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imdeded . gBivtH .of @oksm tumor cells in nude mice [Staley, C. A., Cell Growth
Differentiation, 8, 269 (1997)], suggesting that Src inhibitors could slow tumor growth.
In addition to its role in cell proliferation, Src also acts in stress response pathways,
including the hypoxia response. Nude mice studies with colon tumor cells expressing
antisense Src message have reduced vascularization [Ellis, L. M., J. Biol. Chem.,
273, 1052 (1998)], which suggests that Src inhibitors could be anti-angiogenic as well
as anti-proliferative.
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273, 1052 (1998)], which suggests that Src inhibitors
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Tyrosine kinases (TKs) are divided into two classes: the non-transmembrane

TKs and transmembrane growth factor receptor TKs (RTKSs) [Blume-Jensen, P.,
Nature, 411, 355 (2001)]. Growth factors, such as epidermal growth factor (EGF),
bind to the extracellular domain of their partner RTK on the cell surface which -
activates the RTK, initiating a signal transduction cascade that controls a wide variety
of cellular responses including. proliferation and migration. The overexpression of
EGF and also of members of the epidermal growth factor receptor (EGFr) family,
which includes EGF-r, erbB-2, erbB-3 and erbB-4, is implicated in the development
and progression of cancer [Rusch, V., Cytokine Growth Factor Rev., 7, 133 (1996),
Davies, D. E., Biochem. Pharmacol., 51, 1101 (1996) and Modijtahedi, E., Int. J.
Oncol., 4, 277 (1994)]. Specifically, over expression of the receptor kinase product of



of cellular responses including proliferation and
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thitAkeabd993)]. The compounds of this invention, which
inhibit the catalytic function of the EG- receptors,
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acﬁdchon théf receptor tyrosine kinases tie-1 and tie-2 also play a key role in
angiogenesis [Sato, T. N., Nature, 376, 70 (1995)]. Compounds of the invention that
inhibit the kinase activity of FGFr, fik-1, flt-1, tie-1 or tie-2 may inhibit tumor growth by
their effect on angiogenesis.

!

PDGF is a potent growth factor and chemoattractant for smooth muscle cells
(SMCs). The renarrowing of coronary arteries following angioplasty is due in part to
the enhanced proliferation of SMCs in response to increased levels of PDGF.
Therefore, compounds that inhibit the kinase activity of PDGFr may be useful in the



their receptors should bl ock the angi ogenic effects of
these growh factors. In addition, the receptor
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Besides TKs, there are additional kinases including those that phosphorylate
serine and/or threonine residues on proteins. A major pathway in the cellular signal
transduction cascade is the mitogen-activated protein kinase (MAPK) pathway which
consists of the MAP kinase kinases (MAPKK), including mek, and their substrates,
the MAP kinases (MAPK), including erk [Seger, R., FASEB, 9, 726 (1995)]. When
activated by phosphorylation on two serine residues by upstream kinases, such as
members of the raf family, mek catalyzes the phosphorylation of threonine and



potential to treat autoi nmune di seases such as
rheumatoid arthritis, sepsis, and transplant
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The serine/threonine kinase UL97 is a virion-associated protein kinase which
is required. for the replication of human cytomegalovirus [Wolf, D.G., Arch. Virology
143(6), 1223 (1998) and He, Z., J. Virology, 71, 405(1997)]. Compounds capable of
inhibiting the kinase activity of UL97 may be useful antiviral therapeutics. Since
certain bacteria require the action of a histidine kinase for proliferation [Loomis, W.

F., J. Cell Sci., 110, 1141 (1997)], compounds capable of inhibiting such histidine
kinase activity may be useful antibacterial agents.
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i nhibiting such hlstldlne ki nase activity may be
useful antibacterial agents. 5 WO 2004/ 048386
PCT/ US2003/ 036206 Thi eno[ 3, 2- b] pyri di nes,
t hi eno[ 2, 3-b] pyri di nes and certain pyridine and
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wherein:
Xis =NH-, -NR*, -O-, -S(O)m-, -NHCH~;
m is an integer of 0-2;
n is an integer of 2-5;
q is an integer of 0-5;

R' is a phenyl ring optionally substituted with one to four substituents selected from
the group consisting of -J, -NO,, -CN, -N;, -CHO, -CF;, -OCF,, -R*, -OR?, -S(0)aR",
-NR‘R*, -NR*S(O)nR*, -ORPOR®, -OR°NR’R*, -N(R*)R°OR‘, -N(R*R°NR‘R‘,

NR*C(O)R*, -C(O)R*, -C(O)OR*, -C(O)NR*R*, -OC(O)R*, -OC(O)OR*, -OC(O)NR*R",
NR*‘C(O)R*, -NR‘C(O)OR®, -NR‘C(O)NR*R*, -R°OR’, -R°NR‘R*, -R°S(O).R%, -
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RSQIRAQING iRE, -REINRE GLOY IR, CRINRACNB) @R, CRIWRHRAO)NIRFB RS YR':
-R5NR4R4, -R5S(O) nR4, - 6 WD 2004/ 048386

TRt . et 6B MR ORIy SRk cne

or - rR@NR@@(L@)SGF@teote@smmempmfmcm YRO)QR2, $-E|oxb1ane R3RE,

R 5@ R e b (G @éﬁ?fﬁ?&(@ﬁ* ﬁa?co'?n

-C(OXR8, -CHO -C(OQ 1, 3-dioxolane,
R® ('@@RW)QZ)14;5(@83afbc(f0(fﬂ91)52¢lg@lken9((c$@F€9c)éih)d§ﬁ<%ml ks Iz‘ran.?-all:ienyl of 2-
0 t'o
6 06%%% %gpﬁ%a%]gwgp&c% gcaﬁ% %?' of® rﬁ Oéﬁstgfod%ﬂ a%/oms,

Jdrans-al kenyl of 2- 6 carbon atonms, al kynyl of 2-6
R*daHpalylat d carbcpryatoms bistatkeoglrof 12-6 Barbos atdmsaakitnsodikeny! of

2.8 cRrobARaRM 3f ?ﬁfg?(y,wé%%g é}r%g%n a{) -6 carbon atoms, a

trans- al kény or an alkynyl of
52 6 carbon atons; R5 is a divalent group conpri sing
R%:if i@y fivelentigrgu spmerising @iyl ohll 6eearborhitatns atiamilosf 2-6 carbon

até\hgrahda@@ﬂ quby@ygrb&ﬁ ‘f%"% carbon atonms; R6 is a

di val ent a kyl' group o 6 carbon atons; R7 is a
c cl oal k ring of 3-7 carbons, an aryl or heteroaryl

'?ﬁg"va§ g?W aFPumhet2:P sarbpn atgraied to one to three aryl
or heteroaryl rings, wherein any of the aryl,

R0y @l &yalolsiey, f HPtBHAMEY b { hapgl
ety ndv%lr?h one to %ﬁ?@%ﬁ&gﬁ% trg%sel A%eteroaryl

stitute

fu§q,cgtrch ceq@etogtg@&parxloq@]%gpﬁ@ll gRgs, whergjp wny of @Qam ywygloalkyl, or
heté‘dbla@r Mbgs m@y Bk tlonﬁégl@)ﬁhtﬁﬁﬂéh,wnm]one toNQgr %Jb%&:en&%ﬁlected
ff%é’tﬁ) SFRUP CongREerS! —H. CReha e and wseﬁ@ryl -S(O)n-aryl, -J, -
NON- BN) RANRERO, -C:)R X500.9) R‘h“ c§7r§0) B 4%@‘ 4-vN (O)mR*, -
oa@ Eﬁ‘l—%ﬁ‘*ﬁm @AF{GOR RG’NR48¢( R“C(O)R“ FR-IE(O)R4 -
C(O)OR"' -C(O)NR*R*, -OC(O)R*-, -OC(O)OR“, -OC(O)NR‘R*, -NR'C(O)R*, -
NR'C(O)OR?, -NR‘C(O)NR‘R®, -R°OR*, R°NR°R’, -R°S(O).R‘, -R°C(O)R?, -
R°C(O)OR?, -R°C(O)NR'R*, -R°C(O)R", -R°C(O)OR*, -R°C(O)NR’R", -R°0OC(O)R?, -
R°OC(O)OR*, -R°OC(O)NR*R*,  -R°NR*C(O)R*, -R°NR*C(O)OR*, or
R°NR*C(O)NR*R*:

R8is -H, alkyl of 1 to 6 carbon atoms, cis-alkenyl of 2-6 carbon atoms, trans-alkenyl
of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, aryl or heteroaryl;



NR4AC(O) OR4, -NR 4C(O) NRAR4, - R5OR4, R5NR4ARY,
-RSS(0) R4, -R5C(O R4, - R5C(O) OR4, -R5C(O) NR4ARM,
wo 20047080886 O R4, - RSC(O) OR4, - R5C(O) NRAR4, - RSOYHQ
R50C( O) OR4, - R5OC( O) NRAR4, - RENRAC(-O) R4, han0sioasos
-R5NR4C(O) OR4, or - R5NRAC(O)NR4R4; R8 is -H, alkyl of
1 to 6 carbon atons, cis-alkenyl of 2-6 carbon atons,
trans-al kenyl of 2-6 carbon atons, al kynyl of 2-6
Riscatwnratons, aryl or heteroaryl; 7 WO 2004/048386
PCT/ US2003/ 036206 R9 is -R4 or -F Yis -C(O)

Y is }é@mg olct( @é@)- 8{% ), -1 {—gq@) §quH— -C{OH)H-, -

X(CtF(ggcg\QX(Z()FB%) e 2) SE= @nd:ld— raﬂﬂ&ransﬂﬁ-ﬁlth cycloalkyl
cycl oal kyl %f - %ar bon atoms; Qis NZZ' wherein Z
of 3dRdamonaigmpie the same or different and may be H,

alkyl of 1 to 6 carbon atons, alkenyl of 2-6 carbon
Q isA 2P Bhefdi fmay

ISheter oaer y{f dz) v %’n %gibeg ?gggtnﬁé% a&h t he alkyl of 1 to
6 catbon etpms, ta&em\hqﬂe 6 leagboay atomust atidieyd afy6 tarbonatoms, aryl, or

heteESergf g,qa/cl ic ring which nmay have an additi onal
et eroatom sel ected fromnitrogen, oxygen, and

sul fur, and may conprise norpholine, piperazine,
Z apgl &rtal@hnt@getbpt wihdhe yitrageh goi whitke they afe atRthed reay form a
hetéi%%ﬁf?(;‘ ng?é \Aglécm Fn%?%%)@% éﬁrl\&@ﬂag pg%ﬁ&ég%b%eﬁg{géw#om nltr%gen
oxygegr(;(aqg)sg f@qagd MayCEaROY rBSeaNgY pholineZ "pipatalzidd,' pl[DQIkime, optionally
subét‘ﬂGl%P Nin WRe rbrF e ch'bBrnogre ol Eﬂro%hdar tJhe¥ut?orﬁtgn 311# 3c B?oqup -
grma  heterocyclic ring
(C(%ddMFi onﬁ(ﬂw)einBZ"(ﬁtomrseinealaebbrf r byn @i tgrogen;{ C(B%)g)@@ﬁ?
(C(ﬁ?g Npbur; Z" and Z' may be H alkyl of 1 to 6 arbon
(o163 aI kenyl' of 2-6 carbon atoms, alkynyl of 2-6
carbon atons, aryl, or heteroaryl; and J is fluoro,
Z" ail & (t)akegrtgg@heraw@h theypitrogen W)\Agmuﬂ'\gy,@@@@ttached may form a
heté’r@&dh@%gg a/h%qggﬁcorﬁglhsan' Jb‘ﬂﬁ%bpﬁ‘et@ o%fbln? SLRERS tbfh nitrogen,

onmpounds of Formul as
oxygen and suifur;

Z” and Z° may be H, alkyl of 1 to 6 carbon atoms alkenyl of 2-6 carbon atoms,
alkynyl of 2-6 carbon atoms, aryl, or heteroaryl; and

J is fluoro, chloro, bromo, and iodo. |



p X~ RLOX RLR SCN2O0SCN.NN Icld X, RL X_
RLRZCNRZCN SNOSNOO leif wherein: Xis

wo 2004/08386 - NR4-, -0, -S(Om, -NHCH2-; mis '
of 0-2; nis an integer of 2-5; qgis an in elgg 0%%6{6206
0-5; R1L is a phenyl ring optionally substituted with
one to four substituents selected from the group
consisting of -J, -NO, -CN, -N3, -CHO -CF3, -

R e T o RS @%SR“

-C(O R4, -C(O)OR4, -C(O) NR4R4, -0OC(O) R4, -OC(O) OR4,
-O0(O) NR4R4, NRIC(O R4, -NR 4C(O) OR4, - NR 40 O) NR4RS,

- R50R4, S 5NR4NR4 - R5S(O) R4, - R5C( QR4 X~ RSC( O) OR4,
-RSC(O) N RE@KO R4, - R50C( O . RS(Ié@) NR4R4,
- RSNR2 R NRAC( O) OR4, - RSAIR4 , YR7;
R2 is -H, /J C(O XR3, - ) [ he R3
group may be §hbst|tuted by one or oups
selected frgem -C(O XRB, -CHO, -C(OQ - di oxol ane,

-RB, - (CQ(R9)2)gXRe, -(C(R9)?2)gQ -X(Cld?9)2) XRB,
-X(C(R9)2)nQ or - X(C(R9)2)g RB; 9 WO 2004/ 048386
PCT/ US2003/ 036206, R3 is alkyl of 1 to 6 c&r:bon at ons,
ci s-al kenyl ofy,-B6 carbon atons, trans- akk of 2- 6
car bon atorrB )gl kynyl of 2-6 carbon at ong, é\] or

het er GN al kyl of 1-6 ¢
cis-& -6 carbon at omR® | kenyl of
2-6 carboga , or an alkynyl of . ﬁ on at omns;
/ o
@) O
le | If

wherein:

Xis =NH-, -NR*, -O-, -S(O),, -NHCH,-;
m is an integer of 0-2;

nis an integer of 2-5;

q is an integer of 0-5;

R' is a phenyl ring optionally substituted .'with one to four substituents selected from
the group consisting of -J, -NO,, -CN, -N, -CHO, -CF;, -OCF,, -R*, -OR?, -S(0).R*,
-NR*R, -NR*S(0),R*, -ORFOR* -ORNR'R®, -N(RYR°OR?, -N(RYR®N R*RY,
NR*C(O)R*, -C(O)R*, -C(O)OR*, -C(O)NR*R*, -OC(O)R?, -OC(0)OR?, -OC(O)NR*R*,
NR*C(O)R*, -NR‘C(O)OR*, -NR‘C(O)NR‘R*, -R°OR*, -R°NR'R*, -R°S(0).R’, -
R°C(O)R*, -R°C(O)OR*, -R°C(O)NR‘R*, -R°OC(O)RY, -R°OC(0)OR*,
R°OC(O)NRR*, -R°NR*C(O)R*, -R°NR*C(O)OR", -RsNR,C(O)NR*R*, or YR;

R?is —H, -R?, -J, -C(O)XR?, -CHO, wherein the R® group may be substituted by one
or more groups selected from -C(O)XR®, -CHO, -C(0)Q, 1,3-dioxolane, -R®, -
(C(R%)2)eXR®, -(C(R%2)4Q, -X(C(R%))nXRE, X(C(R%)2)aQ, or - X(C(R%),)q R®;



R5 is a divalent group conprising al kyl of 1-6 carbon
atons, al kenyl of 2-6 carbon atons, and al kynyl of

wozom%u?qbgar bon atons; R6 is a dival ent aI ky:c g;(%%ﬁ)sz%wﬁggm

on atoms; R7 is a cycloalkyl ring o car
an aryl or heteroaryl ring, a aryl or heteroaryl
fused to one to three aryl or heteroaryl rings,
wherein any of the aryl, cycloal kyl, or heteroaryl

R® isralkg ©f nay Ghmrmtat@ﬁa| d‘lstaﬁ(éb)‘&tdf bi Qo SO GrahLalkOi of 2-

bstituents fromthe roup consisting o
scaﬁﬂ%i“ gy 2 alk "@éﬁé%‘%?ﬁ“ ON R Ayl Ogbefﬁ%arv' -S(0) mg aryl
-J-NOZCNNSCHOCFSOCFSR40?4
R* is- 13 Ayt 1 -6 cdRadRAatomBRES GRS 2-6 EREOR4om<ORG HB@Rékenyl of

s Y TP 0

. OC(O) NRARY, - NR AC(O R4 NRAC(O) OR4, -NR 4C(O) NRARA,
R® is RS{RentRENRS RmpHIRBGARY THHH -6- EbrOaRMhs, alkBP &) B %arbon

atomis A AN 26 GAR B 500 S)Rﬁm%efcf RENRAC( O) R4

-RENRAC(O) OR4, or - R5NRAC(O NR4R4; R8 is -H, alkyl of
R® isla tdivalent alki@noupt @ 1256 carben atdees)y! of 2-6 carbon at ons,
trans-al kenyl of 2-6 carbon atons, al kynyl of 2-6

R’ iscé1 QQ?aﬁ\SI%&fa%ca%% hel e‘[ﬂ%?r &aemryl ”nﬂHé(E@II or hete\l(oaryl
fused |\t9|$m to thigepdxyiior he(é(r&i)ll—hngs- wKetHifRAhy bl the aryl, cycloalkyl, or

e YAy b AR M 5o S g
from\hE' grmpemsustmgahdHZ aWByCH,@atyh@NWf?l cO-yIf £ 3(0‘? b?@ng
f b t

NOng%N o%ﬁg}tfgl%iéa? 0 3? Y ,o eI ke?\ﬁ:a
OR @rR“ h@%GNEﬁ‘Ry,I -N&fmmmmﬂm“ma% -NR*C(O)R?, com4 -

ClOfSH BRI N i S 9B LG

NR aéca)@r%cym@(ow@‘*mh. “BiORAy RIERSN ARRS(0)Aal -RG(O)R", -

L IR, SO, AiPaSR At rocom
REOG(@IPR i neR %@)NRéRTy -BINBIG(OYRED WRINR'RRO)OR*2 or -

RS a.a nitrogen, or on nitrogen by a group -
Nﬁg@?‘fﬁﬁxm -C(R9)2)"NZ' Z"', or on carbon by a group

) 2) gXR3, -
8is (H alkyl of 1 10 6 carbon atoms, cis-alkeny! of 2-6 carbon atoms, trans-alkenyi
of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, aryl or heteroaryl;

R%is —R* or -F:
Y is -C(Q)-, -C(O)O-, -OC(0)-, -C(O)NH-, -NHC(O)-, -NHSO;-, -SO,NH-, -C(OH)H-, -

X(C(Rg)g)q‘, -(C(R9)2)q-, -(C(Rg)z)qx-, -C=C-, cis- and trans- -CH=CH- and cycloalkyl

of 3-10 carbon atoms;

Q is NZZ' wherein Z and Z may be the same or different and may be H, alkyl of 1 to

6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, aryl, or
heteroaryl, and

10



(C(R9)2)gNz"z"', Z" and Z"' taken together with the
nitrogen to which they are attached nay forma
cyclic ring which nay contain an additi onal
wo zoﬂg'fgfr at om sel ected fromnitrogen, oxygen PTAUSH31056206
and Z" may be H alkyl of 1 to 6 carbon atons
aI kenyl of 2-6 carbon atons, al kynyl of 2-6 carbon
at ons, aryI or heteroaryl and J is fluoro, chloro,

bro may be for exanple a phenyl ring
ngnﬁ'? gqgaggq it B8 BTOBRTL e WhiShT ey are @igehadumay $orm a
hstekmybl&ﬂrufg Wmch hBay0h&uEDak QA8HISHAI r]*Qe’t&foafox]n sel@&%d fro%ﬁ'ogen
YR7; and R7 is an aryl or heteroar

O)fygﬁa a’&%ﬁv'ﬁiﬁa?"q/"‘éw GSEPEigR B mqllﬁeoweegagmpogtpendlne optionally

subshinitéd wetht SRS eh egtaebd om 4 URorCBi'S .
I S e

- d OR4
%‘&p)ﬁ)é%él r P@gﬂﬁ’ gﬁala&y AUbSAPPUt &Y v t Bradipe (@

(@(B{Bﬁquzwnts sel ected fromthe group consisting of
-C, -R4 and -OR4. An exanple of Xis NH R4 may be

6_carb An | e of
Z%anﬁi 2R 1dbiethn wihyfe citfaiendp lih Tiexiecatinahesbmay form a
hetetayElicuemyf whidiyhah €ofam &4 aldiich heté?éat&ﬂ's%jéc?e%mﬁn?%ogen

ﬁ&%sar?ngm %‘@ z\g}?‘% SrFﬂ)Iaé'LM?\IZW taHeeasben Atamdaliznyl of 2-6

carag;nbmmé;elkyﬁﬁmzwca%cfrf&bﬁﬁta Ner ABXrEYI I kyl of 1
to 6 car bon atons; or Z and Z@t alr<en r%g}ég%%gr with

the ch they are attached may form a
hete {/'éclg‘?c"hqrﬁ ro'ﬁﬁﬂ%}ﬁj'ﬁﬁ? have an additi onal

het er oat om sel ected fromnitrogen and oxygen, said

ri ngRiawaybiee forbesdairipls @ phenyiMirg’ &1 GERAEH Qith Be @6 four

on_b W0 2004/ LS
S@%Pf%‘gg% SPst T8 ?'\eng@HPré:"Qﬁ‘ﬁUEﬂ B, Cm G, PR and
RS ard R¥ isteer eryRer mteabdrryhylhg ObptRnaIlg %Ulbﬁrﬂutéﬁﬁlﬁﬁl oty ¥4 four

o A A oo g B R
~(al 2)gNHR8 -(CH2) g NRARB, - (CH2) gQ O(CHz)r ORS8, -
NH( CHEP&F“CRBF R- mﬂ@l@”ﬁﬁ?ﬂ&;ng offi(ooHRy ShiRbuted with one to four

SLI}NﬂI__A'? %q ’ed_ fr R?é:%@) ﬁmﬁg‘%g of %C—'ﬁz p\gl I—%B’c‘s

An example of X is NH.

R* may be for example alkyl of 1-6 carbon atoms.

An example of R? is substituted aryl or heteroaryl, wherein the substituent
may be one or more groups selected from —(C(Rg)z)qQ; e.g., wherein q is 1 to 3
and/or wherein R®isH.  Q may be for example NZZ’ wherein Z and Z' may be the
same or different and may be H, alkyl of 1 to 6 carbon atoms; or Z and Z’ taken
together with the nitrogen to which they are attached may form a heterocyclic ring
which may have an additional heteroatom selected from nitrogen and oxygen, said

ring may be substituted on nitrogen or carbon by R* or on carbon by (CH,),OH.
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-Q(CH2), Q -NH(CH2), Q - NR4(CH2).Q - Q(CH2)gRs8; -
NH( CH2) qR8; or - NR4(CH2)gRe; R4 is H alkyl of 1-6

wo 008AkkQN atons; RB is -H alkyl of 1to 6 ¢ &6
ci s-al kenyl of 2-6 carbon atons, trans-al ;"(\I pszogyoszi%

- carbon atons, al kynyl of 2-6 carbon atons, aryl or
het eroaryl ; Yis -C(O) -C(O0, -0C(O-, -C(O NH,

-NHC%O%—, -0-, -NR4-; Qis NZZ wher ei n
z & ¢ o °®@em$ea%@a@n@te @n‘ RF ds &t wisard tasr & 5|Ri:r@¢fo$@ 6

rbfoncator | &yhetafoatyid of 2-6
ca fonc bre&saztargnsry (; | ko)ank/)} \Q/hﬁh S0 %g%@swpg dyl?yg/?ne g more

9rOYR&S Eﬁ‘Vfo and Z and Z taken t oget her with the
nitrogen to which they are attached may form a

het-gaf, GMDqDRBVi(GBlzthRh (@M% ?gﬁeﬂan( gbtl onal

het er oat om sel ected from nitfogen, X¥gen, and

suI §e oy hoI|ne pi per azi ne,
@ﬁ'&%@ﬂ% ng'ﬁ(é'ﬁgp -NH&HDBRY with -R4 on a
carbon or a nitrogen, or on nltrogen by a group

HARHRS, i
E%ﬁzm’ ,Neq;@%n)mgﬁ?borlt\(f;@a group (CH2) OR3, -

ch’llt\l%)_ﬁéq Ba n&%&%%@eﬂﬁ (Eﬁﬁld? BeRseI ectzeel ?PngH

aI kyI of 1 to 6 carbon atons 12 WO 2004/ 048386

PCTD((82.0{08 -886285,Q,2 NRiidHZ, ), t aken together with the
nitrogen to which they are attached may forma

heteje cﬁa Cc @ﬁé)\éﬁuf' tain an additional

heteroa mse ,  oxygen and sul fur.
,.Preferred conpounds of the i nvention or a
R* i arliod ok U6 cadbdryatamsept abl e salt thereof include:
7-[(2, 4-Di chl or o- 5- et hoxyphenyl ) am no] t hi eno[ 3, 2- b] py

8 gJ [
Roid H)'d an&gff?%?oro AtSm C'S'aﬁ(gﬁy'l 9 &% FBTPOD Ao transiadieny!
of 2—p:§;agbq5t| %Wﬁdi'kbé\yﬁof agﬁpbmmntatmr‘ne, aryl or heteroaryl;
2- Br orm 7 [(2 4-di chl or o- 5- met hoxyphenyl )am noj -t hi eno

Y‘S[.é([ 2 chl orc?(? %@)ﬁ VS\LHCL'AEJ[))aWﬁgT '1'cijothB€I’10[3

Q H r|d|ne6parbon|trlle
is’ wherein Z and Z' may be the same or different and are selected from H,

alkyl of 1 to 6 carbon atoms, alkenyl of 2-6 carbon atoms, alkynyl of 2-6 carbon
atoms, aryl, or heteroaryl, and

Z and Z’ taken together with the nitrogen to which they are attached may form a
heterocyclic ring which may have an additional heteroatom selected from nitrogen,
oxygen and sulfur, and may comprise morpholine, piperazine, piperidine, optionally
substituted with -R* on a carbon or a nitrogen, or on nitrogen by a group -(CH,),OR?,
“(CHJWNHR?, -(CH.),NR*R?, -(CH.),NZ"Z", or on carbon by a group -(CH,),0R?,
(CH2)NHR?, -(CHo)q NR*R?, -(CH,)NZ"Z™,

Z” and Z’ may be the same or different and are selected from H, alkyl of 1 to 6
carbon atoms

12



4-1(2, 4- Di chl or o- 5- net hoxyphenyl ) am no] t hi eno[ 2, 3- b] py
ridine-5-carbonitrile; 4-([3-Chloro-4-[(1-nethyl-

; ' azol - 2-yl) t hi o] phenyl ) am no) t hi eno[ 2, 3- b] pyri d| n
wo zo‘gl-./dgmggar bonitrile; PCT/US2003/036206

4-[(2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 2-i odot hi eno[ 2
, 3-b] pyri di ne-5-carbonitrile;
4-1(2, 4-Di chl oro 5- met hoxyphenyl ) am no] - 2- met hyl t hi eno

b tril
25 AT 3R iy g s o o
ifeleVe] dhinie
OP dgﬂ-,?a,.liﬂ?ghl Igr g?gedg)ﬁ;{a%ﬂ) Egd]jltlﬁrll%l r? 5 tero%tom]se'edecf’ from gitrogen,
a oni

7-[ (2, 4- Di chl or ophenoxy) ] t hi eno[ 3, 2- b] pyri di ne- 6- car bo

ni t r Preferred compounds of the invention or a pharm ticall
therddindidd. chl or ophenyl ) t hi o] t hi eno[% 2- gfepuy'rcaa’ acceptable salt
é carqbonltrl le; 7-[(2,4-Dichl orobenzyl)
am no] t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile; 13 WO

72@0%%@@-@%@66 XWPEERIANIE Hho[3,2-bIpyridine-6-
7-1(2, 4-Di chl or o- 5- met hoxyphenyl )am]%ycr)l] l-ne- carPomtnlel phe

boni tril
T R e BB r?eﬁ%wﬁﬁ‘%ﬂ&%z%]pmms-
C@@P@Hﬂﬁl nyl met hyl ) phenyl ] t hi eno[ 3, 2- b] pyri di ne- 6- car bo
nitrile;

2—%?5&18-74[(@'4%%&8 Sﬁngﬁé XRJ/]) %ng]atmeﬂgﬂs 2- b][p;‘rnélrd{e-g?t hy!

i perazin
carbaritritgi| ) phenyl ]t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile;
7-1(2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- (4-{[ 4- (2- hy
A BRh B D iAo . - -
qjﬁg th{‘}’lyé)’ Eﬁgﬁﬁ’?’?hghé’ﬁ mina)-2HipdothiegriRe-Blpyriginerfirceronitile;
, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 2-[ 4- (pi peri di
4-£(_2[f-8lch|0r0 5- methoxyphenyl)amlr%/oF]Jthlen%[z) 3- b]pync]:hne 5[-cart(>cF>JnltFrJ|Ie

yl met hyl ) phenyl ]t hi eno[ 3, 2- b]pyrldlne 6-carbonitrile

A4B{CRIGNN 1 fdihyd- 14 ﬁiucfa&bpé dgpﬁg]%ggpn%ﬂgle},g@ 78 hf. e
b d yridine-5-
Caéfg%%f” a]ngyr7| [(|2 Zedl chI oro 5 nmet hoxyphenyl ) am no] t hi e

no[ 3, 2-b] pyrid ine-2- yl]benzam de;

N ety 1 ¢ e nerphbainTpaBus LB Sl Fertor e

4-[(2,4-D|chIoro-5-methoxyphenyl)amlno]-z-methylthieno[2,3-b]pyridine-5-
carbonitrile;

7-[(2,4-Dichloro-5—methoxyphenyl)amino]-2-methylthieno[3,2-b]pyridine-6-
carbonitrile;

7-[(2,4-Dichloropheny|)amino]thieno[3,2-b]pyridine—6-carbonitrile;
7-[(2,4-Dichlorophenoxy)]thieno[s,2-b]pyridine-6-carbonitrile;
7-[(2,4-Dichlorophenyl)thio]thieno[3,2-b]pyridine -6-carbonitrile;

7-[(2,4-Dichlorobenzyl) amino]thieno[3,2-b]pyridine-6-carbonitrile;
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7-[(2, 4- Di chl or o- 5- net hoxyphenyl ) am no] - 2- (pyri di n-2-y
| et hynyl )t hi eno[ 3, 2-b] pyri di ne- 6-carbonitrile;

7-1(2, 4-Di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 3- ( di et hyl
WO 2“"#!’!’{".(‘16() prop- 1-ynyl ] t hi eno[ 3, 2- PCT/US2003/036206

b] pyri di ne-6-carbonitrile;
2- (1-Benzofuran-2-yl)-7-[(2, 4-di chl or o- 5- net hoxyphenyl
)am no] t hi eno[ 3, 2-b] pyri di ne- 6-carbonitrile;.

Di_chl or o- 5- net hoxy hen ) am no] - 2- ( 3-f or nyl phe
7 [@y‘{ ﬁ%ﬂ%ﬂ é[reetizo&]q@yny'}ﬂrweo éwrrnwnhw )ihéenof3 p{pylidine-6-
carbBhifi@- 5- net hoxyphenyl ) am no] 2-[3-(nmo rph olin-4-
ylnethyl)phenyl]thleno[s 2-b] pyridine-6-carbonitrile;

4 WD 2004/ 048386 PCT/ US2003/ 036206
7 [@‘tpfh@r?i SeRebpvrieRdiaiRob#EN A ) ami no] - 2- (4- f or myl phe

PR BRI, o (ror oo
7- [fa ‘h@eqmr? prieRexYRieaHADIngl- B hiA-mathwlpipsrazii-foni tri | e;

ym@mﬁwammén&@zém AdineTBlamekRBeny| ani no) - t hi eno[ 2, 3
b] pyri di n- 2- y| utyric acid methyl ester;

ST TR I R IR
yl]:ﬂeﬂﬁr}?ﬂer‘M} 32%Lﬁyhuwld -c&bbdiilegh, S-tri met hoxyphenyl)

am noj -t hi eno| ]pyrldlne5 carbonitrile;

D|ch henl)amno] 2-[(trinmethyls
7 [ZE‘] y'ﬁ‘g} HOIRTE P%?ﬂ?[“ﬁ ”8536 ‘IR¥sfeislcar boni tri | e;
yinfethyifbhéniiteibhe[B@-Bippiriifasydak@nitipam o
i no] - 2- et hynyl t hi eno[ 3, 2-b] pyri di ne-6- carbonitrile;

chl.qro- 5- hoxyphe am noj - 2- ridin-4-
BNy e Aristits SR SR o Bapasa Rt by igine 2. Y
yi]Ferizo® #kid) chl or o- 5- net hoxyphenyl ) am no] - 2- (pyri di n-3-y
| et hynyl )t hi eno[ 3, 2-b] pyridi ne- 6-carbonitrile;

4-{6-Cyano-7-[(2,4-dichloro-5-methoxyphenyl)amino]thieno[3,2-b]pyridine-2-
yllbenzamide; |

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-{(4-methoxyphenyl)ethynylithieno[3,2-
b)pyridine-6-carbonitrile;

7-[(2,4-Dichioro-5-methoxyphenyl)amino)-2-(pyridin-2-ylethynyl)thieno[3,2-b]pyridine-
6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-[3-(dimethylamino)prop-1-ynyilthieno[3,2-
b]pyridine-6-carbonitrile;

2-(1-Benzofuran-2-yl)-7-[(2,4-dichloro-5-methoxyphenyl)amino]thieno[3,2-b]pyridine-
6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-(3-formylphenyl)thieno[3,2-b]pyridine-6-
carbonitrile;

7-{(2,4-Dichloro-5-methoxyphenyljamino]-2-{3-(morpholin-4-
yimethyl)phenyl]thieno[3,2-b]pyridine-6-carbonitrile;
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7-[(2, 4- Di chl or o- 5- net hoxyphenyl ) am no] - 2-[ 5- (1, 3-di ox
ol an-2-yl)thien-3-yl]thieno[ 3, 2-

di ne-6-carbonitrile;
wo 20"%%&] 4- Di chl or o- 5- met hoxyphenyl ) ani no] - 2- FEL/PBI0A3A36HIC
en-3-yl)thieno[ 3, 2-b] pyri di ne- 6-carbonitrile; '
7-[(2, 4-Di chl oro- 5- met hoxyphenyl ) am no] - 2- { 5- [ (4- met hy
| pi perazin-1-yl)nethyl]thien-

A T [ —

Caﬁ’oﬂ' §l&imet hyl ) t hi en- 3-
yl ]t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile; 15 WO
)b P36 80m :
M [@L Mg ch‘?oﬁryém% ?#"23@2% AyRPe Rt
ylmeé é‘)@h[a’@mmw&%iﬂpﬁ@meeﬁ -parbeonitrile;
yl ) met hyl ] phenyl } t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;
4-[B-Qyare4- hydr oxym
R e R T R I
meyl §8EL 7- [ { 4- phenoxyphenyl ) ami no] t hi eno[ 3, 2- b] pyri di ne
-6-carbonitrile;

2-(&- H}@fdi?ﬁtﬁﬁﬂ)-ﬂtl 1y @tr%eﬁ(yﬁq’?\%ﬁﬁ?ﬁ% cr;l]e thYeln)o?Zné g]pulctl]ulwee 20[ 3

ﬁ di ne- carbonlt

Ca'OP %4 Met hyl pi per azi n- 1- yl met hyl ) phenyl ] - 7- [ (4- pheno
xyphenyl ) ami no] t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;

2-[3-( 4ok vl Lby=44r (3] - 7= (4-.ph noX henyl
Jamgl e enor SIS R a b ot

cargopi ?Fydroxynethyl)phenyl] 7- [ (4- phenoxyphenyl ) ani no]
t hi eno[ 3, 2-b] pyri di ne-6- carbonitrile; 2-1

7-{@BDihfofB54ndthd &N -
bj gﬁﬁe i fo('a)r bOnPtﬂpﬁBﬁmwm%Kﬁlmmyﬁﬁl' &h)?nyﬂ{méno[s pyr|
PYTES tﬂlephenoxyphenyl ) am no] t hi eno[ 3, 2-b] pyridin

e- 6- carbonltrlle

(2. DisheheComstobepyER I 2o nRrBIa Gpfndrabe! heny

ca.%é;& f|egn0[3 2-b] pyridine-6- carbonitri
{6-cyano- 7-[ (2, 4- di chl or 0- 5- met hoxypheny! )am no

7[%4{','@‘52@ [3,2- b] pyridin-2-yl}prop-2-enoate; |
2hlorib eietooxyph
e o9

pyr’i di ne-5-carbonitrile;

7—[(2,4-DlchIoro-5-methoxyphenyl)amino]-2-(pyridin-3-ylethynyI)thieno[3,2—b]pyridine—
6-carbonitrile;

7-[(2,4-Dichloro-5- -methoxyphenyl)amino}-2-[5- -(1,3-dioxolan-2-yl)thien- -3-yllthieno[3,2-
b]pyridine-6-carbonitrile;

7-[(2,4-Dichloro—5-methoxyphenyl)amino]-2-(5-fonnylthien-3-yl)thieno[3,2—b]pyridine—
6-carbonitrile;

7-[(2,4-Dichloro—5-methoxyphenyl)amino]—2-{5-[(4-methylpiperazin-1-yl)methyl]thien-
3-yl}thieno[3,2-b)pyridine-6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-[5-(morpholin-4—ylmethyl)thien-3-
yllthieno[3,2-b]pyridine-6-carbonitrile;
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4-[(2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 2- (pyri din-3-y
| et hynyl )t hi eno[ 2, 3-b] pyridi ne- 5-carbonitrile;

3-(6-Cyano-7-[ (2, 4-di chl or o- 5- net hox
wo 200‘?‘?@ enoEB 9b] py(dl[g 2- yl)prop-2-enoate; YP%Q%,],QSQ(Q&

2004/ 048386 PCT/ US2003/ 036206
7-1(2, 4-Di chl oro- 5- met hoxyphenyl )am noJ - 2- (2-formnyl -1 -
nmet hyl -1 H i m dazol -

It
& [}éé %Zjl?—tﬁ Fﬁﬁ; E‘ﬁg'l% e?yl ?r%'nﬁl g?‘? ?@ﬂypg%y?'ﬂﬁré‘ﬂ?ﬂ)'am no] t h
yl)n@nw[]ahéhymmgno[ajﬁ-lb@yﬁdmee& tarbonitrile;e;
[ (2, 4-Di chl or o- 5- met hoxyphenyl ) am no] - 2-[ (1

- @céé’%%’ﬁ° enyH%%( ﬂ‘lﬁ{an agT,"E? ]l%yi‘?y&r?f%'-"g}-ﬂ&@lpB%W}“?i?'foégz'
b]mq[dme(&carbbhiyllqji per azi n-1 -yl)prop-1 -ynyl]-7-[(3, 4, 5-
tri met hoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne- 6- car boni

2 B 2 oA PR e WO ey (2. 4,
2-(4{-F@fﬂtylnb‘begﬁyihéﬁwQmwhehj/léami[naltmem}[ﬁﬁFb]dyrimaeﬁscalbbnmiile;

trile;

e ety A T A PR
b]DYTidé’mo‘P-Sawob}rer di ne-6-carbonitrile;
7-[(2, 4-Di chl or o- 5- msthoxyphenyl)am' noj - 2- [ 3- (4- et hyl

e H]woi[z%lmz"l %‘ p%rgfr)g iﬂlyﬁ% QSHO)t(yPthyl aminolthieno[3,2-b]pyridine-

6-garbanifrii®i met hyl ami no) net hyl ] phenyl }-7-[(3,4,5-trimetho
xyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;

2 R B B PO BN Rl el G B
Cafb‘{’f(‘tﬂ'edf Di chl or o- 5- net hoxyphenyl )am no] - 2-{4-
[ (di et hyl am no) et hyl | phenyl } t hi eno[ 3, 2- b] pyri di ne-6-c

2RO ( BW 3 ﬁbmethoxyghenyl)amlno]thlenoP 2- b]pyrldlne 6 carbonltrlle
7-1(2,4 ~Di chl or o- 5- net hoxypheny ) ami noj 4-(4-ethylp

erazin hen t hi eno
IEgmgog]- -pp%] I'(gn(yé rBIBH |ppep[g’,2-b]pyndme—6—carbon|tnle;
7-[ (2-Chl or o- 5- met hoxyphenyl ) am no] - 2- { 4- [ (di et hyl am
7m(ﬂ)ﬂfiﬁrbxi/dl'réhﬁ%|}mbm-€(ﬂ912%yﬂdm 4-ylethenyljthieno[3,2-b]pyridine-6-
car]ogl\/{njléj' ne-6-carbonitrile

tert-Butyl (2E)-3-{6-cyano-7-[(2,4-dichloro-5-methoxyphenyl)amino]thieno[3,2-
bjpyridin-2-yl}prop-2-enoate;

4-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-[3-(4-methylpiperazin-1-yl)prop-1-
ynylJthieno[2,3-b]pyridine-5-carbonitrile;

4-[(2,4-Dichloro-5-methoxyphenyl)amino}-2-(pyridin-3-ylethynyl)thieno[2,3-b]pyridine-
5-carbonitrile;

(2E)-3-(6-Cyano-7-[(2,4-dichloro-5-methoxyphenyl)amino]thieno[3,2-b]pyridin-2-
yl)prop-2-enoate; |
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7-[ (2- Chl or o- 5- met hoxyphenyl ) am no] - 2- [ 4- (4- net hyl pi pe
razi n-1- yl nmet hyl) phenyl]thieno

wo 20(,4@%}%@@2%5} 852202 carbonitrile; 17 WO 2004}"/(:%U8532’§0§/036206

2-{4-[ (D net hyl am no) net hyl ] phenyl } 7- [ (5- met hoxy- 2- net
hyl phenyl ) am no] -
t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile;

7- [(21 Di Eﬁo%ﬁh@fﬂo@gﬁ@ﬁhXhﬂ%ﬁ@Xék&%ﬁ@]mgth&l411-( -HiGRSdNgL pi pe

ylﬁ“'ﬁ@[@?—tﬂlwﬂlﬂﬁ @réa@oﬁléﬂ*%onl trile;
7-1(2, 4- Di chl orophenyl ) am no] - 2-{4[ (di net hyl am no) et h

2- (4-#1)&"@9&%@17% (&8, @Ltﬁmamow&aéhynfdrﬂ.ﬁoﬁs.&%[@ Qfﬂ]éy{ridlin%hs

{V or ophenyl )am no met hyl pi per azi n-
carbanilfifgiet hyl ) phenyl] thieno

[ 3, 2-b] pyri di ne-6-carbonitrile;
7- [(27¢ DicRBlofo- @rﬁé‘th@(y@h&ﬂ)ﬁhﬂﬁ?}-ﬂ{bﬂ)yé I@riﬁbﬂﬂbp%‘raﬁz@n -4 4nyoet hyl

perazin-1- ridin -
R YT L B AR A R

7-1(2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- { 6-[ (di net hy
2- [SJ(@Meﬂﬁl)ﬂF@érBXh-hF%{kadb yRyl)- 7 -1(3,4,5-

hi eng di ne- carbonltrlle

tf'meﬁh?wh@r‘y@?m%ﬁh@“ﬂ%{ﬂ%wﬁ?férﬁﬂﬂ)%'w@] 2- [ 5- (4- met hyl

pi perazi n-1-yl methyl )furan-3- yl] thieno
2- {4{;@ -Methypiperainh -yfrmetryerEn 7.3 45

chI he am nol-2-{5-[(di neth

it A AU 5 LR Tg O o TN b pyr oL (drethy

rbonitrile;
7-[(2?4-Dﬁozuo4c>ambihontph§nylwrmmqyaahemetmam[(m%etaylb@e(a%mm hyl

BB B el o e B g5 SaBoriles " "0

7-1(2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 4- ( 4- et hyl
7-[(iRichdarbiB-rhethoryihleny/!) arhieoly2-]3-(4iméthtipipecazin- iyl hioprioynyl]

b I
thleﬁ?%ﬁéﬁgﬂe‘# ggrgggn rrr‘igs’t gg;;;heﬁw )am no] - 2- {4-[ (di net hy

| am no) net hyl ] phenyl }- 1-oxo- 1
2-{4H Dihiethyidrain@)rtmylph emyiie?-H 3 @h-iom thaxiyblenyl)amino]thieno[3,2-
=1 (2 4- 1) ro- 5- met hoxyphenyl ) am noj - 2- {4-[ (di net hy
b]p)%'gh%ﬁeoélan}ea%ﬁglk]g’phenyl }-1,1- dioxo-1
H t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;
7-[(24{Dictjl¢ror Froethoxyphiamy)aminbl 2 {4tidimdthyviaminp)phenytBieno[3.2¢ r

b]p*'@ﬂet&%@g-ﬁﬂr%;ﬂndpg]e é (I;tar bonitrile; and

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-{4-
[(diethylamino)methyl]phenyl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-[4-(4-ethylpiperazin-1-ylmethyl)phenyl]
thieno [3,2-b]pyridine-6-carbonitrile;

7-[(2-Chioro-5-methoxyphenyl)amino}-2-{4-[(dimethylamino)methyl]phenyljthieno[3,2-
b]pyridine-6-carbonitrile;

7-[(2-Chloro-5-methoxyphenyl)amino]-2-[4-(4-methylpiperazin-1-
yimethyl)phenyllthieno [3,2-b]pyridine-6-carbonitrile;
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18 WO 2001/ 048386 PCT/ US2003/ 036206
2-{4-[ (D nmet hyl am no) net hyl ] phenyl }-1, 1-di oxo-7-[ (3, 4,

wo 200454k3ds "Bt hoxyphenyl ) ami no] - 1 .
Ht hi eno[ 3, 2- b] pyri di ne- 6- car bonitrile,  FCT/US2003/036206

7-({3-chloro-4-[(1-nethyl -
H-inidazol-2-y|)thio]pheny|}an1no)-2-iodothieno[3,2-
b]pyrldlne 6-carbonitrile; 7-({3-chloro-4-[(1- nethyl

hol
2 il i hyl) f'ﬁﬁ%“ﬂé‘“’ﬂlﬁ’@%@@?% %%my#gbﬂee%v'eéwbﬁrrﬁmc'ﬂ? e
thignq(p - Qihyr&lr@ CZPFPQDIH‘&Q hyl -
H i m dazoi - 2-yl )t hi 0] phenyl }am no) - 2- [ 4- (m)rphol in-4-y

%&Metho&x%b%@l[ﬂh&?@hﬁmﬁ)} *é]-[%yw rﬂétnﬁplgel%% r’;Hll)e; pﬁenyl]

th 'PP‘? %Q]i’df'd@eﬁrcﬁfﬂﬂnéﬂ"ﬁhenyl }am no) - 2-[ 3-
(di met hyl am no) prop- 1-ynyl ] t hi eno[ 3, 2-b] pyri di ne-6-car

7- [@miﬂléhlélﬁrhenzrr)éﬁ I}‘sgj{%’[&cﬁmé y]ﬁhenyl}thleno[S 2-

H i m dazo eny am n
bIRVEHIRg IR eh| eno[ 3, 2- b] pyrl di ne- 6 carbonitrile;
7-({3-chloro-4-[(1-nethyl -

7-{{2 4Dighgebnchyfhrhir Ql[mh@ﬁeél y’ﬁﬂlé ind ity
thY eRo[Y3, 2PBPRYL i dhieno
[3, ﬁ&ﬁ@@&eﬁ%&%ﬁ;%n@ 7-({3- ﬁm or o- 4?[(1 miyhyl PR
H i mi dazoi - 2-yl ) t hi o] phenyl } am no) - 2- [ 3-
7‘%?”'@"'5'}'?’%5 rlﬁ@%qugiP: yl)arTla?]nze [66(4{: rgﬁgwg r?i era%in 1-ylmethyl)pyridin-
tﬁ‘% o138 ”S'PB‘%QEH&?WJ@phenyI ) ami no] - 2- ( 5- f or ny! -
f uryl)th ieno[3, 2-Db] pyr|d| ne-6- carbonitrile;

7-[?2 B-@Gfﬂordl&rhbmb@pﬁe | M%S@Y(hmmmafrgéh&lfpy?’dlﬁ' oX
Y ablrbrdne s wtﬂeePS

7-1(2, 4-di chl or o- 5- mret hoxyphenyl ) am no] - 2- { 5-[ (4- net hy
7- [KZ)#-MMDFB-ﬂneth}tkyﬁnﬁh{ﬂ)dn]ung]— Q{Q(M%IWlpwaZm 1-ylmethyl)furan-3-

I
yl]%f%ozﬂfﬁ péf‘rﬁ’ '3)? 8 Cgsbﬁ’ré‘fqﬁg;(;glheﬁyl )am no] - 2-{4-[ (4- et hyl

pi perazin-| -

-8, }*m”'@fbﬁ@d"emvwmhhﬁmhﬁ imedhylanPofiRéh id e;
Sy ed S A

yl ) met hyl ] phenyl } t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;
7-[1@4\%@0@@4%3,@@@1)adsa@ps.{ﬂ@ﬁ&]eﬁnylpiperazin-1-ylmethyl)phenyl]-
1-ox0-1H-thieno [3,2-bjpyridine-6-carbonitrile:

7-[(2,4—Dichloro-5-methoxyphenyl)amino]-2-[4-(4-methylpiperazin-1 -yimethyl)phenyl]-
1,1-dioxo-1H-thieno [3,2-b]pyridine-6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-{4-[(dimethylamino)methyl]phenyl}-1 -OX0-
1H-thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-Dichloro~5-methoxyphenyl)amino]-2—{4-[(dimethylamino)methyl]phenyl}-1 ,1-
_ dioxo-1H-thieno[3,2-b]pyridine-6-carbonitrile:

2-{4-[(Dimethylamino)methyi]pheny}-1 -0x0-7-[(3,4,5-trimethoxyphenyl)amino}-1H-
thieno[3,2-b]pyridine-6-carbonitrile; and
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7-[(2, 4-dichloro-5-nethoxyphenyl) amno]-2-(4-{[][2-
(di met hyl am no) et hyl | (et hyl ) am no] net hyl } phenyl') t hi en

WO 24,(,9[(,333§5 b] pyri di ne-6- carbonitrile;
. 4- di chl or o- 5- et hoxyphenyl ) ani noJ - 2- P4 (\GPHEO#FNS

am no) phenyl ]t hi eno[ 3, 2- Db] pyridi ne-6-carbonitrile;
7-[(2, 4-di chl oro- 5- met hoxyphenyl ) am no] - 2- { 3- [ (4- met hy
| pi perazin-I -

2- {#[(Dmdathyﬂaﬂﬂﬂhﬂmﬂhbﬂﬁﬁeﬂwg{ 131 &0%8 I?y{ 3 ﬁj‘j"fﬁm?m%%[%\%ﬂill amlno

h
1HEQ é’q?i%éhtabﬁ %§ﬁ%’?ﬂ9¢f} ‘Erhenyl }t hi eﬁ(r)n[ go -b] pyri di ne- 6-
carbonitrile;

7-(B-qhictp4-[¢t-crfetroy- mHEmrmtzdaoacymh@mHe)@!}@rﬂi%y- GdRriélgst hy

)
b]p¥ury%1gc @hﬁ{lg 2-b] pyri di ne- 6-car bon| trile;
7-1(2, 4-di chl or o- 5- mret hoxyphenyl ) am no] - 2-[ 5- (1, 3- di ox

7-({Btaintpro-Ay{l - trisiteh B I-uy:ld]atdsll-ztﬂ)i['na]p?renyl Yamino)-2-[4-(morpholin-4-

tril
ylmg]'?péh%yg%"?ﬂog?%g y h@i’lﬁmﬁﬂf% anmino] -2-(2-fornylth
i en-3-yl)thieno[ 3, 2-b] pyridine- 6-carbonitrile;
7-({B-qh{aro-4-[¢i-vethyl-oH: hmtdﬂcacwph@weh@mrﬁ.ﬁby B14- ﬁn&sﬁ&m'i Pbut-

1- y@ﬂ %Sxé{é%r%ﬁ}”b%éé ﬁ%@ﬁ@hgbﬂinyf) ani 28? | t2Ir{5 [ (di met hy

Iamno)rrethyl]thlen 3-

7-(igtohlare-dri6l- melmyb] iﬂymnddzaﬂ@ﬁ)tmrdmnyr&dmnhs) 213 ¥5. [ (4-meth
am no e
<dm?ethg§';n§1§ O el R Sy earbaiiting 5, 2- ] pyr i

6-carbonitril e;

{$ c[h {opo-4-{ti-eiethyt- wiﬁnsz&yAmhewbhﬁmnﬂﬁM 214-2- [ (4- et hy

for@b’%{yﬂm'eég‘oﬁ%g Qd&ﬁa ng‘slq‘ﬁ{%er@”l?ar bonitrile;

4-di chl 5- et h henyl 2-(4-{[[3-
- ({?&L’f?é? H;IU;\'?PPH{)Y; %ﬁﬁp%mn%ﬁmﬁ%aﬁﬁgﬁimé ghfe%l )thie

e Uszoos%'gg%g%p&"y%w’%édeﬁdm%%«:arbgr% 1/ 048386

chI or o- 5- net hoxyphenyl )am no]-2-({6-[(dimeth
7- ({zhc&ﬁﬂr?] 8) meihy] Wm@m&pl@yl thioJphenyl}amino)-2-[3-

(dletiylehitis)pydp- 4y ARRbrb (8 20 Yrch T 8 SaflohifBON L1111 €;

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-(5-formyl-2-furyl)thieno[3,2-b]pyridine-6—
carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2—[5—(1 ,3-dioxolan-2-yl)-2-furyljthieno[3,2-
b]pyridine-6-carbonitrife;

7-[(2,4-dichIoro—5—methoxyphenyI)amino]-2-{5-[(4—methylpiperazin-1 -yl)methyf]-2-
turyi}thieno [3,2-b]pyridine-6-carbonitrile;

7—[(2,4-dichloro-5-methoxyphenyl)amino]-2-{4—[(4-ethylpiperazin-1-
yl)methyl]phenyl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro—5—methoxyphenyl)amino]-2-{4-[(4—pyrro|idin-1 -ylpiperidin-1-
yl)methyl]phenyl}thieno[3,2-b]pyridine-6-carbonitrile;
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7-[(2, 4-di chl or o- 5- et hoxyphenyl ) am no] - 2- { 5-[ (di net hy
| am no) net hyl ] t hi en- 2-

WO 2004yd4k3dai eno[ 3, 2- b] pyri di ne-6-carbonitrile; o
7-[(2, 4-di chl or o- 5- met hoxyphenyl ) ani no] - 2-P&Hlﬁz?(€§/0r3i’23f'
n-4-
yl met hyl ) am no] net hyl } phenyl )t hi eno[ 3, 2- b] pyri di ne-6-c
arbonitrile;

7- [(274{d(cnloﬂo~5rm¢thoxyp>h5nymhh tegyel ) ami no] - 2- (1

6- bonitril
(amp ﬁ%ﬁwﬁi%%tﬁv@w@mybﬁéw Ao e 2
carbgpittiexyet hyl ) ani no] et hyl } phenyl ) t hi eno[ 3, 2- b] pyri di ne
-6-carbonitrile; 7-[(2,4-dichloro-5-nethoxyph

7Aoo hefinora Wi elenytyenolagny
blpwldlnﬁeﬁ @rbmlw@m trile;
7-1(2, 4-di chl or o- 5- et hoxyphenyl ) am no] - 2-[ 4- (t hi onorp

|
- [(ﬂ@ dic'ﬂ[??'? rﬂethmf)?p ﬁnye)ﬁg['%p]'f @J'[[S FediviRiResagiarhoni tri | e;
yl)wﬂvt]@mwﬂhmmt&mmmhh@wmnwg ami no] - 2- [ 4- ( pi per azi

di 6-carbonitril

”‘“fﬁ‘**'mé‘mﬁﬁ BB RRRIIZR Y| ) am ol - 2- (4- mor pho | n

[(dimet xlafpw@bmetjwlmrenwutanpﬁe[skz}lp]pyn@lnm -carsoaltAieni tril e;
7-({3-chloro-4-[(1-nethyl -

” [%ﬁ@‘*ﬁ%{@ﬁ%@%@%ﬂ@%ﬂ% SRR e mser 1

furylithiengl3ehblgydrine-pcasmnittip) -
H i m dazol - 2-yl ) t hi 0] phenyl }am no) - 2- { 4-

71 A AichIoR AR ASBRE e Yl 1 1. &8 Jlan AN AR A

arbonitril
b]py'?d'PF? ‘@-’E?@Wle@ro 5- met hoxyphenyl ) ani no] - 2- ({5-[ (di neth
yl am no) net hyl ] pyri di n- 2-

7-{(2y44 hﬁ:hb)’d‘-slrﬁéthd»@lﬁﬁé@l)%nm ﬁue%aé ?S} #et(‘{ifs',z%jpyridine-

24d|chlor05msth eny am no
Gcaﬁ?‘%vp'&zol 4-yl et hynyl ) thi eno[ 3, 2-
b] pyri di ne-6-carbonitrile; 21 WO 200-4/ 048386
7-[(RLRICHIBEHE I ERSHIBRenyl)a -o_(5-
6-c 1 thl 4-di chl or opheyn)ylm)'r;aor]nzn(g] o ¥lth§ot?h}/'gh'e[1§[3£ %]]O}SW”%
aftﬁ‘;é' 8%carbonitrile;
7-1(2, 4-di chl or o- 5- msthoxyphenyl)am noj - 2-{5-[ (4- met hy

7- [(%Qdmhb&z-smﬁétheblybﬁ&i Mhlinoy oL@l (Hlmethylamnnci)methyllthten -3-

yl}th%_ %L?}% E‘%E’ 29?6%%%":?3: ]nghgn;?; bgn[t(z 4- di chl or o- 5- me

t hoxyphenyl ) am no] t hi eno[ 3, 2-
7-[(2,4—d|chloro—5—methoxyphenyl)amino]-2-{5—[(4-methylpiperazin-1 -ylymethyljthien-
2-yl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4—dichloro—5-methoxyphenyl)amino]-2-{2-[(4-methylpiperazin-1 -yl)methyljthien-
3-yl}thieno[3,2-b]pyridine-6-carbonitrile:

7-](2,4-dichloro-5-methoxyphenyl)amino]-2-(4-{[[3-

(dimethylamino)propyl](methyl)amino]methyl}phenyl)thieno[3,2-b]pyridine-6-
carbonitrile;
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b] pyri di ne-6-carbonitrile;
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- {4-[ (1- oxi do

Wl rphol i n-4-
WO z""fxffﬁgfhw ] phenyl }t hi eno[ 3, 2- b] pyri di ne- 6- cAFEOHP P20

7-[(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- { 4-
[ (di et hyl am no) met hyl | phenyl } t hi eno[ 3, 2- b] pyri di ne-6-c
arbonitrile;
T-[@ f-(Rhibrobaidthoyphe B e BIGYHhthN Shid 1A hitin.o-
o i
. [é [ (2, 4-di chl oro-5-met hoxyphenyl ) am no] - 2- [ 5- (nor phol i
-8, 4-dichiveo-Byhethoxyipteiyl aminol-2-{5-[(dimethylamino)methyljthien-2- -
' 2- bl.pyrj di.ne-6-carbonitrile;
yl}%e?‘??e’%ghﬁgﬁpg%bg%é%tp‘e?é)xyphenyl ) am noJ - 2- (6- nor phol i n
-4-yl pyridin-3-yl)thieno[3, 2-
7'[@’Wichwm_é‘fﬁTtb@Q’Dgéfh}ﬂ)ﬁiﬂiI%]H?-(4-{F($)yridin-4- o odot h ;
Y’ﬂgétﬁl)%ﬁ?%h%&y [rJlg%}ybgﬁqr?qﬁl,EQ?pr;/)r/idlng-rg-ga(l)rLénit-rilleo; othienof 3,
7-[ (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2-{4-[ (1, 1-di o
7‘[@,@'dt0hImmbd»iyphéﬁyl)amino]-zgH-pynjoI-3-y|)thienoés,g-brlpyridin -6-
] carbonitri Fe;

hyl ] phenyl }t hi eno[ 3, 2-b] pyri di rie- 6-
Ca%’%‘ﬁ%ﬂ- di chl or o- 5- net hoxyphenyl )am no] - 2-{4-[ (4-pyri d

i n-2-yl pi perazin-1-
7'[@.‘}ﬁ‘@ﬁmfmhﬂihgﬁy})hm;e)ao{i&]%(h}{gwi di ne- 6-carbonitrile;
et R R RN e SLarbohitb! P

| ) et hyl ] phenyl } t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;
7'[é~‘!‘9@,hbfwﬁthWpﬁeM)ahmm@ﬂﬂt-) am no] - 2- (4{[ (2R, 55) -
(e R RO RS Afhshuitbionsia 2 blaviring o caraseirer | e

-[ (2, 4-di_chl or phenyl ) am no] - 2- (4-f or nyl phenyl ) t hi eno|
7'[§°-,'£z§’!9]“Wrﬁzﬂmq‘i@nmbmy@emincrhzr[e-;ammam 048386
Int&tHy1}he i3, idine-6- T
Y 7- [)?g 4l?&gllaﬂhl or'g?bé?yentdng?/B%rg%ry}rsleam noj - 2- (4-f or nyl phen

' t.hj eno[ 3, 2-b] pyri di ne-6- carbonitrile;
7'[€/i%‘@@!‘@!%%'ﬂﬁt%quéeﬁvéﬁnﬁ?q}ﬁﬁéfﬁlyib?wzimb] -2-{4-[ (4- et hy

yimehyphadifhidna(3,2-bipyridine-6- itrile: :
yl )%)gr boyn]w ]nr?rgenyI]%nh{ngﬁ%f%r,b%q'gﬁlepyri di ne-6-carbonitril

7‘[&1@5?'2!‘?3?'8?1%‘@’%hwﬁmﬁ]ﬁdpmorpml[mmmew)tmbmg,gzi n
blpylidingJe)dtidnittilbpheny| } t hi eno( 3, 2- -
b] pyri di ne-6-carbonitrile;

-[.(2, 4-di chl oro-5- nmet hoxyphenyl )am no] -2-(4-{[4-(2-ne
7“531%%&%#5;& 'ﬂeﬂ?vg)-éﬁdm'qazm-ﬁ )thio]ghe)nyl}amin]o)-z-(z(lw (et
formylphenyl)thieno[3,2-b] pyridine-6-carbonitrile:
7-({3-chioro-4-[(1-methyl-1 H-imidazol-2-yl)thio]phenyl}amino)-2-{4_
[(diethylamino)methyl]pheny!}thien0[3,2-b]pyridine-s-carbonitrile;

7-[(2,4-dich|oro—s-methoxyphenyl)amino]-2—({5-[(dimethylamino)methyl]pyridin-z-
yllethynyl)thieno[3,2-b]pyridine-6-carbonitrile:

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-(1 H-pyrazol-4-ylethynyl)thieno[3,2-
blpyridine-6-carbonitrile;



yl ] met hyl } phenyl ) t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile;
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- (4-{[ ( 3-

WO 20(”’66?%%%('&32% %/I“) lagi; no] met hyl } phenyl ) t hi eno[ 3, %'(,k}]/ﬁ)élzf)&s%is(?z%_(»

7-[(2, 4-di chl or o- 5- et hoxyphenyl ) am no] - 2- (4-{[4-(neth

yl sul f onyl ) pi perazin-1 -

yl'] met hyl } phenyl ) t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;
(G R GRYRirRR S £ BB bl &b kel ™ Y

gl%npthyl]phenyl}thieno[3,2-b]pyridine-6-carbonitri|e;
& _'g‘zh"P‘C}ﬁﬂﬂ“@ql”;ypB?WBmmléﬂW'mmef&ilM-3{|In4eﬂ(yfl]¥5§/|iidin-
_ . N- | . _ . .n_ -
zyﬁ}'ﬂ%ﬁﬁgPﬁ&hgﬁfﬁigﬁpéﬁg%%,2-b]pyrdine-6-carbonitri|e;

7-&}2,41dichIoro-5-nethoxypheny|)an1no]-2-{
2-{4 gty(admn@mwmgl?hﬁm}gi-ﬁgl%diahlm@b meu_hclrxgzphenyl)amino]thieno[s,z-

ATl e pyri dine-6-carbonitril e,

b]Fﬁ‘gh‘%lr(qg,635-?5[2}|£(%;')"ht{?'I(-!.E)EFophenyl)am'no]-2-[4-(dimethylam'no)phen

é{%thieno&S,Z-b]pyridine-6- carbonitril e;
7-[(2.4-gighlerqipeatiopxypBemmiaminol (g 1-pridbthiona?pHd(in-4-

yl)m%&ﬁ%ﬂe'n}l}t ohﬂsﬁ?ﬁ@bﬁéﬁﬁeﬁéléa%mt%;] thieno[ 3, 2-b] pyri

di né-'6-car

7-[ (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- { 6- [ (di net hy
7'[12a$‘rpﬁbeﬁsﬁﬂW’]‘WPh@ﬁWaEﬂnol%M-

g ! O il e
(Rl AR S BRI e

H pyrazol -4-yl)thieno[ 3, 2-b] pyri di ne-6- carbonitrile;
7‘@3£9@"2’01)i1’@1‘8@€9“@@17ﬁ@$@@3@6[36206

nydobfehor il ety Bt AR 2R HEInAR s bhidd, 2 YA ©

[1ethynyl}thieno[3, 2-b ri di ne-6-carbonitrile;
74&%‘(‘?%-’%5%%%@% ew@@ﬁ%ﬁ%ﬁ{équmﬁﬁné}ylrz»etrM)pwwmzpho

lthidridi32-plpstifive6-ddrbehiifz ol - 4-
yl Jthi eno[ 3, 2-b] pyri di ne-6-carbonitrile;

- | (2, 4-dichl -5-neth h [ ' -2-{5-[(dineth
7'[(%5,:,:,8}?Bsoﬁcg%%@ﬁtﬁ?‘}ry&pgarir\%agg%(oy]g’z-(%rjr%gzp%rgﬁr?-g-]ylpyriéin-:3[-§ll)t:1igr?o[3}/2-
bipytidinbicesebchitdtdd] pyr i di ne- 6- carbonitril e;

7-[(2, 4-di chl or o- 5- et hoxyphenyi ) am no] - 2- { 5-[ (di et hyl
} NO t byl ridin-2- . . -
T ERM R LY pheIainot € fedethisnelena bleyridng-gaarbontrie;
4-di chl or o- 5- met hoxyphenyl ) am no] - 2- {4-[ 2-
7-{(2,4-dichloro-5-methoxyphenyl)amino}-2-{4-[(1,1 -dioxidothiomorpholin-4-
yl)methyllphenyli}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4—dichloro—5-methoxyphenyl)amino]-2-{4-[(4-pyridin-2—y|piperazin-1 -
yymethyllphenyl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-{4-{(4-phenylpiperazin-1-
yl)methyllphenyl}thieno[3,2-b]pyridine-6-carbonitrile:

7-[(2,4-dichlor0-5-methoxyphenyl)amino]-2—(4{[(2R,5S)-2,5-dimethylpiperazin-1 -
[Imethyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile:

7-[(2,4-dichlorphenyl)amino]-2—(4-formylphenyl)thieno[3,2-b]pyridine—6-carbonitrile;
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(di met hyl am no) et hyl ].phenyl }thieno[ 3, 2-b] pyri di ne-6-ca
rbonitrile;
4-di chl or o- 5- rrethox henyi ) am no] - 2- - hydr ox
yl]thi eno[ 3, 2- b] pyri di ne-6-carbonitrile;
4-{6-cyano-7-[ (2, 4-di chl or o- 5- met hoxyphenyi ) am no] t hi e
. no[ 3, 2-b] pyridin-2-yl}-N, N di met hyl benzam de;
2, t‘ﬁEh&r@ﬁeﬂﬂh@whéwwmmmzqhe&mﬁ;ﬁ@nwh iefoB2-bfpjrdiELd

} azin-1-yl)nethyl]-3-
Cafbﬁ‘rq@ﬁf‘t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile; and

‘% (2, 4-di chl or o- 5- net hoxyphenyi ) am no] - 2- (5-f or nyl -
it ﬁlCPmémtB@@pb]eme?md]%{& [(fafetr% ifdrhdifi-1. FOr t
ntio eteroaryl 1Is an aromatic
yl)ﬁ?mg rfi{&ﬁl%loisb% 3@9'@ o‘farg?f@t”ﬁ% three fused rings.
. @hﬁggﬁ%r%; noi eties are five or six menbered
) hyl)anging]-2-(-#4-hreet 186~ 1S
b]d%&iHé’ éﬁ“eng of S, N, a?glmp% e. ﬂ}rﬁ@tﬁ?g}h %gﬂ/ﬂ é’ﬂ’? 2

have r’ng nmenbers. One ring of the ring system
%‘Y be fuI |y unsaturated, partially saturated, or
& ﬂ"fh@éﬁ-ﬁﬂmtwwﬁmﬂ)hemwa(mﬂ4 @m@moﬁgipnehpg yé#gzm-?yt

f ,
virRedyBiHenbhllehts I Bovidh S BRE s on 5" o o1 azol e

pyrazol e
tetrazol e, thiazole, oxazol e, |soth|azole i soxazol e,

7@ 4dighloro smethanypheny))amihadeadi{fzol e,
meghyyﬁuggfzaﬁﬁn@h%@h éh?n&}jgﬁzeﬁﬁgf 2 H%ﬂhgpdqlqgae;’bom llreaZI ne.

- %om)r phol i ne, thionorpholine-S-oxide, 24 WO
y! QJPWQ%%@@@PWMO@WTWBZQ&{M -(methyisulfonyl)piperazin-1-

yl]rﬁéthﬂm?feﬁi}]ﬁhﬂeﬂ | r| 8?60%5 g%ang?HE ri di ne, plperazine,

yrrolidi ne, oxXi ' t et r ahydr ot hi ophene,

drofuran 2-pyran, 1,4-pyran, dioxane,
HJ? %id"gﬂé%’& EH’QXYPWSQV’D%WWI}%WMWethﬂpmiaalnene

yl)rﬂetﬂylﬁ;hénylph.é Bgmmeh@ Ig) nmlﬂ dan, |nplene
|30|ndene rol ndol e, 2-indazol e,
s,0i.ndazo i nol i ne, isoquinoline,

g ?@ﬂ?@r%Hlﬁﬂﬂm’?'?%‘y')"H@ﬁ@big‘ﬂém:@b@ﬁa-@whhaﬁhﬁﬂ@erazin-1 -

yummm;pwedﬁmbﬁo[s@emamdea@egy%m}a nzot hi azol e,

benzoxazol e, benzi soxazol )enzopyran, cinnoline,
U|naz i ne napht hyri di ne,

B BB S e WMo 2 {3 {coplamint) ey 1Hpyrrol

V'}ﬂm?m[ﬂaEbﬂps&rdnia@%a@bﬁme ;pyrido[ 2, 3-d] pyri midi ne,
purine, and pteridine. "The heteroaryl nay be oxidized

. at o rovi de the correspondi ng
G b BEReBT o Ereihiaronr mecortiaiaRitayidne-5-
carbauitile; de. The heteroaryl may al so be oxidized on a

tri-
7-[(2,4-dichIoro-5—methoxyphenyl)amino]-z-[(1 -methyl-1H-imidazol-5-

yl)ethynyl]thieno[3,2-b]pyridine-6-carbonitrile;

7—[(2,4—dichloro-5-methoxyphenyl)amino]-2—{6-[(dimethylamino)methyl]pyridin-2-
yl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5- -methoxyphenyl)amino]-2-(1H- -pyrazol- -4-yl)thieno(3,2-b]pyridine-6-
carbonitrile;



substitued nitrogen atomto provide the correspondi ng

wozum}}h% de, such as N- ethyl pi perazi ne-N—oxi? ol
anot her enbodi nent the heteroaryl may con gff(ﬂsé"“”"“{z“"

car bonyl group on one of the carbon atons, such as
pyrrolidinone, 1 ,3,4-oxadiazol-2- one, or 2-i ndanone.
For purposes of this invention "al kyl" includes both

- t f
et S S SR SIS
egmpyll}tm_eno[a &blpyrdine-proapmsdsleof this invention the ter m

"cycl oal kyl" refers to alicyclic hydrocarbon groups

7- [(Qf4 @cﬂoﬁtﬂﬁh@h mgﬁé}ﬁmbg }Lf-gﬁﬁwo?phogn%aﬁ%gﬁ EICB/ Fazol-4-

as., a carbo nin
y”t@%@?ﬁrtﬁwﬂd'ner@rraarémm e, cyclopropyl, cyclohexyl,
adamantyl and the |ike. For purposes of this invention

GO g 1 SO oA R

tit
yl}"&'B’ﬁ‘i‘[ﬁ)énb}PUl‘d'"%QQW@P@""GG 14 carbon atonms and have one
to three rings. An aryl may be selected from but not

7. [(tz;m.msmtsxmem&yméwammBfﬁl(b @RI BRER R IR D

tra

y'}t@E’B@&%%ﬂ@)‘ﬂ@%@'%@@@ﬁ"% om but not limited to, the

group consisting of al kyl, acyl, al koxycarbonyl,

7-[(2lakditloroas- K@Wﬂﬂi&n I)a%l\‘ne Zg‘h_?;xy, cyano, hal ogen,

ur pos of this invention

d'm%ﬁﬂ%ﬁ%’ ethlRienyienaia 2zblpytitinea6-cattiophiile; c

hydr ocarbon that contains at |east one carbon-carbon

7-1(8, delélﬂommeﬂ'mmﬁéﬁbl%ﬁop‘@l[h@o ﬁ%d’ rBMyI) gg{agglcéb ed

car haj ns of car bon aft
yl]t%oi%gzgﬁ KO- PREPPURARI03/ 036206  conf i gur at i onal

i soners, for exanple cis and trans, and incl udes

4- {@tymnyx [(23-dmmn-51m Bbxyhenyi
dlm%m r(]ltl on "al k?/nyl [ Rgpﬁ‘ghbﬁﬁerg §gttﬁbvrﬁﬁf§§|l}ﬂw
g €arbon chain of 2-6 carbon at ons t_hat

cont a| ns at | east one carbon-carbon triple bond and

7-[(2Aedichiem-Pmetrerypheagithrhiie]- éi{df-ﬂ4-rhélh98r°peﬁgﬁ’ﬁ ﬂﬁ:@{hﬁﬁ

t | k al kenyl and al gro
fury‘c}m& ?Léyg? J{léadg‘%ﬂ'ﬂ? &pen substltuents as phenyl ,
substltuted phenyl , hydroxy,

7-[(2, 4-d|chloro-5—methoxyphenyl)am|no] 2- (5 formyl-3-furyl)thieno[3,2-b]pyridine-6-
carbonitrile.

For purposes of this invention a heteroaryl is an aromatic heterocyclic ring
system of one to three fused rings. The heteroaryl moieties are five or six membered
rings containing 1 to 4 heteroatoms selected from the group consisting of S, N, and
O; e.g., heteroaryl may have 5 to 14 ring members. One ring of the ring system may
be fully unsaturated, partially saturated, or fully saturated. The heteroaryl moieties
include, but are not limited to, thiophene, furan, pyrrole, pyrazole, imidazole, 1,2,3-
triazole, 1,2,4-triazole, tetrazole, thiazole, oxazole, isothiazole, isoxazole, 1,3,4-
oxadiazole, 1,2,4-oxadiazole, 1,3,4-thiadiazole, pyridine, pyrimidine, pyrazine,
pyridazine, 1,3,5-triazine, morpholine, thiomorpholine, thiomorpholine-S-oxide,
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hal ogen, al koxy, thioal kyl, carboxy, alkoxycarbonyl
and acyl. For purposes of this invention "al koxy"

woO 2005059354 ses a group of 1-6 carbon atons having an al Kyl
group attached to an oxygen atom and i ncl uHEE/U%tO%%%G

t- butoxy and al so includes polyethers such as
-0-(CH2) 20CH3. A thioal kyl group of 1-6 carbon atons
i s defined as an al kyl group attached to a sul fur atom

thlgﬁgrqhﬁm%a&dlomemmriﬂnm piperadie, Eyﬂf@vdnfébﬁﬁ‘iﬁ REYoxithaiP

car roup 1
tetia%e/lgr%iem&g‘%n_ést 8&@ %;'M} Q% P\ga%(%g‘} -BY 'gnoeplo&aré é%ﬁqb@qolane
et@mq@pyrgﬁdnam&rnajm 1188, haxwmﬁhﬁnauhma%bbyuheéw GRiheny!

fined as a grou
|soﬁic(afén§ hﬁdélé kées aﬁpg?og%cloéﬁg 2pnﬂg?§oie Séur@iazolg; anhngr lsafqnohne,
tetr,agdqir@gplnglmg bequz;:lfluraesbenzethydphehé iHehbipti@aoRt, %Enzc}?t‘?ﬂ%lgyl
h t
L Nk
qu;pdz;g{lpﬁ@ .§manpthyfidine, enﬁ:ﬁd[:ﬁ.? -bigy2Ehe, pyHas LA H%gtﬁm% of
j 0 ain.one or nore as ri

pydti£a bﬁWr‘Bﬁwle ﬁ\/rfbgizngg RYRiuding. puring, ERC T, eHieshmtoay)
mag@@wxagzegrmm hitiogess atondto (stoviaé BfeQRRES on&%#\l%xﬁ% SLih as

tereochem stry in F
pnyMlﬁéjﬂLHXhe pr g’té’r'{{’g -I\i\%lﬁi{al gﬂ € ﬁ@ngn@y fls® he oxidized on a tri-
supqﬂ@qe@,r@menm|t©bmvsieehéebr$é§]§6h§in oG lsual‘?‘% Nhe

ethi/RHe M Zndm2 es,.and. ot her m xtures of
;?g)r eézfn sorré?(ser e dn R&relprem %WGP@Qe@ﬁt%wmlrreamo«umm es

cargpny} geypain mnhscaxboﬁaamg QUEH & pyfhd

ond® RABIRES hcal |y acceptable salts t\ﬁerel&gne 1 34°xaq%20| -2
be noted that stereoisomers of the invention having
the_same relative configuration at a chiral center may

nevEPtAVEPQssS o thisindefitforr-aikyl” Reraes Sofﬂiesﬁl‘a?m%h@ Rinch
mo{éﬁ@@l’lﬁlé@%bﬂﬂoﬁ ﬁué%%dn %%I on afm It he | ndl cat eg F16d ﬁ'ky'
ikeCENLEr. Sore t he “Conpoand<Lnarngludes isawerRvl. anbytryand the
€contain 26 V\D 2004/ 048386 PCT/ US2003/ 036206 one or
nor e doubl e bonds; in such cases, the conpounds of

t hi Bori Bu%béé)rbf' 'ﬂ*ﬁé USentiSACH, F the ?bes(reeggrst ke glicyclic

I soners as

onfi gurationa
hy %ﬁﬁggrou%gr%@gmnmmy aag metm’deb b%wﬁ@bhﬁrﬂ%yé@@s well as

a Camﬁﬁi@@%nﬁfm ) an acid
410! %é can _ ?oﬂ%@ﬁfs %é%t%? a{? @XQH‘H’F‘% rF@JF'@BWPM’ e¥einhexyl,
&lik eal kali nmetal salts: sodium lithium or
pot assi um and N- tetraal kyl ammoni um salts such as

N- tRdrr bg@sam'rm l.ar ,y en a conpound
- of tbhlms PI ol éqme?l%ltn She Ihi 14 is c\j/\qlned as an aromatic
ydrocarbon moiety and may be substituted or unsubstltuted and may contain for

example 6 —14 carbon atoms and have one to three rings. An aryl may be selected
from but not limited to, the group: phenyl or biphenyl and may be optionally mono-,
di-, tri- or tetra-substituted with substituents selected from, but not limited to, the

group consisting of alkyl, acyl, alkoxycarbonyl, alkoxy, alkoxyalkyl, alkoxyalkoxy
cyano, halogen, hydroxy, or nitro. ,

For purposes of this invention “alkeny!” is defined as a radical aliphatic
hydrocarbon that contains at least one carbon-carbon double bond and includes both
straight and branched carbon chains of 2-6 carbon atoms in all possible
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contains a basic noiety, salts can be formed from
organi c and inorganic acids. For exanple salts can be

d fromacetic, propionic, lactic, C|t‘;19
0 /6’4‘2;?5? . etrc, nic, . d US2003/036206
wo20 {ar aric, succinic, fumaric, maleic, malon '

mandel i c, malic, phthalic, hydrochloric, hydrobronic,
phosphoric, nitric, sulfuric, nethanesulfonic,
napht hal enesul f oni ¢, benzenesul f oni c,

oo s SR b RSB

yl @id theilikgent i on al so provi des a process for preparing a
compound of forrmula (1a) or (1b) as defined herein or

comiy SRt i 5EBh S Bl o S ket 5 A G A ranghes
cagfonf drainulof 2-&CkarBbn BorGhl tiiN cdrRaihé @t Id23t /on€ ddribsn-eanbon triple

Oﬁd%b%l %rggeggp hgﬁ%%e()f wherein R2 is as defined
oun

erern w a'co formula RIXH where RL and X
are as defined herein to give a conpound of fornula
(1 a)inone (@nidodinpent tn)) thizbwentioy the aikyph @lkedylcdnd alkynyl grolipsacan

d h f
o St 50y B8 06 500 051 LSl o

ha‘l@enualhow thiaaikyl, darbcrxyyutikcodycﬁ%onw anddicyif er ent
substi t uent group as defined herein; or c) converting

ac 1ul. )
phamceup [ cal {’6{’{5&3&@85 i%r]aealgéﬁy( ]ctoﬁqé) '%g??a L of 1-6 carbon
atpme dvavingran alkyg @rpup attaideddo mmoeegien citorp ravduinciagesamethoxy, t-

bwgg%ﬁ%%‘o&e@@@lu&n% EBE(@}J-JQ%(S&H?;: A?< thliqolalkéﬁglroup of
1-6 carbon atoms is defined as an alkyl group attached to a sulfur atom and includes
methylthio and the like. A carboxy group is defined as —C(O)OH, and an
alkoxycarbonyl group is defined as -C(O)OR where R is a group of 1-6 carbon atoms
and includes methoxycarbonyl, allyloxycarbonyl and the like. An acyl group is
defined as a group —C(O)R where R is an aliphatic (e.g., alkyl) or aryl radical and
includes acetyl, trifluoroacetyl, benzoyl and the like.

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

The compounds of this invention may contain one or more asymmetric carbon
atoms and may thus give rise to stereocisomers, such as enantomers and
diastereomers. While shown without respect to stereochemistry in Formulas (la) -
(If), the present invention includes all the individual possible sterecisomers; as well
as the racemic mixtures and other mixtures of R and S stereoisomers (scalemic
mixtures which are mixtures of unequal amounts of enantiomers) and
pharmaceutically acceptable salts thereof. It should be noted that sterecisomers of
the invention having the same relative configuration at a chiral center may
nevertheless have different R and S designations depending on the substitution at
the indicated chiral center. Some of the compounds of this invention may contain
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N lalb wherein R2 is iodine, conprising: 28 WD
2004/ 048386 PCT/ US2003/ 036206 a. treating with a

Wo 200408 in an inert solvent at reduced tenperature a
4(:df‘r?ﬁ’(gund of Fornula (a) or (a'); O S CNQUAYS20431086206
Cl CN / (a9 Nb. adding iodine to the conpound in
step (a) to forma corrpound of Formula (b) or (b');
andCICNS(b) NCICN , Nc. adding a

one cer m %u(?%b Bérg% C(S‘f Hg% ?r%w%hc%(r%%mey%? trg%qin%%ﬁ on(lib lude
sach mthespaseﬂle"mnﬂ'g'thrasomah isenteroas el bsl dedusescd thEsearisbnadrs.
Forrmula (b) or (b")

Pharmaceutically acceptable salts of the compounds of Formulas (la) - (if)
with an acidic moiety can be formed from organic and inorganic bases. For example
alkali metal salts: sodium, lithium, or potassium and N- tetraalkylammonium salts
such as N-tetrabutylammonium salts. Similarly, when a compound of this invention
contains a basic moiety, salts can be formed from organic and inorganic acids. For
example salts can be formed from acetic, propionic, lactic, citric, tartaric, succinic,
fumaric, maleic, malonic, mandelic, malic, phthalic, hydrochloric, hydrobromic,
phosphoric, nitric, sulfuric, methanesulfonic, naphthalenesulfonic, benzenesulfonic,

toluenesulfonic, camphorsulfonic, and similarly known acceptable acids.
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29 WD 2004/ 048386 PCT/US2003/036206 C CN S (b) N
Cd CN (bj S NThis invention also provides a process

[ a compound of Forrmula (la) or_(lb) X'Rl
wo il O e R T ON S N s 1b  wnEFalts g

brom ne, conprising: a. treating with a base, in an

i nert solvent at reduced tenperature a conpound of
Formula (a) or (a'); d SCN(a) NGO \ CN /I (a9
SN

This invention also provides a process for preparing a compound of formula

(1a) or (1b) as defined herein or a pharmaceutically acceptable salt thereof, which
comprises one of the following:

a) reacting a compound of formula:

Cl Cl
S CN CN
ST Ry
N or S N

or an S-oxide or S-dioxide thereof; wherein R? is as defined herein with a compound

of formula R'XH where R' and X are as defined herein to give a compound of
formula I(a) or (Ib);

or

b) reacting a compound of formula 1a or 1b or an S-oxide or S-
dioxide thereof in which R?is a reactive substituent group to give a compound of
formula 1a or 1b in which R? is a different substituent group as defined herein;

or

_ c) converting a compound of formula (1a) or (1b)to a
pharmaceutically acceptable salt thereof.

This invention also provides a process of producing a compound of Formula
(la) and Formula (ib) ,

1 1
X'R X-R
S CN CN
N S™°N
Ia Ib

wherein R?is iodine, comprising:



30 WD 2004/ 048386 PCT/ US2003/ 036206 b. addi ng brom ne
or 1,1-dibrono-1,1, 2,2-tetrafl uoroethane to the
nd in step (a) to forma conpound of Fornula (2z)

wo 2"‘%?%?"); and d ON SBr (2 N d CN §FT{US@"WSGW

c. adding a compound of fornmula R1IXH to the conpound

in step (b) to forma conpound of Fornmula (la) or

(Ib), wherein R2 is bromine. This invention includes a

conmgoundgkti I ar ' ~

N OE o By WA ph, Lart ook sventt froucda loned e

are expl 8PReaundofdogavia(abet@)i under the "Detail ed

Description of the Invention". In a preferred

enmbodi nent of this invention an inert solvent is a

conpound that does not react @hemically with the

conpounds of this invention. pregqrred inert

(@)
=

7 o

Cl
N CN
/ I @)
=
S N
b. adding iodine to the compound in step (a) to form a compound of
Formula (b) or (b’); and
Cl
CN
S X
®)
—A
N
Cl
CN
A
! / I P ®
S N
C. adding a compound of formula R'XH to the compound in step (b) to

form a compound of Formula (la) or (Ib), wherein R? is iodine.

This invention includes a compound of Formula (b) or (b")



sol vent includes for exanple tetrahydro furan (THF).
31 WD 2004/ 048386 PCT/ US2003/ 036206 For purposes of
1S, 1 nvention a reduced tenperature is a_tenperature
wo 2004;2%}3((:. In a preferred enmbodi nent this tenﬁgfrg%l}?@’"?@“
-78C. For purposes of this invention an el evated
tenperature is a tenperature of about 500 C to about
1500 C. I n another enbodinment, the present invention
provides a nethod for the greatnent or inhibition of
a pathol ogical condition or|{disorder in a mammal . The
present invention accordinglly prgogndes to a manmal , a
phar maceuti cal conposi i conprises a conpound
of this invention. onb|nation om association with a
phar maceutical ly accep rrier. The conpound of
this invention may be prov”ded al one or in
combi nation with other therefeutically ef fective
conmpounds or therapies for jlhe treatnent or
preventi on of a pathol ogi cal condkhion or disorder in
a mamml . The conpounds ar referably provided
oral Iy or subcutaneous)fy.TiThe | conpounds may be
provi ded by intral@sionalll intkaper?toneal, ,
i ntramuscul ar or i ntraveno i njection; infusion;
| i posone-nedi ated delivery; topical; nasal; anal;
vagi nal ; sublingual; uretheral; transdermal
i nt i wealion @sw pravidesra processiel preguging Rreompoded of bormula
(m)%phg'n consi stency in providing the conmpound of this
invention it is preferred that a conpound of the
invention is in the formof a unit dose. Suitable unit
dose forms includestablets, capsules and powders in
sachets or vialsxﬁﬁuch unit dose fg{ﬁs may contain
e
z f

from0.1 to 100 QiNa conpound of inhvention and
preferab to 50 ng,_ o5t

unit dosabe ontain 5 to a compound of
t he present i nvebkion. The conmpotndsN of the present

i nvention can adm ni stered orgply at a dose range
of about 0.01 to 100 ng/ kg or preferably at a dose
range of 0.1 to 10 ng/ kg. Such conpounds may be
atherein §¥ és rgrfines eompLi®ing  tines a day, more usual ly

fromlt IS i e;-afif ' |
noan t crectind S e in BACInEI ifent BB Wrderdfre o
dependentompainddid-onppia (@forn(as; conpound. One of skill

in the art could routinely performenpirical activity
tests to

r preferred

s N CN
(@)
U
N
Cl
/, N CN
I (a)
S N/
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determ ne the bioactivity of the conpound in bioassays
and thus determ ne what dosage is the effective
, to adm nister. 32 WD 2004/ 048386

wo B s 036206 The conpounds of the i nPERIYSBM3HES206
be formul ated with conventional excipients, such as a
filler, a disintegrating agent, a binder, a |ubricant,
a flavoring agent, a color additive, or a carrier.
Thegcarrj > for e le a dil Laan er osol
a tg'pi cad%Ln ?ﬁyrgﬁl?nean&aqﬁ’g%%m%n&‘ﬂ? 1'2%{,%?'%93 gedule the
sol uti oncempeursGhistep (epta foem a chivound bf Esrmitiy (A)or &); and
pol ymer or a toothpaste. A carpjer in this invention
enconpasses any of the standarq pharmaceutically
accepted carriers, such as ph sphatPNbuffered sal i ne
sol ution, acetate buffered._salt ution, water,
emul sions such as a i mul si on,_or a
triglyceride enmulsion, vaw pes of tting
agents, tablets, coated tablet8 and capsul es. Wen
provided orally or topically, such conpounds woul d be
provided to a subject by delifkry in different
pharmaceutical carriers. Typicdlly, such carriers
contai n excipients such as stajgch, Nk, sugar,
certain types of clay, geyatyn, earic agd, talc,
veget abl e fats or oi IP§] nBl or_jgl ycol s. %he specific
carrier would need to ed based upon the

be ¥e
desi.red 0 eliver o] | e, phosphate
buf fere sfadzﬁ %ecg Hd 82[5 r@”[?eﬁ@ggon?raﬁ C?'ﬁ??‘ﬁ%’e\ﬁ‘oﬁgp &) to
syst em ¢ fatel a e@myoanichf Foergedlal) er {ib), She@ireRM R, bréRInkesS ,
ointnents or gels may be used for topical delivery.
The conpounds of the present invention may be.
del Thisrimention ichueies aicbmpostd bbbdrenut (z)iengz9,
preservatives, solubilizers, emulsifiers, adjuvants
and/ or carriers. Such conpositions are |iquids or
| yophilized or otherwi se dri &l formulations and
i ncl ude diluents of various Quffer content (for
exanple, Tris-HCI, acetate, pghosph&lNe), pH and ionic
strength, additives suc mns or gelatin to
prevent absorption Bx , deter@gents (for
exanpl e, TWEEN 20, TWEE ; URONI C F68, bile acid
salts), solubilizing agents (for exanple, glycerol,
pol yet hyl ene glycerol), antigjoxidants (for exanple
ascorbic acid, sodium netabi qulfate), preservatives
(for exanple, thinerosal, bgnzyl akNcohol, parabens),
bul ki ng substances or t griC difiers (for
exanpl e, | actose, mRAp cojal ent atdlachnent of
pol ymers such as 3

The above-identified processes are explained in greater detail under the
“Detailed Description of the Invention”.

In a preferred embodiment of this invention an inert solvent is a compound
that does not react chemically with the compounds of this invention. A preferred inert
solvent includes for example tetrahydro furan (THF).
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pol yet hyl ene gl ycol, conplexation with netal ions, or
i ncorporation of the conpound into or onto
cul ate preparations of hydrogels or |
\Nozmuﬂﬂgﬁk-enuIS|ons m cel l es, unilanellar Oﬂkﬂﬁﬁ&ﬂﬁﬁbomm
mul til amel | ar veS|cIes erythrocyte ghosts, or
spheropl asts. Such conpositions wi Il influence the
physi cal state, solubility, stability, rate of in vivo

3? [ 89!9%&4%3%@5 E]%AWQ%QQ@&? J)érﬁh?@%e a t@ﬂfgerra%rg <-

. in vivo clearance of the conmpound or conposit
78°Ghin %ﬁfﬂf%ée%?mbWSIh'ﬁlt@ﬁBeWurﬁ istdB&ad on t he
physi cal and chem cal properties of the conpound

capgbf Bupbsdd Sﬁ{hié"igvé’rﬁldnn&ﬂ Bielhiag t@n@@?amlqu'ac@m erature of
condi tion or disorder. The conpound the present

aboy Rt IAPRYSBEC-del i vered locally via a capsule that
all ows a sustained rel ease of the conpound over a

per P @néthet isbodFRiM, Ple! BrbsBht wﬁéﬁﬁ@m‘ PRAide8! £38&hod for the

onposi tions include fornulation in | 1 pophilic depots
tfea(ff'%nt x Bhbftion off 3 tpatholeaicpd copgliier orglisasgier fop rpammesesThe

preé?sfnt Hveﬁtld»m Hé’éﬂrdjlﬁ@y %rcﬁ\ﬁé&(’{ooﬂ 'n@&hm‘ép rédgﬁdrﬁﬁceﬂtlc% §%g<§§ltlon

| i nked ki hase nol ecul es and i brtion of t .
thatswwar%ﬂ*g%ﬁ@ma?w Bl this daientien dx gpebination s ragsedation with a

phaﬁh%@hléall’yeg%&ﬁﬁnl@ dapider Be eBhpBLAY d u{?\‘fé Qe tlér#crnay be

as cell gr h, differentiation and cell death
proydesh alogegcgnErWaﬁyn Wb ethap thasapesticalyyeffendivs compounds or

theHaB’iéLs'fSIaE%Cirédﬂmbﬁ‘t' 6r' p’ﬂabé}ﬂloﬁfoftd E&HSIogﬁgleéor{dﬁﬁ)ﬂgﬂstﬁs%rder in a

di scussed in detail in the Background of
mamp@ént i on". The tissue |evel response triggers
cel lul ar danage or deregul ated cellular grow h.

Der egygl Qérﬁﬁou?ﬂ's' arﬁr ?ﬁ@?é?aﬂ?clbﬂﬁld@é érall %r"éutﬁtxtaneously The
pert ur bed ghal s derate or alter cel

COBRARYNIS (Yo rbef RFvidegnby cREalgeiPRYd iBirareritanerh g'ntramuscular or

intRAEAGY Gj6ctlont MfEibh;0 Np@dorst-FRUReSd \WRI b?opﬁc%l nasal anal;
i ntercept the generated si gnal before i reachs

vaginal Rblinguag di Wl@édrqnﬁda@ﬂ%h [ntistharal PSHIRNs e pliq pghvery In
or&érﬂ@%@&lrﬂé&s@é@hrﬂb@?ﬂdnw {hB comtdouhabr fvententioRat is paMErred

[ cat ed 1 n pathological conditions or
th%f.%sP'a‘e an@Puav‘%ﬁ‘gon uth fgtform Af taeenit dose: afuitgble unit dose

forpid RicRide ABHIBRPREFKIISS aR@IPH¥Eld h LAPBRY ordiiaRaS8uch unlt dose
aut oi mune_di sease, rheurmatoid arthritis, neuropathi

forgas may SARain IR BridAr OPap@ et 2 sAmPaunshefithe agrreamn And preferably

frop® deti’»(pﬁhgorStﬂl' faRRélprefetredBHitd A gb Nodnd TBERTRN 55 hig of a
is | |§€?Edne to kinase nol ecul es as descri bed above. FoOr

CORRoHB RFAPITERYRN: oFheCABRRINAS G they Pregeri dnvestion can be
adimfisiiréf otally it EBAGER| rah§e AP QbbiNad.0¢1th 4Ob kg ptefbfibly at a
alter the mammal's normal ‘state.

dose range of 0.1 to 10 mg/kg Such compounds may be administered from 1 to 6

times a day, more usually from 1 to 4 times a day. The effective amount will be

known to one of skill in the art; it will also be dependent upon the form of the

compound. One of skill in the art could routinely perform empirical activity tests to

determine the bioactivity of the compound in bioassays and thus determine what

dosage is the effective amount to administer.
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For purposes of this invention cancer is a cellular
tunor. The natural course of the cancer is f?tal.
asis develops as a result of adhesion of tunor
“KYM&ﬁﬁgﬁI t he vasgular endot hel i um As t he RQIHP2003/036206
gr ows, ceIIs are shed in the circulation and spawn an
i ndependent tunor nodul e known as a netastasis. 34 WO
2004/ 048386 PCT/ US2003/ 036206 Throughout this
application structures are presented with chem ca
names. \Were any question arises as to nonenclature

h t t T f eri nent a
o TPLEDISEGR' BT ST’ o ot GBHBEL R oo
extlhlenﬂsnsecm 2o, filenda ﬂrsmtéglhtmg’lh@é}dﬁd birifed, fhtﬁbﬂcﬁntnﬁtﬂabﬁnng
to | t i e invention se
ol B sy &l hicarther Ths) St ey ik o eampiesg disnt, an
aeEaESCIa BPidaN caFrieT,Hen |la\VEDTE EdIuTidre < erRayRGSs Qolutibh S)r a solid
on _are conveni ent | ared accor di n to the
cathf e RriToRL D 3 p5iel: oF comakiasies | & T iagNe huention
ensdsrapQSSES arpt ef itad stardard %}\aﬁh@éﬁutlkﬂg\/\@ccﬁp?éd IcBffiers, such as
whi ch can be AO escribed in
S e Blfec b rahan, dreriie byiterag salieapluHcsy Waler armadsions
sudie a6 rdrbeifwater [dMuISIEN VTRS trijhieRA REMIBER, Alariols @A Wi Fetting
acti.ve iso be prepar ed, for exanpl e,
agdg tsrté@lﬂt‘\yn edl’ajﬂ%tﬁa@ 6@??‘{%? ives or by asymetric

synt hesi s. The resol ution can be carried out by
et Wlden rovitledt srafiynos eopidally,| @hi donigtRings twodiE Be dfovided to a

subioSt, B I o ofatePE Bémighauf P nsrd. p VR o durh chrers

coeﬁim%pla]nﬁrsoﬂﬁ lagtatartl, i §L@ageﬁhémé‘t§lﬁes B‘IH&IQ{) qtladin, stearic
el n

e suitable for th a ormalon
aoff PENEGeBPE Bl & Hlacoutt,on Bigobndhie SREF GarinwpRk need to
beas¢leciéd dragediiupoaythe h&zsired trhethod @ deiivérpUufor example phosphate

oA SO 1455 BB PR TR ey an

vegelapledets, creaims, salyes)eintrasnts at gels imtperendedasr opicklRiivery.
order of synthetic steps protecting groups, if .

(r)ﬁqt eeg?mﬁﬁﬂ'\r?‘gleﬁg&tere aqs ft C%Q%tigr{ ﬁ?a%n%%tq’éﬁyeéeé\;{?qﬁatther with
suitate dilientse presaniatives, sotubduzelrsolemulsﬁwa adjsvants bh@orScdrflers.
SIBE B s REBORSER Rl bttt Lrmatons,ond
in¢lde é)hlemsRéaratlom]buffaar eontent (fiorceampie) atris-HOI@mssdie /ghssphate),
p%ﬁ& %n?coﬁre%m, %tdgftives such as albumins or gelatin to prevent absorption to
surfaces, detergents (for example, TWEEN 20, TWEEN 80, PLURONIC F68, bile
acid salts), solubilizing agents (for example, glycerol, polyethylene glycerol), anti-
oxidants (for example ascorbic acid, sodium metabisulfate), preservatives (for
example, thimerosal, benzyl alcohol, parabens), bulking substances or tonicity
modifiers (for example, lactose, mannitol), covalent attachment of polymers such as
polyethylene glycol, complexation with metal ions, or incorporation of the compound
into or onto particulate preparations of hydrogels or liposomes, micro-emulsions,
micelles, unilamellar or multilamellar vesicles, erythrocyte ghosts, or spheroplasts.
Such compositions will influence the physical state, solubility, stability, rate of in vivo
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The preparation of the conpounds and i nternedi ates of

this invention enconpassed by fornmulas la and Ib is
wo 200498386 1 bed as follows. As shown in Schene chnmuoywmum

decar boxyl ati on of a 3-am no-2-thi ophenecar boxyl a

of formula 1 with N nethyl pi perazine in

N- et hyl pyrrolidi none provides 3- am not hi ophenes of

formula 2. This decarboxyl ation can al so be perforned

reledxsﬂa &naﬁlét@ of %sz&lé’&Qﬁé@éﬁﬁg Cofipd (B30 I»3/i8A6 The Efdice of

ueo s sodi,um hydr oxi de at el evated tenperatures.
ComREIEI'F'? W' d?epgf‘ﬂ;?f‘ th%/ BhYRISS) Apdheans) P&%R@H@éc‘étta@ gompound
capASIEBPHE& g inHbiiid BpaholoBical &diteAtor 8id6Ries tol uene,
prOV|des the internedi ate propenoate. Thernma
i zation hese internedi ate propionates in
s oI J‘@rﬁo"%’é’f‘aﬁf 'ghsgﬁesggt veRiannay Re dgivsrreHiprally i CaPSU'e
thatrafﬂéwb taSsustained release of the compound over a penod of time. Controlled or

7-0x0-4,7-di h drothlen 3 yri dine-6-carbonitriles
sustgined Jelegpe cam O%ﬂmﬁdfem\eée fﬂ"mfllﬂ“ﬁﬁl"h“@i)wﬁ dgpats (fpe example,

fatyPAc@a MRBle®Yoilk)le al ternate route depicted in Schene 1.
Treat ment of 3-am no-2-thi ophenecar boxyl ates of

with the dinethylacetal of
o} TR RSP BN ETon LBH BT ALRONSHOR oF Alspien s Tnked to
klnaéédhfdlébﬂle@f and hemsitiGa i 1heS sigRakhgeddtated B these molecules.
enerated at | ow tenperature, preferably

cetqgnitrile,
Gene %’egbiigleﬂﬂ% rgedlaig A Jumbss ety pelluiariupetions sticet anicell iarewth,

d.ﬁerenteat@ﬁlav\araeu %iléﬁih Fhe di dl@buﬁérafédrmheﬁ RblRBRs have been
dr ot hi enoJ 3, 2-b] di'ne-6-carbonitriles

'mplb‘?a‘e‘f o'Prrtn'%?t'Q it é'é%&lﬁer{?‘/%f r%@ﬁﬁ%%ﬁ]dg's%-fssﬁ%rwmdﬁfaﬂ in the

“Ba@kdrburﬁi sftheniveatiord TAE ¢REue féRlSIf @6FdHsE tngﬁf@a‘ﬁ QQQJTEQ lc'l§mage or
chl orjde, provides conpounds of for tion

dereg! ated Safiiamerowts PereayipiedreslligrowthRnsHELARR f%ﬁ‘lltfoépﬁ*ﬁwfbed
sigriald that R dRFRS 8N &ieer BRI béHaVRur BY lineddH. 0OhE endthodfof treating

| vent . such, as 0X hanol, at el evat ed
a PR BRIGE el Getiopror SEBLoet SOBIA b & IRiarat e dspiEated pignal before
it re2ebs tHe tgs)é?él de dlefbrﬁeﬁﬁﬂ ?étﬁt(l) p%hs%ﬁe&gé ﬂiﬂl}igé@ér‘érag&)cgéted
e enper.at ur es rovi.des conpounds
with 85%%%8 athiqve begq BHP‘?CGFP" iR pabiolegia) éP?d'%"H@ Jtdigarders
inclgdiag pb@tf ndb Ilnﬁbbyé can€dy er@t&logféébaro%rsbt@}’dé)sﬂb REMN dlsease
car boxyl.ate [ ; Forbes P 1269 IS
Ut it Facreen MeHBR LAk 5oReH AR BIoai 75 PGSRk dection.
wi t h aqueous sodi um hydroxide in a cosolvent such as

et hAmﬂkhoz&iglcﬁl eoradition dremmatiy h@dla'fétﬁm@ﬂhém&m REeRA is linked

o G5 BB 5 SEBRG o  RB  SSBNIETY oSl o

dis@rdee iadidtyeliy a mammal is one that effects or acts to alter the mammal's
normal state.

For purposes of this invention cancer is a cellular tumor. The natural course
of the cancer is fatal. Metastasis develops as a result of adhesion of tumor cells to
the vascular endothelium. As the tumor grows, cells are shed in the circulation and

spawn an independent tumor nodule known as a metastasis.
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N, N-car bonyl di i m dazol e and the |ike, followed by the
addi ti on of aqueous annnniug;hhzdr?X|de ?r8
tively anmoni a gas ydration o
“M)"mfggggﬂ? suchyas cyanuglc chl ori de prOV|de%CVH§”w¥y“ﬂm
i nternmedi ate 7-chl orothieno[ 3, 2-b] pyri di ne-6-
carbonitrile 5, where R is H 36 WD 2004/ 048386
PCT/ US2003/ 036206 Schenme 1 1) EtO CO2Et O CO2Me S

~- - ThrSugHYut Rné“%(Bpl%%tx&Nsﬂuc\tuwézafjé”'%ﬁggé\tg@ V@Bp{be “'[!5;' \ngmes.

ne 2 -
Whgwwe %Ité%g\%zwl §/8s pemenciMEEeNhe sigudtutie [@hvailk2 R\ NH2
NN 14N3H R2=HorPh ~ POOO3 XRL O S CNRIXH S

CN TR folldwing %e\m%g%édle&ﬂ@ aré?etfbﬁﬂ te aid ] #?\Saqt r@a@'}éndmg of
the igr'm%lntlon ang(?e not intended, and should not be construed to limit in any way

the invention set forth in the claims that follow thereafter.
DETAILED DESCRIPTION OF THE INVENTION

The compounds of this invention are conveniently prepared according to the
following schemes: (1) from commercially available starting materials or: (2) from -
known starting materials which can be prepared as described in literature procedures

(3) from new intermediates described in the schemes and experimental
procedures. Optically active isomers may be prepared, for example, by resolving
racemic derivatives or by asymmetric synthesis. The resolution can be carried out by
methods known to those skilled in the art such as in the presence of a resolving

agent, by chromatography, or combinations thereof.

Reactions are performed in a solvent appropriate to the reagents and
materials employed and suitable for the transformation being effected. It is
understood by those skilled in the art of organic synthesis that the various
functionalities present on the molecule must be consistent with the chemical
transformations proposed. This may necessitate judgement as to the order of
synthetic steps, protecting groups, if required, and deprotection conditions.
Substituents on the starting materials may be incompatible with some of the reaction
conditions. Such restrictions to the substituents which are compatible with the
reaction conditions will be apparent to one skilled in the art. Reactions are run under
inert atmospheres where appropriate.

The preparation of the compounds and intermediates of this invention
encompassed by formulas la and Ib is described as follows.

As shown in Scheme 1, decarboxylation of a 3-amino-2-thiophenecarboxylate
of formula 1 with N-methylpiperazine in N-methylpyrrolidinone ~ provides 3-
aminothiophenes of formula 2. This decarboxylation can also be performed in a base
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\INV IV IN 6 7 8 cyanuric chloride |l d S CN N
5 R2 =H 37 W 2004/ 048386 PCT/ US2003/ 036206

wo 2004fe¥ppunds of fornula la of the invention .
prepared according to the routes depict ed?ﬁ/@z &/09&3(

Et hyl 2-brono-7-chl orothi eno[ 3, 2-b] pyri di ne- 6-

carboxylate, 9, [Elliott, R; OHanlon, P. J.;

Rodgers, N. B. Tetrahedron, 4304), 3295 (1987)] is
suctt as vaueeds tsodiune hydrcrx&tepan elavgteaic tatnddatoyest rAemitioandt ethyl

W t h aque sodi droxid sol vent
(e iEnED Sandatafe e ko Pab i o BB 2 SR ER B o
toluerey rmmdasll thg Bﬂel'afeldimxeimrdﬁem og Thérma pydiipationd obythese

h h
intefgietane GEoRTaLes i Aol YRR Sugh s bBRetl e Hipneny iher
resuitse i | Weoxomwdﬁwmtbiﬁnds[ne B]dglmdlme}a -cafbamittiles u of aforomiauns.

dr ter ngj Tr eat
Comppuns ! ol Brrarc Ak SEsMERBEINY: DSty Bp Rt in
SchemeVvi. dé&ehh&erk&;f 3- Bﬁﬁfo@h@ik@necarboxylates of formula 1 with the
amBSR, 5 R BA S G Ao o
thes‘eoémﬂmégi'ao ﬂfehérgbmd)lf lacétamtrw@tgemméd/ at o tbh\ﬁemt@eem{erably
i ne, hydrochloride in a solvent such a
78 Bhohs iR drou i oot ahgtarinier o8 o SOlvest a6k as
tetraydrdturafe ;srbaa@@cemb 4$pdmy<nrohyéﬁd[312 bpyridinesBtarbaitriles  of
sych as tetrahydrofuran at el evated tenperatures of
fomgla 80C, provides compounds of formula la of the

i nvention where R2 is Br. Schene 2 al so depicts an
al tReamient rod Wompoandd befgmefagatithoa adlorinbingk agent, preferably

orc g e et Ao o, S SRAES. Bl Gpronans
of PorkiutH ' Yry dooebinpbuts ioh frmalav Sntins e @assence of pyridine
ey SRS e e LRl e b B HR Elpdblie o
130°C, or in the presence of sodium hydride in a solvent such as tetrahydrofuran at
elevated temperatures of 60-70°C, provides compounds of formula la of the
invention. Altematively the ethyl group of 6, ethyl 7-chlorothieno(3,2-bjpyridine-6-
carboxylate [Thompson, M.; Forbes, |. F. EP 126970] is hydrolyzed to the
corresponding 6-carboxylic acid 7 with aqueous sodium hydroxide in a cosolvent
such as ethanol at elevated temperature. The corresponding 6-carboxamide analog
8 is prepared by treatment of 7 with a reagent such as thionyl chloride or alternatively
N,N-carbonyldiimidazole and the like, followed by the addition of aqueous ammonium
hydroxide or alternatively ammonia gas. Dehydration of 8 with a reagent such as

cyanuric chloride provides the key intermediate 7-chlorothienof3,2-b]pyridine-6-
carbonitrile 5, where R? is H.
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as tetrahydrofuran at el evated tenperatures of 60-70C,
provi des conmpounds of fornula la of the invention
wo 20000588, R2 1s |. Treatment of thiophene 5 with a base,
pre er entially lithiumdiisopropylan ne (PERUSHYs/036206
al so including n-butyl lithium t-butyl Iithiumor
sodium hydride in an inert solvent, preferably
t et rahydrofuran, but also including diethyl ether, in
s&rhe% gptional presence of TMEDA (N, N, N
N -tetranet hyl et hyl enedi am ne) ,1) &0 redlmed
t egpercy,pmee, preferably at about 7‘8’& fol | owed by heCN
i on of 1 ,NMRi brglﬂ)@ql 2,2,-tetr@ | uor t
fol | ewed- by wa ﬁ O TOOMT tenper at u
provi deg %Y Treat ment of thibpReReCPni th a base
%efer ent i & VSRR Eim dii sopr opyPRRne  (LDA) but 4
B sd drfbl udi ng n-butyl lithium t-butyl Iithium or
sodi um hydride in an inert 38 WD 2004/ 048386
PCT/ U82003/ 036206 solvent, preferably

O
tetrn Meur { alsq i nco n _di eth | ethery | CN
R \o t| onal _pr gg@nceﬁ__MEDA (Iﬁ‘%I X‘ R2 \S’ |
N - et hyl et hyl enB at reauced

ten‘p rature preferably at4a§£)ut -78C, followed by tHe
g'}rpa i odi ne, followed yvvarmngto room 3
t ure provi des 13. Schen® 2 0 O 1) CDI O COREt
NaCH S CO2H 2) NHAOH S CONS Br \ | -"B\ | BrPoclk |l

HHH 9 10 11 PGa31 XR1 d CN RIXHCN Br \ Br |
la 12 R2 = Br

br

XR! Cl
1
, S~ CN  RXH S~ X ON
R | R
N N
la 5
R%2=H orPh
Ci Ci 1) SOCI, Cl
S | ~CO2Et  NaOH S COzH 2) NH,0OH S— X CONH,
N\ Z N\ Z |
N N \ N/
6 7 8

cyanuric chloride l

Cl
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A 1) LDAd CN2) CR2Br-CF2Br Br S1 CN NN 5 12
RR=H d 1) LDAC XRL SCN2) I2 LCNRIXHCN N N N
ol @ RR=H R2=I 39 WD 2004/ 048386 PCT/ 003/ 036206
wo 200@6 8he 3 depicts the preparation of compo %é”%zl‘mw“z“
formula la of the invention with additional R2 groups.
Treatnent of thiophene 5 with a base, preferentially
[ithium diisopropylamne (LDA), in an inert solvent

c t e erature
;Eeb}gﬁgk&ﬁ& gh%%@gq{i 3t IB(/SHE)@ cgaa\ Oé ? nge] PfgPaged according to
thec iRHIE% rﬂpp@:ﬁed‘ ar lﬁghameF&LE,thw\kﬂ}bE)nhgf;?whloaotheﬁwsmab]pyndlne 6-
r ef [ n r ef b a
oS08, IBAERI A, l"S,  pSELE abe
32 ﬂ;87) diopvertedoto the @on’pspmtﬁmg)émﬂoﬁmw redtin@rit Wth aqueous

SO&'Q ;}?&g’ﬁ‘r’é ﬁn Oééﬁu EﬁtorI g;péé %ﬂw gﬁlgﬁe tgggﬁmggratures of 60-
ppmesmmnnga@ -carbexemtiele atrmlqgeiaiwpresaneﬂ bylﬁeatmaﬂt%f 10

w'tﬂra }éétg ﬁ Lg: ur %ﬁyg{hlgf%l% éllra?l %rq?rtlg'%@erﬁglt?ﬁré 'm'das"zgfe and
thesmcev(j?ﬁovmddw ﬂ@sa@bﬂqmommmiusmmuhﬁ?i h‘ydbéx@e?@r a{ternattlvely
erpative r eat men
a0 TrolEEG, Bt S e nad e, PRgsPhorcus aptpmorice
prqwde§ome);ky¥ anfermedia®AR-bromoanchlomitiersald, IZQimyrif&lWétB -8&rbonitrile
t per at ur ef er
! S s of MR DR e s oty
in ﬁ]eepasabd:ey ot\pjfmmme‘mydryd:l'ﬂmdmm desdl\féWF)suﬂi @Slzdgﬁ\oxyethanol at
330 0 S eact i on
eIeQ/g hfé'?r?p%rﬁ[:resgéfgﬁ (?1:?) g R tgewr{eeer&er g%a%ltlm RysiHge in a
solagnt( such -as tetrahydrofuran at elevated temperaiures of 60-70°C, provides

coﬁ\ﬁggﬁsc&rfg éﬁeéfw ﬁg%r?t N '?%l gﬁésphorane in an

ert solven prefe t hane, provides
a, p-unsaturated esters of fornula 14. Addition of a .
Comﬁmﬁ@eoz digyr wepiatsRarXiditenate npotenids té preparatich dthe key

int@fnfddfiignbl al Iy under

Addition of a compound of formula R'XH to compound 13, optionally in the
presence of pyridine hydrochloride in a solvent such as 2-ethoxyethanol at elevated
temperatures of 110-130°C, or in the presence of sodium hydride in a solvent such

as tetrahydrofuran at elevated temperatures of 60-70°C, provides compounds of
formula la of the invention where R?is |.

Treatment of thiophene 5 with a base, preferentially lithium diisopropylamine
(LDA) but also including n-butyl lithium, - t-buty! lithium or sodium hydride in an inert
solvent, preferably tetrahydrofuran, but also including diethyl ether, in the optional
presence of TMEDA (N, N, N’, N'-tetramethylethylenediamine), at reduced
temperature, preferably at about -78°C, followed by the addition of 1,2-dibromo-

1,1,2,2,-tetrafluoroethane or bromine, followed by warming to room temperature
provides 12.

Treatment of thiophene 5 with a base, preferentially lithium diisopropylamine
(LDA) but also including n-buty! lithium, t-butyl lithium or sodium hydride in an inert
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pal | adi um catal yzed coupling conditions, including the
use of tris(dibenzylideneacetone)-dipalladiun(0) and
. - di_cycl ohexyl phosphi no-2" - (N, N-

“020(%%'3&8%yl am no) bi phenyl, in a solvent such @CTaiSryI3aB206
gl ycol dinethyl ether at elevated tenperatures such
as 90C, provides conpounds of fornmula |la of the
i nvention where R2 is an unsaturated ester. Conpounds

he where R2 .is an unsaturated ester
S°§’%H{’ éggtaﬁ’ye?e}t'gﬁyér%@&a%g?PE&'ﬁ?dE‘CE‘P'"Bo?'%WbEIhandn theh eptional
EBAL T L A0aER st e enpehedablbe). &t reduoed
ol AL reirinly 3R HBRHSRBAS Teldhuariy e A Feme iodne, folowed
by@mmingtagoan terhperatura draviads 151e i nvention where R2 is
an a, p-unsaturated am de can be obtai ned by treatnent

semg@nmpounds of forrmula to of the invention where R2
is an_a, (3-unsaturated acid wth an agent such as

N, N- caf bonyl di i m dazol e f
O RN NR3

|NeOR3RTNHES
o4/ 048386 P 034/ 036206 Sch
-;:\)QE) R2ZLG C~ CN R
| a £ H 1) LDA R= al kylHR2 = al kyl
Ph3P~-@O2R S CN S O OHCid R402C I N 5 14 R254CHO
RIXH XR1 XR1 S CN ester cleavage S CN HXR2C \ |

N
R402C 1 \ N POO31
XR! cl
CN  R'xH CN
SN
N
la 12
R2=Br
Cl 1) LDA Cl
CN 2) CF,Br-CF2Br S_ALCN
\ | P Br—\ | )
N N
5 12
RZ=H
Cl 1) LDA Cl . 1
S CN 2) I CN  Rixy 1R CN
L T P — ’_QS/\(%
N N \ N
5 13
2 la
R2=H R2=|
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lala R =R =\ 1) CDI CO2H 'CO2R4 2) R3R3.NH XR1

SCN | RFRBNOC/ N la R2 =\ ~CONR3R3' Additional

compounds of the invention of fornmula la where R2 is
WO 20040¥8386kenyl , al kynyl, heteroaryl or aryl gr@ups20en3bme

prepared as depicted in Scheme 4 from 41 WO

2004/ 048386 PCT/ US2003/ 03&06 conpounds of fornula | a

where R2 is either | or Br. Treatnent of conpounds of
fornmula la where R2 is either | or Br with an al kenyl
or Sdhemeyd depicts thenpriepamiionpfi gpmpeunds piioanule lapf the invention

w4 GOLAL LAV BRIV ! Bl
diisaprepylgrniner (LDAJy nty |arg ingttp sgvant bsucbuas ttetram@@bfblyan gr tagipsed
h I I
e PRy 5 8106 o L ol o
RPLEY, vﬂmremueausm-mwnmgmuef enefeeablwdcacarunﬂ%atmsﬁsably an alkyl
ool BTG ool BLEPA5R € agn AR o  orgune
of fotraula |R1XHutdemmp0|ued$mf tonnnle 5 roppiorily veith yreaaddltwnmf @yrdine
e BT 80 L R 5L s B o 110

130Q3&l baii tbmpcﬁeabggf socyum hydride in a solvent such as tetrahydrofuran at

elevaq%:& ME&&&%E%EOS%' s 83;9{3{"8 %?@Lé@ﬂgﬁ@f GOQ')nu?a .ia\nenﬂon

e in a so ven
whmexmﬁnsealkyhaAlternmlvaIye $reahmee1t o/ traophese dnwith eesen preferentially

i PR G andert SivBH Ruo Ca bz ppes
tem;mnquomm cbreferdhiy FTBXC, RRl@Led Dyi thet Addiliore b rec dorafylading agent,

rg#li%rﬂl@g‘ﬁmﬂ rggran%é) gﬂ)ﬂﬁ)s ggg\ﬂggsuggrﬁpgtﬁnofsoc{f rp"rmulal ? where
R? is formyl. Reaction of the formyl group of 5 with a Wittig reagent, such as (tert-
butoxycarbonylmethylene)-triphenylphosphorane in an inert solvent, preferably
dichloromethane, provides a,B-unsaturated esters of formula 14. Addition of a
compound of formula R'XH to compounds of formula 14, preferentially under
palladium  catalyzed coupling  conditions, including the use of
tris(dibenzylideneacetone)-dipalladium(0) and (2-dicyclohexylphosphino-2’-(N,N-
dimethylamino)biphenyl, in a solvent such as ethylene glycol dimethyl ether at
elevated temperatures such as 90°C, provides compounds of formula la of the
invention where R? is an unsaturated ester. Compounds of formula la of the where R?
is an unsaturated ester can be converted into compounds of formula la of the
invention where R? is an unsaturated acid, by treatment with aqueous base in the
presence of an optional cosolvent such as ethanol or methanol. Compounds of
formula la of the invention where R? is an a,B-unsaturated amide can be obtained by
treatment of compounds of formula la of the invention where R? is an a,B-unsaturated

acid with an agent such as N,N-carbonyldiimidazole followed by the addition of an
amine of formula R*R¥*NH, where R*R®N or NR°R® = Q.
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het eroaryl group. In conpounds of formula R9-BL'L2,
the L'L2 groups represent |igands and include such
groups as |ower al koxy or preferably hydroxy. The aryl
WO 20044M838Ret er oaryl group of conmpound RO-BL' L2 RGHU$2603/036206
substituted by groups including aryl and heteroaryl
and al so fornyl, carboxylate, alkyl and al kyl am no
anong others. The aryl or heteroaryl group of
conmpound R9-131-11-2 can also be fused to a second
aryl or heteroaryl group. For the addition of
conpounds of fornula RO-BL'L2 the preferred palladium
catal yst is tetrakis(tri phenyl phosphi ne)pal | adi um (0)
in a solvent mxture that includes saturated aqueous
&AchdMn bi carbonate and et hyl ene gl ycol dinethy
et her. Conpounds of fornmula |a where R2 is either aryl
or hetekoaryl gapaal so be Qfepared by reaction of Fﬂ
{NeN

compoungd o oyl | a vvhere s enpblper | or

anmé {:'\Let)eroar C@gnpoung of ;o‘r%%ﬁ’
R9- in the pres eseﬁ a Jpal | adi um cat dl'ys lq/
conpourlds of fornula R9- SnRNthe R group is a |l ower

al kyl g group such as butyl gr methyl. The aryl or |5
het e ;o‘ I roup of conpoysn -SnR3 can be kyi
subs |tut ed %1333 roups i nc uoakﬁ'g aryl and heteroaryl'
and al so |f oPhyW car boxyl ate, acetal, alkyl and

al kyl am anong ot hers. The aryl or heteroaryl gr oup
42 WO 2004/8 8386 PCT/ US2 eg 46206 of conmpour®

R9- SnR3 can be phyped~ second aryl er L __CN
het er oa 3‘8\1 For the addi ti on of c ouffids |of

f JPRG= the preferred pal £ at Zis
bis(tri phenNI phosphi ne) pal | adi um I)2 chloride in a
sol vent suych as di oxane. Conpounds of fornmula,ja where
R2 is an_a‘(l; nyI group can be prepared by th?
alternati vé foute shown in Scheme 4. TreatRl¥Ht| of a
conmpound of forrmula la, where R2 is either Br or I
with (trimethgRsilyl)acetylene in the presence ¥R'a

pal | adi u catal@gpt, pestérelealsgy S xCN
t et r akij nyI phosphine)patt adi un(0), th a
Ai Nt of copper (1) i om0 Va it

syStem such as triethylam ne and benzene, provi des
conmpounds ofladornula |a where R2 is a
2-(trimathylsilyl)ethynyl group. Reactionpgdt \ﬁ
conmpounds of nula la where R2 is a

2- gyepiet hyl si | {991 hynyl group with aryli odi nescoéﬁ
hebassgakm! [Odl nes in the presence of a palladium
catal yst, prefexadly
bis(tri pheny% ph spltlr@e) pal | adium(l1)chloride, in the
presence of nyl phosphi ne,

RERNOC— N/

la

N\—_

CONR®R®

R =

Additional compounds of the invention of formula la where R? is an alkenyl,

alkynyl, heteroaryl or aryl group can be prepared as depicted in Scheme 4 from
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pot assi um carbonate and copper(l) iodide, in a solvent
m xture of tetrahydrofuran and nethanol, provides

unds of forrrulala\/\hereR2|sa2(a nyl
WOZUM}BQ@%QZ- (heteroaryl )ethynyl group. In addif tqyrb'# é”’zz"(’

2-(tnmet hyl silyl)ethynyl group can be cleaved by
treatnment with potassium carbonate in nethanol to
provi de conmpounds of forrmula |la where R2 is an

comg bONAY bt szrﬁl'dllét Ia‘@hé’?@ ﬂ@%‘léw:ﬂ% @CT "I’ Fé'é%ﬂ@r:ﬁ/ & unds of
chene 4 XR1 X

formida kg yherenR 'ﬁa?'tr‘ﬁr ' W"W'E@” alkeavl CB@"‘REV'-Of Ff@'fﬂﬂ'faﬁ o the
preééhcé'okﬁ@@llé@ﬂm%%lys%@b‘d@g cgllnlpbgncfé o?fcl)rnﬂi‘é la'-\ﬁue\'e N2 P@elther

cat al N = ary
an glkery @araﬂrynxhwm This @lkenyl gpy ngwl@mum@mbemmntuted by

gro@r%tlﬂblﬁélhg BMryl lbAd h@ter Ianld%lso élwra%%%lkggcmﬁ&mcn@B%é %)r

het er oaryl "XR1

I N Pd catal yst N °
For the addition of alkenyls of formula R®-H the preferred palladium catalyst is

palladium acetate in the presence of a ligand, preferably tri-o-tolylphosphine, in a
solvent system that inciudes triethylamine or preferably a mixture of triethylamine and
N,N-dimethyiformamide. For the addition of alkynyls of formula R%-H the preferred
palladium catalyst is tetrakis(triphenylphosphine)palladium (0) along with a catalytic

amount of copper(l)iodide in a solvent mixture that includes triethylamine and
benzene.

Treatment of compounds of formula la where R? is either | or Br with an aryi
or heteroaryl organoboron compound of formula R®-BL'L? in the bresence of a
palladium catalyst provides compounds of formula la where R? is either an aryl or
heteroaryl group. In compounds of formula R®-BL'L? the L'L? groups represent
ligands and include such groups as lower alkoxy or preferably hydroxy. The aryl or
heteroaryl group of compound R*-BL'L? can be substituted by groups including aryl
and heteroaryl and also formyl, carboxylate, alkyl and alkylamino among others. The
aryl or heteroaryl group of compound R°-BL'L? can also be fused to a second aryl or
heteroaryl group. For the addition of compounds of formula R®-BL'L? the preferred
palladium catalyst is tetrakis(triphenylphosphine)palladium (0) in a solvent mixture

that includes saturated aqueous sodium bicarbonate and ethylene glycol dimethyi
ether.

Compounds of formula la where R? is either aryl or heteroaryl can also be
prepared by reaction of a compound of formula la where R? is either | or Br with an
aryl or heteroaryl stannane compound of formula R’-SnR; in the presence of a
palladium catalyst. In compounds of formula R®-SnRs the R group is a lower alkyl
group such as butyl or methyl. The aryl or heteroaryl group of compound R®-SnR;
can be substituted by groups including aryl and heteroaryl and also formyl,
carboxylate, acetal, alkyl and alkylamino among others. The aryl or heteroaryl group



la Aryl-1 la R2=LG=lorBr or R2= = TMS Heteroaryl -1
Pd catalyst K2COB MeOH XRL XRL S CNSCN RINR\ N
) la RR= -Aryl R2 = H =Heteroaryl Sone additional

wo mlr'@(ff?g’g to the conpounds of the invention ofPGTUSHIAI6AG
are shown in Schene 5. Conpounds of fornula | a where
the group R2 is R9-CHO can be 44 WO 2004/ 048386
PCT/ US2003/ 036206 converted to compounds of fornula
oIa \/\her%&&% roup R2 IS RO- CH2ZNR3R3' via reductive
% HPRROYNSHR - %th@eﬂﬁb@ﬁ@@ndfarﬂmrmnetaoa@lgmgm:or the

atihleo@rcofuaodﬁomféis@f- f&ﬁ'@lé’“ﬁgt‘sﬂg Agl Ereefeprﬁecr %raﬂudlum catalyst is

f
bbsr(NEP ES%YH%*&?S%H‘? Bﬁ'ﬂe‘iﬁeqr;'g@!?&@i@y'ﬁ% :‘ef'bfhEJ ;fl'z!r/em epch asaicxahe/ent

system that includes dichloronethane and
N, N- dlomeddoptié of formuriela votfRirk G174 | esgnce of
tﬁengﬁérﬁ aci df @_IYOVI de S cor;pouﬁésaM d"@fngpﬁuogé (1%?lrb %rFBared by
i s Tyt e@fbmmmi@scwﬁptbmmmﬂ farmhala la,
whtees B tsheithgr BHISr IRRitti (itmR@tthli?ﬁé g{goér eﬁh flt g}gg%?ceaqi aPalladium

? of t i s_reaction, ction

%yﬁg |pr% b’ tgfra %Wulgh@qphmbnﬂja@umﬁ)) wihitlrzae cdthigtic amount
t tifie P

o capper(fot ;‘29 aweg%ﬁ@?@ g% g{?ﬂ{a@&ﬁ @%gv\gegggneoprowdes

c?rﬁmgo%rbcg %II OﬁPlgamhe&%r?pdﬁlﬁd% tamefhytaﬂmeahyrwl ‘gi'rmpe Rel&ion of

cgnnpwmda%f frmidr Ia&ﬂﬂ!ré'ﬁ' iP5 of¢ ﬁ@@sn&)éthg@ﬂ glr?}’é’n‘f"ﬂ'%ﬂ}fll?dmes

° rtochl ri.c acid in the presenc
5\3 PEAMLEINE? uitintheschierencs aifs@ deglladiusn t batalyst, preferably

bis(tepiasrgiphosptirie)SARRBRIM R hRKiaE O Mb Forb & niiese trlpnenylphosphme
potassium carbonate and copper(l) iodide, in a solvent mixture of tetrahydrofuran and
methanol, provides compounds of formula la where R%is a 2-(aryl)ethynyl or a 2-
(heteroaryl)ethynyl group. In addition the 2-(trimethylsilyl)ethynyl group can be
cleaved by treatment with potassium carbonate in methanol to provide compounds of
formula la where R?is an ethynyl group.
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group R2 is (C(R')2)g-CO2H, and (C(RB)2)g CONR3R3'
from conpounds of fornmula la where the group R2 IS

WO 2004 %ﬁg) 2) gCO2R4.  Conpounds of fornula la where t

is (C(R8)2)q CO2R4are converted tCJ"fSr"r%‘”’m"z““

correspondl ng acids of fornmula |la where the

group R2

is (C(R8)2)g CO2H by treatnment with aqueous sodi um

hydroxide in a

Schengrfper at ur es.
vvhere t

cosol vent such as ethanol at el evated
The correspondi ng ani des of
1group R2 is (C(R8)2)qg- CONR3Rgrtare prepared

t [ eal ne thg,acid with N, Ngarkhon iimdazole
mﬁg vel y .IJJ.%Q.D;LL.CN ori mp\ﬁe,
II IQ/by the adeddataget of an am ormul a

formula | a

HNRSRT 45 WO 2004/ 048386 PCT/ U82003/ 036206 Schene 5

ofEaASRIEENN lala R =
XRL SCN HOB/R2 \ la R2 =
SCN 2yx2 R OHCL--,

%CN- RO-BL'L2
LG \ IN/ Pd catalyst
la
R2=LG=lorBr
XR1
LG | -
\ N Pd catalyst
la
R2=LG=lorBr
XR!
LG\ | P
N Pd catalyst
la _
R2=LG=!orBr
XR1
S—CN
R
N
la
R2= Aryl
Heteroaryl

)gRl HNRSR3 S ~' CN R2 red
R9-
R9-CH2OH XR1 XR S CN HCl

-<A\-N O c~r xRt

ent 3 3 RZ I
Eeza‘ké/"m AP NRIR3~

S CN
RE=QUL
N
la
R2=R%=aryl or heteroaryl

R2 = R®= aryl or heteroaryl

KoCO,
MeOH

XR!
S CN
R \ lN/

Ia
R2= =

Some additional routes to the compounds of the invention of formula la are
shown in Scheme 5. Compounds of formula fa where the group R%is R*-CHO can be



la O-la RR = R\-OR2 = R-CHO HXR XR S CN S CN
R2 ester cleavage R2 (C(R8)2)q CO2R4 (C(R8) 2) g- CO2H
. lala R2 = R9-(C(R8)2)q CO2R4 R2 = R9-(C(R8)2) gCO2H
WO 200i4838¢ 2y RIRTNH2 XR S ON / R2 (C( R8) 2) qPCTNBFasH36206
la R2 = RO-(C(R8)2)gCONR3R 3' Schene 6 depicts
preparation of conpounds of the invention of fornula
Addi tion of a conmpound of formula R XH to a

1b.

h . . j A =g .
oofRRBRHE oopeh LS 1 datia 1 i i mimye FELUE B caNpeRy via
redubtivepareinatiore Todatmébt dt\@)rinﬁﬁuﬁc&éblﬂ &&&tul%ﬂﬁlvld&‘@% §r36205is R®-

sol.vent suc

i.di h) ori de, iQade h .

orBY Wit 35 MEROF"IPRECUNPER TR S M Sop erormgeent,
praferably tshdiupr asacatexybbrobpdtidem In%d;r i sbdvenin ayssainvfeméom%jges
. f I X ratures o - .
acprorh ShEA S S MRS S RRLS b AL i e
aciheraide® bsmpbuntist eff fanislaelay whdeli theoryredp &% &rrﬁ&@mgNnW.
colbeliddr Briih I8 e GRRAUNN £ FOETRR2S) bE obld asay.
praductsdichib eeadfibn dén esdvetiome!)the iqrmlyl oip st Bmpaishde df icerAlE 1a

2' 2. 9
wh g@%@%&@l'ﬁ%éﬂﬂ@no- 2' - (N, N-di et hyl ani no) bi phenyl ,

and pot assi um phosphate in a solvent such as ethyl ene
gl y Compiunes bfyflorretihda waereathe wedupoRt isrAFeCiAOWaRbeOprepared by

hydrolysis of the acetal group of compounds of formula la where the group R? is R®-

acetal, preferably with équeous hydrochioric acid in the presence of a cosolvent such
as tetrahydrofuran.

Scheme 5 also depicts the preparation of compounds of formula la where the
group R? is (C(R%)2)"CO:H, and (C(R®%.);-=CONR®R® from compounds of formula Ia
where the group R? is (C(R®)),-CO,R®. Compounds of formula la where the group R
is (C(R%)2)q"CO-R"are converted to the corresponding acids of formula la where the
group R? is (C(Ra)z)q-COzH by treatment with aqueous sodium hydroxide in a
cosolvent such as ethanol at elevated temperatures. The corresponding amides of
formula fa where the group R? is (C(R®)),-CONR®R® are prepared by treatment of
the acid with N,N-carbonyldiimidazole or alternatively thionyl chloride or the like,
followed by the addition of an amine of formula HNR®R?,
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preferentially 90C provi des conpounds of fornula | b of
the invention where R2 is H Schene 6 al so depi cts a
for the preparation of key internedi ates
wozomfog#}sngl a 16. Treatment of thiophene 15 vmtﬁcé”%s(fg(ém”"z“
preferentially lithium diisopropylam ne (LDA) but
al so including n-butyl lithium t-butyl |ithium or
sodium hydride in an inert solvent, preferably
deRdhedhydr of uran, but al so including diethyl ether, in
the optlonal presence of TMEDA (N, N, N
t et r argt et hylHméeH am ne), at r educed
tenr9 reframarkglayjerat about -78C, _.f
OH%@L "1, 2- “aTBrOMO- 1, 1, 2,%87RN.eLrhT
rom ne, hfollowed by warm ng to room tenperature
provi desalz Treat nent of thiophene 5 WItHaa béa
pref & eMiCHQ'y 1i t hi um di i sopr opyl anifie RQHEMRR
al so including n-butyl-lithium t-butyl [ithium or
sodi um hydride in an inert solvent, prefera
tetrahydr of uran, but al so including di et
the optional presence of TMEDA (%?ﬂ« \v
N -tetramet hyl et hyl enedi am ne), duce
tenperature, preferably at about -78C, foldowed by the
addition of iodine, followed by warnirAg/R-cH,0AM
t enper at ur @Rprovi des 1 b. Additian of a conmpound of
fornmul agR Xd t8 canpounds of low 16, optionally
QL Repr sence Py i d| ﬁy hloride in a sol vent
h as>7-Né t hoxyet hasg”” at ed tenperatures of
10-130C, or in the presence of SOdI um hydride in-a
sol venta sg 6h7as tetrahydrofur&n at el evated
ten'peazatﬂ?-rles) of 60-70C, pROvRESOconpounds of formula
| b of the Hnvention where R2 is Br or |. Schene 6
al so depicts an alternate route for the preparat|on of
key interrgdi ate 15, starting fromco ougd 17 [ Khan,
M A ;S Het er ocy®i m, 14, 807
(197 thyE‘EEFﬂBE}ef et hyR*
4,chl or ot rN eno[ 2, 3-b] pyri di ne-B-car box§}| ate, 17. is
(@(RBWCZQBQL/ 048386 PCT/ US2003/QOBHAQE0H . . . ... ...
hydr olyzed to the corresponding, 5- carboxyli ¢ acid
aqueous sodi um hydr oxgslege | vent such
%\s* é\%'ﬁ'ﬁédh %QZRgl evat ed terrpergt u?eecrﬁ'sﬁé‘cd%gr espondi ng
- carboxam de analog 19 is prepared by treatnent of
18 with a reagent such as th| onyI lhl oride or

XR!

alternatively N, N-carbonyi d| %qazol e and the |ike,
foll owed by the

XR!
S~ XN
2
R
(C(R®)2)q"CONHR3RS

la
R? = R%-(C(R®),);-CONR3R¥

Scheme 6 depicts preparation of compounds of the invention of formula Ib.
Addition of a compound of formula R'XH to a compound of formula 15 [Khan, M. A;
Guarconti, A. E., J. Heterocyclic Chen"1., 14, 807 (1977)], optionally in the presence of
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addi ti on of aqueous ammoni um hydroxi de or _
alternatively amoni a gas. Dehydration of 19 with a
reagent such as cyanuric chloride provides the key

WO 20"?’1’1{88 Bredi ate 4- y PCT/US2003/036206

chl or ot hi eno[ 3, 2-b] pyri di ne-5-carbonitrile 15. Scheme
6 al so depicts the preparation of conmpounds of the
invention of formula Ib where R2 is al kyI Tr eat ment

f 15 with g base referentia

pyrRineaR s Prdn i SoBsuth 25 Shtyetnacy] §hHevater femperatures
of neonab‘scjr of un ameab’i@“"g g@t sb@umgrh@aguzee én paﬁfs@oa’ﬁgyuch as
t it a ere i's :

et St emrranies o) S PR aBR 6y formuia
Ib omﬂhenmedtua; th?.lﬂa nrleg g Rlﬂ_llterﬁatwelwéddltlo‘l’ddﬁf élfcaﬁ\palﬁndiof formula

’ d a o conpounds of fornmula

R %ﬁ?? %Q?MF’??UM of 1 R Jeé I8, 8 BFSSRF 0 3.%%1 ﬁgwﬂbeﬁ%ﬁt. syeh as
trxs(dib@zﬁl!ﬂehéﬁet@rmhilp’ma&uﬁi(di)oXY@ﬂid"an@' digangl eveiicRd as  2-

presence of sodium

t h
d*%@&? HEhose 510-%dmmm%tnwﬁma?')'?'e'f%«&hw#aqs@%ﬁ'vraphosphate in
a Solearate@nt Qéfﬁﬂlﬁ)aér\ﬁ Qﬁyc@f dﬁﬁetmcetn@f oa&l Ql%%ate@of%éﬂﬂﬁes of

nt ion i's
PfeX?fFE?ﬂg?P@vagaa CPIMBRUGAS of for@m%Mdh%fnv\eavcrmwﬁerﬁﬁxw H.
to a conmpound of fornmula 20 in the presence of a
pal Banbmmecalsald,eptc@ uCrbumeor the preparatlon of key intermediates of

fo rt ! ).‘an(_gsbe‘?rz men ?\loppxg e a\}\nlthadl e g_l; ergntllahyg Ilthclium
duaapebp*y;ammw/k)pmm Im@lutalng( Nrﬁutﬂllupmmylt@ummiﬂmmbﬁéwd:um
i B 55 et BRI e S hbe B g ity
etHe@ﬁP@tﬁ@b;lbtroﬂlal presénices @rrmEDAIt (Ny NORCG wft@tYRégﬁémylélﬂfyf@ﬁécﬂlé’f‘ﬁlne)
or nul a i nventi o is a
ot s s B st g Eom e Soaiss 1B sdtion o 1.2
dltﬁ:‘d}inR-JlNFE CNetrSfildrSetNadd bb brBRird, LlokEA By WRWMRY &2 room
terd) 2? CE2Br d gBr ad XR1
perature provides 1

Treatment of thiophene 5 with a base, preférentially lithium diisopropylamine
(LDA) but also including n-butyl lithium, t-buty! lithium or sodium hydride in an inert
solvent, preferably tetrahydrofuran, but also including diethyl ether, in the optional
presence of TMEDA (N, N, N, N'-tetramethylethylenediamine), at reduced
temperature, preferably at about -78°C, followed by the addition of iodine, followed
by warming to room temperature provides 1b.

Addition of a compound of formula R'XH to compounds of formula 18,
optionally in the presence of pyridine hydrochloride in a solvent such as 2-
ethoxyethanol at elevated temperatures of 110-130°C, or in the presence of sodium
hydride in a solvent such as tetrahydrofuran at elevated temperatures of 60-70°C,
provides compounds of formula Ib of the invention where R? is Br or |. Scheme 6
also depicts an alternate route for the preparation of key intermediate 15, starting
from compound 17 [Khan, M. A.; Guarconi, A. E., J. Heterocycli_c Chem., 14, 807
(1977)]. The ethyl group of ethyl 4-chlorothieno[2,3-b]pyridine-5-carboxylate, 17, is
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LGCNRIXHCN N7 S:]j R SI " N 16 |b LG=lor Br

R2=LA or Br d O d aS CO2Et NaOH aS CO2H 1 ﬁl) SQS:I

NHAOH / CONH2 N NT S :IN 17 18 19 cyanuric c oride
WO 2004048186 N aSN 15 O 1) LDA O XRL CN 2) FRQRgISP0e3yss206 -

RIXHCNR2 R/ a aSNT SINS N 15 20 R2= alkyl Ib

R2= al kyl Scheme 7 depicts an alternate route for the

preparation of conmpounds of the invention of fornmula

i ' .ni o e.of formulag 21 is
e S BRI Bl LG SR
in hg9eivené suchr asletheuiot etnetavatadr eerhperptudy.i TRe Zorresponding 5-
cafbdkaidal S isg;rega?&f%l{ '{El‘e%tgrienlt:egpI s Eviitﬁg r%ggénrt] Such :E\sr t%ionyl
roup of co nds o mira —

chloride ‘or alternatively N,N-carbonyldiimidazole and the like, followed by the
addition of aqueous ammonium hydroxide or alternatively ammonia gas. Dehydration
of 19 with a reagent such as cyanuric chioride provides the key intermediate 4-
chlorothieno[3,2-b]pyridine-5-carbonitrile 15.

Scheme 6 also depicts the preparation of compounds of the invention of
formula Ib where R? is alkyl. Treatment of 15 with a base, preferentially lithium
diisopropylamine (LDA), in an inert solvent such as tetrahydrofuran at reduced
temperature, preferably —78°C, followed by the addition of a RLG, where LG is a
'Ieaving group, preferably iodo, provides the key intermediate 20 where R? is alkyl.
Addition of a compound of formula R'XH to compounds of formula 20, optionally in
the presence of pyridine hydrochloride in a solvent such as 2-ethoxyethanol at
elevated temperatures of 110-130°C, or in the presence of sodium hydride in a
solvent such as tetrahydrofuran at elevated temperatures of 60-70°C, provides
compounds of formula Ib of the invention where R? is alkyl. Alternatively addition of a
compound of formula R'XH to a compound of formula 20 in the presence of a
palladium catalyst such as tris(dibenzylideneacetone)—dipalladium(0) and a ligand
such as 2-dicyclohexylphosphino—2’-(N,N-dimeﬂ'\ylamino)biphenyl, and potassium
phosphate in a solvent such as ethylene glycol dimethyl ether at elevated

temperatures of preferentially 90°C provides compounds of formula Ib of the
invention where R? is alkyl.
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22 with a reducing agent, preferably hydrogen gas in
the presence of a catalyst, preferably paIIadium
wo 20040@ig@xi de in a solvent, which includes netha

pr ovsfades 49 D 2004/ 048386 PCT/ US2003/ 036‘2%’6“5”03’036206
- conpounds of fornula 23. Addition of ethyl

(et hoxynet hyl ene) cyanoacetate in a solvent such as

tol uene followed by cyclization at high tenperatures,
Sphea@eérably in a sol vent system af.bi phenyl and

di phenyl etKdr at reflux, and su ent chlorination

with pho oxyB¥hHor i de, / ly with a
catal ytic _ampyint of—N—N—di ne
conpound§ ofiNforrmul a 24. Addi

rmam de, results in
|on\l of a conpound of
formula RiXH to conpounds of foriula 24, optionally in
t he presence of pyridine hydra®®dtwride in a solvent
such a k ;;Eé/ganol at el evated tenperatures of

110- gcpiggsence of sodium hydride in a
sol vent suc tetra ydrofuran at elevated

t enper at ur es (gf 60 70C, provides
I b of the NOR? ternatlve
conpoypd-@d fo nul
in the prg of a paII | yst such as
tris(di benzyl'i deneacet one) - d| pal I'adi um(0) and a |igand
such as 2- #cycl ohexyl phosphl nod' - (N,

N- di met hyHeankoh®) bi phenyl, anB® ps as@iBam phosphat e in

| vent such as et hyl ene gl ycol di rret hyl ether at
terrper atures of I prefer en y 90C pr @u des

zFtof Ng@,r, mul a Cﬁ)QHi nv Sc e
S ti on R2—~—t—red c R2 al/l |1} 21
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ﬁdition of a
of fornula 24

cyanuric chloride 1

Ci

STN?

15

Cl 1) LDA Cl XR!
2)R2 CN R'xH '

S N/ S N/ S N/
15 20 b
2= '

alkyl = alkyl

Scheme 7 depicts an altemate route for the preparation of compounds of the
invention of formula Ib. A suitably substituted thiophene of formula 21 is nitrated,
preferably with nitric acid in acetic anhydride at reduced temperature to provide 2-
.nltrothlophenes of formula 22. Reduction of the nitro group of compounds of formula
22 with a reducing agent, preferably hydrogen gas in the presence of a catalyst,
preferably ‘palladium hydroxide in a solvent, which includes methanol, provides
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Addi ti onal conpounds of the invention of forrmula Ib
where R2 is an al kenyl, alkynyl, heteroaryl or aryl
up from conpounds of formula 1 b where R2 is either
wo 20‘“&“’6}36 Br can be prepared as depicted in SEREMS2¢3/036206
Treat ment of conpounds of formula 1 b where R2 is
either I or Br wwth an al kenyl or al kynyl of formula
RO9-H in the presence. of a palladium catal yst
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el B o SIS RN By orgelun i n
conmpounds of fornmula R9-BL'L2, the L'L2 groups
repSeseaf | i gands and include such groups as | ower
al koxy or preferably hydroxy. The aryl or heteroaryl
gro _(ij(ﬁonpoundlom BL%P_Z,C n be substictant ed {3y |
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aryl orgheteroaryl group ofgkonpound .FﬁL qgoqgn'also
be fused to a second aryl or heteroary up F%
the addition of conmpounds of fornula R9-BL'L2Nt he
preferred palladiumcatalyst is
tetrakis(triphenylphosphine)palladiun1(0)inoehsoqvent
m xture that includes saturated aqueous sodi um
bi car bonat e and et hyl ene gl ycol dinmethyl ether.
~Conpounds of formula I b xwklere R2 is either aryl org
het eroaryl can al so he CN RYXH
R— i -~ -1
SN SN
Ib
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Additional compounds of the invention of formula Ib where R? is an alkenyl,
alkynyl, heteroaryl or aryl group from compounds of formula 1b where R?is either | or
Br can be prepared as depicted in Scheme 8. Treatment of compounds of formula
1b where R? is either 1 or Br with an alkenyl or alkynyl of formula R*H in the
presence. of a palladium catalyst provides compounds of formula b where R? is.
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prepared by reaction of a conmpound of formula 1b where
R2 is either I or Br with an aryl or heteroaryl

ne conpound of fornmula R9-SnR3 in the prese
wo 200§h@iglkg(apal | adi um catal yst. In conpounds of FS?Hﬁ?‘EQW“Z"“
R9-SnR3 the R group is a |lower alkyl group such as
butyl or nmethyl. The aryl or heteroaryl group of
conmpound R9-SnR3 can be substituted by groups
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Compounds of formula 1b where R? is either aryl or heteroaryl can also be
prepared by reaction of a compound of formula 1b where R? is either | or Br with an
aryl or heteroaryl stannane compound of formula R%-SnR; in the presence of a
palladium catalyst. In compounds of formula R®-SnRsthe R group is a lower alkyl
group such as butyl or methyl. The aryl or heteroaryl group of compound R®-SnR;
can be substituted by groups including aryl and heterocaryl and also formyl,
carboxylate, acetal, alkyl and alkylamino among others. The aryl or heteroaryl group
of compound R*-SnR; can also be fused to a second ary! or heteroaryl group. For the
addition of compounds of formula R°-SnRj the preferred palladium catalyst is
bis(triphenylphosphine)palladium (il) chloride in a solvent such as dioxane.
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LGR2 SNPd catalyst SN ibIlb R =LG=1 or Br R

= RO = alkyne or alkene XR1 XR1 LG | CN R9-BL1L2 CN

SNPdcatalyst R2 S1' N IblIb R2=LG1l or Br R2=

WO 2004 f%’“ﬁ?y or heteroaryl XRL XRl LG CN R9- S/ §820031(36286

N Pd catalyst S NIbib R2=LG=1 or Br R = RQ =
aryl or heteroaryl XRL XRL CNLGSI| NH=TMs R2 /

I CN S Pd catalyst NIb R2 = LG=1 or Br Aryl-1 ib

or é"gmpoundy\@ fonlfﬁﬁlﬁ rlE’Whlé}e R? Péj aﬁ aAghyBErolig €87 be{fRdpared by

MeOH CN XR1 RZ a$

the alternative route shown in Scheme 8 Treatment of a compound of formuia 1b,
where R? is either Br or | with (trimethylsilyl)acetylene in the presence of a palladium
catalyst, preferably tetrakis(triphenylphosphine)palladium(O), with a catalytic amount
of copper(l) iodine in a solvent system such as triethylamine and benzene, provides
compounds of formula Ib where R? is a 2-(trimethylsilyl)ethynyl group. Reaction of
compounds of formula Ib where R? is a 2-(trimethyisilyl)ethynyl group with aryliodines
or heteroaryliodines in the presence of a palladium catalyst, breferably
bis(triphenylphosphine)palladium(ll)chloride, in the presence of triphenylphosphine,
potassium carbonate and copper(l) iodide, in a solvent mixture of tetrahydrofuran and
methanol, provides compeunds of formula 1b where R? is a 2-(aryl)ethynyl or a 2-
(heteroaryl)ethynyl group. In addition the 2-(trimethylsilyl)ethynyl group can be
cleaved by treatment with potassium carbonate in methanol to provide compounds of
formula Ib where R? is an ethynyl group.
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N IbR ==Ayl 2=1bR- =H Heteroaryl Sone
additional routes to the conpounds of the invention of
WO 2004/ la Ib are shown in Schenme 9. Conpounds of '
#gff?ﬁﬂ a b where the group R2 i s R9-CHO cahCHLS2085034296
2004/ 048386 PCT/ US2003/ 036206 converted to conpounds
of formula | b where the group R2 is R9-CH2NR3R3' via -
Shreductive am nation. Treatnent of conmpounds of fornula
“"$% qhere the group R2 is RO-CHO with an ami ne of
formul axHNR3R3' in the presence of a n@uci ng agent,

pref er csoodi um tgeiacet oxybor ohydri dge, GN1 a sol vent
isgs?enfj t Hat i ncl udes—ei-ehl or ométkank ahd
N, N-8fi hyl f or marfiddaalyspr ovi des cofpowids of fornul a

Ib whgre the group R2 is R9-CHZNR3R3 Conpounds of
faormyla | b, where the group R2 S - CH may be

ogpt‘ gﬁ%e_ ogasr a by-product of thﬁbs“lai’gacl}%"i’ec?ﬁ?'ke\??a
reductigg!of the fornyl group of conpounds of fornula
I b wherg t8Q group R2 is R9-CHO. Conp ds of formula
1l yeJthe group RZBI's? R9- CHO ca ared by

hyd Qs of the—arcet‘a‘l—'groupﬂg %o ohnds of fornul a
Ib where the groupPte#a¥& Ro- acetaf pFeferably with
aqueoug, hydrochloric acid in the presgnce of a
cogelygnighch as tetrahydrof yeage . 3GheREJyal SO
depicts the preparation of conpounds of formiula Ib
where the, group R2 is (C(R8)2)q CO2H, and (C(R8)2)q
CONR3R3%Ff r om conpounds of fornula Ib xghere the group
I% i @’\‘Z)q CO2Rép.ggpnmpounds of _f \rruj;n | b where
Wfe upl R2 is ( CO2R4zA-ec@invgrted to the
_corr spB‘ndi ng aci dsPazhtalysrmul a | b e the group R2
Is (C(RB)2)gCx2H by treatnent wi th agueous sodi um
hydeoxide in a cosolvent such as ethafbl at el evated
tenperatures. The correspondi ng AfitHegvsiretfGphul a 1b
where the group R2 is (C(R8)2)gCONR3R3" are prepared
by trea gent of the acids with

N, N- car n&l\lfli i m dazole or alternatively thyghyl

l%‘l ' he like, followed by the addi \io(leof an

[#formul a HiNRSR3TMS rR— 7]
. S N/
Pd catalyst -
ib
R%®=LG=lorBr Argt b
or R?2= =—TMS
Heteroaryi-I
Pd catalyst KoCOq
- MeOH
CN 1
R"'m e
P X
SN
Ib b
2 - ==—
R Aryl R2. =——H
==—-Heteroaryl

Some additional routes to the compounds of the invention of formula Ib are
shown in Scheme 9. Compounds of formula Ib where the group R? is R°-CHO can be
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54 WD 2004/ 048386 PCT/ US2003/ 036206 Schene 9 XRI

HNR3R3' XR1 CN R2 reducing agent CN OHC S 3R3 RN~-R

Nlb Ib R2 = R9-CHO R2 = R9-CH2NR3R3" XRV CN HOB -

WO200@4B38d N Ib XR R2 = RO-CH2ZOH XR1L O S | Rcmzhlﬁlm}mm

/'1\ CNor NOHC SN HIb Olb R2Z RS HOR2 = R9-CHO

XRI XRL CN/R/ I Nester cleavage R | i CN S S N

(C(Re)2) -COR4 q 2 (C(Re)Z)q-COZH
converted to compounds of formula Ib where the group R? is R*-CH,NR®R® via
reductive amination. Treatment of compounds of formula Ib where the group R? is
R°-CHO with an amine of formula HNR®R® in the presence of a reducing agent,’
preferably sodium triacetoxyborohydride, in a solvent system that includes
dichloromethane and N,N-dimethyiformamide, provides compounds of formula Ib
where the group R? is R>-CH,NR®R¥. Compounds of formula Ib where the group R?
is R®-CH,OH may be obtained as a by-product of this reaction, via reduction of the

formyl group of compounds of formula Ib where the group R? is R®-CHO.

Compounds of formula Ib where the group R? is R®-CHO can be prepared by
hydrolysis of the acetal group of compounds of formula b where the group R? is R®-

acetal, preferably with aqueous hydrochloric acid in the presence of a cosolvent such
as tetrahydrofuran.

Scheme 9 also depicts the preparation of compounds of formula Ib where the
group R? is (C(R®)2)q-CO;H, and (C(R?).),-CONR®R® from compounds of formula Ib
where the group R? is (C(R®)2).-CO.R*. Compounds of formula Ib where the group R?
is (C(R®),);-CO-R*are converted to the corresponding acids of formula Ib where the
group R? is (C(R%).)q-CO.H by treatment with aqueous sodium hydroxide in a
cosolvent such as ethanol at elevated temperatures: The corfesponding amides of
formula Ib where the group R? is (C(R®),)-CONR®R?® are prepared by treatment of
the acids with N,N-carbonyldiimidazole or alternatively thionyl chloride or the like,
followed by the addition of an amine of formula HNR®R®.
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Ib Ib R2 = RO-(C(R8)2)q CO2R4 R2 = R9- (C(Re)2) g- CO2H.
1) C 2) RBR3'NH2 XRL CN R S N (C(R8)2)g CONHR3R3'

“{;ﬂm%@¢5% = R9- (C(R8) 2) g- CONHR3R3" 55 WD 2004/ 048386

S2003/ 036206 Schenme 10 depicts the pPEBAISAWRB36206

of key sul foxide internmediate 25. Oxidation of 12 or
13 with an oxi di zi ng agent such as m chl oroper benzoi c
acid, peracetic acid or an oxaziridine provides the
Sehkheoxi de derivative 25. The reaction conditions nust
be control|ed to prevent overoxidation to the sulfone.
I-f both th @ylfdﬂhﬂa3and sul fone are obt¥Rhed in the

reachs Wey caduwitigeepar at ed by st ~d CN
biag6r at echni ques. Addi tiwAref_aR bugd of

'fofnura"fd&H to_ conpound 25, optionall@ i the
presgacge Qfo pyridi ne hydrochloride in a %ol vent such
as 2-et hoxyet hanol at el evated tenﬁgFéFéRESR%F
110-130C, or in the presence of sodiumhydrjde in a
sol vent such as tetrahydrofuran at elevate R!
tenperatures of 60- 70C, provides co ENfornmul a
Ic of the invention where R2 isH8_of ounds of
the invention of formula Ic where R2 is anMal kene,
al kyne, heteroaryl or aryl group can b&® prepared as
depi ct ed g Scheme 10 from conmpound& =Bi-CimHul a | ¢

wher e s @itheg | or Br. TK atment of conpounds of
rREa ]| ¢ Jwhere B2 is ei C¥r Br with an al kene
al k§ynenof fornul gyR-H\ypit Be presence of a

pal | adi um cat al yst provi des canounds of formula Ic
wher ¢PRXTY either an al keng or al kyne group. This
al kéis Rdt—al kyne group oenfdereubstituted by groups
i ncludi ndg'aryl and heteroaryl and al so al kyl and
alkylaniﬂg anong ot hers.

. XH1

CN
N
R~/ | ester cleavage XCN
pZ ; R~ |

N
(C(R®)2)4-CO.R* (C(R®)2)q-COLH

Ib ' Ib
R? = R%-(C(RS),),-CO,R* R? = RO-(C(R®),)o-COLH.

1) cDl
2) R*R%NH,
XR!

CN
/ S N/
(C(R®),)4-CONHR3R¥

b
R? = R®-(C(R®)2)q-CONHR3R?
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For the addition of al kenes of formula R9-H the _
preferred palladiumcatalyst is palladiumacetate in
the presence of a ligand, preferably

WO 200404B386- t ol yl phosphine, in a solvent syst emdmmzoosmsozoa
includes triethylamne or preferably a mxture of
triethylam ne and N, N-di net hyl formam de. For the
addi tion of al kynes of formula R9-H the preferred

' at al yst i . . . .
Ito :ltér §%If“f??1t ?’aﬁ‘%e'ﬁfﬁ ﬂlr?gs%?ﬁ’%{é*j%mfatq% riulfeyidey iptegmetiiate £5.
Oxidzgibal oft 12 oratmwnf\ agf oﬂgﬁmg{%g?dt @Jbﬂﬁas'aﬁaﬁlﬁghgr%ﬁzmc acid, -
ar ni ne
pordBot Bl b3 BN dudiines BenoHiixie durergs  Bhe reaction
conditidriee must e dntisliéd tcﬁbre&'éﬁi ovétoxiBalidH RAfHE! s@f&@nﬂ%ﬂ?%e
ound fornulg L2 in the presence o
Su"&g(#%o ﬂ%‘i‘FaFSFsP }5’1"@% lﬂ‘e?%é‘?&%‘@ﬂd@%f CEFrbrWuISQPElf@’ied by
standaat datRﬂ'atofo abtHifduean A&Id&ﬂonobf 4" loRiRhd | ofIfHRIa IHIXH to
ds -BL'L2, the L'L2 groups
°°"}P8E$‘gg5n "Q“Pbéwdn@e RreFeneR Plawiding hydjeeilgrisleds a snbeant such
as abmxyetaancnreﬂfété@véd/tdﬁwr&mbs 1@ 6°c° or .ﬁ“gﬁ%b?& ¥le of

d -BL' L2 b
sooffr DBl NG s a2 aheniebplrTne ot tenpsrataren 60-

70°C gorbidys 8drapowds)di iovmdiaak %Y{@Th%tlemgr{ﬁhﬁ@r or e
56 WO 2004/ 048386 PCT/ US2003/ 036206

f conmp undR98LL20naIsobe
o SERngs B1OBR dPierlon BY Tomuiie e dtryre Gidagan Risena e,
hetexoatyt mmymro@@mbﬁﬁﬁep@feof & d?@ﬂlétem Stnente 18'Fom compounds

of eflSle tare PR AR RBC i, s svompauap ohfamsiatoarere

R? igieithar & or Bhadith mblkdﬁé @%‘Wﬁétcﬂ%ﬁ%@@‘g—% ﬁLuﬁpesence of a
pa“tdocarb ate_ an eth | ene i methyl et

R R Gy e AP PR b e Tr Siers e aifhgr aoakens or
alkyhe tgesupa Mpls allaiheajr&ﬂcyh@ grd@xbeﬂﬁftfédsdb)étltﬁﬁa% gi?éhﬁ%fln@}udmg% aryi
for ere R2 is either Br
and%%{&%&’ '&Farbcia'ﬁ%? AR AMENgSRBRNd of fornul a
R9 SnRS in the presence of-a palladiumcatalyst. In
c orfjso timeladdifiorf ofrafkdnas B9fo‘ﬁlfn8& RTE th grefated &allﬁduhﬁi’@ﬁalyst is

pallﬁé {f%r%céer%yt rtﬁ%%'?%sfaegggﬁt ﬁgn%é%%bh’éasmgry)(phosphme in a

solventsysten thed lrta:judgs m'iqﬂsylamm}e @flpfwelﬁb!txriﬁ rﬂﬂglr@ et @i ﬁbfhgra)ﬂme and
ce

NN ROl Eor, PR kit oo hmh iy he pesfgred

pallaﬂlummmiwtds R&rﬂiﬁapmlmbsmlb@gguﬁg%t(@f é]gl?)@%@ﬁ% gétgﬁync
a |

oy M At R b i i e

benzene.

Treatment of compounds of formula Ic where R? is either | or Br with an aryl
or heteroaryl organoboron compound of formula R®-BL'L? in the presence of a
palladium catalyst provides compounds of formula Ic where R? is either an aryl or
heteroaryl group. In compounds of formula R®-BL'L? the L'L2 groups represent
ligands and include such groups as lower alkoxy or preferably hydroxy. The aryl or
heteroaryl group of compound R*-BL'L? can be substituted by groups including aryl
and heteroaryl and also formyl, carboxylate, alkyl and alkylamino among others. The
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[ ri phenyl phosphi ne) pal I adium (I'1) chloride in a
glols\(/tent |Osuc% gs d!ooxane. Conpounds of fornmula Ic where
R2 is an al kyne group can al so be prepared by the

WO 2004048886 shown in Scheme 10. Treatnent of a CROPWSHW3/6f6206
formula Ic, where R2 is either Br or I wth
(trinmethylsilyl)acetylene in the presence of a
pal | adi um catal yst, preferably

' i phenyl phosphi pnaj | adi um(0), with a
ar;)ci: g% é%k%r{llraq% n(ir)}yc po&ﬁg [ggﬁ%"t ?4 ?"’Hb‘i"ﬁ%ng? rﬁUS@dsI@Ia_/mnd aryl or
hetgyeardngrouph Fas ther addition arEd?rﬁpcﬂiFﬁgs ReRzRIR RREPYIZARS preferred
f..far Iabc ere R2 is a ) .
PRI R i AR PR P BtIpe R ) a7 @ soivent mixure
that dmhedasdsatufatddbagadons| odidig ticdiforiate @nd ethylene lyool dimethyl
ther.(trinethylsilyl)ethynyl group with aryli‘odin or
© (re't eroaryliodines in the presence of a palladium
catal yst, preferably

bi s Compstietly b Fansptal leekperil RElisugitret Japll HetélBan Bar B0 be
PreRRREB o dtlind b1 8 S5 MEoBT SElociipdnivhers Fieiier | or Br with an
aryl et retgroant ataanamdomhdiuémlf?mmﬂngﬁac g,?p,géj gx?éseﬂée of a
pal P Bt B EFRSEngs sfimfe Brdines 16 Rneroup i a lower alkyi
- groRip(uchrast butyisirinyéthylt HiHey AryDbe Hte Ry kg@ouppﬁe@afﬁ&im R%-SnR,
i Ntk widtg pot aSS|.ur]1$.ar bonate 1 n net a}_no oI
ca gr ovi decompothddCdrs Ngluding arvi @nghbeterqapyii endiralso formyi,
car

o¥Wate) acatalyakyl GRd\MRyRARAS QARG W@Q@%Pﬁ&%%grymoup |

nt
of Wdﬁ-ﬁﬁk aﬁléls\)é%}eéuk% '%3:!1 sg@ng@fglrozr Ipqgte;[%grleqB_)up. For the
additipn ©f ¢a@yRuNdS R foGaRr Wlsﬂaf% Fefdtled BIiidm) cadlyst is
bis@%ﬂér@lpﬁ%‘sp%e’}bggd&% EH) %ﬁltorilc}le in g solvent such as dioxane.

Compounds of formula Ic where R? is an alkyne group can also be prepared

by the route shown in Scheme 10. Treatment of a compound of formula Ic, where R?

is either Br or | with (timethyisilyl)acetylene in the presence of a palladium catalyst,
preferably tetrakis(triphenylphosphine)palladium(O), with a catalytic amount of
copper(l) iodine in a solvent system such as triethylamine and benzene, provides
compounds of formula Ic where R? is a 2-(trimethylsilyl)ethynyl group. Reaction of
compounds of formula le whe-re R%is a 2-(trimethylsilyl)ethynyl group with aryliodines
or heteroaryliodines in the presence of a palladium catalyst, preferably
bis(triphenylphosphine)palladium(ll)chloride, in the presence of triphenylphosphine,
potassium carbonate and copper(l) iodide, in a solvent mixture of tetrahydrofuran and
methanol, provides compounds of formula Ic where R?is a 2-(aryljethynyl or a 2-
(heteroaryl)ethynyl group. In addition the 2-(trimethylsilyl)ethynyl group can be

cleaved by treatment with potassium carbonate in methanol to provide compounds of

formula e where R? is an ethynyl group.
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R2=LG=Br or) lc R2 _ RO - alkyne or al kene O XR1

RO-BL1L2 RS | CN Pd catalyst Nlc R2= R9= aryl or

heteroaryl O XRL R9-SnR3 $ CN R Pd catalyst Ilc R2="
WO 2004018386 | “or heteroaryl H TMB 0 XR _~ S PCONSR03/PH206
or R2= -TMS Heteroaryl-1 Pd

catalyst N Aryl-1 la
catalyst KCO MOH 0 XRL 2 SCNO XRL R | NR2 S|
] N N la RR= Aryl la R2='H Heteroaryl
Scheme 10
Cl 1 -
CN Q o XR
= Oxidizin t S CN b
LG-Q/\(lj/ Oxidizing agen X RYXH S CN
N N
12: LG =Br o
131G =1 LG=Bror) H2=LGIC= Bror|
o XR o XR!
\ P D — R
N Pd catalyst N’
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QO XR!
R%-BL'L2 S ~CN
— R
Pd catalyst N

le
R?=R%= aryl or heteroaryl

0O XR?
R%-SnR S CN
— H%\ﬁ
Pd catalyst N .

lc
R%= R%= aryl or heteroaryl

1
Pd catalyst R \ IN’

Aryl-l
ar ) R2= ==a—
Heteroaryi-| TMS
Pd catalyst K,CO,
MeOH

O XR! : 1

S ~-CN 0O XR
F‘?"Q\Ij S<\CN

N R 1 ~

la N

H2= == la
Aryl - Rz =
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58 WD 2004/ 048386 PCT/ US2003/ 036206 Schenme 11 depicts
the preparation of key sulfone internedi ate 26.
i dation of 12 or 13 with an excess of an oxidizing
\vozm%@ggg such as m chl or oper benzoi ¢ acid, pePeR&S03EBELG
' or an oxiziridine provides the sul fone derivative 26.
If both the sulfoxide and suit one are obtained in
t he reaction they can be separated by standard
| abo ory chni ques. Addition of a conpound of
for I‘éﬂ NrAgRicte MpigRaration of eptsufree infermediate 26. Oxidation

ofpf2et$ref33ﬁ|tl$fan PaKcbsd Bﬁaﬁ‘bﬁnﬁ&ﬁﬁ' é%j"e'niJI Q%%m a8 ny eﬁlgﬁd(g)f‘erb%H%fc acid,

% Mox yet hanol at el evat er at
PGI?L‘E? '¢ Bran (Pgiiding pravides zrhe §@|tﬂnﬂrdemadlr/eo@ i Ifi bath the

uokiue Bkd SuRReds bsiarréhy f !
lsalpcal ratEreseofGGO 70C, r@fr%rrgélé\l&g:%g #%Pég%%gpafatefdbrystqngard

NiAKSS n ALEIToN0E Recarppquad fermula R hiptoustatpoafid 26,
oﬁtbﬁallynvﬁfﬂﬁé Cﬁ?eﬁgncfaobmﬂyﬁdlhig Shidide! T A s@lvéﬁpgucg as 2-

heteroar | or "ar roup can be prepare
etﬁ@g%@eaa' atpl mPErgtutes of ItPISAUS, ordh tﬁ&)pmsblacel @ sodium
hytkigs & 82sd|\fenf3 shéehs 'tet%hy@FowaF\ %%’E%)%Egoo cﬁ es:t}f 0°C,

formula 1d where
Prgyides garpRoUsHs phiormuia Itkof thejinventien p!heeaela?cne Eh:for a

pal | adi um cat al yst provi des conpounds of formula Id

wher@orhgourts edft the lindhtiah kfNSrmRla 1@ IWHEIE F2'; guzﬂ"l al-mﬁe alkyne,

ha%l keng or al kyne group can be substituted
THORYLPTRIY! HPYP cam e Rearareshas teristed in Scheam«yi frami:ompounds

ofabllmdla’im mramngemm bﬁBr "_‘Pr"eafflkflﬁ-‘t ijgc% é)lf ?clr#xﬁﬁ(ﬁ where -

-H the preferred pa Iadlu

p!?l ?"g'GFE Qf §<5 Hithy @0 jafkeng or dilkyse et dormtula R fl-gahthe presence of a
pallagilier calbdlyst iprdvidest ‘S&rﬂdo‘ﬁh% Bmhfoﬂﬁula ?er aﬁs R }éeel{hef Xrﬁ' gl?gl?e or

hat includes triethylamne or a mx

alkyne9rRYR-arfisealkene onalkyng ﬁ‘é’yﬁwaﬂche\mﬁscﬁ@ted:by grdups including
| argictthidtHefstoaryl ald86 &Ikl ant I Ain&8mdnk Rehdrs ef er red

pal I adi um cat al yst 'S
tetrakis(tr en hosphi ne) adium(0) along with a
cat arl:cl & % ﬁ%’hﬂ{ g? é&ﬁﬁeﬂ-’ |Jo |t'E!I%PTer%ETéPd3@ﬂ"adNtn catalyst is
pattagitiny aacdiitatlnltﬁémﬁé@\cé fc:cf%]tc f@ﬁn@?b@er@ﬁ@r trifk2 sphlne in a
0 or mu

nt .of . cQ ounds
S°1Y‘*?'ﬂ%¥'£?  gat geliges esrielpylafpipe OTGFGfWéP'élrao'arXWe@f g@ﬂwmmnd
N,d\bdmethyﬂomﬁanﬁlﬂé nEbathaddlitbnZofi Akjr2e dﬁf%ﬁﬁﬂs@h”ﬁ 1fle preferred
) 1 adi Wéat?‘ﬁﬁe rovi des conpounds of l# 8
pa&ﬁgl %ay I5te s( |ﬁh%nmho§phmwggl@qu)(p) glp@g”yvnthmcatalytlc
arooun oofndsppet(1)icalidal i aRSobAtl Aixtlifae tHet LAcIISOU RS thylamine and

bdre resent I i gands and i nclude such groups as
A y or preferably hydroxy. The aryl or

Treatment of compounds of formula Id where R? is either | or Br with an aryl
or heteroaryl organoboron compound of formula R%-BL'L2 in the presence of a
palladium catalyst provides compounds of formula Id where R? is either an aryl or
heteroaryl group. In compounds of formula R®-BL'L?, the L'L? groups represent
ligands and include such groups as lower alkoxy or preferably hydroxy. The aryl or
heteroaryl group of compound R®-BL'L? can be substituted by groups including aryi
and heteroaryl and also formyl, carboxylate, aikyl and alkylamino among others. The
aryl or heteroaryl group of compound R®-BL'L? can also be fused to a second aryl or
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heteroaryl group of conpound R9-BL1L2 can be :

substituted by groups including aryl and heteroaryl
W()Z(Ma\.nd al so fornyl, carboxylate, alkyl and al kyl am no

ﬁ%ﬁﬁ@ others. The aryl or heteroaryl groWRCIBES2003/036206

conpound R9-BL1L2 can also be fused to a second aryl

or 59 WD 2004/ 048386 PCT/ US2003/ 036206 heteroaryl

group. For the addition of conpounds of fornmula

RO-BLL1L2 th eferred pall adi um cat al st is
nelSRRRA ISR P DR, ACEIGE S CABYBHNISEN (rmulyRe-BL'S’ el mreferred
Pa"ﬂdm rcatalyshaﬁ tdtﬁﬁisﬁﬁkﬂfén?l@hblé@{ '%;P@Ws( )Sfﬁdh Wlvent mixture

i car ona ta.leﬁd et hyl ene igcol di net hﬁi/

g&?ﬁﬁ% 'HP AMFeES Fad‘\wﬂb icampnate ap ﬁﬁwle@ey@ly@l dimethyl
etheet eroaryl can al so be prepared by reaction of a -

corrpound of formula Id where R2 is either | or Br with
st annane conpound of fornul a

h
Ro- CRmbop s FEIORPERAN TSP B 1 PRRANAF Gatespyr can siso be
prepamddnm:mcﬁxfn bfce BdrthPouRd-SHiGENIA ¢d Rll"i@F@HF’ id éitt%lr b Q\ABF with an

p such as butyl or neth

aryﬂgf ﬁ\%%[g W' 51803 COFBRIR fmm%F@, -S@I%mlnbthe presence of a
paltadiust bhialyed chcﬂﬁ;StHﬂas oh %rHﬂJlé" &°ane, tl?é“ﬂ Eﬁ*ﬁ i§ %r Biver alkyl

carboxyl ate, acet al

grOHPkSgVF}% ntli‘?lé{%ﬁbe@f'h&h@ aryler laeteqoaaﬂ g'mpeapfomnypougd &I8nR;
camfbecenbsmmddRBy %}&%scmuﬁm@ Q’?l aHaeHetE ?ylsﬁﬁci”hﬁs Al imyl,
teroaryl group. For the di tion of Conpounds o
carg ﬁqe} "S?Hf}g apf @' laviRg P@'@“B@Fh%@il Uihe e at lysteroarl group
of &nn&idmhdﬂ"%ﬁﬂﬁb@&@ﬁ'b@%é@i io@héﬁ@nﬁldrgl o? hbt%rrt%éiiﬁ dr&h\ﬂq For the

0l Vent SUC i oxane. ound or mu
ad a% rrp

@gﬁuleaﬁ -Sn&s the prieésseade pallasijurn hzatalyst is
bls(tmﬂaﬂytbhesﬁhmd)paﬁﬁhﬁﬁcﬁ(ll) étioridé fed E&Véntgpcr\?mag ﬁf&é’r‘rﬂ?d of

formula 1d, where I's either Br or
h f
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me‘hang}J provnges compouR%s o? formula l erh)ere F?é iS a 2-(aryl)ethynyl or a 2-

(heteroaryl)ethynyl group. In addition the 2- -(trimethyisilyl)ethynyl group can be
cleaved by treatment with potassium carbonate in methanol to provide compounds of
formula Id where R? is an ethynyl group.
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(heteroaryl)ethynyl group. In addition the

2-(trinmethylsilyl)ethynyl group can be cleaved by

treatment with potassium carbonate in nethanol to
formula Id where R2 PGI/HA2003/036206

WO 2004483864e conpounds of
group. 60 WD 2004/048386 PCT/ US2003/ 036206
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R2= 0 H -Heteroaryl 61 WD 2004/ 0483§g/US2003/636206
PCT/ US2003/ 036206 Alternate routes for the
preparation of the key internediate 25 and 26 are
shown in Scherme 12. Oxi dati on of 5 vvith an oxidi zi ng

28.
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proSZi_EeS\BG wheredbGes Buriafatugensly,aréatment of 28 with a base, preferentially
lithium diisopropylamine (LDA), in an inert solvent such as tetrahydrofuran at reduced

temperature, preferably —78°C, followed by the addition of iodine provides 26 where
LG =1
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P e\
N .
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l'ithiumdiisopropylamne (LDA), in an inert solvent
such as tetrahydrofuran at reduced tenperature,
WO 2004p4888r abl y -78C, foll owed by the addition 9&1‘)1@%05‘/%;(, p
provi des 26 where LG=1. Schene 12 d Qd 1)
S CN CN 2) CF2Br-CF2Br CN Oxidizing agent \ | or 12 L
N---~NN--- NalX 527 25 LG=1 or Br d 1)
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chene AB depigtsdlge preparation Bf ke gulitRide(ntetrdaiaed®. Oxidation of

preparation
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of {RYERIRAE q Ugochlmﬁg tifoa sblventc sopio uatd Z}Eth‘owmh&rﬁ)l F"étXHleK/Qted
ten%?ﬂi@r‘é@daf 290-120%¢ 083h e | Festelﬂgﬁ %ggcsxg elf%igggfrﬁ 8r‘?‘8|"e%& such

ydrochl oride in’a solve Suc
as é?t@haﬂ@@raﬂ edtpelevated dempératures k8 08D-7G7C, iptovides PHIBFAMIS of

for@lila3e ef WaimERtibd ﬁlhbg? A2 RHrY C?gnt such as

t et rahydr of uran at evated t'enperatures of 60-70C,
royi des conpounds of fornula Ie of the invention
whef@MRouURds o} they inventigenplbotemmwiaofe wherei RY énthaaikenl, alkyne,

hete@afl bRaty® giiB can B prép&tBd %Jslﬂaegﬁteoaih l@’cﬂgme 13 from compounds

“of formula le where R? is either | or Br. Treatment of compounds of formula le where
R? is either | or Br with an alkene or alkyne of formula R%-H in the presence of a
palladium catalyst provides compounds of formuia le where R? is either an alkene or
alkyne group. This alkene or alkyne group can be substituted by groups including aryl
and heteroaryl and also alkyl and atkylamino among others.

For the addition of alkenes of formula R%-H the preferred palladium catalyst is
palladium acetate in the presence of a ligand, preferably tri-o-tolylphosphine, in a
solvent system that includes triethylamine or preferably a mixture of triethylamine and
N,N-dimethylformamide. For the addition of alkynes of formula R®-H the preferred
palladium catalyst is tetrakis(triphenylphosphine)palladium (0) along with a catalytic

amount of copper(lliodide in a solvent mixture that includes triethylamine and
benzene.

Treatment of compounds of formula le where R? is either | or Br with an aryl
or heteroaryl organcboron compound of formula R®-BL'LZ in the presence of a
palladium catalyst provides compounds of formula le where R? is either an aryl or
heteroaryl group. In compounds of formula R°-BL'L2, the L'L2 groups represent
ligands and include such groups as lower alkoxy or preferably hydroxy. The aryl or
heteroaryl group of compound R®-BL'L? can be substituted by groups including aryl
and heteroaryl and also formyl, carboxylate, alkyt and alkylamino among others. The
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heteroaryl or aryl group can be prepared as depicted

in Schenme 13 from conpounds of fornmula |e where R2 is
woO 20040483%¢r | or Br. Treatnment of conpounds of d@rusoesdzeo6

where R2 is either | or Br with an al kene or al kyne

of formula RO-H in the presence of a palladium

catal yst provides conpounds of fornula e where R2 is

ei ther an al kene or al kyne group. This al kene or
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r an teroaryl. and also alkyl_and a I7i_ NO
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e PR, pohuiatsL Baae sonum BiconRe afd et EtRbivol dimethy!
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triethylam ne and N, N-di nmet hyl f ormam de. For the
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OrRURRRIES BRVE o RN REepi o1 PaterpRIviaTEus 9f gompownd RY-SnR,
canabéa@théuzsmm _aityygtoupg ombldleﬁ\gcaﬁﬁwsfme@rfégr raHdaaI:s,s formyl,
ere IS, e er ar or eteroaryl group. In
Ca%ﬁ@tﬁa Gseiah aP%C?H&! ajfg\f-'@?%eﬂ@"q W@erﬁi LIFeqngh g5 heteroaryl group
of lcleﬁ-pemng-shhfgmlscanﬂfug@alw d%_?ﬁuﬁ&a@r Mer%ﬁp}l g18p. ||=or the
oxy, or rerera r . e ar or et eroar .
adgitign St FORBRIRAN AT A 13- EaRs the Ribiered palladivyn catalyst is
big(triphpaylpissSphiepaliadivrh (IpdortRe iR atsignt aith 2 &exdnar ny! ,
carboxyl ate, al kyl and al kyl am no anong ot hers. The

63 /1IS200:3/.036206 _aryl or )
YT o N AT TR —
byf the ecbite shawrs exSsiener 18. Dreatrhartar aaoyipognd opforthok 16, where R?

. | fd of..CQr nds of formula RI-BL1L2 the .

is %ﬁg&e $|? 56\' dI \lehaﬁﬁyﬁgﬁ%mlm?y@gpgﬁy e n g'ne presence of a palladium catalyst,
preferabiki wtrakis iiptenyiphasphiviesgiipdiuhdd), umith Op  icatatytis Ohmenit of

i xtHr.e.. that |ncludes saturated. eous sodjum ,
ofpplfifitne I s aoNerh YSRGS oF YuRRRR Sl heene, provides
camprpmds dé farfulaolenwherel BR? isha rae(tfifeihgisityifettemyRgioup OReaction of
r. | 2 . QI epare ction of . .

iR AR e S s ERRS B ARG 5rayp v apyippines
ornhetenogtyliodinést iar dhey lpredemcaarnt @onpatlatidmof cdtalysil| preferably
bisﬁ?ﬁp%@%lphgsphpn%)p%lgaS%‘fl?)cl?l]:)rige, in '_the presence of triphenylphosphine,
potassium carbonate and copper(l) iodide, in a solvent mixture of tetrahydrofuran and
methanol, provides compounds of formula le where R? is a 2-(aryl)ethynyl or a 2-
(heteroaryl)ethynyl group. In addition the 2-(trimethylsilyl)ethynyl group can be
cleaved by treatment with potassium carbonate in methanol to provide compounds of
formula le where R? is an ethynyl group.

64



pal | adi um catal yst. In conpounds of fornula R9-SnR3
the R group is a |ower al kyl group such as butyl or

WO 200m4B386. The aryl or heteroaryl group of cormqyﬁgimm/o

R9- SnR3 can be substituted , by groups includimng ar’%06
and heteroaryl and also fornyl, carboxylate, acetal,
al kyl and al kyl am no anong ot hers. The aryl or

het erocaryl group of conmpound R9-SnR3 can al so be
P%é’,%lmto a ‘second aryl or heteroaryl group. For the
addi ti on of conmpounds of formula R9-SnR3 the preferred
pal | adi um catal yst is
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R al ky ne¥Hibugsent repawed by g N
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pal | adi um catal yst, pref el &g er R2= LG = Bror|

tetraki s(tri phenyl phosphi ne)pal | adi un{0), with a
catal ytic anmount of copper(l) iodine in a solvent
system such as triethylam ne and benzene, provides
conmpouxrls of fornula le where R2 is,a

L2-( l. gyl silyl)ethynyl group. achi on of
e ungls of forma | e whepe |
2- (R riNret hyl si I—yﬁiel_h.ynyl g'r’:{ou ¥ h aryliodi nes or

he er'oaryl i odi nédcamstt he presehce of a pall adi um
catglyst, preferably '
bi%s'?fggrﬁﬂenyl phosphi ne) pal hza@luuﬁ,gotgkg,jgl oride, in the
presence of triphenyl phosphi ne, potassium carbonate
and copper(l) iodide, in a solve R'ni xture of
tetrahydrof uran &*e'>net hangl iGes conpounds of
formula | e wherepdZuks a 2[}:(a ' hynyl or- a 2-
(heteroaryl)ethynyl "group. Indadch't.i on the
2-(trimethylsilyl)ethynyl group kcan be cleaved by
treatment W th potassi um caf BGA%CEYAY et hanol to
provi de conmpounds of forrmula le ere R2 is an

et hynyl group. 64 WD 2004/ 048386 US2003/ 036206
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LG=1 or Br R =LG=Br or | XRL XRLCN/ | LG/ I

NR:-HR2CN SSOPdcatalyst N 0 |le RLGBrorl le
WO 2004/838386 RO = al kyne or al kene XR1 R9-BL1L2 Re1iuseddsofsios

catalyst S1 NOle R2 = R9 = aryl or heteroaryl XRl

R9-SNR3 R CN Pd---catalyst i S NO le R2= R9= aryl

or heteroaryl XRL ( CN H - TMS R24/ Pd catalyst S N

O Aryl-1 le Heteroaryl-1 R2= - TM5

Scheme 14 depicts the preparation of key sulfone intermediate 30. Oxidation

.of 16 with an excess of an oxidizing" agent such as m-chloroperbenzoic acid,
peracetic acid or an oxaziridine provides the sulfone derivative 30. If both the
sulfoxide and suifone are obtained in the reaction, they can be separated by standard
laboratory techniques. Addition of a compound of formula R'XH to compound 30,
optionally in the presence of pyridine hydrochloride in a solvent such as 2-
ethoxyethanol at elevated temperatures of 110-130°C, or in the presence of sodium
hydride in a solvent such as tetrahydrofuran at elevated temperatures of 60-70°C,
provides compounds of formula If of the invention where R2is Br or I.

Compounds of the invention of formula If where R? is an alkene, alkyne,
heteroaryl or aryl group can be prepared as depicted in Scheme 14 from compounds
of formula If where R? is either | or Br. Treatment of compdunds of formula If where
R? is either | or Br with an alkene or alkyne of formula R®-H in the presence of a
palladium catalyst provides compounds of formula If where R? is either an alkene or
alkyne group. This alkene or alkyne group can be substituted by groups including
aryl and heteroaryl and also alkyl and alkylamino among others.

For the addition of alkenes of formula R®-H the preferred palladium catalyst is
palladium acetate in the presence of a ligand, preferably tri-o-tolylphosphine, in a
solvent system that includes triethylamine or preferably a mixture of triethylamine and
N,N-dimethylformamide. For the addition of alkynes of formula R°-H the preferred
palladium catalyst is tetrakis(triphenylphosphine)palladium (0) along with a catalytic

amount of copper(l)iodide in a solvent mixture that includes triethylamine and
benzene.

Treatment of compounds of formula If where R? is either | or Br with an aryl or
heteroaryl organoboron compound of formula R®-BL'L® in the presence of a
palladium catalyst provides compounds of formula if where R? is either an aryl or
heteroaryl group. In compounds of formula R®-BL'L? the L'L? groups represent
ligands and include such groups as lower alkoxy or preferably hydroxy. The aryl or
heteroaryl group of compound R®-BL'L? can be substituted by groups including aryi
and heteroaryl and also formyl, carboxylate, alkyl and alkylamino among others. The
aryl or heteroaryl group of compound R®-BL'L2 can also be fused to a second aryl or
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e Hon (i spaungls ontorhelze RIS, e pRkfed biaidR Loralyst 1o
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pal | adi um acetate in the presence of a |igand,

pr ep@pmuydq pi fognula | WpdresRhisren al'kyheagroup can also be prepared

by the route shown in Scheme 14. Treatment of a compound of formula If, where R?
is either Br or | with (trimethylsilyl)acetylene in the presencé of a palladium catalyst,
preferably tetrakis(triphenylphosphine)palladium(O), with a catalytic amount of
copper(l) iodine in a solvent system such as triethylamine and benzene, provides
compounds of formula If where R? is a 2-(trimethylsilyl)ethynyl group. Reaction of
compounds of formula If where R2 is a 2-(trimethylsityl)ethynyl group with aryliodines
or heteroaryliodines in the presence of a palladium _catalyst, preferably
bis(triphenylphosphine)palladium(ll)chloride, in the presence of triphenylphosphine,
potassium carbonate and copper(l) iodide, in a solvent mixture of tetrahydrofuran and
methanol, provides compounds of formula If where R? is a 2-(aryl)ethynyl or a 2-
(heteroaryl)ethynyl group. In addition the 2-(trimethylsilyl)ethynyl group can be
cleaved by treatment with potassium carbonate in methanol to provide compounds of
formula If where R? is an ethynyl group.
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car boxyl at e, CN al kyl and

§ het er oar yl

group
8 fdEed to a second aryl
éagition of conpounds of
| adi um catal yst is
' Fﬁq‘*f"a@m oride in a
ConpoundsxBt fornmula If where

R2 is an al kype=g~qws can al so Mr ed
R
Pd catalyst »S‘ N/ :
_ 0%
Ay L
Hele?c:a:yl-l = T™MS
Pd catalyst KoCO4
X R1 MeOH
CN XR?
=
Rzm {CN
o’S\ N Rz~ | :
O O’S‘ N”
If 0
R2= f—-—Aryl H= == H
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by the route shown in Schenme 14. Treatnent of a
conpound of formula If, where R2 is either Br or |

wo 2009iisBgg(tri methyl silyl)acetylene in the pres f
pal | adi um catal yst, preferably FM’%S%W&GZOG

tetrakis(tri phenyl phosphi ne)pal | adiun(0), with a

catal ytic anmount of copper(l) iodine in a solvent

system such as triethylam ne and benzene, provides :
Altegate coutels foo thef preparation bf Weckey iM@rmediate 29 and 30 are shown in

Sché@%@u @%lg%t‘lo lfé(; W@h%/r? X%{ﬂgl{ng %&Entr\[)ngrggltdés? Pheoéulfoxide 31 or the
sulfong BR.i Eretdsyl anduntty et hyidizinggagand weutch barexbeaddnteprovide the
sulf!é'rg% gllfagza{n?/ Hg)ér}g*egﬁg%:SGIfE))E?Se.pﬁ'?esé?rxr'\]grﬁ 8ff s‘?}lfcpx'?l eI aS_ql l\ﬁlﬂ\ a base,
preferentialiy pliteinm psfiiesmbbyla!)\pml | @BANN(n | pohlirert degivert &lieh  as
BRI o e A AR ANRE R B0 PR S MDER) BBk o
1,2~tiitlrmr§lh-yld‘r BRtenafiamoethans eoddes RO owhetesL GoapBH NAisaldously,
e A% L85G ool AL AR eBle @0R), n an ner
sohnf suchmas tqlr!aﬁ%dlrpfu)'m tyregduced tenpetatard) @reféﬂa@M—ﬁZB%)’followed
reatoent Wt ot.ass carhbonate in.netha to

oy B SEHER o s BRSO B 28 ament o
sulfebé\82y ity rzo bpse, GteféferiialA il B3 &fis SRTopWISRBR3(LERG2#Ban inert
oo e o SR B i b
by thé:ad@itiBn af 1,Mbmmiﬁijzca,aetréﬂimto@ﬂ&mrﬂrovid@élggﬁhe&e@@ Br.
An%ou?lﬁre%ﬁn@@qs‘__fg\fnﬁ;‘%gg%gt 8%%rﬁgtlyallyl lfthit'm ﬁ%so;ro%)%amine -
(LDA), in an inert solvent such as tetrahydrofuran at reduced temperature, preferably
—78°C, followed by the addition of iodine provides 30 where LG =1.

Scheme 15
% % B é?:ABr-CFBr ¢
2 2
/ |\ CN Oxidizingagent 7/ I N ON orly L J I\ CN
N | 3 N OS g
15 31 29
LG=lorBr
Cl ) LDA Cl
2) CF>Br-CFoB
Oxidizing agent a xCN )orfz 2= P xCN
SN SN
32 30
LG=1lorBr
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XRl1 R9-eLrL2 R CN Pd catalyst O o NI It R2 = RO
= aryl or heteroaryl XRL CN RsnR RCCT Pd

wo 2004ma886yst O N O If R2= R9= aryl or heter g, "
TMS RON Pd catalyst GS N O Aryl | If or ﬁﬁi}”ﬁféﬂ

Heteroaryl -1 Pd catalyst K2C03 X R1 MeOH CN XR1L R2
CN ONR2ZON If OR = -Aryl RR2= -H - Heteroaryl

Additional compounds of the invention of formula la where R? is an alkenyl or
alkynyl group can be prepared as depicted in Scheme 16. Treatment of
intermediates 12 or 13 with an alkenyl or alkynyl reagent of formula R3-H in the
presence of a palladium catalyst provides intermediates of 33 where R® is either an
alkenyl or alkynyl group. This alkenyi or alkynyl group can be substituted by groups
including aryl and heteroaryl and also alkyl and alkyl amino among others. This aryl
or heteroaryl group can also be substituted by groups such as alkoxy, alkylamino and
others. For the addition of alkenyls of formula R3-H the preferred palladium catalyst
is palladium acetate in the presence of a ligand, preferably tri-o-tolylphosphine, in a
solvent system that includes triethylamine or preferably a mixture of triethylamine and
N,N’-dimethylformamide. For the addition of alkynyls of formula R3-H the preferred
palladium catalyst is tetrakis(triphenylphosphine)palladium (0) along with a catalytic
amount of copper(lliodide in a solvent mixture that includes triethylamine and
benzene. Addition of a compound of formula R'NH, to compounds of formula 33,
optionally with the addition of pyridine hydrochloride in a solvent such as 2-
ethoxyethanol at elevated temperatures of 110-130°C, or in the presence of sodium
hydride in a solvent such as tetrahydrofuran at elevated temperatures of 60-70°C, or
under palladium catalyzed coupling conditions, including the use of
tris(dibenzylideneacetone)-dipalladium(O) and (2- dicyclohexylphosphino-2’-(N,N-
dimethylamino)biphenyl, in a solvent such as ethylene glycol dimethyl ether at
elevated temperatures such as 90°C provides compounds of formula la.

Treatment of intermediates of formula 12 or 13 with an aryl or heteroaryl
organoboron compound of formula R*-BL'L? in the presence of a palladium catalyst
provides intermediates of formula 33 where R%is either an aryl or heteroaryl group. In
compounds of formula R*-BL'L?, the L'L2 groups represent ligands and include such
groups as lower alkoxy or preferably hydroxy. The aryl or heteroaryl group of
compound R>BL'L? can be substituted by groups including aryl and heteroaryl and
also formyl, carboxylate, alkyl and alkylamiho among others. The aryl or heteroaryl
group of compound R*BL'L? can also be fused to a second aryl or heteroaryl group.
For the addition of compounds of formula R*-BL'L? the preferred palladium catalyst is
tetrakis(triphenylphosphine)palladium (0) in a solvent mixture that includes saturated
aqueous sodium bicarbonate and ethylene glycol dimethyl ether. Addition of a
compound of formula R'NH, to compounds of formula 33, optionally with the addition
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68 WO 2004/ 048386 PCT/ US2003/ 036206 Alternate routes
for the preparation of the key internediate 29 and 30

WO 20090 3810Wn in  Scheme 15. Oxidation of 15 w, {J 03/036206
- oxidizing agent provides the sulfoxide 31 o# g

sul fone 32. Excess ampunts of oxidizing agent would be
expected to provide the sulfone via an internediate
sul foxi de. Treatnment of sulfoxide 31 with a base,

ofppﬂi@ﬁeerﬁydaddhlbnbét ] l&“s@lde‘ﬁ?%&i”'a@"b@h&y@%nol %t Yevated

hydr of t
tolpBEalNES of £10-53E0 pRi (e raeEnGR Al oM byddesnamisienosuch
asoftetrahyardﬂu:rbn oap-elevited, Qemb@rbﬁﬁéé U @gtf@g(?, éﬂir@&{#ﬁ?eéall%%mm

treatnent of .
: cag%l)ézg% ﬁplé[f"é'peﬁ?'ﬁgflqw I'“ql‘l’f%/'l‘ﬂn e §§®r@fp9ﬂ%ﬂb¢r&2y(dﬂhb@:cetone)-
d'Pmladlﬂm(@)ebhd (lemﬁhewbsﬁﬁmbeéf ﬁwgﬁrgtl'ﬂflémm bl@enyfl in a

erature, preferably -

) vgafl ISF%}] agy hy(g%nenglyﬁq Fimgthyl pg"nqmaér@e\@@d: temperatuaas such as

905C iprovides! cadiponids éfifetuig . Of sulfone 32 with a base,
prémf'erenti ally lithiumdiisopropylamne (LDA), in an
i ner sol ver}%”fsuch as tetrahydrofuran at reduced

t erpePBRRHNES 9 fermia ia wheps B if sithernemll obbetetraryl can also be
praph]‘edi ibg rreadtion, &vﬁén’ﬁ’ié@iﬂi’eéoflfo?rfrﬁia i2bf i‘i Wﬂré?'ne%&m&%et?roaryl

= y, t
o8 g aF 5 et P eromet e s,
COd‘POEDN opioraaiaRe-SiR.Re R iglo@is! & Riwer %Ygfbpgssldgﬁ ag%utyl or
tetr drof uran at reduced tenperature,
m?tg PM)\%g 5{Pary| argieRiiof icemperng éﬁﬁﬂ@a;ﬂaomedwstmted by

gr%&#p;’B?clgggg?awlsﬁﬂ?ﬁ&ergi ann@aalge% { i Cﬁ%l%z apetal, alkyl and
all?'lqgn PP SMosy 0 qglggi gLe @yl ghe_Ltyrog[yAg@upzpf CPPBYUrOFRRBNB; can
alsicheangedgeatsetorldarfirieterdatyl Grdup Pbr the addition of compounds of
formula R3-SnR; the preferred palladium catalyst is bis(triphenylphosphine)palladium
(I) chioride in a solvent such as dioxane. Addition of a compound of formula R'NH,
to compounds of formula 33, optionally with the addition of pyridine hydrochloride in a
solvent such as 2-ethoxyethanol at elevated temperatures of 110-130°C, or in the
presence of sodium hydride in a solvent such as tetrahydrofuran at elevated
temperatures of 60-70°C, or under palladium catalyzed coupling conditions, including
the use of tris(dibenzyl_ideneacetone)-dipalladium(O) and (2-dicyclohexylphosphino-
2'-(N,N-dimethylamino)biphenyl, in a solvent such as ethylene glycol dimethyl ether
at elevated temperatures such as 90°C provides compounds of formula la.
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Nor ON32 30 LG=1 or Br 69 WO 2004/ 048386
PCT/ US2003/ 036206 Addi ti onal compounds of the
wo 200l/00688kt i on of fornula la where R2 is an al kayls®63/036206
al kynyl group can be prepared as depicted in Schene
16. Treatnent of internediates 12 or 13 wth an
al kenyl or al kynyl reagent of fornmula R3-H in the
presence of a palladium catal yst provides
i nt esmeds at es of 33 where R3 is either an al kenyl or
al kynyl group. This alkenyl or alkynyl group can be NHR'

substituted by gr qups [ ncI udi aryl aﬁquhet er oaryl
and aw andal ky! ot her’s.. Thi L@j
or RetRrbagyl gredmagan aIRs N\ ubstituted by gro

such as af"koxy al kyl am no and Nothers. For the

addi t i enceefer al kenyl s of fornmul® R3-H the pr ef er rh&dzp_a]kyneora]kene
pal | adithf=¢at al yst is palladiumacetate in the

presence of a ligand, preferably tri-o-tolylphosphine, gt

in a solwnt systegwthat includes trlet l,am ne or CN
pref er g8 %mﬁgj_'bi tr‘a@ Ne an’g}4 RLES;"\)\)/
N, N =i | f or nédepdde. Fo dition of aI kynyl

of forrmula R3-H the preferred pal | adium catalyst is 1

t et r akil3f337¥ phenyl phosphi ne) pal®adi um (0) al ong At KRargior heteroari
catal ytirc anmount of copper(l)iodide in a sol vent

m xture that includes triethylam ne and benzene. ;
Addi tion ofcia conpound of formul & RINH2 t0 conpounds NHRCN
of for mga R36N optiBfkal Iy wit CHddi f'n_of RaJ\SI%(
pyri di o] ochl PEdagi@r i N AR e such as 2- \ N

et hoxyet hathl at el evat ed terrper&iures of 110-130C, or a

in the % sgpce of sodium hydrdzde in a sol vent sppcgs_awmhe,em,
as tetramanofuran at el evated tenperatures of 60-7

or under pall adium catal yzed coupling condi t| ons,

i ncluding the use of

tri Sé?ﬂnﬁ%ﬁﬁ:bhé’!%@%@% Wboﬂb&@{dsaﬁltblé(l@enﬂ&d of Brmula la are

di cyc hosphi no-2 ;NN— dlrrett%lamn%c? rx
shawningishome’ smrn@ylaé@w taraulg 3Acan ‘?ﬁé\"ﬁ& EF‘H\?F giates
oﬂcﬁﬁlaeg tm&&ﬁnvé nisation_@fth %QCaMr@/bﬂea@mﬁmmeﬁa?s and a

a la. Treatnent of internediates of L, 9 h
retcing agenhi Rrafesabha sodiugy tringeterdkergyaride.qin 3 58 gt System that

mQ:RF!EQ %I&Bm@ﬂaﬂl&' ghd R; @H%&hylﬁrﬁwaﬁldﬂ es Gﬂﬁ@th?l@ ﬁyrrohd\none

m catal yst ~_provi des | nter nedi at es of #{ﬂlHt
oatsonmwethewresgne? phagetig geigy Hadiion pR PHRPYN @frfBEﬂ'ﬂ}"a 210
gﬂﬁ’r‘lﬁ%d& f8fmdi® r;_;,g’u Bﬁﬂo‘ﬁ%ﬂﬂmﬁh%e héditidnl b2p@Hdmedhydrochloride in a

re

esent |1 gands and i ncl ude such
solvent such as 2—ethoxyethanol at elevated temperatures of 110-130°C, or in the

presence of sodium hydride in a solvent such as tetrahydrofuran at elevated
temperatures of 60-70°C, or under palladium catalyzed coupling conditions, including
the use of tris(dibenzylideneacetone)-dipalladium(0) and (2-dicyclohexylphosphino-
2'-(N,N-dimethylamino)biphenyl, in a solvent such as ethylene glycol dimethyl ether
at elevated temperatures such as 90°C provides compounds of formula la.
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groups as |ower al koxy or preferably hydroxy. The aryl
or heteroaryl group of conpound R3-BL' L2 can be

wo 20038kt t ut ed by groups including aryl and heteroar

and also fornyl, carboxylate, alkyl and aP&y %@36206
anmong others. The aryl or heteroaryl group of
conpound R3-BL1L2 can al so be fused to a second aryl
% heteroaryl group. For the addition of conpounds of
fa R3-BL1L2 the pbﬁéﬁ kS, d pal | adi um catal yst is
tetrakis(triphepyl phosp I ne) pa Fi ¥di um (0) in a soal vent
m xture that ug@s QGR5$¥d  aqueous sodi umCl
bi car bonal@—gjgfhyl ene—gtycot di net hyl ehb CN
Addi ti on of Nonpound dfdcfamstirul a R1Mct 0 nds
of formula 33, optionally with the addition 70 WO
2004/ 048386133{§g7 S2003/ 036206  of pyrldl ne 34
hydrochl oride in a solvent such as 2-ethoxyethanol at
el evated tenperatures of 110-130C, or in thel pressrige
of sodi um hydnrtle in a sol vent such as reducing agent
g%trahydrg [t el evat engerrperatures of 60-@0C, or
Rh \ & | m catal yzed—colpli ‘% gondi ti ogs N CN
i ncl ud| ng thY use of tris(dibenzylFéeNeaces? )
d| pal | adi un( 0) and N
d¢1 ﬁd %L phosphi no-2' - (N, N-di net hyl am no) bi pheny
CEpNVBnt such as et hyl ene gl ycol di ngthyl
et her at el evated tenperatures such as 90C provides
cowpmumds.aofsorfn buiRds o] r A Where
i s either arpyl g?fﬁg?é%gﬁwgggorﬁga%%erepé 'ﬁé‘r“e%ikenyl
9'899 FBROE RJRPRE] g deniciad dn §§h@fneft& froinarehetion” ofléompdunds of

fommlanalwh@r RétiehaR of for nul a
SNR3 | ne t he r?é%hcle&g?ﬂa pal Pg‘gpmﬂlcﬂ‘?ﬂ%? coptgining an
*é&'i‘&}%lﬁ‘d%‘edmf A IngteroRrERENN AU R ingplaten 23t inidazole,
pyaioleydndtho like.STikd) re%‘étn&ﬂ%lé'arrﬁéd Egﬁg%preggﬁcoeagf Cesium hydroxide

oup.of conpound
'ng%ﬁngfﬂXb&% ymelwbepyrroldinang ng aryl and het er oaryl
and al so fornyl, carboxylate, acetal, al kyl and
al kypchermen® anong ot hers. The aryl or heteroaryl group
of .conpound R3-SnR3 can "also be fused to a second
aryl or heteroaryl group. For the addition of
conpounds of fornula R3-SnR3 the preferred palladi um

catal yst is bi s,(,{.,hn phenyl phosphi ne) pal | adi um I%;)
chloride in S Nt such as dioxane. Additi f a
conpoung= i a RlNH2H8|-to conp =\ 33,
optional Iy W he additiomof pyrl di né | oride

in a solvent such as 2-ethoxyethanol at el evﬁ‘( ed
tenperatures oP 110-130C, or in the presenceaof

sodi um hydride in a sol vent such aSRBtleaNadﬂi}éﬂin@flMér@dﬁylé}Bup
el evat ed linked to the alkenyl group via a N atom

Additional compounds of the invention of formula la where R? is a substituted
heteroaryl group can be prepared as depicted in Scheme 19 from reaction of
compounds of formula la where R® is heteroaryl group containing an NH group with a
reagent of formula LG-(C(R®),)-X-R® or LG- -(C(R%)q-Q, wherein LG is a leaving
group such as Cl, Br, |, mesylate or tosylate. Such reagents include 4-(2-
chloroethyl)morpholine, 2-chloroethanol, 2-(dimethylamino)ethy! chloride and the like.
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tenperatures of 60-70C, or under palladium catalyzed
coupling conditions, including the use of
wo 2004/04438 di benzyl i deneacet one) - di pal | adi um( 0) pRf152003/036206
2-di cycl ohexyl phosphi no-
2' - (N, N-di et hyl am no) bi phenyl, in a sol vent such as
et hyl ene gl ycol dinethyl ether at el evated
t enperatures such as 90C provi des conmpounds of fornula
The Heterodr/l §BuR COAaIMERES NRCJrolisHaNRIed p§226le, Sedalaand fhe like.

NHRL .C CN H S CN R N CN LGl R I R\ Pd .
The 1EaFERy S IR S0 guk T (e FFSETR o aghask suf o5 G ey m a
solvedt suhas dideth@rdrmidriide afS aGlighily dtevabid tempBrailireGNcRabiS02C.

S~CN LGbl~R21 R\ Pdcatalys, \ N Nla 12: LG

= 8ed3 R2 = R3 = aryl or heteroaryl 13:LGsl NHRL S
C CNR3SnR3ZI CLTCNRNH2 2 SCN R I R\ 11 Pd

catalyst NN N la
y N‘R‘ LG(WO’ N‘R1 N‘H‘
: ”“@ItT meﬂk— A aarR—RH ||

a
FR is R® where A is aNH containing heteroand
gop

a
Fis A where R is a hetercanyl group substiited aniNby

agap [ o (Q))Q

Reference Example 1
7-Ox0-4,7-dihydrothieno[3,2-b}pyridine-6-carbonitrile

A mixture of methyl 3-amino-2-thiophenecarboxylate (18.3 g, 116.5 mmol)
and 80 mL of N,N-dimethylformamide dimethyl acetal is heated at reflux for 90
minutes. The reaction mixture is concentrated in vacuo resuliting in a dark brown oil.
This material is stirred with diethyl ether. Addition of hexane results in the formation
of a small amount of brown solid, which is removed by filtration. Concentration of the
filtrate provides 10.65 g of the intermediate amidine as a bright yellow oil.

To a solution of 40 mL of 2.5 M n-butyl lithium in tetrahydrofuran at ~78°C is
added acetonitrile (6.3 mL). After stirring for 10 min, a solution of the amidine in 100
mL of tetrahydrofuran is added dropwise over 40 minutes. The reaction mixture is
stirred at -78°C for 2 hours, then 6.3 mL of acetic acid is added. The mixture is
allowed to come to room temperature and stirring is continued ovemight. The
reaction mixture is concentrated in vacuo and the residue is partitioned between
water and ethyl acetate. The organic layer is washed with water, dried over
magnesium sulfate, filtered and concentrated in vacuo. The residue is heated at
reflux in 60 mL of acetic acid for 3 hours then stirred at room temperature overnight.
The reaction mixture is concentrated in vacuo and the crude product is purified by
flash column chromatography eluting with a gradient of ethyl acetate to 10%

methanol in ethyl acetate. A portion of the product is stirred with methanol and
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12: LG=Br 33 R2 = R3 = aryl or heteroar 13: LG =1
Some additional routes to the conpounds of the

WO 20040¥38¢ i on of fornmula la are shown in SChe%r/gJZmus/osazoo
I nternmedi ates of fornula 34 can be converted to
internediates of formula 35 via reductive am nation
with an amne of formula HNRBR8' and a reducing
agent, preferably sodiumtriacetoxyborohydride, in a

: 4 knal ' .and
" e S AR e

i o} Cil C _
ks ey 870 2 0 ) -
6 %,1?&85?8161?1%1 » WSt 7th@ dditi ti on of pyri di ne

AnapdisdenCH,Ng®S oM o3H,5 0l vent such as 2- et hoxyet hanol = at
n Iw@\f tedép{“egtgeraturzes of 110-130C, or in the presence
Cag‘p?s(goqsiﬁﬁ;ﬁgg@d@’T%Wh sol vent such as tetrahydrofuran

Foahd:&¢, @404 ¢, 2i38MRe{Hgsir es of 60-70C, or under
pal I adi um cat al yzed coupling conditions, including
the use of tris(dibenzylideneacetone)-dipalladi un{0)
and (2-di cycl ohexy RsfRispeR Rgample 2
2' - (N, N-di et hyl am no) bi phenyl, in a solvent such as

et hyl ene gl ycpbhré'rdmbg%[b,zes]tlﬁidiné’i&-cﬁlb%}éﬁ‘r‘il

d

e ok e ML DR o e
AT 18 ke Teaiy et D 2 yasing 6 carboiit. 8.08 g
1710 l@h:lol)'l\dnBQSOﬁl af Mﬁspﬁl’ﬂ@ué\'o%hldaigﬁﬁ ﬁléaé%atdhﬁ%mﬁﬂﬁ E}Iinﬁes.
Th'g"ﬁ%Scﬁ'é%m U%laisrgg%léﬁ ItcP g)o?g ?enngperature and the dark soli_ds are removed
by filtration. The filtrate is poured. into hexane and allowed to stand at room
temperature. The solvent is decanted off and the residual oil is dissolved in ethyl
acetate and the solution is washed with water. The organic layer is dried over
magnesium sulfate, filtered and passed through silica gel. Thé filtrate is
concentrated in vacuo to give 770 mg of the desired product as a dark orange solid.
A portion of this material is purified by flash column chromatography eluting with 1: 1
ethyl acetate : hexane to provide 7-chlorothieno[3,2-b]pyridine-6-carbonitrile as tan

crystals, mp 110-111°C; 1H NMR (DMSO-d;) §7.81 (d, J = 5 Hz, 1H), 8.59 (d,Jd=5
Hz, 1H), 9.12 (s, 1H); MS 194.9 (M+H)+.

Analysis for CgH3CIN,S:

Calcd: C, 49.37; H, 1.55; N, 14.39

Found: C, 49.57; H, 1.44; N, 14.48.
Alternate Preparation of Reference Example 2
7-Chlorothieno[3,2-b]pyridine-6-carbonitrile

To a solution of 7-chlorothieno[3,2-b]pyridine-6-carboxamide (10.8 g, 51
mmol) in 80.0 mL of N,N-dimethylformamide is added cyanuric chloride (5.72 g, 31
mmol). After 30 minutes the suspension is poured into ice water. The solid is filtered,
washed with ice water and dried in vacuo to give 9.0 g of 7-chlorothieno[3,2-
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R2 = R3-CH2- NR8R8' 35 Additional conpounds of the
invention of fornmula la where R2 is an al kenyl group
WO 2004@ag38e prepared as depicted in Schene 18 prasasesied
of compounds of fornula |a where R2 is an al kynyl-
group with a heteroaryl conpound containing an NH
group in the ring. Such heteroaryl conpounds include
1,2,3-triazole, imdazole, pyrrole and the Iike. The
b]p%%%%é—%%@ggifrﬁgég Lo o Nite, conin e TG TERE; Th RV Bhso-a)
87.d3 (¥e1 MY, Is:AA-(BY1H)Obi1di(8.0N9: mSSpdwdEofd MR NHRL S L CN
R8ﬁER8yS Clé y\ )N i (\ O?%N lala R8is a cont ai ni ng
heteroaryl group |linked to the al kenyl group via a N
A“%Yséﬁﬁ%gdl'y'iql al compounds of the invention of formula
Calt@® ©h#y 87:F?P 1i.55: 4, qylmeti tuted heteroaryl group can be
prepared as depicted in Scheme 19 fromreaction of
conmpounds of fornula |la where R3 i s heteroaryl group
contai ning an NH gr 6§FTaehExaMpledgent of fornula
LG (C(R9)2)g-X-R8 or LG(C(R9)2)g-Q wherein LGis a
| eavi ng group sucis-pireriyl-3-tRenyldmingesy! at e or
tosyl ate. Such reagents include 4-(2-

hl or oet hyl hql i ne, 2-chl oroet hanol |,
B oL B L5 2o RSSO v st 107
mnﬁﬂ)@é/&ﬁﬁ%ﬂ-rﬁ@’ﬁ&lbﬁ%@ﬁé}%ﬁqg miL g Nlmbfﬂy%ﬁbhdiﬂlfr@%’ hgated
al Nni an r ou | NCl udes r ol e, rrole an
at SEEC 1ot hoRfh, gD tetlion Toiss s BHORELto; fook cemppaabit @nd
pouréd ?tb ase rm?ohwa&_r.c Q’ﬁb;ﬂ@lié@lé@ﬁ?lbﬁteidlfbyaﬁlttr&?d/ﬁé‘éhiﬁdlﬁhh 50
a L e 0 m a a Sl el eyat e
LS T VLAl Aad Reftne arg clog g e tRAGS deegrted oftgrom

theFduxdrhiy Blatk fesidue. The filtrate is concentrated to provide 850 mg of 5-phenyi-

3-thienylamine as a yellow solid, mp 76-78°C; 1H' NMR (DMSO-d;) 84.87 (s, 2H),
5.98 (d, J = 1.5 Hz, 1H), 6.95 (d, J = 1.5 Hz, 1H), 7.28 (m, 1H), 7.37 (t, J = 7 Hz, 2H),
7.53(d, J = 7 Hz, 2H); MS 176.2 (M+H)+. |

Analysis for CgH3CIN,S:
Calcd: C, 68.53; H, 5.18; N, 7.99
Féund: C, 68.73; H; 4.79; N, 7.86.
Reference Example 4
Ethyl-2-cyano-3-[(5-phenyl-3-thienyl)amino]-2-propenoate

A mixture of 5-phenyi-3-thienylamine (1.00 g, 5.7 mmol) and ethyl
(ethoxymethylene)cyanoacetate (950 mg, 5.7 mmol) in 20 mL of toluene is heated at
reflux for 45 minutes. The reaction mixture is filtered while warm and the collected
solid is washed with diethyl ether to provide 198 mg of ethyl 2-cyano-3-[(5-phenyl-3-
thienyl)amino]-2-propenoate as white crystals, mp 190-193°C; MS 296.9 (M-H)-.

Analysis for C1 5H14N202S:
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\' I , FF is F# vlm FPsaNHowariry heoasrA s goP FF is
R Wn Ff is aheetaeryl gap abslihled mN , a gap

WO 2000a¥¥6%V or (gw)4p Reference Exanple 1
7- Oxo- 4, 7-di hydr ot hi eno[ 3, 2- b] pyri di ne- 6- carB’Hﬁ%"t"%"’i"z““

A m xture of net hyl 3-am no-2-thi ophenecar boxyl at e
(18.3 g, 116.5 mmol) and 80 ni of
N, N- di net hyl f ormam de di net hyl acetal is heated at

caled:! oxed.a1; QY. 78N1gRSs. The reaction mixture is
concentrated in vacuo resulting in a dark brown oil.

FTh| s material is stirred wth diethyl ether. Addition
Wndh Gy ahd2y BASEN. 9P he formation of a small ampount

of brown solid, which is renoved by filtration.

U;Q&rn&ﬂﬂihg adn mnmﬁatm miidf kR4 ©- 09596( bgtg,#m})ﬂé)ﬁ?ﬁ @X)aFnﬂwo] 2-

as a bright yel
prgg?qﬂafeﬁs 8‘?"%@%’@%‘*’%‘"@% n-butyl lithiumin
tetrahydrofuran at 78C is added acetonitrile (6.3

m). After stirring fReferdfbeExamgle 80l Ution of the
amdine in 100 nL of tetrahydrofuran is added

dr opw % 40 mguies. The reaction mxture is
stirr 63‘;8,(0: 7@?9”VE‘}|"9?£'W8[ﬂ‘@?“‘ﬂﬁ@rﬂ@@"?&sﬁﬁfb@o@ﬂ’e c
acid is added. The m xture is allowed to cone to room

t anrmixture adrathyd t2- cyanggaeu ?P’“"“‘é?ﬁ“ﬁ‘%é ;mh%ﬁbf%ﬁme (696
mé,e%‘ %h\gﬂ?lgln)ﬂimﬁto}‘ @H atgd ateflun for 8tfieyrs. The reaction

mixtuee ds &oo]ﬁnbtwr@mmltémbé\'ﬁﬁjre | #hdieh edlidy A er@fed tgf !flﬁr%tlon
m sul tered and concentr at

wifla P ABEREdD e 170 el aliooroud poik TPa Soi itsuspended in
hai ceethanchand efhyt achtdtoans tﬁ_ﬁ;m&nﬁré id filRFeivhilcREM to give 7-oxo-2-
M e e e
1 h | ut

NG 5HSPY) B30 S D BB A ack o gt (o
1l-é)cé83t(s, 1H>) M& 2830h(MEH)+he product is stirred with

A@’?@g?%%?%\%o\éf"& :04/ 048386 PCT/ US2003/ 036206

Caledix 6~ 6677;:11'11‘@421301 Hiteo2o[ 3, 2- b] pyri di ne-6-carbonitrile

F@Bes%%%%% BN MPE %" (,deé I (d )= 6

8. 67 (s 1 H; I\/Bl77 0O (MtH) +. Anal ysis for

C8H4N2(B‘ 0.10 H2G Reference Example 6

2-Bromo-7-chlorothieno[3,2-b]pyridine-6-carbonitrite

A mixture of ethyl 2-bromo-7-hydroxythieno[3,2-b]pyridine-6-carboxylate (1.3
g, 4.3 mmol) [Elliott, R.; O'Hanlon, P. J.; Rodgers, N. B. Tetrahedron, 43(14), 3295
(1987)] in 20 mL of ethanol and 6 mL of 2.5 N sodium hydroxide is heated at reflux
for 4 hours. The mixture is poured into ice water and the pH is adjusted to 5-6 by the
addition of acetic acid. The mixture is stirred at room temperature and the resulting
precipitate is collected by filtration washing with water to provide 840 mg of 2-bromo-
7-hydroxythieno[3,2-b]pyridine-67carboxylic acid. A mixture of 2-bromo-7-
hydroxythieno[2,3-b]pyridine-6-carboxylic acid (810 mg, 2.95. mmol) and N,N-
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Calcd: C 53.98; H 2.38; N 15.74. Found: C,'54.04;
H 2.38; N, 15.85. Reference Exanple 2

WO 20041,_-4tg%or ot hi eno[ 3, 2- b] pyri di ne- 6-car boni tr ipk?/us'ﬁhoslnxzoa
m xture of

7- 0x0-4, 7-di hydr ot hi eno[ 3, 2-b] pyri di ne-6-carbonitrile
(3.00 g, 17.0 mmol) and 25 nL of phosphorous
oxychloride is heated at ref lux for 10 mi nutes. The

car%&%imﬁiﬂé(gﬁg L 6.19%%@)/&1%1{7%@&e'mﬁf-ﬁ@éﬁﬁ@ﬂg?@&% is

ark so enoved tration. T

heated gbGP&el 1ar R Bourex e mixtdreais| pamsed into &0 amld ohicer etiraqueous

am@gprgxu gwggﬁe i?;gg 3%&& fSM14 SoIEC AL FebuRhd: NGs Egée%%lgcted by

I ssolved in ethy acetate an

filtrginu washing swith sveder ¥ Providet 800 mpeof 02-heamas 74hwgleaxylhieno[3,2-

SryALsRaSqR RISt WEOH byl SRS Ao o

carpgxareide 4273 wg, 7.0anmg!) @hd 3ol vk phesphiorus dwyehlerisiea ischmalted at

reflgg(/ ?(?}lgf;fslﬁlﬂ'lc gﬁ% ﬁ%ﬁem& trérﬁgveq i t\{%l‘::lz %A ﬂgei %Eltdhé 1§ b'ﬁﬁrraﬁ o ice

chrona ogrth utin

water lapd tieatecwith: sddia irécarbonate v iTile resultant solids are collected by

LA GOH R O RSB B o

elutin@ with chibrafprm ®. Povidd 240 mg 6f 2-biomat 7-ehlordhiéBo[Bs2-b]yridine-6-

M5 194.9 (M+H)+. Anal ysis for CE%HSCI N2S: Calcd: C

carbonigite ae, yellowscrystals1 mp3998-F8eity: HONMRD (BMSO-s) 188412 (si\,1H),

48.. Al Wi n Ref erence Exanple 2
9'1%&11?‘& otl\{'l]%?%?%g%@] pyfri éllglﬁg? -carbonitrile To a
Anglysig fordpeHaBrCIN,S: -

- i 3n23 yri di ne- 6- car boxanm de (10.8 g, .
Cagcfc%#[a{qheggho“h{@%? N, N- di et hyl for mami de i s added
Foopdir{r34co&: hl, 6/80dY, (6232 g, 31 mmol). After 30 ninutes

the suspension is poured into ice water. The solid is

filtered, vaghede Wridhrhf - ' in vacuo to
give 9.0 g of 7-chl (Sr%atrﬁ@no[ e?grgﬁ%%@g&/ 048386
PCT/ US2003/ 036206 b] pyri di ne-6-carbonitrile as an of f
whi te sol i #Bremo-Taxlorofpignofd.2blyridinebmarmjtriles 7. 83 (s,
1H, 861 (s, 1H, 9.12 (s, 1 H; M 195.0, 197.0
(MtHlota &diations bs 7EeHorbibiéHel3\B-Bipyridine-6-carbonitrile (200 mg, 1.03

mmol) in tetrahydrofuran (5.0 mL) is siowly added lithium diisopropylamine (0.7 mL,
1.40 mmol, 2M in tetrahydrofuran) at —78°C over 5 minutes. After 30 minutes, 1,2-

dibromo-1,1,2,2,-tetrafluoroethane (0.16 mL, 1.3 mmol) is added slowly to the

solution of the anion. The temperature is maintained at —78°C for 4 hours then
warmed to room temperature for 1 hour. The reaction mixture is poured into ice
water, extracted with dichloromethane, dried over sodium sulfate, and concentrated

in vacuo to afford a dark solid residue. The residue is purified by flash column
chromatography eluting with a gradient of 2% ethyl acetate in hexane to 8% ethyl
acetate in hexane to provide 103 mg of- 2-bromo-7-chlorothieno[3,2-bjpyridine-6-

carbonitrile as an off white solid, mp 190-191°C; 1H NMR (DMSO-d;) 88.13 (s, 1H),
9.12 (s, 1H); MS 272.8, 274.8, 276.9 (M+H)+.

Analysis for CgH,BrCIN,S-0.3 H,0:

78



Calcd: C 49.37; H, 1.55; N, 14.39. Reference Exanple
3 5-Phenyl-3-thienylamne A m xture of nethyl

WO 200340#83800- 5- phenyl t hi ophene- 2- car boxyl at e (ZP%Q/&?O&%MZ%
mmol ), 3.5 nL of N-nethyl pi perazine and 12 L' ©
N- et hyl pyrrolidinone is heated at 160C for 4 hours.
The reaction mxture is cooled to roomtenperature and
poured into 100 nL of water. The solids are collected

Caley: 0, Bauat Hooowashongy Wi th 50 nL of water. Ethyl

acetate and hexane are added and the filtrate is

deg off.fram, the gummy bl ack residue. The
FOlchf@rjg?'gﬂié' bgﬁ’g\énﬂ%'ed to provide 850 ng of
5- phenyl - 3-thienylamne as a yellow solid, np 76-78C,

1 H NVR (SaivBai diigrnate. Bréphsitior b) Refefer8 Hxdmple & 1.5 Hz,
1 H, 6.(95 (d, J =1.5Hz, 1 H), 7.28 (m fﬂeH), 7.37

t, J=7Hz, .53 (d =7 Hz, 2H); M5 176.2

(b o Aa e paPrendta Raiovidinas beaonigdens. 1

5.18; N, 7.99 Found: C, 68.73; H 4.79; N, 7.86.

Ref §oemcseluﬁmamdlEckﬂorothieno[3,2-b]pyridine—6-ca;bonitrile (200 mg, 1.03

oo B A0 B LA Bibososngin
(0.68roil) 1e@imendiy2M it ettrahyyirafirtay) e06) oy ARARES! At 40Rhutes, a

| f I IS heated at. reflux
solffln ol Aes P& 2RmBed i SRk g BrSpuraisadaed siamly
to thersolutionl of the antdn. Fae ed‘npérf@idrd ig ?amﬁ@at\’\iﬁd“c dre3 Rdtlrs then
i de, 19 e o . L
Wagﬁ%g%g‘?%ﬁ E‘?é‘bﬁfﬁ&ﬁ‘i 3939 '(P)?H'efﬁgg )'ERTHIRE) MiXtue dp dxoyERdeintesice
watgh, @xdractegisyit dichlasrpmbﬁﬁbn]aﬁ?%‘shé‘tﬁggtg ﬁriu&Fa)eC,(Tcl/)»fﬁgl)%S% ?%gglég %ﬂél%te,
ond S ARSI i 0 200 QSR LR S 0
chr¢n@mgraﬂﬁy%eﬁlélopinbpwith ©00d diborsinaétliahd iiP Agkanéls prdlidd 48 mg

et hyl 2-cyano- 3-[ (5-phenyl - 3-t hi enyl )am no] - 2-
of grivpardachiotothiens(3,2bjmuidinecrearhenifrild tasah epiniRefseli€nbie NMR

(DWFSBR) 8333 (s, 1H), 9.12 (s, 1H); MS 272.8, 274.8, 276.8 (M+H)+.

Reference Example 7
7-Chlorothieno[3,2-b]pyridine-6-carboxylic acid

A mixtdre of ethyl 7-chlorothieno[3,2-b]pyridine-6-carboxylate (2.98 g, 12.3
mmbl) [Thompson, M.; Forbes, I. F. EP 126970] in 40 mL of ethanol and 15 mL of 2.5
N sodium hydroxide is heated at reflux for 1 hour. The mixture is cooled to 0°C and
the pH is adjusted to 4 by the addition of 4 N hydrochloric acid. The mixture is stirred
at room temperature and the resulting precipitate is collected by filtration wéshing

with water to provide 2.47 g of 7-chlorothieno[3,2-b]pyridine-6-carboxylic acid as a

white solid, !

(s, 1H).

H NMR (DMSO-d) 57.73 (d, J = 6 Hz, 1H), 8.44 (d, J = 6 Hz, 1H), 9.07
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7- Oxo- 2- phenyl - 4, 7- di hydr ot hi eno[ 3, 2- b] pyri din
: a-6-carbonitrile A m xture of ethyl

WO 200#40.8¥s8n0- 3- [ (5- phenyl - 3-t hi enyl ) am no] - 2- prp%ﬁﬁfb‘%ﬁ(bﬁ)s(,z 06
(696 ng, 2.33 mol) in 15 nL of Dowtherm A Is heate
at reflux for 3 hours. The reaction mxture is cool ed
to roomtenperature and the solids are collected by
filtration washing with hexane to give 170 ng of a
l'ight brown solid. TheRs&etente Exampie@ended in  hot
met hanol and ethyl acetate and the m xture is filtered
while warmt [- OXQ- 2= . . .
phenyl - 4, 7- d%%%‘WFB@%ﬁ%‘?]EY'bﬁ"b%;?T’aﬁbﬁé@'@'-d@ar bonitrile
as a brown solid, np >300C;, 1 H NVR (DVSO- d6)
87. A:B:i)?tu@Eof(7mh|@'by'\jenb[&blpyndlihe+6}cart70)@l3c écid (3.8 gf 66iEmmol)

el e A bty i Sl AR o s
thioRyl2ehloifige Blrmveéméynd)tat@, evépoiatipnH, TRe 4&sidld isl $uéfended in
aceife LG EAPTNE, Bavitig susnsrsi sncies in 23, e Aveous
amwoniaBu.e0.860, 62 mll) is added gradually, keeping the temperature below 10°
C. K’QQI c%%eri a%Xﬁﬁgﬁét hféft.,nr tﬁ'e reegltpr}éduggaﬁ%gp I%.?hlteP )Ql(laf? tweashed

therdm aad aiRtdried toTgive 208dy afrV-cHiSoiMINo[B2DTpyritih8 8 drbbamide
20 nL of ethanol and 6,nL of 2.5 N sodi um hydroxide is

as hewmigedsald, mef 18DA8F0; H IMMFRS(DMB@deWtW &5, i151)PP8 S, 1H),

ok DeRod s o ful e 2B E MU 1 ol o

roomtenperature and the resulting precipitate is
Analydis tor Ceds@N.%:1 t rati on washing with water to provide

Cagéh dr xy’tlﬁ %%PFQ;@‘ 15} pyrl di ne- 6-carboxylic acid. A
Folmdzﬁuﬂé 381 H22.26, 371,

i a3l Aayri di ne- 6- carboxylic acid (810
F°‘fq¥g°%%g'?ah'ﬁgﬁ§&é‘g&gl@m 77 WD 2004/ 048386
PCT/ US2003/ 036206 car bonyl diimdazole (1.0 g, 6.17

nmmol) in 15 L of N, mde is heated at
65C for 2 hours. Thé:{%gﬂf EX rg&s ured into 50 nL of

ice cold agqueous ammoni um hydroxi de and stirred for
14 hours. THdélaregribdethiens(8|2-bipyridine-8chtbenitdld by
filtration washing with water to provi de 800 ng. of

2-b d

P e S e RO R
med; o 28nmmike of zat@hugrofuram 3tB)C ain dackledi drwpwisieo 2Eh of dithium
dué%ycfpg}‘a%ﬂéj‘?n'I?epliﬁ?%yt‘éﬁlal‘?gdrofuran/ethylbenzene (22 mL, 4.40 mmol).

After stiring for 20 minutes, a solution of iodine (1.15 g, 4.53 mmol) in 4 mL of
tetrahydrofuran is added dropwise over 20 minutes. The reaction mixture is stirred at
-78°C for 5 hours, then 20 mL of chloroform and 10 mL of wafer are added. The
mixture is stirred at room temperature overnight, then partitioned between water and
chloroform. The organic layer is washed with a solution of sodium thiosulfate,
followed by water, then dried over magnesium suifate, filtered and concentrated in
vacuo. The residue is purified by flash column chromatography eluting with 5%
methanol in dichloromethane to provide 750 mg of 6-chloro-2-iodothieno|3,2-
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reflux for 1 hour. The solvent is renoved in vacuo and

the residue is poured into ice water and treated with
WO 2003/04li386m bi car bonate. The resultant solids aperd§6icss

by filtration washing with water. The solids are

purified by flash col umm chromatography eluting with

chl oroformto provide 240 ng of

2- bronmo- 7- chl or ot hi eno[ 3, 2- b] pyri di ne-6- carbonitrile

bipwrigiineeT-catvonityls tax yeliow chRbid, ORE: 28951 NFR t@k@@adﬁjM§o-de)
88?}3 1?"'5}}%1 H3 9.11 (s, 1 H; M 273.1, 275.1, '277.1
T R Gs 71 f or  cBH2Br O N2S: Cal cd: C, 35.13: H,
Andlysigifor NgHIGMN2G: Found: C, 34.98; H, 0.80; N, 10.24.
tar » Preparation of Reference Exanple 6 .
Ca'ﬁA&'Bﬁoﬁgég’-'ﬂ'tﬂ'ﬁé‘ﬁﬁ'&wo[ 3,2-b] pyridine-6-carbonitrile
Fouha': €, 3®61itH ans BN, 8.68.
7-chl orot hi eno[ 3, 2-b] pyri di ne-6-carbonitrile (200 ng,
1.03 nmmol) in tetragégrofuran (5.0 nm) is slowy added
i t hi um di i sopr opyl SRERACEE>*@mAe 101 40 mol, 2Min
tetrahydrofuran) at -78C over 5 mnutes. After 30

m nutes, 14-Bhictd-Rriedshidndi2,3.Hpyriiditd-akhiwenpgs hane (0. 16
m., 1.3 mmol) is added slowy to the solution of the

ani epperatuyr.e i intained at -78C for 4
hou?@atsﬁp ﬁo:ll \Rg’)'ﬁél& 1 e?%@ﬁiﬁ@f%é’a@-&a@%we {1-Aguf.16 Trrmol)
[Khaealdt iAqr(;‘.;lnambmir A.h Es.J. pﬂm&regydlmtaqej,ﬁ_ g _1_4,\/\@57ep],¢97¢nti,q qgtgﬁg of
r 1ane ried over sodiumsulfaté, and
terdhidlorfitel a0 5T 6 Hioad | rSGwREr .00 NP B ris@prapy ke in
hepT&@/&EdiWuLasx/qmrmbédzede bzazf s W.?}Phﬁk{’(ﬁl).f %fg/er ?tiﬁrirlwg for 35
. 0 el uf,i a gradient o 0 et hyl”
mir s A RARARE e (1 o 40 Ayl i B il o ekrauskaliesinis added
dropwigeioder amﬁgnmemfahe reacti30n misdure is 3t_irred %t -78°C E)or 4 hour?, then
r (- Qr ot hi,eno - ridine-6- carbonitrile
85 ALY RIofo GRS ol Bl P by S0decs Tnenreiymictiones to
wam td B ofs femipdratured. The 6&:|t2idBn Mimugﬁgﬁﬁtit&gea%%#ﬁﬁeﬁ? and
diol Ao eSS ey gt ik golugon fSopim hiosufate,
driggl over mMagrissiudd sEifatad iltefed aﬂdﬁﬁ;ncbht;ale@lri vébéjxoquhlg“regidue is
{ t [ ratiop.of F rence anple 6
purBRRY hath LERAN SyoraRBREhY SRiiRG yih eheriremethans i brovide 1.0
g of 4-chloro-2-iodothieno[2,3-b]pyridine-5-carbonitrile as colorless crystals, mp 181-
182°C; 1H NMR (DMSO-d;) 3 8.00 (s, 1H), 8.88 (s, 1H); MS 320.8 (M+H)+.
Analysis for CgH,CIIN,S:
Caled: C,29.98; H, 0.63; N, 8.74
Found: C, 30.12; H, 0.83; N, 8.35.

Reference Example 11
4-Chlorothieno[2,3-b]pyridine-5-carboxylic acid

A mixtu.re of ethyl 4-chlorothieno[2,3-b]pyridine-5-carboxylate (800 mg, 3.31
mmol) [Khan, M. A.; Guarconi, A. E., J. Heterocyclic Chem., 14, 807 (1977)} in 15 mL
of ethanol and 5 mL of 2.5 N sodium hydroxide is heated at reflux for 90 minutes.
The mixture is cooled to 0°C and the pH is adjusted to 4 by the addition of 2 N
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To a solution of

7-chl or ot hi eno[ 3, 2- b] pyri di ne-6-carbonitrile (200 ny,
WO 2004/84838 mmol) in tetrahydrofuran (9.0 m-) atTAEB03/056206

slowy added |ithiumdiisopropylamne (0.62 nm, 1.24

mol, 2Min tetrahydrofuran) over 10 m nutes. After.

40 mnutes, a solution of bromne (198 ng, 1.24 mol)

in 1.5 nL of tetrahydrofuran is added slowy to the

hydmhldncoabmf THeenmm&nus stireed anaﬁfrﬁttuhsemmr@wnat%n@%umng
[% i 0&&8 t hen Eg& t"lo roomt en‘ﬁer ature
prqulfatq '*‘hS‘ﬂl c aiqn 8hd washed aith valer ogkroy! ?(?5i°d89 of 4-

acted _wi th dj hIo onet h shed wi
ehiQiPimo G b TES Sl 25t St WAl ol BEnd fa1 ¢4Gin' H
NMRG(OMSO'EE)EB'I e3(dlup= |§HEU1H{ Iaefh (Y JPL 80, AlH) V8,94 N1H); MS
Ia chromat ogr aphy devel opi ng wi th 90%
é\ﬁ'l"ﬁ'rorret hane in hexane to provide 48 ng of

An%ﬁg@mﬁ;@hb@ .ot hi eno[ 3, 2- b] pyri di ne-6-carbonitrile
pi nk 30|d 1 HNWR (DVsO d6) 58.13 (s, 1 H),
.Ca'gd 1@ %98,1HH) M656. 8, 274.8, 276.8 (MH)+.

Fourdt €f £4966; i@ N36
7 Chl orothi’ eno[ 3 b] pyri di ne-6-carboxylic acid A
xture of eth
An Pdewpaﬁl'o%% Eﬁo?f34 ohigrotyipnelRdelByrishiteneregibardic (apids gbtained
from 2hesfiltra@o!l ) [ Thonpson, M ; Forbes, |I. F. EP 126970] in
40 mL of ethanol and 15 nmL of 2.5 N sodi um hydroxi de
is heated at reflux_f 1 hour. The m xture is cool ed
to OC and the pHiB %6‘?’9?& xpmRle 42 by the addition of
4 N hydrochloric acid. The m xture is stirred at room

t enper at ur e ACHIokASiehER\8- b]ﬁ?ﬁuiﬁé-sfdaﬂi&(aﬁ\ﬁiei s col l ected
by filtration washing wt vvater to provi de 2.47 g of

R SO e o2 SR B 11
mrrkﬁl) ard 54‘n(é ghf ;kci:?_r;yl @:hldgde is gl)zegtgﬁl &7reﬂtﬁ)6ané.'62 hBurs.7Ph&\Bhixture is
IR A B, R e BB s vt -
s e e i)
s e 7 TRl o816 4 BPE TRREReUEBaTMF Frrenesilitas in

vaduoi amy lwatdrl isr adtiedi t® menmsmebyTh@tr@dMamv 8qlidls 2dre Oddlledibé by

3L SRS bpR NG b E e e
carBERERIGE 4 Suh sElirP 3 sHctonifs 0F e bR S b7.57 (@, y - 6

Hz, 1H), 7.84 (s, 1H), 8.11 (s, 1H), 8.12 (d, J = 6 Hz, 1H), 8.61 (s, 1H);
MS 213.0, 214.9 (M+H)+.

Analysis for CgHsCIN,OS:
Calcd: C, 45.18; H, 2,37; N, 13.17
Found: C, 44.88; H, 2.35; N, 12.77.
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C. After concentration of the mxture, the resulting
suspension is filtered off, washed wth water and

: i&3ddried to give 10.9 g of _ 620
wo.zoo@_ﬂﬁ: ﬂﬁlor ot hi eno[ 3, 2- b] pyri di ne- 6- car boxam d’eCT/%Ssm‘gm 6

bei ge 'solid, np 180-182C, 1 H NMR (DMSO-d6) 57.71 (s,
1H), 7.89 (s, 1 H, 8.14 (s, 1 H, 8235 (s, 1 H),
8.73 (s, 1 H; M 213.0, 215.0 (M+H)+. Analysis for
C8H5CI N2CS: Cal cd:Referedbe ERample 13. 37; N, 13.17.
Found: C, 45.38; H 2.26; N, 13.11. Found: C, 49. 32

;'1 C:h1 I g?o IZ\Il i %‘?@ﬁ?@@gﬁ’gggﬁﬁﬁ?@g@ﬁ&%ﬁ@&r bonitrile To

| ut i f
3- Sé‘\r]ol fg%t?gi rgfn drdiqotbiepyl2; 3bipyrdne-srdanixamides 7(% 43n@y 0.68
| i . I = S .
oy R 130 21 iy | AR L4530 i
is stifeesl ahegoreteraparaiucs for 89/ minuwesh éoezisradded . t8 the: reaktidd mixture

an Wgirésurpfil s S ohichibd B nfodh REbPo s Vel i Bt o

| ; ] ] . Jhe reacti o, 1
mg b4 SABRINEAGRE BRI s EuEh il S andlifoRdimon W v
NMBHPMSED-0k)ri7e60(d] 0 =n Haf 1Mp18:26 @) 0 -a6ltHxg 1HY 03 (8, ¥HYr eMs
195ios 1@l_il)r red at roomtenperature overnight, then .

baﬂr it oned between water and chloroform The or gani c

Analysisefor CeHaiNASed).wiH0: a sol ution of sodi um thi oslu:cf?t e,
lho ) en dried over nagnesium sul fate,
Calee?, QA 1" . a8

ere ated in vacuo. The residue is
Foupdr©§ 4%65;th;, 1135 N 1880umm chr omat ography el uting with
5% nmethanol in dichloromethane to provide 750 ng of

6- chl or o- 2-i odot hi 2- S0 004/ 048386

PCT/ US2003/ 036206 e@%é“?%ﬁ%@’\é@c‘% bonitrile as yellow

crystal s, nE‘ 209-211C, 1H NWR (DVBO-d6) 58.17(s, 1
£-éhl

Hy, 9.05 oto-Eymetiyithigno]{ 2 3-bipyridBeEctdrb@frileCal cd: C,
29.98; H 0.63; N, 8.74 Found: C, 29.61; H 0.87; N,

1, 3o BTG Ee RN BIA g Seaontlo 3 oy T el
in 15 mL of tetrahydrofuran at -78°C s added dropwise 2.0 M lithium
diisopropylamide in heptane/teirahydrofuran/ethylbenzene (0.93 mL, 1.85 mmol).
After stirring for 45 min, a solution of iodomethane (0.115 mL, 1.85 mmol) in 1 mL of
tetrahydrofuran is added dropwise. The reaction mixture is stirred at -78°C for 4
hours, then dichloromethane and water are added. The mixture is allowed to warm
to room temperature, then partitioned between water and dichloromethane. The

- organic layer is- washed with a solution of sodium thiosuifate, dried over magnesium
sulfate, filtered and concentrated in vacuo. The residue is purified by flash column
chromatography eluting with 1: 9 ethyl acetate : hexane to provide 0.1 g of 4-chloro-
2-methylthieno[2,3-b]pyridine-5-carbonitrile as colorless crystals, mp 101-102°C; 'H
NMR (DMSO-dp) § 2.68 (s, 3H), 7.39 (s, 1H), 8.92 (s, 1H); MS 209.0 (M+H)+.
Analysis for CgHsCIN,S:

Caled: C, 51.80; H, 2.42; N, 13.42
Found: C, 52.11; H, 2.14; N, 13.08.
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To a solution of

4-chl orot hi eno[ 2, 3-b] pyri di ne-5-carbonitrile (1.2 g,

- WO 200464838 nmol ) [ Khan, M A.; Guarconi, A E.,pdT/us2003036206
Het erocyclic Chem, 14, 807 (1977)] in 72 nL of
tetrahydrofuran at -78C is added dropwse 2.0 M
['ithiumdiisopropylamde in

hept ane/tetrahydrq{(é.}gr%gégggrlngfﬁnﬁne (3.7 m., 7.40

mol ). After stirring tes, a solution of
iodine (1.9 g, 7.40 nmol) in 8 nL of tetrahydrofuran

i s added7-Chloop@irsathyingEmopT)2-bipyitize:6-ddrborigiet i on

m xture is stirred at -78C for 4 hours, then 85 niL of

di-ghi,o er are, added. The
i o e SR B0 itotonlla. S biBhEE AARERTR o0 a2 57
mmol) eic1 onl mifxtetrakydrefupsay @i t-78iG ds eided edropmiser 28NH fithium
. dichi t ' ' i.ith a
disoftbbla IR P ne ORI ez Bey G e -
After sitifringtfer 4@ iningtesdiodondethane 6116 atge .2 mLAdIBA M is added
N i Fof | lash .col.um ch ogr aph
drop@?%'to?%? Vr\rllﬁrtuﬁQ%I'l'(’:r[% %?8% &\gﬁ re, g sb red iaﬁ e-sgﬁ%or% ggurg, then
the raixiyre fsrparﬂtidreddie:mwenmga,rg; lof msdzﬂglld)rhemSn@ agﬁ/gm ngi df vaér.
' . C , -1 - 1H NVR 5
o i8R 185eF i jryhn e ftea duSns s ey S salvion,
- followest brgiah@ateNDBuetas csxbdigl;g) cﬁlﬁrig&; gﬁénRﬂ?i&B ové s&didrd slulfate,
: : v H, ) ; | . po. .Rererence a e
fitereff 40" eonoonfiathh i vaBud G rekidiie” &8 GuRSH Ay ok Gy
chromﬁMUTapBy @ft{tieg twith a3 gradient of 5% ethyl aceGate in hexane8 60020% ethyl
- - -5- t )
oo AR 1 S A L0
) Al |
carodiffy 74 SIS SSRE M 1651680 D HINKR SR S 20 e st 55
(s, 1H), S/03f(buIH) WIS T .ri2tditle®+H)Fhe mi xture is cooled to OC
: ics adjusted to 4 by the addition of 2 N 81
Anal e T US2009/ 036506 hydr ochl ori ¢ aci d.
Calcdihe, p1.80:1H.2.42 NstiBrd2ed at room tenperature and the

eguky | | pht@ate is collected by filtration and
Foun&bghggs%q?’tﬁmﬁﬁéﬁbt%' provi de 250 ng of 4-

chl orot hi eno[ 2, 3-b] pyri di ne-5-carboxylic acid as a

white solid, nmp 172- : H NVR (DVMBO d6) 57.62 (d,

J =6 H, 1H), 8. 1%9%%’%955@8‘%?/51» 8.94 (s, 1H):

M5 212.0 (MH)-. Analysis for C8HACI NO2S:
4-Thiophen-2-yl-butyric acid methyl ester

A mixture of 4-(2-thienyl)butyric acid (4.25 g, 25.0 mmol) and 3 mL of °
concentrated sulfuric acid in 25 mL of methanol is heated at reflux for 2 hours. The
reaction mixture is cooled to room temperature and partitioned between ethyl acetate
and saturated aqueous sodium carbonate solution. The organic' layer is separated
and passed through a short pad of silica gel. The filtrate is concentrated and purified
by flash column chromatography eluting with 1: 5 ethyl acetate : hexane to provide

4.02 g of 4-thiophen-2-yl-butyric acid methyl ester as a yellow oil, 1H NMR (DMSO-
) 81.85 (quintet, J = 7 Hz, 2H), 2.35 (t, J = 7 Hz, 2H ), 2.81 (t, J =7 Hz, 2H), 3.59
(s, 3H), 6.84 (m, 1H), 6.95 (m, 1H), 7.32 (dd, J = 5, 1 Hz, 1H); MS 185.0 (M+H)+
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Calcd: C 44.98; H, 1.89; N, 6.56 Found: C, 44.99; H,
2.14; N, 6.43. An additional 230 ng of

w0 200d08888@r ot hi eno[ 2, 3- b] pyri di ne-5-car boxylic tdis
obtained fromthe filtrate. Reference Exaﬁgf/gg@ﬁm“z“
4- Chl or ot hi eno[ 2, 3- b] pyri di ne-5-carboxam de A m xture
of 4-chl orot hi eno[ 2, 3-b] pyri di ne-5-carboxylic acid
(250 ng, 1.16 mml) and 5 nL of thionyl chloride is
Andiysist forl Calth0e8:l ux for 2 hours. The mixture is

Cal%cﬁnéegé_éﬁtﬁ%.éé] '\Y’ﬁ’gdbo and dried. Acetone is added to

e resrdue and solution is cooled to OC. Agueous
Foundn®n58:187;1H,d. 5% iINJ©.q215 n -) is slowy added and the
reaction mxture is stirred at OC for 2 hours. The

reaction m xture isR%orncen ate 1n vacuo and water -
is added to the residue “¥rEMREl 4 ant solids are

collected by filtration washing with water to provide
175 ng of 4<{Thiteo-thidphemahyd)-Bstirjcoanid HicRt Sste€ar boxani de
as a white solid, np 159-160C, 1 H NVR (DVSO d6) 87.57

(d, =16 . L 84 (S, 1 8 11 (s, .1 H),
8 11-20]? a-'r,)L 3f o:%gc érg@dfdéba? -%é élls @gﬁgqn% r,nngénQricga@q (d =1.5).
Thepmixtige (istkeptrat -20AG) gagi a éahnioﬁ&élméﬁ%hgéﬁ@uﬁﬂig agvd methy
ey . 27: 7 . Found:; 44,88, H~ 2.35 N,
s 188 910 05 IB0AP o7 sb R Bsriiides soaedapavenceThe
- Feagtigy wmjkigrel ig stirred for 10 minutes dafter completi%n of additilon, and poured into
A r ien - yridine-5-carbonitrile A
o e L T PR 958 Y Plbacetats ar e pransic
layer 1ig5 waghed. @igh HoroN) aw&bmganﬂuﬁclrf@hmrdedgomﬁ&q d¥ed and
i N5 F . i met rmanmide is
°°"‘i,et"?‘r%¥é§ﬂ l%e r'reglgﬁ]eggé%g{g?gjpgtﬂgs? 8?Iu§1@ rofatagraphy glujing with 1:
4 eivloeeptate t hexaneaot provideri 132 geof 448lnitldahibpRen-2 ) butyric acid
solids are collected by filtration washing w th water
methy estes\AScReylew oty BFNMR (DMSO-ds) 51.93 (quintet, J = 7 Hz, 2H), 2.41

" _ oo ce) s

(S P02l RO Th UL SIS S ez S 0es 0t @, 4
=5Hz 1) M5 220.04M)48. 26 (d, J = 6 Hz, 1 H), 9.03 (s, 1
Anal;’)sis f&&gﬁi%‘%:( MrH) +. |
Calcd: C, 47.15; H, 4.84; N, 6.11

" Found: C,47.17;H, 4.91; N, 6.36.

Reference Example 18
4-(5-Amino-thiophen-2-yl)-butyric acid methyl ester

A mixture of 4-(5-nitro-thiophen-2-yl)-butyric acid methyl ester (2.29 g, 10.0
mmol) and palladium hydroxide (500 mg, 20% on carbon) in 30 mL of ethyl acetate
and 30 mL of methanol is hydrogenated at 50 psi for 48 hours. The reaction mixture
is filtered and concentrated. The residue is purified by flash column chromatography
eluting with 1: 3 ethyl acetate: hexane to provide 1.32 g of 4-(5-amino-thiophen-2-yl)-

butyric acid methyl ester as a dark oil; 1H NMR (DMSO-d;) §1.74 (m, 2H), 2.38 (m

2H ), 2.54 (m, 2H), 3.59 (s, 3H), 5.66 (d, J=3Hz, 1H), 6.24 (d, J = 3 Hz, 1H); MS
200.2 (M+H)+.
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Anal ysis for CBH3CIN2S - 0.4 H2O  Calcd: C, 47.60; H,
1.90; N, 13.88 Found: C, 47.65; H 1.55; N, 13.90.

wo 200f7RiSecence Exanple 14 PCT/US2003/036206
4- Chl or o- 2- met hyl t hi eno[ 2, 3-b] pyri di ne-5-car Onzitl‘nl
To a solution of

4- chl orot hi eno[ 2, 3-b] pyri di ne-5-carbonitrile (0.3 g,
1.54 mol) in 15 nL of tetrahydrofuran at -78Cis
added dropwi se 2. ORefefeinchiBxamptéi 1S opr opyl ami de in
hept ane/tetrahydrofuran/ et hyl benzene (0.93 niL, 1.85

19)] it
e é Lane %rﬁil-ilhfsédﬁgé,}zu Bjygnéé 27}4;‘ bmgnégé nﬂHé‘?ﬂyl%fster
tetrahydrofuran is added dropwi se. The reaction
mi Atroixeire §f 4F-rmine-hiophes-yohutyic agid methylmster (1.00 g, 5.0

nmo%' HH BRI NBRY Bhodtctat8 4888 mgl 285 W\%Bf?'tlﬁ 5b3mL

owed'to warm to roomtenperature, then |t|one
°|Ueﬁét'§\é@%teﬁ/@{t &flugder Hihew. of bereeartine mixtdes is @pgaentcatechgr@d 50

L df DRSERAAY hded, :rﬁ %ixﬁl???:f headd Umdnlk R34 hGis: ang cbsréd

over magnesi um S tered and concentrate
to rooabt@mpenat@rer eBlederade seaslion imisigrenis pasgedh theoughm short pad of

snhceﬁhb&nateﬂﬂfﬁ phMthel H‘igh@%n’{&ﬁghel ﬁﬂo@l&@ylbyac‘?d@t Cmethanol  in

ane to provi
Jdichlpramathgne. hi ethg] zcn;adeb] wdm ne- Burbar bpuiifiedi by 4lash column

uhrogﬁ%c%ﬁ'%mﬂgnﬁ fo rmeték&iob: 1%%:509{% i}vgﬁﬁéfah@gad@g ther
Rash eaiymn chmﬁ@ﬁtggﬁghyf elutinpwic 1R smeti@miot i etiay! aBetg@ to provide
o i S b b ot
atar_ri_soqu:l g(r)lousl gﬁt 2%/I t hi enof 3, 2-b] pyri di ne- 6-car bonl trile

7 <Ah| ﬂfxﬂir@') %ﬂoh%u?w bhagrc;ygat@g &o@a o g%&gq.é@é gocﬁpm.n 2-

yl)btaam@ae dﬁé%ﬁwmgé gnco 2/ dopai gfn N, ¢l§t§>ﬁw6@rmamﬂaem B mL of
pho&%m&a!xxa%rﬂﬁvéh@&x@&%ﬂé&mw&bﬁ%ﬁﬂu@es(a%d ém: lﬁatgci Tothe

fter stlrrlng m nut es ane
resuzt@w agdechdishloramethaney apdghy soltisnde dastied puitts d Yo perequs

sod.mmukaaoonmesénm | B2 Bigdnit fayed .§tarfeae§hcﬁtcon8%aiéa 'Fhe

- hours, the he m xture is partitioned between
resigye i R}mflgta @Mélpﬁlaﬁglugwdcmgmmpg@phymlgmg with dlchloromethane to

provide 126 mg of 4-(4-chloro-5-cyano-thieno[2,3-b]pyridin-2-yl)-butyric acid methyl

ester as a tan solid, mp 55-57°C; 1H NMR (DMSO-d;) 61.98 (quintet, J =7 Hz, 2'H), '

2.42 (t, J =7 Hz, 2H), 3.04 (t, J = 7 Hz, 2H), 3.59 (s, 3H), 7.42 (s, 1H), 8.94 (s, 1H);
MS 295.1 (M+H)+
* Analysis for CygHr;CIN,O,S:
Calcd: C, 52.97: H, 3.76; N, 9.50
Found: C, 52.80; H, 3.90; N, 9.25.
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The organic layer is washed wth a saturated aqueous
amoni um chl ori de solution, followed by saturated

WO 2003@484!S sodi um chl ori de, then dried over s g
sulfate, filtered and concentrated in vacg lrmgﬁ%’:‘/““m“

residue is purified by flash colum chromat ography
eluting with a gradient of 5% ethyl acetate in hexane
to 20% ethyl acetate in hexane to provide 274 ng of

7-chl oro- 2- met hyl t hRgredrdedBhipyd b@li ne- 6-
carbonitrile as a vvhlte sol i d, np 163 164C 1 H NWR

( DVMBO- d6) _5 5, 7.55 (s 9.03 (s, 1
H: M 209 '0’2 IOI'“('R%L%W)QB 27Q]w'9§'iesﬁw€%rb°m§#ﬁd N2S:
Calcd: C 51.80; H 2.42; N, 13.42 Found: C, 51.56;

H, Io%,somilod%f%chla%ﬁrﬁérﬂﬂgﬁ BipyaRleS6-&8rbonitrile (200 mg, }03
4Th| h % L ric acid jethyl ester A miXxture o
ol 1 2 Py BTG B (4545 iy acisgoionwisp Ak i
dusmbropvmﬁﬁdmirr aéﬁénéﬂdtfaﬁydr@f@éh/dthzlﬁegi%d@(07645T%Lhapﬁﬁ minfol).

reaction mxture 1S

t d h
A gt B ot BLN POy rmegide (99 Gisd Bommedie added

dropimitel ovee 6t rainatesambe Méﬁmﬁuﬂﬂﬁeﬁi%dsﬂdlmqy HAPGE Cthen
dlcﬁm ut i on. Thegfg dgam c, layer is separated and passe

Rramrghane sh899ed,3ad Jhe deaction mixture Tigealiowedr tot waims to room

tengpEratary, I atagst |§Eddéﬁ~lérhd th%dorﬁﬁbﬁ_cfdgﬁi%‘ hilgédaagée‘ted and the aqueous

h t t :
o B B alshiorosthanes The eroaip Ehases Risgopbined and
waél@édjwmtshlml'e;tg?b%ecﬁ% Sod)Bh |cﬁ|)Wn9%,' drieH &ﬁ'@dﬁmatéj ﬁ)tered
ui n
‘ant; cogcgit ? in \taoyloHZThezr_gsML@ 0%) pupge 3tps_p) prgpegatl\(emthlrl layer

h t dBvelb ith 30°
By ekl st S bessh it e mo o

7- kﬁé?'géér@W%Fn@&@IQ line-g-¢a Etgpnm@e asga gvhite Hoh@, B 188+189°C;
H%{@%PW 6)@-?%???41}9;?%52%%% 2N¢§g)(g-§m>$§lf8§£§125 223.9 (M-

H)}ret hyl ester To 8 nL of acetic anhydride at -20C is
adde nitric acid (d = 1.5). The mxture is
AnBlf Yor P

nd a sol ution of
Calkdt 10, @aplssnH21 B6-RUiysd ¢ aci d net hyl

Found: C, 48.69; H, 1.48; N, 12.30.

Reference Example 21
tert-Butyl (2E)-3-(7-chloro-6-cyanothieno[3,2-b]pyridin-2-yl)prop-2-enoate

To a solution of 7-chlorothieno[3,2-b]pyridine-6-carbonitrile (100 mg, 0.45
mmol) in 5 mL of dichioromethane is added, in portions, (tert-
butoxycarbonylmethylene)triphenylphosphorane (0.645 mL,l 1.29 mmol). After
stirring for 2.5 hours, the reaction mixture is allowed to stand at room temperature
overnight. The mixture is concentrated to % its volume and is purified by flash column
chromatography eluting with dichloromethane to provide 126 mg of tert-butyl (2E)-3-
(7-chIoro—6-cyanothieno[3,2—b]pyridin-2-yl)prop-2-enoate as a white solid, mp 193-
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ester (1.84 g, 10.0 mml) in 12 nL of acetic anhydride
i s added dropwi se. The reaction mxture is stirred

wo 200§/@B3gk0 M nutes after conpletion of additi Qe 3603036206
poured into an ice-water m xture. The product IS

extracted wth ethyl acetate and the organic |ayer is
washed with 10 N aqueous sodi um hydr oxi de sol uti on,
dried and concentrated. The reS| due is purified by

n th 1: 4 ethyl
195 RRIHER A {55 PSS 'n Bt Th7.26 (s 1) 7.70 s,
1H)- .57 (d,Lr-016 Hzom)eaaZ(ylﬂ-?bmS@mq %sté %mﬁli hyl ester
1 H NVR (DVBO- db) Uintet, J =

(
A"?E’EEfX'zél)p'@%kE’es(t J =7 He, 2H), 2 88 (t, J = 7 Hz,
Cakid) 0535960-54.03t-w,37304 (d, J =5 Hz, 1 H, 8.01 (d, J
= 5 H) oo NM5,,229.0 (M + AnaIyS|sfor COHL1INAS:
Foﬂﬂgc‘g:zs%?ﬁ'i‘?i.3:#§;sNrg5ﬂ 84; N, 6.11 Found: C, 47.17; H,
4.91; N, 6.36. Reference Exanple 18

4- (5- Am no-t hi ophen-%fybhcggkymg@ cacid nmethyl ester A
m xture of 4-(5-nitro-thiophen yl)-butyric acid

ny o SR T i Sneheeubenic S lasne radonyle

acetate and 30 nL of methanol is hydrogenated at 50
psi A orixtde ﬁo'Zl-bBIoroTMdbﬁﬁéﬁd[@Q B yHiNeEs- cérﬁoriuiri'lé %ﬁdmg, 1.0

mri%]l?l &g&ﬁ%ﬂiﬂ@? B%P or%rsulatq%eﬁbl%qp%\giq 3 ngpqa,lg”and 58 mgs of
tetaika(mpben)ﬁrmoaplmné)palwdm @® ﬂabﬁ?nﬂ &fethylene gl%'col dlmethyl ether
| ané 81an E&u%qrt]lls %%H’Liﬂf‘\iﬁ?g%%né&%%; ragé lgf@le@ﬁg ap anflux;gor:ﬁghours
4- (gnmethﬂam)no);meawb@mmczH) 3.kf (s, 3*6)105 5. 66 (HHE/LJ N 3a
te

T LI N L LN L e

is heated at reflux for 6 hours. The mixture is treated wnh water and extracted into
dlcﬁcﬂ'é’mgﬂ{aﬂé %n Ifé’ ?X%%\m o) S{s]é) Zwﬁshbédp\zlth brlmne ézn cljrlledbg\}e¥ rsclac(l:lum
: sulﬂate,sﬂltmeduand mootpmmﬁﬂ mlv)acbut Yhe fesifliedisBRifldd b§Hadh column
C“%l?ﬁgi’gﬁe‘? ﬁR’l" by"aﬁ &%{‘ﬁed'?fé%fe"ﬁ&ans g 2%sithy! Agetsts in

dlqlrtlpr@hethaobuerte |Spmaeed w871 efhgx f@0%) hostr . FRRloro-2-14-
centrated, and 50 nL of

(R o e erdle & B it PP Rt chse AN s61anes s, mp

276%72%; Y RMARARDEIY £67 (s, 6H), 6.73 (d, J = 5 Hz, 2H), 7.58 (s, 1H), 7.63

(d, J = 5 Hz, 2H), 8.74 (s, 1H); HRMS found: 314.05127.

[

Reference Example 23
7-ChIoro—2-(4-formylphenyl)thieno[3,2-b]pyridine-6—carbonitrile

A mixture of 7-chloro-2-iodo-thieno[3,2-b]pyridine-6-carbonitrile (1.00 g, 3.12
mmol), 4-formyiphenylboronic acid (936 mg, 6.24 mmol) and 108 mgs of
tetrakis(triphenylphosphine)palladium (0) in 30 mL of ethylene glycol dimethyl ether
and 25 mL of aqueous saturated sodium bicarbonate is heated at reflux for 4 hoﬁrs.
The mixture is cooled and the precipitate is collected by filtration washing with ethyl
acetate and diethyl ether to provide 818 mg of 7-chloro-2-(4-formylphenyi)thieno[3,2-
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to roomtenperature. The crude reaction mxture is
passed through a short pad of silica gel, eluting

WO 2004704$886li chl or onet hane fol | owed by 10% net hari’@rllhsrimn
di chl oronet hane. The crude product is further puri
by flash colum chromatography eluting with 10%
nmet hanol in dichloronmethane foll owed by another flash
col um chr omat ogr aphy el uti ng WI t h 10% net hanol in

b]syfanhe -8cEhALiG %s%ry%Ylia Pf% p,g,pg Gy 1&{ NWAR @DC12-5y1.93 (d
I B gﬁoalﬁ)g 7a36 a 1ﬂ-an8.96|(d,dJ =A8IH2XQ es @? (E=fitpy! 0.1 (5, 1H), MS

od 6.9 , 7- di hydr ot hi eno[ 2, b] pyri
§buta@ [-'2]-5)136 ng) and 2 drops of

N N-di nethyl formanmide in 5 nL of phosphorous
oxychl oride is heat eRefeterceflfxamngi®ps 10 m nutes and
concentrated. To the residue is added di chl or onet hane

anBnhibheo s ' with 1% agueous sodi um

bi car bongg)gH %&lérﬁhmﬂﬁ%gy M'J%'Eana bipyriding-8g-athoditrile
concentrated. The resi due is purified by flash col um
chromat ography el uting with dichloronethane to :

2. (a. Errasecd. fehor 2 ipmyehenyienad - oyidne sramonir
(7gg, 9.8 JIMolbaic6.0msl_ of 2.4 GMétﬁ&IaMe5§t§%§ydr3f Fén'\%o mL
of(cm@@bﬁl@haﬁ% %ﬁd %}'HL 6feélqleﬂylfor§n@mldg ;)9 qogledngO-S“ﬁ £vdium
tniageto?/bpoohygnm (A.5.g, 118 mmd\ﬁnsZQ@deB H\ﬁd;%d sﬁﬁﬂg&@%rss hffutes
0-£0 Mo ROBEz At 1S BEG. goie Rpourd s St roam dpronsrates for 2

hopesT/ thsp om@Enehed Oy tlmefmidﬁlme oExlaﬁ’p{Nﬁte?Oand partitioned . between
dl&‘il&%@f n% eInQir é‘%urggdearﬁ% ous so& Br¥|r o Benage. Fhoont ]

a solution blcarbonate The organic phase is

an_d(gypbinglqammgtg, tendpand domeenfratsel inaAELd. I The re<@%k %urified

1 { L 78c
Dy LR oolll bhidhaodttni eilfitd AN & Sielishb ol Histipematiane o 10%
MEEApendn t élchlmrmtbam ato/ thbyxhbemaenené O(68%) "df: 7lchfo-o-(4-

[(dmhglfwé@)ﬁﬁhﬂ%ﬁya%pggi%é?pyfd@g-qﬁpgnqnge asl@eyellow solid,

{
e ren Tl P 8 L5 (3! SPelle ot deiies s v
2 de&l @hd €1 Hz,eaw | 28 1f$,xtH), 9.1 5 (g ﬂ%V\WEB B8 MABEY | Qt+H)+;
HRRSTbund: 328.06622 _

Analysis for C47H;4CIN5S-0.3 H:0:
Caled: C, 61.27; H, 4.42; N, 12.61
Found: C, 61.22; H, 4.13; N, 12.50.

%036e 286

89



tenperature. Water is added and the organic phase is
separated and the agqueous phase is extracted with
woO 2004048384 or omet hane. The organi c phases are cpgﬂpmggqmgﬂ,q“(,
washed with saturated aqueous sodi um chloride, dried
over sodiumsulfate, filtered and concentrated in
vacuo. The residue is purified by preparative thin
| ayer chronat ography devel oping with 30% et hyl
acetate in hexane to pExamge 62 ng of

e o AT

8 A2mpdure 1of 1), 4-d®h®ﬁo -Banethoig)aniling. (386 (g, 175|?mrddBl and_ 60%
soaft g o P, 535 of B A gl Sy o
30 minute2. Joe sbtien df ceolexd aanpl G- cmlorbhremom-yblpy.ridine—6-carbonitrile
(200(R§E)1 52 %r]m hg %ESecf ?Mgpeoatcg\bﬁ rﬁ%icl&’e is Wegy aqlrgﬂ_u%(_erl %g rhgfn)rs

oasout Ion

then7altomledr tot $tir @hedcin 2erbperaturdi averright aThe medultahebladid Golothn is
partgon bémgérz ?th{[]ta%e{gre gﬁd Waﬁg'l %8%%4}%] l%yclarsls %%gﬁgd w{tlg]water,

| ons
dnedblmtveb(magnemnyIsu’éatlayhlmregltandpd:mmyhtpdtesminevaame (raeﬁéﬁdue is

purf 160 B B e 4 BRI o e . Toe
fractienspenéeining produetr aregmmblﬁ'dsce and xongentratedc @immn tettedr égladided
anc M nebPR Pt BB R iRl oy af B IR Bl st
5-mé&th6xypipeoy!)armemd]thimmo]d, 2-@2&)&13}&6 carbonitrile as a tan solid, mp 216-

(7- {:hl or o- 6- cyanot hi eno[ 3, 2- b] pyri di n- 2-yl ) pr op- 2-enoa
220t@ dH NMRYDNMEOsH) 83185@ 3H37.487(BVWHR OB (13386 Hz, 1H), 7.76

o GRAERILERD g G S, (o
Analysid)for C1sA7CIINEOSI- (3:25Hz@ IH, 8.84 (s, 1 H; M 321.1,

Cal%ﬁ%%d%t@ﬁ(@nﬁwggg_?for Cl5H13CI N2CRS:  Cal cd: C,

3 Found: C, 55.76; H 3.76; N,
Foud50, 50%8; ¢, 8B NEXRERl e 22

7- Chl or 0- 2- [ 4- (di net hyl ami no) phenyl ]t hi eno[ 3, 2- b] pyri d
i ne-6-carbonitrile A mxture of

7-chl or o- 2-i odot hi eno[ 3Egarbplpy? i di ne- 6-carbonitrile
7—[(&,%Zéicﬂlgro—é—n%thoxyphenyl)amino]-2-phenylthieno[3,2-b]pyridine—6-carbonitrile

A mixture of 7-oxo-2-phenyl-4,7-dihydrothieno[3,2-b]pyridine—6-carbonitrile
(878 mg, 3.48 mmol) and 10 mL of phosphorous oxychloride is heated at reflux for 1
hour. The reaction mixture is cooled to room temperature and hexane is added. The
solids are collected by filtration and stirred with saturated aqueous sodium
bicarbonate. The solids are collected by filtration washing with water, ethyl acetate
and methanol to provide 751 mg of 7-chloro-2-phenyithieno[3,2-blpyridine-6-
carbonitrile that is not purified.

A mixture of 2,4-dichloro-5-methoxyaniline (336 mg, 1.75 mmol) and 60%
sodium hydride (69 mg, 1.73 mmol) in 10 mL of tetrahydrofuran is heated at refiux for
40 minutes. The solution is cooled and 7-chloro-2-phenylithieno[3,2-b]pyridine-6-
carbonitrile (270 mg, 1.0 mmol) is added. The reaction mixture is heated at reflux for

5.5 hours then allowed to stir at room temperature overnight. The resultant black
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nmol ), 4-(di et hyl am no) phenyl boronic acid (248 ng,

1.5 mmol ) and 58 ngs of

tetraki s(tri phenyl phosphi ne) pal | adium (0) in 13 niL of

et hyl ene glycol dinethyl ether and 11 nL of aqueous
saturated sodi um bi carbonate is heated at reflux for 6
hours. 4-(di net hyl am no) phenyl boronic acid (105 nyg)

a 1 et L& | I ) ;
EgfuudrE'e, HEbhid RRRISEERA5P dcbile Rl Bbl VA leckEdhs taver s
r e¢itlified fwith 6 NhiaygrechicTigeaaid andiextracted wishtethy! acetatenatTde organic

a%gere%%t HASH Sdel ma%nﬁggﬁhéﬂa@gﬁtg” ta A dohdint feglaf?\i Gacuo. The

e 1's washed wt rine an over 50|um o
scelﬁmeets freatedrwith @thy! csatatntandt kekana g dte inseible material s

e?&lle@fé% %Smﬁyﬁdnf g B i‘slgagg 4ot f@%ﬁ%gg—\vny%cetate and

radi ent of | oronet hane to
ati‘@t amletureh lsdfltteerpdrwhﬂq h‘ﬂﬁrént@ provided e50LgMg ngf (Bliget-dighloro-5-

kg’n&%[)gm noj- 2 eT){ wljegrc]) 3,2-b y% IB§/r6|C Irbno(:)nltlélec:%lsr %olrﬁ;rt“ brown

f lsJal% ?ﬁp th 9{?@9 HSNWIRg(DMgb d§7§§'8%7§C8H9- ﬁdﬂwmmkgi)z 53 (m,

st 7(7 3 = T2 T8 (% 170, 784 (811:;% 8.5 1HHLEB (s, 1H); MS

3;%% Qw@ﬁ Reference Exanple 23
| oro-2-(4- for;gl phenyl)th| enol 3, 2-b] pyrldl ne- 6- car

bénplysis [fer CzAHwPBzN

7C‘éh§d°rc95% 540@03t1@1 ﬁr@bg 2 b] pyridi ne-6-carbonitrile
(1 fornyl phenyl boronic acid (936

nﬁourm 2215|$rﬁ9| i aﬁa Pio%49rgs of
tetrakis(triphenyl phosphi neg@gpleagli um (0) in 30 nL of

etq%jene H ycol dlﬁEth%@ ether  and 25 nlL of aqueous _
s atBregoel(34dlicierBidcae ﬁmhénvléanwe@tta@na@ ?r*éipvwner-éﬁazpomtr"e

hours. a Fh&ur8ioftau- a.ch@r&gﬂh&%@aml.ﬁdﬂ@z@reemgpht1@t rﬁrﬁoﬁ and 60%
col | ect ed by f||trat| on was

aﬁadlameque &498/mg. o bﬁ} B\Imqﬂ)eméggmr&j tgt(ah%irofuran is ﬁeated at reflux

7+l oR&ur2 T(hé soutiod pheaygledt Bhe rrobrdmd=7-cil8roWizno[3,2-b]pyridine-6-
2004/ 0483 PCT/ Ug%003/ 03

b]cﬁ p6r| r@g,r% mrrpql |§ aégedd Th&rg%nydpgglonl{ﬁlxture is heated at
3shusOfke; 5 lhddrd\"\@oﬁ@@b 3o enPerdtdre, ahd=tHenHpartiidhed between
e Ehethay anfesiot g ogage doya RaheRa ey tailistad aqueous
Exadiphechigtide, dried over sodium sulfate, filtered and concentrated in vacuo. The
T & g S BR eI D RO S irERaspahy dtebig it 40 %
7 ety cdicetate (ér fraaxane ploe mydvidehi Eidad 3ng- b p&bnodnmb—[(ﬁ%chloro 5-

3%@%ﬁﬁ?ﬁ%@@ﬁ#@ﬂiﬁ%@Psﬁéd%b%%as 2% bolid, mp 22-

229°C; H NMR (DMSO-dg) 83.86 (s, 3H), 7.40 (s, 1H), 7.71 (s, 1H), 7.80 (s, 1H),
8.61 (s, 1H), 9.80 (s, 1H); MS 426.0, 428.0 (M-H)-.

Analysis for C;5HgBrCI,N;OS:

Calcd: C, 41.98; H, 1.88; N, 9.79.

Found: C, 42.08; H, 2.09; N, 9.62.
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of dichloronmethane and 5 nL of dinethylformam de is

cooled to 0-5C. Sodium triacetoxyborohydride (2.5 g,
WO 2004;101;3;736mml) is added in portions and after geyRiddés53s206

.10 nL of acetic acid is added. The m xture iIs

stlrred at roomtenperature for 2 hours then quenched

by the addition of ice water and partitioned between

di chl oronet hane and saturated aqueous sodi um

bi carbonate. The organE¥apRles® is dried over sodium

7-[@YU- bﬁ:rhﬁ)ro %1H1étﬁ5)§6h@f%aﬁﬁ’ﬁ5]@bﬂ§ﬁ1%qo{3@ M]?gﬁ'&]ne 508 honitrite

residue 1Is ﬁurl ["fash col unnh cht omat ogr aphy
el &t migurgi eh24- @@@Q{P&nmeﬁwxmmlmeo(%mar?@tmmm%nd 60%

SOdll%tH%HQé (éd"'mg £0IrhONRE DRAR. S1QePAIRNFSHEraf9S nBBted GP Wik fror

1 hoy( dTh?e%Q\%Oa?riﬁ 1$89'a% @AY 7} HHeraya-iodpiniane[32-RIpyTigipe-Betaneordtrile
(3209%%5%' thn'oI%@s aadéa(%@ ingbweéatdn mixuiF8 I%&i@at%@%gref%l 'zlj,%\l\%g\t

The p:@actlonglxtuye 9% coqled o ro@n ﬁgmpgnq}ure singdgpariitioned ietwerni gthyl

s oy i 08 550 ARt e G g

sulfeda,, filteredand; cqmenttatedzn gacud-olihe regijuesis. maifiegh by 4lasts .coNmn

chrof i apfPoli RS ABIRNTT LRI (30300, SRS AR o o
dichleso-§-roethpamwhenyjaming-2nipsiothienols,2-b]pyridine-6-carbonitrile as yellow

2, 4-di chl or o- 5-qret hoxyani line (336 ng, 1.75 mol) and
cws@dﬁmmsé’@ﬁwmdrm NMR ADMER-d1). 9388n(e) JH), 17.380 (S 11H)f 7.77 (s,

1H),E|7ﬁ§'es5 gégl g;§ % 56 egﬂmg gpggzsagnaﬁw 875 9UihpL. 30 mnutes.

AnaWSEHDb@mHHméﬁﬁﬁﬁ 2-b] pyri di ne-6-carbonitrile (200 ny,
d The reaction m xture is heated at
Calé‘d‘%? quqaﬂ 843,

burs’ then allowed to stir at room

Fouﬂéﬁﬁéﬁh?hﬁb1dﬁéNnB@ﬁt The resul tant, black sol ution

is partitioned between ethyl acetate and water. The

organic layer is washed wth water, dried over

magnesi um sul fate, filtered and concentrated i n vacuo.

The residue is purified by flash colum

chromat ography eluting with 1. 1 ethyl acetate: hexane.

The fractions containing product are conbi ned and

concentrated. Diethyl ether is added and the

i nsoluble material collected by filtration to provide

131 mg of 7-[(.2,4-dichloro-

5- met hoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne- 6-car boni t

rile as a tan solid, np 216-
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220C;, 1H NWR (DMBO-c) 53.85 (s, 3H), 7.40 (3, 1 H),
7.46 (d, J =5 Hz, 1 H, 7.76 (s, 1 H, 811 (d, J =
5Hz, 1 H, 861 (s, 1 H, 9.71 (s, 1 H; M 350.2
(MrH) +. Anal ysis for C15H9CI 2N30S - 0.25 H2O  Cal cd:

C, 50.79; H 2.70; N, 11.85. Found: C, 50.79; H,

2.48; N, 11.56. Exanple 2

7-1(2, 4- Di chl or o- 5- net hoxy E%Q?m noj - 2- phenyl t hi eno

[ 3, 2-b] pyri di ne- 6- car boni t m xt ure of

7- OXG-f2, prmaybmds-ﬁredidayﬂfanymrﬁunoItraeﬂo[pbmmsyrﬂirié%-ear@aﬁ|tn|e

onitrile 878 , .4 hor

oRyehi & it Cor e ardikte BRehaRane 150 dug. PT187 RGN Bha 60%

r ewnmmydﬂaeégn%ragl B78 ﬁmhcﬂ)igﬂo mloemeltremmfatamne héated at reflux for
xane e S 0 ect .. -
¢ B0 Pilogn T goLipR s Fopeg hind doriareliBp s abyiities Freprbonitie

b(twhgnatsemmﬂme[l(sahlMSAarcaja:cddueA:tEd waeferbdywd chem., 14, 807

m’?ﬁ??ggs 9gziedmg reéctlonthlxtu?é: Fsth%taf"ed aewgﬂungorhfg %ours The resultant

7blabk GOhHIZRA pmparylhcbrfeldewm\[véerﬂ etm}/paa‘etate re;xdGraterr Db iotdgdnicelayer is
t hat not i xt ur

WESE‘?@WF%Y"S ?Fbetdh%’%&/@ﬁp'i‘?ﬁ%“ 6%‘%6 fijereq 28 GeRgeniratgelin vacuo.
60%e r&aexﬂuamshgtd'rfnedeb)( éastmrgolubnry Thrommatpgraphyl @lutingodvith 2:3 ethyl

Er%tgétggly I%E)% r @egfgaoﬁﬂgrgst dgﬁnn egrocli%t aPd cor%glnrepd nalrj1tdecsoncentrated

7Duﬂthyhe¢he2+qadmﬂie¢lanhltbm mis8luBlelmadgmal i cotleGed bgfilation td ;brevude 60

RGBS P A B e o

at tapoyolit enp dOat198tC; JHNMRYDMS g & 2851(4, 3pt), hB& ¢k 1HY07.68 (d

sol uf i [ |t| h t

cor 7 Hmdruehibts PRyEs PR ER B R B 9 B0 o s ms
hygdg.aqht-l8y-i c aC| d and extracted with ethyl acetate.
T r~&.S dried over magnesium sul fate,
f%‘ﬁ?@%%g@a@] o%@%oné‘r ated in vacuo. The residue is
t Cabrde C,\i1t44; ek By, lct2.6@.e and hexane and the
[ r S Il ected by filtration. The
sg\??w%%%g‘hggg’ l|\1h1h§(?. nmet hanol and ethyl acetate
and the mxture is filtered while warmto provide 50
nmg of 7-[(2,4-dichloro-5-
nmet hoxyphenyl ) am no] - 2- phenyl t hi eno[ 3, 2- b] pyri di ne-6-c¢
arbonitrile as a light browmm solid, nmp 274-276C, 1 H
NVR (DMSO-d6) 83.86 (s, 3H), 7.40 (s, 1H), 7.44-7.53
(m 3H), 7.73 (d, J =7 Hz, 2H), 7.78 (s, 1 H), 7.94
(s, 1 H, 863 (s, 1 H, 9.78 (s, 1 H; M5 426.1
( MtH) +.
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Anal ysi s for C21H13C 2N30S - 0.25 H20: Calcd: C
58.54; H, 3.16; N, 9.75. Found: C, 58.50; H, 3.07; N,

wo 20044683 Exampl e 3 PCT/US2003(035206
2-Brono- 7-[ (2, 4- di chl or o- 5- met hoxyphenyl ) am no I eno

[ 3, 2-b] pyridine-6-carbonitrile A mxture of

2, 4-di chl oro-5-net hoxyaniline (221.8 ng, 1.16 mmol)
and 60% sodi um hydride (46.2 ng, 1.16 nmol) in 6 nL of
tetrahydrofuran is heat egkaaipié f | ux . for 1 hour. The

4 BRE A ErmbRRbT ﬂ-'rawafcé-sz'Bpsimeaylmeoltrumamﬂwnn@e 5.
(150 ng, 0.55 mmmol) is @dm{mfghe resultl ng reaction
m xt.ure t fiat refl ux for hours, cooled to
r oo W@rog?g'f:g Or%iﬁé“f’H%WylpH'r"ﬂmpﬁé‘?{é’d’%éﬁ%ﬁm“ne (135 mg,
0.5di ahh@y Om&’tdh@nﬁydtﬂ&nl&miee'(% The Qrsgaﬁiﬁbl)' au@u-
at ege queous sodium chlorid drie over

IRy AIPoiEte (] B BE2 el To deb i mebexyetanss l§d1eated at

refllixefor ris howre. | Fhd Woiutib®ds RvoRGERR Ald KOV & é\?&?@lrated The
%H‘Brormtora devel oping with 40 % ethyl acet
regyliznt res FﬁP gégtgg withsa @lwﬂ'\um amount of methanol and the product is

pudfidd OBP- frabit 2 cAtufint hiRbPakg l’aaphél elutlng wuth é3% ethanol in
t hox hen3+ ) am no] -t hi eno ne- car onitr
dicplogormetanen g f@&tl?f&f qubalwzsprm relcqmtmlwd aoi/BMagsrated.

Etl’f!,iB a85ta(é5bs a%d aﬁd"cﬁ’e (rr‘éolggié) matEnZIlccﬁléct &% élltgatigﬂ ééﬁ{ﬁ)vnde 55
mq v 19- . Arh(ér%/hlﬂ'%"‘r[&rme&'sk@%ﬁ@ldzﬁe y)thiglgheny!)amindthigs[2,3-

HjoReStitn by o 518 oy (458, HarinBdb i S

3H}.6.63 (d. di=chHar dHb-Tath (mxylplhe?nw fsartit)of. 4Q<modblo hi. 821 (<, 3t H),
b B- I

A AR O QEL S e R0 85 (6 B 1 Py s 2ag2 Mty

A"Gb%ngbQIBUquﬁz @@5(*82@ ng, 2.0 mmol) in 20 nL of

Cdldﬂ rehsglsefiynam. ns1hegt ed at reflux for 1 hour. The
solution i's cool ed and

Foundifp. 242 1 H. S N, dA8P3, 2- b] pyri di ne- 6-carbonitrile

(320 ng, 1.0 nmmol) is added and the reaction mxture
is heated at reflux overnight. The reaction mxture
is cooled to roomten‘perﬁﬁmléegnd partitioned between

4\%'(%1 %1%@i@t@gﬁr@?%%?ﬁémlnggﬁ-léﬁoﬂ%‘ﬁéfz B Sridhre-SB5BE M rile
: A mixture of 2,4-dichloro-5- methoxyanlllne (1.1 g, 5.7 mmol) and 60% sodium
hydrlde (285 mg, 9.9 mmot) in 30 mL of tetrahydrofuran is heated at reflux for 1 hour.
The solution is cooled and 4-chloro-2-iodothieno[2,3-b]pyridine-5-carbonitrile (1.0 g,
3.12 mmol) is added. The reaction mixture is heated at reflux for 5 hours then
allowed to stir at room temberature overnight. The resultant dark solution is
partitioned between ethyl acetate and water. The organic layer is washed with water,
dried over magnesium sulfate, filtered and concentrated in vacuo. The residue is
purified by flash column chromatography eluting with 0.5: 9.5 methanol :
dichioromethane to provide 0.28 g of 4-[(2,4-dichloro-5-methoxyphenyl)amino]-2-
iodothienof2,3-b]pyridine-5-carbonitrile as an off white sdlid, mp 231-233°C. An
additional 0.09 g is obtained by chromatography of a mixture of unreacted starting

material and product using a gradient of 9: 1 to 1 : 1 hexane: ethyl acetate. '"H NMR
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sulfate, filtered and concentrated in vacuo. The
residue is purified by flash columm chromat ography

wo 20%)!*,%%0%\[/\4'(?4_2% met hanol in chloroformto PE%\{Jis%s/%f&%m

di chl or o- 5- net hoxyphenyl ) am no] - 2-i odot hi eno[ 3, 2- b] pyr

i dine-6-carbonitrile as yellow crystals, np 233-234C,

1 HNW (DVSO-d8) 53.85 (s, 3H), 7.38 (s, 1H, 7.77
DVBO-ofh) 3887 (s, Ah)( §: 725 V4 (S, 1
( E?# I\/é 475 9" %@jfﬂ%ﬁa@yéié bfﬂ)c%’s%@l 2@3@9 (s, 1H), 9.76
(sCHileMS 473.8(Ma1)=. H, 1.69; N, 8.83. Found: C, 37.44;
Addlysis 6P¢ 9 le S

4- (2,495“8%%8%?5-‘%8 8xyphenyl ) ami no] t hi eno[ 2, 3- b] py
Caledii Qe3B84:d1.0eA9; 1\ BI8S. A ni xture of

- @i ne- yaniline (300 ng, 1.57 nmmol) and
F%'S&éé%ﬁdmrﬁﬂ%mg%m my, 1.75 nmol) in 10 nL of

tetrahydrofuran is heated at reflux for 30 m nutes
The solution is cool ed and
4- chl or ot hi eno[ 2, 3- b] pyr%gérﬂﬁlé -carbonitrile (150 ny,
0.8 nmol) [Khan, M A ; arconi, A E., J.
4 dPiskipra-S-mathrayphenyhamBBT-2-rhdiBitidno{%3 alfeitine Bigarbonitrile

reacd i ] ' refl or 3.5 hours.

TheCAr e@&u{%ﬁf lﬁ%ﬁ[g@@‘%@{'ﬁ%@ﬁa@n%ﬁﬂh g’oﬁgg FEIclleard 60%
sog_gmm\':gf@ﬁ(é@ ggaZQS\gnmeh) in mmmgamm??g&m ]Es: I‘l‘ieaé?%%hg%é( for

Sj, um su I
! \é\%ngént regt s {oh \%C%@ﬁeam%ré'gmaﬁééi SWPPPP@@‘?"BIFW idine-5-
cqrq)q;gtﬁledgfgrﬁa Oca’:?rr_ln_mt) dsyadely ﬁmh?@nvmmdm@ is%de%&%B/ét reflux for
afna: _ r cont ai ni ng _product are

e IR 1o THF Pl ARt bRt Thes et teck
salyfien @Is‘;@@%@e@ betwesan ethyliacetatd hed tvatbrbThé iokddnds iagsr it Washed
il Pk iR D rlapesium sulfate, Mltsrert and SPFRREAEH 31 12%ppy The
repidee jsepuyifiedrhydhashraolusm shromategraghyl eldingwitl 37 71&AF acdtke -

éy ] . , . S 1 7.68 _—
h ¢ ME; g@g@%&ﬁ%n{ﬁ:&t%ﬁyéﬁrggu}% qgg cgémbg'\fd (%1!3) a’:‘]ongegt_ra,tg%z[’)lethyl
etheryis addediang the insolyble maBoial eollettetiby fitFatioR 48 pibvidd 29 mg of 4-

rsef . X .44 2,59

L el Sty Slighehe 2 mil fknore srbliicigs S s bauie
aspdan 2Bl 3a PO $520I3/NIBBIDBISO-dy) §2.57 (s, 3H), 3.85 (s, 3H), 7.32
(s, 1H), 7.39 (s, 1H), 7.74 (s, 1H), 8.35 (s, 1H), 9.61 (s, 1H); MS 362.1 (M-H)-
Analysis for C4gHy;Clb,N;0S
Caled: C, 52.76; H, 3.04; N, 11.54.
Found: C, 52.46; H, 3.22; N, 11.14.
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Exanple 6 4-[(3-Chloro-4-[(1-nethyl -

H i m dazol - 2-yl ) t hi o] phenyl )am no]t hi eno[ 2, 3-b] pyridin
wo 2004fadmsecarbonitrile A mxture of 206

(3 ehl or 0- 4- [ ( 1- met hyl - PCT/US2003/036206

H i m dazol - 2-yl )sul fanyl Janiline (135 ng, 0.57 mol),

pyri di ne hydrochloride (66 ng, 0.57 nmmol) and

4-chl orot hi eno[ 2, 3- b] pyridine-5-carbonitrile (0.1 g,

0.52 mmol) in 4 nL of Zaﬁh@]@/@t hanol is heated at

r 0 hour s The sol ution is cooled and the
oo O Bhio Gy E ey R e NI PRRlS dopyriing -
treated with a mni rrum @gmn&m@f nmet hanol and t he
pro uct rifi flash col umm_chr omat ogr aphy

P
el u *Wt‘ﬂ %% %%Ffdveﬁhﬁxvaai"em (BP0 . A4 mmak and 60%
SOd"“m‘ﬁydm(memrﬁg 264 nithSIFRCES AL &f %@H&&S@r&ﬂ’ﬂ@ heated at reflux

cpncent cat e Et hyl acetate is a
for; ﬁglﬂ trg n’%ﬂ“&PPals corlpd canehy 7U§h'cffP12rfF‘a'l!1V’6Hein318rhiﬁMrld@e -6-

carbbnitritg (275. erﬁd, 3 32hr|nﬁf09 i$abiddd. TREMYActibn mixture is heated at reflux
for}t—ﬁme dazol t hi o] phenyl ) am no] t hi eno[ 2, 3-

?HFFdF?f%e tfrnarriue and pedioged patwasp dickloanettine
and\MatdrDNVRe- st§anié Iani,leﬁls W&she@ 'Volth @t@r%téoda?ulaoui%&lggnde,
drn{c%bvef 5ﬂ§|u$n splfgtsz gereq apgj cochnira(qgi in yaeueg Fhe regida)e is purified
by 8iabB ddiumd

yAnaI ﬁ | mf gﬁocrﬁagggr@&ﬁ%eh}tm@ wnttln\@ éz%n&técg}@ et&yl acetate in
%0 ?519 »3ethyl agetaley igo hexm rfel"ov@d By. preparative. By layer

hrdm %

C é}@réﬁﬂ%@gﬁg@g@ \antrflie t20 c{x eg})]ll acetatae rﬁnn%ihl%romedwﬁnﬁ to prﬂlde

108 ]Obfhl Pt BrahPPhER AT A ety BHieno(s.2-blyridine-6-

g chl or g- 5- net hoxyani | i ne %11 , 5.7 mmol ) and
cargpir %aﬁeﬁh whitegeelidpmp 2AB-204° rymi (RMBDek) &F51 (s, 3H),
3.85(6/ by U2 (&) AR). Baseate, al7si8f 1y ol (<119 56 THR); Ms
36%9 #‘{33@“ cool'ed and

T H) *odot hi eno[ 2, 3- b] pyri di ne-5-carbonitrile

Anél¥si® for, Ciel3CBNJO®] ) is added. The reaction mxture is
a eklux for 5 hours then allowed to stir at

Ca[‘%okﬁ%@%eha%ﬂ#é’"ob%%i ght. The resul tant dark-

Fosmed: @,i52r86; H, 21087 i 11.6med between ethyl acetate and

water. The organic |ayer is washed with water, dried

over magnesium sul fate, filtered and concentrated in
vacuo. The residue is FIRTPIee® by flash col um

c hr OM[Q@uMyorsbhﬁdyDQmYMo‘]thleﬂo% 2- Q]p?rld'lﬁ‘é -BaBonitrile

hl oropet e tq

{l(rg o gﬁ oAl "'ﬁ*e? ﬁ?%r‘?y@? amelppnd-60% sodium hydride
(82.0 dwf, [2.aB®Md))3n hb AN bﬁtéﬂﬁhﬁdr@ﬂﬁé}p@' Relatdatar@fi@ioP fi fhour. The
sol\l\pon is coo‘e% ar%) 'lzclqlorothleno[3 2-b]pyridine-6-carbonitrile (200 mg, 1.03
mmol) is added. The resulting reaction mixture is heated at reflux for 7 hours, cooled
to room temperature, and concentrated in vacuo. The residue is treated with water
for 1 hour. The precipitate is filtered, washed with water, and air dried. The resultant
solid is purified by flash column chromatography eluting with a gradient of 1% ethyl
acetate in hexane to 8% ethyl acetate in hexane to provide 173.1 mg of 7-{(2,4-
dichlorophenyl)amino]thieno[3,2-b]pyridine-6-carbonitrile as a white solid, mp 198-

o 1
200°C; 'H NMR (DMSO-dt) 57.47 (d, J = 4 Hz, 1H), 7.54 (dd, J = 6, 2 Hz, 1H), 7.59
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additional 0.09 g is obtained by chromatography of a
m xture of unreacted starting material and pLOIdUCt
' j a gradient of 9 : 1to 1 : 1 hexane: e
wo zo‘gﬁ'léfhg?e. 1H NVMR 94 WD 2004/ 048386 PCT/ uszBﬁTs’PééW%m
(DMSO-d6) 5 3.87 (s, 3H), 7.36 (s, 1 H), 7.76 (s, 1
, 8.11 (s, 1 H, 839 (s, 1 H, 9.76 (s, 1 H; M

473.8 (MH-. Analysis for C15H8C 2|1 N3OS - 0.05 H2CO

(d,Qk 6Hz, @H)37788§11 J'f_luEii-lz6ﬂ-d) Bl128d83= 4 R 861 (8717067 (s,

anpl e
“’E 'Y'%?@ 1D§3‘PT?(§M6H$* met hoxyphenyl ) am no] - 2- et hyl t hi eno

i31d @Y Hicll Xk bonitrile A m xture of
A"EQ’Z |1:cﬁ¥o? oémsnetﬁgg an| line (0.15 g, 0.73 nmol) and
Caicﬁ’%cgosd%"h #rye% ng, 1.25 mmol) in 15 nL of

Fourd:IGImiceoH)paB; Ns1mggted at reflux for 1 hour. The
solution is cool ed and

4-chl oro-2-met hyl t hi eno[ 2, 3- b] pyri di ne-5- carbonitrile
(0.06 g, 0.29 mmol) is ggg,ﬁgle 1khe reaction mxture is
heated at reflux for 3 hours then allowed to stir at

r oom t efpEhPishioreRienexvyitienci$,3-bimidinestrcarboritrile
I n
ot oy MRS T B AR Blc i or A8 03 mypon.
~ PoRRseiMyeRIReRate & 94.9 Mg k41 mmaleardi2 drdiciyorepberiol (21&13 ing, 1.34

mME B mLh6F N, NQﬁﬂnQﬂ'\ Ifdrﬁlaﬁx‘ﬂé .E'sﬁﬂle@)ét § ]l(?’Sé; i Q! 8P and allowed

h t ography el utin 7 eth cet
to E%‘?r! Oﬁglrgmb‘gﬂﬂ’é? y%ﬂf@tpf?n d %e EﬁﬁcﬂP'h migureria dr@etedarm watethdndedirred

at Ea?qﬁblém rl@ﬁﬁ)bFa'i&r%dfor [?‘Oeﬁnnﬂes q{rﬁeérybﬁtéﬁﬂg &d c%[&téti] %¥ flqtratnon

ble material collected ration
waﬁglngfdvug} watery dredjingyacuo, then puritied by flash column chromatography

elltifg Qntﬁ d@rtaﬁ%vww&)\@%é‘@]e A éllﬂé( d ﬁq‘g%ﬂ%i%&]i Y bdsdne

i ne-5-carbonitrile as a tan so
to PESM§6 E) "§2°f577*[(?é-d'%mp@w)dtélengﬂ% b]py(gl)ﬂne (5$grlbb?me as
S,
a wh'fq) 309'95"196@811Wm H W&@'&ftspwdarsmasmmm 1H), 7.68

:igi;%?;? gﬂs 770, U= S RN (R 20 SR G s e

MS 320 9 322.9 (M+H)+.
Analysis for C14HgCIlLN-OS:
Calcd: C, 52.35; H, 1.88; N, 8.72.
Found: C, 52.28; H, 1.69; N, 8.49.

Example 12
7-{(2,4-Dichlorophenyl)thio]thieno[3,2-b]pyridine -B-carbonitrile
A mixture of 7-chlorothieno[3,2-b]pyridine-6-carbonitrile (200 mg, 1.03 mmol)
and 2,4-dichlorothiophenol (202.9 mg, 1.13 mmol) in 5 mL of N,N-dimethylformamide
is stimed at room temperature for 1 hour, and then concentrated in vacuo. The
resulting residue is treated with water and stirred for 1 hour. The precipitate is
filtered, washed with water, air dried, and then purified by flash column
chromatography eluting with a gradient of 5% ethyl acetate in hexane to 20% ethyl
acetate in hexane to provide 249.0 mg of 7-[(2,4-dichlorophenyl)thio]thieno[3,2-

b]pyridine-6-carbonitrile as a white solid, mp 126-128°C; 1H NMR (DMSO-d;) §7.47
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7-[(2, 4- Di chl or o- 5- met hoxyphenyl)
am no] - 2- et hyl t hi eno[ 3, 2-b] pyri di ne-6- carbonitrile
ixture of 2,4-dichloro-5-nethoxyanilin 0, .
wo 20044 mol ) and 60% sodi um hydri de (105. 6 ﬁ’gé,‘ég.g%ﬁg‘”@"“

mol ) in 15 nL of tetrahydrofuran is heated at refl ux
for 1 hour. The solution is cool ed and
7-chl oro-2- et hyl t hi eno[ 3, 2-b] pyri di ne- 6-

(ddarH6n? Hzi 1), 75A5d3) m, Hz 13D, Bl J s4¢ween) 7188 (d, J =2 Hz,

1 e@gg @y I XU d u hours,

H)2868 (@1 I X119 bdaNEalfd s fe,géa 9:%30.0 191

cool e oom t énperat ur'e and Yat ween
Anélyéﬁlfélfﬁnﬁb(ﬁdh@z and wat er. The organic layer is

cawf‘@%g/\gg m qa;tguNag%qi aqueous sodium chloride, dried

over 'sodi um’sulfate, filtered and concentrated in
Foupd: (. 49r8% H, di7¢ Ne8il8. purified by flash colum
chromat ography eluting with a gradi ent of 5% et hyl
acetate in hexane to 20% ethyl acetate in hexane
fol l owed by preparative thin |ayer  chromatography
devel oping wi th 20% et hypxaapd 83 e i n di chi or onet hane,

2% al b (B3 QBB A affimdifiencla 2 oviing - e4PRRTS, 2-

] pyrA moﬁ@reenf Techidsothienpf3,2bnyridine & darbdriitrie (@0Dirg, 0GB mmol),
2 42é§h%1}04§;6\z€1ar|ﬂ| ’Y%'f Q%%g}é)d@ mil %11 n(lr?bl.}@_%\{édusi)pi%pyﬁag':yﬁmne
in pgnL of 2{)ethogy@6ar(cg is Heakgd atl\x‘Bﬂuﬁﬁﬂ AlhouBH Aftdr (:Mﬂirib-ﬂhe mlxture is
coﬁ@éﬂtbﬁ?%c? irf 9{98 H*ﬁgr%ls @té&i a\gtg a]\lsgt!fliaQ%% q%ﬁﬁoglum |

blqggbonp.tq @Qlutqor[jocml'@po pherpregiptatadg colleeted[ 1, filtration, washed with

oL S SRR i S ppin v

a @r@dieuhphgf’@ miefeanof gXichiergmehad@ todh neittranblinndictidromethane to
pré\ﬁélé 28Y 31 @ Wi 303, ?—dt&ﬁ%ﬁ'&%ﬁl)&ﬁfnw%eﬂ&& 2%]5&9#d’iﬁe-g-%§rbonitrile

solution 1S coo

as7a ﬁhi‘t@é&tdhhfé@q[s § &l h-ir[\]l océ‘gﬁéi’%g@l £ £ 5} ogmrg; 28 (d,

IS a tl n rea
J=F§H¥eéi’|é.d7éﬁ (dded |=u‘»<2st¢ 1) hbé|6£dd Jeol,cadHz 1), BGN(d, J = 2 Hz,

TG 55 BRI 47 L L e

(MsH)ter ed vvashed with water, and air dried. The
Ar\'a‘l"y%@%?@t,SHgéﬁN'éj is purifi ed by flash col um

romatog eluting with a gradient of 1% et hyl
Caledit Gt 83 %Hhé%(bhél t1658% ethyl acetate in hexane to

F&Jrgv dﬁsé ool (2, 4-
dlnch or opgenyjﬁ%rﬁ)ag th| eno[ 3, 2- b] pyri di ne-6-carbonitr

ile as a white solid, np 198-

Example 14
7-[(2,4-Dichloro—5—methoxyphenyl)amino]-2-(4-formylphenyl)thieno[3,2—b]pyridine-6-
carbonitrile

A  mixture of 7-[(2,4-dichloro-5—methoxyphenyI)amino]-2-iodothieno[3,2—
b]pyridine-6-carbonitrile (240 mg, 0.50 mmol), 4-formylphenylboronic acid (150 mg,
1.0 mmol) and 4 mg of tetrakis(triphenylphosphine)palladium(0) in 20 mL of ethylene
glycol dimethyl ether and 16 mL of saturated aqueous sodium bicarbonate is heated

at reflux for 2 hours. The reaction mixture is cooled to room temperature and
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= 7.54
0C, 1 H NVR (DMBO-d6) 87.47 (d, J = 4 Hz, 1 H),
(28d J = 6, 2I(—|z 1 H), 7.59 96 WD 2004/ 048386

= Hz, 1
wo mifggFEo03 020208 (4 3150 te, 110, 7 Skl

s, 1 ; M5 318.1, 320.2 (M+H)+. Analysis fo.r
g:14H7CI I2_I)l\l38- 0.3 RO Calcd: C, 51.64; H 2.35; N,
12.91. Found: C, 51.64; H 2.08; N 12.86. Exanple 11

paftitidnad beiadhl WatepAsd @WD Adeitenaha ofgdHhd \Péryeg Wi o(\:/grrsodlum

Ur; @qlf'ls?@f’%"gn%{"gér%f%%w Vefiuge Thegasidomiis pitifecd( ROMashtsolumn
chtoraatogmplh)l elutimgt W&ﬁ'éﬂﬁrﬁﬁgrh%aﬁ%vﬁ%gﬁfs(? nﬁojf 46(%%”%39,0 5.

chl or ophenol
MR IoXYAQe q#?é?' I3 &'W&ﬁv'a@enyb)tfsqnq{fﬂ é@]mmdhb%-ﬁ‘arbomtnﬂe as
‘?#] iQ’FN. o H? tq cool to anbient tenperature. The

¥§ 8‘2(8{3132333 rﬁ'&?ﬁ? 86?"50 t FENMBADMSB-delpd 387 ¢y BH)1 7.41 ex;l 1H9117 63
) 0ot 4 81610 ) e SRR o

II by filtratio ISR ng Wi
O }‘f*ﬂ'gﬁypun fied by flash col um chronat ography

CYH, dieply,ef 5 %ethyl acetate in hexane
Ar%ilyﬁsif@g {u%lcag{zgtg i n°hexane to provi de 244 ng of

C‘;}o‘f'( ()/%ﬁet%%m%% Phdxy) ] t hi eno[ 3, 2- b] pyri di ne- 6- car bo

I [ I|d nmp 158-160C, 1 H NWR B
FC{MBE/YB%?%)@&SF%@G?(I\{:@ 2.Hz, 1H), 7.68 (d JH;
Hz,lH) 7.74 (d, J = 6Hz 1 H, 7.80 (d, J_—2 :
1 H), 33(d J—4Hza,‘lnp@?5903(s 1 H; M
320. 9, 322. MtH) +. Anal ysi's T1or Cl4H6CI 2N2CS:
“Calcd: G 57z[( g; Dichlomo-8methoxyshety))amiraed4-@, 52. 28;

aaYs 62“‘5%“@?@?@3*#5@?%*&@“&&&% BB B oo 6- ca
rb oﬁ\%qrpp«p Iimex18imag, lFr mmol) lS added to a suspensnon of 7-[(2,4-dichloro-
S-ﬁe&hkﬂﬂ‘@hiﬂ)@ﬁiﬁgﬁz& P:]rlﬁw gﬁ’ %g géglﬁamtn?ag 13(66
1. ol - di c or ot
m%»rfgf*’} molkingg mis ofglieg! @rpn’@thay\pfandrmmmle of N siriethyfdimice.
Theaeaction MIRILAS 14/cBolelito b AHA sodlf t[v Q@é? ‘?{fzﬁrﬁc%a@g mg, 0.40

esulting residue Is rea

mrgﬂ@ |§?9ch€dA¥t%rrstanpg)gtr 0°Cries 195 boursi acete acid (0.02 mL) is added

and the reaction mixture is allowed to warm to room temperature and stirred
overnight. The reaction is quenched by the addition of water and then partitioned
between water and dichloromethane. The organic layer is dried over sodium sulfate,

4

fitered and concentrated in vacuo. The residue is purified by flash column
chromatography to provide 48 mg of 7-[(2,4-dichloro-5- -methoxyphenyl)amino}-2-[4-
(4-morphohnylmethyl)phenyl]thleno[S 2-b]pyridine-6-carbonitrile as yellow crystals,

mp 244-245°C; H NMR (DMSO-d;) 52.36 (m, 4H), 3.50 (s, 2H), 3.57 (m, 4H), 3.85
(s, 3H), 7.31 (s, 1H), 7.42 (d, J = 8 Hz, 2H), 7.68 (d, J = 8 Hz, 2H), 7.76 (s, 1H), 7.89
(s, 1H), 8.60 (s, 1H), 9.73 (s, 1H); MS 525.2 (M+H)+.
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'filtered, washed with water, air dried, and then
purified by flash colum chromatography eluting with

wo 20080856@di ent of 5% ethyl acetate in hexane t
acetate in hexane to provide 249.0 &1%95%‘%‘!3&06

7-[(2, 4-di chl or ophenyl )t hi o] t hi eno[ 3, 2

b] pyri di ne-6-carbonitrile as a white solid,

126-128C;, 1 H NWVR (DMSO-d6) 57.47 97 WD 2004/ 048386
PCT/ US2003/ 036206 (dd, Fanple?Z6Hz, 1 H), 7.54 (d, J

N 67%’4:&5&%’@%'r%%hé&ph‘e]qy:l)qgﬂrﬁlq;[}l (E%he}éylgiger(a%inr_ﬁ-. -
gglfi g ?é3ﬂzf9étl'( Whenwtwwaxabﬁayfnarne@édrs@mwsz
C

H, h&mefhvfpmer%z"ﬁﬁ @éwph & myholyis, iy ?@eﬂ B %ﬁﬁ?ﬁaﬂw%[@ 4-
d|chm@%éthb)ﬁjﬁﬁéﬁylﬁnﬁﬂd}%gﬁbﬂfw@ﬁmnmow 2-bjpyAdine-6t ur e

cartRgit (680 Akl Y25 RENG) ] ARITE G GVEH A aRPRBRE 209, & ol LA

dlmé)th}lf'ormbmldb 24 mambactio, Mnistturs O 0pydied hyd agi@e and N sbdium

of 2-et hoxe/et hanol is heated at re{tl ux_f.or {
t"aCRFQ"é‘Pm@B!ﬂﬂdﬁg 4@ f-13 ol ds addrtenfitel: sHTing, %a‘bgo or 10

mingied, BhRopLsl deic &cid apRagdedviahll the Sré&étbﬁhﬂﬁttﬁ@h@@“@ed to
sodi um bi carbonate sol ution for 1_hour.

wargy tedppn tepreralire. ang giirtedfony-Sthaufs- am%fﬁacwgs}ﬁ gyenghed by the

add%he'bf Watefdand tHas Upartiférbd HwesH |§dttﬂdteby aglésly sodium
col um chr omat ogr aphy eluting with \gr adi ent. of 29

2%
* bicagenim aNd; dichieTeTEHaBRe  Hith 8195910 YRR ShERRIISG; With water, dried

ovef 'sSHihﬁnré@Ji\‘Bfeh%ﬂ&eB %ndnfdﬁ&éﬂﬁaté’@in Yadii, Of he res:due |s punfled by
2, 4-di chl or obenz

7-[ }/ am no th| en% 6@%}/ |ne
flashy R chramatggraghyyg{utiag s¥ih nol 3n
fra&@ﬁ@@srﬁ@nné?x&ﬁlcf e cbniblﬁed'lind é’c'ﬁ')oent?at%& ug %cquTﬁe ﬁasldlxe is
Wa?rtlzed 1wit) | djety’ ( gthen 1°2 WV'del%5 8“912 (d 7'524%“!%0 -5

t]n heflyl{nib8)-2- Sthipi nt15ifethig)pheniflthieM$3:334. 0,
me okDp y yﬂﬁm i %ndg)?yhg?) or Z&:lSId-yBC?LtEQN)SpS nWCaIIec C,

b]pilﬁdu%lﬁ-cbkboﬁrtmé as Mhlt&%r)'t_s_t'als hp wod- 208°C5H MR (‘ﬂ)MSO@) §2.17

(s, 31, 557D iRl B 495 RS St T VST £k Hgr)
- 7.67, UiE BRAH, 278keVIH)07.89(&-1H), 8.60 (s, 1H), 9.73 (s, 1H); MS 538.2

(M+H)+.

Analysis for C;HzsCloNsOS- 0.25 H,0:

Calcd: C, 59.72; H, 4.73; N, 12.90.

Found: C, 59.60; H, 4.51; N, 12.88.

Example 17
| 7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-(4-{[4-(2-hydroxyethyl)piperazin-1-
yllmethyt}phenyl)thieno[3,2-b]pyridine-6-carbonitrile
4-(2-Hydroxyethyl)piperazine (104 mg, 0.80 mmol) is added to a suspension
of 7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-(4-formylphenyl)thieno[3,2-b]pyridine-
6-carbonitrile (227 mg, 0.50 mmol) in 15 mL of dichloromethane and 1 mL of N,N-
dimethylformamide. The reaction mixture is cooled to 0°C and sodium
triacetoxyborohydride (800 mg, 3.8 mmol) is added. After stirring at 0°C for 1.5
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carbonitrile A m xture of
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2-i odot hi eno[ 3

WO 2004/@8386b] pyri di ne-6-carbonitrile (240 ny, O H/B 06
4-f ornyl phenyl boronic acid (150 ng, 1.0 mml"f hd %
ng of tetrakis(triphenyl phosphine)palladiun(0) in 20
nmL of ethylene glycol dinethyl ether and 16 nL of
sat urat ed aqueous sodi um bi carbonate is heated at

hourg 2 F’[BPSfQi racetihagid gre Joded amtthi geactiontmixtarée & glowkado hWarm

ob r 4
R R %‘lgfggé@gﬁ'?'& i onedpeggcgv\ﬁgn A460ERed by theaddijion
of walgf qard thee cnag@md I atheens aduem csoelrunsoriubamenate and

serhiabe | SR RIS, S i o

conggntiated glnquohloc Aherresiduenis cptplflenl/ | b}’eﬂasﬂso colgmof chromatography

_ eluturYTge E (A@Q“Td}% Crh{e@gr%)lﬁg dl(éhl "pmethanc 19, RiRyide: 1904 §f 2- BiEy-
dichipfap etboee wﬁammoﬂ-é (aﬂ[fi-@dwdmwethysmaémzmmp

yl]m&ﬁ%}%§)th%nﬁ3%§%%%g?@ﬁr 18 s mne%}sﬁs (5 1§9 %;OOC
A e G Sl i, ot

1H),Z37%c6; 11d), 7540 Gl =8 Ha .m)) 7187 (8, 98,8 HE@H)I7.76 (s, 564) 2A 89 (s,

1H)%6§£§?H&%E@&Q%H% xyé‘g&)}w)am hol - 2- [ 4- (4-

nnrphollnyInethyl)phenyl]thleno[S 2- b] pyri di ne- 6-car bo
nitrile Morpholine (16%%E| 448 Mol ) is added to a
suspensi-on of 7-[(2,4-dIC '81é

5- net h&{WTMIO)’@rﬁ?m]\oﬂtphénﬂ)amw]pﬁn[ar(pip)elt-.&hqno[ 3, 2- b]

d 5 5 nL of

G chi or ontir by IBRErbleBol £ e R eing s caubieor mani de.
ThERegdipei(ehmg, QtSQrfemols) l&:@dﬂeeidotaosl.&ﬁemich 6Dﬂ[(lm-dlchloro-5-
meﬂfgx}'er s? ﬁ/‘?@%%{zgtﬁg nt)ngfip )fﬁgn(ﬂ f@pyraérée(-%- %8[“?{(?? 0. 0200
mg, 944 mmplliadem afn@:clnln@m@ma amd 1t mt.of N, NedimbingN@ehatride.

ol h Th

The PN MG LEIRPIOS! S QR B SR EE Lotp dens
mmqilistaddedn difter istiring et O3 tor a5 Houlisc hlfew avepsheingetid Beld Jre
addédf SaiHe re@%fn rhgdu‘#é hLNONER Wé?'}nu{g ﬁ@f ﬁ%tg\%ﬁ[ﬁn;rlplaélg sigred

and concentrated 1 n vacuo. he resi'd
overpigh  The |regftion is quenched by the addition of water and then partitioned

between aqueous sodium bicarbonate and dichloromethane. The organic layer is

dried over sodium sulfate, filtered and concentrated in vacuo. The residue is purified
by flash column chromatography eluting with a gradient of 1 : 1 hexane : ethyl
acetate to 5% methanol in ethyl acetate to provide 41 mg of 7-{(2,4-dichloro-5-
methoxyphenyl)amino]-2-[4-(piperidin-1 -yimethyl)phenyljthieno{3,2-b]pyridine-6-

carbonitrile as yellow crystals, mp 218-220°C; 1H NMR (DMSO-de) §1.38 (m, 2H),
1.50 (m, 4H), 2.33 (m, 4H), 3.46 (m, 2H), 3.85 (s, 3H), 7.38 (s, 1H), 7.40 (d, J = 8 Hz,

2H), 7.67 (d, J = 8 Hz, 2H), 7.76 (s, 1H), 7.89 (s, 1H), 8.60 (s, 1H), 9.72 (s, 1H); MS
521.3 (M-H)-.
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chr omat ogr aphy to provide 48 ng of
7-1(2, 4-di chl or o- 5- net hoxylp]heﬂyl )aEnsng] b]2 [4-lgjé
r phof i nyl net hyl ) phenyl ]t hi eno P 29@3 %
WO 200{/(@:5%& IPI l e a)s( yel l ow crystals, np 244-245C vafe
(DVBO-d6) 52.36 (m 4H), 350(3 2H) , 357(m 4H)
3.85 (s, 3H), 7.31 (s, 1 H, 7.42 (d, J = 8 Hz, 2H),
768(d J-8Hz,'2H), 7.76 (s, 1 H, 7.89 (s, 1 H,

860 (s, 1 , 9.73 (s Efanhﬂ)leW’S 525.2 (M+rH)+. 99 WD
%%ﬁm O s S S RO
p| perazl n-1-_ . - yl]benzo:c acid

h 2- di ne-6-carbaonitril
Kll- rrnxé: E rsg? ZE (z{igifEIBLo—g]f?%Bl I Fﬁny am gdoqlqsmgno[S 2-
_ b]pmdnm@ﬁs:atbundﬁlﬂsqo(rﬁg 41.05 mmol), 4- carboxylphenylboromc acnd (350 mg

218 O G50 B e R o SRS Ao o

ethylen& @lynbl mmemytlather ang BB anle obssturkitéd-adileol Nodium %llcatlrbonate
0

s el 3 el A i i PRt FjPreds coqied i o dgmperature
and‘rpanm)lomeﬂ betereeh wAfer (ahdsdﬂhyl fat:é@tegt Tﬁ)ﬁoi{gﬁhlc]lgyeé?é gﬁ%ﬁéd with
f ed an e reacti
satfiefid PR Rou ot SSrdH RS Psbradipe Falaie.e Thpiad and
congentrated ihovacbob Theuesidud he p’&ﬂ@& |t9nﬂésg %le?ﬁﬁ rL‘?‘ﬁ'cyrﬁXtobha‘fahy
RV HIFTE O S TN TIN

cyadbeh|(2, mmmtlmarsanetmb@pmgmrmnbm@rﬁo[s 8-bYRFINRE- 2%|}H@nzouc
water, dried over sodi l:iimsu fate, filtered and

aciet crcysibwadrystals, nnp/aBWC hlet\lmalsqmln@ot i) at@hgeﬁl ﬁ'g)t bgd'ooﬁs 1H),
I t a el uti ng w 0
77&4%&%%&%? é:gia gﬁg aoqi%lgbﬂoﬁ % 3H-ai HPAdS.pitdd &:08 (s,
1HRBSAENDH) @B H)pnB.eats athd M 4vae ga+Hjkhe residue is
washed with diethyl ether to provide 215 ng of
7-1(2, 4-di chl or o- 5-
meE goxyphenyl ) am noj - 2- F?T&'er?& hyl pi per azi n-1-yl met hy
| ¥r{BelyanptHi(24dicBlo?o-Bimethoxiiphenyd)anandlihibniold 2-8]p3fdinkist e
crystals, nmp 226-228C ?} H NI\/R DMSO-d6) 52.17 (s,
3H), 2.37 (br s, 8H), 3MRENZANNde, ) "3 g5 (s, 3H), 7.37

(s, 11’-Barbonykibmiddzold (t0Bmigz0. Gahlhmol) [ éil?fed to 4 su dé?on of 4-

{)ra%b 77“§ 9 cﬁ@lqgé g%éth?ﬁﬁfgﬁ)%g%@?go[f g ) pyndlne- -yl]benzonc
aci€2 V3@ 617, RIZBGBmO) ir2 50 Mot NESatiebthyllorrhdnida: Attbr sirrihd atbo°C
for %%10%95 the reaction mixture is allowed to cool to room temperature and ammonia
gas is bubbled through the mixture for 15 minutes. The mixture is stirred at room
temperature for an additional 60 minutes and poured into 50 g of ice and stirred for
30 minutes. The mixture is adjusted to pH 4 with concentrated hydrochloric acid and
stirred for 60 minutes. The resulting precipitate is collected by filtration washing with
water and dried under reduced pressure. The resulting solid is purified by flash
column chromatography eluting with a gradient of ethyl acetate to 20% methanol in
ethyl | acetate to- ' provide. 123 mg of 4-{6-Cyano-7-[(2,4-dichloro-5-
meth'o_xyphenyl)amino]thienc[3;2-b]pyridine—2—yl}benzémide as a gray solid, mp.

>300°C; 'H NMR (DMSO-ck) 53.86 (s, 3H), 7.40 (s, 1H), 7.48 (s, 1H), 7.78 (s, 1H), -
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Found: C, 59.60; H, 4.51; N, 12.88. Exanple 17
7-1 (2, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 2- (4- ([ 4- (2- hy

wo 206i@a¥et hyl ) pi perazin- 1-
yl '] met hyl } phenyl ) t hi eno[ 3, 2- b] pyri di ne- 6- c&FEBRZPPF6306

4- (2- Hydr oxyet hyl ) pi perazine (104 ng, 0.80 mml) is
added to a suspension of
{(2 4- di chl or o- 5- met hoxyphenyl ) am no] - 2- (4-f or nyl phe
78319 Yimi o[22 787l Ve Bz, BHYard06i(sraH)e €88 7s, rm? 8.63 (s,

Fﬁldﬁ@amhi M A3 a7t %@Mororret hane and 1

N- di me hy f or mam de reaction mxture is cool ed
to OC and sodi um triacetoxyborohydride (800 ng, 3.8
mmol ) is added. After sExampeg@iat 0C for 1.5 . 100 WO

204l

e L U L G N

al l oned to warm t oblpyddine-6rpaesarittilee and stirred

: Th hed by the addjti

of -va ey "B B R BB0Rens Pulrand eseenslo 2

blryridiae Sorrseaniteiled(13di rogll @28 metdip Meethyhy- mgmakybénaé/rﬁer (50SuL,
fil d

048 B i PP Byl STy St comvert
iocidey ip Peb gF Hﬁﬂwlarehaand@ rml. bhberR¥meres dBeY 4t Feflux for 24 hours.
An@ddhnbﬁé@”?gﬁ_@%t@ rﬁ*ﬁg\é’ng ﬂ Phéf g%’:z(ejﬁe{a[ré ga(jgech%q e yeagtion
is qut?g plelix tor B hours The mixture is cooleddto room tempgrature and 2 mL
of bﬁbihﬁﬁ?ltmefé %?H%gﬁhétsmv@ﬂtggge %&éped rlfll éipq%l\ﬁ' (i onclggusl treated
witg 4 0-ml of athyl( etmeH)The Msolubk mbtefia) |s4éh10vé’d %fll(@uorﬁma hing
witft e?rg(l ééetatelTl’Y% flll_étégl Mgaihgdyléh P gz/o 3qq§)(ous thyg@cblgmzz acjd, pgater |
an@ sg’@rqtgd aquequs ndiu EBlpride, Hried \eb fifaghesidtnSutiate EXRIEY Snd
coﬂc%g’g;ated in.vacuo. The residue i 5 i \Pynflarsy soluma. ehspmatearaphy

eluin ith 4 : 1 hexane : ethyl acetate to provide 92 mg of 7- -[(2,4-dichloro-5-
b tril
m%ﬁ“éi‘%%%ﬂ“ﬁ%%%%“%%ﬂeﬂ?@vﬂh@@a&%%v&cﬂé%é%s.eon |

I °
cabnittd 63, %gﬁw WSS ™ 24p-250C, I HHNME (VISQr) 8981 k3 oY)
3855 900, BOL A pbmiTiia :zs) (280 (s,rmi), D584, mmvm Hft 7170 (81H),

| t d
77@"§“r*22§?.§3§n6‘ﬁ19x?§? 8 Bl A5 488 B oo e 0
A“?'Y?'%Bél%@%ehﬁ%ﬁ%(%ﬁﬂmn@z QH4e: nmol ) is added.

Ca!ﬁ&tgeébhf}q@go% §%.for 1.5 hours, a few drops of

acetic acid are
Found: C, 60.60; H, 3.45; N, 8.08.

Example 22 ~
7-[(2,4-DichIoro-5-methoxyph_enyl)amino]-2-(pyridin-2—ylethynyl)thieno[3,2-b]pyridine-
6-carbonitrile

A mixture of 7-[(2,4- dlchloro-5—methoxyphenyl)ammo]—2 -iodothieno[3,2-

" "blpyridine-6-carbonitrile (300 mg, 0.63 mmol), 2-ethynylpyridine (90 uL, 0.82 mmof),
7.3 mg of tetrakls(tnphenylphosphme)palladlum(0) and 3 mg of copper(l) jodide in 2 -

mi of triethylamine and 7 mL of benzene is heated at reflux overnight. The mixture
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added and the reaction mxture is allowed to warmto
roomtenperature and stirred overnight. The reaction
enched by the addition of water and N
WOzm“hﬁsr:;t%tloned %etmeen aqueous sodlun1b|car%§ﬁ§F%mgﬁgﬂ06
dlchloronethane The organic layer is dried over
sodiumsul fate, filtered and concentrated in vacuo.
The residue is purified by flash col um

is &JEa'iéEﬂi?} REEPRIRLHY A ¥rhh of st abe Bligchy, Tt LfEARCare

te to 5% net anol In e acetate
remyavedi loevaq:ggo repdothe7residreis dregied miths 10 mL of ethyl acetate. The

ms?ﬁﬁl@%iﬁ?hﬁwl %mmy %m%ﬂoe( nw&wwpn Jemg 0E tpaé' RO ARMte is

I eno yridine-6 carbonit
waghedswith 40%ngaueogs bzwhlgrlwammmvs@:cuatuale@@qt(envs sodium

chI%Hﬂe THe é&n&ﬂé? %H)Jemﬁ %%sf(s"%r raj:%c]4 @ltl‘ @lc%etﬁ?g%? The
orgagic Jayfr gs I—wanEﬂd) with, WU(@ed 1aqu)eous’ s9liyra, chiloride, diedl over

ma%é%%?’@i%%‘%% P rE%zM"fB’@%@B’éﬁg%xgn‘é%wlJhelga“ews layer is

adjnsted-toyrth6-and edrasteti wih chipraform: Tibe prdasity layemis edshid ewith
wa[}é?[ ?fél%d b&»\%\”ﬂngbﬁ@suﬁn é’dlf]aké ERLE A dorbelrtad" '13‘1 o'.Ilcuo The

reSdldLmScﬂ’fB cpmbBed@nt pusifierbby flamwoﬂnnzhrmnmonghmélﬂtlr‘z} with 5%
0

mebhiE RS PRBIRS, 114 HEeh oo ol o somopeg an

conmltrﬁgedoff he gesulant galidi ip he¢ry$tpthueqb Ifnonewpall dcathter mﬁ@)hexane to

prodl sat ur at% éd Z@géloﬁés}esg%x@% %.Qﬂ“ onaﬁtﬁégﬁﬁe’ﬁ@ {“ﬁ‘g’]' Yo fdin-2-

yletiemythignof3,2-blpytdine-Braarbariltlel as lightbrowa drgstals pinp R37e239°C;
j.roomtenperature and partitioned between water and
- HAMA (DAMS®-ak)e33.860¢s, S A% 752 \a, 2H3, 73 (ted =8 Hh, 1H), 7.80 (s,

I PSR T B 0 808 R b0 1 i MR s

reS|due is purified by flash colunn chr omat ogr aphy
eluting with a gradi ent Bxampig 8383of orm t o 10% net hanol

7-%@3%&@5?5’5‘%\@9%@&&%&?@%&ﬁ3 «d ghetha/lﬁrsnn%prop 1-ynyl]thieno[3,2-
no] t hi eno[ 3, 2- b] pynb]l?)ﬁ@lr@-wl&@mzrd% acid as yell ow

Cryst ?Lrﬁ.mu@ >o'f0093;7(534 aﬂcmg}&kg»m@%ggb?gﬁgﬁur{ogz@&%ots 2-

b];gyrgge(-@carpomtrge K200 m9g, 0.63 gempel, 14dinpthylgmb®-2-propyne KBQ 4L,
ﬁﬁ‘nc(l)s 7@115% te?rfg@,(tﬁ&xen}ldﬁbspﬁ‘ir”fe)ﬁéuédﬁ;m(%) Ehd 3¥R & Bpgerq)
io |de |n 2 mL of triethylamine and 7 mL of benzene is heated at reflux overnight.
The mixture is cooled to room temperature and 2 mL of methanol are added. The
solvents are removed in vacuo and the residue is treated with 10 mL of chioroform.
The insoluble material is removed by filtration, washing with chloroform. The filtrate is
washed with 10% aqueous hydrochloric acid, water, and saturated aqueous sodium
 chloride. The combined aqueous I_ay_erSa_re brought to pH 8 by _addi__n_g'_2 N sodium .
“hydroxide. The aqueous layer -is'éx';ra'ctéd'-With ‘chloroform, _drie’d*ovér magheéiuni-- :
sulfate, filtered and concentrated in vacuo. The residue is purified by flash column
chromatography eluting with 5% methanol in dichloromethane to provide 225 mg of -

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-[3-(dimethylamino)prop-1-ynyljthieno[3,2-
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4-{6- Cyano-7-[ (2, 4-di chl or o- 5- met hoxyphenyl ) am no] t hi e
no[ 3, 2-b] pyridi ne-2- yl}benzam de '

' ' rbonyl dii m dazol e (100 , 0.61 mmol) .i s added
WO 20(3—&6&gsxgﬁspengi o or e ( ny P)CT/U82003/036206

{6-cyano-7-[ (2, 4-di chl or o- 5- net hoxyphenyl ) am no] t hi eno

[ 3, 2-b] pyri di ne-2-yl ] benzoic acid (130 ng, 0.28 mmmol)

in 10 nmL of N, N-di nethylformam de. After stirring at
bﬁ@ﬁdlnéﬁrcaibdmtﬂlésaé het &0aals Ab TBI6HE: "?-; L AMEP YS8hsh2a) 52.21

m ﬁ erature and anmmoni a

(5 'u% 31(?1@ r(%» 3Hr 187dsnt)eE. 62Ih,e1hh)1 X108 ¢s,114), 8.62 (s,
1H),i9.7R@E, 8H); rmnggtgsﬁﬁﬁQ%qu)e for an additional 60

m nutes and poured into 50 g of ice and stirred for

30 mnutes. The m xture is adlj usted to pH 4 with
concentrated hydrochl ori EX3BpPlE24nd stirred for 60

A rBéresfurdie-yl) sl deg\Id?B-%Cthﬂthk)g\eg)? ?\'ﬁl\{)} G e(i:? gﬁﬂygeme-

filtration washing with water
pressure. The resul ting 8earbenitriée purified by flash

| uan  Aivcoiaat |
béoeg t o‘“ggw?'gné?ﬁ%?":ﬁ‘rﬁm Wb BrB R 1 00 higtots 2
4k ?rg ~Ggfoonitrile_ (504 r1pg,71 P@Zﬂmoﬂa etheorafutanboronic acid (340 mg

21T0t hmolp ERaES) AT d%@]téﬁélﬁélﬂ%gs@ﬁlfgﬁﬁ hé)ed ﬁﬁ}éﬁ%gﬁn%oarpm of
%gleg% g?ygg{ @&]Fthybemgr gd 49 ML off satgratesi adildpous Bodind ﬁcarbonate

islHheateti02 2V\O 20Q¢/ Oﬂﬁg’sg sg’CIrl{ZoUEZOO%OP’géQ f gnalza%o 8"’@8 of

te rgﬁlgﬁ%he}_%lpg%sppgle pa_iLlamym(@) lsgd(igi arid tHp; reMBiohG8 h8ated at reflux
foft 1L hibun( NHd) l'eacfféffﬂ'mkﬁrezis co%led to . room t pfr;fttj e Apd mlﬁned

‘E’&Jﬁ% Di chl oro- 5- met hoxyphenyl') an no
i"’é{%?HSJ efhvh P@‘ﬁé{% TZ‘B dBYPY¢ lapleri in wasbed aith avitér! dhicdl over

sadlitrhduttate, filtered and trat
and concentrated in vacs,l% rr-lj-rr‘]% Tca_'séq | o‘&o‘f‘fﬂf'%‘h 8{ §lash

244-di chl t
cohé:[n‘\ bcﬂg %atg?pﬁgﬂyé q?tg%o\m?l%( )r/zp e@pengethyl agetaten| Jhe fractions
cdntaibing mpyddut
taibing mydd tﬁr@tdfmuwgrﬁﬁsor(c'éﬁtr% ﬁ%%(@E %]%dl? ggzashed

r.akj tr| henyl phosphi ne
""8'? Aé%e}bﬂef" r—*§ EIY'H% S wpqu ogf-ﬂtber@ph:yaramyhe? Elﬂd dichiro-5-

th
et g?;*fﬁzmﬁa“ﬁ%:ﬂ? el B0 ol oo 2o

2&2°6 HANMRADMSOR &) 18871 sOiléH) 7Sohesd ﬁ]ﬁ,t glir)p'%%ﬁt@xy)ak@gf 73

« Oé“’) 813 g]thure is cooled to roo efa
Mr=Hof BldfntifoB-02 6. AdNSELS5 (dHb .82 (x, 9 Hyy IS @BB2eLEs.9 (V-
Hytacuo and the residue is treated wth 10 nL of ethyl

A?E?QY??%{P%EM@%S@EG material is renoved by

Calcd: C, 58.67; H, 2.89; N, 8.92.
Found: C, 58.56; H, 2.82; N, 8.69.
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with ethyl acetate. The filtrate is washed with 10%
aqueous hydrochloric acid, water, and saturated

us sodi um chl ori de, dried over magne
wo 2004@%?&% and concentrated in vacuo. The ?gs&g%‘%/p%&&

purified by flash col umm chromatography eluting with

4 : 1 hexane : ethyl acetate to provide 92 ng of
7-1(2, 4-di chl or o- 5-

et hoxyphenyl ) am noj - 25&5,4. moxyphenyl )ethynyl Jth
i eno[ 3

di 6 [
742y Siehlogo-SEaryPhBBami o %3@&0@@@ leggl 3 blpyricine-6-
3H), 386(8 3H) 7. Qhrtchitiid = 7 Hz, 2H), 740(3 1
.,

H) ; A 8 n@gtU(% oi ,.B [(zg dgqu@g—s-mempxé%ni])ﬁ;klgo] grlfgio@ eno[3 2.
: -b]py&Mnb%—carﬁBﬁlrﬂ@ﬁ(SDOf rﬂg %Qhﬂﬁ@gZMﬁlph@nﬂbd@&U@o?d)@S@ g,

| cd

2.2 gomgh): apgd 65 mg of\| te@al@%{npﬁggy}gh%spggxe)pallag um(O% in 70 mbL of
ethy?ér{e( @yéol [irRdthyl r&hé’dﬂﬁtmm%ﬁrht@m diRbous §6ilirh Bidarbonate

thieno[ 3, 2-b]pyridi ne- 6-carbonitrile A
is heﬁtg@ gf gef x for 1.5 hours. e reactlon mixture is cooled to room temperature

andp a[rﬁt%]néucseﬁméwmér HRd eﬂfyvaés@aaél )'ﬁi@ &@Ln.& g@d@ Whsieel With

di ne-6-carbonitrile
water, aring Pyppsedivm selfatefittgred @nggomtr? ed ||7 vgc% ‘B'fe residue is -

punhs& fbgl‘ﬂa%ﬁtcrolmewo%w%weém%d afh un{ 9)hexask 3 emsyl a&etate

iodide in of trlethylam ne and
Theof!ﬁ@é’ﬁ'é wﬁh@a@ dodiict g |combings, aRdyisPncentiatesh iy mCélo *he

res.agé .M&Q&éﬂu%ﬁﬁ#&ﬁ é?ﬁ;i / éé’é?éi@ 36 QREAES 623rn§ ple 2 }QlidhR$825-

nper at ure and hanol are
me@@mﬁw‘)weﬂ -+ @Tmﬂphwwﬁawl%dﬂmém&%men'Fftl,e as
treated with 10 nL qgf et acetate. The ins
yellreararals, 6 P2 A60%: THMR (NS S3/80 (A ath (S iy 7.69-
78%%# a8, 7§B?sf1l1|)t 6@368143 m\/\@ﬂhe@w {sh 149 Y8AUEOHR), 9.80 (s,
hloric ‘aci’d, water, and saturated aqueous SOdI um

1Hhﬁp@ﬁ|(§e1H)Tﬁé36§%f814@a9%u"90us layers are extracted
Anmg,gfdjl@gqg@m Rane. The organic |layer is washed

sat ur at ed agqueous sodi um chl ori de, dried over
Ca'ﬁﬂg@e%dﬁr Hu?-B8itM, 983 tered and concentrated in vacuo.

FoUlf CAGY &R, b agan, 9.96. adj usted to pH 6 and extracted
with chioroform 'The or anlcla er is washed wth
wat er, dried over magne ate, filtered and

concent mg@doubmoi@swmo&%heﬁyﬁéhwﬁ% -[B(MofsMdinhaed. and

gc% I.f ' ed grllrrrethe;/?)phenyl]tlf'\?enno['og grb?pr;?ltd%efsqczyrgorﬁ'lnlljé Ing with
Morpholine (100 uL, 1.15 mmol) is added to a suspension of 7-[(2,4-dichioro-
5-methoxyphenyl)amino]-2-(3-formylphenyl)thieno[3,2-b]pyridine-6-carbonitrite (400
mg, 0.88 mmol) in 8 mL of dichloromethane and 2 mL of N,N-dimethylformamide.
 The reaction mixture is cooled to 0°C and sodium triacetoxyborohydride (1.0 g, 4.73
mmol) is added. After stirring at 0°C for 1 hour, 2 drops of acetic acid are added and
the reaction mixture is allowed to warm to room temperature and stirred for 2 hours..
The reaction is quenched by the additioh of water and then ‘partitioned between
saturated aqueous sodium bicarbonate and dichloromethane. The organic layer is "
washed with water, dried over sodium sulfate, filtered and concentrated in vacuo.

The residue is purified by flash column chromatography eluting with a gradient of 1 :
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met hanol in dichloronethane. The fractions contai ning
product are conbined. and concentrated. The resultant

| ' ' is recrystallized fromethyl acetate and hexane
. WO zo@gbﬁsgar i e 932/ g of y PCT/US2003/036206

7-[(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- (pyri di n- 2-
yl et hynyl )t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile as
light brown crystals, np 237-239C, 1 H NMR (DWVSO c)
1 h&@nB6: ¢yl dptatd tB85%/ methahon intfiyl adetdte {lprovide 1334'(?‘59 of 7-

38 1 7.83-7,92 2H), 8.60-8.7 m
(2.5 °!"36’.‘%‘3“-’?@?%3“5\"}3’;'HW@OﬁﬂdHfﬂOﬁ%ﬁ@%mpghyop@wpieeo@@-
- 4- D or0- 5- et hoxyphenyl 1 nol - 2¢ [ 3- (di net hyl
b]pyglﬁgn%g%-%arrg%&ml% na>§| Y?I_{(T??Veﬁg[s@) m% %oagpzw ; TI~[I NMR (DMSO-g;) -
- 52.38] foy MiH)j B84 Gs,caH)DBIBOL (Fr, 1481 /8.85 X4, BH8, PB2-7.48 (m, 3H), 7.64-7.70
C(m E-El)(ﬁ_/él-dhg{?lggg- 5-1F§t hox {)hen [ )am no - 2- | odot hi eno[ 3
» 250 B i1 R BB T ﬂ»éH{’ O Ry, THD: @45 AR®I ) 525.0 (M-
H)-.1- di et hyl am no- 2- propyne (90 pL, 0.84 mmol), 7.5 ngy
f . tetraki i phenyl phosphi ne) pal | adi un{0) and 3 ny
Ang 'sc,fSrrJéé’é{éﬁazw"bé%Qjéo F'ﬂ832 nmL of triethylamne and 7 ni
Calaf: OaB43)¢, 434 eRtiedgat refl ux overnight. The m xture
IS, d to roomtenperature and 2 nL of nethanol are
Fouﬁéu@%"%’né{ 4 'wmé‘gare renoved in vacuo and the
residue is treated wwth 10 nL of chloroform The

insoluble material is renoved by filtration, washing
with chloroform The fiP@mM&2Ts washed with 10%

4-[EDihRréBdhembkyiheAylRmifo]- AR BmylBRchyH fHi Bipyridine-5-
aqueous sodi um _chl o};?{gg. ]The_ corr¥)| nea@ggﬂ{e ug%ﬂ"d{)%'P%s
are brought 'to pH 8 bycaRNitHle: 2 N sodi um .

hy & oxiigiere Thet  a4if(@ aH&ichENSS-methoRH Qsﬂinw';-éﬁ*?domi%po[zg-
b]pychl%[c:g{:é)rémi g{‘l eg over_magnesi um sul fate, Trltere

Ay Qitrde 44125 19 \PaR2, Bmoth -iorsylahenyiborenic atidel@. 16ymyg,
1.03 Inarabl),candiran mh bd nekREERAShyRIHeLbRGe)Whiidui RN Sh NANRIL of
eth)L}Q ed'IChllgéiO%Paﬂ% to provide_225 ng of _

=9YR VS 2P e harmixgyre ds pddediicfenbpf a

saturaied spgdiunneatborayé bsihiignalBthd reddan W@d&@i@h{%ﬁéﬁ%@ refiyx for 1
h PC‘;'L'éUSZ 03/.036206 bkp}/rl di ne- 6-carbonitrile as red
our. ry ¢ qypgur gwed & ?qt%rqmt@mu&gyn@g_aryﬁoneg@ehmeen

;?;;%?::];;@é%rzz%h:g;;%&dagfc6}2%l7%r,s.|’s7d‘p'igdm()?ergﬂ'n%gphassg?n %alfate, _

! Nt ) | L(qwﬂje_ residuens tatupated with ethyl acetate and
the 2esultinBesuiidfis fitered-afld) wasHeti2with BieRi BirRr 2o TROVAMXSREYY 4.
(2,4-310hB%-L NSRS, %h§ﬁy%]aﬁ¥£3]-dz'-(gffénﬁﬁfhaeﬁel?tﬂiéng[zl,:-?-b]pyridine-s-
carbonitrile as an off white solid, mp >240°C; 'H NMR (DMSO-dg) 8 3.87 (s, 3H), 7.42
(s. 1H), 7.79 (s, 1H), 7.94 (d, J = 8.3 Hz, 2H), 8.07 (d, J = 8.3 Hz, 2H), 8.46 (s, 1H),
8.47 (s, 1H), 9.92 (s, TH), 10.06 (s, 1H); MS 452.0 (M-H)-.
Analysis for C,;H;3CI,N30,S:
Caled: C,58.16; H, 2.88; N, 9.25.

- Found: C, 58.09; H, 2.53; N, 9.00.
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A m xture of
7-1(2, 4-di chl or o- 5- et hoxyphenyl ) am no] - 2-i odot hi eno[ 3
2- bl pyridine-6-carbonitrile (500 ng, 1. | - :
WO 2004448388 oF ur anbor oni ¢ acid (340 ng, 2. 10 mgngzl ;ﬂgg?l%"_'é%m“ |
ng of tetrakis(triphenyl phosphine)palladiun(0) in 70

nmL of ethylene glycol dinethyl ether and 40 nL of
sat ur at ed aqueous sodi um bi carbonate is heated at

reflux for 2.5 hours. @@nﬁﬂi@lggl onal 50 ng of

tetrakis tr| enyl hi ne) pal J 0 added and
R B PUSTE L8 A e Rl A e S
reaction yﬁnéihgl)ﬁmén%utﬁi@ﬁd)[m b]@yﬁdmrstcammbure and
partitioned et ween wat er and

t
or §ani cSYSRPBIOR s W hed A3 %"Hiﬂf‘e ab@@')a'@'&‘a raiff
| fom?lbhé%ﬂ)ﬂ'nelﬁd[t B@]Mdﬁ‘r@d‘; mié . e@ lomwmmm lnT1hﬁ\L of N,N-

residue is purif | ash colunn chr r
dimeginglorigmiger Wk mis of SegiRsometaRg] S AIERAIFe, T Ehe Miture is
adddd Aetgrenge (o:@mrr@ ISQGnrﬁélﬁdqrﬁé réddtiof Gmatureeﬂ O%Bl'éd to 0°C and
' concentrated in vacuo e residue is

sodlldmémgﬁtogpﬁ@pquedp@@lgdé 215Enahygs gded. P\G@er stlrrlng at 0°hC for 30
minudes Ja BRI 6f HEMB- aiV lid adddd @nd-tHE GhixRr€ idstired at 0°C for an

met hoxyphenyl ) am no]th| eno[ 3, 2-b] pyr.i di ne-6-carbonitr.i
addifignals4 yBoYrsy Adgiiiong!smoraioiieg - (0> L. 104 mppel) Bngosedym

tnacéﬁyxggo&)ﬁ%dr%@)are Addey Jnd4§e réBctidhdmixtdrebid a(lé?wedltol"alarm to room

2H) , 1 ( 8. 65
tempeyatute gnd sgrrgq oclgmlgi\t er he ,r,gsq[@@%htjggwg seﬁw_loq.us pariitioned

betvﬂéﬂ' o §hl§r5n%théﬁ%3ﬁ‘§d3%%r2\|3@3§ ofarie |E|_?Q is v@%hé@’ wrt@r saturated

ound:

aqugo@g soqlgsr v@rﬂmm@me dried/ woo’swmmaulf@ﬁaﬂﬁrrsd z@d
conger&r(a?eddfi'n[@a%% 0 ‘Tﬁe 5&5!@?\5 Qs BG@ W{rﬂlﬁﬁeﬁ%m%de%nfeoér@’\h&@?to

hi eno[ dine-6- carbonitril
prox@c%/e 86 mg- of 4-[& 4- drchloro—S-methoxyphenyl)amlno] 2 [4-(morphohn -4-
y|m3th{rl§%eﬁyﬂ’lhléhb[@r@%]éymehg%é{ﬂﬁﬂﬂbﬂb)a%nb rwine?son@ dmbm osraissc;

i ne carbonitrile (500

H RSBy P 67 5o B (5365 7). S50 i), S B,
7.407%, q;—r)t?hé ;ﬁéebrd rnbezwlﬁbﬁem “2%’2‘5' gﬂ) trni(;o()s Iﬂg ), 919 (s,
1H)s 848t ). é@gé%dg')dﬂaﬁaﬁaotﬂ\@é%bonate i's heat ed at ref
Andl&%fo?bzsl-l Soee,§- The reaction mixture is cooled to

roomtenperaturé and partitioned between water and
Caled:hGl SAd8t Hi4e22; hd0éBgani c | ayer is washed with

Found: C, 59.34; H, 4.02; N, 10.26.

Example 29
4-[5-Cyano-4-(3,4,5-trimethoxyphenylamino)-thieno[2,3-b]pyridin-2-yi}-butyric acid
methyl ester

- A mixture of 4- (4-ch|oro-5 cyano-thieno{2,3- b]pyrrdln-2 -yl)-butyric acid methyl
ester (60 mg, 0.20 mmol), 3,4,5-trimethoxyaniline (92 mg, 0.50 mmol), and pyridine
hydrochloride (10 mg, 0.09 mmol) in 10 mL of 2-ethoxyethano! is heated at reflux for
24 hours. The solution is cooled and the solvent is evaporated. The residue is
purified by flash column chromatography eluting with 1: 1 ethyl acetate : hexane to -
provide 62 mg of 4-[5-cyano-4-(3,4,5-trimethoxy-phenylamino)-thieno[2,3-b]pyridin-2-
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water, dried over sodiumsulfate, filtered and
concentrated in vacuo. The residue is purified by

wo 2005/b.&3¢5 col uim chromat ography eluting with 1
. ethyl acetate. The fractions containi ng"%“éa%%’“é?‘l&

conmbi ned and concentrated .in vacuo. The residue is
recrystallized fromethyl acetate to provide 62 ng of
7-1(2, 4-di chl or o- 5-

yl]- bﬂﬁkl@%ﬁﬁﬁﬂ&ﬂ%l%@paggtag sbid fni:{ Il]%tﬁ@%&y g;'l Igf\/l i SO -ds) ]£ 94

di ne-6-carbonitril e as

(quintgh JoB 4z, 2H)R MR, (JBNBBdeI)I) a3BE A7 l-B:HEH) 7. 6034 §H) 3.67
7 5 03-8
(s o 78 G368 B2 o ((Zs?lff)l(% 0 (5 1l $62 s, FHip S Aaz.1

(M+Hip 08 (s 1 H; M 452.0, 453.9 (MH)-. Analysis for

An 36112 Calcd: C, 58.16: H, 2.88 N 9.25.
a% 2"}@%%0 H 2.85 N, 9.16. Exanple 26

‘Calept: [Q }_59£BSD|'|cﬁJ25rN %52t hoxyphenyl ) ami no] - 2- [ 3- ( nor phol |

FouRd:, 59.7
OuyI met hyl2) Ehg#}l ’]\"t%l €no[ 3, 2- b] pyri di ne- 6-carbonitrile

Mor phol i ne (100 , L, 1.15 nmol ) is added to a
suspensi on of 7- [(2 4- chlloregxr
5- met hoxyphenyl ) am no] - i nyl phenyl )t hi eno[ 3, 2- b]

By fHHtydreayiBity A (S, 5-|tnrheth(> a8 Tk
of dichl oronet hane and 2 Mbﬁrg?wﬁml\ll- (}I rr'gﬁ?%gjpprg%%%

The reaction mxture i $2 83(98 8 to 0C and sodi um
tril@ce osq}llﬂ@nomfdrlll-[ﬁecyéﬂ:o-@ (g 4 ﬂ-tr?&théﬂ%hén I&nﬁ@?ﬁﬁéno[z 3-

- t d f
ooy Sy Ui i) obstgn i Ton & A @il i doenl o
tetrahydrofysarmat oropoo terbperperat |5|r@dc%ﬂd dfdpiwigee thtHh@th QorBﬁWnﬁe n
tetra-ﬁg&oﬂﬁﬁ?{ IOOrHL éé nche gﬁx@dlﬁlg{ugggl AL gI @5\“@; 3;111 ah%g'r

|t|oned
and kﬁ%’!ﬂdbtm £3Gen atﬁ!ﬂlpdnamnbor dvattidroh €20 TrhE) o Gk, laﬁ'd’ es'hrring is

conﬂfﬂéb‘%ﬂ Mok té’?ﬁﬁégémréj ro'vg%édme i dgg%@gl Fniagtgrgr isf pé'gtrlqwd

and concentrat N vacu
betweep saturapd RAUCIUSEOdiupY chiptige ahdibthyDacutits. arHYY GHARE Iaerf is

dri é 0 LS2003£ 036206 1 heéxane
o ) MEAORICHOIIRE, BB 2 b
elutu@g Wh dqéth P54 ethyl etetate : hexane to provide 563 mg of 2-( 4~hydr ())(Ybutyl)

4- [(3[,{ %tl‘f%?h%ﬂ%@#@rﬁ he é%ﬁg%gﬁp\}r? ine- 8 o rtnlemarspha white |
sondo}rg:\/fésdiz?ecﬁ?\fiwy%m@@g% 33505 21 ié G B I=7

Hz, 2Hl), 3.42 (50 2H) 3.884fs, 380 8876 35, 6B4)) 4.47 (Ba-T5 45, 4A), 6319 s, 2H), -
7.44(s5h)/8.48 (s, 1H), 10.23 (s, 1H); MS 414.4 (M+H)+.

Example 31
2-[4-(4-Morpholinyl)butyl]-4—[(3,4,5—trimethoxyphenyl)amino]-thien0[2,3-b]pyridiné5-
carbonitrile

To a solution of 2-(4-hydroxybutyl)-4-[(3,4,5—trimethoxyphenyl)amino]-
thieno[2,3-b]pyridine-5-carbonitrile (413 mg, 1.0 mmol) and carbon tetrabromide (464
mg, 1.4 mmol) in 10 mL of dichloromethane is added a solution of triphenylphosphine
(314 mg, 1.2 mmol) in 5 mL of dichloromethane with stirring. The mixture is stirred at
room temperature for 2 hours and concentrated. The residue is purified 'by' flash
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(m 2H), 7.77 (s, 1 H, 7.91 (s, 1 H, 861 (s, 1H,
9.74 (s, 1 H; M 523.1, 525.0 (M H)-. Analysis for
WO 2004086388 2C1 2NAO2S- 0.50 H2O  Cal cd: C, 58. 43cThis26438%206
N, 10.48. Found: C, 58.49; H 4.10; N, 10.39. Exanple
27
4-1 (2, 4-Di chl or o- 5- met hoxyphenyl ) am no] - 2- (4-f or nyl phe
nyl )t hi eno[ 2, 3-b] pyri di ne-5- carbonitrile A m xture of
coluran p%@m@remmlmr&wﬁt agragign of P): dhiaxehe 2-étoyl cddetasaod 2 :

&b t )
2 exinel Y RO, deCRiS O rbyie irip % (PymdiiRple 5 a5
tnmetmxn@&ﬂyl)@retnohml@(q[&‘,Bwﬂmnshhp’rﬁosephmmtf)qaaI | aitieunérQYie i 2-(4-

- bromButfh- 43,4 BB MG AR ARG 2 SbRGHohS SIBRREH: s
- heatechy @6 it 2 mlodiumprpholinedintthe preseocé ohsodivrnuodidé $100emg c0l67
mmoﬂtfof ?fHo'd?‘ L ﬂ{tu@}érconggrﬁr qtéﬂdetgb hbg ﬁ?%@%}ﬁagﬁah

om t'enpér at ure and i one
colurnn @hromajngtaphm elutifygn avith raggnadem afyethyli m:etth‘teeol 10%emethanol in

ey RS e 2160 LRSI G IS alearine
thlengpg?-ﬁgd}ﬁ 'bﬁ_%% ﬁ’%&gtrnge\?:aég IO%LIE?I“" tcﬁlt e}‘ alqgllﬁva(ﬁtﬂ/%b Wel-,)t t031 49

(quintgt2y) 4 WiHzhRid),d-6B (qrirhetxy phe b ylamzm] (rd; €M), a7y, pheryz,

|
2H), R 87 %%7?@%4%%@%?5%%%{5%&%5%%@5»0%{7 @ 1)
9.46 3¢:)) 1 H)7TMBAB(S (M) , 7.79 (s, 1 H), 7424((d 1JH): : :
d, J =8.3 H, 2H), 8 s
g|.z472(H)s, ?H)07 g 92 (s, Y 5% (s, 1 H; M 452.0
(MH-. Analysis for CE%E&%’&I BeS Cal b C 58. 16
HI(221.-9'@hlom-59nasoxypﬁemm)amu(q1 ﬂmlﬁﬁthyﬁllylyetﬁﬁxyl]ﬂdlen@[m.
107 WD 2004/ 048386b1;ﬂé1y§g qﬁ,@peoo Exanpl e 28
eny

- 4-[ (2, 4-Dichl oro- 5- am no] - 2- [ 4- (nor phol i
n- A- mixture of 7-[(24d|chloro 5-methoxyphenyl)amino]-2-iodothieno[3,2-

b]py%éhﬁ@ %%Qr%&hﬁ@’(;bb hﬁ& nl%gm?hcm WIHe%ﬂ?lyl?ace%gno n 2%'} pll_e1 .67

suspensit on

mmaf); [1(225 Angipt Mtekis(tEphasty RbRsRre)pRagitim(O) 2Bd (5t mg of copper(l)

iodide in 3.5 mL of triethylamine and 12 mL of benzene is heated at reflux for 20

hours. The mixture is cooled to room temperature and 50 mL of chloroform are
added. The mixture is washed with saturated aqueous sodium chioride, dried over
sodium sulfate, filtered through a celite pad and concentrated in vacuo. The resulting

brown solid is suspended in diethyl ether. The solids are collected by filtration and
washed with diethyl ether to vyield 7-((2,4-dichioro-5-methoxyphenyl)amino}-2-
[(trimethylsilyl)ethynyl]thieno[3,2-b]pyridine-6-carbonitrile as yellow crystals, mp 169-

171°C; TH NMR (CDCly) 50.26 (s, 9H), 3.88 (s, 3H), 6.79 (s, 1H), 6.89 (s, 1H), 7.51
(s, 1H), 7.56 (s, 1H), 8.65 (s, 1H); MS 444.1, 446.1 (M-H)-.

Analysis for CagHr7CloN:OSSi- 0.15 CHCly:

Caled: C, 52.12; H, 3.72; N, 9.05.

Found: C, 52.23; H, 3.41; N, 9.12.
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fornyl phenyl ) thi eno[ 2, 3-b] pyri di ne-5-carbonitrile (0.1
g, 0.24 mmol) in 1 nL of N, N dinethylformam de and 4

WO 200048386 di chi oronet hane is prepared. To the
added rnor pholine (0.03 ni, 0.32 mol). Themrﬂégg 03‘8#1’62"6

m xture is cooled to OC and sodium

triacet oxyborohydride (0.26 g, 1.2 nmmol) is added.
After stirring at OC for 30 mnutes a drop of acetic
acid is added and the mxture is stirred at OC for an
addi tional 4 hours. Additional norpholine (0.01 ni,
0.1 nmmol ) and sodium trjacetoxyborohydride are added
and the reaction mxturééxiag’péﬁ wed to warmto room

7Y@ AiictiororBmetihxgshiony BSRYEL-BHHIRYithid: S MrRle. L B0rite

bro sojution is partitjoned “betwee
and\Af\/\éat e!rhlé ThE'SBF§EM ¢ P‘!aye7 [(@ed- %Bﬁwwqtmmhﬂm&amd\o] 2-

(tametbylaty etynyintidéd s 2dipyaimevatsbonitid géb 22 : mmol) in 10
mﬁg%%#ﬁ suI fcfnﬂ filtered and conce raté

vacuo 4R9 RYSTYWR icathonate - (46i Mgy 8.8 dmmioh H’he mixture is
stiredt atn eocam demb&ﬁurteOfor PE®\rhite36 JHh

ﬁ ﬁ,g Ab dwchl or ngt hoxyphenyl )amcﬂ{éﬁatezd ")f \(acuo ‘H‘éﬁ then
partitiohed between wa er and ethyl’dcefaté. * The organic layer is drled over

mq@nmbhybulfdmnmie}édﬁaﬁ@@bﬁcéi%%lg&’fn' Qédﬁ@ ¥ %ﬁ-/é%_eu ; %ur‘?xed by

whi t
ﬂagﬁ @Iumg,' ctgrorsn% ra@yg)e_iUtmrw@ 12p.|)ethy_i, asgta(ebrhganeﬂ,w provide 38
m@. 8¢ ( 3-[(B4Hichloro- éﬁnétﬁoxybhé’ﬁ%l aﬁurﬁg i%hyn{/ltﬁﬁﬁolggﬁgyrtdéne 6-

2H), 7.67 (d, J =
catbaritrile @4 @hifes cryit 86-208:c:11 D@gécz (
S(ﬁh'dgsl)t%ﬁg? &9( %ﬁ? CTgllMOZdS)S G @NMH& 31’5) %-/ré% @23H)

| G10786 - “-‘So : %d*@47791(s,41ltb)28€ia(31®H)2@ 85EsANE); EMS
3729 (M-H)-.

-] 5- -4- 4. 5-trinmet hoxyphenyl am no) -t hi enof 2, 3-
Ar%j%ﬂ%rf&/d‘?}qﬁﬁ%%so&%éﬁ efdi d yPret hy);l est ez A m xt[Jre
Caigd: C, 5564 H 3.61; N, 1003

nQ-.t hi eno[ 2, 3- b] pyri din-2-yi) - butyrlc
F°“"&§: e‘@grs €80 my, 0.20 nmol),

- 3,4, 5- trlnEthoxyanlllne (92 ng, 0.50 mmol), and
pyridine hydrochloride 10 0.09 mmol.) in 10 nL of
" 2-ethoxyethanol is heat &f@@Pler¥ | ux for 24 hours. The

- 7- H&M&ICMOFSN@MX%@W%MHS] %Wﬂm-ﬂy%ﬂﬁl\‘ngﬁtgr [r%(% lﬂg ridine-

residue is purified by flash colum c
eluting with 1: 1 ethyl558@paitle: hexane to provide

[(trgg%tﬁvglzég&r;;rr%@@%ﬂﬁggéz 4“%2%:{@@% ;gﬁ:;ﬁﬁ?;?j:
iodopyridine (252 mg, 1.23 mmol), potassium carbonate (565 mg, 4.09 mmol), 30 mg
of b_is(triphenylphosphine)palladium(ll) chioride, 43 mg of triphenylphosphine and 8
mg of copper(l) iodide in 10 mL of tetrahydrofuran and 2 mL of methanol is heated at
reflux overnight. The mixture is cooled to room temperature and 50 mL of chloroform
are added. The mixture is washed with water and saturated aqueous sodium
chioride, dried over magnesium sulfate, filtered and concentrated in vacuo. The
residue is purified by two flash column chromatographies, first eluting with 5%
methanol in dichloromethane and then eluting with 1: 1 ethyl acetate : hexane to

provide 174 mg of 7-[(2,4-dichloro—5-methoxyphenyl)amino]-2-(pyridin-4-
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yl]-butyric

acid nethyl ester-as a tan solid, np
101-103C, 1 H

NVR (DMSO d6) 51.94 (quintet, J = 7 Hz,
Wozomg,kgmz 41 (t, J =7 Hz, 2H), 2.88(t, J = 6206
0 (s, 3H, 3.67 (s, 3H). 3.75 (s, 6%}%&%}‘620(
2H) 7.28 (s, 1 H, 840 (s, 1 H, 9.62 (s, 1 H; M
442.1 (M+H). Analysis for C22H23N3(bS: Cal cd: C,
59.85; H, 5.25;. N, 9.52. Found: C, 59.72; H 5.41; N,

t%.40 Exanmpl e 30, o _ 1
et _YMitmag@&wam")%@rsf@pl&r,"s-qu PIREDA SRYFIHENYP) 22138 Ct H
NMg% EOER) & 398 @Y SHETES &; 1AR288K4ET] L8 HA 21, $81 45T 49, 7.89

(s, 4H).22.81-&7d-(m, BB). 2,80 (v 1kt MSx4RI R+ no) - t hi eno[ 2, 3
AH%WT&C&ZEHéCMN]O@-Lﬁ y{ Efacaci d methyl ester (1.10 g, 2.5

t et rahydr of uran at room tenperature

.. Caled: £d &l 7 HopRRsN, 12.86i um bor ohydri de in
Folrid: 'cydiotusas. (1 gd.. 2.0 M 20 nmol ) .. The mixture

I's heated af reflux Tor 1 hour, and cooled to room
tenperature. Methanol (20 ml - ) i s added, and stirring

is continued at roomtgg%}ﬁé %e overni ght. The
reaction mxture is parti ne bet ween sat ur at ed

-l tré¥ehiorgduingthosyrhenyireminojd?-épyridin-3ylethynyl)thiEne[3:-jpyridine-
| ayer is dried; and ConCLRbRRkI d. The residue is
purified by fl ash col umh CRronR ography eluting with
wi t i\ 2:mixtueg hef  Felé?. ddishioroéamethoxyphenpliardieopBBdothieatol3,2-

o SR TR el R (2 B, e
5 mg ct,%tramﬁﬁrlphmv&ahaspmnaihalta@uure(a) iagd 20pmd 256 -chRFER(]) ibdide in2

mL'\WnéﬁyE%ﬂfln@% @O?{ 6@%&-’.& |§]r1§§?e(o( X rgﬁdhﬁ o\éenyg%t( &Bé milxture

is gpgled 4o 40omttemperatufe land 3 n)) of @étﬁar(cﬂ; is ddled. Theddbldemis are

rerﬁo@d ||n&ra6§o Qﬁd thb r'é'glduél% t?é’htéc? W|ﬁ’1 éﬁp mL lgﬁcﬁ]lgsrdb‘fém( l\ﬁ'iy}nsoluble

mazeq!ai ig eermayedthyifiltrajion ouashing with cBlodgfeem. (Thediiinate yphashed)with
wa?é'F‘ ‘Tﬂla &QH?@@J SusheRbY i Lt6re cSAGIRON Withithe cArdorm phase

| ana %P;Céf;?ﬁ*‘?ﬁ( iPo@Rcye. )Thﬁ- TegBlua, is purifietbbh Hasfpoaimyh )chrmnresdgraphy
| elJtlhb %91[ 2 gr%dmnpw 541 ARG W f&ﬂl Etﬂaﬁed' 903 1 6% métp%ol and 1%

carbon tetrabrom
aﬂmomumohydip@ﬁtﬁ on mlﬁaﬁ@tm@%dﬂw f@CBQﬂSut:Dntalnofg product are

cpoir%@ﬁ?éh@?ﬁ%ﬁxgé%%t 31{6 n?rovﬂ:le_l_hggm g?glurneP | ?‘Lg) 5. -dichlgro-5-
methoxyphenyl)amino]-2- (pyndm-3-ylethynyl)th|eno[3 2-blpyridine-6-carbonitrile  as
light brown crystals, mp 249-250°C; MS 451.0(M+H)+.

Analysis for Cz,H12Cl:N,OS: |

Calcd: C, 58.55; H, 2.68; N, 12.41.

Found: C, 58.49; H, 2.65; N, 12.11.
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roorhten‘perature for 2 hours and concentrated. The
residue is purified by flash 109 WO 2004/ 048386

WO 2039183852003/ 036206 col utmm chr ormat ogr aphy e ' i th
a gradient of 9 : 1 hexane : ethyl acet atek’#gl%%"wosfz“
hexane : ethyl acetate to provide crude
2-(4-bronmobutyl)-4-[(3, 4, 5-

tri met hoxyphenyl ) am no] -t hi eno[ 2, 3- b] pyri di ne- 5-carbon

itrile. The crude 2-(4-

br omobut yl ) - 4- [(3 4,5-trimet hoxyphenyl ) am no] -t hi eno[ 2

, 3-b] pyri di ne-5-car bom%ﬁ ?bs heated 70C in 2 nL of

nor pholine. in the pres C&'%F° sodi um i odi de (100 ny,
7-[(9,46MchImmﬂi-)natfmxynhdml)amm'ﬁbe [BA( ¥ 8-dioxolan-2By)thient3-@ttisho[3,2-

dth i due i b |
2Erona?ogrgszlph;ee: Ettﬁﬁbﬂ %eﬁc %8P£{@$ent Cgf ug?hyl
acef at mixtuye 10@&; _rr%{(:&&gdlbhlbm i—ﬁfdﬂ}dxzm%mlrio‘]ﬂm@ﬁi@lﬁl[&&
-l 4-(4- t - 4- - 1.ri,net hox n

oI b vk OB
3-yyetdnoanei | ; (6BOH Nk, ( DVBG26) rhrhol9 éﬂdll nt at pireh 7 of
bisg}z @f%?&)hosyh%se)p%_éjélﬂmgh)chf%ndgsn Hﬁ]mlﬂgg leéa%e/ ls( Eéat%g{gt reflux
for 3. hodirg. Addifibial bis(BiBhémylphishhind)pafaditm(ll} chibrid® is3dddes and the

reaihon s et rattal Siemohio AdiRety) Biphe e b b PP aladipral)

chlorigd ared mgrmu ft dioxeme] e Zxdded yitithé Reaclions & hedtedt at l‘&luk\for 5

nolf T8 paflionistuse ds FRASRBRSEHER YRR ARk heRyesoer
and 2:Jnldn¢fp5m| dThe drgaric blayert is ldded 50@r nepdiuin QRulfaw | fltered and

h cet |.ene 3 .67 mmol), 12.5
coreshirfBh K | ok FPF TUHGR i SEieh By sk cen iR craridlography
eluting Mlthcmptpeartﬁéx)anel Odirr]ldleac(gta& 5 rﬁHr@étloPﬁ Idﬂgwhlﬁ@ pigduRn Gire

s. heated, at reflu or
cortBiny. &4, BENERREIED i SB4RS o8 bt it B, B8 B o=
mettidxyplenyaminck2-[S (fide-dioxdlaa-2ay)itian-8-yithiermid 2 db]pyiritie-6-
- saturated agqueous sodi um chl orifle, dried over sodium
carbohitriie @s Whilet enystdis mp298-221%G;| 1H NNRADMBD-d;) §3.85 (s, 3H),

32310 Rh e G oltey AL @y 1R oLy T PR 3R o 11,
7.99\(sf 1HI) BﬁOl(S),ril-E)misgmshk)dMﬂ 502.diMtHhyl ether to yield

5- met hoxyphenyl ) am no] - 2-
An%le/%é%m %hy'Ps !F 3)'Sét hynyl ]t hi eno[ 3, 2- b] pyri di ne- 6-car bo
CatudtrGISQCﬂsHyaDD;d\M&B&st als, np 169- 171 C, 1 H NMWR

oS B gk A 5 B (5 W 079k A
1 H,; M 444.1, 446.1 (MH)-.
| Example 37
7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-(5-forrhylthien-3-yl)thieno[3,2-b]pyridine-
6-carbonitrile
To the suspension of 7-[(2,4-dichloro-5-methoxyphenyl)amino}-2-[5-(1,3- _
dioxolan-2-yl)thien-3-yljthieno[3,2-b]pyridine-6-carbonitrile (337 mg, 0.67 mmol) in 10
mL of tetrahydrofuran is added 5 mL of 2N hydrochloric acid. The mixture is stirred at
room temperature, overnight. The mixture is slowly poured into 30 mL of saturated
aqueous sodium bicarbonate and extracted with chloroform. The organic layér is
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Anal ysi s for C20HL7ClI 2N3QSSi - 0.15 CHCI3: Calcd: C,
52.12; H, 3.72; N, 9.05. Found: C, 52.23; H 3.41; N,

WO 2004,(9*8;8’% 110 WO 2004/ 048386 PCT/ US2003/ 0362081/5A03 82083
[ (2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 2- et hynyl t hi en
0[3 2-b] pyridine-6-carbonitrile To the suspension of'
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2-
[(trimethylsilyl)ethynyl]
wastteldi witb[s3fuRateH pauiediin esofivemichionide, dlied O¥&r MagnBsidd sulfate,

R A R e

chromatcrgmphyt@rtmgrvathm% fhethadol :mdutﬂwsmemneaatpr@.ﬁcedzmnmg of.

71 AR el yp il baie e te Sty E‘&_"%@Qﬁﬁ'eﬂ&g piine-
a5 B PSR LS S
7.38¢b,utH)N@.761 (s1H), 7I0eEhyH), 842 &, aH) h@sans 1H), 869\s,de1)38.76
(s, 1%’ %B@ bﬁ“’bh’t”ﬁ Ax8d. %moxyphenyl ) am noJ - 2- et hynyl t hi en

0[3 2-b] pyridine-6- carbonitrile as white crystals, np
Analy €8 {2 MeH 1, CLNOER- (OB A4 B18CBEILs, 3H), 5.01 (s,

3 7.72 (s, 1 H., 7.79 (s, 1 H),
Calcf @%’b%é@”%@? 1H: M 372.0 (MH)-.
Fourkhdd, ¥8i59; szzcmmazr\rsos- 0. 60 CAHIOO Calcd: C,

55.64; H, 3.61;: N, 10.03. Found: C, 55.34; H, 3.45;
N, 9.64. Exanple 34

7-[(2,4- D chl oro- 5- met Braypleesgy| ) am no] - 2- (pyrldln 4-y

nol 3, 2- bonitrile A
ol MeRhery %ﬁ?nah-%—{%iwam@wﬁvmﬁn Jafimetgyipien-
[ (trinmethylsi Byl}ﬁﬁd@lﬁ)&ib]pyngme-e carbonltnl% 0 82
t hi,eno e- ar nl tr , 0.

q‘? “@“P%J&@%Wﬁdr & ?é Mﬁ tﬁﬁbﬁys SPASE R4

dlchbm-Bmahmqbﬁé@IMIneq m-fbhﬁ}I%;erﬁﬂymleneFS ,2- b]gyndme—6-

pal | ad I B ori
carsSnR g (BB R AL PG 4 A6 mi”of blorarmient mnd b aLagr -
dlmdtﬁylfd:malfmdeet ﬂ'ahydeaxftlmnannﬂmﬂeZ isTL codledretidaned laﬁd sodlum
re Y t. .The m xtyre is. cool e

wecb3 ol TEb g 258 e TR, i 58 13 1
minutes, 2 drops of acetic acid are added and the reaction mixture is allowed to
- warm to room temperature and stirred for 4 hours. The reaction is quenched by the
addition of water and then partitioned between saturated aqueous sodium
bicarbonate and dichloromethane. The organlc layer is washed with water, dried
over sodium sulfate, filtered and concentrated in vacuo. The residue is purified by
flash column chromatography eluting with 5% methanol in dichloromethane. The
fractions containing product are combined and concentrated in vacuo. The residue is
washed with diethyl ether to provide 133 mg of 7-[(2,4-dichioro-5-

methoxyphenyl)amino]-2{5-[(4-methylpiperazin-1-yl)methyi]lthien-3-y}thieno[3,2-

blpyridine-6-carbonitrile as white crystals, mp 224-226°C; 1H NMR (DMSO-d;) 52.18
(s, 8H), 2.25-2.55 (m, 8H), 3.68 (s, 2H), 3.85 (s, 3H), 7.35 (s, 1H), 7.37 (s, 1H), . 7.74 .

(s, 1H), 7.75 (s, 1H), 7.82 (s, 1H) 8.58 (s, 1H), 9.68 (s, 1H); MS 523.1, 544.2
(M+H)+.
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are added. The m xture is washed with water and
saturated aqueous sodium chloride, dried over
siumsulfate, filtered and concentrated in vacuo.
wozoo@ﬂ%&?re& due is purified by two -flash colRffUS2003/036206
chromat ographies, first eluting with 5% nethanol in
di chl or onet hane and then eluting with 1. 1 ethyl
acetate : hexane to provide 174 ng of

Vi henyl ) am no] - 2- ridin-4-
An e o R B P05 bate ) o P
Ca@ﬂeﬂqﬁﬂ%)lﬂh‘i 8%dN.31226%] pyri di ne-6-carbonitrile as

1-223C, 1H NMWR (CDClI 3) 8 3.86
Fomda@%%4%r7yﬁ %b% qulé .y 7.59 (d, J = 5(Hz 2)H), 7.81
(s 1

H), 7.89 (s, 1 H), 861-8.71 (m 3H), 9.89 (s,
1 H; MS 451.2 (M H)+. éggrw% for C22H12C 2N4CS-
0.11 CHCI3: Calcd: G, , 2.62; N, 12.06.

sa}u(?gl i)@gogﬁfmthmpﬂerﬁ;&xanhho]ﬂ[%(&:orﬁmm; y(am%ﬁ\ygthlenss—
chl or am n pyridin y
| et hynyl )t hi en&@ﬁﬁ %&ﬁ{)ﬁ#& a"E’QP' itrile A
m xMerghatifie (50 pL, 0.57 mmol) is added to a suspension of g [(2h4 dlchlorg -5-
me?@&%ﬁe‘hy érﬁ{ﬂhgé 85 rﬁ&&&%r&ﬁ)zh%qﬁg '21138;1@12 r@lg ﬁ%p;ut?l?eo[ (200
mg3 OetShinmydipiprd ditnef ¢i¢BlorametbBarkB andal ynL ofﬁ\l N;ldlﬁfethylformam:de

Thé %écﬁ%h &{u}é’ F&eaéléné’ci‘g%% a&?dp CHI@% Iﬁﬁia Xy orgﬁwdrﬁe,{ﬂsq)fmg,

2. 1Benrzlehes a@daﬁea‘!\f&ﬂ Satrlnlgesﬁl(]ﬁ@ for €0 migites, éﬂi@)ﬁﬁbﬁ‘bé@tﬁ acidSare
of net hanol

nd 5
ad&gpéﬁijt oré':&g[o ven So At é’ one V™ 1P (PRBLIEMRSERHIeeand stirred
for ehguiisie The reactian ésiqueriched Byrthe atiditibh of ahedr End théh partmoned

el i B 00 RSB st it o
layqrh||§ washeduwithi yatan,spmuﬂevbrl sbcﬁumtsogﬁe, fisred afd cohédmtrhfad in
n t n
vaéi@s?ﬁﬁéﬂ{dgré’gé\ﬁls é’g’ﬂﬁe& ? ﬁg H"ﬁﬂﬁ V cuow %W with 5%
meghano| nin vmdtcgloaprgetaan@ ntto ofprSQrderetMn Ohgl Nof  7-[(2,4-dichloro-5-
"‘eﬁ*y"ﬁ‘?%x.r@gs’ﬁ‘mﬂgéﬁ Ry AR R B -
carbpeytrile as arwéute@ghm.nnmanaaaw@;mam at\eeH)=0 provi de 99

A k ghl or o- 5- :
ngrrgSIﬁo&r yp lgﬁ?/ ﬁo] 2-(pyridin-3-ylethynyl)thieno[3,2
Calcg] 6y SA&4hE, 56783thﬂ154 rile as |ight brown crystals,

Foti: €132380(; 3.8, k5o 4. MH) +

_ Examples 40 & 41
7-[(2;4-_Dich_Ioro-5_-methoxyphenyl)amino]—2—{4—[(4—hydroxypiperidin-1 -
yI)methyl]phenyl}thieno[s,2-b]pyridine-G-carbonitrile and
7-[(2,4-Dichloro-5—methoxyphenyl)amino]-2—[4-(hydroxymethyl)phenyl]thieno[3,2-

' blpyridine-6-carbonitrile
4-Hydroxypiperidine (100 mg, 0.99 mmol) is-added to a suspension of 7-[(2,4-
dichIoro-5—methoxyphenyl)amino]-2-(4-formylphehyl)thieno[3,2-b]pyridine—6-
carbonitrile (165 mg, 0.36 mmol) in 5 mL of dichloromethane and 2 mL of .N,N-
dimethylformamide. The reaction mixture is cooled to 0°C and sodium
|

115



Anal ysis for C22H12Cl 2N4ACS: Cal cd: C, 58.55; H, 2.68;

N, 12.41. Found: C, 58.49; H 2.65; N, 12.11. 112 WO
WO 2004208546 048386 PCT/ US2003/ 036206 Exanpl e 36PCT/U52003/036206

7-1(2, 4-Di chl or o- 5- mathoxyphenyl)am no] 2-[5-(1, 3-di ox

ol an-2-yl)thien-3-yi]thieno[3, 2

b] pyri di ne-6-carbonitrile A m xture of

7-[(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2-i odot hi eno[ 3

tnacétobgu@yashydrme(cﬁssg,rmem trtrhcbl) B a(diﬁé Mter Stirdify BIOHO for 4 hours,

tri byt (5- ol t hi, ophen-
3 s el o e Mo Gt MR Al v to room
tentpesdturd ahteawqams P msjrpalthadedonl iy q@Bﬂ\dHe'ddﬁy ihe akfRiitidh of
f dIO i ted at reflux for
waldl A BRI parfuctie: BituRcn |sebhie eeats AR ligarbonate and
dlelbl‘Clmﬁetﬁﬁ'lé STmﬂtgdnliaageE i%arvasfh@aﬁﬁltmﬂatbﬁ dhe@best Rldium sulfate,
refl ux, over ni 1 TI1O
fingsEa 319 ABRITSL b \RspBa e residya s Rusfied e flash agumn

chrﬂftnaﬁfgréblfyxél[lm mhaad@mtneaﬂdoftétﬁylr &?Efétb QB 5% r’ﬂ@mhﬁ&l il ethyi
reflux for The reaction

acetgige dhit Pﬁ’("@& gﬁ \%QCLR; 4rie-fralichlare §ﬁ'@%¥h@©ﬂﬂé@ﬂ)%’ﬂf&2 -{4-[(4-
: hydtﬁ@pﬂhirﬂirﬂ‘f -?l)r*?‘ilathﬂ]tf!’neiil{/liﬂiliéhé[SI AYRYridife-BlcaftbritMer 8941 jHibw

sul fate, tered and concentrafted in vacuo. The
crysms dntemgnwo ﬂH&WHXDMSISJas)C&@Hm@Wﬁ\OEﬂ 0196@@'75 (m, 2H),

: t
2 D200 i SHE B2 A BPOCRET (8r 210, ScHRbion SH). st (@, J = 4 iz,
1HY,OMSE (¥, 11 &), 7040 (M, \J&CBJHztm-I)OV@?' @SJ 49 HERH 7.76 (s, 1H), 7.89 (s,

1H£e%%8£§pﬁ'bn?r7?é§n1h'@)] M§?3@-? tM-&di oxol an- 2- yl)thien-3-y
Anhlyis If@ma[,ﬁz4@r2h1®gs& 2@0%01 @. @rdzprg%wshg f,uhite

| s 1 "$3. 85 (s,
Ca@?ﬂ{%a -H), 608(3 1 H, 7.36 (s, 1 H,
Fodndi (&.611!—!;')1,857N7§9Q3 1H, 7.80 (s, 1 H, 7.97 (s,

Frdie e S8 gt MNP Bl e 0 b 72,4
dichidp&-5-rheth8xypRenylfafiits]-2-[4-(hpdroRfinethyl)pheAi|thibno[8;2% pyridine-

Exanpl e 37
6-Garbdritrife- &3 9é1lowr @Eﬁalﬁe 02990%%&‘} Y anime] (D%néé a%)OS:JTyé i) 3H),
A A8 T YN B2, AH)C7.38 €207 43 (d, 5 = 8 Hz 2h),

7.69(d, J = 8 Hz, 2H) 7.77 (s, 1H), 790(8 1H), 8.61 (s, 1H), 9.72 (s, 1H); MS 456.1 |
(M+H)+.

Analysis for CooH45ClN3O,S- 0.70 H,O:
Calcd: C, 56.34; H, 3.52; N, 8.96.
Found: C, 56.73; H, 3.65; N, 8.55.

Example 42
2-lodo-7-[(4-phenoxyphenyl)aminojthieno[3,2-b]pyridine-6-carbonitrile
A mixture of 4-phenoxyaniline (1.05 g, 5.67 mmol), pyridine hydrochloride
(100 mg, 0.76 mmol) and 4-chloro-2-iodothieno[3,2-b]pyridine-6-carbonitrile (1 g,
3.12 mmol) in 50 mL of 2-ethoxyethano! is heated at reflux for 1.5 hours. The
solution is poured into saturated aqueous sodium bicarbonate and the resulting solid
is collected by filtration, washed with water and dried under reduced pressure. The
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To the suspensi on of
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2-[ 5- (1, 3-

| an-2-yl)thien-3-yl]thieno[ 3, 2-b] pyri car bo
wo 2008856 2 (337 gy, 0.67 mol) in 10 nL of Gl et

tetrahydrofuran is added 5 nL of 2N hydrochloric acid.
The m xture is stirred at roomtenperature,
overnight. The mxture is slowy poured into 30 nmL of

solﬁafsuﬁ@rﬁu‘éé b@ﬂs@p%lm'cHFer#ats@w@yﬂ%nﬁman@%ﬁ Wgrcﬁsffoﬁ# The

|l oroform The organic aver 1S
fraczloompqne@m esyctss cembred Gwd qma@erré@tw tietbyt ethen ie @dded

and #RSSLBRUNMEHANLNELRE. by fiitr&fbrP K brolRid $36US" R Wbad-P.(a-

filtered and concentrated I n vacuo reS|

phqswmheew)ajymﬂtw{%afh]@wdlr@rf‘r@arlawtjﬂ%pﬁyw@tmcryatglsmmreao-
5% et hanol in di chl oronet hane to provide 271 of .
2627 (B NAIRI(BNISEY &) 87109 ostyshimyiH)arit ) J= 8812 othyiaad, J

I €ha I n
- A I LAS (DL SRyt ?B‘éw Bn?éd%@@ yis 468.0
(M#1)85 - (s, 3H) 7. 38 s, 1 H) 7.76 (s, 7.93 (s
1 50 1 8. 63 1
Cal«:ﬂalqz§9§6fUr2ﬁmoﬂﬁ1@.2|\|30232+ 0.05 CH2Cl 2+ 0. 10 CHCI 3:

Fo%‘éjs&% ﬁ%gﬁ&@t;% 37; N, 8.82. Found: C, 50.59; H,

e 38 -
7-[(2,4-Dichloro-5- msthoxyphenyl)am noj - 2-{5-[ (4- met hy
| pi perazi n- 1 -yl ) met hy| Examela 43

2- (3 Fﬁbhﬁﬁppl s %ﬁ@é%bﬁé@ﬁaﬁg%ﬁﬁlgﬂﬁ)sti -b] pg dc%lne 6:carbonitrile
sus ﬁenml)@hreof of7. [2¢ioda-7-{(4-phenoxyphenyl)aminolthieno[2, 3 b]pyrldlne -5-
oSS BRI ATy B O YA ) 3o
ang§ g qf t&trmS(ivs'Phemde?Pbﬁeimuram in §A mbf ofNathylene glycol
dlrﬂétﬁﬁtéib(érf B leof ShRrdteRabidiusdodiuth %ldﬁb&%‘i’é eg htthed at

0C and sodium triacetoxyborohydride §520 ny,
reflxdpn 1 hqura dhe epactipn apixtyes is cpplgd 4 rapm mpqeturwwp@rgnoned

be&vé@'n%er(ﬁnoe&ﬂg:?ge@@é TR SrgafiE f4ler ROWh SR GRFIvaRR dr ded over

m xture is al warmto roomtenperature an .
sodiuny suigte, ditered sy concenigated de vague. iTheggsidua del plKfiedy flash

coftfiH Ehr@ﬁa&fgr%&eélulﬁ'@wftﬁ@ R dxhhé ON&AI b%’e‘(ﬁ?@ R provide 2-(4-

saturated aqueous sodi um_bicarbonate an
fowv&heavlbﬁéméoxmﬁl@nﬂ)aj@zno]mrwy%a biryrigineHoarhpeitiie as
water, dried over sgdiumsulfate, filtered and

yellow cBistala eI 23293 Gio H VIR (RMBAu@) -9 i20i (el ShY), 7.36-7.45
(m, 4H), 7.92-8.05 (m, 4H), 8.11 (s, 1H), 8.63 (s, 1H), 9.67 (s, 1H), 10.05 (s, 1H); MS
446.2 (M-H)-.

Analysis for C;H7N30,S- 0.40 H,0:

Calcd: C, 71.31; H, 3.95; N, 9.24.

Found: C, 70.97; H, 3.48; N, 9.16.

117



flash col um chronmat ography eluting with 5% net hanol
i n di chl oronmet hane. The fractions containing product

WO 2008683860M0i ned and concentrated in vacuo. T j i3
O Wi th di othyl other to provide 133 %’g@"%d"ﬁ
7-[(2, 4-di chl or o- 5-
nmet hoxyphenyl ) am no] - 2{5-[ (4- net hyl pi perazi n-1-yl ) nmeth
ylJthien-3-y}thieno[3,2- b]pyridine-6-carbonitrile as
white crystals, nmp 224-226C, 1 H NVR (DMSO d6) 52.18
(s, 3H, 2.25-2.55 (m 8H) 368(3 2H), 3.85 (s,
3H), 7.35 (s, 1 H, 7. EabkSie .7.74 . (s, 1 H,
7.75 (s, 1 H ,7823 s, 1 H, 9.68 (s,
- 2-fi-(@Metoppipemzin- 15/kuethyl)p¢1m 1'[(4mnmpbe®547804l8@8@n0[3 2-
PCT/ US2003/ 036206 i H23Cl 2N50S2- 0. 50
H20: Cal cd: C, 54. 2#““*%%3}%"'%&12 65. Found: C,
. 54-Wethyipiperaziue (65 pl2 059, mxiinisl addsl to a suspension of 2-(4-

fom?w;{lf{e%yﬂ 7?&43 P*&PQ@%%M%XRMSH&{& )zalﬂbﬂ'f&ne skambieno I(éOO
ma,y0.4% m'"éﬁ’()) i3 42mb]qf\di¢hiiromethaparandnt il bk NMHdmlmhyIimefnaérﬁﬁie
TheNle gorﬁ% JHUII%: l)s, do%geﬁidge&’d &nd sg&ﬁrq\eﬂ%c&gxy%orohydnde (474 mg,

2. 24Tmm)a9m¢dﬁ94 )oam stTing a{ 8°G for Pl minutes, 3-dydpst ofi azet aci@ are

aadBl B fl PRGN, Riahfind %5 R bl i Pabimnd afreo
for-#heurse athe fﬁﬁlcmmtsmt@nc@d:mﬂ@daddnldb@famiesmﬁ tien part|t|oned

Detl e SRR RO p i A Bate ahe erliinbleber B crgani

layesds avaghed wilbowaten rdfiednyer eaditinosulfiates tfiteredi ancatdrwenteated in

vacl T 5808 STRRLEY oo i i Senfy MG vl B
metpaneli in dighibromethane ntos provice: eldSBamgaomfs 24o-4-umthyipiperazin-1-

SRS O ot o

wh@&y&‘a@?% 'i?? dch 'H’ ﬁWﬁDM@% &8 S'sﬂ«b‘ > b? {or.3, 8H),

urified col urm chr omat 0

3. 5&% bt ﬁ&&o? 18 ﬂndEUhlmfamr(an@H)o?psdm de &Gﬁ ), 786 (s,
;

SRS LA PG ST (i ..

Anaiysi yl1th ieno[3,2-b]pyridin a-6-

C |E@-r owtz e solid, np 209-212C, M.
a é %ﬁ%ﬁzﬁ? 1\S‘{%’]‘ls-,tfor C24H2(£I 2NAORS2:
Found C 72 14; H, 5.61; N, 13.11.
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Calcd: C, 54.24; H 3.79; N, 10.54: Found: C, 54.16;
H, 3.43; N, 10.40. Exanples 40 & 41 7-[(2;

WO 2004m£§|3r§1(h|1?r0 5-met hoxyphenyl) am no] - 2- {4- [ (45 hvdroxypi pe

yl') met hyl ] phenyl ) t hi eno[ 3, 2- b] pyddi ne-6-carbonitrile
and 7-[(2,4-Dck

| or o- 5- met hoxyphenyl ) am no] - 2- [ 4- (hydr oxynet hyl ) phenyl
]thieno[3,2- b]pyridine-6-carbonitrile

4- Hydr oxypi peridine (100 ng, 0.99 nmol) is added to a
suspensi on of 7-[(2,

di chl or o- 5- nethoxyphgﬁﬁryﬁﬁfﬁﬁﬁ4§ (4-fornyl phenyl)thie

2- [‘hﬂY’@'PQOIbI]-‘bylmeﬂﬂmehGwyl]eb[(b@hlehtbxylpﬁer(yl)ﬁhrﬁtgthléﬁoﬁﬁz-ﬁ]ﬁ?hame-
in 5 nL of dichloronet E%ng) q I . N N
di net hyl formam de. The'r &“fﬂﬁ mxturels cooled to

2d¢ (Hyroxysathyhphenys]- W&tﬂ@ﬁbﬁ,@@ﬁﬁ ARG RS ﬁl\e 6-
tri acet oxybor ohydri de (O tg 2.60 nmmol ) is added
After stirring at 0C f o' ber 3 drops of aceti c

aciMorphelined 8t wind Ot38e mmal)t isorad(medt W € | Suspbha¥R doft 9-(4-
ure irred for 1.5 hours.
formi e B .74 P e R Bt R P Enlb b ichie-arcarbpntde ko0
mg.t Bdh mpmel) iin Bomke abf mwaefemeMﬁraﬁe@ rrﬁ_QtdENlNi-dMIlf))Vlﬁhnamlde |
onet ha e organic layer Is
Tne, HeEBidP Al R tep B3 5 B S005m Unradnbaraanas (@74 mg,
2.24 mmaly redaddadl Macﬁntlmgib'ed"d fhbr\morblﬂute’éhﬁ dhﬁlﬁ &Lb%ehcsam% are
§ u rorrat eluting wt
addgHgdrng “{"1' ?'?’E @@n Pyed 9 yags, ?%éqq%%?ﬁ%rp?rﬁt@ Ay stirred
for 4 douest eTheorepptmn ig exu@ﬁclmjji f the addition of water and then partltloned

betfeor St b As Rolin KRR TR kg Flhiremstiant. dpegraasic

layarn@msbm Withi wated, erias oyet bmmmcitwsfeaklﬁeremhnﬁ‘l&m%@&% eolm
|th

vacﬁb g’g@z 4‘%@%&6%11? %d %%6%3%5% nﬂpn] %atograp%\y (egutmgHy ethyl

acegatcg5 os, meYide 4. B4 (mig J of 424 .(mor]:hbl)n-4?dr3&h lﬁ)heﬂy7lf5’9 [(4-
pheﬁo%h(zﬂsl)a nc§€1 Jﬁ%[s gﬁ%ldmg GSéaOrlfe%mtn% % H%\ge ﬁgysEaals rmg 254-
256+t 1%@&@9&5@&@ 236 Aoy Ss{ g§ﬁ7€§§§‘62 0%354 718 tm,

5H)57 B84:7.45 (9 68D, 7.60 (ch o). =801z, 264)51.86 k$, 14) 85 sgl\ﬂ , FH)98. 58'{& 01'1‘4)
Ms%hgzekmﬁ-?” ?;h4?0| umm chromat ography is a so i sol at ed
AnaIyS|s for Cs1H25N4028

Caled: C, 71.79; H, 5.05; N, 10.80.

Found: C, 71.96; H, 4.97; N, 10.60.

From the above flash column chromatography, is also isolated 37 mg of 2-[4-.

(hydroxymethyl)phenyl]-7-[(4—phenoxyphenyl)amino]thieno[3,2-b]pyridine-6-

carbonitrile as yellow crystals, mp 225-228°C: 1H NMR (DMSO-d;) 84.54 (d, J = 6
Hz, 2H), 5.31 (, J = 6 Hz, 1H), 7.06-7.19 (m, 5H), 7.35-7.43 (m, 6H), 7.67 (d, J = 8
Hz, 2H), 7.86 (s, 1H), 8.59 (s, 1H), 9.58 (s, 1H); MS 450.3 (M+H)+.

Analysis for C5;H;gN30,S- 0.50 H,0:

Caled: C,70.71; H, 4.39; N, 9.16.

Found: C, 70.53; H, 4.02; N, 9.03.
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di chl or o- 5- net hoxyphenyl ) am no] - 2- [ 4- (hydr oxynet hyl ) ph
enylJth ieno[3,2-b]pyridin e- 6-carbonitrile as yell ow
WO 200480988k al s, rrp 239-240C; 1 H NWR (DI\/BO c) 5 5(2603/03&'%6
4.54 (d, J = 6 Hz, 2H) 5.29 (t, J =6 Hz, 1
(s,lH),743(dJ 8 Hz, 2H), 7.69(d, J = 8Hz
2H), 7.77 (s, 1 H), 7.90 (s, 1 H, 861 (s, 1H), 9. 72
(s, 1 H; M 456.1. (M:H)+. Analysis for
- C22Hi 5C12N32S- 0.70 H2O: Calcd: C, 56.34; H, 3.52;
N, 8.96. Found: C, 56.53; I—|| % 65; N, 8.55. Exanple
42 xample 4
2-1 odo- 7- [ (4- phenoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne
- @-lodo{7d(8, 4 Gittiethdxyphehylfaaniabjtdemnd]s, chiwﬁmdé-@@a%nﬂﬁe

g, j%igﬁ@fr@' bt £ 5o 854 9% 18%d ™ Coyridine

mo 9

hydtechibriden-(200 omlgt hoi. B ahdioB - bhﬂyﬂloﬁld?@-QﬁodtﬂlﬁlbﬁdS[Btzttb]t))ﬂld(n% -6-
](é dn 50rrLg et hoxyet hanol is h

carfionipie 627 T, 20 mReRil e S&raL & Ao ianoh i peRted i geflux

ové?ﬁighf atreed saiiition iks pswdd umbtaati@h’ﬁsm@q@oaa @obifafh bRaHohatB%nd

i's coJIetedb [tration, washed with water
the, ﬁ%s” PBegPinizefol ﬂc%Vd fijtratign, washerh, avith1 watepand dried under

recﬂﬁ@d/@é&'&&ﬁ ﬂ@(e@@?&@@oﬁ@@@%rmé@by dlakh doMinhd bRfbnitYography
.colum chro eluting with chl oroform

el H%W raE IR 8h 'ah'%r%ﬁe%?%uafbe ragtionsnenNiiping oduct are

combinegnt aAd edconbk@kdiyd etbhebrmﬁd@ddew agd ée 2.jodo-7- é(3’4’5'
e materja filtration to provi

trlnlerlég(y&gs?yl)gmlwgleﬂofs(%_—L]pynglne-é/ carbonitrile as whltep crystals, mp

b di ne- 6- car boni tri
25PRBRRI AR 0% B Tmabl S0t Ry (At .53
(s, SHX @Qs(é AHY; msaekla (M‘-LH)+ 7.17 (t, J =8 Hz, 1H,
6.(d. 3 H22I—|) 7.43 (t, J = 8 Hz, 2H), 7.73
A“E‘Q’S'si 17 8"\!?93%3 © 9.56 (s, 1 H: M5 468.0
Ca(d\vl'H)-431mal ;asxzstalggczomzll\Bos - 0.10 CHC13: Cal cd:

54: N_ 8.73. Found: C, 50.15; H, 2.31;
Fode 3‘9%3 aﬁxﬁagfg1 r‘\‘l4§98

2 (4- For nyl phenyl ) -7- [(&Qh@wphenyl )am noj t hi eno[ 3,
R B rdan e o faresspsprin o

- 5 A m|xture of 4-phenoxyanlllne (430 mg, 2.32 mmol), pyridine hydrochloride
(244 mg, 2.11 mmol) and 2-bromo-4-chlorothieno[3,2-b]pyridine-6-carbonitrile (578
mg, 2.11 mmol) in 10 mL of 2- -ethoxyethanol is heated at 125°C for 4 hours. The
mixture is poured into diethyl ether and the solids are collected by filtration. The
solids are stirred with saturated aqueous sodium bicarbonate for 1 hour. The solids
are collected by filtration, washed with water and diethyl ether to give 717 mg of 2-
bromo-7-[(4-phenoxyphenyl)amino]thieno[3,2-b]pyridine—6-carbonitrile as a tan solid,

mp 248-250°C; 'H NMR (DMSO-dk) 57.01-7.19 (m, 5H), 7.23-7.47 (m, 4H), 7.66 (s,
1H), 8.57 (s, 1H), 9.62 (s, 1H); MS 422.1, 424.1 (M+H)+.
* Analysis for CxH;2BrN;0S-0.2 H,0:
Calcd: C, 56.40; H, 2.93; N, 9.87.
Found: C, 56.34; H, 2.66; N, 9.91.
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carbonitrile (600 ng, 1.28 mmol),
4-f or nyl phenyl boronic acid (380 ng, 2.53 mmol) and 75

WO 20058 tetraki s(tri phenyl phosphi ne) pal | adi un%OZ'.-Li n 53
%Jg%et hyl ene glycol dimethyl ether and Z5T{HS2¢4p/036206
sat urat ed aqueous sodi um bi carbonate i s heated at
reflux for 1 hour. The reaction mxture is cooled to
roomtenperature and partitioned between water and

ethyl acetate. The Or ganEganhdly @ i s washed with water,
um sul fate, T1i I tered and concentrated

dgi over
& @ c’l‘fbmyﬂ'?sn}’ MBRIZ{(E)-Baviidin-dcvdtheryilesénol8,albipyidine-6-
chrorrat ogr aphy el ut| ng W'CSIBOl%tnIel hexane . et hyl

acet teto rovi de 2-
for 940 ) 7% P@ﬂﬂméﬁ@wn@wwwﬁmmmm 3 bfpyhlie-6-

cgrbbmi'trlrea (EHocmgh ozt ﬂ’nH }fﬁ:h BY (GbYSEa
: ; Cpby g O(Z éf’r%ng 5”@1 ol), palladium
ac%e%%g@? f@ 16)[9944115!10!3 and gn 8- t@ﬂplocmphnﬁ) (7. 28m§,r1%0 OMﬁ)mhd‘j)m 4 mL

of8\l GEdlﬁ'@thyﬁorH)amIQe ﬁr?% iés% rfn%r %tp&{%gﬂ@%%%i a&cr% 1,2%%: for 4 hours.

A%%fl c&o&hrgq:tokpﬁgngtfmpﬂratgegge reqction pixtureFs wodcerBiatelin Y4éuo and
thil reSiddis diuteR. vith didHidroRusR84TR4 g?@%@uc al/set-:‘J%2 9vgs /ec()jsv?l%ov?ater

I'§i<f‘liriﬂj‘'(aEf’dl\il‘e‘N‘f’?Pﬁﬂ%‘é'Id'&WMOrﬂeythmatchu;alul)quvlaen@tiu]:m?su[fété esPand
- corephieatyd navEcue] t hi eno[ 3, 2- b] pyri di ne- 6- car boni t rile _
1 - Methyl pi perazine (65 /1L, 0.59 mml) is added to a

- suspensi on. of. 2-
for n@'eprﬁ@ﬁmrﬁ ls-feée(ajrecbﬁ SAepNdimenyith tre motificationaha tRe hlabtion

myctucrﬁ: inendv Caafeent gtn gQ%@nEgrggnIKIr% r&n&f?ﬁgﬂsr%ﬁe Cpégghcts are
O%ﬁ énecg%n:c{m lB‘RIe ithipdayes REeRgratiyetobray@atagrhphp diewmmlng with 7%
méthaacleinoXihpisHxeEAsle A 4dbndhin :t’aér’eff @E"a? 1S Aaed

er stirri at 0C for 10 m nut B 88 r%?grephy
dée’fe °8'"§r é”'{h Bd Mateanohe i edidhioromettianeurgiveiss 18 | myeek t7a[(4-

hm I é
T eanii on 1§ Quanahoa } g?ﬁé“"’eéﬁ%ﬁy{”?ﬁ%ﬁ L Eoaetie

aspayeliow swfie,omp l2a0:\@a¢rC;

(:gal 2%&?; pnd%'% 9h| oroﬂe%(?ri}n Ltﬁgng&%?gm"leﬂ) ef 3fL47
et 43076 B 2. 77 (8 $834HcH et 1 tHyvs Sialaoeme B,

9.6 (5, dﬁnmmagqu-m.. vacuo. The residue is purified by

raphy eluting with 5% nethanol

A'IAR%E;}%%F'%%@E gﬁégprow de 138 ng of b

Called: 46 A~ T tH) il 90; ReR 230N~ 1- |

Found: C, 71.06; H, 3.85; N, 12.09.

| Example 50
tert-Butyl (2E)-3-{6.-cyano-7-[(2,4—dichloro-5—methoxyphenyl)amino]thieno[3,2-
b]pyridir__1-2-yl}prop-2-enoate
A mixture of tert-butyl (2E)-3- ~(7-chloro-6-cyanothieno[3,2- -b]pyridin-2-yl)prop-
2-enoate (1.29 g, 3.74 mmol), 2,4-dichloro-5- -methoxyaniline (862 mg, 4.49 mmol),
Tris(dibenzylideneacetone)- -dipalladium(0) (343 mg, 0.37 mmol), potassium
phosphate (129 g, 5.61 mmol) and 2-dicyclohexylphosphino-2'-(N,N-
dimethylamino)biphenyl (456 mg, 1.16 mmol) in 36 mL of ethylene glycol dimethyl
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yl met hyl ) phenyl ] - 7-[ (4- phenoxyphenyl ) am no] t hi eno[ 3, 2
b] pyri di ne-6-carbonitrile as white crystal S,

Wozom;,ggjggm C; 1 H NWVR (DVMBO-d6) 52.17 (s,

H), 3.50 (s 24, 7.05-7.18 (m 5H) H)"$T§?§‘g’3&?‘rz"6
(m6H) 7.66 (d, J =8 Hz, 2H), 7.86 (s, 1 H), 8.59
(s, 1 H, 9.58 (s, 1 H; I\/I55323(I\/H-|—|)+ Anal ysi s for
C32H29N50S: Calcd: C, 72.29; H, 5.50; N, 13.17.

etheFdsinbated af 2020P@; fdrl, 3 hoGids. The ¥8adiibn Mb@urdOs206HédD48386m

T e W R ——
extracmsd MhtdddﬁméBetﬁylb:}qm%mé daJ'nr:letheGGrgamE (emiew lakee Comblgﬁ? n%ned
e A A SR LB B ALBIN S S04
flasrlxlhgilumlr@ﬁrc:]nﬁnb?yr?[my Zlfitimgjwﬁlm aaghraﬁszpeﬂShe!xan@fto 20%“%thy! acetate
60 PSR BTSN AN T bl

metm)thmy@mmﬂﬁhenam B p;mdm Y prbsieanbhte! asté ngHtitate solid, mp

The re1act| on mxture is cooled to OC and sodi um

2241C da«‘-‘.eﬁ'bNMFb(chS@ngﬂ& ]3 (4879, 9r), 3.85 @43Hm5l26 (dsJ ];admeqiz 1H),
t 0 rops of acetic
73735 §Purer® sl ther7Bder ] gh rieutd. Aol e o,
1H) Wasmm@ mw@m(mmer ature and stirred for 4 hours. The
eact | the addition of water and then
Analysis; P'i 'ﬂgéﬁgéﬂ"@t urated aqueous sodi um
Cald‘d.o@,ramsmtmmmegﬂgl oronet hane. The organic |ayer is
S | t ried over sodiumsulfate, filtered
Fou\ﬁﬁoég“n%‘qe%r@%egf PPV vacuo. The residue is purified by
flash col um chromat ogExalpleebtit i ng Wi th et hyl
tate to provide 79 of ) o
B Db PrnaSphRRIDIRs (4 mothyipiperazin--yhprop-1-
phenoxyphenyl yayithiehd[hj3en)olridlirze-blcayondtiise- 6- car boni tri
e as whjte crys 4- 256C. 1
52 A5 VRS 3 Sh o By mctRaSpadnjamincy 2gamomiandie.o-
blpyridine-Sthrboditrdd { 1604mg( 0134 Ginhol),71 Sriethh4-prop-2- Wl.-;la\géﬁizme é?O
mg (%ﬁmn(wgl) A# %Sqfietf%x t@ﬁw%@g@ne)pgﬁadlu ‘and copper iodide
(8 mg, 0.016 mmol) in 7 mL of benzene and 2 mL of triethylamine is heated at reflux
for 7 hours. The reaction mixture is cooled to room temperature and partitioned
between water and dichloromethane. The organic layer is-dried over magnesium
- sulfate, filtered and concentrated in vacuo. The residue is triturated with ether and
hexanes to provide 110 mg of 4-[(2,4-dichloro-S-methoxyphenyl)amino]-é-[s-(4- '
methylpiperazin-1-yl)prop-1-ynyilthieno[2,3-b]pyridine-5-carbonitrile as an off white

solid, mp 175°C (decomposition); 1H NMR (DMSO-d;) 32.17 (s, 3H), 2.37 (bs, 4H),
2.54 (bs, 4H), 3.62 (s, 2H), 3.85 (s, 3H), 7.38 (s, 1H), 7.76 (s, 1H), 7.91 (s, 1H), 8.47
(bs, 1H), 9.83 (bs, 1H); MS 486.2 (M+H)+.

Analysis for Cy3H»1Cl.NsOS:

Caled: C, 56.79; H, 4.35; N, 14.40.

Found: C, 56.39; H, 4.33; N, 14.06.
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Calcd: C, 71.79; H, 5.05; N, 10.80. Found: C, 71.96;
H 4.97; N, 10.60. Fromthe above flash col um

/0 20¢ tography, is also isolated 37 ng of

woz ?hw;gj}gxynet hyl ) phenyl ] - 7- [ ( 4- phenoxyphenyl )%é/lﬁi‘}%%f?:’ﬁﬁw“
o[ 3, 2-b] pyridi ne-6- carbonitrile as yellow crystals,
np 225-228C; 1 H NWR (DMSO-d6) 84.54 (d, J = 6 Hz,
2H), 5.31 (t, J =6 Hz, 1 H, 7.06-7.19 (m 5H),
7.35-7.43 (m 6H), 7.67Bdmplk328 Hz, 2H), 7.86 (s, 1

R PeniragmeboAnayia 4 iy ini <o S pycine-

H 4.39; N 9.16. Foun8: cggboon}{meggo H 4.02; N, 9.03.

21 dio IS, Bo I e RIR TR Tk eeh o igneie o
b]pyridihien®-c&rbouwitribe (220 mbeo 58 mimot) uBethyhylpyrldlne (72 mg, 0.7 mmol),
2@9}% 5{:& '&g’sgg&t%ﬁh elaé)gglquﬂgﬂ@? gﬂg coppe iodD (ye (é]I Img(,e 0.22

mhol) lih Grrok 3¢ badiehb Iaad(ﬂ R 2efltigthylachingcs &eatbd[]dlcréﬂli)d fof 8 hours.
t.hano

TR EPh R [P o P BHE e SiaLie B & i AePas, Dip sold s

tritundted swithu hat ethyhquetates filteted) washedr Wit dlegardatd antl hdtied under

vaGER (pnBrs 0 apd of St eneh R Bb&RaR R (oyridin-s-
yletagrultlsiano[®,640] el ridmeBicarbonittildy &4 asd Cl@humsohd mp 191°C
chromat ography eluting with 2% net hanol in

(decornpositionizt HANMR [DMSOrdct TRRISS388(saBH), Wg37p(rsodbl9317 49 (€, 1H),
728?%(1{}-?)7 f@(b%ogﬁ)e%t{e (s29H). %58 B4 98). 5.2 (2 126, 10.02 bs, 11
Mser4stes (Muy)phenyl ) am no] t hi eno[ 3, 2- b] pyri di ne- 6- car boni

MBS RSE NGS5 6 60 (5, 21, 772 (s,

C_alctH) C, 8853; H(&68;IN,HR.419. 56 (s 1 H; M 468.1 (MH) +.

Anal. ysi 0 H14l S: Calcd: C 43.70; H 3.02;
er@g%ﬁﬁ,ﬁﬁi’%mﬁes H 2.91; N, 8.98. Exanple
48 -

2- Brono- 7-[ (4- phenoxyphepyl ) anmi_no] t hi eno[ 3, 2-b] pyridin
e-6-carbonitrile EXr}ﬂé&

(2E)-3-(6-Cyano-7-[(2,4-dichloro-5-methoxyphenyl)amino]thieno[3, 2-b]pyndm-2-
yh)prop-2-enoate

A solution - of tert-butyl (2E)—3-{6—cyano-7-[(2,4-dichIoro-5-
methoxyphenyl)amino]thieno[3,2-b]pyridine-2yl)prop-2¥enoate (810.8 mg, 1.91
mmol), trifluoroacetic acid (2.18 g, 19.1 mmol) in 27 mL of dichloromethane is stirred
at room temparature for 3 days, then concentrated in vacuo. The residue is triturated
with ether to provide 741 . mg of (2E)-3-(6-cyano-7-[(2,4-dichioro-5-
methoxyphenyl)amino]thieno[3,2-b]pyridin-2-yl)prop-2-enoic acid as a beige solid, mp

>250°C; 'H NMR (DMSO-dy) 5 3.84 (s, 3H), 6.28 (d, J = 16 Hz, 1H), 7.38 (s, 1H),

7.70 - 7.88 (m, 2H), 7.90 (s, 1H), 8.62 (s, 1H), 9.81 (s, 1H), 12.50 (s, 1H); MS 420.1,
422.0 (M+H)+.

Analysis for CygH11CI.N303S:
Calcd: G, 51.44; H, 2.64; N, 10.00
Found: C, 51.52; H, 2.81; N, 9,68.
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A m xture of 4-phenoxyaniline (430 ng, 2.32 mmol),
pyri di ne hydrochloride .(244 ng, 2.11 mmol) and
WO 20042483890~ 4- chl or ot hi eno[3 2-b] pyri di ne- 6- C@ltq%lzft[‘;ok&%
(578 g, 2.11 mmol) in 10 nL of 2-ethoxyethanol is
heated at 125C for 4 hours. The mxture is poured
into diethyl ether and the solids are collected by
filtration. The solids are stirred with saturated
aqueous sodi um bi carbonate for 1 hour. The solids are
col I ected by filtratiq& nﬁﬁ?@@d with water and diethyl

ive 71 of
7§ ?OEP e;h'f[rgé 'Bﬂ‘é‘ﬁWSﬁ!é}WW'W@rﬂ tlormylehoedyr Hlimjdazelisie-

Coraon ! | e o 200, 1
3:/5 dyre f577{@4- t’ilchﬂpm- methqxyphenyhpmindb24aittienof3,2-

o]pyr%@-céﬁﬂbhﬁﬁe g@@@f 513& EICUSN%&‘QZEir #@8@[%(@@%@@;}%) 1H-

m'daFP'e? e%rbaiﬂehmegl 12074@1 2004/ 048886 PCT/USR003/ 036G,

:i|chlcﬁéB%'gh@ééﬁ%;gg%phér}]e)ﬁllg%uan l} 53[0(@9 (}Oé Fr]r%c?l)nagg gnpgxyﬁgﬁr)\/e
(103. {z]rpg,, LR mmao- lﬂ]aggm‘\il_djf et-dioxarwy isdweatad ate 107C torgthoues. Affter

ool pherrs (1, R0 YA Ul A AGRLIL S9L Rkl v

=xtra%t¢g mth@thyl@cg@tmq"ﬁje) orgpalblmasamreawesmidew(tli bride,tlied over

sodiufh @agatm{e}eoagﬁd ;c&'\ceﬁfré@ldylb %?ﬁg Hﬁ@emre%édugnlggﬁgngecgﬁy fash

zolumn ;. ghiopaieararhy; selutingt emtl'atalzﬁﬁdlémtr of 1304Ir ethyl AddeBite in
Jichidi® t on
ic Coﬁnﬂée'gﬁixre th gb@f%@h&l%&%t@ﬁﬁ&%hlh%%%t&%@é {g EFQV'&')F( 2%15&3[“%0( -
@ 4‘9!"5|ﬂr‘6‘|56ﬂ%‘h@P@ﬁbeﬂynﬁm"mi@a(ﬁrformmasmeﬂwl WadrhielezoMst h

and sat urated agueous sodium chloride, th
/')th'%f?ql%»a biRidingcfitrarkpaitiile asea Yellowesalit, anpl 2259227@@1 Thit BIMF{

r t th

DM e SR (4 ) OB P, TR Ty S R B T Bt oo
S, e 864ds, 1H) 9.774S 101 9.87Ks/ 160; MBMBBas 460 He(MH)de
\nmﬁwygﬁhgﬂg\,socgn‘glgﬁ% and purified by thin |ayer

reparative Chromatodraphy devel oping with 7%
>al @h@hép H,@Qﬁ ®h1898net hane. A second thin |ayer

-oungrgﬁg{aglq% ,l\ﬁqgtsggraphy devel oping with 5%

anol | oronet hane. g| ves 16 nmg of 7-[(4-
Example 55
2-(4-Formylphenyl)-7-{(3,4,5-trimethoxyphenyf)aminolthieno(3,2-bjpyridine-6-
carbonitrile

A mixture of 2—iodo-?-[(3,4,5-trimethoxyphenyl)amino]thieno[3,2—b]pyridinei6-
;arbonitrile (500 mg, 1.07 mmol), 4-formyiphenyiboronic acid (240.7 mg, 1.61 mmol),
etrakis(triphenylphosphine)palladium(0) (61.8 mg, 0.054 mmol) in 16 mL of
saturated aqueous sodium bicarbonate and 20. mL of ethylene giycol dimethyl ether
s heated at reflux for 3 h. After cooling, the mixture is treated with water. The
wecipitate is filtered, washed with. water, ethyl acetate, and ether, then dried in vacuo
0 provide 447.2 mg of 2-(4-formylphenyl)-7-[(3,4,5-
rimethoxyphenyl)amino]thieno[3,2-b]pyridine-6-carbonitrile as a yellow solid, mp
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phenoxyphenyl )arri'no] -2-[(E)-2-pyridin-4-ylethenyl]thie
no[ 3, 2-b] pyri di ne-6-carbonitrile as a yellow solid,
241 C,''1 HNWR (DMSO-d6) 5 7.02-7.21 6
wo 200%8%8 47 (m 4H), 7.57-7.62 (m 2H), '7C%éq52°1’%6,206
7.83 (d, J =16 Hz, 1 H), 856862(m3% 9.60 (s,
1 H; M 446.9 (I\/H-H) +. Analysis for C27H18N4ACS-0.5
H2O. Calcd: C,- 71.19; H, 4.20; N, 12.30. Found: C,
71.06;4. H 3.85: N, 12.009. Exag?D e 50 tent But
265,250 HIMES RSO I 53.43 5. BRI 65 &5 BEDI 89 691 2H4 7 kg =
8 H2 tdﬂ)eagbfid 23 —lfé P! bigy, B Ry (sé' RS, P62 (£NM! 8.64AsMPY 6,60 (s,

1H (‘2@"%“@?@%? dMyHB+cyanot hi eno[ 3, 2- b] pyri di n- 2-yl ) prop
2-enoate (1.29 g, 3.74 mol),
2, 4-di chl or o- 5- net hoxyani | i ne (862 ng, 4.49 mol),
Tri s(di benzyl i deneacet &X@yP§i¥al | adi um(0) (343 ny,
L[ 1 -
i e B G e
di et hyl aWﬁ@PBr%ﬂ@ﬁWe af33- bﬂﬁyrldmei%cmquynle n 36 mL of

| ene gl liredi Met hyly 121 VWO
PC‘WUSZOO%/_%%%Z% et h)ér IS heaté at }gég or [%4 ﬁ'gﬁl?rs?. =
metirgey pherdlamielifisnolit & bipyridipet2adiprer-2 wowic Reidpé6&8 ung 0.16
mmal)d b%ﬁidt.l.azom]%)&ﬁipyw&ranve@h% rﬁ)ﬂﬁm?t ﬂa&%pﬁésgnatghﬁ 09.3

agueous | ayer “i s ext t1ona
mg,a@ &t apmolydispp@pyletiylaming 41084 mg. ©. %Qnm@lw rr@thy@tperazme

(16 E 0. ﬁﬂFHoH'Th 8y ﬁﬂto?dlcﬁlbbdn%tﬁ%@ﬁ%tlﬁgﬁ G n"f‘feﬁﬂgne'raﬂure under

vacuo. hé residue is purl
nitregano rieft d@r apHsE. ennit ithep vmelﬁlcbecgr\a@n e$ﬂtU@t9d1 edamaeust sodium

I
blczfl'gcrﬁila‘?% Wyel 8@%‘1&@1%& qsé ;&g af %’I}cp Jﬂe\é hgt‘ﬁ?o%g @e % extracted
withrgichioxgrpgt ARSI mﬁs[es are sppypineti and washed wiih brise,

dne@Qﬂie? s@d"n):rﬁ éulfﬁl@t fllge?éh §ﬁ|)di bgnceﬁﬁat(ed%@@&&? erhglre?g'\!\‘?punﬂed
by (ﬂ;epﬁratn@ |.t|)1|n quyeg7ciqr§malogc9phy7 dpgelpgmg J with] @%{zmethapgl  in
dlctﬁo%%eﬁl%ne]toFBrOV|ae% d %‘%\/I%f '701[(2 zﬁd@glyfé-s n@eth%xypﬁer%@a&ﬁw]-z-

[(1 @232 %WWWWD@@@W@H @@ylltmensw %hlpymdma B1cgrbonitrile -

8.69. Found: C_54.51: 4H 3.96; N 50.
as an off white solid, mp 218- 220°C H NMR (DMSO- de) 82 19 s, 3H), 2.31 (s, 4H),

3.55 (s, 2H), 3.62 (s, 2H), 3.84 (s, 3H), 7.16 (d, J= 15 Hz, 1H), 7.31 (s, 1H),7.62 (d,
J=15 Hz, 1H), 7.73 (s, 1H), 7.92 (s, 1H) 8.58 (s, 1H), 9.77 (s, 1H); MSSO22 5042
(M+H)+.

Analysis for C,3H21ClaNsO,S:

Calcd: C, 54.98; H, 4.21; N, 13.94.

Found: C, 54.67; H, 4.28; N, 13.55.

Example 57
2-[3-(4-Methylpiperazin-1-yl)prop-1-ynyl]-7-[(3,4,5-
trimethoxyphenyl)amino]thieno[3,2-b]pyridine-6-carbonitrile

A mixture of 2-iodo-7-(3,4,5-methoxyphenyl)amino]thieno[3,2-b]pyridine-6-
carbonitrile (200 mg, 0.43 mmol), 1-methyl-4-prop-2-ynyl-piperazine (89.1 mg, 0.65
mmol), 9.9 mg of tetrakis(triphenylphosphine)palladium(0) and 2.1 mg of copper(l) -

125



Exanpl e 51

4-1 (2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 3- (4- et hyl

wo 20040048386 azi n- 1-yl ) prop-1- ynyl]thieno[ 2, 3-b
" e-5-carbonitrile A nixture of I Rerhaoddosias

4-1(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- i odot hi eno[ 2

, 3- b] pyridine-5-carbonitrile (160 ng, 0.34 mvol ), 1

- met hyl - 4- prop- 2-ynyl - pi perazine (70 ngy, 0.5 mol),
lodld]e":in @m@_fofttﬁétﬁﬁﬁl'n%tdddpﬁ ANYdiHedzBhe NE hpated ad rallik §r ANR6urs.

opper 1 odid 0.016 7 f b
e M e e
solv@ﬁ’(H lSe rdiBvdERCIdced afil Xﬁélfééldu% \%Qﬂia&ﬁ Wigh 10 of chloroform.

enperature and partitigned bet
Thednssiibls BRAIAIReempYR o Wiintien. masbing HekefoRtreyhe fitrate is

conEBRES] UM vaddof @8h& . thel Fdspdurd l@nﬂurﬁi@BCBﬁt;ﬁra‘p@rdtNéﬁ thin layer

vacuo. The residue i's triturated w fk
chrorestaa@phy ge}@lgwp@ @nttllg%,@egyanol in dlchlorome ane to prowde 1121

4-1 (2, 4-di ghl or o- 5- net )
M9 et hyl pi peregm n-1-yl) zﬁgp””ﬁ?ﬂyﬂpﬁm% gprbﬁ*iéy‘hyl]? (3,4,5

tnmeswmfmy!)@mmo&ihlago[a# Qipvﬂdm @@a@%lﬂr “8 asr?pbﬁi %Y‘{dl mp 180-
(degonpositio 1H NVR ( DVSO d6

182065, HAVWIR OIS -6be2-35 5,31, 854 &, 591)2 Sé?%@mﬁémf 2H),

37{ és?%r? ?_071‘ (E')srg) ?k%)sﬁ (észl-%lﬂé)g (s7199- 6%1 (& M), 9%243 1H); MS
MrH) +." Anal'ysi s

478.2r(MeBH2 10l 2N508: Cal cd: G, 56 79 H 4.35: N, 14.40.

. 33: N, 14.06. 122 WO 2004/ 048386
A“%?#’?%éﬁ“c o%ég’oa%ﬁ{—f;?anple 52

Calgd] C264.71% HhH8PoN514E-hoxyphenyl ) ani no] - 2- (pyrl di n-3-y
Fourﬂ:{@f%ﬂ&? p||’ g.%g[ ﬁ, B3 pyridine- 5-carbonitrile .A
m xture o -

4-1 (2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2-i odot hi eno[ 2 -

, 3 b] pyri di ne-5-carboni gxhmpie( 3820 g, 0.50 mml)
3- ethynylgyrldln

t et raki s( ﬂﬂﬁﬂe’ﬂ?ﬂ‘]ﬁ'ﬁ@Efﬂﬂ%é‘)’BﬁW‘yHE’WB)7 g%’d%c opper

| odi de Qﬁnaﬁoxﬁhgﬁyu)dm%ﬁmédui 2&}] widifeeszgbeniaing 2 nl
of trleth?%amnels heat’ed Fuxfor 5 hours. ff]%
r eadtMethylpiparagiee (185<0®8ed- 3§d“FrlS’Brh°‘ edderkioa gysPegrign of =-(4-

Rl e st st

(29 cngm 9. 65p|n@m<plb|én 180 My @ff . dichioromethane and 1.1 mbL of N,N-
difiethforfli=fthig8! ahe- 5e§t§foh0)‘f¥&ﬂﬁ8y|lﬁ argoBieli- 4o (YCi din@- sodium:
triacetoxyborohydride (572.2 mg, 2.70 mmol) is added. After stirring at 0°C for 10
minutes, 0.13 mL of acetic acid are added and the reaction mixture is allowed to
warm to room température and stirred for 2 hours. The reaction is QUenched by the
addition of water and then partitioned between saturated aqueous sodium
bicarbonate and dichloromethane. The organic layer is washed with brine, dried over
sodium sulfate, filtered and concentrated in vacuo. The residue is purified by
preparative thin layer chromatography developing with 12% methanol in
dichloromethane to give a solid which is triturated with ether and ethyl acetate (1: 1),
to provide 1252 mg of 2-{4-[(4-methylpiperazin-1-yl)methyllphenyl]-7-{(3,4,5-
trimethoxyphenyl)amino]thieno[3,2-b]pyridine-6-carbonitrile as a beige solid, mp 189-

191°C; 'H NMR (DMSO0-ds) §2.15 (s, 3H), 2.35 (s, 8H), 3.47 (s, 2H), 3.72 (s, 3H),
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yl et hynyl ) thi eno[ 2, 3-b] pyri di ne-5-carbonitrile as a
tan solid, np 191 C (deconposition); 1 H NVR (DVBO d6

53.88 (s, 3H), 7.37 (s, 1 H, 7.43 (s, 1 H,
Wozo"j/"mﬁ%s, 1 H, 7.85 (bs, | H, 8.16 (s, 1 éﬂ’”é?@ymm
(bs, 1 H, 854 (s, 1 H, 10.02 (bs, 1 H; M 451.0
(MtH) +. Anal ysis for C22H12CI2N4ACS - 0.1 H2O  Cal cd:

C, 58.55; H 2.68; N, 12.41. Found: C, 58.31; H,

3.73.(316HING.672s,384), Beanp) &= 83z, 2H), 7.66 (d, J= 8 Hz, 2H), 7.86 (s, 1H),

#’g@)ﬂ% ég?%x%h%é%a ('ﬂ%ﬁp*hl eno [3,2-b] pyridin-2-

A”?'W'pffmcz?Hﬁh‘i@Sm O 0l ution of tert-butyl
Cafc%E)c 3t ?;}9#% 4-di chl oro-5

t hoxyp e i eno[ 3, 2- b] pyri di ne- 2yl ) prop-2-e
noate (910 8 ng, 1.91 HExrahplesorifluoroacetic acid

di chi h i
72[( e'%cmé'% #@%@H‘?&Wﬁ?‘ﬂl”é’] Igé? "'se?w!érg? n'i?‘tﬁﬁ\?ﬂr:ﬁ?pérazm 12
concenyljragthyl]-i H-imiiezs)-5- wpm.ér@@s dupytiginsldabSiligik Wi th

(etzg)%xos a( 69 (@\ﬁﬁnde 7?7}[&?2 cg?l'g?{po'sr -pethoxyphenyl)amino]-2-(2-formyl-1--
metist- bhisnidazoletS-w)thiend B 2-SIp ol din 6 ehmshitsli r(z@o B/ %af 82 Znfhol)

b ’E%h@?@% a‘%‘é‘%g@ﬁ ('ggq %333130 rl'{ﬂgpl)zg ﬁmLyfdwpgarcF'Eemgnﬂ)and 1.1 mL

of W, B&infethylformimide7is 7dided 7sddftng ﬁﬂ&o%g&(yb&o%r@b@ (559 'é)mg 2.64
ol pottogh st b5 apjonsBing im F gooes ot ictet teisg reacion

mix@ateds stlr@d ot 3@ Aindtes, All6ded N: wafn @roofrd Shdfered for
g. 9.68. 123 \g) 2004/ 048386 PCT USZOOS/ 03658%
5 u rgactlo‘n is"quenche by the addition of water and then partitioned

beﬁve[e(r%,amrﬁted laossusbedtRIn RicsriRAN ARITEiBRbrofdtRared” T orbanic

Iaygﬂst %’?Séhneo ‘ﬁrpkgBT%y?rfe& T b sHfate: fflteredaangl eppgestrated in
vaqud. (Thel reiduel & puﬁfmmbhOﬂaemheﬁmh\ha&\rBﬁﬂat ré&?@obﬂhﬁ‘d‘%tﬁ a

graf:?’e %Eg‘; fgélﬁg?ﬁq 5 ?VF@FA&%\% Fl)'le go44 Y meq}\ganol in dlchloromethane to
pravired az,slzemg chr ba@ehfidelotc’8-BnethdXgphehy BEmMGRR) (1 -methyl-2-[(4-
methylpiperazine-1-yl)methyl]-1 H-imidazole-5-yl}thieno[3,2-b]pyridine-6-carbonitrile

as an off white solid, mp 234-235°C; 1H NMR (DMSO-d;) 52.18 (s, 3H), 2.41 (s, 8H),
3.59 (s, 2H), 3.77 (s, 3H), 3.85 (s, 3H), 7.14 (s,1H), 7.37 (s, 1H), 7.63 (s, 1H), 7.75 (s,
1H), 8.60 (s, 1H), 9.74 (s, 1H); MS 5422, 544.1 (M+H)+.

Analysis for CosHasCLN,OS - 0.9 H,0:

Calcd: C, 53.74; H, 4.83; N, 17.55.

Found: C, 53.39; H, 4.61; N, 17.45.
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di chl orobi s(tri phenyl phosphi ne) pal | adi un(I1) (33.0 ng,
0.047 mmol) and triethylamne (103.2 ng, 1.02 mmol)

' 0 nmL of 1, 4-dioxane is heated at 110@61%52% 036206
wozooﬂggsr?sg. After tooling, the mixture is treated wth

saturated aqueous sodi um bi carbonate and extracted
with ethyl acetate. The organic phases are washed with
brine, dried over sodiumsulfate, filtered and
concentrated in vacuo. ExambprRsgodue is purified by

h | uti ith radi ent
il e B e e e ke G e eresisgametdnyt-ynyi
acetate in di chithienssihisip idiﬁe-efcawdﬁﬁrilg?(lz? . °|f _ Z: -

E (h 5 |A41grl’_|ftprlr%o (rj §fz 2[7[—1@,2-0 chIIPorg-@-/rlr%t%?xyp%]éhyl)amino]—2-?c}éiothieno[3,2-
D : B i . . _ H I 1 - AL X .

s vl By A Iy s
: (8728@, Poégprgrﬂyl? é nd ?fih’etrzik@@r!phymé@qsghlng)paylgadmmm’) ghd,2.Amg
of dpper(i)dbdide B 2 L, tri8thdiamie add L Sf Bdhzefie & Hhteddt8iux

( 1 . M3 458.1, 460.1 (M+H)+. Analysis for
foréamgg%fﬁr@wse is @%eq_moonmwratg,re and 20mL ldf n@tt@dpl are
addied. The3Bivens wnel rerfoveilin4dcudland tHeSresilue k4p199ied%)§ap@5a$ative

13 Byr ey PIEGIQBFARKY I PYoping withsta% meshanskpdichiptometianel o lyive
a éod;(jy Qﬂﬁhﬁﬁ]ﬁmﬁﬂ WEh thef 2bRAMNidg éév%rﬁ.d%gg ﬁr cﬁcrﬂ%rgmftr}gpﬁ, to

2-j 0do=7- 537-¢ g;ﬂ;rl et box&%henyl)am nojt l_en_o y £- -
pro)yHeoébg% né f_ £ % ighlgrp-5 s xyﬁj\’enyl)mmn}ﬂ[:; (4-methylpiperazin

AP DSBS 0% S 7 7

‘Hmmammm-)de)iaz.ﬂa%gmmf%fw S%'h“”y*f”e %393?5@@?’%‘%& 4 ass s,

[ 2
3”2%@ © q?hiaﬁéis, tH) ef-Tx{s.f Ui, 8.68. (sAHRro.82¢¢ itHp, MShiBs.1,
48801 X\MuHp+.i s treated with water. The )recipitate is

i ltered, with water, ethyl acetate, and ether,
An%lhél%?%f(?%l—(lf‘f&;ﬁ U0 O provi5de 447.2 ny of
Cad( 4, 56179y HpaeByN) 14744.( 3, 4, 5- o .
o rmg 241 34“)' o]t hi eno[ 3, 2-b] pyri di ne- 6-carbonit
FopTE, B GJ%VﬁE{)‘ﬁ . np 124 WD 200- 4/ 048386
PCT/.US2003/ 036206 268-270C; 1 H NVR (DMSO-d6) 5 3.73

3H), 3.75 (s, 6H), 6.69 (s, 2H), 7.94 (d, J = 8
(I—|§: 2E)|), 8. 00 Ed, J.H): gExpmplei  8.10 (s, 1 H), 8.64

2{d;{(imihylafhiresriethyi]ahéyi)-A Q3 A%-fitnethdxybhenyfB¥ojthienos 2-
446. 11691 (M +- oo ridine-6-carbonitrile.

A suspension of 2 M dimethylamine in tetrahydrofuran (1.13 mL, 2.25 mmol)
and 2-(4-formy|phényl)-7-[3,4,5—trimethoxyphenyl)amino]thieno[3,2—b]pyridine—6-
carbonitrile (200 mg, 0.45 mmol) in 4.5 mL of dichloromethane and 1.1 mL of N,N-
dimethylformamide is cooled to 0°C and sodium triacetoxyborohydride (572.2 mg,
2.70 mmol) is added. After stirring at 0°C for 5 minutes, 0.13 mL of acetic acid are
added and the reaction mixture is allowed to warm. to room temperature and stirred
for 17 hours. The reaction is qUenched by the addition of water and then partitioned
between saturated aqueous sodium bicarbonate and dichloromethane. The organic
layer is dried over sodium sulfate, filtered and concentrated in vacuo. The residue is

purified by flash column chromatography eluting with a gradient of 1% methanol in
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Exanpl e 56 - _
7-1 (2, 4-Di chl or o- 5- net hoxyphenyl )am no]-2-[ (1E)-3-(4-m

: i perazin-1-yl)-3- _
wo 2004?&%%&&?1- enyl ]t hi eno[ 3, 2- b] pyri di ne- 6- carAPPI(0ac2Re
m xture of (2E)-3-{6-cyano-7-[2,4-dichloro-5-
nmet hoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne-2-yl } prop- 2-
enoic acid (68.8 ng, 0.16 nmol), _
ichlopsmetbane i d0%1 metingl iin pichioodmelihane ho gpbide UaY.2 mg 2-{4-

sl O bl oz
]pyri%ip%ﬁ}%?‘%ﬂtpﬁg%éé pgnos\!{ %@ipggmaﬁgﬂ-%déﬁﬁ{ Lﬁ]&@pégﬁp@%ﬁ@ 52.15

3, B 3.4 b RH)08.728s 3y, 8,756t @B TseaR etaovd, 1y = gich' 2H),
: i j at e.. e_orga

60 @) UERE LA RIS 1P 8. PHE RS Mk SR8 Bt oo
nalysip for GitdaNgPSre0ai®): The organi c phases are conbi ned
‘alcda'tfﬁﬁ’%ihﬁdsgbtﬂ P{gﬁle, dri ed over sodium sulfate,
Rl te '

ered and tohcentrated in vacuo. The residue is
oungs &, i6#i18uH, BP8pNephsati ve thin | ayer chromat ogr aphy
devel oping with 7% maEQano'I é n dichloronethane to
: ample 62
provi de 43.8 ng of _
7-[ (2, 4- di7elfR, 4 DictBero-ihothppyptenl)ahopd{£2- [ (1

- ' i N-.2-VIl)-=3- ] -1- 1 ]t hi eno[
s, FupeebROMAIPRL It 3P aRreR St of |
npP0218- 220C; suspensioR ( DVBIO- d6)2-@2foﬁﬂyl§nerfybb7§[5§4-&%m&1%,5-

1etho?<gghej)¥l§%|§ﬁ'ﬁitﬁierllg[ggz,-b]gypﬁm%é-zca%}%trjlg: (%%2 Er[sig, 0.§8 mmoljpand

73 miHpf 27 M3dinethylarbine in. Srabgdroflrart)(a.48. ﬁmcﬂ)ls,in _Je.sH]znalF of

ichlo?%'é%aﬁ% 3&88%%"%5 82%5%|r&gt%§|ﬁg‘§$n¥q§ma£0§qlg ﬁ%ﬁé@ gedium

iacepyhniohydride 4857 mgti4. 14, rﬁl&pl).Nl/-\fﬂaB sﬁarig ExaTtp fcf7? s&ﬁgnu&esso.zo

L O e i e 28 1 hplond Fode i bk o Wi sepm

*mperaturecand stitedifas 16F hours. The reaction is quenched by the addition of

/atergaﬂoo q{6é'n7 bé&iéerﬂacﬁ b?ﬁ%&?;%?&%g@d %g%r&%c{] L?rﬂ %;igérgén%]tep%rnid

I ne-6- carbonitr
ichlorgragthgie. 4- Phe praanie\iayepi ipedraad oeer( 88didmgulfaie, 6fitered and

oneet et {reg ki's ‘(I%rL{gg r@%y 15 due phi %uerﬁf'sgl t?yag?stn”rfaﬂ""ﬁ'n ghromatagranky
evelepipg with a)gradigmt of\fyoP® 0%/ 10 4838 MePEROIUG AMrOBE6PARe to give a
olid which is washed with -hexane to provide 222 mg- of  7-(2,4-dichloro-5-
1ethoxyphenyl)amino]-2-{4-[(dimethylamino)methyl]phenyl}thieno[3,2-b]pyridine-6

arbonitrile as a tan solid, mp 224-225°C; 1H NMR (DMSO-d;) 82.17 (s, 6H), 3.44 (s,
H), 3.86 (s, 3H), 7.37 (s, 1H), 7.40 (d, J= 8 Hz, 2H), 7.68 (d, J= 8 Hz, 2H), 7.76 (s,
H), 7.90 (s, 1H), 8.60 (s, 1H), 9.73 (s; 1H); MS 483.1, 485.1 (M+H)+.

nalysis for C4H»,ClLN,OS — 0.5 H,0:

«aled: C, 58.54; H, 4.30; N, 11.38.

ound: C, 58.45; H, 4.20; N, 11.27.

Evaluation of representative compounds of this invention in several standard

harmacological test procedures indicated that the compounds of this invention
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iodide in 2 nL of triethylamne and 7 nL of benzene is
heated at reflux for 7 hours. The m'xture is cool ed
wo 2004f0383s9Oom t enperature and 2 nL of mnethanol /ﬁﬁﬂ&%az%
The solvents are renoved in vacuo and the residue-1s
treated with 10 nL of chloroform The insol uble
material is renoved by filtration, washing with
chloroform The filtrate is concentrated in vacuo and

pos§e§§ sﬁ@’tﬁhéﬁiﬁ dlqr}‘ﬁpgiuférétlv@daéwltpfaﬁﬂaé? inkibitoly Bf Ipeytein tyrosine
klnagz?sggrg@g?é?cﬁhﬁ@e teqvg:%wgp ggn 11 tl'ie0 Q rre%fg\ %armacologlcal test
procédlirds | the BarhyduMdB &F afis invknlibn RS Iﬂ"tétefbfé/ ln}efm eis( 3nt#1£5plast|c

tri met hoxyphenyl ) am no th| e%? Q%éj%rl car bo
agents; F%P%C'éabgfﬁé copIPOUnds Aye gl ing ' ﬁm the growth of,
or efé@hﬁﬁh@ ﬁbgé:lasrﬁ§ s6éh asibse 3f B Hisast %ﬂney%l&@de{rsmo@thl) larynx,
eso@zppus;stggna?% coer))varg lang, (pgncg@ap’)llvgag R;@s’_%tg ang sﬁulq) VB

478.2, (MtH)+. Analysis for C25H27N503S - 0. 5H20:

Cal Iﬁ @dd@on &d hzﬂm% Hntu’fboﬁ&stlé\'grdb@n%% , theFsunipdunds ofthe Phasent

.mvezﬁwﬁﬁ &X%Qt?@/ % Pﬁéfséfqu i 1f69¥"39@t\fﬁ9\e}vpﬂfe9f9ﬁé“ rpsing hingse

assomatbﬂ: %dg&a&yptg@m{rbgarwow ll\/bﬁ}ﬁiri]écf , 1&; bdsteoarthritis, res;enosns
carponitrijle erazi_ne

thergsclqrosﬁ. irsPpiasia, ApgietPromas. M@M@?ﬁ ofia %et%a acute and

chrérﬁé ﬁb{é;ﬂh@ﬁa&hks.? KabhdsiS- éérb&ﬂhhoa‘théﬂ@ﬁm" hééﬂa@&]llhhlgmwbﬁwa

neq\(gs ap%pgwlp gqes@gg@%fgﬁ%h; Eylmalfﬁ@r ,TgeQﬁngﬁgqq_n rﬁeumato?d arthr?tls

psoﬁhﬁ?taht)‘\hﬁ@r frahapikht TleRcligRCcTican rﬁbdihtdde hmrmltﬁﬂy idizeles,
and sodi um triacetoxy bor o (E}yeg“deeé n%
inclkeing olyten sgpsitive AREEPA [ 8C &fsegee) 8P"‘§ arm Ha\@é%d-tvpe

hy&rs’e%sﬂht@fpsaﬁﬁé ‘éoﬁﬁbme&ﬁﬁtlﬁ@ GRstectitth frdiei lscﬁﬁﬁlétdr%berfusmn

iy bces Jpdl e RandBab. raRPlRoBr AU By Higarca

infa6tfbint |tﬁ£[hs'éfanm”bﬁftownéfr\deh&fduﬂmrt i Mpogegrahet/emew host disease,
sat ur at ed_ aqueous di um bi carbonate

OloF RGP EHEEE DI HRTET P 3o A A GHEMISg: Htommune

aloBédidlCperlidité &heddia, HQQMM&O‘S&I kHypdiditis f ambmrﬁdweaﬁyberthyrmdlsm
concentrated in va he residue is p

Adieasar SisaRes: HHITPEy cclersisrm AT RIOrY Db s Fisgass « foute
mfl&%%a’i@?h@@ﬁnsb@ (foflbxemhe aBBlchvaBgirdtorygiistesa sﬁlﬁﬂrbd\ey\ﬁmeﬁbbt s
ri

ist urated with ether and ethyl acetate (1: 1), to
dlSﬁ?%ﬁ, ,agg)tqggrngatnﬁ@ gyptemic sclerosis and’eczema. :

2-{4-[ (4- et hyl pi per azi n- 1- yl)met hyl ] phenyl ]-7-[(3,4,5
Example 63

N-(6-Cyanothieno[3,2-b]pyridin-7-yl)-N-(2,4-dichloro-5-methoxyphenyl)acetamide
" A mixture of 7-[(2,4-dich|oro-5—metho>kyanilino)amino]thieno[s,2-b]pyridine-6-
carbonitrile (332 mg, 0.95 mmol), acetic anhydride (976 mg, 9.5 mmol), and 4-
(dimethylamino)pyridine (140 mg, 1.14 mmol) in 3 mL of pyridine are heated at
" reflux for 2 hours. The mixture is cooled to room temperature and concentrated in

vacuo. Dichloromethane and water are added an_d the organic layer is extracted,
dried over magnesium sulfate and filtered. The filtrate is concentrated in vacuo and
the residue is purified by chromatography eluting with 2% methanol in
dichloromethane to provide 280 mg of N-(6-cyanothieno(3,2-b]pyridin-7-yl)-N-(2,4-
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tri met hoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne- 6- car boni
trile as a beige solid, np 189- 191 C, 1 H NWR

' d6) 52.15 (s, 3H) 2.35 (s, 8H), 3.47

wo 2""%@7@%5, 3H). 126 WD 2004/ 1148386 PCT/ US2003 Hsabobiors
3.75 (s, 6H), 6.67 (s, 2H), 7.39 (d, J= 8 Hz, 2H),
7.66 (d, J= 8 Hz, 2H), 7.86 (s, 1 H), 8.60(s, 1 H,
9.55 (s, 1 H); I\/55302(|\/H—|)+ AnaIyS|sfor

|lCh|(%§9§;-|§‘l h@go%epgl)%ﬁz mide as hlte so?s 2'6'2 2%498 1N NMR
DMSO{)% azm(s,mrgwgs(mmpmpﬂawk)s&m neﬂ) 284 1s . 352(d,

4- met nmethyl]-1 Himdazol - 5y|
"St"ﬁﬁ égﬁ' J\’].HZPS‘o E;aﬁb%ﬁé %('%ﬂ%)ﬁ‘om trile To a sol ution of
\nalﬁsué(o?(%lﬂ-mmma@g@S met hoxyphenyl ) am no] - 2- (2-f or nyl -
sefSE R St o
salegly 9 dﬂez%a)”) br eno[ 3, 2-b] pyri di ne-6-carbonitrile
0und200554401, VoA, monds)  1- net hyl pi perazine (132.2 ny,

1.32 mol) in 4.3 nL of dichloronmethane and 1.1 nL of
N, N- di net hyl formam de i s added sodi um

tri acet oxybor ohydri de é{hﬁﬁpésqg, 2.64 mol) in
portions at 0-5C followed by 0.13 nL of acetic acid.
-[(2141@'Chl@sqxﬁﬂnei@oweb%nw)@mmqm Ex&phenybinyiltienol3R-thuyridine-6-
m nutes, allowed to vva(:ﬁgbbg,t,{,gomterrper ature and
stirred for 5 hours. The reaction is quenched by the

adfi t MbAuref Nat &1 (ChdichieenSpestheypberatiaminalReiedothieno]3,2-
)]pyﬁéiﬁéts%%nﬂ%e@% r%@d'otﬁ”ﬁ k&, b@@g];ﬁo(ﬁgl‘%cs%md (90, mg, 0.60

di chl or onet hane. he organi c
nmad); j 3 Mgy of é@r%%lea@wlmSMr\ﬁmﬁ&adllerOb.eBe@ ragdof potassium

)hoérb‘ﬂﬁfée BhEL LU & witeF #Ps rﬂ_lh of t §én@u'?s héatEH rdt 1186k k8¥er{nght

col utm chr omat ogr aphy eluting wt grad
The gixtgog igeaonieddp reemdemRPE WEaNdaiky! age@m/an@wmcare jadded.

The dédliﬂ' Qrétﬂi&ét@@rtﬁ‘y ﬁlﬂ'atlcﬂ{ Oéf ‘s&ﬁve@% 4 A% Rlixture of metﬁa ol and
di chl oro-5-met’h ox%/9 enIZamno 2-{1- o3

jlchp(qnethg@%wcbpiﬁg?gmrﬁ@gfpgj nEhijiirate §s concentrated in vacuo and

| @g5-
oty ) AL ekt b g o

oheerup@]ttpgno[%pr pysidine- q§arbgrpq§nle as, ggngpg yejlpy safid77 The, ethyl
acet(ﬁi@ layet- |_||)§§e;6§ratea Hiried’ ov'lé} nﬁ&g8nlesfd}n sx]faﬁg ar@@ flltéret@ Thz ﬂﬁr%te is
con%niraws ig¥acYo a melre(sr@uﬁ)ls pu %P@Wommgmrm\w@sa
gradlerQ P CH%QS% lﬁ@th&l%l i dlcﬁﬁarZﬂthdneAf 'ﬁ% fribtiohd -av€ concentrated

Found; 53. 39;
and the solid is inturated wuth hot ether ﬂltered and dned to provide an additional 49

“mg of product, mp 236-238°C; H NMR (DMSO-ds) & 3.85 (s, 3H), 7.15 (d, J = 16
Hz, 1H), 7.31-7.42 (m, 4H), 7.54 (d, J = 16 Hz, 1H), 7.56-7.65 (m, 3H), 7.77 (s, 1H),
8.58 (s, 1H), 9.66 (s, 1H); HRMS 452.0.3872 (M+H)+-.
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127 WD 2004/ 048386 PCT/ US2003/ 036206 Exanple 60
7-1 (2, 4- Di chl or o- 5- net hoxyphenyl ) am no] - 2- [ 3- (4- et hyl

wozooi%ﬁfsrsaz' n-1-yl)prop-1-ynyl]

thieno[ 3, 2-b] pyri di ne-6-carbonitrile A mB(FR003gpe206
7 [ (2, 4-dichl oro-5-nmet hoxyphenyl ) am no] - 2-i odot hi eno[ 3
, 2- b] pyridi ne-6-carbonitrile (200 ng, 0.42 mol),
1- met hyl - 4- prop- 2-ynyl - pi perazine (87.0 ng, 0.65
mmol ), 9.7 ng of

tetraki s(tri phenyl phosphi ne)pal | adi un(O) .and 2.0 ng
of copper(l) iodide in 2 nL of triethylamne and 7 nL
of benzene is heat ed atexagfgidiss for 5 hours The

m xture is coole toroomteﬁgerature and

7-I(zeA-Righlgro ér@eth@&vaeanwhﬁma fR-gomhelin é%%w “ﬁ pvrazol -4-

vacuo. and tﬂeth‘y }tﬁlib\ﬁo[BQ H{'ricf neeflcBbopr@ear ati ve
thin layer chr ra evel opi ng wi th 12% et hanol
in A cm"ﬁ‘ﬁrénef’haﬁe[:? (.6- hi?%! '53{“9‘6%@%&”')%"'!1%]'2 -(1H-pyrazol-4-

ert'hS/h)IIﬁ“l@ﬁ(ﬂg 2m]§ﬁndﬁ$é3€—6ar%eﬂﬁrﬁé ni 557 SeN@f al 04BoPSnbY),  4-(2-

I‘OVI

chlqropml)momh@mebhwr@c%ma% ma 13 ramoi)o?néc?%urp@aﬁa@ﬂﬁm (42

mgg'opl%r AFACI in 1 mL_of dimeth formamide is heated at 50°C overmght The
prop-1-yn yI]thlenoE’ pyri di ne-6-carbonitrile
mlﬁ@reaISyeqquﬁNt%@wa tempenamrela thery addegl o (waNero- tw) resulting

pre'é%ﬁ&t% &Seougﬁ')ed bg fiktfatfoh, Tﬂbboollgcté@ sﬁﬁd |s45|)mf|e'é @59%5‘-5 column
chrpmatogrﬂ)hy, glugqg wit 157 rpﬁthaéolg gtl'(ygaqetqq)e to pg)vgg%solmg of 7-[(2 4-
d:cﬂ%ﬁa &&%&&ﬁhe&)ﬁhﬁﬁdﬁ {Eﬂ(z -frérprdiih fedol-&2,

ound: C° 5 39 4. 28;
yl]ep#\yrwk}tm@o[tga-@ﬂqymglngﬁ-car’oon|tnle as a yellow solid, mp greater than

é_LDrrethIam&]% t hyl ] phenyl } - é)_I_B(345tr|m=:tho
20Q§rph S)JMFh@M Praf) rid s (s Py 2 Baith BB HeIns:t4H) 281 (s,
M@W@'m @fn%s MHPB' v%bfxxl ), rer @3, 4,8y drof Hy, 324 (br,

1.13

:\2\ .37 ﬁ%ﬂh‘)ﬂ@'@{?ﬁr?ﬂ)ﬁ NIS/553.1 (Mtkhoxyphenyl ) ami no] t hi
eno[ 3, 2-b] pyri di ne-6- carbonitrile (200 ng, 0.45 mmol)
in 4.5 nL of dichlororregggﬁ@ea@gj 1.1 nL of NN

di met hyl formam de is cooled to OC and sodium

tri acet oxyddfofishiere- 5('9?@023’9?@"3/')32’“"7@]'%9')2 i s added.
After sgHq Q@%&iel-@@lﬂﬁ&l}tﬁleﬂb[ﬂé BRpyridind-8-dakbditrikcet i C

acid are added ction mxture is allowed t

A TR 3 GIRENE drheiattlec (i diLe (3-8 spmol) and Gosicm hydroxide
monohydrate (18 mg, 0.11 mmol) in 1-methyl-2-pyrrolidinone (5 mL) is added slowly

7-[(2,4-dichloro-5-methoxyphenyljamino]-2-ethynylthieno[3,2-bipyridine-6-carbonitrile
(200 mg, 0.54 mmol). The mixture is heated to 120°C for 12 hours, cooled to room
temperature and partitioned between water and ethyl acetate. The organic layer is
washed with water, dried over sodium su|fate; and concentrated in vacuo. The
residue is purified by flash column. chromatography eluting with a gradient of
methanol in dichloromethane (0-2%) to provide 90 mg (38%) of 7-[(2,4-dichloro-5-
methoxyphenyl)amino]-2-[(E)-2-(2H-1,2,3-triazol-2-yl)vinyl]thieno[3,2-b]pyridine-6-

carbonitrile as a yelllow solid, mp 315-316°C; 1H NMR (DMSO-ds-TFA) 6 3.88 (s,
3H), 7.50 (s, 1H), 7.65 (d, J = 14 Hz, 1H), 7.85 (s, 1H), 7.88 (s, 1H), 8.15 (s, 2H),
8.32(d, J = 14 Hz, 1H), 9.01 (s, 1H); MS 443.0 (M+H)+.

132



for 17 hours. The reaction is quenched by the addition
of water and then partitioned between saturat ed
Aeli4sgus sodi um bi carbonate and di chl or onet hane,

wo 000 gaﬁl c layer is dried over sodium sul fatPeCT"ﬁzl"Pé‘PéH’“
and concentrated in vacuo. The residue is purified by
flash col um chronmat ography eluting with a gradi ent of
1% met hanol in 128 WD 2004/ 048386 PCT/ US2003/ 036206

Anziysidriod CRIIMRESt-00.1 @ et hanol . i n di chl or omet hane to
provide 147.2 ng 2-{4-

] phenyl }-7-1(3, 4, 5-trimethoxyphen

Calg&.)é;%o%,ﬁ#.g% F‘%g&# pyridi ne-6-carbonitrile as a

yellow-solid, np 199-201 C; 1 H NWR (DWVSO d6) 52.15
Fouwid) C, 30.84; H,2.32M), 182572 (s, 3H), 3.75 (s, 6H), 6.67

(s, 2H), 7.39(d J =8 Hz, 2H), .66 (d, J = 8 Hz,

2H), 7.87 (s, 1 : , 9.54 (s, 1 H; M

4752 (MkH) +  Anal ys.gg?a("f"ecéEHzal\moss 2 0.6 H0
7-{Ca/Agdichldop-SemetBdxyphieny)adBino]i-(SHDIbyl- 2-tuRdpinieno[ &2-gyritife-6-

;I [(5262 DlNchllgrgQS ?e?ﬂ%@%ﬁépﬁ/l ) am no] - 2-{ 4-

Prepadzanat foy exempie 3HEV8 vid] dhesy (MHenmp3; 250] pyri di ne- 6-
carbonitrile To a suspensi on of
2- (4-fornyl phenyl)-7-[2, 4-di chl oro- 5-
nmet hoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne- 6-car boni tri
le (312 ng, 0.69 mmol) and .73 nL of 2 M
di met hyl ami ne in tetrahfxhmple68n (3.45 mol) in 6.9 nL

7SO BRARI Aflrndy 2 o O PR
4.14 nmol ). After sblpyidingy6gar@ditiler 5 ni nutes, - 0. 20

prdfard 8168 bhinAc sl MSSIsBddado dling. feact | on mxture

I'Ss erature and stirred
for 17 hours. The reaction is quenched by the addition
of later and then partFxareple®9pet ween sat ur at ed

PGB ShISBH- Hmﬁak%ﬁﬂlf OhiRo oS- (Q'n%ﬁ gse%@n@ m&hgq-z-

organic layer is ed over sod um su ere
and concent r duryithignoaddpyridine-¢-earbaniile s purl fied by

¢
Prégéagéclﬁ‘gﬁ?rg?&n ?'E%@ﬁb??%% m gd(hﬁ}\/ﬁ-lggpfhﬁgg“yc I 'or onet hane

to give a solid which is washed with hexane to
provi de 222 ng of 7-[(2E4empPenCr o- 5-
Met hox: (Ehedlé’ﬂlér@fg ﬁ‘l@ih'o%y;{h@n §éih'ﬁ8}@-¥4 gmeﬁ}ﬁﬂplperazm -1-
met hyl [ ph en | }thieno[3

methyl]phenyl}thleno[ 2 b]pyndme-s-carbomtrlle

Prepare as for example 15, MS 552.0 (M+H)+, mp 198-200.
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arbonitrile as a tan solid, np 224-225C, 1 H NMR
(DI\/ISOdG) 52 17 (s, 6H), 3.44 (s, H), 3 86 (s, 3H),
7.40 (d, J= 8 Hz, 2H)

wo 204»4/E|Zs§t7 7 ; 6 (s. H. 7.90 (s; 1 | lscf(ﬂsw%y%%zoa
9.73 (s 1 H,; M 483.1, 485.1(MH—|)+ AnaIyS|sfor
C24H20CI 2N4CS - 0.5 RO Calcd: C, 58.54; H 4.30; N,
11.38. Found: C, 58.45; H, 4.20; N, 11.27. Evaluation
of representative conmpounds of this invention in
several standard Pharmacol ogi cal test procedures

i ndi cated that the corrgounds of this invention 129 WD
2004/ 048386 PCT/ US2003FX88284' 1 possess si gni fi cant

anib Qrd?é:ﬂI5r%[@He’ef%xwﬂrfehyIYérf\MoPqufiKﬁEpylrrﬂfmﬁu‘l tmﬁerm‘m 1-

tein tyrosine nases. Based on
shovvnI in )ﬁwtéﬁlﬁﬁaﬁh}g"w %BYWP%%‘P”?’QQ'?%
Prep%ﬁ&?féjf& %§ambl€q 5C AR AEE50387, thp 830 BatRRiposiliomr e

erefore useful as antineoplastic agents. In
particular, these conpounds are useful-in treating,
i nhi biting the growth &X@MPE 7%y adi cating neopl asms

such as “?q?z%-‘afchtdhﬁsbﬁ&ﬁ@typhbh pedinojld-@dger . nout h,

| ar ynx esop

AR ST e T R L T e R T W’a{ﬂd%ﬁ-

havi ng antineopl astic plaapstitriles, the conpounds of the
pr esent invention are expected to be useful in

Prepared b oy exagwie &8, N%ﬁ%%t"éﬁa MR 64Pne ki nase

associ ated di sorders including, but not limted to,
osteoarthritis, rest er@@hﬁ)le 78t her oscl erosi s,

fi bropl asi a, angloflbrona
7R SIRIRIO SHPBRIOPD enﬂ}smxaﬂa?ﬁrﬁﬂrﬁeﬁ&'aw?@“egx‘ﬁtﬁ89%13 2-
at her omm, neovascullg rgjirﬂ;.ls.@gﬁ)omtmeovascul arization
associ ated with nacu ar de? &9‘_{ n ggz toid
Prepategasipsexample, i # NP #63.0; ff 1 (+H) am%é rej ection,
T-cell nmedi ated hypersensitivity diseases, including
gl uten-sensi ti ve ent er opairime(el i ac di sease) cont act

and del aye rsensitiv ar ont act

dor il GongbEr P g aRe P e BRP el D

i nj ury sucynitghyijpaényi)itero[s,d-tpyridirg- Glimg:bn?ltnle .

transpl antation, stroke or ia ction,
P’Qm%% IoRXATRIR 1150M§r%%c0e Mﬁy&@&’%ﬁ mPJZB'1%gr af t

versus host di sease, gl onerul onephritis, serum

si ckness, respiratory aBsasple7@l | ergies, autoinmune

al opecia, p em yroiditis,

aut oi rmune ﬁég% t‘ﬁ%ﬁ%? g” @ﬁ?‘bx@"oe%g%hgoﬁz ié(;ase

mul t i plimetin/ianiasjrsthyliphesyinieno]s, hinjpidin-S-earbenitrie ut e
Prepared as for example 15, MS 483.0, 485.0 (M+H)+, mp 204-206.

Example 76
7-](2,4-dichloro-5-methoxyphenyl)amino]-2-{5-[(dimethylamino)methyl]-2-
furyl}thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 473.0, 475.0 (M+H)+, mp 200-202.
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i nfl ammat ory responses (for exanpl e acute respiratory
di stress syndrone), Behcet's disease, atopic
' itis, system c sclerosis and eczena. Exanple 63
\Noon&th& anothleno[3 2-b] pyridin-7-yl)-N-(2, £/ER003/036206.
Ioro 5- met hoxyphenyl ) acetam de A m xture of :
7-1(2, 4-di chl oro- 5- nethoxyanlIlno)an1no]th|eno[3 2- b]p
yridine-6-- carbonitrile (332 ng, 0.95 mmol), acetic
anhydride (976 ng, 9.5 nmmol ), and 4-
(di met hyl am no) pyri di ne 140 , 1.14 mol) in 3 nL of
pyridi ne are heated at E 184" for 2 hours. The
7-[(eiaxdichieroi S metokgsheh @) drfing)-2 GE -
kgsheh)4raing) ﬁrpﬁﬁato%lﬁn@nﬂ)tﬁngﬂg%ﬁh{j%ﬁgz

in vacuo. D chlor thane and water are ad
organic layer is ePIRAGIMEL-calgpiste over nmagnesi um

Prepareti aisdorasxdmipld 36;MS1503.Be565.8 tMAR-, hip S@sentrated in
vacuo and the residue is purified by chromatography

eluting with 2% net hanoé in d| chl oronet hane to
provi de 280 ng of xample 7

7- -Gichpenbinietiesxyplerdi)a
[%%4/ O4wgg86 PCT/ USZ%%S/ 03 %%ﬂon?nﬂthbeh[& {ll%hféno[]a@b]mdme-

di chl or o- 5- met hoxyphen$TRPRBYtERT de as a white solid,

Prepweﬁ@%fﬁfh&@mp’eﬂms Q+F‘I? o 728336.S, 3H), 3.95
(s, 3H), 769(d J - H. 7,84 (s, 2H), 8.35

(d, =6 He, H: M 392.0 (M+H) +.
Anal ysi s for C17H11CI 2@%@@"9 @lcd: C 52.05 H, 2.83;
7- [m 4-gichibio-5-nseshioky phényl)arhirl2-(8-fornytBient-yifiRieh o3 JRAVHRR -

7 [(2 4-Di chl or o- 5- rretﬁd%?ﬁﬂ’i‘gﬂﬁ)am no] - 2-[ (E) - 2- pheny
Preb?nedyds]fd)rtnxamp[e?aszm p59.oriees tv+GRL Al basl e A mixture
0

4-1(2, 4-di chl or o- 5- et he | ) am no] - 2-i odot hi eno[ 3
, 2- b] pyridi ne-5-car bo%%q'ee 250 ng, 0.53 mol),

tE [fa,?E},Chl(ggﬂi-mmheihwpHer(yﬂb@mrgq]-zg[l.’slq(lilmmﬁivfa}nlncéQleif&l]mfen -3-
etrakis(tri al.l a
pot assi um pﬁoglg%taepgﬁs‘%ﬁi?yg& g? r{;% in 3 nmL of

Prepatedeasdon example t5) MS 488.0C4e0/@ (Mgt mp 1'I'$ne1 gg.xture is
cooled to roomtenperature and ethyl acetate and water

are added. The solid is, I%gfﬂteed by filtration,
di ssolved in a hot m xtur t hanol and

7-i6R. ¢lichlosaretriethexyahenytiassinal- Z-%F[()Mgbtfwﬂjlpdrezln 'ﬁtW)methyl]thlen-
filtrate is C%ﬁﬁﬂ&ﬁ&é%db] Phdhfes: ca%omtnle

Prepared as for example 15, MS 544.0, 546.0 (M+H)+, softens 182, mp 200-202.

Example 82
7-({3-chloro-4-[(1-methyl-1 H—imidazol-2-yl)thio]phenyl}amino)-2—iodothieno[3,2—
blpyridine-6-carbonitrile
Prepared as for example 47. MS 523.8(M+H)+, mp 290-291.
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dried to give 48 ng of
7-1(2, 4-di chl oro- 5- nethoxyphenyl)an1no] 2-[(E)-2-

| vi nyl ]t hi eno[ 3, 2-b] pyri di ne-6-car bo
wo 2("'4&?%{% yel l ow solid. The ethyl acetate | aygﬁrl?%&ﬁ%&%(’
separated, dried over magnesium sulfate and filtered.
The filtrate is concentrated in vacuo and the residue
is purified by chromatography eluting with a gradient
of 0 to 5% nethanol' in dichloronmethane. The fractions
are concentrated and the solid is triturated wth.

hot ether, filtered a to provide an additional
49 ngy of product, rbg‘?é‘% - 1 H NMR (DVSO d6) 8

7-@34%51&@4 @ Elﬁm’th%ﬂl-@ln{udazc«l—2=yl itfiophignyifaniifio)- 27 [43(nofpHbtin {4

(0" 1 iy yehgngipresyuehpia bbb Bchmernigs T

Prep4d. 4. faBhantp i, MS 533. SWIQQOM&@W
PCT/ US2003/ 036206 Exanpl e

7-1(2, 4-Di chl or o- 5- net hgﬂyl)amno] 2-{[1-(2- nor ph
olin-4-ylethyl)-1 H py

74, h]@dHWB%L&\éﬂhbWbﬁyI%nlﬂﬂ\ﬂﬂ jodj(nendhygipdanint 1-yliresth@]thien-

m xture of

7-1 (2, 4- di chl $¥BhienaiB3:Bleyridineiproatanide. 2- (1
Preparddydsepbxample 15, MS 544.2 (M+H)+, mp 218-219.

erthynyI)thleno[3 2-b] pyridi ne-6-carbonitrile (57 ny

0.13 mmol ), 4-(2- chlopo ettg]gg)r?] r phol i ne hydrochl orldé
(24 ng, 0.13 mmol), an carbonate (42 ng, 0.13

mol ) in 1-[@21,4 githigioimedxgpienyl)dmiric-2hedfed at 50C

imethizsevi el bmners B e g et

IS c?: I ecLedf by LI I :)r atcammml?'gre}a;:ol | ected ZIOlult ;jnl vai .
Prefpieh s i airrle B TSR pa B B AR M o

7-1(2, 4-

di E:(EI Ior 0- 5- met hoxy}ohenﬁxampierﬂﬂ -2-{[1-(2-norpholin-4-y

-1 H -4 N .

PRI e RO Sk Py melp eIl 2 ool 4o

yeI | ow sglrl S A-ymyl)thiera{ 32- bl;iyadmeéﬁ)mibomtriide NVR (DI\/B(}3 dg)1
Preve%fed g iyl {%P"@%%ééwéz Ghenits W {982 71 L 5

H, 7.71 (s, 1 H, 7.80 (br, 1H) 8.24 (br, 1 H),
8.37 (s, 1 H), 13.36 (lxasplel8H); MS 553.1 (M-H)+.

7%%:@%cﬁl_o%?—éﬂp%tpg)gygpﬁrg{l)ﬁsn)l&oahe“ﬁ l[(dlmeth%?m?oﬁ %wl?yndm -2~
(2H 1, 2, 3-t ryil}aﬂ‘ghymhlyht)[ﬂszpﬂdwmaeﬁ@pmommi}apyr| di ne-6-c
Preggr%%ryrs;rféljl %X%g‘lﬁ) dé) of I\Hé éb Eesﬁf 2 QM%H§+ tn'iﬁ ?5(9 ( 50 "L,

césium yblr OX
Example 88
7-[(2,4-dichioro-5-methoxyphenyl)amino]-2-{5-[(dimethylamino)methyi}thien-2-
yi}thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 486.8, 488.8 (M+H)+, mp 210-212.
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nonohydrate (18 ng, 0.11 mml) in 1
-met hyl - 2-pyrrolidinone (5 nL) is added slowy

WO 200470li4386 4- di chl or o- 5- net hoxyphenyl ) ani no] - 2- et hynyl t hi en
o[ 3, 2-b] pyri di ne-6-carbonitrile (200 ny, ySﬁwyquzoc

The m xture is heated to 120C for 12 hours, cool ed to
room tenperature and partitioned between water and
ethyl acetate. The organic layer is washed with

wat er, dried over sodium sulfate, and concentrated in

vacuo. The residue is purified by flash colum

chr omat ogr aphy el uti ng th a gradient of nethanol in

di chl or onet hane (0-2% %96§sde 90 ny (38% of

7- E(h 2, 47dixAdiehrds-metho phenyl)ammo]]_2(4- yridin -4|- 2-y1)

met hox r| azo yl)v

T AR b abisoba byt beeas

Prepatdd asfos etanthie NP, I@S@@hﬁﬂ#ﬂh"h NBg(4BYSO- d6- TFA) S
3.88 (s, 3H), 7.50 (s, 1H) 5(d, J. =14 Hz, 1
H, 7.85 (s, 1H) 788@% ,815(3,2H) 8.32
(d, J = 14 Hz, %'e H: M5 443.0 (M+H) +.

7- Mmamm&& éerﬁ% ) 4IQ - -6-
é(%mzazmos 9@1&@7 gl 3 ?@%@ﬁs yﬁm@msg @H‘pwd.ne 6
N, 18.60 Found: C, 50. E@JbOHt”"z 32 N, 18.25. Exanple

Preépared as for example 14, MS 415.0 (M+H)+, mp > 245.

7-1(2, 4-di chl oro- 5- rrethoxyphenyl anmi no] - 2- (5-formyl - 2-
furyl)thieno[ 3, 2-b] pyridi ne-6- carbonitrile Prepared

~as for exanple 37, N5 4PEMPRA3 1 (MeH) + np > 250.

Exarrﬁl-(a{S-&Bloro -4-{(1-methyl-1H- |m|dazol-2-yl thlo]phenygamlnoe -2- [3-

Z| ggzz tﬁ 1“% 12 5 ! hog% an é za]aplwrldml 6-carbon|tr| di ox

PrdphmdasﬂionexafinpleprMStml(E 48|f’.ﬁ€(l57ﬁ-H$ﬂ rﬁﬁzbwoﬁcanpl e 36,
M5 488.1, 490.1, np 187-189. Exanp

7-[(2, 4-dichl 5-nmeth I 2-{5-[(4-neth
(of bor azi n- 1-y1 ) ot hyl | AP %%?LWSE’% Lottty
[

p
3, 2- b] pyr 7-{(Redichlomr Savettiaxyplesriyh aminiopd-(&g[(2-0r exan‘pl e

7.1 (AEGEhanEeranhibpndRony 2 phbjenst d8foinde ny

Prqnap%i ayfonedample 15, MS 513.0 (M+H)+, mp 162-164.

Examplé 93
. 7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-[4-({[2-
(methyithio)ethyljamino}methyl)phenyl]thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 527.0 (M-H)-, mp 154-156.

Example 94
7-[(2,_4-dichloro-5-methoxyphenyl)amino]-2—[4-(thiomorpholin-4-
yimethyl)phenyl]thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 541.0 (M+H)+, mp 198-201.
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yl') met hyl ] phenyl } t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile
Prepare as for exanple 15, M5 552.0 (MtH)+, np

WO 2004/&2 8802 133 WO 200-1/ 048386 PCT/ US2003/ 0362R82003/036206

7- [(2 4- dlchloro 5-met hoxyphenyl ) ami no] - 2-{4-[(4-pyrro
['idin-1-ylpiperidin-1-

yl) net hyl ] phenyl }t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile
Prepared as for exanple 15, HRMVB 452.0387, np 230
deconposition. Exanple 72

7-1(2, 4-di chl oro- 5- nethoxyphegél)an1no] 2-(4-{[] 2- _
(di met hyl ani no) et hyl | ( nEX&PIe8 no] met hyl } phenyl ) t hi en
o[ 3, 2- bly.%zwe.bn@r&s nw&qahéﬁw aﬁm@rzqagfxnsgr - for

exanpl e

7-1(2, 4- dlldmethyapf@'\yﬂﬁmwﬁﬂ@ﬂwflﬁ@ﬁr%@ﬂfb@n{?w(d| met hyl

i4€n rbonitrile
Ao AR LA I el ool e

255-258. Exanple 74
7-1(2, 4-di chl or o- 5- met h&X§WRESA ) ani no] - 2- { 3-[ (4- net hy

IRf(BALAHI o 5-methoxypheny! -2-(4-morpholin-4-ylphenyhthieno[3,2-
St Smethoxyp S%Tam'"olo A Moot g-yiphenyithienol3,

Pr epar ed as for exaRlpyeding-6- %EQIBE"Q) 540.0 (M+H) +, np
I
Pr%x?a[??&ﬁgfodr Chl or oﬁsmﬁe?w&y% ﬁe%§M$?$ ng] %5

[ (di met hyl ami no)
met hyl ] phenyl } t hi eno[ 3, 2BMPA $4i ne- 6-carbonitrile

Egngvg@ @ﬁ;ré-ar[pemampi e 3midalyS -2 Ffnipndfdibdfs st Mo
7-1(2, 4-di cmr@wlsh@mm'w@a@&iéﬁwdﬂmﬁﬁeqbogﬂr{ls [ (di met hy

Prbpdre B%W@rtel%ﬂnér 4, MS 502.0 (M+H)+, mp 279-281.
furyl }thienof ] pyridi ne 6-carbonitrile Prepared as

for exanple 15, I\/IS 473. Q0 (M:H)+, np 200-202.
134 amplé 95

7-({3-chloro-4-[(1-methyl-1H-imidazol-2-yl)thio]phenyl}amino)-2-{4-
[(diethylamino)methyl]phenyl}thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 559.0 (M+H)+, mp 200-203.

Examplie 99
7-({3-chloro-4-[(1-methyl-1H-imidazol-2-yl)thio]phenyl}amino)-2-{4-[(4-
methylpiperazin-1-yl)methyi]phenyl}thieno[3,2-b]pyridine-6-carbonitrile -

Prepared as for example 15, MS 585.0 (M+H)+, mp 221-224.

- Example 100
7-[(2,4-dichloro-5-methoxyphenyi)amino]-2- ({5—[(d|methylam|no)methyl]pyndln-2-
_ yl}ethynyl)thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 21; MS 508.0 (M+H)+, mp 215-217.
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WO 2004/ 048386 PCT/ USZOOS/ 036206 Exanple 77.
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2-[ 5- (1, 3-di ox

\ 2-yl)thien-2-yl]thieno[3, 2-
wo 200@?%)%6l di ne-6-carbonitrile Prepared as for® @¥amIPLr3ee

M5 503.8, 505.8 (MtH)+, np 213-217. Exanple 78

7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- (2-fornyl t hi
en-3-yl)thieno[ 3, 2-b] pyri di ne- 6-carbonitrile Prepared
as for exanple 14, M5 459.9 (M+H)+, np 128-130.
Exanmple 79 7-[ (2,

4-di chl or o- 5- net hoxyph%fﬁfmal%ﬂpho] 2-(5-fornylthien-2-y
T-J(2 Aidictiprd; Z2mbihpyyphenyitamie 24 L1 pitarzbl Bylefyapithido[8 2-

for exanple 37, M5, 459..9 H+ np > 245.
Exanpl e 80 7-[(2, bpyndméBcarbomt‘lM-

Prephred ahfmmarﬁplaﬁhh‘b@@mym}la)ﬂ np] +2D0{decbimposiibiy | am no
) nethyl]thien-3-

yl }thi eno[ 3, 2-b] pyri di pe-6-.c onitrile Prepared as
for exanple 15, NB 488553“%!58.52 (MrH) +, np 184- 186.
Ex &FfR,4-d&blorophenyl)amino}-2-iodothieno[3,2-b]pyridine-6-carbonitrile

Pregar[acg &5 ?orqa&g %r 0 lVE? % ?ﬁ%ﬁpé: ﬁm{H)Lam rb%]o 333{ 5-[(4-net hy

efazin-
2-yi }thi eno[3 b] pyri di ne-6-carbonitrile Prepared as
for exarrpl e 15, MS 544BEx3mpdd08 (M+-H) +, softens 182,

e s S R e T RS

b] pyri d| ne- 6- eani}ﬂmnd{$ 2+b@pyri€me|sﬁica&doamlé or exanple 47.

ProfRs SRS GRBAT MG Rl g o 20 4050

7-({3-chloro-4-[(1-nethyl -1
H-i m dazol - 2-yl )t hi o] pﬁmmwleaﬂnno) 2- [ 4- (nor phol i n- 4-

2-(A{BRY B HRERY A Y32 iRl Y5 iR, B SRV RORL i dnS 3 2-
b]pyridine-6-carbonitrile
Prepared as for example 15, MS 511.0 (M+H)+, mp 167-169.

Example 105
7-{(2, 4-d|chloro-5 methoxyphenyl)amlno]-z {4-[(1-oxidothiomorpholin-4-
yl)methyl}phenyl}thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 557.0 (M+H)+, mp 242-245.

Example 106
7-[(2,4-dichloro-5-methoxyphenyl)amino}-2-{4-
[(diethylamino)methyl]phenyi}thieno[3,2- b]pyndme-G-carbomtnle
Prepared as for example 15, MS 511.0 (M+H)+, mp 160-162.

Example 107
7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-(4-{[(3-
hydroxypropyl)amino]methyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 513.1 (M+H)+, mp 141-143.
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Prepared as for exanple 14, Ms 573. 3(I\/H-|)+ np
150- 152. Exanple 84

WO 2004634388, 4- di chl oro- 5- et hoxyphenyl ) am no] - 2 pt#nishdbs TR0y

| pi perazi n-1-yl)nethyl]thien-

3-yl }thieno[ 3, 2-b] pyridine-6-carbonitrile Prepared as

for exanple 15, M 544.2 (MtH)+, np 218-219. Exanple

85 7-[(2, 4-dichl oro-5-net hoxyphenyl ) am no] -2-(4-{[[3

(di met hyl am no) propyl ] (et hyl ) am no] net hyl } phenyl )t hi e
no[ 3, 2- b] pyri di ne-6- carbonitrile Prepared as for

exanpl e 15, M5 554.3 (;\1%1 + 205 deconp. Exanple 86
7-({3-chloro-4-[(1-net E'}Tfle%)s

| ﬁ)l(%dﬁd%roﬁ-tmﬁ)ﬁowmiemmhbmﬂqwe@hblﬁrﬁgﬁfeltﬂ’:}ﬂﬂgm#y
t- 1-yn LEN0 - 1Al Ne [
Pr gpar edya)s/ for I]@eg{g&,%—b@ﬁéﬁ %b@'tr'%I 2 (MrH) +, np

Prepafed2@for Examplee363¥S 526.0, 528.0 (M+H)+, mp 227-229. _
7-1(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- ({6-[ (di meth
yl am no) met hyl ] pyri di n-2- _ o
yl }et hynyl )t hi eno[-3, 2-b "?R'%n‘ﬂ% 6-carbonitrile

7-Regipdiciidroas-niethoxyphenyl)amitib]-2NB-n&Bhalin-S-4Py ddif-Bihinienol@)2-
190-191. Exanple 8

7-[ (2, 4-di chl or o- 5- ?ﬁlﬂyﬁg'iz?&ﬁcé\’i?%'t&'}ﬁ noJ - 2- {5-[ (di net hy
Prépmneda forielginble 86 MS2512.1, 514.1 (M+H)+, mp 225-227.
yl }thi eno[ 3, 2-b] pyri di ne-6-carbonitrile Prepared as

for exanple 15, MS 486. 488,383 (MrH) +, nmp 210-212.
136 WD 2004/ 048386 Pm/%?éﬁ%ﬂ%%ezoe Exanpl e 89

7-{(4dli¢hidice Setiraxyphenyhimingh24otiothiend[8 2lbiayricihetd-Cibsridie

Pr%ha%ec% 2 cir xawg]en]etl\ﬂ%fl?%g,eé}%h%N—rfgﬁop}? 22431 i di ne-6-¢

arbonltrlle Prepared as for exanple 15, M 546.1
(MtH) +, np 128-130. ExabBxdnepl®011

7- AAadichl - I inQl-2-(1 .
[ HE A aEhE ST IR RSP A 4. Pbxotbmorphoiin-s
yl)methyllphenyi}thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 573.1 (M+H)+, mp > 245,

Example 112
7-{(2,4-dichloro-5-methoxyphenyl)amino]-2-{4-[(4-pyridin-2-ylpiperazin-1-
yl)methyl]phenyl}thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 601.2 (M+H)+, mp 245-247.

Example 113
7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-{4-[(4-phenylpiperazin-1-
yl)methyilphenyl}thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 600.2 (M+H)+, mp 238-240.

> Example 114
7-[(2,4-dichloro-5-methoxyphenyl)amino]—2—(4{[(2R,SS)-2,5-dimethylpipérazin-1 -
[lImethyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 552.2 (M+H)+, mp 165-168.
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carbonitrile Prepared as for exanple 14, M5 415.0

(MtH) +, nmp > 245. Exanple 91
WO 20070858 chl or o- 4-[ (1- met hyl - _ P CT/US2003/03620

Him dazol - 2-yl) t hi o] phenyl } ami no) - 2- [ 3- o ;

(di met hyl am no) prop-1-ynyl ]t hi eno[ 3, 2-b] pyri di ne- 6- ciar1

bonitrile Prepared as fo:r eggnpl e 21, MS 479.0, 481.

MtH) +, np 204-207. Exanpl e ]

(7[l(_?24d|chlor05nethi>oayrmremy$)amno] 2-(4-{[(2- -

b] pyri di ne -
Rt o Y PAASLAES DX BRERY b g e atcnive
Prepfad)as fonprarene 1605 AALNE28. 19+ H)+, mp 170-171.
7-1(2, 4-di chl or o- 5- mathoxyphenyl)am nol-2-[4-({[2
(met hyl t hi o) et hyl ] am ng Ephenyl ]t hi eno[ 3, 2- b] pyr
carbonitrile epred as for exanple 15, M
LN G'CS 'ethqﬁﬁpﬂwl)a&‘mﬂ(arfpﬂnw'L%nyntmenols 2-bipyriine-6-
7 [(2 4-di chl or o- 5- net h%%@n‘?ﬂé{l )ami noJ - 2- [ 4- (t hi onor p
-4-
Pr F‘F?é‘t Py pXeemie 1414683, A70J fywHl nap Soagr boni trile
egrepaafgdij as for exanple 15, M5'541.0 (MtH) +, np
198 201. 137 WD 2004/ %gﬁ,%fs ﬂgT/ US2003/ 036206

E]})&(%J%Jf@ﬂﬂreﬁdnsfhﬁmﬂmwpﬂmny] 3-{141{(n@ﬂ|et2y|{,|f,e{ag|np-pr azi
o egl rlrét 1y )yé)ﬁgrb()"i phenviithigngla,2 bloyridine-carhoithgni 1 | e

piEHaSder v %M&ﬁﬁ%115$4 WEMBRY, Ind Mid-H43 q&®
20. Exanple 96 . .
3-1?(3,4-dicﬁlngro 5- et I)amno] 2- (4-norpholin

- 4- [)th 3, 2- I ne-6-carbonitrile _

pfef,gﬁgag'\ﬁg? %ﬁ(eno 18- |Hmam825ﬂmlc9prﬁt§£}é}nhwzbl)[3_, np

s, wl&hﬁmtﬂfﬁ%ﬁ&a& -ynr\]/l]ﬁhlef 9l3-2blpyrdine-s S-qaqnirils) phenyl
Pre? r%iﬁg?orze%%ple MS 5071, 509, 2(M+H)+ mp 190-194.

Example 119
7~[(2,4—dichlorophenyl)amino]-2-{4-[(4-methylpiperazin-1 -yl)methyl]phenyl}thieno[3,2-
b]pyridine-6-carbonitrile

Prepared as for example 15, MS 508.1, 510.1 (M+H)+, mp 245-247.

Example 120
7—[(2,4-dichIoro-5—methoxyphenyl)amino]-2-(4-{[4-(2—methoxyphenyl)piperazih-1 -
yl]methyl}pheny|)thieno[3,2—b]pyridine-6-carbonitrile
Prepared as for example 15, MS 630.1 (M+H)+, mp 176-179.

Example 121
7-[(2,4-dichIoro-5-methoxyphenyl)amino]-2—(4-{t(3-
methylbutyl)amino]methyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 15, MS 525.1 (M+H)+, mp 195-197.
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fornyl phenyl )t hieno[ 3, 2-b] pyri di ne-6-carbonitrile
Prepared as for exanple 14, M5 502.0 (M+H)+, np
81. Exanple 98 7-({3-chloro-4-[(1-ne :

A 70) 2004/|%—’¢§3ﬁ‘72dazo 2-yl ) t hi o] phenyl } ani no) - 2- { 4- "E¥‘}US}003/036206
[ (di et hyl am no) net hyl ] phenyl }t hi eno[ 3, 2- b] pyrl di ne-6-c
arbonitrile Prepared as for exanple 15, M 559.0
(MtH) +, nmp 200- 203. Exanpl e 99
7-({3-chloro-4-[(1-nmethyl -

Hi m dazol - 2-yl') t hi o] phenyl }am no) - 2-{4-[ (4-

met hyl pi per azi n- 1- yl ) mee@maiohddy| } t hi eno[ 3, 2- b] pyri di

ne: ém&h@ms Friehfbx @@m -

58f5( 5 (MH) 55{6%225'%9‘0?5 (ﬁ_({)[l;,, uﬁoﬁ;ﬁ)pld@azm1

7-1(2, 4- d.selme&?vapaew@emm&ﬁéﬂwadm froqrbonifr{is- [ (di et h
Prapasdtl a0iovekdtpie A% M g2

Gi/bl }ethynyl )t hﬂl)eno[ 3, Z%k? %WT%&%Q 621c1a2r1bon| trile

Prepared as for exanple_ 21, M 508.0 (M+H)+

215-217. 138 WO 20114/50%9%88 1281/ US2003/ 036206

Exanpi-g2 kQlichloro-5-ethoxyphenyl -2-{4-[(4-met -
7-1(2, EAE di chl oro-5 -rr)t(sytp ho Y)gan(‘elrr‘]?/] { [( n]er%rlpuierazlm

H pyr azol m@gt@tlmﬂg,yl}}m@pcg ,gftgp)gldme 6—carbon|tnle

Péﬂaaedagifda@ @risoNst f amol e 34,
B 4400 (N }—E mp +%5c?o§§§%msm oﬁ&?r:"?é 102

7-1(2, 4- d| chl or ophenyl ) am nao] - 2- i odot hi eno[ 3, b] pyrid
i ne-6-carbonitrile Pre 21"or exanple 1,

@
22,4 icHiér6-
7H[ ?2 IZ di Eﬁlmgr 0- b- rg’%gLenyl m- ?"%%%E’ pAperazhn i
pi per azi n- ﬁ“}ﬂ X‘I}Ef‘ﬁ'w fﬁi?‘i“?[ ,y?nh]pyrldme-G—carbon|tn|e

Prepayéd a8 {R RRAMPI31B] MY 618, e Prepared as
re%gr exanpl e 3% 1 SSQQOﬂWNﬁ—'}—ﬁW%{Zd&ZSZ. Exanpl e

104
2-{4-[ (butyl ani no) met hyPEPRIBYRS - 7-[ (2, 4- di chl or o- 5- e

74 (oxgiphierys- hwmmﬂ)ﬁéhyﬁﬁlﬁr%]-@-ﬁ -[2- (dlmethylamlno)ethyl] 1H-pyrrol-3-
b] pyri di ne- car ani t{;
{}thienof3,2- tﬁpyndlne 6-~carbonitrile -

Prepared as for example 65, MS 486.2 (M+H)+, mp 230 decomposition.

Example 126
7-[(2,4-dichlorophenyl)amino]-2-[4-(dime_thylamino)phenyl]thieno[3,2-b]pyn'dine-6—
' carbonitrile
Prepared as for example 50, MS 439.2, 441.1 (M+H)+, mp 239-241.

Example 127
7-[(2,4-dichloro-5-methoxyphenyl)amino}-2-[(1-methyl-1H-imidazol-5-
yl)ethynyljthieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 21, MS 454.1 (M+H)+, mp >260.
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Prepared as for exanple 15, M5 511.0 (MtH)+, np
167-169. Exanple 105

WO zooz/ih[sg&' 4-di chl or o- 5- net hoxyphenyl ) am no] - 2-{4-[ ( 1- oxi do

onor phol i n-4- PCT/US2003/036206
yl ) met hyl ] phenyl } t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile
Prepared as for exanple 15, M5 557.0 (M+H)+, np
242-245. Exanple 106

7-[(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- {4
[ (di et hyl am no) net hyl ] phenyl }t hi eno[ 3, 2- b] pyri di ne-6-c
arbonitrile Prepared dsxample é2&nple 15, MsS 511.0

. - ml = .
TR PR Mo BB oL s arse Butapnaimethyipyriain 2
hydr oxypr opyl ) wfﬁtmmot&,ﬂkmp)}ridhen&bambhien?[ 3, 2- b]lvgyrSilgi 2
- 6= r L eXa , :
PR o R slhe de. MSTREY (3083 (4 iuBane 221223
PCT/ US2003/ 036206 Exanpl e 108 N
-~ 7-[(2, 4-di chl or o- 5- net hicxeymien®9 ) am no] - 2- [ 5- (nor phol i
7 B B bt ey Baminol2: 13 pyieppt ) biasgi 2 ipygcine-6-
for exanple 36, MS 526. @arbwd8rile . (MtH) +, np 227-229.
Prgﬁ?%ggfoélgg%rpgre adsMP 1@09(%’5@4’3/ PR secompasitien: phol i n
-4-yl pyridin-3-yl)thieno[ 3, 2-
b] pyri di ne- 6-car boni tribanmlepaded as .for exanpl e 36,

TipEP Rt metlMiehy R er o R e Rttt 4
2-b] pyri di neylﬁiﬂmawbtbliﬂrloﬁ,?-b]n?ﬁdipa{ﬁemhrmﬁritﬁr e>1<zilrlrpl e 1,
' i - 233, :
Pr%@[r%%gs&%é iegﬁ'f"g'r%é?’gf“?e‘%%@éﬁﬁy @%zr#g]x P { 2 [(1,1

- di oxi dot hi onor phol i n-4 yl) et hyl ] phenyl }t hi eno[ 3, 2- b]
pyri di ne-6-carbonitril eExarmpi®aBed as for exanple 15,

7MB, pdRnibrd-StdrroxyPReriy ) Afhito]-2-[1 -(2-morpholin-4-ytethyl)-1H-pyrazol-4-
yljthieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 65, MS 529.1 (M+H)+, mp 155.2.

Exampie 132
7-[(2,4-dichloro—5-methoxyphenyl)amino]-2—{5-[(dimethylamino)methyl]pyridin-z-
yi}thieno[3,2-b]pyridine-6-carbonitrile
Prepared as for example 36, MS 484.0, 486.0 (M+H)+, mp 229-231.
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Exanpl e 112
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- {4- [ ( 4- pyrld

yl pi perazin- 1-
wo 2““"“PS”%‘sthw ] phenyl }1 hi eno[ 3, 2- b] pyri di ne- 6- CGTRSRM303$286

Prepared as for exanple 15, M5 601.2 (MtH)+, np
245-247. Exanple 113

7-1(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- {4-[ (4- pheny
| pi perazin-1-

yl ) met hyl ] phenyl } t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile

Pr epar ed as for exanpl 600. 2 (M+tH) +, np
238-240. Exanple 114 Safipre 153

mqaﬂ.zq.mu@rpaamtr@x@nmwowmwmw[(wnamymnﬂunamammbmrss;

2, 5-di met hyl p|

met hyl } phenyl) h| ené?gjbéo)}r%jgﬁ arbgmgll%ar bonitrile
Prepreshag tod esample36eMSngl2<0, 554.0NBI+5H2, @p (18RH)98, np

165-168. 140 WD 2004/ 048386 PCT/ US2003/ 036206

Exanpl e 115
7-1 (2, 4-di chl or ophenyl%xgr'ﬁprl]% 3‘5-(4-for nyl phenyl )t hi eno -
[ 3, 2- b] pyri-H2 HedidararSomathoxydhenylfareipaj-24443 f or

eXanpddﬁnéﬁgamoflgtﬁylﬁher%?n|eno([§/uél_lg]pyndrﬂ3e -carbon&nle

Prem;@o{ 2s for éxahplerid; Mwwgmbﬂw-el-am mp]198-{9%- f or myl phen
yl ) thieno[ 3, 2-b] pyddi ne-6- carbonitrile Prepared as

for exanpl e 14, M 468E>ga'mp‘}<293§ (MrH) +, np > 245.
Exanpl e 117

7-{(3.2-dichitire-BHoetbosypmetyiaymsjenji (Rehyidnlyeftw]) 4-H-fytazob hy

| pi perazin-| . X _——

yl ) car bonyl ] ph)éq%?/'fg??[%zebr@[r@,'rf-%fpr)ProP'g"ﬁe 6-carbonitril
Preparebae frarexampte 600 MS4600 (M+12)3-, mdSZBdecontgoéition.( MrH) +,

np 240-243 dec. Exanple 118

7-({3-chloro-4-[(1- rret%\(
H-i m dazoi - 2-yl )t hi o] phen amno-2 [ 3-
A-{6devenayt Mpr@-ﬁ.me enyl)amlno]thleno[s 2- b]pyr|d|n-2-yl} N,N-
: -ynyl]Jthieno[ 3, 2-b]p i bonitrile Prepared
as for exanple 21, I\%Hgg‘y %ngqofgg{ H) +, 190-194.
Pre@ggaqgs éprpl(gmple 14, MS 497. 1, 499.0 (M+H)+ mp 246-249
Example 137
7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-{5-[(4-methylpiperazin-1-yl)methyl]-3-
furyl}thieno[3,2-b]pyridine-6-carbonitrile -
Prepared as for example 15, MS 528.1, 530.1 (M+H)+, mp 189-192.

Exampie 138
7-[(2,4-dichloro-5-methoxyphenyl)amino}-2-(5-formyl-3-furyl)thieno[3,2-b]pyridine-6-
carbonitrile-
Prepared as for example 14, MS 444.0, 446.0 (M+H)+, mp 223-224.
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7-[(2, 4-di chl orophenyl) am no] - 2- {4- [ (4- met hyl pi perazin
-1 -yl)nmethyl ] phenyl }thieno[ 3, 2- b]pyridi

wd 200%%5@;60“ bonitrile Prepared as for exanple 15

S}

510.1 (MrH)+, np 245-247. Exanpl e RGUS2003/036206
7-[(2, 4-di chl or o- 5- nethoxyphenyl)an1no] 2-(4-{[4-(2-ne
t hoxyphenyl ) pi perazi n-
yl ] met hyl } phenyl ) t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile
Prepared as for exanple 15, M5 630.1 (MtH)+, np
176-179. Exanple 121
7-1 (2, 4-di chl or o- 5- net hoxyphenyl )am no]-2-(4-{[(3-
nmet pqe kst propedirasised and results obtained are shown below.
nmet hyl } phenyl ) t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile

e A

7-[ th?ztflarQHﬁS& osiasnlhetramtgrmeeinwmam plabmit (cbnidifing net vy

prom&?fe%ﬂﬂ?a"écﬁlen I ﬂl énrg fé] S'Q 4 b?ener 1nd‘|NP1'8h Gthg SRR F?'P@'“ of
u%@ré sa‘?rr@u/agglqeapd Expiape gf the v-Br8 caGitit doiviak) ih,th&P-Src gene are
use%ilfcraﬂéf’ ‘medetfdib® JFldc d epeﬂdentI 3”3%?"36(1" growih Pirarlew rgjyster

di chl oro-5-et
PlafgsdEpsiar #.3474) are seeded wnth 10 OOO cells per well on Day 1. Compound is .

di bonitril
oo s BB 03 L0 Bl o B
ancgylﬂ'_%zrgggent@mgg §2a1dded on Day 5 (100 microliters of MTS/medium mix
+ 16G[I‘6|3ro‘ﬂte§;§ %?&?lgmﬁal%ﬁp %3{9@ B0 AR Shadibbitod K nddirdd at

pi peraz
49 rT mef K§/| rjegqﬂényrg enplyrerd aSZfdjlpwriodyleld EnCHD:p Y brdifefation

(mlefm%lt‘%&aé @cfllo@?anmkﬁ\h%oq‘non = Eblsélga A s'a_pnpl’e rrplank )/(Abs490

nm7ne (gnpg ep@ml or BlaBk)mXt 1e83pph&hg | feawlisnoltade liof 2efresamdtive

o 5, Sy ot BT B Table, 1, MUl gpisggfoga oven

$th|eno 3
CO‘%B “Wﬁﬁ‘fﬁté thg It wats tegted myliipiedimesnp 230 deconpositi on.

Table 1
Src Src Src-
cells cells celis
Example ICso uM % g'nh at 10uM % inh at 100uM

1 ~oont

2 >10

3 37

4 3.1
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Exanpl e 126
7-1 (2, 4-di chl orophenyl ) am no] - 2-[ 4- (di net hyl am no) phen
I i eno[ 3, 2-b] pyri dine-6 carbonitrile
W02004¥%Jr$5€xanple 50, NS 439.2, 441.1 (MH)+, nEE‘i%?@i’f?é"“
Exanpl e 127
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2-[ (1-net hyl -1
H i m dazol - 5- _
Tabjé et hynyl ]t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile
Prepared as for exagpte 21, MS 4. 1 (MrH) +, np>260.
142 WO 2004/ 048386 PCT/ US2003/ 036206 Exanple 128
7-1(2, 4-di chl or o- 5- hoxyphenyl ). am no] - 2- { 6-[ (di net hy
| am no) met hyl | pyr i d?eﬁfsz- 2 cells
E%/(I}thieno[s,2-b]pyridine-6-carbonitri|e Prepared as
ampxanpl e 36, MSIGBAML, 486irh &MOEM-, NT63R a2RBuM
Exanpl e 129
7-§(2, 4-di chl or o- 5- nigg hoxyphenyl ) ami no] - 2- (1
H pyrazol - 4-yl )t hi eno[ 3, 2-b] pyri di ne-6- carbonitrile
Prepared as for exanple 14, M5 416.0 (MtH)+, np +250
deBonposition. Exanple 130 3
7-[(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- {[ 1- (2- hydro
xygthyl)-1 H pyrazol -4 31
yl ] et hynyl }t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile
Prepared as for exanple 65, Ms 484.0 (MtH)+, np 172.5.
Ex&nmpl e 131 . 33
7-[(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 1- ( 2- nor pho
lia-4-ylethyl)-1 H pyazol - 4-
yl ]t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile Prepared as
for, exanple 65, MS 529.1 (M+H)+, np 155.2. Exanple 132
7-19 2, 4- di chl or o- 5- ™% hoxyphenyl ) ani no] - 2- { 5- [ (di net hy
| am no) nethyl] pyridin-2-
yl1Hit hi eno[ 3, 2- b] pyragdpme- 6-carbonitril e Prepared as
for exanple 36, MS 484.0, 486.0 (MtH)+, np 229-231.

12 o3
13 | 34
14 ' 0.66

15 0.56, 0.26

16 | 0.67

17 637

18 £O
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143 WO 2004/ 048386 PCT/ US2003/ 036206 Exanple 133
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- {5-[ (di et hyl
; ' nmet hyl ] pyridi n-2-
wo 2“‘9?}'&% eno[ 3, 2- b] pyri di ne-6-carbonitrile PPEBAIS2M336206
for exanple 36, M5 512.0, 514.0 (MtH)+, np 192-193.
Exanpl e 134
7-1(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- {4-[ 2-
Tabdiqret hyl am no) et hyl ] phenyl } t hi eno[ 3, 2- b] pyri di ne-6-ca
rbonitrile Prepared for exang§8 14, M5 497.%, 499.0
(MtH) +, np 196-197. ampl e 13
7-1(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 1- ( 2- hydr ox
yethyl)-1 H pyrazol cdlls cells cells
yl'Jthi eno[ 3, 2-b] pyri di ne-6-carbonitrile Prepared as
Bampgxanpl e 60, M ( 50 o, .
decéﬁ%03|t|on Exéﬁ%?@plsg%%DT%apﬂgﬁ}-7 [(?w1m”0Q”M
4- di chl or o- 5- met hoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di n-
iﬁ} N, N dlnethyPHanan1de Prepared as for exanple
14, MS 497.1, 499.0 (M+H)+, np 246-249. Exanple 137
7-3d 2, 4- di chl or o- 5- meghoxyphenyl ) am no] - 2- { 5- [(4 net hy
Iplpera2|n 1- yI)nethyI] 3-
ué I}thleno[s :gyrldlne 6-carbonitrile Prepared as
for exanple 15, NB 2821, 530.1 (MtH) +, np 189-192.
Exanpl e. 138
7-34 2, 4- di chl or o- 5- mephoxyphenyl ) am no] - 2- (5-f or nyl - 3-
furyl)thieno[3, 2-b] pyridine-6 carbonitrile Prepared
or exanple 14, 444.0, 446.0 (M+H)+, np 223-224.
144" WD 2004/ 048386 PCY1/ US2003/ 036206 The test
procedures used and results obtained are shown bel ow.
Arthor age | ndepender8.8Sr c- transforned Fi br obl ast .
Proliferation Assay _

25 1.4
26 1.0
27 19, 28
28 5.9
29 17, 50
30 23,25
.:31 B 35,35
32 15
33 0.88
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Rat2 fibroblasts stably transformed with a plasmd
containing a CW pronotor controlled v-Src/Hu c-Src
fusi on gene in which the catalytic domain of hunan
WO 2004048386 155 jnserted in place of the v-Src CREHYSR0PI036206
domain in the v-Src gene are wused for the neasurenent
of src dependent suspension growh. Utra-Iow cluster
pl ates (Costar # 3474) are seeded with 10,000 cells
Tahen well on Day 1. Conpound is added in serial
two-fold dilutions fgyem 10 mcrepplar to 0.00
m cronolar on Day 2 and M S reagent (Pronega) is
added on Day 5 (100 nmicroliters of MIS/ mediummx +
100 microliters of Rl um al rea®8lson the cel | selsd the
absorbance is neasured at 490nm The results are
Eaampiezed as fol | omCamyi el dsaih & M or predH 0N
(mcronolar units) as foll ows: %tﬁﬁ)lgbi tion ZrllH(%Abteig)?}ét(‘)/‘o
nr&sanpl e - bl ank)/l(ﬂﬂgs490 nmno cnpd control -
bl"ank) X 100% The results obtained for representative
conpounds of this invention are listed in Table 1.
MB5ti ple entries fo0.98 gi ven conpound indicate that
it was tested nultiple tines. Table 1 Src Src Src
C%JG|S cells cells E‘xgrrple IC50 NM % i nh at 10NM % i nh
at- 100pM 1 nt 2 >10°73 37 4 3.1 145 WD 2004/ 048386
PCT/ US2003/ 036206 Table 1 Src Src Src cells cells
cdl/ls Exanple | C50 ™NM % nh at 10prM % i nh at 100NM 5
5.6 6 3 7 31

38 0.36, 0.49,

0.45
3é - 0.85
40 0.71,0.43
4 | 0.56
42 5
43 | - 4
44 2.4
45 | | 5
46 . %6
47 74
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8 33 9 20 10 39 .11 23,23 12 23 13 34 14 0.66 15
0.56, 0.26 16 0.67 17 0.37 18 1.0 146 WO
WO 20039‘9 6048386 PCT/ US2003/ 036206 Table 1 Src Src Src
““celTs cells cells Exanple 1C50 NM % i nh HCHBRAWUB303E
at 100NM 19 >10 20 1.0 21 32,32 22 1.0 23 5.6 24
3.8 25 1.1 26 1.0 27 19,28 28 5.9 29 17,50 30
23,25 31 35, 35

Table 1
Src Src Src
cells cells cells
Example ICso uM - % inh at 1 ouM % inh at 100uM

48 30
49 | | 14
50 7.4
51 9.9
52 : 61
53 45
54 1.51, 1.01
55 | | .97
56 3.93,2.20
57 70
58 0.165,

0.245
59 1.21,2.29
60 10.1
61 0.217,

0.279
62 0.183,

0.402
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32 1.5 33 0.88 147 WD 2004/048386 PCT/ US2003/ 036206

Table 1 Src Src Src cells cells cells Exanple |IC50

JM % inh at 10NM % inh at 100/pM 34 8.6 35 0.98 36

Woz""‘/i‘f‘g@“s? 1.1 38 0.36, 0.49, 0.45 39 0.85 PGPUPIEA36206
0.43 41 0.56 42 5 43 4 44 2.4 45 2 46 26 47 74
148 WD 2004/ 048386 PCT/ US2003/ 036206 Table 1 Src Src

Src cells cells cells Exanple ICso NM % i nh at 10, uM
% inh at 100NM 48 30

Anchorage Independent Lck-transformed Fibroblast Proliferation Assay

Rat2 fibroblasts stably transformed with a plasmid contain_ing' .a CMV
promotor controlled v-Src/Hu Lek fusion gene in which the catalytic domain of human
Lck was inserted in place of the v-Src catalytic domain in the v-Src gene are used for
the measurement of src dependent suspension growth. Ultra-low cluster plates
(Costar # 3474) are seeded with 10,000 cells per well on Day 1. Compound is added
in serial two-fold dilutions from 10 micromolar to 0.009 micromolar on Day 2 and
MTS reagent (Promega) is added on Day 5 (100 microliters of MTS/medium mix +
100 microliters of medium already on the cells and the absorbance is measured at
490nm. The results are analyzed as follows to yield an ICs, for proiiferation
(micromolar units) as follows:  %inhibition = (Abs490 nm sample - blank)/(Abs490
nm no cmpd control - blank) X 100%. The results obtained for representative

compounds of this invention are listed in Table 2. Multiple entries for a given
compound indicate that it was tested multiple times.

Table 2
Lek
cells
Example . ICso uM
3 ' 32
15 0.35
16 0.22, 0.089, 0.048
17 0.14
38 0.17,0.18,0.13
39 _ 0.68
58 0.048
59 0.27,0.32
61 - 0.017,0.015, 0.014
62 0.079

Src Kinase Assay

Recombinant human Src enzyme was obtained from PanVera (P3044). Biotinylated
peptide corresponding to residues 6 — 20 of Cdk1 was used as a substrate (Biotin-
KVEKIGEGTYGVVYK-COOH). Homogeneous fluorescence resonance energy
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49 14 50 7.4 51 9.9 52 61 53 45 54 1.51, 1.01 55 97
56 3.93, 2.20 57 70 58 0.165, 0.245 59 1.21, 2.29

. 0.10.1 61 0.217, 0.279 62 0.183, 0.402 149 WO
WOZOO-IS{U

&#f 048386 PCT/ US2003/ 036206 Anchorage PRAEISEMIER206
Lck-transformed Fibroblast Proliferation Assay Rat?2
fibroblasts stably transforned wwth a plasmd
containing a CI\N prom)tor controlled v-Src/Hu Lck

c _domain of hu

rap e RRe S ASaB O T Plcle ieiid e e pEirlh B, diecton format

(LANGER, Rerkim Elveer) - Src:: enBnee afoeng)se:ds frﬂrcjclac: Rnhﬁl H@&@f&ﬁeﬁ{%ﬁhde
ra-1 ow c

o8] BRI, SR AEA: oty e e

0. qma% Bejl35 (Synky1d0 uWUWDI\/ﬁS@%@%nds@ r§§c§tﬂ8ﬁlwas incubated

wo-f ol d dllutlons from 10 m cronol ar

fOVrHOdPtS'rﬁil%?r ord hg@aqlogm@s qupqcbulg‘eEDTemt@m):omwntraﬂon of

0ANEETRESI cooes i T Bl FLASE THE PWEEERL R St yin
Eudiphatot aartiepiospheposined antbodyO BHTe TRerkinelinkes, ADBO6S) and

BRSSO kR i el 5P 8 o b ) 2

ngfmh B3Aphed -indubatekl) bt A0s#POaccording to manufacturer's specifications.

Fluorescence intensity at 665 nm was used to monitor the extent of the Kinase

reaction. Multiple entries for a given compound indicate that it was tested multiple

times. The results obtained for représéntative compounds of this invention are listed
in Table 3.

Table 3
Src Src Lck

Enzyme Cells Cells

EX 1Cso NM [Cso uM or % inhib at 1Csq uM
10uM

64 not tested 6.4,5.6 74,79
65 not tested 0.7 >10
66 not tested 26%, 26% >10 (n =2)
67 not tested 37,37 15,17
68 not tested 6.1,6.0 2.8,3.0
69 54, 50 28,34 19,22
70 73,92 0.68, 0.58 0.12,0.11
71 not tested 1.6, 0.90 0.20, 0.11
72 94,15 1.3,0.70 0.12, 0.077
73 120, 94 1.4,1.1 1.2, 1.1
74 26, 16 1.5,0.98 0.6, 0.51
75 26.3,34.7 1.5, 0.97 o 0.32,0.27
76 " not tested 49,26 : 0.91,0.99
77 not tested _ 24,1.5 19,17
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nm no cnpd control - blank) X 100% The results
obt ai ned for representative conpounds of this
wo 2004 i¥§tion are listed in Table 2. Miltiple entries for
a gi?(\r)en conpound indicate that it was tegg"eré”sr?ﬂ?’t’ql‘ﬁ?"é
times. Table 2 Lck cells Exanple ICMNM 3 32 15
0.35 16 0.22, 0.089, 0.048 17 0.14 38 0.17, 0.18,
0.13 39 0.68 58 0.048 59 0.27, 0.32 61 0.017,
79. 015 nobielied 62 0. 0792 45p@ Ki nase Assay Recqrgi nant
human Src enzyne was obtal ned from PanVera (P3044).
8 ot i nyl3atldd " pepti de 0ct®: Pafhondi ng to PH4Q¥ B - 20
gPf Cdklogwag used as a supstjate (Biotin- gt I
EGTYGWYK- COOH) .  Honogeneéous f | uorescencg%éﬁb%ance
84%ner §90. 589034 2004/ 048338 PCT/ US2003/ 0362084. .. ...
85 - - -nottested  @nsfer . kinasgqgassays were perfgrmed
usi ng ntoheeseelﬁ opi um APCé §§29t| on format (L(%%CE,
8Per ki moEtestad) . Src enzy®m 23D ng) was mi xdqd 1vd@ h
I oti . peptide (f} concentratiqQn 50 mv
8?‘—)|epesr}%6lfﬁ‘°‘$é.i%), 10 mM %g‘;m'%é 20 ug/m BS ;"’2'8!\%%1 %
8Brij - 3wt (eSitghm) , 100 . MBATR1 1 % DVSO. Thet.bj nase
eacti on s, i ncubat ed 70 mn at 37C_ The
° eact i B 1wl st opped vvizté'l%rEbTA at a final >7,24
geoncentg.gtion of 30ndBESDMEHMM Hepes (mtas .001d3L0
g/m BSA. The mi xture was conbined with
9 15, 16 1.22, 0.638 0.341, 0.276

94 58, 46 5.52, 2.92, 3.17 0.932, 0.907, 1.17
95 84,83,6.9,53  0.614, 0.185, 0.221 0.193, 0.133, 0.168
96 not tested >10 (n =2) 5.88, 1.80
100 not tested >10 (n=2) ' 3.34, 1.03
101 not tested 0.804, 0.810 0.938, 0.804
103 11, 9.6 0.401, 0.445 0.058, 0.071
104 10, 12 0.837, 0.939 0.252, 0.235
105 8.5,7.0 0.473, 0.550 0.222, 0.235
106 10, 6.6 0.495,0.561, 0.313,0.210  0.103, 0.095, 0.058,

| - o 0.071
107 9, 11 0.531, 0.543 0.063, 0.065
108 13, 12 0.474, 0.319 0.201,'0.240
109 not tested >10 4.5
111 16, 16 0.572, 0.411 0.283, 0.428

112 not tested >10, 5.78 >10 (n =2)
113 not tested 62, 18% >10, >10
114 not tested 0.598, 0.245 0.156, 0.174
117 15, 11 0.388, 0.274 0.129, 0.171
119 51, 48 3.51,1.75 1.22,1.34
120 not tested 5.6,2.24 8.9,>10
121 not tested 1,2.19,2.16 0.525, 0.576, 0.951
122 18,23 0.733, 1.68, 2.01 0.897,1.08, 1.56
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Eu-1 abel ed anti - phosphot yrosi ne anti body PT66 (Perkin
El mer, ADO068) and Streptavidin Surelight-APC (Perkin
, I CR130-100) in 50 mM Hepes (pH-7.5)/ 20 gg/m
wo 20‘5@15{85nd i ncubated for 30 nmin accordi ng toPCT/US2003/036206
manuf acturer's specifications. Fluorescence intensity
at 665 nmwas used to nonitor the extent of the kinase
reaction. Miultiple entries for a given corrpound

hogli cat g4 ol t was teg l[tiple ting
resul tsgo%{]@%ned for rep Qg'e:%jative con‘pmﬁi%%' ggthi S
124enti onttested| i sted i0M1BablsE63. Tabl e 30303, P8 Lek

UBR6RSs poc et Bl SO0 %, TSR o

128t ed @oftestdd 66 not teg¥edxs26% 26% >10 (nsfy 2) 67
ggétest%g 7, 3.7 1.5, 1.7_. 68 not tested 6.1, .0
54, 50 2.82%%79 9, 2.2 70053%05)572
9268, OnbBefted2, 0.11 Bbanptigtested 1.6, P480 20,
33&1 72 9.4, 15 1.3, 0.70 0.12, 0.077 73 120 94
_foyjtested) "1 74 25.591820 5. 0.98 0. 63.66.407 75
2@13 3ﬁot7teélte§ 0.97 0. 389, 974/ 76 not tes{(?&#)
.6 0.91, 0.99 77 not tested 2.4, 1.5 1.9, 1 151
\*r@?-2004/ d48%86 PCT/ US200017086466 79 not 0.432,cH096 4.

238 1. Snothebef0 13, 14 o%afdoSBgd8 0- 074, 0843 go7

134 7.6,10 - 0.505, 0.337 0.13,0.17
136 not tested 5.53, 1.51, 1.69 0.463, .331, 0.341
137 not tested 0.303, 0.211 0.067, 0.053
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81 23, 26 2.3, 2.4 0.18, 0.22 84 320, 580, 347 3.3
3.4 85 not tested 3.3, 3.16 0.5 87 not tested 4. 95,

1, 1.85 88 not tested 2.4, 2.3 0. 16, ,
WOZ"“‘ﬁ'gﬁg’?est ed 1.5 1.21 1, 1.0, 1.06 90 not Ptcgé‘fsg&“@?‘&,‘”

3.12.7, 2.4 92 8.8, 11 0.829, 0.486 0.145, 0.103 93
15, 16 1.22, 0.638 0.341, 0.276 94 58,46 5.52, 2.92,
3.17 0.932, 0.907, 1.17 95 8.4, 8.3, 6.9, 5.3 0.614,
0.185, 0.221 0.193, 0.133, 0.168 96 not tested >10 (n
= .88, 1.80 100 not tested >10 (n=2) 3.34, 1.93 _

Raffijék Kipacd Gasadedssam, 0.810 0.938, 0.804 103 11, 9.6
0.401, 0.445 0.058, 0.071 104 10, 12 0.837, 0.939
0. 2631 @-REPi . . .

100 10 e o CRTsphoNisty daPee Rty SRS T N o

thep cg ghosphgyiate e agiivate)inactiyg PA2(G S FMAP I§6shicly SUBSqUETS is

! ' ’ - t > i
e I H g o e TRY i e 4 8 465 ip Pidkono
specilic agpPadyfrom Siggna. faat. (172499219849 ) iReagesist €9 Gxecl@lysate
. )56, Qo dTd p

cOmEng I18 5 g 0% Aoty Rugn 9696 gedi poty
~20pUpgl)q | pblumeng Nomaggive oMekesS6d 56l urtan 8GST-MAR Riddse

(redtPibine@® bRfeids prdddéed if-£8off). 525, 0.576, 0.951

Stock Solutions Raf/Mek cascade Assay:
1. Assay Dilution Buffer (ADB): 20mM MOPS, pH 7.2, 25mM B-glycerol phosphate,
5mM EGTA, 1mM sodium orthovanadate, 1mM dithiothreitol.

2. Magnesium/ATP Cocktail: 500uM cold ATP and 75 mM magnesium chloride in
ADB.

4. Active Kﬁnase: Human Active c-Raf: Use at 0.4U per assay point.
5. Non-active GST-MEK1: Use at 0.1ug per assay point.
6. Non-active GST-p42 MAP Kinase: Use at 1.0 Hg per assay point.

Stock Solutions ELISA:

1. TBST - Tris (50 mM, pH 7.5), NaCl (150 mM), Tween-20 (0.05 %)
Superblock (Pierce)

Anti-GST Ab (Pharmacia)

Anti-Phospho MAPK (Sigma)

Anti-Mouse Ab / Europium conjugate (Wallac)

O s 0D

Assay Procedure:

First Stage: c-Raf Dependent Activation of GST-MEK and GST-MAPK

1. Add 20 ml of ADB per assay (i.e. per well of a 96 well plate)

2. Add 10 ml of 0.5 mM cold ATP and 75 mM magnesium chloride in ADB.

3. Add 2 ml of c-Raf (0.4U/assay), in conjunction with 1.6ml non-active MEK1 (0.4
mg/assay).

4. Add 4 ml of non-active GST-p42 MAP Kinase (1.0 mg/assay).
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1.08, 1.56 152 WO
122 18, 23 0.733, 1.68, 2.01 0.3897, ,
2004/ 048386 PCT/ US2003/ 036206 123 943, 1020 > 10

124 not tested 0.914, 0.576 0.803,
WOZOUQ/OIBS%);6 izé?’not4 ?gst ed >10 (n =2) >10, 5.8 IQ‘P/U%QOS/"§6_206

79 0.539, 0.557
tested 0% 9% >10 128 66,69 2.1, O.

129 not tested 3.23, 2.19 1.46, 1.40 130 nototested
5. 59, 3.20 3.64, 4.07 131 not tested 16% 17% >10

6 133 t
5. (nmabtajte%%rﬁnaileggag éz(ggga %aﬁw%%é@q{gwog 10 0. 285
: '?%g fep this miguerto all%wtn@STths t&sted Qé?wvelllpléé 2(N% g?ragu]mosorb
t. tested 0.303 1
o e o
7-kineHeate der sﬁpdamumﬁsaomfndslﬁ@ﬂ@%%ﬁaé%ﬂfﬁ/gKtlom ch
e 2 AR b MABR Sl Craedoe pa2
6. c%? URgpfor Gﬂlm@htes@bse‘tﬁlm blyakirg .Rggﬁ?cgg eg f28f2 204) by
7. pmﬁ?ﬂ*ﬁ%%@. ‘IH éé\ng TEngbgggwpgngﬁ@jlqgﬁQ (Wallac) (1:500)
2 -
kit omgstees o e o
9. C%Eﬁ'sﬁlvﬂ& ‘fé# ?&Ir{}? \Rlal @mt)odel-ﬁlﬁmﬂeader
1 Of\gﬁllegégat@ @nilyke ih E)@SﬂToaBﬁgléLﬂ'Gm aﬁgTC%\Beﬁléh'ﬁiﬂg@ns

reconbi nant proteins produced in E col
(Sol uti ons Raf/Mek cascade Assay: 1. Assay Dilution

s s b i TR 42 o v
Saﬁ?%hr ei To %—%dgei RYP ¢NaPRIGOMMBO0NS drohd single
POIRTESSAYE With aﬂOP/mgtbﬁ@nu ﬁﬁyphiaw it RafMek assay is run at compound
concentrations from 10 OM to 1 nM in half log dilutions. (% inhibition is determined
for each compound concentration). . Multiple entries for a given compound indicate
that it was tested multiple times. The results obtained measure Raf and/or Mek

kinase | nhibition, and for representative compounds of this invention are listed in
Table 4.

Cell Based Screen for Inhibitors of Raf and/or Mek Kinase.

Materials _ _

Cell Lines: Human tumor Céll lines LoVo which are known to be growth inhibited
by low nM concentrations of a reference standard inhibitor of Ras and human
adenocarcinoma cell line CaCo-2, which is known to be growth resistant to the
same reference compound.

Cell Media : RPM 1640 with 10% Fetal Bovine Serum supplemented with L-
glutamine and Pennicilin/Streptomycin.

Compounds: Supplied usually as a 10 mM stock in 100% DMSO.

Normal Saline: 150 mM NaCl+V

Trichloroacetic Acid (T CA): 50% (w/v) in water

Sulforhodamine B (SRBY): 0.4% (w/V) in 1% Acetic Acid

Tris Base: 10 mM in water
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ADB. 4. Active Kinase: Human Active c-Raf: Use at 0.4U
per assay point. 5. Non-active GST-MEK1l: Use at 0.1pg
assay point. 6. Non-active GST-p42 MAP_K| _—
WO 200+ t‘“f‘o pg per assay point. Stock Sol uti OEENEQ?@K";’“ .(?
TBST - Tris (50 mM pH 7.5), NaCl (150 mM), Tween-20
(0.05 9% 2. Superblock (Pierce) 3. Anti-GST Ab
(Pharmacia) 4. Anti-Phospho MAPK (Sigma) 5. Anti-Muse
Methbd EUr opi um conJ ugate (Wallac) Assay Procedure:

First Stage: c-Raf Dependent Activation of GST-MEK and
Celisgte patad at@OOﬂd:@IIs,ggernwelbfpr peiRinsekoVi; 4 afp0(gelle for sefl ligge| |

BXPU3,3 7(8% c‘,@% korReftlife V\ﬁ\ﬂ26‘§j@| a]rﬂ fﬁooctfellé)fo? CEMI‘%%%}&EEH

and gnesi um chloride i n ADB.
96 welRgtlates. @@M%ﬁ%\ﬂated rin craeﬂﬂan(@pﬂocﬂ v'wﬂ rallowggtgto adhere

S
oveli A s ARl (s ALEaHodos e an g1 g,
volungn 9f 0458B|S§OP@H ustitze GeaED6(compoy wewqdoat FouM)

con{qqoﬁHB & a@t’ied?’gf‘edtlg t& céﬁha iﬁgg%éAgﬁ 4 attﬁ’/é ngéenTEflﬂ%{:Lﬁlﬁ is

s mxture to ed 96 wel
first( diluted inmiAMIZ dpbgerpraie @@n@@ataélen@/qﬁ opgimprued csTefetanee

stal%a‘?& l?)‘f'd1 V‘% g% 8h8 2, MURSE beloqli%ﬁiér&btgt %‘?*&mg;ﬁ‘@ 9(?\%’“ t ER

i oa shakin
ndemEsTrss emlj phatei soplhatsmmpqmpx o@si pnagdedusdan g ymulghannel

R ] 3.0 ML G B B ey Sopbe
which theigwdia is\wairioded using 3018 well manifoldoat trst mplr?th platees
forflird i 5 4B Feqi a8 Bfe, ARG A plsciling A3 nettiol] el Gigry

eader
one@mtloedo peeveat thedipg 0é themantoid fromrdistumhiigecgie ahthe daetiom

of t‘wg’%%}g ey rﬁ)ﬂd('f 3}0 rﬂ%\ssbanﬁé %%h%n %88&5 toaé%%yw?ll tg&d&gﬁ Bifeon
multlchannel plpettor followed by the careful addltlon of 50ul of 50% TCA. The
plates are then incubated for 2 hours at 4°C, after which the supernatant is
removed using the same technique as above and the plated washed twice with
200 ul water. The plates are then air dried and 50 ul of SRB stock solution is
carefully added so that the entire bottom of each well is covered. This again
can be used using an 8 well multichannel pipettor. The SRB is incubated with
fixed cells for 15 minutes at room temperature after which the SRB is removed
with the manifold as described above and the plates washed twice with 350 ul
of 1% acetic acid per well each time. The plates are then air dried after which
the bound SRB is released from protein by ihe addition of 200 ul of Tris base.
Resolubilizing the SRB is aided by placing the plates on a rotator for 15-30
minutes. The absorbance of each well is determined at 550 or 562 nm using a
microtiter plate reader. . _

Each compound or dilution thereof is performed in triplicate. Outliers are
identified by visual inspection of the .data. Each plate should have a “0” control
(vehicle only).

Qualitative screen: To calculate % inhibition of a compound at 25 uM, the

following formula is used: 1- (experimental absorbance @ 25 M compound/ |
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sanpl e/untreated control). 1C50 determ nations - done
on conpounds fromsingle point assays wth >80%
0 200 tion. Typically, the Raf/ Mk assay is run at
W ZOC@E%%GM concentrations from 10 OMto 1 nMGTAU$4$37036206
log dilutions. (%inhibition is determned for each
conpound concentration). . Miltiple entries for a
gi ven conpound indicate that it was tested multiple
“0t E6WRFol aBSbdriRa} k.1 o081 f
|nas,ea nhi |’tJ| 0?10 % @h@ﬁ%ngggs %?P"H'ég%ﬁﬁ‘ﬁ%h%%ﬁ
'"%'P'“Ph?&%ﬁvéﬁe p@ﬁeférnetheuqszaemamue as%Ta;bI e 4. Cell Based
O@ﬁft@ﬂefﬁﬁéﬁs r)!hbt'%hél Ki n
Mat eri al s ()Lz Li n%gsc nalgﬁé%ngﬂng‘!rté)%g%ﬁ @eLQ?OSe""atm“ of
Cqmﬂ%lﬁd @Igémﬁwbmvw@gg@bgc@mm taltrilatied adthabyorhcwtraﬁdm A curve
%m@@naﬁ@meoe&c% tr&idrC tﬁ%ﬁwﬁ hibitor, of
and hunan éﬁt}%‘a?fgpfrﬁ}%ﬁghge F%S % FRi%ATe the
absgrheReamartosasa in thaiion cortsdl sweliig the ngoktelcu&m&‘foi ﬂfae b@ﬁs&md
0
M@EHB Unishs fﬁ:éré vgﬁg:'o oﬁ}ﬁl\ﬂdlﬁ]a 49’\aWH éNagﬁgs?egeélatlple tlmes The

Serum sup nte
r eﬁ’éﬁrﬁ%@'ﬂ@ fostapseseotajive nompcnmqm ths inv&intjopl dredisteauwatible 4.
T%i?? 10 MM stock in 100% DMSO. Normal Saline: 150 niv
+V Trichloroacetic Acid (TCA): 50%(vv/v) in water
-Sul f or hggiger ne B (S 4% (w % Ac Aci d
Tris Bgse 10 MM i nB\%)ater 155 V\D\%Bégl 048386%\”{"56
PCT/ USZ0081e036206 Ivelshods Cel | s eslle pl ated at cai900
I'ls r Il for gelh,line LoVg, 1 .750 cells_for
M& I@ d’lN cells fn?C5PWI [ ine gM 4
88d 15004tel | s fo«)o:meblosbl ne CaCo-3 in 96 well,
plates. Cells are plated in nedia (200 |) and aIIovved
B adhéte33pverni §A94. 811687C. At 28.3Bours post pkating,
% rrpoun;, are added irectly at a volune of 0.5 pl.
or the qualltat|ve 8 een (compdPfs screerflP5:0.0855

B conpggind is addggaglirectly to,galls. For t§84

quantitative screen, conpound is I'rst dilute
BRBO to 4¢8nerate cooosmtrations qfo@orrpound or .4
ref erence

118 not tested 0.073 0.071 not tested
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standard of: 1, 5, 10 and 25 M It is advisable to
make the dilutions in an identical 96 well plate so
wo 200400lfBk6 COMpounds can. be added using a mul ti ¢RgARShI3/036206
m cropi pettor set at 0.5 pl. The cells are th
i ncubated for four days after which the nediais
renmoved using a 12 well manifold by first tipping the
plate forward at a 45 degree angle and then
whifig &idih8dis: t he manifold in an upright orientation to
prevent the tips of the manifold fromdisturbing cells
at the bottom of the plate. 200 | of normal saline is
t heh Adggegorrd ablemma ﬁaa)@r Rermita §1%el | mul ti channel
pi pettor, follomed by the careful addition of 501 of

50% TCA. The $ are then incubated for 2 hours at
4C, after whi ch super natant is y ved usi ng the
same technl q Ne and the pl at d hed twi ce
with 20 r\ eplat aye dried and
50 | of B 250l ution | |y added so that
the. entire botto of each well i C<N/ered Thi s again

can be used u5|§g an 8 well nulticppannel pipettor. The
SRB i s incubat with fixed cells for 15 mnutes at
roomtenperature after which the SRBis removed wth
or amhg-gxigle o §-diodde theseefi bed above and the pl ates washed
twice with 350 1 of 1 %acetic acid per well each.
whbteife. The plates are then air dried after which the
bound SRB is released fromprotein by the addition of
of ,Tris base. Resolubilizing the SRB is aided
' X'Bbe'I"ach"?]g Phe%@br BHGH= rotator for 15-30 mi nutes.
The absorbance of each well is determ ned at 550 or

m fe@a in@hersdfio;a mcrotiter plate reader. Each conpound
or di lution thereof is perforned in triplicate.

ni ers @%% identified by visual inspection of the
Saaffﬁegeéa pl ate shoul d have a "0" control (vehicle
only). Qualitative screen: To calculate % inhibition

qlsénmtegﬂmbﬂ-lﬁd at 25 M the following fornula is used:
1- (experinmental absorbance @25 M conpound/ 156 WD

1 6 S 3 |
R P 4 Bl B P ohol SRS 6 e do 587 Bufuenis selagied from
thehgroupgonsgirtg af athi HiQs; BN ANz 2EMQy €Fa) -3y, | Fl“t BR?, -S(0)mR*,
ti AN E
NRIO NRAE S BoROATRNE B! A, -
NR*C(O)R*, -C(O)R*, -C(O)OR®, -C(O)NR“R"’ OC(O)R“ -OC(O)OR‘ -OC(O)NR*R’,
NR’C(O)R*, -NR*C(O)OR*, -NR*C(O)NR’R*, -R°OR*, -R°NR‘R%, -R°S(O).R% -
R°C(O)R*, -R°C(O)OR*, -R°C(ONRR!, -R°OC(O)R!, -R°OC(O)OR‘, -
R°OC(O)NR‘R*,-R°NR*C(0O)R*, -R°NR*C(0)OR*, -R°NR*C(O)NR*R*, or YR:

R?is —H, -R®, -J, -C(O)XR?, -CHO, wherein the R® group may be substituted by one
or more groups selected from -C(O)XR®, -CHO, -C(O)Q, 1,3-dioxolane, -R8 -
(C(R)2)eXR®, -(C(R%)2)4Q; -X(C(R)2)nXR?, -X(C(R%)2)nQ, or - X(C(R%))q R

R?is alkyl of 1 to 6 carbon atoms, cis-alkenyl of 2-6 carbon atoms, trans-alkenyl of 2-
6 carbon atoms, alkynyl of 2-6 carbon atoms, aryl or heteroaryt;
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conmpound agai nst the average absorbance cal cul ated at
‘ that concentration. A curve 1is plotted and the
ntration at which the curve passes tg, ?Jl?%
W0200ﬁg‘?/o‘%t%he absor bance mark seen in the "0" gro{ P‘”(X’éﬂ“
is the ICso calculated for that conpound. Mil tiple
entries for a given conpound indicate that it was
tested multiple times. The results obtained for

R4 :'flﬂ [rgﬁ%ﬂ ot c‘éﬁaoﬁ%ﬂé‘ ngs ?RE }jl Q)('f)g 06I %At%m@ Zraﬁs- K&h yI of

-G53 %a‘é’ﬁlsi%’%'e?'k@yb@fla§ca@ﬂnlm nM1C50 M1 C50 M
|c50 M 83 41 0.036, 0.038 >1 >1 86 221, 332 0.094,

S 0 s b b a1 § Gr et afefiidy i paroon

0
t"l"é%?BB %V@ggf%s(f’?![b%cﬁmmést ed 157 WO 2004/ 048386
PCT/ US2003/ 036206 What is clained is: 1. A corrpound

R® &f a ekt dky @ro@b oPR-d&IrBuh Aok b)) RL RL R2 S| CN R2

|~ CN N S | a Ib or an S-oxi de or S-dioxide thereof
R’ ﬂs & g}ﬁC'P?{'ﬁ@ él@g o(f)f’s 7chbop|s,|§1 gmlo érnt@eégsr@(@g?'yg}mg;g ;Fyl;gr hstelr-:cn:raryl
e oo SO e, i S8 YR . o
het[séfczﬁwl rnngs mayvge optionally substituted with one to four substituents selected
from the group consisting of —H, -aryl, -CH,-aryl, -NH-aryl, -O-aryl, -S(O)-aryl, -J, -
NOz, -CN, -Ns, -CHO, -CF;, -OCF;, -R’, -OR*, -S(O)nR", -NR‘R*, -NR*S(0).R",
OR°OR*, -OR°NR'R®, -N(RYR°OR‘, -N(RY)R°NR‘R’, -NR*C(O)R*, -C(O)R?,
- C(O)OR?, -C(O_)NR“R“, -OC(O)R*-, -OC(O)OR?, -OC{O)NH“R“, -NR*C(O)R®,
NR*C(O)OR®, -NR*C(O)NR‘R*, -RsoRf‘, RNR'R*, -R°S(0).R®, -R°C(O)R?,
R°C(O)OR’, -R’C(O)NR‘R®, -R°C(O)R*, -R°C(O)OR?, -R°C(O)NR*R?, -R°*0C(O)R?, -
R°OC(O)OR, -R°OC(O)NRR*, -RSNR*C(O)R¢, -R°NR’C(O)OR*, or -
R°NR‘C(O)NR*R*; :

R%is -H alkyl of 1 to 6 carbon atoms, cis-alkenyl of 2-6 carbon atoms, trans-alkenyl
of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, aryl or heteroaryl;

R%is -R* or —F;

Y is -C(O)-, -C(0)0-, -OC(0O)-, -C(O)NH-, -NHC(O)-, -NHSO,-, -SO.NH-, -C(OH)H-, -
X(C(Rg)z)q', -(C(Rg)z)q-, -(C(R9)2)q)_(-, -C=C-, cis- and trans- -CH=CH- and cycloalkyl

of 3-10 carbon atoms;

Q is NZZ' wherein Z and Z’ may be the same or different and and may be H, alkyl of

1 to 6 carbon atoms, alkeny! of 2-6 carbon atoms, alkynyl of 2-6 carbon atoms, aryl,
or heteroaryl;

Z and Z' taken together with the nitrogen to which they are attached may form a
heterocyclic ring which may have an additional heteroatom selected from nitrogen,
oxygen, and sulfur, optionally substituted with -R* on a carbon or a nitrogen, or on
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the group consisting of -J, -NO2, -CN, -N3, -CHQ
-CF3, -OCF3, -R4, -OR4, -S(OnR4, -NR4AR4, -NR
WO 200466658 R4,. - ORGOR4, - OR6NRAR4, - N(R4) R60R4, .
“NCRA) RENRARS, - NRAC(O) Rd. -~ GO R4, - O)PCT/U52003/03620(
_C(O NR4R4, - OC(O) R4, - OC(O) OR4, - OC( O) NR4RY,
NRAC(O) R4, -NR 4C(O OR4, -NR 4C(O NR4AR4, - R5CR4,
- R5NR4AR4, -R5S(O R4, - R5C(O) R4, -R5C(0O) OR4,
nitroBBI( 1Y) WRgRdp -(BB@Q),@FM ~C(RR), gnNR '), 06 dn carbon by a group -

w%ﬁ%@@‘ﬁdﬁ%ﬁ%@ R4R2 i s -4,C( P)RSO,M-J, - (O XR3,

-CHO, wherein the R3 group nay be substituted by one
Z' and i3t takem tageshegalithcthe chifr 6qem toGUIKREK {ar@"@ta 4 AP form a

het’e;ébéglkgii% hham MRy R?é % aégdﬁéqgﬁi)eterog cg Qggeg e&i(?pggn nitpgen,

oxygenahhy bulfof; 1 to 6 carbon atons, cis-al kenyl of 2-6
carbon atons, trans-al kenyl of 2- 6 carbon atons,

yad Y, - on.ato ryl or_ heteroaryl; 158

Z o nbeadiusn SBRAPR B wed b 1R somm aiarieyikami of 2-6
carbog atans) aikyaylai®;6 cirberahioeisy hryRor Reforéatyiband at oms, a

trans- al kenyl of 2-6 carbon atons, or an al kynyl of

s a. dival ent group conprising
Jlgplgorﬁa&r&c?{i %Bcar%%(ﬁ%g?o% al kenyl of 2-6 carbon
atons, and al kynyl of 2-6 carbon atons; R6 is a
aRﬂiavaawic%llylapbeigablapabfhaecﬁ. carbon atons; R7 is a
cycl oal kyl ring of 3-7 carbons, an aryl or heteroaryl
ring, a aryl or heteroaryl fused to one to three aryl
or heteroaryl rings, wherein any of the aryl,
cycl oal kyl, or heteroaryl rings may be optlonally
sub@t iA ERMBRPURICT fasmulale of Buaccordisg td claint $ wheteht KegINH.
fromthe group consisting of -H, -aryl, -CH2-aryl,
-NH-aryl, -0- aryI -S(Omaryl, -3, - N02, - CN, -N3,
- CHO, CF3 - -R4, -OR4, -S(OnR4, -NRAR4, -NR
4S( Q) nR4 (]36(??4 (PGNR4R4 - N(R4) R6OR4,
- N( B2 RERRRR OKMM@FM lbacsecmyim to clain d)@rlgim 2 wherein R'

is a hENYNRARAptior @)JEéhtuted With GheRd Nré%?nw%gés fcted from the

- NR4 O 0?4 NR4
SrGUENREY tht'"g F@fS( ) ) C&QENS‘C(( Bfiomad R is an aryl or

heteR%QlG)@RéﬁWonaﬂ 5@65@% WIthQ%% subERGE frgm the
G S e e R

of 1 to 6 carbon atorrs ci s-al kenyl of 2-6 carbon
atoms, trans-al kenyl

4. A compound of formula la or Ib according to claim 1 or claim 2 wherein R!

is a phenyl ring optionally substituted with one to four substituents selected from the
group consisting of -Cl, -R* and -OR?.

5. A compound of formula la or Ib according to claim 4 wherein R* is alkyl of
1-6 carbon atoms.
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of 2-6 carbon atons, al kynyl of 2-6 carbon atons, aryl

or heteroaryl; ROis -R4 or -F, Yis -C(O-, -C(OO,
WO 2004/008669 -, -C(ONH, -NHC(O -, -NHSX2-, -S

(O H, - X(Q(R&g-, -(Q(R92)g-, -(C(RI)2)gR>I36206

-C=C-, cis- and trans- -CH=CH and cycl oal kyl of 3-10

carbon atons; Qis NZZ' wherein Z and Z' may be the

same or different and and may be H, alkyl of 1 to 6

car §onA addmpounadl dfelithuiaf 1a200 I AEEREiIng 18 "Eainth KWAMEINCR? is
2-6_carbon atons, aryl or heteroaryl; Z and Z' taken

subsgiyiacham! gf PeeraRsynbeisieine: YDRLER AL Peane o Marhasgups
Seléﬁiyderﬁ\m(@(ngq@r ocyclic ring which nmay have an
addi ti onal heteroatom sel ected from nitrogen, oxygen,
and sul fur, optionally substituted with -R4 on a
carbon or a nitrogen, or on 159 WO 2004/ 048386

PCT/ US2003/ 036206 nitrogen by a group -(C(R9)2)" XR3,

- C( RO AZompidnd of forralada oﬁl‘:tf&t&ﬁrdmg 1 offfird@wherein q is 1 to 3.
(C(R9)2)gXR 3, -(C(R9)2)gNz"z", Z' and Z"' taken
together with the nitrogen to V\,hl ch they are attached

- may forma heterocyclic ring which nmay have an

addi ti onal heteroatom sel ected fromnitrogen, oxygen,
and8s W ¢empound chfuimald lanyib @ecdrding 1 elhiere 6 @ chire Mwherein R®
| kyl of 1 to 6 carbon atons, al kenyl of 2-6 carbon

it ons, al kynyl of 2-6 carbon atons, aryl, or
heteroaryl, and J is fluoro, chloro, bronpb, and iodo;

or a pharmaceutically acceptable salt thereof. 2. A
conpound of formula la or |b according to claim1l

LOSGER o MRS 8 ol o

wheten{ isr NZ@ whrreignélang Z ubay be theedame toh diffeeritcantianay be H,

aI@P&S‘F éFge&yﬁ&EﬁF?oﬁ'&t gp Zf%@&’t Sew&!?gmr glﬂﬁéhé? Htl%%erg) fto iNhlch
tht%t)/r aren attaehsar mayrion@ a dpateropydiic yrmJ hebicht mag chamet &n mnieht.onal
r [ o h

hef:ég%atstl&glt Is%%@(é)t? fFoﬁ?'ﬁ?t?g%ﬁ é@ 85\/ ah %IHFﬁ'Ig 9{39@?4 substituted on

niteagep ot garben by &1 oA chepopbYl (BHa)eOBk i ng to claim1 or
claim?2 wherein R is a phenyl ring optionally
substituted with one to four substituents sel ected
fromthe :

is

10. A compound of formula la or Ib according to claim 1 or claim 2 wherein
R? is R® where R® is alkynyl of 2-6 carbon atoms, aryl or heteroaryl; which groups
may be substituted by one or more groups selected from

-R®, (CH2)q0R’, -(CH,)gNHR®, -(CH,), NR'R®, -(CH,),Q,
-O(CH,),0OR®, - NH(CH,),OR®, - NR4(CHg)nORB, _
-O(CHa)sNHR®, - NH(CH,),NHR?, - NR*(CHy),NHR?,
-O(CH2)NR?R®, - NH(CH,),CR®, - NR*(CH,)NR'R®,

-O(CH2)nQ; -NH(CH,)nQ, - NR*(CH,)-Q,
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group consisting of -, -R4 and -OR4. 5. A conpound
of formula la or |Ib according to claim4 wherein R4 is

wo 2004@kdags of -1-6 carbon atoms. 160 WO 2004/ 088388R2003/036206
PCT/ US2003/ 036206 6. A conpound of fornmula la or |

according to claim1 wherein R2 is substituted aryl or
heteroaryl, wherein the substituent nay be one or nore

rou sel ected from-(C(R9)2)gQ 7. A conpound of
'0(%6‘2)1:%?:& NH{Chle)aR; ofic M @HhsR®0 clai m 6 wherein g is 1

to 3. 8. A conpound of fornula la or | b according to

R4,§Habyk},ﬁ)fqt6gdrg¢ﬁrhtz,n§gherel n RO is H 9. A conpound of
formu | a or accordlngto any one of clainms 6 to 8

i |§ ej nm? NZZ' wherein-Z and Z° may be the sane or
Rigiris kol 14 & Gasgonyeioms. cistalianyost 216 cartencateimentransabsnyl

of 256‘ catbaidtofs, RN of 28RN Abhb, ér{ﬁeor'?)'efelr @é}?(‘ to which

they are attached may form a hetefocyc I'ng which

ave di tional heteroatom sel ected from
Y P b e Of e S5e C(DAHE, 1N oy NS OsutSe F Out adion
nltrogen or carbon by R4 or on carbon by (CH2)20H 10.

1s°~N(ZZ”Wﬁ§rféﬁ1 Dand @ mdyﬁbé ﬁheoéanh@ oPAFBFht Bgd ta@e %i@l@bt?& %r g'r H,

im?2 R3 where R3 is
'Wicfe? ol 81N HoyTe. alkendt e B AP RIS GBSOl fré a0
ato®B sl buﬁa&ob [,@ng or nore groups selected from -Re,
- (CH2) gORs8, CH2) gNHR8 (CH2) g NR4R8, -(CH2)gQ
Z a%%@xker“q@@ﬂg wﬂﬁ"_tp@ nltroquArt%) NR?rg Cﬁﬁ)ggr?asﬁacheg m%?)orm a

heterotyetia )rinRaReh mle’d@Q’Q‘D Addionat h%ﬂ%)se@&ﬁfrom nitrogen,
CH2)rQ .- NR4 .Q 161 WO
oxyg%éﬁrﬁ%%gg% ESW 5@3 ollne a[@%rbqqulpendme optionally

subblit(tdAyieR A8 on charbd\‘Pdf(é;hgrl)ogé’ﬁ ;orfh rhﬁodén B & Yo %éHz OR?,

-chpuudh i@*”’f@ﬁ% SR 2ot Bien qar%bsa?ﬁér%ﬁ? {CH2AOR, -

(CH2)eNHR?, -(CH,)q NR*R®, -(CH,){NZ"Z™,

Z” and Z" may be the same or different and are selected from H, alkyl of 1 to 6
carbon atoms

Z" and Z” taken together with the nitrogen to which they are attached may form a

heterocyclic ring which may contain an additional heteroatom selected from nitrogen,
oxygen and sulfur. '

11. A compound of claim 1 which is one of the following:
7-{(2,4-Dichloro-5-methoxyphenyl)amino]thieno[3,2-blpyridine-6-carbonitrile;
7-[(2,4-DichIoro-5-methoxyphenyl)amino]-2¥phenylthieno[3,2-b]pyridine;6 carbonitrile;

2-Bromo-7-{(2,4-dichloro-5-methoxyphenyl)amino]-thieno[3,2-b]pyridine-6-
carbonitrile;

7-{(2,4-Dichloro-5-methoxyphenyl)amino}-2-iodothieno[3,2-b]pyridine-6-carbonitrile;
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of 2-6 carbon atons, al kynyl of 2-6 carbon atons, aryl
or heteroaryl; Yis -C(O-, -C(OO, -0C(O)-
WO 200 H -NHC(O) -NHS®2-, -5, -0-, -NR
I\Jl%gss\dher ein Z and Z may be the same or dj-’lc?élgéi’f?’oé(ﬁﬁ“
' are selected fromH, alkyl of 1 to 6 carbon atons,
al kenyl of 2-6 carbon atons, al kynyl of 2-6 carbon
atons, aryl, or heteroaryl, and Z and Z' taken

4-K2geittdorovs- mbtmhﬁ:hynyma)@aaltménd[da etti]rpﬁriamé Sesdhiaghed
may forma heterocyclic ring which may have an

_a4al Nal, e tom l.ected from nitrogen oxygen,
T i T A B

caghqudiriledi ne, optionally substituted with -R4 on a
carbon or a nitrogen, or on nitrogen by a group

4-&&%&m9§%-rgﬁth%a nug%/rmgo]éé%%l % &dﬂ%lgﬁ'\% S-carbonitrile;

gNHR3, - (CH2 NRAR3, - (CH2)gNz"ZzZ"' "' and Z"
4- Kay, ehlorlt»di mathexmhenymdreinem -naaniollthieaofPes- B}pw@inéisom H,
Ca%&mheof 1to 6 carbon atons Z' and Z"' taken
togetlher with the nitrogen to which they are attached
may forma heterocyclic ring which may. contain an
7-HadrRirckiortS-methoxyriten)areine:2-eubtihyithienb3, 2-bpendine @xy gen
aﬁﬂ&]tﬁ gl fur. 11. A conpound of claim1 which is one of
ol | owi ng:
[ (2, 4-Di chl or o- 5=net hoxyphenyl ) am no] t hi eno[ 3, 2- b] py
7- K?drl?iéhlgm@bqnwbnmr}q]m@no[S 2-b]pyridine-6-carbonitrile;
7-1 (2, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 2- phenyl t hi eno
7-
ggé?%ﬁ%'%? héHoQ?)]@e‘ﬁG 3gér)o pgﬁalh%ﬁ Carbqﬁ'étﬂlfl‘ ) am no] -t hi eno
& yr|d|ne 6- carbonitrile;
7- 2{4(@0'2!9'19%%%?@]5"@?@{31%')@%"@\'7% -§-gabooitrle- i odot hi eno[ 3
,2-b] pyridine-6-carbonitrile; 162 WO 2004/ 048386 :

7- Rﬂlmﬁﬁeﬁﬁé&@ﬁ%ﬂﬁnoﬁhlenom 2-b pyndlne 6- carbonlee
4- [(2 4-Di chl or o- 5- rrethoxyp enyl. ) am no] t hi eno[ 2, 3- b] py

t (1-nethyl -1
e Es S e eesybareig -é—ifﬁfq{wpnew&npugn%‘é’@mamdmerﬁ-
caebcmtnlear bonitril e; _
4-[(2, 4- D chl or o- 5- net hoxyphenyl ) am no] - 2- i odot hi eno[ 2

R e R e T FemRA MR otien
[3[22b)Byridin®yé-carboritrle; car bom trile;

7-[(2,4-DichIoro-5-methoxyphenyl)amino]-2-(4-{[4-(2—hydroxyethyl)piperazin-1 -
ylimethyi} phenyl) thieno [3,2-b]pyridine-6—carbonitrile'

7-{(2,4-Dichloro-5-methoxyphenyl)amino]-2-[4-(4- methylplperazm-1-ylmethyl)phenyl]
thieno [3,2-b] pyridine-6-carbonitrile:

7-[(2,4-DichIoro-5-methoxyphenyl)amino]-2-[4-(piperidin-1-ylmethyl)phenyl] thieno
[3,2-blpyridine-6-carbonitrile; |

4-{6-Cyano-7-[(2,4-dichloro—5-methoxyphenyl)amino]thieno[3,2-b]pyridine-2-yl}
benzoic acid; :
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7-[(2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2 nethylthleno
[3,2-b] pyridine-6- carbonitrile;

WO 2004/048 98¢, 4- Di chl or ophenyl ) am no] t hi eno[ 3, 2- b]
© gr b%nl trile; 7-[(2,4-Dichlor ophenoxy)]thP@FdS%(H%s(%(C
i eno[ 3, 2- b] pyri di ne-6-carbonitrile;
7-1(2, 4-Di chl orophenyl ) thi o] t hi eno[ 3, 2-b] pyri di ne
-6-carbonitrile; 7-[(2,4-Dichlorobenzyl)
foré-sthBbkyphBRy farfiAs RN ]S, 2 fsyridine-2-y1
MSQ‘W&‘HQMM glgﬁl’21{horo 5- %t%@ypﬁml )]am ndcg] gbﬁ:zydr for n{/}l phe
be"lﬂﬂl"?? h| eno[ 3, 2-b] pyri di ne-6- carbonitrile;

7-1(2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 4- ( 4- nor pho
7@, h-ﬁﬂdtﬁ@‘b@hﬁ@n@%e}\yﬁﬁhlﬁﬁm [ﬁ4 -methoxyphenyl)ethynyijthieno[3,2-b]

di ne-6-carbonitri
pyri Uf@zcaélbc[ﬁ“&ﬁl;oro 5- met hoxyphenyl ) ani no] - 2- (4- { [ 4- (2- hy
dr oxyet hyl ) pi perazin-1- yl]nethyl} phenyl) thieno

7-[(2 ﬂdcm&)rléyff -m@thdRyFhehghaanbl-2i(bgidin-2-ylethynyl)thieno[3,2-b]

4- Di chl or o- 5- net hoxyphenyl ) am no] - 2- [ 4- (4- et hyl
PyrigingBrearbenitiley| net hyl ) phenyl] thieno [ 3, 2-b]
pyri di ne-6-carbonitrile;

72, aicﬂnaalé}rotls At gpBeryBamme)R8Miettiiamiho)prdpdtfpyiper ittleno
n-1-y thyl)phenyl ] thieno
(3, 2['@932""8]9(59 P?@OBE"'BL carbonitrile;

4-{6- Cyano-7-[ (2, 4-di chl or o- 5- net hoxyphenyl )am no]Jth

2-(1- lél@io'ﬁuranQ})ﬁyT-l[(Ql MéicRoi-5-mdiengphenyamiho]thieBo[BR-b] pyridine-
I%04/ 48386 PCT/ US2003/ 036206

ALORIESan0- 7- [ (2, 4- di chl or 0- 5- met hoxyphenyl ) ani no] t hi e
no[ 3, 2-b] pyridin e-2-yl] benzam de;
7-[(2;4-0idhibrd 5 afdtiosxyphemtiamino 24@rpiydph eny]) thienb[312-hipy fictine-B-
IQ et hynyl Jthieno[ 3,2-b] pyridine-6-carbonitrile;
car OT%{ "4- Di chl or o- 5- met hoxyphenyl ) ami no] - 2- (pyri di n-2-y
| et hynyl )t hieno[ 3,2-b] pyridine-6-carbonitrile;
7-[(@:4-Dzhlbr&bahetboxyphenpiahino]hiSAyioramiiinet-yimefts!) ( phengl Hileno
t hi eno
3, ?g]pfp%ﬁ%%p(faﬂj’?%&% “carbonitrile;
2- (1-Benzofuran-2-yl)-7-[(2,4-dichl oro-5-net hoxyphenyl
- 4- [Q%DM]mMSGnethexmpvlmmlr&@ fogmylghemhithiena[3-b]pyridine-5-

carbonitrile;

4-{(2,4-Dichloro-5-methoxyphenyl)amino}-2-[4-(morpholin-4-yimethyl) phenyl] thieno
[2,3-b]pyridine-5-carbonitrile; '

4-[5-Cyano-4-(3,4,5-trimethoxy-phenylamino)-thieno[2,3-b]pyridin-2-yl}-butyric  acid
methyl ester;

2—(4-Hydroxybutyl)-4—[(3,4,5-trimethoxyphenyl)amino]-thieno[2,3-b]pyridine-5-
carbonitrile;

2-[4-(4-Morpholinyl)butyl]-4-[(3,4,5-trimethoxyphenyl)amino}-thieno[2,3-b]pyridine-5-
carbonitrile;

7—[(2,4-DichIoro—5-methoxyphenyl)amino]-2-[(trimethylsilyl)ethynyl]thieno[3,2-'b]
pyridine-6-carbonitrile;
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7-[(2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- ( 3-f or nyl phe
_ nyl )t hi eno[ 3, 2- b] pyri di ne-6- carbonitrile;
WO 2004104§336 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 3- ( nor phol i
n-4-yl methyl) phenyl] thieno [3,2-b] pyri 55%?;‘1‘?20‘8/036206
e-6-carbonitrile; _
4-1 (2, 4- D chl or o- 5- met hoxyphenyl ) am no] - 2- (4-f or nyl phe
nyl )t hi eno[ 2, 3-b] pyri di ne-5- carbonitrile;
7-[@4-DishibrBiserhkthoxyphemgfahisolreh ethyhy nEnb Rl 2-Bjpl Adih gL Phol |
cabpdinib.met hyl ) phenyl ] thieno

r[BS 'ér | pyri di ne-5-carbonitrile;

4-[5-Cyano-4- (3, 4, 5-trimet hoxy-phenyl am no) -t hi eno[ 2, 3
7'[%?-@}Qmwoﬁ-metynb)}ypbamwmnﬁncﬂ@-dayriﬁiatdﬂyléth?ﬁ;ll)ﬂiiéno[s,2-b]

ihép! utyl)-4-[(3, 4,
pyné:!nitger Fr@éﬁogﬁg@%henyl ) am no] - t hi eno[ 2, 3- b] pyri di ne- 5-

carbonitrile;
7-[@-4-BighipresSripaibbiyphenamying]-2 dytidin-Fehyhymiisuogyphgny | )
py 'eﬂg]c' Hﬁnﬁﬁ'?[ 2, 3-b] pyridine-5- carbonitrile;
@d-ﬁ?( , 2 chl'or o- 5- met hoxyphenyl )am no] -2-[ (tri nethyls
i lyl)yethynyl]thieno[3,2-b] pyridine-6-carbonitrile;
7 Dmlozmem%%em@)L’ﬂ-@aﬁaieﬁnlan-zgl)thien-3-yl]thieno

3,7-pldvAdikeld-& 20r 5- met hoxyphenyl ) am no] - 2- et hynyl't hi en
[ o| g)(yg@ﬂ?y%} %@[86- carbonitrile;

72;4 2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- (pyri di n-4-y
7-{2et- rp SrnethoxyBhenytjaming}r2- (5-foem@thisar HoNthlehbl32-bipyridine-
6-carddnéritds D chl or o- 5- met hoxyphenyl ) am no] - 2- (pyri di n-3-y
| et hynyl )t hi eno[ 3, 2-b] pyridine-6-carbonitrile; '
7-%&2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2-[ 5- (1, 3- di ox
[} -'OE'I%FP')StrﬁP@ﬁXYBhWﬁllamimﬂtﬂ-{q-m-methylpiperazin-1-yl)methyl]thien-
3-yBHRrRYE b ddid: | e
yg_ [ (rg):{éf- g]@ﬁlldgfﬁ-%lﬁoékyphenyl ) am no] - 2- (5-f or nyl t hi
7 &n ﬁwt [ enoLS, 2-b] pyridine- 6-carbonitrile;
1 1?’ NErexodREBPYPEemtaRusgl FEnimorphdlingt yi@efghih(eh-3rel hy
thidro [BErbipiridihe-63hobRitANy: | t hi en- o
3-yl}thieno[ 3, 2-b]pyridi ne-6-carbonitril e;

7-[(2,4-DichIoro-5-methoxyphenyl)amino]-2-{4-[(4-hydroxypiperidin-1 -yl) methyl]
phenyl} thieno [3,2-b]pyridine-6-carbonitrile;

7-[(2,4—Dichloro-5-methoxyphenyl)amino]-2-[4-(hydroxymethyl)phenyl]thieno[3,2-b]
pyridine-6-carbonitrile; | |

2-Iodo-7-[(4-phenoxyphenyl)amino]thieno[3,2—b]pyridine-6-carbonitrile;
2—(4-Formylphenyl)-7-[(4-phenoxyphenyl)amino]thieno[3,2-b]pyridine—S-carbonitrile;

2-[4-(4-Methylpiperazin-1 -yImethyl)phenyl]-7-[(4-phenoxyphenyl)amino]thieno[3,2-b]
pyridine-6-carbonitrile;

2'[“’r'(MOrF>h0|in-4-ylmethyl)phenyl]-?-[(4—phenoxyphenyl)amino]thieno[3,2-b] pyridine-
6-carbonitrile;
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7-[(2,4-D ichl oro-5-net hoxyp henyl)am
nojl - 2-[5-(norpholi n-4-ylnmethyl )thien-3-yl] thieno
WO 2004/b&3¢s D] pyri dine-6-carbonitrile; _ PCT/US2003/036206

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

xypi peridin-1-yl) methyl] phenyl} thieno

[ 3, 2-b] pyridi ne-6-carbonitrile;

7-1(2, 4- Di chl or o- 5- net hoxyphenyl ) am no] - 2- [ 4- (hydr oxym
2{4-gtjayynlocy)bidrylIehish Bhéndxyphenyadinoghisnof 2 blpytding:6:

do- 7- [ (4- phenoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri di ne
carbor@ln arbonitrile;

2- (4- For nyl phenyl ) -7-[ (4- phenoxyphenyl ) am no] t hi eno[ 3,
2-lodd- D] (B yk5-tiimrethdyplaeriyt)aminojthieno3,2-b]pyridine-6-carbonitrile;
2-[4-(4- Met hyI pi perazi n-1-yl nmet hyl ) phenyl ]-7-[ (4- pheno
nitrile;
289‘*?%{%@ rpno - gbgﬂ%’@ﬁ @ﬁe‘ﬁé*’ o%f“ﬂ: gr&ﬁgﬁgkyphenyl
) am no] t hi eno[ 3, 2- b pyridine- 6-carbonitrile; 165 WD
7- [(429*@@;@@@@3&)@@&52(@)}3@3@2eoaylethenyl]thleno[s 2-bjpyridine-6-

(Hydr oxymet hyl ) phenyl ] - 7-[ (4- phenoxyphenyl ) am no]
caerH'Eri?io[ 3,2-b] pyridine-6- carbonitrile;

2-10do-7-[(3, 4, 5-trinethoxyphenyl)am no]thieno[ 3, 2-b]p
tert-Buiyt§2n)eB- Gi-mnbﬁﬁﬁ(z didighioro-5-methoxyphenyl)amino]thieno(3,2-b]

pyn&n?)@gp%o%%oat henoxyphenyl ) am no] t hi eno[ 3, 2- b] pyri din

7-1(4- Phenoxyphenyl ) am no] - &‘E -2-pyridi n-4-yl et heny
4-{(2,#Drdhdaro{53nethpyyphendaeing-2-[% mgtﬁwlpmqr@zm eyl )prop-1-ynyl]

thleﬁynfzyh f_) d"$ F% Fﬁé@ftﬁrJ [ (2, 4-di chl or o- 5- met hoxyphenyl )

I eno pyridi n-2-yl } prop- 2- enoate
(2,4-Dichloro-5 mstho]yhenl ) am noj - 2- 3[(2 met hyl
4-{( %Awr&qrpﬁi meghommpyliarwng - -(mtrmr\e%lethynyl)thleno 3-bj
A %_&J thidi ne- 5-carbonitrile;
py"& f ﬁli-lpaél{lclm or o- 5 nmet hoxyphenyl ) am no]j - 2- (pyrl di

h h d
(E} 25 Dyanes A OO 5 TR B DAL Ry A o
pro Igtbnbgféo[3 2-b] pyridin-2-yl) prop-2-enoate;

D| chl or o- 5 nmet hoxyphenyl)am noj - 2- (2-fornyl - 1-
-1 Himda

7- [(Fgf @QWPWWt'??éVBl“ BB%)H?OJ gl(p éormyl 1-methyl-1H-imidazol-5-yl)

thieno [3,2-b]pyridine-6-carbonitrile;

2-(4-Formylphenyl)-7-[(3,4,5-trimethoxyphenyl)afnino]thieno[s,2—b]pyridine-6-
carbonitrile;

7-{(2,4-Dichloro-5-methoxyphenyl)amino]-2-[(1 E)-3-(4—methy|piperazin-1 -yl)-3-
oxoprop-1-enylthieno[3,2-bjpyridine-6-carbonitrile;

2-[3-(4-Methylpiperazin-1 -yl)prop-1-ynyl]-7-[(3,4,5-trimethoxyphenyl)amino]  thieno -
[3,2-b]pyridine]-6-carbonitrile;

2-{4—[(4-lMethylpiperazin-1 -yl)methyllphenyl}-7-[(3,4,5-trimethoxyphenyl)amino]
| thieno[3,2-b]pyridine}-6-carbonitrile;
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2- (4-Fornyl phenyl )-7-[(3,4, 5-tri nethoxyphenyl)am
noj t hi eno[ 3, 2-b] pyri di ne-6- carbonitrile;

w'o 20d5/0483864- Di chl or o- 5- net hoxyphenyl ) am no] - 2-[ (1
E) - 3- (4- met hyl pi perazin-1 -yl )-3- oxoprop- &)%T’USZOO:‘/O“N.“

-enyl ] thieno[3, 2-b] pyridi ne-6-carbonitrile;

2-[ 3- (4 l\/bt hyl pi perazin-1 -yl )prop-1

[%Zn EL [(3,4,5-trinmethoxyphenyl)am no] thieno

s QW¢15dhﬂ@px3®heaylmﬁihds]rz {1emethyl 2-[(4- metH/ pl_?e 3(25' U s

yﬁm’eﬁnﬁ](ﬁr IM?& nywﬁ{n??%? 2Jb];¥yr dlne Igyclarbolgﬁrrllle and

-t ri meét hoxyphe
thl§n0[3 2-b] pyridine]-6-carbonitrile; 166 WD

86 PEMEXYBRO0B)a0B6RAB(3-(4-methylpi erazm 1 %%[:t)rﬁgll -yl

' 7 0 henyl ) am no
B SR bt 1T T el -1

nol 3, 2- b] pyri di ne] -6-carbonitrile; and
27@'[[(@ &thﬂammmm@thsumtbﬂymeﬁythbnafﬁosegzﬁheayl[)e?mﬁmé]tﬂa%dfy,b-

bRyREna®-Grthoritile) PT OP- 1-ynyl |
t hi eno[ -3, 2- bfpyrldlne] 6-carbonitrile;

Di net hyl am no) met hyl ] phenyl }-7-[(3,4,5-trinmetho
7&%%%’%%&%P@prem{l)amo]@]~@yrl di ne- 6- car bon| trile;

e RN 8 671 i ne- -

|
7§&[‘?§'°ﬁ? OE é%%PWBbW)hUWﬁe[nyl ) am no] - 2- { 4-
Gty O AR R BEL Y1 -6

arbonitri
hI or o- 5- met hoxyphenyl ) am no] - 2- [4 (4-ethylp
7&?‘{@2{“&@ Vretdphenyhamiriol-2-#4-ethyipiperazin-1- -yimethyl)phenyi]

th[éhoqsh}bmymweraac&b&ﬁ{rﬁpm trile;
[ (2- Chl or o- 5- net hoxyphenyl )am no] - 2-{4-[ (di net hyl am

3) i eno[ 3,
7 @?p@‘ﬁl&% én'bgg' @é}%&q a(nplpp]e’z {4 [(dlmethylammo)methyl]phenyl}thieno[s 2-

blpyridis-Gehrbonitfe;met hoxypheny! ) ami no] - 2- [ 4- (4- et hyl pi pe
razin-1 - ylnmethyl)phenyl]thieno

@@ﬂ’%é&ﬂ'ﬂ?ﬁgﬁv arbo Ir?;gr[r‘llr(:ﬂﬁaﬁ%yylprpe[a@mhet hoxy- 2- met

yimgthyl)preanylithiano (8)2-b]pykidine-6- -carbonitrile;
| eno[3 2-b] pyridine-6-carbonitrile

{ Y| 2-[ 4- (4- et hyl
2- ?4 é}ﬂ%ﬁ&"‘%}ﬁ E%@R{}r[f ﬂ{e?hrg@g%] methglphényl)raﬁlno)]/ Pt pe

th[eBOf@ Pblpyridint-BreaBogiadi@oni tri | e;

7-[(5-methoxy-2- -methylphenyl)amino]-2- -[4-(4-methylpiperazin- 1-ylmethyl) phenyl]
thieno [3,2-b]pyridine- -6-carbonitrile;

7-[(2,4-DichIorophenyl)amino]~2-{4—[(dimethylamino)methyl]phenyl}thieno[3,2-
blpyridine-6-carbonitrile;

7—[(2,4-Dichlorophenyl)amino]—2-[4-(4-methylpiperazin-1-ylmethyl)phenyl] thieno [3,2-
b]pyridine-6-carbonitrile; ’

7-[(2,4-DichIoro-5-methoxyphenyl)amino]-2-[6-(4-methylpiperazin-1 -yimethyl)pyridin-
3-yi] thieno [3,2-b]pyridine-6-carbonitrile;
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"7-[(2, 4-Di chl or ophenyf) am no] - 2- { 4-[ (di met hyl am no) net
hyl ] phenyl }t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;

4-Di chl h f 2-14-(4-net
w02004%4§/{8ﬁe ; hyl;zphgggio] etn%l éﬁg' Fg]z [ 4- (4- met bl RiBER3E 06

b] pyri di ne-6-carbonitrile;
7-1(2, 4-Di chl oro- 5- nethoxyphenyl)an1no] 2- [6 (4- et hyl

erazin-l-ylmethyl)pyridin- 3-yl] thieno
/- IF%‘P E”%]%Wrraetﬁexwheaylf?@nmlra-{t‘veﬁdmmmna@)ms/tmeqawmn 3-

R@ﬁ
yl}t 6§S§Q%§ﬁﬁﬁ%r%%§rbor?g{“ﬁoxyphenyl ) am no] - 2- { 6- [ (di net hy

th I di n-3-
~ t{a é‘bm%@”c‘éfﬁ B bipem i amioe 25 Gometviinerazin-t-yimethyluran-3
yl]hér@sﬁk@pﬁt&.ﬁenarumtthewphenyl ) am no] - 2- [ 5- (4- met hyl
pi perazin-1-yl nethyl)furan-3- yl] thieno
6- boni tril
7 s ???‘1?%5%?‘356/@%%1@%@ﬁ%{ﬁw&i&ﬁ@f@iﬁmmmmﬂkmmﬁt hy
ylyhib[B0-Blpl idihé-6Liambntriley | } 1 hi eno[ 3, 2-b] pyridi n

e-6-carbonitrile. 12. A conpound of claim1l which is
one of the follow ng:

7-[(2, 4-Di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 4- (4- et hyl
pi perazi n-1-yl met hyl ) phenyl] thieno

[3, A2bjpmompbung obclaii D aidhlis bBe of the followm
2{4[(Dnethylamno)rrethyl]pheny} £45tr|rretho

en thieno[3,2-. b ridine 6 carbonitril e;
P D b Rt oA et Rispraan-aimetny hphenyi
th@r(crj[smab]bymcﬁm-ﬁw)arminhmbj phenyl } t hi eno[ 3, 2- b] pyri di ne- 6-

carbonitril

2oy ﬁmﬁwnyfh' G CER S s e

blpyridine®-carbonitrile;
7-1(2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- (4-{[ 4- (2- hy

@{?ﬁ&ﬁw&¥ &'ﬁgﬁ%%%'#wgolzz Eﬁ pyri di ne-6-carbonitril e;
[(d'm?t(‘ﬂam‘mDi)mhmﬂlﬂﬂheﬁylhhtehopa;aetln]ewdhham(mﬂ}orﬂn[e4 (pi peri di

di 6- bonitril
7#??&‘“’1‘*3 PRI GER I arm ol - 2. (51 (4- et hy
marphgliayimstid)phenyiithienofd ]Zttﬂpymdme-G -carbonitrile;
3-yl }thieno[ 3, 2- b] pyri di ne-6-carbonitrile;

7- [?2 h@cf@br@&ﬁ@ﬂo%eﬁ?@ﬁﬂ%gﬁ ?A{'-YM)(Q rfqglgl%lwgthirlE)lp(erazn

yI]methyl}phenyl)thleno[S 2-blpyridine-6-carbonitrile;

7-{(2,4-Dichloro-5-methoxyphenyl)amino}-2-[4-(piperidin-1-
ylmethyl)phenyl]thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-DichIoro-s-methoxyphenyl)amino]-2-{5-[(4-methylpiperazin-1-yl)methyl]thien-
3-yi}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-DichIoro-5-methoxyphenyl)amino]-2-[5—(morpholin-4-ylmethy|)thien-3-
yllthieno[3,2-b]pyridine-6-carbonitrile; or
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yl]thi enb[ 3, 2-b] pyridine-6-carbonitrile; or 168 WO
2004/ 048386 PCT/ US2003/ 036206

wo 200004868 4- Di chl or o- 5- net hoxyphenyl ) ani no] - 2- gélTl[Uggfmwgw(
xypi peridin-1 - ’
yl ) met hyl ] phenyl } t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile.
13. A conpound as clained in claim1l of Fornula (1 a)
or Formula (1 b) X'RLXRL SCNCNRZR2 N/ SNIla

7-(2)4-Didtdorei By methoxgpheybarfino]-2:(2-] ﬁ%yﬁ?&yplg%ndlﬁ 1@ phenyl

yl)Heggllﬁﬁéfyﬂ alrlé,ob éﬁ‘é’g‘l ;”gﬁafyﬁét%ﬁ(‘)gﬁp conglu;tl ng of

-, -R4, -OR4; R2 is substituted aryl or heteroaryl,
wherein the substituent may be one or nore groups
sel ect ed from-(C(R9)2)qQ R4 is alkyl .of 1-6 carbon

at ong Z' wherein Z and Z' may be the
sarre or ?T#@ngn%%ﬁ@e%dﬂ@ E,O?EPW‘I"’"&‘T&‘ yorf 6"’"'@3 (1b)
carbon atons; Z and Z taken together with the nitrogen
to which they are agtached may forma _heterocyclic
ring which may haXe an additional heXeﬁ‘oatom sel ect ed

fromnltrogen opgen, said rin 'ﬁ
substitutpg i trlogen or cgeb or on carbon
by (CH2) 20H, Q9 WO 2004/048 US2003/ 036206

la - ib
wherein:
X is -NH-
n=25
q=1-3

R' is a phenyl ring optionally substituted with one to four substituents selected from
the group consisting of -CI, -R*, -OR%;

R? is substituted aryl or heteroaryl, wherein the substituent may be one or more
groups selected from —(C(R%),),Q;

R* is alkyl of 1-6 carbon atoms;
R? is H;

Q is NZZ' wherein Z and Z’ may be the same or different and may be H, alkyl of 1 to
6 carbon atoms;

Z and Z' taken together with the nitrogen to which they are attached may form a
heterocyclic ring which may have an additional heteroatom selected from nitrogen

and oxygen, said ring may be substituted on nitrogen or carbon by R* or on carbon.
by (CHZ)ZOH; or
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a pharmaceutically acceptable salt thereof. 14. A
_ conmpound according to claim13 which is one of the
w W ng:
OZOOI/&[k%Sg 4- Di chl or o- 5- net hoxyphenyl ) am no] - 2- [CAF/‘('%("nQPWf
pi perazin-1-yl nethyl) phenyl] thieno
[ 3, 2-b] pyridi ne-6-carbonitrile;
2-{4-[ (D et hyl am no) net hyl ] phenyl }-7-[(3,4,5-trinetho
a pharplaeeyticpiynaaceptabiecali[ttBr2ef. b] pyri di ne- 6-carbonitri |e;
7-[(2,4-Dich | o ro-5-nethoxyphenyl )am no]-2-{4-
[ (di met hyl am no) net hyl ] phenyl }t hi eno[ 3, 2- b] pyri di ne- 6-
carbonitrile;
7-[(2, 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 4- ( 4-

rmrbhoﬁ\ copporndraachisinartp|caimi iSnwiieh) B-drepf thetioiewiGg:car bo

nitrile;

.7- 5 4[-I§18hI6roE.}: ﬁﬁh@k?phrénﬁﬁém%}' Bhe NAiNdrazini —ylin[eﬂ]y() 2phlaéyl]

erazi

th'eyp][%éﬁwrppﬁéﬁarmminaﬁo[ 3, 2-b] pyri di ne-6-carbonitrile;
7-1 (2, 4-Di chl or o- 5- net hoxyphenyl ) am no] - 2-[ 4- (pi peri di

2- {ﬂ[(éméfh%fﬁ%irﬂ%nﬁ{bﬁewlf‘? 004 §-'tr?mg]'|oxyphenyl)am|no]thleno[S 2-

di ne- 6- car
b]pwrmpr(ezm:anyomml@ro 5- met hoxyphenyl ) am no] - 2- { 5- [ ( 4- et hy
| pi perazin-1 -yl)nmethyl]thien-

(QMb&hleﬁslﬁ{e%o&yBﬂWThﬂHb? 2facarbon itri le;

| or 0- 5- mst hoxyphenyl ) am no] - 2-[ 5- (or phol i
[(dlwe _y&ﬂnﬂgq Wpt)y{]nhg]yl}gueno[S b]pyndlne-G carbonitrile;

yl ]t hieno[ 3, 2- b] pyri di ne-6-carbonitrile; or
7-3; 4L[(>n3h|6rdisﬁwtrﬂfx9pl5er{wam%\1@ttsw ) am no] - 2-{4-[(4-hydro

?H)"P e’h%ﬁ“}"lﬂﬁ’@ﬁy'ﬂtﬁ“ﬁﬂ?[@r?o?lﬂyfzd"bﬁ -Byperhanieles- carbonitrile.

15. A conpound according to claim1l of Formula (1 a)
7- [(amdDEhbl’ﬁslB@e(tﬁoX? ner@%lmwa ma&@@m&thw p|R|~ra2m -1-

l]rpég Iﬁ)?’\mgﬁé g,%%]p)g - -carbomtnle |

7-[(2,4—Dichloro-S—fnethbxyphenyl)amino]-2-[4-(piperidin-1-
ylmethyl)phenyljthieno[3,2-b]pyridine-6-carbonitrile;

7-{(2,4-Dichloro-5-methoxyphenyl)amino]-2-{5-[(4-methylpiperazin-1 -yl)methyljthien-
3-yl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-[5-(morpholin-4-yimethyl)thien-3-
yl]thieno[3;2-b]pyridine-6-carbonitrile; or

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-{4-[(4-hydroxypiperidin-1-
yl)methyl]phenyi}thieno[3,2-b]pyridine-6-carbonitrile.

15. A compound according to claim 1 of Formula (1a) and Formula (1b)
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nis an integer of 2-5; q is an integer of 0-5; Rl is
a phenyl ring optionally substituted with one to four

w6 200454 RET uents selected from the group consistin

of
, -CF3i -OCF3, -R4, -OR4, or YR R2 ispngQW&E/OB?Z“G
2-6 carbon atons, aryl or heteroaryl; and may be
substituted by one or nore groups selected from -RS,
-(CH2) gOR8, -(CH2)gNHR8, -(CH2)g NR4R8, -(CH2)gQ
O(CH2) nOR8, - NH(CH2),,O0R8, - NR4(CH2), ORS,
-Q(CH2),,NHR8, - NH( NNHR8, - NR 4( CH2)x
- (CH2) nNR4R8, - ) 3, - NR4A(CH2)
- qCHZ) 1 Q! -
NH( CH2) gR8; or ) gRB; IS£ of 1 to 6
carbon atons; R4 is HY al kyl of 1-6 rb atons; R7
is an aryl or hetergaryl ring, optionaly substituted
with one to four substituents sel ecte(!l fromthe group
hcons_i sting of -H -J, -CF3, -OCF3, -R4, -CR4; 171 WO
WNSEY%/ 048386 PCT/ US2003/ 036206 R8 is -H, alkyl of 1 to
6 carbon atons, cis-alkenyl of 2-6 carbon atons,
Xis-Nes- al kenyl of 2-6 carbon atons, al kynyl of 2-6
carbon atons, aryl or heteroaryl; Yis -CO)-,
. 00, - O-, -C(ONH, -NHC(O -, -NHS®R-, -S-,
“'-Sg'g,"&%ﬁfz&’-f%cg is NZZ' wherein Z and Z' -may be the sane
or different and are selected fromH, alkyl of 1 to 6
q igan hbegertop0s; al kenyl of 2-6 carbon atons, al kynyl of
2-6 carbon atons, aryl, or heteroaryl, and Z and Z

it ether. wth the nitrogen to which they are
R ?ﬁa %g’@ﬁé@qﬁ‘&f@ lly a?”f’ﬂlélﬂtsﬁ Fethconecto oy systivmniseseldeidsfrom
theggroapl dorsisting lof eiGF.0BCHY, S84, ashe @, fig@m ni trogen, '
oxygen, and sul fur, and may conprise norpholine,
2f) L ne iperjdine, optionally substituted with
RR ﬂﬁ%ﬁ?gﬁ%gpgﬂgﬁn 8{r°"55‘ A Pg'@%tﬁfoa&'; on nitrogen by a
. roup -(CH2)"OR3, -(CH2),,NHR3, -(CH2)"NR4R3, -(CH2)"
anynay be shstitvtedday drerorimyora gyounssetdcPI GRS, -
(CH2) gNHR3, -(CH2)g NR4R3, -(CH2)gNz"z"',

-R?, -(CH,),OR®, ~(CH2){NHR?, -(CH,), NR*R?, -(CH2),Q,

gR 8; -.

-O(CH,),OR?®, - NH(CH,),OR?, - NR*(CH,),ORE,
-O(CH;)nNHR®, - NH(CH,),NHR®, - NR*(CH,),NHRE,
—O(CHz)nNR"'Be, - NH(CH,),CR?, - NR*(CH,),NR*R®,
-O(CH.),Q, -NH(CH,),Q, - NR“(CHz)nd,

= O(CH2)qR®; - NH(CH2)R®; or - NR*(CH,) R®:

R is alkyl of 1 to 6 carbon atoms;

R* is H, alkyl of 1-6 carbon atoms;

7 . . .
R’ is an aryl or heteroaryl ring, optionally substituted with one to four substituents
selected from the group consisting of —H, -J, -CF3, -OCF;, -R* -OR*
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Z'" and Z" may be the sane or different and are
selected fromH, alkyl of 1 to 6 carbon atons Z' and

WO 2004/6i838¢ aken together with the nltrogen to V\t&ﬁhsi(ngw(ﬂke .
attached may forma heterocyclic ring which may -

contain an additional heteroatom sel ected from

nitrogen, oxygen and sulfur; and J is fluoro, chloro,
brom) and i odo 16. A corrpound according to claim15

R® ishHe Bikykofonte & tarbhe atas, ai- -alfgenyl of 2-6 carbon atoms, trans-alkenyl

. %gké%ﬁgﬁrﬁ%: ﬁ(&ﬂg%fcar%om '??{%F%/el LWF})r']QJteroaR,Peny' thieno

4- Di chl or o- 5- net hoxyphenyl ) ani no] - 2- [ 4- ( 4-
éﬁmw@ﬁﬂeﬁﬂm ~pHREQYNEL, INBIGOD)S, -RIHEQuy.r-Beli-0s; BNR'aT bo

nitrile;
? | 5 i 4- net.h
0 4 NEPafel e b SR AR08 08 el o
alkyjeofpl é%rao@ﬁfb@ﬁ iatasns, TatierwDoD 05! LahBE Soms, alkynyl of 2-6 carbon

0
ato%é@ﬁ%@%é%ﬁ%ﬁa &ad met hoxyphenyl ) am no] - 2- (4-{[ 4- (2- hy

droxyethyl)plpera2|n 1-
Frelekgn 1qaediey IWithhthentjragen I phich dhelysaﬁe atiadted nay Ifcﬂm a

hetgrdcglavc“nr{a ®RCR ey haT D0 %UBRERN NATb A8 &ibdad RiRertd rogen
oxmeﬁe@rp@ pylgﬁe@m Memnicempfiss manpimfine,dbiperagineapiperidibe,idpgionally

su%ga&% A BB BSEDH PR BA By b R
KL o
%/"2 ’ dih @3 b* (thhkﬂmrﬁ:;}dné@irg?ggﬁﬁ ?Imlpg qCR)DRP, -
°[ bhhhl or o- ne%)‘ﬁw);('

(2,4-D ¢C yphenyl ) am no] - 2- [ 3- (di et hyl
no) pr op- 1- ynyl]thleno[S 2-
yZ") 2K deathe Hapem Pt riqffpaent and are selected from H, alkyl of 1 to 6
carBoﬁ atdbnis Di chl or o- 5- net hoxyphenyl ) am no] - 2- [ 3- (m)r phol i
n-4- yl methyl)
,gh J%}(hl eno[ 3, 2- b]n‘gyrl di ne-6-carbonitrile;
n§ ¢ ke E9Reh wibIBS RERESRERyI el ines]are SEackerb a6 a
hetérageyclic ring which may contai
Ry heny! | Y enol 2, S b] pyt | o nesan selepted fom pigogen,

yl
ePF@g 'ehl or o- 5- net hoxyphenyl ) ani no] - 2- et hynyl t h
i eno[ 3, 2-b] pyridi ne-6-

and J is fluoro, chloro, bromo and iodo

16. A compound according to claim 15 which is one of the following:

7-[(2,4-Dichloro-5- methoxyphenyl)amlno]-2-phenylth|eno[3 2- b]pyndlne 6-
carbonitrile;

7-[(2,4-DichIoro-5-methoxyphenyl)amino]-2-[4-(4-
morpholinylmethyl)phenyl]thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-DichIoro-5-methoxyphenyI)amino]-2-[4-(4-methylpiperazin-1 -
yimethyl)phenyl]thieno[3,2-b]pyridine-6-carbonitrile:
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carbonitril e;

7-[(2, 4-Di chl oro- 5- met hoxyphenyl ) am no] - 2- (pyrldln 4-y
WO 2004/€8kR¢eny ! ) t hi eno[ 3, 2-b] pyri di ne- 6-carbonit

7-[(2, 4-Di chl oro- 5- met hoxyphenyl ) am no] - 2_["@%/1?82&03/03@206

| et hynyl )thi eno[ 3, 2-b]pyridine- 6-carbonitrile;

7-[(2,4-Dichloro-5- met hoxyphenyl ) ami no] 2-{5-[(4-nethy

| pi perazi n-1-yl)nethyl]thien-

7-(3; 4ytbﬁ:hbr@smﬁe%h&yb&@wl)m\mwzﬁmqwibmwt x?/bthylfplperazm -1-

yl]nppt&;&lmhﬁgﬂvpm[ﬁgetﬁpgldme 6 c R)%m(nl am no 5- (1mor phol i
yl]thieno[ 3, 2-b] pyridine-6-carbonitrile;

7[@4D%hl%f@smhétm@pﬁenmtahmqmaqmbémno] 2-{4-[(4-hydro

y‘"&ﬂ“ﬁ'ﬁ?@ﬁﬁw }%%%/?'P@ﬁ'@ﬂﬁ{%cajbm%%l di ne-6-carbonitrile;

173 WO 2004/ 048386 PCT/ US2003/ 036206 7-[(2,4-Dich
7-¢ ?ho&wmshan]ﬂmnwéw)amwgnﬂz‘% mﬂgdxyml emyljebimyiithiehes z!
ie pyri di ne-6-carbonitri
b]p& rigine- %Zéa,%qrw{) ®pi per azi n- 1- yl methyl) phenyl ] - 7-[ ( 4- pheno
- xyphenyl ) am no] t hi eno[ 3, 2- 'b] pyridine-6-carbonitrile;

7-I¢, 4@1drmoﬁhnéﬁmwh¥hv*)ﬂmbd])zafwﬂ@ihﬁ-y?eth{/ﬁmmamwmﬁwwlne—
6()2q t hi eno[ 3, 2-b] pyridi ne- 6-carbonitrile;
%f dr oxynet hyl ) phenyl ] -7-[ (4- phenoxyphenyl ) am no]
t hi eno[ 3,2-b] pyridine-6- carbonitrile;

{24 ChtRno semy ooy o) mb(@ia)?tayl?mowmm-myemreaom,z-
| he- carbonitri
b]pzy]r Flpﬁ%lg%ﬁ%rﬁ n@' Py

or’o 5- net hoxyphenyl ) am no] - 2- [ 3- (4- net hyl
pi perazi n-1-yl)prop-1 -
7-[{¢0icHorerSamaihgxyphenyl)atiinel-5{%emdypmline4-| e;

2. (pyri din-3-

v'wet%ﬁﬁ’h@rﬂfﬁg e e e M L
ﬂ:" - Di chl or o- 5- net hoxyphenyl ) am no] - 2(2forrry|-

4- [(Zré ighlorp- Wmom@nylwmlpo 2-brepolin-4b] pyri di

ylr@@t{a@)@’%‘h%ﬁ hb{)%i p %nqunne-s 5y OB'rtr(IJI?J 1-ynyl 1 -7-1(3,4,5-tr

i met hoxyphenyl ) -
7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-ethynylthieno([3,2-b]pyridine-6-

carbonitrile;

7-1(2,4-Dichloro-5-methoxyphenyl)amino]-2-(pyridin-4-ylethynyl)thieno[3,2-b]pyridine-
6-carbonitrile;

7-[(2,4-Dichloro-57methoxyphenyl)amino]-z—(pyridin-3-ylethynyl)thieno[3,2-b]pyridine-
6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-{5-[(4-methylpiperazin-1-yl)methyl]thien-
3-yl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino}-2-[5-(morpholin-4-ylmethyl)thien-3-
yl]thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-Dichloro-5-methoxyphenyl)amino]-2-{4-[(4-hydroxypiperidin-1-
ylYymethyl]phenyl}thieno[3,2-b]pyridine-6-carbonitrile;

173



am no]th.ieno[ 3, 2- b] pyri di ne-6-carbonitrile;
2-{4-[ (4-Met hyl pi perazi n-1-yl) et hyl ] phenyl }-7-[(3,4,5

WO 20047ds83sget hoxyphenyi ) - PCT/U52003/036206
am no] t hi eno[ 3, 2- b] pyri di ne- 6- carbonltrl | e;

~ 7-[(2, 4-Di chl or o- 5- met hoxyphenyl ) am no] - 2- { 1- met hyl - 2
[ (4-met hyl pi perazin-1- yl)methyl]-1 Himdazol -5-yl)
t hi eno[.3, 2-b] pyri di ne-6-carbonitrile;

7-[72 g@mhm;msehemowmmmmwmyhmﬁ@}hy%pﬁéwyﬁ]ﬂméﬁ%f

1- |
'Bﬁé%[%aqa&b%lfbﬂ glone %n%:/a]r bonitrile;
2 {4-[ (Di et hyl am no) net hyl ] phenyl }-7-[(3, 4,
2-[g=( ﬁMWMMphdnylh)wml)pbéﬁw]LBﬂﬂoﬁen&y henyl)amino E!thleno[3 2-

b]@%%‘%gd%?g@?ﬁtg %gomtr. le; or 174 WD 2004/ 0483

(2, 4- Di chl or 0=5- net hoxyphenyl ) am no] - 2- { 4- [ (di net hy
2- Méhpmphyﬂwhqathyl)phenyl]-7-[(4 phenoxyphenyl)amln_oﬂthleno%%,Z tﬂpyndlne-
6-cdrsstikt hi eno[ 3, 2- b] pyri di ne- 6- carboni tri 17.
corrpou'nd as clainmed in claim1 which is an S-oxide or
S-di oxi de' of Formula (1c), Fornula (1d), (1le) or
2- [MHydroxme(hylmbe}(yll-ma[(@r@doﬁypr@Nyl éi*amo}tme&o[B&-B;F ihin!éLdBI
caltonifle:l X RL X'RR2 CNRZ CN S NONN
wherein: X, Rl and Rare as defined in claiml1. 18 A
ound according to claim 17 which is one of the
7- [(dogﬁmxw@enyl)ammolé -{(E)-2-pyridin-4-ylethenyl]thieno[3,2- b}pyndme-B-
Cayoo[.,mﬁ Di chl or o- 5- met hoxyphenyl ) am no] - 2- [ 4- (4- net hyl
pi per azi n-1-yl met hyl ) phenyl]- 1-oxo-1 H-thieno
3, 2-b] pyri di ne-6-carbonitrile;
4-%2 ngﬁefbpwenulbmw]ﬁm&M -nathytpigerzin4-yiybropet-hy |

ynmtmsrncﬁz Bl byt Es ReloRRGEY ! 1 -

4-{(2,4-Dichloro-5-methoxyphenyl)amino]-2-(pyridin-3—ylethynyl)thieno[2,3-b]pyridine—
5-carbonitrile;

7-[(2, 4-D|chIoro-5-methoxyphenyl)amlno]-2 -(2-formyl-1-methyl- 1H imidazol-5-
yl)thieno[3,2-b]pyridine-6-carbonitrile;

2-[3~(4-Methylpiperazin-1-yl)prop-1 -ynyl]-7-[(3,4,5-trimethoxyphenyl)-
amino]thieno[3,2-blpyridine-6-carbonitrile;

2-{4-[(4-Methylpiperazin-1 -yI)methyl]phenyl}-?—[(3,4,5—trimethoxyphenyl)—
amino]thieno[3,2-b]pyridine-6-carbonitrile;

7-{(2,4-Dichloro-5-methoxyphenyl)amino]-2-{1 -methyl-2-[(4-methylpiperazin-1-
yl)methyl]-1H-imidazol-5-yl} thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-Dichloro—5-methoxyphenyl)amino]-2-[3-(4—methylpiperazin-1 -yl)prop-1-ynyi]
thieno[3,2-b]pyridine-6-carbonitrile;

2—{4-[(Dimethylamino)methyl]phenyl}-?-[(3,4,5-trimethoxyphenyl)amino]thieno[3,2-
blpyridine-6-carbonitrile; or
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1,1-dioxo-1 Hthieno [3,2-b]pyridine-6-carbonitrile;
175

wo 2004/0d86% 4- Di chl or o- 5- met hoxyphenyl ) am no] - 2-
| am no) met hyl ] phenyl } - 1- oxo- 1 PSRRI
H-thleno[32b]pyrldlne6carbon|trlle o
7-[(2, 4-Di chl oro- 5- met hoxyphenyl ) am no] - 2- { 4- [ (di met hy
| am no) net hyl ] phenyl }-1, 1- di oxo-1

7-}R HHDieflofo35-Eretfjary stienl RemPo LA Ap@ irﬁéth{ilgmlré))n?etmll& 45t

e AL

t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile; or
2-{4-[ (D net hyl am no) met hyl ] phenyl }-1, 1-di oxo-7-[ ( 3, 4,
5-trimet hoxyphenyl)am no]- 1

H t hi-eng[ I.ne tbonitrile. 10 19. Use of

a cgnﬁogn%@o%hg%mﬁjaémf?éﬁ C%HH W EF“(W apP-QXigk o §-dipxide of
Fogniiadtt)l Eormuile ( &h)f (1ajsorqlii med in any one of clains 1

to 18 or a pharnmaceutically acceptable salt thereof

in the manufacture of a nedicanent for treating or
i nhi bit I@% Fﬂol ogi cal condition or di_ﬂﬂr der in a
e pgt ho

manmmal , | ogi cal condition orQdi gorder

sel ect ed Sf rom campgr, stroke, os S:_CN
pol y,qg tdc dndgy di sease, autqiymu e, 15
r heumat o tiitis, transpla ion/or

neuropathic pM'n. 176 20. A pharmacelti ¢p” conposition
conprising geconpound of Formnula (Ia) g:‘-%md (I'b) or an
S-oxide or S-dioxide thereof as clained in any one of
claims 1 to 18 or a pharnaceutically acceptable salt
thereof and a pharmaceutically acceptable rrier. 5
21. A process )f(ﬁ preparing a conmpound o) formula (1
a) or (1 b) asjdefined in claim1l or a

phar mafeu eptabl e salisth
conpR off the follow ng g a
compound CN\ N or

la: C C RZSd/\
S N 10 oglan S-oxide or S-dioxide™ hgyeof; wherein R2
is as de nag in daiml with a conmpound of formula
R1XH wher e and X are as defined inllaim1 to gi ve
a conpound of fornmula I(a) or (IDb);

wherein: X, R' and Rare as defined in claim 1.

18. A compound according to claim 17 which is one of the following:

7—[(2,4-Dichloro-5—methoxyphenyl)amino]-2-[4-'(4-methylpiperazin-1 -ylmethyl)phenyl]-
1-oxo0-1H-thieno [3,2-b]pyridine-6-carbonitrile;

7-[(2,4-DichIoro-5-methoxyphenyl)amino]-2-[4-(4-methy|piperazin-1 -ylmethyl)phenyi]-
1,1-dioxo-1H-thieno [3,2-b]pyridine-6-carbonitrile;
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5

10

15

or b) reacting a conpound of formula 1 a or 1 b or an
S-oxide or S-dioxide 15 thereof in which R2 is a

reacti ve substituent group to give a conmpound of

formula 1 a or 1b in which R2 is a different

substituent group as defined in claiml; or c)

converting a conppund of fornula (1la) or (1b) to a

phar maceut i cal | acceptabl e salt fhereof. 20 22 A
p?zﬁ@é%Q'CBPf?fﬁda%E?Wﬁh% Vé@%&ﬂl’ﬁ@f“é(‘d' ¢Wamw°§ms9‘ywnY'}-1-0X°-
ForbibAo[B20]pyrifinecb-abfboitrilgher ei n R2 i's i odine,

conprising: 177 a) treating with a base, in an inert

( Ayt bycilore EresiRo e BRI g« RTBR Y Ay hoyeB gy 1.1

adidko-g H-thidnops, 2-bptidine-6arbonirilen step (a) to forma
conpound of Formula (b) or (b'); and O S\ CN X | /

(B4 @iShthylamino)methyllphenyl}-1-oxo-7-[(3,4,5-trimethoxyphenyl)amina]-1H-
thieno[3,2-b]pyridine-6-carbonitrile; or

2-{4-[(Dimethylamino)methyl]phenyl}-1,1-dioxo-7-[(3,4,5-trimethoxyphenyl)amino]-
1H-thieno[3,2-b]pyridine-6-carbonitrile.

19. Use of a compound of Formula (la) and (Ib) or an S-oxide or S-dioxide
thereof as claimed in any one of claims 1 to 18 or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for treating or inhibiting a pathological
condition or disorder in a mammal, the pathological condition or disorder selected
from cancer, stroke, osteoporosis, polycystic kidney disease, autoimmune disease,

rheumatoid arthritis, transplant rejection or neuropathic pain.
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CN <S N (b") 15 c¢) adding a conmpound of formula R XH
to the conpound in step (b) to forma conpound of
Forrmula (la) or (Ib), wherein R2 is iodine. 23. A
compound of Forrmula (b) or (b') 178 G S\ CN (b) N
Cl CN | S N (b") 24. A process of producing a
conpound of Formul a (Ia) or (Ib) of claim1l1, wherein

R2 is om ne, co treatln w th a base,
o Bhorh PEarinblcel oPRResial conmaUI e PEPRURS FhEgimua (1a)
obnd-apyd &n S@kud@ror(sadnbxud@lher&f@u dahed N &dy &ed of\cldi@g 1 to 18 or

lt 8~ ﬁgngceugcally%ccep]fatﬂe saI?{n()areoT ang a phgrerrtlarc%Ltllcl:Ja l)r/ ggct:ep?rl) e carrier.

21. A process for preparing a compound of formula (1a) or (1b) as defined in

claim 1 or a pharmaceutically acceptable salt thereof, which comprises one of the

following:
a) reacting a compound of formula:
Cl Cl
2 5, N CN 2 mCN
N or SN

or an S-oxide or S-dioxide thereof, wherein R? is as defined in Claim 1 with a
compound of formula R'XH where R' and X are as defined in Claim 1 to give a

compound of formula I(a) or (ib);
or

b) reacting a compound of formula 1a or 1b or an S-oxide or S-dioxide
thereof in which R? is a reactive substituent group to give a compound of formula 1a

or 1b in which R? is a different substituent group as defined in claim 1;

or

c) converting a comppund of formula (1a) or (1b) to a pharmaceutically
acceptable salt thereof.

22. A process of producing a compound of Formula (la) and Formula (Ib)
of claim 1, wherein R? is iodine, comprising:
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10 conpound in step (a) to forma conpound of Fornmul a

(z) or (z'); and 1 S CN Br \' I / (2 C \ CN Br

(Z) S N 179 c) adding a conpound of fornmula RLXH to

the conpound in step (b) to forma conpound of

Formula (la) or (Ib), wherein R2 is brom ne. 25. A

conpound of Formula (z) or (z') C S CN Br \ | / (Z)

Cl CN Br (z ound of

ohe of the Fbi 1 oS whh § BESCIT 8p Sler geethdpgicel tefperature
H-i m daambodnd/df)Rdimalaapsya);am no) - 2- i odot hi eno[ 3, 2-

b] pyri di ne-6-carbonitrile; 10

7-({3-chloro-4-[(1-nethyl -

H i m dazol - 2-yl ) t hi o] phenyl } antno) - 2-[ 4- (nor phol i n- 4-

yl met hyl ) phenyl ]t hi eno[ 3, 2-b] pyri di ne-6-carbonitrile;
7-({3-chloro-4-[(1-nethyl
H i mi dazol - 2-yl ) t hi o] phenl }{am ngp) - 2- [% (mor phol i n-4-y
| but - 1-yny|)thieno[3,2-b] f#Fhe-6-carbonitrile;
7-({3-chloro-4-[(1-nmnethyl - c
t
;

u
(
H i m dazol - 2-yl )t hi o] phenyl}am no) 2 [3 15
(di met hyl am no) prop-1 X
-ynyl ] thi eno[ 3, 2-b] pyri di Qe- -carbonltrlle;
-({3-ch|oro-4-[(1-nethy|-i WZ
[

7
H i m dazol - 2-yl )t hi o] phenyl }am no) - 2- (4-

b) adding iodine to the compound in step (a) to form a compound

of Formula (b) or (b'); and

Cl

S \ CN
"N\ | _ ®)

N

Cl

s b

N (")

c) adding a compound of formula R'XH to the compound in step

(b) to form a compound of Formula (la) or (Ib), wherein R? is iodine.

23. A compound of Formula (b) or (b")
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fornyl phenyl ) thieno[ 3, 2-b] pyridine-6-carbonitrile;
7-({3-chloro-4-[(1-nethyl -

H i mi dazol - 2-yl )t hi o] phenyl } am no) - 2- {4-[ ( 4-

met hyl pi perazi n- 1-yl ) net hyl ] phenyl } t hi eno[ 3, 2- b] pyri di
ne-6-carbonitrile; 180 WO 2004/ 048386

PCT/ US2003/ 036206 7-({3-chl oro-4-[(1-nethyl -

H i m dazol - 2-yl') t hi o] phenyl } anmi no) - 2- [ 3-

(di et hyl am no) pr op-

I-ynyl]thieno[3,2-b]pyridine-6- [ Lt | e;
7-1(2,4-dick to ro-5-nmethoxyp ) am|no] - 2- (éffo
rmyl -2-fury) )thi eno[3, 2- b]pyr 6- carbonitrile;

7-1(2, 4-di chl or o- 5- nethoxyphenyl)anlno] 2-[5-(1, 3-di ox
ol an-2-yl)-2-furyl]thieno[3, 2-
b] pyri di ne-6-carbonitrile; N o
7-[ (2, 4-di chl oro-5- net hoxyphen | m nP| - 2- {5-[ (4- et hy
| pi perazin-1 -yl)methyl]-2- fuhylkthigno
[ 3, 2-b] pyridi ne-6-carbonitrile; N (6"
-[(2,4-dichIoro-5-nethoxypheny|)an1no]-2-{4-[(4-ethy|
i perazin-1 - yl)nethyl] p h enyl}th ie no[3, 2-b]
yrid i ne-6-carbonitri
[ (2, 44di cﬁI RIPERSS qfr@fq%wg@eme%ﬁﬂﬁéfom'aﬂﬁw PRraf glaim 1,
WHeRINRY istrevainkedédngrising:
I)nethyl]phenyl}thleno[s 2-b] pyridine-6-carbonitrile;
[ (2, 4-dich] oro-5- netho phen ami no
i met hyl an’?iwo) etFRAINS m¥ yF‘) Q%'F%o]'ﬁ"re’f‘ yI“F[(d éﬁM"}‘& Hite feduced
3, 2- Enperatdie® compedidast Fotrhiilh €a) or (2°);
[ (2, 4-di chl oro- 5- met hoxyphenyl ) am no] - 2- [ 4- (di net hyl

di
[

(

no) phenyl ]t hi eno[ 3, 2- b] pyr i,di ne-6-carbonitrile;

[ (2, 4-dichl oro-5- nethoxyphen I)anIno] 2-{3-[(4-nethy

pi perazin-| - X

| ) met hyl ] phenyl } t hi eno[ \24 ] py i di ne®-carbonitrile;

-[ (2, 4-di chl or o- 5- net hoxy am no] - 2- { 3-
d
r

(di met hyl am no) net hyl ] phenyl } tshi eno[ 3, 2- b] pyri di ne- 6-
arbonitrile;

[ (2, 4-di chl or o- 5- met hoxy Wlno] 2- {5-[ (di met hy

ani no)methyl]-2- furyl}&h ien)B 2-b]Pyri di
e-6-carbonitrile;

[(2,4-dichl oro-5- nethoxyphenyl)aHIno] 2-[5-(1, 3-di ox
lan-2-yl)thien-2-yl]thieno[3,2- b]lpyridi n

6-carbonitrile;

b) adding 1,1-dibromo-1,1,2,2-tetrafluoroethane to the

;
p
p
7-
I
y
7.
(
0
7
am
7.
I
y
,
[
c
7-
I
n
7-
o}
e

compound in step (a) to form a compound of Formula (z) or (z'); and

Cl

S AN CN
Br I
N\ _ (2)

N
[e]

CN

Br / | [€4)

s =
N
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181 WD 2004/ 048386 PCT/ US2003/ 036206

7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- (24ornyl thi e
n-3-yl)thieno[ 3, 2-b]pyridi ne- 6-carbonitrile;

7-[(2, 4-di chl or o- 5- et hoxyphenyl ) am no] - 2- (5-f or nyl t hi
en-2-yl)thieno[ 3, 2-b] pyridi ne- 6-carbonitrile;

7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- { 5- [ (di net hy

| am no) net hyl ]t hi en- 3-

yl Yt hi eno[ 3%2- b] pY¥ing erremposad ghfarmpie) R'XH to the compound in step
7-[(2, foydd g @orﬁpdmafwxwmﬂgb)&mmbn&ebwhé fromRhdly

| pi perazin-1-yl)nethyl]thien- yl }thieno[ 3, 2-b] pyrid
i ne-6-carbonitrile;

7-1(2, 4-di chl or o- 5- met hoxyphenyl ) am no] - 2- { 2-[ (4- net hy
| pi perazi n-1-yl)nmethyl]thien-

3-yl )t Bb.enopZoipolipy of Bornedbezrar @yni tril e;

7-1(2, 4-di chl or o- 5- et hoxyphenyl ) am no] - 2- (4-{[[ 3-

(di met hyl am ng) propyl ] (et hyl ) am no] net hyl } phenyl )t hi e
no[ 3, 2- b] pyr Ldineb- carbonitrile;

7-[(2, 4-di chl org- 5- nethoxyphenyl)an1no] 2-({6-[(dineth
ylan1no) | Lpyridin-2-

yl } et

7-[(2, 4-di chl or o- 5- net hoxy

| am no) net hyl ] t hl en- 2-

yl') thieno[ 3, 2-b] pyridi

7-[(2, 4-di chl oro-5- met

amno] -2-(4-{[(pyridin-4 vy

nmet hyl ) am no] net hyl } phenyl )t hi eno[ 3, 2- b] pyri di ne- 6-car
bonitrile;

7-1(2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- (1

H pyrr t hi en 2- di ne- 6- rbonltrlle
7-1(2, gé‘dl c |‘%9Fl?-°§9%fﬂ6'%tﬁ’x@hy% ?%?HB‘]" 050\0’4‘9{ [(2-

nmet hoxyet hyi ) am no] met hyl } phenyl ) t hi eno[ 3, 2- b] pyri di ne
- B~(BacHianid-i(1 rethyl-7 HEiRazoR-ghithpipine by lfarihopGrpide tiyd nofd2-

nol - 2-. 4_-( S

(%’Vﬁ%‘? r?i %%%%{/”Ie] am no} et hyl ) phenyl ] t hi eno[ 3, 2- b] pyr

i di ne-6-carbonitrile; 182 WD 2004/ 048386

P {3800 34- Bemtey-1H-imidazol-2-yl)thio]lphenyl}amino)-2-[4-(morpholin-4-

Ry ARG R 52 BRSy REiRY R RG; N - 2- [ 4- (T hi omor p

et hynyl )t hiveno[ 3, 2-b] pyridi ne-6-carbonitrile;
( enyl )am no] - 2- {5-[ (di net hy

eJi6-c rbonltrl(k
phenyl)

7-({3-chloro-4-[(1-methyl-1H-imidazol-2- yI)th|o]phenyI}am|no) 2-[4-(morpholin-4-ylbut-
1-ynyl)thieno[3,2-b]pyridine-6-carbonitrile;

7-({3-chloro-4-[(1-methyi-1H-imidazol-2-yl)thio]phenyl}amino)-2-[3-
(dimethylamino)prop-1-ynyl]thieno[3,2-b]pyridine-6-carbonitrile;

7-({3-chloro-4-[(1-methyl-1H-imidazol-2-yl)thio]phenyl}amino)-2-(4-
formylphenyl)thieno[3,2-b]pyridine-6-carbonitrile;

7-({3-chloro-4-[(1-methyl-1H-imidazol-2-yl)thio]phenyl}amino)-2-{4-[(4-
methylpiperazin-1-yl)methyl]phenyl}thieno[3,2-b]pyridine-6-carbonitrile;
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yl met hyl ) phényl ]t hieno[ 3, 2-b] pyri di ne-6-carbonitrile;
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] -2-[ 4- ( pi per azi

WO 2004044386
yI met hyl ) phenyl ] t hi eno[ 3, 2- b] pyri di ne- 6- c &I IO PYI36206

7-[(2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- (4- nor phol i n
4 yIphenyI)thleno[S 2- b]pyrldlne 6-carbonitrile;
{3-chl oro-4-[(1-nmethyl -
QAL ﬂzetwfhméxzbbwnmmman(n@a 23
dlétﬂyl{ﬁgﬁﬂ %?glaﬂtlﬁﬁbééfg%nqw 1 cargonltrl 2 bonl trite;
{3&1 dazol 2- )thmy% phenyl }am no) - 2- { 4- o '
sty amaity )pirerh2+ (et at Bn oy, b fiets-
cardbhigiét ri | e;
7-[(2, "4- di chl or o- 5- met hoxyphenyl )am no] - 2- ({5-[ (di neth

o) met hyl ] pyri di n-
- [ér"? g]'PHk‘?ﬁ%/ P)"Mh@we{@yﬁam]rm}ﬂr[af(m@-cﬁemm;n)@rfumtmeno[s o.
b]p?rlcﬂnéaﬁécdilb&m.rér 0- 5- met hoxyphenyl ) am no] - 2- (1
H pyrazol - 4-yl et hynyl ) t hi eno[ 3, 2-

7& hlneGCarbonltHIe
g ‘Fé‘? IRrorpErathyphRIY) aminel-RdB-|@- inethyipiicea]- -3-yBmielrgyrd-d
furylpisiefo {IﬁQJBWhthéJBG‘oarbon rile
7-1(2, 4-di chl or o- 5- net oxyphenyl)am noj - 2- {5-[ (4- net hy
I th di
TR f Rtestod Bpssy Harainone-{6-estbypiperiziner
yl)ret vty o/-[(2,4-dichl 5-
tiggildpmeg?/t}“)eg?n[e%? [ eno%aggﬂ%ﬁ pyr |[ <(3I| ne- 6I gargggl tr Irre
716 A dishiaross-mathpoypherybaTRioRY BHA-HAyalicio]1-Bpiseridif-1- 0) | do

yl)roéthgliphepiiithieAo[d:2-blbyridine-6-carb
nmet hyl ] phenyl }t hi Eéur)]% 3, 2- 8a onntrJene 6-carbonitrile;

7. [(%( d& é’{"ﬁ" dbﬁ{él oro nﬁtmhl%é}/grzgr{}ﬁfl ) am no] - 2- { 4-

(dirpetby mcheﬂawu 1A 6t t
j ?:14'1 di chl g?omg%ngﬂ?gxgg el%y??gﬁgﬁ%égbinf r{’? ?3

carﬁyo‘r oXypr opyl ) ami no] met hyl } phenyl ) t hi eno[ 3, 2- b] pyri din
e-6-carbonitrile; 183 WD 2004/ 048386 PCT/ US2003/ 036206

7-{(@.4 qichlacd-pethexpptengierhios )R L (i iaRHha)3rd S mr )
b]p?rdqné/b%[v@é,g}lgyrl di n- 2- PR THHENCRS

th I eno ] pyri di ne-6-carbonitrile;
2, 4-di chl or o- 5- mret hoxyphenyl ) am no] - 2- (6- nor phol i n

7- [(241 éq:lpiyfq @methozyghe)wylbarmnoI 2H{24(4-methyipiperazin-1-
yl)n@tﬁ%]’ﬂh@hﬁﬁﬁ@n&[@ébﬁg e € tarbonitrile;

7-[(2,4-dichloro—5-methoxyphenyl)amino]-2—{3-
[(dimethylamino)methyl]phenyl}thieno[3,2-b]pyridine—6-carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-{5-[(dimethylamino)methyl]-2-
furyl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5- -methoxyphenyl)amino]-2- -{5-(1,3-dioxolan- 2-yl)th|en-2 -yljthieno[3,2-
blpyridine-6- carbonltnle
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7-[(2, 4-di chl or o- 5- et hoxyphenyl ) am no] - 2-i odot hi eno[ 3,
2-b] pyridi ne-6-carbonitrile;

wo 2004/7)32&6«2 4- di chl or o- 5- met hoxyphenyl ) ami no] - 2p4nisedoshs@bd
xi dot hi onor phol i n- 4-

yl ) met hyl ] phenyl }t hi eno[ 3, 2- b] pyri di ne-6-carbonitrile;
7-1 (2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2-{4-[ (4-pyrid
i n-2-yl pi perazin-1-

7- [(25(4 JliehiohybEtieoxy phery)emig-225pmyvithignteyihiearterpinyidies-

5- (ﬁi 4- di chl or o- 5- net hoxyphenyl ) am no] - 2- {4-[ (‘4- pheny
ca‘rl?) Fa2| n-1- yl)methyl] phenyl }th
i eno[ 3, 2- b] pyri di ne-6-carbonitrile;

7 274{d(ca|oae-a+mnwph@amwma;q@@nww@m%w@em{q 2-DiRyrdine-
6- S- tE,{Lme‘t hyl pi perazin-I -
Ca\r??na yI }phenyl )t hi eno[ 3, 2- b] pyrl di ne-6-carbonitrile;
7-[(2, 4-di chl or phenyl)am no (4-fornyl phenyl )t hi
7-[(2Aoidlcebimsthoxipheny)amineloh mrr@thylammmmethyl thien-3-

YI}thl?rg %2%;&@% %ré%@{n'iboxyphenyl)am no] - 2- (4-f ornyl phen

I ne-6- carbonitrile;

7-[ (2, 4-di chl or o- 5- net hox ghenyl)amno 2-{4-] (4-net hy
7- [(2,érqurﬂﬂqmaqngthoxyphenyl)ammof/ -{5-{(4-methylpiperazin-1-yl)methyljthien-

-yl\itlheﬁgfébzoﬂ}ﬂb lahesvhidnitBol 3, 2- b] pyri di ne- 6- carboni tril

7-[(2, 4-di chl or ophenyl ) am no% (4-nmeth PI perazin
7-{ Qﬂ-qwl)luptﬂwlp]tp}qmmnyg bpg H4- methylplperazm -yl)methyl]thien-

3-y6&1[%¥«5{322 gﬁ%@“g%g%mr%{tﬂ%iyphenyl )am no] -2-(4-{[4-(2-ne
t hoxyphenyl ) pi per azi n-1

7-{(i4-dichlprpr mmquhqweﬁ@[r@ 12:8107r i di ne- 6-carbonitrile;
(d.r%e{hg%r.}‘.‘)no%ﬁa IRﬁmefr@t) L hﬁbﬁ\aﬁmvw mm%e%a%%.ﬂhé%

am noj }phényl )t hi eno[ 3, 2-b] pyri di ne-
Ga'@%‘HHGbonl trile; 184 V\D 2004/ 048386 PCT/ US2003/ 036206

7-[(2, 4-di chl or o- 5- net hoxyphenyl ) am no] - 2- (4-{[4-(net h
QQ &HichRros, )Tﬂétm??ﬁéﬁyl)&mmo]e ({6-[(dimethylamino)methyl]pyridin-2-

hi e 3,2-b ridine-6-carbonitrile;
V'}e"h[/wtmefaﬂigﬁblﬂyad@eéﬁ%fi? 'H&‘ﬁl/lp%/am no] - 2- { 4- [ (4- net hyl
pi perazin- 1-

7-[;i hﬂ%@&hmﬁ&&ybhbmﬁna{uﬁo]& [BHximiethiyleenifio)oeatindfhien-24 e;
- di chl or 0- 5- netroxyphenyl)an1no] 2-(4-{[4-(pyri

VIR %b}Péf'WW‘Pﬁaﬁ‘é?’H'i'
yl ] met hyl } phenyl ) t hi eno[ 3,2-b] pyri di ne-6-carbonitrile;
2E(d?chford%&hétﬁb)@pﬁemﬂ)dmn@m}enmp}laﬂnm] 2-{1-[2- (di et

TCTHA AR AT ————

7-[(2,4-dichloro-5-methoxyphenylamino}-2-(1 H-pyrrol-3-yl)thieno[3,2-b]pyridine-6-
carbonitrile;

7-{(2,4-dichloro-5-methoxyphenyl)amino]-2-(4-{[(2-
methoxyethyl)amino]methyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-{4-({[2-
(methylthio)ethyllamino}methyl)phenyl]thieno[3,2-b]pyridine-6-carbonitrile;
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7-[(2, 4-di chl or ophenyl ) am no] - 2- [ 4- (di et hyl am no) phen
yl ]t hieno[ 3, 2- b] pyri dine-6- carbonitrile;
WO 2009048386, 4- di chl or o- 5- net hoxyphenyl ) am no] - 2'{>é111U§ﬁM)6@(.i(ﬂ;
H i m dazol - 5-
yI)ethynyI]thleno[S 2-b] pyri di ne-6-carbonitrile;
[(2 4- di chl or o- 5- met hoxyphenyl ) am no] 2-{6-[ (di nmet hy
| ami-" no) met hyl ] pyri di n-2-
T1R4- dehlerpmehaxyphenybaminob2ddrirmmarpholie:4-

yirfotbyyBnén HhtfiéHops, Qﬁnﬁgfn‘ﬁiﬁg%’(&’%?&wfle) am noJ - 2- (1

H-pyraz 4-yTY)'t pyridi ne-6- carbonitrile;
82 4- di chl-or o- 5- net hoxyphenyl ) am no] - 2-{[ 1- (2- hydro
7- ﬁi}‘O)’Q g-methaxyabeyyllamino 2 -[4-(piperazin-1- :

ylnyét&mghuﬁwdjln}.érm[@ﬁ @i’nQJeQé’a{r Qﬁ.{?ﬁG carbonitrile;

chl oro- 5-'met hoxyphenyl ) am no] - 2-[ 1- ( 2- nor pho

i et hy 1 H pyrazol - 4-
7 [tﬂ ??ﬁhéﬁb?@eéhwawy aREog2d4rmenhelin-4-giphenyl)thieno[3,2-
,b]p@n&nﬁ&%di'b&hh@ro 5- met hoxyphenyl ) am no] - 2- { 5-[ (di net hy
['am no) net hyI ] pyridi n-2-
¥é t hi eno ]a%rldl ne-6-carbonitrile;
floroza- H mﬂaﬂ wP@tzalo’s’cymmhem}@mmp) 2-(45- [ (di et hyl

f enyTRAiIBNG[S LM i -
or)ﬁ/r}?]pthhl ye'ﬁol[ 3, [ ?]Eg?%?zﬁg a%bog Itrllt‘;"onl trile;

) H*é RI chI or Q- 5- et hoxy henyl )am noL 2-{4-[ 2-
7 (Z GRS éf”‘ﬁ'm qa&ﬂ'e%y higlphenyiamipohPr¢r i d| ne- 6- ca
I“éﬂtyltarﬁ &Qﬁ;l B3 / 036206
d 7-1 (2, 'ijéfa gm”g??)@mnet oﬁypheﬁ&le%ﬁﬁggé[ 1- (2- hydrox

™Y B hlis G endominck 2 metiviarainoimethyipyridin 2.

yléthirtiyetyems)3, Z-bldydidiked-cdibsigile; - met hoxyphenyl ) ani no] t hi
enol 3, 2-b] pyrl di n-2-yl)- N N di net hyl benzam de;

tho am no 2-{5-[(4-neth
[ZQp% &épg%? t ?)Syﬁg?qrg/;f) qplyp))razol-4 yethyn{yl)th[le(no[sz Y
bldwidipkla-tarbordtfi®; 2- b] pyri d| ne-6-carbonitrile; and
7-1(2, 4-di chl or o- 5- net hoxyphenyl )am -

[K%Jrl g%hfofﬁogt]%ﬁﬂ)’%éé]% |¥) gt‘ueno[boé %]pyngl]ngy B-car onrll't(reule6

onitri

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-{5- [(4-methylp|perazm -1-yl)methyl]pyridin-
2-yl}thieno[3,2-b]pyridine-6-carbonitrile;

2—{4-[(butylamino)methyl]phenyl}-7-[(2,4-dichIoro-5-methoxyphenyl)amino]thieno[s,2-
b]pyridine-6-carbonitrile;

7—[(2,4-dichIoro-s-methoxyphenyl)amino]—2-{4-[(1-oxidothiomorpholin-4-
yl)methyi]phenyljthieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino}-2-{4-
[(diethylamino)methyllphenyljthieno[3,2-b]pyridine-6-carbonitrile;

7-{(2,4-dichloro-5-methoxyphenyl)amino}-2-(4-{[(3-
hydroxypropyl)amino]methyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile;
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7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-[5-(morpholin-4-ylmethyl)pyridin-2-
lithieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5—methoxyphenyl)amino]-2-(6—m0rpholin-4—ylpyridin-3-y|)thieno[3,2—
blpyridine-6-carbonitrile; |

7-[(2,4-dichloro-5-ethoxyphenyl)amino}-2-iodothieno[3,2-b}pyridine-6-carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-{4-[(1,1-dioxidothiomorpholin-4-
yl)methyljphenyl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-{4-[(4-pyridin-2-ylpiperazin-1-
| yl)methyllphenyl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichIoro-5-methoxyphényl)amino];2-{4-[(4-phenylpiperazin-1 -
yl)methyl]phenyi}thieno[3,2-b]pyridine-6-carbonitrile;

7-{(2,4-dichloro-5-methoxyphenyl)amino}-2-(4{[(2R,5S)-2,5-dimethylpiperazin-1-
limethyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichlorphenyl)amino]-2-(4-formylphenyl)thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5-ethoxyphenyl)amino]-2-(4-formylphenyl)thieno[3,2-b]pyridine-6-
carbonitrile; o '

7-{(2,4-dichloro-5-methoxyphenyl)amino}-2-{4-[(4-methylpiperazin-1-
yl)carbonyl]phenyijthieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichlorophenyl)amino]-2-{4-[(4-methylpipefazin-1 -yl)fnethyl]phenyl}thieno[3,2-
blpyridine-6-carbonitrile;

| 7-[(2,4-dichloro-5-methoxyphenyl)amino}-2-(4-{[4-(2-methoxyphenyl)piperazin-1-
yljmethyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile:

7-[(2,4-dichloro-5-methoxyphenyl)amino]-2-(4-{[(3-
methylbutyl)aminoJmethyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile;
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7-[(2,4-dichloro-5-methoxyphenyI)amino]-2—(4-{[4—(methylsuIfonyl)piper_azin-1 -
yllmethyl}phenyl)thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichIoro-5-eth_oxyphenyl)amino]-2-{4-[(4-methylpiperazin-1 -
yl)methyl]phenyl}thieno[3,2-b]pyridine-G-carbonitriIe;

7-[(2,4—dichIoro-5-methoxyphenyl)amino]-2-(4-{[4-(pyridin-2-ylmethyl)piperazin-1 -
yl]methyl}phenyl)thieno[3,2-b]pyridine—6-carbonitrile;

7-[(2,4—dichIoro-5—methoxyphenyl)amino]-z-{1 -[2-(dimethylamino)ethyl]-1H-pyrrol-3-
yhithieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dich|orophenyl)amino]-2-[4-(dimethylamiho)phenyl]thieno[3,2—b]p’yridine-6-
carbonitrile;

7-[(2,4-dichIoro-5-methoxyphenyl)amino]-2-[(1 -methyl-1H-imidazol-5-
yl)ethynyl]thieno[3,2-b]pyridine—6-carbon_'rtrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino]—2-{6-[(dimethylamino)methyl]pyridin-2-
yl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4»dichIoro-5-methoxyphenyl)amino]-2-(1 H-pyrazol-4-yl)thieno[3,2-b]pyridine-6-
carbonitrile: |

7-[(2,4-dichloro-5—methoxypheny|)amino]-2—{[1 -(2-hydroxyethyl)-1H-pyrazol-4-
yllethynyl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4—dichIoro-5-methoxyphenyl)amino]-z-[1 -(2-morpholin-4-ylethyl)-1H-pyrazol-4-
ylthieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4—dichloro—5—methoxyphenyl)amino]-2-{5-[(dimethylamino)methyl]pyridin-2-
yljthieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino]—2-{5—[(diethylamino)methyl]pyridin-z—
yl}thieno[3,2-b]pyridine-6-carbonitrile;

7-[(2,4-dichloro-5-methoxyphenyl)amino}-2-{4-[2-
(dimethylamino)ethyllphenyljthieno[3,2-b]pyridine-6-carbonitrile:

185



WO 2004/048386 PCT/US2003/036206

7-[(2,4-dichloro-5-methoxyphenyl)amino}-2-{1 -(2-hydroxyethyl)-1H-pyrazol-4-
yl]thieno[3,2-b]pyridine-6-carbonitrile;

4—{6-cyano-7-[(2,4-dich|oro-5-methoxyphenyl)amino]thieno[3,2-b]pyridin-2-yl}-N,N-
dimethylbenzamide;

7-[(2,4-dichloro—5-methoxyphenyl)amino]-2-{5-[(4-methylpiperazin-1 -yl)methyl]-é-
furyljthieno[3,2-b]pyridine-6-carbonitrile; and

7—[(2,4—dich|oro—5—methoxyphenyl)amino]-2~(5-formyl-3-fury|)thieno[3,2—b]pyridine—6—
carbonitrile. '
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