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THERECF CROSS- REFERENCE TO RELATED APPLI CATI ON 10011 This application

cl ai mrs t wohkenafBsi22of U. S. Provisional Application No. @Cras30100¥9116iled on
Sept enber 16, 2009 and entitled "TRI CYCLI C COVPOUNDS AND PHARNMACEUTI CAL
USES THEREOFFRIEWELd6rtenROGNHhAND BHA Ay UITHC 4 pob Bb ddBRERMET er ence
intheir entirety for all purposes. FIELD OF THE | NVENTI ON 10[ 0021 The
invention relates in part to nolecul es having certain biological activities
that i ncdROES-HREE RERCAGO RBWAKED teprLinAiTbbk ng cel | proliferation, and
modul ating certain protein . kinase activities, The conpounds of the

i nvent i on Wtk dhisrarejettios w&"’éme ﬂt&-&wvﬁﬂgﬁﬁé‘%af’mwnnieﬁﬁ@ﬁi@&maii\@mt ic

ni L1 Qger NELEIPCYRL & SMGumdi b moRal 8 lOuR 0T NI HhienRenBered 11 ng.
Mol ecul es of "thé i1 nvention no u1ate protein Ki.nase Ivity fornely
known a§%15Rﬁﬁ$@EUTR$ﬁESES%&THﬁmﬁynﬁhdhamnEnmukmﬁaﬁenathbvMymﬁﬁmgydbPln}l
activitx) and.are. useful to treat cancers and inflammtory conditions as
wel | as CEIEER RFeRtTSUEL 3 SBFRIBFS. The invention also relates in part to
met hods for using such conpounds, and pharnmaceutical conpositions
cont ai ni ng these conpounds, 20 BACKGROUND OF THE | NVENTI ON 10031 Protein
kinase (fE}(?@FﬂﬁﬂTyiﬁakﬂé@NCasein kinase ii, referred to herein as "CK 2")

iq us..and h| /.consery [ ot serine/.t oni ne Ki.
n° of Sbnzy 0L TBR AR i PRt e rPlehuRe RN kR
cat al ytigciGal Phaaangdl m@ﬁ mﬂ%mm&ug ual b tigngkidaand saul@tier N@r{alﬂ%r@)un
subunits. CKZ2 has a nunmber siol ogi cal targets and part|C|pates in a
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conpl ex gerkastivticgel hqﬂﬂénwnmf%b@@wmmim\ ﬁ@ttlﬁéfiiﬁﬁpm@ﬁmﬁoéﬂao’fr el |

vi abil i tﬁ[xb cr%d !11%\1/1164!% ¢ dogtm He Lroan/Lhc che‘/‘!l Qg u;Y] ihd? er @ d it
has | on een ‘consi dere |n c ro prol eration.

| nhi bi t ofsse. aficlkaict bathe am%nﬁ@efmlm mrprbtreeﬂtmm {G«e:r fa@alvivy tﬂymeesy phcveancers are
descri bed in PCT/ US2007/ 077464, PCT/ US2008/ 074820, PCT/ US2009/ 356009.
3010641 B6EA KiHe Hitevxranerr B diereIdiviy f ¢ anBEndfrcksy) stiygEs tsqlel ipdregh

anci ent &EE%U‘?nc?&ﬂ%ﬁ?rfa‘?cyglc%&l%@ % »§é§?+ aert? 199-@9301% §>‘é&’ér'§'t FRDBL ¥ @Ral ysi s
y 1t has

of its sequence; ongevi ain ecome | nmportant in
SO nmany ﬁmn@hﬁmun@mxmsncé$§eﬁn1am@smhwbﬁhﬁnmdgmnh@SmSkMQM&abmemxb&em»
co-opted by.i.nfectious pathogens (e, g., viruses, protozoa) as an integral
part of ?¥%§?m§ T vAPPERdS 1 i fe cycle bi ocheni cal systens. These same
characteristics explain WD 2011/ 035022PCT/ US2010/ 049116 why i nhi bitors of

CK2 are believed to be useful in a variety of nedical treatnents as
di sclissedAhElatGUNBECHUSE! INVERTdeht ral to nmany bi ol ogi cal processes, as

St or 0B S e O e e R kB R ARG e e

usef ul _ g hes 4 neatneRtan@highlyadisebyd afotdh Se@agasranthe di6Qs dehs . [0051
Cancerous cells show an el evati on of 2, and recent evidence suggests t hat
1a

CK2 exert@dopeyants tgnppiﬂée §918 A0 BEREPTPEORDEXPTLaReEIRS DYWIrEidEtd (8

001 oLt 0T RAPRSGIRS M, JARRTEHL o TR abopt ot

t r anst orgBtiotoyicuh chrgsﬂmrd MRNAEBHSS inl deapdritl aulean! ccOkr MasctbeemcBidownht o be
maintenance of cell viability, The level of CK2 in normal cells is tightly regulated, and 1t has
long been considered to play a role in cell growth and proliferation. Inhibitors of CKZ that
are useful for treating certain types of cancers are described in PCT/USZ007/077464,
PCT/US2008/074820, PCT/US2009/35609.

30 {604] Both the prevalence and the importance of CKZ2 suggest it is an ancient enzyme on
the evolutionary scale, as does an evolutionary analysis of' its sequence; s longevity may
explain why it has become important in so many biochemical processes, and why CK2 from
hosts have even been co-opted by mfectious pathogens (e.g., viruses, protozoa) as an integral

part of their survival and life cycle biochemical systems. These same characteristics explain



10associ ated wth acute and chronic nyel ogenous | eukem a, |ynphoma and
multiple rnyelonma. in addition, enhanced CK2 activity has been observed in
sol i d tumeo0afo3size col on, rectum and breast, squanous ee€riuscavoinaodas of
the lung and of the head and neck (SCCHN), adenocarm nomas of the |ung,
col on, reky uﬁmblﬂ@rﬁ%m produseyeddade prdst ataevarnhi o medenl ghaiCK2isyy a smal |
Tl o Sk Bl 0 DR BRRS RS, 8 RENSLSRLIC, CANRIERL o, and
and CK2 (ahidktionssedr@patifealdiy,s it limeﬂ\z@é( RRhabdenyasiar defmading ¢aor s
toward apoptosis induced by TRAIL. Thus an inhibitor of CK2 al one, or in
conbi nat i8I RPETICTRARA fsFeil, shpyartg el trbe FRATET Feprsh, ofgbrperssadusef ul
to treatyR P@S t he nost common soft-tissue sarcoma in children. In

addi t'i on, el evated CK2 has been found to be highly correlated with

20aggr essi jgéfies S aofcraeopliashas an akdaitanedtED i dchniac vk cd nlygbitt drat K2t he
i nvention should thus reduce tendency, of benlgn Ies%ons t o .adyance into

mal i gnart**Bh 8L GUPPEESIpRp] YRAKF IR 6Tty Mt ALt ey aloTy BT URPIIEs b trer

ki nases gnd.gh a0abiNGnPatlaY Spoies ﬁm@H&@Ef ORS AL {fR: AS8061IAL6d W th
structural changés that cause Poss of regulatory control, increased

25act i vigaytidipuekn a:ppéarr@twmmbmgemgmaﬁtbﬁsy Ec@aﬁedimyﬁ Iﬁbh@‘g@ﬂ»abh@m arbe
over]&xpresm%n of,1 he actiyve rot |n r at her t.h chan | at af f ect
act i Vat i BROTEYLIEN A AP C%Eﬁa ‘86 ?@SP“‘ 584t éﬁ‘%* P3¢ A “B%l uevret

regul at i gnghyicagehesad (O a&iviGaaastdividayrvb@Uelosiddombatorers éghat&uwgl | Wi th
MRN. A | evel s. Excessive activity of CK2 has been shown in ma cancers,

i ncl udi ngddoaEn sauamrs ool arrginpgie ps thedpemand afithoherd aadacet ﬁér(ysiﬂ\i% d 3010071
El evat ed Vit Ior ect al r.GL no W th
Mot easef et g A ARCH G PR P be B AR R R B BUUR. KuSRR0 8 B2,

report edsnt z@qrﬁmomteeulencf@a&ai Mﬁﬂiﬁ:&l’apbﬁi\[)&k &f pzﬁnLN&mka@;mbm arceast cancer
ceIIs vity is markedly increased in patien CML

tl
dur i'fg bh%%ﬁseﬁui@. greifR %%.ﬁﬁan%éﬁwénﬂi%Pﬁiﬂ‘f—’weﬂo&m@:} r@d %eup@bﬁérb
articul LLLRLE 4
D011/ 03B8SEI bESHIIRAID  RERLANMANZ Ml pBLE U RTRUEE by O
activit yT}bAImmamdnhubhmbmﬁm alofic,K2n venkineydot ok TR AlID dVergehdi S ﬂm

Simlarl 2 inhibitor ibite h of murine pl90 | ynphona cells.
Its int ef%éﬁr&i CRCE Pi“%é‘% *A}fﬂmné%ffb@gﬂ‘%ﬁefggﬁrf%bl“t@‘ﬁ? a‘;ﬁ?é‘h‘*‘i@ﬁ%‘b?f‘%ﬁ’f role in

proliferati;an of a&ﬁﬁéf?@icﬁ%&zﬁrﬁéﬂﬁﬁsc@ﬁk&&d th 'Bg'h&k‘i‘} BGrdifthd Qidhors of CK2 may
be useful in treatnent of 13cr/Ab |-positive eémas. inhibitors of 0(2

havetheangshowmasool minphistas. pmdgmsasqn@m@fa k¥ meiplEpirlof dn:asy iM*O@h{aﬂéﬂaﬁd
breast cancer xg_ ogr, m ce, sur vi transgenic

mce t ha %%6?1& %?%%?1&%108?%%tdgp/ %ﬁLC‘ H&O I‘ﬂcglf’ﬂ&i Ones, Or 1or mﬁionant ane

metastasize,

{806} Unlike other kinases and signaling pathways, where mutations are often

associated with structural changes that cause loss of regulatory control, increased CK2
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activity level appears to be generally caused by upregulation or overexpression of the active
protein rather than by changes that affect activation levels. Guerrs and Issinger postulate this
may be due to regulation by aggregation, since activity levels do not correlate well with
mRNA levels. Excessive activity of CK2 has been shown in many cancers, including
SCCHN tumors, fung tumors, breast tamors, and others, /d.

30 {607} Elevated CK2 activity in colorectal carcinomas was shown to correlate with
increased malignancy. Aberraunt expression and activity of CK2 have been reported to
promote increase nuclear levels of NF-kappaB in breast cancer cells. CK2 activity is
markedly increased in patients with AML and CML during blast crisis, indicating that an

inhibitor of CKZ should be particularly effective in these conditions. Multiple myeloma cell

]



10081 The role of CK2 in various non-cancer di sease processes has been
recently reviewed. See Guerra & Issinger, Cum Med. Chem, 2008,

15: 1870- g6@n11Va3s2easi ng 10evi dence indicates that CK2 iPSTiuse@lomed1é n
critical diseases of the central nervous system including, for exanple,

Al zhei rreaﬂt‘s‘«diheeéetel shpanke rdpan §igi asdageo! GRd, ¢@riehih%0i§m&é<g?ewemati ve

di sor dergvt oxu {0 ﬁ/’ﬂ‘v@ﬂ fn P‘gfti’rk ay Son( %% rt tié\tm mﬁ@dat@rmﬂeoﬂ mmm, é(Pn syndr one,
progr essive sup r anuct & Séas Y %uggested t hat
sel ecti \Aen@tiama eiH, at‘sadtcﬁﬁQSﬁ)kl@iﬂlﬁ(ﬁbi@@id@f‘a&l&%@f@@&@bﬂ& dﬁampbedmmmeh;ved in
progressive neurodegeneration 15 of Al zheinmer's. In addition recent

st udi es HOBGESIONR ST AR OB T 2L Hp AP H IS REPYOT 9 RNrBAY PaRwiBrai n

.1 schem C n gul atory
effect &%%?%nﬁﬁﬁg%?E%E |%§(;Sg$ ma§sﬁh¥y§§%8QJg§gkhJSQ%P%gggaeah%ﬁomn to be
i nvol vedmbgretdien oixdien ppildomod pionfalemuatrany cdicsotdegsis fromiexanphbeyrclacgt e or
chronic infl%nnator Faln gl oner ul onephritis, Qg 20aut oi mmune di seases,
includiﬁﬁ““eaé““ﬂﬁﬁﬁﬁCﬂpﬁegﬁteﬁ$sﬁ§”? ?p“§9@F@ ¢ | upus erythemat osus,
rheumat oi dgagf Nk k§e oARH0IHVSRM & ALLREIdiSasd droRQSIstHaY 8boh £EGULat es the
function of the serotonin 54113 receptor channel, activates hene”oxygenase
type 2, mndwedhimcesetrhé lactgori Ly Q/f/lf*)ﬁeﬂ.!@nazﬁ%l {7 £7(b X3 e Isymtdase. A
seI tive 2 itor epo rted to strongly.reduce .pain response of

cetanery i idpar it SR o o Prd R P RS PR TR T
phOSDhormt@m@ ﬁ)eemtn]eityAwa@m;Lt,eubpt@wmw@as Qisbsef HIaMasyinevdRbedd-uivd of
RA patients, and nodul ates secretion of DEK (a nucl ear DNA- bi ndi'ng
pr ot ei n)disexAere Iﬁ“*»ihsﬁ%&@rﬁ@ﬁ’W%M@@?WWW@@%@“? dtidelciion syevnalpredieistycof
patient ssu%inﬂtﬂvﬂ j$7) w u?‘r tity "'mt | S )y Ptt h?%[ bl QQ' ?t i Ibl?n Qt >d %K% L2 &% eled to
control Progression-ori atl amvat or ol 0gi e =NER" 48" PHose "destri bed

here, andediled bhd&ﬂplﬂbity@itﬁmdj%aﬁi ;Qsedmheﬁetbmmh@tved bﬁﬁﬁg@bt@vmndum&géx&@tﬁ arel y
treat pain in aninmal 30npdels. 101.0] Protein kinase 0(2 has al so been
shown t oPighlgheiaer s b ?rCiﬁiﬂtﬂns Brogursgudgs wew%&ﬁi%rﬁ@wﬂeiﬁ mé‘%iéli*i“’és e.g.

at her 0Scl e 051 al ML SNERISLAS P ANS.NOPKL AL RIER.liP6, aksa been_shown

to play arole In ers 6 eta e an ue, such as
cardionw@gmu@nhwmanbndnﬂﬁSKnmpavﬂeﬂﬁwwwmlin S|gnaling and bone tissue

m neralization. .ILn one stud 011/ 010/04 116 inhibitors
of CK2 weﬁgﬁglffék‘t Rrs a&@%f%m‘gﬂ i BY h‘é m§ iwa HaU by GremPR Y Act or in

cul tur edy;eehbi. foMLAQUE aculeRr Brio8ld iRARAEMG PBAB! slofcMignd RADIEEr conbi ned
with octreotide (a sonatostatin anal og) reduced neovascu%ar tufts; thus the

CK2Zﬂnhhbﬂ®0“@m@ebﬁﬁﬂbedLhéﬂ@l@gmﬂﬂﬁdﬂbgﬁngQQWﬁﬁeﬁFmﬁmbhbuﬁawi@ﬂmﬁhuh a

t ost at 1o treat ret thy,.. . [01 h b h
o phosphol g aley eak i BRaHe A BARC R Btiivey gt nal i ERpE o Rer T o

| Mpor t anderdiBnis Seli €t Aecplds Ch-BnaNeeiBANE hbhs NG RRYSIPE 0Ihd RRhdeS tHel Nked to

di seases affecting nuscle tissue.
activity of neuronal nitric oxide synthase. A selective CK2 inhibitor was reported to strongly

reduce pain response of mice when admuinistered to spinal cord tissue prior to pain testing. 1t
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phosphorylates secretory type ILA phospholipase A2 from synovial fluid of RA patients, and
modulates secrction of DEK (a nuclear DNA-binding protein), which is a promnflammatory
molecule found in synovial fluid of patients with juvenile arthritis. Thus inhibition of CK2 is
expected to control progression of inflammatory pathologies such as those described here,
aund the inhibitors disclosed herein have been shown to effectively treat pain in animal
30 models.

{018}  Protewn kinase CK2 has also been shown to play a role 1 disorders of the vascular
system, such as, ¢.g., atherosclerosis, laminar shear stress, and hypoxia. CK2 has also been
shown to play a role in disorders of skeletal muscle and bone tissue, such as cardiomyocyte

hypertrophy, impaired insulin signaling and bone tissue mineralization. In one study,



10121 Evi dence suggests that CK2 is also involved in the devel opnrent and
life cycle regulation of protozoal parasites, such as, for exanple,

Thei | eri awpapu3sobeypcnosoma cruzi, 10 Lei shmani a donovagirjuskieopeiiosronas
muscartlill nuscarum Pl asnodiumtalciparum Trvpanosoma brucei, Toxopl asma
gondi i anbibgetsicSlESOVE ek iFOVBCHIslowNugrerpogens B didesedigvgropdnfackared t he rol e
fo i nvasiSiror s Cear ™ Al Toalon s eRs SR EREL el PR SR b iRy S8R o
has beenasbowdsiadn asgus) cudastsyvasafigctad wid fic Cedsimitca doahedticrein

Her per ononas  nuscarum nuscanm 15 Pl asnodi um | ai ci parum . Tr ypanosona
brucei, Teo B &8heGonEPRLERECSYHD $5686IPARHRABOAL 19 Herd Sl opAYbi ti on of

C. K2 shas shqwn,,. lock i f.ect.i Vi denGEMZ 1 e 10 CK2. has .al:so
been’s homﬁ%? g] [ E?%?%%% I%Eﬁgﬁkgkn(ﬁygﬁ 55‘%%%’%‘3%&535% i{/‘ipr"ﬁ\l‘ ﬂp{ré‘(j)ntwe|5n1:~:ilig’€{§ é’g%;ﬁ’at ed
wi t h hun@éns it imunodefi iskeicy! mirds atd/packisgd previplogyumains Tipagl ol dsoasesvi r us,
and herpes sinplex virus, in addition to other virus types (e.g.,
Epsteinfﬁgﬁp?gﬁ' hY3%Eyt omegal ovirus, hepatitis C and B viruses, Boma

di sease Vigys, R9LRAM MBecEONSACKD QVAILAISyoGRN ANAKIdUSophBililHE MEay ANd
varicella zoster virus). CK2 phosphoryl ates and activates H V-11." reverse

t r anscr i ipgasecrandrpirete asesiitsn swibtas oloanghriie.- MicVeric amdapfiomtesma cruzi,

pat hogenj ci.ty of .sim an, human inmmunodeficiency virus (SH V),  a nodel for

Fi v, U S G e P B eSS e GO ar e ou pr ot ei n,
| eadi ng 1,9,4aRkAG RS, AxShEGHE B3ARERAisRBLB AL S ON DRI RUS @bl e
to reduce reduce pathogenic effects of a nodel of infection. CK2 also

phosphorsandfaed tgrelesd § Kor brregratiqopiveplasmeiihy @pretpress parditeiu pisenis ot her
viruses,, and sonme evidence sy -8 i ruses have. ado K2 .as a . .
Dhosphor JeaRg TSy e PR S L ek SRR P YO E o B Tt o
IS unusualcut i Hobe ighevied sdithyr.cofinhinel aglhcati, PEoeessRss kbalarih nalteehs, and it
di f Thrs 30from nost kinases in other ways as well: it is constitutively
active, Fesedivise/cRrporIEpIoaNdc Prides Tereapets v meS Ookinitsr T idsapi dl y
prot 1 I erabigidlHaues: ckb 1Al 80.aNAs, HRYBHRL ‘rﬁ%&%%ﬁitb&r?a!cm&?at ures that may

di stinguis rom nost ki nases, too, ena s’'inhibitors to be highly
speci fi c fiGA3CKZ Hihikdselsodryn Kiavase inkhicbivitbrsd/af Plesphonylatd prea pkitoiases,

increasing the, likelihood of off-target effects, or. variability between
i ndi Vi ddﬁ%‘%ﬁifﬁ %’85 ‘.”mr'iBr‘“"ﬁ\‘ifm‘g?"‘f’é‘?ﬁ‘é}é g”““%/@l'-’ﬁgi%[%s@o@%‘iﬁtﬁf?al@é%l%‘ﬂﬁifgﬁ

reasons, h&dd sifipi@x PRLE LE AR Y1d EETERE kARs T{@é.?ﬁ}ssﬁ&ﬁ@ﬂﬂ wdndgvel opment, and
the invention provides highly effective inhibitors of CK2 that are useful

i n tAleatdivbgnegalaniuet hepoftisd Méhtvidisse Bsus drdsaiisor gémsvimed catseckibyiroy
associated with excessive, aberrant or undesired levels of, CK2 activity.
10161 THE O Mmoot G Ak BB G o T BT v 2oRe U boeRy bt el B L - 2,
and -3, have: ReedribER Aealiedaded i ¥erse /bl ohogliealm Pld FRESESI SYT sasiagel |
survival, proliferation, and differentiation. Pim1l is involved in a nunber

of si gnaling ipatdwdyscieratviae éSHghrynads] By aRY . (3 trpphgehesiaes i Lened

in BaChnig . a%d I}{bﬂ’hggphg NLeL Q%ru'pré]t nl?lcgg h;g% ragﬁ{ ilos .i’tcire:%i?at'né%ﬁ‘]@(%wm(ﬁ%sgp5) ]
Many of these are nvolved in cet CYET'e “progr €851 on “and apopt osi €. it has
beers  Inhibitors of CK2 are thus able to reduce reduce pathogenic effects of a model of HIV
infection, CK2 also phosphorylates numerous proteins in herpes simaplex virus and numerous
other viruses, and some evidence suggests viruses have adopted CK2 as a phosphorylating
enzyme for their essential life cycle proteins,
{014}  CKZ2 s unusual 1o the diversity of biological processes that it affects, and it differs
30 from most kinases in other ways as well: it is constitutively active, it canuse ATP or GTP,
and 1t is elevated in most tumors and rapidly proliferating tissues. It also has unusual
structural features that may distinguish it from most kinases, too, cnabling its inhibitors to be
highly specific for CK2 while many kanasc inhibitors affoct multiple kinases, increasing the

likelihood of off-target effects, or variability between individual subjects. For all of these



10shown that Pim 1l acts as an anti-apoptatic factor via inactivation of the
pro-apoptotic factor BAD (Bcl2 associ ated death pronoter, an apoptosis

i ni tiatorwo 20hss@22ndi ng suggested a direct role ofin pPrerarsting4aaes |

death, since the inactivation of BAD can enhance Bcl-2 activity and can

t her eby 1prerBtEle sl d pasupwinpainiraiog dtgatior fERGcvdopaen, arbizle iy3nldk: (2004) 1.
Pim 1 has al.so been frecognized as a positive. |at.or of .cel |l .cyel
or ogr esar g priths £ bFRGe BT e B PRE ot ML ISR « iR o 4T o an
I ncr eas edikddsdstamd phosphamasgiatedtl/iofiabyscRnd pirioski e, abernt bSiddeainsi kian
reviewed in Losman et al ., JBC, 278, 4800-4805 (1999)]. In addition, the
cyclin kiifase2§tihivbi t or p21waf which inhibits GUS progression, was found to
be inactiv Yoo Bitans o] M bicliner Bl KSR BLORAYS ny. ACY 31,1 19930 45- 55
(200337 Fod Fher io Pl Tidoeid 608, Bhich inctyl BE b PRI, N Bnd L0 e e
and act iuah éspGdeREE 20w ldhlopesubrbecsbay sacic el ellatuiamlofroE2ANdntr anbi tion

[ Bachman,et al.., JBC, 279, 48319-48 2004)]... [0161 Pirn.-1 appears to be
an esseﬁilii‘aﬁwb%we%mﬁ REREGPAT ePFOOPTYITa A b VAR HASES 3@4"&‘%?@#??%4 |
'S requi E,E?%jmfn‘?ﬁcn%@?g&pgz%gﬁ medhal el T MIPrald-far atd o 51 80als;d/Harang,. et

al ., Oncogene 19, 2548-2556, (2000)]. Pint-1 is overexpressed or even

mut at ed 73 @0HUHMIdan0fl 1RSeunpmscland déd fecentotiypes: ofd dpappsisclehbs bdenes and

| eads, to,genomc.instability. Fedorov, et al., concluded that a.Phase III
commBund PR ABY I Bpma Sy B P HG i a5 S5 pro R Eon B PRRT ve
Pim 1 i nbabi e aQucifigdos prodliotd an afRPARIsLAALEL). Tha082Br 28:dPRed 2 4R8) -

Evi dence has been published to show that Pi.m-1 is invol ved i n human
tunors i ddiing! privsratias calhdeaih. sorcalthcanesntionadBRE fantanhf

(Gai dano, & Dal . Faver. 1993)., A |.  30f i Adings, poiAt f0.anqaRort ant
rol e of dlf’%ﬁ%?“‘?d%dr\&}nhigai"ﬁfl" Plfgé Qi%é%d%br‘f "%%I g?lg’si’gglé’r%g] e Ségh@e’r‘@&”?% udi ng
vari ous piuohss dndbharet@peeti € poaiicefegulatdus cambldie pbesube Aurbi bintors of
Pim1 activity are a rqgi si ng therapeutic strategy. 10171 Additionally,
Pi mi? arddpibsirionddies bder i appifiylepdmernordcsie thilpPiasehaie Schkith#td on of
nmore th -k §of:pan., . vi.ge i i onal t her apeutdos DeRefddes; However,
e o 2P S R R A e D P G R T T b Tor o

of PI M tmldhamethcicytlirekionseniohibionpdd ™| wipiale tnhitisdiighptohaission, was found to be

inactivated by Pun-1 {Wang et al., Biochim. Biophys. Acra. 1593, 45-535 (20023].
Furthermore, by means of phosphorylation, Pim-1 mactivates C-TAKI and activates Cdc25C
284 which results mn acceleration of G2/M transition {Bachman et al., JBC, 279, 48319-48
(2004)3].
{018] Puw-1 appears to be av esseutial player in hervatopoietic proliferation. Kinase
active Pim-1 is required for the gpl30-mediated STAT3 proliferation signal [Hirano ot al,,

Oncogene 19, 2548-2556, (2000)]. Pim-1 18 overexpressed or even mutated in a number of
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tumors and different types of tumor cell lines and leads to genomic instability. Fedorov, et al.,
concluded that a Phase I compound 1o development for treating leukemmia, LY333°531 s a
selective Pim-1 inhibitor. O, Fedorov, et al,, PNAS 104(51}, 20523-28 (Dec. 2007).
Evidence has been published to show that Pim-1 1s involved in human tumors including
prostate cancer, oral cancer, and Burkitt lymphoma (Gaidano & Dalla Faver, 1993}, All these
30 findings point to an important role of Pim-1 in the initiation and progression of human
cancers, including various tamors and hematopoietic cancers, thus small molecule inhibitors
of Pim-1 activity arc a promising therapeutic strategy.

1017} Additionally, Pirn-2 and Pim-3 have overlapping functions with Pim-1 and

inhibition of more than one isoform may provide additional therapeutic benefits, However, it



i nhibition of various other kinases, since such effects are likely to cause
side effixts or unpredictable results. See, e.g., 0. Fedorov, et al., PA/AS
104(51), w0=288/@802¢Dec. 2007), discussing the effects trat/usonompacsfic

ki nase inhibitors can produce. Accordingly, in sonme enbodinents, the

i nvent i oA s@ﬂ@tmlmc%@frbébﬁmdﬁnbiﬁaﬁ oaP® sehestlitieot xﬁfhmmfta)m@a@ﬁhmuz,hé%@ft one
ngSP![ g}n%‘imé%lmnldf ‘vamouﬂtgimﬁkmaaﬁs (‘:ﬂé}[g aliu%ng{bﬁ% dmhpkﬁ%ixkn 4UBC bid% a’%ﬁs (S dgg\élr lnge d
further Lh@;ﬁ“@iuﬂabiahéshﬂygﬂwt hg compastodsct af, Fonsubas (), Eﬂmﬁgg ypiccabdy, active
on CK2 as well as aone or nore Pimproteins, [01.81 The inplication of a
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lines. [019! The 'linK between PIM 3 overexpression and a functional rote in
promoti ng {ék8F i Jenaspiscatane! i rgmRNAM-Studivest Wi humaggpantreat i c and

hepat ocel | ul ar cell lines overe: ng PLM3. . 1D t hese studi.es the
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carried out through the nodul ati on of phosphol ation of the pro- apoptatic
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suppr esSaRNGf a@ap@Picsis chikiGRNesr @xp@é%m()ﬂaﬁﬁmv h@fah@lafcre@ictind pancreatic

and |iver cancers. Mreover, as conventional therapies in 25pancreatic
cancler ﬁw@oadb%rwew SF drcsout come, P.1.M 3 could r epr esent a new

[ npor tant 4 f, - cyrable

di sease. % Tgknkgﬁ&%%%ggwa{ %‘é@r nlgfg %I\r}:iégtalqrtr%[:&irj u erée%h%%o nced t hat
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mol ecul &,BhMd d’ﬁ@ﬁt%ﬁk Bh‘ch@bé Qi1 W ﬁﬂn@&%ﬁi}{i ﬁl}écﬂdﬂ}ﬁﬁ?ﬂ%x whicA88M.E Qpresses

hemat ol ogi cal and solid nal i gnanci es, . Steven Warner detailed how

sci et i s;tmpiasf@d% @upietm@wism@hrm}ﬂw m@mm@h @@ymsohmidt@tn@f theded- t hat

al | oned f or ng.of. na 1776

s 1 deriopioti PageE T AToNE R B BBTUR Frbiibt B Or e S b,

i EdUCIh NguREREIVASHSPIANG Bakin IBYERE AakEESTx dﬁib@ﬁ@@ﬁnmb&%pﬁo@@ﬂ%ﬁhk on in
ospno-

P P Serli2. Thus, similar to Pim-1 and -2, Pim-3 acts a suppressor of apoptosis i cancers of

endodermal origin, ¢.g., pancreatic and liver cancers, Moreover, as conventional therapies in
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pancreatic cancer have a poor clinical cutcome, PIM-3 could represent a new important
molecular target towards successful control of this incurable discase,

{026] At the 2008 AACR Annual Meeting, SuperGen announced that it has identified a
icad PIM kinasc inhibitor, SGI-1776, which causes tumor regression in acute myelogenous
ieukemia (AML} xenograft models (Abstract No. 4974}, In an oral presentation entitled, "A
30 potent small molecule PIM kinase inhibitor with activity in cell lines from hematological and
solid malignancies,” Dr. Steven Warner detaled how scieutists used SuperGen's
CLIMB(TM} technology to build a model that allowed for the creation of small molecule
PIM kanasce inhibitors. SGI-1776 was wdentified as a potent and selective inhibitor of the PIM

kinases, inducing apoptosis and cel cycle arrest, thereby causing a reduction in phospho-

o



WO 2011/ 035022PCT/ US2010/ 049116 BAD | evel s and enhancenent of niTOR
inhibition in vitro. Mdst notably, SGL-1776 induced significant tunor
regressi omoi2o11R3FA2Y-4-1. 1 (AML) and MOLM 13 (AM.) xenograftuSeadsisié Thi s

denpnstrates that inhibitors of PIMkinases can be used to treat |eukem as,
10211 Fe@éﬂd@‘v clpgndgtuhangomopNASTY OIR inhay @y, vitp 323 28iabbhdiwéd 7T hatduged
nduced S8 T Rer i IV EETT MRS R TR e

shown t orhedexpEiassethid mHpianct earing kGansekn 6e hkéd mw\mi E@uﬁkdm1t1§ not expressed
in 'normal Eancreas cells, denpnstrating that it should be a good t ar get

for pancrd#fil E&fer. ctpi, indiVax volcHKeek ﬁ%§3l%%@%3yﬂié%4%@hw (Q@@6¥WT10221
Because {hese; (w0 rgl ’?%f %Q@é&i%ﬁﬁﬂﬂ%ﬂ@ﬁﬁL Q@%hHP#QﬁQ&Qﬁnlcal

10pathways assocl ate dancer an Ion are also inportant
i n pat hogéaifient ¥ M patins. mlmmhrrbgmam stsyn fortiticapicoscs mbaﬁdmit?m cagtdreellsy have

many nedi ¢l nal applications. rese i.nventi an ovi novel conpounds
Chat | it A e Bt PTB R g nisgt paly feSaeris % JEMABTHER 5136}%59%&346 PRedhotis of use

utilizi ngdhese.GoBRRUARSy. 15 CDHES%HR@@E@HE@FWEN&@N 1023! The

present 1nvention in part provides chem cal cofpounds haV|ng certain
bi ol ogi cal {082k i Victiuss thichatwd poludeinabutieas ot fupit@d it bjocherhichl ting cel

prollfer ion, inhibiting an enesi s, .and du atin rotel ki nase

Dot e s iR e R AR AR Sl TR SRR Sl iSRSty o
Pi m ki naggna@lder¥drbynisandntibuss af fietachi ol Rgkeadn,/fibncsihg %phmm@rml ude
but are not limted to, |nh|b|t|ng gamrd phosphate transter fromATP to a

pr ot ei n WEsopLpHFRiEonsUDELpEre ! $orRpBings Hgt @ﬁgﬁﬁafgfé%@@?g‘v’i dr BRitb it Welgagel |

proliferg tng%)';lm?iﬂg m!m Iglui,cfmd goic ue&cluu?i%?xgah L ém{agﬁnd?xanpl e. The pr es.ent
i nvent i on I'n as” preparing novel chem cal

conpounds, and analogs thereof and nethods of using these conpounds. Al so
provi ded are con£03|t|ons conprising the above-descri bed nol ecules in

conbinat P 25vi Rk Gt hEE ater &S, “i ncl uding other therapeutic agents

and) or PRaREIECb FALLY (AGESGH APLE, SO, SRl b URl By AR o for

i nvent i dnolageabdctiForcatiiaaich)de, mm@rgm11/11@350@,21@@1{13@2@11;@&@4&1;1116& inhibiting
angiogenesis, and modulating protein kinase activities. These molecules modulate casein
kinase 2 (CK2) activity and/or Pim kinase activity, and thus affect biological functions that

20 nclude but are not hmited to, inhibiting gamma phosphate transfer from ATP to a protein or

peptide substrate, inhibiting angiogenesis, inhibiting cell proliferation and inducing celi
apopiosis, for example. The present invention also in part provides methods for prepaning

novel chemical compounds, and analogs thereof, and methods of using these compounds.

Aldso provided are compostiions comprising the above-described molecules in combination
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W

with other materials, including other therapeutic agents and/or pharmaceutically acceptable
excipients or diluents, and methods for using such composttions,

{024} In one aspect, the compounds of the fnvention are of Fornuuda (I}



(1) wherein: each of Z1, 72, Z3 and Z4 is independently CRl or N,
provi ded no nore than two of Z° to Z4 are N, and the ring containing Zl-2Z4
i s aromatwo;2011/035022each Rl is independently H, hal o, CNpCotScanasakdiye
substituted A -C4 alkyl, optionally substituted C2-C4 al kenyl, optionally
substituted C2-C4 al kynyl, optionally substituted O-C4 al koxy, SR, SR
COOR., COONR. 7R8, or -INR 7 each Yi and Y4 is Cor N, and Y1 and
Y4 are not both sinultaneously N, provided at |east one of YL to Y4 is N,
10Y.-2 is N, NR2, CR2 or C wherein each R2 is independently H, -OR
hal o, CN, or optionally subst__i,;mF e, Ol«Chal kyl, and each X2 is

-(CH2) 0_2COOR or a polar grotpy K S| }0..2C00R or a polar group, or X
is R2 when Y2 is CX2; 15eac 4nt|y H or optionally
substituted C1-C4 al kyl; Y3 izg N—NRE and the ring containing Y2
and Y3 is aronmati c; wher €47 “R3 deperndently H, halo, OR CN,
or optionally substituted d-C4 al kyl; ;\Q A is a bond, NR4,
O or S, where RA is Hor optionally substi Cl-C4 acyl; 20Wis
optionally substituted aryl or aryl al kyl ;Y‘jom\if?onal |y gybstituted heteroaryi
het eroaryl al kyl ; optionally substituted h.eterocyclyl or heterocyclylal kyl;
or optional | yv&upi&tituted C3-C8 cycloal kyl or cycloal kyl al kyl ; or

alternatively, - AWk B¢ PJR;RS’/’ and Z° is independently CR' or N, provided no more than

ol 4 . . . 1 4 . .
two of £ to £ are N, and the ring containing Z -Z* is aromatic;

each R'is independently H, halo, CN, optionally substituted C1-C4 alkyl,

N

optionally substituted C2-C4 alkenyl, optionally substituted C2-C4 alkynyl, optionally
substituted C1-C4 alkoxy, SR, S(R, COOR, COONR'RY, or -NR'RY;
cach of V' and Y is C or N, and Y' and Y are not both stmultaneously N;
provided at least one of Y' to Y7 is N;
10 Y¥is N, NR?, CR” or CX7,
wherein cach R? is independently H, -OR, halo, CN, or optionally
substituted C1-C4 alkyl,
and cach X” is -{CHy)e.2COOR or a polar group:
X is -(CH)o2COOR or a polar group, or X is R when Y7 is CX7;
15 cach R 1s independently H or optionally substituted C1-C4 alkyl;
Y3 s N, NR3, or CR?. and the ring containing Y2 and Y° is aromatic;
wherein each R is independently H, halo, -OR CN, or optionally
substituted C1-C4 alkyl;
Ais a bond, NRY, O or §, where R* is Hor optionally substituted C1-C4 acyl;
20 W is optionally substituted aryl or arylalkyl; optionally substituted heteroaryl
or heteroarylalkyl; optionally substituted heterocyclyt or heterocyelylalkyl; or
optionally substituted C3-C§ cycloalkyl or cycloalkylalkyl;
or alternatively, ~A-W is N R7RS;
cach R’ and R® is independently selected from H, optionally substituted Cl-
25 C10 alkyl, optionally substituted aryl, optionally substituied arylalkyl, optionally

substituted heteroaryl, and optionally substituted heteroarylalkyl;



each R7 and Rs is independently selected fromH, optionally substituted C
25C1.0 al kyl, optionally substituted aryl, optionally substituted

aryl al kylwoaptivssekl y substituted heteroaryl, and opti oralius2&logtiiné ut ed
het eroaryl al kyl ; WO 2011/ 035022PCT/ US2010/ 049116 ~and wherein
R7 and R8 in NRR8 can badtvelicesintfoged Renn ARoRgean heralent togdibernlengvgh Meaber ed
ring that can.be optionally substituted, .and can.contain an additional

net or oat om earearen: PROMeit SRR <8 S PRy BN a8 AL wbent on

al so i ncl udeszddhnphigsdragient detatddyrare sept afdl Sasatib$mesokyat es, and/ or
prodrugs of conpounds of Formula (l). [0261 I n_another aspect, the

i nventi on 8#%8v {T%éé Iy CE MO B Ede mpmuaeppjcally acceptable salls, selygips omdfs and
Z6 and Z{_isS.l. pde o , N, 0 or S provided at 10l east one of
Z5 to Z?gii‘jgﬁlﬁ?é?g’ééwgﬁ%&%&%?%‘ ‘han one of Z5 to Z7 is 0 or S. and the
ring cont agigmiing iZbacthef apsecarionil tejon provideseasimafund'of &odn¥4 (B s

i ndependently C or N. and Y1 and Y4 are vr‘}ot both sinultaneously N, provided

at | east one of Y1 to Y4 is N, e Y2 is N, CRlL or CX2, where
X2 is -(CH2)0_2C00R or a polar group 15Y3 is CR3, and the ring containing
Y2 and Y3 is aromatic; each Rl {is independently H halo, CN,

substituted C2-C4 al kenyl

optionally substituted Cl-C4 gptionaly
‘ SR, SO02R, COOR, COONR48, or

optionally substituted C2-C4 alkypyl, OR
each R2 is independently Hgz® fﬁa ) , CONR2, SO2R, or optionally
20substituted A -C4 al kyl; ‘é\ 3 is independently H halo, CN -OR or
optional |y substituted O - C4%atkyX is¥<(CH2)Q _2C00R or a pol ar group, or
X can be R when Y2 is CX2; R is ind¢g @ at each occurrence H or an
optionally substituted d-C4 25al kyl ;

Yomey2 (I,

CA
O 8

wherein:
cach of Z° and 2% and 77 is independently CR,NRAL N, Oor S, provided at
18 least one of Z° to 7. is not CRY, and no more than one of 7° t0 27 is O or 8, and the
ring containing 7 -7 is aromatic;
each of Y' and Y is independently € or N, and Y' and Y are not both
sinultaneously N; provided at least cne of V' to Y is N;
Y2 is N, CR' or CXF, where X is -(CH)o2COOR or a polar group;
15 Y’ is CR’, and the ring containing V™ and Y~ is aromatic;
cach R' is independently H, halo, ON, optionally substituted C1-C4 alkyl,
optionally sabstituted C2-C4 alkenyl, optionally substituted C2-C4 alkynyl, OR, SR,
SOuR, COOR, COONR'RY, or -NR'R®;
gach R is independently H, CN, -OR, COOR, CONR,, SO:R, or optionally
20 substituted C1-C4 alkyl;
each R is independeuntly H, halo, ON, -OR, or optionally substituted C1-C4
alkyl;
X is -(CH)o2COOR or a polar group, or X can be R' when Y7 is CX%;
R is independently at each occurrence H or an optionally substituted C1-C4
25 alkyl;
Aisabond, NR®, Oor §;

wherein R* is H or optionally substituted C1-C4 acyl;



Ais a bond, NP.4, 0O or S; wherein R4 is Hor optionally substituted C1-C4
acyl; WO 2011/ 035022PCT/ US2010/ 049116 Wis optionally substituted

aiyl or awgi2alikbg22opti onal ly substituted heteroaryi or PogtisSe@anydiaé kyl ;
optional |l y substituted heterocyclyl or heterocyclylal kyl; or optionally
substituted C3-C8 Wyebpabuajlly sopstigyied aal Rydralakipil:; opsionailyt wibsatioddicieroart Wi s

NR7R8; each R7 and,R8 . s .jndependently selected from.H,  optionally
Nobot) tuted Crohr RS Tl ORI R SEh ER Ry OB

substituted aspicakikytubsoptadanalByysivhisti drutedattet@iaaryl, and optionally
substituted het eroazﬂxl al kyl ; . .. and wherein R7 and R8 in NR7R 8
can be taken togetHedicaRERYYwitW NX¥B Korm a 4-8 nenbered ring that can be
optianal Iy substituted andscanicontaif an. I4d angly ehennat.em .

sel ected from N, Oéétglﬁ% §§2§ %ﬁgllﬁggﬁﬁlggr {}C%%g} %Lgr’ %%%?? é&atﬁlgﬁggg}ept abl e
sal ts, sol vat@s] alandbeicpipdnisgs:itcherybobtionalllQRF§iitlbe sgbipdumdsmelfiy For mul a
(1) and Formul 11) .can be used as neutral c ounds, or as salts. In
certain errbod‘fi"gét S My nHELARIO M RE Y a*éw&ﬁ@?e %%ﬁjfiil‘dgl |y acceptabl e
salts, solvates, apd/ QfcrciRFOAREES ONRIRELOMPUIASQfc@bTU Ry N i) O 411) .
15[ 0281 The invention also provi des pharmaceuti cal "conpositions contai ni ng
such conpdumdsbeofd fhag i @n(He)oporndl upsipligs, DWeaprompenpidrimaekeut i cal |y
acceptahl e carriers qr. excipient and net hods of using these conpounds and
con%@si Bfegﬁg‘ﬁf)’&]rw[‘“ﬁ%gtf?‘}éléﬁ' n%oﬁséssap%% PP®dconditi ons as further described

herein, [0291:lihga6L0RoUNAS 0l LMY ERLIOR, AlenrGRadas! @bicaed by a
tricyclic h.eterocyclie ring 26)system containing at | east two nitrogen

atoms: oneghm t he. eeRbEA s r;-;ifpgmmaatag%na ELGYEL 16 SyHem and,Al:4] east one in
the five-nenbered ring conprising Y2. Optionally, the tricyclic system can

cont ai n @dgictndnal ahedter batwows hhodmand/tbe c@ypasids imudratbensaculithdy

five-menbered ring conprising NI has at |east onpe polar, group . or COOR group
255 SubBCTRtnt Rer R 2 Phe graas kesP bR Ehe Rebi FeBRELeRt ed by
2510301 | ngpbgr mubhasnehiioniits bdlides BharhRasticON®@osXoabdondnn@Rigsent s a

group of fornula - (CH2)0-2C00R or a polar group present on the nolecule.
I n sonme @michiedecdonpolidsor {hi Eugeoup nee nacowtive e aReplhicsarierper an

0Pt onal et LARA il By Bl S ELROUEI B, '3,
sonme enmb@diifedtsadidosis G desc@ibpdh@tingroup; in alternative enbodi nents, X
{0291 The compounds of the invention are characterized by a tricyclic heterocyclic ring
20 systom containing at least two nitrogen atoms: one in the central ring of the tricyclic system
and at least one in the five-membered ring comprising Y7, Optionally, the tricyclic system
can contain additional heteroatoms (N, O and/or S) as ring members. The five-membered
ring comprising Y has at least one polar group or COOR group as a substituent, either as the
group X or on the atom represented by Y™,
23 [630]  In Formulas (1) and (1), at least one of X and X’ represents a group of formula -
{CH2)COOR or a polar group present on the molecule. In some of these compounds, this
group is COOR, where R can be H or an optionally substituted alkyl, e.g., C1-C4 alkyl.
Frequently, R is H, Me or Et, or a substituted C1-C4 alkoyl such as -(CHy3.2~0OMe or
CH,CF;. In some embodiments, X is COOR or a polar group; in alternative embodiments, X
30 {8 RY and Y is C-X7, wherein X7 is COOR or a polar group. Suitable polar groups are
discussed further herein.
{031]  In some embodiments of the compounds of Formulas fand L, A1sNH, Oor 8. In

certain embodiments, A is NH.

10



30is .R2, and Y is G XL, wherein X2 is COOR or a polar group. Suitable
pol ar groups are discussed further herein. [0311 in sone enbodi nents of

t he conmpowoadsiaiBs®@ermulas 1 and i, Ais INH, O or S | RCTASR@EI0049116
enbodinents"k is NH W 2011/ 035022PCT/ US2010/ 049116 110321 Wcan
represent #3%ar Vet shrygesupsreatt %@n@pﬁﬁl@éﬂ?@pmm@ﬂﬁ&n@diiih%fsm‘re embodi ment s
Ir;[ nlgscgrﬁ‘ﬁ] 091‘(11&*8{% qlibeeélcg (9{{} ﬂﬁ%ﬂ,{% kog'}r Lbr%_l(ksueﬂf’lldlhf éigf\f}zgﬁ]ﬁ hf%&@?)%%é}% r%p}gt I ﬁg

menber . Lm@rabﬂm&dscowiﬁbt&@ﬁt@ﬁ%f&f&tﬂ'cﬁn N, gsdel & 0Pt Qﬂéﬁibuy siua&bmtam ed
Many substituents as disclosed herein for aromatic and heteroaronmatic rings
can be pﬂ}ﬂéé“éﬁwrpw@oﬁwe%@aﬁw?éﬂt gubstidedy r Maay pubsoons pe P salP I En (9Tng

repraese S from
nal oo onrTandy Pt Wl SRRaE B R Tl Ty OB HHRS e SERER S0 o
the for mﬁtaoﬁﬁmm mﬁ?@ﬁr&n%&'b@(%)lﬁub%mﬁm@(‘d})am*a& SR b,i!b)%(l@.)lﬁ's@h@@d SRR . In
t hese s t|tu i.ndepende Ily each . occurrence, H_.or tionally
subst i ¢ Ut ﬂefm@iigr%&ﬂ 1911—@1@ £h 4 SR AA&rE Py ¢ 8¢ fEny a kyl ;
and if t@@o@ COREP] 85U ORT. siecayfnt i sue@(@gyaogpgotibeym&%@b@m,tuals%a,
together to forma 4-7 me red ring that ‘can optionally include O, or

as a ring mnmh@MNkﬁﬁv1038308pecmt¢Hcgmmbdmhhﬂmb%nﬁ&ﬁﬁé %@b@wimuﬂedbbhenyl

t hat, can_ b [ ht 1 our,ophenyt, 3-flu henyl
3 celtboxsEhani Mo cbie) ohangr tndiru e HhE b anta Tt Re
inventi Oﬂayhgmfi}hﬁ%d@n(}fémﬁ@gﬁ%%” QAU &7(hdmbdrad rig®Matbdh S uhi8aluREs O,
speC|f|caIIé déscri bed below, or any conbi nation of these features.

10351 AlXerpreogirdedndiebsi n are phar naceuti cal conposi tions conprising a

conpound r a % i er, ? t st, one
pharnaceutﬁbglly é%%é 3 13&8§f$%%r o?“ggg%h 1%Mi0%1 afmcu% 3

phar mac e drephdnyt, am@pb;mhei eatdd;@mn@in@k@ﬂmemum}eaﬁd&a (20@»&}@&@&%' cal
conp03|t|ons conprising at | east one of these compounds can be utilized in
met Wods of (8dleat e remayeds Hfdh ‘i%%@“ﬁ‘é%iﬁﬁ%@aﬂ}ﬁéﬁﬁéﬁ At Formujpgsharp@iaEs Msounds

of Formut.a,(d sg&“ﬁahaﬁié' l)quLa’%ﬁ bLf?mP%F LA wn‘ﬁhﬂ&@a & PLRLEROS, cand W thout being

bound by theo i'eved to be sis for thei'r pharnmaceutica
act|V|ty m351035w)mnvmmdhaanEﬁpmdnmnmnsmimhmxﬁﬁmheLmnpSﬁag£Kﬁnmmmﬁmin

or 3 or ErstibsTha Thrr JOTRRHE hEar a6l Hr CEh P LT BT CRETERET SR PD NO
1 (NP 001886:::Ga38b R KiRaSRuihcakRIR, decSMBURILiS0fArMachianp sapi ensl)
20 Pharmaceutical corupositions comaprising at least ove of these compounds can be utihized
methods of treatment such as those described herein.
{8361 The compounds of Formula (1) and (I} bind to certam kinase proteins, and
without being bound by theory, this is belicved to be the basis for their pharmaceutical

activity,

[\
W

{037} In certain embodiments, the protein i1s a CK2 protein, such as a CK2 protein
comprising the amino acid sequence of SEQ ID NO: 1, 2 or 3 or a substantially 1deuntical
variant thereof, for example.

SEQID NO: 1 (NP _001886; casein kinase 1 alpha | subunit isoform a [Homo sapiens])

nsgpvpsrar vytdvnthrp reywdyeshv vewgnagddyg lvrkigrghky
30 sevfeainit
nnekvvvkil kpvkkklkikr eikilenirg gpni _t adi vkdpvsrtpa lviehwvnntd
121 fkolygtltd ydirfymyel lkaldychsm gimhrdvkph nvmicdhehrk
lrlidwglas
181 fvhpggeynv rvasryfkgp ellivdygmyd yvsldmwslige mlasmifrke
pffhghdnyd
241 glvriakvlg tedlydyidk ynieldprfn dilgrhsrkr werfvhseng
hlvspealds=

(a2
LA

1t



msgpvpsrar vytdvnthrp reywdyeshv vewgngddyq i vrki grgky 30sevfeainit

nnekvvvki |

f kgl ygt i twoydi vy ei
131 fyhpggevnv rvas%%fkgp eIIvdygnvdéysidnmsi

qi vri akvi g°tediydyr dky meirdprite difvgrRSYk? SHEFDRSERETHVHeardf WO

kpvkkkki kr ei kil enirg gpniitiadi
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mmsglissvpt

361 psplgplags pviaaanplg mpvpaaagaq g

elivdygmyd vslidmwsige mlasmifrks

kvlg tedlydyidk yvnieldprin dilgrhsrkr werfvhseng
_ 3 3 1

hpyfyvtvvkd garmgsssmp ggstpvssan

SEQ I NOG: 3 (INP_808228: casein kinase 1 alpha | subunit isoform b [Homo sapiens])
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{(38]

sequence homology with one of these, preferably at least 90% sequence identity; and having

Substantially identical variants of these include proteins having at least 90%

at least 5(% of the level of in vitro kinase activity of the specified sequence under typical
assay conditions.

{639]  The mvention includes methods to modulate the activity of CK2 protein, either in
vitro or ex vivoe. Suitable methods comprise contacting a system comprising the protein with
a compound described herein in an amount effective for modulating the activity of the
protein. In certain embodiments the activity of the protein is inhibited, and sometimes the
protein is a K2 protein comprising the amino acid sequence of SEQIDNG: [, 20r3 ora
substantially identical variant thereof, for example. In certain embodiments the CK2 1sina
cell or tissue; in other ernbodiments, it can be n a cell-free system,

{046] In some embodiments, the invention provides methods and compositions for
modulating the activity of a Pim protein, which comprise contacting a system comprising the
protein with a compound described herein in an amount effective for modulating the activity

of the protein. In certain crubodiments, the system is a cell, and 1n other embodiments the

12



361 psplgplags ydirfymyei | kaidychsm gi mhrdvkph nvndhehrk rvasryfkgp
el I vdygnvd ysidmsigc m asm frke tedl vdyi dk vni el dprfn diigrhsrkr

wer f vhsehgosnitraseane hpyfytvvkd garngsssnp ggstpvssan perasanpiogr116
npvpaaagaq q SEQ I D NO 3 (NP808228; casein kinase ii alpha 1
subuni t 4ys6fios mobil{fraesmsteapile perlain crihodipeiisk@k dytichsefgherRme pakgpn v Ch
enrklrL|Cﬁbgu§efvnpgq eynvrvasry fkgpeil vdv gnydysl dnw si gcnl asm
frkepffhg nydq]vrla kvi gt edl yd 121 vidkynield p,-fndligrh srkrwerfvh

senghl vspejgal df iredeliddd arehas hictiards 29 Li81ibargrbR whottferubkel gatinp sorasiRggst pv
ssahmsgi s svptp gl gp | agspvi aaa 241 npi gnpvpaa agagg 1038] Substantially
i dent i caﬂm%r%h@ Vol ¢ FEBROYHECHIB R MBICE] WenHad Ry Claecive 46 11hdpb, 30sequence

hom)"@g 1?&%%2»53}[ %eﬁes?h o4 ﬁfqﬁ!ngﬁ s B 141 S%@ikh%)%‘h&?%&% o & @Ql-n'ht y: and

haV|ng east the T evel In vit I nase act|V|ty 0

SpECIfI&dg&émﬂﬁnCEKUﬂﬁﬁﬁmﬁmmm@&lpﬁ&&ﬂybcmﬁﬂrmmgnﬁncm ﬁ@ﬁ@nn&hﬂmnmyentlon

i ncl udes nethods to dul ate the activ rot It ?{ invitro
L8

|
or ex viSETEGR] PR SR EHEHS 0&%6&}%@&96@%?@ cWﬁgaf Plgy ié“f«ﬁ%‘c PN t he

protei n i bh - corpeued b@%%&ahp&dp@%ﬁ%' (ﬂn&d? AR AR 8ot tiNe TS colls
nodul ating the activity of the protein. In certain enbodinents the activity

of the protegines ke innhishid, ed) bamd: soet.ihBsict e ppotredn aidsa @R sprotel n

Ijsing the a ci d seguence of LD.NO. 1, 2 or 3 or.a
et fr I BB C A T e ReReaRt mrbP S Fetriesdaficifheet
enbodi ”Béﬁ)?i’o%ﬂ@e (KR odiBetifesdur§ bl LLubidcSBMBRg IAcOLN@caRQd nents, it can be
in acell-free system 40[ 0401 in sone enbodi nents, the i nvention provides

met hods an@4gbnpdsi pirvidsd fgrmethods for treating a condition related to aberrant cell
proliferation, which comprise administering a compound described herein to a subject in need
thereof tn an amount effective to treat the cell proliferative condition. In certain
15 cmbodiments the cell proliferative condition 1s a tumor-associated cancer. The cancer
sometimes is cancer of the breast, prostate, pancreas, lung, colorectum, skin, or ovary.
{043} In some embodiments, the cell proliferative condition 18 a non-tumor cancer, such
as a hematopoietic cancer, for example, including leukennas and lymphomas.
{0441 The cell proliferative condition is macular degeneration in some embodiments,
20 {045} The mmvention also includes methods for treating cancer or an inflammatory
disorder in a subject in need of such treatment, comprising: administering to the subject a
therapeutically effective amount of a therapeutic agent useful for treating such disorder; and
administering to the subject a molecule that inhibits CK2 and/or Pirm in an amount that is

ctfective to enhance a desired cftoct of the therapeutic agent. In certain embodiments, the

[\
W

molecule that inhibits CK2 and/or Pim is a compound of Formula (1}, including compounds
of Formula (Da and Ib,. or a pharmaceutically acceptable salt, solvate, and/or prodrug thercot,
in certain embodiments, the desired effect of the therapeutic agent that is enhanced by the
molecule that inhibits CK2 and/or Pim is an increase in apoptosis in at least one type of cell.
{046] In some embodiments, the condition s a pathogenic wfection such as those
30 described herein.
{0471 1o sowe ewbodiments, the therapeutic agent and the molecule that inhibits CK2
and/or Pim arc administered at substantially the same time. The therapeutic agent and
molecule that inhibits CK2 and/or Pim sometimes are used concurrently by the subject. The

therapeutic agent and the molecule that inhibits CK2 and/or Pim can be combined into one

s
|99



nodul ating the activity of a Pimprotein, which conprise contacting a
system conprising the protein with a conpound descri bed herein in an anpunt
ef fecti vewbapiwmmssazkati ng the activity of the protein. | RCTAISR@I0049116

enbodi nents, the systemis a cell, and in other enbodi nents the WD

2011/ 033@@2@@%&2 G049 B asyisineamitogimacnislin ofhceembyEments thai ater t ai n

enbodi mearzi:tmsm “g 2 q % am\{l Ly.9 mtme Pim protein is inhibited. 10411 Provi ded
al so are th ART BT Mg cel | proliferation, which conprise

contacti nqmsﬂ I S\AW ;’61{3‘«ﬂc@Qﬁp@u@dsiﬁ@§£d§ﬂtb§d:rh@m@h§lni;lac@ﬁp@ﬁiﬁﬂﬂﬁscﬁiﬁcfdemi ve to
inhibit proliferation of the cells. The cells sonetines are in a cell tine,
such as wraaAsdan selaed praguy ol iy prowiewsicteng st CKgrivgicas sudiaiedrK2
pancrseat c [y oF 8l ncer, skin
Banoer - e g s g oS o S R P
cancer cﬂbﬂudal neianstharchl dastxacahe e, sopn@:&tb@ti&nmmi&rplorcnpzamdhemnmmancer
cell line. The cells sonetines are |ng ati Sglﬂ can b in a sgb;e%eg
tinmes are"H BOTRREIOTS SHEPESR ET RS A CesiThed hevEdt ‘ﬁ‘rFBF“ Uhptign &) B
certain g%'ﬂt}ﬁg} FERLS o dNeinlBIRRYs § vidReL CoPITh $8Sial AU At G8L, 'tha%%@&t 05' S.
Cells sonetirnes are froma subject haV| ng macul ar degeneration.
Al so pr owilded mmnmmh@dsa fsorarcreatishy eencangitcromnic ceb@t.ddng caber r ant ceI I
proI iferation . ri se, adm ni.stering conmpound cr| bed herein to

ol ecriP it e aR b L Rirotnt CUFael PU QT el Tihe cel |
pr ol i feratjgue; canelictdn@ihd Br®BEH R AIRMROEHIIRNES dth8beRIn thprQlHbesakhy e
condition is a tunor-associ ated cancer. The cancer sonetines is cancer of
t he breastiowprostate, pancreas, |ung, colorectum skin, or ovary. 10431
In sonme enbodi nents, the cell proliferative condition is a non-tunor
cancer, such as a h.ematopoietic cancer, for exanple, including |eukem as
and | ynphonsss Of GA43RYheGdeUT igiiolNVendtOwe condition is macul ar
deg erati jncsome enbo inments, 2010451 The invention

oot o150} 64DRHG e g AN ARHL Bl e Cor ot T oLty Beers o

ne‘e‘d of St QLA COMPIAIFERTon, 3o MHoST@ deB k0 phll SnifleIr @& ucthg
therapeutically effective amount of a therapeutic agent useful for treating
such di sisflg@maican @csa@lmic& R paiiL, rrga*{itéatmeccstamj iEetung imbe@w andethrating philai t s
glf‘(Z t ﬁgd/[(?d%h(}gléﬂiéu]tﬁn %FIOD\ ra?ﬁnpleﬁnéc"xe?i tlél(ybﬁ %fﬁﬂ %} db ﬁgﬁn%l(édﬁ Ea( (,2(88 bl{ﬁggt ef f ect
i nhi bi t sacEkdy aﬂwiﬁras%emdn%;&ed3m&wl‘ﬁ@cl@f:ﬂrﬁﬁlﬁmdk ehekdipre dan @k udiingt igonpounds
of Formula (l)a and Ib or a pharmaceutically acceptable salt, sol vate,

and/2r  preEPEIPHEREss by pcrer PAPH D ol e Hce Tl tie CouBPI et &Tove8t of t he
t her ape"ﬁéﬁ&}&%‘%@?ﬂﬁ hﬁ% bé Eseg nﬁ?@ﬁ: %%7}9%0{ {I??mggul%féﬂ p(érg% n lhﬁ eba' %ib;&‘%'l% and/ or

Pimis an Increase In apoptosi s east one ty n sone
enbodi meOK S actiig ) c@n moﬁumnon sf Binpatthagenic Pimflectivon), @ug:hmashnh@sﬁdl
30descri beFI herein
profiferation, (1\ 3y modulation of apoptosis, and (v} treatiments of cell proliferation related
disorders {e.g., administration alone or co-administration with another molecule), and (vi}
25 weatment of certain pathogenic (viral, bacterial, ete.) infections,
Definitions:

{3811 The terms “a” and “an” do not denote a limitation of quantity, but rather denote
the presence of at least one of the referenced ttem. The torms “2” and “an” are used
interchangeablc with “one or more” or “at least one”. The term “or” or “and/or” s used as a

36 function word to indicate that two words or expressions are to be taken together or
individually, The terms “comprising”, “having”, “including”, and “containing” arc to be
construed as open-ended terms (i.e., meaning “including, but not limited to”). The endpoints

of all ranges directed to the samce cormponent or property are inclusive and independently

combinable,
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10471 I n sone enbodi nents, the therapeutic agent and the nol ecul e that
inhibits CK2 and/or Pimare adm nistered at substantially the sane tine.
The t her ageubiln3agent and nol ecul e that inhibits CK2 an#CorusPmosanet i mes
are used concurrently by t he subject. The ther apeutic agent and the

mol ecul e tIRAZ] | AP biris “Ckepand(oe! Perncanobs “sfbieTepPunAt o ﬁmé V\D

e il R I A B A R R

conposi tdmbspaskOd B sihla@apioomi:tedisaieccRimpass b, 668mah (ivaﬁ:x;e@br;@mnlcsl ng a
conpound _descri bed herein and an_ isolated protein. The protein sonetines is
a CK2 pridveitly). (Bhenlak and GRB prletasispy elemﬁm @m@uﬂﬁ@’vamlﬁ%maéi‘mﬁ@q%%e of
SEQ 1sD Njethye B et r;%:ef?ﬁei% bﬁl&}ﬂd&lﬁ@ nay bk gfe'ﬁ&h % 11%?% and; é}p&&qfsﬂugi&e
exanpl e. 1'n sonme enbodi nents roteinis a proteln rtarn
conposi tandng chanjpni sena Wthamﬁmnﬁxmﬁ&bmxmam hed émnmm naowlbnaict,olne Wi th a
cell. The cell be from.a cell as a capcer cell line. In the
latter eMBOMASHIGe e CRHREH o fite e végwﬁaw Srenet. Gangeet
prostat € &ae8is cRINGHLAL, G GANER br chtAgk:, @iﬁﬂﬁ&%guép&tﬁﬂ?w&@@_’tér@stc‘&?'&cer
col orectal ‘cancer, skin cancer, of ovar,,,,, cancer cell line

These aniaﬁoibmmm enodi fmémiuesﬂufmtahe rpfawentd lomeiare adewdnizhed) i or ‘tHel and /ot

osae/ S s R R b N s SR G A T R R T

but are @@t ideluilid@hyts@ecilibBbRbEINAG (6R e P RO RE aldr@ary @EHIG ARG,
anglogene5|s preventing or reducing inflamuatory responses and paln

modul at i ndﬁé%r t dihp compenels dewpibas é@runazn@ £GTR ORY CtePTathirapetia g end/er
i nfections o eFerru can.. nmd tvit le
acti vi tyﬂ)cl)ﬁrD kboi{?ﬁ !%mg%aé’rir%rﬁs Fafed Rér e(’Orlle gﬁ%ﬁu%lo%p{g)ﬁ‘%gb %%e}?ce ryg ¢an be
utili Ze%elomvaﬂﬂshbfhbr@k&c}ﬁ&m hGAr), ensitdyncd Relisofc@heor dhaarynsdi hbivdes t he
art. For exa npounds descri bed herein can be used, for exanple, for
(i) Roduiask por wd%%%tﬁ@i@ﬁi*&iﬂﬁﬁs EOTHBER WL ls (@RS RITEEIINGTS Y VATYing )
nodul at i f VY tion of cell
proli fer%ql %n ep%ng'i‘%hté F&aéh(‘ﬁ}ﬁ’gmfaﬂcgﬁ % %gﬁsin\d&@l? Mdrlggéétwn(gﬁ%!? of cell
prolif eratdoodingigl @t etodicsindense b(@pg)ii;,d }axdml mnsnmam ﬂiﬁlp@dﬂdﬁl@uﬂmmmum and
co-adm ni stration Wgth anot her 5’ and i). 25treatment _of certain
3

pat hogen‘i“é“{‘%‘?‘? i Htiiadge wé‘ipé’“? Iﬁfiéé‘t“rfd}ﬁfs “rﬁﬁﬁ‘s?ﬁ‘?fft“r [GHUe mr"‘*[%"?51:1 The
terms " aeoffidicall) pulo cﬂQ&mQﬁﬂ@ﬁ 8 ik bﬁﬁlﬁ?ﬁt‘ﬂggﬂaﬁéaig%né}' dnd 1011@%0&”@%@%&
denot e tthe pr esence of at |east "one of the referenced ’item The terms "a
and 20an"star@suset mnetiwmhﬁwg@ameeamﬁ kictconeneric moretesonn batresbbadtutoteic  The

term"or" or "and/or" s,E as_ a
LOYB}"OHLYH Ll’ldl’l‘[l(‘?ﬁlcr‘s OF SESTrCO1SOmers usmo scpamuon tmchmqu@s ar Chlt‘di 8\ IlthC‘SH

techuigues well known to the skilled artisan. The tavention includes each of the isolated
stereoisomeric forms as well as mixtures of stereoisomers in varying degrees of chiral purity,
including racomic mixtures. It also cncompasses the various diastercomers. Other structures

may appear to depict a specific isomer, but that is merely for convenience, and is not intended

[\
W

to it the mvention to the depicted olefin 1somer.

{084} The compounds may also exist in several tautomeric forms, and the depiction
herein of one tautomer is for convenience only, and is also understood to encompass other
tautomers of the form shown. Accordingly, the chenmical structures depicted herein

3¢ encompass all possible tautomeric forms of the illustrated compounds. The term “tautomer”
as used herein refers to isowers that change o one another with great ease so that they caun
exist together in equilibrium. For example, ketone and enol are two tautomeric forms of one
compound. In another example, a substituted 1,2, 4-triazole derivative may exist in at least

three tautomeric forms as shown below:
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varyi ng gegiesi«ef nehblidd, sBlintMded &, DGR G SMRi ] é@t&ﬁéﬁ@swﬁﬂ%%m xtures
of diastereonmers. Accordingly, the chem cal structures depi cted herein
enconpasynigkd, a@@ﬁm Bledoeivanue tesis sald Hedpdolios @ﬁ@ﬁ@"-ﬂgﬁ of He at?ptimiﬁtea@?eﬁ
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and 20st£k80i Rapeiial If’ﬁltfﬂttldl‘vﬁﬁch @ﬁ@ﬂiek@zﬁ@ﬂta@eaﬂ@tcﬁﬁ&ﬁ%&b@ﬁrﬁﬁﬁg@t mivshumes can
be resolved into thelr ngpnent enantiomers or stereal somers usin

separat i urace chifidgisess teedfc ¥ #1 Pregat i nest g hemema dady aneplabiinith 2ebhee
skil] ed grblaats J08HENNIORACkAES RarRepl, Lhe.l aplaled manggigomeri o
fo as m xt ures of Stereoi somers in varyi ng degrees o

pur| ty, dxacipld iI'Rgnimacerilac Smxhwasi Prhdticalos Bheneophas s‘eﬁnmiaecd/amﬂoa&tmn

di ast ereoners r str cture pgar to depict a specific isoner, but
that is n‘@?‘étfy“’%gﬁﬁh@‘e Hﬁes}‘lgﬁﬂlpgg‘ ﬁg intended to linit the invention
to the depiggied-ghehin as%@é@ﬁwcm m[z&%‘!t%eﬂﬁa%uﬁ@ﬁﬁ%&@? SIRYid §Q exi st in

several tautonmeric forms, and the depiction herein of one tautomer is for
conviéni emeenatiop,of aplde iisnabsdoundersicols ttomeﬂobthgashxt@t ¢rem dggugewens of

t he formshovvn Ac]icgﬁrtdi g{ Pe chem cal %t ctureii e}pvi gt ed herein 30
enconpass’af P ShESEIHI 8 PRGTGIREIT £° 1 DFHEPYE PrUERat &8 *BopBGHds. The
term "t atQRBRoIR81cUS BtheR&F@irNs T8RSt Mol SRR IRAbIveRAngR dritb0 one
another with great ease so that they can exist together in equilibrium For

exanpl e, EXeatideieofdiydragnioriude ot wes calinvivdie.depoiisaiofmorndydoipdindrate.n
anot her X8 ﬁ%au{w&h (.bf'rl% t‘t:uE (ﬂm:!‘l'd%:fc. ué]idbrgﬁ%d%V%&Do}/fltdlnya% ey S8 ct',trt tl;ngt at

| east three "t OT Ims
2011503502 %B«QEE{&L@QQ&@! 04361 b&h’., a,,‘(ld/ or prodrug of the present compound may also exist

in a solvate form. The solvate is typically formed via hydration which is either part of the

preparation of the present compound or through natural absorption of woisture by the
anhydrous compound of the present invention.
{0571 The term “ester” means any ester of a present corupound in which any of the -
30 COOH functions of the molecule 1s replaced by a -COOR function, in which the R moiety of

the ester 18 any carbon-containing group which forms a stable ester motety, imncluding but not
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Rrl RT2 sN RT2 N'N, N. NJ IRT1 is Hor optionally substituted al kyl,

| RT2 is an optionally substituted aryl. 10551 The conpounds of the

i nvent i orwofzbewmn3beee i oni zabl e groups so as to be capablPeTafS2@oepana@t i on as
salts. in that case, wherever reference is made to the conpound, it is
under st ogditédtotafieri alkenyhaikyayh kaelrddigucydetkylalipk ept.aylelkgaleterayclal.so be
used. These salts, nay be; acid.addition, salts.invol ving,inorganic or organic
nords orrat S TPy YRR L e T T R B 5 8GR o e
i nvent i ofniRuplepatieddiiRiniNehganhholllsaFganie: bage SornfsEguestdaple dshe
conmpounds are prepared or used_ as pharmaceutically acceptable salts

pr epar edigersaddiot iSoRer GHEE TS PERHE RS E dtsoeRPlaAdceB bt bfehyed dsther

bases. Suj.L LRhanmmceutieal |y g | J ds..and hases argawehlqknown
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hydr oxi de, sodi um hydroxi de, ampni um hydr oxi de, caffeine, various amnnes,
and the TERGHBPTYIBHH T Dgst o ﬁﬁs@?fh%f'i?éa%m?%%ﬁ%aaﬁ%fhﬁ Opfelippigind

appr opr i At@ 8l laRR SRl viestAbld et Db B8 idrs, d 0. SOMBLGASES csldde
conmpounds may contaih both an acidic and”a basic functional™ group, in which
case t helyctmayt chiave bt lirenkdedsigrsotpsheanduypetkeiaserndowet 15 char ge.

St d et hods for. th tion.of ical | tabl e salt
and el PRy ROTATORE B a1 kB RO Rt Ol e 2 G0 Beedern

various geh 8¢ BREEBssdrNehIIEiang i@yl @XaRPDGer %Bﬁg@i@géﬂﬂéw&@r@%l@@&f{z,@nd
Practice of Pharmacy". A Gennaro, ed., 20th edition, 11.,ippincott,

W | | i amsdigeiiyi-kimgprophiloksitedtpticaterspAl Rpbejetengsthyhesers. B 2used herein,

means a compound. formed by sol vation (the 20conbhinati.on, of sol vent.

ot ccut daey P SRR ELSY  Pal@ha e P aR e BP U b B AV E M
esters; isopropyloxycarbonyloxyethyl esters, (5-methyi-2-ox0-1,3- dioxole-4-y1) methyl

15 esters, -[{(cyclohexvioxycarbonyljoxylethyl esters; 3,3-dimethyl-2-oxobutyl esters. Itis
obvious to those skilled in the art that hydrolysable esters of the compounds of the present
invention can be formed at free carboxyls of said compounds by using conventional methods,
Representative esters include pivaloyloxymethyl esters, 1sopropyloxycarbonyloxyethyl esters
and {5-methyl-2-oxo-1,3-dioxole-4-yiymethyl esters.

20 {058] The term “prodrug” refers to a precursor of a pharmaceuntically active corapound
wherein the precursor itself may or may not be pharmaceutically active but, upon
admunistration, will be converied, either metabolically or otherwise, wnto the pharmaceutically
active compound or drug of interest. For example, prodrug can be an ester, cther, or amide

form of a pharmaceutically active compound. Various types of prodrug have been prepared

[\
W

and disclosed for a variety of pharmaceuticals. See, for example, Bundgaard, H. and Moss,
J., J. Pharm. Sci. 78: 122-126 (1989). Thus, one of ordinary skill in the art knows how to
prepare these prodrugs with commonly employed technigues of organic synthesis.

{059] “‘Protecting group” refers to a grouping of atoms that when attached to a reactive
functional group iu a molecule masks, reduces or prevents reactivity of the functional group.
30 Examples of protecting groups can be found in Green er of., “Protective Groups in Organic
Chemistry”, (Wiley, 2" ed. 1991) and Harrison ez of., “Compendium of Synthetic Organic
Methods”, Vols. 1-8 (John Wiley and Sons, 1971-1996). Representative amino protecting
groups include, but are not hmited to, formyl, acetyl, trifluorcacetyl, benzyl,

benzyloxycarbonyl ("CBZ”), rerr-butoxyearbonyl (“Boc”), trimethylsilyl (“TMS”),

[y
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consists of a solute ion or nolecule, i.e., a conpound of the invention,

wi th one or nore solvent nolecules. Wien water is the solvent, the
correspomiDregligskezat e i s "hydrate”. Exanpl es of hydrat ePcmalSeale/0491ué ar e
not limted to, hem hydrate, nonohydrate, dihydrate, trihydrate,
hexahydratrencibyleilyltathagpudicybeSehde gy b@dﬁ systoned gty bgr@iimriiiviekj’qarqui t he
S; 2\52\2?'[ % §151}nrlrer B m%@@ﬁ? S worégil (g%(\ ip{}[r? -y g {&%ﬁ#ﬂ\’\/i f‘rg‘f‘ﬁe r( " T&?{/ )gf’i Bros| g‘%&%rgal ly
f or med Vll{@rcb't:)édﬁai & ﬁrﬁmdw 6RdtdcSing r:tdmes iRarde, Bft stheotpingpanatthen v@f&u& he present
conmpound or through natural absorption of npisture by the anhydrous
conpounduEFOHEOH BSERET Joyiadist Qlo*H\‘r latork chpy opgi.nd 68k pthosyas el yplkedt er

of azpre functrons of the
nnlecule§§%£ﬁ§p gHﬁgg&gl&H%ﬁg%?$%h9§|%ﬁgqﬁ%§%ﬁﬁgﬁw noi ety of the
ester is abpidc ar%tmﬂerthmbm Tpingngreotpwhiccdptdhde e samsshﬁéﬁiefaes&em qomiet v,

i ncl udi ng. bat not 2011/03502%PCT/U82010/049116 Iln]teq tq al kyl,

al kenyi , VAR RPAPRUGSYE FERFRFE PEHS A1 RGIIEPP la5p illippatt oy ﬁer*er%@cycr yk
het er ocyglothlky koAt SuRStiitit R BbIMALL¥ESKLIES 88l o ThR Nydiekysabl e
esters of the present conpounds are the conpounds whose carboxyls are
present1nhnﬂMEw%owﬁumﬂﬁhwdwm¢®smb&emésuepdgn@ups That is, -these esters

are phar tig . bIe can be hydrol yzed to. or r espondi ng
o by A0PH | REuitse FRELISaSBRY. REDvBE HRUeR FEfs uhati et ng
tover al kaneyh@xyahkylsicesters, e.g. prvaloyloxynethyl and
1-piva|oy|oxgethy| esters; |ower al koxycarbonyl al kyl esters, e.qg.

met hoxycairﬁé nyt/\@xyﬁ’@f%ﬂ ﬁm%mét%oﬁ%ﬁ‘r@ﬁéﬁ#]ydéf é’tih%lélimméiﬁd“ the quantity of the
1-1sopr n‘;g%g p%? {X)lngXX %thh ﬁu i’ ou‘tco mail 18‘3%’&%& E,h pgz%; (r)usﬂd 1€’ 9.
met hoxy % er's, ™ I'ac on ers, uran e S
t hi obenz@&mr;rafasrd(ﬁtse RSB 2 tbmmereia,aaé &gmew @rmortqmah@wat Q\SEE@@'Q& a @esthed
acetylam noneth 1_ esters. Other esters can al so be used, such as benzyl
est &s afH VLY aiE0 ARtMYIO. Bsthecgse @rﬁ@rice%awﬁr*e%icm 2 ppeedsiabsiwed quiforisde:
( 2, 2~ diget By o ds QX% RE B{%yéxgc)ﬁy}){%tvgﬁﬁw o?%tieew?npi&'ﬂ | BRbaileacahony gyt Jesters,

[(2 met hyl propyroxy car

1- [ [ ( 1- msdrydretnbiax y) cardonyl fhe 1@%}@91&3}’1&7&]’.@1&31‘&&‘58& hfc of the patient compared with

i sopropyl oxycar bonyl ox ester 0x0-1 dLO ol e-4-yl)
methyl - 188abre oy fr%%r %ke&w&@ﬁ é&r@gﬁw? &k@rﬂé&imrd cpgligal clinical *

3, 3- di mef fyka 1{%5191@&%)/&&{%:‘%?0% r1§ turhdr thiks sz‘éﬁﬂ?é%ﬁmtr{% Q&S Ehb gdwiin of he art
that hydrol ysable esters of the conpounds of the present |nvent|on can be

for éd aedidies icarcbokyissa ﬁiusiandnéhnmgm@sufw Yeimgre onvanted ondl theret hods.

IR gg;?gg;} %rt;‘({}“\éag %g%gr%%fg(gilﬁ rié&%’g Xr tﬁ &@ée@%&n&%g "With the absence of the

( 5- net hyikeatide@X Thd pReotic OxRLar - hipFREMYdmBSE @68 1o 201008 IThexdhebmtgr odr ug”
refers to a precursor of a pharmaceutically active conpound wherein the

pr ecur sdvPe pEkien Cirir%y“f &he dppshot cpditiphanaas s rieaarcr%nsaei oivBe ptent ypenas

adm ni st o be i [ ol r se into
t he phargﬁ:g%tggg?aéia e, %f%t %g&e]syrg E%Pamﬁof pﬁl i I{I‘?&%Q Et Q/\%h a%g%pp:&dqql t\ﬁ’i‘

pr odrsug &a@reeb&»aﬂuemﬁerrpe @trel ferir e divoctRr fidfemkﬁfedaﬁp;hﬁlim&beubkmal I y actr ve
conpound, Various types of prodrug have been prepared and disclosed for a
vari ety ‘SITRNE W&%Ww@ﬁgz{wsﬂé@xnﬁr% opRAHRATE, O dgidigaard, H and Moss, J.,

D Pharm Gehy 18 dPRalg0nt 198w Thusyane: g %r@r R b Whaibin. i, ar

knows hom1to prepare these pro rugs W t oye C %rques of
organi ¢ lsymthhéshsin and cldsAtoriRninelntdrogrigl oaplals, eﬁé pmnbmmmgrrﬁmlmsa,g of

atons that. when attached active -functional group in a ycrle
ek, | reigEagen ey et o MBS ERS iy er G oher Ot Cgo U a0 Blanp! es
of pyot egiiuag, %F&Hﬁﬁxc@ﬂ?i&%n &H@l m 88N 38%utfdv1,and OGS LI o(E AURSer N
Organic Chernistr", (Wley, 2nd ed 91) and Fﬁrrrson et al., "Conpendi um

of Synt hétqam@‘agam © el hodsrouMe I%srmlmes M@Ww\m fey, amndw S@n@re S1QPIca8996) .
Repr esen

formyt, ogé i }1}"} mﬂ@}%p [81? t’érgj St rp gora, 1551|c~mnt C(! aﬂdielﬁ o asai £ (ﬂ%t\ or irTM; e‘ghen

hetmmmmb (N, Oand S E,ypicali;v) 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,
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- henzyl oxycar bonyl ("03Z"), tert-butoxycarbonyl ("Boc"), trimethylsityl
("717M5"), WD 2011/ 035022PCT/ US2010/ 049116 2-tri nethyl sityl -ethanesul f onyl
("SES"), woizoyo3and substituted trityl groups, allyl oxyearhsay049116

9-f 1 uor enyhnet hyl oxycar bonyl ("FMOC'), nitro-verati Ti oxycarbonyl ("NVOC")
and t he icpiegcnt R@p%és%haﬁvmbww@ﬁ@ﬁy aprt iedhd xﬁ’@ugpbﬁ@@ Tyebadé suddut are not
lsllj?ht :g Eb(, &r O@tmm?h ghfi,rig%lu 3& ffbyr(,é gax e V\B(I%F‘)Ld‘(%(m Ft'l[?nesrm 4‘2‘ ‘oeudm%ri thacl KI1<I g! are ed

t et rahydﬁg@yﬁ@wﬂc\,@ﬁﬂs@rs trialkylsilyl ethers and al I y( et hers. [ 0601 As
used herein, "pharmaceutically acceptable" neans suitable for use in

contact wi PRk hd vpicalyidle gkyihplramd d&ﬁd&aﬁ} Irgbgitygniheiibe Ghgueon ot v,
irritati , epn rgasonabl e
penef ¢/ 112k s B £ 108 TRRRARor AL Plerc ity FATIRRSHT B8 Ao B 2 Re " cape
of sound aﬂ@dyl&ﬁlaihwmgﬂbﬂﬁﬂMuﬂz@i 063 Loti tEmcil Méﬁki‘/l) beﬁeE@s(aﬁ\mﬁl wialiyent), A

adj uvant, vehicle, |11%{iﬁ with whi aI nd i s adm ni st ?red

1062] AmRgf S’é’é‘f’ﬁ%“& %0f66?a“'%13ﬁ&%6F¥8 *9/’“ ¥ EEUE PRSP s t he

quanti t yhofi: L8 PHESER! nERIRPNNHiH (e WAEGRR BEP eSO Al n Ut GRIBLL S ACh, eved
when the conpound I's adm nistered to a patient or alterhatively,” the

quant i t yatdfasconpedne-thiat posbdssdsard wesichedd 5ot ity Talkwiviovier in

vitr Itg t he cas%e of pro |bfera ive. q ?91 Cgers a beneficial clinical

out cBe PR RaUEE I BatIBr SHoPR<EhaY GHlBRoN G sever ity of the symptoms

associ at eq]ﬁwt h Anm Ak &8R0T Ay 1906 0L hr AR QipidRal NGLORASRII B tchgidnongevi t y
and/ or qua%ﬁ/ life of the patient conpare wi th the absence of the

t r eat merthat sl mpie makey scasseijndes!hini Thipieehreetitucats tydeist btz nel i ni cal
out cone nc d ante i Q t Egnaﬁﬁ C i rate of
t unor gr%v&i’ghd E%B"r e{éugﬁlﬁ;\n I}kﬂlldr?r%‘t %.k;%)a%l 'S, as%‘e dgl %(II}]% %SQ§§verl ty of

t he synplROE:NIGS BERICHMET,, WRR=NiteNeance ()&MMIC@R {Rcredse U()fi)U’(e()N(Rngew ty
of the subj ect,_conpared with the absence of the treatnent. The precijse

amourit  JPOESHpoUhdnddv niéesiterch & 5 adsppadkrtini. Cldepalkyl 61- %@Gt@w&v&nd
severi ty-plgte @*25@3‘3‘&&?1%% e;goé’dk g rﬁ’i@en@?‘% R %Q&&ﬂ&hgﬂﬁré é@&'kf:% 10F25he

patient, such as genera gex, body wei ght and tof erance to
drugs. Imamsdﬁkyz&ll,s@—d?éﬂemlomhﬁ Hé4 dég meemc,sewéﬁksﬂyﬁaﬁd Otayydeoradf S-C10

proliferatlve Thes | 1 dartlsnvvlll b le.to determne
appropri éﬁ“ég‘éféi ‘s‘“g‘epp?rﬁiﬁ‘ﬁﬁa bn “?Ffé%‘%dé‘ﬁ T 2\&?1)\ ﬁgﬁﬁl éxsgi}%ed

herein, ke LRY N@’@,“ al ey g "P@lj{@mﬁ" NRTHONAREKNRYES] RnCM@@(ﬂQR%!\&hI chain,
br anched- chai n ‘and cyclic nmonovalent hydrocarbyl radi cal s, and conBi nat i ons

of tAeseNRWHDIOR .FORULIR’, Sy =Cnl %R\h@@‘ﬂh@ﬁ@i@ UHSBbsuil NP e he@xanpl es
i ncl ude net hyl. 0i, S cy X y entlt I
2" pr operet S HIERYTen Bl € R TR T8 Rebral i pen Y L
heterocyelyl, C2-C8 heteroacyl, C6-C10 aryl or C5-C10 heteroaryl, Alkyl, alkenyl and
alkynyl groups can also be substituted by C1-C8 acyl, C2-C¥ hetercacyl, Co-C10 aryl,C3-C§
cycloalkyl, C3-C8 heterocycelyvl, or C5-C10 heteroaryl, cach of which can be substituted by

[\
W

the substituents that are appropriate for the particular group. Where a substituent group
contains two R or R” groups on the samc or adjacent atorns (2.g., -NRy, 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 Syas a
30 ring member.

{366]  “Optionally substituted” as used herein 1ndicates that the particular group or
groups being described may have no non-hydrogen substituents, or the group or groups may
have one or more non-hydrogen substituents. If not otherwise specified, the total number of

such substituents that may be present is equal to the number of H atoms present on the
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of carbon atons in each such group is sonetinmes described herein, e.g.,

when the group can contain up to ten carbon atons it can be represented as

1- 10C or we 2a1/33@20r Cl1-10. \When heteroatons (N, O andPETiugpiloakdlyy are

aI | owed to replace carbon atons as in heteroal kyl groups, for exanple, the
' nunber suigeeititpd Fgnt crféh@g@gp bvnﬁa @@ghﬂ*g@ i W hevg 41t @féwna@ués@uvrmm @EchednD

2011/035022P U 49116 Fesent carbon

at ons | n fih iOUé %(&fl(%lﬂdig{ di,&f 0)& Héu ﬁ f‘l ’(‘UU }\f.b upk‘]\h ?\/aal‘rd{e) | nC| uded as
repl acen@ﬁﬁrﬁvi @«b tiﬁﬁhﬁ@ﬂurﬁb@ﬂ‘ﬁ suiﬁmimwtshmkmn@a @friuti&ezsnbmc@ac@mhmtcb@b ng
descri bed. 10641 Typically, the alkyl, alkenyl and al kynyl substituents

of the iHVENEPbavashicaRisngs10C (al kyI) or 2-10C (al kenyl or al kyny1).

Pref ar abl yshey . + I

Sonet’i mes gt %9@ Cgﬁ%lg?!%gﬁi 4%% g%ﬁ}k} m}’% 2 2? a‘?é’gﬁgﬂ or a rﬁéfaﬂﬁ’%}_m Xnes?rngl e
gr oup cancncriqumjaen rone dfhansengict )gﬂﬁipofl rmmmm @& bgﬂdgpcﬁdgm@ eﬁxhan one
nultlple ps are |l uded within the definition of the term
"al keny| 3¢ éﬁe?% %%#ﬁgﬁmﬁﬁrﬁg§§€“8 “Eﬁﬁﬁgn carbon doubl e bond, and are

i ncl uded V‘{‘gﬁ@]‘ n Sh?@ltﬁ&ﬂ% Eﬂou% Ké’ ’@M‘ for (\’ifﬁ‘;@ﬂugﬂ% E‘e@b{mﬁ,‘&r&?dcﬂ a%mi BAgL s RFicd
car bon-carbon triple bond enyl and alkyny groups are

often opgm@matt tayjicsUlnstuiie, lltuedrw@t tm;eu ém éhthalhaﬂ SUERORIbSR"L 9.i6h nakes

oorsh ChStLfel e LML bRl UePt 8 LNl A 30e B et 2

NRCSNRA h SNRLNR2, -s¢NROCOER)) . DIRCOBS (G O, GO R2, .
COR, x(‘NR€§hNB%|n eagh Ris Pnde enggétl QQB- ;F&ﬁ@ C§@5Q@§R

heteroal"l}(sy@(()@ HOO8-BEYIOR GRS -REQEE odepiR’, 6(2@@8 33? kék@]ﬂ @20@81{

Ci- C1o. HETBI By e PR R o7 e G R SPoRur TR e w1

opt i onal kyC(SubRt, LNRt’@mm t—NEﬁ@k‘Q}R =R EM)@M RNERYORE,-NRC (@BR
|NR 2, SR, SO2NR " 2. NR SRR, NR OONR 2, . NR CSNR .2, MR =NR )NR 2, 20
NR GOOR -, f‘i\lﬁ(‘é@%{ CRHSEGRR) I ROaRi DR GAOER NRBORVcs Y INepect P ithe each R

s 'ndep% ?F&%Adégkl%gpﬁe o &M{m %_%é?ﬁ%%@éﬁ& e %u r@iﬁb{ke kﬁ%?%ﬁ_ﬁyl

hk. t er ocy téroac et er oar ,
aIkenyI;aﬂdm&k@yﬁy&y@medpﬁ,ﬁandaksmxm@isdﬂgﬁﬁbuRédn&y&&ﬂH m@ﬁkamykmﬂ§2-CB

het er oacyy , Cl0 a - C het.er oc , or -C10
het er oary| <" &Eﬁ“b‘f“’m%? o & asrf“B{gS@g‘s? %téuihéﬁ"‘“@ i’%%g“g%é}i? ‘J%Fi‘t% cf ‘?ﬁ‘a)t are
appr opri at 8of Rk theaRArLi & Lﬁr@tmgﬂh%@d WSt erBaig Stk H%Qtopgﬁi%ﬁﬂ i6oQai ns
two R or R groups on the sane or a jacent atons e.qg. R2

- NR-2G( 0) iRy ltthé diwe: Roprgrisiipsnicadiioptl lewabiiymbecitake h”omot@et:ﬁ@lp omigiklinghe
atons in I(peﬂ (P gt Ifs‘tﬂl?lsga,tﬁ cxan?pim -NRR® is meant to include ~NH,, -NH-alkyl,

Nepyrrolidinyl and N-morpholinyl. As another specific example, a substituted alkyl is meant
to include —alkylene-G-alkyl, -alkylene-heteroaryl, -alkyvlene-cycloheteroalkyl, -alkylene-
C(OYOR?, -alkylene-C{OWR'RY, and ~CH»-CH-C(0)-CH;. The one or more substituent

[\
W

groups, taken together with the atoms to which they are bonded, may form a cyclic ring
including cycloaliyl and cycloheteroalkyl,

{869] Sinmlarly, substituent groups useful for substituting unsaturated carbon atoms in
the spocified group or radical include, but are not limited to, -R, halo, -0, -OR", -8R", -8,
-NRCRE, trihalomethyl, ~CFs, ~ON, -OCN, -SCN, -NG, -NO:, -N3, ~S(OLR”, -S(0)07,

30 -S{ORORY, -OS(OLR, -0S(0R0, -OS(ORLORY, -FOYO),, -P(OXORNO),
-PIOWORPHORY), -CIOR", -CSIR®, -CINRDIR®, -C(O)T, -C(OYIR, -C(SYOR®,
SO(OINRRE, -CNRONRCRS, -OC(O)R", -QCSIRY, -OC(OY0, -OCIOIOR®, -OC(S)ORY,
NRPCEOIR®, -NRPC(S)RY, -NR"C(OYT, ~NRbC(O)ORb, NRPC(SYOR®, -NR"C(OINR RS,
NRPCINRYIR® and -NRPCONRDNRERS, where R®, R and R® are as previously defined.
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to which they are attached to forma ring having 5-8 ring nenbers, which
can be substituted as allowed for the Ror R itself, and can contain an
addi t i onawvohetisse@eom (N, 0 or 5) as a 30 ring nenber. PCTABG@EL/049Ié i onal |y
substituted" as used herein indicates that the particular group or groups
bei ng desclbiled Srgpitivay araugs nmﬁuinyﬂm@g*eﬁtfusglbgftqg@mntré in geteradygrolp or
groups , (o} a B Lf BN thetw se
speci fi eax mha“’r%‘ﬂlﬁlgouij i m(%”K{(;”f pusilj% m bm%“lsd't{ uet% ’saf’ha nay b&t p%egg;gnt is

equal t orikhiemativheCrof-CH, akiomeNDy, es&mnom&hg} V\@m) OR®, 0&(0321{
2011/ 035022PCT/ US2010/ 04;9116 unsubstituted form of the gr oug
descri be®WS{heF eOMOSHE orfat HeUbsti PUER XS AR KR 2 E)%br‘ei nd,

such sas @, QJ%”)?@”XJ“(O‘?@S?@ }fd;g, & ?)?\?h U t\qgﬁ\g RUP LB, ¢ Y@I I(ﬁ hﬁkrval ences,

so the total nuiber o stltUen i ncl ude isre
accor di ngd(6)ORA M@R%iﬁﬁi’&&l}ﬁhl-—mwm%ﬁée—éﬂ{ L(OFEXS’Z}NRWRY uted," when

E;g?oégn I\ﬁ%&n@%ﬁ%"? ﬁzg e Qup@r%ﬁ%a(g\h{q%%llbaV“ﬂﬁ‘Fé\ a% de?‘ nﬂéggngent ly of

one anotg}g{mu{;;g[ﬁg%d wth the same or different substi tuent(s) 10681
Substituent groups useful for substituting saturated carbon atons in the
speci fi ed §Fdup ‘dreendaict alibstihchisdes 200( @dinayhgtoubd tiat ad opbosdia, suhaltgsd, ORb,

, N- RR RAAN t hyl <
- SO OB R T g B 0 R S0 0 2 b ooR gy AR
- g( S(S ;))RZ Oaihefrgl $(20¢2 Qé@maﬂ%@ €0- O‘Qdmﬂ 1006Q: xli%%aikvcg(% ;)0 L@IRN@R%Rb() gNi(RO)RRh
- ere
-0C( 0) Rtimcrg@(yS)%L 10 @@é{ﬁ BHC 15%19‘@(@3@%7 -Clgoe 8y or Lr@Rb@( ByparyialiRiC( S) Rb,

-~ NRO( 0) O- NR%C(ELQQ ﬁg_g ou 3 13 0 Q{o 1?35111&11 f?itbdNRQnglQ) or 1 @u’suﬁﬂt%tuc%s BRE and

- NRbC( NRb) NReRe wher & Ra Promt consi's “Hl Kyl

cycl oal kylimrhe;mr 08l KMLC \py}&lwﬂaet:&ma@&ylwqr ?ﬂa,, %a)zw alib@xl {’z,he&t’aﬁgar yt and
het er oaryl al i s independent]y %dro(g}gn or : and each Re is

k
i ndélp enderﬁ*Rﬂ%RmVéﬁﬁgNﬁabl ‘NRH@PHN%\Y Y y\%m’e - 6¢¥ther with
the nitr 00&H N t>0@ @R‘M@(ﬁb E&?M(ﬁr\,’??&&rﬂ%ﬁ% gofqgg%}%ndcinﬁyoiq 1- ?5 aﬁ g'ﬂ’%”ber ed

cycl ohet eroa i ch ‘may’ opt i onal inclu € sane or
di fferent @édﬁ«:ttmaﬁal Gieféao;dt 6&%?&1@3&&0:&@61 Fa-0ri tihé, OF- (ﬁif) hcmrtm*&t fﬁgZof 0, N
ncl ude ---

and S. As spe i C_ex el ke i.s ant to
- NH al kyl , &K Byﬁwﬂ *ala%@wanrai ‘ﬁo@pm [ PR 1-%@%{ hé‘ﬁbbéfaé% Pitg Oékﬁhpl e, a

substi tut erﬂm%ufbﬁlx d@k@i%é%& Qalbr@ @%ﬁ@l@!&ﬂ%n&%ﬁk@a{ YIG6 acyl, CLoo
-al kyl ene-cycl oheteroa kyi, -alkylene- "C(0)0 - al Kyl ene- C( E) RbRb, and

- C1-212- CI—Izhe@(rO)u‘vCI%@drmihe&mm@, ol hdrmdsubstin thleﬁt cr bubsi\edtialietm @6g7et her
with the ato n orm ri.ng. i ncludi ng
vl oal kyi MSHETE) et B R i b eV Par s Tk iem M Sups
usef ul forpsubsteibstiinngmsat urated icardone..atons in the speci fied group or
radi cal include, but are not limted to, -R "', hal ORb, SRh,-S-,

_NReRe" t ribRal onBetsyralkyl GEBeteroafjenylfand hegralkymxg, andn@fﬂmms dofimid0) 2: b,

- 5(0) 20- stmilarty to the corresponding hydrocarbyl (alkyl, alkenyl and alkynyl) groups, but the

25 ‘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 1s replaced by one of the specified heteroatoms to form a heteroalkyl,
heteroalkenyl, or heteroalkynyl group. The typical and preferred sizes for heteroforms of
alkyl, alkeny! and alkyny! groups are generally the same as for the corresponding hydrocarbyl

30 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, i is also
understood that, unless otherwise specified, such groups do not include more than two
contiguous heteroatoms except where an 0xo group 18 present on N or S as in a nilro or

sulfonyl group.
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30- S(0) 20Rb, - OS(0) 2Rb, -05(0)2(1,
-P(0) (ORb) (ORb), -C(0) Rn, -C(S)

S(0)201e, -P(0)(0)2, -1)(0)(ORD)(0-),

Rh,

- C( 0) NReR&( 20 G{0SRIZRNL?. el 2, e, -0C(0 )
Rb,
Q-C

-0

C(NRb)Rb, -C(0)0, -C(0)0Rb, -C(S)ORhb,
Rb, -0C(S)Rb, -0C(0pr0T/US2QC0M1D&RD,
-oq&om)-mquRb-qus NRbC( 0) 0-, - NRbC( NM)-M%QQG%

- NRbC( 0) NRER&|, ¥ dMRﬁ)j RousaAderct RN RisiodikeRend givéradiolidkylecramm, Re' are
as preV|ousL¥“g%&QS H vb Liwfi /9%&(22P§J/US%010 049116 0701 § stltuent

n'_l SO U@} D HO mmeli Omu
groups usefu SEK |ng nltrogen at ons Vil
cycl Ohe'[&ma@dtf&w1agrrﬁ1¢R&111dﬁQilt¢tdE‘cmdbU§clad€ evialdy 1’1 thilf B@ﬁ,cﬁ% dmRae a-. 0- - oW,

-S.-S-, --N. trih.alonethyl, -CF3, -CN, NO2,-1-S(9)2Rb, -5(0)20-, -S(9)20Rb,
- 0S( 0) 2R}q&rbu®é(<nt)ﬁzmmmmse@>}12®% is ump@»)t@@my % mopgi OREEL oy Alky bkl@iy’(lORb) (00,

] g(( RIE!QE) N&%@v R’hgs?% l?) 59\’/ b? %%?%? %ﬁ&‘ﬂbS %%%mm%%?‘%ﬁ ’thei\lﬁb%(qﬁz)s

- NRbC( S) Rldgast W@ﬁﬁ:ﬁ&iﬁ as ﬂmﬁﬁgﬁﬁﬁhﬁﬁmnd HINRBC{opNR {0 the ﬁNRk\i(CNRl bR an d

- NRbC( NONRe R R |
[0711" Ac@é%igen‘gh% ﬁ??r P nﬁ%ﬁp gﬁéee‘”%&rfg@%gi’ikgﬁ%ib%g;ﬁ%b’s?qﬁ“é ° wrhagitiPonal | y

substi t uhgd, cé&ﬁ@@d% @n&ﬁﬂrﬁﬁuf {Hﬂéx(%h GfeR ThODSL8IHA &ﬁsbutﬁc%ix"éh&rmp 3
al kyl, C2-C8 heteroal kyI - het er oal kenyl , C2-C8 al kynyl, C2-C8

het er oal skeynbik foGhe C&cl }yﬁ a}@m hbﬁeh@a@yj« g6 2l Q:taryicly @8y Gioupetre ] ciar yk

| al kyl , .or C6-Cl2 heteroaryl a nd each Ra
opt 1 Bhal T2k € oot bt Hrevs: atibed bersin BSeRRE el itbfhal o
=0, =NC rigghkR conmR do@BR borl¥r 2wo SR lon SRR rin SIRNRadbm N SO2R',
15NR CONR 2, NR CSNR 2, NR C( NF\")NF\"Z NR , NR COR , CN,

COOR |
CONR 2, 006Rd], cerssd %mélmmvi VirepiE PSR AU cw@iisnm@aﬂ@émiwwﬂ aﬂmm’be
UK B FoheT 2Bl R R0ReY b OB IOREKL B OBy

is opti mai&dnyat@up@tdl He’iﬁiﬁﬂ‘ﬂ[\d‘&ﬁ@ Wﬁe@bwﬁ@i’e&h@@%ﬁﬁ@x&&ie&@ﬁi edcist om haben
C. 1- CAhet er oal kl)é acyk C 1-C6 20hk.teroacyl, hydroxy, am no, and =0;
and \heréhst Hhatp R-caré)gﬁ} ibérhqnﬁ]r@eguqndgpldwﬁ tﬁy 31’@@10&&01}1 chosen from N, O and S.

Thus heteroacyl inchudes, for example, ~-C(=(OR and ~C{=OINR, as wel as ~C(=0)-
heteroaryl,
1078}  Acyl and heteroacyl groups are bonded to any group or miolecule to which they

are attached through the open valence of the carbonyl carbon atom. Typically, they are C1-
20 CRacyl groups, which wnclude forrayl, acetyl, pivaloyl, and benzoyl, and C2-CR heteroacyl

groups, which include methoxyacetyl, ethoxycarbonyl, and 4-pyridinoyl. The hydrocarbyl

groups, aryl groups, and heteroforms of such groups that comprise an acyl or heteroacyl

group can be substituted with the substitucents described herein as generally suitable

substituents for each of the corresponding component of the acyl or heteroacyl group.

[\
W

{076] “Aromatic” moiety or “aryl” moiety refers to a monocyclic or fused bicyclic
moiety having the well-known characteristics of aromaticity; f:xampies include phenyl and
naphthyl. Similarly, “hetercaromatic” and “hetercaryl” refer to such monocyelic or fused
bicyclic ring systems which contain as ring members one or more heteroatoms selected from
0O, S and N. The wnclusion of a hetercatom permils aromaticity i S-membered tings as well
30 as 6-membered rings. Typical heteroaromatic systems include monocyclic C5-C6 aromatic
groups such as pyridyl, pyrinndyl, pyrazinyl, thienyl, furanyl, pyrrolvl, pyrazolyl, thiazolyl,
oxazolyl, and imidazolyl and the fused bicyclic moieties formed by fusing one of these
monocychic groups with a phenyl ring or with any of the heteroaromatic monocyclic groups

to forny a C8-C18 bicyclic group such as indolyl, benzimidazolyl, indazolyl, benzotriazolyl,
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menbered ring optionally containing up to three heteroatons selected from
N, O and S. in some enbodi nents, Re of -GEEEC-R, is Hor M. FO0721

" Het er oalwol2011/038@per oal kenyl ", and "heteroal kynyl " andPCnasketke4ane
defined simlarly to the correspondi ng hydrocar byl al kenyl and al kynyl)
groups, Beauindig, Q@ﬂhiei drpzothieraigl, bafze m@i@ig?‘v@m@éoyt‘y’néy mﬁ@mimh 30, S or N
Ihgfag'[ Og‘f’](ourﬁ(}\fl n\(/:E ;‘1%1110 11’1 ’?,, dnaé}(])ﬁrl{re}{eg %ﬁ}?’dﬁlﬁﬂﬂivﬁ{( i)l”g rn%ﬁw&u ‘mé’IS efn Wfi@?r OUp
i's repl agedhdyhacmrerdficd mr@pmzﬁzn@dcrhm@& e&@@@o@’ﬁtﬂb@tifn@ﬂm&;hl@@h@é @;@kal

h. et eroal kenyl , or heteroal kynyl roup The typical and preferred sizes for
het er of oWAEDP mgllader I Hlik&Hytianm abkwdwgﬁwﬂsﬁ %F@épsg\éh@rvar lepstithferigmme as
for the &s ar, t hat may
be pr ese‘g{%{%n @%ng%gtg%{?% %r%srgiﬂém?%gﬁ?g%éoggqg h%‘ggje gg’%ﬁa{)&ﬁ%ﬁove for the
hydr ocardsyinagrioupspidady, the asg mg«mﬁa cdneasméalz ﬁmmunlbtnyatomt Ps:fahislg the

understood th unl ess ot herw se | fied [ Qups do, not lncl
mor e them0%%@;a%fow?@aﬂaﬁ%uﬁm\é“&gf %“é’p}“d%ﬁ‘%\gié?ﬂg oYY bup e b Hﬁsent
on N or &8%ch8eR nitro or sulfonyl gr oup. WO 2011/ 035022PCT/ US2010/ 049116

[0731 Wile "alkyl" as used herein includes cycloal kyl and cycl oal kyl ai kyi
groups, thé&7fer Mryicandi! @wr%w?'rnmyam&‘ubﬁedﬁmﬁwmdm tloa desgy bbeuhatiganibocycl i ¢

non- rorratl u opne v, a r| Garbagn.atom and

"cycl oalli?ﬁllu 35?1 ﬁﬁﬁﬁ%L %g p% geg 5{)@\%{13& %8@?@1“{ c(“ﬂ"éﬁ’%i}'gﬁﬁ?i C group
that is genpeeheds iesd bevmleaul @ant1E\Juﬂuﬁhu@1&r@hﬂ$§ﬁkutlsii ek subdinghareeycl yi "
may be used to descri be a non-aromatic c¥cl i c group t'hat contains at | east

one het etpatrdrctesony ripigtisreinperc htld. PRabie sSSonnde tedNRo ¥H¥OMDI ecul e via a
ring at h d a -
desgrl bg[ﬂs{gc Eg[ 8‘% lgRe*ngtR Qf(swé%ﬁgé’ct e 1‘;)%{:)E?ano(l[‘(t)ék be Ctﬁfla %@tﬁgﬁ

| i nker. JOERSCLES aﬁfh@k(&uﬁﬁbmm@h@ ;tqhiaiepa;ﬁ@nﬁw H, abLLes flar1, theC ¢ heterorligal kyl ,
cyci oal kyl al gllf heterocyc yl, and het erocycl roups_are the i0sane
B

S B s o S B et ey 2 e e € St arefle T, ChESe tor - aleo
i ncl ude Hét&@&fcg?fl(tfiﬁgﬂt}@e’?c%uﬂ%‘f}l e QQ”!@ a‘?{ 1 YR AR 009 @8 & Dey n%!arﬁ& {j s not

aromatic sed herel enconpasses groups conprising an
al kyl , atrl(k’mjﬂ”’ halkkypnyhtkylanyd cah Ihmdpahml}y quhsiamtaﬁ a@.ﬁﬂ}s‘aﬂhﬁﬂ«fi&i\& doeailofl t he

two avail abl e jyal ence p05| tions of &ﬁ(‘: [,lgppé,l car bon qet er oacyl
refers (BOtHe 16t BLPTUERYPYP DA I AEF S RI I GRS oG L aF BBATISSE her 1 han
the car %B%ﬁni@é'%@mw%ouggé&d 60 RGEH Ryuiielst 9@{(&[4% 6NQ38 Quﬁs’iz%N or0 and
S. Thus heteroacyt includes, for exanple, -(( 0) R "and -C(--0)NR2 as wel |
as hét erfoaesdh component of the bubsmuem Thus, {or example, an arylalkyl substituent may be

substituted on the aryl portion with substituents described herein as typical for aryl groups,

and it may be further substituted on the alkyl portion with substituents described heretn as

typical or suitable for alkyl groups. 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 the are attached

[\
W

to form a ring having 4-8 ring members, which can be substituted as allowed for the Ror R’
itself, and can contain an additional heteroatom (N, O or 8} as a ring member,

10781  Sinularly, “arvlalkyl” and “heteroarylalkyl” refer to aromatic and heteroaromatic
ring systerms which are bonded to their attachment point through a inking group such as an

30 alkylene, including substituted or unsubstituted, saturated or unsaturated, cyclic or acyclic

limkers. Typically the linker 1s C1-CR alkyl or a hetero form thercot, These hinkers may also
include a carbonyl group, thus making them able to provide substituents as an acyl or
heteroacyl moiety, An aryl or heteroarvl ning in an arylalkyl or heteroarylaliyl group may be

substituted with the same substituents described above for aryl groups. Preferably, an

A
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[0751 Acyl and heteroacyl groups are bonded to any group or nolecule to

whi ch they are attached through the open val ence of the carbonyl carbon
atom Typwoablwe3si2zhey are C. 1- 20C8 acyl groups, which ipoglusdeofoesrimy |
acetyl, plvaloyl and berizoyl., and C2-C8 heteroacyi groups, which include
met hoxya“éiéitdikl sesuh dvapeckes gy la'ﬂfgd)mswm whrigyicd Wiiehpgtiripe é@i’kﬁ,ﬂd a@@‘em ps,
het er oacyl ot B0Pea b6 bRy Bl B P RE cliBe: FRRHE e e er ei n
as gener@l-Cy sl toadlpe o8 ifasioaliye plospd, evhepab aliy! bhigct@oskespongh sag conponent
of the ac:,71 or heteroacyl group. 25[076] "Aromatic" noiety or "aryl"

noi ety r@ﬁ@iﬂgl 3t O CHZHDBNEEPRITITE BFh PUSEIIBRRAIE] Fiexgitice £y OHEYF R EHE:

wel | --kn ar c ). yl..and
maphihy| STRAAHR] 2 EbSIIGR SR ORI koo P PR EBob A5 e R RERY r
nonocyclthet i© bptﬁﬂﬂﬁiégi stbseipabd with |timggmy~;sst dsriwidi abhy @mmismuaﬁa tviphgl aealyér s one
or nore heteroatons, selected from?O . The i si on of he er oat om
permits PTG i< %ﬂé%??@ﬁ%?ériwﬂwwgwggf1 ﬁlib*é@fgg SR Cr ~<n%

Typi cal h@%@ﬁ&%&Q@ﬁEﬁﬁ)ﬁ%@%ﬁﬁébkﬂ%hHQﬁd&QQQﬁM%hMEm&%gﬁﬁua @&%Hhﬁ@gﬁQﬂps
such as pyridyl pyrim pyra. zinyl, thienyl fUanyl, pvrroivi,
pyrazotyﬂénrmvazbr@memamdmoﬁyKﬂ,%ﬁ@uwmmﬂaiﬂkynﬁamdhmh@ﬂﬁwéedubmbyﬁu&d

noi tles fornmed by i,ng one, of t € nmonogycijc S Wt henyl ring
or itk 0BT e b R uPde? Bhnf e (RGBT G b s B P ki bGP

bi cycli co@i-aump, SHEh: astotddtnauch Q:%Vdi( r 340 dﬂ)xu hdaz®lacybiopentane.
benzotrlazol I, WD 2011/ 035022PCT/ US2010/ 049116 i soqui nol yl, qui nol yl ,
benzot hi azié§$} Vﬁéﬁiéﬁaﬁéﬁ&ﬁfﬂb?ﬁa@@{@byﬁgQW@isdﬁﬁﬁﬁﬁ @FPﬁVMMﬂﬁﬁﬁhﬁ%é@inyl
cinnol i r'%l lqu cnp %1 Mrﬁ&% X %r l}&yro ﬂw ésr? gn E)II‘ 511 < r'hgtu?«%%vlem

whi ch has® the' char et erls iCS O F ctron

distri bUgidr@dih bm-;egqim@utl he h@bmmnagm&xﬁibemy ;sre@ancb;ude:dx N ot hbtﬁifﬂﬁ(f‘,i pirtioan, |t
al so i ncl udes blcycllc groups where at |east the rlng which is directly
\¢

at t déhed 't ot ish e iBrd phrye eyl dedigomsecpsailonby sbeaupal ppdopdly
Typi cal 'y}é«gs h@&‘n {He%%ﬁ%%%t%% %’E&gﬁlgﬂmétﬁe%aﬁfe%g ﬁﬁ%%"&&r u@%}@&%m'?&;ﬁ{rgr@*% Ly the

nonocycl’ eteroaryls contal menbers,
het er oargdnsraignt ai n 8- 10 ri ng nmenbers. [0771 Al yi and heteroaryl noi eti es

may be substjitu vari et : stitu S 10|nc uding d-C8 al kyl,
C2-C8 al kel??$€‘ e3hel {II%WRIP as 635‘)(%%/2“81‘“931 w@w%ﬁ EYPS UdRe #Et er of or ns of
these, eaghy@huiigh kakstingldy tﬁ@t&ﬂrnhﬁ%tr St a&%@l in @F B8L 1SUhEL !ctngent S

for aryl and heteroaryl noietiés include halo, OR R2, SR, "SO2R, " SO2NR2,
NRSQER, NREONRAiKNRCBNR2, heNRC(z2NR) NRE, :-N&@@@Rgrmomi PICNlY 'i@(b:vi:;s(af\(, 8{:00?
CONR2, 00 , and NO2, wherein each Ris independently H d4-C8 alkyl,

C2- C8 het'é kyI 15C2- C8 al kenyl, C2-C8 heteroal kenyl, C2-C8 al kynyl,
C2- C8 het emagy ky{lﬁwoa@iai@i” as described above refers (o a moiely comprising an aryl group

that is attached through a linking group, and differs from “arylalkyl” in that at lcast one ring
atom of the aryl moiety or one atom in the hinking group 1s a heteroator sclected from N, O

and S. The heteroarylalkyl groups are described herein according to the total number of

[\
W

ators 10 the ring and linker combined, and they include aryl groups hinked through a
heteroalloyl linker; heteroaryl groups linked through a hydrocarbyl linker such as an alkylene;
and hetercaryl groups linked through a heteroalkyl linker. Thus, for example, C7-
heteroarylalkyl would include pynidylmethyl, phenoxy, and N-pyrrolylethoxy.

30 1082] “Alkylene” as used herein refers to a divalent hydrocarbyl group; because it is
divalent, it can hink two other groups together. Typically it refers to «{CHyy- where nis 1-8
and preferably n is 1-4, though where specified, an alkylene can also be substituted by other
groups, and can be of other lengths, and the open valences need not be at opposite ends of'a

chain. Thus ~CH(Me})- and ~C(Me):~ may also be referred to as alkylenes, as can a cyclic
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het erocycl yl, C4-Cl0 heterocyclylal kyl, C6-C1.0 aryl. C5-Cl10 heteroaryl,
C7-Cl2 a -7-1.alkyl, or C6-Cl2 heteroarylal kyl, and each Ris optionally
substi t utwo 2as/d8eer i bed above for al kyl groups. The sulpstiuse@n4gnoups on
an aryl or heteroaryl group may of course be further substituted with the
gr oups oﬁégtﬁv ps@ds ﬁwiepr@p@siétﬁwﬁa% beipen aéaéqmtg;v@@ isfulsaisiod dbstubstigentis or
20 for e!%‘u i¢ %WE) g/e{](,til es n Y tu;egtm d m hu mexarml e, an arylalkyl
s-ubst i t'Uent” na S %é?i ute éFhQ ar Y1 p Bt DR Wi t h substi t uents
descri bed mespl r}h gamazmr@aﬂkxfmﬁmryyla igfngu}asﬂ @ﬂcd"y](tl Argyl D RebUp bhety
substituted on the al kyl "portion with substituents described herein as
typi cal ‘siergliingpoac pofucs] Ryrpghaiupsoniphed & psuybeeritpsniscirotsnebntai ns
two R or {
R 0)shi)&utﬂﬁﬁ%g%@?%oﬁmﬁﬁ&gﬁ%fg% Sﬁg’lan g%gﬁegﬁp&%% 1S i Nﬁa&t% é?é SEor with
t he at onmciiaa xtrh}m\s;uh’stb|thmmﬁ1a@rs®hg1tn@1tmm1t haf d‘lt&uhﬁttaﬁitﬁedmhot Stbemmise ri ng
haV|ng 4-8 ¢ nenbers, h.can be substltu ed s a Jo for the R or
.tseﬁ@%fé?%ﬁ s ébl?ﬁ%ﬁfhﬂa LA o &I HBR 81 Dat® Y@?ﬁ@i)ﬂpaeﬂﬂé ring

marrber be subQ78ka Sk Mhd hlatning aloklibk |hb£,c§'1§ig,mgg&ﬁ{cﬁﬁri¥} Rl kykre tﬁl@fn@ﬂ\& Y
aromatic and heterdaromatic ting systens which are bonded to their

at t achnedierpoi Rtost hmdu@h’i @ihkd dikek ngt @rdeupins tlehsvasiian pBﬂa@«iyibeﬁe,aikmcl udi ng

substituted or i.tut at ur turated, cyclic or .acyclic

O U B R P e S R ol < SR S SR g o AL
l'i nkers gm@yonalisas idrehdidendogidtdanihd 8HOURCIBES HERKY ag(ﬂkhsa,maamn@abg apfovi de
substituents as an acyl or heteroacyl nmoi ety. An aryl heteroaryi ring in

an aryl alipp, dkonyeter vt Yic dkR youlst wcimﬁydbéh@u}b%taqematﬁéawmw%nphemﬁéh@

b f
et SRR LR BB A PR FLALEEL 5 YO

opt i onal diyerstilesd. igtdipatiatié bding hmg‘rﬁaup‘s hds%fﬂm&ﬂntﬂbﬁﬁaabfgﬁtﬁwﬁéyd sp@m@iu@s and a
Cl-C4 al kylene that is unsubstituted or is substituted with one or two C
-c4 lal kyfwbpwpé%r&i%@%rﬂéi@mwwawg% BUPE! 2Rk ey PReubtiyrd vithraversarky |

groups C@gqtﬂ%r L oRakk n%%cllts' A8ik efwg i[;ae@' 15';3@& %?ﬁ?%t@%ﬁ@%@i fH gpﬁﬁ‘?’be
di oxol ane, oxacycl opent ane. heteroar y

pref er abiui»mmmﬁurdésﬂaa)r@ a@ﬁn&rmmﬁgzyhchhl of h:ea\emia‘ahcyhlogcuum twh:anp}ns optl onal |y
substitute % h,.t he groy S d CI‘)I bed abov as .substituent gdﬁ on aryl
groups and ﬁ“" Eﬂ“%ﬂi Vi ef “e‘“ﬁ Y“i”s“’ ﬁ%iﬁ‘xfs FHatEC ot £8P &4 15‘%”‘ & with

one or two G :!u::‘vi Snaabikwl ELQE&Q’HP%&E@E‘E Q@)’i&?&%h |ﬁ¥41g191'%%§b0c9511d érohﬂﬁﬁ#p{%§ an
optional | y substiituted phenyl ring or CS-C6 nohocyclic heteroaryl and a

d - G4 heeproal kyi brieroptvat %qifsiqﬁn%mbé\{,lit atell dhus e baﬁbstfvrtmttédﬂkb@“vaikdﬁwbne or
two Cl-

roume altyfieah ity it Shk Y ars T SRRy RSt %%% PP asEraR !

di oxol ardeigro@%] @mw@m@mkﬁn&s cctivd@7 U is Mheseoad dal Wb Aldyiha®lwo N, O or
het eroaryl ai kyi group is described as optionally substituted, the

subst i t UBALEISHEOSEAGH enmRkipd faecrtAlyl CwephekaE saPky Eropsnt ashest N of he
aryl or hgt ?llgalrzf{{(@ppg&mﬁg Z%1‘00%% group. The substituents optionally

present on | kyt portion l1l5are the sanme as -those
des@si bed g@@@;\/e“fmm "adskipbd gerowpsclgéndhalrd hidrberomtb ahi tasn trSu@p khd tidbloy
present on the ar or h.eteroaryl portion are the sanme as those descri bed
above f o< 8§ Py %Tj’ﬁs general |y,

{B86] ““Amino” as used herein refers to NH,, but where an amino is described as
“substituted” or “optionally substituted”, the term includes WR'R” wherein cach R’ and R” i
independently H, or is an alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl group ora

30 heteroform of one of these groups, and cach of the alkyl, alkenyl, alkynyl, acyl, aryl, or
arylalkyl groups or heteroforms of one of these groups 1s optionally substitated with the
substituents described herein as suitable for the corresponding group. The term also includes
forms wherein R and R” are linked together to form a 3-8 membered ring which may be

saturated, unsaturated or aromatic and which contains 1-3 heteroatoms independently
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[0801 "Arylal kyl" groups as used herein are hydrocarbyl groups if they are
unsubstituted, and are described by the total nunber of carbon atons in the
ri ng and wibky11803802200r simlar |inker. Thus a benzyl gr ®ap/tsS2018/049116
C7-aryl al kyl group, and phenyiethyl is a C8- arylalkyl. [0811

" Het er oafeyackidkyadm | @@@s&:ﬁ eimatove, el ehish t@f&i@ﬁﬁi}é@s@@wém@lm an aryl

group tha [ Lached, thr nking grao differs f
varyl al ky smuuf’%% %@bﬁﬂ &td sesgg%{‘fgaéfi% ark ma& %r ?Qg{he gra11 aromamt%/m%p lblﬁe at om

in the |ipHchag, gi-edptddsyvith Mekebvialam kettetied uf}ﬁ@imfd\l he@:r@bangogss. The

het eroaryl al kyl gr ou s are descrijbed herein according to the total nunber
of atoms if#8TheAsiuaef %mamt fhRkam ConpIcHed, cardrhonesiic’ ﬁ@%d@aawim Ghbups

|1 nkad -4 rongh ﬁgs&%%%%%d&wn thl mserwhéz@& SEORRNhpIEQUDS S bnker Jheauoh a
hydr ocar byt Ti Such as an a cv® ‘ene; et eroaryf groups

t hr ough mafdhetoer ot dxayhprisxmehmfﬁmmm T}&rgaebmmhgeand@mwh@mm Qﬁmqﬁhlﬂk kyI woul d
i nclude pyri d%l nmet hyl , ghenoxy q 5 hr i etg 301082] "Al kyi ene”
as used HEFEPISEEREPLBIagGIVeIo8sHE N é?a YO SYBEREuse it is

di val ent, ?i}BSFa%b'ds&kh&&\ﬁ% Qlh&tn ALYPSHLOIELNES anyl) Xtﬂhﬂﬁ!ul Vuol darb@f&rs to
--( 12)1- where nis 1-8 and preferably nis 1-4, though where specified,
an al kyllenleogsansiah Sarlb@gsmbstv r¢rutresa] by Wotch etris gmup&a hapicdbonarr Belofn of her

| en ths and the open val ence t be at 0Si t nd f

Thug 0 ergi o ity EREteatt B hl 36y B B BRF BPis e B 0ot BrityFedes,
as can aJQMQHIC WO 2011/ 035022PCT/ US2010/ 049116 group such as
cyclopropan 1- dlyl Where an al kyl ene group is substituted, the
substltuen@§9§néﬂ éUYm@@@H%Vﬁﬁé@%ﬁywpkég@hﬁ&@ﬁt@PW@Th@ﬁ@@ﬁs as descri bed
e ARl oSy Y, 8Ll o B, e BN B YL ©
cont ai neidoheﬂ/@usanbstmnhmb ;mynmmh fisoptblonabldhbesisassic ppadihy

addi tional substituents. The nature of these substituenis is similar to

t hosle r e®iiodiging ?ﬁi@i@@aﬁwﬂs OPYTFRC. BRIy DS iiStct fdpbeTe-puglelvés if the
substit U%ﬁ?{%{?{ii% {1/1}% h@f&%rll% mgﬁﬁl%ﬁh‘? Ft‘ﬁ()m-gg‘i'ﬁ]%hn%’g BR FiRe 'Elgfﬁ@t” of, for

exanpl e, kyl option stitute
remai ni nfosybskt ahhwﬁnbmdmsihad Qasnfemm:dh mentodoe, ﬁsomzdﬂﬁamm tieadibido, rrakes
chemi cal Epere th| not. undernlne the sj.ze limt provided
for the %Mk’i}]?“‘vléﬁe‘ g thigpt Q‘“‘* ‘f“dé jairiie BueBy ?aﬁ‘llfé Mor by al kenyl
woul d S'Maﬁzﬁéﬁsﬁﬂiﬁiﬂﬁmﬂé’&% dzéﬂakﬂ%[}f FQ?{&@@ %4“49"9 Jda1RS EnRARoHLENt S,
and is not I nc¢luded. However, st by aryl, am no, al koxy, =0,
and Xhe darticdinaoeicnbexicriob ddesehydi atmfram timamm@rm shliicnvenidion, and t he
atonms of .t hese E stltqg groups are not coy Sﬁ ﬁ t% nurrber1 dto
descri b PHEAT KT arK 8t %"%lraéug“ﬁ?&i 81 Ry HEEE T B8 Wher e no
number Qfet@rbﬂﬂ%hhbl@d&i Sutia$e ﬁﬂ@ﬁ}ﬁi’féﬂ&ﬂ furan, pyrrole, pyridine, pyrimidine, imidazole,
benzimidazole and triazole.

1090] The term “polar group” as used herein refers (o any substituent having an electric

[\
W

dipole, and optionally a dipole moment (e.g., an asymmetrical polar substituent has a dipole
moment and a symmctrical polar substituent does not have a dipole moment), Polar groups
include substituents that accept or donate a hydrogen bond, and groups that would carry at
icast a partial positive or negative charge in aqueous solution at physiological pH levels. In
certain embodiments, a polar group 1s one that can accept or donate electrons in a non-

30 covalent hydrogen bond with another chemical moiety, In certain embodiments, a polar
group s selected from a carboxy, a carboxy bioisostere or other acid-derived rooiety that
exists predominately as an anion at a pH of about 7 to 8. Other polar groups include, but are

not limtted to, groups containing an OH or NH, an cther oxygen, an amine nitrogen, an

26



15 each such al kyl, al kenyl, al kynyl, acyl, or aryl group may be
substituted with a nunber of substituents according to its available

val ences;wonropaissi2eul ar, any of these groups nmay be sub@Cirtusted/ owiié
fluorine atons at any or all of its available val ences, for exanple. [0841
" Het er of@ﬁfﬁﬁmh@ﬂﬁrﬁ edmlfregei ra qa@"ret'% atﬂ@nép dhed wetfmeu@ma@ifgm’ap‘«smh as an

al kyl, ar (tarini9 hae%m (¢l t“mO etg oY) 1r0m tt grr}temcaarrr%g& atom of the designated
carbocyétlc gr% S eplace ﬁ V ‘4 heteroadtont selected front N, Ci
and S. Th L§$91§hehh&(ﬁit@i‘t@f)&hﬁi&m@fthabkmt groabkeRydented by X or HCW 4 caaborlylat@nd
aryl al kyl are heteroal kyl, heteroal kenyl, heteroal kynyl, heteroacyl,

hk. teroa%?vbﬂﬁéﬁﬁbﬁeﬁéﬁﬁarylaIkyI respectively. It is understood that no
mor € sthan oy Noc 080y R HARBAL Co 0T HRAY bl EAARSELE REAUROLIAL e X CePt
wher e an oxo group 1's attache ¥orma nitro or sul onyr roup.
251085'thHaLe;xxaﬂtueedt@emehnmangﬁmﬁe&ﬂﬁtmnﬁxhahhemphyhﬁ@@bﬂqﬂﬂ Inl odo.

Fl uor and chloro are often prefer [0861 ." Am no" ed herein refers
fo NP, B AERE  E PE R b t‘}r%é‘&‘ea% aeiip P eHea FoTDRe SHB onal | y
substrtq&@gmmﬁéﬁp termincludes NR R" wherein each R and R' is

i ndependent |y or is an alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl
group or a 3ODEteroforn1 one of se groups nd eachxof the al kyl ,

al kenyl , Iﬁy |, cacyl, g&%_, Sﬁéiuor h. et rq&prns of one of
these groups i 5= ptronall §§g‘trtu5e gwth th /sdﬁs jtuegt sy descri bed
herein as suitahiherf or thé> @spondmﬁ group.°T @ erm ak$o 9 ncl udes
forms wherein R and R' are [ nked together to fornta 3-8 nenbered ring

whi ch may, be satu ﬁted uns turate aromati c and ich co palns 1-3
het er oat Qdep dently 035022P US2010/-049116 sefected from N,
0 and S asﬁxrng neah‘ 8, anyg- hChg Btron nytsubs it ed tWche

substituert & descrélsed as shotablea%o alkyp mpups er,»tf NRN <¢¢§tan
aromatic group, it is optlonalgggsubstltuted with the Substituéhts

descri bed as typical f het er yl groups 10871 used herein, the
term "carbocycCije" or "darbocycli¢" refers tofa cyclic |ng contarnrng onIy
carbon atons | (ﬁpe ri mhereaﬁ”ﬁhe ferm @ﬁe&pcycl@ or "het erocyclic"”
refers to a ri“ng conprd S|pgRa hétenﬁ@ om fhe arbocy%tfkﬁand het er ocyclic
structures enconpass conpounds havPng nonocycitic, bicyclic or nultiple ring
syst ens. 881 sed herein, the-term "het roatonj/refers any atom
that is Qrﬁ§%< hy gen, has n|t gen, en or “suyl Il nr. Wien it
is part ofﬁt e baclkd) 3ﬁe or sﬁ%keton uf.-8" 100h§ﬁﬁior g5 a hejewoat orn
must, be at® Feast d®¢alent dand wi Id ot ypi cal Py he selected froNthﬂ\Qt P, and

S. f&89] [llustrative exanples of heterocycles i ncl ude™but are "hot |inited
to and salts and prodrugs of the forogoing, wherein each R is indopendently H or an optionally
substituted member selected from the group consisting of Ciyp alkyl, Cop alkenyl, Cogg

heteroalkyl, Cig carboceyclic ring, and Cs¢ heterocyelhic ring optionally fused to an additional
optionally substituted carbocyclic or heterocychie ring; or R*isa Crig alkyl, Co.ip alkenyl, or

15 i heteroalkyl substituted with an optionally substituted Cig carbocyclic ring or Cia
heterocycelic ring,

{093] In certain cmbodiments, the polar substituent is sclected from the group consisting
of carboxylic acid, carboxylic ester, carboxamide, tetrazole, triazole,
carboxymethanesulfonamide, oxadiazole, oxothiadiazole, thiadiazole, thiazole, amingsthiazole

20 and hydroxythiazole.

{094] In some embodiments, at least one of X or X~ that is present is a carboxylic acid

or a salt, or ester or a bioisostere thereof, In certain embodiments, at least one X or X°

present is a carboxylic acid-containing substituent (<{TUH2)eCO0OR) or a salt, ester or



tetrahydrofuran, 1, 3-dioxol ane, 2, 3-di hydrofuran, pyran, tetrahydropyran,
benzof uran, isobenzofuran, 1, 3-dihydro-isobenzofuran, isoxazole,

4, 5-di hydwoizstoxazaeke, pi peri di ne, 15pyrrolidine, pyrrol iPdirnss2e10/04e9119yrr ot e,
pyridine, pyrimdine, octahydro-pyrrolo|3,4 Fiperazine, pyr azi ne,
nor phot i eisostére drmeph o thedatigrpntadiotants, tapoda2oeedinae belk i -C10 alkyl or C1-

1, 3-di hydrphbenzimi dazol - 2-.0one,. indol e, .thiazote. benzothiazole,

Uhi adi ool GO R BRGHE  CERMSHy P8 M g bt B R a B g epi ne.,

triazol e, @osni dhpemdr-azabusychefide2aslidept@nts el Samcidbragabidychols. 2.

|'i heptane, 2,3, 4, 4a, 9, 9a- hexahydro-1Hr, 20carboline, oxirane, oxetane,

t et r ahy deopyRamnddreesne syRacebra agliscan 91 @nieion a 2etindidae, mprgee Pdi ne,

| act ams, . Ad, MRY- Q150 COCATRASS: AGLAEARLHIny Srletc bhbustinalibussxamy es of
hk.teroaryl’s 1 nc lde but are-not limted to %urart, pyrrol e, pyridine,

pyri m dimejicirmdrdazioke s daenmzéunm dar cindcaha 4 sivhzakbefect, spb98] apbhesisertm " pol ar
group" as used, herein refe t o, any substituent havi.n n el ectric dipole,
and opt i ‘GHAM f;?“éf\ﬁ‘d%p%%néefrfﬁﬁ%ed@aﬁ% OF pARUISE oHf FrIEaT g%@r grlcatifsti tuent has
a di pol e, BN oA @Y MIRE g, @Eﬁo@fng%&’%%nﬁs‘&%@diﬁ%‘?@sm%dﬁﬁﬁ?fo@ di pol e
nonent). Pol ar groups include SubstituentS that accept or donate a hydrogen
bond, anckagpéupkhettbats aleudad re@r toyredtcihgastioppipar ciélhpropositidnmicde.gnegat i ve
chargF in agueo stsgkutiop qt‘ph£§igquhpaligﬁ l.ev J§,fln cegtabn,r,

enbodi neht € R BBIER GPEupoT ) ShE TR R R SpP BT HUHAI R Y Gt fohs in a
non- 30ceualBRtpaRYEdLNeen thand, Whih (anQtNer ar6 BeEBlk (BRI@ENg al thrC@Tat @i N
enbodi nents, a polar group is selected froma carboxy, a carboxy

bi 0i sost@EIcECwEaBIhEr 2 Bt der.icpBisyed. o yulyprit indseiast it g adoniisaneny as an
ani on atre&!eﬁl'{lf @L 1‘%13%%” ié‘@%ﬁi ?ro fcg ?j%'{} 198 ! @r@ %L%%?fﬁ)@ll QECJ flég%mp 5'11 anagi‘i%ec? 811;
limted t0, groups con arnlnb B0 or .~ an ether d’yé@n,“an am ne

ni t r ogen syaibtoM@s2Qkdd O350 22RG TS 04104 049 AdG o ox by 2R esddl bt ardsun & ogen,

a canbonél,ka nitrile, and a_nitrogen-containing. or oxyggn-containing
het €focy&f ITBCTPPH ORHES Ratcar BRUTPIES B MHEMRIgRBIaY in6lude byge not i

embodi ment.s, nine: ReLA s dLup represented by X or X2 is a carboxylate or a
carboxgﬁ%bg’X%%?%Bsﬁgig.é"0921 "Car boxyl at e bi oi sostere” or "carboxy

- bi 0i sost €388} asisusaethdremetheedrer Sipbptoashmifet yo sthatrinsse expetidedirtoicher
negativel y charged to gwsug§tqnyiq1.dqgre? ayﬂﬁg sLolqg{gngpy._]n‘certain
enbodi netitsts ¥R "ol PIRICRIEOB) HRETETEMIE: 5o oiNdrEoderaeedl FYBM t he
group cognsk&tbRal Hrinkage, blebbing of cell membranes and chromatic condensation and
20 fragroentation. These events culminate n cell conversion to clusters of membrane-bound
particles (apoptotic bodies), which are thereafter engulfed by macrophages.

Embodiments of the Componnds:

{097} The invention provides compounds of Formula (I}

W

A
2_1
22/:
73 4
\ )
Z~!

25 wherein:
cach of Z', Z°, 7’ and 7" is independently CR' or N, provided no more than

| 4 at . . 1 4 . .
two of £ to £ are N, and the ring countaining Z2'-Z" is aromatic;
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and salts and prodrugs of the foregoing, wherein each RA is independently H
or an optionally substituted nenber selected fromthe group consisting of
Cl_10 al kyb,200233@2al kenyl, C2-10 heteroal kyi, C3_8 car ln(iwmslzfnommlmg, and
C3..8 heterocyclic ri ng optionally fused to an additional tionally
substituted car boc@;ﬂ@h Re iondénenden ’yfél Hago, K’hqg*pmonaily &ubptgutgd@i -Gbabrkyl
C2..10 al keny| ; sub t| o

subst i t ut ed C%mog”)‘ic" ““b’ %{Vcﬁdlqczerl ng m ﬁ}ett“‘m‘aﬁ “lhguq(f‘}/\énﬁQ&q&ﬁgg]omm‘ﬂé tain
enbodi ment s, dubeipeliar -subxbiy L[B{lt‘;@& s*ekﬂctae{dm\n{om tdhengriwyp consi sting of
carboxylic acid, carboxylic ester, carboxam de, tet razole, triazote,

car boxymet hanes ul foRRa ée ang¥a aroNeanb Yot adiEAvt BothiHMEENEoSheN:

t hi azol e, anek hy dyo hi azol e. [094] In sone enbodinents,
at | éast one ?%,;(}E@éﬁ%gq%ﬁ ?ﬁj‘fs%g% e§§ﬁt is a carboxylic acid or a salt, or
ester or a bioi sosterel tier €8 ok A3Certai n enbodi ments, at |east one X or X2

present is a carboxylic i d-containin bstl (Cl1 .2 ) or
Salt, ester o WO 2011763 5!62*%3&:[%/ 133%@%@71 Vb @%#@i{as‘té %Q?Eﬁ@;ﬂ@ N the
latter enbodi nent SaubldlGicRet a4 Qnoup may be a C 1-C 10 alkyl or A C o)

alk.k.nmyl linked to a carboxylic acid (or salt, ester or bioisostere
thereof). 1095] The t eravsl eutl Bats'(@Hoo ﬁ@@&wrmﬁo agrosed here| nrefer to

condihi on. A candi bt €ChakeCIRATH  RUnB i Raee b Mor SR oy be in

therapeutical ly effegRivenRpRURLLY B @& dpabmlhahbaiel ovedi gagent, which is
an armount that can |ead to a biological effect, such as apoptosis of

certain cells (e.g¥, ISG‘hri‘eférﬂt%{fgi}l ﬁfife@@&fqi%ﬁ@é‘l’pr@ﬁl\f ‘dp Bocof certain

e of 200 Al LR B LA P IRENL R 0 o BB
synptons of a di sease or Tond eterme arso can refer
to reducing or st qq@;agmgteameuamm iferation rate 10sl owi ng or haI t| ng

turmor. growt h) or reducing the nunber of 1frollferatl n? cancer cel l
‘y

removi ng part or ablis dpoiEh Niho¥)or STHEsE | apf Feorarsisnabesvappiicd &bl @’
redUC' ng a titre %zég&l&{aﬂgkﬂﬁs@&x&@& hr%l &r%%‘ii&m( Dgaii), %km ﬁ&i'h’%?ek' mor

subj ect) infected with roor m cro
propagation, d¢réducoamglatidyé aptintely mbxtﬂyn@ﬁﬁm@mwnivhm }m‘ieﬁec;tf,lﬂiﬂkiaiﬁ sy rrpt om

associated with t cr.obi infecti and/ or ovi ng detectabl e anounts
of 15the m cr%ﬁ@*‘ffyo?ﬁbf”’ﬁ‘@i&t %fgn("“éﬁél?rb EdVpd {}ﬁy[f‘ﬁg’g’r gani sms i ncl ude but
are not limted t%rﬁqtggﬁtlx,ggcg«\ew umaird. fungus. 10961 As used herein, the

term "apoptosis" refers to an intrinsic cell self-destruction or suicide
progiam In resporrszehﬁ?oaadﬁrnsggém»ngaréitylsmmé frogeHL spiundﬁyg@bauafatfcéde of

events incl ucl%l 11 shri, bcll_‘?11 }5) n Flt]ﬁ % and chromatic
condensat i on ﬂgaigﬁf ?%éﬁ?é‘ ¥ é‘f&gEm” gg &P tg?} b SR t%‘f(ﬁﬁpzﬂgﬂ Wrinver si on
to clusters ofyspmokEaBRrASUNGhd optionally substituted heteroarylalkyl;
and wherein R and R® in NR'R® can be taken together along with N to
torm a 4-8 membered ring that can be optionally substituted, and can contain an

additional hetercatom selected from N, O and S as a ring member.

[\
W

098] The mvention also mncludes the pharmaceutically acceptable salts, solvates, and/or
prodrugs of compounds of formula (1), and pharmaceutical compositions as described herein
that comprise a compound of Formula (I} and at least one pharmaceutically acceptable
diluent or excipient.

30 {099} In some embodiments of the compounds of Formula {1}, each of FARGYARTY O
In other embodiments, one of Z' 16 7% is N and the others are each CR'. In other
embodiments, two of Z' to Z° are N and the others are cach CR'. R' in these compounds can

be, for example, H, halo (F, Cl), CF;, CN, Me, or OMe.
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particles (apoptotic bodies), which are thereafter engul fed by macrophages.
Enbodi nents of the Conpounds: [0971 The invention provides conpounds of
Forrmul a (W¥: 20101/0350]2)2 25wher ei n: each of Zi, Z2, ZBCarn$2004/04H16

i ndependent | N, provided no nore than two of ZI to Z4 are N, and
the ring ci@‘ﬁ\ %Eu &ﬁ srgmzcmkmixmgnfarOéﬁ’@tfp@gomwwmm@mmzpmmumxm 019416

each R ', £l N onal s

opt i onal y subsfl rﬂjﬁgd %Zﬁ& <l Oﬁlm n:tt’ ‘f(“ﬂén f)I%/L‘XsE%st i'tu i at@gzlm&t gl kynyl ,
opt i onal drpus hsistibpben] L&k NG, ahlsﬁ}i){}thcsamh&%ﬁms, iy CRENRTRB(0 O are NR7RS;
each of Y' and Yis Cor N and Yl and Y4 are not both i rrultaneously N;

provi dedschrtaidiye torgowt copsisting ok and NI, Iygeiiagn jf thppemigrpmepts.CXois N
eI e T L R
- (CH2) O_QQ@CHRoofla:hdk;ﬁr group, or Is R" when -Y" is CX;
{0101} The compounds of the invention have at least one group of the formula {CHjo.
,COOR or a polar group on the ring containing Y7 and Y. This group is ofiecn COOR, or a 5-
membered heterocyclic ring coraprising two or more witrogen ators as ring members and
10 optionally substituted, or an amide (-CONR;). Suitable COOR groups include -COCH,
COOMe, and COOEL, for example. Suitable amides include CONH,, CONHMe, and the
like. Suitable heterocyclic rings include imidazoles, triazoles, and tetrazoles. These rings are
preferably attached to the five-membered ring of Formula (1) via a carbou-carbon bond, 1.e.,
by a carbon atom of the heterocyelic ring bonded to a carbon atom of the five-membered ring
15 in Formula (I).
{0192} In certain embodiments of the foregoing compounds, X is {{CH2)eoCOOR or a
polar group as described above. In some embodiments, X 18 COOH; in others itis a
carboxylate bioisostere. In other erabodiments of the foregoing corpounds, X is R (H, halo,
or Me, for example), and Y” is CX°, wherein X is {CHa)oCOOR or a polar group, and in
20 these embodiments, X7 is often COOR, particularly COOH..
{¢193] In any of the foregoing compounds of Formmla (1), Y can be N; or Y* can be N.
{8164] In any of the foregoing compounds of Formula (I}, A can be a bond, or a ong-atom
finker (N, O or 8). In some embodiments, A is NRY, such as NH. In other embodiments, A is
O or S, Instill other embodiments, A 1s a bond.

{0105} In any of the foregoing compounds of Formuia (I}, W comprises a ring. In some

[\
W

embodiments, it is an aryl or heteroaryl ring. In specific cmbodiments, W is optionally
substitited aryl. In certain embodiments, W is optionally substituted phenyl.

{0106] Suitable substituents for the aryl or phenyl ring are described herein; in some
instances, the aryl or heteroaryl ring s substituted with 1-2 groups selected from halo (F or

3¢ Clh, Me, OMe, CF5, ON, COOR, CONR,;, and the like, where cach R is independently H or

C1-C4 alkyl. In specific embodiments of interest, W is substituted phenyl.

{8197} Specific embodiments of the substituted phenyl that can be W include 3-
chlorophenyl, 2-flourophenyl, 3-fluorophenyl, 3-carboxyphenyl, and 3-(COOMe)-phenyl.

[8168] In another aspect, the invention provides a compound of Formula (1)
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each R is independently H or optionally substituted ClL.-C4 alkyl; Y3 is N,
NR, or CR3, and the ring containing Y2 and Y3 is aromatic; wherein each R3
i s i ndepewoentlogsidz hal o, -OR CN, or optionally substit @Cewsaoc4ias kyl ;
15A is a bond, NR4, 0 or 5 where R4 is Hor optionally substituted Cd-C4
acyl ; Wis optionally substituted-®ryl or arylalkyl; optionally
substituted heteroaryl or heteroaryl & kyl; optionally substituted

het erocycl yl or heterocyclylal kyl; orj optionally substituted C3-C8

cycl oal kyl or cy-cl oal kyl al kylzé or aliternatively, -A-Wis NR71?,8; 20each
R 7 and R8 is independently g€l mH, optionally substituted C -
Cl10 al kyl, optionally subs}é , optionally substituted aryl al kyl,
optionally substituted het e\ and optionally- substituted

hk. t eroaryl al kyl ; whe/eir’ R7 and R8 in NR7R8 can be taken
t oget her al ong W|th Nto forma 4- 8 ‘menper, i*fg that can be optionally
substituted, and can contain an 25addi tj od het er oat om sel ected fromN, O
and S as a ri ng nmenber. [0981The inve E‘L_anzal SO |n§\udes t he
pharmaceutically acceptable salts, solvat and/ df Jprodrugs of conpounds
of formula (1)ye;a8Rd pharmaceuti cal conposi ti ons as described herein that
conpri se a conpound of For nmul a (), and at |east one pharnaceutically
acceptabl e dil uentu&oh ob¥cipl Bhind 304 089peridanig o8’ ,é’ﬁet&oai I&m& pmebwtid'tb&&
conpounds of For nu 4).,.,7€8 ] : , S,
oo o 21 to TR PR R A4 Rend b r SnaPE B tTRRRE 0 £ gthds Caboditan 5.t vo
of Zlsto Z4 ak: &n@ﬁﬁtﬂ&@egﬁw%&dgge each CR R in t hese corrpounds can be,
for exanple, H, halo (lE CF3, CN, M, Oove, WO

2011/ 035022PCT/ US2820pb¥9anbY " is 1{1@@1@94@1’% (Sond. @b dinent eapt ¥Hb f or egoi ng
conpounds of For ne. of Q+Y4is Nor NR In ot her
enbodi nent s, erﬁ?ila #eu{l 3\ ?A%i dt‘x1 E’Oan%em;%ﬁéct egl\’fromthe group consi sting
of Nand N R2. In ‘Sfisl\ﬁ @herCxihodicehis s(CieNaC0YR dhugelohroih: to Y4 are
sel ect ed fromthe u onS|st|n of N and NR2, In certain of these

embodi nents, Y |s ﬁ%l ! §hg ripg CPWC‘B]E%‘?SEMYX Psupngid v is C In these

enbogh ments, R 2 Oéécf’%@l\l 1}(3&.1)»;14»1 W& }@,f 88 Ui R)rpttg:ﬂai%uﬂuﬁﬁ ed C1-C4 alkyl,

optionally substituted C2-C4 alkenyl, optionally substituted C2-C4 alkynyl, OR, SR,

SO;R, COOR, COONR'RY, or -NR'RY;
ecach R* is independently H, CN, -OR, COOR, CONR,, S{hR, or optionally
substituted C1-C4 alkyl;

15 cach R’ s independently H, halo, CN, -OR, or optionally substituted C1-C4

alkyl;
X is -(CH)o2COOR or a polar group, or X can be R' when Y7 is CX7;

R is independently at each occurrence H or an optionally substituted C1-C4

alloylh
20 Ais a bond, NR®, Oor 8;
wherein R is H or optionally substituted C1-C4 acyl;

W is optionally substitited aryl or arylallyl; optionally substituted heteroaryl
or heteroarylalkyl; optionally substituted heterocyelyl or heterocyelylalkyvl; or
optionally substituted C3-C8 cycloalkyl or cycloalkylalkyl;

25 or alternatively, ~A-W 18 NR7RS;



101011 The conpounds of the invention have at | east one group of the
formula -(0-12)0- 2COOR or a polar group on the ring containing Y2 and Y.
Thi s grouwwoi2e11aB3s@2 COOR, or a 5- nenbered heterocycli cPCrug2@omelilici ng two
or nore nitrogen atons_as : ng nenbers and 10optionally substituted, or an

ani de (- CONR2). SuischlR ena iglaupdeitiycelided {rogoM, omoonBy sertiteacEt s f or
exanpl e. Sul t@R eﬁk‘?l ﬂfg{fm‘& v bub%gﬁm arﬂloptmcig\%lwbbi@tﬂ; d ary?(}&yl %quomf abl e

het erocyclic Tings” These

rings are pr qu@@tﬁbinﬁ haﬁt@@heﬁld@tioh@i\fttﬂﬁﬁﬂﬁaﬂhﬁ&eﬁhﬂfhng of Formula (1) via
a carbon-carbon bond, i.e., .by a.carbon, atom of the heterocycllc ring

bonded to a car borﬁnét*«bhﬁr@fl R wad & ve NifeRberat (Prargoasher sEgrailta N(ip)form a
101021 lgé%sti ! r%m)@x L%r})te%p(ﬁ[mzﬁn 1&0%{&%8 d’[}% &R QB&L!&% ad%zi loRal
“descri

-(CH2)0_ or a ‘polar grotp as bove. [n sone en%odlnents X
i s COOH; hdtsroatimerkcict ficen &, CarddxyH atie: bicabsost ere. i n ot her enbodi nents of
the foregoing compounds, Xis R2 (H halo, or M, for exanple), and Y2 is

CX2, wher giamoX2 Ths imveiid) &512@@@3 >OThePhPOhREUYHOURccePathld 2112 Qot S Sand/or
enbodlnents X2 is often particularly COOH , 101031 I'n any of the

f or egoi ri@’%ﬁé&ﬁ%‘ﬁ%@%@’ﬁ%&%@%ﬂw anmi@aﬁﬂ%éﬂwi CoMPYAtiEHs pesakibed hpgroag 1
In any %ﬁé&g éfnf%{ %%8%199111&9 I‘é%@!& (ﬁ&)r L@}@%ﬁ,& 2}1&0 1??1&9%% 4&& ﬁhbﬁ@gatﬁ]%{ fn

one- at om
ot hely entibghmeniksipioktis 0 or S. In still other enbodi mrents, Ais a bond

101051 In any of the foregoing npounds ormu , nprls

ring. in 5581‘1%5 eﬁ*b%fml%ﬁ{%@gn?‘%tﬂog “arroaﬁ%ﬂmgﬁ'@f%é’ﬁ%ﬁgéﬁ%O“r‘*|°|ii§ A %>p é} f| c
enbodi MeORS,qnMilS QR ANAY Mo SUOS 1 LWL BEMend NueRIALA SoRodiIERLS, WIS
optional Iy 'substituted phenyl. [01061 Suitable substituents for the aryl or

phenyl r@n%Tﬁﬁeddééhambé@rheweﬂmampms@BheThmsmameeénhﬁhenamyhz@r,heteroaryl

ring is subs itute roups se ect 0 d), M,
Ob? & PR e BRI dider HB 1 e Aier B g ooy b dependent 1y H or
Q. -4 al kg1l m spechhbsaigehedi MRNbR o0l BERHESTs o Mol suB YRS tkkitashepiTeny| .
[01071 S 90|fjc enbodi ments of the subst it ut ed phenyl .that can be Wi nclude

3- chi ordptyenyis N o KR oulophesmypibod Budnie cophleriy of 3- éaﬁb@%y&heﬁ%ﬁmmaﬁd

compound S B tra S R Ng 86 puBEBE bR bR TP el ete

selected from the group consisting of N and NR®, In certain of these embodiments, Y' is N
and Y is C; in others, YhisNand Y is €. 1o these embodiments, R?oneach Y- Y*is

20 often H or C1-C4 alkyl.

{0112} The compounds of the invention have at least one group of the formula {CHjo.
»COOR or a polar group on the ring containing Y” and Y. This group is ofien COOR, or a 5-
membered heterocyclic ring comprising two or more nitrogen atoms as ring members and
optionally substituted, or an amide (-CONR;}. Suitable COOR groups include ~COOH,

25 COOMe, and COOEL, for example. Suitable amides 1nclude CONH,, CONHMe, and the
like. Suitable heterocyclic rings include imidazoles, triazoles, and tetrazoles. These rings are
preferably attached to the five-membered ring of Formula (1) via a carbou-carbon boud, 1.e.,
by a carbon atom of the heterocyelic ring bonded to a carbon atom of the five-membered ring
in Formula (II).

30 {0113} In certain embodiments of the foregoing compounds, X is COOR or a polar group
as described above, In some embodiments, X 1« COOH; in others it is a carboxylate
bioisostere. In other embodiments of the foregoing compounds, X is R* (H, halo, or Me, for

example), and Y7 is CX7, wherein X is COOR or a polar group.



each of Z5 and Zb and Z7 is independently CRI, NR2, N, O or S, provided at
| east one of Z5 to Z7 is not CRI, and no nore than one of Z5 to Z7 is 0 or
S, and t hwoRwimgswent ai ni ng Z5-Z7 is aronmati c; ea®hTafs2040/0891d6 Y4 i s

i ndependently C or N, and yl1 and Y4 are not both si mul t aneously N, provided
at | east oM&l4if hvpntof tya firezaipe wmi*@mpib ofFormpra GR2Y ' wiebeNX2r ¥ scan be N,

(0-17) 0. m ?riﬁm (piqx ' org%om a’dom Oun%s ﬂ?@rﬁm ehga% rl %g 2500k a(%r ry oqg Y2 and

Y3 is aro ach nde optron

subst i t uited 1Gkkr ({\%aﬂ%ylin q@ﬂabb@i@aﬁihm&uh&k iRt aﬁh%{\@ Bﬂ d(EﬁW optl onal |y
substituted C2-C4 aI k nyl, OR_ SR, SO2R, COOR, COONR7R8, or -NR7R8 each R2
i s i ndepaHgBiHReRLs . @R SoRy sigboer ‘iﬁ@bmscﬁlféd‘%ﬁ"ﬂ%ptl onal |y substituted

Cl-G al 1 h I 1y

C s 2 LRSI 3, o DERERSEL X BBy o DB w00 LR |

Rl when &ZbddsmEXR; uRmsaryimdéﬁenﬂeﬁtring at seadh odeuimenc Vit opiianilippt i onal |y
substituted.Cl-C4 al kyl ; a bond 0 oy S n RA is Hor
opt i onal i ?Qtéiﬁﬁgtaf‘fl h Y ‘Jélm AE%@W““ Wi OF’W‘?%EVéﬁ%‘it‘éﬁg}{m?@“@ bstituted aryl

or arylal k{){?'li”” ophianAlintirrPS bt E,HL @Q/I G?&}%%ﬁbfg aQldc RS RRR Aakyl 3 Kithe
optionally substltuted heterocyclyl et érocycl yIaIkyI, or optionally

subst i t utednCs- B8 aiyy of batikylyl ong oysbdalicylvalbkl L gr@borclatité foat iakelyor - A- W
s N|37 (,1} Me, OMe, CF3, CN, COOR, CONR,, and the like, where each R is independently H or
C1-C4 alkyl. In specific ervobodimuents of interest, W is substituted phenyl.
{0118} Specific embodiments of the substituted phenyl that can be W include 3-
chlorophenyl, 2-tlourophenyl, 3-fluorophenyl, 3-carboxyphenyl, and 3-(COOMe}-phenyl,
{8119} Some examples of compounds of specific interest inchude the following, where
15 7277 and Y-Y, and R-RY, and X, L, R and W, cte., are as set forth for compounds of

Formula (1) or (1)

My W
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WO 2011/ 035022PCT/ US2010/ 049116 each R7 and R8 is independently
selected fromH, optionally substituted C C10 al kyl, optionally substituted
aryl, optwornallogseabstituted aryl al kyl, optionally substcraisedoeties oaryl ,
and optionally substituted heteroaryl al kyl ; and wherein R7 and
R8 in NR7R_8 can be taken fmpgether along with N tgWorma 4-8 nmenbered ring
that can be optionally sybstituted, and can cont&in an additional
het eroat om sel ected from N, O and S as a ring nerber. 101091 The
invention also inc e pharnaceuticalL&’ ble salts, solvates,
and/ or prodrugs o oun of -Formula % and pharnmaceuti cal
conpositions as rein that conpk ound of Fornmula (I) or
(H and at |east oriE ph Ceutigial | y acce At or excipient.
101101 In sone enbodinent% qf t he conpounds of Fo a (l11), one of Z5-z7
is 0, 50r NR and the refaiing two are CRI. In r enbodi nents, two of
Z5-77 are selected fromO, S NR2 %nd N, and the ren®inin I(ﬂne is CRL.
This ring can thus be an inidézolgy’pyrazole, pyrrol e, furan,” thiophene,
oxazol e, isoxazole, thiazolk., or isothiazole. 15[01111 in sonme enbodi nents
of the foregoing conpounds of Formula (H), exactly qpe of Yl to Y4 is N or
NR I n other enbodinments, exactly two of Y1 to Y'j&fe selected fromthe
group consisting of N andfN R2. in still ot her enfjodi ments, exactly three
of YL to Y4 are selegted firomthe group coggﬁ"ti of N and NR2. In certain
of these enbodi memt2s, i &WN and y4 is C%in ¥ YA is Nand Y is C
.2 onj each Y1 -14 i;ké E&

I
/
6

4Tu
bt

In these enbodi nents, or d-C4 al kyl.
[01121 The conpour¥ he-¥\qventd on have &at4T e oup of the
formula -(G 2)0- 2006R or ? pgrar group on the rimg cghtaining Y2 and Y.
This group is often COOR, ./ 5- nenbered heterocycti{c ring conprising two
or nore nitrogen atons as ring nenbers and optionally spbstituted, or an
am de (-CONR2). Suitable COOR groufs) i ncl ude --COM 25 COOW#) and COCEt,

for exanple. Suitable am des include CONE12, CONHMe, and the like. Suitable

S
het er ocycl j ings include inmdazol e triazol trazol es, .. These
s ar o 520 875w e TRE SR ; D RRLERN BRE MG BRE RSN AT )
via a canRbm 688 bonk®RN G Hisr 8ptioWy dus@hhancatiomef. wheohetanoeygliiged i ng
bonded to a carbon atom of the five-nenbered ring in Fornmula (11). 30[01131
| n cért ail @rpdanabrugsisiicd hey itlsyle gpiiviglis onpotines hetxopyl coamiceaila pol ar

roup as_gdescri . Ll > Lents,. A4S QOO in.others it is a
garbﬁxyf%?gﬁ%%ggg%ggggéﬁy%ﬁg%@%gshg @%F%ﬁ%%%“%{giﬁé> bréidﬁﬁgkg%ﬁpounds, X
i's R2 (IHeterbaledslalayl; Meoptfmaliexanphe)d Caas oY2ioh By Ca2optivngil eiubsaitdds COOR or

a pol ar grouP. WO 2011/ 035022PCT/ US2010/ 049116
cycloatkylatkyl; and X s -COOR or a polar group.

{¢121] In onec embodiment of Formula (Ia}, (ib}, (Ic), (Id), (dia), (Hb), (Hc}, or (11d), A is
10 abond; W is optionally substituted aryl; optionally substituted heteroaryl; optionally
substituted heterocyclyl; or optionally substituted C3-CS cycloalkyl; and X 18 -COOR or a
polar group.
{61221 In one embodiment of Formula (1a}, (Ib}, (Ic), (Id}, (iay, (Hb), (lic), or (1id), A 13
a bond; W is optionally substituted arvlalkyl; optionally substituted heteroarylalkyl;
15 optionally substituted heterocyelylalkyl; or optionally substituted cycloalkylalkyl; and X is -
COOR or a polar group.
13123] In one embodiment of Formula (Ia), (Ib), (Ic), (d), (fa), (Iib), (H¢), or (1id}, -A-
W is -NR'RY, and X is COOR or a polar group.
{8124} v one embodiment of Formula (Ia), (Ib), (Ic), (Id), (I1a), (Iib), (He}, or (TTd), the

20 polar group is sclected from the group consisting of



[01141 In any of the foregoing conpounds of Forrmula (11), Y' can be N, or

Y4 can be N 10115] In any of the foregoing conpounds of Forrmula (11), A
can be a Wwordi1/3s02a. one atomlinker (N, O or S). In someTarseébodments. A
is NR4, such as NH. In other enbodinents”™ A" is 0 or S. In still other
enbodi ment s is a bond, {01161 i any of thexforegoin corrpounds of

. Formul a (1}; E&orrprléx‘%‘a ri ng -n;,sone effbydi nent s, ,'|_§ an aryl or
heteroaryl ri ng=\In specifije NLSRAW i s tonal I y &itl tuted aryl .
in certain emmt%ﬁt s, WY S pFI onal Icy Ysubst i t%t phenyi\ o 19117]

Sui tabl e substi tuents for the aryl or phenyl ring are descrl bed herein; in
sone |nst nces aryl heteroalyi ring_is subst ed wit-h 1-2 groups
sel ect ed”f ha o\ (F or /(IJ)Q Gh), ~Me, HOWE, and t he

| i ke, wher e-z\each R Gl ndepfen'blemt I );51\ RACl @Pyal ky kn spec
enbodi nents “of mt@rfest Wa's subst bt yi ed pReny . F\iLOLNLB] Spie i&,c
enbodi nents of the substl tuted phenyl that can be Wintlude 3- "

chi or ophenyl , y*?%l our op ny| }ﬁgorophenyl 3-car boxyghenyl , and

3- (COOWe) - phen
i ncl ude the fol I;ovm ng, where 152

W etc.

[011 Some exanpl es of ¢ ounds of $pecific interest

are asjfsat forV‘h"%r u/[ﬁ;d&Aof ROr rrujwa“( N, kaéll) VO

2011/ 035022PCTHUS2010/ 0@9](&’6
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Utilfities of the Compounds:

10125] In another aspect, the invention provides a method to treat cancer, a vascular
disorder, inflammation, or a pathogenic infection, comprising adninistering to a subject in
need of such treatment, an effective amount of any of the above-described compounds.

{0126] The compounds of the nvention are useful as medicaments, and are usetul for the
marufacture of medicaments, including medicaments to treat conditions disclosed herein,
such as cancers, mflammatory conditions, infoctions, pain, and immunoclogical disorders,

{8127} The compounds of Fornula (1) and (I} are active as inhibitors of CK2 kinase, and
are thus useful to treat infections by certain pathogens, including protozoans and viruses,
whose life cycle, pathogenesis, ete. depend upon CKZ2 phosphorylations. As described above,
CK2 inhibiis phosphorylation of critical proteins in HIV-1 and other viruses, and inhibition of
(K2 1s thus expected to deter infection and progression of viral infections, which rely upon
the host’s CK2 for their own life cycles, Antiviral activity following induction of viral
expression with TNFa, 1 this cell line, can be measured 72 hours after induction as a
reduction of the HIV-1 reverse franscriptase activity to demonstrate the antiviral activity of
the compounds of the 1nvention,

{0128} Accordingly, the invention provides a method to treat viral infections by
pathogeuic viruses that depend oun phosphorylation by CK2, including HIV-1, human
papitloma virus, herpes simplex, Epstein-Barr virns, Hepatitis B and €, human

Cytomegalovirus, adenovirs, coxsackievirus, and varicella zoster,

I’
L5

\,Hand Y - Y-@nd R -Rénand X, L, R and



101201 In one enbodi nent of Fornmula (la)" (Ib), (lc), (Id), (1l1a), Jib),
(lie), or (lid), Ais -NR4, 0O or S, where R4 is Hor optionally substituted
G -C4 acyD;20MWa3so2eptional |y substituted 5 aryl or optipomalsbrosudasé it ut ed
aryl al kyl ;;g(m)%y' onal 'y substituted heteroaryl or optionally substituted

het er oar yl § | The Eit‘vmmﬂ pr;@\'si@bmt«ﬁmﬁ & tratieg pisyesbyl diendgptidmaliryiozoan
substitut.ed.het er Lyla _subst - oal kyl
or opti Opna? ti}\ig lfl1 gfﬁir}a%(fgau%%é Opfn mi'F) aﬁ)f&qufuax %orysn}(, orw%g 1(,C§ dl‘mXKdIﬁI%

group. 1(iR%] ﬂdhﬁko@ﬁﬁm&ﬁ?@dﬂ(ﬁi@ Qﬁad@hcéffhﬁmﬂ @ ifdnz@bcorhbinisddl }’ﬁi)lf‘nté |a@i)w (akla) ,
(Jib), (lie), (I'M, Ais 10a bond; Wis optionally substituted aryl;
opt i onal %@ggub%%q&m dibﬁéfﬂéﬁ%a@yqthodeé@ FeHarngusyibe tiucednHedias S8y vk or

opti gnal | v&) Ok group
A i R L D M G s A i
(I'he), orinEl(HERW), Postdn-dabondis (WBNVS, loptananalrhgzabubst, ilﬁph‘t&ds @ayd Bhiybes,
optionally substituted heteroaryl al kyl; 150 Lonal |y substituted

het er ocy‘c‘?ﬁW%(PRW“ E&“ﬂ%ﬁt@%ﬁéﬂwdgwwtm éfyarw@waawwnd BHEH i s -

COCR or 2Rk A%, gf&l{ﬁcthcdb A0423ln gl iﬁﬁs@%ﬂ%@@@hﬁlﬁ%& Bfniki Qir@HH & { bdocit{d b)
(lc), (I'd), (Ha), (Jib), (He), or (id), Wis - 71le; and 'S or a

pol ar grmap thereol an eﬂ'eﬁtm2241}mjlrmobmeommmaﬁntmdh j(For mula (la), (Ib), (lc),
0, 1oy i S s RSB R LA R T
one compound within the scope of the invention as dwcribed herein, and methods of using
compounds described herein.
10131} In addition, the invention in part provides methods for identifying a candidate
molecule that interacts with a CK2 and/or Pim, which comprises contacting a composition

15 containing a CK2 or Pim protein and a molecule described herein with a candidate molecule
and determining whether the amount of the molecule described herein that interacts with the
protein is modulated, whereby a candidate molecule that modulates the amount of the
molecule described herein that interacts with the protein is identified as a candidate molecule
that interacts with the protein.

20 [0132] Also provided by the invention are methods for modulating certain protein kinase
activitics. Protein kinases catalyze the transfer of a gamma phosphate from adenosine
iriphosphate to a serine or threouine avmno acid (serine/threcunine protein kinase), tyrosine
amino acid (tyrosine protein kinase), tyrosine, serine or threonine {dual specificity protein
kinase) or histidine amino acid (histidine protein kinase) in a peptide or protem substrate.

{0133} Thus, included herein are methods which comprise contacting a system

[\
W

comprising a protein kinase protein with a compound described herein in an amount effective
for modulating {¢.g., inhibiting} the activity of the protein kinase. In some embodiments, the
activity of the protein kinase is the catalytic activity of the protein {e.g., catalyzing the
transfer of a gamma phosphate from adenosine triphosphate to a peptide or protein substrate).
30 In certain embodiments, provided are methods for identifying a candidate molecule that
interacts with a protein kinase, which comprise: contacling a coraposition containing a
protein kinase and a compound described herein with a candidate molecule under conditions
in which the compound and the protein kinase interact, and determining whether the amount

of the compound that interacts with the protein kinase is modulated relative to a control

36



Utilities of the Conpounds: 101251 In another aspect, the invention
provides a nethod to treat cancer, a vascular disorder, inflammtion, or a
pat hogeniwoi2nfi@ssi2en, conpri sing adm nistering to a subjpegtuseoroneads of such
treatnment, an effective anount of any of the above-described conpounds.
10126] Thisrasoapboindsnt dfc wmpouny end ihepreiria ket malhorsthpredidedmenpiculand are

usef ul tog themau({ cture .of, nedicanents, ingl i ng_nedi ¢canent.s to..treat
2, . wherebva *'H:Eil ?ﬁ mo{ecule that 1 Qduﬁtes%w anmun(%.()lfl' e (,%m oumg micraciie wilh
condi ti ong” di'strosed herer, "Such™ds Cancers™ " nt [‘anmatory condi & 'Ons,

i nf ecti ans praesiih Rinadpebldtivaum dleaghgal indk&a6a ey SenlfiiQL 2 Chndibee eompougst of
sef ul - biskr o EaeiTaS By St aPEAT SRS feIRc 3BT OBane and
oh ospnovy ot et X i fes PRI ove, “ai2 i nihi by 5. phosphor yl ati on of
critical pios4i A&ciprottthWarhsanik atrhenndior Usasgleandid sumiddrtbaiimedts GKA 1s t hus
7ol y upGH> ARG st >GRO tE BT TR Tl BTORRE TR A1 act i vi Ly

fol I ow rkg\;niaﬂﬂﬁﬁEﬁc@ﬂxe%‘}gigénrk%!xasgwc{&&§éapaﬂa, Wighe (N chiber | »ﬁliﬁ*éﬁin%ﬁ%ﬁzl | line, can

be neasured 72 hours after induction as a reduction of the 1-11. reverse

t r anscr i priasienaot iheirytctndideronsipristse: dowetad labelrmall ractriap typboalinehe the

conpounds_of the invention, [01281 Accordingly, the invention proyvides a
et PO vorPuld SorPh i Bsebbria Ty TBE St g e o e bR BEkha on
phosphoryth@td BRaReKamet RClcudicagyitirolil Yudiecthivi@®dbhepapi | | oma virus, herpes
simpl ex, .Epstein-Barr virus, Hepatitis B and C, human Cytonegal ovirus,
adenovi r s, [0¢3¥s Hewiidad alipsare gpipvationsell ptizpeqraprisingypprotein kinase and a

2011/ 035022PCT/ US20104 049116 [01291 The j.nvention provide t. s for
roating DIGCASac oo ey 4 sten SREXBrlT5, baN ROt BL By Lo SPmERRRS ¢

i nf ect i oRrin®YhPATHAS plottn RINEEDZOAcHESPOBSInRING, fierpraelidhagiisdle dhiokiden s
such as schi zophreni a, paranoi a, and encephalitis_in inmunoconprom sed

pat i ‘ent s> HLOWBINS 58P EHAGas! Cag sEagbunibSh d@nypovil ddemvet Abddd ¥ 4 Yieht
various yiral..di Se iac! ygdi Ngphy i ¢ I LS .

(11 v 1) SR faee O AP P R R S EREK M S PRty
Epst ei n-iBacl tret pubsoiBv)cs thupetvic yinesmagalraonbusint hepati tis C and B vi ruses,
i nfluenza éi éﬁs’f Bona di sease ,vixr%u_'s, adenovi rus, coxs ckievirus,
cor onavi r u8'3d THAPTEER FE%0sTERe VT asY SeHec-ret hods s 5Pt ¥ BAPYHG ¥rdke

di sor derg, GONMRY1S 8mBRMERLSHRE oD GrliR - BrSHRL §64tciniNR e nENSL @R i ni@Bited, or ,
(.41i,Ttive amount of a conpound of Fornula (1). 10[ 01301 The invention in
par t20pr ovidpscphalytroeubitoh by composidsidongosed hprinsinigdatithedd migenconpound

ithin th f the,invention,as. i bed her ei methods qf usi
e RRSERE Bl IEL R 90555 RERLTRE. BaATENE REg 1 o

provi dess:Apé-Hees: ihoprotdeRinkiydongiitnes andhdaber oml esubeilRahiainiesacks with a
0(2 and/or Pim which conprises contacting a conposition N
more of the following amino acids at positions corresponding to those listed in human CKZ:

leucine at position 45, methionine at position 163 and 1soleucine at position 174, Examples

[\
W

of such protein kinases include without imitation human versions of CK2, STK 18, HIPKZ,
HIPK3, DAPK3, DYKZ2 and Pim-1. Nucleotide and amino acid sequences for protein kinases
and reagents are publicly available (e.g., World Wide Web URLs
ncbinlm.nih gov/sites/entrez/ and Invitrogen.com). For example, various nucleotide
sequences can be accessed using the following accession nurnbers: NM_ 002648.2 and
30 NP 0026391 for PIMI; NM_006875.2 and NP_006866.2 for PIM2; XM 938171.2 and
XP 9432642 for PIM3,

{8137} The invention also in part provides methods for treating a condition related to
aberrant cell proliferation. For example, provided are methods of treating a cell proliferative

condition in a subject, which comprises administering a compound described herein to a

22
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15containing a CK2 or Pimprotein and a nol ecul e descri bed herein with a
candi dat e nol ecul e and det erm ni ng whet her the anount of the nol ecul e
descri bedwbepdiaisi2kat i nteracts with the protein i s nodeCatusd)lommaneby a
candi date nol ecul e that nodul ates the anount of the nol ecul e described
herei n tdwhtect mtrepddoscolin i ttheup cdedive th srepidanedlf Pl fusling waddivdat &

ol ecul esu%h%F 1’T1i'10%7§£?"9‘tﬁ”s rcWa;;[lipnfti F‘Q p{'%tlgti g %gilglji%%g' 'EA(I) St%ngfi Qtimqeigin?fya the

i nventioh are nethods Tor “modulati ng certain: prot el n ki nase " act i vict1 es.
Prot ei n khiases Latahyzefitthaod andfelanafimar)gmeramhiiosphatesd £ Bimadenosi ne
tri phosphaue to a serine or threonine amno acid (serinelthreaonine protein
ki nase) , Cotyiresiodva APHBUAEFOnENAE IS HENP b ReP RISy, nelpdigi e oseri ne or
t hr eqni | . A felg 1 ei.n. ki 0 i st di 1.N0.aci d
(1 o0 i kR FRER O cotorBiBhohiledt AAENC pallrEhe, Hoh ANRIBE. 0, 33,
Thus, i nabseedbiher eianl ariecoktshedsvavhkidhec bhprliasé hean{agt icokeraasystpboma,
conprising .a protein kinase protein with a conpound described herein in an
anmount eff¥e¥ e for nmodulating (e.g., inhibiting) the activity of the
protei n kimasg. Al $O0R-EMALLABALSy (LN MY Okl Re ek elfan Ji nase is
the catalytic activity of the protein (e.g., catalyzing the transfer of a
gama phesphbtrexhmphn, adends irerovilphos phatites taon & pepidcdevioch protreicn
substrate).. 30l.n certain empbodi ments, provi.ded are nethods for identifying
2 candi dRPinRErde e AR TRE PR T A ORIRT &t 1 RIRASE S ACER conpr | se:
cont act i figcBvE MRS IHe A0, CoRLAENLERPY 2R BERbEI 0T 1k RAS B IRAGHAA 08 QIR QUM e,
described herein with a candi date nol ecul e under conditions in which the
conpoundvainl celprigs wnEnntcking asemipatiet ¢eeribeiiprdp e men gt wrdtthaeokihan

amount of the ecoppaund that.interacts Wth. the proteipn kinase s nodul ated
Covati vornaig oBRTREUN L IRt Wl b EREL S mls O B R TRl RS R e et ween
t he conpound, &ndcithecpkab sbnckinfas & \Wdyeut hinhe:, daondithat asspledulies  wher eby
a candi dat e nol ecul e that npdul ates the ampunt_of the compound interacting
wi t Bt heDBRETRHAR REhBRR ety ¥t BrEREotEne Folusi Measibuey Pol- pierpgentd f i ed
as a Canﬂ%%h%eﬁ@?ﬁiﬁﬁé‘%?\E%EQ%?H’é?a?i?éﬁ&ta%th\!ﬂat, ch&%@cl&ro?gs%r@néﬂi@@%ﬁﬂi%Y g%ﬁgz In

such enbodifrents can be a ce ree systemor a system conprisin
(e.qg., idisazke, kcbjonic paid @CkBHAL s Theaspr atr@bns, kivhas elpmthigr, compounddiepetdhéry
nol ecul e in sone enhodi nents is in association with a soll.igﬁgih se. in

certai n SRHGHFHBHTPYPHELHEBa LT GR SEWEEHOTRE Bo kP8I tHE™pr ot ei n
kinase i d@iLal@divi@r Rt GRLARL QI AL intcWRER B 1k S QiR embodi ments the
protein kinase conprises a detectable | abel and i'n certain enbodi nents the
10c o ourch/ etirgrd hesnaodetrdetiabhetabdbedyndMive (Fymtdepae t9) ony betiweephrithe
conpoundign~,the r ot ein ginasq ﬁQQ§'TnE§AL' ;&ggc%egv¥ﬁ;h9ut ?,g%tectable
| abel . OP°T01 3B TORIGY PURY HICE RS STt oHs of dRat Yar e AR Sing a

prot ei n kipAasepaRiia NPT OoMchpdasRI PRetsBek @ltasel Dusamesanhedi-aratis, the
protein kinase in the conposition is a serine-threonine protein :kinase. In
sone enbodiwENEY PadyeKpF otlEpH kil t AiseHE. EoNpbaT TRBATYIBIagMCgk bedht ai ns

a subunit (e.0... (Cat: 1.G. SU .t oH2. d i, . ,n). of ., .CK2 or a
ok S AL, SR R I R R SO, 8

enbadi mentsoddn@a COmpasi Bjcgren’ Ssybetdmd, sgrtiandosoekinieSnihBagy;, afndbmitki nase
is a reconbinant protein. . [01361 The protein kinase can be from any
sour ce, HHER HERJB[acEoRs ¥ AAdATEPAHEE CHChiian I FBmaEska fre. copseindides  of
seri ne- ttflggg%i ne protein kinases that can be inhibited, or 20may

potentia Ty e inhibited, by conpounds disclosed herein include w thout
limtation$i3%] Methods for determining and monitoring effects of compounds herein on pain or

inflammation are known. For exaruple, formalin-stimulated pain behaviors 1o research
30 animals can be monitored after administration of a compound described herein to assess
treatment of pain{e.g., Li et af, Pain 115¢1-2}: 182-90 (2005)). Also, modulation of pro-
inflammatory molecules (e.g., 1L-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 et ol., {nt J Colorectal Dis. 22(6): 601-8 (2006)), for example.

38



human versions of CK2, CK2a2, and Pimsubfam |y kinases (e.g., PIM, PIM,
P1ML). A serine-threonine protein kina.se sonetines is a nenber of a

sub-f am |wocont@sizng one or nore of the foll ow ng am necCadaisdsl0atIIPeOsi ti ons
correspondlng to those listed in human CK2: |eucine at position .45,

met hi oni Hasati sawrsmckéﬁrm@etheﬁﬁfw §etreen@me\ Fatthqé‘@swmp@nndg@runmemﬁes of such

protein k 15 NASEs incl.ude tatl on human,, ver si dcfmucf\ggdhaSILQO’

Ef t PK2 %R‘é Oif.)ﬁﬁ(ﬁn VBV m’m iy wn %c?yegﬁl genheiln(ﬁ)r%\nmm acli d seguences

for protiian aﬁ@ﬁﬁﬁ&cﬁﬂ@fﬂreﬁgﬁﬂﬁtﬁlgaég mﬂbﬂnnﬁ@yshauahh@bife vt Qgnal Yor 1 d Wde
Wb URLs ' ncbi.nl mnih. gov/5|tes/entrez/ and Invitrogen.com. For exanple;
varlous1ﬁﬂ@m€8ﬁp%én§@quences can be accessed using the foll ow ng accession
nunbers: ~ 1 for PIM,; NM 006875.2 and NP
006866, }%ﬂ% big, 43264.2 for P.1.Ms, [01371 The

i nvention j@lis@ ihnarpﬁimtr apgmrv|thieswarﬁtquﬁs»1ﬁmpmrmatmxngalaompmindmdm related to
aberrant _cel | rolléeratlon For exanp rovi ded are netgods of. treating
a cell pf%‘l”‘il’fie 0 JBS ROHORET b2, ‘r?“&‘oé‘&ﬁj]% " SO R 2 COMBPTEEY A ni st eri ng
a_conpouAesar. hefl duerehnaipad, (V0 A% 1ARISAATAET L BROKBLOASIAG, Hubiect
in need thereof in an anount fecti've to treat the cell proliferative
cond|t|emﬁuvhewshb]b@ﬁcmayhbemaunesEaa@hpmhkmamp&m;grwwm@déh@ﬂmdﬁgth@at

), nal | y cont ng a.tunor eno raft tunor (e.g.
e R R S e A N e R
Condltlon§%@$ﬁtwmﬁ§th@g@né&ﬁ@ﬁm%&d%Qﬂuk&@Eﬂuﬁﬁﬂ&ﬁfmv&ﬂﬁhuﬂﬁﬂ%nEMhﬂﬂQt
limted to, cancers of the colorectum breast, lung, liver, pancreas, |ynph
node, cdﬁ@ﬁﬂl%W@@ré@%@H%WﬁMﬁmﬁﬁeé@V@ﬁﬁEHQ@Ruﬂ@kﬁﬁtﬁﬁmv@ﬂﬂﬂkﬂéﬁéyﬁ«ﬁlood and
P?Z;E : ﬁ;&l&%l aty OF dd%/ ?%% cribe db 1t<. ugzr{l%%)uumgs g‘yl ri;Arloc,r‘{ rrgﬁmo‘!:')!v %g@gjt maﬂ%&gﬁlﬁi‘g t ];lgtr:is

are provikdednd oot zﬁme@me’;go,gaumwmmi cﬁ‘lﬂﬂ&]sﬁ@ﬂwd Mmemd:omrdua@cmaﬁmam stering
a conpound descrlbed herein to a subject in_need thereof in an amunt
ef f et | VIET BEERie e UpHdo Janier Py e d de er%%&%éeﬂ REISFHESCBE Iny ¢riwpipgude

infla oﬁ b o g»%x%h@ ers M‘b&%&{? cﬁ?&l Qine it bRg Lﬁl&gf’{m%e
descri be ereiln to a subject In nee ere 'n an anmount effective to
treat themmnﬁbamnaﬁmaneﬁemensmbbmtﬁmmm@ﬁ@e a research ani mal rodent, dog,
cat, nnnke,% fgh exa or nay be. %thF ndi ti ons aSSOCI?ted wth
15i nf | ammeli 61 AAETBSF 1‘@%&%@ WCHBTRIC (9 APE Kt D6 R AE T FEPPUcHEar t bur n,

acne, all@fgkRSn@Werein the active ingredients are contained in an effective amount to achicve

20 the mtended purpose. Determination of the effective amounts is well within the capability of
those skilled in the art, especially in light of the detailed disclosure provided herein.

{0143} The compounds of the preseut invention may exist as pharruaceutically acceptable

salts. The present invention includes such salts. The term "pharmaceutically acceptable salts”

is meant to include salts of active compounds which are prepared with relatively nontoxic

[\
W

acids or bases, depending on the particular substituent moieties found on the compounds
described herein. When compounds of the present invention contain relatively acidic
functionalitics, base addition salts can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired base, either neat or in a suitable mert
solvent. Included are base addition salis such as sodiom, potassiurn, calcium, ammonium,
30 organic amino, or magnesium salt, or a similar salt. When compounds of the present
invention contain relatively basic functionalities, acid addition salts can be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired acid,
cither neat or in a suttable inert solvent. Examplcs of acceptable acid addition salts include

those dertved from inorganic acids like hydrochloric, hydrobromic, nitric, carbonie,
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all ergen sensitivities, Al zheinmer's disease, asthma, atherosclerosis,
bronchitis, carditis, celiac disease, chronic pain, Crohn's disease,

ci rrhosi swocolvw3se2 denmentia, dermatitis, diabetes, dryPeyﬂsmHGMehmﬁ
enphysema, eczema., fibronyal gia, gastroenteritis, IVItIS hear t

di sease, mhfé}iﬁﬁi’wgcarwrgh pbmxiiéﬂgn@@mérogrfimé@ﬁﬁﬁwrnce s rpaowhobMeest i ti al
((:)Slflf'lijf’ Iorsréﬂij Olf, nl;.[’l()nﬁ %’(‘U’O(Jﬁbuhglim YL rt(‘Q\BeOK ;{% 108&10} (t\l!% aag}ﬁlag{i il {T'Blt abg}l‘lr\/onepﬁ?:’ E)II'TISE
(AN, | uvesn tidfi(iix e@Wﬁ;tm ﬁcii&h@%eiyordsbﬁﬁaﬁ@mcaﬂ@dkt &}pexdmgﬂe pi&b@cﬂ @phlifis] s ( NPEEP),
osteopor05|s Par ki nson' s di sease, Guam Par ki nson denenti a, supranuclear
pal sy, Ked bugyri, SE R, MANC HICEKOS, *ed!iwszws @iDCHS, MBRNCAacitp FERYe l‘-ﬂﬁ%ﬁi‘iﬁlﬁm nt,
O oo he AN SERIAORALCT A, AEHLOBON AL, ) €350 PRLY A LERLALS

pol ychondr scferoderna sinusitis ren's syn r one,
spastlc(aahﬂmcﬁsyﬁmemnmaﬂﬁnds&@a&usmKMBQHEMMhﬁsahwaﬁmﬁmmq&i&aﬂkgﬁmmﬁ@klons,

vaginitis, |nflammat, ncer (e.g., inf tor hreast cance and the
li ke, [OX3§ Cf\%‘?ﬂbag‘% %‘i‘f %@ﬁ g? n(rgerﬁ ?Rjeéﬁ’&?i%g 8?*1‘”@6%11%‘ %,%rvpounds
herein op,pal; @fP?%f,;';ﬂfalzWS&@%@E@T*@QV\PEQF@Em%%BRhﬁ@ aéiﬁ;‘ié’ﬂﬁz’cﬂ Br &1 mul at ed
pai n behaviors in research 30animals can be nonitored after adm nistration

of a conpountindesom dvaththkeibibasit endissdsdutateatimenthohllpaitie {euppupddio tet

Pain 115(1- 200 nodul ati on of pro- inflanmmtory
nnlé@ulé§?ﬁm§&i€§%KiaT‘ﬁéei%ﬁg g&iﬁﬁﬁé % pha and i NOS) can be nonitored
after ad”ﬁ@ﬁ&4r@&h&ﬁk@%i@nﬁ@H@@Uﬂdﬁﬁﬁﬁ%&hﬂﬁthQ&%hﬂu&Q reaasssuidegat ment  of
i nfl ammati on (e. Parhar etal., int J Colorectal Dis. 246): 601-9

(2006)), %ui%?esw@t Ff-‘eu fmn@xzmﬂm?a&ss@z@myt%% TOr0%0 e rahu dartales E i ovi ded
are met hod aus %L? 93 r”én({ et LR%E lﬁau&’?g?am her&li.r S‘udz’%m?s'é‘én!g amggﬂt' on

or pain, onpr se con I'ng 'a sys a conpound descri

herein i dmda,aitawah amigf deat m\tﬁ ai Qirytamad uhat Tige @ﬁtqgmw baficpibd BY nctiRels
activity of a pain signal or inflammation signal, conpositions and Routes
of Admi rirswdeiteise skilgd ol n anot her aspect, t he |nvent|on provi des

phar maceut ﬁ@@% GRIROSLA QRS Oﬂih‘e%'ﬂ mp &8%%%568%}&%% T mB r‘i?%?ﬂcgu?@(h iy

conposi tions can conprise a conp

(1c), (lst,wiH Abaxc(uhamd afll Mo)a,a,mg mmpammmdm@bmwm ihsmdﬁ/snmmhémdhﬁne'fm whi ch
is adm xed wi.th a¢ | east one arnacgutlcall ggce pt abl e. eXC|p|ent or

carri er . PEFB{UERTY J° CORBONECBHESSTVT 61 ‘@BRT 12dle8 By I S 5P Ryl

phar maceyhhGabd ¥udcsephanl:e iexahpignlg or carriers.

20 {0146] The pharmaceutically acceptable esters ju the present invention refer to non~toxic
esters, preferably the alkyl esters such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl or
pentyl esters, of which the methyl ester is preferred. However, other esters such as pheoyl-Cy.
5 alkkyl may be enployed if desired. Ester derivatives of certain compounds may act as

prodrugs which, when absorbed mnto the bloodstrearn of a warm-blooded anirnal, may cleave

[\
W

in such a manner as to release the drug form and permit the drug to afford improved
therapeutic efficacy.

{0147] Certain compounds of the present invention can exist in unsolvated forms as well
as solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are encompassed within the scope of the present invention. Certain
30 compounds of the present invention may exist in multiple crystailine or amorphous forms. In
general, all physical forms are equivalent for the uses contemplated by the present invention
and are intended to be within the scope of the present invention.

10148] When used as a therapeoutic the compounds described herein often are adnunistered

with a physiologically acceptable carrier. A physiologically acceptable carrieris a
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101411 Wil e the conpositions and nethods of the present invention wll
typically- be used in therapy for human patients, they may al so be used in
vet eri narwornediasseze to treat simlar or identical di sea®e3/USTe/049116
conpositions may, for exanple, be used to treat mammals, including, but not
limted iiemlulpﬁi‘m’mﬂei@wéﬁ@ t@@ﬁ@@ﬁﬁ et %ﬁadﬁﬁﬁﬁfﬁﬁlsﬂdw@t@tﬁmqu fd@ﬁl@atmty 15 for
exanpl e [ es.

ag Ti’.]lﬂlb 9( d\)‘(} anrﬁgies (‘?ﬁ 1‘/ S d‘) %%% 73 E‘v JI(A f.pci(?{) @ar ’('lﬁ’f‘» H‘(L U(?b bu&u » f’(ﬂ?thd

i nventi of T HE

drugs, wagdeten s@i@&hpﬁisrsuggglsalg haces @,hm;xture of |sorrers or one or nore
purified isoners, [0142] Pharnmaceutical conpositions suitable for use in
the pr eser&ﬁli@%véﬁi%n«ﬁhwrﬁww@@@(éérﬁj@ﬁixt» |d@)1ﬁ§1f~mé%i #rohe Rt WauflHEe edi ent s
are cont

Dot e rarioanaf fR Bl iy (R RURhod & B M R Rl ] LFRARA R LISE,

t hose skixdahgtt, Kmnpdnmdam\,mgﬁpﬁm@m yruckurkd @d&tpactbr ﬂaheugdmmohedf ﬂhﬁbbmur e
provi ded herein, e corrgounds of % pqaesent | nve on may exi st

T t
as phar niceUfiEHT 9![ ’éE‘é‘@ PhBIcdeRAPPEt pha B PEs BAt RUCETBE P bR s uch
sal ts. ThegnherMcophar MRGautdieal e ac6sptaRle usaltSnt ihSciBARhy LQoIBEkLYde
salts of active conpounds which are prepared wi'th relatively nontoxic acids
or basesynudepdnpdéngtion o h@mpanmumsrh arorgubystart Qémtpnmihétaﬂgsmﬁoum on the

unds descri bed he res i nvention c ntaln
ol SRy IRER €51 GHEUT b 10T BY D s Pa et R SRR A B DB e
cont act i RAut H@netTialn £00Mo@inesiueh Coupesbes 1M ) assufddsi eMararpunt of
the desired base, either neat or in a suitable inert solvent. Included are
base addht conpaaids of thehiesas! isuelltion whoherssiigntivear spume wnivnised Wabor gani ¢
am no, oF.. 0F O-%lthcrq{ m? LveQland simlar salt. Wen conpounds of the present
i nventi on- contai n re ? aS|cfunct|onaI|t|es acid addition salts can
be obtai ne@iby; comdaesd m;gsattm@nﬁe;ué palsedtofivondbn §Hﬁﬁlie@@ﬁi}&pﬂaﬁlﬁﬁ it i@ a

sufficient amunt of the desired acid, either neat or in a suitable jnert
sol viént . MissiaPEs Brodaie epthamioamsene daeiterdirdapiedhpsicrugeutdidhd sk ed

oo AR BT U BN SUSTR  piiine.Y0

nonohy drpgenphosghor keditghimd pogeaphos hebira;rtes ub ﬂlfﬂ’dk)ﬂlpoundb of the present
nonohydr ogensul fu iC, %‘% dic, .or hos horous aci ds ,andOaL he |ike, as well
as the s4F¢Yicy |‘\/‘ta‘=?ff’“1‘l T }@gf“n’x}é’fﬁ& G Ot VOPgaRT ¢ aCH o FHFPExanl e,
acetic, RLH@RI @E}lzf?bc 41&9@6@)6( 1%od (TRLEL Fup TRE OB e &%&%%&ﬂu@ﬁl%@xbi@b%cccﬂz&%r' ¢,
fumaric, lact mandel’i ¢, phthalic, benzenesu FOHIC p-toly-Isulfonic,

ci t rate, trmdfamatpdm}etdﬁawes vut%faow?@bieamdymmr ¢hﬁlt<rew1ﬁ¢»s,©ﬂu ncI uded are salts

of am no and and_ sal ani c. CI ds
R T Iyt R Rl o el (R R T R A e
al ., "PhaidnBaceUbdialy ISakt:30 tholoWingl inahe Rhak rre@ntly CaherSei RRGEa 1877, 66,
1- 19) Certain specific corrpounds of the present invention contain both

basi ¢ arfbEErEH YRRt Morad & EBbar easulglifusiist Heh cubiYoUngs aeoclystcdgeshver t ed
o Com With prificipics fenncal b ing and to give compounds which are not
into either PASE:RL-AGLA: 3FMLLEN s3RhkS and o o pounds wh

-

25  inherently unstable and/or would be known to one of ordinary skill in the art as likely to be

unstable under ambicnt conditions, such as agueous, neutral, and several known physiological
conditions. For example, a heterocycloalkyl or heteroaryl is attached to the remainder of the
molecule via a ring heteroatom in compliance with principles of chemical bonding known to
those skilled 1o the art thereby avoiding inherently unstable compouunds.

30 {0152} A compound of the present invention can be formulated as a pharmaceutical
compaostiion. Such a pharmacentical composition can then be administered orally,
parenterally, by inhalation spray, rectally, or topically in dosage unit formulations containing
conventional nontoxic pharmaccutically acceptable carriers, adjuvants, and vehicles as

desired. Topical adminisiration can also involve the use of transdermal administration such,
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101441 Exanpl es of applicable salt fornms include hydrochl orides,
hydr obr om des, sul fates, nethanesul fonates, nitrates, nal eates, acetates,
citrates,whunawes@@s, tartrates (eg (+)- tartrates, ()-ta&crrskes/oar116n xt ures
t hereof, including racem c m xtures), succinates, benzoates and salts with
am no acﬂ»d@nsdm:mdh@t@m raintopheicdis dThigse Thakars: maﬁ;nts‘b’é rlépféh‘é’émbydﬁéﬁshods
giﬁggm d‘at gia L}%nwus f‘(fé; (110 Rb 1)“|1l§]d\ éﬁ%l%saintramb\"ufg rd ﬁ-lgmbtt@lrrﬁlg 1‘(%} rh(. 1101;}3('}1 tmhibiﬂﬁ gebas e or
aci d an&ctl&@d;@'&l Hftgmhhﬁop@feﬁgs mmumi ih ol BEaangoaveRtveQnahn PRERSIMNG TR
parent form of the conpound differs_-frog1the various salt forms in certain
physi cal PIFFBREHUITESL Ssieh BasMad Bitisheg (o Feloar Psol Venther zoannlase! The

phar naceut nyerptdion reir to

mon- Coxi e R B Ao B Bl 1L B T T ety

propyl, ?HKWM@@WHKADGR%%MLEQGDMIN%ﬁﬂtDpﬁﬂmﬂ%ﬂwé@ﬂe@ﬁ&,d@gﬂhlCh t he nethyl

ester is pr ed. However, other ers such phen . 5.alkyl may be
enpl oyed .iﬁﬁa A e S S Sy W%i%%ifc %‘E?rfﬁs" %ﬂﬂf’éﬁt as

pr odr ugsg Whinghns When: RbsonRedicbaliR b e dlRedskl 83D fiusic bl ogded
animal, may cleave in such a manner as to release the drug forn1and pernlt
t he drugw stimgaﬁgammandrmswgdlgtdlgemap“ﬁu’t sigilefifipaddy preparali Gl dirdal Celnd cabinﬁ

unds O%R% resentwanentLon can exist in uns?EX %z for .MB | as
soI eom»i‘“B 18?6’8 PRV SR O B Z}é AETAT" “"’?B?Tv F%‘fr s
are eqwmh@m al @ sH0S8e! Mat &6 {0E4T5!, anthiariBe @&G&Wﬂl@i@ﬁ!&i&hﬁiﬂkﬂx Lrﬁ@ﬂﬁ‘?@ﬁﬁ of
the present invention. Certai n 30conpounds of the present invention may
exi st i rqumivmdeﬁrewmdhlnmé “@iuﬁémmrﬁh@m@mff sedram dprgeneluabn. Ialalddm@ym cal
forms ar tval ent for 0 t.ed t he | Ry e |on and
o g B A e e a0 TEL B B B ERl PUED o0
When usegdirpsscany benapaul bl chhbe e@mu@dﬁ:hﬂla%wymb&dc hemel ﬂ; d)izlyeﬁlc&l% €in
adm nistered. wth a h¥5|olog|callé table carrier nﬁSloIoglcaIIy
accept abiditEgy Figreissugh anolooacd §33052 wcgwsmf@%a@m%mm agthon to
whi ch th ale its
admnlstérﬁ“g%lgg{}r‘i:@l4 mﬁﬁﬁ 9£h$ﬁ%ﬁgg%g gh§§§%¥ad&£rgﬁm§% t%%rrl SE%%%ﬁude
but are wot. Mixmtedd smbguiavmﬁrwctsm agvefs qubly 83 tbibg.gahesajbwﬁ ot ¢ ercetkosatfuhe.
10149] Unlﬁig oéhermnse S ated tructures ﬁ@ cted herein e al.so_meant
to i ncl udelOX S SHRRRSRRFCA Gict syt ipR of @% BEREP TR B RBHE
'SOtOP'Qﬁhé%@ﬁﬂﬁmﬁﬁﬁgn@ﬁ@ﬂﬁun?@&nﬁ%ﬁﬂﬂb@as&QGPQ&@QSQQ%%MBQKQQBdpkﬁsent
structures except for the replacenent of a hydrogen by a deuterium or
t ri tAum trighycehdesy apl aceremd pfcitvﬁ hylcar bonolbyhal 3remoldogt Olaﬂs@renﬁripetr@@mdmbon are
W t hin the cope of .this inventio res i nvention
may a5 o GEPE AT G R T R e e Pk hite tr S gl eI BRerbE o e o
at ons t hat{peesis BbligtiBsagh ehnd CreRaRAUNESa A c 2 ¥Rl capiing, cOMPQYNMs My be
radi ol abel ed wi th radi oactive |sotopes such as for exanple tritium (3H),
| odi nk. -m@vm zgciwwlv& dR B plig dosage)fomps, tHesertpredselri hatrsRyonect he
conpound cli. are
enconpassgl %.ﬂ%’ﬂ? dexgﬁh bl'? gﬂ#ﬂx %@ 1%&&%%1@%1%& ?(?ﬁ L 1¥<§r%&%&?ﬁﬂ %i addi tion
to salt iﬁmnﬁuaﬁmwE@ﬂ@ﬁ@ﬁtrmmmﬁnénnﬂmgkmnﬂdeswc@ﬁnﬁU@dﬁaE&aknﬁé@wmh a
15prodrug form Prodru%s of the conpounds. descri bed h?reln are those

conpound§©iPiarisesdrii arﬁaéi%édéﬁ% EiRrs ﬁwél’r@@gv aHiterclihips pobbgiieal tale,
condi ti aRs,{LocRf MALAGH [ ScEAMP H@ﬁ'&l okRe rﬁd éaﬁb‘f&ﬂ% s Addiignal Ty,
prodrugs can be cofiverted to t e“conpounds e pr esent

and sulfuric acids, gelatin, acacia gum, sodium a gmatu polywm‘ylpyﬂ”ohdonf‘ and/or
polyvinyl alcohol, and then tableted or encapsulated for convenient adminisiration. Such

30 capsules or tablets can contain a controlied-release formulation as can be provided ina
dispersion of active compound o hydroxypropylmethyt celhulose. In the case of capsules,
tablets, and pills, the dosage forms can also comprise buffering agents such as sodium citrate,
magnesium or caleiurn carbonate or bicarbonate. Tablets and pills can additionally be

prepared with enteric coatings.
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i nvention by chem cal or biochem cal nethods in an ex vivo environnent. For
exanpl e, prodrugs can be slowy converted to the conpounds of the present

i nvent i orwofzen/gsb@eed i n a 20t ransdennal patch reservoi PCRUSR0O1@/03Ué abl e
enzyne or chem cal reagent. 10151] The descriptions of conpounds of the
present i ni¥éPkli dar dewpbit @1@’@1@8@9 fpmmi@ﬁi Fé”er mw&ﬁémc&eﬁmsmﬁq@i ?Ag HerowWee t o
those Skl !rln )g uf.OEl‘I:l(e) 1?'({’11 d(. U< ou l%d&) R‘g S ”Fﬂﬁ’ 38} f.L% 0 S(% 19 FIR Qr }{i OIS 1§‘Hﬂb%ll t Ut ed by
one or nora SofTERUNDE “SUbSTTT Nt S "SUCh” sUBst Tt Ut divs > are "Seltect ed so
as to CQﬁpﬂtmmsWnﬁhuﬁfdlﬂGhma@Sﬁcqfrqﬁh@fﬁi61a|Std@%ﬁ&xﬂ@ﬂ@ﬂﬂ%ﬁ@@l@i N&/iG0MRaiNds

whi ch are not_inherently unstable and/or would be known to one of ordinary
ski || i npfeol e caggerp pidilyeniompeianas fbie tuke deroaiiicsn forcBmdidr oagaiguch as
aqueaqus, e di cexanpl e,

A heter obyoy ot o AR B M Y B R e e AR el Ty ehe
nDIeculqﬂyuﬁoahnxmgehemmnoammmmdﬂﬂqmmmhmﬂngﬂammbﬁ mﬁumbﬁ@ﬁe5x0®uﬁhenlca
bondi ng to, those s Ied e art thereby ayoi din |nherentl
Unst abl ¢ LGH B ‘«a@@m S A%srn&sgwa%&e diopfs %%@%ﬁrﬂrfﬁ FhHTOHCHN be
fornular@gkgqg@“%hﬁ@ggggghh&%lagggposrt|on Such a pharmaceutica
conposition’can then be admni stered orally, parenterally, by inhalation
spray, recwéﬁﬂyiiwmdﬂ@@gﬁ@hhyknmnd@éa@e%uﬂwmaﬁmﬂnmkkmm@neﬂmmmm&Wning

cony, ntlonal ont oxi c pharmaceutical |y accept e carri.ers, r? va ts an
ven B e i alE Frali o bR R RS R er atron ean sreaaioneet hEkihe o
trans derdm%m&ql;nut;k, SR 4@ RusHE W ate L2 ddh P3DAAL RGT AUS20:/ QAL nAS
transdernmal patches or iontophoresis devices. The term parenteral as used
her ei n iveh adesitivgentansolsHing axtiueprndinamgeayenduscoichingatiisein amd
|ntrastergﬁnnn GC%Eron or infusion techniques. Fornulation of drugs is

di scussed’ i § o ex anpl e, Hoover, John E., REM NGION S PHARMACEUTI CAL

SCl ENCESy hel\zhﬁd&u';PUbakdtﬁhInﬁ}_gV@@m thdtast 08 cofBined $9RShe EArFier m@&éﬁﬁp hrﬁﬁmﬂﬁcdil’ ug
fornul ati ons can be found in Liberman, H A _and Lachman,

PHARNACEUT CAPS BOSATE ORNE SN ﬂr%er&femdi%rmﬁr@rﬁmwﬂkf@%uidr [ 0153

I nj ect abl e prepalationg, for exanpl e, sterile injectable aqueous or
ol eagi nous suspensions can be fornul ated according to the known art using

sui tabl e dﬁ%ﬁﬁr§hn§em@gm@ﬁmmmguhge@ﬂ$a@n@osmspﬁnmlm@y&@&n&smmﬂhe sterile
i njectabl e Pre aration can al so he % rrle 0i nj ec table‘sotutron or
4

suspensi SR ’“ﬁHHNﬁ&f“@Cb}a‘rféﬁt’%‘r’lhr @e’ﬁ%‘g ng FURHTISY OSGFPent , for

exanpl e, in884/ Stﬂlxcugrb&[bs,' &,G we u%hp @é)@ﬂ%}@ﬁrcalﬁéﬂ@lﬂgxfi Bh@m%ﬁﬁ@xﬁt abke, f“ﬁ%hbﬁ les
and sol vents ?hat can enpl 6yéd are water, Ringer's solution, and

i sot2dni cths ockidinecivl ‘@rtrqaeds tleutiton! aaﬁrnmartﬂfmrbn,dhcf regplegnid] lepatid fdtioi dishar e

conventi onal | 0l oye sol vent. or dru Fo t.hi s .purpose
ooy b ardopr et BRI ERP S Bpi el B a0 RE T RGO ATMERL b Reghabinor

di gl ycerheRSuctbf id hag diitHiome guﬁh&\y oﬂﬁicdﬁdﬁlzﬂﬁh @ficaleghi hmbdr Elpﬂqxweeﬂ n the
preparation of injectables. met hyl acetami de, surfactants including ionic

and non-§ssHnenidetierthenpaiticpsy yf&q%ryp éﬁeeg RyieBRis ieAh2hen serrsM Rugrest of

sol vents, a t ent s such as those discussed above are al so usefu

[ 01541 égpggéﬁf%fﬁggmﬁgnﬂ é€{al adninistration of the drug can be prepared
by misxi ng @hesidCEE Mistahsodbestkioadl © ghoni rolé tnaht pghexsicps entthsweticasiscagioa
butter, synthetic nono- di- or 20triglycerides, finty acids and

pol yet hyPBnEFCHPR} CHICEORCRRES BY B BGHBBEABRal Tharsicandey aCiladapi role in

vascularization, and has been shown to mediate the hypoxia-induced activation of histone
deacetylases (HDACs). CK2 is also involved in discases relating to skeletal muscle and bone
tissue, including, e.g., cardiornyocyte hypertrophy, heart failure, impaired wnsulin signaling
30 and insulin resistance, hypophosphatemia and tnadequate bone matrix mineralization.
{3166] Thus in one aspect, the invention provides wethods to treat each of these
conditions, comprising administering 1o a subject in need of such treatment an effect amount

of a CK2 inhibitor, such as a compound of Formula (1) as described herein.
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liquid at the rectal tenperature and will therefore nelt in the rectum and
rel ease the drug. [01551 Solid dosage forns for oral adm nistration can

i ncl ude ceip=oiess2eabl ets, pills, powders, and granul esPCrssuol4sasd i d
dosage forns, the corrpounds of th| s invention are ordinarily conbined with
one or rmri@léﬂj dhantsrappriopm m@eﬂ”@imh@mnﬁmd@mremdtwm @fm@mﬂam%ﬁ@u on.
IT adm nﬁl’ﬁslt 1e,1¥? (,Li d)“l(g mﬁnis 'iUI“?I Hm A CRT il Ol a%bOU\ ﬁ’%‘hqg H 1"(‘2!’01 %(njglluéed Wi th

| act ose, "SUCrs SPAPER” POgar” g( (”‘ illose edter & o APKanoi ¢ act ds,

cellul Osﬁﬁlﬁ‘lnkryin :ﬁ&i«@rca Hhai: q«;«msﬁgﬁiadrb eofi@idd fornMRGNESi Nt @ar aat:@npdtmgnesi um
oxi de, sodiumand cal ciumsalts of hosphorijc and sul furic aci ds, gelatin,
acaci a gUiRin SBWuIRE RGNS Fospensey Y hpy*r%ﬂm a@ﬁemnanﬂdﬁ&rmpw%wwmmd

al conol , s AnfANERif ARLEHENLLrenRaRsULBLAL Ok LODYBHIGNL, AHTLAL RLEALEON.
Such "30capsul es or {abl ets can contain a cont dl ase t| on as
can be pmazvauglmd:lassmmud|vﬁﬁﬁf1&mmmfrc@@ma/e&gmﬁpwnmmﬁ »xh&xdmmy_mmmylm hyl
cel l ul ose, Jntlglglcase of capsul tablets, and pills, edosggeform;

can al s&b&bﬁbfﬂc pukf SFPRGH ‘“g%‘hf sy ‘f%@“%‘%di«‘iﬁﬁ‘f?%ﬁf‘r%t"é‘ mﬁﬁ@ﬁ si um or
cal ci um g achon o] nal |y be
pr epar ed 1}2@2%? 1eu(ralfm (L:%atlgglg%ﬁ&bvéﬁgglﬁ %H‘gggﬁ: K?U%%gfg? g PR [ 01561

For t herapeutdnedplatpoaesyinf or kubat iroms aftor parenteral adm ni stratl on can be
in t e for((p% agueous. or non- gq eous |soton|§ sterile injection solutions
0 : 5

or sispens BV EEH At BAECENA" Ktk Fersios IGEéﬁg"b@“‘&r%‘HéﬁféabeF”‘"@B
sterile powders, Em&ﬁz%r% ﬁ%t Q@}Yéhn&n %ﬂ%g %mﬂ%&l@ Eé’lﬁp&ﬁ&rdc%ﬁac@'hu%h! wents
mentioned for use in the Tornulations for oral adm nistration. A conpound
of the imwbnti Uimﬁ?@é.ffbﬁb%‘{dﬁ ssolnved a%cmmi@ﬁraapﬂnbyenmybianémghy@ul propyl ene
gl ycol, orn oil, cottonseed oil sesane 0|I benzyl
3 Yohol , TaBBI T A B ratans FbRT SR st obePrare B i A aa rdes
of adm %ﬁ{ﬁ@é QR Al 8B RN soMisle] eIk MiRvRhd ok g aRRARTRGSHS b Galbrodlst -
101571 Liquid dosage forns for oral admi nistration can include

pharlac etvistniagrags docepialpes antiicsiabngs. seorgeinghopsuspdnsnons, syrups,
and el Xlolilﬁ Rgttf%lﬂldq %ald @E&Tgl)ld‘lrgpé dj&Qam dnd%im%ﬁq‘ielﬁ%h&heina(.rc 13111SUCh as
wat er . NPOSI I't9ons ¢an 4dl'so conp vant's,““stuenas Wet t i ng

agents, aemddsmws ng iandins uspendi g, E@@ﬂﬁ*&lmed%@ Sweatenhng cobibavartioags and
perfum ng agents. The ampunt of active ingredient that can be conbi ned
with theméa@ivét%wwr*@r«s 1&?*%@% it sgelatc (9.8si tviéﬁ Hsaglezralraplivay Pyt

dependi r. ; e paf k

adm ni s?grga?)?g&ﬁw% %dr &@%%géé@lg%&gqﬁ@, t(p F7 g@ri\g}t ?ﬁeqég@gﬁ?@; lgf t he
pr es¥nt depvenichionihomic debneiatdlothanmbbuians arethzciagmeirdwagmm msmsemact ed in
accordance with a variety of .actors includin eci es, e wei ght,
sex and RREH EAFCRBHATIERP GO ﬁﬁ@diﬁipﬁ@ﬁ@w Ve varﬁ@ G OBbERECEndi ¢ i on
to be treatadi nihe Loubs 9§m&géﬂdﬁkz§§nﬁa&b%mﬁn'&%id&&ﬂﬁh n8Rsh ReRaldedbLni ction
of the patl ent; and the partl cul ar corrpound or salt or ester thereof

enpl oyed\mm&@m’n@u&eﬁhaitfnami% thésdofiadtotisiti ¢f aehTOR pati et hesperari ew of

t he ordi nar skl L}@ |n7i cian for the ?ur ose of determ ning the
therapeu‘?‘%i %;aéfifa VR dosHyé® SHOUREE: t¢ émB ven to a person in need of
t he dsnst anp 169N PAtAOBMbAERARY of the rObablvE&MZnhas ahseukerR ShYWInd 6f pl ay
a role in the pathogenesis of atherosclerosis, and may prevent

at herogéﬁé’mﬂéﬂg intoartaing lod ey it sheermerund 9§ Fp Iiwiﬁi(@?(z plays a rote in
vascul ari z 3 AN ONR e € ¥\

vasoul o oAb A @10 AS SR IO < ol ME AR Roseet

di seasesadng@hBirhing: it\oinsﬂheﬁeitradwmwé et aﬂdeﬁﬁﬁh&!ﬁugéﬁﬁl.l@suplaﬁk udéargderseag bw

cardi onyocyte hy ert rophy, heart failure, inpaired insulin signali ngmc

achieved without undue Sxperimentation, based on the desired route of administfation an
30 physical properties of the compound to be adrnistered.
{8165] Any suitable route of administration may be used, as determined by a treating
physician, including, but not limited to, oral, parenteral, intravenous, inframuscular,

transdermal, topical and subcutaneous routes. Depending on the subject to be treated, the
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30and insulin resistance, hypophosphatem a and i nadequate bone matri x

m neral i zati on. 101601 Thus in one aspect, the invention provides

nmet hods twotnazs@ach of these conditions, conprising aearisgteOiNgsto a
subj ect in need of such treatnment an effect anount of a CK2 inhibitor, such
as a conpedme animsirsfiiaagd %véﬂ*cdés‘,@ﬁinﬁﬁéﬁ dpreredi-ne.g.. WOvention, prophylaxis,
tzgll:’LT'/E'([)ﬁg 22P0r y?(%%%(@l{ﬂ%% @rﬁlmrmu dl[f,8 m Vv &%‘» C 0)“1‘»01”1:}.1’1? W!i&l?htﬁ@ g&itdlrl(,ﬂ’ﬁga:rtet Eg{jtsa'lf gf
treati ngrapgeneh & anaids $@ﬁ1u&?ett®ds \Mﬂoladﬁfbu&bﬁrddﬁﬁﬁmrmr}@m LeSpONsee kN, &

subj ect. Thus, provided are methods for deternlnlng whet her a conpound
herei n noauNEY & seh PrvdAgeT wsponsend W%W%Wm & Bonpaktisng a system
vEth s OPONMIRSEIhadiher eillol AR AR, €L Solioker L oy AL AL LN
(e.g., i ponse or a S|@na[ associ ate an i mune
responsaﬁ\ﬁhmmﬁ$3masmoﬁnaieﬁnMnthnﬁhwnaﬂmduhai@ﬁyﬁaghmﬂvmyhuhmhhﬁenm& g.,
stinmulation of T-cell proliferati suppr essi o nduction of cytokines,
i ncl udi n@ei?% 4 ST, AURTHES: PRHERY PEr ORI SRt ihmrkﬂ@wgﬁﬁ SRR ng

| munomgiub;alord @GR AKIOWA 1hBsdnllE cBfbosido R R 102t Bb8QIRIQVI ded are
met hods for treating a condition associated wth an aberrant i nmune
response |Wﬁﬂﬂsﬁbfewg&omhvchuabwpnmséaadmmﬁﬁsne@mnghamﬁ@mpamﬁ&qdéﬁcr|bed

her N to a. subj ectfkn nqed“LgﬁFBOf*lnvggi ?qt ejfectlve to trg t
condi’t i o UEHRGT TICBHEWRAT ALTRY DHE BYAEH Sh¥r R O HRIAE Op S5t 8“P‘hé’| ude
wi t hout ihjealib@bd ANmQEiEaN dui@psRkaplentSh86Ed, I ox@dfpliBiatc@ W 0hfMIREose,
di sorders, including rheumatoid arthritis, nultlple scl erosi s, 15nyasthen|a
gravis, éy@tﬁ@rﬁné ﬂlmiplﬁs %@t@ﬁ@ﬁ?ﬁ%@@sﬂla‘s@B@?@a@ﬁ@ﬁwupb|0§ﬁ9@§fﬂtcla§mhﬁﬁxed
fgnggﬂ Ia:{gﬁbm CR au c{xsv.e o 1?0 ((:rlvg%-tla_u%lfw 119 hu?lixs 3%’ bu?ffg\%i%g agcalqi &%f tﬁr gﬁ(& AT 9&!,' tis.
adm ni st @¢ tagnde, %@Hﬁlﬁﬂé’tﬁtml’seﬂbﬂaﬂl mo@@mtamaatan@ﬁb Writh a nol ecul e that
nDduIates inhibits) the biological activity of an nTOR pathmay

nbler or ?Fge}‘v *bift‘“fa%@il%’tjéél%‘&tﬁﬁﬁa?% (@ djues harorisopegt fivhndetnd @Ry
200erta| ﬂﬁg kb ¢ a t I gthlty
of an ml b %%@%dé hﬁﬁeﬁnggfﬂ V%&#%ﬁbe% b %gﬂg%i aﬁédhﬂgrlt%& 50{?':‘3 C{?Jabglr nyci n.
In certanﬂheﬁhﬂﬁmmemMS1n@nmmadé@Khmnbvnﬁmsna:conp03|t|on conprising a

conpound dj ibed herein in conbln | ecul e that modul ates the
bi ol ogi cafﬁ%%- g"v’fiymbfmé‘ﬁ“’isﬁaf‘éﬁﬁ Pt BN y“Hgﬁﬁgﬁ b‘rq‘?ﬁ‘é%é‘f"“dfmé‘ et

pat hway, ¢,s W&o @88 cﬁﬂ@ﬂ%ghﬁnu%ﬁﬁm%%%ﬁ@l%ﬁﬁ%@&géﬁﬁéh{ﬂy%ﬁﬁhﬁhﬁa@@bOd'nEntS of
t he present |nven i on, the compound IS a conpound Formula (l)a, and in

cer t4i n @hpodicaemnt Diaf fidlslri&ir@bwpmwm softabl Fé@mh@omﬁ% of thd dyebuArfpiistict abl e

formul ation of 7QQ ound &% ovegga% g% prepared for

adni ni st PEET 8i! ﬁéﬁES %b %d?ﬁémgV%Oo S 88t on of useful exci pients
or carri ergiesn rbe.ashizavesh W dhautorneiie eXpak i ptabhen: ifasedron the
desired route of adm nistration and the 30physical pro ertles of the

conpoundrorpaid geiviikpdere@iion is §.01:65 Moy agtirempiacy but!é g/ kadhi st rati on
livd be u%%dngafigetb%&%in %lga&a]%X @?t}%yrc%%{é)oﬂgd BP%§ ifutlon R{Q%k "é‘agwltd@ gatiegxwévil?ﬁé
imted nous, muscul ar, ransaer nal ,
t opixsal ismdesubatd BNGaLS peﬁaﬁlﬂa&@&eq@&ﬂ@ﬂﬁhmgemh) :tﬂaie% (Subg eal! thodBesd meabed,
the
administered 1-4 times per day, Dosage levels are dependent on the nature of the condition,
drug efficacy, the condition of the patient, the fadgment of the practitioner, and the frequency
and mode of administration; optimization of such parameters is within the ordinary level of

skill in the art.

Therapeutic Combinations:

{817¢] Compounds of the mvention may be used alone or in combination with another
therapeutic agent, The mvention provides methods to treat conditions such as cancer,

inflammation and immune disorders by administering to a subject in need of such treatment a
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WO 2011/ 035022PCT/ US2010/ 049116 node of adm nistration, and the type of
treatnent desired -- e.g., prevention, prophylaxis, therapy; the conpounds
are formaweted/i3m2eays consonant wi th these paranet ers. PPrasasiaoiame of
suitable fornul ations for each route of adm nistration are known in the
art, s unﬂmﬁﬁwm‘cd%u efiedtiop mﬁoatlﬁ Y theehodis aae L@@@hfﬁr@@@@ng wid dapider and
?ﬁg‘s?gﬁ Iadﬂ’ﬁ%\lb&) g gl{tallg tmi;‘ta elﬂ,m%gﬁma gﬁ gap_(ﬁ’clé e @mouﬁ%i QIIY% mocl:) q%)rn(gmlgg (?1?

t wo SUbSﬁr&fb@e&\Mﬂdn f.e.eguenpdynd df@ﬂidllﬁie@rﬁm@ll Ii&emﬁci@g&uﬂehgu@a@ iHa wangaeases,
adj uvants, buffers, preservatives and the |like. The substances to _be

admi ni stEREE candringd; se.edadnisrss Werthqpadenal SearsadimeRstiol as

m craer ; r L L red in
comvant | it gisnt & adbitfed Bl AYEGhARRcal RAMMAAIANG, TAT-ORELERE 20 10 me
sui t abl aotg@huﬁglhuﬂi\mpcam smpemsihemnddmmduqudﬁm b@mhﬁmuﬁmpdmﬁmmmmr as

emul si ons. Ewta £ exci |en(§ 'hdgf,% for exa Ie ter, | i ne,
dextrosem‘“lﬁ '&&t BTeEHd iptse ang pd ﬁ“%&?ﬁﬁﬁ%‘l‘?‘l %1“5“‘83‘0 it ai n anount s
of nont Ossﬁlﬁn@%m A @%Q%tl«an&es%bﬁlag Bra®S, WekidRAGOr el &Il NG.306058, PH
bufferi ng agents and'the like, such as, for exanple, sodium acetate€,
sor bi t anthgrbhal sad tiat i’éﬁgxaaﬁdm%»ﬁtanmhalsqaf ek6iRisiWead bouasy sustaiicedraust dase
systens for u have al so bee and, can b i.ed,to conpounds
of * UL o R S AR oS BT g B B BuBB nEPs e et hocs
of whi chig@h@ubNBOLRRHRALOE] BRG] PrdrabEf @EeRGRIator ik Qﬂm@a&%&)’é&i&m&x
adm nistration may al so include relatively noninvasi ve nethods such as the
use of supwpesitberines! Hirhimddérmar byhtot st torpransprihrosaimes cfivets gemniged
i ntrana I1 .20adm nistration. Oral admnistration is also suitable for

"1 . . . .
conmpounds of the invention. Suitable fornms include syrups, capsules,
tablets, asi7y undarsi@adnibddihana@bt modulall” @'QdeQEﬂbeamah&L%hk&hmtO
ani mal or human subjects, the ap&roprl ate dosage of a conpound descri bed

abovié of tsibiaiop voth 4 Biehgrwe AssRUha e hiasb ipdn10raRIREL U devrgan form
enbodi ngl , a 0 do n
adul T pattam e B R BTG e st R e ke Bhefeen 10
and 300 mgyitand thovesvdo Sagecmayinbey zadnhmcscﬂ Bﬁleldthbfs 7 &rd msm‘ém p;ﬁ’ﬂblda}&m Bolsage

| evel s are ent on the nature of the condition, 5}{.11' efficacy, the

condi t i dﬁ“@ﬁ“%e S ETERE UG HES T eRe UBFARcHEC pesaibid b Bmapistess mtdﬁgw

fr equencd’mﬁ';ﬂﬁwﬁ@@&h@& 1@%&‘3&% @% h}%ﬁur 19@5 Ao %@éa‘qpﬂmﬁmi@&?&f&@r ameters is
within the ordinary level of skill in the art. 30 Thera ell 70 final ions :

[ 01791 Conj§diiHds oﬁmahieaiatmmb@%pmw bectiysedr adading agpnden. Eondivstatdton wit h

anot her t herapeuti ent JThe inventiaon rov: de rreth ds t
Cona 1 o RS kR bR e R A BTl B ot Ehge or
adnm ni st efbadato wadl] %@?&@@5 boMwDEBE 10 ferSENickyce BB d@agdguired when the

2011/ 035022PCT/ US2010/ 049116
modulator is used alone to treat the same condition or subject. Determination of a suitable

amount of the modulator for use in combination with a therapeutic agent s readily

[\
W

determined by methods known in the art.

{6173} Compounds and compositions of the ivention 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, ¢.g., classic
chemotherapeutic agents, as well as molecular targeted therapeutic agents, biologic therapy
30 agents, and radiotherapeutic agents.

10174} When a compound or composition of the inveuntion 18 used 1o combination
with an anticancer agent to another agent, the present invention provides, for example,
stimultaneous, 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
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therapeutically effective anmount of a therapeutic agent useful for treating
said disorder and adm nistering to the sane subject a therapeutically

ef fecti vewarmoui3s@2 a nodul ator of the present inventi oRCTiUSe010/0891¢®©mpound
of the invention. The therapeutic agent and the nodul ator may be

" co- admi geirsfroeitied; the icompo etdiﬁfﬁheme’ﬁewrt regebmeimmeitqrhtem the *cs“efpamataethc

phar ma‘cewt I(,gr?‘ rft;(p(,n 4] sspaoates N )?'lldc,ui aelwmp mo; ghf. kk% eugﬁo?Hu mwn on
conpomtl QB adni nitst'er Bd" t oget her PRe “tHerapeut 1c dt

modul at Qﬁaﬂwacahﬁm@at Beotdhs tﬁt@dcﬁe@a{tatﬁhy antidé\ﬁd:d;ldgﬂg H@Iy td:l idfflﬁﬁt@‘!&icdt i mes
and with different frequencies. The nodul ator may be administered by any
known r i@ tl@«u@ﬁﬁt&@ﬂéeélhvynvqnﬁﬂaai@enwaﬁ? withht FRMYSIEYPRECI§f so48al |y, and
the ld k d . agent may al so be administered by any
convé’ntie%ﬁ%g3 %ﬁquﬁf gggg enbodi nents, at | east one and optionally both
of the noddliatior amdxmhehtheaa@gyﬂt¢na@emhtnaymbeoamﬁmmwsﬁémﬂdcmnphm¢
Preferably, the podul IS.an bltor and it inhibit either one of
CK2 and Pith TP RO P %%eﬁt»tﬁeéﬁ PR DHECEF e AT B SAELERT bed

herei n. ctltggtlfg 3l 1&\%‘%&%&0&%@@&1@1@ h}%w b2 us PR BLOS thaRendasct Lbed, abone may

be used 15 combination with a thefapeutic agent that can act by binding

t o r egi cmSh ofc hmmmhatt nearelforamscer ttat:amdquadnmht‘»e)t tist prasmtmesutidmosaich
q§nent e thera glc a ent ,Qﬁve an t|cag activity an their own,

but hei ‘%0“558{]1? i 1 "i"%m hé%‘ TR AR e T t“ﬁ“&%%t%‘étt ®n with a

nmodul at ofdgmitRicedH rz‘t@ﬁﬂhﬁ}%l “hes ﬁ@%ﬁhﬁ@-kbt@ﬁ@r}&t@ 185 iR QEARRHL IntoRGRNernta R

adm ni stered in a | ower dosage while achi eving equival ent or |gher | evel s

of at | edsblogderagesyiray 1@@%& tﬁrzmttﬁ@ RACHIEURGIG ot S&p araths] y

act i Ve fd?{l’ﬁn’lls rso‘tggﬂ AnE MNG&hor a, ?mglde tz!t‘t?wrl I NELARLES; desel l? c%ﬂ@‘uﬁ

when RS EODT hat 160 WLR & era eut ¢ agent  t'he é%sage

modul at ch’t ti¢ hiltichregugnt nyayhe atimmtteteﬁt @@Edtﬁ@mﬁtﬁbtﬁhdd%d’ﬁmﬁthw i} Ue’ m&oaage
reqU|red when the nodul ator is used alone to treat the same condition or
subjléct . depetidvarirpatTe i B bipodpirtaab| B A ehtTBiesthesorseliFEmserol use in

conbi nat ] on, Wt A Qﬁrcﬁ-ﬁxﬁ&@t b?%x%gﬁ&tcakﬁsaﬁéﬁ‘%r r%é a?ﬁk SIS NEd. iy gt hods known

in the art. 101 31 S an osrtions o e Invention my be used
in conthammmmmnMﬂhnanhnnmhcer or other agents, such as palliative agents,
to a .pati nt being treated for,K cancer, Such

that are t al ly _adm ni st
"ant i canceg)%éent)s/ HW&‘FH&&E‘? g 5‘“"66‘?‘ 8 &Rt R HEHEY eraggRutit ‘a@‘éﬁ‘t’é‘“ﬂ’i%\‘% wel |

as nol ecyligr s d@r @rhgdikhes. %pgx})‘ﬁt QAL 8RL as ROk @ﬂﬂstﬁ sbRGLADYr %@9}%‘3}1 and
radi ot herapeutic agents. When a conpound or conposition of the

i nvext i otnirmststfyebtmdmff@"@tntbimagq formwictdh, cantppmahmev bagéntnitocdhgitidy agent,
t he pres ent | rovid f.or an S, Sta red, or
Al ter natight Pegtorenr. Rantet S Rel Bnsbirh e hEt SRR B g REEes

adm ni st@h@gnaiont beaGABY§liBe S @Maast tncﬁteg ficaBeBharadtBidie o RlRIrugs
pharmaceutical WD 2011/ 035022PCT/ US2010/ 049116 conposition; the conpound

of the |%@éh@?@ﬁcm%yﬂ%@iadntnlstered at the same time as the anticancer

agent, in % b at v, Rhar el é g%fﬁ 8@?%% ?Q%ﬁthttgfco%g Hpgft%% h[» N

i nvention mnis ere I cancer

ant ixzancier erﬁ@ﬁ mxtamtay ubeagaind Rl cstedriadn bef of de thesce Gnpou ndthet:e sthedinament i on,

for exan¥L with a time difference of seconds, ninutes, hours, days, or

weeks. il in the art, mcluding, but not Hmited to, antimicrotubule agents such as diterpenoids and
vinca alkaloids; platinum coordination complexes; alkylating agents such as nitrogen
mustards, oxazaphosphorines, alkvisulfonates, nitrosoureas, and triazenes; antibiotic agents
such as anthracyclhing, actinomycins and bleomycius; topoisomerase I rohibitors such as

30 epipodophyllotoxins; antimetabolites such as purine and pyrimidine analogues and anti-folate

compounds; topotsornerase I inhibitors such as camptothecins; horroones and hormonal
analogues; signal transduction pathway inhibitors; nonreceptor tyrosine kinase angiogenesis
inhibitors; immunotherapeoutic agents; pro-apoptotic agents; and cell eyele signaling

inhibitors; and other agents described below.



[017511 n exanples of a staggered treatnent, a course of therapy with the
conpound of the invention may be adm ni stered, followed by a course of

t her apy wvOhtimss@nat i cancer agent, or the reverse order pofi/usc@atomsemé nmay be
used, and nore than one series of treatnents with each conponent may al so
be used. il81&%¥rt aj z?qmes@awpué@ cofr RN iEsRants iarvRiise ﬁmmnﬁrf@cmeéi@mment for
ggﬁ?ﬁ: g{%t 2%1 Cg(, e algmma t 1(, mwﬂ ?41; E‘E'ﬁ t%n?}ll:la;[} g ‘i“%’q%’ﬁ‘g%? grml S p}dxéar l(}{“/%.}fl ve
product &cﬂk@fﬂ@l Il&ain@k% e adal-anestubermgefts ﬁxkteudwmlm n@fm@@(ﬁﬁpdh&:ﬁ p@otnmound
for fornulae (1) - g|\0 may be admi ni stered while the anticancer agent or its
deri vat i 47 ‘%@@ @d¥.emains in the bl oodstream or the anticancer agent may
be adm ni s dy , / X
deriVativé§??§népﬁg£§%ﬁnﬁe P@gg@Sf%%ﬁfy%%Ho?ﬁerL%?&é% ”ﬁﬁnbhguégé%ﬁ
conponentin¢:salizdaida ivsiherseds, aiﬁoei&ua# bindogingrast vofordihecfdnisticoompdnpaiymeor its
derivativ have |l eft the bl.o am of.. the ma 1761The conpound of
the invett %’ﬁf%%h@ﬁéwémﬂcaﬁ%fg 3 i e B B mrﬁf%\ﬁé F@ﬁat%’fnﬁ‘?’f@%%e
dosage f@{MyxcE 284 (o<PQLA. adnlnlstered as intravenous solutions, or they may
be 20 adm nistered in different dosage forms, e, g., one conpound may be
admi ni st eri@d3%lopi clalti¢rpeands, thechotrbdernaddhdry nathr @ecmsosnv, afe pordi spasicskitkl in

the art woul d be b e to,.di: scern whi ¢ tions, of nt ul,d b

uoer i pABE SanTe RE Fiar i SRR R Pl e O BBsar OThe PR i R Encer
i nvol vedyadQd diéd Cdt@ﬁﬁ&ﬂ!’{t’a@@Bitﬁ‘mﬂﬁiefuﬂhmt bf GemhbRalueR, W tindikhevigoapounds
of the present 25invention may include agents sel ected fronlany of the

cl asses WABGHN %d‘bﬁi@bb withopraiamrgpeskithen iorpctinbiied with rulcadibagis awstedot
limted Lﬁg&ﬁ@ﬁ&f&%ﬁ&%&QUIe agents such as diterpenoids and vinca

al kal oi atiThu CooFdi nat i on conpl exes; al kyl ati ng agents such as

ni trogen ngmssgrds 1;@@@1%@5@%}@&@1&@% wlekikisud hanaties) onhtaes orheds, and
triazenes; antibiotic agents such as anthracyclins, actinomycins and
bl edrycii§litarglpdrstreh Aalarsl. pRHEL tdéj‘ﬁ%“s’tféhl dechiosgitpoaepRY IHePe ns:

ant i met ?BEu&%JﬁétFﬁcﬁ%h&ﬁmﬁﬁ %@@e@%@@% a{? ﬁ@;ﬁh &Q%%ﬁné@ﬂii%%ﬂa%@ Ate

conpounds; topoi sonerase tors such t'ot heci ns; ” hor nones and
hornDnaLﬁan&kmguﬁ@hnﬁngﬁﬁKOLtad&ﬂmc&thapahhma&unm&nbmnmfsipmhnwehpptor
tyrosi ne kina nts;

b 1 th 1
pr O- apop?rbiﬂf%‘?gﬁg 'éfgm’gﬁﬁfsﬁ%ﬁfb'r*p 3'9 é&g‘i d’n‘éﬁ 41&&13?‘. mef?% eigif%f{‘%&%g‘%@f K agent s
descri begl; Bed.aW cw ¥Q. 2@&&9&5@%«%&@&&@@9;@Aﬂﬂ@m@n Q1483 AL ki crot ubul e

or anti-mtotic agents are phase specific agents that are typically active
agaidist ThABOHIGHOYubul es of tunor cells durlng Mor the mitosis phase of

lt Ih ﬁ,' f 2::]' ¢ g{\lﬁ%ﬁt e%@sﬁ%% g%a@;%aa\r)% hléaénc gﬁ[’ﬁ%?] n&:snc:o%ﬁu%m agm& L!Esj;,rn bd ? 13 e © not
periwinkle plant. Vinca alkaloids that are believed to act at the M phase (mutosis) of the cell
cycle by binding specifically to tubulin. Consequently, the bound tubulin molecule 1s unable

to polymerize into nucrotubules, Mitosis 1s belioved to be arrested in mctaphase with cell

[\
W

death foliowing. Examples of vinca alkaloids include, but are not fimited to, vinblasting,
vineristing, vindesine, and vinorelbine. Vinblastine, vincaleukoblastine sulfate, 18
commercially available as VELBAN® as an injectable solution. Vincristine,
vincaleukoblastine 22-oxo-sulfate, is commercially available as ONCOVIN® as an injectable
solution. Vinorelbiue, 1s commercially available as an injectable solution of vinoreibine
30 tartrate (NAVELBINE®}, and is a semisynthetic vinca alkaloid derivative.

{B183] Platinum coordination complexes are non-phase specific auti-cancer agents,
which are interactive with DNA. The platinum complexes are believed to enter tumor cells,
undergo, aguation and form intra- and interstrand crosslinks with DNA causing adverse

biological effects to the tamor. Platinum-based coordination complexes inclade, but are not
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[01791 Pl ant al kaloid and terpenoid derived agents include mtotic

i nhibitors such as the vinca al kal oi ds vi nbl astine, vincristine, vindesine,
and vi norebDonen3se@ad m crot ubute pol ynmer stabilizers suehTas2tlm441aKanes,
including, but not |imted to pactitaxel, docetaxel, |arotaxel, ortataxel,
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protein. Disassenbly of the protein ap Fears_then to be inhibited with
mtosis HerRgalls éﬁﬁ@@b@ﬁ%‘? gspbordaich-1-819 lowicagragadn aeaislaes of

dltempqukggptﬂﬁl szﬁqgeaﬁﬁhQBﬁmk mted to, taxanes such as 15paclitaxel,
docetaxel’, 1arot axe or t'at axel tesetaxel. Paclitaxei is a natural

di t er pene WE3QUct‘Aﬁghﬁmedg&n@mn@hmuE&cn&1phyempmﬂ@@&lammnbmﬂuiMhanand IS
connerC|aIIy ?vallagﬁe as. ﬂ? @I ctabl e sol ution 4@%&L % c taxel is a
seni syntWeFEE cquPRRiSE| JuPi6t heElaM ‘é?%eé‘fwe‘“ciq igym “‘b?i&% Sde ?hé A %&P&Pal
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sol ut i orsudisy@0L, TAXOEERE{1by Y 1mmm5wmbegram@al Soicd s kaieeiop Hasepts pmiwf icid

et Oor eRpar el B Guian Fatiroisdl Bipe Sart) FePiefur ol Byt Ty

bi ndi ng gpAGLIHEAL] Hck 8 buAULA R HFARSARLENE kbih1RAS1aBANG:faBW s ciB] ecul e
is unable to polymerize into mcrotubules. Mtosis is believed to be

arrest ediiﬁrﬁawba@ﬁé@ém\w{m“@@nl gt sychl 4%@%%@nb@ami@§méﬁhaw%a
al kal oi df,%ir!ﬁ%%l ﬁﬁbq bd% LH@&X&%}&I’BI %Ktl}%alm !1?1%1} D% ﬂhﬂ %51'11’?% s[u%h as

vi ndesi ng, i nore |ne Vite AT eUkoBrast ine

COMMEr Ci @hhyst&i‘éaiuhﬁd@hﬁ% asd MELBANGI na &ritndsnj @ Ghalk&csolindisorh aeiﬂmar;aél ne,
vi ncal eukobl astine 22-oxo-sulfate, is conner0|allé avai |l abl e as ONCOVI N(r)
as an i ifiee B &EharplasHde. VR srerasiaieide | §eloRiasPRImaIdeyZ- ER}%{r—rtéB]f@@%‘s%n

injecta AL né@lt VRO EV 9, ég}étg Qs B%%&%&c&%ﬁ’ﬁ%@ll\'%m

sem synt het ca alka oi ative. at i num coor |na |on
conplexe&aﬂﬁﬂcamﬂnﬁwmaﬁm;ﬁmﬁﬁmhﬁcﬁﬁﬂanGéﬁﬁﬁiﬁﬁgeﬂﬂsmhmhnchﬂaﬁén|nteractive

W th DNA The pl atin xes are belieyed to enter .tu
under go,* haEpeiay) 3«3@1&&?@%}# Real® CARE T Htar SYialg 2 Fo &yt s“&l“ﬁ‘l’i‘“ﬁNA

causi ng @gvers %L@(ﬁb@&k&%hi@faﬁ%&ﬁ 4. ?o&(hf‘c}ﬁdw&ﬁ Ddhidbi-BURa88Hoic acid, is
coordi nation conpl exes include, but are not va

201LKDBS@@ZP@TM@$Z@&@bG&@1ﬂﬂﬂmfﬁﬁfé@Lﬁ@ﬂﬁl%@ﬁ@@hn%¢®amb@ﬁbhtin nedapl ati n,

oxal i pl a satraplatin, and.(SP-4-3)-(CiS)rwnanm

i ned SR GP TSR RURH Py PRHE 2 A1 REMATSRANE BARLERS. Camusiine,

ci s- di anmnemeidizcdti bRl BLi-Mukodrss, Gommmahetall Yvauald ablgiasiaBLATI N4 as
an i nj ectabl e sol ution. Carbop | atin, pl ati num dlannlne [ 1,

1- Q : cl obtieanesdie A boxi (3l é(n'z»ib:v’ o-iriszency armisrelcat- Py barsatiia s eonamercially
PARAREAT] Jg'{%b% aal}ng@w?ﬁt gfﬁlg‘tuﬁﬁl o tﬂﬁ@ﬂ%&gg”&l %}’tﬁ&ln?otr}: ré%\ﬁﬁ%&t d%, -8 Snctude

general 'y non i C agents a ypicalTy aré
25 (ayalkylating-like platinumi-based chemotherapeutic agents such as cisplatin, carboplatin,

nedaplatin, oxaliplatin, satraplatin, and (SP-4-3)-{(cis}-amminedichloro-{2-methylpyridine]
platinum(iy; (b} alkyl sulfonates such as busulfan; (¢} ethyleneimine and methylmelamine
derivatives such as altretamine and thiotepa; (d) nitrogen nustards such as chlorambueil,
cyclophosphamide, estramustine, osfamide, mechiorethamine, trofosamide, prednimustine,
3¢ melphalan, and uramustine; {¢) nitrosoureas such as carmustine, lomustine, fotemustine,

nimustine, ranimustine and streptozocin; (1) triazenes and imidazotetrazives such as
dacarbazine, procarbazine, temozolamide, and temorzolomide.

{0185] Anti-tumor antibiotics are non-phasc specific agents which are belicved to

bind or intercalate with BNA. This may result in stable DNA complexes or strand breakage,
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strong el ectrophiles. Typically, alkylating agents form coval ent |i nkages,
by al kyl ation, to DNA t hrough nucl eophilic noieties of the DNA nol ecul e
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antibiotics |solate froma strain of Streptonyces 14. 3-tied/its is
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15 BLENOXANE(r). 101861Topoi sonerase inhibitors include topoi sonerase

i nhi bitors such as canptothecin, topotecan, irinotecan, rubitecan, and
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'nopi p -car

Hyr ano[ %xhi%mn@ %]chrad ‘ﬁllbil&luﬂﬁi 1rai13reﬁ]:ﬁl,wapﬁiwah@w 3613341141@41‘&] andi%b&mdb*ﬂﬂeand
hydrochl oride, iis commercially available as the |njectable sol ution
CANPPOSAR e loptidosiacas RabUOEsrshas v ins catpriat Reclilahieh binds, al ong

with it Sﬁ\ﬂ&%&%ﬁ@iﬂ?h%@i&'ﬁ% %géwi %%’phgé% sthSﬁE QQ&‘?—'(;&%E:@%%@{ tS %;‘};%BS G&r at

Topot ecan

(S) 10-[% ghmmwamﬁmmmm keiflewtihiyd mﬂn‘cﬁmq; BYdy oxyipypran b 3hidting, 7] i ndol |
zino[l14-(4H, 12F e nnngﬁ%drocp %>g is.comercially avail bIe as

t he | nj et WH (08 PED “& ’i‘ ASRIVER] thergpy BB1GR PO RevaBGrT t&é’ﬂ?‘ﬁ&ﬂ”ﬂ e (a)

purine anakogsssWehroasdddar %@Azﬂ ‘foiiav@i agll. Qkﬂa%oht%@QHMQ&&&%%S@Q%Q@S' ne,
cl of arabi ne, nercaptopurine, pentostatin, and thioguanine, (b) pyrimdine

anal2dgs @mhh\ﬁsdﬂWMnmobnb@nk tg@wduvabdﬂkﬂnmod@®ﬁﬁmabnmaap@yuamablne

azacitidine, edatr flox di ne tro c';api . anti foi.ates,
e B A P IR e b RS R i Fhip B
Anti - net ahnlsk tes: @"i‘ﬁ@réd’i}@@uu@@n&nwm& YiRbBatsyd b@aﬁnmﬁ R 1DKeS cdBr&MeasS
quorouraC|I raltitrexed, capecitabine, fl oxuri di ne and pemet rexed; and

151 | bonu&Pestingeaididuree deing: shit hilait Suciushnaotia: BipRiexed o kitatidhendnd,
fiudara €, 4 % I BY: ha; flc
antl-neggﬂagF@% aﬁg&?ggﬁh &ngg%? j?F%mggg%%@géj%%g}quﬁﬁﬁ§@§%%heS|s) of the
cel I2 :)CyOduﬁ'irbMclaﬁblab:tllalbﬂtgaqm\%I SYARhESI m1das chryimioniyi Miotdnng Apwed.ne or
pyrim di ne base sy nthe?ls and thereby limting DNA synthesi s, Consequently,
S Mercaplopuring, 1,7-dihydro-6H-purine-6-thione monofiydrate, is commercially available as
PURINETHOL®. Thioguaanine, Z-amino-1, 7-dihydro-6H-purine-6-thione, is commercially
available as TABLOID®. Gemcitabine, 2'-deoxy-2', 2'-difluorccytidine monohydrochloride
{p-isomer}, 18 commercially available as GEMZAR®,
30 {6194} Hormonal therapies include (a) androgens such as fluoxymesterone and
testolactone; (b) antiandrogens such as bicalutamide, cyproterone, flutamide, and nilutanmde;
{c) aromatase inhibitors such as aminoglutethimide, anastrozole, exemestane, formestane, and
letrozole; (d) corticosteroids such as dexamethasone and prednisone; (¢} estrogens such as

digthylistilbestrol; (f) antiestrogens such as fulvestrant, raloxifene, tamoxifen, and toremifine;
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phase does not proceed and cell death follows. Anti-netabolites, include
purine anal ogs, 20such as fiudarabine, cladribine, chiorodeoxyad. enosi ne,
cl of ar abiwe,20nme3s@pt opur i ne, pentostatin, elythrohydroxpcirarsgéiadeniae,

f 1 udar abi ne phosphate and t hi oguani ne; pyrim di ne anal ogs such as

f I uor ourfge-H Riémi‘tta@idr@mg@apédmﬂam Wescreéiyt asalinelcupizaes. ehd imgoreling
edatrex
met hotr e
4- am no- ﬁm@mﬁ)@ﬁiuammﬁ Uthanasland Holitdromye i Hbﬁmm@@and h@mﬁc@ammmoabi ym
avai | abl e as CYTOSAR-U(r) and is commonly known as Ara-C. Nbrcaptopurlne,
1, 7- di hyesd s%mawqdhéorﬁmléaémeﬁdﬁym%%mngdéé#ﬁ@p@méac [Weeavid | abl e as

Comf B AR B e 1 G R i, 1
-di f | vareeydliddbieusmnnofy dr @abdrardadectf prdlsnet)aye hs mmmmbpamﬂubgenamaihl abl e

as GEMZAR( 30101901 al therapies include ) androgens such as
f1 uoxynest! Mﬁéﬁ@eﬁﬁdﬁﬂ%%ﬁﬁa&cbm ant ﬁifgﬁhw%a@rf&égﬁ e RY RS BY Eat ut ani de,

cypr ot er @n&midel MR @A8nidandohiu ﬁxmtgi%rs subB hs %ﬁﬁﬁaﬁtﬁﬁ%ﬂﬂ@ iRl Siesuch as
am nogl ut et hi m de, anastrozote, exentestane, formestane, and |etrozote; (d)
cort|cogben@Md@dgmmhAHSademam@ihmtbneﬂdndﬂﬁmedesdnemh@&ﬁse@kﬁagems such as

dle | stil bestrol f ntiestro ulvestrant, ralo |fene

Y\ ehbodaera BrrlaBRe! G BO T BUse e GO b Ao s Bk
agom sty \@ﬂi@ar@%ﬁﬁqw&&aﬁn&@ﬁh @8 milﬁuéQl’r@lukﬁmmggi%?f(@bﬂvhﬁaeldp{’v@l}bde and
trlptorelln (h) progestlns such as nedroxygrogesterone acetate and
megest r olclegie qﬁ@ﬂciamcgtpa mpyirieid SESMibhesh diysh dassribed ot Hyr BxicnleNemd
hot hyr o I an re for
treatlngﬁgg%%g?sqg |§%(?qg?22?§algl“‘ggl%%gﬁghgi ﬁ%éﬁggﬁg%ﬁggﬁnne(s)
and gr ovgdunadmnelpid- réiﬁ@kmd{ongbw(m}aﬁ) iiﬁl&lﬁ@ﬁ)@ﬁ@fﬁhéiﬁ&ﬁﬁﬁicﬁSﬂi@lfii&l&@ﬂh@”@ﬂ&&eand
hor monal anal ogues useful in cancer treatnment include, but are not limted
to, ‘andrddensians homene by yrbat BliestEndadrsiumas red. firramaldgdhd such
as bical, 4 L
|nh|b|to %ﬁgh%ﬁﬂaﬁ %@%%"hf%& SH£5HHQ§ﬁ§§€s% OFH%@%%%& g?g%gﬁﬁﬁ%}ﬁ%Etane
V0ra20|emshaﬂ&h@ﬁ&@m@beﬁuﬁﬁﬁﬁﬂu&ﬁB&&hﬂuﬁsﬁsh&h%&s&d@ﬁ@m@ﬁhﬂﬁﬂ@ﬂpbuihas
10predn|sonﬁ and p gnlsolone estrogens such as diethylstilbestrol;
anti est r'6gd §0§U%ﬁ“§ ol iV¥st rant, ral oxitene, tanoxifen, torenifine,
drol oxi fengsofnd | QIQNYI8081iESp Mﬁkd @&ﬂﬁﬁkE&ikMﬁ@%ﬁﬁ&&9§awﬁ&§§@2@51
nodul at ors ( SERMS) Such those descrl%ed in U S Patent Nos. 5,681, 835,
5, 8721, ZBgfilbamdilsrnm?;*mI&% W0k padue tagescd by chsngel ﬁabta@ el grodifetation or
dut ast er el.eas hor nalo s t her eof
whi on st el B o P aR Lk R B R P st ra R R B ool 1o e
sti mul atihpgitberareaeplor Shbsind pdm@xmL@L RHyAGRBIKSScARH A AGANIigt S such
as buseretin, goseretin, | euprolide trlptorelln progestins such as
medr oxypﬁ?l@@j@gt é@rahéh@@émaﬁmémawph@@é@w&; [nogtielt hk@ascanay e FASHPIP HBHRBNeS
such as %ﬁguq%rﬁ%%ge and tiothyronine. [01911Si gnal transduction pat hway
i nhibitors are se“inhlbltors whi ch bl ock or 20inhibit a chem cal
process whigehe) evokres lcatlat mgeasﬁﬁigleui%amlﬁcﬁba(ﬁg&ﬁe;$U§ﬂ?rm§ed6hdse priofi fierati on or

dlfferentlatlon gnal_ tranduction inhibitors ful in the present
i nventi ofilj ﬂﬁggbu%h aé llallblt()rb of BGFR, mcluding urlomub tmlb and neratinib; inhibitors

gpm%&m b%!(ql 48 rg; (%ové‘,ﬁ;[} OCE s&?@n&%; atag atnq mwmtrcﬁ @{,aatc, il’%&p { Qat%m md

of VEGFR including vandetanib, semaxintb, and cedirantb; and inhibitors of PDGEFR; further
included are RTK inhibitors that act at multiple receptor sites such as lapatinib, which
inhibits both BEGEFR and HERZ, as well as those inhibitors that act at each of C-kat, PDGFR
3¢ and VEGFR, inchuding but not imited to axitinib, sunitinib, sorafenib and toceranib; also
included are inhibitors of BCR-ABL, ¢-kit and PDGFEFR, such as imatimb; (b) FKBP binding
agents, such as an immunosuppressive macrolide antibiotic, including bafilomycin,
rapamycin (sirolimus) and everolimus; (¢} gene therapy agents, antisense therapy agents, and

gene expression modulators such as the retinoids and rexinoids, e.g. adapalene, bexarotene,

L
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i nhibitors of receptor tyrosine kinases, non-receptor tyrosine kinases,
SH2/ SH3 donmai n bl ockers, serinelthreoni ne ki nases, phosphotidyl inositol-3
ki nases; wpaoimssizeol signaling, and Ras oncogenes. 251@C92jskbsculiar
t ar get ed agents include (a) receptor tyrosine k .nase ('R K") inhibitors,
such as trawirbiinaoe acigfo- E@xﬂqum@qnﬂ}dﬂnﬁ@f eqf h:oirpmﬁmxjéﬁmcirmdb, (dapkEresivat i ni b:
i bi ¢ oF BB dbaer e Pk e R A RS P e et w
mul ti pl ebevecephss, cSiukBsabs Uehu@smhapatdu, Bitowhbs hnkdnhkbi-tsaot h EGFR and

.HER2, as_wel| as those inhibitors that act at each of C-kit, PDGFR 30and
VEGFR, | (SCIT@IFpRICHNE SUHS PR e mab §2asatir i ) reimmenmpeon sgesrsenh &5 and
t ocersani ors of .BCR-ABL, c-kit and PDGFR such
as i rratlfr?lqlio{i’l q?[gsljl\jE%Engﬂﬁg:é%g‘”egg{ecgtntg such as an i nmunosuppr essi ve
macr ol i de m\ﬁ;ﬂbi ot $axeral podicidiyrgsibakinkeyyeialyke ticapampioyiafel slopboaiis) and
everotimus; (c)therapy agents, anti sense theragg gents nd‘,zS gne .
expr e33|%W"W&dfl‘é‘?"dPé’a%‘égr?‘a‘g”i& AR et AP EAREOR Bk oy gy u% Pid&Pal ene,
bexar ot e9ginc\WhRALLM0R3I0ICH, UFRALQY/ QAL Q- i ARSS gfj‘%? LRALG. 3Ghehior
9-cis-refinoic acid, and N-( 4 hydr oxyphenyl ) reti nam de; (d) phenotype
direct eckvtahené@ymagenturg{ibnmc‘tbmd@ m@tﬁmi@c gl oxgnatd biéfdlie;sn@bmﬂmgsiomam a
al egﬁuzumabi fﬂgevam zunab g i bri tungmabttl uxet ag rituximab, and
t r ast uz dHEBT T HEE 8% Tgﬂ% é““ Yz OREB S FOGERT SRS
radi ol MUEOCENIUbatEsI1SUa b a8 3L atOSb LmBrBbs wansl %&)wﬁ@ BRELR:APESI NEs.
[01931Several protein tyrosine kinases catal yse the phosphorylation of
specific tisﬁii%yl risgpdopdaty gr Wil@gléwmtv@tﬂwmm1 sfdlrs inahes, Fsguraplicon of
CE' ! gr OEZ)V_\,'t over- LX{S;I‘V\:Q{H} §I‘ Ill{;'lﬁl} %%ll Qbﬁﬁ Ih[)“\%’??gl EE, 111 Llﬂi ‘glggﬁiil/&yicﬁlr g‘v’v fl ed as
recept or “or ‘noncreceptor fds €S ec yrosine Kinases *are
t r ans me RS nPiFothe Iahérrzhﬁ\itmgt‘vaff s@%t Eﬁiﬁ@‘%ls i E@d’en llingadeh iindiangidempionth.a
10t ransnenbr ane donai n, a tyrosine .kinase domain. Receptor tyrosine
ki nases ‘aPECHREY xﬁéhlbitﬁrbtﬁﬁ euwaamv PRHY GFovaE qangi e RN acHEs s onet | nes
termed gr ja I QL o ol ) gd
ot vat {onl S ek s ur SERELANAor nod Bl T IRRRY PRULALE oRI HIRAR L

(EGFT), pldtclu dyrn ed growth factor receptor (PDGET), orbB2, erbB4, vascular endothelial

growth factor receptor (VEGFr), tyrosine kinase with immunoglobalin-like and epidermal
growth factor homology domains (TIE-2), insulin growth factor -I (IGF1) receptor,

20 wacrophage colony stimulating factor {cfims), BTK, ckit, cmet, fibroblast growth factor
(FGF) receptors, Trk receptors (TrkA, TrkB, and TrkC), ephrin (eph} receptors, and the RET
protooucogene,

10196} Several inhibitors of growth receptors are under development and include

ligand antagonists, antibodies, tyrosine kinase inhibitors and anti-sense oligonucleotides.

[\
W

Growth factor receptors and agents that mhibit growth factor receptor function are described,
for instance, w Kath, John C., Exp. Opin. Ther. Patents (2000) 10(6):803-818; Shawver et al.,
Drug Discov. Today (1997), 2(23.50-63; and Lofs, F. . et al., “Growth factor receptors as
targets”, New Molecular Targets for Cancer Chemotherapy, ed. Workman, Paul and Kerr,
David, CRC press 1994, Londoun. Specific examples of receptor tyrosiue kinase wnhibitors
3¢ include, but are not imited to, sunitinib, erlotintb, gefitinib, and imatinib.

{3197} Tyrosine kinases which are not growth factor receptor kinases are termed non-
receptor tyrosine kinases. Non-receptor tyrosine kinases uscful in the present invention,
which are targets or potential targets of anti-cancer drugs, inchude ¢Sre, Lek, Fyn, Yes, Jak,

cAbl, FAK (Focal adhesion kinase), Brutons tyrosine kinase, and Ber-Abl. Such non-

L
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by over-expression or nutation, has been shown to result in uncontrolled
cell growth. Accordingly, the aberrant activity of such kinases has been

l'i nked t ovoabiigsane tissue growh. 15Consequently, i nhi BCTAIS2010/04HUEN

ki nases coul d provi de cancer treatnment nethods. 101951 Gowm h factor

r ecept ortscdpiey laekses mag@mm@h mé;hﬂdémrmmmrdwwmma@@ fimgteptordefEGRE) |

pl atel et, deri ved fact tor),) rb asclar
endot hel | amhg\r(\ W m ’?%r ?e@e”ff o ( Igﬁf’ ty’%&‘m%ﬁgﬁ E}% &

i mat uri ogblehuls, anuglge %d4&p!a@@@ﬁ@‘lv @Em&b’@wm@”m@ﬂﬂofng@ﬂ&domn ns (TIE-2),
insulin grovvth factor -1 IGFl% receptor, 20macrophage col ony stinul ating
factor (cfifd¥8l BTICHERIS dogmt T iodfwlw@@@s&% thgt éwwis a@ﬁéﬁ%&é@my 1 pBgEIst or s,
Trk rec r T r b ept.at the RET
T oSBT e o AOF L G BT 1 FRO0 BB O A

devel opnelptoandidcnik Uske:, k:irigam anbhgodifeatsGARMH HBHD esmatigrae sirpas Emnase
inhibitors and anti-se sepl nuct eot owm h factor tor

agent s tH&AFCHPRAIBIE G BREH P AR SR, E(}cyr} Flfeioh T kohdberid fdgam

| nst anceyy(gy 15@Eh1 OB Cor Sy@ﬁ%ﬂ"@&ﬂm ﬁﬂﬁ&xpﬁﬁtlﬁﬁh§ M@p@@aa@%@d@O?’ 81
Shawer et al., Drug D seov, Today (1997), 2(2): 3; and Lofts, F. J.

al ., " Giguthers abich nnm@k@@m& dRA&rgetsd’ ‘i"(sfk)\léwtd@h ec Elxam cllaiag &Lguifn@d Can c er

Speﬁ ok BBt s ornd ERBise Bt Brlfink Shtanaa B S rsPE SR et Bhut ar e

not | i m&edhéblodun ihénibg beddOkioNiP,C gefhhh WD gadBE, &iBbA, rhh@ lambda, jota,
101971Tyr05| ne kinases which are not growth factor receptor ki nases are

termed nesh). Hdgspes tayhdEihe KidasRisE oy kiwegst Mﬁt Kiporsi fpatlk nragess,
usef ul dﬁq It b&a?u%ﬁtoir A 1\4/1&?@"‘1“ uzr:]h Ecrkmﬁl Gm?g E:{ng 41118 rrx.%t? i??:ﬁ}(ﬁcl Iggzar gets of

anti - cancer e cSr

adhesi ortiekmﬁta:sebx Y anBotQs, I"zWaQS I K@zmuﬁmxgg W anﬂ Aﬁsfrﬂulsm.}h 2600y 799803,
2011/ 035022PCT/ US2010/ 049116 receptor ki nases and agents which inhi bit
non-ir»ece%*tiéh B pigaiing & Nage. Rubeehan Péﬁaémﬂ@éd@p%@ Hﬁérlrm“@&“b&ié‘& Cor ey,

> uggeJ ?}fk‘gf@éﬁhh?ré‘ﬂ ;e&bﬁﬁeg}&ﬁds 7838%4. § {Jn% 9?’ \?%ﬁ%g{aé”%?{ﬁ g‘?zmﬁ”ﬂe&z

nhual Revi ew I Arunol 0§
101981SI—&/SS{-@Q@DY&ﬂHZM@kESJ‘«SKaEteﬂa@GOEgS Mdzv’athdn Shaspts, SHRIODEHSHI 28I n

bi ndi ng j. variety enz t inclu p85
subuni t, U %r g‘“ﬂéﬁ Py %Qiﬂyéeé’Y‘{Tgﬁ f“’ér e{nﬂPég ’%‘SR@C R (ﬂk@% Rgép b% and
Ras- GAP. inBiHgbRHE }@85@05133115%%0&@{ gq\ﬁasc%mﬁ?h‘m‘i@&&c@& ugﬁl'g%()&r‘ﬁ dhipggussed in

Smthgalt, T.E. , Pharmaca 7r Oxi col hods. (1995), 34(3): 125-32.
| nhi2si t drigasef AShY, |Di@MPri<E eodiknearkiehasegul mdhfupltlwfg\t MARN ki A Ehdassetiac

bl ocker s,.whi c ckers f k 0

Ext r acel Cfllﬁué?t“ %%ﬁfl‘%‘[ﬁ% li4%0I5<|”fi1’ ’”?b{) WE%%’}“” “Qn@g%’()f %@3 % ‘“u%vlé i&u?ft ™

Ki nases 1:ERKSicogand 1Pootieirs ki nase Jeefsamid.y., ine. J. Biochem. Cell Biol. (1997)
29(7%935-8; and Zhong, H. ot al., Cancer Res. (2000) 60(6):1541-5. Also useful inn the

present invention are Myo-inositol signaling inhibitors such as phospholipase C blockers and

[\
W

Myotnositol analogues. Such signal inhibitors are described in Powis, G, and Kozikowski A,
{1994 New Molecular Targets for Cancer Chemotherapy, ed., Paul Workiman and David
Kerr, CRC Press 1994, London.

{0199] Anocther group of signal transduction pathway inhibitors are inhibitors of Ras
Oncogene. Such johibitors include inhibitors of farnesyltransferase, geranyl-geranyl
30 transferase, and CAAX proteases as well as anti-sense oligonucleotides, ribozymes and
immunotherapy. Such inhibitors have been shown to block ras activation wn cells containing
wild type mutant ras , thereby acting as antiproliferation agents. Ras oncogene inhibition is

discussed in Scharovsky, 0.G., Rozados, V.R, Gervasoni, SI, Matar, P, /. Biomed. Sci.
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menber Mockers including bl ockers of PKCs (al pha, beta, gamm, epsilon, mu,
| anbda, iota, zeta). |IkB kinase famly (I1CKa, M), PKB fam |y ki nases"kKT
ki nase fawDl2g1mssdzers, and TGF beta receptor kinases, chmnSaanehThreonine

ki nases and inhibitors -thereof are described in Yamanbto, T., Taya, S.,
Kai buchi(Z090), 7(31: 2Bi-6chetiys MY, ({(c199%)in12igidpbY 19989 §{B0% - 11338%1&@111 PA, Samanl,

A, & Nav X che )QQ) 60:1101-1107; Massague, J,,

Vi s- Chr%”tmnﬁpuh néﬂ%zEh%@??§§%%§é§g?§1-64; Philip, PA, and Harris, AL
Cancer Tr e@ggiRes. A{ A99%)ncd8hod:, 2diibddackeyonikis t€tecdbior Bin@Qr ggag%d}dir@‘lem
Letters 2000) 10(3).: 223-226; U.S. Patent No. 6,268,391, an

Marti ne Zm@(%_é a@%urw q_2(m 21@@11 &]&Hbdl}hiil({ﬁ nlbiten cldEs gi’gg‘ggy blgg{éGi}i)}&dugumggath‘vvd‘»’

bl ocker o P AR B e Ao AR B AR e et IR PR i i
present dfnveptdroyrosiButmakisndsesangc dnsloussans EaFRupaliimanibadyQurer@ntn,Opi n,

720y MYOE 8l Gittrbbirer Sep. CRPRIH EoB e Hesanngl iBE (gary oo
29(7) : 93@erm8prant AN0Rsker Hes €hom) 2(3)G9B08R5 ), Ras Ac@wﬁg)m@%&)lﬁé%&ooéy Al so

useful _ 1n the present invention are Myo-inositoi signalihg inhibitors such
as phosp@eﬂBn&kﬁlEi&b@k@rSJQRﬂRwyde§§mﬁd%)améTé@ues Such si gnal

i nhihitors de crlbed i n, Pow s nd K. ozi kowski 1994) New

Mol e@ul ar H}a ﬁet s "‘é&ﬂ‘@%’rm%i%e%f“ﬁ’%?‘a“bvnﬁ@ﬁm“ 1%’u‘i‘l§s%§‘?‘§<}(‘r§d“é‘3fdi B d

Kerr, CRevRRSS hﬁa@f&m boRAR:nbAIRVEANOENER liorpake SkaRald fyoansdugtion
pathmay inhibitors are inhibitors of Ras Oncogene. Such inhibitors 1 nclude

i nhi bi t opsigel mzaﬂtsﬁ@@wntmlah@@iér@té Ecopieray r"agrefpaﬁwmgoiﬂrl%@} ehzgegengsiel CAAX
pr ot eas e 0030}*\!}‘? §1 Tld t%n ﬁ‘%ﬁ%f EOI‘ ) Ogna%%n Y 1'( £ %}%ﬂb}%r% of &y Jb ZXx@%G%@%aw been

i mmunot hera. p een s ock ra. s actrvation in

cells coqmtsamnb IilgnEWL k@ldsge@eszmtnamﬁﬁy &$<(Ii<f'&e\@myioﬁ0tihﬂg tlascoattihaioaldifer at i on
agents. Ras onc%gene inhibition is discussed in Scharovsky, 0, G Rozados,
V. R 1%Gerqy§Bs/&(ﬁF ighibifop pualh snpahibijor @Ejaggpegenssis makggppense. Act ordingly, non-

2011/ 03@%%%5%%& %Q{agg%kg@@ 9% OZ&&‘I)m Li:%%m mﬁ@h&@ém%@ Priedagr. Opth.

Li pi dol ochim i ophys. Act a,
(1999) hﬁﬁﬁ&@%cﬁm@ﬂﬁﬁmnﬂﬂﬁemiﬁsEhemknnﬁednﬁhbﬁ@?cmnbmhadVQEMImgmnlsts to

receptor Kkinas bi ndi n | so_ser nal sdyuct
 nhi bi { GFEIZ e‘s*é?%dgl»dﬁ‘?wﬁw%gﬂ@ﬁd&fﬁ%ﬁlﬁﬁsﬁﬁ “Finﬁi“grft“é? @§“€’ncl udes
the UselﬁﬁmBHHQQMQQQnﬁﬁ%ﬂQQ%LﬁF>&ﬁt&h?nﬁﬁﬁ&ﬁ@ﬁ!b&&ﬂfmth%BQaHﬁaﬂhBQmﬂP”H'n

of receptor tyrosine kinases exanpl e I ntl one C225 EGFR specific
ant iBody(nesde Karmenalso prove usetul in combination with the disclosed erb family mhibitors.
{(See Bruns, CJ et al., Cancer Res. (20003, 60(11) 2926-2935; Schreiber AB, Winkler ME, &
Derynck R., Science (1986) 232(4755):1250-53; Yen L. et al., Oncogene (2000) 193 1)
3460-9),
10202] Agents used 1n immunotherapeutic regimens may also be useful in

combination with the compounds of formula (I}, There are a number of immunologic

[\
W

strategics to generate an iramune response against erbB2 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 roolecule inhibitor. Dhscussion of the imumunologic/tumor vaccine approach agaiust

3¢ erbB2/EGFR are found in Reilly RT, et al,, Canicer Res. (2000} 60(13):3569-76; and Chen Y,
et al., Cancer Res. (1998) 58(9):1965-71.

10203} Agents used in pro-apoptotic regimens {(e.g., bel-2 antisense oligonucleotides)

may also be used in the combination of the present invention. Merbers of the Bel-2 fanmly

of proteins block apoptosis. Upregulation of bel-2 has therefore been linked to
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MC. et al., Cancer Treat. Rev., (2000) 26(4): 269-286); Hercepting, erbl32
anti body (see Stern, DF'" Breast Cancer Res. (2000) 2(3):176-183); and 2CB
VEGFR2 spwoi2biien3anei body (see Brekken, R A, et at, Canc@CcTRS201002000)
60(18):5117-24), 10[02011Non-receptor Kkinase angi ogenesis inhibitors my

al so fi ndcusecsistrncheSpdas dare shevearhitdhe epidtined gowsh dictaiglodyemasiatsr el at ed
VEGFR and . TE2 are di scusse i.n rggard t ignal transduction

i bi 1 oPs (oBRHer RTRrEP e By Bell oPR P Pl AR b RSy B8esi s i
gener al ths ckprokedh dfhcbl MBRMECE RS giainktges tindealibbhifhiaho ks @fw BritBe and
EGFR have been shown to inhibit angiogenesis, primarily -VEG- expression.
Thus, t H&TEdHBFamebhCetta ki A58 B2 AEGERS HHIoBI¢ ertids t%‘@%ﬁfq“%i?mt%%r of

angi agengsi s, JIKES (SENIR ACHAL NGk Ve LARs, [L6EDS O Ly 03kine vkinase o

i Bt o iy e 8 BERRRen CRARb AR SPARey (SRR RIS ot e
present dlnyefitit. abncoFQROEN AR el 8 a3 aMERRadt i dbelidessermhiReh Tdo. (1694)

recogni Zf”\-/E?FR (the receptor tyrosine kinask.), but bind to the tigand;
smal I noléEule" i nhibitors of integrin (alphav ‘beta3) that will inhibit
angi ogenesigsy4ieRdastat isknaitd o A0ghast #rit 20(000s Rklolay 1lS o avg: ugef ul
in combination with the disclfosed erb famly inhibitors. (See Bruns, Cl et

al ., Cangerle. Re&mi(20009ici6l0 sty calRd26¢208SenSot keiaber CAB,s) 2 diclrer ME, &

Derrjick R Science (1986). 232(4755) . 1250-53. Yen L. et al, Ojcogene
(2000) 1@?‘%&5%?“ é’ﬁé*o? %’?ﬁﬂ?[%fb%f%béeﬁ’{“gd GERES PR %ﬁﬁ‘?ﬁ’e’f‘ﬁgf"ég&ﬁ?%m&gi mens may
al so be ygehulic cbincGNDTRALARM: bhilien eAIMRaALRds 0 br igTemt aydilycnkhere are
a nunber of i m"runol ogl C strat ;gl es tO‘ gener ate an | m"rung response agal nst
er bB2 orcoBEGRERCS Thessessstyriat aegfines pensecsgien dirghgly thic ol hecle b varad finkibys of

vacci natjans., The efficacy. of i mmunol ogj c roaches may he greafl
ennanced TResgE el R TR o b DR e e P TSy s usi ng
a smal | wpdsecuhudinRICIK DI DO SeU IR0 aed inhitetobniutiel ;agikckd dypribadaacicne
approach agai nst 30er bB2/ EGFR are found in Reilly R, et al., Cancer Res.
(2000) 6Gopiamy: Bogaiatel Sankrngnen - retrit I haakeuninédl0)(1P698) 558 9) - 1965- 71.

[ 02031Agengsgdised ¢ .PLORRAPHPL HsTBNSAd B B biRGds Ao AR LRENS G
ol i gonucl gt({)t ? es) ma)? glgseoR%e au%éééél fl{g% the %%e(niﬁi(hatbiwgﬁ DO%ﬁ E’é“%r ésent

i nvent i anmivestpgrsssok ridveciBendbioan ibyarof cupratie thnsaplyl agekis apaptes itgrapy
Upregul ati on of bcl-2 has ther%flore been linked, to WO . ]
2011/ 035H5DIBCHAIEEH FH O goduiators suct as the retinoids and reximoids, e.g. adapalene,

bexarotene, trans-retinoic acid, 9-cisretinoic acid, and N-(4 hydroxyphenylretinamide;

20 phenotype-divected therapy ageuts, including: maonoclonal antibodies such as alemtuzurab,
bevacizumab, cetuximab, tbritumomab tiuxetan, rituximab, and trastuzumab; inmunotoxins
such as gemtuzumab ozogamicin, radiolmmunoconjugates such as 131-tositumomab; and
Cancer vaccines.

10206] Anti-tumnor antibiotics include (a) anthracyclines such as daunorubicin (including

[\
W

liposomal daunorubicin}, doxorubicin (including liposomal doxorubicin), epirubicin,
idarubicin, and valrubicin; (b} streptomyces-related agents such as bleomycin, actinomycin,
mithramyein, mitomycin, porfiromycin; and {¢} anthracenediones, such as mitoxantrone and
pixantrone. Anthracyclines have three mechanisms of action: intercalating between base
pairs of the DNA/RNA strand; imhibiting topoiosomerase 11 enzyme; and creating iron-
30 mediated free oxygen radicals that damage the DNA and cell membranes. Anthracyclines are
generally characterized as topoisomerase U mbubitors.

102871 Monoclonal antibodies include, but are not limited to, murine, chimeric, or partial
or fully humanized monoclonal antibodies, Such therapeutic antibodies nclude, but are not

limited to antibodies directed to tumor or cancer antigens either on the cell surface or inside
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chernoresi stance. Studi es have shown that the epidermal growth factor
(E.GF) stinulates anti-apoptotic nmenbers of the bcl-2 famly. Therefore,
strat egi esodesi/gmed t o downregul ate the expressi on of beCTAIS2en0wmdé S have
denonstrated clinical benefit and are now in Phase 11/111 trials, nanmely
Genta' s 981380 pech-therapruitisengeodyds gonveldotbiutece nSuibmitpd & apopdios 'dﬁfwtcd o

3;[ ggbggle gees SI ) thtwb;?i %Jifyeortlsu(?digla Opblxj)&la Vvlﬂl U?té‘{)g%x 19%% tﬁ)anpﬁg%ﬁb rféx and
Ki t ada Surtgér ﬁbmdd\m}ﬁd senselihasd th&Mbo(izl‘;QSééaék{t%)tar@ﬁhﬂQ pathwh0204] diekll; cycle
signal | i ng inhibitors inhibit nDIecuIes i nvol ved in the control of the cel
cycl e, Kofrachivihyjargets oF GrBPRYKIviaEesd ealt tbycayRraunds abphe nasnt ikywasas In

( CDK,59$) ; a t dns
Cont ol o arEbL ek ST RIS LAI it i Y 1 DL SLERE SFUER
aCtIVatL@h@ﬁﬂ&nﬂﬂ&hﬂkHmhhmﬂmoﬁﬁduhﬁmﬁﬁﬁma z%nﬁ@ﬁk@@@mmtmnﬂgfMSMKmmﬁﬁsary
for normal progression thr%ﬁgh the cell é Sev |nh| itors g& cel
cycl e silA g SAFBOAY B Gast OpREATIabEERY ietands fﬁé&% BEHREPe| i n
dependeng;, ki DASES me RS BTG GRlndi, BRI AR CIE, @ﬁ%h&%ﬁi}&&(ﬁém&or the
sanme are described in, for 15instance, RosaniaGR & Chang Y-T,, Exp, Opin,
Ther, PdtenEQX@QﬂﬁﬁkhmmﬁﬂjiZQEMQGMbbog@@@ﬁh&nmewﬂmblébwﬁauuméwgwaemﬁagents
i nclude 1K 13 i ndi ng .agents u h as the i ssive . .macrolide
ot 1 or Ry cse Bl By M e nt e s L RE R et o and
gene ex W&§§1b%f1m%1@x@fr§ab Site RSP EF A RE R B SFiaRGn @K, Tk dSinm a8,

adapal enk. , bexarotene, trans- retinoic acid, 9-cisretinoic acid, and N (4
hydr oxy phefypret ﬁ@#ﬁ@émnmpﬁéﬁm 9@@610?1@@%@@%@&&“&@@@@?1tigetuﬁﬁ@ct udi ng:
ITDnOC| On()allﬂ %1}0111[?? 'h%sumsa%cﬂam%u &%TTL%Z uf:u b med ul ln(%b”ib ﬁlzl%tlc&)XI mab

i britunmomab tiuxet: an,” rituxinmab, tras FRTUTot OXi NS’ such as

gent uzunglaQaQ@adn, @:hmﬁmaﬂb diiapainacead u\gaﬁue@n@m G‘hzlﬁﬁn&;&i* MisidbamaQr nab; and
cancer vacci nes. t|-tunDr antibiotics include (a) anthracyclines

such!®as f‘d@t’-@mma&nﬁw@' Néﬂ‘%@?ﬁkﬁ FPipbEaRal NeratRBIUS: ERRYLZEBXoNI bi ci n

(i ncl Ud'@ﬁtdxhﬁﬁé@@kw%ﬁﬁ[ Pygb&h}&mb‘%ﬂ&{a ‘%!r%woﬁ%u}bin%&mr&%d val rubi cin;
(b) streptonyces related agénts such as act i nonyci h
nlthranﬁﬁmMpnmnmbn&ﬁhmumpmﬂhnmﬁﬁmﬁ%anamdnmﬁgRammhwmnﬁméﬁhunﬁsnﬁsuch as

m t oxantrone i xantr Ant hr | i nes have thre nechanl ns of
action: %‘f‘é?@gq%%dﬂﬁmﬁ%mé%“%‘é’é‘@%ﬁ% QUGS BT %twﬁézﬁ&i PRRFRDI ti ng
o car Aot TR @R CrigERALAY Tok Altnonith, “‘“fi*a‘{ﬁ‘?%é“fy‘é%?‘agms e

geneilal | Juccharaeh erinzddias \tﬁtiip@usrs@inéﬁagemmmbl Fhiubigibs Zaluting207, aMbnocl onal
anti bodi.es i.nclu ut ar.e ,not rtial or
I L R R GG M R b Rt IR B G
but are wm@hcilddil, kR ANUALRIHES, dihnieshed, tRilMEREL AlxGaNeekiamMkhgeNns

either on the cell surface or inside WD 2011/035022PCT/US2010/ 049116
rituximab, tositumomab, and trastuzumab; in other embodiments, such monoclonal antibodies

include alemtuzumab, bevacizumab, cetuximab, ibritumomab tiuxetan, rituxamab, and

[\
W

trastuzumab; alternately, such antibodies include daclizumab, gemtuzumab, and
pantiturnumab, In yet another embodiment, therapeutic antibodies usctul in the treatment of
infections inchade but are not limited to Afelimomab, Efungumab, Exbivirumab, Felvizumab,
Foravirumab, Ibalizumab, Libivirumab, Motavizumab, Nebacumab, Pagibaximab,
Palivizumab, Panobacumab, Rafiviramab, Raxibacumab, Regavirumab, Sevirumab,

3¢ Tefibazumab, Tuvirumab, and Urtoxazumab. In a further embodiment, therapeutic
antibodies can be usetul in the treatruent of mflammation and/or avtoimmune disorders,
including, but are not limited to, Adalimumab, Athizumab, Atorolimumab, Aselizumab,
Bapineuzumab, Basiliximab, Benralizumab, Bertitlimumab, Besilesomab, Brialanumab,

Canakinumab, Cedelizumab, Certolizumab pegol, Clenoliximab, Daclizumab, Denosumab,

L
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the cell. Such therapeutic antibodies also include, but are not limted to
anti bodies directed to targets or pathways directly or indirectly
associ at esowntin3gK2. Therapeutic anti bodi es may furt her pCmalSeale/0491ué¢ ar e

not limted to antibodies directed to targets or pathways that directly
i nt er act Eailighimplarigebaccorabpiftivaysb.dgsoenat édzakinmathEogolipoutds of the
pr esent ntion. An _one var eut ncI ude but
are not Ifiﬁﬁ%tmudn?) (idﬂ%lhéfgﬁ%gr{%‘Helmt&’m&E Uhﬁt%u‘mﬁi) Jmmh\irf)adb i&ﬁlea ur’numab

Af ut uzunablimAbas) Kumd@a@@hm&l@b nmgua@mﬁlam%m qm@maib Nepielake,
Anat unomab maf enat ox, Apol i zumab, : Bavituximab, Belinumab; |3evaci z-umab,

Bi vat uz u‘riﬁabn%}atié%Pﬂrédhzsmdha@a%wb Brehrgxiahelnpdastith Otdaneuzds nab
mert ansi . apzhdols X t ut umumab,
cdivat uzﬁﬁ%gﬂt llékt t axg{[}g}%h %§ %&éh%%mgr%ﬂ? %&ggg&%ﬁﬁ%gﬁ& k[lﬁle% ugrgrjo b,

Ecr onexi RmﬁhunmEcﬁmﬁmMmmJb bilﬂ%lﬁlmbluraﬁf atarzelombb, Eii-unmi ohinabymab,
Et araci z- urrab airl tuzu F;?gBrl g rn rnab Frc?sIJ i nt nab Gal i xi nab,
G enbat uFFHFRERD Ve V“ﬁm ‘PW% hABeKREP A dqlin mUFREE 9P HSt uz umab

ozogam cirfitizhiRiab] Z@-ﬂcﬂﬁﬁm&%r AU AGRab hﬁ@@t H}Z%%Q@th&%d&ﬁﬁbﬁmﬁgh
Li ntuzumab, Lucatumumab, :Lum i xi mab; Mapat umunab; Mat uzunmab, M | at uzunab,

Mt unmo rrab%m@@tmaeo}wimbmmsﬂeﬁm @w,nort\lapt tatrbomadbl msmaxﬁvehamgw,mwem eV Faukins:vol

Ni mot.uzunmab, COf.atu . O arat.umab ortuz t ox oVr.OM|

pan Chmiran! PUBaaT- e BSTTRe. BRR IR > P G HnenS RGP hab,
Ri | ot umugBEa @yt HX iHBDeuw Rokabuatal Ralide ShAk B2y w@m&agﬁt Gart @
tetraxetart, Tapl i tuntontab paptox, Tenatunomab, Ticilinmumab, Ti gatuzunmab,

Tosi t umﬁﬁﬁ}’cm&a’@tihmﬁm THREEEP. i Aaten o Rdcut e e Basyeligentoxin,
Vel t uzumab i XI mab, Vot ur Zal ut urnurnab, and Zanol i rumab. In
sone enbrr%dg ‘E’?% @ﬁmt ﬁear%ruégwca%%ﬁﬁ 6di es i ncl ude, al entuzunmab,

bevaci zur rgataﬂs e elku mhnﬁa;tam d;amﬁb 2u mab}.m g&ﬁﬁthm wikralnodidl-z m‘m Lmbmﬂh yiuxetart,
pantltummab rituxi mab, tositunomab, and trastuzumab:; in

mhodi netftalctdrerensroersralc. aft] Sodhiedi ey de: Q‘%&%hz‘?ﬁ%&@ibé\%@%&ﬁab

t N ly,
Sﬁcﬁxiﬂ SRS MTEG, ELKEREN il leBIBh, 1R ASELIRDY, SLbRERaRSLY.
anot her @abdi eHt?), ﬁhaﬁ’a’if)EdmimIaamm)‘ibotjﬂ‘eg-chﬂsefghbn@qamnth‘éu(ﬁ}r)@bfmnt of

i nfecti ans | ude but are not to Af I;rm E
Exbi vi r Jfﬁﬁgiy?w%&?fw% JONESY éoﬁ“}ibmlaﬁ%q“ faf€ &%{é E«flbl. {/%? ffgg0§4 3-
Mot avi zuiBhinoNehas. LJH,B&Q@mBﬁﬁﬁg@?&!&ﬁsﬁﬂgdxn'?ﬁ@l%’ﬁwénﬂﬁ&ﬁzei@@ﬁ@W@“ (4-(2-

R afi vi rumab, Raxi bacumab Regavi rumab, "Sevi rumab, 30Tefi bazumab,
Tuviiur r{élsﬁrmaﬂd M—k)&%hmx}mby o Iiﬁzﬂaf £ uﬂ(?riﬂéf >—ﬂmm@nyﬁen’tthv 10hef~ébiemuw%£4 5-

2t of miPre B2y daret - hBrbar Tueear (g ARy Do T b,

At 1T zur nahyde il MIBBRhAS R, I@S&{mmn@am AgMzdeBIsE 2B sk XEaaK 147,
Benral i zumab, Bertilinmumab, Besil esonmab, Bri aki numab, Canaki nunab,

Cedel i z UNRB460EPLIP T 2d ik Msdlgdt2- Baci S hritexo- %ﬁ@é‘ﬁh&ﬁi -2, 3y dro-

2011/ 035 0,049 X ) . Efaki zumab, Erlizumab,
Fezaki nu%r%%fgg %Qj‘l%}iglngjg%ﬁ&rhggggi m%@bm” nt Zg(r\?gr ({@aw i i momab,

Got iafunah S, 4G010H, | Xt maﬂb,,mkppt ﬁuﬁfﬁﬂﬁﬁandﬁ@dﬂhy@tﬁm@hyﬁa@m41kmzt!hﬁﬁ\bnethﬁr- del3-munab,
Mepol i zumab Met el j nu talizurnab, Qcrelizumab,

Qdul i rmrf%}Bw orral 1Zlilsﬁr‘éBE)0 i‘ @I llﬁriziuln"a%’ 1‘F’iﬁf‘:‘bll l“ﬁﬂﬁ‘éﬁ "’qi’P'IAI"?‘S@r r nab,
Resl i zurapy, g&%%ﬁkﬂ@am e noﬂte%lek»; UsBBgsd0velyi. wﬂ%gx,@gﬁ A@mﬁam; Ao

Sifalinium I zuma Sol art €Zur nab, Stanul una nab, Tanezunmab,
Tepl i zurdpf- (;methamwiﬁmly -piboraaln- -uiradsly B@srhelphnmﬁmm—thlenkﬁ[%i@zaﬁﬁpﬁzbmxdmc)

- Vepal i h, Misitizumb,. 1 ... and Zotinmgmab ari In_yet

another Sa Sents S FERbEl PRt B it e bR e oy

l'i miged ;Hg;h@fé@gl AUBher Bagkdd XhiBBs, §RALOtLZUNRDIIBHIeg9 pregsd irzunab;
efalizuma |'i Xxi mab; nuromonab- CD3, natal i zunmab, and onal i zumab.

Al t er nat @16@65@ HeAb Héﬁaprtfﬂ( Pel.antl il Dody 26 Ahaierddoudentidisdiix theest arPI3K/mTOR

conj ugat SHROeh AT aR shulas ARG AT T e g RO TR TRV o

a drug- fdaibledidid Qqsgﬁ@ml[hg}a%&ioﬁ&é] drBRIcHLRKS (b Medsbdeskill in the art.
11, 6- Hydrox%/met hyl - chi ro-1nositol -
1351

R
150ct adetgditign gioycesedt I%ﬁa@éiw@w %eda‘r%?ﬁé@%#%atﬂmwn) HMpoey-4dH 6
(Cal bi ochem Cat. -No. Cat. No. 124009), Carbiochem Cat. No. 124011,
Triciribine (NSC 154020, Carbi ochem Cat. No. 124012),
1044' - (N-di et hylamni no) but y1) - 2-chlor opi&noxazi ne, Cu(11)Cl12( 3-
Fonnyl . chronone t hi oseni car bazone),
1, 3-di hydro- 1- (14(446- phenyl - 1Hi m dazo[ 4, 5-
gi qui noxal | n- 7 yI ) phenypnet hyD- 4- pi peri di nyl ) - 2H benzi m dazol - 2- one,
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20(4-am no-1, 2, 5-oxadi azol . -3-y1l)-1-ethyl.-7-{[(3S)-3-pi peridi nyl net hyl ] oxy
}-1Himdazo[4,5- c]pyridin-4-yl).-2-nethyl-3-butyn-2-0l1), SRl 3668

((2, 10- diwarbatdssoeg- 6- net hoxy-5, 7- di hydro-i ndol o 2, 3- bpCTarsh@nolua)e
GSK2141795, Perifosine, GSK21110183, XL418, xLi 47, PF-04691502, BEZ-235

[ 2- Met hyltbora pf@nﬁ%ﬂtw #PweKD2BuiGuInhGPR nn8biyars Rngw i@ltmtﬁﬂa%%eo@fni&dhmd{lms c] quin
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1) - 644- meh i )
o B bgae ot Lo RUDSIRRIND hyarpxamic acids syeh as Trighorgn A goripgstar
SF2523, @M@ﬂmw BfRodknadic aniin S AG(/S). t;md@mwmnm)samemcmm@@at
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the art ag '@%ﬁ*ﬁbﬁ@?hﬁﬂhﬁ@é fo, a8 @htﬁ @Bﬂ!fll&%ﬁ%&@@h’@f{ghmﬁﬁeﬁ?%n‘gi )3
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wel | h bi t.or Y294002 .[ 244- hotl nyl) - 8- phenyl -41- 1-
VO 21(911;)%@5&6%%@ U’éﬁf&%ﬁfﬁ &LE‘EE&LBBQA yﬁmSHD “and wort manni n. niTOR

i nhi bi t oy §mKﬁ‘s§Wﬂh§ ObdR0$ 101 kidehropilit REoARE (VyNied MRk €ENS LE@bEIMS such
deforolimus, sirotinmus, everolinus, zotaroli rrus and biotinus A9. A

representﬂaﬁiﬁvﬁi‘%tmﬁé‘éw@o‘fﬁlfsmbl”ﬁwidﬁh| b| tors includes tensirolinus,
def or Ol I nu[%ﬁﬂilo F%Slﬁml Oors ﬂlghrlrl g mi 31 (,AHQ Rl\dIL Ogllf)gg_ucga[c)lt@g nhl itll?r S I nCl Ude

(1) hydrox ost'a nos 5080 er“oyl ‘ani | i de

hydr oxameDacsd (Gﬁ%}ﬁ]xiaﬁ&ﬁd}-@ﬁhhﬁﬁ’ﬁ@ﬂ 7((‘1::51’358)9) g@dchabetinnastabintRXD101)
(ii) cyclic peptides, such as trapoxin B, and dep3| pepti des such as

r om ‘depsitA- Klsci’éeﬁ‘fﬁ?@)ﬁﬂ i f%l}iﬂb@‘h‘@amaa@g&w%éﬁ SaEstaygupyeg (1P1-50

(3-pyrid {i4- e yl- tk.), C
094" (4 et o L LR R RETS %‘%ﬁ%enz%’ﬁﬁ‘??@?W@&%ﬁ‘ﬂ%ﬂw

(N- ( 2- angohbphenyit), add Ql(lztmﬁwm ;d,uzn&oBe%ppEyas corditAi > (4-14-(2,3-dihydro-1,4-

ﬁl:.a? 23) ”efﬁwﬁémgéﬁhﬁrm %ﬁi@%ﬁ% vPL }a —dﬂwL# %1%2‘9}“%&@ %@i@e ey S@at' ‘

i nhi bi tqfaélcb&ﬁl lfkdﬁcip%rgﬁgﬁkﬁmm%§@\%ﬁ§25 U@ihx 8o@ehdanamysi n, 17 . DM AG
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15( PI- AAG, (627t laMiydclinharms 2Zerdemetukdoxigeivdas.taayonyci m)id»E;%hum ettapi myci n
hydroxyurea, levamisole, mitotane, octreotide, procarbazine, suramin, thalidomide,
lenalidomide, photodynamic compounds such as methoxsalen and sodium porfuner, and
proteasome inhibitors such as bortezonub.

i0212] Biologic therapy agents include: interferons such as interferon-c2a and interferon-

25 u2b, and wnterleukins such as aldesleukin, dentleulan diftitox, and oprelvekin,

{0213] 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 armaifostine, dexrazonxane, and mesna, phosphonates such as
parmidronate and zoledronic acid, and stimulating factors such as epoetin, darbepoetin,

36 filgrasum, PEG-filgrastim, and sargramostim, are also envisioned.
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18, 21- di dehydr o- 17- denet hoxy- 18, 21- di deoxo- 18, 21-di hydr oxy- 17- ( 2- pr openyl am
i no) - gei dananycin), and herbirnycin; pyrazoles such as CCT 018159

(444- (2, voi2bydien2l, 4- PCT/US2010/049116

benzodi oxi n- 6-y1) - 5- et hyl - 1H pyrazol . - 3-yl | -6-et hyl - 1, 3- benzenedi ol ) ;
macrol idc,s, such as radicocol; as well as RI1B021 (CN. 1:2024), SNX-5422,
STI TA- 9090, and AUY-922. 20102111 M scel | aneous agents include altretam ne,
arsenic trioxide, galliumnitrate, hydroxyurea, |evarnisole, mtotane,

oct r eot i #Qunspss0car bazi ne, suramn, thalidom de, |enalidom de, photodynam c
conpounds such as net hoxsal en and sodi um porfimer, and proteasome

i nhi bi t or s!%3kHh Tas fPbpiag ew&*i@wéimizaw Bibiopetd e hErapyeragenissicadicude:

i nterf er )

it ort ou e el 28 L Al Ol SRy TR PP BBl AP BT) sct o,
102131 Ilin zja.dmﬂbwmg Rmeﬁh@@%@nﬁma@éﬁ@&m&geBtysmnlqttRnﬂéidwﬁlm ﬁmhreag@cmm
cancer cells t|on theragges |nclud|ngathe use of protective or

adj unct.w%éﬁ%dge ap &qaaﬁrﬂﬁ@wie IPHEL L #iPFECA GERKE Y HY éﬂaﬁ‘»%f%@lﬂfﬁ‘ne

dexr azonxgng, AP IBSP&mdRRPERRANAT IS SnSHULN. 8% RASiIE10 ?Eﬁx@@gmﬁQKEdron'C
acid, and stimulating factors such as epoetin, arbepoe 30filgrastim

PEG f | | grralstsiond tahd ws@{migfnarmmu anFoaneladl )so (Bhvd Bitoheden R atom labels used
2011/ 03502 / US2010/ 0491 a 41 The foll ow ng exanpl es
illgP/é)trafP 32%?%"%“ oET (O mM&”‘ ?ﬁ‘v%‘?%ﬁ“éaﬁ oy ééé&cu fic enbodi nents, the

i nvention includes any conpound of Fornula (1) or Formula (11) set forth in
the foll owi ng Reacti on Schenmes and Exanples. By using the follow ng general
schenes and know edge and reagentt:agijesn Pelbiree in the art, a person of
ordinary skill can easily prepare a wide array of conpounds of Formula (I)
and/ or 11.{0Th¥ dkphmkﬁdmeompaﬂmdmnﬂhdmbdlhemugdeﬁbtdmd;naumadewnglthe
scope of. Fornu as, s ted f t he %gon1 abel s used.10in

the schehBEdR }f‘i“eﬁc I?%&\ % %ﬁ@%@ 1‘1% - phiginghay (@) dEProignatipg gt i on
Schee [Qgho @SJQ%EH AbAe ROMPAURGS: 9 Emﬁ@ﬁ Ll |nabt(ti« DGR D& tﬁé@@?}%@&a&)ﬁaétﬂ@

general procedures v ’ _ ‘
anion obtained from step {a) with an acid chlonde (2) or an ester (1) to provide compound

{4}. Alternatively, the anion obtained from step {a} can be treated with (1) wherein R is
hydrogen, n the presence of a coupling reageut such as, but not limited to, N,N’-
carbonyldiimidazole or 1,3-dicyclohexylearbodiimide to provide compound {4). Treatment of

20 compound (5) and compound {4) in acctic acid, 1 a microwave reactor and at elevated
temperature (for example, 150 °C) generates compound (6). Using POCH, compound (6) can
be converted to corapound (7) wherein one R’ or R” 1s the polar group of Formula (), and the
other is a suitable substituent within the scope of Formula (I} as described herein.

Scheme |

O
0 Q
N
/JJ\\ ~ CN ON
{33 )
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o3 OR R Cl
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illustrated in Schenme 1. Conpounds of forrmula (8) can be Obtained by (a)
deprotonation of 15nitrite (3) with a base such as, but not limted to,
n-butyl Iwohloum3sied t hen (b) contacting the ani on obt ai meu/USeaniogdiee (a)
with an acid chloride (2) or an ester (1) to provi de conpound (4).

Al ternatt © the ani on obtained from steg’(’a;) can be treated with (1)
wherein R i hygrogen in the presence of B Co pling reagent such as, but
not limte NN, Vear bony i 'QWZoIe or ¥ &Y Iohexylcarbodllnlde to
provi de cpnmpo nd (4. *Tr &at men Reompound (4) in
acetic acid, .kh a mcrowave reactor and ate rat tenperature (for

exanpl e, 158 C) gener at es déhpound (6). LBlng’POC1 ' conmpound (6) can be
converted td&’compound (7) wherein one R or R' ‘s the polar group of
Formula (1), and the other is a suitable substituent within the scope of
Formul a (1) as deseribed herein. Scheme 1z, WO 2011/035022PCT/ US2010/ 049116
Reacti on Schene %310 161 Addi ti onal conqpun fs of Formula (1) can be
prepared hyqfhe £aq ng reaction scheng, eMp@actlon of reagent (2) with
conmpound ~B-sunder |ni cto el Fr-adi-ati on gds degsc gd in Ml ecular
D versity 2003, 4 | ead to cdfmo Compound (3) can react
with POC1l3 at an approprigate tenperaturé‘to ive conpound (4). Conpound (5)
can be obtained fromimonpound (4) by reactlng)nucleophlles such as
substituted am nes or via Suzuki reaction with aryl boronic acids or
esters. Subsequent hydrol ysis of ;@g@“@@g@kn@@ with NaOH foll onwed by am de
coupling of the resulting carboxylic acid (6) with amnes lead to

' Totranddeldy (AT HRBN O RN PSR 08y M e 030885 or
t he use @mrpel ermbmund rF@ﬁQE@D mmnﬂ»rrmamemgemam dikereive ifddiameh B are
hydrogen triazole (8) ared in two steps as _described in patent

appl i*cat$5HRABI0 51 997, Df\vﬁé%gﬁﬁ 4 W%@Wﬁ%«b@éﬁmwwWr%@mg%% (@b st s
of the reagtiensof i Lhg, Q}Sﬂlgﬁm&g @n’(ﬁc&ﬁazj\l’t& Q‘I\g'ugﬁlﬁamﬁk({ @E@%ﬁ%n@'(@?&a@@g

acet al

obtained from compound (4} by reacting nucleophiles such as substituted amines or via
Suzuki reaction with aryl boronic acids or csters. Subsequent hydrolysis of the ester (5) with
Na(OH f{ollowed by amide coupling of the resulting carboxylic acid (6) with amines lead to

10 compound (7). Suitable coupling methods are those in the art as described in Tefrahiedron
Lete, 1974, 15, 2695 and Terrahedron 2004, 6, 4579-4582 for the use of polymer-bound
reagents and scavengers. Wherein Ry and R are hydrogen, triazole (8) can be prepared in two
steps as described in patent application WO2005/9973. Wherein R is hydrogen, the fivst step
consists of the reaction of the amide (7) with N,N-dimethylformamide dimethy! acetal

15 followed by hydrazine treatment at an appropriate teraperature to give compound (8),
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15f ol l owed by hydrazine treatnent at an appropriate tenperature to give
conpound (8). WD 2011/035022 NCz O 1-1 Z2,"".1\1112 (1)(2) v11,, Schene

2 PCT/ US20201100881226 Cl 74 7Z2, N Al R PCT/US2010/049116
Scheme 2
9 ci
z Z"“\\/ﬂ\NH B
P P s
Z ; . o A : .
‘/‘Z\z‘f/\\:\i/ N ormr RO - z‘z:’\;\{/\\/,—ﬂ(f—z@'m
N-“-‘*/ =3 ===, =3
&) >-o” &~i>/
‘)' /_,4?) ’,
N ¢ W o o"//
L
7 Sy

Reaction Scheme 3

10217} Compounds of Formula (I} can be prepared by the general procedure as ilustrated

in Scheme 3. Compound (3} can be obtained as described in patent US4105766 by reacting

W

compound (1} with cthyl cthoxymethylenecyanoacetate (2) in the presence of sodiurn acetate,
Compound (3) can veact with POCH; at an appropriate teraperatare to give compound (4).
Compound (5) can be obtained from compound (4) via a nucleophilic reaction with
substituied amines or via Suzuki reaction with aryl borouic acids or esters. Subsequent

10 hydrolysis of the ester (5} with NaQH followed by amide coupling of the resulting carboxylic
acid (6) with amines can lead to compound (7). Wherein R, and Rs are hydrogen, triazole (8)
can be prepared in two steps as described in patent application W2005/9973. Wherein Ry is
hydrogen, the first stop consists of the reaction of the armde (7) with N )N-dimcthylformamide
dimethyl acetal followed by hydrazine treatment at an appropriate temiperature to give

15 compound (8),
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(4) NLZ4 NZ2, Z.":1IN--(R6)m Reaction Schene 3 [ 02171 Conpounds
of Fornmula (1) can be prepared by the general procedure as illustrated in
Schene 3.wQGammasse2(3) can be obtained as described i n pararstol84md6766 by
reacting conpound '1) with ethyl ethoxymnethyl enecyartoacetate (2) in the
presence of sodium acetate. Conpoundd¢®@kiccan react with POO at an
appropriate tenperature to give conpound (4). Conpound (5) can be obtained
from compound (4) via a nycleophilic reaction wi tth substituted am nes or
via Suzuki rea T with yi boronic acids of: ers, Subsequent 10
hydrolysis of the egter (5)7w tjh NaCH fol | oed by nlde coupling of the
resul ting carbexy™T “aeid ( hm@nlnes C & onpound (7). Werein
R4 and R5 are H&dragen triazple (8) can be prepahe_ inotwo steps as
described in patént appllcatlﬁh WD2005/ 9973. \Wgrein R |s hydr ogen, the
first step consi st§’of the react¥on of the anlde (7)

N, N-di met hyl f or mam de di net hyl acetaf\iollomed by hyd ne treatnment at an
appropriate tenp%iéggre to give 1SCOEE?Ehd (8).
ey
i 0
Zon P N F - L2
Z4 ’\{§,-( 2 N
s
k 5 (6}
4 w
\L
. Ry
e E} 3 ZZ\
:»g\zj/ i\‘i‘ \
oo o ®

Reaction Scheme 4

{0218] Compounds of Fornula (1), such as compound (8} in Scheme 4, can be prepared as

LA

ithustrated below, using conditions described with Scherue 3.

Scheme 4
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WO 2011/ 035022PCT/ US2010/ 049116 Schene 3 Reaction Schene 4 [ 02181
Compounds of Fornula (1), such as conmpound (8) in Schene 4, can be prepared
as il l ustwetzed/i3si20w, usi ng conditi ons descri bed w th Sehems2@0/080henre 4
Reaction Schene 5 102191 Conpounds of Forrmula (11), such as conpound (8)
in Schene 5, can be prepared as described bel ow, using transfornmations
descri bed for Schene 3. 5Schene 5 Reaction Schene 6 102201 Conpounds of
Formula (11), such as conpound (&eaktioiSBtiens: 6, ca | be prepared as

descri bed bel ow, using transformations described for Schene 3. Exanple 7
10221 | Cogpesindsn@hbofer dHAnGhID, SUehs @snSRRResnd scBknd N c8ChepRpdedca |
be prepared 5as described bel ow, using transformations described for Schene
3. Schenss dpscribpdboipyl LOBS O22POTHAUSRE EG¥0hed e Schome 3.

5 Scheme §
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va ¥ \,\ /\\,\R
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Reaction Scheme &

{0228] Compounds of Formula (11}, such as compound {8} in Scheme 6, can be prepared

as described below, using transformations described for Scheme 3,
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Reacti on Schene 8

in Schene 8,

102221 Conpounds of Forrmula (I1), such as conpound (8)
can be prepared as descri bed bel ow, using transformations from

Schene 3.wblahn3e028 Cl

(8)

HNN Reacti on Schene 9

PCOARZMOCaPOUNdS of

Formula (I1),

descri bed bel ow, using transformatiobslichgfed on Schene’

such as conpound (8)

in Schene 9,

can be prepared as

2011/ 035022PCT/ US2010/ 049116 Scheme 9

Example 7

10 WO
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{0221} Compounds of Formula (11}, such as compound (8} in Scheme 7, can be prepared

S as described below, using transformations described for Scheme 3

Scheme 7
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Reaction Schene 10 [ 02241 Conpounds of Forrmula (I), such as conpound (3)
in Schene 10, can be prepared as described in Journal liter Praktische
Cherni e MWBD20113B3:M22647- 653. Conpound (8) can be prepar e@Crrusavioonpoaund ( 3)
as described for Scheme 3. WD 2011/ 035022PCT/ US2010/ 049116 Schene 10
Exanple |I. 5Synthesis of nethyl

542- ehl or ophenyl am no) pyrazol 011, 5- al qui nazol i ne- 3- ear boxylate, [ 02251
Met hyl 5-chloropyrazoloril, 5-a] qiaaaded bries3: 8ar boxyl at e can be obt ai ned
from comerci al sources. To nethyl

S- chi or opyazat el dpanad QUi masalal (0e- x\ﬁci@@ﬂ[ Q?gpﬂuﬂli%l(gﬂ@)@haﬂe 8 0:a8 12 _F%fﬁk&d in
NVP (1 rnli1) was aéded 2-chloroaniline , L745 nnnl) he

m xture %H%$ﬁé§ﬂé@k@%H$HQYWW§¢ﬁmﬂB@SﬁPﬁ1Wﬁmﬁhé m crowave. Met hanol was
added and the solid nethyl Scheme 8

5- (2-chl or ophenyl ami no) pyr azol o[ 1, 5-afqtrrazol i ne- 3- ear boxyl atc fornmed was
isolated by filtration and used in the ne:izstep wi t hout further

purification. VE)2011/035022PCT/U82010/04 16 Exanple 2 Synt esis of
542- chlorophenyla no) pyr.azel o[ 1_95- aj @ i ne- 3-carbo Caci d. 102261

To net hyl 5- fitarophen IanlnquXLaz I |1 - ai qui nazol i e- -c rboxyi ate
(163 5 ng) i t 014, (8¢ Oyas added Na@H 67N, "1 . tuL)S Rture was
heat ed over anhnﬁat 60 C. The reaction was™acidirfied wth HCH“f and
the solid formed was isol&ted by filtratidn a dOpurlfled byﬁﬁrep tive TLC
eluting with 2,5% MeQH in dlehloronethaﬁeLtnglve 5-(2- W,
ehlorophenylanlno)pyrazolo[l 5- anU|nazoI 3-carboxylie acid. 10Exanp|e 3
Synt hesi s of 542- | henyl am no py , 5- anU|na2%ftf?\~-carboxanlde
\S & NyR" N NyR"
Nizmez \e:‘" ez
{5) 'J/ (6) J>/,—OH
¢ O
W,
S“—J\\E\‘!‘/i\\\\&‘-—-R"
[NES
{8} I~=f\§
N

Reaction Scheme ©

102231 Compounds of Formula (1), such as compouund (8) in Scheme 9, can be prepared
as described below, using transformations based on Scheme 3

10
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15[ 0227] To 5-(2-chl orophenylam no) pyrazol o[ 1, 5- aki i i nazol i ne- 3- ear boxylic
acid (270 ng, 0.799 mmot) in 1, 4-Di oxane was added HOBT (216ng, 1.598mmol),
ED (305 mwyo 20B9850m20i ) "knmonitirn Chloride (339 ng, 6, 3eCTrasedip/o4ame DI EA
(1 114 pt., 6,391 nmi), The reaction was stirred at 80C overnight. 3.195
rmol DI EN/ Ammoni um Chl ori de and 0. 79%cheine® HORT/ EDO wer e added, The
reaction was allowed to stir at 80C for 2. 5 hours, after 20mh|ch t he
sol vent was renoved under reduced pressurey The m xture s di%solved in
WO 2011/ 035022 /USZOlO/ 049116 Net hangl iénd i nsol ubi | iti ylgre filtered
of f. The r§§\v flli was prepate d|by\ﬁPLC to y|eI¢
5-(2-chior nyl no) p ra&ple%i—é»all 7e| i pe- -3—-caf boxa pﬂgv A. White
sol i d. LCNSNGNﬂfaﬁa) EXanpfe # SyntheSis QLJﬁddltlonal Cbﬁpou@di}éOZZSl

b

Ext ended coﬁpouﬁds of Formula (11), such4@s C bund 4, can be prepared by
t he general ptocedure as®illustrated jn Sche 1. Cbnpoupd 2 ca

prepared by reactlﬁg_conpounds 1in t"é<pre58nce of a reduting a%ent such
as 1)1 BAL1-1. C@QE nd 3 can be pr by reacting 2 kn the presence of
nethoxynethyten@ﬁerh nylphosphlnqqus ng’10chemni stry dg&cifi béHl in Amer.
Chem Socmm1358ﬁ\££k , .6+50-615%,—Al deliyde 3—ean be W prepare
various anal ogs 4 usi n cﬁenlstrles*knomn 0 a person swllled N the art.
Alternatively ester T Ban Be hydrolyzed fg%gonpound 5 by redctingfen the
presence of a bases Conpudnd 5 can bewtragstoimed to an aeyl cfirdtide in
the presence of oxal yl©chl ori de. Cbnpound76 can be prepared u§>ingR4
Amdt - Ei stert type h8tpl ogation using conditions 15described in literature
(for exanple in Ji CL%% (' hem 2001, 66(16) pp 5606-5612). Compounds 6 can
be transformed in ious anal ogs 4 using chem stries known to a person
skilled |n“Tﬁ“*aN{

H

;\i N, R

e

N..
H

N\;f’N

4

Reaction Scheme 1§

10224} Compounds of Fornula (1), such as compound (3) in Scheme 10, can be prepared
5 asdescubed in Jowraal fuer Praltische Chemie 1981, 323, 647-653. Compound (8) can be

prepared from compound (3) as described for Scheme 3.

67



Schene 11 OPh 14, Ph-P ! Z3., ""NHO0/Zs.1 '"1'.1-1 . -

e , -z,-11-
\7-IN"" ", - -"?2 W, ..ittig hondogatio H (R )rr, 2(R6)tn 3 z,1 | p
WO 2011/035022 PCT/US2010/049116
Scheme 10
Fxample §
5 Synthesis of methyl 3-(2-chlorophenylamine)pyrazeolofl,5-alguinazoline-3-carbexylate,
o I Py
ci |
J\ e
T oy )\
| {:\\/E\N
AN /< “““““““““““ = 0
N ,
} N
NZ:.'::_/ iJ \
/ ey ha

10225] Methy! 5-chloropyrazelol!,5-alquinazoline-3-carboxylate can be obtained from
commercial sources, To methyl S-chloropyrazolo]1,5-alquinazoline-3-carboxylate (200 mg,
0.872 mmol} i NMP (1 mL) was added 2-chloroantline (183.5 ul, 1.745 mmol). The

10 mixture was heated at 140 °C for 30 min in the microwave, Methanol was added and the solid
methyl 5-(2-chlorophenylamineo)pyrazolof 1,5-alquinazoline-3-carboxylate formed was

isolated by filtration and used n the next step without further puritication,
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, 0 Arndt-Eisler;
- 20Exanple 5

prepar e amigizbiionsai2zanal ogs of Formula (1).
several steps fromcomercially avail
2002, 58,
transforned into conpound 4 by reactin

literature (Tetrahedron,

type honme iogatio nZ,,
102291 Chemistry described in Scheme 12 can be used to
Conpound 3 cacThs2@oepaied in
e 1 using chenmistries described in
. Conpound 3 can be

ng vmth m cht or oper benzoi ¢ aci d.

1 2z5----.4.,g CRe)

n6 (lre)e)

ConpoundsyhtB&icafb-Oechinandicaymadnsd pl oaabrfpsu] Jumabyiinehebing yile bidUVF.
Compound 5 can be transformed WD 2011/035022PCT/US2010/ 049116 into vari ous

anal ogs of general fornul g
the art, Schene 12 /l\fi
S

X
'\\\/

NH

anple 6

6 using chemstrlélﬁoawn to a person skilled in
I\ NH

N
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VA

O
A

e OH

N

10226} To methyl 5-(2-chlorophenylaminojpyrazolof 1,5-alquinazoline-3-carboxyvlate (163

S mg)in EtOH (8 mL) was added NaQOH (6 N, 1 mL). The mixture was heated over night at 60

°C. The reaction was acidified with HCI (6 N) and the solid formed was isolated by filiration

aund purified by preparative TLC clating with 2.5% MeOH i dichloromethane to give 5~(2-

chlorophenylanino)pyrazolof 1,5-ajquinazoline-3-carboxylic acid.

10 Example 3
Synthesis of 5-(2-chiorophenylaminopyrazolsfl,5-ajguinazeline-3-carboxamide
c
o l ‘/ | -~
i\\/’i ;
= NH E\E
| \)\ DO
0 . /
N /' N N’/L\/, :
! )
N
15 10227} To 5-(2-chlorophenylamino}pyrazolol 1, 5-ajguinazohine-3-carboxylic acid (270 mg,
$.79%9 mmol) in 1,4-Dioxane was added HOBT (Z16mg, 1.598mmol}, EDCI (305 mg, 1.59%
mmol), Ammontum Chloride (339 mg, 6.391 mmol), and DIEA (1114 uL, 6.391 mmol), The
reaction was stirred at 80°C overpight. 3.195 mumol DIEA/Ammonium Chloride and 0.799
mmol HOBT/EDCT were added. The reaction was allowed to stir at 80°C for 2.5 hours, after
20 which the solvent was removed under reduced pressure. The mixture was dissolved in

69



[ 02301 Chem stry described in Schene 13 can be used to prepare additional
conpounds of Formula (1). Conpound (2) can be prepared in several steps
from commeochaldy2avai | abl e 10(1) using cheni stries desecirhsdoionischene 4

(exanpl e 4). Conpound (2) can be transforned into conpound (3) by reacting
wi t h m dHedroperisenzdilplined wereCdipuiuritl T®) resdhng &ltratawes picpadd bRt heaid ous

anal ogs of,.general formula (4) using.substituted nucleophites . .such.as
18%2{% (..112%1 (ﬁpﬂélﬁﬁ}(m%g)gl, fﬁ@iu?ﬁﬁi fﬁ{u&aécﬁ%rﬁa . (,i%)é)éfﬁ;&rﬁa il nr,, conid

substitut'e n e OW ng are
di ff er entCoisemi-st=3i3es useful to provide conpounds of Formula (1) from

avai l abl e materials and those whose preparation is described herein: R A
A = NH NR3, 0, SNO Example4
5 Synthesis of Additional Compounds

{0228} Extended compounds of Formula (1}, such as compound 4, can be prepared by
the general procedure as illustrated in Scheme 11, Compound 2 can be prepared by reacting
compounds 1 in the presence of a reducing agent such as DIBALH. Compound 3 can be
prepared by reacting 2 in the presence of methoxymethylenetriphenyviphosphine using

10 chemistry described inJ. Amer. Chem. Soc. 1958, 80 (22}, 6150-6151. Aldehyde 3 can be
used to prepare various analogs 4 using chemistries known to a person skilled in the art.
Alternatively ester 1 can be hydrolyzed to compound 8 by reacting in the presence of a base,
Compound 5 can be transformed to an acyl! chloride in the presence of oxalyl chioride.
Compound 6 can be prepared using Arndi-Eistert type homologation using couditions

15 described in literature (for example in J. Org. Chem. 2001, 66(16) pp 5606-5612).
Compounds 6 can be transformed nto various analogs 4 using chemistrics known to a person
skilled in the art.

Scheme 11
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20 Example S

10229] Chemistry described in Scheme 12 can be used to prepare additional analogs of
Formula (I). Compound 3 can be prepared in several steps from commercially available 1
using chemistries described in hterature (Tetrahedron, 2002, 538, 8963-8972). Compound 3
can be transformed into compound 4 by reacting with m-chloroperbenzoic acid. Compound 4

25 can be transformed nto compound 5 by reacting with DMF. Corapound 8 can be transformed
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WO 2011/ 035022PCT/ US2010/ 049116 Exanpl e 8 10232] The fol | ow ng
erent chem stries useful to provide conpounds of Formula (1) from
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Met hod

intq G188 antbeliil cdipongraldletvin tyusas Cenpstsids:otase riflgean iskled m thas

assessed {n vitro in cell-free CK2 assays by the foll ow ng nethod.

101891
mcrolit
Buf fer (

TSt conmpounds in aqueous solution were added at a vol unme of 10

ers, to a reaction mxture conprising 10 mcroliters Assay Dilution
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substr at

mv), 10
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mcroliters of reconbinant human CK2 (25 rig 4issolved in ADB;
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Example ¢

10230] Chemistry described in Scheme 13 can be used to prepare additional compounds
of Formula (I}, Compound (2} can be prepared in several steps from commercially available
{1} using chemisiries described in scheme 4 (example 4). Compound {2} can be transformed
into compound {3} by reacting with m-chloroperbenzoic acid. Compound (3} can be
transtormed into various analogs of general formula (4) using substituted nucleophiles such

as substituted amines.
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Biolorical Test Methods

Example 9
CR2? Assav Method

10188] Modulatory activity of compounds described herein was assessed in vitro in cell-

free CK 2 assays by the following method.

W

{0189} Test compounds in aqueous solution were added at a volume of 10 microliters, to
a reaction mixture comprising 10 microliters Assay Dilution Buffer (ADB; 20raM MOPS,
pH 7.2, 25 mM beta-glycerolphosphate, 5 mM EGTA, | mM sodium orthovanadate and 1
raM dithiothreitol), 10 microliters of substrate peptide (RRRDDDSDDID, dissolved 1o ADB
14 at a concentration of 1 mM}, 10 microliters of recombinant human CK2 (25 ng dissolved in
ADB; Upstate). Reactions were initiated by the addition of 10 microliters of ATP Solution
(90% 75 mM MgCl,, 75 micromolar ATP dissolved in ADB; 10% [y-"PJATP (stock 1
mCi/ 100 pl; 3000 Ci/mmol (Perkin Elmer) and maintained for 10 minutes at 30 °C. The
reactions were quenched with 180 microliters of 0.75% phosphoric acid, then transferred to
15 and filtered through a phosphocellulose filter plate (Millipore). After washing cach weli 5
tiraes with 0.75% phosphoric acid, the plate was dried under vacuur for 5 voin and,
following the addition of 15 ul of scintilation fluid to each well, the residual radioactivity

was measured using a Wallac luminescence counter,

20 Example 16
Pim-1 Assay Method

{0198} The following procedure was used to assay the Pim-1 kinase activity of
compounds of the invention. Other ructhods for assaying Pim-1 and other Pum kivases, as
well as methods to assay for activity against the various kinases disclosed herein are known

25 1o the art.

{6191] In a final reaction volume of 50 ul, recombinant Pim-1 {1 ng) was incubated with
12 mM MOPS pH 7.0, 0.4 mM EDTA, glycerol 19, bry 35 0,002 %%, memﬁ&ptocimnol 0.02
%, BSA 0.2 mg/ml, 100 uM KKRNRTLTK, 10 mM MgAcetate, 15 uM ATP, [v- 'P-ATP]
{(specific activity approx. 500 epm/pmol}, DMSO 4% and test inhibitor compound at the

30 reguired concentration. The reaction was mitiated by the addition of the magnesium ATP
mixture. After 40 min incubation at 23 °C, the reactions were quenched by the addition of
100 ul 0.75% Phosphoric acid, and the labeled peptide collected by filtration through a

phosphocetinlose filier plate. The plate was washed 4 times with 0.975% phosphoric acid
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{100 ul per well) and then, after the addition of scintitlation fluid (20 ul per well), the counts

were measured by a scintillation counter,

Example 11
PIM-2 Assay Method

10192} Test compounds dissolved and diluted in DMSO (2 ply were added to a reaction
mixture comprising 10 pl of 53X Reaction Buffer (40mM MOPS pH 7.0, 5mM EDTA), 10 ul
of recombinant human Pim-2 solution (4 ng Pim-2 dissolved in dilution buffer (20 mM
MOPS pH 7.0; EDTA 1T mM; 5% Glycerol; 0.01% Bryj 35; 0.1%: 0.1% Z-mercaptocthanol; 1
mg/ml BSA}) and 8 ul of water. Reactions were initiated by the addition of 10 ul of ATP
Solution (49% (15 mM MgCl; 75 6M ATP) 1% ({y-33PJATP: Sock 1mCy100ul;
3000C 1/ mmol (Perkin Elmer)) and 10 ul of substrate peptide solution (RSRSSYPAGT,
dissolved in water at a conceniration of 1 raM), Reactions were maintained for 10 min at 30
“C. The reactions were quenched with 100 ul of 0.75% phosphoric acid, then transferred to
and filtrered through a Phosphocellulose filter plate (Millipore, MSPH-N6B-58). After
washing cach well 4 times with 8.75% phosphoric acid, scintillation fhuid (20 ully was added
to cach well and the residual radioactivity was measured using 8 Wallac luminescence

counter.

Example 12

Cell Proliferation Modulatory Activity

{0193] A representative celi-proliferation assay protocol using Alamar Blue dye (stored at
4°C, use 20ul per well) is described hereafter,

96-well plate setup and compound treatment

a. Split and trypsinize cells.

b. Count cells using hemocytometer.

c. Plate 4,000-5,000 cells per well in 100 pl of medium and seed into a 96-well plate
according to the following plate layout. Add cell culture medium only to wells B10 to BiZ2.

Wells Bl to B9 have cells but no compound added.



F 1 OhM 100nM uM 10uM Comp3 G | OnM 100nM uM 10uM Conp4 H EMPTY (1.

Add 100 pl of 2X drug dilution to each well in a concentration shown in the
pl ate | aywonorbsye2 At the sane tine, add 100 )11 of nedca/useaio/osdhies cont rol
wells (wells BIOto B12). Total volume is 200 p.1 "well. e. Incubate four

(4) days at 37 C, 5% C0O 2 in a humdified incubator.
1 2 3 4 58 & 7 8 & 18 11 12

A EMPTY
Medium
8 NO COMPOUND ADDED
Only

C 10nM 106nM Tuld 10uM Control
2 10nl 100nM Tub 10ulM Comp
E 10nM 100nM TuM 10ul Comp2
F 10nl 130nM fuM 10udM Compd
G 10nk 1000k TulM 10uM Comp4d
H EMPTY

d. Add 100 pl of 2X drug dilution to cach well in a concentration shown in the plate

iayout above. At the same time, add 100 ul of media into the control wells (wells B10 to

N

B12). Total voluroe is 200 ul /well.

¢. Incubate four (4) days at 37 °C, 5% CO; in a humidified incubator,

f. Add 20 ul Alamar Blue reagent to cach well,

g. Incubate for four (4} hours at 37 °C, 5% CO, in a humidified incubator,

h,  Record fluorescence at an excitation wavelength of 544 nm and emission
10 wavelength of 590 nm using a microplate reader.

{0194] In the assays, cells are cultured with a test compound for approximately four days,
the dye 1s then added to the cells and fluorescence of non-reduced dye 1s detected after
approximately four hours. Different types of cells can be utilized in the assays (e.g,, HCT-
116 human colorectal carcinoma cells, PC-3 human prostatic cancer cells, MBA-MB231

15 human breast cancer ceils, K-562 human chronic miyelogenous leukemia (CML} cells,
MiaPaca human pancreatic carcinoma cells, MV-4 hurnan acute myeloid leukemia cells, and
BxP(C3 human pancreatic adenocarcinoma cells).

10195] Various compounds of the invention were tested 1n bicassay for enzyme inhibition
and cell growth inhibition. These tested compounds showed desirable biological activity to

20 ihibit one or more of the following enzymes or cells: CK2 ICsq (uM), PIM1 ICs0 (uM), and
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-1*. Add 20 p.1 Alai-nay Blue reagent to each well. g. Incubate
for four (4) hours at 37 "C, 5% CQ2 in a humdified incubator.

h. Recor awbl2oowmssizence at an excitati on wavel ength of 52¢Truse@od4ams ssi on
1. Owavel ength of 590 nmusing a mcropl ate reader. 101941 In the assays,
cel | s arBMUldsufed) wiertexampes 8l obtheocead! foorpoappy dwivrd e 3/ (G soutiMialgsy, t he
dye is then added to the cells and fluorescence of non-reduyced dye is

det ect eoﬁnéfqré)#f‘@dw- o Fret B4R~ oy Seigy pLihe et *p%@“f@? (et so-ddi be
utilized A n_ th S (84 , - uman. col.or. Lcarci.nopg-gel |'s,
PC. 3 humsi- P act SPTEXC R el Rl el RS SARR e
K-562 hupmni ghi onbe: Pyalk agengus:s etk & (M )1 eekdssd MhaBacd Ruwedn K2
pancreatic carcinonma cells, M/-4 human acute nyeloid | eukem a cells, and
Bx. PG3 hidmariPdri€reatd/cr BidéhBcartlanoman 10 uM: 00198 1haasied ngmpamde amdsedof

T L ol B Ror U RSP, £
20,10 L4005 3, 9480 1ol smun enetEnn 0 S R

exanpl e, coadgoudfis el e e ;¢ aTpouds asdonenviCrZ;, 10 tHRAENL:MC50, and/ or

P1IM2 I C 50 of less than 50 pM sone of the tested conmpounds showed CK2
1050, PI MUCEE8! Bielpgeal PP Cionappuy @EPorpdRTg oumEizckig e BEOMIRE t est ed

co un showed. . . Pl |.Ch e L VP e , : 20 OA
come tor ThE raE a8 RaRontsaS bt e el Yepr e RSl G S B g0 of
| ess t hafesdithe@hcrSoagref Fohexdngdt athrgonpdihdsicshiboe db&2is [Fapicl. ML | C50,
and/or PIM2 I C50 of less than 5 1.1M sone of the tested conmpounds showed
CK2 1C50, PIM IC, and/or PIM2 I1C 50 of less than 2.5 ItM, and some of the
tested C?@Qlﬂp%i}éﬁ:@&m%f@@%cégmlngéd\ﬂ]dsl C50, and/or PIM2 1C50 of less than
11.1M 101881 Bi ol ogi’car activities for various conpounds are sumrari zed
in the follow ng 10tabl es, wherein Conmpounds A and B are Exanples and

speci f i g—eopounds—{+—e—~—Speci-esr—as dg‘“t: tedpigif‘;ei n above. For exanpl e,
Conmpound B is described above 3s. sgnpl eﬁ%,‘ Tabl'e™l. |Bi oactivity of
Sel ect ec Corrpouég%%bm} 050 ICEQ
{1}
{1} (b}
Compound A > 50000 | > 25000 > 2.5000
Compound B <1 <1
15
{0189} Citation of the above patents, patent applications, publications and docuruents 18

not an adnyission that any of the foregoing is pertinent prior art, nor does it constitute any
admission as to the contents or date of these publications or documments. Furthermore, the

280 contents of the patents, patent applications, publications and documents cited herein are



[01_891C tation of the above patents, patent applications, publications and
docunents is not an adm ssion that any of the foregoing is pertinent
prior artworory/ses it constitute any adm ssion as to tireTasae/089160r date
of these publications or docunents. Furthernore, the 20contents of the

pat ent s, inpeipenteddpprioedrct ohdictr gubiohe &t ird parpane ddeusmsm syt peerchendi n are
VO 2011/ 0350220/ US2010/ 049140, L1IcRLpQrALSA by reference in their entirety
for all PUrposes o The dahe ext ent as each and everyone of themis

i ncor porgtie® by M&fefLineesas peeide calieyYorcp0ihYiMadi ddpaatdoansy Haybdee made to
the foregoing wthout departing fromthe basic aspects of the invention,

Al t houghispas e Htvicahoth a:éiﬂﬁféézg e pitsadiap fogudrs tralnd iapulrstndie] deipt with

ref erencgd - eel L i prent Ss. .10t ipary skill in
the art aTreRazaRloBh BRFAL Lhba ARAE FEN o AIAAAl uOBEHARN, &

speci f i catdgniai thalohseghs inmytiei isadapplthocatbaineanepyrdicatihdselopntinfthsat i ons and
inprovenen?s are within the scope and spirit of the jnvention. The. .

i nvent i GIPPHFALREY Pt S d1S5C BESH PR e @RI STIFEEBIS Y HRY BesqPasts vdd! ¢ the
absenceaﬁ&ﬂﬁ@%ﬁ&leﬂﬁﬂh@éﬁﬁﬁ?ﬁm@&ﬁ@&&HE@%%X&9&§ﬁhﬂﬁﬁﬁy@§5ﬂkﬂuaéhﬁ§hlﬁ@r
exanpl e, in each 10i nstance herein any of the terns "conprising”,

"consi stitngpoessent labkeyi(gfio] sppndicaBpdstlosédiggraf’ Thay fexpeplacedichi t h

either of the other two terns. Thus, ghg t@rnsﬁgng expr essi as,thcQ ave
beer o8y Srat (Ledl s PR neorOP RS cr TEIORE SR Or- PR RO GROT

equi val enhshofepthed hedturas;rIhovneand Bescrihedhe @nBard bans«iherands are
not excluded, and it is recognized that various nodifications are possible

wi t hi n tiec degpenpPyechac ipsferstipon, ol iBscrptiavigl polcdripatmgn ofqupsiani of 1) :
Y2(1) Ori’b\%ﬁ cggbflﬁgrvgﬁ 31% !df,%%ll”i a%ch %% g&%ﬁﬁ? ; ifcgggatr% na Qvlzii‘%&&l, 488 g/ig fc&g%{i?@%ir%%l or

t her eof ; erern: e I's’indepen
N, providedunmotilcetidban: pwitdd wilkinttGe Lbpabe N indndethe ring containing Zi
to Z4 is aromatic; each Rl is independently H halo, CN, optionally

substiituted O -C4 alkyl, optionally substituted C2-C4 al kenyl, optionally
substituted C2-C4 al kynyl, optionally substituted Cl-C4 al koxy, SR, SO2R,
COOR, COONR7R8, or -NR7RS;
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each of Yl and Y4 is Cor IN, and Y1l and Y4 are not both sinultaneously IN;
provided at least one of Y-1to Y4 is N Y2 is N -NR CR2 or CX2,

wherein e&ohoﬁﬂnﬂnzindependently H, -OR halo, CN, or opCirassaéiops9iie
substituted (.:1-C4 alkyl, and each X2 is -(CE2)0_2COOR or a polar group; X
is -(C117)0.. 2000R or a polar group, CBAIMSis R 2 when Y2 is CX2; each Ris
|ndependently H or optionally substituted d-C4 alkyl; Y3 is N, NR or CR3,
and the ring containing Y2 and Y3 is aronmatic; wherein each R3 is

i ndependent | yi.. K cdwdomnd oORoGNi1a Of: optional |y substituted Cl1-C4 alkyl; Ais
a bond, NR4, O or S, where R4 is El or optionally substituted Cd-C4 acyl.;
Wis optlonally substituted aryl or optlgpaW1y substituted arylal kyl ;
optionally substituted heteroaryl or optdonally substituted

het eroaryl al kyl ; optionally substituted heterocyclyi or optionally
substituted heterocyclylalkyl 0F1optio |1y substituted C3- CS cycl oal kyl
or optionally substituted cyclaﬁu WO 2011/ 035022PCT/ US2010/ 049116
or alternatively, -A-Wis -- N'” Meach R 7 and R8 is

i ndependently sel ected fronlé Jbstituted Cl C10 al kyl;
optionally substituted aiyl, ‘ lituted arylal kyl, optionally
substituted heteroaryl, and op i 4yt Ket eroaryl al kyl ; and
wherein R7 and R8 in NR7R8 can be taken gethegr along with -Nto forma
4-8 nenbered ring that can be optionally Siw‘t tuted, and can contain an
addi tional heteroatom sel ected fromN, 0“afnd-8 as a rwng menber. The
conmpound of claim1, wherein each of ZI to Z4 s The conpound of
claim1 or 2,onHEHENFeahe oracgpiide il peviteand qrrﬁ’éo%t%ﬁ%’r‘é“’ére each CRi.

4. The conpouggwgg any one of clains | to 3, wherein exactly one of Yi to
Y4 is N or

johally s

ach of Z!, 7%, 77 and Z" is independently CR' or N, provided no more than
two of Z' to Z* are N, and the ring containing 7' to 2° is aromatic;
each R is independently H, halo, ON, optionally substituted C1-C4 alkyl,
optionally substituted C2-C4 alkenyl, optionally substituted C2-C4 alkynyl, optionally
substituted C1-C4 alkoxy, SR, 30,R, COOR, COONR'R®, or -NR'RY;
cach of V' and Y is C or N, and Y' and Y™ are not both simultanecusly N;
provided at least one of Y' to Y' is N;
Y is N, NR?, CR? or X7,
wherein cach R? is independently H, ~OR, halo, CN, or optionally
substituted C1-C4 alkyl,
and each X° is ~{CH;302COOR or a polar group;
X is -{(CH)ooCOOR or a polar group, or X is R” when Y7 is CX7;
cach R is independently H or optionally substituted C1-C4 alkyl;
Y2 is N, NR”, or CR’, and the ring containing Y2 and Y is aromatic:
wherein each R’ is independently H, halo, -OR CN, or optionally
substituted C1-C4 alkyl;
A is a bond, NR®, O or 8§, where R” is H or optionally substituted C1-C4 acyl;
W is optionally substituted aryl or optionally substituted arylalkyl; optionally
substituted heteroaryl or optionally substituted heteroarylalkyl; optionally substituted
heterocyelyl or optionally substituted heterocycelylalkyl; or optionally substituted C3-
(8 eycloalkyl or optiovally substituted cycloalkylalkyl;
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5. The compound of any one of clains | to 3, wherein exactly two of Yi to
Y.4 are selected fromthe group consisting of N and NR2. 6. The
conmpound Wb 20112038022 or 2, wherein X is COOR or a polar @CON$2010/049116 7. The
conmpound of any one of clalms | to 5, wpereln Xis R2, an Y2 is CX2,
wherein X2 is C@@T@ﬁttﬁidbmiar-f‘g?v’\bﬁp\fi RY 8. The corrpound of any one of
\(/:\/:12Irg:5nl tYOI 7, i\;merﬁ(?;l(,QR (mgli%ou gﬁlﬁénn&rgﬁne me?ﬁom ?{”X%mfi ty subb utﬁﬁsCito 7
wherein A is &N alkyl, optionklly sﬂiktauﬁ@:rm@g I@gm@fzﬁ1&@)&‘0@3@1&0@ﬁryﬁdﬁasl'm@tionh@v 10,

wherein Wis optionally substituted aryl, 12 The conpound of claim 11,
wherei n Wi s ptitsrdbripraaysind &nt@aaléi»h@ﬁwutcd\m&@rmr;» atkyl:

2011/ 035022PCT/ US2010/ 0 7 ) ngs 0 | a
(I') is respresented by or%r%rglﬁ '3%1?{ n;gg% %I cz{n Eg\elt‘:%%é(}n éifei%e%&#heﬁgf)\ggpound
of claim 13, fahemei- i%lnﬁm'i:&*rd‘dl%éhg iﬁataranﬂS; ow’leﬂifﬁhﬂlbstﬁutbﬁ amdept conakilay
substituted d-C4 a ptionally substituted aryl or
optional |y swrsﬂéﬁ%%%aﬁamﬂaﬁv fed T Noﬁ)afmdy% &1/b84% PGECE" het er oaryl or
optionally substituted heteroaryial kyi; optionally substituted heterocyclyl
or optionally substituted heterocyclytal kyl; or opt| onal | Ly substituted
C3-C8 cycl oalkyl oftcoptijonat stmxbélwhmzedddyci] bailol@liaLRyl and X is
-C(I1)OR or a polar group. 15.The conpound of claim 13, wher ei n

3. The compound of claim 1 or 2, wherein one of Z' to Z* is N and the others are
each CR'.

4. The compound of any one of claims | to 3, wherein exactly one of V' to Y is
NorNR".

5. The compound of any one of claims | to 3, wherein exactly two of Y' to Y*

are selected from the group consisting of N and NR”.

6. The compound of claim 1 or 2, wherein X is COOR or a polar group.
; . - . . ) I, |
7. The compound of any one of claims 1 to 5, wherein X 1s R7, and Y7 s UX7,

wherein X° is COOR or a polar group.

8. The compound of any one of claims 1 to 7, wherein ¥' is N.

9. The compound of any one of claims 1 to 7, wherein Y'is N,

10. The compound of any one of claims 1 to 9, wherein A is NH.

11.  The compound of any one of claims 1 to 18, wherein W is optionally

substituted aryl,

12. The compound of claim 11, whercin W is optionally substituted phenyl.
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A is a bond; Wis optionally substituted aryl; optionally
substituted heeroaryi, optionally substituted heterocyclyl; or optionally
substi t utwo 2€87/382eycl oal kyl ; and X is COOR or a pol ar @Coas2010649ihe
conpound of claim 13, wherein Ais a bond; o Wis optionally
substituted ablyi al Kyd conmprunénbtiryn sutBubndveauldi s sapitisentidby Bormppe i onal |y
substi tuted, erocyclyl al kyl; or optionally substituted cycl oal kyl al kyl ;
and X ig&%tgﬁﬁ%§&§“%§$ar group. 17. The conpound of claim 13, wherein -A-NV
is -NR7R8; and X is COOR or a Rﬁlar group. 18. wIhe conpound of any
one of claims 1 and 14 to 17,-Wherein the polar groyp is selected fromthe
group consi sting of
\",/A?4,-, , Rs, PNH

-
z?—"j’z1 Y
h \ ;L/ .
X o ey
14,  The compound of claim 13, wherein

A is NRY, O or 8, where R is H or optionally substituted C1-C4 acyl;

W is optionally substitited aryl or optionally substituted arylalkyl; optionally
substituted heteroaryl or optionally substituted heteroarylalkyl; optionally substituted
heterocyelyl or optionally substituted heterocyclyvlalkyl; or optionally substitited C3-C8
cycloalkyl or optionally substituted cycloalkylalkyl; and

X 1s ~COOR or a polar group.

15. The compound of claima 13, wherein

A is a bond;

W is optionally substituted aryl; optionally substituted heteroaryl; optionally
substituted heterocyclyl; or optionally substituted C3-C8 cycloalkyl; and

X 18 COOR or a polar group,

16. The compound of claim 13, wherein

Ais a bond;
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0000000 '"O60". \OAHINNN HOd R7 HO 4-RA 0 0 NH NH S-R'N 00 19. A
conpound of Fornmula (11): A
WO 2011/035022 PCT/US2010/049116

W is optionally substituted arylalkyl; optionally substituted heteroarylabicyl;
optionally substituted heterocyclylalkyl; or optionally substituted cycloalkylalkyl; and

X 1s COOR or a polar group.

17.  The compound of claim 13, wherein
-A-W is -NR'RY, and
X 18 COOR or a polar group.

18. The compound of any one of claims | and 14 to 17, wherein the polar group is

selected from the group consisting of

/ A S—RA A
& MNega -gh O i) g N. A
N 0 e 0O
p
X y
~OH )< NH, )< !pj )< N A )< )g\ \<}
- I o SR /OH n
S P &R AT #R i HH 7N
Q ol el o0 00 A < OH N,Nf,i\j No
/}/ . - }u[\jj / /;5"‘"’\13% N ,’ff‘“NH
L ’ g-RA O 3R N.
;3 o7 O g )
O O R C},\;}) Ol O (:)

s\
-
I
DA
2
A
=
T
N
X
A
ZI
AY
ZT
P
)
o
T
Ay

/iS\\ i S. TmA g E\T”RA =] 7 NH NH
2\ T i =N 7 i
S o olYs oo O b N. o NN
g OH N N N RA
19, A compound of Fornula (Ii):
W
g
Z'.
g N
O] |
\ Y
7
z Y{ifO}/X
Y:J\"YZ (II},

or a pharmaceutically acceptable salt, solvate, and/or prodrug thereof]

wherein:



or a pharmaceutically acceptable salt, solvate, and/or prodrug thereof;
wherein: WD 2011/ 035022PCT/ US2010/ 049116 each of Z and Z6 and Z7 is
i ndependewo0l2911@35022NR2; N, 0 or S; provided at |east on@CofUSZ&0H0®IZ¥ is not
CR1, and no nore than one of 75 tq Z7 is O or S, and the ring containing
Z5.-77 is aromati cachof Z amshd hangfZ Vs inglapievieidy CRASPENABRY P3S.Orovided atand Y1

Nva e R S A Y o o RS SR P R O R
CR3, and the 1ﬁ;tg1@nmmhglmmgg é@m@ﬂ@k Y3 |s ar omatl c, each R is

i ndependently H, halo, CN optionally substituted Cl-CA4 optionally
substituted C2-C4 @FkokYmpnd omiilwamkylﬂsfdbgiﬁ\&wb‘d @imaramfeyi?fg}h OR, SR
SR, COOR, CONRY nt, N, -OR, COOR. ,
CONR2, SO2R, or 3p§|§%ﬁ%ﬁ§ %Jgtﬁgéﬁﬁte%ﬁ%?@qgﬁ each R3 is

i ndependent ly H, hatsNO%' O, edeaopti Bn@Hy(JMRlokumdrgﬁﬁl@ alkyl; Xis
-(CH2) 0_2C00R or pol or X can en Y- is CX2; Ris

i ndependent |y at ZYiCﬁ g% g‘?‘f@‘hé‘é‘g Coptagpn g @g?oﬁa?‘li‘l’@a%ubstl tuted Cl-C4
al'kyl; Ais a bond,;oNR4 s QaQfeneniWnErgis (R4 dp%oﬁ!tiﬁﬁu@ﬁﬁth@@@lll ¥4 gibstituted

Cl-C4 acyl; Wis optionally substituted aryl or arylalkyl; optionally
substi t ut ed hatienaéyr ylbsomidddiCdathyehal kylionabptiltonalitdCadbstiicrut ddR, SR,

het er oeyel y1 8 Igyl r.,0optionally substituted C3-C8

cycl oal kyl ‘é@}‘g%tégﬁr)ﬁy@%? §%t§r’nat|vely, “A-Wis -INR71?, 8:

each R7 and R8 i's ﬁuaﬁi%ﬁmelgwcwa&m jeated-dr abir, OpNONSHLY, &%ﬁlﬂhfi 1t ed
Cl C10 al kyl, optionally substituted aryl opt| onal ly substit ut ed aryl al kyl ,

optional |y substi tubssuédroaniyl: and optional |y substituted

heteroaryl al kyl; cach R’ is independently H, halo, CN, -OR, or optionally substituted C1-C4

alkoyl;

X 18 ~(CH2 oo COOR or a polar group, or X can be R when Y7 is CXZ;

R is independently at each occurrence H or an optionally substituted C1-C4
alkoylh

Ais a bond, NRY, O or §;

wherein R* is H or optionally substituted C1-C4 acyl;

W is optionally substituted aryl or arylalkyl; optionally substituted heteroaryt
or heteroarylalkyl; optionally substituted heterocyciyl or heterocyelylalikyl; or
optionally substituted C3-C8 cycloalkyl or cycloalkylalkyl;

or alternatively, -A-W 18 —NR?Rg;

each R and R® is independently selected from H, optionally substituted C1-
{19 alkyl, optionally substituted aryl, optionally substituted arylalkyl, optionally
substituted heteroaryl, and optionally substituted heteroarylalkyl;

and wherein R” and R” in NR'R" can be taken together along with N to form a

4-8 membered ring that can be optionally substituted, and can contain an additional

heteroatom selected from N, O and S as a ring member.
20. The compound of claim 19, wherein Z7is N, O or S.

21, The compound of claim 19, wherein FART: N, OorS



and wherein R7 and Rs in INR7R5 can be taken together along with Nto form
a 4-8 nenbered ring that can be optionally substituted, and can contain an
addi ti onawohetiesseeom sel ected from N, 0 and S as a ri ngCrarsbew/048@d The
conmpound of claim 19, wherein Zis N 0 or S. 21. The conpound of claim 19,
wherein Z6 i s2N, Offgreogipourd ofipleing dvpomdngt icNaPmrt9, wherein Z7 is N, 0
or S. 23. The conpound of any one of clains 19 to 22, wherein exactly one
of Y1 to Y4 is Nor NR-. 24. The conpound of any one of clains 19 to
22, wherein eXact | Thetsmmpoind el tgyebeareldimen $ NR22, wicTtie ceonipound! 8 taify of
clains 19 to .24, W%ﬁfein X is COOR or a polar group, 76.The conpound of any
one of clainms 19°t'024, wherein Xis R2, and X2 is COOR or a pol ar group.
The conpound of any one of clainms 19 to 26, wherein yl is N |C<The

conpound of a ong of clains.19 to 26, .wh i r.is N. 29.The .co und of
clalm27 or 28 whBKeTRPRUNG RIS P O GrIoky SSHEY S ORf &1 e 119 t o

29, whergkm Wig2 optionally substituted aryl 3 LThe conpound of any one of
claims 19 to 30, wherein Wis optionally substituted phenyl.

25.  The compound of any of claims 19 to 24, wherein X is COOR or a polar

group.

. . . . . 2.
26.  The compound of any one of claims 19 to 24, wherein X is R?, and X is

COOR or a polar group.

27 The compound of any one of claims 19 to 26, wherein Y' is N,

28.  The compound of any one of claims 19 to 26, wherein Y is N.

29, The compound of claim 27 or 28, wherein A is NH.

30. The comapound of any one of claitos 19 1o 29, wherein W is optionally

substituted aryl.

31 The compound of any one of claitas 19 to 30, wherein W is optionally
substituted phenyl,
32, The compound of claim 19, wherein Fornuila (I} is respresented by Formula

{Ha), (Hb), (Iic), or (1id):

Y W
Y t
7 X /ZJ
/ N 4
75 Z\
AN 7
27NN R ‘
3?“'3 Trmeens




The conpound of claim19, wherein Fornula (I1) is respresentecFo nl a a),

(Jib), (11c), or (11d): WD 2011/ 035022PCT/ US2010/ 049116 33, The conpound
of clai mwe2ommsezn Ais NR O or S, where .p.:4 is El por/usptioonaié y
substituted O -C4 acyl; Wis optionally substituted aryl or

optional Iy substituted arylal kyl; optionally substiuted h.eteroaryl or
optionally substituted heter oar ytal kyl ; optional ky substituted heterocyclyl
or optionally substituted¢ heterocyclyialkyi; or gptionally substituted

C3- C8 cycl oal kyl orzfgpt.i |1y substituted &ycloafkyl atkyl; X is -COOR or a
pol ar group, 34. Tht of claim 19, 74 in A|is a bond; Wis
optionally substi optignal |y substitut®ttheteroaryl; optionally
substituted heteroc/Ci y~or\optponal | y subSt it utgd cyci oal kyl; and X

is C(1)OR or a polar gro\q. . The conpound of cl@j 9, wherein Ais a
bond; y3 ¥
x () R?  (I1d)
33, The compound of claima 19, wherein

Ais NRY, O or 8, where R" is H or optionally substituted C1-C4 acyl;

W s optionally substituted aryl or optionally substituted arylalkyl; optionally
substituted heteroaryl or optionally substituted heteroarvlalkyl; optionally substituted
heterocyclyl or optionally substituted heterocycivialkyl; or optionally substituted C3-C§
cycloalkyl or optionally substituted cycloalkylalkyl;

X 15 ~-COOR or a polar group.

34 The compound of claim 19, wherein
Ais a bond;
W is optionally substituted aryl; optionally substituted heteroaryl; optionally
substituted heterocyclyl; or optionally substituted C3-C8 cycloalkyl; and

X 1s COOR or a polar group.

35, The compound of claim 19, wherein
Ais a bond;
W is optionally substituted arylalkyl; optionally substituted heteroarylabioyl;
optionally substituted heterocyelylalkyl; or optionally substituted cycloalkylallyl; and

X 18 COOR or a polar group.

36.  The compound of claim 19, wherein
~-A-W s -N R7RS; and
X 1s COOR or a polar group.

37.  The compound of any one of claims 19 and 33 to 36, wherein the polar group

is selected from the group consisting of
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Wis optionally substituted arylal kyl; optionally substituted

het eroal yi al kyl ; optionally substituted heterocyclylal kyl; or optionally
substi t utwo 20pai3s@kkyl al kyl ; and X is COOR or a pol ar grouS286/03hec
conmpound of claim 19, wherein -A-Wis -NR7R8; and X is COOR or a pol ar

group. 37.The cogp nd of any e of clams 19 and 33 to 36, erein the
pol ar group is set&ct @Hfron1fﬁgﬂgroup C Lsting 6%%§38 A pha utical
conposi tion conpri /Ty a conpou gf anyd ongyeﬁ clai ws ™ %@ 37 / ;%

pharmaceutical |y actgptabl e exd pi 4 &% 39. Aiﬁe of mod @ting

casein kinase 2 activity and/or Pi"m ki nase activity in a cell conprising

contacting th ell w an effe tive unt of a_ conpou of any.@ne of
claims | to 3 0. hag treatlngféhfondit' n or dirSease
associ cat ed mnth;caseln;x’ﬁése 2 d&EhVI apﬂ?or “1¥ki nas aetivity-nmn a

patient conpri $ifg adn1®ﬁ$ter|ng to thexpakjent ] uherapemtlﬂally efﬁ%c&&ve
anount of the conpound of any one of clains 1 to 37. N41. The "ethod
of cl ai m 40, rein e condi tipn or dise associ eatfed with casein

ki nase 2 activijty and/gr Pimkinase activity, is sel ect Hfromthe gr oup
consi sting of/amgpncer nvascul Nﬁlsprdengg QxlanWB on, a pathogenic

i nfection, mmunoloqfcak~d1soﬁﬁefé“5nd ato |nat|ono eof . 42.
Titer nethod of claim41lg the canceér® s of theé colorectum breast, |ung,
liver, pgﬁgreas nph n , col Q prostate brain ead a /neck ski n,
liver, Yss d.and arm )gi) 011/0 22PCT/ 010/ 049 43.
A et hod f 6% |nh|bwt|n@ cel b R@Ilﬁé Fon wh1 hses co t|ng
cells with fhe conpsund oan@y onéFQprIalnﬁ Hﬂito SW (AN an ﬁ

effective to inhibit proliferation of the cells. 44. The nethod of

claim43, wherein the cells are in a cancer cell e or in a tunor in a
subj ect .

38. A pharmaceutical composition comprising a compound of any one of claims |

to 37, and a pharmaceutically acceptable excipient.

39, A wmcthod of modulating casein kinase 2 activity and/or Pim kinase activity in
a cell comprising contacting the cell with an effective amount of a compound of any one of

clatms 1 to 37.

40. A method of treating a condition or discase associcated with casein kinase 2
activity and/or Pivo kinase activity in a patient comprising admimstering to the patient a

therapeutically effective amount of the compound of any one of claims 1 to 37,

41, The method of c¢laim 40, wherein the condition or disease associcated with
casein kinase 2 activity and/or Pim kinase activity is selected from the group consisting of a
cancer, a vascular disorder, a inflaromation, a pathogenic infection, a momumological

disorder, and a combination thereof.
42, Ther method of claim 41, the cancer is of the colorectum, breast, hung, liver,

pancreas, lymph node, colon, prostate, brain, head and neck, skin, liver, kidney, blood and

heart.
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45. A conpound according to any one of clains | to 37 for use as a

medi canent . 46. A pharmaceutical conposition conprising a conpound
of any ofwonetiaf3sekains 1 to 37, or a pharmaceutical ly &ctastablogisal t,

sol vate, and/or prodrug thereof; and at | east one additional therapeutic
agent . 43. A npteast feo bl vtmg edt pralitooniding Woishoendiiseawstacehacdl to
e A i e Rl Rl AL s MR §0URF LSS5 Sa APl Brg L0 sudl ect
1 to 37,prohfcatPhasrgaceuti cal |y acceptabl e salt soI vate and/ or prodrug

t hereof; and at |east one additional ther apeuti c agent.

44, The method of claim 43, wherein the cells are ina cancer cell lineorina

tumor in a subject.

45, A compound according to any one of claims 1 to 37 for use as a medicament.
46. A pharmaceutical composition comprising a compound of any of one of

claims | to 37, or a pharmacecutically acceptable salt, solvate, and/or prodrug thereof, and at

icast one additional therapeutic agent.

47. A method to treat a condition or discase related to aberrant cell proliferation,
which comprises co-administering to a subject in need of treatment for such condition a
compound of any of one of clairus 1 to 37, or a pharmaccutically acceptable salt, solvate,

and/or prodrug thereof; and at least one additional therapeutic agent.



