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PCT/ US03/ 13149 *166166* HE PREPARATI ON OF

7- SUBSTI W E3093243U1 NOL | NEWM -4- ONE CARBONI TRI LEGI/HSBAGKSROUND OF
THE | NVENTI ON Thi s invention rgl@es to a process for the preparation of
7-substituted-3- quinolinecarbonitriles and internedi ates useful in a
process to prepare 7-substituted- 3-quinolinecarbonitriles and

phar macerdtdesal For 2BE REPARAFISH|AFS 7+ 4UBSEIIUTERY BREINDLI NG oS 3 QUENe2O¥E t hat
cat al yzecarpeoNtTRINEEer of a phosphate group 10 from ATP to an am no acid
~residue, such as tyrosine, serine, threonine, or histidine on a protein.
Regul ation of these protein kinases is essential for the control of a wide
variety of cellular events including %irol i feration and mgration. Specific

protein 5ki nases have been BASKGREBVYD QF dHEINYENTYAYi t i ons i ncl udi ng
cancer [Traxier, Exp. Opin. Ther. Patents, 8, 1599 (1998); Bridges,

A J., Emer 9' ng ?h%g@aer?lonZF tde 16 1OBRkbss "f@rsfh%n&%bérah&ﬁ”o? Sisﬁlbstnﬁted Jr ends

Car di ovas Shaw,  Trends Pharnacol . 401
(1995)], at nemmeogrmlt@lef rad insermegliategy useﬁ#'dé@&éwss threpg'Pﬂ éq@@'@atfd-

angi ogenesi g %lm ? 1997); Fol kman,
J., Nature Medi Ci @efr?oﬂfgl?eg(alng gﬁ}&n&aér%ﬁ %?%B%ﬁ%@?ga%stgé%é’( J. din.

| nvest. 90, 1622 (1992)] and stroke ( , Nature Medi ci ne,
7(2), 222(2001) . PAgtepokipdses@re @@Zm%@ﬁh?ﬁ\ta'bfzwhecfmﬂ%%r?éé RAGSRIATE, GEPUP

i nhi bi t9hs AonPRPPab ANt ARG IdeR feksRig SsuchadidyRshell 644, thrBofiRe, drrm@mmm of
cancer is inportant. The conpounds di scl osed in \W9843960 éﬁ 002, 008)

are 3- qui neniTRElIbAIRAUiEtipa ofitiese RIGIeIBKINASES i§ aseentiahfaring rgrobe ?)Y"!ﬁeel n
tyrosine Ki %gége@ﬁ‘@ellmé?eéwnté hdibng peafdrBitn ahd Crﬁ@%ﬂon T@e&ﬁ@r;ﬁ&%ﬂi i oned

conpounds hav en 25 prepared by processes which are ef tive for the
initial prepeses di\ﬁVQ)Pe@"aFQf@lCé@d 'B@ﬁﬂ?&%@@d‘t'ﬂawwm%car?@w ﬁ-ﬁ’ﬂx lefi Pedi ve

al ternate SCE%rpC@pm THEPOPARALs, 81 ALY (RSbisRt BsdgaseAul,, iEmdrGm m:ag@r@tzm of
3-quinolinecarbontrile derivatives is desired. Addi t i naIP ired is an
al ternatld prd2e®b resteppendMatissony st T rangde Cagdiovas. Med. 8)'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 WQ09843960 (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
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qui nol i necarbonitriles. 30 A further series of new 3-quinoj¢mecagl®nitriles
which are also highly effective inhibitors of protein tyrosine kinases and
usef ul i WQHR¥IPBRHat nent of cancer are disclosed in publiBEEUSE&HII49cat i on
WO 00/ 18740. Suitable processes for the 1 1 ILLEILIL 1EEE VILE VLT T~
L1~ 111 1t *000002* IS OCT 2006 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

pr epar at i onpuiparationaf drauindlinecarbenitrilesate gegerived dherginplowevertbereus stithat he
preparationpnghy 35 qgés M kdlegar hop ts[lftébtﬁ’é méthGddibor! el B@phfaBéh B NinpBftagancer .

5 Therefore, netho to prepare 7-substituted-3-quinolinecarbonitriles and

i nt er medi at édenmedicdes and Hoal predyots pealyldn dne ereparatiopfof greunolipggaseonirifesj s an
obj ect of tRhis,i iH‘fﬁzFfréé}Hmehgon{a%érde an alternate process to prepare 7-
0

substi t ut ed-3-qui nol I necarbonitrifles and internedi ates useful in a process
to prepare 7-substituted-3-quinolinecarbonitriles which are hj g&l y
ef fectiv® as i nhiThpteinrs, dnethads gp oPieParekinetbstitutpsle3-guinplinecarbornifrileg ransk  of

cancer. |t ideRboftbSf!taitaldthair hpaRkibABrd & Jealiafile a nove process for

the preparation o -substituted-3-quinolinecarbonitriles by displacenent
of the 7-fluoro gr.oup of 7- fluoro-4-(substituted
ani no) qui nol i necdlr B eRigqt&f this investiop o proMEe apIHIEFIAIHPracEFS 1 PRFRATE Gn t o

provide a nQugiitRE§2ERMdIiRECdrbGhitrifee dHIGRRFAbHIRIs Useful in a process to prepare
7-substi tut ed-4-oxo-1, 4-di hydro- 3-qui nol.i necarbonitriles by displacenent

of the 7-fl| doyubstikingp-geinglineraibeatries whiah argi Righly oefiective as inhibitors of

qui nol i RECaRRBINtKdsES usEM IETHeNBN: Scabl, | NVENTI ON The present
i nvention provides a process for the preparation of 7-substituted- 20

3-quinolinecarbonitriles of Fornula, It) . .
It is an object of this inventioh 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 (1)

NHR'
W' A\ CN
R2X N7

wherein:



NHRL W CN R2X N (I) wherein: 2 1 9 OCT 2006 WO 03/093241

PCT/ US03/ 13149 X is selected from-0-, -S-, -NH, and - NR1# 0CT 2006

Wi sHor - OF@03/0§241s an integer of 0-5; 5 mis an integer UFT/US@/BM% s an
integer of 2-5; R1L is an alkyl group of 1 to 6 carbon atons, a cycl oal kyl
group of 3 to 10 carbon atons, or an aryl of 6 to 12 carbon atons, 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 nmenbered aromatic ring noiety containing at |east one and up to 4

het eroatons selected fromO, S, and N, said aryl or heteroaryl rings

optional ly )Jlggggc{ég)f Ucand) | yyHeaspbggrtuted with 1 to 4 substituents
i ndependently sel ecte fromthe group consisting of -J, -NQ(err),

-NH(err), -OH, -SH, , -N(err), -COOH, -CONH(err), -NHC(O)NH(err),
-C(OH, - Mér'ﬂ"or (err), -R(err), -OR(err), -NHR(err), -NR(err)R(err),
-S(O(err)R(err), -NHSO err)R(err), 15 -R(err)OH, -R(err)OR(err),

-R(err) NH( eryi} anii %405—R5NR4R4 -R5SH, -R(err)S(O (err)R4, -NHR6OH,
-N(R4) R6OH, - N(R4) “NHR6NH2, - NHR6NHR4, -NHR(err)NR(err)R(err),
-N(R4) R6NH2, - N(R( er(r\ﬁ)q) R&er r) NHR( err), -N(R4) R6NHR4R4, - OR(err) OH,
CRGCR(ePr) m'SGQ(‘QYerg - OR6NHR4, - OR6NR4AR4, -OC(O R(err),
-NHC( O) R4, - NHC( O NHR4, CR5C(O)R4, -NHRSC(O R4, - C(O R4, -C(O OR4,

-C(O NHR4, (G GhMéd,of 25;5C(O H, -RSC(O R 4, -R 5C(O OH, 20 R5C( O OR4,

- -R5C(ONH2, -R(err)C(ONHR(err), -R(err)C(ONR(err)R(err),

RS S O ) ot ) 0502 A e X R I ) e
selected fr (mme(c@)an, aryl$f@ €0 12 e&660atoms, G Qetdrbaryl ngC(sé)):l aryl-or heteroaryl
ring is optionally fused to an additional aryl or heteroaryl ring, wherein heteroary! 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, -OCF;, -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(RY)RPOH, -N(R)RPOR®, -NHR®NH,, -NHR®NHR® -NHR®NR*R? -N(R*)R®NH,,
-N(RYRENHR®, -N(RY)R°NHR’R®- ORPOH, -OR°OR® -OR°®NH, -OR°®NHR*, -
OR°NR‘R*, -OC(Q)R*, -NHC(O)R*, -NHC(O)NHR* -OR°C(0O)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*, -R°C(O)NH,, -R°C(O)NHR®  -R°C(O)NR*R?, -R°OC(O)R? -
R30C(O)NH,, -R*OC(O)NHR* and -R*OC(O)NR*R*, and -YR’ groups wherein Y is
independently selected from -C(O)-, -C(0)O-, -OC(O)-, -C(O)NH-, -NHC(O)-, -
NHSO,-, -SO;NH-, -C(OH)H-, -Q(C(RB)z)q-, '(C(Ra)g)q', «(C(R8),)qQ-, -C=C-, cis- and
trans -CH=CH- and cycloalkyi of 3-10 carbon atoms;

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

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

3



NHSO2-, -SO02NH, -C(OHH, -QC(R(err))(err))g-, -(C(R(err))(err))g-,
-(C(R8)2)gqQ, -C=C-, cis- and trans -CH=CH and cycl oal kyll !OOCE-ZQ(E car bon
atons; 23%¥Q@Y3/e93249-, -S(Om, -NH,.or -NRO9-; J is hal ogenPEBUBEXISHIf r om
fluoro, chloro, bronmp and iodo; R2, R2' and R3 are each independently
selected from3 1 1 OCT 2006 WO 03/093241 PCT/ US03/13149 an al kyl 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 atonms, wherein each i ndependent al kyl, al kenyl or

%IZ kyr%! g(r]I owp dllg/l gmu'pcnia!tbéﬁ st a’a)?nsealn alkehy! ghiidpeofrd to & garhon aloms-@@Rd, or
: an ar.e eac n S e

Carerty) ClRYhral i 2 Y6 S e REICPach We""?’g‘h@% gremt or
SRR B R E s R A o
e RS T P A O

- (C(R8) 25, - QefeBid3BYR) n- Q-t@IRELRECCHR"):)-amler ei n-(Ckie®))eQe(CEB)a)i-hbtetpanyip may

oL One 1 DS SR, o1 OOET M SRURTSLashS T om
(L1, e perscmet, i SRyt
substi t ut ed%“% ﬁ%éé@ro@é}y l(%??%?%y" @%na@%%egu&%ﬁ%@g&? %arﬁ(ﬁ]ebragrﬂ@{)&%]r

het er oaryl wjthoapgroay sqhdzdtmdﬂohyl-ﬁé smeRgzbqbarﬁd -(.(E(:?ﬁ)z)a-hlgtemoqryls e(&@&fed- from
- N2, w4, - - - .

T TR C1 STl BT Y A —
further prowutisttutetamn datbam thy RC(RE)y)@QR" onthkelhetdyecyichk group ogmt drgionallyi kieh t he
nitrogen to

Leh th t1acheds \f o n yielicori

optionally cs\é\'ﬁ?tgfnﬁ@ Oﬁng"ég?rﬁi %‘ﬁa‘i&ﬁéf’é%ﬁ 3'?hd 3%:, gﬁ}éﬁ@ﬁ tﬁ %“ oa‘rfT'YI nolrpg%egré%&F
oxygen and gobf may ogtienalyrbes silzstifubedraith lmegrenp sglekied frainmgN®g\cyepo,i-6tiat |y be
substi tuted r _(Qfsli t i 1 r - e i\d erocyclic
Fing may. optCERdT e Sbe ElH IR Gt BbtoR it PRETay SOk A sar o
het er ocyil i O(Rg) -G amdtfinsime prgvited thab &F iand tR¥dmay opiirally gertaken together
- (C(R8) 2) n- %ﬂ‘i 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 alkyi 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

4



R4 is a nonoval ent group independently selected from al kyl O-JG é tZﬁ 6 carbon
atons, alkenyl of 2 to 6 carbon atons, and al kynyl of 2 td BOEL Qf’n at ons;
R5 is a dYQa¥V&RR4lgr oup i ndependent |y sel ected from al kyl BET/US@3389car bon
atonms, 25 alkenyl of 2 to 6 carbon atons, and al kynyl of 2 to 6 carbon
atons; R6 is a divalent alkyl group of 2 to 6 carbon atons; R7 is a
cycloal kyl ring of 3 to 10 carbon atons optionally substituted with one or
nore al kyl groups of 1 to 6 carbon atons or an ar or heteroaryl ri ng,
optional | y theigetptoonsistingiefi aryiorfatlz-ayly FNidar «1(Qaw: ﬁr“}(O)m'ramj; ai-NHsai d
aryl or hete I [hGO. n f n u 4|tuted
wth 1to 4 &s)glgs%'!-lt u%ﬂts seﬁéebl—{D éUMHZ’ Lﬁﬁé OQ%QRU&Q aév%\ié)gléggmgﬁ

PCT/ US03/ 130/, t-N&lRjr B’ F&:on§(@)tnﬁng NHS%I R%Hthpﬁ 2ar'§ NHRG--ar y| |

-S(O | 4 REOR?
NOoN g; NQB%FB%W RO, %R%R S0, i) ) bR
) R R4,

- NHSO2R45 - H2R5 ORMHRENRGD | -NRBFNRAB MHz. ReHRY)

- NHR6OH, R4 ROIRBAER R hwﬁ%l% 4

- NHR6NRARA, Wﬁ%‘&“lﬂ@ﬁﬁz b‘ﬁg %GW) "5k mzzFM? NHRAE%R T OR4,
_ORBNHR, - RO, OCQFRIOIR’, NHIIRIGE )R Q&@@ﬁ»@@@m :

- OR5C( O R4, O N ) NR& (O H,
RGO R, %?8?%5“ 6‘*9@%?8“@5& gg o8; Rk, Mo
- R50C( O) R4, -R?G(QIN@,NHBSC(O)W%OQW @@tt@@)l RARBTOR®

i ndepen ntI F Aggoval ent aIkyI group of 1 to 6 carbon
at ons; gﬁd F)p{)sha clélﬁﬁél'g%l l'y a((:)?lt\alpt able salts thereof; which conprises the
steps of: 15 a) reacti ngy

7- | uor o- 4- dXds mdapefidepdly &4 9t dili nol i necarbonitrile of Formula (I1) 0 W
CN

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 (ll)
0]
w' CN
I
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



FN H Il with a halogenating reagent of the formula PO(Z)(SW &o prow de
a 7-fluoro-3- quinolinecarbonitrile 1 where Zis d or 200

20 5 1 9VWOE¥0PRP6 WD 03/093241 PCT/ US03/ 13149 b) reactlh@T/§503/13149
7-fluoro-3-quinolinecarbonitrile of formula 1 of step a) with an am ne of
the formula R(err)NH(err) , e.g. in the presence of pyridine hydrochloride,
to provide a 7- fluoro-4-(substituted am no)-3-quinolinecarbonitrile of
formula 2 NHRL W I LCN FN2 5¢c) reacting a 7-fluoro-4-(substituted
ani no) - 3- quibhoteiactingsa Beiuiota-84qeinofinecarbonitidle 2f tormuist Bof 4pp @) with an eoipoaind  of

the Tormila Rgidothe WGHE Kol B ERRSLAS. SginSryaicthiprias WhoiBh 7.

-NR(err)- and ere

optional |l y be thaked-(sazmituted aminolr3tdquinofingecaomitrilecf idriteia %ach is attached to
forma heterocyclic ring, and in the presence of a base, when X is -0- or
-S-, to provide 10 a 7-substituted-3-qui nollq%arbomtrlle of Formula (1)

NHRL we ON ReX N
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 R2XH, 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 forma .
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 (l)

NHR'

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
15 Formula (I) by conventional means.

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

quinolinecarbonitriles of Formula )]

NHR'
w CN
R2X N

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



and if so desired converting a conpound of Formula (I) to orr espondi ng
phar maceutical ly acceptable salt by conventional neans, aﬂlg &37 I86desir ed,
convert i MO OHe3gHr r espondi ng pharmaceutical |l y accept abl e BEIUS@3438d9conpound
of 15 Forrmula (1) by conventional means. This invention also relates to a
process for the preparation of 7-substituted-3- quinolinecarbonitriles of
Formula (I) NHRL W I CN R 2 X NI wherein the variables are as defined
above, which conprises the step of: 6 1 9 OCT 2006 WD 03/093241

PCT/ US03/ 131ep@ting 8 Feftuoner4dsubstitutest amino)-8qbisiolinepadepnitrile of formula 2

am no) - 3-qui nol i necarbonitrile of formula 2 NHRL W I LCN FN2 wth a
conpound of the fornmula R2ZXH, where X i | ected from-S-, -0-, -NH, and
- 5 NR2'- and where R2' and R2 e as defin g above or R2 and R(err) nmay
optionally be taken together wt e § n to which each is attached,
to forma heterocyclic ring, and i e presence of a base, when X is -0-
or -S-, to provide a 7-substituted- 3=qgl¥nolinecarbonitrile of Formula (1),
NHRL W CN R2X N | 10 and if so desizred converting a conpound of Formul a
(1) to a corresponding =

with a compound of the formula R?XH, where X is selected from —S-, -O-, -NH-, and -
5 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 a 7-substituted-

3-quinolinecarbonitrile of Formula (1),

NHR'
w L -CN
R2X N7

10 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

Formula (l) by conventional means.

This invention further relates to a process for the preparation of 7-substituted-3-
15 quinolinecarbonitriles of Formula (1)

NHR'
w: CN
R2X N7



pharmaceutical ly acceptable salt by conventional neans, ang i f ._so desired,
converting the correspondi ng pharmaceutically acceptable s 9tOCtT02Qﬂ5 conpound
of FormYY@0¥99B24y conventional means. This invention furPGEUSEERHMYes to a
process for the preparation of 7-substituted-3- 15 quinolinecarbonitriles
of Formula (1) NHR W I CN R2X N (I) 7 19 OCT 2006 WD 03/093241
PCT/ US03/ 13149 wherein the variables are as defined above, which conprises
the steps of: a) reacting a
7- 1 uor o- 4- wherein thevariphies a8 audeftiedabowd.bonitrile of Formula (1) 0 W
CNFN H I I 5wth a compound of the formula R(err)XH where X is
sel ected fr QiRichTomprides the¥teps §nd - NR2' - and where R2' and R2 are as
defi ned above or Ré)and R2' may optionally be taken together with the
nitrogen to which each is attached to forma heterocyclic rin?, and in the
presence ®f reaqing@ 7-liprsa-4x0x0s1 .4-gihygio-3-guinolingcaiogpitide ohFermyladh i t ut ed- 4-
oxo0- 1, 4-di hydr o- 3- qui nol i necarbonitrile of Formula 3 0 CN W ~ 141

O

w: CN
|
F N
H
I

5  with a compound of the formula R2XH, 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 a 7-substituted-4-
oxo-1,4-dihydro-3-quinolinecarbonitrile of Formula 3

(@]
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)3, to provide a 7-substituted-4-halo-3-
quinolinecarbonitrile 4 where Z is Cl or Br

7
W'mm
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}



RRX N H 10 3 b) reacting a 19 0CT 2006
7-substi tut ed- 4- oxo-1, 4-di hydro- 3-qui nolinecarbonitrile of step a) with a
hal ogenatW@@3/#Baglent, e.g. of the fornmula PQ(Z)(err), to PEDUBeHI3
7-substi tuted-4-hal o-3- quinolinecarbonitrile 4 where Zis O or Br Z W |
LCN RN- 4 4 15c) reacting a

7-substi tut ed- 4- hal o- 3-qui nol i necarbonitrile of step b) with an am ne
R(err)NH(err) , e.g., in the presence of pyridine hydrochloride, to afford
a 7-substituted-3- quinolinecarbonitrilensf' Fornula (1) 8 1 9 OC T 2006
WO 03/ 093241 PCT/ US03/ 13149 NHRj W LICNcNR2X N (I') and if so desired
converting a conpound of Formula (I a“forrespondi ng pharmaceutically
acceptabl e salt by conventi onal if so desired, converting the
correspondi ng pharmaceutically acCeptable salt to a conpound of 5 Formula
(1) by conventional neans. The inventflbn further relates to a process for
the preparation of 7-substituted- 4-oxo-1,4-dihydro-3-quinolinecarbonitrile

of Fornula 3nQ itV¥o ¥sired converting a compound of Formula () to a corresponding
pharmaceutically acceptable salt by conventional means, and if so desired,
converting the corresponding pharmaceutically accep‘iable 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 CN
|
2 N
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 (I1)
0]

w CN
|
F N

H
i

with a compound of the formula R®XH, 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.



R2X NH 3 wherein the variables are as defi ned above, : [
conprises the step of: reacting a "31900\6@ fﬂH‘

7- 1 uor o-MO 838233414.- di hydr o- 3- qui nol i necarbonitril e of For RGT/HSEH1BY49 0 W
Il I with a conpound of the fornula R(err)XH, where X is selected

CNFN H
from-S-,

-0-, -NH, and - NR 2" - and where R2' and R2 may optionally be

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 9 OCT 2006 WD 03/093241 PCT/US03/13149 0 W CN
N H 3 DETAILED DESCRI PTI ON OF THE | NVENTI ON The process of the present

~ 1105: ~

to

R2X

invention is illustrated in the follow gg reaction schenmes. The routes for
the preparation of 7-substitutegr3-guinalinggarbonitriles of

10

15

20

25

|
2 N
R°X H
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 (1) is described as follows starting with
Scheme 1. 7-Fluoro-4-oxo-1,4-dihydro-3-quinolinecarbonitriles of Formuia (i) 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
thicalkoxide anion results in the preparation of 7-substituted-3-quinolinecarbonitriles
of Formula (I). This reaction can be performed using an excess of the alcohol R?OH
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



5 this invention enconpassed by Formula (I) is described qi

starting with Schene 1. 7-Fl uoro-4-o0xo0-1, 4-di hydro- 3-qui nol necarbonltrlles
of For muMO 039%B24here W is -H or -OR3 are converted to PCT/US03/13149
7-fluoro-3-quinolinecarbonitriles 1 wherein Zis a chloro or brono group
by treatnment with a hal ogenating reagent which includes but is not limted
t o phosphorous oxychl ori de and phosphorous oxybrom de either neat or 10
optionally in the presence of a cosolvent which includes but is not limted
to dichl or GeanthRé. m@e aptionatly dfe trken degeshes- with e intengan Borwhieh theylamsi t h an
am ne RINM2 oidoiibd"B966h 8 RledoSychs rE! EHIRE T BoflBlenEdy fBIheBaLERTdCet Ou!
in a solvent such as 2- ethoxyet in the presence of a catalytic or

equi val ent &eoowe (Bf pyridine hydrochloride results in the formation of
internediate 7-fluoro-4-(substituted am no) 15 3-quinolinecarbonitriles 2
where W is hereinbefore defined. Preferabipemedmine RNH2 1 a is a
substituted aniline where Rl is substituted aryl. Di splacenent of the
7-fluoro group of 7-fluoro-4- (substltuted anyno) - 3- qui nol i necarbonitriles
2 wth an aIKOX|de @ th|o |kOXI aNnon res It§m|n t he preparauﬂﬁn of

7- substi t ut ag-3- Ilcﬂca %% rigl il a ('315‘l ayhi s edction can
be performed u an excess e aI coh PEH 20 of thi e\ SH as
t he sol vent onal cosol vent slich as 'NI, N di net hy, e,

di methyl sul foxide ai N-met hfPEsrol i done gqan be used. The anion can be
generated fromtH® al cohol or thiol 2a whazierXis 0 or S by thg use of a
base. Suitable bases include sodium sodium hydride, potassium and
potassium hydride. Rreferred bases are sodi um and sodi um hydri de.
Commercially avail able 25 sodium salts of, the al cohol or thiol 2a where X

is O or Sare usgekqf avail able. Read‘{"i%n of a conpound of the fornula
R2XH 2a, where X3a -NH, -NRW* MENe 10 1 9 OCT 2006 WD 03/093241
PCT/ US03/ 13149 RZ and R2 may optl Iy be taken together with the nitrogen

to which they ar®3s&ttached t g2forwraNfet erocyclic ring, affords
7-substi t ut ed- 3- tg:; -RQobi necarbonltrl(ll)es of Formula (I). Scheme 1

5 Examples of R' in the formula herein are 2,4-dichloro-5-methoxypheny;
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-
methylpheny! 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)ethoxyjethyl; 2-thienylmethyl;benzyl; ethyl; phenyl; 2-
methoxyethyl;pyridin-4-yl; 2-(1-methylpiperidin-4-yl)ethyl; 2-(1-methyl-3-
piperidinyl)methyt; 2-(1-methyl-4-piperidinyl)methyl;2-(2-methoxy)ethyl;3-
(dimethylamino)propyl; 3-(4-ethyl-1-piperazinyl)propyl;(1-methylpiperidine-4-

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

(dimethylamino)propyt)methyl3-(4-methyl)piperazin-1-yl)propyl; 1-methylpiperidin-4-
yl)methyl; 1-methylpiperidine-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; piperidin-4-yimethyl and 3-(dimethylamino)propyl.

11



g

ogenating W CN RiNH NHRL WO I | CN reagent |la CN HQOETWWZ)?’ 1F
) Z=0C or Br 2 RXHNHRL 2a W | CN base RX N (X=-0- or (I)

5 PXAAPIB4lof RL in the fornmula herein are PCT/US03/13149

di chl or o- 5- met hoxyphenyl ; cycl opentyl; butyl; 3,4,5-trinmethoxyphenyl;
oro-4- (1-nmethyl-1 Himdazol-2- yl)sulfanyl]phenyl;

- di chor ophenyl ; 2-chl or o-5- et hoxyphenyl ; 5-net hoxy-2- nethyl phenyl and
- di et hyl phenyl . Exanples of R2 in the fornulae herein are :2-butynyl;
met hyl am no- A m’efell@dcﬁqmduyﬂ of 6pshyla (1) prepared by the process of the present

1- di oxi i I' | )R 2= [.2- (1- piperazinyl)ethoxy]ethyl;
i enyl rretrﬂlgp e'%zs)% W%p‘%’ Lﬁﬁ?yrlsft'ggr[éﬁhoxyet hyl ; pyridi n-4-yl;

met hyl |per|d|n 4- yI ethyl; 2-(1 -methyl -3- plperldlnyl)nethyl

met hyl 74(21:Blﬁmyicuwh91[ rfedinhlpro2S-gthexy Plreny))emingl-63nethoxy-3-

t hyl am &QEA nit e(4 ethyl -1 -piperazinyl)propyl; (1 - - et hyl pi pe

ne- 4 1 met q tetrahydro 2H pyran- 2-yl net hyl ;

Z N
N
EIV/‘\:

1,
hi
1-
1-
i me

1- net hyl pi perl di n- 41%’51

i met hyﬁam4r[ B IOBVF{h@nWﬁfWW])b(%@mﬁh)’ﬂﬁnlmwz)%ﬁhﬁ‘gﬁ}hwPfOPOXY)
1- met hyl pi p t met hyl pi peri di ne- 4- yI)rrethyI

3-(1- net hyl g%gﬂp? @%&O&/ﬁe 3-(4- net hyI - | - pi per azi nyl )propyl :
(1-ethyl plperldlne 4 yl ) met hyl (1 -meth E eridi ne-2- yl)nethyl;

pi peri di n- 4-4ymawéﬂgr1lorarﬁjmsﬂwyn?@m@araﬁﬂn il% ﬁvlpmdw] 9 OCT 2006 WO
03/093241 PgéH@FbWoW)ﬁ%poxy] 6-methoxy-3-quinolinecarbonitrile;

’“C}O"’"I\JNI\)OOOONI\)OOI\)'

o' —7Tao !
—AQ_—AAHAE__b_bO N

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-

quinolinecarbonitrile;

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

4-[(2,4-Dichloro-5-methoxyphenyi)amino]-6-methoxy-7-phenylisulfanyl-3-

quinolinecarbonitrile;
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-
quinolinecarbonitrile;

12



A preferred conmpound of Formula (lI) prepared by the pr oceﬁ 6)& t.z&g pr esent
invention is selected fromthe group consisting of:

7- ( 2- But Y P88933414- [ ( 2, 4- di chl or o- 5- net hoxyphenyl ) anmi no] - BEHESIBOR493 -

qgui nol i necarbonitrile; 5

4-1(2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 7- ( 3- di et hyl am no- 2, 2- di met hyl pr op
oxy) - 6-net hoxy-3-qui nolinecarbonitrile;

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 “{2,3-Plichiarryf-metherydneryl)aniqo]-Grolethuxy ¢ [Be hinvethylgiperidin-4-

4_—[(2,4_—Di C?Q%B@ é@%ﬁ&?ﬁ}’;@%ﬁgﬁﬁ rﬂeam noj - 6- met hoxy-7-{2-[2-(1 10

pi per azi nyl gui ndl i necarbonitrile;
4-[(2, 4-Di chl or o- 5- net hoxypheny!l ) ami no] - 6- met hoxy- 7- ( 2- t hi enyl net hoxy) - 3-
qui nol i nec adthi-Dighlero-5- methoxyphenyl)amlno] -6- methoxy-? [2-methoxyethoxy]-3-

7- Benzyl OXY g mL)ﬁl?ec%fBBn‘&nlgoro 5- met hoxyphenyl ) am no] - 6- net hoxy- 3-
qui nol i necar bon| tri

4-[(2, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 7- et hyl sul f anyl - 6- met hoxy- 3-
qui nol i nécartihili¢hlero-5-me hoxyphenyl)amlno] 6 -methoxy-7-[2-(1-methyl-3-

4-1(2,4-D cllﬁ,} n&n?[)r%fﬂ%?ﬁﬂ@@tﬁﬁ&”nk gmmés met hoxy- 7- phenyl sul f anyl - 3-

qui nol i necar boni't opent am no- 6- net hoxy- 7- ( 2- met hoxyet hoxy) 3 q
ui nol i necarbonitrile; 20 4 But yl am no- 6- net hoxy- 7- §|2 met hoxyet hoxy) -
ui nol i necar ¥df& ﬂ-,[}lqzhéero -5-methoxyphenyl)amino}-6-methoxy-7-[2-(1-methyl-4-

7- Benzyl t hi gudbsibingy) ﬁ\eﬁ"lo&ﬂ'—@é@ném@@éﬂ@ﬁn%ﬁ’é’eny| ) am no] - 6- met hoxy- 3-
qui nol i necarbonitrrl |"or 0- 5- met hoxyphenyl

am no] - 6- met hoxy- 7- ridi n-4-yl ox qui nol i necarbonjtrile; 12 1 , OCT
)2006 1/\0 03@@8@%@-5&%@@ P%:d 4- Pl% 4 5-tﬂmeth0>wphenyl)amm0] -3-

4-1(2, 44b CWuﬁfoﬂne'ira%H’tﬂPéyphenW ) am no] - 6- net hoxy- 7-[ 2- (1- net hyl pi peri di n-4
- yl)ethoxy]-3-quinolinecarbonitrile;

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

4-({3-Chloro-4-[(1-methyl-1H-imidazol-2-yl)sulfanyl]phenyt}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



4-1(2, 4-D chl or o- 5- net hoxyphenyl ) am no] - 6- net hoxy- 7-[ 2- rrea god@/(etmgxy] - 3-
qui nol i necarbonitrile; 5

4-1(2, 4- Y@ BYBHIS- met hoxyphenyl ) ami no] - 6- met hoxy- 7- [ 2- ( 1PGEUBH 13849

pi peri di nyl ) met hoxy] - 3- qui nol i necarbonitrile;

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

pi peri di nyl ) met hoxy] - 3- qui nol i necarbonitrile;

6- Met hoxy- 7-[ 2- met hoxyet hoxy] -4-[ (3, 4, 5-tri net hoxyphenyl )am no] -3- 10

qui nol i necadtéh#Dighiero-5-methoxyphenyl)amino]-7-(2-methoxyethoxy)-6-(2-morpholin-4-

6- Met hoxy- 75 A4-yl) met hoxy]-4-[(3, 4, 5- tr| met hoxyphenyl ) a
m no] - 3- qU| n[étorﬂqxgﬁﬁyhor#gé@ﬁhlﬂﬁ% ({3-Chloro-4-[(1-net hyI

H i m dazol esul fanyl ] phenyl } am no) - 6- net hoxy- 7-[ 2- ( 2-

et hosy) et haPICIIOTgA oML D RRE RS E0Y PO NGl G et iey=Trt hy |

i dazol - SnolhsibieBi- glppsmw.r}ea@cambn.ms

(di met hyl am no) propox hoxyet hoxy) - 3-qui nol i necarbonitrile;

4- ({ 3- Chloro4HR'(F I-1H-|mdazol sulfanﬁ henyl}amno) 7-[3-(4-e
thyl -1 pPpe 4lZfRjehiere wmoxm@yIMIﬁekémWV 3. ﬁmeﬁwmlm@arﬂmm trile;
4-1(2, 4-Df clyhoioyfaribliRinoACDXRIE] - O [ 2- et hoxyet hoxy] - 7-[(1- 20
nethylplperl I ne-4-yl ) net hoxy] 3- qU|noI|necarbon|tr|Ie

-[ (2, 4-Di chl or 0- 5- net hoxyphenyl am noj - 6- et hoxy- 7- ( 2- net hoxyet hoxy) 3-
nol i nec aAb@ermq;rorzb-ﬁ -methyl-1H-imidazol-2-ylsulfanyl)-phénylamino]-7-{[3-

(2, 4- Di chbipdetnyPraiid A& bﬂﬁbtﬂ@i mMORAIQ6Urbonftiiel r ahydr o- 2H- pyran- 2-
t hoxy) 3th| no@?necdz’aﬁrp%%ygl t p'hd[} yq@ 20025 WO 03/ 093241

/
E’Sﬁsali’lm%rqﬂe%mmewhéwm idaapl25YIsHians)-PEMEBBERELS) - 6- ( 2- mor phol | n-

yl et hoxy)@mssuhykrhing Qféthlahfio}4-héth irdtide-8arBniite; 1
m dazol - 2 yl sumr?yﬁ))ﬁéﬁpﬁenytl gm n(;)]} 6- rrefgﬁ}g)?y l 7-(4-

hyI pi per a4z t(g 4JD ghl?)ro- -m oxy&‘nenyﬁgrgnn(c))?% t[é 4{ methyl)plperazm 1-yl)propoxyl-3-
quinolinecarbonitrile;

u

g;_

AR O<bho s
—~~

'~9

31

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



° D

4-[(2, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 6- met hoxy- 7- {[ 3- (ﬂamgﬂuy% %I per| di n-
4 yl) proMPﬂ?ﬂi‘hﬁ} qui nol i ne-3-carbonitrile; 4-[3-Chl oro- BCT/USGHEBIP -

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

(di net hyl ) am nopr opyl ] am no} - 6- net hoxyqui nol i ne-3-carbonitrile;

4-[3-Chl oro-4-(1-nethyl -1 Him dazol - 2-yl sul fanyl ) - phenyl am no] -7-{[3 10
(di met hyl am no) propyl ] - net hyl am no} - 6- net hoxyqui nol i ne-3-carbonitrile;

4-[ (2, 4- Di cHtH(2.6Dimathyipbeyylaeninol)tamethoky-7=(R 3ngtaoxyethoxy)ppinpiiea3- n-1 -yl ) pr opo
xy]-3- qui n%%}%«ﬁﬁ gbonitrile;

4-[(2, 4-D chloro- 'met hoxyphenyl ) am no] - 7- [ ( 1- net hyl pi peri di n-4-yl ) net hoxy]
-3- quinolinecarbonitrile; 15 .

4-1(2, 4- Di cHri62. 6£Ecm@rphbe<rwbh@mﬂ] Panetheyy-7-(( anetbylpiprKdingrdxy) - 3-
qU|noI|neca

4-1(2,4-D c rophe JXWE nglrwen% C?r -Omtnlﬁoxy 7- (2- met hoxyet hoxy) qui nol i ne- 3-
carbonitrile,;

4-[ (2, 4- B meclRA-DimetyhEmgshenphenviamial-6-etheex 1 -nebweiprEsigethoxy) qui nol
ine- 20 3-c

4-[ (2-Chl or?S mec;x% @%ﬂ%ﬁ]g ca([ibn%ngronl]e_ 6- met hoxy- 7- ( 2- met hoxyet hoxy) qui nol i ne-
3- carbonitrile;

6- Met hoxy- 7-&-Mlethoryrd-(femetiony-2amethgpheniasinor7 de- methyiaeidingri-no] - qui nol i ne
- 3- carboni tyl) He%oxg,ﬂqu;lnoﬂnéﬁggamqimem 03/093241 PCT/ US03/ 13149

4-1(2, 4- D nmet hyI phényl ) am no] - 6- met hoxy- 7- ( 2- met hoxyet hoxy) qui nol i ne- 3
carbonitrile;

4- (2, 4- D cH-BEGHIRsaPahrREhesyRsiRelE methoxy-7 k- mgthylniRsridiers- 4-

yl) met hayy] QnihdYRuTRAS-Badnithie; S
4-[(2, 4-Di net hyl - X’ymet hoxyphenyl )an‘i noj - 6- net hoxy- 7-[ ( 1- et hyl pi peri di ne- 4-
yl) met hoxy] q4ut(£1 91' [I)lpneeth?i/l ae%)t?ls)amlno] 6- methoxy 7-[(1-methylpiperidine-4-

yl)methoxy]quinoline-3-carbonitrile;

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



6- Met hoxy- 4-[ ( 5- net hoxy- 2- met hyl phenyl ) am no] - 7- [ ( 1- net hyI1 Bi e izﬁh'hne- 4-
yl ) met hoxy] qui nol i ne-3-carbonitrile;
4-[ (2- ChIV® 83/83Ht hoxyphenyl ) anmi no] - 6- met hoxy-7-[ (1 - met h§CHUPY i3tH%ne- 4- 10
| ) met hoxy] qui nol i ne- 3-carbonitrile;
[ (2, 4- D net hyl phenyl ) am no] - 6- net hoxy- 7-[ ( 1- net hyl pi peri di ne- 4-
I ) met hoxy] qui nol i ne-3-carbonitrile;
[ (2, 4-Di chl oro- 5- met hoxyphenyl ) am no] - 6- net hoxy- 7-[ 3- ( 1- et hyl pi peri di ne-
| ) pr opo>4yl](%|eini@1l®r@e5 ethoxpitnyhamiaocl-g-methoxy-7-[(1-methylpiperidine-2-
2- Chl or e&TF}x 1 6- met hoxy- 7-[ 3- (1- net hyl pi peri di ne- 4-
r opoxy] nol | 2@?&@%‘ Oc%f’:ﬁnﬁﬂb
Met hoxy- 4- (5 met hoxy- 2- met hyl phenyl ) am noA 43 (1- et hyl pi peri di ne- 4-
r opoxy] i@ 4iDiphiory-Z-metwwypheanyBamino]-6-methoxy-7-(piperidin-4-

(

y

(

p

p

(2,4-D 1 hoxy-7-[3(1 -nethyl pi peridine-4- 20
propoxy%’ﬁ%ﬁggﬂagmé&gﬁ g%rlbtg??ﬁé

(
e
(
e
6
(

2, 4- Di chl or o- 5- met hoxyphenyl amno-6- r>]/7 [3-(4-nethyl -1-
razi Ayl )‘bﬁ(%rhﬁdy"]IQWr%mefh%y@ﬁ%D@mp} ?1{ﬂ3e(dlmet ylamino)propyljamirio}-6-

2, 4-Di chi, W%ﬁn@é%@%’ﬁ}ﬂ&am noJ - 7- [ (1- et hyl
ridine- 4 yl) et hoxy] - 6- net hoxyqui nol i ne-3-carbonitrile; 15 1 9 OCT
WO 03/093241 PCT/ US03/ 13149 )

2, 4- Di cH-62.4-Bichipiongmpamprenahamiipl-6-Pet hoxy- 7- [ (1- met hyl pi peri di ne- 2-
net hoxy] CtHlnﬁlQlWlé‘rﬂm%?}pﬁ@Nﬂ%ét‘h ?érﬁlno] -6-metho qumollne -3-carbonitrile; and
(2, 4- Di chl or o-5- et hoxyphenyl ) am no] - 6- net hoxy- 7- ( pi peri di n- 4-

met hoxy) qui nol i ne- 3-carbonitrile;
[ (2, 4-Di cHt Q?’(‘} CW@'E%%WHT%MQ“E)V%{H?’HB‘PI §-methoyef -t hyl ani no) pr opyl ] ami no} -

et hapy quhalbkyehydasmidigilhdlinelPsarbonitrile.
[ (2, 4-D chl oro-5-met hoxyphenyl )am no] - 7-{[ 3-
di met hyl am no) propyl ] (et hyl ) am no] - 6- met hoxyqui nol i ne-3-carbonitrile; and
An alternative route to 7-substituted-3-quinolinecarbonitriles of Formula (1) is
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described in Scheme 2. 7-Fluoro-4-oxo-1,4-dihydro-3-quinolinecarbonitriles of
Formula (1) 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
15 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
20  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
(I) 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
25 to form a heterocyclic ring, to afford 7-substituted-4-oxo-1,4-dihydro-3-
quinolinecarbonitriles 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 to phbsphorous oxychloride, phosphorous

oxybromide either neat or optionally in the presence of a cosolvent which include but
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4-1(2, 4- D chl or o- 5- net hoxyphenyl ) am no] - 6- met hoxy-7-[ (2 10

net hoxyet hyl ) am no] qui nol i ne-3-carbonitrile. An alternati vE S Ui @mﬁo

7- subst i W@ 809324 ui nol i necarbonitriles of Fornmula (1) is PCBYSIHBEY in
Scheme 2. 7-Fl uoro-4-o0xo0-1, 4-di hydro- 3-qui nolinecarbonitriles of Formula
(1'1) where W is hereinbefore defined are converted to 7-substituted-4-o0xo0-
1, 4-di hydr o- 3- qui nol i necarbonitriles 3 by replacenent of the 7-fluoro group
with an 15 al koxi de or thioal koxi de anion. This reaction can be perforned
usi ng an exd@simged tq diehlgramgibaneoafiiards dtsuhstituted-dslrle-8rauinplinegarhanitslesyd a
cosol vent Sl\iﬂrbrﬁ&e%%erq é’@é@%@ﬁ 2h %ﬁ’med‘?a wHLRERYIS a§LI'\|ef'é?ﬁ(Beqﬁleefmedl

N- et hyl pyrrol i done e use Nt on may be generated from

al cohol or tsRlvent ‘\E&hvﬁe?'@tmw@h@%ﬂn berpreprceia) @ atalisic Ql‘rmtl)@tertbfamubhse

Sui t abl e baggs SO hydr i [ a si um
hydride. Pr Z)?erplrygﬁh% §'%gpr“gméeo di &lr%glg}ns |P| Hé’ fcﬁﬁ{gﬁéﬁ léfn@%r%lr?&n&ﬁ%&g

avai | abl & sd&'iﬂﬂﬁﬁ‘%ﬁ‘@l@@'tmestﬁeﬁﬁmlﬂwﬂ) l?:refetrarhlblanme WNHe 1 iis aOSléhStl@%d e
used if av I t

7-f1 uoro-4- gd)?glﬁgmﬁuer@ﬁ régggtltg%ﬁlr?all necarbonitriles of Formula (I1l1) with a
conmpound of the forrrula R(err)XH 2a, where Xis -NH, -NR 2' - and where
R2' and R2 nmay optionally be taken toget?@?m‘%\?th the nitrogen to which
they are attached 25 to forma heterocyclic ring, to afford

7-substi tut ed-4-o0xo-1, 4-@Q | hydr o- 3- qui nol iphnecarbonitriles 3. Treatment of
7-substi t ut ed- 4- one; i benreg3- waui nol llneeyy B‘@'ﬁgqnﬁtlnﬂeﬁ 3\ acN

hal ogenati ng reagent ) Z)[( err a wher € || a chl®8y i gr oup whi ch
i ncl ude but not | ipf e {0 ph(‘)@T)‘h’Or | ori de, pho§ Ox g7 oxybr om de
ei ther neat or optionall !9' in these pReSencetof a c&Dwent which |1 ncl ude but
16 1 9 OCT 2006 WO 03/ 893241( I US03/ 13149 not limted to di4chl or onet hane
affords 7-substituted- Q hal o- 8:4di nol i ne@arbonitriles 4 whTHOe further
reacted with an amine 1 a wherein Rl is as hereinbefore defined in a

sol vent such as 2-ethoxyegnagol in the Hﬁesence of a catalytic or
equi val ent anount of pyri dgane results in the formation of

7-substituted-3 5 qui nollﬁeea-rbonl Ie; of Fornmula (1). Preferably am ne
RINH2 la is a substituted R°X N

)

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-ylImethoxy)-4-{[4-(pyridin-3-yloxy)-
phenyllamino}quinoline-3-carbonitrile
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aniline where Rl is substituted aryl. Schene 2 0 0 Z WI )\ CN R2ZXH WCN
hal ogenating WCN 2a | \ | reagent | \ \ F ~N--~ ~ 2 ' TH0BAsH08R2X H
PQ(Z)3 RWOROPBIHE -O 4 (I I) or -S) 3 Z =0 or Br NHRRCRUSB/IBMIW CN
R2X N (1) A preferred conmpound of formula (1) prepared by the process of
the present invention is: 10 _ _ o
4-[(2, 4- D chl or ophenyl ) am no] - 7- ( 2- net hoxyet hoxy) qui nol i ne- 3-carbonitrile;
6- But oxy-4-[ (2, 4-di chl or o- 5- net hoxty]phenlyl ) am no] - 7- ( 2- met hoxyet hoxy) - 3-
qui nol i necar boni tAipr@gred compound of formula 3 prepared by the process of the present

6- Met hoxy- 7-ifidriiBh YAk d¥6d Aiind gibub cbndidirgignoxy phenyl ami no) - qui nol i ne- 3-
carbonitrile; and 15 I ] o[ 4 Cdin 3] )
6- Met hoxy- 7- ( 1- met hyl - pi peri di n-4-yl met hoxy) - 4- -(pyridin-3-yl oxy) -
phenyl ] ami n -&{l?mw% -elRaxsHiaY}-fHoxo-1z-dihygrasgnuipgliecatondden 93241
PCT/ US03/ 13149 A preferred conpound of fornula 3 prepared by the process of

the present e-MHRIXyI70@-rhEth§IPissrhar-1LyPaokde 04 Adtinetd-Bab&Mitrile; and
6- I\/E!tohoxy- 7-(2- et (Z)c:(?;et hoi%lgﬁr- oxo-}F1’,34, - di hydlﬁ%k!}g@gui r?ol i necarlgloenlapr ile;

o Ao L Rty R o iy AissHineling--cagegitile.

An alternative approach, as shown in Scheme 3, for the preparation of 7-
substituted-3-quinolinecarbonitriles of Formula (l) 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

10 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 trifluoroacetic 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

15  an alcohol R°OH 8a in the presence of triphenyl phosphine (Ph;P) where Ph is
phenyl and diethylazodicarboxylate (DEAD), in a solvent such as tetrahydrofuran
affords 4-halo-3-quinolinecarbonitriles 7.

Scheme 3

Z  PhgP/DEAD

z z
. ) a
RsomCN Deprotection HOmCN Ro4 R OmCN
F N7 2 ba N

Z=ClorBr Z=ClorBr Z=ClorBr
R® = protecting group

Additional intermediates may be prepared as shown in Scheme 4 where 4-halo-3-
20  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®0OH 6a in the
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5 7-(2- Met hoxyet hoxy) - 4- oxo- 1, 4- di hydr oqui nol i ne- 3- car boni ér@ezgﬁn
al ternative approach, as shown in Schene 3, for the prepar1 t 7-
subst i t uMRAIBIH¥UInol i necarbonitriles of Formula (1) uses BCHUS3&3149ng group
of the hydroxy group at C-6 of the 3-quinolinecarbonitrile 5. The
protecting group is designated R3, and includes but is not limted to
groups including benzyl and 10 isopropyl which may be renoved to provide
the 6-hydroxy derivative 6. Specifically, if R3'" is a benzyl protecting
group, the deetened heidr diphegylouphesphinge GthaR) neshesg Pl eds mephtenyl t hand
trifluoroacefidifydsddibaibx R {HE%@%)“%Pa Qbrvbiy s%ﬂ'a%%t‘?ahyﬁlﬁf&#&ﬁraﬁokfs zﬁ\% I's an
i sopr opyl protect|ng roup esired 6-hydroxy derivative

obt ai ned by 3-gyirelingear owrtlensmwmchmx be BJrﬂh@F repstedryith ﬁ'élam“@aB{NMfO
6-hydroxy deffoMPtiy(® ﬁ’tu{@dtélqéﬁolﬁ'écé’lloﬁﬂﬂﬂ’és ﬁ@qﬂréérabg epﬁ“ﬁﬁr‘QQ 9§ a

tri phenyl phosphi ne 3P) where IS henyl and di et | azodi car boxyl at e
(DEAD), Pn @uééﬂtw@ﬁtanélnewha@ Be'tsrsé.'h?fdhd'f@fi@ﬂén af f ords

4- hal o- 3-qui nol i necarbonitriles 7. Scheme 3 Z Z Ph3P / DEAD Z R3'0 L CN
Deprotection H CN R30H R30 TNheie4 NF 6a F/ N5 6 7 Z=C or Br Zz= Cl
or Br z=Cl or Br R3, protecting group Additional internedi ates nmay be
prepared as shown in Scherre 4 where 4-hal o-3- 20 quinolinecarbonitriles 8
with R2 and R3' as hereinbefore defined are dgprotected to afford

6- hydroxquﬁ%l nes 9l usigRg condi tiongpas deflnegnfor deprotection in
Scheme 3. Furthgr Yeadti on_BePr@edipar ox i ives 9 with an al cohol
R(err)O—| 6a B 32719 OCT 2006 WO 1 PCT/ US03/ 13149 presence of
tri phenyl B%hl ne (‘Ph3P) where Ph ipsophenyl'}I and di et hyl azodi car boxyl ate
(DEAD), in a sol vegt such as tetrahydrofurabn af f ords 4- hal o-

Z=ClorBr Z=ClorBr
R® = protecting group

PhsP / 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 (). Scheme 5 shows two alternate routes for the
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3-qui nolinecarbonitriles 10 which nmay be further reacted \c,gnbE an_am ne
R(err)NH(err) la to afford 7-substituted-3-quinoli necar § Fid®s 11.

Pref erabMO &MHMIR NH2 1a is a 5 substituted aniline whePEI/R303{13149
substituted aryl. Scheme 4 Zz 3 R Ol CN Deprotection_ HOCN R2O N R20
N 8 9 Z=Cl or Br Z=Cl or Br R3, = protecting group Ph3P / DEAD R3OH Z R
OLCN ROI N10 Z=0C or Br RINH2 la NHRL R3O CN R2O N 11 The
7-substi t ut ed- 4- oxo- 1, 4-di hydr o- 3- qui nol i necarbonitriles 3 and

7-subst i t ut tlepprationl 0-08- crAditisingh e d@y boimtarmediatesq  af-Bukreyd-oxer bAdihydet-8s used

to prepare Z,[u%ﬁﬁéda%&nﬁﬁreé ﬂ%@ﬁbuhnqga Qgﬂlabg jr_f%g% 5B (hith: etRGNEM® S

shows two alternate routes or
(ethoxymethylene)cyanoacetate either neat or optionally in the presence of a

cosolvent such as toluene, at temperatures ranging from about 60 to about 120°C

5 followed by subsequent thermal cyclization, preferably 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 (ll). 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 aqueous 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



WO 03/ 093241 PCT/ US03/ 13149 preparation of additional key. |%E?ﬂn§€| at es,
7-fluoro-4-oxo-1, 4-di hydro-3- quinolinecarbonitriles of FJr b ).
Ani | i nes O 0#324de treated with ethyl (ethoxynet hyl ene) cPEREaB3EBH% ei t her
neat or optionally in the presence of a cosolvent such as toluene, at
tenperatures rangi ng fromabout 60 to about 120C 5 foll owed by subsequent
thermal cyclization, preferably in a eutectic solvent system which
includes a 3: 1 mxture of diphenyl, ether (Ph-O Ph) and bi phenyl (Ph-Ph) at
a tenperature range of about 24005858 Bout 260, affords
7-f 1 uoro-4-oxo-1, 4-di hydr =3 qui nol i necarbonitriles of Formula (11).
Al ternatively, aniline 12'@4__3&@%@\@1‘ i &t hyl

(heyngl onat &) ei t héy, neatf @ rogaflNy in the presence of a
cosol vent 10 tol e, at S ra g flrom about 60 to about 120C.
Subsequent th Nel i ahbe pn B ef eF I a eutectic solvent system
whi ch includes 3:121 m xtufe of = di phenyl ethdt and bi phenyl at el evated
tenperature, at a tenperature range of abouf 240 to about 260C, provides
ester 13. Hydrolysis of the ester 13 under preferably basic conditions,
such as sodi um hydroxi de in an al coholic solvent such as ethanol, 15 at

(et hoxynet hy

reflux tenperatures resul®Q incgeeboxylic acipd 14. Conversion of carboxylic
acid 14 to pehmary amdg 1 y be pggonpl i $ w th an
activating agen ich I'nclu M, N-ca ‘ &0 ocooeial yl
chloride foll Om %_—adﬂWof N be A58 ¢ prigf erably an
aqueous sol uti'on of Sreehfhthh Hydk oxi de. i q am de 15
with a reagent sutth as cyanuric 20 chlorideqgn a solvent suchi as

N, N- di met hyl f or mani de provi des 7-fl uor o-4-oxo-1, 4- 14

di hydr o- 3- qui nol i necarbonitriles of Fornmula (I11). 20 1 9 OCT 2006 WO
03/093241 PCT/US03/13149 Schepe 5 DO COOEt O R3O\ R30 CN/ CN )~ |

1) CDI 3 0O
29)NHon RO CONF, R°0 CN
| cyanuric chloride
F N |

N

H F
15 H
_ ]
Alternatively compounds of Formula (Il) may be prepared as shown in

Scheme 6 from the corresponding anthranilic acid or ester 16 where R™ is H or alkyl
of 1 to 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 (Il).
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F NH2 2) PhOPh, Ph-Ph FH 12 | | Et COCEt 0 - 3 O R30 1) BOQTC@@E \
COCEt | | base R30 COON F / NH2 2) PhOPh, Ph-PhFNF)()é. "'12 13 H 14
1) CDI 3W9IOIPMOH R O CONH2 R3 0 0 CN cyanuric chl ori deCT/USO3N3HMIF N 15
H Il Aternatively conpounds of Forrmula (I1) nmay be prepared as shown in

Schenme 6 fromthe corresponding anthranilic acid or ester 16 where R10 is H
or alkyl of 1 to 6 carbon atons by reaction with N, N-di net hyl for mam de

di ret hyl acetal or 5 preferably with N, N-di net hyl formam de di et hyl acet al
optionally in the presence of a cosol VWeme6l uene at about 100-130C to
provide am dine 17. Reaction of the anion of acetonitrile, preferably

generated fromthe reaction of n-E‘utyI lithiumw th acetonitrile, in an
i nert solvent such as tetraﬁydr ran at aboutw-78 LbBgam di ne 17
provi des conmpounds of For mul ). 21 1 1 OCT 0@ WO 03/ 093241
PCT/ US03/ 13149 OR' E N
w' 10 \\'—N/
DECOOR R'is Me or Et A
F NH, 17
16
CH4CN
Butyl Lithium
O
w' CN
|
F N
H

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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Scheme 6 \ OR W OORo NOR FN W OORIO R is M or kty b1 26061 NH2 17
16 CH3CN Butyl Lithium O W CN FN HI1 | The conpounds of this

i nventi oNV@PEIPFREpared from (a) comercially avail abl e BEHUBI3IG149at eri al s
(b) known starting materials which can be prepared as 5 described in
literature procedures or (c) new internedi ates described in the schenes
and experinental procedures herein. Reactions are perforned in a sol vent
appropriate to the reagents and materials enployed and suitable for the

t ransf or mati on b&haghefrhactutically| acceptablensiits sre dlbseyderived drasik slidhe drganict he

art of organ}g SLS t varl.ous. 10 ti | L r ..on the
nol ecul e rrugtl gb'(ﬁag@tgﬁgi g ng%,?aas W %C%ﬁf’hgacéﬁe%n?:caltLH%}?Cans g]lrnlr%’atrlﬁ%ﬁ@’ gﬁag%ﬁ)'%’ed.
Thi s may negkssgihitabyarperdgyEmbydrolromic pheeplmrigenitrisf sulyiot methapeslfepis, and

protecting | ' .and deprotection conditions. Substituents
on the starg{"ﬁfénirg?%%égésbwr%’ig%%&gnconpati ble with sone of the reaction

conditions. Such restrictions to the substituents which are conpatible with
the 15 ré&acti on Adptias beetshateinimeansapipranehad arstreight ghain ragktal ravingsfremt!.

Reactions agestun Uilshs obﬁb‘?lraﬁy AlNMRRNEr €s where appropri ate.

Alkenyl 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 include 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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22 1 9 OCT 2006 WO 03/093241 PCT/ US03/ 13149 The phar macel.lt get 12006
acceptabl e salts are those derived fromsuch organic and inorganic acids
as: acet QO¥e341c, citric, tartaric, succinic, maleic, nBCHHB®/1314l uconic,
hydrochl ori c, hydr obr oni c, phosphoric, nitric, sulfuric, nmethanesulfonic
and simlarly known acceptable acids. 5 Al kyl as used herein neans a
branched or straight chain radical having from1l to 6 carbon atons
optionally substituted. Al kenyl as used herein neans a branched or straight
chai n radi cal"@RAG tﬁb’a@"?'oth'%z opaEPleyt isethiagsle, dﬁ@aaxq}e,shaétomdlae@e, TBa-chain

havi ng at | eggdiR0R, dl@@tl@a@ﬁﬂﬂe pYNdREN Wy iR GG@% ﬂﬁﬁﬂé db1r§ hEd

or straight chal n |caI having 10 from?2 to om; op |or|’a1
substit u? ed. NggBec etﬁ%ﬁ?ﬂﬂd'natmﬁ%ﬁ%f)x'éﬁéd t\/\fheplaehetamatbm 1 &oitypges atmed

her ei n neanstogitodti& He éarredp&iting R-AMHeL hwci )Jﬁ)ﬂneg—rl\PHﬂ?é dr ﬁ’l%cre?ér‘ax*‘a?s' y

descri be Exenpl ary al koxy groups incl ude t" are not
et hoxy, (rj?' prwﬁg@ay?lcomagnggarbwyb@monm ¢f- hatapegon aBMEy cudhlasyl,34s used
her ei n neansoadebH2-ahed ring systemhaving from3 to 10 carbon atons.
Preferred is 3 or 7 carbon atons. Exenpl ary cyc: oal kyl I ri ngsI [ RCl ulde bgt
are not limted t clo |, cyclobutyl, cyclopentyl, cycl ohexy an
the like. Aryl as&%é ‘?'8%( | B8 alsed Derrim sefsrs 19i eajeraiad e pantiallycunsatuyatedvi ng
from6 to Mcmé lﬁﬁéd&hgmﬁawl’\@e%?@'nh@ a'idrﬁsgéorﬁélﬁﬁ'@rﬁBWhéi%’é‘a’toﬁwsW@-@aand

' f bI . 9 ered ring stru res.
ll%;(g)r/r;: :at(r:yr :ap'?ﬁ the éag“ée?fﬁr&’?ﬁ tﬁfiﬁ%ﬁﬂder&lvp%eqi@q)rﬁrpﬁy|mtroaenaomsntarml sulfur
i ndene, @nd @ﬁtbnhmw@bsﬂﬂwwﬂﬁﬁtﬂoys iﬁHQ&édd%Hﬂ)ﬁgel%\étE@ sﬂﬁﬁlt&’ém{&mﬁh ma Pe

substituents_ and nore fgﬂﬂeferabl W th

denotes an U FBTE ¢ (liftstenPrevidadshal the biayplin hetercary! desfonal ephteingD ), S SErG
menber ed ri ng0 \Abblﬁ?d!; csab@nmeﬂanﬁ;ﬂeé merudear.ha&él' 3é bw.@dgﬁno%@e%mﬂ feﬂ‘s

which may be t or, different. Nitro are
preferred he’?%'P %zto umollne isoquinoline, tetrahy roqumollne benzofuran benzothiophene,

benznmldazole, benzotriazole, benzothiazole, benzoxazole, benzisoxazole, 1,2-

15 benzopyran, cinnoline, phthalazine, quinazoline, 1,8-naphthyridine, pyrido[3,2-
blpyridine, 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
hitrogen 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



provi ded that the heteroaryl does not contain OO S-S or ? ﬁ{pms
Specific exanples include thiophene, furan, pyrrole, pyra ol'e, 1m dazole,
1,2,3-triveR8pe3241 2 4- 23 1 9 OCT 2006 WO 03/093241 PCT/RSDEH0BAB1AY
triazole, tetrazole, thiazole, oxazole, isothiazole, isoxazole,

1, 3, 4-oxadi azol e, 1,2,4- oxadiazole, 1,3,4-thiadiazole, pyridine,
pyrim di ne, pyrazine, pyridazine and 1,3,5- triazine. The heteroaryl ring
may be oxidized when a heteroatomis a nitrogen atom to provide the

cor r espondi AarbRAYx@r@Ep amenadif e parban alomsyisygh s ByrrelidioRe: By StdgEItc 5
rrng may Cofgﬁhﬁe%fﬁﬁﬁé}wgrsﬁﬁm S&hORReont R 1BRIARNN _-ﬁﬁﬁing%’*ﬁﬁp%%

1, 3, 4- oxadi azol -2-one. Bicyclic heteroaryl as used herein refers to
sat ur at ed oflluptateitke pipcesssefitoe Bresant ipyesyien-i ¢ fused rings having 8 to 20
ring atons containing 1 to 4 heteroatons which may be the same or

di fferent i pdepshdentdinisel ected from nitrogen, oxygen and sul fur 10
optionally Substituted with 1 to 3 independently sel ected substituents

whi ch nmay be the sane or different provided that the bicyclic heteroaryl
does not d corEtyl A-flgore-6-methoxy-4-exqyl ginolingcamoxaies i ncl ude: i ndol e,
2, 3-di hydroi ndol e, 2-indazol e,

! \ ( quiﬁofiﬁez i soqui nol i ne,
tet rahydroqui nol ignenixtieN 203 Re-40REEEKANMREEB®O ghenZieThildapladd diethy!
benzotri azol e, benzot hi azol e, benzoxazol e, nzi soxazol e

ber ord, 2.15
benzopyr an, SHomGeinyiene spalaRata A¢-38 9. ¢di2S42ER) ﬁﬁehe%?ﬁﬁhéb‘hﬂnﬁﬁ i1c1ﬁ°Hé then
pyrido[ 3, 2- cBbiay b fbdif teriyérafié.3 HexPKrdddied andRNé sBRlsdcolettb® By ifitidlion.
pyrido[ 2, 3-3] pyrim di ne, purine, = and Qterl_dl ne and tIEJF' | ike. Either or
both rings dns Retesakisguseendedyn Apshkfl ey - demXpie of JiPngnyd fhaTaciRnenyt
fully sapur aingche aistutd @ RE&EE Idt GeflLXOWP 2TROUrE 8o P¥dvikieZ Chbrewn asolutibhl ogRN at om
to provide the'pornesEgndln%pN-OX|de, such as g i nol i ne -N—o§hde, r the 20
bi cyclic ringALPareiXiu kAP oANIamRERHe gp 5&"%{?? §iRcdge- t'he reseBh
at ons, such safd isZcollBEtad By Eiltraieh Yaering With heR@hefoasis ety 2.6 @dpPetyl 7-fluoro-
het erocyclic rlQ%deans a saturated o unsat ur at ed nopnocyclic

é | or rtiall , I
radi cal ~ contoaMRINRYY-prapdrdipinydre-3-guigolines %Si‘)ﬂ ,a%r?o‘f*"é'te ?ﬂ"af’@PiﬁfJQ% to 7
ring atons and nost preferably 5 to 6 ring atons selected from
MS 265.9 (M+H)+
15 Analysis for C13H12FNO4
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



25 carbon, nitrogen, oxygen and sulfur wth at least 1 an %2 E{-ezfm’tbly lto
4, nore preferably 1 to 2 nitrogen, oxygen or sulfur as ri at ons.

Speci fic VERAHMRY i nclude but are not limited to norphol PAEUS03/13149

t hi onor phol i ne, thi onorphol i ne-S-oxide, thionorpholine-S, S dioxide,

pi peridi ne, N-al kyl pi peridine, piperazine, N alkylpiperazine, pyrrolidine,
aziridine, oxirane, tetrahydrothi ophene, tetrahydrofuran, 30 1, 2-pyran,

1, 4-pyran, dioxane, 1,3-dioxolane and tetrahydropyran. The heterocyclyl
ring may beApRlyels fsigneFNQa+ 1.20HS i t ut ed ni trogen atomto provide the
correspondi ng N-oxide, such as N ethyl pi perazi ne-N-oxi de, or the
het er ocycl yalddn @, BRY04C PNL @BNNA5 444 1 1 OCT 2006 WO 03/ 093241

PCT/ US03/ 13149 car bonyI group on one of the carbon atonms, such as
pyrrolidinone. In order to facilitate a further under st andi ng of the

i nvention, RS B9RBHY: ASR: Ni PP8i ng exanples illustrate the process of
the present invention. Reference Exanple 1 5 Ethyl

7-f1 uor o- 6- PRideNE Bxapisle 3, 4- di hvdr o- 3- qui nol i necar boxyl ate A m xture of
3-fl uoro-4-nmethoxyani |1 ne (3 00 g, 21.26 nmol) and diethyl ethoxynethylene
mal onate_(4 , h at 110C for _’Idhour then cooled to
room t enper & HANQECCADOKIMTECt ed by filtrati on.
This material is suspended in 45 m_ of a 3 : 1 mxture of diphenyl ether

bi phenyl 10 Aamékturb eof IM-fidons-6-rmethbvead-ero-aja- cu|bydru->8 diLmnoliaed:mbms;Iid: acipr (0D gl,e a

nexane 1 s adadamine 2PN SpShdaiifedcls 1681 & 48 R i TBETE S Bef g

w t h hexane diroethylfovindmicd® 8Zhegiteaf a’eﬁm for 2f haups then cooled to room temperature
6- nethoxy 4- 9

I boxyl, at whi t i
>300C, éoﬁu"ﬁ%&f’%ﬁé“k%? %g‘siagl?“c%ri‘ﬁﬁﬁ Rosfte (Bydbgee I&’a%éggg#dmﬁnp
4.56; N,‘105 2A8lutior-zusibwed, to Slir Gbrookh tednpkatud, overriight andethen eoceeniEatedpba 2

small volume. lce cold water is added followed by acidification with acetic acid. The

resultant solid is collected by filtration washing with water to provide 821 mg of 7-
fluoro-6-methoxy-4-oxo-1,4-dihydro-3-quinolinecarboxamide as a white solid, mp
>300°C.

15 MS 236.8 (M+H)+
Analysis for C11HgFN>O3 — 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-6-methoxy-4-oxo-1,4-dihydro-3-quinolinecarbonitrile

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
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7- Fl uor o- 6- met hoxv- 4- oxo- 1, 4- di hvdr o- 3- qui nol i necar boxyl i c;i gaﬁ&fi ZEIB A

m xture of ethyl

7-f 1 uor o Y80 ANy - 4- oxo0- 1, 4- di hydr o- 3- qui nol i necar boxy| aP€I/US03A3149, 8. 30
mmol ) and 13.2 nL of 1 N sodium hydroxide and 40 nL of ethanol is heated
at reflux for 3 hours then cooled to roomtenperature. Water is added and
the mxture is acidified with acetic acid. The resultant solid is
collected by filtration washing with water to provide 1.90 g of

7-f | uor o- 6- PEHIRSIRtOAC Water and rglifiglzed with Szwra@ﬂﬁeﬁiunb@aa@@&% dhaéplifdsas a
whi te solidardiBolideRddfy fikratdn @é%?lirlfgs\ﬂnwmifér 4Rd %e)(?arﬂz t@Br&Q@@&d"QgQﬁ/cW‘u
PCT/ US03/ 13149 Anal ysis for

N, 5.41. FoiRiyct cPutfisatign by flagh gglumyg chg,orggtogrquy @l‘@ﬁ@é""%ﬁiﬁd@nk 053%

7- Fl uor o- 6- rﬁ?éthéﬁbYﬁdl@PﬂBrohé’théHd‘l‘é%@s ﬁfeﬂﬁﬁn@Pﬂn'd’&ﬁ&bP@ﬂﬁ%dﬁroﬁd& é?é'hf‘g of

7-fl uoro-6-nmet hoxy-4-oxo-1, 4-di hydro-3 gU|no i necar boxylic acid 0o,

4.21 mof) Shd-finoiQ- 662%*%‘15{5;‘1 o9 ?rﬁd’é&yérfé Quinslinggartpnitglenmmel 1471149%Q4 i of

N, N dinethylformam de is heated at 65C for 2 hours then cooled to room

t enper at ur e M@pgls BQNEIGd i nto 200 mL of aqueous ammoni um hydroxide in an ice
wat er bath. The 10 solution is allowed to stir at room tenperature

over ni ght and ihen concentrated to a spall volune. lIce cold water is added
fol | oned by AH@YESIPLGy HamNaidzr B 1 gliciqremgiigge The resultant solid is
collected by filtration washing with water to provide 821 ng of 7-

f | uor o- 6- metGuty -G.-58@0; H, 8:18; Nydp363- qui nol i necar boxam de as a white solid,
np >300C. 15 MS 236.8 (M+tH)+ Analysis for Cll1 HOFN203 - 0.2 H20 Calcd: C,

55.09; H, 3F%ﬁhd%,§91066,§-|,2d:é,)wq199 55.00; H 3.63; N, 11.49.

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 refiux 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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Ref erence Exanple 4 20

7- Fl uor o- 6- met hoxv- 4- oxo- 1, 4- di hvdr o- 3- qui nol i necar bomtrﬂl’eogrﬁng@t ure of
7-f 1 uor o-VeO P34y - 4- oxo- 1, 4, - di hydr o- 3- qui nol i necar boxanP@bUf®EIG149y, 3.0
mol ) and cyanuric chloride (341 ng, 1.65 nmol) in 15 nL of N, N, -

di met hyl formam de is heated at 65C for 6 hours then cooled to room
tenperature and an additional 206 ng of cyanuric chloride is added. The

m xture is heated at 25 65C for 4 hours then stirred overnight at room

t enper at ur e Belrencacxample 5ni xture is 26 1 9 OCT 2006 WO 03/093241

PCT/ US03/ 13149 poured into ice water and neutralized with saturated sodi um

bi car bonat e 4—6?*[!&051’1#!!1&8 6 ﬁréﬁ\oﬁﬁ-glq%ﬁ{oﬁﬁ'eé&}‘bcfdlthlbr ation washing with water and
hexane to p crude product. Purification by flash colum

chr omat ogr aphy eI uti 93 with a gradient of 3% nethanol in di chI ar orret hane

to 10% net hdndixtura ofi7 dkpts-Grmathenid- oy b idiyaradauiginegagronitrils (1.0 g, 4.5

/-1l uoro-6- Wﬁﬁ&?éﬁd‘ﬁ%@f Bhésghohy@r @g&l&hﬂ&i@'ﬂe@&ﬁ?&t%ﬂhiﬂ b@mﬁﬂ&e&‘@ﬂenl‘lgc
M5 216.8 (MH) Analysi's for Cll H/FN202- O di chl oronmet hane Calcd: C,
58.80; H 3.ceaeeniaterh imgrackgyndheqesiiyeqis paptitioness befyeery agyeous) Gogifer ence

Exanmpl e 4 Alb‘ic?a%@?a?e Eﬁ@Bﬁf{fﬁhb&QteOfThe grganic layer is drled over ma nesmm sulfate,
7- Fl uor o- 6- net hoxy- 4- oxo qui nol i necarboni tri A m xture of

3-f | uor o- 4- riteresk s |q0ﬁ@er(f@@d313/rg tOlcﬁIJ'Cﬁmﬂe) arfturdicalian by “lash Column
(et hoxymet hﬂh%?ﬁét@%@ﬁﬁ@%%ﬁ%%tﬁ@g%@ueﬁt ofl 985 Y hcdtbiel %é#(éﬁ@td)% heatgd at

100 15 110C for 4. ours then cooled to room tenperature. 1 mxture
of hexane arfgetad® hyil Bexang: e Rravigerde #3and Mdhe Ohi gl?lgroﬂs-ﬂ%gﬁgae@ﬁxhﬁ i ce
bath. The sqluirfbinéfoorfifle Ript RM-1PsHi Ng Wi th hexane to provide a first crop
of 26.10 g ahd a second crop of 1.24 g. A 2.0 g portion of this materi al

i s added to 18 nL of a > 1 mxture of diphenyl ether : biphenyl that is
heated to ré\ﬂ$3>'?69'lfm+é‘|)m xture is heated at reflux for 4

Analysis for C11HsCIFN2O

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  quinolinecarbonitrite (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)-
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20 hours then cool ed and poured into hexane. The solids are collected by
filtration and washed with ethyl acetate and hexane to prid/i06€ B4 ny of
7-f 1 uor o VGO AHOIAY - 4- o0x0- 1, 4, - di hydr o- 3- qui nol i necar boni PET/U8034S14? br own
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-nethoxy-4-oxo-1, 4-di hydro-3- 25
gui nol i necarbonitrile as a yellow solid. 27 1 9 OCT 2006 WD 03/093241
PCT/ US03/ 13 AM@lysiRédreC gl b Gax &S athy acetate

4- Chl oro- 7-f | uor o- 6- net hoxy- 3- qui nol i necarbonitrile A m xture of
7-f|uoro-6 i ro-3-quinolinecarbonitrile (1.0 g, 4.59
mol ) and 1 mﬁp&y(ﬂﬁ%ﬁﬁ%%éﬁéﬁogighlorlde is heated at reflux for 30
mnutes then 5 concentrated in vacuo. The residue is partitioned between
aqueous sodiFernd:Ke.cdr 1R b&9%Nd9-4Phy| acetate. The organic layer is dried
over magnesium sulfate, filtered and concentrated on to silica gel.
Purificati oiRdpehbdfahi@by™ chromatography eluting with a gradient of 1:
5 ethyl acefate : hexané to 1 : 1 ethyl acetate : hexane, provides 631 ng
of 4-chl oro-7- quoro 6 nethoxy 3 10 qU|noI|necarbon|tr|Ie np 160-162C. M5
236.9 (MrH) 4-Cllpea-6-sedhgxyy/ piboxye ipoli ongrle 1 2 5. N, 11.84.
Found: C, 55.66; H 2.84; N, 11. 91 15 Reference Exanple 6

6- Met hoxy- 7-A 2- mepdpaeeet hoxy) - 4- Oetﬁrelhcﬂw ﬂqzhﬁdﬂhaxfeﬂﬁbxyﬁmdxaawrdmard-BJ l e
Sodi um (84 ny, 3.67 nnnl@ i s added to ne}hoagethanoh agd t he
mxture s Swneligepasponitdie (0 Mg &P m"m)telsi?mgof osphorous oxychloride is

7- Fl uor o- 6- makepatrétiuer 1oﬂnmﬂeé1md>h<boacé’rﬁra@u uhalaba@cathb%mduel iseddedfd Ny,

0.92 mvol ) is added and the reaction m xtur
) water and the pH is adjusted to 8 by the adc? tlon 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 f0|; C14H14N204- 0.60 H0O
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-methoxyphenylhamino]-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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heated at reflux for 4 hours then stirred at roomtenperature ove%ni ght.
The reaction mxture is poured into ice water and aci di 180Gk @B acetic
aci d. ThavQ@¥P¥34lare collected by filtration, washi ng w PET/ESHI3149cet at e
and hexane, to provide 234 ny of

6- met hoxy- 7- ( 2- met hoxyet hoxy) - 4- oxo- 1, 4, - di hydr o- 3- qui nol i necar boni trile,
np > 25 300C. M5 272.9 (MH 28 1 9 OCT 2006 WD 03/093241 PCT/ US03/13149
Anal ysis for Cl4H14N204- 0. 15 ethyl acetate Calcd: C, 60.99; H 5.31; N,

9. 75. Foun(h‘rRMSf@PMQQZPBG%,Mndﬁ92@3ﬁ@6 (Mtd¥rer ence Exanple 7 5

4- Chl or 0- 6- et hoxy- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile A m xture of
6- met hoxy- 7A613|yg§,tf&%1¥ﬁ¥ b‘%FN%O‘l‘zCD(Flgd 4, -di hydro-3- quinolinecarbonitrile
(180 ng , 0.66 mmol nd g of phosphorous oxychloride is heated at
reflux for 40 m nut es then concentrated in vacuo. The residue is added to
wat er and t 58 G0} bk 8dds No981by the addition of aqueous sodi um

bi carbonate. 10 The solids are collected by filtration, washing with water
and hexane, Foan@r®\g0de!; H2.820M, 0§78.

4- chl or o- 6- et hoxy- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necarbonitrile, np 178-
180C. Ms5_29 ng + Anlalgysi s for Cl4H14N204- 0.60 H20 15 Cal cd: C,
55.39; H 4%‘9—&?%%P—F,f 6 BXafBe Iround: .C, 55.23; H, 4.30; N, 8.87. Reference
Exanpl e 8

4-[(2, 4- D chi-Oydodenbgdrhingyeieiny-6imathool-3-guinblirecarbonitéie hoxy- 3- qui nol i necar bo
nitrile A m'xture of 4-chloro-7-fluoro-6-nethoxy-3-quinolinecarbonitrile
E?hé(z)dgri’ dll n&xtu ﬁaé)i?‘} %hlgrgm mlrg-gsgmgthoxt HO)ﬁYno%écanoontrlleS&OQ r%é ,n‘qoég)

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 MS 286.13 (M+H)+
Analysis for CygH16FN3O- 0.25 H,0O
Calcd: 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



30, 259) and pyridine hydrochloride (2.31 g, 19.9 mol) inp zhg.rmz@ﬁf
2- et hoxyet hanol is heated at 120C for 3 hours then cool el % Tr

t enper at WY@ 03/4341lr eaction mixture is added to aqueous soB¢THSWI8H%onat e
and stirred for 20 mnutes. The solids are collected by filtration to
provide 4.89 g of 4-[(2,4-dichloro-5- 25

met hoxyphenyl ) am no] - 7- f | uor o- 6- met hoxy- 3- qui nol i necarbonitrile, np >260C.
29 1 9 OCT 2006 WD 03/093241 PCT/US03/13149 HRMS theory 392.03634; found
392. 03556 ( Mepprativathin jayes ciiromaltoeapyCRIREN@ with 22 metipoolal diehiorgnetianas; H,
3.77; N, 9. : : i e Biined )le 9
4- Cycl opent éﬁrljz\a"r%eg%? gqi?q é%o‘} g&gé#ért] OQI\%?%-Z%H%%’I%??@%U&? Igﬁiegtrrsérﬁfg%?ﬁﬁgure of
4- chl or o- 7- 19876k 0- 6- et hoxy- 3- qui nol i necarbonitrile (400 ng , 1.69 mmol)
and cycl opentylam ne (307 ng, 3.72 mmol) in 11 nL of 2-ethoxyethanol is
heated at 1RfG405 (\h4)shours then cooled to roomtenperature. The reaction
10 m xture Is concéntrat ed in vacuo and aqueous sodi um bi carbonate i s added
to the residue. After stirring for 20 mnutes, the solids are collected by
filtratidn. ApalysieferdesidnrNgy GZEe@r ati ve thin layer chronmatography, el uting
wi th 5% nmet hanol in dichloronmethane, followed by trituration with diethyl
ether and hexfae.c, BEE: AS5.085K, 14197.0f '
4-cycl opent yl am no- 7- f [ uor o- 6- met hoxy- 3- qui nol i necarbonitrile, np 162-164C.
15 M5 286. 13 (MrH) + Anal ysis for_ Cl6HI6FN30- 0.25 H20 Calcd: C, 66.31; H,
5.74; N, 14F95’?d5|a=<§ér9?5 L'é-gge'.\'ahﬁ-o%, 5.80; N, 14.45. Reference Exanple 10
20 4-Butyl am no-7-fl uoro- 6- met hoxy- 3-gui noli necarbonitrile A m xture of

4- chl or o- 7- HetrefcExahgl@1y - 3- qui nol i necarbonitrile (300 ng , 1.27

6-Benzvioxy-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 portionstoa 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 filtration, washing with hexane and

15 diethyl ether to provides 2.60 g of 6-benzyloxy-7-fluoro-4-oxo-1, 4-dihydro-3-
quinolinecarbonitrile, 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 agueous 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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mmol ) and butylam ne (205 ng, 2.80 nmmol) in 10 nL of 2-et_r11;§xy@er&®%ol IS
heated at 80C for 1.5 hours then cooled to roomtenperature: reaction
m xture VOOYIENntrated in vacuo and aqueous sodi um bi caPEGHH833149 added
to the residue. 25 After stirring for 20 mnutes, the solids are collected
by filtration. Purification by 30 1 9 OCT 2006 WD 03/093241

PCT/ US03/ 13149 preparative thin | ayer chronmatography, eluting with 2%

met hanol in dichl oronethane provides 230 ng of

4- but yl am nMSr313.1d(M+18)}+ret hoxy- 3- qui nol i necarbonitrile, np 155- 156C. MS
274.2 (MrH)+ 5 Anal ysis for C15H16FN30- 0.2 H20 Calcd: C, 65.06; H, 5.98;
N, 15.17. = 5o BBl 5.91; N, 15.03. Reference Exanple 11

6- Benzvl oxv-li‘g?&%a(f)é;ocgitog%&zg 4-di hydr o- 3- qui nol i necarbonitrile 10 A

m xture of 4-benzyl oxy-3-fluoroaniline (6.06 g, 27.9 muol) (US 5, 622, 967)
and et hyl @@i%&@éﬂ@l‘bﬁ@ﬁé?aﬁ@&cet ate (5.08 g, 30.0 mmpl) is heated at

120C for 45 mnutes then cooled to roomtenperature. This solid is added
in portionsfygn@ 3 65.2b;: HBXbuNeg 0. di phenyl ether : biphenyl at 245 C. This

m xture is heated at 245C for 3 hours then cooled and the solids are

collected by filtration, washing wth hexane and 15 diethyl ether to
provi des? 2. wﬁm&woxy- 7-fl uoro-4-oxo-1, 4-dihydro-3-
qui nol i necarbonitrile, np >250C. M5 293.1 (MH)- Reference Exanple 12

6- Benzvl oxVv44cifiBloo7-fuctole-maliexyB-quihaitlccamenrdeni trile 20 A m xture of
7-fl uoro- 6- met hoxy-4-oxo-1, 4-dihydro-3-quinolinecarbonitrile (645 ny,

2.19 mol) agnd 10 nlL .of phosphoroys chlqride . is heat.e. 15 C for 1.5
rours | hen A GHEGH o BB o e S B Ele 179 Pee2d o
aqueous amMmmumoiand 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-quinolinecarbonitrite, mp
>250°C.

MS 220.9 (M-H)-
20  Analysis for C4oH4CIFN.O
Calced: C, 53.96; H, 1.81; N, 12.58.

Found: C, 54.23; H, 2.02; N, 12.06.
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hydr oxi de and the resultant solid is collected by fi Itrat TP fication
by flash columm chromatography eluting with a gradient of % ltihb acetate
i n hexand¥V® 83¥¥H4dt hyl 25 acetate in hexane, provides 284 h@T/H$03/13149

6- benzyl oxy-4-chl oro-7-fl uoro-3- quinolinecarbonitrile, np 159-160C. 31 1 9
OCT 2006 WO 03/093241 PCT/US03/13149 M5 313.13 (MtH)+ Anal ysis for
C17H10CI FN20 Cal cd: C, 65.15; H, 3.06; N, 8.82. Found: C, 65.29; H 3.22;
N, 8.96. 5 Reference Exanple 13

4- Chl or o- 7- fHeferencerExamipledd- 3- qui nol i necarbonitrile A m xture of
6- benzyl oxy-4-chl oro-7-fl uoro- 3- qui nol i necarbonitrile (733 ng, 2.34 mol)

and 1 L of 436706 8foSy rubi-ShuRblitddafdonaiieacet i ¢ acid is heated at
reflux for 9 hours then concentrated In vacuo. The residue is treated with
ice water and then 10 basified to -10 by the additjon of agueous

amoni um hydogkf d:em'th’l‘?éﬁAé‘élﬂr?ﬂrﬂuor%'é‘rhyﬁr% Seqyinclipesbenjtriig (187 M9 &B3nd
washed W th pgfhgf %,th&{yﬂ#bspﬁﬁ@ égé :tngaﬁ ﬂglrﬁmQP}téﬁd?bth@nolVﬁBQ AP B3 hiaglp! i n

et hyl acetate. The organic | ayer dried over sodiumsulfate filtered

and concént i &dmk of \iﬁ'ﬁf@l‘@ydrofWé‘“ﬂ%éﬁj‘!ﬁ?ed'?@y@é?ﬂﬁ?%@@‘y\'ﬂt? Ra0ra9s hBo dnewbai ned

initially, ampg erétﬁ)anﬁ&ﬁfré & kép'i atlioss %rvwrﬂmmt&mﬁtshﬁa@ lat rdbneiéw;berampé ate
and absorbed 15 onto_silica gel, Purification by f col um

chr omat ogr ap§Mightt i hde pagtion Mhie datcappentraisthie V'?%Uq ROF cRitifing nflasht s of
ethyl acet at@inth &3RREIrEpHY BIRRGNANCA grdtidh by ho aﬁﬂta%b%t@frpwé@ﬂ@ 1269, g of
4-chl oro-7-fl uor o- 6- hydroxy- 3- qui nol i necar boni tril n‘g 0C. M5 220.9
(MH 20 Andthdiasetaip Itiorang Pregesaf-ehioras- egypxggrﬂugro- '%I‘O“Wcal@nﬁ@e

Found: Go 54ng@365-e6<.02; N, 12. 06.

MS 251.0 (M+H)+

Analysis for C1,HgCIFN,O

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

15 Reference Example 15

7-Fluoro-6-methoxy-4-[(3.4 5-trimethoxyphenyaminol-3-quinolinecarbonitrile

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 , 2.33 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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+32 1 9 OCT 2116 WO 03/093241 PCT/ US03/ 13149 Reference Eggr’rﬁ}r.ﬁ #‘6
4- Chl or o- 6- et hoxy-7-fl uoro-3-quinolinecarbonitrile To a tte of

4- chl or o-WO P3A3R4- 6- hydr oxy- 3- qui nol i necarbonitrile (185 hgl/uge3gE149nmol ),
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 ednplysisifersBaoHaolbENOc & ogr aphy el uting with a gradient of 1%
ethyl acetate in hexane to 5% ethyl acetate in hexane provides

4- chl or o- 6- @a@x wof -o% Rui i necarbonitrile, 10 np 165-166C. M5
251. 0 (M+H) + I na ’ysgi'ésgzlﬁ’)rg"gg_igl'—lg%?éNzo 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- FOURS:-60-75 &1, 4.85; Ns 18dBhoxyphenyl ) ami no] - 3- qui nol i necar boni tri |
e A mxture of 4-chloro-7-fluoro-6-nmethoxy-3-quinolinecarbonitrile (500 ng

, 2.11 mmolReferdnde BrdmpigaENOXYani line (515 ng, 2.81 mmol) and pyridine
hydrochloride (270 nmg~, 2.33 mmol) in 20 nL of 2-ethoxyethanol is heated
at refl ug The reaction

s

m xture RO c; : rbonate and stirred at room
tenperature for 15 mnutes. The solid is collected by filtration and

partitioned AbﬁﬁM@@l ][bfvmﬂ@);ro@ndtr@%ﬂ@nbld aoe gt, 3. 7Thenal); @eitomobinylenethgl étheed f
over nmagnesium su te, filtered and concentrated i acuo, . Trjtyratjon o
The. oot qudTabid 1675 imrih o7 BOREUM SRy e AR oS5 TaeD 41 40 BN
7-f1uoro- 6- W%}?ﬁéﬁylﬂyrnﬁﬁwide_ is_heated at 70°C for 4 hours then cooled to room
gt(Bfl 1'052 }\A::_Dr{g}npgr)é{ﬁg eann)c/iI &é"u”r”eé‘ %]nEOB_ic%l.JLl'rﬂgls!.orl}g Clg rc% ergtéc{ 'bly E%i’ltraq%n 2vilLa53_h<29é 7V$%fh VB
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 CgHyoFNO4

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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33 1 9 CCT 2016 WD 03/093241 PCT/ US03/13149 Analysis for Cﬁgﬂjy 12FN304-
0.8 H2O Calcd: C, 60.39; H, 4.97; N, 10.56. Found: C, 60.1795, LS9 86; N,
10. 16. P¥083/8132H€ Exanpl e 16 5 2- Fl uor o- 1- ( 2- net hoxyet hoxRST/HS¢H BI4%benzene
A m xture of 2-fluoro-5-nitrophenol (10.0 g, 63.7 muol), 2-bronoethyl

met hyl ether (15.0 g, 107.9 mmol) and potassium carbonate (26.5 g , 192
nmml) in 40 nL of N, N -dinethylfornam de is heated at 70C for 4 hours
then cooled to room tenperature and poured onto ice. The solid is

col | ected b3 18618 (Mot} washed with 10 water and dried to provide 12.0 g of
2-fluoro-1I-(2-nethoxyet hoxy)-4-nitrobenzene, np 62-63C. M5 216.02 (MtH) +
Anal ysi s for, de ; H 4.68; N, 6.51. 15 Found: C,

50. 24; H, 4.Aé1%‘;gEtNg?ng.@%b%%e?gr%gHgg-‘%anple 17 3-Fl

uor o- 4- ( 2- met hoxyet hoxy)anil ine A m xture of

2-fluoro-I -(@%t%@y&ﬁbﬁ)@zm—ﬁi@r obenzene (12.0 g , 55.7 mmol), iron
powder (10.3 g, 180 mmol) and anmmoniumchloride (14.5 g, 270 mmol) in 170
mL of 20 etdaanglc &b M,Blo7oN, wajoer is heated at reflux for 1.5 hours then
filtered hot through a pad of Di atomaceous earth, washing with ethanol. The
filtrate_ is cooled to room tenperature and the precipitated solids are

r enoved Qy f f am 8tiltrate is concentrated to a small vol une and
partitioned between ethyl acetate and water. The organic |layer is dried
over magnesigiohipty-F-auro-6-(2-inetHoslysthekyiBhatmalinedagsbritilevacuo 25 to provi de
9.45 g of 3-tluoro-4-(2-nmethoxyethoxy)aniline as a brown liquid. 34

Following the procedure of Reference Example 4, a mixture of 3-fluoro-4-(2-
methoxyethoxy)aniline (6.39 g, 34.5 mmol) and ethyl (ethoxymethylene)-
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 Cy3H;0CIFN20,-0.1 equiv Hx0O
Caled: 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-yl)sulfanyljphenyllamino)-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-({3-chloro-4-[(1-methyl-1H-imidazol-2-
35



1 9 OCT 2006 WO 03/093241 PCT/US03/13149 MsS 186.13 (IVH-|)+9 éﬁﬁ{ﬂ\@ s for
C9H12FN02-0. 2 equiv H20 Calcd: C, 57.25; H, 6.62; N, 7. 48. S
57.55; HW@0Y#324y 7 50. 5 Reference Exanple 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 mmol) provides 7.62 g of a brown solid.

Fol | owi ng t Wesulfenyilpbeeiamine)f 7-fidrebe@aetbeaiegicxys3-apinplinesarhogitiile, comper t ed
to 6.0 g of o4gehher0-7- fl uoro-6-(2-met hoxyet hoxy)-3-quinolinecarbonitrile,
nmp 130-138C. MS 281.02, 282.98 (M+H) + Anal ysis for C13HL0CI FN202-0.1 equiv
H20 Calcd: C, 55.27; H 3.64; N, 9.92. 15 Found: C, 55.02; H, 3.64; N,
9.64. Ref eMné® -G dpik 190

4- ({3-Chloro-4[(1-met hyl - 1H i m dazol - 2-yl ) sul fanyl ] phenyl }am no)-7-fl uoro-6
- (2- met hoxuabiyes Yor G dKCIFNOpecayppoi trile A m xture of
4-ch|oro-7-f|uoro-6-(§-nethoxyethoxy)-S-quinoIinecarbonitriIe (2.72 g 20
9.7 mml), 3-chloro-4-[(1-nethyl-1H i m dzazol -2-yl)thio]-benzam de
(US4973599) 02’5%5&;69%8'.’6-?1%‘3133-9% pyri di ne hydrochloride (1.2 g, 10.4
mml) in 35 nL of 2- ethoxyethanol is heated at 110C .for 1.5 hours then
cool ed to r Geuhd:aTyB34t v, @,11; Nihe3.89l i ds are collected by filtration, washed
with diethyl ether and suspended in saturated sodi um bi carbonate. After

stirring for_EeéérS cl:‘leOIlEII‘S; ItEﬁ solids are collected by 25 filtration to
provide 2.9 - oro-4-[(1-nmethyl-1Him dazol -2- 35 1, OCT 2006

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

methoxy-3-quinolinecarbonitrile

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

4-[(2.4-Dichloro-5-methoxyphenylamino]-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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WO 03/ 093241 PCT/ US03/ 13149 ‘

yl ) sul fanyl ] phenyl } am no) - 7- f | uor o- 6- ( 2- net hoxyet hoxy) - 3- dl’i B6T i28car boni tr
ile, np VP@8Y0BRHL NS 484.05 (MrH)+ Anal ysis for C23H19CI PREUSE/1814P H2O 5
Calcd: C, 53.69; H 4.39; N 13.61. Found: C, 53.47; H 4.11; N, 13.309.

Ref erence Exanpl e 20

4- ({3-Chl oro-44(1-net hyl - 1H i m dazol - 2-yl ) sul fanyl ] phenyl } am no) - 7-f| uor o- 6
- met hoxy- 3-qui nol i necarbonitrile 10 Fol |l ow ng the Procedure of Reference
Exanpl e 19, flashcQluine chtomategiaripy, etiting Withyaggradient of dichloromethane to 1%

et hoxy- 3- quigfinoNRCaiEmednidthdre, 183 3y & 4-%@,47&H16f615)-methoxyphenyI)amino]—G-

3-chloro-4-[(1-methyl -1 H imdzazol-2-yl)thiq]-benzam de (US4973599) (2.56
g, 10.6 mmmoFf Oéﬁa'fb%F‘?'g‘lqﬁ’é‘O"'P%?W@m"ﬁrri“éé {1185

g of 4-({3-chloro-4-[(1-nmethyl-1 H

i m dazol - 2- yi9 508.6 @myH) phenyl } am no) - 7-f | uor o- 6- met hoxy- 3- qui nol i necar boni t
rile, np 15 290-294C. MS 440. 20, 442.21, 443.22 (MtH)+ Anal ysis for

e P o B B B 5 LT ©

(2, 4- Di chl or o- 5- net hoxyphenyl ) am nol - 6- et hoxy- 7-f | uor o- 3- qui nol i necar boni tr
ile Foll owiQafpdt & 54c98; &t Grod; Nf 1(é2.er ence Exanple 8, a m xture of .
4- chl or o- 6- et hoxy-7- fluoro-3-quinolinecarbonitrile (197 ng, 0.78 mmuol),

2, 4-dichl or@-5-m anj i e ng, 1.14 mol) and pyridine

hydr ochl or | %8”?@%%@5%5%%%8 tovides, after 36 1 9 OCT 2006 WD
03/ 093241 PCT/ US03/ 13149 fl ash columm chromat ography eluting with a

gr adi ent of Réfferbhce Bxapnpla@@ to 1%

%, 10.4 mol ) provides 3.00

4-[(2,4-Dichloro-5-methoxyphenyhaminol-7-fluoro-6-(2-methoxyethoxy)-3-

10 guinolinecarbonitrile

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

hydrochloride (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 filiration to provide 1.15 g of 4-[(2,4-dichloro-5-

methoxyphenyl)amino]—7—f|uoro-6-(2-methoxyethoxy)-3-quinolinecarbonitrile', mp 170-
20 172°C.

HRMS theory 436.06256; found 436.06093 (M+H)+
Analysis for CyoHsClaFN3Os- 0.4 HO
Calcd: C, 54.16; H, 3.81; N, 9.48.
Found: C, 53.90; H, 3.89; N, 9.36.
25
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met hanol in dichl oronethane, 183 ngy of 19 0CT 2006
4-[ (2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 6-

et hoxy- 7%Q 0¥499324- qui nol i necarbonitrile, np 184-186C. M5 ROBUBO3(1GK49) 5

Anal ysis for Cl19H14C 2FN302- 0.5 H20 Calcd: C, 54.96; H, 3.64; N, 10.12.
Found: C, 54.99; H 3.59; N, 10.05. Reference Exanple 22 4-f

(2, 4- Di chl or o- 5- net hoxvphenyl ) am nol - 7- f | uor o- 6- ( 2- met hoxyet hoxy) -3- 10

gui nol i necarbonitrile A m xture of

4- chl or o- 7- fRefarence Examptet Bxyet hoxy) - 3- qui nol i necarbonitrile (1.00 g,

3.59 mmol ), 2, 4-dichloro-5-nethoxyaniline (727 nmg, 3.77 mmol) and pyridi ne
hydrochl ori dggg X4-hirddy- PR et dky difioxh-RuineiRbEyysiianol is heated at
100- 105C for nours. The reaction Mxture 1s cool e oom t enperat ure
and then 15 poured into ice cold saturated sodi um bi carbonate. The solids
are col | ect deRliopighihe PigceduUiRatead i Prenasd Referane E¥anmplend; raagionaal 6-

di chl or onet haghe -HW lofo-31ah i bl i at ed.
The solid resi dﬁlg;&?g @ﬁxﬁ@b\}?ﬁ ? r@{@g@%‘érﬁﬁ;ﬁak t dceESn?)‘ftlﬁéﬁ eg]régag;gﬁﬁg%% ed by
filtration t&bpRIRARX-NYdIoXyy -G methpreethory)-Sriusialingcarbonitrile in 86% yield, mp

met hoxyphenydgsgegno] - 7- f | uor o- 6- ( 2- net hoxyet hoxy) - 3- qui nol i necarbonitrile,
np 170- 20 172C. HRWVS theory 436.06256; found 436. 06093 (M+H)+ Anal ysis
for C20HL6CI2EN3C3- 0.4 H20 Calcd: C, 54.16; H, 3.81; N, 9.48. Found: C
53.90; H, 3.M85542@Mb+ 25 37 1 9 OCT 2006 WO 03/093241 PCT/ US03/ 13149
Ref erence Exanple 23

6- Benzvl oxy-Hefayhice Bxarhple22aet hoxvet hoxy) - 3- qui nol i necarbonitrile

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

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 B-benzyloxy-4-chloro-7-(2-methoxyethoxy)-3-
quinolinecarbonitrile in 67% yield, mp 142-145°C.

MS 369.1 (M+H)+

15  Analysis for CyoHy7CIN2O4
Calcd: 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 suspensién 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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Fol l owi ng the procedure used to prepare Reference Exanple (‘g ﬁa]g tion of 6-
benzyl oxy- 4- hydr oxy- 7-f | uor o- 3- qui nol i necarbonitrile and 21 B ﬁ‘l’iet hanol
provi des W@ 03/093241 : PCT/US03/13149

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

6- Benzyl oxy- 4-chl or o- 7- ( 2- met hoxvet hoxv) - 3-g ui nol i necarbonitrile 10

Fol l owi ng the procedure used to prepare Reference Exanple 12, reaction of
6- benzyl oxyliturajaly owifh 7diethyhreethex ypioNigies) 382 mgd nol i seblards@hydrexy-é-(®i t h
phosphor ous e _DF ¥ o _47Eo

6- benzyl oxy-nlé-}ié%)&%#h%%)-? - rlr@ph%%;%?wgl)?ySn-p31-74q1lﬁ5n(C)] i necarbonitrile in 67%
yield, np 142-145C. M5 369.1 (M+H)+ 15 Anal ysis for C20HL7CI N203 Cal cd: C,
65.13; H, 4M327N0 (M+B0+ Found: C, 64.92; H, 4.90; N, 7.48. Reference
Exanpl e 25 4-Chl oro- 6- hydr oxy- 7- ( 2- met hoxvet hoxy) - 3- qui nol i necarbonitrile
20 A m Xt Ur eyfalysis for CygHy1CINOg— 0.8 H:0 N o

6- benzyl oxy-4-chl oro- 7- ( 2- met hoxyetzhoxy) - 3-qui nol i necarbonitrile (512 ny,
1.39 nmol)) and 0.9 niL of thioanisole in 7.5 nL of trifluoroacetic acid is
heated Aat KeledixCi2H23 rhddS N AGR- concentrated in vacuo. The residue is
treated with ice water and then basified to pH 9-10 by the addition of
agueous amupyuul OYsH 9xiHle.36: N6, 71esul tant suspension is extracted with
ethyl acetate. The organic layer is 25 washed with brine, dried over sodium
sulfate, filtered and concentrated in vacuo. 38 1 9 OCT 2006 WD 03/093241
PCT/ US03/ 13 1Baierence £Xxamplg,yi t h di et hyl et her provi des 302 ng of

4- chl or o- 6- hydr oxy- 7- (2- met hoxyet hoxy) - 3-qui nolinecarbonitrile, np

174- 175C. NB-BudxP-4{dmidrdh-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 Cy7H;9CIN.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-guinolinecarbonitrile

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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Anal ysis for C13H11CI N2CG3- 0.8 H20 5 Calcd: C, 53. 27, %S’E’T Z%G 9. 56.
Found: C 53.39; H 4.36; N 9.71. Reference Exanple 26 1

6- But oxy WO 8HPB¥2Y- 7- ( 2- met hoxyet hoxy) - 3- qui nol i necar boni t PETESBABIW ng t he
procedure used to prepare Reference Exanple 14, reaction of 4- 10

chl or 0- 6- hydr oxy- 7- ( 2- met hoxyet hoxy) - 3-qui nolinecarbonitrile with

tri phenyl phosphine, diethyl azodi carboxyl ate and n-butanol provides

6- but oxy- 4-chl oro-7-(2- met hoxyet hoxy) - 3-qui nolinecarbonitrile in 71 %
yield, np 1MSIFOCMME+335.1 (M-H)+ Analysis for C17H19CI N2G3 15 Cal cd: C,
60.99; H, 5.72; N, 8.37. Found: C, 61.05; H 5.82; N, 8.10. Reference
Exanpl e 27

4- Chl oro-7- PalXSleoé C1§H1SCIF 212 Eytryl °8t>?§f‘3 3-qui nolinecarbonitrile

Fol l ow ng the pr ocedure used t repare Reference Exanple 14, reaction of 4
20 chl or o- 7GelcdoCo-58-15y Hr 666+ 'Sr‘tig?fhol i necarbonitrile with triphenyl
phosphine, diethyl azodicarboxylate and.4-(2-hydroxyethyl)norpholine

provi des 4- ?Bhﬁdi% &7id3uPr 2:66; N1211.96.

nor phol i n- 4- yl et hoxy) - 3- qui nol | necar bonitril e in 57%vyield. An anal yti cal
sanple is obtained by preparative thin |layer chromatography eluting with 1
% met handl ﬂﬁﬂ&@gﬁﬁmﬁiéﬁe, np 163-164C. 39 1 9 OCT 2086 WD 03/093241
PCT/ US03/ 13149 WMs 336.1 (M+H)+ Anal ysis for C16H15CI FN302- 0. 13 Et hyl
acetate Cal4gep 4-Bichiofo-Eanettoxybhefyl)dshindl2z-lbroBa@atorpholinre4-y8ioxid-34. 60; N,

11.96. 5 Reference Ex le 28
gumoﬁnecarbonﬁrng

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 Co3Hz1CloFN4O3
Calcd: C, 56.22; H, 4.31; N, 11.40.
Found: C, 55.91; H, 4.44; N, 11.10.
Reference Example 29

6-Methoxy-7-(4-methyl-piperazin-1-yl)-4-oxo-1,4-dihydroguinoline-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 resuiting 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
40



4-1(2

4- Di chl or o- 5- met hoxyphenyl ) am nol - 7-f | uor o- 6- ( 2- nor phol i nJA?- g/qTetzP'uugxy) - 3-
gui nol i n&¥@PHMIR4Iri | e Fol |l owi ng t he procedure of ReferencRCENSIBHBHI8, 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 mmol),
2,4-dichloro-5- 10 nethoxyaniline (90.5 ng, 0.47 nmol) and pyridine
hydrochl oride (95 ng, 0.82 mml) provides, after preparative thin |ayer
chr onat ogr aphynetihyderien ghinridé/methanst Sioto #:1) telivigid o%mhahé:mQJBOWng-

4-1(2,4-dic )= B- etk hoXyph N T U] =Y e T RS 2 ;

nmor phol i n- 4myﬁ%£ﬁgfﬁ®?§ﬁ%§f¥té%@gdn u,znroﬁn{n%,@ %ﬁ&fg@-elggcé GHOXSSS.Ogd’( M H)
15 Anal ysi sdeer- Z38621C 2FNAC3 Calcd: C, 56.22; H, 4.31; N, 11.40. Found:
C, 55.91; H 4.44; N, 11.10. Reference Exanple 29

6- Met hoxy- 74(4- et hyl - pi perazi n-1-yl) - 4- oxo- 1, 4- di hydr oqui nol i ne- 3- car boni t
rile 20 A ni kiNMRR (RMSLBds) g 2(3S. @23%-33 road s, 4H), 3.32 (broad s, 4H), 3.89 (s,

7-fl uoroz6- 4 - gl ukphkbne-_- r itrile (Reference
Bcanpl o a) S B 1B A LSS AR 1A Groal M 1t of 1
-met hyl -2-pyrrolidinone is heated at 90C for 8 hours, then at 105C for a
further 16 MUES, rpgativedpr ginde):an/e cplsaivrdastwNyQe: 888.1Tioungi97 &s®-Hi'ng oi Iy
residue was added 2 nL of water and 5 nL of methanol. The solvents are

agai n renovefbidBndPEXRRPIE30The crude product is purified by silica gel
chromatography utiftzing a gradient 40 1 9 OCT 2006 WO 03/093241

PCT/ US03/ 13149 of nethyl ene chloride/methanol (9:1 to 4:1) to yield 152 ny
of 6-met hox &t (22{[(1E)—( imethylamino)methylidenelamino}-4-fluorobenzoate

met hyl - pi perazi n-1-yl)-4-oxo-1, 4-di hydroqui nol i ne-3-carbonitrile as a
yel l ow sol i ¢y shpension 235 Co-aninMRILCERIVEEY6I6) acld 3182 (g, 63t , mthol)3 4ray oad

s, 4H), .3.32 (broad s, .4H), 3 89 3H),.6,98 (s,.1 v d:43 (S, .1 H),

555 (5101 Rjmemyloramiedtylaceial§58 mE) BehsateLabieoL 1o S ndfl FOMY il L

for Cl6H18N4cBled 2880bm temptiaturPand dohkdritrated in vacuo. The dark oil is passed
through a pad of hydrous magnesium silicate eluting with methylene chioride to

provide 17.16 g of ethyl 2-{[(1E)-(dimethylamino)methylidenejamino}-4-
fluorobenzoate as a red oil.

15  MS239.1 (M+H)+
Analysis for CyoH15sFN2O,- 0.20 H,O
Caled: 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-hydroxyguinoline-3-carbonitrile

To a solution of 2.5 M n-butyl 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-fluorobenzoate (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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Ref erence Exanple 30 Ethyl 2-f u 19 0CT

E) - (di net hyl am no) net hyl i denel am no} - 4-f| uorobenzoate A suspensiz(% of

2- ami no- YO PeBeHenzoic acid (10.2 g, 65.8 nmmol) and 10 BERESI3MYr nani de

di et hyl acetal (58 nL) is heated at reflux for 6 h. The solution is cool ed

to roomtenperature and concentrated in vacuo. The dark oil is passed

t hrough a pad of hydrous magnesiumsilicate eluting wth nethylene chloride

to provide 17.16 g of ethyl 2-{[(1E)-(di nethyl am no)nethylidene]am no}-4-

f 1 uor obenzoaf’8’Gsfor 2rivdheirgaction tamperstire ig ﬁmi;%lmsplygi%arﬂbﬁo P20 s -

0.20 H20 Totol RO 1+ 6. Frde i+ F ; 5 i 5; N,

11. 29. Re%lgﬂaee%'ﬁp;égmgqi tSO 7?% %_l‘odr (]?g:?ll-&ﬁ?(élgo@?g@;igh%oisn@p%ﬁcgr %C%dtzri | e

To a sol ut i copise2, EheMeactinm pixturgtig allowedchitor wanmatyy thooi temepergte® adstirrer34

mmol) in 54 t a rs = { 1 lLon of
fo%.o%pﬁl,eltr{elg%q%% )lgirbr?ﬂ%%%c? %E ﬂcl) ati%ﬂ%%}h&tg?@%%&rﬁyﬁ@fﬁ%h,

acetonitrile _ - tetra ran. "After
stirringSat wargCdiehyl etheni ethyl aacstateiand thenpddditiongl digthyl gther to give 7.95 g of

E) - (di met hyl-agriRoy! j = ) ~ 60.9 25
oty i 100 TS TBARARERSEREstaBlat o 81 AR ARRESHE PR 5h, Arter
stirring at 41 190CT 200 WO 03/093241 PCT/ US03/13149 -78C for 2 h, the
reacti on tedp@A87.0rdHs slomy allowed to warmto -10C. The mixture is
then cooled to -78C and acetic acid (18.3 g, 305 mmvol) is added dropw se.
The reacti omEsis4bEC] FlsAUJRWesh H%owar mto roomtenperature and stirred
for 3 days. The preci pifate is collected by filtration washing with
tetrahydrofuran, 5 water, diethyl ether, ethyl acetate and then additional
di ethyl et hdraleds @i €26% H2.84 Ok 14H7¢ | yor o- 4- hydr oxyqui nol i ne-3-carbonitril e
as an off-white solid, np >250C. M5 187.0 (MH)

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

Reference Example 32

4-Chloro-7-fluoroquinoline-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-chioro-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-methoxyphenyllaminol-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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Anal ysis for CIOH5FN2O- 0.20 H20O Calcd: C, 62.63; H, 2.84@ mﬂ'ﬁ 61. 10
Found: C, 62.55; H 2.71; N, 14.29. Reference Exanple 32

4- Chl or oWO P39f324dgui nol i ne-3-carbonitrile A m xture of PCT/US03/13149

7-f 1l uoro-4-hydroxyqui noline-3-carbonitrile (2.02 g, 10.7 muol) and a few
drops of N, N-dinethylformam de in 16.0 nL of thionyl chloride is heated at
reflux for 15 1.5 h. The reaction m xture was concentrated in vacuo and
toluene (20 nm.) is added and the m xture is again concentrated in vacuo to
provi de 2. 18najysis fos Catih:6Clg=N-0-0L4dz@ qui nol i ne- 3-carbonitrile as a yellow.
solid, np 163-165C. M5 207.0 (MtH)+ Reference Exanple 33 20

4-[(2,4-Dic 0 l4) nol - 7-f 1 uoro- 3-gui nol i necarbonitrile
Fol | owi ng tgg@%ggggg?gﬁé%’@%ﬁ??geﬁ“e Exanple 8, a m xture of

4-chl oro-7-fluoro-3- quinolinecarbonitrile (2.10 g, 10.2 mmol),

2, 4- di chl or boundit RBAPEH 2.P&N.(W. 135 g, 11.2 mol) and pyridine
hydrochlorlde (1.18 g, 10.2 mml) provides 1.78 g of 4-[(2, 4-

di chl or o- 5- ﬁg@@ﬁ@@gﬁsag‘m no] - 7-fl uoro- 3-qui nol i necarbonitrile, np
199-201 C. 42 1 9 OCT 2006 WD 03/093241 PCT/ US03/ 13149
Anal ysis_for C17H10C12FN30 0 4 H20 Cal cd_ C, 55. 28;_ H 2.95; N, 11.38.
Found: G 55:(2d/ethoxyethomy)-deoxorl d-dinvdrequingling3.cagionittlies 34 5

7- (2- Met hoxyet hoxy) 4- 0x0- 1. 4- di hydrogw nol i ne- 3 car bonltrl le A m xture of
sodi um hydr pGRixfupd Bf é&ilurﬂay&ld“é’@b() nig‘dz@-ﬁhfégraﬂd‘l’ fHuors-atyaroixpqlindlite3-

carbonitrile - met hox tha heated at

ref | ux oveP‘T‘fi’@Wf” e g@)‘éptg o@rﬁlmé‘Bbl dftn SWP@Z‘E Qaé‘fs’g?%ﬁ[g 'gé?eﬁ}'ﬁﬁjl At redluX yged

and the reagldraight. Additional sodium hydride (250 mg, 6.25 mmol) is 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 C3H;2N>03 — 0.25H,0

Calcd: 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)auinoline-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 chioride 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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m xture is heated at reflux overnight. Additional sodium h1yqj Or 066250 ng,
6.25 mmol) 10 is added and the reaction mxture is heated ux for
hours. TNeOPHEA3241on mi xture is cooled to room tenperaturECHHSMplal@l ti oned
bet ween et hyl acetate and saturated sodi um bi carbonate. The basic layer is
acidified with aqueous HCI and the resultant solid is collected by
filtration to provide 1.05 g of 7-(2-nethoxyethoxy)-4-

0x0-1, 4-di hydroqui nol i ne-3-carbonitrile as a white solid, np >250C. 15 M5
243. 1 (M H) Baferbned Exdrople @83H12N203 - 0. 25H20 Calcd: C, 62.77; H, 5.07; N,
11.26. Found: C, 62.53; H 4.68; N 11.22. Reference Exanple 35 20

4- Chl oro-7- (4 |tmg,1ngthe
procedure o ' : ' =4-0Xxo0- 1, 4-

di hydr oqui nol i ne- 3- car bon| trile (80 3 28 mma) thionyl chloride and a
catalytic dntragtiorombrurensich.-gnst Hyd'’s nwfo@rr@iﬂmw cl¢-metbyipesazin-1-yl)-4-

4-chl oro-7- r solid
ol 1 d. 1y 1950 1RO BaREIIESLA BN i A QPR B S iRl BBl

PCT/ US035 13849 OS?Q’éff@rr éhdeingganpiter gwling, the mixture is concentrated to dryness in

4- Cnl or o- 6- %&wwfg?vg(gdr&m%@d P?&%é”ﬁ Labd sOMLBlUeRE; AnE M Bl e A
reaction mxture o

6- met hoxy- 7-corcentiatad topdnyeesszagain. - [g/rppwupe an ice-cooled saturated aqueous sodium

oxo- 1, 4 di IyglronuleNRlinfjg a0aRNNbTblifud. This xRt (P BARRRGY hifh e8| de
is heated 5 at or m nut es ter coolin he m xture is

concent r at edf tto9%bymixse jah methdens pldogda/@emanpbw%es@ga@c layer it idged ovadded 5
mL tol ugge, rgé&e&.#aﬁn SOHHE. BT Mdgn %ﬂﬁé@t.ﬁ%ﬁ\evév )Fﬁﬁrétlérgadrfa Py se,
an ice-cool e aturate aqueous sodium carbonate solution is added to the
resi due. Thiremaved iveadue teprevida 8@5aig of 4cioms6-methaxy-7a(domethyipiperazingd of

met hyl ene chlorjifhamt dandiic e PEIBA ofia @y 771591 ed over

MS (ES, positive ion mode): m/z calcd for C4gH;7CIN4O: 316.1, found: 317.0 (M+H)*.
Analysis for C1gH;7CIN40-0.1 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-methoxyphenyllamino]-7-fluoro-6-methoxyquinoline-3-carbonitrile

MP 152-153°C; Mass Spec. 350.0 (ES+)
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10 magnesi um sul fate. The magnesiumsulfate is renoved by 1f§ Iohf%ﬁson, and
solvent is renoved in vacuo to provide 0.255 g of

4- chl or o-V60 098Ky - 7- (4- met hyl pi perazin-1 - yl)-quinoli nePGT/ESHGEM% ril e as
a yellow solid, np 177-179C. M5 (ES, positive ion node): mz calcd for
C16H17CI NM4O: 316.1, found: 317.0 (MtH)+. Analysis for C16H17CI NAO. 0.1
Herr)O 15 Calcd: C, 60.32; H 5.36; N, 17.59. Found: C, 60.00; H, 5.35;

N, 17.82. The follow ng Ref er ence Exanpl es 37-41 are obtai ned anal ogously
by the net hBeferncelbmta8® Exanpl e 8 and the correspondi ng substituted

ani line. Reference Exarrpl e 37 20 4-[(2,4-D chorophenyl)am nol -7-f

|'uor o- 6- met RexVEH1H RS RSN Bintol- $luc¥Eb-Ath X9 Qnol MBS caphSiitrile36 2. O
(ES+) Reference anpl e

4-1(2, 4- Di net hyl - 5- msthox henyl ) am nol - 7- f | uor o- 6- net hoxyqui nol i ne- 3-car bo
{( Mﬁé} yp yS% yq

‘nitrile Jtec; Mass Speec3588dES Y ES+) 44 1 9 OCT 2006 WD 03/ 093241
PCT/ US03/ 13149 Reference Exanpl e 39 4-f
(2- Chl or o- SpERKARE 4 y@m nol - 7-f | uor o- 6- met hoxygui nol i ne-3-carbonitrile

MP 237C dec; Mass SpecI 356.0 (ES -) Reference Exanple 40 5

7- Fl uor o- 6- rrethoxv 4-f (5- rrethoxv 2- met hyl phenyl ) am nol - C]UI nol | ne- 3 carboni t
rile MNP 168:Huore-6-mgihexedlE-methaxy2-methvinhanybaminel-guipolive~3-garkegnilyilg

(2, 4- Di net hyl phenyl)am nol - 7 f 1 uor o- 6- met hoxyqui nol i ne- 3-carbonitrile M

184- 185C; Mpf5s1690€£1°03 Mask éd:e% 338.00E8gf er ence Exanple 42
4- Chl or 0- 6- met hoxv- 7-f (1- met hyl pi peri di n-4-yl) met hoxyl gui nol i ne- 3-car boni tr

ile
Reference Example 41

4-[(2 .4-Dimethylphenyl}amino]-7-fluoro-6-methoxyquinoline-3-carbonitrile

MP 184-185°C; Mass Spec. 320.1 (ES -)

10 Reference Example 42

4-Chloro-6-methoxy-7-[(1-methylpiperidin-4-ylYmethoxylquinoline-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 suifate,
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)methoxy]quinoline-3-carbonitrile, mp 166-168 °C.

MS 346 (M+H)*
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A mxture of 7-fluoro-6-nethoxy-4-oxo-1, 4-di hydro- 3- qui nol,i arbonltrlle
(1.5 9, 6.9 mol) and (1-nethyl pi perldln 4-yl) - met hanol (1§§ 063. 7 nmol )
(WO 2004MQ9¥99328nd a 60% di spersion in mineral oil of soBCUHﬁWHM%e (0.8
g, 34.4 mol) is heated at 15 110 C for 2 hours. The reaction mxture is
guenched wi th net hanol, concentrated, and azeotroped with toluene to give
2.25 g of a brown solid. A mxture of this solid and phosphorous
oxychloride (15 nmL, 159 mmol) is heated at ref lux for 30 mnutes then
concent r at e8nalysis &7 §asHAGM:Pesi #6d +05 PPt i t i oned between aqueous sodi um
bi carbonate and nethyl ene chloride. The organic layer is dried over sodium
sul fate, 20chjcht €rs47ang songeng.sated on to silica gel. Purification by

col urm chromat ogr aphy el ut i ng with a gradient of 1:9 methanol : nmethyl ene
chloride to_0.05:1: trleth mne : methanol : nmethylene chloride

provi ded 1. gognq)p 15407@ Br 8:0 ﬁépr%xy 7-1(1-

nmet hyl pi peri di n-4-yl) net hoxy] qui nol i ne-3-carbonitrile, np 166-168 C. M5 346
(M+H) + 45 1EQa 2006 WD 03/093241 PCTI US03/ 13149 Analysis for

C18H20CI N30 + 0.5 H20 Calcd: C, 54.72; H, 5.54; N 10.50. Found: C
54.72; H, 6, 07 ] | X

4d|chlo$o- e 2 X gebonitrile A

m xture of Juipldlingta HbdhitnléZ 02 g, 28 8 rrm)l) and SOdI um (65 ng, 1.53 nmol)
is heated at 120C for 20 m nutes.

4-[2, 4-Di chl or 0- 5- net y n 7f|

et hoxy- 3. ot FOFRET A Bavrat (204 o 2 A Soeium 465 o 58, ol

reaction 10 hehtettd20%C ftﬁme'dmatesl thzmlehlnr@mnetmd)qphemybhmdwotj-@’-ﬂuomaﬁ

t enper at ur e. action add t ter

acetic acid™ Qf’a %FF'H%"”&F@WS\ H%c( é@ BY 8?‘8 |'c§’na§§g %ﬁ'?ldtb %ggmnf | ash
col um g¢or onmikigy @myitededtUQO?@Othlbhatr@naxdbteﬂtto ocBorBtemﬁera’mtdflyThaalteacthtre ;
hexane to 1 rfnxture |ts que%q(gtwaa & ande Addifted Hvith BB gcel\d j'ljhe g@ldg are cél%cted by

fiitration 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 CzoH17Cl:N3O3

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)aminol-7-(3-dimethylamino-2,2-dimethylpropoxy)-

6-methoxy-3-quinolinecarbonitrile

A mixture of sodium (48 mg, 2.1 mmol) in 2 mbL 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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but ynyl oxy) - 4-[ (2, 4-di chl or o- 5- net hoxyphenyl )am' noj - 6- rret3 gcfozﬁo'é
qui nol i necarbonitrile, np 193-197C. Ms 442.1 (M-H) + Anal ysi

C22H17CI X@OBOBM1Icd: C, 59.74; H, 3.87; N, 9.50. Found: KET/EB03B149H, 3. 75;
N, 9.30. 20 Exanple 2 4-[(2

4- Di chl or o- 5- met hoxvphenvl ) am nol - 7- ( 3- di net hyl am no- 2, 2- di net hyl pr opoxy) -
6- met hoxv- 3- qui nol i necarbonitrile A m xture of sodium (48 ng, 2.1 mol) in

2 nL of 3-dinethylam no-2,2- dinmethylpropanol is heated at 100C for 20
m nut es. 4-Mal)-iHrededapd the rggction mixture is heated at 100°C for 7 hours, then cooled

et hoxypher%' B t@ﬁJgeFam.Jeuorr@ r@a&%hﬁméwgérﬂﬁﬂﬂeam@@ﬂs&mak&j $cfilgn o,
0.51 46 1 3/ 093241 PCT/ US03/ 13149 mmol i s added and t he
reaction mi B’('F%ﬁb@n@t@ andagthy apetale)oEhe srganiey fyesis waghed Wil water.: ¢rigdogvar

t enper at ur egodiis sruﬁ‘é‘l%t fifstedant WoRcdritraed fnl \t/ddaBeqih@‘?ééﬁﬁ@Ms Mé@%?qla%ﬁd' um
bi carbonate and ethyl acetate. The organic |layer is washed with water,

dried over couanghionmategreahy P'M"ﬂQ&WE‘&i1aﬁd‘%ﬁ§eﬁfhyh@%ﬁiat?ﬁ° PERVi® 588 Gfesi due
s purifi ed4i€2f4f _bigfiBrgas. %Wp%ﬂﬁ%‘&??@&bheﬂyﬁrﬁtﬁ@@ﬂ -dithethylprdpdigxene :

et hyl acet at provid

g o
4-[(2, 4-di cmemoe;y@ Grinalibrgashermyile, a1 W 188°8- di net hyl ani no- 2, 2- di net hyl propo
Xy) - 6- met hoxy-3-quinolinecarbonitrile, np 178-180C. HRMS theory 503. 16113;

found 503. 1KMS H¥bH) 503, fs1akYRLRd 503.1 :mxpiI)ZMCB 1.2 H20 10 Cal cd: C,
57.19; H 5.84; N, 10.67. Found: C, 57. H 6.19; N 10.49. Exanple 3

4-f (2, 4-Di chl oro-5- et hoxyphen m nol - 7f3(11d|0X|do 4-
t hi onor phol P‘H?‘H'N‘H&MC'@N@@% ékiz83 qui nol i necarbonitrile

10 Caled: C, 57.19; H, 5.84; N, 10.67.

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

Example 3

4-1(2 4-Dichloro-5-methoxyphenyllaminol-7-[3-(1,1-dioxido-4-
thiomorpholinyl)propoxyl-6-methoxy-3-guinolinecarbonitrile

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 Analy3is for 025H260|2N405S'1 A Hzo

Calcd: C, 51.30; H, 4.86; N, 9.57.
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15 A mxture of sodium (48 ng, 2.1 nmmol) in 2 nL of

3-(1, 1-di oxot hi onor phol i nyl )-1 propanol (WD 20047212) is he&t¥d W6 100C for
1 hour. M@ P309824% ch| or o- 5- PCT/US03/13149

met hoxyphenyl ) am no] - 7-f | uor o- 6- met hoxy- 3- qui nol i necarbonitrile (200 ng,
0.51 mml) is added and the reaction mxture is heated at 100C for 4
hours, then cooled to roomtenperature. The reaction mxture is poured
into saturated sodi um 20 bi carbonate and the solids are coll ected by
filtration. Faund: Ce8l diieHi 478Ni%2@d by flash col um chromat ography el uting
wi th 5% met hanol in dichloronmethane to provide 88 ng of

4-1(2, 4-di cpkgahele - met hoxyphenyl ) am no] - 7-[ 3- (1, 1- di oxi do- 4-

t hi onor phol |_ny'|'%opoxy] 6- met hoxy- 3- qui nol i necarbonitrile, np 118-120C
HRVS t heory 565 l%OZ‘BS d 565.10 M+ 4ysi s for

C25H26Cl 2NALES etaeX B)E JOREeH=hI57. 47 1 9 OCT 2006
VO 03/ 09324 3inBEEMSORS. ﬁbnn&;arﬁdmﬁhje H 4.70: N, 9.26. Exanple 4
4-f(2 4- Dc%l oro-g-net%oxypﬁ‘enyi gam nol - 6- met hoxv-7-{2-f2-(1-

pi per azi nyl)ethox ) ui oI|n car,bopi tri 5 A mxture . o di um
(56 . 2 2himany & phoaein (59 i P (ateh e Bbioh gzt RBSTRAMNEERPLaRlat oq
at 120C f or ighduead at 120°C(18s ﬂh@lJl%N@[(QAﬂBlﬁlﬂbMM‘@ﬂ&ﬂ phemwyi)aainof 7 flLioiore- 6-

Teaction eI G RRRERRbaETie T 58« GPE i, & A9Eh 56 e derdoroom

t enper at ur emith@ is rh%étﬁd &M 40 M4BT doi 3 hpars] tﬁmmwduetrmnembmméedmodl um

cul Tate, 1 fEURE THHTE db HAEHESR Ao SRbkriod ech il LT R A PRl oy

flash cobumacstateomairagr apjavic Qéyetrl rsg el ho@erglrmyneahnnfsuﬂa’ceneﬂlﬂ@m’mlandn
di chi or omet hane

0. 1% ammnl ol in
di chi or onet FAMEE rBTq]doWeMa%ﬂ? rgfécéﬂfel 'Pz%‘{fﬁ%ﬁ B g?r‘TT'a 8hrgﬂ1&t99é§%[}¥e to
provi de 124 engingfwith [o Yraktistitcon GV@T\Eetha}tdndwy@Haomkﬁahmnwlo 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)aminoj-

15  6-methoxy-7-{2-[2-(1-piperazinyl)-ethoxy]ethoxy)-3-quinolinecarbonitrile, mp 88-90°C.
MS 273.4, 274.2
Analysis for CogHzgCloNsO4—1.5 HO — 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-Dichioro-5-methoxyphenyl)amino]-6-methoxy-7-(2-thienylmethoxy)-3-

guinolinecarbonitrile

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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15
6- met hoxy-7-{2-[ 2- (1- pi per azi nyl ) - et hoxy] et hoxy) - 3- qui nol i h& A Thd® ¢ ri e,
mp 88- 90O O3 4, 274.2 Anal ysis for C26H29CI 2N5O4- 1. BCHREY3/130492
acetone Calcd: C 54.60; H 5.70; N, 11.97. Found: C, 54.68; H, 5.75; N,
11.76. 20 Exanple 5
4-[(2, 4-Di chl or o- 5- net hoxyphenyl ) am nol - 6- met hoxv- 7- (2 thi enyI nmet hoxy) - 3-
qgui nol i necarbonitrile To a m xture of sodi um hydride ( 1.54 mmol) in
3 mL of di mewKylesialFoKactista saturgipsbepdium ihicaIRsA dwmeoﬁoh(iaar%o"eetedpymm|)
The solutio ti I e
A T(2 4D ohears T g@bpéf@*‘%% SO bf DRSS Bphg eiing Ttk &5 hoxane
met hoxy- 3- qethybeeaiaiearevdia 61 mg Mﬁ@lch@rsé mﬂ*bpwnhgnﬂlﬁﬂl@mleﬁn@eméy-
reaction X(T%Engzlﬁle %)@éj-g%oﬂr%grd&\ﬁﬁﬂé'rﬁBt1941158‘rC cool ed to room
tenperature. The reactio OCT 2006 ~ WD 03/093241 PCT/ US03/ 13149
m xture is poured into saturated sodi um bi carbonate and the solids are
col | ect ed bWMS #85.0,488-0fMHbtr i fi cati on by flash col um chromat ogr aphy
eluting with 1 : 1 hexane : ethyl acetate provides 61 ng of
4-[(2, 4-di chljansiso %h%yzp@@ fyl ) am no] - 6- et hoxy-
7- (2-thi enyl net hoxy) qui nol 1 necarbonitrile, np 194-196C. 5 M5 485. 9,
488. 0 (MtH) + ysis for C23HL7C12N303S Calcd: C, 56.80; H, 3.52; N,
8.64. Found® 'Q.‘a‘ ‘~J;i;e§67%9 H.3-52: tl488& 8.46. Exanple 6 10
7- Benzyl oxy- 4- F( 2, 4- di chl or o- 5- met hoxyphenyl ) am nol - 6- met hoxy- 3-
gui nol i necarfyRHiC) 671t ¢, 8. 720 KI, 8148, of sodi um hydride (122 ng, 3.04 mmol) in
6 nmL of dinmethylsulfoxide is added benzyl al cohol (91 ng, 0.84 mmol). The
solution is gti rgeg at room

xample

10  7-Benzvioxy-4-[(2.4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-

quinolinecarbonitrile

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-quinolinecarbonitrite (300 mg, 0.76 mmol) is added and the reaction
mixture is heated at 100°C for 3 hours then cooled to room teniperature 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)+
AnaIySiS for 025H1QCI2N303
Caled: C, 62.51; H, 3.99; N, 8.75.

25 Found: C, 62.31; H, 4.20; N, 8.70.
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tenperature for 40 m nutes.

4-1(2, 4- Di chl or o- 5- net hoxypheny! ) ani no] - 7- f | uoro- 6 15 18 0CT 2006

met hoxy- 3¥Q0393R4Inecar bonitrile (300 ny, 0.76 mmol) is adBEHUSHAM314%e
reaction mxture is heated at 100C for 3 hours then cooled to room
tenperature and allowed to stir overnight. The reaction mxture is poured
into saturated sodi um bi carbonate and the solids are coll ected by
filtration. Purification by flash colum chromat ography eluting with 10%
et hyl acet aExampled chl or onet hane provi des 267 ng of 7-benzyl oxy-4 20

[ (2, 4-di chl or o- 5- net hoxyphenyl )am noj - 6- met hoxy- 3- qui nol i necarbonitrile, np

C251- 119029 . 480. 08725 £ .M ifar ek fs_:r

4.20; N, 8. gg__h:%@_mq 2006 WD 03/ 093241 PCT/ USO3/ 13149 Exarrpl e 7
4-[(2 4-Di chl oro- 5- net hoxyphenyl ) am nol - 7- et hyl sul f anyl - 6- met hoxy- 3-

qui nol | necaﬁ'g%'rh&lu#@ofr@ocﬁurﬁ'%%@(82f n@OQImrmhmqrm @em( &2 tdilfl;“}athyaroﬂﬁali‘im'§I ) in
6 nmL of tetrahydrofuran is dded et hanet hi ol Fl;H'm)ﬁ%Jn 6 nL
of tetrahydpedes ghanethiol r@%é‘t‘g 01112 Rel iR 6 e ot ieFrPQg}%%ff"%o £ 4RpEPat ure
for 2 hoursmpfu®olid kiikdy QF robrl fe%ip‘bTé{hl‘éWoPEQTo@rs A solution of 4-[(2,4-dichloro-5-

nmet hoxyphenyl ) am no] - 7- f | uor o- 6- met hoxy- 3- qui nol i n car Eonl trile (200 ng,

0.51 mmol ) methoxyprenyaminol ZﬁV&%@m%WPXV@ aHoRinecar 0%'9 902189t 1851

reaction m {Hiipid # miD@Ri&rhlrofiitan flspéd&ad”'ﬂﬂr ringd @Ad GRS k&dtibrd Mbaars is
tenperature. The reaction volune is 10 reduced b concentrat| on | n vacuo

and t hen paP?ﬁ@ﬂ@ﬁ@@%&ﬁﬁé@r\"ﬁat@ﬁﬂ cog&éitatreoraﬁ%rnp fuge- Theeactipnaslieng isyer i s

extract 36 Wrédhcaéqiytédheéfhtra%hxh vas®s ah@twpérhm@agmwsen bﬂh}ﬂ%@tﬁé%nd
combi ned and wash with water. The organic dried over magnesi um

sulfate, fi N‘taéﬁfeaih%lﬁﬂué%{%|éh‘?rr‘§teéﬁla‘i’tﬁd \Y‘&"E‘Lﬂf’d't@\ﬁ@ ?tB)é'l afgiate and the praggicyy
fllash col umpyyehy GRAtQHARRY afl UiadhadWinltth RateF. athe Hrgdtfic 1806rtie &Y ey !

acetate in
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 CpsH;gCloN3O3 — 0.3 HO
20 Calcd: 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)lamino]-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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15 hexane to provide 154 ng of 4-[(2, 4-dichl oro-5-net hoxymgﬂ-@ﬁl @g no}- 7-
et hyl sul f anyl - 6- met hoxy- 3- qui nol i necarbonitrile, nmp 212-2 "H t heory

434. 04910 PHMIA1434. 04989 (M+H) + HRMVS t heory 867. 09098; PEHURB/I86P. 09317
(2M+H) + Anal ysis for C25H19C12N303 - 0.3 H20 20 Calcd: C, 54.62; H, 4.0S3;
N, 9.56. Found: C, 54.32; H, 4.06; N, 9.50. Exanple 8 4-[(2

4- Di chl or o- 5- met hoxyphenyl ) am nol - 6- net hoxv- 7- phenyl sul f anyl -

qui nolinecarbonitrile 25 A mxture of saodiumthi ophenoxide (181 1.37
mol ) and 4- l[nt_blS@.daﬁg ANg ths: reaction mixture is heated at 120°C for 1 hour then at 140°C for

met hoxyphenyio} am rnml A?r Addiirat 60@%@1@“0@0&%@%@&%%@9& bhd lthe ¢dddoRT,
0.27 nmol) in tetrahydrofuran is heated at ref |ux overnight.

N- et hyl pyr r@l#%ﬁﬁ%h?ﬁed%% 553 tarB bayss: Ths wartmmpidurpds perienedshetyenn - ) | s

added and t hgthyleaetdit® Andiwdier Thé Dréeid @?e:a@ dl.%QGvagodkurh%rfatbhﬁfbréé ahd0C
for for 45 mn. An additional _100 sodi um t hi ophenol is added and the

reaction?d ni SQNGPRIrated i yagyYp- ot THa desidis isspyrifigsby ffﬁ'“é" PRIUPN]| BROTRRLREIAPEY | s

partitioned Batveamh £4hyi emgtt @deRatd Hontbab - przﬁhee FoRYidi 4- @’Qfdldrﬁorgfé ed
over sodiumsulfate, filtered and 5 concentrated in vacuo. The residue is

purified by 'F‘FQ"QHVR{‘@”WW'GHI’cﬁ?@?ﬁ\j’?‘&ﬁf&henﬂﬁ‘dﬁnﬁ@w'[‘ﬁ"rlfcérbon'#”@t M| 220-
acetate: hexggpecto provide 36 ng of 4-[(2,4-dichloro-5-

met hoxyphenyl') am no] - 6- net hoxy- 7- phenyl sul f anyl - 3- qui nol i necarboni trile,
np 220- 222C 481. 7 (MrH) + 10 Anal ysis for C24H17C12N302S Cal cd:
C, 54.62; HM %71@35 yg‘i”Found C, 54.32) H 4.06; N, 9.50. Exanple 9

10 Analysis for CosH47CIoNgQ.S
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 HQO

Calcd: C, 65.12; H, 6.90; N, 11.99.
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4- Cycl opent yl am no- 6- net hoxy- 7- ( 2- met hoxyet hoxy) - 3-g ui nol idnag?r%ni trile

15 A m xture of 1

4- cycl op¥® 93/88324Ho- 7- f | uor o- 6- met hoxy- 3- qui nol i necar boni t PET/ESEIB09NY,

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

2- met hoxyet hanol is heated at reflux for 30 mnutes, then cooled to room

tenperature. The reaction mxture is partitioned between aqueous sodi um

bi carbonate and ethyl acetate. The organic phase is dried over sodium-

sul fate, fiFound&, AB8UNESERINatZB-i n vacuo. 20 Purification by preparative

thin layer chromatography, eluting wth 5% nethanol in dichloronethane,

fol l owed byglsihpir@ti on Wi th nethanol and diethyl ether, provides 95 ng of

4- cycl opent yTam no- 6- net hoxy- 7- ( 2- met hoxyet hoxy) - 3-q ui nol i necarbonitrile,

np 87-90C. MS 342.23 éI\/HrH)+ 25 Anal ysis for C19H23N303- 0.20 H2O Calcd: C,
diutylaminp16-methaxy-71(2gnethaxyetioxy)-3-pinginesa eANeCT/ Uso3/ 13149

Found: C, 64.88; H, 6.88; N, 12.13. Exanple 10
4- Butyl ani n@- Gixie F&Wbﬁghaﬁrﬁﬂiﬂﬂgém-h@l‘tﬂ(y%-@mhdlmbéens@lﬂfriw) (150" g £ 0.55

m xture of 4-butyl am no-7-f| uoro-6-net ho}%_B_ﬂH%HN | neggrbo itrile {150 ny,
0.55 5 nrol B 288 dogimh Perrdge(Cb5BIng:29 M5 rcl-§ il O 2mefogyethanol is

2- met hoxyet Ragel dtSrefitieaéredo iniites | tHen 1c@bledQonfoBi RSnpef@lres 0qhedreh@tionoom
tenperature. The reaction mxture is gartluoned bet ween agquequs di um

bi-car bonat e TXHIedB RAIoREY Relweeraguegg serivm hicasronade apd svoaestatsod

sul fate, fibipmedppask PRGEMIIVAE @ddium LalEHS, filtdred idndCedricentrtzd ih epalal | ve
thin layer chrgomatogra e ] 5% et hanol |

om hy, eluting wt n 1 i chl gr onet hane,
fol l owed by PFfigalPAL yoﬁremaﬁvm@ﬁ’ayge@Faqnéqtogf@ewoeégﬂngs\w%rg%me ianol in
but yl anijgo- QichRirdraEthare,( tiowRsd By tefurdror )willr Ethynatdtars prdvaiist 1359 Mg oi4-

29_7%0(2% Zﬁu%lg’a?@ég gm%tgbpgy-%éggyw&%%)%q uir?oli?fegérbgrtlifrile?j 'l_"Rri 991—'1 (4)22°C,( m 28,

MS 330.24 (M+H)+

TH NMR (DMSO-de) § 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-Behzvlthio-4-[(2,4-dichloro-S-methoxvphenvI)amino]-6-methoxv-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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3H), 3.70-3.78 (m 4H), 4.23 (m 2H), 7.23 (s, 1 H, 7.62 {(¢gct ﬁﬁ 7.85
(t, 1 H, 831 (s, 151 H. Exanple 11

7- Benzy| W 83/@23p412  4- di chl or o- 5- met hoxyphenyl ) ami nol - 6- neREHRFO333149

qui nol i necarbonitrile A m xture of sodium hydride (169 ng, 4.2 mol),

benzyl nercaptan (145 ng, 1.2 20 mml) and

4-[ (2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 7- f | uor o- 6- net hoxy- 3-

qui nol i necarbonitrile (250 ng, 0.64 ml) in 1 nL of tetrahydrofuran is
heated at FEYdLAS0IMY oli7-benzidthiost-[(RAedictieroriomathosyRhenybamieoh Gepathge. Upon
addi tion of g ; [ freth lfoa¥hde a sol ution is obtained. Additional
anount s of géa%%@%c?ﬁrﬁglteéﬁg 1§t€)§e1nzy "mercaptan are added and the reaction
m xture is heated at 100C. The 25 reaction mxture is partitioned between
et hyl acet aM® 4M#O%#D- The organic layer is dried over sodiumsulfate,
filtered and concentrated in vacuo. The'residue is purified by preparative
thin | ayer i dh 1 : 2 ethyl acetate : hexane to 52
19 OCT 201%%%@3%%02829%%‘“?&% Ug%S%MQ provi de 150 ny of

7-benzyl t hi g-4- %’2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 6- et hoxy-

3- qui nol 3 neballo % 19%40: H. %9%1¥a88d5Cc. Vs 494.03 (MH) Analysis for
C25H19C12N302S - 0.5 H2O 5 Calcd: C, 59.40; H 3.99; N, 8.31. Found: C,
59.45; H, 3F88nd:I¢, 59.452H, 3lesaNpse212 4-f (2

4- Di chl or o- 5- met hoxvphenvl ) am nol - 6- net hoxy- 7- (pyri di n- 4-yl oxy) - 3-

aui nol i necai goni trl e 10 A m xture of sodium hydride (128 ng, 3.2 mml) and
4- hydr oxypy F&t 50 ng, 7.89 mmol) in 5 nL of N, N -dinethylformm de
is heated at 100C for 1 hour. 4-

[ (2, 4- Di chl a2 5DiaHdro6ymbiboyyohenyliemind]-6-methooy-G- (metidiodywi@i8i nol | necar boni
trile

quinolinecarbonitrile

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 partitioned
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 Ca3H16CloN4O3 — 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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(200 nmg, 0.51 mmol ) is added and the reaction m xture is hsaﬁfp at 130C for
2 hours. An additional 21 ng of sodium hydride is added 33d9¢hdWeact i on
m xture VO 0Kt ed at 130C for an additional 30 ni nut esPCTTHEOXI8&9t i on

m xture is partitioned between ethyl acetate and water. The organic | ayer
is dried over sodiumsulfate, filtered and concentrated in vacuo. The
residue is purified by heating with nethanol and dichl oronethane to

provi de 130 ng of 4-[(2, 4-dichl oro-5-mnmethoxyphenyl)am no] -

6- net hoxy- 7Ek@mpledian- 4- yl oxy) - 3- qui nol i necarbonitrile, np 267-269C. 20 M
467. 11 (MH) + Analy5|s for C23H16C12N403 - 0.2 ethyl acetate Calcd: C,
58.89; H, 3,33 2 , ! e

OCT 20011 W _ mp
4- Di chl or o- ghets guiinglipecatboniidle. 6- met hoxv- 7- [ 2- (1- net hyl pi peri di n- 4-
yl ) et hoxyl - 3- qui noI i necarbonitrile A mxture of sodium hydride (128 ng, 3.2

mmol ) and 1Am?ﬁ|§'t¥||'e éf&dﬁﬁﬁ'r%ﬁ&ﬁkmﬂﬂb 3b rﬁr%%@ il 1-fhethigl- mﬁﬂe}ldfr\eaﬂaﬂé:l81538]

in5nm of NN N-dinmethylformam de is heated at 110C

ho
4-1(2,4-Di cm&s)rr@g,si a’émméﬂg/bﬁe 9pBY 23] m)?ml- of Nyt di"@emkf%mé\ym@e i heated at
qui nol i necan e g ?%&3004 4- glcﬁﬂarc‘;’fﬁ%éthb)@gaﬁé’r%ﬁnﬁf%?—ﬁf%rd—@%@éth&@ -3t xture

is heated at 135C Over the nex hours "an additi onal” 128
of sodium Kyelingsarkongde <@oe cmg he-51 gaB))os gAded andd e nenglon MUt i on

mxture is Iﬂ@éttebta‘t 988 fY Sbﬂu\’?e@v@rtthé(heﬁ%ﬁ&ﬁ@aﬁ%@dﬂ&ﬁeﬁﬁ 28 T P66 InC

| ayer is dried over sodiumsulfate, filtered and concentrated in vacuo.

The resi due hydrigaus |aﬂﬂ%@t°di7'ep'ieé9@ndﬂx%e ehi30°Cajbe reachembttygiapaitionadut i ng

with 20% metaaneh étﬂ ld% teré?\@eﬁglépemé)oﬂfaﬂ}ﬂ Hferl@2ariBd &fer sodium sulfate,
4-1(2, 4- dICh| or o- oxyphenyl ) am no] - 7

6- met hoxy- 7-fl[t€'2d(arldr¢@ﬂﬁ§ﬂt$§ff?féhnl \#iCHo-4 - THA 1esidns is puriegihviyeparative thimlayer | e,
nmp 190-191 ghromatography, eluting with 20% methanol in dichloromethane to provide 105 mg of

4-[(2,4-diéhloro-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 CpsH2ClN4O3 — 1.0 H0
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 mixture 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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15 M5 515.19 (M+H) + Analysis for C26H28C12N403 - 1.0 H20 éga Timﬁié 58. 53;
H, 5.67; N, 10.50. Found: C, 58.65; H, 5.57; N, 10.34. hg 4

4-f (2 4- WRAVEBHI5- et hoxyphenyl ) ami nol - 6- met hoxv- 7- [ 2- nel’@nﬂléwlﬁb‘&?y] 3-
qui nol i necarbonitrile A m xture of sodium (118 ng, 5.11 nmol) and

2- met hoxyet hanol (5 nL) is heated at 120-130C for 3 hours.

4-[(2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 7-f | uor o- 6-

met hoxy- 3- qui nol i necarbonitrile (500 ng, 1.28 nmol) is added and the
reaction 25sedisnubieaibonateaile %ahdmocqilzstedfw fifrafjgly rwashing WiRpuaigt @d of
the reacti OP% r r%? gﬁﬁﬂcdu%n't&ﬁfgﬁﬁscﬁ%rﬁ@ cﬂfb%a%@?&brﬁn@dtlhbﬁmirﬁﬁ%%@%h& ihS

mai nt ai ned . ours. 1 reaction m xture’is cooled to room

t enper at ur edighigrametharsl pigvides 20 dag f aliddrdichioye-Srmethoryphengiaming)- 6-
03/093241 P g% ] collected b
filtration V%ﬂgshl gy%%ﬁl% d*g]ng qﬁﬁ%)ﬁiré&%?b%gﬁr??%@?b?%ﬁ% flash col u)r/m
chr omat ogr aphy, eI uting with 2% net hanol in dichl oronethane provi des 550
my of 4-F(2MB #&HMyitH+5- met hoxyphenyl ) ani no] - 6-

met hoxy- 7- [ 2- met hoxyet hoxy] - 3- qui nol i necarbonitrile, np 210-212C. 5 M5

448. 2(|VH—|)+A,ﬁg§gig%,sc2f|q{gc%@;@;9C12l\BO4 Calcd: C, 56.26; H 4.27; N, 9.37.
Found: C, 56.0 16 9.12. Exanple 15 10 4-f(2

4- Di chl or o- 5: et hoxyphenyl ) am nol - 6- met hoxy- 7- [ 2- (1- et hyl -
pi peri di nyl YAchdx 62?45'&4@& Nn8@4r bonitrile To a sol ution of
4-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 7-f | uor o- 6- net hoxy- 3-

?ui nol i necarFdQnAd:tc,igen: BpN160N, 9184 mol ) and 1- et hyl pi peri di ne- 3- met hanol
165

Example 15

10  4-[(2.4-Dichloro-5-methoxyphenyl)aminol-6-methoxy-7-[2-(1-methyl-3-
piperidinyl)methoxyl]-3-quinolinecarbonitrile

To a solution of 4-[(2,4-dichloro-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 minutes the reaction
mixture is poured into saturated sodium bicarbonate. After stirring for 15 minutes the
solid is collected by filtration. 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-dichloro-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 CQSHZGCI2N403 -0.3 Hgo

Caled: C, 59.25; H, 5.29; N, 11.06.
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ng, 1.28 mol) in 6 nL of N, N -dinethylformam de at 135Cf§ %?de” sodi um
15 hydride (92 ng, 3.8 mmol) in portions. After 1 hour an a c? i Ofial 92 ngy
of sodi uWYORYBRHe is added to the reaction mxture at 13BCI/UBG31814930

m nutes the reaction mxture is poured into saturated sodi um bi carbonate.
After stirring for 15 mnutes the solid is collected by filtration. The.
residue is purified by flash colum chromatography, eluting with a

gradi ent of 5% et hanol in dichloronmethane to 1% 20 ammoni um hydr oxi de in
10% net hanoFound: §, &8118r dneLRaNe10.%F.t er an additional purification by flash
col umm chromat ography eluting with a gradient of 5% methanol in

di chl or onet 5% et hanol i n dichl oronethane, 4-[(2,4-dichloro-5-

met hoxyphen?‘?@%‘e_nﬁs]z- 6- met hoxy- 7- [ (2- (1- met hyl - 3- pi peri di nyl ) net hoxy] - 3-
qui nol i necarbonitrile is obtai ned np 176- 1780 25 M5 499.09 (MH) Analysis
for C25H26CHIebRichiqi-5-methoxyphepyanginolfamethoxys7-[8-(Himetiy l- 1.06. 55 1 9 OCT

2006 WD 03433 ,ﬁg{p{é, mﬂgca,gm@ C, 59 18; H 5. 20; N, 10.91.
Exanpl e 16

24D|chlor05rretho henyl ) anm nol - th
§)I peri di fiyl ) He%o‘iaul'“ogygﬂu Aﬁ@ﬁé’@&%ﬁ.nﬂn&h@g’é ﬂ%"'ﬂgégl' L}{Q’%ﬁ -mgthoxy-3-
4-[(2, 4-di Clahﬁbmwe‘éam%hhméy(sb@wd;)ﬁs@ Mol{aﬁbUﬂfr@tlﬁrlﬁ’ﬁﬁri&ﬁ?é%—ﬁlethanol (395

gui nol i necar bonl tril i i di ne-4- et hanol
(395 ngy, 3k [r)m Oﬁ’ﬂ?ﬁ)’) ipl Oyl "&le\‘ij'mRIthX’lﬁ‘?H%'m Rl e at

135C is ad@@@e@é&ﬂl&#mhbdﬁlﬂé @82 (P D.00mn 1) &S pbHiBhs. Affer mgrnﬁnhme§the%h@tron45
m nutes the reaction mxture is poured mEo sat ate ng’ hjm hi car honat €.

After stirriMgutedp POLTeR inigrsed raied S?@'”Ebt?'?%f ?@at%o gr $tedn P MNYES K8 The

resi dueips RYKd fis edolfytdd ayh figrtibAN chh@rr@tswéawmunﬁéwtbquaeht Bol@mn
gradi ent of 5% et hanol in dichloronethane to 25%

di chl or onet KAREatagrapa@lBRIWtR gradien of é{%@PthSPBI\/'PcTt@?%‘Q@eWSn%fO #5%

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 MS 501.3 (M+H)+
Analysis for CosHosClN,O3 — 0.8H0
Calcd: 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-trimethoxyphenyl)amino]-3-
quinolinecarbonitrile

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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[ (2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 6- et hoxy-7-[ (2-(1- pget qyl - 4-

pi peri di nyl ) met hoxy] - 3- qui nol i necarboni trile, np 200-202C! $70£T\@0801. 3
(MrH) + AYED 9&9932410r C251- 12602N403- 0. 81- 120 Cal cd: C, 58PCI/USH/13%4939; N,
10.86. Found: C, 58.19; H, 5.23; N, 10.67. Exanple 17 20

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

qui nol i necarbonitrile A m xture of sodium hydride (80 ng, 2.0 nmol) and

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

net hoxyphenglliaie: filisfed-agdi easicenteated b YRew.| el riggrtionngf toe esighpvjthi gihy-

met hoxyet ha 6 ot t At 1okl . [S0. by -spdi um
hydr i de (sogg‘ga{ﬁg?mz%etmp‘%ﬁ@'i @géﬁﬁé&e'gn’a“étéﬁ? P_geéﬁc}?(?ﬁ[zngﬁ%ﬁ 8’&”3@’2‘%?& ed at
reflux for H3Hcutrimetowyphemdemingl-3raukalipecareonitie, B 188-1%5M t enper at ure and
partitioned between ethyl acetate and saturated sodi um bicarbonate. The
organi ¢ | aygfg hsp & g\ﬁngrver magnesium 56 1.! OCT 2006 WO 03/093241

PCT/ US03/ 13149 sulfate, filtered and concentrated in vacuo. Trituration of
the residue with ethyl acetate and diethyl ether provides 178 ng of

6- met hox¥ - 7 AnalygistfordxydsNeRyt 1-044-0

[ (3, 4,5-trinmethoxyphenyl)am no]-3-quinolinecarbonitrile, np 188-190C. M
440. 22 ( MrHchca: AN oysy; 1, 5%5; N2gH85N306 - 1.0 H2O Calcd: C, 60.38; H,

5.95; N, 9.19. Found: C, 60.44; H 5.98; N, 9.15. Exanple 18

6- Met hoxy-7-1 (1-met hy| pi peri dine-4-yl ) met hoxy] -4-[(3, 4, 5-trinet hoxyphenyl)a
m nol - 3- 10 F[aun%?,ﬁ%‘kﬁrﬁérﬁ% Nr §é5FoI | owi ng the procedure used to prepare
Exanpl e 15, 6-nethoxy-7-fluoro-4-[(3,4,5-

Example 18

6-Methoxy-7-[(1-methvlpiperidine-4-ylYmethoxyl-4-[(3,4.5-trimethoxyphenyl)amino]-3-

10  quinolinecarbonitrile

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-methylipiperidine-4-yl)methoxy]}-4-[(3,4,5-trimethoxyphenyl)amino}-3-
quinolinecarbonitrile, mp softens at 65°C.

MS 493.26 (M+H)+
Analysis for C27H32N405 —-2.5 Hgo
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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tri-met hoxyphenyl)ani no] - 3- qui nol i necarbonitrile (230 ng, 0 ) and 1-
nmet hyl pi peﬂodi ng- 3-met hanol (200 ng, 1.55 nmol) provides, h?ggif"}%sh _
colum WP 8He3&Yr aphy el uting with a gradient of 3 : 1 ePElUSESI#te :

met hanol to 2% 15 aqueous amoni um hydroxide in 3 : 1 ethyl acetate :

met hanol , 143 ng of 6- _

met hoxy-7- [ (1- met hyl pi peri di ne-4-yl ) methoxy]]-4-[(3, 4, 5-trimet hoxyphenyl)am
i noJ - 3- qukﬁgﬁﬁ%&gbomt“le np softens at 65C. MS 493.26 (M+H)+ Anal ysi s
for C27H32 —5 H20 20 Calcd: C, 60.32; H, 6.94; N, 10.42. Found: C,
60.28; H 6.71; N, 10.35. 57 1° 9 OCT 2006 WD 03/093241 PCT/ US03/ 13149
Exanpl e- 19 4-({3-Chloro-4 f(1-methvl 1H-imidazol-2-yl)sulfanyilphenyllamino)-6-methoxy-7-[2-(2-

3- Chl or zoI 2 yl ) sul f anyl | phenyl } am no) - 6-net hoxy
?7%2(2 dnémokas th& Sarbonitrile A nixture of sodi um (78

ng, 3.4 mmol) in 2 nL of 2 (2 met hoxyet hoxy) ethanol is 5 heated at 100C
for 1 hour. AmixtgreChf sedium- (78 Tagyed.Ayhmil) ik i2mintlacf - (E‘Zmethoxyethoxy ethanol is

o f 63 h |nec Jtrlle(300
v S0 o Ry AT Agbec Hohor B Bl e Ll SRy T ydreFets 3. 5
hour s, t hen yl)@@ltﬁrwﬂpwyhmnmpi -éiiperce- meﬂ';or)]('yﬂﬁewmméca\rmormri}@l (La(g?% I p%@d
e
(1 er i on. R A8 aflbd MrithBY8aN BN MBI 3Ral<eD o fockhtor i, Burs! then
chr omat ogr amwleél tatrowg teinphraturgr ddheeshctivih @%Lﬂéﬁ&p@@rbd lifito sdmétle@rsfeaﬁhhane
to 3% met hanglarhdhatd SR 9{ é%%% r%)llg teciweglga rec i]tgf\l/l(ltli\l ﬁ%tt?%gl?urgpcgt?orn

acetone and hexane prOV|

Fh i i dadBl - by fiasts dofutmy| dhpbroatabiaty el matrmx\gfa?mérﬁ 6r2mtrh@nfxi6|hﬁ%§ 3
qui nol.i neca&?&{g{g&g nﬁ;% FAImehaT! intRchSroRiehan foTEfoweci3 %y rec@stalhzgt?ony

for C26126CI N5
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 CHpsCIN504S ~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)sulfanyllphenyl}amino)-7-[3-
(dimethylamino)propoxyl-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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Calcd: C, 56.87; H 4.96; N, 12.76. Found: C, 56.75; H 4.78; N, 12.72.
Exanpl e 20 20 4-({3-Chloro-4-f(1-methyl-1 19 0CT 2008

H-i m dazdYO 9399324yl f anyl | phenyl }ami no)-7-f 3 PCT/US03/13149

(di met hyl am no) propoxyl - 6- ( 2- net hoxyet hoxy) - 3-gui nol i necarbonitrile

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

H i m dazol -

yl ) sul fanyl henyl } am no) - 7- f | uor o- 6- ( 2- met hoxyet hoxy) 3-qui nol i necarbonitr
ile (300 1S §66231 rWﬁl‘MéW& 18 (M+2bh23- d| met hyl ami no- 1- pr opanol provi des
115 ng of ({3 25 chloro-4-[(1-nethyl -

H i m dazol - any| %l§%rfc§2';!¥41b enyLtam,oo) - 7- [3

(di nmet hyl am no propoxy - 6-(2- et hoxyet hoxy) - 3- qui nol i necarbonitrile, np
194- 203C. 58 19 OCT 2006 _WO 03/093241 PCT/ US03/ 13149 MS 567.31 (M+H) +,
284. 16 ( M-2[Qpied: Ln 26y . PdP: ¥pBtitdcl N603S- 1.4 H2O Calcd: C, 56.77; H,
5.75; N, 14.19. Found: C, 56.61; H 5.35; N, 13.90. 5Exarrp|e214([

3- Chl or o0- 4- [Fodndres, mele1l H 6msdRzZm.9€.- yI ) sul fanyl ] phenyl } ami no) - 7-[ 3- (4- et hyl
-1- piperazinyl)propoxyl - 6-(2-nmet hoxyet hoxy)- 3-guinolinecarbonitrile

Fol | owi n g_a_'%gzl%iiggre of Exanpl e 15,

4- ({3-chtor t hyl - 1H i m dazol - 2-

yl ) sul f anyl ] phenyl } am no) - 7- f | uor o- 6- ( 2- met hoxyet hoxy) - 3- qui nol i necarboni tr
ile (300 1Q-WChRrE3- [mbﬂwaﬂﬂhrﬂudetdmel-vl)%uE&VHWEMMHBMMEH ne (540

mg, 3.1 mmol 3- iQaithe -1 Himdazol - 2-

yl ) sul f anyl A : SR iyt pf opoxy] - 6- ( 2- met hoxy
et hoxy) - 3-qui noI i necarbonitrile, np 188 1900 I\/B 318. 68 (M+2H) +2 15

Anal ysi s f orFoll3&ihig 816k NBo8&dure OofHERample 15, 4-({3-chloro-4-[(1-methyl-1H-imidazol-2-

yl)sulfanyl]phenyl}amino)-7-fluoro-6-(2-methoxyethoxy)-3-quinolinecarbonitrile (300

10 mg, 0.62 mmol) and 1-ethyl-4-(3-hydroxypropyl)piperazine (540 mg, 3.1 mmol)
provides 155 mg of 4-({8-chloro-4-[(1-methyl-1H-imidazol-2-
yl)sulfanyllphenyl}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 CsoHssCIN7O3S—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 methvipiperidine-4-ylYmethoxyl3-quinclinecarbonitrile

Following the procedure used to prepare Example 15, 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-7-fluoro-6-{2-methoxyethoxy]-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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Calcd: C, 58.74; H 6.16; N, 14.99. Found: C, 58.84; H,

91; N, 14.73.

Exanpl e 22 4-f (2 4- Di chl or o- 5- met hoxyphenyl ) am nol - 6-[ 2- n’é y@ﬂ’uoxyl 7-f
(1- 20 né’i"ﬂ?ﬂ%%‘ﬁm di ne- 4-yl ) met hoxyl 3- qui nol i necar boni t r PEEUBYBKS ng t he

procedure used to prepare Exanple 15, 4-[(2, 4-dichloro-5-
met hoxyphenyl ) am no] - 7-f | uor o- 6- [ 2- net hoxyet hoxy] - 3- qui nol i

necarbonitrile

(300 ng, 0.69 mol) and 1-nethyl pipe ridine-4-nmethanol (178 ngy, 1.38

W th

mmol ) provides, after preparatory thin |ayer chromatography elutin
20% net hanoRcetateef f§1mg 5b44(-gicHomsp- mf\?@’@BV‘MQWP"J’@% ﬂg@%‘?"i’gtf%y g7c “et at e,
165 ng of 4y E%’etg;(l&b@mlﬁéa gl wryahmemacamdmﬂne&nbass%wyet hoxy] - 7-

) et hox

[(1- nethylp peri di ne-4 3-qui nolinecarbonitrile
545. 19 (MtH) + Anal ysi s for C27H30C12N404 - 0.7 H20 5 Cal cd:

np 153-155C. M5
C, 58.11; H,

5.67; N, 10MuS45.-1p(Me)+C, 58.04; H, 5.74; N, 9.99. Exanple 23 4-[(2
4- Di chl or o- 5- net hoxyphenyl ) am nol - 6- et hoxy 7- ( 2- met hoxyet hoxy) 3-
qui nol i necamlagpyg.&%rl@27|J|QCFNL®pmengtd1e procedure used to prepare Exanple

17, 4-[(2,4-dichloro-5-

met hoxyphen m no I hoxy | yor o- 3- qui nol i necarbonitrile (138 ny,
0.34 rrrm?) %ﬁifg r?lgtﬂo%étﬂawo?é #ovi des 105 ng of 4-[(2, 4-dichloro-5-
nmet hoxyphenyl ) am no] - 6- et hoxy- 7- (2 nmet hoxyet hoxy) 3- qui nol i necarbonitril e,

np  215- 217GouAd OVBHGR H 5(7dtN) 8.98nal ysi s for C22H31C 2N3O4 -

Calcd: C, 56.49; H 4.66; N, 8.99.
Example 23

0.3 H20

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

quinolinecarbonitrile

10 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-methoxyéthoxy)3-quinolinecarbonitrile, mp

215-217°C.

15 ~MS462.1 .(M+H)+
Analysis for CgoH3;ClaN3O4 — 0.3 HO
Calcd: C, 56.49; H, 4.66; N, 8.99.

Found: C, 56.59; H, 4.64; N, 8.95.

Example 24

20  6-Butoxy-4-[(2,4-dichloro-5-methoxyphenyl)aminol-7-(2-methoxyethoxy)-3-

quinolinecarbonitrile

A mixture of 6-butoxy-4-chloro-7-(2-methoxyethoxy)-3-quinolinecarbonitrile (184 mg,

0.55 mmol), 2,4-dichloro-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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Found: C, 56.59; H, 4.64; N, 8.95. Exanple 24 20 19 0CT 2008

6- But oxy-4-[ (2, 4-di chl or o- 5- net hoxyphenyl ) am nol - 7- ( 2- met hoxyet hoxy) - 3-

qui nol i n&¥APHEE4r il e A mixture of PCT/US03/13149

6- but oxy- 4- chl or o- 7- ( 2- net hoxyet hoxy) - 3- qui nol i necarbonitrile (184 ny,
0.55 mmol ), 2,4-dichloro-5-nethoxyaniline (127 ng, 0.66 mmol) and pyridi ne
hydrochloride (76 ng, 0.66 nmol) in 5 nL of 2-ethoxyethanol is heated at
120C for 60 1 9 OCT 2006 WO 03/093241 PCT/US03/ 13149 7 hours. The
reacti on ni Xtheus.iectserien mixivrgdm qoelegeioatogreteaineratbifcan Farceatated Macuo.
Di et hyl et hgge oS @ﬁ&gyﬂ Sifet RE aBGS] W1 NEsile ah@! thdSsoEs o668 comsdiad! saad

suspended in saturat aqueous sodi um bi carbonate. After stirring for

1
hour the s8WsSResded i xjlaiad aguagysTSORMPICAMORAE- wARESIHNG frvkbieyr. the
Purificati OQ%}R% dré %Bﬁ’éc@éd)ﬁy fiftratioh 'an&i %é%ﬁe& WtﬁrWét@ngr PRfsatic By pfeparitély 7%

met hanol in dichioronethane provid

6- but oxy> 4- [mrzlaaemrmnn@mr@hye@lnwaqmmm mat’ﬂan@l]m ichioreraethans RioNises ©33-
qui nol i neca rig L -
A e ig%owé@f -diEHiro- ééﬁme‘ii%(yahédvg’a%lrﬁm ia?ﬁé‘th&)@éthgﬁ% e
57.67; H, 4qgraphneca8>on@nle rERéﬁW@H% 4-f(2

4- Di chl or o- 5- met hoxyphenyl ) am nol - 6- net hoxy- 7- (t et r ahydr o- 2H pyr an- 2-

yl met hoxy) Sthbwq.q)ar bonitrile 15 Foll owi ng the procedure used to
prepare Exanple 15, [ (2, 4-di chl oro-5-

met hoxyphenyl ) am no] - 6- et hoxy- 7- fI uor o- 3- qui nol i necarbonitrile (250 ny,

0. 64 mol) A@ﬁﬂs'ﬁé‘?rr%'?@pbﬁ ar‘?5z HeRRt hanol provides 177 ng of
4-1 (2, 4-di chl or o- 5-

met hoxy phenydalcna e7:72; ebIPexXN: 8441 et r ahydr o- 2H- pyr an- 2- yl met hoxy) - 3
qui nol i necarbonitrile, np 193-196C.

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

Example 25

4—[(2,4-Dichlofo-5-methoxvphenvl)amino]-6-methoxy—7—(tetrahvdro-2H-pvran—2-

vlimethoxy)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 p.rovides 177 mg of 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-6-methoxy-7-(tetrahydro-2H-pyran-2-yimethoxy)-3-
quinolinecarbonitrile, mp 193-196°C.

20 MS 485.9 (M-H)-
Analysis for Cg4H23C|2N304
Calcd: C, 59.03; H, 4.75; N, 8.60.

Found: C, 59.06; H, 4.84; N, 8.39.

61



20 M5 485.9 (M H Analysis for C24H23CI 2N304 Cal cd: C, 59.03; H _4.75; N,
8.60. Found: C, 59.06; H 4.84; N, 8.39. 61 1 9 CCT 20061 V8 T04M693241
PCT/ USO3M@ 830p328xanpl e 26 4-[ (2 PCT/US03/13149

4- Di chl or o- 5- net hoxyphenyl ) am no] - 7- ( 2- met hoxyet hoxy) - 6- ( 2- nor phol i n- 4-

yl et hoxy) 3- qui nol i necarbonitrile Follow ng 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 (102Exampl@261 mmol ) and 2- net hoxyet hanol provi des 86 ng of

4-1 (2, 4-di chl or o- 5-

oo ool Sigpmies) o
nal ysi s or
026H28012|\|zm§th%a)_ﬂ.mmmabgﬂaﬂ_c 54. 70; H 5.40; N, 9.81. Found: o

54.57; H 5.24; N, 9.79. Exanple 27 4-[3-Chloro-4-(1-nethyl -

H-i i dazol - ?OIW fl?ﬁ@Y'p)roéH&ﬁFM @éﬂmoﬂo %r@iﬁérboﬁkaﬁm(e‘l 14,5 4- [(24 dlchloro 5-
met hyl p| erazin- qui nol i ne- 3-carbonitr ma (0. 455

mol ) of 4-1g t@ﬁymmyuarpmohﬁlwqo Gﬂg mﬁmljng%fl _y;thoxns 3- qumohneca2bon|t
yl'sul fanyl) mbqﬂy' @m '919'110!7 éﬂ&@fmﬁogeﬂulaﬁwwmg g ma- ¢t - pididhidre-5-

(Ref erence anpl e 20) and 273

e e A il A LA Bt e R N R

sol vents arawhgm&%oh,ﬂugaﬁy@sg 2809.10 nL portion of water is added to the
residue, fromwhich a tan "solid precipitates out. The solid is filtered

of f and washed with water. After drying in vacuo, the solid is suspended
in ethyl acMS544- M tirred for 1 hour. The solid is filtered of f, washed

10 AnalySiS for 026H23C|2N405 -1.3 H20
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)-phenylaminol]-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-
yisulfany!)-phenylamino]-7-fluoro-6-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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with ethyl acetate and dried in vacuo to provide 0.175 g of
4-[3-chloro-4-(1-nethyl- 1 19 0CT 2086

H-i mi dazdYO 2394334l f anyl ) - phenyl ami no] - 6- met hoxy- 7- (4- met hPCPUBYE24N- 1-yl )
25 qui noline-3-carbonitrile as a yellow solid, np 270-272C. 62 1 9 OCT 20h
WD 03/ 093241 PCT/ US03/ 13149 1 HNWVR (DVSO-d6): 8 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 H, J =6.6 Hz, 1 H), 7.15 (d, J = 0.9 H, 1 H),
7.24 1 , 7 1
7.2 (; tB*NMS* ?M%@Ldeji %4% ), 3195?&088 s, &QT.%?? (ﬂ)‘l%lw)is 4ﬁ2 igo &, fg?

C26H26CI N7os—i) 3192 (3, 3Hp OB (d5d & essm Hy), 7&%99?51#5)?12626%@? NHHs7.1%. 0 H20
Exagfrgl 60285%% old H2: A9, 784 E818F 7.5P) 9= F8 128; 383 (| y4 61 7.8d (€5

4-[ (2, 4- Di chHpBASsnh&8dRety). ) ani nol - 6- met hoxy- 7- { [ 3- (1- net hyl pi peri di n-
4- vyl )propyl ] am no) qui nol i ne-3-carbonitrile Follow ng the procedure used
to prepag Eesa@ i RS éalbi®y @NLOE: $19.2, found: 518.3 (M-H

di chl oro 5- met hoxyp e'rYf/eI am no)]( ?’? uor(g émzst h(L)xqu nol I ne- 3- car(bon)l trile
is reacted with 600 ng (3.80 rrrml) of 3-(1-nethyl piperidin-4-yl)propyl an ne
in 2 L 15 éhalysigéariysHACHNO80l Odilébne at 105C for 18 hours to yield 130 ny
of 4-[(2,4-dichloro-

5- met hoxyph )Gdi @n\%qh—ﬁ gBEhQXxyg 22 { [ 3- (1- net hyl pi peri di n- 4-
yI)propyI]a%%no qui nol |ne 3-carbonitrile as a white solid, np 122-124C. M5
(ES, positive ion node mz calcd for C27H31C12N50: 573.2, found: 528.2
(MeH) +.  AnEPYRg:£.08¢16CHy 494N NEB5 20 Calcd: C, 61.36; H, 5.91: N, 13.25.
Found: C, 60.96; H, 5.76; N, 12.90. 63 1 9 OCT 2006

Example 28

10  4-](2.4-Dichloro-5-methoxyphenyl)aminol-6-methoxy-7-{[3-(1-methylpiperidin-4-

yvlpropyllaminolquinoline-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-

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

MS (ES, positive ion mode): m/z calcd for Co7H31 ClaNsO: 573.2, found: 528.2 (M+H)™.
Analysis for C2;H3;CloNsO
20 Caled: C, 61.36; H, 5.91; N, 13.25.

Found: C, 60.96; H, 5.76; N, 12.90.
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WO 03/ 093241 PCT/ US03/ 13149 Exanple 29 4-f3-Chloro-4-(1- rrebh

H i m dazol - 2-yl sul f anyl ) - phenvl am nol - 7- { f 3- cr 2005

(di met hy W@ R3/083p4lopyl | am no} - 6- met hoxygui nol i ne- 3- car boni PET/U803/IBAI owi ng
the procedure used to prepare Exanple 27, 150 ng (0.34 mml) of 4-[3 5
chloro-4-(1-nethyl -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 hourExampley®el d 99 ng of 4-[3-chl oro-4-(1-nethyl-

Hi m dazol - 2-yl suI fanyl) - phenyl am no] - 7- {[3-

(di met hyl a . I 1 '
solid, np C
C26H28CI N7 Cfsti ppyiians A ) . : :
H20 Calcd C, 58.31; H 5.55; N, 1831 15Found C, 58.00; H, 5.16; N
17.93. gBIy i Ff]edé' éQ:séd (t&pFBbTaFa’Exémple 27, 150 mg (0.34 mmol) of 4-[3-

H-i m dazol - envl am nol - 7-

(di met hy$ arrprnigoop%bmelhyﬂré chwplr%ylselfwémﬁw@mwel Y iEO@ar boni tril e

|1 f
ZO[ 30‘2"0 ”g hlt g%gﬂ%%@%\fn%-y?@rﬁoﬁlﬂllé)fsergéétéd A ZBY e’ (2.05LRhoNbf (O N3diniseRA-) ©

H i m dazol - 2,3yprggamq§@nlpepn@nmLaﬁﬁ ﬁ]ﬁqethyl-ﬁrmqobdlaone at 105°C for 16 hours to
met hoxyq“' ”9|| ld"§%3m§o %R déhfdrb% ('1$rnétﬁ§i]91t|-ﬁf#m&é£o'ilz%/3§nf5§yl)( BrGlard7-@- N N,

N - i met h amne in rrolidinone at
105C for 16(dmp@thygarm|@o)prqp|yﬂarm@g;} frgnediroxyquinoline-3- carbonltnle as a tan solid, mp

4-[3-chhgroq4 _@% sget hyl -i Hi m dazol - 2-yl sul fanyl ) -
phenyl am no]j - % ?3 (di met hyl ) am nopr opyl | - net hyl am no} 6- met hoxyqui nol i ne- 3

25 carbonitrile as a tan solid, np 196-201 C_ M5 p05|t|ve I.on _node):
m z calcd f &S CEPHFOSIKT dER BadR)y M RAE fay3Gzelia 'sz%+5 b4 found: 522.4
(M+H)*.

Analysis for CogHasCIN,OS -0.75 H,O
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)-phenylaminol-7-{[3-

(dimethylamino)propyi}-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 yield 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 CxHzCIN,OS: 535.2, found: 536.1

(M+H)".
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1 9 CCT 20b WD 03/093241 PCT/US03/ 13149 Analysis for CZ?I-E%% -0.50
H20O Calcd: C, 59.49; H, 5.73; N, 17.99 Found: C, 59.61; , 17. 84.
Exanpl e 34O 9,3/(2931!{12 . PCT/US03/13149

4- Di chl or o- 5- met hoxvphenvl ) am nol - 7-f 3- (4- et hvl ) pi perazi n-1 -yl ) propoxyl - 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 mmol) and 3- (4-nethyl)piperazin-1 -yl)propanol provided 71
mg of 4- [(2Aﬂalml%fﬂr6}2ﬂismlmoﬁe@ﬁ@ké@henyl ) anmi no] - 7-[ 3- (4- net hyl ) pi perazin-1
-yl ) propoxy] - 3-qui nol i necarbonitrile, np 154-155C. M5 497.9 (M H Analysis
for C25H27 0 C, 58.32; H 5.60; N, 13.60. 15 Found:
C, 58.32; Cég@lé %5&9,9 l_%% '@gx?;gnb})l e 32 4- f(2

4- Di chl or o- 5- net hoxvphenvl ) ami nol - 7-f ( 1- et hyl pi peri di n- 4-yl ) net hoxyl - 3-

gui nol i necaFedit: G BP&1HDI $.6%i Ngl 48k procedure used to prepare Exanple 15,
4-1(2,4-dichloro-5- 20

met hoxyphengka,ﬁ%@q] 7-fluoro-3-quinolinecarbonitrile (200 ng, 0.55 nmol)

and 1- methyT-T -priperidi ne-4-nethanol provides 75 ng of
4-1(2, 4- dICh| oro 5- et hoxyphenyl )ami.ng] -7-1(1
4+-Dif OrQ-2el] ,‘-omo; & 037534 =° QPOX 02C. MBS

- met hyI

Following the procedure used to prepare Example 15, 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-7-fluoro-3-quinolinecarbonitrile (200 mg, 0.55 mmol) and 3-
(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 CosHo7CloNsO, — 0.8 H0
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-Dichlofo-5—methoxvohenvl)amino]-7-[( 1-methvlpiperidin-4-ylYmethoxy]-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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Anal ysis for C24H24C12N402 - 0.6 H20O Calcd: C, 59.78; H, 5 &BCTNmm91 62.
Found: C, 59.87; H 5.11; N, 11.70. Exanple 33 5 4-f(2

4- Di chl oM 839824loxyphenyl ) am nol - 7- ( 2- net hoxyet hoxy) - 3- PCT/US03/13149

qui 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 mmol) 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 h8RrglysigfaqGridd:ChlCrhB8iH | e, np 182-183C. Ms 416.1 (M H)

Anal ysis for C20H17C12N333 Calcd: C, 57.43; H £ 4.10; N, 10.05. Found: C
57.36; H 40Oy N 59./89H, 555 Gxpps.e 34 4-(2

4- Di chlorophenyl)anlno [-7-(2- met hoxyet hoxy) - 3- qui nol i necarbonitrile A

m xture of 4-chloro-7-(2- nethoxyethoxy) 3-quinolinecarbonitrile (262 ny,
1.0 mol), FQUBﬂtﬁ-’r@ﬁlQ?ﬁﬂaﬁﬂﬂiNe 11®5 ny, 1.2 nmml) and pyridine

hydrochl oride (140 ng, 1.2 nnDI) in 10 nL of 2-ethoxyethanol is heated at
reflux for QQaﬁP@qﬁﬁs The 20 reaction mxture is cooled to room

t enper at ur e par roned between ethyl acetate and saturated sodi um

bi car bonat e. . ; m xt ure of
sat ur at el sé@iasg 221t RS 3The organic |l ayer is
dried overqamgnﬁﬁbuﬁymukfate flltered and concentrated i n vacuo.
Purification by colum chronatography, el uting mnth a gradi ent of 1: 1
et hyl aceta hexane to all eth

66_1 9 0
PCT/ uso3/ 13%&50"&8& % BroS6HYES ”fé% if, Bgepare xdmpld 182 3% bro-5-

4-[ (2, 4- di chhaaregprayaarind)THiubrd-2-quitiolmecpeddnitiie) (366 nuy)ides immestprdmard-tri | e,
mp 144- 145C.

(methoxy)ethanol provides 194 mg of 4-[(2,4-dichloro-5-methoxyphenyl)amino]- 7-(2—
10  methoxy)ethoxy]-3-quinolinecarbonitrile, mp 182-183°C.

MS 416.1 (M-H)-

Analysis for CzoH;7Cl2N303

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-quinolinecarbonitrile

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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M5 388.0 (MH) Analysis for Cl19H15C12N302 5 Cal cd: C 58.7?@ 6Er%m§9; N
10.82. Found: C, 58.86; H 3.90; N, 10.76. Exanple 35

6- Met hoxyWQ 03/89324t hyl pi per azi n- 1-yl ) - 4- (4- phenoxyphenyl anP@BUSeR3 i ne- 3-
carbonitrile 10 A reaction m xture of 0.12 g (0.38 nmol) of

4- chl or o- 6- met hoxy- 7- (4- net hyl pi perazi n- 1-yl)-quinoline-3-carbonitrile,
0.077 g (0.42 nmol) of 4-phenoxyaniline and 0.044 g (0.38 mvl) of
pyridine hydrochloride in 2 m of 2-ethoxyethanol is heated at 115C for 45
m nut es. Af agatateopiovidgs tQ$emﬁ of 62, ¢-lighiqrophesyl)amineh édR-methpxyethaxy=3-

et hoxyet han fter drying in vacuo, the solid is
suspended Iépmd&ESQESEE%% fﬂ??gﬁ‘of sodi um carbonate, stirred for 45

m nut es and col | ected by f||trat|on The reaction product is washed with
wat er and dMSEB8.h(N-4buo, to provide 0.11 g of

6- met hoxy- 7- (4- net hyl pi perazin-1 -yl)-4-(4-phenoxyphenyl am no) - qui nol i ne-
3- carbonltrhh§y§§(§(x§g %N lid, nmp softens at 93 T. MS(ES, negative ion
node): mz calcd 02: 465.2, found: 464.2 (MH 20 Analysis for
C28H27N502.1. 0 H20 Calcd: C_ 69.55: H, 6.04; N, 14.48. Found: C 69.68; H

5.83; N,3 14¢ ébd h&81/8 HoRBRgNEISDI es 36-40 are obtained anal ogously by

the nmethod of Exanple 17 and the corresponding alcohol. 25 67 1 9 0 CT
2006 WO 03FQQwR4L 5@(@'5/ HSQ@blﬁlﬂQm Exanpl e 36 4-f(2
4- Di chor ophenyl ) ami nol - 6- net hoxv- 7- (2- met hoxyet hoxy) qui nol i ne-3-carbonitril

e M 170-171 C . M 41 ES +
JAane Ie35$s spec. 5.9 (ES +)

6-Methoxy-7-(4-methylpiperazin-1-y)-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 mixiure 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 CpsHo7NsO2: 465.2, found: 464.2 (M-H)'.
20  Analysis for CsgHarNsO2-1.0 HO

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.
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Example 37 5 4-1(2

4- Di met hyl - 5- met hoxyphenyl ) am nol - 6- net hoxv- 7- ( 2- met hoxyetWoQ% qmsnol i ne-
3-car bonwo p3/ee3rR 143- 145C;, Mass spec. 408.2 (ES +) ExanpCBUS®/15149

(2- Chl or o- 5- net hoxyphenyl ) am nol - 6- met hoxv- 7- ( 2- met hoxyet hoxy) qui nol i ne- 3-
10 carbonitrile MP 179-181 C, Mass spec. 412.2 (ES -) Exanple 39

6- Met hoxy- 7- ( 2- met hoxyet hoxy) - 4-[ ( 5- met hoxy- 2- net hyl phenyl ) am no] - qui nol i ne
-3- carbonitrile 15 MP 116-119C, Mass spec.394.2 (ES +) Exanple 40 4-f(2
4- Di et hy| pBxambi® 86i nol - 6- met hoxv- 7- ( 2- met hoxyet hoxy) gui nol i ne- 3-
carbonitrile MP 107-109C, Mass spec. 378.2 (ES +) 20 The foll owi ng Exanpl es
41-52 are opi@iNERn&BhARNERiNG]RMEREXPiARh Iy ENBRPLEinole-RBEHb bRl
correspondi . 03709324119 OCT 2006 PCI7TUSO37 13149 Exanpl e
41 4-[(2 4-Di chl orophenyl ) am nol - 6- net hoxy- 7-[ (1- et hvl pi peri di ne- 4-

y| ) met hoxy] Y& tOH1 HEC3-Massepsct 4i1b&® (EBPH)224- 225C, Mass spec. 469.0 (ES -) 5
Exanple 42 4-f(2 -

4- Di met hyl - ppimetBoxyphenyl ) am nol - 6- met hoxv-7-f (1- met hvl pi peri di ne- 4-

yl ) met hoxyl rre- 3-carbonitrile MP 160-162C;, Mass spec 461.3 (ES +)

5  4-[(2.4-Dimethyl-5-methoxyphenyl)amino]-6-methoxy-7-(2-methoxyethoxy)quinoline-

3-carbonitrile
MP 143-145°C; Mass spec. 408.2 (ES +)

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-Methoxvy-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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Exanpl e 43 10 6- Met hoxy-4-f

( 5- met hoxv- 2- met hyl phenyl ) ani nol - 7- [ ( 1- met hy| pi peri di ne- 4-19 0CT 2008

yl ) met hoowo §3093241i ne- 3-carbonitrile MP >250C, Mass spec. PAUESB/IGES -)
Exanpl e 44

4-f (2- Chl or o- 5- net hoxyphenyl ) am nol - 6- net hoxv- 7-f ( 1- net hvl pi peri di ne-4- 15
yl ) met hoxy] qui nol i ne-3-carbonitrile MP 106-108C, Mass spec. 467.2 (ES +)
Exanpl e 45 4-[(2

4- Di et hyl pheamppledti nol - 6- met hoxv- 7- F( 1- met hvl pi peri di ne- 4-

yl ) met hoxyl gui nol i ne-3-carbonitrile 20 MP 190-191 C, Mass spec. 429.2 (ES
- ) 6911 %%,@-%ﬂ:ﬁlor#ﬁeﬂﬁ&%ﬁgﬁiﬁeﬂ-&#seﬂ-%l%miﬁ 46 4-f(2
4-Di chl or o-5- nol - 6- met NoxXv- /-1 3- ( I- net hvl pi peri di ne- 4-

yl ) pr opoxy| giingthbxyjeuirolingerdrearbenitrilee VP 144- 145C, Mass spec. 529.2 (ES +) 5
Exampl e 47 4-f

(2-Chloro-5 ) n Wafa]! v-7-f3-(1-nethvl pi peridi ne-4-

yl ) propoxvl a/ﬂ?tr%glg?\r%gkt% \égarsgoryﬁlg?r f;?geﬁﬁwi)éyi% 120C, Mass spec. 485.2 (ES +)
Exanpl e 48 10

6- Met hox§ - 4 Exampleet2hoxv- 2- net hyl phenyl ) ami nol - 7- f 3- (1- et hvl pi peri di ne- 4-
yl ) propoxvl qui nol i ne-3-carbonitrile MP 163-166C, Mass spec. 475.3 (ES +)

-6-methoxy-7-[(1-methylpiperidine-4-

MP 160-162°C; Mass spec 461.3 (ES +)

Example 43

10  6-Methoxy-4-[(5-methoxy-2-methylphenylaminol-7-[(1-methylpiperidine-4-

vhimethoxylquinoline-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  ylmethoxylguinoline-3-carbonitrile

MP 106-108°C; Mass spec. 467.2 (ES +)

Example 45

4-[(2,4—Dimethvlphenvl)amino]-6-me’thoxy-7-[( 1-methylpiperidine-4-
ylmethoxy]quinoline-3-carbonitrile

20 MP 190-191°C; Mass spec. 429.2 (ES -)
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- - - - . +
éia?rial) grggozylc ((:]gl nol i ne-3-carbonitrile MP 159-162C, Mass SlpfﬁCT42%[?[i 3 (ES +)
4- Di chl o™ 83/8B82Hoxypheny! ) ami nol - 6- met hoxv- 7- f 3- (4- nmet hyPCT/US03/13149

pi per azi nyl ) propoxvl qui nol i ne-3-carbonitrile 20 MP 125-128C; Hi gh

Resol uti on Mass Spec. :530.17274 calc'd: 530.17203 70 1 9 OCT 2006 WO

03/ 093241 PCT/ US03/ 13149 Exanple 51 4-f(2

4- Di chl or o- 5- net hoxvphenvl ) am nol - 7-[ ( 1- et hyl pi peri di ne- 4-yl ) net hoxy] - 6-

met hoxyqui nBxample36car bonitrile MP 192-195C, Mass spec. 515.2 (ES +) 5
Example 52 4-f (2

4-Di chl or o- 2q@R{ HRKWROLEtheipREhvIAniRdlBEthéxy-7- 13 (R iemvibiReidindlfe- 2-

yl ) met hoxyl qU| nor 1 ne- 3-car bonltrl e MP 178-179C, Mass spec. 499.0 (ES -)
Exanpl e 53 Viprepaxyjayinoling:3 W by the method of Exanple 1 and the 10
correspondi ng al cohol Exarrpl e 53 4-1(2

4-Di chl oro- ﬁ,rprﬁfh e &> pxy- 7- ( pi peri di n- 4-

yl met hoxy) gui noﬁﬁ?%hcydgg%?%gfgzg (@Q 84- 138C, Mass spec. 485.3 (ES-) 15
The foll ow ng Exagl es 54-57 are obtai ned anal ogously by the nmethod of
Exanpl e 527 correspondi ng am ne. Exanple 54 4-f(2

4- Di chl or o- 5- met hoxvphenyl ) am nol - 7-{[ 3- (di net hyl am no) pr opyl ] am no) - 6-

net hoxy qui ngliiiehidrd-srdnddyphériy)aRindReHhsthd 87 £[3-(IMrsthypieeidind#4. 1 ( ES+)

vlipropoxylquinoline-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-

vhpropoxylquinoline-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  yl)propoxy]jquinoline-3-carbonitrile

MP 159-162°C; Mass spec. 459.3 (ES +)

Example 50

4-[(2 4-Dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(4-methyl-1-
piperazinyl)propoxylquinoline-3-carbonitrile

20 MP 125-128°C; High Resolution Mass Spec. :530.17274 calc’d: 530.17203
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71 1 9 OCT 2006 WD 03/093241 PCT/US03/13149 Exanple 55 411% 0CT 2008

(2, 4-Di chl oro- 5- net hoxyphenyl )am nol -7-{f 3- '

(di met hy V@P38Bgtlopy! | ( met hyl ) ami nol - 6- net hoxygui nol i ne- SPECEUBG3M4% | e MP
116- 117 C ; Mass spec. 486.2 (ES-) 5 Exanple 56 4-f(2

4- Di chl or o- 5- net hoxyphenyl ) am nol - 6- net hoxy- 7-f ( 2- '

nmet hoxyet hyl ) am nol gui nol i ne-3-carbonitrile M 165-166C ; Mass spec. 445.1
(ES-) Exanple 57 10

6- Met hoxy- 7Exampigdiy| - pi peri di n- 4- yl met hoxy) - 4- {[ 4- (pyri di n- 3-yl oxy) -

phenyl ] am no) gui nol i ne-3-carbonitrile Follow ng the procedure used to
prepare Ref grencpidhivadBlietie YIY&briiice- i -6-

met hoxy- 7- [ (1- met hyl pi peridj n-4- met hoxy] qui nol i ne- 3-carbonitrile (200
ng, 0.58 nwﬂlﬂiﬂ%\ﬂwl-@%&&ﬂpﬂﬂl@@I oxy) phenyl amine (161.5 ny, 0.87 nmmol) 15
(Cacciola, J.; Fevig, J. M; Stouten, P. F. W; Alexander, R S.; Knabb, R
M Vexler, mpRga)gg80oor aviaddspecOm2 (ESt) 2000, 10, 1253) provides 203 ny
of 6-nethoxy-7-[(1-

met hyl pi peridi n-4-yl ) net hoxy] -4-{[ 4- (pyridin-3-yl oxy) phenyl ] am no} qui nol i ne
-3- carb niEﬁé@B‘,e_%ep 182-184 C. MB 496.3 (MrH)+ 20 Analysis for C29H29N503-
0.6 HOI Calcd: C 67.30, H5.77, N 13.54. Found: C 67.23, H5.65, N
13.38. 72 i 9 /@FDAMRS0-EWEDRKAMBAATanS]. SR EH0XBFAB! -mBk N ctidhe-2-

vlYmethoxylquinoline-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-methoxyphenylaminol-6-methoxy-7-(piperidin-4-

vimethoxy)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+)

71



4-f(2 T 208

4-di chl or o- 5- met hoxyphenyl ) am nol - 6- nmet hoxy- 7- {[ 3- (4- net hgllgp?cperzg{]zi n-1-

yl ) pr opy WAAME?4ui nol i ne-3-carbonitrile M5 529.2 (ES+) BCENIBMBHA959 4-[ (2
4-di chl or o- 5- net hoxyphenyl ) am nol - 6- met hoxv- 7-[ ( 3- nor phdi n- 4-

yl propyl ) am no] qui nol i ne-3-carbonitrile M 516.1 (ES+) Exanple 60 10 4-[(2
4-di chl or o- 5- met hoxyphenyl ) am nol - 7- ( 2, 2- di et hoxyet hoxy) - 6- net hoxyqui nol i ne
- 3-carbonitrile M5 506.2 (ES+) 73 1 9 OCT 20 WD 03/093241 PCT/ US03/ 13149
CLAI M5 1. AEXamRled®8 for preparing a 7-substituted-3-quinoline or quinolone
carbonitrile of Formula (1): WL A RX (IA) A5 wherein: is a ring of
formula 0 468 MNbiBhiofo-b-rkdthdkydhedYl)ahinol-7-{[3-

(dimethylamino)propyl](methyl)Jaminol-6-methoxyguinoline-3-carbonitrile

MP 116-117 °C; Mass spec. 486.2 (ES-)

5 Example 56

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

methoxyethyl)aminolguinoline-3-carbonitrile

MP 165-166°C ; Mass spec. 445.1 (ES-)

Example 57

10  6-Methoxy-7-(1-methyl-piperidin-4-yimethoxy)-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 CogHagNsO3- 0.6 HCI
Calcd: C, 67.30, H5.77, N 13.54.

Found: C, 67.23, H 5.65, N 13.38.
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and X is selected from-0-, -S-, -NH, and -NR 2' _; WISl‘fO ﬁ% 10 g is
an integer of 0-5; mis an integer of 0-2; nis anlnteg 8 5, RLis
an al kyl W 8Hu¥3g4!l 1 to 6 carbon atons, a cycloal kyl groupP@F/U8031314P0 car bon
atonms, 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 fromthe group consisting of -J, -NQ2,

-NH2, -OH, Expmple§§ - N3, -000H, - CONH2, -NHC(ONH2, -C(OH, -CF3, -COCF3,
-R4, -OR4, -NHR4, -NR 4R4, - S( O nR4, -NHSOR2R4, -R5QH, - R50R4 - R5NH2,
- RSNHR4, - Ral\i4AR4i : iMEni D inN(-R4) R6OR4,

- NHR6NH2, - NHRX - NARGN 74 1 9 OCT 2006 WO

03/ 093241 Piiproeyiaminalay SRPRSREERYE - N(R(err))R(err)NHR(err)R(err),
OR6COH, CR6CR4, CR6NH2 CR(err) NHR(err) - OR6NR4AR4, -OC(O R(err),

-NHC( O) R(er mis 529\_}21@(-:@)!\|HR4 -OR5C(O R4, -NHRSC(O R4, -C(O R4, -C(O OR4,
-C(ONHR4, -C(ONR4AR4, - RSC(OH, -RSC(O R4, -R(err)C(OOCH -R5C(OOCR4, -R
5C( O) NH2 ES%O?@QEM - 5 RSC(O NRAR4, -R(err)OC(O R(err), -RSOC(O NH2,
-RSOC(O)RIHR X 0C(O) NR4R4, and - YR7 groups wherein Y is independently
selected from-C(O-, -C(OO, -0OC(O) - -C(ONH, -NHC(O -, -NHSO(err)-
-SO(err) NH 4- |fg}idbkbfo 5-rREORBhENd)amind GHRBIRY Y 7-[(3-hapRARF4-) ) (err)) (err) Q

-C=C-, cis- Fmd rans -CH:CH- and ¢ Floal kyl of 3-10 carbon atons; Qis
0-, -S(0 ami , € i's hal ogen sel ected fromfl uoro,
chl oro, br om) and |odo R2, R2' and R3 are each independently sel ected
froman al kS gt@dgES#) 1 to 6 carbon atons, an al kenyl group of 2 to 6

carbon atons
Example 60

10 4-[(2.4-dichIoro-'5—methoxvphenvl)amino]-7-(2,2-diethoxvethoxv)-6-methoxvquinoline-

3-carbonitrile

MS 506.2 (ES+)
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or an al kynyl group of 2 to 6 carbon atons, wherein each IHBFE%T al kyI
al kenyl or alkynyl group is optionally substl tuted with -
-QR4, or WO 03/0B24ind R3 15 are each independently sel ect eBCT/U80H/13149

-(C(R8)2)g-aryl, -(C(R8)2)qg -heteroaryl,

-(C(R(err))(err))(err)-heterocyclyl, -(C(R8)2)n-Q (C(R8)2)q aryl,

(C(R(e r))(err))(err)-Q (C(R(err))(err))qg-heteroaryl, -(C(R8)2)n

Q ) 2) gy ?gcyclyl -(O(R8)2)n-Q (C(R8)2)n-Qaryl, -(C(R8)2)
C(R8) FLMI teroaryl, and -(C( R8)2) -Q (C(R8)2) -Qheterocyclyl, 20

V\/ner ein the heterocyclyl group may optionally be substituted on carbon or
nit rogen Witt h - a Agprodpsssir pedpadng hoﬁsuﬂaﬁtutec(-@(qﬁﬁ\bﬁl)é]-dmrﬁnolone carbonitrile
-(C(R err))%‘é&&)j‘m )-heteroaryl, -(C(R8) 2) ghet erocycl yl
-(C(R8) 2) g- % ‘'t he heterocyclyl group may optionally be substituted
on carbon by -(C(R8)2)g-QR4, or the heterocyclyl group may optionally be
substituted on nitrogen by -(C(RR) ~ and al so wherein the aryl or
het eroaryl 25 group rmay optionally snBstituted with a group sel ected
from-NO2, cyano, -R4, -(C(R8)2)gpxary C(R8) 2) g- het er oar yl ,
-(C(R8)2)g-heterocyclyl, 751 9 CCT (%}6 WO 03/ 093241 PCT/ US03/ 13149
-(C(R8)2)g SO2R4, and (C(R8) 2)q- QR(er and further provided that R2 and
R2' may optionally be taken together with the nitrogen to which they are
attached, formng terocyclic ring having 3 to 8 ring nenbers one of
whi ch isgop ly t et eroatom sel ected from nitrogen,
oxygen and é"}ur\%?&ll \/\/nerlglaagm'l 6f(c?fg}?'g‘k{]orrned het erocyclic ring nay optionally
be substituted on carbon or nitrogen with a group -R4, or said heterocyclic
ring may optionally be substxuted on carbon béRT (C(R8)2)g-QR4, or said
on

het erocyclic ring may optio | yCNbe substit ut nitrogen by -
(C(R8)2)n--QR4; R4 is a nonovalent group in

tly selected from al kyl
of 1 to 6 carbon atons, 10>Nafkenyl of 2 to 6 cparbon atomns, and al kynyl of
2 to 6 carbon atons; R5 is aHlival entggroup TR ependently sel ected from
alkyl of 1 to 6 car bon atons, alkenyl of 2 to 6 carbon atons, and al kynyl
of 2to 6 c%rngon at ons;

X is selected from ~O-, -S-, -NH-, and —-NR?-;
W’ is H or -OR?;
10  gis an integer of 0-5;
m is an integer of 0-2;
nis an integer of 2-5;

R' is an alky! 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, -NO,, -NH,, -OH, -SH, -CN, -N; -COOH, -CONH,,
-NHC(O)NH,, -C(O)H, -CF3, -OCF3, -R*, -OR*, -NHR*, -NR*R*, -S(O)R*, -NHSO,R?,
-R°0OH, -R°OR‘, -R°NH,, -R°NHR‘ -R°NR‘R* -R°SH, -R°S(0).R% -NHR°OH,
20 -N(RY)R°OH, -N(R»R°OR®, -NHR®NH,, -NHR®NHR®, -NHR°NR*R®, -N(R*R®NH,,
74



R6 is a divalent alkyl group of 2 to 6 carbon atons; R7 i$ 939y odoal kyl
ring of 3 to 10 carbon atons optionally substituted with one or 15 nore
al kyl gr oY@838B241 t o 6 carbon atons or an aryl or het er oaPGT/UBP3G149
optionally fused to an additional aryl or heteroaryl ring, wherein said
aryl or heteroaryl ring optionally fused, may optionally be substituted
wth 1 to 4 substituents selected from the group consisting of aryl,

135,2'5"6%'09 WNHRNHC?@ é\”%% 3]5'9@%3'0“(%% ‘ngﬁ"'go ‘%ﬂ”'%’NHm

-NR4AR4, - S( ODRMR‘RINHEBCRRMR’, -NRESIE)RY, RBIGB(D NHRENH2r - RSNHR4, - R5SNR4R4,
-R5SH, -R5S(0O) R4, - NHR6CH, - NHR6OR4, - N(R4) R6OH, - N(R4) R6OR4, - NHR6NH2

o O R o T R Bl TR
-SOR?)C(HO) R4, R B(GBF%Q)B’O) RRSC(CWB) ORR’CE@HORYY O)m)NNHﬂ'G)G CRARHR* R "
S9N RS LR DB St BRONE- a%&%ﬁ
PCT/ US03/ 13148d -¥Fﬁ$m4@ WhiRdinan s indREpBEEENINREREtedRBorh SC{Ddeedte NMAG(O)H or

used horei n” SORONES Rl BHDe R PR A e M e oo 127 5

carbon atons, heteroaryl as used herein denotes a 5 or 6 nenbered aronatic

ring, which qomg)) s, -C=¢-Ocid- AR} RARACHIEHMNE RSB @f BN® SAlBh fbmdi T T er ent

selected from nltr‘bgen oxygen and sul fur; and heterocyclyl denotes a
saturated or partially unsaturated m)nocycl ic radical 10 containing 3 to 8
ring atons s@iecPadSt@em-NarbwnNRAY t rogen, oxygen and sulfur with at | east
1 and preferably 1 to 4, nore preferably 1 to 2 nitrogen, oxygen or sulfur

as ring j@topgy 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 alkynyt 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®),)q-aryl, ~(C(R%z2)q -heteroaryl, ~(C(R®),)q-heterocyclyl,
~(C(R®)2):-Q-(C(R®)5)q-aryl, ~(C(R®)2)n-Q~(C(R%),)q-heteroaryl,
~(C(R%).2)n-Q~(C(R®),)4-heterocyclyl, -(C(R%)2)n-Q-(C(R®))r-Q-aryl,

-(C(R%)2):-Q-(C(R®)2)n-Q-heteroaryl, and  ~(C(R®))x-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®e)qaryl, -(C(R®))q-heteroaryl,

-(C(R%)2)q-heterocyclyl, -(C(R®),)-SO2R®, 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®),)q-aryl, -(C(R®))q-heteroaryl, -(C(R®),)q-heterocyciyl,
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whi ch conprises reacting a correspondi ng conpound of Formyl I W A F
15 (11 A rrpA wherein: | sgas defi ned above; with a corrpoungliofoﬁteﬁsor mul a
R(err) XHWORAEIBIR s selected from-S-, -O, -NH, and -RRIEFYL31¥nd where
R2' and R2 are as defined above or R2, and R2 may optionally be taken
together with the nitrogen to which each is attached to forma
heterocyclic ring, and in the presence of a base, when Xis -0- 20 or -S-,

t ovi de a sthitsd ed- 3- guipaal pacarbaonitril e of Formula - WI A
R (1 R oG0S S8R 581 B ided aBeC e ol B e ca
converting aopiigmpibubeltaen Fagether avithIt¥g nitrogen wostiels ey diragtiaghbay maceut i cal Iy
acceptabl e salt by conventional neans, and if so desired, converting the

correspondin r LGal [of0] und_of . Formil a

(1A by convg)rrlﬂﬁgnal ?rewack@% '@62. %%Bisr' gotc)éegga ?&éc"(‘)ée ?ﬁaetoga’gqc |"T‘n°'it'qr\ii‘ﬁ¥\ﬁi’ch

t he conpoundadditigngt reteroatamu selgcted fremanitiogen, maxygenabnd ssulfur, wherein said

\7/\; f |C|l<10r 0-5t- (Rihad 'hblétrc‘?&c%r}irq& }ﬁa§"6btighé]@| b EGRERAN L5 Icla%o(r)lforfn?tForBJelnawi’thza NHR1
group -R*, or said heterocyclic ring may optionally be substituted on carbon by -
(C(R®),)-QR*, or said heterocyclic ring may optionally be substituted on nitrogen by -

(C(Ra)z)n_-QR“;

R* is a monovalent group independently selected from alkyl of 1 to 6 carbon atoms,
10  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,
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, -CH,-aryl, -NH-aryl, -O-aryl, -S(O)n-aryl, -J, -NO,, -NH,,
-OH, -SH, -CN, -Ns, -COOH, -CONHj, -NHC(O)NH,, -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)nR*, -NHR®OH, -NHRPOR®, -N(R*)R°OH, -N(R*)RCOR?,
-NHRSNHZ, -NHR®NHR?, -NHR®NR*R?, -N(R*)R°NH,, -N(R*)RNHR?,
-N(R*)R°NHR’R*, -OR®0OH, -OR°OR", -OR®NH,, -OR®NHR?, -ORNR*R*, -OC(O)R*,
-NHC(O)R?, -NHC(O)NHR?, -OR°C(O)R*, -NHR°C(O)R*,C(O)R?, -C(O)OR?,

25 -C(ONHR®, -C(O)NR'R*, -R°C(O)H, -R°C(O)R’, -R°C(O)OH, -RSC(O)OR?,
-R°C(O)NHz, -R°C(O)NHR?, -R°C(O)NR*R*, -R°0OC(O)R?, -R®*OC(O)NHj,
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Il N 2 10 which is prepared by a process conprising the {gld Cf""h@? st eps:

) reacting a 7-fluoro-4-oxo-1, 4-di hydro-3-qui nolinecarbonftrifle For mul a

1) 0 WOOHNSHIN H || with a hal ogenating reagent to PEBUB3H9

-fluoro-3-quinolinecarbonitrile 1 where Z is d or Br Z W I LCN F N

51 and 78 1 9 OCT 2006 WO 03/093241 PCTI US03/ 13149 b) reacting the

-fluoro-3-quinolinecarbonitrile product of fornmula 1 with an am ne of the
;

ormul a R(er r in e pr g of pyridine hydrochloride to provide
7-f1 uor o'%%?@‘[@@ﬁ’@%%ﬂ%@?\ﬁ% » ui nol i necarbonitrile of fornula 2
NHR W I 'LCN FN 2 5 as defined in claiml1l. 3. A process according to

claim1 in whiisihdependuntigdugior ®* formula (1A) is a 7-
substi t ut ed- 4- oxo- 1, 4- di hydr o- 3- qui nol i necarbonitrile of Fornula 3

F
a
(

7
1
7
f

a

R°® is a monovalent alkyl group of 1 to 6 carbon atoms;

wherein aryl as used herein denotes a mono or bi-cyclic aromatic ring having 6 to 12
5 carbon atoms,

heteroaryl as used herein denotes a 5 or 6 membered aromatic ring, which contains
1 to 4 heteroatoms which may be the same or different selected from nitrogen,
oxygen and sulfur;

and heterocyclyl denotes a saturated or partially unsaturated monocyclic radical

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)

WI
OO
F
15 (11A)

wherein: 9 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
S0,
R2X
(1A)
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0O WCN RXNN H 3 and this is converted to a conpound, of f&rﬂgmla (1)
by process conprising the 10 followi ng steps: a) reacti ngﬂviotcﬂ

hal ogenatW@@3/982¢ent to provide a 7-substituted-4-hal o- 3- PCT/US03/13149

qui nol i necarbonitrile 4 where Zis O or Br Z W CN R2X N 4 b) reacting
t he 7-substituted-4-hal o-3-quinolinecarbonitrile of step a) with an 15

am ne RINH2 in the presence of pyridine hydrochloride to afford a
7-substituted- 3-quinolinecarbonitrile of Formula (1) 79 1 9 OCT 2006 WO
03/ 093241 pcILd03P 1999769 qETg 7 C@"&B@”“ﬁz@é%metﬁ? (Ndtq @ serrerpondieg
converting aplcaympoeutitallf doeepiable Sh bp EonveRticRAPANERRY amhar NRC Mbirsdl | y
accept abl e sal t ﬁ% ct%nventi onf}q_ megns and if so degi red, converting.the
cor r espondi ngP PRANTREELFIESPPRAING: PERTMAneutically jaccgptable tthé mPoNgRfnyl a
(1) by conveRtimua(IA)Bposnvedtiondl pieagsss according to any one of Clains 1 to
3 wherein the hal ogenating

5
2. A process according to claim 1 in which the compound of formula 1IA used as
starting material is a 7-fluoro-4-(substituted amino)-3-quinolinecarbonitrile of formula
2
NHR'
w! N CN
2
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 (i)

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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reagent i s phosphorous oxychl oride or phosphorous oxybrom de. 5. A process
according to any one of Clains 1 to 4 wherein RL is subst itL08% %yl . 10
6. A prod¥383/e3edrding to any one of Clains 1 to 4 wherei PCRUS§341384| ect ed
from 2, 4-dichl oro-5-nethoxyphenyl; Cyclopentyl; Butyl;
3,4,5-trimethoxyphenyl; 15 3-Chloro-4- (1-nethyl-1

H i m dazol - 2-yl ) sul fanyl ] phenyl; 2, 4-Di chorophenyl ;

2- Chl or o- 5- net hoxyphenyl.. - et hoxy- 2- met hyl. phenyl . and .

2, 4- Di met hyl ph nyfle%"@@/ ) 7%&%”%‘%6%}{”%%?%@5@49@&% gEdermula 4 with an

\% ocess ac_cgr damigetod trenfprroula Fd;quliahh&prbsémeﬁ)fWﬂdiﬁé hydioir:]maﬁ&d thjFTOVi? aand g
erein sai i s, sel ected frompotassi u of assi um ri de, sodium an

sodi um hydr i dte%' ﬁ@groﬁ-%yé{t@gtggggﬁ%ﬁl Dick %'5'96%?%"5)9 Q\fﬁgrrr@“i""f‘ésai d base is

sodiumor sodium 5 hydride. 9. A process according to any one of clains 1
to 8 wherein R2 is selected from one of NHg® foll owi ng: 2-butynyl;

3-di met hyl am no- 2, 2- di met hyl pr opyy 0 CN

3-(1, 1-di oxi do-4-t hi onor phol i nyl) prg T 21| 2- (1- pi perazinyl) et hoxy] et hyl;
2-thi enyl net hyl; benzyl; ethyl; E 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
| ;
N

2
R2X N
3
and this is converted to a compound of formula (l) 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

y
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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henyl; 15 2-nethoxyethyl; pyridin-4-yl; 2-(1-methyl pi pegi,din-4-vl)ethyl;
IC2)- ( 1}/met hyl - 3- pi peri di nyl)nethyl 2-(1-nethyl -4-piperidi nyﬁ)gnée&h 9 20

2- ( 2- met WHOQYJRBAA . 3- (di met hyl ami no) propyl ; PCT/US03/13149
3-(4-ethyl -1-piperazinyl)propyl; 81 1 9 OCT 2006 WD 03/093241

PCT/ US03/13149 (1 -nethyl pi peridine-4-yl)nethyl;

tetrahydro-2H pyran-2-ylmethyl; 3-(1 -methyl piperidin-4-yl )propy! ;

(3- (di met hyl am no) propyl )nmethyl 5 (1 -net hyllqpl peridin-4-yl)methyl : 3-(1

- net hyl pi peri di ne-4-yl)propyl; 3-(4-net V=1 - pi per azi nyl )propyl ;o (1
-ethyl pi peridine-4-yl)methyl; (1 Wiepty prReffdi ne- 2-yl ) met hyl ;10

pi peridin-4-yl methyl; and 3-(di nmet hj ng) propyl. 10. A process .
according to to any one of clai mR227t erein Xis -N+ or - NR2' - and
where R2' and R2 may optionally be takgn together with the nitrogen to 15
which each is attached to forma heterocyclic ring. 11. A process according
to claim 10 wherein XR(err) is selected from 4-nethyl piperazin- 1-y|_ or
(4-pyrrolidjn- A"9y¥ SOpEesigdnconverting a compound of Formula (!) 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 6. 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  3-Chloro-4- (1-methyl-1 H-imidazol-2-yl)sulfanyl]pheny!;
2,4-Dichorophenyl;
2-Chloro-5-methoxyphenyl;
5-methoxy-2-methylphenyl and

2,4-Dimethylphenyl.
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12. A process according to any one of clains 1 to 4 for ths greparati on of
a conpound selected fromthe group consisting of: 20 19 0CT 2006

7- ( 2- But WiyP30893414- [ ( 2, 4- di chl or o- 5- net hoxyphenyl ) am no] - BEHESI3031493 -

qui nol i necarbonitrile; 82 1 9 OCT 2006 WO 03/093241 PCT/ US03/13149

4-1(2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 7- ( 3- di et hyl am no- 2, 2- di met hyl pr op
oxy) - 6-net hoxy-3-qui nolinecarbonitrile;

4-1(2,4-D ch} oro-5-net henyl ) am no] - 7-[3-(1, 1-di oxi do- 4-

t hi onor phol ih}riyl ) p'? 83%%5? -éé‘?‘f@f‘ﬁé‘;?’-‘%ﬁ’ﬁ%f’%ﬂ{“mﬁetéq B ythergin Xds —Os or —S- and

4-[ (2, 4- Di chwhareinSsaidt fasey sheelgttparfran |potassini) Opotadsidra- hydridd, sodium and

pi per azi nyl )ﬁ%hm%(@(ﬂd@oxy) -3-qui nol i necarbonitrile;

4-1 (2, 4- D chloro-5=net’ hoxyphenyl ) am no] - 6- met hoxy- 7- ( 2-t hi enyl met hoxy) - 3-
qgui nol i necarbonitrile;

7- Benzyl oxy-8- [ ( A progesh| agcordingrid IBiaiypiemnydrkiansald]baSe et dbim Ir sHium

qui nol i ngcarrpgnjjé.ri | e;

4-1(2, 4- D chl’or o- 5- net hoxyphenyl ) am no] - 7- et hyl sul f anyl - 6- met hoxy- 3-
qui nol i necarbonitrile; ,

4-[ (2, 4- Di cH-or o- B-niesassagptrdingltdy any nod obelaietshiiys WhetenR? siylsbieBed+m

qui nol i necarpRs tid fofowita-
4- Cycl opent yl am no%igﬁ%&ﬁ'oxy- 7- (2- met hoxyet hoxy) - 3- qui nol i necar bonitrile;

4- But yl am no- 6- net hoxy- 7- ( 2- net hoxyet hoxy) - 3- qui nol i necar bonitril e;
7- Benzyl t hi &Rutyms;, 4- di chl or o- 5- net hoxyphenyl ) ani no] - 6- met hoxy- 3-
qui nol i necarbonitrile;

4-1(2,4-D cm-@ﬁ@tfﬁqé}ﬁﬁg@@awlargwl.no] - 6- net hoxy- 7- (pyridi n-4-yl oxy)-3- 20
qui nol i necarbonitrile; ’

4-[(2, 4-Di ch] aro-5- met hoxyphenyl ) am no] - 6- net hoxy- 7-[ 2- ( 1- net hyl pi peri din-4
- yl)et ngy]%-' @ lydieKdr4nibomasehnlinylinrepyl;

' 2-[2-(1-piperazinyl)ethoxy]ethyl;

2-thienylmethyl;
benzyl; ethyl;
phenyl;

15 2-methoxyethyl;
pyridin-4-yl;
2-(1-methylpiperidin-4-yl)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)propy!;
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[ (2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 6- net hoxy- 7- [ 2- rretggﬁit Eﬁéy] - 3-
i nolinecarbonitrile; 83 1 9 OCT 2006 WD 03/093241 PCT/ 3

[ (2, 4- @B HI5- net hoxyphenyl ) ami no] - 6- net hoxy- 7- [ 2- ( 1PCRUSABI13B19
i peridi nyl) met hoxy] - 3-qui nol i necarbonitrile;
-[ (2, 4- Di chl or o- 5- net hoxyphenyl ) am no] - 6- net hoxy- 7-[ 2- ( 1- net hyl - 4-
i peridinyl)nmethoxy]-3-quinolinecarbonitrile; 5
6- Met hoxy- 7-¢f 2 AX W dh=Ji.( 3, 4, 5-t ri met hoxyphenyl ) am no] - 3-

qui nol i necar(ggﬂgﬁilpﬁéeﬁ%ggv)}m%}h’

6- Met hoxy- 7-[ ( 1- met hyl pi peri di ne-4-yl ) met hoxy] -4-[ (3, 4,5-trinmet hoxyphenyl)a
m no] - 3- quifﬂ*ahyﬁ&:aﬁwrﬁrrwmthw;- ({3-Chloro-4-[(1-methyl -1

H i mi dazol - 2-yl ) sul fanyl ] phenyl } am no) - 6- met hoxy-7-[ 2-(2- 10

met hoxy) et h@XM]-mathﬁ?ipléﬂhhﬂﬁﬂﬁ{r pitrile; 4-({3-Chloro-4-[(1-methyl-1
“Hi mdazol - 2-yl ) sul fanyl | phenyl'}amni no) - 7- [ 3-

(di met hyl am or xy] - 6- ( 2- met hoxyet hoxy) - 3-qui nolinecarbonitrile;

4- ({3-Chl or AQZ&'FF%M% Ypropyl)methyl

H i m dazol - 2-yl ) sul f anyl ] phenyl } am no) - 7-[ 3- (4- et hyl - |

pi per azi Ayl X prapiopiberfid-2-yiRidAgxy et hoxy) - 3-qui nol i necarbonitrile; 15
4-[(2, 4- D chl or o- 5- net hoxyphenyl ) am no] - 6-[ 2- net hoxyet hoxy] - 7-[ ( 1-

met hyl pi periydi,ne-.4-vl ) nmet hoxy] 3- qui nol i necarbonitrile; 4-[(2,4-Dich to
ro- 5- net hox?%héfﬂ?}W'éWﬁ@]‘@ﬁ: R - 7- ( 2- et hoxyet hoxy) 3-

qui nol i necarbonitrile; 4-[(2,

4- Di chl or o- B-(#ehéthylyiphipaiazinghpropyl: 6- met hoxy- 7- (t et r ahydr o- 2H pyran-2- 20
yl met hoxy) 3- qui nol i necarbonitrile; 4-[(2,4-D ch |ord-5-nmethoxyphenyl)

am noj - 7- (2747 hoxy). 6-( 2- nor phol i n- 4-

yl et hoxy) 3- Sﬂ?{rﬁ‘gfﬁﬁﬁ@gﬁb%@w%e; 4-13-Chl oro-4-(1-nethyl -1
H i m dazol - 2-yl sul f anyl ) - phenyl am no] - 6- net hoxy- 7- (4-

met hyl pi per &izmethyipjperidine-2rghmatdyi3- car bonitril e;

4-
qu
4-
p
4
p

10  piperidin-4-ylmethyl;
and
3-(dimethylamino)propy!.

10. A process according to to any one of claims 1 to 6 wherein X is ~NH- or —

2 4 .
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]-6-methoxy-3-
quinolinecarbonitrile;
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4-[(2, 4-Di chl or o- 5- met hoxyphenyl ) am no] - 6- met hoxy- 7-{[ 3- (1-Tret hy peridin-
4- yl) pr WO0J®a2440} qui nol i ne-3-carbonitrile; 4-[3-Chl or o-BETUSBEBHY| - 1

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

(di net hyl ) am nopropyl ] am no} - 6- net hoxyqui nol i ne- 3-carbonitrile; 5

4-[3-Chl oro-4-(1- rrethyl 1H i m dazol - 2-yl sul fanyl ) - phenyl am no]-7-{[ 3

di et hyl | anmi no}.- 6- met hoxyqui nol i ne- 3-carbonitrile;

21 I[ ?S 4y Dacr:n ‘f @1)"' @r@% %%E}F%é‘x REel-7- (?@y IpethWamier3. 8idyeetaviPiePexyt ) pr opo
-3- qui nd@- fidlink&irbonitril

ﬁy][ (2, 4ql[J): (r:]hl myﬁuﬁoxlyphén?/rl‘l)n;m noj - 7- [ ( 1- met hyl pi peri di n-4-yl ) met hoxy]

|3 10 aui nof haecqriagn %Wémgryn@rnwpl IR RS hoxy) - 3-

4-[(2,4-Dich

qui nol i necartbiomorphdiigyl)propoxy]-6-methoxy-3-quinolinecarbonitrile; ) )

4-[ (2, 4- D chor ophenyl ) am no] - 6- met hoxy- 7- ( 2- net hoxyet hoxy) qui nol i ne- 3-
carbonitrile, . . _
4-[(2, 4-Di mﬁ_K%’Fi:%gW%E%%WHW&XW%"XW’HW}@'—’?I%FWXK/‘{%LQ(Q= net hoxyet hoxy) qui nol
i ne- 3- car bquiparazihy)ethoxylethoxy)-3-quinolinecarbonitrile; ) )
4-[(2-Chl oro- 5 rret hoxyphenyl ) am no] - 6- met hoxy- 7- ( 2- net hoxyet hoxy) qui nol i ne-

o Nethosy. 7 4 UE RO Ms e RhenY beminekesethonet R RRIRAT &R o] - qui nol i ne

6- Met hoxy- 7- (
-3- 20 car bmlnqllndatarbomtnle

4-[(2, 4- D net hyl phenyl ) ani no] - 6- net hoxy- 7- ( 2- met hoxyet hoxy) qui nol i ne- 3-
carbonitrile;

2 (2. 4- O cH BeAylon-4-{(2d-dictiora-E:metho ’%?h?m{'}a{“ AY: G ERIONEST di ne- 4-

yl ) met hdRy] qmn@bnemb@mwr bonitrile; 85 1 9 OCT 2Ms

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-ethylsuIfanyl-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-DichIoro-5-methoxyphenyl)amino]-6-methoxy-?-(pyridin-4—yloxy)-3-
20  quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6- methoxy-? [2-(1 -méthylpiperidin-4-
yl)ethoxy]-3-quinolinecarbonitrile;

4-[(2,4—DichIoro-5—methoxyphenyl)amino]-6-methoxy-?-[2-methoxyethoxy]-3-
quinolinecarbonitrile;

&3
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X\D[(Z 4- Di et hyl - 5- met hoxyphenyl ) am no] - 6- net hoxy-7-[ (1- mﬁtgn?pb ?ﬁrgl di ne-4
yl ) met hoX¥Q 981 ne- 3-carbonitril e; _ PCT/US03/131 .

6- Met hoxy- 4- [ ( 5- met hoxy- 2- met hyl phenyl ) ani no] - 7- [ (1- et hyl pi peri di ne- 4-
| ) met hox ui nol i ne-3-carbonitrile; 5 _ o
Z %(2 Chl g]rg 5- met hoxyphenyl ) am no] - 6- net hoxy- 7-[ ( 1- net hyl pi peri di ne- 4-

e 2°By1r2%*ﬁ€m%'§ﬁ§% HRRBYbher Bamingl-6-potionet- R metbwt & ne.- 4.
lindcarbonitril _ o
! %m;t ZoﬁyLﬂTro ﬂgﬁﬁﬁ%ﬁgﬁslg gﬁ‘f r?gl] rlg nmet hoxy- 7-[ 3- ( 1- net hyl pi peri di ne-

(
(2 ol or 8’“@"‘%‘%?"*3‘3% e ok B sty TR AU pi per i di ne- 4-
1) pr opoxy] RIREFSINVA \Qll%ﬂr gwn@lmek:erbomtnle_ _ o .
- Met hoxy- 4- [ (5- nmet hoxy- 2- met hyl phenyl ) am no] - 7-[ 3- (1- met hyl pi peri di ne- 4-
I

EOEO%VL?‘#%ZFG%?@%“?@FWM 3 Ime ey W)RBINGERT i ne- o-

p
I ér opoxy] ‘?‘i?éb%mﬁlﬁr bonitrile;
(
e
(

2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 6- net hoxy- 7-[ 3- (4- net hyl -

AV ”DyLﬁ?ﬁ%@%@?y@%ﬁdﬁ?ﬁ%@% HE 4 Bté‘Pi‘yd’ihﬁBY'lﬁWW?]ﬁ%t hoxy]
scarbonitril e; _ o
(§O4m|3t (r:]hl or o- 5- net hoxygﬁenyl ) am no] - 6- met hoxy- 7-[ ( 1- net hyl pi peri di ne- 2-

f Bl -
ety o eran o G
t’ s@) '6?’? oBlinacerkonitigs 1 o OCT 2006
2,4-Di chI or o- 5- met hoxyphenyl ) am no] - 7-{[ 3- (di net hyl am no) pr opyl ] am no} -
- et hoxy q4H({®Chiveo-3-{anb®ii-1 HMirhigazol- -2-yl)sulfanyl]phenyl}amino)-7-[3-

(dimethylamino)propoxy]-6-(2-methoxyethoxy)- 3-quinolinecarbonitrile;

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

4-({3-Chloro-4-[(1-methyl-1 H-imidazol-2—yl)suIfanyl]phenyl}amino)-?-[B-(4-ethy|-1 -
piperazinyl)propoxy]-6-(2-methoxyethoxy)- 3-quinolinecarbonitrile;

15 4-[(2,4-Dichloro-5-methoxyphenyl)amino]—6-[2-methoxyethoxy]-7-[(1-
methylpiperidine-4—yl)methoxy]3-quinolinecarbonitriIe;

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

4-[(2,4-DichIoro-5—methoxyphenyl)amino]-6-methoxy-7—(tetrahydro-2H-pyran—2-
20  ylmethoxy)3-quinolinecarbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-(2—methoxyethoxy)-6—(2-morpho|in-4-
ylethoxy)3-quinolinecarbonitrile;

4-[3-Chloro-4-(1-methyl-1 H-imidazol-2-ylsuIfanyl)-phenylamino]-6—methoxy-7—(4-
methylpiperazin-1 -yh-quinoline-3-carbonitrile;
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4-1(2, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 7-{[ 3- _ _

(di[ gret hyl am no) propyl ] (me%/hyl ) am no] - 6- net hoxyqui nol i ne- 318 PBbr0er i | e; and
5 4-[ (2, WaR¥WMBWo- 5- met hoxyphenyl ) ani no] - 6- met hoxy- 7- [ ( 2CT/US03/13149

met hoxyet hyl ) am no] qui nol i ne-3-carbonitrile. 13. A process according to
Claim1 for the preparation of a conmpound selected fromthe group

consi sting of: . . o
4-[(2,4-Di ch m nol - 7- ( 2-nmet hoxyet hox ui nol i ne-3-carbonitrile;
To b But oxy- TP oL AT S DB R PP resbieskydr noxy) - 5
qui nol i necaryprpyflainp}quinoline-8-carbonitrile; _ _ _

6- Met hoxy- 7- (4- met hyl pi per azi n-1-yl) - 4- (4- phenoxyphenyl am no) - qui nol i ne- 3-
bonitril e: _ - ) | |
Za{ ( (2)n|4 Ei: cﬁ -gir-%blgtor}%'t(k&ef/h y'{_é'ﬁ’g}F‘jdaaéoh%‘}"%'farp_é_([)}PJ}QQY'%U"{.T%? (- rret hy! pi per azi n-

1- 15 yl) pr dgimgtayhiamijepropydiamine}B-mathbrytuiridlihe-3-carbonitrile; o

4-[(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 6- met hoxy- 7-[ ( 3- nor phol i n- 4-

Zl FE gpﬁl g?g] h‘fl?}-gmgﬁon%m@xe&ﬁﬁilﬁs aa%nmﬁ%?l-s Lﬂfa("%',)';?f‘ai‘\é!?'ﬂi%?}fét{%xy) - 6- met hoxyqui
nol i ne- 3- cddimaihyarnine)propyllemethylamino}-6-methoxyquinoline-3-carbonitrile;

6- Met hoxy- 7- (1- met hyl - pi peri di n-4-yl met hoxy) - 4-{[ 4- (pyri di n- 3-yl oxy) -

henyl ] am naoj.gali LD ET IdfiL e 140 A ss according to Claim1l
For 't ne- proparc aa P g nefia e hafinel 2o RS PRB-BRECHYheRerdithg of
25 quinolinecarbonitrile; . . . .
6- Met hoxy- 7- ( 2- met hoxyet hoxy) - 4- oxo- 1, 4, - di hydr o- 3- qui nol i necar bonitrile;

87 19 -CCT - bifeH S EEE iperidin-4- - .
6- Met hoxy- 7-24) / ﬁe?{%}%%é?ﬁ%?@‘?n 1yb§9ﬂ2f§i@g’tl\?tﬂylgipﬁ9d P_é‘qﬂ?rﬂ%*f‘?’ﬁ’é??,_- car boni t
rile; ar]ré ﬂ%@l'mﬁféﬁ% oxy) - 4- oxo- 1, 4- di hydr oqui nol i ne-3-carbonitrile.
88

4-[(2,4—DichIoro-5-methoxyphenyl)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-methoxyphenyl)amino]-6-m'ethoxy-7—(2-methoxyethoxy)quinoline-
3-carbonitrile; o

4-[(2-ChIoro-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-Dimethyl-5-methoxyphenyI)amino]-6-methoxy—7-[(1 -methylpiperidine-4-
yl)methoxy]quinoline-3-carbonitrile;

6-Methoxy-4-[(5-methoxy-2—methylphenyl)amino]-?-[(1 -methylpiperidine-4-
yhmethoxy]quinoline-3-carbonitrile;

4-[(2—ChIoro-5—methoxyphenyl)amino]-6-methoxy-?-[(1 -methylpiperidine-4-
yl)methoxy]quinoline-3-carbonitrile;

4-[(2,4-Dimethylphenyl)amino]-6-methoxy-7-[(1 -methyipiperidine-4-
yl)methoxy]quinoline-3-carbonitrile;

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

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

6—Methoxy-4-[(5-methoxy-2—methylphenyl)amino]-?-[s-( 1-methylpiperidine-4-
yhpropoxy]quinoline-3-carbonitrile;

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

4—[(2,4-DichIoro-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;

4—[(2,4-DichIoro-5-methoxyphenyl)amino]-s-methoxy-7-[(1 -methylpiperidine-2-
yl)methoxy]quinoline-3-carbonitrile:

4-[(2,4-DichIoro-5-methoxyphenyl)amino]-6-methoxy—7—(piperidin-4-
ylmethoxy)quinoline-3-carbonitrile;

86



10

15

20

25

18 OCT 2006

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-7-{[3-(dimethylamino)propyllamino}-6-

methoxyquinoline-3-carbonitrile;

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

(dimethylamino)propyl](methyl)amino]-6-methoxyquinoline-3-carbonitrile; and

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

methoxyethyl)amino]quinoline-3-c'arbonitrile.

13. A process according to Claim 1 for the preparation of a compound selected

from the group consisting of:
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;

4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-7-{[3-(4-methylpiperazin-1-

yl)propyllamino}quinoline-3-carbonitrile;

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

ylpropyl)amino]quinoline-3-carbonitrile;

4-[(2,4-dichloro-5-methoxyphenyl)amino}-7-(2,2-diethoxyethoxy)-6-methoxyquinoline-

3-carbonitrile;
and

6-Methoxy-7-(1-methyl-piperidin-4-ylmethoxy)-4-{[4-(pyridin-3-yloxy)-

phenyllamino}quinoline-3-carbonitrile

14. A process according to Ciaim 1 for the preparation of a compound selected from

the group consisting of:

6-Methoxy-7-(2-methoxyethoxy)-4-oxo-1,4,-dihydro-3-quinolinecarbonitrile;
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6-Methoxy-7-(4-methyl-piperazin-1-yl)-4-oxo-1 ,4-dihydroquinoline-3-carbonitrile; and

7-(2-Methoxyethoxy)-4-oxo-1 ,4-dihydroquinoline-3-carbonitrile.

88



