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? g@ ) Bre fca ‘RAYYR612 SCH(RA9) -, or

GZH( RA9) -, Amatei %@iﬁ)fhalt-éxﬁréssesm or aﬁythéﬁn(ﬂfc)ﬁhe 841 activates
hetero%ég and each R97 i's independently se

f r oA Yeieh patbvay, enthalimhipitigNeieh ordhobjeieh pathvwesr may kfylmtroduced
10f | 4o @n SRS bi dh el
fluor ons ubstit ut]%;(ill érgf%?elg%ﬂéthods%% tF&)%f Ol%ﬂgry skill in
nﬁ}éfoﬁrhtrm@mgcg@mammsbxo’fnrarrapms,daomaldgamwmmamn and
str, e ener
S ARG B2, e R MR AEDEAC
RO Iperpgg linkglgo a ngmatc@y elamentihaa centads lddafcnhh@e‘kpﬁdsﬁlon such that

bt icn 2 nBe heit rabicrifor@L orimibls Wi TPl g ¢ gt

15 of p@@redl@ﬁ&pdﬂ&ﬁt adokykePdina Iilﬁluh}ﬂér(‘(‘.’tgﬁrbn”j #tn8 exPression system is

gl R0l LSpEL 00 B8 0, 8 g U1

i ndﬁ]@éhMethbﬂMn%l&mle@MeﬁfcﬁmIDBQ3QGOUD consi sting of
hal ogen, | ower alh¥ oro substituted | ower alkyl,
| ower al kox&tg 8 PrRieTFad ’&?B%PF‘?CGWEW‘P%W@@IC&‘P 1k expresses

[ 0@&Bhtel NoSDTEMEBRREE Hﬁcﬂi Soll. G Bﬁ?ﬁ’ﬁé@ g&f&fed ERbBMhRntYthe
have tEe structure according to the foll ow ng

Osu Fege wpt augleic geid greodroNefehdhonga actisriragmentheregfe ¢ nucleic

R84ciil t

s perioen e o A gl 0o
ey otenunh a5y 225044 it (190 Gehemigs GUS. S nBiashbioged

Of ellﬂlf&ﬁﬂglﬁnﬂle P@JIQQQ@ Acga\%rtheat%%?t}tuwje a%ﬁ‘ée Jtnyr ce%lularu (tiomaln of

| ower al uor
| olNetché| FIE )11‘111145@@ fogn meﬁe@JOftqhédC) Iselisglosadn the art, for

25 ggg%!tnﬁ{léut : d&{an@ Yy, 3?@6 Intqcl)rnm%ronﬁl%o_k_%ggl 2] Qf HJS?O ef 86:639-659 and

s uHstcaltt@nezedt dl ofW) Blldodxpdr 23115@9&21 S @preﬂane@ emBodilhOR6@0s
i ments, of la VI have the
o PR DRSPS 8 PR Gin o, LGS Ahirean Nolohs (as
st nmltmdebyﬁarenul 3uprh)a In vtied Eﬁbéﬂlﬁeﬁ‘mﬁé ghdkic R8¢ hdss
selected fro % roup conS|st| hydr ogen, | ower
o KRGS a3 Bl s et o RO OGPt Brbrably at fast
30 | ngls.m mﬁemg&m &t @&f 18belth Bhdohg: a&ﬁﬁélsbl&s%% §bd)ﬁ<9f1f9[£qan
ogg hal ogen, [ower al kyl, fluoro substituted
| kyl, | ower al koxy, and fluoro substituted
Iomer alkoxy; L4 is selected fromthe group consisting
of -NR48-, -S-, -O, -NR4SCH(R49)-, -SCH(R49)-,
-OCH(R49) -, -C(O NR48-, -S(0O) 2NR48-, -CH(R49) NR48-,
-CH(R49) O, -CH(R49)S-, -NR48G(O -, and -NR48S(O) 2-;
Cy is selected fromthe group consisting of
cycl oal kyl, heterocycl oal kyl, aryl and heteroaryl; R97
at each occurrence is independently selected fromthe
group consisting of -OH, -NH2, -CN, -N®2, -C(O OH,
-S(O 2NH2, -C(O NH2, -OR57, -SR57, -NR48R57,
-NR48C( O R57 - NR488( @) 2R57 -S( O 2R57, C( O) R57

Py K e — R IS A £ FNr— = N AR IS A N PN o o o S
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is selected fromhydrogen, fluoro or chloro and the

ot her of R92 and R96 is selected fromfluoro or
wohbwroo23ssn further enbodi ments, R92 is fl uor orPamaSRD6/024418

is selected from hydrogen, fluoro, or chloro; in

further enbodi nents, R92 and RO are both fluoro.

[0067] In sone enbodi nents, conpounds of Formula VII

have the structure according to the foll ow ng

sub-generic = rnul

wherain: x i &GS picbe RRl LA Ronkiau 8L At o e

congi §p1 exgmple, By dtrlbgm belobtaimed ﬁbindﬁgstocyﬂ-by msttlods@Gnpwn in

e B 0 Yy RBP4

al Rirbmsdnl ahek 6 985)Rx0¢. Nat’e dhchd\Ber. UsIAKIA: 7844 OWST Pkt O ,

an t|t al kax R82 is hydrogen
Sor S $6: AR PR lert B Bl neiteiepten. S5R0d, e Riraigred
f Lambmdlmaiusm ESJB%EI afeQﬂ@jd Rf% ?1} ﬁ?ﬁhaﬁe gs cel(scﬁﬁ%olglﬁzgref@:és y
t e an i s_hydrogen or |ower alky
ﬁ%‘g 8’?1td ﬁ%fel{ls&é%?‘ﬂ’earn% St he nitrogen to which

they are at tlacheprefeatdeAPIdiROR! EY celld BSk bk WnsHe@ed to ind
nenbere%ﬁheterocycloalk yl  or optlonally Suogtftﬁ °$‘umbw

or “HPITE MFCBYP Rirdcelyariomsin ofiNntehg bbréhfem@ihﬁéﬁl descaiyeld #op0e and

10i s fc&ebleﬁehieﬂcefd’r@féretrﬁa tTRQR aé?@tb%}ﬁﬂ ENLIRb QR 'E‘grb@ 11d dd their
substituted cycl oal kyl, optionally substitut

hePREHRYEPEE antefblﬁtmb‘htaqonywa@tw thgtaeptoamqtet mdam:d Ina

0 p tefib b | £
g |nen%2&%?é@g%%%ﬁgﬁ %VﬁﬁagLFOigﬁgg '?dt Pytmo
ofdwg@yﬂm94 RO5 and R96 are hydrogen. In sone
enbodi nent s,
are hydrogegmﬂgldﬁgs%m§§ﬁgﬁyhe8K$%%F8935P9¥0“§ﬁéﬁgﬁwdOf
15 ar {pducingidiffeteetiatian pf cadiec mpgdnitoaddly fismlBES ctellltsl t&@fprividgltulturing

on tltuent .sel ect ed m t he
0 o BB Sl R Bh RS SRRt ot Rt AepeRioid kagies
| o(ds), ah]tl;ﬂn,g theoBRY foah Ko ind ﬁtﬁﬁr EdndBioAs SRSt FaHd®brentiation

Io al k 006 n._so odlnents conpounds of

Fol s &}%i)ixﬁf(a ﬁ%’ ‘Jstetlﬁré‘fl sgla E%W%&&fqgémt%fé

f Ohdnmvgi@blaﬁ:ljﬁe &@ﬂ@cﬁﬂ CelBlifi the fpkdséhcEOF EB#JVQteafNJotcﬁ t0 El%(ﬂﬁyl a
wher ei n Oor S; R84 is selected fromthe

Vi |
20 ‘@Hﬁ%l?fﬁ%ﬂngt’t G5gs- ?hwatl%g%%emt@\mﬂs mpKgplturedmpdesnd
Ch'ondﬁﬂ;@isuﬂ%l@ﬁ for B¥RentiFAb0 cARRDNFEOe2 IR another emboélment
ependently sel ected fromthe group consisting o

fg‘ e epspprisesghp stempfiopturing thoeandigeproginitat ed

| OMIO@%’&.Y/{GS clRWRker %Lulﬂf% y,ultlﬁé] QUFEJ?:?%% f tﬁygj%gﬂc% %Ea Givated

| ower al koxy; one of and I's Tower al fi,

f INQ® substituted Iomer aIkyI or -(C%QVQR?O and the

ot her of R1 r k
= R100 and ng%stglgget g1gl1e\%1m§?%¥?§]1819§sq ﬁca%tﬁlﬁ%va?ﬁ?ﬁ% they
arrepaletienstioh 4 broad spettnom ef lincagasb s:bndlumcto&oﬁfnmﬁbeEBdare

h I [ tional.l t d 5 or 7
heLELAT L RS s TR TR SRR S sl
sdbiek f &d3 5—4mmh7eog;:ooup9&temw Kélien gt 20f ,g@ Rhbliditihy example, ES

supst it ut

£ t | | ed
b AP R A iR s ISroR Metm By polessorged wit
30 opﬂmMmaglhtyrnBlubBlOIMgltﬁleda{fsﬁrﬁﬁ @F N1 -asdoBld id, 4R 1 ST

enbodi.nent s (o ounds. of Formula Villa, at |east
SR y SroT Pl S0 o dHtal Sepgo aencraedsis. s masohe quhred in

Ofthﬂ&%ncm&unmp§hm&ﬁﬁmeﬁqgr cBéerZm%‘S gﬁ&%ﬁlgrobllapc/pre—
sonme enbodi nents, at |east two,also at Peast 1

al so at | east four, or all of R102, R103 , R105 ,

R106, and R107 are hydrogen,i1mmnd R70 is aryl or
heteroaryl, wherein aryl and heteroaryl are optionally
substituted with one or nore substituents sel ected
fromthe group consisting of hal ogen, |ower alkyl,
fiuoro substituted | ower al kyl, |ower al koxy, and
fiuoro substituted | ower al koxy. [0071] In sone
enbodlnents conpounds of Fornula IX have the

o o M T e 1 -




[0078] In one aspect, the invention provides nethods
for treating a Kit protein kinase nedi ated di sease or
woandion2ss i n an ani mal subj ect, wherein the neCWE2006/024418

i nvol ves adm nistering to the subject an effective

anmount of a conpound of Fornula IIl. The ternms "Kit

nmedi at ed di sease or condition," "Kit protein kinase

medi ated di sease or condition,” and the like refer to

a d' t @E@'s%% Qﬂh&@hf bout 2.5 to

1 ongogﬁfaﬁgr&nlg aﬁjr el nn@?iﬁg%g ﬁLI ncl udi n pranot

rm4 atiaysn 511 hmbmqﬁefelaéd‘ eeld:toélmeme Fevid ap n@mecu‘htiﬁhwt 3 days.
%ﬂ%%]tgoi)ksrz(% di e s ar %g%a&e beg 1 agg ﬂﬁk—'l ﬂanmlré:&llected

anf@t edantpys It s@i’f‘fngaﬁd isbﬂtlﬁ SHaseresing amhr]tar mdmaﬁvd(mﬂthese cells

medi at ed di sease or condi cl.udes a

5 Coih £ Bh PO RO TR L T DY BT e & P bt

t hef anest sfIDRNEIHk- 1 cells atsitaswn th the @ habditclosed for Kkdmple
i nhibitors, including conpounds descri bed herein,

pr@WW@Eg)ékPﬁ%waﬁgﬁF?@ Henefit to the subject

suffering frEMREe 8rdibn§cyRf diftlentdiis, aﬁéﬂhdh{ang@'ﬂldmplr@n
In one aspect, the nethod invo]ves adnlnlsten

t herydediq edls aerreasregaied veden penditions Pheresopigh i bk htod” Ina

10 Fo rgféh@d!a Podnﬂe Oégginpﬁéé QRdifbhdhrOR&d Otn AFRiHRr efeeed
raples I sease or condition. [0079] In one

asg&bxtd;tmtﬂ’u,el\lotm aetiveied forabpetd 2-4fdomsdin ¢ meramefgiedg a

Jnk P t e Rg an

L

admsmﬂ&ﬁémren@bm, ¢.bebwsaddingat Nateh agofistaribyandusinggkpregsion of a

und Ll | he [

dl g oeac& 61&:8%8%0%% that hajs ec1 ﬁlﬁ{xﬁéﬁﬁﬁd %?&ntgggg rcr:gltlalegor géample

15 dl Flaseyolinedndditie Noich4-BS deltshea Used eloxgiyelinetipadiled for @by 12-

ﬁg n% télngpre}jamh\(m %o\rj %@p féh o 0l %gil‘; qa%%g;e% ets I%n gth%L b8 pi%:ﬁ&i
t h @ﬁmﬁmreaﬁm@e%adiab alftéee\nahmmamdmamdﬁ i abmucsﬁ aofivatdie
di sease or condition, and/ %h ﬁg’quu at % .
¢ hlotphi S A iasy AT Knopan fis e istide: Ienereaele: Syithing
SYIRLATRe Aediie CH&8RATEYR diffeBhtiatibRhay Be détbmitRl ligftr@cdntonng
di sease or condition 1 nc¢cludes a dlsease_ér condlt

20 oforyie derelgpirent ahbasting el pASERs; RyeRssyIe et pRIETEe of a Cardiac
befshich such 29TropBRh A Br &y (ﬁs@etcﬁgé]% enWlekftesdith of BAHHHRYAsNIS:
i nc glng conmpounds descri be erei'n, provides a
thamdwéumﬂtmﬁﬁhélﬁt to the subject sufferlng fromor
at risk of t d Qis, ih the@BEnESHAEch
t he net hod fﬂ% ves gg ﬁ?&ﬁg&?%d%tél g sugject a%
ef hebdiiivg diffeentinte of the heroatprudetiis aof vEenlamlineagas| Acpordingly, by

{
S TR A PR R R sl
bUtprdSSnt Rotentidnirdv@destamovel méalrge Q]frskﬂ‘; cetls. Jnk3.[0080] In

mbodi ts,
TC50 of | essTtaiaiveSe6 TRIRCd Pyt felfpopl i Bf dip Al
50 aB(Mt 10%&&rdﬁd¥ﬂ§bc?t@s mivia ﬂre&’&ﬁedteli’tﬁabdﬁ&nmﬂdb cd:lbls@utatiams domprise

or nM as deternin I
ac @élﬁﬁsé abcwft ﬁ%é éaf&mmw jg qigre Pf?ﬁ“%%%ﬁ’éi%ﬂ%’gﬁ ﬁ%enct\ég ,
30CO 35919&1&%119%0 bt B0 &l abb@ 7698y dbchOB004, ok emst préferably

l ess than 100 nM |ess than 50 nM |ess than

Zoﬂhwﬁ9pé§@“¥%5ﬂmf@snwl |l ess than 5 nM or less than 1
NMw th respect to at | east one kinase selected from
t he group consisting of B-Raf, c-Raf-1, Fns, JrM
Jnk2, Jnk3, and Kit, and any nutations thereof. In
some enbodi nents, a conpound ©f Formula Il will have
an | C50 of less than 500 nm I|ess than 100 nM | ess
than 50 nM less than 20 nM less than 10 nM |ess
than 5 nM or less than 1 nMwith respect to at | east
one ki nase selected fromthe group consisting of
B- Raf, B-Raf V600E nutant, c-Raf-1, Fns, Jnkl, Jnk2,
Jnk3, and Kit, preferably B- Raf B- Raf V600E nutant or

o -~ NN A o Y o o




medi at ed di sease or condition; the invention kit

includes witten instructions for use and/or other
wonadi7oarisen t hat the conposition is suitabl e oPCT/US2006/024418

approved for administration to a marmal, e.g., a

human, for a protein kinase-nedi ated di sease or

condition; and the conposition is packaged in unit

dose or single dose form e.g., single dose pills,

capsul es, or I'F . : aspects invol ving.

treat nent or TYB‘?%E; % @)%tll(élgg Jge% ?Osr SHERTP TS ‘(‘ﬁeg& na

wi tthethorbfor thapereenisg fof arFagemitha hid dn, effebiontiaRB@s P cPes. The

congdi.d i ' f or._exanpl {thout limtati on, selected
Fr aniboil) e usb B Go e et BTy Bsancdoveement
as iivpuive weltfustiionkalier diefomhtinionses siblificdsss BEEH: Bontractile activity,
nuk£|k%ﬂfarc§ %@nen% a,. head injury, spinal cord

i njPSPOkT DR bferRiio andinaintgaance ﬁ%e, s olpng teap Aularey Bregaehod
anmyodyrieplediol sr@hitls oF fha@h &l dhicalMiduhd: foS®RicltFand efficacy.

chorea, .and .Huntington's di sease; neopl astic di seases
an hﬁ%&“&ﬁgé’f ECLBIREPT WP et hase effgetiog cardiomyocytes comprises

¢ hesmbdiRiRMiondURebLMNNReA inBARbE Rithh %ﬁd’l({éﬁé ne%?}étraﬁﬁml

tunors, (@ STs prostate tunors, nmast ce

(i AEPURE Y 28 gHPHEN feerdicanyocytagmiitey pressuest of thyagew, whereby the
10l e lﬂ)k@éﬁca of Qrpéﬁe%{ N ERRAGYS Gnd ﬁé‘lf?ﬁi%t?on o%laﬁ g?én‘t: thgyheals % gffect on

| eukem a, multiple nyel oma, nelanom, nastocytosrs,

gl icoidipsyogyteobl ast oma, astrocytoma, neur obl ast ong,

sarcomas (e. . ctoder mal ori.gi,n), )

car ci nomas (%agﬁ) ?E{S 8’2 gﬂﬁlﬁ drg%g %n,tésr %‘glﬁéer’ Ahargnot lgﬁgfi tg’ mcleic

f edeil® cepbalivtdedtest Kipids, prodemss peptirtes, paptidominetics, ¢mph @fecules and

(e.Qinhi.St i i.c | ho neur of i br omat gsi s
(1 Ao R oo N TRAT R sl utiieay B g e be
15 sy nbtame® psihgeckerinatgriat liery edigidegenesi s, and cancers of
the thyroid, lk%ﬁ%’ bone, skin, br@%r, pancreas, |un
(e.g. small CEISHCHORGIIRMIEFYtes Bivebicdetermgied by any standar
pr eshyafoe phdnesipe sr @ity idluding¥8t EkafibleHAUERD R th&kQexpression,
|nflaq§ﬂ%qﬁ¥ or%%%n, i n¢l uding acute pain, chronic
pal HeP I HiG cortatile eetivity sRlersepiaiolay seellsiabilithsnyinahg
he aotphbRigh Wr N A fihed ofdepst.t rophy, thronbosis (e.g.
20thronbotic m,cr oangi opat hy syndrones),
at her oscl er odiesell peylatippssingighed fprgaydiemypcytss hrsralse ugefitlgfor
C et Rt Bbrapiss AEAT ' i . -
i nfl amgrlg,t ion | nrg 1u_di ﬁ‘{g%%ﬂ‘% llls%%t%orlel %ﬁktggerkﬁ %”8?“6‘85 cilf(:fl ydéstolrdé3 g
Ki @W@a}?tﬁ‘alizgcbl@g@sqfﬁxp(g)t cardige fynstient mdludmg,fbexample, congenital heart
deggags at ' ot ] al Lergic rhinjtis,
o St tENEMAA L Bhh D, ol By B B e
Cr Hpevrdingly.sie asecmimdinentite praspatsnventidrheowt@si Bsthod of
S en’ ener's. granul omatosis, .. .
25 c?ag&lgﬁyécy%glg 5(%%6 ht t\llx\glgp}& %olng)ﬁﬁs@g faﬂlg}}neﬁtemng it%? 5‘@%’@' 1§ed of

psori as eroder na,

di %hi@@@tﬁwoh‘@n@igb@mmg Emﬁioh@beyté‘s(ihcﬂit@cﬁﬁ&ln a cell

0s dhritiys, .endonetri osi .scarring, vascul ar

¢ b PRk e o E BT s aPaine e nch Spiths Broseahss

| niventiont Ironprefersd e@Bddithéns, th\@BREd & b humat. OPleComposition may

dermati.tis %nd heg t|ﬁk®§,|nnunodef|Q|ency di seases,

o(ra%ea VisfHep PY Aoy ﬁé‘dﬁ% hin delixery tqexrdipstissesnclyiivador;
30 r esxalpy infcHSE @tinpladiag@ases i ncl udi ng diabetic

nephr opat hy, nephroscl erosis, glomerul onephritis,

interstitiallhpBispsat ivention glsasravidshp methed opimbibitingehe

hyg@eeh@sion of Sdidclis EER3S cfeﬂ% b 8y adHRE LAl RBSLREE

di abet esassoci ated renal conplications, and

hypertrophy; netabolic diseases including type 1

di abetes, type 2 di abetes, nggabolic syndrone,

obesity, hepatic steatosis, insulin resistance,

hyper gl ycem a, lipolysis and obesity; infection,

i ncluding, but not limted to Helicobacter pylori and

I nfluenza virus, fever, sepsis; pulnonary diseases

i ncl udi ng chroni c obstructive pul nonary di sease

(COPD), acute respiratory distress syndronme (ARDS),

g, o o

(9,




sclerosis, inflamatory bowel syndrone, transplant

rejection, and hypereosi nophilia.[0102] Additiona
wapeonssand enbodi nents will be apparent fronPCiaIS2006/024418

followi ng Detailed Description and fromthe clains.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As

used herein the foll ow ng definitions apply unl ess

clearly |nd|cated ot herw se: [0103] "Hal ogen" refer to

?13{;(’1# al o e ng(]jir‘? <t:ell[s S%GZ{M L?n,dfiﬁdﬁg El}‘r;fﬁ(n Ede fopr ono

r eﬂlﬁ’éreh’@atioh ancgfomzlﬂlon@ﬂEBE O:ilﬂﬁjng tlenEBi; form etrerasd tlmdetr he

group. -SH. _[Q10 al k
Bt SR AR §y TRy o rokftatopya epioe
f r g rdadofeafinSRe B@ﬁ/mltmesn porllens ishe prefsenca bf an idkibitered)

that i ncl udes_a strai chaj.n. a C

5 al Ngich undsg cenditigng e igi%\‘i%lﬁferdi“h%]ioﬁ ﬁE?v‘f'é‘da%‘f s lﬁl?gllﬁ‘)i i s

at { AR By RMNeaBUBd hoRbRIbBOhidve tfBr Maﬁh@uﬂﬁ &tcﬁtﬁr@ﬁeﬂ surface
conmpound. I'n many enbodi nents, a |.ower

st Patkgrstang finesea pReFE SERAEKPIEET G ] “@Bi’iftféPﬁN?iyah‘i s iﬂ"’tw’tsm the

1- 4+ offf indinde, f&%&@i%le ayts@éﬁtasesiﬁﬁihﬁﬁ@( NBtaprbferred &Miodlment EBs
propy I sopropyl, tyl -butyl, and the |

' s eostittred for by t<aii izyim"s cie presttlees; prednisd eﬁibRWetlin 5&35 g
I n d Rl?erhdtgpédo}{t $ (lllz{% t H#Bﬁ%r%ﬁ@@énﬁdﬁ%&@ttﬁgce@lﬁ herw se,
one or nore, , also 1,
2 raaggragaemlbﬁ tthetpnﬁﬁlmt of atetmmuhlhﬁoréwyabawta%i hebyrse The gisthod
todyce a st S
L0 GBLGAHE RSl BB PR ol e
- NeRture &8itionN, the (26 @hcaHyf an @LBOCHH N@EIO) NH2, - C( S) NH2,

NN, ks Bety g iCop g g
15- A S) RO, - C(1De@Rbwin& PO servSlo@uiikr ihSEad} BR(resent
-C(O) NHRO, - C(S)NHRO, - C({O) NRORO, - C(S) NRORO,
- SEOPPHGIR0, - S(O) 2NRORO, - C( NH) NHRO, - C(NH) NR RO,
-NHC( O) RO, - NHO(S) RO, - NROEk4hi#e1 - NROC( S) RO,
-NHS(O) 2RO, - NROS(O) 2R0, - NHC( O NHRO, - NHC( S) NHRO,
_NROC( O) NH2, - NROC( S) NMpterialgraidMsthpdto. - NROC( S) NHRO,
- NHC( O) NRORO, - NHC( S) NRORO, - NROC( O) NRORO,
-NROC( S) NRORO, - NHS(O) 2NHRO, - NROS( O) 2NH2,
20- NESSEDeatmRend dfESemiaiROR0, - NROS( O) 2NRORO, - NHRO,

- NRORO, - Re, pg Ry v@epéjmalﬁ‘b?nneg' Hh Hh@fa[gartﬁedeﬁ% Pluleboo’s Modified
substitutions I ncl ude subsets of these substitutions

su d]agiaéx/[@inen (IPMEdBtseppléremisdrvitlf % Eefed apf eerum gF Qfﬁelo% ES cell
descr i n f cQ d 1
eSS dot BTRRURS SoonleAr b sl ttourc
ex dighs ahd LIR)@% &mbﬁﬂanetdxhedurh)owelor tol ikguction) efdiffersnitation, cells
| ower al k rou stitu th
2531 OFfise Pas g I}g %t}n {?8 lawvsmne Irscgdlr%rl\fg dé IﬁulgécE@M%dmm
| oweviDaL) ieuhtamﬁlgshm@metsupmnmstmemnﬁ ab8ye 10 d@pleﬁ tlid peprigtion

t I
3n 83&%3@%638% h%lr %gebﬁ?gqlpqqul%%#g tﬁe (éerﬁg eg\gi?é"c?s % ancf' cultured in 60
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denotes | ower al kyl containing 2-6 carbon atons. A
"substituted C2-6 al kyl" denotes optionally
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found in texts such as TTW Geene & P. GM Wits,

Protective Groups in Organic Synthesis, John Wley &
weamy/004B91. [0121] As used herein, the term PCT/US2006/024418

"conposition” refers to a formulation suitable for
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pharmaceutically active conpound and at | east one
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bi oprecursor prodrugs. Thus, such netabolites are

phar macol ogi cal |y active conpounds or conpounds that
woéuond7hver3sset abol i ze t o pharnmacol ogi cal |y acti veCT/US2006/024418

conpounds that are derivatives resulting from

nmet abol i c process in the body of a subject. O these,

active netabolites are such pharmacol ogically active

derivative conpounds. For prodrugs, the prodrug

0 [ 0 y
AR R RO EB @ e, Stk pRIRGuRERS Yok
t fapﬂ:atreé Notahd ﬂp@ﬂMlM}by flowadytdnesiricanakysis iford1ss m@@ﬁﬂ
or naéﬁﬁgtan i nactive prodrug. [0156] Prodrugs and
ac¥ abolites may be identified using routine
t echni ques KBoweitipatchie effetts obBieiche s1gna,hn§en tie! speviifiation of
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see Rem ngton's Pharmaceutical Sciences, 19* ed., Mck

Publ i shing Co., Easton, PA, Vol. 2, p. 1457, 1995.
Such salts can be prepared usi ng the appropriate
correspondi ng bases. [0160] Pharmaceutically
acceptable salts can be prepared by standard

techni ques. For exanple, the free-base formof a
conmpound can be dissolved in a suitable solvent, such
as an aqueous or agueousal cohol sol ution contai ni ng
the appropriate acid and then20 sol ated by evaporating
the solution. In another exanple, a salt can be
prepared by reacting the free base and acid in an
organi c solvent. [0161] Thus, for exanple, if the
particul ar conpound is a base, the desired
pharmaceutically acceptable salt nay be prepared by
any surtable nethod avallable |n the art, for exanpl e,




and suitable organic solvents or solvent m xtures.
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wdnreg@e23seat i ngs for identification or to char BCTRIS2®E/024418

di fferent combi nati ons of active conpound doses.[0174]
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shown in Schene 14. Schene 14 Step 1 -Preparation

of i - Am no- 6-chl or o- 2-f| uor o- benzoi ¢ aci d benzyl ester
w048)7:00233890] To 4-chl or o- 2-fl uor o- phenyl am nePC#/152006/024418

6.30 n., 57.0 nmmol) in tetrahydrofuran (300 niL),

cooled with dry ice/acetone bath under an atnosphere

of nitrogen, was added n-butyllithium (2.500 Min

hexane 24.4 n) slowWy. After 20 m nut es,
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Propane-1 -sulfonic acid
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Despite these early and rel atively broad expression

patterns, targeting studi es have denonstrated that the
wolabwihvozasgept ors are not essential for gastrul BCTMIS2006/024418

germ | ayer induction or specification. Notchl is

essential for establishment of the definitive

hemat opoi eti ¢ system as denonstrated by the failure of
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Iylﬁofeﬁuajt@bndmdimdiamlawambrpstmmk (Var num F| nney et
al ., (2000) Nat. Med. 6:1278-1281). In Zebrafish,
Notch activation led to the expansi on of henatopoietic
cells in the AGMregion duExagplkbryogenesi s and

enhanced hemat opoietjc re over f ol Ng,radi ati on
Lo bt
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heart el d of the Xenopus enbryo was found to
decrease the expression of cardiac markers (Rones et
al ., (2000) Devel oprment 127: 38365-3876). Consi stent
with this finding is the observation that ES cells
deficient in RBP-Jk, a downstream effector of the

Not ch pat hway, appear to generate nore cardi onyocytes
than wild type counter parts while those expressing a
constitutively active Notchl receptor generated fewer
(Schroeder et al., (2003) Prac. Natl . Acad Sci .
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of cardiac Troponin T (cTnT) in cells fromthe induced
(+Dox/-Dox) but not fromthe un-induced (-DoxADox)
waguagatses. Fig. 3Cis a flow cytonmetric anal peTAIS2006/024418

denonstrating the proportion cTnT cells present in
cul tures generated from pool ed aggregates. Pools of
aggregates were replated in the cardiac cultures for 3
days, at which tinme the cells were harvested and
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Thonmson et al. (1995) Proc. Nat'l. Acad. Sci. USA

92:7844; U.S. Patent No. 5,843, 780; and Reubi noff et
wal2007(082838) Nat ure Bi otech. 18:399. In a prefePCeMS2006/024418

enbodi nent the ES cells are nouse or primate ES cells.

I n another preferred enbodi ment, the ES cells are

human ES cells. In one preferred enbodi nent, ES cells

may be engineered to inducibly express the active
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for about 12-48 hours. In a nore preferred enbodi nent,
Notch is activated for about 284 hours. Notch may be
activated as described herei nabove, e.g., by adding a
Not ch agoni st or by inducing expression of a nucleic
acid encodi ng Notch that has been introduced into the
ES cell. For exanple, if doxycycline-inducible
Not ch4-ES cells are used, doxycycline is added for
about 12 48 hours and preferably for about 24 hours.
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were passaged 2 tinmes on gelatin-coated plates in

| scove Modified Dul becco Medium (I MDM) containing the
wean/e2335pl enent s nmenti oned above to depl et e t RET/US2006/024418

popul ati on of feeder cells. For the generation of

EBs5the cells were harvested and cultured in 60 nm | ow

attachnment Petri grade dishes (VR with | MDM

suppl enented with 2 mM L-glutam ne (G bco/BRL), 200

ég}:aﬁttgatgxgt?i Cid n nﬁﬁseu@,r Xg[i% W?ﬁ%ea@?&% 5 B ak_mg it

FOdlfﬂcangzgmﬁagiambm 16 uécbssraizelin Thappdmes frma the embryo studles are

dlfferent| of th et

et i S a0 A5 ATRLRRE b PO AP gt
daysnalifl ié'réc{u&edl et datel pateneoitthehrdis linepgeat es
(CorningCostar) with the sane EB differentiation

5 medi um pl us 5% Prot ei n- Free Hybri doma Medi um p
(PFHM 11, Invitrogen). Notch4 Inducible ES cells The
activated formof Notch4 cDNA (int-3) tagged wth
hemaggl uti nin (HA) sequence is described by
Uyt t endael e (1996) Devel opnent 122:2251-2259. The
tet-on inducible ES cell line, Ainvl , described by
Ting et al. (2005) Methods Mol. Med. 105: 23-46, was
further nodified by targeting the EGFP cDNA into
brachyury | ocus as described by Fehling et al., (2003)
Devel opnent 130: 4217-4227. The Notch4 cDNA was
i ntroduced into the Ainv 18 and the nodified Ainv ES
cell lines by the approach described by Kyba et al.
(2002) Cell 109:29-37. Briefly, the cDNA fragnment of
the activated formof Notch4 tagged with HA was
inserted to the plox plasm d by convenient restriction
sites to generate plox-Notch4/HA. Ainv 18 and the
nodi fied cell line were targeted w th pl ox-Notch4/ HA
by coel ectroporation of 40 ng each of pl ox-Notch4/ HA
and the Cre reconbi nase expression plasmd, pSal k-Cre.
Positive clones were screened in ES nmediumw th 300
ng/mM (A18 (A BCO and isolated to generate inducible
cell lines, Ainv-Notch4 and GFP-Bry/ Ai nv- Notch4. The
positive clones were confirmed by inmunohi stochem stry
detecting HA expression after induction. Flow Cytonery
Di ssociated cells were incubated with biotinylated
mAbs (agai nst Flk- 1, VE-cad, or CD41) in PBS
containing 10% FCS on ice for 30 mn. The cells were
t hen washed once and i ncubated with
strept avi di n- PE- Cy5 (BD Pharm ngen) for another 30
m nutes on ice. Follow ng an additional two washes,
the cells were analyzed on a FACSCal i bur fl ow
cytoneter (Becton Dickinson) or sorted on a Mdflo cel
sorter (Cytomation). For Troponin T or HA stai ning,
cells were fixed in 4% par af or mal dehyde (PFA) for 30
m nutes and then incubated in a perneabilizing buffer
consisting of PBS with 10% FCS and 0. 1% saponi n
(Sigma) for 10 mnutes. Follow ng fixing and
permeabi l i zation, the cells were washed tw ce and
i ncubated with an anti-Troponin T (unconjugated nouse
anti body, Lab Vision) or anti-HA (conjugated with
bi oti n, Covance) antibody for 30 minutes. After two
washes, the cells were incubated with a secondary
APC- conj ugat ed goat anti-nouse antibody (for Troponin
T anti body) or streptavidi n-PE-Cy5 (for biotinylated
HA anti body) for 30m nutes. Finmally, the cells were
washed twi ce with perneabilizing buffer and then tw ce
with buffer w thout saponin. Colony assays The bl ast
and hemat opoi eti ¢ col ony assays were perforned as
descri bed Kennedy et al., (2003) Methods Enzynol .
365: 39-59. Dox was added at 0.5 ng/m to induce Notch4
expreSS|on and g-secretase |nh|b|tor X (L685 458
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protein (GFP) cDNA targeted to the brachyury | ocus
(GFP-Bry) generate three distinct popul ati ons based on
woehkbo7toozssl GFP expression; GFP-BryTFl k-1 , GFPBCYAK2006/024418
FI k-1 and G-P-Bry+/Fl k-1 + (Figure I A). Functiona
studi es have shown that the GFP-Bry+/ Fl k- 1+ popul ati on
at early stages of differentiation contains
hemangi obl asts whereas the G-P-Bry+/ Fl k-1 " popul ation
di s Ia s cardi ac potential (Kouskoff et al., (2005)
Pro tl. Acad. Sci. 102:13170-13157). Expression
anaj. ySI A etk beddidiat diffabahfdoNescafi RESB6miethbBRhit stem
the G-P-Bry+/ Fl k-1 and GFPBry+/ Fl k-1+ popul ati ans,
i sol at edEatceliagumpyispg cultarmedinpels vndsy cprliion Brikien! fon.
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2¥ascul artémsiksliiuscl e I|neages (Figure 1D). Notch4
was] 10n! yridede@tdded Cldimt1Rghepstel Bk B8 kB ar€ Blobisd EN&ls or primate ES
confirmng its endothelial-restricted pattern. Taken
t oget her®!!f hese observations indicate that Notch.4 as
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mesoder mal popul ations at early stages of
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expressubmﬂméoﬁwm@tltutlvely activated Notch4 in the
hemangi obl ast cont ai ni ng Fl k-1+ popul ation inhibits
hemat opoi etic differentiation To determine if Notch4
pl ays a rol e during hematopoietic and vascul ar

conmi tnent, an inducible ES ceggl line that expresses
an active formof Notch4 was generated. A cDNA
encodi ng the intracellular domain of Notch4
(Notch4-1C), was engineered into the Ainvl8 ES cells.
This form of the receptor contains the anchored domain

that requires cl eavage by the ubiquitous enzyne

g- secretase for actlvatlon VVth the Alnv ES ceI
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popul ati on was significantly reduced in size and the

expression of the cardi ac genes down regul at ed
wO2Bowb2Bex, Figure 3 A 3C and 3D). To det er nPae/uiS£006/024418

cardi ac potential was maintained in these cultures,

Dox was renoved follow ng 2 days of exposure in the

cardiac cultures and the cells were grown for an

addi tional 2 days in the absence of Dox. As shown in

Fi gure ,alar opul.ati.o cTnT: exptessing cell
oot opaitiersied CHRa ks et H R R hi r bout 3.5 o
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expr essidags of Notch4 inhibited maturation of the
cardi ac |ineage. Maturation did progress follow ng the .
¥ enbhral B nishod of e dr Whegeie fha reagatentetbhaspaisblog{praprythroid
persi st defls b euRRRLL ¥d REencr SotRXREMEnIS MBS 288 Rurs.
that activation of Notch4 slqnalllng Is able to '
r ed}& ectThemestiiogtod Ciimtlhehegein ihy repgaresziedihenepagioblastipge-prythroid
cells t [ - f
et opar s e A OEK R o NG ERER b o
of the NdeamethddrdGitiindnvizidiete seagbregded insogiobless/pre-erythroid
et er m nati Qn, 101 e .dj.ogeni c effect of
ot cha f%héggfyg%%ggSggé?%%cﬁﬁﬁﬁgk'ceIIs fromearly
st atfe EBS niBthoCeCmdenixs diffomealtiation bherdihdkeells fromapibirainicoatem
bet ween ggy312.75 and 4. of d?ffe ent i tion.f Be qng
this stdge) “RPLOREHE TG Torlp speer gnditens piffipgg to form
h fe I’TH:1 op Cﬂnﬁia’j"cﬁd Edlﬂes\(EB]g)U{Vﬁérei? HIggENE 18 ESntaid @ ndelkie ekt Bcoding
if the cardi.ogenic_e ct .of Notch4 restricted to
the hemehgias? 5@@06%1&1%@ dorgyin pf NP@@%%%H&E%@ Lt FEHAPH
13 ater stageentinkt donROB MldatibRREpredstdaby al ifdRbérScuM@Fife the EBs in
i solated fromday 3, Bs, reaggregated_ in_t

4 and 5 he .
pr esenceeBim Rp3ite dor: seRtingdikd hetlsovagereaies hefllcL cells in
car di ac {pOL,RANEAE thd¥nluRBEH S8Rk 85 hdu- O hlMddAYdia Jrbdenltor
+ cells contai ned contracting cells(Figure 4A). In
cont r astcelly and culune saidepgdiagroasiitpy ool Hbe ghggnce of fieipducer
+ cells; -ﬁﬁgﬁ i on di spl ayed
this acf?3??§gﬂ%ﬁ%#§§%%H%?ﬂ%%ggg. gg%ression_

20 m2Udi at4eksil papilation prgduded by thymesyizndi of Klaimpromprising at least
denonstr t he e of the transcripts in the
aggregaf%éﬁgpéﬁﬁﬁﬁégggggg and 4 FIk-1 + cells but not
i n 2hoseA telbpopuhdoaf/Claint? kedmptising lat Isas Mhagti5@%6 48)ljongmcytes.

obsgyvat | aon, consi.st e W the. di stributi of ..
conth acth R BERRES Skt HidrgEis Shersn AR PyB ppegiomyocrtes.
anad4/si sA detind of sadeninfat antagent efat Batan effectNatcaddibnaioeytes
tage specific and indicate that the ul ation. that.
28 o nadgurpas SungE oy pa s puEe il heurRPe bl
t he henagigi SbinamihteSkaf enddskayingfof 8l dffect JaxBeRr@oRyocytes,
Not ch4 induction swtches the potential of the BL-CFC
froma HEETDBiPEPReeobaeliost iy imngdicatyg of theridentiication ofgmn agent
i f the ahmggggﬂém%hﬁl&@ﬁgﬁym?g&the Not ch4-i nduced fate
change, day 3.25 Flk-1 + cells were cultured in the
BL- zﬁc S swhod of eardiopyeayéaveplagamenhBenpeceiprrpme adminigterag to
bsence d i j . all .
P L e i T R P WSS
cel I's. \heducediby the atthiod of Rip2esence of Dox, these
cells formed conpact colonies of tightly packed cells
that were easy to distinguish fromthe bl ast col onies
(Figure 5A). The nunber of these conpact col oni es was
simlar to the nunber of blastgcell col onies that
devel oped in the noni nduced cul tures (Figure 5B)
Addition of g-secretase inhibitor together w th Dox
resulted in a reversal back to blast col onies,
i ndicating that the devel opnent of the conpact
col oni es was nedi ated by Notch signalling. Mlecular
anal ysis reveal ed that nost of the conpact col onies
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reaggregati on stage (+Dox/-Dox) enhanced cardi onyocyte

devel opnent over that observed in the control cultures
wORM0zssg§C). I n contrast, induction in the carPdras2006/024418

cul tures (-DoxAHDox) inhibited cardi omycyte

devel opnent as denonstrated by thedecrease in cTnT

positive cells and the | ower expression of the cardiac

genes conpared with the control cul ture (-DoxZ- Dox)

(Figure 7C and Thi Ie denDnstr

§6ﬁ si gt q?baé@gé W’&P B PORRREITIOR 1% 3 8}1‘“%*?’53@% injgetion
cardlonyggﬁ1&ﬁaﬂﬁp|f|cat|on fromthe ES cell-derived
GFP- Bry+/ Fl @fo pul ati gn. However, as observed wth
33

t he? k Almeﬁeé af iibgine th c@ﬁ?réntee?n ofggrdizeeells e sabpionic

in the candipg cél}élcbfﬂf)ﬁsﬂé &RutiSe ES Bélﬂ'uh@ér)éoﬁtﬁn&ﬂ@ %ufﬁment for
mat uration of "the cardiac |i neage. n%ﬁg | ocki ng

Not ch sifepmention gf ¢ryfhraid b@l%éﬁaﬁi)a@ﬂtmms@ ua(ieir senditianm
the pri

St ucl es ook B e ik 8 BRI kP RBing DAL IR coll and
| eadi ng reaggtegetingghelBac/Fiek cdésimttsfpreshecetod an tnhfhltet of Notch.
derj e

bor idéé ; g#h%gﬁegﬂogﬁ)gtbll%fm 27 gme}e etlé% Iﬁ%;b%? ?I(é]’h & @ty %&etﬁ{}%mbltor
at enbrybnic day 7.0-7.5 (E7 0-7.5) (Klnder et a
61999) Devel opnment 126: 4691-4701. Anal ysi s of the

di stal PS (DPS) and posterior PS (PPS) fromE7.5
enbryos (Figure 8A) reveal ed overl appi ng but distinct
expression patterns of the four Notch receptors and
the ligand jagged- 1 (Figure 8B). Jagged-1 and Notch
were expressed in the both regions of the PS.
Expression of NotcJi 2 and Notch3 appeared to be higher
in the PPS, while Notch4 | evels were higher in the
DPS. NI c2.5 was not detected in the PS at this stage
of devel opnent. Wen isolated PPS are plated in the
cardiac cultures contracting cardi omyocytes can be
detected within 3 to 5 days. To investigate whether
Notch signalling is required for the devel opnent of

t he cardi omyocyte |ineage from enbryoderived tissues,
PPSs were cultured in the presence or absence of
g-secretase inhibitor and then anal yzed for the

devel opnent of contracting cells and for the
expression of cardiac genes hi the absence of
g-secretase inhibitor greater than 80% of the PS

expl ants generated contracting cells. Less than 10% of
those cultured with the inhibitor gave rise to these
cells (Figure 8C). Mdlecular analysis reveal ed that
the contracting cells generated fromeach PS in the
absence of g-secretase inhibitor expressed cardi ac

mar kers, including cardiac a-actin, nmc-2a and nlc-2v
(Figure 8D). In the presence of inhibitor, expression
of cardiac genes was inhibited in sone but not all of
t he explants. The lack of reduction of expression in
all cultures nmay be due tothe fact that intact pieces
of tissue, rather than single cells were assayed
making it difficult for the inhibitor to access al
cells. The findings fromthe enbryo studies are
consistent wwth those fromthe ES cell differentiation
cultures and indicate that Notch signaling is required
for devel opment of the cardiac |ineage.Clains: 1. A
met hod of inducing differentiation of cardiac cells
fromenbryonic stem (ES) cells conprising culturing ES
cell's under conditions sufficiggnt for formation of
enbryoi d bodies (EBs), culturing the EBs under
conditions sufficient for differentiation to

hemangi obl ast/pre-erythroid cells, and isolating and
reaggregati ng the henmangi obl ast/ pre-erythroid cells in
t he presence of activated Notch to provide cardiac
progenltor ceIIs 2 The nethod of Cla|n11 further
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