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Angi ogenesi s Inhibiting Activity FIELD: 5 This application relates to

smal | nol ewal oa2k835 er ocycl i ¢ pharnmaceuticals, and nore Pper/usog4sed |y, to
substituted pyridines and pyridazi nes havi ng angi ogenesi s inhibiting
activity. BACKGROUND: 10 Vascul ogenesis involves the de novo formation of
bl ood vessels fromendothelial cell precursors or angioblasts. The first
vascul ar st r uctSwbetituted W“&“ﬁﬁ?‘}/Byra¢@%W%éWg°W§éghlbﬁ'éﬂé§F’§iW

Angi ogenesi s invol ves the devel opnent of capillaries from existingbl ood
vessel s, and_is_the principle nechani smby which organs, such as the brain
and the ki drfé@LD%are vascul ari zed. Wil e vascul ogenesis is restricted to
enbryoni ¢ devel ORHR RbplichRorfiefated 4P RS Mole@ie &G&bt’yolid’bﬁaﬁﬁ‘ac&ﬂié&l&,gana floreXanpl e
during pregnancy, the female cycle, or_ wound héaling. One mmjor regulator
of angi ogend®itisulaniy toa sebstityisd npyeidives and) pyridazings Jeving angiegeesiy Adibitinghd some
angi ogeni c- dgandent di seases is vascul ar endothelial growh factor (VEGH
al so call ed vascular perneability factor, VPF). VECOF represents a famly 20
of mtogens isoforns resulting fromalternative nRNA splicing and which

exi st in h@aookorOUND:0r ns. The VEGF KDR receptor is highly specific for
vascul ar_endotheljal, cells (for reviews, see: Farrara et .al. Endocr. Rev.
1992, 1310 18; NelYesculogenssis é‘P’PI"F?AéEdeJ'?VO ff%@',%s’,f%?. vepagy from endothgligl, | o

i nduced by fum?ms&sby\@igﬁm@t& Fhe i VatcRarl Rctures dDthe @hBlyo anSform& Bl | as
by a variety of cytokines an%’,ﬁgrovwh f tars, s@ ,ﬂs,i t erl eyki rl-l

i nterl euki n-%?"ulogé‘?ea‘é"r fingio. valygs theydexslopnient of capifiaries dropyestzing blaed or - 2
and To date \MEEE, iﬁlﬁds mhpﬁhbﬁ%nn%aim&mMrosgalﬂg\s@chma&kﬁrﬁa@ﬁdmelkﬂ@eybi nd to
one or nore_of three fr rane receptor tyrosine,ki nases (Mistonen at
ot 3% ot peicged " (BRE DRaTioel B, Rt (FPTSRR, GmbREay L < 1
(fins-1iKe tapgiogénesis kannmeerih)the addh, feE-etampl duaing prdgnaoy, ths fdmaleacyele] aser t
domai n cont %&Eﬂeagie eptor (KDR), the murine analogue of KDR being known
as fetal liver Hase- 1 (flk-1)); and VEGFR-3 (al so knowmn as flt-4). KDR
and fit-1 have b€aa mifonweghlaton aofeangiogéresie nind svagaddgenesiznind bath | embrypméperti es

1005, 10, Egesepeint i s anfafilc ctpaden Bitueed 1 {iicutsl UdhulipCppui 200N
phosphor yl atfader (VBEGFhalse called vasonl @ peRa@bBity et SF). 2V BOD represents a fankilyr eas’
fit-1 diggpl o Smit P KbforhE SARMRE - frohl) Utemva thRRA IR dnd il 'ekibiCal
homodimeric forms. The VEGF KDR receptor is highly specific for vascular endothelial -
cells (for reviews, see: Farrara et al. Endocr. Rev. 1992, 13, 18; Neufield et al. FASEB J.
1999, 13, 9).
VEGF expression is induced by hypoxia (Shweiki et al. Nature 1992, 359, 843), as
25  well as by a variety of cytokines and growth factors, such as interlenkin-1, interleukin-6,

epidermal growth factor and transforming growth factor-o and -B.

To date VEGF and the VEGF family members have been reported to bind to one
or more of three transmembrane receptor tyrosine kinases (Mustonen et al. J. Cell Biol.,
1995, 129, 895), VEGF receptor-1 (also known as fit-1 (fins-like tyrosine kinase-1));

30 VEGFR-2 (also known as kinase insert domain containing receptor (KDR), the murine
analogue of KDR being known as fetal liver kinase-1 (fIk-1)); and VEGFR-3 (also known
as fit-4). KDR and flt-1 have been shown to have different signal transduction properties
(Waltenberger et al. J, Biol. Chem. 1994, 269, 26988); Park et al. Oncogene 1995, 10,
135). Thus, KDR undergoes strong ligand-dependent tyrosine phosphorylation in intact



requirement for induction of the full spectrum of VEGF- nedi ated bi ol ogi cal
responses. In vivo, VEGF plays a central role in vascul ogenesis, and

i nduces angwogerssss s and penneabilization of bl ood vesseimusobessegul at ed
VEGF expression contributes to the 5 devel opnent of a nunber of diseases
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Suzuki et 56, .3004 nd bl adder (Brown et

ki dne
al. Am J. P%& %%?Sgcn‘ig@‘g%‘ehilﬁﬁs to Stigiylate 3¢ rti}"‘{dd' tign. (Fyedd et mbs
1994, 5415 12B®p. Natiddeer Sazgms( @2i 768). eln aahmod, VEd}IabroUu&i%ﬁ(ixﬁﬁnﬂo%é%xmé%&

87, 12137 Ha h t t. 25 Lab.
nvest . 100508 BREREno S Batsu e Pleehd Brafihnd v amnd Yerdietin ety Nai ur o
1992, 359, @itagel Brall . iBid. Gheng)1995,n270, 259153kaleti9%nce2,Re.9]199S Bay &sven et al .
J. CI' I | b2 d t

KDR have been stﬂh&%fﬁ’?%“%“ Ko R e VO R SRORUAOTIRR e (K m
et al. Naturwideggity gidemagtimorRickding lungt(Mattern btdl. Br. Ma&c@m%al?.? 189%, 3,
Yo S 20! TSR GAGIGRD ePbt Unideend RosCHE TRAA, HBAF RGPS . PRS pafis]" o™

hypoxi a, can o I nt raocutar angi 0g
hyper prol i few&?sl %8@5 gastrojotesticngldeac(Browanetiah Caneardizs. UAD3,\531 47205) Swlkioss. Such

a cascade Ofaletﬁﬂéef»xla@fwﬁ@% ﬁéﬁﬁﬁaﬁﬁdy &Qrm@adﬁ}% &al. Al BORAE b

I ncl udi ng di Ischemc retin n occlus

reti nopat hy 7 8? b’ 51@;&‘{“'{?? 559“G%&leﬂ"t?e'é@esal”“i\&&vl%Iandgervivdd(}mgw B31,
1480; Peer eNas8lCankétInst! 1995,567; 12137)rQddntad 34wl ddlpidcrofmAPashimoto et

25 al Lab. Invest. 1995, 73, 859) and several intracranial tumors (Plate et al. Nature 1992,
359, 845; Phillips et al. Int. J. Oncol. 1993, 2, 913; Berkman et al. J. Clin. Invest., 1993,
91, 153). Neutralizing monoclonal antibodies to KDR have been shown to be efficacious
in blocking tumor angiogenesis (Kim et al. Nature 1993, 362, 841; Rockwell et al. Mol.
Cell. Differ. 1995, 3, 315).

30 Overexpression of VEGF, for example under conditions of extreme hypoxia, can
lead to intraocular angiogenesis, resulting in hyperproliferation of blood vessels, leading
eventually to blindness. Such a cascade of events has been observed for a number of
retinopathies, including diabetic retinopathy, ischemic retinal-vein occlusion, retinopathy

“of prematurity (Aiello et al. New Engl. J. Med. 1994, 331, 1480; Peer et al. Lab. Invest.



1995, 72, 638), and age-rel ated nacul ar degenerati on (AMD;, see, Lopez et
a). Invest. Opththalnol. leis. Sci. 1996, 37, 855). In rheumatoid :
arthritis YRAY233Fhe in-growth of vascul ar pannus nmay be PEERISBYIsN0LY
production of angi ogenic factors. Levels of immunoreactive VEGF are high in
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fused p@?. dazi nte)@xr?ﬁse{l are gf‘?ﬁeﬁs}ff‘ @%3?%‘”&"69?%@ g’f”f"ﬁe"eﬁr*’ésent
appl i cat i onbulteas dlisrders edsociatedhwith o:hquiﬂetgabdnhsmt foromatiegt aeh as? Gullous:
application 753, 98 us
3,478, 028 aﬁ%]m?@ 3‘?%%“% H er g?‘%?%ﬁ? ggagﬁlégsgg? a gllﬂ‘fsﬁes are
El - Feky, S. Rermasalyi98y/1045743)., and Abd El'-Sam, Z. K., Egypt J. Chem
(1991), Vol une @gcgu ( ) 8 Hf@ﬁ’ a and
Fenard, S., Bull. é%ﬁblln%;i %Pk g%’%g%ﬁ %‘ds ﬁaﬁﬂ% BP (?Dq-lol ava,
H M andSJr medigied w@ogemsm andyennmtilza@ne ermwys willbe uSefel in SeatuFhteo 25

conpounds OfistR& eHafRRbed BY ABAdrAA a.s I fi E.b[gea din
each of the gbove refer eng%s and on yéé?%ges %‘grtﬁgﬁp ﬁhgﬁﬁl%é escri bes

such conpouiigding theabpys listrddisspses angi ogenesis. As expl ai ned above, -
conmpounds whi ch Exahiples of shEAlgRRGGH sthbaﬁ@e@@mdhﬁﬂéelmatwe diMilarlih S@hdRBt Of a

variety of i cal ,.conditions,. apd are_ therefor esirable, Such materials
50 are’t he BuBpECpt 81 Pl Aaichfon, 3 pcied in Genplwing Beisnis; & BERdeS:
aspect , 20 heappliestions: WQ 9835958 mNmkm eus 5,849,948, EIBIBI,'ZSB OB "¢%3,9%8,6280ind Jpheni cal
conpounds, r eut.i accent a salts r ogr,u t her , Wth
each 3 WO gilfg%.]% 6&%% pmhglazmm are Bf-FcEic ,g gl?ayoumy, .E.,
. and Abd El-Sami, ZK., Egypt. J. Chem. (1991), Volume Date 1990, 33(2), 189-197;
Duhault, J., Gonnard, P., and Fenard, S., Bull. Soc. Chim. Biol., (1967), 49 (2), 177-190;
and Holava, HM. and Jr, Partyka, R.A., J. Med. Chem., (1969), 12, 555-556. The
25 compounds of the present invention are distinct from those described in each of the above

references, and only the Novartis publication describes such compounds as inhibitors of
angiogenesis.
As explained above, compounds which inhibit angiogenesis have applicability in
treatment of a variety of medical conditions, and are therefore desirable. Such materials
30  are the subject of the present application.

SUMMARY:
In its broadest aspect, the present invention relates to the sum of three sets of

chemical compounds, or pharmaceutically acceptable salts or prodrugs thereof, with each



sét overlapping the others in scope. The generalized structural fornula for
the conmpounds in each of the three sets of conpounds is the sane, but it
shoul d be n¥DSH233Fat the definitions of the several grorEEUSSORGSNE Sing t he
general structure in each set differ somewhat. Thus, the defined sets of

chem cal conpauidRpsihé fiRlotHersaRs Wéﬁﬁ%ﬂ@&mcﬁrﬂ%ﬁ&@m .unﬁsCOpes'

The first set of cq ounds have general i zed structu

X-(CR 2 P Z Bcachpfsne three setgof G@wﬂ@q js thesamei mt it showld benated tﬂvgélneher
forma bri dg@eﬁdﬂﬁﬂn@'dﬂtﬂ& s&%ﬁhl@oﬁﬁﬁ”c%ﬁxbﬁﬁn@% E@ Y calsél AfOC,

taken together with the rin which it |sa ormngha bicyclic of

structure zSomewhpl, Fhus, the Qed sefpof CHFQIICFIZCQWPW%HW@@ etherh b
mdependestl»vgﬁafﬁﬂggflgca CH, or CG; 15 T3 represents S, 0, CR4G,

C(R4)2, or ﬂéhe a ove substructur es, is a substituent
i ndependent | y sel Biedfist sptaf sempaun %ﬁﬁesm@ﬂmmm . - NR3BCOR6 ;
hal ogen; al kyl; cycloal kyl; |ower akkenyl; |ower cycl oal kenyl;

hal ogen-substituted al kyl ; %mi(@CR'2)sH tuted al kyl; N-lower al kylarnino 20
substituted al kyl; NN-di N wer, al Xyrarino- substituted al kyl; N-1ower

al kanoyl am no- subst | tutzed Fkyl h;&@‘ﬁ@xy substituted al kyl;

cyano- substit ut ed ‘LQ{(_ T rpoxy substituted alkyl; |ower

al koxycar bonyl - ted IkyI phenyl | ower alkoxycarbonyl substituted
al kyl; hal ogen- su ut ed al kyl am no; am no-substituted al kyl am no;
N-1ower al kyl ami ndSJubst it uted al kyl ami no: M- di - | over

al kyl am no-substituted al kyl am no; 25 N-1ower al kanoyl am no-substituted

al kyl am no; hy W—subst ituted al kyl am no; cyano- substituted al kyl anm no;
car boxy- subst i RitstR%l kyl ami no; | ower al koxycar bonyl - subst [ tut ed

al kyl am g pheny,

al.koxycar ban st.itute | ami n ;- SR6;
“S(OR6; "4 WO of?gfgff\'],\%“ﬁ 6% moxetles zmcfj on moiety, sald b ge,’
taken together with the ring to which it is attached, forming a bicyclic of structure

al i "
IN \ ,N \ ,N—-
z ;Il-z Z O~ Z, \Tz
wf TS'TZ s q2 Of \T2 33

“~., T .,

wherein
cach T2 independently represents N, CH, or CG';
15 T° represents S, O, CR'G’, C(R*),, or NR>.

In the above substructures, G! is a substituent independently selected from the
group consisting of -N(R®). ; -NR*COR® ; halogen; alkyl; cycloalkyl; lower alkenyl; lower
cycloalkenyl; halogen-substituted alkyl; amino-substituted alkyl; N-lower alkylamino-

20  substituted alkyl; N,N-di-lower alkylamino-substituted alkyl; N-lower alkanoylamino-
substituted alkyl; hydroxy-substituted alkyl; cyano-substituted alkyl; carboxy-substituted
alkyl; lower alkoxycarbonyl-substituted alkyl; phenyl lower alkoxycarbonyl-substituted
alkyl; halogen-substituted alkylamino; amino-substituted alkylamino; N-lower
alkylamino-substitated alkylamino; N,N-di-lower alkylamino-substituted alkylamino;

25  N-lower alkanoylamino-substituted alkylamino; hydroxy-substituted alkylamino; cyano-
substituted alkylamino; carboxy-substituted alkylamino; lower alkoxycarbonyl-substituted
alkylamino; phenyl-lower alkoxycarbonyl-substituted alkylamino; -OR®; -SR®; -S(O)R%:;



-S(O) 2R6; hal ogenat ed | ower al koxy; hal ogenated | ower al kylthi o;

hal ogenated | ower al kyl sul fonyl; -0OCOR6; -CORE, -CO2R6; -CON(R6)2 ;
-CH2OR3; -WR2IBICN;, ani di no; guani di no; sul fo; -B(OH) Z‘CT/(E?JWI(@MaI |y
substituted aryl; optionally substituted heteroaryl; optionally
substi t ut ed-S(@DzRF Ahslogensted Il@@edelkdx,y, balogeratd! pwet bncyl'ﬂixbi;t Bﬂogeﬂ&tsd abwét 5

het | | t d ..
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optiona sybstjtu er opt.i ona subsiitute
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group consi httemgytalky(),-CSiO,and NR3. The i nki ng noiety Y is selected from
the Orogp COIEOREGI S Rsbagffo mﬁ%@ e e pop At
-S(0) 2CH2- ; - CHEis(gpwp R® isCHRBlaye2 alkyl. 29 indG{e@liqntly Selewted Eomdhe group

het | t |
I ?nﬁrggréréﬁ{)%@ 2‘('1)}1 QEﬂdcs&Bﬁ@ eg%l%%gﬁ%en@ﬁlgoghégrgnggﬁ’f%tﬁ{ggg ]o:‘NOl -
2. The subsiowenaliyl, lopver dkdN R, eahd lowerallo®®Hyr oup consi sting of -CN,

- CO2R3, - CON( RG)Igl e?:@ﬂhze@"ﬁx%tﬁ@ 2i”ormu?a r(ﬁ,pkquﬁ Shaﬁ?én,oti)l Mwepﬁ f dippg t he

ring containing A nunber t| tuents G3

on the % ngsqb§°rmﬁal1~°c$tle‘2f %9‘“’576 EﬁsS@ieF‘ﬁ@ frqm W@W ?@Slétmglﬁcb S, @d

Substi tuent noi efﬁeeﬁnlﬁé ﬁbfétynvne\éalhaaa 8 !nb @nsonsr&t@téfeﬁwéﬁblﬁg;&ﬁéi from
the group c SISt:ﬁT? | ower al kyl ; car oxy substituted al kyl ,

lover  al ko5 horiHzSsnSHNEr 6 Oa) 156 ’NHd?@' 36 S(Q)s6 Rz -3¢k 2Rs;
o RSOGO U 1 I L SOt
op 1 onel Y AUESLRER D2l Acn e RIP NSRS Bawerh 1y
unsat ur a0 edn Iaad elamcgaclh jtidependénkly @edr] an istepetoft m-ad Tl&tsabsmleyit af kg/delected

ti |1 t bstituted
ﬁgt Ie(r)(r;gr yl>/) ﬁglm#'é %H&aq %}npgt;n bgf‘lbﬁﬂt e&ﬁfe?bg@éﬁﬁ)opag?k%?&(éfﬁusﬁd pl(JoSt ionally
substituted heteZmreytmﬁ@HrN OCON(R6) 2 ; -NRBCO2R6 NR3CON(R)2 ; and

bi val ent bridge pf '{rﬁ’ﬁfek}“%mzmméé% D’d %9‘?5‘“ %Xq{uﬁﬁtef l&-lp%gsqmeeach T2

i ndependent |y repres epresen
substituents G on the ring is indicated by subscnpt q, whichis 0, 1, or 2,

-

25 Substituent moietics G* are monovalent or bivalent moieties selected from the
group consisting of: lower alkyl; -NR’COR® carboxy-substituted alkyl; lower
alkoxycarbonyl-substituted alkyl; -ORS; -SR% -S(O)R® -S(O);R% -OCORS; -CORS;
-CO;R% -CH,0R’; -CON(R®) ; -S(0)2N(R®); ; -NO,; -CN; optionally substituted aryl;
optionally substituted heteroaryl; optionally substituted saturated heterocyclyl; optionally

30 substituted partially unsaturated heterocyclyl; optionally substituted heteroarylalkyl;
optionally substituted heteroaryloxy; -S(O)(optionally substituted heteroaryl); optionally
substituted  heteroarylalkyloxy; -S(O),(optionally  substituted heteroarylalkyl);
-OCON(R®), ; -NR*CO;R®; -NR’CON(R®), ; and bivalent bridge of structure T>=T%T° .
In this bivalent bridge, each Tz_independently represents N, CH, or CG*; and T° represents



5 "WD 01/23375 PCTJUSQO/ 26500 S, 0, CR4(13" C(R4)2i or NR3 . G3' represents
any of the above-defined noieties G3 which are nonoval ent; and the

term nal T2wof1R33es bridge is bound to L, and T3 is boundremuddp2dshus
formng a 5-nmenbered fused ring. In the ring shown at the left in
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N- | ower 18 kanoyl am no-substituted al kyl; hydroxy-substituted al kyl ;
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N-1 ower al kyl ami nrhepostié mﬁm@namenmgn@re rhbdxvﬁtemloemmeﬁlﬁfovétﬁg Skfd
substituted glky am no; N-Iovver Q{;ﬁ -substitut dalk amno

hydr oxy- sub&PPiis SEPUR|RISItE 0§ 9931 t eny| alloilavclogikyl; lower
car boxy- 48 bshlkémﬁ,dﬁkvalo&mbﬂmmyb malogmr)stmkdmmamia;éhbsﬁwwzﬂkyptledower

"R T oyt B NGRS B e et A 2o

al kyl t hi o; hdkmgﬂamimekubmmd alkyl| hjniréwbsntutanﬂ@l cidksnbstifdtedRatkyl;

;)gﬂﬂ(()ﬁgl) I2y’ sualr)%%%u%l ary kyl ? A%Y?roﬁgofﬁﬁﬁgtﬁﬂgﬁ%oﬁﬁg B%FWIBQY?&%W onal | y
substituted dhawpabcmdl-mwﬂubéydkﬂj ; hatgen-eubatiituted  slidplainino t dingaubistitated y
opt 1 onal 15 SUPUERG uer Mo cREIT NSRS NG eyg AT a0
het er oar yI ) S"bfitﬁ“@fhaﬂkxlalymbst}lﬂm@d alkanaylarsngsubistityted x ptkylam§ro) pbydrbxyenal |y
and T used r ToAb® oty chanersopitusC iy oy sudfig <) °
adj acent poskeWeioplkoxycarbonylsubstiggted chlkyiniiniejeshenydpwer alkexysarbonyt- mzbetstuted
alkylamino; -OR®; -SR%; -S(O)R®; -S(O);R®; halogenated lower alkoxy; halogenated lower
25  alkylthio; halogenated lower alkylsulfonyl; -OCOR®; -COR®; -CO,RS, -CON(R?), ; -
CH,OR?; -NO, ; -CN; amidino; guanidino; sulfo; -B(OH)2 ; optionally substituted aryl;
optionally substituted heteroaryl; optionally substituted saturated heterocyclyl; optionally
substituted partially wunsaturated heterocyclyl; -OCO,R3; optionally substituted
heteroarylalkyl; optionally substituted heteroaryloxy; -S(O)(optionally substituted
30  heteroaryl); optionally substituted heteroarylalkyloxy; -S(O)y(optionally substituted
heteroarylalkyl); ~CHO; -OCON(R®), ; -NR’CO;R® ; -NR’CON(R®), ; and fused ring-
forming bivalent bridges attached to and connecting adjacent positions of ring J, said
bridges having the structures:




6 WO 01/23375 PCT/US00/26500 a) T 2 9% 2 T3 wherein each T2 independently
represents N, CH or Ce; T3 represents S, 0, CRAGA, C(R4)2, or NR3;, &4
repr esent sWQy233f5 t he above-defined 5 noieties A whi cRCAUSHNVRGSMOVal ent ;
and binding toring J is achieved via termnal atons T2 and T3; b) T/ T2
1T2 T 10 wherein ch T2 independently represents N, CH or C#'; A
represents any of the above-defined noieties G4 which are nonovalent; with
the proviso that a maxi muf§ of two bridge atons T2 may be N ; and bi ndi ng
to ring J is achieved via trrmnal atonms T2; and c) T5 T~T6 TS-Te TS -T\6
| T6 1 Ts or is 15 TV T~Ta'é TB T5 T6 wherein each T4, T5, and T6

| ndependently represents,0, S 41G~,, C(R4) 2, or NR3; ' represents any
of the above-defined e@t?ﬂ@’ﬁe&ﬁﬁvﬁﬂéwﬂaﬁ@we%%g%mpah wpiseRntiS.t o ri ng
J i's achieved via t e} ORIG*AUCEE),,Tér NR*TB4' r¥jfirbdents iyP6L WieS Bovt8kined20 i)
when one_T4 is 0, S, or, N thﬁbother T4 i s gR4(34 or C(R4)2 ; 11) a

bri dge cdnprising T5MAgHeTS Aichsarmonoient; and binding to ring{ is achisvedsyiar oat ons
0, S, or N, and iii) térmirAl f6mgFeaOr’pri sing T5 and T6 atoms, when one TS
group and one T6 group are O atons, or two T6 groups are O atons, said O
25 atons are separated by at | east one carbon atom Wen & is an al kyl

group |l ocated on rbng J adjacent to the linkage -(CR42)P- , and X is NR3
wherein R3 is an al kyl substituent, then & and the al kyl substituent R3
. T\T2 .
|2
7277
10 wherein each T? independently represents N, CH, or CG*; G4 represents

any of the above-defined moieties G* which are monovalent; with the
proviso that a maximum of two bridge atoms. T2 may be N ; and binding to
ring J is achieved via terminal atoms T%; and
c) : .
r R, R T TR
b+ T8 I, T » or |
LA L T§/Ts s T
15 | Rl —*
wherein each T*, T°, and T® independently represents O, S, CR*G*, C(R),,
or NR?; G4' represents any of the above-defined moieties G* which are
monovalent; and binding to ring J is achieved via terminal atoms T* or T
with the provisos that: B :
20 i) whenoneT*is O, S, or NR?, the other T* is CR*G* or C(R%), ;
ii) a bridge comprising T and T® atoms may contain a maximum of
two heteroatoms O, S, or N; and
iiii) in a bridge comprising T° and T® atoms, when one T group and
one T® group are O atoms, or two T® groups are O atoms, s'aid o
25 atoms are separated by at least one carbon atom.

When G* is an alkyl group located on ring J adjacent to the linkage (CR*),-,
and X is NR? wherein R3 is an alkyl substituent, then G* and the alkyl substituent R3
on X may be joined to form a bridge of structure -(CH,),; - wherein p' is 2, 3, or 4, with

7



odn X maybe joined to forma bridge of structure -(CH2)p. - wherein p' is 2,
3, or 4, with 7 WD 01/23375 PCTI USOQ' 26500 the proviso that the sumof p

and p' is 2w031233r5 4, resulting in formation of a nitrogeCHUSBORESEI Ni Ng ri ng
of- 5, b, or 7 nenbers. Additional provisos are that: 1) in G, &, G3, and

G4, when two gtﬁéﬁlﬁ themﬁ‘ﬁlﬁiﬁ%cﬂ 3?5}(¥§eﬁﬂﬂgn9?u%§§o %Tatd?@og%ﬁ‘”e N

atom they nmay be bond orma

N- cont ai ni ng  heeepibgsing obF, 65or Tmemberhg at ons: and 2) when an  aryl,

het eroaryl, or heterocyclyl ring is optionall y substituted, that ring may
bear up to 5 substltuents whi ch are m:i{bgf jly, se Iected fromtpe gr oup
consi sting of ami noAddifignsbproyises 2 Ruph-13 { u@e@nﬁﬁ'\ ;rfghen two groups R or

di - | ower akkyl - S;@Q%etéaw&lﬁﬁ aﬁ&ﬂo@&ed J)tPiﬁ@Ean@N Yot AREN n%merl I omgg&ﬂﬂkﬂ Thi o

al kyl, hal ogenated |0 élrox | ower “a
hal ogenat ed | o&rs, QINBXSQ fOWan(g@ﬂ raRg WCISIO@HW@%PWM Zhwhenasy | oxy,

AT Ero, andi no. st o Jeroraft bl B fefcnat AP fut ATl DAy

al kyl group is 'Sxupsittusets Whichpare ndepgodeqtly sglgcted fiem the mpHp goopistingipEamingent |

then said 15 th@deerﬂkbh%ﬁ&squﬁélt 'aﬁxxﬁ;ep%%x&@ali?}i-sﬁﬁsuh@eﬁﬂ alni, CabRgn atons
fromthe Q, S, or whi ch the al ﬁ‘ﬁ‘é”c roup |s attached. The second set

of conpodﬂds hé@@"@ﬂ@*@‘érﬂ&ﬂ@%‘be@wﬂ genaigdniawer aj@féd@lﬂm’m JowerB R
(&A)ar  ~ Y R2 afbxyf) 1ov6e93nggé§b,)halo§&amaewérmm€xy,m dBdted ldwer aIkgRIBENSRGL | Y

represent H or 311 og forma,g Qf structure 25
wher ei n bi ndi né‘h‘?ag"y vi & Iflh t‘i‘?ﬁﬁn I’OQQF%on’&%gWB)% 1QGGN t her
farma bridge ONRIONERCMI itrb;-anfiGino) gBinldBo)hiRamd,. suifbGhl R 2&b9)Owhen
any alkyl group is attached to O, S, or N, and bears a hydroxyl substituent, then said
15 hydroxyl substituent is separated by at least two carbon atoms from the O, S, or N to

which the alkyl group is attached.

The second set of compounds have the generalized structural formula

x—-(ca“zy—@
R (C
L/\A B\>_ R?
DTE,
(G"")q
20 wherein
R'andR?:
i} independently represent H or lower alkyl;
ii} together form a bridge of structure
—J‘\\G’ Im
25 wherein binding is achieved via the terminal carbon atoms;
iii) together form a bridge of structure
Y

G‘)m



wherein binding is achieved via the term nal carbon atons; iv) together
forma bridge of structure T~ T =T1 wherein one or two ring nenbers T
are N and WA#1/@BRers are CH or CG, and 5 binding is a®crasenesioa t he
term nal atons; or v) together forma bridge containing two T2 noieties and
one T3 noiety, sai dherblhlbﬁiﬁﬁigxﬁadﬁbﬁ)ed@iﬁﬂié}&ﬁmﬁm%&ﬂ@mhkng to which it is
attached, formn %bﬁyullc itructureNNZTZZ' T3 Z2 "T2 T3!T2 T2
T2 or T2 T3 101! ’°° HEiBERient |y represents N, CH or CG:; T3
‘represents S, 0, CR4G 71C(R4)2, or NR3. In the above bridge substructures,
the subscript mis 0 or integer 1 - 4; 15 indicating that the resultant
fused rings may optionall/y bear up to four substituents G. G is a

substi t uent independe\ﬁ:lﬂ selected fromthe group consisting of -N(R6)2 ; -

NR3COR6 ; hal ogen; o o [ k | ... ] ower claal kenyl ;
hal ogen- substitut eglm}(' ng O%E(&s{u bs't“: ¥u g? %ﬂ%%? othggs f“c?v%fxr 667 atd
al kyl ani $0- substi thtlédgmacbﬂeyedhﬁa\ﬁxdtmmalokyl am no-substituted aI kyI ;

N- | ower al kanoyl it bstl ut ed. al k
cyano- substitute %h Car’b ‘%gs%é%{‘h{g tt% ﬁgs %nld o' T tbleny said

al koxycar bonyl - sub'mudgeutab@ tazétl;drwmbhhmvhg tocmbch alnkmayhdr ﬁmm;dg ashibadit t ut ed
al kyl;  hal ogen- supsdityted al kyl am no; ami no-substituted al kyl am no;

N- | ower al kyl am no- substituted aI kyl am no; NN-di -1 ower

al kyl am no- substi tuted ' | ower al katrayl am no-substi t ut ed
al kyl am no; hydroxy- MoRsti t ut ed gl '
al kyl am no; carboxy ' .
al koxycar bonyl - subsk‘T'- al k ¥ﬁa

al koxycar bonyl - substttuted al ky ; -OR6; ™BR6, -S(OR6; - S(O) 2R6;
~hal ogengged | ower al Im,g&m hal ogenat ed | ower aI kyI t hi o; hal ogenat ed | ower

al kyl sul fonyl ; - CE‘EC)JE ; -CHPOR3; NO2 ; -CN
am di no; guani d| no: sUiefyT mwezﬂyream ’I<FI§ @8t i t ut ed aryl ;

optional 'y substituted Tetmesent Bl O, SRIGIpPCHRIMadINRSUbst i tut ed sat ur at ed
het erocycl yl; optionally substituted saturated 9 WD 01/23375

PCT/ USOQ' 26500 heterocyclyl al kyl; optionally substituted partially
unsat ur at ed het dndby abgve; brideei snbsuhukctyres, the subscript m is 0 or an integer 1 — 4;

15  indicating that the resultant fused rings may optionally bear up to four substituents G'.

G' is a substituent independently selected from the group consisting of -N(R®); ; -

NR’COR® ; halogen; alkyl; cycloalkyl; lower alkenyl; lower cycloalkenyl; halogen-
substituted alkyl; amino-substituted alkyl; N-lower alkylamino-substituted alkyl; N,N-di-
lower alkylamino-substituted alkyl; N-lower alkanoylamino-substituted alkyl; hydroxy-

20 substituted alkyl; cyano-substituted alkyl; carboxy-substituted alkyl; lower
alkoxycarbonyl-substituted alkyl; phenyl lower alkoxycarbonyl-substituted alkyl;
halogen-substituted alkylamino; amino-substituted alkylamino; N-lower alkylamino-
substituted alkylamino; N,N-di-lower alkylamino-substituted alkylamino; N-lower
alkanoylamino-substituted alkylamino; hydroxy-substituted alkylamino; cyano-substituted

25 alkylamino; carboxy-substituted alkylamino; lower alkoxycarbonyl-substituted
alkylamino; phenyl-lower alkoxycarbonyl-substituted alkylamino; -ORS; -SR%; -S(O)RS; -
S(O)R®; halogenated lower alkoxy; halogenated lower alkylthio; halogenated lower
alkylsulfonyl; -OCOR®: -COR‘; -CO,R% -CON(R6 23 -CH20R3; -NO; ; -CN; amidino;
guanidino; sulfo; -B(OH)2 ; optionally substituted aryl; optionally substituted heteroaryl;

30 optionally substituted saturated heterocyclyl; optionally substituted saturated



substituted partially unsaturated heterocyclylal kyl; -0002R3; optionally
substituted heteroarylal kyl; optionally substituted heteroaryl oxy;

-S(O p(optiwoalkip7substituted heteroazyl); optionally sedasusodedse

het er oaryl al kyl oxy; -S(O p(optionally substituted 5 heteroaryl aI kyl); -CHG

Rb 1 51 ndepchRRIEy g, SR STl “waieBe Rl Sl opedtily ©
clyﬁl ?)fal lkg\ll\ermb‘st:(mdil Ibayhailybmhsaméut@d heterpbyclygkylp n@OORY ulqﬁionﬂlzyte Sﬂ;samyédt uIr gY\er
1? or )r/rul a (1), h%fo%gfaggrﬁﬁég%oaglfw :)we?heé%?(wq_'x%' he @EE‘?@ ﬁ}?’ 51¥ s 0, 1,

or 2; and X hetersmyBic toptiorfallp nmﬁ:ktﬂutgd ohqneroarylaikybxy;g S(D)pOoannallgnduﬁ*dE&tedThe

K0 T el 3, B OCONELIe NP BIRE AT RS, 0T & W ene

: (ng?z-l)z S ( N S( O The2zoup R’S‘fI ¥ 8 Idgrer alkyl(]—l?&é‘(s@)depende@ﬁ%(e@)e&ﬂom the group
- [0
- (CRA2) n- O Géﬁ%flﬁéf% @}%@ mﬂa%'jr‘]ﬁ Riloatly SbRehd ausk I?Pﬁ‘éPaB}’ Ststituted apel
subscri pts nlowedalkylglowerdioh NR Y med thaver ilkylOHr an integer of | - 2. 02 is
| ected f th and
-SEI—EKI( 26 2r .OmZ rgnﬁes e&i?e&ﬁ%gm%&ﬂ 82&% gl%ﬂ%e@’rof ﬁ%’%@@ al nls’ﬁbmlpt B, D
E, and L10t hBlSr%uhmﬂ de&xasdcwormthbsmupmmsgn@f@;rs aeNRY. ng i s i ndi cated

by the subscri pt t nt or
b?/val ent noi et Pes'ﬂrseep@é’g}a&?‘rom t%e%c'teragﬁ&y% }fvﬁ‘él St n%ls{i?)gf @{%ﬁ%ﬂ(&%h
- NR3CORS; ca'rQﬁzx@- B S ¢ tGHedNHY k- -$-dw§rH -aFReGHee ar%@hyl-S(QéubSSCHut,ed

| kyl ; - -S gm S - Cﬁ(@? CG@R
?ZO\IzIRG)Z ; 2@ ( & (4%0\5?0) ti o ﬁs( )SUbStI % ary optlonal |y
substituted b )s“ #e- (@ﬁa)h-pﬂGé 5CR m)b'edlns’,hﬁle‘ﬁm lﬂ@mwomgsc‘f,yl

optional iy saxbwpzsumdsa@reamha exzﬁnmamrﬁegaohqtez cweketéaed%n& aeal |y
substituted heteroaryl al éN &(ﬁg jonal substitute het er oar yl oxy;
€ t

- S(O) p(opt i oSFER SPneisEeof - e?‘agﬁ Dz),an%ﬁlizbfﬁ% 1y substituted

het er oar yl al kyl ox@/tepresnfdNoéragi* onal | y substituted heteroaryl al kyl);

2 N e ELa 0 B0 ol eyt o g

CH, or CO03* subsiiiken35 ronplicfigis BidiSatedby ﬁammpt q,&%x&‘»hﬁi)l 2>r2 or NR3 . G3

the tornthar T2 isebBRA 6 mityse pEbBanoidte, SHHIE O Moo,

menber ed f uscmdswnngg)f lowertatia/]; rm@cenf;vuarbaky-meuﬂma talkiyl) 1@/@dtellevlycadtsbnyl-

noependent | 0B il - YRt O RIBRER RERRE BT ook’ B
CON(R®), ; -S(O):N(R), ; -NO; -CN; optionally substituted aryl; optionally substituted
heteroaryl; optionally substituted saturated heterocyclyl; optionally substituted partially

25  unsaturated heterocyclyl; optionally substituted heteroarylalkyl; épﬁonally substituted
heteroaryloxy; -S(O),(optionally substituted heteroaryl); optionally substituted
heteroarylalkyloxy; -S(O)y(optionally substituted heteroarylalkyl); -OéON(R‘)z ;
-NR’CO,RS; -NR*CON(R®), ; and bivalent bridge of structure T°<T2-T* . In this bivalent
bridge, each T? independently represents N, CH, or CG® ; and T° represents S, O, CR*G,

30 C®*Y, or NR® . G represents any of the above-defined moieties G° which are
monovalent; and the terminal T is bound to L, and T is bound to D, thus forming a 5-
membered fused ring.

In the ring shown at the left in generalized structural formula (I), A and D
independently represent CH; B and E independently represent CH; and L is CH; with the

10



WO 01/ 23375 PCT/ US00/ 26500 proviso that the resulting phenyl ring bears as
a G3 substituent said bivalent bridge of structure T2 T2-T3 . Jis aring
sel ect ed fWORIRHE group consisting of aryl; pyridyl; and®CFuspissieyl . The
subscript q' represents the nunber of substituents & on ring J and is O,

1, 2, 3, 4, pfyvisd.thde twrdsanﬂg PRIQV Sih€ Béar® bs bloaadusﬁtuéﬁp »sﬂa bivaRheBlige e om the
group consi sti n@ﬁ@{ Ja‘l 5 I ; -NR3COR6 ; hal ogen; kyl; cycloal kyl; | ower
eny

al kenyl ; | oftgyet hal ogen- substi t ut ed aI kyI am no- subst i t ut ed

al kyl; N-1ower &Hslﬂrﬁ;glsaectédlﬁ&hlthélérﬁﬁb &nkivtinig of by1; ﬁlnd&l@&&rc ycloalkyl. The
al kyl ani no- Slhbst i tyte | afii No- subst | tut ed” al kyl ;

al k | 0 al kan
hydr oxy- subStISEeRt dgregs tﬁ%@’ﬁ%’@ﬁ@gﬂt‘f?f oy g J.an é?rqgéx%» sHi958i t ut ed
al kyl; 16wer 10 @t kox\hdrobslent! orsbilsténttmbien selekstell; frdi’ﬂi'@l'ié’ broup \Whsisting of

o oy oot DO B ST LR, Bt e LS oT hot s Foior eyt o
Al kanoyl am mox bet, .‘“t“"‘“ e ot F at ae apiea sl
Cyano- Subst NEEEiwes albyfmifersibseedcat! Nt aleoubseipenbssbiied Gk

a: toxycar bohydrexydubstitited ealkylS oyidoydubsﬁmed aﬂ&ygnyhbémbsututed alkyl; lower

al koxyc m

hal oggng{) QIF(LX 2hi83 Jllgﬁ{i/ggﬁ% %]S' @ﬁh mfr WM%& %%@E(t‘ﬁ‘a’l ower
al k)él sul f Onyﬂpgen@fmmed- @m?@nmmﬁﬁm-sum\liﬁl)illkylanﬂWZNRBW% Wlamlll.uﬂ\l

oot | onai | y° SRBLEIATaIG Y, NGGHGve: ARUMBIReRr abvibRRo: Mo

het er ocycl yPlkamtanmvesli);tltsta&bslkylamu’@thJWrﬂbsttyutedwmlammbecyaﬁ@sdbsﬁmredcycI yl;
- 0002R3; Opsw%h{{% egmk* Ashlls 4%téaet SIORMAE! Kiblyer OPlik &pgnlrwn faﬂgh Lyt ed

heteroargl S ona sub eroar
ed

y
substitd YHPW?II @Wycarb;(rm) pibstifuted nlkb’lasmm,l HaRf: 8RS aS(O)RS; -
het er oaryl ak{) ﬁ& h-a[;FQ ted JoWek Bfdoy; hwg sed
ring-form ngl b| val l?rl gages %ttachg an owecronne t ng iggnagde]%ﬁ&
posi tions oflkyisyfenyl -QGPR S HGAR e PR T@N@e)zsrpﬁe@ﬁrs@’ozz&&  apidfno; T3/
wher ei n eacgua];mmmdaagw@mtyopﬁmmewsﬁmmd optfondHy substitdtdd h&RLASENLS S,
0, CR4G , Cép‘i?a bg tedG44 r ﬂmesents anﬁagﬂ’ Iﬁle above :jefl ned ﬁ?ﬂ)l eties
& which ar h‘&/%ﬂ fited samyre Ry EIYL: optigpally substitupg eRPé‘éPll\)’l‘E‘sa“!fetef‘er ni nal
at ons T20 anHetdrocyklyl; V\IDOQMSSJI‘;BOM/ $UbSHeLte® Heferodylalkyl; optionally substituted

heteroaryloxy; -S(O)y(optionally substituted heteroaryl); optionally substituted
heteroarylalkyloxy; -S(O)y(optionally substituted heteroarylalkyl); -€CHO; -OCON(R®), ;
-NR*CO;R® ; -NR*CON(R®); ; and fused ring-forming bivalent bridges attached to and
connecting adjacent positions of ring J, said bridges having the structures:

25 a) :

-

o

wherein each T2 independenily represents N, CH, or CG*; T° represents S,
0, CR*G*, C(R%,, or NR® G* represents any of the above-defined
moieties G* which are monovalent; and binding to ring J is achieved via

30 terminal atoms T2 and T°;

11



T2 T2 T~ wherein each T2 independently represents N, CH or CA' ; &4
represents any of the above-defined noieties G4 which are nonovalent; wth
the 5 prowedoieiszas a maxi num of two bridge atons | a mayrdwus€o26semd bi ndi ng
te ring J is achieved via termnal atons T2; and ¢) TS TS-716 TS T\ 1 3'
\T6 , L, T6 or j s T~ T*-," Ts.--Ts TS-Ts r wherein each T4, T5, and T6

i ndependently represents 0, S, CRAXA', C(R4)2, 10 or NR3; 4" represents
any of the above-identifi ed‘lngol eties G4 which are nonoval ent; and binding
toring J is achieved via ter nal atons T4 or TS5 wth the provisos that:

i) when one 14 is 0, S, or NBR32 the other T4 is CRAA or C(R4)2 ; ii) a
bridge conprising T5 and T6%4t ons may contain a maxi nrumof 15 two

heteroatons 0, S, or WNhe@RA%akH 12 inlidbefd GROR! CA Bc 5. aid. ons,
when one T5 group and gne r%‘u‘g earegﬁ%‘j%%s Fﬁtwoég S faﬁrse 0

atoms, said 0 atons ameowpa#bavedpﬁayd amoittise 7' Wheh@mmmvaleommﬂowen G4

is an al kyl group | oc g)gmg, , and
X is NR3 ?//vherei n R3 |glt0an a A su s'?ﬁtﬁgﬁ{ﬁg:% GJMXU& the a *
substituent R3 on X FagJisack lﬁieﬁé!@t%fémfabﬂtﬁma M’l@ige of structure -(CHZ)V -
wherein p' is 2, 3,gpor 4, with the proviso that the sumof p and p' is 2,
3, or 4, resultlng i'n formation of a nitrogen- containing ring of 5, 6, or
7 menbers. 25 Additional prOV| S arL*\'F at: Thqén G, @783, and (:!4,
when two groups R3 or e ar psal y and Io ed 8pthe Same N atom t hey
may be |inked by a bond, a Oﬂézn : o' folma N-coptaining
heterocycle of 5 - 7 ring atons; and'"2) V\herﬁ-aﬁ aryl, Th_e_tréroaryl or

CohetPeLents ' S R R R el AR 5
am no, 1® WO 01/2337& NE’E/GAS&ﬁ{e%E%y offthie@bbwvidénifikd | maieties G4t whi€lflaram no,
di -l oweral kyl - substit Utogg/a%lq% a5 bxnang to ring J is achieved via terminal atoms T* or T° ;
with the provisos that:
i) when one T*is O, S, or NR?, the other T*is CR'G* or C(RY), ;
ii) a bridge comprising T> and T® atoms may contain a maximum of
15 two heteroatoms O, S, or N; and
iif) in a bridge comprising T° and T° atoms, when one T° group and
one T° group are O atoms, or two T® groups are O atoms, said O
atoms are separated by at least one carbon atom.

20 When G* is an alkyl group located on ring J adjacent to the linkage ~(CR*,),- ,
and X is NR® wherein R’ is an alkyl substituent, then G* and the alkyl substituent R>
on X may be joined to form a bridge of structure -(CH,)y - wherein p' is 2, 3, or 4, with
the proviso that the sum of p and p' is 2, 3, or 4, resulting in formation of a nitrogen-
containing ring of 5, 6, or 7 members,

25
Additional provisos are that: 1) in G', G%, G, and G*, when two groups R® or RS are
each alky! and located on the same N atom they may be linked by a bond, an O, an S,
or NR? to form a N-containing heterocycle of 5 — 7 ring atoms; and 2) when an aryl,
heteroaryl, or heterocyclyl ring is optionally substituted, that ring may bear up to 5

30 substituents which are independently selected from the group consisting of amino,

12



al kanoyl am no, hal ogeno, |ower al kyl, hal ogenated | ower al kyl, hydroxy,

| oner al koxy, |ower alkylthio, halogenated | ower al koxy, hal ogenated | ower
al kyl t hi o, WO®M8I375 al kanoyl oxy, -CO2R3, -CHO -CH20R3, - (FOUAREN/265@ON( R6) 2,
-OCON(R6) 2, 5 NR3CON(R6)2, nitro, am dino, guanidino, nercapto, sulfo, and-

cyano; and 3) ﬂﬂﬁﬂflowékﬂlk Pdubatituted ou@nm@ aHf-l%%ﬁﬂcy‘l-@ulﬁutu@d Oimio, angwdears a
substituent is separat ed by at

hydr oxyl subst ueq sai d dro
| east two car @hﬁ“@t ‘B'H‘BO’f ga%qnﬂe ‘U" x hN°8"é‘ateﬂh‘°W AL Jhydioxyg dewss i s
att ached. 10 Bli®xy,hovwer a%/ﬂthﬁf hﬂégéﬁﬂbmmehﬂk&g hAogmned Rivdei!ﬂﬂ 186, Yot 2l

formula - N V\,herelsn R and
R : 15 i) mdﬁjﬂ&Wi‘é’%l

6423 LFE%?OIT‘ e)vxé?cgiﬁ(yl 'Caﬁ(il{) it 0‘ )P:or m a

bri dge of strumém@Nwﬁ[ Ritrd, hhimhopguan&mgmee&% ¥, lahe cy#b;"Aracd) Wi on
atons; iii) togglﬁ(glrer forma brldeof ture 8@mwhere|n b|nd|ng|s
achi eved via SRS "8591’56@ ;’ gdwirorylsybsituenty theg gaidof
structure | Wroxyl-Equ-ﬁ’ltuéﬂhﬁl’s@ai’atéﬁ’l@ ﬂﬂea%ﬂﬁml’daﬂﬁnrﬁﬁim&n the G\'S; oMNegd t he

ot hers are CH Cf‘ga. nd 25 b| %l)ng i s achieved via the terninal atons;
or 13 WO 01/ 23@‘?@‘ k together orma bridge containing two T2

noi eties and one T3 noiety, said bri dge, taken together with the ring to
whi ch itlois attached, formng a bicyclic of structure T Z, T3 Z 2 2

* The third set of compounds have the generalized structural formula

—(CRY)
Z R’ .(G4)q‘
A—-B :
B
OTE,
(Y™ ®
wherein '
R!'and R?:
15 i) independently represent H or lower alkyl;

ii) together form a bridge of structure
._(/\61 ) m
wherein binding is achieved via the terminal carbon atoms,
iii) together form a bridge of structure

X
20 G1 )m
wherein binding is achieved via the terminal carbon atoms;
iv) together form a bridge of structure
T1\T1
TI=—T1
wherein one or two ring members T are N and the others are CH or CG', and

25 binding is achieved via the terminal atoms; or

13



Z°T3!T2 Ta 1.2 or C T2 T9 5 wherein each T2 independently represents N,
CH, or CGlL; T3 represents S, 0, CRV, C(W2, or NR?. In the above bridge
structures, WOH®2B@bscript ra is 0 or an integer 1 - 4; iPpci/uokesg 10 t hat
the resultant fused rings may optionally bear up to four substituents G d
I S a substituent WngrpeaoRAk laYbr bl . B St

-N(R6)2 ; - NRSCO-)QG% hal ogen; a?ﬁ?ﬁﬂtﬁg?gltgg}qﬁgﬁmal{eg\%g? %gf]?eﬁﬁdﬁ?g’l %\ildver
cycl oal kenyl ; hal ogbdeesigken tpgethes With the iing t9whidh it ispttached,tfomning g picyclie | over
al kyl am no-subst it upegmadsdey! ; N N-di - | ower al kyl am no-substituted al kyl;
N-| ower al kanoyl am no-substituted al kyl; hydroxy 15 substituted al kyl;
cyano-substituted al kyl *»car boxy-su I tuted al ky¥~. | ower

al koxycar bonyl - subst i enyl | ower } oxycar bonyl - substituted
al kyl ;  hal ogen- subst4q t imer® anmi no-f{ubstrt ut ed al kyl ani no;

N- | ower al kyl am no- .s | a8 NPT NN/ 1121’11%/\er

al kyl am no- subst i tut%‘d al'kyl am % N1 over a']“kanoyl am no- substi tuted

al kyl am ng; hydr oxy- swgfeint ut ed al kyl am no; cyano-substituted 20

al kyl am no; carboxy-substi tlL_Jzt,e%al kyl am no; | ower .

al koxycar bonyl - subst i t ut€¢h T dndependeftiyrepmsscatiyN, Gtb aEFG ;

al koxycar bonyl - subst i t utEdepéskts 80, TR'G’ &RRY,, opRR?. - S(O R6; - S(O) 2R6;

hal ogenat ed | ower al koxy; hal ogenated | ower "al kylthi o; hal ogenat ed | ower
al kyl sul fonyl; -OCOR6; -CORE;, -CO2R6; -CON(R6)2 ; -CH20R3; N2 ; -CN

at ni di nlo; gugni pthmce'%bsvd ﬁ:mgesﬁ(cfzr&s%gle;su&pﬁmﬁd o ¥r %Hﬁt_ékértlufj@ﬁnéikéﬁn' g
optiona s i tut.ed heteroaryl: 25 optiona substituted saturate

het er ocybf?/yl f,ll’ato ?feﬁ‘hﬁf‘ﬁ tgseé&B%st‘T‘%/yu‘fpé‘ﬁnaélé(@ﬁ?rd’ﬁ’éﬂf%ﬁ%\%‘ét}wlyI al kyl ;

optl:) i onal | ydsubst !GES ackunim’niehafhdlepgnﬂr&]ﬁ@ sal&teﬂlcﬂﬂﬁeftfrg?ﬁm%udiéﬁ%@ﬂmwl I
substitute 3 Y unsat te terpcyc al kyl ;- ., Qpiionally
substi t ut ed e%:gioatrl)l/ %ﬁy#{‘ﬁoﬁﬁl??ﬁ%’ﬁl @%ﬁﬂ%ﬂu%@j&‘ ﬁ%ﬁkf&ﬂyﬁ’@i%‘?’"

- S( O p(opt i oswbstityted allspl arnind esubstituedeallgd Nlgwer alklylamiva-suystivareds stk it Nad-di-

het er oar yl al o QR0 D1 i J |t uted neteroaryl al kyl);
_CHO, - OOON( %‘gﬁy lﬁ@&%‘%&@&an L N@%’Qﬁ?‘“ﬁ'%ﬁg’?ﬁﬁsﬁ&d

PCTI USO01 2 65®bstirsted gradhyls Reyane-swistituted owalkylal legiboxyRéibstituticd d egbleyid e ddvrer
selected fro 10146081 SN0 ; Yin oal kyl .. optional |y
substituted ‘gircy Q“g‘{p? F%ﬁ’% y su%glt [ Pﬁt}{ngg %’r%* J“F%" Xzfq'{’%"lyL Sﬁt}ltﬁefﬁ(yﬁ

al kyl - N( R3) Zhaloggpraubistitited  alkWgrhingH aminp-sybstituted | allothngne; ublower afkgtaminea (1),

b3 b [t abpigerlaabi SRS el M)
i s sel ect ed #kpylemimowpbstipted iylaming jydrpxy-sietituted Wisylaming; cyano-substituted
20 alkylamino; carboxy-substituted  alkylamino; lower alkoxycarbonyl-substituted
alkylamino; phenyl-Hlower alkoxycarbonyl-substituted alkylamino; -ORS; -SR; -S(O)RS;
-S(O):R; halogenated lower alkoxy; halogenated lower alkylthio; halogenated lower
alkylsulfonyl; -OCORS; -COR®; -COR®; -CON(R®), ; -CH,OR?; -NO; ; -CN; amidino;
guanidino; sulfo; -B(OH)2' ; optionally substituted aryl; optionally substituted heteroaryl;
25 optionally substituted saturated heterocyclyl; optionally substituted saturated
heterocyclylalkyl; optionally substituted partially unsaturated heterocyclyl; optionally
substituted partially unsaturated heterocyclylalkyl; -OCO,R?; optionally substituted
heteroarylalkyl; optionally substituted heteroaryloxy; -8(0) (optionally substituted
heteroaryl); optionally substituted heteroarylalkyloxy; -S(O)(optionally substituted
30  heteroarylalkyl); -CHO; -OCON(R®), ; -NR’CO;R® ; and -NR’CON(RS), .
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-CH2-O ; -CH2-S- ; -CH2-NH ; -O ; -S ; -NH ; -OCHZ- ; -S(O- ;

-S(0)2- : -SCH2- : -S(OCH2- : -S(O2CH2- : -CH2S(O)- : -CH2S(O) 2-:
-(CR42) " - WOPH2PE nenbered. heteroaryl)-(CR42),-; and PCT/USH/26500
-(CR42)"- (&) (R4)-(CR42)$- . In the latter two |inking groups Y, 10

subscripts n andTie goep B ishHlondi@mruuqrnt IR i8 irdependenitlptselgeted Gomlthe Froup?

L2 D L bl e W g S GoR e, o

E, and L, tlm'enalkjderomfalhylstB)zeancblubaﬁalkyl@Hs G3 on the ring is indicated

SR MCTE PN A T A g ey

car boxy-Subpis 0,0f @d; %@mselw@ﬁommowaﬁm& cﬁldqst addRY  al kyl ; - OR6;
. 2
itute

o o5 DI R S S i, o P50

het er oar yl ; -CKipO+ p-rG‘HzI-Sﬁ sUHsNH-y+©4d; sat; {WNHt eeb-hlélze;r-cS@);l,yS(;O)ppt-SOHg-l dy

substi t ut ed ] Y ur at ter 0 ubst,i t ted

het er oar yl afqga &I S@ﬁﬂ s’ubéﬂrsf(af T@g %ryl g%@p%@@ nal |y
substit ut edhétebawl)f(CB 2);,, ampt( C(G xab)saqﬂ 1)i- e dn ktetlatten avg/hﬁhirg/gmups Y.

S(O n(opsi o I I ).

NR3 CON( )ZEH%J: a en éa‘éﬁ‘ dgggéee% %Gr‘% ﬂt%geﬁmg.@ K %elﬁa%%%? ng| ent
bri dge, eacEroﬂchonStsﬁMGHntG LBONBN santl-CHJ(RGe . CG3' ; and T3 represents
S, 0, CRAG3', C(R4)2, or NR3. (3, represents any of t he above-defined

noi eties G3 Wnrch are nonoyalent; and the termnal T2 is bound to L, and
T3 is bound to rirqprﬂaeltarGRm ng a 5-nenbered fused ring. In the ring shown
at the left in generalized structural fornula (1), A and D 30

I ndependently represent N qor CH B and E |ndependently represent N or CH;
and L A3presentBeauding the, ring cantainingpe B, sBs Es 14ad Lp) the uumber 0f passibler of N

atons in thaxb@uta&nsebmmeﬂhgﬁuﬁixca&d@thgsubm?ta;wﬁch%11>r22 or 3; and b)
when L represent val ent, substituent, at |east one

CH and nono
of Aand Dis a C‘an%e é‘)°"ﬂ)‘Fé?PtL°rr1§W%§éﬂ?‘§t‘°sdqleﬁm fromsghe groyp
bi val ent br telgisting oﬁt.Naémcum%; chsa«sﬂB%ntutdaeﬂkﬁ, 1&wer ulkdxyearbordl-ubdtigedCH. 15

o oyt RO SRR i R EERGA AL Lol R
of subs20t usm)m«aﬁ)zqnmzng:w; aptidnélly fbstilyted aryB opﬁgnamy sBbstiifted ‘Beteromnoval ent

bi val
o o o oA Sy e RS RORhr hed 1
hal ogen- subhtttem%tcb(!; thkl)d“y sebstlmdﬁmatxldkﬁdombkglly,subrbtlhmeﬁeteroaryloxy,

al kyl am no o) Kk ,aI kyl ;

N- | gwer al kgﬁgs(lbgm no- s%%ﬁt?du!rﬂ gt%l’ g*yy‘ AQﬂnrlfﬂigr g‘i %Qgs %3%%}%}%% Y

cyano- subst S%@H‘@HWF“"%‘H%W@U@@ 1) NR yl; | oner -NR® COzR -
25 NR’CON(R®),; and bivalent bridge of structure T>=T2-T°. In this bivalent bridge, each T*

independently represents N, CH, or CG*; and T° represents S, O, CR*G*, C(R*),, or NR>.

G* represents any of the above-defined moieties G which are monovalent; and the
terminal T is bound to L, and T® is bound to D, thus forming a 5-membered fused ring.

In the ring shown at the left in generalized structural formula (I), A and D

30 independently represent N or CH; B and E independently represent N or CH; and L

0

represents N or CH; with the provisos that a) the total number of N atoms in the ring
containing A, B, D, E, and L is 0, 1, 2, or 3; and b) when L represents CH and any Glisa
monovalent substituent, at least one of A and D is an N atom; and c) when L represents
CH and a G? is a bivalent bridge of structure T=T2-T3, then A, B, D, and E are also CH.
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al*koxycar bonyl - substi tuted al kyl; phenyl |ower al koxycarbonyl -substituted
al kyl;  hal ogen-substituted al kyl am no; am no-substituted al kyl am no;

N- 1 ower al kwibamveszes 10 substituted al kyl am no; N, N-di - | owBCTAUSN/26500

al-kyl am no- substituted al kyl arri no; N-Iower al kanoyl am no-substituted

Car hoxy- ubst |  ut OH 23Ry o Rciod Tolsipl XF S IR e bt o™ "

car boxy-substitu
al kyl am no; pibseript q1 mpuesen‘esltkmmbmdbﬁ;nbmtmd ot rihgHamal ik Q| 1385 34, orSORG; - SR6;

-S(OR6; -5(02 hal o k kyk t hi o;

hal( o)genat ed I(O\)NerFl@léis gf’l‘(‘gﬁ q?menb%%%%ﬂ&%%(ﬁglémjf% %ééé '

(CR0Rs; SIO2N(R6)2 OWREIR halogeny ik ciyclosliss Ild\w alﬁ(nmmvlver w{u:hwu y

substitu A

substi t ut gd 2%1% ?&Igme e ’c Fg};ﬁbtsh%ﬁﬂggﬁ TyS %LIFYIFU "%38% .aﬁ“PS}'

unsat ur at ed N;N-tde}owycallwlammcﬂwﬁtafxed qﬂty‘l,o?lalbwsrr slkbmtyimmnceshbl:)mtxte;l cadkyyy al kyl ;
t |

ot er oary ) Hablo:bfiftued SHEAD Bfaboinhal Hefl boRpestiyR alyn, ok

-S(O) p(opti oraﬁ;b*yfaéabéﬂhsummd hﬂ(yér qﬁegwl alldwdr) alkox}dabonmgme)ﬂ alkyl;

- NR?CO2R6 ; U?&N Seg glﬁg t ached
to and connect ﬁg acen posi ti ons 0 tﬂeﬁq gmylsal br| avfﬁ% t he
struct ur é9: al)bsﬂmted\ leylammo, ZBT,NvﬁellOHm @admm@snmmpéna&mamm ebTrlewa'nt s N,

CH or Ce; T &%ﬁ] "‘P@é s any
of the aboveglﬂl ir%e %%ﬁ%g%ﬁq?ﬁ%gémﬁ%ﬁ%a ﬁlgédto ring
J i s achi evedlkylamino; erqgthesy-substitted T2 allgylamipe; Hywer Tzlkomarbsm}l-snlsumd

01/ 23375 PCT&M?IQM::%GE&%I 1\6%{ ﬁk&y@ﬁﬁ&hy-[alb?m&@‘iﬂ@ﬁﬁﬁﬂ&’ -ORP r-QRQ“E@N‘ CH or

CH'; G4 represent bové- defi ned noi et es

monoval ent ; vﬁ(pWRt hhak‘%ﬁﬁ‘ﬁ%q WGF telioxy halogentied dywer \ﬂ@‘yﬂihiod@él"a‘inéﬁ?ﬁ lqgetay be
¥S 3 $_2d_ $5 QS hl_i%?sﬁlﬁmyl" LOOORS; -EORCNICLRY CONRYS MORJORE! OB, TN ahddinoc) T4 T
guamdmo, sulfo; -B(OH)2 ; optionally substituted aryl; optionally substituted heteroaryl;
optionally substituted saturated heterocyclyl; optionally substituted- partially unsaturated
heterocyclyl; -OCO,R; optionally substituted heteroarylalkyl; optionally substituted
heteroaryloxy; -S(O)y(optionally substituted heteroaryl); optionally substituted
20  heteroarylalkyloxy; -S(O)y(optionally substituted heteroarylalkyl); ~-CHO; -OCON(R®), ;
-NR3CO,R® ; -NR’CON(R®), ; and fused ring-forming bivalent bridges attached to and
connecting adjacent positions of ring J, said bridges having the structures;

a)

—gc-F

T;:{Tz
T3/

25 ~ wherein each T independently represents N, CH, or CG*; T* represents S,
0, CR'G*, C(RY),, or NR? G4' represents any of the above-defined
moieties G4 which are monovalent; and binding to ring J is achieved via
terminal atoms T and T%;

b)

N

30 L

T2
L
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r TS Tsr6 or I T4 T~ T'*, Ts T51T6 T5 Ts T TB wherein each , and T6

I ndependently represents 0, S, CR4AG4, C(R)2, or NR3; (4" represents any of
t he above-wWei/288% noi eti es 04 which are nonoval ent; anechivsazsspto ring J
is achieved via terminal atons T4 or TS 10 with the provisos that: i) when

one T4 is 0, S, or NhereihGcR!A9Ad e?é'ldleﬁtly feprsehtsON, éﬁRLPCG" GAr glﬁeé%ésdge

conprising T5 and T6 atons, may coniain a nmaxinum of het er oatons 0, S,

or N and iii) in a BRY (96@“‘08?&3’!‘1‘%#.'9?& fl‘S‘%ﬁﬁ*‘G"‘&%ﬁ@ mWﬁle@IhéthSthgroup

and 15 one T6 group vi%thailh%Hiumﬁﬁof%bmggﬁtgiﬁ@?zﬁfﬁbgl\?l&%m f O
atoms are separated Dy at |east gne carbon atom Wen G4 is an al Kyl group

|l ocated on ring J adf#gdivachisved da termipalpomy 0- , and X is NR3 wherein
R3 is ansal kyl subgtituent, then &4 and the al kyl substituent R3 20 on X
may be joined to forma bridge of structure -(CH2)p. - wherein p' is 2, 3,
or 4, with the proviso thaj thg sumtéf arlﬁ\pl"sls 2, 4, resulting in
formation of a mtrogen- §)ntal gﬁrl g of 5 \& or.7 nenb®rs. Additional
provi sos are that: in {. ]’\fen'two grou)bs R3 or R6 are
25 each al kyl and Iocat ed on the saﬁ%/N ataﬁa—‘r ey may Jpe_lrénked by a bond,

an 0, an S, or NR3t form ont,alsk: roc A g at ons;

and 2) when an aryl, ﬁr(?F'e‘?aSIZ?J\I- ai-lh ‘%?‘?5‘3?5@ Q§ gBtfﬁ

substituted, that ri ngm,be'eapresmtstmySofthubﬁdvetddﬂﬁ&dSmmheshGMﬂuch are

ndependont 1y vel e Sl g o AL S BB AT 8 v

30 al kab®yl am no, halm@ehmro‘hsmehat:al kyl , hal ogenated | ower al kyl, hydroxy,

| ower al koxy, | ower al ky t t b ated | ower

al kylthio, |ower al kanoy1 02&\911 @%6@82@{ Egé‘k%m(&ﬁ (R) 2,
-OCON(R6) 2, 17 WO 01/ 233im U@Oﬂﬁ%ﬁ@nﬂ RR@SKaRITpRiainm haximummit di no,

guani di no, mercapto, sulfo, ;ahfei&¥a en any al kyl group is
attached to 0, S, or N, and bears agﬁyga stltuent t hen said

hydroxyl substituent is s@pmhb@%zelsymmsmsa sﬁtndtT\A@m@mewmdﬁﬁ!rduP@ndthe 0,
S, or Nifo whicch the al kyl ofié PUgtohPard 0l A6RE Gr two T groups are O atoms, said O

atoms are scparated by at least one carbon atom;

When G* is an alkyl group located on ring J adjacent to the linkage —(CR42),,- ,

and X is NR* wherein R? is an alkyl substituent, then G* and the alkyl substituent R®

20 on X may be joined to form a bridge of structure -(CH,),y - wherein p'is 2, 3, or 4, with

the proviso that the sum of p and p' is 2, 3, or 4, resulting in formation of a nitrogen-
containing ring of 5, 6, or 7 members.

Additional provisos are that: 1) in G', G%, G*, and G*, when two groups R® or R® are
25 each alkyl and located on the same N atom they may be linked by a bond, an O, an S,
or NR? to form a N-containing heterocycle of 5 — 7 ring atoms; and 2) when an aryl,
heteroaryl, or heterocyclyl riﬁg is optionally substituted, that ring may bear up to 5
substituents which are independently selected from the group consisting of amino,
mono-loweralkyl-substituted amino, di-loweralkyl-substituted amino, lower
30 alkanoylamino, halogeno, lower alkyl, halogenated lower alkyl, hydroxy, lower
alkoxy, lower alkylthio, halogenated lower alkoxy, halogenated lower alkylthio, lower
alkanoyloxy, -CO:R®, -CHO, -CH,OR?, -OCO,R’, -CON(R%); -OCON(R%),,
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5 ‘Phar maceutical |y acceptable salts of these conpounds as well as conmonly
used prodrugs of these conpounds such as 0-acyl derivatives of invention
conpounds VWD®W2338Hnt ai n hydr oxy groups are al so w thin r¢twUSSwveqser of the

i nvention. 10 The invention also relates to pharnaceutical conpositions

1 8, Nt PR Sy B8 et I

or prodrugs, in a pha ceut’ cal y Zaccep I nv on al so
rel ates to a meBhallylgsoupisatiashedtod® Srer ¥ and beatsa hydexyl substifwanty (thentsaidi ng a

condi tion char ﬁﬁaﬁiﬁée&g%ﬁpg@mh b?gggegmgé&ﬁ Odtorhy BGh rcgjf@%irwoy 15

processes, conpiising adm nisterin e mamual an anoun a conpound
of the invent Wﬁhtb?aﬂaylsmuwﬁm@\egdrug thereof, which is effective to
treat thegcondition. DETAILED DESCRI PTION: 20 Definitions: The prefix

"l ower" denotes a radical having up to and including a maxi mumof 7 atons,
especially up to and including a maxi nrum of 5 carbon atons, the radicals in
question bei ng eigighackdtREIR acts t@[@ggﬁp ol dimSi ' nchi ng.
"Al kyl" nmeans a hydroagarlbo??ad)i cal a%ﬁwey%r’n?gﬂ% ﬁ%ﬁf%%%ﬂéﬁg%rﬁbon 25
atoms, whi chPRéebef thesseamperndysuh ah Sdacyl derivativeg o8 invention compivadwhivhhi ng.
ALKyl is  espmlifhdiody Qi i kb witl@cichfiorRleihhtiddr M s used for
corrpoundsO salts, and the like, this Is taken to nean also a single
compoundi®sal t, drhednyentionalso relates e phanmaceutical cempesitions enmeprisiag obeopmersent i n
the (R -, (SIf thercomPOurdRIF AR {riveiitfon! bOtheirNaRf 8F 3RIdheh, Nint { $hdrBhceutilall
(S)-configuratio ubstituents at a dougl e bogg;dorgk’a ri gg rra‘i/eugealgresent
in cis- (-- g:_c7pt ©GFRs (_ E-) form The conpounds may thus be present as

m xtures of isoneams ient®sh alwdrrélatbﬁéfmﬁ&hod%ﬁixﬂ baé nPFerRRAS brb ARkantihHi €
di ast ereoners_and havi ng’pp re ci,s-, or trans- double bonds. 18 WO 01/ 23375
I

PCTNS00/ 26508180 e fondft clpriged, by o ahioHRY  REIegenssis, @5 rhyperpermiabilityf or abl y
I( i rc]:azzir CHSS peprbedséey,t dlitniphmh% ?&lnimsﬁrﬁé to @ﬁd&t_‘llgﬁfhgl CIA—IHZ Gaigurtlio? )a, cohfpbili(ﬁi Syingne

- - - r_tetrane e - CH . en Yy, s [ower
al kyl ene, %?’%ﬂgﬂ%ﬂaﬁ e‘frgf‘éfﬂ %?h@éh’é.”%—"’ﬂ?ﬂ&“% fe0nglio8y ot i ¢ radi cal
having 6 to 14 carbon atons, such as phenyl, . 5 naphthyl, fluorenyl or

phenant hr eny, N . . fluorine, chlorine, bromne, or iodine but
DETATRAIESCRIAON.

i s especial 'y t1uorine, i ne, or brom ne.

20  Definitions:

The prefix “lower” denotes a radical having up to and including a maximum of 7
atotns, especially up to and including a maximum of 5 carbon atoms, the radicals in
question being either linear or branched with single or multiple branching.

“Alkyl” means a hydrocarbon radical having up to a maximum of 12 carbon

25  atoms, which may be linear or branched with single or multiple branching. Alkyl is
especially lower alkyl.

Where the plural form is used for compounds, salts, and the like, this is taken to
mean also a single compound, salt, or the like.

Any asymmetric carbon atoms may be present in the (R)-, (S)- or

30 (R,S)configuration, preferably in the (R)- or (S)-configuration. Substituents at a double
bond or a ring may be present in cis- (= Z-) or trans (= E-) form. The compounds may
thus be present as mixtures of isomers or as pure isomers, preferably as enantiomer-pure
diastereomers and having pure cis- or trans- double bonds.
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"Pyridyl" neans 1-, 2-, or 3-pyridyl but is especially 2- or 3-pyridyl.
"Cycloalkyl" is a saturated carbocycle that contains between 3 and 12
carbons bUuWO VeI eferably 3 to 8 carbons. "Cycl oal kenyPCTHEHYRE509
non-reactive and non-aronmati c unsaturated carbocycle that contains between

3 and 12 car bonSdeHr an@ﬁ&xer&abh b8 biddckedCatI IR i€l préferdbly lifag Cespstilip €

or oups t nat Helviens e AtdPas GERECHE, U1tk e G CHAC A rw%ﬁéeni‘eﬁ'ch as

cycl ohaxadi ecﬁzenﬁcmwﬂzﬂmmi’ islowertalkylene)it is@muat preferably hethylesonabl e drug
nts s not within the scope

substances and therefor their ubst

of this inventiod™ %aﬂwongﬁﬂr% Eﬁ‘%h)’? & eatipe ooy wshesPheyhanch
poi nt's ssichnidphdiyl, megenﬁroeph@uinhfenylut ed by al kyl or al kenyl groups. Exanples
of such brancheq

di net h cl,opent
4-al |yl cycl ohexyl ge% L*E’?Eﬁ'eoﬁ]élﬂ{m% bé‘m/'fle"% ‘é}:ﬁtﬁ@ é“&’élaéW&P‘Fy t he
phar maceut i elabﬂir)e,adﬁemmbl e sal ts of corrpounds of for rrul a | such as, for.
exanpl e, acid ad n_salts fer norganl c acids,
from conpounds Q lr’%m g@& &‘SRFW’&B%% ¥i t abl e i norganic
acids are, for ‘Cyalvplkel” mabammdanbmbycbum mnhlydwemm andi 12 carbofls lwtul furi c
aci d phos Suitabl e organic acids are, for exanple,
car boxyll? E%%bﬁ%?oaé%agbonffoni'c, or sulfame 25 acids, for exanple acetic
acid, pr op| oni ¢ ‘Uyickhalkenytl’s means ambnl-xeadémami vomaronkaticl oubateatasl carbaaycld,

gl ycol i ¢ acj, bt BB agd Y5 EAUMRUbK oA 1098 HEROHCnl Sl e

gI ucosenonocar I C acl unmari c aCI SUCCPI’]I C acl I prc aCI

pi melic aci dOUbl%\m!'dSl & iswell knawn it theseaskilded imethe ert shat QS[CIQaHGetlﬂrBT@umdhﬁ .
citric aci dgiegl aC| gmﬂﬁdskl iy bfie d&iibletbord ubl? 286y cfbhaxaditnb agén&l utam c

acid, as artlc : ycl ne, 30 acetytam noacetic aci
N- acet ylas pauffigiently mm-ma@twettylhwsqmnﬁ dsyg substangesi and therefosatheiriuse asci d,

phosphoser i g@stitdentfs noBwithii 8RR g§@llfgqm,&ma§| d. In the definition of Y, the
di radi cal "-(5 nenber het eroaré " denotes a 5- nenpered aronatic

het erocycl e cont&yYdeatgy! sadexsioaledyd sotves ewy cerad bramshpeintsguchythat they asene
nunber of NsﬁHs@ﬂiI&d 1 6k alkedlerbi}e. Enatisies 6f suth Brafch®d a¥dligBroups Areldpd-ng 0- 1

SURERCY e ebesennd ot SR O TR i AR
N N~ - Cbi$ N S $iifslaye espdcially the pharmaceutically acceptable salts of compounds of formula
| I such as, for example, acid addition salts, preferably with organic or inorganic acids, from
compounds of formula I with a basic nitrogen atom. Suitable inorganic acids are, for
example, halogen acids such as. hydrochloric acid, sulfuric acid, or phosphoric acid.
Suitable organic acids are, for example, carboxylic, phosphonic, sulfonic, or sulfamic
25 acids, for example acetic acid, propionic acid, octanoic acid, decanoic acid, dodecanoic
acid, glycolic acid, lactic acid, -hydroxybutyric acid, gluconic acid,
glucosemonocarboxylic acid, fumaric acid, succinic acid, adipic acid, pimelic acid,
suberic acid, azeiaic acid, malic acid, tartaric acid, citric acid, glucaric acid, galactaric
acid, amino acids, such as glutamic acid, aspartic . acid, N-methylglycine,
30 acetytaminoacetic acid, N-acetylasparagine or N-acetylcysteine, pyruvic acid, acetoacetic
acid, phosphoserine, 2- or 3-glycerophosphoric acid.
In the definition of Y, the diradical “-(5 member heteroaryl)-” denotes a 5-
membered aromatic heterocycle containing 1-3 heteroatoms selected from O, S, and N,

the number of N atoms being 0-3 and the number of O and S atoms each being 0-1 and
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o | 1 X4 $cNHN In the definitions of G, &, G, and 4 the statenent
I's made that when two 5 groups R3 or e are found on a single N, they can
be conbi nedyo 338 heterocycl e of 5-7 atonms. Exanpl es ofecrmsbtn/Zasmer ocycl es,
including the Nto which they are attached, arez CH3 | -N-NS- S-NO

-NN LI ~J LJ = b CR3 -N-N - N - erocygl vl & or
"het er ocycl econﬂ%cgeﬁgo 3“”?%3 g%?/"éha-“#é?m%%ﬂ" E}g?qﬁ‘oacggﬁ cai&é'yg‘ RSt th 1-3
het er oat ons sfsheicdimdichls timolutlée gr oup nitrogen, oxygen, and sul fur, which 10
may be unsaturated or V\/holly%_&;:oartly satura}i‘ed, and &ﬁs unsubstituted or

r S\ et

substituted especifl by | al k such ., ethyl, |-propyl,
2-propyl, or tert=btNyyl- enyan ar teroawyl, Rr jpeterocyclyl ring is
said to be optional IV substithited, tRat ring hay beNf up to 5 substituents

whi ch are independeerIy sel e d fro he group, consi sting of am no, nono-
or di 4ower al kyl -su ,sg}t\ut ed/@Qz, m}@r\ral Kk MIS hal ogeno, | ower
al kyl, hal ogenate wer al k such ag tri 0 (lgl hydr oxy, | ower

al kox

al koxy, lower alkylthio, hal ogenated | ower y such as trifluoronethoxy,

hal ogenat ed | ower yl t hi ;iguch as Nt rjfl uon t hyl thy¥o, | ower
al kanoyl oxy, COZ,Ri K&K),/@m,ng-\ ( -OCO N(R6) 2,
- NR} CON( R6) 2, nitro,ﬁam’ di no,y guani-€imy, r tNapt o7 *‘o, and cyano. 20 In
the ring attached to Y, the ring nmenbers A, B,/ 'D, E, and L nay be N or CH,
it being understipqgk SdimitohI8f GO GONGY, and k¥ tthd HBRIEntGR ridde (RAGARAAWL! Y
attached to carbon and 20 WO 01723375 PCT/ USOO/26568§H not nltr?ge&j_ and
that wher a §PURSR &Ry aFe foundrop a;single B they cant begogtbipedianto phgerogelgelnd is in
pl ace of theatbmat Biiniphe ofF AEDBAAervSyeles, ilding the N6 which €tieg areitadhd; afs3 gr oup.
Exanpl es of ring J together with two adjacent 4 gﬁ{eties whi ch taken

S . >
together forma second fused/r_l\ng are./__l\ ( )./g)< I s/_l\/ N

——NC] —N © —N S —N O —N N-R®
CHy CHj
CoHs RS
— - S o
N _NQ\N —N —NQ _NQ
CoHs
CH3

“Heterocyclyl” or “heterocycle” means a five- to seven-membered heterocyclic

system with 1-3 heteroatoms selected from the group nitrogen, oxygen, and sulfur, which
10 may be unsaturated or wholly or partly saturated, and is unsubstituted or substituted
especially by lower alkyl, such as methyl, ethyl, 1-propyl, 2-propyl, or tert-butyl.

When an aryl, heteroaryl, or heterocyclyl ring is said to be optionally substituted,
that ring may bear up to 5 substituents which are independently selected from the group
consisting of amino, mono- or di-loweralkyl-substituted amino, lower alkanoylamino,

15  halogeno, lower alkyl, halogenated lower alkyl such as trifluoromethyl, hydroxy, lower
alkoxy, lower alkylthio, halogenated lower alkoxy such as trifluoromethoxy, halogenated
lower alkylthio such as trifluoromethylthio, lower alkanoyloxy, -CO,R?, -CHO, -CH,OR?,
-OCOR?, -CON(R®,, -OCO N(R®), -NRCON(R®), nitro, amidino, guanidino,
mercapto, sulfo, and cyano.

20 In the ring attached to Y, the ring members A, B, D, E, and L may be N or CH, it
being understood that the optional substituents G are necessarily attached to carbon and
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R Nz~ ~1 SGG-FI REccecO,cOl~N~/ ~% ONs ,as R GL ~ NI/N
ccGl )CSGL [GL 5 R R3 "Heteroaryl" nmeans a nonocyclic or fused bicyclic
aromati c sVt h between 5 and 10 atonms in total of REATUSH/2658 ar e

het er oat ons sel ected fromthe group conprising nitrogen, oxygen, and

sul fur and wéttnitrdgens, and tieat mdken a Rivem carbon bwars.a substitiend ptoup IG5, thatrGf gowpisy a

[ i ter i 5 6 .at {. | of ' 1-3 het t .
10" Al keny! H ik LM s e SuRb R HReiR Weabretse SHBE 6 FolRec mum of 12
carbon atoms arnExampiestof ringJcagetier withawo dpicent (G moietips avhich takent topdther

branchi ng apd_cont ai,ni ng .u to 3 double bonds. Al kenyl is especially |ower
al kenyl i ¢ f00E2 Spond igsd pipgarg

onds. "Al kanoyl" neans al kyl carbonyl, and is

especially | ower al kyl carbonyl . . Hal ogenat ed_| oyer al kyl ogenat ed | ower
al koxy and hal ogen vverylthio Sybsti tu i B which the
al kyl noieties ar I t ut eehefter parttaktygor in fu h hal ogens,

preferably with chlorine and/or fluorine and nost preferably%th
fluorine. Exanples of

fugh subgtituemts arg trd fluoromethi
trifluoronethoxy, ~&-Huoro I 0, @' =tgtrafl etoxy,
thy I'Fl uoroegtiy! . 20 Wen“a gubstituent S

di chl oronet hyl, fl
fragnments such as "phenyl -1 ower
at~{ he poi nt of
y of that .
at  string

naned as a string o
are connected to each other in sequence as they are listed in the string.

al koxycar bonyl - substit uted al kylapgino," it kS whder st ood
attachnent is to 3@01/23 / USOO/he fi @
string (inthis c m no) and=t hat t heotkré agnment B
Thus an exanpl e of "phenyl -1 ower ﬂ' koxycar -substituged al kyl am no”
ist OHN " - poittac S D:%
N
~ 0 R3 S

N 6!
N N
L5 O e T
3 ~0 N S
R3

R

“Heteroaryl” means a moﬁocyclic or fused bicyclic aromatic system with between
5 and 10 atoms in total of which 1-4 are heteroatoms selected from the group comprising
nitrogeh, oxygen, and sulfur and with the remainder being carbon. Heteroaryl is
preferably a monocyclic system With 5 or 6 atoms in total, of which 1-3 are heteroatoms.
10 . “Alkenyl” means an unsaturated radical having up to a maximum of 12 carbon
atoms and may be linear or branched with single or multiple branching and containing up
" to 3 double bonds. Alkenyl is especially lower alkenyl with up to 2 double bonds.
“Alkanoyl” means alkylcarbonyl, and is especially lower alkylcarbonyl.
Halogenated lower alkyl, halogenated lower alko.xy and halogenated lower
15  alkylthio are substituents in which the alkyl moieties are substituted either partially or in
full with halogens, preferably with chlorine and/or fluorine and most preferably with
fluorine.  Examples of such substituents are trifluoromethyl, trifluoromethoxy,
trifluoromethylthio, 1,1,2,2-tetraflucroethoxy, dichloromethyl; fluoromethyl and
difluoromethyl.
20 When a substituent is named as a string of fragments' such as “phenyl-lower
a]koxyéarbonyl-substituted alkylamino,” it is understood that the point of attachment is to
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fromnitrogen phenyl carbonyl amino |ower al koxy al kyl 5 Wen a
substituent is naned as a string of fragnents with a bond at the start
(typically WOR¥AS as a dash) such as "-S(O) p(optional | yrerbsmizéses ed
heteroarylal kyl)", it is wunderstood that the point of attachnent is to the

first atom ofhetfihal mélety 6tht sridgh(irs tEPERe Imfo) afid!thhtihe oﬂﬂﬂﬁtagaéntg bemat her
fragnments of that strin are?fg‘o(g&wect ed to each ot er ecuence as they
i

are |isted i fHp§arespmeid g f r & SEapense g3 they gy ‘Zdo‘Bt OHERg-y TREAR | t ut ed

10 het er oar ykakdpld of'“phéry l-ﬁwe%k{ﬁ@&rblﬂ@'ﬂ-aibs@ilteahncﬁﬁﬁﬁﬁﬂﬁs optional N J from
sul fur substituent S(O P heteroary alkyl 1t 1s to be understood that

the left nost noiety of each of the arlHa ts of the linker Y is connected
to the ring containing A, B AT~ goat ofalt@hmé@ht - nost noi ety of
the linker is connected to t r agfroetiitrogén t he general i zed
f
xol >
O

formul ae. Thus, 15 exanples Q_‘Jh tke |inker "-CH2-O' or of the

| i nker "-O CH2-" are representfed |n WeNg i nvention conpounds: C
d HN\ ' HN\ NN H2N OmienD N -CH2-O -0-CHz- In generalized
structural formula (1), the ré’l‘”@fﬁ“@w andakbst preferred groups are 20 as

]]: glr lmO\évsbr Iggg\é\oogl‘«gﬁ%‘j’%gmps tue: Sig%mzl a s%ng or}'%agmegr & &ra?gox}/d atl t}w ts aﬂa her
(typically written as a dash) such as “-S(O),(optionally substituted heteroarylalkyl)”, it is
understood that the point of attachment is to the first atom of that string (in this case S or
sulfur) and that the other fragments of that string are connected to each other in sequence
as they are listed in the string. Thus an example of “-S(O),(optionally substituted

10 heteroarylalkyl)” is:

Q\S y
Fac\(/ ___IN/\/ } T~ point of attachment
optional / T from sulfur
substituent —
/ S(0),
heteroaryl
alkyl

1t is to be understood that the left-most moiety of each of the variants of the linker

Y is connected to the ring containing A, B, D, E, and L and that the right-most moiety of

the linker is connected to the pyridazine fragment of the generalized formulae, Thus,

15  examples of the use of the linker “~CH;-O-* or of the linker “-O-CH,-* are represented in
the following invention compounds:

Cl Cl
HN HN

N N
7 ;N
T
— —
\
¢ N | o N2 1
-CHa-O- ~0-CHp-

In generalized structural formula (), the preferred and most preferred groups are
20  asfollows.
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wherein binding is achieved via the termnal carbon atons; or 5 ii)
together forma bridge of structure TT' T1=TlI wherein one of the ring
menbers T WPH/RIENd the others are CH, and binding is XERUSWAIS a t he
termnal atons; or iii) together forma bridge containing two T2 noieties -
and one T3 noi ety and RPPreiéritilpte, 10 taken together with the ring to which
it is attached, formng_a bicyclic of structure OWAN T2 or Z~ , T3 wherein
each T2 i ndBp&esstst foymabpdgeofstrectte cH or CG; T3 represents S, 0, CH2,
or NR3; and 15 withghe proviso that when T3 is O.or S, at least one T2 is
CHor CG . Most pr&\;‘:rably, any group G is located on a non-term nal
atom of the bridge™ M5, preferably, in the bridge in.iii), the term nal
T2 is Nor CH_,the .non-term.nal, T2 i CH or and T3 is S or O The
subscript mi ?%P&%Pﬁ%&g?%‘“‘%@é(ﬁ%ﬁ{%%‘ga °frb9'c‘:§°m§h?f substituents G are
20 pr ef €3 abliy togethecford abridge dfstrugueup consi sting of N(R6)2 ; NR3COR6 ;

hal ogen; lower alkyl; hydroxy-substituted al kyl; am no-substituted

al kyl am no; N1 ovvefr\al kyl am no- substituted al kyl am no; NN-di-| ower

al kyl am no- substi t ut H al kyl am no; hydroxy- substituted al kyl am no;

car boxy-subst i tu{.eg | kyl am no; | ower al koxycarbonyl -substituted

al kyl am no; -OR6; -SR6; -S(OR6; -S(0O),2R6; hal ogenated | ower al koxy;

hal ogenat ed | &hereirp gne,pk et tingomenhers Je in b 4nd Hieeothers jaq SHi path pindingGeORs:

- CORE; CO2R6; geifibdel Riide tehthial atonfshor Opt i onal |y substituted heteroaryl al kyl;
optionally substituted heteroaryl oxy; tionally substituted  _ .

het er oar yl afiR{egshst formp b@fg@)“ﬁ(‘éﬂ?‘f&)ﬁ‘i‘ﬁﬂ %‘;mé'lﬁ}g‘t ?‘%/di.l?"l?d Raketys said pridesy | ) .
Most pr g er abliaken WgetheOvittotié rifg to which ﬁumaém%m?dmmaﬂﬁwl ected
fromthe group consisting of -N(R)2 ; NR3COR6 ; hal ogen; -OR6 wherein R6
represents 23 i;:. WO 0123375 PCT/®SOQ 26500 | ower al kyl: -NO2 ;

optional l'y substitut@dyeteroar and optionally substituted

het er oar yl al kyl oxy. o ios group, it is preferably |ower

al kyl . The group R4./s ‘e’?erab.L‘b »Th is preferably 0 or 1; and X is
preferably NR3. 5 In"the |inker group Y, the subscripts n and s are
preferably 0 or 1, nogerepr ef erably

each T2 independently represents N, CH, or CG;
T represents S, O, CHp, or NR? and
15 with the proviso that when T2 is O or S, at least one T? is CH or CG' .
Most preferably, any group G' is located on a non-terminal atom of the bridge.

Most preferably, in the bridge in iii), the terminal T? is N or CH, the non-terminal T? is
CHor CG',and T’is S or O.

The subscript m is preferably 0 or an integer 1 — 2, and substituents G' are

20  preferably selected from the group consisting of -N(R")z ; -NR*COR® ; halogen; lower

alkyl; hydroxy-substituted alkyl; amino-substituted alkylamino; N-lower alkylamino-

substituted alkylamino; N,N-di-lower alkylamino-substituted alkylamino; hydroxy-

substituted alkylamino; carboxy-substituted alkylamino; lower alkoxycarbonyl-substituted

alkylatnino; -OR®; -SRS; -S(O)RS; -S(0),R®; halogenated lower alkoxy; halogenated lower

25  alkylthio; halogenated lower alkylsulfonyl; -OCORS;, -COR®; -CO,R% -CONR®), ;

-NO; ; -CN; optionally substituted heteroarylalkyl;.optionally substituted heteroaryloxy;

optionally  substituted  heteroarylalkyloxy; and -S(O)y(optionally substituted

heteroarylalkyl). Most preferably, m is 0, and G' is a substituent independently selected

from the group consisting of -N(R®), ; -NR>*CORS® ; halogen; -OR® wherein R6 represents
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0. Preferably, Y is selected fromthe group consisting of |ower alkylene,

-CH2-O ; -CH2-S ; -CH2-NH ; -S- ; -NH ; -(CR42,-S(O) p-(5-nenbered
het er oaryl )WO@RABYS- ; -(CR42)n C(G (R4)-(CR42)$- ; andrerdsohi2esne Most
preferably, Y is selected fromthe group consisting of -CH2-O ; -CH2-NH

; -S- ; -NH 2in.S ! ) . and

Lo g o lawer i3I0 Gbfioally TEHRALES ned el 8‘?‘%%%”%@@%““’%‘?‘1 and E

are preferabhﬁﬂ’ll‘@ﬂi')’Ia gyl is N or CH with the proviso that when L is N,
bstit t

ey Subet1FUETt e oLl OB ke 06 N S B 20

§
e
sel ect ed frpoPﬁﬁd’fgfﬁl@blwo@mmndtxlngreﬁrabIEHRﬁDnoval ent noieties |ower alkyl;

- NR3COR6; 5- OR6; - N(R) 2 ;
- CN; optl(s)nal ly substltut tpg optlonaﬂwis?%% {ratwgel) ﬁlete??aer%’

optionally szerPﬁembb'd Yh@tﬂ@ketaﬁ yftomt Kagl growp cénsisting 9f bowies elkylene +CH,-O- ;

het I g t | ] I L

Subst 1 ut o0, KEre oo ‘;?23 T ﬁg‘(’% TR G

het er oar y! al #{ R)z)n )(Bl) Riht ; lsnd sMOQthfe@bllvz:Y i}sﬁlbcteﬂd'mmareel n T2
represents Nyg }f)%hsw-{ﬁg'o?-éfl?bera o% 'Or(CNRﬁ (%{5 Sdg@bl y,

&3 is selected Tromthe group consi stl n ‘nonovial ent ower
al kyl ; - ARz Chtgroarylp{PRa):- ;-aobr@-RQElo. -S(O)ZN( R6)2 ; and bi vaI ent bri dge of

structure T2=T2- Tlﬁtwﬁﬁgedtreheﬁ%ﬁfsﬂef&%%%ah}ﬁ),% h’bé‘&d E’En% &?‘ s S,

0, CH2, or H@ surg Most preferab subscrip , rer serits t he
nunber of suPfétk iSer QH@”th ithe P@Vlsﬁhﬂ‘gwhenllslsﬁ A F%P‘}‘SI&S mrequahlg and

subscript q' mb@@mﬁ@m ﬂ@nmscmm%y@&bsuﬁm@ bt BRERaHFi0Redthe pPhenyl
ring, is preferab]L% g, IS nost” preferably 1, or

2. 30 4 noieties r@’bﬁ?@?“é’r §bl Vesé‘legeézﬁ’%ﬂ SF]PQf tfpmn g}P‘bMoﬁ@‘FsésppglgOfof
N(R6) 2 ; 15 NRchdRalent Malengapwercdiion ,Nﬁ?@bmemxéytm‘* tsgomf ad(oyJR?; -CO,RS:

hydr oxy- subst d al ar boyy- subs ai‘
al koxycar bonﬁé tii f%&%‘ yl'8st fPHeRasY, ?W‘f 6};’ ’aPWP%liﬁ fepstiteted| ower
a: ty: am no- sh&wbarylutopdT(rﬁllj()shlamutw h&égbhﬁh&&l@\gﬁﬁﬁxfllil(yﬁ&mum- heétetbdiylokyit ed
al kyl am no; an u Ituted a an ro 24 \\D
01/ 23375 PCT%%%%‘?&% %ﬂ@‘?‘} HirEgpealy k PPUsRRlY,. s 6&3“%“1&‘?\}&1?%‘?
al kyl ami no; +Séﬂb®pa¢ﬂauxymmummdyﬂetesmmﬁ};mm bivalestyridgt 00 strphes TF=12aker
al koxyc o] 3O R6;, -S(O) 2Rs;
hal ogeng?‘gd %ﬁg%}%&&&ﬁgﬁ }'g enat sé’é*ﬁ%@? gf égﬁ’t‘ﬁh@é hal ogenat ed | ower
al kyl sul fonyl ; - m&eferWE lsm;&omgﬁﬁp 2onsistifRORMovaliiiingietieEN;
optionally jower alkyl; -NR’COR®, -COR®; -CON(R®); ; -S(O)N(R%; ; and bivalent bridge of

structure T°<T-T° wherein T2 represents N or CH. Most preferably T* is S, O, CH,, or

NR,

25 Most preferably, the subscript q, which represents the number of substituents G°, is

Ring J is preferably a phenyl ring, and subscript q’ representing the number of
substituents G* on the phenyl ring, is preferably 0, 1, 2, or 3. Subscript ¢’ is most
preferably 1, or 2. .

30 G* moieties are preferably selected from the group consisting of -N(R®); ;
NR’COR® ; halogen; alkyl; halogen-substituted alkyl; hydroxy-substituted alkyl;
carboxy-substituted alkyl; lower alkoxycarbonyl-substituted alkyl; amino-substituted
alkylamino; N-lower alkylamino-substitated alkylamino; N,N-di-lower alkylamino-
substituted alkylamino; N-lower alkanoylamino-substituted alkylamino; hydroxy-
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5 substituted heteroaryl al kyl; optionally substituted heteroaryl oxy;
-S(O p(optionally substituted heteroaryl); optionally substituted

het er oar yI WORYRB®y; -S(O p(optionally substituted het ePEEUIRARY| ) : as
wel | as fused ring-formng bridges attached to and connecti ng adj acent

posi ti ons ofubbtiteted RIk§IAMind; citBoxyssubstitited SRAEmMEYioWer dlkekysarboisl-SutREuted0 @) T
2 T2 T3/ mﬁrei n each T2 independentl r,e?resegt s. N, ‘orc CH.. T3 represents
s, or 0; an8kYlgming; Rhenylslopse ﬂ’g‘f‘f?"l oy 'ﬁébsf‘g’ od aikylarmino;, 1OR; SRy n8(0)Rons T2
?Jr-]ld T3; Cg)él TS(GX;RG;TBangEEatE'@QSWerV‘ﬂE&@i Ihalegﬁx_btea'aoiv&dﬂk?lﬂg&,_r‘t&ﬂ&gehﬁm Q&?}ézit s N, o

, or ' th the [ o} 2 m of .two bridge atons may be
N : and bi nﬂ"‘wﬁ'ﬂ&&yﬁ hQBQﬁ%n'ﬁg’i %Igozp‘l ’s'medém(ﬁ@t NG nANgetiggally>.  ang
c) T55 T55 dibstituted Theteroarylbfkyl;2 Gplionally 1 fsbstifatede ihdteRRABoxyP . -S(OJ)tbptibnally
[ ndependentl% r.e{%ée ents 0, S,. or CHé? Blgratd bi nd':I to ri né i.s achi eved
via termn naf"5t3 croary); rpotipually, syhsti Ili‘ﬁtlm.’°ar3’%i']%ﬁ°’ﬁ’ritﬁ§ BHPRAYi ng TS
and T6 at onsubstitited hetbdhrylalkyl)pus welhasof two heteroatons 0, S, or N, and 25
ii) in a bridge gonptising T5 and T6 .ataons, ,when one TS qroup, and, one T6
group are 0 at oré?eqpo‘?"gf Wﬁigﬁﬁﬁpﬁi{‘aﬁ}e@ ') ad Spnecting gdligeent positions, of the
separated by at | eplshylring, sxd bidgesthaving the styaktuggsoups whi ch constitute all or
part of 4 noigty are preferably | ower alkyl. 25 WD 01123375
PCTRI SO 26500 en 4 is an alkyl group located on ring J adjacent to the
i nkage - (CR42)p- , and g8 i s NR3 wherein R3 is an al kyl substituent, then
A and the al kyl substitb\qmt R3 on X may be joined to forma bridge of
structure -(CH2) . - V\/n?;/ein p' is preferably 2 or 3, with the

wherein each T2 independently represents N, or CH; T° represents S, or O; and
binding to the phenyl ring is achieved via terminal atoms T and T;
b)

"

l2
227

wherein each T2 independently represents N, CH, or CG*; with the proviso that

15

a maximum of two bridge atoms T? may be N ; and binding to the phenyl ring
is achieved via terminat atoms T’ and

) _
R TR T
\Ts or Yy

20 ™ T.VTG ot
' wherein each T, and T® independently represents O, S, or CH; ; and
binding to ring J is achieved via terminal atoms T® ; with the provisos that:
i) a bridge comprising T* and TS atoms may contain a maximum of
_ _ two heteroatoms O, S, or N; and
25 ii) in a bridge comprising T° and T® atoms, when one T° group and
one T® group are O atoms, or two T® groups are O atoms, said O
atoms are separated by at least one carbon atom.

Alkyl groups which constitute all or part of a G* moiety are preferably lower alkyl.

25



proviso that the sumof p and p' is 2 or 3, resulting in formation of a

nitrogen-containing 5 ring of 5 or 6 nenbers. Mst preferably, the sumof p
and p' is Aoueseisting in formati on of a 5-nenbered ri regT/USHEI65q0r ef er abl vy,
in G, &, G and G4, when two groups R6 are each al kyl and | ocated on the

sare N at om t heyyig, 645l LA SR o g Pl W Sralls B . i X 2

N- cont ai ni ng heteroc C én an aryl,

het eroaryl , tsiNRiewherein RS isyan althglleBmgpiﬂlml(é'{T and tbmﬂkxllwmnt RtomeX mayng nmay
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consi st ng o nono- wer a ’f tute
di - | ower al kypmmbﬂxat theswy of piandp' is Emé;reQIMno@mmof dmitrogrnreontainingy

nal bgenat aFhace %) Qe Mos (oY o WS o i 8 rectil, Pt | ?’ro,

and cyano. Thia frembetedfing. he |nvent|on is |ntended to be enpl oyed for

treatment of VEGH, g 4 ad. .0

The conpounds ma %ﬂgégﬁﬁ? E égboré ?d& 593 PF? garie%{ee% gﬁﬂ

injection, lopate MathatsatmN@tommenwaycbp hskﬂdlhmdwaﬂ,lap O,ra@c&,arNy- tprfouagu nal 'y
I n dosage U”Ncoﬁ&fnﬁﬂé'l@fe& eofgoﬁﬁggaﬁ, f£km " adm ni stered by injection

i ncl udes i ntraveno aarticu I ntranmuscul ar, subcut aneous and

parent er 30 i nj ectRrefasblyawhenean| ardshetesearys on heternsyelyl ringcin apténselly substitated
adm ni St ralt | @ ARYmkPElak F ] SR RcitD Rhick Ak Ao BidchdPRILRA TR the gro

e SR
adm ni stration. e or nore conpounds na resent n associ ation with

one or nore ﬁ%ﬁlsi’%&fém"’ﬁh’&P%@éﬁ%quﬁ'kF‘Fb;h ééé'ﬁt“a{ﬂléo‘{éﬁﬂlk}’leﬁ“?“&ﬁ?ﬁ qHinesi r ed,
ot her agt I veld“éegmdﬁ oy fkriino, %ﬁlot & W&'aﬂ@ﬁdﬂa{(&%&@%&&r alﬁf'lah)y#d'sﬂ' trrayeh rbe
prepared accordin a ita 0 or e

manuf act ur e Gﬁ“”fi’lﬁlg’?"' @Hﬁ%ﬁwﬁ%ﬁ%@‘"ﬁgw’@ﬁsﬁn %ﬁsaﬁiyﬁtb’ﬁs -GEORG0nt ai n
one or ngse ﬁmmnacﬁﬁloect ed fromthe group consisting of di luents,

sweet eni ng agent ri erLts col n ts reser agents
in order to pr O\S/T"G %ef’ff;%’é‘ ‘85‘1 °%36’%?§5‘Fde{% active
i ngredi ent i medidted xdnumnymtbbmﬂmmhmd@tmifmmﬁeut ically accept abI e
exci pi ents which are SUI bl e

cture . of ta These
exci pients may bec PEPC %Hﬁ?’é’e ath %eqﬁl?rﬁ@ntd?m@we&gmg@r by g‘é‘? *bonat e,
sodi um car bohﬁml_aﬁ@odrcsmy, ormalalmgtnnypfmﬂmhat mgmallﬁ udﬂmagqahﬂsﬁohmﬂmons

granul atbRg #nddh Slaksdedy L34 1% 345! Breighd” inrERaR IR SaradiBlllar ffahlscu

al gi ni ¢ acid, esiums 6V\D
01/ 23375 PCT tub@nmieﬁm paadnmiunjeamnsj as rwefladsause Bﬁmﬁmﬁm Echuqmy &nmlcoat ed

ool o, RS M0 ol WY iy st 0

more compounds may be present in association with one or more non-toxic

pharmaceutically acceptable carriers and if desired, other active ingredients.

25 Compositions intended for oral use may be prepared according to any suitable
method known to the art for the manufacture of pharmaceutical compositions. Such
compositions may contain one or more agents selected from the group consisting of
dituents, sweetening agents, flavoring agents, coloring agents and preserving agents in
order to provide palatable preparations.

30 Tablets contain the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipients which are suitable for the manufacture of tablets. These excipients
may be, for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose,
calcium phosphate or sodium phosphate; granulating and disintegrating agents, for
example, comn starch, or alginic acid; and binding agents, for example magnesium stearate,
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provi de a sustained action over a |longer period. For exanple, a tine delay
material such as glyceryl nonostearate or glyeeryl distearate nmay be
enpl oyed. WOeH®S3Bonpounds may 5 al so be prepared i n sol PET/UBMZ6INY released
form Formulations for oral use nay also be presented as hard gelatin

capsul es whgedicnacid bE tad6:t iThe tabhas aﬁyeuet uricBatBd %€ dhed thhy 88 cbated by I@bini
diluent, fo exa .Gl um car

ca te,. calcium phos te or kaolin,
as soft gel &6?1%‘5%%%?9{‘ T‘ﬁé’ SQUPHQREID; ﬁ%g"é 1B tP"r“E g’eﬁﬁbé’h vvat er
Zr an oi | np:dvidaa shasineatipn evepeﬁtmgbr feriod. Fbﬂtﬂaﬂlpfbaﬁ ﬁﬁfeldglaylina‘tﬁﬂallﬁxcﬁlh . 10
queous suspensi ons containin atlve s .in,adm xture wit
exci pi ents Essé]ﬁ%ﬁl“@“?ﬁ?“r‘ftﬁgr ‘F'I”Gﬁg na]t’oﬁ] fﬁ?r?gﬁnB %ﬁﬁk?yal so be
used. SuSh sixcheprepirad ina3slil, fdpmn}enmkmgfagﬁnts for exanpl e sodi um
car boxynet hyl cel ul o t hyl cel | ul r | ; met hyl ce] | ul ose,
sodi um al gi nate @fﬁ”ﬁ;ﬁe ?’ﬁ‘l?f‘% %ﬁd’ﬁ? &@ﬁ%ﬁﬁ%‘%ﬁp ff Wt g
?i sper i nlg the awﬂetlnggdlagemmme&whhﬁ isertsolid ﬂﬂﬁdny;-fmmblen@l@ﬁlﬁ%ﬂbaﬁdth 15
or exanple

eci t hi or ,cqndensat i;on, produc an_al kyl ene oxi de W|th
fatty ac) dsCadifh phises c KSR S5 SOt ARG SBPEIeS serci 1R fvrcEmicnt s
product s of mitel withrveateror deoﬂt\mbdlmhpfogexanipba pramit iofi liui Cpard fiin bﬂdlﬁrz oil. f or
exarrple eptade ondens |on product s of. et hyl ene
oxi de WI h partla‘ﬁ}eesgt éeg eri vgié%fﬂtgo {vfflnaém gf!lr" ne ?(?”f"hl %'Bl(?ﬂtsas
pol yoxyet hysuitable Son the mahufactmeoif equeops suspensmdemmalso ibe ps@bl USuch eafipientay| ene

oxi de wit h r

anhydri des, os[r&%(;ae&g a?%ﬁt‘? Br dgﬁﬁ;bé}% dsoai;ugirnﬁ%rtﬁ é%eﬂﬁhgﬁ le%é r&?ﬁl&gu‘ﬁ &6us
suspensi onsh:rwyatowl mgthyla«rlhﬁqmesodmmmlgmatep pelywinylpyirelisione, f gwm Gnmth et hyl ,
or n-propyl 4 ?g&égl?é br w&ﬂg%\géeeng%ﬁ'gﬁé)ﬁ Rathfly-o ho tigd, More

nor e teni nts, - suc osé or

flavori n ,
sacchar it %5ewex%ﬂwibmwmméms@cam@m@mﬂm lene amlewtbrfatp'r@pbr fori on of

an aqueous @&u@uemy&s}etweﬁe%eﬁﬂd I& b&{aeeéan&%x%u&m/ eaef&,&%wm
ingredient in admxture wWih a er SI wetting qg; suspenél ng

agent and off@in2liphatie 3lcabels, Jor; F’EF@? e éﬁi? Yl‘ﬂi"%’ﬁ’é‘?@? Ofcopdensatiey agent s
and suspen dp@mm&m@e @xid¥ mlphﬁhmtdwd&he@ froml fat®Alids afE REtiDaithabove.

Addi ti onal exc exa swee VO and ¢olorjn 30
foont 5oy e eiens bl TR, SGRIEH mpabiy AfERRd: it
non- aqu%usPaimal weistersf deeived ﬁbmcﬂaw achdsgand hewitd] \ankydaides) :fd;r%iﬂmpl&l pbtyettmenbe

f or mul at ed uspendi,n active ingredients in,a vegetable oil, for
exanpl e ar a‘?:‘%‘i“ % no‘gqu?l T 29UPES, uSpeppions may, Alsp ‘51“? dPCi fF 29 ner al

oi | such apresergtives, fferrexhmple. ethvhearmi-prypﬁmhﬁdrexxbnmowormm*tmom calotihg ckeni ng

agent . o BARRR or Ry AMHEAS, Tk SEo AR SRR ekl BB 1 1

or cetyl weet enl ng 5 suc 0sSeé se€
or saccharin.

25 Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with a
dispersing or wetting agent, suspending agent and one or more preservatives. Suitable
dispersing or wetting agents and suspending agents are exemplified by those already
mentioned above. Additional excipients, for example, sweetening, flavoring and coloring

30 agents, may also be present.

The compounds may also be in the form of non-aqueous liquid formulations, e.g.,
oily suspensions which may be formulated by suspending the active ingredients in a
vegetable oil, for example arachis oil, olive oil, sesame oil or peanut oil, or in a mineral oil
such as liquid paraffin. The oily suspensions may contain a thickening agent, for example
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and flavoring agents may be added to provide pal atable oral preparations.
These conpositions nay be preserved by the addition of an anti-oxi dant
such as ascWPWIesdEci d. Pharnmaceuti cal conpositions of thecw/vsseedeshon may
al'so be in the. formof oil-in- 5 water enmul sions. The oil phase may be a
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rel ease the g %}y material s include cocoa butter and pol yet hyl ene

gl ycol s. Corrpoungé P the invention nmay al so be adm nistered transdermally
usi ng nethods krfywpstandt Elide méyi bé d‘d'niulnmdwmhrswe(e&emg dgerts, efbarmhmPleChi en;

"Transder nmal d o] I\/arc Dekk | nc.; 1987.
Li pp et aI %&g‘ﬂ/%@h%%% %mﬁ il\z/gréu%%tgérrp?%ch O"E%lf"u(fnis(ﬂ‘layo S SR & on of
a corrpou oflenigent, k preperiative aveariingeand soloohgagehts. sol vent optional ly.

cont ai ni ng penetr Biﬂ?’f i.tional
addltlvesg ﬁown t]%gt S ﬁ%@gﬂ ,..qtgtg@nl;g%@&g‘g ﬁg‘fsﬁ‘:’é&‘ r&%?a 's and
bact eri oci de@sinak Qdél?mlgtfféwm()lemdr@m Thase wmwimnm@m«pw&bnmmg thenul at ed
fol l owing kagywir0%RehE §n- irﬁﬁﬁnéj%ggégm mrcﬁﬁs séifd a%%%ﬁ il T

wi th enul si fly agents and wat er ol ution or susp a conpound
of Formula I %&ea Regfal A vagied! tempegtuze a@bmlbﬁxmfm;meltm therec@m oraMagina

sol vent s24 Ortol@él&léeﬁﬁkiﬂ% tsbélﬂﬁst&'idmhclﬂﬁdowaﬁtt&yaih?m tﬁilé‘ne@% to those

skilled in the ar I ncl.ude | ower al cohaols su as et or isopropyl

al cohol , | ower H\é%dss‘tfcl‘%‘ea%“’%@im alse)\her ﬂ%ﬁﬁwlﬁf@wmﬂlk%legs such
as ethyl acehehels BEWar oeHoss agueaumhmaSari ek, 2R AxQaple A Bhi ; O§06r bons
PCT/ US

such as hexalg e Mt R M one Famst DIker, Tis.; 1987 1/,1;2;3 ‘:’t7a1 W oa6aigy 2L 00

3Mar94). For example, a solution or suspension of a compound of Formula I in a suitable

25  wvolatile solvent optionally.containing penetration enhancing agents can be combined with
additional additives known to those skilled in the art, such as matrix materials and
bacteriocides. After sterilization, the resulting mixture can be formulated following
known procedures into dosage forms. In addition, on treatment with emulsifying agents
and water, a solution or suspension of a compound of Formula I may be formulated into a

30 lotion or salve.

-
-

Suitable solvents for processing transdermal delivery systems are known to those
skilled in the art, and include lower alcohols such as ethanol or isopropyl alcohol, lower
ketones such as acetone, lower carboxylic acid esters such as ethy] acetate, polar ethers
such as tetrahydrofuran, lower hydrocarbons such as hexane, cyclohexane or benzene, or
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hal ogenat ed hydr ocarbons such as di chi oromet hane, chl orof orm
trichlorotrifluoroethane, or trichlorofluoroethane. Suitable solvents may
al so i ncl YN W2BFUres one or nore materials sel ected f PEF{USHAEF0a| cohol s,
| ower ketones , |lower carboxylic acid esters, polar ethers, |ower

e ot ot s noniparstor 7,
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di met hyl i swootly@namterd oBadeti¢ asidypapronic acidplawrit dvid, myristeric adyisteatid &id,
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aci ds, sat Uﬁﬁéo o9l eﬁ@até“&?@ﬁ Pﬁ#}at uly Glrubtate! Aditional wnstpatfdg chiinéiflg GRAfRARS

di esters_of sa or unsa di carboxylic acids wmth a total of up

to 24 ca?boins UdB iphesphatidybidarivatives wueh qsclscithinspreephalin, tespangse amides ketanss,  ur eas

and their dgfhyadd R deAivel BEd SthersUubin i Sinlthpd isﬁ%rﬂatﬁﬂ'cﬁétﬁyl&ﬁélycol
transdermal delivery systens are known to those skille tthe art

i ncl ude pol PLRPSIAEE %1“??18 BFRstration ihancing fopuatiogs grag a eﬁmegmxtuzes
styrene- but afié @mmmdt@mmemwndmmﬂmw\& polytiyieki alcbhmmaﬁrat@airl ul ose

ethers, derivati d,silicate e use rratrlx
conponent s. hﬁztf‘{jghgl‘%ﬁtb'o#iﬁ?\?gsémg%% OF nsgHp F@ﬁ%é?ﬁ? P § W‘g

‘added t @0i nansassted ifatyyestor swithyup aé 24h earbans) diesters oof mlnlratedag:rrmmﬂumfeduse

di scl osed hgrein r u f Fo I dosage

regi nen wl lcﬁgegﬂ(elr%a%ﬁgqgg 4]%13%@ 10%6%6‘8“%6’%8?‘;%&?&% ody I*?\/tene*bht The
daily dosagmi etmues, wiesstand thepletivatives, end ¢tens. | ncl udi ng i ntravenous,

i ntranmuscul ar, s nf usi on
techni ques wi | | %@% era xge@ﬁgg%@%%ﬁ?ﬁh g%%ﬂ?&ﬁs fagnﬂl etgqgoé wei ght .
The daily rskilled indthezayeandeipiclnde palyeerylatess siliconesy polyutethanes, (bl@k poaxmmo g/ Kg
of totahsbody el 'bgtlaﬁleneTB@pl%éréf ahd0hdidhl AP IPRhRIBEEs. W Chiluldsd ethers,

derivatized polyethylenes, and silicates may also be used as matrix components.
Additional additives, such as viscous resins or oils may be added to increase the viscosity
of the matrix.
For all regimens of use disclosed herein for compounds of Formula I, the daily oral
30  dosage regimen will preferably be from 0.01 to 200 mg/Kg of total body weight. The daily
dosage for administration by injection, including intravenous, intramuscular, subcutaneous
and parenteral injections, and use of infusion techniques will preferably be from 0.01 to
200 mg/Kg of total body weight. The daily rectal dosage regimen will preferably be from
0.01 to 200 mg/Kg of total body weight. The daily vaginal dosage regimen will
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WO 01/ 23375 PCT/ US40/ 265110 preferably be from0.01 to 200 ng/ Kg of total
body weight. The daily topical dosage reginen will preferably be fromO.1
to 200 ng awWeiMmkIsrered between one to four tines daily.rdimescteansder nal
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prepared by HsePaient figiinol administiptiony aetie jof redminidrafion cieteupl excrtione druge| ess,
the fol | ow ngofRGIoAY, aRd BRAJPérity Bf ﬁﬁt&aéﬁo@hﬁaea@i@sﬁg&dﬁﬁ 110wl 6b fultGer €2der

in synthesizing the KDR inhibitors, with nore detail parti cul ar exanpl es

bei ng pr esenfRRICHAtedRY 9np skifled in theeart thef the,pptimel eque of Ereatmen; iy thpymodens

wor ki ng @sanmpbffentAbdd \GRY idaild) EnugibetRT 8dsed WESE SHRIpHAIIS o BordBladesEy iabed in
t he generic scrig%gn | f {)h%{‘a{le ot, schificaI{{y defined bel ow. When a
vari abl e gr oR{prgpcettingly japqsaigble, ekt heteqf; gjvay 10§ prdsfineq pumberpef days, cap beg | 2,
G3, or (34) asvertfimed byttoee skilied Dt artufinfcdivaifiond treatilentitests. it is to be
under st ood that each of these groups or substituents may be i ndependently
varied 30 within the range of definitions for that synbol. As defined
above, the cGENERXISPREPARATIVEWIRTHODS ONtain ring units each of which may
independ%tly bear between 0 and 5 substituents G, GG or 4, which are

not defined as H By contrast, it is to be noted that in the general
met hod schenes beThovgomphendS of tie3 inventiof/mayibs preparedi bg 8¢ @f kaewn @hemitalt hei r

g)e(}c !stm ;[ inotnhia&gé%qg §nd_bm£e9ui%?.0\ﬁewg'ﬁfeféss? Vt?ehfoﬁ;owinggbnegarl p%a?aﬂges He%h%gsngr% may
presented to aid the reader in synthesizing the KDR inhibitors, with more detailed
particular examples being presented below in the experimental section describing the

25  working examples.

All variable groups of these methods are as described in the generic description if
they are not specifically defined below. When a variable group or substituent with a given
symbol (i.e. R*, R% R®, G', G%, G, or G*) is used more than once in a given structure, it is
to be understood that each of these groups or substituents may be independently varied

30  within the range of definitions for that symbol. As defined above, the compounds of the
_ invention contain ring units each of which may independently bear between O and 35
substituents G', G°, or G*, which are not defined as H. By contrast, it is to be noted that in

the general method schemes below, the G, G, or G* substituents are used as if their
definition includes H, to show where such G', G, or G* substituents may exist in the

30



~skilled in the &=f

WO 01/ 23375 -- PCT/ US00/ 26500 structures, and for ease in drawi ng. No
change in the definition of G, G3, or (34 is intended by this

non- st an®@ #/23%8ge, however. Thus, only-for purposes oPCTBWIRESHEral - -
met hod schenes below, G, G3, or G4 may be Hin addition to the noieties-

set forth éu'&cﬁxfé@ arﬂefoi' Rhdel N Eaving G No b goln @fé deﬁﬁmoul 611@\3@ 6P EIqeNdS
contain O to drosgangefarou ps.5 G . Wthin these general

met hods t H@ e()%ﬁd j USagee ROWEVST. - frh@ ﬁﬂye@P putpegsRAS e ganerd) g in

whi ch eachmsféd s%h&ﬁesg;ewmrc% vPet inhyBOH ih BddMidrOi0RKE thefetidsREaBAREARE | Y vary
withinthe limts dqflgled aa‘hl er. for that synbol = 10 Wthin these general

met hods. tJFEmifigps ofiff G or G's ‘E]Y}F‘V'é‘ieéﬁ’{np?‘ﬁ‘df F@t%Pé‘{§nOﬂ-}A¥®g§gm@ ) gin
which Lsi sc;!}lea,rwcéach ot her variable group or substituent is allowed to

i ndependently vyary within t ts defipned earlier for that synbol.
Wthin these g B fhe meﬂmgmgthg{ns\;haer\fagglplg equvalentito e smiety the noiety -

-- ABDE &) gach variable group or - substituent is aIIovved
to 15 independEﬂ?ﬁg’P \ﬁi’hhl n tge Linils defined earliet fo é

synbol . It is recognized that in Sihish FAg v @?%%?%‘BW%W&& cl ai med
- opti onal infependenthyredry grﬁthinphe:mniwdeﬁhed qarlixp foralant wyrhboleach of the

bel owlisted nethods. Wthin the ---- scope of each nethod optional
substituents are used which are stable to the reaction conditions, or the
functibhal gr oWithimtiessdgenergl methtdsdhepatiable Q' isreguivelant tb dreanddetg pr esent in 20
protected form whare necessary, and the renoval of such protective groups
is conpleted - \at Mappropri ate stages by methods well known to those skilled
in the art. Gen(bz(ﬁ\ thod A - The conpounds of forrmula I-A in which X, M
and 0-2-are defined d% iabehieh LYisi®N andCelithQyther- ¥ariabl-groupCoRsublktituent Gs , - S-,

ot tathed (UYL e RS o died G BB D0 L5 ogen

(d, Br, F, or Withinthegr gehembiéthodslthe \BnabieQ E)eqawelen“t‘doﬂwemmylt ly prepared -

accord| ng to a regaction sequence as -shown in Method A Thus, a - -
het er ocycl e of L‘F’O%ﬂ-a Il in which Ris |lower alkyl can be made by- one

3) according to the correspondi ng published procedures
in the reference tabl €9 im whieh cadevasdblofgriip ophaibstitiers- i altowedxyd i ¢ acid

(tabl e1£nY 153ep&deﬁﬁkgva{?}' Gv%?nl tfie I%m% &Lk- & g&ﬂxe}( kor%?g%ol e
It is recognized that compounds of the invention with each claimed -optional
functional group cannot be prepared with each of the below-listed methods. Within the ---

scope of each method optional substituents are used which are stable to the reaction

conditions, or the functional grou'pS which may participate in the reactions are present in
20 protected form where necessary, and the removal of such protective groups is completed -
at appropriate stages by methods well known to those skilled in the art.

General Method A - The compdunds of formula I-A in which X, M, and Q? are
defined as above, Y is ~CH2-O-, -CH;-S-, -CHyNH-, -O-, -S-, or -NH-, and R' and R?
25 together with the carbons to which they are attached form a fused S-membered ring
aromatic heterocycle, hal is halogen (Cl, Br, F, or I but preferably Cl, Br or F) are
conveniently prepared according to a reaction sequence as-shown in Method A. Thus, a
heterocycle of formula II in which R is lower alkyl can be made by ene skilled in the art
according to the corresponding published procedures in the reference table. In the cases
30 of thiophene-2,3-dicarboxylic acid (table entry 1) and pyrazole-3,4-dicarboxylic acid-

31
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31 WD 41/ 23375 PCT/USOQ 26500 (table entry 10), the carboxylic acids are
converted to nethyl or ethyl esters by treatnent wth the correspondi ng
al cohol andwoat/adsys i c mineral acid (typically sulfuric aeiTsoatesor ef | ux.

The diester of formula Il is treated with hydrazine hydrate to furnish
i nter nedi at tabhe!én 1@ tﬁep&%ofx l?ca[ﬁﬁ%é reety] e Guen,
VBT Spckatle bty 105, a5 ‘%V%a% gllﬁfri}gp?ll 1 ERAPEy ebhmele?, )

hal ogenat i ngwﬁ’géliﬁ c@wwné@gm%mdo%ﬂmmraémp@e@mx ﬁH’(ﬁmgﬁd) at
oxybroni de, Rpbgs ma&&reﬁmm%%ae@wﬂmm@mete%amﬁm GHleite! O

yield dihalo_internediate IV. The dichloro or rmlnterrrE|ates can be

converted t ol {r apecifigaeestipn cenditions seecRqbhpcM-dess@nang Y- Byl Sosc Chemn K-t h
hydrogen sf | upi ge31BY Cbaipstod RER st‘m% sRifg B Rk ASRh whndagxo@tg;s
st te ate is

tetrabutyl anmonj umiodi de 10 in subsequent | odo
formed in thexychlggds, d?h"ﬁﬁhi?{‘)ﬂ? @‘YWWﬂfutPhB&hﬁ@“S |m1|abm@¢fieas>r aphagphorous

substance. ' [ChdiploRloldl @' URUIRIE inkefimbath 1PATRE atthibdd & dbThe ARAnb s tgsf cgp’ Of MUl @

V in refluxing al cohol "or other suitab sol vent suc S tetra uran

(THF),  di mebhEssyettedatoetheshifinoro dntermediater Oyhen resieed) bympaction rvethhyy@@genoxu de
(DVMBO), or timridk] h?s 1ﬁ%fdd8 réhBerltd Wach B Sﬁtﬁﬁ%%cﬁd@& t@thbﬁHiaﬁanunﬁb‘aﬂa

condensatj ons can a done,in a_l free of solvent and can

catal yze byméﬁl?sa%ueéiﬁt,??s’ e ipgo infermediate is formed inythe rqagt}ogtnﬁyqu%%@og,bemg
1, 8- di azobi cigelhted s 4. ke ABeEncs: iBalb @abhnedmem YTRGHCACWRR afRERMIMAe ofl 1S

reacted w th,co nds_of f |table aprotic solvent such as
DVBO, DMF ofPT8 @?3}1 R refipxing %F"cryé]n ‘{l‘ﬁ SH“ %hf“&h?%? %E%Ofa?“lﬁﬁ

CsCO4, or a dimethoxythans gplmap hmseulylﬁnmmwmm dﬁ@ﬂ@ﬁﬁ%ﬂeﬁ(@b@@)@f& the blet ween
room t enper g ture an ux ur vention.co Qrnmul a
A e S GBS el A Al SR ST G Hath bedased

di ctate the mbit)lﬁee affsobmnttatdl mnsbé eatallysed E;ahéiﬂsysﬁch(ad‘ HCS ol )bages Gsukle rgger at ur e
by one skil t es.,, of V. and VIl .are often
commer ci al otlpgtg lml;'“con\/IZ‘rgn"rh%%?i’i2 3?)[?%8}; 38&?)37“‘?7@?% dsﬁ‘ﬁe‘f(’lm W%&"Y‘ﬂose
skilled in t“blsae:at:ted with cempovpdssofSeruldWiltin a suitable ap:btnakolveﬂcmmh a{hmso Scand.
1995 49 230 I nd @ is
4- pyri dyl sti tE@e%rt%BgB% vgglnﬁlag%:éara%jgnyﬁ%%oh’ﬂ%/woi Céééﬁ ef51/ 23375
PCT/ USOY 263(9@11 awésmnAs ot EEPRarésausually betwetdNdbid mpmtuaoertdateﬂsxao N

R\ NH 2 | Mk QeRnfRh Bnphidd¥e fotmaQ-A' 3 is understood that the nature of the starting

materials will dictate the choice of suitable solvents, catalyst (if used) and temperature by

one skilled in the art. Intermediates of formula V and VII are often commercial or are

conveniently prepared by methods well known to those skilled in the art. For example see

Martin, L, et al. dcta. Chem, Seand.. 1995 49 230 for the preparation of VII in which Y is
25 —CH»-O- and Q is 4-pyridyl substituted by a 2-aminocarbonyl group (2-CONH,).
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111111V H x-MIMI ~-M | I| XQIYRRLXVR2I ~NVIIl Rl ~N- -
hal Q.-'Y VI - |-A REFERENCE TABLE FOR PREPARATI ON OF STARTI NG MATERI AL | |
5r diacMPMR8¥ner, R ; Joullie, M Synth. Comun.. I1BCOINUSK2GMCH3 CO2CH3 -
Fo 21(8&9) 1055. The diacid can be converted to dinethyl ester by reflux
i n nmethanol w MetlealtAl ytic sulfuric acid:-- - - - N CO2Me Erl enneyer-, -H.;
von Meyenburg, H. Her Chim Acta.. 1937 20 \S \ 204. ,CO2Me N CO2Et
Comer ci al | yg? <i N H c02®t CoeMe Bickel, H® Schmid, H, Hely
Chim Acta. 1} 695NNH2(I)2I\/§ |.N| cB%lﬂb I\/g% ™ Gazz Chim ha!..
1956 86 757.g2 COZME H - Tt. ,(Theyy Ber..1937 70
1354. /002Et - Q«P§ WO 01/ 2337§ tIS 26@ g |§02 CO2Et Ni col aus,

Mangoni. Gaza. C him Ital..1956 860757. ~ hal
n n v
M i M
x M X’ 2-Y X’
1 R1 ‘ Q R1
hal - Q2/Y
Vi 1A

REFERENCE TABLE FOR PREPARATION OF STARTING MATERIAL I

5
/ CO,CH3 For diacid: Heffner, R.; Joullie, M. Synth. Commun.. 1991
(S:Ico oH 21(8&9) 1055. The diacid can be converted to dimethy! ester by
2 reflux in methanol with catalytic sulfuric acid.
CO,Me Erlenmeyer, H.; von Meyenburg, H. Helv. Chim. Acta.. 1937 20
< | 204.
COzMe :
CozEt Commercially available
CO,Et - _
{;(COZMe Bickel, H.; Schmid, H., Helv. Chim. Acta.. 1953 36 664.
I
CO,Me
; CO,Me Nicolaus, Mangoni. Gazz. Chim. Jial.. 1956 86 757. .
l -
N~ “co,me |
EtO.C Alder, Rickert. Chem. Ber.. 1937 70 1354.
CO,Et _
4
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EtO2C CO2Et
Tet r ahedr on.

Senenyuk, Two ta3smmsi n,
di-acid can be converted to dlnethyl

Y.

Sice, J. J. Og. Chem. 1954 19 70. /S | N CO2Et Tanaka,
1973 29 3271. 1~ HCO2Et H CQ2CH3 Diacid: Tyupalo, N.;
0. Russ. | Phys N~ j Chem 199PCBEBS0@&N0 The

N CO2CH3 H ester by reflux in methanol

w th catal ytr ot-forc—act L1958 %8 758 prepareq by
reaction of cﬁtor?et bozacety%gﬁg caﬂo%?g%zé%\‘ﬂﬁtéllazonet hane. Genejnal
Met hod B - The %ounds of formJIa [-Bin which M X and Q are a$
defi ned aboye an is -CH3-0-, -CH2-S-, -CHZ-NH, -0-, -S-, or -NH jare
conveni ently preBared as stfown in Method B. According to a procedure
descri bed i gt@;e: L Titerat ursace(jfgm@amenanmmggocnem Pharm BulT.} 21,
1973, 2607, {2612}, CPsdcarhostyril VIII is reacted with PBr5 in a nelt to
form 1, 4-di rongi doquinoline I X. Internediate I Xis treated with a
nucl eophi l e LOf f®Tnmula V i refluxing alcohol to furnish internediaje of
formula X merﬁmmmm'em
and can be ca{:‘i‘gz by acifds such ‘as HCL or bases such as triethyl afine or
1,8 10 di azg | o[ 5. 4. 0] yndec-7-ene (DBU). The conpound of formula|lX is
reacted wtH H:o hds of |formula VIl in a suitable aprotic solvent|such
as DVBO, DViFo ot ISt T, NE SR T REBRIS, SRRt FPRp of
CsCO4 at el g ter‘rf)eratLres to rii sh 1 nvehtton compound of {'o rul a
|-B. This ngt i s _nost ug&fhgn. $n66v443s Thediacid-cagbe cgnverted, tandingethyp 3375
PCT/ | TS00/ 24500 WeLHod B Qeler oyMrofiul id\iheandl WiBleatityRc euMitid &g Br 1 X

M@ Alternatively, the diester is prepared by reaction of dimethyl

acetylenedicarboxylate with diazomethane.
General Method B - The compounds of formula I-B in which M, X, and Q° are

10

as defined above and Y is —-CHz-O-, -CH,-S-, -CHy-NH-, -O-, -S-, or -NH- are
conveniently prepared as shown in Method B. According to a procedure described in the
literature (Tomisawa and Wang, Chem. Pharm. Bull, 27, 1973, 2607, 2612),
isocarbostyril VIII is reacted with PBrs in a melt to form 1,4-dibromoisoquinoline IX.
Intermediate IX is treated with a nucleophile of formula V in refluxing alcohol to furnish
intermediate of formula X. Such condensations can also be done in a melt free of solvent
and can be catalyzed by acids such as HCl or bases such as triethylamine or 1,8-
diazobicyclo[5.4.0]undec-7-ene (DBU). The compound of formula X is reacted with
compounds of formula VII in a suitable aprotic solvent such as DMSO, DMF or solvent
free often with a basic catalyst such as DBU or CsCOy at clevated temperatures to fumish
invention compound of formula I-B. This method is most useful when Y is ~CH;-S- or
-S-
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VIA Q@.1~ 1-B General Method C - The conpounds of forrmula I-Cin which M
X, R, R, mand 2 are defined as above are conveniently prepared

accor di ng WQO0H238Bact i on sequence 5 as shown in nethod ECTR0RES08 net hod m
is preferably 0 and R and R2 together with the carbons to which they are-:
attached form a MetkedBbenzene or fused 5-menmber ring aromatic heterocycle.
Starting material Xl is either commerci al or S pr&fared by one skilled in
the art as shown in the jjeference table be Pow. Sg-Hting mategMl X is

reacted with urea or 12, usually yat gﬁ terrper turk and pressure
/

(in the case of ammon
an al dehyde XI Il in ac

intermediate XIV. Reaction of XIV with SOdI Bm bor ohydride in t hanol or

ot her suitable solvent ¥lhccording to the general procedure desScribed by
|.W Elliott and Y. Takekoshi (J. Heterocycllc Chem 1976 ¥, 597) yields
I nternmedi ate XV. Treatnent of - XV with a sui t abl e hal ogenati ng agent such
as POC13, POBr3, PO 5, PBrsdor thionyM5 chloride yi el ds halo internediate
XVl which is reacted with cl eophi | of formula Vin refluxing alcohol to
furni sh invention conpou of fo a N-C. Such condensations can also be
done in a nelt free of Solyent a be catal yzed by acids such as HCl or
bases such as triethylamne or 1,8-d azobicycl o[5.4.0]undec-7-ene (DBU).
Alternatively, reagent V can be caffdensed with internedi ate XV be heating
the two conponents with 20 P205 in dBrelt to yield invention conpound of
structure |-C. Tenerdl #éthé®ChOqhé SompsuRes bRfolirul® 1-Comtwhich Mo RX RE m’m am ne
l'i nker. 35@{%&1/2 5 PCT/ USOO 26500 Method. C 0 . R~ OR3 Uréa R’ ORS
or NH3 | are fighined as aboe ayeroonyenjently preppred acordiag by Xreae}zmb@eq'ﬂenpe ( CH2) m
XIV Q2 5 hads sKovwd in ﬂﬂ:tﬂod Ola BHhisZmethod m is preferably 0 and R! and R? together with the

carbons to which they are attached form a fused benzene or fused 5-member ring aromatic

heterocycle. Starting material X1 is either commercial or is prepared by one skilled in the
art as shown in the reference table below. Starting material XI is reacted with urea or
ammonia, usually at elevated temperature and pressure (in the case of ammonia), to form

10  imide XII. The imide is reacted with an aldehyde XIII in acetic acid and piperidine at
reflux to yield intermediate XIV. Reaction of XIV with sodium borohjdride in methanol
or other suitable solvents according to the general procedure described by L.W. Elliott and
Y. Takekoshi (J. Heterocyclic Chem. 1976 13, 597) yields intermediate XV. Treatment of
XV with a suitable halogenaﬁné agent such as POCl;, POBr;, PCls, PBrs or thionyl

15  chloride yields halo intermediate XVI which is reacted with nucleophile of formula V in
refluxing alcohol to furnish invention compound of formula I-C. Such condensations can
also be done in a melt free of solvent and can be catalyzed by acids such as HCI or bases
such as triethylamine or l,S-diazobicyclo[5.4.0]undec-7-ene (DBU). Alternatively,
reagent V can be condensed with intermediate XV be heating the two components with

20 PO; in a melt to yield invention compound of structure I-C. This last method is
especially effective when X is an amine linker.
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H--- +~ 21 H31 RRVR (CH2Z mXV (CH2)mXVL (CH2))m @ 2 @ 1-C , M
P20s H V REFERENCE TABLE FOR PREPARATI ON OF STARTI NG MATERI ALS O
Comerci al woot23bd O O Commercial off 0 off O O D. EPCRAISe/ 2808 O

Ri beiro, J.Chem oc., Perkin Trans. 1 1975, f OH 1390. S OH O OJ.R

Car son and o ‘P;% J. Med Chem 1973,16,172. ~XAOH N OH O O K Yasuyuki,
et al.,./. g. em 1986, 51, 4150. NNOHOH 0 36 WO 01/23375

PCTI US00/ 26500 Schneller, et al.,oJ Med. Chem 1978, g1, 990. | NH N O
0 R K. Robi n8' oF, ). Uerg. Chem l963, 28, 3041 gt

I _or® “ornm, | P | AH
R2 R? 0 R2 o]
o Sl <cr;z>£\u I
QZ
hal M X M
1 1 ’
a H
Rz & —_— R2 ———v—"——> Rz Y4
{CH2Im XV {CHa)Jm (CHp)
& &2 xvi 52m
M -C
1 P20s
v
REFERENCE TABLE FOR PREPARATION OF STARTING MATERIALS
0 Commercial
%
(0]
fe) Commercial
atha
O OH
0O
[¢) D.E. Ames and O. Ribeiro, J.Chem.Soc., Perkin Trans. 1 1975,
/ l OH 1390.
S OH
(¢}
e) TR. Carson and S. Wong, J. Med. Chem. 1973, 16, 172.
4 | OH
N OH
! O
@K\ 0 K. Yasuyuki, et al., J. Org. Chem. 1986, 51, 4150.
N
N\ | OH
OH
0
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~INOWwW HW 0 0 P. CGupta, et al., J.
| O HW 0 OR B. Myer,

N ( Ove HVWOWB1/23975 Gener al

which R,

are conven
Thus, pyri
functi onal
(1-D-2) by
per oxi de a
l[iterature
wor ks best
or fused

not forma
CCONHR6 ca
product by
ZHR iZ

37 WO 01/ 2
| -BE-1 and

10

Het er ocycl .
et al., J. Heterocycl.
Met hod D - The conpounds of f SERHUBW/2650D- 1 |

Chem 1986, 23, 59.
Chem 1980 17, 1509.

N1
N
n

R2, R6, M X, Y, & and Z are defined as above and q is 0 or 1

ENt Ty preparea
Hi ne substit uteq

vVia a reactl on
nvridazi nes ar

zed Pnto substi
t Iquf fori
hd ilronlsalts, :
(™ nMScio et al .

dines (1-D 5 1) are |
tsﬁﬁ@ge@eté}n“ﬁé’@gf%wpm?{’(ﬁ%es of formula

in the presence of hydrogen
a procedure described in the
1985 41 4157)

jam des (XVI 1)
jccording to
, Tetrahedron,

Th| s net h(

whengR—and—R2
Ar omat]i ¢ car bocy
Qﬁ d "QWe ar onat
N for and,
cHro ography.
R2 | FEBO4, H2(

i C, an I sonmeric side product in which Zis
if so forned, is removed fromthe desireq
Method Dx-MO XVII XM 161 R~-NHNR
21 sa I-D11 1dGI-D21 NG)a

sequence as _snown i n Vet nog

s HO

5o /o KL/ USOY 2
-2 4.n which ﬂ
OMe

AN

S

N
OMe

0

=z’

R, R,

| OMe

OMe
(0]

=" =z

R. B. Meyer, et al., J. Heterocycl. Chem. 1980 17, 159.

General Method D - The compounds of formula I-D-1 in which R', R%, RS, M, X,

Y, G’ and Z are defined as above and q is 0 or 1 are conveniently prepai'ed via a reaction

sequence as shown in Method D. Thus, pyridine substituted pyridazines or pyridines (I-D-
1) are functionalized into substituted 2-aminocarbonyl pyridines of formula (I-D-2) by the
use of formamides (XVII) in the presence of hydrogen peroxide and iron salts, according to
a procedure described in the literature (Minisci et al., Tetrahedron, 1985, 41, 4157). This
method works best when R' and R? together constitute a fused aromatic heterocycle or
fused aromatic carbocycle. In those cases that Z is CH and R' and R? do not form a fused

aromatic, an isomeric

side product in which Z is CCONHR® can be formed and, if so

formed, is removed from the desired product by chromatography.

Method D
x,M

R! I SN
{

R2 zZ

¥ | _g*
I-D-1 ﬁN a

H

Xvii

(]
JLN,R
N

FeSO4, H202
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R6, M X Y, G3, and Z are defined as above, qis 0 or 1, and R3 is | ower
al kyl are conveniently prepared via a reaction sequence as shown in Method
E. Thus, pywoditR7s 5 substituted pyridazines or pyridi nesctusobrdpo ar e
functionalized into substituted 2 al koxycarbonyl pyridines of fornula
(I-&1) by the use of nonoal kyl oxal ates (XVII1) in the presence of 82012,
acid and catalyti¢c anmobunts of AgNO3, according to a procedure described in

the literature (CEpp¥al Methad Eqt The componnds of umuledtfet end EBQAn wWrh(R 1R,
3057) .  Compeéings x0fy, @ mHl 2, ﬁr'e'%eﬁnéd”as"%&ﬁ q:x%- 6o fRB *%seiawfgpmgfim@y
c S droxi de 1 h net hanol

hydrol ysis of the ester 10 wth a base su sodi um hy ]
/" wat er. ComSeftyswientlyr prepared via 4 tegetipn saquengsi ashshowe imdlethaduBs Twe pyridine

| ndependest | Yudahie®fyRRaiAlO b pyRine® YBBCH)AbleY slrBib A0 ; m.unds
i n which nei t%er e is H are cop veni efl(? yf)p?gpgdrngﬁié rom t“ﬁgosggslugﬁ -E-1, R3

= H by tredkapabopy pyrdinescofiprauls(tED by the aise of mpnealkylnxplates (K¥HBrin such
DCC ~ (di cygl | iy ' d R
Sobt o | con i AR SFIGb Y bl 48 conbil e O ARCK ot 0

toget her constitute a 1 used aromati c or

carbocycl e. Afscbrgdla the literatyre {€oppa; B atigl.a fierahpiron dettaxs, 192033 (Z1hr3053). f used

aromati ¢, an CofitRids 6f Bikisla MEODHMGHNEHRVRIEE bre fhenStofrldddy hydfolRisitt dhebstlpd 11
the first stPe)I)p agd, I f so .orrrgﬂdr, s removed fromthe“désired product by
chr omat odPapMih 2basersishas godinny hygrexide igmethanolbwatsey Cowpaundsaf foravla -E-2)in NaOH

R2 Z 0 Ri ZwhihZhe K® Hobd-tre NedeBaBntly Ydefhed ROabvt, Yulkspedally it ﬁaﬂ% sk B)y
i NI-D1 I-E-1 .I-EEQEHO IaNI Rs R's "General Method -3The
conpounds of SYBRONRTsIn whiehingithen R is Wy arg-ponxeniently prepared diomuthe add GRNeR’ Tn i s an
i nt egte{ 01;1 éH—) b&,tr@ﬁﬁbnR‘wiﬁgdeQ' AR 1he Mpravedde 6f{1@ cﬁlﬁﬂihgrh‘geﬁtoslucﬁﬁs \ﬁ%@h t hey
are attached,f.orm a fused. 5- ered rin ro i e ocC e can be
prepar ed Vi adécy F@WI%%°§E@&§§ S ¢ ﬁ&?/ﬁ‘si ﬁ“%ﬂ‘lgéaﬁ‘i Egl’ﬁ’égtﬁgé’&?%ﬁ tea

gvai : alb! éf] _ héset aoypaticeteasdycix pt ﬁ!rs]ecila?bldatﬂi@i(‘jbbbﬂ@. rmtﬂledgé airz]seé%ad z?]s.rm@h@dhw th
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can be formed in the first step and, if so formed, is removed from the desired product by

chromatography.
20 Method E
x,M 0 \ x'M X'M
rRL_L HoL R RU_K R\ A
N il ks 1) NaOH B
RZ 2 _0__’_ R 2L RZ ZZ
Yoy, AONOs NasS:0p Y 2) (R°)NH Y
| ey, 250 | (Wes)q XX | (-G,
1D SN I-E-1 % pce E2 N
6
H 0% “oR® oW
R®

General Method F - The compounds of formula I-F in which M, Q? and X are

defined as above, m is an integer of 1 — 5, and R® and R? together with the carbons to

25 which they are attached form a fused 5-membered ring aromatic heterocycle can be
prepared via a reaction sequence as shown in method F. The readily available
heterocyclylcarboxylic acid starting material XX is reacted with butyl lithium followed by
dimethylformamide to yield the aldehyde with structure XXI. Reaction of XXI with
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hydrazi ne yields pyridazinone XXIl.. Treatnent of XXII| wth a suitable

hal ogenati ng agent such as POCl13, POBr3, PCI5, PBr5 or thionyl chloride

yi el ds a hWP#RRer nedi ate which is reacted with nucl e®ER{US&/26500f or nul a V
in refluxing alcohol to furnish internediate conpound of formula XXIll. -
Such condenhylrizivesyields) palidaginves NXiile . | Treatmeat bf XiX@ewith aSuitatly halbgemating an be

catal yzed by acids s a | es ch.,as, triethyl am.ne or -
di azobi cycl éegt. g;cg]aa#ﬁgg;,%ﬁé, ?@B s RF ﬁiépﬁ’gtﬁ%{?&dﬁ ,ylﬁl%saagg‘ﬁlf’ IK'F’E’&?]@%%
condens Ied Wivhich is eactedweith micteopiiflelof fmintad¥ imugflaXing aleshot torfomishrintermedidte P205
inanmlt to viel [ 1. . TYi Istrreho%isesec'all effectiye en X
2 anam neoriaRnt of Rypinia RS, S cRHeRar o A b e, B E50 1S BN
XXl wi$h saventendfn\bei catalaedkbyscidicsich abHE! loy baskesugh ae trigkhyldnine bh 8- of
F.D. Popp, Hetero 9 0 to.vi.eld t i nter | at e of
structure %37 'W?%@r‘ﬁ@ﬂ?&%?a’g?%ﬂ&”% ‘h %)taeg’gt%ﬂgr{gﬁﬁe&e‘é scmltl ﬁ\? gﬁﬁeggne%c%lgbound
| - F.  Met hodinkerfiedifite XINII Biiheéatify] thekvoLordpoRedOhithl PbOGId mdl tb yiel R XXIVFTHRY H R |
N 2 O XX I . .M C& *iV]hgg) %E“%’%SQ -INﬁtN
RYR) 5 &T‘%&%ﬂsﬁéeﬂﬂﬂ? ‘tr?g?"' ‘%j?‘%: ran -“{iﬁﬁl'm e ;E:%’f;\'}mim RS
Base _ 2 i theHReisRert (cOmpPpundCXXUI wit2halide DEXIKYP is done as described by the general _

10 method of F.D. Popp, Heterocycles, 1980, 14, 1033 to yield the intermediate of structure

XXV. Treatment of XXV with base then yields invention compound I-F.

Method F _
 new ® i i
R’ utl OH NH; RL_
jl\)kOH 2)DMF 2 ' H | hH
_ (o}
XX XX XX
M Cl__RS -M
)I( X‘M \[r 1 X
HV 1 () R N
. R | SN I '}I 5
P.O ! KCN N__R
XXl xme
M .
o /)hal 1 xM X M
NS RN SN
Q | 5 Base |
e L R R
(CH), CNO - (CHalm
@ Q?
XV IF

General Method G - The compounds of formula I-G in which M, Q* and X are

15  defined as above, m is an integer of 1 — 4, and R' and R? together with the carbons to
which they are attached form a fused S5-membered ring aromatic heterocycle can be
prepared via a reaction sequence as shown in method G. Aldehyde XXI, from method F,

can be reduced with sodium borohydride to yield a hyroxyacid which is lactonized using
methods well known to those skilled in the art such as with toluenesulfony! chloride to

20 yield lactone XXVL. Condensation of intermediate XXVI with aldehyde XIII in the
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XXV | -F General Method G - The conpounds of fornmula I-Gin which M @ and
X are 15 defined as above, mis an integer of 1 - 4, and Rl and R2

t oget her wi W@ mB7Ear bons to which they are attached fopermasoboesed
5-nmenbered ri ng aromatic heterocycle can be prepared via a reaction

duced
ot sodi um Barae bfa R 306 42 ol AR08 Booaly P T LTV St o il UfalenC 0o
met hods wel | rmmﬂdmmmerbw pf s;nxctum KKHIIarReaslmhoféXXWIt\hﬂt hydweziresar| f ony|
chloride to | W|th
al dehyde XI | pRRetay Gich BB 5T o GROMNARE bOMDOSTISS %%?’%E?g%@e 5

such as sodi @&WHBM'@HIJS (Gonyersipm of ijermediate KKHIHI de imesntiem gthmdeé rof

L)e/];llr lagl)z(i %Ieglo(rj%@dr&’er? g'rba% 9’% ﬁﬁ%ﬁ%ﬁéﬁégﬂﬁ@ﬁh&d Fl%g’qfsmﬁper a{Iur e o#haﬁn Og

-150C | eads -an i nterrredl ate of structure XXVIII1. Conversion of
i nternmedi at e XXVI{fmb@c Nvention conpound of 5 structure 1-Gis done by
nmet hods as described in nethod C by using XXVIIl rather than XV. Method G

j~ 0 Oj RLOHO {CH))mHO OX Il R Ral) BH4 Q Ra 2) TaCl R !
Base R2 0 X/ It XX Ol {CH)mH Q ( RlNHd?lLNXMRf
\ R2 N ~~ RaNH--I HHV Rl)ngf'Z?’mF\{CH m{CHIz%(ll

2.

R 2) TsCl R Base VI

XX XXVI (CFTZ)mH

02
hal x'M

Nty R’ ) ’."M RN Ay
i
/ R2 2N H 2 I /I{l
Vv R

(CHz)m (C",'z)m (CHz)

2 5"

w Q2

XXVIHI -G

10 General Method H - The compounds of formula I-H in which the R', R%, M, X,
R%, q and G® are defined as above are conveniently prepared via a reaction sequence as
shown in Method H. Thus the methods described in Martin, I; Anvelt, I.; Vares, L.;
Kuehn, 1.; Claesson, A. Acta Chem. Scand. 1995, 49, 230-232 or those of methods D or E
above by substituting readily available pyridine-4-carboxylic ester XXX for I-D-1 are

15  used to convert XXX into XXXI. Reduction of the ester as described by Martin, et al.
above is next done with a mild reducing agent such as NaBH, such that the amide
substituent is left unchanged to yield alcohol XXXII. This alcohol is then heated with a
base such as DBU or CsCO; with halopyridazine VI from method A under anhydrous
conditions to yield the invention compound with formula I-H.



XXVI11 1-G MHYV P205 10 CGeneral Method H - The conpounds of fornula I-H
in which the R, RRZ, M X, R6, g and G3 are defined as above are

conveni entWQOpRBPared via a reacti on sequence as shown PCH/USEN268 H. Thus

t he met hods described in Martin, 1; Anvelt, J.; Vares, L.; Kuehn, I.; ‘
G aesson, A Actpébgm Scand 1995, 49, 230-232 or those of methods D or E
above by substituting readily avail able pyridine-4-carboxylic ester XXX for
|-D-1 are 15 used to ¢ $ grt XXX into cOsKP. Reduction of toeQster as
descri bed -by Martin, 2"al . above i g\ next sdORgBy th a reguci ng agent
such as NaBH4 such t t he—ar-tg? s]it%nt—i—s—-L efa®, hg ge'ﬁ to yield
al cohol Xxxi 1. T &ralcahol is then Nrig¢ h a  base sdR NgBU or
CsCO4 with hal opyridazNneHvi from Ihod under anhydrous ceénditions to
yield the invention c¥¢pound with formula I-H 40 WO 01/2
PCT/ US00/ 26500 Method H CO2R3 CO2R3 ®H2OH Rs G3 , Rs NaBH. 3 eN~y G3)Q-1
I N, e (G"~N, "NHR( XXX XXXI 0 ¥XXIl 0 MX RL N Base, heat N R2 M
0Ol-H X1 BRN(&)g-1 N R & NRs VI hal O

~N
Base, heat R2 | ,rll
M
X
1
R | \l}l
R2 ~ZN
Vi hat

General Method I — Invention compounds having formula I-I in which the R, R?,

M, X, RS, q, and G® are defined as above and W is a bond or ~CH,- are conveniently

S5  prepared via a reaction sequénce as shown in Method 1. This method is especially useful
when q is 1 and XXXIII is 4;chloropyridine. Alternatively, other 4-halopyridines such as
4-fluoropyridine or 4-bromopyridine can be used in this process. Thus readily available
4-halopyridines XXXIII are converted to intermediates of formula XXXIV by using the
general procedures of methods D or E above by substituting the 4-halopyridine for I-D-1.

10  Reaction of XXXIV with either potassium or sodium hydrogen sulfide yields a thiol
having formula XXXV. Alternatively, the alcohol function of intermediate XXXII from
method H is converted to a leaving group by reaction with methanesulfony! chloride and a
suitable base such as triethylamine in the cold such that polymeric material formation is
minimized and the resultant intermediate is reacted with either potassium or sodium ’

15 hydrogen sulfide to yield a thiol having formula XXXVI. Either thiol have formula
XXXV or formula XXXV] is reacted with intermediate VI from method A and a suitable

base such as diisopropylethylamine or CsCO, in DMF or other suitable anhydrous solvent

or in the absence of solvent to yield I-D-9.
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General Method | - Invention conpounds having fornula I-1 in which the R,
R, M X, R6, q, and G3 are defined as above and Wis a bond or -CH2- are
conveni ent |W0o0523repared via a reacti on sequence as showcrwsohedstiod |. This
method is especially useful when g is 1 and XXXII| is 4-chloropyridine.
Al ternativel yggpiifier 4-hal opyridines such as 4-fluoropyridine or
4- bronopyridine can be used in this process. Thus readily avail abl e
4- hal opyri di nes XXXL! | are convert to internediates of fo Eul a XXXI'V by
using the general jprocedures of ho D or B above by su ituting the
4- hal opyri di f of” D-—].—-}O(Gﬁg XxsisondietR e ther ot asgd um or
sodi um hydroz(g '1sl~g de yields a haw ng fornul t,&r atively,
the al cohol functi® df internedjate Il from method HiN'¢ nvé?ted to a
| eavi ng group by rxéaati on with mHf4nesul fonyl chloride &XMva Osuitable
base such as triethylamne in the cold such that polyneric material
formation is mnimzed and the%@ﬂltant s&g diate is P@é“é’fed W th

&

ei t her potassium or sodium }5 oggA suI o yiel d ol ghavi ng
formula XXXVI. Either thi dfege florful a oK%ﬁB | 4i's reacted
with intermediate VI from net hoN AYnORSG guiHsabNsHS base s RS

di i sopropyl et hyl am ne or CsCO&oom OBWF or ot her suitable aodydous sol vent
or in the absence of solvent to yield I-D-9. 41 .1;. WO 01/2337.5

PCT/ USO0/ 26500 Method | hai hal SH (&)q IMRs KHS or NaHS s CRs 'N N Rs
| i NHNNRs XXXIII XXXtV O XXXV 0 CH2O4 CH2SH 1) McSCRCl s\ Nbase

(G)a-11 R s 6--y NRs 2)_KHS or NaHR | XX 0XXXVI 0 M X 1 Base,
heat R N XXXV o XXXV ' L
M R?
X -~ M
R w
| \I:l 3 ~ R®
R2 =N G )&F&NI ':LR
vi hal o

General Method J - Invention compounds such as those having formula I-J-1 or

1-J-2 in which the R', R%, M, X, W, and G* are defined as above and having a sulfoxide or

5 sulfone within the structure are conveniently prepared via a reaction sequence as shown in
Method J. Reaction of compounds of this invention that contain a thioether group either

as part of a substituent G', G*, or G'or as part of Y as shown in the representative structure

I from Method I can be converted to the invention compounds with a sulfoxide moiety

such as I-J-1 by treatment with one equivalent of m-chloroperbenzoic acid in methylene

10  chloride or chloroform (MCPBA, Synth. Commun,, 26, 10, 1913-1920, 1996) or by
treatment with sodium periodate in methanol/water at between 0 °C and room temperature

(. Org. Chem., 58, 25, 6996-7000, 1993). The expected side products consisting of
mixtures of various N oxides and the sulfone I-J-2 can be removed by chromatography.

The sulfone I-J-2 is obtained by the use of an additional equivalent of MCPBA or

15  preferably by use of potassium permanganate in acetic acid/water (Bur. J. Med. Chem,
Ther., 21, 1, 5-8, 1986) or by use gf hydrogen peroxide in acetic acid (Chem. Heterocycl.
Compd., 15, 1085-1088, 1979). In those cases that unwanted N oxides become a
significant product, they can be converted back to the desired sulfoxides or sulfones by
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XXXV or XXX | RR N MXS..wl-t R2) -- N R(~N Vi hal NRs O General
Met hod J - I nvention conpounds such as those having forrmula 1-1- 1 or

1-J-2 in WIOM2Be R, R2, M X, W and G3 are defined XETASMNSSMNd havi ng
a sulfoxide or 5 sulfone within the structure are conveniently prepared -

via a react hpdlogenatith 6 eMiGnd}aestio dciti MWathhdiadiumRea Caiten QfalysRTpemagauof this
|nvent|on t%gt cggt SB gt(#} 4(%5[ hg&ﬁ?ﬁﬁﬁ% either as part of a subStituent
S5l 5% #3,3p4% Chem 39 #498)-r epresent ative structure |-I
from I\/Et hodMeﬂmarJ be convert ed to the invention conpounds with a sulfoxide
noiety such as | -J-1 by treatment with one equivalent of
m chl or oper benzoi c acM in met hyl ene M chloride or coroform ( MCPBA,
Synth. Comun., 26, %0, 1913-1920, 1996) or by treat’?nant wi th sodi um
periodate in rretﬁ Nyat er  at b&¢ 0O Cand r erature (J. Og.

Chem, 58, 25, 6998: 7Q00, o1993). The ekpeeisdosi de lprofucts consisting of
mxtures of varlBﬁ qumles_.and e ?ﬁ fane [- J-l@ A be rempved by

chromat ography.  TheSsyl fone | -J- 20|=s\ t ai ned by we of an additional
equi val ent of NCPBAprjJ pr ef erably b use of pot a93| m per manganate in

acetic acid/ water 1986) or by use
of hydrogen perox(l '%ﬂ acetic ag@i;r]( Heteroééo&‘ll\

1085-1088, 1979). I ose cases thgj nwant ed N 04% becorre a

si gni ficant product t hey can be cohverted back to tHe desired sul f oxi des

or sul f ofes by 42 WO 01/23375 PCT/ US00/ 26500 hydrogenation in _
59, 545. 545, | 10ag IeEA MuRR ¢ 2ithlon o bR g XRLR LR BB AT R
RUN Re N Bl X, i@ oeesdetingd Faaahqve re\copvenicntlSprep@ed A ATEBLiN seuence
as shown in Method K. One skilled in the art prepares starting materials of structure
XXXVII by methods known in the literature. For example XXXVII wherein R' and R?
10  together with the carbons to wﬁich they are attached form a 2,3-substituted thiophene,
furan, pyrrole, cyclopentadienyl, oxazole or thiazole are prepared using the general
chemistry given in J. Org. Chem., 1981, 46, 211 and hydrolizing the initially formed tert-
butyl ester with trifluoroacetic acid. The pyrazole staﬁing material can be prepared by
reacting 2-oxo-3-pentyn-1,5-dioic acid (J. Chem. Phys. 1974, 60, 1597) with
15 diazomethane. The starting material wherein R' and R? together with the carbons to
which they are attached form a phgnyl are prepared by the methods of Cymerman-Craig et
al., Aust. J. Chem. 1956, 9, 222, 225. Compounds of formula XXXVII in which R' and R?
are lower alkyl are conveniently prepared according to procedures given in patent CH
482415 (Chem. Abstr. 120261u, 1970). The crude diacid of formula XXXVII is
20  subsequently treated with hydrazine to furnish pyridazinone XXXVII (for specific
reaction conditions see Vaughn, W. R.; Baird, S. L. J. Am. Chem. Soc. 1946 68 1314).
Pyridazinone XXXVIII is treated with a chlorinating agent such as phosphorous
oxychloride to yield an intermediate dichloro species which undergoes hydrolysis upon
aqueous workup to furnish chloropyridazine XXXIX. Chloro acid XXXIX is treated with
25  anucleophile of formula V in the presence of a base such as sodium hydride in a solvent -
such as DMF or in the absence of a solvent. The resultant acid XXXX is reduced with a
reducing agent such as BH;¢THF according to the procedure of Tilley, J. W.; Coffen D. L.

Schaer, B. H.; Lind, J. J. Org. Chem. 1987 52 2469. Product alcohol XXXXI is reacted
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333(G)gq(G)gj_I (G)gj I NNN -1 I1-J-211-3J-2 5 General Method K
- Invention conpounds having fornula I-Kin which the R, R2, M X and Q
are defi nedw@9aisve are conveniently prepared via a reaeCT/osnaGsgence as
shown in Method K. One skilled in the art prepares starting materials of

onerein & e e 25 Apelfl Belled Bhalo BT ot SR Fagle hea

forma 2, 3- spypsmidyloe dptitrialp rsebstitoted drlalo-pypidazyb |(EXXCSID)| twp &mhisldliieveyition

oxazol e or thj ' .ne gener al em,str i in J.
O g chem , - ToBASg offylh ERTER Spbt etk i BSHee BERGREL RO MR D
ester with tHuflsanok dadendhs AgdiodgridBes). by Mairg Be gs Navhblisony Stait@rgi Ghenc 4992be
prepared By 5zg@i ng 2-oxo-3-pentyn-1,5-dioic acid (J. Chem -Phys. 1974,
60, 1597) wt 'di azonet hane. The starting material wherein R and R2
toget her wi t Method Kcar bons to which they are attached forma phenyl are
prepared by the met1hods of Cynerman-Craig,et al., Aust. J. Chem 1956, 9,
222, 225. ConmpoundsRo{ 4@Hmul a XXXVI1 j;n which R and R2 are |ower alkyl
are conveniently pre arg;%,TCMEﬂLng t Nedures given in patent CH
482415 (Chem AbstR? 81u, 1970). T ghude diacid of formula XXXVI| is
20 subsequently treategd w th hydrazi & td furnish pyridazi none XXXVIII (for
specific reaction conditions see Vaughn®# R ; Baird, S. L. J. Am Chem
Soc. 1946 68 1314). xBwmi dazi none XXXVhixkviis treated with a chlorinating
agent such as phosphorous oxychloride to yield an internediate dichloro
speci es whi ch undergoes hydrol ysis upon agueous V\ﬂrkup to fam sh

chl oropyri dazi ne XXXI X. Chloro Gicid EZ: is trexed with 25 a nucl eophile

¥

of formula V in tHHLQ®kesendri g 9 basg, such i um hydride in a sol vent

such as DWF or in %W absencellof 1a s t. The]regultant acid XXXX is

reduced with a reducing age eh a BH3 THIR? ding to the procedure of
Tilley, J. W; Coffen D. L. Schaer H.; Li J. J. Og. Chem 1987 52

2469. Product al cohol XXXXI i r@Hcted 43 wWo (7 22875 PCT/ USOQ 2G500 with
a base and optionally substi t%&g( 4- hal o- pri dylxoeptional ly substituted
4-hal o- pyrimdyl or optionally Substituted 4-hal o-pyridazyl (X)CXXlI1) to
furnish invention conpound of fgrnmula I-K (for spec&'nfi C reaction
conditions see Barlow, J. J.; Bf0ck, M Hpg . Hudsoxr"J. A.; Leach, A ;
Longridge, J. L.; Miin, B : Lchmh,és JROr Chem 1992 5 57

5158) . BHy"THF . [N
N  hal=FClBrorl AN N
OH o-Q’
YXXKE I-K

General Method L - Invention compounds having formula I-L in which the R, -
R%, M, X, and Q' arc defined as above are conveniently prepared via a reaction sequence
10  as shown in Method L. Thus alcohol of formula XXXXI from method K is reacted with
methanesulfonyl chloride in the presence of a suitable base followed by potassium or
sodium hydrogen sulfide to yield thiol XXXXIII. The thiol is then reacted with 4-
halopyridine XXXXII from method K in the presence of a suitable base such as
triethylamine to yield invention compourid I-K. Alternatively, XXXXI is converted to
15  halo intermediate of formula XXXXIV by methods well known to those skilled in the art
and the halide is reacted with thiol XXXXV to yield I-K. Intermediate XXXXIV can also
be converted to intermediate XXXXII1 by treatment with KHS or NaHS. Reagents
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Method KR CO2HO R2) CO2H H2ZNNH2 RIVH R2 N O CO2H XXXVI I XXXVI | | cl
-nn x 1-POCI3 R Xt ~YHRI 'N 2. RHOTx -- -- R NRZR N OOH O OH
XXX X XOOWR028E X-M R XXXXI| || Rl BH3*THF ~N Q- PCRUS002639 N hal =
F,Cl, Br or | R NOHOQ XXXXI |I-K General Method L - Invention
conpounds hXXX¥V amretth&raomniermaﬂy\amﬂahletsheh d24-mét2aptddyridine atcen(@k paeparedef i ned
as above arg con |en Ra reaction sequence 10 as shown in
Met hod L. TﬁYJg sly‘g %?%%as "5?% aler‘m method Kis reacted with

met hanesul f onyl chl or| de in the presence of a suitable base foll owed by

pot assi um OQ[ ?ﬂ um hydrogen sulfide to yield thiol XXXXI'II. The thiol is
then reacte e\m 4 haI opyridine XXXXI'l frommethod Kin the presence of a
sui t abl e base su 1 M ﬁa’?yl am ne tm yield invention gaapound | -K

Al ternatively, értedto 15 h d ﬂ‘?rrre%at of formula XXXXIV
by net hods \'?own J,gset)b@aﬂ/ sy NI n halide is
reacted with t | d W‘%P WV can also be

converted t g2 /'?'ﬁedi%KHSmeﬂSI R y reat ment’ S r NaHS. Reagents
44 WD 01/ 23375 RCT/ US00/ 26500 XXXXV Ig ei t her com*rer ci ald-p*avai | abl e such
as 4-nercaptopyri®@ine or can be pxemar by one s IIeo!Ki n the art such as

by nmethod | aboygogMet ocgdelzforhal =cl Base
or CHBr3, P(Ph)s X'M
for hal = Br

RN H.g Q"
i LN XOOKKV
hal
5 XOOXIV

EXPERIMENTAL:

Example 1: Preparation of 1-(4-chlorophenylamino)-4-(4-

10  pyridylthio)isoguinoline

Br.
SN
Z
Br

Step 1: Preparation of Intermediate A: A mixture of 2.90 g, 19.07mMol of
isocarbostyril and 14.40 g, 33.68mMol of phosphorus pentabromide were allowed to melt
- 15 together at 140 °C. The melt turned into a red liquid and after about 10 minutes the
reaction mixture solidified and was cooled. The reaction mixture was crushed up and
dumped into ice water. The resulting solid was filtered and air-dried. wt. 5.50 g, 96%

yield, mp.=94-96°. R¢=0.66 in 40% ethyl acetate in hexanes.
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X.M1) MS2C X'Mhal X'M base R XXXXIl Q- RL R N or use XXXxXtIV NN R2
N 2) KHS or NaHS R2 N hal = F,Cl1 Br or i R N OH SH S XXXXI'I'l 1-K XXXXI
SOCI 2 for hWomA2875/ QL or C HBPN R2 N XXXXV hal 5 XXXXPoT/USHREm VENTAL:
Exanpl e 1: Preparation of 1-(4-chlorophenylam no)-4-(4- 10
pyridylthio)isoquinoline Br Nl ¢ Br Step 1: Preparation of Internediate
A. A mxture of 2.90 g, 19.0 bl of isocarbostyril and 14.40 g, 33.68mwl
of phosphorus pent abrom de e allowed to nmelt 15 together at 140 C. The
[ [ d and after about 10 minutes the reaction

m xture solidified andgag“dgol ed. The reaction m xture was crushed up and
dunped into ice water. e rgsulting solid was filtered and air-dried. w.
5.50 g, 96% vyield, ) 196. RF=0.66 in 40% et hyl acetate in hexanes. 45
WO 01/ 23375 PCT/ USOQ 26500 BrHN (y' LN Br Step 2: A mixture of 1.00 g, 3.49
mvol of 1, 4-di br osRp20AULRAKL 59.00/g) 8.9 AR 2 4-&&0&{0%% viddie fn@Bfbdiate

4-chl oroanlll e were nelted #°F ether at 1400. he reacti on mxture t ur ned

into a deep rud™n §er 4 2ad4-chiorqapiling wete meiteditoggthez at HO°.r é‘h@rqa@wnnmm e

sol i dified amsmé mm &eRd LEHe andaRet Asont mxﬁinufe@m\e@&c@&xﬂ%ﬁﬁu 3 and
triturated with a 50/ 50 net hanoUTHF. m xture then filtered and air dried

wi t hout f ar t &P 906 Tg Teagtiop mixtyge wag brakenup gnd tm%ratedmlthzé@ﬁ@e@thamlﬂmﬂlss in
40% et hyl acefigive then HitR0eMd air dried without further purification. wt. 0.75 g, 64.4%,

mp.=260-263°. R=0.58 in 40% ethyl acetate in hexanes.
°
HN

SN
2

| X
=N
Step 3: A mixture of 0.05 g, 0.1498 mMol of 1-(4-chloroaniline)-4-
10  bromoisoquiniline and 0.02 g, 0.18mMol of 4-mercaptopyridine were combinéd and
melted together at 140° for about 10 minutes. The resulting reaction mixture was purified
on a 1000 micron prep plate using 5% methanol in hexanes as the solvent. wt. 0.0103 g,
19% yield, mp. 192-195°. R=0.50 in 40% ethyl acetate in hexanes.

15
Example 2: Preparation of 1-(indan-5-ylamino)-4-(4-pyridylthio)isoquinoline

KO

HN
N
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~Cl HN N CN Step 3: A mxture of 0.05 g, 0.1498 nmwbl of
1-(4-chloroaniline)-4 10 bronoi soquiniline and 0.02 g, 0.18mwbl of
4- mer capt oYY M/ZBTe were conbi ned and nelted toget her aPCTENOR26500 about 10
m nutes. The resulting reaction mxture was purified on a 1000 mi cron prep
plate using 5% nﬂl%'ib?d%@&uréﬂseﬁ%xatﬁ aﬁ&?&% 1311 wiid used topkphrdihe il %0
yield, np. 192-195 R=0.50 in 400 acet ate I.n hexanes. 15 Exa Ie 2
Pr epar at i oncogpopnd by, qubstitgting érﬁl}%ﬂm n‘f @TW?}}IWM‘W%M sSepgdi MR- i198-1035 ~N
S N 46 VO B¢ PG40 (40% érhid et RDdxddes). pr ocedur e used for the prepar atlon
of Exanple 1 was used to prepare the title conpound by substituting
5-am noi ndane for 4-chloroaniline in step 2. M. 100-103, TLC R f 0.40
(40% et hy| acet gyaniple NE32NE Preparatis@NPbe 31-(Pr Ebélizathis0l-ylakrifo '4'?('{
benzot hi azol [am no).- 4:- (4- pyr| dylthio)isoquinoline . HN N The
procedur e u@@’&‘#@w Yspquinoling o ot i on of Exanple 1 was used to prepare the
title conpound by substitu No- am nobenzot hi azol e for 4-chloroaniline in
step 2. 10 TLC RfO. 36 (S%Tﬁo&/ met hyl ene chl oride); MS=387 Exanpl e 4:
Preparation of 1-(4-chlogg Sam no) - 4- (4- pyridyl met hyl)isoqui noline O
|l ~NH / O

N

P

S

The procedure used for the preparation of Example 1 was used to prepare the title

N
=N

compound by substituting 6-aminobenzothiazole for 4-chloroaniline in step 2.
10 TLC Rt 0.36 (5%methanol/methylene chloride); MS=387

Example 4: Preparation of 1-(4-chlorophenylamino)-4-(4-

pyridylmethyl)isoquinoline
o

| O
Xy
l ZN
15 Step 1: A mixture of homophthalimide (770 mg, 4.78mmol), 4-
pyridinecarboxaldehyde (0.469 mL, 4.78 mmol) and piperidine (0.5 mL) in acetic acid
(25 mL) was heated at reflux for 1 h. The resultant solution was cooled to room
temperature. The solid product was removed by filtration, washed by water (4 x 10 mL)
and dried under vacuum to afford 920 mg (3.67 mmol, 77 % yield ) of a mixture of Z and-
20  Eisomers of the above compound. '"H-NMR (DMSO-dg) complex proton signals shown in
aromatic region due to existence of both E and Z isomers. MS ES 251 (M+H)", 252

(M+2H)".
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N 15 Step 1: A m xture of honophthalimde (770 ng, 4.78mmmol), 4-

pyri di necar boxal dehyde (0.469 nL, 4.78 muvol) and piperidine (0.5 L) in
acetic aci dwo(02233m.) was heated at reflux for 1 h. The recmtgcanssesol ution
was cooled to room tenperature. The solid product was renoved by
filtration, washed by wategp (4 x 10 nL) and dried under vacuumto afford
920 ng (3.67 mmol, 77 %yi @l d) of a mxture of Z and 20 E i soners of the
above conpound. 'H N Hi6) conpl ex proton signals shown in aromatic
regi on due to existen th E and Z isonmers. M5 ES 251 (MtH) +, 252
(Mt2H) +. 47 WO 01/ 23375 PCJ/ US00/ 26500 O NH N Step 2: To a suspension of
starting material (1.70 g, ) in nmethanol (250 nlL) at 0 C was added
sl ow y sodi um bor ohydri de (3!0 , 79 mol). The mi xture was allowed warnmed
tort and continued stirring for 1 hr. The reaction was quenched with 5

wat er (10 nl) andStep 2r Ted sispensibd ofistading snatcFlab(1r 78, 618 ol tnethenolg2s0
concentrated d ter, with ice
(100 ni.) , lng'?ad | ust e% @g&d’ﬁﬂ%& sg‘gu&rt}%ﬁd’hga%&%%? “ﬁ“‘gﬂ fﬂ%tnflf‘m%edw"f Sor 10
m nut es, addd&DV@dNVm@-ItQMtand coritingéd stirsings 6ir Ut hrofhe wametionlbwast quefiched Indth

ol s Sl 00 HES o 0168 1R i SO waf e i

resi due 10 moﬁaﬁqlﬁnéa"otﬂ}ﬂe&ﬂ"@mseﬁﬁdmtﬂomthphﬂqﬂlnﬂ)o and adjusted the pH =

t hanol - d FeHPROR t
S0l 14 (1. 70° brne g‘e Pefdioh SeatbCl0 ARlcE s N Bably el ORBRKRIR, ° o
to 7.68 (m WrH abopt 3b. 7T131re§%ﬁmg2wunon wap exiractedpy CHOk (4, x 20PmL). NEReES 237
(MrH) +, 238 {dvitnidda; orﬂnfé lhybrsbre/ (:dﬁeEEEJ Qﬁ@@hvéili}xfé@ b&%@%ﬁ% rgmfhg cl

HN c~ ~N N 15 Step, 3 Amxture of 4-¢hl oroan
phosphor 4 pEat Brifigd by colymn,fyromatogerphyng) -0 aﬁdnwthql@%ﬁyhl@rm@amﬂ)m éﬁﬁPrFlorl de

(193 ny, 1. 440078p ¥ theasle ReapReld ag B dolid (1r7oelﬂmum9ferd ﬁﬁynmw&o@a&)ﬁ.@ 1.5 h

i orial (82500 DI AR} Y @atk. o0 S SHTS Al rruﬁ%l%is?&éi;o oc

];rﬁ ; 2 h. TheMSES.237qM+HyE 1288 (N ZHDK TIESS : 1085 RRIn8HditorbRethéne) Mo 0agol (5
Cl

o

HN

N
%

l S
=N
15 Step 3: A mixture of 4-chloroaniline (178 mg, 1.40 mmol), phosphorus pentoxide
(396 mg, 1.40 mmol) and triethylamine hydrochloride (193 mg, 1.40 mmol) was heated
and stirred under argon at 200 °C for 1.5 h or until a homogenous melt has formed. To the
melt was added starting material (82 mg, 0.35 mmol). The reaction mixture was stirred at
200 OC for 2 h. The resultant solid black mass was cooled to 100 °C. Methanol (5 mL)
20 and water (10 mL) were added and the reaction mixture was sonicated until the black
mass had become soluble. Dichloromethane (40 mL) was added and concentrated
ammonia (~2 mL) was added to adjust the mixture to pH = 10, The organic layer was
separated, and the aqueous layer was extracted with dichloromethane (3 x 20 mL). The
combined organic layers were dried over MgSO, filtered, and concentrated. Purification
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20 and water (10 nL) were added and the reaction m xture was soni cated
until the black mass had becone sol uble. D chloronethane (40 nlL) was added
and concerWOM/2H7S ammonia (2 nL) was added to adj ust th&CHURPEM0t 0 pH =
10. The organic |layer was separated, and the aqueous |ayer was extracted -

wi th ﬁl/ig g g|4 or,gfarﬁépaﬁ.l t ﬂge riB.cxpldfe (*m)ot vlvthaemd Mic?ﬁfbn?ﬂﬁﬂé)i ?ie]d@d/QGSI/n .@gdri ed
over | e a concentrate ritr.ca

PCT/ US00/ 26589k t??rg/wls‘ﬂh&dlﬁ opmpowid-As 3 YG‘EWiEP igy ﬁﬁ’&@iﬁ’&&%&ﬁ 2%@ hane)
yi el ded 26 =1.9 82,381, 780(s, 1D Y55 tel dY (mf SH))e.20 itd 7.83 gﬁmwmgl eg;za) WIS ow

;.m?l?d(ml %%3%%)? %Lgé? X%%mthanal'%'iﬁt’?meﬁ‘ﬁﬂ%%ﬁ S 346 (|\/|+H)7 +55T}_cC)3

(1:10 v/§ nethanol -di chl oronethane) Rf= 0.45. 5 Exanple 5: Preparation of
1- (benzot hi azol yri i.soquinoline. /cc N HNINN
The procedure usgﬁﬂfi %"B‘?"&Bﬁg ﬂﬁ’eﬂ?“@éé \‘;‘a'ﬂﬂﬂﬁé{g'(ﬁé’gﬁfﬂi"&“ﬂ?y@par e the
title 10 coopamoliheédy substituting 6-am nobenzothi azole for 4-chloroaniline
instep 3. "HNWR (MeOHd4) 9.08, (s, 1H), 8.37 to 8.59 (m 4H), 7.79 to
8.01 (m 2H), 7.60 to 7.78 , 7.30 (d, 2H), 4.34 (s, 2H); M5 ES 369
(MtH) TLC (1: 4 v/v hexane-e etate) Rf 0.20. 15 Exanple 6: Preparation
of 1-( indan-5-yl anino)-#N(4-pyridylmethyl)- isoquinoline / . HN~ NN
The procedure used fQq @reparation of Exanple 4 was used to prepare t he
title conpound by s ing 5-am noi ndane for 4-chloroaniline in step

.35 (m 3H), 7.46 to 7.77 (m 5H), 7.15 to 7.27 (m
4H) 4.26 (s, 2H), 2.87 to O(m 4H), 2.05 to 2.10 (m 2H); MS ES 352
(MtH) +; TLC (1:4 v/v hexan [et yl acetate) Rf= 0.25.

, The procedure used for the preparation of Example 4 was used to prepare the title
10  compound by substituting 6-aminobenzothiazole for 4-chiloroaniline in step 3. 'H-NMR
(MeOH-d,) 9.08 (s, 1H), 8.37 to 8.59 (m, 4H), 7.79 to 8.01 (m, 2H), 7.60 to 7.78 (m, 4H),
7.30 (d, 2H), 4.34 (s, 2H); MS ES 369 (M+H)"; TLC (1:4 v/v hexane-ethyl acetate) Re=

0.20.

15 Example 6: Preparation of 1-( indan-5-ylamino)-4-(4-pyridylmethyl)-

|

HN

=N
&

isoquinoline

| X
=N

The procedure used for the preparation of Example 4 was used to prepare the title

compound by substituting 5-aminoindane for 4-chloroaniline in step 3. 'H-NMR (MeOH-

20 dy) 8.35 (m, 3H), 7.46 to 7.77 (m, SH), 7.15 to 7.27 (m, 4H), 4.26 (s, 2H), 2.87 to 2.90(m,

4H), 2.05 to 2.10 (m, 2H); MS ES 352 (M+H)"; TLC (1:4 v/v hexane-ethyl acetate) Re=

0.25.
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49 Wc) 01/23375 PCT/USOO 2d500 Exanple 7: Preparation of
1- (3-fl uoro-4-nethyl phenyl am no)-4-(4- pyrldyl methyl)-isoquinoline / CH3
HV F [N /woNt2B® procedure used for the preparati on oPCEHusNpPéses 4 was
used to prepare the title 5 conpound by substituting
3-fl uor o-4- net hyl ppihdipe #0r pie anjel | nQa { ' : Gyt d4)
534 (d 31y 7 cblEC, 1O PhepiRGE o | B-SHoRLE Ry iptien ok a <l
2.22 (s. 3H) PyNgylmethyhAdsqawiosBine: TLC (1:4 v/v hexane-ethyl acetate) Rr=
0.20. Exanple 8. Preparation_ of o4 (4-chlorophenylam no) 7-(4- 10
pyri dyl met hoxy)t hi eno-[ 2, 3-d (i dazine CCRH C ~ ] S CO2H Step 1: Adry, 2
L, 3-necked, round-bottoned A2 was equi pped with a nmechanical stirrer
and addition funnel. To t fl ask was added 2-thi ophenecarboxylic acid (25
g, 195 mmol) in anhydrets = (500 nlL) under argon. The m xture was cool ed
to 15 78 Cwith a dr - Lsopropanol bath and allowed to stir for 30 mn.
n-Butyllithiumin HexanesY(2.5 M 172 nlL) was added dropw se over 30 m n.
The reaction was kept at -7¥ C for an additional hour with stirring then

l

pl aced under an atnosphere df dry carbon dioxide. Wth addition of the
carbon di oxi de the reaction sedtne thick. The reaction renmained at -78 C
for an additional mng to - C. .The reaction was, 20
quenched with 2 %%cf' g‘%%ﬁ?f\"’%ﬁ‘apﬁg 7’8?/9&5’%%5@%159 RS ﬂé’fﬁpéﬂ???%“%r e
separ at edSandompduad by sebatititing \Befluona4-nestityltaniine domi-ichlofdafifine (Bstep 300'HF.) . The
organi c | aye SZPP? A ( ﬁ'bd C t tary
evaporation.%efgro]v{m"sd?‘lp ’”\?vlél %@gssl?g’lzf%ég ’ r{?lmqﬁg’?ﬂlids%pﬁgpﬁg ‘and

dri ed over ni §R2 (3, 3dk MSES 3hIMEED|; AL (14 Wphexane-etylacetate)RArX30. i ¢ aci d was

obtained (27.3g, 159 mmol; 82%yield); IHNVWR (DVSO-d6) 25 7.69 (d, J=1.5,
1), 7.38 (d, J = 4.8, 1); ES M5 (MrH)4= 173; TLC (Chl orof orm MeOH water,

6:4:1); Rr=- 0.74xamplern 083233 Premacationso0/ 9f55004-(4-chlorophenylamino)-7-(4-
10  pyridylmethoxy)thieno-[2,3-d]pyridazine
CO,H
0
37 ™Cco,H

Step 1: A dry, 2 L, 3-necked, round-bottomed flask was equipped with a

mechanical stitrer and addition funnel. To the flask was added 2-thiophenecarboxylic acid

(25 g, 195 mmol) in anhydrous THF (500 mL) under argon. The mixture was cooled to —

15 78 °C with a dry ice-isopropanol bath and allowed to stir for 30 min. n-Butyllithium in

Hexanes (2.5 M, 172 mL) was added dropwise over 30 min. The reaction was kept at —78

°C for an additional hour with stirring then placed under an atmosphere of dry carbon

dioxide. With addition of the carbon dioxide the reaction became thick. The reaction

remained at 78 °C for an additional hour before warming to —10 °C. The reaction was

20  quenched with 2 N HCI (213 mL) and allowed to reach rt. The layers were separated and

the aqueous layer was extracted with EtOAc (3 x 200 mL). The organic layers were

combined, (_ltied (Na,SOy) and concentrated by rotary evaporation. The brown solid was

crystallized from hot isopropanol and dried overnight under vacuum. Desired thiophene-

2,3-dicarboxylic acid was obtained (27.3g, 159 mmol; 82% yield); "H NMR (DMSO-dy)

25 7.69(d,/=15,1),7.38 (d, J=4.38, 1); ES MS (M+H)*= 173; TLC (Chloroform-MeOH-
water, 6:4:1); R= 0.74,
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Step A: Alternatively, 3-thiophenecarboxylic acid rather than 2-

t hi ophenecar boxylic acid has been used in step 1 to yield the sanme product.
Co2Me Sa(WRPNE233Btep 2: A 1L, round-bottoned flask was ®GUUBKEESMI th a stir
bar and reflux 5 condenser. To the flask was added the product of step 1 -

(62 g, 360 mol )Sth§ MCH (afdfhatively, V4 tflophefidthfbb¥§HicC ?%i?ug%th%f G4o(-5

mL). The reaction eated to reflux and stirred e reaction
was cool ed thipphenegargoxsdicaeid hashegpused imstep bieayield theisame prodect. br own ni xture
was purified by silica gel chr@gﬁgography (Hexane- Et OAc 80: 20 gradient to
60:40). Desired di nethyl tprgphene-2, 3-di carboxyl ate was obtained (21.2 &
106 mmol; 10 31%yield); ' DVSO-d6) 7.93 (d, J 4.8, 1), 7.35 (d, J=
4.8, 1), 3.8 (d, J=1, 6); ES (M+H) += 201; TLC (Hexane- Et QAc, 70:30);
R= g. 48. 0 NE $§§ 2:%?@&0&&%&8&%&1@’ whciq??pédﬁw&ﬁ afktaStkarvaﬁ Rfli gped
-with a stir r_an ef] yx condenser. .To t.he s added t r oduct
of step (‘fg‘%&,‘sefs ‘hﬁ?ﬁldf ‘P{V&Q&#ﬁ%?@%‘“ﬁ@&%r‘ég&.%m&g@v‘ﬁﬁﬁ ($00 and
EtOH (77 nL)nLabwdthraeéaltam&daxﬁmrnt af H,30, (Fb enlt)eargliénlfmcﬁoﬁ@ae %g&tgditot fgﬂﬁiﬁ aAd\d
concent r at ed. of ary..evapor ati on. er was added and t

filtrate waglrg%;férr%%'d]ﬁf B%Y%ew‘fsn“é’@l\é\g%? Q”&‘gl"f’ ."af?fimgtﬁ%éwgmp%e&h%as |
concent r at ebrobm mixttewys puified bytsilica gelochgimaography! (Bleyamk/BIOAS 80:20 grabiat sol i d
was dried i MAC VE£N rni gh 0 _C..Desired .

hi enol 2, 3- B AP TS ifecnfl (e, Bhcamibmytote 1% gblihrd 2 2 06

yi el d); 10H BINRy{eBYSE NBIR (DMSO) 7.93 (d, $=14.8,1),,7.35.(d2/ £ 4.8, ), 3.85d,U/=1)6); ES M5
( M+H) +=169; el t - IVE 605.40) « -~ 0.58. C | N NC
Step 4: Pr egg@@%ﬁtf QP%@%&%ACA%%’W!&‘%%UM bottomed fl ask was

equi pped with a stir bar and r@flux condenser. To the flask was added the
product of step 3 25 (2.5 g« mol )., phosphorus oxychloride (45 nL, 481
mml ), and pyridine (4.57 gg nmmol ) and refluxed for 2.5 h. The
reaction was cooled to it &n red over ice. The mxture was separated
and the aqueous |ayer was extracted with chloroform (4 x 75 m.). 51

Step 3: A 250mL, round-bottomed flask was equipped with a stir bar and

reflux condenser. To the flask was added the product of step 2 (16 g, 80 mmol), hydrazine

15  hydrate (6.6 mL, 213 mmol), and EtOH (77 mL) and refluxed for 2.5 h. The reaction was

cooled to rt and concentrated by rotary evaporation. Water (50 mL) was added and the

filtrate was separated from the insoluble solids. The aqueous layer was concentrated by

rotary evaporation to give a pale yellow solid. The solid was dried in a vacuum oven

overnight at 50 °C. Desired tlﬁeno[Z,S-d]pyridazin—4,7—dione was obtained (12 g, 71

20 mmol; 89% yield); '"H NMR (DMSO-d¢) 7.85 (d, J = 5.1, 1), 7.42 (d, J = 5.1, 1); ES MS
(M+H)"= 169; TLC (dichloromethane-MeOH, 60:40); R¢=0.58.

Cl
/7 N
S /N

c

Step 4: Preparation of Intermediate B: A 250 mL, round-bottomed flask was

equipped with a stir bar and reflux condenser. To the flask was added the product of step 3

25 (2.5 g, 14.8 mmol), phosphorus oxychloride (45 mL, 481 mmol), and pyridine (4.57 mL,
55 mmol) and refluxed for 2.5 h. The reaction was cooled to rt and poured over icé. The

mixture was separated and the aqueous layer was extracted with chloroform (4 x 75 mL).
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WO 01/ 23375 PCT/ USO0/ 26500 The organic | ayers were conbined, dried (Na2SO4)

and concentrated by rotary evaporation to give a dark yellow solid.

Desi red 4, Wwoorisszr ot hi eno[ 2, 3-dl pyri dazi ne (I nternedi atRETRISNZAS® g, 7.3

mmol ; 49%yield); np = 260-263 C, 'H NWR (DIVSOdG) 8.55 (d, J=5.7, 1)

7.80 (d, J= ’ Mﬂﬂ, 3&6@; tEd 6% fotary

0.56. See ﬁ’gﬁ%é’}lﬁc}ﬁ’?&@ee o el ddo A ST 5 st L s
C(:-N Cl temsis axlarinyelioy seLd PG%W@ %@xﬁ}amt#mpraékdlma@aﬁ(Iﬁfﬁgaedmt% Ba stir

?67“ 63”8, ref'g%ﬁ@%{bﬁ%fy gmsgﬁ L) neb?sﬂfé, ﬁqugﬂ@mdo@@%gdg §tvef) 4
The ni xt ure TBG(d; &5 Sk ddt BOMSIAMIH)AN206] TLST Genpee<ROAe, T3 Rit 856d See om t he
reaction ftﬁ I?‘{"B%g‘;gﬁu% St(',‘ lﬁﬁ%ﬁ")%ﬁﬁ*ﬁ? rt and the solid was

col | ecte exane. The desired 7-chloro-4-(4-
chl orophenyl am no) t hi enof 2, 3- dI p ine was obtained (6.5 g, 21.9 mol;
60% vyield); np= 139-142 C, ES %@ﬁ—b: 297; TLC (Hexane- EtQAc, 60:40);
Rf=0.48. CI HN N SiN O NN tep 6: A 150 ni, round bottoned flask

was equi pped with a stir b reflux condenser. To the flask was added
t he product of step 5 (O. , It1 mmol), 4- pyridylcarbinol (1.2 g, 11.2
mml) in DBU (2.5 nL, 16.7 Nand the mixture was heated to 125 C for

24 hours. EtOAc (10 nL) was adged to the reaction while hot and then the
20 aqueous | ayer SeRsSoh AsthELe e opfested ey Wil 4 80 Bl K, o
wer e conbi neendendéri elo (they Ba¥k) wandddednihe rirsdutiedf bgp r%(‘bﬁ@ggsapanmbl),om The
resulting m urevva ied b e L Qnat ogr

(di chl or onet SRR 2k ?}?18?/’5@%{ dé’gg)‘g (L{h v:‘r}%"ﬁgf"g‘o“%def%\k'ﬁ i d.
The desi tkd ¢mngeeohxbprpmpmtbdvfﬂm thi reaictivechfie03 ﬂBle re@etid8 waodgledto30andithd d) ;

52 VIO 01/ 23378, PET! L1 RPRA0P 5.2 Qa2 e, ERud Bl Lg% TLC

(di chl or onethane-
chlorophenylammo)thxeno[z 3-djpyridazine was obtained (6.5 g, 21.9 mmol; 60% yield);

mp= 139-142 °C; ES MS (M+H)*= 297; TLC (Hexane- EtOAc, 60:40); R¢= 0.48.

oy
HN

at
S < N
O
z
o
N
15 Step 6: A 150 mL, round-bottomed flask was equipped with a stir bar and reflux

condenser. To the flask was added the product of step 5 (0.33 g, 1.1 mmol), 4-
pyridylearbinol (1.2 g, 11.2 mmol) in DBU (2.5 mL, 16.7 mmol) and the mixture was
heated to 125 °C for 24 hours. EtOAc (10 mL) was added to the reaction while hot and
then the reaction was poured into water (10 mL). The layers were separated and the
20 aqueous layer was extracted with EtOAc (3 x 10 mL). The organic layers were combined,
dried (MgSO,) and concentrated by rotary evaporation. The resulting mixture was purified
by silica gel chromatography (dichloromethane-methanol-acetone, 90:5:5) to give a pale
yellow solid. The desired title compound was obtained (0.03 g, 0.08 mmol; 7.3% yield);
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95:2.5:2.5); Rf= 0.56. Exanple 9: Preparation of

4- (4-chl orophenyl am no)-7-(4- 5 pyridyl met hoxy)furo[ 2, 3-d] pyri dazi ne CO2H
12 (/0 GOM/ESEp 1: n-Butyllithium (2.5Min hexanes, PO®US0/263091 rmol )
was introduced into a dry 3 L 3-necked flask fitted with an addition .
funnel, arg ° &1 d with
dry THE (5000mEA 208 G ks B8 NS (DR 565 o1.C HflofSnklrhembiitndtybbiey 1
was added a85:3.6120) Rev 0.56. THE (500 nl) dropwi se. The mixture was stirred

for 1.5 h, at which point dry carbon di oxi de was bubbl ed t hrough the
reaction mxture for 1 h. After warm ng gradually to -10 C, the resultant
thick white sl urExample tr&at ed Rueparatiomuecownf HC 4-@zchigropligylamino)fTréd-t wo

| ayers re s layer was extracted with Et OAc (3 X
300 rrL)V\g @%ﬁt‘?ﬂ@%’gﬁgéﬁ% dpyridage > (Na2SO#), 15 filtered, and
concentr at ed to afford crude $@Han 2, 3-di carboxylic aci d as an orange solid
(44 g) which was used wt pq further purification. 'H.NWR (300 Mz,
d6-acetone) S 7.06 (d J ﬁ’Qzl-ﬂ.) 7 97 (d J = 1 7, 1), 10.7 (bs, 2H);
TLC (CHC13/ MeOH H20O 6: 4 W}i O CO2Me Step 2: A dry 500
m_ round bot t omedeR fpaRu @%&?ﬁ%’dhﬁ‘%‘ﬁs é9§m11s4%1a¥m‘89d"aﬁﬁm°éﬂﬁﬁ§ﬁmpnl et.

The flask wagry3BBGRekewladk fitha vathdditiog dnsl] ! &g bt ia0d %Ieelihnieaiﬁiﬁeﬁ)

di ssolved in MeOH (250 nL). To the reaction m xture was ad

chl or ot r i meThgmixtyrg was dilwied yith deysFHEN0)mloand eorled do-784C: érﬁl@nq acid @9 at

room te’ﬂ@eré @%$§5wﬁéadie&‘as dofffioR ?ﬁk‘(ﬁdd%ﬂL)’@?jp@?@oﬁ{Ezﬁi &dfé’ rﬁédo' | and
silica (5 g] was a m Xt ure was suspen I n McOH , and
the vol ati | &5 lydh étwblﬁbveatdrssgbehémﬁewaswdt wlﬁhereamrm@r?&mvm of

‘the volatilgg werm& ?ﬂd@dﬂeﬁgd 0 *C R rebiian! thitk S hﬁI@ﬁrrr%F‘a'é'

applied directly to I'ash chr omat ogr ap um and was el uted

hexanes/ Et Crgneg: HOl &Z(N.y%é |nd~)d|'IMttW9 layetsrveare ma@dcmddbﬁqu@ layerayasor ange
oil (38 g, 0 CDClS)
8 3.81 (s. g’?"aggds th( is:‘“%%e& R “‘f‘é{ P &%ﬁe@m'}%&% ap"‘{eg %"‘%”
TLC ( heXanefheed)yand Goncsatyated to-affprdi erude Suwe? 3dicaderdicheil acaOrREEolid0 NH
(44 g) which was used without further purification. '"H NMR (300 MHz, ds-acetone) &
7.06 (d,J=1.7, 1), 7.97 (d, J = 1.7, 1), 10.7 (bs, 2H);TLC (CHCly/MeOH/HO 6:4:1) Re
=(.56.

002Me

dCOZ'Me

20 o
Step 2: A dry 500 mL round bottomed flask was equipped with a stir bar and an

argon inlet. The flask was charged with the crude diacid prepared in Step 1 (44 g)
dissolved in MeOH (250 mL). To the reaction mixture was added chlorotrimethylsilane
(80 mL, 630 mmol) portionwise, After stirring at room temperature for 15.5 h, the

25  solution was concentrated to an oil and silica (5 g) was added. The mixture was
suspended in MeOH (100 mL), and the volatiles were removed. Suspension in MeOH
(100 mL) and the removal of the volatiles was repeated an additional two times. The
residue was applied directly to the top of a flash chromatography column and was eluted
hexanes/EtOAc 60:40 to yield dimethyl furan-2,3-dicarboxylate as an orange oil (38 g, 93

30 % for Step 1 and Step 2 combined). "H NMR (300 MHz, CDCl;) & 3.81 (s, 3), 3.86 (5, 3),
6.71 (d,J=2.8,1),7.46 (d, J= 2.8, 1); TLC (hexanes/EtOAc 60:40) R¢= 0.46.
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O NH O Step 3: A 500 nL round bottoned flask fitted with an argon inlet, a
reflux condenser, and a stir bar was charged w th dinethyl

f uran- 2, 3- divoambaszy| ate (44 g, 236 mmol) dissol ved i n EpGriugeaacsonl) .
Hydrazi ne hydrate (55 % N2H4, 40 ni, 3.0 mmol) 5 was added to the sol ution,
and the reaction mxture was wggmed to reflux. A vyellow solid slowy

preci pitated over the course offf 5.5 h, at which point the m xture was
cooled to roomtenperaturey | endol atiles were renoved under reduced
pressure to furnish a yello sHe which was suspended in water and
filtered. The yellow solid was vashed with water and transferred to a 500
mL round bottonmed flask fitted@ith an argon inlet, a reflux 10 condenser,

and a stir bar. ThepsnlA G00asL Susdchiehed Tladd faed svitiGh( 2n 208, Alefwand the
the orange slurry was

m xture was warped to.reflux. After heating for 4 h,

cooled to rSB?f{gf?sgﬁﬁ@? AtSHF Eara"ﬁﬁ PIEEE .d""?%@’?%\ai"a' \79&%“%}%1%@%4‘! Bot¥ughl y
with water amdncflj dliMlvedUSildEﬁOHégGg D)t Hy&ﬂﬁﬁ/gdhédé%te qu%h,&oo&f),,ts.@gi{%dgﬁ?éi ng
as an orange_so . T , - . OC , J=
2.1, 1), .1évaf6‘¥dde9£?2‘§?iﬁl‘%i$’z ?E‘f.{%”f%"??“%@g“@swﬁ“ﬁl %ﬂNﬁgﬂﬁlﬁEsﬁ%p 4:
Preparati on sbwhnprecipiemtidadver thie oburke bf 535U dt kbichqvad thd Adlureaas thdleee Wi th
a reflux cong%nsl

[ stif bar., and an argon inlet, The furan from Step 3
(15.5 g, 102™%ht "3'“&%?‘ Q@agﬁ‘a@sswaemvafw%mm@mgﬁsmw Wde (300
trrL) apld pyr EA ?a' mmiaﬂw_asm;%endaddnh:hmm?sﬂlﬂetean_ _m@yalageonﬁ@mhh t'hear\m%?;sa@?r med
o reflux. ! n re on I X or ne vo il es
wer e renmoved &;{I?Ig' °§%§“gfy‘a%gr‘%z‘?i’%‘}?a_%?h%m?@?%ﬁt%dv%@ A Aiee "g?ftﬁrf' , and
the aquedls rondenser anthasstizban At ealidwassusPrieed in ahusoud HT1E@EY, 200 iy, andmzi ned
or gani cs wer g Wirh ] ' . ncentrated to,  afford
4, 7-di chl or o?&@ﬁ?‘?ur op?/dr %d??ﬁ%egﬁeﬁg%%g’?g%wo ﬁgﬁﬁﬁ&y 58’ %ot]%isman
orange-red 5P ¥mpire@re adsfiltesedd Thietshbidiwas washied thavonghlyl wish water and Gied
(hexanes/ Et Ofgder = 47 I - . 29072 40 J=
2.0,1), 8.63 d,%‘iﬁ%%?ﬁ%ﬁﬂ Eﬁz‘fx 3%@%7 ﬁggff%%ﬂ%”c?éﬁ\‘f %)‘I a

| ~N/ IN O'HNMR(300 MHz, ds-DMS0) 8 7.00 (d,/=2.1, 1), 8.19 (d, /= 2.1, 1H), 1 1.7 (bs, 2H).

(D

Cl
a N
e} =N
15 Ci

Step 4: Preparation of Intermediate C: A 1 L round bottomed flask was fitted

with a reflux condenser, a stir bar, and an argon inlet. The furan from Step 3 (15.5 g, 102
mmol) was added to a mixture of phosphorous oxychloride (300 mL) and pyridine (30

mL), and the resultant orange suspension was warmed to reflux. Aflter heating the

20  reaction mixture for 4 h, the volatiles were removed by rotary evaporation. The residue

was poured onto ice, and the aqueous mixtore was extracted with CHCl; (4 x 250 mL).

The combined organics were washed with brine, dried (MgSO4) and concentrated to

afford 4,7-dichloro[2,3-dJfuropyridazine (Intermediate C, 11.3 g, 59 %) as an orange-red

solid which was used without further purification. TLC (hexanes/EtOAc) Ry=0.352; 'H
25 NMR (300 MHz, d-DMSO0) 8 7.40 (4, /= 2.0, 1), 8.63 (d, /= 2.0, 1).
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Cl HN\ | G A B Step 5 A 100 nL round bottonmed flask fitted wwth a stir
bar, an argon inlet, and a reflux condenser was charged with the product
of Step 4 WQOBB3E 7.98 mol) dissolved in ethanol (40Pﬁ!1}1800(3ﬁ$"0r0anlllne
was added to this mxture (1.02 g, 7.98 mmol), and the 5 resultant
suspensi on was warnmed to reflux.gAfter heating for 4 h, the m xture was
concentrated by rotary eva i on. The crude orange solid was applied to
the top of a flash col ugg-ase eluted with 81—|ZCI 2/ MeOH 97:3 to afford a

m xture of 4-chloro-7-[ 4- chl orophenyl ) am no] [ 2, 3-d] furopyri dazi ne and
7-chl oro-4-[ N-(4-chl oopneny! ) am no] - N uropyridazine as a yell ow
powder (1.2 g, 55 9 .Y NCH2Cl 2/ MeOH NRf = 10 0.7;'H NWVR (300 MHz,
d6-DVMBO) S mmaj or isomer (A 2), 7.45 (d, J= 2.0, 1), 7.87
(d, J =9.2, 2), 8.34 (dC .0, 1) 9. 62 > . mnor isoner (B) 7.28 (d,
J= 2.0, 1), 7.40 (d, J 2), 7.87 (d,\@\%z, 2), 8.48 (d, J = 2.1,
1), 9.88 (s, 1). d HNN CI iNN O\ Step ©. 125 nmL round bottonmed
flask was fitted with an argon inlet, a stir bar, 15 and a refl ux
condenser. The product ofAstep 5 (400 my, 1. LBmTD|) was conbined with 4-

pyri dyl car bi nol Swggamooﬁnﬂ%um&m%ﬂ'ﬁaskfﬁted‘wﬂﬁwﬁﬁlﬂ{ 6n Micundge- 7- ene

"I@

OOII
©onN-

2.5 nL 16. and the ter Stll’l’ln for
b2 "the r oo fonkiser WeLhied ANt St 4 (050 i SEspme dpsatyesldn -

col urm, andethriol ¢4 MLy, hCﬁIb’ib%ﬁﬁW&-h%d o) thlsTrhﬁcnﬁ3§Ub2 81198 fintoDWaRi theWVas

rechroma ogra hed under the sane .cond t|o Lel%t‘rg ﬁg title conpound

as part apt gysenston; was. wamnsdig r}ﬂpﬁ%g‘ 119 8n HECREES WA

\S\:Ih-ISCI\l/ HZP é@oxﬂ&ltgt?edd:ya-btarj G‘V&i'@rl@ﬁ@i mmwmdmmha hwiak @; pmﬁnoumio sfan. off
ite soli C

NMVR (300 Mﬂ?“q‘ cBubup g sy é@é‘&%ﬁ%ﬂe‘%ﬁ%&ﬁ’@f" 8*112""88“’( o 6

(d, J =2.1, cigropiniBamind][28-difusopPidazifie 38nd  7-cHIBro4+{N-6)- phlé’roﬁlﬁenﬂ)amxﬂo]z 2.1,
1) 8.54 (d,
4) 7-di br f)rm %T@?uc{? ]? ur op%siarls |1§§p ?Pg?rgf\%g%g ?Z n’i‘f..bv(%ﬁéch/Meo}[ 97:3); Re=

0.7; "H NMR (300 MHz, d-DMSO) 3 major isomer (A) 7.40 (d, J= 8.9, 2), 7.45 (d, J =
2.0, 1), 7.87 (4, J = 9.2, 2), 8.34 (d, J = 2.0, 1) 9.62 (s, 1); minor isomer (B) 7.28 (d, J=
2.0,1),7.40 (d, J=8.9, 2), 7.87 (d, J=9.2, 2), 8.48 (d, /= 2.1, 1), 9.88 (s, 1).

oy
HN

Step 6: A 25 mL round bottomed flask was fitted with an argon inlet, a stir bar,

15 and areflux condenser. The pfoduct of step 5 (400 mg, 1.4 mmol) was combined with 4-
pyridylcarbinol (782 mg, 7.17 mmol) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (2.5 mL

16.7 mmol), and the slurry was warmed to 125 °C., After stirring for 24, the reaction was

- cooled, applied directly to the top of a flash column, and eluted with CH,Cl;/MeOH 95:5.

The resultant yellow oil was rechromatographed under the same conditions to yield the

20 title compound as part of a mixture of three components. HPLC separation (Cjs column
CH3;CN/H0 10:90 gradient to 100:0) furnished the title compound as an off white solid

(13.7 mg, 3 %). TLC (CH,Cl,/MeOH 95:5) = 0.19; MP 198 °C; '"H NMR (300 MHz,
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G below) is used to prepared the title compound by follow ng step 5 but
substituting the 5 dibronp intermediate for the dichloro internediate.
Step 6A i s wamastzed by nelting the two conponents toget perusmnise presence
of CsCOX rat her than |, 8- diazabicycl o[ 5.4.0]undec-7-ene. The crude product

P, SR Ah RSS2y e Gar TR 8L 8 986 G |1

0 hat The geﬁd;h]Sﬂ(chédmﬁez) of exanple 9, steps 2 to 4 are used by

bstituti t heg ri tero car ic acid f
?ﬂrgnl- Z?S[Sigcar bo @B&%‘REEF%AF R@?"é‘?ﬂd 769 F%Oﬁif%fapm ﬁBtBW‘?dH’é% nes D
to G found i 1G bdlew)ieused tb plepared Hhmtledoﬂnpmﬁfbyrfawﬁmgiaep ﬁbuﬁuhﬂﬁutﬁgawr ed

using ste fromex 9 th uc sfep.4'

to 0g509 3. %ﬁ’%"% k ﬂber‘ﬁ%‘?ff”@?m?g’@% %%R/&f’tsA %ﬂ‘é‘iﬁ‘cgﬁbﬁ é"] mml)
of phosphor u;‘.quertbmbamnisdetoge‘ﬂters xwasthdne@gee&cbg &2&§C04Atraabﬂuﬁhagliggﬁct h_(la_h
reaction m x h e-solidifie e reache e
reaction m x%ﬂér&ag) %ig[%‘g?ﬁg%@;h 4 ‘f"&?ﬁ&'ﬂ‘? &/&iabé’mshed up and dunped
into ice water. Iitermediatdst ilhctosol | d Puegarhtien dfi otler ebicpelid vScfud-3j64 ed.

wt . =0. 75¢g (8%?& p L'q}mraé n 20 several cases the dichloropyridazines are
known nateria Soinarcat ed by the given reference. Al of these

di hal oheterocycl es carPbe used to prepare thehacl ai ned i nventi on conpounds.
TABLE CI Was prepar} d ording to nethodglo Robba M; DN

Bull. Soc. Chi m Fr. ‘,r2 966~ 1385 138% 1 VRY \SN(DIVBOdG) 9.94 (s, 1);
ES M5 (MHH) += 207 \@F’ HV\&S prepared: | NDIVBO d6) 8.85 (s, 1); ES E
[I'N M5 (NgH) +=189 "N H ClL 56 WD 01/ 23375 | USO0/ 26500

The general procedures of example 9, steps 2 to 4 are used by substituting
the appropriate heterocycledicarboxylic acid for furan-2,3-dicarboxylic acid to yield the
substituted  dichloropyridazines D to G found in the below table. The
dibromofuropyridazine G was prepared using steps 2-3 from example 9 and then

15  conducting step 4° as follows: to 0.50g (3.287 mmol) of the product of step 3 was added
2.83g (6.57 mmol) of phosphorus pentabromide. This was heated to 125 °C. At about
115 °C the reaction mixture melted and then re-solidified before it reached 125 °C. The
reaction mixture was cooled and the solid residue was crushed up and dumped into ice
water. The resulting solid was then filtered and vacuum dried. wt.=0.75g (82% yield). In
20  several cases the dichloropyridazines are known materials, as indicated by the given
reference. All of these dihaloheterocycles can be used to prepare the claimed invention

compounds.
TABLE
cl Was prepared according to methods off Robba,M.;
D </N ] \r;; Bull.Soc.Chim.Fr.; 263, 1966, 1385-1387 1H NMR
s—~gN (DMSO0-d6) 9.94 (s, 1); ES MS (M+H)+= 207
Cl
cl Was prepared: 1H NMR (DMSO0-d6) 8.85 (s, 1); ES |
E </N ' SN MS (M+H)+= 189
N =N
H
Ci
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Cl Can be prepared using the nethods of.
Bull . Soc. Chim Fr.; 1967, 42204235 N C
chl ori de) WGM23T§ Br

Robba, M, et.al; FS. ' N
Br TLC Rf 0.76 (5/%vEOH net hyl ene
Internmedi ate H Preparation of PCT/US00/26500

(2- net hyl am nocar bonyl - 4- pyri dyI)rret hanol 002Et CozEt H IN IN N 0 Step
1: A stirrpd—sotuttqmof " H Bidg 4R me FRbbD a5
concentratped sul furi rret hylformam de (2.0 L)
“was cool ed/Fto 6C wi 1BHHSP‘F€W“‘(E!) 1§97f43%%43§épt ahydrate (22.8 g,
0.0812 nmole, mlled ar and pestle) was added, followed by the
dropwi se afdition of 5 hydrogen peroxide (56 nL, 0.492 nole).
The additipns of irdg ate and hydrogen peroxi de were repeated
four addit|onal ting p TLER0i76n ($%eMESHmethydenschldridet 10 bell ow
22C. After] the react|i was stirred for thirty mnutes, sodijum
citrate splution (2 $ added (pH of the resulting m xture was
about 5). [The m xtur cted with dichloronethane (I L, 2 x |500
m.). The cpnbi ned or|gani CB,extra ts were washed with water (2 x 500 ), 5%
aqueous sobi-um-bicad sul ting

organi c solution was then dried over SOdI umsul fate, fil tered and 15
concentrated i n methediate B Tl’ﬁépirﬂuﬂdﬂ(ﬁ-meﬂkmamimdﬂ'bsﬁlhebymnhfemmat ed
wi th hexanes, filtered, hed with h_exala%%|t and dried under vacuumto give

270.35 g (79.2% of pastel 6§/ellow sol i d. NVR (DMSO-d6, 300 MHz): b 8.9
(d, 1H, 8.3 (m 'lH) B.md—l—hl)ﬁ—»A@;ﬁ@—b, 2.8 (d, 3H), 1.3
I H

(t,
3H). CO2Et OH NNl N N N OO Inter
o

Step 1: A stirred solution of ethyl isonicotinate (250 mL, 1.64 mole) and
5  concentrated sulfuric acid (92 mL, 1.64 mole) in N-methylformamide (2.0 L) was cooled -
to 6°C with an ice bath. Iron (II) sulfate heptahydrate (22.8 g, 0.0812 mole, milled with a
mortar and pestle) was added, followed by the dropwise addition of 30% aqueous
hydrogen peroxide (56 mL, 0.492 mole). The additions of iron (II) sulfate and hydrogen
peroxide were repeated four additional times, while the reaction temperature was kept
10 below 22°C. After the reaction mixture was stirred for thirty minutes, sodium citrate
solution (2 L, 1 M) was added (pH of the resulting mixture was about 5). The mixture was
extracted with dichloromethane (1L, 2 x 500 mL). The combined organic extracts were
washed with water (2 x 500 mL), 5% aqueous sodium bicarbonate (3 x 100 mL), and brine
(500 mL). The resulting organic solution was then dried over sodium sulfate, filtered and
15 concentrated in vacuo to afford a solid. The crude solid was triturated with hexanes,
filtered, washed with hexanes and dried under vacuum to give 270.35 g (79.2%) of pastel

yellow solid. 'H NMR (DMSO-ds, 300 MHz): 5 8.9 (d, 1H), 8.3 (m, 1H), 8.0 (dd, 1H),

4.4 (g, 2H), 2.8 (d, 3H), 1.3 (¢, 3H).

CO,Et
Intermedlate H

g —
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57 WD 01/ 23375 PCT/ US00/ 26500 Step 2: To a mechanically stirred slurry of
the product of step 1 (51.60 g, 0.248 nole) in EtOH (1.3 L) was added

sodi um bor oWpdMR3sEs (18.7 g, 0.495 nole). The reaction nPREUSS268006 stirred
at rt for 18 hr. The resulting solution was quenched carefully with

sat ur at ed aqueouss@mo%w%&m%&mplsﬁ&wﬁm%me p@aacteo\fqteytv @heygso.opser ved
during 5 quenching. The resulting basified cone. anmoni um

hydr oxi de soI“E&l?)d'hthfﬁf}@ H\yastagd?g.qodaug borqhy()w!; @ 3\% & @ﬁ%@@lﬁbmfmﬁm OAc (8
x 400 nl). ThexmRWiseitted o GFH B hrdYRieSeWRing séﬁxh@:ﬁwﬁ%&@éﬂ ehh negh and

concentrated in vacuo to give Internedi ate as a clear eI | ow oi |
(36. 69, 89% yhturated aquqquwmmcbydgo lgtide (Zm—}z)Gassevslumn (wgs og guirg (dd,
1H), 7.995( mquéd’&lm 7Tﬂt3re§dﬁmg]1h9xtur§w§§bz(sfﬁed Htﬂ)conc‘laﬁ{%oﬁ% hy@lg) gihbsolugorﬁl (d,
3H); Ms mz 167 +. I nternedi at es N. Cener al

Pr epar ati on d?ool’EDGNPHSTIBStIF was M&W%&ém&bﬁﬁmﬁmﬁ%m ﬁﬁ? m@ned

| nt er medi at e%rgﬁﬂ éi@dr?edlﬁwésdb OBIt&EBAAnd Noﬁ\é%t?a?ed BE NABRE to fg%é ex 0
13 15 To a.0 C solution of the am ne 2 ui % benzene i s added

trinmethyl altfFmsdisie s aga glegy lishtyellow; ol (&@ans?é erl‘%\@’[%v@hﬂsﬁ’edﬁr Wt i on
s then allo t f 0 t I 0

ISynth A \t«%) 8’8"@(@,‘114) 85§ (&PQH‘i 7'49(9@1}1} '}148 6:&;'1@%) 5‘53&{1 ﬁ&%ofthlgsz
12, 989) IWhéH%ﬁdec%i)Hﬂﬁ@Vzw([M%Huu v, Hadri, A. E 20 Leclerc, G

Het erocyclic Chem 1993, 30, 631) is added to the al um num reagent and the

mxture is heated to reflux for | h. The reaction is (ibenched W th water and
concentrated. Thintermediates, 1qte-tNi 5 (enerel Methed 1 farg Byeparption: -0fg-Mol um

chr omat ogr aprsnbﬁamamﬂmom%ﬁm@mm titrb@2amegpound 3. The final

products are generally confirned M5 and NI\/R spectroscopy. Exanple

Amine 2 Used Char #Oteri zation ,ﬁjw@rrpound@ | o (MH)-223 H N ~- Rf= 0.17
(100% Et OAc) J / (MiH) 181 H- Q
X — 2 .
' PO CH,Al, ' N NR!R?
benzene, reflux Po)
1 3
15

To a 0 °C solution of the amine 2 (3 equiv) in benzene is added trimethyl

aluminum (3 equiv). Gas evolution is observed and the reaction is then allowed to warm

to rt and stir for 1 h. (Lipton, MLF. et al. Org. Synth. Coll. Vol. 6, 1988, 492 or Levin, J.I.

et al. Synth. Comm., 1982, 12, 989). The known carbinol 1 (1 equiv, Hadri, A. E,;

20  Leclerc, G. Heterocyclic Chem, 1993, 30, 631) is added to the aluminum reagent and the
mixture is heated to reflux for 1h. The reaction is quenched with water and concentrated.

The crude product is usually purified by silica gel column chromatography (20/1
EtOAc/MeOH) to afford title compound 3. The final products are generally confirmed by

LC/MS and NMR spectroscopy.
[ Example Amine 2 Used Characterization of Compound 3
i % (MTH) 223
/ R,=0.17 (100% EtOAc)
| o VMEE)” 181
\ Ry=0.2 (9:1 EtOAc/MeOH)
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Rf= 0.2 (9:1 Et OAc/ MeOH) 58 WD 01/23375 PCTI US00/ 26500 K ~ (MH 224 H NV
Rf = 0 14 (1:1 EtOAc/CH2C12) L H-Na (MtH) 193 Rf (0.58 100% Et QAc) M
HN,,~, , OTEGOVEBEY 311 H Rf= 0.34 (3/2 Et OAc/ Hex) N H- RCTHS02¢5M0) 181 H
Rf = 0 46 (100% Et CAc) * CH2C12 is used as the solvent rather than benzene
Exanpl e 10[ Prgparagi on of 41(4 Chijor opneny iR 24 - 1ocar bonyl -

pyri dyl met hoxy)t hi eno- [H-N8+ dN~pyr i dazi ne CI OfN I NH2 5 0 A
25 nlL, 3-ngecked, round-bottdgnmed fl gsk Rz Bhﬂ lplﬁ%c(ﬁffﬂb& stir bar and

t her mronet e o the TIaSIé gvas added tnhe pr Y0193 B (0.475 g, 1.29
mol ), iroph sulfatfe heptal ate ([0.179 g, 64 ol rfram de (11.15
m., 281 mmpl) and clonc. H2SO4 (0. 14 rrL)Rf ﬁ’rés h90% & %s stirred for 30
mn at rt AT Vg Ch | pd drop wise to
the mixturp. The reacth stirred at roomte rature for hn addi tional
hour and then heated to 55 ¢ over 30 nifr=0F ? xept at this
tenperaturg TON 3 N and [ ofed to Tt on of sodium
citrate (0}j27M 1 jm) \'K’aé a g@ t he reactlon and subsequently the

| ayers wer g separatfed and the aque us |Ray«9r4%2° eﬁ%‘%ﬁ?t ed With EtOAC (4 X
Sni). The organi T I ayCR,CNSk Gscdasihic 361vent concentrated

ent Pethe at De
by rotary evaporation. The resulting solid was taken up in hot acetone and
separated fromany remaining solids by filtration. The filtrate was then

concentrated by E ¥ 18 Pespanitiof of o @-dhildtop Ryl dnifl6)-7-@SarflindcaiBonylak €N Up
I n hot MeOH ay t e |te @&I&d \Aﬁls collected by filtration. Desired

cormpound (. B¥®
iep
HN

A 25 mL, 3-necked, round-bottomed flask was equipped with a stir bar and
thermometer. To the flask was added the product of Example 8 (0.475 g, 1.29 mmol), iron
sulfate heptahydrate (0.179 g, 0.64 mmol), formamide (11.15 mL, 281 mmol) and conc.
H;S804 (0.14 mL). The mixture was stirred for 30 min at 1t at which time H,0; (0.2 mL,
6.44 mmol) was added drop wise to the mixture. The reaction stirred at room temperature
for an additional hour and then heated to 55 °C over 30 min. The reaction was kept at this

10

temperature for 3 h and then cooled to rt. An aqueous solution of sodium citrate (0.27M, 1
mL) was added to the reaction and subsequently the layers were separated and the aqueous
layer was extracted with EtOAc (4 x SmL). The organic layers were combined, dried
{MgS0y4) and concentrated by rotary evaporation. The resulting solid was taken up in hot
acetone and separated from any remaining solids by filtration. The filtrate was then

15

concentrated by rotary evaporation and the resulting residue was taken up in hot MeOH
and the white solid was collected by filtration. Desired compound (.014 g, 0.034 mmol;
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WO 01/ 23375 PCT/ USO0 6500 2. 7% vyield); nmp= 233 C; ES M5 (M+H) += 412; TLC
(di chl or onet hane- net hanol - acetone, 95:2.5:2.5); Rf = 0.20. Exanple 11:
Pr epar at i orwob#3{s4- chl or ophenyl am no)-7-(2- 5 PCT/US00/26500

met hyl am nocar bonyl - 4- pyri dyl net hoxy) t hi eno- 12, 3-d] pyridazine / C HN N

e4dN S ONN . 0. The oged S or e, pr r.ation, of e 10
was used to g&g'gg}egd)’t = ?-{:ﬂ eé’cggg%g n@gﬂ'b TSL?BQT Fg’ﬁf r‘ﬁﬁ&?fﬁ?‘@?qcﬂ?%w{ie for
formam de: 1bktehdu® SSENSESYRY=. 200 (d, 1), 8.62 (d,1), 8.31 (d, 1), 8.09 (d,
2), 7.86 (d, 2), 7.65 (d, 1), 7.3 5 (d, 2), 5.74 (s, 2), 10 2.84 (d, 3);
ES M5 (M+tH) += 426 (ES); Rf (95/2.5/2.5 DCM MeOH Acetone) = 0.469. Exanpl e
12: Preparation Ofxaindlé- Chh 'OphPﬂK bii0) - 41 ( 2- 317 sy = g

pyri dyl methyl )i soqui noljne PT O H Lﬁg},ﬂq ﬁgz: m%%#ﬁgﬁ%%%@g%ar(e used
for the prepatethylaminegarbonyi-Apyrigpimethoxythigne-B2,3dlpyridezingre title conpound
by substituting the product of_egpnple 4 for the product of exanple S. The
crude product was purified reparative TLC plate (1:4 v/v hexane et hyl
acetate, 19 % yield) of g | e conmpound as a yellow solid. 'H NWR
(MeOHd4) 8.42 (d, IH), 8B4 (d, | H, 7.94 (s, 111), 7.88 (s, 1H), 7.55
to 7.76 (m SH), 7.26 SB6 (m 3H), 4.34 (s, 2H); 20 MS ES 389 (MtH) +;
TLC (1:4 v/v hexane-et¥ etate) Rf= 0.44. 60 WD 01/ 23375 PCT/ USOQ 26500
Exanpl e 13: Preparation ofi 1-(4-chl orophenyl am no)-4-(2

met hyl am nocar bonyl - 4- pyridyl net hyl )i soqui nol i ne Cl
4
SN NHCH;
o

The procedure used for the preparation of Example 10 was used to prepare the title
compound by substituting methylformamide for formamide: 1H NMR (DMSO-d6) 8.80
(4, 1), 8.62 (4,1), 831 (4, 1), 8.09 (d, 2), 7.86 (4, 2), 7.65 (4, 1), 7.35 (d, 2), 5.74 (s, 2),
10 2.84(d, 3); ES MS (M+H)+= 426 (ES); R¢ (95/2.5/2.5 DCM/MeOH/Acetone)= 0.469.

Example 12: Preparation of 1-(4-chlorophenylamino)-4-(2-aminocarbonyl-4-
pyridylmethyl)isoquinoline

Cl
HNQ
~N
7 o
l N NH,
=N
15 The procedure used for the preparation of Example 10 was used to prepare the title

compound by substituting the product of example 4 for the product of example 8. The

crude product was purified by preparative TLC plate (1:4 v/v hexane-ethyl acetate, 19 %

yield) of the title compound as a yellow solid. 'H-NMR (MeOH-dy) 8.42 (d, 1H), 8.34 (d,

tH), 7.94 (s, 1H), 7.88 (s, 1H), 7.55 to 7.76 (m, SH), 7.26 to 7.36 (m, 3H), 4.34 (s, 2H);
20  MS ES 389 (M+H)"; TLC (1:4 v/v hexane-ethyl acetate) Ry = 0.44.



HN N I~ O NHCH3 N The procedure used for the preparation of Exanple 11 was
used to prepare the title 5 conpound by substituting the product of
exanpl e 4 W&MRHES pr oduct of Exanple 8. The crude prodRAT/HAR2658) | fi ed by
col utm chr omat ogr aphy (2: 3 v/v hexane-ethyl acetate, 20 %yield) of the -
title corrpound aExampr | ovt3sol i dPreparafieR ( MeOH d1-Y4-Chlébphenyldino)-4-(33 (d,
1H), 788( to 7.36 (m 3H), 4.34 (s,
2H) 2.89 (s, et%gl)!&' %@Mqﬂ%’:}-‘yi—%@'{'@% v/ v hexane-et hyl acetate)

= 0.30. 10 Exanples 14 and_15C Preparation of '
4 (4-chl orophenyl am no) - 7- (
nct hyl am nocar bonyl - 4-pyri d t hoxy) furo-f2, 3-d] pyri dazi ne and 4-(4-
chl or ophenyl am no) - 2- netHN/l am nocar bonyl -7-(2-net hyl am nocar bonyl -
pyri dyhnet hoxy)fu ro- \L pyridazine C € HNHN | NHCHNO | O~NO
--N OO0 KN NHCH3 k 15 0 0 To a suspension of the final product
fromExanple 9 (19. 20 4 mmgl) in N nmethyl fonnam de (200 ni) and
distilled water (20 nL) atl{_ rogm jlenperature was added concentrated H2SO
(2.9 m., 54.4 mol) dropw S§. e NHGHsure was stirred until it becane a
clear solution. To thi s sol was added FeSO4 7H20 (1 51 g, 5.43 mol)

in 20 one portio ol | .owed he addtlo qrox ne- O-sul foni c
acid (HOSA, 1.84 p’°‘i"é‘“‘§ ‘?65 °?ﬁeé’af£ P 1 2’8?&?? A Wer e
r epeat ed5i n chfpodnd. by| substituting she frbduct pf\iﬁnﬁﬂd 23& fthe Bﬁ]ﬁéﬂ&ﬂ@xﬁﬁﬁﬁ@ f’DlIie 11
tines. HPLC nn rt| n The
reaction m X \ﬁgg&o\%\%%uhggd ﬁfﬁé n"icclg gagﬁagﬂﬁkz ﬂ'%—%ﬁég %,q trate
(600 ni, |M% Y@Im_omheitl)le vempaidd esia mwsohdg&immwﬁmgs ATb 1HE883% i ng
suspensi on \gS el 4 88 8! 2H), 7.55 to 7.77 (m, SH), 7.28 to 7.36 (m, 3H), 4.34 (s, 2H), 2.89 (s,

3H); MS ES 403 (M+H)"; TLC (2:3 v/v hexane-ethyl acetate) Ry = 0.30.

10
Examples 14 and 15: Preparation of 4-(4-chlo'rophenylamino)-7—(2-
mecthylaminocarbonyl-4-pyridylmethoxy)fure-[2,3-d}pyridazine and 4-(4-
chlorophenylamino)- 2-methylaminocarbonyl =7-(2-methylaminocarbonyl-4-
pyridylmethoxy)fure-[2,3-d]pyridazine
HN | | HN
a HiCHN, _ /N
=N N
O o (o] &
o} 6)
] 4
\N _NHCH;3 \N NHCH3
15 (0] : (0]

To a suspension of the final product from Example 9 (19.20 g, 54.4 mmol) in N-
meﬂiylformamide (200 mL) and distilled water (20 mL) at room temperature was added
concentrated H,SO4 (2.9 mL, 54.4 mmol) dropwise. The mixture was stirred until it
became a clear solution. To this solution was added FeSO47H;0 (1.51 g, 5.43 mmol) in

20 one portion, followed by the addition of hydroxylamine-O;squonié acid (HOSA, 1.84 g,
16.3 mmol). The additions of FeSO47H,0 and HOSA were repéated in 10 min. intervals
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vigorously for additional 10 min. The solid was collected by filtration,
washed with water 5 (3x100 nlL), and dried under vacuum at 50C for 16 hours.
The crude wooums?s(21 g) was purified by filtering thr ®¢FUSHFW| ca gel
pad eluting with 5% CH3OH CH2CO 2. The resulting 3.7 g product was

re::lr ys: aljl 13 zﬁfl llutrtxnﬁtdSQ-Ime?aﬁsﬁkdshbﬁidhﬂﬁ t15n hﬁ’lﬂié&i staﬁiggdmaagd[d THRS
Vacuum - at - SAGRPRIYEEgs PSRN 1 e Py doftftion of s et (608 mt, 1RE

(4t g 4| chl or megﬂﬂhloﬁmvﬁwm% (ulfideitGJrl]gorous snmng The resulting Suspensmn was stu-fed o

e am nocar bon [l ne, azl n 1S.a |1

yel | gw sol i d¥ 13?’3“‘%8&5 ac%tymg A0 m‘ﬁpwgé’;g Eélect}g\ghgﬂ;qa Pg%?ﬂé‘f‘ﬂ’v%f’éerg
Ibsolrgéﬁgts ?2 %ﬂﬂmﬁa Oralgigﬁigauﬁaéﬂvﬁ@umk smvamflldhrgxﬁééln@cmﬁb odﬁ&tmcg)um of the
yp

met hyl ar ni no%ﬁﬁgn’\)' Wmné ﬁiﬁf‘é?‘g +‘§"‘S “ﬂ‘?‘pilg @i‘ﬂlﬂél ‘ﬁa The
characteri zefisxbem rdWELwa?sDe AéRlliRH eI (E3aLy boifed fanms Msurs)l HHIVR
(. Th 8 ﬂ% m%;teaéygﬁpae wﬂ%fﬁ{ Ca %15, dn i e s 75°°
(br s, 2H, & 8§b°<(:d,fox6H)6 Mgl Z 484 Mki)prod&xa(m(&mhe@mmﬁm.(pn of

4-(4-ch|m?¢]ophe | am n

met hyl ant hoc%fB PR}PO‘?‘%J‘?‘ﬂ'é’?WFé?’ﬁWY}fWPJZ’f?]leIﬁl(fz}‘ﬂg yellpyosolids > 1

, Cl° HN HN3KSH, 152%)Y mph 223-294tC.N OH 0~1 i N N CI - N NO 0

(10°0 5. 357 mmgh e Sibipfucivat gt oo ofove’ Eﬁﬁ%ﬁﬁ%& BB oun- 6

(0.42 g, 1.5@rumrd pf ithe thybrocdues @I%Motﬂp)lenm:mddédnbﬁ}ihrpmmdﬁmnym 23, 85%
Shen heat d °t9%‘§m?19?‘%%8‘£é¥m3?ﬁ5%?°02@%4 Pkl R SRR b 190

stirred ¥5 goXBiRs2D NivIR; ¢lerserttad aypedysis( atrdeMSyéIvagh(DMm-TdeBOOMHxass 982@@red to

O STPSL 5 s saR AL oSI98 5, G380 e

1H), 7.35 (m, 2H), 5.76 (br s, 2H), 2.81 (d, 6H). MS m/z 467 [M+H]".

Example 14A: Preparation of 4-(4-chlorophenylamino)-7-(2-
20 methylaminocarbonyl-4-pyridylmcthoxy)furo-[2,3-d]pyridazine — Process 2

Cl Cl
KOH, 18-crown-6 N
N toluene fIJ
)
=N =N / N
Cl [ O
lnlermedlate H

To a mixture of the Intermediate from Example 9, step 5 (10.0 g, 35.7 mumol),

25 Intermediate H (12.4 g, 74.6 mmol), and 18-crown-6 (0.42 g, 1.59 mmol) in toluene (100
mL) was added KOH powder (4.4 g, 85%, 66.7 mmol) in one portion at room
temperature. The reaction mixture was then heated to 85 + 2 °C under vigorous stirring.

The reaction mixture was stirred vigorously at this temperature overnight. After it was
cooled to room temperature, toluene solution was decanted off and water (100 mL) was
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added to the gumy residue. The resulting m xture was stirred vigorously
until it becane a free flow ng suspension. The solids were collected by
filtrati orWORHEHE] with water (2 x 10 niL), and dried uREEUSWREINMmM at 45 C
for 16 hours. The yell ow brown solids were suspended in acetonitrile (70 -
) | a th t he added Rehe h@lﬂ?ﬂﬂrésidi{ei Mhe esalting Mitars ufale Etir?echggbgﬁus%y'ilmﬁf &?ec&ﬁe was ed
cooled to r erat ur ids . ilLrati washe
W th sral | S5k APVBE SSlospon. 15306 g 4ieFef By HERNGE aihec iy Ve

over ni ght . Thaly); andedried undercracyins af 407G fasd 6 hourss Ehgi yellowbewrssoljils werea | i ght
yel | ow sol i duspddde®hnadtdithife (76 mEI0RdnAl th® BusPénsion was stitred at reflux for 2 hours.

4- (4-chl @rophenyl am nao) = 7- ( 2- am nocar banyl =.4- .

oyt 1 dy | Bt RS oS- <pod o et (pSeRte) B scid e coected by itrafign, wagled 1y
procedur e uddl small amountmfapetenitrile; and frigdundpt vacoum ahi 45 £€ odlernightorHsditls t he
title 15 cogmuadvapygom&siﬁ45%2,15119(@@?'%9@,@@1[0%&3; hyl f onmam de. The
reaction was conducted with 500 ng ot final product from Exanple 9 and
proportional anobunts of solvents and reagents. The crude product was
purified by HPLC on a 75x30 mnmm CI'S columm and a |inear gradient elution
from 10 100 ER@fpRCEIANI Prdphfation V6it 4-(Acklbrdphdiflarniniol7 (R afisRbitongrd-d at 10
nJm n. overT&F n, t %Wi;(g!] %o‘iﬁ %g of (t he tdibtlg%&corrp?)ulrgd as a 20 yel |l ow

sol i d: HPLCPYHEYmetho 28:0By9zine, (1) C18 columm, |inear gradient 10 to
100% acetonitrile in water with 0.1% gxi f¢tiuoroacetic acid at 3 ml/mn. over
5 mn., W detection at 254 nm 2.?@/& peak; M5 ES 396 (MrH)+. Exanple
"17: Preparation of 4-(4-chlorophempy-a 0) - 7- (benzot hi azol - 6- 25

yl am no) t hi eno[ 2, 3-d] pyri dazi ne 63 WD 01/ 23375 PCT/ US00/ 26500 ~, CI HN N
ell NHN LLL a2t
o~ N
o}
]
\N NHZ -
O

The procedure used for the preparation of Example 14 was used to prepare the title
15 compound by substituting Formamide for N-methylformamide. The reaction was
conducted with 500 mg of final product from Example 9 and proportional amounts of
solvents and reagents. The crudé product was purified by HPLC on a 75x30 mm C18
column and a linear gradient elution from 10 to 100% acetonitrile in water with 0.1%
trifluoroacetic acid at 10 ml/min. over 10 min. to yield 18 mg of the title compound as a
20  yellow solid: HPLC (50x4.6 mm YMC CombiScreen® C18 column, linear gradient 10 to
100% acetonitrile in water with 0.1% trifluoroacetic acid at 3 ml/min. over 5 min., UV -
detection at 254 nm) 2.35 min. peak; MS ES 396 (M+H)".

Example 17: Preparation of 4-(4-chlorophenylamino)-7-(benzothiazol-6-
25 ylamino)thieno[2,3-d]pyridazine
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To the dichloride fromExanple 8, step 4 (1.00 g, 4.90 mml) was addedp-
chloroaniline (622 ng, 4.90 mol) and absol ute ethyl al cohol (10.0 nL). The
m xture waWor@2sa3xed at 95 C for 2 hrs and then cool ed poOT/USOR%S00
tenperature. The yellow 5 precipitate (2) that forned was filtered and
washed wi th isopropyl alcohol 44 N KOH  H20 and then hexane. The
filtrate (2) was then m xed (6-gm nobenzot hi azole (883 ng, 5.88 mmol) in 10
mL of n-butanol, and heatgd- & ~”150 C overni ght. The reaction was allowed
to cool to roomtenperaturg before the solvent was renoved by rotary
evaporation. The resid treated sequentially with aqueous 4.0 N KOH
solution and 10 extrac ;\Ih di chl oronet hane (50 nL), dried (MgSO), and
t he sol vent evaporated.”™ Th crude product was purified by flash

chromat ography on silica ‘g By 95% di chi or onet hane/ net hanol as the

el uent. The structure of thg eptitle corrpound was confirnmed by LC/ M5
and NVR. TLC (30% Et OAc/ Hexangs) NRf (3) = 0.20; 'H NWVR (DVBO) S 7.2 (dd,

3H), 7.38 (dd, 3H), 7T65hdd1ch16ridh)ﬁon85ﬂxdp€b8 a:bb4(ﬁomg§4(9rd,mxﬂ<kﬂ)wa&daedﬁ 1H);

I ndan. 5yl amtRBPEIE(6PS Bian 20 SPme o syt aeeet 5100 by The ikt v

LN N HN S @@4 releQedT&e%)POQBﬂGrI&s uﬁ@daeh%okhleo RbGHR Arerite Of THEX MBS 17
was used % B ound by substituting 5-am noi ndane for
il

|
4- chi or oa QSE&PE\B 5 6"@6 tergd and Washed weth isopropylalephely A .aphy on

silica gel usiizcn,gana@&alenehade TRt fihrRé mwmﬂsn&a%-aﬁmsa{zomme %ésrsqﬁ%ur e of
t he puretltlégsmm ound was confirnmed 4 WD 01/ 2337.5

PCT/ US00/ 265 ’es’db)&lkt%azcb‘}b@khﬁe%}leqtqd a(téfo °Ccpvzw1gh( 37‘he 13a0tioR WANVEO) 3
2.0 (m 2H), alfow?d 1Mool 4b!) roorh Ingefhturd Hefored e GBlvent H)vas Zer{?oli'eé %X k‘%tﬁ& 8.10

d, 1 8.18 4. 43
i D ExarrpF‘@g"irQ“°nPr'I@ﬁé‘?s§1“;6‘f?sHPa‘ﬂi zesuqa&@bbmeﬂwﬁwmﬂ gafution and

pyri dyl meo howytabted witl didhidiopetafies0ReL) Rried GM2SOY), and the solvent evaporated. The
crude product was purified by flash chromatography on silica gel using 95%
dichloromethane/methanol as the eluent. The structure of the pure title compound was
confirmed by LC/MS and NMR: TLC (30% EtOAc/Hexanes) Ry (3) = 0.20; 'H NMR
(DMSO0) & 7.2 (dd, 3H), 7.38 (dd, 3H), 7.65 (d, 1H), 8.0 (d, 1H), 8.45 (d, 1H), 8.8 (s, 1H);

15 LC/MSm/z4101t=4.21 min.

Example 18: Preparation of 4-( indan-5-ylamino)-7-(benzothiazol-6-
ylamino)thieno-{2,3-d]pyridazine

/ | N
=N
20 The procedure used for the preparation of Example 17 was used to prepare the title

compound by substituting 5-aminoindane for 4-chloroaniline. The crude product was
purified by flash chromatography on silica gel using 30% ethyl acetate/hexane as the
eluent. The structure of the pure title compound was confirmed by LC/MS and NMR:
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IN OON 4,7-Dichloro[2,3-d]furopyridazine fromstep 4 of Exanple 9 (95
nmg, 0.50 mmol) and 5-bronoi ndoline (100 ng, 0.50 mvol) were refluxed in 60
m. of absdVAPHE2IT et hanol at 95 C for 2 hrs. The reacti BAT/HPH26508 was
allowed to cool to roomtenperature and the precipitate that forned was

filtered an ¢ i Elj‘ﬂg ane

and t hen dr?e %%%%@?@ gt?ngof 6230@?% Yo P r|ts§sjfirtd—t-%p%l-lgl’gﬂ8

350) and vvaéHlaﬂela (d,AHBS (d%)lﬂ),s"t%ddy\lﬂ)h&duﬂ (d, UHD,I8e¥8 (dutHY, BZ4d,i 2, 9.1 (d,
4-Pyridyl ca O | ) and sodi um hydride (60% 50 ny, 1.25
mol ) were gﬁ rre s%’? mq‘l‘éqn%nhydrous tetrahydrofuran at 0 C under
Argon for 20 nin. and then 44 of the above internediate (0.13 mmol) was

added. The react S sty tred or hrs e was
allowed to rise M%r atlﬁ'%peaqa%e m %Eure Cbro{nhrﬁlrdégﬁcggrlﬁ'g{ﬁot her
12 hrs and pyxidymiethomy)fuvef2,3-dlpyvidazinel under reduced pressure. The solid
that was obtained was di ssolveg.in 50 nL of dichloronmethane and washed
with K2CO3 solution 20 a he organic | ayer was separated, dried
(MgS™), and evapor at ed educed pressure. The crude product was
purified by preparative C(Rf = 0.3) on silica gel using

di chl or onet hane/ net ha :5) as the eluent.. The structure of the pure
title conmpound was c 'r,nbd by LC/ M5 and NVR: ' H NMVR (CDC13) S 3.20 (m
2H), 4.30 - 4.50 (m 5.60 (s, 2H), 6.9 - 8.0 (m 7 H), 8.60 (m 2H);
LC/MS (MHH) + 423 rt = 4. 49~ 25 mn. 65 WD 01/ 23375 PCT/ 000/ 26500 Exampl e
20: Preparation of 4-(4-methoxyphenyl am nd)-7-(2-nethyl am nocar bonyl -

4-pyridyl met hoxy)faro-[2, Ed)pyridazine | *OCH HNON O KkHN CHs O
To a suspension of 4,7-Di ro[2 3-d]furopyridazine fromstep 4 of Exanple
9 5 (400 ng, 2.12 rrrml v and -ani si di ne (p-MeOC6HANH2) 8260 ny,
2.12 nmmol , 1 4 7-b1chlor furopyn azine from step 4 of Example 9 (95 mg,

mmol) and 5-bromoindoline (100 mg, 0.50 mmol) werc refluxed in 60 mL of absolute
10 ethanol at 95 °C for 2 hrs. The reaction mixture was allowed to cool to room temperature
and the precipitate that formed was filtered and washed with isopropyl alcohol, 4.0 N
KOH, H;0, and hexane, and then dried. The intermediate of about 95% purity (it = 4.72,
(M+H)" 350) and was used in the next step without further purification. 4-Pyridylcarbinol
(28 mg, 0.26 mmol) and sodium hydride (60%, 50 mg, 1.25 mmol) were stirred in 20 mL
15 of anhydrous tetrahydrofuran at 0 °C under Argon for 20 min. and then 44 mg of the
above intermediate (0.13 mmol) was added. The reaction was stirred at 0 °C for 2 hrs and
the temperature was allowed to rise to room temperature. The mixture was stirred for
another 12 hrs and the solvent was evaporated under reduced pressure. The solid that was
obtained was dissolved in 50 mL of dichloromethane and washed with K,CO; solution
20 and H>O. The organic layer was separated, dried (MgSO,), and evaporated under reduced
pressure. The crude product was purified by preparative TLC (Rr = 0.3) on silica gel .
using dichloromethane/methanol (95:5) as the eluent. The structure of the pure title
compound was confirmed by LC/MS and NMR: 'HNMR (CDCl;) 6 3.20 (m, 2H), 4.30 ~
4.50 (m, 2H), 5.60 (s, 2H), 6.9 ~ 8.0 (m, 7 H), 8.60 (m, 2H); LC/MS (M+H)" 423 1t = 4.49

25 min.
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equiv) in DME (5 nL) was added water (1 nmL). The resulting solution was
heated at 50 C for 48 h. After cooling to rt, the brown precipitate was
renoved by WaGw2ason and the filtrate was concentrat edprcwvosmessaot o af ford
the crude product as a brown solid. Trituration of the brown solid with

CH2Cl 2 f ur ni . e i 4y o/ .
nmet hoxyphe nyﬁ%ﬁ%ﬁ%‘? 8§£:? %“%‘ﬁ)‘?é ﬁgﬁlgo)\% éﬁgt\i/}\ggm(%’ﬁ? 'ibr‘) %‘a by
LG/ M8 ~and N{eeyridy. M 2oY-dipyridadivg er nedi ate (292 ng, 1.06 mmi, 1
cqui v), (2- nothyl am nocarbonyl - 4-pyridyl)&et hanol (Internediate H 529. ny,
3.18 mml, 3 equiv) and 18-crown-6 ( . OB316 mmmol, 15 nol/u) in tol uene
(4 m.) was stirred at rt for 20 n R\//w@?(lm ng, 3.18 mmol, 3 equiv) was
t hen added and the reaction m xtur s 15 heated to 80 C for 36 h. After
cooling to it, water (10 nl) wagy and the mxture was stirred
vigorously until a fine white Sﬁ nsion was forned. The suspension was
filtered and washed with water ahd {i ethyl ether to provide 125 ng (29% of
the desired product as a light yelPew solid: (MH + 406; Rf= 0.50 (100%
Et OAc). 66 WD 01/23375 PCT/ USQ0/ 26500, Exanple 21: Preparation of

4- (4- met hoxyphenyl am no) - 7- (4-pyrid thq_%(y)fur o- [2,3-d]pyridazine / |

O'" CH3 HNNI N N ON The proc ed for the preparation of

Exanpl e 20 was used to prepare the tille SCE'@)npound by substituting

4- pyri dyl net hanol for (2-nmethyl am nocar b‘anyl -4 pyridyl)nmethanol. The pure
product was i sol afed shpensionoofed, Hichlvim{2,8w/]fardplydduzine dortnatep 4 ¥ ERmpid40; Rf =

2 20 SRR 3 AP0 050 . 212
pyri dyl met hofgoiy)ir BME (53mb) wes ddded- water (D1@k)3 The (resefinglsol@ich wasMeated at 50
°C for 48 h. After cooling to rt, the brown precipitate was removed by filtration and the

filtrate was concentrated in vacuo to afford the crude product as a brown solid. Trituration
of the brown splid with CH,Cl, fumnished 292 mg (50%) of the intermediate 4-(4-

10  methoxyphenylamino)-7chlorofuro-[2,3-dJpyridazine which was confirmed by LC/MS
and NMR. A suspension of this intermediate (292 mg, 1.06 mmol, 1 equiv), (2-
methylaminocarbonyl-4-pyridyl)methanol (Intermediate H, 529 mg, 3.18 mmol, 3 equiv)
and 18-crown-6 (42 mg, 0.16 mmol, 15 mol%) in toluene (4 mL) was stirred at 1t for 20
min. KOH (178 mg, 3.18 mmol, 3 equiv) was then added and the reaction mixture was

15 Theated to 80 °C for 36 h. After cooling to rt, water (10 mL) was added and the mixture
was stirred vigorously until a fine white suspension was formed. The suspension was
filtered and washed with water and diethyl ether to provide 125 mg (29%) of the desired
product as a light yellow solid: (M+H)"* 406; R,= 0.50 (100% EtOAc).
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O--Nl NH2 kO The procedure used for the preparation of Exanple 16 was
used to prepare the title conpound by substituting the product of Exanple
21 for thoV@MBEBESt from Exanple 9. The reaction was coRET/ESWE6WPth 250 ng
of the starting material and proportional anounts 15 of solvents and
reagents. Thfaraleda: (Freghitationas 4@ héthegyphenyiithinop7-(4-pyHidAthefiox@ire=0l umm
and a |ine adient, elution from 10 to 100% acetonitrile in water wth
0.1 % trifzt;‘g‘algﬁ'é’gﬁ“éeacid at 10 mM/mn. over 10 min. to yield 16 ng of

the title conmpound as a yellow gqlid; HPLC (50x4.6 nm YMC Conbi Screen(r)
C18 colum, |inear gradient loﬁv‘m%acetoni trile in water with 0.1%
trifluoroacetic acid at 3 nml jygri™x~0Over 5 mn., W 20 detection at 254 ran)
1.98 min. peak; M5 ES 392 (MtH) +. 67 WD 01/ 23375 PCT/ USOQ 26500 Exanpl es
23 - 80: Preparation of | tT&in Compounds by Methods A-1 A-2 and A-3 d
M NHM NH y/ NMNHz y/ig NH2 N ~X EtOH, 95 C, 10 11 3W X ' ~N n- BuOH;
150 C, CX N d 2 hrs. C1 10 Hrs. HNN. Q1 2 3 5 Method A -1; Equal

equi val ents of dichloride (1) d MNH2 are refluxed in the appropriate
amount of absol ute ethanol at Cfor 2 hrs. The reaction mxture is

allowed to cool to roomtenpdratjure and the precipitate (2) that forns is
filtered and washed sequentialyy w th isopropyl alcohol, 4.0 N KCOH, H20,

and hexane, and jhen dtied. .The filtrate_.2) i.s.then reacted w,th 1.2

i val ont " of " PiePRecruR e bt et RRopiS 20 WS et 1 Prapp GIEUG: 150 C
for 10 M8 s. cohippufikadsy osubstituting| edpyridylmealanbe mfar ai2+Hrethylxhinezaibbryl-4s o0l vent

i s evaporated. upder redyced pressure. .T si,due is treate i th _aqueous
40N RO et e PorB proaneles oiied FY paEshEmay £ g o) 'S0 00
is dried (MMVGEM) 349R}=DA(9615HEL/AMHORY ude product (3) is purified by
preparative thin layer chromatography (TLC) or flash chromatography on

silica gel using 15 dichl oronet hane/ net hanol (95:5) as the eluent. Final
product is Examfiplen3d: bPrepdyation afi dA-d4-nNtRxyphenylamine)tT-Craminoparbouyl-4b f

, Exanpl egg 2Bpirit?ﬁmeﬂiﬁxy)ﬂﬂ'g-[Z,§-'d%}rﬁﬁzﬁ@OW” in

jeme
HN

/7 N
o =N
0
/l
>
N NH»

o

The procedure used for the preparation of Example 16 was used to prepare the title
compound by substituting the product of Example 21 for the product from Example 9.
The reaction was conducted with 250 mg of the starting material and proportional amounts
15  of solvents and reagents. The crude product was purified by HPLC on a 75x30 mm C18
column and a linear gradient elution from 10 to 100% acetonitrile in water with 0.1%
trifluoroacetic acid at 10 ml/min. over 10 min. to yield 16 mg of the title compound as a
yellow solid: HPLC (50x4.6 mm YMC CombiScreen® C18 column, linear gradient 10 to
100% acetonitrile in water with 0.1% trifluoroacetic acid at 3 ml/min. over 5 min., UV

20 detection at 254 nm) 1.98 min. peak; MS ES 392 (M+H)".
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the bel ow table were prepared by nethod A-1. C1 MNH2 M NH -~y N 2.2
equiv. ,Y 11 )Wu X N n-BuOH, 150 C X N Cl1 10 hrs. HN, 1 4 M Method A-2:
One equi val B6t0138378li chl ori de (1) and 2.2 equival ent of 28CivusdResas e
refluxed in an appropriate anmount of n-butanol at 150 C for 10 hrs. The
reaction mxture is allowed to cool to roomtenperature and the precipitate

(4) that fornms ig filtered and washed sequentially with isopropyl alcohol,
4.0 N KOH, H20, ﬁa&a&a&:ﬂé’mm@w of IngentiorriGomponnds by Matheds A4),Ar2
purified by pmapasati ve TLC or flash chronmat ography on silica gel using

di chl or onet hanehnet hanol (95:5) as the eluent. Final 25 product is
confirnmed by LC M5 @Ed/or NVR. The invurﬁﬁ on conpounds of Exanp 26 - 33
and 75 as shown jn fhe belpw,tabl e were prepared WI met hod A- 2. WO

01/ 23375 PCT/ US 00 H vw N OMeH (3) 41 Y2 N tol
18-crown-6, X Chy55CN48poglokoH 8 Cl\3k h TR0 2 & VBt Hold & One
equi val ent of dichl dride (ijms.and one”equf val en cg{,h -NH2 are spgended in
DVE (0.3M and wateFlis added until a sdfution was formed. The r i on

m xture is heated #to 65 C for 48 h. After cooling to rt, the regulting

precipita s fi 1D wah 1. o, pheVGAe the |nternediate
pr oduct (t2533 whi chMleg{o?g% ilrsﬁle}ge y EW%@@%Q)MERXS a"fﬁ'g]lwé%c’&},‘e
i {1':1 er med: at e apprppriate émuuntrfflabq@b;;te' éthmdl( ?395 pC;qu&rIﬁs.iTle_reaEh@J‘ ngxu?gﬁhﬂdww th |
ot her sol ventgs. uspensi on. o equi v arbi no equjv), an
18- crown- 6 (&‘Swn@[‘go%?‘;jf‘? ﬁa’fpﬁfaﬁ'gﬁgg%mﬁgt%@ﬁaéég S ’tstél?‘%ﬁd g ‘Tc‘l]“rsh"d) KOH (3
i}gw v) i sI ot hmmﬂgwxiansbptdpyl glmt,mwmogt,mze), msl hexafieg dnd theff @ri€d. f The 24 h.
ter coolin . xture js.stirre
vi gor ousl y u(\rilitltli'ﬂ(Be gt) %suisﬁ%{eﬁeé?‘%‘ﬁ‘”?‘@ l?ﬁ%ﬁéﬁgm&%@%gﬁ@%ﬂpq% ?’P‘f"_tngf’%'& and
waz/hed WIthMWbalgdllﬁl qjdwm&rltmdnm&ﬁ&dﬁmi@dwmd t64?]om t&fpeﬁ?.&a?éfb&e thel C
and/ or. washi th other solvents is useq to.further pur i na
products in g&(;ln%n ésxea’ﬁ%’{lg{ un%ﬁrereﬁ'llﬁﬁglpreﬁ%u esresﬁvé 1§g§qtgdzgaﬂ B%’eﬁ‘@ Mand NVR
KOH solution and extracted with dichloromethane. The organic layer is dried (MgSO4)
and evaporated. The cmde product (3) is purified by preparative thin layer

chromatography (TLC) or flash chromatography on silica gel using

15  dichloromethane/methanol (95:5) as the eluent. Final product is confirmed by LC/MS
and/or NMR. The invention compounds of Examples 23 — 25, 48, and 76-80 as shown in
the below table were prepared by method A-1.

M,
Cl M-NH, NH
Y- .
</ Z f’; 2.2 equiv. . </Y z )
X n-BuOH; 150 °C, XN
Cl 10 hrs. HN.
1 4 M

Method A-2: One equivalent of dichloride (1) and 2.2 equivalent of
20 M-NH; are refluxed in an appropriate amount of n-butano! at 150 °C for 10 hrs. The
reaction mixture is allowed to cool to room temperature and the precipitate (4) that forms
is filtered and washed sequentially with isopropy! alcohol, 4.0 N KOH, H,0, and hexane,
and then dried. The crude product (4) is purified by preparative TLC or flash
chromatography on silica gel using dichloromethane/methanol (95:5) as the eluent. Final
25  product is confirmed by LC/MS and/or NMR. The invention compounds of Examples 26
—33 and 75 as shown in the below table were prepared by method A-2.
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spectroscopy. Final product is confirnmed by LG M5 and/or NVR. The invention
15 conmpounds of Exanples 34 - 47, 49-74, and 81 - 82D as shown in the bel ow
tabl e wer VOP/K233%r ed by nmet hod A-3. Conpounds that wer e PPTEPM2630 Dy

Parall el Methods A-1, A-2 or AA3 NHM /j N~N X HNO OQor Ex. # XY M\H
NHQ or OQ Method Characterization*,,23 S CHa A1 mz = 410 i _= 4.21 mn.'

NN 24 SCHI HNGA-1 z = 414 s) it = ¥H43 nin.' N 69 WO 01/ 2338
PCT/ US00/ 265 0 GuiNg, O A-1 $SEAH) - 423 Mgl @ 4- 49 nipa N ( N 26 S
CH ).4-NH a4 -2§+I:D._ADJ__N=;=£ HEN[C nt =2 mﬁn'mNer@ 7 & CH N HN
A-2 (MrH) 398 . | pideng®. 27m XA NH Nol, 88-28wri®, CH ~x X7 A2 (MrH)
417 s | rt=2.4¢1m Nassoc, 4gn Cl KOH, 80 °C, 36 h Osg

1 2 4

Method A-3: One equivalent of dichloride (1) and one equivalent of M-NH, are
suspended in DME (0.3M) and water is added until a solution was formed. The reaction
mixture is heated to 65 °C for 48 h. After cooling to rt, the resulting precipitate is filtered

5 and washed with DME to provide the intermediate product (2) which is confirmed by

LC/MS and NMR.. In some instances, intermediate (2) is further purified by preparative

TLC or washed with other solvents. A suspension of (2) (1 equiv), carbinol (3) (3 equiv),

and 18-crown-6 (10 mol %) in toluene (0.3M) is stirred at rt for 10 min. KOH (3 equiv) is

then added and the reaction mixture is heated to 80 °C for 24 h. After cooling to rt, water

10 is added and the mixture is stirred vigorously until a suspension is formed. The

suspension is filtered and washed with water to provide the desired product (4).

Preparative TLC and/or washing with other solvents is used to further purify final

products in some examples. The final products are assigned by LC/MS and NMR

spectroscopy. Final product is confirmed by LC/MS and/or NMR. The invention

15 compounds of Examples 34 - 47, 49-74, and 81 — 82D as shown in the below table were
prepared by method A-3.

Compounds that were Prepared by Parallel Methods A-1, A-2 or A-3

NHM

Y- \'.q

4
a0y

HNQ or
(88
MNH NHQ or OQ Method | Characterization*®

: A-1 | m/iz=410
rt=4.21 min.*

IS > AT [mz=412
iy D 1t = 4.43 min.

23

o |

g 1<
§

%
3
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N 29 0 CH 4-NH A-2 (M+H) 385
HN A-2 (M+H 383 |
1.62 min. WOORBIN HN-N 32 N N N A2 (MrH) 383 My HN PCT/ES0R2680 ni n. '

it =

IV N

I 1 it

1.83 mna NH NH 31 NNNNHHN A2 (MH 385

=1.75 mna NHN 4 N 30 O CH HN

it
S

NH NH 33 NN ~HNA—2(M+H417 raf rt = 2.47 min.'s 34 OCH H3e 0 A3
+H) 406 NH ¢NoNATRY T=off 100% ao Et WW—Q—I—aNH
~ "NH Rf=0.51(100% [V crs Et @ » WO 01¥®3375 PCT/ U500/ 5 OQH | o
A-3 (MrH) 428 g NH If NH [Rf 5‘, 100% Et QAc) 37 rO=@M9amn.VCN |A - 3
(MrH) 394 NH NH Rf 4 0. 57 (100% Et OAc) O CH Br MCN A-3 (M+H) (455
26 | S |CH N,N"NH i A2 [ (M+H) 401
@\ rt=2.01 min.?
NH N
HN-N
27 | S | CH - A2 | (M+H) 399
ﬁj rt=2.27 min.®
NH
=N
28 | 0 | CH J@ P A2 [ (M) 417
k. N\CE} 1t =247 min.*
29 | OICH N};‘~NH Hﬁ. A-2 [ (M+H) 385
@ ' Q rt=1.75 min.®
NH N
~ HN~N
30 [0 | CH = e A2 | (MFH) 383
ﬁ:( rt=1.83 min?®
NH NH
-~ =N
31 | N[ N N,, ~NH Hﬁf. A2 | (M+H) 385
\@ t = 1.62 min.®
Ny N
HN-N
32 | N | N W s A2 [ (M+H) 383
b\ rt = 1.88 min?
NH
=N
33 | N| N 3 - A2 | (MF) 417
%:@Lm B A
e K rt=2.47 min.
o eH| C,oO\ ¥ A3 | (M+H) 406
"N NN Ry = 0.50 (100%
2N CHy EtOAc)
35 ] O |CH /@\ £ A-3 | (M+H) 410
a w Y\C(KNH R, = 0.51 (100%
2N CHy EtOAc)
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NH Rf
(100%

CH2C12/ Et CAc)

= 0.56 (100%
N CH3 Et OAc)
CH3 Et CAC)WOAN23875CH | \ A-3 (MrH) 419 NH Rf

CH3 Et OAC)

42 O CH F30 A-3 (MrH) 444 NH NH Rf

39 0 CH H3 A-3 (MtH) 390 NH NH Rf
40 O CH A-3 (MrH) 390 H3c' v NH NH Rf
= 0. 12 (3: PCTRBEMM26300 CHg
= 0.60 (100%

=0

.53
= 0.68 (100% N

"N CH3

Et OAc) 43 O3 FerACHI (& 460 TINFy NH Rf="0. 37 A.gUWEt QAc)
44 0 CH H3| VCN |A- 3|+H) 44H NH R 0.48 (10Q% 0 |V ' CH3 EtOAb) 45
O CH g~ VEN A-3 (MtH) 447" B\ NH Rf -0 (140% NH BRe~ i néy00%p" o cH
A-3 (MrH) B61 N NH|Rf Q.38 (100% QNH Vi 308 Qdc) 71 MEOWR3375
PCT/ USOO 26500 | 4710 CH - 10 A-?(M 412 E NH fI\IHIQf = 43{_100(% "IN CH3
Et OAc) 48 D ¥H [E® A-CH (w+ 4 NH|Rf # 0. 37 (100% A3 [(M+H) 394
NH | = NH Rf = 0.57 (100%
hahed 1
#N  CHs EtOAc)
38 | O | CH Br\©\ 2 A A3 | (M+H) 455
NH CLC(“\,,H Ry = 0.56 (100%
! =N .CH3 EtOAC)
39 [0 |CH HSC\O\ 2 A3 | (M+H) 390
“NH ?\C(&W Ry = 0.53 (100%
. '. 2N CH, EtOAc)
30 |0 |CH ch ¥ A A-3 | (M+H)" 390
| io)(m Ry = 0.68 (100%
1 1
| #N  Chs EtOAc)
41 | O |[CH 1 ¥ A3 | (M+H) 419
g \Q o R,.= 012 (3:2
: Ly N CH CH,Cl,/EtOAC)
42 | 0 |CH Fac\Q o A3 | (M+H) 444
NH A NH Rf = 0.60 (100%
w L_n &y
% s EtOAc)
B/ [Oo[CH[ c’°\©\ "] A3 | (M+H)® 460
N N R, = 0.57 (100%
w—~ 1
_ N CHy EtOAc)
4 | O | CH s GpD\ £ o A-3 | (M+H)™ 440
c "NH B ,;“L, Rr = 0.43 (100%
' N CHy EtOAc)
45 |0 |[CcH OY o A3 | (MAH) 447
" C,NO kGiNH Ry = 0.07 (100%
NH 2N Chs EtOAc)
%6 | O |CH @ £ A3 | (MF+H) 461
"O N Ry = 0.38 (100%
W N CHg EtOAC)

~
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Et OAc)

A-3 (MrH) 406 HN '
406 HNJL oWOHB/28¥%5 Rf :
HV NH Rf = 0.37 (4:1 N CH3 Et QAc/ Hex).

4 OCHA3 (M 416 NH Rf
= 0.55 (100%
= 0.52 (100%

NH Rf

= 0.64 (100%

N CH3 Et OAc)

VCN CH3 Et CAc) 50 O CH H3C, o
N CH3 EtOAc) 51 O CHo A-3 (Ml. 1~

. 52 OpCriuSinAso (MHH) 420

53 0 CH c~ /10 A-3 (MrH) 444 HN O

100%
100%
I3 56

(4:1

NH Rf = 0. AT 0P TN B 00— 54O EHA—S3— () Lf‘df'nﬁl 7\
3CH3 VCN CH3 Et Opc).| 55 [0 CHf~J0 0 A 3 H @16 HN V r\:ﬁ%}ﬁ: ? 23 (
ai3 EtOAc). | 11V} 14 0 CH aF 00" 3 |( M+ aNH NH A = |[R/38 0r3n(100%+
OCHA 3 H3¢' 0 (MrH)| 3490 al NH R = 0.3 (95:%6 &N CH2Cl 2/0@@%) 72 WO
01/ 23375 PCTLUS0D/ 265500 | 57 O CH HOJ VN A-3 (M+H) 392 NH = 0.43
CH3 Et OAc/ C2é@B 2} O 58CH CI—|CH®-\3 MHH) 335 \ l§|>H\ Rf A=10.[3¥FE)T 394
“NH g Ry = 037 (100%
' EtOAc)
49 | O [ CH NV/©:> 2 A3 | (MHH) 416
| AN CHs BtOAC)
5 |0 |cH HBC,OD o A3 | (MFH) 406
M ' S I“IH Rf = (.55 (100%
' N CHs EtOAc)
51 O | CH /@\ }{O A-3 (M+H) 406
Hy "~ O N R = 0.52 (100%
' #N  CHg EtOAG).
52 |0 |CH m 2 o A3 | (MHH) 420
y” KC(‘LW R, = 037 (41
N CHs EtOAc/Hex).
53 @] CH /@Cl ?{0 A3 (M +H)1- 444
iy~ KGiNH ‘ R = 0.47 (100%
e N b EtOAc).
54 |0 | CH ; 2 A3 | (MFH) 404
' l@(ﬁ'ﬂﬂ R, = 0.49 (100%
nT oN  CHy EtOAG).
55 |0 | CH gn o A3 | (M+H) 416
ng/ C :// l R hH Rf = 0.23 (100%
' N CHs EtOAc).
14 | O |CH C‘D\ o S A3 | (M+HY 410
rt=2.38 min,
lg]:l l :N NHs 38 min
6 o [CH| c)o\©\ ¥ A3 | (M+H) 349
“NH S Ry = 03 (95:5
2N CH,C1,/CH;0H)




Et OAc/ CH2C12) 59 O CH VN A-3. (MrH) 376 NH NH Rf = 0.32 (4/1 CH3

Et OAc/ Hex) 60 O CH H3C~ 1-0 o A-3 (MtH) 420 H3Co (~ NH V,--N NH Rf = 0.43
(100% CH3 W@ @IR3$7S 61 O CH a A-3 (MtH) 466 -, C~ NH cJI REF/US003658% (100%
~ EtOAc). 62 OCHIl o A-3 (MtH) 447 HN N NH Rf = 0.11 (4:1 N CH3 ‘
Et OAc/ Hex)[ 553 Gy [- o VFH) [435: FWsS V-, -N NIAH‘WT}B}SWT%‘ CH3
EtOAc) 640 CH G |Q./] A3 w343 N OH rf = 1.[77 Mn b_g)so&g ,0 0
A-3 (MH) W18 R =|0.50 (100% M3 [Et 0AC w~N| 66 S B A PP h3a |
\ NHR = P.50|(100% NH '" CH3 Et QAc) 6 CHBE o A-3 [BIOAC/CHLTIL)NH A =
i NOAHR T3 WD .01/ 23375 _DPAT/LISOnN/ 2(1.S00 168 S (O o0
2.04 nin.b Q=3T3 %\6: PqRHUSCRL2( 635 (M+H),§A§§+N&H)406
NH S Ry = 037 (41
' 2N EtOAC/CH,Cl,)
59 | O | CH @ o A3 [ (M+H) 376
NH KOJLNH Rr = 032 (41
] 1
2N CHy EtOAc/Hex)
60 O | CH _Hg_c:©\ Yo o - A-3 (M+H)" 420
HiCug NH '\G)LNH R; = 0.43 (100%
[ 1 ’
sN  CHs EtOAc).
61 | O [CH 00 ” A-3 | (M+H)" 466
' 2N © EtOAc).
62 O |CH /@:5,)_ 2o o A-3 | (M+H) 447
HN . N I\ *H Rf = 0.11 (4:1
' | NN CHy EtOAc/Hex)
63°| O | CH /(:EN» "] A3 |[(M+H) 435
HN s Ny Ry = 0.35 (100%
' N CHs EtOAc)
64 | O | CH d@ ¥ A3 | (MFH) 383
NH N"oH rt=1.77 min.’
g~ LA
65 | O | CH . AT +H) 418
o o CE
R, = 0.50 (100%
[ ™ EtOAs
Ly N CHg )
66 | S | CH | % A3" | (MH) 434
(7w R = 0.50 (100%
[]
NH #N  CHg EtOAc)
w~
67 S | CH F\O ;‘{O A-3 (M+H) 410
NH e NH rt=2.04min.b
w I/N éHa
73




HOC NH NHrt = 2.36 min.b ~NCH3 69 S CH H3C }o o A-3 (MtH 422 NH NH rt =
2.31 min.b NCH3 70 S CHF3 %0 o A-3 (MtH) 476 CIONH VN NH rt = 2.72
mnb CH3 7WOI1EP7Fs o0 o A-3 (MrH} 460 | NH ~H rt = 2. 39CTWUSNA2650CH3 72 S
CHBo o A-3 (MrH) 472 NH:VWN NHrt = 2.53 min.b CH3 73 SCH/'o A3 (M
432 XINH NF B85 F&- 1T (CHS 748 CH<o—A-3T( %34 .

2.26 min.b [e~N H3 |75 9 CH ( MHH) HRt = 2.61 ni
CH Sr A-1 (WM+H} #55 | H \| rts¢="3. 48 nj na N7 $ CH A
= 4.05 ninalNH f{\ |NH S9N 74 WO 01/ 233R5:NPCHHsUS()O/ 26500

69 S | CH HgC’O\Q 2o o A3 T(MHHY 422
NH X CNH rt=2.31 min.®
N CHs

2

A3 | (M) 476

70 [ S | CH Fsﬁ’o\@ :
NH A NH =272 min.b

1
=N CHg

h
0

Q

A-3 | (M+H) 460

71 S { CH Fac\©\ o o
NH ' S NH t=2.39 min,b
: ’ 2N CHs
72 | S |CH Br\©\ o o A3 | (M+H) 472
v!,:li'l I S i“lH =253 min."
' ~N  CHs

73 1| S | CH <I>\ ; A-3 [ (M+H) 432
NH NN 1t =2.63 min.”

=N él'f;;

4
(ih

74 | S [ CH A3 | (M+H) 436
Ny NH 1t =2.26 min.’

=N éH3

+$Z
e %
2 (iéj
(o]

75 | S {CH N//\ s A-2 |[(M+H) 433

HNQ rt=2.61 min®
NH
i s N
76 S |CH Br\©\ i A-l (M+H)” 455
H _ . a
NH rt=3.43 min.
s
77 | S | CH (M+H)™ 432
rt = 4.05 min?

NH

o
>

74



78 S CH A1 (MrH) 404 NH HN |\
= 3.07 mn.'

I HN rt

NH MY

rt

= 3.08 mn.'

SAN 79 S CH F A-1 (M+H 408
SAN 80 S CH OCH3 A-1 +H) 466 H3CO 1 HN rt

2.86 nmin. 'WOPHBSSNH N 81 O CH A-3 (MrH) 424 NH o Rf 0. BET/USW36800 £t OAC) .

(100%
Et CAc)
Al

Nl HBC NCH3 82A OCHC, | A3 (MrH) 467 / NHRf = 0.19 (1:1 EtOAc/ CHIOH):
H3C, N -. NA7gH3S8RBHD ]
N EtOAc) [B82C @ CH|c, A-3 449 | /4N\NH eN H*~pH Rf Q%
82D OCH G A3 (M1) 424 Ty - 70 (100% HtT31Q8EPBAc)
conpounds fin tHis {abl ¢ can be+harlacteri by HPLC - plositive ion
el ectrospripay ngss $pecfroscopy (HPYC ES- ndifions as below). In
addi ti on spre df S
79 | S |[CH F o A-T [(M+H) 408
\©\ HN rt= 3.07 min.?
NH
i s N
80 | S | CH OCHj o A1 | (M+H) 466
”3C°)©\ HN 1t = 2.86 min.*
HaCO
s N
8T | O |CH Q\Q < A3 | (M+H) 424
o}
Ry = 0.38 (100%
“ EtOAc).
SNNC
HsC" NV CHy
82A | O | CH cn\©\ o A3 | (M+H) 467
NH R = 019 (1:1
' “ EtOAc/CH;0H).
X o]
N
H3C., ~_NH
N
CH3
82B |0 |[CH a\©\ o o A-3 | (M+H) 436
ﬁl:l | R NH Rf = (.78 (100%
' AN A EtOAc)
82C |0 [CH CI\Q £ o A-3" | (M+H) 440
NH S N ~-OH Ry = 0.35 (100%
| ' N EtOAc)
82D |0 |CH Cl\@ A A3 [(M+H) 424
NH I N NACHa Rf = (.70 (100%
_' N EtOAc)
* All compounds in this table can be characterized by HPLC - positive ion

electrospray mass spectroscopy (HPLC ES-MS, conditions as below). In addition some of
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75 WD 01/23375 PCT/ US00/ 26500 tife conmpounds were ciai acterized by TLC on
silica get plates and the Rf values and solvents are shown. PIPLC
retenti on tWow®s23sre gi ven for other exanples in this tabkex/wwo2dR C -

el ectrospray mass spectra (HPLC ES-M5) were obt ai ned using a

Hew ett - Pac 1100 HPLC ui th a guater, y punpp., a variable
wavel engt h ‘é’é‘ipBPn‘ga c"?’?’%"“g ¥ jfooqrﬂpg\a 8o c%‘FiJ%RfaY?éPeéaF‘ilnnl gan

LCQ i on tr apolv@fsare RB&. OARPLE rrctmﬁoh tinRds AFd éﬁé‘rpfoﬁ)éth'et)é‘iaﬁislds% thi§¥aBfét ent
Ato 95% B over mi_nut es. was on 't he HPLC Béjffer A

elution fro i%%

o o800 e slnclkbprad s SReEra LG oot pae dhtrined noing b alwlogaiprker

Acet oni tril al0@HPIBLhipsetcwith Qh&%&ﬁg puRE & vhdabliwavelagihRebcio, O~ 1200
r

to the nunmber "of ions in the

usi abl e | on time, acco
sour ce; BAn%F?J%té 28 4upy x5 mmcplupp, ﬁ@a?«Fiﬂ@S%IP(FQFP’\mm%SW%@FF&W% to the
HPLC ES- M5 elepes fﬁ?ﬁﬁmz’&ﬂé’n t bRdiemNdioh HRAS034 & to 59%B SvarmilteCRINISET €EN'

C18 col umm, Ilne@g‘% g‘f& Mlo to 100% aceton{trlle in water with 0.1 %
trifluoroac@Pithe o3 AV HETe Walse 2 YsAsRtenitrile gpd QR TH Ay Buffer Byas ;-

Thte p; OdutCt 9mt @whil tmeez%h,?tem%&mggpgm? uﬁweférgeamt sdﬂ&ngzw_lzoo amu
wat er/ acetonitril e nt w adde r,i oroaceti c agy C a e
trifluoroaclFBg8Y @%ﬁ%cli% %ﬁé"q%‘g‘?%tf’éheﬁyn@&& it soyreey H’%‘%ﬂr‘gaﬁﬁbduct
4ﬁ pyri dgl mmamlpealaaetmdne;atseahuvvaﬁm@s@dm gmg%-mmx fbachnAtﬂerat her
than an amine;...For p r at | robepzo

M tchel |, HORGHHS a5 g(ﬁg'% Wﬁg"fﬂ% @@is g’f‘“@?‘ﬂ #’ {b%l/?:ference
to nmake theabammﬂe'ﬁBSfathhOﬂe@uﬂhmmmammmmWasmmwmlﬁuoxﬂ. F.;
Pettifer,

Perkin.T. 9 lo o N ti"OIBS
20 The depr ot[ ec% r5“ri o?ﬂév\é’g%cg‘é’tccvfﬁf)lp"gﬁ P'nR?'#@Lonf’? o‘\/\n%ﬁg W%@F‘.”gﬁr ee
equiv of a wa@r/mmb(zkadienbwnbiddwﬁﬁlmmaﬁﬁ&mdmchdlskethcmﬂm@obtalb saith of

21 owed "o o Mofdy Spctidondt M Brdanh L burial e iR b A BAT Ly
extraction Wedhnmtepsg of mbedaﬁrrﬁllretbeIB@an a@meér &Tmrpmpmﬁombf Sswgud-234 | nes by
Met hod B-1 W'Mént aﬁ{s%&ﬁd@%ﬂaﬁqw Nf%rg “'Ch'em'\ﬁ%\ 59 682- Wl‘h 90 G

CsC(c)3i No SO
reference to make the known TBS protected alcohol intermediate is : Parsons, A. F.;

Pettifer, R. M. J.Chem. Soc. Perkin Trans. 1,1998, 651.

3’1‘0 O
| N N/\/OTBS

H

20 The deprotection of 2N was accomplished in the following
manner:

Three equiv of a 1.0 Molar solution of TBAF in THF was added to a solution of

the protected alcohol in THF (0.05Molar) at rt. The reaction mixture was allowed to stir

at rt for 1 h and was quenched with water followed by extraction with EtOAc.

25
Examples 83 - 92: Preparation of Isoquinolines by Method B-1
SH
M,
M"NH l S NH
~
M—NHZ AN N A
-—.——.———).
n-BuOH, 90 °C X 'l CsCOg; No Solvent; A !
36 hrs L 180 °C; 1 hr. 3
T I N
6 Ne 2 7
76

SUBSTITUTE SHEET {RULE 26)



Br 36 hrs Br 180 C1 hr. S5 6 7 ~,, 76 SUBSTI TUTE SHEET (RULE 26) WD
01123375 PCTI US00/ 26500 Method B-1: D bronoi soquinoline (5, 29 ng, 0.1
nmol ) ExariPet/2337step 1, and MNH2 (0.2 mmol) in 8-nlL viPEN/USMYESlcat ed in
1. nL of n-butanol at 90 C for 36 hrs. The m xture was cooled to room

tenperature and Nefhod B-YEDibrokisisoquiBRicABE20 Hde mh&ly BeRApILN S5t [ Sand
and. cesi um car bonate (67 50.2

4- Mer capt i 23 ,Oz.ﬁm)l . 1

nmol ; Cac?r gpé{iggél ?(g% (’ftq‘fg%‘i &mL v e""‘ﬂ;ea beatedsin L mLipf - bane] atl%fboccthggﬁ brs.hr  and

was  al | owetthd igeR! whsOcdddio RIGRE itipéfatire MRl Sd1véne wils) evifittaredidRgkrt O the
r

vial and the, m xture was soni catéad 28 10 mn and filtered. The nethanol
sol ution of FeARCEE PresPHrer ﬁi‘ﬁﬁ“éapt%% ipe(23a08 O mmeDand sesivp carbonatrat67 megiuced
pressur 35 T?e gmélmwdgga tdggledm.t gﬁ@ﬁixtﬁ&m;/]dsﬁ@lgd Evllw_d\@lglﬂﬂ}eanh%@nt i on g
conpounds o e - as sho n the el.ow tapl e were prepare
by ot nod BAlWedd i deom idmossasie. Bheshanel &y fios Raddeso the wiahd 87 MR
Char act er i zmbit@8 was bonfcatedFox Iiin'and fifteredl! The meth@ndlsolutidi b redotiéh &‘ﬂxtﬁrM*"(") +H)
388 rt = 2.89 min . HN Cl 5 + 364 NHrt =.3.41 mpn. _HO 86 (M+H)+
396 N o was oglelicd At evaporyciDutdht sbaoadCirpagitso) B mation of prodidt was ()
confirmed by LC/MS. The invention compounds of Examples 83 - 92 as shown in the
10 below table were prepared by method B-1.
Compounds that were Prepared by Mcthod B-1

Example # MNH Characterization*
F
F .
M+H)" 412
%3 (M+H)
rt=3.46 min.
HNJ.‘{;
O/\o
+H)" 388
84 D
rt=2.89 min.
HN}rf
Cl
o5 (M+H)" 364
NH rt=3.41 min.
HO
+H)" 346
86 (M+H)”
NH rt = 1.83 min.
i
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87 r N (MHWIOL rt=2.52 nin. NH 88 (M:H)+ 370 NN rt = 3.17 nin. )+ 387

89 VKNH (M+H rt=3. 02i n.

91 rt

01 9a (MeH)+ 453 0':
= 3. 3omi/mssrs NH 92 O (MrH)+ 401 A = 2.52 NH

rt

*

=3.39 NC

NH (M+H) + 437
HR B /gsomes@t r ospr ay

mass spectra (HPLC ES-MS) were obtained using a Hew ett-Packard 1100 HPLC

equi pped with
PCT/ US00/ 2650
Fi nni gan LCQ

G adi ent el ut
Buf fer A was

Acetonitrile,
anu using a v
source. Exanp
Compounds by
used to prepa
1, 4-di chl orop
11.02.98) rat

~4 =\

el adaer

78 WO 01/23375

a—gtat-erpa-y—paip—a—var-able—wavetengt
D detectpr, a YMc Pro A 8{2.0 nmx 23 n%lcolunn, and a
on trap jmss pectronete mﬁtQ el ectroppray ionization.
on from90% K t§=985% B ove(M#H) Wdhut es pas used on the HPLC.
98%%ter, 2%Ac itrile =l rgﬁi% TFA. Buffer B was 98%
2% wat er| and 0. O¥8% JFA. PBpectta were sganned 5 from 140- 1200
ariable ipn tine accgeding|to the nunmber)of ions in the
es 93 - [105: Preparation ¢f Novel Phthalazine Invention
Paratt-eH-Sypt-hesi-s—10—Method—~A—3+—oe+—A2; as indicated, were
e the noyvel phthalim de nventi on conppunds 93 - 105 from
nt hal azi ne (for eparatioh see Novartis| patent W98/ 35958,
her §§an t he di r ohet er pOWEHBY0 i dazi hes toget her
rt=3.17 min.
NH
78
(M+H)" 387
89 .
rt=3.02 min.
NH
-
O—
Q M+H)" 453
%0 o (M+H) :
= t=3.39 min.
Ny 4
A
7/ \
Q (M+H)* 437
91 = X
) rt=3.33 min.
X
“SH
-
F3.
0 +
o 0 (M+H)" 401
rt=2.52 min.
NH

* HPLC - electrospray mass spectra (HPLC ES-MS) were obtained using a
Hewlett-Packard 1100 HPLC equipped with a quaternary pump, a variable wavelength
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with the appropriate bicyclic and substituted anilines. M NH MNH N M NH2
QNH2 un~3}~ NEOH 95 C, Nn-BuOH 150 C, N d 2 hrs. C 10 hrs.

NQ Q F w®B/B375eiv. 3 MNH2 n-BuCH;, 150 C, 10 hrs. 1BCRESWI269Mt hal azi nes
that were Prepared by Methods A-1 or A-2 NHM N n N NHQ Exanple # M\H -

ONH Met hod Ghak@Ch §ME 2id €18 2 93nh X3S MmPedidtinDatid 43 ndigan1.CQ Ioh #dp'massNH 9/ /N
WO 01/ 23375 PCT/[JS00/ 26500 . N-NH 94 HN A2 (MrH) + 395 “NH rt=2.52nin.

79 I\ ) e
HN-N O 95sRaRirometer(with lectrggpray igpizafion; Gradient slufipin fromp§e% fito 896 iBhover A- 1
(MtH) + 388 phililtdstwaruadd 68 the HPLC. Buffer A was 98% water, 2% Acetonitrile and 0.02%
TFA. Buffer B was 98% Acetonitrile, 2% water and 0.018% TFA. Spectra were scanned
5 from 140-1200 amu using a variable ion time according to the number of ions in the

source.

Examples 93 - 105: Preparation of Novel Phthalazine Invention Compounds
by Parallel Synthesis

10 Method A-1 or A-2, as indicated, were used to prepare the novel phthalimide
invention compounds 93 - 105 from 1,4-dichlorophthalazine (for preparation see Novartis
patent W098/35958, 11.02.98) rather than the dichlorohéterocyclopyridazines together
with the appropriate bicyclic and substituted anilines.

M,
1 M.NH NH
p M-NH Y Q-NH 7
e =~ (¢}
NN EoH; 95°C, NN nBuoH; 150 °C, NN
& 2 hs. & 10 hrs. X
_ Q
1 2 3
1. R2
M-NH, R =R
2.2 equiv.
n-BuOH; 150 °C, 10 frs.
15 )
Novel Phthalazines that were Prepared by Methods A-! or A-2
NHM
Z N
xx-N
NHQ
Example # MNH : QNH Method | Characterization
SRS
+
03 Ap | QD' 427
rt=3.13 min.
NH N
-~ N
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,,MHNNBr HM A1 (MH+ 474 97 N/ \ rt =3.67 min. SANF O 98 HN A-|
(MH)+ 450 ~\ Jrt =3.54 nin NHS//NNH(MH+ 453 99 / A1 rt2.70
mn. NH SANWGE/28E501/ 23375 PCT/ US00/ 26500 N H (MrH) + 4BET/US@R6se0' J J \
A1l rt = 2.58 min. NHS-NBr HN 101 A-1 (MH)+ 448 t =3.02 min. NH PN r

SAA-1  HN ( MFE+2412r—462NHI T rt—327A—SANA—3+—940—+N, | (MHH) +
400 103\ § J rt =2/ 79 min.
N-NH e
T S B € W RS i
NH N 1t = 2.52 min.
o HN~N

Cl ' “a
o5 \Q HN ap | O 387
rt = 2.77 min.

NH N
- HN—Z
Cl non
96 Q ™ Al | (M) 388
NH N t= 2.51 min.
- HN-N
e
Br- HN
97 Z I A-l (l’t’I+IrI)+ 474
X N 1t =3.67 min.
s

o8 A | MEH)T450
1t = 3.54 min.
N

s s
99 A-1 (M+H)* 453
1t =2.70 min,
oy s
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NH SAN A-1
(M+H) + 404

F HN (M+H 402
NH rt

104
= 3.03 mn.

rt 2.96 m

SAN * HPLC -

n.

NH SAN A1 ClL HN 105 \ J \
el ectrospray mass spectra

(HPLC ES- MR 0R8B8B obt ai ned using a Hew ett-Packard 110BCHP802680i pped with

a quaterna

ry punp,

a variabl e wavel ength 81 WD 01/23375 PCT/ US00/ 26500

det ect or, 20 x 23— mrcotunm—and—aFrmmrgam LCQ i on trap
mass spedtroneter |wt | ectrgspray ionization. Gadient elutijon from 90%
Ato 95% g over 4 m'r;?t/:s was {usefy on the HPLC. Buffer A was 98% water, 2%
Acetonitri|l e 0/07% . BYffer as 98YpuAcet|dMHD| 435, 2% wat er and
0. 018% TFA. Spectr r@nned 5 f 140- 1200 dL-bSRRER.2 Vari able ion
time accorjding to the nu fl ions iny¢ h sourde. Exanples 106 - 114:
Preparatidn of Salfs of Exa‘cﬂ‘ﬂ)e 14. ™ prdduct off Exanple 14 (1.50 g, 3.66
mmol) was {stirred @s a slurry itn nethanol 10 (20{m ) as a sol yiti on of
t ol uenesul ffonfrc—acid—hydrate—<(q—70tg—3 67 Mot mrmethamot—{5 m plus 5
m rinse) was added qui clélry drgpwi gse. All terialls dissolved gver 5 mn to
yield a yg |l ow sol ytion. fAnhydrlougpnet her (30 m) vas added and|stirring was
cont i nued fo?| 5 nifnut ntil |soli an [t o gpf ediMHHT448 The|resul t ant
m xture wgs c?lllledwi stirrling i n icetwater fpaghrfy 45(m nutes and
then the dolid titlle produgd (Bxanpld 1 15 was |col | ected by(filtration,
washed witlh ether and dri &8 at |55 C i$h% vacuum ojen until NMR anal ysis
showed a lfack of s¢lvents (1.5 |hours). O hgr conpqunds were pregpared in a
simlar Yy by USTHg a vari ety [of —aci ds ratfen-{ ign totruenesutfoni ¢ aci d.
Scale up gnd use of nol s4i.n the flirst stlep generally|led to
qui cker prleci pitatijo anan vari gty of dqolvents werefused rather
. than et her|, a§oi' ndijcat e lp cr lize the 36M*i¥2dual |salts. In
sone cases| t he net hanol st r ed y evapqretBonmin vaguo.
s N
N - A-l
P HN,
' (M+H)" 400
103
Q rt=2.79 min.
oy s N
A-1
Lyt
104 @ Q (M+H)* 402
rt =2.96 min.
NH N
-~ S
A-1
cl pog
HN .
M+H)™ 404
105 () .
NH rt = 3.03 min.
- s N
* HPLC - electrospray mass spectra (HPLC ES-MS) were obtained using a

Hewlett-Packard 1100 HPLC equipped with a quaternary ﬁump, a variable wavelength
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Fi nal drying took between 1.5 hours and several days, depending on the
quantity of material and the specific specific acid used. Salts of Exanple
14 that wer WRngpsIsed Exanple # Acid Used Scal e SoI vent PATUSHE/26500
Characterization (14 used, g) (ITE|'[I ng p0| nt, 106 1.5 Ether 167-168

I—B(?%EHWJE Et her 180ME:§20 C:}\A@'?'h ecorrp05|t|on ?EEM%E} &p%JsQB

PCT/ US001265@pectramstecwisls clectmspray ipnization: Gradient slptiont from 9P A o 95% Boover her
128-131 in Etniiﬂ\iteé"w&shu%g%ﬁmoﬁl’ﬁd! OBufrdrlA \Hé@sg watbfP54; &L(gc uu%‘lané‘?@ﬂ %

evaporated, then with enzehe

osition acetonet
MeOH 177- 179 TF&y ByffenBewns 9gﬁe%wmme£mmmm¢0@ﬂ%'§%t Sprstra wiersrscanhed HNO3

0.5 Et her 513%o4fle4RRRSath usiffPh b o} ed
123- 128 diy; nonk Fie TR G usinf® 1 vl B fife actplindd dnephbiflof (G UGS
disalt with M@ %as isolated rathcr than the 1:1 salt. This occurred even
If less than 2 equivalents of acid were used. Biological Protocols and in

vitro Test Data

I-'l

15§xamples 106 — 114: Preparation of Salts of Example 14,

The product of Example 14 (1.50 g, 3.66 mmiol) was stirred as a shurry in methanol

10 (20 ml) as a solution of toluenesulfonic acid hydrate (0.701 g, 3.67 mmol) in methanol (5
ml plus 5 ml rinse) was added quickly dropwise. All materials dissolved over 5§ min to
yield a yellow solution. Anhydrous ether (30 ml) was added and stirring was continued
for 5 minutes until solid began to precipitate. The resultant mixture was chilled with
stirring in an ice/water bath for 45 minutes and then the solid title product (Example 104) _

15  was collected by filtration, washed with ether and dried at 55 °C in a vacuum oven until
NMR analysis showed a lack of solvents (1.5 hours). Other compounds were prepared in
a similar way by using a variety of acids rather than toluenesulfonic acid. Scale up and
use of less methanol in the first step generally led to quicker precipitation of salts and a
variety of solvents were used rather than ether, as indicated, to help crystalize the

20  individual salts. In some cases the methanol was fitst removed by evaporation in vacuo.
Final drying took between 1.5 hours and several days, depending on the quantity of
material and the specific specific acid used.

Salts of Example 14 that were Prepared

[ Example # | Acid Used Scale: Solvent Added Characterization
(14 used, g) (melting point, °C)
106 \@\ 1.5 Ether . 167-168
SO;H with decomposition
in CH;0H
107 a 0.7 Ether 157-159
.,
108 HiCgoq 0.6 Ether 180-182
with decomposition




KDR Assay: The cytosolic kinase domain of KDR ki nase was expressed as a
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Biological Protocols and in vitro Test Data

KDR Assay:
The cytosolic kinase domain of KDR kinase was expressed as a 6His fusion

ues wer

det er ni ned lpssithang measkntsqﬁ@m@wetamﬁdysu S program using _
Conmpounds t hat - have Ws0:5- 100 nM

conpound

und)) X .
e

protein in Sf9 insect cells. The KDR kinase domain fusion protein was purified over a

Ni++ chelating column. Ninety-six well ELISA plates were coated with 5 pg
poly(Glu4;Tyrl) (Sigma Chemical Co., St Louis, MO) in 100 pl HEPES buffer (20 mM
HEPES, pH 7 .5,.150 mM NaCl, 0.02% Thimerosal) at 4° overnight. Before use, the plate
was washed with HEPES, NaCl buffer and the plates were blocked with 1% BSA, 0.1%
Tween 20 in HEPES, NaCl buffer. ‘

Test compounds were serially diluted in 100% DMSO from 4 mM to 0.12 puM in
half-log dilutions. These dilutions were further diluted twenty fold in H20 to obtain
compound solutions in 5% DMSO. Following loading of the assay plate with 85 pl of
assay buffer (20 mM HEPES, pH 7.5, 100 mM KCIl, 10 mM MgCl,, 3 mM MnCl,, 0.05%
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in this assay include those of Exanples 1, 2, 4, 6, 8, 9, 10, 11, 12, 13,
14, 16, 17, 18, 19, 25 20, 22, 23, 24, 34, 37, 38, 39, 40, 42, 43, 44, 47,
49, 51, 52,w68128B% 56, 57, 59, 60, 62, 63, 65, 66, 68, PAEASHFHSN/L, 72,
73, 74, 75, 78, 82B, 82C, 82D, 85, 88, 93, 96, 97, 98, 101, 102, 103, 104,

105, 106, 10Ziycehd)B.08409 TritohOs-100L 1 maMDfkerbahocRAODRIR S5 wiitk 383X ABR G _val ues
bet ween 100 ZRI/I and 0(%a/(@)onnM I ncl ug(la thgrsyeﬂ"i)f exanpl esw3 ? |I‘@j3 7, 28,

35, 36, 45, kuef thegdiluted comepounds werg added togy finglgassapy volgma, 0%8‘@0 Ws, F’Q and

100. Those tb&&aﬁ%ﬁ&sr@aé%ﬁ&beé% iﬁé%ﬂﬁb@%h@z@%%@ nq*huct@sayme of
exanpl es 26, 29, 30, 31, and 94. Exanpl e nunbers

not in this medﬂﬁméem1{@%°mwaﬁé{°m with | C50 val ues

greater than 1 pMpeGdsa %&HM&E&Q&&W&% O dlorRRAMARk R dgftati
assay-Inhibition of 3 \fﬁ,f@ phlor | ation: NI I?B@f; coel | s Zggpregg?r?n t he
r

full 1 ength ROIRORIERsEaHNe Bith The wallemrers washed audcahesnhotyrasines (K

G and IslandweMY)p&é@pw{erahe% hddp ﬂ&;%w@ ), GRAb alaﬁwmmd wcose,
25 mM /L sodium rruvatee(ﬁé/ﬁl doxi ne hydroch oii de and %Mpgigf 5 418

(Li f e TechnoPBicholegye Lak i NY) o RY/AnfiP)Y. coppplexes weee 9\%‘?%9‘1 Siflh?‘h%d in

col l agen |- ﬁ@ageegcﬁiﬁp fomajiate (BRekRin liiat&hama lbabwd@hmﬁ&% ORfglarf) in a
hum di fied 5% at nosphere at 37C, Fifteen t %8 (i‘gzlls vverepated
into eacH® V\BP%"SB}F‘“)&“% |\g§senqqantét5tg ey ofncyating Bt tg‘ hé> DVEMPgr

medi um  Si x Ebﬁﬂxh&hjrlﬁéxﬁfdmet Stution| (Krke@bRl ¥as hasy, arvBt mcrowelmne&npmmas

replaced with m After overni culture b the
cell's, the mBYP¥ Stﬁi‘ér g’dgﬁ‘ﬂf’l"ﬁﬂ’l Bté%(?ngmﬁﬁ’é' ?ﬁfib“"ﬂlﬁ’f @r g/egﬁen

(Life Technbise@stQSsoﬂmrbn(Kﬂegaaidhﬁmd TIMB)1 Qénigonént StdptSolition). al bunmi n (Si gma
Chem cal - | Af.ter .a n ari o on ratio 300
nM of test corrpo%ﬁlf%‘fegﬂg/owersgftf’rgnﬁ‘% Ef%ﬂ’tﬁ’ meﬁ%‘ﬁ@@ﬁf?ﬂ{%ﬁn pgﬂ%g t he
cells weng i plattb'aaded Satctiabiarn26@ IGVIeleaﬂarrlkvibEs)f (Bac@omdr(m AP it hssay)etl)Ds wer e
t hen treated th VE 10 m £8S. ure.

Fol 1owi ng vER Tt A a0 s f et ol vas pHOTAS PRSGRE !

| ysed by addtotthmquationiSO | of extractlon buf fer (50 vaTrl s, pH 7.8,

suppl enented wth 10% gl ycerol, 50 mM BGP, 2 nM EDTA, 10 nM NaF, 0.5 nM

NavVO4, and 0.3% TX-100) at 4C f or 30_ mnut es. 20 To assess recept or
phosphoryl ation, 100 f knhibitioneT {OBfvehigleiconteal) 0] D)% 40

wel I's of ,gn ELI SA pl ate precoat ed Qﬁad’&ﬂmﬁf éﬁéxb&’&f'?’aﬁ% (Santa Cruz

Bi ot echnol ogy, Inc., Santa Cruz , | om ng a m nut e I ncubati on,
the plate was washed and bound KDR vvas probed for phosphotyrosine using an

ﬁn?(; i - gﬂgs&hgt YT oSfaeic,Milugl 0Ee dbEhfinkd Rt Radl GARENRMYRA prodrith gl
compound concentration versus percent inhibition. Compounds that-have ICso < 100 nM
in this assay include those of Examples 1, 2, 4, 6, 8, 9, 10, 11, 12, 13, 14, 16, 17, 18, 19,
25 20,22, 23, 24, 34, 37, 38, 39, 40, 42, 43, 44, 47, 49, 51, 52, 53, 54, 56, 57, 59, 60, 62, 63,
65, 66, 68, 69, 70, 71, 72, 73, 74, 75, 78, 82B, 82C, 82D, 85, 88, 93, 96, 97, 98, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, and 112. Compounds that have ICsp values
between 100 nM and 1,000 nM include those of examples 3, S, 7, 21, 27, 28, 35, 36, 45,
46, 48, 50, 55, 58, 61, 64, 67, 76, 79, 82A, 89, 95, 99, and 100. Those that have measured
30 ICsy values > 1,000 nM include those of examples 26, 29, 30, 31, 32, 33, 41, 77, 80, 81,
and 94. Example numbers not in this list may be assumed to be weakly active, with ICsp

values greater than 1 pM.
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25 well's were incubated with anti-nouse |g&@ HRP conjugate (Amersham

I nternational plc, Buckinghanshire, England) for 60 mnutes. Wells were
washed an®QM&Hot yr osi ne was quantitated by additi onP@FUSB6I00 per wel |
of 3,3",5,5 tetranethyl benzidine (Kirkegaard and Perry, TMB Mcrowel |l 1 °

Conponent ' pesipmblanfte Wiay-IaliBitioR OF 913 KIDR pidsphoryliioR] OPNENt was arrest ed
by the addiTion _of._I00 I I% HCI basgﬁ Stﬁﬁg solutiton 30 (Kirke aar(I:IVIand

Perry, TMB 1 CodPBi&scels @f?‘@ﬁpﬁt@% iKIAR TEReRtor (e 37(0835) in
det er mi ned gRRIkEINRIVRIeS TR GRdd Ifand] N?ﬁ@;pﬁf&deﬂtc@w@tﬁ-wm&wbahﬁa&' st:aager

i S o BB e R O e e =
SO s 143 USRS ISR BB 7=
VEGF added)l-epa eééflé %ﬁ@&%?%ﬁﬁ‘%@%%@@"f@ﬂ%ﬂa@ ‘%{" ‘]F@’%u s with

a | east squg@spheRRP4IEI S Program using conpound concentration versus
percent inhibition. Conpounds that have 1CSO < 20 nMin this assa
i ncl ude t hose ofFiftseathusandycelly weneyplated intq gachowell ofa coliagen 1-¢opted G@well 104,

105. Conpoupgg Mﬁénm 1% Medisifs Saﬁthmna@pﬂiévbamdwéemedlmlmée t hose
of exanples 1 13, 17, 24, 93, npounds that _have | Cso

10 val u %P%@W%W%W@MMM‘MB‘ ﬁ?ﬂ’é“tﬁggré“’&‘m@k SHpreto qyiescegbe ang
100. Matri geéuér)me%ﬂédaﬁenﬁﬁ Septide! by Po@IBedcatsi pﬂos@ﬁat%ﬁﬂeraﬁlsaﬁwqmand ln_

vi vo Phase: tigel (r r Ve medi C Pr uc f S

abasenent n@%ﬁ’ % é kﬁ?"ﬁ‘% Ii%ﬁﬂq‘ HS%O*EW &3%5%@ rﬁ%r’l%lty

Sterile Fé‘ai‘ﬁg“"" Véﬁa&?ﬂ@a’;g‘gwggj}ggf?ﬁ%?g %‘%‘“““"“ P o

Matri gel at ‘?\ % 3t Iﬂt§°%§ﬁm‘\ﬁgﬁﬁ

t r ansf et$ edfoni30 hmmxted aFlrd cklls swetenthen treptedhwithVHGTe(30E(EH mgbrfer 10 tinutes at

sel ectabl e mar r and

cells were rrﬁoﬁ’eﬁmﬁner?tﬁm °&‘%I’J* gﬁggt’%@%ﬁ @éﬁf}eé%ag? ?‘g&’"?%g? per 0.5

m . One hal wengilysed by adsditionoaf 1i56pd afexérdction by Aodddins, piéds, supplenisotedi nal

m dl i ne usi lons in

Et hanol / C}gﬁn}ﬁqﬂ% %@%g", ne %(%‘2 zﬁﬁg?gpwlqat 3 mﬂ)iljggQOﬁ‘ S(HS% ng/ kg

po once dai T¥- wﬂbatﬂfth@rdﬂnuméesciay of inplantation. Mce were euthanized 12

days po I npl a I - nal ysi s

of hem)g?obl n rzxtoa;s ? &Eﬁogl-éino‘h@ g{ét%gﬁlsdsa% cﬁ:ﬁ:ﬁeré"ﬁa ﬁ]% %‘Iéfﬂg{ g‘{d\?\gr e

pl aced in 4tovtheurells of \ah\HLISA ﬂgtecprecoated with 300 ng of antlbody C20 (Santa Cruz
Biotechnology, Inc., Santa Cruz , CA). Following a 60-minute incubation, the plate was

washed and bound KDR was probed for phosphotyrosine using an anti-phosphotyrosine
mAb clone 4G10 (Upstate Biotechnology, Lake Placid, NY). The plate was washed and
25  wells were incubated with anti-mouse IgG/HRP conjugate (Amersham International plc,
Buckinghamshire, England) for 60 minutes. Wells were washed and phosphotyrosine was
quantitated by addition of 100 pl per well of 3,3°,5,5° tetramethylbenzidine (Kirkegaard
and Perry, TMB Microwell 1 Component peroxidase substrate) solution. Color
development was arrested by the addition of 100 pl 1% HCIl based stop solution
30 (Kirkegaard and Perry, TMB 1 Component Stop Solu_tion).
Optical densities (OD) were determined spectrophotometrically at 450 nm in a 96-
well plate reader (SpectraMax 250, Molecular Devices). Background (no VEGF added)
OD values were subtracted from all ODs and percent inhibition was calculated according
to the equation:
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Lysis Buffer (20mM Tris pH 7.5, 1nM EGTA, 1nM EDTA, 1% Triton X-100 [ EM
Sci ence, G bbstown, N.J.], and conpl ete, EDTA-free protease inhibitor
cocktai | [whnmssism Germany)), and hormogeni zed at 4C. HITOFOHZEWS wer e

i ncubated on ice 30 for 30 mnutes with shaking and centrifuged at 14K x g
for 30 mnutes at 4 C. Supernatants were transferred to chilled m crofuge
tubes and stored at 4 C for hem)l ob| n assay. Muse henogl ob| n %SI gma
Chenical Co., St. Loui%Inhikagjon,gODGYEEE gentrol)r OR(withtess gorapaypd)

(Bi oW ttaker, Inc, Wl kersgptyiEgr Mirbl) 2oBmdVRGHadded) standard curve 86 WO
01/ 23375 PCT/ USOO’ 26500 was gener ated ?rom 500 m crograms/m to 30

m crograns/m in Lysis Buffer (see above). Standard curve and |ysate

sanpl es re add t t t I Y& ene
T e e R e s

St. Louis, Mpalysisumogrem Jingcemppind copesatation e mceybmmbannoo%mm%@r ature
acetic 5 aci (a?afﬂidét bg'k zoclgg hwad ﬁhﬁ&@ﬁmbﬁteetff%x%%yQ% "9t £1, 1832 @ged to

each wel |, mcroliters /we 0gén Per’OX| ol ution
at room terrpéﬁhtIOZ,el%Tm mSatﬁomwnds thatulinaie ECho aﬂuchmWQeerﬁﬁeMmdéoﬁMr 10

m nut es. he ter ee4r t 600 nm
in a 96-wel | h&ﬂdgﬁggég%@p@légﬁaﬁg 9637 %Qérgo’ Sﬁggt e g@@% lrt}o&gh%)‘%é()le ter

Syst em ( NBI e(mlh@rbem &Wanimmm@oswmws B8%mead 190si s Buffer

readi ngs were subtracted fromall wells. Total sanple henogl obin content
was cal cul ated .accordi ng to the followng equation: Total Henoglobin =
(Sanpl e LysaiMatigel®AngiogenesisMedelihi n Concentration) 15 The average Tot al

Henogl obi n of Mat | . b i ch
ool o1 o Ve i m”%b{“%* s SR MRS (R

Il Sa
cal cul at ed a&ivnedi ‘glcis rrp gbéﬁfﬁﬁpﬁfbﬂn rans epiract frops & Rneumot, o age
Total Hensgl Q&hﬁp Fﬁma}'il?&IfQanBﬂ{r%llig\éﬁ giesmt RépddaR) suﬁﬂu%&&@ﬁm alit is

et vty 1 Provided Sxerle Hphets &> G5 iy Reposd oA oR: S Q0% i mai bi i on of
total henogl obin p:qmaw;mgeﬂ af 47eC Wb infikdokittSSKAMELSD huntii tulier chals @dt wike
o v, R LY S BBk e kB e SHRS e S GELe
i nvention w nhmbeceapweeg}bwh@ Vi uhldéd seRetionunt] Rells wére nhikehwith eaﬂaiqdiar ation
of this $BeChihtal 40 UioPbf % 570 et 85 iV e Bht it hiiiliRP Shs" EipTanfea
subcutaneously near the abdominal mldhne using a 25 gauge needle. Test compounds
were dosed as solutions in Ethanol/ Cremaphor EL/saline (12.5%:12.5%:75%) at 30, 100,
and 300 mg/kg po once daily starting on the day of implantation. Mice were euthanized 12
days post-implantation and the Matrigel pellets were harvested for analysis of hemoglobin
25 content.,
Hemoglobin Assay: The Matrigel pellets were placed in 4 volumes (w/v) of 4° C
Lysis Buffer 20mM Tris pH 7.5, ImM EGTA, ImM EDTA, 1% Triton X-100 [EM
Science, Gibbstown, N.J.], and complete, EDTA-free protease inhibitor cocktail
[Mannheim, Germany}), and homogenized at 4°C. Homogenates were incubated on ice
30 for 30 minutes with shaking and centrifuged at 14K x g for 30 minutes at 4° C.
Supemnatants were transferred to chilled microfuge tubes and stored at 4° C for

hemoglobin assay.
Mouse hemoglobin (Sigma Chemical Co., St. Louis, MQ) was suspended in
autoclaved water (BioWhittaker, Inc, Walkersville, MD.) at 5 mg/ ml. A standard curve
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30 It is intended that the specification and exanpl es be considered as
exenplary only, with the true scope and spirit of the invention being
i ndi cat ed V0¥23375f ol | owi ng claims. 87 i .'#f WO 01i 2337BCHESNZE08Y 26500 WE
CLAIM 1. A conpound having the generalized structural fornula X-(CR42 P J

g R:j (HA) qt whd geheratéd B%:Txmiﬁ miCfofpams/nfl Otlu\/se h@@rrggahs/amdl Bid B (e above)n ?
ri dge contain t wo noi et es and one noj e t aken
Logether wi Bl g by semiies et S14Ea aF Scioraies AgFLGinfuphs o a7 <
st a uctu a e stytene) 96LWell platel 2Usidg mg@a PTa%mICﬂexﬂ&glome Kéti (Blg&&cbhéfrﬁcal
I ndependent re res esents S, 0, CRAG ,
o(Ra) 2. or RReSt iﬁwsfbﬂbfeﬁ@%“ese Wag répoRiiued i A0S TR SRARTEANEE 5081 ot e
fr olm t IhEs Igr mscﬂa{bm Qlliﬂl?flﬁndl%d mid¥oItens f sifisiiiemas laddedﬁa :emaven folldwed tbyyld
cycl oa y r a C. al.keny a itute
oyt G 100t e Hdrash o ST UR APIEy FEHOROTE DL PRtS a ky!
88 incubated at room temperature for 10 minutes.

Optical densities were determined spectrophotometrically at 600 nm in a 96-well

plate reader, SpectraMax 250 Microplate Spectrophotometer System (Molecular Devices,
10  Sunnyvale, CA). Background Lysis Buffer readings were subtracted from all wells.
Total sample hemoglobin content was calculated according to the following

equation:

Total Hemoglobin = (Sample Lysate Volume) x (Hemoglobin Concentration)

15 _

The average Total Hemoglobin of Matrigel samples without cells was subtracted
from each Total Hemoglobin Matrigel sample with cells. Percent inhibition was
calculated according to the following equation:

20 % Inhibition = (Average Total Hemoglobin Drug-Treated Tumor Lysates) X 100

(Average Total Hemoglobin Non-Treated Tumor Lysates)

Example 8 showed significant activity in this assay at 100 and 300 mg/kg po sid

with > 60% inhibition of total hemoglobin content of the Matrigel samples from the dosed

25 animals vs. those from vehicle control animals. The other examplary materials were not
tested in this model.

Other embodiments of the invention will be apparent to the skilled in the

art from a consideration of this specification or practice of the invention disclosed herein.

30 It is intended that the specification and examples be considered as exemplary only, with
the true scope and spirit of the invention being indicated by the following claims.
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fifillfi Hll 11111111111 WO 01/23375 PCTI US00/ 26500 N, N-di - | ower

al kyl am no-substituted al kyl; N1 ower al kanoyl am no-substituted al kyl;
hydr oxy- subwoiotreg3ed al kyl; cyano-substituted al kyl; 5 REAERINI6S#UbSt it ut ed
al kyl; | ower al koxycarbonyl -substituted al kyl; phenyl | ower
al koxycar bonyg epRfi t ut ed al kyl ; hal ogen- substi tuted al kyl am no;
am no-substituted alkyl ami no; 10 N-1ower al kyl am no-substituted
al kyl am no; NN-di -1 ower al kyl am no-substituted al kyl am no; N- | ower
al kanoyl am ng- Eb?ﬁﬂohhﬁﬂ@u@kﬂfé@eﬁépal%ds yslots ubst i t ut ed al kyl am no;
cyano-substi t ut ed al kyl am no; cartﬁu oxy-substituted al kyl am no; | ower
al koxycar bonyl - substi tuted QTE 3 phenyl-lomer
al koxycar bonyl - subst i tut d X % -SR6; 20 -S(O Re;
-S(O 2R6; hal ogenat ed I kox al ogenat ed | ower al kylthi o;
hal ogenat ed | ower y|Z dhyl : é% W _OCOR6; -CORE:  -CORR6: - CON( R6) 2
;-CI—|2CR3;30|3// e
| 89 Ill" L S D=E
=
G%,
5 wherein
R'and R?

together form a bridge containing two T2 moieties and one T> moiety, said bridge,
taken together with the ring to which it is attached, forming a bicyclic of structure

s o, iy
WL AT« AL
T A il . T
10 wherein

each T* independently represents N, CH, or CG'; and
T represents S, O, CR*G', C(R*),, or NR%;

and wherein
15
G' is a substituent independently selected from the group consisting of
*» NR%;
e -NR’CORS;
¢ halogen;
20 o alkyl;
e cycloalkyl;
o lower alkenyl;
¢ lower cycloalkenyl;
¢ halogen-substituted atkyl;
25 e amino-substituted alkyl;
¢ N-lower alkylamino-substituted alkyl;

88
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WD 01123375 PCT/ USOQ 26500 am di no; guani di ne; sulfo; -B(OH)2 ; 5 *
optionally substituted aryl; optionally substituted heteroaryl;

opti onal | YW@ 0523875t ut ed saturated heterocyclyl; optionaPET/UENBE? ¢ ut ed
saturated heterocyclylalkyl; optionally substituted partially unsaturated
heterocyclyl; 10 opti QuRLdidowdtaBdylahidshbetaled alkyly unsat ur at ed

het erocycl yl al kyl ; -000283; optionally substituted heteroarylal kyl;
optional |y substitut ad Nriawer alkpnoylamino-substitaled ek i onal | y substi t ut ed

heteroaryl); 15 optiqgnglly Lt d heteroaryl al kyl oxy;
s ARl

-S(O p(optionally substPtU T 0aryl al kyl): ~-CHO, - OCON(R6) 2 ;
-NR3C2R6 ; 20 NR3ONykhfy)-shbstided alkyl; or | ower al kyl; R6 is independently
selected fromthe group consisting of 25 H, alkyl; cycloalkyl;

optional¥y substitut &d cabpry-subsiutedgliylinal | y substituted aryl |ower alkyl;
Ayl e L o o1 235 Bkl o T el ected from
t he group consi sti ngeofphenyl owedalitoRyearbonyl-substituted alkyl;
e halogen-substituted alkylamino;
e amino-substituted alkylamino;
10 ¢ N-lower alkylamino-substituted alkylamino;
e N,N-di-lower alkylamino-substituted alkylamino;
. N;lower alkénoylamino-substituted alkylamino;
e hydroxy-substituted alkylamino;
e cyano-substituted alkylamino;
15 e carboxy-substituted alkylamino;
* lower alkqxjcarbonyl-substituted alkylamino;
¢ phenyl-lower alkoxycarbonyl-substituted alkylamino;

e -ORS

° -SRG;
20 e -S(O)R%

e -S(O)RS

¢ halogenated lower alkoxy;
¢ halogenated lower alkylthio;
¢ halogenated lower alkylsulfonyl;

25 e -OCORS;
e -CORS
e -CO.RS
¢ -CONR":;
e -CH,OR%
30 e -NO;;
e -CN;

R
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5Yis selected fromthe group consisting of | ower al kyl ene; -CH2-O
-CH2-S- ; 10 -CH2-NH; -0-; -S -NH ; -(CR42)"-S(O) P-(5-nenbered
het eroaryl ) WoOR22y7S-; 15 -(CR42)n-C(R) (R4)-(CR42) s whecewsoo2eseand s are
each independently O or an integer of 1- 2; and 02 is selected fromthe

group consisting of -CN, - R3, -CON(R6)2 , and -CH2N(R6)i ; 20 -O CH2-
; -S(O- -S(O02- ; -SCHZ-;” -S(OCH2-; 25 -S(O2CH ; -CH2S(O-; and
-CH2S( O 2- Zi sCR4or N, e 3gugidith; 1,0r2;, G3 is a nonoval ent or bival ent
noi ety selected fromthe onsisting of, 91 jliliii W) 01/23375

PCT/ USQ0/ 265110 | onet &H%@S:Jp C- NR3COR6; carboxy-substituted al kyl;
| oner al koxycar bonyl - Syb%(btx—ﬂﬁ ?d alkyl; 5 -OR6;
5 » optionally substituted aryl;
* optionally substituted heteroaryl;
¢ optionally substituted saturated heterocyclyl;
» optionally substituted saturated heterocyclylalkyl;
* optionally substituted partially unsaturated heterocyclyl;
10 * optionally substituted partially unsaturated heterocyclylalkyl;
e -OCOR*:
¢ optionally substituted heteroarylalkyl;
e optionally substituted heteroaryloxy;
* -S(O)y(optionally substituted heteroaryl);
15 ¢ optionally substituted heteroarylalkyloxy;
* -S(O)y(optionally substituted heteroarylalkyl);
s -CHO;
e -OCONR%),;
* -NR’COR®;
20 o -NR’CONRY),

R? is H or lower alky!;

R®is independently selected from the group consisting of

25 ’ e H;

s alkyl;

¢ cycloalkyl;

¢ optionally substituted aryl; and

* optionally substituted aryl lower alkyl;
30 * lower alkyl-N(R®), ; and

¢ lower alkyl-OH;

R*is H, halogen, or lower alkyl;
- ——
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- SRG6; -S(ORE, -S(0O2R6; -0OCOR6; 10 a -CORE; - CO2R6; - CH20R3;
-CON(R6)2 ; -S(O2N(R6)2 ; 15 NO2; -CN, a optionally substituted aryl;
opti onal | YWQAW2BTSt ut ed heteroaryl; optionally substituPEHUSH26/08t ed

het erocyclyl; 20 optionally substituted partially unsaturated

het er ocycl yl ; optionally substituted heteroaryl al kyl; optionally
substituted hete oxy; -S(O p(optionally substituted heteroaryl);
optionally suBést‘ﬁi hct croaryl al kyl oxy; 25 -S(O p(optionally
substituted het eroaryl al kyl); -OCON(R6) 2 ; -NR3CO2R6; -DR3 CON(R)2; and
bi val ent brid of ructyre V=T -T seach T2 independently
represents N, ?5‘? (‘ﬁqn',‘g'ﬁﬁﬂ’upg?’ms&??ﬁ%nv@ ‘ﬁlﬂl’j Jilli:tlii WO 01/23375
PCT/ USO8 26500 T3 represents S, 0, CRA&~, C(R)2, or NR3; wherein G3-
represents any,.of .t oye-defined.noigeties G3 which are nonoval ent; and
the terninal *2‘ %e%egtﬁ’@‘%gf_o PSFS¥REPL hound to D, forming a 5- 5
menbered fused re NgwelalRyléhe) | Ndependently represent N or CH

e -CH;-O-;

¢ -CH:-S-;
10 s -CH>-NH-;
_ . o

» -S-;

s -NH-;

o -(CR*)p- S(O),.-(S-membered heteroaryl) (CR%)s;
15 * (CR%IrCG)RHCR ) ;

wherein '

n and s are each independently O or an integer of 1—2; and
G? is selected from the group consisting of -CN, -CO;R?, -CON(R®), and
~CH:NR®): ;
20 o -0O-CH;-;
* -5(0)-;
* -S(0)r-;
e -SCH»-;
e -S(O)CH:-;
25 ¢ -S(0)CHz-;
e -CH,S(0)-; and
e -CH,S(0)>-

ZisCRorN;
30
qis 0, 1,0r2;

G® is a monovalent or bivalent moiety selected from the group consisting of:
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B and E i ndependently represent Nor CH L represents Nor CH and 10 with
the provisos that a) the total nunber of N atons in the ring containing A
B, D, E, an¥WQo128379, 1, 2, or 3; and b) when L represenrer/Gsasmoany G3 is
a nonoval ent substituent, at |east one of A and Dis an N atom, and 15 c)
when L represents, v?é?QIkg‘GS is a bivalent bridge of structure T2= 2-T3,
then A B, D and are also CH, J is aring selected fromthe group

consi sting of as y LNRIORD Y i dyl; and cycloal kyl; ' represents the

nunber of substltuents 4 on, rlnﬁ Jand is 0, 1, 2, 3, 4, or 5, and 25 4
i s a nonoval ent of MR Ysel ected fromthe group consisting of

N(R) 2 ; -NR3CORG, 9%%55{: ycI oal kyl ; l.ower al kenyl ;
| ower cycl oal kenyl %a?ﬂk n suxB@tl tu teti?ﬂkp;ﬁ 93 WD 01/ 23375
PCT/ 1JS00/526500 -anon?) substl tuted al kyl ; N—I ower al kyl am no-substituted

al kyl;  NN-di -1 ower aiﬁkyl ami no- substituted al kyl ; N- | ower
al kanoyl am no- sub%t rtfited al kyl; 5 hydroxy- substi tuted al kyl;
cyano- substi t ut ed al. RS, car boxy substituted al kyl; |ower
al koxycar bonyl - substltuted al kyl ;  phenyl 1 ower aIkoxycarbonyl-substituted
alkyl: 10 hal ogen-S(Oh&Ffi t ut ed al kyl am no:
» -OCORS;
10 s -COR%
s -CORS
s -CH,OR*
e -CONR%:;
* -S(O)RNR%:;
15 e -NO;
» -CN;

o optionally substituted aryl;
e optionally substituted heteroaryl;
® optionally substituted saturated heterocyclyl;
20 ¢ optionally substituted partially unsaturated heterocyclyl;
¢ optionally substituted heteroarylalkyl;
¢ optionally substituted heteroaryloxy;
o -S(O)y(optionally substituted heteroaryl);
¢ optionally substituted heteroarylalkyloxy;

25 * -8(0)y(optionally substituted heteroarylalkyl);
* -OCONR":;
» -NR’CO,RS;

e -NR’CON(R®),; and
e bivalent bridge of structure T>=T2-T°
30 wherein
each T? independently represents N, CH, or CG*: and
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am no-substituted al kyl am no; N-lower al kyl am no-substituted al kyl am no; _

N, N-di -1 ower al kyl am no-substituted al kyl am no; N- | ower
al kanoyl aWQ8UBEHsti t ut ed al kyl anino; 15  hydr oxy- subsPEVUSEASHN ky| ani no;
cyano-substituted al kyl am no;  carbox subst ituted al kyl ami no; | ower

a: onycar gony: SUESE i Efeebrﬁsbﬂyl ” Babj CRIG, O(Ry br NRYevherein S0

al koxycar bonyl - subst it ut edsa ni no;

-S(O)2R6; hal ogenated | o&e e;g%g 3R Ay’ ‘gS&’eh%hogQgMJn?ls%r W&V*‘tﬂf’o

hal ogenat ed | ower al kyl sul fmylbvalentm CO?G - - CON(R6) 2
: -CH2OR3; 94 lilt S . 37 /||SO/

ani dino;  guani di no; ée "%%%B M fo‘ﬁgﬁ‘?ﬁ Eou'\lﬁzif?r{ntﬂ%ﬁ aryl ;

optionalsy substituted membteredauged yingopt i onal I y substituted saturated
het erocyclyl; 10 optionally substituted partially unsaturated
het er ocycl yl ; -OCO2R3; optionally substituted heteroaryl al kyl ;

A and D independently represent N or CH;

B and E independently represent N or CH;
L represents N or CH; and
10 with the provisos that
a) the total number of N atoms in the ring containing A, B, D, E,and L is 0, 1, 2,
or 3; and
b) when L represents CH and any G* is a monovalent substituent, at least one of A
andDisanN atom; and
15 c) when L represents CH and a G’ is a bivalent bridge of structure T2=T>T3, then
' A, B, D, and E are also CH;

J is a ring selected from the group consisting of
* aryl;
20 e pyridyl; and
e cycloalkyl;

q’ represents the number of substituents G*on ringJandis 0, 1,2,3,4,orS5, and

25 G* is a monovalent or bivalent moiety selected from the group consisting of
NR:;

e -NR’COR®;

e halogen;

o alkyl; .
30 e cycloalkyl;

e lower alkenyl;

¢ lower cycloalkenyl;

¢ halogen-substituted alkyl;
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optionally substituted heteroaryloxy; -S(On(optionally substituted
heteroaryl); 15 optionally substituted heteroaryl al kyl oxy;

-S(O) p(opti sweadir2zgs7substi t ut ed heteroaryl al kyl ) ; -CHO,  reDUSiHRRD 2 ;
-NR3CO2R6 ; 20 -NR3CON(R6)2 ; and fused ring-form ng bival ent bridges

attached to and cgn t|n positions of ring J, said bridges
havi ng t he structures ﬂqﬁﬂ#@ﬁ%@s 25 wherein each T2 independently

represents N, CI-I-ON-QGG;alﬂ'ﬁamlﬁﬁgﬂﬁ@ﬂﬁfeaaﬁ,lo CRV, C(R)2, or NR3; wherein
G4' represents any of the above-defined nobieties G4 which are nonovalent;

and 30 bi ndi ng t o® r Nay-dirlower glkylamipogubstitutedalieyl;nal at ons T2 and T3; b) 95
ITITTJULKEiT!! ) WQ 0 000 T2 T~'f2 wherein k each T2
i ndependent |y repreif{eﬁg’ggﬂ?m%m S%R_‘agg‘??%r?gﬁyin n 04' represents any of the
above- def Sned noi et hﬁdi-oﬁdsuﬁhjtﬁaiﬁkﬁ 5 nonoval ent; and with the proviso
that a maxi mum of two bridge atons T2 may be N; and binding toring J is

achi eved via ternt nsyangsesiited alkghid  ¢) T4 T6~ T~T6
s carboxy-substituted alkyl;

¢ lower alkoxycarbonyl-substituted alkyl;

» phenyl lower alkoxycarbonyl-substituted alkyl;
10 e halogen-substituted alkylamino;

e amino-substituted alkylamino;

* N-lower alkylamino-substituted alkylamino;

® N,N-di-lower alkylamino-substituted alkylamino;

¢ N-lower alkanoylamino-substituted alkylamino;
15 ¢ hydroxy-substituted alkylamino;

¢ cyano-substituted alkylamino;

» carboxy-substituted alkylamino;

» lower alkoxycarbonyl-substituted alkylamino;

» phenyl-lower alkoxycarbonyl-substituted alkylamino;

20 » -OR%
e -SR%
e -S(O)RS;
» -S(O)R%,
* halogenated lower alkoxy;
25 o halogenated lower alkylthio:
¢ halogenated lower alkylsulfonyl;
e -OCORS;
. -CORG;
o -CORS
30 * -CONGR%:;
e -CH,OR%

I,



Ts j T, or 10 TVTO. fs_.-T6 TIl T6 r6 wherein each T4, T5, and T6

i ndependent|y represents 0, S, CR4G, C(e)2, or NR3; wherein GA'

repr esent VM3 t he above- def i ned moi eties G4 which aPEIUM268hoval ent :
and binding toring J is achieved via termnal atons T4 or Ts ; wth the -
provisos that: i,) Wegn one T4 is O, S, or NR3, the other T4 is CRAGAk or
C(R4)2 ; ii) a bridgé conprising T5 and T6 atons may contain a maxi num of
20 two heteroatensON; S, or N, and iii) in a bridge conprising T5 and T6
at ons, when one TS doup and one T6 group are O atons, or two T6 groups
are 0 atoms, said Bons are separated by at |east one carbon atom 25
when G4 is an alekyduafiidigp | ocated on ring J adjacent to the linkage
-(CR42)p- , and X 1is NR 3 wherein R3 is an al kyl substituent, then G4 and
t he al kyd substlﬁtﬁelifp, R3 on X may be joined to forma bridge of structure
-(CH2)p - V\,hereln% ﬁ[ or 4, with the proviso that the sumof p and
p' is 2, 3, or 2 égu ’ing |n formatlon of a nitrogen- 30 containing ring
of 5, 6, or 7 mnb@hsnal%ubsu&wadm 01/ 23375 PCT/ US00/ 26500 and with the
further provisos that: - in G , G3, and 4, when two groups R3 or R6
are each al kyl é!no“ﬂ"@%ﬂkyéﬂb%ﬁmque N atomthey may be linked by a
bond, an 0, an 9 ning heterocycle of 5 - 7
ring atomns; - V\kslen%lﬁhﬁ} f.;Gsnlfqﬂ. d;gagaé%qlfétéf&?{;llg![ ’efocyclyl ring is optional I y
substiti@ed, that aipnngallyrsaysﬂuae& patinlly anfatisatixbbéteroeyelyd; which are
|ndependently sel %&3 gromthe group consisting of am no,

mono- | ower al ky! -* Rt ed ani no, di-Iloweral kyl 10 substituted am no,

| ower al kanoyl am n&noﬂﬂiy%ﬂ%ted Kéardthtleylt . hal ogenated | ower al kyl,
hydroxy, |ower al koxy, [ower | t hio, al ogenat ed | ower al koxy,

hal ogenat ed | ower thlopalb'WPbStlmt ef@ﬁr!da*l@yl oxy, -CO2R3, -CHO, -CH2OR3,

-0002R3, -CON(Rg) 2%(0)%%6@@“1”%%%, nitro, am di no, guani dino,

15 e optionally substituted heteroarylalkyloxy;
e -S(0O),(optionally substituted heteroarylalkyl);
e -CHO;
* -OCONQR®):;
e -NR'COR®;
20 s -NR’CON(R®),; and
o fused ring-forming bivalent bridges attached to and connecting adjacent
positions of ring J, said bridges having the structures:
a)
T<\T2
Ta/
25 wherein
each T? independently represents N, CH, or CG*;
T? represents S, O, CR'G*, C(R*),, or NR®; wherein
G4' represents any of the above-defined moieties G* which are
monovalent; and
30 binding to ring J is achieved via terminal atoms T2 and T;
b)
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mercapto, sulfo, and cyano; and 15 - when any al kyl group is attached to O,
S, or N, and bears a hydroxyl substituent, then said hydroxyl substituent
i s separ at emloby23ars | east two carbon atons fromthe 0, SCTASMRHH which t he
al kyl group is attached. 20 2. A conmpound of claim1l wherein R and R2
together forma bridge contgining two T2 noieties and one T3 noiety, said
bridge, taken together w thhxthe ring to which it is attached, formng a
bicyclic of structure ZN T2 4. T2 or . T3- T2-T 25 wherein each T2
i ndependently represents N,l,%@I-"I',2 or CG; and T3 represents S, 0, CH2, or
NR3; with the proviso that 'when T3 is 0 or S, at least one T2 is CHor CG.
30 3. A pharnaceut i cawhessinmositi on conprising a conpound of claim1l and a
pharmaceutically accept -k I ledt . @ddd 11 11 * C
L S WD 01/ 23375 PCT/ uso%ggﬁ?%ép?ﬁeﬁlﬁn‘é?%%%&é%%éaiéuén’g_a_'Jr‘rammL having a
condi tion characterized byGAbrepreseats ananefi thgcabevs-defined mpjetien & rivkigh laret y
processesg conprising adm ni $f.&Ebales: said mammal an anount of a conpound
of cl ai mi which is effec‘tivzl{oto %Bfgégft?dsai‘d 5 condition. 5., The nethod of
claim4, wherein said cowithheorovise that somaximemof twa bidgesppmshll, maynbs Noi ng
di abetic retinopathy, ischgpic retinal-vein occlusion, retinopathy of
prematurity, and age-related macul ar degeneration; rheumatoid arthritis,;
psoriasis; or a bul | ous tindingtasing 1 aghievsd;via temningl ptems I8 der nal bl i st er
formati on, including bullous penphigoid, erythema multifornme, and
dermatitis herpetiforms. 6. A conpound havi g\g t he gem-argal_riezed structural
formul a T8 T —
r R, T e
44 s Ts ) -{—6 ) ;l"6 y O ]
ud 'k 16—T°

wherein

each T*, T°, and T® independently represents O, S, CR*G*, CR*),, or

NR?; wherein '

G4' represents any of the above-defined moieties G* which are

10

15 monovalent; and
binding to ring J is achieved via terminal atoms T* or T ;
with the provisos that:
i) when one T*is O, S, or NR®, the other T* is CR*G" or C(R*); ;
ii) a bridge comprising T and T® atoms may contain a maximum of
20 two heteroatoms O, S, or N; and
jii) in a bridge comprising T and TS atoms, when one T° group and
one T® group are O atoms, or two T® groups are O atoms, said O
atoms are separated by at least one carbon atom;

25
when G* is an alkyl group located on ring J adjacent to the linkage ~(CR%),- , and X is
NR? wherein R? is an alky] substituent, then G* and the alky! substituent R® on X may
be joined to form a bridge of structure -(CHy)y - wherein p' is 2, 3, or 4, with the
proviso that the sum of p and p' is 2, 3, or 4, resulting in formation of a nitrogen-
30 containing ring of 5, 6, or 7 members;
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X-(CR2 pJ 2NR (G4)qg. ABl_.y R (&)gq 15 wherein R and R2 : i)

I ndependently represent Hor lower alkyl; 1ii) together forma bridge of
struct ur e W@ o®33#er ei n bi nding i s achieved via the ternPAHUSWEFWBN at ons;
iii) together forma bridge of structure N -' G ) m wherein binding is
achieved via the termnal carbon atons; iv) together forma bridge of
structure T\T1 25 T1=T, 98 - - ---------- WO 01/ 2337.5 PCT/ USOQ 26500
wher ei n one ond wigh thefarthepproxisesthat: 3r e N and the others are CH or CG, and
bi nding i s achi evazVi Ghend &, Wil twdighihs RObr BY aleQ@& ARV dn@GBaidldni dge
containing two T2 noieties and one |a noiety, said bridge ,taken together
with the ring to thasare Natonsthey may he linked by # hogd.an1Q, @p 8 ptNRStofprmaNict ur e
Z' T2 513N Z T2 cdnfatning helefodcle b2 3 -7 ringhiidrhd; N each T2 i ndependent|y _
represents N, CH, or Cé; an T3 represents S, 0, CRAG, C(R 2, or NR3; 10
and wherein mis O or an integer I - 4; and 15 G is a substituent

i ndependent |y sel ghrdregh drjlORRtér0SyE 0P HeteroEtH1 $inlz *optfonally substituted, that ring
may bear up to 5 substituents which are independently selected from the group

consisting of amino, mono-loweralkyl-substituted amino, di-loweralkyl-
10 substituted amino, lower alkanoylamino, halogeno, lower alkyl, halogenated
lower alkyl, hydroxy, lower alkoxy, lower alkylthio, halogenated lower alkoxy,
halogenated lower alkylthio, lower alkanoyloxy, -CO,R®, -CHO, -CH20R3,
-OCO,R?, -CON(R®),, -OCON(R®),, -NR*CON(R®),, nitro, amidino, guanidino,
mercapto, sulfo, and cyano; and
15
- when any alkyl group is attached to O, S, or N, and bears a hydroxyl substituent,
then said hydroxyl substituent is separated by at least two carbon atoms from the
O, S, or N to which the alkyl group is attached.

20
2. A compound of claim 1 wherein
R' and R?
together form a bridge containing two T2 moieties and one T> moiety, said bridge,
taken together with the ring to which it is attached, forming a bicyclic of structure

25
wherein

each T independently represents N, CH, or CG'; and
T? represents S, O, CH, or NR;
with the proviso that when T° is O or S, at least one T” is CH or CG'.
30
3. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.
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- N( R)2 ; NR3COR6 ; hal ogen; al kyl; 20 cycl oal kyl; | ower al kenyl ;

| oner cycl oal kenyl ; hal ogen-substituted al kyl ; am no-substituted al kyl;
25 N-| ower WSHIRZBHHAI no- substituted al kyl; NN-di -l ower PCTAUS00/26500

al kyl am no-substituted al kyl; N-| ower al kanoyl am no-substituted al kyl;
hydr oxy-substi tuted al kyl ; cyano substituted al kyl; 30

car boxy-substituted alk¥l O 11"t e crr bttt rrrt S +- WO
01/ 23375 PCTHAuUShOongtbahef treptingen reammalyhﬂamowbn@mvhmwdechwwbnmmenyl

| ower al koxycar bgt i lLkyl &

am no- substi tutdggﬁgl I?%a?n’tr]? %#ly mce%}% | am noH‘g %)dnﬁ {{tsgﬁe% A ﬁm am no
NN- di -1 ower al k‘??‘ﬁlﬁ‘?ln@ﬁ smeunt of 2 @gmmunslqumlmm 1 witich dsneffective to treat sald

al kanoyl ag no- sgiagitibg ut ed al kyl ami no; hydr oxy- substituted al kyl am no;
cyan-substituted al kyl amino; 10 carboxy-substituted al kyl am no; | ower

al koxycar bonyl - substi tuted al kyl am no; phenyl - | ower

aIS? oxycer bony! - Hébadda e @Mlinih SR B4 conditih R tumaer FRwth; efnopatiy, PhdRing

diabetic retinopathy, ischemic retinal-vein occlusion, retinopathy of prematurity, and
age-related macular degeneration; theumatoid arthritis; psoriasis; or a bullous disorder

10 associated with subepidermal blister formation, including bullous pemphigoid,
erythema multiforme, and dermatitis herpetiformis.

6. A compound having the generalized structural formula

x—(CR“z)—@
IN p

A—B

v S R

_DZE

(c33>q
15 wherein

R'and R?:

i) independently represent H or lower alkyl;
ii) together form a bridge of structure
—_— G1 ) ™
20 wherein binding is achieved via the terminal carbon atoms;
iii) together form a bridge of structure
&
G’ Ym
wherein binding is achieved via the terminal carbon atoms;
iv) together form a bridge of structure
T1
N
25 T'=T
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hal ogenat ed | ower al koxy; hal ogenated | ower al kylthio; hal ogenated | ower

al kyl sul fonyl ;

20 -0COR6; - CORE; ' -CO2R 6; -CON(R 2 ; -CH20R3; 25

-NO2; - C'\WO 0U?sT no; guani di no; sul fo; 30 -B(OH) 2PCT/EBA2604 | | v

substituted aryl;
PCT/ US00/ 26500

saturated heterocycl

100 1112112221222122 iii iii 111111 c¢c L N 8 WO 01/23375
Owhéraﬁ%hé ¥r twiﬁigl xh&hwls 148 NOd Yhe oth&?biem bt #GEuagti tuted

@ﬁgt I onal ubstituted saturated
het er ocycl yl al kyI é‘ﬁg}s FY Vﬁfbﬁf‘ﬁ‘ﬁ‘f‘%‘ﬁ%{f’fl al |y unsatur at ed

het er ocycl yl ;

> v)OR obtRGfoiny a%ﬂ@& ichithith Q%thalhthéknaﬁﬁtheaﬁeﬂmety, said

het erocycl yl aI kyl'; - 0002R3; t| opal, I @st | tuted he%eroaryl al kyl ;

optional |y subst it brides. wkendpgsthey enn

el s ditachqdy forming 4 bigyalig

heteroaryl); 10 gpkuaaR |y subst [ tut ed het eroaryl al kyl oxy;

-S(O p(optionall

NR3CO2R6 15 - NR3CON(

10

15

20

25

30

y substituted heteroarylal kyl); -CHO -OCON(R6) 2 ;

wherein _ )
each T? independently represents N, CH, or CG'; and
T° represents S, O, CR*G', C(R*),, or NR?;

and wherein
m is 0 or an integer 1 — 4; and

G' is a substituent independently selected from the group consisting of
o -NR:;
e -NR’*CORS;
e halogen;
e alkyl;
e cycloalkyl;
¢ lower alkenyl;
¢ lower cycloalkenyl;
¢ halogen-substituted alkyl;
e amino-substituted alkyl;
¢ N-lower alkylamino-substituted alkyl;
e N,N-di-lower alkylamino-substituted alkyl;
e N-lower alkanoylamino-substituted alkyl;
. hydroxy-substi;uted alkyl;
e cyano-substituted alkyl;
e carboxy-substituted alkyl;

A o



R6 is I ndependently selected fromthe group consisting of 20 H, alkyl;

cycloal kyl; optionally substituted aryl; and optionally substituted aryl

| ower al kyl Wo@B33msower al kyI N(R3)2 ; and |ower alkyl - @y/oBub/2s0 H,

hal ogen, or |ower alkyl; pis 0, 1, or 2; X is selected fromthe group

consisting of 0, S, and 1 1. C 11111 11122 0 1L L1 1S

WO 01/ 23375 PCT/ USOQ 200 k xgrgg% ig‘é’ tr‘ W group consi sting of

| ower al kyl ene; - CH2e Gphen ﬂoweﬁﬂ&x akyl; -0-; -S N+ ; 10
-(CR42)"-S(O p-(5- rrerrbered et eroary 42)s- -(Ce2)i

C((32) (R4) - (CR42)s- ; Wwhbalegen-substifyied Y ingach i ndependently 0 or an
I nteger of 1- 2; and mthe group consi stl ng of -CN,
- CC2R3, - CON( R6) 2i giz i@mﬁ‘é{g}%ﬁmﬁg‘ﬁ)@(ﬁ % c2- ;. -S(0-: -S(02_
-SCH2- ; 520 -S(O CH?r ; N-low&(dlyPdakio-substituted glR¢16hmo; and

¢ N,N-di-lower alkylamino-substituted alkylamino;

¢ N-lower alkanoylamino-substituted alkylamino;

¢ hydroxy-substituted alkylamino;
¢ cyano-substituted alkylamino;
10 e carboxy-substituted alkylamino;
e lower alkoxycarbonyl-substituted alkylamino;
¢ phenyl-lower alkoxycarbonyl-substituted alkylamino;

» -OR%

e -SRS
15 e -S(O)R%:

* -S(O)RS;

¢ halogenated lower alkoxy;
e halogenated lower alkylthio;
¢ halogenated lower alkylsulfonyl;
20 ¢ -OCORS
e -COR%
e -CORS,
o 'CON(R6)2 5
e -CH,0R%
25 e -NO;;
+ -CN:
e amidino;
e guanidino;
* sulfo;
30 e -B(OH)2;
o optionally substituted aryl;

R Y B



It -CH2S(Or 25 ZisNorCR4; qis 1 or 2; G3 is a nonoval ent or bival ent

noi ety sel ected fromthe group consisting of 30 [|ower alkyl; -NR3CORG;
car boxy- s MBEBed al kyl; 102 1 lull 111111 11111 111 PET/IH0/26509 01/ 23375
PCT/ US00/ 26500 | ower al koxycar bonyl -substituted al kyl; -OR6; - SR6;
"S(ORE 5 -S(0) 2R6a _optickilitbubstitudd@Blaroaryl; CRE: - CH2OR3; 10 - CON( R)z
. -S(O2N(RE) 2 ; tionally substitut ed aryl; 15 optionally
substituted heteroarl OPUG?J%“N@PF&P d§&‘§¥ﬁ¢dth9tee@!=yslahurat ed heterocycl yl :
optional Iy substituted I d het | yl optlonally
substituted heteroar?l a'ﬁ’gig’/'lu;l@s%%?%%%%% Su ef‘?ctyc?'fégc\{'ﬁeteroaryl oxy; 20

-S(O p(optionally substdptivhiaig siilﬁhﬁnteﬂqmiall unsattipdtedtivedrocyclglibst i t ut ed
het eroarél al kyl oxy; -S(0Q pgopt ignal |y su{;st ituted het eroaryl al kyl);
-OCON(R)2 ; - NR3CO2R6; optignally gybstitufgdmentially upsaturated heterocyclylalkyl;

e -OCOR%
optionally substituted heteroarylalkyl; -

e optionally substituted heteroaryloxy;
e -S(O)y(optionally substituted heteroaryl);
10 e optionally substituted heteroarylalkyloxy;
e -5(O)p(optionally substituted heteroarylalkyl);
e -CHO;
 -OCONR":;
e -NR’CORR®;
15 ¢ -NR’CONR®),

R? is H or lower alkyl;

R® is independently selected from the group consisting of

20 e H;

o alkyl;

e cycloalkyl;

e optionally substituted aryl; and

e optionally substituted aryl lower alkyl;
25 o lower alkyl-NR?;, ; and

e lower alkyl-OH;

R*isH, halogen, or lower alkyl;
30 pis0,1,0r2;
X is selected from the group consisting of O, S, and NR>;
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bi val ent bridge of structure T2=T2-T3 : wherein each T2 independently
represents N, CH or CG/ ; and T3 represents S, 0, CR4G3', C(R4)2, or NR3
;. wher ei n 3®0@®33represents any of the above-defi ned noietresmngBoorhi ch are
nmonoval ent; and 203 I~"[ (011" 01 ""01L 01~ 1L 11" 11" CLMS “si W
01123375 PCT/ USOQ 2G500 the termnal T2 is bound to L, and T3 is bound to
D, formng a 5- nmenbered fused ring; A and Dare CH B and B are CH, 5
Lis CH wth théispelestedom thetgroupeconsistingof ng phenyl ring bears as a G3
substituent said Obi‘lomlx‘glﬂ%lex?er'i dge of structure T2=T2-T3; J is a ring
selected fromthe group consrsting of 10 aryl; pyridyl; and

cycloal kyl; q' represi@pos; the nunber of substituents G4 on ring J and is O,

1, 2, 3, 4, or 5 and_ 15 4 is a nonoval ent or bivalent noiety sel ected
fromthe droup cohsiSHi¥rg of -NW2 -NR3COR6 :  halogen; alkyl; 20
cycl oal kyl ; | owpr -@IIEIKI?QYJ ;  lower cycl oal kenyl; hal ogen-substituted
al kyl ; ani no- subst T tut ed’ al kyl; 25 N-lower al kyl am no-substituted al kyl;
N, N-di - | ower al ky$ ardn0- substituted al kyl ;

. -S-;

¢ -NH-;

10 o -(CR*)x-S(0),~(5-membered heteroaryl)-(CR*);-;
o ~(CR)-CGHRY-(CRY)s-;
wherein

n and s are each independently O or an integer of 1-2; and
G’ is selected from the group consisting of -CN, -CO;R?, -CON(R?);, and

15 ~CH;N®R®), ;
e -O-CH;-;
* -5(0)-;
¢ -8(0);
e -SCH>-;
20 s -S(O)CH;-;

* -5(0)CH-;
o -CH;S(0)-; and
L4 -CHzS(O)z—

25 Zis N or CR%;
qislor2;

G® is a monovalent or bivalent moiety selected from the group consisting of
30 e Jower alkyl;
e -NR’CORS;
¢ catboxy-substituted alkyl;
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N- | ower al kanoyl am no-substituted al kyl; hydroxy-substituted al kyl;

cyano-substituted al kyl; 30 carboxy-substituted alkyl; |ower
al koxycar b¥WI2B¢hst i tuted al kyl ;  phenyl |ower al koxycd’FB‘BﬁWmé‘l!}bst ituted
alkyl; 104 1 I ~~l~~I I1I~N~~!'~I Illy Il li~~ L WO 01/23375

PCT/ USO0/ 26500 h@dmgmo@mbnﬁgﬁmuﬁédmmm no; am no-substituted
al kyl am no; N-lower al kylam no-substituted al kylam no; N, N-di-I| ower

al kyl ami no-substtt d®RBd al kylam no; 5 N-lower al kanoyl am no-substituted

al kyl am no; hydr ogys: substi tuted al kyl am no; cyano-substituted
al kyl am no; carboxy-8ubstituted al kyl am no; | ower
al koxycar bonyl - subss(u)m ed al kyl am no; 10 phenyl -1 ower
al koxycar bonyl - subst | tutsed al kyl am no; -OR6; - SRe; -S( O Re;
-S(O) 2R65 15 hat og¥®Red | ower al koxy; hal ogenated | ower al kyl t hi o;
haI ogenat ed | owey a&%hs.ul fonyl ; -0COR6; -CORE; 20 -CO2R6; -CON(RG)2
; - CH20R3; - NO2; 25 am di no; :
. -COR°,
e -CORS;
e -CH,OR%
10 e -CONR®%;;
o -S(O:RNR%:;
e -NO,;
s CN;

. optiona]iy substituted aryl;
- 15 e optionally substituted heteroaryl;

e optionally substituted saturated heterocyclyl;
e optionally substituted partially unsaturated heterocyclyl;
e optionally substituted heteroarylalkyl;
e optionally substituted heteroaryloxy;

20 e -5(O)p(optionally substituted heteroaryl);
e optionally substituted heteroarylalkyloxy;
e -§(0),(optionally substituted heteroarylalkyl);

* -OCON(R%:;
e -NR’CO,R’;
25 o -NR’CON(R®);; and
e bivalent bridge of structure T>=T>T" :
wherein

each T2 independently represents N, CH, or CG* ; and
T° represents S, O, CR'G?, C(R*),, or NR? ; wherein
30 G* represents any of the above-defined moieties G3 which are

monovalent; and
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ghani di no; sulfo; -B(OH)2 ; optionally substituted aryl; 30 optionally

substituted heteroaryl; optionally substituted saturated heterocyclyl;
105 1111 IwWeoewasss (11,1 111111111111 * C L S WO 01/ 23378TASIM265800/ 26500
optionally substituted partially unsaturated heterocyclyl; -0OCO2R3;

optionally substituted SRy 12K dund LAl YoidDetht #hafe a 5-
heteroaryloxy; S -S(Op %pt lonal |y Sl}rgstt??g:agd hét e(r)oaryl ) opg)tai onal Iy

substituted heteroaryl alkemlsxsd fusedgpgy) p(opti onal |y substituted

het er oaryl al kyla and D . -OCON(R6)2 ; 10 -NR3CO2R6 ; -NR3CON(R6)2; and
fused ring-formng bival ént bridges attached to and connecting adjacent

posi tions of ri A EaaCH;bri dges having the structures: a) T2 %2 15 Ts/
wherein gach T2sicpdependently represents N, CH or C&~ ; T3 represents
S, 0, CR4G', R4)2; or NR3; wherein Gdrepresents any of the above-defined
noi eti es 4 whi ch awith tixopravismthal e resulting phenyliring beass a5 1§ ubsitugatseidied vi a
termnal atoms T2 adqistbridfy of Hrdcure T=T2-T

J is aring selected from the group consisting of
10 e aryl;
e pyridyl; and
e cycloalkyl;

q’ represents the number of substituents G* onring J and is 0, 1, 2, 3, 4, or 5, and
15 G" is a monovalent or bivalent moiety selected from the group consisting of

o NE®%;
s -NR’COR®;
e halogen;
o alkyl;
20 e cycloalkyl;
e lower alkenyl;
¢ lower cycloalkenyl;
¢ halogen-substituted alkyl;
e amino-substituted alkyl;
25 » N-lower alkylamino-substituted alkyl;
® N,N-di-lower alkylamino-substituted alkyl;
¢ N-lower alkanoylamino-substituted alkyl;
e hydroxy-substituted alkyl;
e cyano-substituted alkyl;
30 o carboxy-substituted alkyl;
* Jower alkoxycarbonyl-substituted alkyl;
o phenyl lower alkoxycarbonyl-substituted alkyl;
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1 T~ -r2 wherein 25 each T2 independently represents N, CH or CHA';
wherein 4' represents any of the above-defined noieties (4 which are
monoval enWO R3S th the proviso that a maxi num of two BFT/EWY26¥00ns T2 may
be N; and 30 binding toring J is achieved via terminal atonms T2; and
106 jiiijiiiiuiig, ifiad e%‘ﬁ,smegja{m&.PCT/ USOO 26500 C) TGIs T\T6 T\~ T 1
Ts , or TS T4 T/ T-g' -~ 16 .Ts~ T15-16 wherein each T4, T5, and T6

i ndependent | y r eprassaonsubstituted alkglando;, C(R4)2, or 5 NR3; wherein G4

represents any of e abgve-i.dentifie ieties G4 which are nonoval ent;
and binding to i rﬁ-?%”ﬁréﬂ%@m'%‘vﬂ’ﬁ}sw@?‘gﬁﬁ?‘ﬁ’&r atons T4 or T5 ; with the
provisos that: 30 I?f}q_&t]wem@lﬂnb_guggﬁmﬁdammaW; the other is CR G or

C(R)2; ii) a bridge conprising T5 and T6 atons nay contain a maxi mum of
two het &Y oat orrs *0, N-Byweyalkanoydaming-substifuted alkylaimiape conpri sing T5 and T6
atons, when one T roup an e.T6 qroup are O atons, or two T6 groups
are 0 atons, sai'd r%g'sgﬁggﬁ’ge‘gﬁ%@%B%r ated by at | east one carbon atom
when G4 is an alekydyafl-ibgtithted alk¢Bmiv; ' i Nng J adj acent to the |inkage
-(CR42)p- , and X is NR3 wherein R3 is an al kyl substituent, then &4 and
the al kyl subst i* wafhoxgsubstitused alicylamyao;; oi ned to form a bridge of structure

-(CH2) p. - whergi P‘°§'?f4“§°x§f¥?°r?§'9§“r?€‘?%'\r%n%‘fl¥mﬁ‘°zo provi so that the sum of p

and p' is 2, 3, 0 res on ol a nitrogen-
10 s phenyl-lower alkoxycarbonyl-substituted alkylamino;
¢ -ORS
J -SRG;
e -S(OR%;
o -S(O):RS
15 ¢ halogenated lower alkoxy;

¢ halogenated lower alkylthio;
» halogenated lower alkylsulfonyl;

e -OCORS
» -CORS

20 e -CO:RS
e -CONR":;
e -CH,OR’
e -NO;;

e -CN;

25 e amidino;
e guanidino;
¢ sulfo;

e -B(OH)2;

e optionally substituted aryl;
30 e optionally substituted heteroaryl;
e optionally substituted saturated heterocyclyl;

‘R ) DA



containing ring of 5, 6, or 7 nenbers; and with the further provisos that:
-in G, &, &, and 4, when two groups R3 or e are each al kyl and | ocated
on 25 the wamg2drsat om they may be |inked by a bond, an BTAEMVES00r NR3 to
forma N containing heterocycle of 5 - 7 ring atoms; - when an aryl,

het eroaryl, or heterocyc N tionall ubstjtuted, that ring nmay
bear up to 5 subst |9Wé%ﬁi§y§mr Ay aé“ﬁqﬁ'd’aﬁaé%‘ %?‘T%Vo%y(ﬂ Lct ed fromthe group
30 consisting of am@eo,rfpno-| oweral kyl -substituted am no, di-Ioweralkyl
substituted anino, |ower al kanoyl am no, hal ogen, |ower alkyl, hal ogenated
| ower al kyl , hydrbx?pﬁqneﬂvewbaﬁﬂktedd}mwmhl kyl t hi o, hal ogenated | ower

al koxy, 107III1III léllli bt%twc#h”l' Ulll1t L MW 01/23375

PCT/ US00/ 26500  hal SERSTALLHOP R0, "1 ower al kanoyl oxy, - CO2RS,
-CHO, -CHBOR3, - Domwomagﬁ@masamtedm 2, -NR3CON(R6)2, nitro,

am di no, guanidino, nercapto, sulfo, and cyano; and 5 - when any al kyl
group is at t ached® t eptipnally substiteted hatetoaselalikylogy;hy dr oxyl substituent, then
sai d hydroxyl substi st two carbon atonms from
the 0, S, or N t?) Mgptnﬁi?alliggﬂlﬂeﬁ%gyﬁa@ﬁd t‘dached. 7. A conpound of
claim6 wherein, ¢n-CHO; ring conprising A, B, DO E, and L and a 10

bi val ent bridge of structuyre T2=Ta-T3 , the term naI T2 represents N and
the T3 unit of shi PPNy represents S, 0, CR42, or NR3. 8. A

phar maceypi cal co;rpqgk;td(g 6COITpI‘I sing a conpound of claim6 and a
pharmaceutical ly accept e carrier. 15 9. A nethod of treating a mamal
having a conditi on EXRICON@F )hzand by abnor nal angi ogenesi s or

hyper perm abi | i ty, processe in dm n| n o said mral an
anount of a corrpounh“SB‘ia ?P n&ﬁ' \ %Q faé@f £° g“‘{ FRgectng; giacent
condition. 20 10. The p&ﬁhb&d;fﬁﬁgl}lsﬂﬂBh@gesﬂb@:ig&hé\stﬁﬁmebsgondl tion is tunor
grow h; retinopathy, including diabetic retinopathy, ischemc retinal-vein

occlusion, reti nopa?)ny of prematurity, and age-related macul ar
degeneration; rheunatoid ari-zhrl tis; psoriasis; or a bullous disorder
associ ated w th subepi der maI\TbI ister formation, including bullous

penphi gmld Ta/
wherein
each T? independently represents N, CH, or CG*;
T represents S, O, CR*G*, C(R*),, or NR?; wherein
G* represents any of the above-defined moieties G* which are
20 monovalent; and

(l—‘

binding to ring J is achieved via terminal atoms T2 and T,
b)

N

7

TZ
L
wherein
25 _ each T? independently represents N, CH, or CG*; wherein
G4' represents any of the above-defined moieties G* which are
monovalent; and .
with the proviso that a maximum of two bridge atoms T> may be N ;
and
30 binding to ring J is achieved via terminal atoms T%; and
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25 erythema multifornme, and dermatitis herpetiforms. 11. A conpound havi ng
the generalized structural formula X-(CR42 pi Z R (A4)g. ~AB) -YR
7.E "D (V&¥M233B0 wherein 108 11Jul 11 1 11111 hi Ll 111!@1‘@5‘\9‘@-’@&/ 23375
PCT/ US00/ 2(r500 R and R2 : i) independently represent H or |ower alkyl;

1) together formg bridge of structure _ m5 wherein binding is

achi eved via the term nal car bon atons; | | ) together forma bridge of
structure m wherein bindi cth v V|T§~t-1he termTFad—Tscar bon at ons;
iv) together forma bridg ucturi T 2 wher'lél n one or two
ring menbers T are N and-reh hers r/CGl and bl-ﬁdl ng is

achi eved via the term nal ato or v) togen‘s‘l'r\'-ﬂ'6 form a-rﬁh.r_ﬁjge cont ai ni ng
two To noieties and one I3 nDi ety, said bridge, taken together with the
ring to which it is ¥OEEMed, for i ng a bicyclic 15 of structure z' ~2 z
Ts z T2 T 3T or T2 |T&acmmérré; andeFcindshandentie pepredans Oy Sy eRIGS @RY,,Nr CH, or

CGS; and5 T3 represents SNR wh%r%lGl C(R4) 2, or NR3;
G4' represents any of the above-identified moieties G4 which
are monovalent; and
binding to ring J is achieved via terminal atoms T*orT%;
with the provisos that: :
10 i) when one T?is O, S, or NR?, the other T* is CR*G* or CR*); ;
ii) a bridge comprising T and T® atoms may contain a maximum of
two heteroatoms O, S, or N; and
iii) in a bridge comprising T> and T® atoms, when one T* group and
“one T® group are O atoms, or two T° groups are O atoms, said O

15 atoms are separated by at least one carbon atom;

when G*is an alkyi group located on ring J adjacent to the linkage —(CR‘z)p- ,and X is
NR? wherein R® is an alkyl substituent, then G* and the alkyl substituent R® on X may
be joined to form a bridge of structure -(CH2), - wherein p' is 2, 3, or 4, with the
20 proviso that the sum of p and p' is 2, 3, or 4, resulting in formation of a nitrogen-

containing ring of 5, 6, or 7 members;

and with the further provisos that:
-in G!, G?, G*, and G*, when two groups R3 or RS are each alkyl and located on
25 the same N atom they may be linked by a bond, an O, an S, or NR? to form a N-

containing heterocycle of 5 — 7 ring atoms;

- when an aryl, heteroaryl, or heterocyclyl ring is optionally substituted, that ring

may bear up to 5 substituents which are independently selected from the group

30 consisting of amino, mono-loweralkyl-substituted amino, di-loweralkyl-
substituted amino, lower alkanoylamino, halogeno, lower alkyl, halogenated

lower alkyl, hydroxy, lower alkoxy, lower alkylthio, halogenated lower alkoxy,

107 _—

N



20 and wherein mis O or an integer | - 4; and 25 G is a substituent

I ndependently selected fromthe group consisting of N(R)2 -NR3COR6 ; 109
il > Tiwolotasses (1T V\001/23375 PCT/ USOQO #@fi0sd0265tmal ogen;

al kyl; cycl oal kyl ; | ower al kenyl ; | ower cycl oal kenyl ;

el ogen. SUbst Ut At e YRusy %&?&ﬁ% Yool ARSI O 1
10 yN-I ower al kanoQCQanoCQMB?)M-QC@H(Eﬁ)kyNR CONGRIomifrosamiding guaeidiral, Ky | ;
cyano-substituted g t ggfg,laagéyan é‘“ﬁt ituted al kyl; | ower

te

al koxycar bonyl - subst It phenyl | ower _
al koxycar bonyl - substituted al kyI hal ogen-substituted al kyl am no;

am no-substituted I n m no;
NN di - Towar al kyl a%no*f?%‘@"ﬁwsdﬂ%y S S Gy BB b bl
al kanoy!l ami no- subs then saidHydeoxyy substitnent is sepa]alc@oyatéubtstmtclubedatahkﬁ?mnhmo
cyano-substituted gl &Ky, Rl ted al kyl am no; ower
al koxycar bonyl - subgf#tdu%%?%yﬁ%{mggg%ugwgﬂlﬁyl - | ower
al koxycar bonyl - substi tuted al kyl am no; -
7. A compound of claim 6 wherein, in the ring oomprising A,B,D,E, and L and a
10 bivalent bridge of structure T>=T°-T*, the terminal T represents N and the T° unit of
said bridge represents S, O, CR%, or NR>,

8. A pharmacentical composition comprising a compound of claim 6 and a
pharmaceutically acceptable carrier.

15
9. A method of treating a mammal having a condition characterized by abnormal
angiogenesis or hyperpermiability processes, comprising administering to said
mammal an amount of a compound of claim 6 which is effective to treat said
condition. '
20

10. The method of claim 9, wherein said condition is tumor growth; retinopathy, including
diabetic retinopathy, ischemic retinal-vein occlusion, retinopathy of prematurity, and
age-related macular degeneration; rheumatoid arthritis; psoriasis; or a bullous disorder
associated with subepidermal blister formation, including bullous pemphigoid,

25 erythema multiforme, and dermatitis herpetiformis.

11. A compound having the generalized structural formula

x—(CR"2p
N \ 1 4
z R Ghy
A—B.
{3
DZE
(Ga)q
30 wherein
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- SR6; -S(OR6; -S(ohR6; 30 hal ogenated |ower al koxy; hal ogenated | ower
alkylthio; 110 1!l1ilj 2111 112112112111 11 11 N L WD 01/23375

PCT/ US00/ 2890®2337hal ogenat ed | ower al kyl sul fonyl; - OCORET/USO/IGTIRE;

-C02R6; 5 -CON(R6) 2 ; - CH20OR3; -NO2;  -CN; am dino; 10 guanidino; "’
sulfo; -B(OHRtand®Ptionally substituted aryl; optionally substituted
heteroaryl; 15 optionally substituted saturated heterocyclyl; optionally

substituted sat ubafrdeperdeitly sepresentEprdower allgyli i onal 1y substituted partially

unsat urated het efipedgethéd form @ BHdg W Estricngrgbst i t uted partially unsaturated
het er ocycl yl al kyl; -OCO2R3; 20 optionally substituted heteroaryl al kyl ;

optionally substituted Aeteroaryloxy; -S(Op(optionally substituted

het eroaryl ) ; opti onal {}y substituted heteroaryl al kyl oxy;

-S(O p(optionally substit&tgﬂ heteroaryl al kyl); 25 -CHO -OCON(R) 2 ;
5 wherein binding is achieved via the terminal carbon atoms;

iii) together form a bridge of structure

A
N,

wherein binding is achieved via the terminal carbon atoms;
iv) together form a bridge of structure
T'\T1
10 T'=T
' wherein one or two ring members T' are N and the others are CH or CG', and
binding is achieved via the terminal atoms; or )
v) together form a bridge containing two T? moieties and one T® moiety, said

bridge, taken together with the ring to which it is attached, forming a bicyclic

15 of structure
ah . s
s ’-;}f 4 )
w4 T3’T2 > wd Tz‘-T2 or L \Tz,Ts
wherein

each T independently represents N, CH, or CG'; and
T represents S, O, CR*G', C(R*),, or NR®;

20
and wherein
m is 0 or an integer 1 — 4; and
25 G' is a substituent independently selected from the group consisting of
* NR:;
e -NR’COR®;

[NED Y TR



NR3COZR6 ; -NR3CON(R6)2 30 R3is Hor lower alkyl; R6 is independently

selected fromthe group consisting of 1112 ILLlitibtinr tilblr~tL it CL
M WO 01/ 233 WD @2337S00/ 26500 H, alkyl; cycloalkyl; opvioesasioy
substituted aryl; and 5 optionally substituted aryl |ower alkyl; | ower

alkyl -N(R3)2 ; and lower .alkyl-OH R4 is H halogen, or lower alkyl; 10
pis 0, 1, or 2; Xis sel 8&PEHF fromthe group consisting of 0, S, and NR3;
15 Y is selected from:hglkglroup consi sting of |ower alkylene; -CH2-O
-CH2-S- ; -CH2-NH; 20 =0-; -S: -NH; -(CR42))-S(O) p-(5-nenbered
heteroaryl )-(CR42),-; * cfRKIEN C(G (R)-(CR42)s 25 wherein n and s are

each independently 0 or an integer of 1- 2; and G is selected fromthe
group consisting of -CN, ﬁ’-‘”étgf??é‘,gf-co\l(%)z , and -CH2N(R6)2; -O CH2- ;

30 -S(O 5 ; o lower cycloalkenyl;
* halogen-substituted alkyl;
¢ amino-substituted alkyl;
¢ N-lower alkylamino-substituted alkyl;
¢ N,N-di-lower alkylamino-substituted alkyl;
10 ¢ N-lower alkanoylamino-substituted alkyl;
¢ hydroxy-substituted alkyl;
¢ cyano-substituted alkyl;
e carboxy-substituted alkyl;
¢ lower alkoxycarbonyl-substituted alkyl;
15 e phenyl lower alkoxycarbonyl-substituted alkyl;
¢ halogen-substituted alkylamino;
¢ amino-substituted alkylamino;
» N-lower alkylamino-substituted alkylamino;
» N,N-di-lower alkylamino-substituted alkylamino;
20 ¢ N-lower alkanoylamino-substituted alkylamino;
¢ hydroxy-substituted alkylamino;
o cyano-substituted alkylamino;
e carboxy-substituted alkylamino;
» lower alkoxycarbonyl-substituted alkylamino;
25 ¢ phenyl-lower alkoxycarbonyl-substituted alkylamino;
e -OR%
e -SR%
* -S(OR
» -S(O)R
30 ¢ halogenated lower alkoxy;
¢ halogenated lower atkylthio;

-

AN
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-S(0)2- -SCH2- ; 112 ¢ L x s WD 01123375 PCT/ USOn/ 26500 - S(O) CH2-;

-5(02CH2- ; -CH2S(O- ; and -CH2S(O2 5z is QO gis |l or 2; is 10
G3 is a mVRWEIEHt or bivalent noiety selected from t hePGFBY268hsi sting of
-NR3COR6; carboxy-substituted al kyl; |ower al koxycarbonyl -substituted

ks o e R s (e %

optional |y substituted ®qdrS optionally substituted heteroaryl;
optionally substituted satyrated heterocyclyl; optionally substituted
partial ly unsaturate® m&Q¥ocyclyl; k,. 30 optionally substituted
het er oaryl al kyl ; e -CORS:

5 e -CONR%:;

e -CHOR’
e -NOz;
s -CN;
e amidino;

10 s guanidino;
s sulfo;
s -B(OH)2;
e optionally substituted aryl;
e optionally substituted heteroaryl;

15 e optionally substituted saturated heterocyclyl;
¢ optionally substituted saturated heterocyclylalkyl;

. optionally substituted partially unsaturated heterocyclyl;

e optionally substituted partially unsaturated heterocyclylalkyl;
* -OCOR’%

20 e optionally substituted heteroarylalkyl,;
e optionally substituted heteroaryloxy;
e -5(0),(optionally substituted heteroaryl),
e optionally substituted heteroarylalkyloxy;
e -S(O)y(optionally substituted heteroarylalkyl);

25 e -CHO;
e -OCON(R%,;
. -NR’COZR6 ;

¢ -NR’CON(R®),
30 .R®is H or lower alkyl;

R¢ is independently selected from the group consisting of

111 —
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optional ly substituted heteroaryloxy; -SOO (oPtionallY substituted
heteroaryl); ~i9 113 1111111182111112121111212111112 * CL MS'i. WO

41/ 23375 PGRio@a8726500 optional |y substituted het er oaPGTESRGEEXy
-S(Op(optiinally substituted heteroaryl al kyl); -OCON(R)2 ;  -NR3CO2R6; 5
-NR3CON(R6) 2 ; and ~_bivalent bridge of structure T2="i'2-T3 wherein each
T2 i ndependently TeH;esents N, CH or CG; and T3 represents S, 0, CR4AG3',
C(R) 2, or NR3; vvherg1' 1:10 G3' represents any of the above-defined noieties
G3 which are nonoval éiit; and the terminal T2 is bound to L, and T3 is
bound to D, form agcycléatkylenbered fused ring; 15 A and D i ndependently
represent N or CH B_axgﬁ E.i ndepen ,en&ly represent N or CH L represents
N or CH with the®pr8tionaly sybstifiedstybd8d ¢ ot al nunber of N atoms in the ring

containing A, B, D 4 io@ﬂ?sdbs{itﬁteﬁaryhow%salkﬁp or 3; and b) when L represents
CH and any G3 is a noval ent substituent, at |least one of A and Dis an N

atom and c) wheneL lowernlebN®R)GHndnd a G3 is a bivalent bridge of
structure T2=T2-T3, .t hen ﬁPSB D, and E are also CH, 25 J is aring
sel ected from the®glo¥H K sting of aryl: pyridyl: and cycloal kyl;

R* is H, halogen, or lower alkyl;
10
pis0, 1, 0r2;

X is selected from the group consisting of O, S, and NR® :

15 Y is selected from the group consisting of
e Jowecr alkylene;
s -CHy-O-;
o -CHy-S-;
s -CH)-NH-;
20 s -0-;

e -NH-;
o  -(CR*):-S(0),-(5-membered heteroaryl)-(CR*)-;
e -(CR*)-C(GHRH-(CRY)s-;
25 wherein
n and s are each independently 0 or an integer of 1—2; and
G? is selected from the group consisting of -CN, ~CO;R’, -CON(R®),, and
—CHNR®: ;
s -O-CH;:;
30 e -S(0)-;
e -S(0)-;
e -SCH;-;
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30 g represents the nunber of substituents &4 onring J and is 0, 1, 2, é,
4, or 5, and &4 is a nonoval ent or bivalent noiety selected fromthe group

consi sti rRyoOI238I4 | [LIIIII TUII 12ji il1( | 11 1111 PCOUSONAEH91/ 2337.5
PCT/ USCQO' 26500 N(R% ; -NR3COR6 ; hal ogen; alkyl; 5 cycloal kyl; '
| ower al kenyl; I ggpiqgl%cl oal kenyl ; hal ogen-substituted al kyl;

am no-substituted yI5 10 N-lower al kyl am no-substituted al kyl;

NN-di - | ower al kel sSOpeHupsti tuted al kyl ; N- | ower

al kanoyl am no-substituted al kyl; hydr oxy- substi tuted al kyl ;

cyano- subst i t ut®d-E#)-:a& " car boxy- substituted al kyl; 1 ower

al koxycar bonyl -.w%%zisr(gi ed al kyl; phenyl |ower al koxycarbonyl -substituted
al kyl ; hal ogen- substituted al kyl am no; am no-substituted al kyl am no; 20
N- | ower Sal kyl ami no-substituted al kyl am no; N, N-di - | ower

al kyl am no-s%}ﬁ pkut ed al kyl am no; N-1 ower al kanoyl am no-substituted

al kyl am no; ydroxy-substituted al kyl am no; cyano-substituted

al kyl am no; 25 carboxy-substituted al kyl am no;. - | ower

al koxycar bo”ﬁiéﬂd stituted al kyl am no; phenyl -1 ower

al koxycar bonyl - subs't it uted al kyl ami no; -OR6;,

10 G® is a monovalent or Biva]ent moiety selected from the group consisting of
e -NR’CORS; -
s carboxy-substituted alkyl;
o lower alkoxycarbonyl-substituted alkyl;

. -OR6;

15 o SRS
e -S(O)RS;
e -S(O)R%
e -OCORS;
e -COR%

20 e -CORS;
e -CH,OR?
e -CONR®),;
o -S(O):NR):;
e -NOy;

25 e -CN;

e optionally substituted aryl;

. dpﬁonauy substituted heteroaryl;

s optionally substituted saturated heterocyclyl;

e optionally substituted partially unsaturated heterocyclyl;
30 s optionally substituted heteroarylalkyl;

e optionally substituted heteroaryloxy;

¢ -S(O),(optionally substituted heteroaryl);

113
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-SR6; 30 -S(O Rs; -S(O) 2R6; 115 S WO 01/ 23375 PCT/ US00/ 26500

hal ogenat ed | ower al koxy; hal ogenated | ower al kylthio; hal ogenated | ower
al kyl sul f onwg1/2337§COR6; 5 -CORE; - CO2R6; - CON(R6)2 PCT/USIGREOR3; - NO2;
10 -CN; amdino; guani di no; sulfo; -B(OH)2; 15 optionally
substituted aryl; optiopally. su t| t ut et eroaryl optional ly
substituted sat urat @H’“‘Wé EFbEiuteg petero gﬂ%ﬁéy’l y substituted partially

unsaturated heterg m, Aldter 2B |l'y substituted
onal tedeter
het er oaryl al kyl ; '6?1"‘1 P?/ subst | % ut ed hetgjpgar yloxy; -S(O p(optionally

substituted het eroar—@CDN(Rs)o;pt lonally substituted heteroaryl al kyl oxy;
-S(O p(optionally subs; | tz%ed heteroarylalkyl); 25 -CHG -OCON(R6)2 ;
-NR3CO2R6 ; - NRS and fused ring-form ng bival ent bridges

attached tp and Canﬁﬁtd:@ga@ﬂj’ aeent
s bivalent bridge of structure T>=T>-T°
wherein
each T2 independently represents N, CH, or CG’; and
T represents 8, 0, CR*G”, C(R*),, or NR?; wherein
10 G* represents any of the above-defined moieties G* which are

monovalent; and
the terminal T2 is bound to L, and T is bound to D, forming a 5-

membered fused ring;

15 A and D independently represent N or CH;
B and E independently represent N or CH;
L represents N or CH;
with the provisos that
a) the total number of N atoms in the ring containing A, B, D, E,and L is 0, 1, 2,
20 or 3; and
b) when L represents CH and any G’ is a monovalent substituent, at least one of A
and D is an N atom; and
¢) when L represents CH and a G* is a bivalent bridge of structure T>=T>-T’, then

A, B, D, and E are also CH;
25
J is aring selected from the group consisting of
e aryl; '
s pyridyl; and
s cycloalkyl;
30

q’ represents the number of substituents G*onringJandis 0, 1,2, 3,4, 0r 5, and

G" is a monovalent or bivalent moiety selected from the group consisting of
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30 positions of ring J, said bridges having the structures: a) 116 | {lj, |
Lt 12# 1010001010111 2121 111 5 W 01/23375 PCT/[JS00/ 26500 2
T\T2 T-3W@H2B™H each T2 independently represents N, RCHUSHM26504' : T3
represents S, 0, CRAG4, C(R4)2a or NR3; wherein 5 &4' represents any of the
above-defi ned npi e’“g’f’ﬁ’m whi ch are nonovalent; and binding to ring J is
achieved via termn dtoms la and T3; Db) T/T2 T 10 wherein each T2
i ndependent | y reprNR¥GAR*;N, CH, or CG4; wherein 4' represents any of the
above-defined noi Etli es 4 which are nonovalent; and with the proviso that
a maxi mum of twd BRPEFe atons T'2 may be N; 15 and binding to ring | is
achieved via tegmfpgl, atoms T2; and c) T5 Ts~ T5-,T6 T5 T6 14 DIs 16 DTs
., or T6 T6 T4 T5/ 15/ Ts T5 "I~ T5-T6 wherein 20 each T4, T5, and T6
i ndepenflent |y repcrdeatid; 0, S, CRAK, C(R)2, or NR3; wherein G4
represents any of .the l%bO\{_e-defi ned noieties &4 which are
¢ lower alkenyl;
e lower cycloalkenyl;
¢ halogen-substituted alkyl;
e amino-substituted alkyl;
10 ¢ N-lower alkylamino-substituted alkyl;
e N,N-di-lower alkylamino-substituted alkyl;
e N-lower alkanoylamino-substituted-alkyl;
e hydroxy-substituted alkyl;
e cyano-substituted alkyl;
15 e carboxy-substituted alkyl;
* lower alkoxycarbonyl-substituted alkyl;
¢ phenyl lower alkoxycarbonyl-substifuted alkyl;
e halogen-substituted alkylamino;
e amino-substituted alkylamino;
20 ¢ N-lower alkylamino-substituted alkylamino;
e N,N-di-lower alkylamino-substituted alkylamino;
e N-lower alkanoylamino-substituted alkylamino;
e hydroxy-substituted alkylamino;
e cyano-substituted alkylamino;
25 e carboxy-substituted alkylamino;
e lower alkoxycarbonyl-substituted alkylamino;

o phenyl-lower alkoxycarbonyl-substituted alkylamino;

e -ORS

e -SR
30 s -S(O)RS;

* -S(O):R%

* [ L M s *




mdnoval ent; and binding to ring J is achieved via termnal atons T4 or TS ;
25 with the provisos that: i) when one T4 is O, S, or NR3, the other T4 is
CRAGA or C(iWhoinssrsii) a bridge conprising TS and T6 at oR€T/H¥N2€8Nt ai n a
maxi mum of two heteroatons O, S, or N, and 117 | 1111111 111111 11111
Lreer et Mms.hyg'y o rfe 3375 PCC/USQQO 26.500 iii) in a bridge
conprising TS and'T%lalgg%lﬁtse‘,i%ﬁ&#é Ts group and one T6 group are O
atons, or two T6 gr gulggendted Idvenkikpithio;said O atons are separated by at

| east one carbon atonm 5 when 4 is an al kyl group located on ring J

adj acent to the | Pnibalggenaiediorer plkylsulfomylix {5 "NR3 wherein R3 is an al kyl
substituent, then G4 st he al kyl substituent R3 on X may be joined to
forma bridge of structur’e -(CH2)p. - wherein p' is 2, 3, or 4, with the
provi so thsat the suncoR®%p and p' is 2, 3, or 4, resulting in formation of a
nitrogen- containing ring of 5, 6, or 7 menbers; 10 and with the further
provisos that: - *n '@0;R€32, &3, and 4, when two groups R3 or e are each
al kyl and | ocat ed.on_cohl'@s)zs.ane N atomthey may be |inked by a bond, an O,
an S, or NR3 to forma cont ai ni ng heterocycle of 5 - 7 ring atons; 15 -
when an aryl, hetero@HyOR*0or heterocyclyl ring is optionally substituted,
that ring nay bear up to 5 substituents which are independently sel ected
fromthe group c&nsPM$®rng of amino, nono-I|oweral kyl -substituted am no,

di - | ower a*d<y| - SuRstchut ed am no, |ower al kanoyl am no, hal ogeno, | ower

al kyl , halogenated 20 [ower alkyl, hydroxy, |ower al koxy, |ower alkylthio,
hal ogenat ed | ower *alamidipo; hal ogenated | ower al kylthi o, |ower al kanoyl oxy,
-02R3, -CHO -CH20R3, ... 0002R3, -CON(R6)2, -OCON(R6)2, -NR3CON(R6)?2a
nitro, amdino, glarl8if8% nercapto, sulfo, and cyan; and 25 - when any
al kyl group is atteachget to O, S, or N, and bears a hydroxyl substituent,
then said hydroxyl substituent is separated by at |east two carbon atons
fromthe -B(OH)2 ;

15

*

optionally substituted aryl;

¢ optionally substituted heteroaryl;

e optionally substituted saturated heterocyclyl;

o optionally substituted partially unsaturated heterocyclyl;

¢ -OCORY;
20 e optionally substituted heteroarylatkyl;

o optionally substituted heteroaryloxy;

s -S(O),(optionally substituted heteroaryl);

« optionally substituted heteroarylalkyloxy;

s -S(0),(optionally substituted heteroarylalkyl);
25 e -CHO;

e -OCON(R®),;

¢ -NR’COR%;

e -NR’CON(R®),; and

e fused ring-forming bivalent bridges attached to and connecting adjacent
30 positions of ring J, said bridges having the structures:
a)

-

U
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0, S, or Nto which the alkyl group is attached. 12. A conpound of claim 11
wherein R4 is H 30 13. A pharmaceutical conposition conprising a conpound
of clai mwWoones7m pharnaceutically acceptable carrier PCTASMREIM]I111 .
11211 iji 111112111 L s WO 01/ 23375 PCTI US00/ 26500 14. A net hod of )
treating a mammal havi ng 2 condition characterized by abnor nal
angi ogenesi s or hyperpermNability processes, conprising admnistering to
said mamml an anmount of conmpound of claim 11 which is effective to
treat said condition. 5T15. The method of claim 14, wherein said condition
is tunor grow h; retyyagat hy, including diabetic retinopathy, ischemc
retinal-vein occlusion, rejinopathy of prematurity,,and age-related
macul ar degeneration; $eRRERdencadently gepresenss NoGHyorLd's: or.a bul | ous
di sorder associ at ed W thesreRanis]e), tRFGUIARYE br NRP;Wek@R, | ncl udi ng bul | ous
10 penphigoid, erythema nultiforne, an ermatitis herpetiform.s. 16. A
cormpound sel ected from t B4 GPERSFNLE 3RE iof thegpoys-dglinednaisties G4 which are 5 g
7, 8, 9, 10,11,12, 13, 14, 1Gachévdléat; Q. 20, 21,22, 23, 24, 27, 28, 34, 35,
36, 37, 38, 39, 40, 42, 43,44, 45,6 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59. 60, 61‘?‘“‘822,“65%Jea%“&%%w‘%%h%w@?@é%; 70, 71, 72, 73,
74, 75, 76, 78, 7%) 82A, 82B, 82C, 82D, 85, 88, 89, 93, 95, 96, 97, 98,
99, 100, 101, 102,103,104, 105, 106,107,108, 109,110, 111, and 112.
0012 Trreer g IIIIT§L+2~!I~ Ls 119 a..
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10 wherein
each T2 independently represents N, CH, or CG*; wherein
G4' represents any of the above-defined moieties G4 which are
monovalent; and '
with the proviso that a maximum of two bridge atoms T> may be N ;
15 and

binding to ring J is achieved via terminal atoms T2 and

<

wherein _
20 each T*, T°, and T® independently represents O, S, CR*G*, C(R*), or
NR’; wherein
G4' represents any of the above-defined moieties G4 which are
monovalent; and
binding to ring J is achieved via terminal atoms T* or T,
25 with the provisos that:
i) when one T*is O, S, or NR>, the other T* is CR*G* or CRY), ;
ii) a bridge comprising T® and T® atoms may contain a maximum of
two heteroatoms Q, S, or N; and
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iii) in a bridge comprising T* and T® atoms, when one T° group and
one T group are O atoms, or two T® groups are O atoms, said O

atoms are separated by at least one carbon atom;

when G* is an alkyl group located on ring J adjacent to the linkage ~(CR4z)p- ,and X is
NR® wherein R? is an alky! substituent, then G* and the alky] substituent R on X may
be joined to form a bridge of structure -(CHy)y - wherein p' is 2, 3, or 4, with the
proviso that the sum of p and p' is 2, 3, or 4, resulting in formation of a nitrogen-
containing ring of 5, 6, or 7 members;

and with the further provisos that:
-in GY, G% G’, and G*, when two groups R> or RS are each alkyl and located on
the same N atom they may be linked by a bond, an O, an S, or NR® to form a N-

containing heterocyclc of 5 — 7 ring atoms;

- when an aryl, heteroaryl, or heterocyclyl ring is optionally substituted, that ring
may bear up to 5 substituents which are independently selected from the group
consisting of amino, mono-loweralkyl-substituted amino, di-loweralkyl-
substituted amino, lower alkanoylamino, halogeno, lower alkyl, halogenated
lower alkyl, hydroxy, lower alkoxy, lower alkylthio, halogenated lower alkoxy,
halogenated lower alkylthio, lower alkanoyloxy, ~-CO,R?, -CHO, -CH,OR?, -
OCOR?, -CON(R®);, -OCON(R®),, -NR*CON(R®),, nitro, amidino, guanidino,
mercapto, sulfo, and cyano; and

- when any alkyl group is attached to O, S, or N, and bears a hydroxyl substituent,
then said hydroxyl substituent is separated by at least two carbon atoms from the
O, S, or N to which the alkyl group is attached.

12. A compound of claim 11 wherein R* is H.

13. A pharmaceutical composition comprising a compound of claim 1 and a
pharmaceutically acceptable carrier.
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14.
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15
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16.
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A method of treating a mammal having a condition characterized by abnormal
angiogenesis or hyperpermiability processes, comprising administering to said
mammal an amount of a compound of claim 11 which is effective to treat said

condition.

. The method of claim 14, wherein said condition is tumor growth; retinopathy,

including diabetic retinopathy, ischemic retinal-vein occlusion, retinopathy of
prematurity, and age-related macular degeneration; theumatoid arthritis; psoriasis; or a
bullous disorder associated with subepidermal blister formation, including bullous
pemphigoid, erythema multiforme, and dermatitis herpetiformis.

A compound selected from the group consisting of examples 1,2, 3,4, 5,6, 7, 8,9,
10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24, 27, 28, 34, 35, 36, 37, 38, 39, 40,
42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 78, 79, 82A, 82B, 82C, 82D, 85, 88, 89,
93, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, and
112,

.' N O R
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