PROCESS FOR PREPARATI ON OF
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manuf act ure of 4-am no-3- quinolinecarbonitriles,
whi ch can serve as internediates for the synthesis of
addi ti onal 4-am no-3-quinolinecarbonitrile anal ogues.
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| BACKGROUND 0F B INVENTIONW h of certain cell types.
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di seas8!® 'BY%ﬁPE SHISHLO RORREFS f&’ﬁd‘?‘gt %ﬁé@tﬁc’h‘re §"amino-s-
nmlimminscarﬂ'dsmml&homm’i héeh petventasappdrinediatesn féhehe synthesis of

YRS B P HRH e, PAPRED S FUSRLSE s,

naswelhes thieeplefrmécautically ddveptabledsals thereof, inhibit the action of certain
? h‘g}/egr% pwﬁg@%%g%%f ing @]ﬁef H!)rmaﬁ glror\]/\tlt r{aaﬁ% 85" types
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the two nost frequent nethods involve intranol ecul ar
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ehgindicetbdtiethedommuia bslowCycl odehydrati on of suitable
am de substrates via Vilsneier type internedi ates
appears attractive but thelitgrajure is scarce and in
t he exanpl e bel ow, the desired slel qui nol i ne speci es
I s unstabl e under the reac?conlstl ons and the
chl oro-quinoline is favored Yt Gohn, O, Taylor,
D.L (1995) Tetrahedron, 51, 12869]. -

This invention also relates to the manufacture of 7-amino-thieno[3,2-
b]pyridine-6-carbonitriles useful as intermediates in the synthesis of 7-amino-
thieno[3,2-b]pyridine-6-carbonitrile analogues. Throughout this patent application the
thieno[3,2-b]pyridine ring system will be numbered as indicated in the formula below:

1 7

S Xy 6

2Q A
3 N
4

Historically there are several methods for the preparation of 4-
aminosubstituted quinolines and the two most frequent methods involve
intramolecular Friedel-Crafts reactions or electrocyclic ring closures of N-(2-
carboxyvinyl)-aniline derivatives at elevated temperatures. Cyclodehydration of
suitable amide substrates via Vilsmeier type intermediates appears attractive but the



The approach described herein is favorable due to the
relati ve ease of preparation of the cyanoacetam de
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and suitably substituted aniline that results in the
carbocyclic ring. One exanple exists in the literature
where 3-chloroaniline is reacted via a variety of
86 acetan1des to forn1e onitriles, which u
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invention also relates to a process for the
pBBEF SUMMARY Of THE INVENTION
am no-t hi eno[ 3, 2-b] pyri di ne 6-carbonitrile conprising

conbi ml'Hcg plae@ %ve?\ﬂajl elat gcic%%’ R itﬁeuysr‘agal%ﬁmpé) 4-amino-3-
£ Be and a

t hi opheng™w a cyanoac
t quuad>lln;ebmbbmtrﬂe) rcrrmpesmgm wmbarhmg) laql aminsodzomprtundowﬂibtcaamnacetic

oo M AR SRR EnP RS, LR Egpospramic
aWEH_n an oplidrely bugt yo detrd- smbsﬂatutécblam-hne |0ra|x)dlcm?nel,lc solvent and a
g{?fgw H;]%rﬂ'xg]tftig%e%rae@ eifo- Q y&oa%wﬂn\{laé én% tmaﬁ cgmeinlng the 3-

amino-2-cyanoacrylamide with phosphorus oxychloride in acetonitrile, butyronitrile,

toluene or xylene, optionally in the presence of a catalyst to yield a 4-amino-3-

quinolinecarbonitrile.

The present invention also relates to a process for the preparation of a 7-
amino-thieno[3,2-b]pyridine-6-carbonitrile comprising combining an optionally up to
disubstituted 3-amino thiophene with a cyanoacetamide and a trialkylorthoformate in
an alcoholic solvent to obtain a 3-amino-2-cyanoacrylamide and combining the 3-
amino-2-cyanoacrylamide with phosphorus oxychloride in acetonitrile, butyronitrile,
toluene or xylene, optionally in the presence of a catalyst to yield a 7-amino-
thieno[3,2-b]pyridine-6-carbonitrile.



3, 2-b] pyridine-6-carbonitrile.In addition, the present
invention relates to a process for the preparation of

w@2ebsan2np- 3- qui nol i necarbonitril e by conbi ni NBCENS2004/026329

10

15

20

25

am ne conpound with cyanoacetic acid and a peptide

coupling reagent to obtain a solution, filtering the

solution to yield a cyanoacet am de; condensi ng the

cyanoacetam de with an optionally up t

t et r adogeigitiont thel pgasent ineentign relptesrie i RfOtsQﬂS\f@frihe pEgRgration of a
%rﬂlnléyé SUIhameQé]r%Bﬁlﬁllé By Bébl%bﬁinﬁg‘a@'ahﬁ’ﬁ‘é’ EM?&M%M bydoacetic
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éx{rﬂria‘ac&aﬁﬁ’dé“ %h&lﬁ%ﬁ‘{gblﬁe'éyéhé&etamée %ﬁusﬁ{‘bpﬁdh\éﬁ;ﬂhb% tetra-

i ncludes a process fof preparation of
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(%morﬁmneagw @orﬂﬂnﬂm@%ﬁé‘QRSﬁLérﬁ‘arﬁﬁbﬁltrﬁ&wﬁh Bh&kpRorus oxyehloride

m xture; co e m xture; adding a solution of N,
tOdl%@/%Hcﬁﬁ@ﬂ%Wquam%“'ien DVF so as to keep the
tenperature below Cto yield a suspension; filtering

t he supRensbadht afemnhiimduddae af Qﬁ'&:ésbn%rs%é doreparation of a
by-product. to yield a filtrate; adding water to th

e
feyeppagetamige maneing eAMAINRG : dimgtnviiomasnipie DMES, an ‘amine and

NeyahacRtE ‘hc}ﬂ 5 gela £ YHI0RE ebalMgdfe mMRRIrd; oAdomg Q&olutlon of N,N’
experi ment al |'s are set forth to aid in

ﬁ@@%ﬁéﬂﬂ@fhad'm'd‘% eDMR\RerftS tgrikeer e tamperpre '?ﬁ'%éléoc to yield

ad) dusptpuiof; Medingend Ssphsies! anél deshmﬁtthé 'ﬂe@iﬁbﬁg%ﬂd biroduct to
i nvention set forth in the clains t

t Helf! ediirale; adsingavaieropheiiipieTiogqiaie amEturwmﬂtmgﬂH? gnixture

|te\wé1@ h@ga,wa@gfaq% a high yielding, high purity,
operationally sinple process for the production of

4-am no- 3- qui nol i necar boni tr les o nal |

subst | hﬁef?ﬂgwana expergnental dgtajls sﬂrﬁégf) {qﬂgﬁg a"{@mmeﬁﬁ%dmg of
(t?)a iRRRSH, %Inblcél?e @bt idtepad %@%U}d@ﬁ)’t béh:bnftlfﬁ@afoaﬁmlﬂm any way
of a am no- ano r of o onal | y
sibséwem?réaetéw“fh ihpac a@%/%#EaHO@% %&am de and a

trial kylorthoformate; and (c) cycl odehydrati on of the
3pETANEI’DESERIFTUON GRTTHENNVEATEONas above with

This invention provides a high vyielding, high purity, operationally simple
process for the production of 4-amino-3-quinolinecarbonitriles optionally with
substituents in 5, 6, 7, and 8 positions, comprising:

(a) preparation of a cyanoacetamide;

(b) preparation of a 3-amino-2-cyanoacrylamide of optionally substituted anilines
using a cyanoacetamide and a trialkylorthoformate; and

(c) cyclodehydration of the 3-amino-2-cyanoacrylamideprepared as above with
phosphorus oxychloride in a suitable solvent with or without additional tertiary

amine bases or alcohols.



phosphorus oxychloride in a suitable solvent with or
W t hout additional tertiary am ne bases or
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functionalized aniline, containing substituents that

permt intranol ecular cyclization under dehydrating

condi tions. The sequence illustrat ed bel ow descri bes
the_invention clainmed herein. N1 (EtO CH POCIq

whe e methadaleny descepes katein GoRBIsiTadmdtignalived 6@'&@? containing
adupstituBhts thdt pedh raroRiSElar SydlSdtiohWinger @é}@dratlng conditions.

unsubstituted aryI and R3, R4, R5 and are each

i ndependent |y h 0 hydr ox hal oge al kyl of 1-6
o DR SepeRns ihiaibeim %%%r'%%rtﬁsmvsﬁMCa'm VAN of
2-6 carbon atons, al koxy of 1-6 carbon atons,

- al koxyal koxy-, haloalkoxy-, -aIktheteroaryI,
optionally substituted aryl, N-alkyl pi perazino wherein
the alkyl noiety is of 1-6 caqbon atong, pyrrolidine,
nDrphoI|n0,1q3pe{ﬂérﬂ&)H aIkoxyl(hDT@IEM/g hperazi noj
wher ei n t he" al Ryl and alkoxy noi ety aWe of 1-6 carbon
atons, or optionally substituted hetePoaTyI The
cyanoacetan1de 1 can be prepared fromthe gs
correspondi ng am ne and cyanoaceti c aci|dri piJ ef | uxi ng
toluene with an acid catal yst ortgb%@nrah, of ur an
(THF) with a peptide coupling reagen TRE “EXxairpl es
cont ai ned herelanrGV|de P &ferred cahdi ti offs and

i ncl ude use Qf f03) eqy| enfs of acetbc aci d
relative to anj nd 3 d||sopro d nhde in
THF at 77-80gL. optlnun1proce§ur ﬂlo q
filtration of thRe suspension then di Muti on“With wat er
to allow the prodiict toprecipitate and callecting by
filtration. This procedure provides a near

quantlkﬁg M€ yield 1 of sufficient purity to be used
in the subsequent step without further purification.

R' and R? are each independently hydrogen, alkyl of 1-6 carbon atoms,

substituted and unsubstituted aryl; and

R® R* R® and R® are each independently hydrogen, hydroxy, halogen, alkyl
of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms,
alkoxy of 1-6 carbon atoms, -alkoxyalkoxy-, haloalkoxy-, -alkylheteroaryl, optionally
substituted aryl, N-alkylpiperazino wherein the alkyl moiety is of 1-6 carbon atoms,
pyrrolidino, morpholino, piperazino, -alkoxy[(N)-alkylpiperazino] wherein the alkyl and
alkoxy moiety are of 1-6 carbon atoms, or optionally substituted heteroaryl.

The cyanoacetamide 1 can be prepared from the corresponding amine and
cyanoacetic acid in refluxing toluene with an acid catalyst or in tetrahydrofuran (THF)
with a peptide coupling reagent. The examples contained herein provide preferred
conditions and include use of 1.03 equivalents of cyanoacetic acid relative to amine,
and 1,3-diisopropylcarbodiimide in THF at 77-80 °C. The optimum procedure allows
for filtration of the suspension then dilution with water to allow the product to



Use of a water-soluble peptide coupling reagent in THF
permts direct isolation of the cyanoacetam de on
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cyanoacetam de with optionally up to tetrasubstituted
anilines can be performed with the hydrochloride salt

or free base of the aniline with trial kyl orthof ornate

usi ng. al coholic solvents at 20-140 g The .opti mum o
RIREIPHate RO0reslIoetingsbY, Fatan T Pkerue ATpviflps,A near quantitative
celd Ut tdfneuffidient’ favy | Nbé rUsJeaOinp[hHJ%UBéeqﬁbnlS@te@ Withdut further
t he_hydrochl oride salt or free base of the aniline and
ZPLG'-f"?%/tb"nequi val ents of triethylorthoformate. These
conditions allow for precipitation of the product 2

that iigsd 99! atveslenédlgtle fpdptid@tdouplingn regaedt Vih €FHF aielimits  direct

g el e e A 7 A

acconpl i shed wi th phosphorus oxychloride in
acet onThe cdrelenbationrreadtionidf ¢he tyznoacetamidexyithesmionally up to tetra-

optionallyv.with alcohols or 1.ne, bas as cat al.yst,s

atug P Aries ca e BRtB PR I T REerERcSah, g Tasg of the

t rdlireubigt triatkglorthofearritenising dieohotic boivgritoat 0414 °@i tThe optimum
hor us ox

nmet hanol .and. pnhos loride. Th roduct .sal t
FrtaRe s AR At BSUF Rl driSuahbind eGP T Boipropano
datrgacd witroiheirgdkﬂhbddaealt mgrﬂer taa}s(kjam mdd Tlnilme%ﬂalm? € equivalents
vessel t roduce in_go [ an igh. qual.jty,
ATy RORSRIE® Thebd, eSRBiont B 1@ trORERoH 47 yid droduct 2 that
t isi iedlhigdaaftereijltrationdin gogd gipyd and rrégic parifyr eawd dan e used in the
signific n% rage CC(%| gration. n accordance with this

[ Lgaé’ﬁ?"i‘%ﬁs PH’\"@“H“ R '8?‘#?&- and operationally sinple

process for the production

7- am nBhe hiyeloedeByraltippyisi deaveypdisiat voihi phos@orus oxygitioride in

Aol PO B B B e S RIS b
catalysts at 80-110 °C. The transformation may be done by heating the substrate in
acetonitrile or butyronitrile with methanol and phosphorus oxychloride. The product
salt precipitates from the reaction and can be neutralized directly or isolated and
neutralized in a separate vessel to produce 3 in good yield and high quality. Addition
of base to the reaction, such as pyridine, triethylamine, or diisopropylamine can
provide a significant rate acceleration.

In accordance with this invention a high yielding and operationally simple
process for the production 7-amino-thieno[3,2-b]pyridine-6-carbonitriles in high purity
is provided by a process, which comprises the sequence illustrated below:

NR'R?
CN
S o S o POCI, S~
Re | + (EtO)sCH R\ ! R3 A\ I
‘g\lNHz NC\)]\NFN:{2 H A NR!R2 N/
R4 H4 CN R4
1 4 5



Rl and R2 are each independently hydrogen, al kyl of
1-6 carbon atons substituted and unsubstituted aryl;
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hal ogen, al kyl of 1-6 carbon atons, al kenyl of 2-6
carbon atons, al kynyl of 2-6 carbon atons,

-al kyl heteroaryl, aryl, or heteroaryl. The
condensation reaction of the cyanoacetamde 1 with
3WhRteRbt hi ophene can be performed with the

hydrochl oride salt or free base of 3-am nothiophene

with tgi @hh)’ﬁ'@bl?eh‘éfa@ﬁ 'Tﬁdébehéérﬂlg wom@gzml laP,(yElS(Uf\fleBt@arl@dn atoms
20-140 C. The optinmum conditions for

t?%gtp@rdr?é‘fjl%‘ﬁu?%@ﬂw aiGRfconduct i ng the reaction in
i so- propanol at 80 C with 3-am not hi ophene and 2.0-7.0

elqlul vaﬂfa?e ahs Rﬁfarbréae;:qhwqﬁnh@ﬁw ﬁ?iir@gen'l'h%ﬁigeﬁp amtylt ofons carbon
a ow | ONn
27o8e. skl oo crbogcaams: aRiEREZH trbeh s antivbgiroan,

bgrylseretbdabie subsequent step w thout purification.
The cycl o-dehydration is acconplished with phosphorus

ool one b EredRRiT ARG i o RRiae b Hoflophens
cedrab?' ﬁérfcartne&()mﬂn iﬁg H&hleooh_kmhdm;ﬁlt pr trgedbae@ of Brantimstsiophene with
t i S eating the strat e

L BRRARR g oot PR R A APSAP T The opigigonaitons
stk tthip traasipirhationsrebulo frotrheondeetig e raactionan |kmpropanol at 80 °C

gggélril?@zr{a? g@reeggl %q O%pj Zsoo le%hf\a/glen% oP ecnet“uﬁortﬁt%orma?e These

7 eaditioas taldve fer[pBedpitatipy of therpeediict 4 aisblateidtafiel &kratidn in good yield
ood

ot b el anfass oEuSed uthe slberuPhB o Vrnght Ry roaton.

exanples 4, 6, 42, 43, 44, and 45. The described route
2 i s sTheavcyckdehydrediopl iss adcordtishell7 ,with8 phdShhaogued oxychloride in

Sgceggrlﬂttnf}e, %utvro%it'r_i‘e,ctollzuxe%%r “)3’(ylgné_| o&io@éﬁ‘ymﬁﬁaéghols or amine bases as
catalyst at 80-110 °C. The optimum procedure for this transformation is by heating
the substrate in acetonitrile with phosphorus oxychloride. The product salt
precipitates from the reaction and can be neutralized directly or isolated and
neutralized in a separate vessel to produce 7-amino-thieno[3,2-b]pyridine-6-
carbonitriles of formula 5 in good yield and high quality.

The described route 1 is shown using the following examples 4, 6, 42, 43, 44,
and 45.

The described route 2 is shown using examples 4, 46, 47, 48, 49, and 50.
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enbodi nents of the invention the cyanoacetic acid is
used in a anount of 1-1.5 equivalents relative to the
amne, with a preferred concentration of .03
equi val ents. n certain enbodi nents of the invention
Feetobti onal Iy up to tetra-substituted aniline is a
hydrochl ori de salt. n another enbodi nent the
optio up to tetrasubsibtuted apjlipe is a freé
base. %4 ansF_GEor conveg}@lge Leit_al,n ,{/Frsz\o
enpl oyfe nNOE he speci f Pcat i%n, exanpl es,

J Example 43

cl cl Example 4 o © (o] (\N/\/\O NH,
T o — A
N OCHj

HzN OCHj3
CN .
Example 44 j

Re

Cl Cl HN OCHj
j@[ HeCO 5 N

HN OCH, Example 45 ;@\ |

H,CO. cN o .
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appended clains are collected here. The term "al kyl "
refers to the radical of saturated aliphatic groups,

WO p@bodi2ng strai ght-chain al kyl groups, branchedFTRz04026329
al kyl groups, cycloal kyl (alicyclic) groups, al kyl
substituted cycl oal kyl groups, and cycl oal kyl
substituted al kyl groups. n a preferred enbodinent , a
straight chain or branched chain al kyl has 6 or fewer

WeA atoms in its backbone. The term"alkyl" can be
used al one or as part of a chemcal nane as in for
exanpl e, "trialkyhpﬁzhofornate The terns "al kenyl "

and "al kygyl " 7vefeer [to unsaf ur at ed aNivehatri c gr.dups
aHal egous i n gt nd po/ss sub’%el@/‘lclﬁﬂ on to n@
al k @ desc egst ondioe

dolblé Aozt ri BrEMear b(?ﬂ? on bona res@w y. The

term "al koxy" as used herel nrefers to a kyl grjoup,

as defined above, having an oxy rad| cal atjaebe
thereto. Representative }k@r bups include
nmet hoxy, ethoxy, propy rt-butoxy and theolj
The term al koxy can b }ed al one or as part of

chem cal n in fof exanpl e,

"al koxy- enag‘n tr| | e*—Anat- ogﬁus----subsgrr ti oas can
be made to kenyl\l and MPNVWACHzﬂzoups t oduce, for
exanpl e, al kenyl am nes, al kynyl am nes, al kenyl am des,

NH,

al kynyl am des, alkenylinlnes alkynyllnln@ : ci

t hi oal kenyl s, thioal kynyl s, carbonyl - sd (EtO)sCH
al kenyl s or al kynyl s, a&kenoxyls al Ryno o SN o7

net al | oal kenyl s a aIIoaIkynyIs The ﬁbrn1"ary|"

as used herein ing 6-, 7-_

oA 60d-10- membere cl
car bocycl i ¢ si ngl & rkQg or jf&gbd mul ti Pl ng
' : N

aromati c group ch may substltu ed o~
unsubsti t yredxFhgst erm hetero

10 -no-r.o’aronatlc ring stru u mhich ring

stru gé}e 1 ncl udes one to four het eroatons

Het eNodryls include, but are not linmited to,

pyrrolidine, oxolane, thiolane pi peridine,

pi per agzi yrrole, fur hene m dazol e, . .
ezl B Sotit papadietnobie MUsAEDANE, vBjRetafgeid is used in a
pdrlha@ﬂwtrtﬁ 1-PBldoiRaicnss @RAiveYS te ainime, wain@ prefepieal doneentration of

5 1.08 equivalents.

in certain embodiments of the invention the optionally up to tetra-substituted
aniline is a hydrochloride salt. In another ‘embodiment the optionally up to tetra-

substituted aniline is a free base.
Definitions

10 For convenience, certain terms employed in the specification, examples, and

appended claims are collected here.

The term “alkyl” refers to the radical of saturated aliphatic groups, including
straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl! (alicyclic) groups,
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The term "heteroatoni as used herein neans an at om of
any el enent other than carbon or hydrogen. Preferred

whedsnogrdons are nitrogen, oxygen, sulfur, phoB@IT0R2084/026329

and selenium The term "hal ogen" refers to an atom of

fluorine, chlorine, brom ne, or iodine.As used herein,

the term"substituted” is contenplated to incl ude al |
perm ssi bl e substituents of organic conpounds.

@Jl@é&uagtﬂ@@fi cyclealkyle prauSi BNG cyglpalkyl siehstitutest aEWbamueS In a

GREBAEA Empddrhatde 2GKalghe caa.el &Y Blah6hed? ERAS e/l a8 6 or fewer
unbranched, carbocyclic_and heterocyclic, agérmtl c and

r?@mnoﬁtemscﬂnsf@ﬂ@pkw@mEheo?errar“aﬂmﬁ” cag onerfigas part of a

RAEHidS hBng a%%bﬁbkéfﬁﬁlé%rfaﬂ@ldmoﬂﬁrﬁaw’ nore and the
same or different for appropriate organic conpounds.

F f thi t he .het er oat
et LU aeTIRayaIkEIVE PR BRI RISE 1 ReGIiRR) BIPPalY oroups

RealBgoas bh Qe@#!bf‘dnut pERRibRe @ubsﬁw@ﬁlt@ m@@m@@@scnbed above, but
descri bed herein whjch sat | | enci es of

i OlTmat IonRt Gne oviBlerdr SiPTe Larhge-chroB mAEe) e gPestvaly.

limted in any manner by the perm ssible substituents

of or gril RrCARGXNES. usé§ héﬁ@dreh\@reeb mntaie/ aciug, a@deﬂtrmlmbove
cat ?@ySt s of this nve

d bst
& &xvoe Pitical SHechen diareonHeSeRamE N RuaPy) PR dnclude
cmgnhaky fe&tﬁ@@dplroﬁyl@(ﬁ héﬂ-@ﬂ’?ﬁgk&nd Rigen maadl Thé ke’ m?myl a@in. be used
n r eferre e an e cat a
oG R R S arieal Baine g b o e a0 BIORH SR PBIRIT
acid. As used herein the peptl de coupling reagent
i ncl udesalbgousexabstiivtionsl ca8n Iob irage op\diicaybaddi atikghy] groups to

1 di_net t hyl di j_nd. ,

Ty 5 R e e Blesn aBymialline e A58 e plpyamices,

husbdwhleﬁmnamyrwhmimhmidaﬂ(eswb vmmalldyayls marH)dnyui;mbsmuted alkenyls
0 eneo m xt ur t

IPIREY! Hiem  Rakrs. MGk R ndAdATbRR, { hh

sol vent phase. n an enbodlnent the al coholic sol vent

S forTIea(Mrm éargit Ia)sl asuei bérgtoIncludes Hanét,, 6-, 7- and 10-membered

aﬁ:é}{%(ﬁ f)aglg%lfe\;@rﬁtor %'%seﬂ ulw%ggg gférﬁétrce&o&;g) %‘ic‘ﬁerﬂéy Llib%’[ltuted

or unsubstituted.

The term “heteroaryl” refers to a 4 to 10 membered aromatic ring structure,
which ring structure includes one to four heteroatoms. Heteroaryls include, but are
not limited to, pyrrolidine, oxolane, thiolane, piperidine, piperazine, pyrrole, furan,
thiophene, imidazole, oxazole, thiazole, triazole, pyrazole, pyridine, pyrazine,
pyridazine and pyrimidine, and morpholine.

The term “heteroatom” as used herein means an atom of any element other
than carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur,
phosphorus, and selenium.

The term “halogen” refers to an atom of fluorine, chlorine, bromine, or iodine.



As used herein the condensing step of the present
i nvention occurs at a tenperature of 10- 200 C n a

waoreoos/opref er red enbodi nent the tenperature i s BADUS0041026329
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anot her preferred enbodi ment the tenperature is 0 C. n
a certain enbodinent of this invention the catalyst is
an al cohol. n another enbodi nent the catal yst is an
am ne base. n an enbodi nent of the invention

pept i ¥ 4segl hagins elhgelm; ssq}gé?té?edgo'ﬁuﬁ@rée@wé?ﬁ?\ do qinciude all

(perialtsMIeDs dbshiluéRtsor- o?gé‘rﬁ@ﬁ '\F&Ir\%@ de a“br'éa& aspect, the perm|SS|bIe
round-bottoned fl ask under equi d with an over

s%qbﬁ?té?”tsa%&ﬁ%?%é%ompp%ﬁi%%ﬁﬁﬂ Zoyslie 808 el Eﬂ”ﬁged and
qubPeﬁ{ch\é@sce%@dyam,darvu ﬁéiel‘é)éfm@a&l%maﬁc AR thohd@thaic suB&nuents of

chl or o-4-f 1l uor oanj

t‘HQ%‘Hﬁ%‘?‘BP‘Eﬂ%ﬁn Tdm?mﬁymwéb Sﬁ@ftﬂuq*ﬂé C%‘i‘ be éf%@m) r%%ﬂ thg same

t&} differbnt 1Or 88HrobHAB nlo Somst UrﬁiQPrFHP Bodt tHié M@ention, th
(221. 6r , ) Ebnﬁl d?éia ml n THF u?ﬁk was added °

d}%ﬂw@@w@ﬁh 288 n“i“HQ@%‘s ra y 7avegh rowt silygniss apgjer any

?ﬁwhﬁs}s% dibstaRmeP Y 5rgaaucpdo¢r¢pd@ha@fd@§crfueeme$@h Uiiiem satlsfy the
he suspension was stirred for an hour then coql ed

1vplenciephes @esfp%wgafemsmaghlﬁ.'m\te@in% is; ARt infRnded |tp e '&5\'&9& in any
aghes byithd pdifitsdirde Suptitlefits)of ofdidid ¢dnigctings.was

transferred to a 2L droppi ng funnel and the solids
di sca

- d bott d fl
over h[eg%l ‘?@P’rrﬂeéﬁ'“a{l?gugﬂ%ro Eg% @a@@lt(%ﬁ’gl%@gd”\ﬁ’}“ﬂn include a

Vébetancéd 25 lriﬂ'-éas@*s tHe ratdhér d fekttici WitHoue ModlNgtheasrerall standard
25 m nut s for

d sl OV\A wat er oyer a

mﬁl%ﬁa BRSHhEng N TR Ao s R SHeTREES STBDHEIP e aihend base
? t8 il Rleduesaiph, pyrldite St BeRfipaBnyestofit btiar ed and

the ilter cake washed with water (2 x 250 nlL) and

dried nder vacuu 5 t 45 C ta _provide :
(3-chl ?dJS&dfh‘?I&“n%“% Pewﬁ%ﬁ @ e dndidat F"é LGMPE: 1.3
( 2R8plopYicadbiiiryide) d, >99% par[(oﬁMeihylaHmcﬁ‘promﬂ -BEdihylealbatiiimide

E&ydr(iqlblo'v%e an(? dllc\;/yl/_gdhe%ggo&umlcjie DC&? , 7.80 (d, J=8

As used herein the alcoholic solvent is the liquid or homogeneous mixture of
liguids in which extractant(s) and possible modifier(s) may be dissolved to form the
solvent phase. In an embodiment the alcoholic solvent is for example ethylene glycol,
methanol, iso-propanol, or butanol. In a preferred embodiment the alcoholic solvent
is iso-propanol.

As used herein the condensing step of the present invention occurs at a
temperature of 10- 200 °C. In a more preferred embodiment the temperature is 140
°C. In another preferred embodiment the temperature is 80 °C.

In a certain embodiment of this invention the catalyst is an alcohol. In another
embodiment the catalyst is an amine base.

In an embodiment of the invention the peptide coupling reagent is water

soluble.
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7.5-7.3 (m 2H), 3.92 (s, 2H). Exanple 2
(3-Chl oro-4-fluoro)-2-cyanoacet am de A 500-niL round

 Woodosomedt f | ask under N equi pped with over headPGI/U82084/026329
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25

a condenser, thernocouple and 100 niL droppi ng funnel
was charged with 1-[3-

(di met hyl am no) propyl ] - 3- et hyl car bodi i m de

hydrochl ori de (21.17 g, é m& qnd THF (140 nmL). A
sol uti on of cyanoacetic acFfTR®!'03 g, 0.1 8 nol) and
3-chloro-4- fluoroaniline (15 44 g, 0.106 nmol) in THF
(60 nmL) was added3tChlbroet-tliop)-ogarioacstamidend added to
the reaction flask at 25-45 C. At the end of the

a0 1 84 DSB8 KR e 38187 0 s, o
fcﬁmdamser,tthewnnqmuplechnsll%@dn}l_ drnppmg/eﬂmmel w9 Oharged wnth cyanoacetlc
or
TR 0 SRS AR BB T 2T ot
f(‘nl-lFaar 76akmU)vasIT&f@ witthrenatasr hegtdddto &% Jd@derA vsr.dtuiu:m of 1,3~
ceoMBp B paade 32 a8 B 3770l i THE, (k) wes added
(@bpRige pved250mineled ,at FB-7AP8My AtieCend Idf iiRad@tidh Nisopropylurea
%%Eﬁtgs g%rgwés%dlééhzﬂ’sé%e%n%ioé%ngfﬁreE‘Zfor Mour%hgﬁ Zoo?’ed to 13
(. Chhe Buspénélbu oves)fili2recyanuicthe dittamcake wadhed with THifu(Rix 250 mL).
t
A S S AR o B 5 AP

char ged vvlth cyanoacetic acid (28.04 g, 0.33 rml)
3 chl oAo-12-1f | pundatiottomed ( #ask0 epuipped mith) ,overhead stirrer and

t'h rﬁcgc%ﬂp %é%@ﬁ%?&éé}wﬁﬁ '\Agtérz(4g§0 thi) Qt %48”0+9e f'ﬂﬁ?tg Xfrom above

uene ur e heated to re
awals added slovty tecthedwater oves aﬁemmusaaaidzmtnga@ whit¢ tsgspeisen. The

oy mg’?“%'&m"’gs i aﬁ%rﬂ?&% %’éﬂ}?@ érﬁbﬁirh' ndi cat ed

e consunption an| e reaction
mxture was cooled to roomtenperature (RT) formng a
pi nk sTispensiepsion Wes fisracianduthecfilies ohlse wasisd with water (2 x 250

f {;nH) 'faﬁ& (@Q ﬁ@é}\%% utifnt Bo MIRFd) 2t 452801 hrbviB B 43-BhioRH4-fiBoro)-2-

cyanoacetamide as a white solid (294.5 g, 81% vield, >99% purity by HPLC, mp
155.7-157 'C). 'H NMR (300 MHz, DMSO-dg): 10.4 (s, 1H), 7.80 (d, J=8 Hz, 1H),
7.5-7.3 (m, 2H), 3.92 (s, 2H).

Example 2
(3-Chloro-4-fluoro)-2-cyanoacetamide

A 500-mL round bottomed flask under N, equipped with overhead stirrer, a
condenser, thermocouple and 100 mL dropping funnel was charged with 1-[3-
(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (21.17 g, 0.11 ml) and THF
(140 mL). A solution of cyanoacetic acid (10.03 g, 0.118 mol) and 3-chloro-4-
fluoroaniline (15.44 g, 0.106 mol) in THF (60 mL) was added to the dropping funnel
and added to the reaction flask at 25-45 °C. At the end of the addition the reaction
became a clear solution. The solution was stirred at ambient temperature for 1.5

-11-



fluoro)-2-cyanoacetam de as a pale pink solid (46.40
g, 79%yield, 96.7%by GCVS). H NWVR (300 MHz, Dvs(d ):

waeeod/o{ep 1H), 7.80 (d, J=8 Hz, H), 7.5-7.3 (nPCRHE$2004/026329
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3.92 (s, 2H). Exanple 4

2- Cyano- N- (2, 4-di chl or o- 5- met hoxyphenyl ) acet am de
2, 4-Di chl or o- 5- methoxyaniline (5.00 g, 26 mml ) and
cyanoacetl Cc ac e mxed in

THOUBY et P Ga MY o PP (SRONBELATBNG: 81 HATH Stpeason. The

Sﬁlsbérhéitfh W@sssth%%i &GodA térﬁiﬁérld?élr@ﬁ@bmlght then filtered and the filter cake
- di | SOEb | car bodi i m de

.ang grigd S'GF%V%G%E (Fﬂé“'ﬁﬁ 'S@u?"edf%vaé@‘o provide (3-
C&ﬂ&r@d-ﬂu@r&)@ @dnaa@éiammb@st h. thtiéescﬂual (pd.oves SOk lyestd, e3¥.5% by

Itration and was hdrofu
Pk Ot IR BB o SRS h B a: a0 1ok & e Bl 14 7573
3@,1 PH)UE.83(s, 2R White solid was coI | ected by
filtrati on, washed with vvater and was then dissol ved
in 500 nL of et hyl acetate el olution was dried
over sodium sul fate and coﬁ’éeém? ed in vacuo togive
5.9 g (88% of

2-cyano- N- ( 2, 4- di @ Crhlio@-SHumed@xyaivanyd)rdet am de as a
white solid, p 180-181 C; H NWVR (400 MHz, DVsO-d )

3 84 ( é 58@’;'%‘5 "‘Dib&ﬁ?@e(j%“%%& @qﬁﬁgd 'tgl\ﬁvhfhead stirrer, a

ADeehryStask trap ddd-tdidensdd Balroocou@le was 8Barged vBthlcyanbhacetic acid

O 84156, o, B8R pfusibaliie Metf o552 b SAkbYonyoronic
dacie{zhgs §,00.0bhimodd) apBVElerf@00mL)) The mixture was heated to reflux and
I NN U p——
C(TCMOgdndgtr:a(;télj W:aggmtete nbiambtlonTof theearilowl. e Thei rebclion madure was

PR S eoT B Fpsthit: i (Br8hg th Yk guspepsion,, T solids were
(BéRatend Qy)fllmloaswamédafmm MABEL (2 md0atLiy andodyleovio @fforlif (Behloro-4-

t t °
PR R P sThs aRIhEGAE) £ AL S5 by e
b®) CHUNMR (300 MHz, DMSO-ds): 10.4 (s, 1H), 7.80 (d, J=8 Hz, 1H), 7.5-7.3 (m,
2H), 3.92 (s, 2H).

Example 4
2-Cyano-N-(2,4-dichloro-5-methoxyphenyl)acetamide

2,4-Dichloro-5-methoxyaniline (5.00 g, 26 mmol) and cyanoacetic acid (2.28
g, 26.8 mmol) were mixed in 50 mL of tetrahydrofuran until a solution formed. This
solution was heated to reflux and 1,3-diisopropylcarbodiimide (4.2 mL, 26.8 mmol)
was added dropwise. After 30 minutes the mixture was cooled to ~15 °C in an ice-
bath. The solid was collected by filtration and washed with tetrahydrofuran. The
filirate was slowly poured into water and stirred for 30 minutes. The white solid was
collected by filiration, washed with water, and was then dissolved in 500 mL of ethyl
acetate. The solution was dried over sodium sulfate and concentrated in vacuo to

-12-



was then renoved via filtration and the cake was
washed twice with DMF. To the filtrate was added 700 L

wotiodatent The solid product energed from sol uP€DOS20041626329
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slurry was cooled to 5 C and held for at |east 30

m nutes. The product was collected by filtration and
washed wth vvater and then dried in vacuo at 60 Cto
give_27. ght tan solid. Exa

v 5805 (B0, of Borerer h DI pTy Sbep e Bacetamide as a whie

Jofld, omp MigiBigh oy AR NMRe(széQwQQ Ms@4a6§ 388k )s; 4 02 (s, 2H),

Gggn ?%ic'gi ! fﬁﬁta(ﬁaﬂﬁ)dﬂgpgr(ﬁﬂ"Qndn%@:?trsoéﬂ)ztzénoe?@%l (M'I*'& t he

resul tant solution ,3-diisopropylcarbodiimde (8.8 ni,

%a%&isrmpczgﬁg@m@ded dropwi se. The mi xture was cool ed
in an ice-bath and the solid was coll ected by

filtrafi vas i W tetrahydrofuran. The filtrate
@@@%vﬁﬁ%@ﬁr}e@gmaé'%ﬁter and stirred for 30

m nutes. The white solid was collected by filtration,
Westind oC M a.25; W t3e10; dndo@si ed to give 2.58 g of
2-cyano- N- (3,4, 5-tri met hoxyphenyl ) acetam de as a

whi tesolid, p 146-147 gg?_ﬁ?y%%%qew DVSO-c/ ) d

3.61 (s, 3H), 3.74 (s, 6.90 (s,
2H), 10.23 (s, H; M (ES) rT12251.1(I\/H-H)+ Anal ysi s
for C AréddioClbsidwag, chE@eEeritH—din@ﬂﬁdfpraniﬁi& (DBIFFgomL), 2,4-

dlflg &g\#@?gtaﬁza&ﬁme)(WO ﬁt\& t?oxy )ZQAOG %%etlg r‘?wId (46 6 xq 0. 55 mol).
oThe2miritrb ovag- (fmotadthoo‘mféhml an(ité ba. gTo fieOconhasl m;xture was added
0 J

“HEPLBE LIRS L) IR RRRLAES Figto, DA PO (20
ofnLNsd\Nasl |tmTkEéwtl‘feohenmmalarevtMOVh déafed Aftersibe@ddiionavas complete,
hour. u Q t

% ﬁg g\ﬁgrdléc%ﬂ L'lpegfp?ﬁ% I)fljé)enfe%cﬁ@rf’ \Afégnétl?rg f8r éq‘gm'st hTf1e urea by-
apretiadtavasTthen cergavectvib diftetionandvibs leeki WIaB hwashed rt\ance avith DMF..
S‘?g %h%'ﬂlt?ét% Wa Q%rd%da 708HL (9’ water. The solid product emerged from solution.
The slurry was cooled to 5 °C and held for at least 30 minutes. The product was
collected by filtration and washed with water and then dried in vacuo at 60 °C to give

127.08 g of light tan solid.
Example 5
2-Cyano-N-(3,4,5-trimethoxyphenyl)acetamide

3,4,5-Trimethoxyaniline (10.00 g, 54.6 mmol) and cyanoacetic acid (4.78 g,
56.19 mmol) were mixed in 100 mL of tetrahydrofuran and heated to reflux. To the
resultant solution 1,3-diisopropylcarbodiimide (8.8 mL, 56.29 mmol) was added
dropwise. The mixture was cooled in an ice-bath and the solid was collected by
filtration washing with tetrahydrofuran. The filtrate was slowly poured into water and
stirred for 30 minutes. The white solid was collected by filtration, washed with water
and dried to give 2.58 g of 2-cyano-N-(3,4,5-trimethoxyphenyl)acetamide as a white
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over magnesium sul fate and filtered. The sol ution was
concentrated in vacuo and recrystallized from hexane

war@seityl acetate to give 4.68 g of PCT/US2004/026329
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2- (3-chl oropropoxy) - 1- net hoxy-4-nitrobenzene as a
first crop of off-white crystals. A second crop of .10
g was obtained fromthe nother |iquor. The remaining

sol.ution was_cong e p fied,b

PO MR gl o B! Byt MBERR AP & 874 (o, o1,

eac ey, BYdo 8CaAl €.2318 18O MSIES) it 261 af(M+H)+

2-(3- chloropropoxy) 1- met hoxy-4-ni trobenzene as

off e a np 85-87 C; H NWMR (400 MHz, DMVs(Od )
v’z’ssf?n@zémi\' 879 (t, J= 6 Hz, 2H), 3.92 (s, 3H),

421(t J=6Hz, 2H, 7.19 (d, J =9 Hz, 1 H, 7.77

(Chledl GEZ&SzH 5&@4 N71929(dd, J =9, 2 Hz, 1H); MS (ES)

m z246.1, 248.1 (MtrH)+ Analysis for C H CINO Cal cd: C,

. 89; 4, 92: Found: C, 49.09; H, 4.68; N,
éﬁ%'?gA?’féJr%“a?fF\?e aﬁ%ﬁé 6 2-met hoxy-5-nitrophenol (50

g, 0.30 nol) was conbined with 250 ni i sopropyl
al cohol . sodi um hydr oxi de Bxdnytleé 6n, 310 m (0.31 nol),
was added to the mixture at such a rate that the

was conpl et e, AR ToeBCPE B EneR 4Rl Lo

m nutes. The reaction was then charged with
1- br onbn18xtuitel Gfrometsans- r(m:hEngl (16.99%, 160 )mmal).a3-shiptgpeopy! p-

RB1ubhE lfoﬁ}g (? é;%lf gﬁo Witn ﬁ&aésﬁ’urz %a oﬂ (BP0 gjg%g Ghmol) in

perto per?lor ma ormt
(HR%L@). of M N@mltmwmmld@mas r@amsatoﬁ(ls% mrl Ehtl@@rsan'ﬂle reactlon

tM&tJrS ‘Wa | QR ¥ o ﬁ} Y@%e%lju@"%ﬁ% Artiti6Ed F?twégp'v?eﬁér and ethyl

nperature overni g gr aaua
pac@mtpl t Brteearghnio ayen evas washeei wish salurajed Sydlurrblmmr@nnate dried

S&}gr a \A@glﬁﬁ]’ %u%fg% The-findBS. %@%Idtﬂa%a@ Mc@rtﬁ’é’té& I rggacuo and

res slturry was stirre or at
menqrswlzed“rrerrdiexang amasth‘yl hcatate do givel 4vaBstheld 2v(Btdhioropropoxy)-1-

"R o SrBBAE % SHC AR HHEE A So Bl oo o 1.1
dg ses|obtinest froroshe notties siglare dTheTiemadingusdlgiomiues concentrated in
a\'/éc%\éea%dt Surﬁigg l bygﬁa%ﬂugdldlr}{n %Fo%a%éréﬁﬁﬁ %lt}tﬁg iy gnt vhexane:ethyl

acetate, to provide 1.31 g of 2-(3-chloropropoxy)-1-methoxy-4-nitrobenzene as off-
white crystals, mp 85-87 °C; 'H NMR (400 MHz, DMSO-d;) 8 2.23 (m, 2H), 3.79 (t, J=
6 Hz, 2H), 3.92 (s, 3H), 4.21 (1, J=6 Hz, 2H), 719 (d, J =9 Hz, 1 H), 7.77 (d, J =2
Hz, 1H), 7.92 (dd, J = 9, 2 Hz, 1H); MS (ES) m/z246.1, 248.1 (M+H)+

Analysis for C1oH12CINO,
Calcd: C, 48.89; H, 4.92; N, 5.70

Found: C, 49.09; H, 4.68; N, 5.62.

-14-



tenperature over 3-5 hours or |onger. The m xture was
then cooled to 10-15 C and held for at |east 30

worzovanerol The solids were filtered and washed PET/HSZ004/026329
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met hanol . The product was then dried in vacuo to give
60.3 g of 2~(3-chl oropropoxy)-1 -

nmet hoxy- 4-ni trobenzene. Exanple 7

3- (3- Chl or opr opoxy) - 4- met hoxyani | i ne_A m xture of

2- (3- chl or opr opoxy) - 1- MRARREP-EXeANS Bbenzene (2.15 g
8.77 mmol) and tin (I1) chloride dihydrate (6.1 g,

27.1 @meihowlsﬁ{?trdﬁheﬁél @sdwj 660t Alof) WAS baAbiRed alith 250 mL

reflux for 6.5 hours. reacti on ni xture was

tiePRr R EIchpler WY é?@urarm/dﬁmjﬂ@eipwwo SH L0k mof e Saded to
%ﬁé %.ﬁh?@' 2B UG Hsrafeomav mé)te?ﬁﬁém?é Pomathé® beRlW 409019 0 Affer the

40 m nutes, additional ethyl acetate was_ added

wltpaw@escmm@esfépaw&w&jwasrﬁmq tgant leapkminnes- The reaction
V\ﬁé"é“?rganwbﬁ é@thhaﬁ%%rﬁQ-@'-dHBrQﬂ)rBBé@g 3 lg{?‘n@SQ@h&z in a single

ried ver magnesi um sul fate an ered
spsiriian. ol hﬁammwncwm thepted ton 76 a¥u@ndnmopitnred inedodigally by high

aeﬁéﬁngﬁée% r&ﬁ%g&%ﬁg h%%lg(%l %‘ 19 AUt hedtindS& Giscontinued

acet
ar(ctathe méantiop mpuwblamallmelddﬁ paﬁh tbuam@l@rﬁ tempereiure peaipight. The

%du g%ﬁ(a 4;9@0:]?_!’%53%%%?@}@ gziéglléﬁf& I@i‘?_&an%? Waiter, 200

4mlz7w@$)ad@ad inH) singe portiondandithe: resutingizsluriy wWis s’m@g 0( gt least 30
nufes 2T e V\gg f gred‘] rid Hadifed i) waldp (TR&)daMi créide product
gniutes) aThg Tol'
1w Sluxigdn meumethamqb beﬁ heated to ilyyentitemselids had dissolved or
r I
%rnbé}s&? f,scﬂ%td gm%eé}ﬂjtloﬁl%s ||0\Zlg g%?%gr?} aec[tu:aﬁ); x(\ntlgggﬁ‘h@% ambient
2!@(ripé)atun®03%] 3-5etduyd ofi Iodge]‘e 'Rh@ miktur@was theml gookaddo 10-15 °C and
e . '

AR, A% S By By g

r'élae:uurcmdmcv\mscmeh edtietloir earuot Engizeadlis e ahd 2eBkoploropropoxy)-1-
ace{ ate added. The inorganic salts were filtered

a’ﬁ‘aﬂ%\éﬁ r%e{‘ﬁeréethyl acetate. The organic materi al

was washed with water (3X)
Example 7

3-(3-Chloropropoxy)-4-methoxyaniline

A mixture of 2-(3-chloropropoxy)-1-methoxy-4-nitrobenzene (2.15 g, 8.77
mmol) and tin (ll) chloride dihydrate (6.1 g, 27.11 mmol) in 50 mL of ethyl acetate
was heated at reflux for 6.5 hours. The reaction mixture was cooled to room
temperature and poured into 250 mL of saturated aqueous sodium bicarbonate.
After stirring for 40 minutes, additional ethyl acetate was added and the layers were
separated. The organic layer was washed with saturated sodium bicarbonate and
water then dried over magnesium sulfate and filtered. The solution was concentrated
in vacuo and purified by flash column chromatography, eluting with 1:1 hexane : ethyl
acetate, to provide 753 mg of 3-(3-chloropropoxy)-4-methoxyaniline as a dark brown
oil; "H NMR (400 MHz, DMSO-dg) § 2.13 (m, 2H), 3.62 (s, 3H), 3.78 (t, J = 6 Hz, 2H),
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and brine, dried over magnesium sul fate and filtered.
Upon concentration of the filtrate a solid appears.

wabkéos/oshi d was filtered and washed w t h hexanr&T/U82004/026329
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give 5.2 g of 1-ethoxy-2-iodo-4-nitrobenzene as white
crystals. Concentration of the filtrate provides an
additi onal .3 g of the desired product, p 81-83 C, H

R R LA [WEERD

G*H)1 éB@(JllﬁOBHz i) 48 () iz 226.152184 (A+fAfi. Found: G
.71, H 2.58, Exarrp e

(4 Et hoxy- 3- |odophenyl)a e A syspension of iron
(3.81 g, 70 mol) and ammé]ffaﬂ?ﬂl%ﬁl oride (5.47 g, 2

mol ) in 80 nL of ethanol and 25 nL of water was
heated to reflux. 11-EffiokpRyedd-4-niicbberzamet r obenzene
(5.0 g, 20 nmol) was added in portions and the

i h .
i xt ur SR S B Bhoptasl [atee izl i orgetent. T
ewaa,rmld S.; Iitﬂﬁ' fT{eIrt]mPalren :Na’ih (:mggrﬂa(m )£ @0K B, e’dondldacdg mL, 0.48
t W e ceta
L S chbReTUn caof@da00 & bR il i R0V of N N
ndigsthyiformesnité alae reatbd all TeF@dor Kewoweal Thé redmtios ovaserdoled to
B G A o R S o MR M rered

(and Bhdhed3wil® ethyl a@ithte. ATH@2orgbsic rAdferial Bvas3washed Wil water (3X)

Fankf it B over defdfnall o0fRed, B8 Mo Suoh Yoflbshnrggon of the

Rtuatd :a solid &pﬁdars Hhigsdlitl, wa, filléréibandEwasheidewith hexanes to give 5.2 g

2-1 odo-1-(,2-oe t

o?f ‘g ﬁ}%}s(z 410%9 qboﬁ)gh%q%xy%% \A@%’J@S@ZGE}S@@%@? 3P ltl%n filtrate
Keroeitiesian akdjtional 11.3 g of the desired product, mp 81-83 °C; 'H NMR (400
MHz, DMSO-ds) & 1.42 (t, 3H), 4.26 (g, 2H), 7.18 (d, 1H), 8.26 (dd, 1H), 8.55 (d, 1H)

Analysis for CgHg!NO3
Theory: C, 32.79, H, 2.75, N, 4.78
Found: C, 32.71, H, 2.58, N, 4.53.
Example 9
(4-Ethoxy-3-iodophenyl)amine

A suspension of iron (3.81 g, 70 mmol) and ammonium chloride (5.47 g, 102
mmol) in 80 mL of ethanol and 25 mL of water was heated to reflux. 1-Ethoxy-2-
iodo-4-nitrobenzene (5.0 g, 20 mmol) was added in portions and the reaction was
heated at reflux for 1 hour. The hot mixture was filtered through Celite, washing with
hot ethanol. The filtrate was concentrated in vacuo and treated with ethyl acetate
and water. The organic layer was extracted, washed with brine, dried over
magnesium sulfate and filtered. Removal of the solvent in vacuo provided 5.1 g of
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watt, D. S.; Ji, T., Tetrahedron Lett. (1985), 26(17),
2043], 2-chloroethyl nethyl ether (10.69 m _, 7

won@b®)920pot assi um carbonate (16.8 g, 7 mmol ) BOMUS2004/026329

10

1

W

20

25

sodium i odide (100 ng) in 160 m _ of N,

N- di et hyl f or mam de was heated at 70-80 for 4 hours.

An additional 5.35 m of 2-chloroethyl nethyl ether

was added and the reaction was heated until thin | [
dresiry dhiedemeny Fartine diohlidht bRV Bkt BVB (40RMBReE0-cb) &
Tﬁ@o(@@mf%‘g@a Sihy, uegpegs o), B3 (ddl i HRte7vRS H), 711 d, 1H);

concent r at ed | n vacuo. he solid was partitioned

HéeWeehmér A9 dddildte and 1 N sodi um hydroxi de. The

organi c |l ayer was dried over magnesium sul fate,

fAddhwie@r eqdm@centrated in vacuo. The residue was
purified by col um chromat ography eluting with a

adi e hex % et hyl acetate in hexane. The
%?1?(3(:2%13%5—12# ﬁw\ggg’r'g’gﬁggt allized fromether to provide
7.5 g of 2-iodo-1-(2-nethoxyethoxy)-4-nitrobenzene as
aFoMmdt €, 961840 H, B.735N, 89&; H NVR (300 MHz, DMSO-d ) d
3.37 (s, 3H), 3.74 (t, 2H), 4.33 (t, 2H), 7.20 (d,

1H), 8.26 (d, 1 H), 8.56 alysis for C HINO
Theory: C, 33.46, H, 3.12 E%ﬁm]p? @nFound C, 34.39, H

3.11, N, 4.41 . Exanpl e [3-1o0do-4-(2-nmethoxyet ho
cy) phenyl ] ani ne2A4odeut{2msthoryasiioNy)-drnitfahegeng 69. 7
nmol ), ammoni um chl oride (5.0 g, 935mm|) in O L of

et h an 0}\ fﬁ?@@%ﬁ)n foj loﬂﬁtﬁ{ltn;ﬂﬁ%ngl @ b% KN ‘ﬁ%éﬁ( %ref Kometani, T.;

oxyet hox
2Waz M ) Jinds E&i@badrand-ettthe(1|9§’é\ht266‘r7)m@4ﬁha%@|aioraethyl methyl

r@t“at“i‘l g{él}jr mb, ?g)"' § rHrcsﬁ:Wﬁé eC@@Bega‘ﬁ‘? rﬁ%l}‘and sodium

t énpe e an
elotidadli 00 Mgy irf i1 6@ rréué Nva&dm qtmamise Was hesterbaiuf-80 °C for 4

h(ﬂ[rgc' R ta%l(:lﬁo §§§g\qL of crﬁ’érgg’ﬂhgl' it I‘é!ﬁfr%r rv?d@X@&Ecpé(nd the
ration throug gneso e fi
creackort was dgated wniit thin tadepﬁr@"om@gaa@ygﬁbﬁ) showed the absence of

E\ﬁjﬁ @%88'4@&% m%%%% ﬂgé}gégh@gﬁ‘m r&t%'&gel%ecoﬂéerﬁfétéﬁ thivaklio. The

solid was partitioned between ethyl acetate and 1 N sodium hydroxide. The organic
layer was dried over magnesium sulfate, filtered and concentrated in vacuo. The
residue was purified by column chromatography eluting with a gradient of hexane to
50% ethyl acetate in hexane. The resultant oil was recrystallized from ether to
provide 7.5 g of 2-iodo-1-(2-methoxyethoxy)-4-nitrobenzene as a white solid, mp 35-
36°C; "H NMR (300 MHz, DMSO-ds) § 8.37 (s, 3H), 3.74 (t, 2H), 4.33 (t, 2H), 7.20 (d,
1H), 8.26 (d, 1H), 8.56 (s, 1H)

Analysis for CoH10INO4
Theory: C, 33.46, H, 3.12, N, 4.34

Found: C, 34.39, H, 3.11, N, 4.41.
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3.62 (t, 2H), 3.95 (t, 2H), 5.01 (d, 2H), 6.55 (d,
1H), 6.73 (d, 1H), 7.03 (s, H:; MS (ES) miz 294.0

w@ keosip19aonl ysis for C HINO Theory: C, 36. 88, PCT/ASA084/026329
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N, 4.78 Found: C, 37.28, H 4.29, N, 4.80. Exanple

3, 4- D net hoxyani | i no- N- (di met hyl ) - 2- cyano- 2- pr openam d
e 3,4-Di nethoxyaniline (1.50 g, 0.010 nol),

di met hyl am nocyanoacetam de (1.50 g, 0.013 nol) and
triethylorthofornmate (2 mEX@@PEIY nol) were mixed in
et hyl ene glycol (10 nL) and the solution heated to

reflux. The sol yg-igela-4a@smethbxyeditbxiyphehyl@ing t hen

al | 0¥\Bd t(cj) cool to roomtenperature when precipitate
wa o) . Wat (12 dded dth .
S perbRETPaT RN G GetSL SRS JBREnLE plRR G 0 & 035
dh?bl)?ihmo?t AR e&ﬁb@neld ang 28 sili ofrmtgmb herapaesirefiox. 2-lodo-1-(2-
sulfate, filtered and cgnce ted .t .
R SRR ¢ o St iost WaS RBdest B ametion was
eheatech at) FelixSiot i3dhdurs.54THe, nﬁ(?&ﬂey\i\lﬁ dp0l88 %o pudint temipgrature and
o el o P b o g ool e
gurziS S( pretcil?;iﬂ%te ap;iéérécﬁi\l_'ﬁ‘gd) pLe'&iﬂﬁateg hrfais réhi)ovﬁckaﬁlpﬂlﬂaztion through
A= xyani |.i no- -C r.o- 4- -0,
WasnsPronstibliae B85 SepctfRisd St ot HARGEAY o o Bgato-+-e
nkhorysh G ysheh@lonide bib aa o) HINMBY(S00 MieA, BISD-6)B 883 (s, 3H),

7363 (ol 45 b 2HF ot 5 BHb ey LT 7o 8. By T ws

tfzs)eﬁ/km_o'(lmemol ution was stirred for .5 hours then
allowed to cool to 50 C and water ( nl ) was added.
The suspensi,o s allowed to cool to roomtenperature
a}fq'&a'¥sﬁ%%§§fsli-l‘d@ %ol ated by filtration, vvashean/JVi th
MIBE (2 x 15 nL) to provide

3THedaly: rG; t36B8y &inkl1B8NN; N78 3- chl or o-

4-fl uorophenyl) - 2-cyano- 2- propenam de as a beige solid

(Poctid: &, 5728, PHGI0YNDY 0.

Example 12
3,4-Dimethoxyanilino-N-(dimethyl)-2-cyano-2-propenamide

3,4-Dimethoxyaniline (1.50 g, 0.010 mol), dimethylaminocyanoacetamide
(1.50 g, 0.013 mol) and triethylorthoformate (2 mL, 0.012 mol) were mixed in
ethylene glycol (10 mL) and the solution heated to reflux. The solution was stirred for
5 hours then allowed to cool to room temperature when precipitate was formed.
Water (120 mL) was added and the suspension filtered. The wet solids were
suspended in dichloromethane (100 mL), stirred with magnesium sulfate, filtered and
concentrated to provide 38,4-dimethoxyanilino-N-(dimethyl)-2-cyano-2-propenamide
as a grey solid (1.54 g, 57% yield, 88% purity by GC). 'H NMR (300 MHz, DMSO-
de): 10.9 (d, J=21 Hz, 1H), 8.23 (d, J=21 Hz, 1H), 7.08 (s, 1H), 6.9-6.9 (m, 2H), 3.78
(s, 3H), 3.72 (s, 3H), 3.03 (bs, 6H).
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LCVMS): H NWR, DvMsQd ): .3 (d, J=15 Hz , H), 9.76 (s,

1H), 8.70 (d, J=15 Hz, 1H), 7.97 (d, J=8 Hz, 1H),
wQ2@5P18%1 (m 1H), 7.51 (d, J=9 Hz, H), 7.38 (PCT/US2084/026329

Hz, 1H), 7.29 (s, 1H), 6.97 (d, J8Hz 1H), 3.72 (s,
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3H), 3.03 (bs, 6H). Exanple

4- Br ono- 3- et hoxyani I i no- (N- 3-chl oro-4-fl uorophenyl) - 2-
cyano- 2- propenam de A 2-L round-bottomed flask under N
equi pped with an overhead BemiiedS a condenser,

t hernocoupl e and O nL dropping funnel was charged with

( 3- chd,aDIméthokyd#inGIN-23-6haidopfeirephangl)-L1d)ang-2- &oﬁ&wamnde

gDL% 4- br ono~3 ISgthogyanlllngohydr?chlonde (100.4 g,

Tt et roteRtesvarie LR 6280 mofl Af) (blosmydioror2-

?mtngmt@*lqgﬂpe(osaoofg, { Q)BE&dn(fl)J atiiﬁ tﬁfethﬂbttlmforg&'até darmmL,a0.012 mol)
ur er o Oof O I or

ot sed i EliViend B Pl PRI Posivhuled Spfidy fgo stired

ftﬂﬁtﬂ;h?ll’rs hﬁ@t’; alidbed &f técbb{ #16_1 ~sbi°Cdarad wgtedt(1®iml) was added. The

triet ort ho te , 57 0..38 o . added

FHFOREZOT ot IR oS0l o R etorRE R S RLERL PEked by

}Aﬂ?’aﬁtﬁp Mﬂdhéo?nh/m]l}ﬂ‘BEflzamB mh)etomr@\ﬂcﬂan,téa:timemokye&m ineeN-{B¢chloro-
i 1.trat e filter e I, t o .

| £ BORER Do P RPP ENGe a7 BdPaHacTS Weld D F87Purty by

50CMS):HE)NMR, PMBO-dg: 11.3 (d, J=15 Hz , 1H), 9.76 (s, 1H), 8.70 (d, J 15 Hz,

cygﬁ?ﬁg‘i ot B é#“(nafﬁ% adoerd B °*ﬂ§>69é8’ =9 iz,

7980, y.29 @, 1659 6.95%d pixs iy, 1w 3iPL (3, BH)ZQ@BQ)%SBI@ H NVR,
Dw ): .3 (d, J=15 Hz , H), 9.76 (s, 1H), 8.70 (d,
J=15 Hz, H), 7.97 (d, J=8 amﬁ]Qm 7.6-7. 57 (m 1H),

7.51 (d, J=9 Hz, H), 7.38 8 He 7.29 (s,

H, 6.97 (d, J=8 Hz, 1H), 4.14 (q, J9Hz 2I—I), 1.37

(t, 4J-Bﬁorhiz-3-eiﬂ1\d)xyﬁxiﬁﬂrqa(l‘é3-chIoro-4-ﬂuorophenyl)—2 cyano-2-propenamide
3- Fl uor o- 4- met hoxyani I i no- N- (2, 4-di chl or o- 5- met hoxyphe

D) an AR B PRARED L ol 1, SHBAREEARY o prn sirer
. 0ondgnser, Bermmeuiupld and208D inLsiropping junogavas chasgedawithe(@-chloro-4-
SRS B R o 508 i, L ey o orce
T¢100.4 g, 0.40 mol) and iso- propanol (500 mL). Tnethylorthoformate (64 mL, 57 g,
0.38 mol) was added and the suspension heated to 72 °C. After 1.5 hours a further
aliquot of triethylorthoformate (64 mL, 57 g, 0.38 mol) was added and the reflux
continued. After a further 2 hours at reflux a third aliquot of triethylorthoformate (64
mL, 57 g, 0.38 mol) was added and heat continued for 10 hours. The reaction
mixture was cooled to 20-25 °C and the precipitate collected by filtration. The filter
cake was washed with iso-propanol (2 x 100 mL) and dried under vacuum (45 °C, 50
mm Hg) to provide 4-bromo-3-ethoxyanilino-(N-3-chloro-4-fluorophenyl)-2-cyano-2-
propenamide as an off-white solid (136.5 g, 70% yield, >97.5% purity by HPLC mp
226-228 °C). 'H NMR, DMSO-dg): 11.3 (d, J=15 Hz , 1H), 9.76 (s, 1H), 8.70 (d, J=15
Hz, 1H), 7.97 (d, J=8 Hz, 1H), 7.6-7.57 (m, 1H), 7.51 (d, J=9 Hz, 1H), 7.38 (t, J=9
Hz, 1H), 7.29 (s, 1H), 6.97 (d, J=8 Hz, 1H), 4.14 (q, J=9 Hz, 2H), 1.37 (i, J=9 Hz, 3H).
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this solution, triethylorthoformate (1.72 niL, 10.34
mol ) was added dropwi se and the reacti on m xture was

whe@somw2at refl ux overnight. An additional 2 mCD1S2004/026329
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triethylorthoformate was added and the m xture was
heated at reflux overnight. An additional 2 nL of
triethylorthoformte was added and the m xture was
heated at reflux overnight. The mxture was allowed to
cool to room tenperature dFEMRI™Nite solid was
collected by filtration, washed with /so-propanol, and
dr i ed 3cRIgsroidohbthakyaHlino-NHE]SHichRes+6 eakth:§pRemE)-2-cyano-2-
Purification by suspension in hot, ethyl acetate

fol |l owed by addition of cBIHWeARYYGes gave .08 g (68%
of 3-fluoro-4-nethoxyanilino-N(2,4-

di chl ofw- &- smépensipphehy2-pyahoeN-42d-dbhinropenaiibxighasylmcetamide

07Eht i B P8 & el b A b rran 0.0
18,8 ot T b vt i gt i . T
T O ROl el W75 Yl mihovs i flcbige en
o?ngawm-rgﬁﬁum'ﬁ mﬁhtngaﬁ{eﬂ:mh?g!ﬁb?gyl %mlcmoﬁat;mdle 2 mL of
Sy anp D Re gL PTG 58 THBLAG R e e Sl pypriont. An
Za&ﬂtidgﬁlb Q)mLHﬁitBethylnﬁh%feréwmn?_ Wwa%dﬂédt?d thiel miktumadvas heated at
t t or ormate (3. . a :

ol PR TR R s Plpa & e b R BER g e whie
osalidvigghdolledtbe byrfiktatios, washed mith éscepropsmnad! earst dried avarmight at ~40
?gg _ut (5‘%6§§%4e%f§68§§%\%l Eﬁ@c%érﬂp%ﬁsp%glgﬁ % \%tt Q{hyl acetate followed
3by Additibroobeoid hexsnesigavet ho& gaBBis) b 3Nub-4HukitiodxyamilincBN-(2,4-
LD LS4 BLRREIR o Iy St Shprnzro o

HVIS 408. 0408 1q-HE, 52.03; H, 4.16; N, 8.67
Analysis for CgH4CloFN3O4
Calcd: C, 52.70; H, 3.44; N, 10.24
Found: C, 52.44; H, 3.26; N, 10.14.
Example 16

3-(3-Chloropropoxy)-4-methoxyanilino-N-(2,4-dichloro-5-methoxyphenyl)-2-cyano-2-
propenamide

To a suspension of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)acetamide (738
mg, 2.84 mmol) in 100 mL of iso-propanol was added 3-(3-chloropropoxy)-4-
methoxyaniline (611 mg, 2.84 mmol). This mixture was heated to reflux and
triethylorthoformate (3.0 mL, 18.0 mmol) was added dropwise. The reaction mixture
was heated at reflux overnight. The mixture was filtered while still warm and the
collected white solid was washed with iso-propanol to give 610 mg of 3-(3-
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Found: C, 5 .89; H 4.1 ; N 8.53. Exanple
3- Br ono- 4- net hoxyani | i no- N- (2, 4-di chl or o- 5- net hoxyphen

W@ gos@1yaNno- 2- propenam de To a suspensi on of PCT/US2004/026329
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2-cyano- N- (2, 4-di chl or o- 5- met hoxyphenyl ) acet am de (900
ng, 3.46 nmmol) in 100 mM _ of /so-propanol was added
3- brono-4- net hoxyaniline (700 ng, 3.46 mmol ). This
m xture was heated to reflux and triethyl orthofornmate

@9lownwpoxym@%mwnIM@%@MG*HW@MB\OXM‘@W% AYRBPS
'Bréﬁéﬁéﬁndﬁaﬁm tﬁﬁ@ MB{ESY/k A28, e sageTh aviH)xt ur e

was filtere e still warm and the collected white
sol i d was vvashed with /so-propanol to give 376 ng of

ﬁ’\?}yﬁﬁﬁoucm’é@ﬁbwﬁm li no-N-(2, 4-
di chl or o- 5- met hoxyphenyl ) - 2- cyano- 2- pr openam de, np

X2héY: ©, b ESh. 1t I, 667. 7, 469.9, 471.7 (MH)-
Anal ysis for CH BrCI N O Calcd: C 45.89; H 3.00; N,

92 F d: 2.77; N 8.78. Exanple
%%Pgrfg'% % ﬁb)’i’ fdn Ny ?1?8 N- (2, 4- di chl or o- 5- met hoxypheny
| )-2-cyano- 2- propenam de To a suspensi on of
2-cyano- N-( 2, 4- di chl or o- 5-Bxambxy/phenyl ) acet am de (71
ng, 2.74 nmol) in 50 m. of /so-propanol was added

3-bro h nili

it S RE Rt Bt R R Bl ane 2
(2.7 nL, 16.2 mmol) was apidpenaimidewi se. The reacti on
m xture was heated at reflux overnight. The m xture

was f "H &5 !;%Wg.ok %{ 2tc},lgllao-we(gb@aﬁ&ﬁoﬂo@m%m&?”‘eﬁgl)%@térﬁde (900

solid waswa
3mpy 846-mmet) HioxhaninLi efoistkptdnanotivehasided 3-bromo-4-methoxyaniline

dg@?%@ﬁ%@ﬁﬁ%b) Iéqu‘%lmgegé ghgﬁg%ﬁﬂe bix Fﬁ% Ifr%ﬁ%l&tho?@mate (3.3

BniC] 19\B &mol) was added dropwise. The reaction mixiure was heated at reflux for
6 hours. The mixture was filtered while still warm and the collected white solid was
washed with iso-propanol to give 376 mg of 3-bromo-4-methoxyanilino-N-(2,4-
dichloro-5-methoxyphenyl)-2-cyano-2-propenamide, mp >250 °C; MS (ES) m/z
467.7, 469.9, 471.7 (M-H)-

Analysis for C1gH14BrCloN3O3
Calcd: C, 45.89; H, 3.00; N, 8.92
Found: C, 45.75; H, 2.77; N, 8.78.
Example 18
3-Bromo-4-ethoxyanilino-N-(2,4-dichloro-5-methoxyphenyl)-2-cyano-2-propenamide

To a suspension of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)acetamide (715
mg, 2.74 mmol) in 50 mL of iso-propanol was added 3-bromo-4-ethoxyaniline (586
mg, 2.71 mmol). This mixture was heated to reflux and triethylorthoformate (2.7 mL,
16.2 mmol) was added dropwise. The reaction mixture was heated at reflux
overnight. The mixture was filtered while still warm and the collected white solid was
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Calcd: C, 47.04; H 3.32; N, 8.66 Found: C, 46.64; H,
3.40; N 8.59. Exanple

wd2Bs0mmeB- met hoxyani | i no- N- (2, 4- di chl or 0- 5- TeEP¢IDKF WL 026329
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15

20

yl)-2-cyano-2- propenani de To a suspension of

2-cyano- N- (2, 4-di chl or o- 5- met hoxyphenyl ) acet am de (6.1
g, 23.5 mol) in 500 m of /so-propanol was added

5- am no- 2- br onoani sol e

2 ( %%.o g, 24.8 mmol). This .
n3shgA wvitheiso-RORERR] t@ 8IVR&EPIRI Pb3-BiarRe-4-ciaxyrniNng-Ng,A-dichloro-
S@H&Hd%?pheml Iz)tuyénéélptbpéiﬁmuélé Irfp BEE®TE; s QrSpAfz (480.06 484.0,

was added dropw se and ‘the reaction
rﬁ%@t%ﬂ‘é"\)&hs heated at reflux for 5 hours. An
additional 10.6 L of triethylorthoformate was added

amshlySRefoRCHYBRCURSONeat ed at reflux overnight. The

mxture was allowed to cool to roomtenperature. The
[ y iltration, washed with
% gaéﬁg‘f? 'éﬁ%é?s?‘h?ﬁ acetate, and then dried
over ni ght at 40 C under reduced pressure to give 8.1 g
(Fad: of 4d.6lrire4@Nyst3eoxyani | i no- N- (2, 4-
di chl or o- 5- met hoxyphenyl ) - 2- cyano- 2- propenam de as a

yell ow solid, nmp >250 C, E z 470.0, 472.0
(MrH) + Analysi's for C H o B L o C ' 45.89; H,

3.00; N, 8.92. Exanple 20

2- q/anesrmgs-memoxyarﬁmmmﬂmﬂq@ﬁengmxwh[e(\sﬂ)riz@wwz-

met hoxyphenyl ) am no] pr op- ﬂ fie To a suspension of
2-cyano- N- (2, 4-di chl oro- 5prré)t oxyphenyl ) acet am de

(5.00 g, 19.30 nol) in 400 M of /so-propanol, under N

., was adawsgemmofp%ﬁyamdﬂﬁ%ﬁ@hmw metgoyphamy)apetamide (6.1

TQ’I ?30%1 ('[ﬂLﬁ lin []1%?9 gbé’%rfo?%g)édﬁé’d 8iaGin&2Br&Rbanisole (5.0 g,

t 241 8trimblpr This friixtuet wag i&a@@d folrefisotomive arpiern yallaw selidea To this
dE&QtYHer‘ quégtﬂyinrttftb%ﬁr?a@& (108 HLXE86EmHRD Neabadedurdfidd™nd the

overn
reactlon mixture was heated at reflux for 5 hours. An additional 10.6 mL of

triethylorthoformate was added and the mixture was heated at reflux overnight. The
mixture was allowed to cool to room temperature. The solid was collected by
filtration, washed with iso-propanol and ethyl acetate, and then dried overnight at ~40
°C under reduced pressure to give 8.1 g (73%) of 4-bromo-3-methoxyanilino-N-(2,4-
dichloro-5-methoxyphenyl)-2-cyano-2-propenamide as a yellow solid, mp >250 °C;
MS (ES) m/z 470.0, 472.0 (M+H)+

Analysis for C1gH14BrCloN3O3

Calcd: C, 45.89; H, 3.00; N, 8.92.
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additional nmL of triethylorthoformate was added and
the m xture was heated at reflux overnight. The

worRoosireonas all owed to cool to room tenperat UPET/ERIN04/026329
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the white solid was collected by filtration, washed
with /so-propanol, and dried overnight at 40 C under
reduced pressure. Purification by suspension in hot
ethyl acetate followed by addition of cold hexanes
gave 8.50 g (85% of 2-cyd8MRI§ZO 4-dichl oro-5-
nethoxyphenyl

LSyhhe: GRS ot ) amsi -
yeI I"ow yo?dﬁdlélga%9 Zggﬂw 5’? ]ﬁbﬁaﬂ?% ﬁ)')mn@]prop

Anal ysis for CH Cl |Noc%% 41.73; H 2.72; N,
8. 11 Found: C, 40.66; H, 2.94; N 7.90. Exanple 21

4 Et hovty 3" éds\é@ﬁ@@m bf rzocyélném & 4tdehlogds- e-rﬁetmypbe«mheetamude

4559200 ﬁggzmal SR S, R RR el o gideg; 3doco-p-

Ghnigtding (5"80@ 28N 641ﬂﬁ1ol‘ﬂ- THis nsigtufy apamehtedas rafigetb give a clear
4- et hox _@groanl I

rMeJ!?‘Mr fhig splyti '?réf 'ﬁ%ypgh%’fz)%aatﬁng%gaml'sg%jg i"Bpol) was
Tidehi @ro{é@lsldt AN the lréadttiby | mrxtdwfwaimmmtaatealat ﬁeﬂmk oxfwmght An

Haé@@tfgaalaf 0 lrrgf of %g{hg %%Hﬁ%}d Vi\:lahse C?mgﬁ)e mix ure wa\ABheated at

g reflet mdrmghm oft@rriRiuee {as Glloted t@&:oGl mgm tmgenadnle dnd the white
W se eactlonm ture.was heate fl

resl s, peleetec e MR TR T iesad W (Ataor g okme P Biffiont et

t&ﬂpe@ alﬁdléﬁ r@ﬂu@ecﬂ heessald. d Pugificatioh| BC besbehyiof iih thoatethyh acetate

V¥aﬁ b ;h etnh & grtmeeé gavedB g(S g?gs%PofVQa gy%%o%-(zd,'g&chloro-&

%}4’% ¥5agdition o po)

4lin@thltbgy@heﬁylf |)43C{(33@ﬂbi4l-rﬁ6trgbk3(ﬁ1,eﬂylwrmhd> lprap-Benarhidex pphan yellow

yl).- 2-cyano- rey solid, 245- 247

cf?g“ﬁ’/smﬁ 9-£90 %g%?% 5162\2933/"57 Stor CHO FN

Calcd: C 53.79; H 3. 80 N, 9.90 Found: C 53.39; H,

3ARlysidor T, 480.CIXNsDPl e 22

Calcd: C, 41.73; H,2.72; N, 8.11
Found: C, 40.66; H, 2.94; N, 7.90.
Example 21
4-Ethoxy-3-fluoroanilino-N-(2,4-dichloro-5-methoxyphenyl)-2-cyano-2-propenamide

To a suspension of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)acetamide (5.9
g, 22.7 mmol) in 400 mL of iso-propanol was added 4-ethoxy-3-fluoroaniline (3.7 g,
23.8 mmol). This mixture was heated to reflux to give a clear solution. To this
solution, triethylorthoformate (11.6 mL, 69.6 mmol) was added dropwise and the
reaction mixture was heated at reflux for 18 hours. Additional triethylorthoformate
(11.6 mL, 69.6 mmol) was added dropwise and the reaction mixture was heated at
reflux for 42 hours. The mixture was allowed to cool to room temperature and the
solid was collected by filtration, washed with ethyl acetate, and dried in vacuo at 40
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2- Cyano-
L/ - (2, 4-di chl or o- 5- met hoxyphenyl ) - 3- (t hi en- 3-yl am no) p

wo o@sA1enam de To a suspensi on of PCT/US2004/026329
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2-cyano- N- (2, 4-di chl or o- 5- met hoxyphenyl ) acet am de
(1.57 g, 6.06 nmmol) in 200 L of /sopropanol was added
3-am not hi ophene (600 ng, 6.06 nmol). This nixture was
heated to ref|lux and triethylorthoformate

36,10 gy Py W‘Vaotzjéaetawmlg@oamw@ ReBardenonrscgingxypheny)

‘@@éﬁ@@-ﬁ@p@ﬁarﬁl@é lab'& $dlitg 2246@'71“@010@4241 426.1 (M+H)+
3- am not hi ophene (21 nmg, 2.16 mmol) was added and the

rea xture s heated at reflux for 5 hours.
m%si‘so{fg?fﬂ&@m&lﬁ N@\A@m ophene (100 ng, 1.01 nmol) was
added and the reaction m xture was heated at refl ux

fodlcd. 6, Pamg;H, 3ldre Nyoxoure was al l owed to cool to room
tenperature and the solid was collected by filtration,

sgggg%{gglﬁ%ggpg%gl to give 572 ng (26% of

(2, 4-di chl or o- 5- net hoxyphenyl ) - 3- (t hi en- 3-yl am no) prop
-2-enam de as a tan solid,BExamp8dC, M 366.0, 368.2
(MH- Analysis for CHCl NS - .0 HO Calcd: C

gjyaEg)(—%lﬁ%gzi—di%%loﬂo%-ﬁ%ﬂﬁ&%ﬁényﬁas-(qﬁeﬁ-giyldﬂningyp?c)dﬁ-z-%lnamide

2 Q/ano N- (2, 4-di chl or o- 5- met hoxyphenyl

) - 3- [ (e et hexspeBsion odb Fheyano)hnR. Aslchinrg-bamethexypberyl)acetamide
S S

Hi‘:‘ﬁ/:ﬁ 6%_8 rgr];qﬂl) dn 2R? (5n is mgatrﬁpanol waﬁyﬁc%dgg e3 aammgthlophene (600
(189 A8.0§ mmol) oTwﬁmlatuwerwaﬁsmawd tst reﬂw@ pRa pistolorthgfaeaten6.5 mL,

Sd\flsﬂn%ﬁd s ( daden Gropiise! Odﬂ@‘?@éﬂt&)ﬁ%ﬂ&r@ 5\393 thealctt 39 reflux

his mxture was heated to reflux an
t ouestiplytt oAdditidral BeareingtBiopBeng. (2181 MO 2rifoMinohawas gdée and the

d.fegeemrﬁ% xﬁngﬁae%e LRAGK  ORixTh f,%&r V‘%o‘ﬂ%ﬂ%@@aﬂnoﬁ%dﬂéﬁe (100

overni ure was a tO Coo
tmgpé:oat mrr@l)ams adidedyand 8w easiclion vkduieovae beaigd i) reflux for 2.5

¢
Illél.}gat‘ménn}lﬁ‘gg uﬁf v ol'r ’guggécggar}%m t%ﬂg) thw%dand g1e %Olld was

over ni g ressur
gcc(llsm%i hyffiltration, washed with iso- propanol to give 572 mg (26%) of 2-cyano-N-

204/ gf&ﬂlﬁ %geq’hcgggﬁfgn&g% &IQF%WHB)%WH 3 eRamldd R 8% %olid, mp

>250 °C MS 366 0, 368.2 (M-H)-
Analysis for Cy5H;1Cl:N30,.S — 1.0 H0O
Calcd: C, 46.64; H, 3.39; N, 10.88
Found: C, 46.37; H, 2.94; N, 10.60.
Example 23

2-Cyano-N-(2,4-dichloro-5-methoxyphenyl )-3-[(4-ethoxy-3-
iodophenyl)aminojacrylamide

To a suspension of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)acetamide
(5.44 g, 21.0 mmol) in 350 mL of iso-propanol, under N,, was added (4-ethoxy-3-
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2-enam de as a yellow solid, p >245C, Ms (El)
nm z531.01 (M+ Analysis for CHC INO Calcd: C

W@ 2008819261 3. 03; N, 7.90 Found: C, 42.99; H, 2.BCT/UB2004/026329
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7.74. Exanple 24
2- Cyano- N- (2, 4-di chl or o- 5~nmet hoxyphenyl ) - 3-{[ 3-i odo- 4-
(2- met hoxyet hoxy) phenyl ] am no}acryl am de A suspensi on

of 2-cyano- N (2, 4-di chl oro-5-net hoxyphenyl ) acet am de
(lgd@r@nyliagnmenﬁfg P, 4880 mmol). This mixture wa$ heated to reflux and

[tﬁeih?l@ﬂhéfo(rﬁat@e(%%xh‘lﬁt b@w)rﬁmenmasaaaa@: GrbpRise. arﬂeﬁthé reaction

/ sopr opanol heated to reflu

aniidre wasneated BbrefikxLvenighte ﬁﬂe mt@r? Wagoliowgd do ef@abt? room

dt’éﬁ'lb\é’ra?’i@re ahe tﬁ@%ﬁﬁllb\ﬂnsdmxﬁvéé Q:dﬂ@&e@e@,l €iflraBibn, rﬁ/faéhéél with iso-
3 hours. Additional trjeth éhoformate (

1rzroearrﬁkﬁr5d qies oyaright af o‘kﬂm‘%%n Yyogd pEesstiredh gmexft fﬂﬁ g (54%)
V&S ohigah&M-@ta- a.emb% mé@{dxyﬂmnyl)m BinskyLBSod¥pRenyl)amino]prop-
Wwas

all oneéd to cool to roomte ture andthe sol i
coenasidessy yalpyisold.irem>24nushMP (R /738 oAmol |
di ethyl ether, and ethyl acetate and then dried in

VM@Sléfbr@1¥'ﬁ6(§2|&3@3 of 2- cyano- N-
(2, 4-di chl or o- 5- net hoxyphenyl ) - 3- {[ 3-i odo- 4- ( 2-

xyet hoxy) phenyl ] no}acryl am de as a yel |l ow
QEP'P& &nﬁg-gég'ﬂé{-gg’ ,’7;@(55) 560.0, 562.1 (MH)-
Analysis for CHC IN Calcd: C 42.73; H, 3.23; N,
TFdUhd-Qyung 99(H, 2187;0M,;7. 4. 3. 07; N 7. 28. Exanpl e 25

2- Cyano- N- (2, 4- di chl or o- 5- met hoxyphenyl ) - 3-[ (3- br ono) p
henyl ) am no] aci yl am de A I n of

2-cyano- N- (2, 4-di chl or o- 5- et hoxyphenyl ) acet anmi de (3.0
g, .5 mol) and 3-brompaniline ( .3 nL, .9 mmol) in
250 m of 2KypnophiRet-diekisrofeatetitbxyphanyi3{3-mad-4-(2-

tri et hyl or thof or i by 2ndd Rk ackimAg ded

dr opwi se.

A suspension of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)acetamide (3.2 g,
12.4 mmol) and [3-iodo-4-(2-methoxyethoxy)phenyllamine (4.0 g, 13.7 mmol) in 350
mL of iso-propanol was heated to reflux and triethylorthoformate (5.6 mL, 33.7 mmol)
was added dropwise. The reaction mixture was heated at reflux for 3 hours.
Additional triethylorthoformate (2.0 mL, 12.0 mmol) was added dropwise and the
reaction mixture was heated at reflux overnight. The mixture was allowed to cool to
room temperature and the solid was collected by filtration, washed with iso-propanol,
diethyl ether, and ethyl acetate and then dried in vacuo to give 5.5 g of 2-cyano-N-
(2,4-dichloro-5-methoxyphenyl)-3-{[3-iodo-4-(2-
methoxyethoxy)phenyl]lamino}acrylamide as a yellow solid, mp 209-210 °C; MS (ES)
560.0, 562.1 (M-H)-

Analysis for CooH15ClaIN3O4
Calcd: C, 42.73; H, 3.23; N, 7.47

Found: C, 43.04; H, 3.07; N, 7.28.
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The reaction m xture was heated at reflux overnight.
The m xture was allowed to cool slightly and the solid

wo@soolbected by filtration while still war mP@EER®A4/026329
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with /so propanol and diethyl ether to give 2.05 g of
2~cyano- N- (2, 4-di chl or o- 5-

nmet hoxyphenyl ) - 3-[ ( 3- br onp) phenyl ) am no] acryl am de as
a yellow solid, p >250 C, M5 (EQS))Z 437.8, 439.7, 441.8
(MH)- Analysis for C H Br@™I&?%al cd: C, 46.29; H,
2.74; N, 9.53 Found: C, 46.33; H 2.73; N, 9.40.

EXQIm)aﬂoM(Z BappRré-58hH&RMYPhenyl)-3-[(3-bromo)phenyl)amino]acrylamide
-chl oro”-fl uor ophenyl Jam nol i - S- qui nol i necarbonitrile

A 22-L,round- botto d f n
over hEAGUERATIERE of 4 RErRITIA ML ABR B P FEY SBieRide (30 0
di ppphrid) bind Bﬁiromammﬁé’tﬂg}?mw\/ﬁuﬁ rrmidl) 250 mL of iso-propanol was

P%nggg%{%llgl(l ngdéh%yloéﬁﬁgl’r“?ﬂ%?) I%@'ﬁﬁ%% "'%Qf%} 2 ngﬂ%d gropWIse

atied egrction Ingixtie s leatelihgt refippevishight. Wike hﬁﬂtﬂ&dwﬁ@ allowed to

oo Sty s Aoy e e U0 RS it o

Npidphiesi. ahble disthjensghem masgnreef:t osed fofr Zéydmam«‘sz 4—d|chloro-5-

ﬁf‘]{?'#{%@%w BBy e Rl pa g el i) ity 250°C

CRISAESRA3NVBs4Ba)7 w4t [8 @eey-onitrile (3 x 0. 63 kg) and
the filter cake dried on the filter funnel for 2

hours.. - bottoned fl ask equi pped with
ogg?l}ﬁ%%lg’r?%kb%r?#zﬂgﬂérrmcoupl e, condenser and 1000 niL
droppi ng funnel was charged with the filter cake from

aPaled: CTHE.20AHAA74&JY, MB3 added and the suspensi on
warmed to 35-40 C. 28% Anmoni um hydr oxi de (0. 63 kg)

apglf%%be%%% ﬁgézwe?%xed in a flask and transferred

droppt ng~f unnel”.""The ammoni urhydr oxi de sol ution
was added to the THF suspension over 30 m nutes
mai nt ai ni ng the tenperat ur Bxdwpleweéss C. Water ( kg)
was added over 25 mnutes then the resulting

SUsp %@Jogﬂéy‘?’-%?hcﬁ@gﬂ-@ddﬁ&o-kﬁh%%pﬂenﬁ%iHé]-@—h@h&lﬁﬂ%@a%@ﬁtrile

coll ecte

A 22-L round-bottomed flask under N, equipped with overhead stirrer,
thermocouple, condenser and 1000 mL dropping funnel was charged with 4-bromo-
3-ethoxyanilino-(N-3-chloro-4-fluorophenyl)-2-cyano-2-propenamide (1000 g, 2.29
mol) methanol (40 mL) and acetonitrile (7.50 L). The suspension was heated to 80-
82 °C. Phosphorus oxychloride (740g, 4.83 mol) was charged to the dropping funnel
and added over 30 minutes. The suspension was refluxed for 24 hours until <3%
starting material was present by HPLC. The mixture was cooled to 0-10 °C and
filtered. The filter cake was washed with acetonitrile (3 x 0.63 kg) and the filter cake
dried on the filter funnel for 2 hours. A 50-L round bottomed flask equipped with
overhead stirrer, thermocouple, condenser and 1000 mL dropping funnel was
charged with the filter cake from above. THF (4.44 kg) was added and the
suspension warmed to 35-40 °C. 28% Ammonium hydroxide (0.63 kg) and water (2
kg) were mixed in a flask and transferred to the dropping funnel. The ammonium
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filtration then washed wth hot water (3 x 1 kg),
acetonitrile (2 x 1 kg) and dried under vacuum (55 mm

Woig0s8®2Q) to provide 6-bronop-[7-ethoxy-4-(3- cPCDUS2044/026329
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f I uor ophenyl ) am no] - 3- qui nol i necarbonitrile as an
orange-yellow solid (806 g, 84%yield, >96%purity by
HPLC p 213 215 C) H NVR (300 MHz, CDCl ): 8.7 (s,
(s, 7. 40- 5H), 4.18
,.&ydr@quﬂe squtg@ \(vgs agded #p ]:t@ T@#us&%m| @/egﬁg%nlnutes maintaining

%Bft&ﬂpebﬁn@‘bBWSé"C&WBﬂep(fo ﬂg)fww&@dé&wgr)mmes&hen the
qgui nol 1 necarbonitrile A 250- 8’ ﬁ{gbottomsdfl
St r

rﬁé%‘?‘“wséﬁﬁﬁfﬁﬁé‘dwﬁ? {oRolgddphizadd P prﬁﬁe'it%avﬁfpf:@lected by

Zﬁ]ig&iﬁ:l’rh&ﬁ%n #8shdd WitPRGY e (B3 Ekg)Vaseteitaled@dk Meg)and dried under
~br ono- 3-

eYANPanePi 1B NHS- #R or®- 4°f |RIBYID h ErRIPYOIZ-Ehepy-4A3mhloro-4-
Omj%ﬁ*@glﬁeﬁ )drdiRo03- Qum@hr%arbaﬁultr)le Rl ardl Iomg@-?yea&mona 048 g, 84%
and tol uene ted
t)de , 796 @HH%MH@-%W&?@@%%& (ﬂfﬁﬁ’[ﬁ 308, '\@% y): R (s, 1H),
chapged H).07.4008. A @R BHYHK. fs@pgi-? 8, adylacsey,el=73 M3 3H).
0

hours. Heat was conti nued r 0.25 hours until <3%
starting material was pres p? PLC t hen the
suspensi on allowed to cool >fat5n %8 tenperature. Water
(50 n.) was added to the reaction mxture as a sl ow

st r eg/Brbe7detroxpiaxBLohtorbadiubraptieiny)atiieo]dglindlipecarbonitrile
50% aq, sodi um hydroxi de sol ution. The suspensi on was

£0! e P SRR Seh R RSP B SRREPRL G Bt e,
nth)e)maruﬂxptél; icendansdeand 40 mlndidppingrfukitgl was cBardenl with 4-bromo-3-
eI Hg o P RRIoBY S 2V B PSRRI anf 1] . 8. 0022
qmol)qiyrldleem BO i 0.048 emal} aadh tadwemed 20y gil). cMhesispengidh ®8s heated
g 71%)/‘903/ 851/0%?93 %,%_D&%ﬁgge((g brﬁl,%f&ﬁ? ’Z?Brlé]gg%h%fﬂ%géwé dropping
4fubBel( and dddedbovdr, 3.25)hours5 6Hé4t, wds-Coftinded 18HD.25Bhaanpetil <3%
BRI HS,oRTSYPISE 18P GHTRSSRISRAIPRR i pocyto room
qtemmpEratoec aWaer (50i hi) Wa§atidezd)tmtheb|@at:1mmml)ﬁlhrasde arstber stream
Nth%ﬂ%g Pn?x unyé'I ga@nfled%yqﬁ d& itiod 6F50% ag, sodium hydroxide solution. The
suspension was cooled to 10-15 °C and the precipitate was collected by filtration then
washed with water (2 x 10 mL), toluene (2 x 10 ml)) and dried under vacuum (55 mm
Hg, 65 °C) to provide 6-bromo-[7-ethoxy-4-(3-chloro-4-fluorophenyl)amino]-3-
quinolinecarbonitrile as an orange-yellow solid (6.90 g, 72% vyield, >92.2% purity by
HPLC). 'H NMR (300 MHz, CDCly): 8.7 (s, 1H), 7.99 (s, 1H), 7.40-6.91 (m, 5H), 4.18
(9, J=7.5 Hz, 2H), 1.56 (t, J=7.5 Hz, 3H).

Example 28
6-Bromo-[7-ethoxy-4-(3-chloro-4-fluorophenyl)amino}-3-quinolinecarbonitrile

A 5-L round-bottomed flask under N, equipped with overhead stirrer,
thermocouple, condenser and 500 mL dropping funnel was charged with 4-bromo-3-
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t her nocoupl e, condenser and 500 nL dropping funnel was
charged with

wd2ms0mmeB- et hoxyani | i no- (N-3- chl or 0- 4-f | uor opPETYE300£2026329
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cyano- 2- propenami de (500 g, 1.14 nol) 1-butanol (15 g,
0.20 nol ) and toluene (3.5 L). The suspension was
heated to 105- 108 C. Phosphorus oxychloride (370 g

2.41 nol) was charged to the droppi ng funnel and ad
teéhqxﬁ%“'@ﬂ%%‘éﬁ@h@rp Jieprophend)-2-FHe- %@PEW!dﬁu@Qof%r1 4 mo

fﬂMtMl (@Efézy%dl ariﬁ?&lféhef(élsng nﬁfeeéusﬁénéwﬁwaé fs&@H to 105-

y HPL e mxture was cooled 't
f1|0|8t &r eghoan@rws pryshligRd3vR 9> \ﬁa”s?hglﬁ")vﬁ"@fh Chama% e e dyopping
Qur'ﬁmek ﬁ)ld 3Bded ﬂ?thfe' duspendigkeverioesbues. Haat ivhs b@ﬁtlﬁdéﬂ 16l further

for 2 hours. 12-L round-bottoned fl ask equ

th
P B 374 A NG BAAT H) SR UG SR TBGUeLas Cooled

% QPfY ‘@aﬁdlﬂﬂﬁéd WitRe GG ARE wak WhshE@ with kdigsnec@keo Br@and the
above. THF kg) was added and the suspension

foPh%etdé'eQSPM@e@teri‘g%eN%moHFﬁ hydr oxi de (0. 63 kg)

and water (1 kg) were mxed in a flask and transferred
t o t hen dpapRIURE-botBmEl - fla&.ﬁh@qa;ammmmdwdfe@wsiﬁer thermocouple,

sol ution added to .th F

AORGeSST ABS APOK m-foRRiRg ﬁ@ﬂgén‘%?% E@r%'éﬁmﬂsghﬁ caljg from above.
(FHK @.22R$) Meg\éﬁﬂ t%sﬁ@p@ﬁél@% \Ab_FIIﬂéU td®s-0€20) LBTOAMmMonium
suspen3|on was | ed e pre

dBforide-9-63 kg) a1 yﬂ%rﬁ tkﬁg é'}%?dp Wid ﬂaﬁbgnﬂsﬂi@effetf%d to the

XdréppiBg  fuikeett ormihkr alendndins I@dﬂoﬂkﬂa) sarmdo@lrwa@l dedderto the THF
vacuum (55 mm

SR S Ry Hiauies A ta D IR SR PPN S - Wetgs 6 )
| &d haRepeee %trhinhfés&ﬁe@ﬁheofeaﬂlﬁg yaspgersionobagicdadé@Piol15-20 °C.

Ségg%aetlyzd\e@; %;Besc(’: g fli étlo%thenﬂ\)g@h% yﬁ(ﬁ(ﬁ \A@_ﬁ% x 1 kg),
?aéb@oéﬁtlﬂ_'beBé—)? 02 k@,arﬁjl'ﬂlrled &dlel tvacwhifd (55 i HiJ)65M0) |ty Prévide 6-
or r Cl

FYORe- [7@thcgq 45(§%%iqr9-47fgzorqgjhew a@rgno]é%%@g\eggbomtnle as an
%r&n@ JEIoOX4E6L1Ng 08 1B tyield,ard 187 Sl b HPLIGIC attb BIMR (300

il e
HihzCCDCL): 8.7 (5, 1H), 7.99 (s, TH), 7.40-6.91 (m, 5H), 4.18 (q, J=7.5 Hz, 2H),
1.56 (1, J=7.5 Hz, 3H)

Analysis for CygH2BrCIFN;O
Calcd: C, 51.39; H, 2.88; N, 9.99
Found: C, 51.50; H, 2.75; N, 10.09.
Example 29
6,7-Dimethoxy-4-(N,N-dimethylamino)-3-quinolinecarbonitrile

A suspension of 3,4-dimethoxyanilino-N-(dimethyl)-2-cyano-2-propenamide
(0.500 g, 1.82 mmol) in acetonitrile (10 mL) was treated with phosphorus oxychloride
(0.17 mL, 0.28 g, 1.82 mmol) and heated to reflux. The mixture was stirred for 1 hour
and an additional aliquot of phosphorus oxychloride (0.17 mL, 0.28 g, 1.82 mmol)
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A suspensi on of _
3, 4- di met hoxyani | i no- N- (di net hyl ) - 2- cyano- 2- pr openam d

wWe@2q08/0%201 g, .82 mmol ) in acetonitrile ( ML) WAST/US2004/026329
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treated with phosphorus oxychloride (0.17 nmi, 0.28 g,
.82 mvol ) and heated to reflux. The m xture was
stirred for 1 hour and an additional aliquot of

horys oxychloride (0.17 ni, 0.28
narﬁﬁfe? : "ﬂ’\ﬁlkéremwﬁ?uh%at%sath@é‘t‘édfoéts gf@PrﬁJih‘?rbrSt'ﬁed at room
hempsraudnerfostzh rHo@s. atrhe Qe sulipReIuadH M@sfdbhc&ﬂrdﬂéw irsvacuo and
ant solution was concentrated in vacuo

fron

e P oL Rt SatonAte S e, 16 T @ S @ acted with

ninathyleae wa'@nﬁ%t(a &gg@dntuon ’ih{é d&rﬁﬁwédceéﬁ(rjé&‘d 8fd Ghiac( évef Méhnesium
| he extracts are rie over neS|u

sﬁﬂ'f?ﬂ%& ﬂ%r?qo (Rl GOnGRMTEIG ¢ YUY rProgksso Ol digjedapryed-(NN-

Gdlﬁmmylmﬁlﬁmm#qlﬁn&lmebﬂbﬁmrhwa@m h solid (0.37 g, 79%, 89% purity by
8%%“ nol i necarbonitrile as a tan soli d (0.37 g, 79%

purity by GC). Exanple 30
6, 7- D met hoxy-4-[ (3-chl oro-4-fl uorophenyl ) am no] - 3- qui
nolinecarbonitrile A suspehanple 86
3, 4- di nmet hoxy~N- ( 3- chl or o- 4- f | uor ophenyl ) - 2- cyano 2-

rope Q. 84 ace n|tr mi

P e B R U BB BTEPsry B Harg el onite

O 68 g, 4.50 mml) and heated to refl ux for 8 hours.

The suApesispensioias afooBgiddimethoapi-(3echieroat-fllioeoredyl)-2-cyano-2-

Shpbbstth o201 S AL FRALE P B gorores
(@(yghl@@den{g 42 thlg Q:Gfb‘ﬂgl, me&ﬁ) awiollaand heeted tdrrethak tore8 hours. The
n&%ggﬁéééﬂnmﬁagl é@otlgd tcﬁ 'r%rﬁr%%p%paqur%on ”‘nFrS& ev(\?i’chI Yat{Aited sodium
maTbmah@BdotQHZZO[mB Cheonixiuge Wasmtmd:temymthamthxdﬁane chloride (3 x
LU BRBRBE SIS VBRI b s Thores an
DiBCeirgted E»(wéqolbdoa)loduce 6,7-dimethoxy-4-[(3-chloro-4-fluorophenyl)amino]-
e o Rehe BN S LRSI RO 4B B0 by hCelS L mer by
df.C MS). H NMR (300 MHz, DMSO-dg).
4- et hoxy- 3-fl uoroanilino~N-(2,4-dichl oro-5-net hoxyphen

yl)-2- cyano- 2- propenam d%){?&p%%.g, 14.8 mml) in 54
0

mL of acetonitrile and 2.

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

A suspension of 4-ethoxy-3-fluoroanilino-N-(2,4-dichloro-5-methoxypheny!)-2-
cyano-2-propenamide (6.28 g, 14.8 mmol) in 54 mL of acetonitrile and 2.0 mL of
methanol was heated to reflux and phosphorous oxychloride (8.3 mL, 88.8 mmol)
was added dropwise. The mixture was heated at reflux for 17 hours. The resultant
solution was concentrated in vacuo and acetonitrile was added to the residue. The
solid was collected by filtration, washed with acetonitrile. The solid was suspended
in tetrahydrofuran and neutralized with concentrated ammonium hydroxide. After
stirring for 30 minutes, water was added and the mixture was stirred for 1 hour. The -
solid was collected by filtration, washed with water, followed by 1:1 diethyl ether and
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nmet hanol was heated to reflux and phosphorous
oxychloride (8.3 nL, 88.8 mmvl) was added dropw se.

wab@soi9edure was heated at reflux for hours. TPE&T/US2004/026329
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resul tant solution was concentrated in vacuo and
acetonitrile was added to the residue. The solid was
collected by filtration, washed with acetonitrile. The
solid was suspended in tetrah drof uran and neut

aLiz?d
AN o e et atolien SAHFLNR Hf'ﬂfgf i ¥aguado Prgvide 221g (3 Rt 4-1(2A4-

fdiéhict- Hnnethbs%@henwa%mmem@gﬁ-ﬂa% -3- HQinBTir?ébbJﬂb@nWﬂé mp 185-
stlrreq for hour was coll ected

LTS IR G40 APV i) 8155 01 vietie 5901 97 oty 29 @

cheTrH@rEmemggs 1Tmr)e7leagh81 Y6l b.lquasad i) gy M, ieg, 8.49 (s, 1H),

vacuo to pr of 4-[(2, 4- di chl or o-

el fﬁai?‘thWE§bfﬂ/ﬁ%@gé 4&8%%'3““ uor o- S- qui nol i necar

bonitrile, p 85- 187 C, H NWR (400 MHz, DMSO-Of) d

]Ar%ysﬁéfor¢1gﬂ14bIJﬁN30§Hb4ﬁg@7 (s, 3H, 4.29 (q, J =7
(s 7.66-7.81 (m 2H), 8.09 (d, J

49 9.80 (s, 1H; M5 (ES) mz
4%%°‘i &F%%%‘?ZL'&@HNHQH& ysis for HO NO- 0.4 HO
Calcd: C, 55.20; H 3.61 ; N, 10.16 Found: C, 55.25;
Hroudd5B; 55\25;H).3158; NRternpl e 32
4-1 (2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 7- f | uor o- 6- net
hoxy- 3- qui nol i necar boni tr II%\YF%@? §%suspensi on of
3-fl uoro-4-net hoxyani | i no- i chl or o- 5-
nmet hoxyphenyl ) - 2- cyano- 2- pr openam de (360 ng, 0.88
el 3, 4-Dichid@o 1B methosypdeoyl)amind]er - o-Beldeitiory-3-quinolirgfcarbonitrile
met hanol . The reaction m xture was heated to refl ux
and p phqr ou origde ( I )
addedhgcr?op\%nrse%s@{éxgl h o ncﬁe QP@&‘O'H m %‘é}‘@a’”ﬁg IN. Q‘@%Ilchloro 5
br@eﬁmyrdneovlkawy@maa@eomamdmn(36crhm s 6188t mﬁolo\/am 40 mL of
hgc?ett(?rﬁtn?et whEhHEd Ve %Hgtlﬁ%?r ThE E {?ﬁ mgﬁﬁ% was heated to

e and the

reaction mxture was Cco n an |1 ce . ]
sisfluxl and phosphosaiseekyohlofide (Q.65 inda,7. Q\mm@?d wastaddedldﬂolese via

S, 0 S Tl S5 IR iy Tt v
fm¢atecaabreﬂuvdovdnmght¢tAdwny?érr@n_m, the reasliparmsixiyne wep @oeiad éuan ice-
CORR SN RL 1iPAWED RhisBidlY BY Aialléh, washed with cold acetonitrile (20 mL)

and then suspended in tetrahydrofuran (50 mL). To both the acetonitrile filtrate and

the tetrahydrofuran suspension were added concentrated ammonium hydroxide
(2x25 mL) and the mixtures were stirred for 1 hour. Water (2x 400 mL) was added
and stirring was continued for 2 hours. The resulting solids were combined, washed
with hot water and dried under reduced pressure at ~ 40°C, overnight, to provide 189
mg (55%) of 4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-fluoro-6-methoxy-3-
quinolinecarbonitrile as orange crystals, mp 219-221 °C; 'H NMR (400 MHz, DMSO-
ds) & 3.87 (s, 3H), 4.02 (s, 3H), 7.36 (s, 1H), 7.65-7.80 (m, 2H), 8.08 (d, J = 9 Hz,
1H), 8.48 (s, 1H), 9.85 (s, 1H); MS (ES) m/z 392.0, 394.0 (M+H)+

Analysis for C13H120|2FN302 -0.5 Hgo

Caled: C, 53.88; H, 3.27; N, 10.48
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(2x25 L) and the m xtures were stirred for 1 hour.
Water (2x 400 nL) was added and stirring was conti nued

wo evos@120urs. The resulting solids were conbi nBAI/US2004/026329
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washed with hot water and dried under reduced pressure
at ~ 40 C, overnight, to provide 9 ng (55% of
4-1 (2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 7- f | uor o- 6- net

Fhsing. o408 ked; J000MA:.  DVBOK) d 987 (o, 3b,

4.02 (s, 3H), 7.36 (s, 1H), 7.65-7.80 (m 2H), 8.08

(d, J =9 Hz, 1 H, 8 48 (Bxamp$339.85 (s, 1H); M

(ES) nmz 392.0, 394 0 (MtH)+ Analysis for C H C FN O
Cal cd: 3; H 3.

5 4 Og (5' ﬁ ?r%op%yté @44 glﬁngFﬂ)? én%%bxy%enygammo?% methoXy -3~

7- (3- Cnl or opr opoxy) - 4- [ uindlindtarbbitrite: 5- met hoxyphenyl ) a

m noj - 6- met hoxy- 3- qui nolinecarbonitrile A suspension

gf (3- i SHIRTSIBxyT - £ Tt RyeRP s mRINPRapilige (st gichloro-5-
-mnrtkmhyphppyi)aayzyanazmy@waﬁﬁcm o@épamgle005862nmyl) . 9® mL of

Rt B RERHGE b bortio B lolee (R FLEEE caceo

vdrapwmej mgesyrnfige ridnecteactiormmitturcewas behtedta defidx pedrhighkt, then

m t e

IR, B TR Bt o SeheoPREet TP’ J58r&ie v ootedtoo
a‘iﬁﬁamsammmﬂawes lssdlamnbluarbbmaiemkaxsrawed wdbe avigieick was stirred
o7 1 ELthE o Preldol MBS ol B BRIt 3 bl e solia
WESS swedmhbld hohethglt acetdiy hnd oettiztnel mdjthanlﬁmred tto proslide 200 mg
A3 o HEsE Bl 4 eiiinRatenmbendayiimp o
njuindlinéearbotibile/asda paleiyetdw selichr HOMMR {0e Mz, DMB0-ek) 5 2.30 (m,
LSRR D 0 00 1 ¢ DRI 52 40, 247

MBR 7(81, (s)1H), 6.84z(s, P, 8.12. @61K),8.81Hs, 1M),5D.83s(br B) 1H); MS (ES)

I By Bl s Ty 10 e
Example 34

7-Bromo-4-{(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-3-quinolinecarbonitrile

A suspension of 3-bromo-4-methoxyanilino-N-(2,4-dichloro-5-
methoxyphenyl)-2-cyano-2-propenamide (4.00 g, 8.50 mmol) in 200 mL of
acetonitrile was heated to reflux and phosphorous oxychloride (5.0 mL) was added
dropwise, via syringe. The reaction mixture was heated at reflux overnight, then
cooled to room temperature and concentrated in vacuo. The residue is cooled to 0°C
and saturated aqueous sodium bicarbonate was added. The mixture was stirred for
1 hour and then extracted with a large volume of ethyl acetate. The organic layer
was washed with saturated aqueous sodium bicarbonate, dried over magnesium
sulfate and filtered. The filtrate was reduced in volume until solids appeared. The
solids were collected by filtration washing with diethyl ether and hexanes to provide
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Exanpl e 34
7-Brono-4-[ (2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 6- net h

w@z2005810i nol i necarbonitrile A suspension of PCT/US2004/026329
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3- br ono- 4- met hoxyani | i no- N- (2, 4-di chl or o- 5-
nmet hoxyphenyl ) - 2- cyano- 2- pr openam de (4.00 g, 8.50
mol) in 200 nL of acetonitrile vvas heated to refl ux

g oS Y i B T R Do Rinal Eetony-3-

aduinatihbearbanigiienasg tightttbe Bokd) ehesi2509CT BINNVIRNEO0 AH, @MSO-de)

DAL AR AR i B BB B ERAR. . oo

Tlee1H), 81981(e, Mé)s MS (ES)an/z(4a0.9] 460,01 458¢ (NN ext ract ed
with a large volune of ethyl acetate. The organic

I r. h saturated aqueous sodi um
b@%@%s\é\%gf)\é\gﬁ%?&é@ﬂd&ver magnesi um sul fate and
filtered. The filtrate was reduced in volune until
sGhlcdisCappheatb@.67Te 95331 | ds were col | ected by
filtration washing with diethyl ether and hexanes to

gfcgj\rhgﬂg zgﬁ?%ﬁf i (I:\lhlgoro 5- met hoxyphenyl ) am no] - 6- net h

oxy- 3- qU|noI|necarbon|tr|Ie as a light tan solid, p
>250C. H NMR (400 MHz, DwvsStxe@ipled53.87 (s, 3H), 4.04
(s, 3H, 7.41 (s, 1H, 7.78 (s, , 7.99(s, 1H), 8.22

H)
( 57-BldMho- 4% zdzﬁdlﬁﬁlord'g-me?n%‘) Epn'ino v -eﬁ@éﬂ%a?ém\gc%bomtnle

451. 9, - Anal

47.71 2.67; N_9.27 Found C, 47.94; H,
9. 03. Mﬁwr@l%of 3-bromo-4-ethoxyanilino-N- (24d|chloro -5- methoxyphenyl)

72-5’% -BrobbRarfliod (650 ﬁfgo‘I 529%%9)@/ B @AY by é’é@t&ﬁﬂ'lreané‘é Réated to

U|noI|necarbon|tr| A suspensi on of
3@5%%1 ah@ph@rfeyaﬁwqhmdm 0.80 anlg jwas| asidgd Sraputisen Xigsivenge. The

| feactiorCmidiite 2ol IRRAER B ?&Iu&@ﬁ/@rr{gﬂ theR dmléld)to' @or%5teh=1perature

of acetonitrile was heated to retflux and P hor ous

ok 1§Plidls werq Golirsted PYyvwilaton washing pyiths sa uwtad s3AueRge sodium
Thi6arb6@fe] ThHe FbdsUiste W@ifrel @\%%‘Atlﬁéteﬁl %ﬁb dsoééﬁﬁd?ﬁ 8Rkrbonate for
then cooled to roomtenperature. The solids were

cbioseagd Bgntgalleetad i Rynfiliaben pshinghwilhtsaiuieted aappeps odium
SiédrdBMate and water. The solid was recrystallized from methanol and dried in
vacuo to provide 225 mg of 7-bromo-4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-
ethoxy-3-quinolinecarbonitrile as a yellow solid, mp >250°C. ‘H NMR (400 MHz,
DMSO-ds) & 1.47 (1, J = 7 Hz, 3H), 3.87 (s, 3H), 4.32 (g, J = 7 Hz, 2H), 7.45 (s, 1H),
7.82 (s, 1H), 8.16(s, 1H), 8.27 (s, 1H), 8.76 (s, 1H), 10.73 (s, 1H); MS (ES) nv/z
466.1, 468.0, 470.1 (M+H)+

Analysis for C4oH14BrCIoNzOs: 2.0 H,0O
Calcd: C, 45.35; H, 3.61; N, 8.35

Found: C, 44.97; H, 3.17; N, 8.07.
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bi car bonate. The solids were stirred with saturated
aqueous sodi um bi carbonate for 1 hour and then

waeoelosecred by filtration washing with saturat eBCHUN®OUS26329
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sodi um bi carbonate and water. The solid was
recrystallized from nmethanol and dried in vacuo to
provi de 225 ng of

7-brono-4-[(2,4-dichloro-5 nEthongphenyl)anino]~6-
et hoxy- 3- qU|noI|necarbon|tE¥WnP?a a yellow solid, np
>250C. H NMR (400 MHz, DMBO- cfe)d .47 (t, J = 7 Hz,

364?;0@0&%(2(.4&1?3%0 54n§ﬁo>@ﬁhenlyl)§nﬁ1|b] 'Zhﬁ)eiho&y%qt(lﬁohnéwrbomtrlle
(s, , (s, , , s,

Al vsT€ %Qﬁb@%f&?@% % 495 ﬁoﬁh% ?grﬁm- -eei'%%y%*ﬁﬁm NH2.4-

Hlicldo®15-mistHdxAshehpiiH2etyath-24to8sfiantitlie 3n 400 ML of acetonitrile was

a8 RL o5 Hethongly oThe Vuien s SeaiRgh toafefiio And phosphorous

705xyet31Ibmkg/(431mlen @Hleﬂm addéobdr'ﬁpWSeS u&menesulthg\g afixture was
. 0

(eetes Bt reiBh 2, v, PAdeBRea FRS DR ER iAot fo-fgpn) and

ninethianalg@I76NLY were atzwedaﬂhd!etde Inigturd_waé herictanoéfluxibe21 hours.
CheroSItER 5 % B ol 8o halry e S vRA SIEHREE Esgiany washed with

Td:tﬂd mestohitrilen g1 00i mLard thes duepéredddah tetedhlydiofdran (28 mL). To the

it S 8PRSET 4R8 RGeS IR anTehfi nikrdxad nd the

hedteds atere eftitredd 6o B(liurgowaer ES‘(X)emL): s a%lefd:)raﬂcil Stifdng was

| C [

EReBue ey ol TR sl 4BoiB oy Fiten Mashe i ot Water (46

S?@p@gd’gﬂlh}lle aret rdabgtdnoﬁauuanoﬁéﬁ@hmtc) redaver [@1 t% of 4-bromo-3-

t et r.of ur was, a concentra

el R o e SR R AR e e T Pl P g, | The

hacatonitvitet e‘ﬂtre(tSO@nerWawasg adrdﬂsd (mmbnsdd randn@oneentrated aqueous
conti nued, for

. ur b .
£ APoBL SR WS et nEe tRsHIIPS faeopte bRairas sted for 1
ahalirdr Wakeri way added evidr stingiiy wiae dondowe) fo2. 1L hgunf The solid was
4- Qr omg- 3-... .. . o
n‘é‘fq'ﬁB{%@ Jyifitaggn\washeq with wates, 1yl 3654416 2P RHIR them drispbip vacuo
oto2 ppovieen@d de(39TH of 6-bromo-4-[(2,4-dichloro-5-methoxyphenyl)amino]-7-
methoxy-3-quinolinecarbonitrile as a yellow solid, mp 256-257 °C; 'H NMR (400 MHz,
DMSO-ds) & 3.85 (s, 8H), 4.04 (s, 8H), 7.37 (s, 1H), 7.46 (s, 1H), 7.75 (s, 1H), 8.56(s,
1H), 8.89 (s, 1H), 9.93 (s, 1H); MS (ES) m/z 451.9, 454.0 (M+H)+

Analysis for C4gH12BrCloN3;O,
Calcd: C, 47.71; H, 2.67; N, 9.27

Found: C, 47.41; H, 2.67; N, 9.56.
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acetonitrile filtrate and washi ng were conbi ned and
concentrated aqueous ammoni um hydr oxi de was added. The

WO e®al192oy acetonitrile mxture was stirred foPCUKIDOS/026329
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Wat er was added and stirring was continued for 1 hour.
The solid was collected by filtration, washed with

wat er, ethyl acetate and ether, then dried in vacuo to
pr ovi de 1.92 g (39 %9 of

6- br ono- 4- [ (2, 4- di chl or o- SPAMBRY pheny! ) ani no] - 7-

met hoxy- 3- qui nol i necarbonitrile as a yellow solid, p

258-{@5Dichlotd- Nhﬁtlﬁd%@ﬁhéﬁﬂan@l@@@ddﬁ%éﬁh&g -4 guméﬂﬁbcarbonltrlle
4.04 (s, 3H), 7.37 (s, 1H ,
8.56(s

451, 9, T%?Z?SBSW'HSM&A%;B’% g gé‘rds@'%F'D°§r"@ﬁt*\§x¥éh988’5'3(5,(,3"0‘10‘4‘
4meﬂﬂ)xypﬂen2!)eﬁg go]blropgz-éﬁfarﬁmur(dm g, 473%hmal, in 206ML dNacetonitrile
9. 56,

S SRR 2 i bt mettvanel, T misye yRsBiec o el andRhasghorous
xgxy@higrida ¢1. gm?a_gnmcm nimol) Wa&’?ﬁde@@ﬁ@ﬁﬂ& Q/ga @f(lr|3ng_e dThlz solution
2- - N\ -di c 0X en - 3- - 0-4-

EH BRglahah G Aletmeft cines B i e caglehtop ioe-bath
i andtthelsalifl wasetaiactbd |Hyemms>nad,de|dn@ w&h I‘doloDécé’(BﬁlﬁiWPiO mL) and
oS R SdeEe 1 Ry oty iR Sl Weate and the
vie&alsyd‘rofnw ?LEDEBZ]Z@ Iﬁmﬁre %ddéd&:oh@@ﬁ@@beﬁhmhﬁnﬁdﬂ?ﬂ hé/dI'Odee (2x50
AfLt oo e
oIS B e RS oiete JBIA ord Tebt WG BB ad s Brided and
V\stshmg]yasmm’mnoed ObraZCIecthﬂl Thé resu(tihg soligs \ﬁé\@bdohﬁfheﬁl washed with
HRER e bt B SitP Bulrp &  JRet OYarmight © Provide 200 mo
s(mpfe)n& on of/ver ehadﬂe;zl d]dﬂmm-mtlﬂdy[ﬂfmpll)dmiﬁb]ly-ﬁfo@m-ﬁlﬁthoxy-s-

t t r r r
VA EtnBdro 8RS v alkl' Sifemd i 28 por Phghiiade s musso-a o
f 88625, 1861)r 400 T SH), eBBtB(fsJ 11d), IO I HIET.86 EONHI), MBS0 (s, 1H), 8.43 (s,

LS DR S T

4-1(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 7-i odo- 6- net ho
xkndysig|ior OodH s@gHsMoH A i | e. as yel l ow solid, p 253-254
C, H NWR (400 MHz, DVMBO-Q¥) d

Theory: C, 41.72, H, 2.72, N, 8.11
Found: C, 41.80; H, 2.52; N, 7.87.
Example 38
4-[(2,4-Dichloro-5-methoxyphenyl)amino]-6-ethoxy-7-iodo-3-quinolinecarbonitrile

A suspension of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)-3-[(4-ethoxy-3-
iodophenyl)amino]prop-2-enamide (2.0 g, 3.76 mmol) in 100 mL of toluene was
heated to reflux and phosphorous oxychloride (3.5 mL, 37.6 mmol) was added
dropwise via syringe. This suspension was heated at reflux for 6 hours and
additional phosphorous oxychloride (3.5 mL, 37.6 mmol) was added to slowly give a

dark solution. After 72 hours the mixture was cooled to room temperature, the solid
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3.86 (s, 3H), 4.00 (s, 3H), 7.33(s, 1H), 7.74(s, 1H)),
7.86 (s, H), 8.39 (s, 1H), 8.43 (s, H, 9.61 (s, 1H:

woBosaBront z 500. 0, 502.1 (M-H)+ Anal ysis for BECHUS1004/086329
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O- HO Theory: C4 .72, H 2.72, N, 8.1 Found: C, 4
.80; H, 2.52; N, 7.87. Exanple 38
4-1 (2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 6- et hoxy-7-1i od

i bgonitrile A suspension
Sgs, HsORiepd AR Y bl ereioRipahe Rbeobt prognesaliayas dried
3undep dafuizen Prosvite ai phﬂp“é! &/féﬂﬂgldeto( Brovidd 1 3766 769 of 4-[(2,4-

vva]s ted to ref] ux an

p‘i’iﬁi'?fﬂ'@é]%'ﬁ@°6ﬁt9ﬂvlgqm'& ‘%@ﬂ@XYTZ-'O%Oz ﬁumm%amlt@a&@oa yellow
dscnﬁvvinﬁ@134235§@[ ?mwmmosmmspm ag) wasnﬁ@ted 3.9 Hz), 4.32

oy et Bt aS6 e B, PRSI0 el Taahiab 08 e 40 s, 1,

09.02 (53 THRMK. s0(bs] 119)9. M$\f(Esrm72251h0|uTmH)h1e m xture was
cooled to roomtenperature, the solidwas filtered and

shed w t.h a her. The |ight brown solid
%alwﬁfgabwﬁa&]“ﬁ@u ga I'Eglessure at ~ 40 C, overnight,
to provide 1.47 g (76% of 4-[(2, 4-
dTeoho Gy 38:-58pHh2axgpiemgr ) anm no] - 6- et hoxy- 7-i odo- 3- qui n
oI i necarbonitrile as a yeI low solid, p 213-215 C, H

3 48 t, 3H, J= 6.9 Hz), 4. 32
(‘¢ gQ’O?Wé BD%—@% o 7.53 (s, 1)H), 7.87
(s. 1H), 8.06 (s, 1 H), 849 (s "1H). 9.02 (s, 1H),

11.14 (bs, 1H); M (ES) m Exafple 39 (M+-H) + Anal ysis for
CHC INO- 4.0 HO Theory: C, 34.58, H 2.75, N,

L2 Difiorat ehokpnenpml Rodds- GRS e s

t hoxyet hoxy) - 3- qui nol |¢ne@<dlne@mbominlee A suspensi on of
2-cyano- N- (2, 4-di chl or o- 5- net hoxyphenyl ) - 3-{[ 3-i odo- 4-

(2- A suspension of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)-3-{[3-iodo-4-(2-
methoxyethoxy)phenyllamino}acrylamide (1.0 g, 1.80 mmol) in 35 mL of toluene was
heated to reflux and phosphorous oxychloride (1.7 mL, 18.0 mmol) was added
dropwise. The mixture was heated at reflux for 2 hours, and an additional 1.7 mL of
phosphorous oxychloride was added. The mixture was continued to heat at reflux for
2 hours, and an additional 1.7 mL of phosphorous oxychloride was added and the
reaction mixture was heated at reflux overnight. The reaction was then cooled to
room temperature and water was added followed by 10 N sodium hydroxide. The
mixture was stirred in an ice-bath for 30 minutes and the precipitate was collected by
filtration, washed with methylene chloride to give 870 mg of 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-7-iodo-6-(2-methoxyethoxy)-3-quinolinecarbonitrile as a
yellow solid; '"H NMR (400 MHz, DMSO-d5) 5 3.41 (s, 3H), 3.81 (t, 2H), 3.87 (s, 3H),
4.34 (1, 2H), 7.40 (s, 1H), 7.78 (s, 1H), 7.88 (s, 1H), 8.43 (s, 1H), 8.45 (s, 1H), 9.85
(s, 1H); MS (ES) m/z542.1, 544.1 (M-H)-

Analysis for CgoH1sC|2|N3O3 - 4.0 HCI

Calcd: C, 34.81; H, 2.92; N, 6.09
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nmet hoxyet hoxy) phenyl ] am no}acrylanm de (1.0 g, 1.80
mol) in 35 L of toluene was heated to reflux and

w@b@spimrous oxychloride (1.7 ni, 18.0 mml) weST/asHe4026329
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dropwi se. The m xture was heated at reflux for 2
hours, and an additional .7 nL of phosphorous
oxychl ori de was added. The m xture was continued to

at af reflux for 2 hours, and an additional .7 nL of
B%B@Eh r 3% dhe2e?d OF BeS- was added and the reaction
m xture was heated at reflux overnight. The reaction
was then cooled to room t gypmipRt4y € and water was
added foll owed by 10 N sodi um hydroxide. The m xture

b ec: bETTeAl P ish EER DRt g SPherETIS & laerabanicie

nmet hyl ene chloride to give 870 g of
4- [ (2 Al- di Slh;lpensioﬁ- of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)-3-[(3-

S REIEBRa R AL Bide (EPT Sﬁ%ﬁwwv‘"%ﬁ% %%q%éf%mtﬂe was

Dlﬁ@d:)to yefthx3add phesptidius SxyBhiokitle (316 mL3. 4?74 (molpas added
rQ%WI% Tﬁl)ébrhlétu&%w(a %eg&id aé r%fgi ((é/ei'r]_glht ,\)%\e( rggyt‘qw \yasH%ooled to

5rd>ﬁm]1gmp5#h4uré e(ddﬂi)a-vomwsyﬁers rémbvéa il &cu® -lcét wasHdded to the
g%lgiggé R?fﬁb\ggé §§ 13%#5? éqﬁ%pus sodlum blcar%grqateCTheSmD%ﬁre \'A_/|as stirred
7arFr tnan-e«g@aad 4N|’fﬂi ethl/lcacetdie. nrieieharganﬁb a4 s Wadhedr With water,
n rbonit.r
2c?rle')t;l cﬁ/%?m_agal’eﬂgrél s&l{pigr ﬁlfc’%e(ﬂg?tﬁ BQWgﬁW)m gafu{% The residue was
beonyfst)amlamybmtamhyb}zmamlhtamrd\edé 316 r@s?oﬂ@-umsmb A-[(24-8Rhloro-5-
i t.r ea
TheBhnBfeh SRt Raiosabele 160 ioindifoupsuas sappentrate
_cli_P] opoicsand fFintfienbyt flash cdaﬁ?wdwmdtogtaphyfe:umg mﬂﬂ@%;t%hient of 3: 1
e rea on e 0 er.a e an e
TirabeRhY! ST foD e ol R lRE Gk S iade ripione-+ 2.
rdistilotoes-fethogysdnblarsiabB-gliaclinrgaonivils g\@lta“ﬁght orange solid; 'H
r , e ur ti e
R EAPERIG: oA, AR CES o087 Torbhof 4B0s.c Hlagae Gt 797 G,

weHhed anst HH\at&56 (slr 1) 8mbe(s, MmN ads eSS uhizadoe.0, 423.9, 426.0
f(MJI—SE-ed and concentrated i n vacuo. The residue was

Analysis for C;7H;,BrCI,NzO
Calcd: C, 48.26; H, 2.38; N, 9.93
Found: C, 48.47; H, 2.37; N, 9.70.
Example 41
7-[(2,4-Dichloro-5-methoxyphenyl)amino]thieno[3,2-b]pyridine-6-carbonitrile

A suspension of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)-3-(thien-3-
ylamino)prop-2-enamide (500 mg, 1.35 mmol) in 35 mL of acetonitrile was heated to
reflux and phosphorous oxychloride (0.84 mL, 8.98 mmol) was added dropwise. The
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recrystallized fromethyl acetate to provide 310 nys
of 7-brono-4~[ (2, 4-di chl or 0o~5-

woredosoxyephenyl ) am no] - 3- qui nol i necar boni tri | e. PATYES2004/026329
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not her |iquor was concentrated in vacuo and purified
by flash colum chromat ography eluting wth a gradi ent
of 3: 1 hexane:ethyl acetate to : hexane: ethyl

ace ate to give 310 of 7-brono- 4-
8 r"@ssbefg?é% aksﬁﬂHé RYENight-ndie 3ewnjahfo$qlmi@@awﬁomrtcemrated in

eve&:&o anbitigh fesi@N@ss soRldddo oPCNIMR \Klé‘c@pw%%ddéﬂzfélléwme slow

@éjdltlog @‘fa{gateg)kﬁquegu%go@gm qqzebrborgatgg T'(ngz mme \A@g S(tlggyl for 10

ninhues2then gdiiched 4wl Mhid éice‘b&l@' é(ﬁd %dfjl%naq: s'éftuﬁ;ét@d d&ueous
cd;. C, 48.26;_H, 2.38;, N, 9. Found:
Zs%m I\P'C@'b?'@ateExérﬁﬁl Qrogqic layer was washed WIth water drled over

7m[aé RashmbisQifdte] BlitePed BN @ENRAEGANED) lamae@& t Rhenebidud wlk Mturated

t? carbonitrile A suspension of

@wﬁ*&y /37etage sang @ﬁ¥%}eoi‘5-ﬂﬁ@{'%>§§35h€\9y (3128- ot [Hrléhd-gichloro-5-

ydnamonmr@ &Ef SR d(b?;%dm% cé’réorn”ma )myb @o§@161—°c°f1H NMR
eat e

aé@bm]_&t’ reflux an hor ous

$hB0 380 (5. BHe7- 3R, )1%4@§wd= & Faotils 876 (s, 1H),

T$1¢IIT‘(d<ULHBI-ma$HP%€61e(§ ), 0.9k FY A (N /2 B8 1, 350.0 (M-H)-
resul tant sol ution was concentrat ed | n vacuo and

d I ter was added
r?"lfl ue(ﬁ’\l\@y’"@ﬁgh %ﬁ/\i%g'ﬂ@i oﬁeo:‘NasZturat ed aqueous

SOdI um bi carbonate. The m xture was stirred for 10
nCalod:e€, 5hiéd; Ked.81;tN,dngd bet ween et hyl acetate and
addi tional saturated aqueous sodi um bi carbonate. The

OE SRl & %@églrl?\géz,\ﬁaﬁq%% with water, dried over

magnesru i't%8t ed and concentrated in vacuo.
The residue was triturated with ethyl acetate and
hexane to provide 337 g ( B8npd 42-[ (2, 4-di chl oro- 5-
met hoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne- 6- car b

(074 85
R G
(s, H, 8.1 J =5 Hz, 1H), 8.61 (s, 1H), 9.74
(s, 1@ (3 mor(oasapom)ztsmtrmxy-%ﬁimb@nzmmx100 g, 0.407 mol) and

sodium iodide (9.2 g, 0.614 mol) was added to 520 mL of dry 1,2-dimethoxyethane.
To the mixture was then added N-methylpiperazine (82 g, 0.814 mol). Stirred and
heated the reaction to reflux. The reaction was monitored by HPLC. After 8 hours,
the heating mantle was removed and the reaction was allowed to cool to ambient
temperature. The reaction mixture was then drowned in 1 L of ethyl acetate and
stirred for a minimum of 1 hour. Bright yellow solids precipitated. The mixture was
filtered and rinsed and the salts collected with ethyl acetate. The filtrate was washed
once with 400 mL of 0.5 N NaOH. The layers were separated and the organic layer
was washed with water (3 x 390 mL). The combined organic layers were
concentrated under vacuum at 35 — 40°C to obtain 97.8g (light orange oil) (77%); 'H
NMR (300 MHz, CDCls) 8 7.91 (dd, J = 2.6, 9 Hz, 1H), 7.77 (d, J = 2.6 Hz, 1H), 6.90
(d, J=9 Hz, 1H), 4.14 (t, J = 7 Hz, 2H), 3.96 (s, 3H) 2.54 (t, J = 7 Hz, 2H), 2.48 (m,
8H), 2.30 (s, 3H), 2.06 (m, 2H); MS (ES) m/z310.1 (M+H).
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Analysis for CHC NS - 0.5 HCalcd: C 50.15; H,
2.81 ; N, .70 Found: C, 50.32; H 2.62; N, 1.54.

WE2@PIR0Y 2 PCT/US2004/026329
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1-[ 3- (2- Met hoxy- 5- ni tr o- phenoxy) - propyl ] - 4- et hyl - pi pe
razi ne 2-(3-chl oropropoxy)-1-net hoxy-4-nitrobenzene, (
0 g, 0.407 nol) and sodiun1iodide (9.2 g, 0.614 nol)
was added to 520 L of dry d|nethoxyethane To the
m xture was then added N Perazine (82 g, 0.814
nol). Stirred and heated the reactlon to reflux. The

reacti on was-Meddxy®- [BCMbﬁethﬁngFeré’ilﬁ-Qfyl)%rb@&(yﬁphé%mme

heat i ng rrantl e was renoved and the react |Tgn was
[ e reactjaon
i xt ur E° BASTRRA Al BBy PG AT eetaypperazine
s2i5 g,etl1 fmmzllaurm& miohisiF-propéreol inas Bidded t Oyﬁpdj@/\(m &, d? wt. %).
T t ere rinse

PHES bl 25 ke ndir i ‘t&'?ﬁ/P{ i deiin St $1er wetbnvorogen
mmalmedrasédonme rehdtion4HiRiurd wab plﬂrd'edeNﬁﬁHogé'm end ﬂl&’&éé through
VS0 B SO R b e V5 Bt et
c&[ﬁ:@lnhemylepipel’radmﬁ M)ipmpmyq-tpha@llamﬂa@ 4s & Yeli @II ﬁ)vh% \ﬁﬂs used
(%@%nyjmq EC upI@g {esglbec%e}qw( l\m%(%) ,1C|p.§)I3) 6671 (d,J

6=9cHzgdH ),36.33 9, hlz—zllH)lz 144)162(3t(deJ 274 HZHZa ,4.8596J = 8 Hz,

G, S 4, g T i o B e (5

4- Met hoxy- 3-[ 3- (4- net hyl - pi perazi n-1-yl)-propoxy] - phen
yl ami ne To a solution of Example 44 _
1-[ 3-(2- met hoxy- 5- ni t r o- phenoxy) - propyl ] - 4- net hyl - plpe

f 1SO- nol
agifﬁg&%ﬁf%‘g*%h?’d&ﬁgmm’%@ﬂ v\@'é}g{f itnog y- ~[§Q2 Inéeﬂ%g@perazm -1-
shaken under 35- 49)-popoxyfi-phymiiagien)- acrylamiRie' 1 shaker
until hydrogen uptake ceased. The reaction m xture was

e oS 2 RIS U gpdSetamas
t(A &5, S Mmmedtin @@mL of iso-propanol was added triethylorthoformate (1.5 g,
10.1 mmol). The mixture was heated to reflux. After 20 minutes, 4-methoxy-3-[3-(4-
methyl-piperazin-1-yl)-propoxy]-phenylamine in 20 mLs of iso-propanol was added
dropwise so as to maintain reflux. After 26 hours, the reaction was cooled to room
temperature and the suspended solids were filtered. The solids were rinsed with iso-
propanol until effluent was colorless. The yellow solid was dried in vacuo to give
345 g (93%) of 2-cyano-N-(2,4-dichloro-5-methoxyphenyl)-3-{4-methoxy-3-[3-(4-
methylpiperazin-1-yl)-propoxy]-phenylamino}-acrylamide as a mixture of isomers. 'H
NMR (300 MHz, CDCls) & 11.35 (br d, 1H), 8.17 (m, 2H), 7.76 (d, 1H), 7.41 (s, 1H),
6.88 (m, 1H) 6.69 (m, 2H), 4.10 (t, J = 7 Hz, 2H), 3.96 (s, 3H), 3.87 (s, 3H), 2.55 (t, J
=7 Hz, 2H), 2.48 (m, 8H), 2.29 (s, 3H), 2.06 (m, 2H); MS (ES) m/z548.1 (M+)

Analysis for C;oH14CINO,

Caled: C, 55.69; H, 6.54; N, 6.49
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3-[3-(4-net hyl - pi perazi n-1-yl)-propoxy] - phenyl am ne as
a yellow oil which was used directly in the coupling

war@p/odescri bed bel ow. H NVR (300 MHz, CDCI ) BCBUS04/026329

10

15

20

25

(d, J =8 Hz, 1 H, 6.33(d, J =2.4 H, 1 H), 6.23
(dd, J = 2.4, 8 Hz, 1 H), 4.05 (t, J = 8 Hz, 2H), 3.80
(s, 3H), 2.53 (m 10H), 2.30 (s, 3H), 2.02 (m 2H).

Exanmpl e 44 .
Eeh6-RP-¢9; &5 N 6r35 5- met hoxypheny! ) - 3- { 4- met hoxy-
3-[3- (4-net hyl pi perazin-1-

yl ) - propoxy] - phenyl am no} 'B@hiﬂlémﬁ de To a suspensi on
of 2-cyano- N (2, 4-di chl oro-5-net hoxyphenyl )acet arri de (

i ??@%Hﬁsﬁ%ﬁ%'veimkﬂof?enﬁar@noﬁ% R o B RS AT ARRTeAn-1-y1)-

was heated to refl uyropbky-8iquitidlifeda@irile
4- rrethoxy 3-[3-(4-

or | AR BRRAGHT h 2 haRAR R S B B Do i rethony-a-
r[B#( MWethﬁbiperaz%1 ylppr@oxy]kmenyﬂmtno@acmua@m &9 10® mmol) in 9

rF e g Peteddf eSREResPhonts sraporie 1.6 o, 142

Lmtnol) veds ehddsdtdrms@ oTles teastion Mbeurgaldsaveatad aideiddStor 40 hours,
o ed i

0,

5 SRueRIE ot detuthifs” <P S s rojecio @ Grans gy sodium
3h){d80)(dle~was added slowly and carefully to neutralize the reaction. The quench
AL e i), pBAORE L BUSEY NE S L P e
(femperatdre)of i@ hikirewadHept Feld® 56AC. TiHe, miXiudd was baditibd to pH 9-
?@Sé\ﬁg}’ cé&%gq?g%og ’58@?@532 %t’h%ac_e“laitép&gs%e%%d@égr%sumng
(nmxtlﬁél)mas&tlﬁed (s, 153hihyte. Dohe éﬁﬂds?ﬁére fihdved &R tH’anané@ with ethyl

e%atﬁg gb%ﬁhratedag%rs z‘_\greq ﬁle\ygoaéacfag anﬂlt%e %rgamgiagﬁbwgs g@pcentrated in
4vaio@2 AThe chider ot wasedissoisephianygs Jnalioh ohetharma? tamaxstiréd| @& room
SeBEEA%. a1 Ao rizearidellis sqle thetaepsshiers itespd and rinsed wit
Zminjrasiocdd (ibtidardl. c Thefitrale wat orygitensd hnd tHeApiebd\@s Yepeated
3v'vi’ch about half as much methanol. The two crops were combined to give 4.3 g (75%)
of crude 4-[(2,4-dichloro-5-methoxyphenyl)amino]-6-methoxy-7-[3-(4-methyl-
piperazin-1-yl)-propoxy-3-quinoline-3-carbonitrile; 'H NMR (300 MHz) & 8.71 (s, 1H),
7.50 (s, 1H), 7.43 (s, 1H), 6.90 (s, 1H), 6.46 (s, 1H), 4.26 (t, J = 7 Hz, 2H), 3.78 (s,
3H), 8.67 (s, 3H), 2.57 (t, d =7 Hz, 2H), 2.48 (m, 8H), 2.29 (s, 3H), 2.12 (m, 2H); MS
(ES) m/z265.6, 530.1 (M+)

Example 46
4-(2-Methoxy-5-nitrophenyl)-2-furaldehyde

To a mixture of 2-iodo-4-nitroanisole (565 mg, 2.02 mmol) and 2-formylfuran-
4-boronic acid pinacol ester (670 mg, 3.03 mmol) in 20 mL of ethylene glycol
dimethyl ether and 12 mL of aqueous saturated sodium bicarbonate was added 80
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[ 3- (4- et hyl pi per azi n-1-yl) - propoxy] - phenyl ani no} - acry
lamde (6 g, 10.9 mmol) in 9 L of acetonitrile was

_Waeatot2on reflux and phosphorous oxychl ori de RQI/USIN4/026329
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142 mol ) was added dropw se. The reaction m xture was
heated at reflux for 40 hours, then cooled to room
tenperature. The m xture was cool ed to O C and 10N
sodi um hydr oxi de was added slowly and carefully to

RGO Htiaki(tphenypResABIE)PafiRdiugL G R hadeacsien yixtlre was heated at

M BYdFhight tHRR AABRbd lt@eocs:fto&@&htteanbmmé%a é’éﬁl%d $¢ %hblphasw
that the tenperature of the mxture was ke bel ow 5

cnixigie ohiToPe Methane! paginyl acetals andowatey. Ther. %?"dd’t’ﬁﬂ pw@cted by
tiratRP, WwaBREY mthOéthﬁtdaétat@%Ha\hste\A@é pRélARA 288 Gnd '@&%) of 4-(2-

res&tlng@mxture was stirred m nutes. The s
o)

rc@aewwttﬁ@ﬁewqesa@dawghw@wnﬁon%cm RMEY (BMS0-de) d

f4.b¥ (aitap)| pwens, y\grgestenﬁr @Hﬁds 2004, 2bf(ﬁ1 @!-93@55 (@, fwers Hz, 1H),
was concentrated in vacuo. e crude oil was dissol ved

i 16965, H1).53-66 s AR MS 8ha1 $Mitred at room tenperature

for 1 hour. The crystalline solid that forned was

filtered and rinsed with rgg| 4fol d nethanol. The
filtrate was concentrated and the procedure repeated
wi th about half as nuch pethanol. The two crops were

conbi ned -{{%(@Agt@ow-g—ngromg%l)-%furgl}rng@yl}-4-methylpiperazine
4 [(2 4-di chl or o- 5- met hoxyphenyl ) am no] - 6- net hoxy-7-[ 3

Lo ) Bt O oo E-nitepkenyh dvreldehyd (G9R a3 mmol)
Nl Nd'n&hﬂé ér‘ézmé*(b 90 MmN &.{ ﬁnméllﬁ)n 207mﬂ%f Gﬁahloﬂdﬁe’thﬁneq%d 2 mL

3%1-%@%( icli gpﬁ Wap: oggle(jttg dJ°C. J,Bop&lm izlﬁyetogyb@gorwﬁyde (1.21 g,

253'% mEhongé§ ad@é‘@ m %oﬂt%né TolloWdd bV (dwPldrdfsz o2 88etfl: acid. The

4re§k£t'fném%s{5? Vsasrﬁtw@eaﬁgnﬁ fpr 30 mipyips Hiepat raein dempsraiyrefor 1.5

HHouts.| Ote-rAixflird marpamioﬂe& PohvdEh etﬁyl%efﬁ‘f@'ahd@;‘éﬁ:rated agqueous
2 fo | furan- boroni c acid pinacol ester (670

)‘bqnﬁteZOTr}ﬁ_orgfamgtqli\?p% s flrigd Qvemzangsiym sy e, filtered

aélﬂj lebrigbnipdteddite QuS.at UTIRS efbshiEl Wasbigkafidpn eflé’éﬁs column
added 809 of tetrakls(trlphenylphosphlne)palla

(BYomeioaranby HE Witk PuPdRIL oh 23FeeiRariob it @iyl acetate to 1%

oaggmgh?m hﬁﬁ@(ﬂ@h'%@@%aﬁf&n@ﬁﬁ'etﬁﬂ ab&as. IRAREhcH Wil R ether
aandehexa?le zE‘)rovnf()ad 57 mg (18%) of 1-{[4-(2-methoxy-5-nitrophenyl)-2-furyllmethyl}-

4-methylpiperazine as a light yellow solid, 1H NMR (DMSO-d;) 6 2.14 (s, 3H), 2.25-
2.36 (broad s, 4H), 2.38-2.46 (broad s, 4H), 3.52 (s, 2H), 4.04 (s, 3H), 6.96 (s, 1H),
7.31 (d, J = 8 Hz, 1H), 8.14-8.20 (m, 2H), 8.38 (d, J = 3 Hz, 1H); MS 332.1 (M+H)+.

Analysis for C47H2¢{N3Oy:
Calcd: C, 61.62; H, 6.39; N, 12.68.

Found: C, 61.46; H, 6.68; N, 12.54.
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m xture of 10% nmethanol in ethyl acetate and water.
The solid was collected by filtration, washed with

wetdghiecet ate and water to provide 259 ng (52P4T/U82004/026329
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30

4- (2- nmethoxy-5-nitrophenyl)-2-fural dehyde as a |ight

brown solid, NWVR (DMSO-d6) d 4.07 (s, 3H), 7.37 (d, J

=9 Hz, H, H, 820-8.29 (m 2H), 8.55 (d, J = 3 Hz,
8. 69 , 1H), 9.68 (s, ; M5 247.1 (MH) -

Qémﬂ e 4(7S g ( Exlf_:lbmple 48 (MH)

1-{[4- (2- Met hoxy- 5-ni trophenyl)-2-furyl ] nethyl }-4-nmeth

yl pi pe(damiethexyP3+b-xUtméethgdpiperazin- 1-yl)methzl] -3-fu phenyl)amme

4-( 2- rrethoxy 5- nltrophenyl) 2-fural dehyde ?,

I0n9§0 2) Pagfj 8!}#,8,? o % ﬁg 42@6{?, hﬁ? - %\ftrophenyﬁ)-%-fummgthyl} 4-

Imeibylbiplemzire (396nmge s neraol) dal 200 Ml 6f nSsbantNwas added 10%

WA BAECSY BRPSTLA woF . TP fruitia et s i RydiOoen in a

r Resru blhakeg until mydmgemva?také lcgaifdi aﬂhe&e&‘ctfoﬂ rmisduraives fitkdtred through
t
b I ERELR il AR PR AR oo

B BN oo R0 BB o, T
COMSDIE)RS 2d4i(8 3HHCRL9 (Hﬂ@@drseaHﬂl@O/\@ﬁoM i4H)yed. 49/? 2If-| ), 3.72

a ol umm_chr omat ogr aph eIutlngﬁvvltha radi en

flash
z(eoﬁlrkbﬁrﬁar@ 2t 6 i 5 et i)t 658 06, Ao T & 8. byelP o3, db), 6.80
Y

YorratBanp Mot hyhipget ate. Trituration with
?Q)OI et hzﬁgand hexaorq}é I?r ovided 57 ng ( 8% of

i e
1 {[4-(2-met hoxy- 5- nltrophenyIE)9< 2-f uryl]nmethyl}-
4- et hyl pi perazi ne as Altemajive Exrampled&ol i d, NWVR
(DMSO-c/ ) 2.14 (s, 3H), 2.25- 2.36 (broad s, 4H),

é' Sg- 2(Mﬂeﬂwa()PQQS?(A—rﬂé'ﬂhylp@efa'%ir(-ﬁyliﬁb%y%—é-f@&géﬁeny?‘é%ine

(s, 1H) .20 (m
f or %Pdtlowf 83(4}_%0@ gjzyl\{gsrpptﬁé é—gmetlw lggaégg ! Yili%sg, 5.52
Fmtm»q ard tﬁ]so%opyHbo@teﬁ& 76\|g, Q%B&ﬂmEP}mb in£18f tetrahydrofuran at -
yfé} ge tga%%lggﬁi l{:]e6 n- bn?quxmgrlnpl%rl’?ezxane 5y3|8) mL 8. 61] r_n?r’n_ofl) over 10
minutes. After stirring at -78°C for 10 minutes, the temperature of the reaction
mixture was allowed to rise to room temperature. Water (1.0 mL) was added and the
solvents were removed in vacuo. The resultant intermediate boronic acid was
dissolved in 20 mL of ethylene glycol dimethyl ether and 2-iodo-4-nitroanisole (1.06
mg, 4.25 mmol) and [1,1-bis(diphenylphosphino)ferrocene]dichloropalladium(ll),
complex with dichloromethane (1:1) (87 mg, 0.11 mol) were added. A solution of
2.25 g of sodium carbonate in 6.5 mL of water was added and the resulting mixture
was heated at reflux for 3 hours. The mixture was cooled to room temperature and
partitioned between ethyl acetate and water. The aqueous layer was further
extracted with ethyl acetate and the organic layers were combined, washed with
brine, dried over sodium sulfate, filtered and concentrated in vacuo. The residue was
purified by flash column chromatography, eluting with a gradient of 5% methanol in
dichloromethane to 10% methanol in dichloromethane to give 900 mg (70%) of (4-

methoxy-3-{5-[(4-methylpiperazin-1-yl)methyl]-3-furyl}phenyl)amine as a red oil.
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To a solution of 1-{[4-(2-nethoxy-5-nitrophenyl)-2-fu
yli]methyl}-4- nmethyl pi perazine (396 ng, 1.19 mol) in

wQoos/ogR201et hanol was added 10% pal | adi um on cRP€DUR2004/Q26329
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ng). The resulting m xture was shaken with hydrogen in
a Parr shaker until hydrogen uptake ceased. The
reaction mxture was filtered through Celite and the
filtrate concentrated in vacuo to give 358 ng ( 00%

of (4-met hoxy- 3~ Example 49

[ 5-[ (4- nmet hyl pi perazin-1-yl)methyl]-3-furyl } phenyl)am
ne as(2&/2)¥29®giarm'-m (2 H—d‘t@%rb% ph%m}ll)q-fi([@‘11-"13""1)»()"g {3‘2(4'
(broad s, 4&% %y? A}

(s, 3H), P%erath) 'V')B“e& 1(33“[105?9‘39@/)@2“'“@3‘%)' amidesg
(s, 1H) 6.78 (d, J =9 Hz, 1 H, 6.80 (s, H, 7.91
( s, H)To WBu§iedsibn(di/Ryano-N-(2p1-tighlortes- E)ea‘limdyﬁhérﬁ'l)acetamlde (261

%?g/ﬁbhox%gﬁq '%g %o&@&%;ﬁ %%.?ZaldGe& tXethqurI(ho\for]nate (0. {304 mL,
13 D& 4 nimaljyo- 2FHeu rmrb(mt s | héatert by rfiper aﬁd n@r Mthéﬁy 3-{5-[(4-

ey R Ly ABe i APRh SR oD el  mL o

1156-pM>p’&rnbUts wbdéd drbpwm-zl IThizaxige (as d8ateld, at Peftik f67H Hours. The
10 mn

irEanaR AIDWERfocsae i B0 eRBeRE 570k et wasggllected by
airltramnd wiashéd 84th tiso-propandletpprloRider 485 Mgt(en%§ of @2@kz)-2-cyano-N-
B RS REr EF at S BB i ety -

28-furid}gifenglidmyihelaeryimidobs digrast duyitl, rap 1e8-188%C; MS 570.1 (M+H)+.
2-i0do-4-nitroanisole ( .06 ng, 4.25 mmuol) and

[A?%WSIQ 02%%@%? %H]lﬂdm) ferrocene] di chl oropal | adi u

oromet hane (1:1) (87 ng, 0.1
were added. A solution of 2.25 g of sodi um
c@albdn@t 88.58; 16, H161iN,dR.20at er was added and t he
resulting m xture was heated at reflux for 3 hours.

TBSuAG: ¥t B, gov]@ss G’P‘N q?h 0 room tenperature and

partitironed betwween’e acetate and water. The
aqueous | ayer was further extracted with ethyl acetate
and the organic |ayers werkxampmdbhed, washed with
brine, dried over sodiumsulfate, filtered and

CONLRA IS0 LHImEROXFbhehPFarhiRS]-ELHRANBS-{7-[5-[(4-methyipiperazin-1-
yl)methyl]-3-furyl}-3-quinolinecarbonitrile

A suspension of (2E/Z)-2-cyano-N-(2,4-dichloro-5-methoxyphenyl)-3-[(4-
methoxy-3-{5-[(4-methylpiperazin-1-yl)methyl]-3-furyl}phenyl)amino]acrylamide (409
mg, 0.72 mmol) in 20 mL of butyronitrile was heated to 105°C and phosphorous
oxychloride (0.856 mL, 9.36 mmol) was added dropwise. After 14 hours additional
phosphorous oxychloride (0.430 mL) was added, and the reaction mixture was
heated at 105°C for an additional 8 hours. Additional phosphorous oxychloride
(0.430 mL) was added and the reaction temperature was increased to 115°C. The
reaction mixture was heated at 115°C for 18 hours. Additional phosphorous
oxychloride (0.856 mL) was added and the reaction mixture was heated at 115°C for
an additional 26 hours. The reaction mixture was concentrated in vacuo and the
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purified by flash col unm chromatography, eluting with
a gradient of 5% nethanol in dichloronethane to %

woredosarebl i n di chl oronet hane to gi ve 900 ng ( 7PC¥/US1004/026329

10

(4-
met hoxy- 3- { 5- [ (4- net hyl pi perazin-1-yl)methyl]-3-furyl}
phenyl )am ne as a red oil.Exanple 49

f.[é%{qz é)ﬁ%@%@]ﬂ%(g 82 4_‘9 In%Qtlu?er %f %tl%?taggé¥g g%g tlegrahyd[rofuran and
nﬁéd%bﬁlliﬁdlﬁlﬂﬁ@drﬁeﬂtratbal ﬁﬁ‘tnlinll]m Bydrokidé.} Phe bkl A0d et room

S BRR. B T Bo o e SaN ST a8 ASBRERY I vacup s dee resitue was

npunfleﬂbyrﬂﬁ@h )coluﬁwrﬁconmbtd @hprmmggdgtw\@@rﬁﬁ@ﬂ%f dichloromethane
nmol

t i or t hof t
o 9P (eaRetBg ool wmnednd SUbSRBNRT X prepAralive( dpin layer
natrbmbwgwhgzddwerbpwg) with bk n%?euﬁarroyhﬂ mﬁmwbaqamaﬁs dive2061 mg

ropanol js

GHBHl se. Phi 5 m $TGrecRBernREE R erubaltof Smesbony-7-15-1(4-

hm@frﬁ;’lplpﬂ’eﬁlmJyt)erﬂwyﬂ%fuﬂ}d}L@’d}@ﬁoﬁr@c&fb@h|trﬂ@ 49D Q%MNyellow solid, mp

mﬁgﬁgﬁg&fre and the solid was collected by filtration,
‘th /so-propanol, to provide 465 ng (81% of

(2E/ Z) - 2- cyano- N-

( Caldedb32h1 8838- 5- met hoxyphenyl ) - 3- [ (4- met hoxy- 3-{5-[ ( 4-

nmet hyl pi perazi n-1-yl ) met hyl] -

3efuryl )am no]acrylam de as a gray solid, p

15%%%9‘}%5570. 1 (MH) +. Analysis for CH O N -

0.2 HO Calcd: C 58.58; H 5.16; N, 12.20. Found: C

5BPEO; 9618%. 07; N, 12.07. Exanple 50

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

5-[ (4- net hyl pi perazi n-1-

yl)ymethyl]-3-furyl }-3-quinolinecarbonitrile A

suspensi on of

(2E/ Z2) - 2- cyano- N- ( 2, 4-di chl or o- 5- net hoxyphenyl ) -3-[ (4~

met hoxy- 3- { 5- [ (4- net hyl pi perazin-1-yl)methyl]-3-furyl}

phenyl ) am no] acryl am de (409 ng, 0.72 mml) in 20 nL

of butyronitrile was heated to 105 C and phosphorous

oxychl oride (0.856 nL, 9.36 mmol) was added dropw se.

After 14 hours additional phosphorous oxychloride
(0.430 nL) was added, and the reaction m xture was
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heated at 105 C for an additional 8 hours. Additiona
phosphor ous oxychl oride (0.430 nL) was added and the

WO e@shinm t enperature was i ncreased to 15C. ThRCT/US2004/026329

10

15

20

reaction m xture was heated at 115 C for 18 hours.
Addi ti onal phosphorous oxychloride (0.856 nL) was

added and the reaction m xture was heated at 15C for

an agditiangl 26 hours. The reaction mxture was

C 1 *uo and t heresi due suspended in a 1

1 mxture of ethyl acetate and tetrahydrofuran and

neutr ak ipfeds¥for theCprap&RtbRbEA 4 AMIRIS TnBYE A dfirile EBRprising:
m xture was stirred at roomtenperature for 1 hour

The solvents were renoved in vacuo and the residue was _
puri fi ed2byCaNRIBIAY 1 afinec ReBpRINSg Vil Ipyaragelin Goig and gn acid
gradi ent of cdhig&05RIPA BRRBatSadidé Met hanol in

di chl oronet hane. Subsequent preparative thin | ayer

chr omat ogr aphy  devel oping with 10% nmet hanol in )
di chl or oRet K8 r@ln‘getge giar@a?etg%ded}f step a with an aniline, an alcoholic

g- % Ei 4- di c&dire- San@t hox YiheHhbAMBR] - & MBidX ¥ { 8=dmino-2-
met hyl pi per ¥ANA2AVRMIIREAY| | - 3- f uryl } - 3- qui nol i necar bo
nitrile as a yellow solid, np 174-176 C. Cal cd: :

552. 15638, Feahitsthing 52 theb 7 2Barkiib @-cyiho80ANEIdeS GlitN MRosphorus
IS: . A process for the preparation of a .
4”am no- 3. qEVRBIOTIRR in ARG, [buteQMsls, s falene or xylene, optionaly
combi ni ng &R amienepreesmRUNGF W tH GreMRacasdi Gicigi h aathmino-3-
an acid catalyst to yield a cyanoacetam de; b.

condensi ng %4 OIWS\WB&&'B'H%\M de of step a with an

aniline, an alcoholic solvent, and a

tri @ kKyhopideesoohaiiit 1 whgieid htid of cgdidaeetc acid to amine is 1 to 1.5
cyanoacryl am de; and c. conbining the

3- ani n%q"}i‘fai%?roacr yl ani de wi th phosphorus oxychl ori de

in acetonitrile, butyronitrile, toluene or xylene,

opt i3ondhé process bieclgimes emerirotheaatimbiadypabadedic iciel td amine is 1.03

4-am nQ- 3- '
equivalents.

4. The process of any one of claims 1 to 3 wherein the aniline is a hydrochloride
salt.

5. The process of any one of claims 1 to 3 wherein the aniline is a free base.

6. The process of any one of claims 1 to 5 wherein the alcoholic solvent is iso-
propanol.

7. The process of any one of claims 1 to 6 wherein the condensing step occurs
at a temperature of 10-200 °C.

8. The process of any one of claims 1 to 7 wherein the condensing step occurs
at a temperature of 20-140°C.
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qui nol i necarbonitrile. 2. The process of claiml
wherein ratio of cyanoacetic acid to amine is 1 to .5

weouwswazents. 3. The process of claim1l wherei PCT/H82004/026329
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15

20

rati o of cyanoacetic acid to amne is .03 equival ents.

4. The process of any one of clains 1 to 3 wherein the
aniline is a hydrochloride salt. 5. The process of any

one of_clainms 1 to 3 wherein the aniline is a free

bas@: Ble neeessH @y Lngrot glamhdo Srwhareiniie gondgnsing step occurs

wher ei gt o B/pelAaBet Bgocol vent is isopropanol. 7. The
process of any one of clains 1 to 6 wherein the

con ing step_occurs at a tenperature of 10-200 C. .
Theqﬁfﬁleee@ceﬁs A RYPY Bﬂ%oé‘f'a'msai‘i 19e Wherginzhqeaialystis @plcohol.
condensi ng step occurs at a tenperature of 20-1 0 C 9.
The1prTeepoceés aNinpbRe of cRiiras M5tol9 iwheleiies ehfdlyehR an amine

condensi ng step occurs at a tenperature of 80 C. . The
proces®S6f any one of clainms 1 to 9 wherein the
catalyst is an alcohol. . The process of any one of

cl ail@sTHe pocBss\bleamy ond beclamisall tst11i whadinaiiic tombaify of step ¢
12. The Bro ess ofiagng Pg@ ﬁégél aims 1 to 11 wherein

the comstiHG BMPelfe o 3tel? &at a tenperature of

50-200 C. 13. The process of any one of clains 1 to 12
wher 8i Thd pecessbi anyngnebf shigms ¢ tocieuwseraln the combining of step ¢

tenperature of 80-1, C ess for the preparation

of a ﬁ&msn%}-aé?aﬁﬁﬁéﬁrﬁ%ﬁ‘gﬂE@%ﬁt rile conprising: a.

conmbi ni ng an am ne conpound w th cyanoacetic acid, a
peptl4dk pomeps$ fonthe wapration of sobaaino-3-qsinslirexcatboniirile comprising:
filtering the suspension in step a to yield a

Cyanoaceta?"&d#ﬁéining an amine compound with cyanoacetic acid, a peptide
coupling reagent to obtain a suspension;

b. filtering the suspension in step a to yield a cyanoacetamide;

c. condensing the cyanoacetamide of step b with an aniline, an alcoholic
solvent, and trialkylorthoformate to yield 3-amino-2-cyanoacrylamide;
and

d. combining the 3-amino-2-cyanoacrylamide in step ¢ with phosphorus
oxychloride to yield a 4-amino-3-quinolinecarbonitrile.

15. The process of claim 14 wherein the ratio of cyanoacetic acid to amine is 1 to
1.5 equivalents.

16. The process of claim 14 wherein the ratio of cyanoacetic acid to amine is 1.03
equivalents.

17. The process of any one of claims 14 to 16 wherein the peptide coupling
reagent is water soluble.
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c. condensing the cyanoacetam de of step b with an
aniline, an al coholic solvent, and

W pdoslokyebor t hof ormate to yield PCT/US2004/026329
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20

25

3- am no- 2- cyanoacryl am de; and d. conbining the
3-am no- 2-cyanoacrylamde in step ¢ with phosphorus
oxychloride to yield a

' 15. The process of

4-a - 3- qui nol i necarbonitrile. _ _ _
ol ailf WHLPEICHSE 9 SRRSO ClBs 34 der 16 whelein the BpRiide coupling
is 1 teagbntesyaumbSIbsylcakbodifiige Pr ocess of claim

wherein the ratio of cyanoacetic acid to amne is .03

equi ents. 17.. The prqcess of any one of clains 14

Lo 18" MIEPRRRS Heryane deias Jritg o WareRrsaicboraapss occurs at a
sol ubl enipBratdlesf p0-a0ess. of any one of clains 14 to 16
wherein the peptide coupling reagent is

, 3-dii sopropyl carbodiim.de. 19 T rocess. of any one

or - EPaieb BB Al iner b g T4 5 S BAGSE Bich aroBge,oturs at a
t enperiempeeatak b07-800CC. 20. The process of any one of
clains 14 to 19 wherein said process occurs at a

of atiu TS Pfos 3o 6{ARY s o Rl eler 25 §efian i aie 8 pyriaine,
t ri et hyiktoyiaméne, or dithiopsopglaayhyd.am ne. 22. A process for
the preparation of a

come? APrHeSd P BR R CEE 1R APk it o carbonivie

cyanoacmnisinge and a trial kylorthoformate in an
al coholic solvent to obtain a propenam de; b.

combi ni ng t opeparg_ge:. W t.h L US j de

and acet ani AAECRE ARt gBRARR BB RN RADIA® ana
opti onal | y tialkylhshqiprssde trearvéicehadiasalvgsitto bbtajn &pabpanamide;
7-am no-t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile.

b. combining the propenamide with phosphorus oxychloride and
acetonitrile, butyronitrile, toluene oruxylene, optionally in the presence
of a catalyst to yield a 7-amino-thieno[3,2-b]pyridine-6-carbonitrile.

23. A process for the preparation of a cyanoacetamide comprising:
a. combining DMF, an aniline and cyanoacetic acid to yield a mixture;
b. cooling the mixture;

c¢. adding a solution of N,N’ dicyclohexylcarbodiimide in DMF to keep the

temperature below 15°C and yield a suspension;

d. filtering the suspension and washing a resulting solid by-product to
yield a filtrate;

e. adding water to the filtrate of step d to obtain a suspension, cooling to
5°C; and

f. filtering the suspension to yield a cyanoacetamide.
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23. A process for the preparation of a cyanoacetam de

conprising: a. conbining DM, an aniline and
w@eymnoseetic acid to yield a m xture; b. cool i PQI/UR®04/026329

m xture; c. adding a solution of N, '

di cycl ohexyl carbodiimde in DW to keep the

tenperature bel ow 15C and yield a suspension; d.

filtering the suspension and washing a resulting solid

by-%?‘otﬂ?g?ro??§3ﬁ 8'?‘5“ géf"ﬁhfaf‘%"é?@;byépmg‘&iﬂi'sdﬁeﬁat er to the

filtrate of step d to obtain a suspension, cooling to

5C and f . filtering the suspension to yield a

cyanoacet am de. 24. The process of claim23 wherein the
by- product is urea.
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