WD 03/ 093241 PCT/ US03/ 13149 PROCESS FOR THE PREPARATI ON OF

7- SUBSTI TUTED- 3- QUI NOLI NE AND 3- QUI NOL- 4- ONE CARBONI TRI LES 5 BACKGROUND OF
THE | NVENVO@BloJ32s i nvention relates to a process for thePgmasas/ailson of
7-substituted-3- quinolinecarbonitriles and internedi ates useful in a
process to prepare 7-substituted- 3-quinolinecarbonitriles and
pharmaceutical |y acceptable salts thereof. Protein kinases are enzymes that

cat al yzerbbgsd Fal SRl piafoaRRASHN L SurireePrepl §-duTeBL AEPaK® 3aguaiLne-@aei d
resi due, cawgdiragriggr osi ne, serine, threonine, or histidine on a protein.
Regul ati on of these protein kinases is essential for the control of a wde
variety of cellular events including proliferation and mgration. Specific
protein kinases have been inplicated in diverse conditions including
cancer [Fraxier, P. M, EXBACKGROUNIROF THE tNMENTION 1599 (1998) Bri dges,
A. J., Energing Drugs, 3, 279 15 (1998)], restenosis [Mattsson, E., Trends
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?ngl ogenesi Sqtgrﬁnambomthlesmnd |ﬂeuged1atssusa°uymmmlrayesszfp p&ﬁ@oa(reggmpaltu@dlr kman,
., Nature i.C , 27 (19 and .ost eo J. din.

| nvest . , q'i'@?'ﬁ‘e(’irég5‘§r]lesa?f?ijg@%4(@ﬁgelg'ﬁ§ﬁ}1 &%Bt%e Sa[tgg%agur e Medi ci ne,

7(2), 222(2001) An 20 effective preparation of conpounds which are

i nhi bitors of proPmeigin kinasss are dozymse shat aathlyze ¢haifrefsier ¢fra phesphalegrowmt  of
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are 3- 1 ved pr ot ei
tyrosi ne ki naseprateid. Reguddtion of thedeeproieaditinases iDésseatialdor. thé’kven’tml@f emadﬁl oned

conmpounds have. 2 r epar.ed ?_ﬁ{)\m h f he
initial prepa & 8ﬂ CSFUI %Pg qtﬁdna§%ﬁ%§& @3.%% wé@epﬁdrgt'cﬁé @ég}f% é’@fﬁ"ﬁ ve
alternate sdummmfavbmeentlmplﬂcatedmedwmsb aveditians déhclliding camger prrepar, &t.in  of
3-qui nol i necar bont.ri tiy i Shl: ddj t | i heg-S an
al ternate pr%’&’e PP B?re 31’98%/-%3%8%?(? %%gdbégges 1Y, B DR 5°878
15  (1998)], restenosis [Mattsson, E., Trends Cardiovas. Med. 5, 200 (1995); Shaw,
Trends Pharmacol. Sci. 16, 401 (1995)], atherosclerosis [Raines, E. W., Bioessays,
18, 271 (1996)], angiogenesis [Shawver, L. K., Drug Discovery Today, 2, 50 (1997);
Folkman, J., Nature Medicine, 1, 27 (1995)] and osteoporosis [Boyce, J. Clin. Invest.,
90, 1622 (1992)] and stroke (Paul, R. et al, Nature Medicine, 7(2), 222(2001). An
20 effective preparation of compounds which are inhibitors of protein tyrosine kinases

and are useful in the treatment of cancer is important.

The compounds disclosed in WO09843960 (US 6,002,008) are 3-
quinolinecarbonitrile derivatives which are inhibitors of protein tyrosine kinases and
useful in the treatment of cancer. The aforementioned compounds have been

25 prepared by processes which are effective for the initial preparation of targeted
compounds. However, a new and effective alternate source of important
intermediates useful in the preparation of 3-quinolinecarbontrile derivatives is
desired. Additionally desired is an alternate process to prepare 7-substituted-3-

quinolinecarbonitriles.

30 A further series of new 3-quinolinecarbonitriles which are also highly effective
inhibitors of protein tyrosine kinases and useful in the treatment of cancer are

disclosed in published application WO 00/18740. Suitable processes for the
1



qui nol i necarbonitriles. 30 A further series of new 3-quinolinecarbonitriles
which are also highly effective inhibitors of protein tyrosine kinases and
usef ul i rwDhg/ot2ent nent of cancer are disclosed in publifegdsappitscati on
WO 00/ 18740. Suitable processes for the 1 WO 03/093241 PCT/ US03/ 13149
preparation of 3-quinolinecarbonitriles are described therein, however,
there is still a need in the art for yet nore suitable nethods for the
preparation of inportant internediates and final products useful in the
prepar at i on peépatatipmn ¢fcs- ﬁlﬁiﬂ@lﬁt}bb@bbhltriléfare desefibdd thareir dotveeert tfent isodtilleancer .

5 Therefore, t.hods t re?s titu qui nolin ban i and
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obj ect of t hiterrheviates iaad firnal odudts @isafial il mermeﬁaeamnwesqumolmcapanmilé’s
substi t ut ed- 3- E“h r}ﬁl i necarg itriles and internedi ates useful in a process
to prepare Bsife G ﬁ‘éﬁﬂ%h necarbonitriles which are highly
effective as |nh| bitors of 10 protein kinases useful in the treatnent of
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It is an object of this invention to provide a novel process for the preparation
of 7-substituted-3-quinolinecarbonitriles by displacement of the 7-fluoro group of 7-

fluoro-4-(substituted amino)quinolinecarbonitriles.

It is a further object of this invention to provide a novel process for the
15  preparation of 7-substituted-4-oxo-1,4-dihydro-3-quinolinecarbonitriles by
displacement of the 7-fluoro group of  7-fluoro-4-oxo-1,4-dihydro-3-

quinolinecarbonitriles.
BRIEF SUMMARY OF THE INVENTION

The present invention provides a process for the preparation of 7-substituted-

20  3-quinolinecarbonitriles of Formula (l)

NHR'
W' o CN
o
R2X N

wherein:



W I LCN RXN (I) wherein: 2 WD 03/093241 PCT/ US03/ 13149 X is selected
from-0-, -S-, -NH, and -NR 2" ; Ws Hor -OR3; gis an integer of 0-5; 5
mis an iwDegee32ef 0-2; n is an integer of 2-5; Rl is anPpaTkso3/grieup of 1
to 6 carbon atons, a cycloal kyl group of 3 to 10 carbon atons, or an aryl
of 6 to 12 carbon atonms, or heteroaryl ring, said aryl or heteroaryl ring
is optionally fused to an additional aryl or heteroaryl ring, wherein
heteroaryl is 10 defined as a 5 or 6 nenbered aromatic ring noiety
containing at |least one and up to 4 heteroatons selected from0, S, and N;
said aryl or het eroaryl ri ngs optionally fused may optionally be

substituted with, 1.t td t yent n ndent |y selected fromthe group
consi sting o)¥m %Flecmf\%ﬁ P é éﬁ—? agél ﬁ%%‘ﬂ N3, -000H, - CONH2,
-NHC(O NH2a -C(O H, -CF3, OCF3 -R4, - -NHR4, -NR 4R4, -S(0) nR4,

- NHSO2R4, 15\ Eﬁﬂaf —QR%O?4 - RSNH2, - R5NHR4 - R5NR4R4, -R5SH, - R5S(0) nR4,
-NHR6OH, -N(R4)R60H, - N(R4) R6OR4, - NHR6NH2, - NHR6NHR4, - NHR6NR4R4,

- N( R4) RENH2, - N( R4) RENHR4R4, - ORBOH, - ORGOR4, - OR6NH2,
- OR6NHR4, ﬁﬁéﬂdﬁ%gﬁy@f 'O R4, -NHC(O) R4, - NHC(O) NHR4, - ORSC(O) R4,

CNHRSC{O) R4, - C(O) R4, -C(O) ORA, -C(O) NHRA, - (O NRARA. - R5C(O) H.

-R5C(O) Rf, -RiSa( Oie¥8r 0p0-2R5C( O) OR4, - R5C( O) NH2, - R5C(O) NHR4, - R5C( O) NRAR4,

-RBOC(O R4, - R50C(O) NH2i -R50C(O) NHR4 and - RSOC( O NR4R4, and - YR7 groups

\/\k&eg)e:\"r_ll_?(ll\PHéu(%ﬁﬁgﬁgpgfrggy selected from-C(O-, -C(OO, -0C(O)-

R' is an alkyl group of 1 to 6 carbon atoms, a cycloalkyl group of 3 to 10 carbon
atoms, or an aryl of 6 to 12 carbon atoms, or heteroaryl ring, said aryl or heteroaryi
ring is optionally fused to an additional aryl or heteroaryl ring, wherein heteroaryl is

10 defined as a 5 or 6 membered aromatic ring moiety containing at least one and up to
4 heteroatoms selected from O, S, and N; said aryl or heteroaryl rings optionally
fused may optionally be substituted with 1 to 4 substituents independently selected
from the group consisting of -J, -NO,, -NH,, -OH, -SH, -CN, -N3, -COOH, -CONH,,
-NHC(O)NH,, -C(O)H, -CF3, -OCF3, -R*, -OR*, -NHR?, -NR*R*, -S(0),R*, -NHSO.R?,

15 -R°OH, -R°OR* -R°NH,, -R°NHR? -R°NR’R% -R°SH, -R°S(O).R* -NHRPOH,
-N(RYRPOH, -N(RYR°OR* -NHR®NH,, -NHR®°NHR* -NHR°NR'R*, -N(R")R°NH.,
-N(RYR®NHR?, -N(RYR°NHR*R*- OR°OH, -OR°OR?, -OR°NH,;, -OR°NHR?, -
OR®NR*R?, -OC(O)R?, -NHC(O)R* -NHC(O)NHR?, -OR’C(O)R*, -NHR’C(O)R*, -
C(O)R*, -C(O)OR*, -C(O)NHR?, -C(O)NR*R*, -R°C(O)H, -R°C(O)R*, -R°C(O)OH, -

20 R°C(O)OR*,  -RSC(O)NH, -R°C(O)NHRY,  -R°C(O)NR’R?, -R°OC(O)R?, -
R°0C(0O)NH,, -R*°OC(O)NHR* and -R*OC(O)NR*R?, and -YR’ groups wherein Y is
independently selected from -C(O)-, -C(O)O-, -OC(O)-, -C(O)NH-, -NHC(O)-, -
NHSO,-, -SO,NH-, -C(OH)H-, -Q(C(RB)Z)q-, '(C(Rg)g)q', «(C(R8),)qQ-, -C=C-, cis- and
trans -CH=CH- and cycloalkyl of 3-10 carbon atoms;

25  Qis~0-, -S(O)y-, -NH-, or -NR®-;
J is halogen selected from fluoro, chloro, bromo and iodo;

R?, R? and R®are each independently selected from

3



NHS@'! 'SOZNH—1 'C(G_DH'1 -qu8)2)q-, '(C(R8)2)q'1 '(C(R8)2)9Q'1 'C:C'1
cis- and trans -CH=CH and cycl oal kyl of 3-10 carbon atons; 25 Qis -0-,
-S(O m, wWHH3/093281 - NRO9-; J is hal ogen sel ected from fl uor @CTaisb®tag9 br ono
and iodo; R2, R2'and R3 are each independently selected from3 WO

03/ 093241 PCT/US03/13149 an alkyl group of 1 to 6 carbon atons, an al kenyl
group of 2 to 6 carbon atons or an al kynyl group of 2 to 6 carbon atons,
wherei n each independent al kyl, al kenyl or alkynyl group is optionally

substituted ad él oNdih ofCy B carbbn afdnds, afralksdyl dgrdumbtl2 K36 @aonedarhs or an

(R 2yq o LSE%SQ i i) SO s '%Wﬁﬂde'? &Ry S or
Q (C(R8) 2)g- a?cg% oyls o troﬁél(y%b%tﬂte@v(ntﬁ( m)22<)y¢nbﬁcbre A, R? and R® are

- (C(R8) 2) n- ”H'e%“h gglg{:tggg q% R@(%@%ﬁ Bﬁéﬂet'&%‘%@%@ y'I?é%:{' }fbp mﬂy

-(Q(R8) 2) n
opti onal sy bgetsrabgdiyjif ut ed-(CRYALOT(RY,)palT, 0gen -(CHRER)@- @(ﬂﬁ)@)qmtaomgld from

(SRR 2) o )séé&a? ST HRBPEEANY | o1 oup may oplCORIDY Y GU TR Ui ec

on carbon by.e 2%8@%0:92?& -Heterbagl, hetaidDCyG(G(RB)QYn@(C(M)é)nQDhemnmyblyl be

el or oaryl | @Ee%{atthﬁ%ese&?vgwif&wpaa& mﬁ?pnq'@rb@ds%sfw A bpoar Biboet - om

-NO2, cyano, witiRd groupCe&t8atad Fesri | -R*; ( GO F)-aryh @(Rf*mo)ﬂieteroaryl —(C(R )2)

R8) 2) g- het Iyl SC2R
fl(.II’C'E hez OV?%}%{?%{/: ; yﬂcﬁgg&%y ?i'ptth%ﬂ?aﬁt?r)‘?%éﬁ éf%i’ﬁ ena?% P& t he
nitrogen to wbsﬁntéd@yc@rben a:tM@ (E )Rt mnmraetbebwngymp may bptg:nauymaé

optionally cont ai ns an additi teroat om | ect ed
oxygen and S{RSfi#ed GR&YERGRNS Vd etagp@iiefb\?"ﬁ‘éreem Wﬁ( or %?tg'@ﬁgfll y be

substi t ut ed uﬁ&ﬁéapﬁptldhéll)ﬂbé IsQB&tiuted twWithaa grdnxppseidaﬂed thsmSNOJL beiner Rycl i c

ring may optlon 1y ut ed 0 or said
het erocycl i c(Gl Fﬂ ai o@k’gﬁ kgl O@@'sdg)gl@%s F r°°¥°'y' )29 SR ol -
15  (C(R®)2)-QR* and further provided that R® and R* may optionally be taken together
with the nitrogen to which they are attached, forming a heterocyclic ring, that

optionally contains an additional heteroatom, selected from nitrogen, oxygen and
sulfur, wherein said formed heterocyclic ring may optionally be substituted on carbon
or nitrogen with a group -R*, or said heterocyclic ring may optionally be substituted

20 on carbon by -(C(R®),),-QR*, or said heterocyclic ring may optionally be substituted
on nitrogen by -(C(R®),)+QR*;

R* is a monovalent group independently selected from alkyl of 1 to 6 carbon atoms,
alkenyl of 2 to 6 carbon atoms, and alkynyl of 2 to 6 carbon atoms;

R°® is a divalent group independently selected from alkyl of 1 to 6 carbon atoms,
25  alkenyl of 2 to 6 carbon atoms, and alkynyl of 2 to 6 carbon atoms;

R® is a divalent alkyl group of 2 to 6 carbon atoms;

R’ is a cycloalkyl ring of 3 to 10 carbon atoms optionally substituted with one or
more alkyl groups of 1 to 6 carbon atoms or an aryl or heteroaryl ring, optionally
fused to an additional aryl or heteroaryl ring, wherein said aryl or heteroaryl ring
30 optionally fused, may optionally be substituted with 1 to 4 substituents selected from
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on nitrogen by -(C(R8)2)"QR4; R4 is a nonoval ent group independently
selected fromalkyl of 1 to 6 carbon atons, alkenyl of 2 to 6 carbon
atons, amaoaBk9aryl of 2 to 6 carbon atonms; R5 is a di val eRCTFrSoyp3149

i ndependently selected fromalkyl of 1 to 6 carbon atons, 25 al kenyl of 2
to 6 carbon atons, and al kynyl of 2 to 6 carbon atons; R6 is a dival ent

al kyl group of 2 to 6 carbon atons; R7 is a cycloalkyl ring of 3 to 10
carbon atons optionally substituted with one or nore alkyl groups of 1 to

6 carbon at ane gﬁfupatfbrﬁrs}ihg of aﬂyet-eHgauwl NH-angl, -Ofairyl 1S40 yarvf, useuoaol\&q

opt i onal 1y {StbaSHgNogtr ohqy BV HEROR L IO 6% E5Re Fiehts

sel ected fropRr* 4—NNR”O3N@%9I3‘24-B(<B§;H4USQES®§=1‘49R5(DEH£ -RiQR -Boidi, SEPNGYRAS - aryI

e, AR e gy B raopt o 8B, ot

- NRAR4, -55( QUARENH, NHSIRRENHRRS OHNHARNERA?, FﬁmﬂRGNH&SNHmcR4}R6N5IHQ4R4-

TS R R T s PR oI

- OR6OR4, - ORGNBID)R*ORANHEBD Ni-FFﬂﬁNR%‘R’iC(O)W GNRWC(O)N&!C( O)R4, -CIBIORS) NHR4,

RO R, @ESE%%) YR O e ) B0 oyl

- Rgoc( Oﬁ R, FREASND, NHachxommsoq @Nﬂfmaéml kﬂmamNR4$RSOB® I
in epen ent oval ent al kyl group of 1 to 6 carbon
at ons; %t%&ﬁﬁé‘éh a@&%é@&@@m e salts thereof; which conprises the
st eps of 15 a) reacting a
7-f | uor o- 4- oRbis Indbpdhdiardly oHDr gBT; nol i necarbonitrile of Formula (I1)
R? is a monovalent alkyl group of 1 to 6 carbon atoms; and
pharmaceutically acceptable salts thereof;
which comprises the steps of:
15 a) reacting a 7-fluoro-4-oxo-1,4-dihydro-3-quinolinecarbonitrile of Formula (Il)
0O
w! CN
|
F N
H

with a halogenating reagent of the formula PO(Z); to provide a 7-fluoro-3-

quinolinecarbonitrile 1 where Z is Cl or Br

20



O W CNFN H I I with a halogenating reagent of the formula PQXZ)3 to
provide a 7-fluoro-3- quinolinecarbonitrile 1 where Zis d or Br Z W CN
F 1 20 5wo030%2003241 PCT/ US03/13149 b) reacting a PCT/US03/13149
7-fluoro-3-quinolinecarbonitrile of formula 1 of step a) with an am ne of
the formula RINH2 , e.g. in the presence of pyridine hydrochloride, to
provide a 7- quoro 4- (substituted am no)-3-qui nolinecarbonitrile of
formula 2 NHRL W LCN FN2 5¢c¢) reacting a 7-fluoro-4-(substituted

ani no) - 3- qU'B&gPéd&ﬁ?%lét?oﬂﬂldrdi-elcﬁmﬁlnédérrtﬁﬁﬂltﬁle?of%rmuﬁfd epf bﬂep\u)mhancamn@@nd of
the formul a ere S sell_htgtedfrom

and where R2' HifdorpulaReNEe . 8&r IniBg PAEss0Es BWWHWJ‘VQ?Ch%é'?e tBM?%%?I be

t aken toget her flubrbts-{siBstitiret @8fib)IPquifbliBBcABEHtriSoiFbim@aed to form a
heterocyclic ring, and in the presence of a base, when Xis -0- or -S-, to

provide 10 a 7-substituted-3-qui nollnecarbon}\ltleqllle of Formula (1)

W' N CN
~
F N
2

5 ¢) reacting a 7-fluoro-4-(substituted amino)-3-quinolinecarbonitrile of formula 2 of
step b) with a compound of the formula R®XH, where X is selected from ~S-, -O-,
-NH-, and -NRZ?- and where R? and R? are as defined above or R? and R* may
optionally be taken together with the nitrogen to which each is attached to form a
heterocyclic ring, and in the presence of a base, when X is -O- or —S-, to provide

10 a 7-substituted-3-quinolinecarbonitrile of Formula (1)
NHR'
w! o -CN
R2X N”

and if so desired converting a compound of Formula (l) to a corresponding
pharmaceutically acceptable salt by conventional means, and if so desired,
converting the corresponding pharmaceutically acceptable salt to a compound of

15  Formula (I} by conventional means.

This invention also relates to a process for the preparation of 7-substituted-3-

quinolinecarbonitriles of Formula (1)

NHR'
W \CN
R2X N7

wherein the variables are as defined above, which comprises the step of:
6



NHRL W I L CN R2ZX N | and if so desired converting a conpound of
Formula (1) to a corresponding pharnaceutically acceptable salt by
convent i owelodoexms, and if so desired, converting the coPCcedsondiing
pharmaceutically acceptable salt to a conpound of 15 Fornula (1) by
conventional neans. This invention also relates to a process for the
preparation of 7-substituted-3- quinolinecarbonitriles of Fornula (1) NHRL
W CN R2X N wherein the variables are as defined above, which conprises
the step of readiing$@ BBUEIE3RGUbIHEREWSTI0)-Bigtnolinecarboniigilecof formula 2
7-fluoro-4-(substituted am no)-3-quinolinecarbonitrile of formula 2 NHRL
W I LCN FN2 wth a conpound of the formula R2XH, where X is sel ected
from-S, -0-, -NH, and - 5 NR2' - and wkiéfe R2' and R2 are as defined
above or R2 and R2' may optional |} dget her with the nitrogen to
whi ch each is attached, to forma hg ocyclic ring, and in the presence
of a base, when X is -0- or -S, £0 NOe a 7-substituted-

3-qui nolinecarbonitrile of Formula (I),2 NHR1

with a compound of the formula R2XH, where X is selected from —S-, -O-, -NH-, and -
5 NRZ- and where R? and R? are as defined above or R? and Rmay optionally be
taken together with the nitrogen to which each is attached, to form a heterocyclic
ring, and in the presence of a base, when X is —O- or —S-, to provide a 7-substituted-

3-quinolinecarbonitrile of Formula (1),

NHR'
W \CN
R2X N7

10 and if so desired converting a compound of Formula (I) to a corresponding
pharmaceutically acceptable salt by conventional means, and if so desired,
converting the corresponding pharmaceutically acceptable salt to a compound of

Formula (I) by conventional means.

This invention further relates to a process for the preparation of 7-substituted-3-

15 quinolinecarbonitriles of Formula (1)

NHR'
W o CN
R2X N”



W CN R2X N 10 and if so desired converting a conmpound of Fornmula (lI) to a
correspondi ng pharmaceutically acceptable salt by conventional neans, and
i f so deswped/932¢pnverting the correspondi ng phar maceuti caCryusaycap abl e
salt to a conpound of Forrmula (I) by conventional neans. This invention
further relates to a process for the preparation of 7-substituted-3- 15

qui nol i necarbonitriles of Fornmula (I) NHRL W I L CN R2X N (1) 7 WO
03/093241 PCT/ US03/ 13149 wherein the variables are as defined above, which
conpri ses t hghegtianke Odriab®ds dréae idiefigedbabove,
7-fluoro-4-o0xo-1, 4-di hydr o- 3- qui nol i necarbonitrile of Formula (11) 0 W
CNFN H | # é wth a ﬁom%oung of the fornmula R2XH, where X is sel ected
from-S-, -dNJC-ﬁﬁﬁP”%ﬁH SRSt and where R2' and R2 are as defined above
or R and R2, nmay optionally be taken together with the nitrogen to which
each i s at} aehetthgta7{floom-&oxet drdioyded-Bejuinatigecarkonitrilerof Foampladdlence of a
base, when Xis -0- or -S, to provide a 7-substituted-4-

oxo- 1, 4-di hydro- 3-qui nol i necarbonitrile gf Formula 3

w! CN
|
F N
H
I

5  with a compound of the formula R2XH, where X is selected from —=S-, -O-, -NH-, and -
NR?- and where R? and R? are as defined above or R? and R may optionally be
taken together with the nitrogen to which each is attached to form a heterocyclic ring,
and in the presence of a base, when X is —O- or —S-, to provide a 7-substituted-4-
oxo-1,4-dihydro-3-quinolinecarbonitrile of Formula 3

0
W' CN
| ;
2 N
R2X N

10 3

b) reacting a 7-substituted-4-oxo-1,4-dihydro-3-quinolinecarbonitrile of step a) with a
halogenating reagent, e.g. of the formula PO(Z)s, to provide a 7-substituted-4-halo-3-
quinolinecarbonitrile 4 where Z is Cl or Br

z
R2X N7 ’
4

15¢) reacting a 7-substituted-4-halo-3-quinolinecarbonitrile of step b) with an amine
R'NH, , e.g., in the presence of pyridine hydrochloride, to afford a 7-substituted-3-

quinolinecarbonitrile of Formula (I)



0O W CN RXNH 10 3 b) reacting a

7-substi tut ed- 4- oxo-1, 4-di hydro-3-qui nolinecarbonitrile of step a) with a
hal ogenatwog@3nexgent, e.g. of the forrmula PO(Z)3i to proviPd@/s03/13149
7-substi tuted-4-hal o-3- quinolinecarbonitrile 4 where Zis O or Br Z W |
LCN RZX N 4 15c) reacting a 7-substituted-4-hal o-3-quinolinecarbonitrile
of step b) with an amne R NH2 , e.g., in the presence of pyridine
hydrochl oride, to afford a 7-substituted-3- quinolinecarbonitrile of
Formula (1) 8 WO 03/093241 PCT/ US03/ 13149xgHRL W | L CN R2X N (1) and
if so desired converting a corrpovﬂ Farmub (1) to a correspondi ng

phar maceutical |y acceptable salt JWemyi onal neans, and if so desired,
converting the correspondi ng phat 2|y acceptable salt to a conpound
of 5 Formula (I) by conventiond . "'The invention further relates to a
process for the preparation of 7-substdtuted-

4- 0x0-1, 4-di hydro- 3-qui nol i necarbonitrile of Formula 3

and if so desired converting a compound of Formula (I) to a corresponding

pharmaceutically acceptable salt by conventional means, and if so desired,
converting the corresponding pharmaceutically acceptable salt to a compound of

5  Formula (1) by conventional means.

The invention further relates to a process for the preparation of 7-substituted-
4-oxo-1,4-dihydro-3-quinolinecarbonitrile of Formula 3

O

W'j(\:f]j/CN
|

R2X N
3
wherein the variables are as defined above, :
10  which comprises the step of:
reacting a 7-fluoro-4-oxo-1,4-dihydro-3-quinolinecarbonitrile of Formula (1)
O

|
F N

H
il

with a compound of the formula R2XH, where X is selected from ~S-, -O-, -NH-, and -
NR?- and where R? and R? may optionally be taken together with the nitrogen to
15  which each is attached, to form a heterocyclic ring, and in the presence of a base,
when X is -O- or -S-, to provide a 7-substituted-4-oxo-1,4-dihydro-3-

quinolinecarbonitrile of Formula 3.



0 W CN

CNFN H
from-S-,

lo~ RRX N H 3 wherein the variables are as defined above,
whi ch conprises the step of: reacting a

7-f 1 uor o-WoOw®R093R4¥- di hydr o- 3- qui nol i necarbonitrile of Forwalraises/i31490 W

| with a compound of the fornmula R2XH, where X is selected
-0-, -NH, and - NR2'- and where R2' and R2 may optionally be

10

taken together with the nitrogen to 15 which each is attached, to forma

het erocyclic ring, and in the presence of a base, when Xis -0- or -S-,

provi de a 7-substituted-4-o0x0-1, 4-di hydro-3- quinolinecarbonitrile of
Formula 3. 9 WD 03/093241 PCT/US03/13149 0O CN W )c~ R2X N H

10

15

20

25

o
w! CN
|
2 N
R2X N

3
DETAILED DESCRIPTION OF THE INVENTION

The process of the present invention is illustrated in the following reaction
schemes. The routes for the preparation of 7-substituted-3-quinolinecarbonitriles of
this invention encompassed by Formula (I) is described as follows starting with
Scheme 1. 7-Fluoro-4-oxo-1,4-dihydro-3-quinolinecarbonitriles of Formula (I1) where
W’ is -H or -OR® are converted to 7-fluoro-3-quinolinecarbonitriles 1 wherein Z is a
chloro or bromo group by treatment with a halogenating reagent which includes but is
not limited to phosphorous oxychloride and phosphorous oxybromide either neat or
optionally in the presence of a cosolvent which includes but is not limited to
dichloromethane. Reaction of 7-fluoro-3-quinolinecarbonitrile 1 with an amine R'NH;
1a wherein R’ is as hereinbefore defined may be carried out in a solvent such as 2-
ethoxyethanol in the presence of a catalytic or equivalent amount of pyridine
hydrochloride results in the formation of intermediate 7-fluoro-4-(substituted amino)-
3-quinolinecarbonitriles 2 where W’ is hereinbefore defined. Preferably, amine R'NH,
1a is a substituted aniline where R is substituted aryl. Displacement of the 7-fluoro
group of 7-fluoro-4-(substituted amino)-3-quinolinecarbonitriles 2 with an alkoxide or
thioalkoxide anion results in the preparation of 7-substituted-3-quinolinecarbonitriles
of Formula (). This reaction can be performed using an excess of the alcohol R*0OH
or thiol R®SH as the solvent or an optional cosolvent such as N,N-
dimethylformamide, dimethyl sulfoxide or N-methylpyrrolidone can be used. The
anion can be generated from the alcohol or thiol 2a where X is O or S by the use of
a base. Suitable bases include sodium, sodium hydride, potassium and potassium
hydride. Preferred bases are sodium and sodium hydride. Commercially available
sodium salts of the alcohol or thiol 2a where X is O or S are used if available.

Reaction of a compound of the formula R®XH 2a, where X is —NH-, -NR?- and where

10

to



3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process of the present
invention is illustrated in the followi ng reaction schenes. The routes for
t he prepawetososs2ef 7-substituted-3-quinolinecarbonitrilesPefi/usbi/inius

i nvention enconpassed by Fornmula (I) is described as follows starting with
Scheme 1. 7-Fl uoro-4-o0xo0-1, 4-di hydro-3-qui nolinecarbonitriles of Formula
(I'r) where Ws -Hor -OR3 are converted to
7-fluoro-3-quinolinecarbonitriles 1 wherein Zis a chloro or brono group
by treat rrentR%hdjl RE maly ageiondliynige m@geu@gembi @fithi the | nitkegenbtat whish they aké ni t ed

to phosphor 0 h r|d and hos xybr.om ei t her or 10
optionally i ‘f‘u‘nec}/ﬁ)r{? t8f°°¥ ﬁ dss\/\%?‘@'?t'?%%cﬁg'&@?o@ntﬁcaf gnhrg?s Pﬁn‘i t ed
to dichl or qreinbRN®. Reactl on of 7 fI uor o- 3-qui nol i necarbonitrile 1 with an
amine RINH2 1 a wherein Rl is as hereinbefore defined may be carried out
in a solvent such as 2- ethoxyethanol in tsgﬁ JL gsence of a catalytic or
equi val ent anount of pyridine hydrochloride results in the formation of
internediate 7-fluoro-4-(substituted am no) 1% 3-qui nolinecarbonitriles 2
where W is herei nbe@ore defined. Prefer ably, am n% RlNH2 1la IﬁHﬁJ
substituted gnili ne erg Rbalogeratipgt i ui el
7-fluoro groul -Tif"or o- 4'9PgRMBst i t ut ¢
2 wth an al ko deqr 2 t hi oal koxi de aniFon Y es ts |n_t‘ﬁ‘e"
7-subst i t ut edF3- qui nHI i necar B@kriles of Formula (1).
be perforned usingyan excess of the al cgholy RHH 20 or th| ol RZSH as the
sol vent or an optional cosolvent such as N, N di methyl formam de, di et hyl
sul f oxi de or N-net hyI]E'yrroI i done can be used. The anion can be generated
fromthe al cohol or thiol 2a where Xis 0 or S by the use of a base.
Sui t abl e bases i Igde sodi um sodi um KyAr i de, pot assi um and pot assi um
hydri de. Preferr ases are s@di um and sodi um hydride. Commercially
avai | abl e 25 sod1—u1=n—sal ts of the B
used i f avail abl ebaseReacti on %x
is -NH, -NR 2" -xausophere 0
-S-)

or thiol 2a where Xis 0 or S are
d of the fornmula R2XH 2a, where X

5 Examples of R' in the formula herein are 2,4-dichloro-5-methoxyphenyl;
cyclopentyl; butyl; 3,4,5-trimethoxyphenyl; 3-chloro-4- (1-methyl-1H-imidazol-2-
yl)sulfanyllphenyl;  2,4-dichorophenyl;  2-chloro-5-methoxyphenyl;  5-methoxy-2-
methylphenyl and 2,4-dimethylphenyl.

Examples of R? in the formulae herein are :2-butynyl; 3-dimethylamino-2,2-

10  dimethylpropyl; 3-(1,1-dioxido-4-thiomorpholinyl)propyl; 2-[2-(1-
piperazinyl)ethoxylethyl; 2-thienylmethyl;benzyl; ethyl; phenyl; 2-
methoxyethyl;pyridin-4-yl; 2-(1-methylpiperidin-4-yl)ethyl; 2-(1-methyl-3-
piperidinyl)methyl; 2-(1-methyl-4-piperidinyl)methyl;2-(2-methoxy)ethyl;3-
(dimethylamino)propyl; 3-(4-ethyl-1-piperazinyl)propyl;(1-methylpiperidine-4-

15 yl)methyl; tetrahydro-2H-pyran-2-ylmethyl;3-(1-methylpiperidin-4-yl)propyl; (3-

(dimethylamino)propyl)methyl3-(4-methyl)piperazin-1-yl)propyl; 1-methylpiperidin-4-
ymethyl; 1-methylpiperidine-4-yl)methyl; 3-(1-methylpiperidine-4-yl)propyl; 3-(4-
methyl-1-piperazinyl)propyl;(1-ethylpiperidine-4-ylymethyl; (1-methylpiperidine-2-
yl)methyl; piperidin-4-yimethyl and 3-(dimethylamino)propyl.

11



WO 03/ 093241 PCT/US03/ 13149 R2' and R2 may optionally be taken together
with the nitrogen to which they are attached to forma heterocyclic ring,
af f ords weuwbstiztut ed- 3- qui nol i necarbonitriles of Fornul 2CCIUso3/salene 1 Z
O CN hal ogenating W CN RINH NHRRCN 1 2W Wreagent la FHPQZ2)3 F1 NF
(Ir)y z=d4d or Br 2 R2XH NHRL 2a WCN base RRX N (X= -0- or (1) -S) 5
Exanples of RL in the formula herein are 2,4-dichl oro-5-nethoxyphenyl ;
cycl opentyl; butyl; 3,4,5-trimethoxyphenyl; 3-chloro-4- (1-nmethyl-1
|2+ [ m daz 0!5- 2- Kl )5 pLéfa’Fel)d ]}Cﬂh@dﬂ.}ﬂﬁ; of Fomdiaq)qprepdred i the process of the present

- chl or o- 5- net hax enyl ;  5-met hoxy- 2- t hyl. phenyl and 2, 4-di net hyl phenyl .
Exanpl es of lwq%ﬂX%%l%/cée?qﬁcpﬁh%grpépﬁogﬁlng%v_ﬁgut y%yl ;. 3-di met hyl am'yng- 2, g
10 di et hyl propyl; 3-(1, 1-di oxi do-4-t hi onor phol i nyl) propyl; 2-[2-(1-
pi pﬁr azi nKI l)E(%Bmyﬂu&biyym;-[(244didhmng-5nneth§ptypbemw)ﬁmincoz}{aqulbthopyréﬂyI ; 2-
met hoxyet hyl ; pyr.i di n-4-yl: 2-(1 -methyl pi peridin-4-yl)ethyl; 2-(1
- met hyl - 3- q%'[‘ﬁ‘f%(}?'}' hyl; 2-(1 -nmethyl-4-piperidinyl §lmet hyl(;
2- (2- met hoxy) et hyl ; 3- (di net hyl am no) propyl; 3-(4-ethyl-1
- pi per azisnyl4-fe dyithioo-5-mettnxdy phergt) aminog 7 43-tBngthylamirtoy2,2-dimethylpropoxy)-
t et rahydro- Zé_-FnPetho%Q-'sgdL}frlmo%tege}'rlaér%frﬁel;' met hyl pi peridi n-4-yl) propyl; (3-

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-[3-(1,1-dioxido-4-~
thiomorpholinyl)propoxy]-6-methoxy-3-quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-{2-[2-(1-
10  piperazinyl)ethoxy]ethoxy)-3-quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-(2-thienyimethoxy)-3-

quinolinecarbonitrile;

7-Benzyloxy-4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-

guinolinecarbonitrile;

15  4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-ethylsulfanyl-6-methoxy-3-

quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-phenylsulfanyl-3-
guinolinecarbonitrile;

4-Cyclopentylamino-6-methoxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile;
20  4-Butylamino-6-methoxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile;

7-Benzylthio-4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-

quinolinecarbonitrile;

4-{(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-(pyridin-4-yloxy)-3-

guinolinecarbonitrile;

12



(di met hyl am no) propyl ) et hyl 3- (4- met hyl ) pi perazi n-1-yl ) propyl ;

1- met hyl pi peridi n-4- yl)nethyl; 1-nethyl piperidine-4-yl)nethyl;

3- (1- met wbpBpex2idi ne- 4-yl ) propyl ; 3-(4- nethyl-1-pi peraziPeylUsps/aiayd ;
(1-ethyl piperidine-4-yl)nethyl; (1 -nethyl piperidine-2- yl)nethyl;

pi peridi n-4-yl net hyl and 3-(di net hyl am no) propyl. 11 WD 03/093241

PCT/ US03/ 13149 A preferred conpound of Fornula (1) prepared by the process
of the present invention is selected fromthe group consisting of:

7- ( 2- But yny| g 1-Bichl6id-8-ntkitiedxXyphienyHamiziohoxyeghexyT-jafh-inethgipgridiat4 ox y - 3-
qui nol i necar %O i t{l’i%g. S, il

4-[ (2, 4- Di chUEIMEXEFrAPRBIRASARDIY S i no] - 7- ( 3- di met hyl ani no- 2, 2- di met hyl pr op
oxy) - 6-net hoxy- 3-qui nol i necarbonitrile;

4-[ (2, 4- D ch-f{2d-DBichiotdSxnatieyyihergtiamiol-8-r&héxy; Z-{2dmeitiodypethoxy]-3-

t hi onor phol i nyl ).pr opexy.] = 6- met hoxy- 3- qui nol i necarbonitrile;

4-1(2, 4- Di chci%rp%ﬁggéﬁg?'ﬁ%%phenyl ) ani no] - 6- met hoxy-7-{2-[2-(1 10

pi per azi nyl ) et hoxy] et hoxy) - 3- qui nol i necar bonitril e;

4-[ (2, 4- B chM-{{2d-Bichiotdsxygiiexyphdretyamoiol-6-methoxyg-{27(1cethlyl-8ny | net hoxy) - 3-
qui nol i necar bonj t ri.l e: . e

7- Benzyl oxy-QS?H@yQW%%yB?ngpﬁ%ﬁcﬁBbfyBrﬁ'%hyI ) am no] - 6- net hoxy- 3-

gui nol i necarbonitrile; 15

4-1 (2, 4- D ch-{(ed-Bichtetdadnygihexypheratiaméiol-B-reethexysHI-tinykthgl-Aet hoxy- 3-

qui nol i necar i Cnles eyl

4-1(2,4-D ch@géﬁocﬁ@)ﬁqt%%x%%%W}?llgegﬁ{br?&"-”g’- nmet hoxy- 7- phenyl sul f anyl - 3-

qui nol i necarboni trile; 4-Cyclopentyl am no-6-nmet hoxy-7-(2- met hoxyet hoxy) - 3-q

ui nol i necar b@Methaxy&-[2-rpethaxygihoxyhéd (Bah Sirimeethoyphany)amng]Box yet hoxy) - 3-q

ui nol i negar boni tr il ei oo .

7- Benzyl ﬁﬁi o@'ﬂb{“z‘%{:%pg?'glﬁ’or 0- 5- net hoxyphenyl ) am no] - 6- net hoxy- 3-
6-Methoxy-7-[(1-methylpiperidine-4-yl)methoxy]-4-[(3,4,5-trimethoxyphenyl)amino]-3-

quinolinecarbonitrile;

4-({3-Chloro-4-[(1-methyl-1H-imidazol-2-yl)sulfanyl]phenyl}amino)-6-methoxy-7-[2-(2-
methoxy)ethoxy]-3-quinolinecarbonitrile;

15  4-({3-Chloro-4-[(1-methyl-1H-imidazol-2-yl)sulfanyl]phenyl}amino)-7-[3-
(dimethylamino)propoxy]-6-(2-methoxyethoxy)- 3-quinolinecarbonitrile;

4-({3-Chloro-4-[(1-methyl-1H-imidazol-2-yl)sulfanyl]phenyl}amino)-7-[3-(4-ethyl-1-
piperazinyl)propoxy]-6-(2-methoxyethoxy)- 3-quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-[2-methoxyethoxy]-7-[(1-
20  methylpiperidine-4-yl)methoxy]3-quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-ethoxy-7-(2-methoxyethoxy)3-

quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-(tetrahydro-2H-pyran-2-

ylmethoxy)3-quinolinecarbonitrile;

13



qui nol i necarbonitrile; 4-[(2,4-Di ch |oro-5-nethoxyph

enyl ) am no] - 6- net hoxy-7- (pyridi n-4-yl oxy)-3- quinolinecarbonitrile; 12 WO
03/ 09324 1WB@3H230B/ 13149 PCT/US03/13149

4-1(2, 4-Di chl or o- 5- et hoxyphenyl ) am no] - 6- met hoxy- 7-[ 2- (1- met hyl pi peri di n-4
- yl)ethoxy]-3-quinolinecarbonitrile; 4-[(2,4-D ch | oro-5-nmethoxyphenyl)am
noj - 6- net hoxy- 7-[ 2- met hoxyet hoxy] - 3- qui nol i necarbonitrile; 5

4-1(2, 4- D chl or o- 5- net hoxyphenyl ) am no] - 6- met hoxy- 7-[ 2- ( 1- net hyl -

pi F(eri di nyl )4¥§(12Jmmy[hIoﬁ)w-s}uie‘nlﬁli)dypmw)bmm'oq-r7i(Qemethoxyethoxy)-6-(2—morpho|in-4—
4-1(2,4-Di ch

o1 bor | di 1 SRR PO RCRREP B bon ¢ 11 11e: 12 (et

6- Met hoxy- 7-[ 2- met hoxyet hoxy] -4-[ (3, 4, 5-tri net hoxyphenyl )am no] -3- 10
qui nol i necar4{SChiord- é—(1 methyl -1H-imidazol-2-ylsulfanyl)-phenylamino]-6-methoxy-7-(4-

6- Met h 7- d h 4-1(3,4,5-t th h I
m noj - gxyquﬂhgfhyﬁgoc% Hlﬁ"iaorl}ﬁ%é(({aggogﬁ 'lgf)(;yll [([1( met hyI r| rethoxyphenyl )&

H i mi dazol - 2-yl ) sul fanyl ] phenyl } am no) - 6- net hoxy- 7-[ 2- ( 2-
met hoxy) &t ho«ﬂpwlthbrmsinmm«ybwyﬂ)ahirwj 6arBethoxXyB{[GH 1 oneshylpipéridinrdt hy| -

Himd I | 1. ph: i 7- 3-

(d: ?et ﬁ)z/loam %%‘S’ﬁ i q%gglgg&%aﬁ%@kehoxg/) 3-qui nolinecarbonitrile;
4- ({3-Chl 4-1(1- net hyl -

H- |(En daz o?r (2)4-1{6 Fpl(abrdngﬂy}ln}qﬂhwﬁyl-mﬁmb?w%u[fﬂly()-fphenmhﬂrﬂo -7-{[3-

-1 m dazol e
bl (24 B chepas Jm'?ﬂé AR e f%ﬁ"ﬂ%xﬁ?' 715 20

met hyl pi peri di ne- 4 yl rrethoxy]S qui nol i necarbonitrile; 4-[(2,4-D ich

| or o- 5- met hoypBbleyd- }Hi(ﬂnnnethw-]1J-Blnéda'mkgl-ylbutf@mff’rmehmmd]ﬂ)&ﬁ3-
qui nol i nﬁfar&&‘ﬂﬂéth{}lbhﬁio)propyl]—methylamino}-G-methoxyquinoline-3-carbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-[3-(4-methyl)piperazin-1-yl)propoxy}-3-

quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-[(1-methylpiperidin-4-yl)methoxy]-3-

quinolinecarbonitrile;

15  4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-(2-methoxyethoxy)-3-
quinolinecarbonitrile;

4-[(2,4-Dichorophenyl)amino]-6-methoxy-7-(2-methoxyethoxy)quinoline-3-

carbonitrile;

4-[(2,4-Dimethyl-5-methoxyphenyl)amino]-6-methoxy-7-(2-methoxyethoxy)quinoline-
20  3-carbonitrile;

4-[(2-Chloro-5-methoxyphenyl)amino]-6-methoxy-7-(2-methoxyethoxy)quinoline-3-

carbonitrile;

6-Methoxy-7-(2-methoxyethoxy)-4-[(5-methoxy-2-methylphenyl)amino]-quinoline-3-

carbonitrile;

14



4-1(2,4-D ch | oro-5-nmet hoxyphenyl )am i no] - 6-net hoxy-7-(tetrahydro-2
H pyran-2- yl net hoxy) 3- qui nol i necarbonitrile; 13 WD 03/093241
PCT/ US03/WB14/093241 PCT/US03/13149
4-1(2, 4- D chl or o- 5- net hoxyphenyl ) am no] - 7- ( 2- net hoxyet hoxy) - 6- ( 2- nor phol i n-
4- yl et hoxy) 3-qui nol i necarbonitrile; 4-[3-Chloro-4-(1-nethyl-
i m dazol - 2-yl sul fanyl) - phenyl am no] - 6- net hoxy- 7- ( 4-
| pi perazi n-1-yl)-quinoline-3-carbonitrile; 5
4- Di chl-fip @-DBingdiyysheyipifeanivib) e-metadxy &~ (eibibxyyelhddyBruiriblineshy | pi peri di n-
propyl ] an ‘Qﬁ% ui nol i ne-3-carbonitrile;, 4-[3-Chloro-4-(1-nethyl-
dazol - anyl ) - phenyl ani no] - 7- {[ 3-
t hyl )am nopropyl ] am no} - 6- net hoxyqui nol i ne-3-carbonitrile;
3- Chl or o-4+ (¢ 4-Diehlbydph@nyheiminelstzmiethdxy-7 < (1l-fatylpjpepiiieayd-am no] - 7- {[ 3 10

i met hyl a a} - 6- met hoxyqui nol i ne-3-carbonitrile;
2,4-Di CM?@%Q@PMWPge?ghC&%%W 'noj] - 7-[ 3- (4- et hyl ) pi perazi n-1-yl) propo
-3- quinolinecarbonitrile;

2, 4- B’: cMﬂegFBmmeamexmh)eayﬁmme B-ethome7H{l-pieth tpigghiriding-4¢| ) met hoxy]
qui no |n car tril.e

2,4-Di CI'N hr%%'%%'?%&ﬁ?ﬁ?ﬁr}'tél% noj - 7- ( 2- met hoxyet hoxy) - 3-
ollnecarbonltrlle

(
(
(
g 2, 4- Di cheMeiteyyt-)Bmatiudey@-metrytpopnifaqinoist-loxyashyimgridins-#ol i ne- 3-
(
a(

I~B3FS

|—|('D|—|ﬂ|—|—|—| I P e e

hy
(2,
yl)
im
i ne

B X -b"‘-h"‘
o' o

w 'Y<

ui

onitrile,;
2,4-Di ne¥lm?thgxy|1r%f' %')deia'ueaﬁ?/ Itglr% noj - 6- met hoxy- 7- ( 2- met hoxyet hoxy) qui nol
20 3-carbonitrile;

2- l():hl or o452ty rietioxy eemy barhing - Bendiincey-72L({-Patiexipiparidinendxy ) qui nol i ne-
car try
Met ho>c<)f3}j 7- ¥E’ﬁeth?>%c)1(um nSRSQSa-rQQTt('E-’ met hoxy- 2- et hyl phenyl ) ami no] - qui nol i ne

4-[(2,4-Dimethylphenyl)amino]-6-methoxy-7-[(1-methylpiperidine-4-

a

>

'CDOO-h_-bO-hQ.b'

w 1

yl)methoxy]quinoline-3-carbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(1-methylpiperidine-4-
yl)propoxy]quinoline-3-carbonitrile;

15  4-[(2-Chloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(1-methylpiperidine-4-
yl)propoxy]quinoline-3-carbonitrile;

6-Methoxy-4-[(5-methoxy-2-methylphenyl)amino]-7-[3-(1-methylpiperidine-4-
yl)propoxylquinoline-3-carbonitrile;

4-[(2,4-Dimethylphenyl)amino]-6-methoxy-7-[3(1-methylpiperidine-4-
20  yl)propoxylquinoline-3-carbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(4-methyl-1-
piperazinyl)propoxy]quinoline-3-carbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino}-7-[(1-ethylpiperidine-4-yl)methoxy]-6-
methoxyquinoline-3-carbonitrile;

15



carbonitrile; 14 WD 03/093241 PCT/ US03/ 13149
4-[(2, 4- D et hyl phenyl ) am no] - 6- net hoxy- 7- ( 2- net hoxyet hoxy) qui nol i ne- 3-
car boni t rwbDe3/093241 PCT/US03/13149
4-1(2, 4- D chl or ophenyl ) am no] - 6- met hoxy- 7-[ ( 1- met hyl pi peri di ne- 4-

yl ) met hoxy] qui nol i ne-3-carbonitrile; 5

4-1(2, 4- D net hyl

yl ) met hoxy] qui nol i ne- 3-carbonitrile;
6- Met hoxy- 4-4{(5;4n|9rbhbw5%e’(mﬂwh®%ayﬁr)o@cmmetheﬂy-H(i-n‘rahylpippiiqﬁee-izdi ne- 4-

yl ) met hoxy]
4-[(2-Chl or

y
4
y
4
4
4-
y
6
y
4-
y
4-
pi
4-

gﬂ%ﬁ%‘%ﬁ@;@?ﬂi gr%%h"hf 2 6- met hoxy-7-[ (1- met hyl pi peri di ne-4- 10

| ) met hoxy] qui nol i ne-3-carbonitrile;

(2, 4-Di rrmmz14pmiehrpr¢amemc}xyﬁhw)bmw-s-memexyerwpmqmm di ne- 4-

met hoxy]

6-

-
)
-

[
)

(
y
(
p

|
2,4-Di cqﬁH glogyr%lnﬁ gogf%{?ﬁ'"él%n noj - 6- net hoxy- 7-[ 3- ( 1- net hyl pi peri di ne-

| ) pr opox

2- Chl5or o4J5(2memmbmyqaﬁmhmphem/])aemuwk{gsewmewa(mnmppyuammra di ne- 4-

ropoxy] q

Met hoxy- 4

)
[
)
[
p
[

p
(
p
(
e
(

ropoxy] q

y] qui nol i ne-3-carbonitrile; 15

'F"(BEQ% Lﬁ%qi'?g %E%{{/r” henyl )am no] - 7- [ 3- (1- met hyl pi peri di ne- 4-
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An alternative route to 7-substituted-3-quinolinecarbonitriles of Formula (1) is
described in Scheme 2. 7-Fluoro-4-oxo-1,4-dihydro-3-quinolinecarbonitriles of
Formula (Il) where W’ is hereinbefore defined are converted to 7-substituted-4-oxo-
1,4-dihydro-3-quinolinecarbonitriles 3 by replacement of the 7-fluoro group with an
alkoxide or thioalkoxide anion. This reaction can be performed using an excess of
the alcohol or thiol as the solvent or optionally a cosolvent such as N,N-
dimethyiformamide, dimethyl sulfoxide or N-methylpyrrolidone may be used. The
anion may be generated from the alcohol or thiol 2a where X is O or S respectively
by the use of a base. Suitable bases include sodium, sodium hydride, potassium and
potassium hydride. Preferred bases are sodium and sodium hydride. Commercially
available sodium salts of the alcohol or thiol 2a where X is O or S are used if
available. Reaction of 7-fluoro-4-oxo-1,4-dihydro-3-quinolinecarbonitriles of Formula
(1) with a compound of the formula R®XH 2a, where X is —NH-, -NR?- and where R?
and R? may optionally be taken together with the nitrogen to which they are attached
to form a heterocyclic ring, to afford 7-substituted-4-oxo-1,4-dihydro-3-
guinolinecarbonitriles 3. Treatment of 7-substituted-4-oxo-1,4-dihydro-3-
quinolinecarbonitriles 3 with a halogenating reagent PO(Z); wherein Z is a chloro or
bromo group which include but not limited 1o phosphorous oxychloride, phosphorous

oxybromide either neat or optionally in the presence of a cosolvent which include but

16

- 5- met hoxyphenyl ) am no] - 6- net hoxy- 7- [ ( 1- met hyl pi peri di ne- 4-



15 WO 03/093241 PCT/ US03/ 13149
4-[(2, 4- D chl or o- 5- net hoxyphenyl ) am no] - 6- net hoxy- 7-[ ( 1- met hyl pi peri di ne- 2-
yl ) met hoxypagaiopsaki ne- 3- car bonitril e; PCT/US03/13149
4-1(2, 4-Di chl or o- 5- met hoxyphenyl ) am no] - 6- met hoxy- 7- ( pi peri di n-4-
yl met hoxy) qui nol i ne-3-carbonitrile; 5
-[(2, 4- D chl or o- 5- net hoxyphenyl ) am no] - 7-{[ 3- (di net hyl am no) pr opyl ] am no} -
- met hoxyqui nol i ne-3-carbonitrile;
-[ (2, 4- D chhairionited rfe tdivhiorgarnethghe affonde |7-stblsfitBited-4-halo-3-quinolinecarbonitriles 4
i

L Rl TR R st £ o

met hoxyet hyl §avanh ejictuas atatimeey8thanolbothd pidsencefof akatalytiabr equivalattearb@unt

6

7-substi tut ed- 3- aui nol,i nec nitriles of Formul 1) i descri.bed i
Scnors 2. 71 " SWBRERTARL, ol oln B HeRafhni ¥ i | CSUBIREg o
(1) where Wuinginkearbbmitviddsook Foiefula¢ll. Rreferablyvamine dRINMH, 7125 uissd istibétituted - 0x 0-
1, 4-di hydro-3-qui nolingcarhonitrjiles 3 by replacenent of the 7-fluoro group
with an 15 a?@@lﬁ‘@%e%%et‘%fs@ﬁ'iyﬁﬁd%ﬁani on. This reaction can be performed
usi ng an excess of the alcohol or thiol as the solvent or optionally a
cosol vent such as N, N di net hyl f or mam de, Sdiemehyl sul f oxi de or

N- net hyl pyrrol i done nay be used. The anion nay be generated fromthe
al cohol or thiol 2a wherge X is 0 or S respgctively by the use gf a base.

Sui t abl e bases i nglude _sadi @R diypam hydr decN piei@swingm,,and 20 po;ﬁﬁssi um
hydri de. Preferred l" S e s%jﬁum Y :ol m hy deagens. Ci y
avai |l abl e sodium s ofyt he -areehql hfol 2a mereRZX' S are
used if available. ReactH on obase RX N PO(2)3

7-fluoro-4-o0xo-1, 4-di hydr o- 3- gl i necarbonitriles of Fornulag (I1) with a
conpound of the formul d)R2XH 24 SWwhere X3s -NH, -NR2'- and=@heBe R2' and
R2 may optionally be taken together with the nitrogen to which they are
attached 25 to forma heteFmﬁgr/clic ringHR o af ford

7-substi tut ed-4-oxo-1, 4-di hgdt o

_—

4
4
(

4

A preferred compound of formula (1) prepared by the process of the present
invention is:

10 4-[(2,4-Dichlorophenyl)amino]-7-(2-methoxyethoxy)quinoline-3-carbonitrile;

6-Butoxy-4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-(2-methoxyethoxy)-3-
quinolinecarbonitrile;

6-Methoxy-7-(4-methylpiperazin-1-yl)-4-(4-phenoxyphenylamino)-quinoline-3-
carbonitrile; and

15  6-Methoxy-7-(1-methyl-piperidin-4-yimethoxy)-4-{[4-(pyridin-3-yloxy)-
phenyl]lamino}quinoline-3-carbonitrile

17



qui nol i necarbonitriles 3. Treatnent of 7-substituted-4-oxo-1, 4-di hydro- 3-

qui nol i necarbonitriles 3 with a hal ogenati ng reagent PQ(Z)3 wherein Zis a

chl oro orwOlsosR4gr oup which include but not limted to pireTaisos/ 0189

oxychl ori de,
presence of
not limted

7-substi t ut ed- 4- hal o- 3-qui nol i necarbonitriles 4 which are further
with an am ne 1 aAvprefesied deinpdosind®f femeiand grepaed &f ithe grocesa of #al preséntsuch

phosphorous oxybrom de either neat or optionally in the

a cosol vent which include but 16 WO 03/093241 PCT/ US03/ 13149

to di chl oronet hane affords
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pyri di ne hydrochlori

on of 7-substituted-3 5

qui nol i necarbonitriles of Formula (l1). Preferably amine RNH2 la is a

substi t ut ed

Z
CN R2ZXH W CN hal ogenating W CN reagent 2a RRX N / H base RRX 1/ N
PQ(Z2)3 H (X=
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i nvention is:
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7-(2-Methoxyethoxy)-4-oxo-1,4-dihydroquinoline-3-carbonitrile.

An alternative approach, as shown in Scheme 3, for the preparation of 7-
substituted-3-quinolinecarbonitriles of Formula (I) uses a protecting group of the
hydroxy group at C-6 of the 3-quinolinecarbonitrile 5. The protecting group is
designated R® and includes but is not limited to groups including benzyl and
isopropyl which may be removed to provide the 6-hydroxy derivative 6. Specifically,
if R¥ is a benzyl protecting group, the desired hydroxy group can be obtained by
treatment with triflucroacetic acid in the presence of thioanisole. Further, if R* is an
isopropyl protecting group, the desired 6-hydroxy derivative 6 may be obtained by
treatment with aluminum trichloride. Further reaction of 6-hydroxy derivative 6 with
an alcohol R°OH 6a in the presence of triphenyl phosphine (PhsP) where Ph is
phenyl and diethylazodicarboxylate (DEAD), in a solvent such as tetrahydrofuran
affords 4-halo-3-quinolinecarbonitriles 7.

Scheme 3

7  PhgP/DEAD

z z
RS'OmCN Deprotection H \\CN R°OH RSOmCN
F N = ba  f N

5 6 z
Z=Clor Br Z=ClorBr Z=ClorBr
R® = protecting group

Additional intermediates may be prepared as shown in Scheme 4 where 4-halo-3-
quinolinecarbonitriles 8 with R? and R® as hereinbefore defined are deprotected to
afford 6-hydroxyquinolines 9 using conditions as defined for deprotection in Scheme
3. Further reaction of 6-hydroxy derivatives 9 with an alcohol R°OH 6a in the
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4-[(2, 4- D chl or ophenyl ) am no] - 7- ( 2- net hoxyet hoxy) qui nol i ne- 3-carbonitrile;
6- But oxy-wWeo[o3A9324di chl or o- 5- met hoxyphenyl ) am no] - 7- ( 2- met ROTUSOHBYY - 3-

qgui nol i necarbonitrile;

6- Met hoxy- 7- (4- et hyl pi per azi n-1-yl) - 4- (4- phenoxyphenyl am no) - qui nol i ne- 3-
carbonitrile; and 15

6- Met hoxy- 7- ( 1- met hyl - pi peri di n-4-yl net hoxy) - 4-{[ 4- (pyri di n- 3-yl oxy) -
phenyl ] am nogrgsenvel i be- Jrigranploniphosphine 1 {PNYD) 03wbh&@24 PhPCIE UBb&iyl,31468d A
preferred co

und of formyl epar e t he proces f 1 resent
i nvention i S&E@ylgé?cgr&ar;)?gnllﬁl{? ﬁ%é‘amjdﬁ 4% gvgsgftilcipgasg’&eﬁaﬁyd?of?xran é}%r&)s FHEl-
6- Met hoxy- 7-$-Buinelineeatonitidzy ) © 4vhivtomay be -falitiey deactdd gith mal dmiee &' Ndpiano | e;
6- Met hoxy- 7- (4- hyl -.pi azin-=1-vyl)-4-0xq-1,4-di r.oqui une-3-car bonit
Cile and & A g EER SR Pl e g Gtn st P PN e S8 e
An al t er rfat | substipfEdedline vtsers ROvensubstitGedueny. 3, for the preparation of 7-
substi t ut ed- 3- qui nol i necarbonitriles of Fornmula (1) uses a protecting group
of the hydroxy group at C-6 Qé o6 3-quinolinecarbonitrile 5. The
protecting group is designat eci1 , and includes but is not limted to
groups including benzyl and 10 isopropyl which may be renoved to provide
t he 6-hydroxy derivati,ve 6. Specifically, i fZRS' is a benzyl protecting
group, the dﬁs'éred hy ro%group can be obt ai ifed treatment with
trifluoroaceti pPepgsenion Further, if R3" is an
i sopropyl pr otec group, tThe desifed y derivative 6 may be
obt ai ned by R¥Peatthent with al unmi numR orNde. Further reaction of
6- hydroxy derivative 6 with 15 an al cohol R30OH 6a in the presence of
tri phenyl phosphi nd (Ph3P) where Ph is hehyl and di et hyl azodi car boxyl at e
(DEAD), in a solwe®itorBuch as tetrahydr ofﬁ?QhOVBéffor ds
4- hal o- 3- qui RBipraeainggioupri |l es 7. Schene 3

PhgP / DEAD
R30OH

The 7-substituted-4-oxo-1,4-dihydro-3-quinolinecarbonitriles 3 and 7-substituted-4-

halo-3-quinolinecarbonitriles 4 are key intermediates used to prepare 7-substituted-3-
quinolinecarbonitriles of Formula (I). Scheme 5 shows two alternate routes for the
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Z z Ph3P / DEAD Z R3'0 CN Deprotection HCN RBOHR30 CN FNF N6a F/ N5
6 7 Z=ClorBr Z=Cl or Br Z=ClorBr R3, = protecting group Additional
I nt er mediwDag/omy1 be prepared as shown in Schenme 4 where 2CHAIS03/831420
qui nol i necarbonitriles 8 with R2 and R3. as herei nbefore defined are
deprotected to afford 6-hydroxyqui nolines 9 using conditions as defined
for deprotection in Scheme 3. Further reaction of 6-hydroxy derivatives 9
wi th an al cohol R3CH 6a in the 18 WD 03/093241 PCT/ US03/13149 presence of
tri phenyl phoephiatien ( RiF3Phdeitienat Pkeyi s imtbemdiatesind 7-filioss-ipkera gidiibgirbaxy| at e
(DEAD), in a_ solvent,K such as tetra 3ofua aff,qrds 4:hal o- .
S-qui nol | necHIBUREET PPRETeRd Ao b Falefer2r M, B AR dit e
RINH2 la to (et#idxpmethflepuayhndacetde 3either naat nec aptnmally rinl #ie pleseftefotr abl y
amne RNH2 la js 5 sub itut%?anilinev\her.e 1 is,substitute vl .
Sehome 4 7 200gh3pf ek DR B 1 EPareies aRANadtors SRPH 8 to gt B0 1o
or Br R3 =fopowdcebyisnbsauenpthiehsdl dycliXafibh, pafarbbly in a eutectic solvent system
which includes a 3: 1 mixture of diphenyl ether (Ph-O-Ph) and biphenyl(Ph-Ph) at a
temperature range of about 240° to about 260°, affords 7-fluoro-4-oxo-1,4-dihydro-3-
quinolinecarbonitriles of Formula (lI). Alternatively, aniline 12 is reacted with diethyl
(ethoxymethylene)malonate either neat or optionally in the presence of a cosolvent
10  toluene, at temperatures ranging from about 60 to about 120°C. Subsequent thermal
cyclization, preferably in a eutectic solvent system which includes 3: 1 mixture of
diphenyl ether and biphenyl at elevated temperature, at a temperature range of about
240° to about 260°C, provides ester 13. Hydrolysis of the ester 13 under preferably
basic conditions, such as sodium hydroxide in an alcoholic solvent such as ethanol,
15  at reflux temperatures results in carboxylic acid 14. Conversion of carboxylic acid 14
to primary amide 15 may be accomplished by treatment with an activating agent
which includes N,N-carbonyl diimidazole(CDI) or oxalyl chloride followed by the
addition of either ammonia gas or preferably an agueous solution of ammonium
hydroxide. Dehydration of primary amide 15 with a reagent such as cyanuric
20 chloride in a solvent such as N,N-dimethylformamide provides 7-fluoro-4-oxo-1,4-

dihydro-3-quinolinecarbonitriles of Formula (l1).

20



ZRBOI LCN RON 10Z=d0 or Br RN la NHR R3OCN R20)D-N 11
The 7-substituted-4-o0xo-1, 4-di hydro-3-quinolinecarbonitriles 3 and

7- subst i twDedwgs24hal o- 3- qui nol i necarbonitriles 4 are key iporarsn®dilag es used
to prepare 7-substituted-3- quinolinecarbonitriles of Formula (1). Schene 5
shows two alternate routes for the 19 WO 03/093241 PCT/ US03/ 13149
preparation of additional key internediates, 7-f |uoro-4-oxo-1, 4-dihydro- 3-
qgui nol i necarbonitriles of Formula (11). Anilines 12 may be treated with

et hyl (et hoxynet hyl ene) cyanoacet atSehesiether neat or optionally in the
presence of a cosolvent such as toluene, at tenperatures ranging from
about 60 to about 120C 5 B9 0 @Bt subseque@t thermal cyclization,
preferably i R°@_et ectic qyol e systRiD_whj ch ool udes a 3: 1 mixture of
di phenyl ether ( i (Ph at| a tenperature range of
about 240 to apow=244 f -1 | uorFe=¥ <1, 4- di hydr o- 3-

qui nol i necarbonitgsl es o?i)lggbﬂilpé'l%l ). AlterHatively, aniline 12 is
reacted with diethyl (ethoxymethylene)nal onat e ei ther neat or optionally
in the presence of a cosolvent 10 toluene, at tenperatures ranging from
about 60 to about 120C. Subsequent thermal cyclization, preferably in a
eutectic sol vent system whQch iC?D@E‘t'des 3: 1 |xture of

o)

R0 1) R%0 COOEt 4
D\ COOEt | R°O COOH
base |
F NH - F N
b 2) PhOPh, Ph-Ph H F N
12 13 H
_“ 14
O
1) CDI 3 o)
2)NH,0H RO CONF R°0 CN
- l cyanuric chloride
F N |
H F N
15 H

il
Alternatively compounds of Formula (ll) may be prepared as shown in

Scheme 6 from the corresponding anthranilic acid or ester 16 where R™ is H or alkyl
of 1 1o 6 carbon atoms by reaction with N,N-dimethylformamide dimethyl acetal or

5  preferably with N,N-dimethylformamide diethylacetal, optionally in the presence of a
cosolvent toluene at about 100-130°C to provide amidine 17. Reaction of the anion
of acetonitrile, preferably generated from the reaction of n-butyl lithium with
acetonitrile, in an inert solvent such as tetrahydrofuran at about —78°C, with amidine
17 provides compounds of Formula (i1).
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di phenyl ether and bi phenyl at elevated tenperature, at a tenperature range
of about 240 to about 260C, provides ester 13. Hydrolysis of the ester 13
under preWveroalod3z41 basi c conditions, such as sodi um hydr oxiPA&/UiSn3/83149

al coholic solvent such as ethanol, 15 at reflux tenperatures results in
carboxylic acid 14. Conversion of carboxylic acid 14 to primary am de 15
may be acconplished by treatnment with an activating agent which includes
N, N- car bonyl diim dazol e(CDI) or oxalyl chloride followed by the addition
of either ammonia gas or preferably an &Sgwees sol ution of anmoni um
hydroxi de. Dehydration of primary amde 15 with a reagent such as cyanuric
20 chloride in a solvent such as N, N-di nethyl formam de provi des
7-fluoro-4-oxo-1, 4- dlhydro-Q:ggifﬁllnecarbonlbglles of wula (11). 20 WO

03/ 093241 PCT/US03/ 13149 Schyae 5 Et O COOEt 0 CN (! I F
NH22) PhOPh, Ph-Ph FH 12 1 /I KO COOEt 0 3 ~- ROI 1) COOEt RO |
C baEet R30 COOH F NH2 2 PhoPY Ph-Ph F H FFN 1 18H 14°1) D 300

2) WacH R Ov%f%oﬂ‘b A s Mo or Bt "\

17

16

CHaCN
Butyl Lithium

The compounds of this invention are prepared from: (a) commercially
available starting materials (b) known starting materials which can be prepared as
5 described in literature procedures or (c) new intermediates described in the schemes

and experimental procedures herein.

Reactions are performed in a solvent appropriate to the reagents and
materials employed and suitable for the transformation being effected. It is
understood by those skilled in the art of organic synthesis that the various

10  functionalities present on the molecule must be consistent with the chemical
transformations proposed. This may necessitate judgement as to the order of
synthetic steps, protecting groups, if required, and deprotection conditions.
Substituents on the starting materials may be incompatible with some of the reaction
conditions. Such restrictions to the substituents which are compatible with the

15  reaction conditions will be apparent to one skilled in the art. Reactions are run under

inert atmospheres where appropriate.
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cyanuric chloride F' NI, HFN 15 HII Alternatively conpounds of
Formula (Il) may be prepared as shown in Schenme 6 fromthe correspondi ng
ant hr ani IWo oao9xt4pr ester 16 where R10 is H or al kyl of PCrasés/casbon
atons by reaction with N, N-di met hyl f ormam de di net hyl acetal or 5
preferably with N, N-di nethyl formam de di et hyl acetal, optionally in the
presence of a cosolvent toluene at about 100-130C to provide am dine 17.
Reaction of the anion of acetonitrile, preferably generated fromthe

reaction of n-butTHe phdrhiavsntivalyhacapeitinsilts e, those derivedeirdm okl @ngaricich as
t et rahydr of ur an. at about . -78C, wi t hé%gj di ne f’L? rovi des conpounds of

Formul a (1 1)2"920Ug8MR3/868829% BRSHCUSAIP. $1% a8afien U Te AP R scor
N ~N W OQRicbRicRhydrscibri hybiiobFomiblHzhckphorid niig Gifuridy imdthdriestifanic afd W CN

F N
similarly known acceptable acids.

5 Alkyl as used herein means a branched or straight chain radical having from 1

to 6 carbon atoms optionally substituted.

Alkeny! as used herein means a branched or straight chain radical having 2 to
6 carbon atoms optionally substituted. The chain having at least one double bond.

Alkynyl as used herein means a branched or straight chain radical having
10  from 2 to 6 carbon atoms optionally substituted. The chain having at least one triple
bond.

Alkoxy as used herein means an alkyl-O- group in which the alkyl group is as
previously described. Exemplary alkoxy groups inciude but are not limited to
methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, and t-butoxy.

15 Cycloalkyl as used herein means a saturated ring system having from 3 to 10
carbon atoms. Preferred is 3 or 7 carbon atoms. Exemplary cycloalkyl rings include
but are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like.

Aryl as used herein means a mono or bicyclic aromatic ring having from 6 to

12 carbon atoms. Monocyclic rings preferably have 6 members and bicyclic rings

20  preferably have 8, 9, 10 or 12 membered ring structures. Exemplary aryl groups
include phenyl, alpha-naphthyl, beta-naphthyl, indene, and the like independently
substituted with one or more substituents and more preferably with 1 to 4

substituents.

Heteroaryl denotes an unsubstituted or optionally substituted monocyclic 5 or

25 6 membered ring, which contains 1 to 4, or particularly 1 or 2 heteroatoms which may
be the same or different. Nitrogen, oxygen and sulfur are the preferred heteroatoms,
provided that the heteroaryl does not contain O-O, S-S or S-O bonds. Specific

examples include thiophene, furan, pyrrole, pyrazole, imidazole, 1,2,3-triazole, 1,2,4-
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H 1 | The conpounds of this invention are prepared from (a) comrercially
avail able starting materials (b) known starting materials which can be
prepared We 0389xdescribed in literature procedures or (c) mewusny/exnedi ates
described in the schenes and experinental procedures herein. Reactions are
performed in a solvent appropriate to the reagents and materials enpl oyed
and suitable for the transformation being effected. It is understood by
those skilled in the art of organic synthesis that the various 10

functi onal i t tré@zolsy taikaaoleorihinnee.naecle) eSQ’thlaZole,esmaelesu B-oxadidrotehe,2,4-

chem cal  trapsdigsdigty @QSthﬂB%QBIée ikt Sp |dIHSCS§r§1 ih&t A0G8NEII 4355 L0
Y phe. gt

the order of synt he ti’c’ steps, ect’n groups;
depr ot ect i ontriaghgi The ﬂi@teroﬁwbmgl mare he oxisizedhehest alhetarrgattmtle i ralhsgameqtorlne

i nconpati bl eé&“{);tokhdéqgﬁc&freéplaﬂdlﬁ -%)iu@é] in ﬁ(ﬂﬁj#éyr s P ldgno?ili%h?ctpl\’oﬁg

the substitu are co G eac

be appareht fiBgomayskdritaiach parbpmd group oRearts bbite earbon watorasdauch am913,4-

at nospheres \5?‘?5 £ qbRypriate. 22 WO 03/093241 PCT/ US03/13149 The
pharmaceutical 'y accept able salts are those derived from such organi ¢ and
inorganic acids as: acetic, lactic, citric, tartaric, succinic, maleic,
mal oni ¢, gl uconi @lcyﬁmjh@t@rﬂaoyhas USWdﬁQIblndﬁfém;‘» thlsawpi’led ot ,pamatly uonsaturated

ot e o RIS @i S 1) Yo RACPIEFPLOTh SRRy B,
car bon at ons bephe cisane r iffssentt inderkndahihe sylectag ftmadmﬂmmeen, roxmnana suh‘?rI
Dl e ul0h SR SR RS ool so BB AR AT L,
her ei n neans the spreeehditierent [ypvlde@mat treabieydiabieteadaryialoes got contain O-O, S- S or
S-O bonds. Specific examples include: indole, 2,3-dihydroindole, 2-indazole,
isoindazole, quinoline, isoquinoline, tetrahydroquinoline, benzofuran, benzothiophene,
benzimidazole, benzotriazole, benzothiazole, benzoxazole, benzisoxazole, 1,2-
15 benzopyran, cinnoline, phthalazine, quinazoline, 1,8-naphthyridine, pyrido[3,2-
b]pyridine, pyrido[3,4-b]pyridine, pyrido[4,3-b]pyridine, pyrido[2,3-d]pyrimidine, purine,
and pteridine and the like. Either or both rings of the bicyclic ring system may be
partially saturated, or fully saturated, and the bicyclic group may be oxidized on a
nitrogen atom to provide the corresponding N-oxide, such as quinoline —N-oxide, or the
20 bicyclic ring system may contain a carbonyl group on one of the carbon atoms, such as
2-indanone.

Heterocyclyl, heterocyclyl group or heterocyclic ring means a saturated or
partially unsaturated monocyclic radical containing preferably 3 to 8 ring atoms, more
preferably 3 to 7 ring atoms and most preferably 5 to 6 ring atoms selected from

25  carbon, nitrogen, oxygen and sulfur with at least 1 and preferably 1 to 4, more
preferably 1 to 2 nitrogen, oxygen or sulfur as ring atoms. Specific examples include
but are not limited to morpholine, thiomorpholine, thiomorpholine-S-oxide,
thiomorpholine-S,S-dioxide,  piperidine, ~ N-alkylpiperidine,  piperazine,  N-
alkylpiperazine, pyrrolidine, aziridine, oxirane, tetrahydrothiophene, tetrahydrofuran,

30 1,2-pyran, 1,4-pyran, dioxane, 1,3-dioxolane and tetrahydropyran. The heterocyclyl
ring may be oxidized on a tri-substituted nitrogen atom to provide the corresponding

N-oxide, such as N-ethylpiperazine-N-oxide, or the heterocyclyl ring may contain a
24



10 from2 to 6 carbon atons optionally substituted. The chain having at

| east one triple bond. Al koxy as used herein neans an al kyl-O group in
whi ch thewelokgbs2group is as previously described. Exenpl &Cy/tsokonys gr oups
include but are not Iimted to nethoxy, ethoxy, n-propoxy, i-propoxy,

n- but oxy, and t-butoxy. 15 Cycloal kyl as used herein neans a saturated ring
system having from3 to 10 carbon atons. Preferred is 3 or 7 carbon atons.
Exenpl ary cycloal kyl rings include but are not limted to cycl opropyl,

cycl obutyl, caysdngpgrdupl on (Dy\el cfhthey barbam catdrhe $tidheas Wblicﬁrsoneséd drdereton

nmeans a non c ic a ti.c I hav t

Monocyclic 3??1@@% é’l"tb R'/%”%Ofrﬁg'%ﬁ %{ﬂ f%é: 1n|ggwpl nd@%r%%p%
preferably hla)sera&th@,prot@ssnoftha pms@tmeehtronng structures. Exenpl ary aryl
groups include phenyl, al pha-naphthyl, beta-naphthyl, indene, and the |ike
independentlﬁf gﬁgggé E@dl wi th one or nore substituents and nore
preferably w stituents. Heteroaryl denotes an unsubstituted
or optionally substituted monocyclic 5 or 25 6 menmbered ring, which

cont ai ns 51 tEhyl.7-ftuorgérhétbokvadHoy i ginecarbobviadey nay be the sane
or different. Nitrogen, oxygen and sul fur are the pref erred heteroat ons,

provided that they '}ﬁ&@é’gﬁrfy&?-ﬂﬁi&%sm Btho gamllﬁt'e g)BQJCPCﬂ SZﬁZé”mnﬁol? Me%dﬂa/zol

Specific exanples I'n hi ophene, ran pyrazotl e
1,2,3-tri azmtmxymezawenezmamm@mﬂmzeﬂ FEOTIMIBOS heatedoat 1t1Df’(éiQt|1ehouretherazol e,

thi azol e XGRS0 hOR BhBet G BEREN sddeh Mﬂqus%%%ale%tedlbﬁmfrat

oxadi azol e 4-t pyr I'ne, pyrimdine, pyrazi pyri a2 ne
and 1, 3, 5- tThismateial Eheudpended b 45 rrﬂ_mfga Byl b@(tmlqilmwh@theh bishembat om
is a ni thOgeeﬂtoa{ %%I)&Lﬁ‘ﬁqg %\é?feﬁ éthr% I&)?'t 'ﬂBGr@' tB%)anB%' dBroan”&Al%ﬁH n"9The

pyri di ne - N-0xi eor h rocc ain a carbonyl group
on one of theacmnhnmttaemolwtmroam ’@n@emtur@mdl texehe & added. The resultant

solid is collected by filtration washing with hexane to provide 2.62 g of ethyl 7-fluoro-

6-methoxy-4-oxo-1,4-dihydro-3-quinolinecarboxylate as a white solid, mp >300°C.
MS 265.9 (M+H)+
15  Analysis for Ci3H12FNO,
Calcd: C, 58.87; H, 4.56; N, 5.28.
Found: C, 58.66; H, 4.16; N, 5.14.

Reference Example 2

7-Fluoro-6-methoxy-4-oxo-1 ,4-dihydro-3-quinolinecarboxylic acid

20 A mixture of ethyl 7-fluoro-6-methoxy-4-oxo-1,4-dihydro-3-quinolinecarboxylate (2.2
g, 8.30 mmol) and 13.2 mL of 1 N sodium hydroxide and 40 mL of ethanol is heated
at reflux for 3 hours then cooled to room temperature. Water is added and the
mixture is acidified with acetic acid. The resultant solid is collected by filtration
washing with water to provide 1.90 g of 7-fluoro-6-methoxy-4-oxo-1,4,-dihydro-3-

25  quinolinecarboxylic acid as a white solid, mp 265-267°C.

MS 238.1 (M+H)+
25



Bi cyclic heteroaryl as used herein refers to saturated or partially
unsaturated bicyclic fused rings having 8 to 20 ring atons containing 1 to
4 het er oaworms/ogd2ich may be the sane or different indepenaemtusys/sakect ed
from nitrogen, oxygen and sul fur 10 optionally substituted with 1 to 3

i ndependent|y sel ected substituents which may be the sane or different
provided that the bicyclic heteroaryl does not contain 0-0, S Sor SO
bonds. Specific exanples include: indole, 2,3-dihydroindole, 2-indazole,

i soi ndazol e, Amlysisdor OgHF$Opu i r2aHine, tetrahydroqui nol i ne, benzofuran
benzot hi ophene, benzi m dazol e, benzotriazol e, benzothiazole, benzoxazole,

benzi soxazol .44Cl NNoOl i ne, pht hal azi ne, qui nazol i ne,

1, 8- napht hyr Creaiﬁ(% 8 %’yQZFg{O]?%NaE]AﬂyH di ne, pyrido[ 3, 4-b] pyridine,

pyri do[ 4, 3-b] pyri di ne, pyrido[2,3-d]pyrimdine, purine, and pteridine and
the |ike. EiRdued: @rSGﬁﬁ;m,ﬁgﬁgNjfBSt he bicyclic ring system may be
partially saturated, or fully saturated, and the bicyclic group nay be

oxi di zed on Hhfeldhid RRSH ALPM t O provide the correspondi ng N-oxide, such as
qui nol i ne - Nr-orrh*e—o'v—?'l%e- 20 bicyclic ring system may contain a carbonyl
group on one of the carbon atons, such as 2- |ndanone Het er ocycl yl ,
het er ocyél ylZ-giuolers-methaxy« i BIQHRECA I3 gt ed or parti aI Iy
unsat ur at ed m)nocycl i ¢ radi cal cont ai ni ng preferabl y 3 to 8 ring atons,

more preferg un% 6f07 fl uérb'aé?m@fh%l}? 4589&1 1”@8th%9§ Eﬂlﬁgﬂrbécgrbeyli@ afcid“? @b

selected from carbon, nitrogen, oxygen and fur wt | eas

preferably #.2b mrnolmnd NM@&@OQWHWME‘Z@G 21@1t@,08@ﬁ mm@i)g'@nhbrmlsl?f NN as
ring atons. @ﬁyhér%a% ﬁéatéc‘i‘% %Qg:e f&?lﬂ hirs tHEH cbdIsd tt@?o&n@téfﬁ;ﬁ&ﬁ@nlré ne,

t hi onmor phol i ne I onor phol I ne- S- oxi hi onor phol i ne- S, S-di oxi d
pi peri di ne, andanqquamfsemmlmh@f aguwamrn@mumhydrq&depirp@? iggivater Bah- rJB*ne di ne,
aziri di ng, %&Jﬁ%ﬂ% a&cﬁﬁé@f&yﬁﬁ% %&Pﬁ%ﬂﬁeraﬁ% B@M@hpéhﬁ fan cdRcentritdd/icdd,

1, 4- pyran, dioxane di oxol ane and tetrah yran. The heterocyclyl
ring may be wmaliiokste.ofrescald watam@qidaq&f@wpw sb@@@'ifl@%’f@ﬁwwltb Fnelic paid- The

o ere gogf“ l’\%sulM‘nP’éblﬂae{:s idﬂgaea%y'\hﬁétmﬁ' WA PHIHR GrhbrO% SH8via8 824 Mg of 7-
yery fluoro-6- met%/oxy—4—oxo 1,4-dihydro-3-quinolinecarboxamide as a white solid, mp

>300°C.

15 MS 236.8 (M+H)+
Analysis for C11HgFN2O3 — 0.2 H,O
Calcd: C, 55.09; H, 3.94; N, 11.68.
Found: C, 55.00; H, 3.63; N, 11.49.

Reference Example 4

20  7-Fluoro-8-methoxy-4-oxo-1,4-dihydro-3-guinolinecarbonitrile

A mixture of 7-fluoro-6-methoxy-4-oxo-1,4,-dihydro-3-quinolinecarboxamide (700 mg,
3.0 mmol) and cyanuric chloride (341 mg, 1.65 mmol) in 15 mL of N, N,-
dimethylformamide is heated at 65°C for 6 hours then cooled to room temperature
and an additional 206 mg of cyanuric chloride is added. The mixture is heated at
25  65°C for 4 hours then stirred overnight at room temperature. The reaction mixture is

26



WO 03/ 093241 PCT/ US03/13149 carbonyl group on one of the carbon atons,
such as pyrrolidinone. In order to facilitate a further understandi ng of
t he i nverwooa/oo2le fol l owi ng non-limting exanples il ustPCatuSoy/Ba4Process
of the present invention. Reference Exanple 1 5 Ethyl
7-fl uoro- 6- met hoxy- 4- oxo- 1, 4-di hvdro- 3-g ui nol i necarboxyl ate A m xture of
3-fluoro-4-nethoxyaniline (3.00 g, 21.26 mmol) and diethyl ethoxynethyl ene
mal onate (4.59 g, 21.26 nmol) is heated at 110C for 1 hour then cooled to
room t enper gtaured intdeicavetersaradumdrabized withesatolatatksastinh badubnbig. fTitet salids on.
This materi i n Ny : : 1 N er :
bi phenyl 106‘%%&59%23%8&ﬂ ur%g&r?gvﬁ%gﬁ%‘ggﬂ z‘i\t% t%emdahx&?éé %&ﬁg'fg?gsl@ Eﬁ %%'S]Jo(\;/rlﬁég a
br own sol ut i graducthdurifiestioni ynflashxaoluman clronabdgeaphycelutinonwitle aygeadienirad 33hd
hexane is a T W B . eg: il i i ng
w th hexane 1 Pd R glRBYbBRlne R)4F hein gt 1P GoREroMethand, hAAS 2783,
6- met hox - 4- afxeiubrek-8eéindxyed-BxailiddihydreSayuindipbearboritilea mph147148Ci d, np
>300C. MS 265.9 (MtH)+ 15 Anal ysis for C13H12FNO4 Cal cd: C, 58.87; H,
4.56; N, 5. 2@ 215%.1(3“14_‘ C, 58.66; H 4.16; N, 5.14. Reference Exanple 2
7- Fl uor o- 6- rre?h XV-4- o)<o- 1, 4- di hvdr o- 3-gui nol i necar boxylic acid 20 A
m xture of ethyl
7-f 1 uor o- 6- ninaiysig/fos CakbFi.Qs- @i heidhlorogreifiingol i necar boxyl ate (2.2 g, 8.30
mmol ) and 13.2 nL of 1 N sodium hydroxide and 40 nL of ethanol is heated
at reflux fO@a@d:h@ugg yﬁrgng{l e 40 roomtenperature. Water is added and
the mxture is aci |1B|’e Wi t’h’acetic acid. The resultant solid is
collected by filtration washing with water to provide 1.90 g of
7- 1 uor o- 6- MEQUEK 7> 29.880H12.96;-Ni Y& 0- 3- 25 qui nol i necarboxylic acid as a
white solid, np 265-267C. M5 238.1 (MtH) +

10  Reference Example 4

Alternate Preparation of

7-Fluoro-6-methoxy-4-oxo-1.4-dihydro-3-quinolinecarbonitrile

A mixture of 3-fluoro-4-methoxyaniline (15.31 g, 108 mmol) and ethyl
(ethoxymethylene)cyanoacetate (18.36 g, 108 mmol) in toluene is heated at 100-
15 110°C for 4.5 hours then cooled to room temperature. A 1 : 1 mixture of hexane and
ethyl acetate is added and the mixture is cooled on an ice bath. The solids are
collected washing with hexane to provide a first crop of 26.10 g and a second crop of
1.24 g. A 2.0 g portion of this material is added to 18 mL of a 3 : 1 mixture of
diphenyl ether : biphenyl that is heated to reflux. This mixture is heated at reflux for 4
20  hours then cooled and poured into hexane. The solids are collected by filtration and
washed with ethyl acetate and hexane to provide 624 mg of 7-fluoro-6-methoxy-4-
oxo-1,4,-dihydro-3-quinolinecarbonitrile as a brown solid. The filtrate is concentrated,
the residue is dissolved in ethyl acetate and hexane is added. The resultant solid is
collected by filtration to give 1.07 g of 7-fluoro-6-methoxy-4-oxo-1,4-dihydro-3-
25  quinolinecarbonitrile as a yellow solid.
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25 WD 03/ 093241 PCT/ US03/ 13149 Analysis for C' H8FNO4 - 1.2 H20 Cal cd: C
51.04; H 4.03; N, 5.41. Found: C, 50.98; H 3.95; N, 5.33. Reference
Exanpl e 3wB 03/0%42upr 0- 6- met hoxv- 4- oxo- 1, 4- di hvdr o- 3- g ui nolPCrarsas/xam de A
m xture of 7-fluoro-6-nethoxy-4-oxo-1, 4-di hydr o- 3- qui nol i necar boxyl i c acid
(1.0 g, 4.21 mol) and N, N -carbonyl diimdazole (1.51 g, 9.28 nmol) in 14
mL of N,N- dinmethylformam de is heated at 65C for 2 hours then cooled to
roomtenperature and poured into 200 nL of aqueous anmoni um hydroxide in
an i ce wat erRdiatchce ER@mple Ssol ution is allowed to stir at roomtenperature
overnight and then concentrated to a small volume. Ice cold water is added
fol | owed by e resultant solid is

col | ected b‘:él Aoﬁ.ng érgo 'tﬂb rovide 821 ng of 7-

f I uor o- 6- net hoxy- 4- oxo- 1, 4- di hydr o- 3- qui nol i necar boxam de as a white solid,
mp >300C. 1&5mbBure38 78‘Il(om-6|)methmell-45fgxtz*1 Aeinydro-Bareigrdisecarigoritrilgd®0 TA.5%: C,

55.09; H 3. of

Seanpi e 4 207 5oengr e €S aRgqusyBitoliie g hertodt el i b I S IRFTIE
m xture Of Toohbesmraded-inevdoory - Jrhexoesldue, islipaytifiooed - briveen | anieaush Gedivitie

700 , f
NN i i AP0 e P SR el P ol e Siken By BEBhecio stiefly O

t enper at ur e filtereti candadetincenireiéd 206 g licacygahur i Eumj‘iﬂamrl dey i Hashddwtimmhe

mxture Is h?%nﬁgtlpg agfl? BRI fvﬂ{h a gpa%'l’érﬁ ot e e%;’l 6PV RENANG 131 4 TR

t enperature ure
acetate hexane prowdes 631 mg of 4-chloro-7-fluoro-6-methoxy-3-

10  quinolinecarbonitrile, mp 160-162°C.
MS 236.9 (M+H)+
Analysis for C11HgCIFN,O
Calcd: C, 55.83; H, 2.56; N, 11.84.
Found: C, 55.66; H, 2.84; N, 11.91.
15

Reference Example 6

6-Methoxy-7-(2-methoxyethoxy)-4-oxo-1,4.-dihydro-3-quinolinecarbonitrile

Sodium (84 mg, 3.67 mmol) is added to 3.6 mL of 2-methoxyethanol and the mixture

is heated at reflux for 90 minutes. 7-Fluoro-6-methoxy-4-oxo-1,4,-dihydro-3-
20  quinolinecarbonitrile (200 mg, 0.92 mmol) is added and the reaction mixture is

heated at reflux for 4 hours then stirred at room temperature overnight. The reaction

mixture is poured into ice water and acidified with acetic acid. The solids are

collected by filtration, washing with ethyl acetate and hexane, to provide 234 mg of

6-methoxy-7-(2-methoxyethoxy)-4-oxo-1,4,-dihydro-3-quinolinecarbonitrile, mp >
25 300°C.

MS 272.9 (M-H)-
28



26 WO 03/093241 PCT/ US03/13149 poured into ice water and neutralized with
saturated sodi um bi carbonate. The solids are collected by filtration
washi ng wwoh3med2er and hexane to provide 610 ng of crude PETABO13149
Purification by flash colum chronmat ography eluting with a gradient of 3%
met hanol in dichl oronethane to 10% net hanol in dichl oronet hane, provides
272 ng 5 of 7-fluoro-6-nmethoxy-4-oxo-1, 4-di hydro- 3-qui noli necarbonitrile,
np 147-149C. M 216.8 (MH Analysis for C' H/FN202- 0.1 dichl oronet hane
Cal cd: C, S58rBysisHor G,,H)N0,- 025 8yl demtente: C, 59.06; H, 2.96; N, 11.97. 10
Ref erence Exanple 4 Alternate Preparation of

7- Fl uor o- 6- et hoxy- 4- 0XQ- - i r o- 3-qui nol i necarbonitrile A m xture of
3-fl uoro-4- [@?‘h@xéaﬁ?%ﬂ'&lﬁ(@)%?%, 108 nmmol ) and et hyl

(et hoxynet hyl ene) cyanoacetate (18.36 g, 108 mml) in toluene is heated at
100 15 110C FaundAC56ht2rtd, 528MN,0c8. ed to roomtenperature. A1 : 1 mxture
of hexane and ethyl acetate is added and the m xture is cooled on an ice
bath. The s cted washing with hexane to provide a first crop
of 26.10 g %ég%n%%xaﬁ‘ §e7e pof 1.24 g. A 2.0 g portion of this materi al
is added to 18 m_ of a 3: 1 mxture of di phenyI ether . bi phenyl that is
heated té ref ethoxyeihexyad-gi g & 4 20 hours then
cool ed and poured |nto hexane The soI ids are coll ect ed by filtration and
washed with gthyl te a hex f -
7-f1 uoro- 6- rréth xrﬁ%ﬂ%xo 16{2 B%th 3/97 géfﬁ%ﬁ}o%g%gg%m ct)xr0|1lde %{gydéobsr own
solid. The fmunncrhaeearb@mtfmegﬁmat@66 mmﬁéanfégioa&ofl BhRFPE8EIUS Yy GHiPrislers |
acetate and FXAVIN I

i trati on toibct B efyERE A8 g, Hg AeORyREs M, Tl e srded to

qui nol i necarWaier and |tee 9!5! ig agiystasifiosd oy ghe addition of aqueous sodium bicarbonate.

10  The solids are collected by filtration, washing with water and hexane, to provide 169

mg of 4-chloro-6-methoxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile, mp 178-
180°C.

MS 292.9 (M+H)+

Analysis for C14H14N2O4- 0.60 H>O
15 Calcd: C, 55.39; H, 4.70; N, 9.23.

Found: C, 55.23; H, 4.30; N, 8.87.

Reference Example 8

4-[(2.4-Dichloro-5-methoxyphenyllamino]-7-fluoro-6-methoxy-3-quinolinecarbonitrile

A mixture of 4-chloro-7-fluoro-6-methoxy-3-quinolinecarbonitrile (4.12 g , 18 mmol)
20 2,4-dichloro-5-methoxyaniline (4.56 g, 24 mmol) (Theodoridis, G.; Pestic. Sci. 1990,

30, 259) and pyridine hydrochloride (2.31 g, 19.9 mmol) in 45 mL of 2-ethoxyethanol

is heated at 120°C for 3 hours then cooled to room temperature. The reaction

mixture is added to aqueous sodium bicarbonate and stirred for 20 minutes. The

solids are collected by filtration to provide 4.89 g of 4-[(2,4-dichloro-5-
25  methoxyphenyl)amino]-7-fluoro-6-methoxy-3-quinolinecarbonitrile, mp >260°C.
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27 WO 03/093241 PCT/ US03/13149 Reference Exanple 5

4- Chl oro-7-fl uoro- 6- net hoxy- 3-qui nol i necarbonitrile A m xture of

7-f1 uor o-womabRLy - 4- 0x0- 1, 4- di hydr o- 3- qui nol i necar boni t r PIC&/US83/631g9 4. 59
mmol ) and 14 g of phosphorous oxychloride is heated at reflux for 30

m nutes then 5 concentrated in vacuo. The residue is partitioned between
aqueous sodi um bicarbonate and ethyl acetate. The organic |ayer is dried
over magnesiumsul fate, filtered and concentrated on to silica gel.

Puri fi cati orHRMSfthesh 30210663Y; iainddBazt0BH66 fkMy-Het uti ng with a gradi ent of 1:
5 ethyl acetate : hexane to 1 : 1 ethyl acetate : hexane, provides 631 ng
of 4-chl oro-y/-f qui nol i necarbonitrile, np 160-162C. M5
236.9 (MrH) ﬁm&‘n% é@’%@'@%% %hg Q'calcd: C 55.83: H, 2.56: N, 11.84.
Found: C, 55.66; H 2.84; N, 11.91. 15 Reference Exanple 6

6- Met hoxy- 7-Qﬂcdm@h5ﬁc9&tHh(ﬁ<X/7);M9cﬁd@- 1, 4, - di hydro- 3-qui nol i necarbonitrile
Sodi um (84 ng, 3.67 nmmol) is added to 3.6 nL of 2-nethoxyethanol and the
m xt ure NP m nut es.

7- Fl uor o- 6 rgab'?ﬁoxy @ég{gﬁ léj% l\glgfz%gro 3 20 quinolinecarbonitrile (200 ny,
0.92 mmol ) is added and the reaction mxture is heated at reflux for 4
hours theén dieferenge Fxampled t enperat ure overnight. The reaction mixture is
poured into ice water and acidified with acetic acid. The solids are

§§|4| reTSt gg by,-BibibbéHtlIgMino BAINrBS-HeidxRBRXIncAkEMshitARd hexane, to provide

6- met hoxy- 7049 nmet hoxyet hoxy) - 4- oxo- 1, 4, - di hydr o- 3- qui_nol i necarbonitrile,
np > 25 300/ mixture of 4-chlore-7-fluoro-6-methoxy-3-quinolinecarbonitrifle (400 mg , 1.69

mmol) and cyclopentylamine (307 mg, 3.72 mmol) in 11 mL of 2-ethoxyethanol is
heated at 100°C for 1.5 hours then cooled to room temperature. The reaction
10  mixture is concentrated in vacuo and aqueous sodium bicarbonate is added to the
residue. After stirring for 20 minutes, the solids are collected by filtration. Purification
by preparative thin layer chromatography, eluting with 5% methanol in
dichloromethane, followed by trituration with diethyl ether and hexane, provides 359
mg of 4-cyclopentylamino-7-fluoro-6-methoxy-3-quinolinecarbonitrile, mp 162-164°C.

15 MS286.13 (M+H)+
Analysis for CigHssFN3O- 0.25 H,O
Caled: C, 66.31; H, 5.74; N, 14.50.
Found: C, 66.38; H, 5.80; N, 14.45.

Reference Example 10

20  4-Butylamino-7-fluoro-6-methoxy-3-guinolinecarbonitrile

A mixture of 4-chloro-7-fluoro-6-methoxy-3-quinolinecarbonitrile (300 mg , 1.27
mmol) and butylamine (205 mg, 2.80 mmol) in 10 mL of 2-ethoxyethanol is heated at
80°C for 1.5 hours then cooled to room temperature. The reaction mixture is
concentrated in vacuo and aqueous sodium bicarbonate is added to the residue.

25  After stirring for 20 minutes, the solids are collected by filtration. Purification by
30



M5 272.9 (MH) 28 WO 03/093241 PCT/ US03/ 13149 Analysis for CL4H14N204-
0.15 ethyl acetate Calcd: C, 60.99; H, 5.31; N 9.75. Found: C 61.12; H,
5.29; N, W049/0932Ref erence Exanple 7 5 PCT/US03/13149

4- Chl or 0- 6- met hoxv- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile A m xture of
6- met hoxy- 7- ( 2- met hoxyet hoxy) - 4- oxo- 1, 4, -di hydro- 3- qui nolinecarbonitrile
(180 ng , 0.66 mol) and 2.02 g of phosphorous oxychloride is heated at
ref lux for 40 m nutes then concentrated in vacuo. The residue is added to
wat er and t pesgarhthve thid] ey etirdneatBgraphy, letutiad dvithi 298 nodthargnl dodishleedialimane

ghga[]gggﬁ;e'p{%v?ciﬁg%@gé Ifgg-b% rﬁﬁ(l)-lﬁﬂo?gﬁeretL&yt-é-%f-nglPdec\é\%%mtrﬁg, r}Qf)HES-V\/a ter
4- chl or o- 6- MBBIOXY- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile, nmp 178-

180C. M5 292.9 (MtH)+ Anal ysis for Cl4H14N204- 0.60 H20 15 Calcd: C,
55.39; H 4.70; .23, Found: C, 55.23; H 4.30; N, 8.87. Reference
Exanpl e 8 4-'\@)37!‘\"2 (BH?:@J’

4- Di chl or o- 5- met hoxvphenvl ) am nol - 7-f | uor o- 6- net hoxv- 3- qui nol i necarboni tril
e A m xbur dnafysi-fohCgHaF ROt 0.8rtO6- met hoxy- 3- qui nol i necarbonitrile (4.12 g
, 18 mml) 20 2, 4-di chl oro-5-net hoxyaniline (4.56 g, 24 mmol)

(Theodor i di o ~Pestd. J. , 30, 259) and pyridi ne hydrochl oride
(2.31 g, 19%’.‘923'(%?0?’)%?%’%5%’&%8& hoxyet hanol is heated at 120C for 3
hours then cooled to roomtenperature. The reaction mxture is added to
aqueous sodifounBi Ca6HeR1dt &.2nd, 46i0Bred for 20 minutes. The solids are
collected by filtration to provide 4.89 g of 4-[(2, 4-dichl oro-5-

Reference Example 11

6-Benzyioxy-7-fluoro —4-oxo-1, 4-dihydro-3-quinolinecarbonitrile

10 A mixture of 4-benzyloxy-3-fluoroaniline (6.06 g, 27.9 mmol) (US 5,622,967) and
ethyl (ethoxymethylene)cyanoacetate (5.08 g, 30.0 mmol) is heated at 120°C for 45
minutes then cooled to room temperature. This solid is added in portions to a 3 : 1
mixture of diphenyl ether : biphenyl at 245 °C. This mixture is heated at 245°C for 3
hours then cooled and the solids are collected by filiration, washing with hexane and

15 diethyl ether to provides 2.60 g of 6-benzyloxy-7-fluoro-4-oxo-1, 4-dihydro-3-
guinolinecarbonitrile, mp >250°C.

MS 293.1 (M-H)-

Reference Example 12

6-Benzyloxy-4-chloro-7-fluoro-3-quinolinecarbonitrile

20 A mixture of 7-fluoro-6-methoxy-4-oxo-1, 4-dihydro-3-quinolinecarbonitrile (645 mg,
2.19 mmol) and 10 mL of phosphorous oxychloride is heated at 115 °C for 1.5 hours
then concentrated in vacuo. The residue is treated with ice cold aqueous ammonium
hydroxide and the resultant solid is collected by filtration. Purification by flash column
chromatography eluting with a gradient of 1% ethyl acetate in hexane to 6% ethyl

25 acetate in hexane, provides 284 mg of 6-benzyloxy-4-chloro-7-fluoro-3-
quinolinecarbonitrile, mp 159-160°C.
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25 nmet hoxyphenyl ) am no] - 7-f | uor o- 6- met hoxy- 3- qui nol i necarbonitrile, np
>260C. 29 WD 03/093241 PCT/ US03/13149 HRMVS theory 392.03634; found

392. 03556wQNBMP3R41ANal ysi s for CL8HL2CL2FN3O2- 2.0 H20 Calpca/us@/18® 48; H,
3.77; N, 9.81. Found: C, 50.41; H 2.82; N, 9.78. 5 Reference Exanple 9

4- Cycl opent yl am no-7-f | uor o- 6- net hoxv- 3-qui nol i necarbonitrile A m xture of
4-chl oro-7-fl uoro-6- net hoxy- 3-qui nol i necarbonitrile (400 ng , 1.69 nmol)
and cycl opentylam ne (307 nmg, 3.72 mmol) in 11 nL of 2-ethoxyethanol is
heated at 100€3fign3iMsHwuUrs then cooled to roomtenperature. The reaction
10 mi xture is concentrat ed in vacuo and aqueous sodi um bi carbonate i s added
to the resu%l?? ¢ g for 20 mnutes, the solids are collected by
filtration ys 175| reparative thin layer chronatography, eluting
wi t h 5% met hanol | n dichl ororret hane, followed by trituration with diethyl
et her and heGaee, CpaH15;deS.BHY, 883. of

4-cycl opentyl am no- 7-f | uor o- 6- net hoxy- 3- qui nol i necarbonitrile, np 162-164C.

15 M5 286. 1% 56%@ § 16H16FN30- 0.25 H20 Calcd: C, 66.31; H,
5.74; N, 14. g&,’}{l’jl'%% %%J%GBQQQ%H 5.80; N, 14.45. Reference Exanple 10
20 4-Butyl am no-7-f | uoro-6-nethoxv-3-qui nolinecarbonitrile A m xture of

4- chl or 0-57- fReferencd Examnbiexh3- 3- qui nol i necarbonitrile (300 ng , 1.27 mmol)
and butylam ne (205 ng, 2.80 mml) in 10 nL of 2-ethoxyethanol is heated at

80C for 1.5 heticho-riE0icaml@t-ofpRRIBRRERALUTe. The reaction mxture is
concentrate ium bl carbonate is added to the
resi due.

A mixture of 6-benzyloxy-4-chloro-7-fluoro-3-quinolinecarbonitrile (733 mg, 2.34

mmol) and 1 mL of thioanisole in 12 mL of trifluoroacetic acid is heated at reflux for
9 hours then concentrated in vacuo. The residue is treated with ice water and then

10  basified to pH 9-10 by the addition of aqueous ammonium hydroxide. - The resultant
solid is collected by filtration and washed with diethyl ether. The filtrate is extracted
with 10% methanol in ethyl acetate. The organic layer is dried over sodium sulfate,
filtered and concentrated in vacuo. The residue is combined with the solid obtained
initially, and this material is dissolved in 5% methanol in ethyl acetate and absorbed

15  onto silica gel. Purification by flash column chromatography eluting with a gradient of
hexane to increasing amounts of ethyl acetate in hexane to 5% methanol in ethyl
acetate provides 260 mg of 4-chloro-7-fluoro-6-hydroxy-3-quinolinecarbonitrile, mp
>250°C.

MS 220.9 (M-H)-
20  Analysis for C1oH4CIFN-O
Calcd: C, 53.96; H, 1.81; N, 12.58.

Found: C, 54.23; H, 2.02; N, 12.06.
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25 After stirring for 20 mnutes, the solids are collected by filtration.
Purification by 30 WO 03/093241 PCT/ US03/ 13149 preparative thin |ayer
chr omat ogwepbh932el uti ng with 2% net hanol in di chl oronet hameT/ysodvilges 230
ng of 4-butyl am no-7-fl uoro-6-mnmet hoxy-3-qui nolinecarbonitrile, np 155-
156C. MS 274.2 (MtH)+ 5 Anal ysis for CL5H16FN30- 0.2 H20 Calcd: C, 65.06;
H 5.98; N, 15.17. Found: C 65.02; H 5.91; N, 15.03. Reference Exanple
11 6-Benzvl oxv-7-fl uoro-4-oxo-1, 4-dihydro-3-quinolinecarbonitrile 10 A

m xture of 4R&feresnyd Exsmptef14uoroaniline (6.06 g, 27.9 mml) (US 5,622, 967)
and ethyl (ethoxynethyl ene)cyanoacetate (5.08 g, 30.0 mmol) is heated at
120C for 45 ! th erature. This solid is added
in portions ifoihSetbs il her : biphenyl at 245 C. This
m xture is heated at 245C for 3 hours then cool ed and the solids are

col | ect ed byTd &l0PC amiktorg ofiwasionog-fiiarh-Galeyckory- Chquianmedaréphmle €t8%angt 83

P01 | meearBRl iRERAREELBIK dog MO hnaitufind) fe g, 5.0 mpg)
6- Benzv| dxv-id-1Ghmbrai- tktrfahydlom%fah ig@iddedi dwﬁwm’ZbdlnattblokyleteZ%O\m@, % t80r enagdl).

7-fl uoro- 6- h
2.19 mol) a %é&rlé\ Wu%ﬁ%ﬁ%‘r%ﬁ%bﬁggé m&@égﬂ%@ Qr(a%tg Ieag erErﬁ té[@é% or
hours then mmmrmglntt r FhedreaatioracwdureTisecoreshtiatediis taceatad pitiffedi by fkashd
aqueo anmon [.QXI t l. °
il tration SiTe EBioRon Miluid B ButediBRor2s sy é%e%'ﬁﬁﬁﬁ%e&‘%&éa
gradi ent of éihylead'ejdtteainema@ee|mohéeea|43:mcmoﬁ%tmxyy‘.{—fluoro -3-quinolinecarbonitrile,

10 mp 165-166°C.

MS 251.0 (M+H)+

Analysis for C1oHgCIFN,O

Calcd: C, 57.50; H, 3.22; N, 11.18.
Found: C, 57.24; H, 3.41; N, 11.09.

15 BReference Example 15

7-Fluoro-6-methoxy-4-[(3.4.5-trimethoxyphenyl)aminol-3-guinolinecarbonitrile

A mixture of 4-chloro-7-fluoro-6-methoxy-3-quinolinecarbonitrile (500 mg , 2.11
mmol), 3,4,5-trimethoxyaniline (515 mg, 2.81 mmol) and pyridine hydrochloride (270
mg , 2.38 mmol) in 20 mL of 2-ethoxyethanol is heated at reflux for 4 hours then
20  cooled to room temperature. The reaction mixture is poured into aqueous sodium
bicarbonate and stirred at room temperature for 15 minutes. The solid is collected by
filtration and partitioned between water and ethyl acetate. The organic layer is dried
over magnesium sulfate, filtered and concentrated in vacuo. Trituration of the
residue with ethyl acetate and diethyl ether provides 512 mg of 7-fluoro-6-methoxy-4-
25  [(8,4,5-trimethoxyphenyl)amino}-3-quinolinecarbonitrile, mp 215-217°C.

MS 384.10 (M+H)+
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25 acetate in hexane, provides 284 ng of 6-benzyl oxy-4-chloro-7-fluoro- 3-
qui nol i necarbonitrile, np 159-160C. 31 WO 03/093241 PCT/US03/ 13149 M5
313. 13 ( MwB)os/ossal ysis for CL7HLIOCI FN20 Cal cd: C, 65.15; IIBCTAIS0§131k) 8. 82.
Found: C, 65.29; H 3.22; N, 8.96. 5 Reference Exanple 13

4- Chl or o- 7-f | uor o- 6- hydr oxy- 3-gui nol i necarbonitrile A m xture of

6- benzyl oxy-4-chl oro-7-fl uor o- 3- qui nol i necarbonitrile (733 ng, 2.34 mmol)
and 1 nL of thioanisole in 12 nmL of trifluoroacetic acid is heated at ref
lux for 9 hnasidbeG,tidtidNOat@®8H.0 vacuo. The residue is treated with
ice water and then 10 basified to pH 9-10 by the addition of aqueous
anmoni um hy d T ke olidis collected by filtration and
washed wit hdc(d"i‘(‘:'(e(i 8 6Q ?ﬁeﬁl 4SéI!}Htel\i%]albl 6fate is extracted wth 10% nethanol in
et hyl acetate. The organic layer is dried over sodiumsulfate, filtered
and concent riuad: Cn6Q.a@g;ud.4.881dN,r1@slibdue i s conbined with the solid obtained
initially, and this material is dissolved in 5% nethanol in ethyl acetate
and absorbeq:‘élfgr ols] %xﬁh e geI Purification by flash colum

chr omat ogr a a gradient of hexane to increasing anmounts of
ethyl acetate in hexane to 5% rret hanol in ethyl acetate provides 260 ng of
4-chl or 0-57- 2 | ghBonitrile, np >250C. M5 220.9
(MH 20 Analysis for ClOH40I FNZO Cal cd C, 53.96; H 1.81; N, 12.58.

Found: C, 54a 23wk o2 98orods-nitrépRhol 3.0 g , 63.7 mmol), 2-bromoethyl methyl ether
(15.0 g, 107.9 mmol) and potassium carbonate (26.5 g , 192 mmol) in 40 mL of N,

N’-dimethylformamide is heated at 70°C for 4 hours then cooled to room
temperature and poured onto ice. The solid is collected by filiration washed with

10  water and dried to provide 12.0 g of 2-fluoro-1-(2-methoxyethoxy)-4-nitrobenzene,
mp 62-63°C.

MS 216.02 (M+H)+

Analysis for CgH;oFNO,

Caled: C, 50.24; H, 4.68; N, 6.51.
15 Found: C, 50.24; H, 4.67; N, 6.49.

Reference Example 17

3-Fluoro-4-(2-methoxyethoxy)aniline

A mixture of 2-fluoro-1-(2-methoxyethoxy)-4-nitrobenzene (12.0 g , 55.7 mmol), iron

powder (10.3 g, 180 mmol) and ammonium chloride (14.5 g , 270 mmol) in 170 mL of
20  ethanol and 50 mL. of water is heated at reflux for 1.5 hours then filtered hot through

a pad of Diatomaceous earth, washing with ethanol. The filtrate is cooled to room

temperature and the precipitated solids are removed by filtration. The filtrate is

concentrated to a small volume and partitioned between ethyl acetate and water.

The organic layer is dried over magnesium sulfate, filtered and concentrated in vacuo
25  to provide 9.45 g of 3-fluoro-4-(2-methoxyethoxy)aniline as a brown liquid.
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WO 03/ 093241 PCT/ US03/ 13149 Reference Exanple 14

4- Chl or o- 6- et hoxy-7-fl uoro-3-qui nolinecarbonitrile To a OC m xture of

4- chl or o-wofoBuogaaet 6- hydr oxy- 3- qui nol i necarbonitrile (185 mgI/GN88B149MOI ),
tri phenyl phosphine (392 ng, 1.49 mmol) and ethanol (153 ng, 3.32 nmmol) 5 in
15 nL of tetrahydrofuran is added diethyl azodi carboxyl ate (260 ng, 1.80
nmmol). The reaction mxture is kept at OC for 45 mnutes then stirred at
roomtenperature overnight. The reaction m xture is concentrated in vacuo
and puri fi eduby1de. esM+H)@l umm chronat ography eluting with a gradient of 1%
ethyl acetate in hexane to 5% ethyl acetate in hexane provides

4-chl oro-6-¢€ I =3+ G i,necarbonitrile, 10 np 165-166C. M5
251.0 (M-H) +’£n E}f?zﬁf%ﬁ '3%9%‘%% Calcd: C, 57.50; H, 3.22; N, 11.18.
Found: C, 57.24; H, 3. 41 N, 11.09. 15 Reference Exanple 15

7- Fl uor o- 6- r@l@x@;ﬂ?.@&;ﬁ,zﬁ.&;ﬂ\i,ﬂr@.hoxyphenyl ) am no] - 3- qui nol i necarboni tril
e A mxture of 4-chloro-7-fluoro-6-nmethoxy-3-quinolinecarbonitrile (500 ng
, 2.11 nmol A, BsLE idine (515 ng, 2.81 mml) and pyridine
hydr ochl ori é“?§7§’§%%54m§$§§4%§3¥§ in 20 nL of 2-ethoxyethanol is heated
at reflux for 4 hours then 20 cooled to roomtenperature. The reaction

m xture i5s poeferatce Examplaitous sodi um bi carbonate and stirred at room
tenperature for 15 mnutes. The solid is collected by filtration and

partitioned ﬁ)%W#—?-f%%e-ﬁ-(%ﬂ%ﬂ%?&&hogﬁ of QlifolindEpQigRDi ¢ | ayer is dried
over magnesi concentrated I n vacuo. Tritur atl on of
the residue wth ethyl acetate and di et hE et her provi des 512

7- 1 uor o- 6- nEQliewing- 4heé psocedure of Reference Example 4, a mixture of 3-ﬂuoro4(2-

3,4,5-t b t (%)
gg > (Mr+IH) MBERSXYRRSHYANIRE N@l3g3- gui 8Pk neal benidt réth@. (BhokiRetRliéhe)-

cyanoacetate (5.84 g, 34.5 mmol) provides 7.62 g of a brown solid. Following the
10  procedure of Reference Example 5, this solid is converted to 6.0 g of 4-chloro-7-
fluoro-6-(2-methoxyethoxy)-3-quinolinecarbonitrile, mp 130-138°C.

MS 281.02, 282.98 (M+H)+
Analysis for Cy3H0CIFN202-0.1 equiv H,O
Calcd: C, 55.27; H, 3.64; N, 9.92.

15 Found: C, 55.02; H, 3.64; N, 9.64.

Reference Example 19

4-({3-Chloro-4-[(1-methyl-1H-imidazol-2-vl)sulfanyllphenyllamino)-7-fluoro-6-(2-

methoxyethoxy)-3-quinolinecarbonitrile

A mixture of 4-chloro-7-fluoro-6-(2-methoxyethoxy)-3-quinolinecarbonitrile (2.72 g ,
20 9.7 mmol), 3-chloro-4-[(1-methyl-1H-imidzazol-2-yl)thio]-benzamide (US4973599)
(2.56 g, 10.6 mmol) and pyridine hydrochloride (1.2 g, 10.4 mmol) in 35 mL of 2-
ethoxyethanol is heated at 110°C for 1.5 hours then cooled to room temperature.
The solids are collected by filtration, washed with diethyl ether and suspended in
saturated sodium bicarbonate. After stirring for 1.5 hours, the solids are collected by

25 filtration to provide 292 g of 4-({8-chloro-4-[(1-methyl-1H-imidazol-2-
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33 WO 03/093241 PCT/ US03/ 13149 Analysis for C20HL8C12FN3O4- 0.8 H20 Cal cd:
C, 60.39; H 4.97; N, 10.56. Found: C, 60.75; H 4.86; N, 10.16.

Ref er encewbxatpd2e¢l 16 5 2- Fl uor o- 1- ( 2- net hoxyet hoxy) - 4- ni t POArsAZ N4A

m xture of 2-fluoro-5-nitrophenol (10.0 g , 63.7 mml), 2-bronoethyl nethyl
ether (15.0 g, 107.9 mmol) and potassium carbonate (26.5 g , 192 mol) in
40 mL of N, N -dinmethylformam de is heated at 70C for 4 hours then cool ed
to room tenperature and poured onto ice. The solid is collected by
filtration wastieeyiptidnylldmina)-gfluatoes-@B-methokpethoxyy-Beuirdcfin€cagbarfirile, mp
2-fluoro-| -%Egér’ﬁbpéxyet hoxy) - 4-ni trobenzene, np 62-63C. M 216.02 (MtH) +
Anal ysis fo OFNO4 Calcd: C, 50.24; H 4.68; N, 6.51. 15 Found: C,
50.24; H, 4.67; N, 6.49. Reference Exanple 17

3- Fl uor o- 4- (MS @B4.06XMetHRoxy) ani l ine A m xture of

2-fluoro-1|-(2-nmethoxyet hoxy)-4-nitrobenzene (12.0 g , 55.7 mmol ), iron
powder (10. 3 n i chloride (14.5 g, 270 mmol) in 170
m. of 20 et rﬂ%&spsg*ﬁagggﬂﬁﬁg&%%%@ heated at reflux for 1.5 hours then
filtered hot through a pad of Di atonmaceous earth, washing wth ethanol.
The filt pat eCaled:cOohR@;tH 4.3H N, 18&iperature and the precipitated solids are
renoved by filtration. The filtrate is concentrated to a snmall vol une and
partitioned n | nd water. The organic layer is dried
over mgnesi%ﬁnﬁq\gﬁ(ﬁfgféﬁﬁ’i%?\ghgggd concentrated in vacuo 25 to provide

9.45 g of 3-fluoro-4-(2-nmethoxyethoxy)aniline as a brown |iquid.
Reference Example 20

4-({3-Chloro-4-[(1-methyi-1H-imidazol-2-y)sulfanyllphenyllamino)-7-fluoro-6-

methoxy-3-guinolinecarbonitrile

10  Following the procedure of Reference Example 19, a mixture of 4-chloro-7-fluoro-6-
methoxy-3-quinolinecarbonitrile (2.30 g , 9.72 mmol), 3-chloro-4-[(1-methyl-1H-
imidzazol-2-yl)thio]-benzamide (US4973599) (2.56 g, 10.6 mmol) and pyridine
hydrochloride (1.2 g, 10.4 mmol) provides 3.00 g of 4-({3-chloro-4-[(1-methyl-1H-
imidazol-2-yl)sulfanyl]phenyl}amino)-7-fluoro-6-methoxy-3-quinolinecarbonitrile, mp

15 290-294°C.

MS 440.20, 442.21, 443.22 (M+H)+
Analysis for C»1H;5CIFNsOS- 0.4 H,O
Calcd: C, 56.41; H, 3.56; N, 15.67.
Found: C, 56.63; H, 3.25; N, 15.28.

20 Reference Example 21

A-][(2.4-Dichloro-5-methoxyphenyl)amino]-6-ethoxy-7-fluoro-3-quinolinecarbonitrile

Following the procedure of Reference Example 8, a mixture of 4-chloro-6-ethoxy-7-
fluoro-3-quinolinecarbonitrile (197 mg, 0.78 mmol), 2,4-dichloro-5-methoxyaniline
(220 mg, 1.14 mmol) and pyridine hydrochloride (120 mg, 1.04 mmol) provides, after
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34 WO 03/093241 PCT/ US03/ 13149 WMs 186. 13 (MtH) + Anal ysis for CO9HL2FNO2-0. 2
equiv H2O Calcd: C, 57.25; H 6.62; N, 7.46. Found: C, 57.55; H, 6.27; N,
7.50. 5 ReDeseyel Exanpl e 18 PCT/US03/13149

4- Chl oro-7-fl uoro- 6- ( 2- met hoxyet hoxy) - 3-qui nol i necarbonitrile Foll ow ng
the procedure of Reference Exanple 4, a m xture of 3-fluoro-4-(2-

nmet hoxyet hoxy)aniline (6.39 g, 34.5 mmol) and et hyl (ethoxynethyl ene)-
cyanoacetate (5.84 g, 34.5 nmol) provides 7.62 g of a brown solid.

Fol | owi ng t Hiash Gopimae exfuereatograpey @llding ewitx Avgrasiant thdlghlwme@wn@ todVert ed

to 6.0 g of trile,
mp 130- 1380'%\/@%@1@8@0 %ﬁ%@‘ 1%%)"%5& 3?8 lo-SridtidGonsnante !}Bequi v
H2O Cal cd: ethoss- fmbrOH qwc@necaﬂoorgtr@zmpl‘@% C, 55.02; H 3.64; N,
9. 64. Reference Exanple 19 4-({3-Chloro-4-f (1- rrethyl-
H i m dazol - |4g§l6| f\/ﬁ | | phenyl } am no) - 7-f | uor o- 6- ( 2-
nmet hoxyet hoxy qui no i necarbonitrile A m xture of
4-chl oro-7-f| uor o- 6- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile (2.72 g 20
9.7 mmol P, Anahisisrier GidiClabdely] 08 HePi ni dzazol - 2-yl ) t hi o] - benzani de
(US4973599) (2.56 g, 10.6 mmol) and pyridine hydrochloride (1.2 g, 10.4
mmol ) in 35 ¢c®f Cc254.66:N9>9/64;MaABl12i s heated at 110C for 1.5 hours then
cool ed to room tenperatur'e. The soiids are collected by filtration, washed
with diethyl_ether and suspended in saturated sodi um bicarbonate. After
stirring forFoung: Gopt-89; HnedE N i1895are col I ected by 25 filtration to
provide 2.92 g of 4- ({3 chloro-4-[(1-methyl-1 Himdazol - 2-

Reference Example 22

4-[(2.,4-Dichloro-5-methoxyphenyl)amino]-7-fluoro-6-(2-methoxyethoxy)-3-

10  quinolinecarbonitrile

A mixture of 4-chloro-7-fluoro-6-(2-methoxyethoxy)-3-quinolinecarbonitrile (1.00 g,
3.59 mmol), 2,4-dichloro-5-methoxyaniline (727 mg, 3.77 mmol) and pyridine
hydrochioride (620 mg, 5.34 mmol) in 18 mL of 2-ethoxyethanol is heated at 100-
105°C for 2 hours. The reaction mixture is cooled to room temperature and then
15  poured into ice cold saturated sodium bicarbonate. The solids are collected, washed
with water and then treated with methanol and dichloromethane. The mixture is
filtered and the filtrate is concentrated. The solid residue is slurried with hexane, and
the solids are collected by filtration to provide 1.15 g of 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-7-fluoro-6-(2-methoxyethoxy)-3-quinolinecarbonitrile, mp 170-
20 172°C.

HRMS theory 436.06256; found 436.06093 (M+H)+
Analysis for CooH1sCl.FN3O3- 0.4 H.O

Calcd: C, 54.16; H, 3.81; N, 9.48.

Found: C, 53.90; H, 3.89; N, 9.36.

25

37



35 WD 03/093241 PCT/ US03/ 13149

yl ) sul fanyl ] phenyl } am no) - 7- f | uor o- 6- ( 2- met hoxyet hoxy) - 3- qui nol i necar boni tr
ile, np WOEHATN@ MS 484.05 (M+H)+ Anal ysis for C23H19CI PRFOB®/13179 H2O 5
Calcd: C, 53.69; H 4.39; N 13.61. Found: C, 53.47; H 4.11; N, 13.309.
Ref erence Exanple 20 4-({3-Chl oro-440 -nethyl -

H i m dazol - 2-yl ) sul fanyl | phenyl ) am no) - 7-f | uor o- 6-

met hoxy- 3- qui nol i necarbonitrile 10 Foll owi ng the procedure of Reference
Exanpl e 19, RefereriosrExamiplél-23hl or o- 7-f | uor o- 6-

met hoxy- 3- qU|noI|necarbon|tr|Ie (2.30 g , 9 72 ol ),
3-chloro-4-[{ _ I | _(US4973599) (2.56
g, 10.6 mmol 7= : L ACIAtiN g 1-AUNQINSPRIDPNEELEI ) provi des 3. 00
g of 4-({3- chloro 4 [(1 rrethyl 1 H

i m dazol 2- yF9>HnW1rﬂgmbrde]mhcmdjare} aseddy - grepaneo Refetentet Erarypls- qU'remtiém@rbaB-bonit

rile, 4 4 s fo
50 P RSy My Afdrks fytdea Sorgs a‘*methgwe B, Rig

56. 63; H,5 3. 8Feniyloxys4-hgdrop 7 ReheatieoyethBxyribain@ihedadbORitrile in 86% yield, mp

4-Di chl or o- 5- (# oxyphenyl ) am nol - 6- et hoxy-7-fl uor o- 3-qui nol i necarbonitrile
Fol | owi ng theB% cedure of Reference Exanple 8, a m xture of

4- chl or o- 6- et hoxy-7- fl uoro-3-quinolinecarbonitrile (197 ng, 0.78 mmuol),
2,4-di chl oroMs 3&lt.2@yldpi | i ne (220 ng, 1.14 mmol) and pyri dine

hydrochl ori de (120 ng, 1.04 mmol) provides, after 36

Reference Example 24

6-Benzyloxy-4-chloro-7-(2-methoxyethoxy)-3-quinolinecarbonitrile

10  Following the procedure used to prepare Reference Example 12, reaction of 6-
benzyloxy-4-hydroxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile with phosphorous
oxychloride provides 6-benzyloxy-4-chloro-7-(2-methoxyethoxy)-3-
quinolinecarbonitrile in 67% yield, mp 142-145°C.

MS 369.1 (M+H)+

15  Analysis for CoH¢7CIN2O3
Caled: C, 65.13; H, 4.65; N, 7.60.
Found: C, 64.92; H, 4.90; N, 7.48.

Reference Example 25

4-Chloro-6-hydroxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile

20 A mixture of 6-benzyloxy-4-chloro-7-(2-methoxyethoxy)-3-quinolinecarbonitrile (512
mg, 1.39 mmol) and 0.9 mL of thioanisole in 7.5 mL of trifluoroacetic acid is heated
at reflux for 3 hours then concentrated in vacuo. The residue is treated with ice
water and then basified to pH 9-10 by the addition of aqueous ammonium hydroxide.
The resultant suspension is exiracted with ethyl acetate. The organic layer is

25 washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo.
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WO 03/ 093241 PCT/ US03/ 13149 flash columm chromat ography eluting with a
gradi ent of dichloronethane to 1% nethanol in dichloronethane, 183 ng of
4-1 (2, 4- dwohBoex4b6- net hoxyphenyl ) am no] - 6- PCT/US03/13149

et hoxy-7-fl uoro-3-qui nolinecarbonitrile, np 184-186C. M5 406.0 (MtH) 5

Anal ysis for Cl9H14Cl12FN3Q2- 0.5 H20O Calcd: C, 54.96; H, 3.64; N, 10.12.
Found: C, 54.99; H 3.59; N, 10.05. Reference Exanple 22 4-[(2

4- Di chl or o- 5- net hoxyphenyl ) am nol - 7- f | uor o- 6- ( 2- net ho) (yet hoxy) -3- 10

gui nol i necarthfiiation | @itA miethylr etred provides 302 mg of 4-chloro-6-hydroxy-7-(2-
4-chl oro-7-fl ugro- 6- (2: net hoxyet hpxy) = 3- quj Lnecarbonitrile (1.00 g,

3.59 mol ), @?fﬁ‘?@re@fﬂéﬂ?‘g@!‘Wﬁ%ﬁ%‘%{gaﬁh’?’H?jo i%gﬁ * 3.77 mmol) and pyri di ne
hydrochl ori de (620 ng, 5.34 mmol) in 18 nL of 2-ethoxyethanol is heated at
100- 105C f ans2z7@us:H)The reaction mxture is cooled to roomtenperature
and then 15 poured into ice cold saturated sodi um bi carbonate. The solids
are collecte S i t then treated with nmethanol and

di chl or onet hgmaéwsr{ég%ﬁﬁﬂﬁcﬂ&éd\q@s&éfhg tered and the filtrate is concentrated.
The solid residue is slurried with hexane, and the solids are collected by
filtrati dn tQalpd:oCi 8827; H54.868;dY, 9454.( 2, 4- di chl or o- 5-

met hoxyphenyl ) am no] - 7- f | uor o- 6- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitril e,
np 170- 20 1 . of ¥a- 256; found 436.06093 (MtH)+ Anal ysis
for C20H16C %%&QO?Ryﬁ?’grﬁHZiog%ﬁ%d%C 54.16; H, 3.81; N, 9.48. Found: C,

53.90; H 3.89; N, 9. 36. 25 37
Reference Example 26

6-Butoxy-4-chloro-7-(2-methoxyethoxy)-3-quinolinecarbonitrile

Following the procedure used to prepare Reference Example 14, reaction of 4-
10  chloro-6-hydroxy-7-(2-methoxyethoxy)-  3-quinolinecarbonitrile  with triphenyl

phosphine, diethyl azodicarboxylate and n-butanol provides 6-butoxy-4-chloro-7-(2-

methoxyethoxy)-3-quinolinecarbonitrile in 71% yield, mp 128-130°C.

MS 335.1 (M+H)+
Analysis for C47H19CIN.O3

15 Caled: C, 60.99; H, 5.72; N, 8.37.
Found: C, 61.05; H, 5.82; N, 8.10.

Reference Example 27

4-Chloro-7-fluoro-6-(2-morpholin-4-ylethoxy)-3-quinolinecarbonitrile

Following the procedure used to prepare Reference Example 14, reaction of 4-

20  chloro-7-fluoro-6-hydroxy-3-quinolinecarbonitrile with  triphenyl phosphine, diethyl
azodicarboxylate and 4-(2-hydroxyethyl)morpholine provides 4-chloro-7-fluoro-6-(2-
morpholin-4-ylethoxy)-3-quinolinecarbonitrile in 57% yield. An analytical sample is
obtained by preparative thin layer chromatography eluting with 1% methanol in ethyl
acetate, mp 163-164°C.
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WO 03/ 093241 PCT/ US03/ 13149 Reference Exanple 23

6- Benzvl oxv- 4- hydr oxy- 7- ( 2- met hoxvet hoxv) - 3-g ui noli necarbonitrile

Fol | ow ngwohg/opr2ecedur e used to prepare Reference Exanpl ePET/usescitson of 6-
benzyl oxy- 4- hydr oxy- 7-f | uor o- 3- qui nol i necarbonitrile and 2-nmet hoxyet hanol
provides 5

6- benzyl oxy- 4- hydr oxy- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile in 86%
yield, np >250C. M5 351.2 (M+tH)+ Reference Exanple 24

6- Benzvl oxv-MS gBb.arpRF£ 2- met hoxvet hoxv) - 3- qui nol i necarbonitrile 10
Fol | owi ng t he procedure used to prepare Reference Exanple 12, reaction of
6- benzyloxy h ro qU|noI|necarbon|tr|Ie wth
phosphorous %ﬁ?r¢PH@C%%$€PdQPﬁ¥EﬁQR§%Qmé

6- benzyl oxy- 4- chloro 7- (2- met hoxyet hoxy) - 3- qui nolinecarbonitrile in 67%
yield, np 1423lddi5C, 5MVES;3659.66; NWVHE)6. 15 Anal ysis for C20HL7CI N203 Cal cd: C,
65.13; H 4.65; N, 7.60. Found: C 64.92; H, 4.90; N, 7.48. Reference
Exanpl e 25 I-Ab EHJ@ré)]@s m/qlréyq(r {1.68- met hoxvet hoxv) - 3- gui nol i necarbon itrile
20 A mixture ©

6- benzyl oxy- 4-chl or o- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile (512 ng,
1.39 mmol5) diefe@nge kkamplet2d oani sole in 7.5 nL of trifluoroacetic acid is
heated at reflux for 3 hours then concentrated in vacuo. The residue is
treated with, | Eﬂllf RS hHYn-ubBgetRelEN-BL on  of
aqueous ammu yar : T esul tant suspension 1S extracted with

et hyl acetalgu_QMEﬁﬁﬁmgmﬂEt Iayer is 25 washed with brine, dried over sodium
sulfate, filtered and concentrated in vacuo. 38

Following the procedure of Reference Example 8, a mixture of 4-chloro-7-fluoro-6-(2-

morpholin-4-ylethoxy)-3-quinolinecarbonitrile (136 mg, 0.41 mmol), 2,4-dichloro-5-
10  methoxyaniline (90.5 mg, 0.47 mmol) and pyridine hydrochloride (95 mg, 0.82 mmol)
provides, after preparative thin layer chromatography eluting with 7% methanol in
dichloromethane, 58 mg of 4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-fluoro-6-(2-
morpholin-4-ylethoxy)-3-quinolinecarbonitrile, mp 166-168°C.

MS 488.9 (M-H)-

15  Analysis for CogHa CloFN4O3
Calcd: C, 56.22; H, 4.31; N, 11.40.
Found: C, 55.91; H, 4.44; N, 11.10.

Reference Example 29

B-Methoxy-7-(4-methyl-piperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-carbonitrile

20 A mixture of 200 mg (0.92 mmol) of 7-fluoro-6-methoxy-4-oxo-1,4-dihydroquinoline-3-
carbonitrile (Reference Example 24) and 551 mg (5.50 mmol) of N-methylpiperazine
in 1 mL of 1-methyl-2-pyrrolidinone is heated at 90°C for 8 hours, then at 105°C for a
further 16 hours. The solvents are removed in vacuo. To the resulting oily residue
was added 2 mL of water and 5 mL of methanol. The solvents are again removed in

25  vacuo. The crude product is purified by silica gel chromatography utilizing a gradient
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WO 03/ 093241 PCT/ US03/ 13149 Trituration with diethyl ether provides 302 nyg
of 4-chl oro-6-hydroxy-7-(2- nethoxyethoxy)- 3-quinolinecarbonitrile, np
174- 175C.wWhB3A7240 (MtH) + Anal ysis for CL3H11CI N203- 0.8 PROUSS3/Caked: C,
53.27; H 4.33; N, 9.56. Found: C, 53.39; H 4.36; N, 9.71. Reference
Exanpl e 26 6- But oxy-4-chl oro-7-(2-met hoxyet hoxy)-3-g uinolinecarbonitrile
Fol | ow ng the procedure used to prepare Reference Exanple 14, reaction of
4- 10 chl or o- 6- hydr oxy- 7- ( 2- net hoxyet hoxy) - 3-qui nolinecarbonitrile with
triphenyl pifasghiiers dhictideirhetharadi (9ar boxyl)abeyiakid152 g @hE-mpthowy-ded-

il 1T E-1 38 -o&ﬁ%"%aiw I8 BRI o ko ofE e
Ega?rgl eH,275dZe2 >RB35®.37. Found: C, 61.05; H 5.82; N, 8. 10. Reference

4-Chl oro-7- quoro 6- (2- nmor phol i n-4-yl et hoxy) - 3- qui nol i necarbonitrile
Fol | owi ng t hé—lWBd@MB@d@sédZ 33)(sp|3ék),a$ &3 ferbad endB), B3rfiiread g, 4h)e 8489 Gn of 4

20 chl orq-7- h 9 th triphenyl

phosphi ng aél—bt ﬁ\?g 1%8? §§¥sﬂ w‘lljéagg éaﬁgﬁ%z?%%tr%do%% ‘hyl ) nor phol i ne
provi des 4-chl oro-7-fl uoro-6-(2-

mor phol i n- 4-M8¢EBmegatide poimadd)neizaaiorfor CisHaN.Q.:52P8 1y faind: 292 )yt i cal
sanpl e is obtained by preparative thin layer chromatography eluting with
1% et hanol ﬁé’fen%%@é!bxaﬁﬁ%tﬁ e, np 163-164C. 39 WO 03/093241 PCT/ US03/ 13149

Ethyl 2-{[(1E)-(dimethylaminoYmethylidenelamino}-4-fluorobenzoate

A suspension of 2-amino-4-fluorobenzoic acid (10.2 g, 65.8 mmol) and

10  dimethylformamide diethylacetal (58 mL) is heated at reflux for 6 h. The solution is
cooled to room temperature and concentrated in vacuo. The dark oil is passed
through a pad of hydrous magnesium silicate eluting with methylene chloride to
provide 17.16 g of ethyl 2-{[(1E)-(dimethylamino)methylidenelamino}-4-
fluorobenzoate as a red oil.

15 MS239.1 (M+H)+
Analysis for C12H15FN2O»- 0.20 H,O
Calcd: C, 59.59; H, 6.42; N, 11.58.
Found: C, 59.84; H, 6.25; N, 11.29.

Reference Example 31

20  7-Fluoro-4-hydroxyquinoline-3-carbonitrile

To a solution of 2.5 M n-buty! lithium in tetrahydrofuran (53.6 mL, 134 mmol) in 54
mL of tetrahydrofuran at —78°C is added dropwise a solution of acetonitrile (7.1 mL,
136 mmol) in 100 mL of tetrahydrofuran. After stirring at—78°C for 10 min, a solution
of ethyl 2-{[(1E)-(dimethylamino)methylidene]amino}-4-flucrobenzoate (14.5 g, 60.9
25  mmol) in 100 mL of tetrahydrofuran is added over a period of 1.5 h. After stirring at
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M5 336.1 (MtH) + Anal ysis for Cl6H15CI FN302- 0.13 Ethyl acetate Calcd: C
57.15; H 4.66; N, 12.10. Found: C, 57.03; H, 4.60; N, 11.96. 5 Reference
Exanpl e 28043093241 PCT/US03/13149

4- Di chl or o- 5- met hoxyphenyl ) am nol - 7-f | uor o- 6- ( 2- nor phol i n- 4-yl et hoxy) - 3-
qui nol i necarbonitrile Follow ng the procedure of Reference Exanple 8, a

m xture of 4-chloro-7-fluoro-6-(2-

nmor phol i n- 4-yl et hoxy) - 3- qui nol i necarbonitrile (136 ng, 0.41 nmol),

2, 4- di chl or 0-78°C 1fdrreeh hméyaaétlmnenﬂngmt&eﬁgslwllwanaml fo warth foy+1@CneThe

ool oL SELASE e S8RITE Lo RO R B (LSRR A A e
4- [ ( ﬁ I4 di Z fﬂr@p\ﬂlﬁé Ties kuaw@ha}whbea:maga}/e& {d ivaom do Godrd temperature and stirred
nor phol i n- t hox t 6- 168 4 9
15 Rnal ysi s ‘%BS y)-ilaﬂ%lﬁ!ﬁ?fg@ eggsfcgcgl Otgh @6 "géﬂ‘%‘”ai g W ,te&/%'.‘yig‘%“@émzb
6C’ Ngt5-h91;5 ? wéielﬁ}‘&i;er’:hil/l etider 16thyl ﬁ%fiﬁé @nd ehdrx adqifienal Biethyl ether to give 7.95 g of

- oxy-7-(4-ne - pl perazi n-1- -1 . . o
4- di hydrggui%@V?fﬂ'é‘:%M%&VEH{QP@H'%&‘%’IBA'Hﬂ%%(f'?‘[]PH"’YJ?"Q?GB"'%" C88% ol ) of
7-fl uoro- 6- met hoxy- 4- oxo- 1, 4- di hydr oqui nol i ne-3- carbonitrile (Reference

Exanpl e 24) isds3olMi){5.50 mmol ) of N-nmethyl piperazine in 1 nmL of 1
- et hyl - 2- pyrrol i dinone is heated at 90C for 8 hours, then at 105C for a

further 16 NS renoved in vacuo. To the resulting oily
resi due was 'éadﬁésdfc’ﬁ% ?—PE&%@%& (Rd 5 mL of nethanol. The solvents are
again renoved in 25 vacuo. The crude product is purified by silica gel
chr omat ogr ap@gicdit C| 62.680H.2.84;adi1eB1. 40 WO 03/ 093241 PCT/ US03/ 13149

10  Found: C, 62.55; H, 2.71; N, 14.29.

Reference Example 32

4-Chloro-7-fiuoroguinoline-3-carbonitrile

A mixture of 7-fluoro-4-hydroxyquinoline-3-carbonitrile (2.02 g, 10.7 mmol) and a few
drops of N, N-dimethylformamide in 16.0 mL of thionyl chloride is heated at reflux for
15 1.5 h. The reaction mixture was concentrated in vacuo and toluene (20 mL) is added
and the mixture is again concentrated in vacuo to provide 2.18 g of 4-chloro-7-
fluoroquinoline-3-carbonitrile as a yellow solid, mp 163-165°C.

MS 207.0 (M+H)+

Reference Example 33

20  4-[(2.4-Dichloro-5-methoxyphenyl)amino]-7-fluoro-3-quinolinecarbonitrile

Following the procedure of Reference Example 8, a mixture of 4-chloro-7-fluoro-3-
quinolinecarbonitrile (2.10 g, 10.2 mmol), 2,4-dichloro-5-methoxyaniline (2.15 g, 11.2
mmol) and pyridine hydrochloride (1.18 g, 10.2 mmol) provides 1.78 g of 4-[(2,4-
dichloro-5-methoxyphenyl)amino]-7-fluoro-3-quinolinecarbonitrile, mp 199-201°C.

25  MS 360.0 (M-H)-
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of methyl ene chloride/nmethanol (9:1 to 4:1) to yield 152 ng of

6- met hoxy- 7- (4-

met hyl - piwertapdaz4il- yl ) - 4- oxo- 1, 4- di hydr oqui nol i ne- 3- car boRCTrisSh&1:H89 a

yell ow solid, dec. > 235C. 1 HNMR (DVsO-d6): 5 2.33 (s, 3H), 3.13 (broad
s, 4H), 3.32 (broad s, 4H), 3.89 (s, 5 3H), 6.98 (s, 1 H), 7.43 (s, 1 H),
8.55 (s, 1 H, 12.43 (broad s, 1 H. M (ES, negative ion node): nlz calcd
for CL6HL8N402: 298.1, found: 297.2 (MH) Reference Exanple 30 Ethyl

2-{f (1 E)- ( dnawtibyorali,HRTRENLQ4 0.déhdl ami no} - 4-fl uor obenzoate A suspension
of 2-am no-4-fluorobenzoic acid (10.2 g, 65.8 mvl) and 10

di nmet hylfpr@ggg $e£§};1¥lloacé%tﬁl1{§§ m.) is heated at reflux for 6 h. The

solution is om't ehperature and concentrated in vacuo. The dark

oil is passed through a pad of hydrous magnesiumsilicate eluting with
met hyl ene clibond:ds 85015; bt; 8\88dN, 17136 g of ethyl 2-{[(1
E) - (di net hyl am no) net hyl i dene]am no}-4- fluorobenzoate as a red oil. 15 M5

239.1 (M+H) Ee?é}ghé'esEﬁl):@@g g§12H15FN202 0.20 H20 Calcd: C, 59.59; H, 6.42;

N, 11.58. H 6.25; N, 11.29. Reference Exanple 31 20

7- Fl uor o- 4- hydrox gw nol i ne- 3 carbonltrlle_ To a solution of 2.5 M n-butyl
lithiumbn ZelrMe etheaihad-oxa-1at-dihydroguinelingt3-carpomilfile i of tet rahydrof uran
at -78Cis added dropvvl se a solution of acetonitrile (7.1 nL, 136 mmol) in

100 nL of t Wgr?gb’dl% hyéFl&@EO@trh? rfﬁ@nﬁﬁoli@?ﬁ%ﬁ? fl@éroWnyﬂrékyq@lnémieL@-l on

of ethyl 2- | am no dene] am no uor obenzoate (14.5

g, 60.9 25 | Oﬁltﬁl|ﬁ (169 91_6& rnmg!)r dﬁy%mﬂthﬂxéﬁ ﬁ@'d@éé’d'—blﬁe?eaée(b@hr%fdlxof 1.5
h. After stigbidthtdAddifbhal'Qdhith $Fdrdtl @B ThEIFE hdhdis added and the reaction

mixture is heated at reflux overnight. Additional sodium hydride (250 mg, 6.25 mmol)
10 is added and the reaction mixture is heated at reflux for 8 hours. The reaction
mixture is cooled to room temperature and partitioned between ethyl acetate and
saturated sodium bicarbonate. The basic layer is acidified with aqueous HCI and the
resultant solid is collected by filtration to provide 1.05 g of 7-(2-methoxyethoxy)-4-
oxo-1,4-dihydroquinoline-3-carbonitrile as a white solid, mp >250°C.

15 MS 243.1 (M-H)-
Analysis for Cy3H12N2O5 — 0.25H,0
Caled: C, 62.77; H, 5.07; N, 11.26.
Found: C, 62.53; H, 4.68; N, 11.22.

Reference Example 35

20  4-Chloro-7-(2-methoxyethoxy)guinoline-3-carbonitrile

Following the procedure of Reference Example 32, 7-(2-methoxyethoxy)-4-oxo-1,4-
dihydroquinoline-3-carbonitrile (800 mg, 3.28 mmol), thionyl chloride and a catalytic
amount of N, N-dimethylformamide provides 748 mg of 4-chloro-7-(2-
methoxyethoxy)quinoline-3-carbonitrile as an off-white solid solid, mp 143-145°C.

25  MS 263.2 (M+H)+
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-78C for 2 h, the reaction tenperature is slowy allowed to warmto -10C.
The mxture is then cooled to -78C and acetic acid (18.3 g, 305 nmol) is
added drwpwBses24iThe reaction mxture is allowed to warm POTS0IN3149
tenperature and stirred for 3 days. The precipitate is collected by
filtration washing with tetrahydrofuran, 5 water, diethyl ether, ethyl
acetate and then additional diethyl ether to give 7.95 g of

7-fl uoro-4-hydroxyqui nol i ne-3-carbonitrile as an off-white solid, np >250C.
M5 187.0 ( MRbiertinad Fxampfe®6 CLOHSFN20- 0.20 H20O Calcd: C, 62.63; H, 2.84;
N, 14.61. 10 Found: C, 62.55; H, 2.71; N, 14.29. Reference Exanple 32
4-Chl oro-7-f) ogui ngl i : onj trile WA )

7-f1 uor 0- 4- RO G HO L ne-Sr e L ST PR pl) and a few
drops of N, N-dinethylformam de in 16.0 nL of thionyl chloride is heated at
reflux for 14 rdadiioh miXtues oE8St§ ¢hOhinynoly of Geasetboxye?d-methettpiparazincirgl)-dnd

tol uene (20 Iy Sy . t i i i ed. uo to
provi de 2. 1658 b SBRRESME oHRdE A 8 i oF $RLS R BRHBHEE i Rodtii T
solid, np 16&-WEBC. foVB520ihules( Mftel eoolRgf dree mbduiexisngsinee@mted ta-diyr@ss in

4-Di chl -5- i nql =7- - aui i Cee _
Fol | ovi ng.t FEUBP a8 il &SPV RSl 8 shis 8 g Lo I FEF ERginb colflon is
4- chld_or ﬁl 7- fd:aSmBnIfEﬁed dmid_r;;m!eismagainbgrdmﬁsiel, @n(i@e-t0olgd saliraednagligqus sodium
2,4-dichloro-5:ne xvanl | A1, . i, dis

hydrochl ori d%ar?ﬂna%%gg,y‘ﬁcfb'.sf Qﬁ?éﬁ? %hp?r %\?}déé'sﬁ'i'? %ﬂg?eols %g"?%@’ ﬂ}'tﬂ% X 25 mL
di chl or o- 5- neft 4 @6y50 hixiyie) afinmaibylerie fdhlooide/nBstiopriohol hen ergantsolaierr iis| driednqver

199-201 f Zr%a'g}/nses:l%ufsrrq Qi e Z1"1‘?ag¥\\93i(v.;’l;‘?\/ Qe fe)%yvgog(%??l 3R, and solvent is

removed in vacuo to provide 0.255 g of 4-chloro-6-methoxy-7-(4-methylpiperazin-1-

yl)-quinoline-3-carbonitrile as a yellow solid, mp 177-179°C.
MS (ES, positive ion mode): m/z calcd for Cy6H;7CIN,O: 316.1, found: 317.0 (M+H)".
Analysis for Cy¢Hy7CIN4O-0.1 H,O
15 Caled: C, 60.32; H, 5.36; N, 17.59.
Found: C, 60.00; H, 5.35; N, 17.82.

The following Reference Examples 37-41 are obtained analogously by the method of
Reference Example 8 and the corresponding substituted aniline.

Reference Example 37

20  4-(2,4-Dichorophenyllamino]-7-fluoro-6-methoxyquinoline-3-carbonitrile

MP 226-229°C; Mass Spec. 362.0 (ES+)

Reference Example 38

4-[(2 .4-Dimethyl-5-methoxyphenyl)amino]-7-fluoro-6-methoxyquinoline-3-carbonitrile

MP 152-153°C; Mass Spec. 350.0 (ES+)
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Anal ysis for CLl7H10C 2FN30- 0.4 H20 Calcd: C, 55.28; H, 2.95; N, 11.38.
Found: C, 55.45; H 2.98; N, 11.13. Reference Exanple 34 5

7- (2- Met Ryabaaty) - 4- oxo- 1, 4- di hydr ogui nol i ne- 3- car boni t PCITaISA3/m1x4 ur e of
sodi um hydride (500 ng, 12.5 mml) and 7-fl uoro-4-hydroxyqui nol i ne- 3-
carbonitrile (1.30 g, 6.9 mmol) in 2-nethoxyethanol (30 nlL) is heated at
reflux overnight. Additional sodium hydride (250 ng, 6.25 mmol) is added
and the reaction mxture is heated at reflux overnight. Additional sodium
hydri de (25@Ref@ende Brampield) 10 is added and the reaction mixture is heated
at reflux for 8 hours. The reactlon m xture is cool ed to roomtenperature
and partltla r
The basic | ay€+—t+s—act cjommi S S
col l ected by flltratlon to prow de 1. 05 g of 7- (2 rrethoxyethoxy) 4-
0x0- 1, 4- di hytP agTriONddd; Mdasy Sreach @6t (BHSe)as a white solid, np >250C. 15 MS
543. 1 (MH Analysis for G 3H12N203 - 0.25H20 Calcd: C, 62.77; H, 5.07; N,
1.26. Fou 4.68; N, 11.22. Reference Example 35 20

4- Chl oro-7- ?:gef%rgp%e mrﬁ%u gui nol i ne- 3-carbonitrile Foll ovn\})ng t he
procedure of Reference Example 32, 7-(2- rret hoxyet hoxy) 4- 0X0- 1, 4-
di hydr oq6i ngtFlnero3s-oestHmoumgidtf 3- retxea- %/ A bl
catalytic anount of N, N-dinet hylforrram de provi des 748 rrg of

ol 1, o 1007 187V HE YRR EARE SRS "0 03l 005241 PCT) US03 19146

Reference Example 41

de and a

4-[(2,4-Dimethylphenyl)aminol-7-fluoro-6-methoxyguinoline-3-carbonitrile

MP 184-185°C; Mass Spec. 320.1 (ES -)

10 Reference Example 42

4-Chloro-6-methoxy-7-[(1-methylpiperidin-4-ylYmethoxy]quinoline-3-carbonitrile

A mixture of 7-fluoro-6-methoxy-4-oxo-1,4-dihydro-3-quinolinecarbonitrile (1.5 g, 6.9
mmol) and (1-methylpiperidin-4-yl)-methanol (1.8 g, 13.7 mmol) (WO 200471212)
and a 60% dispersion in mineral oil of sodium hydride (0.8 g, 34.4 mmol) is heated at
15 110 °C for 2 hours. The reaction mixture is quenched with methanol, concentrated,
and azeotroped with toluene to give 2.25 g of a brown solid. A mixture of this solid
and phosphorous oxychloride (15 mL, 159 mmol) is heated at reflux for 30 minutes
then concentrated in vacuo. The residue is partitioned between aqueous sodium
bicarbonate and methylene chloride. The organic layer is dried over sodium sulfate,
20 filtered and concentrated on to silica gel. Purification by column chromatography
eluting with a gradient of 1:9 methanol : methylene chloride to 0.05:1:5 triethylamine :
methanol : methylene chloride provided 1.6 g of 4-chloro-6-methoxy-7-[(1-
methylpiperidin-4-yl)methoxylquinoline-3-carbonitrile, mp 166-168 °C.

MS 346 (M+H)*
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Ref erence Exanpl e 36

4- Chl or o- 6- net hoxy- 7- (4- net hyl pi perazi n-1-yl)-qui noline-3-carbonitrile A
reacti on woxsaer4of 0.3 g (1.01 mmol) of PCT/US03/13149

6- met hoxy- 7- (4- et hyl - pi perazi n-1-yl)-4-

0x0-1, 4-di hydroqui noli ne-3-carbonitrile in 5 nL of phosphorus oxychloride
is heated 5 at 105C for 45 mnutes. After cooling, the mxture is
concentrated to dryness in vacuo to give a brown solid. To this is added 5
mL t ol uene, Analysishier GRHLUCIND.i-9 HClon@.8Oat ed t o dryness agai n. Dropw se,
an ice-cool ed saturated aqueous sodium carbonate solution is added to the

resi due. Thi ) Xt Ur el r wth 5 X 25 nL of a 95:5 ni xture of
nmet hyl ene clfﬁsaé)crra' @e#ﬁé@h@n%éﬁ Ii(kilé%g'rgani c layer is dried over 10 nagnesium
sul fate. The magnesium sulfate is renoved by filtration, and solvent is
renoved i n VFaood @,E4fHWH, 6H7QN2BE0Y of

4- chl or o- 6- net hoxy- 7- (4- net hyl pi perazin-1- yl)-quinoline-3-carbonitrile as
a yell ow solé Py 177-179C. M5 (ES, positive ion node): mz calcd for
C1l6H17Cl NAO: 1, found: 317.0 (MrH)+. Analysis for C16HL7CI NAO. 0.1 H20
15 CGalcd: C, 60.32; H 5.36; N, 17.59.

Found: C, 60.00; H, 5.35; N, 17.82.

The fol | 6wi Tg(2RBdtemdoxye-Afiexdichlorag-netheyyphemtlamnal64nainegbes| y by t he
nmet hod of IS @l e 8 and the corresponding substituted aniline.
Ref er ence

4-f(2, 4-Di chorophenyl ) am nol - 7-f| uor o- 6- met hoxvqui nol i ne-3-carpbonitrile M
226- 229C; M §i8prscol 268tyD-1-@IS43.0Rh £8¢h punatkanghpedia® (B5rng, 1.53 mmol) is

4-D et hyl - gggg@c{g%k@wﬂ AR 74éf2|419roﬂro@o-eﬁmﬁes Hb@gﬂ?mg&w@eni tril
e M 152-1 ; ss Spec. 350.0 (ES+J 44 WO 03/093241 / US03/ 13149
Ref er ence Emﬁcbp@y—@guinolinecarbonitrile (150" mg, 0.38 mmol) is added and the reaction
10  mixture is heated at 120°C overnight, then cooled to room temperature. The reaction
mixture is added to water and acidified with acetic acid. The solids are collected by
filtration and purified by flash column chromatography, eluting with a gradient of 3: 7
ethyl acetate : hexane to 1 : 1 ethyl acetate: hexane, to provide 116 mg of 7-(2-
butynyloxy)-4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-
15  quinolinecarbonitrile, mp 193-197°C.

MS 442.1(M+H)+

Analysis for CooH17ClIaN3O3

Calcd: C, 59.74; H, 3.87; N, 9.50.
Found: C, 59.65; H, 3.75; N, 9.30.

20 Example 2

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-(3-dimethylamino-2,2-dimethylpropoxy)-

B-methoxy-3-quinolinecarbonitrile

A mixture of sodium (48 mg, 2.1 mmol) in 2 mL of 3-dimethylamino-2,2-
dimethylpropanol  is heated at 100°C for 20 minutes.  4-(2,4-Dichloro-5-
25  methoxyphenyl)amino]-7-fluoro-6-methoxy-3-quinolinecarbonitrile (200 mg, 0.51
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4-f

(2- Chl or o- 5- met hoxyphenyl ) am nol - 7-f | uor o- 6- met hoxvqui nol i ne-3-carbonitrile
MP 237C owoO;03MbE81 Spec. 356.0 (ES -) Reference Exanpl e 40PET/US03/13149

7- Fl uor o- 6- met hoxy- 4-f

(5- met hoxv- 2- met hyl phenyl ) am nol - gui nol i ne-3-carbonitrile M 169-171 C
Mass Spec. 338.0 (ES +) Reference Exanple 41 4-f(2

4- Di net hyl phenyl ) am nol - 7- f | uor o- 6- net hoxvqui nol i ne-3-carbonitrile M

184- 185C; I\/maolﬂsmddeazﬁad the Eﬁctk)n tixtiRefie heaied aEX@0f0) for 2 hours, then cooled

- Chl-or o- & et N ¥entodrbid P TRY | RGN hitiiiets PhhiiBhAPsABLh 30hidiEa JodiarPon! tr

7-f : ;JOI’ od6 mrbmy’fMarmd(emyl deadathy dihe- Grgguicriayer rie washerhivith iwater( dried gver. 9
mmol ) and (1 _-nmeth | I (L, ml.)
200471212) Sy 3%63/3 g’ |dg%‘}l"|°}r?”tﬁ1§§é@|(}8&“ﬂ 1Th§ %8'8'?'%#%7 ﬁ‘fﬁ%!do@x '\(I%g.hs g,
34. 4 rmok) |cs|uhemmdnatogwhybmt@gm 12: hbexane ‘Rikyl eeelats orproviste 68 eng ef

guenched wit canpcen ive
3135 g of " RIALT B A AR LA qIT e BT ERRE S bisha% 62 O
oxychl ori de nfethoxyt3- qmﬁelmmaﬂb))nutrﬂe,hmané&1a®°0.ef lux for 30 minutes then
goncegtrat ed in vacuo. The residue is partitioned between aqueous sodium

i carbonat e X c | ayer is dried over sodium
sul f at e, Fﬁiﬂﬁ?é ogygﬁg?%gﬁcg%r@gpgg%?@ '\gﬁg i caygel Purification by

col um chromat ography eluting with a gradient of 1:9 nethanol : nethyl ene
chl ori de t o AhaBSisTobCisHEEINOami2id:0  net hanol : net hyl ene chlori de
provided 1.6 g of 4-chloro-6-nethoxy-7-[(1-

met hyl pi,geri [ i ne-3-carbonitrile, 166-168 C. MS 346
( M+H) 4 B (8%%4%2%?1{%%]?/%% @uig%?m Anal ysi s for C18Hr2r8CI N302 -1 HC +
0.5 H20 Cal cd: C, 54.72; H, 5.54; N 10.50.

Found: C, 57.27; H, 6.19; N, 10.49.

Example 3

4-[(2.4-Dichloro-5-methoxyphenyhamino]-7-[3-(1,1-dioxido-4-
thiomorpholinyl)propoxyl-6-methoxy-3-quinolinecarbonitrile

15 A mixture of sodium (48 mg, 2.1 mmol) in 2 mL of 3-(1,1-dioxothiomorpholinyl)-1-
propanol (WO 20047212) is heated at 100°C for 1 hour. 4-[(2,4-Dichloro-5-
methoxyphenyl)amino]-7-fluoro-6-methoxy-3-quinolinecarbonitrile (200 mg, 0.51
mmol) is added and the reaction mixture is heated at 100°C for 4 hours, then cooled
to room temperature. The reaction mixture is poured into saturated sodium

20 bicarbonate and the solids are collected by filtration. The residue is purified by flash
column chromatography eluting with 5% methanol in dichloromethane to

provide 88 mg of 4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-[3-(1,1-dioxido-4~
thiomorpholinyl)propoxy]-6-methoxy-3-quinolinecarbonitrile, mp 118-120°C.

HRMS theory 565.10735; found 565.10674 (M+H)+
25 Analysis for C25H260|2N405S'1 A H20

Caled: C, 51.30; H, 4.86; N, 9.57.
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Found: C, 54.72; H 6.07; N 10.05. Exanple 1 5 7-(2-Butynyloxy)-4-f(2
4-di chl or o- 5- met hoxvphenvl ) am nol - 6- met hoxv-3- qui nol i necarbonitrile A

m xture oVodsjoezyn-1-ol (2.02 g, 28.8 mmol) and sodi um (6PCEYISOX1H nmol )
is heated at 120C for 20 m nutes.

4-12, 4- Di chl or 0- 5- met hoxyphenyl ) am no] - 7-f | uor o- 6-

nmet hoxy- 3- qui nol i necarbonitrile (150 ng, 0.38 mmol) is added and the
reaction 10 mixture is heated at 120C overnight, then cooled to room

t enper at ur e .Foilihd: C,&xlCitli; b1 4.70; Nt 926. i s added to water and acidified with
athi o a(r:]i d. The solhi ds are collected by filtration and purified by flash
columm chro aphy, eluting with a gradient of 3 : 7 ethyl acetate :
hexane to 1B£%%[é%£yl acetate: hexane, to provide 116 ny of ¥ (2-

but ynyl oxy) - 4- [(2 4 di chl oro- 5 et hoxyphenyl)am noj - 6- met hoxv-3 15

qui nol i necadb¢h#Di¢hle pethezvoheng)amins]-Gamethoxy -y 2-(hnal ysi s f or

ﬁzzgr %ZNSZ '%@Mﬂ é"qu?\olﬁ?ecan%on@nléo Found: C, 59.65; H, 3.75;

4-Di chl or o- 5- met hoxvphen am nol - 7- ( 3- di met hyl am no- 2, 2- di net hyl E)r 0pOXY)
6- met hox$- 3-qul>1’wei0’i§odwtro&59tm@I%meﬁfplktm*r Bl Ziadil chipgragnyhgthoxyiethamsl ) i n

2.m of 3 d' %é}é& A DGt 2 R BY(oPH-BRARY-5 et bReh Mk - fidfo-80

m nutes. 4-
met hoxyphenyht}thmm'b]qumomacverb@n@“ﬁe(t15@@9306{1@ Aunehés adpemiandi the (e20iicthy,

0.51 46 VIO, (3 09341 BT/ VROUSBIA > (IR dnd et Rt k0l i

m xture is hea ed a hours, thén coo to roomterrperature
The react i orreagtionumixtire pamrllm@debetb@ﬁmm’ﬁu@@ﬁuﬁ@dl@ﬂ kigergnpgte and ethyl

10 acetate. The organic layer is dried over magnesium sulfate, filtered and

concentrated in vacuo. The residue is purified by flash column chromatography
eluting with a gradient of 3% methanol in dichloromethane to 1% ammonium
hydroxide and 30% methanol in dichloromethane followed by recrystallization from
acetone and hexane to provide 124 mg of 4-[(2,4-dichloro-5-methoxyphenyl)amino]-
15  6-methoxy-7-{2-[2-(1-piperazinyl)-ethoxylethoxy)-3-quinolinecarbonitrile, mp 88-90°C.

MS 273.4, 274.2

Analysis for CogHagClaNsO4—1.5 H,O — 0.2 acetone
Calcd: C, 54.60; H, 5.70; N, 11.97.

Found: C, 54.68; H, 5.75; N, 11.76.

20 Example 5

4-[(2 .4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-(2-thienylmethoxy)-3-

guinolinecarboniirile

To a mixture of sodium hydride (37 mg, 1.54 mmol) in 3 mL of dimethylsulfoxide is
added 2-thiophenemethanol (48 mg, 0.42 mmol). The solution is stirred at room
25 temperature for 45 minutes. 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-fluoro-6-
methoxy-3-quinolinecarbonitrile (150 mg, 0.38 mmol) is added and the reaction

mixture is heated at 100°C overnight, then cooled to room temperature. The reaction
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bi carbonate and ethyl acetate. The organic layer is washed wth water,
dried over sodiumsulfate, filtered and concentrated in vacuo. The residue
is purifiwoopbash 5 col uim chromat ogr aphy el uti ng w t hPCT/USR3/IBaxane :
ethyl acetate to provide 58 ng of

4-1(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 7( 3- di et hyl am no- 2, 2- di net hyl propo
Xy)-6- met hoxy-3-quinolinecarbonitrile, np 178-180C. HRMS theory 503.16113;
found 503. 16112 (M+H)+ Analysis for C25H28C12N403-1.2 H20 10 Cal cd: C,
57.19; H, 5.M#kturd\is ddur&d into Baraded €odiam. dgrbohat® ah® theNsolitd. 249 colleBlegnpy e 3

4-1(2 4-Di chl.oro-5-getho enyl,)am nol - 7- 13- - diaxi do-4- . .

t hi onor phol ppﬂﬁt'PB‘r opM&??ﬁK%Pﬁ)é[ﬁ%%@(ﬁ%mg}u?hﬁgrhgtﬁégagmgér%ﬁﬂrg?ﬁ%h 11'51 M xture of
sodi um (48 naghyl 2cdtatamroyides 62 nnd_ofod-[(3;4¢dichlerdi-SemetHoxgprmngbahinolyé-methgxyopanol
(WO 2004721 | S. heated at ,100C.f or hour P 4~Di chl or o- 5-

met hoxyphen |-$%%{eﬁg?nee}b9ﬁyﬁig; %_Inﬂéc[aﬁ%oxngﬂ%l rqntﬁlﬁr?%lgﬁr?e%ar bonitrile (200 ny,
0.51 mml) is added and the reaction mxture is heated at 100C for 4
hours, tiBen M8dRBEY, 48&0(Meh)+ enperature. The reaction mxture is poured
into saturated sodi um 20 bi carbonate and the solids are collected by
filtration. J esi due, i kfied by flash colum chromatography elutin
with 5% net h%%@fsgﬁf%#g?%mc}r%%%hane to provide 88 ng of i °
4-1 (2, 4-di chl or o- 5- net hoxyphenyl )am no] - 7-[ 3- (1, 1- di oxi do- 4-

t hi onor phol i Gaitd:pCop®RY;| H.6E.5astNh &EA 3- qui nol i necarbonitrile, np 118-120C.
HRVS t heory 565.10735; found 565. 10674 (M+H)+ 25 Analysis for

C25H26C12NACGBS; 1. Galcei. \C .30; H 4.86; N, 9.57. 47 WD 03/093241
PCT/ US03/ 13]Cﬁc§m%|:§0§%?‘ ’g %?.4’1\%8%1 4.70; N, 9.26.

Example 6

10  7-Benzvloxy-4-[(2,4-dichloro-5-methoxyphenyl)aminol-6-methoxy-3-

guinolinecarbonitrile

To a mixture of sodium hydride (122 mg, 3.04 mmol) in 6 mL of dimethylsulfoxide is
added benzyl alcohol (91 mg, 0.84 mmol). The solution is stirred at room
temperature for 40 minutes. 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-fluoro-6-

15  methoxy-3-quinolinecarbonitrile (300 mg, 0.76 mmol) is added and the reaction
mixture is heated at 100°C for 3 hours then cooled to room temperature and allowed
to stir overnight. The reaction mixture is poured into saturated sodium bicarbonate
and the solids are collected by filtration. Purification by flash column chromatography
eluting with 10% ethyl acetate in dichloromethane provides 267 mg of 7-benzyloxy-4-

20  [(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-quinolinecarbonitrile, mp 198-
200°C.

HRMS theory 480.08763; found 480.08725 (M+H)+
Analysis for CgsH1QC|2N303
Calcd: C, 62.51; H, 3.99; N, 8.75.

25 Found: C, 62.31; H, 4.20; N, 8.70.
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Exanpl e 4 4-f(2 4-Di chl oro-5- met hoxyphenyl ) am nol - 6- met hoxv-7-{2-f 2- (1-

pi per azi nyl ) et hoxyl et hoxy) - 3- qui nol i necarbonitrile 5 A m xture of sodium
(50 ng, 2w oswowd2¥1in 1 nmL of 2-[2-(I-piperazinyl)ethoxy] echarsod/131g9 heat ed
at 120C for 2 hours. 4-[(2, 4-Di chl oro-5-met hoxyphenyl)am no]-7-fl uoro- 6-

met hoxy- 3- qui nol i necarbonitrile (150 ng, 0.38 nmol) is added and the
reaction mxture is heated at 140-145C for 2 hours, then cooled to room
tenperature. The reaction mxture is partitioned between saturated sodi um
bi car bonat e Exachplethyl 10 acetate. The organic layer is dried over magnesi um
sulfate, filtered and concentrated in vacuo. The re5|due is purified by
flash col unmy_
di chl or onet lrate ; '

di chl or onet tm_lmehrheﬁattmmdleby recrystal I [ zat| on from acetone and hexane to
provi de 124 ng of 4-[(2, 4-di chl oro-5- met hoxyphenyl ) am no] 15

w56 000, | e S7ate s BEAGA Rl 67 Ry O RARIAL @R R EpRrAagn T e

acet one SCaIadded @thaswited: (7R mg, 702 mmol) lino& mlFeli irirahggrobyas g The, regotiost N,

11. 76.
4-Di chl or o- Eﬁ QPF%]O'?(%B%&I %?f%onr”? ﬁ%’]“peéat“r? L(;szho]ur? 2Atst?=u<talﬁn IOIné,L 5 4-91)Chl??ro o
aui nol i necarrbethoxyphemylEmiro]i-fuaie-6- rmthsm3ﬂWhWBﬁ@nG@$ g00 1ns4 Bl ) in

3 m of di gﬁ%éf) T doqq?trayd%t&gg %ahBé&’Q[& '&?@5 e(ré§cnt§H miufie igTmol ) .

The sol uti stirre era m nut
4-[ (2, 4- Di cHicaten+& 7mé®rfm>@p¢wa,yth¢ram¢tec] to7mbmtemefature The reactlon volume is

met hoxy qtpe{} %egr\l%(s:&%&%ﬁtr%ﬁdnl f 1\%@9 ol thn ﬁgmﬂypéa bétﬁre?ﬁ%%l aB8atchghd

reacti o overni then coo room
t enper at ur e.ware Theafuieous lay8r is exiracted with addltlonal ethyl acetate and the organic

layers are combined and washed with water. The organic layer is dried over
magnesium sulfate, filtered and concentrated in vacuo. The residue is purified by
flash column chromatography eluting with a gradient of 10% to 30% ethyl acetate in
15 hexane to provide 154 mg of 4-[(2,4-dichloro-5-methoxyphenyl)amino]- 7-
ethylsulfanyl-6-methoxy-3-quinolinecarbonitrile, mp 212-214°C.

HRMS theory 434.04913; found 434.04989 (M+H)+
HRMS theory 867.09098; found 867.09317 (2M-+H)+
Analysis for CpsH9CloN3O3 — 0.3 HO

20 Caled: C, 54.62; H, 4.03; N, 9.56.
Found: C, 54.32; H, 4.06; N, 9.50.

Example 8

4-[(2 .4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-phenylsulfanyl-3-

quinolinecarbonitrile

25 A mixture of sodium thiophenoxide (181 mg, 1.37 mmol) and 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-7-fluoro-6-methoxy-3-quinolinecarbonitrile (100 mg, 0.27

mmol) in 3 mL of tetrahydrofuran is heated at reflux overnight. N-methylpyrrolidone (2
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WO 03/093241 PCT/US03/13149 mxture is poured into saturated sodium

bi carbonate and the solids are collected by filtration. Purification by
fl ash colwomsobenat ography eluting with 1 : 1 hexane : eChySozscatat e
provi des 61 ng of 4-[(2,4-dichloro-5-nmethoxyphenyl)am no] - 6- net hoxy-

7- (2-thi enyl met hoxy) - 3-qui nol i necarbonitrile, np 194-196C. 5 M5 485.9,
488.0 (MtH)+ Analysis for C23HL7C12N33S Calcd: C, 56.80; H, 3.52; N,
8.64. Found: C, 56.71; H 3.74; N, 8.46. Exanple 6 10 7-Benzyl oxy-4-[(2
4-di chl or o- 5Misridegdiaadying aackiel mixturethiosatedat RECGdoN heawthematt1d0P@ fafo a

m xture of s Uf!ﬂr{]')" i £ e 1 : iJmthyl xi de
is added be‘r@y al 6%&)?8?@%% 1650m§£9w %%eggl%t%ﬁgi@sﬁgrrrégéc;}{og't
room tenper &tixivie it heatedl ati Qe gor 3 hours. The reaction mixture is partitioned between
4-1(2,4-Di ch 5 t ) A1 = 2z fd - ; :

ot hoky- 3- qUERS] SRS 4 WRDE PHe) RIS L = ey S aplgre ftere and
reaction 5 ni xenpestraiedhigatasdoat Theoesitiue i phtiiadsby filesh colbimedchrometsgraphy .
tenperature WP . 3o ' r R 3l LQn_d7j) re i ure
o sat ur at oging AR, - k0B ottt Bt TR Pt L lipd ghroR®
filtration. methaxyphanybaming]-f6-msithaxgt7aphenylsuitanyi-dguinotiyecaddanttiileg mpi 220-10%
et hyl acet at 92&? di chl oronet hane provi des 267 ng of 7-benzyl oxy-4 20

[ (2, 4-di chl oro- 5- et hoxyphenyl ) am no] - 6- net hoxy- 3- qui nol i necarbonitrile, np
198- 200C. HRWMVS theory 480.08763; found 480.08725 (M+H)+ Analysis for
C25H19C12N3OBICA316d:488,7 @bethE; H, 3.99; N, 8.75. 25 Found: C, 62.31; H,
4.20; N, 8.70. 49

10 AnaIySiS for CQ4H17C12N3OZS
Calcd: C, 54.62; H, 4.03; N, 9.56.
Found: C, 54.32; H, 4.06; N, 9.50.

Example 9

4-Cyclopentylamino-6-methoxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile

15 A mixture of 4-cyclopentylamino-7-fluoro-6-methoxy-3-quinolinecarbonitrile (150 mg,
0.53 mmol) and sodium hydride (53 mg, 2.21 mmol) in 1.6 mL of 2-methoxyethanol is
heated at reflux for 30 minutes, then cooled to room temperature. The reaction
mixture is partitioned between aqueous sodium bicarbonate and ethyl acetate. The
organic phase is dried over sodium sulfate, filtered and concentrated in vacuo.

20  Purification by preparative thin layer chromatography, eluting with 5% methanol in
dichloromethane, followed by trituration with methanol and diethyl ether, provides 95
mg of 4-cyclopentylamino-6-methoxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile,
mp 87-90°C.

MS 342.23 (M+H)+
25 AnalySiS for C19H23N303‘ 0.20 Hgo

Calcd: C, 65.12; H, 6.90; N, 11.99.
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WO 03/ 093241 PCT/ US03/ 13149 Example 7 4-[(2

4- Di chl or o- 5- met hoxyphenyl ) am nol - 7-et hyl sul fanyl - 6- net hoxv- 3-

qui nol i newearlBosd2tril e To a m xture of sodi um hydride (82 wgIZNOMWBian0l) in
6 nmL of tetrahydrofuran is 5 added ethanethiol (77 ng, 1.12 mmol) in 6 nL
of tetrahydrofuran. The reaction mxture, is stirred at roomtenperature
for 2 hours. A solution of 4-[(2,4-dichloro-5-

met hoxyphenyl ) am no] - 7- f | uor o- 6- met hoxy- 3- qui nol i necarbonitrile (200 ny;
0.51 nmol) FHoond: Cils4088;tHe e Ndi2fiGr an i s added via syringe and the
reaction mxture is heated at 70C for 5 hours, then cooled to room

t enperat ure. ction volune is 10 reduced by concentration in vacuo
and t hen pargt_m bet ween et hyl acetate and water. The aqueous | ayer is
extracted with add| t| onaI et hyI acet ate and the or ganl c_ layers are

conbi ned and-Buiyk ‘ athoxyeh 8¢ over magnesi um
sul fate, flltered and concentrat ed in vacuo. The resi due is purified by

1 ash, ool Uy GQIPLPBI AR Bl Wirh i/ Seckbohie (956 A, .4y

acetate in hexane to prov
4-1(2, 4- @i cmmpb@dmdmywﬁmﬁﬁmgq@}% mmol) in 1.7 mL of 2-methoxyethanol is

et hyl sul f an e C.1HdRMRtiggor y
434, 04913; ﬂgﬁﬁeﬁgp&%gﬁb%ﬁwﬁw& fRhaed id ?%Oggn %@%&aﬁ&?ound o R
(2MHH) +  AnahixBire isf partiGa s gty eeBageous SQdIH lgeb@aatec&nd@thmcetzte HIher 03;
N 5, e b Bl TSy e

gui nol i necarFEmrhlcatran by PBeparativetthindaydr @m@mmtamh@spﬁlémwae 5(°/18Tleth%j70| in 37

nmol ) a .0 -
rret hoxyp eny ‘%h%orém%;ﬂﬂ}u f:ﬂﬁl'g@ed éay ’[I’ItLH’a'[lon Y\allth r%lcl)le}Cﬁtgéearpgg\H?esr I135 (r)rzz 8f 4ng,

butylamino-6-methoxy-7-(2- methoxyethoxy) 3 qumollnecarbonltrlle mp 99-1

MS 330.24 (M+H)+

TH NMR (DMSO-de) 5 0.94 (1, 3H), 1.42 (m, 2H), 1.70 (m, 2H), 3.32 (s, 3H), 3.33 (s,
3H), 3.70-3.78 (m, 4H), 4.23 (m, 2H), 7.23 (s, 1H), 7.62 (s, 1H), 7.85 (t, 1H), 8.31 (s,
15 1H).

Example 11

7-Benzylthio-4-[(2.4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-

quinolinecarbonitrile

A mixture of sodium hydride (169 mg, 4.2 mmol), benzyl mercaptan (145 mg, 1.2
20  mmol) and 4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-fluoro-6-methoxy-3-
quinolinecarbonitrile (250 mg, 0.64 mmol) in 1 mL of tetrahydrofuran is heated at
70°C for 1 hour, then stirred at room temperature overnight. Upon addition of 1 mL of
dimethyl sulfoxide a solution is obtained. Additional amounts of sodium hydride and
benzyl mercaptan are added and the reaction mixture is heated at 100°C. The
25  reaction mixture is partitioned between ethyl acetate and water. The organic layer is
dried over sodium sulfate, filtered and concentrated in vacuo. The residue is purified

by preparative thin layer chromatography, eluting with 1 : 2 ethyl acetate : hexane to
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mmol) in 3 nL of tetrahydrofuran is heated at reflux overnight.

N- et hyl pyrrolidone (2 50 WO 03/093241 PCT/US03/13149 m-) is added and
t he reactwon3fdeture is heated at 120C for 1 hour then at PC#0Go$/oa149 f or 45
mn. An additional 100 ng of sodiumthiophenol is added and the reaction
m xture is heated at 140C for 3 hours. The reaction m xture is partitioned
between ethyl acetate and water. The organic |layer is dried over sodium
sulfate, filtered and 5 concentrated in vacuo. The residue is purified by
fl ash col umpreldeotsd pgraryenzathic-11@,adichios-3-metdoxyphgriyl)amistodt e metioxgne t o

provi de 36 of 4- 4-di chl ): o ~TEt hoxyphenyl ) am no] -

6- et hoxy- 7%%’%\‘3}‘(‘?%%8?&}?% -pqﬁé%% Gecar bont tri] e, np 220- 222C. MG 481.7,
483.7 (MtH) + 10 Anal ysis for C24H17CI 2N302S Calcd: C, 54.62; H, 4.03; N,
9.56. FoundiS @94.63 (B2)-H, 4.06; N, 9.50. Exanple 9

4- Cycl opent yl am no- 6- net hoxy- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile

15 A m xtur . _

4- cycl opent %naﬁﬁsﬁ‘:gp1’79?5,'|l1fgr|2([)\1_38g3n.et0h50l)'(|§93_ qui nol i necarbonitrile (150 ny,

0.53 mml ) and sodium hydride (53 ng, 2.21 mol) in 1.6 nlL of

2- met hoxyet Healed: €s59.4&dd,SPRN, B ux for 30 minutes, then cooled to room
tenperature. The reaction mxture is partitioned between aqueous sodi um
bi car bonat e h €N, Bhe. organic phase is dried over sodium

sul fate, fi I@ﬁgﬁéh%éd‘l%’gﬁ?g%t’r at 'e%'i n vacuo. 20 Purification by preparative
thin layer chromat ogr aphy, eluting with 5% net hanol in dichloronethane,

fol | owed by impl ion with nmethanol and diethyl ether, provides 95 ng of
4- cycl opent yl am no- 6- net hoxy- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile,
np 87-90C. Ny 34didflofd-Methoxyphenyl)aminol-6-methoxy-7-(pyridin-4-yloxy)-3-

guinolinecarbonitrile

10 A mixture of sodium hydride (128 mg, 3.2 mmol) and 4-hydroxypyridine (750 mg,
7.89 mmol) in 5 mL of N, N’-dimethylformamide is heated at 100°C for 1 hour. 4-
[(2,4-Dichloro-5-methoxyphenyl)amino]-7-fluoro-6-methoxy-3-quinolinecarbonitrile
(200 mg, 0.51 mmol) is added and the reaction mixture is heated at 130°C for 2
hours. An additional 21 mg of sodium hydride is added and the reaction mixture is

15 heated at 130°C for an additional 30 minutes. The reaction mixture is pariitioned
between ethyl acetate and water. The organic layer is dried over sodium sulfate,
filtered and concentrated in vacuo. The residue is purified by heating with methanol
and dichloromethane to provide 130 mg of 4-[(2,4-dichloro-5-methoxyphenyl)amino]-

6-methoxy-7-(pyridin-4-yloxy)-3-quinolinecarbonitrile, mp 267-269°C.
20 MS 467.11 (M+H)+

Analysis for C3H16ClaN4O3 — 0.2 ethyl acetate

Calcd: C, 58.89; H, 3.33; N, 11.55.

Found: C, 58.84; H, 3.41; N, 11.60.

25
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25 Analysis for C19H23N303- 0.20 H2O Calcd: C, 65.12; H 6.90; N, 11.99.
51 WD 03/093241 PCT/ US03/ 13149 Found: C, 64.88; H 6.88; N, 12.13. Exanple
10  4- Butybamiogia46- met hoxv- 7- (2- met hoxyet hoxy) - 3- qui nol i n@carusosiimd le A
m xture of 4-butylam no-7-fl uoro-6-nethoxy-3-quinolinecarbonitrile (150 nyg,
0.55 5 mmol ) and sodium hydride (55 ng, 2.29 mol) in 1.7 nL of

2-met hoxyethanol is heated at reflux for 30 mnutes then cooled to room
tenperature. The reaction mixture is partitioned between aqueous sodi um

bi car bonat e ExathpRi {g/l acetate. The organic phase is dried over sodium

sul fate, filtered and concentrated in vacuo. Purification by preparative

thin layer ch oy, @@k V_Q%_%pn%!gm”gérw&hane

fol | oned by -+

but yl am no- 64) mggmn@mmmmt hoxy) 3 qU| noI i necarbonitrile, np
99-102C. Ms 330.24 (MtH)+ 1 H NVR (DMSO-d6) 8 0.94 (t, 3H), 1.42 (m 2H)

% Zg Ersn iH) ml%(ﬁ%% f Eog’lfpnl_b\)?b‘r géé&% {ng3 ?)zi_‘gnﬁwog)oaﬁd { %étmi fﬂ%dﬂwe%ﬁqa%] .
7- Benzyl thi 420 r{g2 1@5dhmbl) § P Bat588laR Bhk of N) Mhtiimsthyforrarmigs s Beated at

qui nol i ”ecarﬂpgér‘itfr '&nghﬁﬂm ?ﬂ? %. %éhl@@%—l‘ﬁ@h@%%l’bﬂﬁ )dnhfS)- FHuord:e?mBIBky-8-

benzyl nercap
4-[(2, 4-di cmmwnéeammw(ﬂwnm) &fiinojmdl) 9 addesl Bnddhégrgctign mixture is

qui nol i necarf%%%%dé 113%hé r% '5%&3 0 R4, M&Ehﬂo&s% égdltbﬂ%\lr?i@/rq o(gnganm{ S

heat ed at n strr room erature o erni

addi ti on of I'ﬂydmie (sfaddédn@thw reastib obitale ad 1§O‘1(IJtTheneai<§loommlaﬂJrﬁel§ paﬁtﬂléhed onal

amount s 1(8)f \'Ngéﬂ g [ a6& a%ngnd water. The organic layer is dried over sodium sulfate,

filtered and concentrated in vacuo. The residue is purified by preparative thin layer
chromatography, eluting with 20% methanol in dichloromethane to provide 105 mg of
4-[(2,4-dichloro-5-methoxyphenyl)amino]- 6-methoxy-7-[(2-(1-methylpiperidin-4-
yl)ethoxy]-3-quinolinecarbonitrile, mp 190-191°C.

15 MS515.19 (M+H)+
Analysis for CosHpsCloN4O3 — 1.0 HO
Calcd: C, 58.53; H, 5.67; N, 10.50.
Found: C, 58.65; H, 5.57; N, 10.34.

Example 14

20  4-[(2.4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[2-methoxyethoxy]-3-

quinolinecarbonitrile

A mixture of sodium (118 mg, 5.11 mmol) and 2-methoxyethanol (5 mL) is heated at
120-130°C for 3 hours. 4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-fluoro-6-
methoxy-3-quinolinecarbonitrile (500 mg, 1.28 mmol) is added and the reaction
25  mixiure is heated at 120-125°C for 1 hour. The temperature of the reaction mixture
is increased to 140-150°C and this temperature is maintained for 2.5 hours. The

reaction mixture is cooled to room temperature and diluted with ice cold aqueous
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benzyl nercaptan are added and the reaction mxture is heated at 100C. The
25 reaction mxture is partitioned between ethyl acetate and water. The
organi ¢ |w@es/09r41 dri ed over sodiumsul fate, filtered andpcorusestad ed in
vacuo. The residue is purified by preparative thin |ayer chromatography,
eluting with 1 : 2 ethyl acetate : hexane to 52 WD 03/093241

PCT/ US03/ 13149 provide 150 ng of

7-benzyl t hi o-4-[ (2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 6- et hoxy-

3- qui nol i necatianbicardomaterPrHe2 SelikR ECcolMbtetd By GBirdtidnHvagriag weihs whter and

ngSEéQCJHZNg ZS?H %L&lfl?%%n %(g%%]cgo:hir%h Af)?l?f(l‘élag[bgrlgbhﬁ' agﬁnd\{WitﬁQ%lmetﬁa%%Pﬁi C,
4- Di chl or o- Hidndrbosihane prbyides H580- Gigneft hdRy-diclilBya-5-thathakyphanyl)amihol- 6-

qui nolinecarbopitrile 10 A nmixture of .sodium.hydri ( ng, 3.2 mol) and
4- hydr oxypyrWﬁBW@"*('b%Weﬁﬂxy%@gg'smﬂl'n?(f?rgor}lrtﬂpéoFn pdNﬁl Olé“-zzglc'rret hyl f or mam de
is heated at 100C for 1 hour. 4-

[ (2, 4- Di ghl ane-43sa@ithidyy phenyl ) am no] - 7- f | uor o- 6- met hoxy- 3- qui nol i necar boni
trile (200 ng, 0.51 mvol) is added and the reaction mxture is heated at

130C for 2 ours. (tjanal 21 ng of sodium hydride is added and the
reaction mi rlﬂ&lyé'slfgfﬁgﬁﬁggi dd*at 130C for an additional 30 minutes. The
reaction mxture is partitioned between ethyl acetate and water. The
organi c | ayeCaled dy5&26;0¥dr2E 008 sul fate, filtered and concentrated in
vacuo. The residue is purified by heating wth nethanol and

di chl or onet t A 3 of
4-[(2, 4- di cw&@-%%o@%%’éﬂygﬁm no] -

6- met hoxy- 7- (pyri di n-4-yl oxy) - 3-qui nol i necarbonitrile, np 267-269C. 20 M5
467. 11 (MrH)Exampie §8is for C23HI6CI2N4ACB - 0.2 ethyl acetate

10  4-[(2.4-Dichloro-5-methoxyphenyl)amino}-6-methoxy-7-[2-(1-methyl-3-
piperidinyl)methoxy}-3-quinolinecarbonitrile

To a solution of 4-[(2,4-dichioro-5-methoxyphenyl)amino}-7-fluoro-6-methoxy-3-
quinolinecarbonitrile (250 mg, 0.64 mmol) and 1-methylpiperidine-3-methanol (165
mg, 1.28 mmol) in 6 mL of N, N’-dimethylformamide at 135°C is added sodium

15  hydride (92 mg, 3.8 mmol) in portions. After 1 hour an additional 92 mg of sodium
hydride is added to the reaction mixture at 135°C. After 30 minuies the reaction
mixture is poured into saturated sodium bicarbonate. After stirring for 15 minutes the
solid is collected by filiration. The residue is purified by flash column
chromatography, eluting with a gradient of 5% methanol in dichloromethane to 1%

20 ammonium hydroxide in 10% methanol in dichloromethane. After an additional
purification by flash column chromatography eluting with a gradient of 5% methanol
in dichloromethane to 25% methanol in dichloromethane, 4-[(2,4-dichioro-5-
methoxyphenyl)amino]- 6-methoxy-7-[(2-(1-methyl-3-piperidinyl)methoxy]-3-
quinolinecarbonitrile is obtained, mp 176-178°C.

25  MS 499.09 (M-H)-
Analysis for CQ5H250|2N403 -0.3 Hgo

Calcd: C, 59.25; H, 5.29; N, 11.06.
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Calcd: C, 58.89; H 3.33; N, 11.55. Found: C, 58.84; H 3.41; N 11.60. 25
53 WO 03/093241 PCT/ US03/ 13149 Exanple 13 4-[(2

4- Di chl orwo®smeoxvphenvl ) am nol - 6- met hoxv- 742- ( 1- net hylPpirfsos/ditme 4-

yl ) et hoxyl - 3- qui nol i necarbonitrile A m xture of sodium hydride (128 ng, 3.2
mol ) and 1-nethyl - 4-pi peridineethanol 5 (180 ng, 1.25 mmol) [ EP 0581538]
in5nm of N, N-dinethylformam de is heated at 110C for 1 hour.

4-[(2, 4-Di chl or o- 5- net hoxyphenyl ) anm no] - 7- f | uor o- 6- et hoxv- 3-

qui nol i necarfpandC,is%e1; #)G.20gN, #081. mol ) is added and the reaction mxture
is heated at 135C for 5 hours. Over the next 4 hours an additional 128 ny
of sodi um dri s added to the reaction mixture at 130C. The reaction
m xture is %@Med 10 between ethyl acetate and water. The organic

| ayer is dri ed over sodium suI fate f| I ter ed and concentrat ed in vacuo.

peth 35 Wtagr aphy, el uting
gy;pzzg%;jnetlﬁhqaégfalngbnmgqoag@ﬁ@ﬂg@@gmo@.@rovl de 105 m o

6- met hoxy-7-[ (2- (1- met hyl pi peridi n-4- yl)ethoxy]-3-quinolinecarbonitrile,
np 190-151 do 1& MBuBdb. 40 4- NEH)d:cM@ra+5y@et§mf<mheczlm8d17z‘Nl4@e 6-methgxy80

Exala(r:rgl ecl 45%% Ilf%r&n@tzne %001919 Q53 rﬁmdﬂdandc'l n'i_’éh)‘r:lﬁper"dlneszl%?ethé\'\ol Y8034

4- Di chl or o- Snge3.bexypble (WO 26047@12bimEd hixof I, Nxdimsathdieyearnigryat -185°C is
qui nol i ”ecar%%g%j @hﬁ@‘%é& étemgf ?é’ﬂ%ﬂféﬂ ﬁjp]oﬁld?ig ARerldb TRtes 1R fhaction

2- met hoxyet hano
mixture is poured into saturated sodium bicarbonate. After stirring for 15 minutes the

10  solid is collected by filtration. The residue is purified by flash column
chromatography, eluting with a gradient of 5% methanol in dichloromethane to 25%
methanol in dichloromethane. Trituation with diethyl ether provides 396 mg of 4-
[(2,4-dichloro-5-methoxyphenyl)amino]- 6-methoxy-7-[(2-(1-methyl-4-
piperidinyl)methoxy]-3-quinolinecarbonitrile, mp 200-202°C.

15 MS501.3 (M+H)+
Analysis for CssHpsCloN,O5 — 0.8H,0
Caled: C, 58.21; H, 5.39; N, 10.86.
Found: C, 58.19; H, 5.23; N, 10.67.

Example 17

20  6-Methoxy-7-[2-methoxyethoxyl-4-[(3.4,5-trimethoxyphenyllaminoj-3-

guinolinecarbonitrile

A mixture of sodium hydride (80 mg, 2.0 mmol) and 6-methoxy-7-fluoro-4-[(3,4,5-tri-
methoxyphenyl)amino]-3-quinolinecarbonitrile (203 mg, 0.53 mmol) in 2-
methoxyethanol (6 mL) is heated at reflux for 2 hours. Additional sodium hydride (80
25  mg, 2.0 mmol) is added and the reaction mixture is heated at reflux for 4 hours. The
reaction mixture is cooled to room temperature and partitioned between ethyl acetate

and saturated sodium bicarbonate. The organic layer is dried over magnesium
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120- 130C for 3 hours. 4-[(2, 4-D chl oro-5-mnmet hoxyphenyl )am no] -7-fl uoro- 6-
nmet hoxy- 3- qui nol i necarbonitrile (500 ng, 1.28 mmol) is added and the
reacti on @B ogiox2ur e i s heated at 120-125C for 1 hour. ThePcarnyses/atiyer e of
the reaction mxture 1is increased to 140-150C and this tenperature is
mai ntai ned for 2.5 hours. The reaction mxture is cooled to room
tenperature and diluted with ice cold aqueous 54 WO 03/093241

PCT/ US03/ 13149 sodi um bi carbonate. The solid is collected by filtration
washi ng w t kuliatee filterad admlexmntrﬁindiihi\mubnnTrﬁtyra"tibasd»f tbel nesidue with ethyl

o of 4 [ 2 0o At ey R R, T2l BithBkAPELABIRAN, 3. 290

met hoxy- 7- [zfmsmmbmhyéhylﬁinmm]@dqmm@mcdnbnhitrﬁé,lrep1&&12(1"@- 212C. 5 M5
448. 2(M+H) + Anal ysis for C21H19CI2N3O4 Cal cd: C, 56.26; H, 4.27; N, 9.37.

Found: C, 5 ; 165, N, 9.12. Exanple 15 10 4-[(2

4- Di chl or o- g\"%ﬁﬂgﬁﬁ'ﬁgm ) am nol - 6- met hoxv-7-[ 2- (1- net hyl -

pi peri di nyl ) met hoxyl - 3- qui nol i necarbonitrile To a solution of

4-[ (2, 4- 6i cAmalysissonBSthiasNsPaeriyd He®i no] - 7- f | uor o- 6- net hoxv- 3-

qui nol i necarbonitrile (250 ng, 0.64 rrrml ) and 1-net hyl pi peri di ne- 3- met hanol
(165 ng, 1. Emel 5”3)'5‘ -di net hyl formam de at 135C i s added
sodi um 15 hy%aqcl;de ({ Qzééll-@ N 9'\| |n portions. After 1 hour an additi onal
92 mg of sodium hydri de is added to the reaction mxture at 135C. After 30
m nut es t he Fasudt Cos0.44ibktu9& N, 9. 1Poured i nt o saturated sodi um bi car bonat e.
After stirring for 15 mnutes the solid is collected by filtration. The
residue is by flash colum chromatography, eluting with a

gr adi ent of p%gﬂgr%%i‘sanol i n dichloronethane to 1% 20 amoni um hydr oxi de in

10% met hanol in dichl oronethane. After an addit al
6-Methoxy-7-[(1-methylpiperidine-4-ylYmethoxy]-4- [(3 4 5—tr|methoxvphenvl)am|no] 3-

10  guinolinecarbonitrile

Following the procedure used to prepare Example 15, 6-methoxy-7-fluoro-4-[(3,4,5-
tri-methoxyphenyl)amino]-3-quinolinecarbonitrile (230 mg, 0.60 mmol) and  1-
methylpiperidine-3-methanol (200 mg, 1.55 mmol) provides, after flash column
chromatography eluting with a gradient of 3 : 1 ethyl acetate : methanol to 2%

15 aqueous ammonium hydroxide in 3 : 1 ethyl acetate : methanol, 143 mg of 6-
methoxy-7-[(1-methylpiperidine-4-yl)methoxy]]-4-[(3,4,5-trimethoxyphenyl)amino]-3-
quinolinecarbonitrile, mp softens at 65°C.

MS 493.26 (M+H)+
AnaIySiS for Cg7H32N4O5 —-2.5 Hzo
20 Caled: C, 60.32; H, 6.94; N, 10.42.

Found: C, 60.28; H, 6.71; N, 10.35.
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purification by flash colum chromat ography eluting wwth a gradient of 5%
met hanol i n dichloronmethane to 25% net hanol in dichl oronet hane,

4-1 (2, 4- dwohBoesx46- et hoxyphenyl ) am no] - ~ PCT/US03/13149

6- met hoxy- 7- [ (2- (1- met hyl - 3- pi peri di nyl) met hoxy] - 3- qui nol i necarbonitrile
is obtained, nmp 176-178C. 25 M5 499.09 (MH Analysis for C25H26CI 2N403 -
0.3 H2O Calcd: C, 59.25; H 5.29; N, 11.06. 55 WD 03/093241 PCT/ US03/ 13149
Found: C, 59_.18; H, 5.20; N, 10.91. Exanple 16 4-f(2

4-Di chl or o- SEXIRIEI heny | ) ani nol - 6- net hoxy- 7- f 2- (1- met hy! -

pi peri di nyl ) met hoxyl - 3- qui nol i necar bonitrile 5 To a solution of
4-[(2,4-dichi
gui nol i necar b |tr| ) o ylprp met hanol
(395 ng, 3.H06—HD “ND—AE , N -di met hyl for mam de at
135C is added SOdI um hydr| de (362 ng, 9.06 mol) in portions. After 45
minutes the Aeramtur@rof Sotikinu(78 Mg, eqummbl)l |ﬁt20 nﬂ_abﬂléf@ %twaﬁﬂiﬁét‘ﬁﬁﬁ&qgat €.
After st|5rr| ¢ layéesthe 10 solid is col ezte % ) tratlt?n The
resi due is pu% ?‘?ed h &8 utn  "oHFondr &FFaIRr4-1drmethiy! Rmidazol-2-
gradi ent of )‘a%uﬁmylﬂﬁh@lhyl}ammb RIS ERAIARE-3-uiRSitecABbARS! (300 mg, 068

di chl or onet hane., T“cﬁ%@ iopnwth diethyl ether provides 396

[ (2, 4-di chl o %Y. iged y?ﬂ‘PE e&ﬁi'%rn'xterenﬁt brRpted 7t [140°Q forngbaurs;- then

pi peri di nyl ) cotidbityloodr mp@@dtun@ecmé)%bﬁéﬂ hibdur@ls %@Qre%qal@ sa*@raMé s:t‘)%guﬁ

8H20 Cal cd
(1(|\)/I+g%+ Aggm@' Sl or Naig af'g o]hés a8 ccwectfg by filtration, washlng w1th water Purlflcatlon

10 by ﬂash column chromatography eluting with a gradient of 2% methanol in

dichloromethane to 3% methanol in dichloromethane followed by recrystallization
from acetone and hexane provides 262 mg of 4-({3-chloro-4-[(1-methyl-1H-imidazol-
2-y|)sulfanyl]phenyl}amino)-6-methoxy-7-[2—(2-methoxy)ethoxy]—3-
quinolinecarbonitrile, mp 222-224°C,

15 MS 540.35, 542.39 (M+H)+
Analysis for CogHosCINs04S —0.5 H,0
Calcd: C, 56.87; H, 4.96; N, 12.76.
Found: C, 56.75; H, 4.78; N, 12.72.

Example 20

20  4-({3-Chloro-4-[(1-methyl-1 H-imidazol-2-yl)sulfanyllphenyllamino)-7-[3-
(dimethylamino)propoxy]-6-(2-methoxyethoxy)- 3-quinolinecarbonitrile

Following the procedure of Example 19, 4-({3-chloro-4-[(1-methyl-1H-imidazol-2-
yl)suIfanyl]phenyl}amino)-7—ﬂuoro-6-(2-methoxyethoxy)—3-quinolinecarbonitrile (300
mg, 0.62 mmol) and 2 mL of 3-dimethylamino-1-propanol provides 115 mg of 4-({3-

25  chloro-4-[(1-methyl-1 H-imidazol-2-yl)sulfanyl]phenyl}amino)-7-[3-
(dimethylamino)propoxy]-6-(2-methoxyethoxy)-3-quinolinecarbonitrile, mp  194-
203°C.
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Exanpl e 17 20

6- Met hoxy- 7-[ 2- met hoxyet hoxyl - 4-f (3, 4, 5-tri net hoxyphenyl ) am nol - 3-

qui nol i newearlBosd2tril e A m xture of sodi um hydride (80 ny, PRTASHd1¥9 and

6- met hoxy-7-fluoro-4-[(3,4,5-tri-

met hoxyphenyl ) am no] - 3- qui nol i necarbonitrile (203 ng, 0.53 nmol) in 2-

nmet hoxyet hanol (6 m-) is heated at reflux for 2 hours. Additional sodium
hydride (80 25 ng, 2.0 mmvl) is added and the reaction mixture is heated at
reflux for MH@S731 (Mdd)+y26ctd d-2)R+ure is cooled to roomtenperature and
partitioned between ethyl acetate and saturated sodi um bicarbonate. The

organic | ay 56 WD 03/093241 PCT/ US03/ 13149
sul fate, fi fp{n‘glyglgq BHSnce%nga?Z‘?_'%qln vacuo. Trituration of the residue

with ethyl acetate and diethyl ether provides 178 ng of
6- met hoxy- 7-Qatedre® Hid®&tHh &xAF; N, 44.19.

[(3,4,5-trimet hoxyphenyl)am no]-3-qui nolinecarbonitrile, np 188-190C. M
440. 22 (MrH) 9ouﬁdé@aéé'§1 ®f5og5 QZ%I%NSOG - 1.0 H2O Calcd: C, 60.38; H,

5.95; N, 9.1 60.44; "H, 5.98; N, 9.15. Exanple 18
6- Met hoxy- 740 - net hyl pi peri di ne-4-yl) nmet hoxyl -4-[(3
4,5-triméth )am nol -3- 10 guinolinecarbonitrile Follow ng the

procedure used to prepare Exanple 15, 6-nethoxy-7-fluoro-4-[(3,4,5-

tri-met hoxypneaydh) e14Ne] -meus HHQMd&Q@@I— oiithAyIlpBefRRhing).7-B-@Qtigrml ) and 1-
met hyl pi peridine- 3-met hano ng, mol ) provides, after flash
col urm  chr driegragny e ey ]16+(2r5 -Af‘u ogPnBagielingcabonitile o hy| acetate :

nmet hanol to 2% 15 aqueous anmoni um hydrOX| de in 3 : 1 ethyl acetate :
met hanol ,  143,18%ingf s procedure of Example 15, 4- 1{3 -chloro-4-[(1-methyl-1H-imidazol-2-

h 7- h 4-y
rﬁg] O)é}/ [ (yl sHI?eEn thenyﬁ;%(ljnlo?—%-ﬂuoro-%—(z methoyxll 'chox3;)-(3-qumoﬁmeoar[;ﬂanlnﬁjexy%&5‘| yl)am

10 mg, 0.62 mmol) and 1-ethyl-4-(3-hydroxypropyl)piperazine (540 mg, 3.1 mmol)
provides 155 mg of 4-({3-chloro-4-[(1-methyl-1H-imidazol-2-
yl)sulfanyl]phenyl}amino)-7-[3-(4-ethyl-1-piperazinyl)propoxy]-6-(2-methoxyethoxy)-
3-quinolinecarbonitrile, mp 188-190°C.

MS 318.68 (M+2H)+2

15 Analysis for CspH3sCIN7O3S —1.0 H,O
Calcd: C, 58.74; H, 6.16; N, 14.99.
Found: C, 58.84; H, 5.91; N, 14.73.

Example 22

4-(2.4-Dichloro-5-methoxyphenyl)amino]-6-[2-methoxyethoxy]-7-[(1-

20 methyipiperidine-4-yl)methoxyl3-quinolinecarbonitrile

Following the procedure used to prepare Example 15, 4-(2,4-dichloro-5-
methoxyphenyl)amino}-7-fluoro-6-[2-methoxyethoxyl-3-quinolinecarbonitrile (300 mg,
0.69 mmol) and 1-methylpiperidine-4-methanol (178 mg, 1.38 mmol) provides,
after preparatory thin layer chromatography eluting with 20% methanol in  ethyl
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qui nol i necarbonitrile, np softens at 65C. M5 493.26 (M+tH)+ Anal ysis for
C27H32N405 - 2.5 HRO 20 Calcd: C, 60.32; H 6.94; N, 10.42. Found: C,

60. 28; HW6.

03/0932M, 10. 35. 57 WO 03/093241 PCT/ US03/ 13149 PETarsps/e3119

4-((3-Chloro-4-[(1-nethyl -1
H i m dazol - 2-yl ) sul f anyl | phenyl } am no) - 6- met hoxv-7-[ 2- ( 2-

nmet hoxy) et hoxvl - 3- qui nol i necarbonitrile A m xture of sodium (78 ng,

nmmol) in 2 nL of 2-(2-nethoxyethoxy)ethanol is 5 heated at 100C for 1
hour . 4- ({3-eChiaty, 0-64-f§ of mel(hyHdichidrb-Brethaxtph2nyl)amino]-6-[2-methoxyethoxyl-7-

) sul Lo YAl R0 R IR I o pacben 111 e, (300

hours, then

on m xture |spheate

at 140C for

cooled to rloomtenperature. The reaction m xture i s poured

i nt o sat ur atM@ 545.dD (Wh+-Hpt car bonat e and the solids are collected by

filtration,

washing with water. Purification 10 by flash col um

3.4

3.5

chr omat ogra%iéh{gl?qé% @%ﬁ%%%?ﬁ%@b?t of 2% net hanol in dichloronethane

to 3% net ha
acet one and

| owed by recrystallization from
hexane provides 262 ng of 4-({3-chloro-4-[(1-nmethyl-1

H-i mi daz6l - Qalgd:)Su68. a1iyH,[598e My [1P&Mi no) - 6- met hoxy- 7- [ 2- ( 2- met hoxy) et hoxy] - 3
qui nol i necarbonitrile, np 222-224C. 15 M5 540. 35, 542.39 (M+H) + Anal ysi s

0] I adC, 56.87; H 4.96; N, 12.76. Found: C,
PRRprgeb3Rs FhegieF

for C26H26CI
56.75; H 4.

anple 20 20 4-({3-Chloro-4-[(1-methyl-1

H i m dazol - 2-yl ) sul fanyl phenyl } am no)-7-[ 3-

10

15

20

Example 23

4-[(2 4-Dichloro-5-methoxyphenyl)amino]-6-ethoxy-7-(2-methoxyethoxy)3-

quinolinecarbonitrile

Following the procedure used to prepare Example 17, 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-6-ethoxy-7-fluoro-3-quinolinecarbonitrile (138 mg, 0.34 mmol)

and 2-methoxyethanol provides 105 mg of 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-6-ethoxy-7-(2-methoxyethoxy)3-quinolinecarbonitrile, mp
215-217°C.

MS 462.1 (M+H)+

Analysis for ngH31 C|2N304 -0.3 Hgo
Calcd: C, 56.49; H, 4.66; N, 8.99.
Found: C, 56.59; H, 4.64; N, 8.95.

Example 24

6-Butoxy-4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-(2-methoxyethoxy)-3-

guinolinecarbonitrile

A mixture of 6-butoxy-4-chloro-7-(2-methoxyethoxy)-3-quinolinecarbonitrile (184 mg,
0.55 mmol), 2,4-dichioro-5-methoxyaniline (127 mg, 0.66 mmol) and pyridine
hydrochloride (76 mg, 0.66 mmol) in 5 mL of 2-ethoxyethanol is heated at 120°C for
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(di net hyl am no) propoxyl - 6- (2- net hoxyet hoxy) - 3-qui nol i necarbonitrile

Fol | om ng the procedure of Exanple 19, 4-({3-chloro-4-[(1-nethyl-

H i m dazoWwo23/093241 PCT/US03/13149

yl ) sul fanyl ] phenyl } am no) - 7- f | uor o- 6- ( 2- met hoxyet hoxy) - 3- qui nol i necar boni tr
ile (300 ng, 0.62 mml) and 2 nL of 3-dinmethyl am no-1-propanol provides
115 nmg of 4-({3- 25 chloro-4-[(1-nethyl-

H i mi dazol - 2-yl ) sul fanyl ] phenyl }am no)-7-[3

(di met hyl ani7nieguyrs.opiax ydactienf 2nirtateh mxgatidrbioy jodda drrmperhiune and lwon¢entiates] imp

(W2H) 2+ AndPTs HEVCOes Toeges 11 el il e’ oM eotfpegang
14( {13 Chroumdipe]fﬁdeaﬁn 6&turé’ded BgB&qushsoditBn Biarbdhatex amdtes siing for 1 hour the
or Q-

Hi ni dazol - foWs) ér&l ?%ﬁﬁé}fg? 5’% gpmnf n rﬁnﬁlo\ﬁlas;\eg é"" wa’cel;l Fu&flcatlon by preparatory

pi per azi gyl )ipin ¢pex ghrotraicragtyh eluting Wit 93 medagol mo:ilc;rﬂmomethanetpmwdaes 93
Foll owl ng the, PrCedulRud {28 MhRra-Bménblygnefdhfict- mERbetnky)-o-

H i m dazol -
yl ) sul f anyl ]q@hmns{édawnmtcibe; mhpf1680r67°@- ( 2- met hoxyet hoxy) - 3- qui nol i necar boni tr
ile (300 10 ng, 0.62 nmol) and 1-ethyl-4-(3-hydroxypropyl)pi perazi ne (540

ng, 3.1 mmol i 155 ng of 4-({3-chloro-4-[(1-nethyl-1 Himdazol -
yl ) sul f anyl ]%%Qﬁ@ﬁ}(g{ﬁﬁho) Z7-[3- (4-ethyl -

- pi per azi nyl ) propoxy] - 6- ( 2- met hoxyet hoxy) - 3-qui nol i necarbonitrile, np
188- 190C. MNBRAralyBisd8r CMH2IQMNR01D. 2Dy si s for C32H38CI N703S-1. 0 H20 Cal cd:
C, 58.74; H 6.16; N, 14.99. Found: C, 58.84; H 5.91; N, 14.73. Exanple

22 10 Calcd: C,57.72: H, 5.25: N, 8.41.

Found: C, 57.67; H, 4.93; N, 8.49.

Example 25

4-[(2,4-Dichloro-5-methoxyphenyl)aminol-6-methoxy-7-(tetrahydro-2H-pyran-2-

vimethoxy)3-quinolinecarbonitrile

15 Following the procedure used to prepare Example 15, 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-6-ethoxy-7-fluoro-3-quinolinecarbonitrile (250 mg, 0.64 mmol)
and tetrahydropyran-2-methanol  provides 177 mg of 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-8-methoxy-7-(tetrahydro-2H-pyran-2-ylmethoxy)-3-
quinolinecarbonitrile, mp 193-196°C.

20 MS 485.9 (M-H)-
Analysis for Co4H23ClaNz04
Calcd: C, 59.03; H, 4.75; N, 8.60.

Found: C, 59.06; H, 4.84; N, 8.39.
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4-f (2 4-Dichl oro-5-net hoxyphenyl ) am no] - 6- F2- met hoxyet hoxyl - 7-f (1- 20

nmet hyl pi peri di ne- 4-yl ) met hoxyl 3- qui nol i necarbonitrile Foll ow ng the

pr ocedur ew09aM92¢1 pr epare Exanpl e 15, 4-[(2, 4-di chl oro- 5- PCT/US03/13149

met hoxyphenyl ) am no] - 7-f | uor o- 6- [ 2- net hoxyet hoxy] - 3- qui nol i necarbonitrile
(300 my, 0.69 mmol) and 1 -nethyl pipe ridine-4-nethanol (178 ng, 1.38
nmol ) provides, after preparatory thin |ayer chromatography eluting with
20% nmet hanol in ethyl 59 WD 03/093241 PCT/ US03/ 13149 acetate, 165 ng of
4-[(2, 4- di cEkample26met hoxyphenyl ) ani no] - 6- [ 2- net hoxyet hoxy] - 7-

[ (1- et hyl pi peri di ne 4- yI ) met hoxy] - 3- qui nol i necarbonitrile, np 153-155C. Ms

545. 19 (IVH—|)
NN A (Lo B Tod
4-Di chl or o- _Ezleﬂm(n)@m%d:@rhwmmg 6- et hoxy- 7- ( 2- net hoxyet hoxy) 3-
ggl nzl |[?ecar bonitrile 10 Foll owi ng the procedure used to prepare Exanple
2,4
d t ple 15, = 4-[(2.4-dichloro-5-
met hoxypheny Sami fh dure ufs?uoroo %reaﬁ'ieno )lgar%c%r bOI’]ItI[(I T 1%r§

0. Bﬁ m‘roiril ) nmhb@pmyham“@ﬂ—ﬁdhloro Pr(>madelingsylet) o) qulmoélnacajb@mn!ﬁ ong-
met hoxyphen o] axyet rile,
mp  215-217 a%@gn/é]zlgﬁgﬁon ?Aﬁ% "(‘éﬁ‘g&a 6 0N el mi BOLIGRCAERERS
Cal cd: C, 56ne¢@oxybherwl)661md}&7 (8-resthoxyetheu)-6-C-meisin-4yletaogd3- N, 8. 95.
Exanpl e 24 quinolinecarbonitrile, mp 158-159°C.

MS 544.9 (M-H)-

10 Analysis for 026H28C|2N405 -1.3 HQO
Calcd: C, 54.70; H, 5.40; N, 9.81.
Found: C, 54.57; H, 5.24; N, 9.79.

Example 27

4-[3-Chloro-4-(1-methyl-1H-imidazol-2-ylsulfanyl)-phenylamino]-6-methoxy-7-(4-

15  methylpiperazin-1-yl)-quinoline-3-carbonitrile

A mixture of 200 mg (0.455 mmol) of 4-[3-chloro-4-(1-methyl-1H-imidazol-2-
ylsulfany!)-phenylamino]-7-fluoro-8-methoxyquinoline-3-carbonitrile (Reference
Example 20) and 273 mg (2.73 mmol) of N-methylpiperazine in 1 mL of 1-methyl-2-
pyrrolidinone was heated at 105°C for 16 hours. The solvents are removed in vacuo.

20 A 10 mL portion of water is added to the residue, from which a tan solid precipitates
out. The solid is filtered off and washed with water. After drying in vacuo, the solid is
suspended in ethyl acetate and stirred for 1 hour. The solid is filtered off, washed
with ethyl acetate and dried in vacuo to provide 0.175 g of 4-[3-chloro-4-(1-methyl-
1H-imidazol-2-ylsulfanyl)-phenylamino}-6-methoxy-7-(4-methylpiperazin-1-yl)-

25  quinoline-3-carbonitrile as a yellow solid, mp 270-272°C.
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20 6-Butoxy-4-[(2 4-dichl oro-5-net hoxyphenyl)am nol - 7- (2- met ho) (yet hoxy) - 3-
gui nol i necarbonitrile A m xture of

6- but oxy-weoablgxner 7- ( 2- met hoxyet hoxy) - 3- qui nol i necar boni t PCTaspIL 844Ny,

0.55 mmol ), 2,4-dichloro-5-nethoxyaniline (127 ng, 0.66 mmol) and pyridi ne
hydrochloride (76 ng, 0.66 mmol) in 5 nmL of 2-ethoxyethanol is heated at
120C for 60 WD 03/093241 PCT/ US03/ 13149 7 hours. The reaction m xture is
cooled to roomtenperature and concentrated in vacuo. Diethyl et her is

added to tha,resi t [ r t d

sat ur at ed aqﬁgﬁﬁiw@ﬁaﬁ)bggaﬁﬁ%n e.%j%f(g)gorads ﬁ-ﬁi %%@ bﬁ)lé?pﬁi%iﬁ ? sol i ds
are col | ect at),92 {d, BH)L6.58 (B Hd= B@HE d Hi 7. 10 (ddat, &= 1 5’lh'|’Zl, =06 I—lznﬂtl)y? 15
preparat ory & Lo LY S SHAITY RO ABRYs, FLUIY R, Y\ S LIBRACY b

6- but oxy- 4- [1(-[3,,84481_(9;I1I—|t))r9)523(srm&|h0xyphenyl ) ami no] - 7- ( 2- net hoxyet hoxy) - 3-

qui nol i necarbonitrile, rrp 166-167C. Ms 488.0 (MH) Analysis for

C24H25C1 N3 4- N5 io E}(%gllﬁ%%/zgglcg??ﬁ(ggeHz';bll\?O%ls51@12 Rufid: 518%0(%{1“)

57.67; H ega

4-Di chl or o- 5 rret hoxyphenyl)am nol - 6- met hoxy- 7- (t etrahydro- 2H pyr an- 2-
yl met hoxy) 3-Amalysisl fon@sHELMHAS i1leeHAB Fol | owi ng the procedure used to
prepare Exanple 15, 4-[(2, 4-dichloro-5-

met hoxypheny, - 3-qui nol i bonitril 250 ,
054, ol r:%%%&“t%“% L5%d S N 18280t hanol provi des 177 ng of |
- , 4-di chl or o- 5-

et hoxy phenyiouadi @,018. 66; btk W, 77 0bet r ahydr o- 2H pyr an- 2- yl met hoxy) - 3
qui nol i necarbonitrile, nmp 193-196C. 20 MS 485.9 (MH)

Example 28

10  4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-{[3-(1-methylpiperidin-4-

vhpropyllaminolquinoline-3-carbonitrile

Following the procedure used to prepare Example 27, 250 mg (0.64 mmol) of 4-{(2,4-
dichloro-5-methoxyphenyl)amino}-7-fluoro-6-methoxyquinoline-3-carbonitrile

is reacted with 600 mg (3.80 mmol) of 3-(1-methylpiperidin-4-yl)propylamine in 2 mL
15  of 1-methyl-2-pyrrolidinone at 105°C for 18 hours to yield 130 mg of 4-[(2,4-dichloro-

5-methoxyphenyl)amino]-6-methoxy-7-{[3-(1-methylpiperidin-4-

yl)propyljamino}quinoline-3-carbonitrile as a white solid, mp 122-124°C.

MS (ES, positive ion mode): m/z calcd for Co7Hs:CloNsO: 573.2, found: 528.2 (M+H)".
AnalySiS for Cg7H31C|2N50
20 Caicd: C,61.36; H, 5.91; N, 13.25.

Found: C, 60.96; H, 5.76; N, 12.90.
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Anal ysis for C24H23C12N304 Calcd: C, 59.03; H, 4.75; N, 8.60. Found: C
59.06; H, 4.84; N, 8.39. 61 WD 03/093241 PCT/US03/ 13149 Exanple 26 4-[(2
4- Di chl orwedsjee2hoxyphenyl ) am nol - 7- ( 2- met hoxyet hoxy) - 6- ( 2cmurspliodtin- 4-

yl et hoxy) 3- qui nol i necarbonitrile Following the procedure used to prepare
Exanpl e 15, 4-[(2,4-dichloro-5- 5

met hoxyphenyl') am no] - 7- f | uor o- 6- (2- nor phol i n- 4-yl et hoxy) - 3- qui nol i necar boni
trile (102 ng, 0.21 nmol) and 2-net hoxyet hanol provides 86 ng of

4-[(2, 4- di cifxemple®9 met hoxyphenyl ) am i

noj - 7- ( 2- net hoxyezhoxy) IV? (2-nor phol in-4-ylet hoxy) 3- C]UI nol i necarbonitrile,

np 158- 159C4_ - 1.3 H2O Cal cd:
C, 54.70; H; N 9.79.  Exanple 27
4-13-Chl or o{dieﬂmg@vﬂammo}6methoxvqu1nol1n93carbonltnle

H-![ hm :ja_zol 2-yl sul fanyl) - phenyl am nol - 6- met hoxy-7-(4- 15

e : , :

ol 3/ pf pir %ﬁl&ﬁlﬂig%g BPokéfHﬁ’ tlﬂs%d?’toﬁ Q'Etxéwp% By M6 b {02k R8I B8 4((8- 455
3(/IRZ :‘JL]; 2222) cphm‘r%(aﬂmetby]l—17-l—|hhldmﬂ0d}26’lamﬁawb)xr¥lmvlﬁmlﬁQié( fBoseBboni tril e

Mof 1 metPOrOBatisgesBRGRAETS eapbd Wb iy OFRIYL B R el 1 ¢

sol vgnt S ?r d, 3-pmpaﬁddlarrmlnean:lub .m2ef A-methyit2- pwaldmnefa’rvxm‘ée(r? frs 16 dweies to t he
residue, fro ch .t
of f and was %&f\f\%'gt Wgwatlfg[é aﬁyo 4- Pir ﬁ'n% hﬁl 1185 Riaz QWL ylsﬂgﬁglzplﬁé IérﬁmB]"}' [r ed

ter i'n vacuo, suspended
in ethyl acdtiatethyardinejdropydiemine}- 61mh’rbuxyqu‘ﬁ®én%a+qad3qn§rlfﬁl 4g @r@ﬂ #lig, Mwshed
10  198-200°C.

MS (ES, positive ion mode): m/z calcd for CusHgsCIN,OS: 521.2, found: 522.4
(M+H)*.

AnalySiS for CgsH28C|N7OS -0.75 Hgo
Calcd: C, 58.31; H, 5.55; N, 18.31
15 Found: C, 58.00; H, 5.16; N, 17.93.

Example 30

4-[3-Chloro-4-(1-methyl-1H-imidazol-2-ylsulfanyl)-phenylamino]-7-{[3-

(dimethylamino)propyll-methylamino}-6-methoxyquinoline-3-carbonitrile

Following the procedure used to prepare Example 27, 150 mg (0.34 mmol) of 4-[3-
20  chloro-4-(1-methyl-1H-imidazol-2-ylsulfanyl)-phenylamino]-7-fluoro-6-
methoxyquinoline-3-carbonitrile is reacted with 238 mg (2.05 mmol) of N, N, N*-
trimethyl-1,3-propanediamine in 1 mL of 1-methyl-2-pyrrolidinone at 105°C for 16
hours to vield 121 mg of 4-[3-chloro-4-(1-methyl-1H-imidazol-2-ylsulfanyl)-
phenylamino]-7-{[3-(dimethyl)aminopropyl]-methylamino}-6-methoxyquinoline-3-
25  carbonitrile as a tan solid, mp 196-201°C.

MS (ES, positive ion mode): m/z calcd for CxHsCIN/OS: 535.2, found: 536.1

(M+H)".
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with ethyl acetate and dried in vacuo to provide 0.175 g of
4-[3-chloro-4-(1-nethyl- 1

H i m dazovoasphzrul f anyl ) - phenyl am no] - 6- net hoxy- 7- (4- net hpCpiyses/aaiun-1 -yl )
25 qui noline-3-carbonitrile as a yellow solid, np 270-272C. 62 WO

03/ 093241 PCT/ US03/ 13149 1 HNMR (DVMSO-d6): S 2.24(s, 3H), 3.19 (broad s,
4H), 3.32 (broad s, 4H), 3.60 (s, 3H), 3.92 (s, 3H), 6.58 (d, J = 6.3 Hz,
1H, 7.10 (dd, J =1.5 Hz, J =6.6 Hz, 1 H), 7.15 (d, J =0.9 Hz, 1 H),
7.24 (s, 1 |¢l)1aly§1833r((>9H30¢lN=;dB8aﬁzl-)207 53 (d, J = 0.6 Hz), 7.60 (s, 1 H,
8.48 (s, 1 , 9.52 (s, . 5 M5 (ES, negative ion node): mz calcd for

C26H26C1 N70 518 IVH—I) Anal ysis for C26H26CI N70S . 1.0 H2O
Calcd: C 5?36%11 942595‘192%[]%@3 %‘ @gé

Found: C, 58.16; H 4.94; N, 17.95.
Exanple 28 10 4-{(2

4- Di chl or o- Foomd:repysgudie iy 15)59yNn07.86- net hoxV- 7- { F3- ( 1- net hyl pi peri di n- 4-

yl ) propyl | am nol gui nol i ne-3-carbonitrile Follow ng the procedure used to
prepare Exanpl e ?7 250 mg (0.64 mmol ) of 4-[(2, 4-

di chl oro- 5- %@H%enyl ) am no] - 7- f | uor o- 6- net hoxyqui nol i ne-3-carbonitrile

is reacted with 600 ng (3.80 rrrml) of 3-(1- rrethyl |per|d|n 4- yI)propyI am ne
in 2 55 cE[(Z4ibit Drmia D¢

of 4-[(2, 4-dj chl T | '
5- met hoxyph Indlifocaanitile t hoxy- 7-{[ 3- (1- et hyl pi peri di n- 4-

yl ) propyl ] am no} qui nol i ne-3-carbonitrile as a white solid, rgp 122-124C. MS
(ES, posi t| \Epllowmgrrdtle) praseguieal usedf de  pepam CEzamDle 53, 2-((34dishlorssdg. 2

|(:(|\)/IJ :%+ C, 6 %téb%ﬁkgéyl%k% %% cﬁ%&oﬁéé‘a‘i’borﬁnle &08%ng,H6.55 ndhhol) Nandl8- 25.

(4-methyl)piperazin- 1-yl)propanol provided 71 mg of 4-(2,4-dichloro-5-

10  methoxyphenyl)amino]-7-[3-(4-methyl)piperazin-1-yl)propoxy]-3-quinolinecarbonitrile,
mp 154-155°C.

MS 497.9 (M-H)-

Analysis for CpsHo7CloNsO, — 0.8 H20

Calcd: C, 58.32; H, 5.60; N, 13.60.
15 Found: C, 58.32; H, 5.30; N, 13.28.

Example 32

4-[(2.4-Dichloro-5-methoxyphenyl)amino]-7-[(1-methylpiperidin-4-yl)methoxy]-3-

guinolinecarbonitrile

Following the procedure used to prepare Example 15, 4-[(2,4-dichloro-5-

20  methoxyphenyl)amino]-7-fluoro-3-quinolinecarbonitrile (200 mg, 0.55 mmol) and 1-
methyl-1-piperidine-4-methanol  provides 75 mg of 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-7-[(1-methylpiperidin-4-yl)methoxy}-3-quinolinecarbonitrile,
mp 191-193°C.

MS 468.8 (M-H)-
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WO 03/ 093241 PCT/ US03/ 13149 Exanple 29 4-f3-Chloro-4-(1-nmethyl-1

H i m dazol - 2-yl sul fanyl ) - phenvl am nol - 7-{f 3-

(di met hylwamnoaeopyl | am no} - 6- net hoxygui nol i ne- 3- car boni PCITIES03/FRakd owi ng
the procedure used to prepare Exanple 27, 150 ng (0.34 mml) of 4-[3 5
chloro-4-(1-nmethyl-1 Himdazol -2-yl sul fanyl ) - phenyl am no] - 7-f | uor o- 6-

nmet hoxyqui nol i ne-3-carbonitrile is reacted with 209 ng (2.05 mml) of N,
N-di net hyl - 1, 3-propanedianmine in 1 nL of 1-nethyl-2-pyrrolidinone at 105C
for 16 hour AralysisforeCAdHIZIINGOpF 046 IHZ chl or 0-4- (1-net hyl -1

H i m dazol - 2-yl sul fanyl ) - phenyl am no] - 7- {[ 3-

(di met hyl am or 1] - B oxyqui nol i ne-3-carbonitrile as a tan
solid, np 1‘%%@@%@%%@ qﬁ'ggi tive ion node): mz calcd for

C26H28CI N70S: 521.2, found: 522.4 (MrH)+. Analysis for C26H28CI N70S . 0. 75
H2O Cal cd: Foun88C.39.8FHH,5.B5N, M1.788. 31 15 Found: C, 58.00; H, 5.16; N,
17.93. Exanple 30 4-f3-Chloro-4-(1-nethyl-1

H i m dazol - Z= ) lﬂgé@nyl ) - phenvl am nol - 7- {f 3

(di et hyl aMTlé%@r-opyl | - met hyl am no} - 6- met hoxVgui nol i ne-3-carbonitrile

Fol l owi ng the procedure used to prepare Exanple 27, 150 ng (0.34 mmol) of
4-13 20 6hl (ﬂr-hs2A:QiqhImlﬁmeihoxvphenvl)amin01-7-(2-methoxvethoxv)—3-

H i m dazol - él é !4- . henyl am no] - 7-f | uor o- 6-
met hoxyqui n LXAO%H %a%l(y Il)rﬂeotri le is reacted with 238 ng (2.05 mvol) of N, N,

N - trimethyl-1,3-propanedianmine in 1 nL of 1-nethyl -Z-S%rrol i di none _at
105C for 16 Fallewing ttheyipsoagdare) yRgdofio 4.Prepags| Examale 115y dri{g.4-gichloro-5-

H-i m dazol - %@%’{h??ﬁh%ﬂ?’l}%ntﬁiH?/]l;}-ﬂuoro-s-quinolinecarbonitrile (300 mg, 0.83 mmol) and 2-

phenyl am no] | ) am nopr opyl ] - met hyl am no%- 6- met hoxyqui_ngl i ne- 3
25 car boni t rimeshexy)eihangh priyidea 194na o6 44(@14-dichigr-ptretheyyphenyhaming 7iede) -

m z cal ) f of 4R ARG ARiinaRRcabohifiE] thp PE81d3°C.
MS 416.1 (M-H)-
Analysis for CooH47C1:N5O3
Calcd: C, 57.43; H, 4.10; N, 10.05.
Found: C, 57.36; H, 4.09; N, 9.89.

15 Example 34

4-[(2 .4-Dichlorophenyl)amino]-7-(2-methoxyethoxy)-3-gquinolinecarbonitrile

A mixture of 4-chloro-7-(2-methoxyethoxy)-3-quinolinecarbonitrile (262 mg, 1.0
mmol), 2,4-dichloroaniline (195 mg, 1.2 mmol) and pyridine hydrochloride (140 mg,
1.2 mmol) in 10 mL of 2-ethoxyethanol is heated at reflux for 30 minutes. The
20 reaction mixture is cooled to room temperature partitioned between ethyl acetate and
saturated sodium bicarbonate. The organic layer is washed with a 1-: 1 mixture of
saturated sodium bicarbonate and 5 N sodium hydroxide. The organic layer is dried
over magnesium sulfate, filtered and concentrated in vacuo. Purification by column

chromatography, eluting with a gradient of 1 : 1 ethyl acetate : hexane to all ethyl
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(M+H) +. 64 WD 03/093241 PCT/ US03/ 13149 Analysis for C27H30CI N70S 0.50 H20
Calcd: C, 59.49; H 5.73; N, 17.99 Found: C, 59.61; H, 5.59; N, 17.84.
Exanpl e 3¥03349%24L PCT/US03/13149

4- Di chl or o- 5- met hoxvphenvl ) am nol - 7-f 3- (4- met hyl ) pi per azi n- 1-yl ) pr opoxyl - 3-
qui nol i necarbonitrile Follow ng the procedure used to prepare Exanple 15,
4-[(2, 4-di chl oro-5- net hoxyphenyl)am no]-7-fl uoro-3-qui nolinecarbonitrile
(200 ng, 0.55 nmol) and 3- (4-nethyl)piperazin-1 -yl)propanol provided 71
rrgl ;)f 4- [(2aéetehecblrcwtdbs51GSDbmgétdiwii(@ﬂediwmphemd)amWW((Z-WUWF‘JWWB%Zi n-1
-yl ) propoxy | i necar 154-155C. M5 497.9 (M Anal ysi s
for C25H27CHINBEECA ”gre' q%ﬁ 45 éc gg 32; H, 5.60; N, 13. 530 H)15 Found:
C, 58.32; H 5.30; N, 13.28. Example 32 4- f(2

4- Di chl or o- 39880 xXMgilenv| ) am nol - 7-f (1- met hyl pi peri di n- 4-yl ) met hoxyl - 3-

gui nol i necarboni tril e Fol l owi ng the procedure used to prepare Exanple 15,
4-1(2, 4-di CIA ngEfO OH,.CL.N

met hoxyphenyn% e 1D 3- qui nol i necarbonitrile (200 ng, 0.55 mol)
and 1- methyl-1 - p| perldl ne- 4- net hanol provides 75 ng of

4-[(2, 4-9i clﬂalmlb -G-580%8; b3 \89h Bin§0.8ami no] - 7-[ (1

- met hyl pi peri di n-4-yl) met hoxy] - 3-qui nol i necarbonitrile, np 191-193C. M
468.8 (M H) koung: C, 58.86; H, 3.90; N, 10.76.

Example 35

6-Methoxy-7-(4-methylpiperazin-1-yI)-4-(4-phenoxyphenylamino)-quinoline-3-

carbonitrile

10 A reaction mixture of 0.12 g (0.38 mmol) of 4-chloro-6-methoxy-7-(4-methylpiperazin-
1-yl)-quinoline-3-carbonitrile, 0.077 g (0.42 mmol) of 4-phenoxyaniline and 0.044 g
(0.38 mmol) of pyridine hydrochloride in 2 ml of 2-ethoxyethanol is heated at 115°C
for 45 minutes. After cooling, the mixture is filtered, washed with cold 2-
ethoxyethanol, then ethyl acetate. After drying in vacuo, the solid is suspended in a

15 saturated solution of sodium carbonate, stirred for 45 minutes and collected by
filtration. The reaction product is washed with water and dried in vacuo, to provide
0.11 g of 6-methoxy-7-(4-methylpiperazin-1-yl)-4-(4-phenoxyphenylamino)-quinoline-
3-carbonitrile as a yellow solid, mp softens at 93 °C.

MS(ES, negative ion mode): m/z calcd for CasHzrNsO2: 465.2, found: 464.2 (M-H)".
20  Analysis for CogHoyN5O2-1.0 H,O

Calcd: C, 69.55; H, 6.04; N, 14.48.

Found: C, 69.68; H, 5.83; N, 14.40.

The following Examples 36-40 are obtained analogously by the method of Example
17 and the corresponding alcohol.

25
67



65 WD 03/ 093241 PCT/ US03/ 13149 Analysis for C24H24C12N402 - 0.6 H20 Cal cd:
C, 59.78; H 5.27; N, 11.62. Found: C, 59.87; H 5.11; N, 11.70. Exanple
33 5 4-[ (wod3mahi or o- 5- met hoxyphenyl ) am nol - 7- ( 2- met hoxy @Chaxsyy/13349
gui nol i necarbonitrile Follow ng the procedure used to prepare Exanple 15,
4-1(2, 4-di chl or o-5- net hoxyphenyl ) am no] - 7-fl uor o- 3- qui nol i necarbonitrile
(300 ng, 0.83 mml) and 2- (nethoxy) ethanol provides 194 ng of
4-1 (2, 4-di chl or o- 5- net hoxyphenyl )am no] -7-(2- 10
met hoxy) et h@&xgnpB-3pui nol i necarbonitrile, np 182-183C. Ms 416.1 (M H)
Anal ysis for C20H17Cl 2N3Q3 Cal cd: C, 57.43; H, 4.10; N, 10.05. Found: C
57.36; H 4.09 ,N. .
4-Di chl or opfe ~ lch%ro %_e v}
m xture of 4-chloro-7-(2-nmethoxyet hoxy)-3-qui nolinecarbonitrile (262 ny,
1.0 nmmol), MP 470 EHGr Mass spee 41B%(ERy+) 1.2 mmol ) and pyri di ne
hydrochloride (140 ng, 1.2 mol) in 10 nL of 2-ethoxyethanol is heated at
reflux for m eg,%_os The 20 reaction mxture is cooled to room
terrperature%g-lllp,1 ned between ethyl acetate and saturated sodium
bi carbonate. The organlc | ayer is washed W|th al @1 mxture of
sat urat el s ddi2mDiinetnybonemtiEoxyploryl)a Brne ethnHEUne
dried over DESHHM sulfate, filtered and concentrat ed in vacuo.
Purificatiori‘gay?—cofl-mm chromat ography, eluting with a gradient of 1 : 1
ethyl acetate : hexane to all ethyl 66

MP 143-145°C; Mass spec. 408.2 (ES +)

uinoline-3- carbonltrlle
i

Example 38

4-[(2-Chloro-5-methoxyphenyl)amino]-6-methoxy-7-(2-methoxyethoxy)quinoline-3-

10  carbonitrile
MP 179-181°C; Mass spec. 412.2 (ES -)

Example 39

6-Methoxy-7-(2-methoxyethoxy)-4-[(5-methoxy-2-methylphenyl)amino]-quinoline-3-

carbonitrile
15 MP 116-119°C; Mass spec.394.2 (ES +)

Example 40

4-[(2.4-Dimethylphenyl)amino]-6-methoxy-7-(2-methoxyethoxy)quinoline-3-

carbonitrile
MP 107-109°C; Mass spec. 378.2 (ES +)

20  The following Examples 41-52 are obtained analogously by the method of Example
16 and the corresponding alcohol.
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WO 03/093241 PCT/ US03/ 13149 acetate provides 103 ng of

4-[ (2, 4-di chl or ophenyl ) am no] - 7- ( 2- net hoxyet hoxy) - 3- qui nol i necarbonitrile,
np 144- 148C.03M32888. 0 (M H) Analysis for G 9HL5C12N302 5 @arawo3/(31458. 78;
H 3.89; N, 10.82. Found: C, 58.86; H, 3.90; N, 10.76. Exanple 35

6- Met hoxy- 7- (4- et hyl pi per azi n-1-yl) - 4- (4- phenoxyphenyl am no) - qui nol i ne- 3-
carbonitrile 10 A reaction m xture of 0.12 g (0.38 mmol) of

4- chl or o- 6- met hoxy- 7- (4- et hyl pi perazin- 1-yl)-quinoline-3-carbonitrile,
0.077 g (0. £ampt@ 41 of 4- phenoxyaniline and 0.044 g (0.38 mml) of
pyridine hydrochloride in 2 m of 2-ethoxyethanol is heated at 115C for 45
m nutes. Aft i gdawith cold 2-

et hoxyet han 0, the solid is
suspended i yhmel®xglatinpknesgtc emnmlgn of sodium carbonate, stirred for 45

m nutes and collected by filtration. The reaction product is washed with

wat er and dr, u O g of
6- met hoxy-7 l\%lgd%?g'rz%ﬁa%i q‘cg?%szslp% \ﬁb%%) (%S 4- phenoxyphenyl am no) - qui nol i ne-

3-carbonitrile as a yel I ow solid, np softens at 93 C. MS(ES, negative ion
node) : nbz dadacwbld4? C28H27N502: 465.2, found: 464.2 (MH)-. 20 Analysis
for 028H27N502 1.0 HZO Calcd: C, 69.55; H 6. 04 N, 14.48. Found: C,

anal ogously ; resbonolng al cohol . 25

67 vl)methoxv]qumohne -3- carbonltrlle

Y,

MP 160-162°C; Mass spec 461.3 (ES +)

Example 43

10  B8-Methoxy-4-[(5-methoxy-2-methylphenyl)aminol-7-[(1-methylpiperidine-4-

vlYmethoxylquinoline-3-carbonitrile

MP >250°C; Mass spec. 445.2 (ES -)

Example 44

4-[(2-Chloro-5-methoxyphenyl)amino}-6-methoxy-7-[(1-methylpiperidine-4-

15  yl)methoxylquinoline-3-carbonitrile

MP 106-108°C; Mass spec. 467.2 (ES +)

Example 45

4-[(2.4-Dimethylphenyl)amino]-6-methoxy-7-[(1-methylpiperidine-4-

vhmethoxylguinoline-3-carbonitrile

20 MP 190-191°C; Mass spec. 429.2 (ES -)
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WO 03/ 093241 PCT/ US03/ 13149 Exanple 36 4-f(2

4- Di chor ophenyl ) am nol - 6- met hoxv- 7- ( 2- net hoxvet hoxv) qui nol i ne-3-carbonitril
e M 170WwOd¥og3241VEss spec. 415.9 (ES +) Exanple 37 5 4-f @PRT/US03/13149

4- Di et hyl - 5- met hoxyphenyl ) am nol - 6- net hoxv- 7- ( 2- met hoxyet hoxy) gui nol i ne-
3-carbonitrile MP 143-145C, Mass spec. 408.2 (ES +) Exanple 38 4-f

(2- Chl or o- 5- met hoxyphenyl ) am nol - 6- met hoxv- 7- ( 2- met hoxyet hoxy) gui nol i ne- 3-
10 carbonitrile MP 179-181 C, Mass spec. 412.2 (ES -) Exanple 39

6- Met hoxy- 7-Bxampet4eoxvet hoxv) - 4- f

(5- met hoxv- 2- nethylphenyl)anlnol qui nol i ne- 3- carbonitrile 15 NP 116- 119C,
Mass spec.394 : e, ;

4- Di et hyl plret

carbonltrllmﬂ@ 378 2 (ES +) 20 The foll ow ng Exanpl es
41-52 are obtai ned anal ogously by the nethod of Exanple 16 and the

correspondi L cohal. /933’733 RCT/ US03/ 13149  Exanple 41 4-f(2
4-Di chl orop%@ﬂ?gﬁﬁ%l -qge-ls\é% %é XY= 1%? t hyl pi peri di ne- 4-
yl ) met hoxyl gui nol i ne-3-carbonitrile

5 Example 47

4-[(2-Chloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(1-methylpiperidine-4-

vl)propoxylquinolineg-3-carbonitrile

MP 117-120°C; Mass spec. 485.2 (ES +)

Example 48

10  6-Methoxy-4-[(5-methoxy-2-methylphenyl)amino]-7-[3-(1-methylpiperidine-4-

vl)propoxylauinoline-3-carbonitrile

MP 163-166°C; Mass spec. 475.3 (ES +)

Example 49

4-[(2.4-Dimethylphenyl)aminol-6-methoxy-7-[3(1-methylpiperidine-4-

15  vl)propoxylquinoline-3-carbonitrile

MP 159-162°C; Mass spec. 459.3 (ES +)

Example 50

4-[(2.4-Dichloro-5-methoxyphenyl)aminol-6-methoxy-7-[3-(4-methyl-1-

piperazinyl)propoxylauinoline-3-carbonitrile

20 MP 125-128°C; High Resolution Mass Spec. :5630.17274 calc’'d: 530.17203
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MP 224-225C;, Mass spec. 469.0 (ES -) 5 Exanple 42 4-f(2

4- Di met hyl - 5- met hoxyphenyl ) am nol - 6- net hoxy- 7-f ( 1- net hyl pi peri di ne- 4-

yl ) met hoxybgaiopaki ne- 3-carbonitrile MP 160-162C, Mass spe®CEBBIB1JIES +)
Exanmpl e 43 10

6- Met hoxy- 4-f ( 5- net hoxy- 2- met hyl phenyl ) am nol - 7-f (1- et hyl pi peri di ne- 4-

yl ) met hoxyl qui nol i ne-3-carbonitrile M >250C, Mass spec. 445.2 (ES -)
Exanpl e 44 4-f(2-Chl oro-5- net hoxyphenyl ) am nol - 6- met hoxy- 7-f

(1- net hyl pi Eamdiertss- 4- 15 yl ) net hoxyl qui nol i ne-3-carbonitrile MP 106-108C;
Mass spec. 467.2 (ES +) Exanple 45 4-[(2

4-Di met hy| phapy} 1 el Bzl

yl ) met hoxyl = 5= ;

- ) 69 WO 03i<d3@4ainBiPE-8igabonBld9 Exanpl e 46 4-f (2

4- Di chl or o- 5- net hoxVphenyl ) am nol - 6- net hoxv- 7-f 3- ( 1- net hvl pi peri di ne- 4-

)éi(;ﬁ{)f)goz%/l s ?&Hgg"(ﬁ CaKAQQQE;BJci. Ls?s.ﬂ/P(E%ﬁ)' 145C, Mass spec. 529.2 (ES +) 5

4-f (2- Chl or o- 5- net hoxyphenyl ) am nol - 6- met hoxv- 7-f 3- (1- net hvl pi peri di ne- 4-
yl ) propoXvl dixample 5&- 3-carbonitrile MP 117-120C, Mass spec. 485.2 (ES +)

4-1(2.4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[(1-methylpiperidine-2-

ylYmethoxylquinoline-3-carbonitrile

MP 178-179°C; Mass spec. 499.0 (ES -)

Example 53 is obtained analogously by the method of Example 1 and the

10  corresponding alcohol.

Example 53

4-[(2,4-Dichloro-5-methoxyphenylamino]-6-methoxy-7-(piperidin-4-

vimethoxvy)quinoline-3-carbonitrile

MP 134-138°C; Mass spec. 485.3 (ES-)

15 The following Examples 54-57 are obtained analogously by the method of Example

27 and the corresponding amine.

Example 54

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-{[3-(dimethylamino)propyllamino}-6-

methoxyquinoline-3-carbonitrile

20 MP 165-167°C; Mass spec. 474.1 (ES+)
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Exanpl e 48 10

6- Met hoxy- 4- f ( 5- net hoxv- 2- net hyl phenVl ) am nol - 7- 13- ( 1- et hvl pi peri di ne- 4-
yl ) pr opoxwbgaiog2lti ne- 3-carbonitrile MP 163-166C, Mass spe®CTABBI/BIYES +)
Exanmpl e 49 4-r(2

4- Di met hyl phenyl ) am nol - 6- net hoxv- 7-[ 3( 1- net hvl pi peri di ne-4- 15

| propoxvl qui nol i ne-3-carbonitrile MP 159-162C, Mass spec. 459.3 (ES +)
Exanple 50 4-f (2

4- Di chl or o- Exambled8/phenyl ) am nol - 6- met hoxv-7- ( 3- (4- net hyl - | -

pi per azi nyl ) propoxvl qui nol i ne-3-carbonitrile 20 MP 125-128C; High

Resol ut i on . 4 B30 17203 70 WO 03/ 093241
G5, 793!
PCT/ US03/ 13%_ odnbhifn .'ﬁ” 3 _ N

4- Di chl or o- dimethytamintenedyilameéthvllamingl{Btmethoyyquiinalinedreasbouiyile) net hoxyl - 6-
met hoxygui nol i ne-3-carbonitrile MP 192-195C, Mass spec. 515.2 (ES +) 5
Exanpl e 52

4-Di chl or o- 5- nef?{oxvp%én\l\/qaf%ﬁ?%coﬁsg2r$gtsﬁoxv- 7-f (1- met hyl pi peri di ne- 2-
yl) met hoxyl qui nol i ne-3-carbonitrile MP 178-179C; Mass spec. 499.0 (ES -)

Exanpl e 53 iExaobteehb@ed anal ogously by the nethod of Exanple 1 and the 10
correspondi ng al cohol. Exanple 53 4-f(2

4-Di chl oro- 51. E—rﬁé‘}f&rj&- -V )'ax I nvﬁarﬂﬁBPQWe’tﬂoWW R@-“ di n- 4-

yl met hoxy) gun IIUI FTres 3=car ponT tr
methoxyethyllaminolquinoline-3- carbonltrlle

D

MP 165-166°C ; Mass spec. 445.1 (ES-)

Example 57

10  6-Methoxy-7-(1-methyl-piperidin-4-ylmethoxy)-4-{[4-(pyridin-3-yloxy)-

phenyllaminolquinoline-3-carbonitrile

Following the procedure used to prepare Reference Example 22, a mixture of 4-
chloro-6- methoxy-7-[(1-methylpiperidin-4-yl)methoxy]quinoline-3-carbonitrile (200
mg, 0.58 mmol) and 4-(pyridin-3-yloxy)phenylamine (161.5 mg, 0.87 mmol)

15  (Cacciola, J.; Fevig, J. M.; Stouten, P. F. W.; Alexander, R. S.; Knabb, R. M.; Wexler,
R. W. Bioorg. Med. Chem. Let. 2000, 10, 1253) provides 203 mg of 6-methoxy-7-[(1-
methylpiperidin-4-yl)methoxy]-4-{[4-(pyridin-3-yloxy)phenyllamino}quinoline-3-
carbonitrile, mp 182-184 °C.

MS 496.3 (M+H)*
20  Analysis for CogHogNsOs- 0.6 HCI
Calcd: C, 67.30, H 5.77, N 13.54.

Found: C, 67.23, H 5.65, N 13.38.
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MP 134-138C; Mass spec. 485.3 (ES-) 15 The foll ow ng Exanpl es 54-57 are

obt ai ned anal ogously by the nethod of Exanple 27 and the correspondi ng

am ne. BxwopBooB41 4-f (2 PCT/US03/13149

4- Di chl or o- 5- net hoxvphenvl ) am nol - 7- f f 3- (di net hyl am no) pr opyl | am no} - 6-

met hoxygui nol i ne-3-carbonitrile 20 MP 165-167C ; Mass spec. 474.1 (ES+) 71
WO 03/ 093241 PCT/ US03/ 13149 Exanple 55 4-f(2

4- Di chl or o- 5- net hoxyphenyl ) am nol - 7- {f 3-

(di met hyl ambxajpteo®® | | ( met hyl ) am nol - 6- net hoxygui nol i ne-3-carbonitrile M
116- 117 C ; Mass spec. 486.2 (ES—) 5 Exanple 56 4-f(2
4-Di chl or o- 5

nmet hoxyet hyl
(ES-) Examlﬁmmgmmg}gw

6- Met hoxy- 7- (1- et hyl - pi peri di n- 4-yl nmet hoxy) - 4- {f 4- (Pyri di n- 3- VI oxy) -
phenyl | am n 3- car bonitrile Follow ng the procedure used to
prepare Ref y%%g%&%ﬁ% a mxture of 4- chloro-6-

met hoxy- 7-[ ( 1- net hyl pi peri d| n- 4-yl ) met hoxy] qui nol i ne-3-carbonitrile (200
my, O. 585nmﬁmm&@-(pyri di n- 3-yl oxy) phenyl anmine (161.5 ng, 0.87 mmol) 15
(Cacciola, J.; Fevig, J. M; Stouten, P. F. W; Al exander, R S.; Knabb, R

M Vexler, 4524%clﬁ5@%&et%%he@l%ﬁnnb% meAR99.7-Amolkk)-4pr ovi des 203 N
of 6-met hoxy T (I-

met hyl pi per i ¥irapvi)amineiavinalingr3-gabpnitriieyy r i di n- 3- yl oxy) phenyl ] ani no} qui nol i ne
-3- carbonitrile, np 182-184 C.

MS 516.1 (ES+)

SS Spec. 445.1

Example 60

10 4-[(2,4—dichIoro-.5-methoxvphenvl)amino]-7-(2,2-diethoxvethoxv)—6-methoxvquinoline-

3-carbonitrile

MS 506.2 (ES+)

73



M5 496.3 (M+H)+ 20 Anal ysis for C29H29N503- 0.6 HCI Calcd: C, 67.30, H
5.77, N 13.54. Found: C, 67.23, H5.65, N 13.38. 72 WD 03/093241

PCT/ US03/WBb4@932Exanpl e 58 4-r (2 PCT/US03/13149

4- di chl or o- 5- met hoxyphenyl ) am nol - 6- net hoxv- 7- { f 3- (4- net hyl pi per azi n- 1-

yl ) propyl | am no) gui nol i ne-3-carbonitrile M5 529.2 (ES+) 5 Exanple 59 4-f(2
4- di chl or o- 5- met hoxyphenyl ) am nol - 6- net hoxv- 7-f ( 3- mor phdi n- 4-

yl pr opyl )am nol &%nol i ne-3-carbonitrile M 516.1 (ES+) Exanple 60 10 4-f(2
4-di chl oro- 5 xyphenyl )am nol -7-(2

2- di et hoxyet hoxy) - 6- net hoxygui nol i ne- 3-carbonitrile M5 506.2 (ES+) 73 WD

03/ 093241 PG/ USOBHIctEES forPrébdiRgla 7AuBSRGEE-3- Lﬁﬁollﬁée@raﬁmﬁéloﬁe carbonitrile
7-substi tut ed-3-qui noli ne or quinol one carboni le of Formula (l1): W

(1A) A of Formula (1):
WI
S0
R®X

(1A)

A
5  wherein: :> is a ring of formula

Q 1
| /%/CN
~
N
H or \N/

and
X is selected from —O-, -S-, -NH-, and —-NR?-;
W’ is H or —-OR?;
10 qis an integer of 0-5;
m is an integer of 0-2;
n is an integer of 2-5;

R' is an alkyl group of 1 to 6 carbon atoms, a cycloalkyl group of 3 to 10 carbon
atoms, or an aryl, or heteroaryl ring, said aryl or heteroaryl ring is optionally fused to
15 an additional aryl or heteroaryl ring, said aryl or heteroaryl rings optionally fused may
optionally be substituted with 1 to 4 substituents independently selected from the
group consisting of -J, -NOp, -NH,, -OH, -SH, -CN, -N; -COOH, -CONH,,
-NHC(O)NH,, -C(O)H, -CFs, -OCF;, -R* -OR?, -NHR?, -NR*R*, -S(0).,R*, -NHSO,R?,
-R°0OH, -R°OR* -R°NH,, -R°NHR? -R°NR’R?, -R°SH, -R°S(O),R* -NHRPOH,
20 -N(RYR°OH, -N(RHRPOR®, -NHR®NH,, -NHR°NHR® -NHR°NR*R* -N(R*R®NH,,
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5 wherein: is aring of formula O CNNHRL YI CNNT Hor Nand X is
selected from-0-, -S-, -NH, and -NR 2' ; WisHor-OR3; 10 q is an integer
of 0-5; WwWopiog/ogar4i nteger of 0-2; n is an integer of 2-5; PRI/USSI/ax4al Kyl
group of 1 to 6 carbon atons, a cycloal kyl group of 3 to 10 carbon atons,
or an aryl, or heteroaryl ring, said aryl or heteroaryl ring is optionally
fused to 15 an additional aryl or heteroaryl ring, said aryl or heteroaryl

ri ngs optional fuse tional ]y be substltuted W|th1to4
substituents- | "i)/( @Hﬁeﬁ 1 rOm Qe -QRF° O, cOENER m@RSNHR], - N2,
-NH2, - OH, -@-ﬂ;ﬁ - 0)8ONNRC(0 WO) NH2, -C(OH, -CF3, -OCF3,
-R4, -OR4, -NHR4, - NR 4 4 - S( O) n1-){ - NHéOE - R50H -R50R4, - R5NH2,

- R5NHR4, - R5NR4 4, 5s - R5S( O NHR6OH, N( R4 - N(R4) REOR4,
- NHRE6NH2i - NF B B EB 1@((132151 r\iF@)O 4 \Q&wﬂ%g&’z@i % )‘
PCT/ US03/ 13149(;?\' F\ip{ HFR4 R

4R

0) 2,
- OR6NHR4, - OO R4, - R4, N NHF$4, “ ig g“,i”
- NHR5C( O) 4, @(@Nﬁhh - TP BFCRA", - g’}@ﬁh iz, -G F Cé an@sﬂ%ﬁ/‘ R'R,
-R5C(O) R4, - Bag M QgtoupRaké@Ords mdaoe‘iﬁ(a%\k@eote@ﬁ%%wﬁﬁqc(mo-, -0C(0)-,

-C(O)NH-, -NHC(Q)-, -NHSO,-, -SO,NH-, -C(OH)H-, -Q(C(R%).),", -(C(R%),),,
-(C(RB)Z)qQ-, -C=C-, cis- and trans -CH=CH- and cycloalkyl of 3-10 carbon atoms;
Q is —O-, -8(O)i-, -NH-, or -NR%-;

10 Jis halogen selected from fluoro, chloro, bromo and iodo;
R?, R? and R®are each independently selected from
an alkyl group of 1 to 6 carbon atoms, an alkenyl group of 2 to 6 carbon atoms

or an alkynyl group of 2 to 6 carbon atoms, wherein each independent alkyl, alkenyl
or alkynyl group is optionally substituted with -NO,, cyano, or -QR*, or R%, R* and R®
15  are each independently selected from

~-(C(R®)y)q-aryl, -(C(R%2)q -heteroaryl, ~(C(R®)p)-heterocyclyl,
-(C(R®)2)n-Q-(C(R®),)q-aryl, -(C(R%)2)n-Q-(C(R®)2)-heteroaryl,
~(C(R%)2)a-Q-(C(R®),)q-heterocyclyl, -(C(R®)2)n-Q-(C(R®)n)r-Q-aryl,

~(C(R%2)n-Q-(C(R®)2)-Q-heteroaryl,  and  -(C(R®).)-Q-(C(R®).)-Q-heterocyclyl,
20 wherein the heterocyclyl group may optionally be substituted on carbon or nitrogen

with a group selected from -R* ~(C(R®).)q-aryl, ~(C(R®))s-heteroaryl,

~(C(R®)2)q-heterocyclyl, -(C(R®),)-SO:R*, or the heterocyclyl group may optionally be

substituted on carbon by -(C(R®),)-QR?, or the heterocyclyl group may optionally be

substituted on nitrogen by ~(C(R%).),-QR*, and also wherein the aryl or heteroaryl
25  group may optionally be substituted with a group selected from

-NO,, cyano, -R*, -(C(R®))qaryl, -(C(R®)2)q-heteroaryl, -(C(R®).),-heterocyclyl,
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5 RRC(O NRAR4, -R50C(O R4, -R50C(O NH2i -R50C(O NHR4 and - R50C( O NR4R4, and
-YR7 groups wherein Y is independently selected from-C(O-, -C(0)0-,
-0C(O -, wWoGs@ I, -NHC(O) -, -NHSO02-, -SO02NH, -C(OH) H , PCQUSIR8ND) g-,
-(C(R8)2)g2 -(C(R8)2)gQ, -C=C-, cis- and trans -CH=CH and cycl oal kyl of
3-10 carbon atonms; Qis -0-, -S(Om, -NH, or -NR9-; 10 J is hal ogen
selected fromfl uoro chloro, brono and iodo; R2, R2' and R3 are each
independently ) rom an_ alk roup of 1 to 6 carbon ZAatons,

al kenyl group QS% ; g’eB ,ca'f‘%dfp(é‘tlai/m@% aps furthgiprovigeduihabfR*2aned i mvbon
at oms, wher eopticradi bk RIRPESERAS AWK nitdIgks ﬁ’d\':vhncﬁfthé@:' al% "e\ﬁécr%oup s

optlonally substituted with -NO2, cyano, or -QR4, and R3 15 are
S & Ry 2) b naTEaLy BRI S By @@gﬁ%@&ﬁhﬂh Rt e
-(C(R8)2)"Q e&a.ﬁ@)az)m@ﬁoafmrseheaed frotRRAlty ahd- aﬁm?rwr%é(@lrylsald

R8) 2 )2)n Q het'eroaryl, and
(L R8) 2) - O EeHAH ReQi ey eriphal bcittn eRSHRIOR ORI Wi Gup
may opti Onal IngLipe-FS‘!JblS'fsa'bltﬁﬁé#o@ybll@&Tn@%a@bpﬂbﬂa’ll?%“sub‘é‘h%o?c)ngE]:é’ltt')B S%k/eft led

gheterocycly

from-R4, 2) Q- het er oar (X

_(C(R8) 2) g- sé@ qoﬁgRt’ ﬁ)élsweﬁ‘é%w)eh W'”Qg’f”éhﬁWW"bB?ﬁB‘?ﬁéW‘?d Bl nitregers thivt-ut ed
on carbon by RAR);q QR4, or the heterocyclyl group may optionally be
substituted on nitrogen by -(C(R8)2)"QR4, and al so wherein the aryl or

het er oar yl substituted with a group sel ected

|
from - NO2, c;'z'/za %r i %E@tﬁé%a P p%ntly selecies) oy afkyt %frbK’r@Par on atoms,

- (C( R8) 2)0- halkengioy eliy b .carbbhn amq@%(na%a%ﬂw JPERb SR h3GPs; - (C(R8) 2) gSC2R4,
and - (C(R8)2)g- Q?4 and further prowd that R2 and R 2' may optlonally be

t aken togeth nitra are attached, formng
het er ocycl i cﬁs %G %X@Fﬂtgg@updg%e ﬁ@‘wﬂe?ﬁg (?%R@ kvl £ Ho iSscaspen @FPJW Wy an
alkenyl of 2 to 6 carbon atoms, and alkynyl of 2 to 6 carbon atoms;

R° is a divalent alkyl group of 2 to 6 carbon atoms;

R’ is a cycloalkyl ring of 3 to 10 carbon atoms optionally substituted with one or

15 more alkyl groups of 1 to 6 carbon atoms or an aryl or heteroaryl ring, optionally
fused to an additional aryl or heteroaryl ring, wherein said aryl or heteroaryl ring
optionally fused, may optionally be substituted with 1 to 4 substituents selected from
the group consisting of aryl, -CHy-aryl, -NH-aryl, -O-aryl, -S(O)naryl, -J, -NOs, -NH,,
-OH, -8H, -CN, -N3, -COOH, -CONH, -NHC(O)NHj, -C(O)H, -CF,, -OCF,, -R*,

20 -OR?* -NHR*, -NR'R?, -S(0),R*, -NHSO,R* -R°0H, -R°OR?, -R®NH,, -R°NHR*,
-R°NR'R?, -R°SH, -R°S(0)mR*, -NHR®OH, -NHR®OR?, -N(R*)R°OH, -N(R*)R°OR?,
-NHR®NH,, -NHR®NHR*, -NHRENR*R?, -N(R*)R°NH,, -N(R*)R°NHR*,
-N(R*)R°NHR’R?, -OR°OH, -OR°OR?, -OR°NH,, -OR®NHR", -OR°NR*R*, -OC(O)R*,
-NHC(O)R?, -NHC(O)NHR*, -OR°C(0)R*, -NHR’C(O)R*,C(O)R?, -C(O)OR,

25 -C(O)NHR?, -C(O)NR'R*, -R°C(O)H, -R°C(O)R*, -R°C(O)OH, -R°C(O)OR’,
-R°C(O)NH;, -R°C(O)NHR?, -R°C(O)NR*R?, -R°OC(O)R?, -R*OC(O)NHs,
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addi tional heteroatom sel ected from nitrogen, oxygen and sul fur, wherein
said 5 forned heterocyclic ring may optionally be substituted on carbon or
ni t r ogen wotob/0g82¢gr oup - R4, or said heterocyclic ring nay epTiuseaidly be
substituted on carbon by - (C(R8)2)g-QR4, or said heterocyclic ring may
optionally be substituted on nitrogen by - (C(R8)2)n-QR4; R4 is a
nonoval ent group i ndependently selected fromalkyl of 1 to 6 carbon atons,
10 al kenyl of 2 to 6 carbon atons, gmd al kynyl of 2 to 6 carbon atons; R5
is a di val entRQUEMNHRIape RQRO)NB&Rect ed from al kyl of 1 to 6 carbon
atons, alkenyl of 2 to 6 carbon atons, and al kynyl of 2 to 6 carbon atons;
R6 is a di vaReptindddehbiedlyQHibraR%2 to 6 carbon atoms; R7 is a cycloal kyl
ring of 3 to 10 carbon atoms optionally substituted with one or 15 nore
al kyl groups of 1 to 6 carbon atons or an aryl or heteroaryl ring,
optionally F‘u%mﬁo‘@{e'ﬁ@&iy{Q@H&F’f hig/P caPORgiBaryl ring, wherein said
aryl or heteroaryl ring optionally fused, may optionally be substituted
with 1 to 4 gMbfdd &wyea@ SsstEhaeihednblea™ mbﬁteOgusmy@ncpamﬁiaﬁ& ¥iRg hating )b 12
-CHZ aryl, -NHary -0-aryl, -S(Omaryl, -J, -NO2, -NH2, -0OH, -SH, -CN,
~ cOaH, C%fé‘lﬂ? OMNHC( O NH2, - (O H, - CF3, -OCF3, -R4, 20 -OR4, - NHR4,
-NR4R4 -S(O R4, -NHSQ2R4, -R50H, - R5OR4, - R5NH2, -R5NHR4 - R5SNR4R4,
- RSSH, - R5S( G aithry Id&HB@GlﬂereuﬁJHB&ﬁBéa SM@Mﬁﬁbd andofdis RaERAhich cOMRGBIH2
- NHR6NHR4, - NHR6NR4R4 - r_!\i%m% NH2, R6NHR4, - N(R4 R4R4 - OR6CH,
- ORGOR4, 4R Ry differqqty Cﬁé‘zd HeL ey RiR4,
- OR5C( O R4, o%ﬁ%@@@uﬁm,qqm C(O)CR4 25 C(O)NHR4 C(O)NR4R4,
-R5C(OH -RSC(O R4, -R5C(OOH, -RSC(OOR4, -R5C(O NH2, -R5C(O NHR4,

-R5C(O NR4AR4, -R5 0 O NH2, 76 WD .03/093241 PCT/ US03/.13149
“R50C(0) N H2pd *E?% @gdﬁ‘@%@&% %Qwﬁgte%or Ba”'ﬂ'g’eti%??g‘érﬁﬁ%moplo@’rc{'c padical
10  containing 3 to 8 ring atoms selected from carbon, nitrogen, oxygen and sulfur with at

least 1 and preferably 1 to 4, more preferably 1 to 2 nitrogen, oxygen or sulfur as ring
atoms;

which comprises reacting a corresponding compound of Formula (lIA)

15 (HA)

wherein: :D is as defined above; with a compound of the formula R®XH, where X

is selected from =S-, -O-, -NH-, and -NR?- and where R? and R? are as defined

above or R? and R? may optionally be taken together with the nitrogen to which each

is attached to form a heterocyclic ring, and in the presence of a base, when X is —O-
20  or —S-, to provide a 7-substituted-3-quinolinecarbonitrile of Formula (I1A)

WI
1
R%X
(IA)
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RO is a nonoval ent al kyl group of 1 to 6 carbon atons; wherein aryl as used
herein denotes a nono or bi-cyclic aromatic ring having 6 to 12 5 carbon
at ons, heweroeasizh1 as used herein denotes a 5 or 6 nenber edCarusnE1ilgd ri ng,
which contains 1 to 4 heteroatons which nmay be the sanme or different
selected fromnitrogen, oxygen and sulfur; and heterocyclyl denotes a
saturated or partially unsaturated nonocycl i c radical 10 containing 3 to 8
ring atons sel ected from carbon, nitrogen, %/ en and sulfur with at | east
1 and pref er 88flyif B0 gesiredngprvertingr ar %FQOLI‘dtQ offintliaodBh 1o o yegErRSRANSN f ur
as ring atoasﬁamv&uegmemgrraéd Rbld et bPdcehvefiérs PRBERII 2R MR 08 hicred,
Formula (I1A) ' ITA) whefein: Ais as defined above; wth a
conpound of CARVarHGNes crpeanendifg hasmagaytisallveascertapleosalt & a cempoungkpf, and
-NR 2" - and pehRiig (IR3 by @BAveRtomdl thatmsdef i ned  above or R2' and R2 may
optionally be taken toget her with the nitrogen to which each 1is attached
to forma_heterocyclic ring, and in the presence of a base, when X is -0 20
or -S-, 9 provi de a 7-substituted-3-quinolinecarbonitrile of Formula (IA)
WO QA R 2 X (I'A) 77 WD 03/093241 PCT/US03/13149 and if so desired

converting a2conmp@usdcsss &@bmﬂgato(dla% 1 i@ vhigPthe@dRPodhd 8f foRfalh TRCIdd g2l | Y
acceptabl e salt. by conventi or\a me&ugstltand i f. so desired,

starting material is a 7-fluoro-4 uted amino)-3-quinolinecarbonitrile of formula
2
NHR'
w' N CN
~
F N
2

10  which is prepared by a process comprising the following steps:

a) reacting a 7-fluoro-4-oxo-1,4-dihydro-3-quinolinecarbonitrile of Formula (11)

with a halogenating reagent to provide a 7-fluoro-3-quinolinecarbonitrile 1 where Z
is Cl or Br

15 1

and
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converting the correspondi ng pharmaceutically acceptable salt to a conpound
of Formula (1A) by conventional nmeans. 5 2. A process according to claim1l
i n whi ch wbhasommpound of formula Il A used as starting naPEeTIEn3/i1H4R
7-fluoro-4-(substituted am no)-3-quinolinecarbonitrile of formula 2 NHR1
W I LCN FN 2 10 which is prepared by a process conprising the

foll ow ng steps: a) reactinga o I ¢ E a () 0 W
7f|uoro4oxo 4-di hydr o-3-qui nol i necarbonitrile of Fornula ) !
ON F Rt Feaetn |tBee?1§wrﬁg3 fngfirearbgniiearerticy of formula’ 1 With an
7-fl uoro 3 qU| BMing\6aRs Rpmular RINM, Linhe bReséned 8f dridPe HtroehloWe to brotile aF N -
151 and 78 V\D 03/093241 PCT/ US03/ 13149
7-fluoro-4-(substituted amino)-3-quinolinecarbonitrile of formula 2
NHR'
w! X CN
2
F N
2

5 as defined in claim 1.

3. A process according to claim 1 in which the product of formula (IA) is a 7-
substituted-4-oxo-1,4-dihydro-3-quinolinecarbonitrile of Formula 3

0
w' CN
| ;
2 N
R2X N

3
and this is converted to a compound of formula (I) by process comprising the
10 following steps:

a) reacting with a halogenating reagent to provide a 7-substituted-4-halo-3-
quinolinecarbonitrile 4 where Z is Cl or Br

i
Wmm
R2X N7

4

b) reacting the 7-substituted-4-halo-3-quinolinecarbonitrile of step a) with an
15 amine R'NH; in the presence of pyridine hydrochloride to afford a 7-substituted-
3-quinolinecarbonitrile of Formula (1)
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b) reacting the 7-fluoro-3-quinolinecarbonitrile product of formula 1 wth
an amine of the formula R NH2 in the presence of pyridine hydrochloride to
provi de awo3fbarer o- 4- (substituted am no) - 3- qui nol i necar be@airtusod/es1ef
formula 2 NHRL W | L CN F 2 5 as defined in claiml. 3. A process
according to claim1l in which the product of formula (1A) is a 7-

substi t ut ed- 4- oxo- 1, 4- di hydro-3-q uinolinecarbonitrile of Formula 3 0 W
CN )Ce YH R2X N 3 and this is converted to a conpound of formula (1) by
process conprising the 10 follow ng stepiyHRa) reacting with a hal ogenating
reagent to provide a 7-substitute® QNI nol i necarbonitrile 4 where
Zis O or Br z W CN LRXN 4 eacting the .

7-substi t ut ed- 4- hal o- 3- qui nol i neggekb©0 NFe of step a) with an

and if so desired converting a compound of Formula (I) to a corresponding

pharmaceutically acceptable salt by conventional means, and if so desired,

converting the corresponding pharmaceutically acceptable salt to a compound of
5 Formula (I) by conventional means.

4. A process according to any one of Claims 1 to 3 wherein the halogenating
reagent is phosphorous oxychloride or phosphorous oxybromide.

5. A process according to any one of Claims 1 to 4 wherein R' is substituted
aryl.
10 e A process according to any one of Claims 1 to 4 wherein R’ is selected from

2,4~dichloro-5-methoxyphenyl;
Cyclopentyl;
Butyl;
3,4,5-trimethoxyphenyl;
15 8-Chloro-4- (1-methyl-1H-imidazol-2-yl)sulfanyl]pheny!;
2,4-Dichorophenyl;
2-Chloro-5-methoxyphenyl;
5-methoxy-2-methylphenyl and

2,4-Dimethylphenyl.
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15 amne R NH2 in the presence of pyridine hydrochloride to afford a
7-substituted- 3-quinolinecarbonitrile of Formula (1) 79 WO 03/093241

PCT/ USO3/WBD140932MHRL W | L CN R2X N (I) and if so desi pea/usosivant i ng a
conmpound of Forrmula (I) to a corresponding pharnmaceutically acceptable
salt by conventional nmeans, and if so desired, converting the

correspondi ng pharmaceutically acceptable salt to a conpound of 5 Formula
(1) by conventiongl neans. 4. rocess according to any one of Clainms 1 to

A
3 wherein thé hal O ﬂ%?ﬁsrﬂfco%grﬁnyi%’eﬁé’ﬁm@ﬂcm@ wherehl%is & @r-S- and
phosphor ous epteirosaile bade i SRIRERS FoMCHORMAINE, (RIREN NP A§dte, oAIUTE shat © 4
wherein RL is (aﬁbfqtgl t.élt ed aryl. 10 6. A process accordi hg to any one of
Cains 1 to PYHYWIIR1 is selected from 2, 4- di chl or o- 5- met hoxyphenyl ;
Cyclopentyl; Butyl; 3,4,5-trimethoxyphenyl; 15 3-Chloro-4- (1l-nethyl-1
H-i m dazol - 28yl ) sAl paoysd pbeoniing to2CKINDIZC APERIANSRM base is sodium or sodium
2- Chl or o-i- nﬁt%o yphenyl ; 5-net hoxy- 2- net hyl phenyl and
2, 4- Di et hyl phehyt . 80

9. A process according to any one of claims 1 to 8 wherein R? is selected from
one of the following:

2-butynyl;
3-dimethylamino-2,2-dimethylpropyl;
10 3-(1 ,1-dioxido-4-thiomorphdlinyl)propyl;
2-[2-(1-piperazinyl)ethoxy]ethyl;
2-thienylmethyl;
benzyl; ethyl;
phenyl;
15 2-methoxyethyl;
pyridin-4-yl;
2-(1-methylpiperidin-4-yi)ethyl;
2-(1-methyl-3-piperidinyl)methyl
2-(1-methyl-4-piperidinyl)methyl;
20 2-(2-methoxy)ethyl;
3-(dimethylamino)propyl;

3-(4-ethyl-1-piperazinyl)propyl;
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WO 03/093241 PCT/ US03/ 13149 7. A process according to any one of clains 1
to 6 wherein Xis -0- or -S and wherein said base is selected from

pot assi urwopotgizsi um hydri de, sodium and sodi um hydri de. PBT/USOpIIIEESS
according to Caim?7 wherein said base is sodiumor sodium 5 hydride. 9. A
process according to any one of clainms 1 to 8 wherein R2 is sel ected_from
one of the follow ng: 2-butynyl; 3-dinethylam no-2, 2-di net hyl propyl; 10

- - di oxi go- 41 hi: hol 1 n ropyl; 2-[2-(l -p iperazinyl)ethoxy]
2t fnlﬂ 1 dIZ?i(L?‘gw&fh&ﬁ'ﬁeﬁa[&b‘gw@%%%gt hS%/; phenyl; 15 2-nethoxyet hyl ;
pyridin-4-yl; 2-(1-nmethyl piperidin-4-yl)ethyl; 2-(1

- met hyl - 3- pi P&ehdiray@H-pyaniyimgthgll - et hyl - 4- pi peri di nyl ) met hyl; 20
2- (2- net hoxy) et hyl ; 3-(di net hyl am no) propyl; 3-(4-ethyl-1

(EI Prg[ ﬁi,: BYL%’??'%@%E%%&%%%%ggr zﬁ%ufgg’/zlﬁ&ggr an-2-yl methyl;

(3-(dimethylamino)propyl)methyl

5  (1-methylpiperidin-4-yl)methyl;
3-(1-methylpiperidine-4-yl)propyl;
3-(4-methyl-1-piperazinyl)propyl;
(1-ethylpiperidine-4-yl)methyl;
(1-methylpiperidine-2-yl)methyl;

10 piperidin-4-ylmethyl;
and
3-(dimethylamino)propyl.

10. A process according to to any one of claims 1 to 6 wherein X is ~NH- or —
NR®- and where R? and R® may optionally be taken together with the nitrogen to
15 which each is attached to form a heterocyclic ring.

11. A process according to claim 10 wherein XR? is selected from
4-methylpiperazin-1-yl or (4-pyrrolidin-1-ylpiperidin-1 -yl).

12, A process according to any one of claims 1 to 4 for the preparation of a
compound selected from the group consisting of:

20 7-(2-Butynyloxy)-4-[(2,4-dichloro-5-methoxyphenyl)amino]-G-methoxy—3-
quinolinecarbonitrile;
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3- (1-net hyl pi peridin-4-yl)propyl; (3-(dinmethylam no)propyl)nethyl 5
(1-nethyl pi peridin-4-yl)methyl; 3-(1 -nmethylpiperidine-4-yl)propyl;

3- (4- met hyb-03/09qiper azi nyl ) propyl ;  (1-ethyl pi peridi ne- 4- pCrmesoiydig9

(1-net hyl pi peridi ne-2-yl)nmethyl; 10 piperidin-4-ylmethyl; and _

3- (di met hyl am no) propyl. 10. A process according to to any one of claims 1
to 6 wherein Xis -NH or - NR2' - and where R2' and R2 may optionally be

taken together with the nitrogen to 15 which each is attached to forma
het er ocycl i c4il{gdyDichioroR-pethedpheariamioeing(3-dmethylaming- 2/ dimsthylxesoxy s
sel ected fromméhoRLByuPbRficadondier YI or (4-pyrrolidin-1 -ylpiperidin-1
-yl). 12. A process according to any one of clainms 1 to 4 for tpe -
ti f C ound sel ected fromthe group consisting of:

7 (2 But yny! SA4-RIgGo b e BRKEPETS AR AengPYpino] - 6- mot hoxy- 3-

ui nol i necar Edrhbriphbiriy))BrpYe) S3hBP3 R 3-dJofrblinSR &R chiid? _
?1- [ (2,4-D chl oro- g netyrzfgjxygﬁémél ) am ﬁn’c;)]d_ﬁ7_ (I3- di et hyl am no- 2, 2- di net hyl prop

- 6-neth - 3-qui nol i necarbonitril.e;

2712, 2 5 ot B R anP RO rethory T-@H31-do- -
t hi onor phol i piple)airapekvky]6theRp) g insimabaBehitriecar boni trile; 5
4-[(2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 6- met hoxy-7-{2-[2- (1

i ' - 3- qui ' rbonitrile;
pi perazinyl )ﬁz[&?ﬁsﬂcﬁomg-)éy%etﬁox %Ihgr(w)}llliarrﬁr(fo -6-methoxy-7-(2-thienylmethoxy)-3-
quinolinecarbonitrile;

7-Benzyloxy-4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-
10 quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-ethylsulfanyl-6-methoxy-3-
quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-phenylsulfanyl-3-
quinolinecarbonitrile;

15 4-Cyclopentylamino-6-methoxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile;
4-Butylamino-6-methoxy-7-(2-methoxyethoxy)-3-quinolinecarbonitrile;

7-Benzylthio-4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-
quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-(pyridin-4-yloxy)-3-
20  quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[2-(1-methylpiperidin-4-
yl)ethoxy]-3-quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[2-methoxyethoxy]-3-
quinolinecarbonitrile;
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4-[(2, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 6- met hoxy- 7- (2- t hi enyl net hoxy) - 3-
3”‘532?2;{13\;;:)233;@52{ I4I gl chl or o- 5- met hoxyphenyl ) am no] - 6- net RETYSB3/131@9

?lw[ ?(2)| Llngcgmgplot r5I Irrgt hoxyphenyl ) am no] - 7- et hyl sul f anyl - 6- met hoxy- 3-

Zm[ ?gl Lngcg:ﬂboni e he 29 nQJ] 6- net hox henyl sul f anyl -

qui nol i necar ban %ﬁlﬁoro-%%gth yph nmaml 0[-6- methoxy-% -2- (l? methyl-3-

trile
4- Cycl opent y piperidioylfmetboxg:8yquindlidecabbraunest hoxy) - 3- qui nol i necar boni tril e;
4- %tyl gn‘i ng 6- met hoxy- 7- ( 2- met hoxyet hoxy) 3- qU| nol i necarboni trile;

i 6- met hoxy- 3-

7- Fﬁgﬁ'i};g;?gg%{{ g):cﬁ‘ﬂo% %%&F\gx %hg}?);lgml n%él oxy-7 (2)](1 mer{r?yl-4- Y-

u
?1 [(2,4-Di chD@eudIByl)T'eeth@iw-Bkmnndllmecrarbmiutﬂ&; met hoxy- 7- (pyri di n-4-yl oxy)-3- 20
qui nol i necarbonitril e; Chvl o peri din. 4
4 [|(2 t4h[3 C]h b%ﬁé}ﬁl& - -%@éﬁ@g‘g %@?F{g&o AS?rlmet%oxyp%enyl{amngl ot YLPP
;1 %/()264 %Xghnwﬂghr@cmphM@fphenyl ) am no] - 6- met hoxy- 7- [ 2- met hoxyet hoxy] - 3-
qui nol i necarbonitrile; 83 WO 03/093241 PCT/ USB3/ 135%41?n }gl vl -3
4-[(2,4-Dich lp t__yt ne
pi peri di nyl )lrsr-g{iﬂ ﬁg qui W’ﬁpnecar%gﬁh ﬁ]q"@ 8% s 2t Ofyphi”:]’ IamZI-O] -3
4-[(2, 4-Di chﬂ@ﬂ@mcmphlm@phenyl)am noj - 6- met hoxy 7-[2- (1-net hy
pi peri di nyl ) met hoxy] - 3- qui nol i necarbonitrile;

6- Met hoxy- 7- E%U@EIB@W Ry et-hfidasbiasy )gulp%ylﬁ]p% xﬁpaml 9 .erhoc]xil%-[z 2-

| i necarbonitril
gu:\/gghlox%QY Wi%@ﬂWﬂr%@ulh@llm&eakar}lﬁet hoxy] -4-[(3, 4, 5-tri met hoxyphenyl)a
m noj - 3-

4-({3-Chloro-4-[(1-methyl-1 H-imidazol-2-yl)sulfanyl]phenyl}amino)-7-[3-
(dimethylamino)propoxy]-6-(2-methoxyethoxy)- 3-quinolinecarbonitrile;

4-({3-Chloro-4-[(1-methyl-1 H-imidazol-2-yl)suIfanyl]phenyl}amino)—7—[3-(4-ethyl-1 -
piperazinyl)propoxy]-6-(2-methoxyethoxy)- 3-quinolinecarbonitrile;

15 4-[(2,4-DichIoro-5-methoxyphenyl)amino]-6-[2-methoxyethoxy]-7-[(1-
methylpiperidine-4-yl)methoxy]3-quinolinecarbonitrile;

4—[(2,4-DichIoro-5-methoxyphenyl)amino]-6-ethoxy-7-(2-methoxyethoxy)3-
quinolinecarbonitrile;

4-[(2,4-DichIoro-5—methoxyphenyl)amino]-S-methoxy-?-(tetrahydro—2H-pyran-2-
20 ylmethoxy)3-quinolinecarbonitrile;

4—[(2,4—Dichloro-5-methoxyphenyl)amino]-7-(2-methoxyethoxy)-6-(2-morpholin-4—
ylethoxy)3-quinolinecarbonitrile;

4-[3-Chloro-4-(1-methyl-1 H-imidazol-2-ylsuIfanyl)-phenylamino]-6-methoxy-7-(4-
methylpiperazin-1-yl)-quinoline-3-carbonitrile;
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qui nol i necarbonitrile; 4-({3-Chloro-4-[(1-nethyl-

H i m dazol - 2-yl ) sul fanyl ] phenyl } am no) - 6- met hoxy-7-[ 2-(2- 10

nmet hoxy) ewb@s99328t qui nol i necarbonitrile; 4-({3-Chloro-4-[ PCTrEsosydi49d
H i m dazol - 2-yl ) sul fanyl ] phenyl } am no) - 7- [ 3- _ _ o
(di nmet hyl am no) pr opoxy] - 6- ( 2- met hoxyet hoxy) - 3-qui nol i necarbonitrile;
4-({3-Chl oro-4-[ (1-nethyl -

ot o] )prﬂs%%i{ﬁh?nxz%ﬁipﬁét%v%ﬁw@% o emeiinaridnd 15

4-[ (2, 4- Di chiyhpoppiamihdlouyphenycamonmag, 6- [ 2- met hoxyet hoxy] - 7- [ (1-
nmet hyl pi peri di ne- 4- yl)nethoxy]3 qU|noI|necarbon|tr|Ie

4-1(2, 4-Di chI 5 | 6- et -7- (2 met hoxyet hoxy) 3-
qw[ Elol i necar bg[ﬁg%rﬁ?rf) F‘?‘%Fﬂ% 'ﬁa@ﬁ‘ﬂ%% Lgfaﬂﬂbp ek {-Jl&mi

noj - 6- met hoxyellﬁhe(l’tyeam&impcbplyl}aramb& pyi&RoXquidBline-3-carbonitrile;

yl met hoxy) 3- qui nol i necarbonitril e;

4-1(2, 4- hi h i -7-(2- thox et hox 6- ( 2- nor phol i n-
4- [ 3(/| et h(%(g:/) Ofé(ubuh OrEE“ @ g‘@‘éﬁ"?ﬂ{ﬁ %azi%g'%l"éﬂvl'g%eﬁé Inplet- 1@51

| - 2{giineth () tiaiarinb}-6-nhet Minoline=3-carbonitril
rrHe!t hmytjglzgeraé?in 1y;aiar;ny(jl))drqr?lgﬁn#em§a car{)onltrdls)?g;m 84 V\f)ar()???lorb%Ml

41 (2, 4D chi st DR R SYRRERA BN FErBs Y eipgrazin - vipvorso for din-
4- yl ) propyl pamphnﬂcqrbonmmlene 3-carbonitrile; 4-[3-Chloro-4-(1-nethyl-
i m dazol - 2-yl sul fanyl) - phenyl am no] - 7- {[ 3-

H i
[ hyl ne- 3-.car ile; 5

(0 et ) amien A S Ao RN R 201 FSs eIk 5

(di met hyl@ni numpﬁmytb]onmdehyl am no} - 6- met hoxyqui nol i ne-3-carboni trile;

4-[(2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 7-[ 3- (4- net hyl ) pi per azi n- 1-yl ) propo

xy]

2
yl-3- qui noLl'—[(fzﬁﬁfctﬂw?b-ts%étﬂbxyphenyl)amino]-7-(2-methoxyethoxy)—3-
quinolinecarbonitrile;

4-[(2,4-Dichorophenyl)amino}-6-methoxy-7-(2-methoxyethoxy)quinoline-3- .
carbonitrile;

15 4-[(2,4-Dimethyl-5—methoxypheny|)amino]-6-methoxy-7-(2-methoxyethoxy)quinoline-
3-carbonitrile;

4-[(2-Ch|oro-5-methoxyphenyl)amino]-6-methoxy-7-(2—methoxyethoxy)quinoline-3—
carbonitrile;

6—Methoxy-7-(2-methoxyethoxy)-4-[(5-methoxy-2—methylphenyl)amino]-quinoline-3-
20  carbonitrile;

4-[(2,4—Dimethylphenyl)amino]-6—methoxy—7-(2-methoxyethoxy)quinoline-3-
carbonitrile;

4-[(2,4-Dichlorophenyl)amino]-6-methoxy-7-[(1-methylpiperidine-4-
yl)methoxy]quinoline-3-carbonitrile;
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4-[(2, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 7- [ (1- et hyl

Lt Zd' 4-yl ) met hoxy]-3- 10 qui nolinecarbonitrile;

i peridin-4- - 3- ;
2- F( 2, 4- DvohiBo9x246- met hoxyphenyl ) am no] - 7- ( 2- met hoxyet hoxPrTAr503/13149

ui nol i necarbonitrile; _ _
?1- [ (2, 4- Di chor ophenyl ) am no] - 6- met hoxy- 7- ( 2- net hoxyet hoxy) qui nol i ne- 3-
carbonitrile; 15 .

i et = B: ] -6-net h - 7- ( 2- met hoxyet hoxy) qui nol

(2 D B R ST Ao L6 Mathon -1t mibondr g Y)
4- [ ( 2- Chl or oylmethbkydayipdizeyd-satonifie; 6- met hoxy- 7- ( 2- met hoxyet hoxy) qui nol i ne-
g- I\/E?ngm- 7rl Nale tnq >24nle(t5 thl XY- 2- tf;xl ﬁhe_nyl. .am no] - qui nol i ne

3220 car bod MATpU S L merSigRemifaningl- R ethyibindrdine 4
4-[(2, 4-Di rrevlh’yétbha,{’jqwmmimbrﬁadzarﬁenﬁ'enéjoxy- 7- ( 2- met hoxyet hoxy) qui nol i ne- 3-
carbonitrile; . o

- -Dy ' - 6- net hoxy-7-1 (1- hyl pi peri di ne- 4-
1) ot nowy] actaar o st R TRbIe s Bosieh Bosrdens: 13140
4-[ (2, 4- Di neyhpethexyiguihoivehearponiaitg; no] - 6- met hoxy- 7- [ (1- met hyl pi peri di ne- 4-
yl ) met hoxy] qui nol i ne-3-carbonitrile; . . vl of peri di ne. 4.
i ) et hoxy] detee prapie B P PRt A - hreliyitiperddine - P P
Z- % En; Chl )c/)r glenetb@Xymmiea;a-Qeammm]é 6- met hoxy- 7- [ (1- met hyl pi peri di ne- 4-
yl') met hoxy] qui nol i ne- 3-carbonitrile; ot di ne- 4.
4-[(2, 4- Di meL fys | pigRibld- 80 ik, Bn S QWO_]-%}{]&%E)Q)EJ}-W—(1Q|I”n%ﬁ\ry'lp|6eridine-4—
yl') met hoxy] qui nol i ne- 3-carbonr'tri I.e>, _ o
4-[ (2, 4-H chylprenosylawineting pisarbpnitdiai no] - 6- et hoxy- 7- [ 3- (1- met hyl pi peri di ne-
4-

4-[(2-ChIoro-5-methoxyphenyl)amino]-6-methoxy-7—[3-( 1-methylpiperidine-4-
yhpropoxy]quinoline-3-carbonitrile;

6—Methoxy-4-[(5-methoxy-2-methylphenyl)amino]-7—[3-(1 -methylpiperidine-4-
yl)propoxylquinoline-3-carbonitrile:

15 4-[(2,4—Dimethylphenyl)amino]-6-methoxy-7—[3(1-methylpiperidine-4-
yhpropoxy]quinoline-3-carbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy—7-[3-(4-methyl-1 -
piperazinyl)propoxy]quinoline-3-carbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-[(1 -ethylpiperidine-4-yl)methoxy]-6-
20  methoxyquinoline-3-carbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7—[(1 -methylpiperidine-2-
yl)methoxy]quinoline-3-carbonitrile:

4-[(2,4-DichIoro-5-methoxyphenyl)amino]-6-methoxy-7-(piperidin-4-
yimethoxy)quinoline-3-carbonitrile;
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10 yl) propoxy] qui noline-3-carbonitrile; _ o
4- [ {2) Chl or o- 5- met hoxyphenyl ) am no] - 6- net hoxy- 7- [ 3- (1- et hyl pi peri di ne- 4-
yl ) pr opoxypgaiopakti ne- 3- car bonitril e; _ PCT/US03/13149
6- Met hoxy- 4- [ ( 5- net hoxy- 2- et hyl phenyl ) am no] - 7- [ 3- ( 1- net hyl pi peri di ne- 4-

yl) propoxy] qui nol i ne-3-carbonitrile; 15 _ o

4-[(2, 4- Di net hyl phenyl ) am no] - 6- net hoxy- 7- [ 3( 1- net hyl pi peri di ne- 4-

212, 4 D chtdPar BRI SR RRBnphr eIl g Rt Ry rmim o puiaTige-o-

Eli F?rzazl nDiyL%]I or o- éwr;g?ng?y%ﬂg%@?%%bggi : r7I I[((al et hyl pi peri di ne-4-yl) met hoxy]
i (§O4m§ E%JE@AQ%H;? 8)59%? boﬂlf’é\\maﬁmojg st hoxy- 7-[ (1- et hyl pi peri di ne- 2-

[
| ) met hoxy] q(gimethylamird)pphifniethiyi)bmino]-6- -methoxyquinoline-3-carbonitrile; and
[ (2, 4- Di chl or o- 5- met hoxypheny! ') am no] - 6- met hoxy- 7- ( pi peri di n- 4-

4-
2

| met h tr 03/ 09 1 PCT/ US03/ 13149 _
Z- [n(az, ZX%? gﬁ%@@ 04@%Pr@{igxy%ﬁé’ﬁ'ﬁh?'yrpia%']oj%or{‘f’%ofﬁﬁéf hyl ani no) pr opyl } ani no} -
6- net hoxyquinetioxyeghyd)arainblgninblind-8tarbonitrile.
4-[(2, 4- D chl or o- 5- mret hoxyphenyl ) am no] - 7-{[ 3-
( h
5
c
4

[
[ ' b trile; and

T2 4D S or SRR i 0P B e Of 7 sompound sclectod

met hoxyét hylf)“@rmtlﬂﬂ)gquuprwoh$|sterg33fnar bonitrile. 13. A process according to

Claiml for the preparation of a conpound selected fromthe group
OF?IZSZI ancﬁ% & op 'gﬂlf/) cSphenm)e]m'?O (Zﬁ@FWc?%}{/eé?%MWPﬁ'gr‘?aﬁléorbﬁr"@ér bonitrile;

6- But oxy-4-[ (2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 7- ( 2- net hoxyet hoxy) - 3-

10 © 6- Butoxy -4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-(2- methoxyethoxy)-3-

quinolinecarbonitrile;

10

6-Methoxy-7-(4-methylpiperazin-1 -yl)-4-(4-phenoxyphenylamino)-quinoline-3-
carbonitrile;

4—[(2,4-dichIoro-5-methoxyphenyl)amino]-6-methoxy-7-{[3—(4-methylpiperazin-1 -
15  vyl)propyllamino}quinoline-3-carbonitrile;

4-[(2,4-dichloro-5-methoxyphenyl)amino]—G-methoxy-?-[(3-morphdin-4—
ylpropyl)amino]quinoline-3-carbonitrile;

4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-(2,2-diethoxyethoxy)-6-methoxyquinoline—
3-carbonitrile;

20  and

6-Methoxy-7-(1 -methyl-piperidin-4-ylmethoxy)-4-{[4-(pyridin-3-yloxy)-
phenyllamino}quinoline-3-carbonitrile

14. A process according to Claim 1 for the preparation of a compound selected from
the group consisting of:

25 6-Methoxy-7-(2-methoxyethoxy)-4-oxo-1,4,-dihydro-3-quinolinecarbonitrile;
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qui nol i necarbonitrile;

6- Met hoxy- 7- (4- met hyl pi per azi n-1-yl) - 4- (4- phenoxyphenyl am no) - qui nol i ne- 3-
car boni t rwbe3/093241 PCT/US03/13149

4-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 6- met hoxy- 7- {[ 3- (4- net hyl pi per azi n-
1- 15 yl ) propyl]am no}qui noline-3-carbonitrile;

4-[(2, 4-di chl or o- 5- rret hoxyphenyl ) am no] - 6- met hoxy- 7- [ ( 3- nor phdi n- 4-

yl pr opyI ) am ne arbonitr o o

4-[(2, 4-di chI%Q‘]ﬂ%H ﬁwﬁi*&ﬁé?m‘?r%w ﬁ{b]‘l-' o hasliydeaayineliee-fwrybonitilgeantbxy qui
nol i ne- 3-carbonitrile; 20 and

6- Met hoxy - 7- F4(2r¥ethykyeffiopey-4-dkoH -gihyroqanstinesd-¢drBodipe. i di n- 3-yl oxy) -
phenyl ] am no} qui nol i ne-3-carbonitrile 14. A process according to Claim1l
for the preparation of a compound selected from the group consisting of:
25

6- Met hoxy- 7- ( 2- met hoxyet hoxy) - 4- oxo- 1, 4, - di hydr o- 3- qui nol i necarbonitrile;
87 WD 03/093241 PCT/ US03/ 13149

6- Met hoxy- 7- ( 4- met hyl - pi perazi n-1-yl) - 4-oxo- 1, 4- di hydr oqui nol i ne- 3- car boni t
rile; and 7-(2-Methoxyethoxy)-4-o0xo-1, 4-di hydroqui noline-3-carbonitrile.
88
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