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Zhu CROSS REFERENCE TO RELATED APPLI CATI ONS The present invention clains
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novel compounds with multiple aromatic conponents capabl e of nodul ati ng,
regul ati ng and/ or COMPHIUNDSH AS/TYROMNE KANA S MODULAJIRBCt i on. The
present invention is also directed to nethods of prevention and/or

15treat nent of disorders related to unregul ated tyrosine kinase signa
tragsduction, including bﬁk@ﬁﬁgg|Xﬁmh§dmbgndqg552gﬁomﬁh di sorders,

nmet abol i ¢ di sorders, blood vessel proliferative disorders, |nflannatory

di sorders, neurodegenerative di seases and i nmune dlsorders BACKGROUND COF
THE | NVENTI ON Pr ot eCROSYrRISFERERCRAYe 8 ECATTHY APPRIGX TEONBnportant role in
t he control of ceII growth 20and differentiation. PTKs conprise a |arge and

recept or -ty Pl HEDPF EROPGLEIT B aRD PRShehE bt aht9(EHA U RERSHE ular

domai nsero%lom%mmaﬁ&m@& @1/2439 503 hied ag Sepob | 2009% 1/36&616)\d¢d on F& 22,
exanpl e, signal transduction nedi at ed recept or rosi ne ki nases ("RTKs")

i's i ni tA040eal/b3p.cH filgd en Tumead 1, Qﬂi‘éanﬂ:@ﬂéﬁoﬁm filesd 01.2049.cahk of whieh or

(i tion, transient

st |1§ul att e’?@g@g’)lﬁcg]ﬁ&{a?:ﬁﬁ%@xb?’oef%gl%kg{mr%g%% %gt{r |ér31éase activity and
phosphorylatlon. Bi ndi ng sites are thereby created for intracellular signal
transduction nol ecul es and |@ga( 3 ortiee MOVERNION of conpl exes with a

spect rum of cytoplasnic signaling nolecules that facilitate the appropriate
cel lul ar response (e. cel |, divjsion, mnetabolic. #oniqﬁta5|s. and

responses t ol FHECE Finseiion r dirseLPoNGh OBHMPEREY Wit ¢ aromatic
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transduction. The present invention is also directed to methods of prevention and/or

15  treatment of disorders related to unregulated tyrosine kinase signal transduction, including
but not limited to, cell growth disorders, metabolic disorders, blood vessel proliferative

disorders, inflammatory disorders, neurodegenerative diseases and immune disorders.

BACKGROUND OF THE INVENTION

Protein tyrosine kinases (“PTKs”) play an important role in the control of cell growth

20  and differentiation. PTKs comprise a large and diverse class of proteins having enzymatic
activity. PTKs can be of the receptor-type (having extracellular, transmembrane and
intracellular domains) or the non-receptor type (being wholly intracellular). For example,
signal transduction mediated by receptor tyrosine kinases (“RTKs”) is initiated by
extracellular interaction with a specific growth factor (i.e., a ligand), followed by receptor

25  dimerization, transient stimulation of the intrinsic protein tyrosine kinase activity and
phosphorylation. Binding sites are thereby created for intracellular signal transduction
molecules and lead to the formation of complexes with a spectrum of cytoplasmic signaling
molecules that facilitate the appropriate cellular response (e.g., cell division, metabolic

homeostasis, and responses to the extracellular microenvironment).



Wth respect to RTKs, it has been shown al so that tyrosine phosphorylation
sites function as high-affinity binding sites for SH2 (src honol ogy)
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conpri sed ofTheH¥TKs eamspriscrslerge faorimohtramoepttoand retepitors wrdrdikdrsrase- 1
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334-339, which is incorporated herein by reference. The non-receptor
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i s conph¢ BR& o aphB recgpiges CShllkpekit erd PEKSI. AnathensublignailsptRThes, Fyn, Lyn,
oncogerbe I B S b AR BRER B e B P SRR eridlses i o
pr ovi defdtal Rver kinase-1 (KDR/FLK-1), the fetal liver kinase 4 (FLK-4) and the fms-like tyrosine
kinase 1 (flt-1). Each of these receptors was initially believed to be a receptor for
30  hematopoictic growth factors. Two other subfamilies of RTKs have been designated as the
FGF receptor family (FGFR1, FGFR2, FGFR3 and FGFR4) and the Met subfamily (c-met

and Ron). Because of the similarities between the PDGF and FLK subfamilies, the two



10Bol en, 1993, Oncogen 8: 2025-2031, which is incorporated herein by

ref erence. Many of the protein tyrosine kinases (PTKs), whether an
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20 (Jellinek, et al, Biochemistry 33: 10450-56); Takano, et al, 1993, Mol. Bio. Cell 4:358A;
Kinsella, et al, 1992, Exp. Cell Res. 199: 56-62; Wright, et al, 1992, J. Cellular Phys. 152:
448-57) and tyrosine kinase inhibitors (U.S. Patent No. 5,330,992; Mariani, et al, 1994, Proc.
Am. Assoc. Cancer Res. 35: 2268).

More recently, attempts have been made to identify small molecules which act as

25  tyrosine kinase inhibitors. For example, bis monocyclic, bicyclic or heterocyclic aryl
compounds (PCT Application No. WO 92/20642), vinylene-azaindole derivatives (PCT
Application No. WO 94/14808) and 1-cyclopropyl-4-pyridyl-quinolones (U.S. Patent No.
5,330,992) have been described generally as tyrosine kinase inhibitors. Styryl compounds
(U.S. Patent No. 5,217,999), styryl-substituted pyridyl compounds (U.S. Patent No.

30 5,302,606), certain quinazoline derivatives (EP Application No. 0 566 266 A1), seleoindoles
and selenides (PCT Application No. WO 94/03427), tricyclic polyhydroxylic compounds
(PCT Application No. WO 92/21660) and benzylphosphonic acid compounds (PCT

3



10SUMVARY OF THE | NVENTI ON The present invention is directed to
conpounds represented by Formula | capable of nodul ati ng, regul ati ng and/ or
i nhi bi ti nyotzgriombeve ki nase signal transduction, and use®cofustoie/oesnpounds
and conpositions incorporating the conpounds for disease treatnent and

prevent 15The conmpounds of the pre i nventign_can be found.in
generaIAIFIglrcﬁ%‘PnaNP \%’@nﬁl/ﬁj?f%%ame&nﬁssr%@?éaﬁ QR %W%a%@r%&eganwom t he
group GAR®itSkifbousafin MR treanen®bPlance2On is 0 or an integer of from1l to 2;

R is independently selected fromthe group consisting of hydrogen,

al kenyl , al koxyal kyl, CF3, al kyl, al kyl carbonyl, al koxycarbonyl, aryl,
het er ocycl odhla;iﬂixiohyﬂhﬂwmﬂlkydﬂacmmab lsyldfdd d's’Zﬁﬁ);ine \Mms@inhiblﬁﬁrsambhl%a are

i ndependently selected from4 the group consist] of dro al kyl ,

al kyl céﬁ%&ﬁypounéﬁ peigsed igdhy PatgNgy| 7Lﬁ5fod§'y@ 5413?@43%@%7&%; 579,783

hal qal ky$ s8f408¥%k3 13805 Bt BFPmICS, ¥deSo8of ankah?c'hta% fﬁ%&ﬂpwtéfd 1%2@?&@1{%% n@nd may
be taken tdgether to forma 5-7 nenmberéd heterocyclicring

sel ect gbleif egiretidse gr oup consi sting of hydrogen, halogen, Cl to C8 al kyI
S(0)fR4, 5(CR5R6)dC(0)0R4, S(0)f(CR5R6)dC(0)O0R4, (CR5R6)dAr, NR4(CR5R6) dAr,

O( CR5R6) dAr, S f CR5R6d CR5R6) dS( Q). f R4 dS(0) f R4,
o§ CR5R6§ d rS( e%l e@% %@%ﬁe@% é@PB‘?‘%Iﬁﬁ(W R@%éﬁ arbrrs) ( Phansdiction

T e T e

R6)dP(0)1(@1R4)12 S(O)f(CRS 10R6)eP(O)(OR4)2 OC(O)(CRSRG)dN(R4)2
C(0) (CR5R6) dN( R4) 2, C(0) N=S(0) R5 RS,

10 SUMMARY OF THE INVENTION

The present invention is directed to compounds represented by Formula I capable of
modulating, regulating and/or inhibiting tyrosine kinase signal transduction, and uses of the

compounds and compositions incorporating the compounds for disease treatment and

prevention.
15 The compounds of the present invention can be found in general Formula I:
RV

Z
Jot

X
R, k /\R

Formula |
wherein

X is selected from the group consisting of NR', O, S(O),;
20 n is 0 or an integer of from 1 to 2;
R' is independently selected from the group consisting of hydrogen, alkenyl,
alkoxyalkyl, CF3, alkyl, alkylcarbonyl, alkoxycarbonyl, aryl, heterocycloalkyl,
hydroxyalkyl, and alkyl(N R’R?), wherein R? and R? are independently selected from
4



NR2C( 0) (CR5R6) dN(R4) 25 (¢ R5R6)d-K 5 5 S(0)f (CR5R6) dR5, HNC(0) R4,

HN- C(0) OR4, (CR5R6) dN(R4)2, S(0)f (CR5R6)dN(R4)2, OC(0)O0R4,

( CR5R6) dGyO20GRERDY dR4, ( CR5R6) dC( 0) (CRSR6) dOR4, and PCT/US2010/047816
(CR5R6) dC(0) (CR5R6) dN( R4) 2, wherein each R4 is independently selected from

hyar oyl ke Siesb emista) QYR ot ¢ RO A ATy NCToN SRt AR sl . -
member ed_hatya6 aesl hgloalwgulfsﬁ{rﬁgéfd%ie{wogc ﬁ'lﬂ'ohgl PRornAFRYY A1ABR’ and

pyrrolidine, uor opyfroli pi peri fl uoropiperi di ne,
N- et hyl pi peyawitalesn tngatkmdb iforen a 2;76membered hgltbnwcpibahnml,thﬁ\hl onor phol i ne,

d wherein, | t te h t
Thr e of CRE sl o s R PR e SRR T Peat B Re VORI o bup.
congi sti ng(@ksmm(@g@w S(@I)f@CRW?i cqes»yd)R ,GERIP A KWIR* @&%%Ahydr oxyal kyl,

Cl-C8 al ko oxycarbo al kgxycar bqonyl bonyl
e oo cas KRR At S(@)%%R%Aw a&ma&%ua?mcgﬁ)swmq;&g SRR RS

alter nat Fi%'@@fﬁ“ SRR RS Pl B 2 or S Al ROyl s < or
FoEL = cor Ao el i, SO e
ﬁl koxyal kyI(CRaRkaéf’éRbé@jf@&ﬁ )e%@@éﬁ%@& &h?(g)(ﬁﬁﬁ)é &éé@gonyl
ng)oi;yg?r ;Kr\ap%@éggr)b’o(?q@)g’ ?idéw(gﬂzggg))?gkg@z n)za&?)«g er op?frém 1to 5
L ol
consi sti ng](ggéﬁébjgﬁ%(gglkr&%;@g )dgf&é&g)ﬁ(%&gm @ﬁ%ﬁgfﬁ@&?“ Ra?Pd 1 a?yl ogy
aryl oxyal kygR? % I%@Sﬁa dbRXya @kéﬁ‘*)kc’(b) éﬂ?@%%))%%%eﬁéﬁ{%h&%%s

hydr oxyal kyl ,
( NR2R3) car tmiwblaiehém yélectedh ﬂO(Ile 8@)19 a:ptmﬁyllgadf ly tirogemdrydraxyRZ 1 rchliR3, ar e

a1 051 ar bortpi CEFk TR TT 65 gReS R Rek o YR Jhmka o o Jrt”
het erocycl yhewck@mdteroadie rinat ¢Mﬁé%lwlrmn@-ﬁﬁétm perdladien st oget her to

forma 5-7 nenbered heterocyclic ring wwth N, b is 0 or an integer of from
1 to 2: 10Yluptopyapbidinediperahing Keflupreniperiting NstmictyIriperazine, morpholine, 2,6- ( 1)

- (CH2) - 0- ﬁ%&hﬁﬁoé@&lin&ftﬂg&&b%ﬂeg AR erein(sa He@ego_!%)cﬁé riggnga%%) h-

optionally substituted with up to three of R’; wherein R’ and R° are independently

20 selected from the group consisting of hydrogen, halo, hydroxyl, C;-Cs alkyl, C;-Cg
hydroxyalkyl, C;-Cs alkoxyalkyl, alkoxycarbonylalkyl, alkoxycarbonyl,
hydroxycarbonyl, hydroxycarbonylalkyl, amide, alkylamide, amidoalkyl, sulfonate and
CR’R® may represent a carbocyclic or heterocyclic ring of from 5 to 6 carbons or
alternatively, (CR’R%)¢ and (CR’R®), may form a 3-7 membered carbocyclic or

25 heterocyclic ring, wherein the ring may be optionally substituted with up to three of
hydroxyl, halo, C;-Cg alkyl, C;-Cs hydroxyalkyl, C;-Cs alkoxyalkyl,
alkoxycarbonylalkyl, alkoxycarbonyl, hydroxycarbonyl, hydroxycarbonylalkyl, amide,

alkylamide, amidoalkyl and sulfonate;

a is 0 or an integer of from 1 to 3;
30 d is 0 or an integer of from 1 to 5;
¢ is an integer of from 1 to 4;

fis 0 or an integer of from 1 to 2;



(4) -(CH2)g- C(0)NR2-(CH2) h-; 15(5) -(CH2)g- NR2C(0 )-(CH2)h-; (6)
-(CH2) g- (CH2) h-; (7) - (CH2) g- CH(OH) - (CH2) h-; (8) -(CH2)g-C=C (CH2) h-;
and (9) aweizngledwond; 20wherein g is 0 or an integer ofCrruseoid/o8m318; h is
O or an integer of from1l to 3; R is |ndependently sel ected fromthe group

t f | k k | k | kyl al kyl b |
gfﬂziicépg&%yus 11¥%P9$£“H@?%‘F§% @PH&LR%?OH%Q%W agﬂgen Xé(%lkgﬂ NO%R:),)
wherein R2 %q?,ﬁﬁogr aIkoRAGRANARDE LX15E) gﬁicsgalk&pwohﬁalem&py GQRsikELT ng of

hydr ogen, al ky al’kyl carbonyl, " al Koxycar bon

aryl sul f onyllydmhm lqailrcbowaﬁqokj',dnfylmxyalkdl @m@dyokyl(§B¥ROWEnylmN& Rimtlivel v

win N R B BB PR R R b SR B Mo B Bytdbens oy,

al kyl car bomydepefRatik od¥&@ad Romthe ﬁiubwbﬁgétf@wlhyd@rgyﬁ Sl o learbonyl,
haloalkylsulfo |, and heterocyc ' i s sel ected fron1the

o e s nHoRr L WD DG S T STy Lapd ROy STbulrnsl: Heamyveis( | |
Napht hyl: Gl 1R A8 9l € (TBIPELEH BIOEYES FmhEh LR Kol R R Ml 6 . has 1-5

heteroatons

b is 0 or an integer of from 1 to 2;

10 Y is selected from the group consisting of

(1) —(CHy)g—O—(CH)h—;

(2) —(CH2)g—NR'—(CH,)h—;

(3) —(CHy)g— CO—(CH)h—;

(4) —(CHz)g— C(O)NR*—(CH,)h—;
15 (5) —(CHp)g— NR’C(O }—(CHy)h—;

(6) —(CHz)g—(CH2)h—;

(7) —(CH,)g—CH(OH)—(CHz)h—;

(8) —(CH;)g—C=C—(CH)h—;

and (9) a single bond;

20 wherein
g 1s 0 or an integer of from 1 to 3;

his 0 or an integer of from 1 to 3;

R' is independently selected from the group consisting of hydrogen, alkenyl,
alkoxyalkyl, CF3, alkyl, alkylcarbonyl, alkoxycarbonyl, aryl, heterocycloalkyl,

25 hydroxyalkyl, and alkyl(N R’R?), wherein R*and R? are independently selected from
the group consisting of hydrogen, alkyl, alkylcarbonyl, alkoxycarbonyl, alkylsulfonyl,
arylsulfonyl, haloalkylsulfonyl, and heterocyclylsulfonyl; alternatively R*and R* and

may be taken together to form a 5-7 membered heterocyclic ring with N;

R”is selected from the group consisting of hydrogen, alkyl, alkylcarbonyl,
30 alkoxycarbonyl, alkylsulfonyl, arylsulfonyl, haloalkylsulfonyl, and
heterocyclylsulfonyl;

Ring A is selected from the group consisting of:



5 independently selected fromthe group consisting of 0, Nand S; and (iv)
An 8 to 10 nenbered bicyclic heteroaryl group which has 1-6 heteroatons
i ndependewol2zgiigebmet ed from the group consisting of 0, Rcan$28)/0478Ks
represents optionally 1-3 substituents independently selected fromthe
group consi sti ng Q\]l Cl1-05 linear or branched al kyl, C1-05 |linear or
branched hal ga Cl- 05 al koxy, hydroxY, 10am no, Cl-05 al kyl am no, Cl1-C6
di al kyl am no| ogen, cyano, and nitro; Z is selected fromthe group
consi sting QNP Ri(CH2) , N(R7) C(O) N(R8) (CH2)j; (2")
(CH2), N(R7) LLS)N(R8) (CH2) j ; (3") (CH2) IN(R7) C(0); 15(4") C(0)N(R8)(CH2)]j;
(5") (CHZ) N(R7)S(0)2; and (6') S(0)2N(R8)(CH2)J; wherein i is 0 or 1; 20
is 0 or(DEh eRSﬂ and R8 are independently selected fromthe group consisting
of hydr aI kyI Ring Bis selected fromthe group consisting of: RV
h@ﬂﬁ?‘ I%B%( ') Napht hyl ;
(iii) A 5 or 6 membered monocyclic heteroaryl group which has 1-5 heteroatoms

5 independently selected from the group consisting of O, N and S;
and (iv) An 8 to 10 membered bicyclic heteroaryl group which has 1-6 heteroatoms
independently selected from the group consisting of O, N and S;

R represents optionally 1-3 substituents independently selected from the group consisting of
C1-Cs linear or branched alkyl, C;-Cs linear or branched haloalkyl, C;-Cs alkoxy, hydroxy,

10 amino, C,-Cs alkylamino, C1-C6 dialkylamino, halogen, cyano, and nitro;

Z is selected from the group consisting of
(1) (CH):NRHC(O)N(R®)(CH,);,
(2°) (CH)NRC(S)N(R®Y(CHy);
(3”) (CH2):N(R")C(O),
15 (4°) C(ON(R*)(CH,);
(5) (CH)NR"S(O);
and (6”) S(O),N(R*)(CH,);

wherein
1isQor1;
20 jisOor1;
R’ and R® are independently selected from the group consisting of hydrogen and alkyl.

Ring B is selected from the group consisting of:

RIV

v

(1’) Phenyl;
25 (i) Naphthyl;



(tii") A5 or 6 nenbered nonocyclic heteroaryl group which has 1-3

het er oat ons i ndependently selected fromthe group consisting of 0, N and S
and (iv')waroB/me0010 nenbered bicyclic heteroaryl grouppémiuskolmagrsie 3

het er oat ons i ndependently selected fromthe group consisting of 0, N and S

5 RWrepresents optio substi t ents i ndep ently selected from
the gr ciub>§o%%ﬁ @fnieﬂl&e@a f%fryq@axéw @qu%w $RYP Whéﬂhﬂ“tﬁij heeRytemsal kyl

aryl oxxnda@reﬂa&ltmaec&a%%ﬁ Rgm%ns@@l{goofmhgﬁa koxy, hal oal kyl, " hydr oxy,
hydr oxyal Kyl , nitro, and wherein RY and Rmare i ndependent |y

sel ect eddf(vonin Beo gﬁm@mwtblsyqlmglewtowlogrogewhlcaIhlayll 53 ledtdegdtoms bonyl , aryl,
10aryl al C cIoaIk | al k yclyl, and
heterod9§¥ Pﬁ?ﬁ?ﬁe 8@?%@ 03“8’£i%% §$ %ﬁt i nvention are included

in the follow ng par agr pahs 1) A conpound according to Formula I,
i ncluding any tautomer, stereoisoner, diastereoisoneric form pol yrmr phi c
form dtysepaesehisoniionsliydl-¢ aubstitugntsyiadencadently selected from thmralnocrqmétmga

h | hl.e d
D5t or oLy W RAGSE B Fef bl 87 AP Tl el b iilhg o

For mul ahaloalioxiyhigaldaiky) yfdréxyh Ih9difolﬂgalk§ﬂ) nfﬁlaea@pmﬁmd aﬁ&@dﬁﬁi Rignd &'hae agr aph
1, wherein Y iIs selected fromthe group consistin

- ( CH2) ghdspendantlyyspleeted diom) the @rgyp) nsting @Jmimgen(égyyl fllsylzyr@onmar(yém) h-:

) gl MR R S Er PR IR B 0 oy ane

(i) a single bond. 4) The conpound according to paragraphs 1 - 3, mherein
Z i s sedoeed @fbddiasmtt bEtlﬁrp%anﬁﬁ(i@ﬂﬁ)h&fé ingludéd (nGhi2 Yol NGy pdr@givaig) ( CH2) , ,

(cre). N R7? Cgsc)ogl(pglgm accor({lng to Formula I, including any tautomer, stereoisomer,
diastereoisomeric form, polymorphic form, crystal form, a solvate, a hydrate, a
metabolite, a pharmaceutically acceptable salt or prodrug, mixture of different

15 stereoisomers, mixture of different crystal forms.
2) A compound of Formula I in the form of a prodrug.
3) The compound according to paragraph 1, wherein Y is selected from the group
consisting of
(a) —(CHy)g—C=C—(CH)h—;
20 (b) —(CH,)g—NR'—(CH,)h—;
(¢) —(CHy)g— CO—(CHz)h—;
(d) —(CH2)g— C(O)NR*—(CH)h—;
() —(CHa)g— NR'C(0 )—~(CH)h—;
(f) —(CHz)g—(CH)h—;

25 (g) —(CHy)g—CH(OH)—(CHy)h—;
(h) —(CH2)g—O—(CH)h—;
and (1) a single bond.

4) The compound according to paragraphs 1 — 3, wherein Z is selected from the group
30 consisting of (CH,)N(R")C(O)N(R*)(CH,);. (CH2)N(R")C(S)N(R*)(CH,);,
(CH2:N(R')C(0), and C(O)N(R*)(CHo);.
5) The compound according to paragraphs 1 — 4, wherein X is NH.

6) The compound according to paragraphs 1 — 5, wherein Ring A and Ring B are

independently selected from the group consisting of



(CH2), N(R7)C(0), and C(O)N(R8)(CH2)j. 5) The conpound according to
paragraphs 1 - 4, wherein Xis NH 6) The conpound accordi ng to paragraphs
1 - 5 wwoein/®@omg A and Ring B are i ndependently sel eecedistoionwishe gr oup

consi sting of 7) The conpound according to paragraph 6,
wherein X is S 8) The corrpq\ynd ag ording to paragraph 1 ,

whi ch can be furthe pre ed Forr@a [ITRIV \'"\X - R'b,x0 RS C,
N=S=0 R6 Formula I1 I ud@ an ut ormerN ster®oi somer, di ast ereoi soneric
form crystal form 10pol ynorphic form mxture of stereoisomers, mxture
of pol ynorphic for g@m’ Xty of tal forns, a solvate, a hydrate, a
netabolite, a phar uti catby accegtable salt or a prodrug. WO

2011/ 029001PCT/ US2010R047816 9) Thé )Conpound according to paragraphs 1 - 8,
wherein R is selected fro&?he greup cogpsisting of hydrogen, hal ogen, G
to C8 al kyl, (CR5R6)ldC0)0Ra N ( 5R6) dA[h) NR4( CR5R6) dAr,
( CR5R6) dC( 0) N( R4) 2, r\%gA(CRm% d N(R4)2, O(CR5R6)dC(0)N(R4)2, (CR5

N

R6) dOR4, OC(0) ( CR5R6) dN( R4) 2,
R’1
Dy O
O 0 0 YO

7)  The compound according to paragraph 6, wherein X is S.
8) The compound according to paragraph 1, which can be further represented

5 by Formula II:

RIV

V4

/@m
Y R

r\ X
R”b_:k 7 \/\ L R
% 5
N ‘N=$=o
Re

Formula II

including any tautomer, stereoisomer, diastereoisomeric form, crystal form,
10 polymorphic form, mixture of stereoisomers, mixture of polymorphic forms,
mixture of crystal forms, a solvate, a hydrate, a metabolite, a pharmaceutically

acceptable salt or a prodrug.



5C(0) (CR5R6) dN(R4) 2, NR2C(0) (CR5R6) dN(R4) 2, (CR5R6) dR5, HNC(0) R4, FI N
C(0)0R4, (CR5R6)dN(R4)2, S(0)f (CR5R6)dN(R4)2, OC(0)O0R4,

(CR5R6) dGyOoR0GRERGY dR4, ( CR5R6) dC(0) (CR5R6) dOR4, and PCT/US2010/047816
(CR5R6) dC(0) (CR5R6) dN( R4) 2, wherein each R4 is independently selected from

the group con |st|ng 0 hydr ox G -C8 al k : ar Ci-C8
hydr oxyal kyl , p&vﬁ@ gf‘ﬂ% to R@@éﬁ}ﬁd a%»dfvlmzrﬂ& q%irfﬁ%t@ 7
menber ed het e%r%ﬁ%(%ﬁs‘r‘suh? 9., hy@li%%@ﬁ't?a‘ld‘g@noél mgr anéy p:Ra?%b (6 (Bﬁ“

pyrrolidine, uor o roli |ne pi erl or opi per | |ne
N- net hyl pi per@& iRe)dAmNIbKGRI RlédAIZ(@RCR Dél(ﬁylﬂ(rlbbszBI (CdbR )dﬁ(@)ﬁ(iRphol i ne, and

wherein said Y Q 0 ituted with up to
three of R5; Qﬁ@? ﬁ‘%g ﬂ)m @S‘@gﬁ#égg@%ed fromthe group
15cgnsi sting ofojwAr R“j)aNRZC(}@bE@I@W NS, GERERNLS, HSle @gRhysivoxyal kyl
Cl1- C8 al koxyal xycar bony ycar bon (3/ hydr oxycar bonyl ,

hydr oxycar bonﬂ}(é)l@&t(c i bR ap, ISQ@)i é\‘ﬁRgba‘DQ@) Rl fonate and CR5R6
may represent b 5 a; of from5 to 6 carbons or
alternativel y(ék( %E@%&gng)%@%%%§ (Féﬁrfr{n ‘?nI#renber ed carbocyclic or
het er ocycl i ¢ (GRS )decm)aeRéRq)dN(Ré)zrm@eﬂwclbﬁ mhd@@ahéxylywhstedtfmdlew th up

to three of hydroxyl, halq, Cl1-C8 al kyl, C1-C8 hydroxyal kyl,
al koxyal kyl , @PKDBLRsiBERY hxdmRgen, haqin@asxlyEaﬁb@le aryly iy &%éﬁoﬁbﬁwl Ci-

nydyoxycar Doryl al kil ATCRERORLKY KA iy REHAPSkHpA0E RULIRDASing2510) A

conmpound sel ect
2011/ 029001 PGIonhysii0d fOvkif Bilike, az@hdﬁfblﬁ}trolﬁhhé\lﬁ_ﬂucﬁbbﬁrdhd@d piperidine, 6- 0 Q|
1) oA fluoropiperidine, N-methylpiperazine, morpholine, 2,6-dimethylmorpholine,
thiomorpholine, and wherein said heterocyclic ring may be optionally substituted
with up to three of R’; wherein R’ and R are independently selected from the group
15 consisting of hydrogen, halo, hydroxyl, C;-Cs alkyl, C,-Cs hydroxyalkyl, C;-Cs
alkoxyalkyl, alkoxycarbonylalkyl, alkoxycarbonyl, hydroxycarbonyl,
hydroxycarbonylalkyl, amide, alkylamide, amidoalkyl, sulfonate and CR’R® may
represent a carbocyclic or heterocyclic ring of from 5 to 6 carbons or alternatively,
(CR’R®)4 and (CR’R®). may form a 3-7 membered carbocyclic or heterocyclic ring,
20 wherein the ring may be optionally substituted with up to three of hydroxyl, halo,
C;-Cs alkyl, C,-Cg hydroxyalkyl, C,-Cg alkoxyalkyl, alkoxycarbonylalkyl,
alkoxycarbonyl, hydroxycarbonyl, hydroxycarbonylalkyl, amide, alkylamide,

amidoalkyl and sulfonate.

25 10) A compound selected from the group consisting of
CH,
N
QR Y ion
7 NN T 0 0
/
N7 O-CH, 7 on 7 oo,



11) A method of use of the conpounds of paragraphs 1 - 10, wherein the
conpounds are used as tyrosine kinase nodul ators. 512) Use of the conpounds
of paragraple1110290010 i n the preparation of a nedi canment pCorusténe/osTs@@t Nent
or prevention of diseases of conditions related with unreggl ated tyrosine

ki nase activities cﬂnp¢15| g adm nistering a therapﬁutﬁcally effective
agraphs 1 - 10 tog f W th

garrier; 13) TheO f paragezph 12, wherein
g sel ected from tfje group 10co §ésting of cel
5, bl ood vessel $f epdtive dPsorders,

growt h and "
i nf l_ammat ory

gollc di sord

Lsor ders, neurodegeneratlve di nd |nqyne dlsorders

14)5The use of /.Cﬂgraphs 12 - 13 wherein the Vi sease onditions are
sel ected from tdie @iHoup consisting of colorectal cancer, |Whg,cancer,
hemat ol ogi cal cancer, renal cancer, liver cancer, breast cancef, diabetic

reti nopathy, nmacul ar degeneration, age-related 15nmacul ar degenerati on,
retinopathy of prematurity, ocul ar angi ogenesis, retinal edema, retinal

i schem a, diabetic macul ar edema, cystoid nmacul ar edenma, retinal vein
ocdfusi on, branch vein occlusion, preretinal neovascul arization,

| aser-i nduced choroi dal neovascul aong neovascul ari zati on associ at ed
wi th keratopl asty, glmaucoma and ocula®’ tunors, arthritis, pesgenésis,

hepatic ciyrhqsis, atherosclerosistNpsoriasis, diabete wound
heal i ng, 7 neurodegener&FﬂMe di seases aq@iiﬁjﬁﬁﬁfdiﬂ!ﬂ-ers 15)
A phar mage Sl tion conpri ing a therapeuti ect1ve ghount of a
conmpoupd according toyparagraphs 1 0 together w sphaprmacegtical | y
accept abl eccarrd er whergh is suitabl or systemati ar eral, local or

t opi @ yy. 2516) The pharnaceutlcahgconp05|t f pmarqgr&ph 15

whi chQa

& t Re %grn1selected fro QuUP consi sting of Tt & ts,
capsul é&s, i nt r avenous i nj ections, Pe ﬁa i nj ections, | ocal®=CH;

i njections, topical creanms, gels and ointnents, eye drops, ophthalmc

sol utions, ophthal mc suspensions, ophthalnlc enuI5|ons intrayitreal
injections, subtenor WO 2011/02800LPCJ/ §S2010/ 047816 Fbcﬂlo S,
ophthalnlc hj odr odi Bl e |nplant --N eordi bl e ha m serts or

depot s. s conpound ph 10 imnp pr pargtion of a

nedlcanen or he Yff eat ment olseases land condl oq§ wher eich, t he
medi ca sontai ns C&: 5phar S.caf accebtable 0 on according to
par agr aph nd 16. DETAI L PTION OF THE QN\%hﬁ+present

inventioN is dif%cted to a series of conpounds with mul tipleyaromatic
conponents useful as protein tyrosine kinase inhibitors. The conpounds of
t he present F F

F
H H H H
N._N
b jeg
0] 0 0
o o o CH
ﬁﬁou S v G S o S &
Y P Nig N OH
~Lon H

OH N
/)/ N N




10i nvention are useful for treating diseases related to unregul ated

tyrosi ne ki nase signal transduction, for exanple, cancer, blood vessel

proliferavoeeldizsmiders, fibrotic disorders, and neur odegErsSe@EDI0¥B16

di seases. In particular, conpounds of the present invention are useful for

the treatnent of colorectal cancer, lung cancer, henatol ogi cal cancer,

renal cancer, liver cancer, breast cancer, diabetic retinopathy, macul ar

degenerat Lon, age¢related macul ar 15degeneration, retinopathy of

prematurily,lodyl dr angi ogenesi s, Hrewi Mal edema, retinal |schen1a di abetic

macul ar nnﬁﬂ/ I d macul ar qp@ I nal vein oc Iu ranch vein

occl uspors~pr €r etiyfal neovas | Zat i~ Iaser-lndur chpr

neovas ulgrlqgtlonm neovascul ari zagi on gssoci at ed eﬁht sty,

gl auc ™ ocmlar t unor s, r ést enosi s, eggtlg CIF;hOSIS

at her r09F§’C%sor|aS|s

|nflannat|on néhrodegeneratlve di seases and i nmun orﬁéK,ﬁ\;ﬂ\ npounds

of the I nvention The present invention is directed to a conmpound of Formul a
RRVA/ R" Y\X" R.b, NRa 25Formula | WO

2011/ 02&90%%%%1&? ZP &soelo(%%gg g‘o%lﬁlg?l%ds otn paragraphs 1 — 10, wherein the compounds are

used as tyrosine kinase modulators.

5 12) Use of the compounds of paragraphs 1 — 10 in the preparation of a medicament for the
treatment or prevention of diseases or conditions related with unregulated tyrosine
kinase activities, comprising administering a therapeutically effective amount of the
compound of paragraphs 1 — 10 together with a pharmaceutically acceptable carrier;

13) The use of paragraph 12, wherein the iseases or conditions are selected from the group

10 consisting of cell growth and metabolic disorders, blood vessel proliferative disorders,
inflammatory disorders, neurodegenerative diseases, and immune disorders.

14) The use of paragraphs 12 — 13 wherein the diseases or conditions are selected from the
group consisting of colorectal cancer, lung cancer, hematological cancer, renal cancer,
liver cancer, breast cancer, diabetic retinopathy, macular degeneration, age-related

15 macular degeneration, retinopathy of prematurity, ocular angiogenesis, retinal edema,
retinal ischemia, diabetic macular edema, cystoid macular edema, retinal vein
occlusion, branch vein occlusion, preretinal neovascularization, laser-induced choroidal
neovascularization, neovascularization associated with keratoplasty, glaucoma and
ocular tumors, arthritis, restenosis, hepatic cirrhosis, atherosclerosis, psoriasis, diabetes

20 mellitus, wound healing, inflammation, neurodegenerative diseases and immune
disorders.

15) A pharmaceutical composition comprising a therapeutic effective amount of a
compound according to paragraphs 1 — 10 together with a pharmaceutically acceptable
carrier which is suitable for systematic, parenteral, local or topical delivery.

25  16) The pharmaceutical composition of paragraph 15 which are in the form selected from the

group consisting of tablets, capsules, intravenous injections, intramuscular injections,
local injections, topical creams, gels and ointments, eye drops, ophthalmic solutions,

ophthalmic suspensions, ophthalmic emulsions, intravitreal injections, subtenon

12



X is selected fromthe group consisting of NR, 0, S(0)"; nis O or an
integer of froml to 2; R is independently selected fromthe group

consi sti nyoabiiaroegen, al kenyl, 5al koxyal kyl, CF3, al kycr/uskéglogmibonyl ,
al koxycar bonyl, aryl, heterocycl oal kyl, hydroxyal kyl, and al kyl (N R2R3),

wherein R2 and elndep tly selec edfromthe r consi sting of
hydr ogen, BIek{ens, apa'nw%? B‘Bﬁ&ﬂ%%q%df%‘%%%ﬁ gpiocordig %ﬁw inserts or

aryl sul f ony egotshal oal kyl sul fonyl, and heterocyclyl sul fonyl alternatively
R2and R3 and nmay be taken toget her to forma 5-7 menbered het erocyclic ring
with N1720RUsé¢ eftbelcempelmd‘smﬁmnag@p@ﬂ@ thegmeriasttionf efmdwychnmgefor thyal ogen Cl

5o W e R RO, (5 O

NR4GCRSR6) d§i i Eéhitic 8 (of éicocﬁﬁ shtihy ac&ﬁ@ﬁg(t@@gg)a?ﬁé 03 5%16

(CR5R6) dC( 0) N( R4) 2, NR4( CR5R6) dC( 0) N(R4) 2, 0( CR5R6) dC( 0) N( R4) 2,

S(0) f (CR5R6) eC(0) N(R4) 2, (CR5 R6)dOR4, S(0)f(CR5R6)dOR4, 15(CR5 R6) dOSCRR4,
S(0)f (CR5 R6) e0S02R4,  ( CR5 R6)dP(0)(0R4)2 S(0) f (CR5 R6)eP(0)(0R4)2

OC( 0) (CR5R6) dN( R4) 2, DITIAILCR RIRANO OO RHSMENHO

NR2C( 0) ( CR5R6) dN( R4) 2, (CR5R6)dR5 S( O)f(CR5R6)dR5 HNC( 0) R4, HN-C(0)OR4,

( CR5R6) dN( R4) 2, S(O%j]@ (CRSRE) AN(RA) 2, OC( 0) OR4, 0)(CR5R6)dR4

( CR5R6) dC( 0) (heresrsnimrentiong dir \aceros ¢ %YRW%? ultjple piptisach R4 i s
20i nde r [ ydr oxyl ,
201 e Y SR HRg ORI ALOHRIGRROIT LGOI P LRdE Y o

N( R9) 2 imeantiboam weH Tomemabeg édeemes; Eerla:ﬁ@@tol ungegulaigy tycmsmmklsasnglgnﬁl aziridine,

azetldlne rr0|d|ne 5- fl rr er|

011 uor BN P e SR AT DerEiora. P hief 1Rerdes: Btotic disorders, and

di met hyeiRideR@letdiRe disehREDhPARINE, corpduMiiesfRhdp2edil ifRh8EPE% Gkl fdrNg MY
be 25optionally substituted with up to three of R5; wherein R5 and R6 are

i ndepe rtbl@ﬁ@&tylesmf@@i@@btﬂrc‘@metrﬂsn@ rcampr élgmgiomglwé casfcchyehabganeer, iakio,

hydr xy

0 Koy AT RIS S RO e et R B bony 1 at Ky
amige, c&gknér@tmndﬁatmapaﬂdpafmmuﬁw fo@ﬁlat En@etnChRS Retinm ¥ ddrepragant a
carbocyclic or heterocyclic ring of fromS to 6 carbons or 30alternatively,
( CR5R6)itrhamir, dakste macitay cdenans wtad magilepedas. dingbrsie Prdusen, theansh aeiic| i ¢

w0 201 11550 bedBe RS IRk, AT HERG LI Ry Mool ' o ©

hydr ox yeblaslculafiiatiod aasdcaxgdalily keraaulpkaswy ghunbany had &y]llar tahmxwiﬁﬁtsp nyl ,

hydr oxycar bony hydr gxycar | al Kyl , am.de, ~al k m de, a d aI kyl and
sul f ondf¥enogis; Eemﬂsplrﬁwsssnﬁt §8¥ clgpsipmspsiasisy 6@“&% ﬂgufb Woun H]tgeger of
Ig@g‘_ 1 ihfammation, he@ddbneREN c BsedtOMdlintRub diforli§sO or an integer of from1

1. Compounds of the Invention

The present invention is directed to a compound of Formula I:

RIV

25 Formula I

13



RH i s independently selected fromthe group consisting of hydrogen, alkoxy,
al koxyal koxy, al koxyal kyl, al kyl, aryl oxy, aryl oxyal kyl, hal o, hal oal koxy,
hal oal kylwoRohydsamxy, hydroxyal koxy, hydroxyal kyl, ( NR2R8YalSkaxp47816
(NR2R3) al kenyl , (NR2R3) al kyl, (NR2R3) car bonyl al kenyl , and
(NR2R3)carngylalkyl wherein R2 and R3 are independently selected fromthe
group consiV§¥tHy of hydrogen, al kyl, al kyl carbonyl, al kyl sul fonyl,
aryl sul fonyl, hal oal kyl sul fonyl, and heterocyclylsulfonyl; alternatively

Reand R3 andismelclee floaken gkagadoneiktingoff R MG S3OY,; menber ed heterocyclic ring
with N, 15b is O or an integer of froml to 2; Y is selected fromthe group
consi sting of (1') -(CH2)g-0-(CH2) h-; (2")
- (CH2) g- NRn-ig @pap pmintegep pBfrpm. [ ©H2) g- CO- ( CH2) h-; (4') -(CH2)g-
C(O)NR2- (CH2) h-; (5") -(CH2)g- NR2C(0 )-(CH2)h-; (6") -(CH2)g-(CH2)h-;

7 CH2).g-.CH 9 |
bon: wieor 57wl d TR e Tl B Ehien et “ah [t caor -
of from 1 taod a]%l CF&Iaﬂl@@F&ﬂQQ@d}B&%ﬂ sa@ﬁ&@w@oﬁﬂoﬂ’yr R8tetc uealﬁgnm sting of

hydr ogen, alken ,al kyl, , kyl car bonyT , oxycar bonyl ,

aryl . het erh(yiélsﬂéb'@ibylkwd al yIGNd%(Ba)l wpreuaadamu Ryart RcRpaeiehtimpisasehiied and. R3

:[ Ey: ggfggglgqegrtolléﬁ &%I%g >§ Ct e rggéat b ﬁ?yﬁ) o850 ny{,@h{ox cat onwdaﬁkﬁsulfonyf kyl,

2011/ 02900 kRAF/11d520 h%@l{@&&ﬁo@nyd@uiet@wclylmﬂoaﬂl kiydraathfeOnRfand ®idnd

het erocycl yl sul f onyl ; alternatlve%y R2and R3 and may be taken together to
forma 5- 7%@@#@%&@%@% & 577 mgmbgredh hpteroryclicsdng Wtk &4 from t he group
consi sting of hydrogen al kyl, al kyl car bonyl , alkoxycarbonyl

al kﬁﬁ' sulf O’fé‘ 18 se]?lec%/edsiifj %é’gmuphé”‘o'n%%’n%é’ of lIlllyfdlrooré n ’halaogen %Ftto%goeﬁl\{ﬁl dOS)Lﬂ“f onyl;

(CR’R®)4C(0)OR*, S(0){(CRR®)4C(O)OR?, (CR’R%)4Ar, NRY(CR’R)4Ar,
O(CR’R®)4Ar, S(O){CR’R®)4Ar, (CR'R)4S(O)R?, NRY(CR’R®)4S(0)R?, O(CR’R®)q
S(O)R?, S(O){CR’R®).S(O)R?, (CR’R®)4C(OIN(R™),, NR*(CR’R®)4C(O)N(RY),,
O(CR’R®)4C(OIN(RY,, S(O){(CR’R®).C(OIN(RY,, (CR’ R%)4OR?, S(O){(CR’R%)(OR?,

15 (CR® R4OSO,R?, S(0)(CR’ R%).0SO,R?, (CR’ R%)4P(O)ORY),, S(0)«(CR’
R®.P(O)(OR%),, OC(O)(CRR®)N(RY),, C(ONCR’RO)N(RY),, C(O)N=S(O)R’ RS,
NRZC(O)(CRR®)gN(RY),, (CR’R®)(R’, S(0){CR’R®)¢R’, HNC(O)R?, HN-C(O)OR*,
(CRR®N(RY),, S(0); (CR’ROGN(R™),, OC(0)OR?, (CR’R®)4C(O)CR’RO)(R?,
(CRR®)4C(O)CR’R®)4OR?, and (CR’R®)4C(O)CR’R®)¢N(R?),, wherein each R” is

20 independently selected from the group consisting of hydrogen, hydroxyl, C;-Cs alkyl,
aryl, C,-Cg hydroxyalkyl, C;-Cs alkoxyalkyl, (CR’R%)¢ and N(R*), may form a 3-7
membered heterocyclic ring, comprising of aziridine, azetidine, pyrrolidine, 5-
fluoropyrrolidine, piperidine, 6-fluoropiperidine, N-methylpiperazine, morpholine, 2,6-
dimethylmorpholine, thiomorpholine, and wherein said heterocyclic ring may be

25 optionally substituted with up to three of R’; wherein R and R® are independently
selected from the group consisting of hydrogen, halo, hydroxyl, C;-Cs alkyl, C,-Cg
hydroxyalkyl, C;-Cs alkoxyalkyl, alkoxycarbonylalkyl, alkoxycarbonyl,
hydroxycarbonyl, hydroxycarbonylalkyl, amide, alkylamide, amidoalkyl, sulfonate and
CR’R® may represent a carbocyclic or heterocyclic ring of from 5 to 6 carbons or

30 alternatively, (CR’R®)q and (CR’R®), may form a 3-7 membered carbocyclic or

heterocyclic ring, wherein the ring may be optionally substituted with up to three of

14



Ring Ais selected fromthe group consisting of: (i) Phenyl; (ii)

Napht hyl; 10 (iii) A5 or 6 nenbered nonocyclic heteroaryl group which has
1-5 het erwaton2dovdependent |y sel ected fromthe group cea3itstem@4msioc 0, N
and S; and (iv) An 8 to 10 nenbered bicyclic het eroaryl group which has 1-6

het er oat o nde nde tl t from r C t ng of 0, N and S;
- K regﬁls‘;‘lg@ﬁﬁ’ BBt bﬁ%/tlaﬁ‘y ’iylahfé(ﬁt(g %?gléﬁﬁé’ t: ygsel ected from
th 1

br anched: hapeal &sé%"koﬁfy”f’hﬂy iR A s S SR A

di al kyl am ntkyldmadogendoadldrod selfichatd;t ro; Z is sel ected fromthe group

consi sting of (1) (CHZ) N(R7) C(0O) N(R8) (CH2) , ; (2')
(CH2) IN( R7) C( )N(R8)(CHZ%|§ 20(3') (CH2)IN(R7)C(0); (4') C(0) N(R8)(CHZ)]
(5') (CH2) 2N &Py &t btfeger ghiope! % 35( 0) 2N(R8) (CH2) J. wherein 25iisCorl; j is O

or % R7 andg B%rgﬁglté%ggpggglelngoly sel ected fromthe group consisting of
hydr ogen and al kyl is sélected fromthe group consisting of: RIv

¢ is an integer of frorn 1 to 4;

fis 0 or an integer of from 1 to 2;

R" is independently selected from the group consisting of hydrogen, alkoxy,
alkoxyalkoxy, alkoxyalkyl, alkyl, aryloxy, aryloxyalkyl, halo, haloalkoxy, haloalkyl,

10 hydroxy, hydroxyalkoxy, hydroxyalkyl, (NR*R*)alkoxy, (NR*R*)alkenyl, (NR*R*)alkyl,
(NR’R*)carbonylalkenyl, and (NR*R*)carbonylalkyl, wherein R* and R? are
independently selected from the group consisting of hydrogen, alkyl, alkylcarbonyl,
alkylsulfonyl, arylsulfonyl, haloalkylsulfonyl, and heterocyclylsulfonyl; alternatively

R’and R’ and may be taken together to form a 5-7 membered heterocyclic ring with N;

15 b is 0 or an integer of from 1 to 2;

Y is selected from the group consisting of

(1") —(CHy)g—O0—(CH)h—;

(2) —(CHp)g—NR'—(CH;)h—;
20 (3’) —(CHy)g— CO—(CHy)h—;

(4) —(CHp)g— C(O)NR’—(CHp)h—;

(57) —(CHp)g— NR’C(O )—(CHy)h—;

(6’) —(CHz)g—(CHz)h—;

(7’) —(CHy)g—CH(OH)—(CH,)h—;
25 (8) —(CH;)g—C=C—(CH)h—;

and (9’) a single bond;

wherein
g 1s 0 or an integer of from 1 to 3;
30 his 0 or an integer of from 1 to 3;

R' is independently selected from the group consisting of hydrogen, alkenyl,
alkoxyalkyl, CF3, alkyl, alkylcarbonyl, alkoxycarbonyl, aryl, heterocycloalkyl,
hydroxyalkyl, and alkyl(N R’R?), wherein R” and R? are independently selected from
the group consisting of hydrogen, alkyl, alkylcarbonyl, alkoxycarbonyl, alkylsulfonyl,

15



alafte (i') Phenyl; (ii') Naphthyl; 5(iii') A5 or 6 nmenbered nonocyclic
het eroaryl group which has 1-3 heteroatons independently selected fromthe
group conspaimgwi O, N and S; and (iv') An 8 to 10 nerbenisdoioioaises i c

het er oaryl group whi ch has 1-3 heteroatons i ndependently selected fromthe

group consi stin N and S; 10R v re se |onaIIy 1-3
subst i t uent §ry1§1ﬂ g@@%ﬁ%}“ﬁ@%‘c%‘?d@*?%&ﬁﬂ@%’%ﬁﬁ tEFALYLY Rrapddt 2af koxy,
al koxyal kyl ,mal ﬂf@eax&%geﬂﬁw to féiln'f){|5=7 ﬁ%ﬁﬁ'beeém,het%wclyeﬂl&ih% we@MNpoXy, cyano,

hal o, hal oal koxy, hal oal kyl, hydroxy, hydroxyal kyl, and - NROR1;
wherein RO and Rm are independently selected fromthe group consi sting of

hydr ogen, alBjib scledtéd/fromrthogyplup cemsystingaif maﬂogyd all@ycaluqastdﬂydnyl

cycl oal kyl al kyl terocycly nd h ycI Unl ess

ot her wi se |ﬁﬂ@%%f@'0mﬂéﬂ%ﬁ§ﬁggwf@n§$§gﬁﬁg ﬁ@aﬁﬁgﬂ Bmﬁén@onstrued broadly to
i nclsude conpRun QH H?peutlcally acceptabl e salts, prodrugs, tautomers,
stereoi soners, diastereoi soners, alternate solid forns, crystal forns,

pol ynor phic fornms, hydrates, solvates, netabolites, m xtures of

st er eoiBiag®y B8 scletted fioastheforapyshsibtifeosfrs, non- coval ent conpl exes, 20and
conbi nati ons thereof, of a chemcal entity of a depicted structure or a
chem cal nane. A pharmaceutically acceptable salt is any salt of the
parent conpo hat is suitable for adm nistration to an ani mal or hunan.
A phar maceut i y acceptable salt also refers to any salt which nmay form
in vivo as 8 tn of adm ni stration of an acid, another salt, or a 25
prodrug whi is converted into an acid or salt. A salt conprises one or
nore ionic forms of the conpound, such as a conjugate acid or base,

associ di)dthewylt h one or nore corresponding counter-ions. Salts can formfrom
or incot. te one or nore deprotonated acidic groups (e.g. carboxylic
aC|ds)(Hgﬁé&3Fy%Dre prot onated basic groups (e.g. am nes), or both (e.q.
2wt eripeh or BnABAOLALAZIPAd RETIOLSIAARAME fas 1-5 hotoai@h0dr Ug” 1 a
conpound when adm ni stered to 't go dy of a subject (such as a
manmal )lnd@ee@mlydekmted tronhiée gubjpeonsistingeefdBoN irad fat hway to provi de an

active ¢ or fical r.u S an active or
i nact i \f@gqﬁﬁé?d%m ]coglﬁffgﬁ d#’ﬁé{%{b S Eet?‘%ﬂﬁy;l E@&pé’ﬂﬁ?ﬁ @aﬁ @g‘?tﬁ‘g’gt? in vivo
phySIOhﬁ&ﬁﬁﬁ&mﬁ@kbﬁﬂwd$Mﬁhm@%n5@M%hﬁh (ﬁﬂ)mﬂh@@S|ISW1and the like, into a
conmpound of this |nvent|on followi ng a ministration of the prodrug to a
subj ect_pr patient. nmmon formof a prodrug is a masked carboxyllc

cO
acid gr%uﬁepr@@awmgnaélfy 133 ﬁ‘ﬂ%ﬂééﬁn@dﬁwweé)ﬂé selafteh fopciha geoug cpaviptErgofof
15  C;-Cs linear or branched alkyl, C;-Cs linear or branched haloalkyl, C,-Cs alkoxy, hydroxy,

amino, C,-Cs alkylamino, C1-C6 dialkylamino, halogen, cyano, and nitro;

Z is selected from the group consisting of

(1") (CH2ENRHYC(ONR)(CHD);

(2') (CHNR)C(SNR®)(CHY);
20 (3°) (CH:N(R)C(O),

(47) C(ON(R®)(CHo);

(5) (CHN(R)S(O):;

and (6°) S(0):N(R")(CH,);.

wherein

25 1isQor1;

jisOor1;

R’ and R® are independently selected from the group consisting of hydrogen and alkyl;
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esters, such as alkyl (for example, nethyl, ethyl), cycloal kyl (for
exanpl e, cycl ohexyl), aral kyl (for exanple, benzyl, p-nmethoxybenzyl), and
al kyl car bwoyboopadokyl (for exanple, 10 pival oyl oxymet hylPLT/tApd0mes7shave been
masked as aryl carbonyl oxynet hyl substituted derivatives which are cl eaved
by est ras%g,i vi%g‘reLeasing the.free drug and fornal dehyde (Bundgaard J.
Med. Ae Bois sgegteq gy the gravg copsistyig font ai ni ng an aci dic NH group, such as
i m dazol e, %ﬂ@de, i ndol e and the |ike, have been masked wth

e yl

N acyl oxyvs groups (Bundgaard Desi gn of Prodrugs, Elsevier (1985)).
Hydr oxy gEP ps have been masked as 15esters and ethers. EP 039, 051 (Sl oan
and Lit Apr. 11, 1981) discl oses Manni ch-base hydroxam ¢ acid prodrugs,

their préparation and use. For exanple, conversion may occur by hydrolysis
of an est&t group or sone other biologically |abile group. Prodrug

pr epar pbpﬂm{. wel | known in the art. For exanple, "Prodrugs and Drug
Deliveﬁy Syst’ens," which is a chapter in Richard B. Silverman, O ganic
Chem st(ny) Ndphibryllg Desi gn and Drug Action, 2d 20Ed., El sevier Acadenic

Press: Ansterda 2004, . 496- 557, ovides.furthey detail on the
bty A% Sl R Eiog R Bh P PEidhls o] bEASHRPMSDr § umwi th one
anot herjnddpRhd&X9TRlcBted tidut ﬂh@%%o%p%}ﬂsi%% st@tedndy, transfer of a proton,
hydrogen atom or hydride ion. Unless stereochemstry is explicitly and

unambi gudus! yAd8po ¢ etbmtmrest bicydligrheterearyrgrewpiedich hiag birwtadaomyer y possi bl e
st er eoi.soner ot h pure or.in _an ossi bl I Xt uge. Alternate solid
fornms éP@XﬁP¢?®V§ﬁ?B§g$PHIW8ﬂﬁgm%W§ﬁmPﬁ8§§)gﬁngﬁny result from practicing

t he procedures described herein. For exanple, alternate solid forns may be
anmor phoys forns, crystal forms, polynorphs, and the m xtures thereof. 30

NorOc oVl &mresentyppbedlydr 2 sesticaiseddensadentisclaston it fieggiowmeonsisip®und and

one or it ] pecte t t.] I val ent
pondi ng P HeaT sk AL SRET AR TR R pr LSRN G AR SBR O

speci eshalobhi@yyneatoaikynmyirowot, hipdroey kM ni20 1 4d D2 NP RPCTHHIGRN ROLOH RE L Ge
specific ratio between the conpound and the additional chem cal species.
Exanpl d8dspeperntlyselegiad frog) theeeaup qopeiptingeef hYéF%aeaealkylaﬂgyléﬁrbe%wEes , and

the 11 Kevlafkyl, 585 IEOEMbAL Ry PRACARIEON Shi ALLARy ATRAPr esent. Tnvention is

al so direct e use o conpo S as protein tyrosine kinase
nmoddal ators and i nhibitors. These conpounds can be used to treat diseases

related to regul at ed tyr.osi ne kinase signal tran ction, r npl e,
Varfous candoies ayfHe st Sridionreat fBand oFlas B coPied PoagPasr der s,
and neyrQdeIEREFRhLY, h 88tEcally lhBedpaibld Uk ArodiBQy NeSrs AterbbiSoREgsent
invention are useful for the treatnent and/or prevention of 10col orectal

cancer ,didsigrgpisemaeralteiraimiodid dginesa brysahtoems, padyraprpbeerfoans, hlyilxaeas, sodvades:

breast cancer. : . :
&n oefltés, mixtures of stereoisomers, mixtures of crystal forms, non-covalent complexes,

20  and combinations thereof, of a chemical entity of a depicted structure or a chemical name.

A pharmaceutically acceptable salt is any salt of the parent compound that is suitable

for administration to an animal or human. A pharmaceutically acceptable salt also refers to
any salt which may form irn vivo as a result of administration of an acid, another salt, or a

25  prodrug which is converted into an acid or salt. A salt comprises one or more ionic forms of
the compound, such as a conjugate acid or base, associated with one or more corresponding
counter-ions. Salts can form from or incorporate one or more deprotonated acidic groups
(e.g. carboxylic acids), one or more protonated basic groups (e.g. amines), or both (e.g.
zwitterions).

30
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di abetic retinopathy, macul ar degeneration, age-rel ated nmacul ar
degeneration, retinopathy of prematurity, ocul ar angi ogenesis, retinal
edenma, revonali/as@hem a, di abetic nmacul ar edenm, cystoi g#Cras2diaN4Bdena,
retinal vein occlusion, branch vein occlusion preretinal

neovascul ari zatiqn, , Iaser-lnd .neovascul ari zati on,
neovascul ari @ a8 2 &5H QAR A 1‘3&] ﬁwqtsgra Pgpstgie o t qt@bgdwﬁasemectéwhar
tunors ’as%rrﬁi}ﬁhﬁl) SbreAI&HoRMOR it sd%f‘ée@é fn%ta%l'icr 5591% t 9%9%& Laresi s,

psoriasis, diabétes nellitus, wound healing, inf tion,
neurode@enenadDﬂ%ndueeheéseanﬂnﬁmmMnepNME@gwenedum(nm@whuﬁﬁmabedhg. The

t d t di t f
Phe”t r aammonvd bl BRfsismmicih dhoudu e Rt ean ke titor iR B Wi en
abngr meydstidiy inkdt£so 1ok dnY HIRSHIRE it BRSRpSEhd SRBRIMFHtiod RIOWEAE cCament
contalns a pharnaceutlcal acceptable conp05|t|on whi ch conprises the

t her apedniigisiedtioncafithepradogrio a@ﬂbmeteor@@ﬁ@ﬁu@@e cohmpn éyanef 4 prodmigiivn,
t t he h
0]9 gf! hi 51{1%1&6& %E%’?qu%ragﬁfgg?ﬁ %ﬁa{n%? gf'&? tﬂ%?asﬁef &rg)exgh%te am{)n in déera \,?1%16? &p 0ses

di agnosdsters, Suidheas alitytl (Patkaiple trﬁetaplnempl) Sfclqatien efot euinsE, c@b}‘@ﬁaﬁ}&) or ot her
undesi rabl e 25condi ti ons. he pharmaceutical acceptabl e conpositions

cont ai reralkerEyeemeleebengyt. ipvﬂeetaﬁﬁfmtlzsd} athi]é kcyt%mﬁmyekylt(ﬁé Fregknt
' ”W@“Léﬁ%l?ﬁbgﬁgﬁﬁﬂg%ﬁt&ek A% &R n%k @ ﬁﬁ&t il tsuB@flu@gm ni stered

a person, 1n nee types of suitable
dos age deavatbveamchichedt cmmasttb,y astezaseelid v1km cbe/lmsmg thbéreadtug audcfonmiddmrde eadily

adapted_for 30 iV ounds, of the resent ntion, h as,
bt notBeREREh %ede Sfere Ly R0 Alip afrtes confidipe aﬁamétﬂawﬁéﬂm@eﬁt y. The
dosage {44781 AMdLSndAPLEd the IHC%PI%HIE @%en MALNAYGAPN %c&l&x?&%ﬂh?ﬂgmups

intramuscul ar i njections, local iInjections, topical creans; gels and
oi nt mrernBenpdgpel Beogsof BpHtigal aigdll 983)b iy droptgrbapshiage ba@pmmﬁqed as,

PTG TR e ST PG RS2
2011/ 025QRMRET¢ mgﬂ%‘;?&éﬁ Pt dih he ubdIB& dxample, B6RRESon MaP abous By ays and

oi ntment, various r or vaginal preparations. 3. Exanples 5 Table 1:
Exenpl ifydealytoafrsuesths gefupaisome eghenbiolomiealyilabileaman URre dSigrienatztionNmy

Cherm cg elmtf in the art. For example, “Prodrugs and Drug Delivery Systems,” which is a
chapter in Richard B. Silverman, Organic Chemistry of Drug Design and Drug Action, 2d
20  Ed., Elsevier Academic Press: Amsterdam, 2004, pp. 496-557, provides further detail on the

subject.

Tautomers are isomers that are in rapid equilibrium with one another. For example,
tautomers may be related by transfer of a proton, hydrogen atom, or hydride ion.
Unless stereochemistry is explicitly and unambiguously depicted, a structure is intended to

25  include every possible stereoisomer, both pure or in any possible mixture.

Alternate solid forms are different solid forms than those that may result from
practicing the procedures described herein. For example, alternate solid forms may be
amorphous forms, crystal forms, polymorphs, and the mixtures thereof.

30

Non-covalent complexes are complexes that may form between the compound and

one or more additional chemical species that do not involve a covalent bonding interaction

between the compound and the additional chemical species. They may or may not have a

18



00 451 methyl 7- [4-( { [(2-fluoro-5- nethyl phenyl)am no] carbonyl }
am no) phenox y]thieno[ 3, 2-b] pyridi ne-2-carboxylate o- F2 | 437
7-[ 4- ({[ (Wof2buareeod- et hyl phenyl ) am no] car bonyl } am noppharsexi0/047816
y] t hi eno[ 3, 2- b] pyri di ne- 2- car boxyli c aci d F3 /0 451 o

o e e B Pl gl e omBr ot i AP Spefics. Examplos gpighty |

N, - CH3 inclde solvates, hydrates, charge transfer complexes, and the like.

2. Uses, Formulation and Administration
5 The present invention is also directed to the use of the compounds as protein tyrosine
kinase modulators and inhibitors. These compounds can be used to treat diseases related to
unregulated tyrosine kinase signal transduction, for example, various cancers, blood vessel
proliferative disorders, fibrotic disorders, and neurodegenerative diseases. In particular,
compounds of the present invention are useful for the treatment and/or prevention of
10 colorectal cancer, lung cancer, hematological cancer, renal cancer, liver cancer, breast cancer,
diabetic retinopathy, macular degeneration, age-related macular degeneration, retinopathy of
prematurity, ocular angiogenesis, retinal edema, retinal ischemia, diabetic macular edema,
cystoid macular edema, retinal vein occlusion, branch vein occlusion, preretinal
neovascularization, laser-induced choroidal necovascularization, neovascularization associated
15  with keratoplasty, glaucoma and ocular tumors, arthritis, restenosis, hepatic cirrhosis,
atherosclerosis, psoriasis, diabetes mellitus, wound healing, inflammation, neurodegenerative
diseases and immune disorders in the human being.
The present invention is also directed to the preparation of a medicament for the treatment
and prevention of diseases and conditions related with abnormal activities of tyrosine kinase
20 receptors. The medicament contains a pharmaceutical acceptable composition, which
comprises the therapeutic effective amount of the compounds of present invention, together
with a pharmaceutical acceptable carrier.

ERINTS

For the purposes of this disclosure, “treat,” “treating,” or “treatment” refer to the
diagnosis, cure, mitigation, treatment, or prevention of disease or other undesirable
25  conditions.

The pharmaceutical acceptable compositions contain therapeutic effective amount of the
compounds of the present invention. These compositions can be used as a medicament and
administered to a mammal, such as a person, in need thereof. Different types of suitable
dosage forms and medicaments are well known in the art, and can be readily adapted for

30  delivery of the compounds of the present invention, such as, but not limited to, systematic,
parenteral, local and topical delivery. The dosage forms can be tablets, capsules, intravenous
injections, intramuscular injections, local injections, topical creams, gels and ointments, eye

drops, ophthalmic solutions, ophthalmic suspensions, ophthalmic emulsions, intravitreal

injections, subtenon injections, ophthalmic biodrodible implant, and non-biocordible
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CH3 435 nmethyl 7-[4-({[(2-fluoro-5- nethyl phenyl)am no] carbonyl}

am no) phenyl ]t hieno[ 3, 2- b] pyri di ne-2-carboxylate F5 0 CH, HN O HN 40 0 CH
421 7-[ 4-WO[20272basar o- 5- et hyl phenyl ) am no] car bonyl } arcma)Spéernyisjié

hi eno[ 3, 2- b] pyri di ne-2-carboxylic acid WD 2011/ 029001PCT/ US2010/ 047816 F6

g% nS*?’ ;ﬂi’g‘H’& ‘]Ctlﬁﬁ{ %8{5 035{ %%@%?S?@SW}I”?&P aflaﬁw% ]Vﬁglxﬁgﬁgfgygii d
preparations.

3. Examples
5 Table 1: Exemplified Compounds of the Present Invention
Compound Structure MW Chemical Name
f | 451 | methyl 7-[4-({[(2-fluoro-5-
\”/ methylphenyl)amino]carbonyl } amino)phenox
/©/ y]thieno[3,2-b]pyridine-2-carboxylate
lllees
T
N / o—
437 | 7-[4-({[(2-fluoro-5-
~ N\H/N - methylphenyl)amino]carbonyl} amino)phenox
8 y]thieno[3,2-b]pyridine-2-carboxylic acid
DY
N % o
451 | methyl 7-[3-({[(2-fluoro-5-
0 methylphenyl)amino]carbonyl } amino)phenox
Q\N J\N y]thieno[3,2-b]pyridine-2-carboxylate
o)
xS o
|
N/ % o—
H ou f 435 | methyl 7-[4-({[(2-fluoro-5-
N methylphenyl)amino]carbonyl } amino)phenyl]t
hieno[3,2-b]pyridine-2-carboxylate
F4 CH,
421 | 7-[4-({[(2-fluoro-5-
F CH, methylphenyl)amino]carbonyl}amino)phenyl]t
HN)= hieno[3,2-b]pyridine-2-carboxylic acid
FS HN ©
xS i
| L)~ on
N

20




No-ommm- 11- OH H

F7 101 SCcH3 0 527 3-[({743-fluoro-4-({[(2-fluoro-5-
nmet hyl phenyl ) am no] car bonyl } am no) phenoxy] t hi eno[ 3

, 2- b] pyriworef/ozbdocar bonyl ) am no] propanoic acid N----- PCTAISBHOM78168 O
1.10 CH3 \ 455 7-[3-fluoro-4-({[(2-fluoro-5-

met hyl phenyl ) am no] car bonyl } am no) phenoxy] t hi eno[ 3

, 2-b] pyri di ne-2-carboxylic acid

Hou T 509 | 3-[({7-[4-({[(2-fluoro-5-
N\n/N methylphenyl)amino]carbonyl} amino)phenoxy]thieno[3
o O/ o ,2-b]pyridin-2-yl} carbonyl)amino]propanoic acid
e v S S
N/ Y H’\)LOH
= F 527 | 3-[({7-[3-fluoro-4-({[(2-fluoro-5-
H H methylphenyl)amino]carbonyl} amino)phenoxy]thieno[3
\Ig ,2-b]pyridin-2-yl} carbonyl)amino]propanoic acid
F7 o
SoS i
N/ / H/\JLOH
. 455 | 7-[3-fluoro-4-({[(2-fluoro-5-
R H H methylphenyl)amino]carbonyl} amino)phenoxy]thieno[3
/©/ hif ,2-b]pyridine-2-carboxylic acid
F8 o) ©
N 7 on
F F 469 | methyl 7-(3-fluoro-4-(3-(2-fluoro-5-
N N methylphenyl)ureido)phenoxy)thieno[3,2-b]pyridine-2-
\ﬂ/ carboxylate
o}
o)
AN S (@] 3
|
N / —CH,
F won F 541 | methyl 3-[({7-[3-fluoro-4-({[(2-fluoro-5-
N\ﬂ/ N methylphenyl)amino]carbonyl} amino)phenoxy]thieno[3
o 0 ,2-b]pyridin-2-yl} carbonyl)amino]propanoate
CH,
o | (4
I\ o
N H_\_/<
0-CH,
Won 523 | methyl 3-[({7-[4-({[(2-fluoro-5-
/@/ N methylphenyl)amino]carbonyl} amino)phenoxy]thieno[3
o © ,2-b]pyridin-2-yl} carbonyl)amino]propanoate
NS0 A
P
N (0]
N H_\_<O—CH
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OH F9 0000 .",...sCH3 I/\ NO-CH3 469 et hyl
7-(3-fluoro-4-(3-(2-fluoro-5-

met hyl phewol2puredae) phenoxy) t hi eno[ 3, 2- b] pyri di ne- 2- carPhoRsk@Ebe4B1O OP40
; 3cH3 541 methyl 3-[({7-[3-fluoro-4-({[(2-fluoro-5-

t hyl ph I ' b I ' h t hi 3
- b) by RO LR HAT B BAGRBA ¢ 1< N-LO - C b3

Compound F1
Methyl 7-[4-({[(2-fluoro-5-methylphenyl)amino]carbonyl}amino)phenoxy]|thieno[3,2-
5  b]pyridine-2-carboxylate

N N
T
(@]
(@]
N/ % o—

To a stirred solution of methyl 7-bromothieno[3,2-b]pyridine-2-carboxylate (200mg,
10 0.74mmol) in 8ml of DMSO, were added CuBr (10mg, 0.074mmol), ethyl 2-

F

cyclohexanonecarboxylate (26mg, 0.15mmol), cesium carbonate (500mg, 1.54mmol) and 4-
aminophenol (96mg, 0.88mmol). The mixture was purged with nitrogen for 10 minutes, and
then heated at 70°C under N, for 3 hours. The reaction was cooled to room temperature and
poured into 100ml of water. The precipitates were filtered, washed with water and dried to
15  give the crude aniline intermediate as a pale green solid (~140mg). This crude material was
dissolved in 10ml of THF, and 2-fluoro-5-methylphenyl isocyanate (70mg, 0.46mmol) was
added. The mixture was stirred at room temperature for 5 hours, and poured into 100ml of
water. The brown precipitates were filtered, washed with water and dried to give the crude
product, which was purified by silica gel chromatography, eluting with 2-3% MeOH/CHCl;
20  to give methyl 7-[4-({[(2-fluoro-5-
methylphenyl)amino]carbonyl } amino)phenoxy]thieno[3,2-b]pyridine-2-carboxylate as light
brown solid. Yield: 90mg, 27%.

'H NMR (ds-DMSO) d: 9.25 (s, 1H), 8.61 (d, J = 5.3 Hz, 1H), 8.50 (br. s., 1H), 8.21 (s, 1H),
25  7.96(d,J=6.7 Hz, 1H), 7.58 (d, ] = 8.8 Hz, 2H), 7.25 (d, ] = 8.8 Hz, 2H), 7.09 (dd, J = 11 4,

8.2 Hz, 1H), 6.71 - 6.85 (m, 2H), 3.91 (s, 3H), 2.26 (s, 3H)

LR MS (ES+): 452 (MH), 474 (M+Na")

LR MS (ES-): 450 (M-H)
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FIl HH NN 040 CH, O C H3 523 nethyl 3-[({7-[4-({[(2-fluoro-5-

nmet hyl phenyl ) am no] car bonyl } am no) phenoxy] t hi eno[ 3

, 2- b] pyriworef/ogbdocar bonyl ) am no] propanoate 3.1 ConpoumrdT®gndlomsisse and

Char acterization Conmpound FI Met hyl

744- (1[(2-fl uor o= 5- met hyl phenyl ) am no] car bonyl t am no) phenoxy] t hi eno[ 3, 2-

5b] pyr i B"‘E“qzﬁgboxyl ate To a stirred solution of nethyl

7 bro [ in 8ml of
”D\%%ﬁaﬂﬁfhfr(%m{&h mnﬁ)zﬁﬁﬁ@ﬁ% %’gﬂﬁﬁlgﬂggﬁenw%' glﬁgf(}anonecar boxyl at e

(26 5 , ces?]um carbonate (500ny, 1.54mvol) and 4- am nophenol

(96ng, 0.88mmmol). The mi xture was purged with nitrogen for 10 m nutes, and

then heated at 70C Hnde N2 for 3 hours. The reaction was cooled to room

t enper at ur @I p\cﬂﬂ to 100m. of water. The precipitates were filtered,

washed wit er sand ed to 15 give the crude aniline internediate as a

pale gre solid (-140mg). This crude material was dissolved in 10nl of

THF, and A2-flsuor g5 5- met hyI phenyl isocyanate (70ng, 0.46nmol) was added. The

mxture|wa ed at roomtenperature for 5 hours, and poured into 100mil

of wate br precipitates were filtered, washed with water and dried

to él ve the crude product, which was purified by silica gel chromatography,

0,

ﬁ,:stl L;Pgﬁbﬁ%}% 4 %ﬁ/gmllvlg]ggv@?%ﬂ l%oa%{ﬁbvfﬁloro- -rnethylpJ'lenyﬂ){akgnzo]galrgony?} armno)

$Irnelng) %ggﬂ&wﬂhié%?ﬁ@%y%dmewEaxgb;gsﬁa@(%gwy 'n%a)?@Memmsn% gﬁm(aga& Jd c 3

Hz, 1H)0 4. IE@H/MeOHssoluthlOSﬂ leorcmol)lﬂi)he np5oroeag biatdl at 5°¢ fcmz7 homb 7.58

10 6. a?% pougﬁé%to W?Q_'Om; Plf wa gﬁ_M IiCP\gla_B ?!._('1Zd2?d E'élgll(%l—? éla)”l(he resu‘]tlng prempitates 2 Hz,

were filtered, washed with water and dried in vacuo to give 7-[4-({[(2-fluoro-5-

methylphenyl)amino]carbonyl } amino)phenoxy]thieno[3,2-b]pyridine-2-carboxylic acid as

light grey solid. Yield: 40mg, 83%.

'H NMR (DMSO-dg) 8: 13.88 (br. s., 1H), 9.19 (s, 1H), 8.58 (d, J = 5.3 Hz, 1H), 8.47 (d, J =
15 2.6 Hz, 1H), 8.10 (s, 1H), 7.96 (dd, J = 7.9, 1.8 Hz, 1H), 7.53 - 7.59 (m, 2H), 7.22 - 7.27 (m,

2H), 7.08 (dd, 1H), 6.77 - 6.80 (m, 1H), 6.73 (d, J = 5.6 Hz, 1H), 2.25 (s, 3H)

LR MS (ES-): 436 (M-H)

Compound F3
20  Methyl 7-[3-({[(2-fluoro-5-methylphenyl)amino]carbonyl}amino)phenoxy]thieno[3,2-
b]pyridine-2-carboxylate

S
P

N o—

25  prepared using procedures similar to Compound F1.

'H NMR (DMSO-dg) 8: 9.51 (s, 1H), 8.64 (d, J = 5.3 Hz, 1H), 8.60 (s, 1H), 8.21 (s, 1H), 7.87

(dd, J=7.8, 1.6 Hz, 1H), 7.58 (t, J=2.1 Hz, 1H), 7.41 (t, ] = 8.1 Hz, 1H), 7.23 (dd, J = 8.2,

1.2 Hz, 1H), 7.06 (dd, J = 11.3, 8.4 Hz, 1H), 6.91 (dd, ] = 7.9, 1.8 Hz, 1H), 6.85 (d, ] = 5.3
30 Hz 1H), 6.77 (td, J=5.2, 2.2 Hz, 1H), 3.91 (s, 3H), 2.21 (s, 3H)
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LR M5 (ES+): 452 (MH), 474 (M#Na!) LR M5 (ES-): 450 (MH Conpound F2 7-

[ 4- ({carbonyl} am no)phenoxy]thieno [3,2- b]pyridine-2-carboxylic acid 5
To a stirwedosuepemsi on of et hyl PCT/US2010/047816
7-[4-({[ (2-fluoro-5-net hyl phenyl ) am no] car bonyl } am no) -

phenoxy] t hi eno , -b carboxylate (50ng, O0.11mmol) in MeOH (3ml),
was ad&e%hﬁﬁeéﬁtﬁ[ii@m 436?Mt (10ml 4.0mmol ). The m xture was heated
at 5OCLI@MS7(E@ 30 (R0 ?nd poured into 100ml of water. 1M HCl was added
until pH = 4. The resul ing precipitates were filtered, washed with water

and dried |n vacuo to give 7-[4- ({[(2-f|uoro-5- met hyl phenyl ) am no]
car bony am n(%(ﬁhenoxy] t h| eno [3 , 2-b] pyridine-2-carboxylic acid as |ight

3 sﬁ‘ﬁst S5 dhcthIphenyhmingi g btV ArO Bheay e R 1B 11y

8 10 (sblpxngllneﬁ-gfafb@aﬂla% = 7.9, 1.8 Hz, 1H), 7.53 - 7.59 (m 2H), 7.22 -
7.27 (m 2H), 7.0 le) 677-680(m1|—|) 6.73 (d, J = 5.6 Hz, 1H),
2.25 (s, 3H) NSg?“ 436 (MH) Conmpound F3 20 Methyl 7- [3-({carbonyl}
am no) pheno 1)] pyridine-2-carboxylate 25 prepared using
procedufesysim lar to rrpound FI. 11-1 NWR (DVMSO-d6) 6: 9.51 (s, 1H), 8.64
(d, J= Z, 1H), 860(s 1H), 8.21 (s, 1H), 7.87 (dd, J = 7.8, 1.6 Hz

1H), 7.5 L J = 2.1 He, 7.41 (t, J = 8.1 Hz, 1H), 7.23 (dd, J = 8.2,
1.2 Hz, 1H) %OG(dd J :11 3, 8.4 H, 1H, 6.91 (dd, J =7.9, 1.8 Hz,
1H), 6.85 (d. 5.3 30Hz, 1H), 6.77 (td, J = 5.2, 2.2 Hz, 1H), 3.91 (s,

3H), 2.21 (s, 3H)
To a mixture of methyl 7-bromothieno[3,2-b]pyridine-2-carboxylate (68mg, 0.25mmol) and
10 1-(2-fluoro-5-methylphenyl)-3-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyljurea
(102mg, 0.28mmol) in 8ml of 1,4-dioxane, was added PdCl,(PPhs), (10mg, 0.014mmol) and
IM Na,COs; aqueous solution (0.25ml, 0.5mmol). The mixture was heated at 70°C under N,
for 1 hour, cooled to room temperature and poured into 100ml of water. The brown
precipitates were filtered, washed with water and dried to give the crude product, which was
15  purified by silica gel chromatography, eluting with 2-3% MeOH/CHCl; to give methyl 7-[4-
({[(2-fluoro-5-methylphenyl)amino]carbonyl } amino)phenyl]thieno[3,2-b]pyridine-2-
carboxylate as light yellow solid. Yield: 30mg, 28%.
'HNMR (ds-DMSO) d: 9.38 (s, 1H), 8.84 (d, J = 4.7 Hz, 1H), 8.58 (d, J = 2.1 Hz, 1H), 8.28
(s, 1H), 7.60 - 8.06 (m, 6H), 7.06 - 7.19 (m, 1H), 6.82 (br. s., 1H), 3.93 (s, 3H), 2.28 (s, 3H)
20 LR MS (ES-): 434 (M-H)

Compound F5
7-[4-({[(2-fluoro-5-methylphenyl)amino|carbonyl}amino)phenyl|thieno[3,2-b] pyridine-
2-carboxylic acid

25

24



LR M5 (ES+): 452 (MH), 474 (MtNa!) LR M8 (ES-): 450 (M H) Compound F4
5Met hyl

744- (1] ( 2wOl20owoas@4 et hyl phenyl ) am no] car bonyl t am no) pheaylgsteoensia, 2-
b] pyri di ne 2- car boxyl ate F To a m xture of methyl

7-bronD | eno b r I te 68nmg, 0. 25mmol) and
101- ( 2- ?ﬁ d53 ﬁ’r?@]fl%lnlt?qwgﬁyé ({%3 U@/HO 75 ,(5 fnf:]et r amet hyl - ) 1,3 , 2-di oxaboro

| an- 2- )ﬁlé H%ﬁgﬁéﬁfrlloﬁﬁﬁndgcirgg%mlgo)%ﬁgﬁ?}tﬂhﬁg%nﬂ] Ofidihe4- &k%&@e was_added

PdC12( PPh3 014 ueous solution (0.25m,
0. 5mmol §20mph é. %m@hmﬁ&ﬁ&@&ﬁ&mﬁrﬁb@wm@d N NafdH 2.0 12, Ommol)ecThBo room

t t d Onm | of ter. b
{11 Eor dbtns e BAR FURE ¢ AN iRt rod TP S e s TR e s
15 pur |d(flvﬁﬁjel‘b)ﬂ\@HOI%SQ@&G&M@MZOQEMMKGQMM cipltdths @e@%l%?&f‘%&@ﬁ@h?’ to

give nmethyl 7-[14- ( { [(2-f]uoro-5-nethyl hen am no] car bonyl }
am no) phidhyeiet hiddred B vagudfomiyd et E2- é@ﬁobi)xyl ate as light yellow solid.

e 1y pERHfaminoteao b ML SR YER g5 Aol st Pl ) =%
-7 19Y1md 2bfng, B8R (br. s., 1H), 3.93 (s, 3H), 2.28 (s, 3H) 20 LR M5

(ES-): 434 ound F5 7- [4-({carbonyl} am no)phenyl]thieno [3, 2-Db]
pyri di H@Nﬁ@a{%&g) Hicid 25 WD 2011/ 029001PCT/ US2010/ 047816

10
Preparation of 7-chlorothieno[3,2-b]pyridine

Cl
| A
Thieno[3,2-b]pyridin-7-ol ( 20 g, 0.132 mol) was suspended in phosphorous oxy chloride
(80.9 g, 0.528 mol) and stirred at 100  C for 2 hours. The solution was cooled to room
15  temperature and was poured over ice. The aqueous solution was neutralized with sodium
hydroxide and the resulting precipitate was collected by filtration and washed with water. The
filter cake was taken up in dichloromethane and dried over magnesium sulfate. The solution
was filtered and the filtrate was concentrated to dryness to give 7-chlorothieno[3,2-b]pyridine
as a brown liquid which solidified to a beige solid under high vacuum. Yield: 20.4 g (91%);
20  MS [M+H] 169.9; "HNMR (CDCls) 8: 8.7 (d, 1H), 7.8 (d, 1H), 7.6 (d, 1H), 7.3 (d,1H) ppm.

Preparation of methyl 7-chlorothieno|[3,2-b]pyridine-2-carboxylate
Cl

xS
| ] )—COxCHs
N

7-chlorothieno[3,2-b]pyridine (19.7 g, 0.116 mol) was taken up in THF (400 mL) and cooled
25  to approximately -70  C. The n-butyllithium (1.6M, 80 mL, 0.128 mol) was added dropwise
with stirring under an atmosphere of nitrogen. The solution was stirred at -70  C for 1 hour
at which time neat methyl chloroformate was added via dropwise addition. The reaction
mixture gradually warmed to room temperature and was stirred for over the weekend. The

reaction mixture was treated with 25 mL of methanol and then concentrated to dryness

25



To a stirred solution of methyl 7-[4-( {[(2-fluoro-5- nethyl phenyl)am no]
carbonyl } am no) phenyl]thieno [3 , 2-Db] pyridi ne-2-carboxylate (20ny,

0. 046nmol Woin11fiBvoleOH (5ml/ 5nl) was added 1M NaCH (2. Omtr/uR2@uomwisi6 The

m xture was heated at 70C for 30 m nutes, cooled to roomtenperature and
poured into 50mL 5of water. 1M HCl was added.until pH = 4 and the resulting
br eci pilFARGH MBFOTFHSGT a8 CHAS AR Wit Gmtein %zﬁfalomeélame A9 gewed o give

7- [ 4- ({thfoRzh b 4RI par col®hi ¥iuBhE Wih) BIhEQhe e PRV, FBRIHR) BARBYId:thL eno [3
,2-b] pyridrne-2-carboxylic acrd. Yield: 20nmj, 100% LR NB (ES-): 420 (M H)
10 Pr epaodict prraofombindd andevhierte{cd, @ ghiepyred dolie Wiituration with 9:1

Thi 3, 2-Db]. . 132 ) d j h

oy enitixfiscipgs! SheF afisPesindBy - larfie it U B AR Ryl By €G>
sol gt | C&Bli&@ﬁer_cﬁlﬁlaﬁ&l.tﬂelﬁom L355% YAk AV QM9;“’HNMRL{C@7E19\6$I8.7i (@L,elH)'l,'_he
aqueous solution was neutralized with sodium hydroxide and the resulting

preci pitafselids/ 46l 1Epea by filtration and washed with water. The filter
cake was taken up in dichloronethane and dried over magnesi um sul fate. The
solution was filtered and the filtrate was concentrated to dryness to give
7-chl or ot hi eno[ 3, 2- bbmi dine as a brown Ii (1uj d which solidified to a beige
sol i d Jngearatiogrpfimpethyihi-(4rpminp-3-Ainoxophqnyxy)thienpfe-p mymidine-3gagboxyigtgvr
(cbc3) 6: &7 (d, 1H), 7.8 (d, 1H, 7.6 (d, 1H, 7.3 (d,1H ppm
Preparation f Reihyl 7-chlorothieno[3,2-b]pyridine-2-carboxylate Cl

Nr CO2CH3 70rot hi eno[ 3, 2-b] pyridine (19.7 g, 0.116 nol) was taken up in

THF (400 dand cooled 25 to approximately -70 C. The n-butyllithium
(1.6M 8¢ mi, 0.128 nol) was added dropwi se with stirring under an

at nosp nitrogen. The solution was stirred at -70 C for 1 hour at
whi ch tll melngatCReEthyl chl orof ormate was added via dropwi se addition. The

reactionNm xture gradually warned to roomtenperature and was stirred for
O S P oo ts S S A MRS L TS bl 32 4T R ot o
fluorophenol (3.3 g, 0.026 mol) were added to a round bottom flask containing cesium
carbonate (14.8 g, 0.045 mol), ethyl-2-cyclohexanone carboxylate (0.73 g, 0.004 mol), and
copper (1) chloride (0.22 g, 0.002 mol). The mixture was diluted with DMSO (250 mL) and
stirred at 70 C under an atmosphere of nitrogen for 2 hours. The dark reaction mixture was
15  cooled to room temperature and poured into ethyl acetate (500 mL)/ water (1 L) with
vigorous stirring. The mixture was filtered through celite and the organic portion of the
filtrate was separated and dried over magnesium sulfate. The solution was filtered and the
filtrate was concentrated to give a purple viscous liquid. The crude product was taken up in
dichloromethane and passed through a silica gel column eluting with 1:1 hexane /ethyl
20  acetate. Fractions containing the product were combined and concentrated to afford methyl 7-
(4-amino-3-fluorophenoxy)thieno[3,2-b]pyridine-2-carboxylate as red solid. Yield: 1.62 g (23
%); MS [M+H]" 319.1

Compound F9

methyl 7-(3-fluoro-4-(3-(2-fluoro-5-methylphenyl)ureido)phenoxy)thieno|[3,2-
25  b]pyridine-2-carboxylate
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WD 2011/ 029001PCT/ US2010/ 047816 | eavi ng a maroon residue. The crude solid
was taken up in dichloronethane and passed through a silica gel colum

el uti ng wvohotizakodeexane/ et hyl acetate. Fractions cont ai rcmgiStée/oprsoeiuct
wer e conbi ned and concentrated to give a red solid. Trituration with 9:1
hexane/ di et hyl ether afforded nethyl

7-chl or ot hi €no[ B, 2+b] pyri di ne- 2-carboxyl ate as a pink 5solid after
filtration i Ndwf 4 (559%; M5 [MFH] ' 227.9; 1FINWR (CDC13) 6: 8.7 (d,
1H), 8.3 ( H) . , 1H) ppm Preparation of nethyl

7- (4-am 00- | uor ophefoxy) t hi eno[ 3, 2- b] pyri di ne- 2- car boxyl at e 10Met hyl
7-chl org iq?o[3,2-b]p ridi ne-2-carboxylate (5 g, 0.022 nol) and the
4-amn r§> @@Bﬂ%nol (3.3 g, 0.026 nol) were added to a round bottom
fl ask +4i ng cesium carbonate (14.8 g, 0.045 nol),

et hyl - 2- cycl ohexanone carboxylate (0.73 g, 0.004 nol), and copper (I)

chl ori ddethll 224-gmird-00RofBhnoxTMBicHdPILIBR W@ﬁlelﬁ-&dﬂb@?la& (e DABOI fn2id]) i)
and stirred at 70 C under an atnosggere oy nitrogen for 2 hours. The dark

react i oesrkanuengadnl SEelBykasctals fodlerred B oy ec additipn of Zdlupiry et hyl

Cat . y g he
it or GaC PP ol fle (ik3'e ¥ hiboll "B BHS LA Olbne RBh Mg e
sepdr atleekndackotidiaédr oiteing magoesictpatiré &ir@verhiyght StHewblid wasaslidddd igr ed and
T R R LT e

| . ) : et 8o ] . b th
co U”“rﬁ&HﬁEH%gﬁ%%ﬁ%ﬁpgﬁgﬁ§ﬁﬁﬁ(ﬁggﬁm yg&,@QQ%ﬂkﬁylEf%ﬁ%kg?%hﬁ@@ﬂﬁln'ng €

product wer concentrated to afford net

(4- ami MoieBE: fl170ar GRHENOAY JMHHENET03,; HN MY (DMISEed2-dc Art{exhH)ad ® (asiHes.6sol i d.

% @l $X &0 | BorabE e o0 o SROTRN B2 68, 2 6T bDeva s 380,

ZSprynlganH?Fﬁﬁrboxylate Met hyl o

7- (4-am no- 3-fl uorophenoxy)t hi eno[ 3, 2- b] pyri di ne-2-carboxylate (1.62 g, 5.1
mmol) was taken up in 55 nL of ethyl acetate followed by the dropw se
addition of 2-fluoro-5- nethyl phenyl isocyanate (0.85 g, 5.6 nmmmol) in 5 nL
et hyl dcUnBPwd¥EQ soiution afforded a 5lavender solid after stirring at

wahed TPER ait a7y uofar @ Hyor 3Py hoh PRaBRFE RS Biag] (5 %5 "
met hy| grenpxylthieneddobipyoidin-2hilieavh@yDaplipgiprepanoage car boxyl ate as an of f
white solid_ Yield: 1759 (73 %9; M5 [M+H '470.1; iHNIMR (DVMSO-d6) 6: 9.2

(s, 1H), 9-%(%1 H 8.6 (d 1H, 83 (t, 1H 8.1 (s, 1H), 8.0 (d, 1H)),
7.5 (d, 1 .21(3“ , 6.8 (m 2H), 3.9 (s, 3H),
(@]

O

15 0—
'"HNMR (DMSO-dg) &: 9.10 (br. s., 1H), 9.03 (t, J = 5.4 Hz, 1H), 8.96 (br. 5., 1H), 8.56 (d, J
= 5.3 Hz, 1H), 8.26 (t, J=9.1 Hz, 1H), 8.21 (s, IH), 7.98 (d, ] = 7.6 Hz, 1H), 7.40 (dd, J =
11.6,2.5 Hz, 1H), 7.06 - 7.16 (m, 2H), 6.74 - 6.84 (m, 2H), 3.60 (s, 3H), 3.48 - 3.55 (m, 2H),
2.62 (t,J = 6.9 Hz, 2H), 2.25 (s, 3H)

20 LR MS (ES+): 563 (M+Na")

LR MS (ES-): 539 (M-H)
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102.1 (s, 3H) ppm Conpound F10 net hyl

3-[(1743-fluoro-4-(1[ (2-fl uoro-5-nethyl phenyl)am no] car bonyl t am no)

phenoxy] tWoenof@9@41b] pyri di n-2-yl } car bonyl ) am no] pr opanearasi@o/04781¢l NVR
(DVBO-d6) 6: 9.10 (br. s., 1H), 9.03 (t, J = 5.4 Hz, 1H), 8.96 (br. s.,

1H), 81?6 ﬁqhyf = 5.3 Hz, 1H), 8. 26 (t, J =9.1 Ft 1FD 8.21 (s, 1H), 7.98
(d, J =-9MBo F , 7. 40 (dd, J = 11.6, 2. 5 FE , 7.06 - 7.16 (m 2H)

6.74 6 2.62 (t, J =6.9

He, 2H)lge§ E%W(”wé 2g0id; W%Fk@k?nﬁi%%m? 6‘59'{%‘%) (ES-): 539 (M H)

WO 201mmgm1lpgwl@ézumr1@wé% cappgivbamipppropaneage

3-[(1744-(1[ (2-fl uoro-5- et hyl phenyl ) am no] car bonyl t am no)

phenoxy] t hi eno[§ 2- b] ri din-2-yl}carbonyl)am no] propanoate F 5A m xture

of

7-14-({[(2 or @ 5- yl phenyl ) am no] car bonyl } am no) phenoxy] t hi eno[ 3, 2-

Ye- 2-carboxylilc acid (120ng, 0.27nmmol), HATU (122ng, 0.32nmol) and
’ ephyl ami ne (105ng, O0.81nmol) in anhydrous THF (10nl) was

gonKt enperature for 10 m nutes, followed by addition of
(R -3-pynrolTdi nlm—\(a_ﬁ%?rg, 0.40mmol ). The m xture was heated and stirred at
60C for 30 m nutes poured into 100m. of water. 10 2M HCl1 was added
dropwi se until pH = 4.9The precipitates were filtered vvashed with water

ot ﬁS[ Lﬁgﬁ%ﬁﬂyeﬁﬁ o et 91@? %f@?&%ﬁa@f é:ﬁé;r{lﬁﬂg eB‘?W’ihﬂeﬂ‘P B2 yi)

car bony)) AMiRQb REARAPEALE] BR0MY, be7aRhdif HATE! H52rl2 M mR9Yend N, N-
diisopropylethylamine (105mg, 0.81mmol) in anhydrous THF (10ml) was stirred at room
temperature for 10 minutes, followed by addition of (R)-3-pyrrolidinol (56mg, 0.40mmol).
The mixture was heated and stirred at 60°C for 30 minutes and poured into 100ml of water.

10 2M HCI was added dropwise until pH = 4. The precipitates were filtered, washed with water

and dried in vacuo to give methyl 3-[({7-[4-({[(2-fluoro-5-
methylphenyl)amino]carbonyl } amino)phenoxy]thieno[3,2-b]pyridin-2-
yl}carbonyl)amino]propanoate as white solid. Yield: 128mg, 90%.

'"H NMR (DMSO-dg) &: 9.18 (s, 1H), 9.01 (t, 1H), 8.54 (br. s., 1H), 8.47 (br. s., 1H), 8.20 (br.

15 s., 1H), 7.95 (d,J = 6.7 Hz, 1H), 7.55 (d, J = 8.8 Hz, 2H), 7.22 (d, J = 8.5 Hz, 2H), 7.08 (dd, J
= 11.0, 8.7 Hz, 1H), 6.78 (br. s., 1H), 6.69 (d, J = 5.0 Hz, 1H), 3.60 (s, 3H), 3.46 - 3.55 (m,
2H), 2.62 (t, J = 6.7 Hz, 2H), 2.25 (s, 3H)

LR MS (ES+): 545 (M+Na")
LR MS (ES-): 521 (M-H)
20

Compound Fé6
3-[({7-[4-({[(2-fluoro-5-methylphenyl)amino]carbonyl } amino)phenoxy]thieno[ 3,2-
b]pyridin-2-yl} carbonyl)aminoJpropanoic acid
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1H NV\R (DVBO-d6) 6: 9.18 (s, 1H), 9.01 (t, 1H), 8.54 (br. s., 1H), 8.47
(br. s., 1H), 8.20 (br. 15s., 1H), 7.95 (d, J = 6.7 Hz, 1H), 7.55 (d, J =
8.8 Hz, 2wWp20i/2%04d, J = 8.5 Hz, 2H), 7.08 (dd, J = 11prOr/820Moiea781dH),
6.78 (br. s., 1H) 6.69 (d, J =5.0 Hz, 1H), 3.60 (s, 3H), 3.46 - 3.55 (m
2H), 2.62 (t, J 6.7 Hz, 2H), 225(s 3H LR M5 (ES+): 545 (M+NO LR M5
(ES-): 521 (MH 20 Co qound F6 3-[({7-[4-( { [(2-fluoro-5

- met hyl phe
carbonyl)a @ pro ano

cid To a stirred solution of met hyl

3-[({7-[%® flUor o- net hyl phenyl ) am no] carbonyl }
am no) phenoxy] t hi gno [31,2-b] pyridin-2- yl} carbonyl)am no] propanoat e
(98ny, @. 1) in a m xture of solvents THF/ MeOH 5 (10nt/ 10ml) was added

2mL of (M h/\Iu)yiolutlon The m xture was stirred at room
tenmperat e for 1Nho nd poured into 100nl of water. 2M HCl1 was added
until pH = 4. The resulti%g preci pitates were filtered, washed with water,
and dried in vacoto gi ve - 14-( [ (2-fluoro-5

- met hy| ey Oéaf%%f%ér[}(é é&%ﬁ%&- vIthieno [3 ,2-b]pyridin2-y1}
car bony}, JagiRa] QlrborR | fnifs)pRELoxWithich Oib%iy el d: 90my, 95% 101H
NVR (DIVBOHE 8'Wﬁ%535r(%ﬁg} HO)PES OXgﬂ OB 9899 (t, 3 = 5.1 He,
1H) 8 ﬁﬂca(hbnyl])amu‘@]lﬁomoa&kﬂ%mg,01Y9I(1b101) 1Barnlx‘rd)f¢ oﬁsomcn(ssTHE/Me;OH 95 (d J

3= fl 3“@@@27 Rt edezf%b(;f(ﬁv%?“ @fﬁg‘wl)é()@é éd”fh%mlxt%feswwtlﬂf ,73032(?0'

3. 53 (Moordhim F};@ra‘fi@e fotr il hl)urarﬁl uld infdH00nd. 025‘13.616?['1 28U R aVRdddaSmhil pASY (M H)
15 Conpound {7- [3 -fluoro-4-( { [(2-fluoro-5 -nmethyl phenyl)am noj

car bony- }Tl@rﬁeﬁdt)l%yﬁ@lpy}ttpﬁw@rﬁﬂ[qge@ waishgshwitlivatep-apdidried in vacuo to give 3-
ga(r)go? yk?ﬁ@'&?@% 009@% gt{‘?ﬁ)hgnyl)z JILI}HO]E% Oﬁ)gg@mggg%l r?%xry}t%leng[3(,£{>]py§1din-1H) ’

2-yl}carbonyl)aminopropanoic acid as off-white solid. Yield: 90mg, 95%.

10  'HNMR (DMSO-de) 3: 12.25 (br. s., 1H), 9.18 (s, 1H), 8.99 (t, J = 5.1 Hz, 1H), 8.54 (d, J =
5.6 Hz, 1H), 8.47 (br. s., 1H), 8.21 (s, 1H), 7.95 (d, J = 6.5 Hz, 1H), 7.55 (d, J = 8.8 Hz, 2H),
7.22(d,J=8.8 Hz, 2H), 7.08 (dd, J=11.0, 8.4 Hz, 1H), 6.78 (br. s., 1H), 6.68 (d, J = 5.3 Hz,
1H), 3.42 - 3.53 (m, 2H), 2.53 (t, J = 6.9 Hz, 2H), 2.25 (s, 3H)

LR MS (ES-): 507 (M-H)

15
Compound F7
3-[({7-[3-fluoro-4-({[(2-fluoro-5-methylphenyl)amino]carbonyl } amino)phenoxy]thieno[3,2-
b]pyridin-2-yl} carbonyl)amino[propanoic acid

T

O

fis)—{
20 'HNMR (DMSO-dg) 3: 12.26 (br. s., 1H), 9.09 (br. s., 1H), 9.00 (t, J = 4.7 Hz, 1H), 8.96 (br.

s., 1H), 8.56 (d, J = 5.3 Hz, 1H), 8.25 (t, J=9.0 Hz, 1H), 8.22 (s, 1H), 7.98 (d, J=7.0 Hz,
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s., 1H), 8.56 (d, J = 5.3 Hz, 1H), 8.25 (t, J = 9.0 Hz, 1H), 8.22 (s, 1H),
7.98 (d, J = 7.0 Hz, WD 2011/029001PCT/ US2010/047816 1H), 7.35 - 7.44 (m
1H), 7.05ve 26111@9¢m 2H), 6.71 - 6.85 (m 2H), 3.42 - 3PE4/USM10D#)816 2. 53

(t, J =6.7 H, 2H, 2.25 (s, 3H LR M5 (ES-): 525 (MH 5 Conpound F8 7-

[3 -fluoro-4-( { [(2-fluoro-5 -nethylphenyl i n ar bon

it o) pHBMGAT THAHD 11 D05 7 g5 RirHe ol ot BRI 10 ded > KedmydFD. 253
7-(3-fkgqn9641§§2g%1iiy§[§ﬁﬁ-nethyIphenyl)ureido)phenoxy)thieno[3,2-b]pyrid
i ne-2- 10 carboxylate (1.84 g, 3.92 mol) was taken up in 100 nL THF

follo S0 2 ¢ addition of 1IN sodium hydroxide (4.8 nL, 4.8

nmol ) . hgﬁ%gﬁﬁzgggwyggﬁstirred at roomtenperature for 3 hours, at which
time an additional 2.4 nL of 1N sodi um hydroxi de was added. The sol ution
was stirred at roomtenperature for overnight and the resulting m xture was
dilute A of water and acidified using 1N HClL. The insol uble

mat gri Ca*fm\/\ggm%gggtar ated by filtration and the filter cake was suspended in
et hyl aﬁ?ﬁ—ﬂﬁ&oaﬁq[@T—ﬂlﬁcﬁ@@-ﬁl@ﬂlyﬁih&l%ﬂﬁkniﬁé)]@%Bﬁylf})ﬁflﬁbg)hﬁhéi ighg[3,Jhe filter
cake was washed several tinmes with ethyl acetate and dried under high
vacuum tlByrfine2-arbexyiqesié- 4- ({[ (2-f | uor o-5- net hyl phenyl ) ani no] car bonyl }
am no) phenoxy] t hi eno[ 3, 2- b] pyri di ne-2-carboxylic acid as an off white
solid. Yieldd 146 @4 (90 %9; MS [M+H] '456.1; 1141\ 1MR (DMBO-d6) 6: 13.9 (bs,

201H), 9.2 (s D. O , 1H), 8.6 (d, 1H, 8.3 (t, 1H), 8.1 , 1H), 8.0
(d,H>1H), fum), s, 1H) (d, 1H) (t, 1H) (s, 1H)
conpoundg~Whi€h ﬁay b

(m 2H), 6.8 (m 2H), 2.1 (s, 3H ppm O her
appl i catilon énclude:
A
| ) )—CO:H
N

de according to the teachings of the present
Methyl 7-(3-fluoro-4-(3-(2-fluoro-5-methylphenyl)ureido)phenoxy)thieno[3,2-b]pyridine-2-

PCT/ US2010/ 047816

10 carboxylate (1.84 g, 3.92 mmol) was taken up in 100 mL THF followed by the dropwise
addition of 1N sodium hydroxide (4.8 mL, 4.8 mmol). The solution was stirred at room
temperature for 3 hours, at which time an additional 2.4 mL of 1N sodium hydroxide was
added. The solution was stirred at room temperature for overnight and the resulting mixture
was diluted with 75 mL of water and acidified using 1N HCI. The insoluble material was

15  separated by filtration and the filter cake was suspended in ethyl acetate and stirred for
several minutes before filtering. The filter cake was washed several times with ethyl acetate
and dried under high vacuum to give 7-[3-fluoro-4-({[(2-fluoro-5-
methylphenyl)amino]carbonyl } amino)phenoxy]thieno[3,2-b]pyridine-2-carboxylic acid as an
off white solid. Yield: 1.6 g (90 %); MS [M+H] 456.1; "HNMR (DMSO-dy) 3: 13.9 (bs,

20  1H),9.2 (s, 1H), 9.0 (s, 1H), 8.6 (d, 1H), 8.3 (t, 1H), 8.1 (s, 1H), 8.0 (d, 1H), 7.5 (d, 1H), 7.2
(m, 2H), 6.8 (m, 2H), 2.1 (s, 3H) ppm.

Other compounds which may be made according to the teachings of the present application

include:



4. Biological Testing 20Biol ogical data for the conpounds of the present

i nvention was generated by the use of one or nore of the foll ow ng assays.
VEG- Sti mubavad2@misup. ++ Signal in Vitro Automated FLI PRT(USRmon@Tseé ri C

| magi ng Pl ate Reader) technol ogy was used to screen 25for inhibitors of
VEGF i nduced increases in intracellular calciumlevels in fluorescent dye
| oaded endot helial cell s HUVEC (human unbili cal ve| n engothelial cells)
(Clonetics) were seeded:l n 96-well flbronectin co bI ack-wal | ed pl ates

over ni ght at /5% CO. sub. 2. Cell S Wi th cal ci um
i ndi cat or @ ng; nutes at 37.degre e washed 4 tines
(Original I | "Wash, Lafisystems) to renoveDextface uI ar

dye. 30 Test

conmpounds sreconsti flted in 100% DVBO nd S.;1ddeg to toei,cells to give a
final DVBQ cgngemiiration of 0.1% For sc eelf n el s wer e pre-incubat ed
with test aents fRr rAltes, at a si Lg’at;Hgn (10 .nu. M or at

concentrations ranging freomO. 01 to 10.0 .fu. M fol O\A/ngby VEGF stinul ation
(5 ng/nL). Changes in fluorescence at 516 nm were neasured sinultaneously
inall 96 wells using a cooled CCD canera. Data were generated by WO

2011/ 029001PCY/ US20%p/ 047816 det er m ni ng max-m anI uprescence |levels for
unstimul ate and drug treated sz 4b. 50 val ues for
test compou re c | ated from % i nhi bi 5t i mul at ed

regponses on e absencg of inhibitor. 5\ nase #Ssay The

cyt opl asmg _d@mai iy of t®& human VEGF receptor S(VEg:R- 2) cwas expressed as a
Hlst|d|n|t gg usion protein follow nf iTffe n §f insect cells using
an Hi s enyif red viowis. Hi s- VEGFR pukjSfd-ed, t o honogeneity, as

det er mi ned by SDS—HPAGE SI ng ni ckel resin chromat ogrraphy Ki nase assays
were perfornmed in 96 vel I° microtiter pl ates 10 ft hay; wer e ftoated over ni ght

with 30 rrugoﬁpq;ly- u-Tyr (4:1) in 10 nM Phosph B ered Saline
(PBS), pH 7 | at es were incubated a{ﬁ‘s d then washed
foys tines r to starting the reatc eactyons were carried
out in 120 L reac on vol unmes cont ai ni M ATEH,i n ki nase buffer
(50 mM es buf{)er pHCH, 4, 20 nmM MyCl. sub@gj_« Cl. SLdD 2 and 0.2 MM
Na. sub. Test gonpounds 15 were Sti 00% DVSO and
added t reag&so(ﬁH o Jgi ve a final DMSO concentrati on o 5 &1 Reacti ons

were initiated by thé addi Gon 0.5 ng of purified protein. Following a ten

m nute incubation at 25. degree. C., the reactions were washed four tines
4. Biological Testing

20 Biological data for the compounds of the present invention was generated by the use

of one or more of the following assays.

VEGTF Stimulated Ca.sup.++ Signal in Vitro
Automated FLIPR (Fluorometric Imaging Plate Reader) technology was used to screen

25  for inhibitors of VEGF induced increases in intracellular calcium levels in fluorescent dye
loaded endothelial cells. HUVEC (human umbilical vein endothelial cells) (Clonetics) were
seeded in 96-well fibronectin coated black-walled plates overnight at 37.degree. C./5%
CO.sub.2. Cells were loaded with calcium indicator Fluo-4 for 45 minutes at 37.degree. C.
Cells were washed 4 times (Original Cell Wash, Labsystems) to remove extracellular dye.

30  Test compounds were reconstituted in 100% DMSO and added to the cells to give a final
DMSO concentration of 0.1%. For screening, cells were pre-incubated with test agents for 30
minutes, at a single concentration (10 .mu.M) or at concentrations ranging from 0.01 to 10.0
.mu.M followed by VEGF stimulation (5 ng/mL). Changes in fluorescence at 516 nm were

measured simultaneously in all 96 wells using a cooled CCD camera. Data were generated by
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wi th PBS containing 0.05% Tween-20. 100 .nmu.1 of a nonocl onal

anti - phosphot yrosi ne anti body- per oxi dase conjugate was diluted 1:210000 in
PBS- Tweerw@Qoamdomadded to the wells 20 for 30 mi nutes. Palrlusasog4fsoar
washes wi th PBS- Tween-20, 100 . nu. 1 of O- phenyl enedi am ne Di hydrochl ori de
i n Phosphate-citrate buffer, cont |ng ur (gydro en per qQxi de, s added
to the QTG RGMaFHPHHOESCHC IE (BF PRgar kRS rUgHEafsdr oxi dase.

The reasg{n?g@ I@aﬁlbtﬁ)r m&@tf&QGQ%oﬁﬁsu@&%érb Qﬁlcﬂfatea%m %ﬁnﬂnb@tflon?o@t@FSUb 2
SO0.sub.4 to each well and read using a mcroplate ELI SA reader set at 492

nm | C.ssiublleﬁaimalbmss dhe alapawfdnl@biterhi biti on were cal cul ated directly
fromgraphs of optical density (arbitrary units) versus conpound
concentration follow ng subtraction of blank val ues. VEG--induced Der nal

Ext savasBGIFR2 KihaSelAeaés Pig (Mles Assay) Male Hartley guinea pigs (300-600
g) were anesthetized with isofluorane, sheared, 30and given a single dose
of drug or Thecyteplpusicidpmained the bumah & E&IR Wé@t@f (@’@Q@%&) tes expreys 3 Bya unl ess

i ndi catﬁgnggp@a;%eg Susidh oA Erofo gr}gelppcﬂgﬁ stltn%&t (851 'fuoslt &, ﬁﬂ%ngﬂlﬁgéﬁ}o

treat gs were anes 1ze 1 so Evans

bl ue d}tﬁclﬁlﬁﬁila)s His- VESP(RLS*V\ZIQ@ pugfikg tatastogeheibBR} dwaﬁnm&i BﬁSB@ PAGEavenousl y.
After 5 mnutes, triplicate intradermal injections of 100 ng r hVEG-. sub. 165
in 100 USHS. IEC@BQSMTQ}PMP_@@I) YrKinasopssayp srsEc prsfamedyy 96 well microtiter plates

2043/ 0 .8 0 m nutes,
cach an T e T AL T B eRy (RU M Rt Ehb e ™ e

i nt r adeBuffdred Bilect(PBR),$H 8- M§Fh|e@ﬂmavsexde1%@mmbmgev1ﬁ1nw )Eiﬁﬁsandmemg/adrwanal og
videocner.a cou ég(gtoaPC a %eachtransulumn e

sanpl e H%Sp‘ffl‘iﬁ PAIRg 1 ﬁ@*ﬁnﬁ?l&‘gﬁe B0 BpiGUont WaksfersH Qg iy ectl on
Si t & Vg, dRASBLAEbsRoHRINS: 3 BRRERI A Th 1n@ﬁas€%ﬁﬁers(|50 %ﬁ%e?buftf&ep}ﬂvw erence

bet ween the mean optical density of the VEGF sites and nean optical density
of the JoBEMVsMpéd. smbslﬂhhmﬁcéaénﬁl@ubﬂ AEGR mMi Desdb.BBID sxit.# pfastabinpounds t hat

ot et gt iHpIATS P 4GA AR et Bty S st AXBI O ona 1 on.

and th%oﬁé@iﬁﬁtlﬂiﬁaﬂ@AWRé&tlbﬁme&qm@feﬁd)yttﬂe Qdiﬁﬁ‘&ﬁo b mgioPiptitiAed te‘y{EGF i nduced
EBD 10extravasation in the drug-treated groups relative to t

vehi cl daolloeangedteagninpis iscubTaomett 2Srdeigrs. Ghéh%r@g@lqnéwrwelshﬁéufomwawh| bi tion
(1D. 5“%@%3 h&r,a@%ggf&p%%'j“v@ée%{' 3o 9o ¢ liﬁ?%@ﬁ@écgé%aignt@%(gﬁphgtgftslln%n of oral

dose, using anal’ysi s  w war e. The

| D. sub. @ﬁbu@l plﬁo)tﬂSsch@hjufgaedxxaz;l cﬁluaddl 1y1(h),00li§ PBg T\h&npl(biﬂd&dldé@’foathé hetls zont al
line from50%y val ue, ntersection with t-fit line drop vertical

i @ t60&3%1@%Bgléqwmga%lﬂawhes Wb EBs- Bﬁ%ﬁno?(hépo MBBYa5Cul ari zation (CNV)

or evt oS ) oSar e iR OHERC R LOHEb b B Bb M BeTiS 33).

On day [@roxidd, evaBrodudl thiokevaylly P ni20es ao@ccgmmem sahﬁfattehﬁir itlreyekrovitidse 100

ng/ kg tamne and 10. i ne, u 20 wi.th 1%
TP op camtedeactoarng rrminrdy (el aorTif B Pof ZoNTt S RBWIE 4P G4 Laser
3 | aseryQuirR LPudi¥ Ilﬁ{lctg})ﬂitesELI@Qprea&@% S8 Hi48MBHENC. sM‘@S@thé’seﬂar tompaEta eye
bet ween the retinal vessels around the optic nerve head. Rats were dosed

wi 28 t éshibisiompounddculated Maketly fioigaanbd of eblicil density sirbitraonueitsd atsys

compound concentration following subtraction of blank values.

VEGF-induced Dermal Extravasation in Guinea Pig (Miles Assay)
Male Hartley guinea pigs (300-600 g) were anesthetized with isofluorane, sheared,
30  and given a single dose of drug or the respective vehicle. The guinea pigs were dosed orally
unless indicated otherwise in Table 3. Ten minutes prior to the end of drug treatment, guinea
pigs were anesthetized with isofluorane, and 0.5% Evans blue dye (EBD) in PBS (13-15
mg/kg dose of EBD) was injected intravenously. After 5 minutes, triplicate intradermal

injections of 100 ng thVEGF.sub.165 in 100 .mu.1 PBS and of 100 .mu.l PBS alone were
32



On day 10, rats were sacrificed with 100% CO. sub. 2, and bl ood vessel s were
| abel ed 25 by vascul ar perfusion with 10 ng/m FI TC dextran ( MV

2.t mes. Woop/@¥ew01Usi ng an epi fl uorescence m croscope @P2O/US2omwe4)81€0upl ed
to a spot digital canera and a PC, inmages were obtained fromthe flat

mounts of .the E-chaqroi d-sclera fromeach eye, and the area occupi ed by
hyper f 198RS Tyl A R AP PRIHCa AR IAEBT Ve S B GRSV b RSP0l 414, ng

| magePr. dis biRl: thShtR ISR i ARNEs HOSRRIY FSrHabOinapf%% | Nhi bi tion
(1 D.sub.50), the percent inhibition data was plotted as a function of oral

dose, Usiimgan relodhedeo fdncra amgllgdios: RE tdniimapt of oSbfitanEdbehingtod skvar e. The
| D. sub. 50 val ue s verified vi | 1y by usi the .plotted data (hori zont al
| Dne B luaS B ort e eRedtBa b et Skebt iR s urS RoSPed oo
ling t%sﬁgﬁﬁa%glgﬂéloﬁ €dr cachokidQhhhR2 HAAMREEA ML O &kln Batadil Hedsit§ oY EGE

e

Perneabi lit ) Assay used was detailed by Jeffrey Edel man, etc in Exp.
Eye. Rebe Vg§{2a0snd pganagicabdasity optheP Bt sites listhe ncasize oSVERdI-inducodi t r o

A EL] PR | i i P | d
At O S R T IR L RIS R SR R0

| evel s deferinfineahe seentVvBiiRindoadeEBbraatnshiidl foe ehdhsexpiitbntAdcoplidionpiAndhuman
dermal fibroblasts) (Lonza) were seeded in 384-well fibronectin coated

bl ack- i BOYP proape ¥ e tBeheiapared togpsesy guylapn of ¥EGFsindeceddiBD | oaded with
calygi ump.i.ndi - i . . | washed 4 tines
(a0 ER Pt e AR DGR e B e e er e

r econstTd ddtethinatht @086 folye: dafod S@tdebibitmnt(HR.saleb0)s tHeegicutindibitionadatDVEO

concentration of 0,1% Far screening,, cells. were pre:jncybat ith test
agent s TorPlads pfiiadion gl ozl s BENE e BTt £ Sesmﬂi“la@ﬁwaqseog&ﬂcep
concentaly,RNFhE AISHRG0 LA Q0N $iSuahQityMsfi thOpRete®Yath oh2REHtal line
stinmulation (10 ng/nL). Changes in fluorésCence at 515nm were neasured

si mul t dnen a8ty valualal i@84coeh Mathuesnlt lnecyop ecktiCDincaowaais (Datcx wer e
geqﬁLat ed by determ ning max-mn fluorescence |evels for unstinulated,

stinul ated, and drug treated sanples. 1C50 values for test conpounds were

cal cul at RdrikdivedoCdnvRbidal NesvRtulRHHAtiGE (ONVRiIERatf @IVVNERAY) N the absence of
inhibitor. Tilde Il: Biological Activities of Conpounds of the Present

| nventi on CHAPYuvas ickiced kad quRGHRY in Bisgodal knpievEmskyrdcscribed (Edelman and
Castro. Exp. Eye Res. 2000; 71:523-533). On day 0, male Brown Norway rats (200-300 g)
were anesthetized with 100 mg/kg Ketamine and 10 mg/kg Xylazine, and pupils were dilated

20  with 1% Tropicamide. Using the blue-green setting of a Coherent Novus Argon Laser, 3 laser
bums (90 mW for 0.1 s; 100 .mu.m diameter) were given to each eye between the retinal
vessels around the optic nerve head. Rats were dosed with test compounds in their indicated
vehicles orally once daily.

On day 10, rats were sacrificed with 100% CO.sub.2, and blood vessels were labeled

25 by vascular perfusion with 10 mg/ml FITC-dextran (MW 2.times.10.sup.6). Using an
epifluorescence microscope (20.times.) coupled to a spot digital camera and a PC, images
were obtained from the flat mounts of the RPE-choroid-sclera from each eye, and the area
occupied by hyperfluorescent neovessels within each laser lesion was measured using
ImagePro 4 software.

30 To determine the dose required for 50% inhibition (ID.sub.50), the percent inhibition
data was plotted as a function of oral dose, using the “best-fit" analysis within MicroSoft
Excel software. The ID.sub.50 value was verified visually by using the plotted data
(horizontal line from 50% y value, at intersection with best-fit line drop vertical line to x axis

(dose).
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VEGFR2 1 C 50 (nINI') Enzymc VEGFRL IC 50 (nINlI) In Vivo Rabbit Eye VEGF
Perneability FI 2 18 F2 29 20 16 efficacious F3 35 21
WO 2011/029001 PCT/US2010/047816

Rabbit Eye VEGF Permeability Model
Assay used was detailed by Jeffrey Edelman, etc in Exp. Eye. Res. 80(2005), Pg 249-
258.
5  PDGF Stimulated Ca*" Signal in Vitro
Automated FLIPR (Fluorometric Imaging Plate Reader) technology was used to
screen for inhibitors of PDGF induced increases in intracellular calcium levels in fluorescent
dye loaded endothelial cells. NHDF-Ad (Normal human dermal fibroblasts) (Lonza) were
seeded in 384-well fibronectin coated black-walled plates overnight at 37° C/5% CO, . Cells
10 were loaded with calcium indicator Fluo-4 for 45 minutes at 37° C. Cells were washed 4
times (ELx405-CW, Bio-Tek) to remove extracellular dye. Test compounds were
reconstituted in 100% DMSO and added to the cells to give a final DMSO concentration of
0.1%. For screening, cells were pre-incubated with test agents for 30 minutes, at a single
concentration (10 uM) or at concentrations ranging from 0.001nM to 10 uM followed by
15  PDGEF stimulation (10 ng/mL). Changes in fluorescence at 515nm were measured
simultaneously in all 384 wells using a cooled CCD camera. Data were generated by
determining max-min fluorescence levels for unstimulated, stimulated, and drug treated
samples. 1Cs values for test compounds were calculated from % inhibition of PDGF
stimulated responses in the absence of inhibitor.

Ta¥le 11: Biological Activities of Compounds of the Present Invention

. \ In Vivo
Cellular Enzymic Enzymic Rabbit Eve
Compound VEGFR2 VEGFR2 VEGFRI1 VEGFy
1Cso (nM) 1Cso (nM) 1Cs (nM) Permeability

F1 2 18
F2 29 20 16 efficacious
F3 35 21
F4 10* 10*
F5 10* 10*
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F4 104 104 F5 104 104 WD 2011/ 029001PCT/ US2010/ 047816 F6 11 F7

WO 2011/029001 PCT/US2010/047816
Fé 11
F7 10
F8 11
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F8 11 WD 2011/ 029001PCT/ US2010/ 047816 What is clainmed is: 1.

conpound represented by Formula I: RV /R'" YR b/ N Fornula I

10

15

20

25

WO 2011/029001 PCT/US2010/047816

What is claimed is:

1. A compound represented by Formula I:

RlV

V4

Y/ RIII

AN

R"b_K A

2 I
N R

Formula |
wherein
X is selected from the group consisting of NR', O, S(O),;
n is 0 or an integer of from 1 to 2;

R' is selected from the group consisting of hydrogen, alkenyl, alkoxyalkyl, CFs, alkyl,
alkylcarbonyl, alkoxycarbonyl, aryl, heterocycloalkyl, hydroxyalkyl, and alkyl(N R’R?),
wherein R” and R? are independently selected from the group consisting of hydrogen,
alkyl, alkylcarbonyl, alkoxycarbonyl, alkylsulfonyl, arylsulfonyl, haloalkylsulfonyl, and
heterocyclylsulfonyl; alternatively R’and R* and may be taken together to form a 5-7
membered heterocyclic ring with N;

R'is selected from the group consisting of hydrogen, halogen, C; to Cs alkyl, S(O)R*,
(CR’R®)4C(0)OR*, S(O){CR’R®)4C(O)YOR?, (CR’R®)¢Ar, NR*(CR’R)4Ar,
O(CR’R®)4Ar, S(O){CR’R®)4Ar, (CR'R)4S(O)R?, NRY(CR’R®)4S(0)R?, O(CR’R®)q
S(O)R?, S(O){CR’R®).S(O)R?, (CR’R®)4C(OIN(R™),, NR*(CR’R®)4C(O)N(RY),,
O(CR’R®)4C(OIN(RY,, S(O){(CR’R®).C(OIN(RY,, (CR’ R%)4OR?, S(O){(CR’R%)(OR?,
(CR® R94OSO,R?, S(0)(CR’ R%).0SO,R?, (CR’ R%)4P(O)ORY),, S(0)«(CR’
R%),P(0)(OR"),, OC(O)CR’R)N(R?),, C(O)CR’R)aN(R™),, C(ON=S(O)R’ R®,
NRZC(O)(CR’R®)sN(RY),, (CR’RO)(R’, S(0){CR’R®)R’, HNC(O)R?, HN-C(O)OR*,
(CRR®N(RY),, S(0); (CR’ROGN(R™),, OC(0)OR?, (CR’R®)4C(O)CR’RO)(R?,
(CR’R®)4C(O)(CR’R)4OR?, and (CR’R®)¢C(O)(CR’RO)¢N(RY),, wherein each R* is
independently selected from the group consisting of hydrogen, hydroxyl, C;-Cs alkyl,
aryl, C,-Cg hydroxyalkyl, C;-Cs alkoxyalkyl, (CR’R%)¢ and N(R*), may form a 3-7
membered heterocyclic ring, comprising of aziridine, azetidine, pyrrolidine, 5-
fluoropyrrolidine, piperidine, 6-fluoropiperidine, N-methylpiperazine, morpholine, 2,6-
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S5wherein X is selected fromthe group consisting of NR, 0, S(0),i; nis O
or an integer of froml to 2; R is selected fromthe group consisting of
hydr ogen,wal2kamegbgo1al koxyal kyl , CF3, al kyl, al kyl car bonpCT/tabkiosnyrsas bonyl ,
aryl, heterocycl oal kyl, hydroxyal kyl, and al kyl (N R2R3), 10wherein R2 and

R3 are independent | elected fraomthe group consisting of hydrogen, alkyl,
al kyl car boﬂW?tﬂM@%b%mqm%‘ﬁWl el Whtgin saidy r%wgﬁwg ay be
hal oal ky!| swbfiomyly,substiuthé réthapyto lthyes of RamwhtereiaR end&f ixedhgerRBdemilyR3 and nay

be taken { qgelBefoliht BfdihRotsifrESTISEAMCAGE. AGHELLE CLlAGIMIAL R 1S
lected from i drogen, jen, "Gl ti | kyl |

S(0) 1 Ra, 1&18&§n§;<%éﬁ“g Rlkoxslby' %@%@%@&%ﬁ%@@%&%ﬁyﬁm R

mijggsgg d&{no;@(dﬂiﬁﬂﬁ)l@érqxayﬁ(rﬁbyﬂﬂ;ﬂgﬁmﬂlm‘g al?&@ﬁ&d?ﬁhﬂ%dﬁ)gﬁy?@ulfonate and

( CR5R6) dC( 0 tN?RE}ng:re[ﬂlég ﬁ%ﬁ%l\ﬁﬁﬁf@ 1%{%%@@%0%\1 ARegs of

S( 0) f ( CRoRG) eerBYN(RERIR )¢ Er5(Gib Rab Ry T3¢ CRERETHRIRAIDOCESES v6) dOSORRA,

8(6?)0; E gg R6jcaft$O02RAng, (Vmﬁlﬁﬁ)e(f)a(gl)léﬁ)ﬁé optBMA)l§ 6 @REL2ERG)tR B &) (DO

NR2L 0) ( RN R PERE ] %ﬂ@g@%&%@&@%@% Ra. HN- O(0) ORY,

( CRR6) dN( Ry cashanialkdrallkgyeribray 2 hy @k rporeay L. fetmpyadeny)alorsreiiars,

( CR5R6) dC( Q)KyGhaiBe,)auhil Ra lk yragld (QR&T6); dC( 0) ( CRSR6) dN(R4) 2, wherein each R4 is

i ndependently selected fromthe group consisting of hydrogen, hydroxyl,

d-C8 al kyl,. 25aryl ., C1- hydr oxyal kyl , Cl1-C8 al k | kyl, (CR5R6)d and

N( R4) Zamag Y ﬁ?éygﬁeigeﬁg 81;%1&%%2%'; o%:/ycl icri ng, g)(?r/rgri gi ng(of azi) ri ginne,

azetidine, pyrrolidine, 5- fluoropyrrolidine, piperidine,

6- f | uor opi plas Dar are Intdgenef frpinpl ex;azi ne, nor phol i ne, 2, 6-

di et hyl nor phol i ne, thi onorpholine, and wherein said heterocyclic ring may

be optional . I ity up to three of R5; wherein R5 and R6 are
independentel%atggﬂt?e}%téﬂﬁgtg()lvn\elot4he group consi sting of hydrogen, halo,

hydr oxyl, Cl1-C8 al kyl, Cl1-C8 hydroxyal kyl, d-C8 al koxyal kyl,
al Kéxycar bdms/d ar «yintegar kiokgmdrto@nyl , Shydr oxycar bonyl ,
hydr oxycar bonyl al kyl , am de, al kyl am de, am doal kyl, sul fonate and CR5R6

may represeit iﬁd@%@%ﬁ%’bgr&f&&ﬁgiﬁ@aﬁlﬁ%g&wk&a‘ , k8 apkdxg, 6 carbons or
alternati veh?/, %E:RSQPJ%E and ( R)ﬁg? y fgr ml? 3- Q(rg,gr eg car bocyclic or
het er ocycl PCRYHEYT. Gk abiophadTrRg o fe gt ReRa e Pa kb oy ioived wl th up
to three ohyhwdydkyty, hixddosyallgll; O8R & kafkqxyOINICR *hafkimek R )alkg, - C8
al koxyal ky|(NRllQ2£a{%9Mﬁf<_ ,Yalna|d<1ﬁR?§alr‘6&i‘;M8ﬁ§l?%¥ﬂein RYGiiaeycar bonyl ,
hy%roxycar bopyl (lkﬁl, am de, @ kyl am de,. amofﬁi?]gl kyl arﬂ?d sylfonate; ais O
or %n int e@félpslf cpfly if1ScTp ram toe Frotp cgRistE g PagebeR IR GHIICHEONL & < an
i nt eger of afkytsulfdnylpa]sulfonyl, haloalkylsulfonyl, and heterocyclylsulfonyl; alternatively

R’and R’ and may be taken together to form a 5-7 membered heterocyclic ring with N;

b is 0 or an integer of from 1 to 2;

25 Y is selected from the group consisting of

(a) —(CH2)g—O—(CHy)h—;

(b) —(CH,)g—NR'—(CH,)h—;

(¢) —(CHz)g— CO—(CH;)h—;

(d) —(CHz)g— C(O)NR*—(CH,)h—;
30 (¢) —(CH,)g— NR*C(O )—(CH,)h—;

(f) —(CH2)g—(CHz)h—;

(g) —(CHy)g—CH(OH)—(CHy)h—;

(h) —(CH;)g—C=C—(CH;)h—;

and (1) a single bond;
35
wherein

g 1s 0 or an integer of from 1 to 3;

his 0 or an integer of from 1 to 3;

37



15f is O or an integer of from1l to 2; RHis selected fromthe group

consi sting of hydrogen, al koxy, al koxyal koxy, al koxyal kyl, al kyl, aryl oxy,
aryl oxyalw9l2o1ieb®i hal oal koxy, hal oal kyl, hydroxy, hydroxgsbéosnyisie

hydr oxyal kyl , (NR2R3) al koxy, (NR2R3)al kenyl, (NR2R3)al kyl ,

(NR2R3) car bon]yl a an NR2R3) car bonyl al k rein nd R3 are
20i ndependerft 13! @P%@W?Q%ﬁ%@%&rﬁ%aﬂ%@{%ﬁéﬁh BAORPUREGER, al kyl

al kyl car bonydlkoxghlkyl, €1H; f dkyll alkglicybeny1f dkytycatbahplahisy, | hetdréayridalkybnd

het efOCyC' yl nt&?ﬂ%% aﬁéiﬁﬂ‘(g RipAre) XVHS?&H Eﬁ;ﬁ“&'nerfﬁa'e Rfddnty 8OLRPELAET O
forma 5- eterocyclic r| g.w i or aner(e ger. of from
1to 2; 26 R Z0P GER I NE fiogery %ré?r}y ﬁEﬁxycarbonyl alkylSulfonyl,  5)

- ( CB2) g- O- ( @i fanyf, bl)iloﬁﬂ@ﬁ)fgﬂﬂ%ﬁd@ﬂ%))bvdylétdfony( GH2ngtiv DPR((ER) Tand

(g (GO0 P S L TR R M BB oo agn

and (i) a single bond; 35 wherein is O or an integer of from1l to 3; h IS
0 or an int dkjas sdected Gamihe grogp cowt@@ﬁhmmgmpl‘m Blpdaanboutg16 R is

i ndependent | jyksgtatbed, k@BItde1, AFAUII@IN ShBhikBuEbnylydidogen, al kenyl ,

al koxyal kyl , Ik | kyl car bonyl , al koxycar bonyl, aryl,
het er ocycl oa egF?cycﬁ'l%Xc?)t(l f;l kyl, and al kyI (N R2R3) , V\/nerel n R2 and R3 are

i ndependent |y sel ected from t he group consi sting of hydrogen, alkyl,
al kYl cavivoayRingAkie xsleaed oyl the giokyp lcendistmgydf;

S,

NOA

(1) Phenyl;

(i1) Naphthyl;

(iii) A 5 or 6 membered monocyclic heteroaryl group which has 1-5 heteroatoms
15  independently selected from the group consisting of O, N and S;

and (iv) An 8 to 10 membered bicyclic heteroaryl group which has 1-6 heteroatoms

independently selected from the group consisting of O, N and S;

R represents optionally 1-3 substituents independently selected from the group consisting of

C1-Cs linear or branched alkyl, C;-Cs linear or branched haloalkyl, C;-Cs alkoxy, hydroxy,
20  amino, C,-Cs alkylamino, C1-C6 dialkylamino, halogen, cyano, and nitro;

Z is selected from the group consisting of
(1) (CH)NR)C(OIN(R*)(CHy);
(2) (CH)NR)C(SN(R®)(CHy);
(3") (CHN(R")C(O),
25 (4") C(ON(R)(CHy);
(5") (CH)NR)S(O),;
and (6”) S(0):N(R®*)(CH,);
wherein:
1isQor1;
30 jisOor1;
R’ and R® are independently selected from the group consisting of hydrogen and alkyl;

wherein Ring B is selected from the group consisting of:
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S5aryl sul fonyl, hal oal kyl sul fonyl, and heterocyclyl sul fonyl; alternatively
R2and R3 and may be taken together to forma 5-7 nenbered heterocyclic ring
with N, RRoi2ss@l2emiied fromthe group consisting of hydregens2alolyisie
al kyl car bonyl , al koxycar bonyl, al kyl sul fonyl, aryl sul fonyl,
haloalkylsulfonyl and heterocyclyl sulfonyl; 10 wherein Ring Ais selected
C oup consisting of: (i) Phenyl; (ii) Naphthyl; (iii) A5 or 6
nocyclic heteroaryl group which has 1-5 heteroatons
ntly selected fromthe group consisting of O, Nand S; and (iv)
10 nenbered bi cyclic heteroaryl group which has 1-6 heteroatons
|ndepqu5 selected fromthe group consisting of 0, Nand S; - K
represents 0 tlonaIIy 1-3 substituents independently selected fromthe
group dondNanhihydy of CI1-05 |inear or branched al kyl, C1-05 |inear or

branchedi’hal Dad @uﬂemb@bd%@lcy@&metdwﬁ«ypgﬁﬂup ABieon HaQ 1 -Thet&ba@dhisy! am no, C1-C6

dlalkyhgg1%8?e %o q%ﬁgp anaq, andonutro Lﬁan gected fromthe group

t ?

e ks e om0
(5") (Ghidpehfdrdly SeRYied ﬁ@ﬂdthé @rdupS(oﬂhBﬂN(g@(() Gtiahd Swher ei n:

R" represents optionally 1-3 substituents, independently selected from the group consisting
of alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl, aryloxy, arylalkyl, carboxy, cyano, halo,

10 haloalkoxy, haloalkyl, hydroxy, hydroxyalkyl, nitro, and —NR’R'’; wherein R” and R are
independently selected from the group consisting of hydrogen, alkyl, alkylcarbonyl, aryl,
arylalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalky;

and including any pharmaceutically acceptable salt or prodrug.

15 2 A compound according to claim 1, wherein Z is selected from the group consisting of
(CH2)N(R7)C(0), C(O)N(R®Y(CHy);, (CH2)N(R)C(O)N(R®)(CH,); and
(CHN(RC(SN(R®Y(CHo);

3. A compound according to claim 1, wherein Ring A and Ring B are independently
20 selected from the group consisting of

O O G
o D g

(O)n

S oo o

R1
N 0 S
R
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I is O or 1; 30jisOorl; R7 and R8 are independently selected fromthe group
consi sting of hydrogen and al kyl; wherein Rng Bis selected fromthe group
consi sti myoabi1/02Bioy (i') Phenyl; (ii') Naphthyl; (iii')pcaisB2a0/0678menber ed
nonocyclic heteroaryl group which has 1-3 heteroatons 5 i ndependently
selected fromthe group con5|s of 0, N.a dS and (iv') An 8 to 10
menber €4 bi cg]EPWEO‘H’éitaéP%@F‘)gltoﬁ %@g WQFWK&% 1-3 heteroatons i ndependent!y
sel ected fromthe group consisting of 0O, Nand S; RWrepresents optionally
1- 3 substituents, independently selected fromthe group consisting of

al koxy,5.al koé(yaﬂnkoyund a@:bdndm)gdarcbmmyll, whatelay R is aelpttos fromathy lgaduipydonsistargoaixy ,

“XRoRL: aher e HeRs BiRE Ry hinkh fheh bRy OldR et BRIV o G Relydr. =
consi sting C{‘CRHR f@ctll)éN-(R% K\YR“(CRFK%@(@)NQQ‘&H O(@R?W)d@(mi\@{“w licrEycl oal kyl,
cycl oal kyl al roc and heter cycl y; and |nglyd|ng any
phar maceut i d?a%dQR a@@é@ﬁ(&é )s]?i( )2@5(@)(6& E@dNé%)QCK)M@)RdRaccordl ng to

(o). N RN OB RS &ﬁ%@%ﬁ@ RAREER R

(CH2) , N(R7) @(GDNCRSM)QH@“ §O€(O@®R YO RYGOJCRPRPRE] ai m 1, wherein Ring A

and Ring B are.in tly ecte consj stin of
g (CR’R )dC(%)(CRﬁn dOR% and (CR Rg)dC(O)(CRp%)ﬂ\I(R )B, wherein each
10 independently selected from the group consisting of hydrogen, hydroxyl, C;-Cs alkyl,

aryl, C,-Cg hydroxyalkyl, C,-Cy alkoxyalkyl, (CR’R®)q and N(R*), may form a 3-7
membered heterocyclic ring, comprising of aziridine, azetidine, pyrrolidine, 5-
fluoropyrrolidine, piperidine, 6-fluoropiperidine, N-methylpiperazine, morpholine,
2,6-dimethylmorpholine, thiomorpholine, and wherein said heterocyclic ring may be

15 optionally substituted with up to three of R’; wherein R and R® are independently
selected from the group consisting of hydrogen, halo, hydroxyl, C;-Cs alkyl, C,-Cg
hydroxyalkyl, C;-Cs alkoxyalkyl, alkoxycarbonylalkyl, alkoxycarbonyl,
hydroxycarbonyl, hydroxycarbonylalkyl, amide, alkylamide, amidoalkyl, sulfonate
and CR’R® may represent a carbocyclic or heterocyclic ring of from 5 to 6 carbons or

20 alternatively, (CR’R®)g and (CR’R®), may form a 3-7 membered carbocyclic or
heterocyclic ring, wherein the ring may be optionally substituted with up to three of
hydroxyl, halo, C,-Csg alkyl, C;-Cs hydroxyalkyl, C,-Cs alkoxyalkyl,
alkoxycarbonylalkyl, alkoxycarbonyl, hydroxycarbonyl, hydroxycarbonylalkyl,
amide, alkylamide, amidoalkyl and sulfonate.

25

6. A compound according to claim 1, selected from the group consisting of
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WO 2011/ 029001PCT/ US2010/ 047816 4. A conpound according to claim1,
wherein X is S. 5. A conmpound according to claim1, wherein Rl is selected
from t he woaop/eensgi sting of hydrogen, hal ogen, C 1 to @8taiskeio/047816
(CR5R6) dC(0) OR4, (CR5R6) dAr, NR4(CR5R6)dAr, 5(CR5R6)dC(0)N(R4) 2,

NR4( CRSR6) dC( 0):-N( R4) 2, FO(CR5R6)dC(O) N(R4) 2, (CR5 Ro6) dOR4

OC( 0) ( CR5R6) dN(R4Y 2,8 .CQ) (CR5R6) dN( R4) 2, C(9) N=S(0) R5

NRZC(O)(CRSRG(R 5R6)dR5 HN NR4 HN\- C( 0) 0 At d(R4)2
S(0)f ( CRSRGYONCR4)2, 0) OR4, c:R5R6)o|R4J§EX 0) (CR5

R6) dOR4, a 5R6) dC(OBQ(CR5R6) hef ei n each? IS 10| ndependent ly
sel ected filonglt roup consi st g)f hydr orgen, hydr C% "al kyl,

aryl, Ci1-Cs8hty ro><}§/a\lyfk9ﬂ*, Cl- Cq al[kgefal kylQ ( CR5R6) €\ /R4,)ﬂ20may forma
3-7 nenbered heterocyclic ring, onpri §i pHaziri di ne, aZetidine,

pyrrolidine, 5- quoropyrroIidine pi peri di ne, 6-fluoropiperidine,
N- et hyl pi perazi ne, porpholine, 2,6-dimethyl norpholine, thiomprpholine, and

wherein said eﬂer cyclic ring ,Ql’)eHlS ptional |y subst |tgte with up to
three of R5[ wheleih B5 and R6 |\ﬂ|/de efdent | y se he group
(

consi stingoo hygr og n hal o, d ox9I , -C8 al kyl,; -®& h xyal kyl ,

C -C8 al k oxycar lsal loyl | th koxycar onyI ydr o ycar bonyl ,
hydr oxyca ani de, % de ani doal [y S ora,ate and CR5R6
may represent a 'tar odyclic oMN het erﬁb/(Nc‘l\i‘(cOHri ng B5Jta, 6 car bons or

20alternatively, (CR5R6)d and (CR5R6)e may forma 3-7 rrenbe'r:esd car bocyclic
or heterocyclic r| ng, wherein the ring nay be optionally substituted with
up to three of hydroxyl, halo, Cl1-C8 al kyl, Cl-C8 hydroxyal kyl, Cl1-C8

al koxyal kyl ,F al koxycar bonyl al kyI aI kox,eycar bonyl, hydroxycarbonyl,
hydroxycaro»-
conpound aNaEg \

am de, am doal kyI apd uI fon-at e. 25 6. A
cI aiml rom the grou QnsN g of WO
u 0478160

2011/ 029 1 /U8201

,CH /CH xS
N=§- N= S
\/3\)1\ (j:/)—(N S/CH

CH, -
H o HoH
(jNTN oYY
0 ol
o) o)
I\ s. 0 CH, I\ s, 0 CH,
NZ 7 om NZ / 0-CH,
E F CH,
HN
o)
HN
CH,
X3 i
| L) on
N
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WO 2011/ 029001PCT/ US2010/ 047816 The conpound of claim1 for use as a
tyrosi ne kinase inhibitor. The conpound according to claiml, which is used
for the tweabmembooaf one of the di seases or conditions ®elrast@d/ofiTsoén t he
group consisting of colorectal cancer, |lung cancer, hematol ogi cal cancer,

renal cancer, liver cancer, breast cancer, diabetic retinopathy, macul ar
degeneration, ag -related acul ar degeneratlon retinopathy of prematurity,
ocul ar angi ogen edena retlﬁal "i scheni a, dlabqﬁ gl macul ar
edens, cyst0|d Iar ed e, retg N | usi on, C el

occl usi on, nal neova cula |0m r-i nducgasgnor 8i da
neovascularlz |og ngovasc zatlon assoc¢jated w th keratopl asgy,

gl aucoma andfjocC nor s, ar B s, rest osi s, P gl rrhosi’s,

at her oscl er oSi ori,agys, di | litys, wound |nf5annat|on

neurodegeneratlve di seases and Nnmune or ers in the hunaﬁ{Bépﬁg A
phar maceuti cal conposition conprising of gpapeutlc ef fecti ve amunt of
a conmpound of claim1, together with a pharnaceutlcally acceptabl e carrier
therefor. The conpositlon of claim9, wherein the conposition conprises of
tablets capsul es, é veno i nj ections, tra scul ar injections, |ocal
|njéct|ons #PH&P“ Bg g§W§mﬁﬁﬂaSWﬂ¥ﬂ% ase 1giBitgr ons  eye oi nt ment s,
eye sprays, ophthalmc suspen5|ons, opht hal m ¢ enul sions, intravitreal

i njections, subtenon injections, ophthal mc biodrodible inplant, and

non- bi deor diBleecoopotindhesordingweslaisn hrwhidepatsed for the treatment of one of the

diseases or conditions selected from the group consisting of colorectal cancer, lung
cancer, hematological cancer, renal cancer, liver cancer, breast cancer, diabetic

10 retinopathy, macular degeneration, age-related macular degeneration, retinopathy of
prematurity, ocular angiogenesis, retinal edema, retinal ischemia, diabetic macular
edema, cystoid macular edema, retinal vein occlusion, branch vein occlusion,
preretinal neovascularization, laser-induced choroidal neovascularization,
neovascularization associated with keratoplasty, glaucoma and ocular tumors,

15 arthritis, restenosis, hepatic cirrhosis, atherosclerosis, psoriasis, diabetes mellitus,
wound healing, inflammation, neurodegenerative diseases and immune disorders in

the human being.

9. A pharmaceutical composition comprising of a therapeutic effective amount of a
20 compound of claim 1, together with a pharmaceutically acceptable carrier therefor.
10.  The composition of claim 9, wherein the composition comprises of tablets, capsules,

intravenous injections, intramuscular injections, local injections, topical creams, gels
and ointments, eye drops, eye ointments, eye sprays, ophthalmic suspensions,
25 ophthalmic emulsions, intravitreal injections, subtenon injections, ophthalmic

biodrodible implant, and non-bioeordible ophthalmic inserts and depots.
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