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BACKGROUND OF THE I NVENTION 5 The two nost frequently
used synthetic nmethods for the preparation of 3-
cyano- 4- qui nol ones or 3-carboal kyl oxyqui nol ones are
i ntranol ecul ar Friedel-Crafts reactions and
el e

- ( FAOFESR DR INE SIPHESS G 5 ANING:4:(6-CHLORO4-FLUORO-
Frl edel - @HENYSLAMING ) T-BRHOXYrRUINDLINEeF-CARBONTBRILEI ch
ani |l ines, noderately for unsubstituted anilines, and
poorly or not at all for electron-deficient anilines
and are 10 not useful for large scale preparation of
3BAGKEBOUNUOROTHRBYVESHON al |y utilizing el ectron
deficient anilines. The el ectron w thdraw ng groups of
the anpld Rgo %P%ﬂﬁé}ﬂy d’é@@lsﬁﬂf?\@h b infdthddsOfor HhE preparation of 3-
aromatic ring to t 0i nt at side reactions npete
vYano- 4rqwmmneSd@nsﬁatb@alkvlﬁévwanél arﬂtmtaaml@wraﬁledel -Crafts
CR4 a4 Blect ?&fc@lnngoa | frdORP I{-;ﬁ-ca% |'h§ﬂ$:¥ﬁlhhé: derivatives.

rrng closures o oxyvi n ani

detiedehEraftes copgiiiens Wbr'f ewell rf@r teéeqb'@naﬂm e@NWSem@céegately for
¥ns%69tﬁ1teh rénmnés nlétp‘ﬂ&ly Mnoﬁat%&opgécﬁmdﬁf%%i bHSRdOhhd are

ano- qgul nol ones been achi eved
en@tcusesd yfer ia«sge iSAgle crreRAton eb@rqy@ﬁ@4aﬂlnolones especially utilizing

%né&r&m&emvamw& %b'élé&?roﬁ %th&ﬁ%d@egﬁ'o@kys ofhﬁ@bhme feduce the

i phenyl ether. Thernmal deconposition of
ew%@phﬂlﬁly ofithe propiadia tieg to tedoit thay éldgtraaqﬂpn@ corapete with, if not

CQSRInAIE BreicsIE RithinblcQbr édMiehédtidh. Product as a
result of 20 the high tenperature reaction conditions.

Equi pment necessary to perform hig er at ur

react i brIMahedition ferplepipcyctia ripg p@swﬁﬁgﬁgr(@@amﬂﬁ@@) aniline

aué\ida@bﬂsetypea@ réqWPé Q@}hpéra{msam»ee@g oPbagrC. In u. s Patent No.
envi r onnen yp |ca , reactions are run at I

df1002.08% thees%Pf‘?tNFﬂoﬁ‘ n°far13 FYREPr4- %H"@z‘?i?“efsarf@é ?@8!‘ eachleved by

pél@@t?@c?clﬂzu?nb Oclb&lite t RIABHENRP BE -N-(18arB&QRHAGH | é’rﬂllrféf derlvatlves by
3-cyano- 4- U|nolones by el ectrocyclic ring closu

<hedtiapdo 260G PGVRNETY! e¥tert HBoIRE HRAEPaionib AT A asl product

FQﬁd/SﬁQﬂH@keﬁtmg fnatefiakdMitomlzas thie SlrPsYthé final product as a result of
ﬁ@r oxy- 6-ni troqui nol i ne-3-carbonitril e deconposes a
2

PEPEIRLITeH TRRGHAM CAMEET. ot RAUPTIRIK 1acgerar f0 pertorm high

Cbé?ﬂ»delﬁhﬂeoféabﬁor%%éf‘elyTdhera@gérsscélen%eé&ﬁeﬁﬁlvél aAdOR& Sdvailable in a
whi ch overcones the problem of thermal  deconpositijon

olypicat l8peratary cE p@ghﬁ%\@rﬁa@en] n'gquﬁllﬁ,greactlons are run at high dilution

6raa0liAg infar idefibleAl 18rgs:- é‘cla!éer@ce%@ due to low throughput.
phenyl ani no) - 7- et hoxy- qui nol i ne- 3- car boni tr| le used to

epi der rowm h factor ece ihito

oet ol The, PRl reranoot-Guanears bgestion i B odure suffers

Pfrdi 826 @ Hr3BRAE mentioned above. For example, it is known that 7-ethoxy-4-
hydroxy-6-nitroquinoline-3-carbonitrile decomposes at 240°C while the minimum
temperature required for cyclization is 256°C.

There is a need for a process which overcomes the problem of thermal
decomposition of intermediate compounds, including 6-amino-4-(3-chloro-4-fluoro-
phenylamino)-7-ethoxy-quinoline-3-carbonitrile used to epidermal growth factor

receptor (EGFR) inhibitors useful in the treatment of cancer.



The follow ng experinental details are set forth to
aid in an understanding of the invention, and are not
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way the invention set forth in.the clainms that follow

thereafter. BRI EF SUMVARY OF THE | NVENTION 5 This

invention relates to producing

6- am no- 4-(3-chl oro-4-fl uoro-

phenyl-amni [ i

et LR SR RN O PR 1448 g o

dhe mynmn agd agenet intendgst, anﬁ should not be construed to limit in any way

)

FELAPR R Denaas ol i aan .,

al k\él ating agent in the esence of a base to obtain
EtSﬂMMéR’i’ O%FHE%VNEN&H&nzene, 15 (c) reacting

4 Acet am de- 3- et hoxyni trobenzene of step (b) to obtain

4- Acefidiintétidn ‘?élQ@éYc af%bhéuﬁﬁe affinda- (élémofbome&él ng

4- Acet am do- 3- et hoxy-aniline of step (c) w

(RReRYRPINS) 7 yateawy)asiofineréwaadittils vghwéu C@mprlses

3- (4-acet am do- 3- et hoxyanl I | ne) 2- cyano- pr openoi c

acid ethyl ester; \El

3- (4- A8kt ardcylgting %ﬂww rﬂ'trqmé51°|2\l"83?f§‘rﬂ9¥§§ﬁ@ﬂ)é9ﬁﬁ@ ekipig 2-

et hyl est erAdéﬁan%H@-B HittdpHeRoly i €l d
3- Cyano- 7- et hoxy- 4- hydroxy-6-N- acetyl qui noline; (f)

reacting

3- O/an(gz7 edikypativiy 2-ABetd g -SonitosHeRbYdf Gtepna) Wit aR hikjlh iy

(e) h achlorlne substltutlng%rea gent to obtain

4- Chl or o- 3-29pahip-the Preserse ol @-hasgie eRiaf-AertrRie-2ind 30

(g) hydrol Y&h&é}mtrobenzene
4- Chl or 0- 3- cyano- 7- et hoxy- 6- N-acet yl qui nol i ne of step

(f) with acid to yield

6- ani n@y 4- (Ba@MgU-Rectarhldds-anekpRbamenR)of éteplBsYbtain 4-
qui nolncléLe 3- gawgomct:r?l WO Z005/ 028421 RiEP ain

PCT/ U82004/W'9°'339t(‘%y‘%]{9t”190nal ly converting
6- am no-4- (3-chl oro-4-fl uoro- phenyl am no) - 7-

et hoxy-qui nol i ne-3-carbonitrile to a pharmceutically
accept @bl e eopdensing 4-Acetamido-3-ethoxy-aniline of step (c) with

(ethoxymethylene)cyanoacetate to yield 3-(4-acetamido-3-
ethoxyaniline)-2-cyano-propenoic acid ethyl ester;

(e) cyclizing 3-(4-Acetamido-3-ethoxyaniline)-2-cyano-propenoic acid
ethyl ester of step (d) to yield 3-Cyano-7-ethoxy-4-hydroxy-6-N-
acetylquinoline;

® reacting 3-Cyano-7-ethoxy-4-hydroxy-6-N-acetylquinoline of step (e)
with a chlorine-substituting reagent to obtain 4-Chloro-3-cyano-7-
ethoxy-6-N-acetylquinoline; and

(9) hydrolyzing 4-Chloro-3-cyano-7-ethoxy-6-N-acetylquinoline of step (f)
with acid to yield 6-amino-4-(3-chloro-4-fluoro-phenylamino)-7-ethoxy-

quinoline-3-carbonitrile.;



formthereof. 5 Pharmaceutical acceptable salts can be
formed fromorganic and inorganic acids, for exanple,
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fumaric, maleic, malonic, 3randelic, malic, phthalic,
hydrochl ori c, hydrobrom c, phosphoric, nitric,

sul furic, methanesul fonic, naphthal enesul fonic,
benzenesul foni c, toluenesul fonic, canphorsulfonic,

and si | ar by NS E6PER | e X
this @I nvéc)an'to!ﬁ%‘)]I cgnt aﬁ%s E'@oag (%’%hl\ﬁ'fbﬂ‘ﬂ@or%i{ﬁ@%%m% i

al so be foretbexyraubliegaaartonirilg to ﬁmbﬂgme@mwse@emsalt
as al kali ngkakhetddit s (for exanple, sodium |ithium

or potassiun alkaline earth netal salts, ammobni um
salts, al kylammonium salts containing 1-6 carbon

atoms peAbi Afins: tBleSalits caR Y Al

atonms in each ¢ b group, @ trﬁémfggﬁ’m Cbéggq morgamc
c¥idsaifon egmples &?&F%d}ﬁom@m@réa@w, eiich ta@c,aﬁsuoylmcgfflun@ﬂc malelc
WagRnR, GRAARIE dmalic tﬂﬁtﬁalicn\f?&to'cﬂlangoﬁ‘#d’?‘b%rtrﬁ:gr%ﬂsgﬁ&lc nitric,

noi ety. I'n accordance Wt hi's 1nvention

pPWivrigmethanesylisnicownarhtealenrsulienic. deazengsutbeiss telyenesulfonic,
téﬁn;ﬁiﬂ?‘éﬁ%ﬁlbsaﬁcﬁ s%nn%‘?l?tla{&ﬂoa&eﬁfaHeOQBEWen a compound of this

4- Acet am do- 3- et hoxyhi trobenzene,
3inyenting e3oRtAiRFy 23baTIh SYSjetiti Salte ymay- ebsarhﬂamm@ﬁofr@nazrg@nlc and

€h e . HicRC 0 t hpxypani
"inceist SRCE AR DAY/ i, ook, i, o

4ptassie). Rlkaing oeametnnﬁsady sglts\- @6@9!”%@@5#5 | ﬁ&ylaampmum salts

GCcﬁﬁ%lﬁiﬁ%“l -4 3arbon atoms ordlalkylammonlum salts contalr]mg 1-6 carbo atoms
| or o- | uor o- phenyl am no) - 7- et hoxy- qui nol I'ne-3-car

oliaaeh akyl W@@G\g/tw ampaipM 3t ¢aneBim b6 carkpRBigMED each
DG, (e R cEEHEoMW&'\FﬁE Weh‘nd?f @d‘n%r'ise% 9&.&& %?ergn

the invention is shown in Schene |: Schene
-N02 1 2- Am no- 5 ni trophenol 3-(4-Acetam do-
3- et ho'Ry2GIPICRAES With ih'%ya'ﬁaﬁ!ﬂfb}b’ér?oﬁoorma@%ﬂ@tfﬁglqw'@@p@mpounds

Sarftt hy pFsve¥s GoNthe synthesis of 2-Acetamido-5-nitrophenol; 4-Acetamido-3-
ethoxynitrobenzene, 3-(4-Acetamido-3-ethoxyaniline)-2-cyanopropenoic acid ethyl
ester, 4-acetamido-3-ethoxy-aniline, 3-Cyano-7-ethoxy-4-hydroxy-6-N-
acetylquinoline, 4-Chloro-3-cyano-7-ethoxy-6-N-acetylquinoline, and 6-amino-4-(3-
chloro-4-fluoro-phenylamino)-7-ethoxy-quinoline-3-carbonitrile.



acetylquinoline EtO 5 OH 3-Cyano-7-ethoxy- HN RCN 6 I
N OBY v NO2 2 2-Acetam do-5-nitrophenol 4
wdad20dsmraam do- 3-eth oxy-an i | i n e 7 4-Acet anPdDuUS2004/030219
et hoxyni trobenzene |H 3 NH2 CN 4- Chl or o- 3-
cyano- 7- et hoxy- 6-N acetylquinoline d HN CN HN 9 8 C
CN 6- Am no- 4- (3-chl oro- 4-
N-[ 4- (3- Chl oro- 4-fl uor o- phenyl am no) - 3- cyano- 7- et hoxy-

fbEPARERSEYERPTION OF TARIRPENRISK V! ] - acet ami de

A preferred process of the invention is shown in Scheme I

4-Acetamido-3-

Scheme | ethoxynitrobenzene
i H
”ZNIj N |
HO NO O G
2 HO NO, o NO,
] 2
2-Amino-5-nitrophenol 2-Acetamido-5-nitrophenol 3

.

H 0]
N NC. N
3-(4-Acetamido- c?/ D\ ]/(O/\ OV D\
-—————
)0 N NH

3-ethoxyaniline) 0O 5
-2-cyanopropenoic )
acid ethy! ester 5 4
4-Acetamido-3-ethoxy-aniline
YO OH O Cl
3-Cyano-7-ethoxy- HN L CN HN ~CN 4-Chioro-3-
4-hydroxy-6-N- P —_— P cyano-7-ethoxy-
acetylquinoline  EtO N EtO N 6-N-
6 l 7 acetylquinoline
Cl
Cl . F
0]
HN - HE ok CN
EO N EtO N”
8
9
. N-[4-(3-Chloro-4-fluoro-phenylamino)-3-cyano-7-ethoxy-
6-Amino-4-(3-chloro-4- o )
fluoro-phen(ylamino)-7- quinolin-6-yl]-acetamide
5 ethoxy-quinoline-3-carbonitrile

The acetylation of 2-Amino-5-nitrophenol 1 is performed by adding an
acylating agent at 60 °C to a stirred suspension of 2-Amino-5-nitrophenol and acetic
acid to yield 2-Acetamide-5-nitrophenol 2.

The alkylation of 2-Acetamido-5-nitrophenol 2 is performed by adding an
10  alkylating reagent to yield 4-Acetamido-3-ethoxynitrobenzene 3.



et hoxy-qui nol i ne-3-carbonitrile The acetyl ati on of
2- Am no-5-nitrophenol 1 is perfornmed by addi ng an

wa@celsabssng agent at 60 C to a stirred suspensi POT/052004/030219
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2- Am no- 5-ni trophenol and atetic acid to yield

2- Acet am de-5-ni trophenol 2. The al kyl ati on of

2- Acet am do-5-nitrophenol 2 is perforned by adding an
10 al kyl ating reagent to yi el d

4- Acet .
e/ e Bbrouo oL RRRESD dralifaratiih (ERERS 5 oduced
30i4>rAc@ama1vy<3}etbrbw amilinel ® erdel bydrogenatidu cedditions (10% Pd/C wet,
t t ' .
‘t?glbw%g)( 38% %%@tﬂ'ﬂ% ks' &E\Sénw dllﬂgﬂ*\; W&ﬁ @Léé\%rbnd reaction
cwuth: eomrrwmaliysa\(adatderwmu (eiyoxyrmejhylme)wyahoaogtah@raé reflwt for 16

E@?ﬁé ' Rﬁ]ert é&ﬁ@%‘?@‘é&ﬁ&%&@bﬁ%ﬂ' {h@% ?tluﬁ%(ig?vsé?leiﬁ Tge precipitated

oxynet hylene anoace
horaduect iaf c@lecw:ieby didteatioon waebechesdc drigrl e i yield 3-fdeAcetamido-3-

coDHERIhD; S R Epronpli BEASIRLOR 1Ml ed o yiel d

3-(4- Acet am do- 3- et hoxyanl | i ne)-2-cyanopropenoi ¢ acid
aI kyI F&4-Acetgmido-3-ethoxyaniline)-2-cyanopropenoic  acid ethyl ester § is

éﬁcﬂ g gR/er?ft &t @’ié‘rﬁ@%ﬁahﬁ@)ofz éﬁ.ﬁn%ﬁ 9@? REl ¢indg! Greferred

ethy ester cycliz a sol vent
t@m’p@lmeutrtée cﬁmmr@iyre w39 256 8CIo( Yield 3- @y@e%e@cfmehydroxy@ -N-

5%“?1 lghe tenperature was 250 C) to yield
3 0. /-6t hoxy 4- hydr oxy-6-N- acetyl qui nol i ne 6.

3- Cyano-_7- et hoxy- 4- hydr oxy- 6- N-acetyl quinoline 6 is
react e%‘qwﬁﬂ%7@tWﬂrhW@XYsﬁJNﬂCPMﬂuﬂ9@“¢ B dg Eqqctedoviih @(chlorine-

4Slg%hﬁ?lfugg 3?&3)@@&0 tb- §lidI@X ¥- (ﬁﬁl&'b@@ﬁa)ﬁb@%tﬂ@h‘ 6R-acetylquinoline 7

condensation wt | oro- 4-fl uoroaniline

olellowerhby >¢on¢fertsn%orpw5|§ @rf‘@@f@ﬂ“ fwce?@ihae toptignady dn the presence of
Nadid- 163 yiel w- (- éﬁl&%@ﬂ&ﬂ?@%ﬁéﬁﬁrﬂnﬁby§b§é&1’%ﬁﬂét¥\bﬁ§ BAXYin-6-yI]-

qui nol |n 6-yl]- acetamd
I\W%af(‘@e@wl oro 4-fl uoro- phenyl am no) - 3- cyano- 7- et hoxy-
quinolin-6-yl]- acetamde 8 is hydrolyzed with acid to

yi el d Re[AnBUChidto- ﬁ3ru6m HePy4mind) B &ano- 7 -ethoxy- c1umolm -6- ZVO]

phenyl am no) 7- et hoxy-qui hol i ne-3-carbonitrj

ERGAHTIEE] 8 75 2 bURTalYFerh- Wilh | £FI8 i nFIAGTEIOA R Hi9rge-fluoro-

(§r9c§1yﬁam| g%emak}qumma@&dbérmn% g¢tirred suspension of
- am no-5-nitro-phenol (400 g, 2.60 nol) and acetic

aC|d (1.60 L) at 62.5C ThE reactlon m xture was
stirred at 62.5C for 1 houF*@8Pl8 %t hen cool ed to room

25 tenperature. Water2-a2st@ido)s-Hidepieshaed over 20
mnutes to the stirred reaction

Acetic anhydride (398 g, 3.90 mol) was added to a stirred suspension of 2-
amino-5-nitro-phenol (400 g, 2.60 mol) and acetic acid (1.60 L) at 62.5°C. The
reaction mixture was stirred at 62.5°C for 1 hour, and then cooled to room
temperature. Water (2.00 L) was added over 20 minutes to the stirred reaction
mixture. After stirring for 1 hour, the solid was collected by vacuum filtration and
washed with water and heptane. Drying the product in vacuo at 60°C yielded 486.7 g
(96%, 99.5% by HPLC) of N-(2-hydroxy-4-nitro-phenyl)-acetamide. 'H NMR (DMSO-
de) 8 (ppm) 2.18 (s, 3H), 7.70 (m, 2H), 8.30 (d, 1H), 9.45 (s, 1H), 11.00 (s, 1H).



m xture. After stirring for 1 hour, the solid was
collected by vacuumfiltration and washed with water

wa@oashegaeane. Drying the product in vacuo at 68Q/US2004/030219
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yielded 486.7 g (96% 99.5% by HPLC) of
N- ( 2- hydr oxy-4-ni tro-phenyl)-acetam de. 1H NVR ( DMSO-
dé) 6 (ppm 2.18 (s, 3H), 770(m 2H), 8.30 (d, 1 H)

9.45 (s, 1 H), 11.00 (s, 1 H. 30 WD 2005/028421
PCT/ US2004/ 030219 6 Exa le 2
2- Acet am do- 5- ni t r ophenol mul ti-necked fl ask

equi pped with a nechmwm@m&mltwphenglfl ux condenser,
nitrogen inlet, 500-nL addition funnel, heating

mant | ey fmum ﬁe@ﬁé gléal,@ﬂ@& wgﬁQ%ﬂecﬁahealast.h@m&ruatc%&enser

control er was c
nifpgandnist, rﬁot)rrblphétﬁmn funhel, heatiog mmlg enchA teermogerple attached

Woldte 8@rall‘ud’@f coRfr&ifet Waé‘ﬁh%gea_ Afh ﬁ@ég ZLAHerB -Kitr8pFendPSThe flask

stirre war med | eve
swapthasi ahargedhwithe 1,6l ot acetwr@jslci héhe segtingt mixiure wasestirred and

2w§m%d?18 ?091- 9bcag géﬁléveaé] ElYé?)'éhQSn V‘@ﬁﬁll@maﬂﬁ%rthéteﬁ_‘nperature at

hours an stirred one hour
26908 et2a%17 @ 398 orif eeefisranhydridg was adsi@g avRh S heyiesfand stirred for one

2?&‘1?‘ {30 2R datdrhi ARG Cﬁ)h@ﬂolpﬁvﬁﬁ QBLs thdn NEEESHS AAMIRJ-5MHitrophenol

acetic acid was a reduce the concentration
oPresentAffinesessan 87 B setic auikwas addedie raslyaeithe copgentration of

CRANRIh- B‘ﬁlt?@%heﬁol C1aBGeactiBR nixtAfe wﬁ@&&ﬂed"ﬁ%@g det YE5.00 L of

20 m nutes suspension was stirred for one
heater wa@sadﬁigd\xaf@u@ﬁ] minutasagnch e pSPENEIPR YEAsostirred for one hour.

CQQF\&'\BbLﬁ\S}n 2f‘ltﬁﬁ%h atﬁb dé?xséeﬂﬁldﬁ e&hﬁﬂmp Mﬁetaﬁ\‘iﬂd @ﬁftjr%ghenol was

ane wash

d@q"éaeﬁnwashﬁsc\wtmwatﬁs fokloyﬁa tws@ hvpfgn? o@sH, ard feedinma vacuum.
1@1%1%@67@ @Os&ngw %D@QZ@&C%%QDMS@—% o1, 421t (t, 3H),
F5.20 45,361 135 (. A5, o7 (B, 770AS, EaBPULIH, S.42 5, 11D,

4- Acet am do- 3- et hoxyni trobenzene 20 A 12-L, 4-necked

flask equi pped with a refl ux condenser, ni trogen
inlet, thernocouple, addi ExX&®Plednnel, and nechani cal

stirrer was ChargeﬂA\%ttaHcfboﬁe@mogymtrobenzene
Acet am do-5-ni trophenol. The flask was charged with

790. g potassium carbonate and 2.0 L of

di net hx' far rrarneeﬁeo( @5@ eal:r Bﬁed“v)iﬁmué erem@@ cShddnsed n'?t%ben inlet,
warnmed to 60 4 of broni de or

i heraecougle, aéaléan él\me' 1®dni“ﬁ9|i‘3é‘$cai é¥r<5‘?fewﬁ$319haf9ﬁﬁ|wl@ 400 g 2-
”ﬂbé’t&ﬁlo@'-glgltra?@?\gl | fhe rﬂ&@lk mﬁa%rHP\%Fg'ﬂdU\K/iﬁ'\ 796'¢ ﬁcﬁéﬁldrﬁ’%arbonate

m xture was stirred for | east” one hour “or unti l

t fred A0k efrcimethylismaide @M%n d hereixigesmwanstiread a5 warmed to 60 +

2.5°C. 294 g of ethyl bromide or ethyl iodide was added over 10 minutes to one hour
while maintaining a 60°C internal temperature. The reaction mixture was stirred for
at least one hour or until the mixture turned yellow and the concentration of 2-
Acetamido-5-nitrophenol was less than 1%, if needed additional ethyl bromide or
ethyl iodide or ethyl chloride was added to reduce the concentration of 2-Acetamido-
5-nitrophenol present. The mixture was cooled to 20 + 5°C. 4 L of water was added
and while maintaining a 25 + 5°C internal temperature. The suspension was stirred
for a minimum of 30 minutes and collected by vacuum filtration. The product was
washed and the pH monitored for a pH of < 8. If the pH was > 8, the product was
washed with 1.0 L portions of warm water until the pH was < 8. The resultant



Acet am do- 5- ni trophenol was less than 1% if needed
additional ethyl bromde or ethyl iodide or ethyl

wabdosoesder was added to reduce the concentrati oPCDS2004/030219
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2- Acetam do 30 5-nitrophendl present. The m xture was
cooled to 20 + 5C. 4 L of water was added and while
mai ntaining a 25 5C internal tenperature. The
suspensi on was stirred for a mninmmof 30 mnutes

|\ Y j o
RGBS MACRALDICRNS W B0 idle ITIE o spe
vm9164-865‘iche product was washed vvlth 1.0 L portions
of warmwater until the pH was < 8. The resultant WO
2005/ 028421 PCT/ US2004/ 03024 9hpid 4PF 0duct was washed

wi th heptane and vacuum dri ed. Y| eld 98% strength
98. 6% S-fhAtgamidestethpxyamiing)-2-cyano-propenoic acid ethyl ester
3- (4- Acet am do- 3- et hoxyani |l i ne) - 2- cyano- propenoi ¢ acid

et hyI K3 Bhllon Pard#2 %%Hogé‘nd?@rr Was#&xrb&@ WRE SAJgeh ahB%harged with
/ged wi th nitrogen and charged with 10% pall adi um
H%

abigdiugn @n4cey @@aaﬂddéﬁ@earmwrﬂﬂﬂqw&rﬁ%mne Théhe closed

C.lea@:t%d wa%e;ﬂﬁéébf amdmaﬁaqﬂmes @ hitr&GE aﬁ’d tétfaﬂwrbfuhth (THF)
mtroaen and tetrahydrofuran (THF) was added f

pras aded FBmpR PrassUTRRRBdr THAJEFRIPIGEES RHIASH AN Adshignaka times

t v Ritrodeh Bndd BUIRE|NtHARRIrcyeh dRRIth¥irddbtiby ﬂ{n@g@rw:i’dﬂ@dr&j%nated
reaction nmixture was hydrogenated 10 at 50

28t s ab28-80%0igr 3 hauisisingrRn Rt aieaMpler- e/f\fterm,letuon the reaction

CﬁnmrStWa%r\‘lltteh% érﬂﬂﬁﬁéeﬁr!/vlthnTHIt Uraes Waﬁulfllﬂeb@ﬂ@ﬂ( witlla mechanical
r|nsed w th mul ti-neck flask wi

i INSATIOMGIer, Sl hedthdpiniAb® Prassnra. dRdldiono eondenser, and

r%&@ﬁ&d \A&rseéﬁéiﬁﬁd diitht kHd @itiagd, usﬁ@nﬂenﬂﬁrnn@nd The solutlon was
recei ver was c %qil wth the filtrate usi

| FnEniratad sl A% wRBRE] W IEIENPa (T8 AR WG GHITSGAR toluene
Vasdeslyipd th&yh@tﬂyﬂﬁ@?c AhGacktdtd Bd BeAa® toSrefitiX S1DOAT twith stirring for

tol uene 15 and et hyl (et hoxymnet hyl eq%)cyanoacet ate and
&8O o Ther Praducs wasp HGTP4 rang WRsTey Wb olugse Berdiied with a

T{T&:uﬂﬁﬂ@%‘é}d mAﬁéﬂahﬁi@ﬂe%QyéﬁﬁﬁlBPQ c%ﬁ&bréﬁn@%@hﬁ@&er Yield

35%0&:89@%1 dH WBt@M&%rﬁe} Ph@? (. Bl o}t GpRitleRd Odensht), 3-35
e(a‘st @HMY(D@MO (536Hg &95 §02+$)°/o7 1des|\llW§ 6@3&91@)6)7 a@J(dZ’,_iH) 8.30

4@96%%@@#“8%0‘)(@ ), 6970%%)2“7 10 (s 1 H) 7 25
(s, 1 H, 7.85 (d, 2H),. 830 20 (d, 2H), 8.50 (d,
2H), 9.00 (s, 2H), 10. 70 (Exanditd 5 Exanple 5

A 5oL et Pt St Seaty et | 0°

condenser, nitrogen inlet, two 25 thernocouples

attachdtotv\olneendntte er r ntrolle
and a S\ 22 L 4-necked ﬂa& equelpped with a rg uux gon%%ngeromtroged inlet, two

thermocouples attached to two independent temperature controllers, and a
mechanical stirrer was charged with 210 g of 3-(4-Acetamido-3-ethoxyaniline)-2-
cyanopropenoic acid ethyl ester. The flask was charged with 12.0 L of Dowtherm A.
A nitrogen flow was introduced over the reaction, venting through the condenser.
The mixture was stirred and warmed to 250 + 5°C while maintaining the temperature
and monitoring the reaction by high performance liquid chromatography (HPLC) to
obtain > 49 % (relative area) 3-Cyano-7-ethoxy-4-hydroxy-6-N-acetylquinoline. The
reaction mixture was cooled to room temperature. The solid was collected by
filtration and washed with toluene. In a 2-L 4-necked flask, equipped with a water-



mechani cal stirrer was charged with 210 g of
3-(4- Acet am do- 3- et hoxyani | i ne) - 2- cyanopropenoi ¢ acid

webédngloosst er. The flask was charged with 12. 0 BCDUS2004/030219
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Dowt herm A. A nitrogen fl o8 was introduced over the
reaction, venting through the condenser. The m xture
was stirred and warnmed to 250 5C while maintaining
the tenperature 30 and nonitoring the reaction by high

A o}];?{ OB ReRsd %Vérﬂe?@rsﬁﬁﬁboﬂfpgﬁl?% SEPNDoidifket MY 8B dnd THF

tirve
3we1yEan@dieate@t if bgynmturwwamww apchwatnyadyie netiux ard ngjgained for a

rr% AT Bo¢ é"’a%hSOrQ%Lﬁ nt ﬂwnit@r‘émvésewﬁéﬁ‘%”r&m-IEQr‘ﬁperature

Id was co tration and was
tmlleetﬁd byrflhraaonz w_aslned e@th ddiiFf arwls\racuerqmrlpgé@ywdt%%ano -7-ethoxy-

5roW)63\PQ§ét)?ﬁ QEI«ePCWeHS&’éLP“étQ 9529, Crﬂ'\g %ﬁo °C, 'H NMR

con enser, ove stirring apparatus and ankeét
{ (RMSQ1deHiO bRl (TBE), 205 &5, 8bI) 421 &ai. 2HThB ORi(sit UH)e 88Ads, 1H), 9.17

;{éqﬁﬁ %pqgvxmrred to reflux and naintained for a

nutes. The resultant m xture was
cooled to roomtenperature, collected by filtration,
washed with THE and vacuurE@mRlE 6t o yi el d

3- Cyano- 7- et hoxy, Lo
Yield 42% str endét@ Rﬁé%ké%ﬁﬁ&?@tﬂ%xg%ﬁﬁ 3éEQNHOﬂbh;ﬂ:?

(DMSO-d6) 61.42 (t, 3H), (s, H? 4.21
7.08 (A, 21iH4- necked’ flask 144}1 agvﬁéer edl cpmdenfgr 5@e(r§al probe
1chhinebedanyy % Gem emr@r&nﬁowaﬂﬁaﬂngﬁ‘trﬁ%w 6nni?bg’ia‘h‘i‘tb)é{nﬂet and

uinoline 10 A 2-L 4-necked flask with _a water-cool ed

c BYRIBeack (Stirren o¥3fal Charasde Wit o Bfle8t 8H YN EREIOXYiWEroxy-6-N-

C aedtyIglih&ine, h%tﬂaegwaaehér@ed WlthﬁCBJEBf Bietylent glydBIdimethyl ether
over ead stirrer was_char

Cytitang anch sigad: nY/ GRSk GvaR. chRraed Wil ABO; k. ofpBosphorus
f bﬁs&hlo‘ﬁ@é afBWIRddMb 1100 L 8°d-aRd rHiRhinkd nghm%s HPLC was

di met h et her or dlgxane and stirred. The flask wa
cHEfYe vMe('fY dhal AL 1% (Eelalivehcer) 1BCKRR:Rrelioxyd- hé(FIEPXY -6-N-

\’V@éé'fﬂaumalnlaor@ma%@daﬁ(ihéméd&l@h Aktufelr THS n{ﬂtﬁt‘ét Was chdiddto 80 +
used to verify that_< 1% (rel ative area

350 an8 25 scaaiinoyas YR oip GARINBRIE yas feland the flask and

I 88Ré Wekk WasHeBavithe@ b il ede1txgo enL dibdylBh& biES owaahyl ether.
cooled to 80 5C and 25 g celite was added. The

reacti on mi ture s filtered the flask an

celite R%r"@ We‘ga\)(h“fﬁﬁe ¥a8 ’8@)“0{?8 B9 4 Vﬁ%‘%dfhe concentrated

ghl;a’t(a{bxltﬁér@ dldea gb adsdtﬁfe‘dmdueeweblunaﬂof_Tr E@ gVetl KyDD,ah Wdier while
| rate was reduce S n \L uu e conce rat e

{ MANEBE erPeldien o &t A0 e A, MBS SOUTTeH Pyaigstion and

ZQ/thaf \{viﬁi%f watering rtoménd &nd \vdwmmadrmrjln@ yRld 4- ghloro-B-cyanoJ-
enper a re o Ol 1 0 e

¢ BB BN et aunaen e ey e Mt od T EME (PMSO-

VacHODCL) ise di5t (@ 3H) .90 4s, Ghf),4.80 &, QHR10 (m, 1H), 7.15-7.40 (m, 3H),
8.50 (s, 1H), 8.85 (s, 1H), 9.20 (s, 1H), 9.60 (s,1H)

Example 7
N-[-4-(3-chloro-4-fluoro-phenylamino)-3-cyano-7-ethoxy-quinoline-6-yl]-acetamide

A stirred mixture of N-(4-chloro-3-cyano-7-ethoxy-6N-acetylquinoline (274.5
g, 0.947 mol), 3-chloro-4-fluoroaniline (180 g, 1.24 mol), methanesulfonic acid, (5.5
g, 0.057 mol), and 2-propanol (6.7 L) was warmed to reflux (84°C) for 6.5 hours.



et hoxy-6- N-acetyl quinoline. Yield 65% strength 82%
np 250 C, 1H NWR (DMSO 25 d6 + CDCI3) 61.45 (t, 3H),

wa@2@8/0¢s21 3H), 4.30 (q, 2H), 7.10 (m 1 H), 7.86F0S204/030219
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(m 3H), 8.50 (s, 1 H, 885 (s, 1 H, 9.20 (s, 1 H,
9.60 (s,1 H Exanple 7

N-[-4-(3-chl oro-4-fl uoro-phenyl am no) - 3-cyano- 7- et hoxy
-qui noline-6-yl]-acetam de 30 A stlrred m xt ure of

o 8 et B Bl g Rl Byl 8070wt

nma |.) comtdiring sondeotrated agdndchlogc cid 6550mD BT 38%| dqueaursdHCI) was

a0 TR ot oS S B 5t o 1§ re 94 i e cooles

suol 0°C-10§Cduet moght Thke yelownsdlid pppeduat wae coliastedntyycvaguam filtration

e e, L e
Hiojluctars vacubdt 60°CTbaver 3dd § (21 /W% %élptHFéLtC)rOéS’rAmmOér(s&hloro
"2l oHRfb 5B S MBS RORNAL oo £ OBMAGHIPRan.

our. ow SO roduc was CO
VNMHUtDM$®tdgat D) & .4mnd, ma)shemﬁ (i, ©H), ZDOS/((m 1H), 71 (s, 1H), 7.35-

a 0 d water (2x700 nmL). Drying
t%gb?’ﬁr@gbé e 1&@ §6g11f3 dhe: gave 344.8 g (91% 99 %
by HPLC) of 6-Am no-4-(3-chloro-
4-f | uor o- phenyl am no) - 7- etEo#-I%%knol i ne-3-carbonitril
e as a hydrochloride salt (DVBO-d6 + D20)
81. 4B-Arhino-3HB;chtbr@8-fiugro-dnylamir@)-7¢ethoxi/Huinolind-3¢caybonitrile
1H), 7.35- 7.50 (m 3H), 7.65 (dd, 1 H, 8.65 (s, 1
H). 10 Exanple 8
6- Ami nAquleo(ug-p@tdselum darbonate O @ heoi yI027i0MK25- rﬁel)}Wbsn;tdepJover 30

i3 A6 RS 16 o i IR GBS bEF T LB PR Gllef:5bvano-
jE—ethdxw-:B&snmoqmrllojme r(l;@dsaﬁﬁ;ﬁplagsh@ﬂ mdl), methanol (3.90 L), and water
- (3 or u = 3+ :
Tkt BBl ined At E Wals TLyh S5 Ren ggded over g mipptes. The
rr&iabmrolfnlxuﬁe %sla)lowenhtb ouml & roo(neBPetaturemind tstifred dvexbight. The
5C. ..\t 1.0 ' .
P EReI e ik SOl Ty PSR AL S8 Rytes, o b6k prdbiict wes
t eotlee tedtbyr\acalmdlfdigatl{ag eg gevsehmwggrvagﬁ'drceyvitm sater i(?r)n 00 mL, 50°C —
sord FroR i Bt et R s el IPt Friopd oy HPLO) o
TBansind-4(3-chlsrovdiherd-phienylamimbp7-etBxy @inoline- %@bonm‘j}é:) . ™

DR 6,1 S, 49, 42813, A%, 896 BRUE <8, 7.06%, Thy, 727

G(mnsrﬂlp 784 @bﬂm B4 1H), UneD (bed | an); Neg NKAFet(mmsr& ~@1i515.09,
carpon

3%72491578(40121@ 10§4§51@Bf1ﬂad1é572l11)17 8)§ 658(1ﬁ1 (1g0p§ 121.52,

7122723140(051,133"28 14832, §62.31, 195.558. 4 (s, 1 H), 9.22

(broad s, 1 H): 13C NVR (DVBO-d6) 815. 09,

For purposes of this invention an acylating agent is for example acetic
anhydride, halide, alkyl and acetyl chloride.

For purposes of this invention an alkylating agent includes ethy! iodide, ethyl
bromide or ethyl chloride in an inert solvent such as N,N-dimethylformamide or
DMSO, dimethylacetamide, acetone, or any ketone.



10

20

25 64.72, 91.78, 101.46, 108.43, 117.14, 117.57,

117.85, 118.16, 120.33, 121.52, 122.72, 140.05,
wdAdmsa%421148. 02, 152. 31, 155.55. For purposes BET/USE084/030219

invention an acyl ating agené is for exanple acetic

anhydri de, halide, alkyl and acetyl chloride. 30 For

pur poses of this invention an al kyl ati ng agent

i ncludes ethyl iodide, ethyl bronide or ethyl

chlori [ [ f. vent C . . .
N i GRS Rl 1P GHER 2 petfoiBes skl metal hyprosces, alkal
gnetabraeetatﬂs, gwyidinet mdmemmwmgiﬁe,fzgsoﬁi.um .carbonat.e, inorganic
purposes of this invention a
bC%‘ée&.%ﬁe%%ﬁ‘/Sg%?%%%éﬂ ‘%"Q‘%‘g’?‘g‘? hydroxi des, alkali netal
acetates, pyridine, 4-dinethylam nopyridine, sodium
carbo | i C: L :
car borlay BurSSHE 8FTin SRR H1Bling Sierd HoRTRE #8h and ammorium
atboride; sadiurd efithioniten inaarl aauaoois i noediurg hang hytkogenoasisted by metal

S DL e USROS SRE, bt

phert supportdi sper sed on carbon or another inert
support. 10 For purposes of this invention a sol vent
i ncl udes benzene, toluene, acetonitrile, diphenyl
et her ,Fasr puposethyefr dfisiriavertibhiFp. soivent pckfdesr beinzene, toluene,

e LBt v

SRR iphel otel G o Bk 3. o phbEE rBBliment the
csdivent sex wixtuse ot bipheny! arshdjiphenyl efbbtudes 15 phosphor ous
oxychl ori de and phosphorous pentachloride neat or in
an inert solvent such as THF, di oxane, oxalyl

chl or i ke, puipiosesy |of cthisorinvgatian al chlafinastbgitytingh sgagent-dncludes
15 [RACRRRGHDS bicblofigh B RhbhoRleriachLiHt RER orin an nert solvent
aglich  asdlHEa diexand, ondlyl chddride, thipnyleadarige or 1,2-dimethoxyethane.
p-t ol uenesul foni c acid, 20 benzenesul fonic acid,

m neral acids as for exanple hydrochloric acid, or

ar yl sufFdrgwirposes of tis invengiemen arid ingdides dgd@eBladg acid, sulfuric acid,
PSR Aigsggigjg alkaheWidhic! BcldsAlVigenbrai, }:tolenesulfonic acid,
conpound consi st ng of

3bgnzepesiianic doid3 mindiahagidsi asi fnepxamply Arndpehipinagid, orsylsuifonic
e . 2. A conpound consi sting of
3§€%%ﬁ -b$%{hoxy-4-hydroxy-6-N—acetylquinoIine



5 3. A conpound consi sting of
4- Chl or o- 3- cyano- 7- et hoxy- 6- N-acetyl quinoline. 4. A

W@ oovpoesaeh consi sting of PCT/US2004/030219
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N-[ 4- (3-chl or o- 4-f | uor o- phenyl am no) - 3- cyano- 7-

et hoxy-qui nol i n-6-yl]-acetanm de. 5. A conpound

consi sting of

6- am no-4-(3-chl oro-4-fl uoro- phenyl anm no) - 7- et hoxy-q

WyRAT B Bumoaeri trile. 10 6. A conpound consi sting
of— Z-Acetam do- 3- et hoxy- anl line. 7. A conpound

consi sting of 2-Acetam do-5-nitrophenol. 8, A conpound
cbnsi s‘bPﬂ@P%‘f”dZQ%éﬁ'%ﬂrPfd%'i‘éAé‘?tﬁ i-ethepeardigrk2-cyanogropenoic

Pr ocesgidéthristdng _
6- am no- 4- ( chl or o- 4-f | uor o- phenyl am no) - 7- et hoxy-
ui nol { ne-3-carbonjtrile |ch c r
B ot 1 Ao RIBSHG o HeRGr - RER-A Ty ey BN Abetugupine.
to obtain 2- Acetam do-5-nitrophenol; (b) alkylating

23.Acetm m')nﬂpomﬁrdﬂohsi@mfwai-cmbr(ﬁiB—E}Qar(an-eWbi()hS&na@étMmhinoline.
halide in the presence of a base to obtain

4- Acet am de- 3- th t 20 duci

Frcot ArtHEOUE: HER UG 1 o P PR ek peno 7
4 (d) éhetysdquittdind-@l-duexamida | i ne; of step(c)with

condensi ng 4- Acet am do- 3- et hoxy-ani |l i ne

t%?yl (gt Iggim}ﬂg%tc{w#ﬁ%g% abcgllhﬂ'n A} (3-chloro-4-fluoro-phenylamino)-7-

i el hoxyan
i ne) - ZGtUWIMIOpéFEErbDFHmled ethyl ester; (e) cyclizing
3-(4- Acet am do- 3- et hoxyani | i ne) - 2- cyano- propenoi ¢ aci d

25 et hyl o

Bé@an% Cﬁ@%ﬁ“ (gniﬁ’h%m(ﬂ}‘c%gﬂwoac%thofy ?J?"ﬁno “ine; WO
2005/ 028421 PCT/ US2004/ 030219 12 (f) reducing

37.Cy anb-compotiskgonsishiygieicihcdamideceniyrpaianebl i ne of step
(e) with a chlorine-substituting reagent to obtain

4gChl OA%O%%SMW&nElstlﬁé B@sxcéa&wo@bﬂhewtmhmel e; and

57(09) he process” of claim9 wherein the acyl ati ng

agent in step (a) is acet |c
process of making 6-amino-4-(3-chloro-4-fluoro-phenylamino)-7-ethoxy-

quinoline-3-carbonitrile which comprises:

(a) cylating 2-Amino-5-nitrophenol with an acylating agent to obtain 2-
Acetamido-5-nitrophenol;

(b) alkylating 2-Acetamido-5-nitrophenol of step (a) with an alkyl halide in
the presence of a base to obtain 4-Acetamide-3-ethoxynitrobenzene;

(€) reducing 4-Acetamide-3-ethoxynitrobenzene of step (b) to obtain 4-
Acetamido-3-ethoxy-aniline;

(d) condensing  4-Acetamido-3-ethoxy-aniline of step (c) with
ethyl(ethoxymethylene)cyanoacetate to yield 3-(4-Acetamido-3-
ethoxyaniline)-2-cyano-propenoic acid ethyl ester;

(e) cyclizing  3-(4-Acetamido-3-ethoxyaniline)-2-cyano-propenoic  acid
ethyl ester of step (d) to yield 3-Cyano-7-ethoxy-4-hydroxy-6-N-
acetylquinoline;



anhydri de. hydrol yzing
4- Chl or o- 3- cyano- 7- et hoxy- 3-qui nol i ncarbonitrile of

wab@p/2g4k) with acid to yield PCT/US2004/030219
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6- am no- 4- (3-chl oro- 4-fl uon®- phenyl am no) - 7-

et hoxy- qui nol i ne-3-carbonitrile or the salt thereof.
11. The process of claim9 or 10 wherein the

al kyl ati ng agent in step (b) is ethyl 10 brom de. 12.

T e oo SRl Y YRR F et iyl Ao Na B Mk B step (o

solvent in'§ I's a mXxXtur
Bi phenyl etithr aat:hlarlmeaatmstl'amug greagery etoo Pbtakno ¥+ Cll@®-3-cyano-7-

258 C. 13. 2 wherein the
tenperature |sygfb§@§&®gﬁ%gﬂr%@f The process of any

one of clainmse 9 to 13 wherein the o o

chl or i(@k- sutydtdlyzing dcChleresiyeranoi metsexyp3-gaipolingarbonitrile of step

hosphor ouss,0 h i de £
PROSPOr 0 YNETAA! 6 okt oL BERSo 1B oRAeBino) -
am no- 4- (3- eimmqwmhm amacbqﬂhdmrmqa@)mqe@ft hoxy- qui no

line-3-carbonitril e to a pharmaceutically acceptable

Sf.t f'ﬂ'\'éTBHE@%sle g-@he%uﬁ’rtﬁ’é;%% afify ab&ﬁ in step (a) is acetic

pr epar at ano 7- et hoxy- 4- hydroxy- 6-
acet ylaiivAiddd. ne by heating
3- (4- Acet am do- 3- et hoxyani | i ne) - 2- cyano- propenoic

aff.d ety broB&dsdt-clalrh-9 dhHd Wh@@ﬁﬁﬁle%kwﬁtlﬂg gkt ih Wdp®) is ethyl

conpri sing converting 3-Cyano-7- et hoxy- 4-
hydr oxX8/o8Ud: acet yl qui nol i ne to
6- am no-4- (3-chl oro-4-fl uoro-phenyl am no)-7 25

e{NOXYTHEIproebds st a?ny%é@ﬁlaﬁrﬁé. beo AN whePdIREHERSENENE GRdthY () is a
acceptable salt form  thereof.
mixture of biphenyl and d|pheny| ether at a temperature range of about 230-

258 °C.
13. The process of claim 12 wherein the temperature is about 250 "C.

14. The process of any one of claims 9 to 13 wherein the chlorine-substituting
reagent in step (f) is phosphorous oxychloride.

15. The process of any one of claims 9 to 14 further comprising converting 6-
amino-4-(3-chloro-4-fluoro-phenylamino)-7-ethoxy-quinoline-3-carbonitrile to
a pharmaceutically acceptable salt form thereof.

16. A process for the preparation of 3-Cyano-7-ethoxy-4-hydroxy-6-N-
acetylquinoline by heating 3-(4-Acetamido-3-ethoxyaniline)-2-cyano-
propenoic acid ethyl ester.

17. The process of claim 16 further comprising converting 3-Cyano-7-ethoxy-4-
hydroxy-6-N-acetylquinoline to 6-amino-4-(3-chloro-4-fluoro-phenylamino)-7-
ethoxy-quinoline-3-carbonitrile or a pharmaceutically acceptable salt form
thereof.



