I NHI Bl TORS OF PROTEIN TYROSI NE KI NASE ACTIVITY AND USE THERECF TO TREAT
OPHTHALM C DI SORDERS BACKGROUND OF THE | NVENTI ON Rel at ed Application 5This
appl i cat iwo 2011@i2n®st he benefit of U S. Provisional Appl ipcatdazoniieoioal
Nunmber 61/324,803, filed April 16, 2010. The entire teachings of the
above-referenced application are incorporated herein by reference. Field of
the | nveINHIBITORS ©F PROTEIN TYRUSINEKINASEORDTINTYS ANTRUSETHEREOPITO €i n

tyrosine kinase activity. TREATEPHWEMALIME DISORPERYVENtion relates to
conpounds that inhibit the protein tyrosine kinase activity of growh

factor receptors, resulti i g T TR eptor signaling, for
exanpl e, the inhibition o@g%g‘!{(}r}@ggpr@%?@ gﬁn‘éﬁ%ﬁgﬁgnd HG- receptor

si gnal i nBeladarAappiratiercul arly, the invention relates to conpounds,

conposi tions .gnd net hods for the treat f opht hal nj c , di seases,

di sorders or ’@Bﬁﬁg‘iﬁlc_ﬁﬁg’. CIanSSm”?&oPpﬁnhée ‘%81"5‘9%%] &Pﬁmcmon §qf Jdimker

ki nases gBy24083ctiRe il 86, B30 9mankhiré ?e%lﬁiégsrcﬁ@mlﬁ(/e-(&ergnceg% icafidd Al FGFR
and erbB2) or non-receptor (e.g. c-src and bcr-abl) kinases. The receptor

type tyr®spraeralerd harsusbyrrafeeenep about 20 different subfanmilies. The
non-recep Rfot{txpﬂhvte){(ié}}ﬁi ne ki nases nmake up nunerous subfamlies. These
tyrosi ne ki nases have diverse biological activity. Receptor 20 tyrosine
ki nases are Thas geestitmy rebagest foatongpandst thet mbibiit pretebr gnesimnkingessasisy. arin

extracel lul.ar bhi ndi ng. donai n, for growt,h factors .transnenbr ane. donai n,
xS bt Qlos M PR AR ol RSBl ek wREHSE® ey AR I R e e et e &
s pef:! ]1: | CoroyttD$ictue re@piodd) eredultingr it B Nghidiion hﬂﬂ@@pﬁcﬁ. dighalikke O£ eChple, the
proliferation. errant or inappropriate protein kipase activity can

cont ri butP8ioitent ‘ﬁgvﬁpgerefﬁpt% sgialine apd K seceprer sigarlingi More panicuBry.r Bat

ki nase aglintioh Yelal® i@ to ¥R, Cordph&iBSsNBdKhQBSESToF MY frédHER JrDphihGimic
pat hol ogg' of ophthal m c di seases, disorders and conditions, sué)h as

age- r el afigkdssraditiredrs gieadiErat i on (AVD) and di abetic retinopathy (DR).

Bl i ngnes Jnfn%@ SHhD rdiat&pggs has been linked to anomalies in retinal
neovascul ari zation. Angiogenesis is an inportant conponent of certain

nor mal physiliragiedahaspr naeixsdassisiid bs growanfactpogeeesi (8.caBGFRPRDAFReAGFRg, but

aberrant__angi.pgenesi s contri butes sSone t hol ogi cal disorders. The
or ot oHRaPbEE SR B Feo S Gl SRy Byt Sy " DleanioRtr S sreSenERAR: vice
and HGF hiat upabdw @0ediffeeePiublaniifiéns THE nkh-Aaspsr yps Ulidsing KitisdshRatenlp i ation

of signalin Lﬁa%]g&gf | eading to plasma | eakage into the nacul a, causing
vi si on | GEEIOWR; legr o heseurroniner Kinesey davadjers polosichleaqiivint nBeREPET eye
di seapestyidimelkiag HEUWESEL Ak 2at 5RR-th | op 2
strat egy)ff or conat'r ol I'i n%esneovascul al%i zta%-ie%{rslmg\%ﬂlgfdﬁg a@@é’gsﬁg%% %xga gégf op a
st r at eqyPiP@pe dersain feragraeiit fagiprsop krakratenibeandidomaine gnd an intracellular portion that

functions as a kinase to phosphorylate a specific tyrosine residue in proteins and hence to
influence cell proliferation. Aberrant or inappropriate protein kinase activity can contribute to
the rise of disease states associated with such aberrant kinase activity.

25 For example, tyrosine kinases contribute to the pathology of ophthalmic diseases,
disorders and conditions, such as age-related macular degeneration (AMD) and diabetic
retinopathy (DR). Blindness from such diseases has been linked to anomalies in retinal
neovascularization. Angiogenesis is an important component of certain normal physiological
processes such as embryogenesis and wound healing, but aberrant angiogenesis contributes to

30 some pathological disorders. The formation of new blood vessels is regulated by growth
factors such as VEGF and HGF that activate receptor tyrosine kinases resulting in the initiation
of signaling pathways leading to plasma leakage into the macula, causing vision loss. Kinases
are thus attractive targets for the treatment of eye diseases involving neovascularization.

Thus, there is a need to develop a strategy for controlling neovascularization of the eye

35  and to develop a strategy for the treatment of ophthalmic diseases.
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Here we describe small nolecules that are potent inhibitors of protein
tyrosi ne kinase activity. BRI EF SUMVARY OF THE | NVENTI ON 5The present
i nvent i orwprouvidessnew conpounds and conpositions ther eeCT/Chzelipoedent
invention also provides nmethods for treating an ophthal m c di sease,
di sorder or condition with such conpounds or conpositions thereof. The
compounds of 106, J RGNS GRIALELAN Bt 8lcSpchn KMARE: BF blotdid YoroSHoRAAS
protein tyrosine kinase activity, tor exanple proteln tyrosi'ne ki nase
activityaoivitgr omt h factor receptors, or for exanple receptor type tyrosine
ki nase signaling. 10In a first aspect, the invention provides conpounds
havi ng the structure and hydrates, solvates, pharmaceutically
acceptabl e salts, prodr ugRIEMSUMNMARAXOB THEINVENTRON racem ¢ and scal em ¢
nixtu§es, di ast ereoners and enanti oners thgreof. In a second aspect, the
i nven?i on pr oVROREESCRLIRBTEILR PENEICE BE FPBPHG IS BHHHO 0B dils §rasentt he
present jR¥GHni A3 Md@,mﬂmﬁﬁ%hﬂ YpIAHAR ARLE, 8REMLECSr coRKELR WRAT OF
di | uent. In a third aspect, the invention provides a nethod of
t r eat i ngsuth copnewnals wr sompesetiose theg¢od orlthe rcompowndn @i theoinyentioe aretnhibifors of
conpri si 1. nd.stery - ] e [ he 2uti.cally
oot versRoihS 0l BEpli D R de 1R b el frolalf bRRR KRG 2
t her apeutdtoay by grefvitelattovecemsir fofexando rpegot ty phtyasme kiHangsigralihfie pr esent
i nve éion. In_so 3 5 e%?odinents of, this a%g?Ft" t he di sease is caused by
chor of dal ang@@'gﬁé§W§F D ESHR BRoRidas hmedndsihaying e UHEE  t he di sease i s
age-rel ated macul ar degenerati §n, Hdi abetic retinopathy or retinal edema. In
some enbodi nents of this a% t Yt patient is a marmal, for exanple a
primate, ,for &y |1P a fourth aspect, the invention provides
for the use ‘ofya ec according to the 10 present invention for or in
t he manuf act ure ANedi canent to treat an ophthal m c di sease, disorder or
condition. |In soneNenbodiNtents of this@2aspect, the ophthal mc di sease,
di sorder or condition is caused by choroidal angi ogenesis. |In sone
enbodi nents of this aspectfr_the dislase is age-rel ated macul ar
degener ati on, gi abetic retihb/?o% etinal edema. In a fifth aspect, the
i nventi Ogye® OV|yq$ for theoGSe of “a conpound according to the 15 present
g}—a co

i nvention, 0Si §1 thereof, to treat an an ophthal m c disease,

di sorder or contidi op=— n| sgme enbodi nents of this aspect, the ophthalnic
di sease, di sorder condrtion i s caused(dy choroidal angi ogenesis. In sone
enbodi ments of this aspect, the disease is age-rel ated macul ar

degeneration, diabetic rgti op@tqy or retinal edems. The foregoi ng
nmerely sunmarizes sone a

QT‘hQﬁ invention and is not intended to be
20 limting in nature. Tg aspects and ot her aspects and enbodi nents are
describeg more fully Qelgy
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DETAI LED DESCRI PTI ON The invention provi des new conpounds, and conpositions
thereof. The present invention 25 also provides nethods for treating an
opht hal mwoadnseraswss di sorder or condition with such conmpoeuERAR0TIN000390
conpositions thereof. The patent and scientific literature referred to

herein reflects know edge that is available to those with skill in the art.
The issued patents, published patgnt applications, and references that are
cited herein are hereby i dﬁ@m by reference to the sane extent as if
each was specifically and J vigdduaVly indicated to be incorporated by
30reference. In the case %f 1nconsistencies, the present disclosure wll
prevail. \ The S ase inhibitor" and "inhibitor of kinase
activityofﬁzkukg i Re; e used to uq§@;ify a conmpound which is capable

of interacting with a kinase and inhibiti'hg its enzymatic activity.

The term "inhibiting kinas% enzy%atﬁc activity", and the like, is used to

mean reducing 35the ability Rin to transfer a phosphate group from
a donor nol ecul e, such as 0@ specific target nolecule (substrate).
For exanple, the inhibitiorn of kinase activity may be at |east about 10%

I n sone enbodi nents pvention, such reduction of kinase activity is
at | east gbout 23% tively at |east about 50% alternatively at

| east about” 78% and alternatively at |east about 90% In other

enmbodi ments, R{hase activity is reduced b§§%1 | east 595% and alternatively
by at |least 99% The 1050 val ug i the concentrati on of kinase inhibitor

whi ch reduces the activif %WH$Tase to 50% of the uninhibited enzyne.
The ternms "inhibitor of V receptor signaling” is used to identify a

conmpound having a structigre as defined herein, which is capable of
interactingHMﬁ1 W receptor and inhibiting the activity of the VEG-
receptor. | nb nts, such reduction of activity 10is at |east

about 509 alternatively at |east abolt92%5% and alternatively at |east
about 90% In sofe embodiments, activity is reduced by at |east 95% and

al ternati wel .lNa%»degst 99% The term"inhibiting effective anmount”
is meant to ote a\ddsage sufficient to cause inhibition of kinase
activity. grhesanodht of gycompound of the invention which constitutes an
"inhibiti e fechivq)a unt” will vary depending on the conpound, the

ki nase, a7t AKe. The inhibiting effective amount can be determ ned
routinel ne f~Qrdinary skill in the art. The kinase may be in a cell,
which in turn may/ be in a ndMei@el)| ul ar organism The nulticellular

organi smnmay be, for exanple, an animal, for exanple a manmal and for
exanpl e Ziﬁynan. In an exenpl ary enbodi nent, such inhibition is specific,
k
N

i.e., th nase i nhi bi ter _xsedlic
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and hydrates, solvates, pharmaceutically acceptable salts, prodrugs and complexes
thereof, and racemic and scalemic mixtures, diasterecomers and enantiomers thereof.
In a second aspect, the invention provides compositions comprising a compound
10 according to the present invention and a pharmaceutically acceptable carrier, excipient or

diluent.



20the ability of a kinase to transfer a phosphate group from a donor

nol ecul e, such as ATP, to a specific target nolecule (substrate) at a
concent r avoaniitinadesi s | ower than the concentration of tireTioN2taiobaavot hat is
required to produce another, unrelated biological effect. For exanple, the
concentration of the inhibitor required for kinase inhibitory activity is
at least 2-fald.,l.ower Lternatively.at |east,5fald | ower terpatively
at | east 10-11?102} 81 oW érc,t ’atgﬁdn%fln{l%nr ﬁ%ox}d\%selaym%ﬁ Oq 8%%? at%fﬁ]- ?%}11}51 1(%V\‘/Eel?é’%‘%e}’lan t he
concent r dikorder orequnidited, the pethod cemprisingn adrhimisedinpitol o gateal irehécdcthercof a

Thus, th«?1 i nve,ntl'b‘on gr.ovi des a lmat hod for inhibiti nﬁ ki nase. enzymati c
activi t yCEBAFRS AECUSHEARATHET EhePTRIOHAL GO ERE 4% THRTSFT A EPRelt Pve
amount  ofheRpEHTMBUTEE RV SRSIROST 4 LORPRRIGALEIRAENE B the Proséil @Reh®h. ThRomeMe
enbodi ments, the kinase is in an organism Thus, the invention provides a
met hodtl f ROGAREMS tof B kisRerde thendisaes il camsed Pyt Ghoreida nangiqgspgsism [n some
conpr i Si A Sreiid dogel, | A ALERNTiSHRRhA! MhbdBIglhaaidn! SagmUNt of
a conpound or conposition according to the Invention. I sone enbodi nments,
t he or garstisepathy a retiahedemaf b scmeaamiiodingentbanfelss spattiedie patmamtis.a rhammalntor

enbodi nep the. organi smi human. The term "t herapeutically

ef fecti v%’gagir%l)euangmgaég’%%rrreﬁf“gy%c? 7&in is an amount of a conpound of the

[ Event i on, tlligaet ﬁM’tﬁms@dﬁithﬁ Eltvelft'@d }ir@viacs]?ffaf tiendse o§|ai dﬂnapﬁuﬁ&@ccdﬁﬁﬂg;] Q)dtcl;e

t herapeutic 35effect, The erapeutic effect i s dependent upon the disease
bei nS(‘? t r SR8 R RRfiopHar Pé%f“?@%‘ugt&}%’é‘? Plefl MeAKARERIHO tFeRarn ﬁ@rtgagf@m Hizeags f ect
can be tgisatmR cotitich. B SHRSEnRIRhEs STUhLRSTect, iiS hlBIAR AikkAse, ®bdr@Glorcan be
i nhibition of kinase activity. The anmount of a conpound of the invention
whi ch co@@@itmtwe@U%@d'hywb@ra}ﬁ@ﬁmgmpmeﬁlsdﬁ s apebodipeantrof thip pipestathy digegsendi ng

on the c ) i : | | e age of the patient
to be trggpgggm%dnﬁgﬁagd?éaeag&l&gﬁflaﬁg?c{}%éﬁr@%gzt%?/%g %li/éd%'#’%?ecti ve anount can be
det er mi ned r butififél aspbry, aenehtiar giovaky faktht lusé of th@mpotnd accordidgntosthee

enbodi ments, the therapeutic effect i.s treatnment qf an. ophthal m c, disesase,
i sof Her Pevnt SRaridoR Barermras Sersatoig R R am St TR R JRoGsSE,

di sor der cqpditoanth onrembodincatsefigeslashect Baopthemriidehdey digdrdér oz QOB s
according to the present invention to treat (a) a 10 disease di sorder or
condi t i o RHUBetNBYIE HBRIRENSEHS arlgisere fESPAImentsf his ignechitbndiseast irgeat i on,
age- 1 el afefrkdRiM|aR e HRGSNGT BlabQid retophthy ol tidmd €11 nOpat hy or retinal
edema. | n sone enbodi nents the phrase "treatnent of an ophthal nic di sease,
di sorder or Bwddicgeinmmeiedy suntrestdesisoms aspsats of e intxntipy yndok nat ioengrdun de

accosgin : e Lnvention to treat, an exudative and/ pr

o oahfle SRR EROL baBiSah Sfhel SptiF Al AR Y Sa25Pehams oy at e
to inpaibedalv. 15 retinal vessel perneability and/or integrity, a disorder
related to retinal mcrovessel rupture |leading to focal henorrhage, a

di sease of the back of the eye, a retinal disease, or a disease of the
front of the eye, or other oPENAIRISDESERIPEION! sorder or condition.

I n sonme enbodi nents, the ophthal mc disease, disorder or condition includes
but is not IThsilpegtienrraygdesramagaspontsuindreoppguiensabdrent. ThRVBENt inxantar i ve
macupar [ I : caet . or lar... ~rel ated
TacUlar HeoE el M O R e Rmit e’ AAGRAPSF oM ST
degener atompeundsyat eingpositions thercofddia, papal prebsadntifie daeraturer effdrredl to deckdma,

di abetic ' . Macul.ar  Neur oretinopathy,. Central Serous

Chori or erteflg%%olé hy,dgg ﬁh(?f\lf:s(b)grvglﬁ neotﬁzﬁ%sf/ W l%hsglrl R ﬁﬁe@éa@%‘ﬁﬁq]gﬁyﬁtpl“@ffged
neovascupagmt agpticitopatany refremeasmubrcited Beseia e, hepddstifdoeidrated BY fedrbmk t@nd
venous retinopathies .(e.g. Retinal Venqus, 25 Ccclusion or Retinal Arterial
Cccel usi ot% ,SME‘gﬁlft?rglaSFéf?c a‘i"as\fé’F‘f‘}g@l]@I it ﬁ’fyl%ﬂlg's’é‘ﬁicﬁtﬁ &% bF ArcospEedbyr
Coagill opefefshce. Bi geehseReincBadistdfRich, thE prettsi SlolodhdRilitpAsilve Fundus Changes,
Ccul ar Ischem c Syndronme, Retinal Arterial M croaneurysns, Coat's Di sease,

Par af oveal T&F &AGF elipass irhibijge andRinhibiiar olldnase axivity’s iaphthe tikpiard wohtebi ti s,
Central Rehifn@Lodibduli WhidhG! Uphial of FARGH; BRb | RS VS PR Car ot i d
Atery D s_ea}ge Crﬁ\%g nd rhlch %r aIQ]CIE € o ﬁflb'ﬂﬁ'}asébé[nh%%bl%g ityésnzymatlc
activity.
The term “inhibiting kinase enzymatic activity”, and the like, is used to mean reducing
35 the ability of a kinase to transfer a phosphate group from a donor molecule, such as ATP, to a
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30 Angitis, Sickle Cell Retinopathy and ot her Henogl obi nopat hi es, Angioid
Streaks, macul ar oedema occurring as a result of aetiologies such as

di sease (wogoiibi2adssti ¢ Macul ar Oedemm), eye injury or epeTLN2gaEINO39D et i nal
i schem a or degeneration produced for exanple by injury, trauma, uveitis,
iritis, retinal vascul itis, endophthalmtis, panophthalnmtis, netastatic

opht hal a igment epithelitis, conjuncti |t|s
cycliti sSpeClﬁf arrg? 16 (Séjg?ﬁ eir} kg'?exgw{écthég’}?é%??rw#shmaf QF‘]HE)(J “Bptic
neuriti sleaskeoat i (I!%Sln Db phoiinicats oémddﬁiehl\l@ r‘s@mir&aicnde&fa@ﬁmmhvnp@mﬂeal 6
ul cer, s]Fi‘PJé nctival ulcer, chronic nummlar keratitis glggé geson keratitis,

progr es b ey atdensiabarai0’ plerapthvebcrt jeaghab 7eatsed by

bact er i allteRfatiVdly &l ledsDitR6E 9098 plrotllﬂa\f eRBoARBRB AL Ca @R estrkmed BPatqeddl ar
i nf | ammat ory di sease caused %Qp’/ ghya cal injury to oﬁg and a synptom
¥

caused b} amnd@rmarvanpy atdeast heslgacs@mens:rm@pmgnﬁrqt@m inagel ihtibitoroedena
and ul Cegpioh RflaY HIGHRyin I IRERPL UGG ATl bR, ervthema nodosum
eryt hema annul are, ermatitis, angloneurotic oedenmm, |aryngeal

oedema, gl otlthe @rmedﬁh@;tomfbﬁi@ tersepttbrasrgnalgng ususedbtoaderhnsz B sompdunda hhvmg

pharyngiti Si nu itis

enbodi rrensttrubtufel'uas d%h dﬁ‘afellﬁ R ERE" eaf%ef%fZPg mth&-}’,ﬁo(ﬁli f%ﬁ’t?rsa“fla) a di sease

di sor dermmbnmgmwatcmry dfahES‘EEGBYeoethf OinGahe arﬂgd)cﬁ@eme&u@n relidib@lbhldf z&ﬂth t hout
rel ated macul ar degeneration, or

| t
r Ie[r: gpla‘g Hg,le%? %"’é‘[ e altargatnely at least gbqu g7(§rﬁs aphpbematiuely gt l)e%SFl éb%‘bﬂ(?%amn c
di sease, soflc2R1bEGMmeATs, AN Fs'r&ﬁcéd]:?yl HAe 9‘3‘% addsdlt%'étﬁnlc'lm}l fatosge-rel ated

macul ar degeneratlon di abetic retinopathy, retinal €dema, retinal vein
occl usi on, r&eaEC mhshltuw ffecbrraamauat iinopant m/deoﬁteprd@muuﬁfwm tpicgusent ar y
retinal 5 it | roliferative
(ot inal NIRRT e YO IPEL IRRKESPHL A LA MR LoaBlBLL 20
or condl‘tn}nimmgseféegévarzehmmé'dmﬁazatyl c&per(dla@emehactdnm;mdiltl@&ieﬁase anetherlikpat hy or
retinal ede us, the invention provides a hodfor treating an
opht Il i BTRUBEetech S ey Su eRiRam PrO PP HEISR 4 TRrC s BN g

admi ni stEfeikigisé mayaBe i g¥B| whith aesh Ry Ug B nfulRLIBNSrgahiddherapeut i cal Iy

ef fective anDu a conpound or conposition of the invention. In sonme 20

enbodi meRtltce! lPE‘éO’&ﬁP‘ﬁ‘ﬁlmaiH’eafOﬁﬁf?ﬁﬁ’ﬂe an giimal fanskample @ owesndl exd gcxppial . 1 n

sonme emodignts, the animal is a human. I n sone enbodi nents, the

therapeutl c effect is inhibition of retinal neovascul arizati on. The phrase
"i nhi bi ti onlofn ¢xsmipkeay emewhimens suelr inpbiticnns spesific niteg niskeldndse inhifstor tedeceabi | ity

of CcO sent vention to re th rowt h of
o1 oo o dBouthy B8 & Rleld bR ApRIREE Dhoup BORE A GRe bG T L TR 1

f rom r etspevific mwenmpletuje (sahmmbet,a do@cdfne’aﬁjrdhﬁthelogvreﬂﬂfaht}féfcoﬁ&mrhldﬁ@(ﬂtHéeSSe| S
orlglnat fromretln vei.ns an ext i al o t he_ i nner (V|treal)
surface 189 %éhalléstrF%regm proﬁhﬂ?eéﬂmg?{ 9B% P?gﬁgeﬁ Far gxamplf. the

neovas c kbadeh#@ion@f theSniiBilt @ rélRgkedd Yor %Inabeeiﬂﬁxblt&? %tﬁﬁty(iQﬂn@s{s?ﬂf&l@ 1wt nal
neovascul ari zati on of non-contacted bl ood vessels, alternatively at |east

30 50% 2HFPaiyehtgtieesyS-told jowss pltaraagvely ot @ﬁﬁdﬂﬁvléllw%tt andgdiema®@dy, at least
al t esnabipusldioddr @Akt corefiafbifire %ﬁlrt@g}({gﬁﬂg %1 at!ec?ﬁ%folghc ebﬁ‘epil ternatively,

retinal neovascul arization is |n 6od vessels do
not incr easéhig ®p zl@V@mOnumbeud)ts al megtoxe fc&nbxh(hltmgﬁtlmaset rezyohtias activity,

"1 NNt DT b aRighe BhhdAl AENRSE YA bF BN, | HELHdes L egrassian b agt e

nunber Ize vesse as conpar

vessel s cofﬁhmt;onaaccmdmgumdxeamemldn Ngn tand frebodimyes) ttheOKinkDas in Ahéhdisnr et i nal
neovascutlharl ation rraﬁ)é/édﬁeduce bl ood ng&)ssel growt h retardation, blood vessel

growt h arrests MEFICREIRYLIC & UG THinBI e JHHSY B BRIGRGWI T In an organism,

30 comprising administering to the organism an inhibiting effective amount of a compound or
composition according to the invention. In some embodiments, the organism is a mammal, for
example a domesticated mammal. In some embodiments, the organism is a human.

The term "therapeutically effective amount”" as employed herein is an amount of a
compound of the invention, that when administered to a patient, elicits the desired therapeutic

35 effect. The therapeutic effect is dependent upon the disease being treated and the results
5



Thus, the invention provides a nethod for inhibiting retinal
neovascul ari zation in an animl, conprising admnistering to an animal in
need of swohotiwreaicsent a therapeutically 5 effective anpamtcaabiizoedopound
or conposition of the invention. In sonme enbodi nents, the animal is a
manmal , for exanple a donesticated manmal . I n sone enbodi nents, the aninmal
IS a hu%@i{ed. As sHBE he rtlgre}r&ﬂfg%d ﬁf%ct @ b%('}p a e%g olP%r gils&%sg-agxte.t hﬁurﬁl"& RRe € of
t he present Tnvention I nc es hufans and ot her —ani mal's, "Tor exanple
mamal s. thdtpesitit kéfectorapdhenohbibitmangolsndse cosvignd The mebhads ©tomp@inpreEsteat

invention are applicable to hoth hungn erapy ang veterinary. applications.
Y e Brgn SRR SRSt &, AR S S Rhgn LG AiefadRn' 68! One
terns "tdoagolil)the ditdagRdtireBhd its Mvetifyethei d6€ of B patied 1HBE leited AME lthd Q.

treatment of a di,sease-state in an or(%anl sm and includes at |east one of:

(i) prevEktthieptenlliictedve ampuntean podstrainpdrpyiely by 998 of prinagy skilhiighe such
ani mal i8¢ predisposed to the disease-state but has not yet 15been di agnosed
as having it; (ii) inhibiting the disease-state, i.e., partially or

conpl et el y dnrseseianpodimentse vl hprpeitic {ffeci )s redtingvi ofgant hehttilmzadisessteat e,
i.e., C i r [ i f | sease-sta or. anel i,orating
syt otepe oh SRR, 28 S BRLRTR 3 ap S R HE U ot oo RO

di sease-isteaded, tosnah ths aldliiynofnatinyguad aciordifg toothe tphaeti isgmsien td el gk

enbogdj mepts of the present inventiqgn the organi sm.i n animal,. for exanple
o et e s P SRR e B o DEREMeT e SATL g L he
art, adjdssténelld SndcOlar SWBdrRAi6n, Ve ?ﬂsdib&ﬁ_@'x’é@x%_at‘ﬂ?' drVRYi¥al QBfa. bRfY¥oHE! ght,

general health, sex, diet, time of admnistration, drug interaction, the
severi t yiodipstsdbypfiraseofeataent of apaphthrimiraditegsea digordgrny canditionyds intended
ascertaipapdag e LEiROMM 4 REmBXRE!d t.at -Qr di iLoln the
art. In somnj énbodilr}rye?nt S, tﬁ_?ﬁt ercgnﬁalbgrtgglﬁ ﬁ)géﬁe?w%tvglfé%o&ngnt?%( X%r%ﬁ%%év%i ke,
as used dndfoeinflapaneatery topkthalmea tisense, diforder dr seraliteons b alisorden related togmmpaged and

i ncludes 25| east agne..of (ji) i) ,an i ove, . Exanpl es of
ot Bs. qFtishSEPC PR Tl el & o8t ef oy misy St R B

per i oculleading wetfoe tiéthathage, i disasn@ the bickrof thawyleay kdtihall didcBjee 6t b OReast Opi cal
(for exgglr)%e, gzlne? drops?h, s%g%i)nj nctival injection, subtenon, transcleral,
intraca pot of Hi5exe-iok giher enhehaimis Jisease Birdes AHCEYEBi ned- r el ease i npl ant .

Qt her rout e3n GdmeebsYibR@ith©PphtRUMRY dibddbee AlsbAPr & {RRitPh iRURNRE bhok Tt Of
30adm ni stration for odplg[%hal moc situations will be known or contenpl ated by

one ski Njniedity AggRelgted Maeplarlegeraraiinad d RMD bexudativg magiher deeensentioh (alfre
presgnt J.avent N 3 ' . e jnyention, routes
of adm ninst r gt i 062 ?rn‘%:ef"ﬁl gu lt ogl 5??@8g&%@%ﬁ\c}%ﬁﬁ%faﬁl@gl(\%n@g@?’i dg)e?\cu Falr %\?Cfr%gf\?i treal

i nj ecti ogsd aliscidorive magulat aeganenatiers , cystpst emcdarl bgdenar palphieal vedehadsetiiabwn t o
one skilled in the.art to a , patient follow ng ocul.ar surgery, In some
ot her er%oed?aﬁen%l% Gr ¢ ténongth’entAcPtﬁveﬁ]ff‘g?{ SBWPg:gnﬂ?aaﬁ'dm(fﬁ%gf‘lr abfar

i ncl ude Qhopibeahopathyt clavvibtetia@athy, CAASREN&vascRRFizARH| @ovase @Rl MAGAIpYRY

subt enon, int racgalmeral , subretinal, subconjunctival, retrobul bar, or

intr a_caﬁ‘ﬁPYa_é‘iH]%{_r a‘l‘“r‘?”‘éi‘or‘?ﬁ“%%iaﬁ%‘fﬂﬂl Sndf venRes prtisepatics kyenRenl Yesaeses of
admogi stoRtusivR drREUGBE A@R{af Acclusion), Central Retinal Vein Occlusion, Disseminated

Intravascular Coagulopathy, Branch Retinal Vein Occlusion, Hypertensive Fundus Changes,
Ocular Ischemic Syndrome, Retinal Arterial Microaneurysms, Coat's Disease, Parafoveal
Telangiectasis, Hemi-Retinal Vein Occlusion, Papillophlebitis, Central Retinal Artery
Occlusion, Branch Retinal Artery Occlusion, Carotid Artery Disease(CAD), Frosted Branch
30 Angitis, Sickle Cell Retinopathy and other Hemoglobinopathies, Angioid Streaks, macular
oedema occurring as a result of aetiologies such as disease (e.g. Diabetic Macular Oedema), eye
injury or eye surgery, retinal ischemia or degeneration produced for example by injury, trauma,
uveitis, iritis, retinal vasculitis, endophthalmitis, panophthalmitis, metastatic ophthalmia,
choroiditis, retinal pigment epithelitis, conjunctivitis, cyclitis, scleritis, episcleritis, optic
35 neuritis, retrobulbar optic neuritis, keratitis, blepharitis, exudative retinal detachment, corneal
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5admi ni stration (for exanple, eye drops), systemic admnistration (for
exanpl e, oral or intravenous), subconjunctival injection, periocular

i nj ecti onyoi2ntwiaviesr eal i njection, and surgical inplant pCorcA2ooaiooxdel i very.
In some enbodi nents of the present invention, routes of admnistration

i ncl ude int ravi treal i njection, peri ocul ar injection, and sustai ned-rel ease
: rr:\eleﬁ?;[ (ljl?,]%{ conjun lrvglgllgéﬁ\{eg (I)nrllc ré%ni)mlr}lar l?enPtltgn?hyr%eson{]ﬁ tl?lS t;;[ng%e wesMa’cpotrens

(intr avnmdeeah)opulmdﬂammmer)cd:fqammeda»y (bauémetb of umaitmfvaio)a or bghn nphthdimiceye
(retrobul‘[::)rgr%ﬂe into the_sclera, under th f Tenon (sub-Tenon), or

may be iR (8t Oy ppflammatpry” disgase é’ﬁ’i’.ﬁﬁg %gtpgy%‘fa M e 8N Y @St i on,

adm ni stspaplofcalised! 9 GaloculeNfmklbdimagryisded inclubifg tikhin®@Nflart, QRH&Rd and ulcer,
intravitreal, periorbital, intraocular, and other |ocal ‘admi nistration to

the eyefilfie lEmA sKufdMuFerndtlme. endisiss nodesughaersheman anpdirag

Wi thout gljbfebidatd, g@vma‘{l'u@ A ﬁl)ﬁ!:dryﬁcr Yeddfm! fé?yngea] oed i, GRIROYARRaObubklbfidPr esent
invention formsalts ﬁ are also within the scope of this invéntion. The
term " sddysys, broashltesrrpmmyle,@hhlefnglilm singeifintlagngidd diotitisaledis. f ormed with

i norgani ¢ and/or [ h rymeceut LIy acc tabl

non- foxi ¢ ( Bk FRBERRNS L BF' ShopE IRER, WhS R e SEERLR' & et

physi ol dggoriet loy camditxnt ezb)lsﬁi) bgahtwidal engiogehesid; enkludihg, hoidght dirixatiors a:lgés are
al sq .usef ul . g., sol at i ur.i fication steps which may be enpl oyed
durqﬂg 6?13%‘3?’8?‘?%98%%%8[“8“&(‘13%3 e Bﬂﬁﬂﬁé‘ Y §f T¢ipal qd E’Q?%nti on may be forned,

for exanpl ein fymd @addiMéhia tROsHReHANSc QfischddediB6rasEIH cohMvibM idcRAeMENs A anmount
of acid, such as an equi val ent anount, in a medi um 25such as one i n which

the sal figiisedeiags ff-‘éﬁt@% H@?uliirndeaﬁneawéoé@b%dﬁmﬂpﬁ@w wiied adgmpyrspral|veinat i | on.
The conpeyngs, %EoJaE‘;%ld? %@&Ba I B&¥fo Ethggt; g@hﬁtﬁn rﬁﬁg?%e'ﬁta RARAIC eggieﬁ{t%ﬁ

amine or a pyridine, pyrazolé or er| orm sa
vari ety u®¢lt1$3rcglalmlcleawdculammgmmrmrd&‘ﬂdwe VEX@)mﬁneBatmf aC| d addition salts

i ncliude acefa ch. as. thos cetlc acid..or trihal etic
aci clg for exats ® (e Odlfriems’r 6a08?hﬂ?alrg%:cl 5seasatd| lf)orfi gsor ﬁ?lbq“h%{]t s ag gag@bat es,
aspart amulasdﬁgmm@hﬁdiabehem‘ﬁamw droeraiabsdeni sul f at es, borates, butyrates,

citrates, rates,, rsul f tes, cycl opentanepr opi onat es,
di gl uconat eiﬂysdg?fe‘@y‘?r%‘ﬁﬁpé % ae’f“ﬁ'i‘ﬁ@&ﬂ reine @8 opphakigdissase, disorder or

gl ucohepbat BSan ghmglerc@@b@ss@a&rmstéaﬂ@@ uhfalB8,inhRRS BReRheseanhgXanoat s,
hydr ochl ori des, hydrobrom des, hydroi odides, hydroxyethanesul fanotes (e.g.

2- hydr Siejavenily sHegataaopnt phecamgeundner eompesitionst famswentioonalnessme

napfzbhaleﬁlrsseﬁylleﬂ@naqteeam(la g a n?amr{%a‘in@&hwﬁl @Scﬁ) t{a %SQnamn»l[ FOULNAKRS
nitrates, oxal ates, pect i nat es, persul phenyl propi onat es

embodlments the animal is a human,
In some embodiments, the therapeutic effect is inhibition of retinal neovascularization.
The phrase “inhibition of retinal neovascularization™ is intended to mean the ability of a
compound according to the present invention to retard the growth of blood vessels in the eye,
25 for example new blood vessels originating from retinal veins, for example, to retard the growth
of new blood vessels originating from retinal veins and extending along the inner (vitreal)
surface of the retina.
In an exemplary embodiment, retinal neovascularization is retarded by at least 25% as
compared to retinal neovascularization of non-contacted blood vessels, alternatively at least
30 50%, alternatively at least 75%, alternatively at least 90%, alternatively at least 95%, and
alternatively, at least 99%. Alternatively, retinal neovascularization is inhibited by 100% (i.e.,
the blood vessels do not increase in size or number). In some embodiments, the phrase
"inhibition of retinal neovascularization" includes regression in the number or size of blood

vessels, as compared to non-contacted blood vessels. Thus, a compound according to the



(e.g., 3-phenyl propionates), phosphates, picrates, pivalates, propionates,

sal i cyl ates, succinates, sulfates (such as those fornmed with sulfuric

aci d), suwbanatessestartrates, thiocyanates, toluenesulfeoate0sw0B9aS

tosyl ates, undecanoates, and the like. As used herein, the term
"pharmaceutically acceptable salts”" is intended to nean salts that 5r etain

the desiig bl ALOMHARL rAGR Mot 08 I0UEAISSMAS o) GRTRPUARA

exhibit mn X1 col og |ca cts es o such
salts i rtﬂéanﬂessebgrbwdraeres@br ihilure treglession oﬁblbbd;véssfﬂ geavtivi t h i nor ganl c acids

(for exanpl roch oric acid, robram.c.acid, sulfuric aci
phosphori c j@f‘ ?1|"ivtept(50“a81i°3‘de%ﬁdn%/ﬁ%doP‘irk‘ I?‘“&ﬁdet}éﬁflgo‘faﬁ“r“ﬁgﬁat\ﬁ"t i 8t gani c
aci ds suglmas cc&ﬁ;ﬁisirfg amhiflisteAX@ko @n a@inth! ih akéd bl SudCiréhitm&itGCiBiapeichit mmalic
acid, ascorbic acid,. benzoic acid, tannic acjd, 10pal moi ¢ aci d, alqlnic

I

aci d.5 pdfiFei s amAUAT ofcd EOMPRB O SPTRPRSEIONS thecinyentign. dm sope gmbediments honi ¢

aci d, el hanesytlfnig BCddmpR-§ Mhenesd hanhal. agisdmaRALEAMLER! AEhMmANI C
acid. Other salts include pharmaceutical Iy acceptable quaternary salts

known byisehewsen.skilled in the art, which specifically include the

quat ernary gmoopnj.u i ISk en,
al kyl, or benzysir;qn ?@&% P emé)tkg'g%frl]]? e{riqlJflgﬁthe pWﬁoZeé oA tﬂ,{‘ﬁ S%hﬁag%nlnérrl %ﬂ{ggg
i odi de hufivaad kiyd pth&ﬁhminabnﬁﬁ Leikhraplatreamimas. hyﬂhmu eromatpeundsu kéropaitens and

h hat e r.boxyl at e ch as benzpat e, cc nat ace te col at e,
Db ol o Rt S° RS Sn{ GG 475 DIRARRLE: ob HEE R et et

mandel anipﬁhcaﬂ@ﬁbz \th 9athEemBinélitPine PittcAc B imal, for exah@l&@lﬁ[ﬁn&nb()d' ments of
the invention, salts of the conpounds of the present invention, may be

formed with JORIFES “Bralpg e cisament | g5the Hke. 4e pyed ey @rveidhereatmapef ahi r al
centers B gUehe %%Cdrgiﬁns%)ind‘%ﬁdés@‘?1e§st§¥1e Sugglfek/&h'm Rﬂe%sea@fmé ﬁfﬁ%m c

forms can be resol ved physi cal net , or exanpl e racti onal
cryst al |degatingnn p@éplémawhmuoln ammykis ateldispesed trthoflischisastrerbebsmotyeder i vat es

N T R

pr ecur sairsbtingtisrdedopias @) bl mﬁngtthedls@s@staﬁe,e&.,twuﬁrryremssﬁ@bifeyx?ﬁbhl@d, |

i ncludin hout |limtation, conventional nethod such , 25for exanpl e,
salt f orQ%éli‘fi b e ypiareting Vya?@m%ptg%ihaﬁaﬁ%|ap@ﬁwew%@ PYSEIEFI9At i on.
The i nvand Hiskhsabise, SR disasardblor bty OIRiel dEschR! 18 sdfic didIGAHRAIIIES

di scl osed herein. Anot her aspect of the invention provides conpositions

conpr i siigfeR IBYSRHeNE OEgERISIGS ﬁgartn@als fPé caneRien mamab e Q%ﬁmpk@rpr@)@éﬂ:rﬁlre i n
Yo

o A e P A O ot e
or prodragg tofly acpbtgenend hafdthosed; digt, ime bhainpniss@ivn, dmy éntragionpthe seatityi n - at

| east about 30 t di di ment
of the. 1T OHOTERe B Ra B ML TOEPAEEe o4t SAREFAALG0L | cal  y

accept aldyens af brdinanngailEx thy arPriadomigetnBodihe&as e tefnsAtrehi@RSt 3RMIA" 2%  at
| east about 80% even at | east about. 90% enanti oneri c or di astereoneric

excess. ThlkoARUSEhBIEIN RV dhedreatmat phi/drmaponate i Carmpwum infludsticte,
hydrgt e,jeast one of (i), (iii) and (iv) above.

Examples of routes of administration include but are not limited to, systemic, periocular,
retrobulbar, intracanalicular, intravitral injection, topical (for example, eye drops),
subconjunctival injection, subtenon, transcleral, intracameral, subretinal, electroporation, and
sustained-release implant. Other routes of administration, other injection sites or other forms of

30 administration for ophthalmic situations will be known or contemplated by one skilled in the art
and are infended to be within the scope of the present invention.

In some embodiments of the present invention, routes of administration include topical,
subconjunctival injection, intravitreal injection, or other ocular routes, systemically, or other

methods known to one skilled in the art to a patient following ocular surgery.



35sol vate, pharmaceutically acceptable salt, conplex or prodrug is present
in at | east about 95% 10 alternatively at |east about 98% and

al t er nat iwel2gtiaz73eeast about 99% enantioneric or di ast ePerrmER2ITI/BDESS. | Nn
ot her enbodi nents of the invention, a conpound, N-oxide, hydrate, solvate,
pharmaceutically acceptable salt, conplex or prodrug is present as a
substantial Ly racem c _mxture. .3The present. inventi.on also.includes
prodrugs of I%(S)%%%tﬁ% semoq%p éltnﬁcggiolg eer?lr?sg?{.mvfﬁémf’é? S‘”ﬁ?%’ﬂ?’_ﬂfg'atl?’%mflﬁgeen_ded to
r epr esenbpiaalcianpaued, iawddranpdripction daguricdva, wdtehdrg intravdhhat, mbﬁaﬂimglg_ I's g
capable of releasing the active ingredient when the prodrug is adm nistere
to a narﬁ’fh?qnﬁwcgﬁﬂwjrgt&b.um%Ioéﬁ’éréca(??g‘iu%é' active ingredient occurs in vivo.
Prodrugs cannbendétRaiBehtOr thesBRhOHeEKAWMed 6F ARGhistiekibh 8E1JAR dphgr art .
These techniques generally nodify appropriate functional 10groups in a

gi ver ccﬁéﬁb@iﬁe&tlovﬁf@ww& EYAHOpRrR PRI AmyL Biapen Hevrspawples egbtter at e

o1 91 NalinfhlRREUSPRACoBRAURS Rkcfih bLARUAPAIRU AR ihBcdn! fha IR UOS Of
conpounds of the 1 nvention include conpounds erein a ‘hydroxy, am no,

car boxylimplanbfor fpcglidelivay. group is nodified. Exanples of prodrugs include,

but are not (Jimted to est e. g... acetat for.mat.e, .and nzoat e
derivati ves)ﬂ,1 S%néer%rrgbn%i r%esn%s((g’%ei éreﬁgﬂhﬁnﬁ@?’WﬁSW%S@gP%@HW Jied¥€ hydr oxy or
ani no f unedvitoeahinjcbGon, peipcculan igaipauAd sustfincihielcpe aaplatt fonventdeidryy. ani des
(e.g., trifluoroacetylam no, acetylamno, and the like), and the |iKke.
The Qonpound® SYFe FRRIHRPLRRTPIRSY! IBEendanioniUragr der, ineeiondranbsialo e s or

as a prodirst@s (ih@avieeRMBRr ihB cbl)Enchiof MubfonfRct VAl behthdMAERI (Y#3BhiBargSt € Or
in vivo hydrolyzable am de. An in vivo hydrolyzabl e ester of a conmpound of

t he i nveaR®itbmsclesnhradaitirapsdapbbsagn diubrieapoxgr ragyoepn 2deRot féror  exanpl e, a
phar maceut i i i . Lo TR, T

ani mal bodyq?(%dr%er %gtﬁ)?gﬁ ?ﬁgeﬁﬁge?%g{en%}j%%}rl’%g{g%gﬁ%lh& %ﬂ?étagﬁrltlczl'? d“bg fifbu?

phar mac dinifatiah,| typiced cepavatidab peseréita, fiaocelar, ok ythemlotal démidistt@bad thobeyayet hy|
esters (e, g..4..Met hoxynet hyl Cl - Coal kanoy.l ox thyl. esters .g., for

ex aerr1pS| e tgflz %callll’lacr) gp(%/%lpr%lf)ﬁuﬁl )n,sg%ﬁ?'?'fiaﬁpfi%?ﬁ’l 1n4£\gt¥18$ gs%/tggut 11¥mtat10n, viaa ée?lvgry

C3- C8cycaleoiat.koxycar bonyl oxyCl- Coal kyl esters (e.g., (

1- cycl ohexyl car bonyl gxyet hyl ); 1, 3-di oxol epn-2-onyl met hyl esters (e.g., 25
5- met hyl - 1, gj;‘BF?B% “8&5- ‘éﬁ-t{%‘h@/‘]"%ﬁ W)V/?“,“Oéiz‘é!m(ﬁal-twgllckWfésﬁr"ﬁﬁ\‘fy‘lhéﬁ‘jf@’? R{thisest er s
(e.qg., ZLnveagbhoxycarbonyl oxyethyl) and nmay be forned at any appropriate
carboxy group in the conpounds of this invention. An in vivo

hydr ol yzabl dheirmrsai(s) as emplovietihas¢intdsaotenacidie salin faoad aithiirrggamidandooxy

group | gﬁ%ﬁﬂ%&%g{sggﬁzgﬁlgj:e%tigaﬁlgf%rcéep%‘dfém.g,snow-}&?ig N RiERt Shnind Wdndu ARy X Yal kyl

toxicological effects), physiologically acceptable) salts are preferred, although other salts are
also usetul, e.g., in isolation or purification steps which may be employed during preparation.
Salts of the compounds of the invention may be formed, for example, by reacting a compound
of the present invention with an amount of acid, such as an equivalent amount, in a medium

25 such as one in which the salts precipitates or in an aqueous medium followed by lyophilization.

The compounds of the present invention which contain a basic moiety, an amine or a

pyridine, pyrazole or imidazole ring, may form salts with a variety of organic and inorganic
acids. Examples of acid addition salts include acetates (such as those formed with acetic acid or
trihaloacetic acid, for example, trifluoroacetic acid), adipates, alginates, ascorbates, aspartates,

30  benzoates, benzenesulfonates, bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, cyclopentanepropionates, digluconates, dodecylsulfates, ethanesulfonates,
fumarates, glucoheptanoates, glycerophosphates, hemisulfates, heptanoates, hexanoates,
hydrochlorides, hydrobromides, hydroiodides, hydroxyethanesulfanotes (e.g., 2-
hydroxyethanesulfonates), lactates, maleates, methanesulfonates, naphthalenesulfonates (e.g., 2-

35 naphthalenesulfonates), nicotinates, nitrates, oxalates, pectinates, persulfates, phenylpropionates
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30conmpounds which as a result of the in vivo hydrolysis of the ester
breakdown to give the parent hydroxy group. Exanples of oc-acyl oxyal kyl

et hers | nmbuda/aecwssoxynet hoxy and 2, 2- di net hyl pr opi onylPaxicATetivosspo A
selection of in vivo hydrolyzable ester form ng groups for hydroxy include
al kanoyl, benzoyl, phenylacetyl and substituted benzoyl and phenylacetyl,

alkoxyc r bo arbon te esters r banm

AR P Rt ke BOTBLea S Hraar SRRy

N-dialkyhmm@mmmme$ﬂkm@ﬁmm&iwubanhmmyadgﬁmﬁnmﬁxamnbmstmbq&uhsiltuents on
erazino | d froma ring nitrogen atom

benzoyl |ncI hol i no and e

via a né?HVF@ﬂgm@F%gﬁ h aptopylatess u %ﬁwzmwﬁﬁgﬂpwgﬁ ®of the benzoyl ring. A

sui tabl e valay@sddafore) thetei VihaftyAte@lHRARICEpIABIE SifftsOfs iekRAMROMBS Qfts thae

i nvention containing a carboxg %rou is, for exanple, a N-Ci -C6al kyl or
CY

N, N- i - etaingby dejireciplagical getvitysot perabpyidentefied ¢pmppundpgnst gxipit minimal or
N, N-di t gt iydsiredNo®icBMkLich e'ﬁ%[‘:t@yl%]xaglr& 8%&3}1 §§1§¥1lxcl@c{@ 848 -are not thHE%P{&, salts .

adm nistration to a su jeC rug unaer goes chem cal conversion by
netabolanﬁﬂ\mﬂenweaHCQn@désge@nmglydekdoacmnmﬁmdmdmmﬁcaMQspm@tamw

I nventi g)ﬂg%ph?rlc acwr' mtrp 1C r")p (P saﬁtS arlmgcgwﬂ %%Eg%gtd? %‘féﬁnaé/g ! F% at e

hydr at e he conp oun Fes8nt 1 ny
ref ers tacidaoxauhit e@dl,l taﬁarm@tﬁil ﬁmmﬁifc agidcmaiixoatit] asvoibic Qi berizoiclRidrangic &QH,\/ent

nol ecules, in a, i.chi o an-stojchionetric ecul ar
comPex Poticl: Eufpliiect. mbkebigiohod oMU RS 510 TG B

St abi | i zed, ﬂh’th%@ulﬁﬁ‘i/@e{c%b tblﬁ&r{e@:}fm{cea@ﬂil Al pf)@@ﬁ@éur%h'l@ Rcias Otlepsalgxanpl e,

el ectrostatic forces, van forces, or hydrogen bonds. Those

ski | | ed inghudetpbargiageuivallyy Pgamtablwm@mw §alt\$\i<n¢wralp\pﬁheiﬁ t ligd imhe arayiclor gani ¢
S amoundBectilnf flcMp R, GRMRLSKERoD D PAKERLRL 1N i, gFe obtal ned,

15 prepare synt hesi ey are preC|p|ta

cryst al |hiydregen, Atigl, belvemrzylhz;meratse"coureérmnsmth)dmlga:blldpﬂe})bmmdmmchdlh tlealyle or
sol vent ter. and udes ates, hem - hydrates

di hﬁdr att(ggeneﬁuggég dP%EYé “%3% Stu[f%nﬁtei R OSp @ Oﬁﬁ%ﬁ‘?’ﬁ’ %);S“‘E% BR7°8%: " sol vat e”

and "hydunaimte ade&té(\l@lylcolkﬂaomlﬁlleét@ thdl@s eitfedd, kdresle | aledrbie, BEhAzoatt EGMRAHRS f Or

t he prepar tlon of Ivatd% are wel | established in the art (see, for

exanpl e MagAglegte,banzyisgfey awst IRReaKIACSHE) n Phar naceuti cal sol i ds. Marce
Dekker, NewnY@nle, errﬁ)%g%en{'s" of tHeKf¥enti&P |st§fo RR c%fﬁbbﬁhd% BPthE@?Js@%%%ﬁﬁ gl

Industry Wl ey, Weinheim Gernman I'n sone iments of this
aspect, fmﬂéﬁéﬁmvéhﬂﬂméwdnﬁF%@mgaﬁubOsﬁkvén$w$$mmmeﬂhnpmeﬂCmmmeoﬁ&whn sone

enbadi i okve n|c vent .(such as, but
not %Igl g%t&té@mgy h&\}é tl§e %&Ipﬁ%nf‘ &%Eﬁoﬁ, Jl" he rg%]eml fcra} eirgls,]o Ve btyﬁ)gm# ? et han OI
i sopr opamdiods,and] atshfor bxdoeple, fidStiamalkbdry talbeatidn, sk;@tranﬁs)r c@s@m&alonaﬂd the Ii ke)

In cert t he sol ven

phar macg cre&ne’é\? ?E“Via?s RhsRFary: lB’ethl‘rﬁicé’g‘l?Bhé‘r ?’8”3% F‘%llyr gq’éh‘id“flﬁue\}\ﬁf"éﬂﬁl such

sol vat e iomesschah bt SbigihedleiltePstatix@ e hiri¥air&irsoRtiReANdiat@ fohant | ke) and in
preferred enbodi nents, does not interfere with the biological activity of

the sol GAcEMagybhMycuHele mbod.indydinoyithapt fmitaieqne gonventicophypeihalls. ialving t he
SUT 9§t U& example, salt formation with an optically active acid followed by crystallization. The

invention also comprises all tautomeric forms of the compounds disclosed herein.

Another aspect of the invention provides compositions comprising a compound according
to the present invention. For example, in some embodiments of the invention, a composition
comprises a compound, or an N-oxide, hydrate, solvate, pharmaceutically acceptable salt,

30 complex or prodrug of a compound according to the present invention present in at least about
30% enantiomeric or diastereomeric excess. In some embodiments of the invention, the
compound, N-oxide, hydrate, solvate, pharmaceutically acceptable salt, complex or prodrug is
present in at least about 50%, at least about 80%, or even at least about 90% enantiomeric or
diastereomeric excess. In some embodiments of the invention, the compound, N-oxide, hydrate,

35 solvate, pharmaceutically acceptable salt, complex or prodrug is present in at least about 95%,

10



M HHNNDO and hydrates, solvates, pharmaceutically acceptable
salts, prodrugs and conpl exes thereof, and racem c and scal em ¢ m xtures,
di ast er eowenstlianaesnant i oners t her eof . The compoum0nfooodre
present invention nmay generally be prepared according to the 10foll ow ng
Schenmes. Tautoners and sol vates (e g , hydrates) of the conpounds of above
formul as,are all vmth nvent i on. Mt hods of

alternative leas 91% %%&nsd rtnﬁtlve a/r %q(?ea% a%%\?t "/(I> ?nantlcfr?lerlc or

sol vation are enera Kno ccor e corrpounds of the
present didswesvhican exmys. le other éhisodimes oﬂw@maémo@ra ®a{pbu1id3Nntpx1@mHydmy be

obtal ned P TRLRUS SXAIPLLLLSA, By s Tl Lol g scheres Selgwy sThe
maki ng &A@ mic mixture.

5 The present invention also includes prodrugs of compounds of the invention. The term
“prodrug” is intended to represent a compound covalently bonded to a carrier, which prodrug is
capable of releasing the active ingredient when the prodrug is administered to a mammalian
subject. Release of the active ingredient occurs iz vivo. Prodrugs can be prepared by techniques
known to one skilled in the art. These techniques generally modify appropriate functional

10 groups in a given compound. These modified functional groups however regenerate original
functional groups by routine manipulation or iz vivo. Prodrugs of compounds of the invention
include compounds wherein a hydroxy, amino, carboxylic, or a similar group is modified.
Examples of prodrugs include, but are not limited to esters (e.g., acetate, formate, and benzoate
derivatives), carbamates (e.g., N,N-dimethylaminocarbonyl) of hydroxy or amino functional

15 groups in compounds of the present invention), amides (e.g., trifluoroacetylamino, acetylamino,
and the like), and the like,

The compounds of the invention may be administered, for example, as is or as a prodrug,
for example in the form of an in vive hydrolyzable ester or in vivo hydrolyzable amide. An in
vivo hydrolyzable ester of a compound of the invention containing a carboxy or hydroxy group

20 is, for example, a pharmaceutically acceptable ester which is hydrolyzed in the human or animal
body to produce the parent acid or alcohol. Suitable pharmaceutically acceptable esters for
carboxy include C-Csalkoxymethyl esters (e. g, methoxymethyl), C,-Cealkanoyloxymethyl
esters (e.g., for example pivaloyloxymethyl), phthalidyl esters, C;-Cscycloalkoxycarbonyloxy-
Ci-Cealkyl esters (e.g., 1-cyclohexylcarbonyloxyethyl); 1,3-dioxolen-2-onylmethyl esters (e.g.,

25 5-methyl-1,3-dioxolen-2-onylmethyl; and C;-Cgalkoxycarbonyloxyethyl esters (e.g., 1-
methoxycarbonyloxyethyl) and may be formed at any appropriate carboxy group in the
compounds of this invention.

An in vivo hydrolyzable ester of a compound of the invention containing a hydroxy group
includes inorganic esters such as phosphate esters and a-acyloxyalky! ethers and related

30 compounds which as a result of the in vivo hydrolysis of the ester breakdown to give the parent
hydroxy group. Examples of a.-acyloxyalkyl ethers include acetoxymethoxy and 2,2-
dimethylpropionyloxy-methoxy. A selection of in vivo hydrolyzable ester forming groups for
hydroxy include alkanoyl, benzoyl, phenylacety! and substituted benzoyl and phenylacetyl,
alkoxycarbonyl (to give alkyl carbonate esters), dialkylcarbamoyl and N-(N, N-

35 dialkylaminoethyl)-N-alkylcarbamoyl (to give carbamates), N, N-dialkylaminoacety! and
11



using the invention and are illustrative rather than limting. It should be
understood that there nmay be other enbodi nents which fall within the spirit
and scopewofotine7ssaventi on as defined by the clains appectah2bEr 090390
Compounds were naned using Chendraw Utra (versions 10.0, 10.0.4 or version
8.0.3), 10 which are avail abl e through Canbri dgesoft

(www. Ca Vi 0, or
were dor Py BESRREIRERHes b StlTbl) A08rBN el Worp I e B BAHC

i nhi bi t ofrpmed rirectisogeh atonevik i naseldna Igrd:inpttm)ﬂls 3obr 4-hpesitiowv efithe benzoyhmgeA dat a

| ead one t.o [ eas onabl y expec th ounds, of . the invention are

usef ul nﬁ)‘f’taglﬁl rain%’ﬁi”ﬁgﬁ%ﬁly%ﬁ% g%%foag’}t)“ﬂp\?}l‘?‘&/ogtb"rW‘é‘}t‘ﬁ“ﬂ/‘?tﬁ)‘gi“ﬁé ki nase
activit ycaredsxyegmqﬂs rf@ﬂ”kix%mi;@ DETEOE alk§ UEN NSdi- O{Eﬁakzma& QUchk gnatthylg, but
al so as therapeutic agents for the treatnment of ophthal m c diseases,

di sor der &~ Kok Notrdimetph Vet NV oeares Vahdiely ahiderent al Procedur es The
conpounds of ypQe AlRUERLEGD 168D sPGedRr Wﬁﬁﬁrt@cgﬁ %&9 éh@m‘clap 5@\%@16@@)

schenes or the 20exanples illustrated bélow-u I ng met known to one
of or di naeipabslid drich¢micalipeocgsses toTheld e csmh@wé@f g@memm\@mempl i fy somne

pr _OCEdur es t tpr(é%Rt Bg?nlt'%gciis 5190 Ha IfeC q%it %tnp drfﬁfs %tj;lﬁ? :%gq\égor{}nlsggf télaur es

skilled in the ar recogni ze t el a
may be upesknt RventmanPaumcs "sofvateheefereV@mmbaaulammxwfamaﬁ@duﬂdrmm &feasit i NQg
corrpng@ent s that are commerci al I%Eaval | abl e. ngfpkl nd of subst] tut| ons can

e 8% FYVEY PP cBinp SHRITHIAMSIEE 25 oA ChipTRe G AT IAES Hfmelpwilar

i nvent i oBorasle0 bk RPmbSurdr SICaBifyest 4 Bithpdhg anelal sokRavtunt & LABRISKI hdd 1N
the art. Al'l reagents and sol vents were obtained from conmerci al

sources sha@lensafa-gwiscalapfoyesy sugh asy ipRas elegtrontatie foreesoraneder Heaktforsas.y Pl us
V 4 |
arian 4Q0ndr ehrb%hﬁsum?mse IsRillb @ BRI HEDE Luﬂg:\g%gl gyst ; u%?&&ggﬁ%&%n tical

mass-spectra ( were acqui red on Agl
HPLC wasoigemf cﬂomdu@ﬁ Qaglﬂoentsum@cmphmsr witk ndolwgsisnig  Which akey3 a@npbta(BBi,CB,

2.1 x50 eluting with anol/vvater nt ai ni ng. 0, 1% formc

aci di(5 wi b rmﬂ%rgé) mhfs%ﬁd goﬂf L 1Y olt Y narié’r?ﬁlmﬁfegs?r ﬂ’@(t“&ﬁ‘é‘fqad | ¥R

chr omat ogwaam/ mms ﬂﬁﬁfo@m@i&ﬂ manuotﬂaegeneSB’r o sdPl it agBectlRd dré) Salcd HRAL S

usi ng Bi otg) e(r%ﬁgNAP, gp pTM or SiliaFl ashO cartridges. Flash colum

chr omat offf 8 YHars dems X §tﬁhg*1*§/mafeéahe§élwd(a§m wrthe Kk FBi, merping ! g

por e 355ihg &bl "Selvare| dr@y 6] &RE» altvRMANBHh YR Mg GHIHANRL PORARN HAS

performed on Glson 215 1 WO 2011/ 127565PCT/ CA2011/hOOO390 s ¢
preparation of solvates are well established in the art (see, for example, Brittain, Polymorphism

20 in Pharmaceutical solids. Marcel Dekker, New York, 1999; Hilfiker, Polymorphism in the

Pharmaceutical Industry, Wiley, Weinheim, Germany, 2006).

In some embodiments of this aspect, the solvent is an inorganic solvent (for example,
water). In some embodiments of this aspect, the solvent is an organic solvent (such as, but not
limited to, alcohols, such as, without limitation, methanol, ethanol, isopropanol, and the like,

25 acetic acid, ketones, esters, and the like). In certain embodiments, the solvent is one commonly
used in the pharmaceutical art, is known to be innocuous to a recipient to which such solvate is
administered (for example, water, ethanol, and the like) and in preferred embodiments, does not

interfere with the biological activity of the solute.

30 Compounds

The invention is directed to compounds having the structure

12



i nstrunment using Phenonenex Luna 151..tm C18(2) 100A, 250 x 21 nm col um
eluting with a m xture nethanol/water containing 0.05%of formc acid, with
a gradi enwoQoeBB2536et hanol in up to 60 m nutes. 5Parti culpar/gaeanploe®o Schene
1 1 WD 2 009/109035 Al 2 Exanple 1 Exanple 1 N13 -(t 6474443

-cycl opropyl urei do) - 2-fl uorophenoxy)thieno [3 , 2-bl pyridin-2-yl)pyridin-3 -
10yprethy 1)] -N-(1 -ethyl)-N{34- (& nethoxyethyl)Jurea (2) A
NupNe<4- (2- (54( 2- met hoxyet hyl ani no) et hyl ) -
pyr|d| n- 2- yI)tFn eno[ 3, 2-b] p i n-¥-yloxy) phenyl )urea (1, 100 ng, 0.197

ol socyanat@ pL, 0.315 mmol) in THF (5 nmL) was stirred
ile)_ak RT overnight. The reaction mxture was
concentrated and(punif{ed byl Bi otage (SNAP 25 g 15 cartridge; MOH DCM
0/100 to 10/90 ove N20 ~NThen 10/90 over2)5 CV). The desired fractions
were coll ected and concentrat ed. The residue was co-precipitated in AcCEt
(with traces of I\/bOH)/hexaneE col | gct by filtration, rinsed with

hexanes, air- drled and dried ;’/ jg/h uumto afford the title conmpound
5

solution of 1- cgclopropyl-

(sonl ca‘i"?{g—\_ fLa

A

2 (63 ng, 0.11 , 56%yi el aghite fluffy solid. 1H NVR (400 MHz,
DVSO- d6) ﬁ%% }_B 73 (s, 18), 8.52 (d, J= 5.5 Hz, 1H), 8.48 (d, J 20 =
1.6 Hz, '\1 1H)s R4 (d, J=8.2 Hz, 1H), 7.78-7.69 (m 2H), 7.38
(t, J= 9.0 Hz, 7.7 {(m 1H), 6.64 (bd, J= 5.4 Hz, 1H), 6.62-6.56
(m 1H, 644(t .4 ~nEH) . 4.53 (s, 24H)), 3.44-3.34 (m 4H), 3.23 (s,
3H), 3.12-3.03 (m 2H), 259252(m 1H), 1.02 (t, J= 7.1 Hz, 3H),

0.72-0.58 (m 2H), 0.50-0.36 fm 2Hu MS (mz): 579.46 (M+H). 25 Scheme 2
WD 2011/ 127565PCT/ CA2011/ 06 JﬁlH\le

\
o)
_\—N\N\N

)0 (26),

/
N N (74),

0
= S S
W U
5 N N (80)
H H
F N\H/N
Ty
0]

N s
= / l
© ?)—\—NH (S (100),
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NY N NN MeQOO \--NH HCOOH Ac20/roomtenp MeO-\_ 7-H -\0 WO 2009/ 109035 Al

Exanple 2
N ((6-(7-Wwo-208/1eyss5opr opylur ei do) - 2-f | uor ophenoxy) t hi en®@C3/ca2bi1ppoiodi n- 2- yl
)pyridin-3- 5yl)methyl)-N(2-methoxyethyl)fornmam de (6) To sol ution

of acetic anhydride (150 filL, 1.17 mmol) in formc acid (2 nL) stirred at
RT for 20 mn was added in one portlon 1 (150 ng, 0.296 mmol ). After 2 hr,
200 [11., of acetic anhydride S NU[EJN wer e added dropwi se. The reaction
m xture was stirred at RT over enched by addition of MeOH and
concentrated. The residue wag pu |f|é7d by Bi otage (SNAP 25 g cartridge;

20 CV, then 10/90 over 5 CV), to afford the

: Dl , 76% vyield) as an off-white fluffy
solid. la (4A00NM VBQ-d6) 6 (ppn) : mxture of rotaners, 8.75 (s,
1H), 8.60-8: 50N(m 2H) , '8.37and 8. 34 (2s, Hg 8.32-8.23 (m 1H) 8.15 (s,
1H), 7.90-7.77M¢m 1H), 7.73 (dd, J= 13 5 215DHz 1H), 15 7.38 (t, J= 9.0

Hz, 1H), 7.20 (bd, J= 10.2 Hz, 58 (m 2H), 4.60 and 4.56 (2s,
, 2.59-2.51 (m | H),
niz) 536.4 (MrH). WO
NH2

title corrpound 6 (9T$/

2H), 3.46-3.36 (m 4H), 3.21
0.70-0.60 (m 2H), 0.47-0.38 (
2011/ 127565\Pg|'/ CA2011/ 0003900
HN_-Q N S ~

~ /\/N N N

0 \ (192),

0 N N (234), or

(265),
and hydrates, solvates, pharmaceutically acceptable salts, prodrugs and complexes

thereof, and racemic and scalemic mixtures, diastereomers and enantiomers thereof.

The compounds of the present invention may generally be prepared according to the

10 following Schemes. Tautomers and solvates (e.g., hydrates) of the compounds of above

14



HO MeO-\ _Bocl Me0--\ Boc N t-BuOKN\. DMS0/100C 22 WO 2009/109035 Al NH2
tri phosgene/ DI PEA TFIF/-25C to -10C H2ZN--< -25C to rt 23 Me
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formulas are also within the scope of the present invention. Methods of solvation are generally
known in the art. Accordingly, the compounds of the present invention may be in the free,
hydrate or salt form, and may be obtained by methods exemplified by the following schemes
below.

The following examples and preparations describe the manner and process of making and
using the invention and are illustrative rather than limiting. It should be understood that there
may be other embodiments which fall within the spirit and scope of the invention as defined by
the claims appended hereto.

Compounds were named using Chemdraw Uitra (versions 10.0, 10.0.4 or version 8.0.3),
which are available through Cambridgesoft (www.Cambridgesoft.com, 100 Cambridge Park
Drive, Cambridge, MA 02140, or were derived therefrom.

The data presented herein demonstrate the inhibitory effects of the kinase inhibitors of the
invention. These data lead one to reasonably expect that the compounds of the invention are
useful not only for inhibition of kinase activity, protein tyrosine kinase activity, or embodiments
thereof, such as, VEGF receptor signaling, but also as therapeutic agents for the treatment of

ophthalmic diseases, disorders and conditions.

Synthetic Schemes and Experimental Procedures

The compounds of the invention can be prepared according to the reaction schemes or the
examples illustrated below utilizing methods known to one of ordinary skill in the art. These
schemes serve to exemplify some procedures that can be used to make the compounds of the
invention. One skilled in the art will recognize that other general synthetic procedures may be
used. The compounds of the invention can be prepared from starting components that are
commercially available. Any kind of substitutions can be made to the starting components to
obtain the compounds of the invention according to procedures that are well known to those
skilled in the art.

All reagents and solvents were obtained from commercial sources and used as received.
'"H-NMR spectra were recorded on Mercury Plus Varian 400 MHz instrument in the solvents
indicated. Low resolution mass-spectra (LRMS) were acquired on Agilent MSD instrument.
Analytical HPLC was performed on Agilent 1100 instrument using Zorbax 3 pm, XDB-CS8, 2.1
x 50 mm column; eluting with methanol/water containing 0.1% formic acid, with a gradient 5-
95% methanol in 15 minutes. Automated column chromatography was performed on Biotage
SP1 or Biotage SP4 instruments using Biotage® SNAP, SiliaSep™ or SiliaFlash® cartridges.
Flash column chromatography was performed using silica gel (SiliaFlash F60, 40-63 UM, pore
size 60 A, SiliCycle®). Preparative column chromatography was performed on Gilson 215

15



MeO-\_ ) () 26 Exanple 3 5Exanple 3

N4( 6- (7- (4- (3-cycl opropyl urei do)-2, 3-di fl uor ophenoxy) t hi eno[ 3, 2- bi | pyri di n-
2-y1) - pyrwaoi2ntidr7360met hyl ) - N- ( 2- net hoxyet hypacet am de ( P&X/CA2011/000390 Step
1. tert-butyl

(6-(7-(4-am no-2, 3-di fl uorophenoxy)thi eno[ 3, 2-bl pyridin-2-yl)pyridinl03-yl)

- am no- BV b SEREIe: (1 g, L2 0t PhBE TR rr

under ni inhoge mevRsoladtedomaingg.05m bRfotmibutioxwidiea grhdid4i0-95% hikt8olmiap ) .
After 30 mn, tert-butyl

(6-(7- ch'i"c?rod‘ﬁ‘ﬁ}”é?\ow 2-b] pyri di n-2-yQpyri di n- 3- yOnet hyl ( 2-

nmet hoxyet hyl ) carbamate (22, 4.0 g, 9.22 mmol) was added and the reaction

m xture was heated 15 at 100C for 2.5 h, then cooled to RT. The reaction

m xtuwre was poured into water (drtiewlaresampl¢srred for 30 nin. A saturated
aqueous sol ution of sodium chloridegygs,afded and the m xture was stirred
at RT for 3 days. The solid was col ['ected by filtration, rinsed with water,
air-dried and dried under gh yacuum The crude product was pugi fyj ed by

Bi ot age (40+M cartri dge;F Inleﬁnes 50/ 50 ove N Nl%)%
AcCEt over 6 CV, then 100 ver 8 20CV), m\g)regrow de @/al t hat
upon triWVePati on vvlth di thyI et hetcafiffor d&eot t /e conpound 23 (1. 94 g,

3.58 mol, 38 \ p\ n of foREiANPacERIoMtd. MS \j/. B (MHH) .

Step 2. tert- but N N/
(6-(7-(4-(3-cycl opr opy!l ur ei do) - 2, 3-di f | uor ophenoxy)t hi eno[ 3, 2- Npyri di n- 2-yl
) pyridin-3-yQOret hyl (2- rﬁathoxyethyl)carbamate (24) To a stirred

sol ution of anilineO2@9(BO& Afg, 0.92 mol ) and DI PEA (8.88ae’ 4.61 mol ) in
THF (18 nlL) at -25C under nitrogen was added dropw se a sol ution of

tri phosgene 5 (273 ng, 0.920 nmol )ExampielFE (2 nl). The reaction m xture was
stirred at -25C and cycl opropylam ne (0.32 niL, 4.61 nmol) was slow y added.

The react INGB - (116-KX- (-6 - mmmlpmmtb)xzmuwmmmmem{ea blpﬁldkh 2Rtpwtdid-ged at RT
overw ght. The reactiqn ; bet ween AcOEt and
wat e The organi c | &y ¥lsat urat ed aqueous

sol ution of aMDBiuwieh CMforuéyrol J;Irbbymafélztmﬁ% Jm @((2%&%{&Hﬁ5mﬁ‘aﬁm{é¥ﬁﬂ ys 10

magnesium sulfate, filtered and concentrated to afford the title cdonpound

24 as anPYerf- il thisneli2-alpy e Tofleiepheny a1, wb@ mged 1N mmolhexd @lnsép
1 eyol opoofalf (2301 RS bty A Tulies W Db, ARG Nbiaba or s il IR | 41
2- vyl )tcmemrg}tt 3The bbepyom dnintue Wasxop)lqzﬂne“atyd)ﬂnéam(rﬂﬁ)l ble@ots@l BNah 20f gd
i nt e n 1 stirr at
fsma 18%3\4%@3/?% r‘]nbg'? ﬂ(g%@a%‘ﬁeéglq@t Pﬁf‘ q@éodf”feﬂ[g_ %i‘/vle?]ﬁ e desiefi num
of I\/EOH fmmdomtzvelfe (WéHSCtecddﬁtd contberdid. e rasfiuesived cé-preeipitidd 12 AMOER (Hh NaCH.
s sonicated for 15 mn, collected by filtration,

;I'Ih ﬁs]:a:jn\?\‘n‘ %chﬁs&ﬁg%(bﬁg%aﬁrsl etectpdi B filtragan.vineqsusvith Bexéﬁffso?lﬁdtl%alldl dried updsipound
25 (1578 High vAuSmnBRltordd82aint 8blpouhtA @8/hg, 038 AnBalsBod ViokY asSQWhfle ﬂuff‘y
solid. '"H NMR (400 MHz, DMSO-ds) 8 (ppm): 8.73 (s, 1H), 8.52 (d, J= 5.5 Hz, 1H), 8.48 (d, J
20 =1.6 Hz, 1H), 8.31 (s, 1H), 8.24 (d, /= 8.2 Hz, 1H), 7.78-7.69 (m, 2H), 7.38 (t, J= 9.0 Hz, 1H),
7.24-7.17 (m, 1H), 6.64 (bd, /= 5.4 Hz, 1H), 6.62-6.56 (m, 1H), 6.44 (t, /= 5.4 Hz, 1H), 4.53
(s, 2H), 3.44-3.34 (m, 4H), 3.23 (s, 3H), 3.12-3.03 (m, 2H), 2.59-2.52 (m, 1H), 1.02 (t, J= 7.1
Hz, 3H), 0.72-0.58 (m, 2H), 0.50-0.36 (m, 2H). MS (m/z): 579.46 (M+H).

25
Scheme 2
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20 NWR (400 MHz, DVMsO-d6) 6 (ppm : 8.78-8.61 (m 11-1), 8.57 (d, J= 1.6
Hz, 1H), 8.53 (d, J= 5.5 Hz, 1H), 8.33 (s, 1H), 8.23 (d, J= 8.2 Hz, IH,
8.02 (t, we611B2Hws 1H), 7.90 (dd, J= 8.1, 2.1 Hz, 1H), p¢TZA20t1cho03de 9. O,
2.1 Hz, 1H), 7.16-7.01 (m 1H), 6.75 (d, J= 5.3 Hz, 1H), 3.78 (d, J= 6.1
Hz, 2H), 3.41 (t, J= 5.7 Hz, 211), 3.24 (s, 3H), 2.65 (g, J= 6.0 Hz, 2H),
2.61-2.53 (m 111), 2.30-2. 1 m 1H), 0.72-0.58 (m 2H), 0.49:0..36 (m

2H). M5 (nfz): 526.6 (I i tep 4. F NN
NAG6- ( 7- (443-cycl opr opy ? - % 3-di fl uor ophenogy) t hi eno[ blcpdei n- 2-
y1)- pyriwgbng, yl ) met hyl© (2- met hoxyet hypade®tamidd (26

suspensi on WS (100*0@% "ol , wm acetl c
anhydride (1 mL)“pas‘stfrred at RT for 2 days. The rdactiofi nixture was
guenched by addition of nethanol and water. The fine suspension was
collected by filtratioh, rinsed successively with water, 1IN 30 NaCH,

wat er, and ai r-drweebosmmserude product was purified by Biotage (SNAP 25 g
cartrige MeOH DCM 0/100 to 10/90 over 20 CV, then 10/90 over 5 CV) to
afford the title conpound 26(34rrgi rgp § nmol, 38%yield) as a white
solid. NVR (400 MHz, DIVBOd6) 6 (pp n? mxture of rotarrers 8 57-8.44 (m
M, 838 0008 ¥ Bt ol 088580 68 Al 8,04 (O
1H), 5 WO 2011/ 127565PCT/yW&%ﬂ»lmeﬁﬁ&%ﬁyem)ﬁ)rmmmulH) '4.71 and 4. 59 (2s,
2H) , 354340(m 4H), "3.24 and 3.21 (2s, 3H), 2.61-2.53 (m 1H), 2.13 and
2.05 (2s, 3H), 0.73-0.58 (m 2H), 0.50-0.36 (m 2H). M5 (nfz): 568.6 (MH).

Schene 4 ?8 &h‘l}hcﬁ 1 EOY aInR}OdrﬂiM( e uL, 1.17 mmot) in formic acid (2 mL) stirred at RT

for 20 min was added in one portion 1 (150 mg, 0.296 mmol). After 2 hr, 200 pL of acetic

anhydride (1.57 mmol) were added dropwise. The reaction mixture was stirred at RT overnight,

10 quenched by addition of MeOH and concentrated. The residue was purified by Biotage (SNAP
25 g cartridge; MeOH/DCM: 0/100 to 10/90 over 20 CV, then 10/90 over 5 CV), to afford the
title compound 6 (96 mg, 0.18 mmol, 76% yield) as an off-white fluffy solid. "H NMR (400
MHz, DMSO-ds) & (ppm) : mixture of rotamers, 8.75 (s, 1H), 8.60-8.50 (m, 2H), 8.37 and 8.34
(2s, 1H), 8.32-8.23 (m, 1H), 8.15 (s, 1H), 7.90-7.77 (m, 1H), 7.73 (dd, J = 13.5, 2.5 Hz, 1H),

15 7.38 (t, J= 9.0 Hz, 1H), 7.20 (bd, J= 10.2 Hz, 1H), 6.67-6.58 (m, 2H), 4.60 and 4.56 (2s, 2H),
3.46-3.36 (m, 4H), 3.21 and 3.19 (2s, 3H), 2.59-2.51 (m, 1H), 0.70-0.60 (m, 2H), 0.47-0.38 (m,
2H). MS (/z): 536.4 (M+H).

17



int,) ..,, 1,4-dioxane _.. NN--DCM rt 74-A80: Exanple 5 Exanple 4
1-cycl opropyl-3-(3

-fl uor o- wW0201(1544566 2- hydr oxyacet yl ) pi per azi n-1 -yl ) net hy lPLpyaa20i1v00@390

10yl ) t hi enot 3, 2- bl pyri di n-7-yl oxy) phenyl )urea (74) Step 1. tert-butyl
4-(16-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy)thienop, 2-61-pyridin-2-
yl ) pyridi n-3-yl) net hyl ) pi perazi ne- # car boxyl ate (48) A suspension of
1-cycl opropyl-3-(3-fluoro-4-(2-(5- 6h %yridin-Z-yI)thieno[S,Z- 15

b] pyri di n-7-yl oxy) phenyQurea (47, 3 g, 5 90 mmol , acetate salt),

1- boc- pi perazine (1.65 g, 8. 85 nnDI) and acetic aC|d (675 iaL, 11.80 mmol)
in NWP (50 nmL) at RT under trog was soni cated g h in order to
obtain a solution, then NaBH 13 95 g, 17.70 ﬁgﬁﬂ% s added. The
e

reactloanbxturg was stgrreeo 3 glays the nahgdosgshediFdnt i on of
wat er éfiiﬁd t 0813 mnthN4Qt%§£§z§%ﬁ t he THEISPEMSIBh was
stirred and so 01 h. The solid «ct ed Sy fihtration,
rinsed with water and allr - drP@ﬁo”%%% reS|ddgﬁmas purifie = by Bi ot age
(SNAP 50g KP-Si| caffridge; MeOH/DCM 1/99 to 10/ 90 over 20 é!c\Q))

desired fracti $92%0EPE3AII | ect ed, concentrated, And co- preC|p|tated mnth
AcOEt with traces of nethanol hﬂxanes to afford the co 48 (1.511 g,
2.44 mol, 41%yield) as a péiy nffy solid. 11- IN , DMBO-d6) 6
(pprr):8ij%\2é 8. 56 9320 57 5 1H), dOJ-55Hz 1H),
8. 33 (S Js- 2 HZTFPJ{khWrt M , 2.1 Hz, 7.73
(dd, 1= 13 27.38 ‘fr—*ﬂ- : 7. ZU'ded J- 8. 8,
1.2 Hz, 6 65 (d 5 3 Ph 1H), 6.57 (bd J=V2.5 3.57 (s, 2H),
4H are hldden by water's peak 2.59-2.51 (m 1H, 2. 42-2. 27 (m 4H), 1.39
(s, 9H), 0.72-0.58 (m 2%H), 0.50-0.36 (m 2H). MES (mz): 619.4 (M-H)

10St ep F'H H

2.1-cycl oprop_yl-3-(3-fluoro-4-(245- (dﬁ@ﬁgﬁbw hb- yl met hyl ) pyridi n-2-yQhi en
ot 3, 2-b] - nvridin-7-y%@§¥%fa:8yflure A solution of 48 (1.456
g, 2.35 mml) and TFA ( 0O nL) was stirred at Rl for 5 hr.
The TFA was renoved—by co-eva & th DCM the residue was dil uted
with water, and the pH was adjusNed tdJ 12-13 with 1IN NaOH The resultant
suspensi on was 15 sonicated for ;}%dH,Rs The solid was collected by
filtration, rinsed with water and drled under high vacuumto afford the
conpound 49 (1.227 g, traces of TFA) as an off-white fluffy solid. 11-1 NMWR
(400 NPE, DMSO-d6) 6 (ppm) : 8.76 gggmp% , 8.54 (d, J 1.4 Hz, 1H), 8.52

(d, 5.5 Hz, 1H), 8.32 (s, 1H), , J= 8.2 Hz, 1H), 7.85 (dd, J=

8, 1, 2 1 NHZ6- (’ZLHHB a/cmrdpmxm&mmm@mn@omm\enom Z%B]p&ndm-?-ylnpwndaﬂ 1H),

£ 20 (bd, Jr 10.2 Hz, 1';?)fnet?wl§f}\/-gzqmet‘gloxvethv )acetam]ild_g (26)

Step 1. fert-butyl (6-(7-(4-amino-2.3-difluorophenoxy)thieno[3.2-b]pyridin-2-yl)pyridin-

10 3-yl)methyl(2-methoxyethyl)carbamate (23)
To a stirred solution of 4-amino-2,3-difluorophenol (1.471 g, 10.14 mmol) in DMSO
(11.5 mL) at RT under nitrogen was added potassium tert-butoxide (1.345 g, 11.98 mmol).

After 30 min, tert-butyl  (6-(7-chlorothieno[3,2-b]pyridin-2-yl)pyridin-3-yl)methyl(2-
methoxyethyl)carbamate (22, 4.0 g, 9.22 mmol) was added and the reaction mixture was heated
15 at 100°C for 2.5 h, then cooled to RT. The reaction mixture was poured into water (90 mL) and
stirred for 30 min. A saturated aqueous solution of sodium chloride was added and the mixture
was stirred at RT for 3 days. The solid was collected by filtration, rinsed with water, air-dried
and dried under high vacuum. The crude product was purified by Biotage (40+M cartridge;
AcOEt/hexanes; 50/50 over 3 CV, 50/50 to 100% AcOEt over 6 CV, then 100% AcOEt over 8
20 CV), to provide a material that upon trituration with diethyl ether afforded title compound 23

(1.94 g, 3.58 mmol, 38% yield) as an off-white solid. MS (m/z): 543.3 (M+H).
18



20 6.62 (bs, 1H), 3.58-3.48 (m 2H), 2.73-2.64 (m 4H), 2.59-2.52 (m 1H),
2.38-2.25 (m 4H), 0.69-0.62 (m 2H), 0.46-0.40 (m 2H), one NH is m ssing.
M5 (m z) :wb20116i12¢3sH) . Step 3. PCT/CA2011/000390

1-cycl opropyl-3-(3-fluoro-4-(2-(5-(C4-(2-hydroxyacetyl)pi perazin-I-yl)nethy
| ) pyridin2-yljthieno[3, 2-Db] pyr| di n-7-vyl oxy)phenyOJrea (74) To a stirred
sol ution of und, 49, (12 0. 239 L. e 19 lycolbG,acid 25
(36 nmg, 0.47 rder

ni t r ogenpyniam- Mdﬂﬁldﬂﬂhﬂmﬁ&g@&ne{t%&ﬁmﬂ)ca&aﬁ&ermqu ), and the r eact| on

m Xture was irred at RT overnj gh The re ion wa enched
by addition Mflré?‘ﬁéﬂtﬁ“qnl\P é:{ (Y0ee s @gé ?“H"]T&H‘wﬂ%@?‘ t 4%ﬁ

The conmbhped iRMEAN18 neXtd a@fcmgerdﬁﬂr@@n QN4E hdRa i shvasa w&mmﬂbmg&@t e,
filtered and concentrated. The residue was purified tw ce by Biotage (SNAP

25 g B0 @& tg.d}820 pupedi imnkbhi(drmhy drhsxegeionnmivgry Wevetinyd] @0-256C 12490
20 0
NboH vt 7B Arite (38 S A o BRI RS po i Phe TR AT S O8R! 1

produce ta watetd AT dhatl.ypoand ISHIIll‘Qd‘ at RanO\wrrtlghtl\/bmHa aéaﬁmrdﬁdxtmh:ewas tHee
d 74.(5 400

COFYDOUn rt&&(n %b?%ﬁ:ﬁ? A%)Eg%g ¥ er( r#w 1(35&&%1(‘3?%’? (vas sgc_ceﬁwggfl_gashﬁj[‘)wn a(52 (d,

% —-1 - g isafﬂlatecﬂ.irl_dguzo&&%lﬁén ©$ amﬂ_rh)i%lnSclﬁ&ldeleNﬁCﬁ{ anHBrlneJ- Hlbled 3\{68&3116)‘31@0%3 =

1H) | 10, paggum Jsulfge,zhlp_ged g_q.q) congené@ieédo ajford4th9 titls comund@%gs # s n V(b{;(t‘e 1H)

4.55 (t soBid. Pheriife madikhial vhs QZed(lg the]rrexgstai Wﬁho@'ﬂ)% flﬁth@ppﬁrﬁic &, Mb?’&rﬁ/%) 3. 43

(m , 2H are hidden, 2.59-2 , 7 58 (m

2H) , 056%05%}4)m 2H) I\/S(rrlz) 577.5 (MtH). 5ExarrpIeSStep1

(S)- 2- (44(6- (a4 2PY Ao 09

[ 3, 2-b] pyridi X
2-(tert ﬁilhlexg{&,afmmy_lirafmymy}pBenyifﬂ ﬂﬂ_ﬁ,ut anoate (74 A) 10To a stl rred

vy o8 oy, 7 sSath Al rE i, e el and i (eGED WPF@%Z# I3 asaeq

DCC r eaggified G2RT 608, h. The Zeattidt thixt@8 hal BhctRAC! @Mutdd WML thiBsnsSdivEed at rt
for 24 h. The reaction_m xture was partitioned between AcCEt and a

sat ur at ethdairE 37 addstutheant wes adiustedrie Br pHAFbuitat NagH. dihe Siap susaension Washe
or gani ¢ Joaiekd WRS SSHRECEHRENE LY ﬁYiPa%Bﬁdm}%& itk @F& YRRk | LAY vaQlytpon of

15 sodi um bi carbonate, a saturated aqueous sol ution of um C Ior| de
and br| rﬁfor(djtheélde@%mlaldﬁﬁdﬂ&mg rﬁaﬂgnmm M8 syieidat BA séli)las epeld ieord solid. H

eor bk i 4aT VA BB G thuBl 74 Bka b BB 0r "8 TR 1y B G 7 e

desired 395 eldudi), §43 A, QEI;SB 2394, O= 4.9%100m), 8.0960 yi7ed €y, 1&B, RoC@dor+ess2nhite

k f 20St ep2, s 2- - (4°(3
eyl opriSoyHur BB 2 1ok Bt oy SOMTARoF ) o0 s it 2. 378 (8. /=
yl ) pyri cd.nHg; Mk)), R faw)zm PALAZN3 24 Vsl B2 -2060Qt Myls, 021:1@@?02 8r- @%@ gaﬁl byy anoat e

(80). A suspensi on of the Boc-valine ester 74-A 195 mmol )
and a s&%ﬁ?éh(f@f”ﬂdﬂ%@ 5§®mn¥H) 949?»)3(%691 2HANMS fve): 452@6(61)(16%%) i n anhydr ous
DCMAs10 m ) wgs, Shi 6-¢A . 3

concentrated a ddt
bi car borar-e atpatida(d6ed with DCM cont ai ning traces

of nmet hanol . T do . dri v anh esi um
sulfate. fii te?*%a&*%ﬁ 0?;%%%15 ;’P %b@?h%e it TR ST R G B e hge
(Si|lia Rhbaphasidigredar RTflfngdayE%"lﬁﬁremﬁhthﬂmwwﬁiéhdﬁd bk at‘m%ﬁ BlGli{ethMo% to

15/ 85 over, 2 hen 15/85 to over 10 CQV), to afford the desired
product 8 "P&ﬁ% IL"E? PEEHDVas § /%C éﬂyﬁtré%o“aH“i?fjfsuW‘?FSE‘@lstVitE Réptegol Y d.

11- BONMRIOH) 0wz and air-dried. The crude product was purified by Biotage (SNAP 25 g cartrige;
MeOH/DCM: (/100 to 10/90 over 20 CV, then 10/90 over 5 CV) to afford the title compound
26 (34 mg, 0.06 mmol, 38% yield) as a white solid. '"H NMR (400 MHz, DMSO-d;) ¢ (ppm) :
mixture of rotamers, 8.57-8.44 (m, 3H), 8.38 and 8.34 (2s, 1H), 8.30 and 8.24 (2d, J= 8.2 Uz,
1H), 8.04 (b, J= 8.3 Hz, 1H), 7.82-7.75 (m, 1H), 7.32-7.25 (m, 1H), 6.87 (bd, J= 2.7 Hz, 1H),
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30 DVMsO-d6) 6 (ppm): mxture of rotaners, 8.73 (s, 1H), 8.58 (bd, J= 1.4
Hz, 1H), 8.52 (d, J= 5.3 Hz, 1H), 8.34 (s, 1H), 8.26 (dd, J= 8.1, 0.7 Hz,
1H), 7.88wW0dd11/127568. 2, 2.2 Hz, 1H), 7.73 (dd, J= 13.6, 2P2c4/dAzp11l06p3907. 38
(t, J= 9.0 Hz, 1H), 7.20 (dd, J—90 1.4 Hz, 1H), 665(dd J=5.3, 0.8
Hz, 1H), 6.59 (bd, J= 2.5 Hz, 4.84 (d, J= 14.7 He, 4.77 (d, J=

1159 g Hibastoti, B0 o3 %H?&]%gﬁog (i, %\@’z’gﬁ?“f%%‘eg%ﬂ)cﬁgﬁ?ooosgo

2 00 1. 60n, (189), 1) andQ.(B212¢, dH)lF7360 88 iz, 2H3H).50-0.386m( ZH). 348 @n/B): b48.6 QW H).
0.72-0.58 (m 2H), 0.50- 0.36 (m 2H). M5 (mz): 577.6 and 676.7 (MtH).
Schene 5 Exanpl e 6

1-cycl opropyl-3-(3-fluoro-4-(2-(5-(&2hdteet hyl sul

fonyl ) et hyl am no) net hyl ) pyri di n- 2-

10y1)1 hi enof 3, 2- bl pyri di n- 7-yloxy) phenyl )urea (100) Step 1.

N-46- (7-(2-fl uoro-4- nltr@pnenoxy%trm eno[3 2- bl pyridin-2-yl )pyr| di n- 3-yl ) net

hyl)-2- (methylthi 'érﬁraﬂ@ne To a s Non of
conmpound 94 (300 ny 59 nmol ) N;Buogjg chl orQ t hane (20 5wér e added

2- (et hyl tdi %ne (141 1AL ..o B18 and acefi ¢ aCIT@IA(87 .

Af ter Stll’%/ ri20 mn at r ooTT FETIpe rature it ac et;oxybor ohydri de
(482 ng, 2'276"mml } was added. The reaction re was sti rrted at RT for

16 h. The reaction msxture was then diluted vvlth DCM washed with 1N NaCH,
dried over anhyqiQms s@Rsi,umsulfate, filtered and aencentrated. The crude
product was purified by Biotage (Snap 50g; MeOH DCM 0/100 to 20/80 over 20

CV), to afford the tltlechm)ound 93, w;? ny, quantltatq V@ y| eILU\)/u\ I\/B
(mz): 471.5 (MH). E@E t but V Boc ¢
(6- (7- (29 huor o- 4- ni heno yl)Ck no[ 3N bl pyrldld@/yIC)p i di A3

yl) met hyl& t hyl tlhi o) et hyl peambanrt w m xt ur e B e (357
ng, 0.759 %‘/ anhydrl de—{#14 0, ), DI\/AP (93—g—6-759
mol ) and triethyl ar?’i ne (106 4, 0.61 mml) |ﬁ' DCM Y20 nL) was stVMited over

weekend at RT. The reaction mxture was then cancentrat ed, diluted with
ethyl acetate, &hd 10 successively washed with ‘2"¥8Edr at ed aqueous sol ution
of sodi um bi cagrbonate and a saturated aqueo soI ution of ammoni um

chl ori de, B¢t er anhydrous sogdi um sul"faf\e | tered and congentrat ed.
The residue \-pé)l’l fied by Bi “{m“(@NAP 160 cart ridge; 0/ 100
to 20/ 80 over 20 , to affg he ti tj@cporrpo%f;’@ 96 (220 00386 mol
50% vyield). M ( N 1.6 AWH). 15Ste . ter s

(6-(7-(2-fluoro-4-ni'tho )thlenorts*g%rﬁf‘r*pyrldln-\z/ e di n-3-
yOret hyl ( 2- (et hyl sul fonyl ) et'hyl ) car ba (97) N

74-A 80: Example 5

Example 4

1-cyclopropyl-3-(3-fluoro-4-(2-(5-((4-(2-hydroxvacetyl)piperazin- 1 -yl )methy)pyridin-2-
10 yDthieno[3,2-5]pyridin-7-yloxy )phenyurea (74)

Step 1. tert-butyl 4-((6-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy)thieno[3,2-6]-pyridin-2-

yDpyridin-3-yl)methyl)piperazine-1-carboxylate (48)

A suspension of 1-cyclopropyl-3-(3-fluoro-4-(2-(5-formylpyridin-2-yl)thieno[3,2-

15 blpyridin-7-yloxy)phenyl)urea (47, 3 g, 5.90 mmol, acetate salt), 1-boc-piperazine (1.65 g, 8.85
mmol) and acetic acid (675 pL, 11.80 mmol) in NMP (50 mL) at RT under nitrogen was
sonicated for 3 h in order to obtain a solution, then NaBH(OAc)3 (3.95 g, 17.70 mmol) was

added. The reaction mixture was stirred at RT for 3 days then quenched by addition of water.
The pH was adjusted to 12-13 with 4N NaOH and the suspension was stirred and sonicated for

20 1h. The solid was collected by filtration, rinsed with water and air-dried. The residue was
20



To a solution of 96 (220 ny, 0.386 mol) in MeOH (29 nL) and water (10 nl)
was added OxoneTM (486 ng, 0.790 nmol ). The reaction m xture was stirred
over ni ghtwoconcemssat ed, treated with 1N NaHSO03 sol uti orcamh20h@oesyueous
phase was extracted with ethyl 20 acetate. The organic extract was washed
with water, dried over anhydrous sodiumsulfate, filtered and concentr at ed.

Th d 232 d t

T T B GE2 o Ty Sl P SR BB BN YR, 9 A

(5 (7. sn o gssamcanier SVl carbamat b Loy T et 87 (232
- S on car banmat e OaSOUIOI’lO

?/Tg 0. %8 cﬁérﬁnf?e% ‘il\f)é‘ﬁﬁn%/ﬁzf) @Cf‘}%@_)‘hea??ﬂ’%{“%f‘é 11%1715g m:§4 waelatide dickhdd ki um

chl ori dewh@2f10y solid 181 RVIR J408 N, rms@%ﬂ@gpp(rslﬁ 1Ys, 1?H>8§smpal y=2lR;,

reaction mxture was heated to refl ux hen at he suspensi on

was f11t Bilkd RHeoligh Sdé itHATAA3 ti Hdk .20 (Bh/ FBGHIZ AN, BB (dd; /£ 1dak, 8. Ide

Veor Dol b/ 100 s by B0 5yr 'Bb 7 oAk ARTHAL L8 B PG

(241 ny, 6. q.'EJétht]FtSai Hee H)i @5 8)hd, MB2(ilz )| H),5737 2, THl bhl.areStidgenhy weaerts feuit,y |

) oy i3Sy ke ThER DL o TR e e B Pyt PN,

sol uti on(nof): 9894@1\115Hm:1 0.20 mmol) in THF (20 nL) at -25 C was added DI PEA
(1400, 80 mm foIIovved b tr| phosgene (59 6 0. 20 mml) The reaction
m xt fuergrd-(2-(3-(PIPRAA Q di Nthies 2

mol ) Wa@r@q};jﬁg]o@@g,hgmuf@gm)l on 24 m xturevvas aI ] ovved to warm to RT.
After stirring overnight, thé reaction m xture was quenched by addition of

met hanol , conenuticarasds (hAS a5 minoh edd BEAVEEmLEIORCVaIA nal. )sets utimedad

aqueous I n i oride. The or ase, was dr,i e

aghydroulg?s%}dé %mﬂs?%??at e, %n(fvt%glrbéﬁo “CEIRGrgh & tg%‘tg\?[e@w reﬁ?f‘é’e&aﬁggmﬁ‘?g&ﬁct was

puri fi edwityr, BndtthgeH( ﬁaaapdjﬁstedZ&g ~1 M0 HUIBCIYN BAQAO0 The r2Mi@ svmh s181(i) way), to
0,

ngISO%Sd( Rﬁ%gbcgtleétf%rpﬁo rTPnOLH{e sohgd &%szgolrgted gy %?tratlon finsgéL @@(\' \Salttgr and drle r1]11n§e)r

1-cycl op}slg}wacuam(ta-affbwomq@c&nﬁ&me544((2 -z(zvr%t taycle§ ot ‘rmy&é &t Sy luiite BRHTRLRY ) - PYT

|
din-2- .yl fl-UuJQL3, 2L, f L M T I ut f
I99I ? 120 W@@Bﬁ%m Mﬁola(afﬁ (W%ﬁ)ﬁ@g d&éﬁql:z(r:(e ngmﬁ) a815f520(1ilﬁél—on °
react i ons mist Hie 39856 %’H)ré{]?ép(daJ -Rh H%’Sﬁgq%& (dde9nGenLy 1%?%38’6'5%&%%9 ywith

ethyl acetate, Wwashed a Saturate€e ueous sol ut'i'on 6f
bi car bonBts 231 dél)okas (tafrh§ dridaidH TR0 sl 1GiR élz, TH), bered, Jonsls Hz, 1H),

car o oo Mo a5 Bb T 20/ o Dlr 1o v 4 B Bort e hs (i b

conpound).490.6¢ 96, 21D, 036 IJSlOr(ﬂ(iﬁDtH) Zmﬂneindssm Hﬁswzt))sga% (@?}gffl white solid.
O : (

2

LHNMR (400

1H) . 7. Z8vilidnod. - ' B ', 1= 8.8 Mz, -lH) 20 (d, J=
10.0 Hz, 1TH), 6. 64 = 61 (s, 1H), 3.84 (s. 2H),
3.35-3. 25 (mTozHptirred sogtignsof @rypoud @9 ( 122908, (0A352minol, 2chEme 2 55 Qilyendic A,

0. 6940. E‘@6 (r@, Ogﬂnmoq)) zﬂ’l@'[ﬂl’ﬁg ( ( uL2, Id).”fl n%olg FH SR/IF (§§an) un&er n|_t|}'ogen was added

HATU reagent (224 mg, 0.59 mmol), and the reaction mixture was stirred at RT overnight. The
reaction mixture was then quenched by addition of water and IN NaOH, stirred for 2 h, and
extracted with DCM. The combined organic extract was dried over anhydrous magnesium
sulfate, filtered and concentrated. The residue was purified twice by Biotage (SNAP 25 ¢
30 cartridge; 2% of ammonium hydroxide in MeOH/DCM: 0/100 to 10/90 over 20 CV: then
SiliaFlash 40 g cartridge, 2% of ammonium hydroxide in MeOH/DCM: 0/100 to 10/90 over 20
CV then 10/90 to 15/85 over 20CV) to produce a material that upon trituration with MeOH
afforded the title compound 74 (53 mg, 0.09 mmol, 39% yield) as a white solid. '"H NMR (400
MHz, DMSO-dq) 6 (ppm) : 8.77-8.69 (m, 1H), 8.57 (d, J= 1.6 Hz, 1H), 8.52 (d, /= 5.5 Hz, 1H),
35 8.34(s, 1H), 8.26 (d, /= 8.0 Hz, 1H), 7.88 (dd, J= 8.1, 2.1 Hz, 1H), 7.73 (dd, J= 13.5, 2.3 Hz,
21
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1H), 7.38 (t,J= 9.1 Hz, 1H), 7.20 (bd, /= 9.2 Hz, 1H), 6.65 (d, J= 4.9 Hz, 1H), 6.63-6.56 (m,
1H), 4.55 (t, J= 5.5 Hz, 1H), 4.07 (d, J= 5.5 Hz, 2H), 3.60 (s, 2H), 3.53-3.43 (m, 2H), 2H are
hidden, 2.59-2.51 (m, 1H), 2.45-2.33 (m, 4H), 0.72-0.58 (m, 2H), 0.50-0.36 (m, 2H). MS (m/z):
577.5 (M+H).

5 Example 5

Step 1. (S)-2-(4-((6-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy )thieno|3,2-b]pyridin-2-
yDpyridin-3-yl)methyl)piperazin-1-yl)-2-oxoethyl 2-(tert-butoxycarbonylamino)-3-
methylbutanoate (74-A)

10 To a stirred solution of 74 (117 mg, 0.20 mmol), Boc-L-valine (132 mg, 0.61 mmol) and
DMAP (25 mg, 0.20 mmol) in anhydrous DMF (4 ml) under nitrogen was added DCC reagent
(251 mg, 1.22 mmol), and the reaction mixture was stirred at rt for 24 h. The reaction mixture
was partitioned between AcOFEt and a saturated aqueous solution of sodium bicarbonate. After
separation, the organic layer was successively washed with a saturated aqueous solution of

15  sodium bicarbonate, a saturated aqueous solution of ammonium chloride and brine, dried over
anhydrous magnesium sulfate, filtered and concentrated. The residue was purified by Biotage
(Snap 25 g cartridge; MeOH/DCM: 1/99 to 10/90 over 20 CV, then 10/90 over 5 CV), to afford
the desired product 74-A (151 mg, 0.195 mmol, 96% yield) as a colorless-white sticky foam.
MS (m/z): 776.7 (M+H).

20 Step 2. (8)-2-(4-((6-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy)thieno[3,2-b|pyridin-2-
yD)pyridin-3-yl)methyl)piperazin-1-yl)-2-oxoethyl 2-amino-3-methylbutanoate (80).

A suspension of the Boc-valine ester 74-A (151 mg, 0.195 mmol) and a solution of HCI

(0.49 ml, 1.95 mmol, 4M in 1,4-dioxane) in anhydrous DCM (10 ml) was stirred at rt for 2.5 h.
The reaction mixture was concentrated and diluted with a saturated aqueous solution of sodium

25  bicarbonate. The aqueous solution was extracted with DCM containing traces of methanol. The
combined organic layer was dried over anhydrous magnesium sulfate, filtered and concentrated.
The residue was purified by Biotage (Silia Flash 12g cartridge; 2% of ammonium hydroxide in
MeOH/DCM: 1/99 to 15/85 over 20 CV, then 15/85 to 20/80 over 10 CV), to afford the desired
product 80 (80 mg, 0.118 mmol, 60% yicld) as an off-white sticky solid. '"H NMR (400 MHz,

30 DMSO-dg) 6 (ppm): mixture of rotamers, 8.73 (s, 1H), 8.58 (bd, /= 1.4 Hz, 1H), 8.52 (d, J=5.3
Hz, 1H), 8.34 (s, 1H), 8.26 (dd, /= 8.1, 0.7 Hz, 1H), 7.88 (dd, J=8.2,2.2 Hz, 1H), 7.73 (dd, J=
13.6, 2.4 Hz, 1H), 7.38 (t, /= 9.0 Hz, 1H), 7.20 (dd, /=9.0, 1.4 Hz, 1H), 6.65 (dd, /= 5.3, 0.8
Hz, 1H), 6.59 (bd, J= 2.5 Hz, 1H), 4.84 (d, J= 14.7 Hz, 1H), 4.77 (d, /= 14.9 Hz, 1H), 3.63-
3.58 (m, 2H), 3.50-3.37 (m, 4H), 3.20 (d, J= 5.1 Hz, 1H), 2.59-2.51 (m, tH), 2.47-2.33 (m, 4H),
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pyr| di ne/ DMF OC NNNOBOC 1:> N H2 0C to 55C 149 5Exanple 7

1- cycl opropy1l- 3- (3-fl uor o- 4- (2- (1- ( 24( 2- hydr oxyet hyD( et hyl ) ami no) et hyl ) - 1H
- pyr azol -we fiytehsesno[ 3, 2- Npyri di n- 7- yl oxy) phenyl ) ur ea @t510A20181000394 :
2-(1-((1, 3-di oxol an- 2-yQret hyl ) - 1H pyrazol - 4-y1)-7-(2-fl uoro-4-
10nitrophenoxy)thieno[3 2- bl pyri di ne (145) To a suspension 144 (3.57
g, 8.57 e L) d )
14(1, 3-di oon OIQJH )O?T)?agﬁfmﬁ%ﬁll\ggs 68{5%{ g%r%%@?hﬁ% 8?"‘?58 (m, 2H), 0.50
, 2-di oxa(bmOﬂl,dthi)z\/lﬁlr)ﬂzll—i7ﬁ;6rmdﬁl7@7(IQH@). 7.14 mmol ), CsF (3.25 g, 21.42
mol ), NaHCO3 (1.799 g, 36 mmol) and Pd(PPh3)4 (0.825 g, 0.714 mmol ), and
the reaction m xture was heated to reflux overnight. The m xture was cool ed
15to0 RT, diluted with Et0Ac and waskeitnwid h wat er. The organi ¢ phase was
col l ected, dried over anhydrous Na2SO4, filtered and concentrated. The
resultant solid was triturated with Et20 to afford title conmpound 145 (3 g,
95% yi el d) as a bei ge solif O{mz) = 443.51 (M+H). 190,
2-(4-(7-(2-fluoro-4-nitro y)thlenof3 2- bl pyridin-2 ) - 1H pyrazol -

yl ) acet al dehyde %a sglation M@W 034, BFMIPEL N THF
(20 nmL) was adde n&—a-nd—t—he reac Xt une was—heated to
reflux for 24 hofirs. NThe rﬁxtureA%ﬁpol ed to andNconcent’f¥ted. The
resi dual aqueous solutign was treated with solid sodyum bi carbonate and

t hen extracted w t Qo ReMoclhle organi c phase was collected, dried over

anhydr ous Na2SO4,
No2 FUN%

MeS Boc MeO,S™ Boc
‘\ O Oxone \— \v — S | N Fe powder/NH 4Cl
/ T ——————,
MeO H/wate rirt \ N N MeOH/w ater/
reflux
97
H H
FUW T
o]
MeQ,S Boc MeQ,S Boc
’ _ 1) tnphosgene/DlPEA ~\_
N 2) cydopropylamme/ \ N \ N
-25°C to ot
98 99
H H

MeO,S
TFA/DCMIrt ~\_N H

100: Example 6

Example 6
1-cyclopropyl-3-(3-fluoro-4-(2-(5-((2-(methylsulfonyl)ethylamino)methypyridin-2-
10 ylthieno[3.2-b]pyridin-7-yloxy )phenylurea (100)

Step 1. N-((6-(7-(2-fluoro-4-nitrophenoxy)thieno|3,2-b]pyridin-2-yl)pyridin-3-yl)methyl)-2-
(methylthio)ethanamine (95)
To a suspension of compound 94 (300 mg, 0.759 mmol) in dichloromethane (20 mL)
15 were added 2-(methylthio)ethylamine (141 pL, 1.518 mmol) and acetic acid (87 ul). After

stirring for 20 min at room temperature, sodium triacetoxyborohydride (482 mg, 2.276 mmol)

was added. The reaction mixture was stirred at RT for 16 h. The reaction mixture was then
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filtered and concentrated. The crude al dehyde 146 (810 ng, 100%yield) was
used in the next step with no additional purification. M5 (mz) = 399.3
(MtH) St ep0o2w112124585( 4- (7- (2- f 1 uor o- 4- ni t r ophenoxy) t hi ene@Cr&A22+1mo@po
ridin-2-yl)-1H pyrazol-1- vyl)ethyl)(nethy 1)am no)ethanol (147) 5To a
solution of 146 (810 ng, 2.033 mol) in DCM (40 nL) was added HOAc (0.233

m., 4.07,. ). - t. hy.l.am nol (3 e
encti o tnE s oee PRl I N JRREknr it eyl CIPRLC) S04 ok

tri acet eyydataby dricdeudelprd@it gvas puiliedrbp Blotwgs(Sasid 60k; aviedOHAXCMI 24100 ¢o was
stirred at RT overnight. The m xture wa di luted with sat . NaHCO3
sol ut i orfOf8Qetres of i INEpHREFGEd \R?fst‘téf‘d‘(’%?i’oluﬁg RéE?&aﬁ“ﬁz%uaflﬂgwé%?/ﬁfﬁ%aﬁﬁ%%[ | ayer
was 10 goell®ctgd, dried over anhydrous Na2SO4, filtered and concentrated
to afford title compound 147 (930 ng, 100% yi el d) .that was, used directly in
the HextSten 2 eribytl (Ad74adneroghairophenoyy)hienold 2 -bIRkidin2mipunding- 50 ( MrH) .
Step 4. -yt yl - 96

24(2- (4- e %Sth i 9I’?Ih }(c)apr aérrrll%iy hi eno[ 3, 2-b] nyri din-2-y1)-1H pyrazol -1
- yl) et hyl ) meiypafidH6)Ftrhg 0. 75&rionkt Boctanhgdride (8 Tomg. £89TLimimeh), &MAR7 (930
ng, 2.033, mo I n 40 was, adde 18- nd
DVAP (495.337%{1)76‘5. Wrﬂ?glu)‘eﬂgyk%[mtnﬁzlOr%éJz;dLCtgPE%&ﬁ&?(Enﬁ?é G mch vl SO dy

over ni ghteckdiieat 'SR CTHeOmadtioH ik Riravaas dencendchasted dhtdpwith ttheldaceiage, @od umm
chr omat ogr aphy (el yent EtOAc to 20% MeOH in OAc) t.o afford title conpound
148 (042 GUERGSSSORGTIEN iy Pers SATBIP FRUSBHY SO iR ('(Ellmly iR P S5& ep 5.
2- ((2- (Aglidoub o ROBABL Zminl 4RO RIBAGX YdrieB| B0 adhYdrous sodium sulfate, filtered and

, 2- bl pyridin- 2-3/1 - 1H-_J)yrazol -1- yl)ethy 1 émat hyl ) am no) eh%l te/rt-butyl
car bonateengenigaipd. The residuggvag pypiieg hyoRiotee { 499 seytridge7BISORREY: PO oH
(20 ni) PETY | il 1P, A5 hudo! 508 Gik1af. mgL) and
zinc poﬁgﬁm?%g%dzrrg, %%mm@gk?{lg%gm%ﬁ%mgggéti ong’n‘i xtureovi/as hgat gad to

refl ux flerz)35HouM+H)The m xture was cooled to RT then filtered 25 and the
filtrate, was concentrated under. reduced, pre e. . The resi.d was di ssol ved
in DCM aHeP-wddhuy o4 g EhiroPhenes O’E &En' C =~ dried over
anhydr oug)MNaRFA mefhiylsuBsed)eticabmepnrat ed to afford title conmpound 149

397 , 100% vyi el d) that i tly in t t st i t
Seldi 1 ohal piort Fuiepan SoNEDY ez g 088 i sty 38 w5 gt ld iy gy
2- 42- (4-f3dad %xo%ewqhgqor@@ybnb@i Qﬁbfgg-fﬂeuwa@mﬁmmé RN Qtirdod2 obérahi, di n- 2-

301 -1H .azol-y)leth | carbonate ( To a stirred solution of 149
(0. 397 myncadtra®d. trpatsH wiknldN NollPQi srdution ang therpgucops phase wiap pytracted pgh ot i)

i . ) : |
at under . NithL %g%eag{cnggra@td%g wRARAYLinf wg%; Of QIR L amg%ngsﬁggagggg%%gg)

and e reaction was stirred at for 2 hrs. (215
ng, 3. 76ilemal gndwasceaitidedt] Thadrutih 87 (28aatd, 638 rinntal)y waswesd inaghe ekt siep BB or 5

codi um Bredrgshar el bR AT RS lehba 5 o7 en T O And saturates

Step 4. tert-butyl (6-(7-(4-amino-2-fluorophenoxy)thieno|3,2-b]pyridin-2-yl)pyridin-3-

yl)methyl(2-(methylsulfonyl)ethyl)carbamate (98)
25 To a solution of 97 (232 mg, 0.385 mmol) in MeOH (17.5 mL) and water (1.75 mL) was

added ammonium chloride (62 mg, 1.16 mmol) and iron powder (215 mg, 3.85 mmol). The

reaction mixture was heated to reflux for 2 h, then at RT. The suspension was filtered through

celite™, rinsed with MeOH, and the filtrate was concentrated. The residue was purified by

Biotage (SNAP 25 g cartridge; MeOH/DCM: (/100 to 20/80 over 20 CV), to afford the title
30 compound 98 (241 mg, quantitative yield). MS (m/z): 573.7 (M+H).

Step 5. rert-butyl (6-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy)thieno|3.2-b]pyridin-2-

yl)pyridin-3-yl)methyl(2-(methylsulfonyl)ethyl)carbamate (99)
To a solution of 98 (115 mg, 0.20 mmol) in THF (20 mL) at -25 °C was added DIPEA

(140 pl, 0.80 mmol) followed by triphosgene (59.6 mg, 0.20 mmol). The reaction mixture was

35  stirred at -25°C for 1 h, then cyclopropylamine (71uL, 1.00 mmol) was added and the reaction
24



sat urated ammoni um chl oride solution and brine, dried over anhydrous sodi um
sulfate, filtered and concentrated. The crude product was purified by

col um chwormatiography (Et 0OAc to 30% MeOH in Et 0Ac) to aftorah2bitdoesssonpound
150 (150 ng, 33%yield) as a white solid. M5 (mz) = 611.70 (M+H). 5Step 7:
1-cycl opropyl-3-(3-fluoro-4-(2-(1- (2-((2-hydroxyethy|)(rrethyl)am' no) et hyl ) -

1H pyrazol -4-yl1)thi enol3, 2- Nnyridin- 7- yl oxy) phen To a
sol uti omighre 5@s @lguede B4 %I‘%}teir rg 5@%(’@ ﬁi{t) §ea§§ﬂb(ﬁ‘%ﬁ€f

di oxane q(léhcﬁ&V bYladdkichl8f MHahol@NEndcnateli 4Rl PAEGLRIIL BétGeMBEICAL farneda at RT
for 2 hrs. The mixture was diluted with saturated NaHCO3 sol ution and

stirred satmatemqmqws sijetfasraf aﬂwnntalyéﬂ@ndﬁeifbe organig ahase Aak driedrgysr %‘rhgélf?% phase
was col | %d%l ﬁechY 4 NBrRated 'lh‘lteecrr ﬁ'@&luc? e pukifiad 6 B]&% due

was pur| rorrat ography (eluent EtOAc 'to 30% OAc)
to aff ongtMt@H/WpO/ua@tolmw aeo ZWV)S(DW@rcbthd)tlﬂaSOlapmxdt% (3] ind. 0 144 NWR

iy, 7 @ty ar SR Spin. 270 o0 s (P s (o o'

5 48 HZ,StéH’@ 8| c4c188roﬁ‘$lr3 (13|-'f)luoré|~437 (§-1(2-(dhethy BulRényHzthy Rhfino)hEByBoyLidin-21=5. 08
e 20, 2.9 [t 260 (m 3H), 2.34 (s, 3H), 0.91 (m
2H) Schene 7 Exanpl e 8

(7 (4- (37%040%%%%9&@20@9% 214 b PRhSORX) gm[aﬁd&’wﬂxs l6Ghmy 2-y1) -
met hyl -1H i m dazol -5- \él ) - 2- hydr oxy - N- nmet hoxg}et hypacet am de
090 JGstrepstion mixture was stlrred at RT overnight, concentrated diluted with ethyl acetate,

e kg oL RN A ety B -
2011/ 12755659@%@&2%d1k@@6ﬁ39ﬁed The crude product was purified by Biotage (SNAP 25 g
cartridge; MeOH/DCM: 0/100 to 20/80 over 20 CV), to afford the title compound 100 (90 mg,
0.13 mmol, 72% yield, TFA salt) as an off-white solid. "H NMR (400 MHz, DMSO-ds) 5 (ppm)
15 :8.74 (s, 1H), 8.60 (s, 1H), 8.52 (d, J=5.2 Hz, 1H), 8.34 (s, 1H), 8.26 (d. J= 8.4 Hz, 1H), 7.91
(d, J= 8.0 Hz, 1H), 7.73 (dd, J = 13.6, 2.4 Hz, 1H), 7.38 (1, J = 8.8 Hz, 1H), 7.20 (d, J = 10.0
Hz, 1H), 6.64 (d, J = 5.2 Hz, 1H), 6.61 (s, 1H), 3.84 (s, 2H), 3.35-3.25 (m, 2H), 3.05 (s, 3H),
3.02-2.90 (m, 2H), 2.59-2.50 (m, 1H), 0.69-0.62 (m, 2H), 0.46-0.40 (m. 2H). MS (m/z): 556.5
(M+H).
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To a solution of 158 (423 ng, 0.925 mmol) in DW (18 nL) was added
2-acetoxyacetic acid (164 ng, 1.387 mmol), DI PEA (0.565 nm, 3.24 mmol) and
HATU r eagwot20(11@%ssny, 2.77 nmol ). The reacti on m xtur ePaagCARDiIvO0Ed0at room
tenperature for 1 hr followed by addition of NaHCO3 saturated solution (200
m.) and EtOAc (300nL). A white precipitate was formed 5 which was
collected by filtration and di scardéeg‘. (h)e organic layer of the filtrate
was col |l ected, dried over anhydrous §4f Um sul fate and concentrated to give

a yell ow sh SOlFi lwhlch wastrlttﬁ W th ether té :title conpound
206 (570 ng, 1] %ﬁ @u@% was used |n th@ xt step with no
addi tional purj |scat|

2-(((2- (7- (4-dni w& [ 3,0 "“‘ @t&n@@il met hyl - 1H |
m dazol - 105- y®ret hyI )CfFifdfm ﬁjfo et yl ) am noj - 2- oxoet hyl acetat@ (207)

The reaction m x#ure consisting of 2065(300 ng, 0.538 mitA ), amoni um

chl ori de (24vor%oemeg7181463 mmol ) and iron powder (255 ngy, 4.57 mmol) in

et hanol (6 nL)/water g Qonl) was heated torre fINgx for I h. The reaction

m xture was filtered &e hot and concentra The residue was purified

by Bi ot age k(O|V¢|5\QI-|/DCIVP 20% SNAP 2 i ge) to give theNdBtitle
conpound 2 0’2 we \éi white sdfRdNRs:

528( NH) +. H%C%H“?OAcz ! W /7( 3
-cycl opropyl urei do) - 2-f |, yor ophenoxy)th| eno[3 2- Qlgoyri d| n-2-yl)-1 -
met hyl-11-1-i m dazol - 5-yl ) met hyl ) (2- nef,hgxyet hypamni no) - 2- oxpef hyl acetate

(208) NHQ a sol ution of 207 K N 0. 246 mol ) Fi N r;gzo m.) at 0OC
was adde ]@EA (0.172 My BordBBie gﬁNtrl phosgene gFN , 0.148

nmol ) . Tesre ctlon m xt uredwerg 205t krred for Hbﬁocat%
cycl opyllam ped N0, 3 gy +—237—1mol ), _Rdded. JheTeac | Xt Ur e, nas
al | oned to warmUphto 3% onh‘éhzg)era'“f ure and §75°€d for™l hr before ™

concentration.,,he resi due” fikg ur| fiedspy Biotage (MeQsPEMmpR720% SNAP 25
g cartridge) to give the title conmpound 208 (104 ng, 0.170 nmmol, 69% yi el d)
as a white solid. Ms: 611 (MH)+. Step 4:

N-((2-(7-(4-(3-cycl opropyl ureido) - 2- fI uorophenoxy)thi eno[ 3, 2-bl pyridin-2-yl
)-1- _ 25net hyl - 1H i m dazol - 5- yOTet yydroxy N- ( 2- met hoxyet hyDacet anm de
(209) To a sol ution of 208( f?g 0.170 mmol) in THF (18 m) was
added a solcidlb@Bpyad3-(Biffdard-822-61 -(Py(2-hy B 62 ethiyDI hethyl) anBibh@eth(16- 1 Fitpyrawot4+ he

m xture was stirred for 2 hr at roomterrperature bef ore concentration. The
resi due was purified bylhiegeldeab lpxmding/ rydeiy penaureaip o5 g cartridge) to
give title conmpound 209 (40 rrg, 0.070 mml, 41 %y| eld) as a white 30

.N N/\/OH N~ NOBoc

solid. 1H NVR (400 MHz, DVBO d6) 8 (ppm): 8.75 1H), 8.55 (d, 1H,
J=5. 3Hz)Steprl:@4(1¢(6l.3- dmolaxv-zwt)metml)l pyrazetd-d-7-( ﬂuero- -51- 12) 7.41 (t, 1H,
J=9. 1Q5Hz) - : 7,00 (s, 1H), 6.70 (d, 1H, .1=5.5Hz), 6,60 (m

. 4.24 (d, 2H, J=5.7Hz), 3.87 (s, 3H),
3 45 (rn 211370 s3udBnion 18H,57%, 387 (Mmol2 H) DME. (60-1L.)5d (uater n:H)nL) @vas?ddded 67 (m

48((?3 d5 ox(o{nn-f}tgmeth@) 4‘:—(& 2 5%-tgtl}/l_r|%ethy%q 3, y\gox ]b]r'élginz- 3 %SP -pyrazole J(é 000390
g, 7.14 mmol), CsF (3.25 g, 21.42 mmol), NaHCO; (1.799 g, 36 mmol) and Pd(PPhs)4 (0.825 g,
0.714 mmol), and the reaction mixture was heated to reflux overnight. The mixture was cooled
15  to RT, diluted with EtOAc and washed with water. The organic phase was collected, dried over
anhydrous Na,SOs, filtered and concentrated. The resultant solid was triturated with Et,O to
afford title compound 145 (3 g, 95% yield) as a beige solid. MS (m/z) = 443.51 (M+H).
Step 2: 2-(4-(7-(2-fluoro-4-nitrophenoxy)thieno[3.2-b]pyridin-2-yl)-1H-pyrazol-1-
ylacetaldehyde (146)
20 To a solution of 145 (900 mg, 2.034 mmol) in THF (20 mL) was added 3M HCI (30

ml.) and the reaction mixture was heated to reflux for 24 hours. The mixture was cooled to RT,
and concentrated. The residual aqueous solution was treated with solid sodium bicarbonate and
then extracted with DCM. The organic phase was collected, dried over anhydrous Na;SQOy,
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O HN O NS N 192: Exanple 9 Exanple 9 o
14(2-(7-(4-1sopropylam nocar bonyl am no- 2-f| uor ophenoxy)t hi eno[ 3, 2- bl p_yri di

n-2-yl)-
met hyl - |
5

t he ones
repl acin

r eagent mqihnhh@@hﬁ&@ﬁﬂﬁnﬁbhkmm&m(byaesnpnqmwuan1ne in the step 1, and

cycl opro
DVSO- d6)

WO 2011/127565 PCT/CA2011/000390

H i m dazol -5-yl ) net hyl ) - 3-i sopro_pyl - 1- ( 2- net hoxyet hyl Jurea (192)
Conmpound 192 was obt ai ned by follomdng t he procedures simlar to

GRRE S s RRGACR chdeCfigfe FUESIF L B oSRTBNAERSER By

I .3 400 M-lz
‘- { g kb 5' y o 1H)

(dd, Jl@&hmme@l%@f&n5>emamllm 7 34 (t, 1=9.0 H, 1H) 7 12-7.09 (m 1,

(s, 3, 3

10

15

20

25

30

35

J=

3. 801"03a ?Qiutecm 0le|4|)5 (813) 138»230 m{nﬁﬁmgﬁflj\%é@m w/as ?,%ed HXS@‘BC 2%4 ( m
12H) . Nsmtntl%)» mm@?gncﬁﬂ(%t'ﬁ'}}am%ﬁ)%ﬁ'ﬁqpﬁ%S mggﬂqwe{n% éx%heé}gacw)\l?mlxture

was stirred at RT for an hour. Sodium triacetoxyborohydride (1.293 g, 6.10 mmol) was added
and the mixture was stirred at RT overnight. The mixture was then diluted with saturated
NaHCOj; solution then solid NaHCO; was added to neutralize the acid. The DCM layer was
collected, dried over anhydrous Na,;SO,, filtered and concentrated to afford title compound 147
(930 mg, 100% yield) that was used directly in the next step with no additional purification. MS
(m/z) = 458.50 (M+H).
Step 4: tert-butyl 2-((2-(4-(7-(2-fluoro-4-nitrophenoxy)thieno{3.2-b]pyridin-2-yl)-1H-pyrazol-1-
yhethyl)(methyl)amino)ethyl carbonate (148)

To a solution of 147 (930 mg, 2.033 mmol) in DCM (40 mL) was added Boc,0 (1.331
g, 6.10 mmol) and DMAP (49.7 mg, 0.407 mmol) and the reaction mixture was stirred at RT

overnight. The reaction mixture was concentrated and purified via column chromatography
(eluent EtOAc to 20% MeOH in EtOAc) to afford title compound 148 (420 mg, 37% yield) as a
brown oil. (MS (m/z) = 558.49 (M+H)
Step 5: 2-((2-(4-(7-(4-amino-2-fluorophenoxy)thieno[3.2-b]pyridin-2-yl)-1 H-pyrazol-1-
yDethyl)(methyl)amino)ethyl tert-butyl carbonate (149)

To a solution of 148 (420 mg, 0.753 mmol) in MeOH (20 mL) was added ammonium

chloride (81 mg, 1.506 mmol) in water (5 mL) and zinc powder (197 mg, 3.01 mmol) and the
reaction mixture was heated to reflux for 3 hours. The mixture was cooled to RT then filtered
and the filtrate was concentrated under reduced pressure. The residue was dissolved in DCM
and washed with water. The organic phase was collected, dried over anhydrous Na,SO, filtered
and concentrated to afford title compound 149 (397 mg, 100% yield) that was used directly in
the next step with no additional purification. MS (m/z) = 528.49 (M+H).
Step 6: tert-butyl 2-((2-(4-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy)thieno[3.2-b]pyridin-2-
y1)-1H-pyrazol-1-yl)ethyl)(methyl)amino)ethyl carbonate (150)

To a stirred solution of 149 (0.397 mg, 0.752 mmol) and pyridine (0.183 mL, 2.257
mmol) in DMF (20 mL) at 0°C under nitrogen was added pheny! chloroformate (295 mg, 1.881

mmol) and the reaction mixture was stirred at 0°C for 2 hrs. Cyclopropylamine (215 mg, 3.76
mmol) was added and the reaction mixture was heated at 55°C for 5 hrs. The reaction mixture

was partitioned between EtOAc and saturated sodium bicarbonate solution, then washed a
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rN'Nv t. S..,----- __t---11 EDCI, HOBt ONN DVF/ RT 234

Exanpl e 10

1- Cycl oprwpydt1d(ssf | uor o- 4- (2- (5- (4- (4- met hyl pi per azi netTydArpi1peoiodi ne- 1ca
rbonyl ) pyridin-2-yl)thieno[ 3, 2-bl pyridi n-7-yl oxy) phenyQurea (234) 5Step 1:
6- (7-(4-(3-Cycl opropyl ureido)-2-fl uor ophenoxy)thi eno[ 3, 2-bl pyridi n-2-yDni co
tinic acj 225 . n | deh 0

"DV (S oyl o T SRE0 R, T EubT IR oS albes duict T on

rri xt ur e aiscoatdntraied. Hie GOLE }frOdiucil.ﬁlahpulﬁﬁ?ed lerﬁacﬁrbmﬁtogﬂaplhw(}ﬁOMSO 60wl ed to

treate a s, HC1 ),.and stirre 10fo an

addl tion 8%%‘%%&0%&5@“ %ﬁﬁomaﬁw tk maai? /&slieﬁ%eiw B/ SHic Msafm/@n

washed w:h paing+H( 30 nl) and dried. The crude product was triturated vvlth

MeOH to afford t|tIe con'g)ound 225 (165 rrg, 80% vyi el d) as a bel e solid. NWR
eyclaprop : h fydraxyadyhampthylamino)ghylp I- Hz 1H),

8.51 (d, =1.9. ; d, J = 8.1, 19Hz 1H),

8.17 (dd, §1~e25(137 2.5 Hz, 1H), 745(bs

1H, 7.37 (t, TQ]a &01191011 OlﬂiSO (LEQH)g, 024Q61I1QCd)JI1n DCM (80 QJ,L)lvaSacM;:d Hﬂ-li)ln dexge (d, J

[5 Cgr ng?/ 0:_%’7 é} Il’sl 1?6?‘9012 cfthg %lte Eﬁe’glpgtat? ? rgfc{ %]Rz'lzwr 2 h?s %%e mlxture(vUAs 2H) .

1- q/bcl Olpdhhpqdlw&ﬁ%aidrhaedrl] macl%(((gy g(ﬂutlﬁoﬁh- émk; @ﬁl’fré‘ty |f<f}l p@r@ﬁs vefory lthpilgersi deme- 1 -
car i.enof 3, 2- I.n-7- en rea To a
Col POy LBt TRt il B0 k3 SRRl i et PP coaechsiedi T mer o
20 addedreHﬁEeTwéél-gﬁxﬂm coz&gn E‘W@frﬂa&o oFabfy @\ﬁ@lt 'Eﬁ)Aé—tczg@/o rmabl)l iRMEOAC) to

1- net hyl- 4- peridin perazine ( . The reactl on

mi xt ur e %@8%“8%1{???1@??”&@ lﬁbé Otrém?@r/arlahdéamevhm rHiid. %uNMRé QM. Néﬁ@ae

sat ur at e, an t h S ver
anhydr ou(g)ﬁlgg%{gd%a cgn?é%]g{]?gtlzg ?mrgﬁ @SéﬁthFW -Eéﬁrlg)gltézfue v}/aﬁ@ Eg’{l i e three
ti mes by7.Bl 6hadjd. GIOéGiHlEI)Oﬂ\éﬁ (D-509A8 259 1HpI4.9M(s, T1d), UAREd Joy 6 parHA PHat i on

on L0025, TS 15558555 PRI Bu0) (o, T it opmpound

VHz, CD3@IZB(r&2(H)pM)S(m&)&7SI(M$d(MHHO 8 Hz, J2=2.1 Hz, 1H,), 8.48 (s, 1H),
8.47 (s, 1H), 8.19 (dd, J1=0.8 Hz, J2=8.3 Hz, 1H), 8.16 (s, 1H), 7.97 (dd,
J1=2.2Hz, J2=8.2Hz, 1H), 7.65 (dd, J1=2.4Hz, J2=13.1Hz, 1H), 7.29 (t, 1H,
J=8.8 Hz, H), 720718(m 1H), 6. §3hdnslid; J108Hz J2=5.5 Hz, 1H), 3.83
(br. s, 1I-I) 24 30(br s, 11-1), 3.01(br s, 2.85 (br. s, 3H),

2.76-2.70 (m @ 9:67 (s, 3H), 2 61-2. ﬁ(z)z (br. s, 1H),
1.91-1.85 (br 1H), 1.56-1. La S, 078 4 (m 2H),
0.55-0.51(m % 630.4 (Mg + Fe (powdery
TS0 W T .
N NN HATUDIPEADMF \/\OMe NH4CVEtOH/water
158 206
F NH; o FD/H\WHV o FD/HTN\V
Q o\ 1). DIPEATHF ° A 0 © OH
’ \/ S !\1’ 07\‘) triphosgene ’\/ S/ /N‘ 0 LiOH m—é\l]\?ﬁ/‘
N N ~"ome 2-DNH, °N NN N~ Gue THRAwater N NN e
207 208 209: Example 8
20
Example 8

N-((2-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy)thieno[ 3.2-blpyridin-2-yl)-1-methyl-1H-

imidazol-5-yl)methyl)-2-hydroxy-N-(2-methoxyethyl)acetamide (209)

25 Step 1. 2-(((2-(7-(2-fluoro-4-nitrophenoxy)thieno[3.2-blpyridin-2-y1)- 1-methyl- 1 H-imidazol-5-
yDmethyl)(2-methoxyethyl)amino)-2-oxoethyl acetate (206)
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WO 2011/ 127565PCT/ CA2011/ 000390 Scheme 9 Et Exanple 11 1-cycl opropyl-3 -(3
-fluoro-4-(2-(1-12-norphol i noethyD 1Hi m dazol-4-yl)thieno [3, 2-blpyridin-
7-yl oxy) phenyiyursa (265) 10Step |I. PCT/CA2011/000390

1- (2, 2-di et hoxyet hyl ) - 4-i odo- 1Hi mi dazole (260) To a stirred solution of
4- jodoi m dazole (10 g, 51.6 mol ) and bronDacetaIdehyde di et hyl acet al

i xtur o was nEbt o o 7S R BRES vy ngbdr N e M SRR 2 et g "

m xture was (idi4my, ek 8hintriol WVaIPEAaNdeEXLL 824 athol 4rd bﬁ@f&treag&litQ1&5rsga@I2C77
extract was maihed wi th brine, dried over anhydrous sodium sulfate,
15f i | t er B d NE SFfeEon iwe waysErrsd el rapm t%agerﬁmel for &by ﬁsyow%bba@@lw\wfp 80 g

cartrid Aok 30Q26Pm29/230 VAL (Z6hnfEH) A VhS h@t@ s apkhQns
wer e co?ﬁggted gﬁgﬁfdﬁgghtgated Qﬁo 2011/£275 PCT/CAE 000398 to afford

titled cowb@b reps 2eldected by Agtrefion3wd fisaarded. The vsgphiglla)er agthyéilurasweas Follensd,( i z) :

(2. 2- o s dfous foln IR dpd sompsnaed ta elve elonsh sl e s
stirred sobmatedonithafthe? icpivoriot boraprahd 206 K370ymgd, dil hés ¢81d26rugde) that. vaasrms@l jn | n

THF 88 15C dde m., 54.6 nmol). After 30

( HFGEH Wp‘?ﬂfﬁfféaln%ﬁy? “WPF%%%dg§}¥@ﬂ+54 6 mml) was added at -15C
and t he BRACt 2-Q0-(1-¢4t ahiiGo-Paiovephe®aly b3 QWZFAEI Ty 1)-1 xﬁetﬁgl - irRiQaf -
73 mmol) and iodi de 260

|1 t t henyl phosphi ne (0.841 g
?il gg ﬁkggL&&iLi th eix'g "ta‘ 01( an--éfﬂ‘ d the mxture was heated to
reflux f or 3hfﬁeh1%9ctf59nrﬁ§<mré b &Stind W 206 B6Y T @S5 34! thitb B althb iR 6ri AN

anmoni um hydr oxi d
(24.75 mg, 0. 463 mmol) and iron powder (255 mg, 4.57 mmol) in ethanol (6 mL)/water (3.0

mL) was heated to reflux for 1h. The reaction mixture was filtered while hot and concentrated.
The residue was purified by Biotage (MeOH/DCM, 0-20%, SNAP 25 g cartridge) to give the
15 title compound 207 (133 mg, 0.252 mmol, 47 % yield) as a white solid. MS: S28(MH)+.
Step 3: 2-(((2-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy)thieno[3.2-b]pyridin-2-yl)-1-
methyl-1H-imidazol-5-yl)methyl)(2-methoxyethyl)amino)-2-oxoethyl acetate (208)
To a solution of 207 (130 mg, 0.246 mmol) in THF (20 mL) at 0°C was added DIPEA

(0.172 mL, 0.986 mmol) and triphosgene (43.9 mg, 0.148 mmol). The reaction mixture was
20 stirred for Thr at 0°C before cyclopylamine (70.3 mg, 1.232 mmol) was added. The reaction
mixture was allowed to warm up to room temperature and stirred for 1hr before concentration.
The residue was purified by Biotage (MeO/DCM, 0-20%, SNAP 25 g cartridge) to give the title
compound 208 (104 mg, 0.170 mmol, 69 % yield) as a white solid. MS: 611 (MH)+.
Step 4: N-((2-(7-(4-(3-cyclopropylureido)-2-fluorophenoxy)thieno[3.2-b]pyridin-2-y])-1-
25  methyl-1H-imidazol-5-yl)methyl)-2-hydroxy-N-(2-methoxyethyl)acetamide (209)
To a solution of 208 (104 mg, 0.170 mmol) in THF (18 mL) was added a solution of

LiOH (32.6 mg, 1.362 mmol) in water (6 mL) and the mixture was stirred for 2 hr at room

temperature before concentration. The residue was purified by Biotage (MeOH/DCM, 0-20%,
SNAP 25 g cartridge) to give title compound 209 (40 mg, 0.070 mmol, 41 % yield) as a white
30 solid. '"H NMR (400 MHz, DMSO-d¢) & (ppm): 8.75 (s, 1H), 8.55 (d, 1H, J=5.3Hz), 7.94 (s,
IH), 7.75 (dd, 1H, J1=2.3Hz, J2=13.5Hz), 7.41 (1, 1H, J=9.0Hz), 7.24-7.22 (m, 1H), 7.09 (s,
1H), 6.70 (d, 1H, J=5.5Hz), 6,60 (m, 1H), 4.74 (s, 2H), 4.68-4.66 (m,1H), 4.24 (d, 2H,
J=5.7Hz), 3.87 (s, 3H), 3.45 (m, 2H), 3.35 (s, 3H), 3.28 (m, 2H), 2.60-2.57 (m, 1H), 0.71-0.67
(m, 2H), 0.48-0.45 (m, 2H). MS: 569.6 (MH)+
35
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10 and extracted with DCM The organic extract was washed with brine, dried
over anhydrous sodiumsulfate, filtered and concentrated. The residue was
purified woBioage (SNAP 80 g cartridge; AcOEt/ Hex: 0/ 200/aaoti@odsdoover 20
CV) to produce a material that upon trituration with. MIBE afforded the
title conpound 261 (1.2 g, 3,41 mmol, 9%yield) as light-brown solid. M
(mz): 437.45 (MtH). 15Step 3.

4-(2-(1-(2, 2-di et hoxyet hyl )-1Hi m dazol , 2- bl pyridin-7-yl oxy) -
3- fluoroaniline (262) To a stirred sowﬂo‘ 4+ am no- 2-f | uor ophenol
hydrochl ori de (1.39 g, 3\<mml) in DIVBCO( was added t-BuCK (1.99 g,
17.76 nmmol ). After 30 mn g, 7.11 mmol) was added and
the reaction m xture was heat enih fgr 1h 20In a separate flask a
solution of 4-am no-2-flwu il yrodhlorlde(l 39 g, 853 nmmol) in
DMSO (20 nlL) was treated with t- Bud( (1.99 g, 17.76 mmol ) and the resultant
phenol ate sol ution was added to th@oEighgab reaction mxture at 100C.
After 30 min, the mxture was poured into water (300 nL) to forma
precipitate that was col | ected by fEkam@¢Pon and dri ed under high vacuumto

En; L%dsglhle ttzt | ?4. oOr;r)Pou d. 262b 2. 86 190 ';ophenoxthn%r}gﬁﬁb%\g dn??@ﬂll i ght
1- cyc] opr opy1- methy léb l ROPHAPY hoxethyllugea hi eno[ 3, 2- Mo
yridihe-7- "yl oxy)- 3 fl uorophenyOJrea (263) To a stirred solution of

am ne 262 (2. @&nﬁum@l%ﬁ@@tgmc@ﬂ@ BNEWidE B éﬁ&e%e%mﬂaﬁmg& MO ugediimtHoMF (50
nm) at O0C was added phenyl chloroformate 76 mmol ). After 30 30

mn, cyctsoa;pn@ﬁyfoarthm@yr(ﬂlesmztofn@mpp@nqeow| r)eplaagg bR ddc P BEtgragid fe the
reaction mxtur [ |: (1 m,
14,18 m,TBreience Q %%% Ganﬁ%dfﬁll %agglgg/tltth{lp}ﬂ)%(e'& @0110%3[1 %?f' 9%{540@91%’1@% 1ﬁ1me§fepan
addi t i onalandi@yetbpropylihize witakopngpylamifTin thistep éatﬂ NOAR 16400t MHe, IS Qqdee r@c hed

b ddi t f t to f T d

(11 Ehat nmbehed i orouboes Safa TP a Torber GuEluth 7 0dtai TS ditue
was purified l?¥9 651%' Pﬁlﬁgaz(ﬁw&n 831)96 0&KS, 1Y ge64 MeGHE. DEM 107, 10G-6.09 &R/ 90
over 20 CV). desired fractions 33 WO 2011/ 127565PCT/ CA2011/ 000390 wer e

col | ect edH), cf*oﬁc(é,n%}ﬂ)aﬁéa (st3)t 48684 (W 2H)-MrEE 3héemdiilked- A d&etDh P §A- Mecuum
to affor o] 3 (2.95 g, 5.61 nmmol, 87%yield) as a pink
solid. N%n Qf] Mﬁé@gﬁt 559%3@6 %§St fap 5. ’ 4 ) e -

1-cycl opropyl 3 (3-fluoro-4-(2-(1-(2-oxoethyl)-1Him dazol-4-yl)thieno[ 3, 2-
b] Pyt i n7-yl oxy) phenyQurea (264) TR a gol ution of acetal 263 (2.95 g,
5.611Pmol) in AcOH/ H20 (20/20 ni) wa¥"d8u®d concentrated HCL (2 ni) and the
reaction mxture was heated at 90C for 1 h. The reaction m xture was
concentrated, diluted wnth Water and 4M NaCH to pH 10 to forma preC| pitate

that was col | ected by f t on washed with water and dr NQW r_ vacuum
The material was then Bi ot age (SNAP 100 g cart ZWf

anmoni um hydrOX| de i 89 to 15/ 85, over tooafford t he
title co 26@ ( 2Fg 2 66 OoC /oyl d)
H =N Z

N

47 225

/ .- i
HN::>‘N/-‘\N' Q OU 0

- 5
———
\ 7\ |
EDCI, HOBt o) N N
DMF/RT
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a browmn solid. M5 (mz): 484.51 (MrH). Step 6.

1-cycl opropyl-3-(3-fluoro-4-(2-(1-(2-norpholinoethth: 1H i m dazol -4-y

1)t hi eno W8 2027127885 pyri di n- 7- yl oxy) phenyl )urea (265) Teca/cabutdie of 264
(200 ngy, 0.443 mol), norpholine (46 pl, 0.532 nmmol) and AcCH 15 (51 pi,
0.886 mml) in NWP (10 nL) was added sodiumtriacetoxyborohydride (282 ny,
1.329 mmol ) and the reaction nixtu%e w@§ tirred for 18h at RT. The
reaction m xture was quenched with nd extracted with DCM The
organi c extract we@ycw;&@ﬁgl(mwrow@h@otmumtwmamm yaypiperidivealchl or i de
sol ution and brine, drled,over anh rous sodlun1sulfate fi.ltered and
concentrated. Th&rpas 2l BlopLiding igylguapheaxiusey @34 cartridge; 2%
of ammoni um 20 hydrOX|de in NEOFVEKmA 0/100 to 15/ 85 over 20 CV) and by

G | son (Phenonenex Luna 15p, §18(2) 1%0A 250x50 0 nnh 15pn1 0. 05% of

nmL/ m n) 'affofd the-t;tfe conpound 265 (36 ng, 0.057 mol, 13§6y{eld
formate t) as a white solid. 11-1 NWR (400 MHz, DVSO-d6) 6 (ppnm) : 9.52
(bs, (lzl) 8. 4% g( ghspe}rsmﬁ d& dtehydd97 (B)D&ﬁg (Gs46 xgi:lhi)o,l) iA. IQMF((dD-mIl). RadHadded H)

7, 78 J= 1. 14 , or of - S

7.33 (t, O)\(pm:@gl@ rpﬁ 0. S_I%mm?ggtzRf gad t?xir_sactl@ 1§12(t1trta&/as eref éggﬁcforspghq(qﬁ

6.54 (d Th%‘reén@n H?xturl— Fas céolé'd‘lto(oP ¢, teeated vathHN agdkdus }3315@0 ) achFstﬁrreé atRT 4H)
2.66 (t, 1= 6. 2H), 58-2.51 (m 1H), 2.49- (m 0. 64-0.59
(m BH), fooamadcmu@gl Jawy. Eﬁ)resmt(mczyltat%vz@ @%lempw ﬁ“@@‘Pﬁa‘f’%ﬁh‘é‘Emth gfer
Conposi t(:a? and dI‘lL(P THe TFude W&ﬂt%gtﬁturﬁtg@witﬂm Waf?cfrg\ﬁ'tlg%émpo%ld 225

phar mace nposi tions “‘conp npound accor e

i nventi qnéﬁmg &O%bmdmsamengeesbhg! W&e(ﬁt)@b’[féz ﬁhf)iDE)rﬁ (pgmbzl‘?pﬁée(rbs,,lfb)r 848l uent .

Conposi tions he i nventj.o be f e t d I own in
the art (i - A Thr SRt (Rl Scniai Sorbefbn By Saltfdang 1r biTts 1]

i ncl udi ngy7 {d@PJJQ@'l; 0o aMi, trreaba, 3516, R ik, i), 7451{b@a1qgcwba(t pAg.1ather

met hods of local administration to the eg t he ocul ar and

2011Y512715”®5¢@¢1(®A2613L9 00DB90! 1D i6d 6l Iar 331 0-8 Slte SHA R Ihrcds 1H>n‘bﬁ%815ﬁg vi a

delivery é%gharac s?ﬂ§ ﬁﬁPﬂQ%ﬂﬁ@ﬁ?smﬁg&%gﬁﬁﬁQﬁ%@QNﬁﬂay be by the oral

e carrier

route.
on the r&;n: s
accept abl ) c-?ratlble with a
bi ol ogi c=& ) e, or organism and

t hat does notTd mtﬁfeaesbmum bhadadlezﬂsbeeﬁg msmesmm it DRIFi10In6Ig) 2 @l °Cawdrevi t y
of the active ingredi ent ositions a cordlnq to the .invention
§

ray Hont i TIOR TAd0 TEoh Tomewe. ERAI RS B, | o wamngn s molayid: (PaETige:
buffers, g)tl[?epéz 1eZ81 8 m%SQJ ¢4 hing B! $he G REITBLRT diRled ARbdm kOMRath@ t he

art. The reparation o har maceutically acceptable formulations is
descr i beaveimght,ldikteg. Wltlf&iaﬂllﬁ@t saturstePhaptiane end ¢xérartedpiteridede. it axtradivason,

ed. A %leg%ggr’ 51111\1/Ial &5us'?\‘1'a%b§ artlrlld c%ncc%trated in vacuum. The residue was purified three times
by Biotage (MeOH/EtOAc, 0-50%, 25g column) followed by purification on Gilson
25  [MeOH/H20, 50-95%, HCOOH (0.05%)] to afford the title compound 234 (50 mg, 0.079
mmol, 12.29 % yield) as a mono-formate salt. NMR (400 MHz, CD;0D) § (ppm): 8.67 (dd,
J1=0.8 Hz, J2=2.1 Hz, 1H,), 8.48 (s, [H), 8.47 (s, 1H), 8.19 (dd, J1=0.8 Hz, J2=8.3 Hz, 1H),
8.16 (s, 1H), 7.97 (dd, J1=2.2Hz, J2=8.2Hz, 1H), 7.65 (dd, J1=2.4Hz, J2=13.1Hz, 1H), 7.29 (t,
1H, J=8.8 Hz, H), 7.20-7.18 (m, 1H), 6.65 (dd, J1=0.8 Hz, J2=5.5 Hz, 1H), 3.83 (br. s, 1H), 3.24
30 (brs, 1H), 3.01 (br. s, 6H), 2.85 (br. s, 3H), 2.76-2.70 (m, 2H), 2.67 (s, 3H), 2.61-2.57(m, 1H),
2.02 (br. s, 1H), 1.91-1.85 (br. s, IH), 1.56-1.49 (br. s, 2H), 0.78-0.74 (m, 2H), 0.55-0.51(m,
2H). MS: 630.4 (MH)"

x0|p|ent or diluent will depend
: Yy pHlar maceutical |y
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Easton, Pa., 1990. The active conpound is included in the

phar maceutical ly acceptable carrier, excipient or diluent in an anount
suf fi ci enwotolidelseser to a patient a therapeutically efPettdAazel izt

Wi t hout causing serious toxic effects in the patient treated. The effective
dosage range of a 15pharmaceutically acceptable derivative can be

cal cul at ed based on the wei ght of tgtﬁrg I{)ent conpound to be delivered. If
the derivative exhibits activity i t'8e the effective dosage can be
estimated as above using the weigbg of the derivative, or by other nmeans
known to those skilled in the gii~ ASSAY EXANP ES | nhibition of VEGF
Activity The foll ow ng ng co#%s—ﬂs—e*d t oFQs x)t—he conpounds of the

i nvention. 25Assay Exar'r‘fﬁ 1 ttno\{ﬁntsom@eceptbor yrosi ne Ki nase Assay (VEGF
recept or KDR) This test neasures the abiljty of conpounds to i nhi bit
the enzymatic activity of reconbi nant human VE recept or 'c
activity. A 1.6-Kkb cDNA cqr%&spg;&dl ng to the catalcyti c n of VEGFR2
(KDR) (Genbank 30 cesg, A8, ngtﬁquﬁ AF035121 mm 0 1356) is
cloned into they ctor |nV|trogen) for
t he production of m C%Tdf’%tgg?d‘p?}‘é‘t i°osnoo that enyne. "I' C('§"(53nstuct is
used to generate reconbi nant ‘Bacul ovi rus usi ng t he Bac- to acTM system
according to the manucfacturer's instructions®{Invitrogen). The

GST- VEGFR2806- 1356 prot ein |s expres din Sf9 cells (zﬁielﬁa
ru

frugi perda) 35upon i g@r hbi nant bacul ovi onit rugt .
Briefly, Sf9 cells grg in su)s sion WD 2011/ 127565 811/ 000390 and

mai nt ai ned in serumf ee nedi umy ng.p 9@ 1| sugpl epentedw t h geatanyed n) at
a cell denelt 2X1 R |WI h the——~
above- nep VI us at a mal ti,p city Qﬁg)\ﬁ?ectlonN(NO) of 0.1 during
72 hours at 270C with agitation atb*d20 rpmon a rotary shaker. |nfected

cells are harvested2#y centrifugation at 398g for 15 Afh. Cell pellets are
frozen at -80

F N<N ~
Y (v
O NH O
L A S
oHoN-Z N2 ACOHINGBH (OAS); (\N/\/N N
264 o \) 265: Example 11
5
Example 11

1-cyclopropyl-3-(3-fluoro-4-(2-(1-(2-morpholinoethyl)-1 H-imidazol-4-yDthieno[3.2-b]pyridin-
7-yvloxy)phenyllurea (265)

10 Step 1. 1-(2.2-diethoxyethyl)-4-iodo-1H-imidazole (260) To a stirred solution of 4-
iodoimidazole (10 g, 51.6 mmol) and bromoacetaldehyde diethy! acetal (9.31 mL) in DMSO

(30 mL) was added K»COj3 (10.69 g, 77 mmol). The reaction mixture was heated at 110°C for
16h. After cooling to RT, the reaction mixture was diluted with water and extracted with
AcOEt. The organic extract was washed with brine, dried over anhydrous sodium sulfate,

15 filtered and concentrated. The residue was purified by Biotage (SNAP 80 g cartridge;
AcOEt/Hex: 0/100 to 50/50 over 20 CV). The desired fractions were collected and concentrated
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5Cuntil purification is performed. Al'l steps described in cell
extraction and purification are perforned at 4 C. Frozen St9 cell pellets

i nf ect ed wot2h11viese&ST- VEGFR2806- 1356 r econbi nant bacul opcrus\2ar@ovdvavwed and
gently resuspended in Buffer A (PBS pH 7.3 supplenented with

| ug/ nTLpepst atin, 2[1g/nml Aprotinin and | eupeptin, 50ug/ mMPMSF, 50ug/nmlTLCK

o o BB RIS 0 b B B0y BGRB8

honmogenapertaf t er which it is centrifuged at 22500g, 30 min., 40C. The

) 1S used as startln materlal for purification of

' igthasyethy Drd Hoimyidazel-4-y B sidigT28hr 0se col umm
Si gma) equi | trRd $BiukiiBn BBS-cRidrfhidno EQ' 08 @26 %4%%M

\(Nas% WI) t thBST'ogiﬁrFéé g urtl(t?/(];Trl tconrx-1 dﬁm ( %sh W t ?##n@g (50mv

Tri s SpH mLDat 46% Q’ﬁ%/é‘éqfdln Bvld @@@WN&‘EI@ mnb?dm pi’dtepﬂ@trmmns salmeorsbéﬁn@lz ut ed

wth 5 S t DI n1\/| | ut at

GSTVE(';‘FCRé)\2/5l\gén ?ggé%egnlr%%c ﬁ{@%ﬁ%gﬁé&f romﬂé?/I dst gﬁ?a(%trlr% I(lr)nxrt aﬁﬁv > ?rélbe%e{?

pool ed RiBederahi rhinVA sbmaom of p&ladfumaetrakinsphwny phdsblihe Q0. 2112§Q1 73H+nﬂxal) and

0 t ns_concentrations are about 0.7 ng/m
535 tThvgﬁP 3 gﬁ‘%?@% N ?%665%%61%% K?%WLQ;@PS a @@@@%Wt&@%aspbe@teé.tﬁ
st ocks aeRualor g AheadoaRtdirhie@ZBR r&didue8Rs dAliiel wilhOwAlSarkiinfRAY IR L GroRRS AY -

I nhibiti on of VEGFR/ KDR is neasured in a DELFI ATM assay (Perkin El nmer). The
subsltlr at38d s3irgstadiynh B e preapibiexiract avasnvashest wish blnlrlgrﬂrbﬂndﬁngnhddtqast yrene

96- wel | e h r |ng t he
assay, | {he e R e R A T R ol Y2
pol ypr opyitegdes; %Oﬁébe gV Hilete 10640 cvenh (ENe:tq pmddcetehmatetnalahaf@bn ezﬁitutaﬂoﬁ he

coat ed eguent Kkin k ce.at 30 Cfor 10-30
m nut es%%T E/?ICBOEn%gOr@ (Pt? ¥ gﬁ qupofﬂcgi@sé?sg ; g g%f%@ rmizs?l&_ t he
Km . En2¢Semepriceds (dtHpn is 5 nM After i ncubat | on, the k| nase reactions

are enched th DTA and t he I at es are washed. Phosphoryl ated product is

det égt ed ‘...' oy 4 3 \ h g A 0 t GNBO Py Hiyc 3% ) s Sl ne |VbAb

Af t er warbidagilihbeepl at es, bound I\/bAb is detect ed by tinme- resol ved

fl uorescence |In % Gjem ni SpectraMax reader (Ml ecul ar Devices). Conpounds
are eval Ugtaedinsd selubor efrtyeminp-2clwnrenhiencithydroshlozidr( 113950 8\5e’ilmmsl) in DMSOt )
concen % R0% | i tLon of y
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val U% of 50 InWa) sgga%%[é jf?aZkSSSSEI%I;{)n glarr/nno 2-fluorophenol hydrochloride (1.39 g, 8.53

mmol) in DMSO (20 mL) was treated with t-BuOK (1.99 g, 17.76 mmol) and the resultant

phenolate solution was added to the original reaction mixture at 100°C. After 30 min, the

mixture was poured into water (300 mL) to form a precipitate that was collected by filtration

and dried under high vacuum to afford the title compound 262 (2.86 g, 6.46 mmol, 91% yield)
25 as light brown solid. MS (m/z): 443.44 (M+H).

Step 4. 1-cyclopropyl-3-(4-(2-(1-(2,2-diethoxyethyl)-1H-imidazol-4-yl)thieno[3,2-b]pyridine-7-

yloxy)-3-fluorophenyl)urea (263)

To a stirred solution of amine 262 (2.86 g, 6.46 mmol) and pyridine (1.04 mL, 12.93

mmol) in DMF (50 mL) at 0°C was added phenyl chloroformate (973 ul, 7.76 mmol). After 30

30 min, cyclopropylamine (1.14 mL, 16.16 mmol) was added at 0°C and the reaction mixture was
heated at 60°C for 45 min. More cyclopropylamine (1 mL, 14.18 mmol) was added and the
reaction mixture was heated at 60°C for an additional 10 min. After cooling to RT, the reaction
mixture was quenched by addition of water to form a precipitate. The solid was collected by
filtration, washed with water and dried under vacuum for 2h. The residue was purified by

35  Biotage (SNAP 80 g cartridge; MeOH/DCM: 0/100 to 10/90 over 20 CV). The desired fractions
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were collected, concentrated, triturated with MTBE and dried under high vacuum to afford the
title compound 263 (2.95 g, 5.61 mmol, 87% yield) as a pink solid. MS (m/z): 526.60 (M+H).
Step 5. [-cyclopropyl-3-(3-fluoro-4-(2-(1-(2-oxoethyl)- | H-imidazol-4-v1)thieno[3.2-b]pyridin-

7-yloxy)phenyl)urea (264)
5 To a solution of acetal 263 (2.95 g, 5.61 mmol) in AcOH/H,0 (20/20 mL) was added

concentrated HCl (2 mL) and the reaction mixture was heated at 90°C for 1 h. The reaction

mixture was concentrated, diluted with water and 4M NaOH to pH 10 to form a precipitate that

was collected by filtration, washed with water and dried under vacuum. The material was then

purified by Biotage (SNAP 100 g cartridge; 2% of ammonium hydroxide in MeOH/DCM:
10 0/100 to 15/85, over 20 CV) to afford the title compound 264 (1.2 g, 2.66 mmol, 47% yield) as

a brown solid. MS (m/z): 484.51 (M+H).

Step 6. 1-cyclopropyl-3-(3-fluoro-4-(2-(1-(2-morpholinoethyl)- 1 H-imidazol-4-yl)thieno[3,2-

b]pyridin-7-yloxy)phenyl)urea (265)
To a solution of 264 (200 mg, 0.443 mmol), morpholine (46 pl, 0.532 mmol) and AcOH
15 (51 pl, 0.886 mmol) in NMP (10 mL) was added sodium triacetoxyborohydride (282 mg, 1.329

mmol) and the reaction mixture was stirred for 18h at RT. The reaction mixture was quenched
with water and extracted with DCM. The organic extract was successively washed with
saturated ammonium chloride solution and brine, dried over anhydrous sodium sulfate, filtered
and concentrated. The residue was purified by Biotage (SNAP 40 g cartridge; 2% of ammonium

20 hydroxide in MeOH/DCM: 0/100 to 15/85 over 20 CV) and by Gilson (Phenomenex, Luna 15 W,
C18(2) 100A, 250x50.0 mm, 15pm; 0.05% of formic acid in both MeOH/water : 20/80 to 95/5
over 60 min, flow; 30 mL/min) to afford the title compound 265 (30 mg, 0.057 mmol, 13%
yield, formate salt) as a white solid. '"H NMR (400 MHz, DMSO-dg) & (ppm) : 9.52 (bs, 1H),
8.41(d,J=5.6 Hz, 1H), 8.36 (bs, 1H), 7.92 (d, J = 1.2 Hz, 1H), 7.78 (d, J= 1.2 Hz, 1H), 7.71

25 (dd,J=2.4and 14.0 Hz, 1H), 7.65 (s, 1H), 7.33 (t, J = 9.2 Hz, 1H), 7.32 (bs, 1H), 7.22 (dd, J =
1.6 and 8.8 Hz, 1H), 6.54 (d, J = 5.6 Hz, 1H), 4.14 (t, J = 6.0 Hz, 2H), 3.57 (1, J = 4.4 Hz, 410),
2.66 (t, J = 6.4 Hz, 2H), 2.58-2.51 (m, 1H), 2.49-2.40 (m, 4H), 0.64-0.59 (m, 2H), 0.43-0.39 (m,
2H). MS (m/z): 523.55 (M+H).

30 Pharmaceutical Compositions
In some embodiments, the invention provides pharmaceutical compositions comprising a
compound according to the invention and a pharmaceutically acceptable carrier, excipient, or
diluent. Compositions of the invention may be formulated by any method well known in the art
and may be prepared for administration by different routes, including, topical, intravitreal,
35  periorbital, intracocular and other methods of local administration to the eye, the ocular and/or
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5 material that is compatible with a biological system such as a cell, cell culture, tissue, or
organism, and that does not interfere with the effectiveness of the biological activity of the
active ingredient(s). Thus, compositions according to the invention may contain, in addition to
the inhibitor, diluents, fillers, salts, buffers, stabilizers, solubilizers, and other materials well
known in the art. The preparation of pharmaceutically acceptable formulations is described in,

10 e.g., Remington's Pharmaceutical Sciences, 18th Edition, ed. A. Gennaro, Mack Publishing Co.,
Easton, Pa., 1990,

The active compound is included in the pharmaceutically acceptable carrier, excipient or
diluent in an amount sufficient to deliver to a patient a therapeutically effective amount without
causing serious toxic effects in the patient treated. The effective dosage range of a

15 pharmaceutically acceptable derivative can be calculated based on the weight of the parent
compound to be delivered. If the derivative exhibits activity in itself, the effective dosage can
be estimated as above using the weight of the derivative, or by other means known to those

skilled in the art.
20 ASSAY EXAMPLES

Inhibition of VEGF Activity

The following protocol was used to assay the compounds of the invention.

25 Assay Example 1
In Vitro Receptor Tyrosine Kinase Assay (VEGF receptor KDR)

This test measures the ability of compounds to inhibit the enzymatic activity of
recombinant human VEGF receptor enzymatic activity.

A 1.6-kb cDNA corresponding to the catalytic domain of VEGFR2 (KDR) (Genbank

30 accession number AF035121 amino acid 806 to 1356) is cloned into the Pst I site of the

pDEST20 Gateway vector (Invitrogen) for the production of a GST-tagged version of that
enzyme. This constuct is used to generate recombinant baculovirus using the Bac-to-BacTM
system according to the manucfacturer’s instructions (Invitrogen).

The GST-VEGFR2806-1356 protein is expressed in S9 cells (Spodoptera frugiperda)

35  upon infection with recombinant baculovirus construct. Briefly, Sf9 cells grown in suspension
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hours. Cells are then grown overnight in serumand growh factor-free

medi um and exposed for 1.5 h to conpounds dilutions. Following a 15 mn

i ncubat i omoizn1medseam VEGF165 (150 ng/ml) 20cel I's are | yeeaA2niiioesseol d

| ysis buffer (50 mM HEPES, pH 7.4, 150 mM NaCl, 1.5 mM MyCl2, 1% Triton
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as Western blots to detect anti-phospho ERK1/2 (T202/Y204) (Cel | Si gnal i ng

Technol o§f B&ction (MOD&E B-1luging 44 hows Pts270€y§%ataé§atwrﬁ)|l&rmw wotany shak
treat ment,meLd S1g6e h%&@ﬁé@ﬁffkneﬂu%noz Qt%&gﬁ)rﬁfs\%g@&g&eggg a}e%? Qt' @6 ing is

perforned usi ng I nmobi | on pol yvi nyl| dene uori de ranes mer sham
accor 8 nngmlltMBﬁ@Wuﬁwﬁgrrwd s instructions. The blots are washed in

Tris-buffere 19 0] rob for
5ant i bodi es gg%ﬁh {‘]e%f)r\kll%g Cel ({rﬂ%@fl '?9%%%6 Cﬁﬁél){g?rﬁgfr&mmeg% Z?Qgé: (EZSI(E ol ogi es.
Cheni | unicelbpdiendeected @ith t}erSlAWEWRam6 Gk rlébdﬂ(ijl)marﬁ bmt&&u%@eﬁaﬁfﬂhng to
the manufaciurer's ins tioQ usi St orm e5|torreter a care;
800 PM, gi’ﬁfy rﬁ%&@@é@&ﬁ%ﬁ ALBRs PWWP‘&W&H%W&R YEE PPsHItEl S8l val ues
of over tpetnangl 1&hestin, Yo iHRAI BVSF /n&lorLrUI@Eaﬁr RuMBEs S o/ SAMUST

4- par anet rgr tfnlt nod pIelgt ei%ﬂcurvegﬁgge cal cul at ed using GraFit 118% 0

sof t War e Usipg 4 g3} ofRufies per @am ef ¢ill oSuspnsion delPouneoberseashized 2k 1%ATifa@NKA nodel
15Thi s 1§54 ;sTRASUD B %&%g%&%?fe¥ ¥hith ﬁ?{@gggﬂgeﬁ a%g%a:oggtgw HhinOWCPFQQr essi on.

CNV is the maln cause severe Vi slion s suffering from
age- r el asgdrmtoulcelt exiege neusad hmwr(img\,ﬂﬁ)ateriaMbmlﬁtﬁoummlﬁSHyVE@FRz&03331]@6& Cl ea

I N Sk
di | at ed @3t Follwbg 4 foapédtaih delumB dC0) R¥hpierBl SpmTine  RYGRacR1 100 ka4 cThe
ri ghtl ey wash with buffer B (50mM Tris pH 8.0, 20% glycerol and 100mM NaCl), bound proteins are
step eluted with 5 CV of buffer B supplemented with SmM DTT and 15mM glutathion. GST-
VEGFR2806-1356 enriched fractions from this chromatography step are pooled based on U.V.
trace i.e. fractions with high O.D.280. Final GST-VEGFR2806-1356 protein preparations
concentrations are about 0.7 mg/ml with purity approximating 70%. Purified GST-
20 VEGFR2806-1356 protein stocks are aliquoted and frozen at -80°C prior to use in enzymatic
assay.
Inhibition of VEGFR/KDR is measured in a DELFIATM assay (Perkin Elmer). The
substrate poly(Glud,Tyr) is immobilized onto black high-binding polystyrene 96-well plates.
The coated plates are washed and stored at 4 °C. During the assay, the enzyme is pre-incubated
25 with inhibitor and Mg-ATP on ice in polypropylene 96-well plates for 4 minutes, and then
transferred to the coated plates. The subsequent kinase reaction takes place at 30 °C for 10-30
minutes. ATP concentrations in the assay are 0.6 uM for VEGFR/KDR (2X the Kn;). Enzyme
concentration is 5 nM. After incubation, the kinase reactions are quenched with EDTA and the
plates are washed. Phosphorylated product is detected by incubation with Europium-labeled
30 anti-phosphotyrosine MoAb. After washing the plates, bound MoAb is detected by time-
resolved fluorescence in a Gemini SpectraMax reader (Molecular Devices). Compounds are
evaluated over a range of concentrations, and 1Cs, values (concentration of compounds giving
50% inhibition of enzymatic activity) are determined. The results are shown in Table 1. In the

table, "a" indicates an ICs, value of less than 50 nanomolar; "b" indicates an ICsy value of = 50

36



received 6 | aser burns between retinal vessels using a slit |lanp delivery
system of Green | aser Photocoagul ator (N dex Inc., Japan), and m croscope
slide gl a’¥e 2itrin7ddeal onTM (AMO I nc) used as a contact | @aT/CARhA/doe®er power
was 100 or 200 mWfor 0.1 second and spot dianmeter was 100 gm At the tinme
of | aser burn, bubble production was observed, which is an indication 25of

rupture of Bruch's mhr.ane which is [nportant for CNV generation. Rat s
wer e divgﬁﬁah#HFﬁoTﬁELg?dﬁﬁgnﬁ&?égwdﬁh?ﬁéFHO%BWY:%EF@R@“@@Fﬁ@iEMS sof t war e

( SAS i nstididates ad BRARaluESE L) sBfhEhohASer irradiation (Day 0). After aninals
wer e anesthetized, and the right pupil dilated (as above nentioned), the
right eye of the aninmal received the conpound or vehicle by an injection
(10 .1L/eye) at doses of 10 or 3 nnnll%gq Zn Day 3. The conpounds 30were
di ssol ved or suspended in CBS, PBS, or oRﬁ r adequate vehicles before

i njection. On Day 10, |t he GpaiNwl s wEE@Fam@§qﬁinzed wth ether, and
hi gh nol ecul ar wei ght flugresceihn isotjhiocyanate (FI|TC)-dextran (SI GVA, 2
>< 106 MN was i njected vifa a tart—verm(20nmgfrat)—About 30 mn after

FI TC-dextran injection, antmalswere—authani-Zed-by ether or carbon dioxi de,
and the eyes were renoved land f#%ed with 10%#f ormalilne neutral buffer

35sol ution. After over 1 hour of4fixatlion, RRE-chorgid-sclera flat nounts
were obtained by 38 WO 2011/ 128665PCT/ CA201%/ 000390 renovi ng cornea, |ens
and retina fromthe eyeballs. The flat] nountg were frounted in 50% gl ycer ol
on a mcroscope slide, ang the gprtio burneg by taser was phot ographed
using a fluorescence ninObbUﬁﬁgéNikﬁl Corpotat+oen—{excitation
filter:465-495nm absorptitepfiFfer-515- 5558n) The CNV area was obtai ned
by measurenent of hyper-fluored®®nce grea observed ¢n 5the photograph using
Sci on i mage. The average C¥4area |of 6 barns was$ used as an i ndi vi dual
val ue of CNV area, and the¢ averngge CNVY area gf conpound treated group was
compaged with that of the vehicle-treated group. Results with sone
conpounds of the present invention are shown in Table 2 and are indicated
as % of inhibition of CNV progression ("A" indicates greater than or equal
to 60% 10i nhi bition, and "B" indicg&g; ﬁﬁ@@ﬁtg <60% i nhi bition). Table 2
Cpd. No. Dose ¥ xample

VEGF-dependent Erk phosphorylation

10 Cells and growth factor: HUVEC cells are purchased from Cambrex Bio Science
Walkersville, Inc and cultured according to the vendor’s instructions. The full-length coding
sequence of VEGF s is cloned using the Gateway Cloning Technology (Invitrogen) for
baculovirus expression Sf9 cells. VEGF)gs is purified from conditioned media using a NaCl
gradient elution from a HiTrap heparin column (GE Healthcare Life Sciences) followed by an

15 imidazole gradient elution from a HiTrap chelating column (GE Healthcare Life Sciences), then
buffer stored in PBS supplemented with 0.1% BSA and filter sterilized

Cell assays: Cells are seeded at 8000 cells/ well of a 96 wells plate and grown for 48
hours. Cells are then grown overnight in serum and growth factor-free medium and exposed for
1.5 h to compounds dilutions. Following a 15 min incubation in medium, VEGF 45 (150 ng/ml)

20 cells are lysed in ice-cold lysis buffer (50 mM HEPES. pH 7.4, 150 mM NaCl, 1.5 mM MgCl,,
1% Triton X-100, 10% glycerol) containing 1 mM 4-(2 aminoethyl)benzenesulfonyl fluoride
hydrochloride, 200 uM sodium orthovanadate, 1 mM sodium fluoride, 10 pg/mL leupeptin, 10
png/mL aprotinin, 1 ug/mL pepstatin and 50 pg/mL Na-p-tosyl-L-lysine chloromethyl ketone

hydrochloride and processed as Western blots to detect anti-phospho ERK1/2 (T202/Y204)(Cell
25 Signaling Technologies).
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Western blot analysis: lysates samples from single treatment wells are separated on 5-

20% SDS-PAGE gels and immunobloting is performed using Immobilon polyvinylidene
difluoride membranes (Amersham) according to the manufacturer's instructions. The blots are
washed in Tris-buffered saline with 0.1% Tween 20 detergent (TBST) and probed for
antibodies against phospho-Thr202/Tyr204-ERK (Cell signaling technologies.
Chemiluminescence detection (Amersham, ECL plus) is performed according to the
manufacturer’s instructions using a Storm densitometer (GE Healthcare; 800 PMT, 100 nM
resolution) for imaging and densitometry analysis. Values of over the range of dilution are used
to prepare ICso curves using a 4-parameter fit model. These curves are calculated using GraFit

5.0 software.

Assay Example 3

In vivo choroidal neovascularization (CNV) model

This test measures the capacity of compounds to inhibit CNV progression. CNV is the
main cause of severe vision loss in patients suffering from age-related macular degeneration
(AMD).

Male Brown-Norway rats (Japan Clea Co., Ltd.) were used in these studies.

Rats were anesthetized by intraperitoneal injection of pentobarbital, and the right pupil
was dilated with 0.5% tropicamide and 0.5% phenylephrine hydrochloride. The right eye
received 6 laser burns between retinal vessels using a slit lamp delivery system of Green laser
Photocoagulator (Nidex Inc., Japan), and microscope slide glass with Healon™ (AMO Inc)
used as a contact lens. The laser power was 100 or 200 mW for 0.1 second and spot diameter
was 100 um. At the time of laser burn, bubble production was observed, which is an indication
of rupture of Bruch’s membrane which is important for CNV generation.

Rats were divided into the groups based on their body weight using SAS software (SAS
institute Japan, R8.1) after laser irradiation (Day 0). After animals were anesthetized, and the
right pupil dilated (as above mentioned), the right eye of the animal received the compound or
vehicle by an injection (10 pL/eye) at doses of 10 or 3 nmol/eye on Day 3. The compounds
were dissolved or suspended in CBS, PBS, or other adequate vehicles before injection.

On Day 10, the animals were anesthetized with ether, and high molecular weight
fluorescein isothiocyanate (FITC)-dextran (SIGMA, 2 x 10° MW) was injected via a tail vein
(20mg/rat). About 30 min after FITC-dextran injection, animals were euthanized by ether or
carbon dioxide, and the eyes were removed and fixed with 10% formaline neutral buffer
solution. After over 1 hour of fixation, RPE-choroid-sclera flat mounts were obtained by
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removing cornea, lens and retina from the eyeballs. The flat mounts were mounted in 50%
glycerol on a microscope slide, and the portion burned by laser was photographed using a
fluorescence microscope (Nikon Corporation, excitation filter:465-495nm, absorption filter:515-
555nm). The CNV area was obtained by measurement of hyper-fluorescence area observed on
the photograph using Scion image.

The average CNV area of 6 burns was used as an individual value of CNV area, and the
average CNV area of compound treated group was compared with that of the vehicle-treated
group. Results with some compounds of the present invention are shown in Table 2 and are
indicated as % of inhibition of CNV progression (“A” indicates greater than or equal to 60%
inhibition, and “B” indicates >40% to <60% inhibition).

Table 2
Dose Inhibition
Cpd.No. of CNV
(nmol/eye) .
progression
2 10 A
3 B
6 10 A
3 B
26 10 A
3 B
74 10 A
A
192 B
234 B

Assay Example 4

VEGF-induced retinal vascular permeability in rabbits

Materials and methods

This test measured the capacity of compounds to inhibit VEGF-induced retinal vascular
permeability. Vascular permeability is the cause of severe vision loss in patients suffering from
age-related macular degeneration (AMD). Female Dutch rabbits (~ 2 kg; Kitayama LABES
CO., LTD, Nagano, Japan) were anesthetized with pentobarbital and topically with 0.4%
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What is claimed is:

1. A compound selected from the group consisting of
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and pharmaceutically acceptable salts, racemic and scalemic mixtures, diastereomers and
enantiomers thereof.

2. The compound according to claim 1, wherein the compound is

3. The compound according to claim 1, wherein the compound is

4. The compound according to claim 1, wherein the compound is

5. The compound according to claim 1, wherein the compound is
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6. The compound according to claim 1, wherein the compound is

7. The compound according to claim 1, wherein the compound is

44



8. The compound according to claim 1, wherein the compound is

9. The compound according to claim 1, wherein the compound is

F §T§
\( OD/ © Y
¢ <0
N N N
\O/\/ \

10. The compound according to claim 1, wherein the compound is
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11. The compound according to claim 1, wherein the compound is

12. The compound according to claim 1, wherein the compound is
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13. A composition comprising a compound according to any of claims 1 to 11 and a pharmaceutically
acceptable carrier.
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