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[0001] This invention is directed to nmethods of
preparing 4-hal ogenated quinoline conpounds as
internmedi ates in the manufacture of biologically
active conpounds, for exanple receptor tyrosine
ki nase inhibitors. Related Background Art [0002]
Protein tyrosine kinases (PTKs) are critical in
regulating cell growh and differentiation. One
general class of PTKis the receptor tyrosine kinase
(RTK). Once activated, usually through the binding of
a ligand, an RTK initiates signaling for various
activities, such as cell growh and replication.
[ 0003] The RTKs conprise one of the larger famlies of
PTKs and have diverse biological activity. At
present, at |east nineteen (19) distinct subfamlies
of RTKs have been identified. One such subfamly is
the "HER' fam |y of RTKs, which includes epidernal
grom h factor receptor (EGFR), ErbB2 (HER2), ErbB3
(HER3) and ErbB4 (HER4). [0004] Under certain
conditions, as a result of either nutation or over
expression, studies have gfigw that these RTKs can
beconme deregul ated; the result of which WO 2007/ 139797
PCT/ US2007/ 012211 2 is uncontrolled cel
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expression of the receptor kinase product of the

Er bB2 oncogene has been associated wi th human breast
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24d001 P ThisLidBhtion idlditetedns tethdddof gréparing I8HIggenated
quinoline compounds as intermediates in the manufacture of biologically active

compounds, for example receptor tyrosine kinase inhibitors.

Related Background Art

[0002] Protein tyrosine kinases (PTKs) are critical in regulating cell growth and
differentiation. One general class of PTK is the receptor tyrosine kinase (RTK).
Once activated, usually through the binding of a ligand, an RTK initiates
signaling for various activities, such as cell growth and replication.

[0003] The RTKs comprise one of the larger families of PTKs and have diverse
biological activity. At present, at least nineteen (19) distinct subfamilies of RTKs
have been identified. One such subfamily is the "HER" family of RTKs, which
includes epidermal growth factor receptor (EGFR), ErbB2 (HER2), ErbB3
(HER3) and ErbB4 (HER4).

[0004] Under certain conditions, as a result of either mutation or over expression,

studies have shown that these RTKs can become deregulated; the result of which



[0005] In addition, deregulation of EGFR ki nase has

been associated with epidernoid tunors (Reiss, M, et
wa@bkeo718apter Res., 51, 6254 (1991)), breast tRPODUS2007/012211

(Macias, A et al., Anticamcer Res., 7, 459 (1987)),

and tunors involving other major organs (Quillick, W

J., Brit. Med. Bull., 47, 87 (1991)). [0006] These

RTKs are known to al so be involved in processes

crucial to tunor progression, such as g
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[0009] In addition, various methods for the preparation of 4-halogenated
quinoline intermediates are known in the art, but these methods contain serious
limitations such as the generation of unwanted by-products. For example, the
chlorination reaction used in preparing 4-chloroquinoline derivatives suffers from
the generation of viscous tars and decomposition products that are difficult to
clean, remove, and impede stirring on large scale preparation, which results in
yields that vary widely, typically in the range from 30-50%, unless a large excess
of the halogenating reagent is used, whereby yields may approach 60%.



[0011] This invention relates to nmethods of preparing

4- hal ogenat ed qui noline conpounds as internediates in
wo b@7msataf act ure of biologically active conmpoRemEs2007/012211

such as RTK inhibitors. [0®l2] Thus, the present

invention is a nmethod of preparing a conmpound of

formula (I): PGR X \ACN G#N R4 (1) conprising

the step of reacting acorrpound of forrmula (I1): PG
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hal o, PG is a protecting group selected fromthe group
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comprising the step of reacting a compound of formula (II):

PG R OH
\ A
A CN
/
™
G N
Rs an

with a reagent of formula POX; in the presence of silica gel at a temperature
greater than about 75°C,

wherein X is halo,

PG is a protecting group selected from the group consisting of acyl,
CH;0C(0)-, EtOC(0)-, Fmoc, trifluoroacetamide, Troc, Phenoc, benzamide, Teoc



al kynoyl oxy of 3-8 carbon atons, al kanoyl oxynet hyl of

2-7 carbon atons, al kenoyl oxynethyl of 4-9 carbon
wa@eong397at kynoyl oxymet hyl of 4-9 carbon at ons, PCT/US2007/012211

al koxynet hyl of 2-7 carbon @atons, al koxy of 1-6 carbon

atons, alkylthio of 1-6 carbon atons, alkyl sul phinyl

of 1-6 carbon atons, al kyl sul phonyl of 1-6 carbon

atons, al kyl sul fonam do of 1-6 carbon atonmns,

alkenylsulfonan1do of 2-6 r ns
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yrr O I ne
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1H|2a1k30<{a¥6€%§'| - ?ﬂ(?'lzNAﬁl ehi@hfcor 418113%348n atoms, N,N-

razol e, plperazine, furan,
t Hiathehplaming eft6- Eheatba 40 pherylaniaes bengda®mor an,

(C(Re)2P,_ y
R7—(C(Rg)2)p—N N—(C(Rg)2)k—Y RgRg—C—M—(C(Rg)2)k—Y—
(C(Rs)2)P H s

3

R7-(C(Re) 2)g-Y -, R7-(C(Rs) 2)p-M-(C(Re)2)-Y -, or Het-(C(Re)2)gW(C(Re)z-Y -
or R; and Ry are as defined above and G is Ra-NH-,
or if any of the substituents Ry, R4 or G are located on contiguous carbon
atoms then they may be taken together as the divalent radical -O-C(Rg) 2-O;

Y is a divalent radical selected from the group consisting of

—(CHy), ' &
Ry is —NRgRs, —ORs, —J, —N(Re)s", or —NRg(OR),
M is >NRs, —O—, >N—(C(R¢)2)pNRsRs, or >N—(C(Re)2),—0ORs,
W is >NR6, —O— or is a bond;
Het is is selected from the group consisting of morpholine, thiomorpholine,

thiomorpholine S-oxide, thiomorpholine S,S-dioxide, piperidine, pyrrolidine,



di oxane, 1, 3-di oxol ane, tetrahydropyran, and

(OCH2CH20O)r H wherein Het is optionally nono- or
walpeogubrhi t ut ed on carbon or nitrogen wth R6,PCT/US2007/012211

optionally nmono- or di-substituted on carbon with

hydroxy, -N(R6)2, or -OR6, optionally nono or

di -substituted on carbon with the nono-val ent radicals

-(C(R6)2). OR6 or --(C(R6)2)5 N(R6)2, and optionally

nmono or di - substltuted n a carb
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ofioxang, ’c%r‘j%ﬁlaaﬁ&ﬁ%%e%’ya&l W of 2-7 carbon atons,
car boxg@tHyGtH{®; 7 carbon atons), phenyl, or phenyl
optionally substituted with one or nore hal ogen,

al koxy pf 1-6 |carbon atons, trifluoromethyl, am no,
al kyl an™Ngqo of/1-3 carbon atons, dial kylam no oft-6

car bon at , hitro, cyano, azido, halonethyl,

al koxynet h of 2-7 carbon atons, al kanoyl oxynet hyl of
ﬁ-? carbonHatonB al kylthio of 1-6 carbon atons,
ydrox X b
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ol pdofn SR Rl 0SB ORARRLB 1 36707

PCT/ USRE B Hydrozen, Blkyd of:B-6 carbon atoms, alkenyl of 2-6 carbon atoms,
alkynyl of 2-6 carbon atoms, cycloalkyl of 3-6 carbon atoms, carboalkyl of 2-7

carbon atoms, carboxyalkyl (2-7 carbon atoms), phenyl, or phenyl optionally
substituted with one or more halogen, alkoxy of 1-6 carbon atoms, trifluoromethyl,
amino, alkylamino of 1-3 carbon atoms, dialkylamino of 2-6 carbon atoms, nitro,
cyano, azido, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxymethyl of
2-7 carbon atoms, alkylthio of 1-6 carbon atoms, hydroxy, carboxyl, carboalkoxy
of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, phenylamino,
benzylamino, alkanoylamino of 1-6 carbon atoms, or alkyl of 1-6 carbon atoms;
with the proviso that the alkenyl or alkynyl moiety is bound to a nitrogen or oxygen
atom through a saturated carbon atom,

R; is selected from the group consisting of
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O (C(RS)2)u SI 3" RBR\02, (CR5)2)v R 0 NR5 RS

R6 CH2)SJ 0 J (CH)s J (CH)s J (CH2)s O O CH2, R5
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and RS \H2 >--< RS R5 QZGR5 R5 C02Q. , R3is

i ndependent |y hydrogen, al kyl of 1-6 carbon atons,

car boxy, carboal koxy of 1-6 carbon atons, phenyl,

car boal kyl of 2-7 carbon atons, (C(R6)2)p R7

(A(R6)2)p NN (C(R6)2)r ((R6)2)p R7-(C(R6)2)r , R7 -

(C(R6)2)P M(C(Rg)2)r, RgRO-CH M (C(Rpb)2)r , or

Het - (C(R6) 2)y W|IC( R6) WO 2007/ 139797
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al (ﬂéc%g’ 1 ar bon~at ons, | carlpoxy, carboal ko of
1s6 carbon at|pns, phenyl rbokl kyl pof 2-7 carb

at D, 2)p~ R7 (EFR6)2) NN(C('%)Z)r :
bQ?C(Rs)z)v Rs (ﬂ E j
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carboalkoxy of 1-6 carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,
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AN e
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R+—(C(Rg)2)s—, R—(C(Re)2)p—M—(C(Rs)2)r—s RsRs—CH—M—(C(R¢)z)—
or Het—(C(Re)2)—W—(C(Re)2)r—;

R7——(C(Rg)2)s—N N—(C(Rg)2)y— >



(AR6)2)p R7---(C(R6)2)5 ,.R7--((R6)2)r
-M(C(R6)2)r--, RBRO--CH M <C(R6)2)r--, or
woeio7(18(R6) 2) g-W (C(R6)2)r-; R8 and RO are eardil/us2007/012211
i ndependently -(C(R6)2)rNR&GR6, or -(C(R6)2)r OR6, J

I's independently hydrogen, chlorine, fluorine, or

bromne, Qis an alkyl of 1-6 carbon atons or

hydrogen ai sOor 1, gislG kisO4 nisOl m
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DETAI LED DESCRI PTI ON OF &»—E) )(I;NENTI ON [0013] The
AReke

met hod of the present for preparing
4- hal qgen-a-t-g‘d(Rsma—ne-lM ne con‘poundib—h-s(@(ﬁbbb),f—pl—e

di sti nct advant ages oV % s net hods of
preparing such internedi gt[zﬁe)@iwrpounds Most

Skg_ é(‘R%)?‘S“ ' m—éaﬂa%—w%p&w?:—' mmwfﬁqttmz)pi

*Whi ch 1s an obstac or stirring at the
mﬂfdﬁt—ﬁpﬂﬁeﬂz)s-c'&v'e{c(ﬂéh addi tion, the present nethod

gener dtibgeaﬁé Bl nﬁa%geﬁieﬁuy i@(ﬁabwmtarummm, ORs,

ylelds?ant prior methods. In't rior hods
yi el ds? memc@ppr}qsnehhycvogen, ¢eriney fuepincgpr ‘gemtft? 50%

wher eag i Q@anﬁgtmds Qkbdn o §SBAtodeRyeENt i ON provi des
yi el ds WO 2007/ 139797 PCT/ US2007/012211 9 greater

t han 500 enylpi cal |y about 70% or greater. Furthernore,
the cugieng,

k is 0-4,
nis 0-1,
m is 0-3,
pis2-4,
qis 0-4,
ris 1-4,
sis 1-6,
u is 0-4 and v is 0-4,wherein the sum of u+v is 2-4,
x is 0-3,
y is 0-1, and
z is 0-3;

or a salt thereof.

DETAILED DESCRIPTION OF THE INVENTION
[0013] The method of the present invention for preparing 4-halogenéted
quinoline compounds has multiple distinct advantages over previous methods of
preparing such intermediate compounds. Most significantly, it does not result in
the formation of ball tar, which is an obstacle for stirring at the pilot plant scale.
In addition, the present method generates the intermediate in significantly higher
yields than the prior methods. In the prior methods, yields were typically in the

range of 30 to 50%, whereas the method of the present invention provides yields



nmet hod reduces the reagent required to hal ogenate the

starting conpound. The anmpunt of POX3 enployed in the
w@e@3asn791 nventi on shoul d be an anount effectiREr/US®07/012211

produce a yield of greater ¢ han 50% and typically

will be in a range of about 2.0 to about 5.0

equi valents. In the nethod of the present invention

excellent yields nay be obtained with only 2.0

equi val ents of POX3, whereas 2.5 to 5.0 _equival ent
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54 19 orone eauies. B8 Bhe 6 e AR SPEoR psshent, g
gy@gh;&a fay m dtasmsw Glith oasy 10 baghvamdeof POXgiwhedkes a15do 5.0

i met h S L1t t A att
spbalents Sobit “a&!rﬁ??bﬁ RFRE A st e RLBEDRTob & yidde
PTIUsEGE bitgerd rnmﬂm iaherstabtfficiennide rargmab@mihtsusons of

th resent thod bu b o]
R, BT EretpmimoRitls o§ B R AL AT Phid pIENA
t freup mz[l)hﬁ?éhded ﬁr@ﬁﬂﬁﬂ grilid @nswmgomwaﬁ:th@éx@—t B©C(0)-,
esent. . net hod f
RN ERT e Wb Pl
nay pehatinsite, fnﬁefléleﬂde a_uel zmylmamﬂyem , et gbstituenteattaghed to
(o oungds use I ' i I
REB AR st el el e HAE SRR plbRefls B AL Y
pwdaﬂﬂﬁ$:omd1tlblks of thepresunt mathod et tay ba subbdapentlyl rambveiss

btgnﬁ{' the %rp?gl on chnﬁie fu?t%%&@ﬂe@la@f lin 1R g& . whi ch can

carbon atons. erably, the
ajooys) Nhtlehysecadnhﬂagw the present method ogercamBomany ofithe

s B R LA BB 80081,
r efffetise Way aa pnaplarc ghinokg mtqmpdwydﬁ o uscHio rﬁhQ:@hwfﬁqW ragf
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at ons at | east one triple bond.
[ 0019] FRopurposep of ths mfzertthn,sthf: teymrietkenyl” rafers taq padical

SM&laE@ hyé%carf)&'r &In%autugg aﬁé §®le Bond and includes both straight and

branched alkenyl moieties of 2 to 6 carbon atoms. Such alkenyl moieties may

exist in the E or Z configurations; the compounds of this invention include both
configurations.

[0018] For purposes of this invention, the term “alkynyl” includes both straight
chain and branched moieties containing 2 to 6 carbon atoms having at least one
triple bond. .

[0019] For purposes of this invention, the term “cycloalkyl” refers to alicyclic

hydrocarbon groups having 3 to 12 carbon atoms and includes but is not limited



hydr ocar bon groups having 3 to 12 carbon atons and
i ncludes but is not imted WO 2007/139797

wean/Usze07/ 012211 10 to: cycl opropyl, cycl obee¥US2007/012211
cycl opentyl, cycl ohexyl, cyel oheptyl, norbornyl, or
adamantyl . [0020] For purposes of this invention, the
term"aryl"” is defined as an aromatic hydrocarbon
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[0029] For purposes of this invention, the term “benzoylamino” is defined as a
Ph-OC(O)NH- moiety.
[0030] For purposes of this invention, the terms “monoalkylamino® and
“dialkylamino” refer to moieties with one or two alkyl groups wherein the alkyl
chain is 1 to 6 carbons and the groups may be the same or different.
[0031] For purposes of this invention, the terms “monoalkylaminoalkyl” and
“dialkylaminoalkyl” refer to monoalkylamino and dialkylamino moieties with one
or two alky! groups (the same or different) bonded to the nitrogen atom which is
attached to an alkyl group of 1 to 6 carbon atoms. Preferably a dialkylaminoalkyl

moiety consists of 3 to 10 carbon atoms and an alkylaminoalkyl moiety consists

of from 2 to 9 carbon atoms.
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[0041] For purposes of this invention, the term “alkanoylamino® is defined as a—
NH-COOR moiety, wherein R is alkyl of 1 to 6 carbon atoms.

[0042] For purposes of this invention, the term “acyl” is defined as a radical of
formula —(C=0)-alkyl or (C=0)-perfluoroalkyl, wherein the alkyl radical or
perfluoroalkyl radical is 1 to 6 carbon atoms, i.e. C2t0 Cy alkanoyl or C; to C;
perfluoroalkanoyl; preferred examples include but are not limited to, acetyl,
propionyl, butyryl, trifluoroacetyl. The trifluoroacetyl is preferably attached to
—NR- so that the compound is a trifluoroacetamide.

[0043] For purposes of this invention, the term “alkylsulfinyl” is defined as a
R'SO- radical, where R' is an alkyl radical of 1 to 6 carbon atoms.

[0044] For purposes of this invention, “alkylsulfonyl” is defined as a R'SO,-

radical, where R’ is an alky! radical of 1 to 6 carbon atoms.
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a%?a%(r)r?nggund recovered after any purification steps have been taken, for
example, after recrystallization or chromatography. This amount is usually
expressed as a percentage of product recovered relative to the amount of starting
material and is generally based upon the quantity of moles. For example, if 1.0
mole of starting material is reacted and the recovered product after purification, is
0.73 moles, then the product was prepared in a 73% yield. One skilled in the art
would readily understand this concept.
[0050] For purposes of this invention, the term "protecting group" refers to a

group introduced into a molecule to protect a sensitive functional group or
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unequal amounts of enantiomers) and salts thereof. It should be noted that
stereoisomers having the same relative configuration at a chiral center may
nevertheless have different R and S designations depending on the substitution at
the indicated chiral center.
[0053] The foregoing method also includes the preparation and forming of salts
of the compounds of formula (I). As a base, quinoline can form various acid

salts. The salts of the compounds of formula (I) may be readily prepared by

methods known to persons of ordinary skill in the art. For the purpose of this



PG - NR - attached to the 6-position of the quinoline
ring systemis the radical derived fromthe cyclic

w0 pdoda3dsy7 renoval of the hydrogen at om att acheRCT/0S100hB012211
i mde-nitrogen atom for instance, pthalimdo,
mal ei m do or 2,5-dinethylpyrrol- 1-yl. [00521 The
conpounds prepared by the nethod of this invention may
contain an asymTetri c carbon atom and nay thus give
rise to stereoj soge 1iquch as. ecri1ant| omer s, and ;o oanic
dnyentiopcshi s thopp de ™, PLEBRE AR BOTEARLE 4CISt Snt" o8

| ISR reMIc Adi@s mBypBE4bet6,aatid] ¢igic] trthti€ succinic, maleic,

Cahn- | ngol d-Prel o e.shown wi
reajsac gq'f‘%""é‘{’ byds &@W é’?’%’bfoﬁ"? FPREANSTIP: I'.)mfg #tlfunf esent
| AY@BAds@Hori€) Ghd Siasiladly lknbhe acdepﬁb}éladid&l Cpmsmnbhmeral acids

st ereqi soners t he.rac
S B o el BE e BRRT Ry S o Pes
el 446 86t iWBhddd tabe eXfiaxbtivee Thas, thwprespnalnvanmnrshguldmot be
enantiongers) and salts thereof. It should be noted
t}ﬁ‘ﬁi’ved§§lérf'5%ﬂ ﬁ%F?ﬂ%‘?/‘f’%g the same relative
configuration at a chiral center may neverthel ess
h&ererdli Synthesint R and S desi gnati ons dependi ng on the
substi tgiyeqd @t the indicated chiral center. 100531
The foregoing nethod al so i ncludes the preparation and
form ng of salts of the conpounds of fornula (1). As
a base, quinolipe gan formvarious acig, saptsy The
salts of theaco ngds Of 1.do8s Mslodinoed) MAY Ny
prepared by known k& persons of ¢ y
skill in the®rf. "or ™ he purpose of thi s w
2007/ 139797 PCT/'US2007/012211 15 invention, salts are
ﬁ'afs% G SLARHR £ DO PR MIRNRG AN, kA et aB6bals. Such
i Aiorgani ¢ acids may be acetic, |actic,

c muﬁst Thee aetlzd d@plcsqsion |Snlil<t§ne hetiosysahat aggmpaund of formula (IT)

?& Qé‘éo%w#%éﬂ[) %%ghgbﬁ%omgﬁlﬂp (19 Mdifig a RRAGSR i?79’fHeCformula

anesul fonic, and sim |l arl

mm in theapesehtecofatlicd gel. hesroaninaling infprmgdiates cap é‘wPI@,F
Hank: maan[t\%ia‘t tl;mf' 1t|idn51;y§-c§:rtiﬂg P RAR D n0ALYpHiR: reagent.

provi de ex are not intended to be
exmﬁﬁtmsereacnmss gqmeallprrhe@tedwto GbavicH ¢ Oh SSRST byt Prsferaily it

M@%dfilﬁ ESH rg?g ecglawutts'aﬁ% DOHPES FolBNGERon BYALMNBAE K

a preferred solvent, though one skilled in the art would know of other solvents

appropriate for this reaction. .

[0057] In a preferred embodiment, the phosphoryl hallde used is phosphoryl
chloride.

[0058] In another preferred embodiment, about 2.0 equivalents of silica gel are
used in the reaction relative to the starting hydroxy compound.

[0059] In a preferred embodiment of the method of the present invention, A is
NR, wherein R is H or alkyl.

[0060] In another embodiment of the method of the present invention, the
method further comprises the steps of filtering the reaction mixture through

diatomaceous earth ,e.g celite, quenching the filtrate with a basic solution, and
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pl@6dt 3dypno-7iethosadrhydeyy i inefiy lpR ine e lige § v%eﬂ‘} ??0‘)

Waa§ Enrr%p\gﬁll %m'&l‘ée‘i ( n%e%ﬁﬁleg@ 35L.erntasbwe uspension

conmpoun or mul a r eat er tqan aQP 3
509 heftedie 182 3. éThg’gpl‘Qr@ (@cp'@lgpréqie gg, 0:949 molyyyeg adde

[ R08%5b- A mANOFRShixRIORG RN 2073-BDec Bt Nosks @entcBeled to

present 1 nvention, the conpounds . repared b H
rréf)ﬁéd’caf@ereépmwewpe@ angh wahgd heaae'ﬁmm é’BE eS| y

r ee?élcl;déncﬁédwh,poéksh&%s)éarb&'%a%é)solu&&ﬁzs@gld 916l ilMwteer (1.8L)

at 0-5 °C over 45 min. The brownish suspension was stirred at 5-20°C for at least

P

2 hours then filtered and washed with water. The brown/tan solid was dried in a
vacuum oven at 50°C to yield 105g (76.5%).
HPLC
Strength 89.9%
Tot imp. =4.87%
Sing. imp. = 1.28%
GC (CH3CN) =0.83%
Water-content data determined on the basis of weight decrease in a loss on drying
(LOD) test or determined by the Karl-Fisher method (KF)
KF=0.91%
LOD = 1.3%.



Rl and/or R4 are H, and Gis al koxy, particularly
preferable is where Gis ethoxy. [00631 The foll ow ng
we@x@npses7 are set forth to aid in an under st aneCnygswh7/012211

the invention, and are noti7i ntended, and shoul d not
be construed, to limt in any way the invention set
forth in the clains that follow thereafter. EXAMPLE 1
Preparati on of 4-chl oro- 3-cyano- 7- ethoxy 6- acetylanino
qui nol i ne. [0064] 3-cyano- 7-et hox

4065} | B methad RIS lméen(%e@ eo“S&e}ﬁ) PFSP e °9¢;a§°l§*f’F fisglgsed
WhtLhS Spdrdrt Mic96l00£,008) )ledh i9GRbArdtéd indts(chtirbht hy refenence.

brown suspension was eated to 78-82
cRyecaonverpign of gerapeund o§ipgmii3 () HASORRY °f§h ‘H%Q{Iigebw
Ndafl -be hBKie VEPEY IR silted fif thé bk By iﬂetﬂo&s dRclosddoin LS Zhutent No.
then cooled to 40-45 C, filter ver %F@ellte pad

aﬁ:@p%%e%l mgthod of PERpating 3 pqrapou 8 R0 wer e
quenched in a potaSS|uny§arbonq&$ solution (262g, 1.9
mol) in water (1.8L) at}'0-5 Clver 45 nin. The
browni sh suspensi gp, was stlrred at 5-20G for at |east
2 hours then filteredx " Wwat er. The

yield 1059 (76.5% . KPLC Syrength|89.9% Tot inp. =
4.87% Sing. inp. > 5 ,
Wat er - cont ent d&& deter"ned dh the basis of wei ght
decrease in a loss on drying (LOD) test or determ ned
by the Karl-Fisher nmethdt (KF) KF=0gqfji% LOD = 1.3%
WD 2007/ 139797 PCT/ US2007/ 012211 19 ?0065] The met hod
of this invention can be used to prepare conpounds
J.gsed in U S Patent No. 6,002, 008, whichis
|ncorporated inits entirety by reference. The
conver Eiipsubsfitusdmbomyid of fornula (1) to a conpound of
for mul é )ML¥¥ gl ow can be achieved by one skilled in
the ar nmethods disclosed in U S. Patent No.
6,002,8@8ﬂnﬂﬂnsnhod of preparing a conpound of fornula

(LIT): R, and R,; are each, independently, hydrogen, halogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, alkenyloxy of 2-6
carbon atoms, alkynyloxy of 2-6 carbon atoms, hydroxymethyl, halomethyl,
alkanoyloxy of 1-6 carbon atoms, alkenoyloxy of 3-8 carbon atoms, alkynoyloxy of
.3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkenoyloxymethyl of
4-9 carbon atoms, alkynoyloxymethyl of 4-9 carbon atoms, alkoxymethyl of 2-7
carbon atoms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms,
alkylsulphinyl of 1-6 carbon atoms, alkylsulphonyl of 1-6 carbon atoms,
alkylsulfonamido of 1-6 carbon atoms, alkenylsulfonamido of 2-6 carbon atoms,
alkynylsulfonamido of 2-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzyl, amino, hydroxyamino, alkoxyamino of 1-4
carbon atoms, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon
atoms, aminoalkyl of 1-4 carbon atomns, N-alkylaminoalkyl of 2-7 carbon atoms,

N,N-dialkylaminoalkyl of 3-14 carbon atoms, phenylamino, benzylamino,



RI NHZ R12 CN RI3 NR4 (I11) wherein: Zis

substituted phenyl; Rl is hydrogen; R4 is hydrogen;
WORID7a8109R1L3 ar e each, i ndependent |y, hydrogenPCT/US2007/012211

hal ogen, al kyl of 1-6 carbas atons, al kenyl of 2-6

carbon atons, al kynyl of 2-6 carbon atons, al kenyl oxy

of 2-6 carbon atons, al kynyloxy of 2-6 carbon atons,

hydr oxynet hyl , hal omet hyl, al kanoyl oxy of 1-6 carbon

atons, al kenoyl oxy of 3-8 carsbgl?cﬁ NE.coRh@&MNQy! oxy of
. 3-8 car Bem—SPUHE el kanoys xyrret( ;“})? 2-7 carbon

atorrB al kenoyl oxynet hyl of 4- 9 car anH(?ﬁ%

al kynoyl oxynet hyl of 4-9 car bohat o 9<yrret hyl of
2-7 carbork Wd@&wumt—l-won atons,

al kyl thio of 1-6 carbon atoms Ryl KyRRgul phi nyI of 1-6

carbon atons, al kyl sul phonyl of 1-6 carbon atons,
al k&b sul fonani do of 1-6 %ar bof pp

Y cyano, nitr boxy carboalkoxy
of 2-7 E4rbon™4tons, carboal kY '2-7 carbon atons,
phenoxy,, pheewq(Cstpj;u_ophenoxy, benzyl, am no,g,
h , al koxyam no of 1-4 carbon ato
a Mo N\of 1-6 car boRwat opEONHIGRalky1 anj CONHCH)pp—
12 ‘ &eons, amni nogl Qf 1-4 carboff a :
NRal kyl'agi noal kyl of 2-7°carbofl atons, Rig

N, N- di al kyl am noal kyl of 3-14 carbon atons,
phenyl am no, benzyl am no, WO 2007/ 139797

~S- ( C( R18ir+2 CONH( CH2) pp- P__R18
CONH(CH2) pp , W18 R18 RI B R18 RkB B
CONH(CHa)pp—,
Rig
Rig
R450 R4sHN (R1s)2N,
}—NH(CHg)pP— }—NH(CHz)pP-—, >——NH(CH2)pp—
O 0O (o)
R1s0, RysHN (R4s)2N,
%O(CHZ)pp_ >—O(CH2)pp—— or }"-O(CHZ)pp—
(o] (o) Q

Rys is alkyl of 1-6 carbon atoms, alkyl optionally substituted with one or
more halogen atoms, phenyl, or phenyl optionally substituted with one or more
halogen, alkoxy of 1-6 carbon atoms, trifluoromethyl, amino, nitro, cyano, or alkyl
of 1-6 carbon atoms groups;

Ris is hydrogen, alkyl of 1-6 carbon atoms, or alkenyl of 2-6 carbon atoms;

R;7 is chloro or bromo

Rz is hydrogen, alkyl of 1-6 carbon atoms, aminoalkyl of 1-6 cabon atoms,
N-alkylaminoalky! of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-12 carbon
atoms, N-cycloalkylaminoalkyl of 4-12 carbon atoms, N-cycloalkyl-N-
alkylaminoalkyl of 5-18 carbon atoms, N,N-dicycloalkylaminoalkyl of 7-18 carbon

atoms, morpholino-N-alkyl wherein the alkyl group is 1-6 carbon atoms,



CONH( CH2) pP R18 Z -(C(R16)2)avY- R18 RIB, RI8 RI18
R13 R18 R18 CONH(CH2) pp R15 R18 R17 CONH( CH2) pP
WEANAHIEA2) pP R18 ~ RIB RIB Rle O R 8 R18 R16PCRURRLGI2211
CONH{(CH2) PP Rig Rla (C(Rim)2)m R18 8150 R15HN
(R15)2N>  NH(CH2)PP_ > NH(CH2)PP_ >  NH(CH2)PP_
R150 R15HN (R15)2N >.. QU CH)PP_ , >/-Q CH2)pp , or
>/-_-O(C|H|2)pP 515 is alkyl of 1-6 carbon atons, alkyl
optionally substituted with opne or _nore hal oge
atiawiginogNwion whegein e alky! gpep E&aﬁ? F%Ib%ﬂgwm?gﬁﬂw th
. ﬁefrf?l‘inouﬁfa‘ﬁ%yrl] %E&Gﬁ@theﬂblkﬂ@oﬂf is 1=@cdﬁl&fn®<ﬁml fitagaycloalkyl-
rifluorone , amino, nitro, cyano, or _alKkyl 1-
alksho bR RES I RkRlal G SRorfiafh Fporyllo 52
CRERBh ASATRarbBky, ¥altRANKbx 6T 6 Garber bomsaiienpl, carBiaTkyil of
chloro or bronp R18 is h)édro en, al kyl of 1-6 carbon

-6 RRTPORAPASTIFP: BPore- B OXABEN at ons,
hl— ﬁll- SWWI k. I Ldsy Lspbr NIQ; car bon at ons,

, i al kyl am nqal kyl of 3-12 carbgon atons,. - .
N- cycléoi FYne RSk F"’G’f%zf-' %‘?r@%ﬂ %8??8’5\&19%@"0 wherein the
wﬁl\?gﬁcﬁa& :Ksydfl-ltb Icab&y htamis dialkidyininef wherdi8 esclr dfshe alkpins,

, N-di cyc am noal kyl. of 7-18 car
BPIsHE 15 Reaiep Aie Pt hobhe iregt, RoflioBlodiBipo
CHhEOM ém ﬂm,mclsmyzwm-m 39rBOn atefif/ ISROONAIRe2211 19
pi peri di no- N al kyl ,wherein.the alkyl group is 1-6
car bonmg’t'bhisu,-’ qﬂ-‘ai'l%y‘lm-d pp o3} P

any of the substituents Ry, Riz, Rys, or R4 that are located on contiguous
carbon atoms can together be the divalent radical -O-C(R1g)2-O-;
or a pharmaceutically acceptable salt thereof with the proviso that Rz is

linked to the quinoline at the 6-position by an oxygen, sulfur or nitrogen atom;

comprising the step of reacting a compound of formula (II):

Y

with a reagent of formula POX; in the presence of silica gel at a temperature
greater than about 75°C,
wherein:

X is halo;

PG is a protecting group selected from the group consisting of acyl,
CH;0C(0)-, EtOC(0)-, Fmoc, , Troc, Phenoc, N-benzoyl, Teoc;

A is O, NR, or S;

R is H, alkyl, alkenyl, or alkynyl;



pi peridi no-Nal kyl wherein either alkyl group is 1-6

carbon atons, azacycl oal kyl- N-al kyl of 3-11 carbon
w@eong397hydr oxyal kyl of 1-6 carbon atons, al korRgEUK30D7/012211

of 2- 8 carbon atons, carbaxy, carboal koxy of 1-6

carbon atons, phenyl, carboal kyl of 2-7 carbon atons,

chloro, fluoro, or bronmo; Yis -N+, -0-, -S-, or

-NR-; Z is am no, hydroxy, alkoxy of 1-6 carbon atons,

al kyl am no_wherei.n the alkyl. npiety i . 1-6.
S BT oS TR G B o R

LR infifle brefovAlbfERd I@Ifogth Gty attazh@iwoltheimide-nitrogen atom;
pi perazi no, N-al kyl pi perazino wherein the al kyl

ety is of 1-6 carbon atonms, or pyrrolidino;, m¥e
1-4, gg-Rlarsdi REABARRHSSIR #boye &fr formis@bpt i t uents R1,
R12, R13, or R4 that are located on contiguous carbon
atons can together be the dival ent radical
- 168 k. dmPoundf farmpha(raceut i cal |y acceptabl e salt
thereof with the proviso that R12 is I|inked to the
gui noline at the 6-position by an oxygen, sulfur or
nitrogen atom conprising the step of reacting a
compound of forggla (I11):rRPG RLxOH A CN R1I3 N R4
(I'l') with a reagen of forfnula PPX3 in the presence of
silica gel at a tenperatuge er tham about 75C,
wherein: X is halo; ¥ . (119 group sel ected
fromthe group consistjng of 30C( O) -,
Et OC(O -, Fnoc,, Troc, oyl , Teoc;
AisO,NR orS; Ris al Ry S or al kynyl; WO
2007/ 139797 PCT/d%?OO?/Ol 211 20 or the group PG - NR
- is protected amino in tRe formof a radical derived
froma cyclic inmide by refioval of tK® hydrogen atom

a;rtldagoqsgniglg thterégmlpgllngde c_)fnfjoxtngtﬂg ?I?toatrhg rc‘:%mpound of formula (1II).
[0066] A method of preparing (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino]-

3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide or a

pharmaceutically acceptable salt thereof; which comprises reacting 3-cyano-7-
ethoxy-4-hydroxy-6-(protected amino)quinoline with a reagent of formula POX;
(wherein X is halo) in the presence of silica gel at a temperature greater than about
75°C to form 3-cyano-7-ethoxy-4-halo-6-(protected amino)quinoline and
converting 3-cyano-7-ethoxy-4-halo-6-(protected amino)quinoline into (E)-N-{4-
[3-chlpro-4-(2-pyridinylmethoxy)anilino]-3-cyano-7-ethoxy-6-quinolinyl}-4-

(dimethylamino)-2-butenamide or a pharmaceutically acceptable salt thereof.



and R, R4 and RI3 are as defined above for fornula

(I11) to formthe conpound of fornmula (1): PG RL X A
waEo7TRIBIN R4 (1) and converting the conpoundP@f/US2007/012211
formula (1) to the conmpoundiof formula (111). [00661

A met hod of preparing

(E)-N-{4-[3-chl oro-4-(2-pyridinyl met hoxy)anilino]-

3- cyano- 7- et hoxy- 6- qui nol i nyl }-4- (di net hyl am no) - 2- but
enani de or a Bharnaceutlcally accept abl e salt

tWEATOE CIAMNMELdShpri ses reacting 3-cyano- 7-

et hoxy- 4- hydroxy 6-(protected amno)quinoline with a
reagent qf o) in the
pregencegb {yggﬂgg%éacgw@?@ﬁ%?ﬁé?ﬂ?%hgreater t han
about 75C to fe R, X

3- cyano- 7- ethoxy‘ﬁ\halo 61 ( pr ot e
and converting 3-c&\kano- 7iet hox
am no) qui nol i ne into "\t 4

i nyl methoxy)ani | ino
inyl } -4- (dinethyla
pharmaceutically a p
2007/ 139797 PCT/ US 007/01A
1. A nethod of preparing @ . conpound of fornula (1):
PG Ra XACN GN R4 (I)*conprising)the step of
reacting a conpound of formula (II) PG 'R, OH A CN

ted am no) qui nol i ne
4- hal gefi- (prot ect ed
Or o-4-(2-pyrid-
¢f hoxy-6-qu i no |
de or a

ereof . WO

211 21 WHAT IS CLAI MED I S:

G)#N R4 (Il) wth a rea ent of rnula POX3 in the
pr e SEMPESiAR the 5pof reasting %ml"é‘r?f}é’lf gquLa (!
PG R4 OH
N
A CN
= |
X
G N
e an

with a reagent of formula POXj in the presence of silica gel at a temperature
greater than about 75°C,
wherein:

X is halo;
i PG is a protecting group selected from Fhe group consisting of acyl,
CH;0C(0)-, EtOC(O)-, Fmoc, , Troc, Phenoc, N-benzoyl, Teoc;

AisO,NR, or S;

R is H, alkyl, alkenyl, or alkynyl;
or the group PG — NR — is protected amino in the form of a radical derived from a

cyclic imide by removal of the hydrogen atom attached to the imide-nitrogen atom;

and



greater than about 75C, wherein: X is halo; PGis a
protecting group selected fromthe group consisting of
wW@ew/1397¢H30C( O) -, EtOC(O -, Fnoc, , Troc, PheP@Dps2007/012211

N-benzoyl, Teoc; Ais 0, NB or S; Ris H alkyl,

al kenyl, or alkynyl; or the group PG- NR - is
protected amino in the formof a radical derived from
a cyclic imde by renoval of the hydrogen atom
attached to the imde-nitr

atom d WO
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a e Su onam do .0 car ato
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b | k
oGRSl SF R AT Shat el B Eaieey
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12 carbon atonms, N, N- dial kenyl am no of 6-12 carbon
atons, phe %I am f#eReBRNZY| ani ny , ((R6)2)P, /

R7- ( C( BeY &) IZN“RL(&Q(” REY 2§ Rekk~ (C(R6) 2)P

H
RgRg—C—M—(C(Rg)2)k—Y—

2

R7-(C(Re) 2)g-Y -, R7-(C(Re) 2)p-M~(C(Re)2)i-Y~, or Het-(C(Re)2)qW(C(Re)2-

or R; and Ry are as defined above and G is R;-NH-;
or R; and G may be taken together as the divalent radical -O-C(Rs) 2-O;

Y is a divalent radical selected from the group consisting of

Rg
—(CHy)a ) o) , and ——N ;

R; is —NRgRg, —ORg, —J, —N(Rg)s ", or —NR6(ORS6);
M is >NRg, —O—, >N—(C(Re)2)pNReRs, or >N—(C(Rs)2)p;—ORs;
W is >NRg, —O— or is a bond;

Het is selected from the group consisting of morpholine, thiomorpholine,

thiomorpholine S-oxide, thiomorpholine S,S-dioxide, piperidine, pyrrolidine,

aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-triazole, thiazole, thiazolidine,



H RORe-C--M (C(R6) 2) k-Y- R7-(C(R6) 2)g-Y-, R7-(C(R6)

2)p -M(C(R6)2)k-y-, or Het-(C(R6)2)gWC(R6)2- Y-; or
wOR00an8P78R1 are as defined above and G is R2- NHPCT/U820R4012211

and G may be taken togethenrsas the dival ent radical

-OC(R6) 2-0; Y is a divalent radical selected from

the group consisting of R (CH2)a, O, and -NR7 is

NR6R6, -OR6, -J, -N(R6)3+, or NRG6(OR6); Mis >NRS,

;Ol_iﬁ_emle @'Pefcf’&"}e) g%g‘b ?ﬁg%e%tte?@yérgfhé%%hg%igft ?rﬁe r%nr’ oup

CaidsarRl 1, 0gli®oldiel ehrahidagyrdnhar@inor phol i ne,

t hi onor phol i ne S-oxi de, thionorpholine S, S-dioxide,
pi peri QP@ECi3y@x ol i di ne, aziridine, pyridine,

i m dazol e, , 3-triazole, 1,2,4-triazole, thiazole,
t hi azol { di ne, 2007/ 139797 PCT/ US2007/ 012211 23
tetrazol erazi ne, furan, thiophene,

t et rahydr | ophene, tetrahydrofuran, dioxane,

1, 3-di oxol &he, tetrahydropyran, and (OCHZCHZO)r H
wher ein HeH is optionally nmono- or di-substituted on

C %QI%EI 518, 196&&9191?9 n%gmr%@asubsﬂ%émak%n'm%o h w1th Rs,

trtuted on” carbon with
- optpnally propereil dipubssiteeden @Hfb%‘bi%‘f l‘l"i;?’@’d —oN ( an-ORs’

W%% dafl grﬂﬁw S &ﬁé&@&mfea%%lb%n with@h&RbRI-PalehiGaditals
and o }g{: ionally

) O en s B, Ml SBAORIATBINAGR? A g papEHied on a
r @&iﬁﬁ&h%arbogwlﬁ.rdwé%.@(rﬁﬁaa@S&or%o(&mxﬂrwen al kyl

of 1-6_carbon atons, alkenyl of 2-6_ carb
al kynyRs isthydragep.ligd of é‘c(’cﬂ%b"“ é‘%‘l‘so 3likﬁ’§/‘>11 . ? Gfaéboé‘é‘lt%ﬁﬂ
ahﬂt | of 8RR dfYdtorms, cl@alkﬂaifbmamdmwom@ 2EMONKH I62l7

car bon atons enyl henyl t.i onal |
SGH§?‘P ?tef“éo“\'i\!?qxﬁa%ﬁ‘e(% SB vl g Wﬂa;‘ optionally

C 3Gttt Wik ond &r lﬁbﬂé%ﬁﬁgﬂ ﬁMdoxy ofidsRAboA |ak¥ﬁs§lfﬂfnﬁvrcﬁﬁethyl

1- 3 carbon atons, dial kyl am no_of car bo ons,
n,a{n,ug), alkylamino of 1-3 carbon %toms dlalkylam%no of 2-6 carbon atoms nitro,

cyano, azido, halomethyl, alkoxymethyl of 2-7 carbon atoms, alkanoyloxymethyl of
2-7 carbon atoms, alkylthio of 1-6 carbon atoms, hydroxy, carboxyl, carboalkoxy
of 2-7 carbon atoms, phenoxy, phenyl, thiophenoxy, benzoyl, benzyl, phenylamino,
benzylamino, alkanoylamino of 1-6 carbon atoms, or alkyl of 1-6 carbon atoms;
with the proviso that the alkenyl or alkyny! moiety is bound to a nitrogen or oxygen
atom through a saturated carbon atom;

R,, is selected from the group consisting of

Rs

R3 =

Rs Ra




cyano, azido, halonethyl, al koxynethyl of 2-7 carbon
at ons, al kanoyl oxynet hyl of 2-7 carbon atons,

wabdoyhisd9o of 1-6 carbon atons, hydroxy, carborgi/psS2007/012211

car boal koxy of 2-7 carbon2atons, phenoxy, phenyl,

t hi ophenoxy, benzoyl, benzyl, phenyl am no,

benzyl am no, al kanoyl am no of 1-6 carbon atons, or

al kyl of 1-6 carbon atons; wth the proviso that the

al kenyl or alkynyl noiety is boupd to a nitrogen or

oxygen a on15hrough a saturateg tarbon atom R2, is
fom\jhe group ¢ i ngof 0 OR3 RZ3RO

74 R3 R3 R3\QR3 H-- R
3 R3R3(C(|ﬁ§2) rRXOR3 O R3 S
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(C(R5)2)u S R5 \02 (C(R5)2v R5 0 NR5 R5 R6 CH2)s J

0 J (CH2)s J (CH2)s J (CH2)s O O\ \ 0 CH2, RS

CH2, R5 CH2, RS RS QR5 R5 Q O QC2C \H21 R5 \H2, and

RS ° CH2

o]
(0]
(C(Rs)2)u \ |
S s >
AN 4 ’ :
(C(Rs)2)y Rs [ j
Rs
CH>)s J 0
e — , J (CHa)s —_— /< .
J——(CHy)s
o]
‘é_—<CH2, R \CHa, Rs \CHz,
;g_<|:(5 R5>_§;Q
O Q
QCZC CHz, CHg, 5
: Qo,C’ : Ry :

COZQ

R; is independently hydrogen, alkyl of 1-6 carbon atoms, carboxy,

carboalkoxy of 1-6 carbon atoms, phenyl, carboalkyl of 2-7 carbon atoms,

(CRe)2p
'

(C(Re)2)p

R7—(C(Re)2)g—N N—(C(Rg)o)— >



RS RS Q2C R5 F5 C02Q R3 is independently hydrogen,

al kyl of 1-6 carbon atons, carboxy, carboal koxy of 1-6
w@ 200008979t ons, phenyl, carboal kyl of 2-7 car boPCHUS2987/012211

I(C(R6)2)p \ R7T (C(R6)2)P MsN (C(Re)2)r \(C(Re)2)p WO

2007/ 139797 PCT/ US2007/012211 26 R7--(C(R6)2)S

RT-(C(R6)2)p M(C(R6)2)r-, R8RO--CH M-(C(R6)2)r-, or

Het--(C(R6)2)g--W(C(R6)2)r--; R5 is independently

hydro%en al kyI of 1-6 carbon atons, carboxy,

car bo s‘I=6 carbon atons, phenyl carboal kyl of

2 7 cagbqe caam&mswr@%) 2)p NN
%2)r ﬂ;\écq( pR7--(C(R6)2) R7- (C(R6) 2) r

-M4 CH- M (C(R6)2)r- or Het (C(R6)2)q

W(C(Iiﬁ-)cz)(c(R&)z)Bawxa\r(IUaﬁg)ra;,e each |ndependently -

hydr oézéds "‘56?‘6\"?9%@ hy%’f%@i‘ d ﬁé’li ﬁ?% carb"“ a§°msng§9§§Pent 'y

&akphlkoky ¢f B-6@aibbh Bto&tsplbm:nﬂrcal‘t;txdﬂ@gefﬁ -7 car'ﬁen @oors, 1;
g=1-6; k=0-4; nis 0-1; mis 0-3; p=2-4; g=0-4;

(C(Re)2)p
R7_(C(Rs)2)i——N/ /\N"—(C(Rs)z)r
\(C(Rﬁ)Z)p ,
R7—(C(R¢)2)s—;
R7—(C(Re)2)p—M—(C(R¢)2)r—; RsRo—CH—
M—(C(Re)2)—; or

Het—(C(Re)2)—W—(C(Re)2)r—;
Rs, and Rg are each independently —(C(R¢)2)/NRsRs, or —(C(Rs)2): ORs;
J is independently hydrogen, chlorine, fluorine, or bromine;
Q is an alkyl of 1-6 carbon atoms or hydrogen;
a=0or1;
g=1-6;
k=0-4;
nis 0-1;
m is 0-3;
p=2-4;
q=0-4;
r=1-4;
s=1-6;
u=0-4 and v=0-4, wherein the sum of u+v is 2-4;
x=0-3;
y=0-1;
z=0-3;
or a salt thereof wherein “acyl” in the definition of PG is defined as Cato C,

alkanoyl! or C; to C7 perfluoroalkanoyl.

2. The method of claim 1, wherein A is NR and R is H or alkyl.



r=1-4; s=1-6; u=0-4 and v=0-4, wherein the sum of
u+v is 2-4; x=0-3;, Y=0-1; z=0-3; or a salt
wao b@raesf9mherein "acyl”™ in the definition of PET/ES2007/012211
defined as C2 to C7 al kanayl or C to C7
per fl uoroal kanoyl. 2. The nethod of claim1, wherein A
is NRand Ris Hor alkyl. WO 2007/ 139797
PCT/ US2007/ 012211 27 3. The nethod of claiml or 2,
wherein X is . 4. The nethod of claim1, 2 or 3,
#her eilThe preghadafsisim o & YVRergigy e%l about 80C and 85C.
5. The method of any one of clains 1 to 4, wherein PG

7S 3R 250 SO e Pl

alokoxyd 83°Ci f | uor onet hyI trifl uororret hoxy and CN. 7.
The net hod of claim 6, vvherei n RI is H 8. The nmet hod

of claim6 or 7, wherein R4 is % d of

& ai mTde mpethed of anilvﬁé‘?%ﬁ"r‘?‘@s i1do &y WB?@‘“ Efacﬁtﬁ net hod
of claim9, wherein Gis ethoxy. 11. The nethod of any
Fe iR drah proer dAibSh P AHEIAGG, dldhshentn

TRerpqipes reaction m xture through
dn@dpemep it abl, bﬂ;ox)?, triffemrombihyl tmﬂr@r‘f’mpt!ww @dfNh a
basi c solution; and 3. fil ter| ng the quenched m xture
to isolate the conmpound of la (1). 12. The
et hodrhsrmethed of claim &, pdiersi tﬁ ‘basic solution is

K2C03 in water. 13. The nethod of any one of clains 1

tp 12, . wher ngula (1) is yielded
iig gr eg}eerf‘etﬁ?]&;%%%% (%05%78%@ e?fIRAI'Ee nmet hod of any one
of claims 1 to 12, wherein the conpound of fornula

(4) i SThE BLiledof aib! & FLR '8, Whérsinab Ik

10. The method of claim 9, wherein G is ethoxy.

1. The method of any one of claims 1 to 10, further comprising the steps of:

1. filtering the reaction mixture through diatomaceous earth;

2. quenching the filtrate with a basic solution; and

3. filtering the quenched mixture to isolate the compound of formula
(.
12. The method of claim 11, wherein the basic solution is K2COj; in water.
13. The method of any one of claims 1 to 12, wherein the compound of formula

() is yielded in greater than about 50%.

14, The method of any one of claims 1 to 12, wherein the compound of formula

(1) is yielded in greater than about 70%.

15. The method of any one of claims 1 to 14, wherein about 2.0 equivalents of

silica gel are used in the reaction relative to the compound of formula (II).



15. The nmethod of any one of clains | to 14, wherein
about 2.0 equivalents of silica gel are used in the

w0 e@ct3om rel ati ve to the conpound of fornmul a ¥¢CT/PS20012211
2007/ 139797 PCT/ US2007/ 012241 28 16. The net hod of
any one of clainms I to 15, wherein about 2.0
equi valents of POX3 are used in the reaction relative
to the conmpound of forrmula (I1). 17. A nethod of

preparing a.c ound of formula (1): .P X A
& Ra @Rt P b e heaBichiods: Fhirein el o Sttt &
oPOKoaRLsad (nl the reactRid\reRtivéld the €dxhpdidd Nf fdRbulal(Il). with a
reagent of fornmula POX3 in the presence of silica gel
at,a t F00HA C, wherein: X
[ y'hal %:m%@%p?eqagﬁg?&%f’%?h%ﬁ pyr r%@-ﬁl -yl; and G
Rt and R4 are asgdefined rp claim . 18. A nethod of

: WD 2007/ 139797
N RIBN R4

PCT/ US2007/ 012211
(1'r1) wherein:

ey

2

comprising the step of reacting a compound of formula (II):

PG R4 OH
\A
CN

/
\

R N

R
¢ (I

with a reagent of formula POXj in the presence of silica gel at a temperature
greater than about 75°C,
wherein:

X is halo;

PG —A - is 2,4-dimethylpyrrol-1-yl; and

G, R; and R, are as defined in claim1.

18. A method of preparing a compound of formula (III):



Z is substituted phenyl; Rl is hydrogen; R4 is
hydr ogen; R12 and R13 are each, independently,

woyarosen; hal ogen, al kyl of 1-6 carbon at onsPCHUR®NY012211
of 2-6 carbon atons, al kyngp of 2-6 carbon atons,
al kenyl oxy of 2-6 carbon atons, al kynyl oxy of 2-6
carbon atons, hydroxynethyl, hal onethyl, al kanoyl oxy
of 1-6 carbon atomns, al kenoyl oxy of 3-8 carbon atorms,
al kynoyl oxy of 3-8 cart zIalkanoyloxynethyl of
2-7 carbon atons, al kenc 9 carbon
atons, al kynoyl oxg)) s carbo%__ ons,
al koxymet hyl of 2- sT8 OR%.,. _atKoxy of 1-6
carbon atons, al kylthi -6 carbon atons,
al kyl sul phi nyl of i alkylsulphonyl of
1-6 carbon atons, _a
atons, al kenyl sBisfonam 0 of 2N carbon at oms,
al kynyl sul f onam do of 2-|6 carbon atons, hydroxy,
trifluoronmethyl, cyano, Raitro, caqgféy car boal koxy
of 2-7 carbon atons, carboal kyl of car bon atons,
phenoxy, phenyl, thiophenoxy, benzyl, am no,
%Eroxyanlno alkoxyan1no of 1-4 carbon at ons,
al'®JP%ni no of 1-6 carbon atons, dial kyl anino of 2 to
12 carbmnmbahomdphawinoalkyI of 1-4 carbon atons,
N-al kyl am.n alk of 2-7 carbon at ons,
N, N- di Iﬁ&pgﬁﬁndalkyl of 3-14 carbon atons,
phenyl Rpisigdrdgemzyl am no, R15- CONH(CH2)p R15~ S ~

S (ARI8) 2 B b GR)or-6 k6o
CONH( bqﬂ %Wﬂ%% %ﬁ%@ P 2007/ 012211
3&omsa11&rwl RB6 CaNbli TegispRkyngOnfR-Clagtppn atomspalipenyloxy of 2-6
C&%&R%@ gﬁ%ﬁy&? o& e ch'b%n %ﬂ%r%ﬂﬁ halomethyl,
alkanoyloxy of 1-6 carbon atoms, alkenoyloxy of 3-8 carbon atoms, alkynoyloxy of

3-8 carbon atoms, alkanoyloxymethyl of 2-7 carbon atoms, alkenoyloxymethyl of

4-9 carbon atoms, alkynoyloxymethyl of 4-9 carbon atoms, alkoxymethyl of 2-7
carbon atdms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6 carbon atoms,
alkylsulphinyl of 1-6 carbon atoms, alkylsulphonyl of 1-6 carbon atoms,
alkylsulfonamido of 1-6 carbon atoms, alkenylsulfonamido of 2-6 carbon atoms,
alkynylsulfonamido of 2-6 carbon atoms, hydroxy, trifluoromethyl, cyano, nitro,
carboxy, carboalkoxy of 2-7 carbon atoms, carboalkyl of 2-7 carbon atoms,
phenoxy, phenyl, thiophenoxy, benzyl, amino, hydroxyamino, alkoxyamino of 1-4
carbon atoms, alkylamino of 1-6 carbon atoms, dialkylamino of 2 to 12 carbon
atoms, aminoalkyl of 1-4 carbon atoms, N-alkylaminoalkyl of 2-7 carbon atoms,

N,N-dialkylaminoalkyl of 3-14 carbon atoms, phenyla}nino, benzylamino,

R, S_CONH(CHZ)pp_ s Ris \S /s—(C(R1B)2)qq—CONH(CH2)pp"-

Ris CONH(CHz)i5—

R1g——====—CONH(CHz)py— >'—<

Rig Rig



R18 R17 CONH(CH2) pp CONH(CH2)pp R18 , R18 Rio Rioy O

Rio RI8 Rlro RIB Rig\ CONH(CH2)pp--- Rie CONH(CH2)pP
WRIH7A87R 0) 2) mMm Ri o R150 R15HN ( R15) 2N PCT/US2007/012211

>  NH(CH2) PP_ >-NH(CH2) pp3¢__ NH(CH2)pp_ ©O- O O

(R15)2N R150 RISHN>___Q(CHZ)PP___ >__ Q(CHZ) pp_

~Q(CH2)pp 0 O O>- R15 is alkyl of 1-6 carbon atorrB

al kyl optionally substituted with one or nore hal ogen

atcgns ptHenyI or phenylg optlmhgcuz)&ubstltuted Wi th
Xy

on_e %2 hal oge en, al 1-6 carbon atons,

trif et H§ANACRPG cyand, or ZaJ_k(y;[Rw,zpfy_l_6
groups; Ri&4s h en, al kyl of 1-6
carbon gfons,r@r al kenyl of &6 carpon atons; RIL7 is
chloro or brono R1 s is hydrogen, alkyl of 1-6 carbon
at ons Risani nSaNKGHI0T 1-6 cabon at ons, Rig

oal kyl of 2-9 carbgn _
ni noal kyl, of C%'E'ﬂ(%dw at @WCONH(CHZ)FP
y 8mi noal kyl of~4-tRscarbon atons,©

y
NReycl ok kyl - N al kyl am noal kyl- of 5-18 car bonRa“torrB
N, N-di cycl oal kyl am noal kyl of 7-18 carbon atons,
nmor phol i no- I\I-aIRkSyI wherein the al kyl group is 1-6
car bon atons,

Rie \ R CONH(CHy)pp—~——
CONH(CHp)pp— e
Rio (C(R18)Imm
Ris
R450 RqsHN (Rys)2N
}—NH(CHz)pp—— )—NH (CH)pp— %NH(CH;)DP—
O ’ (o , (o)
R450, . RysHN, (R1s5)2N
)——O(CHZ)W—— i }——O(C Ha)pp— or }—O(CHz)pp——
O 9] (®)

R;s is alky! of 1-6 carbon atoms, alkyl optionally substituted with one or
more halogen atoms, phenyl, or phenyl optionally substituted with one or more
halogen, alkoxy of 1-6 carbon atoms, trifluoromethyl, amino, nitro, cyano, or alkyl
of 1-6 carbon atoms groups;

R, is hydrogen, alkyl of 1-6 carbon atoms, or alkenyl of 2-6 carbon atoms;

R;7 is chloro or bromo

R,s is hydrogen, alkyl of 1-6 carbon atoms, aminoalkyl of 1-6 cabon atoms,
N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-12 carbon
atoms, N-cycloalkylaminoalkyl of 4-12 carbon atoms, N-cycloalkyl-N-
alkylaminoalky] of 5-18 carbon atoms, N,N-dicycloalkylaminoalkyl of 7-1 8 carbon
atoms, morpholino-N-alkyl wherein the alkyl group is 1-6 carbon atoms,
piperidino-N-alkyl wherein the alkyl group is 1-6 carbon atoms, N-alkyl-
piperidino-N-alkyl wherein either alkyl group is 1-6 carbon atoms, azacycloalkyl-

N-alkyl of 3-11 carbon atoms, hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 2-



pi peridi no-N-al kyl wherein the alkyl group is 1-6

carbon atons, N al kyl- piperidino-Nalkyl wherein
we@paohaso7at kyl group is 1-6 carbon atons, azacyptDuEW91/012211

N-al kyl of 3-11 carbon atoms, hydroxyal kyl of 1-6

carbon atons, al koxyal kyl of 2 WO 2007/ 139797

PCT/ US2007/ 012211 31 8 carbon atons, carboxy,

car boal koxy of 1-6 carbon atons, phenyl car boal kyl of

ZQ)Zarggrrgggr?l&?ctanQﬁy .ca lo? 8%?};1{;8 cE?aP t)?%’rsoéﬁel\g cirg?allgl_l‘é)f
CA7 R oA bR, c}ﬂd»ﬂéyﬂmb,rm bebasei n the alkyl noiety is

of 1-6 .c:,ar]\z];l)n togs, ' I'kyl am no wherein each of the
al kyl 8% 6> car bon atons, norpholi no,

pi per az |1§anbl-1@,‘dl@dypalla@[)aﬁl 1”6 carhbleaitemn, ailt}éarallnkyNherem the

Rl ipjety 90816 Garhon 3oMs oA e, PHGES dadl Bithe LT
Rhoidié2is oR1 3, cafion Rbnis) &torﬂfoﬂinb,qnpdrainmﬁﬂ d&ﬂplpgui@il@

car bon an t.o radl cal
&h?f(ep\altg ]Egl mmstiy '%gﬁ]gl"%’g%ﬁ Ca ﬁgggt‘pt abl e salt
t her eofnm=t1 10 tdae= pBom'dsm:%ﬂ@t R12 is linked to the

quinolin t ot n f
ni tr og®W ‘galb “%S‘SB?PE ki d@rbf if‘é%%g%q?cgée?ﬁnnégh@[ous
C oarponadme karf mgethéraae(thé ghvallé@\raﬁcalcﬁ -ARL-ORL3 N R4
(1) WI th ar eaq f f
Si11 cacbpRap bl Boo iR AEFE i hOPoReIRE I, 8
whiekei to:the QGinddinhat the 6R@sition Hy pn oxegeni wfugPOIiBogss) BPed
fromthe group consisting of acyl, CH3OC(O) -
Et OC(O -, Fnoc, , Troc, Phenoc, N- benzo I, Teoc Ais
0 comiBXising thg;steR of geating:d ¢apnpount raéfwmula& ‘al kynyl : or
the group PG - NR - is protected fﬂnno in the form of
a radical deri VBQ\fr oma f

A CN
/ I
™
Ra an

with a reagent of formula POX3 in the presence of silica gel at a temperature
greater than about 75°C,
wherein:

X is halo;

PG is a protecting group selected from the group consisting of acyl,
CH;0C(0)-, EtOC(0)-, Fmoc, , Troc, Phenoc, N-benzoyl, Teoc;

AisO,NR, orS;

R is H, alkyl, alkenyl, or alkynyl;
or the group PG — NR — is protected amino in the form of a radical derived from a

cyclic imide by removal of the hydrogen atom attached to the imide-nitrogen atom;

and



cyclic imde by renoval of the hydrogen atom attached

to the imde-nitrogen atom and WO 2007/ 139797
weaI/W8Pe07/ 012211 32 and Rl, R4 and R13 ar ePEBUS2007/012211

defi ned above for fornmula @GkD to formthe conpound of

formula (1): PG RL X "4 CN RI3 N R4 (1) and

converting the conpound of fornmula (1) to the conpound

of forrmula (111). 19. A nmethod of preparing

(E)-N-{4-[3-chloro-4-(2-pyridi nyl met hoxy)anilino] -

32, ano- 7- et hoxy- 6- qui nol i nyl }- 4- (di net hyl am no) - 2- but

enam dr,,®, aad Rpi ¢ andefined abdvieYoooswh gl e sal t

t hereof ; which conprises reacting 3-cyano-7-

et hoxy- 4- hydr oxy-6- (protected am no)quinoline with a

I eARaR thdonfpousaibBfoRAXA () wherein X is halo)in'the

presence of silica gel at a tenperature greater than

about 75C to form

3- cyano- 7- et hoxy- 4- hal o- 6- (protect ed am no) qui nol i ne

and convertingpggd- cyano- 7-ggt hoxy-x- hal o- 6- (pr ot ect ed

am no) qui nol i ne i™o (E)-

[ 3-chl oro-4- (2- pyri &inyl i | i nojJers- cyano-7-eth

oxy-6-qui nolinyl) -4- e ‘ I NO

@

and converting the compound of formula (I) to the compound of formula (III).

19, A method of preparing (E)-N-{4-[3-chloro-4-(2-pyridinylmethoxy)anilino}-
3-cyano-7-ethoxy-6-quinolinyl}-4-(dimethylamino)-2-butenamide or a
pharmaceutically acceptable salt thereof; which comprises reacting 3-cyano-7-
ethoxy-4-hydroxy-6-(protected amino)quinoline with a reagent of formula POX3
(wherein X is halo)in the presence of silica gel at a temperature greater than about
75°C to form 3-cyano-7-ethoxy-4-halo-6-(protected amino)quinoline and
converting 3-cyano-7-ethoxy-4-halo-6-(protected amino)quinoline into (E)-N-{4-
[3-chloro-4-(2-pyridinylmethoxy)anilino}-3-cyano-7-ethoxy-6-quinolinyl} -4-

(dimethylamino)-2-butenamide or a pharmaceutically acceptable salt thereof.



