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IN THE PREPARATI ON OF 3- CYANO QUINOLINES 5 This
invention relates to certain novel 4-am no-2-butenoyl
chl orides, processes for their preparation and their
use as internediates in the synthesis of

phar maceutically active protein kinase inhibitors.
Protein kinases are enzynes that catal yze the transfer
of a phosphate group from ATP to an ami no acid

resi due, such as tyrosine, serine, threonine, or

hi ( i

proTFHERs JaRmND B BTNy ERLORIDESARD TH{EM Bt i THE
vari ety of celPREPARAF@NIOF 3-GYAND QYUINOLINESer at i on and
mgration. Specific protein kinases have been
inplicated in adverse condi ti ons including cancer
[Traxler Exp. Opin. Ther. Patents, 8, 1599
(1998); Brld

(199837 r"é"§ﬁ‘é‘?ﬁ‘os’?§‘eﬁvé?t SEtAn "iovel Piige2eifeno splorives,
MeckesSss 20 Eheirl@OBIraticBhany theh LEeersdintePhediates oi theSginthesis of

n%aa Ra E W,
%ﬁgressayéc]aﬁyg%%'l’e B@’iﬁf&%% ‘ﬁﬁ'BiZAngl E)gelngglss [Shavwer L.
K., Drug D scovery Today, 2, 50 (1997); Fol kman, J.,
Nat ur &'iehikinages ate engymes, thatsatalyzethe srasiersf @srhesphate group
[fﬁm/ NFP td an Qﬂlr{?sadémk&&iugb séucﬂ(bs t:tlnﬁgiae (sEQQ@)tﬂ\reomﬁé Qi'r'h@i@lne
e
S ARG ATesbBHS ot Pk B RS, et ke 1 petrol of a
iwidd vatestylefdiefiwarmheueats mc]udﬁmg pidiiieration aad irigradbn( BSpecific proteln
f
aQthé'Ve Ade%mrﬂﬂlﬁggﬂyh agldied c&dﬁ.xgmcuz?& 4GR0%: FALAG Bl
pin. {THer. tRatamts st 589 (t&?ﬁbeﬁﬂdgﬁe“ Bk e@emﬂfgrﬂ@m.l-iarim

R goe) Q&tm&%em%&ﬂ gt ahdhdb Qi‘ar&tb@asp W%Qa 5abh® "01 S-gS) Shaw,

G P, dob HelBuraebneti B, £ nd Spossars,

ptaoees €1896)], 'Eng@geﬁesentsrmmar, QviK desugaolsguwtadyexaday, 2, 50 (1997);

RS TR g 4 2L Ak bRl BT G oo,

262.2, (1992)].

Described in WO9843960 (US 6,002,008) is the laboratory scale synthesis of
3-cyanoquinoline derivatives which include 4-dimethylamino-but-2-enoic acid [4-(3-
chloro-4-fluoro-phenylamino)-3-cyano-7-ethoxy-quinolin-6-yl]-amide, inhibitors - of
protein tyrosine kinases used in the treatment of cancer.

The present invention provides processes suitable for the preparation of
these compounds on a large scale. Furthermore, the invention provides
intermediates useful in such processes.

This invention provides a synthetic procedure amenable to large-scale pilot
plant work for the manutacture of compounds of Formula (il):
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OHENR2 | RS/ R3 R4 (Il) conprising cooling a
suspensi on of pharmaceutically acceptable salt of the
conmpound of Forrmula (I) adding a chlorinating agent to
t he suspension; warmng 5 and stirring the suspension
until the chlorinating agent is conpletely consuned;
cooling the suspension; adding an aniline dropwi se to
the suspension until the concentration of the aniline
is less than about 5% addi ng an aqueous base to the
suspension to obtain a precipitate; filtering and
washi ng and dryingsghe precipitate to vyield the
compound of Fornul g*(1'1). 10 In an enbodi nent of this

i nvention the conp®m® of Formula (I1) conprises

4- di et hyl am no- butl- 2- enoi ¢ aci d

[4-(3-chl oro-4-fl uor-phenyl am no) - 3- cyano- 7-
ethoxy-quinolin-G-yd -ani de. Rin anot her enbodi nent of -
the invention the co Formula (I1) conprises
6- (4- N, N-di et hyl am nagr ot onyl ) am dm,4- (4- ( 2-

pyri dyl met hoxy) - 3- ctfor o)an 3-£yano- 7- et hoxyqui nol
ne. In yet another 15 enbgdi ment jof the invention the
compound of Formula (I1) nprisg¢s 6-(4-N, N

di met hyl am nocr ot onyl ) aprdo~4£4-benzyl oxy- 3- chl or o) am
i no- 3-cyano-7- et hoxyg#i nol i nle. Thi $%% nventi on al so
provi des a process for the prgparation of the conmpound
of Formula (1) conprising réacting a 4-bronocrotonate
with S1,S2-N-R, wherein Ris H 20 trial kylsilyl,

al kali netal and S1, S2 are eggh i ndependently,

hydr ogen, al kyl, al kenyl, al kynyl, aral kyl,
substituted_or unsubstjituted aryl, cycloal kyl,

SYEPEEIK APInG G SUPengiRR of Phamisutcaly. AReTPiRhie pefing! the
RbinpOGRNott Formdiaclt) aduing archlodtdtiag gent r the auspdnsiogewarming

SO0 g AFLSHRA ) o oA TUGRN gl conmecs

cooling the suspension; adding an aniline dropwise to the suspension until the

concentration of the aniline is less than about 5%; adding an aqueous base to the
suspension to obtain a precipitate; filtering and washing and drying the precipitate to
yield the compound of Formula (H).

In an embodiment of this invention the compound of Formula (il) comprises
4-dimethylamino-but-2-enocic  acid  [4-(3-chloro-4-fluoro-phenylamino)-3-cyano-7-
ethoxy-quinolin-6-yli}-amide. In another embodiment of the invention the compound
of Formula (ll) comprises 6-(4-N,N-dimethylaminocrotonyl)amido-4-(4-(2-
pyridylmethoxy)-3-chloro)amino-3-cyano-7-ethoxyquinoline. in yet another
embodiment of the invention the compound of Formula (Il) comprises 6-(4-N,N-
dimethylaminocrotonyl)amido-4-(4-benzyloxy-3-chloro)amino-3-cyano-7-
ethoxyquinoline.

This invention also provides a process for the preparation of the compound of
Formuia (I) comprising reacting a 4-bromocrotonate with S1,5,-N-R, wherein R is H,
trialkylsilyl, alkali metal and S,, S, are each independently, hydrogen, alkyl, alkenyl,
alkynyl, aralkyl, substituted or unsubstituted aryl, cycloalkyi, cycloalkenyl, or S;, and
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am nocrotonate; hydrolyzing 4-S,, S2-am nocrotonate in
the presence of a base; adding HO to the conpound;
and chlorinating the conpound with a chlorinating 5
agent to obtain the conmpound of Formula (I). In one
enbodi nent of the invention the S, and S2 are CH3
and.the process for the preparation of the conpound
conprises reacting but-2-enoic acid with

chl orotrimethyl silane to obtain

tri met hyl sil yl crotonate; brom nati ng

| 15 dthet! witn thb ‘Fﬁt%@ﬁ‘ fH \ﬁthl H&y Ard BRAENRE b ﬁﬁ’l%gérlm %&taining

of)talntrlrret y y br onocrotonate; rea

| ng
fieterRant (9% 9ypha4me%atre%lv oe%aftaelmse% Weiestnin Ahtaine 4815
@hfircrotéhath; NBRyidRIY Y m:s; Sphmitiogroisrats ire hh@fplré‘b%hd:d’l@f &f base;

@H& Bﬁ(gytpa&g'e %&E{Qgtr? tac%’oHnatl%d{h%Cgoln%olugg wvr\gh a cﬁlorlnatmg
(@bgntde @Eiamahdnydwamund))f Porbutagjoyl chloride. In a first
aspect, the invention provides a conpound of Fornul a

(1) 1fbne &%b&gwem dtlide W{O&{tﬁh '?th 8, aﬁ@@z §feo§|;'& gﬁ@ﬁ"% process

i ndependent | ydr ogen, cl oal kyl,
aoncipe, p%epﬂ@ﬁw of "tge kgpmppun camRyj$es Eﬁ%‘ i79 tbu%%ren@is acid with

%ﬁﬁ»kﬂﬂﬁhéthy{‘sl%ﬂear Ylitoor ldgfagy 0ar Mhett@ls;lﬁcroﬂiﬁﬁtesz brominating

%%Q wth the nitro ntowhlc
g hcromite, Mt G HORBIIEg ARt dpe Bl | Tipethyisiyi-a-
(bym]hadnmbnme;alrkgdtmg otrin@thyBityl-d-taodocronatea mith t hﬂfeﬂwfamuhél to

B Qrqugtﬂylgﬁ‘u noc{otb%lé B g’%ﬂl@rﬁmaﬂé& toh qlec? nve&%%‘?r?’oc o%mc acid

the preparati

dyeiochletidegwitlt &) crrI@rmetmmggemt 4o obteirp ﬁ)&@n@e@ywrum)e butenoyl
Shionde, - R wherein Ris H 25 trialkylsilyl or alkali
metal and S, and S2 are as defined in above or an 3

2L 00 R e U ) BB ForR SR "0

4-S,, S2-am nocrotonate of step (a) in the presence of

a base; and isol &ing as a correspondi ng cl
hydrochl oride saltl; and 5 (c) chlori iLng e
conpound of step (b) wi ‘a chléi;/gbing ent to
S, N ' o
)
wherein

S; and S, are each independently, hydrogen, cycloalkyl, cycloalkenyl, alkyl, alkenyl,
alkynyl, aralkyl, substituted or unsubstituted aryl or heteroaryl, or S; and S, together
with the nitrogen to which they are attached form a nitrogen containing heteroaryl or
cycloheteroalkyl; or an acid addition salt thereof.

In a second aspect, the invention provides process for the preparation of a
compound of the invention comprising:

(a) reacting a 4-bromocrotonate with S,,S;-N-R wherein R is H,
trialkylsilyl or alkali metal and S; and S; are as defined in above or an
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obtain the conmpound of the invention. In a third
aspect, the invention relates to a process for the
preparati on of the conpound of the invention wherein
S, and S2 are CH3 or an acid addition salt thereof
conprising: 10 (a) reacting but-2-enoic acid with-
chlorotrinethylsilane to obtain
trimethylsilylcrotonate; (b) bromnating
trimethylsilylcrotonate of step (a) with a brom nating
agent to obtain trinet hyIsinI 4- bronocrotonate; (c)
reacting tri |SI I onocr ot onat e of

or nethyl & e%dﬁy'?n webﬁpg)rr‘\‘?c:?g g‘f‘% W’FFngE‘g HSNSZ'
di met hyl ardamigodrgtondse;ai n 4- di met hyl am nocr ot oni ¢ aci d;
and isolating the conpound of step (c) as a

hydr oghl OrHy@?olﬁﬁa'gt4-§P§a-&# h@érbt@ﬁétbrﬁ? st%iﬂug]ég it fthe presence of a

chl ori nati ng agent tain the co
i nvention %e%@.l??@nmga@pﬁe%pon@na hMO%W@"d@HQ‘t ag | n
a fourth aspect, the invention provides a process for

t he p@cpparc&iamaﬂr@f tha corpopadiot st Wikl & chiohinating &gbnt to
N- .52 R, the C%%po%f’ep tl%il Y#ﬁyog( U  wherein R, R,

R3i R4, andb are ‘el ected fromthe

up. consi sti ng of -H - 5 CN,.alkyl, alkoxy, vinyl,
égw aspeftnihe, invertign relglep o # AIreaess fom%preamati@ of the

a6iipounB ot feinvention wherein S, and S, are CHj; or an acid addition salt thereof
comprising:

(a) reacting but-2-enoic acid with chlorotrimethylsilane to obtain
~ trimethylsilylcrotonate;

(b) brominating trimethylsilylcrotonate of stép (a) with a brominating agent
to obtain triméthylsilyl-4-bromocrotonate:

(c) reacting trimethylsilyl-4-bromocrotonate of step (b) or methyl or ethyl
4-bromocrotonate with dimethylamine to obtain 4-
dimethylaminocrotonic acid; and

isolating the compound of step (c) as a hydrochloride salt and chlorinating
with a chlorinating agent to obtain the compound of of the invention
wherein 1 wherein S; and S, are CHa.

In a fourth aspect, the invention provides a process for the preparation of a
compound of Formula (ll):
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am no, thioal koxy, phosphino, and conbi nations
thereof; or, taken together, R and R2, R2 and R3i R3
and R4, or R4 and Ro, together with the carbon atons
to which they are attached, forman optionally
substituted heteroaryl or cycloheteroal kyl; and 10 S,
and S2 are independently selected fromthe group

consi sting of hydrogen, alkyl, alkenyl, alkynyl,

aral kyl, substituted or unsubstituted aryl, or S, and
S2 together with the nitrogen to which they are -
attached form a nitg,ogen containing heteroaryl,
conprising: (a) cothgg a suspension of an acid
addition salt of the ¢émpound of 15 Fornula (V); 5 4
S1 OH S2 O (V) whkrein S, and S2 are defined above;
(b) adding a chloriq ting agent to the suspension in
step (a) ; 5 (c) warlign irring the suspension
in step (b) until the inpting agent is

conpl etely consuned;HLN L,suspension in
step (c); (e) adding an aw formula (I1V)
dropwi se to the suspensio gp (d) until the
concentration of the anili ess than about 5% R
HHEN R2 RO R3 10 i 3R,, R2, R3, R4

wherein

R4, Rz, R, Rs, and R, are independently selected from the group consisting of —H, -
CN, alkyl, alkoxy, vinyl, alkenyl, formyl, -CF;, -CCl,, halide, -C¢Hs, amide, acyl, ester,
amino, thioalkoxy, phosphino, and combinations thereof;

or, taken together, Ry and R,, R; and Rs, R; and Ry, or Ry and R, together with the
carbon atoms to which they are attached, form an optionally substituted heteroaryl or
cycioheteroalkyl; and

S, and S; are independently selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, aralkyl, substituted or unsubstituted aryl, or S; and Sg together with

the nitrogen to which they are attached form a nitrogen containing heteroaryl,
comprising:

(a) cooling a suspension of an acid addition salt of the compound of
Formula (V);
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(f) adding an aqueous base to the suspension in step
(e) to obtain a precipitate; and 15 (g) filtering and
washi ng and drying the precipitate in step (f) to
yield the conpound of Fornmula (11). 6 For purposes of
this invention a heteroaryl conprises a heterocyclic
ring systemof one to three fused rings, in which at
| east one ring may have an aromatic character and
contains 1 to 4 heteroatons the sane or different

sel ected fromthe group consisting of S, N, and O.
The remai ning ringss,Qf th stem be5fu||y
unsat ur at ed, partlaIF?\ , |y saturat ed.
Each ring conprises three to ten nefgpers. Preferred
het eroaryl groups are thi ophene, thianhthrene, furan,
pyran, isobenzofuran, ¢hronene, xanthene,
phenoxat hiin, pyrrole, imdazole, pyrazole,

i sot hi azol e, isoxazol e, pyridﬂhe, pyrazi ne,
pyrimdine, pyridazine, indolizine, isoindole,

i ndol e, | NA#Z&th &, aRY 5L &8 defitddHBble:i NE, | soquinoli ne,
qui nol i ne, phthal azine, 10 napht hyri di ne, quinoxaline,

qui na I|ne terldln car ol e henant hr i

acri d 2 J‘%rﬂ %ﬂl%@ ﬁ?ﬁﬂ%ﬁ‘{sﬂ&s'%gﬁtgg %e
phenoth|a2|ne furazan phenoxazi ne and pyrrolidine.
The hé&l er osarpingcend stiringnitie FesrEasioh yn stebgb) untl ¢k cttioripating
or nore p e},{,g@gm RiRf @hbgfleubst i tuents are hal ogen,
al kyl, aral Eeny , alkynyl cycl oal kyl,

hydr o nltro sul f i m no, an1do,
phosp natcgm'%mﬁﬁﬁipﬁﬂﬁ'ﬂ%t"eswg(ﬁ{'bonyl car boxyl ,

silyl, ether, alkylthio, sulfonyl, acyl aldehyde

est er(,e) a Wmcﬂfeamhmfwyﬂmulaaﬂvhdmmise do the suspension in step
het er oar on@f il ﬂ%'c%ﬁ&’entram of‘ﬂ{e a¥n|m9{§lleg§]tﬂaﬁ LB syl as
used herein refers to a nbered saturated or
unsat urated nono or bi - CyC|Iﬁ r|ng having 1 or 2

het eroat ons sel ected from N, {N(C1-.C6 alkyl), S or O.
Preferred cycl ohetero IkyI g oups are oxol ane,

t hi ol ane, oxazole, 2eN perazi ne and

nor phol i ne. The cycl ohe can be independently
substituted at one or norfg positlions. Preferred
substituents are hal ogen aral kyl, al kenyl,

al kynyl , cycl oal kyl, 7 am™g, nitro,

sul fhydryl, imno, am do, phosphonate, phosphinate,
carbonyl,. carboxyl, silyl, &ther, alkylthio,

suitonyl, ketone, aldehyde, ®tster, a

cycl ohet eroal kyl, an aromatic or heteroaronmatic noiety
and - CN. ’

wherein Ry, R, R;, R; and Ry are as defined above;

® adding an aqueous base to the suspension in step (e) to obtain a
precipitate; and

(9) filtering and washing and drying the precipitate in step (f) to yield the
compound of Formula (ll).
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25 When the heteroaryl is substituted with Y, wherein
Yis -NH -0-, -S, or - NR,wherein Ris an al kyl of
1-6 carbon atons, at one position on the ring there is
further substitution on the -NH, -0-, -S, or -NR
with a (CH2) n=X group. For purposes of this invention
nis 0-1 and "X" is cycloalkyl of 3 to 7 carbon atons,
which rmay be optionally substituted with one or nore
alkyl of 1 to 6 carbon atons; or is a 30 pyridinyl,
pyrimdinyl, or phenyl ring; wherein the pyridinyl,

ri r n: al | P
py , ”]:911 Flyr}aossegbcgﬁn? %Le 'M]t%hhsubs&?tcg@hh%g A h%te%%ﬁ}&c ring
|smgp@ﬁ§@¢1t0| toreedusedaings, in whiehtah ieagt engrringonay kaveray asbmatic

Qﬁérﬁ&gp%ncﬁb&ﬁ’émé)f tolzt(f\efe@?é?&ﬂs % e @fl Hi8E%ht ectel fr&n the

- carbon atons - carbon at ons, azid
IR SR SiBng) of 53 N, ""G‘déﬁtr buie feﬁlatﬂ*ﬂs ringg| b fe] Fvg system may be
mmy@watmatwl paaﬁaua sZtut‘a’:lédJ @nfuay sérﬁr,ate@ l@ﬁﬁ)ﬁh@&drﬁﬁidé}é khreé to

i?"kﬁ/"ﬁ'[“ﬁ?fa E"{gif T%HS Ygﬁ‘g?rg ré’p%areﬁlg} thlant%rene furan, pyran,
fisobéhasturanyettigrene; yxemthena) phenoxathiid optwrole; airidzeblie p pyrazble,

-Z.CArDb . .
DS BB PriohB SRS briiafe B fasdi Hbi i g
énd@sel arndagoleof puring, caubgwlr@s omqumplmekyloaimioﬁm, ofphthajagine,

RAYRAR, ahQRSkalift € QYhasTIRE: prdtiieY | 84fbaRe, phenanthridine,
ﬁano I'ami no of 1.6 carbon atomns,  al kenoyl am no of

Sonies) LaRImdE phellapiRipe.anPhenagines. Pheasthiazine oftsazan,

fbaamﬁumnacpyrramme Thé REl2)oaA can Mﬁﬁépéhd&ﬂyssu‘égth@tﬁﬁ @tlone
rom

& PP s e brefese Db ikasie Pt 3t a8 s aopy.
opeloaligy!,t H‘rydwxylm amines hitrde psuiftiyhyl) yimise| exidal fphosphonate,
Iﬁﬂbﬁﬂlﬂﬂte @.lmlﬁgtkyl qa t:;laxﬁ %@f Q@\%r aa‘k%ﬁg o%'lfWﬂcylogldghgge, ester,

car at ons, P( -6 car

RyIFghsIamRly! feﬂa@me wc%rrlwzﬂﬁoaawaﬁ%c meigl oraN. mff

al koxynmet hyl of 2-7 carbon atons, al kanoyl oxymnet hyl of
2-7 CEydﬂdieta'bﬂhw ,asalsked hereid refdrsGo @b ho19 membered saturated or

Sl o R iy st -
&% elkyl), Sar @orPratemd Ccyclehdteraslky Igrasips 2re7 oxsdaneothicianenexazole,
RipeRGXY. plﬂ?SiWé an& mo%ﬁrﬂ?xi‘he Qfd'&{ég@r?(allgﬁﬂér)/ be u?:fég%enﬂy

al kyl ami no of 1-6 carbon atons, di ["fam no
Eb%‘ﬁﬁ%ﬁt Sf‘%ﬁ’é m?fﬂeﬂ%ﬂ“ﬁ‘h‘i né 'efB%‘PF%?P uepts are halogen, alkyl,

Aty ik, Alkyf, @cﬁawr bﬁdﬁo@t, @Fffino, aitkes rBaHyaRA, NMindf amido,
}ﬁgspg‘gﬂ%{hh? qH%dte carbo¥|{l]| Xargoxyp lly?fether alky%n%osnulfoﬁy?,r%tone,

aldehyde, ester, a. cycloheteroalkyl an aromatic or heteroaromatic moiety and —CN.

When the heteroaryl is substituted with Y, wherein Y is —-NH, -O-, -S-, or -
NR-,-wherein R is an alkyl of 1-6 carbon atoms, at one position on the ring there is
further substitution on the -NH, -O-, -S-, or —NR- with a (CHn=X group. For
purposes of this invention n is 0-1 and X" is cycloalkyl of 3 to 7 carbon atoms, which
may be optionally substituted with one or more alkyl of 1 to 6 carbon atoms; or is a
pyridinyt, pyrimidinyl, or phenyl ring; wherein the pyridinyl, pyrimidinyl, or pheny! ring
may be optionally mono- di-, or tri-substituted with substituents independently
selected from the group consisting of halogen, alkyl of 1-6 carbon atoms, alkeny! of
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20 The al kyl portion of the al kyl, alkoxy,

al kanoyl oxy, al koxynet hyl, al kanoyl oxynet hyl ,

al kyl sui phi nyl, al kyl sul phonyl, al kyl sul f onam do,
car boal koxy, carboal kyl, al kanoyl am no am noal kyl
al kyl am noal kyl, N, N-di cycl oal kyl am noal kyl ,

hydr oxyal kyl , and al koxyal kyl substituents include
both straight chain as well as branched carbon
chai ns. 25 The cycl oal kyl portions of
N—cycloalkyI-N—aIkyIaninoaIkyI and N N

xg}beﬁ' @@u ﬂﬁ'dweég]psa 'aw,%“ .dbn@]dvoq&au 1d1;1:5 ggrbon

e car es as we es " Co
eﬁ'“kfw @%%@thylu é'htwmemé of 2Kk ﬁgnbOpcemmfa naliggnoylingymethyl of 2-7

DakRYatoma| dfeIxP Yt 926/ ERbdN Atoma! glﬁ’ﬁt)‘n’ochyl’-G c%rborp] atoms hé?]roxy,

al ken I suI 'f onami do, substituents includ

HIHOFOmEIY| YRS, Itf0, SRIEMRYEICarBpalkaly 196 /- 7&454%@%% carhoalsy! of
IBBT eaerlﬁ Etbmsf phﬂ’ﬂ&ﬁ} bh@’tyi wgpr&n&]ﬁ béﬂz%ylnb(énz?oéﬁnlnanalﬂflammo

al k % al kyny| sul onam
ky yl‘%%% %"B'Bg%l i E %dtg }é ‘T’?y%cl"r Y eip,%{]yﬁmmo
dengpdring,s alkarmytamdind o{anleﬁmarbohaatorm aaiklermylarrmo D368 carbon

S, BRI ) 25,8 TRl o0 0 C Do,
ddiereie 'Sd%ﬁ*MQQ rvesQ oNH NEC1Gdl glkyl)gwo‘éu.pn iROSit, ontheandli Ar is

5mehyl Férnﬁh‘ldfqeoﬂnhﬁal?%sﬁﬁted Cblnfrf Sﬁ@% ﬂggé ‘?rﬁcf‘?éti%@l IHderE)eadently

t r| - [ rimethylsilyl.
ko NARaP o Gl 1B FemgR s ey Ph 3P Sarbe sfaums,
dﬂlfyhylecd szs carboﬁl@ﬂés razidb C RydroxpaRyieof R-6 b@rboraatowask}ﬁblomethyl
cal n_at ) efin
ooyl 2 i Sipg ARy R R T Yot e pkony o
11-6 cathon tﬂjemat ajkm:thlomk‘aﬁ oprbmoyatpms diefdroxgd iréisorame®gORYyano,
r € iy _
a@gam%hk&g %ag&dgék)?yng? gvaké%n ngaﬁegsme&ﬂa 8*0? &ng“ atoms,
PENRY) %@H thigphénoxynbenzRyly benzyl, raming Alkvlamine gf 6 satpon
&Ht@ﬁ*s, dﬁll&ymwrmstdiylz ke fefdanssh afodd, Oﬁh&yra&ﬁrh&aberw%hﬂno
Fglkalngylgrrﬁmgl kyl %a |%on a{oms alkgn%rygmlno o(fmg 8 carbon atoms,

alkynoylamino of 3-8 carbon atoms and benzoylamino.

The alkyl portion of the- alkyl, alkoxy, alkanoyloxy, alkoxymethyl,
alkanoyloxymethyl, alkylsulphinyl, alkylsulphonyl, alkylsulfonamido, carboalkoxy,
carboalkyl, alkanoylamino aminoalkyl, alkylaminoalkyl, N,N-dicycloalkylaminoalkyl,
hydroxyalkyl, and alkoxyalkyl substituents include both straight chain as well as
branched carbon chains. '

The cycloalkyl portions of N-cycloalkyl-N-alkylaminoalkyl and- N,N-
dicycloalkylaminoalkyl substituents include both simple carbocycles as well as
carbocycles containing alkyl substituents.

The alkenyl portion of the alkenyl, alkenoyloxymethyl, alkenyloxy,
alkenylsulfonamido, substituents include both straight chain as well as branched
carbon chains and one or more sites of unsaturation.
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The term'vinyl" is defined as CH2=CH and derivatives
formed by substitution. "Acyl" is a radical of the
formula -(C=0 alkyl or -(C=0 perfluoroal kyl 20
wherein the al kyl radical or perfluoroal kyl radical is
1 to 7 carbon atons; preferred exanples include but
are not limted to, acetyl, propionyl, butyryl,
trifluoroacetyl. AlKkylsulphinyl is defined as R'SO
radical, where R' is an alkyl radical of 1-6 carbon
atons. Al kyl sul phonyl is defined as R'S02 radical,

wher erqg' alkﬁyﬁ%oﬁbﬂfwf thé aéikﬁ?\f aﬁ&néﬂ&yﬁé{hplo%u@h%ﬁfonamldo

Aj | sul f onam do, kenyl sul T onam

'%ii MONs av'?%fvsmsvdad%ﬁ*ee ba@f sirright e@an aSS@ENHSr brapehed, carbon
\wheineamd ond & nadde Sitds\of ungtira®dn, of 1-6 carbon atons, an
al kenyl radical of 2-6 carbon atons, or an al kynyl

(rj:? : ﬁgé glﬁfpé %_?é%"g ??{agﬂ{hna{n vé!@ SIIW-F?%FI%Q a&?}ﬁl%y Lxeljefqnbefore

ﬂamaﬁétlde@faﬂ!e@fdm Isthh geaupnB3SiNwiettirapdopl i3 andyabe e same or
d : mhere R' is an al kyl
%%gl P'%?er%l’%% Qfﬁﬁ%—,.&ﬁ rgﬁléthylﬂ.y is an al kyl radical of

1 6 carbon atonms and R, and R may be the sane or
di f f efFemoxy is definad ag 8 -CQghbyadicalut ed, it is preferred
that it is nono-, di-, or trl-substltuted W th

MONOS Ehohketyas zb;eéara&mahs weff.ﬁea §<a éézn?aeresa; \t‘ﬁﬁér%‘h" is

that of the substituents R/,
28 244! rgdigaliof 118\carhegatpmand i t |s rmst preferred that
two or three be hydrogen. For the purposes of this

i nveanﬂﬂaltkl'y'i is dﬁ&gd @8.a -@@hFalﬂ'ddiEﬁl, ﬂlﬁelﬁi ‘F?‘H‘?n a radic%l of 1-6
i.n ently, hydrogen, hal ogen, alkyl o -6 carbon
c?r%rrggpo s'kenyl of 2-6 carbon atons, al kynyl of 2-6
carbon atons, al kenyl oxy of 2-6 carbon atons,

al kyniNkangylaxy isxdefiged as BoRCRRS maslicah wheresR/risamalkyl radical of 1-
lsadafidRtadiomhs. al kanoyl oxy of 1-6 carbon atons,

al kenoyl oxy of 3-8 carbon atons, al kynoyl oxy of 3-8

S?Lgﬁgbat Qi T\ﬁ@ﬂkf’gfé) ||n %‘%z&?{;ﬁd%ﬁé&k?&nﬂ'ﬁ%s an 'alkyl

sadioan oly1-6 xyeh Bwmsof 4- 9 car bon at ons, al koxynet hyl of
2-7 carbon atons, al koxy of 1-6 car bon at ons,

al kyl h| nyl

car bohﬂg&ﬁhﬂ' ls%eﬁﬁ{ab% 5 (ﬂﬁs rad?&l%?(:ar aéliygrr%hcal of 1-6
ghilbph etonfsonam do of 1-6 carbon atons,

al kenyl sul fonam do of 2-6 carbon atons,

al kynyhsignh @\ﬂﬁ&m i€l Qefed 25 ©HE2EA SR ﬁ% b es f&)’rger 3§ubstltut

trlfluororrethy , cyano, nitro, car koxy of
2-7 Ca,l{cylQ Is a re{ﬁdal of the formula —~(C=0) alkyl or —(C=0) perfluoroalkyl
wherein the alkyl radical or perfluoroalkyl radical is 1 to 7 carbon atoms; preferred
examples include but are not limited to, acetyl, propionyl, butyryl, trifluoroacetyl.

Alkylsulphinyl is defined as R"SO radical, where R" is an alky! radical of 1-6
carbon atoms. Alkylsulphonyl is defined as R"SO2 radical, where R" is an alkyl
radical of 1-6 carbon atoms. Alkylsulfonamido, alkenylsulfonamido,
alkynylsulfonamido are defined as R"’SO,NH radical, where R" is an alkyl radical of
1-6 carbon atoms, an alkenyl radical of 2-6 carbon atoms, or an alkyny! radical of 2-6
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20 carboal kyl of 2-7 carbon atons, phenoxy, phenyl,

t hi ophenoxy, benzyl, am no, hydroxyam no, al koxyam no
of 1-4 carbon atons, al kylanmi no of 1-6 carbon atons,

di al kyl am no of 2 to 12 carbon atons, am noal kyl of
1-4 carbon atons, N al kyl am noal kyl of 2-7 carbon
atons, N, N-di al kyl am noal kyl of 3-14 carbon atons,
phenyl am no, benzyl am no, 25 R5 CONH( CH2) p- -R5, SS-
(C(R6) 2)4- CONH(CH2) p- R8 CONH(CH2)p R8 R8 10 R8 Rs R8
CONH(CH2) p- CONH(CH2)p- Rs R- - Z (C (RJ2)gY" s Rs R8

d%?odﬁSatEi%s %%lc%é@%& Bgﬂr@d%"ﬂ"gﬁép’ ;39 %@%H%R alkyl
rmq(qﬁnz§ parben ategmsy NolN-dirlkyicaebameyiNe drfiner as-RHRNECQ radical,
wheNiFACHS &) Skyl NdiéarioR) -B-cathoR ddrh€XH % an alkyl radical of 1-6 carbon

atoms and R', and R" may be the same or different.

When X is substituted, it is preferred that it is mono-, di-, or tri-substituted,
with monosubstituted being most preferred.

It is preferred that of the substituents R,, R,, R,, R, and R, at least one is hydrogen

and it is most preferred that two or three be hydrogen.

For the purposes of this invention, R,, R,, R;, R, and R, are each,
independently, hydrogeh, halogen, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon
atoms, alkynyl of 2-6 carbon atomns, alkenyloxy of 2-6 carbon atoms, alkynyloxy of 2-
6 carbon atoms, hydroxymethyl, halomethyl, alkanoyloxy of 1-6 carbon étomé,
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, alkyisuiphinyi of 1-6 carbon atoms,
alkyisulphony! of 1-6 carbon atoms, alkylshlfonamido 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 carbbn atoms,
dialkylamino of 2 to 12 -carbon atoms, aminoalkyl of 1-4 carbon atorﬁs, N-
alkylaminoalkyl of 2-7 carbon atoms, N,N-dialkylaminoalkyl of 3-14 carbon atoms,
phenylamino, benzylamino,

Rs—CONH(CH)y-  Rss  S— (C(Re))—CONH(CHy), -

Rg CONH(CH,),-
Ry—==—CONH(CHy),- ,  $=( =P

Rs Rs

10



10

nor phol i no,
al kyl nDiety
m=1-4, g = 1-3, and p = 0-3; any of the substituents

RR. ?E!i R3, R4 or Rq that are |ocated @Ry oMt guous

caF

[ nd pendent |y sél ect edOf rom t he gr oup conS| stl ng of

-Q(CH 2)p- RS (CH 2)p- R51-11-Q(CH 2)p- OO"' or ORS
is alkyl of 1-6 carbon atons, alkyl optionally
substituted with one or nore hal ogen atons, phenyl,

or phenyl optionally substituted with one or nore

hal ogen, al koxy of 1-6 carbon atons, trifl uoronethyl,
am no, nitro, cyano, or alkyl of 1-6 10 carbon atons
groups; R6 is hydrogen, alkyl of 1-6 carbon atons, or
al kenyl of 2-6 carbon atons; R7 is chloro or brono;
Re is hydrogen, alkyl of 1-6 carbon atons, am noal kyl
of 1-6 carbon atons, N alkylam noal kyl of 2-9 carbon

t N- di al kyl | Kyl b t 11
B Dptepsiitiae o %ﬁv%&a‘{ oms, +

N-c Al | Oﬂﬂ‘&%ﬂ am no offie6- 18 @ﬁg)g)t

N, Rgdi al kyl am noai kyig of 8 carbon a

. nor phdRg noRY al kyl wherein nge #RKyl group is 1-6
carbon atons, piperidino-N-alkyl wherein the alkyl
group is 1-6 carbon atons, N alkyl-pi peri di no- N- al kyl

wher ei Rg ei WHETKYL- gr oup is 1 5 6 car b at ons,
azpgycl -N-al kyl % I%) . CONH(CH,). -

kyl of 2-8

atons
cardon ons, carboxy,?%brﬁbalkoxy of 1-¥ d&¢ bon’
atofs, p enyh carboal kyl, of 2-7 carbon atons,
chioro, flugr®

or brono; Zis i N0, MONHOH)M koxy

of 1-6 E&rB{n atons, al kyl am no /n the al kyl

noiety is o -6 ﬁr[ﬁg@ ons, d Ikylﬁi no wherein

. each of t ylé @P—IS of(ééhé?) carbon atons,
ffo

i perazi no, N—alkylpl wherei n the
8is of 1-6 carbon atons, or pyrrolidino;

RSNQ cgqs)rgagr é?gf%—)}qﬁ&ﬁ %dl \égl erét4 0 alpe

-H -CN, al kyl, alkoxy, vinyl, alkenyl, fornyl, -CF3,

-CC13, halide, -C6Hb5, anide,-acyl, ester, anino,
t hi oal koxy, phosphi no, and conbi nati ons t hereof.

Rs . RgH (R5)2“>_
(}-O(CH 2" r\>—O(CH 2o~ O(CH 2);-
o

v & , or o

R, is alkyl of 1-6 carbon atoms, alky! 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 alkeny! of 2-6 carbon atoms;
R, is chloro or bromo;

Rg is hydrogen, alkyl of 1-6 carbon atoms, aminoalky! of 1-6 carbon atoms,

N-alkylaminoalkyl of 2-9 carbon atoms, N,N-dialkylaminoalkyl of 3-12 carbon atoms,

11
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For purposes of this invention, an

azacycl oal kyl - N-al kyl substituent refers to a

nonocycl i ¢ heterocycle that contains a nitrogen atom

on which is substituted a 20 straight or branched
chain al kyl radical. A norpholino-Nalkyl substituent

is a norpholine ring substituted on the nitrogen atom
with a straight or branch chain alkyl radical. A

pi peridi no-N-al kyl substituent is a piperidine ring
substituted on one of the nitrogen atons with a
ﬁ_égﬁlbgli\ﬁarﬂﬁlgﬂi@:aﬁ %1%3:@%&2 %Ilt&%s{éu kt;l; %gl ﬁ(kl N Alkylamlnoalkyl of 5-18
parpen mnﬁe rN-ﬁlgy@QﬁB@tamman & 17-thearben aﬁmSnmombrglm-N alky!
Fheeh Weldmyh g?o'i,pss 86 @BfboR atéHhél rﬁﬁ’@@lrﬁn@hﬂyla\hllféfém Gyt

and on the other nitrogen atom wi th a straig

BONR &h1-Brearaen2faegs: N-allupiperidingsN-ghert pherew %ﬂne& Hiod Qroup is 1-
Brosestini omish azdcoélvalkyiNkantyl of &t sarbén tafteng, a@u@@au@f of 1-6

d I d
S gl BASBORA 8 RS oS, AP0, el o 3 Bypor
atimisc pioEniyc Fargoadkyd f 2-alcknpbn stoost chilorbetiliony, oF beimoy |
groups, and 12 cycloal kyl substituted al kyl groups.

I'n prg seén‘nﬁg hﬁ/@mﬁgcﬂlﬂ&{%ﬁﬁ %ar%Bﬁ oAt a ﬁgaﬂgmo%herem the alky!

br anched ch f ewer

meletyigat Bcﬁ@afb%?*@"ﬁr @P'éy'?r@tﬂ'o Vmekew egthoriphe alke moeties is of
3ig cﬁir&ﬁhtat&hs rapiedias, piﬂé@éihd‘l Rvikypider@inolwhiddein CheCalkyd Aidiety

erred cycl oal kyl s have from 3-10
tsa&g‘s%caé??ﬂ'r%°mﬁ qrt?g'ir& °hg structure. 5 Moreover, the
term"al kyl" as used throughout the specification and
maﬂ1“ﬂE-Q=31'3i- m@md@cﬁ;to i ncl ude both "unsubsti t ut ed
al kyl s" and "substituted al kyls", the latter of which

bﬂ% of thetsubatitlierts FDI R P@sn havnmnas BRRSIbdtle Bh SomtRRbES tatBon
ydrogen on one or re carbons of the hydrocarbon

BRI RsRdogedIf: HeéhLﬁJ@Ya}'Q'IH adical Qi (RelzPade, for exanpl e,

a hal ogen, a hydroxyl, a carbonyl (such as a carboxyl,
an eSPfETeraﬁy,fmr F?l(' Rs, B, ala@ Fi% éf@ﬁﬂ@ﬁéndeﬁﬂf SHIQESR P e group

: %such a

ARSistige r?{a’[?]éﬁ l\gﬁﬁwlap{gg [vmyl glgﬂygéﬂrg}y&-ce -CCls, halide, -CgHs,

pmide) hom atser, ammpmllspdnkmx ghospliing lind combinatiomis teredin
am dine, an imne, a cyano, a nitro, an azido, a

~sul fhegr ;?d rpos@f oﬁ t&ynl'nlehh& aft a§é’%y?l€5!ﬁ*l I\f"alkﬁ léblﬁé?l%h?ref%?s toa

sul f ampy a sul f onam do, eteroc é%/?
é’??“ﬂ?ﬁf"k Ftef‘?ﬁ’c‘ﬁrfhata?%\*ﬂi@ﬁ @ jjrogest @Pﬁ‘a% rfﬁvth'smb yted a

Istraight! br B&ndh&ﬁbﬁélﬁ@kybﬁdlmseASerﬂph&%olNlanes@%ﬁtuérﬁ is a
t hat, t.he .no uted on tp q

AP A Bl EB i PR i AR PEirgeh i sy
iracticah N A @jpetitieo-diudlkyl sthetinest isfa pipesidingtring sulesditiddyn omeyf the
nitrogen atoms with a straight or branch chain alky! radical. A N-alkyl-piperidino-N-
alky! substituent is a piperidine ring substituted on one of the nitrogen atoms with a
straight or branched chain alkyl group and on the other nitrogen atom with a straight
or branch chain alkyl radical.

For purposes of this invention the term "alkyl® refers to the radical of
saturated aliphatic groups, including straight-chain alkyl groups, branched-chain alkyl
groups, cycloalky! (alicyclic) groups, alkyl substituted cycloalkyl groups, and

12
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i ncl ude substituted and unsubstituted fornms of am no,
azi do, imno, amdo, phosphoryl (i ncluding
phosphonat e and phosphi nate), sul fonyl (including

sul fate, sul fonam do, sulfanoyl and sul fonate), and
silyl groups, as well as ethers, alkylthios, 20
carbonyl s (including ketones, al dehydes, carboxyl ates,
and esters), -CF, -CN and the |Iike. Preferably, alkyl
groups are unsubstituted. For purposes of this

i nvention "al kynyl" includes unsaturated aliphatic

@ mwxaﬂ saEAitUeED dikyli groh;ﬁngﬁ rpraérebdoemsb@hents.s,UBSsttﬂarng bﬁeﬂn or

ke P8 5 g 0 e 0 hocBP Shriveromea
kalkahgmuepls @ee staigkther branétedothaih bavey lfrom attonk cdrbon atoms.

?re%{qreg h:gc?loél@f? HL .egﬂ%m & 1lf)e&¥ﬂaon ét mg % 'tt{é?rqmg Sstidcture.

a Ip car oon ontalns a
CMWWE cthe b*@rm delyl" cashusrtl dnoudheut thee speaificatian ead gitaims is

?fﬂgndegrt@m%@ B hli?{%uﬁéi‘iﬁ}tébsall?ﬁs“zan@ %%éﬂﬁﬁeoaélﬂﬂ? iR 18d%d of

OSSI | e conf uratlona I SONers, for exanp e Cls an

MPIERSTeTesn P Pk MRieiSSbaing, FBSEURSs #7ASINa a Aerogen.on one or

Ihdt€ .catidnEOte ik Aydirosarbsi bhekboske. aldiich SsuBtRudheS ean fRflide, for
ter

ek Mo 7 hSiodstt Do BbRN Y factori HIES: o AShS T a0 55 woimi, o

ankedore)ed ttdoaarboniletsecto as armlbésterg adbp)acetéta ora thloformate) an

i g»gcyg@weg?o@s UBAELoRSSRL, s ohBLiied Carf aftfh, HCBRC an

B 2SN ARYERY. BB e wlfhgdryu:m awtmmgeszulfgtre a

tifSnatd) e Qitfafioyl réesdlfsﬁéﬁudéréﬂsulfdrﬁl @eﬁét&%éyc@ﬁ éH‘aralkyl or an
aro fic ar boc cllcm)et sybstituted or

e oteRReromhER BPIBG L) S prlitioEo, vae skiks e e ar

cmertbme afoisties  Substitutedl ahl thep hpdrecariesh ahyin gawupemsdives be

QXLIIte qpaﬂb?%&rm@ O-II- taﬁ:@ ”Eﬁé 'sB%«JuMéﬂ Cclﬁrla gtfbs%ité)%erqaqlkyl may

|ona ent
smbsieu ﬁub%lwtedorande rmew;bsmutsdt |fqrun§ntofs amino,s @gidat dwindr @mido,

tdﬂ%sﬂkﬁ)ﬂﬂnn@lﬁ&nﬁb %Ho@ﬁnd?!fate aﬁ@'pﬂ oalmaf;é' gﬁlfon?l' k%z%ludmg sulfate,

ar al

RATONSITd, SHEAMOYL AN PYEINYE) anti S Sronie.cis wallAg-uhesh lltios

rdaﬁkma?s _(lﬁéltﬁimglll@ét&ﬂa:%yhldemﬂéb Q&bﬂoxylﬁlﬁls %dnd eetehlg :j ﬂcrflg:n and the
| S on S , etone, al de e,

%?yhe?eﬁ%%érag(g[/%rf’é?g argrugﬁ;gls?tgle I heteroaromati Z

noi eti esand -CN. The term "aryl" al so includes

pol ycyer ppesaspf thiy iventionialynylj inajusies unaalvrated alighaticrgroups

VifhaGous/iR IEHgtHTBRE pSAIRO§ibsRUSorCe TH® BIk}/18 db¥&ibed above, but that

contain at least one triple bond, and include both straight or branched carbon chain

of 2-6 carbon atoms.

For purposes of this invention “alkeny!” is defined as a aliphatic hydrocarbon
that contains at least one carbon-carbon double bond and includes both straighi and
branched carbon chains of 2-6 carbon atoms in all possible configurational isomers,
for example cis and trans, and includes ethenyl, 3-hexen-1-yl and the like.
Exemplary substituted alkyls are described below. The term “aralkyl’, as used
herein, refers to an alkyl group substituted with an aryl group (e.g., an aromatic or
heteroaromatic group).
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adjoining rings (the rings are "fused") wherein at

| east one of the carbocyclic rings is aromatic, e.g.,
the other rings can be cycl oal kyl s, cycl oal kenyl s,
cycl oal kynyls, and/or 15 aryls . Aral kyl, as used
herein, refers to the noiety -al kyl-aryl, wherein aryl
and al kyl are as previously defined. Benzyl is a
preferred aral kyl group. Ester, as used herein, refers
to the group -OC(O (C1l-C6 alkyl). In one enbodi nent of
this invention the al kyl, al kenyl and al kynyl groups

oo BIPRS00 950 U, g3 10
tchtbon lakoyms, wnﬂwtmyoneanamry@mdmwble@nm @dlyé tingfhe

conpounds of this invention may include a "dival ent
group F0|d Qtu'pBQéé ofn ﬂﬁ§ 'ld?/eﬁ’tfbnathlel tBK'h n‘gryg r® WafinddP s an aromatlc

ounas 0 |S |nvent|0n
CHOBIa FASRG Prd B %gﬁwﬁrﬁlavtﬁﬁﬂ or Upsyibgliien Frelgreh AR Hayps
lhb\él@ tho\/ ¢4 rdagont stomker E@tl&ﬂﬁf@vr ﬁrefe%ﬂéd harisgretss hiteO syl and
an 1.aASt er eo

2o R FRFRYF (Ruoal b ke Op e ee y aER: o 1P or et
ispbgitutedn Fnefarned estdolstltueritse are cheiacthdafrorpotk\el drbep consisting of,

gogsem B! Sy, X }g«;‘ A@gyﬂa @Ema&gm(.g %ﬁsaﬁ\m& nitro,
rw;twnégmlr\fah Rejfloa paosphenale. d&ioanhlrnﬁﬁ%cpamonﬂmhw &ilyl, ether,

t@ri]@ﬁﬁ.b ?ﬁﬂfbﬁ))l amn&habrrﬁ&s,% | diddtyde, ésﬂeraﬁstewa| eav%ﬁlahé or
ereo

b t t hat  ste
e ot ARRAL el OLEY, Ll P8, OTRLS bl thE g
alpstems haeing evo orayoreaings irhehiets svaharreore d&_arfbbm_r aretcomnaontto two
-, t , ' .
g 400 0SNG 5 5405t A S Blcpd o
pmrsatICnegnﬂhmhmylge oan be eyclngikylsr cyisioplsenidn, byaoadkybys.dmd/or

such cases, the conpounds of this invention include
each of the possible configurational isoners as wel |

ot nPctloinelrt SRR AT 5 Reatairic=Ruan TR gt and el

fareas pregiansly defindd] Benzybiniaprifasedarakgligraupanpl e al kal |
metal salts: sodium lithium or potassiumand N

t et r aglsley! ANKBA hhdIns Adfdrs 1&&5@@;&@ L3 8h(e3- d%uwnammm um

salts. 10 Wien a corrpoun thi's I nvention or
i nt erriredl ate _c asj c noiety, aci

sal t s aR HEbe c?r"f'}'mvw'gameca'ssﬁ oa"f%'r@gmﬂefnﬂaws can
Feer sebstitybdde vdthl sch substituents as phenyl, substituted phenyl, hydroxy,

halogen, alkoxy, thioalkyl, carboxy, alkoxycarbonyl and acyl.

Thé compounds of this invention may include a “divalent group” defined
herein as a linking group, for example, CH.CH..

The compounds of this invention may contain one or more asymmetric
carbon atom and may thus give rise to stereoisomers, such as enantiomers and
diastereomers. While shown without respect to stereochemistry the compounds of
the present invention include all the individual possible sterecisomers; as well as the
racemic mixtures and other mixtures of R and S stereocisomers (scalemic mixtures
which are mixtures of unequal amounts of enantiomers) and pharmaceutically
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can be forned fromacetic, propionic, lactic, citric,
tartaric, succinic, fumaric, maleic, rmalonic,
mandel i c, malic, phthalic, hydrochloric, hydrobromc,
phosphoric, nitric, sulfuric, nethanesulfonic,
napt hal enesut f oni ¢, benzenesul fonic, tol uenesul fonic,
15 canphorsul fonic, and simlarly known protic acids.
In a preferred enbodi ment of this invention the acid
addition salt is a hydrochloride salt. The term
"heteroatom as used herein nmeans an atom of any

ab&ipRible edRetherebam giukOPe (hbteaytﬂét‘)ﬁ%msghgfseéfr € invention
Bet er ﬁat ons_are.n

' nd
2600 58 St Y98 ALodr8 iy af B KiRoshir ik, Peyestneless hgve
difegnt A orel $ el?sighaluahs)gqmlpdmgmngnats,et_ssntun&; at thel indicdtéd 6firal
ohrah oSoe o tne it T TRARYar by, il S or mos gouble
be®is; inTsushtaasess theagrmpeunds ainthisdhventiordintlage dach afrtbe possible

CESRBPR R SRR &5 VRl %qﬁu%gv Fd of RS %'?H I—%t ed and

substi tuted am nes. term"a refers to

an al ky| up, as defined above, haV|ng a sul fur
r adi c§P'fsa8f{ '58 wewp?w&se?fdh'swweam anq ereRrdaies Renthe formed

frbcn orgéd(yhrid’ﬁhﬁrgarﬁmb&eﬁ iFr ex@m@smirﬁ&aman@r@dmﬁ\ lithium, or

T L G R R

ethylthlo and the like. 15 The terns "al koxyl" or
Wheng gompesing sk thisHayestion pearintermediale canteins aghasigmoigly, acid

Q&ﬂdl&?gal&b&‘ﬁ%e foRvbd Groilo élY 9 %ﬂd iR addsd. %‘F%Qample salts
oups I ncl ude

h R%presentat|ve a gﬁ
oA B g ﬁBk%Fe“%rpé?R}‘P’B%;lac"Pe‘?“{'c RaSigy sugia frmaricy@aleic,
'ﬁ’lmmtﬁrm‘andetlchl aalick qmmanas eﬁmr@chtcmc ahycabthem;c PhesFhods, nitric,
%&E)dr%leﬂn I OneISSUC arl\i‘-}: SHaptHz%Jene[su "T(en rrzenes&g%rﬁ;(, tté]ﬁ.lenes&fonlc
gamnherstltonisr il airwijarly dnowes Restip Reids. almaumefekemymedument of this
HVCRRA thy BAY BddifH s%mﬂ A<ﬁ§af&§ﬂorﬁmsgl9a' kynyl's,
i m noal kenyl s, 1 mnoal kynyls, thioal kenyls,
t hi oal kyn car.bop tituted al ken s 10 or
I SO G BRT L LEPELEb eSS o3 Ut o
Man cenbord bahydeqyeas Prefermat hyteroatimyyare nitpdyen)y bxygen, sulfur and
E{)‘Iédhu'%r gnet hanesul fonyl, nonaf| uor obut anesul fonyl,

E uenesul fonyl ,

As used herein, the term "nitro” means ~NO,.; the term "halogen* designates -
F, -Cl, -Br or -I; the term "sulthydryl” means -SH; the term "hydroxyi® means -OH,;
and the term "sulfonyl" means -SO-.

The terms "amine®, "amino”, and “amide” are art recognized and refer to both
unsubstituted and substituted amines.

The term “alkylthio” refers to an alkyl group, as defined above, having a sulfur

- radical attached thereto. In preferred embodiments, the "alkyithio® moiety is

represented by one of -S-alkyl, -S-alkenyl, -S-alkynyl, and —S-. Representative
alkylthio groups include methyithio, ethylthio, and the like.
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met hanesul fonyl, and di benzyl i deneacet one,
respectively. A nore conprehensive list of the
abbreviations utilized by organic chem sts of ordinary
skill in the art appears in 15 the first issue of each
vol une of the Journal of Organic Chemstry; this |ist
is typically presented in a table entitled Standard
Li st of Abbreviations. The abbreviations contained in
said list, and all abbreviations utilized by organic
chem sts of ordinary skill in the art are hereby

i ncorpgy e "Qwoxpl%ﬁ ARG ad usd héreh%ereké?f’% ah A bﬁgg as

"substitution” bstituted wth" udes t
|dﬁfj'l‘9"ci“P°VEr B%“f‘@oa’t ﬁé)tgeE Jagical @tachad theriste. iRepregentative alkoxyl

@e&%dnaaa@e \Métﬁbxpeétm;iyt o &:Ix;entéa ttoxy hehd fh@bﬁkbl t Thé@derm
qt@rrlgsg P EO t uent, and I_ tthesubﬁtlt L on - ched
ke TRICE t%[b? OXY AR R G1e ey having, B o BgicAl¢tac

simwetoaneous! y under go transformatl on such as by
rearrangenent, cyclization, elimnation, etc. Unless
ot herwi se specified, the term"substituted" is

contenpl ated to include 25 all permissible
substjtuents of organic conpounds. In a broad aspect,

Che. SHEPIHITCFa e 3Eade: (oAke A6 B CgRHFS, KhAEpLGS, for
Ceytﬁdnplé b:ammlamxywd lantnicﬁlkvhm ama&nuceysglb) C arnmoalkynfyls
et er iC t naromati c substituents. o

IRGBARENS e LS. BaR B ATOSETh PR LRk BiBry
ﬁmamwmmnple t hose descri bed hereinabove. The
perm ssi bl e substituents can be one or nore and the

sarre THe st rélidibiy MOLEL PR, ﬁPﬂf T8/ 18 tafd @b 8 P&Présent methyl, ethyl,
hi s invention, 16

For pur t he
'o a?%ngro HE"SQR H'ﬂﬁr o@@?FfWﬁSPthQU"e'SL‘H?'M‘:ogBﬂo'ue“eSU"Oﬂyl.
snéibanesufmyls asdhdibenzylleyieadeting] respeetiees Wabretcomptehendive list

f .
Va%%n%@%?&{ﬁﬂ%ﬂ@é%&ﬁ@%éﬁ%ﬁ 'opormhg]stkﬁl hl%sahn%{ﬁiars in
ithe Brstiesetal epeh ydlume eicthe dowrngl of @wﬂmmC!wymﬂrveth!s list is typically
RpédEhfeal Al £ 1akb Sén'nﬁébe @&aﬁwsfd Ppap 'A‘Bbfé@ﬂﬁ&i@ G%he abbréViations

one enbodi nent of i nventi on cool INg a suspensi on
septgined dn saif digh and fb@b@ev‘at%dm'zef@mrgwc ghepigts &f oedinary
eriadihe.ftaré hereByintdrprated byoeferente.a tenperature of

about @2 Cto about 102 C. In an enbodiment of this

| venty g RGRAGoL S SASATESE SCRESNAk Wi F0RES e

10 For Avent I on-an aqueous
b@g@lt@wlqgethgbqucg)sgmm@on is in accordance wnth permn‘ted valence of the

substituted atom and the substituent, and that the substitution results in a stable
compound, e.g., which does not spontaneously undergo transformation such as by
rearrangement, cyclization, elimination, etc.

Unless otherwise specified, the term "substituted” is contemplated to include
all permissible substituents of organic compounds. In a broad aspect, the
permissible substituents include acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and nonaromatic substituents of organic
compounds. lllustrative substituents include, for example, those described
hereinabove. The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention, the
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sodi um car bonat e, bi carbonate, -sodi um hydroxi de,
pot assi um bi carbonate and carbonate or the like. The
termaniline, as used herein, refers to an aryl or
heteroaryl noiety bearing an am no group on a' ring
atom Preferably, the amino group is primary 15
(NH2). In a preferred enbodi nent of this invention the
aniline is; RL1 HI HNRL2 R15 R13 R14 (I111)
wherein R11li R121 R13, R14i R15, are selected fromthe
group consisting of H CN, alkyl, alkoxy, vi nyI

f w8l | : I
gétﬁgdr%}t@m sgr)f(:ﬂyes rﬁ'r:o?en Crg%ﬁhg] g& ér@%bst nits angfr‘% any
emissitie supsituents efo<rrgam°7 C‘W‘Rﬂ“@@% dm'ﬁeqi?mfelfRMlCh Ratisfy the
Qhlefdles af fheoheté‘io%mg trhe errentNm 18rnod |ﬂit@|§¥ﬁdhﬁ’>r b&Miifnlled h'?any

carbo attached and t he adj acent carbon
Ry BTG SR e ARSI KOTPORBRE T oo v 1 . 1 o

preferred enbodi nent the aniline is
4- [ 44hene ehbedin®nt bi ihisdhventionosd®ling a suspension occurs at about —

"’}Qﬂ' Qﬁ'tc?.'aﬁ&ﬁn???Cet hwgré'rq?rahi Sbodifet "RE "Eoifi RO YohE Yt a
of the inventfionthe aniline Is
teriperatoreny apeyti0f &t th @kgut 182 €h| or 0) ami no- 3- cyano- 7- et hox
yquinoline. In yet another enbodinent of the

| nvems iadnerhbiiragnt! df NRisiifvehtior( Washih@ s 4udpeHEIB® oecurs at 20-
Egegyl am no) - 3- cyano- 7- et hoxy- qui nol i ne. The foll ow ng

rinmental details are set forth to aid in an
underst anding of 10 the invention, and are not :
i nt enHedpurpesds i this mivention be aqeeeys basel ot badei gantbe) for example

t n (0]
o Biob LR SO 10008 et Wbkl

SRepaRtacr ke e t he compounds of Formula Il is
described in Schene |
The term aniline, as used herein, refers to an aryl or heteroaryl moiety

bearing an amino group on a ring atom. Preferably, the amino group is primary
(NH). In a preferred embodiment of this invention the aniline is;

Ri4

R4z

Ria (i
wherein

Ri1, Riz, Ris, Ria, Ris, are selected from the group consisting of H, CN, alkyl, alkoxy,
vinyl, alkenyl, formyl, CF; CCl;, halide, CgHs, amide, acyl, ester, alkoxy, amino,
thioalkoxy, phosphino, and combinations thereof;
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wherein: 15 A conpound of A reacts with

4- (di met hyl am no) - 2- but enoyl chl oride (hydrochlori de)
(1) at a tenperature fromabout 0 Cto about 24 Cin a
pol ar aprotic solvent which yields the conpound of
Formula (11). The conmpound of Formula (I1) is
collected as a solid after the addition of aqueous
sodi um bi carbonate. One recrystallization of said
solid fromtetrahydrofuran (THF)-acetonitrile (CH3CN)
yi el ds 20 a compound of Formula (11) with >95%purity

vﬁﬂa?elﬁ va%%mecmenx orﬂﬁﬁa&?gg N ?rles wesbaN lof @;dlogftgém.m the
I [ ur an
(A IR S s ph = SCRNANK e 2 VM RS

urrsobsmutgdhél&omactl on Schene Exanple 1: SCHEME | R
NH R ROR3E R4 A (HAWNOMI NCHR 10 NR2

I Ro Ir/1 aRﬁrefé?gsdl Hni)odiment the aniline is 4-[4-benzyloxy-3-chlorolamino-6-
amino-3-cyano-7-ethoxyquinoline. In another embodiment of the invention the
aniline is 4-(4-(2-pyridylmethoxy)-3-chloro)amino-3-cyano-7-ethoxyquinoline. In yet
another embodiment of the invention the aniline is [4-(3-chloro-4-fluoro-
phenylamino)-3-cyano-7-ethoxy-quinoline.

The following experimental details are set forth to aid in an understanding of
the invention, and are not intended, and should not be construed to limit in any way
the invention set forth in the claims that follow thereafter.

DETAILED DESCRIPTION OF THE INVENTION

The preparation of the compounds of Formula |l is described in Scheme |
wherein: '

A compound of A reacts with 4-(dimethylamino)-2-butenoyl chloride
(hydrochloride) (I) at a temperature from about 0° C to about 24° C in a polar aprotic
solvent which yields the compound of Formula (i1). The compound of Formula (It) is
collected as a solid after the addition of aqueous sodium bicarbonate. One
recrystallization of said solid from tetrahydrofuran (THF)-acetonitrile (CH3CN) vyields
a compound of Formula () with >95% purity and a 85% recovery. A second
recrystallization from tetrahydrofuran (THF)-acetonitrile (CH5CN) yields a compound
of Formula 3 with >98% purity and an 85% recovery.

18



19 0 4- N, Ndnet hyl am nocrotordc old HO ,NCMv' 6a Z
HCl OH1 (COCl)2 ACNO HN OH2N N ,,N- SC + HC
Et O N 4- N. N. 8net hyl am ncaot onl c

4. (4. benzyl oxy-3-chloro)am no- acid chloride HCl 8
amo- 3cyano-7-el |l xygulnollne CeH ¢ NO CzsHxr QN. Ca
MN 184. 07 MNV 44422 NMP CI O Y;~3%3 NACN HN CN EtO
Recrystallizawh Et 6- (4N, N-dl net hoani naaot onyt) eni do-
4( 4- benryl oxy-3. hloro)arnino-3-cyan.

7-a8tntl qul noll ne, WAY-177820 C,,H , CINOCa MN 56607 A

%é%@ﬁ&?'s&'ibrﬂé Eﬁ r_hbg: i met hyl am nocr otoni ¢ aci d

Rydrochi or| cetonitrile and a catal ytic
amount of QYIE si cooled to 0-10 C. Oxalyl chloride
(0.95 eq) ded dropwi se and the m xture warned to
25-30 C and stlrred until the <chlorinating agent is

conpl et el yuconseped. The |ight yellow solution is
checked fod conpl ete consunption of oxalyl chloride

by HPLC 0 0-10 C. A cooled solution
(0-10 O of

4-[ 4- benzyl ox | or o] am no- 6- am no- 3-cyano-7 10
et hoxyqui rfe i s added dropwi se and the
m xture is stirR‘ed unti _ 2% of the

N(CHa)p

/N 271

Ry Ra

(i)
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starting aniline remains. The mxture is added to
saturated aqueous sodi um bicarbonate, the yell ow
precipitates are filtered and washed with water. The
wet solids are heated to reflux in acetonitrile and
clarified hot to renove insolubles. The solution is
cooled, the precipitated product filtered and washed
with cold acetonitrile. 15 The product is dried
(40-50 C, 10 mm Hg, 24 hours) to obtain the fina
product. Reaction Schene Exanple 2: 20

4N NMVenyl am O:XO: onlc acid HC ¢82= N MWV 16&2 H
%M NGl P30, 2h HN H2N ON + C
HCI £ OH 8 ¥€1hyl am nocrionl ¢

4{4(2.p yI met oxy) - 3-chl oro) a t'no- add oMbdde HC
- 7- et hoxy- qul not | H' C12NO
cza{—?z%%? MV 184. 07 MN 44 1.JNWP, 2. NaCH (aq)
CC, 16h 1 OHN\I/// HN N ACN/ | ' HF
- \ N|\/\/u\ I e
cl +
HCI EtO N”
4-N,N-dimsthylaminocrotonic 4-(4-benzylony-3 yami
acid chloride HC! 6-amino-3-cyano-7-ethoxy-quinoline
CaHyCLNO CasHaiCINO,
MW 184.07 MW 444.92
NMP Cl

HN N CN
EtO N~ Recrystalizaon £ N

6-(4-N N-di

bl T

7-elhcxyqulnullne WAY-177820

A suspension of 4-N,N-dimethylaminocrotonic acid hydrochioride in
acetonitrile and a catalytic amount of DMF is cooled to 0-10°C. Oxalyl chloride (0.95
eq) is added dropwise and the mixture warmed to 25-30° C and stirred until the
chlorinating agent is completely consumed. The light yellow solution is checked for
complete consumption of oxalyl chloride by HPLC then cooled to 0-10°C. A cooled
solution (0-10° C) of 4-[4-benzyloxy-3-chlorolamino-6-amino-3-cyano-7-
ethoxyquinoline in NMP is added dropWise and the mixture is stirred until £ 2% of the
starting aniline remains. The mixture is added to saturated aqueous sodium
bicarbonate, the yellow precipitates are filtered and washed with water. The wet
solids are heated to reflux in acetonitrile and clarified hot to remove insolubles. The
solution is cooled, the precipitated product filtered and washed with cold acetonitrile.
The product is dried (40-50°C, 10 mm Hg, 24 hours) to obtain the final product.

Reaction Scheme Example 2:
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E\ N- Rmyndl 6xma 6-(4-N. N-dMenyl am nOcnt onyl ) am do-
4- (4-( 2- pyddyl nenoxy) 3chl or o) am no- 3. CW

no- 7- onoxyqul nal I ne CaHesCIN. Ca MW 357.08 A sol ution
of 4-N, N-di net hyl am nocrotonic acid hydrochloride in
tetrahydrofuran (THF) and a catal ytic anount of

di met hyl formam de (DMF) is cooled 5 to 0-52 C. Oxalyl
chloride (0.95 eq) is added dropwi se and the m xture
warmed to 25-304 C and stirred until the chlorinating
agent is conpletely consuned. The orange solution is

checked fgj)gm\oet enCRRSHEIRL Qe Of oxal yl chl oride by

hi gh- pr guigtetdar omat ogr aphy (HPLC) t hen
cooled to 54 C°A sol ution of 4-§4-(2-
pyri dyl met hoky) - 3- chl or o] am no- 6- ajni ng- 3- cyano- 7- et hox

yqui nol i ne i gCoedkclefr 10 dr opwi se & heym xture is
stirred unti |T™&3CE8, of the stg N | ne remains.
The reactioh i quenchrﬁg wi t h vvat I d he m xture
war med t |%§imu oug §Ndro' de is added to
bring t Q-1 Th ulging precipitates are
filtered WSt and washe®%with Water. The wet solids
ar e heat @bl 8T1°UX ( 70- 7842ES At mi=smmeoni tri | e: THF
(1:5:1) &iéwt he sol ution cdi slowmy to room

t enpenatyype. 2Th§o,_;l(%_|product is filtered and washed
with aqsadcon;lh ril The product is dried (502 C 10

nm Hg, 24 hours) to O- %yleld ReactlonS
Exanpl e 3: 21941 thIr noramc

Ce
300, 2hH H2N

ACN/I'HP
E

Recyysallization 6-(4-N.
4—(4—(2-pyndylmamoxy)-3-chlom)nmlno-
3-cyann-7-athoxyquinoline
CaoHpsCiNGO3
MW 557.08

A solution of 4-N,N-dimethylaminocrotonic acid hydrochloride in
tetrahydrofuran_ (THF) and a catalytic amount of dimethylformamide (DMF) is cooled
to 0-52 C. Oxalyl chioride (0.95 eq) is added dropwise and the mixture warmed to
25-302 C and stirred until the chlorinating agent is completely consumed. The
orange solution is checked for complete consumption of oxalyl chloride by high-
pressure liquid chromatography (HPLC) then cobled to 0-52 C. A solution of 4-[4-(2-
pyridylmethoxy)-3-chiorojamino-6-amino-3-cyano-7-ethoxyquinoline is added
dropwise and the mixture is stirred until < 0.5% of the starting aniline remains. The
reaction is quenched with water and the mixture warmed to 402 C. Aqueous sodium
hydroxide is added to bring the pH to 10-11. The resulting precipitates are filtered
hot and washed with water. The wet solids are heated to reflux (70-752 C) in
acetonitrile:THF (1:5:1) and the solution cooled slowly to room temperature. The
product is filtered and washed with acetonitrile:THF. The product is dried (502 C, 10
mm Hg, 24 hours) to 80-85% yield.

Reaction Scheme Example 3:
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"IN+ E ~ N HC 4-NAC net hoam ngcr ot oni c

4{ 4- 5udxo- 3chl or o) phenyl am no- acid chl ori de HCI

6am no- 3- cyano- 7- enar yyul nol Il ne C5H, , CKNO MV 184. 07
1. NWP, 2. NaCH (aq) | OC 16h | F ~1 ~N' “(~ HN\
TXXHN/ \ NACNfrHF \ / E Reayitall en

6{4- N, N-dl net hyl am noer ot onyi ) anl do

4- (4. 5uot 03chl or o) phenyi am no- 3cyano- 7- et hoxyqul nol
I ne 4-Di met hyl am no- but - 2- enoi c aci d

14- (3-chl oro- 4-fl uor o- ahenyl am no) - 3-cyano-7- 5

et hoxv-taui nolin-6-yllamde A

4- (di met hyl am no) - 2- but enovl chl ori de hydrochl oride A
1 L multiq{neck f} aske vprpeebmcwctloh agi tator,
therrmrre,t/é«/%dj\lo owkennel , and nit i
is charged maith acetonitrile (0.67 kg,
fol | oned by di n di met hyl f or mam d
0.91 ni, d=0.|§#5) ). At anbient t ature, 10 is
added 4- di met {iyt Bnf: Abcr ot oni ¢ aC| d™ydrochl ori de
(0.0709 kg) a he mi xt ur efNspirirv edhufit'i | '
hom)geneo \/%it heyreact i onture to (0-10 C and
add oxal yl chlor i'de (0. 0478%g,>0. 9325 L, d = 1.45

g/ L) dromns@mgm (20 M NYLEA)cridhorkaldn 10 C) fol | ovied
by a rinsgi#igd® acetonitril émfGeoZ"Rgp™®. 03 L). The

t enper at u'f‘"é“(’ -10 © is maintained for about (20

m nut esywvp,Thelzt sagegsgat ure of the ' reaction mxfure is
15 adj wetadntp (22-26 Cgiover (20 m nutes) and g

mai nt ai ned over (2 hourg). fhe tenperature o :
reaction mxture is ad edWC) 2 d for
about W\/\(D HN I N
| HN ' N o~
A
ACN/THF E 7~
= —_—
= N Reaystallization 6-{4-N,N-dl
4-{4-lucr0-3-chioro)phenylamino-
3-cyano-7-athoxyquinoline

4-Dimethylamino-but-2-enoic acid [4-

3-chioro-4-fluoro-
ethoxy-quinolin-6-yljamide

A. 4-(dimethylamino)-2-butenoyl chloride hydrochloride

A 1 L multi-neck flask equipped with agitator, thermometer, addition funnel, and
nitrogen protection is charged with acetonitrile (0.67 kg, 0.85 L) followed by addirig
dimethylformamide (0.00086 kg, 0.91 mL, d=0.944 g/mL). At ambient température,
is added 4-dimethylaminocrotonic acid hydrochloride (0.0709 kg) and the mixture
stirred until homogeneous. Cool the reaction mixture to (0-10° C) and add oxalyl
chioride (0.0473 kg, 0.0325 L, d = 1.45 g/mL) dropwise over (20 minutes) at (0-10°
C) followed by a rinse with acetonitrile (0.02 kg, 0.03 L). The temperature (0-10°C) is
maintained for about (20 minutes). The temperature of the reaction mixture is
adjusted to (22-26° C) over (20 minutes) and maintained over (2 hours). The
temperature of reaction mixture is adjusted to (40-45° C) and held for about (5
minutes). Cool the light suspension to about (20-25° C) and check for reaction
completion by high-pressure liquid chromatography (HPLC). The reaction is
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m nutes). Cool the |ight suspension to about (20-25 O
and check for reaction conpletion by high-pressure
l'iquid chromat ography (HPLC). The reaction is 22 5
conpl ete when there is < 15 %of the starting

mat eri al (4-di net hyl am nocrotonic acid hydrochloride)
present and/or < 2 % of oxalyl chloride (detected as
the dinmethyl oxalate). B. 4-Di methyl ani no- but - 2- enoi ¢
acid r4-(3-chl oro-4-fluoro-phenyl am no) - 3-cyano-7- 5
ethoxy-guinolin-6-v|| am de (crude) A 3 L nulti-neck

SRS B 10 L o LIPSt b RS i
hydrbdil¢rtd!eh©men6t0arﬂ70rl@2 9. otSoxalyl dmdridi3 Getckdd) as Mfe dimethyl
n‘ql egt tenperature i s added
%te hl oro-4-fl uor ophenyl ] am no- 6- am no- 3- cyano- 7-
et hox_y U|I noline (0. 0748 kg) The reaction mxture is
AN e G t = S/0-TH

g}hggl gé),o],n@@ 5rﬁ6§fdn§’d?a)m xture is cool ed to (0-10 O
suspensi on of
A Q bi rﬂ@f"ﬁ??'&aﬂﬁﬁk@ﬂugpwt@h Ggitatern tharmametey.cip &4fiep ANY aitiogen
Qmilom&ieﬁhrgécﬁmhahﬂ Lpbﬁom%nsqs 77ikge olstir, e aD33 g/mL) At
g Fiﬁm 0\4err % Qqﬁd'i g%r}i 4)f whi l'e mai ntag nln__ ]
whiSEF Lepecityrs 14 30498 -F-chlero euofopheny TGy - e R P3O 7-
ethopy @uinoling €0.0M481 kg)r eThd yeddBiC.midthe lschedtéd o i48-45° C and

En%;ﬂgériﬁ%ffo‘{“&%htt(@ Ffnuke®). The Vb RiskdlS i$E&dd B%0-10° ¢) and

the- [lightc Iskenensian f of y dr(dipiethyiaming)i2rintaioyirichiordde dydreshi@rids in
@wgem aaaba q).a Bfé) twbé @58 rﬁoqu@ nﬂrogan lprégghllté o0& tsousaghnmes)

gl tator, th er
i SRty L tesmporatuten (- HEUCH oh 2heleisk (2 hairsjegReaction
3orﬁélehan i@rﬂﬁt{rﬁler‘éu lbmHFkLla: arrmga&trem(@cag&?t&qohém tgél'g is <2 % of
tirr unt,l a ne (0]

1y ety RS PR e DR e P Rte-7-ethoxy
lqanaoiin_eOJ prasentt Tio @ tbloveultivick Hiask rq@ppes witi2agitatdr, tABrmtdiseter,
E&ﬂ[:%é r%fi 'H%%ﬁh ?{otectlon js char %eg with water (2.61 kg, 2. g1 L) and sodjum
isriponatai(R8r? h@)wnthﬁtlanrm Lpsmt g Belutiands pbtained \f@lovwad by geeiing to

RRELH) §o whigh tstRandferrkd me%gctm %mam}ﬂove (virh @Qrzt

m nutes) while naintai m_gg enperature at 3’882%%01;
the starling ompteralt (4-B-ghioro \umoahwy&a'atm(ﬁz@mzq -3cyangyy-ethoxy
lgeinsline, vid) Giprtblbe md peyitive hﬁrdg@ﬁ@tésanrem&mr@ LOﬂ’asﬁ over about
G5 Bt rhip ol fertieratiee ot G248 gk rttupire o
Brajntaihed pt ¢20424° C)nfon al deastir{l dwer). aFitabthet ree&dnCGhixunel on a
Hoeier Q&Qemse with water (3 x 0.40 kg, 3 x 0.40 L), and maintain suction until
dripping stops. Dry the product in a vacuum oven at about (50° C) and about (10 mm
Hg) for about (28-30 hours). Thé yield is 78.5 g (86%) at 79.7% strength and 12.3%
total impurities.

4-Dimethylamino-but-2-enoic acid [4-(3-chloro-4-fluoro-phenylamino)-3-cyano-7-

ethoxy-guinolin-6-yl]-amide (purified small scale

First crop:
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Hg) for about (28-30 hours). The yield is 78.5 ¢ (86%
at 79. 7% strength and 12.3% total inpurities.

4- Di met hvl am no- but - 2- enoi ¢ aci d

14- (3-chl oro- 4-fl uor o- phenyl am no) - 3- cyano- 7-

et hoxy-guinolin-6-yll-amde (purified small scale) 30
First crop: 23 A6 L nulti-neck flask equipped with
agi tator, condenser, tenperature probe, and nitrogen
protection is charged with acetonitrile (3.14 kg, 4.00
L) fol |l owed by addi ng 4- di met hyl am no- but - 2- enoi c
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oAid samde @nd soitinge wpaling 2o (20457 €} ever ¢l bowd). prieid eb(20¢25° Chtor a
(Binfndmh o 1>étH6'E:Ps) OéolleE’PtﬁE Qélidtd’n'd Qudhﬁérf faﬁﬁéﬁ’ 59& wééﬂhé %li’ected

by volupe) (2 Ero uct
i $0id v ¥Rund ov@'ﬁf"'@fed( 5@"@) B’ﬁﬁ“('ﬁ‘b rﬁ‘n I—@'sfo )(4'9"““’9 of
chm)tmbneteahb/@@ﬁ;ran(zmr by votLintd) @k .08kg, 12666.08 DRNDAYENS product

Hsoral Ve G0 SR T e To @ haTD iR Ko ooy
nafl less thaol(0f5 %&kAlbqasfppanldwohteragtase(mher tiqugrey areusayed for

, idiggen protection, 20 and charge with the
%? %rp‘ﬁlqulgrs and washes from above. Concentrate by

distillation at (20-30 nm Hg) and a naxi mum
t20R9BALIAR: ¢ of (40-45 C) to a volume of (0.50 L).
Cablientititneek fiapkicduippedwiblagiamy, térpératureprdosyattfogeh erotection,

SO| hg}dgg nNrﬁir f ! l t réreq‘quors and washes from above. Concentrate by
distillation at (20-30 mm Hg) and a maximum temperature of (40-45° C) to a volume
of (0.50 L). Collect the solid on a Buchner funnel and wash the solid with prefiltered
acetonitrile (0.04 kg, 0.05 L). Dry the solid product in a vacuum oven at (50° C) and
(10 mm Hg) for (18 hours). A 1 L multi-neck flask equipped with agitator, condenser,
temperature probe, nitrogen protection and charge with prefiltered acetonitrile (0.47
kg, 0.60 L), and the collected solid is heated as a suspension to (70-75° C) over (0.5
hours). Add prefiltered tetrahydrofuran (0.03 kg, 0.03 L) to the suspension while
maintaining the temperature at (70-75° C). Cool the solution to (40-45° C) and add
seed crystals. Continue cooling to (20-25° C) over (1-hour) and hold for (2 hours).
Collect the resulting solid on a Buchner funnel and wash the collected solid with a
prefiltered and precooled to (5° C) mixture of acetonitrile/tetrahydrofuran (20/1 by
volume) (2 x 0.02 kg, 2 x 0.03 L). Dry the collected solid in a vacuum oven at (50° C)
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acetonitrile (0.04 kg, 0.05 Q Dry the solid product
in a vacuumoven at (50 ¢ and (10 mmHg) for (18
hours). A1 L nulti-neck flask equi pped with agitator,
condenser, 25 tenperature probe, nitrogen protection
and charge with prefiltered acetonitrile (0.47 kg,
0.60 L), and the collected solid is heated as a
suspension to (70-75 C) over (0.5 hours). Add
prefiltered tetrahydrofuran (0.03 kg, 0.03 L) to the
suspension while nmaintaining the tenperature at
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yield is 27.5 g + 30.5 g (73% in 96.2-98.4% strength
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atﬁmyllz}ttamerdﬂerétﬂr%&r legmiamiehe of 45. rﬁﬁutkﬁ ridt eil&;@%g 60 minutes.
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r I te YolddAiHy
ﬁﬂahtﬁdgggzﬁglé@ ﬁ\/\LA“W%:é dggk'i":sg n'gﬂét?hcell r teJarm pur?'lﬂ\pteg ogbe %WPS
nterts 4 BP oFHRIPIESY Steeh rdrimp i tResieredh itasthed(1@PLh raceiver.

Addloniitdile( PraClical E0®kd) Lsdd & a ﬁﬁs’éCtTh‘éQJat&qs Kedtedat s to 76°C
\i’@?ﬂ“&l | trates, and washes in recelver are

629059 Ipgres dermperaiyes of %éng erfhechatelt & itered by pump
mtcmgnlaes,e rﬁbmlsnrcbweamﬂgstmév Whné ﬁuamtd?ﬂi:g&mec&lmén?s & 70 t0
I N

% el aln'lrfc’rte %867% rd) acetonltrlle practlcala(tqlonk ) is used as rlnse for vessel
fllters pump and lines. The filtrate and rinse are collected and maintained below 50°
C. The batch is adjusted to 10 to 16° C, then concentrated by vacuum distillation to
28 to 33 L volume: expected distillation temperature 20 to 30° C, distillate volume 32
to 37L. The suspension is heated to 64 to 70° C without exceeding jacket
temperature of 85° C. The resulting solution is cooled to 40 to 46° C, then seeded
using 4-dimethylamino-but-2-enoic acid [4-(3-chloro-4-fluoro-phenylamino)-3-cyano-
7-ethoxy-quinolin-6-yl]-amide, purified (0.5 g). The mixture is cooled to 20 to 26° C
over 1 hour, then held at the latter temperature for a minimum of 2 hours. The
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20 contents of the stainless steel drumis transferred
into the (100 L) receiver. Acetonitrile, practica
(2.0 kg) is used as a rinse. The batch is heated at 70
to 76 C wi thout exceeding jacket tenperature of 85 C
The batch is filtered by punp through a 1.0 mcron
single cartridge filter, while nmaintaining the
contents at 70 to 76 C. Warm (70-76 C) acetonitrile,
practical (4.0 kg) is used as rinse for vessel, 25
filters, punp and lines. The filtrate and rinse are
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sol i drhd Breb8felids bkl @ikethyRR Jﬁtﬁlﬁ’erfo?loéiﬁlonde d(hydrochlonde) )]
acetonitrile-tetrahydrofuran esired

iurdesgribe dn ngelamey| Il i wherejne dPytR- %O\Pacﬁ%n Dvisn reagted  with
BhiordRinehyidate (.har mmélOtoC)aﬁBm tﬂmem?laﬁy&xotbhaul g Whith is
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timeghyisilgsA-broteciotonatel 9. Beddloniof Yrimetthyisilylid-muhecrotonite 9 with
Wrrfét@lam?é ?nr%etrkgi{ch’ ‘a}n 1?@ouﬁersr tg?fglg%o{-%i%g'ékwgghoéonic
acid diOaisolgiedLas theerydg:fchmnge%lt Thidtemnadiyely, o4-tiyethyfaminocrotonic
h ] - I ' :
gt B 5 A s 3 SR P o
disethylamige rata Ot tod 1@2 th inciptrehysirefurant g/ |givel syl rpr ethyl 4-
emétﬁvumnwo@ﬁéte r1<é M.&m&t ﬁwk&ﬁeulvﬁ{hoaf@a&seb&emﬁ.ah incRides

brom nated with a brom™nat’n referab
RPCBWBW% iirerthanel cas argg;olvent at about 40-45° C to give 4-

dimethylaminocrotonic acid 10 which is isolated to 4-dimethylaminocrotonic acid

(hydrochloride) 10 with a solution of hydrogen chloride in isopropyl alcohol, and then
chlorinated with a chlorinating agent preferably, but not limited to, oxalyl chioride in
methylene chioride, tetrahydrofuran (THF) or acetonitrile in the presence of a
catalytic amount of N,N-dimethylformamide to afford 4-(dimethylamino)-2-butenoy!
chloride hydrochloride 2.
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radi cal conditions in the presence of |ight and
peroxide in nethylene chloride, acetonitrile,

1, 2-di chl oroet hane, carbon tetrachl oride or ethyl
acetate to give trimethylsilyl-4-bronocrotonate 9.
Reaction of trinmethylsilyl-4-bronocrotonate 9 with

di net hyl am ne in tetrahydrofuran at about 0-5 C

af f ords 4-di net hyl am nocrotonic 20 acid 10 i sol ated as
the hydrochloride salt. Alternatively,

4-di met hyl am nocrotonic acid 10 can be prepared by
react §8RemE et hy! or ethyl 4-bronocrotonate 11 with
dinet%?ﬁﬁﬁ?ﬁe at 0 to 10 Cin tetrahydrofuran to give
nmet hyl or ethyl 4- dinmethyl am nocrotonate 12 which is
hydrol yzed wi th aqueous base which includes sodium
hydr oxi de in nethanol as a cosol vent at about 40-45 C
to give 4 25 dinethylam nocrotonic acid 10 which is

i ol ated to 4-di ngt hyl am nocrotonif€ acid

( Erochl aekzhsicl 10w th a soNe8 i onNQf hydrogen
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hydr ochl ori de 2.N@BaSCHEVE | 1: H H Br el cH3) 3SI C
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4- (DPhHthy! ani no) - | ¢
10 4-(Dimethylamino)-
2-butenoyl Chloride
a) base
hydrolysis 2
b) HCI _
Br
N(CH3),
a) (CHa)oNH
| P _ | HCI
b) HCI o
OCHj3
OCHj;
11
12
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2-butenoyl Chloride a) base hydrolysis 2 b) HC Br
N(CH3)2 HC OIl YO (CH3)2NH (...ro b) HC OCH3

OCH3 11 12 5 27 Trinethylsilylcrotonate Pyridine
(138 g, 1.74 nol) is added dropwi se to a stirred
solution of crotonic acid (125 g, 1.45 nol), and
chlorotrinethylsilane (189 g 1.74 nol) in ether (1.5

) at roomtenperature. The reaction mxture is

allowed to stir at roomtenperature 5 overnight and
the precipitate is renoved by filtration. The filtrate
is concentrated and the resi. fe is distilled under
reduced pressure. The—%ﬁggﬁ%&£§¥%¥¥$on is collected at
58-70 C (25 mmHg) to give 180 g of the title conpound
(79% Pynsine/d 3818, i1tA# mel) isgRidad dropiigR b @ stioad isslutiont of voratanic
LR ($§£§ yCy 545 ?nol)lgna— Ehl%ﬁ?ﬁgtﬂlgllﬂe ¢r8brPes HE)Z)%] ather (5 1) at

stirred m xture of rIITEH%/ ycrotonate
(oWD SeMBPRIUIAL HeofPBSiRBCTINUIR dfe aliowRs! 15, stir ateropwm) t)emperature

*&?ﬁl@ﬁ{ ?rﬂﬁm@bké&ﬁmﬁ% i€ fentbved® b)?j-ﬂifraﬁfm %‘ll'h%rfﬂiraté? RIcBAdentrated and
tetrachl or o reflu

R [e5file Y el 5oty feused Prospie. TR pIPRuch ot Aoleted o
58aM0f Ce(2panmtigy © ginel 1801g girtbe tifs tarhpolnd(V99).i GC-M8TpudY is
%41/5 ’LINNH}IQ%W&&%%P tﬁq ergx%{u?e I's concentrated to a

due under reduced

Trimethyisilyl-4-bromocrotonate

A stirred mixture of trimethylsilylcrotonate (131 g, 0.828 mol), N-
bromosuccinimide (206 g, 1.16 mol), benzoyl peroxide (3.41 g, 0.141 mol) and
carbon tetrachloride (1 L) is warmed to reflux (77° C) under visible light for 5 hours.
The mixture is cooled to room temperature and the precipitated solid is removed by
filtration. The filtrate is concentrated to a residue, which is distilled undér reduced
pressure. The product fractions are collected at 93-106° C (9-15 mmHg) to givé 127
g of the titte compound (65%). GC-MS purity is 83-89%, 'HNMR is consistent with
expected structuré. '

4-Dimethylaminocrotonic acid

A solution of 211 ml of dimetﬁylamine (2M in tetrahydrofuran, 0.422 moles) is
added dropwise to a solution of 50 g trimethylsilyl-4-bromocrotonate (0.211 moles,
75.9% by GC-MS) in 250 ml of tetrahydrofuran at 0-5° C under N,. The reaction
mixture is stirred at room temperature for 30 minutes. A white solid by-product is
removed by filtering and 2 ml water is added to the filtrate followed by seeding. The
crystals formed are filtered and washed with ether to give 18.3 g (from two crops) of
the desired product as off-white solid. Yield is 67.2% (98% purity by GC-MS, NMR is
consistent with the expected structure).
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pressure. The product fractions are collected at
93-106 C (9-15 mmHg) to give 127 g of the title
conmpound (65% . GC-Ms purity is 83-89% 1HNMR is
consistent wwth expected structure. 20

4- Di net hvl am nocrotonic acid A solution of 211 nm of
di met hylam ne (2Min tetrahydrofuran, 0.422 noles) is
added dropwi se to a solution of 50 g
trinmethylsilyl-4-bronocrotonate (0.211 noles, 75.9%
by GC-M5) in 250 ml of tetrahydrofuran at 0-5 C under
N2. The reacti yre. i.s..sti r.ogom
tenperature foér)ﬁ“gbeq}n 0L e oecrdtémééiﬁﬁ\%iloc ot eby pr oduct
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["am noc onat e
ﬁeqsnlerﬁcﬁnd(prwcmoempm@n rl@@ycembmwtqneoﬂzspmamwsa olL) to

48ordoa Qohdf\m'ﬁchlls%ﬂéctédjﬁnglgb ﬁ\%cﬂggﬁe& oEQ&Wb%@?% ﬁ-é\/ls

drochl orjc acid (5N) added to bring 'the
L 5 76NN Is copsigtont wityrsPoQ@erLHIUshon xt ur e | S

concentrated under reduced pressure to a thick oil.

Et hanol (anhydr ouMethi¥D8dinelhviamismtdichatend t he sol i d

(sodium chloride) is removed by filtration. The

filtrat@iisn 6OTERE m.a&waﬁt% (mcw m.gayo%f%ﬁa%u p%4mes) is

roduct precip |tat|on i s 1 nduced
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it 9 (o nS| st ent . Wi

By 48, idles # pdor teinpebite’, ip Aty (LS a0

€410k W@P‘bfWﬂhZOe\m dw[DSdphatlétWanma)e SﬂﬁﬁMad nresidual methyl 4-

F‘xfrﬁd'%w&{a?% brg.gr}eaéao%,mzq%)‘eaéd toa&’dﬂ@ c?'if ? i1 ﬁﬁutgg Awhite

ution ronocr ot onat
eolesig@' product s, fé%‘PVQC#PYléG"'Pﬂ ang} the dityaiehip @V@mataﬁ t@gweaweupw
B grr g)N2rhe Yefow Bft disudived X oemi @HT‘GIJ ariceWadhad whﬁ H:0 twnce
%E%}}S%cgggla;eor lsnba&ng)gl[a%tte%rwnh ;I' OQ)I rr;\l Cﬁiy&g Al o(gra HzCl, ay rs are
combined, dried over MgSO, and filtered. The filtrate is evaporated to give the
desired product as an oil. Yield is 88%. NMR indicated desired product with trace
methyl 4-bromocrotonate.
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CH2Cl 2: MeOH with few drops of triethylam ne) showed
residual nethyl 4- bronocrotonate. The reaction

m xture is heated to 40-45 C for 15 minutes. A white
solid by-product is renoved by filtering and the
filtrate is evaporated to give a yellow 20 oil (14 g).
The yellow oil is dissolved in 100 M CH2ClI 2 and
washed with H2O twi ce. The aqueous | ayer is back
extracted wth 100 ml CH2Cl 2. The CH2Cl 2 | ayers are
conbi ned, dried over MpSO4 and filtered. The filtrate

I's evaporated he .desire roduct. as an oil.

Yield is 88%%@%%WM@Q@NM trace
met hyl_ 4- br onocr ot onate. 25 29 Met hyl
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2} lepgt (55 qinyites) gfter; aeidition.« The eold Hisrtere is titared a0 @Buckk funnel,
dithe ddllected gbIRIS, Lipo; ' ' :
amanid decta sy NSNS 514 0 ) cron o
el nF§§¥n S H% pi°8H‘Bé’P gtvﬁi"é‘"é?ve(‘(ﬁt PO (5¢° () angabpet{46 mm
(R0 fariaboutd $9-2@howes) taddbsd andryihhof Res dwam(il(%?l.f Thé Pield is 126 g

4ot er . chner funnel, and the collected solid.
r(-iyin}g)gdsq%n?ﬂ' %é%%ropanol (2 x 0.12 kg, 2 x 0.15 L)
suction dry.. followed by drying the product in a

vacuum ov &iRimethylaminocratonigacid hydire de (spopllacalel) f or
about (18-20 hours) to a |loss on drying of |ess than

(1 % A sodiemyhydiodide solufiéh (8.35 g in 25 ml of water, 0.084 moles) is added

dropwise to a solution of 12 g methyl 4-dimethylaminocrotonate (0.084 males) in 100
mi methyl alcohol at room temperature. The reaction mixture is heated to 40-45°C

=V17

“for 1 hour then cooled to room temperature. The pH is adjusted to about 1~2 with 5

N HCl. The mixture was concentrated to a thick oil, which is triturated with
dehydrated alcohol to form a solid. The solid by-product is filtered and the filtrate is
evaporated to an oil, which is triturated with isopropy! alcohol to afford 7.0 g of white
solid product. Yield is 50% with the purity 86.3 % by GC-MS.

4-Dimethylaminocrotonic acid hydrochloride (larger scale)
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20 (74% . Strength: 97.6% 4-D net hyl am nocrotonic acid
hydrochl oride (small scale) A sodium hydroxide
solution (3.35 gin 25 nm of water, 0.084 noles) is
added dropwise to a solution of 12 g nethyl

4- di net hyl am nocrotonate (0.084 noles) in 100 ni

nmet hyl al cohol at roomtenperature. The reaction

m xture is heated to 40-45 C 25 'for 1 hour then
cooled to roomtenperature. The pHis adjusted to
about 1-.2 with 5 N HCI. The m xture was concentr at ed

to a ph E%L?ﬁokmk%'sﬁ I@qtgﬁp%&ﬁﬂjg@{agﬁb%mmﬁgh\S%lﬁéneﬂlmnel

al cohol rma sol
fnd nitiogen aretectiereisfchanged with iethanel\(8;38 kat 8@0 Ldialipweyd by adding

Mﬂdﬁnétﬁ&léﬁlﬁétcﬁﬁod%é Iliyd'ro%ﬂBﬁ@@}d 12@ I?g‘?b\ﬁ’ch atﬁ?iaﬂétﬁé’r'icﬂ' rinse

white sol prooduct. Vi el S OA)

&Wﬁ@ §6129 b by f@cstwsd S4FPROSRNS ﬁ?‘i"‘éﬁ’nt?]de 19t &A.%ﬂd while
afdurdanhmgrtﬁ@ hérﬁpérshere( |seaigmr hyakadd®) (504 (12 Rg, rmm tn&ekss

olrnes S Bef 20 rimiad b Sidt RS s s Wi prioRPerature

frichease land Ghe&ﬂlxkge tutnsH@lidy. Td tempechtioy isitdintainedriet diydast 15

muq%tg? FC.F\XW&?TLQ { agrﬁigé ?c? ﬁlegzeﬂ%ﬂ @%‘ég'kﬁﬁfaﬂgng(tag :%ﬁpé?%re for at
daaist r @d hourshendihenpiogress ople dhe dee@lomo isCffoliowad why | ins layer

E&g%@*g&&g g&;,g) t'ﬁ{g’%ﬁ@ﬁdéri@ coﬁ%tg thx ﬁ&é'.si% é@ogétectame

over
mamngeg!atwakl(mgw éﬂmmﬂ%ﬁﬂn@cr@e@@w@@rwmd%) Pfesent The

tr&iB%Sﬁ ﬁﬁ)&ur@tls MWdQ@%Bo@{(@m aﬁh)ﬂhﬂf matmdili_ﬂﬁg JN‘té'térﬂisﬁérature a
erature is mainta r,a as

11374 BREROGEn Bl e Fopropensl 35 sedeetcor (il Mnufeh ybihe B i

ta@justedab (2.0-3(0)r Adter af least 130 (rindtesi rinimurfifte pold gnieee isfittered

% BEARL &Hﬂél %ﬁ%f&\éﬁ%k@%& Pind hEhol g& y0° (2 x 0.05 kg, 2 X
t0RA3eL)i ST f@%@@t@we{mﬁ'@d usgdeyy 'leﬂvgfdrﬁi?itﬁﬂreaﬂmﬂﬁemfyﬁg) ata

%Q&.ﬂﬁmaﬂnaa’efmpec 510(4@“@} ﬁ> Q)égﬁ&%{}ln@fdf %}:utp(ﬁ e@eeé mLTh ero the
reacti on m xt to Lﬂ}a&ﬁ and ?3_
[FRNERNYATE 17 ad‘?%s%‘?ﬁ%?‘a@@f‘% kg, O. QGP g WA 5
HGP C) Bver $tqonhmpw@pl ?jde@orﬂdg ed kg\ogets (713 amiemtvesmmmtuhtés) while
S, ste 0 -
nBkirors dhpote ACestn e’ 6, dhb e, BBdegd then
Rwoledeto dmbiew températute (R0-R5EE) ctQIk@t leasts@a-18i hdurs)t h&nell the
(BskPe $9 (&- 15° @) %ed d KTai t%lnxt eote%%raQ:reTfBP af Hrﬁrﬁéﬂxeof' 8 hour)

concentr at ed r re uced pressure (5

Prepaie |anFUPﬁUﬁaﬁfp‘§‘?F&?Rﬁ“8' @f°494<e &pe3 b) Q‘%%ﬁ%%ﬁt@égggo? 13 L),
adue ¥ hdmdfenik8 @ndikdol tol@-10RE). Filter the cold mixture on a Buchner funnel,

rinse with (0-10° C) isopropanol/acetone (2 x 0.074 kg, 2 x 0.096 L). Suction is
maintained until dripping stops. Dry the product in a vacuum oven at about (50° C)
and about (10 mm Hg) for about (18-20 hours) to a loss on drying of less than (1%).
The yield is 47 g (41%) at 92% strength and 1.33% total impurities.

4-(dimethylamino)-2-butenoyl chloride hydrochloride

A well stirred suspension of 4-dimethylaminocrotonic acid hydrochloride (5.0
g, 30 mmol) in cold (0° C) THF (40 mL) and DMF (2 pipet drops) is treated with
oxaly! chloride (3.15 mL, 36 mmol). Stirring at 20-25° C for 3 hours is followed by
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concentrate i s added isopropanol (0.049 kg, 0.063 L)
and the m xture warned to (35- 40 C) over (10

m nutes). Acetone (0.10 kg, 0.13 L) is added over (20
m nutes) while 20 nmaintaining the tenperature at about
(35-40 C). The mxture is seeded and then cooled to
anbi ent tenperature (20-25 C) for at |east (12-18
hours). Cool the mxture to (0-10 C) and nmaintain the
tenperature for a mninmumof (1 hour). Prepare a

m xture of isopropanol (0.049 kg, 0.063 L) and acetone

(&boii toon° @aﬂdghdk)mg fo? bb F'mrﬁl.ﬁeé1 S Q}ezc% %dntgtfg Puéhrpglr funnel

@%rn%lam‘(t m Xt ure on
ognglen 2 plapket mmw)csnd t§%ﬁ?'§ﬂ3§n‘&¢$ha@ emtam@ld( @° ) THF7 (B x 5
kmL). 2The bli@ Bfdrie} un&t&hb@.ﬁn (-51 td¥Biab igisned 1ty hdurs to g{lve 409

d t o i.n a_vacuum_ oven

o3 Ry R sorotol iR 1 e £ Ieabatl a Sbarecterized

hastsshethy ester by tseaimentrof tmagsow witegietiahan (1% . The

yield is 47 g (41 % at 92%strength and 1.33%tota

| MU i Ariefutively, t hi ori de

23/ drochl ori dée!y ﬂ-kcfﬁ&tﬂ%‘l%ﬁamo?‘E)bu(??nBﬂsg@gﬁéJeoﬁy& chioride can be
raPared HY | askiontde Andnisedaes @ ﬁystneoahm dn  agetoh®il® foq the3 Gext

neadttoni N cold (0 C) THE (40 nL) and DMF (2 pi pet

drops) is treated wwth oxalyl chloride (3.15 nL, 36

nmmol ). Stirring at 20-25 C for 3 hours is foll owed by

31 cooling to O C and holding for 30 m nutes. Solids

are collected on a Buchner funnel (under a bl anket of

nitrogen) and the cake is washed with cold (0 C) THE

(3 x5 nL). The solid is dried under vacuum (- 1

torr) at 40-500 C for 3 hours to give 4.0 g of

4- di met hyl am nocr ot onoyl chloride hydrochloride. This

material is characterized 5 as its nethyl ester by

treatment of the solid with nethanol. Alternatively,

4- (di met hyl am no) - 2- but enoyl chl ori de hydrochl ori de

can be prepared in acetonitrile and used as a

suspension in acetonitrile for the next reaction. 10

32 What is claimed is: 1. A conpound of Formula (I):

c
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OS2 -N(lI) 5 wherein S, and S2 are each
i ndependent |y, hydrogen, cycloal kyl, cycl oal kenyl,
al kyl, al kenyl, alkynyl, aral kyl, substituted or
unsubstituted aryl or heteroaryl, or S, and S2
together wth the nitrogen to which they are attached
forma nitrogen containing heteroaryl or
cycl ohet eroal kyl ; or 10 an acid addition salt thereof.
2. The conpound of claim1 wherein S, and S2 are CH3
or an acid addition salt thereof. 3. The conpound of
ain1ﬁ wherein the conpound of Formula (1) is (E)-4-
8&??%& #Mmedifio) - 2- but enoyl chl oride or an acid
addition salt thereof. 15 4. The conmpound of any one
df. Blcampeurid dfdoBnulbnd).ei n the acid addition salt is the
hydrochloride salt. 5. A process for the preparation
of a conpound as §lained inclains 1 to 4 conprising:
(a) reacting a 4-bronocrotonate with S,, S2- N® wherein
Ris H 20 trial kylsilyl or alkal
S2 are as definedjin ltag r an
addition sglt the i e corres
4-S,, S2- amknocrotonate; 33 (b) hydrol yzing
4-S,, S2-am nocrotonate of step (a) in the presence of
a base; and isolating as a chresponding
hydrochl oride salt; and (c) chlorinating the conpound
UYhetdigP (b) with a chlorinating agent to obtain the
conmpound of claiml1l. 5 6. A process according to
Clains.5 wherein the chlorinating agent is step (d) is
AN S 5% 8RFyipdependently, bydesagens eyclaafiyl, syalesireall akyloalkenyl,
taign@panaIkyN Subtitutddair iheubs Mt 27188 heteroaryl, or S; and S, together

- with the nitrogen to which they are attached form a nitrogen containing heteroaryl or

cycloheteroalkyl; or
an acid addition salt thereof.

2. The compound of claim 1 wherein S; and S, are CH; or an acid addition salt
thereof.

3. The compound of claim 1 wherein the compound of Formula (I) is (E)-4-
(Dimethylamino)-2-butenoyl chloride or an acid addition salt thereof.

4. The compound of any one of Claims 1 to 3 wherein the acid addition salt is the
hydrochloride salt. '

5. A process for the preparation of a compound as claimed in claims 1 to 4
comprising:

(a) reacting a 4-bromocrotonate with S$;,S;-N-R wherein R is H,
trialkylsilyl or alkali metal and Sy and S; are as defined in Claims 1 to
4 or an acid addition salt thereof to obtain the corresponding 4-S;,S2-
aminocrotonate;
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(a) reacting but-2-enoic acid with
chiorotrinethylsilane to obtain
trimethylsilylcrotonate; 10 (b) brom nating
trimethylsilylcrotonate of step (a) with a brom nating
agent to obtain trimethylsilyl-4-bronocrotonate; (c)
reacting trinmethylsilyl-4-bronocrotonate of step (b)
or nethyl or ethyl 4-bronocrotonate with _

di met hyl amine to obtain . 4- dinethyl am nocrotonic
acid; and 15 (d) isolating the conpound of step (c) as

a hydr hl o sal chlorinati L L h

chl or i t i néy"d@)é %g{igb?@frﬁc?{%at@o ?met) dt %&‘? Rfegence of a
8. The pr ocbkase; antisolatinggstaccociespamding Wpdroehioridetsalt; and

brom nating agent is N bronosuccinimde. 20 9. The

pr oces gc)ac C ekiskidating %ecb&hé'ﬂuzd‘iﬁ s%p\’"fb?rvﬁihna tc'ﬂﬁmnatl ng agent to
chl ori natl n%qﬁgent i s oxal fy chl or i de. . A procCess

for the pre ithessprepeund elfigi®dnd of Fornul a (11): 34
S NS2 R OH.NR2 | ROR3 R4 (Il) wherein R1,
RB, ARprodeds aacmldiRy taOmims depleneinthd ghissating edeht iorstdpad) is

gro ing of -H - 5 CN, al kyl, al koxy, vinyl,
al ke%yﬁl?gﬁégr%ﬁyl -CF3, -CA 3, halide, -C6H5, am de,

ac ester am no, thioal koxy, phosphino, and
mﬁ ﬁg{cp%@r ﬂ'ﬁ@,rqp@fatlon of the compound of claim 2 comprising:

(a) reacting but-2-enoic acid with chlorotrimethylsilane to obtain
trimethylsilylcrotonate;

_ (b) brominating trimethylsilylcrotonate of step (a) with a brominating agent

to obtain trimethylsilyl-4-bromocrotonate;

(c) reacting trimethylsilyl-4-bromocrotonate of step (b) or methyl or ethyl
4-bromocrotonate with dimethylamine to obtain. . 4-
dimethylaminocrotonic acid; and

(d) isolating the compound of step (c) as a hydrochloride salt and
chlorinating with a chlorinating agent to obtain the compound of claim
2.

8. The process according to claim 7 wherein the brominating agent is N-

bromosuccinimide.

9. The process according to claim 7 or 8 wherein the chlorinating agent is oxalyl
chloride.

10. A process for the preparation of a compound of Formula (l1):
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or, taken together, R and R2, R2 and R3, R3 and R4,

or R4 and Ro, together with the carbon atons to which
they are attached, forman optionally substituted
heteroaryl or cycloheteroal kyl; and 10 S, and S2 are
i ndependently selected fromthe group consisting of
hydr ogen, al kyl, al kenyl, al kynyl, aral kyl,
substituted or unsubstituted aryl, or S, and S2
together with the nitrogen to which they are attached
forma nitrogen containing heteroaryl, conprising:

(a) cooling a suspegnsion of an acid addition salt of
the conpound of 15Formula (V); 35 S1 ~/ OH NI S2
O (V) wherein S1 S52 are defined above; (b) adding
a chlorinating agenf to the suspension in step (a) ; 5
(c) warm ng and stirying the suspension in step (b)
until the chlorinatifpg agentRjs conpletely consuned,
(d) cooling the suspengFBn in|step (c); (e) adding an
aniline of formula (IW_ se to ghe suspension in
step (d) until the donce NXPhe he aniline is

| ess than about 5% Rl H R2 Ro R3 10 R4

(1V)

wherein

R4, Rz, Ra, R4, and Ry are independently selected from the group consisting of —H, -

CN, alkyl, alkoxy, vinyl, alkenyl, formyl, -CFs, -CCls, halide, -CgHs, amide, acyl, ester,
amino, thioalkoxy, phosphino, and combinations thereof;

or, taken together, Ry and Ry, R, and Rj, R; and Ry, or R, and Ry, together with the
carbon atoms to which they are attached, form an optionally substituted heteroaryl! or
cycloheteroalkyl; and

S and S; are independently selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, aralkyl, substituted or unsubstituted aryl, or S, and S, together with
the nitrogen to which they are attached form a nitrogen containing heteroaryl,
comprising:

(a) cooling a suspension of an acid addition salt of the compound of
Formula (V);
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wherein Rl, R2, R3, R4 and Ro are as defined above;

(f) adding an aqueous base to the suspension in step
(e) to obtain a precipitate; and 15 (g) filtering and
washi ng and drying the precipitate in step (f) to
yield the conmpound of Fornmula (11). 36 11. The
process of claim 10 wherein the conpound of Formula
(11) is selected from 4-dinethylam no-but-2-enoic
acid [4-(3-chl oro-4-fluoro-phenyl am no) - 3-cyano- 7-

et hoxy- qui nol i n-6-yl]-am de,

6- (4- N, N-di net hyl a nyl ) am do- 4- (4. ( 2-

khocrot o
pyri dyl nmet hoxy) - 3- E:nﬁfbk 1 Q- 0-#~€t hoxyqui nol i
ne, and 6-(4-N,N- 5 -
di met hyl am nocr ot onyl )arl'i do- 4- (4- benz}fl oxy- 3-chl or o) am

i no-3-cyario-7 ethoxyquiSaoline. 12 TQe process of

claim 10 or 11 wherein cooling is to a tenperature of
-10 to 254 C. 13 The process claim 12 wherein the
cooling is to a tenperature of to 109 C. 10 14 The

process accordi to an e of Cains 10 to 13
wher ei n thgg i P{?’nad’diég?gé} eaéﬁ%" Fature of 20 to 304
C. 15. The process according to any one of Clains 10
to 14 (Bher ediding A chlprnating agers¢d thetsasbehsionirsaep (ayy
carbonat e, sodi um bi carbonate, sodi um hydroxi de,

pot asgeum wairing BAdakifing N sRYLASIS W%’gé[}g%ﬂf fe c%gulrin?nting

16. The process .of claim 15 wherein t se 1S so

bi car l?gﬁ&t'%‘.m"i Stelyicansimidess according to any one of
Clainms 10 to 16 wherein the aniline is 4-

[ 4- berdly| o%geliBg 816l suspdrmsivinrine@pde)i no- 3- cyano- 7- et hoxyqu
inoline, 4-(4-(2-

pyri dyget B&Xﬁi an afifthe BP)&‘I%BQN@ “dropfiy th"tRb Qﬁé;ye%gioﬂ QJ\ istep

ne or [4-(3:.chloro.4-fluoro- o

pheny| ani n&Y Y8t We.cancontiatinn of the apifies is jess tham abgut 5%e
process according to any one of Clains 10 to 17
wherein the concentration offsthe aniline is less than
2% 37 H

H/N . Rz

vy
wherein Ry, Ry, Rs, R4 and R, are as defined above;

(f) adding an aqueous base to the suspension in step (e) to obtain a
precipitate; and

(9) filtering and washing and drying the precipitate in step (f) to yield the
compound of Formula (il).
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11.  The process of claim 10 Wherein the compound of Formula (il) is selected
from 4-dimethylamino-but-2-enoic acid [4-(3-chloro-4-f|uoro-phenylamino)-s-cyano-7-.
ethoxy-quinolin-6-yl]-amide, 6-(4-N,N-dimethylaminocrofonyl)amido-4-(4-(2-
pyridylmethoxy)-3-chloro)amino-3-cyano-7-ethoxyquinoline, and 6-(4-N,N-
dimethylaminocrotonyl)amido-4-(4-benzyloxy-s-chIoro)amino-S—cyan‘o—?-
ethoxyquinoline. '

12 The process of claim 10 or 11 wherein codling is to a temperature of —10 to
252 C.

13 The process of claim 12 wherein the cooling is to a temperature of 0 to 102 C.

14 The process according to any one of Claims 10 to 13 wherein the warming is
to a temperature of 20 to 302 C.

15.  The process according to any one of Claims 10 to 14 wherein the base is
selected from sodium carbonate, sodium bicarbonate, sodium hydroxide, potassium
biéarbonate, and potassium carbonate.

16.  The process of claim 15 wherein the base is sodium bicarbonate.

17. The process according to any one of Claims 10 to 16 wherein the aniline is 4-
[4-benzyloxy-3-chloro]amino-6'-amino—3-cyano-7-ethoxyquinoline, 4-(4~(2-
pyridylmethoxy)-S-chIoro)amino—3-cyano-7-ethoquuinoline' or [4-(3-chloro-4-fluoro-
phenylamino)-3-cyano-7-ethoxy-quinoline.

18.  The process according to any one of Claims 10 to 17 wherein the
concentration of the aniline is less than 2%.

37



