZmpéBQtﬁbése

15 (5.4 g, 21.3 mmol, 50% yield). This material is
“identical to the one obtained in Preparation 3 ('H NMR,
3¢, Ms, and HPLC).

Preparation 5

20 (3-Chloro-4-methoxyphenyl)methylamine, hydrogen chloride

c
D/\NHZ-HCI
Mex,

Method A. (4-Methoxyphenyl)methylamine (75.0 g, 0.55
mol) was dissolved in diethyl ether (400 mL). Hydrogen
chloride (4.0 M in dioxane, 1.1 mol ) was added dropwise

25 with vigorous stirring. After the addition was
completed, the resulting hydrochloride salt was filtered
and washed thoroughly with diethyl ether. The salt was
air dried over night (95.0 g, 100%).
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described in U S. Patent No. 5,612,359 and U S. Patent 35 Application
Serial No. 60/035,832, filed January 30,

- 53- wo 0o/56719L997; PDE V inhibitors selected fromim %@g l.nazol i nes
(see WD 98/08848), carbazoles (see WO 97/03675, WO . 97/d I g}R?l%?on "o
95/19978), i m daz rinones (see WO 97/ 19947), benzi m dazol es (see
97/24334), 5 py%ﬁg&réaﬁl ﬂ%%l‘ﬁ%% Rukhled dnte,0darird. acenss, a5y |

qui nazol | nond408s mies @i thestinrihg. uitatlentheAppllozahi0BontenSessh aéhé\b

: ¥ I bed Pat ent
aopl 1 cation SSECAF A8 raBRlsafiA I EY ThecorsBTREL 9REGREGRE e hr ani 11 ¢
acid 10 derdFetigedcidee WO 357 118093791101 fh%:et@mhétlesbeyéi-es (see WO
98/ 07430) 5anghelhibg ex&ymﬂm@sh}(&&f‘gé?ﬁ&&@%%%3)(32616%5 0. Jza]éggf err]

agoni sts selected from.indol es_ ('see J. 769
(%997) EP 65’9&46“éﬁanﬁedasfm%aclaalnoﬁcetl%&&ﬂat(ép9 'em t\math

| ar ge- CondUCt\ra@@QoQ§| ét!ﬂﬁtﬂﬁél vaméi c@ﬁoﬂ@ka%%uu&hGBKnC@aémedﬁz as
descri bed in U Pat 5, 483 , 602,169, and in WO

© U 3§
98/ 04135 and*=S 2§58, gﬁ%?“élse rapidly oV bB‘?/B BEhEPORher apeuti.c agents,
when enpl oyedemperatucenbi Tia¢ i meswilitimg hmapempdmndeaef stherdd esant 20

vent] O, MHkoRRel> 9. ml A1 SXAP b 038, BIBKILS cpeoudidlicated [ the

Physi ci ans' Desk Ref &r ence erwse %y one of
ordi nary ski FeaciipResaiution to removeTlghlpglinewand Bekajusing ke Garml oyed

in ascer-  nabfli B8g) { herdeaaa: Qf ARGl wafsye%parsega? Sﬁ

PDE i nhi bitor. Conpounds described in the follow ng ave been
tested in thP§e§§§£§ tand HAQ s Htgdme - 3‘é’t WPFyWhlte SIUJPDE SC| ntillation

Proximty Asaaystl?wt eeRbr 8800 mL) wWaiaGwieay Buaaﬂhelﬁéﬁhﬂl rgaqraﬁt es are
oSBT g KRELEELASY B S o Bheulihetiy S s L S B
"I m dazoqui neICBHGCdecidafol/.‘e@ﬂeq)diyerwue rlddbitionsoff 50 mL d1ethyl
ether and then filtered again. This process was repeated
twice. The white solid was then transferred to a 1 L
Erhlenmeyer flask and suspended in THF (400 mL). This
20 ‘'suspension was heated at reflux for 10 min before i:
filtration. The undissolved solid was then filtered, and
twice resuspended in boiling THF (100 mL) with filtration
to afford the title compound (27.0 g, 71%) as a white
solid. This material contained <2% starting material and
25 <2% dichlorinated material. '

Method B. In a 5 L three~necked round-bottomed
flask equipped with a mechanical stirrer, thermometer,
dropping funnel and argon inlet was placed 4- ]

30 methoxybenzylamine (105.5 g, 0.770 mol), and then acetic
acid (1000 mL) was added under argon atmosphere with ice
cooling to keep the temperature at around 20 °C.

Sulfuryl chloride (92.7 mL, 1.16 mol) was then added over

20 min with vigorous stirring while the temperature was
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pl atel et cAMP phosphodi est erase which el evate cAMP | evel s

-54 - and activate protein kinase in platelets,” Thronbosis
Resear ch, 6Zyognsede (1991)). PDE V is abundant in human rdadoBhéilbs. and
accounts for approxi mately 90% of the cGW hydrol ytic activity in the

honbgenates. Wien necessary,,.. 5 PDE can be resolved from ot her PDE
activities ifatREaine h]Bﬁﬁ%%r%d e< by T |8ﬁ°35’(8ﬁa]ﬂ%1éhc‘ﬁ?% YYr aphy on a
fast protemsvedqand che oredwgriaghynisysatrem($FRLOY) usa sigstal Mm-at Q
o O AeeC hen A et B FORELREL 2 o] Lt LD bh IRk cure AT VL O 10

mv - 450 nM hosphodi esterase activity i s assayed using
a commer diidbkgdavith aphi etphbsiwd d358Pame) [ podr$H e at room

scintillagi Ogeﬁbaﬂghw £SPA) rssahidestAFehshamlte TB8ystal BRIl acturer' s
protocol Is followed expli CI%JP% except . that the reactions are carried
out at room E&kpdr Hadr eckbec by A idRtdanoaeshed VP i REBeEI uded in the

Sugpensitpn 0f(18g6 {agwsclipe@rﬂvemﬁd‘ﬁg oAt h?sPs)?f%ﬁnys ?1 taditdepal
radi oactive products. 0 nts ed in the present
speci fi cati offhe tigle FATBPWRY afge:gﬁnegr'eﬁw{gyl?é%r%ﬁc% Y}ﬁl’f%g‘?‘%”éﬂ‘t irety.

20 _ TheLtokhowkags Exanptes ¥ |dfislesdiredepboducents. ®f$ of the present
I nventi 01110 ag%a%rtgngo}na{:g}:fgfjegjné Cblj 2! toft ﬁqschlolgftqé)@egf the clainms.
benzylamine.

Preparation 6

4-Cyano-l-ethyl-1H-pyrazolo[3,4-blpyridine-5-carboxylic

15 acid, ethyl ester
N O
7 OEt
A7
Hyo—

To a solution of 4-chloro-l-ethyl-1H-pyrazolo[3,4-
blpyridine-5-carboxylic acid, ethyl ester (10.0 g, 39.5
mmol) in DMF (50 mlL) and ethanol (10 mL) was added either

20 sodium cyanide (3.9 g, 80.0 mmol) or tetrabutylammonium
cyanide (11.8 g, 1.1 eq) or tetrabutylammonium chloride
(14.7 g, 1.0 eq) and sodium cyanide (2.4 g, 1.2 eq)
together. This solution or suspension was warmed up to
60 °C until reaction was completed as judged by TLC. The

25 reaction mixture was then diluted with water (200 mL) and
stirred gently at rt for 10 min. A large amount of
precipitate formed. The solid was filtered and rinsed
thoroughly with water to afford the title compound as an
off-white solid after drying: 40-80% yield. This
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Abbr evi ati ons DMVF = di net hyl f or mam de

di net hyl sul foxide 5 Et = ethyl HPLC = hi gh pressure |iquid

chromat ogr a
met hyl

5

10

15

20

25

%&045671 LRVE = | ow resol ution nmass spectronetry

DMSO =

‘et hanol 10 np = melting poi nt -|-|_f_<.‘uusowosloo
t et rahydr of ur an tlc = thin | ayer chronmatography rt = room
terrperature matepial mas PYP? pPBreHR9 Fuggrdeby HPLE! @Hd=waethasel

phosphori ¢ dgidkely WREdwE $adkhst YeEoKdRion. E1OAC = ethyl acet

Preparation 7

1-Ethyl-1H-pyrazolo(3,4-b]pyridine-4,5-dicarboxylic acid

O,H
Cc
4 I OzH
A
H30—"/

4-Cyano~l-~ethyl-1H-pyrazolo{3,4-b]pyridine-5-
carboxylic acid, ethyl ester (2.0 g, 8.2 mmol) was
suspended in ethanol (20 mL), and an aqueous solution of
NaOH (6 N, 3 eq) was added. The reaction mixture was
heated at reflux for 2 h and then diluted with water (100
mL). This aqueous solution was extracted with diethyl
ether (50 mL x 2) and the organic extracts were
discarded. The aqueous layer was then acidified with
phosphoric acid and extracted with EtOAc (50 mL x 3)..

‘The extracts were concentrated via evaporation under_ﬁ

reduced pressure to afford the title compound (>90%

.purity, 50-90% yield). This material was used dlrectly;

without further pufification.

Preparation 8

9-Amino-3-ethyl-3H-pyrazolo[4',3':5,6)pyrido([3, 4-

dlpyridazin-6(7H) ~one

To a suspension of 4-cyano-l-ethyl-1H-pyrazolo[3,4-
blpyridine-5-carboxylic acid, ethyl ester (10.0 g, 40.1

-62-
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20 < = less than > = greater than EDAC . HO =

et hyl - 3- (di net hyl am no) propyl carbodii m de, hydr ochl ori de
sal t HOBl op0/Me44$ OXybenztriazole 25 [err] = potassiumc }

- 56- Pr epar ation of St arting Mat erlﬁé? Sobidk100

Preparation 1 (1-Et yl am nqQ t hyl enenmal onat e di et hyl
ester [err] ™mol)gin ethg")ﬁ% Os&lﬁt adely 6?& PgREons pdRpzaRsl e (20. 0
g, 180 mmpb)eand drieidydusddrmdipne whgl eheﬁahem'eéde 4¥B®B g, unti1l98 nmol)

was heated at I . i eri used d| rect |y
wi t hout furt he%g&ﬁ%l | c;%é]glnéﬁl‘\&s mn%ee éd, ?%’13 pre \cl}@%n M7 fdgved | | ed
at 154-160 [eto]CDQD Yo 16 randHPiludedf woclH wakeri (2@50 cupourheas a l'i quid

ohich 80 kdkhi 9?% s6{{@1hd M 11tkkbd SREPAYSAA SO AR hISOIRR

sol i d: aration
| - Et hyI hydWéR?rI Pobi} atie of B rafepyRsdraeosleas box'l;he solid was

dried under vacuum to afford the title compound as a
yellow solid (5.5 g, 60%). This material was >90% pure
as judged by HPLC and was used directly.

10

Preparation S

3-Ethyl-7,8-dihydro-3H~pyrazolo[4',3':5,6])pyridol3, 4~

dlpyridazine-6, 9-dione

NI

wo! "

15 To a suspension of 9-amino-3-ethyl-3H-
pyrazolo[4',3':5,6]pyridol3,4-d]lpyridazin-6{7H)-one (5.0
g, 21.7 mmol) and sodium nitrite (15.0 g, 10 eq) in water
(200 mL) was added concentrated sulfuric acid until Ehe
pH was < 2. The suspension was stirred vigorously and

20 some nitric oxide - nitrogen dioxide was evolved. This
suspension was then placed on a hot plate and heated to
boiling. The pH of the reaction was maintained at pH < 2
with the addition of sulfuric acid as necessary. When
the reaction was judged complete by HPLC, the resulting

25 reaction mixture was cooled to rt. The precipitated
white solid was collected by filtration, washed with
water thoroughly and dried under wvacuum to afford the
title compound as an off white solid (4.6 g, 92%, purity
>95% as judged by HPLC).
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15 acid, ethyl ester _
H err] (I - Et hyl pyrazol - 5-yl am no) net hyl enemal onat e di-et hyl

ester (180 e ookéqen previ ous reaction) was dissolved in | ether
(200 nL), and the resulting solution was 20 placed in a prlé'ﬁij ?@ﬁgfvﬁ”l bat h

at 255[err]C. The reaction solution was heated for 5 h, and then the
di phenyl et her Anyad tegpayéue v hat pd 1G9y lst iign usTHeby estatt fmyg by ouim

reaction ni xtlHexhyas 16elyedzblo | DO BIPEIdlnd-a , analcarbaﬁyifé 10i 9 hexane
(IL). This SQA ut

C, and the resulting
precipitate IT‘%atcé‘ Sﬂgggdgss°g‘f?‘gr’déc?r{r1¥éir"]l°“ﬂ SHE o bR NEPAG® %\Cbel ge
col ored needl(el 2 eqgdhapoBTsOLI 2 ednt amb tx3@%hpuemiby kKPLE &gy, Was, usec
-57 - I 2 60% |on vvas
recrystal I [ z§$153|sﬁghg?%§n§?g Hg(ag? %ﬁ%&r}rgu% \A}fg?%i%? g? 6
85-86[ err] C, IMRVEeEwlIEing360l Wi @n r{9ds stirrgd at rt for 5 h and the'l

Preparatlon:ﬁlluted with water. The pre 1p1tated oli was collected

4-Chl oro-1-e I-1H-p razol o[ 3,4 bgpyrl -car boxylic

acid, ethyl Atfon to affor the t1t1e compound as a white
SOlld

10

Preparation 10

6,9-Dichloro-3-ethyl-3H-pyrazolo[4',3':5,6])pyrido(3, 4~

dlpyridazine

Ch N

7N
|
/l\ cl

N 2
ot "

16 3-Ethyl-7,8-dihydro-3H-pyrazolo[4',3':5, 6] pyrido-
(3,4-d]pyridazine-6,9-dione (5.0 g, 21.6 mmol) was
suspended in phosphorus oxychloride (30 mL), and the
resulting mixture was heated at reflux for 3 h. The
excess phosphorus oxychloride was removed via evaporation

20 under reduced pressure. The brown residue was dissolved
in EtOAc (100 mL), and the resulting mixture was poured
onto ice (100 g) with stirring. The organic layer was
separated and washed thoroughly with water (100 mL x 3).
The organic layer was then dried over sodium sulfate, and

25 the solvent was removed via evaporation under reduced
pressure to afford the title compound as a pale white
solid (5.5 g, 95% yield with a purity >90% as judged by
HPLC) .

The above compound was also prepared by the

30 following procedure.



| - Et hyl - 4- hydr oxy- | H pyrazol o[ 3, 4-b] pyridi ne-5- 10 carboxylic acid, ethyl
ester (15 g, 63.8 mmol) was di ssol ved i n phosphorus oxychl oride (100

m.), and thegyggeseh@sul ting solution was heated at refl ux foscrdusbondiss
remai ni ng phosphorus oxychl ori de was renoved vi a evapor ati on under

reduced pressure. The residual .1ight 15 . brown solid was rec allized
from Et OH hexane 8 3fF§P5“y °ft%e“??%féhg%ﬁﬁﬁgﬁ °a§HanﬁFF85§§%id (14 g,
55.3 mmol , -' 3" :53BYpyrERbC3 ¢ ¥MT) 9br BB ihe666 0 -aopel URA, g4 0lL08Te

i - 0 0 ; . 0
P20- 0. 296 [ or Fe Mo bort b e ohe %@éﬁ%ﬁﬂ%‘ﬂ?%&liﬁ?‘%ﬂ*g%%ﬂ*%%%/‘% e
3. 84 ninut es WiespddrasperyeRloridewyl7. 7 mive L9 mpl2sat(mPperr]).
420t or o- P el TRy a0l 60T 4 E) oY & me - car bOsoT 1 6 TREFT

for 20 minutes and at 80 - 85° C for 10 hours. After

cooling the reaction mixture the solids were filtered and

washed with toluene. Water was added to the filtrate and

the pH was adjusted from 1 - 2 to pH 10 - 11. The

10 organic layer was separated and dried over magnesium
sulfate. After removal of the solvent under reduced
pressure the product was obtained as a light yellow

solid. Yield 18.8 g (81%), HPLC AP> 99%.
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5 (1- Et hyl pyrazol - 5-yl am no) net hyl enenmal onat e di et hyl ester (10.0

g, 42.6 mol) was dissol ved i n phosphorus oxychloride (50 nmL). This
sol uti on wa at reflux for 10 h before the phos

oxychl ori de%vv\ggﬁs%ggrmved vi a evaporation under reduced p?gﬂgﬁ‘?/%‘m%he
resulting 10 brown residue was diluted with EtOH (5 nL ) and extracted
wi th hot hexane (200 nL x 3). The cdEEARRY® drganic | ayers were
evapor at ed und ) -t.he t|t|e compound as an
oi | which for =CgPear g Srva ) 10dd "¢ By &P af EPVIRLS 3441l ng at

roomtenperature 15 (5.4 Thi s materlal is

identical to the one obta 13C, M5, and
HPLC) . Pr ar,Qtl on 5 20

(3- Chl or o- 4- met hoxyphenyl ) met hyl ami ne, rogen chl ori de [err]

Met hod A. (4- Met hoxyphenyl ) net hyl a 0.55 nol ) was dissol ved
in diethyl ether (400 ni). Hydrog\én ] (4.0 Min dioxane, 1.1 nol
) was added dropwi se 25 w th vi gofNousy tlrr gToH After the addition was
conpl eted, the resulting hydro ride salt was filtered and washed

t horoughly with diethyl ether. The salt was air dried over night (95.0
g, 100% .5 To a suspension of 6,9-d38hloro-3-ethyl-3H- Chl orine gas

v DuBb! od LOkeaBLapkal s PN L, 4-pl 40T ) ST gt | e
wei ght of themol) incBHEF(etdwndl [(40am2,L1ir oubd botad AOCF hdslkpreésurd
met hoxybenzytapl ng. By 4aguen Shli196i6829 8q) Cardd dMlyaroxy-
piperidine (1.1 eq) sequentially. The reactioh mixture
10 was heated in an oil bath at 60°C for 2 h. The progress
of the reaction was monitored by HPLC. The reaction
mixture was transferred to a 200 mL round-bottomed flask,
and the solvent was removed via evaporation under reduced
pressure. The light brown residue was resuspended in
16 saturated sodium bicarbonate (100 mL), and the o
precipitated solid was collected by filtration. This
orange solid was washed thoroughly with water and dried
in a vacuum oven at 40°C over night to afford the title
compound (3.2 g, 80% yield). This material was >93% pure

20 and was used directly without further purification.
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was suspended in glacial acetic acid (400 nL) with vi gorous stirring.
The chlorine solution (1.5 eq d 2) was added dropw se rapidly over 30
mn at room erature. The resulting suspension was i 10
anot her 20 r?nv%o%ge‘?igfe nitrogen was bubbl ed t hrough the Sffdggﬂ(i:s??/gén]%
solution to renove chlorine and HO (using a 6 N NaOH trap). The acetic
acid was evaporated under reduced EX3WRIScidre to a 100 nL volune. To this
white slurry, di et hyl, ether (300 .nd,th? 5esu|tino solid
15 was filtered ' s e SRV EHL50IRENC] —ozebay -2

& - =

followed by th .9¢ rQidg

agai n. This pFo6eess oS AST-imeiv e e—s oA e—ne S
transferred to a 1 L Erhl gngeyer flask and suspended in THF (400 ni).
This 20 suspension was heated®at @flux for 10 min before - filtration.
The undi ssol ved solid was then Piltered, and tw ce resuspended in
boiling THF (100 nm.) with filtrat to afford the title conmpound (27.0

g, 71% as a white solid. This
and 25 <2%dichlorinated material.
t hr ee- necked round- bott oned fl ask
t her nonet er, droppi ng funnel and ar
nmet hoxybenzyl am ne (105.5 g, 0.770
was added under argon atnosphere Wt hlic

tenperature at around 20 [err]C N SuNf uryl

erial contained <2% starting nmateri al
Method B. In a5 L
“mped with a nechanical stirrer,

acetic acid (1000 nL)
ling to keep the
chl@8ide (92.7 nL, 1.16 nol)

was then added over 20 mn wﬁt vigorous stirring while the tenperature
was 3 60 - mai nt ai ned bel ow 25
[err]C. The cooling bath was then removed and the resulting m xture

(slurry) Yas stirted9afhlorendrstlerpefiapurazede (4’ n3' Theb Irigekdon ni xture
was di | ut qd,wi-thpdirelhyinether) (d150@eriniasl s2i4red BAL2 rma@m)d
tenperature for % h. T?g_ esul.tin %Plh g£xsiallrn rosolld was
col | ected by 2P ¢PaFhoR! V\és’ﬁ%ﬁ’%ﬁw & SF‘ y T”H‘)’O%P}F‘X‘i, 't ed in vacuum
oven (40[ err kBloktadel7h5t®, ab fay)d were shepentdéd twrpound (93.2 g, 70%
yield) as a %@k%@lggkkglidinone {20 mL) and diisopropylethylamine (5
10 eq) in a 100 mlL pressure tube. The reaction tube was
’submerged_in a preheated oil bath at 170 °C for 2 h.
HPLC analysis showed complete consumption of starting'
material. The reaction was cooled to rt and diluted with
EtOAc (250 mL). This solution was washed consecutively
16 with water (200 mL x 3) and brine (200 mL X 2) and dried
over sodium sulfate. The solvent was removed via
evaporation under reduced pressurxe to afford a brown
foam. Column chromatography of this foam using silica
gel and dichloromethane-methanol (30 : 1} afforded the
20 title compound as an orange solid (2.0 g, 60%): mp 109-
110.5 °C. The material was analyzed by HPLC and showed
95% purity: HPLC (YMC S5 ODS 4.6x50 mm column, 4 minute
gradient- 0% B to 100% B, 4 mL/min flow, solvent A: 10%
MeOH~90% H,0-0.2% H3PO4, solvent B: 90% MeOH-10% H,0-0.2%
25 H;PO4) retention time 3.22 minutes; LRMS (m/z) 468 (MH").
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HPLC showed 97.9 area % of desired product, 1.8 %of 10 starti ng mat eri al

and 0.3 % of bischlorinated benzyl am ne. .

Preparati on §g gos6719 4- Cyano- 1-et hyl - 1H-pyrazol o[ 3, 4-b] pyri d*’ car boxyl iC
[err] To a sol ution of 4-ch|oro-|-ethy|-||—l—py

b] pyri di ne-5-carboxylic acid, ethyl ester (10.0 g, 39.5 _rrrml ) | n DIVF
(50 nm.) and ethanol (10 nL) was added either 20 sodiumcyanide (3.9 g,
80.0 mol ) or tetrabutylanmoni um anj de (11.8 g, 1.1 eq) or

t et rabut yl ammoni um chl ori de (14. eq) and sodium cyanide (2.4 g,
1.2 eq) tog%teggg:alTpkg élllylpon srpen5|n wa rrred up to 60

"Cuntil reactionmws . m xture

was then diluted with v%qcr 20Q S |rred ently at rt for 10
mn. A |arge anmount of Sed %Q S QQ Lopyrfd s filtered and

rinsed t horoughly with water to ffordNthe title conpound as an
off-white solid after drying: 40-80% i s
-61- mat erial was >95% pur as j| dged by HPLC and was used
directly without further purificatjon.
Preparation 7 V4 Ry

Y

\

T N TR,

To a suspension of the appropriate 6, 9-
dichloropyrazolopyridopyridazine in THF-ethanol (1:1)
(final concentration: ~ 200 mM) in a 100 mlL pressure tube
was added triethylamine (5 eq) followed by the

10 appropriate amine, alcohol or thiol (RiXH) . The reaction
mixture was heated in an oil bath at 60 °C-100 °C until
the reaction was complete as judged by TLC or HPLC. The
reaction mixture was then transferred to a 200 mL rotind-
bottomed flask and the solvent was removed via e

15 evaporation under reduced pressure. The residue was
resuspended in saturated NaHCO; (100 mL), and the
precipitated solid was collected by filtration. The
collected solid was washed thoroughly with water and
dried in a vacuum oven at 40°C cver night. If the

20 material was >85% purity, it was used directly without
purification, otherwise purification using silica gel
chromatography was performed.
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5 | - Et hyl -1 H pyrazol of 3, 4- b] pyri di ne- 4, 5-di car boxylic acid

[err] 4- Cyano-| - et hyl - 1H pyrazol o[ 3, 4- b] pyri di ne- 5-

carboxylic agbdeseihyl ester (2.0 g, 8.2 nmol) was sus

et hanol (20 nlL), and an aqueous solution of 10 NaOH (6 N, 3 eq mes added
The reaction m xture was heat ed E re{lug for 2 h and then diluted with
wat er (100 nm). This aqueous sol extracted wi th diethyl

ether (50 nL x 2) a . roed. The aqueous
| ayer was then acid ;

eted-with Et OAc

(50 mL x 3). The i ation under
e o ssure toss ﬁiéﬁ@&éﬁtd&f& %@5 &» si &@ﬂ? Tty 50n 9006

yield). This material was used dirggfly N_ wi t hout further purification.

20 Prepar at’l ~N
9- Am no- 3-et hyl - 3H pyrazolo[4',3" :5,6]p rido[ , 4-
d] pyri dazi n-6(7H) - one [err] 25 suspensi on of
4-cyano-| -et hyl -1 H pyrazol of 3, 4- 4' Ry-carboxylic acid, ethy
ester (10.0 g, 40.1 \ -62-
| VR
Ry
5 The appropriate 9-chloro-6-substituted

pyrazolopyridopyridazine and the appropriate amine,
alcohol or thiol (R;AH, 5 eq) were suspended ih N-
methylpyrrclidinone (to make a final concentration ~ 200
mM} along with diisopropylethylamine (5 eq) in a 100 mL
10 pressure tube. The reaction tube was submerged in a
preheated oil bath at 170 °C until reaction was completed
as judged by HPLC. The reaction was cooled to rt and
.diluted with EtOAc. . This solution was washed
consecutively with water and brine and dried over Na,SO,.
15 The solvent was removed under via evaporation reduced
pressure to afford a brown foam. Column chromatography
using silica gel and CHCl,-CH30H (30:1) afforded the
title compound.
The compounds listed below in Table 1 were prepared
20 using the general procedures contained in Example 3 and

Example 4 described above.
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mmol ) in ethanol (100 nL) was added anhydrous hydrazi ne (5 eq). This

suspension was then heated at 80 [err]C until starting material was
consunmed. TheugRaghbon was al | oved to cool tort and dik ﬁ% DMeid) et er
(200 M.). The 5 resulting solid was filtered and washed thorou Py W't h
water until the filtrate was col orl ess, !he solid was drled under
vacuumto afford the title conpound a yellow solid (5.5 g, 60%.
This materi al pes—>96%pre as—taget—by—HPEGarg—nas—used—gdirect | y. 10
Preparation 9 ¢ 3- Et hyl -7, 8- di hydr o- 3H pyrazol o[ 4' , 31 5 6] )yrld [ 3, 4-
di pyri dazi ne{6,9r di one e [lerr] 1Rs To g4 sygpensi qp. of |
9- am no- 3-et hyl-BH pyrazol g[4', 3': S g]upyrl dd[ 3, 4;,dl pyr ieelazi n,,,."ﬁfl H) - one
(5.0 0, 41g7{ mmol) and sodlumnltrlte(150g, 10 eq) |i #=waler (200
m.) was addec soncentrat ed sulfurlc acid until the pH wgé:f 2. The
suspensi on =S . ARSI AN u..u' 2e=——sere—riTtrs g n
di oxi de was 4vbdl ot - sudpdnsi on was thdn pl®Eced |of-%¥ lat e
and heated tqd %ﬁ_e pH t he reacti o was naintai ne H< 2
w th the addi[tiop Wibbr.adid as Jnegessary. [Wien the r n was
j udged conpl 4t e byneHEy -afiprsesul ti ng N reactifon m xturje was 1gd to
rt. The precipita&o&dm' 3" ki€ [sol i gﬁmed by filjtrati shed
W th wat ¢r thor cughdoiszand drji ed vac to afford the ootiftl e
conpound as 4n of Blewrifezisetq.d-(14.9 g, 92% puritly >98% as judged by
HPL C) ) diamine -63-
2 1-[9-[[(3-Chloro- | B ¢ 95 3.49 m/z
4 -methoxyphenyl) - (M+H)
methyl] aminol -3- 496
ethyl-3H- LUNPL S
pyrazolo([4',3':5,
6lpyrido(3,4- E:jﬁrOH
dlpyridazin-6-yl]- | ./

4-piperidine-
carboxylic acid

3 | 1-[9-1[(3-Chloxro- | W . 97 3.12% " m/z
4 -methoxyphenyl) - I (M+H)
methyl)] amino] -3- " 495

ethyl-3H- HR N,

pyrazolo[4+,3':5,
6}pyrido[3,4- Z E:)Wme
dlpyridazin-6-yl] - —

4-piperidine-
carboxamide

4 1-[9-[[(3-Chloxo- | M « 90 3.65 m/z
4 -methoxyphenyl) - ) {M+H)
methyl]amino] -3- 441

ethyl-3H- UL L
pyrazolo[4',3':5,

6l pyrido(3,4- N {:jjrnu.
d)pyridazin~6-yl]- ma—!
N-methyl-4-
piperidinecarbox-
amide
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An al ternative nethod could be used by starting wit-.
1-ethyl -1 H pyrazol o[ 3, 4- b] pyri di ne-4, 5-di carboxyl i ¢ aci d. The di acid

was di ssol VeQmi)E'oe/é’k? drous THF with EDAC. HC1 (1.2 eq), ;@.d{o&mg,o@@,

and triethylamn .0 eq). To 5 this solution was added rous
hydrazine (2_0 91) - [he [ecnlflnn solution vwas stirred at rt for 5 h
and then dil e Vit Ir Chdexa-. preC| pitated sol97d wap 3e#d || est=d

by filtration to} & PURg=mEReYI| p ound as a white sol i df gD
Preparation 10 methyl] amino] -3- :

6, 9- Di chl or o-3- e} 3 irazal of yrido[ 3,4- [er
3-Ethyl -7, 8-di hy:lrg%lf 3%;54?/@9 % ﬁﬁ?'&gﬂo-
[ 3, 4-dl pyri dgdzi n,d@)ggi nNe& | §] 1.6 nmol _ sus

phosphor us oxychj ogl ,(&Q,y and t he resul

reflux for 3jh. T&Qperid;@aeaeﬁcsc phosphorus oxychl ori de was
evaporation 40 pnder meitleced pressure. The bro resi due
in EtOAc (10Q nmL), and the resulfing m xture was |poured
g) With stirdigol {108 Qi IEaLEd-ay e S Separjat edygand
with water (300 My-¥ethbxyphenylhhe nic | ayer s then dr
sul fate, and |25 | tdangDlanesd) -vas| r ed via evaporation upder 1iedsced
pressure to gffold thehtlilde conpoundmagmg pal e ite 50l idf(5.5|g, 95%
yield with ajpur| tryras@d9dHs3] ikdged b)%)'m. The above
conmpound was fal sp pshpyaidéddsby-t hp 30N | awlQawplr ocedur e.
- 64- dlpyridazin-6-yl]- w—
4-piperidine-
methanol
7 1-[9-[[(3-Chlorxo- o G 83 3.76 m/z
4-methoxyphenyl) - (M+H)
methyl]aminol-3- 524

ethyl-3H- W oMy
pyrazolo(4',3':5, | N
6]pyrido(3,4- N N O\,("“a
dlpyridazin-6-yl]-| #— = = @

4- plper:.d:.ne-
carboxylic acid,
ethyl ester

B N-[{(3-Chloro-4- e _ 83 2.72 wn/2
methoxyphenyl)meth (M+H)
yll-3-ethyl-6-(4- 467

methyl-1- H N
piperazinyl) -3H- h
pyrazolof4',3':5, n/\
6lpyrido(3,4-
d]pyridazin-9-
amine

9 |3-[[9-[[(3-Chloro- | fe ¢ 93 3.34 m/z
4-methoxyphenyl) - (M+H)
methyllamino] -3~ 442

ethyl-3H- HNG N
pyrazolo[4',3*%:5, h
6lpyrido (3, 4- i ﬁ/\L
dlpyridazin-6- N OH

yl}amino} -1- me—/
propanol
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To a slurry of 3-Ethyl-7,8-di hydro-3H pyrazol o[ 4 31

15, 6] pyrido(3,4-d] pyridazi ne-6,9-dione (20 g, 0.087 nol) in toluene was
added pyri d'@%o()/gs 5r1 0.17 nol) and phosphor us oxychl opifgs _ZmK m,
0.19 nol) at oo B tenperature. The slurry was stirred at room tenperature
for 20 minutes_and at 80 - 85[err] C for 10 hour After cooling the
reaction m xLume tinel (sathldsc-erq fd Ivered and washed Wi1laat plaveng.
Wat er was addled |t ondthexypheryldte |a t he pH Wxs adj ustad fropin) |2 to
pH 10 - 11. The I‘th}’ ﬁT?PhV%gye parated amd dried qver npgfésilum
sulfate. Afté¢r rle éﬁ | vent dgr reduged priessurpe the
product was @bt a*I fi&¢ ff{r gyjrgn,t yellow T [solid]| Yield 1.8 g [81% § HPLC
AP> 99% (3,4-dlpyridazin- "(\ | -

9-amine N '\/O
mMe—/ .
11 | 2-[9-[{(3-Chloro- | Ye ¢i 90 3.45 m/z
4 -methoxy- {M+H)
phenyl)methyl] - 477 -
amino)] -3-ethyl-3H- HIL N
pyrazolo[4',3':5, N
6)lpyrido(3,4- O\
d}pyridazin-6-yl] - 7 (=]
4-piperidine- we—/
carbonitrile
12 | N-[(3-Chloro-4- e G 92 3.36 | m/z
methoxyphenyl) - {M+H)
methyl] -3-ethyl-6- 520
[4- (1B-tetrazol-5-~ BN N
yl) -1-piperi- !
dinyl] -3H-pyra- O\r’“
zolo([4',3':5,6]~ — : ,b"““
pyrido[3,4-
d]pyridazin-9-
amine
13 | 1-[9-[[(3-Chloro- | WMe O 92 3.32 | wm/z | -
4-methoxyphenyl) - ' (M+H).
methyl}amino] -3- 466
ethyl-3H- H ~
pyrazclo{4',3':5, IN
61pyrido([3,4- l &
dlpyridazin-6-yl] -~ NN N o
4-piperidinone me—'
14 N¢, N°-Bisg[(3- yo 87 3.85 m/z
chloro-4- ° {M+H)
methoxyphenyl) -~ 539
methyl] -3-ethyl- N
3H-pyrazolo- J =
{4',3':5,6]pyrido- N y a
[3,4-d]lpyridazine- Mo oM
6,9-diamine
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- 65- _ Exanple 1
1- (9- Chl oro- 3-et hyl - 3H pyrazol o[ 4', 3" : 5, 6] pyri do[ 3, 4-
d]pyrlda2|n ngé% plper|d|nol [err] 5 To a sus enS|on of
6, 9- di chl or o- "ﬁy’lg pyrazol o[ 4', 3': 5, 6] pyri do[ 3, 4- df E0%e
(3.2 g, 12.0 nnDI) |n THF/ et hanaol (40 nLJ 1 : 1) in a 100 nL pressure
tube was addddid | Letshgtyn-se((5- gy and 4- hydr oxy}- 99pipFr1¢|remQ;.l eq)
sequenti al ly.| The meaixiygshenpit uf was heated in an oi| bath &km
60[ err] C for |2 h] me¥ind]lpriogt el the reactijon was nopitorgdsby HPLC
The reaction wrriaple i4iad’ transferned, i p a 200 nL roundfbottqmed f| ask,
and the sol vgnt ywasélmemwdded. 41 a pvapora i nder{ r educed priessurg.
The |ight brdwn [ekivgidaaiass-wésuspended UJn sat urat ed spdi umjbi carponate
(100 nl), and th¢ *PIBPEETPPY atpd,sof i @ was“cétijected by filtrdtion.|This
orange solid jwas| ter and dried in g vacupm
oven at 40[ erjr}C| ovisr-Erhyghe- tld4 af the title cHFmpouhd-€8.12mgz BO0%
yi el d). This |mat ¢rifiuoyepiesydlss p 2@\‘ and was used directly witMNedX
further purifli cafinghhy}lamino]- 58" 422
pyrazolo(4',3':5, '{%)\
6lpyridol[3,4-
dlpyridazin-6-yl] - O\
4-piperidinol
17 1-[3-Ethyl-9- ~ 96 3.10 n/z
[(1,3-benzcdioxol - {(M+H)
S-ylmethyl)amino] - ﬂ 448
3H-pyrazolo- HRw . N
[4',3':5 6)pyrido- (N]’E/K
{3,4-d)pyridazin-
6-yl)-4- 'N f::l\on
piperidinol ne—
(BMS-302946)
18 | 1-({3-Ethyl-9-([2- 97 1.60 | m/z
{4-morpholinyl} - [D ({M+H}
ethyl)amino] -3H~ 427 -
pyrazolo(4',3':5, ) H
6]1pyrido(3,4- HNG N
dlpyridazin-6-yl] - N
4-piperidinol N I P O\
m—JN OH
19 | 1-[3-Ethyl-9-[[2- - 95 1.85 | m/=z
{lE-imidazol-4- HN 2 {(M+H)
yl) ethyl}amino] - 408
3H-pyrazolo-
[4*',3':5,6]pyrido- H Mo
[3,4-d]lpyridazin- PN
6-yl]-4- N O\
piperidincl " .’/" N OH
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-66 - Exampl e 2 1- [9-

[ (3-Chl or o- 4- net hoxyphenyl ) et hyl ] am no |- 3-ethyl -3H pyrazolo 4 ', 3
:5,6) pyrido[3 - dl pyri dazi n-6-yl]-4-pi peridinol err] 5
1- (9- Chl or o[v'f%‘? g‘?ﬁ?ﬂg- 3H pyrazol o[ 4", 3" :5, 6] pyrido- pcTusobroattd
(3,4-dlpyridazin-6-yl)-4-piperidinol (2.4 a7 2 nmmol) and
( 3- chl or o- 44t hoxwphegt ) et hy|l am ne hydr ogen a8l orilde.d27] S |5 €q)
wer e suspended | n Nchlero-get hyl pwr &ol i di none (2Q ni) and (M+H)
di i sopr opyl 4t hy| amethexyspergl) -eq) & a 100 nL prdssure tulde. Thesasedction
t ube was suorf%rtgié’ciaf“hnﬁ‘ t ehe oi | b#emedt 170 [er[r]C fpr 2 H.

ethyl-3H-pyrazolo- Me

f4',3':5,6]pyrido- H "“'N °

[3,4-d]lpyridazin- / g

6-yl]l -2-pyrro-

lidinecarboxylic Mo—
acid, t-butyl
ester

21 {5} ~1-{9-I[(3- 95 3.76 m/z

chloxro-4- M Gl {M+H)
methoxyphenyl) - ¢ 539
methyl]amino] -3- Me Me

ethyl-3H-pyrazolo- o o Me
[4',3':5,6]pyrido- 2N y0

[3,4-d)pyridazin- " tj>
6-yl}-2-
pyrrolidinecar- e~/

boxylic acid, t-
butyl ester

22 (#)-1-[9-[[(3- e o 95 3.86 m/z
Chloro-4- {M+H)
methoxyphenyl) - 525

methyll)amino} -3~ HN 2N o )
ethyl-3H-pyrazolo- - {:j)tfa vla
[4',3':5,6] pyrido- N A e
(3,4-d]lpyridazin- we—' b
6-yl]l-3-
piperidine-
carboxylic acid,
ethyl ester

23 (-}-1-{9-([(3- e o a5 4.24 m/z
Chloro-4- (M+H)
methoxyphenyl) - ' 525
methyl] amino] -3- HN N, o
ethyl-3H-pyrazolo- {:j)kfﬂ
[4',3':5,6]pyrido- u‘
[3,4-d]lpyridazin- mo—'
6-yl]-3-
piperidine-
carboxylic acid,
ethyl ester
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HPLC anal ysis showed conpl ete consunption of starting

materi al. The

reaction was cooled to rt and diluted with Et CQAc (250 nL). This
sol uti on waswyashede consecutively 15 with water (200 nmL x %\%‘E@ﬂ% brine
(200 mL x 2) and dried over sodium sul fate. The sol vent “0%d via
evapor ation under reduced pressure to afford a _brown foam Col um
chr omat ogr aphy4 ¢f1.2h&t & -Eoarh-881 ngesi-N ca gel | andss 2.53 | m/z
di chl or onet hane- ﬁﬁ'far?&%[" 305 - jSr' d the 2p title ¢onpoungh+as|an
orange solid (2|0 9- 1 0. [erf]C. The t erifal3sea

95% r] ty@PLC (YMC S5 DS 4.|6x50

anal yzed by HPLC & g};ﬁf
plp -

colum, 4 mijut ¢

10% Me
retention ti
_67_

Procedure f
Pyrazol opyri

t he approprijate
(1:1) (fli
added triethyla

%Jo"loo o4l L/ m n f
[err], solvent
a2z 4690 uuur r'l \

90% MeOH 10% H20-0. 29425 [jerr]

 ow, dol ven{] A:

Vk.'i.(cl‘ll =) U \! T %1

Chloro ' Exarrpl e
Qp_ of | oro-6-.
nbRJ3L] 53 To

6:;}%1 311 pyelaz‘ehbo opyr é’z “@oyri dopyri dazi ne

2.5¢ foméra

suyb@iHit hit ed
h susgerf&top of
i n THF- et hfinol

| nall (eancestel gitian: | - D.“é" 1P0 L pre$sure {tube was
N 3e4{B peridakix )vved / Me
6-yl]-3-
(dimethylamino) -
pyrrelidine
26 | 1-[9-[[(3-Chloro- | Me &t 89 3.11 | m/z
4 -methoxyphenyl) - (M+H)
methylj)amino] -3- 454
ethyl-3H-pyrazolo- H N
(4',3':5,6)pyrido- Z N
[3,4-d)lpyridazin-
6-y1] -3- N | . D—OH
hydroxypyrrolidine me—'
27 N°-[(3~-Chloro-4- Mo 88 3.03 m/2z
methoxyphenyl) - (M+H)
methyl]} -3-ethyl- : 491
N°- [ (4-pyridinyl- e Lt
l-oxide)methyl] -
3H-pyrazolo- l m@@
[4',3':5,6)pyrido- we—/
[3,4~-d)pyridazine-
6,9-diamine
28 | 1-[6-{[{(3-Chloxo- "'RO 93 3.44 m/z
4-methoxyphenyl) - Ny {M+H)
methyl]amino] -3- c 454
ethyl-3H-pyrazolo- N 7 m o™

[4',3':5,6)pyrido-| ~
[3,4-d)lpyridazin-
9-yl}-4-
piperidinol
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10 appropriate am ne,
was heated in an oil

was conplete as

transferred V@0
renoved via 15 evaporation under

al cohol

j udged by TLC or
5589

nL round-

or thiol
bath at 60 [err]C 100 [err]C until

(RLXH) .

HPLC. The

The reaction

m

xture

t he reaction

reaction m xture was then
bottomed flask and t he sBFU/EM0/0G08
The residue was

reduced pressure.

resuspended [TT, Fapl - efhdoli] (W nL), and th aiprecj gLiAted;sq id was
collected by filt pedHcRPpnehhS - ected solid was washed thoraughly with
wat er and df i @ niy T} -3 -emgULN) O t 40[err]Q over night. | ahe R0
materi al way >8pWpuRiyyidioylwas usedmdjnectly without puriifi catj on,
ot herwi se puri f|catieswlsitAy si)ica ' chr ojmat ogr aphy was |per f of ned.
-68- pyrazolo(4',3':5,- atpll el 4 G¢ner al
Procedure fdr the PHRYFARE: BTy of G Di supstit Ut ed
Pyr azol opyri|dopy Bgz;ig;,‘?iier'ﬁ
30 | N°-[(3-Chloro-4- ye o s1 2.74 | m/fz
methoxyphenyl} - (M+E)
methyl] -3-ethyl- 475
N®- (3-pyridinyl- HNL N,
methyl) -38B- v
pyrazolo(4',3':5, X J H ;N
6]lpyrido[3,4-
dlpyridazine-6, 9~ el
diamine
31 (s)-1-[9-[[(3- Me o 92 2.84 | m/z
chloro-4- o (M+H)
methoxyphenyl) - \©\ 481
methyl}amino] -3- NN
ethyl-3H-pyrazolo- 1 e
[4',3':5,6]pyrido- K D D"‘
[3,4-d]pyridazin- N Me
6-yl]-1-3-
(dimethylamineo) -
pyrrolidine
32 1-{9-[[(3-Chloro-4- fe @ 93 3.70 | m/z
methoxyphenyl)methy (M+H)
]]aminO]'S'[4' 561
methoxyphenyljmethy HARL N
1-3H- |
pyrazolo[4',3":5,6)pyri- O\
do-[3,4-d]pyridazin-6- 7 o
yi}-4-piperidinol <‘
Mc’o
33 | 1-[9-[[(3-Chloro-4- 89 3.20 | m/z
methoxyphenylymethy v a (M+H)
1]-amino}-3H- 482
pyrazolo[4',3":5,6]pyri- C\©\
do-{3,4-d]pyridazin-6- W
yl]-4-piperidinol &
acetate
N " O\"j\MT
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5 The appropriate 9-chl oro-6-substituted pyr azol opyri dopyri dazi ne

and the appropriate am ne, al cohol or thiol (R2AH, 5 eq) were suspended
in N negnéh M%{clidinone (to make a final concentration - 200
along with di'l @r Byl et hyl anmine (5 eq) in a 100 nL 10 presstFEUSO96100 The
reaction tube was subnerged in a preheated oil bath at 170 [err]C until
reaction was {conpl eti@ghs-chiofssSs Udgeds by HPLC. The reagf Tonf Wk omle' to rt
and di | utled héthokspEWgA)metHyi tion was wdshe CONSeq il el y
with water and bfi nedl-amthoiiHed over r] 15 The |solvent was re DY S Linder
vi a evapor at ijon | etegetat'.3"5.6py8ssure t fford a{brown foam Coljum
chr omat ogr apy | de- 1ﬂ y%???gé' e r] (34:1) afforded the title
conmpound. THE PEFESERbUs [ st ofvin Table 1 wefe pr paredHZO
using the general procedures containe nptd 3 and Exanpl e 4
described abqwss |  1-[9-[[(3-Chloro- € 95 - 3% | my/z
Table | U phenyljmethyljamino}- Hl(,ﬁ.éi.x,l\; | NANVE
STRUCTURE || PURtewWI-3H-(r ot jon HER 438
B {t3 tion]| DATpyrazolo[+,3"5,6]pyri- . tine,
R do-[3,4-d]pyridazin-6- m n-
yl}-4-piperidinol
36 | 1-[9-{[{3,4-Dichloro- 95 3.70 | m/z
phenyl)methyljamino]- (M+H)
3-ethyl-3H- 473
pyrazolo{4',3':5,6]pyri-
do-[3,4-d|pyridazin-6-
yl]-4-piperidinol
37 | 1-{9-[[(3-Methoxy- 97 3.22 | m/z
rhenylimethyljamino}- (M+H)
3-ethyl-3H- 434
pyrazolo{4',3':5,6]pyri-
do-[3,4-d]pyridazin-6-
yl1]-4-piperidinol
38 N-[(3-Chloro-4- 90 3.83 | m/z
methoxyphenyljmethy | we¢ : (M+H)
1]-3-ethyl-6-[(2,6- 482
dimethylmorpholinyl)] HN N
- - 1 Me
pyrazolo[4',3".5,6])pyri- | o
do-[3,4-d]pyridazin-9- e T
amine
39 |  1-[9-[[(3-Chloro-4- 90 3.40 | m/z
methoxyphenyl)methy (M+H)
1]-amino]-3-ethyl-3H- "({\é\ 495
pyrazolo[4',3":5,6]pyri-
do-[3,4-d]pyridazin-6- HN. LN
yl}-4-{1- ~
acetyl]piperidine
tyllpip Ir Lo
N Me
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I Nferr]- -(3-Chloro-4- [err] 97 2.66 mz
nmet hoxyphenyl ) - ( M+H) nmet hyl ]
-3-ethyl - 475 NG (4-pyridinyl -
np: met hW9 WSy r a- PCT/USQUY5100
zolo[4',3" :5,6]- 152 pyridof 3, 4-
[err] dlp r4b azy e Jloro ‘dieam ne 2 1-19qpl (-[CRIQFP-
3.49 iz rmgtmg& il I;my . 8 it (M)
(M+H)
met hyl ] ami no}- 3- 1}-amino}-3-ethyl-3H- 496 ﬁtlhyﬂ -3H
pyrazol o[ 4' , ' : 5, pyrazolo{4',8} QJ_Wrd-g' iq[ 3, 4- M pyri dgzi n-6-yl J}-
4- pi peri di ne do-3-Blayndazi-8rqi d - @ (3- Chloro-
97 3.12: | mk aﬂj‘lﬂrl : f@ﬁggnenyl ) e
( MrH) met iyl ] R prrogtee e 195
et hyl - 3H S CAAR T 4 6Hpyeet3—4 tHpyti-dazp—6—H] -
4- pi peri di nej 41 “‘) éé‘lﬂ 4 1-D9- Q(3-Chl gro- 90 3.78 | m/z
90 3.65 | mPy aml i - e.r.l g - (M)
(M) et iyl ] i ’i‘o 3-561 | o PR
et hyl - 3H pyr edd ]py 6 I dqgl 3, 44 d] pyrli dazi p- 6-yl]] -
N- net hyl - pl pem]-dl-mmmm:bex- , 'Efeule
carboxamide diethyl 2 Me
amine "
42 N9-[(3-Chloro-4- 23 4.35 | m/z
methoxyphenyljmethy | ... {(M+H)
1]-3-ethyl-6-chloro- 404
3H-pyrazolo-
[4',3":5,6]pyrido-[3,4- HN N
d]pyridazine
S
'S D
Me’j
43 1-[9-[[(3-Chloro-4- ? 90 3.60 mfz
methoxy- """‘@\l (M+H)
phenyljmethyljamino]- ..l 482
3-ethyl-3H- on 1
pyrazolo[4',3":5,6]pyri- Q
do-[3,4-d]pyridazin-6- o™
yl}-4-piperidinyl Mo
methyl ether :
44 |  1-[9-[[(3-Chloro-4- c 85 3.33 | m/z
methoxyphenyl)methy | me (M+H)
I}-amino]-3-ethyl-3H- 398
pyrazolo[4',3":5,6]pyri- HNL N,
do-{3,4-d}pyridazin-6- =
y1l]-N-methylamine S
N [
Me
45 |  1-[9-{[(3-Chloro-4- 97 3.45 | m/z
methoxyphenyljmethy "(\é' M+H)
1}-amino]-3-ethyl-3H- 482
pyrazolo[4',3":5,6]pyri- Hu p“°“
do-[3,4-d]pyridazin-6- N
ylj-4-trans-amino-
cyclohexvl-1-ol "
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-70 - 5 1-(9-[[(3-Chloro- 97 3.81 mz
4- met hoxyphenyl ) - ( M+H)
met hyl ] am nQle guserio 452 | - 3H-
pyr azol o[ 4' ?‘Jép: 5 6] pyri do[ 3, 4- dl pyri dazi n-6-yl ] - persih/iiios
[err] N, Nedj net byl -4- piperidi npecarbox- am de
1-[9-[ 1( 3- Cpl4er|o- 1-[9-[[(3-Chloro-4- a 98 3.144 9% z 3.30 | m/z
4- met hoxyphé¢ny| jmethoxypherdymethyni m : (M+H)
482 t hyll Uemmol-?;p YI3FG1 lo] 41,'8°85, q1 pyrido |[3, 4] 412
d] pyri dazi n{6-y| Eﬁ?&?ﬁma’ YRt met|hanol 7
1-19-[[ (3- Chl origy  N-dimethylamine yre[re mz
4- met hoxyphégnyl ) - e ( MtH)
met hyl ] am n¢l - 3 " N 524 et hyl}- 3H
pyrazol o[ 4' 35 Shpyrd A ——dfpyrTadz Ty
4- pi peri di ng-t lnizcig 1§1§r%— ci d, et hyl dst erg% 8 3?(’!-0[ ﬁﬂalkoro- 4-
83 2. 72| nip SRR dmenyl Ptiet o
( MtH) yl'113- et hykth9r-§A-pyra- 46y
zolo[4',3":5,6-]pyrido- HN M
[3,4-d]pyri-dazin-6-yl]- !
N-cyclopropylamine “v
N
_ue’
48 | 1-[9-[{(3-Chloro-4- 95 3.00 | m/z
methoxyphenyl)- M.’ﬁ (M+H)
methyl}-amino]-3- 435
ethyl-3H- HRL N,
pyrazolo[4',3':5,6]- 7 |
pyrido-[3,4-d]pyri- % N
dazin-6-yl)-N-1H- NA S N
imidazole wo—
49 1-[9-{[(3-Chloro-4- oL 94 2.60 | m/z
methoxyphenyl)}- | * ‘Yﬁn\ (M+H)
methyl]-amino]-3- A, 525
ethyl-3H-pyrazolo- PPN
(4,35,6]pyri-do-[3,4- Q.
d|pyridazin-6-yl]-3-(4- "
methylpiperizinyl)-
propyldiamine
50 | 1-[9-[{(3-Chloro-4- 90 3.74 | m/z
methoxy- Me” (M+H)
phenyl)methyljamino}- o 495
3-ethyl-3H- '
pyrazolo[4',3':5,6]pyri- Q a
do-{3,4-d]pyridazin-6- . N
yl]-4-piperidinyl-O-
methyloxime
51| 1-[9-[[(3-Chloro-4- 90 3.44 | m/z
methoxy-phenyl}- ""‘\CS\' (M+H)
methyljamino}-3- 481
ethyl-3H-pyrazolo- HN N
{4,3':5,6)pyrido-[3,4- &
d]pyridazin-6-yl]-4- 7 !
piperidinyl oxime e
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met hyl - - pi perazinyl)-3H pyrazol oE4' ,3" :5 6] pyridot[3. 4 -
d]pyridazin-9- anm ne 9 3-[[9- [[(3 Chloro- 93
3.34 mz net hoxyphenyl ) - i+

net hyl ] ani no\}l0§0/56719 442 Pcrm%u{pﬂ%lﬁg 34
pyrazolo (4', 31:5, 6] pyri do(3, 4- d] pyridazi n- 6- OH

yljam no] -1F o1 PRRRRE- 92 2,651 m/z
10 N-[(3- Cal %zr 0- infitfﬁ;%{ffnyn- ""‘\é\ 93 1B. 44 n g (M+/H)
met hoxyphenyll ) - [ methylj-amino}-3- " ( M+H) metlhybg
- 3-et hyl - 6- ethyl-3H-pyrazolo- 7 {4- nof phol ijnyl.) - | -
3H pyr azol o- [1‘21413 %QPW%J%@'FT Ho- TAT pyrii dazi n- 9- an} ne
11  1-[9-[ (3 onlf oflgyri-daz I:I;nyl)-]- - " 90 3.45 my 4- et hoxy-
(M) . phenyl|) megiE dnine 471
ami noJ - 3- et hyE=gH— o7 - TyT 3 Ql o Z— 3575, o] PYyrigol (3} £34 | myz
d] pyri dazi n- 6-§/I methoxyphg | vk [err] (M+H)
methyl%{ammo] 13- A 456
ethyl-3H-pyrazolo- I -
[4',3'3;5,6]p§r};1£10-[3,4- -
d]pyridazin-6-yl]-1- 0
amino-4-butanol
54 { 1-[9-[[(3-Chloro-4- 98 2.60 | m/z
methoxyphenyljmethy (M+H)
lj-amino|-3-ethyl-3H- | .- 455
pyrazolo{4',3".5,6]pyri- ‘6\
do-[3,4-d]pyridazin-6- HN_ K. Me
yl]-N,N-dimethylethyl
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3.5 m/z
(M+H)

529

-98-

m z

|1~ anf nopr gpi oni ¢

pyl -
ylj-4-



| -carboxylic acid 85 1-[9-f[(3-Chl oro-4- 91 3.79 mz
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1-19-[[(3-Chl oro-4- 86 2.52
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?-?Ethoxyphenyl%H-pyrazolo[4',3‘:§4§E§g?ido[3,4-d£$¢#ﬂgazinJH§§H¥Lk--an]no]
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a) {(1-Ethylpyrazol-5-ylamino)-N,N~-dimethylformamidine -

B~ S

~ Me .
N//}\N//\ N\:|° _ ' f.?'i‘i
/’

10 Me

A neat solution of 5-amino-l-ethylpyrazole (60.0 é;
540.5 mmol) and N,N-dimethylformamide-dimethoxyacetal
{(84.0 mL, 594.5 mmol) was heated at reflux for 5 h. The
resulting brown solution was considered 100% converted

15 and was used directly in the following reaction.

b) 3~Ethyl-3H~pyrazolo{d',3':5,6]lpyrido[3,4~-

d}succinamide-6, 8-dione

o]

NH
j—
S
yz
N

o]

N |
\
N
/
Me—
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et hyl - 3H pyr azol o[ 41,3 5,6 ] pyri-do- [3,4- d]

pyri dazin-6-yl]- | H i m dazol e- 4- (N, N- di met hyl ) et hyl am
ne 108 90 3.20 m

net hyl car box%’loé’g’éf’” ( M+-H) -N- | Hi i dazol e] - PCTrusons100

493 3-et hyl - pyrazolo|4',3 :S,6 ] pyri-do-[3, 4-

d] pyridazi n-6-yl ] To a soItGhdrored 41- Ethyﬁphnayq»l‘rehyjl)amitrtb)—N N- vyl am ne

8
1- [9-[((3- Chldlmethylformam1d¢ne (540.5 3801) lﬁ.%ﬁfer &thofyphenyl)
net h beaker (2.0 L) was added mgigimide (333. Q”gﬁuﬂaﬁp 0 mmol)

et hyl - 8¥§§59$Q&4%n5%aé%fs(700 mh@yr'TﬂPs[ﬁmﬁutlon wéd i dagd n-6-yl | -

N-iH-i m dazol e-4- pent af | uor oph eno car box]}/I ate
est er 5 wvigrously at r.t. for 12 h while alr was bubbled through

rapidly. The light yellow solid was collected by
filtration and rinsed thoroughly with water. This
material was >97% as judged by HPLC (79.0 g, 65% for 2
steps after oven drying) and was used directly for the

10 following reaction.

c) 3-Ethyl-7,8—dihydro—3H-
pyrazolo[4', :5,6)pyrido[3,4-d]lpvridazine-6, 9-dione

(See Preparations 2 and 10)

15 To a suspension of 3-Ethyl-3H-
pyrazolo[4',3':5,6]pyrido[3,4-d]succinamide-6, 8-dione
(79.0 g, 366.0 mmol) in 1l:1 ethanol-water (1 L) was added
hydrazine monohydrate (50 mL, 1000 mmol). The resulting
yellow solution was heated to reflux for 0.5 h and cooled

20 to ~40°C. The yellow solution was acidified with HCl
(conc.) to pH~4. White suspension was formed. The thick
suspension was cooled to r.t. before being filtered. The
white solid was dried at 40°C vacuum oven for 24 h (72.0
g, 311.0 mmol). This material was transformed to 6,9-

25 Dichloro-3-ethyl-3H-pyrazolo[(4',3':5,6]pyrido(3,4-
d]pyridazine as discussed in Preparation 10 and

subsequently used in the following reactions.

d) N-Methyl-1-(9-chloro-3-ethyl-3H-
30 pyrazolofd4',3':5,6]lpyrido{3,4~-dlpyridazin-6-yl}

imidazole-4-carboximide

To a suspension of 6,9-dichloropyrazolo-
pyridopyridazine (30.0 g, 112.0 mmol) in N-
35 methylpyrrolidinone (300 mL) in a 1L pressure glass
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110 1-[9-[[(3-Chl oro- 91 2.35 mz

4- met hoxyphenyl ) - ( M+H)

met hyl ) am nol - 521 et hl% - 3H
pyr azol o[ 4' \goog/smw 6] pyrido [3, 4- d) pyri dazi n- 6-§fTUS00/06100 1-
(4- N~-. cycl opentyl) pi peri zine 111 1-[9-[U(3-Chl oro-

93 2. 22 nmd"artor wésnetbedyphmeyhylimidazolecarboxamide (14. 7 g,

(MtH) et lam
et hyl - 3H ﬂgéyrogz q? %ng dllSOpmpy Tthﬁllaéi%f‘e 1{58 0 mId a2| n-6-yl]-
1-(4-N iTRsEopy (Thsi |§§PFEP-°n mixture wafe Pﬂ-@EEdllf‘ga[PE Qﬁtﬁ%ﬂ o-

90 2.28 dWiZpath %tmbbowpf&md Jrours. The content was pou5r§]c_i

(% met hyl ] gm no3- 3
(et hl;l) 3K 0 O'Ivﬂerdﬁﬂ JppPrexigately 1 kgl Ugge3cked €. 93) pyri dazin-6-yl]-

1-[4-11-N d1anUrﬂpy$am¢prppeidopyrlda21ne reeipiBatdd G 9- i[ii%ﬂiﬂ oro-
?ﬁHH) 3.18nef%l#%°w Sdifgg ng*vREeaN dactea by filtration. Diethyk
ethyl -3H  efheraz(I06] 411) 3wa5, used to &jxqhyeictofBesaqueoud] pytutdam n- 6-yi | -

EL' 9(()4: N- Y kAR 3t @hnove the &) él‘?fiic%ilg‘fopyrazolo—

10 pyridopyridazine. The aqueous solution was then
saturated with ammonium sulfate followed by the
extraction with ethyl acetate (3 X 1 L). The combined
organic portions were washed with water (2 X 1 L) and
dried over anhydrous sodium sulfate. The solvent was

16 subsequently removed under reduced pressure. The
resulting solid was 80% pure as judged by reverse phase
HPLC and LC-MS. (m/z 338) and was used without further

purification. The yield was 20% after correcting for_tﬁe

purity.
20 . 3 epms
e) 1-[9-[[({3-Chloro-4-methoxyphenyl) - =
methyllamino] -3-ethyl-3H-pyrazolo-
[4',3':5,6)lpyrido(3,4-d]pyridazin-6-yl]~
N-methyl-1H-imidazole-4-carboxamide
25

To a suspension of the product from step (d) (26.5
g, 74.0 mmol) in N-methylpyrrolidinone (265 mL) in a 1L
pressure glass reactor was added (3-chloro-4-
methoxyphenyl)methylamine hydrogen chloride (18.7 g, 89.0
30 mmol) and diisopropylethylamine (43.0 mL, 244.0 mmol).
The reaction mixture was placed in a preheated oil bath
at 120 °C for 2 hours. The content was poured onto ice
(approximately 1 kg) and a light yellow solid formed.
The aqueous suspension was allowed to stand at room

35 temperature for 20 minutes and then filtered. The solid
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114 1-[9-([(3-Chloro- 91 2.57 m z

218?1 hoxyphenyl ) - ( M+H) met hyl ] am no) - 3-
pyrazolo[4',3":5, 6] pyri doE3,
d] pyri dazi n%}{%éﬁj— 1- 14- N-net hyl) di azopi ne 115AF?NT°8{°61°°

[t(3-Chloro- 88 2. 64 mz, .
4- nethoxypheNVP)WaShed with water thoroughly. Thlfhﬂ?ﬁ solid was

n”Ethy|]a”‘n@hs%Dlved in ethanol (75 mL) and was- séB&equentlyEﬁ@u£e§F+

pyrazol o[ 4", doE3, 4- pyrd dazin
1- ( 4- N—fornyFP %Olllngplp@%%t?nipaiﬁib?@iﬁQtd{EQIEhfndGbgc;me a thick
88 3.01 mlarry. 4Thet hoxpeheigh )was cooled briefly at room (M+H)

”Ethy|]a”§n0%£m§eraturg]and ﬁaf___BfJAltered(jI The s l§é7w%s fTsu§£QX&e§

pyr azol o( pyri 1-(4-N
pi peri zi nyl ) i ethanbdr f(GPyMbhar dokamd sl heated to bogling £qr[DBO[ C( 3- Chl or o-

(RHH) 3n§$ﬁ3§$ﬁﬁgn? d fllteéed The product was obtained assa

yl ] - ami ni o] - 3thite soln.@t ng + B MRES Yl%ﬁr)ai’&lté‘[& pyrigygof 99% as
] pyri-do-[3, 4udgeddbyP¥eivdaseNnpRayé |HpLC: Mg Misilrldaz eart 206-207
for mal dehyde 11 1-[9-[ C 3- Chl ?ro-

95
3.30 i@ °C: LRMS m/z 491; ‘CSANMR (CORIshoxdpH@mis) dtth2, 149.3,
532 yl1-8.%0] 133.0, 138.81Nhy4734F 131.8yraz0le( 4129385, $27.6,

122.8, 122.5, 118.1, 113.8, 112.3, 104.1, 98%.9, 56.2,

45.6, 43.3, 25.8, 15.0. BAnal. Calcd for C3Hz;ClNgO,: C,

56.16; H, 4.51; N, 25.63; €1, 7.21. PFound: C, 55.72; H,
15 4.32; N, 25.94; Cl, 7.23.

Steps b), d) and e) in the above synthesis were also

carried out by the following preferred procedure.

20 b') 3-Ethyl-3H-pyrazolo([4',63':5,6)pyridol[3,4-

d] succinamide-6,8-dione

To a solution of (l-Ethylpyrazol-5-ylamino)}-N,N-
dimethylformamidine (540.5 mmol) in water (200 mL) in a
25 Dbeaker (2.0 L) was added maleimide (131.0 g, 1350.0 mmol)
dissolved in water (700 mL). This solution was stirred
vigrously at r.t. for 12 h while air was bubbled through
rapidly. The light yellow solid was collected by
filtration and rinsed thoroughly with water. This
30 material was >97% as judged by HPLC (79.0 g, 65% for 2
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| pyri-do-[3, 4- dl pyridazin-6-yll- N1 Hi m dazol e-4-

pyrrolidinyl car boxam de _ -91 -

119 1-[9-[C(3-chl oro- 95 3.12 mz 4-

met hoxypheny‘\rq WESEHO N575 yl ] ami noJ- 3- et hyl - PCT/US00/05100

pyrazol o[4',3"':5,6 Jpyrido[ 3, 4- dJpyridazi n-6-yl]-

1H i m dazol e- s4:eps after o2n6dryingl} netdyas pmeldz |dn)rectly frrcehboxam de

120 1-[9- ci(é%fiow1ng reaction. 2.18 'z

4- (N%FD - nethoxyphenyl)neth

521  yl]am no]-3-ethyl- 3H pyrazolo[4',3 :5,6

1pyrido[3,4- . d' é %QébnwgrSYEhentlcéﬂ‘ﬂdnéﬁﬁp'cf) ‘é‘bove. ; lal, Nn;ii et hyl
o- : z

hydr azi de 121 1- [
4-

(M+H) nethoxyphenyl)neth
547 yl ] am o] - Jr-@idbHy1-1- (9-chlordFB-ethyl-3H-

pyrazolo[4',3':5,6]lpyrido[3,4-d]lpyridazin-6-yl)

imidazole-4—-carboximide

10 A solution of 4-methylimidazolecarboxamide (5.3 g, ..
42.1 mmol) in N,N-dimethylformamide (20 mL) was prepared.
In a 1L, 3-neck jacketed reactor vessel, a slurry of 6,9~
dichloropyrazolo-pyridopyridazine (10.0 g, 37.3 mmol) in
N,N-dimethylformamide (40 mL) was cooled to 0-2°C. To

15 the above mixture, was added 10% of the 4-
methylimidazolecarboxamide solution over 15 min. followed

by the addition of 325 mesh K.CO; (15.3 g, 111.7 mmol).

The resulting mixture was stirred vigorously at 2-4°C. =
The remaining 4-methylimidazolecarboxamide solution:#as
20 added over 6 h and additional 325 mesh K»CO; {2 x 7.6:g,
111.7 mmol) was added in two portions at 3h intervals.
After stirring for 7h at 2-4°C, the reaction mixture was

warmed up to 10°C and stirred for another 16 h at this
temperature. A thick slurry was formed. The reaction
25 was stopped when the remaining 6,9-dichloropyrazolo-
pyridopyridazine was less than 8%, quantified by HPLC
analysis of a sample filtrate.
Cold water (120 ml) was slowly added into the
agitated reaction mixture. The temperature of the
30 mixture was maintained below 25°C throughout the
addition. After 1 h stirring, the mixture was filtered
through a medium poresity glass frit. The solid cake was
washed by slurrying with DME/H,0 (1/4, 3 x 30 mL) and HxO

{50 mL). The cake was dried in a vacuum oven (25"Hg
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pyrazolo[4',3 :5,6 ] pyrido[ 3, 4- d] pyri dazi n- 6-yl

| H i m dazol e-4-'( S- 3- am nopyrrolidinyl) car boxam de 122
1-19-] (3 chloro- 647 3.4 nlz 4-
- (M+H) RGBSy | ) met h ®ET/US00/06100
yl ] am no] - 3 et hyl - 3H pyrazol 0[41,3 :5,6 ] pyrido[ 3, 4-
dJpyridazi n- GVX&uum Séﬁhlﬁb@%zQ|e é£§s to a cons%aht weight. The
but oxycar bonyl am 0 yrroI i di nyl car boxam de
-92- wequg oﬁ_T@p[q{ 1§ . was 8.7 g with 85% purity. 95
2.5 mz Tﬂe crude solid was dissolved in N,N- (N%FD

met boxyphenyl ) nmet h
yl ] ani no] - 3- efigpthylformamidgy (60 miyr 35oldP 4~ 123°% .65 The HP%yFiﬁam n- 6-yl |

lH"n]danje ﬁas slowly cooled to 90°C and stirred for 2 h at this
temperature to form a seed bed. At 65 - 70°C, to the
mixture was added EtOAc (60 mL) over 30 min. The mixture
was slowly cooled to 25°C over 3-4 h and stirred at room
temperature for 16 - 20h. The solid was collected on a

10 medium poresity glass frit and washed with EtOAc (2 x 30

mL) to afford an off-white solid in 5.8 g, 43% vield.
This material has a purity of 97.4% by HPLC analysis and
LC~-MS (m/z 358).

15 e') 1-[9-[[(3-Chloro-4-methoxyphenyl)-
methyllamino]-3-ethyl-3H-pyrazolo-

[4',3':5,6]lpyrido(3,4-d]pyridazin-6-yl]-

- N-methyl-1H-imidazole-4-carboxamide

20 To a suspension of the product from step (d) (26.5
g, 74.0 mmol) in N-methylpyrrolidinone (185 mlL) in a 1L
pressure glass reactor was added (3-chloro-4-
methoxyphenyl)methylamine hydrogen chloride (18.7 g, 89.0
mmol) and diisopropylethylamine (43.0 mL, 244.0 mmol).

25 The reaction mixture was placed in a preheated oil bath
at 110 °C for 4 hours. The reaction mixture was cooled
to room temperature and 370 ml of water was added slowly
over a period of 30 minutes. The aqueous suspension was
allowed to stir at room temperature for 2 hours and then

30 filtered. The solid was washed with water thoroughly and
suction dried overnight. This solid was suspended in
ethanol (330 ml) and heated to boiling for 5 hours. The
suspension was cooled to 0 - 5%, stirred for 2 hours and

was filtered. The product was obtained as a pale yellow
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(N - met hyl ) hydr azi de 124 1-[9-[[(3-chl oro-

95 2.5 nf z 4- ( M+H)
met hoxyphenyl ) net h 520 yl]am | -
3H  pyraXP Y83 ;5 6 ] pyri do[ 3, 4- d] pyri dazi n- ?}b{sﬁwﬁﬁp&'

| X-1 m dazol e- 4- car boxyl at e guani dine 125 1-[9-FE[[ 3-chl oro-

91th 3.ﬁ Mmsdlid (33.2 & 91% yield) with a purity of 99% as jququ—b
met hoxyphenyl ) net h . 0 0 |
| am no] - 3- eH{ feverse phas%#PLC m)?r alg(%l %FB C3 an5d 6:3206 207] p?/rlsL ot 3. 4}/
d] pyri dazi n- ﬁ,—/yl ho1; 1B NMRdaeDCE4- §S162.7, 154 RN, IN9.3, 146.2,

di met hyl am ngpyrro i di nyl -

1-[9-t] (3 chi8pod, 138.4, 13909Y 18 1, &38C@rb9§§U§delé¥§B, 122.8,

(PTFD_ ]ﬁEthazyﬁhemyB)hEthl3 g8, 112.3, 104.1, 99.9, 56.2, 45.6, 647
yl I am no 3R- I 4 Vard -
d pyri dazi n- 2 {a], 25.8, 15,05 Anal PXAZA eoE éuﬂgz"cfblg@;. c, ﬂg)y__;tre,.do{3,4
bggoxycar bony,adi-Rl; N, béyﬂm@dn mMHJL. Foupd: pbxany k27 He 4.32;

N, 25.94; Cl, 7.23.

10 Example 171

1—[9—[[(3-Chloro-4—methoxyphenyl)methyl]amino]—
3-ethyl-3H-prazolo[4',3':5,6]pyrido(3,4-d]-
pyridazin-G-yl]—N—methyl—lH-imidazole—4—carboxamide,
15 methanesulfonate (1:1)

To a suspension of the product from Example 170
(10.0 g, 20.3 mmol) in ethanol (200 mL) was added g
methanesulfonic acid (4.5 mL, 69.3 mmol) at 20°C while'-
20 stirring. The yellow slurry became thinner first and::
gradually turned into a thick off-white slurry. The
slurry was stirred at 25°% for 15 h, and DSC analy51s on’
a filtered wet sample showed a melt endotherm at ~235°C.
The slurry was stirred at r.t. for 0.5 h and filtered.
25 ©The filter cake was washed with 300 mL of ethanol and
dried at 45°C vacuum oven for 24 h. The product was
obtained as a pale yellow solid (11.4 g, 95% yield) with
a HPLC purity of 993%; mp 233 - 235°C; moisture LOD 3.9%;

Anal. Calcd for Cz3H22ClNgOz'CH4SO3: C, 49. 02; H, 4. 46; N,
30 21.44; Cl, 6.03; S, 5.45. Found: C, 47.44; H, 4.81l; N,
21.51; c1, 5.78; S, 5.38.
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127 |1-[9-[[(3-chloro- 99 3.1 m z 4-

( MtH) hethoXyphenyI)nEth 577

yl ] ami no] - 3H pyrazolo(4',3 :5,6 3, 4-
d] pyri dazi n- g}%ﬁ(, 56719 | Hi ni dazol e- 4- (N, N pRhbfeibo

di et hyl et hyl enedi a m no) carboxam de 128 1-[9-[[(3-chloro-

96 3.0 m z 4- Exampld-H172 nethoxyphenyl)neth

561 yl ] am no] - 3- et hyl - 3H pyrazolo[4',3 :5,6

| pyrido[ 3, 4- d]pyrlda2|n 6 yll - IH-|n1dazoIe 4- (3-

met hyl am nopyrr. ([ (@-Ghilvearhonepihel syl :

97 3.6 m23H—pyrazolo[41 3':5,6]pyrido[3,4- d]pyrlda21n 6-v1]-N- (M+H)
met hoxyphenpyl neth |

yl ] ani nol -3- et hylrethyl-1g7 %B¢4§iQ4$“ﬂfCﬁrhoxamldeﬂnQ¥¢¥9h29g&de(1 1)

d] pyridazin-6-yl] - IH-|n1dazoIe 4-(1- an1nonDrphoI|nyI)

car boxam de 130 1-L9-

) T &spenSLOn of the proéﬁﬁﬁ)fromn%f?ﬁ&&%h%ﬁ}l)nEth

575 yl ] am na). 03, ehyl mmol) in ethanol (16.6 mL) was added
hydrobromic acid solution (30 wt% in acetic acid, 2.0 mL,

10  10.0 mmol) at 20°C while stirring. The yellow slurry was
stirred at r.t. for 3 h, and DSC analysis on a filtered
wet sample showed a melt endotherm at ~260°C. The slurry
was filtered, and the filter cake was washed with 40 mL
of ethanol and dried at 45°C vacuum over for 24 h. The

15 product was obtained as a pale yellow solid (1.1 g, 92%
yield) with a HPLC purity of 99%; mp 244-248°C; Anal.
Calcd for C,3H2,ClNgO;eHBr:: C, 48.22; H, 4.05; N, 22.01;
Cl, 6.19; Br, 13.95.  Found: C, 48.02; H, 3.98; N, 21.87;
‘Cl, 6.13; Br, 13.83.

20
Example 173
1-19-[[(3-Chloro-4-methoxyphenyl)methyl]amino] -3-ethyl~
3H-pyrazolo{4',3':5,6]pyrido(3, 4-d]lpyridazin-6-yl]-N-
25 methyl-1H-imidazole-4-carboxamide, hydrochloride(l:1)

To a suspension of the product from Example 170 (1.7
g, 3.5 mmol) in ethanol (35 mlL) was added hydrochloric
solution (37 wt% in water, 1.4 mL, 16.9 mmol) at 20°C
30 while stirring. The yellow slurry was heated to reflux
for 1 h. A thick off-white slurry was gradually formed.
The slurry was cooled to r.t., stirred for 20 h and
filtered. The filter cake was washed with 40 mL of

ethanol and dried at 45°C vacuum oven for 24 h. The
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pyrazolo[4',3 :5,6 ] pyrido(3, 4- di pyridazi n-6-yl]-

| H i m dazol e-4- (R- 3-N, N di met hyl am nopyrro - lidinyl)
car boxam de - 94-
1- [ 9- [ [ ( 3- CMBP%§G719 100 3.0 n z PCTIUSOOI?I%?JO

met hoxyphenyl ) met h ( M+H)

yl I am no] - 3- @irl’aiy:lluct was obtained as a pale yellow sobjqd (1.8 g, 95%
pyrazol o[ 4' ] do[ 3 lLpyri.d n J

| H-i m dazol e ﬁﬁfi with & B¥£§ ‘Lri%c’f 9‘?9r%r,0 %b §§gé€ Anc?élr boxam de 132

1-B9-[t(3- Chlcﬁl@u for Cp3HpsC1NgOzeHC1l: €6 52.28; 2H, 4rr!sz, N, 23.86;
nmet hoxyphenyl ) met h

545+
yl ] ani no] - 3- &lhy13.42. Foundgy C, 52 Q37 Hy) 5[‘3'1,"31‘].'5?213'&&" €Ly pyrido[ 3, 4-
dl pyri dazen- G-3y.lob-. -
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| H-i m dazol e- 4- (1,4,5,6, - t et rahydropyri m di nyl ) carboxam de
133 1-[9- [[(3’ch|oro- 99 3.8 nf z 4-

( MtH) QQW yI ) net h

yl ] aam no] -e %E'-ﬁ pyrazolo[4',3 :5,6 | pyrido] 31P§'_mlsnomsmo

d) pyridazin-6-yll- | H-i m dazol e- 4- cycl opropyl am no N

car boxani de 13£§El&ﬁ9§£$i5§§hi§lo- -
4 | MtH] - neth !ﬁi’

559 yl jam no]-3-eth F’%‘/hlazol o[ 4", OH F”m "ﬂﬁfm "

] pyri do(3, 4- dJpyri déz?ﬂm%"‘ﬂ‘i of the QM Bazol e- 4-
(4, 5-di hydro-414- di mret hyl -1 H I m dazol e-i-yl) ca_r_boxam de
-95 - R, N
)
4/ | N R
N
‘N /
| N Ry
5 R3

including a pharmaceutically acceptable salt thereof
wherein:
Y is nitrogen or -C(Rs)- :
Z is nitrogen or -C(Rg)~ provided that at least one of
10 Y and Z is nitrogen;
R; and R; are independently selected from the group
consisting of hydrogen, chloro, -SR;, —-ORs;, —-NRsgRg, and

“NH=C—Ri3 yith the proviso that at least one of R, or R,
i
is =SRy;, ~OR;, -NRgRg or  NHTCTRy3,
15 Rs; is hydrogen, alkyl, substituted alkyl, arylalkyl,
or substituted arylalkyl;

R; is hydrogen, halogen, alkyl, substituted alkyl,
-ORjp, or -NRjiRi1z

Rs and R¢ aps\independently selected from the group

20 consisting of hydrogen, halogen, alkyl or substituted
alkyl;

R7, Rg, 'and Ry are independently selected from the
group consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, cycloalkylalkyl,

25 substituted cycloalkylalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, heterocyclo,
heterocycloalkyl, hetercaryl and heterocarylalkyl:;
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135 1-(9- ((3-chioro- m z 4-

(M+H) met hoxyphenyl ) net h “‘ 491
e T e M

1- (9-[tU3-chl oro-
( M+H) nethox?phem@qunMphether with the N atom to whlch they5mfp

yl ] am no] - a | rido (3, 4-
d] pyr i dazi n- %?JQ%h ed can fFﬁ?d§;%?2§r6396¥3)flhﬁ rgxzﬁigFét?ted]éB/ 1§

car boxam de Wbﬂtl("—gl—‘-@ﬂ( 3rddpapbe. 2 (SibseshEed’s nSBbStlt‘-Bt"—Zd M |

4- pyrazole, or a substituted or unsubMEHkutednEtﬂ@%dp@ﬁnyl)nEth
591 yl_] am no] - 3- et hyl -

1 pyri do[|§ ?pyat 20A . 915 lndgepﬁ%enﬁaa%hoéﬁe? FZfronll the 1- ami no-
2( met hoxyrretnjn;d\)p consismihgobifdhpgtygen, alkwldr snbdtit@8ed|allyl] (3-chl oro-
2@thoxy§h2nj€% %ﬁ%kyl, subétltuted cycloalkyl, cyclogﬁ§ylalkyl M-H)
yl ] am no] - 3-swistituted cycloagkylalkpyfgyauo[@ub@}lguged arylipyrido[3,4-
;’Lg%gg:rﬂ - Sepidrkyl, shEskiidezql frdrdikyl, hed@rBepyisol indinyl

10 heterocycloalkyl, hetercaryl and heteroarylalkyl; and

Ri3 is alkyl, substituted alkyl, cycloalkyl,

substituted cycloalkyl, cycloalkylalkyl, substituted
cycloalkylalkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, heterocyclo, heterocycloalkyl,

15 heteroaryl, or heteroarylalkyl.

2. A compound of Claim 1 including a
pharmaceutically acceptable salt thereof wherein:

Y is nitrogen or -C(Rg)-;

20 Z is nitrogen or -C(Rg¢)— provided that at least one
of Y and Z is nitrogen:;

R; and R; are independently selected from the group
consisting of -NRgRg, hydrogen, and chloro with the
proviso that at least one of Ry or Rz is —NRgRg;

25 R; is hydrogen, alkyl, substituted alkyl, - (CHz)a—
phenyl, or - (CH;),-substituted phenyl;

Ry is hydrogen, halogen, substituted alkyl, -OR;p or
~NR11Rj12/

Rs and Re¢ are independently selected from the group

30 consisting of hydrogen, halogen, alkyl, and substituted
alkyl;

Rg and Ry are independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
~ (CHz)m—cycloalkyl, -(CHz)n-substituted cycloalkyl,
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> 139 1- j Ii (3-chl oro- g?N%H)
;r}eitzgsnx%grenw(%@?ﬁt Bo "’ , I”l” “IMM ”Ilsl ” ,!II %ig‘msoomsmo
pyrazolo[4',3 :5,6 [err] ) pyridof 3, 4- dl pyridazin-6-yll -

3.2

3H

IH-inidazolerACﬁﬁmrphenyl, meEHp)in—gubstitutédrimheroli-nyl(FH2) =  car boxami de

140 1-[9-
4

[t£3c6Bb8YLo, and - (CH;)m-heterocaryl o%GRMand &0 raxlhz

néthoxyphenyF?ﬁ%Fher with the N atom to which they are "attacigi éan

yl | am no] -

] pyri do(
met hoxynme

1-[9-[ O( 3-
(M+H)

yl I am no] -

10

15

20

25

30

3-ebhyl a heterocyclo Hdng, a BMbﬁiQﬁ@tédlék dndubstituted
r|da2|n G- g ol e: (éf
hyFﬁ§??6AP¥ subatﬁ?ﬁ%ﬁq)or unsug% f% D %ﬁﬁﬂe' or a
chkobstituted or unsubstituted tr9&zole:; 3 0 nm z
met hoxyphenyl ) ngtshg d dentl lect
3- et hy I- P yrazé off 1§,egeg ently selected from the
group con31st1ng of hydrogen, alkyl, -(CHz)mx-phenyl,
- (CHz) y~substituted phenyl, and - (CH;)n—heterocaryl;
m is zero or an integer from 1 to 4; and

n is an integer from 1 to 4.

3. A compound of Claim 2 including a
pharmaceutically acceptable salt thereof wherein:

Y is nitrogen;

Z is -C(Rg)--

R; and R; are independently selected from the group
consisting of -NRgRy, hydrogen and chloro with the proviso
that at least one o0f R; or Ry is —NRgRg;

R; is hydrogen, lower alkyl, -(CH;),—-phenyl, or
- (CHz2) p—substituted phenyl;

Rqs is hydrogen;

Rg is hydrogen;

Rg and Ry are independently selected from the group
consisting of hydrogen, lower alkyl, substituted lower
alkyl, -(CH;)a—cyclohexyl, -(CHz)p~substituted cyclohexyl,
- {CHz) p—-phenyl, -(CHz)n-substituted phenyl, -(CHz)n~
heterocyclo, and - (CH;)p~heteroaryl or Rs and Ry taken
together with the N atom to which they are attached can
form a heterocyclo ring or a substituted or unsubstituted
imidazole;

m is zero or an integer from 1 to 4; and

n is an integer from 1 to 4.

4-
) 547

is Sheet Has Been Replaced THIS SHEET HAS

BEPP

B T —— ReAcE




e S o AR

( MikH) meWRAK ML nyI ) net h PCT/US00/06108 15
yl ] am no) - 3- et hyI - 615
pyrazolo[4',3':5,64. A cfpyourdD[c¥ 41laim 3dhaz¢1udﬁrz¢na6 yl]

| H-i m dazol e- o) i nyL meth
ypyrrolidinyl hL§maceut1%alJa¥nad:c(eptable gg& U'aerecy}. wheyeln

97 - 143 ig- rwtzquesx.cm or o- 94 3.2 iz
4- is -C(Rg) - ( M+H) nmet hoxyphenyl ) net h

562 yl ]im noj - 3 et hyl - 3R pyrazolo(4',3 :5,6

] pyrido[ 3 d) pyri da2| n-6-yl]- 1H i m dazol e-4- (S- 3-

hydroxymet hyl pyrror; is -NH(loteRYElkyl), -N(lower alkyl),, _
~NH- (CH3)5,~0H, ~NH~(CHz).-N{lower alkyl),, -NH~(CHz),~

substituted phenyl, ~— NHT(CHp)gy——C—NH,,

: __ R
Rze  -NH-(CH,) —C\/N
%, L
21, 21

10 ,
~NH- (CH,) m—C N—R,;  -NH-(CH,) — 0 '
I_/ \_| L
Ray , Ry,
H
N Ry /on
-NH- (CH,) \ /7 ~NH- (CH,,) 0
, 2'm _/
/; — |
Ry Ry,
15
) A/RZO
~NH- (CH,) —N

Ry -
This Sheet Hag Been

i
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car boxam de 144 1-(9-[E(3-chl oro- 80 3.4 mz

4 nmet hoxyphenyl )met h

530 o anigiggsgt vt |ILH U ARERNR ) llleyr ol ot 3" 5 .

] pyrido[ 3, 4 pyri dazi dazol e- 4- (3 PCT/US09/06100 | Ny )
car boxam de 145 1-E9-[1(3-chl oro- 95 2.9 m z

4- mzt%goxyphenyl ) rret h

) 564 yl )am no]

pyrazolo(4',3 :5,6 ] pyrido(3, 4- -NH-digny yI ]-

| H-i m dazol e- 4- I s-Y@-© di hydroxypyr nyI ) car boxam de
146  1-(9- U] ( SNBR(OHg)-- O yN=o

( MtH) met hoxyphenyl ) e ) 529

yl I am no] - 3- et hyl - 3H pyrazol o[ 4", 31: 5,16 | pyridot 3, 4-
d) pyridazin-6 -yll - 1H i m dazol e-4- (1- pyrazol yl)

car boxam de -98 -

— 20
()§ )
Rz

0]
~NH- (CH,) —1 N
20
(3
Ry
— TR
/ —N\_ 0 —N\\’ JN—R23
- '
N R
Ra1 Ra1 Ra1
/e =
-NH-(CH) N ) \;\J
10 Roi or Ra2 ; This Sheet Has Been Replaced

IR
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REPLACED

- 117 -




147 1-[9-[[(3-chloro- 94 3.2 m z
4- ( M+H) met hoxyphenyl ) met h.

589 er no] - 3-et hyl - 3H
pyrazol of 4, 3¥0 8/§719 ) pyri ﬂiﬂ hﬂ“‘“ ni“ r| dazi n- 6- y| [RCTAUS00/06100

| Hi m dazol e-4- (3- am no azepi nonyl)

carboxam de 148 1-E9-[I(3-chl oro- né-&o-(}{ 28 mz
4- (MH)  _neth ) phenyl ) net h
533 yl ] am no] - 3- et hyl -

i oyrazol o[ 4', 3" : 5. \—]-%x'hdo[s, -

d] pyri dazi n- 6-yl ] Rz 1s TWl ?ﬁ}&ézol%‘@?t(’ﬂ?“ted Phenye-z 3,4, 5- 21,

t et rahydropyrazol y 1)) carbpxam de 149 1-[9-t[1(3-chloro-
91 3. 1 n12 m/Pé-

(MH) OB £ RN 521
yl] am no) -3 et hyl - o/ + 3HNH (CH,)RY 3':5,6
] pyrido(3, 4- d] pyri dagi n-6-yl]- -4- (1 - am no-
et hyl enedi am no) a8, boxam de 150 1-{9-] hl or o-
89 2.9 m z 1 oe or
( M+H) met hoxyphenyl ) set h 493
yl ] am no] - 3- et hyl N 3H pyrazolo[4',3 :5,6
-NH(CHZ)n—<\:|IL

R3 is hydrogen, ethyl, or -(CH:),-substituted phenyl;
5 Ry is hydrogen:

Rg is hydrogen;

m is zero or an integer from 1 to 4;

n is an integer from 1 to 4;

10 Rzo and Rp; are independently selected from hydrogen,
‘lower alkyl, methoxy, chloro, - (CHz) x~hydroxy, cyano,_
formyl, cyclopentyl, cyclohexyl, amino, -NH({lower aiiyl),
and -N(lower alkyl),, or R;1 is hydrogen and Ry is

selected from the group consisting of carboxy,

ﬁ
—C—NH — I
15 2 ,—C—NH(lower alkyl), C—N(lower alkyl),,
0
I
—C—lower alkyl, —C—0-lower alkyl,
—— This Sheet Has Been Replaced
O—C-lower alkyl, tetrazolyl,
20

THIS SHEET HAS BEEN
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] pyri dot 3, 4- d] pyri dazi n-6-yl ] 1H i m dazol e- 4- acet ic acid
- 99 -

L [T

4-

518 yl Jam'RoPe¥ 1% h M pyrazol o[ 4',

| pyrido(3, 4- deyrldaZ|n-6 yII- | Hi m dazol e- 4- nethylene N-
pyrrolidine 152 1-[t9- t?(3 chl oro- 89 2.4 m z

4-

met hoxyphgryl Hﬁth-—- . 479
yl I 'am no] - 3- et h@ﬁ ¢ Qrower alkyl

pyf &8 o[ & VBT YCgoPTOPY] ho i dof 3, 4-

d] pyridazin-6-yl]-—__ 1Him dazﬁl e- 4- et hyl al cohol 153

(M+H)

1-19-ffr(3-chl orpg- 96 3.0 n z 4-
=],
N,

or Ry and Rz; are attached to the same carbon and taken

together are selected from the group consisting of keto,
0—CH,

5 =N-OCH;, =N-OH, and 90— CHy;
Q is O or N-Rz3 ;
0

I

Ry; is hydrogen, lower alkyl, or —C—lower alkyl;
Rzz is hydrogen, formyl, -COz-lower alkyl,

ﬁ
. —C—NH; —Cc—nNH(1 lkyl
substituted lower alkyl, ' ower alkyl)
10 =~ —C—N(lower alkyl)z —(CH,) ,—heterocyclo ,
. — CH==N-OH , —CH==N-O-lower alkyl,

I
—CH==N-N{(lower alkyl),, —C—NH-subsituted lower alkyl,

—C—heterocyclo, —CO,—substituted phenyl,
Q

—C—NH-NH (lower alkyl),
0

—C-—NH—ﬁ-—NHZ ,

15 NH —C—NH- (CH,) ,~heterocyclo,
A
—C—(lower alkyl) , —C—~ ,
——C—NH-cyclopropyl, NH \-—--
-119 - .
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met hoxyphenyl ) met h 556
yl ] am no] - 3- et hyl - pyrazol o[ 4', 3" :516 Jpyridof 3, 4-

RIS PSSR ) ) "

4 met hoxyphenyl ) net h

yl ]am no] -3-ethyl - 3H pyrazolo[4',3" :5,6 ] pyrido(3, 4-

dl pyri dazi n-6-yg! - | H-i m dazol e- 4- o met_hyl acetyl carboxyl ate
155 1-t9-tt(3-fhloro- 94 2.3 nfz 4_ .

met hoxyphenyl ym@&t+NH-SO,~lower alkyl, —C—NH—OH, 478

yl | am no] - 3- et hyl - 3H pyrazolo[4',3 :5,6 )pyridof 3, 4-

dl pyridazi n-6-yl]- 1H i m dazol e- 4- et hyl am ne

- 100- 1560 1-(9-[[3-chloro- 84 2.5 nmz
4 I : : (M+H) met hoxyphenyl ) net h

506 yl | ami NoFREZ-ETMH—OCH, . 3H pyrazolot4',3 :5,6
5  —CHy—~C—NH—(substituted lower alkyl).

5. A compound of Claim 4 including a
pharmaceutically acceptable salt thereof of the formula:

Cl
HaCO
HN /N N
|
=
N\/ I R1
5
NN
H3C"'/

10 .wherein:
Cl

—NHCHZ—QN ~NHCH, OCH,
R, is -NH (CH,) ,-OH,

1 {

: — =N
—NHCH; \ N‘—O —\JHCHZ ~NHCH,
/
-NHCH, ,

/’_“\

~NH (CH,) ;N NCH;  -NH(CH,),—N o
j— , -NH(CH,),-OH,
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| pyrido[ 3, 4- d] pyri dazi n-6-y | Hi m dazol e- 4-

nmet hyl acet am de 7 4-(9-(E(3-chl oro-

o1 e e HIIIIII VAR —chrs e hoxypnenyty et
608 yl]am noﬂ 8712, 6ET/US00/06100 3H-
pyrazolo[4',3 :5,6 ] pyridol 3, 4- d] pyridazi n-6-yl]-

IH-|mdazoIe 4- et hyl am no ht hal i m de 58/?{\9 [ EU3- Chl or o-
94 2.0 mz 4- et hoxyphe'rryﬁ OH . ——N=-N ( M+H)
met hyl ] am noiNHB8eH,) ,-N(CH,), , 478 \ /et hyI 3H
pyrazol o[ 41, 3" : 5, 6]~.pyrido 3, 4- - dl pyri dazi n-6-yl ]~

N-w hi stam ne 159 1-(9-] - Chl or o- 89 3.00 mz

4- met hoxyphenyl ) -

met hyl ] - am no].nﬁc N o 510 propyl - 3H
pyrazolo[4,3 :5.€ N\_ ¥ pyrido-[3 4 /\ || dlpyridazin-6-yl] -
4-trans- am nocycl ohexyl - | ; —NHCHyarQoxyl Ne—@ct¢H]160 1-[9-r[(3-Chloro-
98 3.2 mz 4- et Hblxyphenyl) , ( M+H)
met hyl | - am no) - 3- 538
propyl - pyr azol 0[4 3':5,6 - pyr| do- [3,4-
d] pyri da2| N- 6=Widy 4- trarm_ICH ocycl ohexyl -1 -
et hyl car boxyl at e Z\Q 2/, ( 7
QO
~NH cll—N
2 , —NH—(CH,) ,—C—NH,

—NH—(CH,) /—N o ., —NH"'-(Cﬂg)z—N: > ’
—NH—(CH,) ,
~NHilte. COZH
10 '

AN
~NHlnse- Cco,C

N
_NH—-C><COZH , —NH—(CHz)Z—CO :

or
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21:21 tot 1l gnlmlﬂumnﬂ mLUU!ﬂngJ met hoxygﬁenyl ) rzret8h m?
yl]

| lwaui - 3- lo[4',3:S,6
! ]‘X-amfgkglcf] pyri da ool

] pyri-do-[3, zin-6-yl]- N-1 Hi m dazol e-4- PCTUS008618% ani d
acid _ 162 1-t9- 1(3-chloro- 78

21 n z 8.(2-N spmpound of Claim 4 including a ( M+H)

di met hyl et hophplteaceutically acceptable salt thereof 548 the Y#q t hyl

| am no] - 3-et hyl -3H pyrazokﬁ[4',3':5,6 | pyri doGCs, 4-

d] pyridazin-6-yll - IH-inig?égle- - met hyl carboxam de 163 1- [9-
[ E (3-chloro- 907 mz 4 OA

( MtH) met hoxyphenyl ) met h yl)a -3-ethyl -

591 3H pyrazolo[4',3 :5,6 ) pyrido[ 3, 4-

d] pyri dazi n-6-yl] - | Hi mi dazol e- 4- (1-HN{ __Mxy phol i noet hyl ene

di am no) carboxam de 164 1-[9-[[(3- or o- 93
2.5 mz 4 N f " "Ry ( M+H)

met hoxyphenyl ) met h \ 575

N 7
yl ] am no) - 3- et hyl - 3H Hag;w’azo[\lo[ 4',3:5,6

wherein R, is

I
5 ’ ’
(0] 0
I I
' 4
I
' 4 r
) O
—N !——O—CI{ —N
Hs N—CH;
—N o, —NQCN —N o
_/ , ,
_Ni ? 0==C—0——C (CHs) 4
ﬁ—o—czﬂ5 ' —n: ]

10 o
0==C—0——C (CHj),

—x N ‘\\\N (CH3),
This Sheet Has Been Replaced

-122.- THIS SHEET HAS BEEN
REPLACED




Gty R MR 15 oo
?%/HH) rret Hvo Xyp 7elﬁyl Ymet h - L P PLTAIS00/06100

yl]-am no] - 3- et hyl - 3H pyrazolo[4',3 :5,6 Jpyri-do- (3, 4-

dl pyri dazi n- 6- yI oht I H-imda :44N(CH;), carboxam de
166 T1-19-1[ (3-thl oro- . 88 2.3 nmz
(M+H) met hoxyphenyl )-net h
! f 508

-102-

4-
508 yl]-am
et hyl - 3H pyrazol 0[4 3':5,6 | pyri-do-|[3, 4- dl pyri dazi n-6-yl]-
NI R-i m dazol e- 4- @Igetyl hydroxam' C acid 167 1-(9-[ (3-chloro-
90 2.7 m z 3 4- ( MtH)
met hoxyphenyl ) ne 461 yl I am nol - 3- et hyl -
3H pyrazolef4' ,3'05, 6, /.J_p(ri dﬁ[ 3, 4- d] pyri dazi n-6-yl J-
N- 2- am nopyridin
—N N—C—CH,4
CHy __/ f

0
(0] ’ 0

5 4
—_ Xy
R gy S

e VIR o,
-_NC>"N-< —N/\:>—NH—C2H5
10 H ’ '

0

| I N
—N N—CH,—C—0—C,Hs —N
H
r ’

r
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REPLACED |
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168 1-[9-ttt3-chloro-
nmet hoxypheenyl)

2. 0 mz
yl ) am noJ- 3--et hyl -
d)pyrlda2|n 6-yl]-
ine 169 1- [PST{USPBA&H or o-
(MtH)

| am no)

met h
P obsor bseis” ot e lllﬁlli#ﬂlllllﬂlﬂmm
92 2.1 m z
?gtgﬁﬁgrhenyl)nebh§§ pyrazol o[ 4', 3 : 5,6

dl pyri dazi n-6-yl | Hi m dazol e- 4-
dlnethylethylenedl

-103 -

~~0 -

N—-COZCH,CH3

- LEY/+£KG3 4ta3
mem@ 3

N
k/\'\,N\CH3

Y 4

/N P A 0 /SN E>
—N N—< /
/Yy /
—~
—N ¥ NHZ
W
14
5
\ \
e =
COZCH3 {C=0)NH,
e =
(C=0) NHCH,4 (C=O)N(CH,!},
—N —N
e =
/\N AN
—N —N
o e
CH=NN (CH;) , CONHCH,CH,N (CH;) ,
ect Has Been Replaced THIS SHEET HAS BEEN

-124 -
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1-[9- [(3-Chl oro-4-nmet hoxyphenyl ) net hyl ] am no] - 3- et hyl -

3H—pyrazd|p[4',3':5,6]pyrido[3n”mm ' inN-6-yl]-N 5
met hyl - 1H- i %g%’g‘%ﬁl— 4- car boxan |§§ m[“' WM IL PCT/US00/06100
(1- Et hyl pyrazol-'5-yl am no) - N, N- ti neet hyl o ine [err]

neat sol ution of 5-am no-1-ethyl pyrazole (60.0 g, 540.5 mmol ) and

N, N- di net hyl f or mam I;]di met hoxyacggal ,(%16) m., 594.5 mmol) was heat ed
? b

at reflux for_&.§. Th r|e'§01~1t41" sol pti-on was consi dered 100%
converted 15 ana\\y%;sed thy in th oW ng reaction. - b)

3- Et hyl - 3H-pyrazol 0(4' 37, rido[ 3, 4- CONBOB g0 (CHy) dBHS, 8- di one
[err] ' '
N =N
—N —N
— e
CON (CH3) » CO,-pentafluorophenyl
/= /v
= — N
-~
CHO | co ,
CH;
—N ‘/l\NH —_N
= N\)\ =
co” CHj CONHN (CH5) »

/=N
—N
\/l\ D "INH,
7
CcO .
. /§N N/§N
~ I [Dmmeenn,
N
CO/ o CONHNHCH3'
e

CONHC(=NH)NH2l CO ,
/\ N L /§ N l/\O
—N\/K |i>-uIIINHC02C (CH3) 3 N\/k N\)
o ' CONH_ ,
/\N /\N
—N N
\vﬁﬁi\\ \uffi\\
CONHCH,CH,N (CH,CHg) 5 CONH ,
-125- THIS SKEET EE )



-104- To a solution of (1-Ethylpyrazol-5-ylam no)-N, N

L (108 T T o S (50

1
irred 5 vigrous

This sol uti y at h.ts for 12 h whi [FET4S00
bubbl ed t hrough rapidly. The light yellow solid was col |l ected by
filtration and ri thoroughly with materyﬁihi mat eri al was >97% as

S
j udged by HPL-€e—N/9.0 |g, 65% fox 2 st-epay aft dr ove yi ng) and was used
directly for the\l%lclklo catti-Ba. %@—ﬁﬂg-di hydr o- 3H
pyrazol o[ 4', 3':5, 6] pyridof 3, 2 d] pyri dazi ne- 6, 9- di (See
Preparations 9 and 10) 15 To a suspension of 3-Ethyl-3H "'
pyrazoloI41,31:5¢6Fpu¢ido[3, -d]succinanide-ﬁ/etﬂﬁone 79.0 g, 366.0
mmol) in 1:1 -ethanol -jwat er added— _hyfir azi € monphydrate (50
m., 1000 nmol). sul t §ng W?éﬁ?dw sol U\ S atedj to reflux for
0.5 h and cool ed 20 toced0[efr]The yell ow sol uti onges ¥dified with HC

(conc.) to pH4. Wite suspension was formed. The thick sUspensi on was
cooled to r.t. before being filtered. The/~xywhite solid was dried at
40[ err] cuum oven f 24 h (72.0 ; 1.0 jmol). This material was

transforned to 6

0 ¢ Di I oy et hyl - razohg&ﬁ',3':5,6]pyrido[3,4-
d] pyridazi ne as "dj scyssed |n P pa?ation 10 an

subsequently used in

the follow ng reacfrong. N 5. N-Methyl-1-[9-chloro-3-ethyl-3H 30
pyrazol o[ 4',3 ':5, 6] pyrf@o[ 3, 4- dl pyri dazi n- 6-yl §H ,

i m dazol e- 4- car boxi m de To a suspension gf, 6, 9-di chl oropyrazol o-
pyri dopyridazine (30.0 g, 112.0 mml) in N o~ 3 '
et S~y b,

— —N,
\\="J\\ ,4;::>>"°H \\"’l\\ ,l;::>>
co , CONH ,
= =N H,C
-1 o A"
/ /
5 . conn” 7 co” ,
O/CH3.
/==n |,, /=y B
A0 T O
/ /
N .
co” _ coNHY ,
=N éy /N
__-N\»’/l\\ F::> —_-N\,//L\
— —
N N
co” , co” ’
~y \ /ﬁ§§N OH
—N —N
A D A D
Cco CO

THIS SHEET HAS BEEN
REPLACED
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35 nethylpyrrolldlnone (300 nL) in a lL pressure glass
105 reactor was added 4-nethyli m dazol ecarboxam de (14.7

g, 118. OwgRiskyignd dii sopropyl et hylamine (58.0 nL, 336.0 nmol ). The
reaction mxture was placed in a preheated oi | bath at FSB/YSAVR61e%y »
hours. The content was poured 5 onto ice (approximately 1 kg). Unreact ed
6, 9- dichloro ml o- pyri dopyrid precipitated as a lig

yel | ow solid amd oIIece’dby-f—HMratlon BN I
was used to extrac aqu ou sol ut |\@* onfe t furthea w Eju:ﬂtm l“l
6, 9- di chl or opyrazol o- 10coPyr] dopyr| dazi ne. “cdfie dqueous sol

saturated with ammonium sulfate fol |l owed by the éxtraction with ethyl
acetate (3 X 1 L)/‘\‘H& conbi necalh or ganfejprtions were washed with water

(2 X1 L) and—y driéd ov@ ydr ous—a0di urp sul fate. The sol vent was 15
subsequently reno der refuced? press The resulting solid was
80% pure as judged by r e HPLC a N&@}M@H .z 358) and was

used wit hout further purifi cati 6n. The yield was 2 %Z%after correcti ng
for the purit e) [ 943 ChI oro 4- met hoxyphenyl ) -

met hyI ) am no) —&-thyQI H pyr azol.a__

, 3" 15, 6] pyrido(3, }\g:-]ﬁl%\rldaﬂ n- 6- yI

N- et hyl -1 Hi m dazol e- dgapggxam de cu.od©0 @ suspension of the
product fromstep (d) (26! 25 ' g, 74 0 mm‘fz) ?h N-net hyl pyrrolidinone (265
m) inallL p re gl ass reactorgae% added (3-chl oro-4-

met hoxyphenyl).ue{;l‘{;tne hydr ogen chLl ri (18.7 g, 89.0 30 nmol) and

di i sopropyl et hyl axi (43.0 L, 244.0 The reaction m xture was
pl aced in a preheated at 1 [ r]C for 2 hours. The content

was poured onto ice éPQEgba%mat ely 1 kg) “nCHs ght yell ow solid
f or med. The aqueous suspension was allowed to stand at room 35
tenperature for 20 _nminutes and then filfesgd. The so

- 106- _Nd — \/k

CHZCHZ
/Sy /§ N
—N |/\ 2
— = N\)
CONHOH | CONHCH,CH;
- o
\% N =
CONHCH,CH, CH,CONHOH
/=y Y
—N (o) —N
e S
CH,CH; or CH,CONHCH,CH,N (CHj) ,
THIS SHEET HaS BEEN
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was washed with water tho h . This wet solid was di ssolved in
ethanol (75 nL) and was s m’&’lw "IH"WH'H to boiling. Wite solid
began to form and becane y. The suspension was cool ed
briefly at r¥0®87%nperature and was fiftered. The solid wecT/vsm@sisended
in ethanol (50 nL) and was heated to boiling for 10 m nut es and
filtered. The product wascaipdaimedraglaim 4 Méieasedid (22.5 g, 62%yiel d)

with a purity_pf_ _99% udged by .reverse has PLC. np 181-183 [err]C
and 206-207 BO** %?%?%Ciﬁe{s rﬁac Pigple Féif ¥ &f the fermeday, 154. 2,
149. 3, 146. 2, 143.0, 138.4, 137 SQ\QQH 1 130 6, 129.9, 127.6,

122.8, 122.5, 118.1, 113.8, 112.3, 104. 9.9, 56.2, 45.6, 43.3, 25.8,
15.0. Anal. Calcd for [err] C, /ﬁw 51; N, 25.63; d, 7.21.
Found: C, 55.72; H, 15 4.32: N, 2B Steps b), d)

and e) in the above synt hesi s wgr(g_;al s carr i out by the foll ow ng

preferred procedure. - 20 b’ Et hyl - 3H pyrazol o[ 4', 3" : 5, 6] pyri do[ 3, 4-
dl succi nam dewBegeditone [err] To a sol uti on of
(1- Bt hyl pyrazol - 5-yl am no) - N, N- di met hyl f or mam di ge&=(540.5 nmmol ) in
water (200 nml) in a 25 _hepke S 2\ 31.0 g, 1350.0
nmol ) i ssol ved i,n vval%?gr o%s sgﬁﬂilon stirred
vigrously *at r.t. KoitS12 h Whl I e alr was bubbl ed throug rapi dly. The
light yellow solid was col}ected by filtration and rinsedithoroughly
with water. This 30 matef1aly was >97% as judged by HPLC (79, , 65% for 2
~NHCH, °© _Nn(cm,),~N Db ”NH(CH2)2_<\_
_/ , Nﬁ.
_NHCHZQ -NHCHZQ —NHCHZ—Q-—Cl
Cl' OCH3 , or Cl .
8. The compound of Claim 4:

10 : Loy
1-[9~-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl—3H—pyrazolo[4',3':5,G]pyrido[3,4-d]pyridazin-6—yi]—
N-methyl-1H-imidazole-4-carboxamide;

15 1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino]~3-
ethyl—3H4pyrazolo[4',3':5,6]pyrido[3,4—d]pyridazin-6-yl]—
N-methyl-1H-imidazole-4-carboxamide, methanesulfonate
(1:1);

20 N°-[ (3-chloro-4-methoxyphenyl)methyl] -3-ethyl-Né- (4-
pyridinylmethyl)-3H-pyrazolo[4',3':5,6])pyrido[3, 4~
dlpyridazine-6, 9-diamine;
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-107- st eps after oven drying) and was used directly for the

L°§'&Wp2?h;F?F;i 9_chi or o- 3- et AJII!HHWHIIIHTIFIIHIIF”“C&' 1o siep ©) ahove S

pyr azol of 4' 6Ppyri do( 3, 4- d] pyri daz¥n- 6- PCT/US00/06100
i i dazol e- 4- car boxi m de 10 A sol uti on of
4- et hyl i m dazol etafBoXxafd deh&r@-4methoxyphgnylimethyl hamino) -3~

N, N-di met hyl Leqgm ﬂhﬁepQQngi%[M633@ﬁ?Qﬂ %Qldo(3 hDaPpdbi 485 NECK-| ppket ed
reactor vessel, urft Al or opyr azol o= pyrléopyrl i ne

(10.0 g, 37.3%- HfﬁUF-y‘lfiﬁZ"le AnpeERANRIChy | f or mam de (40 nl) was cool ed to
0-21C. To 15 the above m xture, was added 10% of the 4-

met hyl i m dazol ecar bgxa utio r 15 mn 0 t he
addi tion gf 325 m];'sﬁ)é ref]r[?? J5°’? g‘{j“ﬁ Wyﬁﬁﬁf’)’l)meulyﬁ%m’r’é%m Thg mixture
was stirred ‘elthlleBHI-pyahz{)BdS[l]’ 3': 516 pyertEbiBng-dl pyridazin-6-yl} -

4- nethyl|n1d§fqbeg%3$géggédg_§ﬁl ]ﬂfgkﬁﬁﬁ%e%g%égggZgagﬁgﬁa lQeand addi ti onal

325 nesh [er WO portions at 3h
i nterval s. After stirring for 7h at 2-4[err]C, the reaction m xture

was' war ned %D[bQ{%QﬁB&ﬂié}éﬂKiﬁﬂdﬂak?QhEﬁyl?ﬂ@éﬂgi]éﬁiﬂo?lslh'5

tenperature A thick slurr f or ned hé reaction was sto fed when

the remail®i ngtoyd- éﬁcﬁVSFé%&?bQCMQf r 61 opiridad gy frd bRy rbdagintesylihan 8%

quantified by-hBLEmidazanalysis-mferay 153mRIredinyly 8heboxamide; Cold water
(120 M) was slowy added into the agitated reaction mxture. The

tenperature of the
1~[{9-[[(3-chloro-4-methoxyphenyl}methyl]amino] -3~

ethyl-3H-pyrazolo[4',3':5,6]pyrido(3,4-d])pyridazin-6~yl]-
15 N-1H-imidazole-4-pyrrolidinyl carboxamide;

l—[9-[[(3-chloro-4-mefhoxyphenyl)methyl]amino]-3—
ethyl-3H-pyrazolo[4',3':5,6]pyrido[3,4-d]pyridazin-6-yl]-
1H-imidazole~-4-[R-1-amino-2- (methoxymethyl) -
20 pyrrolidinyllhydrazide; or

1-[{9-[[(3-chloro-4-methoxyphenyl)methyl]amino]~3-
ethyl-3H-pyrazolo[4',3':5,6]pyrido(3,4~-d]lpyridazin-6-yl]-
lH-imidazole-4-acetic acid.
25 '

9. The compound of Claim 8:
1—[9—[[(3—chloro-4-methoxyphenyl)methyl]amino]—3—
ethyl-3H-pyrazolo[4',3':5,6]lpyrido(3,4~-dlpyridazin-6-yl]-
30 N-methyl-1lH-imidazole-4-carboxamide.

10. The compound of Claim 8:
1-[9-{[(3-chloro-4~-methoxyphenyl)methyl)amino] -3~
ethyl-3H-pyrazolo[4',3':5,6)pyrido[3,4-d]pyridazin-6-yl]-
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30 mxture was nmaintai ned belo 1.C t hr oughout the addi ti on.
After 1 h stirring, the mxture @m ”i" t hrough a nmedi um poresity

glass frit The lid cake was rrying wi err 1/4, 3
x 30 m) anHVW(fs'ﬁg (50 nm). The cake was dr| ed in a vacu&?ﬁ@%"ﬁ&f 5" Hg

-108- vacuum 50[err]C) over 1 - 2 days to a constant weight.
The wei ghtmethyhelidrimdaznliat dves roragidiet mgsepiniignate The
crude solid wasy¢issolved in N N di met hyl f ormam de (60 nL) at 120 -
123[err]C. The solution 5 was slowy cooled to 90[err]C and stirred for 2
h at this tenperature to forma seed bed. At 65 - 70[err]C, to the

m xture was addedikt OAs pliifrmdgeunieral3gonpnsifhen neonprissing onsaors| owl y
cool ed t o5 25[@LE] Qomgﬁué&s % déﬂ @ru;nstll 1588 udlng 02 dharmd M @hYLe for 16 -

20h. The solid was ¢ C d|u oresit ss frit and vvashed
oith fronc ( 2epegBante fel €loiedte anl-G B PRI ERUY Y faddaptad

yi el d. Teasrmateri al has a purity of 97. 4% by HPLC anal ysi s and
LC-Ms (mz 358). 15 e') 1- [9 [ [ (3-Chl oro- 4- et hoxyphenyl ) -
rrethyl]amno] 3-et hyl -3H

[4',3 :5, 6] pyri do%% 4-A %ll?%‘iz‘?fg tyepting a cGMP-associated
N- net hyI 10 1 icondaz bbe- dowpr eivegriadiminiz@ering tdoa amamepenisi oreed® t he

product fromegkeRoEdin(&fractive Gmolthtl oF R Lohﬁoéhaf&hyépydfém dinone (185
m) in a 1L pressure glass reactor was added (3-chl oro-4-

met hoxyphenyl ) net hyl am ne hydrogen chloride (18.7 g, 89.0 mol ) and
di i sopropyl et hyl akBre f48ethed oRsxedtimgl p. caBditeaseabay giistrdesr e was
placed in a %@.P@%gﬂgoaamMi&ermgatcolaomhﬁﬁ\alQﬁq&eéd hotdSeor Hhe reaction

m xture S to roomtenperatyre and_3 wat er was added
sl owl y *@ %%ectlve amount é@ rg%mposgtgon of ZPal fg
14. A method of treating sexual dysfunction in a
male or female mammal comprising administering an
effective amount of a composition of Claim 11.

20
15. A method of treating erectile dysfunctlonT;
comprising administering to a mammal in need thereof an
effective amount of a composition of Claim 11. .
25 16. A method of treating erectile dysfunction

comprising administering to a mammal in need thereof an
effective amount of a composition of Claim 11
simultaneously or sequentially with a second composition
containing another agent useful in treating erectile

30 dysfunction.
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over a period of 30 m nutes. The aqueous suspension was allowed to stir
at roomtenperature for 2 hours and then 30 filtered. The solid was washed
with water t y and suction dried overnight. This i.d was
suspended inwwgg;ti%anol (330 mM) and heated to boiling forpé'?)Hgﬁ’((?.moThe
suspensi on was cooled to O - SLI%(rer]fC, stirred for 2 hours and was
filtered. The prodhtt ASIRAFeFrashs pareairl | ow

-109- solid (33.2 g, 91%yvyield) wi.th a puri

j udged by reverse phase HPLC. np \;‘,81-1 [err]C -and QMMﬁMFWMII"
LRVB mz 491; [err]C NMR (CDd 3)", ~402. 7, 154.2,7149. 3, 4652,
143.0, 138.4, 137.3, 131.1, 130.6, 129.9, 1276, 122.8, 5 122.5, 118.1,

113.8, 112.3, 104.1, 99.9, 56.2, 45.6, 433, 25.8, 15.0. Anal. Calcd
for [err] C, 56.16; H 4.51; M g v21. Found: C, 55.72; H,
4.32; N, 25.94; d, 7.23. Exanpl e 171

1- 9-([(3-Chl oro-4-net hoxyphenyl) f 2.{

3-ethyl -3H prazol o[ 4', 3" : 5, 6] pyridp[3,4M]- Rs

pyridazi n-6-yl]-Nnethyl-1Him dazR4 e- 4- car boxam de, 15 :

met hanesul f ongf e, é% 1) To a suspension of the product from
Exanpl e 170 ? .0 g, 20.3 mol) in ethanol (200 m.) was added

net hanesul oni ¢ atii¢ Er1oraL, beoma, newlJodst; 200C while- 20 stirring. The
yel low slurry becank thitrdgenf bEStcaRd- ; 9gradually turned into a thick
off-white slurry. The slurry was stirred at 25[err]C for 15 h, and DSC
anal ysi s on. %y IS nddregenefr sahpRa “sREREHded nehat exfedoterstmante of
-235[err]C. Yy arddez sidimitrogenst bhied at r.t. for 0.5 h.and filtered. 25
The filter cake S shed _wi.th 300 nL of _ethanol and, dried at 45[err]C
vacuum oven for 24’ hReTHe BPBdie2 fds defipedi HedFiAl® bal e yel I ow solid
(11.4 g, 195% yield) with

18. A compound of Claim 17 wherein:
W is chloro.

19. A compound of the formula

15
wherein:
W is chloro, bromo, or iodo;
Y is nitrogen or -C(Rs5)- ;
20 Z is nitrogen or -C(R¢)- provided that at least one of

Y and Z is nitrogen;

Ry is -SR;, -OR;, -NRgRs, or ~ NH™C—Ri3 ; ,png

-131-
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a HPLC purity of 99% 233 - 235 ure LOD 3. 9% Anal .
Calcd for [err] C, 49. 02 H 4. 46; Jﬂ" E!Wi}i , 6.03; S, 5.45. Found:
C 47. 44 21.51; ’ PCT/US00/06100

“110- Mwdlodikno™ Exsarrpl e 172 1-

9-[ 1 (3-Chl or o- 4- net hoxyphenyl ) net hyl ] am no] - 3- et - . _

3H pyrazol o[ 4', 3' Ry, FapyReddtes, BrdIfeyr Readhh- %Jy‘?%/e Ngs sdefined in

met hyl -1 Hi n‘cdagﬁl €. 4- car boxam de, hydrobrom de(1:1) To a
suspensi on of the product from Exanple 170 (1.Qg, 2.0 nmml) in ethanol
(16.6 nL) was added hydr obrom ¢ acid solution (30 wt% in acetic acid,
2.0 mL, 10 10 ozmmlax atmpPOfret rdfCClaiime 18t whekregn: The yel l ow slurry was
stirred ag r 3 th?pg DSC analysis on a filtered wet sanpl e
showed a mslt endot ﬁerma 260[err]C. The slurry was filtered, and the
filter cake was washed with 40 niL of ethanol and dried at 45[err]C
vacuumover for 241h. AhgrdSesPrigrapasingt ai 86fpdend gl enyel | ow solid
(1.1 g, 92% |eI d) with a HPLC purity of 99% np 244-248[err]C, Anal.
Cal cd for [efPFm™&laszg 22: H, 4.05; N, 22.01; a, 6.19; Br, 13.95.
Found: C, 48.02; H, 3.98; N, 21.87; ad, 6.13; Br, 13.83. 20

10 R
wherein:
Y is nitrogen or -C(Rs)- ; _
Z is nitrogen or -C(Rg¢)~ provided that at least one of

Y and Z is nitrogen;

15 R; and R, are idependently selected from —-SRs, —-ORs,
0 _
-NRgRe, and ~ NHTC™Ri3 ; and
R3, Ry, Rs, Res, Rz, Rg, Ry and Ry;3 are as defined in
Claim 1;

which comprises the sequential addition of an amino,
20 thiol or alcochol of the formulas .

R;H and R;H to the compound of the formula
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\\“\\“\“‘““\m\\“\ -132- THIS ss;g&\ gé\Ds BEEN




Exanpl e 173 1-[9-[[(3-Chl oro- 4- met hoxyphenyl ) net hyl ] am no] - 3- et hyl -

3H-pyrazol o[ 4',3':5,6]pyrido[3,4-dl pyridazin-6-yll-N 25
met hyl -1 Hi | e~ 4- car boxani de, hydrochloride(1:1) To a
suspensi on %a@ ﬁ?oduct from Exanple 170 (1.7 g, 3.5 mﬂs"?’?f"é“[ hanol
(35 nmL) was added hydrochloric solution (37 % in water, 1.4 nL, 16.9
mol ) at 20[ ewhe€e80: Whisecklorq, myomoTheryédpHowin| tihe yoxwsereated to
refl ux fobnliRer® EHiGknOf {nal Gl s3l Urry was. gradual |y forned. The
slurry was cooled to r.t., stirred for 20 h and flltered The fllter
cake was washed with 40 nL of et hanol and dried at 4
f0rd24 h. Thg 22. A proTess of Clalﬁ Zé whereiﬂi - | l "
pr oduct obt ai ne ale.y W | 1.8 g, 95%
HPLC pur}N?@ of 999% rfB Eﬁ‘ﬁg‘é‘b‘é‘f %]% ARAR 1 Caicd for [err] c 52 28
H 4.39; N, 23.86; Cl, 13.42. Found: C 52.05; H 4.41; N, 23.61; d,
5 13.09. W N

Z SN

R3
is reacted with an amine, thiol or alcchol of the formula
R,H in an inert solvent at a temperature of from about 0°C
10 to about 110°C in the presence of a base selected from

trialkylamines, 1,8-diazabicyclo[S5.4.0] undec-7-ene, and
a carbonate to give the compound of the formula

W,
/N\N
.08
\ /
i N R4
Ry ; and

b) the product from step (a) is reacted with an
16 amine, thiol or alcohol of the formula RH in an inert
solvent under elevated temperature in the presence of a
base selected from trialkylamines and 1,8~

diazabicyclo([5.4.0}undec-7-ene.
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Substitute sheet - 02
What is claimed is:
i A compound oftne ot NN IR N AW
(‘) * [+ L M S *
o or a pharmaceutically acceptable salt thereof wherein:
Y is nitrogren or -C(Rg)-;
Z is nitrogen or -C(R;)- provided that at least one of Y and Z is nitrogen;
R, and R, are independently selected from the group consisting of
—NH—C—R : .
hydrogen, chloro, -SR;, ~OR;, -NRgR;, and 13 with the proviso that
at least one of R; or R; is -NRgRy;
R; is hydrogen, alkyl, substituted alkyl, arylalkyl, or substituted
arylalkyl;
R, is hydrogen, halogen, alkyl, substituted alkyl,
-ORys, Or -NRyjRy;
Rs and Rg; are independently selected from the group consisting of
hydrogen, halogen, alkyl or substituted alkyl;
~ R;, Rs, and Ry are independently selected from the group consisting of

hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,.
cycloalkylalkyl, substituted cycloalkylalkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, heterocyclo, heterocycloalkyl,
heteroaryl and heteroafylalkyl;

Rs and Ry together with the N atom to which they are attached can form
a heterocyclo ring, a substituted or unsubstituted imidazole, a
substituted or unsubstituted pyrazole, or a substituted or unsubstituted
triazole;

Ryjo, Ry and Ry; are independently selected from the group consisting
of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, cycloalkylalkyl, substituted cycloalkylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heterocyclo,
heterocycloalkyl, heterocaryl and heteroarylalkyl;



[err]. or pharnaceuticaLLymacceptabIe salt thereof
IS nitrogren

le nitrogen or [err] pr
| east one of [I!J m) ” ull tm [err] and [err] ar
selected from ti ng of

0 hydrogen, chloro, -[err] with the pne4i so,that a
R3 is hydrogen, alkyl, substituted al kyl, m

hgne OE !EEEI
aryl al kyl ; R4 i s hydrogen, hal oge al k stl ute al kyl

[err] ; [ eRs] 1%@(3}‘/ fr F]‘b%Frlé“F?fgéﬁEWdeﬁ%’/‘f]faz}é‘f SR

consi st ngcﬁflomgﬂ@g@n fialsegertedatyolloabkylsikslt,i axitledseltshiruted arlflerr] are

i ndependent | el 1ecl d fr t 600S.84d 1Y Meeb¥efadgemkyial kyl,
substi t ut eif’éﬁ%ﬂl ceDEFb%Q%]d Qﬁ,ﬁ%?#&l ‘tuted c>cfi’lclra)ga kyel égg:ycl oaI kyI al kyI

substi t ut ekslem;yeﬂyélrk% éPk%eraH}llesubst ituted aryl, arylalkyl, substituted
aryl al kyl, het ah@Cye&Oy sdhetﬂ&eycémhkyﬂqfefsettersxatayiahtam’d hestrehedrcph i kyl

d th t u c
Lo 20 bk 429519 Wdnd BRAATAT WUt Bt e Y cBLAC betk ta

; S Subst 1t Ut unsubstituted i m dazole, a
subst it ut efiraw thearbe |cpuweﬁilpyr°§zbﬁle° or‘CHa’"st%%‘%"Yut“éfa“Br kSt i t ut ed

L r :j azol e; aliyl yik8{d ] aafr@t | ndepereant Ly ﬁ:@bﬁfmmlah)f rag;lhelgn gtmmlewalb it : ng of
ydrogen, a I tu mn3Uu | cycl oal ky

cycl oal kyl af rméﬂﬁgé’ "t u%gog @ylé%/lkgﬁ% a%% ! 5??/ m%lft ut ed aryI

aryl al kyl, substtiet té:ed BFupshitred mlea@syylé@d h%tbéfﬂbw@fio%}r%w et Sar vl

and |16ter(JQEkgfakg&@ycloalkyl rings having one, two, or three substituents selected
from the group consisting of alkyl, alkoxy, alkylthio, halo, hydroxy,

itndependent 'y
0 o NOV 2001

_ cyano, amino, -NH(alkyl), -NH{cycloalkyl), -N(alkyl),, -C(O)-NH,,

-c{0) -NH{alkyl), -C(0O)-N(alkyl)., carboxy, -CO;-alkyl, aryl, substituted
aryl, arylalkyl, substituted arylalkyl, heterocyclo, heterocycloalkyl,
heteroaryl, heteroarylalkyl, keto, =N-OH, =N-O-lower alkyl, and a five or
six membered ketal; -

the terms “substituted aryl” and “substituted arylalkyl” refer to
aryl rings having one, two, or three substituents selected from the group
consisting of alkyl, substituted alkyl, alkoxy, alkylthio, cycloalkyl, .
halo, hydroxy, nitro, cyano, amino, -NH{alkyl), -NH({cycloalkyl),
-N(alkyl),, carboxy, -CO,-alkyl, -C(O)-NH,, -C(O)-NH(alkyl),
-C(0) -NH{cycloalkyl), -C{(0)-N{alkyl),, carboxy, -CO;-alkyl, -C{0)-alkyl,
-0-C{0) -alkyl, -NH-CH,-carboxy, -NH-CH,-CO;-alkyl, phenyl, benzyl,
phenylethyl, phenyloxy, phenylthio, heterocyclo, heterocycloalkyl,

_ heteroaryl, and heteroarylalkyl, and pentafluorophenyl;

the terms “heterocyclo” and “heterocycloalkyl” refer to substituted
and unsubstituted saturated or partially saturated 3 to 7 membered
monocyclic groups, 7 to 11 membered bicyclic groups, and 10 to 15
membered tricyclic groups provided that said monocyclic group or at least
one of said bicyclic or tricyclic groups contains one or two oxygen or
sulfur atoms and/or from one to four nitrogen atoms provided that the
total number of hetercatoms in each ring is four or less and further
provided that said ring contains at least one carbon atom, the fused
rings completing said bicyeclic and tricyclic groups may contain one
carbon atoms and may be saturated, partially saturated or unsaturated,
said nitrogen and sulfur atoms may be oxidized and said nitrogen atoms
may be quaternized, said heterocyclo ring is attached at any available
nitrogen or carbon atom of any of said rings, and said heterocyclo ring

may contain one, two or three substituents selected from the group



[err] is al kyl, al k cycl oal kyl, substitut¢ " I

cycl oal kyl al kyl, ! ﬂi 'ﬂ, ﬂ,ﬂkj oal kyl al kyl , aryl, subs1HEPL E SHEET-
aryl al kyl , subst | T het erocycl 0, heterocycfop

het er oar yI or heteroaryl al kyI heyg erm substitute

strai ght or branched chain groups of 1 to 19ubsiituienshaedy
three SUbSidnts'J!QtE‘xt:@ §§I1gq[,edfofr{“p{n LR cgrg#xccogﬂls%:ﬁltﬁx

al koxy, am_no, - i
-0 -NH[@fcrl]’alkYé( cjukﬁﬁeawﬂ 7Y°1° kgL, N P&’W)’[er (Cyeleaaﬁb@ and [err]

the terns “MuUbsbidittieed aykyoal klydalkgand "RHitbsY i bmkﬂdhmyplr@afdwl ahdeeb” refer
to cycloal gyl ki %sb&\ueag ﬁ{%ﬁy A Wleeﬁ&lm%dﬁteueﬁ#%a% g¢ied from

t he group condi 5tin kxlt tyano,
ani no, - NHPRAPKYP3Y,: PW&ybmaFﬁmyw' -&anl d'oycm@&rkgnsyltt[t@ﬁra}lka@r boxy,
Le[r] ary: +C @ bst,, tm(e?i M{Mﬂlkyﬁl’ ytm{-lc;bi-,amyuﬁs:-ctmt.snll(@eybalmklyyj , N
heterocycl g, rg{c £l o _alkg er 8 ecq paryl al kyl o, =

=N- O | ower jcgg?mr% g)%‘ :313 E‘f F#k i‘ ir
substltute At ™ su G ecfJ Xfy?al yT o rart e VST S |ngsy havi ng
one, two, dﬁH-tCHf-é!éz@szl i theberarysdd edesdrdaryin thesegrarypationisi ket g=HfoH,
al ryl , subsfid-ubed ahk aladli @&Yveﬁll_rlk¥ki lmeaﬁ;ce)ackgﬁlkyl halbo hydr oxy,
nitro, cyano, am no - a oa err]_car ox err
QO [err] - é Sabine 658 RAEETRRORIYY)” TR CaP bRy S
-C(O -al kybnd aﬁsﬁ(s@)xtatéqlaromawﬂcc&@marmwyred NHnﬁi&lmxaﬂukzyl 9 pheanyl , -
benzyl, phgoyld g&ﬁvﬂm Qi‘fd‘}gkﬁﬁﬁ’ﬁ Rheny! thig, maﬁote%a%wdﬁeg@m%y&mhgal

het er oaryl et ef oar and pent afl uor op d?/
"heTerocyc Fbat &Eadd “Wéf’%Y"&&ﬁcﬂ”E?é‘Pk?’F elt:r eFAt PR° §t§b§i”r Bf‘%’(Fli&n‘EF tnCYchc
unsubsti t Ubﬁd.xlﬁa&tbﬂtahﬁd dile pArdwoabkysesadtirsal &g Atbs AngpsthEred ongotcycl i c

groups, d‘;lb?? {Iﬁé@%ﬁé:& 18¥&'c'h8 HAUDSea 12 AGkEY {:P é@aré@;@ﬁ?rﬁdé% Qg C

gr oups prOV| at nDnocyc |c group or at [east one
bi cyclic ofst¥qugyey ilesgr slgsiestnsk AiEs 6PRPISEiravEad% yf6Hchic 284 ItrdFYdi6ns
and/ or frogreqss tn@y fe@udtai bﬁpgeﬁrabxorwom Qvtided, bbadatubeted, opatcigunper of

het eroat ong | n. %a§ orr' N9 d Sk OUJ Q3¢ %%9 vy %hffur Q&%\’s' ded that d%
rlng contalns gt eas one car ¥ nﬁ¥ Sal
bi cyclic aﬁadtsalléyleiqreggrr (GUTcL 'T'PetybEGI’\’taéPﬁnGﬁé %aﬁb‘emea?mﬁ smdlprray be
sat urat ed, ap8sdtedl &ty ahgt WAl 861 O hitisRhUsAIc@ELon S8bW JFi &ﬁpg@ﬂg ;araeldssmliﬁur

I N S T i

Pogen. or earbon-arom of
any of sai dihPle%lP eangiseing H’étf@rlecy%qréyh ﬁ@‘ln?mvyé’émt atxrlonaubstiputsd t hr ee

substi t uentsaxge! esl e ikl pM-Nac@I10HDkyl) , -NH(substituted cycloalkyl),
-NH (substituted alkyl), -NH(heterocycloalkyl), -N(alkyl),, alkoxy,
alkylthio, cycloalkyl, substituted cycloalkyl, hydroxy, nitro, phenyl,
—_ phenylalkyl, substituted phenyl, substituted phenyl-alkyl, phenyloxy,

phenylthio, carboxy, -COj;-alkyl, -C{0O})-NH;, -C{0)-NH(alkyl), -C(O)-

NH (cycloalkyl}, -C{0)-alkyl, -0-C(0O}-alkyl, -CO;-aryl, -CO,-(substituted
aryl), -CH=N-hydroxy, -CH=N-O-alkyl, -CH=N-NH;, -CH=N-NH({alkyl), -~CH=N-
N{alkyl),, -C{0O)-NH(substituted alkyl), -C(0)-heterocyclo, -C(0)-aryl,

—C—(0) ~NH-C-NH, ,

-C({0O} -substituted aryl, NH -C(0) ~NH (heterocyclo),
__-ﬁ-—NH2 , -—-ﬁ—-NH(alkyl)' -—-ﬁ—-N(alkyl)zl
NH NH

-C(0) -NH-OH, -C(0)-NH-O-alkyl, -C({O)-NH-NH;, -C{0)-NH-NH(alkyl),

-C(0) -NH-N (alkyl)s, -C(O)-NH-(heterocycloalkyl), -CH,-C(O)-NH-OH,



consi sting of halo, fornyl;,—anino, cyano, alyl, substit ACEMENT SHEET
cycl oal kyl, substituted ci|cl oal kﬁ -NH(al kyl ), -NH(cycl 0"?% VE

-NH( substi tut ed I mum lmuﬂl oXy, aI kyl t hi o, hydrox , |ni yl
substituted phenﬂ Ii“ﬂa I substituted phenyl yli, %3@?@@
phenyl t hi o, car boxy, [err] O) NH- sub$16t tg sef. Der OO
-C(O-NH(al kyl), [err] C(O) NVH( cycl oal k o
-C(O-aryl, -C(O -substituted aryl, -C(O) - heteroaryl, -

-O0CO-al ky:h,-c-(N-l-l\ﬁHa-ﬁadyboxmz-[cﬂbr Jnthetessadyct@l ahkeyer,oac d),-NH-S0,-

het eroaryl al kyl , keto, =N-OH, =N-0-lower alkyl, and a five or six nenbered
ket al ; the ternms "heteroaryl" and "heteroarylalkyl"” refers to

substi t ut edlant hesemsticlot dgtercswaidad kBl ohebergafydr ehdnbefsepatylelyloups, 9

or 10 nmenbered Ph&ehinCrhbattfuted Hhehy Qn&4“‘§mabﬂi&@dtﬁﬂeﬁyﬂdlﬁyﬂ'r QdPpsr
provided that said ﬂono yhl I.c _group or at_least

tricyclic JPol B8 ht HiFs MBI 0P WbV L% g B egrs"lsbuﬁtf‘ E‘?enétso?ﬁs eﬁﬁ%‘%%?”’? ( g’?h one
t 0 ni t r ogersratprenpishiindedt tloaer ahkyl.oftaven@ibery.ofovrt etldicbae. ibaleach

:I ng Ils fowyaRs, h§eSoxy, heuﬁéaedterdl D&k C QB 161 hmosaarﬁinm cmee@mqmm,
r|cyc Ic gro

ntain only car ato e saturated,
partially s&?‘dgﬁl@&ﬁ’bﬁ uRRh ey, 2 JS‘KEH‘ NS eﬂneaﬁﬁbg‘iﬂtf‘ﬁ’?t SEOREeay be
oxi di zed antropatie: grovmgensiEtdny mdypliFmydudiearnl z eenglatiyhepbemeioyy, group

i s attached,at,, moavgdrlbg@e -Bbl- ﬁgwamylcatgw @komgto)aﬁy(lrdwgg,am?g) sai d
het er oar yl ubst | tuents sel e romthe

group consi g{(Phg"*ﬁF}f/ﬁ]&ﬁa&ky})drnﬂo) EHWS" ‘?:]5‘31]! 2 AP IR s BRI ed %FRy ! |
- NH( al kyl ), (0)NIH{®sex] abityidy | ) NH- Sl saioky u-tl\@dcbycdmab\qui plkyINHesi b CHot att ed
al kyl), - Nl—f(glgggg&qycgrgﬁkg a)f,luo%ﬁg}@&l )2, al koxy, al kylthio, cycloalkyl,

substituted cycl oal droxy, njitro, pr’;ené/ phenyl al k I ,. Substituted
phenyl, substi t&{“éoteﬁﬂ‘enih‘ Séi‘?iFled PHERTI Gy T IRTENY eI TridRartox e awvi-

_ coe- al kyl , fuseQriNkRole,Co0)a Nefadokyy)-fus&l Quiddddleydvdabkare) or -t6p0) - al kyl ,
-0 (O -al kydhstlgg%tekyélectmréé thtg{(&uie&r@ayzwng ogﬂﬁw?by%gwmuted

- CH=N- O al kyl g %
- C(O) - NH( subdivite (RIEax% idHkylthies g i‘m%i%‘ﬁf grituse )CYé‘)r/‘y?lkyl tatp-
- CH[ er r] - C( f)rmyhHHDdabky| nitfeH] eyanb, Gnino, NINH (4Bl t | 1Nt epklahkiyl), - C (O
[err] -NH (heterocycloalkyl), -NH(substituted cycloalkyl), -NH(substituted
alkyl), -N{alkyl)., carboxy, -CO;-alkyl, -C(O)-NH,, -C(O)-NH{alkyl),
-C{0)-NH({cycloalkyl), -C(0}-N(alkyl}., -C(O)-alkyl, -C(0Q)-aryl, -C(0)-
substituted aryl, -0-C(0O)-alkyl, phenyl, substituted phenyl, phenylalkyl,
{substituted phenyl)-alkyl, -CH=N-OH, -CH=N-O-alkyl, -CH=N-NH;, -CH=N-
NH(alkyl), -CH=N-N({alkyl):, -C(0)-NH({substituted alkyl), -C{(O)- (CH,)q-
heteroaryl, -C(0}-(CH;),-heterocyclo, CH,-C(O)-NH(alkyl), -CO;-aryl, -CO,-
~ substituted aryl, '-CO;NH-?-NHZ, -C(0) ~-NH-heterocyclo,

NH,
_—c:—zxm2 —C—NH(alkyl) ——ﬁ'—N (alkyl),

Lo

NH, NH,

-C(0)-NH-CH, -C(0)-NH-O-alkyl, ~C(O)-NH-NH,;, -C(O)-NH-NH({alkyl), -C{(O)-
NH-N(alkyl),;, -C(O)-NH(heterocycloalkyl), -CH;-C{O)-NH-OH, -CH,-C(O)-NH-O-
alkyl, -CH,-C(O)-NH(substituted alkyl), -C(O)-NH-S80,-alkyl, phenyloxy,
phenylthio, heterocyclo, heterocycloalkyl, heteroaryl, and
heterocarylalkyl;

the term “substituted pyrazole” refers to a pyrazole, an aryl-fused

pyrazole, or a heteroaryl-fused pyrazole having one or two substituents



al kyl ; heterocycl o, heterocycl oal kyl, heteroaryl, and r : r\s/HlEFT
the term "substituted phenyl"” and "substituted phenyl - ‘-':r
phenyl ring having one, two or three substituents selegtpd fromthe grp 1p
consi st |”Hm,g mimg’“"@% | oner al koxy, |ower alkylth|o] Ha NOVcagho,
hydr oxy, al kyl, nitrd,7 = NH( 1 ojvet., al Kyl
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fromthe group consisting of phenyl, benzyl , phenyl et hid—phenyl oxy
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- NH( cycl oaddRypbded £E$rOthe Nfdogpesonsh kRydng2of -a3ke) , -supbbitmtedlRil), al@oXy, '
(0) - (1 overy gl k¥, nddd, %ﬁﬂ;b%xro Wa&HZ QQ% ! om@{) a18b iy —naddyn( CH2) . m

het eroaryl, and pent af | uor op stituted i mdazol e"

refers to AW F#‘ﬁld’é}%‘flé %ﬁf’bé?qﬁi - CPﬂ?&ﬁyjr'm Eé‘z N@?' oF {& NB{¥¥At yI ~FBhed
i m dazol e mawcfgaaahgl)or -C W -¥didyill e Rt )selladt, edofT (o dlkgl gr-OEPCBONSI St i ng
of al kyl, {t};t ukg%@ld@lalﬂhk%nygl I@éhgﬂl ophé}mgg{:&}lk Iklh(al E}?ﬁ“ tuted

cycl oal kyI forny roxy, nitro, ano, am no,
-NH( cycl oa?*tsw}thwmﬁfféf%%ﬁycl REXEESFYCLoa NiYs LBRIEFPRYEd 37t oal kyI ),
- NH( subst i hete@damdlk¥kyl; - N( al kyl )2, car boxy, [err] [err] -C(O)- NH( al kyI ),
O - NH I | kyl
- (O - NH(cye O?/::rlgytl.grm fl{zxtlghké%%)agole 'Cg'ger.% Eg ér@e%wl

substituted ar enyl , substltute

| k |,
(subst i t ut BPSHREIRAL) S%iLIeE ?d fr eCFF°uPCF&‘H-1®F%ﬂ§k§7 a k@i-lc “hﬁglt“ TV
NH( al ky! ) , a it N IMyatiay, ) Balo, Qydrokbi subst) taybsel ahind,) -V GLEYLY, CHZ)

het er oar yI m.f\i%'&ﬁ:]oa%:t)c( Ok 129 Kyl rbogmca ’)éhk 1 CC@IO)SC%JQSt I éw&fgl i;lyl

|

%;LH : Hﬁlll{m( ark )NH{@(C@Jalkm N R 1 (aékyl)e( CF(O) ad}( -0-C{0}™~-
- NH( het er osy:qﬁloal»kyl:})lz caﬁ:ﬁyC(-@){—-ﬁH—@bi—all@ﬂ Bi<dyl NHbeGzy B byléz;ylethyl

(G- GO - BhLaaha) ) b6 Rl bleeogiid PhEraiodPRANY hLlBarie! ghecyel o

heterocycl heter'oa

substltutE%F"ﬁW’é&lGIlEYl'réf’ rs to a pyrazole, an aryl f used pyrazol e, or a
het er oar yl - f used ipyzeapobe ahainteged iroarl thwo4substi t uent s
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sheet - ]
2. A compound of Claim 1 or a pharmaceutically

acceptable salt thereof wherein:

Y is nitrogen or -C(Rs)-;

Z is nitrogen or ~-C(Rg)- provided that at least one of ¥ and Z is
nitrogen;

R; and R; are independently selected from the group consisting of
-NRgRy, hydrogen, and chloro with the proviso that at least one of R; or R;
is -NRgR,; .

R; is hydrogen, élkyl, substituted alkyl, -{CH;),-phenyl, or - (CH;)a-
substituted phenyl;

Ry is hydrogen, halogen, substituted alkyl, -OR;, or -NR;;R;s;

Rs and R; are independently selected from the group consisting of
hydrogen, halogen, alkyl, and substituted alkyl;

Rg and Ry are independently selected from the group consisting of

hydrogen, alkyl, substituted alkyl,
- (CH;) m-cycloalkyl, - (CH;),-substituted cycloalkyl,

- (CH;) n-phenyl, - (CH;)n-substituted phenyl, - (CH;)ws-heterocyclo, and

- (CH,;)n-heteroaryl or Ry and Ry taken together with the N atom to which
they are attached can form a heterocyclo ring, a substituted or
unsubstitutea imidazole, a substituted or unsubstituted pyrazole, or a
substituted or unsubstituted triazole;

Ry0, Ri1 and R;; are independently selected from the group consisting



| ected f t he—greup—eonsi-sti-ng-of al kyl bstituted aj . v4n
kasftﬁi o0, rg;nl o0, [ " 4—ngygn0:31 a%/i no,su- iIHI( a:Jk;I )? Mml‘ SHEET
-NH( cycl oal kyl ), lg}@@ﬁg!ﬂﬂw@mkyl , -C(O-NH2, -C(0)-NHplkyl), -C(O -
NH( cycl oal kyl), - - s) 2% -C(O) -aIkyI, -O-C(O-al kyl}, QN—NOV-IQQQ}

car boxy, -NH CH2-CO2-al kyl, phenyl, benzad ,.pheny] et h n
phenyl t hi o, heterocycl o het erocycl oal kyl, 34 53 5 eyt SN y"”“h‘“ 2001

het er oar y| &Fkidrogen, alkyl.ha (CHefarpRefiat j t ut ed triazole" rlefers to a
triazol e haucng.onbstitsbdtpheoeht asé|-eCldd-Hatempa® :gr oup consisting of
al kyl, substi tukl g, zefé I an ahky, J:hkpom halg.,;hydroxy, nitro, cyano, anino,
- NH( aI kyl ), (cyc oal kyl), -N(a )2, carboxy, -C®-alkyl, -C(O) -NH2,
-C(0)-  NH(al k§1s anca(fts)esm(ffg?‘eﬂo&f’k 1), -C(O-Nal kyl)2, -C(O)-al kyl,
-0 CO- al kytne il CHdbsaithosd alkpt Ghid- Gubseldaykd Jxhenydlkybenzgbr to
pheny! et NWlauen RRFRY Y ng %psnyéwghap,thtlgé HBEY AR NSLELARUCEOH UL groug
5 rom

heteroaryl etero ¥ mils zero or an Inte

1 to 4. con51st1n2 of halo, - {CH, kye{ﬁﬁgoufquﬁf %3%§Fn?%F06y gower alky thio,

phar maceut izedhby Nnameptalbdye)sam(lcbvhmenfyl\)\her-exw -NH;, -C(0)-¥HiBowektrogen
- &(Rs) - alkyl) -c(é-ﬁlme&rgﬂ%> gagd?c@) afy Oﬁédf&e&iﬁgik AL | east one of

Y and Z is are 1 ndependent seél ected from
t he group consi §P? ﬁGrBf "subst 3RS pY cyﬁ}ﬂ?%@: TefREe é’l‘?l B‘HHYV\/F’?‘PPrFﬁ%d et $5
that at | easttooneadborRlatems R3ving be, NRBRY: three substRBubstshygdraged, frakkyl ,

substi t ut ed,,gl 5¥+]u£ c&idiR) 14 @8'3‘?”13’ werga(nﬁyéc"i?c)wer alkoﬁyb%héytaﬁﬂyfgﬁ%}’lnalo%

R4 i s hydrogen; | ogen, stit
and R6 are 1(HSpohiEALYy C¥aIec PBERS rbﬁﬁ(tlﬁée’@ra&ﬁbl)con’??‘é’tyf:ﬁﬁ‘lﬁ’l’ ' hydr ogen,
hal®ogen, al kyliowendlsyiistid(ol adi Al-kyo) -NH (lower aRE/1ancesRBosy £ -cogependent | y

sel ected frgy ?eéthhe @ﬁgupphféggf' S%ﬁlz et 1XOE QAR 2l Mzam-%apféoawi ed

-D"'

al kyl , supstituted c
S (CH2) m phéﬁ%FP' =X éﬂz)ﬂ'gub%‘leFtﬂtY dp &nrhete(femﬁl% h?é%deﬁoa)'a 8T sdXd
- (CH2) , - het genbekyd ketaRs and RO taken together with the N atomto which

they are attacheq Lgero}fnf Qédﬂs@vgx Sr&%}égip releBfk +8 §$’Rt§£ ‘ﬁﬁg h%'inng gne,

unsubstituted i m a substitute unsubsti tu e
subst it ut edt¥st oEnBWESt FUDFELEHeRES #£dpeted from the gyoyp q’?l‘ilﬁfﬁﬂgﬂifZ 18?’%‘
i ndependent Aykyaehewdred1kdgm Ichergimptnmsnsld N@yano, hydroxy, substituted

lower alkyl, nitro, amino, -NH(lower alkyl), -NH(cycloalkyl), and-N({lower
alkyl),, and/or one substituent selected from the group consisting of
phenyl, benzyl, phenylethyl, phenyloxy, phenylthio, carboxy, -CO,-lower
alkyl, -C{0)-NH,, -C(0)-NH{lower alkyl), -C{(0}-NH{cycloalkyl), -C{(0}~-
N(lower alkyl),, -C(O)-lcwer alkyl, -0-C-(0})-lower alkyl, -NH-CH;-carboxy,
-NH-CH,-CO;-lower alkyl, and - (CH;),-heteroaryl, and pentafluorophenyl;

~ the term “heterocyclo” refers to substituted and unsubstituted
saturated or partially saturated 3 to 7 membered wmonocyclic rings having
one or two O or S atoms and/or one to four N atoms provided that the
total number of heteroatoms is four or less and that the heterocyclo ring
contains at least one carbon atom, said nitrogen and sulfur atoms may be
oxidized and said nitrogen atoms may be quaternized, said heterocyclo
ring is attached at any available nitrogen or carbon atom, and said
heterocyclo ring may contain one, two or three substituents attached to
an available carbon or nitrogen atom and selected from the group
consisting of halo, hydroxy, cyano, lower alkyl, cycloalkyl, substituted
lower alkyl, lower alkoxy, lower alkylthio, keto, formyl, nitro, amino,
-NH{lower alkyl), -NH(cycloalkyl), and -N(lower alkyliz, and/or one
substituent selected from the group consisting of phenyl, benzyl,

phenylethyl, phenyloxy, phenylthio, carboxy, substituted phenyl,




of hydrogen, alkyl, [err] [err] phenyl, and [err] a
integer from1l to 4; nis an integer from1l to 4REPE&CE mg$HBET

"substi . "substituted lower alkyl" ref¢r{to such groupp

havi ng H'H M ﬁ”l’ﬂ substituents sel ected fromthe|gfBupOY¥odilst| ny of
hal o, [ekr , al koxy, |oweriphkylthio ] 10l ~» N I, A
N(Lower al kyl) 2, -&(O - N2, -QQ-NH(Ioveéué‘.%}waﬁgﬁ% 92 Nastilde 2041
carboxy, and [err] alkyl; the term' substitut ed rycloalkyl” refers
fully satura rin of 7 _carhon at ops one two or three
subst i ¢ tent 86t S PE T Preli R SPR] Cheris PEETIG CoT CFonet kT Jer Ay
al koxy, | owst(OhtNgy! t-Kil®), -NHAl ower| aliil) cy-aho) mmoloalm)l,ome[o)ahkyéx)oaryl

- NH(cycl oal eytb) -n (1 Bled owekyygr iy O I al -lo CC ower
al kyl, [er rJ@y{ ?suNb(‘l tute Sﬁe ;ﬁyeﬁdwﬁe%g@ﬁ):l\l- g{lw - g@{t%g\)%l al'y fd)[ err]

and a five gff %té T8 1R Ve L BLEY ut d8Fdmenyi * refers
to a phenylhateneryicdei r’rgcﬂn’hehetammlt hNe @H S 1S O+ lowentad kgk) eaties fikenad he
group consigitki Rénfaked @41 2l kyl, | ower al koxy, |ower alkylthio, halo,

cyano, hydroxy, gubst ityted | ower al kyl .. Ni tro am no, -NH(I ower al kyl),
-NH( cycl oal kyl ) FPaddFR(’ f’SﬁE’F°"éﬂY¥(y| TRSELS, KA/ BroToAd"THBELY subFHitEEeROFed from
t he group ocuwubstitngedmondryeylic ayematilc, ridusnghditshyt 10pheibdred ysubpbyuekshi o,
carboxy, [edd Lné\lﬂé!ktutk@rﬁz]cycgco)r‘hu{& |vﬂ¥\f‘élnagg>ﬂe)ast Qe N F&yx&'t%%é%" )

-C(O- N(Iower [err ower a ower
- NH CH2- car'Bd%§, N%E“@% S CEEOY iR tté%tkﬁf“ld 260 ‘fy)&liLT *3na ﬂ@%ﬁéflleﬁélacﬁﬂ?eﬁ%
the term" rm;ernmpeltn: risfehavé @neURS ttvb UD &t 8ndtons sdagbt taheetb FRLENAt ed or
partially s pher V.Gl hayi one.or two,
S atons and%tgggg%g’%éeé g}tlfr?t Irﬁator'fgtg #Hg@?geo hﬁterogﬁo}s > #’ UhéFsYr St
het er oat onsPiEEopgy ARG Sul Bt a5 e t'“ﬁ&tbet R&idieed gy e3isl PFWQGBmWnBayabeI east
one carbon @ia@Emizedd said rmeaoeaml Qlﬂsfthlfue‘m:of@ afBycHea ©xXiadi Zed 18Pk sai d

ni trogen atQmh Ay Re,Quat &l 254 GUSHO. lebllled “acged at  any

o§aé %*%EQ
avai l abl e nitrogen or_ carbon atom sal erocyclo r|
one, two orcY§ieelngupstrteefranat tla‘(’ﬁ'?eéllfﬂ aﬁY%i\Pallﬂdbl euh?ézebwdolomrt rogen

atom and sediegteddwepmalkbey,gLowgy amrwtamngxdpfoml zﬁtrhych’diiﬁ}‘l GaRe, | ower
al kyl, cycl it _ r al kyI t hi o,
keto, for nyﬁﬁi(ﬁwer §H§ﬁt’ WMﬁgﬁmgla}él m}) ﬁ’(’ lf( afl’ a’f CrAME - N(| ower
al kyl) 2, - antHhEE 1 Bie8t YAt EREM $BF caxoes qqnemlwe ‘gfr@bpﬂxclonmmllng of

pEeny: be namyeny1 @inedy Iptiehyloxyp heiyl Dot o, PhieBYkE,hsGostg hheX ¥nesubst i t ut ed
phenyl,
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substituted phenyl-CH,-, substituted phenyl-CH,-CH,, -CO.-lower alkyl,
-C(0)-NH;, -C(0)-NH{lower alkyl), -C(O)-NH(cycloalkyl), -C(0)-N(lower
alkyl),, -C{0}-lower alkyl, -0O-C(0)-lower alkyl, -NH-CH;-carboxy, -NH-CH,-
CO;-lower alkyl, - (CH,)n-heterocyclo, and - {CH;) w-heteroaryl;

the term “substituted imidazole” refers to an imidazole, an aryl-
fused imidazole or a heterocaryl-fused imidazole having one or two
substituents selected from the group consisting of lower alkyl,
cycloalkyl, substituted lower alkyl, lower alkoxy, lower alkylthio,
nitro, halo, cyano, formyl, amino, -NH(lower alkyl), -NH(cycloalkyl},
-NH (substituted lower alkyl), and -N(lower alkyl)., and/or one
substituent selected from the group coﬁsisting of phenyl, benzyl,
phenylethyl, substituted phenyl, substituted phenyl-CH;-, substituted
phenyl-CH,-CH,-, phenyloxy, phenylthio, carboxy, -CO.-lower alkyl, -C(O)-
NH,, -CH=N-OH, -CH=N-O-lower alkyl, -C(0)-NH(lower alkyl), -C(O)-

_ NH{cycloalkyl), -C{O)-N{lowexr alkyl})., -C(O)-lower alkyl, -0-C(0O)-lower
alkyl, -CH=N-NH,, -CH=N-NH(lower alkyl), -CH=N-N{lower alkyl),, -C{0Q)-
NH (substituted lower alkyl), -C(O)-(CH:;).-heterocyclo, -CO,-phenyl, -CO,-
substituted phenyl,



subst i tut ed phenyl -CH2-,...substituted [err]-I|ower alkyl, [&EPLACEMENT SHEET
C(O-NH(I ower alkyl), -C(o)-NH(cycloal kyl), -C(O) -heterqar

aF(kS’?>NfIIHllTHlIIEIIIKIIILE l!lle[re]”i’" ATk, Tert] heterocyel o oo

—N-Olower 8Kyl ," add a five or six meke ket
“heteroaryl” refers to 5 or 6 nenbered sumﬂeet'ﬁcyﬂhﬁ :rd‘U !

nonocyclic aromatic rings and 9 or 10 nmenbered substit ut ed-or—umsubsti-tut-ed
bi cyclic rings(ofenpig-nat, | edEP) ofie (BH) gdicieTAvYEdYyen ClPIngSHi)s-heteneariyd,
provi ded that said nohocyclic ring and at |east one of said bicyclic rings
have one or two O or Mlatons and/or one to four N atons provided that the
total nunber—of jhet er catemsn @ oleYr andyl)ess—aatwl 1vekogeR,BNd sut fourNat ons
nmay be oxidizd¢d and’ sai d|[ni trogen atom nmAy bellquat erni zed,” said heteroaryl
substituent i &Hattached N8 an avail abl e carbodHatom and is one, two or

t Ihrke? SUbSTdé Ue@toﬁ ﬁﬂf?&f& G t h@(cﬂr-mmngn@(siimmhohaf mlky‘y)lano , |h0W8r
al kyl, cyc y st ower ower a io
hdyr oxy, ni t(f((())§ %Pﬁjj Sj" NFI(NRRB akrk§H),, ~ ﬁﬁh(@'%?c%a °WF5 J‘Eﬂf

-N(I ower al kyl) 2, and/or one substltuent selected fromthe group consisting
of phenyl, benzyl, phenyl ethyl, phenyloxy, phenylthio, carbox substituted
phenyl , subs‘i*ﬁztciﬁ%cp‘{‘é’?*r] 0] 1 (EHPHHERYRL @pipereAdkyLl) ooV -SHescashany)
-C(O - NH2, -weCeh)- coNtbheaxnaikyll Ky K JH, ) 66 €robiit 123 C hod |-K gii1;) - hetErryN; | ower

al kyl) 2, C( O -1 | K : r 2-
[err] aI kyl , [er? g‘ %deﬁ%%t%tcg rLJSgér;\%l’ B0t v IélHi’ﬁleér?zr‘#@s8’8l 1ut eda(&H

i mi dazol e” PEPEPLEL Gram heheiparvl Lusah PXF?F‘Qlef h%‘é‘d‘gl PRUQE ot B‘Fbséltuem'-s
het-eroaryl - £¢L°eeded rflrd:ambeg:lﬁw 8EhsABEiNY of VIDweHhakiyl Uenbst itated nedes r om t he
group consi s | gal.kyl b ed kyl .. | ower
al koxy, |OV\B]}’ queﬁ oth I&%wézh%])iﬁyﬂ%lg mt?}s' %F} hi %\*_a‘?tlo rtilno,

al kyl), - NH(%S/@P‘G%H R%l)l) ‘- Nﬂ(@ue]s‘tailkm)edaF‘bwéTr(l‘a'feKyﬂleéndaUN(qro%?

alhkyl I)2 banﬁiﬁwtlﬁtﬂ;ﬂltslb@%t'&dl@ﬂ)maﬂieeﬁf&@ f:chfHIbE:hﬁ_; gt qmangpnabﬁiymgl of ,
pheny enz eny upst it uhs e eny! ~CH2-,
substituted %k?'uﬁt E”\: %I—Ehe@é Su% E’ te ﬁ sgbst&c‘é‘r‘%e%;ﬁge@ - 8}\%‘; :
al kyl, -C( O))hemlllzthylﬂwmxy-. @M@Y@hmpamowl ,~COCLoyeNaAL ke r C 6 kYR,

-C(O - NH( cy@lcgai«#wo)«er -2k r Ncb@dsem@rclﬂ;ar@m JcQwN(abJeH alxy (O - | over

ﬁ”(( Z{JbSEI tufé % %SV%CIE’l“QyI yo c‘f@ ]]%wfg %]]kyéubé"fil %\I}%L g%%ﬁﬁg FL Cﬂéf?‘) lower

alkyl, - (CH;)n-heteroaryl, and -(CH,)n-heterocaryl; and

the term “substituted triazole” refers to a triazole having one
substituent selected from the group consisting of lower alkyl,
substituted lower alkyl, lower alkoxy, lower alkylthio, hydroxy, halo,
cyano, amino, -NH(lower alkyl), -NH(cycloalkyl), -N{lower alkyl).,

~ phenyl, benzyl, phenylethyl, substituted phenyl, substituted phenyl-CH,-,

substituted phenyl-CH;-CH;-, phenyloxy, phenylthio, carboxy, -C0,-lower
alkyl, -C(0)-NH;, -C(O)-NH(lower alkyl), -C(O)-NH(cycloalkyl), -C(0)-N-
{lower alkyl)., -C(0)-lower alkyl, -O-C(0)-lower alkyl, -NH-CH;-carboxy,
-NH-CH,;-COz;-1lower alkyl, -(CH;)s-heterocyclo, and -{CH;),-heterocaryl.

3. A compound of Claim 2 or a pharmaceutically
acceptable salt thereof wherein:

Y is nitrogen;

Z is -C(Rg) -;

R, and R, are independently selected from the group consisting of
~RsRy, hydrogen and chloro with the proviso that at least one of R; or R,
is -NRgRy;

R; is hydrogen, lower alkyl, - {CH;),-phenyl, or
- {CH;) ;-substituted phenyl;



[err], NH  [err](O- HER

|'ower al kyI ), [err] alkyl, [err] andw ﬁ ;
the term' substl i l refers to a pyrazol e, an pryl -fused
pyrazol e, or pyrazol e having one or tw bub& NOM200%

sel ected fromthe gr oup con5| Stl ng of 12)1/\/8 I I ﬁgg&t' &4, |
al kyl, | ower al koxy, lower alkylthio, nitr ——halpP—cyahe—ar-no,

-NH( | ower al kyI ), %}I& é(:l oal kyl), and - N(I over al kyI )2, pnd/or one
substituent seRedfe Mt he group consisting of phenyl, benzyl,

substit ut ed phaayis, hxdregenri ut ed phenyl - CH2-, substituted [err]

pg%ngfl et hlyl pfﬁ?%hfwar&ha?&baﬂaeﬂnlycaébmyd f[remrt}healgkwp ceiig@):iﬁbﬁ ]
O -NH(Ilower a err] -

(O -l owel?ydéf’ﬁ?ﬂ 1o r(f g%y %S%Hi@ﬁ% wwNe)ﬁ A Gy g(ﬁlx celr r & aI k

[err] and feme].- sutgtituted Cqu{?éeﬂfléf m"%b@?li“i’mled‘ ‘tCIHF’az%Hhé't”F greh

triazole hawyg- gé}_eerocy@@bsaﬂd uem,),saleeeioadyi foanR4d Bed gergouqkenotmszlesltmmg of

P

| ower al kyl, subst i tut e kylbity e
hydroxy, h&Hg the N ghem, ko w I—Q‘HSOV%FJx T%’ %Qﬁ%’—l(a\cycl oal yI ), rﬁyN(Fower

al kyl )2, a qﬂbenydutebewzyhsuqihemeét H&“Idaz%‘cﬂ)st i tuted phenyl, substituted

phegyl - [ | magbﬁéﬂoltam@l Piesapk - (kdn- ﬂﬂz 4; phFEy: ;)xy C?hﬁenyl Ehl 0I iyl

car boxy, err Ky O JNH(l ower al ky O - NH( cycl oal ky
(O -N (1 Fnef T’bﬁr‘f ‘J“‘e( Blm'l owegr dlkyl, -0 C(O-lower alkyl,

- NH CH2- car boxyt,he te:tner‘sl]l.b%hkwed E.qux] a&ﬁld. [ﬁf,e]rs to such ggoups having one A
compound ofl.ai fad 9b1&cRAaFrRCENE beald yfons1sac1@|a1faﬂml1@ salan; t.AeydEoky,

" ndependent Py aHERR e T 9158 ed e, B epien of & o FopBial 0°
chl oro wi t hnihevepraiky3d ..t batboay. |-€@stlovere adky Rl -6 0 RYH:, 'Cﬁoi {“ée/

alkyl), and -C(O)-N(lower alkyl).;

the term “substituted phenyl” refers to a phenyl ring having one,
two, or three substituents selected from the group consisting of halo,
cyano, lower alkyl, lower alkoxy, - (CH;)m-hydroxy, trifluoromethyl,
amino, -NH (lower alkyl), -NH (cycloalkyl of 3 to 6 carbons), and -N
(lower alkyl),, and/or one substituent selected from the group consisting
of carboxy, -CO,-lower alkyl, -C{O)-NH,, -C(O)-NH (lower alkyl)}, -C(0)-NH
(cycloalkyl of 3 to 6 carbons), -C(0)-N (lower alkyl),, -C(O)-lower
alkyl, and -0-C(O)-lower alkyl, and pentafluorophenyl;

the term “heterocyclo” refers to 3 to 7 membered substituted or
unsubstituted monocyclic saturated or partially saturated rings having
one or two O or S atoms and/or one to four N atoms provided that the
total number of heteroatoms in the ring is four or less and that the ring
contains at least one carbon atom, said nitrogen and sulfur atoms may be
oxidized and the nitrogen atom may be quaternized, said heterocyclo
substituents are attached to an available carbon or nitrogen atom and are
one or two members selected from the group consisting of halo, keto,
hydroxy, cyano, lower alkyl, substituted lower alkyl, cycloalkyl of 3 to
6 carbons, lower alkoxy, trifluoromethyl, amino, -NH (lower alkyl), -NH
(cycloalkyl of 3 to 6 carbons) and -N (lower alkyl),, and/or one member
selected from the group consisting of carboxy, -CO;-lower alkyl, -C(O)-
NH,, -C{0)-NH{lower alkyl), -C(0)-NH(cycloalkyl of 3 to 6 carbons),
-C(0) -N{lower alkyl)., -C(O)-lower alkyl, -O0-C(0O)-lower alkyl,

am

-N
tetrazolyl, \¥——-, =N-OH, =N-O-lower alkyl, -NH-CH,;-CO,-lower alkyl,

1,3-dioxolane, 1,3-dioxolane fused to a phenyl ring, 1,3-dioxane, and




[err]-is hydrogen Iovver aI kyI [err] or [err] phen NISHEET

[err] is hy I s hydroge [err] ap

|ndependently HH , um ,ﬂu” group consr sting of hyd}fopen, | over al ,
substituted | o [err] cyclohexyl, [err] Je rﬁ-'5pN@My20,ﬂ1[err]
and [err] or [err] and er?] aken togéﬂﬂersu%gle!g ﬁle\l(a ey
are attached can forma heterocyclo ring LAY N .w,-.,c tt 4d
i m dazol e; mis zero or an integer from1l to 4; nis_an integeq
from1l to 4; the term"substituted |lower alkyl" refers to such groups

havi ng one ls@nkioere fused|tect ®RPepYhAiPBe group consisting of halo, [err]
| ower al koxy, athd@erm NHetemmrym legEdrs tdlH( oycé ommkgtedobuldbstti outtedcar bons) ,

-NCl over [ef, ng rp.ggaymor@cryelh@' o ¥hat 1k €Erys~ £AdO)- J,\J_H(I'o argrrpeﬁé %Lgst n@'ed

- O - N(Iovver a term "substituted ers
phenyl ri n@rha%w?gttﬁ%edtwycw Fhrese VBEARR T%éﬁf%t §§Fé2:ft &did r‘b’r’ﬁs( Hé group
consi sti ng aabmdralc), proyaded tﬂiéﬂ\&’ala|ﬂ@jlb¢ydldmt1r@| axwue eist] one of said

L1 or oMyl AT na¥3ell Q98008 13 acsHbiya) oL el 3 42ef

car bons) err r one subst | t uent sel ect
group consr@f’?’ﬁbedof'h%rt%ﬁ?ta} grupex; of yheteraatams. iy Gpe NHng| bi/\éP“%\l"R’yl )
-C(O - NH (aeekpadakyl nidfkoFert ané arboRspns waf Qe bx{dizeerand kyild nPsrogén ( O)

- | over al kth’omng%/ Br e%@éfrll @gr sg!r.%X‘Ietﬁgt;quge%}b%Elé{x%g'xgglc}%y£ttache col 1€

term "heterocy ers to ubstitute unsubsti T ut ed
nmonocycl i ¢ aatirkieetrBenper HLaFIgEn saholr 2k @rF i WGsOh &VP rikprbeTe seteqt®d 0 or S
ﬁtoms and/ ofrofNEnd gnﬂ@eoﬁb?&eﬁ@ omrmbda@drbﬂy kbenot%@r augher of
et er oat ons ng i our or t ha ring contains at
| east one carlbﬁré ugfe%rrlroq’gar alkﬁ’ryt % Cenae%K(lj °sr}SPf'h°rt6 Nojgi i q°8 (&)g’ﬂ ‘zed and
t he nitrogetriflennorathiie %fuﬁaiperrﬂﬂzébpweSa#WYhét eMbwlroallmlbst prdients are
at t ached to-Mcwmdmbi&:ﬁ:@,r&m O rHYnkl 008G /3 YN

NS 5 Qﬁ‘e mf'%tr‘ Euert) S%Jre&?mc‘fflano

nmenbers sel get §g om 1t L%D consr str ng of halo
| ower al kyl , s‘f‘?tu 1 XY oyl okivey| 2Bla 190) SNtbar 8105 | ower

al koxy, trrFlFGGr"B’m?tlhyl) aﬁiWoNH(Nd:l@laD’mf ofil Xytlo) 6 cabond)GyCtRA-kylowel 3 tO

6 carbons toyven o I afgd/ sel ected fromthe
group con)sr?{zurjlr%é?\o1g gfgoaéﬂ()éi)e‘rlrijt ﬁ? &E(gfé?e))ugyba%ff&l -C(O-NH(I owner

al kyl ) C(0) - N 8y%ﬁ%ﬂa|ﬁ sta ute Sygﬁégsgxﬁjngyfers to a cyclohexyl ring have
one or two substituents selected from the group consisting of lower
alkyl, lower alkoxy, lower alkylthio, halo, keto, - (CH,), -hydroxy, cyano,
amino, -NH(lower alkyl) and -N(lower alkyl). and/or one substituent
selected from the group consisting of carboxy, -CO,-lower alkyl, =N-OH,
=N-O-lower alkyl, 1,3-dioxolane, 1,3-dioxane, -C(O)-NH,, -C(0O) -NH(lower
alkyl), and -C(0)-N{lower alkyl).;
the term “"substituted imidazole” referé to an imidazole having one
Oor two substituents selected from the group consisting of lower alkyl,
substituted lower alkyl, lower alkoxy, halo, - (CHz) m-hydroxy, cyano,

formyl, trifluoromethyl, amino, -NH(lower alkyl), N-(lower alkyl),, and -

NH(cycloalkyl of 3 to 6 carbons), and/or one substituent selected from
—C-—NH, ,

the group consisting of carboxy, -CO,-lower alkyl, NH

—C—NH(lower alkyl), —C—N{(lower alkyl),,

NH NH

-CO;-phenyl, -CO,-({substituted phenyl,



-- N(| ower al kyl ) -lower alkyl, -QC(O-lo IaM:EMENT SHEEF[‘W
ez i & 5 o, e T

1, 3-di oxane fuséd fo & phenyl ring; the term"hetgrdaryl” refers tlo|5
or 6 nenbered substituted or unsubstifqgige D C { nd |9
or 10 menbered subgfituted og UnSUbStItUL%wE‘ “&§§b88$. gs—¥ cinber 2007 st
one of said rings i aronath, provi ded t hat sald nonocyclic ring and at

| east one of sai -eyH, | —HorgsHhBsveonallyl)two O or S atons and/ or one to
four N atons provided that the total nunmber of heteroatons in the ring is
four or less, said nitrogen and sul fur atons may be oxidi zed and said
nitrogen atom may quat er ni zed, said heteroaryl substituents are attached
to an avail abl e carlbon_or r n ato ne or two menbers sel ected
from the group cons?sﬂPH§Y8#mﬂ§§§ °€ydg%3§%ag%§ﬁ§ | ower al kyl, substituted
| oner al kyl, cycloalkyl of 3 to 6 carbons, |ower alkoxy, trlfluoronethyl,
am no, -NH (Iomer apkyl), -N(I ower aIkyI)2, and -NH(cycl oal kyl of 3 to 6
carbons), and/or ong substituent selected fromthe group consisting of
carboxy, [err] aletc—iergupst GuBed NYdroabryldl kyl ), -C(O -NH(cycl oal kyl of

3 to 6 carbons), -C(0)-N(Iower aIkyI)2, -C(O-1ower alkyl, and
-0-C(O -1 ower alkyl; the term "substituted cycl ohexyl" refers to a
cycl ohexyl ring hav@ one or two substit Ls ﬁeL@c.ng fromthe group

consi sting of | owerﬁal kyl, lower al koxy, lower allkylthio, halo, keto, [err]

- hydr oxy, cyano, amCW‘N(lPJH{lT @MsYlhd.kyl ) and - N(Nawer al kyl)2 and/or one
substituent selected fromthe group consisting of carboxy, [err] alkyl,
=N<OH, =N-O-lower gl kyl, 1, 3-dioxol ane, 1, 3-dioxane, [err] -C(O-NH(I ower

alkyl), and -C(O-N|ower alkyl)[gfr]; the term "substituted
i m dazol e" ref er stO—¥A—NH, dazol e-traNHH (Qpeebralikypd ) substi t uents sel ected
fromthe group consisting of |ower alkyl, substituted | ower alkyl, |ower

al koxy, halo, [err] cyano, fornyl, trifluoromethyl, am no, -NH(Ilower
al kyl), N-(Ilower alﬂ<yl)2 and - NH(cycI oal kyl of 3 to 6 carbons), and/or

one substituent set@eNadN {Tw8Y alkyl),, —(CH,) s—heterocyclo,
i i ‘
—C—NH- (CH;) ,-heterocyclo, —C—(CH,}_-heterocyclo,
] |
—C—(CH,) ,-heteroaryl, —C—lower alkyl,
-0-C—(lower alkyl), -CH=N-OH,
I
—CH>=N-O-~lower alkyl , —C—NH-OH,
I
—C—NH-S0,-lower alkyl, —CH=N-NH, ,

-CH=N-NH- (lower alkyl),, -CH=N-N(lower alkyl),,

I
—CH,—C—NH-OH, _ .

0
i
—CH,—C—NH(substituted lower alkyl).



t he grooup consisting of carboxy, [err] alkyl,

AN DA

NH

[err
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4. A compound of Claim 3 or a pharmaceutically

acceptable salt thereof wherein:
Y is nitrogen;

Z is 'C(Rs) -7

R, is -NH{lower alkyl), -N(lower alkyl),,

N(lower alkyl),, -NH-(CH;),-substituted phenyl,

I
—NH—(CH,) ,—C—NH,

14

-NH- (CH,) ,-CH, -NH- (CHy) -

I /Rzo
Rzo -NH- (CH,) m—-C\N
e /
<% s
\Rn Ry
/Rzo /Rzo
\
-NH- (CH,) m—Cn—R23 -NH- (CH,) N l—/Q ’
Ry Ra
H
— N R.o Rao

Ry
R20
A/
-NH- (CH,) /N 7
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] D L 05 NOV 200

125 Substitute sheet - PZ-November-200+-

N____=/R20

{_\/@ 3 -NH-(CHM—&]}

-NH- (CH,) O N—o

~ R21

R21

\I\R AN N,
21 21
O
-NH- (CHz)m‘i \I R /Rzo
|—-| *° NH- (CHp) \)
Ra Ry
Rao
— R0 /—“/\
— /—-szo —N /Q I\{\,JN Ras
RS M |
Ry Ry Ry
R N
/ \ 20 —_N
NH- (CH,) ;N )/ \,\;I
\ Ry,




Y.is nitrogen; Zis -Clerr] -;

7 is -NH
alkyl), -N(lower alkyl) 2, [err] [err] [err] is (RERUAG

N( I ower al kyf)
[err] -NH - (CH2)m

U5 NOV 2001
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R O RO

/ /\
\_\
R2 is -NH- (CH,),- substituted phenyl, Ra1
/—\/Rzo
-NH (CH,) N ) ~NE(CHp) o
SN J
Ry o)

or

o
N
-NH(CHz)n—@

R; is hydrogen, ethyl, or - (CH;),-substituted phenyl;
Ry is hydrogen;

R¢ is hydrogen; .

m is zero or an integer from 1 to 4;

n is an integer from 1 to 4;

Ry and Ry, are independently selected from hydrogen, lower alkyl,
methoxy, chloro, -(CH.).-hydroxy, cyano,

amino, -NH(lower alkyl), and -N(lower alkyl),, or R; is hydrogen and Rz

~ is selected from the group consisting of carboxy,
ﬁ
—C—NH,

—C—NH (lower alkyl), —C—N{(lower alkyl),,

|
—C—Ilower alkyl, —C—0-lower alkyl,
0O

—0—C-lower alkyl, (etrazolyl,

formyl, cyclopentyl, cyclohexyl,



[err]

’ [err] is hydrogen, ethyl, or [err] phenyl; sy e
R6 i s hydrogen; mis zero or an integer from1l to 4; ?E—PLA‘C tm’r
from1lto 4”"m“””m ﬂl m[err] are i ndependently sel ectefl Trom hydrogep,
| ower al kyl I" lﬂﬂ , [err] cyano, fornyl, cyclop¢ntylgs OV gd;xy
am no, -NH(I&wetr &l kyl) S and - N(| ower a12<')ylé st 1 its ogen and. . R20
[err] is selected fromthe group consisting—@-&ﬁ%@, -

|
—NH—CH,—C—0—lower alkyl . —NH—cyclopropyl ,

- O

or R; and R;; are attached to the same carbon and taken together are

selected from the group consisting of keto,
O_CH:

=N-OCH;, =N-OH, and 9 CH:;
Q is O or N-R;;;
I
Ry is hydrogen, lower alkyl, or — C Lower alkyl;

Rz; is hydrogen, formyl, -CO,-lower alkyl, substituted lower alkyl,
0

T CTNH; | —C—NH(lower alkyl)

—C—N(lower alkyl), -—(CH;),—heterocyclo ,

—CH==N-OH , —CH==N-O-lower alkyl,

O

Il
—CH==N-N(lower alkyl),, —C—NH-subsituted lower alkyl,
0

—C—heterocyclo, —CO,—~substituted phenyl,
—C—NH-NH(lower alkyl),

—C—NH—C—NH, ,

I

NH —C—NH- (CH, ) ,-heterocyclo,

~—C—(lower alkyl) , —|C|:

—C—NH-cyclopropyl, NH



[err] 'or [err] and [err] are attached to the sane carbon RE
are selected fromthe group consisting of keto, [err]f Jl ijAeEN{EﬁS?E
o] , rr] a
05 NoV 260"

hydr ogen, |ower alkyl, or [err] [err] is hydrogen,

_ [err]
substituted ||l!Imcmm]|I“j‘|“|‘sl “l\ﬂ‘ r 128 Subi;i;ute sheet - P2

0

I
—C—NH-S0,-lower alkyl, "é——NH—-OH,

—CH,~C—NH—OH, __

o)

I
—CH,—C—NH—(substituted lower alkyl);

the term “substituted lower alkyl” refers to such groups having a
substituent selected from the group consisting of hydroxy, carboxy,
amino, -NH({lower alkyl), -N(lower alkyl),, -CO,-lower alkyl, -C(0)-NH;,
-C(O)NH,;, -C(O)-NH(lower alkyl), and -C(0)-N(lower alkyl),;

the term “substituted phenyl” refers to a phenyl ring having one or
two substituents selected from the group consisting of methoxy, chloro,
and fluoro, and pentafluorophenyl;

the term heterocyclo refers to the following

CH,
__I . —N NH
—N R \_‘< —N N-CH
_ \— 24 , CH3 u 3,

/n==N

—N
-—B(r—_q\b -ﬁ/===N CH, '
\__/ ' \_> ’ CH,

OH

)

[

T e
——N\-_J —N\_i




the term"substituted |ower alkyl" refers to such groups [ RG]
substituent selected fromthe group consisting of hydroxy YANS ISHEET
-NH(l ower al kyl), -N(lower alkyl)2, [err] alkyl, [err] [4rr] e
al kyl'), and -C(O-N(l ower alkyl) 2; the term "substit yt 4 5

to a phenyl ri ng havi n or two subggbt 4B ﬁtuﬁ?lsﬁ ted(
consi st ng \i“f‘\rm , and fl uoro—a-n%—pem-a%-um
termhetero he foll ow ng Lerr]

[err] is hydrog‘én am no, [err] alkyl, -N(Iower alkyl)2, - NH( | ower
al kyl), nethoxynethyl, hydroxy, hydroxyrret hyl, or 5. A conpound of
Caim4 including a phar maceuti cal |y accept abI e salt thereof of the

formul a:
0
a5

H 0 ¥
N N —N
N/ d
—_ >——- . ; an
, , and 3 /

R,, is hydrogen, amino, -NH-CO,-lower alkyl, -N(lower alkyl),,

|

(D

it -NH(lower alkyl), methoxymethyl, hydroxy, hydroxymethyl, or

5. A compound of Claim 4 including a
pharmaceutically acceptable salt thereof of the formula:

cl
HyCO

wherein:
Cl

—NHCH2—<\:/>N -NHCH, OCH,
R, is , -NH(CH,),-OH,

1

-NHCH; \ /N—"O -NHCHZO -NHCHZ{_)
-NHCH,,

-NH (CH,) ;—N NCH; —NH(CHZ)Z—N 0
—/ N—/" | _Nu(cu,),-oH,



[err]:
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—ﬁ—O—‘OH —'—§—N O
-NH (CH,) ,-N (CH,), , . / ‘

cl

-NHCH N Q
Q (O
14

Cl

0

—NHCHZ\Q -NHCH,/s,,, :O:
r

ﬁ
-NH C—NH e NH—{ CH. ) e e
2 —NH—(CH,) 7—C—NH,

—NH—(CH,) 7N O , —NH—(CH,) Z—N: > ’
N\
—NH—(CHz)z@ , -NHHH---QCOZH
NH
S
—NHlllll--Q—C02CH2CH3 ' _NH \ )
N
—NH_O'-CozH , —NH—(CH,) 2@0 .
or



[err] ° [err] 6. A conpound of Claim4 i
phar maceutically acceptable salt thereof of the formula
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6. A compound of Claim 4 including a
pharmaceutically acceptable salt thereof of the formula
Cl
H;CO
HN /N N
I
x>
N\/ I R

N N/

Hye—/

wherein R, is

I
Q Q
—N C—NH, —N C—NH—CH,
14 r
. ﬁ .
gD S o S
14 4

O
_NO-Q'—'O-C H —N N—CH
2
~ 5 , \ / 3
O e

—N 0==C—0—C (CH,) 5

C—0—C,Hs N
I
o}

0==C—0—C (CH,) 5

. . SN (CH3) 5

’ 4
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: : :: o N (CH3)
-N OH -N 3/2

CHj

0 0

— /N
—N N—C—CH,4 )

—N
CH; \_/
—N
O-—-—
o— ’ O
’ —N
—N

R .

o
’

/\N

[—

14
—N N—Q —-NQNH—CZHS
H ’ )
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S~

—N\/K —NCN"G,—

CHZN(CH3)2 ,

A
\\N/A\\

O ”Jb D
_ —{_»< ,

=y
—N 2
=
—N —N
s —
—N —N
e e
- (C=0) NHCH,4 (C=0) N (CHs),
=N =N
— =
CH=NOH CH=NOCH,4
S = N

REV e

CH=NN (CH;) , CONHCH,CH,N (CH,) ,
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\N \N
Qo A
= e

/\N /\N
—N —N
e e —
CON (CH3) , CO,~pentafluorophenyl
/=N /=N |
—N —N
e . —_ N
7
- CHO co ,
CHj
—N NH —N
v
CO CH3 CONHN (CH3) 2

; /\N
—N
\/I\ D "iNH,
v
co ,
/=y N/\
—N —
O D, X
~ co” ,

CONHNHCH3
~y /==
\/k \/k D“““N e
CONHC (=NH) NH, co”
VA" — /Y
B . K\O
B | “"INHCO,C (CH3) 5 = N\/I
7~
Co/ , CONH '
SN /=

- -

CONHCH,CH,N (CH,CH,) , CONH
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1

/N /N
—N ] —N
S e =CL [
co” , co” ,
/\N . /\N /N
—N —N l/
— N(CH3)2 = ]
~N ___N
CcoO , CO ,

/=N
/==y N
— |¢N CHj == NHCH,
co” CHy NH
_ o~ CHs
/\N /-\N I//,,
O N S O
e OH e
N N
co” , CONH”
=N /SN OH Gy
_N\/K Q —N b
— e
N N
CONH” o~ ,
~ \N /,," /\N II;]!
_N r—
co” , cons™ ,



: The conpound of C aim4:
[[(3-chl oro-4- nethoxyphenyl)nethyl]anino]-3-
3H pyrazol o[ 4', 3" :5, 6] pyrido[ 3,

4-d] pyridazin-6-yl]-

05 NQV
(2 November 2%%)%

8
1-[9-
et hyl -

é_t %t PW - | mlmﬂﬂnmﬁ“m‘jﬁwgﬁsm ?rgt hy1 ;Bﬁnsngintale sheet -

[ (3-
| - 3H pyr &zof o[4' "3' %5, 6] pyri do[ 3, 4- d] pyTTdazrr—o=—y1+3
N- net hyl -1 H i m dazol e- 4- car boxam de, net hanesul fonate (1
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8. The compound of Claim 4:

1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
- ethyl-3H-pyrazolo[4',3':5,6]pyrido[3,4-d]pyridazin~-6-yl]-
N-methyl-1lH-imidazole-4-carboxamide;

1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H-pyrazolo(4',3':5,6]pyrido[3,4-d]lpyridazin-6-yl]-
N-methyl-1H-imidazole-4-carboxamide, methanesulfonate
(1:1); '

N’- [ (3-chloro-4-methoxyphenyl)methyl] -3-ethyl-N°- (4-
pyridinylmethyl)-3H-pyrazolo[4',3':5,6]pyrido[3, 4~
d]pyridazine-6, 9-diamine; '
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1- [{(3-chloro- 4-methoxyphenyl)metHyITamlnoj-3-

ethyl-3H-pyrazolo(4',3':5,6]pyrido[3,4-d]pyridazin-6-yl]-
N-1H-imidazole-4-methanol;

‘1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H-pyrazolo[4',3':5,6]pyrido(3,4~d]lpyridazin-6-yl]}-
N-1H-imidazole-4-(N,N-dimethylethylene)carboxamide;

1—[9-[{(3—chloro—4—methoxyphenyl)methyl]amino]—3—
ethyl-3H-pyrazolo[4',3':5,6]pyrido(3,4-d]pyridazin-6-yl]-
N-1lH-imidazole-4-(N-methylpiperidinyl)carboxamide;

1-[9-{[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H-pyrazolo{4',3':5,6]lpyrido[3,4-d]pyridazin-6-yI]-
N-1H-imidazole-4-pyrrolidinyl carboxamide;

1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino] -3~
ethyl-3H-pyrazolo{4',3':5,6]pyrido[3,4-d]lpyridazin~6-yl}-
l1H-imidazole-4-[R-1-amino-2- (methoxymethyl) -
pyrrolidinyllhydrazide; or

1-{9-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H-pyrazolo{4',3':5,6]lpyrido([3,4-d]pyridazin-6-yl]-
l1H-imidazole-4-acetic acid.

9. The compound of Claim 8:

1-[{9-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H~pyrazolo{4',3':5,6]pyrido(3,4~-d]pyridazin-6-yl]-
N-methyl-1lH-imidazole-4~carboxamide.

10. The compound of Claim 8:
1-[9-[[(3-chloro-4-methoxyphenyl)methyl]amino]-3-
ethyl-3H-pyrazolo(4',3':5,6]pyrido(3,4~-d]pyridazin-6-yl]}-
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carrier.
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W N
Z N
7
//l\ W
Y
\ /
1 N "R
R

wherein:

W is chloro, bromo, or iodo;

Y is nitrogen or -C(Rs)- ;

Z is nitrogen or -C(Rg)- provided that at least one of
Y and Z is nitrogen; and

R3, Ry, Rs and R¢ are as defined in Claim 1.

13. A compound of Claim 12 wherein:

W is chloro.

14. A compound of the formula

t




wherein Y, Z J[err] and [err] are as defined in Claim!]l
brono, or iodo; and said additions are perf
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W is chloro, bromo, or iodo:

Y is nitrogen or -C(Rs)- ;

Z is nitrogen or -C{Rg¢)- provided that at least one of
Y and Z is nitrogen;

0

R; is ~-SRy, -ORy, -NRgRg, or —NR—C—R,; ; and

R3, R4, Rs, R¢, Rs, Rg, Ry and Rj3 are as defined in

Claim 1.
15 . A compound of Claim 14 wherein:
W is chloro.
16 . A process of Claim 17 wherein:
a) a compound of the formula
W N
Z N
Z
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¥ N~ TR,

is reacted with an amine, thiol or alcohol of the formula
R;H in an inert solvent at a temperature of from about 0°C
to about 110°C in the presence of a base selected from

trialkylamines, 1,8-diazabicyclo([5.4.0] undec-7-ene, and
a carbonate to give the compound of the formula
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b) the product from step (a) is reacted with an
amine, thiol or alcohol of the formula R;H in an inert
solvent under elevated temperature in the presence of a
base selected from trialkylamines and 1,8-

diazabicyclo[5.4.0]Jundec-7-ene.

17. A process for preparing a compound of Claim 1 which comprises: the
sequential addition of an amine, thiol or alcohol of the formulas R,H and R H to the
compound of the formula

wherein Y, Z, R, and R, are as defined in Claim 1 and W is chloro, bromo, or iodo;
and

said additions are performed in the presence of an inert solvent and a base.
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