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20  of mitogens isoforms resulting from alternative mRNA splicing and which exist in
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).
VEGEF 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 interleukin-1, interleukin-6,
epidermal growth factor and transforming growth factor-a and -.
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 flt-1 (fms-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 (flk-1)); and VEGFR-3 (also known
as flt-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



requi renent for induction of the full spectrum of VEG- nedi ated bi ol ogi cal
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1431, 1255), ovary (Olson et al. Cancer Res. 1994, 54, 1255), and cervical (Guidi et al. J.

Nat'l Cancer Inst. 1995, 87, 12137) carcinomas, as well as angiosacroma (Hashimoto 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 nmacul ar degeneration (AVD;, see, Lopez et
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application. SUNMARYSs ofl ghthdlsrinds aad @ster 3%8Cptyndﬁi]ﬂespthﬁtseﬁ'etsﬂn'l'éfeiﬂts{rﬁﬁure
relates to the sumof three sets of cheni cal npounds, or

phar maceuttPchPss, of dbe presente application arg diglased in Hé? cetlowiiig patents hor Baty
01/ 23365 RpplitkaRRL:2008835958 (Novartis), US 5,849,741, US 3,753,988, US 3,478,028 and JP

03106875. Other literature references to phthalazines are El-Feky, S.A., Bayoumy, B.E.,

and Abd El-Sami, Z.K., 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, H.M. 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



set 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 baveot/zzd7s hat the definitions of the several groupsT/wemmss® ng t he
general structure in each set differ sonewhat. Thus, the defined sets of
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N1 ower al kyl am ubstituted al kyl am no; N, N-di - ower
al kyl am no- substi@iked al kyl ami no; 25 N-1ower )’:’l| kanoyl am no- substituted
al kyl am no; hydroxy-substituted al kyl am no; cyano- substituted al kyl am no;
car boxy- substihersied al kyl am no; | ower al koxycarbonyl -substituted
al kyl am no; @hgg% 2| ower al koxycar bonyl -substituted al kyl am no; -OR6; - SR6;
-S( O ReG; 23375 PCT/ US00/ 26500

10 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 of structure

rah oW M
/N N /N_
Z _\ T2 z \ T|3 Z\ ~T2
T2 — .72 or 3
T A Tt
wherein

each T? independently represents N, CH, or CGI;
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%), ; -NR3COR® ; 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-substituted 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;
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ring containing A’ B, er of possible substituents G3
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bi val ent H¥emadhe @PUBW@!:S@OSQfTQNT‘ﬁQé{ ‘CONR 1,sanld| Géﬂlz@ﬁi )brl dge, each T2
i ndependent |y rfpgp?gsg&ts%@lorgﬂ or C&'; and T3 represents 5

Regarding the ring containing A, B, D, E, and L, the number of possible
substituents G* on the ring is indicated by subscript q, whichis 0, 1, or 2.

25 Substituent moieties G* are monovalent or bivalent moieties selected from the
group consisting of: lower alkyl; -NR’COR®; carboxy-substituted alkyl; lower
alkoxycarbonyl-substituted alkyl; -OR® -SR® -S(O)R% -S(O),R% -OCORS®, -CORS;
-COR®; -CH,0R?; -CON(R®); ; -S(0),N(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)y(optionally ~ substituted  heteroarylalkyl);
-OCON(R®), ; -NR’CO,R®; -NR*CON(R®), ; and bivalent bridge of structure T>=T>T° .
In this bivalent bridge, each T* independently represents N, CH, or CG”; and T represents
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cyano-substituted al kyl; carboxy-substituted al kyl; | ower
al koxycar bonyl - sidhsirg éélé%@kdafird"rb{ khe QB@;B‘%nsks@iW@rof aﬂjlkﬂ?%ﬁralﬂg Q%loﬁﬂ?lswﬁem ed
al kyl ; hal ogen-substituted al kyl am no; am no- substl t'ut ed  am no;

N-1 ower al $epscipt Aoreptasents thetrwenbsr Rf;/st@ﬁﬁltn@its G NnmnglJcmérxs @,l 1k§21 %\,rﬁ, QDS.
substituted al kyﬂe% 16 sNFLtmﬂ\ths él‘ 5&99%'] r'ﬁ8n goa H&?@nﬁhg% 1Me'i]e%ted

hydr oxy- substitut ed arni no; cyan stl
car boxy- Slﬁmnldlm@e@mbcbawmngmf -N(R8)¢\/er -NR m&iﬁcalhbbgm aslkxgkist:yctlualkyl lower

o T3 8 Ty SRS bR BRI Sl Ay e sttt wliS S ss
aICkO{II( }le g a_lllfgdhmglembaduiedv\@kﬂ,l kNlN&di fo:wr‘]eyb | ,allijgﬁﬁﬂﬁynsul_aﬁlsiﬁl&g Oa@léRQ\T -lower
opti onal | )PI@B%{W%R é‘H’SHP‘Wd all@ﬂt |}B’H|H1xlyy5“§’§fgﬁeg lké(g ﬁ@?@r%@??@lte ﬁﬁygmal ly

substi tut edir&awmsétﬁ@ke&etaﬂmcy@w}  alRBky@RsInk K subsHRSdd talk@d PREy a'l(l)\)ler
unsat ur at ed het er ocycl optionall %(’ésubstl tute het eroaryl al kyl ;

opti onal | 2 %Q}Bg%rbwtléagﬁétﬁééoakyl,&ylogers@@ss st | dkdpmynos | paina-srbetifugg
h |
et er o@f ¥ iy @RinbONRLIbY e Uﬁﬁihﬁnﬂ{o‘i’s‘ﬁb%&%ﬁo? %hﬁahllﬁx_ NI/t PARDILERZ, X R 2

substituted " heteroarylal kyl
. and fuseybstitetgd fabpydmigobi Nalbwat blka@rgé&nlaptsabﬁédtedo alleyleraioon ebydrogy-

adj acent  RQgithQAS IQ}laﬁﬁr{w Cllancﬁgﬁb(gtltu%d gﬁ@ﬁanﬂﬁ&' Qﬁbamsu%tsﬁt%?edu Iamqno,
lower alkoxycarbonyl-substituted alkylamino; phenyl-lower alkoxycarbonyl-substituted
alkylamino; -OR?; -SR®; -S(O)RS; -S(0),R; halogenated lower alkoxy; halogenated lower

25  alkylthio; halogenated lower alkylsulfonyl; -OCOR®; -CORS; -CO,R®, -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 unsaturated heterocyclyl; -OCO,R’; optionally substituted
heteroarylalkyl; optionally substituted heteroaryloxy; -S(O)y(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:



WO 01/ 23375 PCT/US00/ 26500 a) 2 T 2 T3 / wherein each T2 independently
represents N, CH or CG 4" ; T3 represents S, 0, CRAXA', C(R4)2, or NR3;
4" reprageni/s3zany of the above-defined 5 noieties A4 whPChvUas26500

nmonoval ent; and binding to ring J is achieved via termnal atons T2 and
T3; b) T~ T2 2 T= T 10 wherein each T2 independently represents N, CH or
cG4 ;, & repreé’)en any of the above-defined noieties G4 which are
nmonoval ent; with the prowzo that a maxi numof two bridge atons T2 may be
N ; and binding to ring J\\T§ achieved via termnal atons T2; and c) T4 5
T5 75 6 T5 T6 T s T\ T6 4 ~T6 Ts Ts or 1s s\ 15TTT~T5 -T6 T5 T6
T wherein each T4, T5, an]i3 T6 |ndependently represents 0, S, CRA, C(R4)?2,
or NR3; (A' represe \ 2 |kl

nonoval ent; and bi n%ﬁe&@@ga?}? Eg%e S ac f%y’r%@&sa@t@{l n(1ﬁdn%§gil Wnélt&?%ﬁses’ T5;
with the provisos th@l CRﬁG i C(RARN 0o MR E4GHS répres8ntsoanyNRS, the habovthlefind# i s
CRAA' or C(R4)2 4 conmpri si nd .16  at ons contain a
NBxi rmr%o of two heter Ies 8 5\%'% arer%Rpovgﬂegt,lalnld inding t%ﬂ“@g‘elsc HVFL Vi T5
and T6 atons, when Otlﬁm'ﬁEl AAosIP> amtiT3 :one T6 group are 0 atons, or two T6
groups' are 0 atons, said 0 25 at oms are separated by at Ieast one carbon
atom Wien 4 is an al kyl group located on ring J adjacent to the |inkage
-(CRA2) p- b)

I
T2
127
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 T may be N ; and binding to

ring J is achieved via terminal atoms T%; and

c)
- Ts\ TS\TG T \1‘(3 T8 3
| 4 ’ T6 ’ 3 /TG y Or T
T T5/ TS/ Te 6 ,T6
15 Ll To—7°

wherein each T*, T, and T® independently represents O, S, CR*G*, C(R4)2,
or NR?; G4' represents any of the above-defined moieties G* which are
monovaient; and binding to ring J is achieved via terminal atoms T* or T°;
with the provisos that:
20 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
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, éaid 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 —(CR42)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 -(CH,),; - wherein p' is 2, 3, or 4, with

7



and X is NR3 wherein R3 is an al kyl substituent, then &4 and the al kyl
substituent R3 on X may be joined to forma bridge of structure -(CH2)p' -
wherein pvons288753, or 4, with 7 WO 01/23375 PCT/ US00/ 26BODUSER26F00Vi SO

t hat the sumof p and p' is 2, 3, or 4, resulting in formation of a

mtrogen- alning . ri of or. 7 nb rs ddlt ona Vi 508 . are

t hat : in %Ee pr&?,sg@,t ¢ na “bafp\%}%%ﬁ %Sv?b p@“&@ &Jé [gf’g E%elé'l Kyl
and Iocat ed aeonthinéngsirigeo S, 81 e ineaipersny be Ilnked by a bond, an 0, an S,
or NR3 to forma N-containing heterocycle of 5 - 7 ring atons; and 2) when

an aryl, heteroaryl, or heterocyclyl ring is optionally substituted, that

ring may bear up mdlﬁnapﬁ%wsbymttﬁatw@) ﬁthar@? @dﬁﬁﬁﬂﬁ%énYt“%%ﬁﬁﬁﬂ3 by om

the group consistin am no, rnono-|oweral kyl -substi’tuted ani no,

L o R R sreh b andhimnated on wsanboN sty i edinkind bp acnod, dder
al kyl, hal oognal BrinkoWE Forfl KXl colii Qe GURTor S b b ter, ks hico

hal ogenat ed 'ower al koxy, genate Ith 1 ower al’kanoy oxy

- Q02R3, - CHOaryl QB@R8Y], oOBERRBYcly DO Rﬁ)pﬁpnalmétﬂﬁ)eﬂ that KRS CAM(LRE) q) to

t di di
kot group. PoaiiRREYRRY E TERByReY st el Foot 1R Gapd Rors ikt Ry
]E hen tsal d 15 rﬂmdrlomyﬂtau@ubaishtuu@t anlsmsepaﬁa@\e&amyl ?%bshﬁ@ééi 'El_a\rf]ﬁlnﬁ ar b@\gerat ?ms
rom (0] a u I S aC e secon se
of co ounds aH%w %‘H’é‘ogé}\gg)rgﬁil‘?’z EH"%t ilﬁéﬁlb &aicrg%fl@fﬁﬁﬁpyer Rlodrpydexy, dogers  Ri
(A)qg L~ - Xlk&%y,(lgﬁer) zﬂk}ﬁl{h)lo &Q)@éﬁﬁé@ld%ér:\' alldRY, Bogenhied 1OWEREBARRS I¥wer

represent H or |ower a t oget her . form a grld e of, structure Gl) m

25 wherei n bilkdngdorys a@g?lzléve tGEOR?m -REIO0Rar bsrON (R -OCANR®),,
together for UNR%?@N@@% ,Oxfntrﬁ:[ guﬂﬁitlﬁg, %u%lﬁln\é\pm%}c/agt%?’zéfggﬁﬁﬁggé,%gﬁog when

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—(CR42)—@
P s

z'[\l N—rg! (GYy
g v TR
DTE
(G%)q @
20 wherein
R'and R?:

1) independently represent H or lower alkyl;

i) together form a bridge of structure

KN

25 wherein binding is achieved via the terminal carbon atoms;

G')m

iit) together form a bridge of structure

Y

G1)m



wherein binding is achieved via the term nal carbon atons; iv) together
forma bridge of structure T1 T T1=T1 wherein one or two ring nenbers T
are N anawohe2prhers are CH or CGL, and 5 binding is achi pgrgsaw/mstohe

term nal atons; or v) together forma bridge containing two T2 noieties and

one T3 npiety, sal i . i ing to whichit is
attached, form ngwgle e?x%f}a/@?ﬁg i g@?&@&gﬁh?g&%%@ﬁﬁ@% T2 CT3T 2

T2, T2 or T2 T3 ivilgether &rm ebddpeT? sirnctegendent |y represents N, CH, or CG;
T3 represents S, 0, CRAQG, C(R4)2, or NR3. In the above bridge
substructures, the subkgript mis 0 or an integer 1 - 4; 15 indicating
that the resultant fusedmings may optionally bear up to four substituents
G G is a substituent ifdependently selected fromthe group consisting of

-N(R6)2 ; - NRBCO?GT?:FIE ogen; al kyl; cycloal kyl; I|ower alkenyl; |ower
cycl oal kenyl; hal Q@efin sa&t twlokiRtmemisils: T' e NOarRiUhs bitetk £6 GH ky LG Naddower
al kyl am no-substituted al kyl; N N-di- | ower alkylam no-substituted al kyl ;

N1 owerd al kanoy! aRindiesisBehipyadtvarithg|tepinal igiams Ry 20 substituted al kyl ;
cyano- substi tutgd ; I = | o I 3 .
ol Koxyear onyl - Qus et ¥t {7 & e SSRERMREIEL I fctel Alone T moiete il g
al kyl ;  hal ogen- shbidgd, takesdogdtlkey vt the ringrtorvohishu 898 iattathed, fariplganbinpglic
N- | ower al kyl am nge S usrti tuted al kyl am no; N, N-di-| ower

al kyl am no- substi Put'e aFkyI am no; N-lower al kanoyl am no-substituted

al kyl am no; hydroxy-substituted al ky| am no; cyano=-substituted 25

al kyl am no; carboxy- stituted I'am no; | owg
al koxycar bonyl - subst’i t
al koxycar bonyl - subst NS OR6; - S(O 2R6;
hal ogenat ed | ower koxy¥" hal o | t i'0; hal ogenated | ower
al kyl sul fonyl; -OCOR6; -COR6; -CO2R6; -CON(R6)2 ; -CH20R3; -NO2 ; -CN;
anmi di n®  guani di no;Wkeipino; -B(OH)2 ; optionally substituted aryl;
optionally substituted t-er ] i | ¢¥qS i.tuted saturated
het erocycl yl; optional Iemsﬁggg‘fp%éh%%lgggﬁ%éreg@r d%’ 6V%§%1’/ 23375

PCT/ US00/ 26500  het er ody cdpyesanteyds O, 6B GorR'), euRl.i tut ed partial |y
unsat urated heterocyclyl; optionally

T2

In the above bridge substructures, the subscript m is O 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)R®; -
S(O),R% halogenated lower alkoxy; halogenated lower alkylthio; halogenated lower
alkylsulfonyl; -OCOR®; -COR®; -CO,R®; -CON(R®), ; -CH,OR?; -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 heterocyclyl al kyl; -0002R3; optionally
substituted heteroarylal kyl; optionally substituted heteroaryl oxy;

-S(O p(opwodonzd3ry substituted heteroaryl); optionally subsTiUSurmE&0

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

- OCON(R6) 2 ; 2 The gro | ower
al kyl.( R6 e&f?wgbﬁg}%lerﬂntvn@& éyfsg&ltﬁ a?%gsi&tsgtge%qrgwcwg gptippally ) -
cycl oal ky|subé%&ﬁﬂe9“§£ﬂt1¥ll)5$ Ulﬂfsﬁﬂu?dﬂé@%e@é’rbf&yclﬁﬂk&n@d?@z@hb%tl&ﬁilﬁds@sﬁiuted over

al kyl; lower a ,and | ower Sgenera i zed structural

f or rruI a (|l)eter¢my%8<ylh Gpsioagbh, Subﬁtltptf‘ﬁ/erheéﬁfkwlﬂxl/he- Ahéwtiopally 19bgtijusedy, 1,
2; d |

Flr nki ngnnokl?égj‘tr?/a@i g&%@ﬂaly Oﬁ}b%t?tgtne?[ ﬁ%fér&a‘?ﬂlﬁik} i st 98"(‘8%%0@% al ktu?ene

- gH(Z) 205 5 heféadfﬂ_larﬂalkyl)- GBHOI:\II-@CON(R! % -NB— COzR"f\ﬂ-&cr:llfllz-NRﬂI(]MR Yo.-S(0)-

-( (CR212) ! (0 pZFh:? gﬁg%& E?}_—? Akl o&e(g f%ﬁc'_l%_dgd%lepeng%ﬁé selecte rorg%e group

- (CR42) n- Qog@iptidddt HERAR), Sc%'cloalﬂcpl ; topeiohatyt &ibsfittveed! dril iopGorlIgURBstuted Saryl
subscri pts n and s are de endentlédo or an Integer of 1 - 2. & is
sel ect ed flPYRs Alky: logv%aﬁwk:b%%. )zt #Kljower alkxl-OHopR3, - cON(R6)2 , and

-CH2N(R6)2 . Z Ih%ﬁ@rﬁl@i&i%&h‘ctﬁfal %uld?ﬁ?éﬁ“qb Pﬂhﬁlecger{ P W2 RIGhO Suthcrift D

E, and L, the nurber of possib substituents on the ring is i ndi cat ed
by t hdOsutsisli prord; athdh s¢lectad fpmzhe gOUBEHRTistingerit S@ndaNB nonoval ent or

° 'Néé"c%%%;'é;?h;@@e Ef‘ag% .) }Qg%NB( o}jﬂ??&@? e %ﬁ(i:;;&%;g; ﬁg&%‘? if¥lehe:
al kyl H,-GBR6:CHS%-0) RG] 2- RE:S--;CBERG; 63 2 - CHRCRHZ: ;
PRI (o1 AR TORer Al e 15 (LA AR T AR o1 E%rr;mred

het er ocy clheteroaph)i(QRA))- yanﬂupsm12)nm(qﬁ)(mé} (CRhy. Zﬁtmnswéruwaumm@egr&ﬁpscvcl yl;
jtute

et or 0ar y BRSPS %‘%dﬁ%%%?%@waﬁ% dud oin it oard G ekl oy e

substi t ut egoud&dreisa atk J@p;zyz} R0 RhE 0B, R ubstl tuted
het er oar yl al ‘iﬂ;é %\I fl %6 - NR 3CON ; and bi val ent
[HP

bri dge of stru ECSTte: .~ I n this bivalent bri dge each T2
|ndependently r t a 3 r egen
I@é’éraﬁﬁx?%] tfe Nn %ntﬁlﬁmg% B 3 h&PLeERNhemBer Bf %%‘;i ke C

C(R4)2, or epres nts an eaboved ‘ined noietie
are nonowab%ﬁuentfaﬁdomﬁ@I‘tl@rlmnﬂ@ﬂateﬁzoy ti;e ahsadptt @ whichaind of2.i s bound to D,

thus f 20r mng a éfbtst[}'rﬁgﬁgréd axreuﬁl%ﬁ?\geh&g or glv fit rnlx &le%hé) Y%& e%t fr%gle tﬂ ﬁiou&_' B

gener aI i zed struc for mul I ndependen y represe
and E i ndepesistérg bfylowep mbs&niNRCH; lhém«taﬂbo@-sﬂﬂnkntwwd hAlklyhdow&0 aNOk YRI5

PCT/US00/ 2889%uted alkyl; -ORS; -SRS; -S(O)R®; -S(O)R®; -OCOR; -CORS; -COR®; -CH,OR?; -
CON(R®); ; -S(O)zN(RG)z ; -NOy; -CN; optionally substituted aryl; optionally substituted
heteroaryl; optionally substituted saturated heterocyclyl; optionally substituted partially

25 unsaturated heterocyclyl; optionally substituted heteroarylalkyl; 6ptiona11y substituted
heteroaryloxy; -S(O)p(optionally substituted heteroaryl); optionally substituted
heteroarylalkyloxy; -S(O)y(optionally substituted heteroarylalkyl); -OCON(R6)2 ;
-NR’CO,R®; -NR*CON(R®), ; and bivalent bridge of structure T>=T%-T° . In this bivalent
bridge, each T? independently represents N, CH, or CG® ; and T° represents S, O, CR*'G?,

30 CRY, 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



proviso that the resulting phenyl ring bears as a G3 substituent said

bi val ent bridge of structure T2=T2-T3 . J is aring selected fromthe
group comwedet/233g of aryl; pyridyl; and cycloal kyl. The sPOBUSOR6SE
represents the nunber of substituents &4 onring J and is 0, 1, 2, 3, 4, or

5. 5&A is ' Lety sebec fromihe gr

consi st ngplg)%/ IEBQ ﬁi&?gésuﬂ{%%g% %g%/sn% ealﬁ?b%ﬂu%nﬁﬁaléfaﬁ@%?ﬂgﬁ%er of
al kenyl ; | anerurefo+Talkenyl ; hal ogen-substituted al kyl; ani no-substituted
al kyl'; N-lTower al kyl. am no-substituted al kyl, , N-di - | oper

al kzl A no- subst istw%seg‘icm 10 “i"b%é?PPﬁP%%%ﬁWlogﬁfﬂopmgﬁn@W@aa‘évkyﬁe
hydr oxy- sumfsértopsheﬁtpeésmls theCAditer SBAMstifuehe & @inkilg ] £AMPOXY, 2S9bs Ut ed
al kyl; lower 10 _al koxycarbonyl -substituted al kyl fg‘{len | 1 ower o

al koxycar bony! - Subs @i mgnevplent |ay| bivalgal giaty selssted tfneradtha | gegumeonsisting of
am no- subsi ed_ 1 RQj ] . 1 NQ-, .t 1No;
NN a1 v ok ey O OORC ilaethy UL, QelothaT Mg RV 8her Slisxi e,

al kanoy| anhalegestrubstitutad @tkyl dnyiha{silbmi;tutlaq'dH@kWémmwlllt)darlaﬂloadubytﬁtfwﬂnﬂkyl;
cyano- subst.it yt ed alkyl am no; car boxy- sulsti t ut a .am no;:. | o )
o1 Koxycar oRyE-Eisse 1B T& ST RIROAGE: Rohite] | Fhafhuftm ARt Sy

al koxycar blonlybxyssubstitutedt atkyh| kydrondubstitute@Ralkyt; SRaboxyShuBsiited a8GD) A6%er

ok S Gl 5o 9505, R el oS B R
ani di no; mw%ehokwmutwl 1Ry 1amBdHhAirio-QPEiaRAl ladyPalad NU&FrahKlylamino-
y subs :

optional | tituted heteroaryl optional |y substituted saturated

het er ocycl SAbstitaisdi aHalanyingy b Y-dideer p alpiaming-subsiieted aslkylaoneict Nrlowstc| y| -
- OCO2R3; opt VA j ¥ i ' R d
het er oar yl %&@&93@(&8 g%gﬁt%djn% ?Jﬁgljtijoggl ? ?{oﬁ% ggﬁﬁ%‘?%&?@ﬁﬂd’g 5t§ Ilkg;?\&aﬁsflﬁl&e%
subst i t ut edlkylamines oasarbesyksubstiated- S(atyydérojmoi onliwley s allisxydadiomgl-substituted

et 8 bl SRR T A R AT R 0o
posi tions S(D)£R6mg1aﬂqgesabdi loweid g xhahhlogeridogl %wuchlkyl&lsip; ?ﬁlo@):néfé’d TawerT3 /
et S T DSBERET PSR e o o Tacerssgnts S
noi eti es Ghawhii) salfs, -BPOBY2AL 6pfionallp Gubititeted dryll CoptioRdlly sitsstiagéd Bme@damia 30
term nal aép?i%?lal?;zsﬁggture%; sa%l}rate hoe%e/rggi%zy?; (I)DpCt;ro/nEaJl?)(l) gﬁbzsftsi?uotgd pgrtially unsaturated
20  heterocyclyl; -OCO,R?; optionally substituted heteroarylalkyl; optionally substituted
heteroaryloxy; -S(O)y(optionally substituted heteroaryl); optionally substituted
heteroarylalkyloxy; -S(O),(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)

T2
\

7o/
wherein each T? independently represents N, CH, or CG4'; T represents S,
O, CR*GY, C(RY,, or NR3 G* represents any of the above-defined
moieties G* which are monovalent; and binding to ring J is achieved via

30 terminal atoms T> and T>;

11



T~ T2 12 T T2 wherein each T2 independently represents N, CH or CG 4" ;
' represents any of the above-defined noieties &4 which are nonoval ent;
with thew®opeasvi so that a maxi num of two bridge atons T2rewnyStweeBbo; and
binding to ring J is achieved via termnal atonms T2; and c) T5 T5 T5-T6 T5
T6 a\T6 14, \I6, 6, T6 , or T TS5/ TAT T 5IT6 T5 'IT6 T 6 wherein
each T4, T5, and l;f‘)6 i ndependently represents 0, S, CRA&A' , C(R4)2, 10 or
NR3; (4' represents any ofizt he above-identified noieties G4 which are
nonoval ent; and binding to RNitdg J is achieved via terninal atons T4 or T5
with the provisos that: i) whgn one T4 is 0, S, or NR3, the other T4 is
CRAA'" or C(RAH)2 ; i1) aTMnge conprising T5 and T6 atons may contain a
nmaxi mum of 15 two heteroatons,0, S, or N, and iii) in a bridge conprising
T5 and T6 at ons, whevheseia eFeh §r indgpensgntly reprasenigrbupHaeeCO atletrsepresentsno T6
groups are 0 atons, i 1 ted . b

atom 20 Wen 4 is azl (gfl %}?I %&gﬁgﬂ{lgdcgﬁg%{egnéri“ﬁécﬁtd%édjg%?ﬁléﬁf&ﬁb%e%

| i nkagé - (CR42) p- , pravisb that s nidRBnwhef eve bRBgd stomn Talnkayl besNhahd binelirig tot hen
4 and the al kyl substit.uent. .on_X. be j,0i ned to forma bridge of
structure - (CH2)p' -“%#é?é&ﬂege%‘il%peﬁ‘}“%?x%mi’chh the proviso that the
sumof p and p' i§ 2, 3, or 4, resulting in formation of a nitrogen-
containing ring of 5, 6, or 7 nenbers. 25 Additional provisos are that: 1)
in G, @, G3, and G4, when ty® gro of*Rgeare eadfi—ai’kyl and | ocat ed
on the same N atomthey y be Tgnked y a bond\ean 0, _an S, T°or NR3 to
forma N-containing heterpcycle'of ’55- % ring atoms! 8hd 2) en an aryl,
heteroaryl, or heterocyclyl ring isToﬁti onalby-Bubsti t uted, st hat ring may
bear up to 5 30 substituents i ¢h are6.i ndependent|ly sel ected jr4pmtpe
group consi sting of vearein eacl’P’, T°, and T" independently represents O, S, CR'G", C(R"),,

10 or NR?; G4' represents any of the above-identified moieties G4 which are
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%)s ;
ii) a bridge comprising T° and T® atoms may contain a maximum of
15 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

atoms are separated by at least one carbon atom.

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



WO 01/ 23375 PCT/ US00/ 26500 nono-| ower al kyl - substituted am no,

di -1 ower al kyl -substituted am no, |ower al kanoyl am no, hal ogeno, | ower

al kyl, havogemavred | ower al kyl, hydroxy, |ower al koxy, |peeusaliegiot hi o,
hal ogenat ed | ower alkoxy, hal ogenat ed Iomer al kyl thi o, |ower al kanoyl oxy,

- - O )ﬁ!g 2.. T
nlqt)rZ('?3 amG;Pr%on gﬁ‘é’ﬁrac}( 9} g%g% rrleﬁ?%%pﬁ?\l(n Qul fdd,lo‘gﬁr& Eég%\%sztmgﬁdd ﬁm%( qu"é{‘ﬁ&

al kyl group |a15kaﬂcb)tlamhrbd Halogno,Slovasr NkyRrighibeaasedalomedr Okyll tsdbsd| tioest ,
t hen said

yl substj t.uen |ss arated by | east two carbon atons
from the 0, SHRogy. v EoARHHHIGHA RS PR G, b aesr e den iAo A se
of conpounds ahaMévib gengral i.ze sto @Rﬁal -Jend a.coneR42 .Bcd A-B
RL (&)q' \)aY%IZ?ECgS)@g 1) erelg’lIlg ‘and RZIR} 15 1) (@e enden )2
represeént H oNRIGARFR AL, kytre, aidjno; gyatidiap, Meraapte, lgulif@ge@doiyam,ramdti)r\ehen f1)
m wher ei n bi t r t her
forma bri dggg%gﬁkgitg B%’ gt\(%g‘ CX;-C?O 3 %ﬁéghd%%a%?n 8fQ)sxg"ac tét\lllg{(ljtl it/@eg st%ﬂg
term nal car b@droaylosrbsuruenﬁ)ls sqpettdieby dtoleast awbrcarbge abdms ﬁ‘bnnCﬂhHIO':; STior NLto
T1=T1 wherein,one t rin rs T" are N and the others are CH or
CG, and 25%%&%@1@1@5@%?%@%}?%% the termnal atons; or 13 WD 01/23375
PCT/ US00/ 26500 v) together forma bridge containing two T2 noieties and one
T3 m)ile(\)ty, sai d

The third set of compounds have the generalized structural formula

X—(CR%,
N p
7 N\

R’ Gy
A—B —
Ny R
. D~E
(G)q o
wherein
R'and R?:
15 1) independently represent H or lower alkyl;

ii) together form a bridge of structure

R

wherein binding is achieved via the terminal carbon atoms;

G )m

iii) together form a bridge of structure

&
20 G1 Ym
wherein binding is achieved via the terminal carbon atoms;

iv) together form a bridge of structure

1

T1: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



bri dge, taken together with the ring to which it is attached, formng a
bicyclic of structure NNN Z T2 ZT3 Z2 T3 11T2 T2,T2 or T2, T3 5
wher ei n @a@h1/7873 ndependent |y represents N, CH, or CGlL; H#Gr/Us@rms@nts S,
0, CRAG, C(R4)2, or NR3. In the above bridge structures, the subscript m
is 0 or an intege - 4 Li it h 3U rin may
optional ly bea(re‘g I{Og(]eglef g?JIFA ﬁdb | tcﬁgtatl&g%att&%f i gl%g%g%% é l%eﬂl:]tl%glety’ sare

i ndependent |y sel bﬁﬂg&j tél«ennogdﬂergwdume(rmgsuosﬁhmlgltoﬁ attiNhB6) DrminyREBKICR I

hal ogen; al kyl ; gloalkg | ower al kenyl; | ower cycl oal kenyl; hal ogen-
substituted al kyI SHHBE substi tuted al kyI N- 1 ower al kyl am no- substit ut ed
al kyl; N, N-di - | ower kyl am no- su titut ed al kyl NN—I ower

al kanoyl am no- subst i &l al kyl ; oxy 15 su tuted al kyl ;

cyano-substituted al’ky\. _gar box%us stgtut ed af Ky lower
al koxycar bonyl - subs ér al ky dxl qwer oxygar bonyl - substi t ut ed
al kyl; hal ogen-s ti tuﬂad al am n ‘tuted al kyl am no;

N-| ower al kyl am no- substituted aI kyI am no; N, N-di - | ower
al kyl adi no- substi t utwelkreihky!| arri no; N-Iower al kanoyl am no-substituted

al kyl am no; hydroxy-subst i, amn - fituted 20
al kyl ami no; car boxy- suﬁ%cﬁﬂi e@egc#q{vyéﬁqrﬁgntslm e ;
al koxycar bonyl - substi t g resa;llthsl arCRAG' @y or orker

al koxycar bonyl -substituted al kyl am no; -OR6; -SR6; -S(OR6; -S(O 2R6;
hal ogenat ed | ower al koxy; hal ogenated | ower al kylthio; hal ogenat ed | ower

al kyl sul fonyl ; 1@RORve b%e@trudt&i@gaﬁe su&@%ﬁ@lg 0 or-dnHA 1 —Np%n 1cat9§

am di no; Euanldlno sulfo” -B(OH 2 -; optionally substi d aryl;
opti onfl | yt %tab%teisukﬁné@lsnénégmaypptlcmallmbﬁardmpIfyurwbgttum @d sat ur at ed

heterocyclyl; qgtjopgl S'Xtuérlﬁt{ﬁfl pteﬁa&qg/ts%?éaé A dﬁ"%g ttﬁ'ce ﬁgﬁltjl% g?’ IN

optionally substltute part y uns |ona
subst i t ut etVRIEOR ﬂlylolﬂsaallgylatoedlohldmbrlowcIaylteab/kylbwef Qyﬂaﬂkenﬂpﬁlah»gari 1y

bstituted r | al ky bs ttedh r
°Stoy n( oprbsillied Batpine R 03 NS H a0 B ThER AR N-ai-
het er oar yllawky hl(kmamm@élib)sﬂ;tu(tem‘allkgnamww&ulillkhmdywn&do saﬁhtllﬁﬂé@ sy hadrkyy-) ;

VO Q1/ 2
PCT/ uééO/ zségﬁtsz‘tﬁ%e @?@Fﬁup RANP §u€$t‘6‘fte O\A%l}c‘:cﬁll kg/%rg‘)%s“ibémi‘??éepéﬁ‘dgnt lgwer
sel ected fammyt:mom%upsm&@@s'aﬂ%d NghyH; 1oaslelsyla1ko&y@clr9&{ﬂxhbsn%&a ORAA:Y

substituted_ aryl; optionall y substituted ar%/ | ower Ny | ower
al kyl - N( Rjyag)gen-éﬂlaptqtlgg\@ra kylgganogypmino-substitufed alkylammo lower alkylamino-

substituted alkylamino; N,N-di-lower alkylamino-substituted alkylamino; N-lower
alkanoylamino-substituted alkylamino; hydroxy-substituted alkylamino; cyano-substituted
20  alkylamino;  carboxy-substituted  alkylamino; lower alkoxycarbonyl-substituted
alkylamino; phenyl-lower alkoxycarbonyl-substituted alkylamino; -OR®; -SR®; -S(O)RS;
-S(0):R®; halogenated lower alkoxy; halogenated lower alkylthio; halogenated lower
alkylsulfonyl; -OCORS; -COR®; -CO,R®; -CON(R6)7_ : -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; -S(O)p(optionally substituted
heteroaryl); optionally substituted heteroarylalkyloxy; -S(O)y(optionally substituted
30  heteroarylalkyl); -CHO; -OCON(R®), ; -NR*CO,R® ; and -NR*CON(R®), .
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In generalized structural forrmula (1), R4 is H halogen, or |ower alkyl;
the subscript 5 pis 0, 1, or 2; and X is selected fromthe group

consi sti mgoof2375 S, and NR3. The linking noiety Y is sel eeCEBUS6wwR00t he
group consisting of |ower alkylene; -CH2-O ; -CHZ S ; -CH2-NH ; -0- ;

-S ; -NH S S 2CH2-
. oHRS(O) - O%%‘P&f’ 2{3 g% ehi%\yé( a@qél( dip gldﬁ%e ng%ntlé/ dge%cgézfrom the( 2)

het er oar yl c)on(s@Rdg))ﬁH atkytt cycloRIR); rk@(tﬁahl(bRéi)bs(ﬁRétQh é@g opt1bgaltw$1ﬂsgmtﬁ ary o

l'i nki r ch i ndependent or an

|Intne|g(r=,]? g; eraﬁgyl i@”‘?@%’i‘l&\kgbéda‘? I‘Hetrﬁ@(yfﬁﬁ'ﬁup cons!osti ng o?‘/ CN, -CO2R3,
- CON(R6) 2, andIn‘%h@E i) structuéal TEIRMAS ENIR* {FRE haloken, ¥R Iew & amgy1t ihe sibdeipt

cont ai ni ng and L, the numbér of p055| bl'’e substituents G3 on
the rimyg |EIS|Qadb@ra% @GdBS/IStSﬁléC@@lﬁ@m‘ihplgﬂqlP apnsigting of Q, 5and NRéubst i t uents G3

NRaCoRe: - car borhs ShYRE ER ARl b EfkoRR 8l SO LARIANER 16EREISIGR0
a'(:k0><|| . SR@HZ'@Rg %4560) RE1,-NB- O)-QRG -S-~ O(NHRG -0- C|<H|3 6: S(OGOQWO)TCHSCHS
opti E)nal) I y’Sé(ag@fl? E U% éz&ﬁg%ér dar@%( 3pt’| oﬁ§F$@gubgt(am g @a?gfﬁ?‘éﬁﬂed

he: er oc?/f:l wtergatm):(még %aI?LbGszDJJC@Q)Q&DJ(C?rz?)SVnailfiSt&Is 1ﬁg§t§@ 11rmmgeg1@ﬁy§1(yl
(0} 1 ON upbpsti tu e
ot er oDt y /SRS Ked it oRARER? pf&@ae%?%aoazy@ s ot fzam ghe

substi t ut egq E;@{Sg{ﬁh bal@yl OOR3-- qg@%ph égubsti tuted
heteroaryF%l E§|) - ,2 -N%&é 25 I%QC%\I( R6) 2 ; and bi val ent
bri dge of structure T2 T2 T3 In this bivalent bridge, each T2
mdependently rgpgé&gmts%@d CH or C&'; and T3 represents S, 0, CRAG'

C(R4)2, or represents any of the above-defined noieties G3 whi ch
are nonoval ent and the termnal T2 |s bound to L, and T3 is bound to D,

thus fermng a S rin in
gener allgl zed str}ge crur & E mt% %g?tf“)m A an% g; agﬁdfé]’pﬁdélﬁfnl Oépl?oe%lbﬂet N
or CH B asmﬁstEuemdQﬁ)endemﬂgwsﬂmmaeabw th sobscEbt q,aﬂdcﬂ_ls Ir&@. esents N or CH;

with the provis thetotal nunb f Natons int rin

cont ai ni ng A, gigl&@tsa(%ﬁd aje mongvalgnt o %bvra? ol e Sm?dq%o%ﬁg%%?ﬂps CH
and any G3onSiséing BNORECORS; &Hﬂ)i)kyisu@sm{tute@tallbﬂa%w&n@lk@iyoﬁrtﬁ)'ﬁsil Ribshituded N
atom and%}dv\henGL represepts and a 3 isca bivalent bridge of,

structure T8 3 SR zeH AR >BS(@2Razrf@q9%r’ cCORSCOR 1€ HABR9 1 CANR’), ; -
PCT/ USQ0/ 2&5%@{6)25 fm; ngns %Jpasﬁaﬁg/ Mb@mutéaea@r QUYHRioRARS g@&shﬁwedoflet@{oxlyl

pyridyl; and cycloal subscript q represents 'the nunber of
substitue rﬂpélomllsb nuhstlwgedJ Sa&ﬁaterl detprocyclyl, orglomﬂly @ub$Wt@h peially mpsgvetaint  or

_b| val ent_ aI y ; CSI Oa?b{/ Lf?)gtilttune% &Eeﬁﬁa&xﬁﬁ&? ogwrtlloﬂﬁ bstltPlffg@eFeroarle@m

; hal ogen; ower
S(O)p(optionally substituted heteroaryl); optlonally substltuted heteroarylalkyloxy, -
S(O),(optionally substituted heteroarylalkyl); -OCON(R®), ; -NR’CO,RS; -

25 NR’CON(R®),; and bivalent bridge of structure T>=T-T°. In this bivalent bridge, each T2

independently represents N, CH, or CG*; and T° represents S, O, CR'G?, C(R4)2, 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 S-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

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 ¢) 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.
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5 hal ogen-substituted al kyl; am no-substituted al kyl; NI ower

al kyl am no-substituted al kyl; N, N-di-Ilower alkylam no-substituted al kyl;
N-| ower avéanmdgham no-substituted al kyl; hydroxy-substi t BCETSE/I6FI0;
cyano-substituted al kyl; carboxy-substituted al kyl; | ower

e b S e R R RO i e =
N-1 ower al dupbatpt q0re];£bssmbaielﬁuﬂt&doaédbydltaemm“ othi'gdﬂanHQs’\@,rl,2 3,4, 0r5.
al kyl am no- subs jtuted al kyl ami no; N-lower al kanoyl ami no- subst it ut ed

al kyl ani no; 03Y 2sMBRQYAHGH ¥ DIVRIGRAMOKEY SENaiet-EQB sthF (85w CoRyiipEant no:
car boxy- SUJN%W)E ut edr&hdxt amd1Hgon; | AT ¢ ?él&ﬂl@’lcQBQQP)élkeﬁt'lbSIB{NEnutc%ioalkenyl SR6:

al kyl anmi no; phényl -1 ower al koxycar bony! - subsfituted | am no

_S(OR®  habpgonaRbstitiiad @@@haﬂl@dmsubmtutad klbyls NW@gaékbdmemomhmtu@d lefiythi o

B e e

subst i t ut eldydaspl-substithiiednalklyl;, sydmtsubstitettd helket, oaz[rybxy-smtmmnlalalllgyl lower

substituted, satu eterocyclyl; optjopally substituted artl | )
unsat ur at € ko’ﬁ'@?é?‘@gﬂ}?if tited ﬁ%@é&;p‘b‘%’t}" oﬁ)é'i'qr ailff’d‘é' i’ ﬁffuﬁﬁ’ct'étf’ rai)/?yé’l kyl ;
opti onal | yhaetealsubstir@dd e fr@ﬁdybmmmaﬁt@ea(@ 191ab] W-wmt bk fa@fino-
heteroaryl); optionally substituted 20 heteroary al kyI 0X

-5(0) pttopt fubsaPled slldimingt etf-Nrdi-kvsar Wl%’IIWP?‘SU atetpd - 8952 N-lower
- NR3CO2R6 ;x5 %Qﬁ!ﬂ( RibsftutePA Ry heRs hS/JhBQy sﬁwwad Ql'kyﬁarl dgcgéﬁdjaﬁéuﬂédac hed

to and connecting adj acent positions of ring J, said s having the
str uct ur es? lklyming; 2 carBoxssulisiiubddn @éi@harmol ndlepiendeatkpyy qagionzbaubstuped CH,

of eﬁ%‘hﬁﬁ Q‘WI% ¢r alQo@ Lsuggtﬁﬁ?ea ' al l ﬁ _SRe. I8P esRNks. any

of the abov o7 et s are nono and brndin o ring
J is achi ess¢Q)Rf ahalbgmaieda]o“aﬁrm}kox'w Pzalugeﬂ'eﬁcd b()wél'r Mylthlo aldgenafedl oW

O 558 R RES RO, SO0, EoERS R, SPLEN el

monoval entguanidiro; tshl@o; -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)(optionally substituted heteroaryl); optionally substituted
20  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:
a)
T\z\T2
7/
25 _ wherein each T? independently represents N, CH, or cG*; T represents S,
0, CR'GY, C(R4)2, or NR* G#4' represents any of the above-defined
moieties G4 which are monovalent; and binding to ring J is achieved via
terminal atoms T2 and T;

b)

T

I2
30 27T
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provi so that a maxi mum of two bridge atons T2 may be N ; and binding to
ring J is achieved via termnal atons T2; and 5 ¢) T5 T5 T5~T6 T5T6 T4 his
\ \T6 1wWO®523865, or T5/ TS/ Ts 5--T6 /Ts T T5 Ts wher ei rcrastn/6490 T5, and
T6 independently represents 0, S, CRAGAY', C(R4)2, or NR3; G4 represents

any of the above-def tri2 i n 4 | to
ring J is achieved V\}vg& lélp%lcﬁg: ‘%ggeg‘é%a%@ &rfgentsng @ﬁi &t ((;f Sc?%vl?é%gént@%at:
i) when one T4 is 0,any, obtheNktRyvetde@ined mevietled G4 \QRleéhre (mnorﬁ(vﬁiémz with ithe a
bri dge conprising T5 and T6 atons may contain a ma t hef.er pat ons
o, S or N nd i 1 yPPHSa M AR TEORAG P bR ey gt B S A RE TS
group and 15 one Tﬁm?‘Piérhcmreee@vlafté}ﬁﬁnalﬁforﬂsw akd QFOUIOS are 0 atoms, said
O atons are separated by at | east one carbon atom Wen 4 is an al kyI

group lbcated on € ng J adjacent to the linkage -(CR42)p , and X is NR3
wherein R3 is an al kyl substituent, then G4T@,nd the al kylg sug)stltuent R3
20 on X may be joined to formT bl’ld-@‘&-le st'ructure - CI—EI—‘\ 6\/\/nereln p'
is 2, 3, or 4, with the p OVLSO'[tGha,t th|e sumof ﬁandop i's 2| 3, or 4,
resultlng in formation of T& ni Mogenf/e nt ai n| ring of 5, 61® or 7
menbers. Additional provisos are tha |rTG’ Q, G3T5&H{FG4 when two

groups R3 or R6 are w SCeae&l %kkiys b | acaet RN E)h(g 'aa e

be |inked by a bond, A9, RECTRSF B e?'f\ef-%%an t:ycle
of 5 ; 7 r: Pg at grrf (;ralthR;Z()}?\r/]\fb?fbs&ﬁs ahylo,fl;h&ebcﬁl’e%ﬁﬂﬁbd rﬁldilgtl’lfst ?40)@12/16}& ?\41?_ r Ihng
is optionally substitute a ar up sybstituents ic
are independently serp%ctvé%?nf’ra@ﬁ\bﬂ‘ﬁﬁg%w&ﬁ‘lg wﬁﬁr@ @Y?‘ﬁ}j‘ad? ri’(t)omsjll 5

nono- | ger al kyl - subsyith egfto@Bdstat: di -I ower al kyl - substit ut ed am no, | ower
30 al kanoyl am no, hal ogeng, |ower alky hal ogenat ed | ower al kyl dir oxy,
| oner al koxy, |ower al kyll)tmhén Oh%lTogé}.ﬁ eENROviBe ofek Ex 15, CRAF o d | ower

al kylthio, |ower al kanoy &R GHQna TCHA RS may O55% 2 GENER 2,
_OCON(R6) 2, 17 WD 01/ 233 B idEeseBRT s E ) ™ NRS N e 5 nﬁ?"} oMEmdi no,

guani di no, nercapto, sul fo, teip detescaroans @rﬂ @ N;whén
iii) in a bridge comprising T° and T® atoms, when one T> group and
15 one T¢ group are O atoms, or two TS 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 —(CR42)p- ,

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 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
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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any al kyl group is attached to O, S, or N, and bears a hydroxyl

substituent, then said hydroxyl substituent is separated by at |east two
carbon atwosi/tasesnthe 0, S, or Nto which the al kyl groupci@senisamhed. 5
Pharmaceutically acceptable salts of these conpounds as well|l as conmonly

used prodru e compounds such.as 0O-acyl derivatives of .ijjvention
conpounds wh %ﬁ%ﬂé‘%%’m%’ r{mﬁ?faafn&)lg {10y BUTHAING, Iéle’éﬁaét(?’ \?\}I%'f% i aﬁh tHE"Y @88(333 o‘?h?nn e
invention. lenylhikyl proaptié afachbd @ OcBALEN, bfd Bhas ABGatdklCalbsGQBRO Hiehi sais
conpri sing oge or nore. of the conpounds of the inventlgn, or their _salts
or prodrugs, NYHoRYIswhptiaent it pParats biagicleptt Anp cabapatsps framdhe s emor dhtoal so

rel ates to awRRhNAEafk9l gréap NoatlafR@ie materials to treat a manmmal having a
condition characterized by abnornmal angi ogenesis or hyperpermability 15

processes, conprising adm nistering to the manmal an anount of a conpound
of the invention, or a salt or prodrug thereof, which is effective to
treat the condition. DETAILED DESCRI PTION:. 20 Definitions: The prefix

"l ower" denot ePlarmadbutedllyhaeeptable paltsoofathese cvmhpoaindg aawiBoak RUMMM@ly usedt ons,
especially up to fﬁg i ncl udira a . maxj rrurqa;.S.carb n atons, the radicals in
questi on Dpdgeee] fhese FmBcnd sely Snrgal dFiRIEFneY Y EBHIOR fomaIt MaiBni ng.
"A Kyl " meaagirhfitetps@upoite AR ivielin hR\scH: dithé hvantigixi num of 12 carbon 25
atons, which may be |1 near or, branched with single or nultiple branching.

Al kyl 105 especihsiipyentigiaisodelaies to phapaceuticalgomngsitions fePRIURGENG ¢fy more
conpounds, oSk t@mpd3lfdd BE thd kfrenfidd, Sor' fhelrade®8 &roproHR%Q, & §prarRARAiGlly
conpound, salt, or the |ike. Any asymetric carbon atons y be present in
the (R)-, asjptabde carger.(R S)configuration, preferably in the (R - or
(S)-configurati@n.: St . r I [esent
o oo (277 B iprleh latiehReh o RUPIoE uR Py Bl 10 B BRURARE 0
m xt ur es dfavingore rcenditioms clpmacterized by s abrprabke ralgiogenssise man hypapernpabrikty

di astféreomars and havi.nﬁ pHre.cti Sco OF trans- doubl e b(%n . 18 WO 01% %3375
PCT/ US00/ 283G L SUBP AR R RS ing (P i Bramalal groyflat cmpoynd of the

pr ef er abl yinvéntiearor aaapee peddryg thietedy, vetich {s-eBidiive ottfent BB eofdifidie- CH2) ,
trimethylene (-CH2-CH2-CH2) or tetranethylene (-CH2CH2CH2CH2). When Y is

| ower al kylene, it is nost preferably nethylene. "Aryl" means an aronatic

radi cal hayEDAIIGED OESE2ToOR: at ons, such as phenyl,

20  Definitions:

The prefix “lower” denotes a radical having up to and including a maximum of 7
atoms, 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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5 naphthyl, fluorenyl or phenanthrenyl. "Hal ogen" neans fluorine, chlorine,
brom ne, or iodine but is especially fluorine, chlorine, or brom ne.
"Pyridyl 'woeams7d-, 2-, or 3-pyridyl but is especially 2-pror/uSeqmssiodyl .
"Cycloalkyl" is a saturated carbocycle that contains between 3 and 12
carbons but 1 r ef bl r S.. . | gal k | ans a__ .
mon-reactive andBrknge: ued b FHBRL S inr o 3 SNk ERRE Rhec it ween
3 and 12 caethoksae MOH Py aliygeml-@HS OHy) rigrtiiat @OH,-OH,tCH]) ur e¢etramiahiyikbre
bonds. It j | __known those skilled in the art .that cycl oal kenyl

gr oups thae_t'8H\é€h¥%ﬁ2"f0ﬁﬁm@}e€t}g_ﬂﬁel_e‘é'eb?l(}'lﬁf}?ei‘tn‘ﬁ e QrCSeﬁg’%HHl%Tyéen(‘}ond such as
cycl ohaxadi ene e{@1""RlarkoarStbirafit alital HAOR €3E 14 \eRrHoR J6iné aasKwRAPheny! ug
substances and thérefor their use as substituents is not within the 'scope

of thi9 i maphthybrluogyyl eraphiepentisayleycl oal kenyl groups may contain branch
points such t ha‘g{%gﬁﬁ”%e@ms FUBSAd tcﬂ%,?%f:,b%oﬁlé{f%;ﬂr%diﬁéogﬁrg lefgc&lﬂgsﬂuo@ﬁ@,”m €s

of such branche C groups are cycl openty
4- al | yl cycéhddreney br lmom3reet hyl cycl opent - 3-enyl. 20 Salts are especially the

phar maceuti cal | y,_accgpt abl alts of. aunds of formula..l. such as, for
exanpl e, acid aﬁjé'i”@?'g}r{n%agf?é?"p@éf@?&%ﬁ%@vﬂiwe&a AAT 8%'Py?%rgani c acids,
from conmpounds‘@fcldalityrtilsan datumhtel carbbeydle that temganbéeivesn 3 ud takhHonndugani c

acids gre, for _exanple, hal ogen acids such as hydrochloric acid, sulfuric
aci d, @r pWTSgﬁ’rli’(lﬁhD’éo E1QONS- Syi't abl e or ganic acids are, for exanple,

carboxylic, phosphefienyBUnESRI £ noflresddive HHAChARadGiafS ,unfséiﬁraf‘e‘ﬂa@ﬁb_@(g%f@t ic
acid, propionic acid, octanoic acid, decanoic acid, dodecanoic acid,

gl ycol i ¢ abptgcontaipg petwgen ¢, andni caregbubyt prefesably 3 &1 8ccorhions asildip to three

gl ucoseno i i [ [JRs ® i i i LAl i

o el o acype s e Aok KRR BAE oI UE I (B SeloBREB B ha
citric acidffegfromasiomaticd by lagkingcondy ione daoblt, baadi suoh as icgtelohamudienasirghot ami ¢
aci d, par t-+ ¢ id,. N-nethylglycine 0 ;acet yit am noacetj c acid,.

N et oS fie fap UL ey KeBfinnit” gfRE WA 358 chroREPeir vsgory
phosphoserdubgtjtuehts rnoBwathitctae sqipe i ttas inveatéord. I n the definition of Y, the

diradical "-(5 het.eroaryl )-" denotes a 5- nenbered ar ti

het er ocycl e con{{g‘iq?ﬁ?\r‘ﬁd apd gy ﬁ@?%?‘%?’ah Wsﬁ?yeﬁ?lﬁﬂnfbfﬁd’,m%s, S%ﬁ‘g‘%f‘{ t%ei’ (e
nunber of JNbaitaE bheiling oPafk bR, Qff sUciaBAnéhedl R beizg 0-1
and 19 WO 01/ 233% P /OUEOS%I%%O m?sed St% th(ra1 sul urcgl?girar?a car bon

and to - (cesthyleyclopgfyh 4aplilcyeloReat oxs-ethyamisiapent-genduch dir adi cal s

includg N Salts are especially 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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NNNjN CH3 NHHSN SO3-- _~K"dsdo N, /N ---CNH N// \
NHHHSHN, Inthe definitions of G, &, &, and Gﬂ the statenent is
made t hatw@hem3tsvo 5 groups R3 or R6 are found on a si ngPeT/sotdsey can be
conbined into a heterocycle of 5 7 atons. Exanpl es of such heterocycles,

H‘%'?,”d'c&% %ﬂrl'@ N@%E?st Sl%mtgf]# agar tS%Che?C%zL:stmg%%C Ofm[@'@@.nb%émw@s or

"het er ocycdsuchgaidicds ficUde t o seven-nmenbered heterocyclic systemwth 1-3
het er oat ons sel ect ed fron1the group ni trogen, oxygen, and sulfur, which 10
may be unsat ur at eg y/z partm satura and i F#Mansubstituted or
substituted esp€ J'; .¥>\§uc th ethyl, 1-propyl,
2-propyl, or tert-putyl. an aryl$ het er oarjyl , ‘}pﬂterocyclyl ring is
said to be optlonally substltuted that ring may bear up to 5 substituents
whi ch are indepen tIy s cied fL2£T§£E gro consi ng of am no, nono-
or di-Ioweral kyl Aan yl am o) 15 hal ogeno, | ower
al kyl , halogenated Iomer alk§l such a trlfluo$onethylo hydr oxy, | ower

alkoxy, | ower al kylthio, halogenated |ower al koxy such as trifluoronethoxy,
hal ogenated | owey/ & kyIth|% uch as quormﬁgiN thig, |ower
al kanoyl oxy, - 02R3 / 17 OCO N(R6) 2,

- NR3CON( R6) 2, nltrd am di noH guanldl , nerc pto and cyano. 20 In
the ring attached to Y, the ring nenbers A B, D E and L may be N or CH,

it being undergt mecuemhatongmepth@I aﬁutts‘ttﬁeugtﬁtteﬁleﬁﬁlsaﬁﬁd@mml o

attached to car
% groups IQP or R are found on a single N, they can be combined into a heterocycle of 5-7

atoms. Examples of such heterocycles, including the N to which they are attached, are:

CH,
N e U an
- Q —N O —N S —N O —N N—-R
_/ _/ \ < _/
CH, CHj
C.H 3
7 N s /o
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?,
-OCO;R’, -CON(R®);, -OCO N(R®),, -NR®CON(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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20 WD 01/ 23375 PCT/ US00/ 26500 not nitrogen, and that when a given carbon
bears a substituent group G3, that G3 group is in place of the Hatomthe
carbon wwodi/bssas in the absence of the G3 group. Exanpl eBCDUSE0/ 23500
together with two adjacent &4 nvoieties which taken together forma second

fused rin . |- E E XG> 3 R3 O
N'Re's | e iffogtny and A ZiviReerbhiBeqgh o Qubutiign EIhBF thar Y erbltteS
nonocycl i dnptact ofthe Fbatoycihe caoo matidcbeny 5t themabsenbe bethesBrgrodp. and 10 at ons
in total of which 1-4 e hetergato el ect ed om.the gro conpri.sing
ni t r ogen, oxyge':fi‘,al he c?u"l“fghf tt%ﬁ? T &F?ea(ﬁ%(f?ﬁf ééPO'SQ?Sngﬁlgﬁgﬂ?fﬂ%getﬁer

Het er oar ylfoirf a spdonti di@ldlIrihgaargronocyclic systemwith 5 or 6 atons in total,
of which 1-3 are heteroatons. 10 "Al kenyl" neans an unsaturated radi cal

having up to a nmaxiQ of 12 ¢ o) at ons 1 pgy be |ing of\ br anched

with single or rrubranc and cont Mp to olib] & bonds.

Al kenyl is especta ower 0O with up~t6 2 doubl e "bonds. o3 Al kanoyl "
I

means al kyl carbonyl, and is especially | ower alkyl carbonyl. Fﬁ ogenat ed
| over al kyl, hal ogenatfed | ower al koxy and bal ogenated | o P al kylthio
are substituents ifwhatch th y\/ noi r bstituei f her
partially or h Eref aptyoM th chl ori e ajg/ or
fluorine and nost preferably with fluorine. Exanples of such Substituents
are trifluoronethyl, trifluoronethoxy, trif]lugronethylthipo,
1, 1,2,2-tetraf|uy, thy|,thylm
di fluoronet hyl. 28 \Wer' a sups pt i s paned a strj gnment s
such as "phenyl -1 ower al koxycar bonyl -substitutéd al kyl am no, t is
understood that the point of attachment is tg 21 WD 01/23375
PCT/ US00/ 26500 N AN N
co ooy Ly o
/“ o] N3 S
R
G1
/©:N\> N g N g
N /@E%G Y /E:[%G
R3 0 N S
5 R

“Heteroaryl” means a monocyclic or fused bicyclic aromatic system with between
5 and 10 atoms in total of which 1-4 are heteroatoms selected from the group comprising
nitrogen, 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
atorﬁs 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 alkoxy 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-tetrafluoroethoxy, dichloromethyl, fluoromethyl and
difluoromethyl.
20 When a substituent is named as a string of fragments such as “phenyl-lower

alkoxycarbonyl-substituted alkylamino,” it is understood that the point of attachment is to
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the final noiety of that string (in this case am no) and that the other
fragnments of that string are connected to each other in sequence as they
are |istadobomase string. Thus an exanple of "phenyl -1 oWeCT/US00/26500

al koxycar bonyl - substituted al kyl am no" is: OHO)N _" point of attachment
fromnitr

Subst |t uenft 10 ety 3T AN Bis RIS hirb P 4 ﬂ?t KR Yot b
(typi cal | ystrwrg mtee:tmnaectai tsbam)l cztlmrhnasquenst @) pi(eorpetre disteld|ip theibsingt Ukled an
het er oaryl al k H} - lsl qﬁrstcord t1 a tt Fd ﬁfnt of ,attachnent is to the
first atont8f tH Pé‘teP-‘( 8“’(% pRicatogubsygifedd yfl?Wl)nOaF‘Fd that the other
fragnments of that string are connect@d o each ot her |n sequence as they
are listed in the string. Thus an e tionally substituted
10 heteroarylal kyl)" is: O BC Q/ ~S p cﬁ’ﬂto ?taé Pe¥hnent optional

NJ from sul fur substituent )“P‘ et &r oaxyl ARY% is to be understood
that the left-nost noiety oiweach of| the varNants of the linker Y is
connected to the ring contai |ng ,ca%on P\ E @b L and that the right-nost
noi ety of the linker is c A éted to th rlda2| ne fragnent of the
general i zed formul ae. Thus, 1 “@Xﬁ Yes of’ he use of the |inker "-CH2-O"

oo he g @R ﬂaﬁf%d%%ﬁ%&%hﬁcﬁ%‘?ﬁt it ot Q3G SR
- O CH2- | ntypésadly adritremchsst dash) suchlasf oS (@))(aptidnally tshiestiputed actesdridadyydt is
preferred u%r grlél,g)odahat 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:

N /

S-
F3C\</ N \; ~~ point of attachment

—

optional N— from sulfur
substituent —
/ S(O)
heteroaryl
alkyl

It 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:

ol Cl
HN HN
N N
o o
o HoN 0

o N | ¢ N2
-CH,-O- -O-CHy-

H,N

In generalized structural formula (), the preferred and most preferred groups are

20  as follows.
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20 as follows. 22 WD 01/23375 PCT/US00/ 26500 RI and R2 preferably: i)
together forma bridge of structure mwherein binding is achieved via the
term nal wewnbzms7atons; or 5 ii) together forma bridge oPCHUSMCA6EI0e T~ T1
T1=Ti wherein one of the ring nenbers T" is N and the others are CH and
binding is achieved,~ia.the termnal atons; or iii) together forma bridge
cont ai gi ng t\/vohérza eQrF@Eabi)Hd one T3 noiety, said bridge, 10 taken

toget her wjt kodeltRr Firita bridgstvfehiudtire s attached, forming a bicyclic of
structure ,N~T N 11 or ZTs Z T3 T2 T2 7 0 wherein each T2

i ndependent |y repre§ents N, CH or CGl; T3 represents S, 0, CH2, or NRS;
and 15 with the proyssg that when T3 is 0 or S, at |east one T2 is CH or

CG . Most preferabl y,G émy group G is located on a non-term nal atom of
the bridge. wMesdn Bi@fnidRhovel Rid the td¥ith¥@arbBn hioms; of he termnal T2 is N
or CH, the non-terminal T2 is CHor CG, and T3 is S or 0. The subscript m

i s prefer dbl yogsthsr fam 4 bridggenf structurz.  and substituents G are 20 preferably
selected fromthe_group consisting of -N(R6)2 ; -NR3COR6 ; hal ogen; | ower

al kyl ; hydr oxy-suE&gi futed alkyl; am no-substituted al kyl am no; N-I|ower

al kyl am no- substitutfed al kyl am no; N, N-di-|ower al kyl am no-substituted

al kyl am no; hydroxy# substituted al kyl am no; carboxy-substituted

al kylam no; |o r_a-'i koxycar bonyl -substituted al kyl am no; -OR6; - SRe;

-S(O R6; - S(®heRi ohalofgbaaingdmbmbens B koNyand eogbeat @d Cldnend Bding is

al kyl t hi o; hgé]ogeg%t.ae%ﬁltomer 1aLOk |.sul fonyl; -OCOR6; -COR 6; -CO2R6;
-CON(RB) 2 ; ¢ Via ;61‘8}5?% 5nA SI’)?rsubsti tuted heteroarylal kyl; optionally
subst i t ut dil) hejethepdsyl @Xyidge @phiatnieg kyo SUhabietied el bed &7 asoivtyakdy Iteidge, and

- i [ 1 bst i h ) vyl al . Mo ] bl is O,
SO onghl v et ed e sroanytal il RS ST PR
M

wherein
each T? independently represents N, CH, or CG';
T represents S, O, CHj, or NR® ; and
15 with the proviso that when T 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
CH or 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®), ; -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
alkylamino; -OR®; -SR®; -S(O)R; -S(O),R®; halogenated lower alkoxy; halogenated lower
25  alkylthio; halogenated lower alkylsulfonyl; -OCORS®; -COR®; -CO,R% -CON(R®), ;
-NO; ; -CN; optionally substituted heteroarylalkyl;-optionally substituted heteroaryloxy;
optionally  substituted  heteroarylalkyloxy; and  -S(O),(optionally  substituted
heteroarylalkyl). Most preferably, m is 0, and G' is a substituent independently selected
from the group consisting of -N(R®), ; -NR*COR® ; halogen; -OR® wherein R6 represents
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fromthe group consisting of -N(R6)2 ; -NR3COR6 ; hal ogen; -OR6 wherein R6
represents 23 WO 01/23375 PCT/ US0O0/ 26500 |ower alkyl; -NO2 ; optionally
substi t utvead ohzx3es oar yl oxy; and optionally substituted hepreT/wsonyleadokyl oxy.
When R6 is an alkyl group, it is preferably |ower alkyl. The group R4 is

f
7l mer o aane, PehS -BDECCPRREIY Sbatendf BeiaPuPhi) 516 Opilo, pplifedd™®

pr ef er abl yheté}oari?raﬂi}&ds;@bl Y, Y | S seI ected from t he group consi sting of | ower
al kyl ene, -

-menbered het er\%%FW{) 15 mlfsylﬁmup( eﬂazﬁfere?l@éﬂvmkxl ggggani%grefe%&

Most pr ef elflalgi%ref\érdbﬁﬁﬁi ﬁ%@d(fsﬁﬂ@?e%a'&?yNRpOUp consisting of -CH2-O ;
- CH2- NH 42) n-S(O) p-(5-menbered 10 heteroaryl)-(CR42)s-

. and 50 CHz- .Inithe hhleerrgurmgv %1 the lyebgcaipts nsardles @k préferablyr Qier urreos(tlp)refemblyD B,

and E are @’ q;rgfe?a:% 8)’ (gHS sel%@tgd I‘frdn? tF‘e %rr?ﬁ_{coﬁg SIHIB t(Qelo ep\é'l E&E\éﬁf nLis

N, any substitue preferab hen
any subst i4dibAt-s; G3HaNg-py eS—e,r 2¥HYy ; d(&ﬁ‘lzﬁFS(O)}tﬁenfenﬂretedthteerbsry[ﬁ(C‘fR“e)s ;

ref er abl b 4 r & i st oval ent et| es
Fower al kz CR! M@}é{ > %6? gﬁgp % M]‘%é f?ﬁgl CI‘JSZF%“wd ;
- S( O 2N( R6gr8up cofidibtingpbf cOE-Oy ;sutiss-NHut ecs-ay yNH QPYCRAY )FJQMdrﬁBHr&U

het eroaryl ; opti onaII sub tituted heteroaryl al kyl; opti onal y substituted
het er o@ryl oaryl) é@&é( opt o(r)izgfhy substituted heteroaryl); optionally

substit uted hetﬁrtﬁemg%kmélemde ofhOsR{artd @nal |y, BURRE EtaHé B ferably CH,
het eroaryl al kyl ); and bi val ent bridge of strudture T2=T2-T 20 wherein T2

r epr esent sand lois Wer G, wish gheeprovispthat syhep, L Mzan;osuhsmenw&tarpmfenahbd Y,

Ayl E@%ﬁ%@“%%@*%&%{%@)@%wé@%@fﬂ%%@ﬁ@ PEEREE ori age o

structure T2=TZFh3 substit@ints TP repmesferdbiy Nemlcted:Hfrofvbsthe pgreﬁprecbist)stlffg ofs S,

0, CH2,. or ref bl 3 3. the
nurrberzlsof sﬁ%ovta}ef’ﬁghq]ww& aE“(YaLl m{égj‘{ L@%r’e%;gr’a%(g‘gu SE% o ?ﬁgﬁ‘ and
subscri pt -¢OfN(®§)’26$G-S((D)QE(R6|)be ﬂmegptgﬁnall§U§ﬂiStlwt@nh@1 Gépacshaglsremgilaemlfdd

ring, is prefera ubscr nmost erably or
5 "% o Hstarinas %tv@n#yefséwsamt@f? beieagraal %@H@ny St ieh el eaosy:

- N(R6) 2 '-N@%ﬁonalt}m s‘ﬁﬁ@tﬂute@' K&’tbroaﬂﬂ})o%ﬂoﬁﬂ Stsubdtit@dd ahktoarylalkyloxy;
hydr oxy-substituted al car boxy-substituted al kyl; | ower

al koxycar bSHY)(cptinaain i}{%é@tuéﬂdklwefo%rbﬁaﬂi@’-l)s (e thiyalens pridge of structure T*=T*T°
20  wherein T2 represents N or CH. T° is preferably S, O, CR*, or NR®.

Most preferably, G’ is selected from the group consisting of monovalent moieties
lower alkyl; -NR’COR®; -CO,R% -CON(R®), ; -S(0),N(R®), ; and bivalent bridge of
structure T°=T2-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 q' 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-substituted alkylamino; N,N-di-lower alkylamino-

substituted alkylamino; N-lower alkanoylamino-substituted alkylamino; hydroxy-
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; and i ndi ng Yo ring J is achieved via termnal atonms T5 ; with the
provisos that: i) a brlrglge conprising T5 and T6 atons nmay contain a
maxi mum of N\,
T
3/
T

wherein each T? 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)

AN Tz

2.7 T2

15 7

wherein each T? independently represents N, CH, or CG4'; with the proviso that
a maximum of two bridge atoms T? may be N ; and binding to the phenyl ring

is achieved via terminal atoms T% and

) | or \T6

5
T6
6

20
' 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 T® 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.
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subl i ngual i rectally of vagi nal ormu

term' admal @t)eh?e’cbrlagkyith]oebalpgfvnatadrlovvmdfélsoxynhalagmamdslowemlkﬂdrm| -CHl.aRr’,

i ntramuscu beut aneous and parenteral injections, as well as use of

i nf usriéfl tljélg an%% %JO Dermal adm nistration may incl ude t opi cal application
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association wt non-t oxi c har maceutical ly acceptable

carriers alﬁﬁ‘wfltlegﬁ qe'il ng un%?é‘tgia{}% hﬁg s. 25 Conpositions intended

for oral use mweb@nm@aamﬁ aeCAmnReErddoraNy, EtnhRp)| @rerff&hny%ymﬁ%ﬁoﬁo the
nuf act ure of Kar maceuti cal conpositions. Such  conpositions

ﬁrra; I:g:u ;Ih by Bhglagen %?I&%g&ﬁp@hwaw reetally oFvegigalyr Bugosaamunis formylasions.
di | uenis, BNERIANhAFINRIGE] Dy ihjRUOH iRSuAGEHBverdAl, OtrRgiB@GP LisitrdRscular,
preserving agents in
subcutaneous and parenteral injections, as well as use of infusion techniques. Dermal
administration may include topical application or transdermal administration. One or
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
diluents, 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, corn starch, or alginic acid; and binding agents, for example magnesium stearate,
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or n-pr opﬁo,lyoﬁg'ﬁ@éfﬁe&fﬁ&ﬁt?!)&%"é‘?o}&ﬁt@’ 8t Cﬂ’iﬂﬁésa@é’lr‘o?rpﬂ‘éas 84 &thylene xade, withor o
f1 avoriong pe@nteSterdetiv@a&rdih iR Sci8BRE ROIIRY aABRIN RS, foHeRarAfle PaS/clSSeneO!
saccharin. 25 Dispersjble powders and granul es suitable for preparation of
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agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose
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 agerit 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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Mar cel Delgf&l?(?gtl tﬁﬁ rectal g yagippligmperatyre aﬂ’/é‘ovgljlﬁf?&ﬁ e m\éﬁ/é‘? g'}l?)r?CtF@rore‘S?&ffﬁi e, a
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Controlled Systemic Medications”; Marcel Dekker, Inc.; 1987. Lipp et al. WO 94/04157
3Mar94). For example, a solution or suspension of a compound of Formula I in a suitable
25  volatile 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 isopropy! alcohol, lower
ketones such as acetone, lower carboxylic acid esters such as ethyl acetate, polar ethers

such as tetrahydrofuran, lower hydrocarbons such as hexane, cyclohexane or benzene, or
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acids, saturated or 20 unsaturated fatty esters with up to 24 carbons,
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et hers, Suitable binding materials for transdermal delivery systems are known to those
skilled in the art and include polyacrylates, silicones, polyurethanes, block polymers,
25  styrene-butadiene coploymers, and natural and synthetic rubbers. Cellulose 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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The compounds of the invention may be prepared by use of known chemical

reactions and procedures. Nevertheless, the following general preparative methods are

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. R3, R* R6, G', Gz, G? , Or G4) 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 5
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
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Al'l variable groups of these nethods are as described in the generic
description if they are not specifically defined bel ow Wen a variable
group or wobstizvuent with a given synbol (i.e. R3, R4, RBCT/GSQ0/%R00 G3, or
(4) is used nore than once in a given structure it is to be understood
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definition r glud H to show where such , G3, or A substitiien
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non- st andard usage, 05856 e gexeral nmet hod
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non- hydr ogen groups 5 %l qﬁ PWQ? %§§Epd§ SPH U 1 BaL™

vari abl e Mnﬂspeaqeﬂtrya}aeylwlthm mhanﬁrsldeﬁyedéaalféréfoﬁt}l&%b%l.) g in which each

vari abl e group or substituent is allowed to independently vary within the
limts defined earlier for that synbol. 10 Wthin these general nethods the

variabje Ql is RGHiVAk&Yenk] MRghodPHRIWriakle B! ibquivalint to thelhbiety G3) 0 I N
which L is N and each other variable group or substituent is allowed to

i ndependent |y v B Withinthe limts defined earlier for that synbol.

Wthin these ge ﬁ nethods the variable @ is equivalent to the nnrety
A-BDE G ) qi each Vﬁ bhf %{ or substltuent is allowe

15 i ndependent |y vary wi i WhiERd- iy A ¢ RBET ¥ardhle Brewy of St‘WﬁbEﬁ | t
i's recogni Zlﬁ‘)dveﬁh@ind@@éﬂl@ﬂﬂﬁﬁa@fwﬁ}hﬁtheflﬂﬂmddﬁﬁhe&\feﬁrﬁleﬁﬁﬁ? et kphped opti onal
functi onal groug@%annot be prepared with each of the belowlisted nethods.

Wthin the scoPdhyrthesesenaist Hwébfhedﬁarblgﬁ%gr Pereiend tathe meigly whi ch are
stable to the regegion conditions, or the functional groups which may
participate in thYFeactrons are present in 20 protected formwhere
necessary, and tireE val of such protective groups is conpleted

9 in which each variable group or substituent is allowed to

15  independently vary within the limits defined earlier for that symbol.

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 groups 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 compounds of formula I-A in which X, M, and Q* are

defined as above, Y is —CH,-O-, -CH,-S-, -CH,-NH-, -O-, -S-, or -NH-, and R' and R?

25  together with the carbons to which they are attached form a fused 5-mémbered 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 IT in which R is lower alkyl can be made by one 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
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at appropriate stages by nethods well known to those skilled in the art.
CGeneral Method A - The conpounds of formula I-Ain which X, M and Q2 are
defined awoabmses Y is -CH2-Q, -CH2-S-, -CH2-NH, -0-, -BeT/US60/26B06-, and
R and R2 25 together with the carbons to which they are attached forma
fused 5- Oaar | I or |
but pr of orry 20, | @Ak e REUCHOTGN 1B miBy8 RS by Pl
reaction se:ﬁtuéhmeoasspsh@m@ al@hwbtahcbctamlyt‘léhnﬁneral ahét(@rpmaylgzl mlﬁuﬁcfmm)uhta |1

in which R ne ,ski t d| ng
Lo the. cor?hioRt hisistth bRl 1 iRt vk Aiodkine bifeldin B djeri

cases 30 dfiI {{ot Gp&eAE rehcBortl codlitdsnsydee RebbadM. i BBIGueANYT VBul) S@@otrhem F;
pyrazol_e- 3, 4-di carboxylic acid_ .31 WO 01/23375 PCT/ US00/ 26500 (table entry
10), tRe d37BJyA3LE)- aéP@?OWQ%V%%W‘b@ hadoganpting agonhguchasipbospheyous

t r eat ment e 1160 a n
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or i 3P5mgh Sien Rl pEPR SRl i b Rl R B SR B B P o

(when desiisgsted by & paet suBktaidet hDIin ogternedidtel Vi féetreaE’ad Wsthng ni:@espHiRagreNt s
such as potassium.iodjde or tetrabutylamoniumiodide 10 in subsequent

steps, thdoiaya Y at ssthsineatleohod of othes guitsple selveraeh op tetrabydiodarani(THE Wt

being i SQﬁﬁEﬁ@xﬁéhaﬁxeRE‘i\@Eﬁ HQﬁétﬁﬂ%naBﬁ@tW‘FEtcﬁﬁx%?ls@ﬁ@mhy ddoeat g Wi th
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( DVF) . 5di rﬂ?{/f‘ﬂ 1{]9&% LRVEQ beoéatéli)gﬁdstiz ka%lcngSJCHIrgg e t&eb%a{ys eJu@RdAsat €

of formul a condensat1 ons can
sol vent andetbaltarrbme oaf Ardizedidygloft#.0unducli-cas (BCBU)orTlhmscaﬁpcmmdmfaﬁ)rmula

triethylarg,ne or 8-.di azobi cyc 5. 4.0]l.undec: 7-ene . .The ¢ d of

Formil a TS a8 G RinaE i Bl VAP SRR G he o hens S BT R To1 e

sol vent SLmMFaﬁr sbVef), fredBftenowitls @lbdsiotcafatygeswht 8 DB tdh GyCloRsbiCa ex@twii Mﬁér such
as DBU or or a crown ether suc aE§18 crown-6 at tenper.at

usual | y beP éﬁ I85TA P Bl FeRRFFALEs dSpAllY BRivesn zeomuﬁempgwwrﬁvaém

conmporod Ghrnfigriiémioh ‘cémﬁbﬁnd Sf fURREE 31000 i§ haderdtlR) MattHé ﬁataife mﬁe &Eﬁfntg' ng
materials will dictate the choice of suitable solvents, cataly m%npf used)

and t enperBateias Byl distase theighpieg of suitable salyents, spialyseal wied)anst tefrw rg by and
VI1 are ofdeRifiRATR rtﬁé k. QhtcAR&LiateOBY RIHRH Vyangr'@ﬁaér%g)ftw caﬁﬁmaa 3‘@}1116:

known to those skilled in the art. For exanple see :
Act a. Chersonguiagndly. pr«mg@i bb@ngtbods well khewp tehasaskilbed ioftha/t. For Wampl*ﬁ seei s

Martin, L., et al. Acta. Chem. Scand.. 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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25 -CH2-O and @ is 4-pyridyl substituted by a 2-am nocarbonyl group
(2-CONH2) . 32 WD 01/ 23375 PCT/ US00/ 26500 Method Ai O hal R CO2R H2NNH2
Ri NH POWaby/33R. N R CO2R R2 NH or P(hal)5 R2 N O hal PcT/URG0/A6500 H M| M

X X~M2~Y X~ | R ORL HNN VR NVII R 1 iN hal @,-Y VI |-A
REFERENCE TABL%ggdBBEPARATI ON OF STARTING MATERIAL Il 5 CO2CH3 For
diacid: Heffner, R; Joullie, M Synth. Commun.. 1991 S 21(8&9) 1055. The

diacid can be, converted to dinethyl ter by COR2CH3 refl tx i n nmet hanol

wi th catal yt'ﬁ Gliri ¢ id. N Er | enmeyin, H RO Weyenburg, H.
Hely. Chico. Adta.. 1 <Si . OfbMe—N_COREt Corfner§ial |y avail abl e
N H CO2Et ogkel , H ; Schng ~NHel pr P@ai)n  Acta~~M953 36 664. C

Il 0 CO2Me CO2Me Ni col aus, Mangoni. Gazz. Chim Ital.. 195 a|86 757. el
C02Me

i 1 v
M ﬁ{ M
xM X" 2-Y X
\ . R2 =N il R2 =N
hal Q2/Y

Vi I-A

REFERENCE TABLE FOR PREPARATION OF STARTING MATERIAL II

ax

CO,CHj4 For diacid: Heffner, R.; Joullie, M. Synth. Commun.. 1991
21(8&9) 1055. The diacid can be converted to dimethyl ester by

CO,CH;
reflux in methanol with catalytic sulfuric acid.

N ~CO:Me Erlenmeyer, H.; von Meyenburg, H. Helv. Chim. Acta.. 1937 20
| 204,

ST co,Me
<N :[COZEt Commercially available

C

N™ “co,Et

y CO,Me Bickel, H.; Schmid, H., Helv. Chim. Acta.. 1953 36 664.

|
0™ “co,Me
CO,Me Nicolaus, Mangoni. Gazz. Chim. Ital.. 1956 86 757.

1
N

H
EtO,C Alder, Rickert. Chem. Ber.. 1937 70 1354.

CO,Et
7]
(0]

COzMe
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H Et02C Al der,

01/ 23375

Ri ckert. Chem Ber.. 1937 70 1354. CQ2Et / O 33 WO
PCT/ US00/ 26500 Et 02C Ni col aus, Mangoni. Gazz. Chico. Ital.. 1956
86 757. ®0QRi/233F Et 02C COR2Et Sice, J. J. Og. Chem . 1954paPus®@/2658 N CO2Et

Tanaka, Y. Tetrahedron 1973 29 3271. N N H CO2Et CO2CH3 Di acid: Tyupal o,
N.; Semeny ——Ketbasi Ry s S“'“ﬁg Y &7 N FO R 5992 66463 The
diacid can %’é conggggted t o di me hyi 3@1\?@52%!& e"sper %y reflux in
met hanol mith alytic sulfuric acid. Alternatively, the diester is
prepared py r tion of dinethyl acetyl enedicarboxylate with diazonet hane.
General MethoH B - The cofpounds of formula I-Bin which M X, and 2 are
as defi ned—gbave—and—Y—+s CHZJ“ OF W@F@—@%—Q—%—%\H are
conveni entFEQLé rep@beé{ as ﬁbc\?ln ?n Metnsd-B ,&céor 'ng to a procedure
descri bed 5 fiterature (Tom sawa and Wang, Chem Pharm Bull., 21,
1973, 2607, 2 ), isocarbostyril VIII is reacted wwth PBr5 in a nelt|to
form 1, 4-di bronoi soquinoline I X. Internediate | Xis treated with a
nucl eophi | enof G@Erul a V | Manakh) VixTetgr/etioehd973 29 32/ni sh i nt er nedi at e| of
formula X N’Su h condensatfons can also be done in a nelt free of sol vent
and can be d%‘?d by agids such as HC or bases such as triethylam pe or
1,8 10 dijazbbi cyA o[ 5. 4. 0] undec-7-ene (DBU). The corrpound of formula X|is
reacted wth Nds ™ of DiRAdTyapb Ni; fSeﬁqeﬁyukT oo BRNIRY, I RS, VEPLysStch
as DWVBO, r sol vent ree often wth a basi ¢ catal yst such as U or
CsCO4 at lel'guat ed tenper af Ghes 199% Gf fivdhThe diasit Fambe sapruied tofdimsthivli| a
|-B. This| net hddPd$hnost Jéﬁéﬂ“"by""{}gﬁux ihS metio with catalytic sulfuric acid.
Alternatively, the diester is prepared by reaction of dimethyl
acetylenedicarboxylate with diazomethane.
General Mcthod B - The compounds of formula I-B in which M, X, and Q? are
as defined above and Y is —CH,-O-, -CH,-S-, -CH,-NH-, -O-, -S-, or -NH- are
conveniently prepared as shown in Method B. According to a procedure described in the
5 literature (Tomisawa and Wang, Chem. Pharm. Bull., 21, 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-
10  diazobicyclo[5.4.0Jundec-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 elevated temperatures to furnish
invention compound of formula I-B. This method is most useful when Y is -CH,-S- or
—S-.
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-S-. 34 WD 01/23375 PCT/ US00/ 26500 Method B O Br X MX.M NHNHN PBr5 V
Br VIII Br ixx HXMi @"YN VII Q@-Y |-B GCeneral Method C - The
conmpoundweobi/tprarula [-Cin which M X, R, R2, mand 2 perudaliicsmd as
above are conveniently prepared according by a reaction sequence 5 as
shown in net hodMg:t Old%this method mis preferably O and R and R2 toget her
with the carbonshto whi ch they are attached forma fused benzene or fused
5-menber ring aromatic heterocycle. Startingrmateriml X is either

commercial or is preparediby one skilled in fhe ar’,(t as shown ifi the
reference table belo t a¥H ng materia i Nreabted witpv olg

ammoni a, usually at d t enper at ur exane essure (in cas of
anmonia), to form10 imde XlI. € imde islreact&d with arraPgéhyde Xl 1|

in acetic acid and pi p@{“i dine at reflux to 9'ield internedi ate gl V.
Reaction of XIV with sodi um borohydride inxnmethanol or other gsuitable

sol vents according to the general procedure described by |I.W “Elliott and
Y. Takekoshi (J. Heterocyclic Chem 1976 13, 597) yields internedi ate XV.
Treatment of XV with a suiiabl e hal ogenati ng agent such as POCl3, POBr 3,
PA5, PBr5 or thionyl 15 gwori de yielids halo internediate XVI which is
reacted with nucl eophil eQf for mf TN refluxing al cohol to furnish

i nvention conpound of fornmura |-G St condensations can also be done in
a nelt free of solvent and’'can be cat | yzed by acids such as HCl1 or bases
such as triethylamne or 1, 8-di aonbZe’Q’cl o[ 5. 4. 0] undec- 7-ene (DBU).
Alternatively, reagent V can be congdgnsed with internediate XV be heating

St ucture 1, atrers] MeeLEnGarneCeoulads o ol SR B X e i ne

l'i nker. and Q are defined as above are conveniently prepared according by a reaction sequence

5  as shown in method C. In this method 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 XI 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 borohydride in methanol
or other suitable solvents according to the general procedure described by I.W. Elliott and
Y. Takekoshi (J. Heterocyclic Chem. 1976 13, 597) yields intermediate XV. Treatment of
XV with a suitable halogenating 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 1,8-diazobicyclo[5.4.0Jundec-7-ene (DBU). Alternatively,
reagent V can be condensed with intermediate XV be heating the two components with

20 P,Os 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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35 WO 01/ 23375 PCT/ US00/ 26500 Method C Q Qo RL OR3 Uea RL Rl OR3 or

2l NHONH 2 ROROR2O X (CH26 H Xl

@ XI11 (CH2)m XIV 2 0 hal

NH3
X XM

Rl R1L hawoml233m-H NN NaBH4 HR2Z R2 2 V R (CH26 XV (CHeET/Xsin/A6&Hd2) m 2

@2 Ql-C |
MATERI ALS rcial NH O O Commerci al
Ri bei ro, Jﬁa%gﬁlzgoc., Perkin Trans. 1 1975,
Q 0
R! OR3 Urea R
, OR3 or NH3 | NH
R? 5 R? o
X| Xl
o}
)
NaBH ) B
a_4> R2 b
(CH2)m XV
(52

P205 H V REFERENCE TABLE FOR PREPARATI ON OF STARTI NG

OHOOH 0 OD.E Anes and O

cCH 1390.
0
R1
NH
j)\ |
R? o)
(CHzJm™H I
Q2X||| (Cl':Zz)m XV
Q
M
; hal M X
R X’ 1
R? = 2 =
vV R
(C|':2)m XV (CHo)m
Q? &2
M
- I-C
b P20s
H
\

REFERENCE TABLE FOR PREPARATION OF STARTING MATERIALS

o) Commercial
se:
O
0 Commercial
4 ’ OH
O OH
(o}
0 D.E. Ames and O. Ribeiro, J.Chem.Soc., Perkin Trans. 1 1975,
J | OH 1390.
S OH
(0]
) J.R. Carson and S. Wong, J. Med. Chem. 1973, 16, 172.
aks
N OH
/
(0]
@/\ 0 K. Yasuyuki, et al., J. Org. Chem. 1986, 51, 4150.
N
; OH
N |
OH
(@)
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SOH 0 OJ.R Carson and S. Wng, J. Med. Chem 1973, 16, 172. )I)CH
OH O K. Yasuyuki, et al., J. Og. Chem 1986, 51, 4150. NOH N OH O
WO 01/ 2336 0Pe3B/US00/ 26500 O Schneller, et al., J. Md. BOPUSIISFI®, 21,
990. \H N p OR K RObI ns et al., J Org. Chen. 1963 28, 3041. N W N
HO O P &upta—et—al——3—Heterocyel—Chem—1986,—23—59%—F1+— &N
HO OR| B Myer, et al|, J. Heterocycl. Cheni. 1980 17, 159. N N Ow
OVe H 0 | General Method DSechnkler, epatpJun@s. Okerk. 98] A, P9®- 1 i n which R}
R2, R6, M X G3 and Z are defined as above and gis 0Oor 1 are
conveni ent 4 Pre Hr ed viala reaction
N 0
0 R.K. Robins et al., J. Org. Chem. 1963, 28, 3041.
<,N [ OMe
N OMe
(0]
0 P. Gupta, et al., J. Heterocycl. Chem. 1986, 23, 59.
N\/ | OMe
” OMe
0]
0 R. B. Meyer, et al., J. Heterocycl. Chem. 1980 17, 159.
N
N:l | OMe
u OMe
(0]

10

General Method D - The compounds of formula I-D-1 in which R!,R% R® M, X,
Y, G® and Z are defined as above and q is 0 or 1 are conveniently prepared 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 (X VII) 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
xM j,\ XVl xM
1 6 1
R I SN H H,R R | SN
R2 -z R2 -Z
Y. FeSO4, H202 Y.
| A—cY) g
I-D-1 S __N q I-D-2 ~N a
_R®
H o)
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sequence as shown in Method D. Thus, pyridine substituted pyridazines or
pyridines (I-D 5 1) are functionalized into substituted 2-am nocarbonyl

pyri di neswobi/tpraula (1-D-2) by the wuse of formam des (XRECT/USéoesdve
presence of hydrogen peroxide and iron salts, according to a procedure
described in the literature (Mnisci et al., Tetrahedron, 1985, 41, 4157).
This nmethod works best when R and R2 together constitute a fused aromatl C
het erocycl e or Gémaal MetbodEi {:Thalcd)mp(ymide ofIfcmﬁdthE lcambBEtmﬁinchR CRf.and

R and I3} a e rrat c, an.i gie r oduc

o oh 2 RO e B Bt BB R b, W i, Dol R e sk Bk
desired pramwediekly Ygfbp@:réat@graamaM1odV%qha@beDaQ<sﬂw“% ?ﬁ\/Met%dVE HrhIN lflyNdBeS Ri
N RI ~HR Z Y FeSO4, H202 | N 3Y 3 |-Dle]EZe-d[>2 0

N~ H 37 sbsdyed3pyadaars usoarrssoms (Rnidr are Nergivaa e @mnmddsz of
formul a | 'aﬁkéxs)@%ohyllgp)%d'rl]rgi ‘%f' ﬁo’(l EZQ lgﬁ heMise”Sf nfondaheyl epaﬂth ned

as above, wer are . convenrent vi a
a reacti onths evqftsem@eoiész(%ghomm andl\,@ltzﬂy)imc Emotﬁlrts&f AN Ogi arceordﬁlgtmbsmmqedmtd

d I c nt o
B koxycar baioay et ot 4 el 4 TR A el ot Hor ) D50 at s
(XVI I ) i nCompeunds @$ éasmmlaaf ESQQBwB;chaIC’I id et thed fdmtedd)yalmstway&s of thRodEds,
accor roc ure |b%%1|nthe{ terature F. et_al

Tet r ahedr oWRlil_élb%frsél i‘@@é"u‘%%yérﬂ) BHano C%?Ff)ro Q}’fndF SEFHH“é}IaII -24n|
whi ch R3 i which akeRf fg%\gf sOfrBBEpY¥ndWElY Alerifibd a®hbdRe bas Eﬂfecﬂiﬁ¥ %émdlﬁg hRse

such as sodi um hydr oxj in methanol / water. Corrpoun ormula’l-F-2 in

whi ch t he TERPUBEHE whish paidhasdnde b Rie enaverierilyaprensssd drompthe asishddi-i Ry=
i ncl udi ng Hp%§etrea@r9%0%ﬁﬁsalﬁlﬂe%b§ hn NG tﬂ?@areng@ of % uau}ﬁ’lrn &%ﬂ%’ %ﬁ'éhXPgD'CC

prepared fromthe acid H) treat nent
presence dﬂl%cﬂ@b@mkm@)@ged@) g“htshn@thOCD@@rkS(me\beoRemyd Bartchg@ther goTEjute Ihl s

met hOdISWOrﬂﬁ§e?ﬁ8ﬁ1a%ﬁ&e£cyag%r Baseh %go%g%rca(f\@orl%ll L) @hRe cases that Z i is CH and

R' and R? do not form a fused aromatic, an isomeric side product in which Z is CCO,R?

can be formed in the first step and, if so formed, is removed from the desired product by

chromatography.
20 Method E
) M
x M o M X
1 HO 3 1 1
|
A2 O XVl e A
AgNO3, Na,S,0s, Y. 2) (R®),NH Y.
Xy 3. H,S0, ™ a3 >
| (G)q I(NG)q XIX |(NG)q
I-D-1 ~=N I-E-1 Z DCC I-E-2 =
_R®
H 0% “OR3 Y
l'?e

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 arofnatic 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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15 fused aromatic heterocycle or fused aromati c carbocycle. In those cases
that Zis CHand R and R2 do not forma fused aromatic, an isoneric side
product wowheshs Z is CCO2R3 can be formed in the first BCERpSewmsoo f so
formed, is renoved fromthe desired product by chronmatography. 20 Method E

X, MO X. M X . . ~ - kA 1 2 Y NH Y
Y A &), A{!(g%f"ﬁlé@? W&%??exxklb')lfryf?ﬁ%ﬁﬁfo%gg%w}@ ag'g%h%%ﬁé@%éa R
CGener al Medgendsueh- asTROCE0 PORARCIRf PBoy omittaoryd Fehiaridehyields M| h4(2 iatednediatee
defined as agbove, in . is,an jinteger. of -.5, and R together with
fhe oo baneReR Siatify win MLONFR U Plmle Y Fefibns mciiflaSTunbltud hedint
aromat i ¢ hehfjoasd JreofAila BEXIIPr &R bniémafionsCadmt hI6M beedbHeNEea RfelS RRWDLI N
met hod F. The readily avail able heterocycl él carboxylic acid startin

mat eri & xlvest prchearcbe oatelzasuly pcifls sunhuan HEl pohasgs Bych asi thethplaniae ﬁﬁgigde to
yield the i Hehur, l. N f 3375
PCT/ US00/ 2‘@%’8”%@%??‘6’?%% 58 pyri ARG r?%g.e&(#/r gﬁtﬁ%ﬁ%% k‘?(ﬁtﬁm th
a suit abl enteahodjeteaXXHdpe hagtarg ths treh campPEOISYitPCBEP3in POk to PRIGXKIL.t hhisny |
chl oride vyields, a hal o interped at Lch is reacted with nucl il e cof
Cor mil & v Db et Brneecia SRS SN fen AT AR alfod FGH S dn A8 BORIoR S 1
XXI 1| . Sucthe Quisgiensainmpnad oaxilhhsith halidboXXIVnisadomd bs deseibed Hy gel yartaland

can be catal yzed_hy ids_such a or, b S sSu s.triethyl am ne or
R TR ETR b B AL L) g SN e R
condensed KN TrefthRANGOX RSV b dse Rienhgats B ehtitdh dotspospapenent s with P205
inanlt toyield XXII. This last nmethod is especially effective when X
is an am ne |indethodfEor mation and al kyl ati on of the Reissert conpound
XXI'l'l with halide XXIV is done as degcribed by the general 10 nethod of

i nternmedi ate of

%HI nventi on conpound

F.D. Popp, HeterocycPes, 1980, 14 1033 to yield th
structure XXV. e Igt B PUblxV .| h diris eNtHaen RALe
R%”H R?
XX XXI XX
5
X,M ,M CI\[rR X’M
| X 1
HV o Y
~S
P,0s | N KCN ) | N _R®
R2 =N R
XX CN O
XX
.M .
/hal X X M
(CH2)m R1 R1
l5 N ~N
Q | 5 Base |
R2 N R 2 /N
XXIV R
(CH)m N O (CH)m
62 Q2
XXV I-F

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 5-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 toluenesulfonyl chloride to

20  yield lactone XXVI. Condensation of intermediate XXVI with aldehyde XIII in the
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0O R 01 BuLi RL OHN2H4 RL ONH OHHR2 H2) DF R2 N D -, O XX XXl
XX | X- MMC~y R XMHV RL ORL NP205 NKCNR2 I NWVRS R2 CN O XXIII
XXII'l halwoome3gsmM (CH2 mR R Q@ NBase | N R2 RS R2 »Xr/wus¢odgjom CN O
(CH2)m @ @ XXV I-F General Method G - The conpounds of fornula I-Gi
which M and X.are def abqve i.s a

R o ke Tis8ae 8t £ bt R a5 A B8R Hrllviif o oueBt SRF asihetiarig inad"
fused 5- ﬁEﬂéﬂ&ﬁ gfkldd ﬁtglr&érﬁg[%iat@ogletﬁ'wd hmg}DCXVIICa?eMOnmf@DXVHdWMh alyargkﬁlé(ﬁél Ond
sequence as i.n method G e e XX rom can be r.educe
with sodi ul?ﬁef?éa%ﬁwh hydrazmeiydrate af isresipaes af Wi < i5500 Feaé% OrinZBnedintg

met hods wep stkmwe quhos Eonlérsiof dofl ﬁ]térﬂm%dﬁfet X3 38 1M‘4/én|ﬂoﬁ C’Jo‘r&%&(\/lﬁ&ﬁf?ﬂw

chloride to 20 yield | actone XXVI. Condensation of internediate

al dehyde Xtructire [Chis d@gg hyonethods 3y desoatred s0methe8 00 by pisageXEY [Bfratheb then
such as sog'gum met hoxi de usually in a solvent such as net hanol under
reflux yields an internediate of structure XXVII. Reaction of XXVII wth
hydrazi ne or pMefheddbly with hydrazine hydrate at a tenperature of 100 -
150C leads to an intermediate of structure XXVIII o Conver si on of

intermediate XXVIII o invention conpound of I
R 0 (CH2)m™H o
OH 1 R'
| 1)NaBH, R Q? Xili
R2 H | © 0
2) TsCl R2 Base R? XXVII
XX XXV (C|_||2)m H
QZ
X,M
N2H4 SN RN A N
|
/N - H R2 I ~N
<CH2>m <CH2)m i (CHel
Q
XXV = I-G
X
RV P20s
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, J.; 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 CsCO4 with halopyridazine VI from method A under anhydrous

conditions to yield the invention compound with formula I-H.
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5 structure I-Gis done by nethods as described in nmethod C by using XXVIII
rather than XV. Method GO 0 O RO (CHH1) NaBH4 R Q@ Xl 11 ::1col, RXX
XXVI (CHRyoot33Z2 O hal X M N2H4 RL 1 NHRL N MRL N R2p¢/BRoo6200N V R
(CH2)m (CH2)m (CH2)m Q@ Q@2 XXIX Q@ XXV I I I I-G MHYV P205 10 Ceneral
Met hod H - The co nds of formula I-Hin which the R, R2, M X, R6, (q
and G3 are defi%g;%a above are conveniently prepared via a reaction
sequence as shown in Method H Thus tES gt hods described ig,Martin, I;
Anvel t, J.; Vares, L.CO,RUehn, |.; O agsdon, A Acta Chem Sfand. 1995, 49,
230- 232 or those of hods D or byé sublaBlils ut | ng r#agi | yravai | abl e
pyri di ne-4-carb@§¥l1' ept er XXX Cok-T Dt afe 15 used (Pdvcogvelt ¥xX into
XXXI'. Reduction oq'tllér(;;j er as descriNed y‘lRﬁartin, et al. Nabgve R's next
done with a m|d reducl ng agent suctxxas H4 such that the }, e
substituent is |eft di&hanged to yield alcohol XXXI|. This al'cohol is then
heated with a base such as DBU or Csg™ wi th hal opyri dazine VI from nethod
A under anhydrous <conditions to yiel¥l the invention conpound with formula

l-H 40 WO 01/ 23375 PCT/ US00/ 265 tNhOd H CO2R3 CO2R3 CH2OH 3 R6 NaBH4
3 R Base, heat R2 | /lll
X'M 0 M
R = R®
| =N (Ga)q-1_—K\ | N
r2- AN N "R®
\VJ] hal 0

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

5 prepared via a reaction sequence as shown in Method I. 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 methanesulfonyl 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 XXXVI is reacted with intermediate VI from method A and a suitable

base such as diisopropylethylamine or CsCO4 in DMF or other suitable anhydrous solvent

or in the absence of solvent to yield I-D-9.
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(&)g-1 (G)g -NNRs (G)Q-NIT NRs \NHXXX XXXI 0 XXXI | O MX Rl LN
Base, heat 11 RR N MO I-H Xs ::x (&G)pl 1 NNRs VI hal O General

Met hod | wobnesmt i on conpounds having formula I-1 in whichCTigoRb500R2, M

X, R6, g, and G3 are defined as above and Wis a bond or -CH2- are

conveni entlg%/: glprepared via a reaction sequence as shown in Method |I. This
nethod is Bjé) ifally useful when g is 1 and XXXIII is 4-choropyridine.

Al ternatively, other 4-hal opyridi ags such as 4-fluoropyridine or

4- br onopyri di ne h be used in thils process. Thus readily avdH abl e

4- hal opyri di nes 11 _are Y t ®i nt ersediNakes of for a IV by
using the (Gj’%n al |[{pr ocedures RS P or—E=above bisﬁ)q& stiftutrng the
4- hal opyri di ne gD-1. 10 Reactio RXXXIV with either i 60r
sodi um hydr ogen | fide yields axxv & havi ng formul a tgrnatively,

the al cohol funct8h of internediate XXXII from method HTS converted to a
| eaving group by reaction with 2tdﬁinesul fonyl chloride and (ﬂ-lzsﬁ“i tabl e
base such as triethylamne in the cold sugjmédajcipol yneric terial
formation is mnimzed 3% t e sullaf ant ibaseer medi at? j)s pEagt edr® t h
ei ther potassium or sodi 15 hydr ogrRn sulfide—to—yi ell@ e i hrhyieng
formula XXXVI. Either thiol hav® fdrmffa 2X68/0¥aHSor mul a XXV ][i s React ed
with internediate VI from net ked AOGand a suitable base suEXX\@ésO

di i sopropyl et hyl am ne or CsCO4 in DVWF or other suitable anhydrous sol vent
or in the absence of solvent to yield I-D-9. M1 WO 01/23375 PCT/ US00/ 26500
Method | hal hal SH (G 3), , kN Rs KHS orxNaHS 3 , Rs

R1

Base, heat | N
XXXV or XXXVI 2 _N
M R
’ S- Il
R’ v
~ N 6
LA @l | §
R27N a1 Sy N.re
vl hal o

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

I-J-2 in which the Rl, Rz, 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-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

(J. 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 (Eur. J. Med. Chem.
Ther., 21, 1, 5-8, 1986) or by use of 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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(O9g-NRs (G)g 11 N HNRs XXX | I XXX VOXXXV 0 CH2OH CH2SH 1)
MS2A (&B)g 1 N, base (GB3)g 1\ Ns NRs 2) KHS or NaHS cN Rs XXXl 0

XXXV 0 WoxuBase, heat RN XXXV or XXXVI R2 N M X S, VWCTFUS0RbLsN 3 6-'r
R R N(G)g-1 NNRs VI hal O General Method J - Invention conpounds

such as thosge having.foryulg 1-J-1.0r ..1-J-2..in which the , M X W
and G3 ar gh yéﬁ?%eﬁgtéorgén aeﬁ}bi?gfj}%ﬁ?&c haaf\lf?ﬁﬁt}h ralirding; g8 ??fhbo%cgﬁﬁyf%%wg?ﬁ% t he
struct ure Zdsshic69)\sa8i 548! 1949pChaar Abkt 185@ 4494t i on sequence as shown in

Met hod J. t%Ction of conpounds of this invention that contain a thioether

Re
gr oup ei t M¥ethodd part of a substituent G, G3, or (Aor as part of Y as
shown in the represenpative structure ypl-1 from Method |, can be converted
to the invention cogpounds with a sulfoxide noiety s as 1-J-1 by
treatnment with [ne qui val ent of L chl oroper benzoqu acjd in nethylene 10
chl oride or chlorgform (MCPBA, Syntyr.~Qommun., 26, 7SN913-1920, 1996) or
by treatnent vm'; s/o|di UnpRA! 1 odaE i/n,{metd),ajaojg/watel 91}11 between 0 C and
room tenperatur®” (J. O g—Chem R758Y 25, 699&70(56, 93). The expected
si de products consi Stj;ng of m xtuiesS-gf various N (9&/ and the sul fone
| -J-2 can be renoved Qy chromat ography.] The sul foneOl-J-2 is obtained by
the use of an addiztic equi val e&% &%WPBA or 15 é);gf_ bly by use of
pot assi um permarf anate j n acetic ?QdQ/va er (Eur. 5 )Mgd. JChem  Ther., 21,
1, 5-8, 1986) or b?/ ude of hydrogen peMbxide in acetic a¢id (Chem
Het erocycl. Conpdl 15, 1085-1088, 4979). In those ldedses that unwanted N
oxi des sbecone a

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

R’ M, X, and Q' are defined as above are conveniently prepared via a reaction sequence

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 which 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 starting 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 phenyl 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 XXXVIII (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 BH3;#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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significant product, they can be converted back to the desired sul foxides
or sulfones by 42 WO 01/23375 PCT/ US00/ 26500 hydrogenation in

et hanol / axevi/z3zaxid with pal | adi um on carbon catal ysts (YeeDgséoees®asshi,
69, 545 548, 1949, Chem Abstr. 1950, 4474). Method J MMM X X X Ri N Ri
N Ri dn S, WOs, W (&)
| (XR) 4 C Wm‘l\? ﬂ?a§e jang_ 99%’“?%( Sélbs%tu%nérhé yx\{/)(?pkonanlyn%l?ﬂ‘f%?a colilPd?)unds
havi ng forggHmidit Bri dhtioRaIeh subitifed 4-Relo-pWriddayl a{)@(ﬁx[l@r@ @@i’hisﬂeﬂw@i&w?qbove

are conveniently prepared via a reaction sequence as shown in Mthod

One ski | | eepmpoupéhef mubr%éf%§p@qlﬁ¢ tqaﬁ'gommnémoas §ef'oBaréqw ded-uBock ). ,| ¥ by
met hods k Ny thh exa 0 X eke
t oget her CMH%OPhJeAcglF‘%) hs'&ft(])}dv\ﬁnd{ ?hlgymagglé%a tachﬁﬂ%ér%mjgb% g;’SUbStI tuted

t hi ophéne, 57 $b8an, pyrrol e, cycl opentadi enyl, oxazole or thiazole are

pr epar ed u&%&ﬁ %?e general chem stry given in J. Og. Chem, 1981, 46, 211
and hydrol1 8 he initially fornmed tert- butyl ester with trifluoroacetic
acid. The pyrazo&e s&glilng naterlal cancgbe prepared by reacting

2- 0x0- 3- pentyn-1 f Chel ys. 1974, 60, 1597) with 15

di azonet hane. The?ﬂfgg@mﬂg | whefei WHR and R2 together with the
carbons to which th y are attached E@ Nphenyl are prepared by the

met hods of Cynerman-Qraig et al., Aust. !|J. Chem 1956, 9, 222, 225.
Conpounds of formula XXM 1 in which R &W'R2 are lower alkyl are

conveni ently prepakrggdyaccordi ng to prooc@Emumes given in patent CH 482415
(Chem Abstr. 120261u, 1970). The crude diacid of formula XXXVIl is 20
subsequently treated with hydrazine to furnish pyridazi none XXXVII1 (for
specific reaction conditions gee Vaughm, W R ; derd S. L. J. Am Chem
Soc. 1946 68 13loci, Pyri gazi npne 11 is ﬁwea ed with a chlorinating
agent such as phpapnorous oxyct ori dl to vyi el Pn N ntermediate dichloro
speci es whi ch urdergoes Eﬁ% s dpon — aqu kup to furnish

chl oropyri dazi ne XXXl X. orofacid XXXIX is tTreated with 25 a nucl eophile
of formula V in the presencegéi™~gy base such as gdtigyn hydride in a sol vent

XXXIX XXXX
R " XXXXII "1?' R &
BH,*THF N @ =N
r2-~#N  hal=FClBrorl g2 ~zN
OH o-Q'
XXXX| I-K

General Method L - Invention compounds having formula I-L in which the R', -
R% M, X, and Q' are 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 compound 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 XXXXIII by treatment with KHS or NaHS. Reagents
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such as DMF or in the absence of a solvent. The resultant acid XXXX is
reduced with a reducing agent such as BH3THF according to the procedure of
Tilley, WoWn33ffen D. L. Schaer, B. H; Lind, J. J. CrOr/UShess001987 52
2469. Product al cohol XXXXI is reacted 43 WO 01/23375 PCT/US00/ 26500 wth
a base and

3-hal o pylargy P theb ATl ATHAL Qi P e BREL RIS s SRR AL
furni sh i neond mdledcnmhmamdlchfasbgnmﬂnh@llaﬁévéf or specific reaction
conditions see Barlow, J. J.; Block, M H; Hudson, J. A ; Leach, A ;
Longridge, J. L.; Main, B. g.; N cholson, S. J. Og. Chem 1992 5 57
5158). MethrethodIR1 CO2H 1 0 R2 | CO2H H2NNH2 :21i1 N O CO2H XXXVI |

XXXVI I I 1.PCCI3 R~ Cl XMRlX"M ~2. RHONHL ~-N R NRR N 0 CHO OH
XXX X XXXX X, M faal X4 XXX | )BM BH3" THE N N R2 I\kl”t’hl = FC, Br
or l RN OH@ QL XXX%I 2K Genqral Met hedoly - Tnve 1|on corrpounds havi ng
fornula I-RN ich brh.&eRl(XXIVRZ N and QL afe de d\as above are
conveniently Jprepar ed—i-a—a—+eacti ofi sfguepge A h iR Method L. Thus
al cohol of gE6rwalia XXXMHS erdvaHEetRi0d q{ﬁs ﬁ%act edgr\?\nor?ﬁg mef hanesul f onyl
chloride in tha_presence of a suitabl ase foll owed by po
sodi um hydrogen €l fide to yi el d xikkkm! [11. The f'hiol is then reacted
with 4- hal opykigine ﬁé' thod K ingthe presencelf a suitable
base such as triethyla of ?\? dlnventlonc ound 1-K. Alternatively,

XXXXI is convert e&i dl-@r3, P(Ph)3

X
for hal = 1 1
Rz N XXXXV
hal
5 XXXXIV
EXPERIMENTAL:
Example 1: Preparation of 1-(4-chlorophenylamino)-4-(4-

10 pyridylthio)isoquinoline

Br

>N
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°. Rg=0.66 in 40% ethyl acetate in hexanes.
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15 halo internediate of formula XXXXIV by nethods well known to those
skilled in the art and the halide is reacted with thiol XXXXV to yield

| - K. | ntavoedeatre XXXXIV can al so be converted to internedi/ase/26300XI | | by
treatment with KHS or NaHS. Reagents 44 WD 01/23375 PCT/ US00/ 26500 XXXXV
are either conmercially availablg such as 4-nercaptopyridine or can be

pr epar ed by one skilled i art such as by nethod | above. Method L X-M
1) SCl X,Mhal X-M 1 RL XXXXIl 61 RL N R N or use XXXXIV N ~N N
hal = F, Cl, Br or | RZRBNN ) KHS or NaHS R2 OH SH S Q X)OO<I | | XXXXI
I-K SOCI2 for hal = G CHBPhM R1 N R2 N X) OCXV hal 5 XXXXIV

EXPERI MENTAL: Exanp . Preparation of 1-(4-chlorophenylam no)-4-(4- 10

pyri dyl t hi 0)i soqui no ¥ N Br Step 1. Preparation of Internediate A1 A
m xture of 2.90 g, 19.07 u of isocarbostyril and 14.40 g, 33.68mbl of

phosphorus pent abrom de were allowed to melt 15 together at 140 C. The
mel t turned i nt®tep 2 ddmixtoueiod 1M, éf@enl\/bzﬂ)mftl A-0ibnomoiseqiindimen(bagtnedrate

m xture so mxt & was crushed up and
dunped in tJé5 ?r'gré‘f g Ef qld"?%hl%?o%hﬁ%e \J&Qg e r}%er att {e) iﬁ% r%ﬁctforb In}lét&pe
5.50 g, 968fmediirtoch, del&p raﬁl‘ﬂqlﬁﬁand%fte-r@b&ﬁ IIOM#Q%BehdmhctaﬁﬂhﬁtL&e solidifadumes .
5 was done. The reaction mixture was broken up and triturated with a 50/50 methanol/THF
mixture then filtered and air dried without further purification. wt. 0.75 g, 64.4%,

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

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 combined 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°. Rg=0.50 in 40% ethyl acetate in hexanes.

15
Example 2: Preparation of 1-(indan-5-ylamino)-4-(4-pyridylthio)isoquinoline
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45 WD 01/ 23375 PCT/ US00/26500 CI HN N Br Step 2: A mxture of 1.00 g,
3.49 mwbl of 1, 4-dibronoisoquinoline (Intermediate A) fromstep 1 and
4- chl or oamd bi/ms7ere nel ted toget her at 140. The reacti onpel/xsawmsoot ur ned
into a deep red liquid and after about 10 m nutes the reaction m xture

solidified and dpne. t broke U

triturated wt hﬁ%aemgr%?%ﬁr?reﬁeﬁano h% %l?—flg'—ﬂa?aﬁ}l())?toﬁrée*a \({a\ﬁ?f ) Iﬂnpga rgailthre tc1tr| ed
wi t hout f ugdnfi@ung biyi Substxuting S- amtunoﬁdirﬁ: for 46éhldiymniling .ifF 260- 226Mp. RI08OL(B8, i n
40@6ethy| a hexanes. N ~N S Step 3: A mxture of 0.05 g,
0.1498 @&‘ b“@ﬁ%%leé}?y &ﬁ?tf‘qer‘l’é?e@neﬁo br onoi soqui niline and 0.02 g,
0.18nwbl of 4-nmercaptopyri dine were conbined and nelted together at 140
for about 10 m nutes. The resulting reaction mxture was purified on a
1000 niXron prexgibplee udi ng Proparafinanol of n Aelkanbsnzeshiapel-Gylaming)-4--

0. 0103 g, 92-195. Rf=0.50 in 40% ethyl acetate in hexanes.
15 Exanp epé”?‘%)ﬁ ‘?S% “mg’rl]'“%

1- (i ndan 5-yl am no) - 4- ( 4- py. vIN hi 0)i soquinoline HN N ON 46 WO 01/23375
PCT/ US00/ 26500 The procedur e§> for the preparation of Exanple 1 was used
to prepare the title coggound by substituting 5-am noi ndane for

4-chloroaniline in step 2/ M. 100-103, TLC Rf 0.40 (40% ethyl acetate in

hexanes). 5 Exanple @ preparation of 1-( benzot hi azol - 6-yl ami no) - 4- (4-
pyri dyl t hi 0)i soqui nolj pe

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

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
NH
O
| ~
=N
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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HN N S " The procedure used for the preparation of Exanple 1 was used to
prepare the title conpound by substituting 6-am nobenzothi azole for

4-chl oroamdbi/ms75 n step 2. 10 TLC Rf 0. 36 (5%ret hanol / net hgT/@8@/whdoor i de) ;
VM5=387 Exanpl e 4: Preparation of 1-(4-chlorophenylam no)-4-(4-

pyridyl methyl)isoquinoling O eNH O ~N 15 Step 1: A m Xxture of

honmopht hal im de (770 ng, . 78muvol), 4 pyridi necar boxal dehyde (0.469 nL,
4.78 mmol ) and pi per pti NH5 nmL) in acetic acid (25 nmL) was heated at
reflux for 1 h. The @ nt solution was cooled to room tenperature. The
solid product was renovedyby filtration, washed by water (4 x 10 nL) and
dried under vacuumto afferd~Q20 ng (3.67 nmmol, 77 %yield ) of a mxture
of Z and 20 E isoners of the above conpound. 'H NVR (DMSO- d6) conpl ex
proton signals shown in arowatic region due to existence of both E and Z

i somers. M5 ES 251 ,( + 2 H) +. 47 1/ 2337 CT/ USPDO 0 O
NN Step 2 1908 26 fomerdiitn ik hul (V0E (Mgl ManRiiol,
met hanol (1@bPat OLL atas @ddedveiewdadiing bowdhy dSdd (3umgh D9 adiyel).i Te: HdktGregwas’ 9
mmol ). The m xture was allowed. warned.to.rt and continued stirring for 1
e et RO REE o hEPE AN RS SOk BT e At WS Bherebrd 200

m nutes. Toger ERH L) EhdMtied! Br WASMERNEE MhcaleQdtiA® mik IFD Wais S@n¥éHitated 1% t he
resi due was added water with ice (100 m_%?g’ and adjusted the pH= 2 with 2

N HCO  sol uemene seyenty Eaithe gesiduy wisrigded waken st ioe NORaTH . @iadjugﬁdéhw plhe
TOOTL) - THe SR | DRl R RO P e g
concent r atwab. abtiivg IrlesiThagesudtingasolption fwasdedsyacted| iymCHeAonéd agi@rhly). (Thel0
viv met hanc%ln{bqgle%hé)rgermqgﬁg/gl%nv@re tcglle%];efd? Elged over MgSO4 and concentrated. The residue
10  was purified by column chromatography (1:10 v/v methanol-dichloromethane) to afford

400 mg of the title compound as a solid (1.70 mmol, yield 25 %). 'H-NMR (MeOH-d,)

8.33 to 8.39 (m, 4H), 7.50 to 7.68 (m, 3H), 7.30-7.31 (m, 2H), 7.14 (s, 1H), 4.15 (s, 2H);

MS ES 237 (M+H)+, 238 (M+2H); TLC (1:10 v/v methanol-dichloromethane) R¢ = 0.40.

Cl

HN
N

I 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 MgSOy, filtered, and concentrated. Purification
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400 ng of the title conpound as a solid (1.70 mml, yield 25 %. 'H NWR
(MeOHd4) 8.33to 8.39 (m 4H), 7.50 to 7.68 (m 3H), 7.30-7.31 (m 2H),
7.14 (s, Wop1238745 (s, 2H); M5 ES 237 (MtH) +, 238 ( M+2H) pCTIDO(LS5®O0 v/ v
met hanol - di chl or omet hane) Rf= 0.40. C ~"" N CN 15 Step 3: A mxture

HN
of 4-chl organili h rus OXI 396 1 40
nmol ) and W iPeY ara}%é/%,']‘ﬁ]gc Ea%tr 0 14]1 o%g} N }fggp%ﬁl%ionﬁ la%d 2& and
stirred unglefol@290Rick) OZQQ tiﬂefo@fnpﬂ)uﬁd s ®yellow sdlida 'HONME(MU@HWB;b 8. 3“6(8 J

eaoti on it Tele T SBF 0, 265 1500 7. 224 1o FAd (FodtdiAnl (S oMY ack

nmass was cpgbedenitare (ved b@%&tbﬂ&l!&h&m&@n@ﬂﬁnm{f@ 0430 m.) were added

and the reaction m xture was sonicated until the bllack mass had becone
sol ubl . Dichl oronet hane (40 nlL) was ‘added and concentrated ammonia (-2

m.) was added t sk ) r T

separ ated, and ?—ﬁ@qe—g%neous %gzr)ym(gsigbwagl;gmﬁgﬁmgﬁ%ﬁépg“r:gk@?ﬁ &ﬁ?]% x 20
m.). The isegqdinoke or ganic | ayers were dried over MgSH4, filtered, and
concentrated. Purification 48 01/ 23375 PCT/ USO0/ 26500 by preparative
TLC plate (1:10 v/v nethan \ég oronet hane) yielded 26 ng (0.08 mol,
22% yield) of the title co as a yellow solid. '"H NWVR (MeOH-d4) 8. 37
(d, J =7.8 Hz, 3H, ¥ (s, 1H), 7.55 to 7.77 (m 5H), 7.27 to 7.33 (m
4H), 4.31 (s, 2H); 46 (M+H) +; TLC (1:10 v/v

met hanol - di chl or onet = 0.45. 5 Exanple 5: Preparation of

1- (benzot hi azol - 6-yl 3 4- (4-pyridyl nmethyl)- isoquinoline HNS INN
The procedure used for the preparation of Exanple 4 was used to prepare the
title 10 conmpound by subs it i ng 6- ami nobenzot hi azol e for 4-chloroaniline
in step 3. "H NWR (MeOH d4) 8 (s, | H, 8.37 to 8.59 (in, 4H), 7.79 to
8.01 (m 2H), 7.60 to 7.78 ( 4H), 7.30 (d, 2H), 4.34 (s, 2H); M5 ES 369
(M+H) +; TLC ( 1: Bhevpreocdimxansed dbhthe pagetaion)offxanple2d wad hsddk@makearé the title

Pr eparl%t I Oc%rr(l)gou%d (by sugsa% t?ng,y é %nwlrglo%)enzotlglazﬁg cl)rdty cl%roa%ﬂ?ne in step 3. '"H-NMR
(MeOH-d4) 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) R¢ =
0.20.

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

HN

isoquinoline

=N
¥

AN
~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 d4) 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) Ry =
0.25.
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i soqui noline HN N N The procedure used for the preparation of Exanple 4
was used to prepare the title conpound by substituting 5-am noi ndane for
4-chl oroamdbi/ms75 n step 3. "H NVR (MeOH 20 d4) 8.35 (m 3PT/USABSM00 7. 77
(m 5H), 7.15to 7.27 (m 4H), 4.26 (s, 2H), 2.87 to 2.90(m 4H), 2.05 to

0.25. 45 v o1/ oe ushbvenhl (égﬁnﬁ??%%é‘ep@%g{qp&ﬁeﬁg k)=

1- ( 3- f | uorpyridylmiethylpieqyinalin®o) - 4- (4- pyridyl met hyl ) -i soqui noline CH3 HN
F N The procedure used for the preparation of Exanple 4 was used to
prepare the title 5 conpouys Msubstituti ng 3-fluoro-4-nethylaniline for
4-chloroaniline in step 3. MR (MeOHd4) 8.34 (d, 3H), 7.87 (s, 1H),
7.54 to 7.69 (m 4H), 7. o 7.F31 (m 4H), 2.22 (s, 3H); MS ES 344
(Mt2H) +; TLC (1:4 v/v_hexane-ethyl acetate) Rf = 0.20. Exanple 8:
Preparation of 4-(4- r ophenyl ami no) - 7- (4- 10

pyri dyl met hoxy)t hi en di pyri dazine CO2H CO2H Step 1: A dry, 2 L,
3-necked, round-bottoned flask was equi pped with a nmechanical stirrer and
addition funnel. To the f was added 2-thi ophenecarboxylic acid (25 g,
195 mmmol ) in anhydrous THE[|(500 nl) under argon. The m xture was cooled to
- 1578 Cwith a dry ice-is I\bpanol bath and allowed to stir for 30 mn.
n-Butyl l'ithium4 ) ] e j i .mon.
The reaction vvats}{é ep%(é%g?es u&;ﬁ f§%ﬁ{%gggp§ﬁﬂﬂghéﬁﬁ?gﬁ§& %3&% %\?mgxt%epsrf%?ar%r: fh%glt[%en
pl aced Sundemmundtbyosphetutng f3-fugro dambihylandine xiod et-chbtohnidideiit iseap df tHre

For an add S AUPOHEES S Gy AEVaTSH frg S 79050 S8k Mot O Jal Goin, ©
quenched wi.2h(s23M); @S BS2343 (ML) 2IOTBCI (0Medy hexdneatity] htetatd) R, + aper s were

separated and the aqueous |ayer was extracted with EtOAc (3 x 200 nlL). The
organic | ayers were conbined, dried (Na2SO4) and concentrated by rotary

evapor ation. Thexdmpen sogi d Waeparation of 4-(4-chlorophenylamino)-7-(4-
10  pyridylmethoxy)thieno-[2,3-d]pyridazine

CO,H
a1
S

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

CO,H

mechanical stirrer 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. »-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, dried (Na,SO4) and concentrated by rotary evaporation. The brown solid was
crystallizedbfrom 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 17.69(d,J=15,1),7.38(d,J=4.8, 1); ES MS (M+H)"= 173; TLC (Chloroform-MeOH-
water, 6:4:1); R= 0.74.
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crystallized fromhot isopropanol and dried overnight under vacuum Desired
t hi ophene- 2, 3-di carboxylic acid was obtained (27.3g, 159 mmol; 82%vyiel d);
"H NWVR ( DM@®O/2BYys 25 7.69 (d, J= 1.5, 1), 7.38 (d, J = 4. 8PCTLUS0ES5ME

(MtH) += 173; TLC (Chl orof orm MeOH wat er, 6: 4: 1) R 0.74. 50 WD 01/ 23375

PCT/ US00/ 26500 tep A ern t| vel 3-thio arboxylic_ acid, rat

than 2- thi ophegﬁakbéx f\it lﬁas%btgg’ﬁh 8" eléct e t gathfi cfhi“herbsame
product . GA¥hencsaBoRMic sﬁtl@pasa)eeﬁuaedhn stepUN@-hat tinRehel fradlet was  equi pped
with a stir bar and reflux 5 condenser. To the flask was added the product

of step 1 (62 g, 360 nmol) G4 (500 nL) with a catal ytic anount of
H2SO (-5 mL). The reacti(\ggas heated to reflux and stirred for 24 h. The
reaction was cooled to rt & feentrated rotary evaporati on. The brown

m xture was purified by silica gel chromatography (Hexane-EtQAc 80: 20
gradient to 605%D)2: Pedlr sebndibottomed flasko hae@eulppgl avitha r batix yhaa t andweeglux

ae 1y o 18 %ﬂ"ﬁmfy*oaﬁéy B P‘?éﬂ?c_&of o e VR0 iy L 50%t PR
( Hexgng Et 9B withOa 8aplytiRtamddnd 8f I(;IQSO,{ E\+5 NH). S lil;dHeﬁctlcﬁit ops ??até& R}thglhlx and

- . T
the 11 ack HE4at28h nER RISy Al Bt oud g Meafiiar iy Rpapiiobhe 1hs
hydr at e ( Gbrowhlmix8k3 W’ﬂgqiuh;ﬁeéﬂw sHtcatge( ¢Hroflatogayshyr @fexbteBtd ¢ 88:20 dadiditie

reacti on was gol ed to rt and concentrate by rotary evaporation. Water

(50 m) we® Qefthdd Desiged ety thippheaeeisdicarbax Wetedvas hiainer (3l s 196 ramol;
sol i dsg Thﬂ%glx&gusﬂlww DM§O%9P¢9B"( d.ated oY), 79 @ Y -L¥8por fki( QnJLq ekve a

pal e yel |l ow so he so was dried in a vacuum oven overni ght

OC. Desir &6 Mii eYisHY =43 iﬂt{q diexiare-BtQA ¢ 900 IRs Gh-ai ned (12 g, 71 20
mrol ; 89%yvyield); 'HNW (DVMSGd6) 7.85 (d, J=5.1, 1), 7.42 (d, J= 5.1,
1); ES M5 (MtH) += 169; TLC (d] chl oronet hane- MeOH, 60:40); Rf = 0.58. CI N
SN C / NH
| |
S NH
O .
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 thieno[2,3-d]pyridazin-4,7-dione was obtained (12 g, 71

20  mmol; 89% yield); 'H NMR (DMSO-dg) 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

N
/7 N
S /N

Cl

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 1t and poured over ice. The

mixture was separated and the aqueous layer was extracted with chloroform (4 x 75 mL).
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Step 4: Preparation of Internediate B: A 250 nlL, round-bottoned flask was
equi pped with a stir bar and reflux condenser. To the flask was added the
product ofost/e78 25 (2.5 g, 14.8 mmol ), phosphorus oxychtDusaeefebs ni,
481 mmol ), and pyridine (4.57 nL, 55 nmml) and refluxed for 2.5 h. The
reaction Th [e S _separ.at ed
and the aqBsanic e e 2R GRANREOHEg e thith o BRI,

01/ 23375 R@'@‘itﬁﬂﬂérk@&ﬂ@wﬁohdorﬂ;aned:4]7a(jaehilsmt\kaélﬁ>[2Gmpmlﬂr(ﬂﬁdnﬁé‘@zﬁseﬁ})
and concentrated by rotary evaporation %(ve a k yell

De5| red 4, 72 g &R1mengt BoenBEsl)anapetd- %@z@n’e NM%(%%@ 8855 (dl J5' §7 1.3

49% )7 ) 5
oL (S9YASLEY- 15, T AR N RUOURRAE Bt o s Bt
0.56. See al® Kobia, Rb,tﬁxal Swr.; Clisu. [Fr.; S%(ﬁ 422ﬁ-|4ﬁ235:r., 1967, 4220-4235. C |
HNN N C Step 5: A 250 nmi, round-%gttorred flask was equi pped with a stir
bar and reflux condenser. To t k was added the product of step 4
(7.65 g, 37.3 mol ), 4- chloroamylilne (4.76, 37.3 mol) in EtCH (75 nL).
The mixture was refluxed for ™ h™>"An 10 orange solid precipitated fromthe
reaction after 3 h. The r was cooled to rt and the solid was
collected by filtration shed with hexane. The desired 7-chl oro-4-(4-
chl or ophenyl ami no) t hi eno[ & pyri dazi ne was obtained (6.5 g, 21.9 mol ;
60% vyield); np= 139 142 C E ||\/S (I\/H—I) += 297; TLC (Hexane- Et OAc, 60:40);
Rf = 0.48. Cl Ste A 150 nm, r - bot.t med flask was
equi pped with r%b%oaﬂdr? Wn%hs"éars CqRYPPE éf‘“f %ékrgﬁ ngthe
product ofcosli@Red (1Q> a{’e gaskl“st naaabal thé-prodlck bl fay i (b5 (gl 3?7 y,mﬂazl)l)Z 4omol )
in DBU (2.5 m, 16. é m xture was heated to

hours. Et G&éor(%llrﬁ@‘l %%7 d@l@al)ﬂ@ Ett%l (& aek) obhamiNtereyms raﬂ@xed for3 . An

10 orange solid precipitated from the reaction after 3 h. The reaction was cooled to rt and the

solid was collected by filtration and washed with hexane. The desired 7-chloro-4-(4-
chlorophenylamino)thieno[2,3-d]pyridazine 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.

or
HN

am
s~ N
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-
pyridylcarbinol (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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then the reaction was poured into water (10 nL). The |l ayers were separated
and the 20 aqueous | ayer was extracted with EtQAc (3 x 10 nL). The organic
| ayers waveovoasis ned, dried (MgSO4) and concentrated by pOT/@8§0/26500
evaporation. The resulting m xture was purified by silica gel

chr omat ogr aphy, | ¢h rorre - et hanol - acet , . 900 58 al e
yel | ow sol ‘ing 29&2103 ‘l ' degi *%?333 ( +r¥%o=rf1cf9w§i‘gggléhlﬁé‘dn?tgg%n§t a ﬁ@ge Mol :
7.3%yi el d§5255225)V\ﬁ) 03/3375 PCT/ US00/ 26500 np= 203-205 C dec; ES M5
(MtH) += 369; TLC (dl chl or omet hane- net hanol - acetone, .95:2.5:2.5); Rf =
0.56. Exanple 9: Preparation of 4-(4-chlorophenyl am no) 7-(4- 5

pyri dyl nmet hoxy) , 3-dLpyrid 2H (‘EIOZH { um
(2.5M in hexan ﬁ% ]9491 nmk)?pmb(@ i nt roduced }%’l{}rw %yzlécked
flask fa ttmzhdylhhtlmxﬁﬁido[lzmmpfyuidmeime argon inlet, and mechani cal stirrer.

The m xture was diluted with THE (500 ), and cooled to -78 C
3-furoic acid (25 10 g, 223 ) was added as solution in THE (500 nm.)
dropwi se. The m xture was/st\{rred for 1.5 h, at which point dry carbon
di oxi de was bubbl ed t hrou steaction mxture for 1 h. After warm ng

gradually to -10 C,_the resultant _thick white slurri/ was treated with
aqueous HO (2 Nepdag-Butyllithrpe @ mubersesdPemiedst aireel) ) Wahntrodecedinious

| ayer was a%'tf @@t&fékefa 145k B t{AGviftBantaBRGorohnel TAS ﬂq{m, ARAmQLISANE SiNET €
to~afford crude

dried (Na2S 15 filtered, and concentrated
furan-2, 3- 'ﬂlna:mnbm;eyvasahhxmddmls denTHF d0@@ndg] ardl copled tg)-78ACCH-fuase arsé @5

o o SR LS o o8By 5 52, bl 95
= 0. 56 1Q@2Mss h,/at Whieh4§diro 2y Mabsh BRoxdde WasiiubbRAGhBugh MaaaintIQMeffblask

was equi pped with a stir bar and an argon inlet. The flask was charged
with the ct bdé\fmramrmlrw&rp@raéld tp n1 &GP pthe resutany) thickiivehitsl sherety was eaed (RE0

M TO ok M SRCHEPL: [ ShER o AYAS GONALOLELIRAUAE U PG ol £ Thya 20

nmol ) port| SR s e rin VoMt e Ur &

sol uti on vegracedceii IOAd (30x amoomL)aanhélcbmalee%rghmws\zeaddadd (Nagscm),xt ure
was suspended in MeOH and the volatiles were renoved. Suspension

in Medn  (fileryedyiapd geac nérétefietmf@lrd gFuderfarapod, dndiqagoxifhe agid psaaneerapge solid

addi ti onal (4&‘@ WhiBR Svas W€ without further purification. "H NMR (300 MHz, ds-acetone) &
7.06 (d,J=1.7,1),797(d,J=1.7, 1), 10.7 (bs, 2H);TLC (CHCIl3/MeOH/H,0 6:4:1) Ry
=0.56.

COzMe

20 ) COZMe
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 chfomatography 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, CDCl3) & 3.81 (s, 3), 3.86 (s, 3),

6.71 (d,/=2.8,1),7.46 (d, J=2.8, 1); TLC (hexanes/EtOAc 60:40) R¢= 0.46.
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residue was applied directly to the top of a flash chromat ography col um
and was eluted hexanes/EtOAc 60:40 to yield dinethyl

furan- 2, vaovaasoxyl ate as an orange oil (38 g, 93 30 % fpeT/Bse@m6iooand Step
2 conbined). 'H NWR (300 MHz, CDC13) 6 3.81 (s, 3), 3.86 (s, 3), 6.71 (d,
J =228 1), 7.46 (d, J = 2.8,,1); TLC (hexanes/Et OAc 60:40) Rf = 0.46. 53
WO 01/23375 PCT/ US00/ 26500 O jNH NH O Step 3: A 500 nL round bottorred
flask fitted with an argo w4 @ reflux condenser, and a stir bar was
charged wi th dinethyl fur&n-&, 3{gj carboxylate (44 g, 236 mrol ) di ssol ved
in EtOH (250 nl). Hydrazi n@ hyidr at e (55 % N2H4, 40 mL, 3.0 mmol) 5 was
added to the solution, and theoreaction mxture was warnmed to reflux. A

roLTon ool 19, SSRALY. S5 LSRR, Bt LB Y0, Sl e elin L EBS ™

under r eduggdendet sl Lstirtbdr Wi chiargad Weikt @Mhetmsﬁlﬁan%Blﬁfbamy%Pﬂnge@G n
water and filtered, Ther%ellow soli d_was and transferred

o & 500 nEmDEFobEoo BT (AQRNP: (HESHRE PYRRA S NeHet M A PRI
condensger, wasliddd & ihe sBRfion, 4 tﬁ@*éa@hc‘/ﬁ%v@t%%%ﬂeﬁ tGAIRRUA Fibwk &;‘ﬂ,d 200
nL), and the mxture was warmed to reflux. After heating for 4 h, the
orange sl usleylynerscipigké @ venthereumet dnpé haat wdidnpoint theemedureTwas ewléditonas
washed t ho

5700t oxop SOk 8 E01a 800wl Bl MDAy NAGHHE ] Blefmigh o vellgo

( 300 MHz, piSteDNIBCY) was Fuspended,in date afid ﬁ]]t¢red8T}h@ yélthw dalidwds wadted with. VVatéxbs

Cl 1 St t dj,ate C nd
bottorred f"fnéll\%g r(l?/g?efll tf’tegg()él\}ﬁ’ﬂ{ggr“{ E?tl(ﬁge h ﬁ@é wi a??lafgoﬁdpkt’a%&etﬁ’ﬁ‘
ar gon il eg¢onddiyer, fatid antif bamﬁbephd%wéi&lsﬁe@ed116)2quetemDH)c1\o@N 20daD), taad the

m xture of hosphorous oxychl oride (300 nL yridine (30 nlL), and the
resul tant fafﬁwaéﬁaasu%rgﬁé. TERES vt rdteating %cg S HleA?rtagge HAEY Wy $askedaty

reaction mMoxifefipbturd ald fiiReed OTRE kbIRE wiE hRSKRAINMBBATIgRY, WathalaereMAPAIAL | ON.
The residue was poured onto ice, and the aqueous m Xture was extracted

wi th CHC13undsr xacpgm e yjield #ﬁél%@m dlafam@vgéaﬂlreesaw erapgs falifl Gilthel He,
dried ( W%N@?ﬁé}?@ﬁﬁz"&é@‘@?@ §87.08@9F9-4; Y)ég 9oy b2 319 {145 ARYShrflazi ne

(I nt er medi as  an orange
N
7 N
o~ N
15 Cl

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. After heating the
20  reaction mixture for 4 h, the volatiles were removed by rotary evaporation. The residue
was poured onto ice, and the aqueous mixture was extracted with CHCl3 (4 x 250 mL).
The combined organics were washed with brine, dried (MgSQO,) and concentrated to
afford 4,7-dichloro[2,3-d]furopyridazine (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¢-DMSQ) & 7.40 (d, J=2.0, 1), 8.63 (d, /= 2.0, 1).
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solid whi

0.352; 1H 25 NWR (300 MHz, d6-DVMSO) S 7.40 (d, J= 2.0, 1),

ch was used without further purification. TLC (hexanes/ Et CAc)

2.0, 1). vbdoIM3303/ 23375 PCT/ US00/ 26500 CI HN CI N/ | LPACT/OS00/2650d Cl

Cl A B Step 5 A 100 nL round bottoned flask fitted with a stir bar,

8.63 (d, J=

Rf =
HN

an

argon inlet, and a reflux condeé'luser was charged with the product of Step 4
(1.50 g, 7. 98 nol ) di ssol y&o et hanol (40 nL). Chloroaniline was added
to this mxture (1.02 g, 7.8 pl ), and the 5 resultant suspension was

warnmed to reflux. After
rotary evaporation. T

flash col

4-chl oro-
7-chloro-4-[ N-(4-chlorop
powder (1.2 g, 55 % . TL

d6- DVBO)

theClm xture was concentrated
applied to the top of a

atrng for 4 h,

um and el ut’ed [wi ti
7-[N-(4- chloro yl)am no] [2 Nir opyri dazi ne and

nyl ) am no] -

8 mgjor isoner (A 7.40 (d, J= 8.9, 2 45 (d, J= 2.0, 1),

by

furopyridazine as a yell ow
(CH2C12/ MeCH 97: 3 ; 10 0.7; "H NWR (300 MHz,

7.87

(d, J =9.2, 2), 834 (d, J =2.0, 1) 9.62 (s, 1); ﬂﬁnor i soner (B) 7.28
2.0, 1), 7.40 (d, J 8.9, 2), 7.87 (d, J 9.2, 2), 8.48 (d, J =

(d, J =
2.1, 1),

9.88 (s, 1). C AHNN ON N Step 6: 3\25m_round bottoned fl

ask

was fitted thhs&p S2AJ D ﬂn'll'r%{md Botfdndd Ak ﬁtte&%é}mstﬁﬁawn%g&m@&nﬁﬁra The
product of step 5 (400 ng, 1.4 mmol) was conbi ned th 4- pyrFi dyl car bi nol

(782 ny, T7reflpx ﬁmﬂe}lsearmﬁsphsng@d avitighe pradgptoiften &.ﬁhé@gﬂ@ﬁempgl) gisgplved & 7
mol ), andedfi3) ?qjg{&x app?r\%l%‘ﬁgg Wad afhgerﬂ & thﬁijil%ux'%t( rOQ' ﬁﬁ%‘éﬁ) ah@%he

reacti on was

Irectly to the to

el ut ed i t tes@HACSRIpPRDPN SBassSwarnddetar esfluixt ardtftey ehebtmvg (fmi 4V\hzsthe mixture was
e part - of Srcaited B BodiiRaBO TR onbh e e LBl Seteete Mo e

as part of "a mxX
CH3CN H20 ﬂﬁh%lmmﬂldeemteﬁ oviftOOHE)1,/MBOH 9nsdotalferd i a mlﬁuw@mundroaB[M4of f

white sol
NMR (300

10

15

20

;\ﬁgorg%henyl)g;%moﬁ ﬁ-lrrl?)%y z?n%lzénhc{eql_'cgl%r 4-[N-(4- c]h?oroll;ﬂaenyﬁamlr{o]
[2,3-d]furopyridazine as a yellow powder (1.2 g, 55 %). TLC (CH,Cl,/MeOH 97:3); R¢=

0.7; "H NMR (300 MHz, d.-DMSO) & major isomer (A) 7.40 (d, J=8.9,2),7.45(d, J=
2.0,1),7.87(d,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),740(d,J=8.9,2),7.87(d,J=9.2,2),848 (d,/=2.1,1),9.88 (s, 1).

or
HN

7 N _

0 N = N

e
Step 6: A 25 mL round bottomed flask was fitted with an argon inlet, a stir bar,
and a reflux condenser. The product 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
title compound as part of a mixture of three components. HPLC separation (C;g column
CH;CN/H,0 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,

55

anm, and
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55 WD 01/ 23375 PCT/ US00/ 26500 CDC13) b 5.60 (s, 2), 6.6 (d, J =2.1, 1),
7.18 - 7.20 (m 2), 7.35 - 7.43 (m 6), 7.66 (d, J = 2.1, 1) 8.54 (d, J=
5.6, 2). v@beps33xA and 6A: Alternatively 4,7-dibrono[ 2, 3- dP€vUs@yrss@azi ne
(Internmediate G below) is used to prepared the title conpound by foll ow ng

it or medi S BCPEP bR Pl S8 fatstdd by el {2 Al e G8Bheht % Bhdther
in the prese @_ﬁ(d,c‘s%,rzg.t her than 1, 8- diazabicycl o[ 5. 4. 0] undec- 7- ene.

The crude product is purified as above. Internediates Dto G Preparation
of other bicycl$teps58-dnds6d: 3Akemgfively bgydibwmalAé sl irepyridazng pintermedigter\ T3

I OH T\T3 r pracedun I 4
are used b% bs’élluob@'g ¥ 1('.21 a{lf{r?gpﬁgﬁg%?g%ptﬁ%p%m quﬁg? Zngévyg?légsg%ﬁcgp %%(@Ft?@ﬁg%iﬂ]aé)f or
f ur an- 3, 3-dibwardmxerinediatciod thealighletodntemedisieb Stepi 6A esl calidubied bypyeltidgthenes D
to Gfound_ in the bel g%/(v abLhe. The _di br onof ur o%yri i ne was,, pr epllaged
usi ng st ep¥%- SPPERN aﬁﬁﬂe % dhd BenPFETEGndRCt i ﬁg 4t ey 2899 o[ 18us:
to 0.500 (&a2B8iydwps.».0Rindedie-cpeolihetrudé paidapt i8 puafiedgdtdve.2. 839 (6.57 mmol )
of phosphorus pentabrgm de, This was_heated to 125 C. At about_ 115 C the
reaction mixt urlntermedigfespl tae Gl - BERAGAEOR GohAthPR Picyslica ddusedsh & The
reaction nainhiep§rid@sinePo!l ed and the solid residue was crushed up and dunped
into ice water. The resulting solid was then filtered and vacuum dri ed.

wt . =0.75g (82%yieldP. In 20 several cases thgldi chl oropyridazines are
known naterials, & &jbcat ed by the gi veJ/T2 rence. Al of these

di hal ohet er ocyct®s |can’ be—used—te prepar® tlje ai ned i nvention conpounds.
TABLE C Was preha @ cor di ng to met hodg$30 ~NRobba,M; D//NI N
Bull.Soc. Chim Fr.; 283, 1966, 1385-1387 IH N S N (DVMSO-d6) 9.94 (s, 1);

ES M5 (MtH) += 207 O O Was pregared: 1H N DMSO-d6) 8.85 (s, 1); ES E
<N | N M5 (M+H) += 18bBhe 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 of: Robba,M.;
D </N | \|}1 Bull.Soc.Chim.Fr.; 263, 1966, 1385-1387 1H NMR
s~ N (DMSO-d6) 9.94 (s, 1); ES MS (M+H)+= 207
Cl
Cl Was prepared: 1H NMR (DMSO-d6) 8.85 (s, 1); ES
E </N| SN MS (M+H)+= 189
N N
" Cl
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NN HdJd 56 WO 01/23375 PCT/ USO0/ 26500 CI Can be prepared using the

net hods of Robba, M, et.al; F N Bull.Soc.ChimFr.; 1967, 4220-4235 S N

Cl Br TMODRNBIF6 (5%EOCH net hyl ene chloride) G N O --NecBusoozws@r nedi at e
H Preparation of (2-methylam nocar bonyl 4 pyr| dyI) rret hanol COZEt CO2Et

10 H (I\I'J. F—Ny 6N—©6 C*ep 3 J LY |nate
(250 m., |1. J64 nol e) | and concer%ﬂpz’féé)de ﬁqduﬁrqgcth%glegmgwfﬁf)bbih% ewl]I @) in
N- net hyl f|oF mam de (2 S cc BuiidSdeaClafa. Wit I96aMA20et206t h. Tron (11)

sul f at e hept ahydrat g Jg 0.0812 nmole, mlled with a nortar and
pestl e) s added, foI o by the dropwi se addition of 30% aqueous
hydr ogen |per oxi de (p6 mi, 0. 492 m)l e) The addi ti ons of iron (II) suI fate

and hydr oger—peroxj-de—were—+epeg eSS e—the

reaction ftenperaturp was Kept 10 %%WZQWW@W@”%&H%@C Xt ur e | was

stirred flog thirty m N sodilumcitrate solution (2 L, 1 M was added

(pH of tmg resul ting kt ure was about 5). The m xture was extracted Wth
P

di chl oronet hane (IL X 0 nmL). The conbi ned organic extracts were
washed with water ( SE nL), 5% aqueous sodi um bi carbonate (3 x 100{ni),
d

and bri ne—{500—ni) su-nrg—ergani-e—seluti-or—was—t-hen—dried—oves
sodi um sul f at e, flltere and 15 concentrated in vacuo to afford a solid.

The crude sol i dintéxdnddiafe H:aPecharhtitn bERamethylarhin derRtlyl-4q5RRIY)Mdthadx anes
and dried under vacuumto |ve 270 35 ¢ (79 299 of pastel vyellow solid. 1H

oy T ganrT

NVR (DVBO- d6, 300 MHz): 1H), 8. 3?251 1H), 8.0 (dd, 1H), 4.4 (q,
2H), 2.8 (d, 3H), 1.3 (t COREt _CQH !
N/ N
@]

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-dg, 300 MHz): § 8.9 (d, 1H), 8.3 (m, 1H), 8.0 (dd, 1H),

4.4 (q, 2H), 2.8 (d, 3H), 1.3 (t, 3H).

CO,Et OH
AN XX
- H — H
N ~ N/ N\
O )

Intermediate H
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M\ NN 6NN OO Internediate H 57 WO 01/23375 PCT/ US00/ 26500 Step 2:
To a nechanically stirred slurry of the product of step 1 (51.60 g, 0.248
nole) i nvVE@AR33153 L) was added sodi um borohydri de (18.7 BCT/OSeZSS000! €) .
The reaction mxture was stirred at rt for 18 hr. The resulting soI ution

e et Cagéi):aﬂnl% cffégarﬁé‘ﬁg/%%eeg S? egyﬁle'ﬁ{% ;Eitasulp%ng m %rr e“?‘\tlé2 °

Gas evol ution was” observe uenc
basi fi ed wnble) aoBOH gy ivesakyett axdivte bsaihyﬂmdm(lS(?Z@(D 499 mble). piherdictidd  was

th t t ed th E T ned c |layers .

1 od ( My ORtorer iy St o ahdpralih ot FaFestting Phien Wes GHaAehed parelikari o

288a72 | ear sdtuxﬁﬁaa éd@mlmbnlﬁ%Ghﬁg@cmyazﬁﬂ) Gas 'élv&lM(?oﬁ %%Q&geé’ég&?éw‘t)
eé) wenkl‘)llog 2ilihe rczsuk;mg(ralxttgﬂ)was vesified Wltéwopmm}momum il sadution t o

N Ge I dof R
Subst in'?lrj'?eg) am ﬂocg?%En%F%géF@gyﬁra%? &‘Ilz;ilF]hoth %(Sg Xot O g @erﬁ\‘iﬂlblﬁféj HO

2 ft LCE«vrg@HBAlbyeﬂSI WRere Hriefl WMg80z)enklteredf hok @n&nt&tecﬂ.BnmeoOtcC give

sol ution o thea ARy di,t rinet hyl um nhum
(3 qutv) sl bt el GRS 2,265 H IR (B0t ] o
warm to ri d68t7|4r f oH),18.53 dd-llmom,99 1 t7aB 19 §$Bthl kleo (YOI .

6, 1988, 492Hal2r LeV|(r(1] J.) ( % Synt MrF Pﬁ (198 ). (985§0 The( ’knovvn
car bi nHl 12I(I)l2e8ddﬁM3H)ﬂ%ﬁ'WZ 1@7 [E’HH]ZO Lecl erc G Het er ocycl ic Chem 1993,
30, 631) is added to the alum numreagent and the mxture is heated to
reflux for 1h. The reaction is quenched with water and concentrated. The
crude product iktesnaliates plir kd i Nd byGeidrak aMigdiodc doumPreparaniah ogf afhgN-{ 20/ 1

e P S gt < sl

5 HO
HNR'R
2
N L
N/ OEt CH;Al, N/ NR'R
benzene, reflux 0
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, M.F. et al. Org. Synth. Coll. Vol. 6, 1988, 492 or Levin, J.1.

et al. Synth. Comm., 1982, 12, 989). The known carbinol 1 (1 equiv, Hadr, 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 /N (M+H)" 223
H—-N O
/ Ry=0.17 (100% EtOAc)
J ’ N/ (M+H)™ 181
\ R,=0.2 (9:1 EtOAc/MeOH)
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Exanpl e Amine 2 Used Characterization of Corrpound 3

(MFH) 223 HN 0 Rl=

0.17 (100% EtCAc) J HN/ (MHH) 181 Rf= 0.2 (9:1 Et OAc/ MOH) 58 WO
01/ 23375 WRe#1/£1800/ 26500 K ~ (M+H) 224 HNH N-_ ~J Rf = 0. 2dT1/{%00126500
Et OAc/ CH2C12) L H (M+H) 193 HN--< Rf= (0.58 100% EtOAc) MHNi -, ,,, OTBS
(MHH) 311—HRH=0-34{3+2 ':*f"\,/..c,\ N-H-N-CHER—CMEH-—181—H-Rf = 0.46 (100%
Et CAc) *| CH2C12 i us d he*sol yent rat hQYﬁm % Zt)enzene Fxanpl e 10:
Preparatilon of 4-(#-ch oer_b/enyI am ho) Rf= ©2146(m1npmaamycbﬂ
pyridyl methoxy)thieno-[2 3-d] pyridazine Cl HN ~N_S N NH2 PN 5 A 25
m., 3-necked, “round- bottQ_ d_fl ask has equi pﬁMdH)n {i®a Stl r bar and
thernmonetier. To the flask was~added|the Rr@g@gg 1@6%@@mgke 8 (0.475 g, 1.29
mol ), iron sulfate heptahydrate (D.179 nmol ) , msm'de(ll.lS
m., 281 | YMand ,on(ﬁsu_l H2SOTR0. 14 nl). ThéMﬁﬁ)f Btk was stifred for 30
mn at rt| at which 202 (0.2 nl, 10 6. dded|drop wise to
the mxture. The reaction stirred at ro togﬁr#pggﬁtq/g@/ﬁe%
N H-N""CHj (M+H)™ 181
H R;= 0.46 (100% EtOAC)
* CH,Cl,; is used as the solvent rather than benzene.
Example 10: Preparation of 4-(4-chlorophenylamino)-7-(2-aminocarbonyl-4-
pyridylmethoxy)thieno-[2,3-d]pyridazine
2
HN
a =N
S ~N
O
g
\N NH2
5 0
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,SO4 (0.14 mL). The mixture was stirred for 30 min at rt at which time H,O, (0.2 mL,
10 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
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 5mL). The organic layers were combined, dried
15  (MgSOy) 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

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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for an additional hour and then heated to 55 C over 30 min. The reaction
was kept at this tenperature for 3 h and then cooled to rt. An agueous
solutionvwboszdram citrate (0.27M 1 nlL) was added to thecT@saricsrm and
subsequently the | ayers were separated and the aqueous |ayer was extracted

with EtOAc, (4 x. 5nl). The opganic Y. were conpined, dried 15 (MySO4)
and concen%&é&éﬁggkl?BT éga%§r§h$éﬁbiﬁhé %%dr¥pn§ﬂgﬁwpﬁl eyagtanolry i n
hot  acet opgigRdseRar At Re=fg/AyM any remaining solids by filtration. The

filtrate was then concentrated by rotary evaporation and the resulting
resi due was taken up in hot MeOH and the white solid was collected by

filtration. Desjred conmpounpd (.Ql4 g, . .0.034 | ; 9 WD 01/ 23375

PCT/ US00/ 26500 M&f&e@ﬁ np:?’%t«?%é‘,“"Es N@%kﬁ:ch'fz?l’hﬁ_"@ amino)-7-(2-
(dichl 03_orrmeh@mﬁnﬂﬁkmlyt-ﬂfyﬂ@mpm%yﬁhﬁha-[%,);;d]By.fidafziﬁe20- Exanpl e 11:
Preparati on of 4-(4-chlorophenyl am no)-7-(2-

met hyl am nocar bonyl - 4- pyri dybretHoxy) t hi eno-[2, 3-dl pyridazine I HN N S N
O K\N 1T NHCH3 0 The proc used for the preparation of Exanple 10 was
used to prepare the titlHN~ ¢dfpound by substituting nethyl formam de for
formam de: 1H NVR ( DMSO- 8.80 (d, 1), 8.62 (d,l), 8.31 (d, 1), 8.09 (d,

2), 7.86 (d, 2), 7.6 |,\T,*), 7.35 (d, 2), 5.74 (s, 2), 10 2.84 (d, 3); ES
M5 (M+H) += 426 (ES); B 2.5/2.5 DCM MeOH Acet one) = 0. 469. Exanple 12:
Preparation of 1-(4-chlorlophenyl am no)-4-(2-am nocarbonyl -4-

pyri dyl met hyl )i soqui nol i Cl HN NONH2 N 15 The procedure used for the

preparation of Exanple 10 s used to prepare the title conpound by
substituting the product Bf gxanple 4 for the product of exanple 8. The
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
(d, 1), 8.62 (d,1), 8.31 (d, 1), 8.09 (d, 2), 7.86 (d, 2), 7.65 (d, 1), 7.35 (d, 2), 5.74 (s, 2),
10 2.84 (d, 3); ES MS (M+H)+= 426 (ES); Rt (95/2.5/2.5 DCM/MeOH/Acetone)= 0.469.

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

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-d) 8.42 (d, 1H), 8.34 (d,
1H), 7.94 (s, 1H), 7.88 (s, 1H), 7.55 to 7.76 (m, 5H), 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) Re= 0.44.
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crude product was purified by preparative TLC plate (1:4 v/v hexane-ethyl
acetate, 19 % vyield) of the title conpound as a yellow solid. '"H NWR
(MeOH d4we@onw233¢d, 1H), 8.34 (d, 1H), 7.94 (s, 1H), 7.88p¢Hpsdodss007.55 to

7.76 (m 5H), 7.26 to 7.36 (m 3H), 4.34 (s, 2H); 20 M5 ES 389 (MtH)+; TLC
1:4 v/v h t 60 01
(Exar’rp?/ev 13exgpeE§£&ple ace?§' e) Bﬁ‘?ﬂagl?ég%enylo\g\g n04 %ﬁ%@ﬁﬁ?&?ﬁ%ﬁ%ﬁ%

met hyl am nmﬂnﬂnnyiocdrlnmwl—dﬁnymhhyéﬂnyﬁmqumolmae Cl  HN N ONHCH3 N The
procedure used for the preparat(#{on of Exanple 11 was used to prepare the

title 5 conpound by subst g the product of exanple 4 for the product
of Exanple 8. The crude pt was purified by col um chronmat ography (2:3
v/ v hexane-et hyl acetate, %vyield) of the title conmpound as a yell ow
solid. 'H NWVR (MeOHd4) 8N42 (d, 1H), 8.33 (d, | H), 7.88 (d, 2H), 7.55 to
7.77 (m 5H), 7.28 tg 3H ’\gm 3H), 4.34 (s, 2H), 2.89 (s, 3H); M ES 403
(MtH) +; TLC (2:3 v/v {aner et hyl acetate) Rf= 0.30. 10 Exanples 14 and 15:
Preparation of 4-(4-ck¥orgphenyl@m no)-7-(2-

met hyl am nocar bonyl - 4- pyr i dyl nmet hoxy) furo-[ 2, 3-d] pyri dazi ne and 4- (4-

chl or ophenyl am no) - 2- et hyfamnoddt®enyl - 7- ( 2- met hyl ami nocar bonyl -

pyri dyl met hoxy)furo-[2, 3-d]pyeNdazine C / C HNHN / | NH3CHN/ I N NN

O OOO0O0 NHCH3 NHCH3 N N15 0 O . )
The procedure used for the preparation of Example 11 was used to prepare the title

5  compound by substituting the product of example 4 for the product of Example 8. The
crude product was purified by column chromatography (2:3 v/v hexane-ethyl acetate, 20
% yield) of the title compound as a yellow solid. 'H-NMR (MeOH-d,) 8.42 (d, 1H), 8.33
(d, 1H), 7.88 (d, 2H), 7.55 to 7.77 (m, 5H), 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-chlorophenylamino)-7-(2-
methylaminocarbonyl-4-pyridylmethoxy)furo-[2,3-d]pyridazine and 4-(4-
chlorophenylamino)- 2-methylaminocarbonyl -7-(2-methylaminocarbonyl-4-
pyridylmethoxy)furo-[2,3-d]pyridazine
HN HN
~ N
a E HsCHN, /™ E
o ~
O o 0O
O o
) 0O
Sy NHCH, SN NHCH;
15 0o o)

To a suspension of the final product from Example 9 (19.20 g, 54.4 mmol) in N-
methylformamide (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 FeSO4-7H,0 (1.51 g, 5.43 mmol) in

20  one portion, followed by the addition of hydroxylamine-O-sulfonid acid (HOSA, 1.84 g,
16.3 mmol). The additions of FeSO47H,0 and HOSA were repeated in 10 min. intervals
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To a suspension of the final product fromExanple 9 (19.20 g, 54.4 mmol) in
N- nethyl formainide (200 nL) and distilled water (20 nL) at room

t enper at we onwzss7added concentrated H2SO4 (2.9 nL, 54. 4 npol/usdvepwi se. The
m xture was stirred until it becane a clear solution. To this solution was

added FeSQiy H2{inkd: FipOc a%sszy3 SHOWH! dhe' & él%?fﬁ%é(%l I?)f Iﬁéf? r&tarﬂri% Ir%‘@&gal by TIIEIII'he

addi ti on of hydroxyl am ne-O sul fonic aci nmol )
addi ti ons GActPaIOXNIEGs gndlcti®Hh aluep@bathpeéas@dtlomoﬂ@)dmnm citfatd @O0 ahls, 1M1 V\D

01/ 23375 P 2 1 tines. HPLC a t he consu t| 0

nost st artiga-r%hﬁg ér“?agl ddI’Iﬁw)él n%?reé EOTBR g, :ﬁIﬁIaIECSIIIﬁBg SHSRETR™ 2

A sol uti onvigbroasiglifoinadditidnal 80 t&{)OTld solidMas oQctearby filtvdisn A skdedd WiTIIlQK/?ter
vi gorously for

I ' d
i aal TR, oG B T SRELPT 3 ORI /e coHle BAGIo(D L) Worat er

5 (3x100 fieBNY GldeBiflg URLR hvaagmuan f I hoyr e ppoduct
(21 9) \Na?IIHpIJrIIIII ed ebygfl I t%l’l ng t rggué)g@g JgII:HI gvgth of €H3 ﬁIBCUII—II’GrIg WPII 5%

CH3OH CH2aeultingd.7 g pengdet wigs @crysi’cgllﬁp@@uélﬁswys(lﬂémiybmﬁd foz dcd hourQH3ITN
125m., bai I!I%I I |Itrat|on

\(Nas hed w t I%J&%B?%%élg)pngt&lgﬂd‘b%rh F%gIlIIIgC et v %IJlum )agmg%_&dfundeﬁ% %Burs

The final gbr odi€t fot- (W chbws.ophefyd afinalo) piod@ 104-(4-chlorophenylamino)-7-(2-

met hylgm n n t hgx ridazi is.aligh

el | ouiPsol e R s gboRy Eh Sy SO At 2arbfBatas) G e ol B st

i sol at ed t@Br3adyghske. mlp@wﬁz35224°ca gel pad filtration. The st ructure of the
byproduct (4-(4:chl.or enyl am no) - yl.am nocar bonyl -7-

mI;IO hyl ani n(()caIb% JO‘ZS%VPII%I‘Y?&IFIII%‘%FIUP% theqahgyp yilicaael Rad fi ’«I\I&aélon The

char act er i sud fHHES D a

(DNED 06, 300tuK)/Ié/-Iz 0 b&%ﬂgdu& (ANI\Bchl@II}?H@rg?IﬁInn(@)’l b%ﬁétﬁyla?ﬁ'ﬁ%ch@onyl IZI) 8. 63

(dd, 1 H) mg! mmmﬁcamqpyl #pmdxlmethyw) urp-[263- @mﬂdazm) Wap, @@ra(cmrlzad-ljay '8l 76
br s,1<2 1 f
£1 E4SC1€| EII %é%al gquﬁge@m}elI}@ qélgsé HalVEHE N BRGS0 12300 UERT 5 59 0,0

met hyl am rso & &) bR 0 I(g, 4+ KDy 181 Wy (qe ok s) (dd, aH)Zsazctth)sﬂapu e, -3H3r 0gesdd2 Cl

/a 1N 5T o), K¢ 0802581 Ga b OIS DS hed it N G O TN a

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

CI /©/CI
' HN

KOH, 18-crown-6
NN toluene III
— N 2 =~ N
| H
Cl | N N

~

Intermediate H

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

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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IHOIN NKkKk'" NO O Internediate HTo a m xture of the Internediate from
Exanple 9, step 5 (10.0 g, 35.7 mmol), 25 Internediate H (12.4 g, 74.6
nmol ), amdo 2B8233rdown-6 (0.42 g, 1.59 mml) in tol uene (100pcTUpo0ES00added
KOH powder (4.4 g, 85% 66.7 mmol) in one portion at room tenperature. The

eacti on mRE AT Pt T byl ol NSt BB L g "
After it wadree él@wur@suspensmmIl@rspbdsawmeecolle@edxbyuﬁltsafoiom woshed/awsthdwam@@d of f
and water (dQQy Qﬁa dH@@un&% WA /233 e PFT%H{%QRJ 2@?@9%0%9?1%% %hhb%ve%lmw

resi due. The resutlng m xture was stirred vigorous ecane a
free flow ﬁ@P%BéﬁsaiC%tﬁmtrﬂl‘?eWQdPLH%n%Weguéléﬁnls@@t‘é@ﬁ ﬁiyrqdi #tt redix der, 2 qytsed

Wi It Ih m er Afier # w%socd&éd. to%@nﬂfeh‘%@rm ethe \éaﬁaw?b;—elt cdﬂ(_égtgd 91 fitk@tibp Uhashed he
yell o rown, s S were spe | onitrile an
suspensi onw\’i]\%§ ligmosgt gf a?eg‘?rﬁl'iﬁ ’fa(Blf1 ‘gl ﬁ h%r vaguun, 3t A5 td%\%fé'"l&gtol J@t‘f tide r oom

t enper at ur prodtidtevasasdlated we46o yodld 6c1eg) d3ya light yelddw eclshd.vvashed with snall
anount of acetonitrile, and dried under vacuum at 45 C overnight. The title
product was isolated in 46%yield (6.73 g) as a light yellow solid. 10
Exanpl e 16: Preparation of 4-(4-chlorophenyl am no)-7-(2-am nocar bonyl -

pyri dyigret geampleur @6{ 2.Fepiiationdass NQ-@lchléfiphlenamiho)¥-I-BmifiRa M RGRJUT €
used for the preparation of Exanple 14 was used to prepare the title 15
conpound bpyddysicthoxyigod2Arlinyeidazine N- et hyl f or nani de. The reacti on was
conducted wth 500 ng of final pr oduct er{P Exanpl e 9 and proportional
anmounts of solvents and reagents. e product was purified by HPLC
on a 75x30 nm C18 colunm and a Iine ot adi ent elution from10 to 100%
acetonitrile in water with 0.1% t'rf|fluoroacetic acid at 10 m/mn. over 10
mn. to yield 18 ng of the titl und as a 20 yellow solid: HPLC
(50x4.6 mm YMC Conbi Screen(r) 18| colr\pnn | inear gradient 10 to

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 crude product was purified by HPLC on a 75x30 mm CI18

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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100% acetonitrile in water wwth 0.1%¢trifluoroacetic acid at 3 m/mn. over
5 mn., W detection at 254 nm 2.35 mn. peak; M5 ES 396 (MtH)+. Exanple
17: Prepavavi/maz7df 4- (4-chl or ophenyl am no) - 7- (benzot hi azobPeBUS@R6500

yl am no)t hi eno[ 2, 3-d] pyri dazi ne 63 WD 01/ 23375 PCT/ US00/ 26500 CI HN N S N
HNS C/> N To the dichl orid%lfrom Exanple 8, step 4 (1.00 g, 4.90 mmol)
was added p chloroaniline ng, 4.90 nmmol) and absol ute et hyl al cohol
(10.0 nmL). The mixture wa | uxed at 95 C for 2 hrs and then cooled to
roomtenperature. The yéiNow™ 5 precipitate (2) that formed was filtered
and washed with isopr xal cohol, 4.0 N KOH, H20O and then hexane. The
filtrate (2) was the xed 6-am nobenzot hiazole (883 ng, 5.88 mmol) in 10
nm_. of n-butanol, and Y at 150 C overni ght. The reaction was all owed
to cool to roomtenperatye before the solvent was renoved by rotary
evaporation. The residue é%t ed sequentially with agqueous 4.0 N KOH
solution and 10 extracted {chl oronet hane (50 nL), dried (MgSO), and
t he sol vent evaporated. The crude %)rgoduct was purified by flash

chronat ogr aphy on siTa tha dighlorigei fraym $59mplei & Riep A hdP12aASOmempR vesls added re
and MR TEITDAHEA@R Y, HO0 RS ehit s ARERIMIRRY (AT P iyt
3H), 7.38 yadrefBkid a¥ 965°C dor 2Hirs &dOtheml,codldl, to8rodn (ednpetithre. 8 T8e (yelloWH) ;
15 0 T A T B e N SIS i o
N S N HN[$0,Mnd then hexane. The filtrate (2) was then mixed 6-aminobenzothiazole (883 mg,
5.88 mmol) in 10 mL of »n-butanol, and heated at 150 °C overnight. The reaction was
allowed to cool to room temperature before the solvent was removed by rotary
evaporation. The residue was treated sequentially with aqueous 4.0 N KOH solution and
10 extracted with dichloromethane (50 mL), dried (MgSQ,), 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
(DMSO) 6 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/z410rt=4.21 min.

Example 18: Preparation of 4-( indan-5-ylamino)-7-(benzothiazol-6-

ylamino)thieno-[2,3-d]pyridazine

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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20 The procedure used for the preparation of Exanple 17 was used to prepare
the title conmpound by substituting 5-am noindane for 4-chloroaniline. The
crude prodoot2isas purified by flash chromat ography on siPCTasgeesusi ng 30%
et hyl acet at e/ hexane as the eI uent The structure of the pure title
conpound was_confirned 54 WO 01/ 23375 PCT/ US00/ 26500

TLC (30% ET@&W%)&(QMHW“ )Rf—(3@”z<b20 ((é) NMRAEOMMR 26 (m,3H) 3-8

2.85 (m ; 8 : 7 ; d H)
5 18 (o 1oy 7B AOEET RN EE g Ko @ il 88 ¢4 frbysF b o
Exanpl e 192H)?er§}z$M’Sa’tﬂzo4fi4at=4-f(35nbr onoi ndol i n-1-yl)-7-(4- pyridyl met hoxy)fu
ro[2,3-d] pyridazine Br NN i O--NON

4,7-Dichloro[ 2, 3-d] furopyridazine fromstep 4 of Exanple 9 (95 ng, 0.50
mol ) ahd 5- br opRamgRl i ne 16100 rly,eﬁﬁ)raﬁﬂmm’m| bf ver e4-(2hlens6sdolin4O0y1ytz-(af
absolute 10 ethanol at_ 95 C for The reaction m xture was allowed to
cool to ro%'?’@ﬂ’ﬁgf‘a‘ty&ﬂ“éolzﬁﬂ]&yﬁ@aﬁwéc| pitate that fornmed was filtered and

washed with isopropyl al coho 4,0 N KOH H2O and hexane, and then dri ed.
The internedi ate of abo urity (Ft = 4.72, (MrH)+ 350) and was used
in the next step vvithou purification. 4-Pyridylcarbinol (28 nyg,
ide (60% 50 ng, 1.25 nmmol) were stirred in 20 nL
nuran at 0 C under Argon for 20 mn. and then 44
ng of the, above in erl diipte (0.13 mmol) was added. The reaction was
stirred at 0 C for 2 Hrs™&nd the tenperature was allowed to rise to room
tenperature. The m xture s stirred for another 12 hrs and the sol vent
was evaporated under reducdd pressure. The solid that was obtai ned was

di ssolved in 50 nL of dic onet hane and washed wi th K2CO3 sol ution 20 and
H2O. The organic | ayer was sgparated, dried (MpJSOX), and evaporated under
reduced pressure. The cru product was purifi ed by preparative TLC (Rf =

0.3) on silica gel i 0 %5%5
The structure of the”’ §uﬁrkghllglhﬁ?l3 J]ﬁ{{fw %ﬁl{é‘%ﬁ# %@fﬁ%&(?ﬁr’%’lg}eﬁ\ﬂ
"H NVR ( CD8iEB)) $d35- 2>®or(mlnd<21h)e (100 36g,-0. 50 ﬁﬁntélmweZH)eﬂLﬁceﬂOn (6@, mRH)f, abGolate 8. O
(m 7 {_(9 ' gha@nool gtnéS %%r j’hc;/sl\/%hg real_Qlon mlxture was zﬁlowed to cool to room temperature

and the precipitate that formed was filtered and washed with isopropyl alcohol, 4.0 N

KOH, H;O, and hexane, and then dried. The intermediate of about 95% purity (rt = 4.72,

0.26 mmol ) and sodi um hy
15 of anhydrous tetr

(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 (MgSOys), and evaporated under reduced
pressure. The crude product was purified by preparative TLC (R¢ = 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: '"H NMR (CDCls) & 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 rt = 4.49

25 min.
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25 mn. 65 WO 01/ 23375 PCT/ USOQ 26500 Exanple 20: Preparation of

4- (4- met hoxyphenyl am no) - 7- ( 2- net hyl am nocar bonyl -

4- pyri dylwevhezssyl f uro-[ 2, 3-d] pyridazine O CH3 / HN N O RCT/OS8/2650dk N, CH3
O To a suspension of 4,7-Dichloro[2, 3-d]furopyridazine fromstep 4 of

Example 9 .5 v) .and p-.a NH2)
ExaPle  wouhdO T BadfiaH .t oh o RO TG B R
resul ting 4phridylmethasy)haat[2@3-dpyhidazinef or 48 h. After cooling to rt, the
brown precipitate was renoved by filtration and the filtrate was
concentrated in vacuo to afford the cetideSppduct as a brown solid.
Trituration of the brown solid with 12 furnished 292 ng (50% of the
internedi ate 4-(4 10 net hoxyphenylHNNn ne) - 7chl or of uro-[ 2, 3-d] pyri dazi ne
which was confirmed by LCOMS apd MVR A suspension of this internediate
(292 ng, 1.06 nmmol, 1 equiv), rref“hyl am nocar bonyl - 4- pyri dyl ) net hanol
(I'ntermediate H, 529 ng, 3.18 nm ~8 equiv) and 18-crown-6 (42 ny, 0.16
mol, 15 nol% in toluene (4 nl) L stirred at rt for 20 mn. KOH (178
ng, 3.18 nmmol, 3 equiv) was then added and the reaction m xture was 15
heated to 80 C for 36 h. After cooli tort, water (10 nL) was added and
the m xture was stirred vigorousl f| ne white suspensi on was
formed. The suspension was filter gned with water and di et hyl
ether to provide 125 rrg (29% of the Nie 3product as a light yellow
solid: (MtH)+ 406; Rf 0.50 (100% Et OO@ 66 WO 01/23375 PCT/ US00/ 26500
Exanpl e 21: Pr éfmaahi;pblnsmﬁ of 4,7-Dichloro[2,3-d]furopyridazine from step 4 of Example 9

& (4 MR OB RSS! BTk, Vadibo Pt TR L HE G Ny T3 Rt 5 98%nhe, T

equiv) in DME (5 mL) was added water (1 mL). The resulting solution was heated 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 solid with CH,Cl, furnished 292 mg (50%) of the intermediate 4-(4-

10 methoxyphenylamino)-7chlorofuro-[2,3-d]pyridazine 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 rt for 20
min. KOH (178 mg, 3.18 mmol, 3 equiv) was then added and the reaction mixture was

15  heated 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; Ry= 0.50 (100% EtOAc).
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N O--N ON The procedure used for the preparation of Exanple 20 was
used to prepare the title 5 conpound by substituting 4-pyridyl methanol for
(2- met hy veoronzssas bonyl - 4 pyri dyl)net hanol The pure produpcTwas/iesm at ed by
chr omat ogr aphy on a flash col urm H) + 349; Rf= 0.3 (95:5 CH2C12/ CH3(OH) .

E)(;agslr ?diﬁm t P%}T gggo dp yr| da2| M@ﬂ&gg}ﬁﬁ)#(ﬁy%%%&@p Tﬁe

procedur e 2skd]pysidazive pr eparati on of Exanple 16 was used to prepare the
title conpound by substituting the product of Exanple 21 for the product
from Exanple 9. The reaction et,ed with 250 ng of the starting

mat eri al and proportional anoun of solvents and reagents. The crude
product was purified by HPLCHM a~75x30 mm C18 colum and a |inear
gradient elution from10 t rTﬂ)acetonltrlle in water with 0.1%
trifluoroacetic acid at 1 tn. over 10 min. to yield 16 ng of the title
conmpound as a yellow solid NC (50x4.6 nm YMC Conbi Screen(r) C18 col um,
| i near gradient 10 to 100%ac‘deton|trlle in water with 0.1%¢trifl uoroacetic
acid at 3 mM/mn. over 5 mn. 20 detection at 254 nm) 1.98 min. peak;
M5 ES 392 (M+H)+. 67 WD 01/ 23375_PCT/ US00/ 26500 Exampl es 23 - 80:
Preparation of Invention Conpdands by Methods A-1 A-2 and A3 M C1 M
NE NH </y / NMNH </y NQNL~</y N

The procedure used for the preparation of Example 20 was used to prepare the title

5 compound by substituting 4-pyridylmethanol for (2-methylaminocarbonyl-4-

pyridyl)methanol. The pure product was isolated by chromatography on a flash column:
(M+H)" 349; R;= 0.3 (95:5 CH,Cl,/CH;0H).

Example 22: Preparation of 4-(4-methoxyphenylamino)-7-(2-aminocarbonyl-4-
10  pyridylmethoxy)furo-[2,3-d]pyridazine

HN

N
74 | N
0 =N
0]
= '|
Sy 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 CI18
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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nN)INnNnn XNEOH 95 C, X Nn-BuOH 150 C, X N Cl 2 hrs. C1 10 hrs. HN,
Q 12 35 Method A-1: Equal equivalents of dichloride (1) and MNH2 are
refl uxed waot/b3375 appr opri at e anount of absol ute et hanol arPCBES@/f6600 2 hrs.
The reaction mxture is allowed to cool to roomtenperature and the
precipitate (2) that fornms is filtered and washed sequentially with

i sopropyl alcohol, 4.0 N KOH, H2O, and hexane, and then dried. The
filtrate (2) isEkinaples2aci8 PrepdratioR of dmvensionGCormpoupdsHiy Metlardsappr, A i at e
anount of n %&iutyl al cohol at 150 C for 10 hrs. The reaction is cooled to
room tenpef® it before the solvent is evaporated under reduced pressure.
The residue is treated with aqueous 4,0 N KOH solution and extragted wth

di chl oromet hane. The organic |ayer is diNHed (MgSO4) and evapor at edyH The
crude product 3)N s purMiNHed by preparative thi-hayer chromay hy
(TLO) or flas# ﬁdﬁat—egﬂﬁphy—e»si{/i ch gl using—15 4 d E?TI

di chl or onet ha Nandoi;95°G) as t Nent . nBuoal 150r°%aduct i sx N ned

by LG/ MS and/or AMR Theliavent i on co punds of Exbrepl es 23 - 25,48, and
76-80 as shown in~ the below table were prepared by nethod A-1. M Gl
MNH2 NH Y~ ,, ? N2.2 equiv. </ Ninp@nii X Nn-BuOH 150 C, X3N C1 10

hrs. HN 1 4 M My hpth AZIZE&P?ﬁ}géelgﬁk SPUiRlorfie (it 9hd RN ar@@%tglgcea in the

equi valent of 20 MNH2 are re In an appropriate anount n- but anol
at 150 C f gprd@iae anourtief absehi¢ ethanahak PE@ for? lak] dhe deactorc mituteds nlboned

tenperature and the precipitate (4) that for is filtered and shed
seggenti al 1oy°R' t'f PP FEBSTAtue @Bﬁo‘%‘? PRECPiigis), thab &rmsni ﬁ&(%ﬂéﬂgﬁ%]&eq hen

dri ed. Thes@ne&d@uprquygbp&ﬁ%l A180HIr 4.0 N/ O1Y, By RAdaek¥ite, ThE thdn driddS hThe
chromat ogr a h¥ on silica ?e usi nf di chl or onet hane/ net hanol, (95:5) as the
el uent. Fi ﬂglla 2@) pt dwnceagied wihfl-§ sedvalgnt o QR EnHY & apRPriat amoyplesk #on

o epar s bl IR LG R TS ARG Bl B b B Bl R e
solvent is evaporated under reduced pressure. The residue is treated with aqueous 4.0 N
KOH solution and extracted with dichloromethane. The organic layer is dried (MgSQOy)
and evaporated. @ The crude 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~7 N 2.2 equiv. </Y Z N
-
x XN | BuOH: 150 °C, XN
Cl 10 hrs. HN‘M
1 4

Method A-2: One equivalent of dichloride (1) and 2.2 equivalent of
20 M-NH,; are refluxed in an appropriate amount of n-butanol 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 isopropyl alcohol, 4.0 N KOH, H,O, 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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CLM NHM NHYNMNHR YNQOH (3) YN X\ DVE/H20, X Ntol, 18-crown-6,
X Cl 55 C 48h C1L KOH, 80 C, 36 h O1Q 1 2 4 Method A-3: One equival ent of
di chl ori aeo (1233ahd one equi val ent of M NH2 are suspended PoT/Dh/%68003M) and
water is added until a solution was fornmed. The reaction mxture is heat ed
to 65 Cfor 48 h. After cooling to rt, the resulting preci pitagg

filtered 5 ang¢gywashed with DVE to Mr ide the internedi ate produgs (2)

whi ch is confirjned by LC/IVB and N In sonme instances, internediate (2)
is further<)6 ZTiNed bM eparatl L® or vvasr%@"'w(:‘ﬂh ot her ,g Aents. A
suspensi on 2\ (T equiv) > 2 (10
mol % in tol udne (0. BYWHil stlrr d a rt forto'lﬁ)BFFPW”'GKm (3 )ng is

then added and @he reatti48h nixture i® heat edOHP8BW, G hor 24 h. \thr
cooling to rtq water 10 is added ang the mxture is stirred viggrously
until a suspension is forped. Th sion is filtered and washed with

water to provi d¥ethpd ﬁ&l@@de%‘l“@g‘?ﬂ%’% @Torlqﬁr(éﬂ)é}“épp?/éq“ﬂ{@e‘&rﬂﬁlﬁlr Niagki ng

with ot hers@ﬁén\d%&'h?DME 8101 taRd Wérh%dmram a sbﬂm%bn WsQIMEdS THe RQB%on
exanples. The final products are assigned by LCMs and NVR spectroscopy.

Fi nal pr odootturess beatdd torfdd® ofpr HELNVE ftardtbolingdRt, thdeesithivng précipitatsisddtepeaslinds
of Exanpl es 34 ,, and .81 ho el ow tabl e were
ot eparah o e it NE o SEE healtmiedioRy Bty e i3 Pt s
A-1 , A2 PC/MS 3nd N‘NM{ <I'ano|Nle|\insthN§és Ointerfaedie. (2F 1stuMhM\{b'd1rfﬂl'd@U¥p1@rWd10d
Char acteri zati on* SCHci A1lnz =410 F mn, 24
S CH A-1 mECor MﬁhedHN@ ather sqlvents. A suspgnsipp gf ?2@ 1 equlv) carbmol (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
X ~ N
HNQ or
oQ
Ex.#| X | Y MNH NHQ or OQ Method | Characterization*

23 S CH CI\©\ o A-1 m/z=410
S
w | LI rt=4.21 min.*
24 S CH /©:> HWIE? A-1 m/z=414
S
HN \E:[ ? rt = 4.43 min.?
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WD 01/ 23375 PCT/ US00/ 26500 25 0 CHBr /-0 A-1 (MrH) 423 | rt = 4.49 mn.'
~N 26 S CH NNH A-2 (MrH) 401 HN rt = 2.0l mn." NHNHNNZ27 S CHNA-2
(MtH) 39WwobheaE O 1 rt = 2.27 mn. NH NH 28 0 CH A-2 (R&HUSeN26560S ~~N I
S~ Nrt =2.47 mn.a 290CHN-NHA—2(M+H) 385 NHNrt =1.75 mn. NN

HI\I_N 30 f\l—l Y/ HI\I N QQS & ’I rf — 1 US ”' na |\||— NH 21 N |\| |\L ||—|
A2 (MeH)| 385 | K HNCE in. ' Ao 1 N HN NB2 NMAERG 28N A- 2
(MiH) 383 rt F 1./88 m 2

n.
N N A«@N A-2| (MeH) 42 Z 4.49 min.®
=N

_3 1B\ N
= =0~
f_.‘-‘
—Eg’ g
¢
N
w

26 | S | CH N-NH e A2 | (M+H) 401
N
@\ \Q rt = 2.01 min.?
NH N
e HN~N
27 | S | CH N= - A2 | (MFH) 399
HN_- HN
b\ rt=2.27 min.?
NH NH
~ =N
N A - +
28 O | CH ¢ @\ o < A-2 (M+H) 417
NH — LU |
2 @;% rt = 2.47 min.
29 O | CH N-NH HV!ﬁN A-2 (M+H)+ 385
N
@ | Q it =1.75 min.*
NH N
e HN~N
30 O | CH N== N~ A-2 (M+H)T 383
HN HN
b\ rt=1.83 min.?
NH NH
v =N
31 N N N-~NH A~ A-2 (M+H)T 385
N HN
@ \Q 1t = 1.62 min.?
NH N
i HN~N
32 N N N= o~ A-2 (M+H)Jr 383

rt = 1.88 min.?

Z
o5
Z
I
I
Z
s
~Z
I

§:

33 | N | N «Nj@ N A2 | (M+H) 417
’ vy \C[ ? rt = 2.47 min.?
34 | O | cH H3c’°© o 5 A3 | (M+H) 406
' N CHy EtOAc)
35 | O | CH J@ Ao o A3 | (M+H) 410
c NH | NH Ry = 0.51 (100%
N CHs EtOAc)
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s |, rt =247 mn." N34 0CHH3c o/-00 A3 (MH) 406 NH VEN NH Rf =
0.50 (100% CH3 EtOAc) 35 0 CHIlo o A-3 (MrH) 410 G a NH VEN NH Rf = 0.51
(100% CneORt/£HEy 70 V\D 01/ 23375 PCT/ US00/ 26500 36 O CHPET/IUS00268003 ( M+H)

428 Gl -1 NH VEN NH R = 0.55 (100% GCHB ELOAC) 37 0 CH F /0 0 A-3 (M)
394 -NH VEN-NH RL =0 57 (100% CH3 Et QAc) 380 Br A3 {FI\TAJ-I—I\ 455 /
NH VI~N NH¥& ED.[s8H Lood% Et OAC) #039 O <§3H H3C /6\6 A AR8390 -|NH
VEN NH Rif= 0.53 (100% | CHg ) 10 0 3 (M+H) 30-H5: ot T) NH
Rf = 0.68 (100% N CH3|Et OAc) 4% 0 /+go (IMH) 4197 NNH RL - =
0.12 (3:2 NH |V CH3 CH2C12/ Et OAc) 42 0 F3c"70 0 A3 (WFbACAM NH VEN
NH Rf = O0-68(1t60% ~gHE—ELOAD) 433~'F“\,u,vUA°'.v- 460
6% CHH xc\@ E A A MRS 304
NH WNH R = 0.57 (100%
| #N - CH EtOAc)

A3 | (M+H) 455
Ry = 0.56 (100%

38 O | CH Br

'\_\_\‘

o
/

o

_é.

NH

-2
I

#N  CHy EtOAc)
39 O | CH H3C\©\ 2o o A-3 | (M+H)" 390
NH N R, = 0.53 (100%
' ZN  CHs EtOAc)
40 O | CH @\ o o A-3 (M+H)™ 390
HsC "NH N Ry = 0.68 (100%
| N CH EtOA)
41 O | CH r|\| -;\{O o A-3 (M+H)™ 419
@ S R, = 012 (32
NH , N CH
- = 8 CH2C12/EtOAC)

42 [ O [CH| FcC A3 | (M+H) 444
R; = 0.60 (100%

EtOAc)

Z
I
L
O
/
(o]

\\
P4
0O-2
I I
@

o

0\
;O
z -
I

W

O
/

o}

s | NH Rr = 0.57 (100%
N CHa EtOAc)
3
cl “NH | \ I?IH Ry = 0.43 (100%
| N Cha EtOAc)
Hae N R; = 0.07 (100%
~N  CHs
NH EtOAc)
NO N R; = 0.38 (100%
Dy N s EtOAc)




| NH VEN NH Rf= 0.57 (100% CH3 EtOAc) 44 0 CH H3c 0 /o o A-3 (M+H) 440 Cl
NH NHR = 0.43 (100% N CH3 EtOAc) 45 OCH Oy /0 0 A-3 (MrH) 447 H3C N NH
Rf = 0.0%WQ 20295 NH VEN CH3 Et OAc) 46 0 CH o~ /0 0 A-3 ( Mel/USBI26500, N ~ ~

VEN NH Rr= 0.38 (100% NH CH3 EtOAc) 71 WD 01/23375 PCT/ USOO/26500 47 0

CH F \ 0 o—Ap3—(ha-H) <t —F - NH VEN-NH-RF—=—6- g Ci
\ A1 (MHH) 394 9 1|NCH gNﬁj@N, RL=0787(100% Et @/-oo
A-3 (MrH)| 416 [HN VEN NH 264 (L00% 1, QAC) 0
A-3 (MrH)| 406 [HNJI| NH R = 0. 557 100% \ ELAC)| 51 0 -H)
406 HN |/ oCH3 VEN NH Rf = 0.52 (1D0% Et OAc).| 52 0 |d - 3
(MeH) 4205 Q)NH-CHI —g3 (4 T VEN GH3 ErOACH HexX BT STVPFEF 00
A-3 (MFH)| 444 HN Q) NN 0.47 (19 s
NH 2 R, = 0.37 (100%
' EtOAc)
49 | O |CH D:> o S A3 | (M+H) 416
HY Ny R; = 0.64 (100%
' 2N CHy EtOAc)
50 | O | CH HSC,OD o 5 A3 | (M+H) 406
' N CHs EtOAc)
51 | O [ CH Q o S A3 | (M+H) 406
HY o N NH R = 0.52 (100%
' n e EtOAC).
52 | O | CH J@EO> o 5 A3 | (M+H) 420
Y’ o S R, = 037 (41
2N CHs EtOAc/Hex).
53 O | CH /@[Cl 2o o A-3 (M+H)" 444
HN cl NN ' R, = 0.47 (100%
- ~N  CH EtOAC).
54 | O | CH CH; o 5 A3 | (M+H) 404
ol cHs 2N CH EtOAc).
55 | O | cH i o 5 A3 [ (M+H) 416
HN@Q‘“ N R, = 0.23 (100%
+ N CH EtOAc).
14 O | CH CI\©\ 2o o A-3 (M+H)™ 410
'NH | S ONH rt =2.38 min.
' 2N CHj
56 | O | CH Hac,of:L o A3 [ (M+H) 349
NH X R, = 03 (95:5
o~ |
=N CH,Cl,/CH;0H)




CH3 EtOAc). 54 0 CHCH3 /-0 o A-3 (M+H) 404 VC, NH Rf = 0.49 (100% ,6 HN
CH3 CH3 EtOAc). 55 OCH\ NH o o A3 (MH) 416 'N CCH3 NH = 0.23 (100%

Et OAC). WOOUDEi /,0 0 A3 (MrH) 410 aNH NH VCN rt = 2P@BUSWR6500CH3 56 O
CHH3C O /-0 A3 (MH) 349 QNH\ Rf = 0.3 (95:5 ' N CH2A 2/ CH3OH) 72 WO

01/ 23375 PEHUSOORE5P0—As 3 (MH—392576—CEH-Hop—G .43
(4:1 CH3 B oAb/ G el]  S3T0NCH HO|/ - BoA- 3 (M-H) 335 NP beizf %j ?55(4/1
' - ON Et OAc/ CH2[C12)| 59]0 CHY=owq Al 3 (M«@ﬁuﬁ@ 4O NH VEN NHRRf= =0@3324414/ 1
CH3 Et OAc{ Hex)| 60 0 CH H3C | /=0 o|A-3 ( 420 H3C, O N
0.43 (10006 cH3| EtQAc). | 61 0 CHci | 0 o A3 (MH) k66 NHU"E'ﬁr\?lggﬁ&z)o 25
(100% OO HEAC)O |G U GibsS (-0 O %—dTIXﬁBH 447 A3 | (M+H) 335
A KO R, = 037 (4/1
' N EtOAc/CH,Cl,)
59 | O | CH @ o 5 A3 | (M+H) 376
>N CHs EtOAc/Hex)
60 | O | CH H3Cj©\ Ao 5 A3 | (M+H) 420
HsCug A S R, = 0.43 (100%
>N CHs EtOAcC).
61 | O | CH CI\@ o o A3 | (M+H) 466
NH SN R, = 0.25 (100%
MO ZN K/o
EtOAc).
62 O | CH /©:5/>_ 2o o A-3 (M+H)"™ 447
HY” N | PN R, = 0.11 (4:1
#N  CHs EtOAc/Hex)
63°] 0 [CH /@EN\> o o A3 | (M+H) 435
Y s Ny R, = 0.35 (100%
N CHs EtOAc)
64 | O | CH Cl\@ o A3 [ (M+H) 383
“NH N on rt=1.77 min.
' ~N
65 | O | CH ¥ A3° [ (M+H) 418
o o) 0
R, = 0.50 (100%
T ™
yvt{ _N  CHs EtOAc)
[5] +
66 | S | CH d o 5 A3Y | (M+H) 434
NH N CHa EtOAc)
67 | S | CH F\Q o 5 A-3 | (M+H) 410
NH N rt = 2.04 min.
' ~N  CHs




HN a NVEN NHRf = 0.11 (4:1 CH3 EtOQAc/Hex) 63 OCH | ~o O A-3 (M+H) 435
HN/ SNHR = 0.35 (100% VEN CH3 EtQAc) 64 0 CHci Q/0 A3 (MH) 383 NH
off rt =wWo®723s7H.b N 65 0 CH A-3 (MH) 418 O ~O O R fPETOS&MR6E®MO0% ~a
NH NH VEN CH EtQAc) 3 66 S CH/-0 0 A3 (MrH) 434 VEN NH R f=0.50(100% O

NH CH3 EtGAe)— 67 S~CHF—a—e—6—A3{M-H)—430—NHMN 2 e VES
oz 73 W) O 23374 BET] usoor 00 b8 goCH /-@ 0 A3 M (%é{)l—lé aNH NH
rt = 2.36 min.p VEN CH3 59 S”ChHH3C- 00 < H| 422 Mh{é;/@l\swﬁnrht =
2.31 nminp CH3 70 S CHF3C.0 /870 A-3 ( 4 | NH NHrt = 2.72 min.
VEb CH3 |71 S|CHE3C -|/0 0 A-3 (MrH) 460 “NH V NH it = 2.{39 nin.'
69 | S | CH HsC/OO o o A3 | (M+H) 422
“NH N rt=2.31 min.”
' =N CHj
70 | S | CH ac/"@ o o A3 | (M+H) 476
NH N rt = 2.72 min.”
' ~N  CHj
71 S CH F3C\©\ ;(\{o o A-3 (M+H)* 460
“NH | N ONH rt = 2.39 min."
' 2N CHj
72 | S | CH Br\© o S A3 | (M+H) 472
NH N rt = 2.53 min.”
‘ N CHj
73 | S | CH <:© o 5 A3 | (M+H) 432
“NH N rt=2.63 min.”
' N CHj
74 | S | CH <o:©\ Yo 5 A3 | (M+H) 436
o NH N rt=2.26 min.”
' _N CHs
75 | S | CH 7~3 N A2 | (M+H) 433
N HN a
@ Q rt=2.61 min,
NH
i s N
76 | S | CH | Br e A-1 [ (M+H) 455
\©\ HNQ rt = 3.43 min.?
NH
s
77 | S | CH e A1 | (M+H) 432
*@\ HN rt = 4.05 min.?
NH
| s N
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CH3 A-3 (MtH) 472 72 SCHBr /-p O LNHVD NHrt =2.53 mn.b CH3 73 S CH
/o 0 A3 (MH) 432 NH NHrt = 2.63 mn.b NCH3 74 S CH Co 0 A-3 (MrH) 436
C/ NH NWo»1/z332526 min.b NCH3 75 S CH N--S A-2 (MH) BGBUSHI6SM rt =
2.61 mn.' NHSAN 76 S CHBr A1 (MH) 455 aNH HNrt = 3.43 mna \nN

S 77 SAH AL M) 432 N rt = 405 pin. Hrl\ S //N 7A\I\Q_
01/ 23375 |PCH Usco/|26H0b CH A-L (Mepy 404 )C anHARN VT84 i .
S-N 79 §CHHA1 (MH Nt = NH SAN |t = 3.08 min.®
79 | S | CH F A-1 | (M+H) 408
\©\ rt =3.07 min.?
NH
80 S | CH OCHj,4 N A-1 | (M+H)" 466
HSCOD\ AN rt = 2.86 min.2
H,CO NH
M s N
81 | O |CH Cl@ N A3 | (M+H) 424
0
NH Rf = 0.38 (100%
“ ] EtOAc).
N 0
N
H3C’N\CH3
82A | O | CH Cl\©\ n A-3 (M+H)" 467
o
NH R, = 0.19 (11
' 7 EtOAc/CH;OH).
\N O
H3C\N/\/NH
| CHs
82B |O |[CH cu\©\ o o A-3 (M+H)" 436
NH | X NH Rf = 0.78 (100%
' AN A EtOAc)
82C |O |CH CIQ A5 o A-3" [ (M+H) 440
- ~ \~OH R, = 0.35 (100%
~w H
2N EtOAc)
82D |O |CH Cl\©\ fo o A3 | (M+H) 424
“";1'? KG)L”ACHS Ry = 0.70 (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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0
CH
( M+

CHOCH3 | A1 (MtH) 466 H3COHNTrt = 2.86 mn.' H3CO:6 NHN 81 0
A-3 (M+H) 424 a NH O Rf = 0.38 (100% EtOAc). ?-N)y H3CN, CH3 A-3
WOo8R#830sCH o ci () NHRF = 0.19 (1:1 Et OAc/ CH3OPT/USRYNs43C, N NH
2B 0O CHci 00 A3 (MH) 436 NH NH Rf = 0.78 (100% EtOAc) 82C O
A-3 (MtH) 440 NH VEN N OHR = 0.35 (100% EtOAc) 82D O CHCG /o
0 A-3 (MHHp cbzmomndaﬁwhm—blmfactﬁr&edd)y( TDO%n VNE IgelspbteEtmdct)le AR/ velwepeohds in

this tabl e can be ara PLC - posi electr ABsSS
spect r osc Oy hRRRR PG Rt Bt o BSS) Kon it L BEPBR 75 Vo
01/ 23375 HEECUWrB@f&QQmaE@@e@@WBDdﬁSAMS@ vehaoleained ugiag abyewlk-Packasd | i ca
gel plat ef @p E u and solvents are shown. HPLC retentloEgél nes
are gi venl F& HEE e?quaspgarm ajqyaterpary pypIPe 2 Vgniablp wavelegldstaeph 4 Y

spectra (PRLE 50N ¥85 R RbRIMEAnd 9 F‘iﬁm aﬂ"EWQeltoh't a?%%s%peétﬁ&&té‘ﬂv@x

equi pped with a quaternary punp, a variable wavel en%)h detector, a YMC 5

Pro C 18 degraspray iomzatiane dhradient elHtom fiPmn$(1% dnto 13% Bopiver dapinutessvas used
spectromege {heVYlHBlt'C. 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 from 140-1200 amu

1

Qo

6
8

eg

4
0

-

using a variable ion time according to the number of ions in the source; >An HPLC assay
10 with UV peak detection was run in addition to the HPLC ES-MS experiment and the
conditions are: 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; © The product was purified by RP-HPLC on a C18 column using a
water/acetonitrile gradient with added trifluoroacetic acid such that the trifluoroacetate salt
15  was isolated by evaporation of the pure product; *4-pyridylmethanol, as indicated, was
used in step 2 of method A-1 rather than an amine; “For preparation of 5-amino-2,3-
dihydrobenzofurane see Mitchell, H.; Leblanc, Y. J. Org. Chem. 1994, 59, 682-687. " The
reference to make the known TBS protected alcohol intermediate is : Parsons, A. F.;

Pettifer, R. M. J.Chem. Soc. Perkin Trans. 1, 1998, 651.
o 0

N
l

~N

N/\/OTBS
H
20 The deprotection of

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

was accomplished in the following

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
Br M. NH | o "NH
M-NH; NG
= Z "N
T — ) > |
N n-BuOH, 90 °C, X~ CsCOj3; No Solvent; A
36 hrs 180 °C; 1 hr. !
Br Br ' XN
5 6 N. 7
76
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el ectrospray ionization. Gadient elution from90%A to 95% B over 4

m nutes was used on the HPLC. Buffer A was 98% water, 2% Acetonitrile and

0. 02% TFAVOBuUtf3e3 B was 98% Acetonitrile, 2% water and OPOL/8%0I¥6s00 Spectra
were scanned from 140-1200 anu using a variable ion time accordi ng to the

nunber of ions on, was
run in additi o %B%ﬁw%uggbg?@ﬁent éh(c)i rﬁltﬁo conglpltf g’ns ar’eand
50x4.6 mm Mm{mlrﬁubsen(& nLG1i8l wedeurmated|ih riemi @frr&ﬁuﬁn&bl a]t(DOt‘to: 2@ hrs.
acetonltrl e in water V\Atl}dO 1 %trlfluoroac&éi acid a mn, over 5
i n. BUXEI V3f 984N TOOPh PP HRUET 2hh<h sPivFRte wawvmﬂrmmw a
C18 col UmTeH@deﬂ@r@suﬂéatéﬁMe?&gidWhﬂlﬁab (23 gfgadlzerﬂho\ry 4 &féﬁﬁﬂcérﬁérfawm%get IC
acid such that the trifluoroacetate salt 15 was isol ated by evaporati on of

the pure pi-ddueel) were agdqddipl the (vishn dihe mixtyrpgyasdieagd ahd§0 °Gsfed liln adepa of

nmet hod A- <or r

i hyar obers SRSt ans 0o RRPE Rt pfEr VRRERL ' 47 3ok el il e ey
682- 687. 'miKtge wagfsenieatcé erol Ormkweartdrfdtdmbvx?ﬁheTlﬁSthpnmitsehnmd ofireaotiod mixture
i nt er nedi ar son J.. Chem c. ,Perkin
rane 1 Yoienel OB ipofitedder 5Eeeh Hessile, abd STl Hogad was
acconpl i sh&ﬂﬁrrned be HWMSOwIhe mvrmﬁmmmﬂ'chrrﬂe of Pxiatnplds 88 19D aboh@in $OkHe | on
of TB@(9 s added to, a s ﬁll?'Pé(Hj the protected al cohol in THE
(0.05 ﬂ}e%"i’t © WeIGPTeRazed bgme e was allowed to stir at rt for 1 h
and was quenched @Wollpouadsahatiérk PY@drdabyembthagB-pn with Et CAc. 25 Exanpl es
83 - 92: Preparation of lsoquinolines by Method B-1 SHM Br M NHI \ NH

M NH2 N N QvEranplg# h- BuoH, MO, cscosl Ghsrsigrizeen™ 36 hrs 180 C 1 hr. Br
Br S 5 6 N+ 7—76—SUBSHTUFE—SHEEF{(RULE—26—We-63+2B3375 PCT/ US00/ 26500
F
—<F .
(M+H)" 412
83
rt = 3.46 min.
HN,
O/\O
(M+H)" 388
84
rt = 2.89 min.
HN}H\J
Cl
(M+H)" 364
85
NH rt = 3.41 min.
HO
(M+H)" 346
86 :
NH rt = 1.83 min.

7l



Met hod B-1: Di bronoi soqui noline (5, 29 nyg,

M NH2 (0.2 mmol)

36 hrs.

evapor at ed under

in 8-nL vial

-

4- Mer capt opyr i

wioron addod + A

0.1 mml) Exanple 1,
were heated in 1 nL of n-butanol
Whe1/za3%3 ure was cooled to roomtenperature and thPeT/F80WERI0 WaS

reduced pressure. di ne (23 nyg,

step 1, and
at 90 C for

0.2 nmol )
the vial. The

and cesium
m Xture was
t enperature
soni cated f

of product

or

was

arbonate-
heat ed at
Met hanol
10 mn
m xture was co87Tect ¢
confi
- 92 as shown in the

[ G ny E 0O 2 eyl
\Ul ”U’ J U 4 LILLLA Al
180 C r 1 hr an
(2 WLF was added
e

and fi cred. The
rd an ligﬁj?exiu
rmed by RCAVS. The

10 bel ow t dMte we

VVCT C© auoucu |

d was
[0 the vial and
euhEno40 1Ol Ut |
nder reduced pr
tAveAt MR- conp
re prepared by

all owed to cool

to room

m xture was

bn of reaction
pssure. The formation
bunds of Exanpl es 83
met hod B-1. Conpounds

t he

that were Prepared by Method B—lerxanp e # M\H Characterization* F F F 83
(MrH)+ 412 {rt = 3.46 min. HN7 0084/ (MtH+ 388 [t = 2.89 mn. HN7
Cl 85 (MrH)+ 364 NHrt = 3.41 mn. HO (MH)+ 346 86 O NH rt =1.83 mn.
77 WO 01/ 23375 PCT/ US00/ 265 N 87 (MFH)+ 401 rt = 2{52 min. NH 88
+
(MeH) + 370 o8 (M+H)" 370
rt=3.17 min.
NH
/\
NS
(M+H)" 387
89
rt =3.02 min.
NH
O—
S: M+H)" 453
90 O (M)
= rt = 3.39 min.
N
NH
2\
__N
o1 o) (M+H)* 437
~ ) rt=23.33 min.
AN
NH
F
F
s )
0 (M+H)* 401
92
rt=2.52 min.

* 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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rt = 3.17 mn. NHNHS (MtH+ 387 89 rt = 3.02 mn. NH O O (MH)+ 453
90 rt =3.39 min. N~/ NH / \N(MrH)+ 437 91 Ort =3.33 min. / ON\H F
O O (MrHW0401433792 rt = 2.52 min. NH * HPLC - el ectrosprpgT/meesRes@ect r a
(HPLC ES-M5) were obtained using a Hew ett- Packard 1100 HPLC equi pped with

Getioct or - hoR Bryc B’ GRS RTS SRR ol it AR HCGRIOT B PR 1 ap

mass specipeonieheter Withkleetrosiriw kinizayon.0 Gradiért @utiofash 0% 1Q|td>195%f]3 ovem 90%
Ato 95% B over 4 fer A was 98% water, 2%

i d he HPLC. Bu
Acet oni t ri TEWHesIWeES %Utééﬁw: %r“f%nvél&%g@@ff%&'éiebn%%rﬂqeéom@% #3d 802%n g

0.018% TFATpﬁpEBuffeanm@m %@%ltﬁlef wm&éparﬂ@@@l@mm' ngec?ra\e@ére @&Jnﬁed on
tinme accordlngto t he nunb ions in the source. Exanples 93 -

Pr epar at i offowf 1401200 #@hy hwngza wenabivem itiore @eapsng ¢ the number of ions m 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 WO98/35958, 11.02.98) rather than the dichloroheterocyclopyridazines together

with the appropriate bicyclic and substituted anilines.

M.
Cl M‘NH
= M-NH, = Q-NH, %
EtOH; 95 °C, ~-N L BuoH; 150 °C, NN
Cl 2 hrs. Ci 10 hrs. HN.
Q
1 2 3
R'=R?
M-NH,
2.2 equiv.
n-BuOH; 150 °C, 10 hrs.
15 v
Novel Phthalazines that were Prepared by Methods A-1 or A-2
=
NHQ
Example # MNH : QNH Method | Characterization

Vaats

+
93 A (M+H)" 427
rt = 3.13 min.
NH




by Parall el

Synthesis 10 Method A-1 or A-2, as indicated, were used to
pht hal i m de

prepare the novel

i nventi on conpounds 93 -
1, 4- di chivoo ophi3hal azi ne (for preparation see Novartis

105 from

paP€eVUSMISBBI35958,

11.02.98) rather than the dichl oroheterocycl opyridazines together wth the
appropri gte—bieyelic—and-substitutedantines G M- N M NE_N MNH2 N
QNH2 I (Il ~11 EtOH, 95 C, INn-BuOH, 150 C, N [ 2 hrs. d 10 hrs. HNC
123 RlL=R MNH2 B-®Hequiv.| n&BuOH 150 C, 10 jhrs. 15 Novel
Pht hal aziines that [weNe Rrepared byiNMeghqds A-1 or ANRTHMﬁM95N N [NHQ
Exanpl e # MNM4QNH I\/Eth aradterizi 93 RES HN A2 (MrH) + 427 rt =
3.13 min| NHrl\N 79 WA04(23375 P §Q/ 26500 , Nt RH-B4mN- | HY A- 2
(MtH+ 395 NH N rjt = 2.52Jn.{ ~"" fClf 95 HN A1 (MH) + 387 NH N rt
=2.77 mn.
Cl o~
HN +
o5 \@ Ay | (MHH) 387
NH N it =2.77 min.
M HN—Y
Cl ﬁﬁ”
+
o6 @ A | (VMEH) 388
NH N rt=2.51 min.
O HN-N
HN
97 B’m A | (MHH) 474
X _ .
L‘Jr\,d . rt =3.67 min.
S~z
F
F M
09\0 AN M-+H)" 450
rt = 3.54 min.
NH s N
» i +
00 A | (M) 453
rt = 2.70 min.
N s
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HNC C 96 HN A-1 (MH)+ 388 NHrt = 2.51 min. HNNBr HN 97 , IPN A1
(MiH)+ 474 rt =3.67 mn. FF A HN A1 (MH+ 450 98/ \ \ / rt = 3.54
mn. NHVEAbLEB7TN HN A-1 (MrH + 453 \ / rt =2.70 min. NedWHUSe026580 VO
01/ 23375 PCT/US00/26500 100 r N HN A-1 (MrH)+ 455 a \ / rt = 2.58 nin.

NH SAN Br—HN-{(M:H)+ 448 101 NH A-1 ¢t =3.02 min N A1 HN 102 (MH) + 412
\/ / \ it = 3.27 mn. NH
by i +
100 // A | MFH)" 455
Q rt =2.58 min.
A s N
Br o
HN
lo1 @ A-1 (M+H)" 448
NH rt = 3.02 min.
e s\//N
A-1
HN
102 (M+H)" 412
rt = 3.27 min.
NH
| ~n s N
A-1
\O S
HN
103 (M+H)" 400
rt = 2.79 min.
g s N
A-1
F e :
HN
104 \Q (M+H)" 402
1t = 2.96 min.
oy N
; S
A-1
ci v
HN
05 \Q ' (M+H)" 404
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 pump, a variable wavelength
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~~ SAN A1 0 HN 103 (MH)+ 400 rt =2.79 min. NHSNA1 F 104 HN

(IVH—|)+ 402 NHrt =2.96 min. SANA1 C 105\ / HN/ \ (MH + 404 NH rt
= 3. 03 nmwo o/&3ks * HPLC - el ectrospray mass spectra ( HPLCPEBURS) 2698 e
obt ained using a Hewlett- Packard 1100 HPLC equi pped with a quaternary

, / 233 PCT/ ] 2650
o cs 2 g5 SME RS a0 hold 2 AT B 1800 AT A p GRLY Far fasd

spectr onetsple:ctmmételemtﬁ fereoswpaay iofizh#e. i Ofadidat anlmemfroﬁi 0% td 9SINPVerA t 0
95% B over 4 m nutes was u 8% water, 2%

t HPLC. Buff
oo ot TR, wadon B HT L BT il BT en 3% Aacion kg it B00%n g

0. 018% TFATE 5P 8iffe A BWRAsD S84 @@%&tx@lef Z%VWétéloanjdz@@l PITFUS| S}cht’%a Vigkd &ahfed ON
time according to the nunbe ions in the source. Exanples 106 -114:

Pr epar & i oﬁiorafl@al&w ghu Emgm éaflable Thretipreothgerding toEthgnmineber of(iongdn ghe 3. 66
mol ) was S?) Jored as a slurry in nmethanol 10 (20 nl) as a solution of

t ol uenesul tonic acid hydrate (0.701 g, 3.67 mmol) in nmethanol (5 mM plus 5
m rinse) was added quickly dropwi se. Al nmaterials dissolved over 5 mn to

Ll o bl 0s AP QS SH TR iy LSS0 3P SL11 11 ves
m xture was chiThestodid: bf ES8ArhplEilng150 g B.66GRMBE ek sﬁh&échasf @éluﬂ‘f) ifhietHa@sl and
wshed tai 10 aha? & A PLE USSR 16 QB A DY én GheRoD I methanol (3 °"
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 first 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
SOzH i

with decomposition

in CH;OH

107 CIQ 0.7 Ether 157-159
SO3H

108 A o 0.6 Ether 180-182

with decomposition
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NMR anal ysis showed a | ack of solvents (1.5 hours). Oher conpounds were
prepared in a simlar way by using a variety of acids rather than

t ol ueneswédoneas7aci d. Scal e up and use of | ess nethanol PeTwk@/f6Er0St St ep
generally led to quicker preci pitation of salts and a vari ety of soI vent s
wer e used ah-ether—as—pgreated—ta ..\,.p \,.ysm..,5 he 20

I ndi vi dugj . I s%)?nféosdases t?:z met hanol W& firdt m} gol 6
evapor at i L) : €
days, dependi ng on the quzantity of ” matlerial and the speciflc specific acid

used. Salfts of Exanpl én Ethet hat were Prejpar ed Exarrpl e #vﬁdidleddeeadsiﬁoal q:
Sol vent Added—ighar-a i i (el ting point 106 1.5
Et her 167- 168! ogH WitH{%reco%osi @-ﬂon in 1‘39%‘(54@37 di | 1?7§?Rer 157- 159

SOG8H 108 |H3c, SO3H 0. 6 Ether 180-182 withy QOPARéH | or\mﬂ{sgecm ditida 315
PCT/ US00/ 26500 109 C2H5- SBH 0.7 Ether| 153-154 110 (|(HCA )2 * 1.5 Eth4r
128-131 ijn Ether with deconpgsition 111 apppngbenzgpst) MeOH 137- 139
evapor at ed;—then—with g porst tgp—acet IERETe (T2 HiSQ 8- 6 Mbst

MeOH 177-1179 Illezvapor at}e{ * heln WI?H decorrpkﬂg‘ss?t?\lﬁ%? adet one/ et her 113 HING3
0.5 Ether| 135 (decorrposed) nmel ted 150- 152ap01at4d Hwr0. |5 vEtihdeconpositionged

123-128 drying, Hylgroscopic | SGBH 115 4 acgone etheLr48' 149
113 HNO; 0.5 Ether 135 (decomposed)
melted 150-152
114 HO 0.5 Ether, Prolonged 123-128
drying,
Hygroscopic
SO3H

115 ©\ 45 Ether 148-149
SO4H

* The disalt with HCl was isolated rather than the 1:1salt. This occurred even if

less than 2 equivalents of acid were used.

Biological Protocols and in vitro Test Data

KDR Assay:
The cytosolic kinase domain of KDR kinase was expressed as a 6His fusion

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

10 poly(Glu4;Tyrl) (Sigma Chemical Co., St Louis, MO) in 100 ul HEPES buffer (20 mM

HEPES, pH 7.5, 150 mM NacCl, 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 uM in

15  half-log dilutions. These dilutions were further diluted twenty fold in H2O to obtain

compound solutions in 5% DMSO. Following loading of the assay plate with 85 ul of

assay buffer (20 mM HEPES, pH 7.5, 100 mM KCI, 10 mM MgCl,, 3 mM MnCl,, 0.05%
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SB8H * The disalt with HO was isolated rather than the 1:1 salt. This
occurred even if less than 2 equivalents of acid were used. Biol ogical
Prot ocol svant2asms vitro Test Data 5 KDR Assay: The cytosobPCT/Ukioss@® donai n
of KDR ki nase was expressed as a 6H s fusion protein in Sf9 insect cells.

The KDR Ki d L IS t el ifi A st i
cotumm N ALpgosBIRS Thh BABGRL AN B hadof B B whpo iy O RER), 19
Tyrl) (Si guinoftentlitatd GompoSods eweies adddd) to n fidD assayERESMBUGH €00 (20 Fildhl
HEPES, H7.5 150 nM Na 0. 02% Thi | t i ght ... Bef ,
t he pl alto e © é“%igﬂ%dveﬁﬁ gﬁf‘ﬁﬁ?’ , H@E%L@S?@{d %nﬁ‘éé%ﬁé?%(gesm\%r%%sg%le%%igd
with 1% B%itia@bdll%thgﬁ@(ﬁﬂo@@fi@hlkﬁﬁ’ﬁ%ofﬁﬁﬂ(kﬂ&&%é gsmathest conpounds wer e

m

serially diluted in 100% DVBO fr or mMto 0.12 Min 15 half-log =
di | uti ohs. ThesEheassan Vanscyated vith teseeorapquad o veliglstalorreayith gentlagitatipn

obtain co j 0 [ oW i ; | at e
oih g5 | HREHAIELHIORT dp e il Uk Mah BRMI A BS AP B P 2 S
MM MhCl2, @el5%oi88 Woitlh1/423375-phoThaSa0sias5RY), gimpster olone 0.4G1019% (Vipstaten
X-100, 1 - eI th [. it h . thout 3, 3 M ATP | .of the.

3 ot ed collsidRR 8RR, AEhBFI8a, KON PG TR0 dbm reRed el dargHeg it o Al
concent r atmoire I€Y/HRPetowegatd AMershash tht&nathdriah ple, 2506kindhainsHife Biggad) was

initiated the addition of 10| (.30 ng) of KDR kinase domain. 5 The gssay
was i?l]té)uba 8p}6ﬂ%¥rt95‘f‘85tw‘"l§pn1}8{m@tegr l?)’eh%rl‘ffl atg’lgon‘@“}a/i tlﬁogéﬂ? I£ agi tg’tign_ at
room t enpefehiéylberiziide doMitods (Kifitga¥val hisd Weir®, WASH exli@bdeP oI oneRsi nes
(PY) were probed with an anti-phosphotyrosi ne

PY), mAb cl 4GL0
(Upstate MroTideshsubsygle) Cake dpv%ewla?ntmaf.aw%gy degm@&f%g@mam-
det ect ed jion ' tional plc,
etected wikby agp %Srllhél o n{(}?ﬂé%g&r%%&*?ﬁgf%ﬁ%%&%& §Hﬁ?@dlﬁﬁ(ﬁl’),ﬂa onal plc

Bucki nghanshire, yrosine was quantitated by incubating

with 100 gl 3, Qpticabdempitiestwsre algtermined spedtphetorsiricallpat @60 nkeigaza P o-wetld

Perry, sl I | S ) F | gprent
oL TO N ek TR S TA S T2, HRSLEAL )0 N, 805 6B

( Ki r kegaarchhandvdre subtracieiiBrdm GnpDsnend tHst @pceBo inkibiton waOphlcolateddensidiniges

wer e detertn‘i ned spectrophotonetrically at 450 nmin a 96-well 15 plate

r eader, Sp8é??%%ﬁ§°’é5o (Mol ecul ar Devices). Background (no ATP in assay) OD
val ues were subtracted fromall ODs and the percent inhibition was

cal cul ated accordin
g% Inhibition = (OD(vehicle control) — OD(with compound)) X 100
20 OD(vehicle control) — OD(no ATP added)

The ICsy values were determined with a least squares analysis program using

compound concentration versus percent inhibition. Compounds that-have ICsq < 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 ICsy values
between 100 nM and 1,000 nM include those of examples 3, 5, 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  ICsq 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 ICs,

values greater than 1 pM.
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to the equation: % Inhibition = (ODvehicle control) - OD(w th conmpound)) X
100 20 OD(vehicle control) - OD(no ATP added) The I C50 val ues were

det er mi nadowi/2d378 | east squares anal ysi s program usi hg CPRODOEONR6500
concentration versus percent inhibition. Conpounds that have IC50 <- 100 nM
inthis as& i f. ] 9, 10, 11, 12, 13,
14, 16, 17-Hgechanistigassay-Tohibition of,)13 KPR phospherylafiony g 45 “43 44, 47,
49, 51, 52, 53,NBE3THGelldéxpréRingbhe 08, lefdh KBR, r6€ptod ierd GrowtDin DMENL,

73, 74, 75, 78, 82B, 82C, 82D, 85, 88, 93, 96, 97, 98, 101, 102, 103, 104,
105, 106, Gofr, Techpologigy Ing.q Grangdsislandy NiY) supplemsmirdiinids 10 Henewhavrcalissminal ues
bet ween 10 i Qf ; 1 7 28,
35, 36, 45@“%%?5%8%5%81?{ %g/g 6%%%’ i L, Jaﬁﬁé@?’“@é?@%ﬁﬁ@ﬂ?%él%,o‘zgé?g/ é‘sgal, °fnd
100. THoseG#ha(Lifealeshnelagies dac. 30rand3gandaN})s Thelgelle Gvendviniaimtdinetkint doblggernof

exanpl es 2 . 1,63 41, 7 80, .94, Ex | ers
ot T thi Ltqaket TR a5k B Gon Dewifiby Lafualty el BN i ipri@Rn Sof £ 22
greater thamodphéde &8790 01/ 23375 PCT/ US00/ 26500 Cel | mechani stic

assay-Inhibition of 3T3 KDR phosphorylation: N H3T3 cells expressing the
full 1 ength KDRFifteeregronpande¢edls grasqupldted muERRCh wieH of peetildgeficedted Phavell

G and Isl ; YR d. Wi 1Q9 cal.f 8 e,
25 mv /L @gﬁeu‘#ﬁ%@r uvaltl\;g,r&%ﬁ fi"\g%ﬁle‘ %ﬁl?gc ﬂ%@f’d@kacﬁggo. %APH% g%(?g%s G418
(Li f e Iechmediogi was feplaced @thMMEY wrtouteum. TAftec eVdraighecwdtunatonquaesee thed n

collagen |scoated T¢5 flasks (Bectaqn Dickinson Lab edf or )..1 N a
bom At ed sy ap mbditml oh& oo & DAL bRl R Ofbne Eﬁafeed

[ n'él o each mhbhologie?ImIGﬁgﬁmslzindjglblaft)e;dﬂﬂ@imhdvinqm?irﬁiﬁi (Signmc%yﬁwhm@y\sm
medi um Si ouyr ter, the cells were washe the. 10 nedi um was

Top aced b BIEN GO RGeS SPTeR B dDGRD T S6HS. pOmRTES L6 tine
cell's, thecdmedhum Nas doRbéfedn RY DMEDE @rOcetls PR Rivtbereh 4t teure tdertgdratiRe
(Life Technologies Inc., Grand Island 1% bovi ne al bum n (Si gna

, th 0.
Cheni ckl  @9r 30gpinuiesyThe qptly wepg thep t&@tﬁdw\gjﬁ)ﬂ_@/\g’:ﬁ%éﬁwémﬁ e 1 Gmingtes 300
M of test, f0RRYEARRe! FlBRint YEGE itnd¥add, ][\!ﬁé bgﬁac\_%g Fatdvel b tﬁ%f\/l@gls the

cells were incubated at roomtenperature 15 for 30 m nutes. The ce wer e
t hen treatweredysed byRGRitoB®IHGO/1] wif pxtrastion buffem(M0esMaTTis, bbbt suppéenzantade .

Fol | owi ng t ti t hen ' a l,s
| ysed by a‘(}jJ/ |t19%rélg¢gr@588&hgf§§§’%g%\? iEon Eiu]foflg?/yﬁgg %W@W&BZ‘H apd\é\@g%
suppl ement Ed-100) 4th°Ca%o 30 yaarted., 50 mMv BGP, 2 mM EDTA, 10 mM NaF, 0.5 nmM

NavVO4, and 0.3% TX-100) at 4C for 30 mnutes. |
20 To assess receptor phosphorylation, 100 microliters of each cell lysate was added

to the wells of an ELISA plate precoated with 300 ng of antibody 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% HCI based stop solution

30 (Kirkegaard and Perry, TMB 1 Component Stop Solution).
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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20 To assess receptor phosphorylation, 100 mcroliters of each cell lysate
was added to the wells of an ELISA plate precoated with 300 ng of anti body
C20 ( Santwe0 @r/2s3375 Bi ot echnol ogy, Inc., Santa Cruz , CA). FpCT/O80ME5@

60-m nute i ncubation, the plate was washed and bound KDR was probed for
phosphot yr osi ne usi ng an anti-phosphotyrosine nmAb clone 4G 10 (Upstate

Bi ot echnol ogy, Lake Placid, NY). The plate was washed and 25 wells were

i ncubated with anti - ¥olnhibitigG=HYD CARG B gaiteol] AQEY(stithrtest sbepoatd) pRAI0p! ¢,

Bucki nghanshi re, Engl and) r u |1 r shed and
phosphot yr osi ne was quantéﬁ&yggp gﬂﬁl Q Oo\?Eé\%Gg‘iie\ﬁSer wel |l of 3,3 ,5,5

t et ranet hyl benzi di ne (Kirkegaard and Perry, TMB M crowel!l 1 Conponent
peroxi dase substrate) solution. Color developnent was arrested by the
additi oh of 1ool%bs voseHdgtenrBed o8 seme S| the iesemplary mRieriklsgaih @ kad smeares,
T™B 1 Corrpg)rgl Y t l?ie

spect r ophot o ﬁ%gﬁf@ggtéfgg%ﬁ%@nbﬁétég%%&spﬁ%%e elro Spect raﬁg
250, Mol ecthlaahaxladﬁs(csézp nNBdg kigis @assagl ifieiod ARGEe Gﬂﬁﬁdl)lplem galydd, Weras, 96,

subtracted, froma d percent hi bi t| s cal cul at ed. accordi n to
the equati bénl 1@% lﬂg %’2@75 P’@?P%GH?G‘B’O’S s YaRRSHIcEWesn 20 pioendeey- HNP
control ) - inflddwithdie ok amBrERQURdB) 9 X14.0G5, 1900V 980 0b lodnds @Q(ﬁ‘ﬁ/e\'f@g:

added) | C50s were determ ned on sone of the exénplary materials with a

| east k(hual’féges b&ﬁweysﬁ%ﬂ\élﬂ@‘éﬂﬁ@rﬂ%i%b‘%é%@%@(aéméﬂ 5%, dndrl00er sus per cent
i nhi bition. Conpounds that have 1C50 < 20 nMin this assay include those
of Exanples 2, 6, 10, 11, 14, 23, 96, 101, 102, 103, 104, 105. Conpounds
t hat have Ma3idgd® Argiopatesisdodél: nM and 50 nM i ncl ude those of exarrpl es 1,
4, 8, 9, 12, 13p 17. 24 s. that Jave 0]

bet ween 50 nM anf:f:pﬂﬁ)tmrf\/l()??Mf"sgrogée ltciﬁggseagg "t xv‘ﬁ‘f)lﬂg?%?k%égelé @%ﬁorauve

Mat ri gel (r BioAnglicabProdacts, Béldeld; M )dpabadenmnt oembbdneicgahct Frang s namﬂleltmmw VO
Phase: tri el (r) (Collahqrati.ve i 0 iC Products, Bedfo IS a
baoomeht iR PERRLE Ot RgH frl RS 19 ot heBOt e G ISPPEAT 1t 6%

| ami ni n, cpﬂobﬂg@as 4 MeARdiquepararC, but fpidy Prakaceliygant 3v¢ G.s  provided as a
sterile liquid at 4 C, but rapidly forns a solid gel at 37 C Liquid

Matrigel at 4 C-gaid Meses! o 4 CSP@SI\)EfodH’HﬁhﬁKrM hangnstumescellp hat were

transf ect egapdchedawth a3iThshid QahailthD thd REriAL VETSF ggrg: wﬂﬁrhesé%ctt;bl@marker

sel ectabl e marker. Tunor cells wereé grown in vitiro under selection and

cel | s wer eTwneieeellsi were @sown 17 gitraiunder valeetiqreandagells wereimixed wittxcalddigpir 0. 5

m . || ter i gpl ant uhgut 0 y t I

R us%&r@gl Zalfg %axﬁg%\’\%zgd?@ K. e@eg 03 Hﬁ gﬂ?e ll’lﬁff miffifiter ngs %%%?Jﬂtéha
subcutaneously near the abdominal m1d11ne usmg 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.
Supernatants were transferred to chilled microfuge tubes and stored at 4° C for
hemoglobin assay.
Mouse hemoglobin (Sigma Chemical Co., St. Louis, MO) was suspended in
autoclaved water (BioWhittaker, Inc, Walkersville, MD.) at 5 mg/ ml. A standard curve
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wer e dosed as solutions in Ethanol/ Cremaphor EL/saline (12.5% 12.5% 75%
at 30, 100, and 300 ng/kg po once daily starting on the day of

i npl ant atwon123rte were eut hani zed 12 days post-i npl ant apCus@vasiohe
Matrigel pellets were harvested for anal ysis of henoglobin 25 content.

C Tysis B BertRpirl ArostEhs B i MR LB s T e,

[ EM ~ Sci enSand4 basteowm] I}Natk Jamplesdwerenpided et SERTAefitere/vploinedssicatehioba t or

cockt ai | nnhei n onogeni zed at 4C enat

etbat ed BHOTEETSQres B Hiireate, SHn ﬁ’é%émg}lsmaglem (3 Dherigal

for 30 m nghestatouts, @10 , NIBT SBEtAHIE §a¥VRIcBndtit@BS 1ie50 atls t{ébrﬁlflénllﬂe?ﬂuf@éééﬁé uge
tubes and stored at for henpgl obi n assay. Muse henogl obi n S gna

Cheni ca? cCacid s@ptlomo@ins hungyed wgisroditesp e harstrpis wasiadded & eabhwigglb fol owed by

011 53575 PLH DLOBTS205 " hd ioin EN O oRiTR e o CrBLAIER" ThEyptenas® 1O

m cr ogr ansinghbated Myed)mtaupefrelrurc(ﬁ)eéOabmvtes) St andard curve and | ysate

sanpl es were adde croll rs./ i n,duplicate t ol yrene
S6 el | prate BN deraes i dofiietnsetibsRie dh ol el eS|
St. Louis, pl&?)rea(?%@dt}SMaﬁQéowgﬁ:rdﬁmaS?éc:tltolph@ldnie;br@’Eﬁhﬁ(M&@mlﬁﬁmg&géegi ure
acetic id solution re croliters of substrate was added to
each w&f 1, myvakﬂeé Ba%@%%clrwsdﬁlgf% reaghings ware sghdasgd drosealopieie sol ut i on
at room terrper arHae. safﬁ R RbRbSOWAS corltBfuRas %glcﬂtatédog&otr@iﬂ’g%aiﬂér 1foRing O

m nutes. Optical densities were determ ned spectrophotonetrically at 0 nm
in a 96-wePquatipiiat e reader, SpectraMax 250 M cropl ate Spectrophot onet er
System (Mol ecul ar Devices, 10 Sunnyval e, CA). Background Lysis Buffer

readi ngs were subtracted fromall wells. Total sanple henogl obin content
was cal cul at ed ActebHdinnglobm + (hanfpd¢ Lpsetanyolueh at(HemogbbireCondentoationhi n =
(Sanpl e: Lysate Vol une) x (Henogl obin Concentration) 15 The average Tot al
Henogl 050i n of Matrigel sanples without cells was subtracted from each

Tot al Henogl obi ’IﬁhMﬁdrhgeTotahH]ehEngtrhoﬁ:Matng,el E%ﬁﬁp:lemtwitihnhﬂ ddlisiveas sedBacted

cal cul ated.accor o the n uat.i on: % I nhi bi ti.qn = (Average
Total - HemnPEb Ao i THEHp el B MUREG SshTats it sl abBfedie MgpEPn WEs
Henogl obi ncdNanatdd @@bﬁﬂngwmhe fd;chﬁﬁh% %uauﬁxarrpl e 8 showed significant
activity in this assay at 100 and 300 ng/kg po sid

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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with > 60%inhibition of total henogl obin content of the Matrigel sanples
fromthe dosed 25 animals vs. those fromvehicle control animals. The

ot her exampbae3g7sraterials were not tested in this nodel.pPOrseo/meiwodi ment s
of the invention will be apparent to the skilled in the art froma
con5|derat B nis specification or practice of the invention disclosed
her ei n. ? intended that the specification and exanpl es be
considered as exenplary only, with the true scope and spirit of the

i nvention

elng |nd|c ed by the %Lomnng %%alns 87 WD 01/ 23375

PCT/ US00/ 26580c0m) o K}lngi © geng HercHEdl IogYlRe general i zed struct ural
formul a X(GM8P7JN Z Rl (A)qg ABL~-\)YR D=E (&)q. 5 wherein
Rt and R2 together forma io-l’—l(dg‘t; jning two T2 noieties and one T3

noi ety, said bridge, t n togePh #i,th the ring to which it is attached,
formng a bicyclic of jtrﬁ rir e thN)N T22zZT3 2Z T2 T3-T2' , T2,T2 or
T2. T3 10 wherei naegch |ndependently represents N, CH, or CGl; and T3
represents S, O, LTJ@&HY C(R4) 2, or NR3; and wherein 15 G is a substituent

i ndependent |y selgeted fromthe group consisting of -N(R6)2 -NR 3COR6 ;
hal ogen; 20 al k@ )

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

N yaoe M e
N N=
/7 \ / /
b . ;I"?' 7 _\ T3 z\ \Tz
Y2 A2 or N =
~ T T w2 T w0 T T
10 wherein

each T? independently represents N, CH, or CG'; and
T represents S, O, CR*G', C(R4)2, or NR;

and wherein
15
G' is a substituent independently selected from the group consisting of
« -NR:;
e -NR’COR®;
e halogen;
20 o alkyl;
e cycloalkyl,
e Jower alkenyl;
e lower cycloalkenyl,
¢ halogen-substituted alkyl;
25 e amino-substituted alkyl;
¢ N-lower alkylamino-substituted alkyl,

88



cycl oal kyl ; | ower al kenyl; |ower cycloal kenyl; hal ogen-substituted

al kyl; 25 am no-substituted al kyl; N Iower alkylam no-substituted al kyl;
88 WO 01AM2@8¥Z3PCT/ US00/ 26500 N, N-di -1 ower al kyl am no- spopUStoesw al kyl ;
N- | ower al kanoyl am no-substituted al kyl; hydr oxy substituted al kyl;

cyano-substituted al ky car b substitu | ower

al koxycar bony! - subst{ tﬁgadlé??(’?/r ey WHP%/T”W%QE% gf Ili’oxycar bonyl - substi t ut ed
al kyl ; hal ogen- subgt iN. Wag(lagy}hgtmﬂg,osubsﬁme@gné&lbstl tuted al kyl am no; 10
N- | ower al kyl am no-substituted al’kyl am no; | ower

al kyl am no- subst i t ut €d hatdoyx}-anbstioyted alklyl;ower al kanoyl am no-substitut ed

al kyl am no; hydr oxy-substituted al kyl am no; cyano-substituted

al kyl ani no; 15 carbo%yaw@’éw@ﬁeﬁ&)’é kyl ami no; | ower

al koxycgar bonyl - substi tuted. al phenyl - | ower

al koxy?gr bony! - substTtﬁ?Ea xap ii\tﬁ(ﬂ%k L™ orRe;  -SRe; 20 - S(O) R6;
_S(O 2R6; hal ogenatadlg@%qkogk,gﬁgé(n 1- snggﬁ@&g@gﬁ&p I ovver al kyl t hi o;

hal ogenat ed | ower al kyl sul f ony g E; - C02R6;

e phenyl lower alkoxycarbonyl substltuted alkyl;
e halogen-substituted alkylamino;
e amino-substituted alkylamino;
10 e N-lower alkylamino-substituted alkylamino;
e N,N-di-lower alkylamino-substituted alkylamino;
¢ N-lower alkanoylamino-substituted alkylamino;
¢ hydroxy-substituted alkylamino;
e cyano-substituted alkylamino;
15 e carboxy-substituted alkylamino;
e lower alkoxycarbonyl-substituted alkylamino;

e phenyl-lower alkoxycarbonyl-substituted alkylamino;

° -OR6;

. -SRG;
20 e -S(O)R%;

* -S(O)RS

e halogenated lower alkoxy;
e halogenated lower alkylthio;
e halogenated lower alkylsulfonyl,

25 e -OCORS
e -CORS
e -CO,RS
» -CONR%;;
e -CH,0R?;
30 e -NO;;
e -CN;
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-CON(R6) 2 ; -CH20R3; 30 -NO2; -CN, 89 WD 01/23375 PCT/ US00/ 26500
am di no; guani di no; sulfo;, -B(OH)2 ; 5 optionally substituted aryl;
optional Iwosubssts t uted heteroaryl; optionally substituteBcrasermssed

het erocyclyl; optionally substituted saturated heterocyclyl al kyl;
optionally substl tuted E’g‘i‘{ll ally unsaturated heterocyclyl; 10 optionally
substituted partially @& fir at ed heterocyclyl al kyl ; OCOZRS; optionally

substituted heteroaryl gul[ﬁy optionally substitut ed het er oaryl oxy;
-S(O n(optionally subs ut e8 heteroaryl); 15 optionally substituted
het er oaryl al kyl oxy; e-$(®; p(optionally substituted heteroarylal kyl);

~CHO -OCON(R6)2 : -NRCO2R6 : 20 -NR3CON(R6)2 R3 is H or |ower
alkyl; R6 is indepentdenB(QH¥e] ected fromthe group consisting of 25 H,
al kyl ; _ cycl oal kyl ; optlon II subs ituted aryl; and optionally
substituted aryl | ower CRHRYALL y st hyitute ?’ al kyl -N(R3)2 ; and | ower

al kyl - O+, * optionally substituted heteroaryl;
e optionally substituted saturated heterocyclyl;
e optionally substituted saturated heterocyclylalkyl;
¢ optionally substituted partially unsaturated heterocyclyl;
10 e optionally substituted partially unsaturated heterocyclylalkyl;
e -OCOR%
e optionally substituted heteroarylalkyl;
e optionally substituted heteroaryloxy;
e -S5(O)y(optionally substituted heteroaryl);
15 e optionally substituted heteroarylalkyloxy;
e -S(O),(optionally substituted heteroarylalkyl);
e -CHO;
e -OCON(R®),;
e -NR’COR®;
20 e -NR’CON(R®),

R’ is H or lower alkyl;

R® is independently selected from the group consisting of
25 ' e H;
o alkyl;
e cycloalkyl;
e optionally substituted aryl; and
e optionally substituted aryl lower alkyl;
30 e lower alkyl-N(R%), ; and
o lower alkyl-OH;
R* is H, halogen, or lower alkyl;
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R4 is H halogen, or Iower alkyl; 90 WD 01/ 23375 PCT/ US00/ 26500 pi sO,
l,or2; Xis selected fromthe group consisting of O, S, and NR3; 5 Y is
sel ect ed Woomahe group consi sting of | ower al kyl ene; PCHRS®/26560CH2- S-
10 -CH2-NH; -0-; -S- -NH ; -(CR42)"-S(O S, - (5-nenbered

heteroaryl )-(CR42)s-; 15 -(CR42)n C(RXR)(R4)-(CR42)s wherein n and s are
each independently O or an integer of 1 - 2; and &R is selected fromthe
group consi spiing, Rlor 2CN, -CO2R3, -CON(R6)2 , and -CH2N(R6)2 ; 20 -O CH2-
; -S(O- ; -5(0)2-.3 -SCH2- ; -S(OCH2- ; 25 -S(0)2CH2 -CH2S(O- ;
and -CH2S(O)2 Zis CRA or Ny 30gis 0, 1, or 2; G3 is a nonovalent or

bi val ent noi &t ¥ ssleted toth tfhe%f@utp@nggtmgbft@rg;,iagamg; of : 91 WD 01/23375
PCT/ USQSOI 26500 | ower al kyl;

Y is selected from the group consisting of

e lower alkylene;

e -CH,-O-;

e -CH,-S-;
10 e -CH,-NH-;

e -O-;

e S-:

e -NH-;

. -(CR42)n-S(O)p-(S-membered heteroaryl)-(CR*))s-;
15 ¢ {(CR)rC(GHRY-(CRY);

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(R6)2 , and

~CH,N(R®), ;
20 e -O-CH;-;
* -5(0)-;
e -S5(0)-;
e -SCH»-;
* -S(O)CH-;
25 e -S(0),CH>;
e -CH,S5(0)-; and
e -CH,S(0),-
Zis CR* or N;
30
qis0, 1,or2;

G’ is a monovalent or bivalent moiety selected from the group consisting of:
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-NR3COR6; carboxy-substituted al kyl; |ower al koxycarbonyl -substituted
alkyl; 5 -OR 6 -SRe; -S( O Re; _S( 0O 2Re; -OCOR6; 10 - CORE;

- CO2R6; WO CH2GRS; -CON(R6) 2 ; -S(O 2N(R6) 2 15 - NO2; PCTAISNG/26500
optionally substituted aryl; optionally substituted heteroaryl;
optionally substituted, saturated heterocyclyl; 20 optionally substituted
partially unsatbr dt%&d 3 ?’erocycl yl; optionally substituted

het er oaryl al kyl, 'IQR$¢ pal |y substituted heteroaryloxy; -S(Op(optionally
substituted heteroary (?; > optionally substituted heteroaryl al kyl oxy; 25

- S( O p(opti onald ycabsj-bibstietedwlkdr oaryl al kyl ); - OCON(R6)2 ; - NR3CO2RS;
-NR 3CON(R6) 2 ; and bivalent bridge of structure T2=T2-T3 30 wherein each
T2 i ndependent |y eyaratenyearbpnybsubssifutetztkyland 92 WO 01/ 23375

PCT/ USQO/ 26500 T3 ]%@presents S, 0, CRAG&', C(R4)2, or NR3; wherein G3
represents any of “PRe above- defi ned noieties G3 which are nonoval ent; and

. -SRG;

e -S(O)RS

e -S(O)RY

e -OCORS;
10 e -CORS

e -COR%

e -CH,OR?

¢ -CONR®);

¢ -S(0)N(R");;
15 e -NOy;

e -CN;

e optionally substituted aryl,
e optionally substituted heteroaryl;
e optionally substituted saturated heterocyclyl,
20 e optionally substituted partially unsaturated heterocyclyl;
e optionally substituted heteroarylalkyl;
e optionally substituted heteroaryloxy;
e -5(O)y(optionally substituted heteroaryl);
e optionally substituted heteroarylalkyloxy;

25 e -S(O),(optionally substituted heteroarylalkyl);
e -OCON(R%);;
e -NR’CO;R;

e -NR’CON(R®),; and
e bivalent bridge of structure T*=T>-T°
30 wherein

each T? independently represents N, CH, or CG’’; and
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the termnal T2 is bound to L, and T3 is bound to D, formng a 5- 5
menbered fused ring; A and D independently represent Nor CH B and E

i ndependavio by233epresent N or CH, L represents N or CH ardr/boosesdo t he
provisos that a) the total nunber of N atons in the ring containing A B,

D E and L is 0, 1, 243, rfs%hts%”?@) %&4&;&%&«3&&&3;\%& CH and any G3 is a

monoval ent substituent,” at® I'east’one o s’ an ' N'atom and 15 c)
when L represents CH and @ G8pieseniss by alfethe dovegiefinéd sidietidsuGe widehl 2rd 3,
then A B, D, and E are also CH,, J is a ring selected fromthe group
consisting of aryl: 20 pyangyslenty cycloal kyl; g' represents the

number of substituents t(Atepmidal M id BBAAA S 19, andl: TZis Bourfd: tcOD, FornfiAg a 35 A
is a nonoval ent or bivalent noiety selected fromthe group consisting of

-N(R6)2 -NR 3COR6 ; meabsgrsrfusedxingy| ; 30 cycloalkyl;  lower al kenyl;

| ower cycl oal kenyl; hal ogen-substituted al kyl; 93 WD 01/ 23375

PCT/ US00/ 26500 am no-substituted al kyl; NI ower al kyl am no-substituted
al kyl ; N, N- & arldd\enrdependehtiyrrapoessaids bi Clib ed al kyl ; N- | ower

oy v 0 ST, ALy R o0y Subst kel 1
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
and D is an N atom; and
15 ¢) 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;

Jis a ring selected from the group consisting of
e aryl;
20 e pyridyl; and
e cycloalkyl;

q’ represents the number of substituents G* on ringJandis 0, 1,2, 3,4, or 5, and

25 G* is a monovalent or bivalent moiety selected from the group consisting of
* -NR%:;
e -NR’COR®;
e halogen;
e alkyl;
30 e cycloalkyl;
e lower alkenyl;
e Jower cycloalkenyl,

e halogen-substituted alkyl;
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| ower al koxycar bonyl -substituted al kyl; phenyl | ower

al koxycar bonyl -substituted al kyl; 10 hal ogen-substituted al kyl am no;

am no- sulwo bt/ea3edl al kyl ami no; N1 ower al kyl am no- subst i t BCERGS@/I6ydoam no;
N, N-di -1 ower al kyl am no-substituted al kyl am no; N- | ower

al kanoyl am no-substituted.al kyl.am no; 15 hydroxy-substituted al kyl am no;
cyano-substi t ut® eda@FI}qu“Eﬁti‘tH‘éﬁ’h ah%'é’r boxy-substituted al kyl ami no; | ower

al koxycar bonyl 'Suglslh tu%ﬁglag{i@/lfmlgﬂed al enyI - | ower

al koxycar bonyl am no; -OR6; - SRe; - S( O RG;
-S(O 2R6;  hal ogemUQﬁLw\@MﬁiIkyaAermsMbstaﬁtedIaﬂdypgenat ed | ower al kylthio;
hal ogenat ed | ower al kyl sul fonyl ; - OCOR6; - CORE; -CO2R6 30 -CON(R6)2

;  -CH2OR3; 94 w\omlpmealk@mmsaobamd) alkylNO2;  -ON; amidino;
gﬂgglt :jllstrjlfed het%r h}ﬁ‘frwy S‘%O_L?t?ﬂnaalh’@ptslugg?: Itﬁt Zgb:; Llrjgtegdapélt er ogsf:: Slnal '
e cyano-substituted alkyl;
e carboxy-substituted alkyl;
e lower alkoxycarbonyl-substituted alkyl;
e 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;
e N-lower alkanoylamino-substituted alkylamino;
15 e hydroxy-substituted alkylamino;
e cyano-substituted alkylamino;
e carboxy-substituted alkylamino;
¢ lower alkoxycarbonyl-substituted alkylamino;

e phenyl-lower alkoxycarbonyl-substituted alkylamino;

20 ® -OR6;
e -SR%
e -S(O)RS
* -S(O):R’;
e halogenated lower alkoxy;
25 e halogenated lower alkylthio;
¢ halogenated lower alkylsulfonyl,
e -OCORS
e -CORS
e -COR%
30 o -CONRY::
¢ -CH,OR’ ;
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10 optionally substituted partially unsaturated heterocyclyl; - OCO2R3;
optionally substituted heteroaryl al kyl; optionally substituted
het er oar Woxy23375 S( O p(optional | y substituted heteroaryl)PCT/US00/mpdoi onal | y
substituted heteroaryl al kyl oxy; -S(O p(optionally substituted
het er oaryl al kyl ) ; -CHO, -OCON(R6)?2 ; -NR CO2R6 ; 20 -NR 3CON(R6) 2 ;
and fused ri ng-féw?izng bi val ent bridges attached to and connecti ng
adj acent  positjonsyof ring J, said bridges having the structures: a) T2 2
T3 25 wherein each T2 independently represents N, CH, or CG4'; T3
represents S, Os GfddMo; C(R4) 2, or NR3; wherein G4' represents any of the
above-defined noieties G4 which are nonovalent; and 30 binding to ring J
i s achi eved vi a® t gpaiidiab; at ons T2 and T3; b) 95 WO 01/23375 PCT/ US00/ 26500
TT2T T2, T V\@ﬁl‘_ei n each T2 independently represents N, CH or C&';
wherei P G4' reptes®il’'s any of the above-defined noieties G4 which are 5
nmonoval ent; and, V"i-ﬁ(blllﬁe provi so that a maxi num of two bridge atons T2 nmay
be N ; ’

e optionally substituted aryl,

e optionally substituted heteroaryl;
e optionally substituted saturated heterocyclyl;
10 e optionally substituted partially unsaturated heterocyclyl;
e -OCOR’
e optionally substituted heteroarylalkyl;
e optionally substituted heteroaryloxy;
e -S(O),(optionally substituted heteroaryl);
15 e optionally substituted heteroarylalkyloxy;
e -5(0)y(optionally substituted heteroarylalkyl);

e -CHO;
e -OCON(R%);;
. —NR3C02R6;
20 e -NR’CON(R®),; and

e fused ring-forming bivalent bridges attached to and connecting adjacent
positions of ring J, said bridges having the structures:
a)
T2
\\T2

T3/

25 wherein
each T? independently represents N, CH, or CG*;
T represents S, O, CR4G4', C(R4)_2, 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 T” and T°;

b)

95



and binding toring J is achieved via termnal atons T2; and c) T4 T5 TT6
T5-T6 T5 T6 T6 , T 1 T6 , or 10 T4 T5/ T/ T6 Tu--T6 T5 T6T6 wherein each
T4, T5, amooUm3rhdependently represents 0, S, CRAX', C(RAPUS@r2650dR3;
wherein 4" represents any of the above-defined noieties G4 which are 15
nmonoval ent; and binding to _ring J is achieved via termnal atons T4 or T5 ;
with the provisos that: i)T%gn one T4 is 0, S, or NR3, the other T4 is
CRAGA' or C(R4)2 ; ii) a bridge conprising T5 and T6 atons may contain a
maxi mum of 20 two heteroat 0O, S, or NN and iii) in a bridge conprising
T5 and T6 atons, when oneT group and one T6 group are 0 atons, or two T6
groups are 0 atons, atons are separated by at | east one carbon
atom 25 when 4 is an allnkyl group located on ring J adj acent to the

| i nkage - (CR42)p- |, anctac)hTsmdNRBdMB'rlepmsms NsCHpoaC&Y] wherbisit i t uent, then

A and the al kyl substitu ot R30 n forma rldeof
structure -(CH2)p' - wher reBreSF%sfn%gf 8}6 ﬁgovﬁacﬁﬁn?(ﬁ@mﬁfeﬁvg d”kflﬁétarfi he
sumof 3 and p' is 2, 3, or mdonovelentt dndng in formati on of a nitrogen- 30
containing ring of 5, 6, 7 nmenber 96 WO 01/ 23375 PCT/ USQQ/ 26500 _ and
with the further provi é"BQ‘ tthf"lé’tm"lso ﬁ“ﬁt @;ma"@u“‘(%fltwé’n%ﬂ‘tg@ atQhed QthtYB‘?Bhps R3
or R6 are each alkyl and jfcated on the same N atomthey may be |inked by
a bond, an 0, an S, or NR3 to forma N 5 containing hei‘zerocycle of 5 -7
ring atons; - when an &mding aingldapchievedrvintermingbgtemgTrandg i s optional ly
substi t ut ed, that 4ing nay bear up to 5 substituents which are

i ndependent |y sel ect ed fromthe group consisting of am no,

mono- | ower al kyl - substi t ut $4d agt no, d-|-5-\| %vverasky_}f Ts_TgTG
, © T [ ™ , or |
T 19 ™ S/Té T°
10 T —T°
wherein
each T4, TS, and T® independently represents O, S, CR4G4', C(R4)2, or
NR?; wherein
G#4' represents any of the above-defined moieties G* which are
15 monovalent; and
binding to ring J is achieved via terminal atoms T* or T ;
with the provisos that:
i) when one T is 0, S, or NR? , the other T* is CR*G* or C(R4)2 ;
ii) a bridge comprising T° and T® atoms may contain a maximum of
20 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
atoms are separated by at least one carbon atom,;
25
when G* is an alkyl group located on ring J adjacent to the linkage —(CR4§)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 -(CH,), - 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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10 substituted am no, |ower al kanoyl am no, hal ogeno, |ower alkyl,

hal ogenated | ower al kyl, hydroxy, |ower al koxy, |ower alkylthio,

hal ogenatved ol/z3823 al koxy, hal ogenated | ower al kylthio, |paEUSel/dcsnoyl oxy,
-CO2R3, -CHO -CH20R3, -0OCO2R3, -CON(R6)2, -OCON(R6)2, -NR3CON(R®)2,
nitro, am dino, guanidino, mercapto, sulfo, and cyano; and 15 - when any
al kyl group is attached to O, S, or N, and bears a hydroxyl substituent,

t hen said hy@hawihtﬁyhﬁ{ﬂefp@@tmgaqas;epar ated by at | east two carbon atons
fromthe 0, S, or Nto which the alkyl group,is attached. 20 2. A conpound

of claim1 whereihG ", &hd2m® G oybembro gwups B 197 Rdgee el alkyli ang lpgasedron

nmoi eti es and oney etdm &Rl B t t i R3 ig to
which it is attac‘}-%g@formmng g%ﬁycﬁlﬁqug&%@;ﬂgt@gréé%ﬁfﬁgg %dqﬁm% T3
or ' z511 2 T3 Tomainihg RErodystedfid - @ aimlg aking; ndependent |y represents N, CH,
or CG; and T3 represents S, 0, CH2, or NR3; with the proviso that when T3
is Oor S at least one T2 is CHor CG. 30 3. A pharnaceuti cal

conposi ti on conpmihsh g adylchetpounyd, @fhetdradydlyl ringds apticﬂ’(wl&fmﬁﬁuﬁﬂefd,atﬂlhb’ring
acceptable carrier. 97 WO 01/23375 PCT/US00/ 26500 4. A net of treating a
manmal having a EBXACET BA SHBR e uy fr%HWSP?f’é’ienﬂ‘élﬁﬂF%‘gg@& theggroup

hyper per mi abi | i t ¥oii@i&8s S ,anfifFPr mdho S wAGAk ML sbetithitg taninsl ddi-BeepRkylan
amount of a compound of claim1l which is effective to treat said 5
condi t}bn. 5. Theubstiuisk aging | lawsr 4lkappdaming, Jwiagerantiver orkyls helpgenated

e N s L
halogenated lower alkylthio, lower alkanoyloxy, -CO,R’, -CHO, -CH,OR’,
-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 T” moieties and one T° moiety, said bridge,

taken together with the ring to which it is attached, forming a bicyclic of structure

25 T
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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age-rel ated macul ar degeneration; rheumatoid arthritis; psoriasis; or a
bul | ous di sorder 10 associated with subepidermal blister formation,

i ncl udi ngvodoitBes penphigoid, erythema nultifonne, and depeTvEBOOA6S00
herpetiforms. 6. A conpound having the generalized structural fornula
X-(CR42 pJ N ZRL (A 4AB L( \- y R ,~-D=E (&B)4 15 wherein R and
R2 : i) independently represent Hor lower alkyl; ii) together forma
bridge of &t rAiGhéth@l of 2@eatiigr € intanbiald hBgng Sa achilieve dchviatned g Bbrtanal
carbon atons; iii) together for bri dge of structure |1k mwherein
binding i s acRBRSRMEsH| AT { WY %Q&ty cﬁ‘i"ﬁ%ﬁ%e%t ERRRPTISING) ) adnyhistoRBe tbrstidh

bridge of st rn%ﬁﬂdéleaJ Nidcunt 27 al tothboditt WO B2 33¢RidRGY &M&@%C’@e Ve © ein

one or two ring nenbers T° are N and the others are CH or I ndi ng
i s achi®ved ¢paditibm ternminal atoms; or v) together forma br| dge cont ai ni ng
two T2 noieties and one T3 noiety, said bridge, taken together with the
ring to which it is attached, formng a bicyclic 5 of structure ZN T2 ZN
T3 Z N T2 5.CThE2netiydldt aaimlf-wiizreimbad eomligac Is thRior pabepk;rdeimndpgathy; 8rheisent s
N, CH or CG,

diabgtri'g retinopathy, ischemic retinal-vein occlusion, retinopathy of prematurity, and
age-related macular degeneration; rtheumatoid 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

%’_J

7 Mg (GYy

A—B —

B

D=E ,

(G)q
15 wherein

R'and R?:
1) independently represent H or lower alkyl;

ii) together form a bridge of structure

Y

20 wherein binding is achieved via the terminal carbon atoms;

G )m

iit) together form a bridge of structure
&
G‘ )m
wherein binding is achieved via the terminal carbon atoms;
iv) together form a bridge of structure

!
\T1

25 T'=T
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T3 represents S, 0, CRAG, C(R4)2, or NR3; 10 and wherein mis 0O or an
integer 1 - 4; and 15 G is a substituent independently selected fromthe
group comnved8t/2asg of -N(R6)2 ; -NR3COR6 ; hal ogen; aP&yIUSGZB500

cycl oal kyl ; | ower al kenyl; | ower cycloalkenyl hal ogen-substi t ut ed

al kyl ; am no-substi tuted 25 N- no- su it d al kyl;
N, N-di - | over al ky™ iﬁf%ogw W%W%Wegﬁbﬁv‘l are hﬁ?ﬁ% Dunefs S ot e afd

al kanoyl am no- substrdt I@dctab«eﬂlwathehwlﬁaqm@ﬂmrrl tuted al kyl;

cyano- substi t ut ed al ky 30 . carboxy-substituted al kyl, 99 WD 01/23375
PCT/ US00/ 26500 V) F%ﬁ&w Apmon 2 Rridas giop al%las§wpt1]t @eleélﬁwnd onghk iy, vigrd

al koxycar bonyl - su I I

am no- substi t ut edggpqu%%ﬂﬁgé&%r Wlth ﬁl% k@Mgﬁn}iﬂn%%stu Stal {&ﬁl{ng{(? gp‘i?{x’f‘é"m no;
N, N- di 3 ower al kybéstruptursubst i t ut ed aI kyI am no; N- | ower

al kanoyl am no- subst i tu;ﬂggln al kyI am no; hydr oxy-sybstituted al kyl am no;
cyano-substituted al ky boxy- subst i toted al kyl am no; | ower

al koxycar bonyl - subsiNt teg aI kyl A‘m phenyl N r,
al koxycar bonyl - subshi L ft al kyl ,Ts - OR6:; & =T
\.\_\‘\’\“ T3’T > \.\_\‘L\ﬂ TZ”TZ or \-\,\_\‘\q \T2_-|-3

wherein

each T? independently represents N, CH, or CG'; and
T represents S, O, CR'G', C(R4)2, or NR? ;
10

and wherein
m is 0 or an integer 1 — 4; and

15 G' is a substituent independently selected from the group consisting of
o -NR%;
e -NR’COR®;
e halogen;
e alkyl;
20 e cycloalkyl;
e lower alkenyl;
e lower cycloalkenyl;
¢ halogen-substituted alkyl;
e amino-substituted alkyl;
25 ¢ N-lower alkylamino-substituted alkyl,
e N,N-di-lower alkylamino-substituted alkyl;
¢ N-lower alkanoylamino-substituted alkyl;
e hydroxy-substituted alkyl,
e cyano-substituted alkyl,;
30 e carboxy-substituted alkyl,
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-SR6; 15 -S(O Re; -S(0O 2R6; hal ogenated | ower al koxy; hal ogenat ed

| oner al kylthio; hal ogenated | ower al kylsulfonyl; 20 -0OCOR6; - CORG;
CO2R6; WwWCOMBE 2 ; -CH20R3; 25 - NO2, -CN;, am di nopCT/Ug@zass@i No;
sulfo; 30 -B(OH)2 ; optionally substituted aryl; 100 WD 01/23375

PCT/ US00/ 26500 optionally substjtuted heteroaryl; optionally substituted
sat urat ed heterocycl¥l ,low%ﬁ'p?oébfﬁarrlpﬂ}ny%ﬁ]d‘&“it‘itﬁ‘i giéyLat ur at ed

het er ocycl yl al kyl ;  opti It | ol nsat ur at ed

het erocyclyl; 5 opt? okg%hi%%éﬁ%?&%aer%@grS@?sgllh}tgA %ﬁéggt ur at ed
heterocyclyl al kyl; o - Q810BEBsubsBRitéONRIbMinpybst i t ut ed heteroaryl al kyl ;
optionally substituted heteroaryloxy; -S(O p(optionally substituted

heteroaryl); 10 opti emaid-substitused alktledinket er oar yl al kyl oxy;

-S(O p(optional l bstjtuted heteroaryl al kyl); -CHO, -OCON(R®6)2 ;
} N(RB) D Rg I, 15 y_ Eléaé&\&c%@yglky amino-sul%/stitutea/ al}(ylamino; (R6)

e N,N-di-lower alkylamino-substituted alkylamino;
e N-lower alkanoylamino-substituted alkylamino;
e hydroxy-substituted alkylamino;
e cyano-substituted alkylamino;

10 e carboxy-substituted alkylamino;
e lower alkoxycarbonyl-substituted alkylamino;

e phenyl-lower alkoxycarbonyl-substituted alkylamino;

e -OR%
e -SR%

15 e -S(OR%
¢ -S(O):R%

e halogenated lower alkoxy;
¢ halogenated lower alkylthio;

e halogenated lower alkylsulfonyl;

20 e -OCORS
e -COR%
e -CORS
» -CONR),;
e -CH,OR®
25 e -NO;;
e -CN;
¢ amidino;

e guanidino;
e sulfo;
30 e -B(OH)2;
e optionally substituted aryl;
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R3is Hor lower alkyl; R6 is independently selected fromthe group
consisting of 20 H alkyl; ~cycloalkyl; optionally substituted aryl;
and optivooal/3g7substituted aryl |ower alkyl; 25 |ower BCRYKoERB) 2 ; and
| ower al kyl-OH;, R4 is H, halogen or lower alkyl; 30 pis O, 1, or 2; Xis
sel ected fromthe group of,.0, S .and NR3 101 WO 01/ 23375

PCT/ US00/ 26500 Y is® sé’lpg ai, b%ﬂ??ﬂ@ 5B consisting of | ower al kyl ene;
-CH2-O | 5 -CH2-S-,; tyNobstituteq Oat !

-(CR42) n- S( O p( 5- msn‘;)ergd%tyer o%lrlyl/e ?%gteglwf&oéﬂly

- (CR42) n- O( @) ( R4) - (ER4)isnallyaubithuted s@0eted lt@osabhalkyigependently 0 or an
integer of 1 - 2; and & is selected fromthe group consisting of -CN,
-CQ02R3, -CON(R6) 2 , an@ptlwlLy@lewmé partially on@Hprated hge®cyclyl; - S(0) 2-1

-SGH2- g 200 -S(O G2, optionally AiPdirSER partially unsaturated heterocyclylalkyl;

e -OCOR’
e optionally substituted heteroarylalkyl; -
e optionally substituted heteroaryloxy;
e -5(O)p(optionally substituted heteroaryl);
10 e optionally substituted heteroarylalkyloxy;
e -S(O),(optionally substituted heteroarylalkyl);

s -CHO;

e -OCON(R®),:

e -NR’CO,R®;
15 e -NR’CON(R®),

R’ is H or lower alkyl;

R® is independently selected from the group consisting of

20 e H;

e alkyl;

e cycloalkyl;

e optionally substituted aryl; and

e optionally substituted aryl lower alkyl;
25 e lower alkyl-N(R%), ; and

e lower alkyl-OH;

R*is H, halogen, or lower alkyl;
30 pisO0,1,o0r2;
X is selected from the group consisting of O, S, and NR?;
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-CH2S(O) - ; and -CH2S(0)2- 25 Zis Nor CR4; gis lor 2, &BBis a
nonoval ent or bivalent noiety selected fromthe group consisting of 30

| ower al kyd p1/233MR3COR6G;  car boxy-substituted al kyl; 102 WrOUSABSZTEH

PCT/ US00/ 26500 | ower al koxycar bonyl -substituted al kyl; -OR6; - SR6;
-S(OR6; 5 -S(O 2Re6; - OCORG6; - CORE; - CO2R6; -CH20R3; 10 -CON(R6)2
-S(O 2N(R6) 2 ; -NO2; -CN;, optionally substituted aryl; 15 optionally
substituted Meissetrated|fiom thetgreupaddngisangsf i t ut ed sat urated heterocyclyl;
optionally substituted partially unsaturated heterocyclyl; optionally
substituted het®rd@¥snakydene optional |y substituted heteroaryl oxy; 20
-S(O p(optionally 'éﬁb‘%g't uted heteroaryl); optionally substituted

het er oar yl al kyl oxy;" ?=S(0) p(optional | y substituted heteroarylal kyl);:

-OCON(Rp) 2 5 -NR.EERI%6; 25 -NR 3CON(R6)2 ; and
e -CH,-NH-;
e -O-;
T
e -NH-;
10 . -(CR42),,-S(O),,-(S-membered heteroaryl)-(CR*,)s-;
* (CR%)-C(GHRY)-(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)-;
* -5(0)-;
¢ -SCH,-;
20 e -S(O)CH;-;
e -5(0);CH»-;
e -CH,S(0)- ; and
e -CH>S(0),-
25 Zis N or CR%
qislor2;

G’ is a monovalent or bivalent moiety selected from the group consisting of
30 e lower alkyl,;
e -NR’CORS,

e carboxy-substituted alkyl;
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bi val ent bridge of structure T2=T2-T3 : wherein each T2 independently
represents N, CH or CG 3 ; and T3 represents S, 0, CRAG3', C(R4)2, or
NR3 ; whaveomBG® G3' represents any of the above-defined pOT/@®BIES5E3 Whi ch
are nonoval ent; and 103 WD 01/ 23375 PCT/ US00/ 26500 the termnal T2 is

bound to L, and T oun 5- nmenbered fused ring; A and D
are CH B and E i‘?‘@er(ﬂlil‘oxygarbf’%y?é}lp& tfﬂg]tk L proviso that the resulting

phenyl ring beags _ggsa G3 substituent said bivalent bridge of structure
T2=T2-T3; J is aring selected fromthe group consisting of 10 aryl;

pyridyl; and eycBRgl kyl; g represents the nunber of substituents 4 on
ring J and is 0 1, 2 3, 4, or 5 and 15 G4 is a nonovalent or bivalent

moi ety sel ect ed® f r3Re group consisting of -N(R6)2 ;: -NR 3COR6 :
hal oge& al kyI é&%? Iﬁfycl oal kyl ; | ower al kenyl; |ower cycloal kenyl ;
hal oger- subst i thte P ami no-substituted al kyl; 25 N-|ower
al kyl am no- subsj i tetgﬁ@al kyl; N, N-di -1 ower al kyl am no-substituted al kyl;
N-1 ower al kanoyl am no-slUbstituted al kyl ; hydr oxy- substi tuted al kyl ;
cyano- substi t uted -@ORY) ;

. -C02R6;

e -CH,OR?

10 e -CONR®),;

¢ -S(0)NR"):;

e -NOy;

e -CN;

J optionaliy 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 -S(O),(optionally substituted heteroaryl);
e optionally substituted heteroarylalkyloxy;
e -S(O)p(optionally substituted heteroarylalkyl);
e -OCON(R®),;
e -NR’COR;
25 ¢ -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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30 carboxy-substituted al kyl; |ower al koxycarbonyl -substituted al kyl;
phenyl | ower al koxycarbonyl -substituted al kyl; 104 WO 01/23375

PCT/ USOOM@ 8023375 hal ogen-substituted al kyl am no; am no- sROBUBRcEE

al kyl am no; N-lower al kyl am no-substituted al kylam no; N, N-di -1 ower

al kyl am no-substituted al kyl am no;. .5 N-| qwer kanpyl am na- substituted
al kyl ami no;  hydr oxy- §%bt€¥‘infﬁgfg 1§|ngﬁ?g{0;andc ar‘iso-géﬂglsn{oi ﬁu§%%n1ng a's!
al kyl am no;  car boxy- suyisiticred Reeddikg/| am no; | ower

al koxycar bonyl -substituted al kyl am no; 10 phenyl-I ower

al koxycar bonyt 28t €H¢ ed al kyl anino; -OR6; -SR6; - S(O R6;
-S(0O 2R6; 15 M@Qﬁr@HEd | oner al koxy; hal ogenated | ower al kylthio;
hal ogenat ed | ower al kylsul fonyl ; -0OCOR6; -COR6; 20 -CO2R6; -CON(RB) 2

,  -CRROR3; Lis(¥e; -CON; 25  amidino; guani di no; sulfo; -B(OH) 2 ;
optionally substi 1;V\H%heﬁl)e"iprrébl\lzi'SO t?hoalt thOeD }els&ﬂglg lp¥1er§y"fbrlsntgI lt)el’alltrsegs Q %3es,ru%gtrit¥11ﬂ"1t said
bivalent bridge of structure T*=T>-T>;

Jis aring selected from the group consisting of
10 e aryl;
e pyridyl; and
e cycloalkyl;

q’ represents the number of substituents G* on ringJandis 0, 1, 2, 3,4, or 5, and

15 G* is a monovalent or bivalent moiety selected from the group consisting of
o -NR):;
e -NR’COR’;
¢ halogen;
e alkyl;
20 e cycloalkyl;
e lower alkenyl,
e lower cycloalkenyl;
e halogen-substituted alkyl;
e amino-substituted alkyl;
25 e N-lower alkylamino-substituted alkyl;
e N,N-di-lower alkylamino-substituted alkyl;
¢ N-lower alkanoylamino-substituted alkyl;
e hydroxy-substituted alkyl;
e cyano-substituted alkyl;
30 e carboxy-substituted alkyl;
e Jower alkoxycarbonyl-substituted alkyl;

e phenyl lower alkoxycarbonyl-substituted alkyl;
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optionally substituted saturated heterocyclyl; 105 WO 01/23375
PCT/ US00/ 26500 optionally substituted partially unsaturated heterocyclyl;

- 0002R3; wopi/esmal |y substituted heteroaryl al kyl ; opt i opat/iugoozsb@t i t ut ed
het eroaryloxy; 5 -S(O p(optionally substituted heteroaryl); optionally

substituted heteroaryl al kyl oxy; -S(O p(optionally substituted

het er oar yl al kyl 9 ; halogensgybstitugdlkrlaymo; " 10 -NR 3CO2R6 : - NR 3CON(R6) 2 :

and fused ri ng.—f%lriri leb?iit\ﬁ?%ieﬂléyal?@rgges attached to and connecting

adj acent positions T ng ridges having the structures: a) T2 2

15 T3 wherein &a®olr kNERARERGHYuECRKPRAMS N CH or C&HA'; T3
represents S, 0, CRAA', R4)2, or NR3; wherein (4, represents any of the

above- defi ned noi &, Nek-l&tendikyamaroesub@itutedrathyddneind; and binding to ring J
is achieved via termnal atons T2 and T3; _b) T2 | T2 T2 wherein 25 each
T2 i ndebendent |y Pelomes alkpaolpmimg-sugstiteied alkylgiaipei n &4' represents any of
t he above-defined, i et i : iLch _are nonoval ent; and with the proviso
that a maxi mum of h?gm%g%rsﬁ%élgﬁ 8%ﬁ%noﬁay be N

e cyano-substituted alkylamino;

e carboxy-substituted alkylamino;

e lower alkoxycarbonyl-substituted alkylamino;

10 ¢ phenyl-lower alkoxycarbonyl-substituted alkylamino;
e -OR%
. —SRG;
e -S(ORS
* -S(O}R’;
15 ¢ halogenated lower alkoxy;

e halogenated lower alkylthio;

e halogenated lower alkylsulfonyl;

e -OCOR®
e -CORS
20 e -COR%
e -CON(R®;;
e -CH,0R’
* -NO;;
e -CN;
25 e amidino;

e guanidino;
e sulfo;
e -B(OH)2;
e optionally substituted aryl;
30 e optionally substituted heteroaryl;

e optionally substituted saturated heterocyclyl;
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and 30 binding toring J is achieved via termnal atons T2; and 106 WO
01/ 23375 PCT/ US00/ 26500 C) T5 T5 T5--T6 T5 T6 T4 DIs \T6 T6 , or s T4
T5/ T~t6W60vIB75_ 6T T T wherein each T4, T5, and T6 i nEep®saessdoy
represents 0, S, CRAXA' C(R4)2 or 5 NR3; wherein G4' represents any of

t he above-identified rml eties are nmonoval ent; and binding to ring
J is achieved vfaoﬁ’é‘%‘i Wa?Ub%HtB‘ﬁé Pﬁlagy unpspturategiheterqqyelybr ovi sos that: 10 i)
when one T4 is é &?3NR3 the other T4 is CRAA' or C(R4)2 ii) a bridge
conprising T5 and g s may contain a maxi numof two heteroatons 0, S,

or N, and iii) 6n@tlbﬁd]g@@bggﬁ@ﬂhgﬂef&rx'lq&kf}pd T6 atons, when one T5 group
and one T6 group are O atons, or two T6 groups are 0 atons, said O 15

atons are separat @@tlbyalkytsubaaatledhateraaaylbxm atom when 4 is an al kyl group
| ocated_on ring J ad)acent o the |inkage -(]CR42) p- , and X is NR3 wherein
R3 is ah al kyl %SubS¢ )b@éﬂ?na“tyﬁé?ﬁt@lte‘éh@e‘t%@’ Bl kyl substituent R3 on X may

be10|nedtofogm r yct ur 2) p' - wherein p' is 2, 3, or
4, with the 20 pro flg%éle%upatw%a%etema %alkgﬁ’éy’p is 2, 3, or 4, resul ti ng in

formati on of a &itg pt16m151%hwti’ﬂx§1edl h&gro(afylz'i—lkyl@ or 7 menbers; and with
the further provisos at : , &2, ‘G4, when two groups R3 or

R6 are each al kyl -@hH®;| ocat ed on 25 the sarre N atom they may be |inked by
a bond, an O, an S ar to forma N containing heterocycle of 5 - 7
ring atoms; - 1\5&{/2’ het eroaryl, or heterocyclyl ring is optionally
substi fgut ed, that 3 ng 0,R®Y bear up to 5 substituents which are

i ndependent|ly sel ecte fromthe group

e -NR’CON(R®),; and
e fused ring-forming bivalent bridges attached to and connecting adjacent
positions of ring J, said bridges having the structures:
a)
T2
\\T2

15 T3/

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

binding to ring J is achieved via terminal atoms T? and T>;
b)

"

ot
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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30 consisting of am no, nono-I|oweral kyl -substituted am no, di-I|oweralkyl
substituted am no, | ower al kanoyl am no, hal ogeno, |ower al kyl, hal ogenated

| ower al kwo p1/033d5 oxy, | ower al koxy, |ower al kylthio, hal opevasedesamer

al koxy, 107 WD 01/23375 PCT/ US00/ 26500 hal ogenated | ower al kylthio, |ower
al kanoyl oxy, -Q02 -CHO, -CH20R3, - 0002R3, -CON(R6)2, -OCON(R6)2,

- NR3CON( R6) 2, n|t|9 am di no, guanidino, nercapto, sulfo, and cyano; and 5
- when any al kyl group is attaghed tos 0, S, qer_ N, and begrs-@ hydroxyl
substituent, then said hydr O)-{N sub{sx‘hﬁﬁuentﬁl sTlgsepar atgﬁ b{/\@t | east two
car bon atoms fromthe 0,15 > or ™ too whi.ch:the aTﬁkyI: group i sj attached 7.
A conpound of claim6 whefei an’/fn thﬁyﬂeng cg 6 Si ng A B, Ij E, and L and
a 10 bivalent bridge of structure T2=T2- T3T e term AT represents N
and the T3 unit of gl gdnybridge represents S, 0 CR42, or NR3. 8. A

phar maceutical conposition coqprl Si ng a conpound of cI aim 6 d

phar maceuti cal | y accepeadh &, Jar e’ lﬁp@demlmﬂnwn@f@t&e@&@lg G(Riknmml
havi ng condition char agLg KI g Ry abnormal angi ogenesi s or

hyper pérm ability processes,’ corrprl sing administering to said mamal an
amount of a conpound of cl alG# Geprdseat’ ang offthe aboveademifiede atoistidsdG4 which
condition. 20 10. The nethod of claim.9, wherein said condition is tunor
growth: retinopathy, including™#oRe¥Fs: ’r“?éfi nopat hy, ischenic retinal-vein

occl usion, retinopat hy bpdify ©FRieUris hyhiewddia REBmaEAtae d™* BB YL ar
degeneration; rheumatoid arthritis; psoriasis; or a bullous di sor der

associ ated with subepi daththe PEVIses 1at's or mat | on, including bullous
penphigoid, 25 erythema jjulhif Ghde is3NE, QFNﬁatthé behe'®f QQ?R‘fG’réchR“%l A
conpound haV| ng the generalized structur aI5 fornmula X-
A-BLii ~-YR _D= _E (i03)kyidge 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 alkyl group located on ring J adjacent to the linkage ~(CR42)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 -(CH,), - 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 R® or R® 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,
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30 wherein 108 WO 01/23375 PCT/ US00/ 26500 R and R2 : i) independently
represent H or lower alkyl; ii) together forma bridge of structure mb5
wherei n Wadi/m3y73 s achi eved via the term nal carbon at onspPCT/iUBM)Y265@get her
forma bridge of structure G mwherein binding is achieved via the term nal

carbon atons; i together forma.bridge qf struct B~1 0 =13
wher ei n one or t%%}"%‘f’%ge ) eéraslkyf’&noarlgw% gﬁﬁn?ﬂ(gx%tﬁ%(?@ aF%HéH'éhzé& ’ “and
bi ndi ng i s achi eQEDR3A-CONRYS, MOGON@ RIENROCON)R t)oaeitrb e imidaan guahidindg e
containing two T2 noi etie§ ang one T3 noiety, said bridge, taken together
with the ring to™fsaeH: S AndCyaohef forming a bicyclic 15 of structure
NNN Z 22322 TT-TT3T2 T2, Tz or T2 T3 wherein each T2

i ndependently represents N, CH or CG; and T3 represents S, 0, CR4G,
C(R4) 2,5 or NR3;- 2themady alka} gionp i attacliedoo QurS,ionNegad bgars adyydegnpl bstiuents a

_5 llilgg tCIOt?g e ;nt 1 6 g d S@%g%?@g%gﬁ&%%@%;gg g%?ﬁecg bP4P1e58 &b Lhibdd affns fromERe) 2

O, S, or N to which the alkyl group is attached.

7. A compound of claim 6 wherein, in the ring comprising 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 pharmaceutical 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—<CR42>—@
P e

N
7 VR (GYy

A-B )=

WY R

D=E

(G%,

30 wherein
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hal ogen; al kyl; cycl oal kyl; | ower al kenyl; 5 |ower cycloal kenyl;

hal ogen-substituted al kyl ; am no-substituted al kyl; NI ower

al kyl am moosumssvi t uted al kyl; N, N-di -1 ower al kyl am no- subst/iusewmsooal kyl ;
10 N-Iower al kanoyl am no-substituted al kyl; hydr oxy- substi tuted al kyl ;
cyano-substi tute I kyl; carboxy-substituted al kyl; | ower

al koxycar bonsﬁ Bstituted al kyl; 15 phenyl | ower

al koxycar bonyl gubﬁdﬁémﬁﬂly ﬁﬁpkf;sbmHohajmancyqsubstl tuted al kyl am no;
am no-substituted al kyl am no, = N-|ower alkylam no-substituted al kyl am no;

N, N di - | ower al ®ylt %ﬁh%f%bas]?li“ig?t‘gétraﬂkgﬂ anmino; 20 N-lower

al kanoyl am no- substi tutied al kyl am no; hydr oxy-substituted al kyl am no;
cyano-substituted al kykam no; carboxy-substituted al kyl am no; | ower
al koxycar bonyl - subst i+dt 3l kyl am no; 25 phenyl - | ower

al koxycar bonyl - substi t ut ed al kyl am no; - ;  -SR6; ' -S(O Re;

~S(O) 2R6: 30 hal odwrein biadingignrchigved e themgeéﬁaltbea atoswer al kylthio; 110
WO 01/ 23375 PCT{&J%&(&&@{)&% ab@@ée‘%ﬂ%ﬂﬁ&ﬁ% | ower al kyl sul fonyl; - OCORS;

Y

wherein binding is achieved via the terminal carbon atoms;

G1>m

iv) together form a bridge of structure

T1
N

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
s iyt e
Z/N_\ ;‘rz z'N N T3 erj_ ~T2
P 2 %_ Tz__‘Tz or 4 \T2 T
wherein

each T? independently represents N, CH, or CG'; and
T represents S, O, CR4G', C(R4)2, 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
o NR%;
e -NR’CORS;
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- CORS; -C02R6; 5 -CON(R6)2 ; - CH20R3; -NO2;  -CN; am di no; 10
guanidino; sulfo; -B(OH)2 ; optionally substituted aryl; optionally
substi t utved ohexses oaryl ; 15 optionally substituted saturaredukarmsecycl yl ;

optionally substituted saturated heterocyclylal kyl; optionally substituted
partially unsaturated heterocyclyl; optionally substituted partially

unsat ur at ed het er ocytl Wl&gﬁw ; -OC2R3; 20 optionally substituted

het er oaryl al kyl ; opt iaﬁ(r}‘,?vl |y substituted heteroaryloxy; -S(Op(optionally

substituted heteroaryl); ™~ optionally substituted heteroaryl al kyl oxy;
-S(O p(optional ly substidibiiRg; heteroarylalkyl); 25 -CHO - OCON(R6) 2 ;
-NR CO2R6 -NR3CO\I(R6§’2 30 R3is Hor lower alkyl; R6 is independently
sel ected fromthe greupowandiesyl;ng of 111 WO 01/23375 PCT/ US00/ 26500 H;
al kyl; _ cycloal kyl; optionally su?stituted aryl; and 5 optionally
substituted aryl | ovlr lgygyeloalkenyl;

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

e lower alkoxycarbonyl-substituted alkylamino;

25 e phenyl-lower alkoxycarbonyl-substituted alkylamino;
e -OR%
. -SR6;
» -S(O)R’;
e -S(O):RS
30 e halogenated lower alkoxy;

¢ halogenated lower alkylthio;
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| ower al kyl-N(R3)2 ; and I|ower alkyl-OH R4 is H halogen, or |ower alkyl;
10 pisO, |,or2; Xis selected fromthe group consisting of 0, S, and NR3;
15 Y is sebevtmds fromthe group consisting of |ower al kyPen&soo265@H2- 0- ;

-CH2-S- -CH2-NH-; 20 -0-; -S ; -NH ; -(CR42)n-S(O p-(5-nenbered
heteroaryl )-(CR42) S-; -fCR42) n-C(x) (R4 -(lCR42)s- ;25 wherein n and s
are each independent py halagenaied lomteeglkylspkfontyl, 2: and G2 is selected from

t he group consi sting of -%}@-CDZRS, -CON(R6)2 , and -CH2N(R6)2 ; -0-CHz-
30 -S(O)- ; -S(08%- PCORGHp. - 112 WD 01/23375 PCT/ US00/ 26500

-S(Q CH2-;  -S(O2CH g®S(O- ; and -CH2S(O2 5 Zis CR4; qis 1 or

2; 10 (3 is a nonoval ent or’ bival ent noiety selected fromthe group
consisting of  -NR @COR6L,R®

5 e -CON(R%,:

e -CHOR’
e -NO;
e -CN;
e amidino;

10 e guanidino;
e sulfo;
e -B(OH)2;

e optionally substituted aryl;
e optionally substituted heteroaryl;
15 e optionally substituted saturated heterocyclyl;
e optionally substituted saturated heterocyclylalkyl;
e optionally substituted partially unsaturated heterocyclyl,
e optionally substituted partially unsaturated heterocyclylalkyl;
e -OCOR%
20 e optionally substituted heteroarylalkyl,
e optionally substituted heteroaryloxy;
e -5(O),(optionally substituted heteroaryl);
e optionally substituted heteroarylalkyloxy;
e -S(O)y(optionally substituted heteroarylalkyl);

25 e -CHO;
e -OCON(R%);;
e -NR’COR®;

e -NR’CON(R®),
30 'R*is H or lower alkyl;

R® is independently selected from the group consisting of
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car boxy-substituted al kyl; |ower al koxycarbonyl -substituted al kyl; - ORG;

15 - SR6; -S( O Re; _S(0O) 2Re; - OCORG; -COR6; 20 - CO2Re6; - CH20OR3;
- CON( R6) 2v0 01/233% 0) 2N( R6) 2 -NO2; 25 -CN;, optionally spopUStouzes® aryl ;
optionally substituted heteroaryl; optionally substituted saturated

het erocyclyl; optionally substituted partially unsaturated heterocyclyl;

30 optionally Substituted heteroarylal kyl; optionally substituted

het er oaryl oxy; - Sﬁ(ﬁ,p(opti onal ly substituted heteroaryl); 113 WO 01/23375
PCT/ US00/ 26500 ° 8p¥fonal Iy substituted heteroaryl al kyl oxy;

-S(O) p(optionald yc§a9§k§,1t; ut ed heteroaryl al kyl); -OCON(R6) 2 ; -NR CO2RS;
5 -NR 3CON(R6)2 ;" and " Dbivalent bridge of structure T2=T2-T3 wherein each
T2 i ndependent | opicredlgrsubstititeChtyl;andCGY; and T3 represents S, 0, CR4AG3',
C(R4) 2, or NR3; wherein 10 G3, represents any of the above-defined noieties
&3 whi éh are nbnepaerally;subsidutedarvl lovyer AlYLT2 is bound to L, and T3 is

bound to D, form T(gmearaﬁEyl-N(R})Z;and

¢ lower alkyl-OH;

R* is H, halogen, or lower alkyl;

10
pis0, 1, 0r 2;
X is selected from the group consisting of O, S, and NR?;

15 Y is selected from the group consisting of

e lower alkylene;

e -CH,-O-;

e -CH,-S-;

e -CH,-NH-;
20 o -O-;

e -S-:

e -NH-;

o -(CR42),,-S(O)p-(S-membered heteroaryl)-(CR*,),-;

¢ -(CRDwrC(GHR)-(CRY)s-;
25 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®), ;

e -0O-CH,-;
30 e -5(0)-;

e -S(0)-;

e -SCH»-;
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menbered fused ring; 15 A and D independently represent Nor CH B and E
i ndependently represent Nor CH L represents Nor CH wth the provisos
that a) tweot/za3ad nunber of N atonms in the ring containi nBCRUS®/2680 E, and
Lis O, 1, 2, 20 or 3; and b) when L represents CH and any G3 is a
monoval ent substltuent at least one of A-. and Dis an N atom and c) when
L represents CH an¥( C@ ts a bival ent bridge of structure T2=T2-T3, then
A B, D and E are @) CH, 25 Jis aring selected fromthe group

consi sting of ary 2&39r| dyl; and cycloalkyl; .30 q' represents the
nunber of subst;tugHF @mrlng Jand is 0, 1, 2, 3, 4, or 5 and (A is
a nonoval ent or bivalent noiety sel ected fromthe group consisting of 114

WO 01/ 23375 PCT¢ USCHLRACDHS0 -N(R6)2 ; -NR3COR6 ; hal ogen; al kyl; 5
cycl oaI§<y | ower al kenyl; |ower cycloal kenyl; hal ogen-substitut ed
al kyl ; am no- substi tuted aI kyl; 10 N-|ower al kyl am no-substituted al kyl ;
N, N-d| - | ower zklor*am no-substituted al kyl; N- | ower
al kanoyl am no- substituted al kyl ; hydroxy substituted al kyl ;
cyano-substituted al kyl;
qis 1 or2;
10 G’ is a monovalent or bivalent moiety selected from the group consisting of
e -NR’CORS;

e carboxy-substituted alkyl;

e Jlower alkoxycarbonyl-substituted alkyl;

e -OR%

15 e -SRY
e -S(ORS;
e -S(O)R%;
e -OCORS
e -CORS

20 e -CO;RS
° -CH20R3;
¢ -CONR":;
¢ -S(O)LN(R),;
o -NOy;

25 ¢ -CN;

e optionally substituted aryl;

o dptionally substituted heteroaryl,

e optionally substituted saturated heterocyclyl;

e optionally substituted partially unsaturated heterocyclyl,
30 e optionally substituted heteroarylalkyl,

e optionally substituted heteroaryloxy;

e -5(0)y(optionally substituted heteroaryl);

113



15 carboxy-substituted al kyl; |ower al koxycarbonyl-substituted al kyl;
phenyl | ower al koxycarbonyl -substituted al kyl; hal ogen- substit uted

al kyl am mwoQ o1/2337h0- substi tut ed al kyl ami no; 20 NI ower PCT/US00/26500

al kyl am no-substituted al kyl am no; N, N-di-|ower al kyl am no-substituted
al kyl am no; N- | ower al kanoyl am no-substituted al kyl am no;

hydr oxy- subst i tut tiealysabgtifeed hetgroaplalkyexy;t ut ed al kyl ami no; 25

car boxy-substi t ut | kyl amina;. I al ko .bonyl - substituted

al kyl am no; ph'en%j(- anétgon%}1%gg@sélgu&\é%&wrpggﬁfﬂ,ut ed al kyl am no; - ORG;
-SR6; 30 - S(Q ReoconNgRY,2R6; 115 WO 01/23375 PCT/ US00/ 26500 hal ogenat ed
| oner al koxy; hal ogenated | ower al kylthio; hal ogenated | ower

al kyl sul fonyl ; ¢ -XNRWB;RS -COR6; -C02R6; -CON(R6)2 ; - CH2OR3;

-NO2; 10 -CN, am dino; . guanidino; sulfo; -B(OH)2 ; 15 optionally
substi tuted aryt; -NBFEPYMRDIyadubsti t uted het er oaryl :

e bivalent bridge of structure T>=T-T°
wherein
each T? independently represents N, CH, or CG*; and
T represents S, O, CR*G?, C(R"Y,, or NR?; wherein
10 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, 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
Jis a ring selected from the group consisting of
o aryl; '
e pyridyl; and
e cycloalkyl;
30

q’ represents the number of substituents G*on ringJandis 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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optionally substituted saturated heterocyclyl; optionally substituted

partially unsaturated heterocyclyl; -OC2R3; 20 optionally substituted
het er oar Wabkyd37s optionally substituted heteroaryl oxy; reBUS)uRemti onal |y
substituted heteroaryl); optionally substituted heteroaryl al kyl oxy;

-S(O p(optionally substituted heteroarylal kyl); 25 -CHO  -OCON(R6)2 ;
-NR 3CO2R6 ; -NR'@??O%(;RG)Z : and fused ring-formning bival ent bridges
attached to and, cglqﬁeébkmg adj acent 30 positions of ring J, said bridges
havi ng the structures? "a)’116 WD 01/ 23375 PCT/ US00/ 26500 T2 T2 T3 wherein
each T2 independembll%eﬁ;epr esents N, CH or CG 4'; T3 represents S, O,
CRAA" C(R4)2, or NR3; wherein 5 (&' represents any of the above-defined
nmoi eti es A whithalkyg nonoval ent; and binding to ring J is achieved via
term nar?,l atons T2 and T13; b) T~ T2 12 T~ 10 wherein each T2

i ndependent |y repC¥dedk¥s N, CH, or C&': wherein G4' represents any of the
above- defi ned i et ich are nonovalent; and with the proviso that
a maxi mum of tv\ng Eé\%/eggdlelgéﬂémns T2 may be N 15 and

e lower cycloalkenyl;
¢ halogen-substituted alkyl;
e amino-substituted alkyl;
10 e N-lower alkylamino-substituted alkyl;
e N,N-di-lower alkylamino-substituted alky];
¢ N-lower alkanoylamino-substituted alkyl,
¢ hydroxy-substituted alkyl;
e cyano-substituted alkyl;
15 e carboxy-substituted alkyl;
e lower alkoxycarbonyl-substituted alkyl;
e phenyl lower alkoxycarbonyl-substituted alkyl;
e halogen-substituted alkylamino;
e amino-substituted alkylamino;
20 e 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 Jower alkoxycarbonyl-substituted alkylamino;

e phenyl-lower alkoxycarbonyl-substituted alkylamino;

o -ORG;

. -SR6;
30 e -S(O)R%;

¢ -S(O)RS
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binding to ring J is achieved via termnal atons T2; and c¢) 5 T5 T5~ T6 T5
T6 TT6 j~T6, T6, or T6 | T T5/ T5 .T6 T5 Ts ,T T wherein 20 each
T4, T5, amooUm3rhdependently represents 0, S, CRAA , C( RAgPUS@r2650dR3;
wherein 4' represents any of the above-defined noieties G4 which are
nmonoval ent; and binding . to rin i.5 achieved via termnal atons T4 or T5 ;
25 with the pr ovi l’glg)g?r%ﬁﬁo?”’fr%é)ﬁ’one T4 is 0, S, or NR3, the other T4 is
CRAGA" or (R4)2 halokklatd BWeABRyRIBBPr i Sing TS and T6 atonms may contain a
maxi mum of two heteroatons 0, S, or N, and 117 WD 01/23375 PCT/ US00/ 26500
iii) in a bridge helgenasedigwebalipduliénydt ons, when one T5 group and one T6
group are 0 atons, or two T6 groups are O atons, said O atons are
separated by at®| e85CRone carbon atom 5 when &4 is an al kyl group | ocated
on ri ng J adj ac.ent_c{)%6,t he linkage -(CR42)p , and X is NR3 wherein R3 is an
al kyl substituent, en 4 and the al kyl substituent R3 on X may be joined
to forma bridge ofosgfucture -(CH2)p' - wherein p' is 2, 3, or 4, with the
proviso that the sumof p and p' is 2, 3, or 4, resulting in formation of a
nitrogen- cont a¢ ni-@@Nl(R?)g;of 5, 6, or 7 nmenbers; 10 and with the further
provisos that: - in G.,&, G, and 4, when two groups R3 or R6 are each
al kyl and Iocatbd‘GHZOBhe sane N atomthey may be |linked by a bond, an O,
an S, or NR3 to.f(_)l(I a N- containing heterocycle of 5 - 7 ring atons; 15 -
when an aryl, heteroaryl, or heterocyclyl ring is optionally substituted,

that rjog e CN;

¢ amidino;
e guanidino;
e sulfo;
e -B(OH)2;

15 e optionally substituted aryl;
¢ optionally substituted heteroaryl;
e optionally substituted saturated heterocyclyl,
e optionally substituted partially unsaturated heterocyclyl;
e -OCOR’;

20 ¢ optionally substituted heteroarylalkyl;
e optionally substituted heteroaryloxy;
e -S(O)y(optionally substituted heteroaryl);
e optionally substituted heteroarylalkyloxy;
o -S(O)p(optionally substituted heteroarylalkyl);

25 e -CHO;
e -OCON(R%);;
. -NR3C02R6 :

¢ -NR’CONRY,; and
e fused ring-forming bivalent bridges attached to and connecting adjacent

30 positions of ring J, said bridges having the structures:

a)
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may bear up to 5 substituents which are independently selected fromthe
group consisting of am no, nono-I|oweral kyl -substituted am no,

di - | ower avéxyi/2333ubsti tuted am no, | ower al kanoyl am no, haPoyEs@,265@wer

al kyl, hal ogenated 20 | ower al kyl, hydroxy, |ower al koxy, |ower alkylthio,
hal ogenat ed | ower al koxy, _hal ogenated |ower al kylthio, |ower alkanoyl oxy,
-02R3, -CHO -CH20R3, - CK‘QZR& -CON(R6) 2, -OCON(R6) 2, -NR3CON(R6) 2,
nitro, am dino, guanidino, Thercapto, sulfo, and cyano; and 25 - when any
al kyl group is attached tﬁvb, S, or N, and bears a hydroxyl substituent,
then said hydroxyl substituent is separated by at |east two carbon atons
fromthe 0, S, or NE@Cifhich the al kyl group is attached. 12. A conpound
of claim 1l wherein R4_j ; i eonposition
conprising a conpound 8?§%rgPﬁ%%T %ﬁgegﬁggﬁg§ﬁggghgﬁ%gl1y accept abl e
carrier. 118 WD 01/ 23375 rpCseisG0R 6536 1G(R k. neNRIgwlndreinr eat i ng a nanmal
havi ng condition charactgrize abngr mal , angi nesi.s. or .

hyper pe5(ram' ability pr ocess(té%,lle {)e(rgr%ﬁiysafl?ﬁg&;tgﬁi ar%og?-ggﬁﬁe fngleilgis OG4 %}%Iarean
amount of a compound of cl aimondialedtt edd i s effective to treat said
condition. 5 15. The net hod of. claim.14, wherein said ¢gndithon is tunor
growt h; retinopat hy, ”5}{@!%9651% i3 AreYedviq feH‘BB’&fonsicrséH@#i'
occlusion, retinoppthy of prematurity, and age-rel ated macul ar
degeneration; rheumatoid arthritis; psoriasis; or a bullous disorder
associ ated wi th subepi der lister formation, including bullous 10
penphi goid, erythema nultiforlte, and dermatitis herpetiforms. 16. A

conmpound sel ected fromthe ﬂ@up consi sting of exanples 1, 2, 3, 4, 5, 6,

7, 8, 9, 10, 11, 12, 13,T7%4, 16, 17, 18, 19, 20, 21, 22, 23, 24, 27, 28,
34, 32,0 36, 37, 38, \glgerei 0, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57 , 99, 60, 61, 62, 63, 64, 15 65, 66, 67, 68, 69, 70,

71, 72, 73, 74, 75, 76¢ach8]? ifGepeBAehtlyd2Bes®RN, GHDyr G6Y; BRereidd, 93, 95,

gga 9]7_’12_98’1189’ 100, 101’Gj'0r%bre%gn‘?fé ar11)940’f t?i(é)Sa’bO\lzggéﬁrlle%7fno%e(f)i%é (Jllp %\’/hic 191r’e 111,

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 T?; and

c)
p R T Tew TR
I A
T e T o8
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 C(R4)2 ;
ii) a bridge comprising T° and T® atoms may contain a maximum of

two heteroatoms O, 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 —(CR42)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 -(CH,), - 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 G', G4, G, and G*, when two groups R’ or R® 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 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
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’, -
OCO;R?, -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 11 and a

pharmaceutically acceptable carrier.
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14.

15.

16.

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; rheumatoid 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.
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