OXI NDOLE COVPOUNDS Cross Reference to Rel ated
Applications [0001] This application clains priority
WO e@mior983 ed St ates Provi sional Application SePCEUSN09/049318
61/ 077,091, filed 30 June 2008; United States
Provi sional Application Serial No. 61/156, 426, fil ed
27 February 2009; and United States Provisiona
Application Serial No. 61/180,095, filed 20 May 2009.
The content of each ekikbese (€PGPHERDS | S 1 ncorporated
by reference herein in its entirety. Technical Field
[ 0002] The invention relates to conpounds that inhibit
PIM1, PIM2, and/or PIM3, and are useful for

Ads SRR BANERLS AR QL her conditions associated with
excessive activity of one or nore of these ki nases,

[6001(]6 Trhﬁfab@mh kiihs ph&ltﬁfilgh UhRR, St @ﬁ)elsfémgpm@t&n@%l

o ST Bl o 1y e St pre e e i Uy e 27

I%mbnyMBzmmWEmﬁﬁan$P$hE$ﬁﬂRpmehmﬁﬁﬁmdNb61ﬂ@ﬂﬁbUﬂﬁHmam@2mB The
cont@nt gtr eggl H{esecd%‘éun%o gnscl()ltgl?r%{] § e erence&eregl 1rt1 1tsee%? re%/o poun ds
Fe use in ne S atlng I seases or
condltlons responsive to inhibition of PIMKkinases
t 3 ki nase, such as cancers or inflammtion.
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for tlo@@p canag} mdatheldsondatmdm wercieed 9iith kagista hetipityod @ 8@ snogud khese
val TR n ti-atd.on.
kma%? I\}%%mh%&#{?\é}(l) | 1\%}6 I n tlg‘&!:s% g({xr‘%é)lr;n%o ?re s ache 1&1?‘51%%@%\?\%3’){1{2&%, and
compdypds hayiee dgfigtylagaipsehoty RNk ang gt qywrm@eéﬂ?@ Hieanvertiey. Ewesdiov
oxmﬁﬁ@ BithdSan ﬁa@ﬁﬂaceﬁtﬂ&l%f)rﬁﬂ;srtmn]s corﬁhﬁlﬁ@ﬁ@ﬁ’e c&ﬁﬂohnd@'a@luse’ful in methods
6- 730 (2005)1. Many of these are involved. in

Of“%@Pgm%ﬁ%?%‘ﬂF%@P%@%P%ﬁwﬁﬁa1@ﬁ6ﬁ#8§ﬂ§“”*i”ﬂ@éﬂﬁé§ﬁ”‘mdl”
canc8k oMmnfldnfh@tio?l M1 acts as an anti-apoptotic factor via

i nactivation of the pro-apoptotic factor BAD (Bcl2

ng;gg%ﬁ&@q death pronoter, an apoptosis initiator).

I'ndi ng suggested a direct role of PIM1 in

BOEY et PV p ORI |knﬂ§§l()vhlch BLiR&and dBell RaedipyaLil Qnan@fg %Dbeen
can enhance Bcl-2 activity and can thereby

mphedied ingRes W&nglfaN’FBceéﬁes s b DL bR s dlgsengion. PIM-1 i
1mm@aﬂﬁ4hﬂmm£%m&gmm@$m3®@@ﬂheanngmp@gﬂmmﬁdm&&g&amq&wkwman
Bachrrha 11 kcﬁ\%o?g §1tteer;§a§ ’%%%%GC\X[Q IrB(%%’r ?272 807@? gP bﬁ:ﬁ ! nré}f' oe A S?ée aireg mvolved in
cell ¢ytsls P@E@Eﬁphaﬁfh@ept@@t IthéStbyen&h@Vrph@ Rl a¢ts ofan @ty-goptotic factor via
maclii\ramf ﬁlle gﬂ) Jf 9@(%10%&@)@ B!AB EQ§ RA &l d@elth pronlﬁg' an?ag(ﬁ)tosm mitiator). This
4800- 480 . In a d|t|on the cyclin kinase
findin Higgis o dlfPEtlfWﬁPf C-E i prepieiing £l degth g“i?r”%fg}?"é%‘éafl?ih‘)f Byidean
enhah@B2 h@ivideant] aalqhdrebﬂ)@dmkayeﬂu%éhl A& Bg. altEwlLegers 571, 43-49
(200&]J ﬁ’glﬂ lrﬂas Esoqp%nyrec n%mze% as %posﬁlge re% laéor oa%eﬂ ¥] e Rgfg'{ﬁsTon PIM-1 binds

ernore ans o
andwmammwhasQQQEAﬁﬁmmkamdoa@mmvateswQM®QE£$WMmmnMmnasmhn@nofGUS

tranéltBn f[’r@ﬁ&lie% @Eds&gn & fal %é M’7§ r4§(5b3485£ 694&?%%5@5}1 il cﬂlm kmase

279, 48319-487(2004)'1 ear s
mhl%t@rlz%% ‘ewlighiniibirs GiSaynaression. e ﬁpdqe@taptaaﬁ%ﬂlgglr a’i/arnéﬁt L

chk&bmazsﬁhymlw ]ym RisNs 12003)). rpemémlafa b} @Eant: Bﬁ)lh@@ﬂ&S?lat[Bﬁ,Cil’IﬂtEd
i ferati rano, et. al.. CO. gene
mac*ivétes éé@éﬁ Filgglivatey %@é‘; ?” i F\‘zﬂti 0 a§°el?{i‘é‘?‘é‘3f&2@\?§%‘8mg‘? [Hichman e«

al., E%%m@nBBHPQdZKMHa nunber of tunors and different types

['@t) ﬁ Lﬂmrl a@?ejal‘s té lgenag%ssg\ﬂlgl &Jéz%a;:iﬁ h&r?atogg E[%g;f(ﬁlféréﬂf%h qg['lalsé e;céVe PIM-1

orov al., con ompoun

is reupeq| iy & eptfemediferSTATa awiiﬁ@tlvr?eia@élﬁﬂa%no letyd 38nggpe 19, 3544-2556,
selective PIM1 inhibitor. 0. Fedorov, et al., PNAS
104(51), 20523-28 (Dec. 2007). Evidence has been
publ i shed to show that PIM1 is involved in human
tunors including prostate cancer, oral cancer, and
Burkitt |ynmphoma (Gaidano & Dalla Faver, 1993). Al
these findings point to an inportant role of PIM1 in
the |n|t|at|on and progreSS|on of hunan cancers,
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each [err] is independently selected from hal o, CN,

CF3, N2, alkyl, substituted alkyl, OR and [err] m n
wandopomaxrh i ndependently represent 0, 1 or 2;PCT/US2009049318

and WB are each independently C or N, wherein each C

is substituted mﬁth H or X3 or Ar, provided that
(ZOOS)Qt p[ﬁ/gl 1]s_ Bverexlpi{c;,ssecll %f eaernonﬁa ei edgrtl % r(rl)lfmhb%t (gef ?gng(‘);rrsgarr%a fl].ffgr%rét'r%t;ooasp (/)%I’ tumor cell
linestahéiteads 4o ggpomio matkbity Fiadgoy, tuat. ednapmdedthfOPhése I coipp@nd in

deve ln@lﬁtf(ﬁQGItﬁl%[alﬁeﬁl%l E{(%pjﬂ: qpaséeﬁgtivg gIl\@fl n[h?o%r] O. Ft[d%fo(/,] et al., PNAS
subst it ut ed het er ocycl yl ,

104§ oS 2 B R o Siseeg b b P st e IVl vgptedin human
tumadcih@ig gréstate hdei§ olaNARPL ﬁmiemﬂuylyﬁlgﬂuﬁﬁt(sﬁid@b 88381R Faver, 1993). All

oo 0 B Ry S B o i Sl cones
uwwﬁmgNmam5mﬂmmnmhen@©pmmmgmmﬂaﬂmeammbmmsubsm%twﬁeﬂHMﬁdmuWwam
apnﬁﬁ%mﬂﬂ£g9§@|rM%ﬁontai” one additional heteroatom

ecte rom and S as a ring nenber, and R and
[POOShH K itipenly PéMés@éﬁ PIMGA hwe@ver@plr@éwcm s BIM agdiglipigien of
mord @arf AE FbBrnPmdy Qb@6bnkl tmagaptemu)erféﬂ@ hewsub s tsisbbdi@@s preferable

nd can |nclu n addi ti onal as a
for uﬂjélﬁtﬁlé rof %ta hgvgilﬁg éfr lil()sln s grﬂ)éﬁ &Péﬂ{g{i\l glelé 1n1§1f1t18? ofzvarl%“% oger kinases,
sincgduelr afiraeart licdy tb yavacdaepifadn @ ugaddictable rdsalBelSede. §. 0D Medorov, et al.,
h f e e_lnvention. e
b 1R, 5ot SATENAR.ly LB LIYEL AN
prodifee Predordinglys @) seine epoflimsnts.Hie igderyan progidbstonpernesiha ik yélective

inhibitoie NitFeast 3 PRI ‘IobIﬁ 2, a% PIﬁI $ 6! 8mk @(gnl;lrfagm dfltheﬁl iile, 'having
and substi tut ed X?%P is O or S S or NRIL;
u

subsiggliay fss acialy e BB A yb SHrettsE™ 1 om
[Ineﬂap ThEMpliCH3n ofNGRIe fa IPRW in Gibides tistflitt @dhodtel Y (rank¥Ripti@iatprofiling

experlmeﬁts J 0w1 gﬁﬁ\éﬁ‘% ége scrthgbn was ulgr%glﬁlat%d 16 %qffl}lﬁg(l&c}ucc!ﬁ Ivmgnant

pen
tranwmawd viibrl céacwesmwp@m@mdnged@) dpw Niat Bile} ie sviccebhexpressed

in huglah %ﬂ%&t ﬂebzﬂ&c@l%léﬁ”aﬂcibah&r&qw EBcifinadbut nRELHHAR ‘ﬂvcrr Iapﬂans&?atlc

poi nt of attachnent for
“SS“F% Inaad@“%l’%Wé&néPrﬁﬁﬁltaFe(fowltuﬁiéﬁt%erxﬁréf’%‘}fﬁﬂ“&lpﬁrhﬁ@b“ pancreatic
and lidp@bcellfar@pictr@@i@lidey. substituted with (X2)" Ais

@m’clthe lqiare%nﬂs%ﬁ&gg }&%:sgnél %}:QIF&%B(BMI r%lz ngmt]ﬁ% tuwgenesm
cameN}R@ BNAD@;dle@iﬂl@)nNRZa,ncreﬁé m@l)l@ﬁat@nldllar @@c@):mps overexpressing PIM-3.
In th@égg{ugieghé abl Cf'[_'i)‘l n & legc)()l eno?s%ﬁlt 3 ad'r& 19 groﬁllo!éy %poPtggg St Qeyc%hy I1“1*1(3

substitute etero or su Ituted aryl,

mologpler nychagismgby ghiclRM- SuRefgs "}Pﬁlﬁ%%séh’(ﬂé’m Fajricd ebdhrpil Uigmodulation
of pwbryﬁﬁ&wf&@rpﬁoea 51000 phdién BADURMAR RsShost PTG £ Phlr-2alnky |

tuted aI a can cyclize
proplpTie B Ab P ke R AT piaf by SRR Ep R RSy BAD
phospiayylojoh btdirel2| Thug eintilai th POMie asd] PIM-0 n&s$ a fugpress@at gioptosis in cancers

of er@?&e\?ﬁ% ﬁlq%% {e%%iﬂbre%c%ﬂcﬁw%r &ﬁceﬁ d(ﬂbﬁgvemmﬁgehu?n]aﬂ&% Férs ﬁl;l)qncreatlc

t i present can optiona
cancergafegy pppieliBicat opfemisePIdHS ¢ quwgenr%att a@%lmert@awglﬁqutauta@st towards

succ&B] &oﬁtﬁ)l bk Hfé!@ralﬁ@d@(ééél tional 0, Nor S as aring
menber; and each i S |ndegendently 0, 1 or 2;

[0()08] At 'the 2008 AACR Annual Meeting, SuperGen anrounced that it has identified a lead PIM
kinase inhibitor, SGI-1776, that causes tumor regression in acute myelogenous leukemia (AML)
xenograft models (Abstract No. 4974). In an oral presentation entitled, "A potent small molecule PIM
kinase inhibitor with activity in cell lines from hematological and solid malignancies,” Dr. Steven Warner

detailed how scientists used SuperGen's CLIMB(TM) technology to build a model that allowed for the

creation of small molecule PIM kinase inhibitors. SGI-1776 was identified as a potent and selective



or a pharmaceutically acceptable salt thereof. [0016]

In specific enbodi nents, the conpounds of Fornula III
whane/002983 f ormul a (Ma): wherein mis 0 or 1, aPcI/KS200%049318

G or F; X2 is selected fromH, CI OH, Owve, NH2,

NHVE, M, andF R2 is H, Dor ;andesH I\/b
r ti C acce
1nh1bEt0 (%f(ﬂl P'H?l%g émgmp{) qoes?s eag [060 1aﬁes &%ebly caus aredléftlon in

phosolﬁo B lqveiveﬂtenltancehlalv/t@f genk irdafbitn frugir Mabt nﬁf@blnm(%ll%\ﬂ)duced
s1gn1&1@zfn[ Jlmoﬁ’}@gﬁésgibﬂ]m MR- 4I 1§ I@Péﬁtj %LM @m&ﬂdlﬁ%la%}aft models. This

substi tuted alq_q% ,
demansiradesleaginpipiginy H\‘;‘)kméslekiﬂfl be &Sﬁ%mérﬁﬁ ttuF%fSed al kyl; R3
10809% &le@séve et af riomvis va,104651) Ads23ad skyhbwe i a Semdasdsd 1ﬁluﬁlsadof PIM-1

__al .Y is 0 Y2 is.
rinaSe 55350 el § b Binice e eap SR T A pascons
PIMN@2s beaih $apivn todhd logtrdsted ireghnadaddy bancc@Rls.axide NiRZhot SpiIRssedGONRMal
panc§% é%ﬂs h@gn&atlmghoum a@ﬁﬁ(t%eg B)I‘ pgﬁcregtlcacglgcelp L? %PJ" Cancer Res.

pendent |y Tepresent O,
66(1@( 674éé8hzop@dependent ly C or N wher ei n each C |s

mmmtA®m&ﬁ&a¥uhshmﬁp 8¢ aaggfuptartgé\rf%r c@ﬂfam/dad&gi fhhﬁimgQélﬂ(aﬁlﬁ is Flt3
S e | (0] a ac
rinap S et o G 1 B e S UG Pt e g ae

usefol o r@nsatt patigish Stoith, et @dreparteth ar( KA1 called GEA-B)1 ghel ie € p@¢ht inhibitor of

Flt3 %%@gﬁﬁﬁgxg;{%&p%%& é% %% %PS%H%& \g'ﬁl?r%lmaﬁﬁée( a%ﬁézw%@ é00d vol.
103(MRC009-7 20040306y WRPitors ¢rftaB)gfe agpehst @(HGMWFIB\MIJJQ agrantageous

over|11§1ﬂHors af &Mémtargelt' RSkl a@t@ul@f K%ESSIVQ?E:SGJCQ\Q?QSI a¥slomated w1th refractory
substituted heteroc or. substituted ar

N
ity e GRS oy S Phindb i ey e e g ety

AMEach occurrence fromthe group consisting of H alkyl

[?()llinl'in aCf.odltt rlil tP?t !rblﬁg s are use%tlh) {eat mfgimbna 1osnu gfﬁlgq)l u { edtzfo%a\éfooeen

showngy bwmttynanl tteyt gy laﬂmmmmen addict vsogalmunet shoamodsl. Edwan, et al,
J. IMh&«%@? dofd. ﬁ@d\dﬁl) Q&c@&ﬁimgy R c@mﬁduﬂ& Oqﬁlm&ltlon an@]]ﬂﬁlcaarly

compappsioh forpge ?I% P famsﬂa;ﬁﬂ@%éerf%o tfqaw@nfflﬁ)gf g%éf#?egévlth Ercessive
activatyl b{smmluctlﬁmgaﬂﬁmanod o dddﬁv@ﬁnf&dﬂiaﬁdn&ﬂ@hst}&qa N or S as
[ : and each e
ol NPt RS el B RUSBENT FE) luBupd gt
usefitl igreaing cgr@d 18ks mcheers c@cwpttdmgldsth@rﬁerttlﬁ@tlpmfemhpommdshlaw)emﬁcally
inhitGERENAL ardfol MEduththe &RUMALALLYoIPIM-PIM-2, PIM-3, and/or FIG3 is desirable

as a means to treat or prevent disease states associated with abnormal cell proliferation, such as cancer.

The invention provides compounds, compositions and methods that address this need and are useful for

treating cancers.

Embodiments of the Invention

[0013] The present invention in part provides chemical compounds having certain biological
activities that include, but are not limited to, inhibiting cell proliferation, inhibiting angiogenesis, and
modulating protein kinase activities. The present invention provides compounds that inhibit PIM-1, PIM-
2 and/or PIM-3, and may also inhibit FIt3. The present invention also in part provides methods for
preparing novel chemical compounds, and analogs thereof, and methods of using these compounds. Also
provided are compositions comprising the above-described molecules in combination with other
materials, including other therapeutic agents, and methods for using such compositions.

[0014] Certain compounds of the invention have general structural formula (I):



Ar Vill V1/2-.y2 (X3)r7--CN.,: zzi (X2 ),---r NI\

Rl wherein: R is selected fromH, alkyl, substituted
W@kky00293B8O2NR2, and -C(=0)R; R2 is sel ected fPCHUS009/049318

al kyl, and substituted alkyl; R3 is selected fromH,

F, OH, alkyl, and substituted alkyl; Vis 0 or S; Y2

is 0, S or NRi; each X', X2, and X3 is

i ndependently selected fromhal o, CN, CF3, N2, alkyl,

substituted al kyl, OR and /RQ COR, CONR, SQ R,

NSQ R, NRCONR, and NRC( 0) ORY n and p each

i ndependent |y represent O Wﬁ 2; W W2 and WB are
each i ndependently C or N, e?\el N each Cis
substituted with H or OJ‘/ Yrovi ded that either
W or WB is the point pat nt for Ar; Ar is a

5-10 nenbered aromatic or heterdar
optionally substituted with (X2)
fromthe group consisting of -0-Z, -NRZ, SO, Z,
NRSO, Z, NR-C(0)Z, NRC(Q)~ 0) - NRZ, NRC(0) -0z,
OC(0)NRZ, -C(=0)0Z and[- NRZ, V\hereZ|s H, al kyl,
substituted al kyl ,(xh Tbst i t ut ed
heterocyclyl, aryl, or fed aryl, and Qis OZ
or NRZ; Ris |ndependently sel \ect ed at each
occurrence fromthe group consi s;t; ng of( al kyl or
substituted alkyl, and two R on NR2 can ycllze to
forma 5-7 msnbered ring that can be substituted and
wiBYinoptional |y cont ain one additional heteroatom
selected fromN and S as_a ring nenber, and R and
RZls seiers 9Btth a‘ﬁi‘le%%fﬁ‘f“te&ﬁlkﬁl otO:X3% #l (G PRonal 1y cycl i ze
Rmséla{dmﬁamﬁiﬁ aRyrhad edstuittihidybat can be substitut ed
San include an additional O, Nor S as a ring
ne er; and each g is independently 0, 1 or 2; or a
Yphar, frecsRt i cal |y acceptabl e salt thereof . [ 0019]

eéﬂ %@ l)Pl dnd KOITRAR g&enf‘ﬁsﬁfe&gd lfrcgﬂ hatldﬂ' @INH@IE hl@g S a]gﬁ SSGES'HQ%Q alkyl, OR,

bel ow ar e exsggg hr oughout t he speC|f| cation,
and MRy CERcHOMR é@%‘&m HHRCEEMHesponds to

nf-@ iy eacH 1nde§enaedﬂ§/ efp@wne@ 1speci es, useful in the
OVer‘pgn%ll\’{73I a?ene%ch mn epggen Q gfevsvltl:el;elmbee dh 8 18 s§bst1tuted with H or X° or Ar,

provided that either W* or W* is the point of attachment for Ar;

Aptic group that is
A is selected

Ar is a 5-10 membered aromatic or heteroaromatic group that is optionally substituted with (X°),;

A is selected from the group consisting of CH,Q, -O-Z, -NRZ, SOZ, SONRZ, NRSO.Z, NR-C(O)Z,
NRC(0)-0Z, NRC(O)-NRZ, NRC(0)-OZ, OC(O)NRZ, -C(=0)OZ and -C(=O)NRZ,

where Z is H, alkyl, substituted alkyl, heterocyclyl, substituted heterocyclyl, aryl, or
substituted aryl,
and Q is OZ or NRZ;

R is independently selected at each occurrence from the group consisting of H, alkyl or substituted
alkyl, and two R on NR; can cyclize to form a 5-7 membered ring that can be substituted and may
optionally contain one additional heteroatom selected from N, O and S as a ring member,

and R and Z, when both present on A or Q, can optionally cyclize to form a 5-7 membered ring that
can be substituted and can include an additional O, N or S as a ring member; and

each q is independently 0, 1 or 2;

or a pharmaceutically acceptable salt or labeled form thereof.

[0015] Other compounds of the invention have general structural formula (I):



[0020] In other aspects, the invention provides a
phar maceuti cal conposition conprising a conpound of
wora006298he formul ae provi ded herein, a nethodP@Ff/US2009/049318
inhibiting the in vivo activity of PIM1, PIM2, PIM3
and/or FlIt3 using a conmpound of one of the fornul ae
descri bed herein, and a nethod of treating
proliferative diseases and inflamratory conditions
with a conmpound of one of theifornul ae descri bed
her ei n. [0021] Al so prowfded are nethods for
nodul ating the activity of E& Wi m protein, which
conpri se contacting a syst r|S|ng the protein
with a conpound descrlbgd |n an anount
effective for nodul at i |V|ty of the protein.
In certain enbodi nents, the sysgemps a cell, and in
ot her enbodi nents the systen1is cell-free systen1 In
certain enbodinents, the activifly of the Pimprotein
IS inhibited. [0022 al so are nethods for
inhibiting cell prolif|grati i ch conprise
contacting cells "% &scribed herein in
an anount effective to™ roliferation of the

cells. The cells sonmetines are \n a cell line, such as
a cancer cell line (e.qg., breasuqcancer( prostate
cancer, pancreatic cancer, |ung cancer, hennpoietic

cancer, colorectal cancer, skin cancer, ovary cancer
wh&kih: |1 ne), for exanple In some enbodinents t he
cancer cell reast cancer, prostate cancer
Rols sgdestrd dram- &lk&lasﬁ‘é%‘f“te@é‘fklyl IO e GePRs sonet i nes
RATsQelécfed @roni 15 S, and Substagted flky® Subj ect, at tines are in
itdmar, and sonetines are in a turmr in a subject. In
c8rt&i’h enmbodi ments, the method further conpri ses
|ﬁdh§wn§Rcell apoptosis Cells sonetines are froma

2R 881,08V %e&ﬁé‘e&ih}%leg%@&ﬂa% RNk, Nof AP33Lbsiluaa aliyl, OR,

rovi ded are neth for treating a condition rel ated
and NRx, §HBr @R S@e‘ﬁINS&q%INﬁCé}I‘Q% PSIRGWRIMH conpri se
nﬁldaﬂdrﬂ ea&tﬁﬁdep@demgwm@emrm 1descr}]ped herein to a sugj ect
effe ve to treat 5
WOV S e Do AP ROk SELE F S kb BaF Highfaor An
puwth@maeMMerot%@eMampmeﬁ@mmMnﬁmmnArs a tunor-associ at ed
A? ﬁcheer memgre&: Q‘&ﬁ%ﬁlc oﬁl%@Jalromaﬁ érg'uéagtﬁla@ Etlogfil#snl%um[eg %ﬂ (X s

prostate, pancreas, tu

Alipselgigbirantio dionprnesting hfgCEb@L {0- érHRZfSé}qétNRﬁé)q%éWd@@ ARC(O)-
0Z, NRCEO)DNY, Nmm @@W)NR&U@:@®Z%MIH§E®}NR@ etic cancer,
i

for exa em as

cel | prgfﬁr@r%isé% e B PSS Rl gg‘é?d@ﬁ%fP%Yf%ﬁfyl or
substitite$ @e enbodi nent s. [0024] The invention also

|ncludesdgﬁg ds ﬁ%r treating cancer or an

i nf | ammat i'sorder in a subj ect in need of such

Rtiy ndappralantly sdentadial efinggcurgnderdiony tea dropy corsistireeof Slyiffod ot substituted

alkyf herapRYL N‘R?&aln)éyﬁgéc 6 Gdrin 48 ARBRed f-ﬂclg tﬁattcnlq{e@ﬁb%ﬁ)tﬁtb@ and may
agent useful for treating such disorder;

opti GIptaip apg gqgitiens! liefféoag)ﬂbﬁe]éif‘fd gy Qo Ses H‘éﬁ m‘?“i“ﬁ‘?’f ‘bits
atkl R ¥ &vidn bbdhtprelsdmt étﬂA ar@ Lrtm optitbkally ysli2ftd ek b ¥.6 nfe@bered ring that
a a desire era tic .agent. In
can beeS‘ri}lf gtlu%d AR kaft pgal f\TtecSIaseal rt“V‘rga :lj)nhlngl ts Pim
e@hdmomkﬁﬁ@ﬂM$Qd<E®npound of Formula |, or a

%@ﬁg@gﬁg&mgQk&%m@gggﬂ&ggle salt thereof. In certain
odi nent s sired effect of the therapeutic

PO tIn tigeitic srabodingath cegomprupdtet Fumeledil bave RatormaR (i s
Pimand/or FIt is an increase in apoptosis in at |east
one type of cell. [0025] In sonme enbodi nents, the
t herapeutic agent and the nolecule that inhibits Pim
and/or FIt are adm nistered Jat substantially the sane
time. The therapeutic agent and nol ecule that inhibits
Pimand/or FIt sonetinmes are used concurrently by the
subject The therapeutlc agent and the nDIecuIe t hat

' " . —) N | o ——— o . R N 1 . o



[0043] Aryl and heteroaryl noieties may be substituted
wWth a variety of substituents including G C8 al kyl,

wE&21080248kenyl , C2-C8 al kynyl, C5-Cl2 aryl, ClrdBUS2999/049318
and heteroforns of these, each of which can itself be
further substituted; other substituents for aryl and
heteroaryl noieties include halo, OR, NR2, SR SO02R,

SO02NR2, NRSO02R, NRCONR2, NRSPORNNRCOR, CN, COOR,

CONR2, OO0CR, COR, and NQ2, each Ris

i ndependently H, C1-C8 al kyl het er oal kyl , C2-C8

al kenyl, C2- C8 heteroal kenyl -C8 al kynyl, C2-C8

het er oal kynyl, C6-C10 aryl, C5- CAO het eroaryl, C7-Cl2
aaﬁ?p

aryl al kyl, or C6-Cl12 heteroary , and each Ris
optlonally substituted as deicr ped above for al kyl
groups. The substituent groufis onpj an aryl or
het eroaryl group may of coyrSe~pe further substituted
with the groups described hereijn as suitable for each
type of such substituents or fgK _each conponent of the
' (h aryl al kyl
substituent may be substitutet=sf the aryl portion
Wi th substituents described herela~8s typical for aryl
groups, and it may be further sub) tituted on the al kyl
portion with subst it (& e3¢ HBed herein as typica
or suitable for alkyl gro ene=@ substituent
group contains two R or R\Qy on the sane or
adj acent atoms (e.g., -NR2, or R-C(0)R), the two R
r R groups can ptlonally be taken together with the
“%?ﬁﬁﬁlgﬁoﬁhgwgﬁﬁgﬁ °f {fent group to which they are
Bba&hﬁ@DmGleKﬂl@NRLNQ%NHWRDMeEmﬁFrIng menbers, which
Elg%rﬁpb stjtuted as allowed for the Ror R |tself
can céﬁ%aln an addi tional heteroaton1(N 0 orfa

RastW%ﬁthn@mﬁm# [0044] Sinmilarly, "arylalkyl" and
b&ﬁﬁh&%ﬁ&h?&%&hmks%f&ﬁﬂk@d%ﬁﬁﬁ@k&ﬁ and heteroaromatic
rlng stens which are bonded to their attachnent

tOt%F%ﬂ@ﬂ“%of?%%Wﬁ@m@P8U§m§ﬂéﬁmg§ﬂgﬁmﬂPQy?ene

|nclud|ng substituted or unsmbstituted, saturated or
unsaturated, cyclic or acyefic i nkers. Typically the
linker is O -C8 al kyl or a ero formthereof. These
| i nkers may al so include a%¥carhényl group, thus making
them abl e to provide su%é(ﬂﬁ ts as an acyl or

het eroacyl noiety. An aryl or heteroaryl ring in an
aryl al kyl or heteroaryl al kyl up may be substituted
Wi th the sane substituen tlhed above for aryl
groups. Preferably, an [aryl roup i ncl udes a
phenyl ring optionaly st "W th the groups
defined above for aryl g ps #nd a C -C4 al kyl ene
that is unsubstituted or is substituted with one or

wo. O -C4 al kyl groups or heterdalkyﬂ“@roups, wher e
“t'f&™al kyl or heteroal kyl groups can optionally cyclize
Rfmsﬂanﬂmamﬂia@ﬂsmbhmmﬂa&ybhmpmbpaﬂe4xd®mmolane, or

o] I het er oaryl al kyl group
Rp?%%%%g%ﬁ%lnéﬁﬁg yhm%gn%%mﬁﬁnocycllc het er oar yl
Rgsedgstedam H. §. B, elvall angd sehgysted dlktbled with t he groups
ydgssesisped above as substituents typical on aryl groups

and_ a Cl- C4 al kylene that is unsubstituted or is
sﬁ6§§PfNBed with one or two O -C4 al kyl groups or

ehﬁuéoﬁahkyFmgmqup&mﬂﬂmmw&dﬁM@mmﬁeﬂ‘an QL bR absyituted alkyl, OR,
bsiLt Eﬁpg Bﬁﬂgcyclic het er oar yl
andﬁﬂ ébkdﬁ5§§ eroé%lﬂgéne urisubstituted or is

nsulbsimdamle@pwmtiymp@mroﬂwmd C4 al kyl or heteroal kyl
groups, where the al kyl or heteroal kyl groups can
optionally cyclize to forma ring such as

cycl opropane, di oxol ane, or @xacycl opent ane. [ 0045]
Where an aryl al kyl or heteroarylal kyl group is

descri bed as optionally substituted, the substituents
may be on elther t he aIkyI or heteroalkyl portlon or

T - 1 . . a1 —




each X', X2, and X3 is independently selected from

hal o, CN, CF3, N2, alkyl, substituted alkyl, OR and
WORRN/O0QIB CONR, SQ R NSQ R, NRCONR, and NRC(BJDRS2019/049318

n and p each independently represent 0, 1 or 2; W

W2 and V\B are each independently C or N, vvherei n each

V&g ?\/ﬁan%i € ea&%cgepend p0| h\%/&lerefm ea@{% 1sr§1|;rbest1ttu%$ w1th or X3 or Ar,

prOVlde hatsiticd Wrentye s et pammfalta,ct;mw fohat;er oar omatic gr ou p
Ak Q%ts foSneRiBL LR ¥ osteRIatohdti€ o dhddis (y?)%}lau; subsgt%‘tfh Sith (X2

sel ected fromthe gr oup COI’]SI stl n
g§ S R FRSO,Z, NR-C(0)Z,

Almkcte%@rzthe WHSIWS _ , ﬁ
NRAWRCO2)NRRE) - NNB@(I&)(@QZZ @OWW( G)IC(Z:alh)i 0@(:@!)1@2

het er OC‘(} g 5 Sdfue Y eeaocg;cyfyslu Sltél}@ eter8 yelyl, aryl, or
- ¢(=0) Fi%ﬁ"‘?f%é ggalil%k%/ 551 kot glh %ll’yl I

subsgubdtyt ut ed aryl, and Qis OZ or NRZ Ris
mdepeangr@lLbZ%pkﬁgt ed at each occurrence fromthe
group consisting of H alkyl or substituted al kyl, and

RtlwdqRef@ﬁntNR‘ZeC@éﬁt qagleqepwrengedromghaarappBompishgrfth B gyl pi wypptituted

alkyk RatiwS€R[n lblIR &M bgdilkd wies alamdndaig)yre@ phd BR a&d b)é sﬂﬁﬁlﬁt@d ﬁd%?
It1 onha terpatom sel ected fro

opiit o @R S R e L Bt 07 BRER G A or

afg R @@y, ojxni bothakdsant @A bi Q eart @uﬁr&ﬂm;&h@-ﬂfonﬁ e m_edl_bfrecrm}lg that
can ﬁerlﬁ%\lu%ﬁ‘ caéff{?lﬁée'aw&&?o Ayl N%@ ol NiloY8lG 8N, Addi ti onal

aring ne er; eac gils
e?Chdeﬁséd?ﬂ@ﬁ?nlﬂyOd org or 2; or a phar maceutically

olaé:ﬁﬁﬁ{a@égh@all§ @Jc&pta@fe slﬂa&@;ib@lgd foﬁﬁ Medebyer eof . [0056] In

anot her aspect, the novel npounds of the inyvention
[4p18] é?i’i’\eﬁ SWEHdﬁ 8W%‘§V€PH‘§1 @Yer?ﬁ&etrﬂ PECRO IR Y O mul a
(ry: /A A \WS3 vv2-- yAVV| yl (r)

wherein: R is selected frem H, alkyl, substituted

al kyl, -SO2NR2, and - ( O) is selected from H,

al kyl, and substltuted aI P2Y2|sOor S; Y2is 0, S
or NR1; each X, S i ndependently

sel ected from hal o, CN CF3 ral kyl , substituted
al kyl, OR and NR2, COR CONR, /SQ R NSQ, R, NRCONR,
and NRC(O)OR m n and p pendent|y represent
0, 1 or 2; w W ang/| are eqch |ndependently C or

provi ded that either W W3 Ns t he point of
attachnment for Ar; Ar is a 5- 1 msrrbf d aromatic or
eteroaromatic group that is optiona 3 substituted

WER (x2) "

R! is selected from H, alkyl, substituted alkyl, -SO,NR;, and —-C(=0O)R;

R? is selected from H, alkyl, and substituted alkyl;

R’ is selected from H, F, OH, alkyl, and substituted alkyl;

Y'isOQorS;

Y?is O, S or NRY;

each X', X2, and X° is independently selected from halo, CN, CF;, NO,, alkyl, substituted alkyl, OR,
and NR,, COR, CONR, SOR, NSO,R, NRCONR, and NRC(O)OR;

m, n and p each independently represent 0, 1 or 2;

W', W? and W” are each independently C or N, wherein each C is substituted with H or X3 or Ar,
provided that either W* or W* is the point of attachment for Ar;

Ar is a 5-10 membered aromatic or heteroaromatic group that is optionally substituted with (X°),;



Ais selected fromthe group consisting of CH2Q -0-Z,
-NRZ, SO Z, NRSO, Z, NR-C(0)Z, NRC(0)- Oz, NRC(0)-NRZ,
WORG00)290%, OC(0) NRZ, -C(=0)0Z and -C(=0) NRZ, MIEDUS2089/049318
is H alkyl, substituted al kyl, heterocyclyl,
substitut ed heterocyclyl aryl, or substituted aryl,
p e
A 1s se eggclé fzr'%nr%g I%ro ep ?onﬁlstmg Ef éﬁ bu‘?)g? ngg %Ik %%R%ﬁflf %R-gﬁ(ﬁ%lNRC(O)-
0z, URC@B‘ﬁtZ NRECED- ., K OQNRA - CX%@ORami‘rCKIF@NBdn cyclize to
forma prefe FRIDALALubdiReta LRAL he‘t‘eﬁﬁy@ﬁ sabiagitel b 6 BNy, or
optional [y contain one additional heteroatom
S“bsgté?/%&rfﬂed fromN, 0 and S as a ring nenber, and R and
Z, V\henanbtozlbozroe&km on A or Q can opt| onal ly cycl ize

t hat
A e R A R T A
alkyhreniyes R oahg. eacirlig tb ﬁormradépeqmdnemd tiyg gt cdn bgsutBtituied argd may
optlc‘ﬁglﬂrcqﬁtglﬁ Uﬁé a(El@lltl!)r}{il l?ege?(ﬁgﬁnasgllegedsf?dn{ Nt(yﬁird%% aring mer[xbgp 57]

some enbodi ments of conpounds of fornula (1) and
aleq R }nd Aywhgndoth prepent oyl @ eoeipreHY gychq;q to fogm p.|5 Mmemgered ring that
can beG(FALRd aﬂdrbalpfn&fl&raﬁ adhi @l Q] N B hiSa ridg@nehibertbind [ 0058]
In sa nB‘boldl nents, Y2 is 0. In other enbodi nents, Y2
cgcl ag inqependgnly P ls¥ fiar - enbodi ments, Y2 is Me. [ 0059]
ot aphsrecueaiip aicepgabtesaloherta@r mul a (I) R2 is H D M,

[gﬁnxg]o ?égélf?cpcoﬁ)lﬁé%ds Jséﬂggr%pe)g]ethogg de%%ﬁelo%&gxgéﬁfﬁec? Eﬁrou ghout the

spectig o an@wplsofd]ﬁesef Mpedngs t(lz}t cyrresyRpdy tg Fegmulyg is appreferred species, useful in

the &?{Tlgés%ﬁsoaﬁ&’ lnethbc@‘a&é@&b{herelm CHZQ" In preferred
I n.some enbodi nents

@PZOﬂ &1 %?rélsp(egj ﬂlﬁﬁ‘He‘(t’lon Prost aé)ﬁﬁnwutgla]ecogja%sﬁlon comprising a
compdudegendemniid fyrmitke piovididherelnna pedddarr intthite e di vienicsyity of PIM-1,
PIMBOI’IR/I-y\énd%? g’lﬁiovl\lzsl 35 %o ClpB'hnd of .onc[ ogglg%mllﬂe &80 cplgeretinr,] §d a method of

foregoi ng erbodrments, mis 1. enomais 1, 1 Sore
treatiparbokifcrrnt dscxes dnd inflanwatory condftoOOS]h 4 smpemn e ol te famehlac
descgﬂ;ed)wrel\{v W and WB are each independently C or N,

wherein each Cis substituted with H or X3 or

1902V i ‘deocpreviriat aré metrads feppnagplanng theactyyity flop Biw proirdn, wdﬁ gongppise
conta@kih@LdyREeA torh@ikind\the prSteﬁleﬁth/él' compoud &leaﬁibaﬁhetfdﬁl i@BRamount effective for

mod ot?nlgtthe aBthltNOE tp%}gote pr & cgrrtaé r()g {nerﬂs (S S sneén I(S)? V%\I \%\éﬂ (ghger
embifBméngs ¢ saviehn isheelbfrdpeystdnwdn aq'remb(mbdirhru‘amemﬂ actilvity Mlm protein is
itk ef er red enbodi ments, W W2 and WB are each carbon.
[{9@2 In some enbodi nents, W is C and one of W2 and
2] Proyided also e[r%g]\rﬂds fos mlh}l?émg ?ﬁl]@@‘élifeﬁﬁm@m Gﬁa@qse contacting cells

w1th%Q8iﬁ1§duﬁEEc&sMBed Rrdg alpzﬁlhdﬂflt fberad toalﬁqmmhfd‘rmon Hthe dells. The cells
nents of thes s the

her I
som St EORRLIT T A el BdDRy o reg e St P g et
cancpo]un]g cagdfer, Athepoleticnticef, ovlordgtal cancer, s{k@@@l&]&r bvarysemer cell line), for
n‘gig’%jé U Foddfients e {ALE AR 1&19}%%%@9% % préAs‘[ate c§nc91fb? Biereatic
or pyl‘ aziny eac can
cancsrtfblé et (Jheetlls Jopicmrerearb biiontsn b in aApbifcs aglrw @Jieeryq tumeyy and
somé¥meb Se RN 1n zpsrub]éé’t In&e@eﬁrpéfﬁlﬁglhﬁytk the methoﬁ Q@lﬁ&]coﬂlﬁls@sqﬁ@cmg
enbodi nent s of f orego conpounds, A conprises an
cell %Pﬁi’tﬂsés Iqeﬂsksﬁﬁlétmi‘eﬁ a@éﬁ?@ aélg\llﬁ ‘9 Afrecylr degseerighegoi ng
[0023@ Oﬁumiﬁiqwd@ﬂ are nefub@ff@ru@llny a pdnﬂtmyh re@ied 3> gyianclyel] .prohferatlon
whlcllzl) c? aprlse ac{n%{ r}lger}nlég C?al’}:ll%)gn({] c%sctrlheod heremq bjré%?te %gc? ﬁ]lfre(l)}a an athount
etfedtige pPregs |the\¢@1 prpliferative Aorglrign. iR c(r@m dyl@))dlmprés thotell a{o(h&(ﬂqeqjcondltlon is
2 I AGEAM et RBNO: S Bmbd 1D gan&& of e @yghp@ﬂmgmﬁ@ fing,
[0068] . Ar in the foregain nbodi nents can
cologHR KU QYY1 1R S b%ﬁlfﬁ‘ﬁ"gfi e At prolisgratve C‘?ﬂ’é‘g‘i‘ I £ genymor cancer,
wi th one group selected from halo, am no, alkyl, and
hydroxyl, in addition to A [0069] In sone
enbodi nents of the foregoi n® conpounds, A is selected
fromthe group consisting of CH2Q -0-Z, -NRZ, SQ Z,
SQ NRZ, NRSQ Z, NR-C(0)Z, NRC(0)-0Z, NRC(O0)-NRz,
NRC(O) 0Z, OC(O) NRZ C( O) OZ and C( 0) NRZ vvhere q,

— o



wherein A le, R, X, X2, X, m n, and p are as

defi ned above for conpounds of fornula (1), and each
W@R0180029Z8, Z4, Z5 and Z6 is independently C oPCIMUS2009/049318

provi ded not nore than two of Z2, Z3, Z4, Z5 and Z6

are N, and wherein each Cis CH or CX2 or is t he poi nt
such as il?g O%Eg%nc%nc%ro%(r) (F,szaﬁm%)% elIrICé ha g le[ng%%l% aln? ﬁ/mg onda§ CFilk capprghferatlve
condetmbaﬁdnwelmdsgentrh@nerowp@umbbdmﬁenfsor mula (1') is a

Igzm 0[‘1'1@ %VQIUOE ngqwl@e;rhéth&ds fd?‘trc(a%gg ((ahce{ orvm ﬁlrﬂ%fﬂateby dlsgrder ma

are as defined abovée f
subjchgendind ?C%Feaf%ﬁnhﬁ‘r%’ﬂflflg ) adma}%eﬂé&@rsheosflb@za thzrspeuiwﬂy aietve
amo@ of ﬁﬁera@uticag@p@eﬁem traatifg sO¢h dNordpr: @l ad@ﬂhsfmﬁg e utjdran

ol e e i i Sy Tt Bl B R RS e

therdp@.0i¢ Bent. rin o ehdioutintyetht woledulefior mhibas Hub i d/@mitl iy(al dotapgund of
Forrgu%l II Gta %hﬁmaceuthl%paz%tai)lQ sa?t%eo? rﬁ?@&!aﬁ%ﬂﬁﬁduﬁént fBE Héglrél effect of the

N. I n SUC
thera@?ﬁsle agqpr@hfttss ee%mceééy ﬁlﬁwt‘?ﬁéﬂmﬁﬂﬂhﬁs Pim aﬂF/GOFﬂS‘} ar} IfCreasig apoptosis

in at@AROR fRydrselof formula (I1) and (I1'), Ais -C( O) NRZ
- 0)Z R
51 ¥ ool LR aEbe PR R o it are

admidistereCars0h iRty lly Reamob tincofTh¢ heragpniygenhadirsoldchlin ki@ dinhibits Pim and/or
Flt s!)rgfgﬂepﬁg ustea) an? rg}l%%t s'ul?@c@l rh% th?é&g%.\tnk E%%Ltede [nk %Iegﬁﬁgg inhibits

as an optiona stituted pyrr pI peri
Pim pﬁd@g Fh e4nrba corﬁ@tnaé mtq)@,e ahqrm@eutwlc@hmsmﬁ@m cgffain embodiments; in other

embédﬁrhmm@a@laduﬁﬁered as stfdRe@bm Jalueﬁmpounds of formula (I 1)
metines mis 1; and when mis 1, in

@Pﬁ% Cﬁ‘lm‘fvédeg(are FamResfigps of Tﬁ@?cﬂnppﬂngsaocﬁ@p% BﬁFrWﬁ‘ill][l%enb‘fnd an
isolateld @rog@TIe prd&inGbmé tdtei la®@in prbieina Qektad dom))quZﬂs (ﬁ)ﬂiﬂr1%5 camh@und

desc?l())ed l?lerfm 1r£ ﬁot‘n)gmlmoa w(l fi lalgsql %gg-ce?l ma&%%froql a cetllll:llme such as a caglcer cefll line.

In the fier¢ivhedingts, Goeaatdr peidinZ B sprgetiNges a bredsOGRFGY, ploplats oameer, pancreatic

canc@tnpﬁ)éjéaﬁgép %%Q&pokh@caﬁ&%&%ggl cﬁt—H‘cer]c &Inr@élllc@r gfl olvzr %@er@&ﬂ Tink.
descri bed above, Z2 and Z6 are both 6 I n sone

@7 dﬁhﬁ@ﬁ%ggm%fne‘leﬁéu%ﬁﬁ%%“ BPEASOF e rnéien(ﬂPIi 3ﬂda8rﬂﬂ>t ipfepdey to be
1imnd@31clﬁa1uia<e dhabayess apd biBer @spedtOMS ll]nbddnneﬁ@ AR devrhied nfTRIThisy fow. The

pater‘itgr(l)c{/ sement 1clf1teragure Te&ggéﬁfrﬁm%sﬁ%b% héesr lgné)érled%e) thal('.tj $ aéallfllﬁ% té) I’% ase %lﬂ’l skill
in thpprovi des a conpound of the fornmula (I II) A wherein
X is d or F, and mis O or 1, R2 is selected fromH,

BRef ftkdiplion R0A peMski tuted al kyl; X2 is halo, NH2, OH
or CH2OH, and nis O or 1; X is Mg, and pis O or 1;

[0028] Gigu3| sBonck aldhvity S CrdnptichdohEor@tib arn) fhind3 paredofz-aer 1180 kinases.

The C()C%ipoyd?%dxaﬁtewecp tror acc:lt_l htyé%% Ca%f? %Eﬁl%)fi Ld anleé%f_&emonstrates t'l_llat

compB@ORNHbe mNMt-i@(ﬁe’}ﬁ@re attet paPlyl an @rmagy gthgd{powjfkutabp@ and are selective
by a s@ﬁlmﬁlnfamé%gm O\V@ %{Sﬁﬂ‘of lkmhés fRat ullcmﬁ@sr A§Iq| ﬁgrhe Qbf bgﬁh t]ﬁ@R PDGFRa,

%rouga consi sting 0) -
1 R KDZMEQ%?Q) PKC%WKZ Q)QAF@.@R PQ and PAK?2. Note that
the cofapEhNRsd &hiBi)s, acmvngxﬁgﬁr@t £0€ Bihkr Kilsds Nelapendent [y 1-3;

BT S BUSRBO ST 5 L Bt o
acuthigtoplrooptigddukeoniar het er oaryl group; or a
phar maceutical ly acceptable salt or |abeled form

MARAES 2 0fvid ARB Bl @Ot her aspect, the invention
provides a conmpound of the fornmula (I111"):

[0030] Compounds of Formula I exert biological activities that include, but are not limited to,

inhibiting cell proliferation, reducing angiogenesis, preventing or reducing inflammatory responses and



A,Z 47257311 (X3) p wherein X is O or F, and mis

Oor 1, RRis selected fromH, alkyl, and substituted
W@Rkky0029X2 i s hal o, NH2, OH, or CH2OH, and n iBCODUS2004049318

X3 is M, and pis O or 1; one of Z3 and Z4 is CH and

the other of Z3 and Z4 is CA; Z5 is Nor CH or Z5 can
pambd%ld %é('l_ll]li%gfg eﬁﬁﬂ 1mreﬂ%ﬁjﬁponseéogﬁp§)gnc?s%65 9:1 cf'm (r)cglziaé Blﬂl activity,
Flt agpvitg ooty dofortstigedf byrtimgaa herbin Aguch pgvenoeiids thierefose Gan bd lniheqd in
multﬁ)‘}."e' a%ﬁﬁc%ng %%e‘fsb@ofg)ﬁg[% KNS (1S Lok NGy Qﬂtampiyl%ompouggls(@esqlbed herein

NRC( 0) - ( CH2
can be@é??) W%@E)f?f @ Hmé%t@n BBl aptivity 561 w@ﬂéﬁa@m () produlation of Fit
actwﬁ@cé‘g RiB sctmd e(p@ Rdendtioy ofidell p;lokiyllau@r (19 g blhiod begoRbdy hrid (v)

| 1
treatﬁlglits (%gl{/}gﬁl f%ratborn %e@?d c{?sg&dF{;?e % raS:alrsnsgatloBF %goi]cc:g %ng%%ﬁ% with
anotiemrpoldéuient s of the conpounds of fornula (111) and
[N)jllj IA sd#r%%gsreé %QOI%QMCE of !ﬂ% n%eHQOn Joﬁtafﬁtonce(gr n%?@éﬂﬂél%? "The

mis 1. sone enbodi ments of teconpounsof
1nveqit@|n mg]uéeS(epthf g_ﬁ,@lat(:q qtqre()lsog]érsccqunﬁ@ﬂwgb%wturﬁs qf gtexgoisomers in

Vary[ng Q@@es bithis0 PRt > RAdinpRbtSc Ofxulhe [GRIPRUKASscOfhe ff@ﬁ)ﬁ@»” a

oo T P BCIBTrAGAE PO 2 O g Bonds hatar

not ift kihgs! Thedeslpdhmhbﬁd tlelovigion Ady al$ oAt in more] D BH] talltmnesxo Mem; the

depi?{-&F ?Q‘%lﬁrgp(}ﬂg taQ%mE £rof Qdﬁpe%%ﬂg%ngrf anE %ra% Iu@dm(slé)gl )0 e ss other

descri ove, n1s

tautoapetsod] Ihenfammghayfn. ¢ he conmpounds of formula (I11) and

[G)bjz 'Asan |é§ﬂﬂ R, ({}lly e a&%ﬂ%@ﬁds @MIgﬂ[ﬁ@a @er(%nt@arlﬁ)g ORBRBESI to

ormul a a

which ISR AR G PR i 35 gt s the E fgmer or the
Z isdn®r, bk both. (R0 88k wien mspiPpese mhilLABHRLBic (isf)mérolﬁu’tfﬂllalas bkl Yor
ol TSR LB o

08331 B, usasycicmp ioiyary] oot tamslmh contaifipOBEIrbemand
hydéééHETl%q@s%b %%Zesahgﬁatlé G Maﬁc @tlralléht }ham%rchcs bﬁﬂnch!:cﬂ sanfPd1&l or

enbodi nent s IS selected fromH and Me. In Some
ag]ﬁaéeéld(?rﬁ@hqogfbmgz)n ok thesgy glahé@opf‘tameppuei\mhen i s stated however, may contain
hete@y@lﬁloﬁ fa@piytn,to d)rSl(i!;ﬂ:Et(D(}ﬁyﬂle caibeh zﬁkﬂﬁﬂrbgen mm[n@e@&iﬂhe IhPdrSQFI group itself.

Thus( {)!/F«in, SB) Cl 1calllS no%d 2 tamlng l?e;&eroast'oms the hgfglr[)ryart%l é_x\zup r?laﬁ/ corgam heteroatoms

oVes
with@red daqlmqmta Sof dife hfwlecrarnyhres(lduleJ and whenl 0$t1ca1allly suksemteseth@cﬂwdarbyl

f
res1dfu£ %@ zh!&%a‘gzr 0%%&)1190(?@&%%%’889)“& ammd\%oups %r%)d( 6r0u1g and the like in place

OfO%ﬁﬁm@(e@}yCNF&e(”(ﬂflﬂ)erParemlhwf%‘éWélfé%‘%‘édl ments of for il a

(0034 )AsB& hededn] ¢ lao,rga%uc h&gﬁudnt ﬁ&aﬁ to)saegr@g tt}%ddog Ig);nl\cliam clarbon.
rou consisting o - ST -, n - - . n
o iR SRR Boso it S bRtk IS ant {1117y L
108353 eAseisddehdrefnr enermsNERE(10 ) al k@2 Jurd, “abopigy1” iﬁi(h@l)a MRighGlbR2) ranched-

chaiéé"%]l]g%gch@ﬁl%ﬂov‘éleﬁtkdr&% S04 gt i:.? ?1_% nauFIQQ)?ﬁ: c%l%&ﬁ&l{ﬂ by C and

oun rnu ave

H wiieg they prg u(lq\ybs}ltutem Ex ¥ inclyfrapahyh eyl otytyh pycj_ohe@h dygepeiptglethyl,
2- pr(%en}@ r3. ﬂl\zljtbyn%izanﬁ $he$i®l. et efhl hik 8 dhcarbdn atdahdin EMRsucNEHBup is sometimes

and F;
described herein, €.g., when thé group can contain up to ten carbon atoms it can be represented as 1-10C

or as C1-C10 or C1-10. When heteroatoms (N, O and S typically) are allowed to replace carbon atoms as
in heteroalkyl groups, for example, the numbers describing the group, though still written as e.g. C1-C6,
represent the sum of the number of carbon atoms in the group plus the number of such heteroatoms that

are included as replacements for carbon atoms in the ring or chain being described.
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R2is H Dor M ; and Ris H M, Et, or isopropyl ;
or a pharmaceutically acceptable salt or |abeled form
W@ b@eoee33 [ 0093] I n specific enbodi nents, the BPONPSINYE49318
of Formula (111") have the formula (Illa'): R\
(Ma') wherein mis O or 1, and X is O or F, X2 is

ed from , H2, N and. F;
I]%Egﬁacltgplcilét tgea zﬁlg)'/l,ﬁﬁ%eﬁgl %&' a@% E{b!s\!lt%e’rnts iog%/g }ng)%%ibn c;ont(a)urn l-alOB%alkyl)
or 2hafatent otalyalll. yWameeplyatbéyeostah f -3 Hdkdofr 2-8C (alk@ @I plkynyD).
Somgtglrlegntﬂe?cd}@m@lnib Mﬁ(yl) Oltj']& @ﬁ(}ﬁlyl &ra%leﬁtA s@r?ghz%gou Qard 1r1@ude more than
henyl " ring bearln% can p03|t|on on the
E'Pf‘eq{)ﬂultllp}eﬁ)@nd orﬁp(g? LYY )Wu}tlple bgndn wh g)rpltlpﬁ grefngludggawithin the definition
of thp k@A ydikehyd? @Renl they Iébrfﬂzgn fHonad.ond d’zlrbSﬁlez&anld%lﬂ)dﬂbﬁ@J lafBdAd eluded within
t he acyl, gro attached a on para to
e i a5k PR B B BROSS bR PRl B0 o et s ¢ he
6371 Adkyduafkenyd amitafkoil edustaret diten pogintiedamthp extent thet s¢dh, sebsfitution
mak&%é&sbaéimcfaﬁﬁ 'ﬁTIEJ"' &bgﬁﬂbﬂts ldcﬁﬁé ‘8& aIehl%t RRRRY, haﬁé ﬂ@f Lockhev.or,

furan 1 n Fornu In eco ounds o
=NREGR RS B/ Odh FONER; NB&?zBaNR%% NRE@OBéVRﬁ?Ol‘F Bk CEPR, FONR.,
OOSQUOREHFA N, R Rteh, cadR R § irlBpeRienty H,AN My, @zmmﬁ&ﬂoﬁlﬁﬁ C1-C8 acyl,

referr n_many..enqpodi nent ..t
RS o T e TR TERL P (SRS GOBRRUNdR: fcio
aryl, 0oo@pOlinttser@fyl.faod el R isMptianldy sltrwtitutemvm:th haltp eO0=NHON, wWkiORh, =NR’,

? sé _s'b%zr a§z RRL NR'Q, R’”Sﬁi‘@oﬁg LA Pophi hﬁi’g@ﬁ’s @N)%O(bﬁ

0 Srably, I'n anot aspect

CONKye ODRRe fORGrinp NGy ivHessin gack B andergndshily e 1f G abiprl §2(q8\y)eteroalkyl,
C1-@ deylAr2 - EYRetYdheyt; Co-C10Yady1 6P PE Ve faryl. ALkt Jalkefiyt Bl aYkyRR1 groups can
also be substituted by C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl or C5-C10 heteroaryl, each of which
can be substituted by the substituents that are appropriate for the particular group. Where a substituent
group contains two R or R’ groups on the same or adjacent atoms (e.g., -NR,, or -NR-C(O)R), the two R
or R’ groups can optionally be taken together with the atoms in the substituent group to which they are
attached to form a ring having 5-8 ring members, which can be substituted as allowed for the R or R’
itself, and can contain an additional heteroatom (N, O or S) as a ring member.

[0038] “Heteroalkyl”, “heteroalkenyl”, and “heteroalkynyl” and the like are defined similarly to the
corresponding hydrocarbyl (alkyl, alkenyl and alkynyl) groups, but the ‘hetero’ terms refer to groups that
contain 1-3 O, S or N heteroatoms or combinations thereof within the backbone residue; thus at least one
carbon atom of a corresponding alkyl, alkenyl, or alkynyl group is replaced by one of the specified
heteroatoms to form a heteroalkyl, heteroalkenyl, or heteroalkynyl group. Where these terms are used,
the alkyl, alkenyl, or alkynyl group still includes at least one carbon in its backbone, i.e., a single
heteroatom linker such as -O— is not intended to be within the scope of these terms, while -O—CH,--
would be included. The typical and preferred sizes for heteroforms of alkyl, alkenyl and alkynyl groups
are generally the same as for the corresponding hydrocarbyl groups, and the substituents that may be
present on the heteroforms are the same as those described above for the hydrocarbyl groups. For reasons
of chemical stability, it is also understood that, unless otherwise specified, such groups do not include
more than two contiguous heteroatoms except where an oxo group is present on N or S as in a nitro or
sulfonyl group.

[0039] While “alkyl” as used herein includes cycloalkyl and cycloalkylalkyl groups, the term
“cycloalkyl” may be used herein to describe a carbocyclic non-aromatic group that is connected via a ring
carbon atom (i.e., its open valence for connecting to a molecule is on a ring carbon), and

“cycloalkylalkyl” may be used to describe a carbocyclic non-aromatic group that is connected to the
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wherein: R is selected fromH, alkyl, substituted

al kyl, -S2NR2, and -C(=0)R, R2 is selected fromH, D,
wW@bkdygh929ahd substituted al kyl; R3 is sel ected PCDOBI09/049318

D, F, OH, alkyl, and substituted alkyl; Y is 0 or S

Y2 is 0, S or NRi; each X', X2, and X3 is

molecgl% ounlg%n azljky)éfl?ileqker éﬂ%hﬁ% gﬁn hal q%a%lz}ly lafd\CFf% to E«%gr&e a nor}/ arbmatic
cycliNSQuRhatNRODNRYL lewt] Qhehljﬂ@(o@pm Ryplpqlly relad frpméh@hmc,l S) as a ring member

and ﬂhﬁq%%gt@@&)lt% hdtRLIES & Qtrm%atorﬁ v@ﬁch%nay be C WY N%d %g:romlﬁ'cﬁl%d” may
each i ndependentl C or wherein each Cis

be ugegl B)Sc{ef,cpm %1611 WI‘?IW grcoryggcteé]rto Notherptp(a%u]dé‘taoqgh é%ml@}r t?ﬂ]@ Ismes and

subsHlEerﬁH tthBre lsﬁtablh &r e lcftlloaﬂtgfl kaﬁﬁﬁﬂm,thefeﬁﬁycﬂﬂ, ,andalietelr(fsyc&ylalkyl
er oar

t
s BR g SUBLTERE B0t s o ot BBt fence
rings thay woritdirea ¢uble pond onsiosdsilang aothe @HAQot aldmatic. - NRZ, SQ Z,

WS uuﬁ%g’eé “ NB &Q%&sse%géon%%sue%ﬁqlﬁp al%k alkynyl aryl or

-0Z, OC(O)NRZ, -
arylgligyl 1}qd1)cza ptp&ghed agqjlg 8k the wéﬁpﬂal?lk\//qlencq@@g@r@@ thag}]onyl carbon atom (--C(O)-
), a@uiaﬁoh(tyme&@h et Sdrfégg()ﬁdhh@ aroudk Wherei@fit 1&UREE dattdh Sﬂﬁleraﬁa}i lihe carbonyl

connilon ot e N v < o BT e DR s e

carb@1yl is eadtild tot@decathk ydy] gralrpcbr hMﬂoeRle;rpubllRQa asmayeglel Zigis h@eroacyl

inenda@0 ) Bafipil FRIAGK 8ok 1 9NEDRL, G0 REORRsLLA Ut ed and

opt I y cont al one a teroat om
@‘Ylé ceglornfl heserpay! epuatade iongdes! tanyigryp piediesyle to whigyfbeyRre attached
thro@ﬂ%e%penm}%ﬁ]:el%plthgcﬂoﬁ?%ﬁﬁ)mﬁbrﬁ T%/Encgy, l‘ﬁ%nar@@i Cg)ﬁ@i éryups which

Gy S e B ) B . ac
metl@xyakdig, di®R§aibpnyd Rl £peidingyli Shd Hydhepﬁmj aniifsyaryd groﬂ.pst[nd Beteroforms
of suf(gfé) %rraorllll{g hl}}la[ %&H%rls%taB gcg‘fiﬁ )ﬁletg‘r%ac%o%rﬁuga & be subs{n%[eg wqg ﬁle subst;l:luents
descpped\npreie 9s gn@r@l}ypgllﬁh@ sefstitpgnes fﬁm(;h_ﬂf gle @cprvsgondln@poﬁnpgd(rent of the acyl or
hetel\oacrgflbérou\é. \t/2-.y2 (X3)r1;izzzi PO),-,7"--rN\ Rl

[0042] “Aromatic” moiety or “aryl” moiety refers to a monocyclic or fused bicyclic moiety having
the well-known characteristics of aromaticity; examples include phenyl and naphthyl. Similarly,
“heteroaromatic” and “heteroaryl” refer to such monocyclic or fused bicyclic ring systems which contain
as ring members one or more heteroatoms selected from O, S and N. The inclusion of a heteroatom
permits aromaticity in S-membered rings as well as 6-membered rings. Typical heteroaromatic systems
include monocyclic C5-C6 aromatic groups such as pyridyl, pyrimidyl, pyrazinyl, thienyl, furanyl,
pyrrolyl, pyrazolyl, thiazolyl, oxazolyl, and imidazolyl and the fused bicyclic moieties formed by fusing
one of these monocyclic groups with a phenyl ring or with any of the heteroaromatic monocyclic groups
to form a C8-C10 bicyclic group such as indolyl, benzimidazolyl, indazolyl, benzotriazolyl, isoquinolyl,
quinolyl, benzothiazolyl, benzofuranyl, pyrazolopyridyl, quinazolinyl, quinoxalinyl, cinnolinyl, and the
like. Any monocyclic or fused ring bicyclic system which has the characteristics of aromaticity in terms
of electron distribution throughout the ring system is included in this definition. It also includes bicyclic
groups where at least the ring which is directly attached to the remainder of the molecule has the
characteristics of aromaticity. Typically, the ring systems contain 5-12 ring member atoms. Preferably
the monocyclic heteroaryls contain 5-6 ring members, and the bicyclic heteroaryls contain 8-10 ring
members.

[0043] Aryl and heteroaryl moieties may be substituted with a variety of substituents including C1-
C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C5-C12 aryl, C1-C8 acyl, and heteroforms of these, each of
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wherein: R is selected fromH, alkyl, substituted

al kyl, -S2NR2, and -C(=0)R, R2 is selected fromH,
wW@bkkyl029and substituted al kyl; R3 is sel ected PCDOS1409/049318

F, OH, alkyl, and substitut ed alkyl; Y is 0 or S; Y2

is O, S or NR1; each X, X2, and X3 is |ndependently

Whic§|ec%'(n§1 urrth%{ns IBN&géd %s%é%ﬁﬁl\%gy%mdﬁ% sUpsLiLL Ul elude halo,OR,
NR.&d SW@M NERO:R, MO NRPREO QIR RS ERd EN ‘P@OR éﬁ?@ée@@CR
COl@ andIN (92 wl?erem eaw R%d@ﬁ@déﬁ\ﬁy ﬁr@l @@Qlﬂrl '&d@%@%ﬁ&ﬂ @2 @8 Qkenyl, C2-

8 hﬁtF’E??/l?“alé’d C%ﬁétalkm ﬁérﬁS\hzte@ﬁlkwl Fé Ctl%eylpeﬁ ﬁﬁO la)eperoaryl e
arylﬁ{yl acherent hefe@aryiKyl, Aid daéh Ris Dptibal YR (e R4l asAlc QBddi aBova For alkyl

t tl
ol R oS Rt (et PTG oL u et Brigged i
the gycfup@&d@c@,bed 1Qxcih as sl foS@,cZ;ypNRS@thbsNRer@(c@f@ eacNR@;@))lent of the
subs%nt Nﬁgﬁ Qar e!(\l%’le ngﬁy'l %’stlm%{ rgaylﬂubsutgt(ed' 8) tggargrﬂgrtlon with

kyl, "substituted al
subshtéfnésr qudylpremgﬁl Eyglpqlﬁqjta@agrmﬂs ARG ey ‘?/q furﬂ&f wbstltltqu on the alkyl

portl&‘ﬂbﬁﬁ fubdiuReks adsdrtbed RGh Qtjfp‘fca@ s@fabINRZ alkyl gRupsS Where a substituent
de endelgtrlsg sel ect ed at occurren
|

ch th
eroupy PSS PR ERPTAR U SR R Ep SBGE £1 TRed” Al Ry (O R two R
or Rt mpRcanrmptNRRllyda nakerytogdttmwitmthé QoMM ia tlﬁ-sn?osmeenfogblado pvh'nlg they are
attach%ﬁ!) fO?lﬂ[c]L I'IP g%tfilrﬁl En%xqb pqrhﬁﬁ %dib%[m%c{ Qg alcl: ?dr ﬁle %%? R’
tiona roat m se ect ed from a
itselfy Prwigam@nﬁe@n addlt@nd herergiem &Y. Gahi Shasisaing Hbméf%e nt on A or

[@44@% g Qﬂ}ﬁlk‘yv afd* %tbx%@ryltaﬂ}ylf QN ParSnafic Eiﬁlrﬁet%{o%mﬁticf}&g
e substituted and can i nclude an additi onal

systegls v&mlca pre éo%gg 9 ﬂﬁ“ﬁﬁacﬁ@fﬁs g(?mt ﬂgﬂl@ é él%ngqgr(?tg) such as an alkylene,

includfad @Lﬂ)@ﬂitﬁiecn(ﬁﬂuysuﬂstmﬂedOSratuﬁa;ted@f urBatfihied, nﬁﬁmeuﬁacymb ligkers. Typically the
n.so

linket fsctqpé?)a a%(l]/?(gsa%etferotfg]r%r reof (Meqmgea 1(111}@15)0 M€ %Tgs)a%déle}qrérg)%g, thus
makgg ﬂremehlb mrme@sum@tﬂ as archylwe heggroacg(meipsR Anf anyl pr eefeeqaryddng in an

arylm%'e@i%%ﬁlkyll g@ou‘p %a&ﬂbe subs[tlg.lQe%%\]nh Itﬂ?: SR Gb EHRRAIIBBE Sabovior aryl
. I n other enbodi nents, S, In still other

gm“@%ﬁé‘“d‘ffi‘?é?h efsarylﬁléyluggouwedudes a P{‘%E)‘Q@‘F optienally s iR O Hithibhgrgups
defirfl afoE Mtk gdul) and R 1St alilylehd thdvie, unﬁbsuuﬁ@aair @RGYed with one or two
Cl-(l%?lgfggrgﬁ/pls ’Prnh%%fohgi% gpoug% gvrh(%rg ¢ aallk rl é)gﬂeﬁeéoeagkg gqﬁgagpa% OB]OHnﬁy cyclize to
forn{ 0@ @ich syslomepserodhlment sxofcldornms] &inilakty.Ja, hetRaryBIki, group
prefé}@oly 1E$hzlde§: y @i% @%Bﬂ%lrchc hé&pe{r% %}Iolu Qs 53‘!&91‘& sdbghtlﬁ&fs\ti ﬁlrtfleeggoups

di nents, I n conpou nd
desqﬂl@ﬁd ﬁmvg_ ay spv}ltuerpggtyplgal gléqlrélcgpéles @fngl 8l 1@4 a@ylelpr th@s' unsaqb%st}.]ted or is
subsBi0@d SUPStelot thofd -@ Yl grodpd oSIRBRRNMBHpTBNE Hicldes BSoliuSnath

e BB R G P R BT AT P RE e s
or issuHvtittied witteche at teplCl-ESlcithyt orfretgrodRyl g@umweyd the dliyl meletea)alﬂqyl groups

can ﬁﬁ?&ﬁ%g&f‘ E%ﬁ’)i EBE SL}ﬁas Q%ﬁ\qfe’pmﬁ%ﬁo&f n%r clﬁzg@s_%i?enlaﬁe. H
06450 2 hererﬁn@em&dhwdlgte@ﬁrywvlr@mua i(desgriped aRaptiorally aybatgtpted the

substitn @B ﬂﬂy bEon gﬂer R ajtﬁh&ll or h@l@ﬁtalﬁﬂ Bstibd s @hea}yIFMl heteIIOEJr %m%n of the
enbodi ment s of ther enb

F
groug,, Tl@qubs}ltﬂer?stﬂp{lwéd[ly }é‘%la&fl Hlé ﬁ]&(gl or p%er?aékyélpq{%n agrthe same as those
descﬁhﬂﬂ&bdvﬁ o eldylgkdﬁysl genﬁﬂ]ﬂfﬂhd: fﬁBSltl%S bigiiofizely piekent on thd &1 O8feteroaryl

portllp% artrlem nga c ose dasm( ?e\c}, §OV€ saf arg 1&@ g%lgreﬁ ggg g unds of
10pdse énd%lml 1 g}Ol@Hasomed@wem aferhygoeftot grews dtivo dienrenbgituted, and are

deschQ% IBy \ﬁé (R Furir ﬁf c%bg_!ttoms 1n [h@ %nglelnd Iaﬁlyl@&%? s191ﬁarthn§er Thus a benzyl
fore 0| na}fen‘ood wen " mis 1, in sone

groug 3 grgup. prd Hli‘ﬁ}yé?thyl s aF@Tﬂ%‘}kﬂl n fornula (1V) and
(I\f) W, W2 and WB are each independently C or N,
wherein each Cis substituted with Hor X3 or Ar,
provided that either W2 or W8 is C and is the point of
attachnment for Ar. Since Ar is attached to one
position of this ring, no nore than two of W W2 and
V\B can be N and preferably at rmst one of W V\2 and

o o, o - o o




[0109] In sone enbodi nents of the foregoi ng conpounds,
A conprises an am de |inkage In sonme enbodi nents of
w0 baofagyoi ng conmpounds, Ar is preferably phePgl/Us2009/049318
3-pyridyl. Preferably, Ais attached to Ar at a
position that is nmeta or para rel ative to the poi nt
4@5 ﬁo eroiarlyltaﬁclh as defcrlb%2 aggvg ﬁ%/f\z&s {0 a m0160¥ cotn}I])rlsmgi an agyg\?roup t)lat is
attachefghroegiadidkingegrowp, and dlf{et);]fl_‘pm ‘agkfalkiyly in thet af lorseqpe lrln@atom of the aryl

e%l%}%ﬁié &N Instheclfﬁgmg gror?[plp 8 hddebthSdselel @a RAAR, 8 gRogie Hét&oarylalkyl
Ar is substituted one group selected from hal o

grougq,ﬁren%escrlgfqaﬂem %Wlwa fb@@z}l nurplﬁr MHtsllrthe {1% apd linker com’bmed and
they i@ hddJryll gfoupOmaindsehafhe bR liaket; |th)31;oa179\l dr&upS BlkeCthgh a

f t f CH2
hydrg%r%ﬁerﬂ%é%g% QW%SI Sbc; lfge 9 rﬁv)lp 8?(69 WB? ﬁlﬁ\ﬁ_r&uﬂiyﬂméer Thus,
for eNR@OY7-0ero@IAIBY NRiZ inclu@ p@) PZietbyl chheOk R NRRyrdlyimstoomy.

[%m a %q%ﬁheg ag’lflse& E@euﬁ fefe?sqgh Ellgal&(?ﬂﬁ%é%yci’grﬁl Ib%cau&"% 1glge)lét it can

or - , wher ei n 'S or
link éff?b)&m gfé‘ﬁ’? egihsr %qu«tlme&i igreferpe cCO))z vderenay P%);Nﬂzzferqizlyahla 1-4,

though Rfferd gﬂf&llﬁ}ﬁ (Hd@]kﬁelﬂ’f c@n zl.lliorﬂ‘é @%sﬁt@@@ﬁ}l’lﬁﬁer biGufs Odnltadibe of other lengths.
n a titu

such as an opti I
The SR ArETL P b RHES 3SR LS Pp i Y and -COMo)-
are affso B pil@lerigin thescoprf b @l Rgkyleods’, tish?lr@d‘?ﬁllicmﬂ@ﬂpis sueh aslepclopropan-1,1-
st PRt R SRR IR, RO sl o AR o
groups gsdesgrifgd beipnof t he for rrul a-(CH),Z', whereinr is 0,
[?3049? 'In geneﬁf arﬂ7 alk§{) gk(%yl hlﬁynyN%Rgr Y1 oaar%alﬁylg%ﬂ?glrzﬁg heteroform of

et eroary het er ocycl i cont
one %fﬁleswf&les ﬁlatrl? ??Qta%‘}fﬁérsubsgﬁ‘?ﬂ“ ’6‘?% fsghhantieyally B%%‘P?t‘ﬁﬁdé’éi adqltﬁmal
subsB@ENEs. ANOelird@NieSs substituess ilsmylﬁrr 1@ thb@hi r&ytéd, withrrpgard td ﬂﬁphmary
subsgﬁlg)ant msgl¥es 1f tﬁle J&B’su uer&p Q/re 1‘10t ngrlélqsg‘ﬁes%r?[bedcl{ llh IF rvrahgr%zzm eIXbothment of,
for elaqulep Br is d]ikyiythls a]lq;ylmmy ppﬁg)lnalhf}bp subgutgtm by rpmynmg sehglituents listed as
embgd' MHt@f&Qi”“%@YHls makes c[hgri]n%glkenk@ a&%l@&ttﬁgdogm gﬁd@ﬁﬁﬁes[he size limit

he invention des a conmpound sel ected from
PrOV@éﬁlﬁ%@ﬁ sy liper STaFtﬂ é‘lkil sustuteg Py HiY oehddamieatd Slmpbféxtend the upper

hmlﬂ dﬂ\z’zﬁlﬂhlaﬁbﬁls Bt @ betb@BodmERT AUt slalueat HokdveQ ikl kdstituted by aryl,
e R e e
thesmbstmodnttg@upsraeealtot epugtedidititeinombe 980 61 detopitle the dlkyl.edeed.Stovgoup that
18 beﬁl%tdE:sW'lﬁeM @/fhergl ng) llleIéIl dt @ﬁ)@tltﬁ’é‘nts s]s%gb'lflegrquhesu&loamgrl tal'k%is alkynyl, acyl,

I ncl ude cancer; thus in cert nbodi ment s
or anyl a8y he sblp%\tﬂtqﬂlé@th& npEbas B&u{)s@tutsqt@%tsor@ag]t@étls avallable valences; in
partiC QP 51 (RGe s Aa$ b@ubdighddQyid Boide @G s Ltranﬁaad oPis available

| tr egot ment . for cancer an effective anmount of a conpound

valenges. REE@PIed above, of Formula (1), (1'), (11), (I1'),

(00301 ) Hetedofokin’) gs uédd\bf)areame{férgt‘o a(deNfradive df m gioey $ugh 4% an alkyl, aryl, or acyl,
wheI%mplgasF(ﬁigtcﬁb(%n aIEb STANGES nat%d §a%0§}90§1§ grogﬂ’ h%p%etep %Pﬂgeg lﬂ? a heteroatom

consisting o on can &ancre t1c cance
selecmdég)p)d\f & wafc @hus tlgr]pgteqo@mg@ﬁa yl 41]Fenglp@@inyll, eyl aryl and arylalkyl are

hete@ﬂ?ﬁdieféﬁﬁk&myl h&@roﬁl%ﬂﬁeﬁetér&cﬁ%{el%mw %d%@fé%ﬁll\ljkleféﬁﬁmv@ly It is
| eukem a nay be refractor

t he
““dea%Qé)S &aaltoéﬁorwhi“ﬁwﬁ Nntog? étam?:?f’f odinarily FORerssy Sqqﬁe“&ﬂgt frggpt where an
oxo ASIEIC htjacteh® N v tir@n npfoey hulesyl aroaet hod t o rran uf acture
@gﬁ g‘?ﬁ%)rrrlgl?y sg?]s‘é‘ﬁg Fﬁ%:ls%séd?lng{rtﬁ dgga%g%ﬂ éhe C erl.IQ lar rouB & roups being
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wherein:

R! is selected from H, alkyl, substituted alkyl, -SO,NR,, and —C(=O)R;

R? is selected from H, D, alkyl, and substituted alkyl;

Y'isOorsS;

Y?is O, S or NRY;

each X', X2, and X° is independently selected from halo, CN, CF;, NO,, alkyl, substituted alkyl, OR,
and NR,, COR, CONR, SOR, NSO,R, NRCONR, and NRC(O)OR;

m, n and p each independently represent 0, 1 or 2;

W', W? and W” are each independently C or N, wherein each C is substituted with H or X3 or Ar,
provided that either W* or W* is the point of attachment for Ar;

Ar is a 5-10 membered aromatic or heteroaromatic group that is optionally substituted with (X°),;

A is selected from the group consisting of CH,Q, -O-Z, -NRZ, SOZ, SO.NRZ, NRSO.Z, NR-C(O)Z,
NRC(0)-0Z, NRC(O)-NRZ, NRC(0)-OZ, OC(O)NRZ, -C(=0)OZ and -C(=O)NRZ,

where Z is H, alkyl, substituted alkyl, heterocyclyl, substituted heterocyclyl, aryl, or
substituted aryl,
and Q is OZ or NRZ;

R is independently selected at each occurrence from the group consisting of H, alkyl or substituted
alkyl, and two R on NR; can cyclize to form a 5-7 membered ring that can be substituted and may
optionally contain one additional heteroatom selected from N, O and S as a ring member,

and R and Z, when both present on A or Q, can optionally cyclize to form a 5-7 membered ring that
can be substituted and can include an additional O, N or S as a ring member; and

each q is independently 0, 1 or 2;

or a pharmaceutically acceptable salt or labeled form thereof.

[0056] In another aspect, the novel compounds of the invention are compounds having the structure

shown in formula (I"):

Y1

Ry @)
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wherein:

R! is selected from H, alkyl, substituted alkyl, -SO,NR,, and —C(=O)R;

R? is selected from H, alkyl, and substituted alkyl;

Y'isOorsS;

Y?is O, S or NRY;

each X', X2, and X° is independently selected from halo, CN, CF;, NO,, alkyl, substituted alkyl, OR,
and NR,, COR, CONR, SOR, NSO,R, NRCONR, and NRC(O)OR;

m, n and p each independently represent 0, 1 or 2;

W', W? and W” are each independently C or N, wherein each C is substituted with H or X3 or Ar,
provided that either W* or W* is the point of attachment for Ar;

Ar is a 5-10 membered aromatic or heteroaromatic group that is optionally substituted with (X°),;

A is selected from the group consisting of CH,Q, -O-Z, -NRZ, SOZ, NRSO,Z, NR-C(O)Z, NRC(O)-
0Z, NRC(0O)-NRZ, NRC(0)-0Z, OC(O)NRZ, -C(=0)OZ and —-C(=O)NRZ,

where 7 is H, alkyl, substituted alkyl, heterocyclyl, substituted heterocyclyl, aryl, or
substituted aryl,
and Q is OZ or NRZ;

R is independently selected at each occurrence from the group consisting of H, alkyl or substituted
alkyl, and two R on NR; can cyclize to form a 5-7 membered ring that can be substituted and may
optionally contain one additional heteroatom selected from N, O and S as a ring member,

and R and Z, when both present on A or Q, can optionally cyclize to form a 5-7 membered ring that
can be substituted and can include an additional O, N or S as a ring member; and

each q is independently 0, 1 or 2;

or a pharmaceutically acceptable salt thereof.

[0057] In some embodiments of compounds of formula (I) and (I), Y'is O. In some embodiments,
R' is H, Me or —C(=0O)R. In preferred embodiments, R'is H.

[0058] In some embodiments, Y*is O. In other embodiments, Y*is S. In still other embodiments,
Y?is NR".

[0059] In some embodiments of formula (I), R?is H, D, Me, Et, cyclopropyl, isopropyl, or CH,OH.
In preferred embodiments, R* is H or D.

[0060] In some embodiments of formula (I"), R?is H, Me, Et, cyclopropyl, isopropyl, or CH,OH. In
preferred embodiments, R is H.

[0061] In some embodiments of formula (I) and (I"), W' and W are each independently CH or CMe.
In preferred embodiments, both W' and W* are CH.

[0062] In some of the foregoing embodiments, m is 1. When m is 1, in some embodiments X' is
halo.

[0063] In formula (I) and (I’), W', W? and W” are each independently C or N, wherein each C is
substituted with H or X° or Ar, provided that either W> or W is C and is the point of attachment for Ar.

Since Ar is attached to one position of this ring, no more than two of W', W? and W? can be N, and
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preferably at most one of W', W? and W* is N and the other two are both carbon. In some preferred
embodiments, W', W? and W* are each carbon.

[0064] In some embodiments, W' is C, and one of W* and W* is N.

[0065] In the foregoing compounds, sometimes W is the point of attachment for Ar. In other
embodiments of these compounds, W is the point of attachment for Ar. Preferably, W’ is C and is the
point of attachment for Ar.

[0066] In some embodiments of the foregoing compounds, Ar is phenyl or pyridyl or pyrazinyl, each
of which can be substituted. In some embodiments, Ar is 3—pyridyl; or Ar is phenyl; or Ar is 2-pyrazinyl.

[0067] In some embodiments of the foregoing compounds, A comprises an amide linkage. In some
embodiments of the foregoing compounds, Ar is preferably phenyl or 3-pyridyl. Preferably, A is attached
to Ar at a position that is meta or para relative to the point where Ar attaches to W> or W7, i.e., A and W*
(or W?) are not attached at adjacent atoms of the ring Ar in such embodiments.

[0068] Ar in the foregoing embodiments can be substituted. In some embodiments, Ar is substituted
with one group selected from halo, amino, alkyl, and hydroxyl, in addition to A.

[0069] In some embodiments of the foregoing compounds, A is selected from the group consisting of
CHQ, -O-Z, -NRZ, SO.Z, SO,NRZ, NRSO,Z, NR-C(O)Z, NRC(0)-OZ, NRC(0)-NRZ, NRC(0)-OZ,
OC(O)NRZ, -C(=0)OZ and -C(=0O)NRZ, where g, R and Z are defined as further described herein. In
some embodiments of the foregoing compounds, A is -NR-C(O)Z or -C(=0)NRZ, wherein R is H or Me.
In other embodiments wherein R and Z of the group A are linked together to form an optionally
substituted ring, such as an optionally substituted pyrrolidine, piperidine, piperazine, homopiperazine,
morpholine, or thiomorpholine. In some such embodiments wherein A is -NR-C(O)Z or -C(=O)NRZ. In
still other embodiments, A is -NRZ. or —OZ.

[0070] In some embodiments of the compounds described above, 7. is a group of the formula -
(CH»).Z’, whereinris 0, 1, 2, 3, or 4, and 7 is —NR'R? or a 5-6 membered heteroaryl or heterocyclic ring
containing at least one N as a ring member, and optionally substituted. In some embodiments, 7’ is 1-
pyrrolidinyl, 2-pyridinyl, 3-pyridinyl, 4-pyridinyl, 2-pyrazinyl, 1-imidazolyl, 2-imidazolyl, 4-imidazolyl,
3-piperidinyl, 1-piperidinyl, 4-morpholinyl, 2-thiazolinyl, and 2-thiazolidinyl.

[0071] In some embodiments, the compound of formula (I) is a compound of formula (IT):
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wherein A, RY, R%, X!, X%, X°, m, n, and p are as defined above for compounds of formula (I),
and each of 7%, 7°, 7%, 7’ and 7% is independently C or N, provided not more than two of 72,730,787
and Z° are N, and wherein each C is CH or CX? or is the point of attachment for A,
or a pharmaceutically acceptable salt or labeled form thereof.

[0072] In some embodiments, the compound of formula (I') is a compound of formula (II"):

1 (1)

wherein A, RY, R%, X!, X%, X°, m, n, and p are as defined above for compounds of formula
(r),
and each of 72, 73, 7*, 7° and 7° is independently C or N, provided not more than two of 727,787

and Z° are N, and wherein each C is CH or CX” or is the point of attachment for A.
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[0073] In some embodiments of formula (II) and (II’), 72 is C-A.

[0074] In some embodiments of formula (II) and (II’), 7%4s N and Z° is N. A in such embodiments
can be attached at 7.

[0075] In some embodiments of formula (IT) and (II'), A is —C(=0)-NRZ or -NRC(0O)Z, wherein R
is H or Me; or A is -NRZ or —-OZ. In some such embodiments wherein A is -NR-C(O)Z or -C(=0O)NRZ,
R and 7 of the group A are linked together to form an optionally substituted ring, such as an optionally
substituted pyrrolidine, piperidine, piperazine, homopiperazine, morpholine, or thiomorpholine.

[0076] In compounds of formula (II) and (II’), sometimes m is 1; and when m is 1, in some
embodiments X' is halo.

[0077] In some embodiments of the compounds of formula (II) and (IT), 7+ and 77 are both C.

[0078] In some embodiments of the compounds of formula (II) and (IT), 7% is C-A. Tn these
embodiments, sometimes 7. is N.

[0079] In some embodiments of the compounds of formula (II) and (II’) described above, 7% and 7°
are both CH.

[0080] In some embodiments of the compounds of formula (I) and (II’) described above, p is 0.

[0081] In some embodiments of the compounds of formula (I) and (II’) described above, n is 0.

[0082] In another aspect, the invention provides a compound of the formula (III):

A
4
%5
25
(X®)~—L_

N

<78

R' (IIT)

wherein X'is Clor F, and mis O or 1;

R? is selected from H, D, alkyl, and substituted alkyl;
X? is halo, NH,, OH, or CH,OH, and nis O or 1;

X3 is Me, andpisQor1;

one of 7Z° and Z* is CH and the other of 7> and Z* is CA;
7’ is Nor CH, or Z° can be CX if n is 1;
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R'is H or -C(O)R;
A is COOH, OH, CH,0OH, NH,, CONH,, -SO,NH,, -NHSO,CF;, tetrazole, or a group of the formula —I-
Az, wherein L is a linker selected from the group consisting of -NR-, -C(O)-, -O-, -NRC(O)-,
-C(O)NR-, -NRSO:;-, -SO,NR-, -NRC(O)-(CH,),, and —C(O)NR-(CH,),-, where each r is independently 1-3;
each R is independently H, alkyl or substituted alkyl; and
Az represents a 5-7-membered nitrogen-containing heterocyclic or heteroaryl group;
or a pharmaceutically acceptable salt or labeled form thereof.

[0083] In another aspect, the invention provides a compound of the formula (IIT"):

A

zZ4
77 % 7

(X?)—_

N

(1)

wherein X'is Clor F, and mis O or 1;

R? is selected from H, alkyl, and substituted alkyl;

X? is halo, NH,, OH, or CH,OH, and nis O or 1;

X3 is Me, andpisQor1;

one of 7Z° and Z* is CH and the other of 7> and Z* is CA;

7’ is Nor CH, or Z° can be CX if n is 1;

R'is H or -C(O)R;

and A is COOH, OH, CH,OH, NH,, CONH,, -SO,NH,, -NHSO,CF, tetrazole, or a group of the
formula —L-Az, wherein L is a linker selected from the group consisting of -NR-, -C(O)-, -O-, -NRC(O)-,
-C(O)NR-, -NRC(O)-(CH>),, and —C(O)NR-(CH,),-, where each r is independently 1-3;

each R is independently H, alkyl or substituted alkyl; and

Az represents a 5-7-membered nitrogen-containing heterocyclic or heteroaryl group.

[0084] In some embodiments of the compounds of formula (II) and (III’) described above, m is 0.

In other embodiments, mis 1.

[0085] In some embodiments of the compounds of formula (III) and (III’) described above, p is 0.
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[0086] In some embodiments of the compounds of formula (III) and (III’) described above, 7’ is CA.
In other embodiments of the compounds of formula (IIT) and (III") described above, 7' is CA.

[0087] In some embodiments of the compounds of formula (IIT) and (III’) described above, n is 1
and 77 is CX. In other embodiments of the compounds of formula (III) and (IIT"), 7’ is N. In other
embodiments of the compounds of formula (IIT) and (IIT"), 7% is CH.

[0088] In preferred embodiments of formula (IIT) and (IIT"), R'is H.

[0089] In some embodiments of formula (III), R?is H. In some embodiments, R” is selected from H,
D and Me. In some embodiments, R” is selected from H, D, Me, Et, cyclopropyl, isopropyl and CH,OH.

[0090] In some embodiments of formula (IIT*), R?is H. In some embodiments, R” is selected from H
and Me. In some embodiments, R” is selected from H, Me, Et, cyclopropyl, isopropyl and CH,OH.

[0091] In some embodiments of the compounds of formula (III) and (III’) described above, A is a
group —L-Az. In some embodiments of formula (III), L. is a linker selected from the group consisting of -
NR-, -C(O)-, -O-, -NRC(O)-, -C(O)NR-, -NRSO;-, -SO,NR-, -NRC(O)-(CH,),, and  —C(O)NR-(CH,),-.
In some embodiments of formula (IIT) and (IIT*), L. is a linker selected from the group consisting of —-NR-,
-NRC(O)-, and -C(O)NR-. In other such embodiments of formula (IIT) and (IIT"), L is selected from -
NRC(O)-(CH,),, and -C(O)NR-(CH,),-, where each r is independently 1-3.

[0092] In specific embodiments, the compounds of Formula (IIT) have the formula (IIla):

(Ia)
wherein mis 0 or 1, and X' is Clor F;
X2 is selected from H, C1, OH, OMe, NH,, NHMe, Me, and F;
R?is H, D or Me ; and
R is H, Me, Et, or isopropyl ;
or a pharmaceutically acceptable salt or labeled form thereof.

[0093] In specific embodiments, the compounds of Formula (IIT") have the formula (ITa’):
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wherein mis 0 or 1, and X' is Clor F;

X2 is selected from H, C1, OH, OMe, NH,, NHMe, Me, and F;

R?is H or Me ; and

R is H, Me, Et, or isopropyl ;

or a pharmaceutically acceptable salt thereof.

[0094] 1In formula ITla and IITa’, the acyl group attached to the phenyl ring bearing X* can be at any
position on the phenyl ring ; preferably it is not ortho to the phenyl-furan linking bond. In specific
embodiments, the acyl group is attached at the position para to (i.e., farthest from) X>. In specific
embodiments, the acyl group is attached at the position para to (i.e., farthest from) the bond linking the
phenyl ring to the furan in Formula ITIa and IITa’. In the compounds of Formula IITa and IIla’, X* can
sometimes be H, F or Cl. In some embodiments, R is Me or H, and Me is sometimes preferred. In many
embodiments of these compounds, R?is H. In some embodiments of formula [[la, R?is D. In
compounds of formula [I1a and IIIa’, m can be 0, in which case X' is absent ; or m can be 1, in which case
X"is For Cl. Preferably, mis 1.

[0095] In another aspect, the invention provides a compound of the formula (IV):
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(IV)
wherein:

R! is selected from H, alkyl, substituted alkyl, -SO,NR,, and —C(=O)R;

R? is selected from H, D, alkyl, and substituted alkyl;

R’ is selected from H, D, F, OH, alkyl, and substituted alkyl;

Y'is O or S;

Y?is O, S or NRY;

each X', X2, and X° is independently selected from halo, CN, CF;, NO,, alkyl, substituted alkyl, OR,
and NR,, COR, CONR, SOR, NSO,R, NRCONR, and NRC(O)OR;

m, n and p each independently represent 0, 1 or 2;

W', W? and W” are each independently C or N, wherein each C is substituted with H or X3 or Ar,
provided that either W* or W* is the point of attachment for Ar;

Aris a 5-10 membered aromatic or heteroaromatic group that is optionally substituted with (X),;

A is selected from the group consisting of CH,Q, -O-Z, -NRZ, SOZ, SONRZ, NRSO.Z, NR-C(O)Z,
NRC(0)-0Z, NRC(O)-NRZ, NRC(0)-OZ, OC(O)NRZ, -C(=0)OZ and -C(=O)NRZ,

where Z is H, alkyl, substituted alkyl, heterocyclyl, substituted heterocyclyl, aryl, or
substituted aryl,
and Q is OZ or NRZ;

R is independently selected at each occurrence from the group consisting of H, alkyl or substituted
alkyl, and two R on NR; can cyclize to form a 5-7 membered ring that can be substituted and may
optionally contain one additional heteroatom selected from N, O and S as a ring member,

and R and Z, when both present on A or Q, can optionally cyclize to form a 5-7 membered ring that
can be substituted and can include an additional O, N or S as a ring member; and

each q is independently 0, 1 or 2;

or a pharmaceutically acceptable salt or labeleled form thereof.

[0096] In another aspect, the invention provides a compound of the formula (IV’):
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(Iv*)
wherein:

R! is selected from H, alkyl, substituted alkyl, -SO,NR,, and —C(=O)R;

R? is selected from H, alkyl, and substituted alkyl;

R’ is selected from H, F, OH, alkyl, and substituted alkyl;

Y'is O or S;

Y?is O, S or NRY;

each X', X2, and X° is independently selected from halo, CN, CF;, NO,, alkyl, substituted alkyl, OR,
and NR,, COR, CONR, SOR, NSO,R, NRCONR, and NRC(O)OR;

m, n and p each independently represent 0, 1 or 2;

W', W? and W” are each independently C or N, wherein each C is substituted with H or X3 or Ar,
provided that either W* or W* is the point of attachment for Ar;

Aris a 5-10 membered aromatic or heteroaromatic group that is optionally substituted with (X),;

A is selected from the group consisting of CH,Q, -O-Z, -NRZ, SOZ, NRSO,Z, NR-C(O)Z, NRC(O)-
0Z, NRC(0O)-NRZ, NRC(0)-0Z, OC(O)NRZ, -C(=0)OZ and —-C(=O)NRZ,

where 7 is H, alkyl, substituted alkyl, heterocyclyl, substituted heterocyclyl, aryl, or
substituted aryl,
and Q is OZ or NRZ;

R is independently selected at each occurrence from the group consisting of H, alkyl or substituted
alkyl, and two R on NR; can cyclize to form a 5-7 membered ring that can be substituted and may
optionally contain one additional heteroatom selected from N, O and S as a ring member,

and R and Z, when both present on A or Q, can optionally cyclize to form a 5-7 membered ring that
can be substituted and can include an additional O, N or S as a ring member; and

each q is independently 0, 1 or 2;

or a pharmaceutically acceptable salt thereof.

[0097] In some embodiments of compounds of formula (IV) and (IV’), Y'is O. In some
embodiments, R' is H, Me or —C(=0O)R. In preferred embodiments, R'is H.

[0098] In some embodiments, Y*is O. In other embodiments, Y*is S. In still other embodiments,

Y?is NR.
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[0099] In some embodiments of formula (IV), R?is H, D, Me, Et, cyclopropyl, isopropyl, or
CH,OH. In certain preferred embodiments, R?is H. In other preferred embodiments, R*isD.

[0100] In some embodiments of formula (IV?"), R?is H, Me, Et, cyclopropyl, isopropyl, or CH,OH.
In preferred embodiments, R is H.

[0101] In compounds of formula (IV), R’ is selected from H, D, F, OH, alkyl, and substituted alkyl.
In some embodiments of R® is H. In other embodiments, R® is D. In other embodiments, R’ is F or OH.
In further embodiments, R” is alkyl or substituted alkyl; sometimes R’ is methyl. In certain embodiments
of formula (IV), each of R? and R’ is H. In other embodiments, each of R* and R* is D.

[0102] In compounds of formula (IV’), R’ is selected from H, F, OH, alkyl, and substituted alkyl. In
some embodiments of R* is H. In other embodiments, R* is F or OH. In further embodiments, R is alkyl
or substituted alkyl; sometimes R’ is methyl.

[0103] In some embodiments of the foregoing compounds of formula (IV) and (IV’), W' and W? are
each independently CH or CMe. In preferred embodiments, both W' and W* are CH.

[0104] In some of the foregoing embodiments, m is 1. When m is 1, in some embodiments X' is
halo.

[0105] In formula (IV) and (IV’), W', W? and W’ are each independently C or N, wherein each C is
substituted with H or X° or Ar, provided that either W* or W” is C and is the point of attachment for Ar.
Since Ar is attached to one position of this ring, no more than two of W', W? and W’ can be N, and
preferably at most one of W', W? and W* is N and the other two are both carbon. In some preferred
embodiments, W', W? and W* are each carbon.

[0106] In some embodiments, W' is C, and one of W* and W* is N.

[0107] In the foregoing compounds, sometimes W is the point of attachment for Ar. In other
embodiments of these compounds, W is the point of attachment for Ar. Preferably, W’ is C and is the
point of attachment for Ar.

[0108] In some embodiments of the foregoing compounds, Ar is phenyl or pyridyl or pyrazinyl, each
of which can be substituted. In some embodiments, Ar is 3—pyridyl; or Ar is phenyl; or Ar is 2-pyrazinyl.

[0109] In some embodiments of the foregoing compounds, A comprises an amide linkage. In some
embodiments of the foregoing compounds, Ar is preferably phenyl or 3-pyridyl. Preferably, A is attached
to Ar at a position that is meta or para relative to the point where Ar attaches to W* or W*, i.e., A and W*
(or W?) are not attached at adjacent atoms of the ring Ar in such embodiments.

[0110] Ar in the foregoing embodiments can be substituted. In some embodiments, Ar is substituted
with one group selected from halo, amino, alkyl, and hydroxyl, in addition to A.

[0111] In compounds of formula (IV), A is selected from the group consisting of CH,Q, -O-Z, -
NRZ, SO.Z, SO,NRZ, NRSO.Z, NR-C(O)Z, NRC(0)-OZ, NRC(0)-NRZ, NRC(0)-OZ, OC(O)NRZ, -
C(=0)OZ and —C(=0)NRZ. In some embodiments of the foregoing compounds, A is -NR-C(O)Z or
-C(=0)NRZ, wherein R is H or Me. In other embodiments wherein A is -NR-C(O)Z or -C(=0O)NRZ, R

and Z of the group A are linked together to form an optionally substituted ring, such as an optionally
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substituted pyrrolidine, piperidine, piperazine, homopiperazine, morpholine, or thiomorpholine.
In still other embodiments, A is -NRZ or —OZ.

[0112] In some embodiments of the compounds described above, Z. is a group of the formula
-(CH,).Z’, whereinris 0, 1,2, 3, or 4, and 7’ is —~NR'R? or a 5-6 membered heteroaryl or heterocyclic
ring containing at least one N as a ring member, and optionally substituted. In some embodiments, 7’ is
1-pyrrolidinyl, 2-pyridinyl, 3-pyridinyl, 4-pyridinyl, 2-pyrazinyl, 1-imidazolyl, 2-imidazolyl, 4-
imidazolyl, 3-piperidinyl, 1-piperidinyl, 4-morpholinyl, 2-thiazolinyl, and 2-thiazolidinyl.

[0113] In selected embodiments, the invention provides a compound selected from the compounds in
Table 1. In further embodiments, the invention provides a compound selected from the compounds in any
one of the tables provided herein.

[0114] In another aspect, the invention provides a method to treat a condition associated with
excessive activity of a PIM kinase or Flt3. These conditions include cancer; thus in certain embodiments,
the invention provides a method to treat cancer, comprising administering to a subject in need of
treatment for cancer an effective amount of a compound as described above, of Formula (I), (I"), (ID),
(Il), (L), (IIT"), (IV) and/or (IV’). In certain embodiments, the cancer is selected from the group
consisting of colon cancer, pancreatic cancer, prostate cancer, and leukemia. In specific embodiments,
the cancer is acute myelogenous leukemia. Optionally, the leukemia may be refractory AML or AML
associated with a mutated FIt3.

[0115] In another aspect, the invention provides a method to manufacture a medicament, wherein the
medicament comprises a compound of one of the formulae as described above.

[0116] In another aspect, the invention provides a pharmaceutical composition comprising at least
one compound from among the compounds described above, admixed with at least one pharmaceutically
acceptable excipient. Preferably, the excipient(s) include at least one excipient other than water, ethanol
or DMSO.

[0117] In yet another aspect, the invention provides a method to treat inflammation or pain,
comprising administering to a subject in need of such treatment an effective amount of a compound
described above. For example, methods are provided for treating pain in a subject, which comprise
administering a compound described herein to a subject in need thereof in an amount effective to treat the
pain. Provided also are methods of treating inflammation in a subject, which comprise administering a
compound described herein to a subject in need thereof in an amount effective to treat the inflammation.
The subject may be a research animal (e.g., rodent, dog, cat, monkey), for example, or may be a human.
Conditions associated with inflammation and pain include without limitation acid reflux, heartburn, acne,
allergies and allergen sensitivities, Alzheimer’s disease, asthma, atherosclerosis, bronchitis, carditis,
celiac disease, chronic pain, Crohn’s disease, cirrhosis, colitis, dementia, dermatitis, diabetes, dry eyes,
edema, emphysema, eczema, fibromyalgia, gastroenteritis, gingivitis, heart disease, hepatitis, high blood
pressure, insulin resistance, interstitial cystitis, joint pain/arthritis/rheumatoid arthritis, metabolic
syndrome (syndrome X), myositis, nephritis, obesity, osteopenia, glomerulonephritis (GN), juvenile

cystic kidney disease, and type I nephronophthisis (NPHP), osteoporosis, Parkinson’s disease, Guam-
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Parkinson dementia, supranuclear palsy, Kuf’s disease, and Pick’s disease, as well as memory
impairment, brain ischemia, and schizophrenia, periodontal disease, polyarteritis, polychondritis,
psoriasis, scleroderma, sinusitis, Sjogren’s syndrome, spastic colon, systemic candidiasis, tendonitis,
urinary track infections, vaginitis, inflammatory cancer (e.g., inflammatory breast cancer) and the like.

[0118] Methods for determining and monitoring effects of compounds herein on pain or
inflammation are known. For example, formalin-stimulated pain behaviors in research animals can be
monitored after administration of a compound described herein to assess treatment of pain (e.g., Li ef al.,
Pain 115(1-2): 182-90 (2005)). Also, modulation of pro-inflammatory molecules (e.g., IL.-8, GRO-alpha,
MCP-1, TNFalpha and iNOS) can be monitored after administration of a compound described herein to
assess treatment of inflammation (e.g., Parhar ef al., Int J Colorectal Dis. 22(6): 601-9 (2006)), for
example. Thus, also provided are methods for determining whether a compound herein reduces
inflammation or pain, which comprise contacting a system with a compound described herein in an
amount effective for modulating (e.g., inhibiting) the activity of a pain signal or inflammation signal.

[0119] Provided also are methods for identifying a compound that reduces inflammation or pain,
which comprise: contacting a system with a compound of Formula I; and detecting a pain signal or
inflammation signal, whereby a compound that modulates the pain signal relative to a control molecule is
identified as a compound that reduces inflammation of pain. Non-limiting examples of pain signals are
formalin-stimulated pain behaviors and examples of inflammation signals include without limitation a
level of a pro-inflammatory molecule. The invention thus in part pertains to methods for modulating
angiogenesis in a subject, and methods for treating a condition associated with aberrant angiogenesis in a
subject. proliferative diabetic retinopathy.

[0120] Also provided are methods for treating a condition associated with an aberrant immune
response in a subject, which comprise administering a compound described herein to a subject in need
thereof in an amount effective to treat the condition. Conditions characterized by an aberrant immune
response include without limitation, organ transplant rejection, asthma, autoimmune disorders, including
rheumatoid arthritis, multiple sclerosis, myasthenia gravis, systemic lupus erythematosus, scleroderma,
polymyositis, mixed connective tissue disease (MCTD), Crohn's disease, and ulcerative colitis. In certain
embodiments, an immune response may be modulated by administering a compound herein in
combination with a molecule that modulates (e.g., inhibits) the biological activity of an mTOR pathway
member or member of a related pathway (e.g., mTOR, PI3 kinase, AKT). In certain embodiments the
molecule that modulates the biological activity of an mTOR pathway member or member of a related
pathway is rapamycin. In certain embodiments, provided herein is a composition comprising a compound
described herein in combination with a molecule that modulates the biological activity of an mTOR
pathway member or member of a related pathway, such as rapamycin, for example.

[0121] The compounds are inhibitors of at least one PIM kinase, and frequently they are selective
inhibitors that inhibit one or more of PIM-1, PIM-2 and PIM-3, while exerting less inhibition of other
kinases. Other kinases for this purpose include AST1, MST1, Abl, CDK2, EGFR, PDGFRa, MAPK,
CKlg, PKD2, GSK3b, PKCa, JAK2, CK2, CDK1, c-RAF, mTOR, PDK1, and PAK2. In some
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embodiments, compounds of the invention are at least 3 times more active as measured by ICs, against
one or more of the PIM kinases than against any of the other kinases of interest.

[0122] The compounds of the formulae described herein may exist as tautomers of the depicted
structure, and may exist as a single isomer about the carbon-carbon double bond or as a mixture of
isomers. In some embodiments, the compounds may include one or more stereocenters, and thus may
exist as enantiomers or diasterecomers. They may also exist as rotamers (rotational isomers) wherein
rotation about a bond such as an aryl-aryl bond is sufficiently hindered for two rotational isomers to be
separable and relatively stable at room temperature. The invention includes each tautomer, isomer,
enantiomer, diastereomer and rotational 1somer, and mixtures thereof. In some embodiments, the
compound of formula (I) is preferably in the E configuration with respect to the C-C double bond,
meaning the ring containing W'-W” is on the opposite side of the double bond (i.e, in a trans
configuration) relative to the C=Y" carbon atom of the oxindole ring.

[0123] The compounds of the invention may have ionizable groups so as to be capable of preparation
as pharmaceutically acceptable salts. These salts may be acid addition salts involving inorganic or
organic acids, or the salts may, in the case of acidic forms of the compounds of the invention be prepared
from inorganic or organic bases. Suitable pharmaceutically acceptable acids and bases are well-known in
the art. Exemplary but not exclusive examples of suitable acids for forming pharmaceutically acceptable
salts includes hydrochloric, sulphuric, hydrobromic, methanesulfonic, toluenesulfonic, phosphoric, lactic,
succinic, benzoic, citric, acetic, or tartaric acids. Exemplary bases for forming pharmaceutically
acceptable base addition salts include potassium hydroxide, sodium hydroxide, ammonium hydroxide,
caffeine, various amines, and the like; other counterions such as magnesium, zinc, calcium, and iron may
also be used. Methods for preparation of the appropriate salts are well-established in the art.

[0124] Compounds according to the present invention may optionally be in labeled form. Labeled
forms of the compounds described herein include compounds that have been modified to be detectable by
some analytic technique. Representative labeled forms of the compounds described herein include
isotopically-labeled compounds which are otherwise identical to those defined in the general formulae
provided herein, but for the fact that one or more atoms are replaced by an atom having an atomic mass or
mass number different from the atomic mass or mass number found usually in nature. Examples of
isotopes that can be incorporated into compounds of the invention include isotopes of hydrogen, carbon,
nitrogen, oxygen, phosphorus, sulfur, fluorine, chlorine, iodine, bromine and technetium, exemplified by
’H, °H, 1C, BC, “C, BN, PN, 10, BF, PTc, *'P, S, 1 and '*[, and the like. Such labeled compounds
can be prepared using methods known to those of skill in the art. Compounds of present invention and
pharmaceutically acceptable salts and prodrugs of said compounds that contain the aforementioned
isotopes and/or other isotopes of other atoms are within the scope of this invention. Other suitable labels
include radioactive labels, fluorescent labels, paramagnetic labels, heavy elements or rare earth ions.

[0125] The present invention also provides prodrugs of the compounds of this invention. Prodrugs

refer to compounds that are readily convertible in vivo into a compound of formula (I). Conventional
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procedures for the selection and preparation of suitable prodrug derivatives are described, for example, in
"Design of Prodrugs”, ed. H. Bundgaard, Elsevier, 1985.

[0126] In another aspect, the invention provides a method of inhibiting the in vivo activity of PIM-1,
PIM-2, and/or PIM-3, the method comprising administering to a subject in need of such treatment a
therapeutically effective amount of a compound or salt of formula (I) or (I'), or a pharmaceutical
composition thereof.

[0127] The compounds of the invention have been shown to inhibit PIM kinases as demonstrated in
the examples provided herein. Representative compounds of the formulae provided herein have been
tested for their efficacy against PIM kinases and against other kinases, and have been shown to be
effective inhibitors of at least one of PIM-1, PIM-2, and PIM-3; and in many cases, they are also selective
with respect to other kinases.

[0128] Figure 1 provides results of testing one compound of formula (III) against a panel of over 100
kinases. When tested at a single concentration (0.5 micromolar) that inhibited three PIM kinases by more
than 85%, most other kinases in the panel were inhibited by less than 50%, and a group of other kinases
that include ASK1, MST1, Abl, CDK2, EGFR, PDGFRa, MAPK, CKl1g, PKD2, GSK3b, PKCa, JAK2,
CK2, CDKI, c-RAF, mTOR, PDKI1, and PAK2, were inhibited by 10% or less. ASK1 and MST1 were
not inhibited measurably by this concentration of a compound of formula (II), which is particularly
significant since inhibition of these kinases can cause unanticipated side effects. O. Fedorov, et al., PNAS
104(51), 20523-28 (Dec. 2007). Accordingly, in one aspect the invention provides an inhibitor of PIM
kinases that is selective for PIM over these other kinases. Compounds of formula (II) may be more
active on PIM-1 than other PIM kinases, as illustrated in Figure 1; thus the invention also provides
compounds that are selective for PIM-1 kinase over PIM-2 or PIM-3.

[0129] In addition to their demonstrated activity on PIM kinases, the compounds of the invention
have been shown to inhibit growth or cause death of cancer cells in cell cultures. Representative
compounds of the formulae provided herein have been shown to be effective inhibitors of cell growth in
HCT116 (colon cancer), K-562 (chronic myelogenous leukemia), MV-4-11 (acute myelogenous
leukemia), MiaPaca (pancreatic cancer), PC3 (prostate cancer), and THP-1 (acute myelogenous leukemia)
cell cultures. Accordingly, these compounds are shown to be useful for treatment of cancers. Without
being bound by theory, it is believed that this anticancer activity correlates with and results from
inhibition of PIM kinases by the compounds of the formulae provided herein.

[0130] Accordingly, in yet another aspect, the invention provides a method of treating diseases or
disorders associated with uncontrolled, abnormal, and/or unwanted cellular activities effected directly or
indirectly by PIM-1, PIM-2, and/or PIM-3, the method comprising administering to a mammal in need of
such treatment a therapeutically effective amount of a compound or salt of any of the formulae provided
herein, or a pharmaceutical composition thereof.

[0131] In addition to their activity on PIM kinases, the compounds described herein may also be
active as inhibitors of Flt3. Inhibitors of Flt3 have shown clinical efficacy for treating refractory AML.

Accordingly, in another aspect, the invention also provides compounds and compositions for treating
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disorders associated with excessive or undesired levels of Flt3 activity. In particular embodiments, these
compounds are useful to treat patients with relapsed or refractory AML, as demonstrated by Smith, et al.
Smith, et al. demonstrated that mutated Flt3 is associated with many refractory AML conditions, and that
inhibitors of Flt3 were effective to treat such conditions. In some embodiments, the invention thus
includes a further step of identifying a suitable patient for treatment by determining whether the patient
(subject) has excessive activity of Flt3 kinase, or if the cancer involved includes a mutated Flt3 kinase
that is activated more than normal.

[0132] In another aspect, the invention provides a method of inhibiting proliferative activity of cells
when such activity is undesired or excessive, the method comprising administering to a cell or a plurality
of cells an effective amount of a compound or salt of one of the formulae provided herein, or a
pharmaceutical composition thereof.

[0133] In still another aspect, the invention provides a method of treating cancer, comprising
administering a therapeutically etfective amount of a compound of any of the formulae provided herein,
or a pharmaceutically acceptable salt or a pharmaceutical composition comprising a compound or salt of
one of these formulae to a patient in need of such treatment.

[0134] A further aspect of the invention is a method of treating malignancies such as ovarian cancer,
cervical cancer, breast cancer, colorectal cancer, and glioblastomas, among others, in a patient in need of
such treatment, by administering a compound or salt of formula 1, or a pharmaceutical composition
thereof. In some embodiments, the malignancy is selected from colon cancer, pancreatic cancer, prostate
cancer, and leukemia, such as acute myelogeneous leukemia (AML) and/or chronic myelogenous
leukemia (CML). In one embodiment, the invention provides a method to treat refractory AML.

[0135] Compounds and compositions of the invention may be used alone or in combination with
anticancer or other agents, such as palliative agents, that are generally administered to a patient being
treated for cancer, as further described herein.

[0136] In another aspect, the invention provides a method to treat inflammation, which method
comprises administering to a subject in need of such treatment an effective amount of a compound of one
of the formulae provided herein, or a pharmaceutically acceptable salt or pharmaceutical composition
thereof, as described herein.

[0137] In yet another aspect, the invention provides a method to inhibit a PIM kinase in vitro. This
method may be used for screening of compounds or antibodies to assess their binding to a PIM kinase,
i.e., as a standard for an assay or as a binding agent in a displacement assay, or it can be used to verify the
functioning of an in vitro assay method, or it can be used to reduce or prevent activity of PIM kinase in a
cell-free in vitro mixture that is used to assess a pathway for overall activity, when the pathway includes
or depends upon the activity of a PIM kinase.

[0138] In another aspect, the invention provides compounds that are inhibitors of Flt3. These
compounds and pharmaceutical compositions containing such compounds, are useful to treat conditions
associated with excessive or undesired activity of Flt3, including inflammation. Thus the invention also

provides a method to treat inflammation, which method comprises administering to a subject in need of
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such treatment an effective amount of a compound of any of the formulae provided herein. The condition
can be an airway inflammation disorder; in one embodiment, the condition is asthma.

[0139] "Subject” for the purposes of the present invention includes humans and other animals,
particularly mammals. Thus the methods are applicable to both human therapy and veterinary
applications. In certain embodiments the subject is a mammal, and in a preferred embodiment the subject
is human.

[0140] Where the invention includes administering a compound of one of the formulae described
herein to a subject, it may also include the step of identifying a subject in need of such treatment.
Methods for identifying a subject in need of treatment for cancer are known in the art to those of ordinary
skill. In some of these embodiments, the subject is a human who has been diagnosed with at least one
form of cancer. In some embodiments the subject is a human who has previously been treated for cancer,
and in some embodiments the subject is a human who is undergoing current treatment for a cancer.

[0141] "Therapeutically effective amount" or “effective amount” as used herein is an amount of a
compound of the invention, that when administered to a subject, ameliorates at least one symptom of the
disease. It may, for example, slow or stop proliferation of cancerous cells, or induce cell death or
otherwise reduce the number of cancerous cells. The amount of a compound of the invention which
constitutes a "therapeutically etfective amount” will vary depending on the compound, the disease state
and its severity, the age and weight of the patient to be treated, and the like. The therapeutically effective
amount can be determined routinely by one of ordinary skill in the art having regard to their knowledge
and to this disclosure. Methods for determining a therapeutically effective amount include initiating
treatment with a known dose and adjusting the dose until a therapeutic effect is observable. The adjusting
step may be an increase or a decrease in dosage, and typically it is an increase in dosage from a relatively
low initial dose.

[0142] "Cancer" refers to cellular-proliferative disease states, including but not limited to: Cardiac:
sarcoma (angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma), myxoma, rhabdomyoma,
fibroma, lipoma and teratoma; L.ung: bronchogenic carcinoma (squamous cell, undifferentiated small cell,
undifferentiated large cell, adenocarcinoma), alveolar (bronchiolar) carcinoma, bronchial adenoma,
sarcoma, lymphoma, chondromatous hanlartoma, mesothelioma; Gastrointestinal: esophagus (squamous
cell carcinoma, adenocarcinoma, leiomyosarcoma, lymphoma), stomach (carcinoma, lymphoma,
leiomyosarcoma), pancreas (ductal adenocarcinoma, insulinoma, glucagonoma, gastrinoma, carcinoid
tumors, vipoma), small bowel (adenocarcinoma, lymphoma, carcinoid tumors, Karposi's sarcoma,
leiomyoma, hemangioma, lipoma, neurofibroma, fibroma), large bowel (adenocarcinoma, tubular
adenoma, villous adenoma, hamartoma, leiomyoma); Genitourinary tract: kidney (adenocarcinoma,
Wilm's tumor [nephroblastoma], lymphoma, leukemia), bladder and urethra (squamous cell carcinoma,
transitional cell carcinoma, adenocarcinoma), prostate (adenocarcinoma, sarcoma), testis (seminoma,
teratoma, embryonal carcinoma, teratocarcinoma, choriocarcinoma, sarcoma, interstitial cell carcinoma,
fibroma, fibroadenoma, adenomatoid tumors, lipoma); Liver: hepatoma (hepatocellular carcinoma),

cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatocellular adenoma, hemangioma; Bone:
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osteogenic sarcoma (osteosarcoma), fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma,
Ewing's sarcoma, malignant lymphoma (reticulum cell sarcoma), multiple myeloma, malignant giant cell
tumor chordoma, osteochronfroma (osteocartilaginous exostoses), benign chondroma, chondroblastoma,
chondromyxofibroma, osteoid osteoma and giant cell tumors; Nervous system: skull (osteoma,
hemangioma, granuloma, xanthoma, osteitis defornians), meninges (meningioma, meningiosarcoma,
gliomatosis), brain (astrocytoma, medulloblastoma, glioma, ependymoma, germinoma [pinealoma],
glioblastoma multiform, oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal
cord neurofibroma, meningioma, glioma, sarcoma); Gynecological: uterus (endometrial carcinoma),
cervix (cervical carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian carcinoma [serous
cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified carcinomal], granulosa-thecal cell
tumors, Sertolileydig cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell carcinoma,
intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell carcinoma,
squamous cell carcinoma, botryoid sarcoma (embryonal rhabdomyosarcoma], fallopian tubes
(carcinoma); Hematologic: blood (myeloid leukemia [acute and chronic], acute lymphoblastic leukemia,
chronic lymphocytic leukemia, myeloproliferative diseases, multiple myeloma, myelodysplastic
syndrome), Hodgkin's disease, non-Hodgkin's lymphoma [malignant lymphoma]; Skin: malignant
melanoma, basal cell carcinoma, squamous cell carcinoma, Karposi's sarcoma, moles dysplastic nevi,
lipoma, angioma, dermatofibroma, keloids, psoriasis; and Adrenal gland: neuroblastoma. Thus, the term
"cancerous cell” as provided herein, includes a cell afflicted by any one of the above- identitied
conditions.

[0143] The terms “treat” and “treating” as used herein refer to ameliorating, alleviating, lessening,
and removing symptoms of a disease or condition. A candidate molecule or compound described herein
may be in a therapeutically effective amount in a formulation or medicament, which is an amount that can
lead to a biological effect, such as apoptosis of certain cells (e.g., cancer cells), reduction of proliferation
of certain cells, or lead to ameliorating, alleviating, lessening, or removing symptoms of a disease or
condition, for example. The terms also can refer to reducing or stopping a cell proliferation rate (e.g.,
slowing or halting tumor growth) or reducing the number of proliferating cancer cells (e.g., removing part
or all of a tumor).

[0144] "Treating" or "treatment” as used herein with respect to cancers or cell proliferative disorders
covers the treatment of a disease-state in a human, which disease-state is characterized by abnormal,
excessive and/or undesired cellular proliferation, and includes at least one of: (1) preventing the disease-
state from occurring in a human, in particular, when such human is predisposed to the disease-state but
has not yet been diagnosed as having it; (i1) inhibiting the disease-state, 1.e., arresting its development;
(111) inhibiting spread of the disease state to new loci, e.g., slowing or preventing metastasis of a tumor;
and (iv) relieving the disease-state, i.e., causing regression of the disease- state.

[0145] ‘Treating’ or ‘treatment’ with regard to inflammatory conditions includes prevention of

inflammation in a subject where inflammation is expected to occur, or reduction of the extent or duration
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of one or more of the symptoms of inflammation in a subject having symptoms of inflammation such as
redness, swelling, pain associated with these, or elevated temperature.

[0146] Asused herein, the term “apoptosis” refers to an intrinsic cell self-destruction or suicide
program. In response to a triggering stimulus, cells undergo a cascade of events including cell shrinkage,
blebbing of cell membranes and chromatic condensation and fragmentation. These events culminate in
cell conversion to clusters of membrane-bound particles (apoptotic bodies), which are thereafter engulfed
by macrophages.

[0147] As is known in the art, adjustments for systemic versus localized delivery, age, body weight,
general health, sex, diet, time of administration, drug interaction and the severity of the condition may be
necessary, and will be ascertainable with routine experimentation by one of ordinary skill in the art.

[0148] Representative compounds of the invention are shown in Table 1, which includes the mass of
a molecular ion detected in the LC-mass spectral analysis of the compound, its ICs, for inhibition of PIM-
1 kinase for compounds that achieved an ICs, at or below 2 micromolar; and the % inhibition of PIM-1
kinase at the high dose (2 micromolar) tested in a single screening assay. Tables 2-8 contain cell-based
activity data for representative compounds of the invention. As further described herein, these
compounds may also inhibit FIt3. Figure 1 further illustrates that such compounds are active as inhibitors

of other PIM kinases, and that they are selective for PIM kinases over an array of other kinases.

Table 1. Compounds of the invention and their activity against PIM-1 kinase.

PIM-1
Entry Structure M+l | S | nibition @
No. ®M) s MATP
1 32 | <2
2 346 31.60%
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WO 2@@hfe02930 44?2 2.91% 56 1111 O 428 PCT/US2009/049318
PIM-1
llg(r)ltry Structure M+1 (I?VSIO) Inhibition @
' H 15 UMATP
3 428 <1
4 430 <1
5 486 <1
6 472 32.30%
7 529 32.70%
8 561 11.50%
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12 480 35.20%
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PIM-1
1I\?(l)ltry Structure M+1 (I?VSIO) Inhibition @
. H 15 uMATP
20 389 46%
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[0149] The following tables (Table 2 and Table 3) provide cell based data for selected compounds.
All the data is reported in uM.
Table 2. Cell based Activity of Selected Compounds in puM.

Structure AB: K-562 AB: MiaPaCa AB: PC3 PIM1: IC50
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% 0.24 pM 0.559 pM 15.357 uM <0.1 pM
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[0150] The following is a table (Table 4) of compounds with cell based data and phospho Flt3 and

phospho BAD data. All the data is in uM.

Table 4. Cell-based Activity of Selected Compounds in puM.
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Structure Ca 31
0.367 2.087 1.188 1.94 0.289 5.295 0.444
0.288 0.067 0.314 | 0.233 0.376 > 10 1.864
5.129 2.437 0.992
0.472 0.349 0.101 0.259 > 10 1.414 3.027 3.774
1.367 0.35 > 10 0.549 > 10 2.129 1.351 3.862
> 10 0.608 > 30 0.132 > 10 3.501 > 30 > 30
1.61 0.288 > 30 0.081 > 10 0.609 > 30 2.903
HG
B\
G
O _ 0.777 0.178 0.106 9.063 1.764 0.816 0.785
O
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[0151] The following table (Table 5) contains additional cell-based screening data. All data is

reported in uM. Table 5.
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IC50 (uM)|IC50 (uM) IC50 (uM)| 500nM
4.34 2.326 1.889 1.306 > 10 -18.367 346
> 10 4.306 >10 >10 0.315 -22.653 428
2.404 2.488 1.653 0.099 0.12 -28.904 442
9.374 7.012 >10 0.077 2.141 -38.769 442
9.232 7.824 >10 >10 0.761 -10.861 430
> 10 > 10 >10 >10 1.072 -22.375 442
>10 >10 >10 >10 1.184 -17.401 428
> 10 > 10 >10 >10 0.998 -14.607 425
> 10 > 10 >10 >10 0.168 -4.22 422
> 10 4.65 6.999 3.12 1.012 6.108 446
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IC50 (uM}|I1C50 (uM) IC50 (uM)| 500nM
>10 5.233 >10 0.941 0.485 17.059 460
>10 5.161 >10 >10 0.93 2.87 446
>10 >10 >10 >10 1.379 12.701 443
>10 4.473 >10 1.649 0.627 9.422 460
>10 3.596 >10 2.438 0.271 11.525 448
>10 >10 >10 1.567 -19.133 440
>10 3.848 7.526 3.698 0.516 10.802 460
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[0152] The following table (Table 6) provides ICs, data for activity on PIM-2 for selected
compounds.

Table 6. PIM-2 Activity of selected compounds

PIM2:
Structure ICS50 (15 pm
ATP)
Hac\N
Q
o)
o// <1uM
. s
QI
N
N-CHs
S
/0 <1 MM
. rcH
Lo
N
-~CH,
/0 <1uM
cl 1
X >0
N
<1uM
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[0153] Examples of compounds of formula (I) were shown to be active inhibitors of Flt3. Table 7

provides exemplary compounds and their activity on FIt3.

Table 7. FIt3 activity of selected compounds.

FLT3_RB: IC50
(uM)

Structure

0.211

0.099

0.306

0.147
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Formulation and Methods of Administration

[0154] Administration of the compounds of the invention, or their pharmaceutically acceptable salts,
in pure form or in an appropriate pharmaceutical composition, can be carried out via any of the accepted
modes of administration of agents for serving similar utilities. Thus, administration can be, for example,
orally, nasally, parenterally (intravenous, intramuscular, or subcutaneous), topically, transdermally,
intravaginally, intravesically, intracistemally, or rectally, in the form of solid, semi-solid, gel, ointment,
lyophilized powder, or liquid dosage forms, such as for example, tablets, suppositories, pills, soft elastic
and hard gelatin capsules, powders, solutions, suspensions, or aerosols, or the like, preferably in unit
dosage forms suitable for simple administration of precise dosages. In some embodiments, the dosage
form is a solution that is suitable for administration by injection, such as intramuscular, subcutaneous, or
intravenous injection. Such dosage forms may be administered in a single bolus or by an infusion, or by
other methods known in the art such as using depot delivery.

[0155] In some embodiments, the compounds or compositions of the invention are administered
about once per week. In some embodiments, they are administered about once per day, or at least once
per day. In some embodiments, the compounds and compositions may suitably be administered in two or
more dosages per day. Selection of the timing and frequency of administration, and determining the
duration of treatment, is generally within the level of an ordinarily skilled practitioner.

[0156] The pharmaceutical compositions discussed herein include a conventional pharmaceutical
carrier or excipient and a compound of the invention as the/an active agent. Typically, the compositions
include at least one pharmaceutically acceptable carrier, and in some embodiments the carrier is an
excipient other than or in addition to water, DMSO and ethanol. In addition, they may include other
medicinal agents, pharmaceutical agents, carriers, adjuvants, buffers, etc. Adjuvants include preserving,
wetting, suspending, sweetening, flavoring, perfuming, emulsifying, and dispensing agents. Prevention of
the action of microorganisms can be ensured by various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include isotonic
agents, for example sugars, sodium chloride, and the like. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of agents delaying absorption, for example,
aluminum monostearate and gelatin.

[0157] If desired, a pharmaceutical composition of the invention may also contain minor amounts of

auxiliary substances such as wetting or emulsifying agents, pH buffering agents, antioxidants, and the
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like, such as, for example, citric acid, sorbitan monolaurate, triethanolamine oleate, butylated
hydroxytoluene, etc.

[0158] Compositions suitable for parenteral injection may comprise physiologically acceptable
sterile aqueous or non-aqueous solutions, dispersions, suspensions or emulsions, and sterile powders for
reconstitution into sterile injectable solutions or dispersions. Examples of suitable aqueous and non-
aqueous carriers, diluents, solvents or vehicles include water, ethanol, polyols (propyleneglycol,
polyethyleneglycol, glycerol, and the like), suitable mixtures thereof, vegetable oils (such as olive oil) and
injectable organic esters such as ethyl oleate.

[0159] One preferable route of administration is oral, using a convenient dosage regimen that can be
adjusted according to the degree of severity of the disease-state to be treated.

[0160] Solid dosage forms for oral administration include capsules, tablets, pills, powders, and
granules. In such solid dosage forms, the active compound is admixed with at least one inert customary
excipient (or carrier) such as sodium citrate or dicalcium phosphate or (a) fillers or extenders, as for
example, starches, lactose, sucrose, glucose, mannitol, and silicic acid, (b) binders, as for example,
cellulose derivatives, starch, alignates, gelatin, polyvinylpyrrolidone, sucrose, and gum acacia, (c)
humectants, as for example, glycerol, (d) disintegrating agents, as for example, agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, croscarmellose sodium, complex silicates, and sodium
carbonate, (e) solution retarders, as for example paraffin, (f) absorption accelerators, as for example,
quaternary ammonium compounds, (g) wetting agents, as for example, cetyl alcohol, and glycerol
monostearate, magnesium stearate and the like (h) adsorbents, as for example, kaolin and bentonite, and
(1) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodium lauryl sulfate, or mixtures thereof. In the case of capsules, tablets, and pills, the dosage forms may
also comprise buffering agents.

[0161] Solid dosage forms as described above can be prepared with coatings and shells, such as
enteric coatings and others well known in the art. They may contain pacifying agents, and can also be of
such composition that they release the active compound or compounds in a certain part of the intestinal
tract in a delayed manner. Examples of embedded compositions that can be used are polymeric substances
and waxes. The active compounds can also be in microencapsulated form, if appropriate, with one or
more of the above-mentioned excipients.

[0162] Liquid dosage forms for oral administration include pharmaceutically acceptable emulsions,
solutions, suspensions, syrups, and elixirs. Such dosage forms are prepared, for example, by dissolving,
dispersing, etc., a compound(s) of the invention, or a pharmaceutically acceptable salt thereof, and
optional pharmaceutical adjuvants in a carrier, such as, for example, water, saline, aqueous dextrose,
glycerol, ethanol and the like; solubilizing agents and emulsifiers, as for example, ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propyleneglycol, 1,3-
butyleneglycol, dimethylformamide; oils, in particular, cottonseed oil, groundnut oil, corn germ oil, olive
oil, castor oil and sesame oil, glycerol, tetrahydrofurfuryl alcohol, polyethyleneglycols and fatty acid

esters of sorbitan; or mixtures of these substances, and the like, to thereby form a solution or suspension.
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[0163] Suspensions, in addition to the active compounds, may contain suspending agents, as for
example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline
cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth, or mixtures of these substances,
and the like.

[0164] Compositions for rectal administrations are, for example, suppositories that can be prepared
by mixing the compounds of the present invention with for example suitable non-irritating excipients or
carriers such as cocoa butter, polyethyleneglycol or a suppository wax, which are solid at ordinary
temperatures but liquid at body temperature and therefore, melt while in a suitable body cavity and
release the active component therein.

[0165] Dosage forms for topical administration of a compound of this invention include ointments,
powders, sprays, and inhalants. The active component is admixed under sterile conditions with a
physiologically acceptable carrier and any preservatives, buffers, or propellants as may be required.
Ophthalmic formulations, eye ointments, powders, and solutions ate also contemplated as being within
the scope of this invention.

[0166] Generally, depending on the intended mode of administration, the pharmaceutically
acceptable compositions will contain about 1% to about 99% by weight of a compound(s) of the
invention, or a pharmaceutically acceptable salt thereof, and 99% to 1% by weight of a suitable
pharmaceutical excipient. In one example, the composition will be between about 5% and about 75% by
weight of a compound(s) of the invention, or a pharmaceutically acceptable salt thereof, with the rest
being suitable pharmaceutical excipients. In solid dosages, a compound of one of the formulae described
herein or a pharmaceutically acceptable salt thereof will sometimes comprise 10-90% of the solid dosage
form, or between about 20% and §0%. In liquid dosage forms, the compound or a pharmaceutically
acceptable salt thereof will often comprise from about 1% to about 10% of the weight of the liquid
dosage.

[0167] Actual methods of preparing such dosage forms are known, or will be apparent, to those
skilled in this art; for example, see Remington's Pharmaceutical Sciences, 18th Ed., (Mack Publishing
Company, Faston, Pa., 1990). The composition to be administered will, in any event, contain a
therapeutically effective amount of a compound of the invention, or a pharmaceutically acceptable salt
thereof, for treatment of a disease-state in accordance with the teachings of this invention.

[0168] The compounds of the invention, or their pharmaceutically acceptable salts, are administered
in a therapeutically effective amount which will vary depending upon a variety of factors including the
activity of the specific compound employed, the metabolic stability and length of action of the compound,
the age, body weight, general health, sex, diet, mode and time of administration, rate of excretion, drug
combination, the severity of the particular disease-states, and the host undergoing therapy. The
compounds of the present invention can be administered to a patient at dosage levels in the range of about
0.1 to about 1,000 mg per day. For a normal human adult having a body weight of about 70 kilograms, a
dosage in the range of about 0.01 to about 100 mg per kilogram of body weight per day is an example.

For administration to animal or human subjects, the appropriate dosage of a compound described above
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compound of the invention for an adult patient w111 be between 1 and 500 mg per dose, frequently
between 10 and 300 mg, and the dosage may be administered 1-4 times per day. Dosage levels are
dependent on the nature of the condition, drug efficacy, the condition of the patient, the judgment of the
practitioner, and the frequency and mode of administration; however, optimization of such parameters is
within the ordinary level of skill in the art.

[0169] The specific dosage used, however, can vary. For example, the dosage can depend on a
number of factors including the requirements of the patient, the severity of the condition being treated,
and the pharmacological activity of the compound being used. The determination of optimum dosages for

a particular patient is well known to one of ordinary skill in the art.

Therapeutic Combinations

[0170] Compounds and compositions of the invention may be used in combination with anticancer
or other agents, such as palliative agents, that are typically administered to a patient being treated for
cancer. Such "anticancer agents” include, e.g., classic chemotherapeutic agents, as well as molecular
targeted therapeutic agents, biologic therapy agents, and radiotherapeutic agents.

[0171] When a compound or composition of the invention is used in combination with an anticancer
agent to another agent, the present invention provides, for example, simultaneous, staggered, or
alternating treatment. Thus, the compound of the invention may be administered at the same time as an
anticancer agent, in the same pharmaceutical composition; the compound of the invention may be
administered at the same time as the anticancer agent, in separate pharmaceutical compositions; the
compound of the invention may be administered before the anticancer agent, or the anticancer agent may
be administered before the compound of the invention, for example, with a time difference of seconds,
minutes, hours, days, or weeks.

[0172] In examples of a staggered treatment, a course of therapy with the compound of the invention
may be administered, followed by a course of therapy with the anticancer agent, or the reverse order of
treatment may be used, and more than one series of treatments with each component may also be used. In
certain examples of the present invention, one component, for example, the compound of the invention or
the anticancer agent, is administered to a mammal while the other component, or its derivative products,
remains in the bloodstream of the mammal. For example, a compound for formulae (I)-(IV) may be
administered while the anticancer agent or its derivative products remains in the bloodstream, or the
anticancer agent may be administered while the compound of formulae (I)-(IV) or its derivatives remains
in the bloodstream. In other examples, the second component is administered after all, or most of the first
component, or its derivatives, have left the bloodstream of the mammal.

[0173] The compound of the invention and the anticancer agent may be administered in the same
dosage form, e.g., both administered as intravenous solutions, or they may be administered in different

dosage forms, e.g., one compound may be administered topically and the other orally. A person of
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the particular characteristics of the drugs and the cancer involved.

[0174] Anticancer agents useful in combination with the compounds of the present invention may
include agents selected from any of the classes known to those of ordinary skill in the art, including, but
not limited to, antimicrotubule agents such as diterpenoids and vinca alkaloids; platinum coordination
complexes; alkylating agents such as nitrogen mustards, oxazaphosphorines, alkylsulfonates,
nitrosoureas, and triazenes; antibiotic agents such as anthracyclins, actinomycins and bleomycins;
topoisomerase II inhibitors such as epipodophyllotoxins; antimetabolites such as purine and pyrimidine
analogues and anti-folate compounds; topoisomerase I inhibitors such as camptothecins; hormones and
hormonal analogues; signal transduction pathway inhibitors; nonreceptor tyrosine kinase angiogenesis
inhibitors; immunotherapeutic agents; pro-apoptotic agents; and cell cycle signaling inhibitors; other
agents.

[0175] Anti-microtubule or anti-mitotic agents are phase specific agents that are typically active
against the microtubules of tumor cells during M or the mitosis phase of the cell cycle. Examples of anti-
microtubule agents include, but are not limited to, diterpenoids and vinca alkaloids.

[0176] Diterpenoids, which are derived from natural sources, are phase specific anti -cancer agents
that are believed to operate at the G2/M phases of the cell cycle. It is believed that the diterpenoids
stabilize the p-tubulin subunit of the microtubules, by binding with this protein. Disassembly of the
protein appears then to be inhibited with mitosis being arrested and cell death following.

[0177] Examples of diterpenoids include, but are not limited to, taxanes such as paclitaxel,
docetaxel, larotaxel, ortataxel, and tesetaxel. Paclitaxel is a natural diterpene product isolated from the
Pacific yew tree Taxus brevifolia and is commercially available as an injectable solution TAXOL®.
Docetaxel is a semisynthetic derivative of paclitaxel g. v., prepared using a natural precursor, 10-deacetyl-
baccatin III, extracted from the needle of the European Yew tree. Docetaxel is commercially available as
an injectable solution as TAXOTERE®.

[0178] Vinca alkaloids are phase specific anti-neoplastic agents derived from the periwinkle plant.
Vinca alkaloids that are believed to act at the M phase (mitosis) of the cell cycle by binding specifically to
tubulin. Consequently, the bound tubulin molecule is unable to polymerize into microtubules. Mitosis is
believed to be arrested in metaphase with cell death following. Examples of vinca alkaloids include, but
are not limited to, vinblastine, vincristine, vindesine, and vinorelbine. Vinblastine, vincaleukoblastine
sulfate, is commercially available as VELBAN® as an injectable solution. Vincristine, vincaleukoblastine
22-oxo-sulfate, is commercially available as ONCOVIN® as an injectable solution. Vinorelbine, is
commercially available as an injectable solution of vinorelbine tartrate (NAVELBINE®), and is a
semisynthetic vinca alkaloid derivative.

[0179] Platinum coordination complexes are non-phase specific anti-cancer agents, which are
interactive with DNA. The platinum complexes are believed to enter tumor cells, undergo, aquation and
form intra- and interstrand crosslinks with DNA causing adverse biological effects to the tumor.

Platinum-based coordination complexes include, but are not limited to cisplatin, carboplatin, nedaplatin,
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oxaliplatin, satraplatin, and (SP-4-3)-(cis)-amminedichloro-[2-methylpyridine] platinum(II). Cisplatin,
cis-diamminedichloroplatinum, is commercially available as PLATINOL® as an injectable solution.
Carboplatin, platinum, diammine [1, 1-cyclobutane-dicarboxylate(2-)-0,0'], is commercially available as
PARAPLATIN® as an injectable solution.

[0180] Alkylating agents are generally non-phase specific agents and typically are strong
electrophiles. Typically, alkylating agents form covalent linkages, by alkylation, to DNA through
nucleophilic moieties of the DNA molecule such as phosphate, amino, sulthydryl, hydroxyl, carboxyl,
and imidazole groups. Such alkylation disrupts nucleic acid function leading to cell death. Examples of
alkylating agents include, but are not limited to, alkyl sulfonates such as busulfan; ethyleneimine and
methylmelamine derivatives such as altretamine and thiotepa; nitrogen mustards such as chlorambucil,
cyclophosphamide, estramustine, ifosfamide, mechlorethamine, melphalan, and uramustine; nitrosoureas
such as carmustine, lomustine, and streptozocin; triazenes and imidazotetrazines such as dacarbazine,
procarbazine, temozolamide, and temozolomide. Cyclophosphamide, 2-[bis(2-chloroethyl)-
amino Jtetrahydro-2H-1,3,2-oxazaphosphorine 2-oxide monohydrate, is commercially available as an
injectable solution or tablets as CY TOXAN®. Melphalan, 4-[bis(2-chloroethyl)amino]-L-phenylalanine,
is commercially available as an injectable solution or tablets as ALKERAN®. Chlorambucil, 4-[bis(2-
chloroethyl)amino|-benzenebutanoic acid, is commercially available as LEUKERAN® tablets. Busulfan,
1,4-butanediol dimethanesulfonate, is commercially available as MYLERAN® TABLETS. Carmustine,
1,3-[bis(2-chloroethyl)-1-nitrosourea, is commercially available as single vials of lyophilized material as
BiCNU®. , 5-(3,3-dimethyl-1-triazeno)-imidazole-4-carboxamide, is commercially available as single
vials of material as DTIC-Dome®.

[0181] Anti-tumor antibiotics are non-phase specific agents which are believed to bind or intercalate
with DNA. This may result in stable DNA complexes or strand breakage, which disrupts ordinary
function of the nucleic acids, leading to cell death. Examples of anti-tumor antibiotic agents include, but
are not limited to, anthracyclines such as daunorubicin (including liposomal daunorubicin), doxorubicin
(including liposomal doxorubicin), epirubicin, idarubicin, and valrubicin; streptomyces-related agents
such as bleomycin, actinomycin, mithramycin, mitomycin, porfiromycin; and mitoxantrone.
Dactinomycin, also know as Actinomycin D, is commercially available in injectable form as
COSMEGEN®. Daunorubicin, (8S-cis-)-8-acetyl-1 0-[(3-amino-2,3,6-trideoxy-a-L-
lyxohexopyranosyl)oxy]-7,8,9,1 O-tetrahydro-6,8, 11-trihydroxy-1-methoxy-5, 12-naphthacenedione
hydrochloride, is commercially available as a liposomal injectable form as DAUNOXOME® or as an
injectable as CERUBIDINE®. Doxorubicin, (8S, 10S)-10-[(3-amino-2,3,6-trideoxy-o.-L-
lyxohexopyranosyl)oxy]-8-glycoloyl, 7,8,9,1 O-tetrahydro-6,8, 11-trihydroxy-1-methoxy-5,12-
naphthacenedione hydrochloride, is commercially available in an injectable form as RUBEX® or
ADRIAMYCIN RDF®. Bleomycin, a mixture of cytotoxic glycopeptide antibiotics isolated from a strain
of Streptomyces verticil/us, 1s commercially available as BLENOXANE®.

[0182] Topoisomerase II inhibitors include, but are not limited to, epipodophyllotoxins, which are

phase specific anti-neoplastic agents derived from the mandrake plant. Epipodophyllotoxins typically
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affect cells in the S and G2 phases of the cell cycle by forming a ternary complex with topoisomerase I1
and DNA causing DNA strand breaks. The strand breaks accumulate and cell death follows. Examples of
epipodophyllotoxins include, but are not limited to, etoposide, teniposide, and amsacrine. Etoposide, 4'-
demethyl-epipodophyllotoxin 9[4,6-0-(R )-ethylidene-pB-D- glucopyranoside], is commercially available
as an injectable solution or capsules as VePESID® and is commonly known as VP-16. Teniposide, 4'-
demethyl-epipodophyllotoxin 9[4,6-0-(R )-thenylidene-p-D-glucopyranoside], is commercially available
as an injectable solution as VUMON® and is commonly known as VM-26.

[0183] Antimetabolite neoplastic agents are phase specific anti-neoplastic agents that typically act at
S phase (DNA synthesis) of the cell cycle by inhibiting DNA synthesis or by inhibiting purine or
pyrimidine base synthesis and thereby limiting DNA synthesis. Consequently, S phase does not proceed
and cell death follows. Anti-metabolites, include purine analogs, such as fludarabine, cladribine,
chlorodeoxyadenosine, clofarabine, mercaptopurine, pentostatin, erythrohydroxynonyladenine,
fludarabine phosphate and thioguanine; pyrimidine analogs such as fluorouracil, gemcitabine,
capecitabine, cytarabine, azacitidine, edatrexate, floxuridine, and troxacitabine; antifolates, such as
methotrexate, pemetrexed, raltitrexed, and trimetrexate. Cytarabine, 4-amino-1-p-D-arabinofuranosyl-2 (1
H)-pyrimidinone, is commercially available as CYTOSAR-U® and is commonly known as Ara-C.
Mercaptopurine, 1,7-dihydro-6H-purine-6-thione monohydrate, is commercially available as
PURINETHOL®. Thioguanine, 2-amino-1, 7-dihydro-6H-purine-6-thione, is commercially available as
TABLOID®. Gemcitabine, 2'-deoxy-2', 2'-difluorocytidine monohydrochloride (p-isomer), is
commercially available as GEMZAR®.

[0184] Topoisomerase I inhibitors including, camptothecin and camptothecin derivatives. Examples
of topoisomerase I inhibitors include, but are not limited to camptothecin, topotecan, irinotecan,
rubitecan, belotecan and the various optical forms (i.e., (R), (S) or (R,S)) of 7-(4-methylpiperazino-
methylene)-10, 11-ethylenedioxy-camptothecin, as described in U.S. Patent Nos. 6,063,923, 5,342,947,
5,559,235, 5,491,237 and pending U.S. patent Application No. 08/977,217 filed November 24, 1997.
Irinotecan HC, (4S)-4, 11-diethyl-4-hydroxy-9-[ (4-piperidinopiperidino)-carbonyloxy]-1 H-
pyrano[3',4',6,7]indolizino[ 1 ,2-b]quinoline-3, 14(4H, 12H)-dione hydrochloride, is commercially
available as the injectable solution CAMPTOSAR®. Irinotecan is a derivative of camptothecin which
binds, along with its active metabolite 8N-38, to the topoisomerase I - DNA complex. Topotecan HCI,
(S)-10-[(dimethylamino)methyl]-4-ethyl-4,9-dihydroxy-1H-pyrano[3',4',6,7]indolizino[1 ,2-b]quinoline-
3, 14-(4H, 12H)-dione monohydrochloride, is commercially available as the injectable solution
HYCAMTIN®.

[0185] Hormones and hormonal analogues are useful compounds for treating cancers in which there
is a relationship between the hormone(s) and growth and/or lack of growth of the cancer. Examples of
hormones and hormonal analogues useful in cancer treatment include, but are not limited to, androgens
such as fluoxymesterone and testolactone; antiandrogens such as bicalutamide, cyproterone, flutamide,
and nilutamide; aromatase inhibitors such as aminoglutethimide, anastrozole, exemestane, formestane,

vorazole, and letrozole; corticosteroids such as dexamethasone, prednisone and prednisolone; estrogens
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such as diethylstilbestrol; antiestrogens such as fulvestrant, raloxifene, tamoxifen, toremifine,
droloxifene, and iodoxyfene, as well as selective estrogen receptor modulators (SERMS) such those
described in U.S. Patent Nos. 5,681,835, 5,877,219, and 6,207,716; So-reductases such as finasteride and
dutasteride; gonadotropin-releasing hormone (GnRH) and analogues thereof which stimulate the release
of leutinizing hormone (I.H) and/or follicle stimulating hormone (FSH), for example LHRH agonists and
antagonists such as buserelin, goserelin, leuprolide, and triptorelin; progestins such as
medroxyprogesterone acetate and megestrol acetate; and thyroid hormones such as levothyroxine and
liothyronine.

[0186] Signal transduction pathway inhibitors are those inhibitors, which block or inhibit a chemical
process which evokes an intracellular change, such as cell proliferation or differentiation. Signal
tranduction inhibitors useful in the present invention include, e.g., inhibitors of receptor tyrosine kinases,
non-receptor tyrosine kinases, SH2/SH3 domain blockers, serine/threonine kinases, phosphotidyl inositol-
3 kinases, myo-inositol signaling, and Ras oncogenes.

[0187] Several protein tyrosine kinases catalyse the phosphorylation of specitic tyrosyl residues in
various proteins involved in the regulation of cell growth. Such protein tyrosine kinases can be broadly
classified as receptor or non-receptor kinases. Receptor tyrosine kinases are transmembrane proteins
having an extracellular ligand binding domain, a transmembrane domain, and a tyrosine kinase domain.
Receptor tyrosine kinases are involved in the regulation of cell growth and are sometimes termed growth
factor receptors.

[0188] Inappropriate or uncontrolled activation of many of these kinases, for example by over-
expression or mutation, has been shown to result in uncontrolled cell growth. Accordingly, the aberrant
activity of such kinases has been linked to malignant tissue growth. Consequently, inhibitors of such
kinases could provide cancer treatment methods.

[0189] Growth factor receptors include, for example, epidermal growth factor receptor (EGFr),
platelet derived growth factor receptor (PDGFr), erbB2, erbB4, vascular endothelial growth factor
receptor (VEGFr), tyrosine kinase with immunoglobulin-like and epidermal growth factor homology
domains (TIE-2), insulin growth factor -I (IGFI) receptor, macrophage colony stimulating factor (cfms),
BTK, ckit, cmet, fibroblast growth factor (FGF) receptors, Trk receptors (TrkA, TrkB, and TrkC), ephrin
(eph) receptors, and the RET protooncogene.

[0190] Several inhibitors of growth receptors are under development and include ligand antagonists,
antibodies, tyrosine kinase inhibitors and anti-sense oligonucleotides. Growth factor receptors and agents
that inhibit growth factor receptor function are described, for instance, in Kath, John C., Exp. Opin. Ther.
Patents (2000) 10(6):803-818; Shawver et al., Drug Discov. Today (1997), 2(2):50-63; and Lofts, F. J. et
al., "Growth factor receptors as targets”, New Molecular Targets for Cancer Chemotherapy, ed.
Workman, Paul and Kerr, David, CRC press 1994, London. Specific examples of receptor tyrosine
kinase inhibitors include, but are not limited to, sunitinib, erlotinib, gefitinib, and imatinib.

[0191] Tyrosine kinases which are not growth factor receptor kinases are termed non-receptor

tyrosine kinases. Non-receptor tyrosine kinases useful in the present invention, which are targets or
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potential targets of anti-cancer drugs, include cSrc, Lck, Fyn, Yes, Jak, cAbl, FAK (Focal adhesion
kinase), Brutons tyrosine kinase, and Ber-Abl. Such non-receptor kinases and agents which inhibit non-
receptor tyrosine kinase function are described in Sinh, S. and Corey, S.J., J. Hematotherapy & Stem Cell
Res. (1999) 8(5): 465 - 80; and Bolen, J.B., Brugge, J.S., Annual Review of Immunology. (1997) 15: 371-
404.

[0192] SH2/SH3 domain blockers are agents that disrupt SH2 or SH3 domain binding in a variety of
enzymes or adaptor proteins including, PI3-K p85 subunit, Src family kinases, adaptor molecules (Shc,
Crk, Nck, Grb2) and Ras-GAP. SH2/SH3 domains as targets for anti-cancer drugs are discussed in
Smithgall, T.E., J. Pharmacol. Toxicol. Methods. (1995), 34(3): 125-32. Inhibitors of Serine/Threonine
Kinases including MAP kinase cascade blockers which include blockers of Raf kinases (rafk), Mitogen or
Extracellular Regulated Kinase (MEKSs), and Extracellular Regulated Kinases (ERKs); and Protein kinase
C family member blockers including blockers of PKCs (alpha, beta, gamma, epsilon, mu, lambda, iota,
zeta). IkB kinase family (IKKa, IKKb), PKB family kinases, AKT kinase family members, and TGF beta
receptor kinases. Such Serine/Threonine kinases and inhibitors thereof are described in Yamamoto, T.,
Taya, S., Kaibuchi, K., J. Biochemistry. (1999) 126 (5): 799-803; Brodt, P, Samani, A, & Navab, R,
Biochem. Pharmacol. (2000) 60:1101-1107; Massague, J., Weis-Garcia, F., Cancer Surv. (1996) 27:41-
64; Philip, P.A, and Harris, AL, Cancer Treat. Res. (1995) 78: 3-27; Lackey, K. et al. Bioorg. Med.
Chem. Letters, (2000) 10(3): 223-226; U.S. Patent No. 6,268,391, and Martinez-Lacaci, L., et al., Int. J.
Cancer (2000), 88(1): 44-52. Inhibitors of Phosphotidyl inositol-3 Kinase family members including
blockers of PI3-kinase, ATM, DNA-PK, and Ku are also useful in the present invention. Such kinases are
discussed in Abraham, RT. Current Opin. Immunol. (1996), 8(3): 412-8; Canman, C.E., Lim, D.S.,
Oncogene (1998) 17(25): 3301-8; Jackson, S.P., Int. J. Biochem. Cell Biol. (1997) 29(7):935-8; and
Zhong, H. et al., Cancer Res. (2000) 60(6):1541-5. Also useful in the present invention are Myo-inositol
signaling inhibitors such as phospholipase C blockers and Myoinositol analogues. Such signal inhibitors
are described in Powis, G., and Kozikowski A, (1994) New Molecular Targets for Cancer Chemotherapy,
ed., Paul Workman and David Kerr, CRC Press 1994, London.

[0193] Another group of signal transduction pathway inhibitors are inhibitors of Ras Oncogene.
Such inhibitors include inhibitors of farnesyltransterase, geranyl-geranyl transferase, and CAAX
proteases as well as anti-sense oligonucleotides, ribozymes and immunotherapy. Such inhibitors have
been shown to block ras activation in cells containing wild type mutant ras , thereby acting as
antiproliferation agents. Ras oncogene inhibition is discussed in Scharovsky, O.G., Rozados, V.R,
Gervasoni, SI, Matar, P., J. Biomed. Sci. (2000) 7(4): 292-8; Ashby, M.N., Curr. Opin. Lipidol. (1998)
9(2): 99 -102; and Oliff, A., Biochim. Biophys. Acta, (1999) 1423(3):C19-30.

[0194] As mentioned above, antibody antagonists to receptor kinase ligand binding may also serve
as signal transduction inhibitors. This group of signal transduction pathway inhibitors includes the use of
humanized antibodies to the extracellular ligand binding domain of receptor tyrosine kinases. For

example Imclone C225 EGER specific antibody (see Green, M.C. et al., Cancer Treat. Rev., (2000) 26(4):
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269-286); Herceptin® erbB2 antibody (see Stern, DF, Breast Cancer Res. (2000) 2(3):176-183); and 2CB
VEGFR?2 specific antibody (see Brekken, R.A. et al., Cancer Res. (2000) 60(18):5117-24).

[0195] Non-receptor kinase angiogenesis inhibitors may also find use in the present invention.
Inhibitors of angiogenesis related VEGFR and TIE2 are discussed above in regard to signal transduction
inhibitors (both receptors are receptor tyrosine kinases). Angiogenesis in general is linked to erbB2/EGFR
signaling since inhibitors of erbB2 and EGFR have been shown to inhibit angiogenesis, primarily VEGF
expression. Thus, the combination of an erbB2/EGFR inhibitor with an inhibitor of angiogenesis makes
sense. Accordingly, non-receptor tyrosine kinase inhibitors may be used in combination with the
EGFR/erbB2 inhibitors of the present invention. For example, anti-VEGF antibodies, which do not
recognize VEGER (the receptor tyrosine kinase), but bind to the ligand; small molecule inhibitors of
integrin (alphav beta3) that will inhibit angiogenesis; endostatin and angiostatin (non-RTK) may also
prove useful in combination with the disclosed erb family inhibitors. (See Bruns, CJ et al., Cancer Res.
(2000), 60(11): 2926-2935; Schreiber AB, Winkler ME, & Derynck R., Science (1986) 232(4755):1250-
53; Yen L. et al., Oncogene (2000) 19(31): 3460-9).

[0196] Agents used in immunotherapeutic regimens may also be useful in combination with the
compounds of formula (I)-(IV). There are a number of immunologic strategies to generate an immune
response against ertbB2 or EGFR. These strategies are generally in the realm of tumor vaccinations. The
efficacy of immunologic approaches may be greatly enhanced through combined inhibition of
erbB2/EGFR signaling pathways using a small molecule inhibitor. Discussion of the immunologic/tumor
vaccine approach against erbB2/EGFR are found in Reilly RT, et al., Cancer Res. (2000) 60(13):3569-76;
and Chen Y, et al., Cancer Res. (1998) 58(9):1965-71.

[0197] Agents used in pro-apoptotic regimens (e.g., bel-2 antisense oligonucleotides) may also be
used in the combination of the present invention. Members of the Bel-2 family of proteins block
apoptosis. Upregulation of bcl-2 has therefore been linked to chemoresistance. Studies have shown that
the epidermal growth factor (EGF) stimulates anti-apoptotic members of the bcl-2 family. Therefore,
strategies designed to downregulate the expression of bel-2 in tumors have demonstrated clinical benefit
and are now in Phase II/III trials, namely Genta's G3139 bcl-2 antisense oligonucleotide. Such pro-
apoptotic strategies using the antisense oligonucleotide strategy for bel-2 are discussed in Waters JS, et
al., J. Clin. Oncol. (2000) 18(9): 1812-23; and Kitada S, et al. Antisense Res. Dev. (1994) 4(2): 71-9.

[0198] Cell cycle signalling inhibitors inhibit molecules involved in the control of the cell cycle. A
family of protein kinases called cyclin dependent kinases (CDKs) and their interaction with a family of
proteins termed cyclins controls progression through the eukaryotic cell cycle. The coordinate activation
and inactivation of different cyclin/CDK complexes is necessary for normal progression through the cell
cycle. Several inhibitors of cell cycle signalling are under development. For instance, examples of cyclin
dependent kinases, including CDK2, CDK4, and CDK6 and inhibitors for the same are described in, for
instance, RosaniaGR & Chang Y-T., Exp. Opin. Ther. Patents (2000) 10(2):215-30.

[0199] Other molecular targeted agents include FKBP binding agents, such as the

immunosuppressive macrolide antibiotic, rapamycin; gene therapy agents, antisense therapy agents, and
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gene expression modulators such as the retinoids and rexinoids, e.g. adapalene, bexarotene, trans-retinoic
acid, 9-cisretinoic acid, and N-(4 hydroxyphenyl)retinamide; phenotype-directed therapy agents,
including: monoclonal antibodies such as alemtuzumab, bevacizumab, cetuximab, ibritumomab tiuxetan,
rituximab, and trastuzumab; immunotoxins such as gemtuzumab ozogamicin, radioimmunoconjugates
such as 131-tositumomab; and cancer vaccines.

[0200] Miscellaneous agents include altretamine, arsenic trioxide, gallium nitrate, hydroxyurea,
levamisole, mitotane, octreotide, procarbazine, suramin, thalidomide, photodynamic compounds such as
methoxsalen and sodium porfimer, and proteasome inhibitors such as bortezomib.

[0201] Biologic therapy agents include: interferons such as interferon-u2a and interferon-u2b, and
interleukins such as aldesleukin, denileukin diftitox, and oprelvekin.

[0202] In addition to these anticancer agents intended to act against cancer cells, combination
therapies including the use of protective or adjunctive agents, including: cytoprotective agents such as
armifostine, dexrazonxane, and mesna, phosphonates such as parmidronate and zoledronic acid, and
stimulating factors such as epoetin, darbeopetin, filgrastim, PEG-filgrastim, and sargramostim, are also
envisioned.

[0203] The following examples are offered to illustrate but not to limit the invention. Compounds of
the formulae provided herein can be made using known transformations, beginning with available starting
materials. A general reaction scheme for such compounds is exemplified by the following examples,
which have been used to make certain of the compounds disclosed herein. Compounds of the invention
can be tested by conventional known methods; exemplary methods are provided herein. Some of the cell
types used for testing of these compounds include:

e  HCTI116: Colon

e K-562: CML

e MV4-11: AML

e  MiaPaca: Pancreatic cancer

e PC3: Prostate cancer

e THP-1: AML

Example 1

Synthesis of compound 3: General condensation procedure
A

Br—y
\ O
R1_(I>=O . o/\|/O>_Br W /
A N A\A/ EtOH r
1 R 2 N

[0204] Known and readily available oxindoles of formula 1 react with heteroaryl aldehydes such as 2

to provide intermediates of formula 3; this reaction can be promoted by an amine such as piperidine in an
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alcoholic solvent. As a general example, a solution of oxindole 1 (1.54 mmol), aldehyde 2 (1.24 mmol)

and piperidine (1.52 mmol) in EtOH (4.0 mL) was stirred at rt 30 min. The resulting precipitate was
collected by filtration to yield desired compound 3.

Example 2

Synthesis of compound 4: General arylation procedure

I AN PdCl,(dppf) N /
Ri— O .+ ABOH), - ol o
F N Cs,CO;4 1 -
\R Dioxane-water N\

Iw
£
s}

[0205] A solution of compound 3 (0.41 mmol), arylboronic acid (0.64 mmol), Cs2CO3 (270 mg,
0.83 mmol) and PdCI12(dppf) (16 mg, 0.02 mmol) in H20/ dioxane (5%, 5 ml.) was heated at reflux for 6
h. The reaction mixture was diluted with H20O (150 ml.) and extracted with EtOAc (3 x 100 mL). The

organic layer was washed with brine (100 mL) and dried over Na2SO4 and concentrated to yield the
desired compound 4.

Example 3

Synthesis of compound 4: General procedure—arylation followed by condensation

N A
R P 0 A'\</ /“
o= Q /OH PdCl,(dppf) O/w/o N 3 o]
| />—B + ABr —— | />—Ar R =
At \OH Cs,C04 A f § /
Dioxane-water O _
N R— ‘o)
1 2 H N
EtOH \

[0206] A solution of compound 1 (0.64 mmol), arylbromide (0.41 mmol), Cs2CO3 (276 mg, 0.83
mmol) and PACI12(dppf) (16 mg, 0.02 mmol) in H20/ dioxane (5%, 5 ml.) was heated at reflux for 6 h.
The reaction mixture was diluted with H20 (150 mL.) and extracted with EtOAc (3 x 100 mL). The
organic layer was washed with brine (100 mL) and dried over Na2SO4 and concentrated to yield the
desired compound 2. A solution of compound 2 (0.12 mmol), aldehyde 2 (0.12 mmol) and piperidine

(0.12 mmol) in EtOH (2.0 mL) was stirred at 1t 30 min. The resulting precipitate was collected by
filtration to yield desired compound 4.
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Example 4
Synthesis of compound 3: General procedure for making intermediates

H e} 0
N .
Il Ar + O. _ EtO
N\N/ CI)S‘/ ~ | />—Ar
o N~N
1 2 3

[0207] S-aryltetrazole 1 (45 mmol) and ethyl oxalyl chloride 2 (45 mmol) in dry toluene (150 mL)
are refluxed for 90 min. The solvent is evaporated in vacuo and the residue is purified by flash column

chromatography (silica gel, hexane/ethyl acetate 4:1 v/v) to give compound 3.

Example 5
Synthesis of aryl tetrazole 2: General procedure for making aryl tetrazoles

H

N —
\\\—Ar - . 'ill h>7Ar
N\N
1 2

[0208] A solution of compound 1 (0.13 mmol) and azidotrimethylsilane (0.1 ml., 0.76 mmol), and
ammonium chloride (21 mg, 0.39 mmol) in DMF (2 ml) was heated to 90 OC for 3 days. The mixture
was cooled to room temperature, diluted with dichloromethane, washed with 1N HCl, with water, dried
with Na2SO4, filtered and concentrated. The residue was purified on silica gel (eluted with

dichloromethane) to give the desired compound 2.
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Example 6
Synthesis of aldehyde from ester: General procedure

OEt
O)\r o/w/o
| C>7Br - . Al />—Br
A~ f ~A
1 2

[0209] Compound 1 (2.4 mmol) was dissolved in 10 mL of anhydrous THF and then 1.2 mL of 1M
solution of LiAIH4 was added to the resulting solution at 0oC After the reaction was continued at room
temperature for 30 min, 8 mL of 1N HCL was added to the reaction system, the mixture was concentrated
under reduced pressure to a volume about 8 mL, the resulting concentrate was extracted with ethyl acetate
and then the extract was concentrated under reduced pressure to thus give the corresponding alcohol. This
alcohol was dissolved in 20 mL of methylene chloride, 1 g Molecular Sieves 4A and pyridinium
chlorochromate (0.63 mmol) was added to the solution at O oC, the mixture was stirred at 0oC for 3
hours, the mixture was passed through a plug of Celite, followed by elution with 100 mL of diethyl ether

and concentrated under reduced pressure to give compound 2.

Example 7
Synthesis of compound 3: General procedure

o)
H
o)
e /
R1—! 0O+ 4
Z N
1 A 2
Ho'©

[0210] A solution of oxindole 1 (1.54 mmol), methyl 3-(5-formylfuran-3-yl)benzoate 2 (350 mg,
1.24 mmol) and piperidine (0.15 ml., 1.52 mmol) in EtOH (4.0 ml.) was stirred at rt for 30 min. The

resulting precipitate was collected by filtration to yield desired compound 3.
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Example 8

Synthesis of compound 5: General procedure

[0211] To a solution of compound 3 (0.06 mmol) and HOBt (16 mg, .14 mmol) in NMP (0.5 mL)
was added EDCI (22 mg, 0.12 mmol). The reaction was stirred at rt for 10 min and then added amine 4
(0.24 mmol) followed by DIEA (0.05 mL). The reaction mixture was stirred at rt for 1 h and diluted with
H20 (10 mL). The mixture was extracted with EtOAc, dried over Na2S04 and concentrated. The crude
was purified by RHPLC to give compound 5.

Example 9
Synthesis of (E)-3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoic acid

0
H
3 o
oo ©
N —_—
H
Ho' ©

[0212] A solution of oxindole (205 mg, 1.54 mmol), methyl 3-(5-formylfuran-3-yl)benzoate (350
mg, 1.24 mmol) and piperidine (0.15 ml., 1.52 mmol) in EtOH (4.0 ml.) was stirred at rt 30 min. The

resulting precipitate was collected by filtration to yield desired (E)-3-(5-((2-oxoindolin-3-
ylidene)methyl)furan-2-yl)benzoate (370 mg). LCMS (ES): m/z 346 [M+1]+.
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Example 10
Synthesis of (E)-3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)-N-(2-(pyrrolidin-1
yDhethyl)benzamide

Lo .

[0213] To a solution of (E)-3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoate (20 mg, 0.06
mmol) and HOBt (16 mg, 0.14 mmol) in NMP (0.5 mL) was added EDCI (22 mg, 0.12 mmol). The
reaction was stitred at rt for 10 min and then added 2-(pyrrolidin-1-yl)ethanamine (0.05 mL) followed by
DIEA (0.05 mL). The reaction mixture was stirred at rt for 1 h and diluted with H20 (10 mL). The
mixture was extracted with EtOAc (3 x 20 mL), dried over Na2S04 and concentrated. The crude was
purified by RHPLC to give (E)-3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)-N-(2-(pyrrolidin-1-
yDethyl)benzamide. LCMS (ES): m/z 463 [M+1]+.

Example 11
Synthesis of (E)-3-(5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoic acid

cl ]

[0214] A solution of oxindole (400 mg, 2.4 mmol), methyl 3-(5-formylfuran-3-yl)benzoate (518 mg,
2.4 mmol) and piperidine (0.24 ml., 2.4 mmol) in EtOH (10 mL.) was stirred at rt 30 min. The resulting
precipitate was collected by filtration to yield desired (E)-3-(5-chloro-2-oxoindolin-3-
ylidene)methyl)furan-2-yl)benzoic acid (541 mg). LCMS (ES): m/z 366 [M+1]".
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Example 12
Synthesis of (E)-5-chloro-3-(5-(3-(4-methyl-1,4-diazepane-1-carbonyl)phenyl)furan-2-

yDmethylene)indolin-2-one

[0215] To a solution of (E)-3-(5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoic acid (541
mg, 1.48 mmol) and HOBt (400 mg, 2.96 mmol) in DMF (2 mL) was added EDCI (565 mg, 2.96 mmol).
The reaction was stirred at rt for 10 min and then added 1-methyl homopiperazine (0.734 mL, 5.92 mmol)
followed by DIEA (1 mL). The reaction mixture was stirred at rt for 1 h and diluted with H,O (10 mL).
The mixture was extracted with EtOAc, dried over Na,SO,4 and concentrated. The crude was purified by
preparative TLC eluting with 2% methanol in dichloromethane to give (E)-5-chloro-3-(5-(3-(4-methyl-
1,4-diazepane-1-carbonyl)phenyl)furan-2-yl)methylene)indolin-2-one. LCMS (ES): m/z 462 [M+1]".

Example 13
Synthesis of (E)-3-(5-((5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)-N-(2-hydroxy-2-
phenylethyl)benzamide

OH
NH.

[0216] Same procedure as in example 12.
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Example 14
Synthesis of (E)-3-(5-((5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)-N-(3-

hydroxypropyl)benzamide

[0217] Same procedure as in example 12.

Example 15
Synthesis of 3-((3-methylfuran-2-yl)methylene)indolin-2-one

z
Q O/
Qm—» /
N
H

N
H

O

[0218] A solution of POCI3 (0.60 mL, 7.08 mmol) in DMF (0.65 mL, 8.431 mmol) was stirred at rt
tor 1h. The reaction was cooled to 0 oC and added 3-methylfuran (490 mg, 5.97 mmol) dropwise. The
mixture was stirred at O C for 1h and at 40 C for additional 40 min. The reaction mixture was poured into
H20 (25 ml), neutralized (Na2CO3), and extracted with EtOAc (25 mL x 5). The organic layer was
washed with brine, dried over Na2S0O4 and concentrated. The crude material was heated at reflux with
oxindole (800 mg, 6.02 mmol) and piperidine (0.60 ml, 8.08 mmol) in EtOH (5 mL) for 3 h. The
resulting precipitate was collected by filtration to yield the desired 3-((3-methylfuran-2-
yDmethylene)indolin-2-one (340 mg). LCMS (ES): m/z 226 [M+1]+.

Example 16
Synthesis of 3-((5-bromo-3-methylfuran-2-yl)methylene)indolin-2-one

// Br//
O

@)

/ — /

N
H

Ir=
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[0219] To a solution of 3-((3-methylfuran-2-yl)methylene)indolin-2-one (330 mg, 1.47 mmol) in
DMF (7.0 mL) was added NBS (265 mg, 1.49 mmol) in DMF (1.0 mL) at 0°C. The reaction was stirred
at 0°C for 1 h and added H,O (13 mL). The resulting precipitate was collected by filtration to yield
desired 3-((5-bromo-3-methylfuran-2-yl)methylene)indolin-2-one (320 mg). LCMS (ES): m/z 304
[M+17".

Example 17
Synthesis of methyl 3-(4-methyl-5-((2-o0xoindolin-3-ylidene)methyl)furan-2-yl)benzoate

[0220] A solution of 3-((5-bromo-3-methylfuran-2-yl)methylene)indolin-2-one (125 mg, 0.41
mmol), 3-(methoxycarbonyl)phenylboronic acid (115 mg, 0.64 mmol), Cs,CO; (270 mg, 0.83 mmol) and
PdCLy(dppf) (16 mg, 0.02 mmol) in H,O/dioxane (5%, 5 ml.) was heated at reflux for 1 h. The reaction
mixture was diluted with H,O (150 mL) and extracted with EtOAc (3 x 100 mL). The organic layer was
washed with brine (100 mL) and dried over Na,SO, and concentrated to yield the desired methyl 3-(4-
methyl-5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoate. LCMS (ES): m/z 360 [M+1]"

Example 18
Synthesis of 3-(4-methyl-5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoic acid

[0221] A solution of methyl 3-(4-methyl-5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoate
(125 mg, .35 mmol) in EtOH (5.0 mL) and NaOH (3N, 3.0 mL) was heated at 80 °C for 30 min. The
reaction mixture was cooled to rt and pH was adjusted (pH = 4) with HCI (6N). The resulting precipitate
was collected by filtration to give the desired 3-(4-methyl-5-((2-oxoindolin-3-ylidene)methyl)furan-2-
yDbenzoic acid (95 mg). LCMS (ES): m/z 346 [M+1]".
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Example 19
Synthesis of 3-(4-methyl-5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)-N-(2-(pyrrolidin-1-
yDhethyl)benzamide

[0222] To a solution of 3-(4-methyl-5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoic acid (40
mg, 0.12 mmol) and HOBt (32 mg, 0.24 mmol) in DMF (0.5 ml.) was added EDCI (46 mg, 0.24 mmol).
The reaction was stirred at 1t for 10 min and then added 2-(pytrolidin-1-ylethanamine (0.05 mL)
followed by DIEA (0.05 ml.). The reaction mixture was stirred at rt for 1 h and diluted with H,O (10
mL). The mixture was extracted with EtOAc (3 x 20 mL), dried over Na,SO, and concentrated. The
crude was purified by prep TLC (5%/MeOH, 1% TEA/ DCM) to give 3-(4-methyl-5-((2-oxoindolin-3-
ylidene)methyl)furan-2-yl)-N-(2-(pyrrolidin-1-yl)ethyl)benzamide (25 mg) LCMS (ES): m/z 442
M+17".

Example 20
Synthesis of ethyl 5-(5-formylfuran-2-yl)nicotinate

L o
N™ XYy S0

oo I | 7\

H

/B H
o o

ARy °
[0223] A solution of ethyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)nicotinate (570 mg, 2.06
mmol), 5-bromofuran-2-carbaldehyde (300 mg, 1.71 mmol), Cs,CO; (1.125 g, 3.46 mmol) and
PACL(dppf) (65 mg, 0.09 mmol) in H,O/ dioxane (5%, 10 mL) was heated at reflux for 15 min. The
reaction mixture was cooled to rt and diluted with H,O (100 mL). The resulting precipitate was collected
by filtration to yield the desired ethyl 5-(5-formylfuran-2-yl)nicotinate (420 mg). LCMS (ES): m/z 246
[M+1]".
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Example 21
Synthesis of (E)-ethyl 5-(5-((5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)nicotinate
O o)
74
N 7\ J
N="""% /i N= J
H —_————— O
O cl /

Ir=

[0224] A solution of ethyl 5-(5-formylfuran-2-yl)nicotinate (235 mg, (.96 mmol), 5-chloroindolin-2-
one (161 mg, 0.96 mmol), and piperidine (0.10 mL, 1.01 mmol) in EtOH (5.0 mL.) was stirred at rt for 2
h. The precipitate was collected by filtration to yield the desired crude material was heated at reflux with
oxindole (800 mg, 6.02 mmol) and piperidine (0.60 ml., 8.08 mmol) in EtOH (5 mL) for 3 h. The
resulting precipitate was collected by filtration to yield the desired (E)-ethyl 5-(5-((5-chloro-2-oxoindolin-
3-ylidene)methyl)furan-2-ylnicotinate (290 mg). LCMS (ES): m/z 395 [M+1]".

Example 22
Synthesis of (E)-3-(4-methyl-5-((2-0xoindolin-3-ylidene)methyl)furan-2-yl)benzoic acid

o)
AP Ho—¢”
Z
N\\ 9 I
5 N=" N
Cl / al /
o o
N N

[0225] A solution of (E)-ethyl 5-(5-((5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)nicotinate
(280 mg, 0.71 mmol) in EtOH (5.0 mL) and NaOH (3N, 3.0 mL) was heated at 80 °C for 30 min. The
reaction mixture was cooled to rt and pH was adjusted (pH = 4) with HCI (6N). The resulting precipitate
was collected by filtration to give the desired (E)-3-(4-methyl-5-((2-oxoindolin-3-ylidene)methyl)furan-2-
yDbenzoic acid (260 mg). LCMS (ES): m/z 367 [M+1]".
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Example 23
Synthesis of (E)-5-(5-((5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)-N-(2-(pyrrolidin-1-
yDhethyDnicotinamide

O D H o

HO NK/N
N/\\ 7] )
5 o N=""%
Cl / cl /
o o)

Iz

[0226] To a solution of (E)-3-(4-methyl-5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)benzoic acid
(20 mg, 0.06 mmol) and HOBt (16 mg, 0.14 mmol) in NMP (0.5 mL) was added EDCI (22 mg, 0.12
mmol). The reaction was stirred at rt for 10 min and then added 2-(pytrolidin-1-yl)ethanamine (0.05 mL)
followed by DIEA (0.05 ml.). The reaction mixture was stirred at rt for 1 h and diluted with H,O (10
mL). The mixture was extracted with EtOAc (3 x 20 mL), dried over Na,SO, and concentrated. The
crude was purified by RHPLC to give (E)-5-(5-((5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)-N-
(2-(pyrrolidin-1-yl)ethyl)nicotinamide. LCMS (ES): m/z 463 [M+1]".

Example 24
Synthesis of (E)-tert-butyl 3-(5-((2-oxoindolin-3-ylidene)methyD)furan-2-yl)phenylcarbamate
BocHN
O
H
O~
(-
N
H

NHBoc

[0227] A solution of oxindole (235 mg, 1.76 mmol), tert-butyl 3-(5-formylfuran-2-
yDphenylcarbamate (500 mg, 1.74 mmol) and piperidine (0.18 mL, 1.80 mmol) in EtOH (5.0 mL) was
stirred at rt overnight. The resulting precipitate was collected by filtration to yield desired (E)-tert-butyl
3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)phenylcarbamate (640 mg). LCMS (ES): m/z 403
[M+1]".
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Example 25
Synthesis of (E)-3-((5-(3-aminophenyl)furan-2-yl)methylene)indolin-2-one

[0228] A solution of (E)-tert-butyl 3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-
yDphenylcarbamate (600mg, 1.49 mmol) in HCl/dioxane (4M, 3.0 mL) was stirred over night. The
resulting precipitate was collected by filtration to yield desired (E)-3-((5-(3-aminophenyl)furan-2-
yDmethylene)indolin-2-one (503 mg). LCMS (ES): m/z 303 [M+1]".

Example 26
Synthesis of (E)-3-chloro-N-(3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)phenyl)propanamide
(0]
Cl
HN
7
-
- o)
J

[0229] To a solution of (E)-3-((5-(3-aminophenyl)furan-2-yl)methylene)indolin-2-one (80 mg, 0.26
mmol) and TEA (0.11 mL, 0.79 mmol) in DCM (5.0 mL) was added 3-chloropropanoyl chloride (0.04
mL, 0.42 mmol). The reaction was stirred for 20 min and the precipitate was collected by filtration to
yield desired (E)-3-chloro-N-(3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)phenyl)propanamide.
LCMS (ES): m/z 357 [M+1-CI]*.
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Example 27
Synthesis of (E)-N-(3-(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)phenyl)-3-(pyrrolidin-1-
yDhpropanamide
0]

HN

Cl HN(X\\/\NQ
y/ y/
- -

[0230] A solution of (E)-3-chloro-N-(3-(5-((2-oxo0indolin-3-ylidene)methyl)furan-2-
yDphenyl)propanamide (25 mg, 0.06 mmol) and pyrrolidine (0.025 mL) in NMP (0.75 mL) was heated in
microwave (100 °C, 5 min). The reaction mixture was purified by RHPLC to yield the desired (E)-N-(3-
(5-((2-oxoindolin-3-ylidene)methyl)furan-2-yl)phenyl)-3-(pyrrolidin-1-yl)propanamide LCMS (ES): m/z
428 [M+17]".

Example 28

Synthesis of methyl 3-(5-acetylfuran-2-yl)benzoate

HO),B COM 4
Y@\B P Me 8 CoMe
o r _— ¢
o

[0231] To a solution of 1-(5-bromofuran-2-yl)ethanone (2 g, 10.58 mmol) and cesium carbonate
(10.35 g, 31.74 mmol in water/dioxane (5%, 20mL), flushed with nitrogen for 15 minutes, was added 3-
methoxycarbonylphenyl boronic acid (2.09 g, 11.64 mmol), followed by catalyst PACL(dppf) (379 mg,
0.519mmol). The solution was heated to reflux (105 °C) under nitrogen, for 3 hours. Water (100 mL) was
added to the mixture after cooling down to rt. Filtration gave 2.56g of a black crude material. Purification
via silica column chromatography eluting with dichloromethane gave methyl 3-(5-acetylfuran-2-

ylDbenzoate (1.58g, 6.19 mmol, 61% yield) as a yellow solid. LCMS (ES): m/z 245 [M+1]".

Example 29

Synthesis of 3-(5-acetylfuran-2-yl)benzoic acid

4 \ CO,Me 4 |

o > 5 COH
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follow ng table (Table 6) provides |IC50 data for

activity on PIM2 for sel ected conpounds. Table 6.

(M 2 ALY Neadl 3 2eLGGHED LATROYNIS 50 ¢, 6.1 mmol) in ethanol (15 mL),
and sodium hydroxide (6N, 3 mL) was heated at 70 °C for 30 minutes. The reaction mixture was cooled
to rt and pH was adjusted (pH = 4) with HCI (6N). The resulting precipitate was collected by filtration to
give the desired 3-(5-acetylfuran-2-yl)benzoic acid (1.10 g, 4.78 mmol, 77% yield) as a yellow/green
solid. LCMS (ES): m/z 231 [M+1]".

Example 30

Synthesis of 1-(5-(3-(4-methyl-1,4-diazepane-1-carbonyl)phenyl)furan-2-yl)ethanone

HN

/\ \//N_ /\ 0

CO,H

@] -
o J o N

[0233] To a solution of 3-(5-acetylfuran-2-yl)benzoic acid (1.10 g, 4.78 mmol) and HOBt (1.29 g,
9.56 mmol) in DMF (10 mL) was added EDCI (1.83g, 9.56 mmol). The reaction was stirred at rt for 10
min and then added 1-methylhomopiperazine (2.38 mL, 19.12 mmol) followed by DIEA (3.35 mL, 19.12
mmol). The reaction mixture was stirred at rt for 1 h and diluted with H,O (50 mL). The mixture was
extracted with DCM (3 x 50 mL), dried over Na,SO, and concentrated to give brown oil (1.70 g). LCMS
(ES): m/z 442 [M+1]".

Example 31

Synthesis of (E)-5-chloro-3-(1-(5-(3-(4-methyl-1,4-diazepane-1-carbonyl)phenyl) furan-2-
yhethylidene)indolin-2-one

[0234] A solution of 5-chlorooxindole (668 mg, 4 mmol), 1-(5-(3-(4-methyl-1,4-diazepane-1-
carbonyl)phenyl)furan-2-yl)ethanone (1.7 g of oil) and piperidine (394 uL, 4 mmol) in toluene (15 mL)
was heated at reflux with a Dean-Stark receiver for 24 hours. After evaporation of the solvent,
purification by silica column chromatography (methanol gradient in dichloromethane, 0 to 5% vol) gave
(E)-5-chloro-3-(1-(5-(3-(4-methyl-1,4-diazepane-1-carbonyl)phenyl)furan-2-yl)ethylidene)indolin-2-one
(800 mg) as a E:Z mixture. LCMS (ES): m/z 476 [M+1]".
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[0153] Exanpl es of conmpounds of formula (1) were shown
to be active inhibitors of F1t3. Table 7 provides

W@ 2Emod283 conpounds and their activity on F1tBCT/Usi9hE049318
7. F1t3 activity of selected conmpounds. Structure
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Example 32

Synthesis of compound 3: General procedure

Ar 1) CDMT, NMM, THF Ar
O ’ ) O Ar
\f:> C// 2) MeNH-OMe. HCI Yi> C// RMgBr, THF \FO O
A~ o £ A/: fR
/
2 3

A, N—OMe A~
1

[0235] Compound 2 can be synthesized as described in Lidia De Luca et al., J. Org. Chem. 2001, 66,
2534-2537.

[0236] To a solution of the acid 1 (3.7 mmol) in THF (11 mL), at room temperature, were added 2-
chloro-4,6-dimethoxy-[1,3,5]triazine (CDMT) ( 4.4 mmol) and N-methylmorpholine (NMM) (11.1
mmol). A precipitate was formed during stirring, and then N,O-dimethylhydroxylamine hydrochloride
(3.7 mmol) was added. The mixture was stirred for additional 8 h and then quenched with 15 mL of water
and extracted two times with 7 mL of diethyl ether. The combined organic phases were washed two times
with 15 ml. of a saturated solution of Na,COs, followed by 15 mL of a solution 1 N HCI and brine. The
organic layer was dried over anhydrous Na,SO, to give, after evaporation of solvent, compound 2. A
solution of compound 2 (2.5 mmol) in THF (10 mL) was added at room temperature to a THF solution
(11 mL) of RMgBr (2.5 mmol), stirred for additional 0.5 h, and then quenched with aqueous saturated
NHA4CI and extracted two times with 10 mL of diethyl ether. The combined organic phases were washed
with 15 ml. of a saturated solution of Na,COs, followed by 15 mL of a solution 1 N HCI and brine. The
organic layer was dried over anhydrous Na,SO, to give, after evaporation of solvent, crude 3 that was

further purified by flash-chromatography.

Example 33A
Synthesis of compound 3: General procedure

7N
R1T / (e}
H I H 2
O Ar -

[0237] A solution of compound 2 (4 mmol) and compound 1 (4 mmol) and piperidine (394 pL, 4
mmol) in toluene (15 ml.) was heated at reflux with a Dean-Stark receiver for 24 hours. After evaporation
of the solvent, purification by silica column chromatography (methanol gradient in dichloromethane, 0 to

5% vol) gave compound 3.
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exanmpl ¢, glycerol, (d) d|S|ntegrat|ng agent s,
exanpl e, agar-agar, calcium carbonate, potato or, H

tapi oca starch, alginic acid, croscarnellose sodium

(€29 L% 1Sibh beﬁin@&e 2 @mdmﬁ@ﬂ b&ﬁﬁoﬁﬁlﬁb@ ﬂ%tn%l) aﬁ@ﬂlpeﬁﬁ ¥ 0. QML 2.4
retarders, paraffin, absor

G BIEFAP b S o B Rt amtiayy ol b ficaion o

yiellCRFiR0 UR)ds((5-§rophofai - iyngethganlisioliad-oficpr LEXBPS)en/zeet +1]".

al cohol, and gl ycerol npbnostearate, magnesi um stearate

and the like (h) adsorbents, as for exanple, kaolin

and bentonite, and (i) | ulixamplafs as for exanple

talc, calciumstearate, magnesi um stearate, soli
Synlassiy &t )P EEeo-6- Wmt%vla@eﬁpwmmrwn Lyliprpe; yl)methylene)mdohn -2-

m xtures thereof. In the cagg: of capsul es, tablets,

and pills, the dosage forns may al so conpri se
2ri ng agents. [0161] Solid dosage Feo
/}Vbed aboxe, can be prepared w th coali nge<a
shelo su aslenteric coatings and others wel |
in thejart. V contaln paci fyi ng agents,
be\ of such c PR tDaL_Lhey.rﬁ"éase t
+e,/conpound orNcoﬁbounds in a certain part :
|ntestﬁnal tract in _a delayed manner. Exanpl es of H
enbedded conpositio%s that can be used are polyneric
(RS LRACETAN ARKER 1IN 368 HhoF ATRAUNASRAR, ALSALAR

In mcroencapsu at ed orm I@ké\{) prop riate, with one or

watcggipgang 159 w2 sho Vs ntlh yifesgn ingl, 1o added3p hggric acid 2 (0.2
mmdb), BUbekddb Sag et Pardppf) eg mg»r Blke sadfdnR a8 hdarh lmeﬂuxrz(ﬂsladﬁmder

.. pha eut e nu Si o ol ut
s B R G L SREP RE B AR G Ptredliiro BB MR LB st fomea
was '&Dletecplv}dpaérted andfporifi@¥@i dlica bxyumh disolawignphy etlitispeitsdichgnromethane
PHRY ) e invention, or a
gwg&ﬁ?%%@%ﬁilcaFFpggéﬁgpté%le salt thereof, and optional
phar maceuti cal adjuvants in a carrier, such as, for
exanpl e, water, saline, aqueous dextrose, glycerol,
et hanol and the |ike; solubilizing agents and
emul sifiers, as for exanple, ethyl alcohol, isopropyl
al cohol, ethyl carbonate, ethyl acetate, benzyl
al cohol, benzyl benzoate, propyl eneglycol, 1, 3-
but yl enegl ycol, dinethylformanmide; oils, in
particul ar, cottonseed oil, groundnut oil, corn germ
oil, olive oil, castor oil and sesane oil, glycerol,
t et rabydrofurfuryl al cohol, polyethyleneglycols and
fatty acid esters of sorbitan; or mxtures of these
substances, and the like, to thereby forma solution
or suspensi on. [0163] Suspensions, in addition to
the active conpounds, may contain suspendi ng agents,
as for exanple, ethoxylated isostearyl alcohols,
pol yoxyet hyl ene sorbitol and sorbitan esters,
m crocrystalline cellul ose, 18 um num net abydr oxi de,
bentonite, agar-agar and tragacanth, or m xtures of
t hese substances, and the |iKke. [0164] Conpositions
for rectal adn1n|strat|ons are, for exanple




such as diethylstilbestrol; antiestrogens such as

ful vestrant, ral oxifene, tanoxifen, toremfine,
waeleaboxdsEne, and i odoxyfene, as well as sel ecRCTES2009/049318

estrogen receptor nodul ators (SERMS) such those

described in U S. Patent Nos. 5,681, 835, 5,877, 219,

and 6, 207, 716; 5a-reductases such as finasteride and

dut ast eri de; gonadotropinr&l%%g§+ng hor none (GhRH) and

anal ogues thereof which st ate the rel ease of

lS?ﬁHlésﬁ'otz EE—Q}_(‘FCKE @&%thﬁplfﬂara@ﬂq/ pyil&ﬂll?)' ﬁ)k‘lﬁaﬁ'ﬁ 'ymﬁt:tﬂhk:ﬂb&ndolm 2-

hor none SH), for ekxanpl e J4dRH agoni'sts and

ant agoni sts such as buserelin, goserelln | eupr ol i de,

and triptorelin; progestins such as

medr oxypr ogest erone acetate and negesfp\\

=D

thys or none§/ such as | evot hyroxin
l'iothy | ne. 0186] Signal transductior
inhibitorg are Nghi bi tors, which bl ock or

i nhi chem cal pgrogess which evokes an
intr ar change Nsu ﬁ\§s cell proliferati o

di fferenttation. Si gnal duction inhibitorg Wl
in the ptesent inventi®dn include, e g, inhibifors of
receptor tyrosine kinases, non-receptor tyrosine
Hﬂﬂﬂasés@P@%@Wﬁﬁ@ndﬁﬁmkﬁ6blockers, serine/ t hreoni ne

ki nases, phosphotidyl inositol3 kinases, myo-inositol
signaling, and Ras oncogemgsmple 38 [ 0187] Severa
protein tyrosine kinases cataiyse t he phosphoryl ati on
of speci §ymhdsibOB Plono@e (W PSS olidin- VRN tRUFuRbRL-Bhme :
involved in the regulation of cell growth. Such
protein tyrosine kinases cgn\be broadly classified as
r ecept n-r ecepfer~kiwases. ept or

ki nases ar ansnenbrame, protein Vi ng
extrdcelYyl ar I&gand bi ndfng domain, a transnenprane”
domai n, and a tyrosine kinase domai n Recept or t%rosrne

92451 Skodl-bapren-2-espydlined (@ Kang. 846 mar) v ?orpyeérdrn Igylisthetpmine 2
(55. zﬁlﬁg'i 0aR in®DNEY 5 MBSf ale{aﬂedasga&»aﬁpholﬁ@@ E@fonit RGE(8S ﬁrg;s The mixture was

Ina ro r| uncontroll activation
hearlith 057 i AROR R st Wil Seieuiieat By Shab Neiep Pudlrpyin
dichlronmihtigtandthe Oﬂgasc Iyeewasstrohen with briresdrlet! with sadivoosnifatodnkl echcentrated
ngly, the aberrant activity of

megg%kmgﬁﬁﬁ%ggmﬁggﬂbggn linked to malignant tissue

growm h. Consequently, inhibitors of such kinases could

provide cancer treatnent daempadd [0189] Growth

factqor receptors include, for exanpp i der nal L
Yriwtie P4 Er i3 Fl’é&ré?br!'arl )eé%'?gfzmlﬂ“éﬂﬂlér %tyl)g'é?‘r “y¥imgdeneindolin-

factor receptor (PDGFr), erbB4, vascul ar
endot helial growth factor recep (VEGFr) , t
Ki nase W th |nnunoglobulln I exgﬁk\ﬁplder'

fac mol ogy d TIE— YnsWlin g
- I eoep% >N hage col iy
factor (kcfns), K, ckit, cnet, flbroblas gr owm b

factor (FGF) regCeptors, Trk receptors (T kA, Tr
TrkC), ephrin (vph) receptors, and the H
pr ot ooncogene} [0190] Several inhibitgors of growth
receptors are under devel opnent and include |igand

(@236 ]89N s6lhiSan cANbioRdN- esrpyrtoyﬁﬂloslymethiﬂ}qma&el 1 ﬂhhh&)dm @i2S0.219 mmol)

5- forrrrggg % Iylbgr%ﬁlg gc c? gﬂ ggn(rﬁge%tloll?haln cetsmm c\ér\%f%i! trr%% 0.656 mmol) in 5

rm;m@@E®W®m¢kdﬁ@ﬂK¢mﬂd$E@déﬁ@nmbédﬂn$DhUMﬂ$$aﬂm§almﬂumeﬂ?

. t .

mtro% (fgs 10%181%9 E%\%'Noéntors B%g@&fgsthog &bm 151%%%2 (S:ng\%/lggg.%pgré%/
(1997), 2(2):50-63; and Lofts F. J et al., "Gowth
factor receptors as targets”, New Mol ecul ar Targets
for Cancer Chenot herapy, edildWwrkman, Paul and Kerr,
Davi d, CRC press 1994, London. Specific exanples of
receptor tyrosine kinase inhibitors include, but are
not limted to, sun|t|n|b erIot|n|b gef|t|n|b and

L L T F NA ~NA —— o 1 o ' L,




"ooN L --" D10 - "N----O  Br
....... -"(.."-NA(H . iii O\----AEtOHRI- R 12N\ R 3
WO 0R04p29860hown and readily avail abl e oxi ndol es BET/US2009/049318
formula 1 react with heteroaryl aldehydes such as 2 to
provide internediates of fornula 3; this reacti on can
[&ﬁ%]p LC%IIT%%IG g44bn¥/gé 6?28’a %ngas ag&d ?ﬂ thig I)s((glﬁfolfl dv!/hrl]c% was ftlrlied at roon%
tempgsejurrdfot hoti(s 1THE prodwmd s pr@;ﬁpd@tbﬁyldeadeg Wat@mchﬁwlre)i tagige 60 mg of a
brovxrﬁl sQl%f !3 % Q@ (%((ilyyrﬁ)%dlwIWI%th&lQIm%)Q%&Iﬁ 7()§rl)m-ran Mﬁnﬁﬁeﬁgﬁgolﬁb -one

he resu reC|p|tate was col | ecte

was P B R WSS Ot 68 OOl 3. Exanpl e 2
Synt hesi s of conpound 4: General arylation procedure
[ 0205] A solution of conpesadpid4¢ 0. 41 nmol ),
aryl boronic acid (0.64 mmol), Cs2CO3 (270 ng, 0.83
nmol ) and PdCsgftbgfol m¢th@l 4x§;ac@ylBRamrplhenzaatetH2 0/
di oxane (5% 5 nL) was heated at reflux for 6 h. The
reaction mxture was diluted with H20 (150 and
extra d wi th (FpHA x 100 m.). The o [
wa sWith bri m;imiﬂuﬁwov&
and coﬁ%entrated to v/ e %he desi red conpound
Exanple 3 Synthesis of conpound 4: Ceneral
procedure-aryl ation foll owed by condensati on 0/ CH
>-13\ + ArBr OHCs2CO3 D oxane-water 12 DOH 4 [ 0206]

[&4§]0 l Ntal s@lﬂtl(ﬁfof ¢ gﬂ*ﬂ%&ﬁra& Q gl Qﬂanmbé& dgalsz’ Mé !ﬂﬁl@ﬂh&@e&gﬂ @a}bonate

dC1
495 58 5O DT Bl TE oGO M he (O Rk g added &
meﬂakycmeéﬂquerfyucror&uchmdTh(ﬁ d, @a((ttnmen folowedibyecawdst FAC]LW@hEs(186 mg,

0. ng\ll th ol) lﬁﬁje séhilhon wrz;{g'l}efitecl;| to reflux gl%g E@qmé{\ﬂ T mtrf)%clenoﬁl)_\r 16(1101(ri d%ager 30 mL) was

amkamdh@mmeuﬂﬁmamdmastﬂfﬂmdwcam@éﬁ#gaﬂédktmdwm@hdlPhdkmanm

s1hc§j§)§1n{necgrglﬁlgﬂ%%9 glugn govetthstf?éhié)}dn%ﬁlaﬁg dgagelofggeﬂ%{lj g ?Snicet?ﬁlur;@Z -yl)benzoate

(580rﬁ1%f’%minﬁl ﬁt%wekdzasa YR i LEMSHERM4t243 B4 ni n The
resulting precipitate was collected by filtration to
yi el d desired conpound 4. exlxgepl e 4 Synthesis of
conmpound 3: General procedure for nmaking internediates
[ 0207] 5-aryl t Synthzsd of 415-beblylforant 2yl hetkoietabigi  oxal yl
chloride 2 (45 mmol) in dry toluene (150 ni) are

ref uxgesfor 90 min The solvent is avapgrgted in vacuo

O

and < idue is purified by flash/ ‘

chromatdgr 3 (silica gel—hexane/ et e 4:1
viv) to gi geppound 3. Exanple 5 Synthesi a0oW |
tetrazole 2: GCeneral procedure for making aryl

tetrazol es

[0249] A solution of methyl 4-(5-acetylfuran-2-yl)benzoate (580 mg, 2.37 mmol) in ethanol (5 mL),
and sodium hydroxide (6N, 1 mL) was heated at 70 °C for 30 minutes. The reaction mixture was cooled
to rt and pH was adjusted (pH = 4) with HCI (6N). The resulting precipitate was collected by filtration to
give the desired 4-(5-acetylfuran-2-yl)benzoic acid (500 mg, 2.17 mmol, 91% yield) as a yellow/green
solid. LCMS (ES): m/z 231 [M+1]".
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NF-Ar ii N-....N 12 [0208] A solution of conpound

1(0.13 mmol ) and azidotrinethylsilane (0.1 nL, 0.76
worpabp929ahd anmoni um chl oride (21 ng, 0.39 mMOPQT/US0DMH9318

(2 m.) was heated to 90 OC for 3 days. The m xture was

cooled to roomtenperature, diluted with

di chl or onet hane, washed with 1IN HCL, with water, dried

with Na2SO4, filtered andgoncensrated. The resi due

was purified on silica gel d with

di C@nﬁ{eﬁgﬁﬁlh@QEM ltn&hﬁ' @dl&ﬂﬁalﬁiqsdaﬁﬁ)le%mﬁﬁgn g'yl)ethanone
Exanpl e hesis of al dehyde from ester: Geneéral
prQced OEt )Br AK g~ 1 [ 32Q9] Conpound

1( |) was di ssol ved ( nNTO nL of—a@hyidr ous THF __/
an

N of iM solution ofslig m

HCL was added t® the reaction system the m xtured was
concentrated under reduced pressure to a vol une about

8 nL, the resulting concentrate was extracted with

[@58ly | Toaceltigmef idacetidurart-hehterzorcacit! (WE S, Lneeelt and HEEt (587 mg,

435 lﬂ{}ﬂﬁ:‘)rm b@ﬁﬁg@ &) ms%&eu 'E%C'i 9;35 hus: Binvgort Afe &9&151‘?%&Qﬁgédrhgrt for 10
| cohol hi s al cohol di sSsolved in 20

min ﬁ“élt“i‘ﬁff‘l aprdyRmeRipepgine 41 ng W P68 prh v fo!u!sa\wem DIEA (152 mL,
8.69 myﬁdl)d ITA¢ teiBiehhRuechds eiradiat f O SBanaamlgd wiasH,.adzbadl )t ahd AR ture

was F}x?raé'{eci w1?1hI?éM (RX)E A r ml) \Agasﬂédawsltlél ewdite{ rxozab‘&;;]ﬂ) I;heerq Pr?&e (9? mCL)f gr[;ed %Ver
Na,Ce hiidt cencefitaikel ovedk Hngwrealllus(}()om) VIGMES (ESD mfd_44@1[MeI1]ét hyl
et her and concentrated under reduced pressure to give
conmpound 2. Exanple 7 SyntheS|s of conpound 3:

Gener aI pr ocedure (E:&IBMSOI ution of oxindole
-fornylfuran 3- ﬁ% ) benzoate 2

(35§YIH’@BS'Sff Sz%ﬂ‘ﬁﬁaﬂ} ;ﬁ g mgr ﬂg? Kol $ ee Ll “yl)RheBQ')f“ranz
mmol) in EtOH (4.0 $ trt for 30

The resulting preci pltate was coI | ected by fil rat,i,_cm
to yield desired conmpound 3. Exanple 8 Os N

/\ N/ Clmo

T

Y

[0251] A solution of 5-chlorooxindole (362 mg, 2.17 mmol), 1-(5-(4-(4-methyl-1,4-diazepane-1-
carbonyl)phenyl)furan-2-yl)ethanone (800 mg of oil) and piperidine (214 pL, 2.17 mmol) in toluene (10
mL) was heated at reflux with a Dean-Stark receiver for 16 hours. After evaporation of the solvent,
purification by silica column chromatography (methanol gradient in dichloromethane, 0 to 5% vol) gave
5-chloro-3-(1-(5-(4-(4-methyl-1,4-diazepane- 1 -carbonyl)phenyl)furan-2-yl)ethylidene)indolin-2-one (200
mg) as an E:Z mixture. LCMS (ES): m/z 476 [M+1]".
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Synt hesi s of conmpound 5: General procedure

[0211] To a solution of conmpound 3 (0.06 mmvl) and
woiaBD/002063 ng, 0.14 mmol) in NWP (0.5 L) was apciBUSHDDI49318

(22 ng, 0.12 mmol ). The reaction was stirred at rt for

10 min and then added am ne 4 (0.24 mmol) followed by

DIEA (0.05 nL). The reactigon ql jure was stirred at rt

for 1 h and diluted with m.). The m xture was

extr . AL

conc o Ray A bR Bl 38%??‘#“‘6’%%%*&% Ropegicadl,

conpound 5. Exanple 9 Synthesis of

(E)-3-(5-((2-o0xoi ndol i n-3-ylidene) nmet hy

n20|cCIc [OBQZ],A qutlon of oi%hdo
L S gl AR
(350 ng nmol ) d piperidine (0.1

nmmol) in EtOH (4.0 nmL) was stirred at rt 3
resultlng preci pitate was col |l ected by fiItratiHn to

5T eh ST FiyT Pl SRR G BEA S8 PED 30 gn-2 e seid (532 me.

5.98 m®)): andrpiperidd6 ([ I9HnII1 $.98 mimod APEEOHLO.0 nBy widresédsat D0 min. The
I
resuﬂl%pr%cbé}éte %g %)96096%_1%3 ?litf‘ap (hngii) ¥1bfélg1%g§ngugE Eo oglﬂg\fﬁr}ngg x&R/IS I}ES)
HVZ%NJM&H../N O [0213] To a solution of
(E)-3-(5((2-o0xo0i ndolin-3-ylidene)nethyfifuran-2-yfiben
zoate (20 ng, 0.06 mmol) and HOBt (16 ng, 0.14 mmol)
in NNP (O 5 nL) was added EsgEpled>> 0. 12 mol). The

AT B A e %WW%&%@@%\?@OM

DIEA (0,05 nL). The reaction mxture tirred at rt

for 1 émoo|unaiwth+Q0(10rm) THr e was
extrag; t/h Et 0Ac ( 20 nmL), dri vVer\.\Na2SO4
and concenﬂka;ed The|cr de was pur rifd ed by &HP»C to
give ¢ Cl

(E) - 3- (B do?.n'\éyﬁdene)rrethynfu 0 - N
(2- (pyrr8lag- 1yl ) et hyl ) benzam de. LCMS ( M1z 463
[ MM11+. ExanpHe 11 Synthesis of H

€énzol Cc acl J sol ution of oxindo
dlchézp@gaw (27 mg, ﬂrﬁ%)]n)nol) QQRM( 196 g, 3.67 mmol) and PdCL(dppt) (44 mg, 0.06

mm(ﬁ)’ i s (_f)/Ql[d'ﬂﬂef(S% &Mni3- Vs hbRRzoae ({Véfiltéhm he @a&ior{m{u}e W dooled to

renfifetidfol 39 e FC by PR ThPEt sl precpie

collecodl byefiitr@idn B rigd) | Tireatmaning ecipitatt th thkegjidoadayer was also collected by

C I Q- )

e e et ST R LTS (s B ). Love
(ES) mz 366 [NHll Exanpl e 12 Synthe3|s of
(E)-5-chloro-3-(5-(3-(4-nmethyl -1, 4-di azepane- 1- car bony
| ) phenyl ) furan-2- yl)methyl ene)indolin-2-one

[62'5%] X 40%u‘c}m)t%egyr&ru&)ﬁ%hnﬁe%hécgdn?g Bt ?n@ LRASDY, M&if ag: 2-
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[0215] To a solution of
(E) - 3-(5-chl oro-2-oxoi ndol i n-3-yl i dene) net hyl ) f ur an- 2-

W@ kQ1beoods ¢ acid (541 ng, 1.48 nmol) and HOBt FAD0S909/049318
2.96 mmol) in DMV (2 nL) was added EDCI (565 ng, 2.96
nmmol ) The reaction was stirred at rt for 10 m n and
t hen added 1-nethyl honopi perazine (0.734 nL, 5.92
nol ) followed by DIEA (1 nL). The reaction m xture
was stirred at rt for 1 hEamplddé uted with H20 (10
m.). The m xture was extracted with Et0Ac, dried over
Na 2 SOrBiherisca ABiara Bt (& (- (4pshyd-l duliazopes- lpst!MIraF@@ Yjuran-2-
preparative TLC el utYHRfthnpintolitgpranol in
di chl oromet hane to give
(E) - -chIoro-3-(5-(3-(4-nethy|1,4-diazepane-

m 2)=462 1 : ExanELeNAS SyntheS|s ofﬁf\

(g ((5:-chlgro-g-o |ndQLLn_3ayI|dq$ﬂigp
n-2-y 7- hydr oxyN2- /phenyl et hyl ) benz e
[0216] e precedure as in exanple 12. Exanple
Synt he

(E) - 3- (5‘((5 chl or o- 2- oxoi ndol i n- 3-yl i dene) met hyl ) fura
[@53}M@&mﬁhﬂéﬁ<ﬂ%ﬁﬁ9&yﬁf9mﬂ&$gﬁﬂé®%m%%2ym&%QERbﬁm%§2cme@o

nt hesi s
r%%W@%%WWMWW%WwMW%@WWM%W%%m@%mOm
mmd Q2 aB}anA((HQhM)tWa@ ﬁre@fred?l@ﬂaﬁrdw@v&@bm he réaddiSn 1IiHXEt||re) wis Middddaved at

1400(3(%0r61 mmutes The S0 u{lon dw% ed wa r an dﬂﬁ dprgcq%lrtéi{e waf ?ollecteed by filtration

reacti on was
to yi¢ld 90 desgred [Ho@TL (ﬁﬁmt)) Tk mm@e waﬁl'ihehenrpwtf@d by MaSTISl 2% Me@H in
dichBlonfnbnel LUMSRE@NH/,a86 AR 1§ for additional 40 mn The

reaction m xture was poured into H20 (25 niL),

neutralized (Na2C3B), and extracted with EtOAc (25 nL

X 5). The organlc | ayer wasampledbq with brine, dried

oyv.e nt r ted Th rial
SR AT P e %ebggﬁang; dip Egémﬁ%e'a%m@?ywr?qihﬁn-z-
pi peridi ne (0.60 nL,” £t oH (5 m) for 3

h. The resulting precipitate was coIIected by
fil N‘tlon to yield the desired 3-((3- nethylgif

an- 2-

my, 1.4%Amo{) in DVF (7.0 nl) vvasaddedNBS(ZGSrrgH
1.49 nmmol) i DVF (1.0 nL) at OC. The reaction was

[(?ztsgz {z§ s%l 1E)n ofg cfhg)r% a (g (ﬁglgor(%})g{ap ::'é(f) r (n]23¥1r1‘e¥.hlylefle)18%0htn 2-one (80
mg, 92@1{ min(pjhéh nnghiyl 4- plperldmyl)methanarmne (32 mg, 0. 246 mmol), and triethylamine (0.035

ml, (324(5 Q&JB Qﬁgxaﬁe mtrmlwfa%@&re% W4 mww @J&e)rh&‘é&&'n&nn&m%s

mlcrgywﬁggﬁ% Cder lﬁg{irhlfp}s The solution was dlluted w1th water and the precipitate was
colledted By MBERY o yacld fhdd QX MEah) MhSprydijide Ra) MRk Yok b @fe2FL.C
ettty WAENZ BB i Qichloromethane. LCMS (ES): myz 450 [M+1".
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[0220] A sol ution of
3((5-brono-3-net hyl furan-2-yfinmet hyl enel i ndol i n-2- one
W@ 2@5/002933 0. 41 mmol ), 3- (et hoxycar bonyf | phenyP@DUS290%049318
acid (115 ng, 0.64 mmol), Cs2CA3 (270 ny, 0.83 nmol)
and PdCl2(dppf) (16 nmg, 0.02 mmol) in H20/di oxane (5%
5 nm) was heated at reflux for 1 h. The reaction
m xture was diluted with H20 (150 nmL) and extracted
w th Et0OAc (3 x 100 ni). Exsmpled®inic | ayer was washed
with brine (100 ni) and dried over Na2504 and
concent rated to yield PRE-lGassay Methpet hyl 3- (4-
hyl-5- ((2-oxoi ndolin-3-ylidene)pnethyl)furan-2-yllbe
[(ng]atTéle foﬁl%g Prg@flure ﬁz)aszus%t@ afsw&ﬁPIM]gﬂﬁF %ctlilgf of compounds of the
inve@ipAt D@ Bet@lls for assaying PIM-1 and other PIM kinases, as well as methods to assay for

- 3- d hyl ) f 2-
act1v3ty§ amnqltle \yarlous k&g%bmH@uB:qo Flb)ﬁg{[] th e[‘e) met hyl ) f ur an-

Henzoi ¢ aci A"sol ution of net hyl
[@ST1A-Inre fiiny Feadi0 Polonaif A0 vl feppnBunpht M) netway Inpfbatedwitp L3mM
MOy Iﬁﬁ‘@ @attn%v[ @bﬁ %l?oero@lf%%r ?m 002'%1 2 '%k@‘bt&éhagolfdﬁe)z %’J‘%@A 0.2 mg/ml,

100 vMé%‘%R Lﬁﬁxkouw Mgdsetetpdp aM AB’ |{Y %M Pb(FPeWﬁ% a%mlfwm@@ 00
cpmpRBD, HMIO W bt kb ENcompdiga L@z W Bire’&lgo&%ﬁﬁh&i t@aL RaMBS was

| Iect by fi l t
Sy el a%%%ﬁ%%%?ﬁuﬁwrg NP ABAE) HRPHYP P e gscions
werétjubiloBridg@itte aaditid of 0% ulrg.y 5% PEMBo(iES)d, ailltize 134 6d péptidelcollected by

. E | 1 nt hesi . . .
iSRS oo HISE i Bl e gy g s gy g7 s
acid yl:[_))) .u]\]pe( Qel@ ply:}the@l ifi the g_d.ditiyp ?f@pmyﬂa}lm@(ﬁp tdleper well), the counts were
meadu@43¢h scliRinfiod Qbuptet on of _

3- (4-met hyl-5- ((2-oxoi ndol i n- 3-yl i dene) net hyl ) f ur an- 2-

yl )benzoic acid (40 ng, 0.12 mmol) and HOBt (32 ny,

0.24 nmmol ) in DMF (0.5 nlL)Exivapleaglded EDCI (46 ng, 0.24
nol ). The reaction was stirred at rt for 10 mn and

t hen added 2- (pyrrol i dibhM12 Adsdye¥ibthodhm ne (0. 05 nl)

foll owed by DI EA (0.05 nmL). The reaction mxture was
[@Sg]r rr[%gj[ CQIB oﬁlﬁdsfdggolv]ed Qnd%ﬂgte&i l]jﬁ@ hvelr_gaglde(d]tg a fgaatlon mixture

he mxture was extracted

Comerrsrnédo &Y i XNBppction Butd (@&%Mﬁﬂ’ﬁ aHéf @ 5ffr?151 &4 Md@ Hv\&‘f’srecombmant
hum@UFIMD is@1Gkiday4 £ Eep1-2T. dl-x@ol@/é_tf)/fél Maibh bulfe REAM TIOW pH 0 0QEIVEA 1 mM; 5%

3-(4- hy1- d
Gyt AR PR i LPER SR Riat v BMD oo e gpion
were)ifpengdhyi tcberdifén arg) viloCNEP SeBjon (489 (18 4 WRAFIR 175, uMEX &ty Kee( [ v-
33P]§QE, c@tl B%? O%FlogOOg&h?%\ol (Perkin Elmer)) and 10 rl 0£ ﬁusyftrate pe%tlde SQlutlr(])Il

ni cot i nat
(RSR¥S @f\ﬁgﬂ dlssolved in water at a concentration of 1 mM), Reactions were maintained for 10 min

at 36Rs(( 4rhé1regou5nstveetrer cglgﬁhab’vlflm]l()@ul%f di nsﬁ? ahRpRHARE® thith aéﬂﬂsf@@etdl tHland
|I;|D yono ar e
flltre(@d]ggvf% aP sl?ffc?ﬁ]fh)m 11teélaé@&t%y(pireil\é§P}gN6% 5 )6 Aﬁ%xye)sltllégﬁfch well 4

time P RTIPROs (65 ay, scOuilBiontiwt J20iuh) WRAAded itozaetnecli(abdhe deSidual
radioac }V%tzfj W§S mfglgtr%eglglg%%a{’\% lacl‘f X ]fleosgdﬁn(c]j'ﬁsﬁo n%tfg‘ d T\rl]\ﬂet rhe ﬁégl (02 0 0
nL) The resul ting preC|p|tate was col |l ected by
filtration to yield the deghhfdset hy!
5-(5-fornyl furan-2-yl)nicoirnate (420 ng). LCVMS (ES):
Mz 246 1Mr11+. %ﬁﬁ?ﬂl@razlf“ N@\?H‘@Wéﬁé%‘”&v (E) - et hyl
[625915-A fepre@hihdfe el RprokieratialQksa Npratoyd] hkerva)him B ldyd (W@ at2°C, use
I otin 0 [0224] A solution of ethyl
ZOMém) H?%PﬁﬁqrgP%ﬁgﬁlyI)nlcotlnate (235 ny, 0.96 mol),
5- chlor0|ndoI|n-2 one (161 ng, 0.96 mmol ), and
pi peridine (0.10 nL, 1.01 mml) in EtOH (5.0 nL) was
stirred at rt for 2 h. The precipitate was coll ected
by filtration to yield the desired crude material was
heated at reflux with oxindole (800 ng, 6.02 mmol) and
pi peridine (0.60 nL, 8.08 nmil ) in EtOH (5 nL) for 3
h. The resulting precipitate was coll ected by
filtration to yield the desired (E)-ethyl
5 (5 05- chloro 2- ox0|ndoI|n3 ylldene)nethyflfuran 2-yf

- e NN~ NN



Exanpl e 23 Synt hesi s of
(E)-5-(5-((5-chl oro-2-oxoi ndolin-3-ylidene)nethyl)fura
WO2R0PP3IN- (2- (pyrrolidin-I1- yl)ethyl)nicoti nardTES2009/049318

[0226] To a sol ution of
(E)-3-(4-net hyl-54(2-oxoi ndol i n-3-ylidene) net hyfifuran
-2- ]ﬂtggnzmg aci d 20 my, 0.06 mmol ) and HOBt (16 ny,

) was added EDCl (22 ng, 0.12
ol )a Silfiend eastivonliwas stirred at rt for 10 min and

t hen ba@qgrgcgl's(lﬁly Hte'oé nﬁfei]- yl )et hanam ne (O 05 m—)
foll owed by D reacti on m_xtur

sti r e dlag®00p- 510%(}%&5 gt 5%&%?9 H}toéiﬂ'e‘b\}i”? ppdised n“(%%mﬂ Plate
accofﬂil% t&1ihX FolbRinYVpISte @ but. 3}&&10&@11 Wiliuk nﬁﬁgﬁmn(hyao szelI%%l(lio)Blz Wells Bl to
dried ove and concentrated. The crude was
B haygf l? b@bnotfom?ﬂilﬁ%d?% gi ve
(E)-5-(5- ((5 chl or o- 2- oxoi ndol i n-3-yl i dene) met hyl ) f ur a
n-2-y1)-N(2- (pyrrolidinlgyl)ethyk)ni cojg Ranm de. LCVS
(ES): mz 463 [+ 1I. E3<an'pl e 2§l Synt hgsgi s of
(E)-tertgbutyl
3-(5-((2-oxoi ndolin-3-yli dene) rret hyl) f Yiediing- Y! ) phenyl
car bamatBe BocH I\NO COMP(PU'!Q'FPDEDS,OI ut i %% oxi ndol e

(235 mgiﬁlje ;S;)gdh]\,putyl1 (5-fop fura

fro
yl ) pheny] car ba (50 ) pi per1di ne

(0.18 mP 1.80 ') Lﬂﬁmo oaun ;Y gomg

rt overd ght. 1oRM; esuTQOi"Nb pr etiMpi tat e10@d col ICé?éTtF@d

by filtrRation denMi el d1@dedi red (Ul -tert 10uMyl  Comp3

3- (5- ((Zx oxoi ndohmn- 3- Wonfiene) NMaiNny| ) f uneam 2- yl )grhenay|

car bamate (640 ng). LCVS (Egpry z 403 [ MH11l. Exanple

25 Synt hesi s of

(E)-3-( 6 - am nophenyl ) furan- 2-yl ) met hyl ene) i ndol i n-

2- onél Addl 0 lgg%ﬂlrug\dlglgprutp c¥h el m(aE))nqe@};aleIb@@t)\yq in the plate layout
abov% Abihé {adre @0 208 QoipMoBndlalicte ie Lembhyd fueiaB0%o B12). Total volume is
200 {y/%)lpenyl carbamate (600nmg, 1.49 nmol) in HCl/di oxane

3.0 mL) was stirred over night. The resulting

pr eciepilicaliae fas4)clofslaext@d %YO fib b bungidifianindubauyi el d

d f 2-

v ot Rt ke BRLARRATR 0 °" e (E): iz

303 mlbategyﬁﬁlpﬂ@ hpgs atSyie} $ie§0s 1ngifhurmd1fled incubator.

(B) - 3 Qbégl @JON‘S((egce(ail.san(eggat'awar\}ggflglhrb'f §44Y11n| ag@aﬁl%tmélangth of

uran- 2- yI)phenyI)propanam de O [0229] To a
590[g1blrsijlgla8ﬁcr@:]1ate reader.

(@26 3 ({cDsayd; ait fophery k)i h]t’eamarapdjﬁhc) forippioki@faely foddhyshe dye is

then adc%ﬁ)%l\* SOIISB% nﬂblorescenrcgr(g 3))n reguc cmgyé rlSE)C%tre%)tedaa:]Hgf a[pproiglllma{éq}rfgou)r hours.

Diffgrent ofnesmﬁcells)ca@e pitkd in tiFheayséagt HGH L Idwmat ¢otoresthl fagynomg cells,

PC- muﬂllagﬁgstﬁtﬂ%aﬂe&%gﬂs%& ﬁﬁa@ac%%n&%aﬁ&&iﬁ@gr&%mg 'célfs)r ation to
yi e esired

(E)-3-chl oro-N-(3-(5-((2-0xo0i ndolin-3-ylidenel nethyl)f
ur an- 2- Aphenyl ) pr opanam de&xahfiyBl (ES): mlz 357
1wm+1- C11. | e nt hesi s of -
(B -1 (3 (ST aru R AR SRR B el reimyipreean 2-yi
[gzph]e @I)&Iﬁhiﬁipgtrwe@ Ketehimmefl by Iylba)slping pamimhltd)@ of recombinant human FL.T-3
phosphorylation of the peptide EATYAAPFAKKK using 10 uM ATP in a reaction mixture containing 20
mM Hepes pH 7.5, 10 mM MgCl,, 1mM EGTA, 0.02% Bri;35, 0.02 mg/ml BSA, 0.1 mM Na;VO,, 2

mM DTT, and 1% DMSO.
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O)V....... 7-C1 HNO H [0230] A solution of
(E)-3-chloro-N-(3-(5-((2-oxoi ndolin-3-ylidene)nethyl)f

W@ eE0@933| ) phenyl ) propananm de (25 ng, 0.06 nmedd/Us2969/049318
pyrrolidine (0.025 nmL) in NWP (0.75 nL) was heated in
m crowave (100 C, 5 min) The reaction m xture was
purified by RHPLC to yleI%:thq fSIred (E)-N-(3-
(5-((2-oxoindolin-3-ylide ne%n%%gyl)furan-z-yflphenyl)-
3- ( pyMedulatidn pt protein)kirasqectizity id stah@vlzqdEgYiometf iz kKiAR: assays

[(iZM]l JCOHE)&@&HP\LV&(? %Qedgﬁﬂﬁ{ep for !10%V1%f agﬁﬁgt Biid: protem kmases Protem kinase
(5-acetyl furan-2- g benzoat'e To
£

mhl%l&?@@ﬁ%ﬁ@twrﬁde(%mw ate%ﬂ%rdzeiﬂa?l@flﬁawﬁ%e ?(S%ﬂygfor qagh eividual
kinafWhidh At fit@Sindiy 6EF3PebakEsubdkQic Pootdhs b the khaddWDinteieR. Each IC50

5%
oo 20 st 0 T oo R T SR B OB gl Bom e
WorblcWide W2b UBL gpstaiclcofdliseprpty)serviced it Owediilbng. cat al yst
PdC12(dppf) (379 ng, 0.519nmol) The sol ution was
heated to reflux (105 C qggﬁgegjtrogen for 3 hours.
Water (100 nL) was added to the mxture after cooling
down to rt. tration gave 2.56g of a blac
mat e §icatjon via silica cs
CthNb?tbr-o‘w elutf ng mnth dlchlorok th@
nmet h (-acetycff
mol , 61% yi ekd
[N%ll. Exanpl e
3-(5-acetyl furan? -ﬁl)ben20|c acid [0232] A
sol ution of nethyl 3-(5-acetylfuran-2-yl)benzoate
(1,50 g, 6 1 mol) in ethanol (15 niL), and sodi um
[0R¢3lr Ao 5%10(@&!((5 -B-@inethwh .4 dpaipad- latarbsiyHphd@lfuidn 2-

yl)m%@%egf?dglsutl & nd %ﬁ%&)‘ ﬁg}\e&%LMr@l\x\%éﬁ%ﬁ) Qif] gnl%‘ogoshz rldgggjm@ I_'!l“he
reactipmenap ﬁlf@éﬁ@om@mﬁ%wfe@lf &ehithWafe fayaddddand theprgiugewss H@fﬂCted with
dichdRslehad, §wﬁ%mﬁ&%thLM&@ﬁm%m%&%Q@@&@meaﬁmgog&eégﬂ&n3(6(3(¢

77% vyi el d) reen sol LCVS
meth(ylﬁég dlawyeéﬁrb%r{yﬂ)ﬁlfny E&ra -Iyém%tbyl)lrgglm %%el orlaxfge powder. LCMS
(ES)1>955%-1ud; hd-4oetMil- 1, 4- di azepane- 1- car bonyl ) phenyl ) fura

-2-yl)ethanone H kr-Th - ON [0233] To a solution

of 3-(5-acetylfuran-2-yl)benzoic acid (1.10 g, 4.78

mmol) and HOBt (1.29 g, 9Ez@mpled) in DMF (10 nL) was
a@gﬁ%sgm (5(-(35 glﬁ&*o 290x§1ﬁd d))lrdeligﬂﬁet ﬁ‘ﬁrah Qr&l)ﬂﬁéenesulfonamlde

stirred at mn and then a ded

Iz

1- nethylhonnplper Zi (2.38 L, 19,12 ot folgomed
by DI EA (3.3 1, 1A ol ). The(r o2 ure
was stirred) for 1i1amdeL i RO {50

m.). The nﬁ&ture was extracted muhh 50 ni),
dri ed over Wa2504 and concentrat €d’t o glve 5T OWn O

(1.70 g). LCVS (ES): miz 442 [M+11l. Exanple 31
(B¢l e §-feyfuylfuran-2-yl)benzenesulfonamide (30 mg, 0.120 mmol) in EtOH was added 5-

chlo{()aln&leqlfd 19% ,0- 1f§(‘) fngﬂoﬁ §nd(1§pe£1§lné@§ D]y lO'l%(D ﬂm{él) ??l%gﬁ%rejwag @fn@d at 70

) yl ) pheny | dene) i ndo

C foG?“S‘Z? hOAsz EE?* P%ﬁfﬂ%ﬁﬂ wgd tﬁﬂﬁ%%@lﬁf%ﬁlﬁ%?@ a(fée%ﬂ (fgyicld 4-(5-((5-chloro-2-

oxoifid®ih )31y11dene)methyl)furan 2-yl)benzenesulfonamide. LC-MS (M+1=401).
1-(5-(3-(4-nethyl -1, 4-di azepane-| car bonyf | phenyl ) f ur an
-2-yflethanone (1.7 g of oil) and piperidine (394 ilL
4 mmol) in toluene (15 nL) was heated at reflux with a
Dean-Stark receiver for 24 hours. After evaporation of
the solvent, purification by silica colum
chr omat ogr aphy (net hanol gradient in dichloronethane,
0 to 5% vol) gave
(E)-5-chloro-3-(1-(5-(3-(4-nethyl -1, 4-di azepane- 1-carb
onyf | phenyl ) furan-2-yflethylidene)indolin-2-one (800
ng) as a EEZ mxture. LCMS (ES): nmlz 476 [ M+11l
Exanpl e 32 Synthesis of confidund 3: General procedure



01) CDMI, NMM THFArNr_o0 //2) MeNH Ove. HCI |/ RNI gBr,
LIUOHA----A>-/ QONOMe C.... 11 [/ 2 1 [ 0235]
w@tpoRB 2 can be synthesized as descri bed i nPQI/UB02849318

Luca et al., J. Og. Chem 2001, 66, 2534-2537.
[0236] To a solution of the acid 1 (3 7 mml) in THF

(11 nl), at room tenperat e added 2-
chloro46dirrethoxy413¥f%ﬂrl"i:§'§r e (COMI) ( 4.4 mol)

Ginthens st T SO SO G 2 worobenzoste

N, O- di nmet hyl hydr oxyl am ne hydr ochl ori de (3¢7 nmmol) was
added. The mixture wels \stirred for a 8 h and
t hen quenched~with{15%1 %f wate @ ed two

times with 7 @ gr@et hyt—=t he e ed organic
phases were was edHtvvo times with IB ni of7apsat ur at ed
sol ution of Na2CO3, followed by 15 nL of a solution 1

[(H6HC]T o@rt% QB&&%‘&H IQ@m@[ﬁ}gQ‘l@ § cﬂl(ﬁ%ﬁ&ollm%ng( 15@1@{;,@’4%5 mmol) in
rous after evaporation

leX%{meSSO&éﬁﬁbhw aédeg A@%Pﬁt(}nﬁho"dfar‘lf)&h‘ﬁ’@ﬁﬁ&m?mf gcig (111 mg,
0.559mlb)) ahd"CsIddb; (45150ng111_);98\/ﬁﬁ01ﬁd1d1e chisidre wmargats@lmen aitrbige® fdr @ minutes,

then?’ érlh'lgafg(?% ut I 3 &n.}r\%l) %{ﬁg adg%? Ffl%/grﬁnxtu&ee \ﬁ%slllle d 121 {nﬁroz_vlva&eefg)ru %O minutes at
110 Yat Wrtetves ad\dbmz(ﬁm ﬂamdidémeeQMSeblzttmmﬁiltrm@ tthem nbﬂlyhl(Se(tS chloro-
[ [ S re washed
o R e TR OB BRI PTRTE AP 2 Yo
by 15 nL of a solution 1 N HC1l and brine. The organic
| ayer was dried over anhyd®3URERbOSOM to give, after
evaporation of solvent, crude 3 that was further

Wheplﬁ @fdnqglyyl fl-|(5dg$rcl@pﬁo&ﬁp@gqlmylde@gﬁmlgmggﬁ -yD)-3-fluorobenzoate

[0237] A ; oF (?djrrpoungI 2 (4 dcgnpound
1 (4 nmmol) piyper i di ne—£394 NT Tol uene
(15 m.) was h '
receiver for 24 hours. After evaporation of the

k]V e[%%u((d%%& Cfl;&&‘& 'yﬁfﬂeth SR Elﬁ&mﬁﬁhlhl %n&ﬂ%@ L00gE FS%M in

hano ent or onet hane, %VO
dwxgﬁv@t% Gﬁi%l%ﬁ el-Bvas agded %&P@Oés‘setgwfqﬁ@g}/@hwlbe@ﬁlﬁ 8tithd ! Bme,
0.55CRARTH ahd MLOG MR, 1.398 mmd1D 238 Inidurs RhdilebARRd @fh FROROUWNY mmutes

4 ound 1 (4 mml) and eri di ne
en gl o e TP OB Gy P i PR i AT p L] s
1109 Wateawﬁmmedstuaﬂlk sdli@ ceinvewasfiorate? By Hilouiod .to YLl @kthyl 4-(5-((5-chloro-
2- ox@ﬁé?@?ﬁ rs%ﬁ %g)nIr%E gft]ﬁn 3%\@%% g%% AtJ 1x s' 1.9%8)5.' lica

di chl ororret hane, 0 to 5% voI) gave corrpound 3. Exanple
34 Synthesis of oxindol e EX¥ameleder a| procedure

Synthesis of 3-(5-((5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)-4-fluorobenzoic acid
F F
/3 [\
cl [ o O cl [ o O
b Y O
N N
H

ad H o” “OH

[0267] To methyl 3-(5-((5-chloro-2-oxoindolin-3-ylidene)methyl)furan-2-yl)-4-fluorobenzoate in
EtOH was added 1.5 mL of 6M NaOH. The mixture was stirred at room temperature. EtOH was
removed under reduced pressure. Water was added to the remaining solid and the mixture was sonicated.
The solid was isolated by filtration and air dried to yield 3-(5-((5-chloro-2-oxoindolin-3-
ylidene)methyl)furan-2-yl)-4-fluorobenzoic acid as sodium salt. LCMS (M+1=384).
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o OEt [0239] Oxindole 4 m ght be synthesized as
described in Tian-M ng Yang et al., J. Conb. Chem
WQQ0F/00933 86-95 foll ow ng the above schene. PCORED]PI/049318
To the m xture of sodium hydride in 30 nL of THF was
added dropw se a solution of 15 nmol of diethyl
mal onate 2 in 20 nL THF. The reaction m xture was
continuously stirred for an additional 1 h at room
tenperature. Conpound 1 (10 nmol) then was added, and
the m xture was stirred fa&a itonal 30 mn at room
t enper atSymtbesisAf #-63-((3-tidors Ghoxeintolineisylidvmpoetag EaranBater
was added. The sol uti om-fhegoleawicagid zed to pH 2-3 with
2 MHC1 and then extracted with ethyl acetate. The
organi c | ayer shed wth brine, drieg sodi um

sul f at e, at ed under vacuum
conpod [02 Oa- sol ut Flop7ef430 mmol_ gf_oH
conpoun it 50 nL of kthamol wasladded=45 equi v \of

12 M HCL. Then tin powd®r (5 equiv) wast partially @nd
slowWy added under strong stirring. After the
[@68ip | Totmegiy! Hf5-( helaadorduginlin$-ylideee ) methy howder))-3 flherobenzoatein

EtO %&Idh&lnl MBMI\@NX@{% T&fnluk{?ﬁ% QVaI Qﬁrre@g%oiiﬂ t@[ﬁl?elraée r'EtOﬁh!\%s
sol vent was then evapor at ed he solution was stirred

remoy e iEUdiPFEY i YA zfe%dwha FrERining fRlidind the P gasgonicated.
The fild ©ks isolafed b?hﬁram)ﬁ(inu i dM&So fitlh ttes ggichléﬁhe oaBih@llin3ay er
ylideng me%xlgfltllr%t(l:& 3\% ! rb)beentzgly zacrl agg(g OVme sralltS OgMg %1%2543?428 ol Vgﬂg
concentr at ed under vacuun1 The residue was purlfled on
silica gel to yield oxindole 4 being eluted by the
ethyl acetate/petrol eum etighpigyst em Exanple 35
Synthesis of
fh% 1§ ((t@ Jﬁ 0 679 f((‘5 r(??u(ﬁ'o-\él (A “:EM%H f ﬁﬁlépgg&i gd}b(%fyﬁﬁﬁzhyl)-furan-z-
, conpound 1

242 A so ution o Ehddli
(2 4 mmol ) and plperldlne 4 mmol) in EtOH

(10 nL) was stirred at rt 30 n1n The resulging
i pi fcted by filtratién) i eld

desired c
(E)-3-((5-br peYTfidol i §- 2- one) .
LCVMS (ES): m on Exanpl e 86 Synv i s\ of
(E)-3-((5-(6-(3-(di net hyl am no) propoxy) pyri d 3- yl)fu

ran- 2-yl ) net hyl ene)i ndol i n-2- one: [ 0243] To a
[@@b]u tT*O%WS Q(fS cﬁﬁgpp%gldo’lhn(ﬁldag)me%yﬁfz&a @gﬁ’} 4) ﬂﬁﬂ%e&§§ 'a&lm39 mg,
carbonat e i n water/di oxan

10F PR BTN P w%ﬁ%@éhﬁmg b aiag DA Bt inob. The
mlxtbl@ Rx@ﬂitl@re(aﬁlr(d)ngtelﬁ Rurfed yas all@bi I m@mbmolﬁ@taainyats uL 0.122 mmol)

tion was

ond RO 1?88‘?‘%%"1?‘2@% Re £8P G Bt et o

HPL{asyield dehilomoeﬁ (e -fhiopot S encalfyt- b #- dxamphnerig:atbonylﬁﬁhenﬂlbfman -2-

oSl RTBY. AT MSRlLALAG.DY Tiltration and
purification via silica colum chromatography el uting
wi t h di chl oronet hane gave conpound 3. LCMS (ES): mz
390 [ M+11+. WD 2010/ 002933PCT/ US2009/ 049318 Exanpl e
37 Synt hesi s of
(E)-3-((5-(6-(4-nethyl pi perazin-1-yl)pyridin-3-yl)fura
n-2-yl ) met hyl ene)i ndol i n-2- one: [ 0244] Sane
procedure as in exanple 36. Exanple 38 Synthesis of
7-brono-N-(2-(pyrrolidin-1-yl)ethyl)quinolin-2-amne :

123



[0245] To 7-brono-2-chloroquinoline 1 (107 ng, 0.44

mmol ) and 2-(pyrrolidin-1 -yl)ethanam ne 2 (55.4 ny,
w@208/0m83 ) in 0.5 nL of di oxane was added p-tRCT/ESZ09/049318

sulfonic acid (83 ng). The m xture was heated at 160 C

in mcrowave for 20 mn Water was added and the

conpound was extracted w th di chl oronmet hane and the

organi c |l ayer was washed with brine, dried with sodi um

sul fate and concentrated yRggr.¥acuumto give crude

product 3. Exanple 39 Synthesis of

SRR SukpATSL %1]% AR AR R AR BTl >

solutlon of

7-bronmo-N-(2-(pyrrolidin-1-yflethyl)quinolig-2-am ne

(70 ng, 0.219 i )\ 5- ornylfuran 2- ylhoBonkg acid (46
[ arfd b Qpa 0,656

dp-exane~¥asStadded E:E @ppf) ~(8 1y,

\i s sol uti onHwas heat edl at refljf%jgder

nitrogen for 10 hours. Monitoring by LC M5 sh
conpl etion of the Suzuki coupling.
2010/002933PCT/U82009/049318 [0247] Cxlndold (44

d to this 0

By o S OB ol PR A G e b R e G T o me
0.10¢vasop) fireleMp iweaddeei! HH?/TIH@I mgg)- l4d mewoDandDTHA Gepled.3t dmgioleThe
mlxtgrg em?%st% ?I‘(Q)ET&%};G? QLlré Eﬂ?ﬁ was aflcied 1- meth lhom%zjjaaimﬁ% f16 HIJ,7O_ 1}/2:?- )mmol)
and arllwvafhw EUf}ﬂlI)Oﬁ@ﬁWP@W@) i hfdf@llql f?rrgeddr@é ispfated piftlirtior gndgpyrified by
HPIRY & Pl 31chv@ - 3H3-GLiMSro- L @R gES)mla %ne45c1‘rbg %%ylﬁx@ml e

S acetyl furan-2-yl)benzoat e:

ﬂmf%ﬂﬂéﬁmgg gogbﬁgg§$W%f ! (5- br onof ur an- 2- yl ) et hanone

(963 ng, 5.09 mmol) and cesium carbonate (4.98 g,

15.27 mmol ) in water/di ox&xamplbés 20 m.), flushed with

ﬁy}enttlL S965. (f( (3 ( ﬁ lrg M{aﬁcgo ryWEl?en?l?tha yl)nbeihylene) -5- céléoromdolln -2-one

oXy car onyl phény I Cc”acl
mmol ) , foIIo by catalyst PdC12(dpp (186 mg, 0.255
(A05 C) under

nmol ) . Tn% was heated to ief
nitrogen,” Hpr Qours. Water (5 asXadded to the
m xture after cool Png\to &RT—Fkltwetion gave 1\ 44
bl ack crude material. /Purification via silica/0f
chr omat ogr aphy el utj Wittt h di chl or onet hane
met hyl 4-(5-acet ¥l an- 2-yl ) benzoate (58
mmol, 47 %yield) as a yellow solid. LCM5 (ES): niz
(@245 [3Mp1B- chEK)aJ’l@domddlﬂl 3-hidateh@stiyd fugd-2-yl)benzamide (100mg, 0.275 mmol)
in5 %LG)FMl@BI@ItA ‘sﬁr@ﬁ tlngyb %lgﬁlgé?ﬂr % \!vzg evaforai I[d%ﬂ)%l] (1 )2 Sded.

solution o Cetyl uran enzoate
Hydgggine @ ndz wangsiigd qrwwwnww(eswaﬁﬁt)rred éwalgé(% anyies #yRdF-gRindé
minut@M 80RCHierVRS adl@hRGheAb1id/Bmfed is@fate@@y iltiHeh 8t drifd€hder vacuum.

reaction xture was co to r ust ed
The efﬁ@rctwaffu@lefl Y e iE Ry £c ﬁ@w}\@%‘l %”/%r%g%? @@“ﬁé 3@4 e was
collected by filtration to give the desired
4- (5-acetyl furan-2-yl)benzoic acid (500 ng, 2.17 mol,
91% vyield) as a yellow green solid. LCVM5S (ES): nlz 231
[ MF11. Exanple 42 Synthesis of
1-(5-(4-(4-nethyl -1, 4-di azepane- 1- car bonyl ) phenyl ) fura
n- 2-yl ) et hanone: 1102501 To a solution of
4- (5-acetyl furan-2-yl)benzoic acid (500 g, 2.17 muol)
and HOBt (587 ng, 4.35 mmol) in DMF (5 nL) was added
EDCI (835 ng, 4.35 nmol). The reaction was stirred at
rt for 10 mn and then 1-nethyl honopi perazine (1.08
m., 8.69 nmol) was added, followed by D EA (1.52 ni,
8.69 mmol ). The reaction m xture was stirred at rt for
3h and diluted wwth H0 (20 nL). The m xture was
extracted with DCM (3 x 25 m4), washed with water (2 x
25 nL) then brine (25 nL), dried over Na2SO4 and
concentrated to give brown oil (800ng). LCMS (ES): niz
442 1Mt1l. Exanple 43 Synthesis of

o A I



[0251] A solution of 5-chlorooxindole (362 ng, 2.17
nmol ) ,

wa 2154002933 4- net hy1- 1, 4- di azepane- 1car bonyl ) phePgI/V§200H049318
-2-yl)ethanone (800 ng of oil) and piperidine (214
ilL, 2.17 mmol) in toluene (10 nL) was heated at
reflux with a Dean-Stark receiver for 16 hours. After
evaporation of the solvent, purification by silica

col utm chr omat ogr aphy (maté;g,gﬂ“gr adient in

di chl oronet hane, 0 to 5% voO gave

SRS S e

as an E:Z m xtur m z 1M+11 Exanpl e

44 |r i on of 5- £t Groox] ndol e (999
nmy, 5.98 formlfl oni B¢
5.98 nmol) pPperi di ne ( , 5.98 nmmol) FnﬁEtOH

(5.0 nL) was stirred at rt 90nﬁn The resul ting
precipitate was collected by filtration to yield the
(@222l rlod-(Corrpoefmdn-2-3Baethyjne)-1-ANBoiadeER-2-ong B0 2@ Q0. Bkamntol) in

dloxﬁ%émm:t Sq%éter)%émcia@@@éc@f(lsz me, 0,466 mmol and 4-G- (444 5 S-tctramethyl-
| oro-3 1% | oropyrazin-2-yl)furan-2-y

1.3 Qe%%?jamﬁﬂb‘} 1- ﬁl eqyﬁ@propyl)morqhelzgéﬁs me, 948 oh e Irtnﬁqéte was %gassed
withPit@gaabr 5 higiesdtha hpart@lﬁedﬂcﬁgva@(faﬂm Binft$241208;. The 2dution was diluted

WIm&%&ﬂ tltefglfgfd L.eh lwgsr lg(fjé{e If traé 71%8 ﬁi'ﬁ (Né'ép}gl.%i)ﬁ%k)l’rjfé: 0 yield 5-
chlof®:15- (#F@{n)omhnlldelﬁ@lboxal)pb@nalbfera(la%)m&hYit@e)imm-hem @Ml (M+1=465).
reflux overnight. The reaction m xture was cooled to
rt and diluted with H20 (20 nL) and DCM (20 nlL). The
DCM | ayer was concentrate@k@ﬁgeggecipitate col l ected

?}ﬁtl{e'mg Blr Sa(thll()(?{;' 3-(((%](3 @%O?F;Hﬁloﬁtﬁmﬂ(yte@g)f@‘ﬁﬁ? ypt X a&rl@né)lﬂdolm -2-one

he aqueous [ayer was SO CO lon to
yleld t he deS|re7 gompound (245 ny). LCNB (ES): mz
358 1Mrl1l. > 6 Synthesis of O~
5- chl 01Gb< 3 (66(4%rretgl- ' i yl)pﬁlr:;z\dn-
2-yl) fur @ Pmsthy#’ene ' s H

[ 0254] A suf uty on of
5- chl or 0- 3- 05- ( 6- chl or opyr azi n- E yOfuran 2-yfinethylen
W&lndolln 2-one (80 ng, 0.224 mol ),
Het vy rorropeiper-azl m@hi(l@eb%&hk?wmd@ﬂ@&ee h812) O- 153 nol) in
dioxbrdelv@itcRiskamich8val RidQBGs,0b, (19 RA6 46081 Ad 40b-OXANS, A Cudhethyl-

1 e R R TR G By B et e e O O e G s cegasned
withSi0topkini ford asesdhdniit@dl iminichowagt for 20 minestah 2007. Elhie jpolttwih &vas diluted

w1th%§ér gn(altﬂe?sglﬁ)cﬁg n?:g wfﬁjllsélltgltﬂ ?iﬂra&ign yIlhg Loqld}zjdg }Eug ‘F’g’d 3 quITC to éield 5-

Chlowyﬁ 6Y-Sg2 ﬁLocthh}@OWb@wphwﬂﬁu@hﬂdﬁéﬁﬁtﬂmf;hedohﬂ@M%? (L@/}S (Mylz451D).
436 1M+1l. Exanple 47 Synthesis of
5-chl oro-3-((5-(6-((1-methyl pi peridin-4-yl)nethylam no
) pyrazin-2-yl)furan-2- yl psmupy£ne)i ndol i n-2-one
[0255] A solution of
Synethio b5 k63 6: (@Jai ﬁaﬂmylhﬁzﬂhaxy;’pmWl)\ﬂﬁ@ﬂﬂ&)%thwﬁMh@m 2-one
e)indolin-2-one (80 ngy, 0.2
(1- et hyl - 4- pi per} (32 ng, 0.2 6
nmol ), a d trief %6 nmol
di oxane ? G \ ~\ge\vﬁ The
reacti on nisxttine was m cr owgued/at” 140C for 15
m nutes. The sélution was diluted with water, and the
precipitate was collected by filtration to yleld t he
desired (70 ng). The precipitate was further purified
by prep TLC eluting with 2% MeOH i n di chl or onet hane.
LCVMB (ES): mz 450 1M+11

o) nyl)nethanam e
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Exanple 48 PIMI| Assay Method [0256] The fol |l ow ng

procedure was used to assay the PIM 1 kinase activity
w@R01000m983inds of the invention. O her nethods PQGF/US2009/049318

assaying PIM1 and other PIM kinases, as well as

met hods to assay for activity against the various

[#%7] 51] r(r)néac En? 2 Ijgl)mal;ﬁeneﬁg ¥Yﬂ§6mdﬂthn % one @rQrglgha SS cﬁhul
leXént/\wg) (i%a@ter)n*@u IS G 4 52182, ANOOVDPE) pllél47(2{04 (40, 545-rtigmethyl-

1,3, ZE(PJX%‘bor&Lﬁlﬁ: ?lﬁ@llano%ﬁéthﬂrﬁdrph%ﬁne(&ﬂ%% 0AB6 %IHGF rBRRLAGE l{l@p&elgassed
% 10 nM

with Wﬁy&é@tfaft%mmfs thﬂmh%ﬁﬂ in POy ps: fAfr%@lﬂnesﬁé*&i ic Heqlyiopyyas diluted
withBRRF X .theDOR B ALk atedDYBR +486. aIme sdlig Sitas lbdﬂlhbcbdytHHLC to yield 5-

e g e S B B D PRisasr b AR =451

m xture. After 40 m n incubation at 23C, the reactions
wer e quenched by the addition of 100 ul 0.75%
Phosphoric acid, and the [Exm8pless peptide coll ected by
filtration through a phosphocellulose filter plate.
The pSatthesivats-vldeiocd (S4(6t(2-mosphalindeth§ladingdpypidosp il nran-2-
acid (100 ul per welY)meghyipne)indalin-2ppeer t he addition of
scintillation fluid (20 ul per well), the counts wer e
Ldt Bl | ation count ¢} Exanple 49~ PI M2
[[ 0958F Tgst conmpoledsyd ssol ve jnd
i '\!‘/ on
N5 eactlon Buf f er (40mM
MOPS pH 7.0, 5mM EDTA), 10 ml df reconbi nant human

(3o ks b O3 e Ayt o e Dot

diox@B/walr B%walr) 2 RrETCERLGEHANA6G mﬂmlmg]/dm (BSAHpliandlylBs-

(4 5 gt FRAGEANR ST G s e R Bsd 0B b v
degagog ity BERICATPS 1Btuse Kot begied TOBEOWBOGEE) fnvish at(IPEEK (The uton

was @Ilurf@rvolal valFant GhelblicaabmeuRad i@l bgemah@he 190k i wappunﬁed by HPLC
RSSYPAGT, di ssolved in water a concentration

to Ylild ﬁawomﬁe(&%%ﬁ. (G RRR SRt H B U EE- 3r36>|f“f1fb2 T feneyiggin-2-ore.
LCMYh@l+#1e&a).i ons were quenched with 100 ul of 0.75%
Phosphoric acid, then transferred to and filtrered
t hrough a Phosphocel I ul 0§&a5ublekg” Plate (MIlipore,
VSPH- N6 B- 50) After washi vveII 4t|rres vvlth
Sl LSO G B b B i P D b B B8 2 on
measured using a Wakl ac | um nescencejcounter. Exarrpl e
50 Cell Prolife Modul at ory B [0259] A
r epr esent@ijxe o IIO prél i f 6k gt o u5| ng
Al amar Bl uee s®ored—at 4 S ul per gisleﬁ
descri bed hereafiter. 96-wel |l Ia,i‘:{e setup an rrpound
t r eat ment a. Split and trypsinize cells. b.

[qﬁcsqntTocae(kd -SoM&1g 2 HBRBEYERNB RS roindolin-2-one (50 nfg; 0. Hsatna)l) in

iRy pvaanga: e PCh AN L2t e A W L TR 1.32-

dioxpHoatl -2 Aypgrittin-2-Nofdpeceink (Sduhgt Ui 8 med). die oikye vo dagkded with
| ve cel t .
mtrog%lgmtdionn%}%s the}ﬁ% itestl 1? i'mc‘ironiageq fggﬂ)lrgmﬁ% alt EZI\(}PEH%{YTHQ g%gtﬂ)myﬁmlted with

45 7 10 11
water and the solid formed was isolated by filtration. The solid purified by HPLC to yield 5-chloro-3-((5-

(6-(piperazin-1-yl)pyridin-3-yl)furan-2-yl)methylene)indolin-2-one. LCMS (M+1=407).

126



NO COVPOUND ADDED Medium Only C 10nM 100nML uM 10uM
Control D 10nM 100nML uM 10uM Conpl E 10nM 100nML uM

wagumM@esp2 F 10nM 100nML uM 10uM Conmp3 G 10nMADO829/049318
uM 10uM Conp4 H EMPTY

Example 67

Synthesis of 5-chloro-3-((5-(6-(dimethylamino)pyridin-3-yl)furan-2-yl)methylene)indolin-2-one

Cl /

Ir=

[0277] To 3-((5-bromofuran-2-yl)methylene)-5-chloroindolin-2-one (50 mg, 0.155 mmol) in
dioxane/water (5%water) was added Cs,CO; (152 mg, 0.466 mmol) and 6-(dimethylamino)pyridin-3-
ylboronic acid (34 mg, 0.186 mmol). The mixture was degassed with nitrogen for 5 minutes then heated
in microwave for 20 minutes at 120°C. The solution was diluted with water and the solid formed was
isolated by filtration. The solid was purified by HPLC to yield 5-chloro-3-((5-(6-
(dimethylamino)pyridin-3-yl)furan-2-yl)methylene)indolin-2-one. LCMS (M+1=366).

Example 68
Br / /
HO,
© ) Ng—OH
x + N
- D
F R; g

[0278] Compound 2 can be prepared via the Suzuki coupling reaction of compound 1 and the

boronic acid as described in example 67. The following are examples of boronic acids that can be used:

HO, HO\

Jo N s I s P o
o o O O

HO HO
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d. Add 100 ill of 2X drug dilution to each well in a
concentration shown in the plate |ayout above. At the

W@ 2018/002962, add 100 ill of media into the contPOI/USRMN/E49318
(wells B10 to B12). Total volume is 200 ill /well.
e. Incubate four (4) days at 37C, 5% CO2 in a
hum di fi ed i ncubator. Examle69f. Add 20i Il Al amar
Bl ue reagent to each we| [FRAIECSS g. Incubate for
four (4) hours, at 37C, 5% CO2 in a humdified
i ncubator. 74 h. Record fluorescence at Z//
exci t afjoff Waviel engt h of 544nm and eni ssi s
of 590nm Wsi ng a m cropl ate reader. é%b
assays, cel
appr oxi mat el \
cells and ¢ un escence of non-reduced dye is de

acti vi tyw #—eg I free in vitro assay [ 028G T43
I nhi bition maa determ ned by neasuring the in |b|P|on
of reconbi nhnt? human FLT- 3 phosphoryl ation of tﬁ%
pepti de EAlI YAAPFAKKK using 10 uM ATP in a reaction
[OE7% umhe fd;l@mngine i3 @od®halddn Hem& topéduze dmpddd MM MaEdudd 2

L T R N N e T

hydrpgeoiteai crveﬂ&’tearm s agdlysvatrgoni temsdaurel for 22 touradheaaelystiiscremoved by
flltral%ﬂ)rp %ﬁ&d GRE 91¥t§anol a,n[l 91% @ﬁlaﬁ%ﬂ@rﬁﬂ@g B e rgcﬁééd%god[la th her

or activit agal nst teln kinases. Protein

1428 Hla e thaq tﬁeﬁll%?fl uspgs Halhdiva OWinféOfbl etseliné eongpginlg in methanol

cont§ﬁlﬁg]2d@ih§ib Ziedilop’s adicanatin hs%ylfrbébﬂ&lgd (?@rﬁﬁﬂzﬁhufgﬁfn c@@smovermght at room
ent al ilter bin

i ndi vjd i.nase,
ey B ShlsseraperepPOVGHIS By Hl me i ghe fifySpatipiaed o
give Hrahiludd pHdwabue was determ ned over a range of 10 drug
concentrations. Reaction conditions are avail able from

the World Wde Wb URL
) E 1 .
upst at e. con1d|scovery/seré%%%é%?cSO profiler.q.
[(@Sﬂnpﬂh@ fo'i’lgwm 18 a[r%?e@éﬂau;r@example of the synthesis of deuterated analogs:
5- chl or o- 3- 4-met hy1- 1, 4- di azepane- 1- car bonyl ) p

henyl)furan 2- yflnethylenellndolln 2-one (24 ng) in

met hanol (4 m) was addedq m bor oy i g (8 ng).
The reagtion was stirred at oot enper fAr 5 mn
Waf e s_added afd prodiuct was extracted MAth

di or {netskane, edbM t h sspdi um sul f ate g
concentrated under vacuumto give 5-ch¢ernQ-34(5-(3-(4-

met hyl -1, 4- dlazepane | - carbonyl ) phe furan 2-yl |l meth
[ . >95%

pure n z &

3 dol i n- 3- ylldene)" y
yIC)bzé’Hesquonam Cb011 11 NI B2C N
[ 026 6—-4- (5-fornyl fur
ny, @@QZO mmol) in EtO

(20 ng, 0.120 nmol) ¢ perldlne (12 nL, 0.1%
The m xture was stirred at 70 C for several hours. The

[@28B] htdparcamst dvRsasidsofitat @okxaypltiié.t rati on and air dried

[%ﬁgy§§@lln %”kTe%éﬁﬁﬁmggﬁ%?m?bran 2-yl | benzenesul f onam
ide. LCM (M+1=401). Exanple 55
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Synt hesi s of net hyl

3-(5-((5-chl oro-2-oxoi ndol i n-3-yl i dene) net hyl ) f ur an- 2-
W@ 291040209B310r obenzoat e [0265] To PCT/US2009/049318

3- ((5-bronof uran-2-yl) nmet hyl ene) - 5- chl or oi ndol i n- 2- one

(150 ng, 0. 466 nnDI) in dioxane/mater (2850/150 nL)

aCI d ef%lcan be pe S ocbas dgsch) GA %%’é%of | 2 gzu Jrebal% on?@l%)wed by

1W¢ﬂhn$%tﬁ$ewﬂmx$@mekm&s degassed W th nltrogen for 5

[GESQUtS%4ctth§erHOEéjag%lgsgmthn(éx?imﬂig8 0.023 mmol ) was added.
he m xture was heated in nicrowave for 40 m nutes at

110 C. Water was added and the solid fornmed was

i solated by filtration t@Exyngldl et hyl

3-(54(5-chl oro2- oxoi ndol i n-3-yl i dene) met hyl )

)-4-fl uor LCMS (M+1=398). npl &

Sy is fgx\\

f:(S-( ex0|ndoI|n 3- yl'awne) 1 b
ZHN .

3- (( 5- br ofrof I)nethyfeﬁeff5 chlor0|nd

(150 ny, p di oxane/ wat er (2850/ 150 0
was added 2-fl‘ S (et hoxycar bonyf | phenyl bor

acid (111 ng, O. 559HnnDI) and Cs2CO3 (456 ny, ﬂ.398 "

mol ) The m xture was degassed with nitrogen for 5

[#P87IU t@sponk @ warRg @l-Rdppifroni dofnprgnd 10y 0 23uetin fepetina witadgedited
Rane}hl?ckgplﬁ(ttell[‘zﬁ&drmﬁn he @ésaﬁ)e& f dp 1&&8&0@&%4 M %Qtrme!%% BSeAY1984),

tef was added and the solid forned

25: 23546t 28 by filtration to yield nmethy

4- (54(5-chl or 02- oxoi ndol i n- 3-yl i dene) net hyl ) furan-2-y1

) - 3-fl uor obenzoat e. LCNBE& H ;gS) Exanpl e 57

Synt hesi s of LXxampie 72

3-(5-((5-chloro-2-ox0|ndghh_-B%%l|dene)nethyl)furan-2-

y1l)-4-fl uorobenzoic acid r% 7] To net hyl

[&s§]5 21 PRERLRE O 2 X PAARBLA S Tofbd AR Ol ML O AR e
Mﬂlmmrotqq%gurﬁe X afigal jpagtion wlwrl%ﬁ 2éwaPelaﬁ1 (]E)éﬁﬁ‘é m&ﬁ i rﬂtsubated with 8

mM FHY prerso, n.e MW B0 TN IR THeeNae0l 300 @3 RIRASS MR, 10VASI MgAcetate

oo G Dare T o000 el By b PRErR Tapgeeion s

initi@gdrby dreiagdltidnef thie 2k TB (06 A Ericdub@ivn £02 4@ gk kdon-t8nperature, the

reacé{Jn d?&%ﬁ&fﬁ?ﬁﬁ%&h% ;ﬁ/ﬁ %%3% Bok @8& &Fﬁ%@]égdn g@.ﬁ‘tﬁﬂ%%eactm is then

spotigd ¢80 { {39-Ldprmgr a9 pagiebihree emfssﬁmsi wvteﬁenéq ik g Prigragid arlonce in

memaalgno’mdrym 2RO MNaon?Chifling. [0268] To net hyl
((5-chl oro- 2- ox0|ndoI|n 3-yl i dene) net hyl ) f uran- 2-

[‘?@éﬁfherﬂo s B CEE & praliREBR e sBraproums

Et OH was renoved under reduced pressure. Water was
added to the remaining solid and the m xture was

soni cated. The solid was isolated by filtration and
air dried to yield 4-(5-((5-chl oro-2-oxoindolin-3-

yl i dene) net hyl ) furan-2-yl)-3-fl uorobenzoic acid as
sodiumsalt. LCVM5S (M+1=384). Exanple 59 Synthesis of
5-chl oro-34(5-(2-fl uoro-5-(4-nethyl -1, 4-di azepane- 1-ca
rbonyf | phenyl)-furan- 2-
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yf | met hyl ene) i ndol i n- 2-one

[0269] To

3-(5-((5-chl oro-2-oxoi ndol i n-3-yl i denel net hyl ) f ur an- 2-

W@ 29104009B310r obenzoi ¢ acid (39 ny,

was a
0. 306

dded HBTU (58 ny,
nmol ) .

room

0. 102 nmmol ) PEIT/DREB0/049318
0.153 mmol ) and DI EA (53 nL,
The m xture was stirred at

tenperature then was added 1-nethyl honopi perazi ne (16

nL, 0.122 mmol) and allowed to stir at

room

Tabteénﬁﬁ‘ﬂaandHMﬂhia oﬁwllqctddtmpmddmglw sol at ed by

filtr

all UTI allu

IA
UIIIICU

l_ll"l_k/ l U |

5- chl por o- 3- (ReMe f | yor g- SPW'%(H‘@L L,4E'U?§‘z"’8$}ﬁ’ﬁe- 1-c
arbonyl)phenyl)furan 2- |yl I met hyl enel § ndol i n- 2- one.
LCVS 0). ubExampl 4 60 Synt hesi s|of

5- chl 2\L/ﬁort-4 (4-nethyl -1, 4-di azepane-[L-c
ar bon furan-2- yI)netherne)lndolln -one

[ 0270

4- (5-((5-chl oro-2-oxoindolin-3-ylideng)nethyl)furanf 2-
y1) -3 fl uokigbenzoi c acid (40 ng, 0.104 mmol) in DVF
was added ﬁ%ﬁu (60 ny, (Q.157 mol) ang DI EA (55 nL,

0. 313 mmol )>"Fhe mi xturd was stirred &t room

t enpefr at ure # was added 1-net hyl hoyopi perazi ne ({16
nL, Of 125 and allgwed to<stir af room

t enpef ature solid flormed was isollated by
filtriation ot i“f i ed |by HPLC to vyi ¢ld

5-chljoro- 3- (( =f | uor q-4- (4-nmet hyl- ], 4- di azepane-[1-c
arboniyl) phenyl ) fluran-2- vl )nethyl ene)jndolin-2-one
LCVS (NH1:480y;)Exanple 61 Synt hesi s|of

3-45-|( 3- (4H- 4-triazdgl - 3-yfl phenyl }furan-2-yfl met hy
| ene)F 5- chl ogsi ndol i n- 2-|one [0271]

3-(5-|((5-chl - 2- oxoi nqol i n- 3yl i den¢) met hyl,) f ur anf 2-
yl ) benzani de ¢¥00ny, 0.475 mol) in 5|nl DVF/ DVA was
stirred at 80 ting 2|hr. DVMF was eyaporated and
AcCH (10 nL) . Hydrlazine (1 nmL) yas added
dropw,se, the mxture wds stirred durjng 10 ninutes| at
R T.,| then 45 mrutes atl 80C. Water was added and the
sol i d for med<'sdl at ed by filtration apd dried under
vacuum The grpduct was |purified by pfjeparative TLQ
(DCM MeOH 199°% LCVS (M+]) = 3895 Exafple 6Z1Synthegis
of

5- chl jor 0- 3-<( 4- ( 3- norlphol i nopr opoxy) phenyl ) f ur anf 2-
yl ) met hyl ene ol i n-2-dne [0272] To

3- ((Sfbromofuran- 2=yt )ymgthytene)=5-chjoroi ndof T - 2=pne
(50 np, nmol) AR di oxane/ water {5%ater) was
added ﬁbbjﬂ.466 nnnl) and

4- (3-| i “t et randt hyl 1°8;'2- di oabor ol&n- 2-yI ) ph
enoxy rnnrphollne (65 nmg, 0.186|mml). The
n1xtuLg_m@§_ﬂgga§§gagmth pitrogen foil 5 mnutes then

heated in mcrowave for 20 m nutes at 120C. The
solution was diluted with water and the solid forned

was isolated by filtration.

HPLC

to yield 5-

The solid was purified by

chl or o- 3- 05- (4- ( 3- nor phol i nopr opoxy) phenyl ) f uran- 2-yl)

nmet hy
Synt h

| ene) i ndol i n- 2- one.
esis of

LCVS ( M+1=465) .

Exanpl e 63

5-chl oro-3-((5-(3-(2-norpholinoet hoxy) phenyl ) furan-2-y

| ) met hyl ene) i ndol i n- 2- one

[ 0273]

To

3- ((5-bronofuran-2-yl)nmet hyl ene) - 5-chl or oi ndol i n- 2- one

(50 ny,

0. 155 mol)

added Cs2CO3 (152 ng, 0.466 nmol) and

4-(2-(3-(4,4,5,5-tetranet hyl 1, 3, 2-
enoxy) et hyl ) nor phol i ne (62 ny,

i n di oxane/ wat er (5%water) was

The

di oxabor ol an- 2-yl ) ph
0.186 nmol).

m xture was degassed with nitrogen for 5 mnutes then
heated in mcrowave for 20 mMOnutes at 120C. The
solution was diluted with water and the solid forned

was isolated by filtration.

HPLC

to yield 5-

I

[T I Y

~

The solid was purified by

\



[0274] To

3-((5- bronof uran-2-yl ) net hyl ene) - 5- chl or oi ndol i n- 2- one
W@ 200400293D. 155 mmol ) in di oxane/ wat er (5%nat er PCTES2009/049318

added Cs2C33 (152 ng, 0.466 mml) and

4-(2-(4-(4,4,5,5-tetranet hyl 1, 3, 2- di oxabor ol an- 2- yfi ph

enoxy) et hyfi norpholine (62 ng, 0.186 mmol). The

m xture was degassed W th, ni. en for 5 mnutes then

heated in m crowave for bic 7 es at 120C. The

solution was dil utedywsfl mﬁégftmﬁelt he solid forned
was isolated by filtration e solid was purified by

[63901C Ao sebids: % compound of formula IIT was evaluated in the MV4-11 xenograft model

oSS W R AR RIS 2e o,

into By nglh @il fardfin 5-7 week old female athymic mice (CrTac:Ner-Foxnl™). When tumors
T LR T
groug- Y ¢hecldyp %ﬁé’ﬂ{?ﬁ%‘ﬁat@ yrItheriest dopipeind pL Buipkip BF wisiadsinistsreg by pral
gava&églcg@aﬂy Q 51)5#_?)0 ARRloh Iﬂgfkgdm%xd%ﬂﬁé | el wﬁs@m ﬁ)rd)aysvﬁsthe first 10

daysl@ltog/emipg] grqg%@é{mq ciallgx 5 days with 2'days n(gj treatment) for 15 days. Tumor
Vdu@éuﬁdﬁx@v&%ﬁﬁaﬁﬁﬁhyim%dBw&ﬂdmﬂxaﬁeﬁﬂhﬁﬂd&ﬂyW%pykhﬂmﬂbg

measun{l%m ?wc% cﬁrectngs 1%1 caEpersm %e)lcula{eﬁ usmgntﬁe ftj {l(avn\{\af?)rmu?ag %mor Volume =

(engtlpx wRIG W rﬂ}tae’@reatlottm@@e Ren gojog vilore mdigudi2l ut ed wi t h
water and the solid fornmed was isolated by filtration.
The solid was purified by HPLC to yield
5- chl oro- 34(5- (6- (2- nor phol i noet hyl anmi no) pyri di n- 3- yOf
uran- 2- yonet hyl ene) i ndol i n- 2-one. LCMS (M+1=451).
Exanpl e 66 Synthesis of
5-chl oro-3-((5-(6-(piperazin-1-yl)pyridin-3-yl)furan-2
-yl ) met hyl ene)i ndol i n- 2- one [0276] To
3- ((5-bronof uran-2-yl) nmet hyl ene) - 5- chl or oi ndol i n- 2- one
(50 mg, 0.155 mmol) in dioxane/ water (5%water) was
added Cs2CO3 (152 ng, 0.466 nmol) and
1-(5-(4,4,5,5-tetramethyl-1, 3, 2-

di oxabor ol an- 2-yl ) pyri di n-2-yl) pi perazi ne (54 ny,
0.186 mml ). The m xture was degassed wi th nitrogen
for 5 mnutes then heated in mcrowave for 20 m nutes
at 120C. The solution was diluted with water and the
solid formed was isolated by filtration. The solid
purified by HPLC to yield 5-chloro-3-((5-
(6-(pi perazin-1-yl)pyridin-3-yl)furan-2-yl)nethyl ene)i
ndol i n-2-one. LCVMS (M+1=407). Exanple 67 Synthesis
of
5-chl oro-3-((5-(6-(di met hyl am no) pyri di n-3-yl ) furan-2-
yl)met hyl ene)indolin-2-one / 0 O [0277] To
3- ((5-bronof uran-2-yl) net hyl ene) - 5- chl or oi ndol i n- 2- one
(50 mg, 0.155 mml) in dioxane/ water (5%water) was
added Cs2C33 (152 ng, 0.466 mmol) and
6- (di net hyl am no) pyri di n-3- ylboronic acid (34 ny,
0.186 mml) The mi xture was degassed with nitrogen for
5 mnutes then heated in mcrowave for 20 m nutes at
120C. The solution was diluted with water and the
solid formed was isolated by filtration. The solid was
purified by HPLC to yield 5-chl oro-34(5-(6-
(di met hyl am no) pyri di n-3-yl ) furan-2-yl | met hyl enel i ndo
i n-2-one. LCVS (M+-1=366). Exanple 68 12 [0278]
Conpound 2 can be prepared via the Suzuki coupling
reacti on of conpound 1 and the boronic acid as
described in exanple 67. The followi ng are exanpl es of
boroni c acids that can be used: HOHO
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Exanple 69 [0279] The follow ng are nethods that can
be used to reduce conpound 1 to conpound 2. [ 0280]
wWORMhO0IZS Reducti on using Pearl man's Cat al yst PCHUS2009/049318
solution of conpound 1 in nethanol is hydrogenated
over Pearlman's catalyst at roomtenperature for
1/ 2-10 hours. The catal yst b? renmoved by filtration,
rinsed with methanol and the ftltrate concentrated to
gi ve the reduced product 2. [0281] Met hod B:
I Reduch famowsiontPrPek (Tidi um on Carbon. A sol ution of
conpound 1 in nethanol containing a couple of drops of
acetic acid is hydrogenated/z%er pal I adi um on car bon
overni ght at roomtenperatwe. The catalyst is renoved
by filtration, rinsed wth ngipanol and the filtrate
concentrated to give the rad céﬁwproduct 2. Exanple 70
[0282] The foll ow ng |§(g,Lepre entative exanpl e of
the synthesis of deutelatedv 0gs: [0285] Step 3
can be perforned as described i Bypl e 17 for the
Suzuki reaction foll owed by hydr@lysis as described in
Exanpl e 18. [0286] Step 4 can bg done as described in
Exanpl e 8. Exanple 71 87] Conpound 2 can be
pr epar ed fron1conpoqul1 by n reaction with
deut er at ed Raney rX8Kell in drof uran, as
described in the litera (Poner, P.M Tetrahedron
Letters (1984), 25: 2507 - 2508)\ Exanple 72 PIM3
assay [0288] The PIM 3 assay mas rungat M| opore.
The following is the assay as described in the
M || opore protocol guide. In a final reaction vol une
waéreiz5 nL, Pim3 (h) (5-10 nmJ) is incubated with 8 nM

H.7. 2 Trit 100, 300 LI M
RR@ﬁH%%QSR@%{ %8’%%¥I g 53%;§%da _ggééRATPl (specific
Ra@@ﬂ%ﬁﬁfmaﬁblb%kﬂ5@®ﬂ©ﬁnﬁ®hﬁwl concentration as
v e@ised) . The reaction is initiated by the addition

Qf the MgATP m x. After incubation for 40 m nutes at
Yr sétdrePér ature, the reaction is stopped by the

eadai', b amd &f is mdbgeldedtly @1e386 RO ON| CF,a80 Hals@)] substiied alkl, OR,
E nto a P30
Zmd$ﬁ1F@Eﬁ%?ﬁRﬁgﬁgggﬁp%Iﬁ%%ggpflne§&§8M85 mnutes in 75
mriveiphosghuotepadeady dpasat ®@oeZi n net hanol prior to
vrye ng v@mje e%&! ﬂ&e%én'dé}ﬁl& @Q))r Rroédﬁb"rén{‘&ch & %%@n%]uutw Rith Ile/é)r )I( & éAr

fol | owi ng l e descri bes PI M2 and
provigled %létleélter ¥Vé %Wn’;ﬁé‘lm’ﬂ%‘t of atfaglypent r Ap| Mp and Pl I\/B | Cso of
A$ ﬁ'a@%@&nﬁ@f@ﬁb&ﬂﬂﬁ of l&te'ﬁtafddﬁtl&gr@ RIVE opebaRl1y(subkiidutePIAB (X3),;

A is se%ctg:d tl orzl thg %r’))lflp consisting g CH 8 :b N&Z,%qi S%';}WRZ, NRSO,Z, NR-C(O)Z,

NRC(0)-0Z, NRC(O)-NRZ, NRC(0)-OZ, OC(O)NRZ, -C(=0)OZ and -C(=O)NRZ,
where Z is H, alkyl, substituted alkyl, heterocyclyl, substituted heterocyclyl, aryl, or

substituted aryl,
and Q is OZ or NRZ;

R is independently selected at each occurrence from the group consisting of H, alkyl or substituted
alkyl, and two R on NR; can cyclize to form a 5-7 membered ring that can be substituted and may
optionally contain one additional heteroatom selected from N, O and S as a ring member,

and R and Z, when both present on A or Q, can optionally cyclize to form a 5-7 membered ring that
can be substituted and can include an additional O, N or S as a ring member; and

each q is independently 0, 1 or 2;
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Cl ONH<1 0..0 H o110 . HCAtiO 411111N H <0.5

<1 (--- NoCHs N....) IP010<0.5<1\ ON.... JH
WOR142@93x0. 1 <5 Exanple 73 MW4-11 Xenogr af t POUS2009/049318
[0290] Ani mal Studies: A conpound of fornula Il was

eval uated in the MV4-11 xenograft nodel of acute

I hocyt.ic | eu ' Tunors were initiated by
Ors%%mgrfﬁa%%é%aggaﬁc?ﬁ%%gslglgtﬁergqu4- 11 tunor cells into the

right hind flank in 5-7 week old female athym c mce
2( O Tage Nakipolidon Haikn 1, WAGEL YUy s reached a vol une of
140 4 2 nmmB, mce were random zed and divided into
groups of 10 m ce per grouF. Vehi cle (5%

3dext rihs edmpmtuglroy claim I, vgertieBt is glompeund of Fornula 111
was adm ni stered by oral gavage once daily at 50, 100
and 200 ng/ kg. The dosing regi nen was daily x 10 days
4 or tlikecqinouid of glaiggly eherejp Po\?\g]dDbVe’fr-t’ Sygopreryl: iEpFOPH A LOH.
daily x 5 days with 2 days no treatnent) for 15 days.
Tunor,, vol unes d. _body weights,were determ Wi
ekl U CHITER AU VA VB R BB A
in two directions with calipers and cal cul ated using
ot he ok LaoRal Jf QhitLl, &herdik BRS 1 ¥ALU ARG, (| ength X

wi dth2)/2. Data were plotted as the nedi an tunor
volunme in Figure 2.

7. The compound of claim 1, wherein W* is the point of attachment for Ar.

8. The compound of claim 1, wherein W* is the point of attachment for Ar.

9. The compound of claim 1, wherein Ar is phenyl or pyridyl, each of which can be substituted.
10. The compound of claim 9, wherein Ar is substituted with one group selected from halo,

amino, alkyl, and hydroxyl, in addition to A.

11. The compound of claim 1, wherein A is -NR-C(O)Z or -C(=0)NRZ, wherein R is H or Me,
or wherein R and Z can optionally cyclize to form a 5-7 membered ring that can be substituted and can

include an additional O, N or S as a ring member.

12. The compound of claim 11, wherein Z is a group of the formula -(CH,),Z’, whereinr is 0, 1,
2,3,0r4, and 7’ is -NR'R? or a 5-6 membered heteroaryl or heterocyclic ring containing at least one N

as a ring member, and optionally substituted.

13. The compound of claim 1, wherein the compound is a compound of formula (II):
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Cainms 1.A compound of Formula (1): /A A VI3 w2' \

y2 |

P(3)r---rl W"--- yl (1) wherein: R is

w@ei1e00298 from H, al kyl, substituted al kyl, - SE2NMBR2009/049318
and -C(=0)R;, R2 is selected fromH, D, alkyl, and
substituted alkyl; Vis Oor S5 Y2 is 0, S or NRi;

each

hal o,

NR2,

X, X2, and X3 is independently selected from
CN, CF3, N2, alkyl, sybstituted alkyl, OR and
COR, CONR, SQ R, I\ISQ,Z\R,’ R, and NRC(0)OR, m
W

n and p each independﬁﬂt#ﬁ\LeprQSent 0, 1 or 2

W2 and WB are each i ndepe enLL

Cis

either W2 or WB is the point

is a
t hat

selected fromthe grou
- NRZ
NRC(0) - NRZ, NRC(0)-0zZ, OC(0)N
-C(=0)NRZ, where Z is H, alkyl,

2C or N, wherein each
or Ar, provided that

f attachnment for Ar; Ar
het er oaromati ¢ group
(th (X2)"; Ais

yhg of CH2Q, -0-2Z,

0)Z, NRC(0)-0ZzZ,

=0)0Z and
ubstituted al kyl,

substituted with H or

5-10 nenbered aromatic
is optionally substit

3C
SQ Z, SQNRZ, NRS%, Y.

het erocycl yl, substituted_ heterfgcyclyl, aryl, or

substituted aryl, and
i ndependently sel ectedla
group consisting 6K, [l al k
two R on NR2 can cycliz

NRZ:; Ris

ence fromthe
ubstituted al kyl, and
fordn a 5-7 nenbered ring

that can be substituted and nay\optionally contain one
addi ti onal heteroatom sel ected flhtom N, @and S as a

ring

nmenber , and R and Z, when both present on A or

Q carhesptA, GAR1XY, Xy &l g e ahdp fronsretined £ HoemibahHed ri ng

st

&%?%Wﬁ@ﬂ%nﬂ%%&f%%%%ﬁ%%m@bﬁﬁ
as a nmenbe and each S

or ring r; [

and Z%@@}B@n@jghﬂrqh},eagl’l C1 3t orng or is the point of attachment for A;

14.

or a pharmaceutically acceptable salt thereof.

The compound of claim 13, wherein A is -C(=0)-NRZ or -NRC(0O)Z, wherein R is H or Me,

or wherein R and Z can optionally cyclize to form a 5-7 membered ring that can be substituted and can

include an additional O, N or S as a ring member.

15.

16.

17.

18.

The compound of claim 13, wherein m is 1 and X' is halo.

The compound of claim 13, wherein 7 is C-A.

The compound of claim 13, wherein Z* is C-A.

The compound of claim 13, which is a compound of the formula:
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or a pharmaceutically acceptable salt thereof. 2.
The conmpound of claim1l, wherein Y is 0. 3. The
w@mpoerss of claim 1, wherein le is Hor M. 4PCIKHg§2009/049318
compound of claiml1l, wherein R is H D M, Et,
Cycl opropyl, isopropyl or CH20H 5. The conpound of
claim1, wherein W and W2 are gach independently CH
or CMe. 6. The conpound of claim1, wherein mis 1 and
X is halo. 7. The con‘poung/oj‘/m aiml, wherein WB is
t he poi nt of attachnep),+et_Ar. |8. The conpound of
claim1, wherein W2 is the\0| of attachment for Ar.
9. The conpound of claim1l, Wierein Ar is phenyl or
pyridyl, each of which can bejsubstituted. 10. The
conmpound of claim9, wherein is substituted with
no, al kyl, and
11. The conpound of
-C(=0) NRZ, wherein

hydroxyl, in addition to A
claim1, wherein Ais -NR ,
Ris Hor M, or wherePh*R and Z_ gt optionally
cyclize to forma 5-7 nenbered v ng that can be
substituted and @, addi tional 0, Nor S as
a ring menber. 12. d of claim 11,
wherein Zis a group o =—0(CH2) ,Z', wherein
ris 0, 1, 2, 3, or 4, -NR1R2 or a 5-6
menber ed heteroaryl or heterocyelic ring containing at
| east one N as a ring nmenber, angd optlonally
substituted. 13. The conpound of claim 1,M}herein the
conpound is a conpound of fornmula (I1):
~ X, X2, X3, m n, and p are as

ggfnflg(lec? brPF’Ql odrnrlrﬁloé)rh’l) and each of z2, 23, z4, ,--.5
XZ isdnld, 6. Oﬁ qrﬁiﬂe(pié,wdfémtSIO)@rC or N, provi ded not nore
Xb[g% ;mlp(gogz Z3, Z4, Z5 and Z6 are N, and wherein

i's CHor CX2 or is the point of attachnent for
RA‘SH®P %epﬁ‘réifﬂ%‘é’&ﬂ iseripny}orddb@Pt abl e salt thereof.
oﬂedofzilhﬂzg@rmmmﬂdle@ﬂle@émﬁug&somwgr ein VA\hI S -C(RO) SIF%
or - : n i's or , or erein an
chéﬁ“égﬁf%‘)r{laﬂ“;}’e% "5d to forma 5-7 menbered ring
Rt hatore@)Be substituted and can include an additi onal

Aq Cbblq r%l? Olq ﬁﬂz,r@()lﬁﬁ @)QN d_ QH%%ZC neﬁraﬁ)%m%%gbqp %the formula —L-

a| m1l erein mis
Az, \Vfla?r?ﬁbluﬁdh@i@ Elegigdfronsthe Wrcé‘isﬁu%@f i-BRCCAD)-, -0-, INRC(@he

C(@WM@) 0—%09‘#1@' mﬂ;@a) (@Hﬁr[ ﬁlﬁ BC@'NR}@CI@} Ayhere eadiBr is H;Hb%endently 1-3;
ound of conmpound of the

e?cgﬁﬁﬂngepen GW&? aky °5(S“b?“§“t@| a]kéfl? M and mis 0 or 1. X2

Az $epheadng,a SNHZemeHd nio g2 dkninaaeratyéls obhediroatyl go¥dp;i s Me,
$919% D, Me, Et, cyclopropyl,

01a 61?%% flcall¥ ac&?qéagﬁzsal tﬁeredf

19. A compound of the formula (IIla):

135



one of Z3 and Z4 is CH and the other of Z3 and Z4 is
CA, Z5is Nor CH or Z5 can be CXif nis 1, R is H
W@ROOIDIR, A is COOH, OH CH20H, NH2, CONH2, PCORSE4B9/049318
- NHSQ2CF3, tetrazole, or a group of the fornmula -L-
Az, wherein L is a linker selected fromthe group
consisting of -NR-, -C(0x-, -0-, -NRC(0)-, -C(0)NR
-NRS02-, -S02NR-, -NRC(0) > " and -C(0)NRrR- (CH2), -,
where each r is independently 143; each Ris
i ndependently H, al kyl or ‘substptuted al kyl; and Az
represents a 5-7-nmenbered ni gen-cont ai ni ng
het erocyclic or heteroaryl grolyp; or a
pharmaceutical ly acceptable sght thereof. 19.A
conpound of the formula ( /N R (Ma) wherein mis
1, and X is d or F;, X2 ig sellected fromH d, OH
Ove, NH2, NHWE, M, andﬁ' A 's H Dor M ; and Ris
H M, Et, or isopropyl phar maceutical |y
acceptabl e salt thereof. conpound formula (1V):
Al Ar \WB VIP-. ' "y2 (X3)¥TliZz...... 1

(Ia)
wherein m is 1, and X' is Clor F;
X2 is selected from H, C1, OH, OMe, NH,, NHMe, Me, and F;
R?is H, D or Me ; and
R is H, Me, Et, or isopropyl ;

or a pharmaceutically acceptable salt thereof.

20. A compound formula (IV):

wherein:

R! is selected from H, alkyl, substituted alkyl, -SO,NR,, and -C(=O)R;
R? is selected from H, D, alkyl, and substituted alkyl;

R’ is selected from H, D, F, OH, alkyl, and substituted alkyl;
Y'isOors$;

Y?is O, S or NRY;
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(X1),-r-rN\ RL wherein: R is selected fromH,

al kyl, substituted alkyl, -S2NR2, and -C(=0)R, R2 is
waetievomas from H, D, al kyl, and substituted alRgl/pSHRBI/049318

is selected fromH D, F, OH alkyl, and substituted

alkyl; Y is Oor S Y2 is 0, S or NRi; each X,

oy R AEROLRIL PR EE N KOTMAA i om
and IDRNRORSCHIR. smgmoquMR alrdd\TRdFQQQQE OR m nandp

m?ﬁ‘%fhﬂe'&&iﬁ@&ﬁ&@&ﬁlkr}/e SRl @36Ps; O, 1 Of 2; \% V\P _and
each |ndependentl C or wherei n each

I S
V% qu i“idtWJtaéeoeaW ipgspendently S@r Or Wlﬁrem By rSd%tamtlﬁ%fVlt%rltOh%ror Ar,
provia&r @hit MBer WS of Weispeipint Ohwahhachirnat for Ar; Ar is a

t het t hat
Ao e LB RE Ot hefir o SHPALITR OPt)fﬂr@rs WPl $in b2
Afif @hﬂpttdh@mgdl@@pummnsrtmg DIG1LEE -CCHRIRZ.-OZ, SONRZ NRSQ,Z NR-C(O)Z,

&g%l?%) d@é%ﬁz @i@i%C(H @)C(Qé)o I\%%) &

is H, aWWZIS E,lgxh sp‘pﬁp@a:da Kl lyeterq?équéfsghsy@pg |heterocyclyl aryl or
subsBRS Lk Ut €d heterocyclyl, aryl, or substituted aryl,

and Ris i ndependent ly selected at

each oc?f]ﬂgrzéﬁggl\}?%%m the group consisting of H, alKkyl

ROf ingaphsititlyytletkdat dayt gccaredcettivm thR @oupNRRistavf ¢ly gdkyil zesubituted
t [

o BT SRR G T o R0 B AR B 8y
optiagallyecontaig ofiqragaiipgal IgtesnmapmSelggedgran K smedtse p ring menghsy R

aﬁfw anérz \&H&%oﬁ%e@en%rﬁ& @m c@rﬂopﬁo&[ly @clli‘ea@foﬁﬁﬁ 59 Rakibded ring that
lize to for nbered ring that can be

can ‘?&b‘éﬁﬁ“?fﬁf‘%a‘éﬁ&‘“‘@éﬁ a?%&“%}@eNa?ﬁsé%"dﬁ“t&%Fr #9 N or S as
eahqnsngdep@ﬂhﬁyo lamd; each gq is independently O, 1 or 2;
ora hﬂrn%ceugcnﬁcgc%g ta%i% sal}/there %ept abl e salt thereof. 21.
Pio ticdl ion conprising at | east one
conpound of for nul a (I) according to claiml1 adm xed
2l t h Zaphainesgeyticah pranpehitanrpaERipnz@blEdsyong et athsif éormula (I) according to
clam@l(ﬁ?dnﬁke%mnh at leas€oie plﬁrrﬁﬁ%ﬁi@ﬂlyta@cef)tﬁlﬁ@éxc apcer, conprising
adm nistering to a subject in need of treatnent for
cancer an effective anmount of a conpound of fornula
2¢1) acoehditged aned.abimpriing adrﬁlﬁmteffﬂgeo meibjeadn oded 6fl te&hument for
cancezrzah eyf\g]c 1{/eez{mr(])u tl?)? a Co?‘nngerd 0% f%rmu?a @Catcceogdlf [ ogﬁ]a mhle group
consi sting of 'col'on cancer, ncreati ¢ cancer,
rostate cancer, and | euken a. 24. The nethod of
| ai Mo Bethgthadcinn2% hergie (R 6390 19 sslegdgdftod thy P wgereting of colon
cancle@buﬁ@r&lu@ce(n&!vlﬁestate cadelr, anliN@k&Bh.hod of claim 24, wherein
the | eukema is refractory AML or wherein the AML is
associated with a nutated F1t 3. 26. A nethod to
24.r eatThi AfthatoTataind2B, wh@ER thie Sukghiciel Bduri Sl BENAG 1éulerBia (AML).
subject in need of such treatnent an effective anount

of a conpound of formula (1) according to claim1.
25. The method of claim 24, wherein the leukemia is refractory AML or wherein the AML is

associated with a mutated FIt3.

26. A method to treat inflammation, comprising administering to a subject in need of such

treatment an effective amount of a compound of formula (I) according to claim 1.
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