KI NASE | NHI BI TORS Techni cal Field The present invention relates to
ni t rogen-WOWRANISilng het erocycl i ¢ conpounds and phar naceut iR€A/USP1EETRpt abl
salts thereof which have inhibitory activity on the phosphorylation of
ki nases whi ch inhi bi t s QUHEAZRIENG | RERTVATIVER S FIERES I ?Pé-%Pﬁ?/enti on is also
related to a nmethod of inhibiting kinases and treating di sease states in a
mamal by i nhydhhicmgritige phosphoryl ation of kinases. Background Art 10
PDG- {pl atel et-dertved growh factor) is known to act as an aggravati ng
factor for cell - prodddredet inventiinreRSRIo BlfdgeASoftainRid IRISLEYIS icdmpY@sdstnar
reobstruction after percutaneous coronary angi opl asty and bypass operati on,
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‘Nephrol Dial Transplant, 10, 7S7-795 (1995); Kidlzey International, 43
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Scandi navi an Jour nal of |nmunol ogy, 27, 285-294 (1988), etc.]. As for
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of phosphor y'ngf'nefh1&fc1eP&%E8§&ﬁﬁﬁta% astfoul A rhdAOMRn [Teliugle 185601 Pogyd

bi cyclic aryl” compounds and heteroaryl conpound (WO 92/20642), "qui hoxal i ne
WO U2/1 G351 §ddcSE93141207HR2 deni ) AlipptasRinSia@asanERsE af ClinicB¥Me8itRR), 50,

(1994)], pyrimdine derivatives (Japanese Published Unexam ned Patent

Appl i cedion Ne0388MB34199D); Heshrol Diak Thamsylan, heyl 71877981 9955 Kuinsy [ibsitiawdl,s of
the 16th Annual Meeting of the Pharnmaceutical Society of Japan (Kanazawa)
(1996), 2, p.42@ppRP3H-8051293); Divswd] of Rheurndtology, 21n\1607-416h1 @AP94)hj ect of
the present invention is to provide nitrogen-containing heterocyclic
conpounds andSqahdinaviee louroal dffmaumepigabl b 28451294 (1988 ex¢.1.whi ch have

i nhi bitory activi t% on the phos h_or%_ll ation of kinases which inhibits the
activity of the Ki &&mulma@lmecé@a 1yes vohichprsuselyl asdrags &.Nriimsthyl-on
according to the invention is of receptor tyrosjne kinases jnc¢luding
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25 European Journal of Medicinal Chemistry, 31, 417-425 (1996), and quinoline derivatives

;| }~e3e<TV6Ts. | WO 02/ 1l 351 PCT/ USOL/ ~1752 QUI NAZOLI NE DERI VATI VES AS .

which are useful as anti-parasite agents are described in Indian Journal of Chemistry,
. 26B, 550-555 (1987).
Inhibitors of phosphorylation of PDGF receptor so far known include bismono-

and bicyclic aryl compounds and heteroaryl compounds (WO 92/20642), quinoxaline
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20 proliferation and mgration, including cardiovascul ar di sease, such as
arteriosclerosis and vascul ar reobstruction, cancer, glonerul osclerosis
fibroticvwoevasdss and i nfl ammati on, as well as the generalPCITESH/AERL of
cell-proliferative diseases. In a preferred enbodi nent, the present
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i nhibition can hinder abnorm grow h and cel I” wanderi ng,” and t hus

such conpoundsriditires pAbsHaclsOT MR AAYRA INI8Rin@ of tiSHtRBdeubital Society of
cell-proliferative diseases such as arteriosclerosis, vascul ar

:r eobst ruct i ofapamaRasszaaal (906l pl I9S¢C23115-2]2 WO 02/ 1G361
PCT/USI11/-t1752 The present invention relates to nitrogen-containing

het er odycl i ¢ conpounds represented by formula | as follows: ON~~ R NN
‘Ra ~N R2 N wherein 5 R is a nenber selected fromthe group consisting of:
-CN, -X, -CXPisclédre ofdide REenti®f O) R5, - S02R5, -O-C, 8 all{yl that is

strai ght or branched chained, -O phenyl, -Onaphthyl, -Oindolyl and

- O i soqui nol i nyl ; A objeet off heyesent Reentepnhy ¢y prgaideaitregeg;coatailing hieterdeselia s
straight or branched chained; 10 RZ and Ra are each independent]ly a nenber
sel ected frofPEReuissng rbamagestticaly geceptabigalts thoreqfpwhigighave aplaprornyiastiyisy

o ox, o Anahe phekphosy R af Knesee, FADRRLIBHS B anEYco el Wt BRdishlagh 15

R e g 5 T e SRR SR B 5 sy

02/16351 PCT/H%%%AQ %ﬂa?eefe?t-derived growth factor (PDGF) receptor, Flt3, CSF-1R, epidermal

growth factor receptor (EGRF), fibroblast growth factor (FGF), vascular endothelial
growth factor receptor (VEGFR) and others. Another class of kinase inhibition
according to the invention is inhibitory activity nonreceptor tyrosine kinases including

15 src and abl, and the like. A third class of kinase inhibition according to the invention is
inhibitory activity toward serine/threonine kinases, including such kinases as MAPK,
MEK and cyclin dependent kinases (CDKs) that mediate cell prolifetation, AKT and
CDK such that mediate cell survival and NIK that regulate inflammatory responses.
Inhibition of such kinases can be used to treat diseases involving cell survival,

20 proliferation and migration, including cardiovascular disease, such as arteriosclerosis and
vascular reobstruction, cancer, glomerulosclerosis fibrotic diseases and inflammation, as
well as the general treatment of cell-proliferative diseases.

In a preferred embodiment, the present invention provides compounds and
pharmaceutically acceptable salts thereof which inhibit or prevent inhibition of

25 phosphorylation of at least one PDGF receptor by at least one tyrosine kinase. Such
PDGEF receptor kinase inhibition can hinder abnormal cell growth and cell wandering,
and thus such compounds are useful for the prevention or treatment of cell-proliferative

diseases such as arteriosclerosis, vascular reobstruction, cancer and glomerulosclerosis.



NHNHNF ~NH2 -HN'NHZ | | \S\NF NNONH3C ~N\NON-~-N~>~"\NNF
IN/ I FFFFNON~-N~-N~-NSNNO-~\Nand O~ ~ ~ ~ ~ N ~ HN ~~ MeN and
all phar nuo@auéxsal |y acceptable isonmers, salts, hydrates, RalNssas’sand

prodrug derivatives thereof. Particularly preferred conpounds according to

fornmul a above are | ' gﬁgﬁ t he
group consi sting (’)l?l H%S%%g%ﬁrm% Z‘% ﬂly{g,geli %’%?lop %&%&%@g%g@@?ﬂ?

- O-butyl, - OrdisrBidhiél by-fh®228Y bollovsnapht hyl oxy, - 2- napht hyl oxy,
4-indol yl oxy, "S-1 ndol yl oxy, 5-1soquinol yl oxy, and position isoners and
honol ogs thereof, and all pharmaceutically acceptall e i soners, salts,
hydrates, solvates and prodrug derivatd ves fhf ¢ gonpeounds. 10 Al so,
wparticularly preferred are such conpoun #/ and R4 are different
and one of Rz and R4 is -OCH3, and all pharmaceutically acceptable isoners
salts, hydrates, solvates and prodrug Ez ~vatives of such conpounds. The

sphar maceutical ly acceptable salts of the conpounds according to fornmula (I)
i ncl ude pharnmaceutically acceptable ac ition salts, metal salts,
anunoni um salts, 15 organic amine additi§n salts, amino acid addition
salts, etc. Exanples of the plra ically acceptable acid addition salts
of the conpounds of formula (1) orgayi ¢ acid addition salts such as
hydrochl ori de, sulfate and phosphia =nd/9‘ganic acid addition salts such
as acetate, numleate, fumarateg? e~nCitrate and net hanesul fonate. 4
WD 02/ 1fi3s1 PCT/ USQOL/-117S2 Exanpl es of the pharmaceutically acceptable
metal salts afhgrémkali netal salts such as sodiumsalt and potassiumsalt,
all ~aline eaa.-th netal salts such as nagnesiumsalt and cal ciumsalt,

alum nym sal t_,and zinc salt. anpl es of the pharnaceutically acceptable
anmmoni o'm sal t lsa%’é‘e’i‘g‘ﬁbﬁ‘ﬁ??fm I’E’%"P’é??‘hﬁ%ﬁﬁ- ammoni um sal t. Exanpl es of
t he pharnmaceuti cal C ahl,e ni I N dition salts. inclu

het erocyclic ami nébﬁaﬁgsﬁ@{}c nd (ﬁr%apﬁgpﬁlgle 'ggggpicé)'gﬁﬁ aﬁcp{Lﬁ)g%ﬂstsﬁ'glgéggnm es
of the pharnl i cal bl ] i iLkiQn.salts. are salts
with |ysine, bg#}‘%%dn%%éﬁ’ Sﬁéﬁé’#@a ﬁf‘%ﬁtﬂﬁh@i@?@?gﬁ é@"%"#@%ﬁ‘?‘“ bt the

i nvention pr%&’h%%l&g ounds according to 10 fornula I(a) and formula | (b)
as follows: . ON ~ ~ R~ H3C Fornula I (a) wherein N N HaC-HzC O ~

~ NHCO~ Wi hydrogen or a C, ; alkyl that is straight or branched chained;

10 R? and R* are each independently a member selected from the group consisting of:
-O-CH,, -O-CH,-CH,, -O-CH,-CH=CH,, -O-CH,-C=CH, -O(CH,),-SO,-R’,
-0-CH,-CH(R®)CH,-R® and -O(-CH,),-R’;

R®is —OH, -X, or a C,; alkyl that is straight or branched chained;

nis2or3;

15 R’ is a member selected from the group consisting of:

-OH, -O-CH,, -O-CH,-CH,, -NH,, -N(-CH,),, -NH(-CH,-phenyl), -NH(-Pheny1), -CN



Formula 1 (b) R is a nenber selected fromthe group consisting of -CN,
-Onethyl, -Oethyl, -Opropyl, -Oisopropyl, -Obutyl, -Ot-butyl,

- O i soaawy0 0216351- napht hyl oxy, 2-napht hyl oxy, 4-indol yl oxPCTRS0WdBISY| oxYy,
5-isoqui nol yl oxy; and all pharmaceutically acceptable isoners, salts,
hydr at es, sol vates and prodrug derivatives thereof. In another preferred

enbodi nent the iNnaventi on pmavi des conpounds CCOI’dI ng to for (lc) and
formul a (Id) asfollovvs:?;ﬂ\ V\DO@T 51rc5 ~ON NNHC
O~~~ NHzC e O—mn '% la I(c)
PCT/11S01/-417s2 Fornula | (d) \/\herel 85 R a rrenb r sel é:cte I ~om t he

of :

group consistin -CN, -Onethyl, -Oethyl, -Opropyl, -0Oisopropyl,

- O butyl, -Otfbutyl, -O.isQanyl, napht h OXYHsC
4-i ndol yl oxy, nflol yl oxy, B-i sogui noj, 1% Nar ﬁﬁce
acceptable iso ~N Sa-t55 dra dr jerl Wl/}
*thereof. In 1. another preferred e | nverti on pr

conmpounds 10 according to fornmula I (e) and formJIa I (f) as follows: ON ~ ~
R~ ni HG'_'-C Fornula I(e) wherein HC=C R is a menber sel ected fromthe

group consi st g{ﬁf‘\Fornyl-a—\l(f) - -Orret hyIN -Oe - pr
-Oisopropyl, S butyl , & O typutyll, - \5 1 na hyI oX N
2- napht hyl oxyp 4\_@:&yl OXV57E- i ndWl yYoxy \SNQg\m n y'md 6

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug
derivatives thereof.

Particularly preferred compounds according to formula above are such

5 compounds wherein R' is a member selected from the group consisting of CN, -O-
methyl, -O-ethyl, -O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl, -O-isoamy],
I-naphthyloxy, 2-naphthyloxy, 4-indolyloxy, 5-indolyloxy, 5-isoquinolyloxy, and
position isomers and homologs thereof, and all pharmaceutically acceptable isomers,
salts, hydrates, solvates and prodrug derivatives of such compounds.
10 Also, particularly preferred are such compounds wherein R* and R* are different

and one of R? and R* is -O-CH,, and all pharmaceutically acceptable isomers salts,

hydrates, solvates and prodrug derivatives of such compounds.

The pharmaceutically acceptable salts of the compounds according to formula (I)
include pharmaceutically acceptable acid addition salts, metal salts, ammonium salts,

15 organic amine addition salts, amino acid addition salts, etc.

Examples of the pharmaceutically acceptable acid addition salts of the
compounds of formula (I) are inorganic acid addition salts such as hydrochloride, sulfate
and phosphate, and organic acid addition salts such as acetate, maleate, fumarate, tartrate,

citrate and methanesulfonate.



ON~~R NNHZCO~~NHCO/ NJ WO 02/10351 ON~ ~R N

phar maceutical ly acceptable isoners, salts, hydrates, solvates and prodnzg
derivati W@ 02/k@fkof. In yet another preferred enbodi nent tPRE/USIVEITSE on
provi des conpounds 5 according to formula 1(g) and formula I (h) as foIIovvs

ON~ ~R- N~N 5
Is a menber sel e??ggﬁ?&gﬁf%lﬁee groﬁ%ggﬁgaasc% cfﬂ%bl%‘?ﬁ%‘?c_br%lﬁgﬁ% ﬁ{%f%%egﬂ%aﬁe’

Formul a | (h) suéiMs so@ruitdland pdtissiuftysalt, alaicdiyth metsP JaR® DAY Inaagin%wtsﬁlt,
-Ot-butyl, -Oisoainyl, 10 I-naphthyloxy, 2-naphthyloxy, 4-indolyloxy,

S-i ndol yl oxy an&ealemﬁm,zﬂl@ biyhtidym si8andzifc saiTR angRtattRéphdranrddiicalyy oup
consisting of: -OH, -OCH3, -OCHZ CH3, -NHS, -N(-CI—I3)2, - NH( - CHZ- phenyl ),
- NH( - Phenyl ) aceepidble ammoniiif(sdli2 afec@whonium salt and tetramethyl ammonium salt.
5 Examples of the pharmaceutically acceptable organic amine addition salts include
heterocyclic amine salts such as morpholine and piperidine salts. Examples of the

pharmaceutically acceptable amino acid addition salts are salts with lysine, glycine and

phenylalanine.

In a preferred embodiment the invention provides compounds according to

10 formula I(a) and formula I(b) as follows:

OYN_@_ OTH‘Q‘W
(J ]

HsC—0 —H,C—
3 Ny HaC—HoC—0 Ny
P J
HaC—H,C—0 N HaC—0 N
Formula I(a) Formula I(b)

wherein

R'is a member selected from the group consisting of:

-CN, -O-methyl, -O-ethyl, -O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl, -O-isoamyl,
15 1-naphthyloxy, 2-naphthyloxy, 4-indolyloxy, 5-indolyloxy, 5-isoquinolyloxy;

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

derivatives thereof,

In another preferred embodiment the invention provides compounds according to

formula (Ic) and formula (Id) as follows:

20



PCT/ Il SO1 /~ 1752 NHNH /NI O~1 FI ~~NF N~NHZ -HN'NHZ ~S N\N F
%N~NFFFNON~N~NNOI ~NO~~ ~~~\ NN~M ~ N/N/J ~NH ~N
HNI ~ anow®BRliedsdd all pharnaceutically acceptabl e i soners,PCIAIS0L/41139dr at es,
sol vates and prodrug derivatives thereof. The pharmaceuti cal | y acceptabl e
salts of the conpounds according to f<c l'a (1] 5 include pharpmaceutically
acceptabl e acid addition salfs, et @ t s anvnoni um sal F ;
addition salts, amno acid a I on etc. The pre i

not limted by the above |isted conmpounds. Anal ogs of thl cyclic
conpounds are contenpl at ed. e an especially pre d enbodi nent of
the present invention is a 1Ec$'pound sel ected from tg Soup consi sting
.of

N- (A-1 ndol - 5-yl oxyphen I ){4 [ 6- rret hoxy 7-(2-met hoxyet hox ) qui nazolin-4-yl]p
i per azi nyl } car boxafide x ~ NH THRTO N
‘N- (4-1i ndol - 4-yl oxyphenyl thoxy 7- (2 nmet hox xy)

i perazi nyl } cal,goxag.ge :

PCT/ USO1/.117S2

{4-[ 6- met hoxy- 7-(2- net lmg,y,a;ar[@y)qw nazol i n- 4- yI]pmgﬁa@q(u)l} N- (4- napht hyl
oxyphenyl ) car boxam de H ~ ~N~\ / N~N ~o0~0 ~ |

ui nazolin-4-yljp
02/ 1(i 351

wherein

R'is a member selected from the group consisting of:
5 -CN, -O-methyl, -O-ethyl, -O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl, -O-isoamyl,
1-naphthyloxy, 2-naphthyloxy, 4-indolyloxy, 5-indolyloxy, 5-isoquinolyloxy;
and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug
derivatives thereof.
In still another preferred embodiment the invention provides compounds

10 according to formula I(e) and formula I(f) as follows:

) ()

HaC—0O =C— —
3 Ny HC=C—HyC~0 Ny
P J
HCEC—CH,-0 N HyC—0 N
Formula I(e) Formula I(f)

wherein

R'is 2 member selected from the group consisting of:
-CN, -O-methyl, -O-ethyl, -O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl, ~-O-isoamy]l,
15 1-naphthyloxy, 2-naphthyloxy, 4-indolyloxy, 5-indolyloxy, S-isoquinolyloxy; and all



{4-,[6-nmet hoxy-7-(2-nmet hoxyet hoxy) qui nazol | n- 4-yl ] pi per azi nyI} N- (4- (2-naph
thyI oxy) phenyl ) carboxamde H~N\ / \ / \ CND N ~N ~o~. ~ |

N (4- (5- iwoquiiesst yl oxy) phenyl ) {4-[ 6- met hoxy- 7- ( 2- net hoxyetPIGﬂleS)qumazol in-4
-yl ] pi perazinyl }carboxamde ~~-N\ / \ / CNJ\ NN~N ~0~0 ~ ~ NJ

o et DO b dpdee R0 WP MRS iafanyd EVRREAC) BtadbidtaliignoxyP
PCT/ USO01/ 417

{4-(6- et hoxyﬁ% (fZ met hoxyet hoxy) qui nazol i n-4-yl ] pi perazl nyl }-N-[4-(nethyl e

t hoxy) phenyl ] car baxg8i dRier phbferrdd ert®dimibht\de invention provides compounds
N- (4- cyanophenyl ) {4-[ 6- met hoxy- 7- ( 2- net hoxyet hoxy) qui nazol i n-4-yl ] pi perazin

vyl } car boxam @georiink té féhEANRg - Md-RrAula Ith) M follows:
{4-[ 6-met hoxy-7-(2-pi peridyl et hoxy) qui nazol i n-4-yl ] pi perazi nyl } - N-[ 4- (et hy
| et hoxy) phenyl ] carboxam de ~N\ / CND ~N ~N~O ~ | NJ

‘N- (4- cyanophenyl ) {4- [ 6- net hoxy- 7- ( 2- pl peri dyl et hoxy) qui nazol i n-4-yl ] pi peraz
i nyl }carboxamde . ¢ ~N\ / CNCWD o~ IN 10 V\002/103
PCT/ 11501/ ~17s2 OYN R’ _@_
)
N J
H3C_O

3-— —
RN N R (HZC) n Oﬁ
) )
R*=(H,C)—0 N HsC—O 7 K

5 Formula I(g) Formula I(h)

wherein

nis 2 or 3; and

R'is a member selected from the group consisting of:

-CN, -O-methyl, -O-ethyl, -O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl, -O-isoamyl,
10 1-naphthyloxy, 2-naphthyloxy, 4-indolyloxy, 5-indolyloxy, 5-isoquinolyloxy;

R, is a member selected from the group consisting of:

-OH, -O-CH,, -O-CH,-CH,, -NH,, -N(-CH,),, -NH(-CH,-pheny1), -NH(-Phenyl), -CN



{4-[ 6- met hoxy- 7- (3- pi peri dyl propoxy) qui nazoHn- 4-yl ] pl perazi nyl } - N-[ 4- (et hy

| et hoxy) phenyl ] carboxamde HOI N~/ O, ~~~NN-0~ NG
{4-[ 6- metWORY16351 3- nor phol i n- 4-yl propoxy)qw nazol i n- 4-yl | pCFarsarutige} - N- [ 4-
(et hyl et hoxy) phenyl ] carboxamde HO-N~/ O, ~ ~~ N~N-O~ NJ J

N (4- cyanophenyl ) { 4- [ 6- net hoxy- 7- ( 3- nor phol i n- 4- yI pr opoxy) qui nazo|in-4-yl]p
i perazinyl } carboxmm de H yN mu/ CN ~N Q);:) ~ |

{4-[6- net hoxy-7- (- pyrrolidi Ipropom umapd per |ny_}\ N-[4-(m
et hyl et hoxy) phe Al box NN = /|\U/
02/1 Crast POT U S1117 - 4175

N- (4- cyanophenyl ) {4-[ 6- et hoxy-7-(2-(1, 2, 3, 4- tetraazol 2 yl)et hoxy) qui nazol
i n-4-yl ] pi perazi/nyl \car boxami HQ] N~~CN ~~N J_\l,,N~C\ I

N- (4- cyanophenyl| \456 metr (2 |((,2 N4 t zoI hoxyL} nazol i n-
*4-yl ] pi perazi nyl hcar boxam dg N= H—Q/ o ~ 1 . o\ NJ

{4-[6-nmet hoxy-7-(2-(1, 2, 3, 4- tetraazol yI)ethoxy)qw nazolln 4- yI]pl per azi nyl }
-N-[ 4- (et hyi et hoxy)phenyl]carboxam de C-N~CN) NNiO/ ~ NNN-C\ I NI

{4-[ 6- met hoxy- 7o
(1,2,3,4-tet ra&zy@s-?}th)eg oxy\qui zoI I Iciﬁ' bﬁraZﬁy\P”NM nmet hyl et h
oxy) phenyl ] car MWIW OMALTI 2 \ 027\1 J MeN\)\

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

derivatives thereof.

The pharmaceutically acceptable salts of the compounds according to formula (I)

5 include pharmaceutically acceptable acid addition salts, metal salts, ammonium salts,

organic amine addition salts, amino acid addition salts, efc.

The present invention is not limited by the above listed compounds. Analogs of
the bicyclic compounds are contemplated.

Further, an especially preferred embodiment of the present invention is a

10 compound selected from the group consisting of:

N-(4-indol-5-yloxyphenyl){4-[6-methoxy-7-(2-methoxyethoxy)quinazolin-4-yl]piperazinyl}carboxamide

O

EJ

0

N-(4-indol-4-yloxyphenyl)}{4-[6-methoxy-7-(2-methoxyethoxy)quinazolin-4-yllpiperazinyljcarboxamide

OY@Q

/0\/\0 N/)

O



PCT/

U
(4-{7-] _ )
yl) - N[ 408t/ mghet hoxy) phenyl | car boxam de ~~ N ~ CND N ~ PNTNBOIAI7F2N) F- F
{ 4] &ret hoxy- 7- (~pi per azi nyl pr opoxy) qui nazol i n- 4 yl'] pi perazinyl }-N-[4- (et hy
| et hoxy) phenyl ] carboxam de "N HNl J ~~ N ~ ~ NiOi I ~No\ N

(4. cyanoghenyldd s S hgoxﬁumiﬁﬁwpﬁt hxyé%g AR BnRheRoXqui nazol i n-

4-yl } pi per |ny
N- (4- cyanophenyl X4- [&rret hoxy-7- (3- (1, 4-t hi azaper hydr oi n- 4-yl ) pr opoxy) qui naz
ol i n-4-yl ] pi perazi nyl } car box@am ~CN~NL N~ ~N N-\/~O\ | NI SJ
13 . WO (12/11 351 PCT/U§G( 1r52
-(4-{7-[3-(1, 1-di oxo(1, 4- tEi‘l aperhydr4 yl )) propoxy] - 6- met hoxyqui nazoi I n
-4-yl } pi perazinyl) - N-(4cy henyl)car poxamide HO-N~ ~CNCNDN/O/ | ~
N~N~O\ NJ OrS~ O

‘N- (4- cyanophenyl )[4/ - 6- met hoxyqui nazol i n-4-yl ) pi perazi nyl ] car boxam
ide HO/N~ ~ CN . CND D | ~No ~ NJ

[ 4- (7-ethoxy-6-net ho&)qu n zoI i n-4-yl) pi perazi nyI] N-[ 4- (et hyl et hoxy) pheny
|] carboxamide HO-N~ ~ OCN JIN/OI ~~ N/

[ 4- ( 7- et hoXpeOnmefBky X RMb YA ) hradstiy-h ),n:,aupa@il@@Nwlzlnam(yuéxy;mmﬂ;oemb)@mwphenyl )C
ar boxamn de
H
ooy
)

SO01 /-L 1752
3-(4, 4-di fl uoropi peri dyl) propoxy] - 6- met hoxyqul nazol i n-4-yl } pi perazin

0

N-(4-(5-isoquinolyloxy)phenyl)}{4-[6-methoxy-7-(2-methoxyethoxy)quinazolin-4-yllpiperazinyl}carboxamide

o#@@

/O\/\O N/)

0

{4-[6-methoxy-7-(2-methoxyethoxy)quinazolin-4-yl]piperazinyl}-N-(4-phenoxyphenyl)carboxamide
e
OQ[/
)
N



HON~/ O~-CNDN/O~~N-~ol ~ N 14 W 02/1(3al

[4-(7-ethoxy-6-net hoxyqui nazol i n-4-yl) pi perazi nyl]-N-(4-indol -4-yl oxyphenyl
) carboxdOG¥IG<SN ~/ O~/ NHCND N\ ~N~0o | ~ NJ PCT/US01/41752

[ 4- (7- et hoxy- 6- met hoxyqui nazol i n-4-yl ) pi perazi nyl ] -N-(4-phenoxyphenyi)

car boxam de Q‘[GNethoW? %n‘none!hoﬁ)?uma%nM l]leazlnyl}N -[4-(methylethoxy)phenyllcarboxamide
N-(4 cyanopheny hoxy- /- pr op- 5 enyl oxyqui nazol i n-4-yl)

pi per azi nyI]carboxam de O-N ~ / CNCNDN\ ~N~o0 | ~ NJ

[ 4- (6- met hoxy- 7- pr op- 2- e'ﬁ}/l | n- 4-yl ) pi perazi nyl ] N-[ 4- (net hyl et hox
y) phenyl ] car boxam de O N ~N~o0 | ~ NJ PCT/UStI|/-41 p2 15 WO
U2/ 1G3S1

-[ 4- ( 6- met hoxy- 7- pr op- 2-eng ;L<qu| nazol i n-4-yl) pi perazi nyl ] N- (4- napht hyl oxyp
henyl ) car boxani de O-N \ / \' / CN V' / NJD~-N~o0 | ~NJ

N- (4-i ndol - 4- yl oxyphe 4=N 6- rret hoxy 7- prop- 2- enyl oxyqui nazol i n4-yl ) pi per
‘azi nyl ] car boxank¥e-S; é ~ NH N

N-(4-cyanophenyl){4-[6-methoxy-7-(2-methoxyethoxy)quinazolin-4-yllpiperazinyl}carboxamide

{4-[6-methoxy-7-(2-piperidylethoxy)quinazolin-4-yllpiperazinyl}-N-[4-(methylethoxy)phenyllcarboxamide

H
O#N‘O“’{
)
N
N~ l /)
(o] N
N-(4-cyanophenyl){4-[6-methoxy-7-(2-piperidylethoxy)quinazolin-4-yl}piperazinyl}carboxamide .

H
N—< >—CN
°T
®
O =N
O"\/\o | N/)
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~~N~o0 | ~ N [4-(fi-nethoxy-7-prop-2-enyl oxyqui nazofin-4-yl)pi perazinyl]

-N- (4- phenoxyphenyl ) carboxamde O-N\ / O\ / CNDN~N~0 i ~ NJ
N- (4- cyavoplzmsh) [ 4- ( 6- met hoxy- 7- pr op- 2- ynyl oxyqui nazol i nPEIUSP1/41752
pi perazinyl]carboxamde O- N\ / CNCND N~N~o | ~ NJ PCT/US111/-117S2 16

VO 02/ 1( 3sl P%/rn}-!{?(}}4 ?é%‘%%%ro}u?y)c&? za n(%&nﬂ g&éﬁvl [P Wre(h)yl%o%lipXeq ]¥arbto nyd a I na

zo | in-4-y car boxam i de

O~NCNDN\~N~0I~NJ[4(§
et hoxy- 7- prop- 2- ynyI oxqu B F"*Qﬁé\pl per a2| nyl ] N- (4- napht hyl oxyphenyl ) c
ar boxam de p~N ~ / ~ N\ ~N ~o0

N- (4-i ndol - 4-yl oxyphenyl)[{wz m et hoxy- 7- prop 2-ynyl oxy
-qui nazol i n-4-yl) pi perazi nyl rboxamde O-N~/ O~/ NHCNDNiOIl \ ~NQ
/[ NJ [4-(6-m et hoxy-7-p nyl oxyqui nazol i n-4-yl ) pi perazinyl]-N
- (4- phenoxyp henyl)ca rb mlide N~/ O~/ CNDNO~~N=~01 ~ NI m
, D ca T

{4-[6-methoxy-7-(3-morpholin-4-yipropoxy)quinazolin-4-yllpiperazinyl}-N-[4-(methylethoxy)phenyl]lcarboxamide
O
°
)
N
e

B
(\N/\/\o N/)

o

N-(4-cyanopheny!)}{4-[6-methoxy-7-(3-morpholin-4-ylpropoxy)quinazolin-4-yl]piperazinyl}carboxamide
H@—CN
0o
T
)
=N

|
O

O

{4-[6-methoxy-7-(3-pyrralidinylpropoxy)quinazolin-4-yi}piperazinyl}-N-[4-(methylethoxy)phenyl]carboxamide

%ﬁ'@"‘(
(J
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WO |1 2/1C3S1
(4-{6-met hoxy-7-[ 3-(2-net hyl pi peridyl) propoxy] qui nazol i n-4-yl } pi perazi nyl )N
[ 4- (et WO 8YMBSRY) phenyf] carboxamide ~N .CND N CH3 ~ / ~ MRCWASO1/417NY
(4-{6-nmet hoxy-7-[3-(4-net hyl pi peri dyl) propoxy] qui nazol i n-4-yl } pi perazi nyl)
; N;1[1£71 (2m3t hyl e{. (&%ﬁb}@k}ﬁ{ﬁ%ﬁeﬁ&y p@ﬁ@%@ﬁaa%l Q"' Mxoxy)q(nnagthl )A_Llpgazmy}cgfboﬁ)ggé USO1

N- (4- cyanophenyl) (4-{6- net hoxy+l7 { (2-met hyl pi peri dyl) propoxy] qui nazol i n- 4
-yl } pi perazi nyl ) car boxani de O NCND N CH3 i / 1 ~ N NCO ~ NJ

N- (4- cyanophenyl ) (4-{6- net ho Wz 7- [3 (4- met hyl pi peridyl }pr opoxy] qui nazolin-4
-yI}p|perazmyl)carboxamdeé v3~N~/ CNCNDN-~~NN 18 WO
-(12/ 10351 PCT/ US(11/-41752

{4-[7-(2-hydroxy- BNQW perd gl prQpoxy~6- met hoxyqui nazol i n-4-yl ] pi per azinyl } N-
[ 4- (et hyf et hoxy) q\n\y/l\l x,gmde O-N~/ O\ CNDNiO~~~NNO~ N G
‘of f

{4-[7-(2-fl uoro-3-piperidyl propoxy) - 6- met hoxyqui nazol i n-4-yl ] pi perazi nyl } N-
[4' ( met hyl et hl@-é B%F%{{t Gﬁ{h&??(émzqg-te%é yI)ett*/onyun% 4-|§JI] pQ‘aﬁnyl}c‘“m)umlde -~ N G-~

[ 4- (6- et hoxy- met hyl propyl ony )]pr opoxy} qui nazol 1 n-4-yl ) pi pera
zinyl ] N-[ 4- (et hyI et hoxy)phenz@boxam de O-"N~/ O\ CNDN~NONd O

o

[N]
N
N=N

N |
SN~ N

O

{4-[6-methoxy-7-(2-(1,2,3,4-tetraazolyl)ethoxy)quinazolin-4-yl}piperazinyl}-N-[4-(methylethoxy)phenyljcarboxamide

OT“{%O{
)

N | l
SN~ N/)

_O

{4-[6-methoxy-7-(2-(1,2,3 4-tetraazol-2-yl)ethoxy)quinazolin-4-yllpiperazinyl}-N-[4-(methylethoxy)phenyl]carboxamide

OTROO<
@

& \
<N’N\/\o N//I
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(4-{6-nmet hoxy-7-[3-{propyl sul fonyl ) propoxy] qui nazol i n-4-yl } pi perazi nyl)
-N-[ 4- (et hyl et hoxy) phenyl ] carboxamlde O~ NCNDN~-NO ~s~-0o ~NJ Om W
U2/ 1GBS1 WZ¥2/1Q358U 1 / ~ 1752 net hyl PCT/US01/41752

4- ({4-[ 6-met hoxy-7-(3-pyrrolidinyl propoxy)qui nazol i n-4-yl ] pi perazi nyl }carbo
nyl am no) ben iperidy SR8 S ohazoh Y .

N- (4-acetyl p?}ﬂﬁ%ﬁ)’ﬁ%ogin rr}%/t hox;}- 7-( 3-q%ﬁ°%%%e'ﬁéylbl)p%én£w tr&’lﬁy.)pﬂeé‘yz"ﬁ’?"ﬁf”ﬂ": yl ] pi
per azi nyl } car boxam de COCl - 4~ GH

N- (4- br omophenyl ) {4-[ 6- net hoi@y{’)‘-‘@ﬁff{ol i di nyl propoxy) qui nazolin-4-yl]pip
erazi nyl }carboxam de O-N ~ ~ CNDNiO/ ~~N~NO~ NJ

{4-]6-nmet hoxy-7-(3-pyrrolidi rﬁ ropoxy) qui nazol i n-4-yl ] pi perazinyl }-N-[4-(t
-ri fluoronet hyl)phenyl]carboxanmide O-N ~/ CFs CN) NOi ~NN~Ow ~ NJ 4~
WO 02/ 16351 PCT/ US01/ - 1104 SN

{4-[6-met hoxy-7-(3-pyn-oli |y|4pr opoxy) qui nazol i n-4-yl ] pi perazi nyl }-N-(4-nme
‘thylphenyl)carbg@ﬁl NCHs CNDNiO / ~ ~ N~N~-O\ NJ

{ A -[6-met hoxyF7>(3- pyrrolidinyl propoxy) qui nazol i n-4-y!] pi perazi nyl } - N- [ 4- (
met hyl sul f onyl )[5henyl ] carboxamde O-N ~ / SQZCH3 CND N~O/ I ~ N ~N.~\/~0O
\' NJ R i e N N .
N-(4-fl uor oph{gﬁynfesh?%z P@'—p%'{w{)oﬁoﬁ)q}{n?zg‘"? ER}I]P 'P%iz 'FygﬁlNrWF%h I(()atp)h%xgeg/%e'%cfr?\oéazm ofi n- ~4- yl]p
i perazi nyl }carboxanm de O-N ~ / W
oo {0~
()
N
/O l N
]/\N/\/\O N/J
BN

N-(4-cyanophenyl)(4-{6-methoxy-7-[3-(4-methylpiperazinyl)propoxylquinazolin-4-ylipiperazinyl)carboxamide

H
N CN
o )
)
/O l \N

N-(4-cyanophenyl {4-{6-methoxy-7-(3-(1,4-thiazaperhydroin-4-yl)propoxy)quinazolin-4-yl]piperazinyl}carboxarride

OY:—@—CN

N
o
A e
l/\ N/\/\Oji:fl\]\j'
L
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NiO/ ~~N-~NO\ NI
4- ({4-]j 6-nmet hoxy-7-(3-pyrrolidinyl propoxy)qui nazol i n-4-yl ] pi perazi nyl }carbo
nyl am no)WeAZdt3sl acid O- N~/ COZH CND N ~N ~N~O \ NJ andCINiS01/41752
pharmaceutical |y acceptable isoners, salts, hydrates, solvates and prodrug
derivatives {HeneaM-dikdu 4-tﬁ(¥9adéﬁ(y&r§§§Jyl))E’rQJJxH%Qﬂéthol%Znﬁ%oPJ LERRhEaL: i NQh-
Conpounds Thewmgﬂ@ﬂmaﬂﬁ)ﬁﬁM; prepared using nethods and procedures as
general ly described in WD 98/ 14431 published Septenber 12, 1998, which is

i ncorporated herein 5 by reference. Starting materials nmay be nade or
obt ai ned as described therein as Mﬁ|| Leavi ng groups such as hal ogen,

| oner al koxy, |ower alkylthio, aul fonyl oxy, aryl sul fonyl oxy,
-etc, may be utilized when neces§3/y € ~4pt for the reaction point, followed
by deprotectlon Sui t abl e am no tective groups are, for exanple, those
described in T. W Geene, Protectjve Goups in Organic Synthesis, John
'Wley & Sons 10 Inc. (1981), etcN such as ethoxycarbonyl,

t - but oxycar bonyl, acetyl .a@d \ The protective groups can be

i ntroduced and el i 'nated ac to conventional methods used in organic
synthetic chem s eene, Protective Goups in Oganic

Synt hesi s, JohR QLLéy & Sons Tnc. (1981)]. In such processes, if the

defi ned groups ¢hange under the conditions of the 15 working nethod or are
not appropriate for carrying out the nmethod, the desired conpound can be
obt ai ned by using the nethods for introducing and elim nating protective

gr oups mhich canvern ed in o tlc henlstry [e. Q.

T. W Geene, 03?"08'13”\’/)@4' 0 ﬁ'y & me%ho&qﬁg?ﬁoc"g%{/ﬁ?ﬁa%{"y&ca e’WI ey & Sons
Inc. (1981)], etc. Conversi My ctional groups contalned in the
substituents can be carrP&f oud_Hy 20 known nethods [e.g., R C. Larock,
Conpr ehensive Organic Tr orniations (1989)] in addition to the
above-descri bed processegzzénd sone of the active conpounds of formula |
may be utilized as inter iates for further synthesizing novel derivatives
according to formul @ | ~Jbg internediates and the desired conpounds in the
processes described aljoved can be isolated and purified by purification
met hods conventi orfald-y oF i n organi c synthetic chem stry, for eXanple,
neutralization, filtration, extraction, washing, drying, concentration,
recrystallization, and various kinds of chromatography. The internediates
may be subj ed#-€tetticay-6-metheyhseenisniyl)mieaeihon4wnsthtatoxptenfii cat i on. 22 WO
U2/ 11351 PCT/@%0@mide1752 There may be tautomers for some formula I, and the
present invention covers gjll

o<
&

o 7

_O

[4-(7-ethoxy-6-methoxyquinazolin-4-yl)piperazinyl]-N-(4-naphthyloxyphenyl)carboxamide

ob(@,

6 7
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possi bl e isoners including tautoners and m xtures thereof. Were chiral
carbons |l end thenselves to two different enantioners, both enantionmers are
cont enpl ved2/&s5hel | as procedures for separating the twoPEFAOI/@ITERZS. 5 I n
the case where a salt of a conpound of forrmula | is desired and the
conmpound is Pfa

to purificati @&ﬁﬁfﬁ;ﬁ'&:‘ﬁ@%ﬁ”iﬁémﬁ@‘éﬁ °\?ﬁ?‘é’9@§ -Qﬁ@%ﬁ%@%&@ ei(‘))é) 1(‘: gp mtJ)FaS:Jb! ECt °d

produced in the flee state and_Lts sa is desired, the conpound of fornula
| is dissolved or susperbdedﬂ' organi ¢ sol vent, followed by

addi tion of an acid or & Hase Yd for

reaction Schenes | and |

salt. 10 The followi ng non-limting

| ustrate grejerred enbodi nents of the invention
‘Wi th respect to making cpnppunds according to the invention. Schene | MO ~
~ CO2H MeO0 ~ ~ CO2Bn MeO ®02Bn HO/ BnO / BnO ~ NO2 15 MeO ~ CQzZBn BnO /
NH2 CI Meo ~ ~ N BpAQ [ d.Boc NH O MO ~ NH BnO ~ NJ Boc NN MO ~N BnO
~ NJ 23 WO | 12/ 113 P:’(ﬁl?USOl/ ~1752 This synthesis of a
tert-butyl -4-[6-AETHO *nCphenyl i net hoxy) qui nazol i n-4-yl] pi perazi ne
car boxyl ate conpound, provides an internediate that can be utilized in the
synt hesi s of V[@(?Lémy.@ﬁaetn&@a;umagbﬁn-ﬁ&lbbepeﬁagmrm(@ﬁéhow?h@gﬁpt ed to produce
bi cycl i c posi téambxamiiener s) as descri bed above for tfornmula I. The vanillic
acid is benzyl at ed, foIIovquJtr =on with fumng nitric acid at about
100C. The nitro functio } @ @ wi th a reduci ng agent such as tin
chloride, and the like, fpllowed by cyclization with a base such as
formam de at el evated t gature, preferably in the range 100 to 200C to

h

af ford qui nazolinone. T nt hesis of 4-C -quinazoline is effected by
treati ng qui nazolinone w hal ogenati ng reagents such as tluonyl chloride,
oxal yl chloride and ous 10 oxychloride in presence of solvent such
as toluene, or carbo rachloride. This internediate is obtained by
treating 4-d -quinaolYneNwi th Boc-pi perazine in an appropriate sol vent,
such as isopropanol, acetonitrile, or THF at roomor reflux tenperature for
1-6 h in pr e%éﬁ@@" hepyhle6-metheyyra doyaunsgdindivhe. 24

iperazinyljcarboxamide

)

N
\/\ 0 N/)

H
OYN‘@CN
N
N
/O X

[4-(6-methoxy-7-prop-2-enyloxyquinazolin-4-yl)piperazinyl]-
N-[4-(methylethoxy)phenyl]carboxamide

OTH©‘O‘<
)

\/\O N/)
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WO 112/1(i 351 Scheme Il NNeO NnO ~NJ NNMO~~NHO/ N Boc N~ N~
MO R3~ O~NJ N PCT/USOL/-41752 CI ~Ran=1,2 H.TFA NN M0 n _N Rs~O
~/ N RWA®/@INHRa IN Orca ~ ~I NCCl Rb~ Me N % O MeO PCI/ESHAB’SZ | N N
RBv 'O~/ NJ NMO ~NRs~-O~ ~ N L3 = Cl1, 4-nitrophenyloxy NJ ~a O- N

"\ Rb N MeO [Z%-methoxy-?-prop-2-enyloxyquinazolin-4—yl)piperazinyl]—
N-(4-naphthyloxyphenyl)carboxamide

N 0
O
)
SN
"0 N

N-(4-indol-4-yloxyphenyl)[4-(6-methoxy-7-prop-2-enyloxyquinazolin-

4-yl)piperazinyl]carboxamide
Oar
[ N] L NH
N

/o \N
\/\o N//l

[4-(6-methoxy-7-prop-2-enyloxyquinazoiin-4-yl)piperazinyl]
-N-(4-phenoxyphenyl)carboxamide

oo 0=
®

/O ~ N
\/\o N/)

N-(4-cyanophenyl)[4-(6-methoxy-7-prop-2-ynyloxyquinazolin-4-yl)
piperazinyllcarboxamide

16



R3~ ~~J ON This illustrated Schene Il provides the synthesis of various
substituted urea 5 internediates fromthe internedi ate obtained in Schene
|, or by VOI4dii635t ocedures. The internedi ate form Schenme | PGIFUSOAITR cyclic
position isoner) is debenzyl ated under hydrogenation conditions followed by
al kylation with various substituted alltyl halides. 25 R3 O-L 3 m WO
02/ 163A PCT/ E%Meﬂ%uj%mfaea%%)%&ih%nrpi-ylyé%ragrnﬁpr@.m-éneﬂa‘yfe%&ﬁd by

trifl uoroacepheny@atbdxdnmibd owed by treatnent wth various isocyanates to
afford the final urea conpounds. In cases where the isocyanates are not
connnercially avail able, the piperazine igtersedi ate, may be treated with
phosgene to give a carbanoyl chlori deoknt®¥rfedj/a ‘f@llomed by reaction

W th various substituted anilines. The Ri perazine internedi ate can al so be
treated with p-nitrophenyl chl orofor e;}o afford a nitrophenyl carbamate
internediate that can be treated with wgrious anilines to afford the

desired areas. If the urea conpownd hasla term nal NHz group (or one or
nore of the hydrogen atons on t fi sngﬁ“@roup is replaced by a
di spl aceabl e substituent), tYermi s Cogpound may be utilized an

i nternedi ate conmpound 10 with which to produce a urea conpound termnm nated
With a - NH phegyi etiRxy-ghRpRsynybkaehblin-¥@hyperdzhyig di fferent R group is
desired on t Ng4phmyloxgnheoyticarboxampleaceabl e para position | eavi ng group
phenyl substituent may be di splaced after coupling to provide the
particular R substituent as desg{' mula |, above. Such
procedures for producing the gl aiNR 220 are nerely an illustration
15 of a preferred aspect of thelinver ) Aer procedures and adaptati ons
wi |l be apparent to one of orzzﬁiry ski | | e art upon.views these

reacti on schenmes and the stru es of the conpounds according to the
i nvention. Such procedurgs are gdeened to be within the scope of the present

i nvention. Al so, the cofp OofN fornmula | and phannaceutically acceptable
salts thereof 20 maggexis he form of adducts with water (hydrates) or
various solvents, which are also within the scope of the present invention.
The following non-limting exanples are provided to better illustrate the

present i nvemt(#owol-2Boxypizmpl)e-(6lm dthexyi7rtrer-2rpdioat e
t ent - but yl - 49pigazaii-tiglejrerznlicaidbpEani¢dy| et hoxy) qui nazol i n-4-yl ]

pi perazi necar boxyl ate: 26 H
07“‘@“’
() ~
N

VO N/

[4-(6-methoxy-7-prop-2-ynyloxyguinazolin-4-yl)piperazinyl]-N

~(4-phenoxyphenyl)carboxamide
)0+
N o

O§I/
[N
N
\\/\O N/



WO 02/11351 CND N ~ ~N ~N~ ~ ~ J O N PCT/USOL/-A 752 was prepared using the
procedures as generally described in reaction Schenmes | and Il as foll ows:
Step A: MOUHEBM- (300nL) solution of the vanillic acid PEFFSVV4TANLO0]),
was added KzC03 (102.7g, 744mmol, BnBr (44.2g, 372mmol), and the resulting
suspensi on Was (aS(bireth68-7a8-(2LRMNplpeRipRropatyldtiRazBMerilbigddzinythe reaction m xtur
a was filter edN{EnEhlethas)pbaldicarbaadide he sol uti on was washed with brine,
dried, and concentrated. Purification on silica gel chromatography gave
550(96% of the internediate product.H 349 10 (MtH)+ Step B: To the
CHzA 2 solution (100nL) of benzyl -c@: erial fromStep A (20g,
57.4xmol ) at -10C was sl ow y added lacetY<€” acid (100n). To this cold
solution slowy added conc. HNO3 (258 nL, 574.4m nol) and the reaction was
warmed to roomtenperature, followed by reflux overnight at 100C. After
overni ght poured the reaction 15 intho ice, extracted the product wth Et QAc
-and washed with brinecand dri-€d i oS04. The sol vent was renoved in
vacuo to afford the si/er/i\nt dipite product as a yellow solid (21.38g,
96.5% . MS(ES) 416 ((M:Na).~Step T TO the Et OAc solution (100nL) of nitro
material from Step 0.99g, 20 27. 7mmol) added Snd z. H20 (18. 79,
83. 1l nunol) a the r tjion mxture was heated at 50C overnight. After
cooling the Qggﬁﬁm%@%ﬁﬁ%ﬁﬁgﬁmFi%i“é’ia’a%"h”r'%%?& er?:ze'%)t e, and the filtrate
was washed with 10% NaHCO3, ‘extracted with Et QAc. The organic |ayers dried,
evaporated to afford the internedi ate amyo noduct, as a brown solid (9. 5g,
95% . MS(ES) 364 (MrH). 25 27 WD 02b ’dépl /-117s2 Step D. The
am no product (3g, 8.3mvpl) from Step Gwas T ssol ved in formam de (20m)
to this was added ammoni um f or nmat e (7&1?73, 12.4 mmol ) and the reaction

m xture was heated at 150C for 4h. Durl this period entire starting

mat eri al was consuned by HPLC (hicgh performance |iquid chromatography),
after cooling poured the reactief er to afford creany precipitate.
The precipitate was coll ed b fi tion, wuch is the desired

i nternediate, cycli ze%é@nzyl 0XY- 6- met'hoxy- 4qui nazol i none (1.9g, 81%.
M5(ES) 283( MtH). St eisCE: m xture of 7-benzyl oxy-6-nmet hoxy-4-qui nazol i none
(1 g, 3.5mmwl, fi~om 10 Step D), thionyl chloride (Sm) and DVF (5drops)
was heat ed at Ni{4edybnorhengi4-@imethafyBiR-(2methylningridylrrensrylquinazsling-yilpinéreziiytharbpepmide
removed by evaporation and the residue azeotroped wth toluene to afford
the internedi ate, 4-chloro-6-net hoxy-ﬁ- @ l.Qxyqui nazol i ne, as a yellow
solid (652ny, 62% . MS(ES) 301 (MFH)T.’ 1% Sfep F: To the THF solution (20m)
of 4-chl or o- 6- net hoxy- 7- benzyl oxyquiNnqazol i ne (1.8g, 6mmpl) added

Boc- pi perazine (2.2g, |2mmol) foll Y\:aj by DI EA (4.2, 24mmopl) and heated
the reaction overnight at 50C. The vent was evaporated, the residue

di ssol ved in water angd,extracoed evQroduct with EtOAc. The Et OAc | ayer
was dried, filtered a IE‘aevapora |[tojgive the internedi ate te~~t-butyl
4-[ 6- met hoxy-7 20 phEnwfettiogy ) diwézol i n- 4-yl ] pi per azi necar boxyl ate as a
white solid (2.2g, % . MS(ES) 451 (MtH). Step G The benzyl oxy conpound
fromStep F (500nmg, |.Inmol) was dissolved in

N-(4-cyanophenyl)(4-{6-methoxy-7-[3-{4-methylpiperidy!)propoxy]quinazolin-4-yl}piperazinyl)carboxamide

OTH@—CN
(/)

18



EtOH (5nlL), to this added Pd(OH)~/C (50nmg) and the m xture was pl aced on
the Parr 25 hydrogenator at 50psi H, pressure for overnight. The reaction
m xture We@0¥id3fkred through celite and washed wi th Et CH, PCRAiSOEVEPDr at ed
the solvent to afford the internediate debenzyl ated material ( 400ng, 98% .
MS(ES) 361 (MrH) (28 (o-n\rox§Bbibeddyibrosor))-sRleolyquirdinayididddingl-ep H: To the
DRg' solution (I J(mexhyidtigikg)pHathlydrboxamide

4- (7- hydr oxy- 6met hoxyqui nazol i n- 4-yl ) pi perazi necar boxyl ate (1.8g, Smmol),
CszC03 (3.3g, | Onenol) added 1-chl oroet hyji-t late/{l.8nL, [ Ornol). The

m xture was stirred ovenught at room tagp¥ O—ge sol vent was
evaporated and the crude residue was punjfied by RP-HPLC (reverse-phase

‘hi gh performance |iquid chromatography)y tp afford the internlediate

t eat - butyl - 4-[ 6- met hoxy- 7-{2- chl or oet hwqui nazol i n- 4yl ] pi per azi necar boxyl
ate as the desired product ( 850ny, 40%;. MS(ES) 423 (M+tH) Step |I: To the
‘DMF solution (I Onl) of the startf erNal (450ng, 1.2mmol) from 10 Step
H added piperidine (.2 r\l é t & reaction was heated at 80C

over ni ght. The sol vent (Es:/eva or8ted ahd the crude residue was purified by
RP-HPLC to afford tent-bOtyl -4-T 6- met hoxy- 7-{ 2- pi peri dyl et hoxy) qui nazol i n-4
yl ] pi perazi necarboxyl ate as the desired product ( 310ngy, 55% . MS(ES) 472

(M-H) . 15 Exang‘r[ r{(ZAluRfoBping HIF -msthoxyquinazolin-4-yllpiperaziny

{ 4- [ 6- met hoxy- ilé@efﬂy %?’fy}? i %8%? i nazol i n-4 yl]pi perazinyl)

carboxam de: p~N ~ ~ CNCND N ~N ~N ~  ~==0 N was prepared using the

i nternzedi ate obtained in Exanple lo @ dures as 20 generally
described in reaction Schenes Il as fgllowsT To

t eat - butyl - 4- [ 6- met hoxy- 7-{ 2- pi peri t hoxy) qui nazol i n- 4-yl ] pi perazi ne
carboxylate (fromExanple 1 (Step I) | I'nmg, O0.3mvl) added 4N

HCl / di oxane (I nil) and the reaction wgs stirred at roomtenperature for |h.
The sol vent was evapor at ed andge ad Wit h.-pentane several tinmes to

af ford deboc materi al . t e wit h the Boc 25 protecting group
renoved. To this resi @Nwa adied DMt (2 n), followed by 29  W112/1G3s1
PCT/ USOL/ ~17~2 4- cyanophenylfi socyanate {75mg, 0.45mmpl) and the reaction
was stirred at Srt'tfeov'g{%n&%@P%@Fi@%ﬁ%&%@@m@?ﬂa%@ ﬁ{?@%ﬁgmﬁnd resi due
purified by F@% ROl 1) . : Phenyl )

{4-[6-net hox;ﬁ?[%'-('(' 'Jygélfthﬁ ’?“8‘9%']%31 oéaxnﬁequi nazol i n-4 yl]pi perazinyl }
carboxarnide as a wute solid ( 89nyg, qg% M5 {ES) 516(M+H). Examles 3-4

N O
X
o

SN
Q | J
\//\S/\/\O N

(4-{6-methoxy-7-[3-(propylsulfonyl)propoxylquinazolin-4-yl}piperazinyl)
-N-[4-(methylethoxy)phenyllcarboxamide

OTH‘®"0—<
) '

=N
? I A
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N- (4- cyanophenyl) {4-[6-nethoxy-7-(2-(nmethoxy)ethoxy)qui nazolin-4

yl ] pi perazi nyl ~ carboxam de: p~N ~ ~ CN CND N ~N HsC. 0~0 / NJ 10 was

pr epar ed WQpH#3the procedures as descri bed above i n ExanplP€F/USOMIS2 except
that 1 bronoet hyl nethyl ether was used instead of 1-chloroethyltosylate as
an al kyl at i NGefPAGR Y metrloR- 710(5 ggf.bmyusr&bexysqu.héza.naglm@rumncabshy@mﬁamgatabI e yield
to that described in Exanples 1 and The pharnacol ogi cal activities of

t he conpounds of the present inventi o -~ 15 obtained by follow ng the
test exanpl e procedures as fol | ows9 “‘n“p%@ s Bi ol ogi cal Test Assa~ype 1
I nhi bitory effect on conmpounds on Ayt ophosphoryl ation of Platelet Derived
G owm h Factor ~i-PDG- receptor 20 (1) |HRS5 Phosphorvl ati on Assay The HR5
.cell lineis a cell lisle of CHO celNs engi neered to overexpress hunan

/1 3-PDGFR, which cell line is @avail able fromthe ATCC. The expression |evel
of /1i PDGFR in HR5 cells is ar 5Nx104 receptor per cell. For the
‘phosphoryl ati on assay¢au ¢ e invention, HR5 cells were grown to
confluency in 96-well \wcrotiter 30 WO 02/ 1G351 PCT/ USQOL/ ~1752 pl at es
under standard tissue culture conditions, followed by serumstarvation for
16 hours. Qi Bsemeiphedl)i4-mator-7-BrourbiEhgaopaty)adifaZoinityiipperazinyicatvpxeiidé Ncr easi ng
concentrations of the test conpound (0.01- 30 uM for 30 mnutes foll owed by
the addition of 8 nM PDGF BB for 10 m"I %‘_bns were |ysed in 100 mM
Tris, pH7.5, 750 nmM NaCl, 0.5% Tri P(?ﬁ ll i M sodi um pyrophosphat e,
50 mM NaF, 10 ug/m aprotinin, 10 I eupept| n, 1mM phenyl net hyl sul f onyl
fluoride, 1 nM sodium vanadate t e |lysate was cl eared by
centrifugation at 15,000 x g for 5 nutes. Carified |ysates were
transferred into a second mcy Y ate in which the wells were
previously coated with bf J1B5B 11 anti-~3 PDGFR mAb, and then

i ncubated for two hou oo‘Pn 10 t¥nperature. After washing three tines
wi t h bindi ng buffer (0 %gel atin, 25nmM Hepes pH 7.5, 100mM NaCl, 0.01 %

Tween- 20) , 25@{1@%%he@f){4ﬁ@%o§y—ﬂ%%€lld@ po@mblhd@aﬁapmwi.@@dam@@a.eéI body
(Transduction Laboratory) was added an Iat es were incubated at 37C for 60
m nutes. Subsequently, each well was ,grhr ee tines with binding buffer
and incubated with 1 ug/m of hors%ﬁ’ad peroxi dase-conj ugated anti 15
rabbit anti body (Boehringer Mannhei at 37C for 60 mnutes. Wells were

washed prior to adding ABTS (Sigma), and the rate of substrate forination
was nonitored at 650nm The assay rdsults are reported as |ICS (expressed as
the concentration of a conpo ding to the invention that inhibits
t he PDGF receptor phos ho/r\xl/a\ b0% as conpared to control cells that

are not exposed to a €onpound Gccordi'ng to the invention. 20 Exanpl es of
such I1CH test results Tn the HRS assay for conpounds according to the

t t fo Jowin Table 1. =~2)_ . h | at i As
A M e R
the 25 ATCC. This assay is for neasuring endogenous ~(3 PDGFR

phosphorylation in M%3 cells. The assgy nditions are the sanme as those
described at for HR5 cell, except tdSlQ‘LNP@‘BB::sSti mul ation is provided in

the presence or absence of 45% human (pl asma.
N
e SN
[/
C/N/\/\O N



The HRS5 assay results are reported as an ICS (expressed as the
concentration of a 31 WO 02/11351 PCTIU SU 1 /.117a2 conpound accordi ng
to the i rwemeileddit hat i nhibits the PDG- recept or phosphor WETVSHW4BEF250%) as
conpared to control cells that are not exposed to a conpound according to

t he invention. Exanples of such ICso test results in the M%3 assay for

compounds 6 &afillyta bRl b NEREbANAS SR A RELOGIBtRR @ 1. The

assay results fo npound Exanpl es are set forth in Table 1 bel ow.
Table 1 ~xanpie ~:onpounantuo3 whunan, pl rra | CSO (I-LMtin ICso

(!'-~M ~xanpi e zu. uuuu. 3our xanpi e @%,N BHpl ogi cal Test Assay Type 2
G-owmlz irr.h.ibitio~ agaifzst sTraoot scle cells Vascul ar snooth
‘nmuscle cells are isolated froma orta by explanation and used for the

test. The cells are put into weIIs of a 96-well plate (8000 cells/well) and

cultured in Dul beccois nodified Eag[“e s nmedi um (DMEM N ssui Pharmaceuti cal

‘Co., Ltd.) 15 contai ni ng 10%(? ine serum (FBS; Hyclone) for 4 days.
é n DMVEM containing 0.1 % FBS for 3

o

Then, the cells are cul
days, and are synchrgﬁ‘l{ atOth growt h stationary phase. To each
wel | is added DVEM c aining 0.1% FBS and a test sanple at a varied

Final 20 EonaenBIdReRgbofl it HRRRbE e e ol

growmh is neasured using a cell growth y kit {Boehringer Mannhei m
according to the XTT nmethod [J. | ngQuiN Sepdd; 142, 257-265 (1991)],

and the cell growh score is calcul gted the foll owi ng equation. Cell
grow h score = 100 x f 1-(MPO)/E)£EEPO)} wherein P100 = absorbance 25 by

XTT reagent when stimulated by P ; PO = absorbance by XTT reagent when

32 WO 112/163s 1
_0O

. l \ N
C/N N~ 0 N/J
N-(4-fluorophenyl){4-[6-methoxy-7-(3-pymrolidinyipropoxy)quinazolin-4-yljpiperazinyl}carboxamide
R~ )—F
Oﬁ/
)
N
7 0 X N
~ L/
N0 N
4-({4-[6-methoxy-7-(3-pyrrolidinylpropoxy)quinazolin-4-yl]piperazinyl}carbonylamino)benzoic acid
Oﬁ/ 2
®
N
~ O I A N
:N/\/\O N/)

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

derivatives thereof.
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PCT/U SO1 /~ 1752 not stinulated by PDG--BB, and M = absorbance by XTT
reagent after addition of a sanple when stinulated by PDG--BB. The test
result i ve@RYPtESked as the concentration of a test conpouR@TMMEM7Ph| ubits
the cell growh by 50% (I Cso). 5 Biological Test Assay Type 3 hal ai bito~y
effect on hypertroplay of vasculaf~ i~z.tiina Male SD rats (weight: 375-445
g, Charles River, golden standard) are anesthetized with sodi um

pent obar bi t abrdpafhtigH/df Conipoinds and then the neck of each animal 10 is
incised by the nmedian incision, followed by retrograde insertion of a

bal | oon cat het er ([REcom@uaidisndyeixoprapared asihg imethods bad pricederd & geakratlar ot i d.
After the above treainient is repeated seven tines, the catheter is pulled
-out, the | ef tlesexibed neEW@ 98/d8431 publishegbSeptembzand 23 HOSywbidh is sncerponatediherdint est
conmpound i s suspended in a 0.5% solution of Tween 80 in an aqueous sol ution
of sodiSum chbyréfaence Stasmgoraterials may bem®ie omgbtainedras dhgcribad thepdin agwell.
intraperitoneal admnistration and in a 0.5% solution of nethyl cellul ose
400 to a conéentipgetayns sichasihglogen, ipwer slkoxs, dawatallgldio, demerdllsfsulfogsloxyhe
suspension is adnni stered once a,day in the case of intraperitoneal

adm ni strat i 8VISHenglexy, &, may beutdizgd yhen ne¢rssary sxcept fosthg regetianpadity at i on

e atn day "SR BHEPBI i TR RO HR P BS Ry s vaRes B8990 1 or
T T
N S e L R e A
From the T oSt e SRR Red T ot oo AR Rreotif KRR R MRes o,
Intima is sigedH mGRpdiy sﬂﬂﬂﬁgtiléiclléﬂisﬁxs[é.@.,' .W.t('}&éﬁé?Pr&éctf%@ﬁﬁﬁ@%‘@%ﬁni@f the

present invention. Biological Test sav Type 4 Evaluation by the uUse of a

tat adjuvari syﬁmegigjiohjl:wm@d&lsgaglnc_ WogEW2/ 1G3, 1 PCT/ US111L11752 Dead cells
of Mycobacterium bacterium (Difco Laboratories Inc.) are disrupted in agate

mortar and suspendieeudhprbeagsdsifpler d@fffned gtampt bRarige nalerahea cemiiti@isi adtheof 6. 6
ng/m, followed by sterilization with high pressure steam Then, 100 m of
t he suspensi working oot @areeonst appropriatt fedcarnting ditehe ngtitodhilediefioamt pad of
each ani mal of .groups of female 5 8-weeks-old Lewis rats (Charles R ver
Japan) (6 anceombeimgtcude abtaingichpcesiagifhe wagthodsifohiminoflucing\andeimmetmpund i s
suspended in a 0.5 % solution of nethyl cellulose to the final .

concent r at i oRr@ectyeggpuns whishiare conyqntiepallyeyssd én erganicsypibetioeheptistay togi Fi s,

LQSySKZ:pSRf‘ &ﬁcfear‘i’é%'gc:,»%@?v% ' ”a:we %amosaygt@lgmpwa% S tao i og 4
0.5% i A e ol A
o ot or et b on afcuSionit € Fon R S SRitod iShe BBIANIEC,

_ _ o _ !
FaPOAE o, EROh RS, WS P oAt Gt A AR RN R,
on the 18th gaaﬁﬁoﬁ Elfe%%?ﬁé-gﬁgribéd @ekéssgst & sdnd &ﬁg@%@ﬁg@h@gﬁg% Sorniilg

change in body werg e passage of time, t ema 1 n hind
15 foot W t hiihg RAFIBEE aPintdrh¥Biatds T6r MRS nesiSRleRNe PN ivhiVE¥US corlifag to

nunber of | eukoCytes
formula I.

The intermediates and the desired compounds in the processes described above
25 can be isolated and purified by purification methods conventionally used in organic
synthetic chemistry, for example, neutralization, filtration, extraction, washing, drying,
concentration, recrystallization, and various kinds of chromatography. The intermediates

may be subjected to the subsequent reaction without purification.
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in peripheral blood, the hydroxyproline content of urine, the

gl ucosam nogl ycan content of urine, the SH concentration in serum the
concent r ¥OOX1@51 ni t r ogen nonoxi de in serum and the conce®CTAiS0pH1762 n
iucoprotein in serumare neasured and eval uated. The vol une of each of both

hi nd feet
(%Q—loie Uﬁrgo?ﬁ?%%%ﬁﬂnﬁzhggmﬁnéé%gﬁﬁ@%@?@éﬂﬁilgggﬁ%HQEa vlﬁgﬁgﬁhre counted
usi ng an .aut @6&%@1@ lsrshﬂér%ﬁl@ﬁfan@ taRtoRREs £l hixGRE hefeof. Smmﬁ%?@ﬁﬂonsﬁa?d lyo

Denshi ydroxyproline content of urine is measured

accordi ng t 0 thdpRielVRE Roddl@StrdnP @ﬁhn'nﬂrdei%egé‘th eBhntfimers A UéatenipaRed bs WE11 19Ky O0
Metropolitan Research Laboratories P. H-, , 36, 277 (1985), and the

-gl ucosam noghysutured fireeparhisngMd suis egaraioaeidi ng to the method 25 descri bed
in Moriyama, et al., Hinyo Kiyo, 40, 565 (1994) and Kl onpnmakers, et al.

Anal ytiscal Bi ocheiln thesdasy wharfs3, saB@f él]:@ﬁl@)mndrdsfefoﬁhulfadnméarsumdhn@m@cnn@enmin is
'n i easured according to the nethod described in Mesel, et al.,

hl f | ammat i on s prbdudedtn oo, of dreddesived sadty tean basilgacted tapurfegton avsvoki e i s
measured according to the nmethod of Tracey, et al., Journal of Pharnmacol ogy
& Experi ment dhe crewhgra ¢anspound 2f forgmda {is g’gssucedmethszﬁee STAR ayg)/its1sal is

PCT/ US01/ ~1752 concentration of nmucoprotein is measured using Asprqo GP Kit
(Ot suka Phar g8itsg: thegompgund ef wrpulafys disaolved@rgepsndad Bl @ swle Wg%?: h

L S B R S 70 v
No h f
Nomardd %Ef}tﬁe%%ﬁrﬁ%}eﬁ&?ﬁa g oo Semss T Ay RRRE b fererte

A |
oo hancs oenfittAE afhb Aehlion Wi sRpBd8 bilne SHipdiiacy: CCP%%@ t%ﬁty' N

nonocl onal a%%ﬁgﬁgx OX-7 (Sedaren) is admnistered to nale blister-Kyoto
rats (Charl es ver Japan, 160 g, 6 aninmals/group) in an anount of 1.0 15
ng/ kg by intravenous adm nistration through the tail vein. A test conpound
is suspended in a 0.5% sol uti on of netﬁ#&gﬁ* dfose and the resulting
suspension is admnistered to each of rats twi ce a day for a period of
7 days starting on the day before the adm nistration of OX-7. On the 7th
day after the OX-7 adm nistration, when nesangial cell growth and

extracel lular matrix hypertrophy beconme prom nent, the left 20 kidney of
each rat is extirpated, fixed with 20% buffered formalin for 6 hours and
wrapped in pagad Fn, followed by slicivwg, by%$med pieges are sugb%gted
to i mmune tissue ; Y AKO) agal ns

i ntranucl ear anti g AfteL_cgapaLatlv ai ni ng
with Methyl G ee #4l ni ng sol uti on wedhg M am nobenzi di ng.caS “a<Corab,
devel oper, the paraffin pieces are enclosed. Half of the 25 gloneruli in a
ki dney pi ece are observed and the nunmber of the cells i one gl onmerul us
which are positive to nébe |ptranosbear anti ggg, of erative cells are
cal cul ated. The test for [gnificance of dif yCe T4 carried out by
the W1 coxon t&st. Froms esul t s—+t—+9appa wh%glthe—condends
according to the presed i nvénti th show al | ewiati N aciN“vity on nesangi al
proliferative glonmerul onephritis. 35 WO 02/ 1G351 PCT/ USO01/ ~17s2 The
conpounds of formula (I) and pharmaceutically accepjable salts thereof can
be adm ni stered as such, but it is usually prefeiié to administer themin

the form of Roe

w1 i

N

P )
BnO N &

BnO N

Y

15 I
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pharmaceutical conpositions, wuch are used fox aiumals and human bei ngs.
It is preferred to enploy the achninistration route which is the nost
effecti vav@o¥1@3Re treatnent. For exanple, adm nistration PETARIE4GFAI Y or
non-orally by intrarectal, intraoral, subcutaneous, intramuscular or intr
avenous adm ni StT hisQnEX3BPh &t Aty pe-hRBiy L RLrRAIUR Rhi0RoRE Ay -
capsul es, tablets, granules, powders, syrups, "enmul sions, suppositories and
inj ections. Plﬁeﬁ&irfé GRIBRORtd ¢foundGloAde LM ntdrRBdiaf tHatuh it Cin tRE €
appropriate tor oral 10 adm nistration can be prepared using water, sugars
such as sucr gpfthesidfilatiohs estfpdunds (B Schefle)eaR bs adapidl Rro@ldidyxlie pesigby col
and propyl ene glycol, oils such as sesane oil, olive oil and soybean oil,
‘preservat i vegosiges) agdedegibed alhds foff fomiakad. Jhe kanidlicsdcidisthenzylatbd afotiowad by
pepperniint, etc. Capsules, tablets, powders and granul es can be prepared
usi ng éxci pi aittatios wdth famidSnitacsond et abghitibMEE, The artos finatichatignisiredilced with a
di sintegrating agents such as starch and sodi ~.un al ginate, |ubricants such
as magnesi unresueingagentsnch antin chlpridel end theddte, Edlopetl pyicyglization ehthl 3 base such
hydroxypropyl cellulose and gelatin, surfactants such as fatty acid esters,
pl asti ci zer sasipemagédentylevated teraparatursy pisderplly dn dhegangabiGetof20p (hratErrdl

adm ni stration preferably conprjse a 20 sterilized aqueous ,preparatjon

cont ai ni ng aﬂulae%qlmen%oﬁ%wﬁﬂhw A H-Clsayingrodneis ftffsﬂcﬁeﬂebwtee@rlag apinazolizope,q .

: ol ut o a%ifﬁ@%ﬁo@eﬁ%ﬁ&ar%%@%ﬁ%l Sl EBriag <l ondt T eglgqauiﬁ'ste
o sudbenai nERaR D e Bomss i en DR s PP B BRL Bk, RSk 28
m neral oi |, i RELAl SR AR AR PRLARYIIC Lo hERNRE wilBRL NBERRS RapSed [ or

topi cal drugs. nposi t1ons stin mnis are prepared

usi ng ordi ”aﬁgpr‘éﬁﬁétis 61%e1?t9§tﬂ:haa§ é&ﬁgﬁgn&?&cetﬂﬁﬂ@%‘?m rbéth of Béftux

hydr ogenat ed fat™ carboxylic aci afe provided as suppositories. 36
WO 02/ 1C351 Pe(ﬁ:lﬂe%h%el for E7ip phBRneOSMNRE triciAathBle R PPri@inal admi ni stration
may additionally be fornulated to contain orie or noré kinds of additives
selected fromglycols, oils, flavors, preservatives (including
anti oxi dants), excipients, disintegrating agents, lubricants, binders,
surfactants and plasticizers which are used for the preparation of
conpositions for oral 5 admnistration. The effective dose and the

adm ni stration schedule for each of the conpounds of
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formula (1) or a pharmaceutically acceptable salt thereof will vary
depending on the adm nistration route, the patient's age and body wei ght,
and the tWQe2or35tegree of the diseases to be treated. HowdedrUSol/#176%
generally appropriate to adm ni ster a conmpound of 10 fornula (1) or a
pharmaceutically acceptable salt therggé hg @Iiose of 0.0l -1000

ng/ adul t/ day, pr eferably 5-500 ng/ad h @ n one to sever al parts. All
t he conpounds of the present invention can be imediately applied to the
treatment of ki nase-dependent di seases of mammal s as ki nase inhibitors,
specifically, those relating to tyrosine kinase. Specifically preferred are
t he conpounds which have 15 1Cso within the range of 10 nM10 ~-M Even nor
-a preferred are conpoundgewhi ch have |1 Cso wit hi N?he range of 10 nMto -1
~, M Most preferred arg conpounds W uch have a O value which is |ess
than 1 ~, M Specific cgnmpounds of the present nve tion which have an
‘activity to specificallynrnhibit one of the thre# types of protein kinase
(for exanpl e, krnase whi gh 20 phosphornybat es tyrusrne, §kﬂa§g/%hlch

e~ Al t hreoni ne,  anv >Sahi ch phospﬁorylates

hyper proliferagi et T Uy ion whi ch i sio€Caus€d ON narnthhbﬁ by abnor nmal
tyrosine kinase activity. Exanples thereof include psoriasis, puhnonaiy
fibrosis, glomerul onephritisseccancer, atherosclerosis and thﬁ angi opoi esi s
(for exanple, tunor 25 gr Y~and di abetic retinopathy). nt know edge
of the relationship between ot her classes of kinase and ecr i ¢ di seases
is insufficient. However, ounds havi ng specific PTK-in iting activity
have a useful tr eatnent effpct. Qther classes of kinase have also been
recogni zed in theM&3 oY yQuercetin, genistelnyg atysporin, 37

wo 02n~~3s~ PcTmsnmrs} ch afe-ad—PhK- |Qh|b| bit jrany ki nds of
protein kinds yrosi ne ki na¥es vs resul t of
their lack of the specrfrcrty, their cytotoxrcrty is lugh. Therefore a

PTK-inhibitor (or an inhibitor of other classes of kinase) ich? to
se of the lack of Selecti |ty can

bring about undesirable side effects bec
be identified by the use of an oRéNG¥ary test to/nmeasure cytotdxic
lieved t §ne of ordinarytikzj can
gi ven aboye ace non-limting hat

vi ew of the above description it is
one of ordinary slcill in vreM/of the above wijl®’readily envision o her

practice the invention. TR R |

pernutations and-variatio the invention t hout depdfePi e
princi pal concepts. Such zj;zarnutatrons and variations are g i thiln the
scope of the present inve Al t hough the mresen%thMén% ' n

described in sone detail by may of illusprati on for purposes of clarity of
under st andi ng, i tMsf be_appalent to tho%/ ~ay di nar yLssikGl 4nitfopheptiexy ar t
that various nodifica 0 equrvalentsN an be nade mnthoit departing
fromthe spRiit SCQPRE he inventi t shoul d be understood fhat
the 15 foregoing di’scussi on "and exanpl es ne |y present a detai®
description of certain preferred enbodi nent\s. All the patents, jo r nalre

articles and ot her docunents di sgdssed § [:N
N
R n
3\/""\0 N/I
MeO N
R n
3\/""\0 N)

This illustrated Scheme II provides the synthesis of various substituted urea
5 intermediates from the intermediate obtained in Scheme I, or by other procedures. The
intermediate form Scheme I (or its bicyclic position isomer) is debenzylated under

hydrogenation conditions followed by alkylation with various substituted alkyl halides.
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or cited above are herein incorporated by reference in their entirety. 38
WO 02/11351 WHAT IS CLAIMED I S: PCT/USO011. 11752 A nitrogen-contai ning

het er ocyaV® 02/¢@fpound of the formula: ON ~ ~ R~ N J wher &CA/UR01/HE5A nmenber
selected fromthe group consisting of: 5 -CN, -X, -CX3, -R5, -CO-RS,

-C(OR5, -S 5 : | i N tg}J ¥
- O phenyl, %ﬁrot%cﬁ?ﬁ #%-o%glf%d&) oltJ Qﬁgﬁ%@ Ecl}ﬂ?dsdg%le ﬁ%aﬁgs& dﬁlgglggvgrﬁh RS

i s hydrogen %nalsqsgcg/aﬁétgyﬂo Arfved tHesﬂxﬁl fiRh 98fnpSlindar M@é&%ﬂw&@@'tﬁ@ﬁocﬁna@@d R4
are each i ndependentl'y a nenber selected fromthe group consisting o

-0 G, - O Che fdtiBonmier&hil mﬂ@bi% the Qigfdri&irfe inteflediafhdyZde tr&f¥d With - OCHZ
CH(R6) CHz- R and G - R’alle?l- X or A C 8 alkyl that is

strai ght or bhaspehet gikak raelcﬂ)amﬂyls&ﬂmsﬁde iR&rinsdiaterfonidesd setactatwith eatisue
group consisting of: 15 -OH, -OCH3, -OCH -CH3, -NHZ, -N(-CH3)2, -NH(-CHz
phenyl 5, - NHeuttiarnyd jnilin€INTRO piperadie(fteiiftdbdte PGT Alsb BOtréated withg2nitidphedy O F
~NN~NHZ -HN'NHZ ~ ~ F ~SNNNNHWO N\ ~-N~~~\NNF~~~/N~~C
F FF ~ " /~chiNrofbematalio aff@d avitiophedykcaripamate iderimediate that can be treated with
various anilines to afford the desired ureas. If the urea compound has a terminal NH,
group (or one or more of the hydrogen atoms on this amino group is replaced by a
displaceable substituent), then this compound may be utilized an intermediate compound
10 with which to produce a urea compound terminated with a -NH-phenyl-R' groups.
Alternatively, if a different R' group is desired on the phenyl group, a replaceable para
position leaving group phenyl substituent may be displaced after coupling to provide the
particular R' substituent as described for formula I, above.
Such procedures for producing the claimed compounds are merely an illustration
15 of a preferred aspect of the invention. Other procedures and adaptations will be apparent
to one of ordinary skill in the art upon- views these reaction schemes and the structures of
the compounds according to the invention. Such procedures are deemed to be within the
scope of the present invention.
Also, the compounds of formula I and pharmaceutically acceptable salts thereof
20 may exist in the form of adducts with water (hydrates) or various solvents, which are also
within the scope of the present invention.

The following non-limiting examples are provided to better illustrate the present

invention.

25 Example 1
The intermediate zert-butyl-4-[6-methoxy-7-(2-piperidylethoxy)quinazolin-4-yl]-

piperazinecarboxylate:
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O~~~~~N-H\N_ "J MeN 20 and all pharmaceutically acceptabl e isoners,
salts, hydrates, solvates and prodrug derivatives thereof. 2. The corrpound
of clai mwoowmssm n R~ is a nmenber selected fiomthe groufCaarmdl/4t7dhg of
CN, -Onethyl, -Oethyl, -Opropyl, -Oisopropyl, -Obutyl , -Ot-butyl,
-Oisoanyl, 1-naphthyl oxy, 2-naphthyl oxy, 4-i ndoI y 5-indol yl oxy, 5

i soqui nol yl oxy, and position isoners and ho %E_Q)Lgr eof, S and all
pharmaceutically acceptable isoners, salts, hy , sol vates and prodrug
derivatives of such compounds. 3. The conpoun claim?2, wherein R and
Ra are different and one of RZ and R~ is -O ,J and all pharmaceutically
acceptabl e i soners salts, hydrates, solvates a prodrug derivatives of

.such conpounds. 40 VO 1127 16351-PCT/ Usol 52 4. The conpound of claim
|, having fornula I(a) or fornulfa I(b) “as owé\l ON\/ R ONR \ /
H3C N N H3G HZG O ~N ~~ J Hsc-oi;lbbxm o\ e mil a |1 (b} wherein R is a
menber selected fromthe group consisti ng of CN -Onethyl, -Oethyl,

-O-propyl, - GQakpep afwismgtﬁé EchMdlures £2 denbially ldescriBed ﬁp@mﬁon Senemebt had TRy,
2naphthy|oxy, 4-1 ndol yl oxy, i ndol yl oxy, 5-isoquinolyloxy, and position

i soners and lpsieWsPgs then eof, and all pharmaceutically acceptable isoners,
salts, hydrates, solvates and prodrug 10 derivatives of such conpounds. 5.
The conpound of claim1, having formula I(c) or formula I(d) as follows: O
N\ / RRON~~R-NNNNHCO~~~NHCHEG HRCGCO~ ~\ N
H2 C=HCSCHI - 0 Step\S: H3To e/ DMF (B00mi) solhijar) ofthe namilliclacat) (248, 149mmol), was

added K,CO, (102.7g, 744mmol, BnBr (44.2g, 372mmol), and the resulting suspension

was stirred at room temperature overnight. The reaction mixture was filtered, EtOAc

was added and the solution was washed with brine, dried, and concentrated. Purification

on silica gel chromatography gave 55g(96%) of the intermediate product. MS(ES) 349

10 (M+H)"

Step B:  To the CH,CI, solution (100mL) of benzyl protected material from Step A
(20g, 57.4mmol) at —10°C was slowly added acetic acid (100mL). To this cold solution
slowly added conc. HNO, (25.8 mL, 574.4mmol) and the reaction was warmed to room
temperature, followed by reflux overnight at 100°C. After overnight poured the reaction
15 into ice, extracted the product with EtOAc and washed with brine and dried with
MgSO04. The solvent was removed in vacuo to afford the desired intermediate product as

a yellow solid (21.8g, 96.5%). MS(ES) 416 (M+Na).

Step C:  To the EtOAc solution (100mL) of nitro material from Step B (10.9g,

20 27.7mmol) added SnCl,.H,O (18.7g, 83.1mmol) and the reaction mixture was heated at
50°C overnight. After cooling the reaction mixture was filtered through celite, and the
filtrate was washed with 10% NaHCO,, extracted with EtOAc. The organic layers dried,
evaporated to afford the intermediate amino product as a brown solid (9.5g, 95%).
MS(ES) 364 (M-+H).

25
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WD 02/ 1G351 wherein PCT/U SO 1 /~ 1752 5 R is a nenber selected fromthe
group consisting of CN, -Onethyl, -Oethyl, -Opropyl, -Oisopropyl,

- 0- butyl we@aedsutyl, -Oisoanyl, 1-naphthyloxy, 2naphthylpaeayuse1/41752
4-indol yl oxy, 5-indolyl oxy, 5-isoquinolyloxy, and position isoners and
honol ogs t he fp. @ . dﬁ% t ¢ |\Ead SIS i :
hydr at es, soﬁ\f/‘egt%s gﬂjcfa%llr"g ?g% (%gg.?@g@%ggﬁ?&gﬁc asc%npogﬁa%?@gaﬁ%ee
conmpound of ' : ' dok k r.nuliag 4 fial | m ON ~
corpound o PABHT bl BB RHb b Bl HORFID bl ko
Formul a 1 (1) ntkiGreSi Ak IRaRd dt 35@CRIBR! DRRhE &li Perl dMRLEE GabigURatE@NSazt | N9 Of
CN, -Onethyl, -Oethyl, -Opropyl, -Gisopropyl, -Obutyl,™ -Ot-butyl,

- O isoanyl, domvambl ByFOXNYG (HERPETMaa%Y liqtd iR a¥d 2phy) Saften doditedonred the
5-isoqui nol yl oxy, and position isoners and honol ogs 't hereof, and all

phar mageut i cadabyorameenarbteafied trsamy adipisate.nYhs piceipitateol asadotisctadbly pr odr ug
‘10 derivatives of such conpounds. 42 w0 02/1(>351 PCT/USQOL/-L1752 7. The
conpound of Eiltedtionlwhichys thg desiraduih@rmédiptepeyclivedT-bbrzylgy)6-asthaytdws: O N

R ONR \/ ~\V/ NNNNHCO~~NR3I ~HzC-lp "NR3 _ (HzZC,~ O
quinazolinone (1.9g, 81%). MS(ES) 283(M-+H).

Step E: A mixture of 7-benzyloxy-6-methoxy-4-quinazolinone (1g, 3.5mmol, from
10 Step D), thionyl chioride (SmL) and DMF (5drops) was heated at reflux for 4h. After

cooling excess thionyl chloride was removed by evaporation and the residue azeotroped

with toluene to afford the intermediate, 4-chloro-6-methoxy-7-benzyloxyquinazoline, as

a yellow solid (652mg, 62%). MS(ES) 301 (M+H).

15 Step F:  To the THF solution (20mL) of 4-chloro-6-methoxy-7-benzyloxyquinazoline
(1.8g, 6mmol) added Boc-piperazine (2.2g, 12mmol) followed by DIEA (4.2mL,
24mmol) and heated the reaction overnight at 50°C. The solvent was evaporated, the
residue dissolved in water and extracted the product with EtOAc. The EtOAc layer was
dried, filtered and evaporated to give the intermediate fer¢-butyl 4¥[6-methoxy-7—

20 phenylmethoxy)quinazolin-4-yl]piperazinecarboxylate as a white solid (2.2g, 81%).

. MS(ES) 451 (M+H).

Step G:  The benzyloxy compound from Step F (500mg, 1.1mmol) was dissolved in
EtOH (5mL), to this added Pd(OH),/C (50mg) and the mixture was placed on the Parr

25 hydrogenator at 50psi H, pressure for overnight. The reaction mixture was filtered
through celite and washed with EtOH, then evaporated the solvent to afford the
intermediate debenzylated material ( 400mg, 98%). MS(ES) 361 (M+H)
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Jri H3GO N Fonnula 1(g) Forniula I{h) wherein nis20or3; R is a nmenber
sel ected fromthe group consisting of CN, -Onethyl, -Oethyl, -O propyl,
-O i sopr op@ 21638 butyl , -Ot-butyl, -Oisoanyl, 1-naphthylPeTySo1/41752
2napht hyl oxy, 4-indol yl oxy, 5-indolyloxy, 5-isoquinolyloxy, and position

consi sti g of ity TR o RyOaL Pl RN BRIEE R % Bhenyl).
N Pheny| ) i@y g R D4 R RETRHSIAE (102 SRubb)NoL B, (92, Mg P -

NrNC NH ~N ~blidddQ-chiblosttiNebslatd (178mL “ldﬂ‘iiﬁolb*'\"fhé/ﬁﬁktu}e whdstaldd overnight at

pharmaceutical |y acceptable isoners, salts, hydrates, solvates and prodrug

derivatives tduni eipersureA M@%ﬁﬂwmp&ia&@ ah@ titd Gude feskivk 6k pdrifiedny t he
group consisting of:

N- (4-i 5dol - 5R&MHRM@H&ﬁyh%ﬁﬁmkﬁﬂgEphﬁxwmﬁm(Hmﬁ&hhﬂ%Mﬁ@@@ﬂM@Q@aﬁ&ﬂahtn 4-yl]p

1 perazi nyl } car boxam de D ~N ~0~ ~ ~ NJ N(4-in

dol - 4- yl oxyplmemyadiakd 1@{Butyb/é-rﬁﬁ}n}etﬂox(y%(ﬁeckﬂovopﬂtoblp)cm)rmzalm -4-
inazolin-4-y|]p| perazinyl | carboxamide O-N~/ \ / CN, ~ NHJNiO ~ ~ ~ N
~0~0 ~ NJ 44ylbiperapmessBetylsens gotsiradimeduct ( 850mg, 40%). MS(ES) 423 (M-+H)

{4-] 6-nmet hoxy- 7- ( 2- met hoxyet hoxy) qui nazol i n- 4-yl ] pi per azi nyl } - N- (4- napht hyl
oxyphenyl ) car boxam de

Step I: To the DMF solution (10mL) of the starting material (450mg, 1.2mmol) from
10 Step H added piperidine (1.2mL, 12mmol) and the reaction was heated at 80°C
overnight. The solvent was evaporated and the crude residue was purified by RP-HPLC
to afford tert-butyl-4-[6-methoxy-7-(2-piperidylethoxy)quinazolin-4-
yllpiperazinecarboxylate as the desired product ( 310mg, 55%). MS(ES) 472 (M+H).

15 Example 2
N-(4-cyanophenyl) {4-[6-methoxy-7-(2-piperidylethoxy)quinazolin-4-

o A
N
()
SPNes
b AL

was prepared using the intermediate obtained in Example 1 and the procedures as

yl]piperazinyl} carboxamide:

20 generally described in reaction Schemes II as follows:

To tert-butyl-4-[ 6-methoxy-7-(2-piperidylethoxy)quinazolin-4-yl]piperazine-
carboxylate (from Example 1 (Step I), 111mg, 0.3mmol) added 4N HCl/dioxane (1ml)
and the reaction was stirred at room temperature for 1h. The solvent was evaporated and
azetroped with pentane several times to afford deboc material, i.e. material with the Boc

25 protecting group removed. To this residue was added DMF (2 ml), followed by
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ON\ / ~\V/ CN, \ JN~N~0~0 \ | NJ

{4-[ 6- met hoxy- 7- ( 2- met hoxyet hoxy) qui nazol i n- 4-yl ] pi perazi nyl } - N- (4-(2-napht
hyl oxy) pivemdyt/)@ar boxamde ~~N\ / ~\ / \ CND N ~N i00 \ PCMUSO1/41752

N- (4- (5-i soqui nol yl oxy) phenyl ) { 4-[ 6- met hoxy- 7- ( 2- met hoxyet hoxy) qui nazol i n- 4

L e R R e

Eg_?_}’ lU) (é%r ?0;( ?ﬁli gggeﬁtl\!vaxs dvaporatell afdrsside pNnEQ@@: RP-BPECS affolARGZEd Hidaket

{4-[6-net hOXN‘-Zt&y%nﬂﬁiéh%))(%&%@fﬁ&‘ym@zﬁbbﬂdﬁetﬁbi%hﬁi%ﬁilirﬂﬂ} N-[4-(nethyle

t hoxy) phenyl ] car boxam dé "~~
‘N (4- cyanophg gyip)a{aén{mcafmkmaza(vanmhaxBem@ng%ﬂmsagsj 516(MED)] pi per azi
nyl } carboxamde C~-N ~ ~ CN CND N ~N ~o0~0 ~
{4-[ 6- et hoxy- 7- ( 2- pi peri dyl et hoxy) qui nazol i n-4-yl ] pi perazi nyl } - N-[ 4- (et hy
‘| et hoxy) phenyl ] car boxam de C~N CND N ~N ~N~O ~ | NJ
N- ( 4- cyanophg&rghpled 3f46- net hoxy- 7- ( 2- pi peri dyl et hoxy) qui nazol i n-4-yl ] pi peraz
i nyl } car boxam de O-N ~ ~ CN CND N ~ N~O ~ | NJ 46

N-(4-cyanophenyl) {4- [6-methoxy— -(2-(methoxy)ethoxy)quinazolin-4-

OTH—Q—CN
)

yl]piperazinyl} carboxamide:

0O
Hye" 00 N/)
10 was prepared using the procedures as described above in Examples 1 and 2 except that 1-

bromoethylmethyl ether was used instead of 1-chloroethyltosylate as an alkylating
reagent, to provide the title compound, in a comparable yield to that described in
Examples 1 and 2.

The pharmacological activities of the compounds of the present invention are

15 obtained by following the test example procedures as follows, for example.

Biological Test Assay Type 1
Inhibitory effect on compounds on Autophosphorylation of Platelet Derived Growth

Factor B-PDGF receptor

20 (1) HRS5 Phosphorylation Assay

The HRS cell line is a cell line of CHO cells engineered to overexpress human
S-PDGFR, which cell line is available from the ATCC. The expression level of -

PDGFR in HRS5 cells is around 5 x10* receptor per cell. For the phosphorylation assay

according to the invention, HRS5 cells were grown to confluency in 96-well microtiter
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{4-] 6-nmet hoxy- 7- ( 3- pi peri dyl propoxy) qui nazol i n-4-yl ] pi perazinyl }-N-[4-(neth
yl et hoxy mdeiyd3frar boxamide H O-N ~ ~ OCN) ~ ~ | . N NCOPCTNBOGH 752

{4-[ 6- met hoxy- 7- ( 3- nor phol i n- 4-yl pr opoxy)qui nazol i n-4-yl ] pi perazi nyI }- N-[4-

(et hyl et hox ﬁi@m Ll

N- (4- cyanophen )ap%g%?ﬁé%sgﬁ{dg 0X ?ulﬁg tﬁéqs Plbbr%f)oxy tafjv:éltnazo I n- 4 yI }p
i perazi nyl }Cﬁémxgﬂl&@e@* oIS Wereqi%ugm@d a{\B?& »choult oMﬂﬂ 1ncreasmg concentrations
{4-[6-met hoxy- 7-(3-pyrrolidinyl propoxy)qui nazolin-4-yl]piperazinyl}-N[4-(m

et hyl et hoxy) gh@BYés: eampONA! r@)dﬁ -390y for 30 mintlR flIGwed By the Ndditiofdof-8 M1 47
WO 02/ 1C351 PCT/U SO 17 /-41

-N- (4- cyanophemydp BB-hH1 OBEMAXY - deltsave(ré,ly%e&xﬂmoam@aﬁglgmyl»sehﬂwwé@wl nazol
i n-4-yl ] pi perazi nyl }carboxam de O-N ~ ~ CN N,N~\ ON

N- (4- cyanophersyh Ttifor X-100] hox zo&&nw@hasmteesomaﬂaﬂ )19tu|gﬂlxlya)pmtlmﬂ,21(6] i n-
‘4-yl ] pi perazinyl }carboxamde O-N ~ ~ CN CND NONiO / ~N i N-N-O\

{ 4- [ 6- met hoxwg/ml(@upeptid, BnMprenylastioisuljoeyhidwor)dgui nd\z[csbdmrrﬂvapla@qie,rmdaha nyl }
-N—[4 (et hyl ethoxy)phens/l]carboxam de O-N ~ ~ O\ CND NcNiO / ~ N N~N-O\
NJ lysate was cleared by centrifugation at 15 000 x g for 5 minutes. Clarified lysates were

{4-]6-nmet hoxy-7-(2-(1, 2,3,4-tetraazol - 2-yl ) et hoxy) qui nazol i n- 4-yl |perazln
yl}-N-[4- (netrﬁmf@wé)&m pBread etk alateda Vaush thewmﬂlswrﬂgremqus O&P

500 ng/well of 1B5B11 anti-f-PDGFR mAb, and then incubated for two hours at room

10 temperature. After washing three times with binding buffer (0.3% gelatin, 25mM Hepes
pH 7.5, 100mM NaCl, 0.01% Tween-20), 250 ng/ml of rabbit polyclonal anti-
phosphotyrosine antibody (Transduction Laboratory) was added and plates were
incubated at 37°C for 60 minutes. Subsequently, each well was washed three times with
binding buffer and incubated with 1 ug/ml! of horse radish peroxidase-conjugated anti-

15 rabbit antibody (Boehringer Mannheim) at 37°C for 60 minutes. Wells were washed prior
to adding ABTS (Sigma), and the rate of substrate formation was monitored at 650nm.
The assay results are reported as IC, (expressed as the concentration of a compound
according to the invention that inhibits the PDGF receptor phosphorylation by 50%) as

compared to control cells that are not exposed to a compound according to the invention.

20 Examples of such IC,, test results in the HR5 assay for compounds according to

the invention are set forth below in Table 1.

(2) MG63 Phosphorylation Assay

The MG63 cell line is a human osteosarcoma tumor cell line available from the

25 ATCC. This assay is for measuring endogenous f-PDGFR phosphorylation in MG63

cells. The assay conditions are the same as those described at for HRS cell, except that
PDGF-BB stimulation is provided in the presence or absence of 45% human plasma.

The HR5 assay results are reported as an IC,, (expressed as the concentration of a
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(4-{7-[3-(4, 4-difluoropiperidyl)propoxy] - 6-net hoxyqui nazol i n-4-yl } pi perazi n
yl}; N[ avQo1d3§1 et hoxy) phenyl ] car boxam de 0~' N CND N ~NPNBQUSM/MIT™NI F F
{4-[fi-methoxy-7-(3-piperazinyl propoxy)qui nazol | n-4-yl ] pi perazinyl}-N[4-(m
et hyl et hoxy) ! 91%‘1@%;@'0 = N: ~ D ' o N a1 J
N-(4- cyanophg%?/lp??rﬁf%- t ogd;? 1}1-V F%Y}o(n 441?%; y tE:hlbée%(z}Fﬁiﬁe}’gf 8%‘(0)5)?%0 8'&%]%12 lin
-4-yl } pi per azphylal eahpa¥am it Setl¥ that arhbt@XbbAtd a/compoutd actlrdindNd the

N- (4- cyanophenyl X4- [ 6- met hoxy- 7- (3- (1, 4-t hi azaper hydr oi n-4-yl ) propoxy) qui na
zol i n-4-yl ] pipenasn.nyl } carboxamde C~-N ~ ~ CNCND N ~ ~N ~-N~O ~ | NJ SJ 49
WO 02/ 11 351 PCT/ USUL/ -41752 (4-{7-[3-(1,1-dioxo(1,4-th iazaperhyd ro
‘in-4-yl))pro poxyExamplestofexohdiC.  testaesults in the MG63 assay for compounds according to

| i n-4-yl }pi perazi nyl ) N (4-cyanophenyl )carboxamide ~N~ ~ CNCNDNiO ~ ~ ~
N ~N~O5~ NJ thiesinvention are set forth below in Table 1.

‘N- (4- cyanophenyl ) [ 4- (7- et hoxy- 6- met hoxyqui nazol i n-4-yl ) pi perazi nyl ] car boxam

ide ~N ~ ~ CN CNDTHe-apsay resuMd for Compound Examples 2 and 4 are set forth in Table 1 below.
Table 1
Example Compound MG63 w/human plasma HR3S
I1Cso (M) ICso (M)
Example 2 0.080 0.360
Example 4 0.700 1.5
10 Biological Test Assay Type 2

Growth inhibition against smooth muscle cells

Vascular smooth muscle cells are isolated from a pig aorta by explanation and used
for the test. The cells are put into wells of a 96-well plate (8000 cells/well) and cultured
in Dulbeccois modified Eagle's medium (DMEM; Nissui Pharmaceutical Co., Ltd.)

15 containing 10% fetal bovine serum (FBS; Hyclone) for 4 days. Then, the cells are
further cultured in DMEM containing 0.1% FBS for 3 days, and are synchronized at the
cell growth stationary phase.

To each well is added DMEM containing 0.1% FBS and a test sample at a varied
concentration, and the cell growth is brought about by PDGF-BB (SIGMA, final

20 concentration: 20 ng/ml). After culturing for 3 days, the cell growth is measured using a
cell growth assay kit (Boehringer Mannheim) according to the XTT method [J. Immunol.
Methods, 142, 257-265 (1991)], and the cell growth score is calculated by the following
equation.

Cell growth score = 100 x {1-(M-PO)/(P100-PO)} wherein P100 = absorbance

25 by XTT reagent when stimulated by PDGF-BB; PO = absorbance by XTT reagent when

32



[ 4- (7- et hoxy- 6- met hoxyqui nazol i n-4-yl )p| perazi nyl ] - N[ 4- (et hyl et hoxy) pheny

|] carboxamide ~N~CN~ NiO ~~~N ~ N
[ 4- (7- et Mooy2/6630EL hoxqu nazol i n-4-yl) pi perazi nyl ] - N- (4- nREWtUMP1/OK§Dbhenyl ) c
arboxamide ~NCN~ ~ NiO ~~~ NN so W 1121163,1 PCT/US01/.11752

[4-(7-ethoxys ganl =

et hoxyqui nazo?t I N- 1atF31 bygg%};}gr?yﬁd%(fb?oﬁ%qcﬂfy %%?({/% %Ihty B %%drl %%(%% de H
P~N CN ~ N i Gyplb whel sh}n‘ﬁla”fed\{ry]P]NUF -BB
[4-(7-ethoxy-6- rret hoxyqui nazo 4-yl) pi perazi nyl ] - N- (4- phenoxyphenyl )

car boxam de D~N ~The ¢estresiit is éﬂpfégse‘d as e dbncentratnbf a test compound which inhibits
N- (4- cyanophenyl } [ A. - (6- nmet hoxy- 7 prop 2- enyl oxyqui nazol i n-4-yl)

-pi per azi nyl ] gardetheaswvihdsy DBI(TEC,). CN CN N ~N ~0 ~ i N J

[ 4- (6- et hoxy- 7- pr op- 2- enyl oxyqui nazol i n-4-yl ) pi perazinyl ] N-[4-(m

et hyl ebhoxy) phenyl ] carboxamide ~~NCN ~ N\ ~-N~0o | ~ NJ 15 51

Biological Test Assay Type 3

Inhibitory effect on hypertrophy of vascular intima
Male SD rats (weight: 375-445 g, Charles River, golden standard) are

anesthetized with sodium pentobarbital (50 mg/kg, i.p.), and then the neck of each animal

10 is incised by the median incision, followed by retrograde insertion of a balloon catheter
(2F, Edwards Laboratories) into the left external carotid. After the above treatment is
repeated seven times, the catheter is pulled out, the left external carotid is ligated, and the
wound is sutured. A test compound is suspended in a 0.5% solution of Tween 80 in an
aqueous solution of sodium chloride to a concentration of 20 mg/ml in the case of

15 intraperitoneal administration and in a 0.5% solution of methyl cellulose 400 to a
concentration of 6 mg/ml in the case of oral administration. The suspension is
administered once a day in the case of intraperitoneal administration and once or twice a
day in the case of oral administration for a period of 15 days starting on the day before
the balloon injury. On the 14th day after the balloon injury, the animal is killed and its

20 left carotid is extirpated. The tissues are fixed with formalin, wrapped in paraffin and
sliced, followed by Elastica Wangeeson staining. The area of the cross section of the
vascular tissues (intima and media) is measured with an image analyzer (Luzex F,
NIRECO) and the intima/media area ratio (I/M) is regarded as the degree of hypertrophy
of the vascular intima.

25 From the results obtained, it is apparent when the hypertrophy of vascular intima

is significantly inhibited by administration of the compounds of the present invention.

Biological Test Assay Tvpe 4

Evaluation by the use of a rat adjuvant arthritis model
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WD 02/ 1G351 [4-(6-meth oxy-7-prop-2-enylo xyq a in azo tin-4-yl)pipe
razi nyl ] N- (4- napht hyl oxyphenyl )carboxamide H~NCN ~ N~-N~0o | ~ N J
PCT/ USULMQ®#/26351 ~ ~ /| | N -(4-ind o l-4-y to xyp h a n POIUSI/BLIM a th o
Xy-7-p ro p-2-a nylo xyg ain a zo lin4-yl)piperazinyl]carboxamide ~N ~ /

~/ NHCON~ N ~ ThNgQefs bf Mgé?ﬂaéfegﬁnﬁr%actenum 1fco Laboratones Inc.) are disrupted in
et hoxy- 7- pr op- 2--enyl oXyqui nazo y plpera

- N- (4- phenoxyphe mdriaf @ﬁJP ?Qﬂdeqfin Hq&ddYabdtbim tdNhe |ﬁn|al é\éhcéntfatlon\of /6 6 mg/ml,
N- (4- cyanophenyl ) [ 4- (6- m et hoxy- 7- pr op- 2- ynyl oxyqui nazol i n- 4-yl }

D1 por ot ny | ] Goldry iteleization Mith HieiChieNr oM Thed 06l o ARpdrGichsa
PCT/ US(11/-11752 [4-(6-m i glChteEre-stbhmNThe o ;

-et hoxy- 7- pr opubbuyangbasty ijéctedzmko the4ight hipd festpad oy be}chl‘dmmal(dﬁ geduipg lof fdmady )
phenyl ] carboxamide O-N ~/ O\ CN~ N\ ~N\\~\o | .~

[ 4- (6- Pet hox B-Weqgks-abd RewisyhisXCharlasRivtr Japain) (6 ppingds/ gmupytlo]mﬂl(oé-ad_ambnmyl oXyp
‘henyl ) car boxam de

arthritis. A test compound is suspended in a 0.5% solution of methyl cellulose to the
final concentration of 3 mg/ml, and from just before the induction of arthritis, the
suspension is orally administered in an amount of 100 m1/100 g of the body weight once
a day, 5 days a week. To a control group is administered a 0.5% solution of methyl

10 cellulose. A normal group is given no adjuvant treatment or test compound
administration. The administration of the test compound is continued till the 18th day
after the adjuvant treatment. On the 17th day, the number of leukocytes in peripheral
blood are counted, and on the 18th day, all the blood is collected, followed by dissection.

The change in body weight with the passage of time, the change of edema in hind

15 foot with the passage of time, the weight of spleen and thymus, the number of leukocytes
in peripheral blood, the hydroxyproline content of urine, the glucosaminoglycan content
of urine, the SH concentration in serum, the concentration of nitrogen monoxide in serum
and the concentration of mucoprotein in serum are measured and evaluated. The volume
of each of both hind feet are measured using a rat's hind foot edema measurement device

20 (TK-101, Unicom). The number of leukocytes in peripheral blood are counted using an
automatic multichannel blood cell counter (Sysmex K-2000, Toa Iyo Denshi Co., Ltd.).
The hydroxyproline content of urine is measured according to the method described in
Ikeda, et al., Annual Report of Tokyo Metropolitan Research Laboratories P. H., , 36,
277 (1985), and the glucosaminoglycan content is measured according to the method

25 described in Moriyama, et al., Hinyo Kiyo, 40, 565 (1994) and Klompmakers, et al.,
Analytical Biochemistry, 153, 80 (1986). The SH concentration in serum is measured
according to the method described in Miesel, et al., Inflammation, 17, 595 (1993), and
the concentration of nitrogen monoxide is measured according to the method of Tracey,

et al., Journal of Pharmacology & Experimental Therapeutics, 272, 1011 (1995). The
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From the results obtain from such assays, it is apparent when the compound
according to the invention inhibits the occurrence of adjuvant arthritis.

10

Biological Test Assay Type 5

Activity on a mesangial proliferative glomerulonephritis model

Anti-rat Thy-1.1 monoclonal antibody OX-7 (Sedaren) is administered to male
Wister-Kyoto rats (Charles River Japan, 160 g, 6 animals/group) in an amount of 1.0
15 mg/kg by intravenous administration through the tail vein. A test compound is
suspended in a 0.5% solution of methylcellulose and the resulting suspension is
administered to each of the rats twice a day for a period of 7 days starting on the day
before the administration of OX-7. On the 7th day after the OX-7 administration, when
mesangial cell growth and extracellular matrix hypertrophy become prominent, the left
20 kidney of each rat is extirpated, fixed with 20% buffered formalin for 6 hours and
wrapped in paraffin, followed by slicing. The obtained pieces are subj ected to immune
tissue staining using antibody PC10 (DAKO) against an intranuclear antigen of
proliferative cells. After comparative staining with Methyl Green staining solution using
diaminobenzidine as a color developer, the paraffin pieces are enclosed. Half of the
25 glomeruli in a kidney piece are observed and the number of the cells in one glomerulus
which are positive to the intranuclear antigen of proliferative cells are calculated. The
test for the significance of difference is carried out by the Wilcoxon test.
From such results, it is apparent when the compounds according to the present

invention show alleviating activity on mesangial proliferative glomerulonephritis.
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Liquid compositions such as emulsions and syrups which are appropriate for oral
10 administration can be prepared using water, sugars such as sucrose, sorbitol and fructose,
glycols such as polyethylene glycol and propylene glycol, oils such as sesame oil, olive
oil and soybean oil, preservatives such as benzoates, flavors such as strawberry flavor
and peppermint, etc.
Capsules, tablets, powders and granules can be prepared using excipients such as
15 lactose, glucose, sucrose and mannitol, disintegrating agents such as starch and sodium
alginate, lubricants such as magnesium stearate and talc, binders such as polyvinyl
alcohol, hydroxypropyl cellulose and gelatin, surfactants such as fatty acid esters,
plasticizers such as glycerin, etc.
Compositions suitable for non-oral administration preferably comprise a
20 sterilized aqueous preparation containing an active compound which is isotonic to the
recipient's blood. For example, injections are prepared using a carrier which comprises a
salt solution, a glucose solution, or a mixture of a salt solution and a glucose solution.
Compositions for topical application are prepared by dissolving or suspending an
active compound in one or more kinds of solvents such as mineral oil, petroleum and
25 polyhydric alcohol, or other bases used for topical drugs.
Compositions for intestinal administration are prepared using ordinary carriers
such as cacao fat, hydrogenated fat and hydrogenated fat carboxylic acid, and are

provided as suppositories.
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mg/adult/day, preferably 5-500 mg/adult/day, in one to several parts.
All the compounds of the present invention can be immediately applied to the
treatment of kinase-dependent diseases of mammals as kinase inhibitors, specifically,

those relating to tyrosine kinase. Specifically preferred are the compounds which have

15 IC,, within the range of 10 nM-10 pM. Even more preferred are compounds which have
IC,, within the range of 10 nM to -1 pM. Most preferred are compounds which have an

IC,, value which is less than 1 pM.

Specific compounds of the present invention which have an activity to

specifically inhibit one of the three types of protein kinase (for example, kinase which

20 phosphorylates tyrosine, kinase which phosphorylates tyrosine and threonine, and kinase
which phosphorylates threonine) can be selected. Tyrosine kinase-dependent diseases
include hyperproliferative malfunction which is caused or maintained by abnormal
tyrosine kinase activity. Examples thereof include psoriasis, pulmonary fibrosis,
glomerulonephritis, cancer, atherosclerosis and anti-angiopoiesis (for example, tumor

25 growth and diabetic retinopathy). Current knowledge of the relationship between other
classes of kinase and specific diseases is insufficient. However, compounds having
specific PTK -inhibiting activity have a useful treatment effect. Other classes of kinase

have also been recognized in the same manner. Quercetin, genistein and staurosporin,
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wherein

R'is a member selected from the group consisting of:

5 -CN, -X, -CX,, -R%, -CO,R’, -C(O)R’, -SO,R?, -O-C, 4 alkyl that is straight or
branched chained, -O-phenyl, -O-naphthyl, -O-indolyl and -O-isoquinolinyl;
X is ahalogen;

R? is hydrogen or a C, , alkyl that is straight or branched chained;

R? and R* are each independently a member selected from the group consisting of:
10 -0-CH,, -O-CH,-CH,, -0-CH,-CH=CH,, -O-CH,-C=CH, -O(CH,),-SO,-R’,

-O-CH,-CH(R%)CH,-R® and -O(-CH,),-R’;

R®is -OH, -X, or a C,; alkyl that is straight or branched chained;

nis2or3;
R? is a member selected from the group consisting of:

15 -OH, -O-CH,, -O-CH,-CH,, -NH,, -N(-CH,),, -NH(-CH,-pheny1), -NH(-Phenyl), -CN
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20
and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

derivatives thereof.

2. The compound of claim 1, wherein R' is a member selected from the group
consisting of CN, -O-methyl, -O-ethyl, -O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl,
-O-isoamyl, 1-naphthyloxy, 2-naphthyloxy, 4-indolyloxy, 5-indolyloxy, 5-

isoquinolyloxy, and position isomers and homologs thereof,

5 and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

derivatives of such compounds.

3. The compound of claim 2, wherein R? and R* are different and one of R* and R*

is -O-CH,,

and all pharmaceutically acceptable isomers salts, hydrates, solvates and prodrug

derivatives of such compounds.
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Formula I(a) Formula I(b)
wherein
5 R! is a member selected from the group consisting of CN, -O-methyl, -O-ethyl,

-O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl, -O-isoamyl, 1-naphthyloxy, 2~
naphthyloxy, 4-indolyloxy, 5-indolyloxy, 5-isoquinolyloxy, and position isomers and .

homologs thereof,

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

10 derivatives of such compounds.

5. The compound of claim 1, having formula I(c) or formula I(d) as follows:

) Q)

3 S N HzC HC HZC 0 e N
J J
H,C=HC—CH,~0 N HsC—0 N/
Formula I(c) Formula I(d)
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and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

10 derivatives of such compounds.

6. The compound of claim 1, having formula I(e) or formula I(f) as follows:

(L (]

HyC—0 HGEC—H,C—0

N X
HC=C—CH,-0 N) HsC—0O N)
Formula I(e) Formula I(f)
wherein
5 R! is a member selected from the group consisting of CN, -O-methyl, -O-ethyl,

-O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl, -O-isoamyl, 1-naphthyloxy, 2-
naphthyloxy, 4-indolyloxy, 5-indolyloxy, 5-isoquinolyloxy, and position isomers and

homologs thereof,

and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

10 derivatives of such compounds.
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Formula I(g) Formula I(h)
wherein
5 nis2or3;

R'is a member selected from the group consisting of CN, -O-methyl, -O-ethyl,
-O-propyl, -O-isopropyl, -O-butyl, -O-t-butyl, -O-isoamyl, 1-naphthyloxy, 2-
naphthyloxy, 4-indolyloxy, 5-indolyloxy, 5-isoquinolyloxy, and position isomers and

homologs thereof,
10 R, is a member selected from the group consisting of:

-OH, -O-CH,, -O-CH,-CH,, -NH,, -N(-CH,),, -NH(-CH,-phenyl), -NH(-Phenyl), -CN
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and all pharmaceutically acceptable isomers, salts, hydrates, solvates and

I

prodrug derivatives thereof.

8. A compound according to claim 1 selected from the group consisting of:

N-(4-indol-5-yloxyphenyl}{4-[6-methoxy-7-(2-methoxyethoxy)quinazolin-4-yllpiperazinyl}carboxamide

OSO 2V

0

N-(4-indol-4-yloxyphenyl){4-[6-methoxy-7-(2-methoxyethoxy)quinazolin-4-yl]piperazinyl}carboxamide
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EJ S
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25 and all pharmaceutically acceptable isomers, salts, hydrates, solvates and prodrug

derivatives thereof.
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