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conmpounds_that_inhibit at |east one ki,nase selected frontPlntl Pim2,

Pim 3, ipor g Frione [ sintHaliomib dfdd LoF atisend ivdhr T BAE FRoEtige
conpoungds 1ot F%fﬂw f?rtg{r RIS, thoPRAE G@fﬁ%h'ssg' b&?ax% gh; l.Gi18Rh! 1n 30k

and/ or prodrug thereo illere] n: are 1 ndepen ntIy
sel2éct edeviarcdis] hid beCRIguraind HO hxgtsﬂpwmbé.tieahettthmggteqattmsmfexeopta%as ad@ and Z3

is 0, and the ring nt.aj ni n s aromatic; a
| nker (BafEEY SA TG NB Y, O%Nwm g, SR IS TERERASNRECY @%9@%“6“10%8
10CR3RAySance inio mé@hg% EQ BRCR: Rir m%mﬁ%ﬂu&&nuﬁ%mt?ﬁnd R6 is independently H,
or an optionally substituted nmenmber selected fromthe group consisting of

Cl4.: 8 aliR§13] Caligsothet Bnowmb kyd sigGdingPativkenyherCanG8iohe tercwhkesrylatedC2- C8
| k | |
s s et A e P e o S T B

30 appears to be generally caused by upregulation or overexpression of the active protein rather

than by changes that affect activation levels. Guerra and Issinger postulate this may be duc to

regulation by aggregation, since activity levels do not correlate well with mRNA levels.



or halo, OR, NR2, NROR, NRNR2, SR, SOR, 502R, SM2NR2, NRSO2R, - NRCON. R2,
NRCSNR2, NRC(-NR)NR2, NRCOOR, NRCOR, CN, COOR, CONR2, O00CR, COR, or N2,
wher ei n esiolof11025859i ndependently H or O -C8 al kyl, C2- CgCinatsesioaldrgd , 20
C2-C8 al kenyk C2-C8 heteroal kenyl, C2-C8 al kynyl, C2-C8 heteroal kynyl, C
|-C8 ad, C2-C8 h.eteroacyl, Co-ClO aryl, C5-Cl10 heteroaryl, C7-Cl12
aryl al kyl, or C6-Cl2 heteroarylal kyl, and wherein two R on the sane atom or
on adjacent atons. can be |inked to forma 3-8 menbered rin , optionally
cont ai rﬁ“ﬁg“@“ﬁ‘eﬁf@? ityrpt eKf hap besn shownam Ais S8R Hebidne %%Hg%@ﬁwﬁ HEEf or med
by lin S is optionally substituted with one or

nor e sE k0 W2 HgRd gg"efv\o%on/ 025859PCT/ US2010/ 046760 from hal 0, =
=N- CN, =N&OA) i—ﬁNRat,edOM” NRvRy 1&#10@%&@10&86&5&&7’2& sHRSCORRrrel alNRVIGONVL,,
NVWCSNR: 2, NR:. C(=NW NWCOOW CONW2, O00CR ', COW and
NO2, 111““%@?%’1%5%50 @Wﬁ%ﬁ SHEREHERA %‘W 1§40 o g&%ﬂa@m repeBLdgy promote

het er oal, &)é(llq’a n%i’e%e%ié’ht V%a@ﬁb%ﬁ’é&@%ﬁcer LQQTQCkQ?;a:ECXWK @n&%@d eh&LQak yi,
C7-12 aryialkyi, or C6-12 heteroarylal kyl, each of % I's optionally
subst i tlutae‘amm whh L and Fddle dgrisgiplssiselsectneéd dﬁng)t’mhat mhﬂ:@ot oB4KdIskyiklyl b€1- C4

het er oal k C6 het.eroacyl ., . dr axy, 1 no, 1
Mrer o e istady Shefrdnuiie Beober Mhiiph Sari Tl M sRH Ro 1 orm
a 3-7 %mrtﬁgh R Gy QRION kA Yah@RkRH NTRY Wb $Q0(RICES NIBLRNIQaS PR §eh eCt ed

fromN, 0 and and R3 and W when on the same atom or on adj acent
connect@g? srthdmﬂ uﬁraiffm@iptwwﬁmf ryumfe pi%ikedriogeeier Isonbornvavgh Bonéiwber ed

cy IIo Ik t_or t erocycl oal k whi_c £ y\SUbStlt W
28 e S SR PSR R R sy b PR RO PRSRE e ey 1

each Ofth@mﬁhr 1@@1@1@@ ts‘ttb@t b bedie X ih Sre@dinR@t @fBMSitpdxuﬁﬂﬁuuL@ﬂﬂaxand inis
0-2. 20100261 In sone enbodinents of Formul a 1, the conpound has the
st r uct URBDEPEGH it Zabave Reg savago nhibig progrosiier vh BN IORRAPIYS A¥eEHE Abt Breadl t |

ot i ned e PRI G St o TR aLE s Bsn kr a4 D6 100871 TS ot her

aspectanumh&ﬁlﬁdentlon provi des conpositions conprising these conpounds,
met hg f se co ounds to treat variou di cal condltlo S,
gh cﬁﬁ}cﬁ TH HB‘tgg e P bé@?dé?@“b‘éf‘%dﬁ%%ﬁ%“%ﬁgg gty reviewed,

' nfla m%'i%ﬁd%?"ﬁ é@m LBNgHLO0RNLS rRahehated sdissar ri@@é SincARd; ‘(}g Q@tdld’l&ai’ld@%@b
further described herein. 00281 Al'so provid herein har maceuti ca

conposnhdeSEGonnﬂwsimgnam@bhgm&ndﬁ@kumn&dnerﬂﬁﬁﬁh@dﬁmmmmﬁag tessznped
herein[% 9 ast o Fharn?ceutlc % accepta 'E” ﬁrrl xgtplen

or two ‘of ‘rf%% ité?‘tra h PEAP A RE BB AR B R RT B AP *’%3&‘&?6? i
Phar macetih &l deRRSihvdRRenRf | § HeSRnGORROHRAS 06 ARsi De st 8 pd I8, Kuf's
treatments described herein. [00291 The conpounas of the invention bind to

and¥i ntdsass onfich sidisasesl! isanagisrddhe sabpect CHBtwelistied ispbiry pHioviclEs a
COWOU%@O&L}SE}@&? E:ga; W (ﬂ%(? ) p%gg@és?x%%%u%tgggtt%té% AFANSLE D 10 addition, recent

studics suggest that CK2 plays a role in memory impatrment and brain ischenua, the latter effect

apparently being mediated by CK2’s regulatory effect on the PI3K survival pathways.
10016] CK2 has also been shown to be involved in the modulation of mflammatory

disorders, for example, acute or chronic inflammatory pain, glomerulonephritis, and

[\
W

autoimmune diseases, including, ¢.g., multiple sclerosis (M3}, systemic lupus erythematosus,
rheumatoid arthritis, and juvenile arthritis, H positively regulates the {function of the serotonin 3-
HT3 receptor channel, activates heme oxygenase type 2, and enhances the activity of neuronal
nitric oxide syonthase. A selective CKZ2 inhibitor was reported to strougly reduce pain response
30 of nuce when administered to spinal cord tissue prior to pain testing. it phosphorylates secretory
type HA phospholipase A2 from synovial fluid of RA patients, and modulates secrction of DEK

{a nuclear DNA-binding protein}, which is a proinflammatory molecule found in synovial fluid

(o]



[00301 In certain enbodi nents, the protein is a CK2 protein, such as a CK2
protein conprising the am no acid sequence of SEQ IDNO 1, 2 or 3 or a
subst ant ivDI2g11videss®i cal variant -thereof, for exanple. PEuhst@0LUEbI y
identical' means the sequence shares at |east 90% honol ogy to the specified
sequence (SEQ ID NO 1, 2 or 3), and preferably shares at |east 90%
15sequence identity' with the specified sequence. SEQ ID NO 1 (NP 001886:
casein kinase Il alpha 1 subunit isoforma [Hono sapiens]) 121 20 181 241
301 361 @ﬁ@ﬁ\ﬁp@#taﬁ%\ﬁ@@vwkﬁims fi%ﬁlﬁyf&ﬁ“flénﬁf/ﬁ qéyﬁ?ﬁcgﬁ\i@ Cekii grosrssionyidhg
pspl gpllgﬁ%’lﬂ\{l){&)g}v RLH{)EB@ V\glkdkli 5&03( f&{%&l@ £ ?i kk%%rtt; ggé‘%g%i%ggvm have

srltareane pV|aa reywdyeshv e|k| enirg 'k sn1e|

ynjeIdpﬁ%@§Mh@ytyﬂﬁwukﬂsnﬁmgaaagamunﬁwqmmﬂﬂyq gpnlltladl glnhrdvkph
ysi dmasi éﬁdl] r hsrkr qaé%gsss i vrkl grgky vkdpvsrtpa. nvnlghehr

mi asmifr Pt gy © gyt fé%zf«w. i PRYFEINARIEOTHF PG awular
pf f hqhd;@ytgm Bfch ANBY ' SEVRL 161%‘51$§QH§1’91 Nar gtrésw%né%ggzia @me@ alﬁb nase 11

al pha 1°subunit isoforma [ Hono sapi ens]) nsgpvpsrar vytdvnthrp revwlyeshv
- ve\/\gnqsdml'uroo phay kelrgiegk yiissaief sedi shilptah meskely wkd bordopwphk kiiddr ase;lmhdmmmfg

gpniitladi ovsrtpa, | viehvnntd 121 fK tltd d|rf

o1 hr cIRBHTTB . BRG0P e VG i o0 pa fPors
gi vri akyfleact eeboydiiak mmx@hgaﬁé@o&fé@@ ERSEAT bRO8bwikkictdr e banged tareame
hpyfytvvkd qarnmgsssnp 361 pspigpl ags gV|aaanp|g npvpaaagaq q nvm dhehrk
| ri | dwgVlasondrasm forikepapist tgheny B KGenk ﬁ@recmfrhiwiswé?ap@fwgésf qom%wm

anPonm R opHERc isebney i R F TRty el A BBk S aw
gl aef yhﬁgqlnemaﬂﬁzva&w bomdwadﬁg@ﬁkibb‘@ywm&xﬁipﬁmv Si gcrr] asm frkepffhgh
dnydql vria, kvl 121 yidkynjeld prfudLTgrh srkrwerfvh sengh] vspe

al df i dki I F5§3Whégﬁl Etaéla Qi@fﬂéﬁ@\ﬁlﬁyﬂ tm\}vrad%faﬁi‘” OORYGGEE Py oS EhRRRS

2011 085anepcl DR 18 6 4esRa Y BR T s H R R alo R il  YRESr ot i n

is in affelitg onsdlatissucel | -free system The protein, the compound or the
nnlecule I o] enbodi nent n association wth a. soli has

cerlfai n éﬁ@%‘@ ngfv%w TRES *@r@%#ﬁ ShEr Heth 1t e IR GBI @ ﬁg& %ﬁé?%r otein
is detegchadim & ;ﬁul@%ﬁ%ﬁﬁ@ikﬁ% Lkl rohBeng 1t R ne, F/rmpdﬂ?ﬁe%n%&%ggmm otein

conprises a detectable’label and I'n certal n enbodinents the conpoun
conprlshsﬁaumet@U@a@heﬁT@MEWKm&hQUMWVQWamwrwmﬁbé&m&@dnwhéu@mnpwund and the
protelnﬁsonetlnea k 3eteﬁﬁed mnt outﬁ@?detec;able Ia el 1003%1 Al so
provi ded AP HEE RBHS" F ST dl S THGTE R SEE T P81 a PITFF PP ofEr 4 o

prot ei Nwonfirmed the role of CK2 in regulation of cellular motility of protozoan parasites, essential to

20 1ovasion of host cells. Activation of CK2 or excesstve activity of CK2 has beeu showun to ocour
in hosts infected with Leishmania donovani, Herpetomonas muscarum muscarum, Plasmodium
Jalciparum, Trypanosoma brucei, Toxoplasma gondii and Schistosoma mansoni. Indeed,
inhibition of CKZ has been shown to block infection by 7. cruzi.

{0028] CK2 has also been shown to interact with and/or phosphorylate viral proteins

[\
W

associated with buman immunodefictency virus type 1 (HIV-1), human papilloma virus, and
herpes simplex virus, in addition to other virus types {e.g. human cytomegalovirus, hepatitis C
and B viruses, Borna disease virus, adenovirus, coxsackievirus, coronavirys, influenza, and
varicelia zoster virus). CK2 phosphorylates and activates HIV-1 reverse transcriptase and
proteases n vitro and in vivo, and promotes pathogenicity of simian-huoman immunodeficiency
3¢ virus (SHIV), a model for HIV, Inhibitors of CK2 are thus able to reduce reduce pathogenic
effects of a model of HIV infection. CK2 also phosphorylates numerous proteins in herpes

stmplex virus and numerous other viruses, and some evidence suggests viruses have adopted



or Fit protein which conprise contacting a systemconprising the protein
with a conpound described herein in an anmount effective for nodul ating the
activity wb2oh2pssetein. In certain 10enbodi ments the aetCiraistyrooiscrshe
protein is inhibited, and in sone enbodi nents the protein is a CK2 protein,
such as a. CK2 protein conprising the am no acid sequence of SEQ ID NO 1,
2 or 3 or a substantially identical variant thereof, for exanple. In other
enbodi nents the protein is a Pimprotein or a Fit proteln In certain
embodi rfelit 85 2 PhRsPEyRTasRE ic2ane B heinigental BEHaElcanpiods mitigtiphel Siidfemis a
ceII-fr €. C AN With
! sol 1B AEELERo df RESHE D rob o SPOPAUTS e S L B SFA LR, Node
for|lﬂﬁﬁwfmn@mce%hlmwohﬂﬁerat|on whi ch conprise contacting cells with a
conmpound scribed herein n amount. effective to inhibit proliferation
of the cég 0l e 1&@%@%}8&@%%@%%@@ giea emwaﬂm@dt%a@wtasmi @B er
cel ls 11 knfs linoQl BAShoCRRRSE v . AL R AANGE! aciRRIELEALLC BRBCETP. ding
cancer, hematopoietic cancer, colorectal cancer, skin 20cancer, ovary
cancer itelcleviicre) mc[smun@xmrpilrepldlmprsbm&embmdnmeﬁﬁtéw itc&aemcaraberuamehﬂ li ne

is a breas ancer,..prostate. cance ancr eal tic .can The

cells s’é%éft“ﬁlé S T é“ﬁ‘ﬁ“*%\‘*?f@%“ﬁ’é”’“‘egﬂ%‘é ’ﬁHOé“&JH}O‘ e ’ imft‘*%h%% 1 ‘*”’i n a

t unor, sﬁ@&ﬁ@ QR IR Lk Rifhsd Hl'ﬂfﬁﬁtck@aﬁ&ﬁﬁlt%ﬁé kmh%s Cekdeadiy eRhadingnat s,

the method further conprises inducing cell apoptosis. Cells Sonmeti nes are

fromad tspli)ﬁ erget hgwtﬁgn neeabilaly Megeﬁem@t idpal, su Jm 1306894l Af tewwﬁwpdé& arse

rretllaods mutlme Jng.a con i n rel ted t.0 rrant..cel | %ro ration,
f’erf’n OTL e h

whi'ch conprise - ARl d“w %Edn‘dje%c Sed RS HOTS j ect in

need t hefeeofe inRibdBrsadTAUNY th@f ;Gzeemmentg@atm%a& auﬁche o€ elffergmn alsk iseg add ¥€orders

condition, In certain enbodinments the cell prol, iferative condition is a

t uror - ABEBEPAPrRAr sanGard Ve casser dhsarBt Iredciiwddeveite (Preadtvitpr ost at e,

pancreas, g l.o ts. cel

opr of 1 7P UEH1;BoERIEHERE Wi ince B i iokunt RnBRTR EURBRLIRR SunkalR T

cancer ,asfeiatekaipbacei henceblogpubicfpenal, by@indbndidticonaridareasulaportant in
8enerat|on in sone enbodi nent.s, VI)2011/825859PCT U82010/04P760

0035] HBHBEPHEY 8l ot E @IHRY RIS GRIIPIIAPT HgT A0 RN ITeEY dat i dndlor der ,

pai n, ﬁ&;ﬁoﬂi | aprRt.ony i di. §t%€i&(m Ed@s Boubg,e ﬁ&um‘d@ d&@@ﬁin&{ CRYGH P‘l}(/ﬁe‘@tb@ﬁﬂt

corrpr|5| g administering to the subject a therapeutically effective afount

of a thewaﬂeutmmpagenmﬂ arslghethodsor! utﬂme,ahersngomgcﬂmddl §®ﬁd:emmmnddse;dmms stering

to the cul e, that i nhi n_anount t hat
o ofdntmvatt st TEEt S b At edi B iengs bl DgR A ore !
certal nh&y bieb:scs.t he nolecule that inhibits CK2, Pimor Fit is a
conpound of Formula | or Il as described herein, or a pharmaceutically

ac@éptabl e salt, solvate, and/or 'prodrug thereof In some enbodinents, the
nol ecul j%@?ﬂgﬂ@ '@fﬁh@ﬁ%&l\ﬁ el Fit is a specific conpound in one of t he
i sts of ‘conpounds” provi erern, or a pharmaceutically acceptable salt,
sol vat e, janiorhppradsignehions okt gorheﬁes diReosm eumgsunds has@ERcRMh il sgodls,

the desired effect of the therapeutic agent that 1 s enhanced by the
mol ecul it Hat Hihhichide sPuERes noplimiGR Eiiphipying cpidatrdtisapon mlditing

proliferati, | tS Lehd.eg £ LheD: 1 inase

t her ap%ﬁ%ocegdebh&u{:ﬁ%&ﬁdﬂl %{%%ﬁ%ﬂ%@ yd‘“'f’l%ge‘/errg?ec uﬁg ) iZ's&[t% ﬁ%l rﬁr%dl%%d? gp%kl?},m%i m
or 2Bi t dcsvian abdeleaseii kﬁnaﬁ;&dﬁbﬁid@}sachm\amnﬂ easﬁnmreeqyﬁemf, likelbirpsipORB6Ie | n
some er;b i ment.s, tlca ent adth Ieculethat i nhi bi.ts CK2,
S f TR R ey FOPER IR i R Ea et e i
ther apeuhiiGs ﬁ%{’ﬁa&@%&@l ;‘?(QHL’—&eﬁiEQ@ﬁ rhiall @ﬁ%u%}asﬂu@q ﬂfubﬁ ntg 3%9{5%%6{%3 are
used concurrently by the subject. 'Ipe t herapeuti c agent t hé ol ecul e

t hat i nhiibiting c€KProlPeation aid méu@ng otthimetbsisnta e@aﬁepbh dﬁmamtl igadntion also
conposi.tion i

enbod: HeATE PB ROt GNP ATE BASKYIBUE PR PRE aebar B RO i
20f30l | Qﬂﬁhod@%&n @f&@ MG A pilddlii ANVEDNTh §Ni vl @iy fih 8 1af atbhe.
(0]

Compounds: r conveni ence, and wi thout regard to standard
nomenc|dsethsd m@ie&r\ﬁ%he cpgginatighwoh 0&?\69&@% s Fetiside jal isaigcselenpérctlcs m of
For nul bed, the ring positions will be identified by
25nunbgpTﬁn%g%n%ﬂ%“%?g%%%ﬁ#n nunberlng schenme: WO
2011/025859PCT/U82010/046760 [00391 In this scheme, positions 1-4 are
in the | ower (phenyl) ring, and positions 5 (Nitrogen) through 8 are in the
second ring. So, for exanple, the position of the polar substituent X on

t he phenyl ring may be described as position 4 if that group is attached to
t he unsubstituted carbon adjacent to the phenyl ring carbon attached to -N
in the second ring. Also for convenience, the phenyl rlng |s Iabeled as



[ 00421 Substituent groups useful for substituting saturated carbon atons in
the specified group or radical include, but are not limted to -le, halo,
-0-, =0, wOoRb11/02885h, -S-, =5, -NRcRc, =N e, trihal onet hylPCTAS2018/04676&N, - OCN,
-SCN, -N®2, = 2; -N3; -S(0)2R-b; -S(0)2NRb, -S(0)20-, -S(0)20R13, -0S(0)2Rb,
-0S(0)20-, -0S(0)20Rn, -P(0)(0-)2, 25--1)(0)(OR(0-), -P(0)(010(0-10,
-c(0)1le, -C(S)Rh, -C(NR b)Rb, -C(0)0-, -C(0)OR, -C(S)ORb, -C(0)NReRe,

- C(NRb) NRcRe, - 0Q(0) Rh, -0Q(S)Rh, -0(0)0-, -0C(0)OR , WO .

2011/ 025489 I SEOERFV4ET 60Ty }g))mr\iﬁf;; CQE’N]B@IW@ @ymhiblt at least one kinase

-NR hC(.9).Rh,:- Ode, »-N.eC(S)091e, RhC(0) NRcRc, - NRhC(NRh)Rh and

-N eC( WQ@Q%@)&%@M }ghgg((éc '“e‘mdfy;i{(;lm t he group consisting of alkyl,
cycl oal kyjxiz31etes oahkylnds ey tlohenasoalckyde coapylindsanyloahldeli, heteroaryl and
het eroaryl al kyl ; each Rh is independenVy hydrogen or Ra; and each R'" is
i ndependently Rh or alternatively, the“f/wo Rcs may be taken together with
the nitrogen atomto which they are ponded forma 4-, 5-, 6- or 7-nenbered
cycl oheteroal kyl which may optionally include from1l to 4 of the same or

di fferent additional heteroat gfis~s€ ;@d fromthe group consisting of O, N
and S. As specific exanpl es,ZZRc i sl meant to include -N-142, NHalkyl.
N-pyrrolidinyi and N-norpholihyti+As apat her specific exanple, a
substituted alkyl is neant to 1 ( aI ylxlene- 100- al kyl ,

-al kyl ene- heteroaryl, -al kyl ene-cyci phet eTEa kyl, -alkylene-C(0)ORh,

-al kyi ene- C(0) NeRh, and -Cl--12- CH2*g(0)~CH3. The one or nore substituent
groups, taken together with the atons t0 WHhH tgﬁy are bonded, may forma
cyclic ring including cycloal kyl and cycl oheteroal kyi. 10043 Si m | ady,
subst i twenthagraupscails et clptdbor sabiubstédtutiing ponbag tretc€d carbon atons in the
15specified group or radical include, but are not limted to, -Ra, halo,
-0-, -ORh, -"8%&' _NRcY&C, trihalonethyl, -CF3, -CN, -OCN, -SCN, -NO -NO2,
-N3, -S(0) 2R, 72 §(Lr 200 indc?&&i)cﬁ@ﬁsdc&&( Qyd-dley, CEQ%@@Q%B)VT@Q&GQ()@QB@HHE

- P(0) (0-) 2 - P(0) (ORNO -13{0) (OR b) (00, -C(O)R _, -C(S)Rb, -C(NR) Rb,

- O 0) 0-ane-oCE0) DRI 2 ¢ ©) ORER: HogOpNReRE 25 ¢ MRhY.NReRonatiQC( 0) 1e, - 00( S) Rh,

NRbL ) ORD, - SRHRE Sy T b O R TR oy R e R Konee e

whege Rep’@p:and Rc are as previously defined. 100441 Substituent groups
useful for substituting nitr ?gi_gn atoms in heteroal kyi and cycl ohet er oal kyt
groups include, ButerapeEhdbs Ri ik Redd't énd BRg, independenirl. or gmpptionglly - N

trihal omethyl .- CE3,. -GN, oNO, ;- o 58 DBk €0 6g Rl PY203e, - OS(0) 2R,
- 05( 0) 20- , 2"?%&%@%’&%& “1‘3"}?‘6‘5 ?%Q)%B% ‘ﬁg%ﬁ%iﬁé%i %?(‘0% ("gg%d € orRn,
-C(S) Rh, - C(HyRm}Rayi, €T ORIy (CNCRhcter GUANNRERECS allf Nrie) BRI KiesteroBICH)RN,
-0C(S)Rh, -0C(0Q)ORh, - S)ORh, - NRh(; (0)Rh, -NRh(:(S)Rh, -NRh(:(0)ORn,

~ I NRhC( S) 016 -CRist bm%ﬁa?wwﬁzb(&ﬂ FRA- G 12 %%@M*’u@%@ﬂaﬁbﬁiraéi Rd.
Rhjandl ?, ¢ ar@e¢as nPLEVL-ONS ,,;y@iggii ned. 100451 The substituents used to
substitute a specified group can be further substituted, 30typically with
one or nore of the same holo, GiFY, fahe KRG, OSSR s Re SO8Y S hBnBOER y AFRBus,

Permh "o and ~ar et ot \BSROIE: 8 R Ko O OQant G Gt P alher

denote the presencgnef, @bckeasiz opeyof the referenced item The terns "a?
and "an" are used interchangeable with "one or nore" or "at |east one". The
term"or" or "and/or" werisedchad ainflaprotioly Mor § 11608 b, 3t helaroatwb wor ds
or .expressions are, - _he takgn- et her arLndj vi dual by . The terns, .

" co‘”ﬁpri sing", " haﬁv‘i"%’g'al,ﬂ(“ni’ %gl“gd% ﬁ%"{m%ﬁ%ﬁ” '%%%a%ﬂr(r iﬁg’"("%?gg"’%r%agkycné%s(tlr ued
as open-ended teradyi, €-3meandagl, DonCl ugh N, s-Oud hareloahii i 1-€d2 6191k yiThe
endpoints of all ranges directed to the sane conponent or property are

i ncl usi ve and i nd8péndéhbsigragpiskriabl e. [0047] The terns "conpound(s) of
the inventi 9” , ot hes%nﬁq‘v%?@qﬁg&?o R Oﬁttﬂg bﬁ'lqg%gg{'&((ﬁl)&dédb%%d m%mhgdngfﬁﬁﬁﬂ&
conpound(s)" refers to conpounds enconpasse y structura or nul ae

to form a 3-8 membered ring, optionally containing one or more N, O or §;

25 and cach R group, and cach ring formed by hnking two R groups

together, is optionally substituted with one or more substituents selected



10di scl osed herein, e.g., formula (0, (1-A), (2-B), (Il), (1I-A), (11-B),
(12.10), (111-A, (H-B), (I1V), (1V-A, (IV-B), (V), (V-A), and (V-B),

i ncl udes woRosPRsssPi ¢ conmpounds within these fornul ae wroTaISsa0M0et766 € | S
di scl osed herein. Conmpounds may be identified either by their chem cal
structure and/ or chem cal nane. \Wen the chem cal structure and cheni ca
name conflict, the chemcal structure is determnative of the identity of

t he conpound. 15[ 00481 The congound§,descrjped herein may contain one or
nore chiral centers ar@/®hfalgotBl ENEIRISNANY . FAEY ePBre R magR ek s as
stereoi somers, such asgdaubl Inb SORRFSNKE - Qe CORBTELH B LISRRIS. ) »
enanti oners or diaste?%%§§$§$qgﬁgﬂgﬁééntﬁ%ﬁﬁVhb$h%g§Réé%ﬁi§¥j$%e i s¢l at ed
stereoi soneric forns asRUBDDRASNRICKERT €N, OFOBR e BEBNROMBOS H nCORY ydadgNO-,
degrees of chiral purity, including racernic mxtures and m xtures of

di ast er eoners. Accprdinglyﬁ“%ﬁ@n@ﬁ“ cﬁﬂn%¥¥%$FﬁY§§C§d§%5$gL_ “herein
encgnpass al | possi bl e,.enaniionels; A (SLek aRLRANEN 860F o he, Ehluss rat ed
conmpounds including the stereolsonmerically pure form(e.g., geonetrically
pure, enantionericail yrepusaybt 7dilasyeiebme(tet) haerparylidndickpantbicbmer i ¢

and stereoisoneric mxtures, Enantiqgnmeric and stereoisqneric mxtures.can
be resol ved into.theiFmEBﬁSBﬁﬁﬁgnéﬁgﬁFﬂHﬁﬁﬁgﬁgFf§V§Wé8ﬁ§6ﬁ%ﬁgnﬂ§$%éﬁ"tg
separation techni ques yichialhetyplibasts.deehnicaues ieldacknRVWok P hiigs,
skilled artisan. The invention includes each of the isol ated stereoi soneric
forns as well as m xtumds<sf stereoisoners in varying degrees of chira
purgty, including racem ¢ m xtures. Lial 505encaMPASSes, LNe Y aLEOUS oms

di ast ereonmers. [00491 The conpounds may al 0 exi st 1 n Sever al @adtonerrc
forms, and the depiction heigibo liakedReotAdBOMBEmbSrdiohcCpnveienee:ant y,
and is al so understood to enconpass other tautoners of 30 the form shown.
Accordingly, the chenical striaétiar BsegepietsrchérenNehtdipass al | possi bl e
tautomeric forms of thgqidl st alhth GOMRAMA0SonTBE RiMert AhhEQRPAGAS Used
herein refers to i soners that change 1 nto one another "wth great ease’ so

t hat they can exicsth opogetiyer linked WR-201 1Y 1025 8FPSEAUISRALYL 04ETHO:
equilibrium For exanple, ketone and enq] are. twq tautonerie fornms of one
conpound. In anoﬁﬁ%?gﬁﬁgﬁgigfwﬁd§HB%WP?%E@ﬂ&T“?%gﬂ-triazoie derivative may

exist in at |eastytibrge; HaUEONBLI Gyl REDRAAS SORWMLDEL AWer Ry REZN- N 117N
RT2 N_. RT1 is H or optionally substituted al kyl, ﬁTZ I's an"optionally
substi t ut ed v@nyk can 5] GBS0 LcThe conpounds of the invention often have

i oni zabl e groups s0 as ;oﬂgﬁfc%ﬁgbke of preparation as salts. in that case,
wher ever ref er ence T SPHEGE TG e He™ompound, it is understood in the an that
a pharmaceuti cal lypdageaptabl e salt may al so be used. These salts may be
acid addition salts involving inorganic or organic acids or the salts may,
i n20he cd8829f awingi enbeshimgniop! Foiendoipbusispondthehienteduion Ivempledpar ed
fron1iggﬁg§nic or organi c bases. Frequently, the 10conpounds are prepared
or used as pharmaceutically acceptable salts prepared as addition products
of pharmaceutically acceppabl e acids or bases. Suitabl e pharmaceutically
accept abl e acids and bas€s are well-known in the Hrt, such as hydrochloric,
sul phuric, hydrobrom c,| acetic, lactic, citric, of tartaric acids for

form ng acid addi-fsi on xitde, sodi um hydroxi de,
anmoni um hydr oxi , various am nes,m\a ¢ [ike for formng,
basic salts. 1 preparation on{ﬁE’approp iate salts are

wel | - est abl i shed*#: sone cases; ztfie~cgmpounds may contain both
an acidic and a basic f ncti}nal group, in which ¢ase tjhey may have two

i oni zed groups and yet ihave

preparation of

o net charge. Standafgd netihods for the
o >

R% (1-4)  or (R%m X g-8)

or a pharmaceutically acceptable salt, solvate, and/or prodrug thereof,

i 52 53 ;ar T . .
wherein £°, 27, 727, L, W, X, R" and m are defined as in Formula L



pharmaceutically acceptable salts and their fornulations are well known in
the art, and are disclosed in various references, including for exanple,

" Rem ngt omo 20hi2Skshence and Practice of 20Pharnmacy”, A PGFUSano04&do, 20t h
edition, Lippincott, WIllians & WI ki ns, Philadel phia., PA 100511

"Sol vate", as used herein, neans a conpound fornmed by solvation (the

conbi nati on of solvent nolecules with nolecules or ions of the solute), or
an aggregate that consists of a solute ion or nolecule,a conpo und of the
i nventio GWEt H: o BPoStbIte: SHPRHER A PRI S IPRRPPTABERS 185 W@@Fﬂiﬁe

the corg , e . - atein 25but
are not" anqgg?lg}%\é&ﬁg i“{n?&%fr a? Eﬁ&ﬁ‘%ﬁoﬁg& ﬁ?&t%énﬂ%%ﬁ a%lg(:h IE(’dg"r at e,
hexaltMdmameog&mﬁdhbmmﬁppmhdyhenmﬁdehstQﬁmﬁbmﬁqmepaﬁzmgd@pﬁqueknai in the
art tha t he ph ceutically acceptable salt, and/or prodrug of the
presenﬁlpﬁ buﬁg ‘aF%gﬂg&tsﬁiﬁﬁxgksﬁpvate form The solvate is typically
formed viggidnald Bx Wb Hélei'n%rﬂéﬁg{?%%tﬁﬁs%t QbnoligoRs %Q@}Et@tt'rgozp pdiig pLgsent
conmpound ‘or through natural abs rption of norsture he an% dr ous
conpounwseﬁﬂuﬁﬁnpwéseh&1mpdempnonuhﬁW@%Q@&&ﬁ@@ﬁaﬁgﬁﬁﬂ%kﬁ@ﬂ&ﬂﬁ@dﬁﬁ@ﬂx

[00521 The.term "ester" means any. gster %gk resen nB und i n whi ch any
of the PEBEIHUARY CORS GP AR HEFHUBUIE TP S AEEE t&&?@ function, in
whi ch thenRadiiiel YoRbodifi@s@ T ife bomPHhds et@@@a@t@%uﬂ |08 BRAURs MY Ref-0r B 2

stabl e ester nprety including but not limted t ai kenyl, al kynyl,
cycl oal kytﬁm‘HyE 1ea¢mwtatdkyi theawyentiombytlap kyd miﬁhettertdtigmwb, and 1o one aspect
e eI B B SR TR R R R LT g ol veanl e
esters of geh s are the compoun s ose carboxyls are

present nesmetﬁ@ﬁmmm‘iﬂ}tﬂmemysa@b@rﬁﬁtercgacgmptem FhdtasiaSCK1 hesenesters are
pharnaceutlcalIgaacceptable and can be hydrolyzed to the correspondln

car boxylotHER #e| e nipe acrhivgecnss pEpECRYNBe | chhvft # Bivalanbrbsidentre) uzer%

| ower yl: i OX Y, n o

B vaney TR RD L SRR, Bl LA ST B0 sy 0% o

met hox yeardianytabey spet iyt se@ueﬁtd‘l@)ﬂﬁk&ﬂ bmm&l Bxy 8}, hydl pr@ﬂdbii-shates at least 90%
|sopropy|carb0 yl.oxy etqﬁ e{s; | oner al koxynet hyi esters, e.g.,

met' Roxy ety s et gt {5 eped b?—%@?@?§ benzof uran keto esters,
thlobenzofuran ket o esters | ower alkanoylantnonethyl esters e.qg.

acet y| ari oAt 1081 836: cpgeir kinayedi aiphah s, S & JHOMGSRDISE

esters and.g ?OQo”ﬁihyl @$E$ﬁ§wakﬂ§Esﬁ%aﬂpm@§a9{ thﬁﬁﬂ ester {&que:
(2, 2-di met hy 1z ;. 150X, PLORYL O TRERY L, eSters; . & i\R\%) tt,as@tﬂxwtwl
esters,; - k2, m?thtyd REQPY %y)carabe@ytl; -1 PeRt ey L RSLEER k. 1 hdmo ae

1- [b( 1- rmt hthf% BOXY) CQJ“QOUY s axyketh gi ESURKS] go mlasmifrke pffh

I sopr opyy rOXJYQaHer%l %ﬂegbw 1eSEEES ap & By Mty 2y OXQs »lm%ssﬁh OXRI%A Mi)
met hyl st et deb{d cyel-ahexyl oxy)rcarbanyld.axylethyi, 8SteESs mrsgissvpt

3, 3- d|wehhytrznpxgputhaegtgqs]mrtpssoppvtous to those skilled in the art
that hydrol ysabie esters of the conpounds of the present invention can be

formed at free carboxyls of sald 20conpounds by usrng conventlonal nmet hods.
Reptes exif 65N SORET s e s o ¢
|sopropylox¥carbon ong

i esyers anc

& VIWGLY

h .
folkt(txf ST | tL r']:r !

(5- et hyl - 2-0x0- 1,3~
refers tg a, PEE tulrsp\mw € )
precur sor, Ltsei cﬂ% LOL Ay, ot eap'

ad@b”'sbﬁa on; ] t@%t 99 g erthers, WET S
the phamaéj i {Cally co n@irot Oti rag,.0 E ML@J est . For, exanpl
prodrug/qaqueqdhﬂg§tgjga b ~,)dgq&gegormo’? a pharnaceutlcally active
conpound Varlous types oT proarug have been prepared and di sclosed for a
C ! 1,n,‘-nd Moss, J.,
kT1). Jnthe art

eqhgrques of

knows how tﬁt;gntp\%e qtﬂt,t <o tpdr g% Qw t?h Q%rml
organi ¢, ﬁlynt_ slBa1a Y)f és ) N)l S QL@QLHQQ %r OPEJK L%{e S d% 9 g}(:“ltr,rgl Fl]gd
atoms that v ..Jtpalhacn oL 9o & 1eachve, functignal . aroup i, a 1 Toikga
masks, ¢rﬁdpqg§J% %eg S reactlvrty of the functional gr% .
20%%/025859ﬁ / §2010/0 6760 Exanpl es of protecting groups can be found in
Geen et al., "Protective Groups in Organic Chem stry", (Wley, 2nd ed.
1991) and Harrison etal., "Conpendium of Synthetic O ganic Methods", Vols.
1-8 (John WIley and Sons, 1971-1996). Representative am no protecting
groups include, but are not Iimted to, form,,t, aceivi, triftuoroa.cetyl,
benzyl, benzytoxycarbortyl ("03Z"), tert-butoxycarbonyl ("Boc"),
trinethylsilyl ("TM5"), 2-trinethylsilyl-ethanesul fonyl ("SES"'), trityl and
substltuted tr|tyI groups, aIIonxycarbonyI 9- quorenyInethyloxycarbonyl

11 R AN O\ o, ] - . an\ I T 1 T




i ncludes reduction in the extent or severity of the synptons associ ated

with the disease or disorder and/or an increase in the |ongevity and/or

qual ity oWoOl20f126659t he patient conpared with the absencecCofusthe/ose7e@t nent .
For exanple, for a subject with cancer, a "beneficial clinical outcone"

i ncludes a reduction in tunor nmass, a reduction in the rate of tunor

growm h, a 25reduction in netastasis, a reduction in the severity of the
synmpt ons associ ated with the cancer and/or an increase in the | ongevity of
t he subj dB83Qofpere WirbHippes dpdunee Bin ¢ Rl o 8 GpEntee sTREMprid¢iBeicnount
of conmppu bj er verity
of the D BBy HARSRe i MOk AR TR 1 VIR AT R L
as geneareahmhea:loﬁhnera@ehe sexgctibadyioweh ght coanobuhd hed degeottm 1dﬂugsted Wiz awi | |

al so depend tge Pegree sever%ty and type of 30proI|fer ive dugorder.
The ski(oI8t Rt e PlaiiGet I 058" SBhes 6 datiar HeCUPPIEDE Pace el st and¥pendi ng
on_theseracukNRe a6k bmpoll A 0258RBGTE YR I OARIAR 0 g&%ﬁ%sﬁs
used herein, the terns Ey kenyl™ and "al kynyl ™ 1 nclu
stralghmnqhanmﬁmbmawahed&ohaﬁmaamdmcyﬁﬂnmﬁnmhmdaLeﬂMLmﬁmldrocarbyl

radi cal s nbi nat.i ons of onta
re unsullTHLE0E P ER e PR e aeREH G FEPROYD FieobipyRien, (kI ek

cycl opesteyl @b whidh @a@gﬁ%m&uhgwwém c@ﬁgnmhgtm ﬂﬁﬁmm-r@ﬁhfa(%ﬁ'p@ﬁkﬂmer of
carbon atoms in each such group iS sonetimesS described herein, e.g., when

the gr oisrwéa‘ﬁ hetsmt @i an appoune e Ef%cnuééwmwﬁé%whi @tttvaiﬁ Beha ppies eitastiaias 1- 10C

or ,@s cmb %m&&? ﬂ\%c 9 VLY ]%%H& L8l (i)sal% ccﬁ a’nd {n som@ “mF g{ﬁhl%gtlslté{) }“}1% etn %lej oved
to repI ace car on a ons as I e eroa groups, exanp e nunbers

descri iy ptddn Huok ps a TROUGDbtest ¢dn|1prMﬂci &h@ Eim@i\ &-ugm qﬁl ﬂ(:c%SEC?IH Bsent 2 the

sum of the nunber of carbon atonms in the group plus the number of such

het er oat an@squ&’ﬁﬁaﬁtw&%édiﬂﬁwh‘ﬁmia%wi@ef ep HEBWERt s otley codpdisienit BaBraiein the

backbo \ h " 059, y, the

alkyl . A, é%écp‘ W pitelt L B DGR M6 sysent BIPCH. TUPLERALY, 08

(aIkyIkmﬁmdﬂn&ﬁ(ﬁ@abkamyéaoﬁiahkyvm¢ﬁ TRt pfoeriabt shetchewoeahtay he i 8C (al kyl)
2-8C (al kenyl % 5 , Sonetlges t hey contain 1-4C (aik,,,i) or

2 4@ (éP%%#ﬁK@”Hil%V§§ﬁ7mﬁgm‘ﬁﬂ§Pﬁ6ﬁ@ gt can include nore t han one type

of multiphgshond, Qi a’i@sra?; ERARIONG iR 1mtw§t?n? cBil ?Rﬂﬁkmﬁ&’s@ Ny BEPURS AL e _
15|ncluded wthin the definition of erm "al kenyl'™ when they contain at
| east (msetac‘amgbmiis vedr «bmmyztwljldesdn@nd hemndinanemicyel cidedvaid inhibitthelifemtion

"al kynyl t% ?E %geéironta 1.n at |.east one ¢ rbon- CQ[bQﬂltr|F|e bond.

[ 00601 OAI S, arks 17 8he 4 ‘I&;?r%y\ P otps st 606 e Bt endryyt cancer,
substi tyibage tc@mm aB%b AN cahbat lusl el S hiatddbl B0 ARk TosRNSE cehem &al | Y.
Typlcal substituents include, but are not limted to, 20 hal o, =N-CN, =N-

R, 200R canRy, OVSRY L@@ﬂd@;@Nﬁ\@x&Wﬂ SONR.C @@WQHWMR@@IW@& TNR@H&NF%) NR2,
N ce T R ch R
s 1 nadBeRaenry P e e st S ot <oty e ﬁs%%a

het er oagylbe 2 s€i8eAl (Kem(:tg, ardGa- @mbe.t&&@alhki@ﬂw are 63251 Conad ﬂ‘i}ﬁ&}ﬂ) ectCan C8rtain
het er oal kynyl, Co- ryl, or C5-C10 heteroaryl and each R is optlonally
subst i tq}ﬁéﬁnwrﬁ% t%qrx@th@d@uﬁhew@qpnmmducxﬂ:@e Wto“NR( QH% gwlvtmg)@gp@ froma

SO N R CSNR 2, INV\C( =NR )NR 2, NR COOR , NR'CO?‘

chéubf\'%gd; m&'@%r%ﬁ%ﬁd NO, 7, V\/ner ein each R is i ndependent ly H,
CI 268 al K34} CA&@&nhwétcéamaﬂxd{st fat mengaydundxﬁaa @aﬁhd&tﬁ”feﬁaﬂweii C6- C10 aryl
or C5-Cl0, heteroary al kenyi and al k I oups can al.sg be
subst i t%?@&l%‘;‘?ﬂ(}iﬁi@% ‘*“%%191’12/" @m%t%&ér%%’y}mg %% ‘(‘3% B of Seyedin Bced
het er oanybef §3GRNRMMIEGRve B0CAR1IRG A YRSHLLUL S0 RN I8 n SRSk ke Rk St at
are appropriate for the particular group. Wiere two R or R are present on
the saﬁbvaﬂbmpéérgn»wmmaqmn@wa@mumd§ﬁcemnhan3ﬁsiﬁhamuarsnbﬁnmgd pbiget her

s can e take o eth it h the

o im0 St B 356 580 BSahBsrle Pass Hetl 0 &75
nergper gdofifeNgive Whk R AN Q- 5HRS bddcbi, @6kistahd o@éd@tlancc@%%xmé Thal o,

Cl-C4 al koxy, and the like, and can contain an additional heteroaton1

sel ect eglfiFgHPtaNye oonaiieprSs awichiar ferpnpaHbe I SOTBOBLIOUNSRRIy] ene” substit uent s
are 2-10C al kynyl groups that are optionally substituted, and are of the
formula -0-ECR ', \;vbereinle is Hor C-C8 al kyl, C2-C8 heteroal kyl,
C2-C8 al kenyl, C2-C8 heteroal kertyl, C2-C8 al kynyl, C2-C8 heteroal kynyl,
C-C8 acyl, C2-C8 heteroacyl, C6-Cl0 atyl, C5-Cl0 heteroaryl, C7-Cl2

al yl al kyl, or C6-Cl12 heteroar,,,,, Il al kyl, and each Ra group is optionally
substituted with one or nore substituents selected fromhal o, =0, =N-CN,
=NOR', =NR, OR, -NR 2, SR, S2R, S2ZNR 2, NR SO2R, NR CQONR 2,

NR CSNR 2, 10 NR C(=NR )NR 2, NR COOR, NR COR, CN, COOR, CONR 2, 0O0OCR ,

P —



het er oal kynyl group, The typical sizes for hk.Aeroforns of alkyl, alkenyl
and al kynyl groups are generally the sane as for the correspondi ng

hydr ocar bwD 2grioesss9 and t he substituents that nay be pr @sentS2an/04d7e0

het erof orns are the sane as those described above for the hydrocar byl
groups. For reasons of chemcal stability, it is also understood that,

unl ess otherw se specified, such 30groups do not include nore than two
conti guous heteroat oms except where an oxo group is present on Nor S as in
a nitro dPO3R| Penydcdgivupe mriogsforwraties apjepnoiy, &ﬂcesﬁwr%r@% G Eel udes
cycl oal, | sed
her oi n { ARy YEOARLIA Sl i RUBEsuch MBS ool AR, fininifBtypl o
2011/ 0&585@@&%/&5&@&@1&94&&6& V(Bﬂﬁﬂﬁ’(:tﬁieﬂ‘th\ﬂaﬁélﬂidaoﬂgi L&aﬁiﬂ)ﬁﬁ tekom shd

"cycl oal kyl al k. :,.,.,| used to descrlbe .carbocyciic non-aronatic
gr oup t%atrd@rsmetfhh@e%amfv o e R acapC e RS YR Yéfk?{)m ¢rifidgran amount

Si sl alipis cASLSE AEUBlaNEe ﬁ&é&u@& HEIUR HESEAIRG B N ALABLLGA LGN fro
group that contains at [east one heteroatonias a'ring menber and that is
con nectieciwttdc tieiimgliedli 2 Ruinar &' liris ngoapowmd st ommmtdy)r BeasGleorritg hand, or a

"hetero aIk ed to de crlbe su g LS ected
{0 anot B ey TR0 lodi o RS B Rl B Pt ar o
sui t ablgg, taﬁt tﬂ:tetr&y[ﬁtqqqt KWim o Yol teelsgsaet@d KhpouR8tLERCYThY lists BNEmpounds
het erocycl yl al kyl groups are the sane as those descri bed above for alkyl
gr oups .prasdebbuciiesiel pharphesgctibravsciabiso silhoplyde, widgredrag of omt alf tha«@
e R T e T

aryl orbyahy htdkyle thadheals akbaehed: Bt isonedefiduhe ttit\@mavaaﬂtablte tmttence
positions of a carbonyl carbon atom and heteroacyl refers to

cor r es FEHUHEC B difpsesiipe pERg chtheteyapargnaser v s Stresedindhe tfwéeaéartb@nw
car bon ter hose and S. Thus
heteroag§$ﬁ?nc udesbgfgg”g%gﬁigﬁfg-%%%%g%%fgzﬁgi&£§ LQ%%ﬁyas wel | as
--C(=0) - HG@@MO&Tyﬁne&ﬁ%@@ﬁEﬂmﬁ&yﬂwa@ﬂu&e&g&baﬁvhegKﬁﬂpkﬂhMﬁnhbndéKAtmany

groyp or | ecule.to the e attache rough .t he vaIence of

t he> car%é%‘@ BAFBoTCTEY tﬁu %ﬁa g sarpggpe. &Ew %@rﬂ@guaew ﬁb%&ﬂ%@ coRih

i ncl udeyfienayvks, ?&?By Fu btﬁhé’iﬁh@y lre @R OQ@H"?@MB? byahd %L@Th@ﬁt@ﬁ@@&% agdhOups,
whi ch i nclude met hoxyack. Ayl , et hoxycar bonyl ; % 4-pyri di noyl .
hydrocamﬁyh:@nbn@@th@ﬁ@h3@Hbﬁb§%namdﬁheteommamdmgoehmshnhmgmnmph that

conpri se an ?Cé| hete%o€ g{igroup can be 20substituted with the
subst i tUERTSH §b?¥8€8“h T8I'N'"4s general | y- suitable substituents for each

Of the cq GOEHP FRsk=NEd GEHEP @tﬁhﬁﬁsﬂmﬁﬁtstdf ShcBi@Yént R MELEFOB&GY I (BF @UPBription thA0661
"Aromatic" noiety or "aryl" noiety refers to a nonoQ :clic or fused

bi &ficl ifellgws.ety' having the mell-knomm characteristics of aronat|C|ty
exanpl es i ncl ude phenyl and naphthyl. "heteroaromatic" and "heteroaryi"”
refer t frf . ring 25systens which contain as
ring néﬁ%ﬁ#gﬁgﬂgﬂggygﬂ%g(ﬂetggggfgﬁgg %écted from0O, S and N The
|ncIu3|p Xgméﬂng oatonbpernlts aromaticity in 5-nmenbered rings as well
as 6- nENbered TINgsT Ty pr r'cal het eroaromatic systens include . nonocyciic
C5- C6 ard@ﬁﬁiC}gﬂmmp$msu£hﬁb®ﬁmyttdwdﬁwpwdw@mmhmﬂﬁxmyrahﬁm&tpwmhmeﬁyhmn

]]: 3;2‘3ylbal’nc]p% rl{\/QL 1@ cdre ? y [m i t} Jfglmuéa Eﬂee? P dest(tj ﬁg‘dz g itn!ﬁ gmt gﬂnls \mﬂgt‘?‘ Henyttte (r;gpts he
wi 124 atmhemyhmg@mnﬁmwméumﬁhnamyhmﬁmthe het er oaromat i c nnnocycllc groups to
forma C8-Cl0 bicyclic group such as indolyl, benzim dazolyi, indazolyl,
benzotri azol yl, isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl,
pyrazol opyridyl, quinazotinyl, quinoxalinyl, cinnolinyl, and the |ike. Any
WO 2011/ 025859PCT/ US2010/ 046760 nonocyclic or fused ring bicyclic system
whi ch has the characteristics of aromaticity in ternms of electron

di stribution throughout the ring systemis included in this definition. It
al so includes -bicyclic groups where at least the ring which is directly
attached to the remai nder of the nol ecule has the characteristics of
aromaticity% Typically, the ring systens contain 5-12 ring nenber atons.
Preferably the nonocyclic h.eteroaryl.s contain 5-6 ring nenbers, and the
bi cyclic heteroaryls contain 8-10 ring nmenbers. 100671 Aryl and

het eroatyl novieties may be substituted with a variety of substituents
including CI-C8 al kyl, C2-C8 al kenyl, €2-C8 al kynyl, C5-Cl12 aryl,-C8 acyl,
and hk.teroforns of these, each of which can itself be further substituted;
ot her substituents for aryl 10 and heteroaryl noieties include halo, OR
NR2, SR, SM2R, SO2NR2, NRSO2R, NRCONR, 2, NRCSNR2, NRC(=NR) NR2, NRCOOR,
NRCOR CN CEECR COOR CCNRZ OOCR COR and hKP mhereln each R |s

o P~




together with the atons they are connected to to forma 5-8 nenbered ring,
whi ch can be substituted with C-C4 aikyl, G-C4 acyl, halo, Cl.-C4 al koxy,
and t he |Iwkepi1izmassean contain an additional heteroat om gelrast@d/oiesrom N, O
and S as a ring nmenber. 20100681 The substituent groups on an aryl or

het eroaryl group may of course be further substituted wth the groups
descri bed herein as suitable for each type of such substituents or for each
conponent of the substituent. Thus, for exanple, an arylal kyl substituent
may be substituted on the aryl portion MLLHNsubstituents descri bed herein
as typical for aryl groups, and it may be further substituted on the alkyl
portion with substituents descrlbed herei n as typlcal or suitable for alkyl
groups. 100691 Simlarly, arngP\:A k. and "heteroar: Qal kyl" refer to
aromati ¢ and heteroaronatic rln% , HFch are bonded to their
attachnment point through a |inki pBsuch as an al kyl ene, including
substituted or unsubstituted, satynated_orztmsaturated, cyclic or acyclic
linkers. Typically the linker is -C8 al’kyl @t a hetet. formthereof These
|l i nkers may al so i nclude a 30 carbonyl g puﬁ,ﬂ hus making them able to
provi de substituents as an acyi or h.etereggyl noiety. An aryl or

heteroaryi ring in an arylalkyl or heteroarylal'kyl group nay be substituted
wi th the gamg &U@xﬁéd\é&ﬁ@%ﬁ)bﬁi@ﬁ@|EJ4Q§=§|1@@1@%&‘«5&%}1;@1&%'1%%" uDsositRefser ably, an
arytal kyl group includes WO 2011/ 025859PCT/ US2010/ 046760 phenyl ring

opt i ondNiyogubsreuahteticw the setadgigu . defcknadicatiovesifior ohiyipoyroups and a
a-a al I t.ut e sl i

SIS L it et e e S R L S

gr oyps zmalﬁbmpimom‘!wd}ryacgmha wehd Fhdnol M@cdrbfgasisadd asN @ymle@wc@;nan% Also

di oxol ane, or oxacycl opentane. Simlarly, a heteroarylal kyl group

pr ef er BT W‘fﬁ%%ﬂeéwh@ lege idhsley @p rigg ﬁe@é@ba’r?@it‘i@rﬁéﬁh@ﬁéﬁ“ﬁ éh“opt i onal | 'y
substi t , Sps t n aryl
e S SN S et UL ot LS s

one or Thwatkr&dtial ;Inyhbfgmqupi&;cmr whi et m’cdad)ﬂ@hugmmppsmdsdhatl shadenid Admﬂ Ean

optionally .substituted QC C|I hetc oar and a

C 1t Cn H WG Ry P vﬁgf E%’s“d T T bt ca R i‘h one or
two gQ -i6dycal okip Mn@%@h@@k&@mg@ﬂ@gm@ﬂere 10t he al kyl or h.eteroal kyl
groups can optionally cyclize to forma ring such as cyclopropane

di oxol andPO8H oRp@nady oplestdnd’ as100F DdreWadieatanthar ik ghighl aogmup or groups

het er oaryl al kyt, group, i s descri bed ptlon substi t ut ed

M e e b L P R A S R L
aryl ormhetehaatizeportkionnel e GHeouRe sfheisustibhuetSerapkignal 1y
present on the al Kyl or heteroal kyt gortlon are 15t he sane as those

descri bebstapsvetbhonagbg plesgi @w@aé@ﬁ ¢ Bipher af hbalsub Sriseunt s sptibrdictly

pr gsent . el r ho, scribed
base ri9ffgl IR Bl BRLAERR WherR bl o SR R AR PR Lo B EIART G
are hydm@@&rbmﬁb@ﬁmugsmmﬁ(theﬁegﬁﬁmwﬂ&ﬂbgﬁwbut@ﬁmkanmxaéesdﬁ&ﬁbwbemﬂbg the

total nunber. of carbon atons in the ring and al kyi ene or sim.lar |inker,
Thus a %eﬁ%ﬂfm@%ﬁdgﬁ Ty B Ee?luéi:@}ﬂér@wd@%%ﬂ% s EhEC pHBRYT @t yliakle vglences.
C8-aryl alisyhy) 2040042 ~ \'fﬂﬁ&%&ﬁwh%ﬁm uﬁgﬁ%@h{)@%ﬁ&%\’% dﬁf a8 o Pod

noi ety conpr|5|ng an aryl group t hrough "a I ng group,
and dlﬁﬁeﬁﬁwﬂmgnmﬁ@nykaHM?ﬂwmnm&gﬂmpumamhaﬂakeﬁwhinqundmghaﬁonmamﬁhme aryl

nnl%ty or o min th i i nki u@ is a heteroatom selected fromN, O
KTﬂ%“%é? ? PSRk 1T grd gt F@“ escribed herein according to the

total nUWb@%ﬂ°Bu@&@M§nb@m.h@aﬁﬂﬁﬁrﬁ%@ﬁhhﬂ%@ﬁmﬁ&ﬁQhﬂ%ﬁa&%ﬁﬁn&ﬂ?%mbﬂ%ﬁUde
aryl groups |inked hroug a heteroal kyl Tinker; 25h egerogry groups | i nked

t hr ougleranthyridedicalribyitidd, ibuker nguhmlta@ tog” aimsy,l -ene0, aﬁﬁ hé&Rér-daryl -gR&ps

7 ot o Bar o ARy T HGURRD FaeT bce oy By Rty 10- ShEmosy Nand( )R

prrrotss@‘me;f‘h@(@)@ ’s@W@?@“ 6[8@} RheObQKS)QSGGNE@)S@IRﬁ JP@&DROS) to a divalent
hydr ocar b Val her, groups

{ bG8t heﬁ’*((’?w%f’wng PR o R T, it h Lo e hiSEs
f B h b | val b
P ubst! cogRs Tdnfrek 1 OTRYARTE, SERIR COCRR A o] AR 2 o0 b

val ences need not be at opposite ends of a chain. Thus CII(Nb) and
---C(Me)2- may also be referred to as apkyl enes, as can a cyclic group such
as WD 2011/ 025859PCT/ US2010/ 046760 cycl opropan-1, 1-diyi. Were an al kyl ene
group is substituted, the substituents include those typically present on
al kyl groups as descri bed herein. [0074] In general, any al kyl, atkenyl,
aIkynyI , acyl, or aryI or aryIaIkyI ~group or any heteroforn1of one of

______ o b1 . b r g, o




20a heteroatom selected fromN, O and S. Thus the heteroforns of alkyl,

al kenyl , al kynyl, acyl, aryl, and aryial kyl are heteroal kyl,

h. et er oalwernyijo2eesver oal kynyi, heteroacyl; heteroaryl, @&ou/useteneewyl al kyl ,
respectively. It is understood that no nore than two N, O or S atons are
ordinarily connected sequentially, except where an 0X0 group is attached to
Nor Sto forma nitro or sulfonyi group 25I0076j Fblo as used herein
includes fluor, chloro,, brono and o as used herein

refers 8 R R weke 3R affRo "P\%i %Ie@}ﬁ’ i ﬁ@g ﬂa@ogubg& CUVER. or

opt i onalde ct I3 b i's
|ndepen§§%¥ﬁ§ H&?@gwgg?k #&‘ﬁ%(%ﬁ%?ﬂx g%x%22511Q1 ﬂof“éﬂy aIkyI
group o:ramasﬂn@@rz&hﬂi@rmm‘al}@m&ecﬁmaﬂmSecgmeta:pm,ikxartdwIeagﬂeiﬁi hqheroazl’}kyrhd
al kenyl , al ky acyl , , or aryIaIkyI r_30heter ns,of one
of t hes%effcgrwdik&il s“%%}& E?ri&%@%ng‘ﬁlﬂéﬁ‘fmge%l o hmlfq Héﬁ“s%b%ﬁli‘ioa%{%gﬂ&é‘h bed
her &i n ASnallHabhe o ok:{ A8 FOLKES BRBAENG LRURre DLl RIMMSAnERGLudes
forms wherein R and are I 1nked"together to ?%rnra -8 nmenb ere§ ring
whi ch ﬁnydpbﬁsmmuraﬁedmomﬁsahﬁmaﬂeﬂehmpuﬂ£MQ®%ﬁkm25@5@mﬁﬁmm62@m®%®ﬂ@760

aromati c ,and which co tarn teroato entI sel.ecte m N,
0 and S5 4 b R hRg e T e B0 Py JoTa i Stp s Sa e e
substi tygny Szxsdgﬁeeuct&%@@s swrmbiaemfaer toAhkivle gmﬁ RS HEy, IN-PKRoTdigy1aRd
aromatic group, it is optrona y substituted with the substituents

descr i bedraghaiypi.cab afd rhé@tehoawrip greorsrpsmu{f«oeiﬁei%suu@écdmhfeﬁerm&ykhe term
capbo ta.a.qyghi X ar atons in
thg rr%é,hﬁhé%@é n“h”ﬁr eﬁoc uk”: ?bré“ﬁo Ekép G%Un%?%o“rr?‘p"rrsrng a
het er oat(@yNRTRE a6arbocy@li- cr@pOHh e’mr O&Y & riSreSUBUEHdE eHupnCATRass ig@Mpounds
havi ng nonocyclic, bicyclic or nultiple ring systenms. As used herein, these
ternms ar’%%i}$ IS \rhiﬁfggrvr fE DUSR ardY RraGUDFE Bon mebiditamyc qarkys v
enbodrqe %@mb&hg;?eterocyclrc ring is not aromatic. 10[ 00791 As used
her ei n, e term™heteroatorn” refers to any atomthat is not carbon or
hydrogen;GS@ﬁh%&mﬁnhtsﬂgenknogyggnueﬁdsuhhuﬁﬁwhgxh@&&ﬁimimﬂhshﬁamkuahe

exanpl es aq et erocyc| e but ed to tet ran;
g “di dﬂ?bﬂlghﬁg‘“oﬁpé“ Eftd i’ﬂo u‘r‘i“" *by‘?‘ﬁ%ml{c £ aﬁym%’py@an Ezbe% g g[ﬂﬁ

i SObe”%erMEa%@th»@uéﬂ di- quf}@\]' sehenzef ukan, -nN.Saxaale.g(d).or dS{UE@Q" soxazol €,

pi peridine, pyfrolidine, pyriol i din-3- 150ne, pyrro1e pyridine,

DYT i M cHOSEO L BEL- Qa6 pIS(O1L6RS, 4)(@@*;74 i AEORSHPOr A DHEIR prpraz,r AEOIRY,

L sl ai tE AR siS T Bagdr 9 GO ndamOR PRI R Ry B EBGrcor”

t hi adi amlre; "t e @pmn@proﬁbmhw 9 tﬁ :ora‘h:qnm{ﬂl-a&eo{% mt\rm‘@ o%
guani din di azabi ¢ clo[2 hept ane, 2, dragapro%clqlz t ane,
2, 304, 4&%%&‘@@% dr(éJ@R I-B %&?\B%Rr,néﬁ BRYR AR anby &R 4HBR" FNR ‘, where

tetrahﬁ?”ﬁ@%&?ﬁ?a%hxgﬁﬁﬂﬁuhwﬁ?kg es, 20aziridine, azetidine, prperrdine,

| act ans ass heteroaryis. Qher illustrative exanples of
het er oar )@k}ﬁ44}nsh1hrd1e4dnugxoapeuﬁm1 thi Wbk @ik Onfndker tonPin hu@reolkei a@yridine,
pyrrnldrne i m dazol e, benzi n dazole and triazol e %%% 11 ,As_used herein,

the ter@Fionpisiglnt erosipichdaet: ﬁfer%?f‘é‘r@wtdo@’s%sf}i»t SRt -¥& Rot  contain
car bon n~gar u t h n

ol et e b U Oy ol - e aae éﬁ?’é%

Exanpl e©S60),0R5r G40 (© 5 LBsD i OBREHOS, HHOMERY JSIR) af €ONO rrrsmk‘t eG(HRRTtr o,

1 e R G T A O T T S

substit u}ej{g)@@w Lﬂgb@@)gb e.&rerb{ )@ RRIRE ¢ @j@ﬁ{mm RQ"‘(@'&@W arngrpahsmrent

(e.g., an _asy erca po ar substrtuent has a 30di pol’'e nonment and a
synnetrﬁ&hifpﬁhardepﬁﬁﬁ<hu@hﬁﬂ§oesmhotth%endiﬁﬁpohepM®weﬁbﬁchﬂ@iar

substitu ubstrt ent P ~do e a_ bond,
and grouggé%%a?gMS&Pagma MY @f“ %ﬁ@rdaﬁpéf‘%ﬁﬁupéﬁ ﬁTS%% ‘ §$QVe char ge
| N 380UEOHSaIsONE bARoaihoRIYShOL0e eralirfpbl JoMe SlecteWBom the various groups _
2011/ 025859PCT/ US2010/ 046760 I n certain enbodi ments, a polar substituent is

one thape@hed alewept or donate el ectrons in a non coval ent hydr ogen bond

wi th anot her chem cal noiety. 100831 In certain enbodi nents, a pol ar
substituent is selected froma carboxy, a carboxy bioisostere or other
acid-derived noiety that exists predom nately as an anion at a pH of about
7 to 8 or higher. Qher polar substitugats include, but are not limted to,
groups containing an OH or NH, an ether oxygen, an am ne nitrogen, an
oxi di zed sul fur or nitrogen, a carbonyl, a nitrite, and a

ni t rogen-cont ai ni ng or oxygen-containi ng heterocyclic ring whether aromatic
or non aronatic In sone enbodrnents the poIar substrtuent (represented by

- o I o, o, o oy AT /NN AA o,



that is expected to be negatively charged to a substantial degree at

physi ol ogical pH 1In certain enbodi nents, the carboxyl.ate bioisostere is a
noi ety sewecbuad2f$om t he group consi sting of: , "\ 2c, PCHUNRM0RB167600 O O
0SSR 00 HNN7 RIL_ 00000 15and salts of the foregoing, wherein each R7
i s independently H or an optionally substituted nmenber selected fromthe
group consisting of G..10 alkyl, C2..10 al kenyi, C?..10 h.eteroal kyl, C3.8
car bocyclic rlng and C3_8 heterocycllc rin optlonally fused to an

f

addi t i ondPO4dt FBa Ry “sUBst japUtedo &:%m@mfémﬁ@tmrmrv@@@ﬁmwli%tbwrdcﬁ@tc B R 7
is aCl.Jd k. -e eteroal sub; ‘ M A.h an
Opt i on ygi’scﬁ i%!l(ftaattq%f& ]D?é% ?gélll’ibggiym Zfél%(r?‘flﬂigg O/I’ a@_@fﬁ g“’é&%itég%?ré%%n
WO 201m&2&aﬁgﬁcﬁdrasaowea4ah@0 The (200851 drac@bt ak nseimbedun@isyorihe pol ar

substitu is selected fromthe group consisting af .carboxylic acid,
car boxyrﬂ? alg 43 WO BRFEGR SIPIERSIOTSERY Kt 18X wftteg%éa%m%@awOT% terms

oxokhi adj,a. éﬂhﬁo t0iazo! 8;n R e! mda%gnﬂaﬁm%hyq% R;X%t &;‘n@%&’éden )@Qﬁ' end terms

car boxynet anesdl fonanide,. |17 some enbodi‘hents of the conmpdunds escrl bed
her ei n,(i.at mkeasg mnbidmgl, amirsmbsnmd&xé’ﬁt Tp«: esbwint sf @Al agdokykied tabdicdaor a
salt, or ester or a bioisostere t cer.tai n enbodi nents, at | east

one powgrwgaﬁét@f ?ﬁ&‘ﬁfﬁ‘f BreeleliEivE an ‘“@afrﬁb‘g%v& EPET Eont ai ni ng substituent

or a sal tjppest ehe &&nlbh%iﬁaﬁfﬁ@(s%m@ﬁmtm YRS ATEY &@g&meﬂ‘e@eIcaagéam@}he
pol ar substltuent my be a O-Cl1.0 alkyl or C -C1.0 al kenyl linked to a
car boxymﬁ ﬁamr@bﬁ(lb@mwd( bﬁ’sﬁ‘b««éﬁf\ Bredpivsdsterepeded émin)ctwﬁbmr@um-pl e.

[ 00861 m sol gr a herein
8L R B REL S, SR Sl LU Y P OPTERP S U Bt

physi ol(@gicalivse, ubi | vty ohd av CEWBQHR%@» htﬂaipubﬁﬁz a@tﬂpammssatm kiaké wetyideow
soluhilily. Any substituent that can facilitate the dissolution of any
parti cubiie ferdeis edispogmstisreinr CaRpordsI By karewrnds igansdey shegical

sol Ub | lx'tﬂxX%i%]ﬂﬁln&l &ﬂginﬁbipﬁﬁm EW%”}? lt%ﬁss hgﬂuw?]xtﬂwuliz{ Zah&'ghfgﬁlgﬁ%gfl ev%nﬂggel n@r e

not limte tituent containing a group succe n
ioni zed:hemmamtamiat mlteaﬁgﬁnmmemm thetideritdy ofrhy chopbazabl e gr oup 15succept| bl e

to form t: substituent, with a. h di oar nonent
and? Capagpg‘f%f TF%F???%%‘ ?’gts %b%?lj‘ Y %‘éf’&é’@‘f‘b‘ﬁ)f\}ﬁ‘% ROA et ¢ gé‘ t)‘? DAt 51}& YExanpl es
of ~sol uRi;hi-2in8s Q{cpiﬂpisf&r SraPMlisiak @i’uﬂ%t\sul{dam EQ&% IbQ}Ougfétb%glﬁtl%%Fb Likyl

am nes, substituted alkyl al’cohol's, alkyl ethers, aryl am nes, pyridines,
phenol a:,wma‘rrbaxcymr@ am1m;nmeQME espersullho namtd@smciamm@h of the isolated

sul fonyl am.des, s{u fonic CI ds thnl c. aci ds gg\?at es sPuI fion%bureas
201008?‘1“%&?‘%‘%‘6 ‘et otipy™ 6}“‘64% ““é*" FPOsEYTHE |1{Hd >“f CEEXARPFET JHEps of
t he forifdli@ing Aucobfd Rl Burds @ad WhatRs 'ﬁf bss@ksents. Qscolin¥R thWopseich duSiclhQr

Me; and G can be a carboxy group, a
20 depicied herein encompass all possible enantiorers and stereoisomers of the illustrated

compounds including the sterecisomerically pure form {e.g., geometrically pure,
enantiomerically pure or diastercomerically pure) and enantiomeric and stereoisomeric mixtures.
Enantipomeric and stereoisomeric mixtures can be resolved into their component enantiomers or
stercoisomers using separation techniques or chiral synthesis techniques well known to the

skilled artisan. The invention includes each of the isolated stereoisomeric forms as well as

[\
W

mixtures of stereoisomers in varying degrees of chiral purity, including racoemic mixtures. It
also encorupasses the various diastereorers.
{0049} The compounds may also exist in several tautomeric forms, and the depiction herein
of oue tautomer is for convenience only, and is also understood to encompass other tautomers of
30 the form shown. Accordingly, the chemical structures depicted herein encompass all possible
tautorneric torms of the dlustrated compounds., The term “tautomer” as used herein refers to

isomers that change into one another with great ease so that they can exist together in
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car boxy bi oi sostere, hydroxy, phosphonate, sulfonate, or a group of the
formula -NRY2 or P(0)(CORY)7, where each .1ZY is independently Hor a d-C4
al kyl thavocan/thssssubstituted with one or nore (typi cal PgTaS2010/08476€€) Of

t hese groups: NH2, OH, NHWe, Nwe2, OWe, halo, or =0 (carbonyl oxygen); and
two .1?,y in one such group can be linked together to forma 5-7 nenbered
ring, optionally containing an additional heteroatorn (N, O or S) as a ring
menber, and optionally substituted with a G -C4 alkyl, which can itself be
subst i tOgEETHT H O §EaBple pletene A sReRIE Vo B eneri eE s of orcHeswogrduls: NH2,

CH, NH hur 1\1\ i b&.tnglj,cg é "Ofgnmdmﬁc 98@% 9\%(&)(\9%@1 "l't I%Q&%%@g gau { e
aspect, e I'nv nY| on provi dés corrpoun dsTof For il a
2011/ 02&’58598&'%(9823@&@4 046760 wherein: Z1, 72 and Z3 are independently

selected fromsS, N, CRl and O, row ded not nore than one of Z1, Z2 and Z3
is 0, andth%rRﬁg co 'angz 2ZZ and Z3 is aromatic; 5L is a linker
selected fr bond R4.., CR&I&,SN(Q,Op@Rg|@4gUQst.tU@rgu<yCR3R4 S,

where each R || R4/ R5 al‘Ntl\/Tj s | mdeRandgidhhily stbstiiedaityopt i onal | y
substi t ut ed n“éﬁﬁer sel ¢ted fromthe group consisting of C-C8 alkyl, C2-C8

het er oal kyl , C2-C8 al kenyt, C2-C8 heteroal kenyl, C2-C8 al kynyl, C2-C8
het gr oal k{ﬁﬂsﬂ TROCImE8rads ¥l theGardaBohetiet @’MMbmz:ﬁQ@e?x §£qy mto@ém@%lﬁ\i@ of
het eroaryi, C7-Cl2 aryI al kyl, and C6-Cl12 heteroary group, or
hal 0, GREPARIRPN NRER. IPNRNIRZSC, SROTCSORCECBIERIS BadNRS vqfcmscqzi it NROGRIEROd

TSR\AC/rS]ZrRéPr%&eR{%%w% }f}ﬁlggl I ngepefnd‘egﬁ;(ﬁ lﬁ?‘na%%&%ﬁm@%%ﬁt&% e%%%l kyI

C2- C8 adkemytisaliCGavaBilethenosl ke n;gamc@h@)r dlckepiny nay Gﬁ -Bcdse benadik Kymyd of

or 'y|02| &t comgpoiegs hpe ﬁ%\?@gﬁiﬁ%’w%ﬁ@%« g RoRRBIET o ER Pt FRE e st om or
on 18] 268 iouRAOE RAT LKRDLANR AL 3 S BENE BTGl onal |y
f or med Hoyduckai piﬁgrmmuiRd@bf wu‘ahg@.tuﬂsarr bdb@ @pttabinahﬁrgmes&bwﬂx atwdiablet h one

SOTNR 3 TRRSEEI: T DR 1" RN 2 MR IR R Fa e oot et

NR' COR 1acteNeitr0R artaGOVR L for () Q6R: aci@ORdition BN pot¥¥Bum hydroxide, sodium

2011/ 025859PCT/ US2010/ 046760 wherein each R is i ndependent ly H,

Cl C6 dlkydxidecaugBnkiag éﬁ’@ahkiylidf@lm’cearawlmm@%%ifh@ii@? 6&(1‘9111?11?1@6&9@31@1 aryl
CS-,C10 het eroar 2-ArYy. - 1. r. I f whi ch

is 1opt |‘\!(;inta'1 i 1% éL“észm% TR a? Ggylg’t” s t\’ a(fBW % %ﬁaﬁgggggllékz %yfiglﬁﬁﬂ a-A

al kyl , &b c@épﬁhﬁﬁehﬁ&klémlﬂn Hdih Q@a@ﬁwaﬂdGlhsr@@uﬂbﬂbﬁﬂcga&}ﬁ in WHHQXY, thamnlaga
and =0; and wherein two R on the sane atom or on_adjacent atons can
be | i nKBde t0 foowasr & BT 2 ieldioas nP PRI WEICRIE weiheds H& M@atr%iwn?ﬁee
het er Oapthgﬁﬁd 3&11&6& &ded 'triﬁ Mhagnéi%ﬁ%m&&%n&sai Y Lﬁgwn \I{WE{% gn p SAMe
atom or’ on adj acent connected at oms, can optional toget her to
for m a (’B?u&ﬂﬁﬁﬂ’bﬂl’i&ﬁi@ @feicehoal kyiudorg fhetmrqﬁsyC‘R@mlxﬂ@mn I\Mammmsambl’naomw dfy

or ot diBEp 12 et ey iedtin, b rubbu Mlives & Tofkine Pisfn 9.

SUbSt i tugghsijanghilfe?, sas Qeci he@fr}r; QrRQi}@r&%%HHMPﬁJnIer 8cceRLAR %1&5@rﬁbiilﬁlerxvat e,
and/ or prodr ug t her eof [0 In sonme enbodi nents, the corrpound

For nul a}ilﬂaihast mbﬁemét:\rwéh mﬂéccofw F\orqm lo& the-salude), Q- 8B as;gragatmﬁharq@ametam @al |y
accept ab!u?e mn or 1r1<§ccu\{at1 ? , a%&%@&gndo 0{%{, 1r:g§,mmﬁ wnth one or more solvent molecales,

When water is the solvent, the corresponding solvate is “hydrate”. Examples of hydrate include,

[\]
N

but are vot himited to, hemihiydrate, mouochydrate, dibydrate, trihydrate, hexabydrate, etc. It
should be understood by one of ordinary skill in the art that the pharmaceutically acceptable salt,
and/or prodrug of the present compound may also cxist 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 moisture by the anhydrous compound of the present ivention,
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wherein ZI, Z2, 7Z3, L, W X, R6 and mare defined as in Fornula I. [ 00901
In sone enbodi nents of fornulae I, I-A and 1-B, one of Z'--Z3 is S, and the
ot her twowenre11@Rsss9l n certai n enbodi nents, Zi is S and PeTArsdoigjo4ese CRL.
In other enbodinents, Z2 is S WD 2011/ 025859PCT/ US2010/ 046760 and Z1 and
Z3 are CRI. In further enbodinments. Z3 is S and Z1 and Z2 are CR . In sone
such enbodi nents, and |east one R group is H, frequently, both Rl groups
are H 10091 j In other enbodinents of fornulae |, 1-A and 1-13, one of
Z -73 i s 1805Hndhatermeasier gReans Ay BBl cilos g d s Wi hnny ph theok@@ich

22 15 CopimgShiindteedfio St HAF-CODRT ok dn UNET STPAOLIPH Bopddch® 2
is N lany &tu"bloh cotrherinegivad et &3 siableSsteZholesy, GRInding bZQndtﬁﬁi‘ikedlt@

further enb 1is S and. e f Z2 and Z3.is N. 10 921 in other
enbodi n’éiﬁ’fsa mfs&i@’nf« sy§lgaliggy oy ﬁ%ﬂ?@g&@ kYL arylalkyp desiooyplyS ome

embadi MROLSoyc k1811 G sﬁﬂﬁﬁﬁﬁbﬂhﬁﬂ@%%éﬁeﬂe& a& bl }Wd?(ﬂb@a@% GQQN 8zak gresem

i sof hi azot e, TOoxazote, or thiadiazol e ring. Sonetfnes, the ring containing
Z1- 73 iengeledted tercompohedsgrioesp cednsyls tiagoeit | m the im[mﬁgmﬁrdiymbbmmr

enbodi nent s he. ent des 0 I-
VO 2031%‘”@%85@ I S‘Zof /A b‘ﬁ"g?‘g*\('{ilmf‘%—‘b@@%’ g&)ﬁp{j‘fd" € “l“é)‘ an ‘%‘“Bhﬁr(ﬁrﬁ* ‘é‘&? |r cally
accept abl@sialilnge oﬁmg\@; &ﬁd AN O TIREKOELMG nﬁé’;’ﬂ*@%o\ﬁ’ﬁ@ﬁﬁhﬁ! JRks, ihaludhg Yowd?6 and

mare defined as in Formula 1. 5[ 00951 In other enbodiment’s, the invention
pr ovi dedkagoplonpdlridsefs. fer pkleylasymetyl amd bpiviloMByethyl ¢4y EWY) (H -B) or a

EP%I@E’&C@%J { '7&%&%% 1&818 Iﬁ]eps%?‘g lc%?n?‘ét&%&%%h\ég‘g X‘«m&g}fi c[t)hoq(g E:z%”gon‘ng{x%th‘y? fern
isopropylearbonyloxyethyl esters; lower alkoxymethyl esters, e.g., methoxymethyl esters,
lactonyl esters, benzofuran keto esters, thiobenzofuran keto esters; lower alkan@ylaminmmethyi

esters, e.g., acetylaminomethyl esters, Other esters can also be used, such as benzyl esters and

cyano methyl esters. Other examples of these esters include: (2,2-dimethyl-1-

[y
LA

oxypropyloxyjmethyl esters; (IRS)--acetoxyethyl esters, 2-[(2-methylpropyloxyjcarbonyli-2-
pentenyl esters, 1-[{{Luethylethoxy)carbonyl]- oxylethyl esters; isopropyloxycarbonyloxyethyl
esters, (5-methyl-2-oxo-1,3- dioxole-4-yl} methyl esters, 1-{{{cyclohexyloxy)carbonyljoxylethyl
esters; 3,3-dimethyl-2-oxobutyl esters. It is 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
20 comwpounds by using conventional methods. Representative esters include pivaloyloxymethyl
esters, isopropyloxycarbonyloxyethyl esters and (5-methyl-Z-0x0-1,3-dioxole-4-ylymethyl
esters,

{80583} The term “prodrug” refers to a precursor of a pharmaceutically active compound

wherein the precursor itself may or may not be pharmaceutically active but, upon administration,

[\
W

will be converted, either metabolically or otherwise, into the pharmaceutically active compound

or drug of interest. For example, prodrug can be an ester, cther, or anude form of a

pharmaceutically active compound. Various types of prodrug have been 'prepared 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 1o prepare these prodrugs

30 with commonly employed technigues of organic synthesis.

10054] “Protecting group” refers to a grouping of atoms that when attached to a reactive

functional group in a molecule masks, reduces or prevents reactivity of the functional group.

—
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[0096] In further enbodi nents, the invention provides a conpound of formula

IV, IV-A or 1V-B: 150r a pharmaceutically acceptable salt, solvate,
and/ or prworog/ekspeof, WD 2011/ 025859PCT/ US2010/ 0467 6@CRIUSR@04Rb) L, W
X, R6 and mare defined as in Formula 10097] In still other enbodi nents,
t he invention provides a conmpound of Fornmula V, V-A or V-B: (V-A) (V-B)
or a pharmaceutically acceptable salt, solvate, and/or prodnig thereof,
wherein RI, L, W X. R6 and al are defi ned as in Formula I. 0098] It is

under stiEEENA DFHECEEIIOURAESR b [EOHHEIGED € &h, | HElGHe CHoMPOUNAELE For mul a
1-A a”%g{uﬁ«;t 60 U{de o 16?!}% %?Anhbd nelyde 6o gmg&agm §Et§%rﬂﬁo% -A and

11-B, 1 ouns*o’f For mu e’ co Fmil a s 1iAand
111- B, Motpdrnddsisof -sHosimWaic) Wnd Scrhud@”mﬁﬁmuRégw@émﬁmemuhm p;‘«ke%uagd | V- B,

and conpounds .of Formula V in npounds_of Forrmula V-A and V-B
10099] & AURSORE BB HEAL %m&fi?‘t%gm% BBt 0S A e B et e @ﬁwm SR
NMVes | I’I“@E?e’f f.;?f%@i@'\%%(%&i Jf'f‘ ﬁ)@n} gﬁné\m sl ‘VW{@!’ {@E%AF QrﬁB %@Q!tg eﬁxa%su@%g‘viacyl

group, i,e,,” L Is a group Sforfmula N I's or
Cl- C9 dbSES)’ﬁaillit)ﬁ cwdbsmtmucédlmﬂ akyshpsgnlbdpxyciﬁﬁ@sei éefmes&ewkew&hsiopymﬂdmgs for
compou 1 in these

e M o R gk P 5 KL SR O HBE Kbt bRy ki o | o

opti one}irbﬁéc %u Mheqek 1004:00L:: Netied tdhatosk ahee-rm@ml%x@fgm% w@;t@ll V, Lis
a |linker selec froma bond, NR2, 0, 20S, CR3R4 R4-0-,

and CR3Rulagd W@ﬁéﬂfﬁi jushas bovhtomifiyhibers as welan alke ﬁﬁ@@dﬁ‘e@ﬁ‘ﬁd@dm’hﬁ“fﬂl ng
m hro , e end ei ther the carbon atom or the heteroatom
S%RS E. %g%}%iﬁzﬂ E}fcrsaéi%ﬁ% °'S' can be attached to the ri ng, and the
ot her atqousg aktaehegeiho: ﬂmhmsmyetr&mtmma@m buit S iafdd @Bin @t ditl
atomllnker i ncl udi ng -N qu} - CF12- N(R2)-, N(R5)-CE12-,

- 0- CHy7-the s oL huroagp ﬂ&@;ﬁgm mlgnﬂgg@)e_tmggwipgeu@vgﬁaﬂiq)rﬁwze and t he
li ke. li%{:RgrﬁﬁLlﬂuW%?%qurgé ?ﬂaﬂ'}u 511@%?11 ﬁi% {3{(9%‘]\/&99 %%iﬂdl\@ubﬁnd

-Cli2- ere
2011/ 0251&598@4&@2@&%@@6%6&3&;udgxaeﬁml] In sone enbodi nents of the

abaove- des conpouyn Vigs selected fr optional l bstituted aryl,
optlronal It §5éiﬁbs ’F%‘Bﬁf%ﬁ Yé%béPdéjﬁ%}?m %‘Ya&ﬁélcﬁ{&csﬂ’oﬁqli %@‘”ﬁ@l“&éﬁﬁ?l“?ﬁ and

optionaljhyqsibstituted heterocyclyl. For exanple, Wcan be an optionally
substituted phenyl pyridyi, pyrimdinyl, or pyrazirtyl group; or a
napt hyl , [B6¥El en “b’é‘”nszto/fbwmmmnt’hehzkmmazmﬂe,efﬁebemmminﬁbltbq quamiinotfithe,

I soqui np?!)JeQF éun%)uduga & :Evlhi 15 aBendt ugli Ou t!olﬁ?ﬁeis SO when the compouud is
administered to a patient or alternatively, the guantity of compound that possesses a desired
20 activity in vivo or ju vilro.  In the case of proliferative disorders, a beueficial clinical outcome
includes reduction in the extent or severity of the symptoms associated with the discase or
disorder and/or an increase in the longevity and/or quality of life of the patient corapared with
the absence of the treatment. For example, for a subject with cancer, a “beneficial clinical
outcome” ncludes a reduction n tumor mass, a reduction in the rate of tumor growth, a

reduction in metastasis, a reduction in the severity of the symptoms associated with the cancer

[\
W

and/or an increase in the longevity of the subject compared with the absence of the treatment.

The precise amount of corapound admmnistered to a subject will depend ou the type aund seventy

of the disease or condition and on the characteristics of the patient, such as general health, age,

sex, body weight and tolerance to drugs. It will also depend on the degree, severity and type of
3¢ proliferative disorder. The skilled artisan will be able to determine appropriate dosages

depending on these and other factors.
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Sui tabl e substituents for these groups include, but are not limted to,
hal o, d-C4 al kyl, C2- C4al kenyl or al kynyl, CN, Ove, COOWe, COOEt, CONH2,
CF3, and wbeoldkesss9and typically the aryl group i s subswPcraiSedooye7ep to 2
of these groups; in sone enbodi nents, when Wis aryl or heteroaryl, it is
urtsubstituted, or it is substituted by 1 or 2 substitiums. 10[00102] In
sone enbodi nents of the above-described compounds, Wis optionally
substltutedgyhen optinally substituted pyridyi tionally substituted
het er ocydPYF8l és ugrd isaeiay fl%lylmgﬁbgiéxt«i t e twdataiﬁy@aﬁtm@ﬁ@ vredlechaigl ect ed
fromt st ) QptLd
subst | (P Rahr ARy Rl aRhl Rt B b oo RIS o,
and - NRuin d.tﬁW(leIrei ieaddhn Ricyiase um‘sﬁiéﬁ&mé&nﬁ*b\ymjﬂe@Enc@ﬂielr@snaﬁl thutmbm«ut ed
R7 ta entogether vvlthth N to_whi ch they attached

Cl-C6 e

can be 9 ‘vf»%?i%@afit %gﬁa%h%ia kffts» F-oPIAPERY lop I oREE Y @1&6%&91 iy éﬁdléwéﬁ‘héﬁ% R ring,
whi gh can,cntah E‘mﬁ‘ﬂ% [}?L sPEkERQatQntssl E?é%&zﬁd I, r Q%Mhe%&%}%a@ cBRtafh &;5 139
menber, and can be sat urated, unsaturated or’ arfomatic. 2 I n sonme
such cdmpo&uhehs guombcto:mpﬁqmswcamtddeaaé;tnl%n@ grioup 10fr Che Of dWhal iam(}@lekr@)@i

Nl e. 2, ependent at .each ogcurrenc

oot andt P & sBivdl bt Bl fo FRR DR s R RS L RS ot Pt N o
whi ch tdﬁ%&bﬂ&ﬁ&&)t}@%@@ﬂ tmghlsﬁm@ﬁmgﬂ Ret 11, fré%ﬁé@gﬁﬂh@@ﬁm%%ﬂ“l y
substituted 3 ered ring, which can contaln anot her het eroat om

sel ect ednfcom db@Q faﬁr@‘» 8 s &amm s drembeiber elrgcle Arfotsetogast thrtaredcluded as
unsi%t urig‘;tvied i éS Orm‘ 01 a‘[DLIQRQE:]LQHZL]éa F’bo iC O h%nrjﬁ? di dmsbcm &ﬂ rﬁwb% aryl (e.g.
phenyl ), ﬁé%erocyc % o} i'ne, Yi'dihe, hot i'he,

pi . per azijpgsoit hr5 @@m}plﬁw maﬁ) alh@dyiBn@ﬁl@ﬁ@ﬁ%}dht(ﬂﬁlﬁa of i@eyfm@ﬂl@n Qi necC
pyrazi ne, Byrl di ne, furan, thlq phene, thiazole, isothiazo]le, thiadiazole,
oxazol dallySexaz M elallzovimradsone; Payrab ey soitas ot (Apilhoi heC (PEeRa2s| e

and the, ‘}n%%eg%?@ DRl F]ngg: GhLGAN 4 g%&%}%& s O&ﬂdﬂk porsu%w ﬁbbniggg%g& A

it is select pyri dinyt I ne, erldl razine,
nmor pholiheiede mnck ﬂﬂmeo:ha kpe of A 20 A2 58&9%&1%2&)@30%@&6&6‘@ such[g8@&Q5}e W can

be substlt ed by a varie subst ue certain enbodi ments, Wis
an ‘dryliny P% wibs g %ﬁ@&l%’&%& YiBiip “6FPY nerB i QIR § AN wher e
each | \éa%% Reol b%ﬁd GG abkyikg «ang: tﬁ@&r&e‘aﬁwﬁﬁ”' Witt8dey angd.ivhers by Rx

can optionally cyclize into a ring. In some enbodi entns,” this group Is of
the foromiloa-ca(t@r2)ipk-bamid. where Az represents an azaQ clic group such as

pyrrolidi pi.per.i hol,i ne, pi a2|ne h rol e,
e Che. 1R80P STk aBh RaRy s Rl S R b (BB S B ey
4- mor phakh BstitidioR hﬁ%(ﬁidn@é’&ckmﬂw folpidl fysiin@his h&hc&ewm@m limited to,

-Cl-12-Cl12- Az, where Az 4- hotln | is one exenplary substituent for
W 2fherfaly. 6%, sdbSH tht@a “I‘@O@@@I\R/n“%fc =, éﬁtbbv&n%ﬁ@@ﬂi VMIREONbst i tuted by
at | easg h 0 J Y oS

SU|tab?§K§$§ ﬁghgﬂbstl RKF%% Rﬁﬁiﬁxﬂglijn %%bﬁ-hﬁ% sﬁi}gble
hal o suﬁawwua&mm mhu@lg ﬁiq@m@ﬂg BrC1-Spetdyt, (- s&lhsmdamm,t& -sanet, G‘ES
present_include trifl|uoromethyt, trifluoromethoXx di f | uor onet hoxy

O o btk ShBy Bira hbhtos g, ety 1kttt 1L PR ot he
enbodi reept 1% ng%ﬂltbﬁﬂcﬁe}%@%? afl %ﬁ&@ﬁ%ﬁmﬂ&w&é{‘f&%mﬁv\{ iBPL8S et Sl @i"ﬂﬂ\ or

pyridyl - certarn e I's ortho-su stltuted enyl ,
e. g3, Zélehkmbpﬁ@h,y‘k}%t@rxa’ ‘%‘[]zﬁbrﬁﬁbh@hyl‘\{ SCHROCIOB IR s BRECRNBOI rrent S of

the abayv. 4% ds, e tg: nsi.
o N6y e mR, SBTALN o ebRatan o (ERererabl-y ¥ hicedLGLt FETpr
r ' ng VIOl Rénetan bam @tx(\?%d&hﬁaﬁﬁﬁ%% £azot gl @9)( & &N@m m&g QQZXQG fac xl C2-CR
carboxyl at'e, a carboxyl ate 20bi ol sost ere, C) 0 and1"? R
heteroacyl, C6-C10 aryl or C5-C10 heteroaryl. ’\EL‘VE aikmﬂ and dﬂx}/l’l}ll gmups can alfio be
substituied by C1-C8 acyl, C2-C8 hetercacyl, C6-C16 aryl or CS-C10 heteroaryl, each of which
30 can be substituted by the substituents that are appropriate for the particular group. Where two R

or R’ are present on the same atom {e.g., NRy}, or on adjacent atoms that are bonded together

{e.g., -NR-C{O)R), the two R or R; groups can be taken together with the atoms they are
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34 WD 2011/ 025859PCT/ US2010/ 046760 wherein each R9 is independently H or an
optionally substituted nenber selected fromthe group consisting of alkyl,
cycl oal kywo 2batteessseycl yl , aryl, heteroaryi, arylal kyl, egtiusadiepheabkyl!

het er ocycl oal kyl al kyl , and het eroaryl ai kyl , and two R9 on the sane or
adj acent atons can optionally be linked together to forman optionally
substituted ring that can aI so cont ain an addi tional het eroat om sel ected

fromN, O and S as a ring i s_hal o, - NR2,
or R \i9BRSIEHEHO @ri%amd“é@ah@@qﬁtw ‘H“ ufaﬁm %nawydauttsé” Mtféleb« o2 1@61

al kyl n, Q Yoo Rl d

t oget herg)ftj hg#yg% ﬁ’l%ﬂaﬁ{@sl ona %kgh stl %m r‘t%f%&(aﬁﬁn%ﬁé%gp%t’%‘a gg‘n% §tqﬁ?10an

addi ti angl ah@b@seahtgmtﬁﬁtmct ed fromN O and S as a r| ng menber ; and Ais N
or CRl e, [091091 | n, conmpounds aof . For nul 1, 11 | V_an | east
one pol &1k ubst P EGERES %l‘g*a%l“tﬂéb e Zatif %éilﬁ.@wpéﬁh% & %%‘ﬁgftiy 4 am a%r ng A),

and st e kiR, TRY fdtﬂx%ltf!“ée (ﬂﬁlew}k‘%!n Rt '1! ﬁ%r ‘{"ft ﬁf ?Ht%rp@'zad’\a %é’t@:%!l%yf{m gg In

conpounds of Formula |-A, nd V-B, the
mol eculadkaght&-08 hattlddé@sti 6@&83@&{&@19@3)@[8 immroatwt\he:bé‘@@yio&f@rﬁjl cat ed by

t he structure he rt,n ncl.ude ree aor four oI ar
St BTG ou S Sl sehbs Chranere e Phra istv S B each
R i's Hea@ RUPsInQs &{M\@nﬁx%{& @Miasfttmttue et 1&01@@ﬁ%ﬁiu@ﬁﬂsehk@ﬂ@lﬁam%hﬁfﬂt ham\H such
as, for _exanple only

N s 1al, R&m allx %N, MeO,, CF3, CONH2,
or CN. ’ﬁ"ﬁgl’all\mgr%%p Ean %e("Qt} a?t(fl 5 PeRon'it Fré)bﬁ?he {ILEPN%Q’ In sone
20egbodigrentss ke, kremylr 1 WREGiS, SR @obed ttmm 18U K od*dxmwng\@pwtaﬂa,

which are oriented to match, the oﬂrﬁi ent at i For | a ei and depi ct
the posttdn® 8f qiit@ﬁfé@ﬂﬂbtiaw-géﬁ ?t’fﬁ'e(r{tb‘"ﬁfm"%\?\b‘261{17“%58?3@!5@?7%‘380(1 F0k6760

wher e XrjisCacpPhaddroSubst.iit bh@l’;hlkyal@ﬂL@aQ BeifBarl BRI NERRONARIE l%(\ph@tdﬁ@' ect ed
frontRB substituents, as defin gbove Yﬁth resp ct to coqﬁﬁ?nds fornula
IV | RRBHE T e SR TS TR ORB 104 T &1 SOOI - Lore Ay

errbodl rteznt@h@tmtchte haReMe88s, Cahli bada@tcmwanm,t{ t("’ﬂtﬁbd]@k@di toSoiass 3t weidbeXii S
Iocated at position. 4 on the p eny % al ternative enbodi nents, .the
pol'ar SUBSPITHBRToseing Mg AT dﬁaat e BoBA Drigd ghéhyproerrmigimess-er t ai n
embodi ngnt:s;-rt ket cno\harxtwbatdttuentdvt: §rta,nca{fta@a%tm@ma&hd ML), @ beddiazel e, and
is at position 3 or 4 on the p ng. 1001111 in sone enbodi nents_ of

t hese ctfﬁrpot&hdsc bopgrd \RERY -2 Y %g&‘@tﬁt e TG g IR 9 SOSTBEET tgE e By Bip to

three agdhstihanad c-subslid 16eDiss 548 Mncagict hQQ e AL b PAlal: maytoﬁt it Jﬁﬁr&'ﬂqﬂ(
Sui t abl e subsgltuents for the tghenyl are described ahove.

1 Y]
embodi et §29 HE8E- Stb ST MPuaHE8° Bre WerRET & FHEHURA! &mfamwiatt%yﬁomtﬂ« c4
halyoal kylng qg-a%na;h&wy, amno, C-C4 alkylthio, and CN. In sone
enbodi ments, there %ﬁone such sub; mis 1), or there is

tituent
no addi t i |Gfgd! s%b%tqdfla gopFesy!t Hdp t%tol@a%t g lilsg arp diglinedm j s 0.
15] 001]%%]11&!11{'5 t%OtH@ CQ@QB%J@M‘;ﬁk@éarfaﬁ?al@?p\!ﬁeﬁi‘vetsaﬁﬂ apg%ﬁ%mk'ngﬁ the hStero’

selected R'R
terms refor 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 alkynyi

25  group is replaced by one of the specified heteroatoms to form a hetercalkyl, hetercalkenyl, or
heteroalkynyl group. The typical sizes for heteroforms of alkyl, alkeny! and alkyay! groups ate
generally the same as for the corresponding hydrocarbyl groups, and the substituents that may be
present on the heterotorms are the same as those described above for the hydrocarbyl groups.
For reasons of chemical stability, it is also understood that, unless otherwise specified, such

36 groups do not mchude more than two contiguous heteroatoms except where an oxo group 18
present gn N or S as in a nitro or sulfonyl group.

160631 While “allyl” as used herein includes cyeloalkyl and cycloalkylalkyl groups, the

terma “cycloalkyl” may be used herein to describe a carboeyelic non-aromatic group that 18

20



R11 HHNR O C WD 2011/ 025859PCT/ US2010/ 046760 N HN A" " R --
Solgroup H-N RRHN ,0 R WO 2011/ 025859PCT/ US2010/ 046760 wher ein
each Ra iwoi2ntépessdent | y H C or F, each RF is indepenuarstép/oldspo F, or
a; each R is independently selected fromH, halo, Cl1-C4 alkyl, Ci1-C4
al koxy, and d -4 hatoal kyl, and two R groups on the sanme or adjacent
connected atons can optionally be Iinked together to forrn a 3-8 nenbered
ring;
J connected via a ring carbon atom, and “cycloalkylalkyl” may be used to describe a carboeyclic
non-aromatic group that 1s connected to the molecule through an alkyl inker, Similarly,
“heterocycivl” may be used to describe a non-aromatic cyclic group that contains at least one

heteroatom as a ring member and that 1s connected to the molecule via 4 ring atorn, which may

LA

be C or N; and “heterocyclylalkyl” may be used to describe such a group that is connected to
another molecule through a hinker. The sizes and substituents that are suitable for the
cycloalkyl, eycloalkyvialkyl, beterocycelyl, and heterocycelylalkyl groups are the same as those
described above for alkyl groups. As used herein, these terms also include rings that contain a
double bond or two, as long as the ring 18 not aromatic.

10 {8064} As used herein, “acyl” encompasses groups comprising an alkyl, alkenyl, alkynyl,
aryl or arylalkyl radical attached at one of the two available valence positions of a carbonyl
carbon atom, and heteroacyl refers to the corresponding groups wherein at least one carbon other
than the carbonyl carbon has been replaced by a heteroatom chosen from N, O and S, Thus

heteroacy! includes, for example, ~-C{(=0)OR and ~C(=0}NR; as well as -C{(=0)-heteroaryl.

[y
LA

{0065] Acyl and heteroacyl groups are bonded to any group or molecule to which they are
attached through the open valeuce of the carbouyl carbon atom. Typically, they are C1-CR acyl
groups, which include formyl, acetyl, pivaloyl, and benzoyl, and C2-C8 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
20 sobstituted with the substitueunts described herewn as genevally suitable substituents for each of
the corresponding component of the acyl or heteroacyl group.

10066] “Aromatic” moiety or “aryl” motety refers to a monocvelic or fused bicyclic moicty
having the well-known characteristics of aromaticity; examples inchude phenyl and naphthyl.

Similarly, “heteroaromatic” and “heteroaryl” refer to such mounocyclic or fused bicyclic ring

[\
W

systems which contain as ring members one or more heteroatoms selected from O, S and N. The
inclusion of a heteroatom permits aromaticity in S-membered rings as well as 6-membered rings.
Typical heteroaromatic systems include monocyelic C5-C6 aromatic groups such as pyridyl,
pyrimidyl, pyrazinyl, thienyl, furanyl, pyrrolyl, pyrazolyl, thiazolyl, oxazolyl, and imidazolyl
aund the fused bicyclic moieties formed by {using one of these monocychic groups with a phenyl
30 ring or with any of the heteroaromatic monocyclic groups to form a C8-C10 bicyclic group such
as indolyl, benzimidazolyl, mdazolyl, benzotniazolyl, isoquinolyl, quinolyl, benzothiazolyl,

benzofuranyl, pyrazolopyridyl, quinazolinyl, quinoxalinyl, cinnolinyl, and the hike. Any
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each Ais Nor CR and each Solgroup is a solubility-enhancing group.
10Utilities of the Conpounds: 100113] In another aspect, the invention
provi des wormetims8s®»o i nhi bit cell proliferation, which eorarseses4eent act i ng
cells with a conpound having a structure of Formnul aein an anount effective
to inhibit proliferation of the cells. In certain enbodinents, these cells
are cells of a. cancer cell line. In particular enbodi nents, the cancer

cell Iine is a breast cancer, prostate 15cancer, pancreatic cancer, |ung
cancer , MPsiEe R Bsadeingdnewtic spgrBrateahasdAn elErcE IS QHEBRUCIE INAWDBVAS | an
cancer @eklogld A (hLEDANS IR R LM AdUTRI BofhisiPl £ako i@tk Ne
conpoun dces the gro rate tunor, uces the size o

t unor, %mm»he@ua@swmb&nag@meﬁswmgmﬂsﬂxmﬁhﬁ%&yﬁummwduxmenﬁmwmﬁﬁutﬁe
netastaS|s gf the tunor. I n sonme enbodi nent t he. conpound |nduces_

apopt oSTYCCYRFHOTS AT PACRLEIE 8f HOBRBOET mbvit &yt K6 THEOHYEES CHEPide tBRg act i ng
cel ks, ;ﬁéﬂ@&'aﬂirﬁé’ lii’e'fEPa{ If;ﬁ‘Jelrﬁam\@%tiQ i?cté%“QMQ%QtaﬂﬁV 650G, B SHEME LUk 8y Of

For mul ae 1-V, uces apopt osi s. §Ttaln enbodi nment s,

t he ceﬁh@mapésmnmqﬂanmﬁwa§%ﬂ)an§ubﬁéch haV|ng nacular degeneration, and the

t r eat ment d es the severlty t.0 rther devel opment of
M BT v i R R R S T Ol s T R A R T
[01011 ihauaneichers @&9?@%{2Qﬁahﬂvﬁﬁiﬂwﬂkﬁ{x@\@ﬂéﬁ*ﬁqﬂﬁﬁ hed 401 bagat a
condition refated to aberrant ceil prollferatlon whi ch conprlses

adni ni §t<é’rri3fi@gna0t&bmgm Havhiipigeaa el be tentler @ﬁb%ﬁwﬁlﬁﬁw fubgtiiguls fsubject in
neas RIS el RS SRTPRIL R NRITIOIRL B! €6 LR, Ak ATRURIRBHRC!  ve Lo

treat OI’ ane Iferative al n

enbodi meRE SNRLERCeNR pUo), NfRQI@DRVQRQ@RiI@N Ored's, @OURIOICHaB S 0K @k gdoRaNcer .
Specific cancers for which the conp oun s are useful _ include breast cancer

pr ost atéd @éﬁwﬁlvf%%hé?aw%d@éwm HoGinig© éa%ér( 2~ héﬁﬁ&ew&yét@& SaHesy!,
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aspect, the invention provides a met’Rod for treating pain “or i nfl anmati on

in a subg@bﬂwmﬁh&chﬁmmnbﬂygﬁsowﬁmﬁﬁﬁsﬁ@ﬁnmgi%ﬁcmnpbmﬂHHQQXﬁodnumd@ |-NT to

a subject in nee an anpoun ctive treat or uce the
ai n o bR s s D08 FRO b e g et B PkE HrHoBRETGAT o
provi degidaiciet hedodieh soRbi-Rifdy, angiiooanestSmbMba: subj ect, which
conprlses adm nistering a conpound of Fornulae 1 -.747 to a subj ect in need

t héfeof ilHOGH AhosrvibEpeapivet @ irnhibiceresl @aAgh oye réspgse be lghe061 The
terms ‘Stu{?&g&tm%%qgl thl‘ QF@%& Qgic?ggd E!ijc,‘%? g gﬁfa‘oﬂ, frﬁ?f .E::h t%ﬁ dg'tm\?u, 1 sﬁb%h]a gﬁﬁ oL f(fi

| essening,
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effectlve amount in a formulation or medi cament, ~which is_an anpunt that
can | eddbitBuiad B dheoty crartien vaBeubsilin S HpEHe s s auppicak Papk! eEmps 408 g, |
cancer 19&&1\/ 8 1y }{%g %bhgxnupé $Lq }\vi ﬁ{n@itoh Q&ch%fubgiﬁﬁ&ﬁ“l &sgﬁim@hcr Ak ok %‘EL&E Qr
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for trekRpgophBEezyhlingiser dellod gehelasapiakd e Har he pihssiused wiiphe
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including infection by parasitic protozoa responsible for neurol ogical

di sorders such as schi zophreni a, paranoia, and encephalitis in

i mmunocompoaniigessspat i ents, as well as Chagas' di sease. PCT/usk&l0/0ps76wi des
met hods to treat various viral diseases, including human i nurmodefi ci ency
virus type 1 (H V-1), human papilloma viruses (HP sis), herpes sinplex
virus (1-18V), Epstein-Barr virus (EBV), human cytonmegatovirus, hepatitis C
and .B V|ruses i nfluenza virus, Borna disease virus, adenOV|r us,
coxsacKIewy g orsiorshavdpistediath e Rewis dobrnsiabpve for gl eroups 1082 Cined

net hods, t: or e i in
need thggg%%igﬁiépgﬂﬁpﬁégdg%%ﬁﬁggg4m§%“?ﬁ%?BF%%gkgaﬁég%%ggﬁpgone 6$L?%$E

f or nul geceesehidoet: dieyieirhetct®lio brAgs use dpthenti nyciizheo trerm fapophasi s
refers to an intrinsic cell self destruction or 10suicide program |n

r s pons¥ OB RERS GG IRPRIRI RS IagE| |NTHRNAe g AT ERE Y 8 WP TE e éﬁ%’g

| nckudiing,681d Sl AlRge DI R0 b 1Ee oRTRNANSSIARE Gl ATBHIGs
condensati on and fragmentati on %se event i nate in cell conversion
to cl usicengedfbmendraheitboungppal i glybgo(ppoptof'i-€ 4didiles) thdiwh tohibatiigicd

thereafter ul fed by macro 01101 Th entlon i n.part rOV|des
bhar macbol ORI EIRHHoTE Dk CRarbar by h g PeatEoOR et BoURE TR n e
scope QfptibRgl Awenbicanhasy IR ey icBeds hﬁshsmame@rm hads ©f.Cysi-Reb:eemmeunds
descri bed herein. For exanple, the invention in part provides nethdds for

i dent i fatngussubsrdicdat & wbhtdeigl evithhar or iveLdct$alt ¢ twtaarakyimironsr whpe
prat.ei n, . £h es contactln sicti.on .cont ai nin ,§12 Pi m or
B o oMY RIS R TR G B QRS TR B bR e BT QoRsPiBur o anc
deternuﬁ@ﬂgammeg@@mx&n@x@ﬁ@unt of the nol ecul e described herein 20t hat
interacts with the protein is nodul ated, whereby a candi date nol ecul e t hat

modul at ed®¥HE st gvlding Ohﬁn%nnéaiia@gﬁnnb@dieﬁéﬁ*éfi As ppinalin pestBtad wi t h
the pratein.is, idd ed.; ol : h the
pr ot o1 me PR R B R LR o P b s A PR o
activi tportidr efttee prokpndse sulsatiehyzgtivhelyt pransf ef tofalyl gamfmf opﬁt@lsphabe affer om
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or hIStIdIne amno acid (histidine protein kinase) in a péept or protein
substratdﬁGWﬁuéARHME}MdmmgheﬁeuﬁianannﬁﬂhddEMﬁhighnwonﬁhmﬁmc@onﬁammkﬂg a

Par ei 0 SO BT St B DA eI e TR (o BECTRAT IS LT U L8t ¢ he

prot ei nykis Aaskayi g%%;sﬂaﬁ@”’ear@m%@b%@t Snd gﬂa@» eyt Midgs-efyidibg protein . kinase
is the cataz%tlc activity of the protein (e.g., catalyZing the transfer of

a gému glBEPhatiecraanibimene deyabed iﬂ?m@é@ﬁ@tfé atep gty pep LR apirl gredmbat

substr 2t I ng a
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protein kinase_and a conpound described herein with a candi date nol ecul e
under cEHAPETYBHY! b??%ii‘”cﬁi%%@@é é‘n{‘i&fb%”%@ toriBe prymanmpekpl Hewe v he ngct

and det g alNGELNGL b0EAIRMNLGoLRG-£OIREN I RAL LRLALAGES Wi Eh the
prote|n inase I's nodul at ed t|v to a control” interact €t ween t he
corpouridtcandyt freupriotked ttiukmgla:s bydwbtadripydtiinkbresoch e i afcgionel zﬁddﬁb&;oaﬂﬂ@rem& a

candi dat | e Ie t hat dyl at t he anount of the co und interacting
with tﬂ}é&ﬁg&r@ﬁ R0 i v S ST CB F orheioHsY A BAUKSNBdnt {11 ad
as a C%ﬂ@ﬁ@@ﬁéﬁ§ﬂ%ﬁ%ﬁHb@aﬁ@@L;r&ﬁ@&@&ﬁé%dm th the protein kinase. Systems in
such enbodi nent’s can be a ce? free systemor a systemconprising cells

(e.qg., |n%01ﬂro$ Virte” pfmréﬂmﬁ*nn@@EHJ4ﬁ@abnﬁg@®ndﬂnﬁ3th® podaesuk ® i n
10sone assoc tlon W
enboat AEHTaT LRE o SridpRom OB HePeBup i aRa T Ha Dy BFRr R, S e 1 s
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ki nase conprises a detectabl e 1abel and in certain enbodi nents the conpound
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protein e B! d e 01121
Pr ovi de élﬁ({ﬂg% ag?cg r% ! m!fiy alséa ke ?etﬁgigc‘tdtm&} aggﬂiﬁrﬁ%sg%g eal ?prc%c é“%)u%kluﬁégj;e and a
conmpound descri bed hereln In sonme enbodi nents, the protein kinase in the
conposition is a serine-threonine protegn ki nase or a tyrosine protein
.kinase. In certain enbodinents, the protein kinase is a protein kinase
fragnent havi ng conmpound- bi nding activity, in sone enbodinments, the protein
.kinase in the conposition is, or contains a subunit (e.g., catalytic
subunlt SH2 20 donaln SH3 domai n) of CK2 P|n1subfan1Iy proteln klnase
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WO 2011/ 025859PCT/ US2010/ 046760 di scl osed herein include without imtation
human versions of Fit subfamly nmenbers (e.qg., FLT, FLT2, FLT3, FLT3
(DB35Y), wWhmdivo2ses9exanpl e of a dual specificity protei rRCHiUS2616/08478@4 can be
inhibited, or may potentially be inhibited, by conpounds disclosed herein
includes without limtation DYRK2. Nucl eotide and am no aci d sequences for
protein kinases and reagents are publicly avail abl e (e g., Wrld Wde Wb
tins nchi.nlmthh. gov/5|tes/entrez/ and I nvitrogen.com. For exanple,

var i ousyhigerapeei ldede qidnes %%)ﬁnwra%ﬁéﬁéﬁﬁa%g rige sHBUREHS a9Gladp BeEessi on

nunber 0 - Lfar . Pifvll, NM 006875.2 and NP

006866, BPFAD &Zfégi’éﬁﬁggﬁi PR “%&B Slribea 3 for PLMB; NM 004119.2 and NP
004110, 2 fioT4]FETZneMV £02020, Bkant] aNRnP0 204 lor2irflarr aRliald! gramdoNivy002019. 3
and 10NP 0%;010 2 fog FL T1. [.01141 The inyention also in par provi des
met hod SO R@aPing %%Cdﬁarrfb. %ﬁ i BPHPRE gt S P e et P PR et i on.

For ‘?exaﬂmiﬁrae@ '?99\/1 lgﬁgnﬁ F}éﬁ@ads E}Q-fnaﬁ{r@ 8l inRg: &p&elidnPlQkhfigratioe recited
condition 1 n a Subject conprises adm nistering a conpound descri bed
her ei n with agsnsﬂtipeimpmmm@eblstﬁahmmet@tﬁmwi» @i tvoubititefiteot nvecthoviseeat t he

cel | ondi tion. . .The subject y.,5b research an

Codent e Ie dS aRRey) S BTER Tt CoPARRR o AT dhS AT L ory 2gigriy bR
xenogr &E’E‘ssﬂtﬂt@@%x e 19ma1ﬂ"1§gnﬁﬂ)~,ﬁi‘ﬂa€&§ listod BOEMBXAMRLR foOR” WRYre R8s auiyman. A
cell proliferative condition sonetines is a tumor or non-tunor cancer,
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l'iver, pangr Gol.0 ate,  brai head,.an skin,

| i égr *fdn tung{tnE%%a&hg{alr euT< wuq[“m ( “Ktmdglafr:% ONES o) C%hlSl Al so
provi deﬁo@r ﬁ):r mekhosisodiat: nisl @af kgt Rckaddi HhevvdreliafiedhitButn BL anaihian, or

pai n. For exanpl e, provrded are nethods of treating pain in a subject,

whi ch G 56 ahibaiike épiih‘id?ea}ﬂﬁlﬁﬁi%‘tﬁﬁél‘“d%%%}rf’%éﬁthﬁé‘?‘éiﬁﬁmﬁ Gig ﬂg\ufﬁprérepf in
need t her goiabstﬁu&@ i% U%n%E E&E}hd 6 & n&%&%s&% d%a:ﬁ{‘m—, iR oyl ded isgeare
met hods of treatin ['ammation in a su conpri ses
adn1n|gﬁemrMQtﬁbem@mhmndmdeﬁdﬁraﬁmn@eh@unqn@nmwxmhpqgﬁﬂkﬁ.ﬂﬁbduﬂhﬂkgof in

an amount effective to treat the 25inflammtio may be

redear ¢ I rrgfl‘y iyl gyl OnAEYEREUP Y %@ é‘éﬁ“m%h?%% e %‘bj ﬁﬁ}i%*m%r“*h‘é the a
human. Condifi.ens, 4?(511%9 'u?-]gzﬁgc W hn% Bf m@!@@hh&%&“& R%‘bﬂlﬁﬁ%%i@ﬁuy\‘ti&’hom
limtation acid ref burn,” acne, allergi'es and sensitivities,
Alzhernﬁwhsmdmxemsﬁofasahnhicamherﬁsakeﬁagpk bronchitis, cardrtrs celiac
di sease, §8%§ palq; .Crohn' )d sease, rrh03|% coliti IS nﬁ

dermatiti BrEdo “blr‘i?‘ %&7% SEdem Oearf{ﬁh’%té‘rfa” e Zenc 13‘61“?’8 %ﬁnf&r gi'a,
gast r oeRyekitkicn aldbN@hbid 4rBon neardr e @@ﬁgﬁ@ﬁcd Repatidicsraly gh teboagiREessur e,

insulin resistance, interstitial cystitis, joint paln/arthrrtrs/rheunatord
ar PR i ta kplerpepais]aceddiume Mo Reandsy nbins e b@ttm?@mﬁsreﬁ plcyl nlehrh eikgnylopedi ty,

ost eope s eni. | i ;

2011/ bouns b TR0 16/ baib i ey e RS BN s ottt oi s

( NPHP) ,heast2oR00SteciBaiKi Dsomidericiasec idianhhakki Mson: demen ira,
supranucl ear pal sy, Kuis disease, and Pick's disease, as well as menory

i npai r rPér\‘F3iﬂbr\§i§ﬁw@‘%%§fhéffﬁ“§ ty, de@cﬁr%ﬁhrwraup Fetipgisrip &l oidt Kelpge 2

pol yar ter.i ti Sarol ¥ ndritis, psoriasis, scleroderma, sinusitis, S Qgren's
syndrone, spasti %o on, system c candidiasis, tendonitis, urinary track
inﬂéctiodﬁ??&a@ﬂﬂntnﬁlwe&ﬁﬁamnmﬂm@yEh@nmehkﬁer@mncbmdkEMWatory br east

cancer) Lhe like. Methods fo nrn effects of co unds herein
on pain 3887ﬁfl ATRRR 1SS FTRAGS “tﬁéﬁigk “3?8?Wﬁ1 C%fﬁﬁ%?%ted pai n

behavi of §b§u'ﬂn{ @’S@ra"bﬁhorﬁxﬂ‘» TEbSiaan be tB@r@Erkﬂ[<i%€jr\@{f’ReK/v}@¥i% Bigtrakiiqr of a
conpound describ ereih to assess treatnent of pain (e.g., Li etal., Pain
115( 1- zylciCp@M@ H, 2@@5311) alloAll dbgnyodiinad.i %@rri ofyl, mi@ryiaikjv]a;m m@hm@wmremﬂ es
(e a, TNEal n N an i nltore frer .

i SEPA TR G TREABoBt HOUEr e H ey P 6 EeBee 8 PRl bR

i nfsbammgtdr@Rri€obone Hakhakr@baks eptonblly Q@s@ﬁr&@tﬁkh Pesubatid(B)s 688
(2006)), for exanple. Thus al so provided are methods for determnin

whet hericseic snpoihy heleicarpesudiss Fat arraeionsomcpaicn ornivdrapRp PSR
contactlp ¢ h effective
for modiy 2 f l?hdﬁxg{%%@tx\‘f&gr Q%% H&%) % ﬂﬁ§ G hi(?i 193% &L %Tixﬂg{eri a}%ﬁ&f’sﬁ?‘aqu{»
|nflannat|on signal. Provided aIso are et hods for |dent|fy|ng a conpound

t hat reduces inflammtion or pain, whigh conprise: contacting a systemwth
a conpound of one of the formul ae descri bed herein; and detecting a pain
signal or inflammtion signal, whereby a conpound that nodul ates the pain
signal relative to a control nolecule is identified as a conpound that
reduces |nflannat|on of parn hbn I|n1t|ng exanples 200f pain srgnals are

N 1 g



WO 2011/ 025859PCT/ US2010/ 046760 [01181 Al so provided are nethods for
treating an angi ogenesi s condition, which conprise adm nistering a conpound
descri bedwbensi25859 a subject in need thereof, in an ampomtUuSedeed7swve t o
treat the angi ogenesis condition. Angiogenesis conditions include wthout
limtation solid tunor cancers, varicose disease, and the |iKke. [01191

Al so provided are methods for treating a condition associated with an
aberrant inmmune response in a subject, which conprise adnministering a
conpourfdodaicHidgeichepiifs £ o iaft‘é’a%i}‘@é gndepengsatly sHegtebfrom N, AandFvanng

ef f ect 'ﬁ{%n% & aﬁlg%\ti}z% ofvﬁ&?{nlty'bgg m&{f‘&%‘tﬂ@%‘éﬁ% ACHE Cli‘l%) (gabéﬁitggk ?ﬁ(iﬁ%m

i mTune Teéesporise i nc W i ation; organ fransp rejyectionm,
aSthnHgﬁﬁMﬁQﬂWﬁﬂWﬁ%ﬂhS@dﬂﬁﬁﬁmegﬁﬁbmdHﬂgﬁ&hﬁhﬂﬁ%@hﬂ%ﬁmhﬁﬁméhﬁﬂﬁﬂukbdple

scl er osj nyasthenl ravi s, 10system c | upus erythematosus, scieroderrna,
polynyo>r@ﬁ§iﬁﬁ%ﬁﬁf WEEST Ve P ue di sease (MCTD), Crohn' s disease, and
ul cerati ygofg! WhiiSed hdicifi et icfh QIRRALIPN:Fors A1k LEUAGHHESRANSEMIRY oRE
nodul at ed by ‘adnini stering a conpound herein in conbln tion wth | ecul e
t hat noddicatagsng @, e ringnhidedss) “telveodyilol’ ot ad 2 agtliodonypoohd apmpilOR: pat hway

menber or nber.. of relate n7170R, P13 Ki A107). In
Cor tai BN e S ERE T FEL PG NGt 15 s tATA @9 s FETBP B BgTCRE act i Vi ty
of an mT@R)cgat&war@maﬁm@rc ﬁagmetrmaf 28 Js8d RESE, PRLOAYs LiSo RRATYELY. N
certain enbodi nenfs, provided herein is a conposition conprising a conpound
descr i Bbal chewsi ndinble HWArPOW SRR OROIEEY It}e heﬁﬁam b uirfatweeoitanemam
patfuay, TORA A% bR ol R R B e e e BBt o of

t he preﬁeng&nnyﬁﬂhiﬁﬂog@h%xcgﬁmﬁ@ﬂﬂhﬂs a conpound of Fornul a Ito \Y
described in one of the lists of conpounds provi ded herein, or

phar maceufP&HI Hpshigieeprapies sapeierasytioatg! mianew HF NPt GaHEGIOgEY %iﬁemﬁfm‘dﬁhese

Compounds.yBLaLL o5, AL LGS AR BIAULA halon i Bbbol Jupnotier aspect,
t he i nvéntion rOVI phar ne eutlca ositions ormil ati ons).
The phaﬁhaﬁemmbmamﬁoamposmpﬂensx@a@daoﬁpmyﬁe1ap@ohm@pndoomnanynoﬁdﬁoﬁnuIae

1-V _as descry@ed herein, adm xed with at aE% phar maceutically
accept dBFelERETpvE %ﬁ*oii’“&%% HiCe POl EH Y 0& B’é’l BpBErEr SR ROHHS ses at
| east t%ﬁ&%ﬂﬁ%&fpﬁ@iléﬁy ARG ERL qg}h@di@%@i'ﬁ@ eirdﬂ%né),ri,“F@1‘&%5}%&&1/11’%%2&1“—'6‘”3/
suitabl e formulation of a compound descri bed above ¢an repared for
30adninh@tméokoﬁﬂmehyh@unﬁabbe ﬂmmh@mhfﬂaﬁﬁunes&mawﬂomhnavxmeimsbqup

i ncl udi ut_not limted eral . intravenoys,,, .

| r amiUGPaF, PrdhetB HE, BB oR 2R TR areb e PR dasgiti g on
t he sulbyj, m%@%ﬁm&m&&e@k é}&ﬁ%oﬂ@@%x@ﬁn@@ﬁétﬁ%&Ec&ﬁhﬁz@r@pu@ﬂ%ﬁvﬂ@d%@t@n&f
treatment WO 2011/ 025859PCT/ US2010/ 046760 desi r ed g., prevention,

pr @fhy | agitidne, praxlapy pipe hémédﬁﬁo‘lﬁﬁd%‘da?@ fligr sabaped Herromyls. S0 SHiHELIVE t h
-t hese i tab I or e oute of
din S«?gr%%?ﬁ%n?g@cmﬁ&?% %Ht 8ty §%‘1 xgﬁ & m%nn‘gsfx% ﬂ%if.’nnchh){z%ﬂﬁg% ot hods
and teohnmqu3§bm&nﬁﬁaﬂﬂomﬂiﬁﬁﬁbmgton S Pharnaceutlcal Sci ences, | atest
edition, thk Publ i shi ng ., Easton, PA, which is |ncorporated her ei n by

r ef er encd00FHe AP peAGET Tﬁi@&m*eaeméfab%‘taﬁ&e%r%fs PHEPRGISEHART SHBf  t wo
substa | . ,

i avant S PERRBE Vb AEbIRR @ B B B B SRIRp PR
adiisni s:iaénmdnmmzdmeca&ﬂm dmshiermdi altzoaich Eiposer mfahongempesimitm iociuds

m cr oemnul si ons 10% % %? ection, formil ati @ @ %g

conventTi6AEI1Of GFHED SN0l S0 PHED GHEN 66N O5s PRHEY SngilGr %%1* 8? t‘“f‘orms
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use of suppositories, transdermal patches, transnucosai delivery and

i ntranasal admnistration, 200ral adm pfstration is also suitable for
conpounds of the invention. Suitable fornms include syrups, capsules,
tablets, as is understood in the art, 101261 For administration to

ani mal or hunan subjects, the appropriate dosage of the a conpound
descrlbed above often |s 0 01 to 15 ng/kg, and sonetlnes 0 1 to 10 ng/kg
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PARP or CK2 nodul ator in an amount that is effective to enhance the
activity of the therapeutic agent. A PARP or 0(2 nodul ator is an agent that
i nhi bi ts wo 2enlmssses a bi ol ogi cal activity of a WO PCT/US2010/046760

2011/ 025859PCT/ US2010/ 046760 PAM protein or a CK2 protein, and is
generically referred to hereafter as a "nodul ator." The therapeutic agent
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that increases gne nore &f these S|red effeéfs The nodgul ator is to be
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200% [01301 The ampunt of a modut ator that increases.a desired effect of
a therapeutic agéﬁt nay;ﬁe det er ed usi ng Lﬁ%Vltro mef hods, such as cel
proliferation assays The! t her apeutii ¢ _agent s pq&ithe |nyeﬂglon are useful
to counter hypetpLQQ|feraLPwe di sop/ler 5 such g@s canger gthg§ they reduce
cell proliferation. Thusy fgr-Réxa Ieyva sui t abl & amount ‘®f & modul at or
could be the WO 2011/02585gPCT/U82010/6ﬁ6760 anount needed to enhance an
antiprolifesdtive effect ofjﬁgtherapeutlc agﬂga by at east ZSgQas

determ ned i ‘a%pell rﬁglferatﬁon aSs , J0% J %he fio jul ator” used in the
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anytappartento@icfieghgon the treated subject or the in vitro assay, so the

i ncreased effect achieved with the conbination is directly attributable to
a synergistic effect, [01321 Conpounds of the invention may be used al one
or in conbination with another 15therapeutic agent. The invention provides
met hods to treat conditions such as cancer, inflanmmtion and i mmune

di sorders by adm nistering to a subjectsin need of such treatnent a
therapeutically effective anmount of a therapeutic agent useful _ for
treating said disorder and adm nistering to the sane subject a
therapeutically eMetive amount of a nodul ator of the present invention. The
therapeutlc agent and the nDduIator _may be adntnlstered together ei t her



101351 A nodul ator may be separately active for treating a cancer, For

conbi nation therapi es descri bed above, when used in conbination with a

t her apeutwo 2agensgsot he dosage of a nodul ator will frequentius2de/csevee fol d to
ten-fold | ower than the dosage required when the 10nodul ator is used al one
to treat the sane condition or subject. Determ nation of a suitable anount
of the nodul ator for use in conbination with a therapeutic agent is readily
determ ned by nethods known in the art. 101361 Conpounds and conposi tions
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i nmunot her apeuti ¢ agents; pro-apoptotic agents; and cell cycle signaling

i nhi bitors; other agents. 101421 Anti-mcrotubule or anti-mtotic agents
are phase specific agents that are typically active against the

m crotubul es of tunor cells during N @ the mtosis phase of the cel

cycle. Exanples of anti-mcrotubule agents include, but are not limted to,
di t erpenoi ds and vi nca al kal oi ds.



101431 Diterpertoids, which are derived fromnatural sources, are phase
specific anti -cancer 30agents that are believed to operate at the &/10
phases ofwoOhelioeb$socycle. It is believed that the diterpemaisdsiosteod | i ze
the p-tubutin subunit of the m crotubules, by binding with this protein.
WO 2011/ 025859PCT/ US2010/ 046760 Di sassenbly of the protein appears then to
be inhibited with mtosis being arrested and cell death follow ng.
101441 Exanpl es of diterpenoids include, but are not linmted to, taxanes
such as paclitaxel, docetaxel, |arot afx«eW ortataxel, and tesetaxel.
Paclitaxel is a natural diterpene priduct isolated fromthe Pacific yew
nthetic derivative of paclitaxel q.

A %10 dea. cetyl -ba.ccatin II1,
extracted fromthe needl e of“{ae/European Yew tree. .Docetaxel is
comercially available as an injectab s) ution as TAXOTERE(r) [01451
Vinca al kal oi ds are phase specific afiti-nebpKastic agents derived fromthe
periwi nkl e 10pl ant. Vinca al kal oi ds {hat _alfe believed to act at the M phase
(mtosis) of the cell cycle by bindingxgpécifically to tubulin.
Consequently, the bound tubulin nolecul e i éRu}ﬂabl(@) to polynerize into

m crotubules.  Mtosis is believed to be arrested in nmetaphase with cell
death fol |l oW h@emExarrpl es of vinca al kal oids i ncI ude, but are not limited
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Cycl ophospham de, 2-[bis(2-chloroethyt)- anlno]tetrahydro 21-1-1, 3, 2-
oxazaphosphori ne 2-oxi de mﬁéﬁ?d?%tgé@uﬁ aNEHTHBING amwi B b REr@ms

i njectable solution or 1 e LCOXANG, i ph .

4-[ bi s(2- chloroethyl)éﬁégﬁ %§}ﬁ§%$¥; anlnédvﬁg(gbgﬁgggia S?“ﬁ@ﬁﬁ?aﬁfe as
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| , 34bi s(2-chl oroethyt)-1-nitrosourea, is connerC|aIIy avai | abl'e as single
vial's of | yophilized material as .BicNug. , 5-(3,3-dinethyl-Il-triazeno)-

i m dazol e-4-carboxam de, is connercially avai l abl e as single vials of
material as DT1CDone(r). 15[01481 Anti2gunor antibiotics are non-phase
specific agents which are believed to bind or intercalate with DNA. This
may result in stable DNA conpl exes or strand breakage, which disrupts

ordinary function of the nucleic acids, leading to cell death. Exanples of
ant| -t unor ant| b| ot| c agents | ncI ude but are not I| m ted to, ant hracychnes
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sol ution TAXCOL(r), Docetaxei
V., prepared using a natural



Epi podophyl | otoxins typically affect cells in the S and 02 phases of the
cell cycle by formng a ternary conplex with topoisonerase |l and DNA
causi ng DMA2stwessfobr eaks. The strand breaks accunul at e PamaSe@blo4cte@t h
foll ows. Exanpl es of epi podophyflotoxins include, but are not Iimted to,
et oposi de, teniposide, and anmsacri ne. Etoposide,

4' - demret hyt - epi podophyli otoxin 9[4,6-0-(R )-ethylidene-P-D

gl ucopyranoside], is conmercially available as an injectable solution or
capsul es as VePESID(r) and w%ssr@aﬁﬁﬁhh%yﬂwfnfmﬁn%ﬂvﬁ -CF slkghiGgo'st de,

4' - denet hyl epi podophyl <
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Anti net abolite neopl astic ents_are phase specific anti-negp i c agents
that 10typically act a‘%ptlgnfgga%“é“{tmﬁ\% TitheS gy grouppect E‘éiﬁf f&?‘%g 21

I nhisbi ting DNA synt hesjys,;of 1 by defihb i il {‘9 R NE o8 6@&%0% el %edrg@ws%mmo
synthesis and thereby |i'niting DNA synthesis. Cbnsequent Y, phase does

not proceed and cell dedt#:follows. Anti-netabolites, include purine
anal ogs, such as fl udarabi ne, cia rlblnehé?gt deox yadenos

cl oar abi ne, mercaptopurine, pentBErEETHT HYﬁFB%VﬁBﬁ&P%d&ﬁ?ﬁéﬁom“

f1 udarabi ne phosphate and thi eguaRtde; foRY ki30T Qigﬂ%cﬁe‘é@ﬁ%'c@ﬁ%nﬁﬂ%n@aﬁnmg

fluorouracil, gentitabine, capecitabine, cytarabine, azacitidine,

edatrexate, floxuridine, ari ipioxabiiemsions;sehatifiolabed andfsh as

met BOt rexate, pemetr exa% ’Rgra%!:lti*t %X'ae d th?:rlgmy %eg{éanx m} accnt(‘yonnc&d ntemﬁ

4- anlno i - p- D-ar abi nof'uranosyl - rlnl I none, " 1S Comer ¢l ?

avai |l abl e as CYT%ABpuémhzaﬂdmﬂ@d QQmﬁ@flkMOKﬂ@\@ng agnAgtd. wb@an@p@opurl ne,

1, 7- di hydr o- 6H punne- 6-t hi one nmonohydrate, is comrercially available as

PURI NE. THOL(). i@$ﬁ@h@ﬁ&ﬁ%ﬁé““91&nﬁﬁ@ﬁﬁh‘WbﬂﬁHVéro 6H puri ne- 64hi one, is

connerC|aIIy avai T DG i f.abi deoxvs,
d|f|uorocytldlg'l{r”lgg)lrlr%%ﬁ’ya“(ilir%gi(:iﬁ';1 ihc%hﬁggéneg ﬁ§1$g%ghﬁéymwgcfdl%§alIable

as GEIVIZAReﬂn&@&ﬁmimmbpnnednerase | inhibitors including, canptothe0|n and
qptotheC|n deri atlv nﬁjes of topoisonerase | inhibitors include,

buti“are not |imt HS%?P t'5¥HHci n, topotecan, 25irinotecan, rubitecan,

- bel ot ecan and thgdgggupgs optical forms(R), (5) or (R'S)) of 7-(4-

met hyl pi per azi no- met hyt ene) - 10, 11- et hyt enedi oxy- canpt ot heci n, as descri bed

in US. Patent phmsauamﬂa@g a@@fﬁtab& B2 s 94s, BB RBE there481, 237 and pendi ng
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piperiqhqqplperldlno ) - carbonyl oxy] -1 H pyrano[ 34", 6, 7]indolizino[1
, 2-bi qui nol i ne-3, 14(4H, 3012H) di one hydrochlorlde i s comrercially
avail abl e as the |njectgb sol uti on CANI PTOSARg. f}%Ynotecan is a
derivative of canptothé&cin which binds, along with its active trietabotiu.
8N-38, to the topoi songrase |- DNA conplex Topot-can HO,
i Tre L A":f82010/046760

ethyl -4 9-di h
nmonohydr ochl or

rano[3' 4,6,7]in QED
-rC|aIIy avallag\ s t he |njectable solutlon
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ZIHorpnes hor nonal ‘& g~are useful conpounds
for treating cancers ir there is a refationshi p bétween the

hor mone(s) and growth a lack of growth of the Jcancgr. . Exampl es of

hor mones and hornonal araloglies useful in cancer tl::_~“ i nclude, but are
notyglimted to, androgens suciR®as ﬁLpr$gesteroﬁé)and t est ot agine;

ant i andr ogens such as blcabltanlde cyproterone, fiutam de, and 'nilutam de;

aromat ase inhibitors such as am nogl utethim de, anastrozole, exemestane,
for mest ane, VOrAZBTECUEHYY PETHELN &1L LOFAP-COE1EPHIUS: Y6ER as dexaret hasone,
predni sone apg.phednySof aney gSkf ﬁﬁﬁﬂsmé&@ﬂz A% P&Jﬂ%hﬁ' | bestrol ;

10anti estrogens such &s ful vestrant, ratoxifene, tanoxifen, torem fine,
droIOX|féﬁ@%Eahﬂarmﬁ@ﬁ@ﬁhmemsaékwwhkmdSEéﬁhédﬁiV@a@é?ﬁd@@ﬂbﬁ@dé@ﬂmhatw

Ly e TR b BaS B e S ge bz R - ot pakodRa At 2oR's

dut asteri de; gonadotropin-rel easi ng hornone (G1RF1) and anal ogues t her eof
which stinmulate the rel ease of |eutinizing hornone (LH) and/or follicle
stimulating hornone (FSH), for exanple 15LEIRH agoni sts and antagonists
such as buserelin, goserelin, leuprolide, and triptorelin; progestins such
as nedr oxyprogesterone acetate and negestroi acetate; and -thyroid hornones
such as | evot hyroxi ne and |i ot hyroni ne. [ 01531 Signal transducti.on

pat hway inhibitors are those inhibitors, which block or inhibit a chem ca
process whi ch evokes an |ntracellular change such as cell (prollferatlon

~r~ 1" rr 0 a0 I 1 I D T Y e 1 T .



ki nases can be broadly classified as receptor or non-receptor Kki.nases.
Receptor tyrosine kinases are transnenbrane proteins having an

ext racel Iwbaniizgsad bi ndi ng domai n, a transmenbrane domarnS2@0a4&6t yr osi ne
ki nask. domain. Receptor tyrosine kinases are involved in the regul ation of
cell growth and are sonetines ternmed growh factor receptors. 30[01_551

| nappropriate or uncontrolled activation of many of these kinases, for
exanpl e by ,over-expression or nutation, has been shown to result in

uncont rgfi%ednd &l Ricgy Bul h furkes gnBpdigicyts. A0S 20me/% zxeédera@w Ys20 1010468 P60 t he

aberra Y, e nant tissue
omthQ§%%%%%h%%ﬁP?&M%H%E}§Z%orsggp%idgﬁgal%ggggq%gﬁﬁn%%FgV|de cancer
treatnentﬁ@%ﬂhﬁd&ha&ﬁﬁﬁﬁ&nﬁm@mthuﬁameorLAeme@HQMSebﬁziudeéshoﬂae%annhe
eprdermm growt h factor receptor (EGE glatelet derj.ved_gr %rh f act or
recept ot E% VO ZEIEPS 1Set b BUSONREEN PP ORRHSt Nl 15ah Zgrowkh®ihét B r Beept or
( VEGFT )oihdr L @3bRgerd, Pasey "5‘ GHCRMILD 00100 Ul iatd ke 3R &R detmlz gL owt h
factor honology domai ns (Tl E-2), |nsuI|n growt h factor 171 | GFI ) receptor,
macr ophage.” ¢oNo ri@r sislf piimat embwrgmfvaietbrtb GcEhs)CR BE, 7 0k N |, In Gmter efibbdioiingst
gromth acLor ‘%d; or S Trk receptors (TrkA, TrkB, and TrkC), ephrin
(eph) redéﬁﬁd sM’ @ﬁ RﬁT prot ooncogene. 101571 Several inhibitors of
growt h r geeelolso@bCotifithedevelopnehts @ndﬂrd@hwke ligand 10ant agoni st s,
antibodi es, tyrosine kinase inhibitors and gntj -sense ol i onucleotrdes
G owt h fd8o%H Hewwpt ftrﬁ‘rsocbrrrdmageﬂﬂsg toreiningh bl tl‘»gﬁkﬁr&pw}ff:a tigpler sedprole,

fu t|on are d crlb Lostance, .in Joh, in, Tlier.
patnt S 2060§ o0k TG sk abab PEHELTE it e g D Sl R R g
2(2): 5000g5tianet: Lofts, F. J. et al., "Gowh factor receptors as targets"
New Mol ecul ar Targets for Cancer Chenotherapy, ed. Wrkman, Paul and Kerr,
Davi d, CRC press 151994, London. Speci fic exanpl of receptor tyrosine

ki nase inhibitors incl yde, i inib, erlotinib,
D.41tinib, and i mat,i ni# h are not growh
factor receptor kithass, e ki nases.
Non-receptor tyrosine Kha %s useful A4 n the prese ntion, which are
targets or potential targetS of anti-cancer drugsi include cSre, Lck, Fyn,
Yes, Jak, cAbl, FAK 20(Focal adhesion kinase), Brutons tyrosine kinask.,
and Bcr-Abl . Such non-r ecept or krn ses and agents which inhibit

101581 ! i he kinase

non- receptor tyr@ |n klnase fs On are d crl d in Si and Cor ey,
S.J. : er gu%g Res 5) %ﬁ5<; 8(;’ and Bol en,
J. B. . Brugg Annual Re (199 : -404

101591 SH2/SFB d%nar ~ bl ocker s™ are gents srupt SHZN or
binding in a variety ‘of enzynes or adaptor prote ns i ncludi ng, "P13-K p85
subunit, Src famly kinases, adaptor nolecules (She, Crk, INck, G b2) and
Ras-GAP. SH2/ SH3 domgjins as targets for anti-cancer druygs are discussed in
Smi t hgal I, Phar macol . ""Roxi c I Ale/Qods (1995), 34 25-32. Inhibitors
of Serine/ Threoni ne Ki 3 |nclugr P ki nas /oas de Mockers which

i ncl ude Mockers of ases (cdk M t ogen orSE;L el I ul ar Regul at ed
Ki nase (MEKs), and 30 éated Ki na Ks); and Protein
kinase C famly nenber bIo g bl sekeRs of PKCs (alpha beta
gammma, epsilon iota, zeta) IkB ki nase fant%y ( 1KKa, % PKB
fam |y kilfdddsin N@t mﬂﬁé%fecmarﬁir JVRBIBEITS Y idghd cTre e Frereistbil- wm
2011/0%@859PCT/U82010/046760 ki nases. Such Serine/ Threoni ne . ki nases and

i nhi bitors thereof are described in Yamanoto, |., Taya, S., Kaibuchi, K.

J. Biochemstry. (1999) 126 (5): 799-803; Brodt, P, Samani, A, & -Navab, R,
Bi oehem Narrmacol. (2000) 60:1101-1107; Mssague, J., Wis-Garcia, F.

Cancer Sum (1996) 27:41-64; Philip, PA. and Harris, AL, Cancer Treat. Res.
(1995) 78: 3-27; Lackey, K et al Bioorg. Med. Chem Letters, (2000) 10(3)
223-226; U.S. Patent No. 6,268, 391; and Martinez-Lacaci, 1,, et al., M.
Cancer (2000), 88(1): 44-52, Inhibitors of Phosphotidyl inositol-3 Klnase
amty nmenbers including blockers of P13-kinase"ATM DNA-PK., and Ku are

al so useful in the present invention. Such kinases are discussed in
Abraham RI. Current Opin. linmvol, (1996), 8(3): 412-8; Qutman, CE,

Lim, DS, Oncogene (1998) 17(25): 3301-8; 10Jackson,Int.J. Bi oehem Cel
Biol. (1997) 29(7):935-8; and Zhong, H et al., Cancer Res. (2000)
60(6):1541-5. Also useful in the presepg invention are Myo-inositol
signaling inhibitors such as phosph.olipase C bl ockers and Myoi nosit ol

anal ogues. Such signal inhibitors are described in PONS, G, and

Kozi kowski A, (1994) NEW MOLECULAR TARGETS FOR CANCER CHEMOTHERAPY, ed.

Paul Vbrknan and Davrd Kerr CRC Press 1994 London 15[01601 Another group

ers includi



serve as signal transduction inhibitors. This group of signal transduction
pat hway i nhi bitors includes the use of humani zed anti bodies to the

ext racel Iwban1lizgesnd bi ndi ng domai n of receptor tyrosi n@Criusaslon4676or
exanpl e intlone C225 EGFR specific anti body (see Geen, MC et al., Cancer
Treat. .Rev., (2000) 26(4): 269-286); Herceptin(r) erbB2 antibody (see
Stern, DF, Breast Cancer Res. (2000) 2(3):176-183); and 2CB VEGFR2 specific
antlbody (see Brekken, R A et al, Cancer Res (2000) 60(18):5117-24).
30101621 Non- rece-AoF ki . nase anglogenes}s’ﬁnhlbltors may al so £+'fd use in

t he presenR1invent|on Inh|b|torstf angifogenesi s related VEGFR and T1E2
are di scussed abgwe in regard to sronal AL ansducti on |nhr1|tor~ (both
receptors a gceptior tyrosine ki NNgi ogenesi s | Sy

2011/ 02B85%PCT/ P)S201D/ 046760 ge 5 ed to erB : al i ng

si nce i nhi big-of $~of=erhB2 and EGFR: ~begmshoin to inh bt :‘--ene5|s

A. Thus, the co
wi th an inhibitor Qf Q%glogene5|s makes ~egeﬁb Accordingly, no ;ent or
tyrosi ne ki nase i nhii @b may be used in mation with the EGFR{eriB2
i nhibitors of the present "i nvention. For exanple anti - VEGF anti bodiR,

whi ch do not recogﬁnze VEGFR ('t he receptor é»OSIne ki nase), g. g?ind to
the |igand; snalﬁ | ecul e inhibitors of (ﬁ arln (al phav bet g% hat wi ||
i nhi bi t angiReeneshfcuend9stalhdbang, angheshald: prdmentBtK:) may al so prove
useful in conbination with the disclosed erb fanily inhibitors. (See
_Bruns, CJ etheapin R'Cander. Regnd pomogyingoein Forpgaé- 2935: Schr ei ber AB,

Wkl of Mok PEEXBEk B O e, (AR86) 1230041050, 43008 et o

|nnunouhemapeut|c reglnens may al so be useful in conbination with the

compounds of formulg (1.)-(V). There are a punber of inmmnologic strategies
to generate an i g response agai nst er. or EGFR These straf gies are
generally in the rfeal mof tunor vaccinatifons. 717he efficacy of i rmunol ogi c

appr oaches mg b reatly enhanced ¢ hro 15conbi ned inhibitieq

er bB2/ EGFR i pat hways usi a Bl 1N nol ecul e | . Discussi on
of the R Io i c/tunor vaccimeé ch agai nst er BB2I'g ound in
Reilly RT, a er Res. (20 -76; and; . al .

Cancer Res (1998) 58(-X1965- 71, _[01641 Agen s used in_gro-apo
regi nens (8 b nti sense o$|gonucl es) my 28al so bé sedhin the
conbi nati on of the presgpi invention, Menbers gfy the Bcl-2 flintity ofX
prot ei ns bl ock apopt05|s Upregulatlon of bcl-2 has therefore been [R°hked
to chernoresistance. Studi es have shown that the epidermal growth factor
(EGF) stinulates(ﬁﬂﬁi-apoptotic menber s of{itih®} bet - 2 fanily Thdsi®f or e,

strategi es desi ned to.downre te,th expre Ssi on o 2 in tunors have
Genonstr ar ed AT Ee CHUTNAPRTHTE S e S N PR 4SBT AP TR e r | al 5. marely
Genpa s 2503L39:iRGE: 2 Antd, RENSEnOlrk donUel 804 PdgnuiSliCh pro-apoptotic
strategies u5|ng the anti sense ol i gonucl eotide strategy for bcl-2 are

di scussed®¥9piWit Brigeggnbatmants, hymvedigmprondest corpod)ol1gpoys 11.g¥2428; and
Kltadai§ et al, Antisense Res. Dev. (1994) 4(2): 71-9. [O165 Cell cycle

si gnal i'ng i nhibitors inhibit nmolecules involved in the control of the cel
cycle. A fllntlfymbf protein kinases ca/LEd cyclin dependent kLDA@es

( CDK, $) and their interaction 3Qiwith d& famly of proteyns terked cyclins
controls,progr.55|on t hr ough theeeukaryotlc cell cycle. \The cogrdinate

activati ogx FRpacti vation of differ yclin/ CDK conplexes~ T necessary
for norg pbr ogr €ssi on t hrough ] Sever al |nh|b|tor. of cel
cycle siyg .ng age under WD 28  “CT/US@010/046 60 For
i nstance,/ ; C;ér:yclln depe « : |nclud|na and
CDK6 ang! i nhi bi o the sa scribed in, for [ Rodan; aGR
Sz. Chang YT., n. Tiler. Patents ®&00@) 10(2):215- 30 o4Ot her

nol ecul ar targeteo geNt,s i ncl ude FI CBP bind (Rg,agents, such as t e
i mmunosuppressi ve nacrol i de antibiotic; rapamycin; gene thera ageﬁie
antisense ther 83 agents, and gene expr@§sﬁén nmodul at ors sucly é% t he
ret;i.noi ds and rexinoi d ] aRexaroten traps-retinoic acid,
9- cj'lssretlnof‘éa 3d11&NU§‘¥b€ggﬁ%%?o¥ﬁpheﬁ§ dﬁ‘ellﬁﬁﬁgﬁm%egotype directed

t herapy agents, including: nonoclonal antibodies such as al entuzumab,

bk. waci zumab, cetuxi mab, ibritunoinab 8fuxetan, rituximb, and
trastuzumab:, i mmnotoxins 10 such as gentuzumab ozogam cin,

radi oi munoconj ugates such as 131 -tositunomab; and cancer vacci nes.

10167] M scel | aneous agents include altretam ne; arsenic trioxide, gallium
nltrate hydroxyurea Ievanlsole nltotane octreotlde pr ocar bazi ne,

e ST 1. L 1 1 T L o I o 1 o T T N 1



20cytoprotective agents such as arm fostine, dexrazorixane, and .nesn.a,
phosphonat es such as parm dronate and zol edronic acid, and stinulating

fact ors swohon#2egseet i n, darbeopetin, filgrastim PEG fiPCHRsgeiomeand
sargranostim are also envisioned. 101701 Thus in one aspect; the invention
provides a nethod to treat a condition described herein using a conmpound of
the invention in conbination therapy with any of the foregoing additional
therapeutic agents and inhibitors and the |like. The nethod conprises

adni ni st eri iicie drpoulid “oRk Fod mArg dafingd as ig Fproyiylor vV to a subject in
need t her d:+any.addi:t i.anal,. agent. . d, fr , » ;.

i nhi bi tor@@%ﬁ}s%P%%g‘g‘hg%g{’/éed,d%%é?’??‘h ! ‘ﬁggélgﬁ%?%ié‘ ag‘%g%?‘%&%fqﬂ%%égﬁ%o%nd of
Formul arlv-Bti, 111, 1V or V and of the additional therapeutic agent are
effective to treat the cell proliferative condition. The invention father
provi des pharnaceqLﬂNal 30conpositions cqgﬁ%ising at | east one ggwpound of
the invention, i.€& , a conpound of Fornmuka 1, I, 11, IV or Vias described
herei n, adm xed wiith at | east one additi ¢nal therapeutic agent

2011/ 025859 /046760 sel ech r t he foregoi nghag ~and
inhibit@t&{ZCpt onal |y, these i facelti ca conposi ki t her fconpri se
at | east on ma tically accepiabke exsipient. Exa ]

Conpounds of 5t he ]

reagents, based o
t he schemes and ex

hg avail abl 8 nmethéds and
inthe art and ods |
ol,l owi ng exanpl es “ace offered

vengiLgn can be prepar us

theﬁordinary | evel of {ski
S .provided 10172]

toillustrate but not t&Finit the invention.(ﬁﬁanple 1. Synthetic G$¥
Progesses Proc§§ 1 15 10173] 2-anng:§§bronDbenzoic aci?ﬁé .00 5'mas
m xed with methanol (10 m) and concentrated sul furic acid 6 . The

m Xt ure was stiphaedzcatticabiiylaoseptable S, hdutts. anfhe psalrvettronér e evapor at ed,
and saturated aqueg odi um bi carbagnate was _carefully added. The solid was
extracted wi' T%ﬁ%@ié ‘?'3%% H 113@8&%;:%6? Ext Fﬁﬁ“@“&rer e dried over Na2SO4
and the g:@b%ﬂniﬁs LBV ED i Me ¥BEHAR AFERRHa MBL Mk tude compounds of Pormula

2- am no- 3- br onobenzoate as a. sk.m-crystalline solid (976 ng, 91%yield).

LCVS ( BS) 2nd88spupeindabt Fel0uli Mibpiude coraSaedy 4] Fontds Hah avebyd, met hyl
e
M

ST AR AR LR RE B PRt A s 00, 0
page 3GiorRERG8SHcide compounds of Formula IV-A and 1V-B, and compounds of Formula V
include compounds of Formula V-A and V-B.
10099] In some embodiments of the compounds described herein, L is NH or NMe. In other
embodiments, L can be NAc, where Ac represents a C1-C10 acyl group, ¢, L 18 a group of the
15 formula N-C(=0)-R*, where R” is H or a C1-C9 optionally substituted alkyl group. These can
serve as pro-drugs for compounds where L is NH. In still other embodiments, L is a bond; 1o
these embodiments, W is often an aryl or heteroaryl or heterocyelyl, which is optionally
substituted.
{60190} Note that i compounds of Forrmuda -V, L 18 a hnker selected from a bond, NR?, O,
20§, CRORY, CRIRUNRY, CR'RP-0-, and CR'R™-S. Where L is a two-atom linker, it can be
attached to the ring system through either end, i.e., either the carbon atow or the heteroatom of
CRRVNR®, CRPRY-0-, and CR'R-S can be attached to the ring, and the other atom is attached
to L. In some embodiments, L is a bond, or a 1-2 atom linker, including —N(RQ}—, -0-, -8-, -
CHa= N{(R)-, - N(R1-CHye, ~O-CHa-, ~CHo-0-, -CHp-S-, 8-CHy-, -OMey NR)-, -CMes-0-, -
25 N(R-CMeo, -0-CMes-, and the like. In certain cmbodiments, L is selected from a bond, NH,
NMe, and -CHa- N(R)- or - N(RD)-CHy-, where R’ is H or Me.



WO 2011/ 025859PCT/ US2010/ 046760 101751 Met hyl _

2- am no- 3- brornobenzoate (1.0 eq, 10.0g. 43.46 mmol), dipinacol-di boron
(1.4 eq, Wb.242/»58580. 85 mi nor) and potassi um acet ate ( 3POTA$2010846780 O,
130.4 mol ) were mixed in anhydrous toluene (220 nl). The reaction was
degassed by bubbling nitrogen for 10 min through the solution. The catal yst
PdC12(dppf). CH2C12 (0,05 eq, 1.77 g, 2.17 mml) was added. The reaction was

stirred under nitrogen atnosphere in an oil bath at 100C for about 5 hours.
The react ﬁ%‘irﬁ%ss%ﬁrmmdé@mﬁy of tvsbarrdosEEbedapmeenisiVh s sohptadds@Et i n
hexanes S, r » S roduct
of unk B s e RERE AP s L ARk oe A bp TP R B2 Ol ° (i
= 0.5) an’rﬁh@tmreﬁbtslubmtmé heoalcgd yd o cx ehinp gt @0can Hehinktp@lAcal 308 stdi)edand
frltere ver a d of. ce ite. The pad was further washed wi th Et 0Ac (200
m) . Thév%mét AN RSt o (BaoErby L apty! S denroivas Nal i 0B (400
m) s Th%nﬂﬁ@@ﬁb% @&90@9&%&#%nﬂﬁﬂ§?§aﬁﬁﬁﬁzﬁgQﬁﬁﬁE&ﬂwcI@%HQQQ%%M%o&paSG was

washed w t H"Et 0AC (2x500 nt)". The conb d organics were washed bri ne
(10. Theuwbbanbﬂnwhaski%@ﬁ:ﬂmuedmgh@cﬁﬁﬁhhaﬁmmnnﬁdh¢émbdiaﬁﬂiﬁhﬁkQ”

concent act ‘The re Iack o purified
flash éf?‘ﬁ} {)‘éfr g[n\srﬂi‘“{r‘ %r‘s’g)é‘%*ﬁ&* g{ g@?gwé%ta% 1“E )l ?i/%ﬁ"tﬂé ig‘“ 5%
in hexapeSsrodhR sﬁ?ﬁi‘#&ﬁa& Bgugel o6t BsS abhpgs ol bthd LasbRdRs, wr@&wm ke1afford
met hyl 2- anlno 3-(4,4 4det r amet hyl - 3, 2-di oxabor ot an-2-yl )benZoate as a
yel | owilsteream, ilas y@ttuamlwﬁé e riw@ubﬁiwzwgby A@r/ozyueﬂttﬂl)emﬂ_crvs (ES) >95% pur e,
r2r1 ép(z)ZnS) %%W]Z]éhhé‘%gc %ng@: 111\1/? Otll’:((:) %}‘f.“%’l ‘{)\1 \Oscrr’g %)émds R’g%ﬁe(g%mnaﬁ ﬂubstltu?ql

suspendg@nyl, optinall s @"i&@i@d é@ﬂg 1, rﬁp}mn@@@%kﬁtﬁhﬁ (613 ‘kﬂﬁ:y ¢, breq.CH a&ym : 6 7.16
mml) and 5 drops of DWVF were 25added, i nduci ng fornatron of The

mi xt ur e%uirré%u@é M e Lgviednsiamnb S e e g e ToBhbE SE e T aHen & crfé‘p#argrw Jbglitpisre

w0 2011/ 6odsebeHUeSs LB e A et BE) AR SRPERr Rat BN OEIRY i o

Evapor atkon of the solvents afforded nethyl 2- bronDthrophene 3-car boxyl ate

(13..16 g, 98W ) .a brown o S).; pure, m z not
detidct ed: VRS eﬂ(%@éﬁ P &@éﬁwﬁzﬁr ponal %wgmerir)(& 68 >’{ ‘d, = 5.6, 1H),
7.56 (d, 1 Sf 1wh ) (RRW mg,u,i'hét‘qg'iﬁn%b Mefohyi l\rcﬂ"i R %E{D&m@f?&h@ﬂﬁ%@m@(@ﬁ boxyl at e

was prepared using a procedure simlar to the ohe described in Process 3,
Met hyl 4-tbgahotihiiophenesiBaeldy boxyluatisd-basnitsoldatey wifitheranpaniafd aatlicon by

flash chronat ra 1- 12) .as a white solid 63W

(ES) m z %56 gﬁ:" Epé’zé E[( %155 mj&p‘lb ‘l)—“%mﬁ " 38 P dieetrdcd, ““‘“E‘b‘%abi% 1

Met hyl  2-bg.@pmt hi ophene- 3- carboxylate (1.1 eq, 459 ny, 2.08 mml.) and

nmet hyl 2- am no-3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxaborol an- 2- beenzoate (1,0
eq20502 r§i103] Brsamroiuph wemeowrideel wirtmiscsades! (3 goup of the tguuis 43 ol )
and Pdcggidppf) CH2C12 (0,05 eq, 66 ng, 0,090 mMmi) in a m xture of

di oxarte (5 ml) and water (250 tit). The nixture was degassed by bubbling
nitrogen forwierdPismm4, The reaction was stirred in an oil bath at 100C for 3

hours. 25 After coolrnﬁbdomm wat er was added and the resulting solid was
f||ter ed. Tri¥tiaruepsyephealsdri aoqurrcret Han opuamdy srbtinged akyhf f or ded net hyl

St YA ARIALG AN RO R PI Ry B S R 1

-

25 form an optionally substituted 3-8 membered ring, which can contain another heteroatom
selected from N, O and S as a ring member, and can be saturated, unsaturated or aromatic,
180104] In sowe ewbodiments, W can be aryl {e.g., phenyl), heterocyclic (e.g., pyrrolidine,
piperidine, morpholine, piperazine, thiomorpholine), or heteroaryl {e.g., pyrrole, pyridine,
pyrazine, pyrimidine, furan, thiophene, thiazole, isothiazole, thiadiazole, oxazole, isoxazole,
30 inudazole, pyrazole, triazole, triazing, tetrazole and the like, each of which can be substituted.
In some such embodiments, 1t 18 selected from phenyl, pyridinyl, pyrrolidine, piperidine,

piperazine, morpholine, and the like.

L
(O8]



30 WD 2011/ 025859PCT/ US2010/ 046760 [01791 The follow ng | actans were
prepared using a procedure simlar to the process 5 by reacting nethyl

2- am no- W0,2411925859 et r anet hyl - 1, 3, 2- di oxabor ol an- 2- yl TheaTast@oand 60
appropriate 2-bronmo esters. Structure MWLCMS trilz [Mrll+ O <fNHO SSoa-
260 261 CNHO O 1 CH3 259 260 O NH O 259 260 O rsi.o H3c 273 274 o 1NHO
0, CH3 261

100105] W can be substituted by a variety of substituents. In certain embodiments, W is an
aryl ring substituied by a group of the formula {CHy).4-NR;, where each R canbe Hor Cl-
C4 alkyl, and can be substituted, and where two Rx can optionally cyclize into a ring. In some
embodicmins, this group 18 of the tormula «(CH; )p.a-Az, where Az represents an azacyelic group
5 such as pyrrolidine, piperidine, morpholine, piperazine, thiomorpholine, pyrrole, and the like. In
some cmbodiments, this group is ~{CHy)5-Az, where Az is 4-morpholinyl, 1-piperazinyl, I-
pyrrolidinyl, or I-pipendinyl; ~-CHz~CHo-Az, where Az is 4-roorpholinyl is one exemplary
substituent for W, when W is substituted.
{86106] In other emboduments, W is substituted by at least one halo, haloalkyl, cyavo, alkyue,
10 or haloalkoxy group. Suitable alkyne substituents include ethynyl and 1-propynyl, and suitable
halo substituents include F, Cl and Br. Specific substituents sometimes present include
trifluoromethyl, triflucromethoxy, difluoromethoxy, F, ClL, CN, and ethynyl. In some
embodiments one substituent is present; in other embodiments two substituents are present on W

when W represents phenyl or pyridyl.

[
LA

100107] In certain embodiments, W 1s ortho-substituted phenyl, e.g., 2-chlorophenyl or 2-
fluorophenyl.

{00108} In some embodiments of the above-described compounds, X is selected from the
group consisting of COOR’, C(OWNR’-OR’, triazole, tetrazole (preferably linked to the phenyl
ring via the carbon atom of the tetrazole ring), CN, imidazole, carboxylate, a carboxylate
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4- 0x0- 4, 5- di hydr ot hi eno[ 3, 2- cl qui nol i ne- 6-car boxylate (1.0 eq, 132 ng, 0.51
rnnol ) waworesorssiow t h POC13 (4.0 eq, 186 ul, 2.03 m nelCr/usaeoME780 (1. 05
eq. 75 ul, 0.54 mmo1l) in dry acetonitrile (0.7 m) at 100C for 2.5 hours.
The reaction was cool ed down to room tenperature under nitrogen atnosphere.
A separate flask was charged with dry nethanol (5 nl), NEt3 (1 m) and

acetonitrile (5 m). The m xture was cooled down with a water-ice bath. The
reaction 10r¥ %ﬁw ea%ba% ﬁrl@f??@ﬁ%%&véi Gl @@Oilﬁbosth@ur@tm@mé SEGERSHOWNI | e

mai ntaini g {06 BLELAG L FIRSE A LLEIDELoNA0Gy THE MALels| GRapRLD was

r enoved and ture tenberatu e volatiles
wer e renDVedwtmaK@Bﬂ&dﬁﬁﬂaﬂﬁ&ﬁmﬂ%&ﬁkﬁdd&ﬂhﬁﬁhﬁxkﬁQﬂJtIng solid was filtered

and dried to provide nethyl 4-ch|orothieng[3, 2- c]qU|noI|ne 6- car boxyl at e
(117 ny, 83%yield) asd ﬁgP Oé}di“r wmw@@c@@)m%%%wé& brgged [ me11-.

15 Brocess 8 15938 o 78, 40l QM5 BRARALNGS: MBI &n %(s%%ﬁﬁgl éa‘rsitf‘,iﬂxﬁth“ I ar
chenistries and the approprlaté‘ |'act’ams descri bed in process 6:
Structure MN LCVBciomndatpivisticeicd fim BFOIand S0ds # rn®n8emBei279 C @ ,.-. 1 10.0
CH, 277.73 R is halo, CF3, ON, SR, OR, NR», or R, where cach R is independently H or

optionally substituted C1-C6 alkyl, and two R on the same or adjacent atoms can

optionally be linked together to form an optionally substituted ring that can also contain

10 an additional heteroatom selected from N, O and 5 as a ring member;
and A is N or CR'®,
{33199 In compounds of Formula | 1], IH, IV and V, at least one polar substituent X may be
at any postiion on the phenyl ring (ring A}, and the ring may mclude one, two, three or four

polar substituents, In compounds of Formula [-A, -8B, 11-A, I1-B, A, HI-B, IV-A, IV-B, V-A

[y
LA

and V-B, the molecule contains at least one polar group, X, at the position indicated by the
structure, and the ting may nchude oue, two, three or four polar substituents. fo certain
embodiments, there is one polar group, X, and cach R® is H, or up to two R® are substituents
described herein other than H, such as, for example only, Me, Et, halo {especially F or C1),
MeQ, CF3, CONH,, or ON. A polar group can be at any position on the phenyl ring. In some
20 embodiments, the phenyl ring is selected from the following options, which are oriented to

match the orientation of Formula | herein, and depict the position of the polar substituent X:

'S G
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4- chl or otwiDenof@s5€59c] qui nol i ne- 6- carboxyl ate (LO eq, 1_PC4A/usg)1004678@ nmol )
and 2-chloroaniline (2.4 eq, 106 ut, 1.01 mmol) were m xed in anhydrous MAP
(0.8 nl). The 10m xture was heated in a m crowave oven at 140C for 10 mn.
LCMS nonitoring indicated the presence in the reaction nediumof a 1:1

m xture of expected ester (MF- = 369) _gpd acid (Ml = 370) as well as 15%
starting material. An additional volunme|of 2-chloroaniline (50 tit) was
added and the m xture heated undergm crowaveyfor 10 mn. LCMS nonitoring

i ndi cated the presence in the reacti rum of a 1:9 m xture of expected
ester (Ml = 369) and acid (M| 15=3 01831 Aqueous 61N NaOH (0.2 m)
was added and the m xture was stiry f;or 45 mn. Water and HCl were
added to reach pH = 3. The resultfﬁg pr cipiRate was filtered and dri ed.
Trituration in nethanol and filtration grovided

4- (2- chi orophenyl am no)t hi eno[ 3, 2-

where X is a polar substituent and each R® is independently is selected from R°
substituents, as defined above with respect to compounds of Fornwla -V, In some of these
cnvbodiments, each RO is H.

5 #0110} In some embodiments of the above-described compounds, the polar substituent X is
located at position 4 ou the phenyl ring. In alternative ewbodiments, the polar substituent X is
iocated at position 3 on the phenyl ring. In certain embodiments, the polar substituent is a
carboxylic acid or a tetrazole, and is at position 3 or 4 oun the phenyl ring.

{30111} In some embodiments of these compounds, the phenyl ring (i.c., ring A) is
10 substituted by up to three additional substituents, in addition to the polar substituent X, Suttable
substituents for the phenyl are deseribed above. In some embodiments, these substituents are
selected from halo, C1-C4 alkyl, C1-C4 halealkyl, C1-C4 alkoxy, amino, C1-C4 alkylthio, and
CN. In some embodiments, there is only one such substituent (i.e., mis 1), or there 1s no
additional substituent besides the polar substituent X, i.e, mis 0.

15 {80112} In some embodiments of the above-described compounds, —L-W is selected from:



WO 2011/ 025859PCT/ US2010/ 046760 c] qui nol i ne- 6-carboxylic acid as grey solid
(95 ng, 65%vyield), LCVMS (ES): >90% pure, m z 355 [ Mtl], Process 10
[ 01841 4-w@-2ehlmsssphenyi am no)t hi eno[ 3, 2- c] qui noli ne- 6- earhszyliogs7aci d (1, O
eq, 39 ng, 0.11 mmol ), amonium chloride (4.0 eq, 24 ng, 0.449 mol),
HOBt . 1-170 (2.0 eq, 30 ng, 0.222 10 mmol ), DIEA (4.0 eq, 77 ul, 0.442 mmol)
and EDCI (2.0 eq, 42 ng, 0.219 mol) were reacted in NWP (0.5 nl) at 70C
for 1 hour. Water was added and the resulting solid was_filtered and dri ed.
After trituration in a nixture of AcCEt| hexanes, the rfesizding solid was
filtered and dried tocaffor G, 2~ o7 e N

. g ((\ﬁ]k 6~C

4-(2- chlorophenylanlno)ﬂhi no[3h;§g quin boxam de as grey solid
(25 ngy, 64%yield). LEWB ES) Yo fureé, 1z 354 [M1-1]. 15 Process 11
20[ 01851 4-(2- chlorophenytanlno)thlenoP 2- C|quuno |ne/6\carboxan1de (17 mg)
was heated in N, NDinethylfornmapi de Di net t acet ai E ’ at 80C for one
hour. The vol atiles wer -ennved vcic ‘Acetﬁb\ébl (0 5mM) and
hydrazi ne hydrate (O. 1‘§£Lhere%@ Qahd' ?thtlng m xture was stirred
at 80C for 2.5 hours. “Mater was*added and the ting solid was filtered.
Purification by preparatlve TLC (Si 02, 3% MeO = T CH2C12) provided N-(2-
25chlor ophenyl) - (4H'1J; -triagol- 3-ypt hi eno[ 3, 2-c] qui nol i n-4-am ne as an
off-white fluffy solid, (%0 H.cas (ES): >95@6pure mz 378 [NU- 1]. WO
2011/025859PCT/U82010F646760 [01861 The fol | ow conpounds wer e
prepared using chenmistries sinmlar to processes 8 10 and 11: Structure
MNVLeMs mz IMF-1-1-- cl at 354. g} 355’ H N Ilnm
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wherein cach R® is independently H, Cl or F;
each R"is independently Me, F, or Ck
cach R is independently sclected from H, halo, C1-C4 alkyl, C1-C4 alkoxy, and

5 C1-C4 haloalkyl,
and two R groups on the same or adjacent connected atorns can optionally

be linked together to form a 3-8 membered ring;
cach A isNor CR;

and each Solgroup is a solubility-cuhauncing group.

10 Udlities of the Compounds:

{001 13] In another aspect, the invention provides a method to inhubit cell prohiferation, which
comprises contacting cells with a compound having a structure of Formulae I-V, in an amount
effective to mhibit proliferation of the cells. In certain embodiments, these cells are cells of a

cancer cell line. In particular embodiments, the cancer cell line is a breast cancer, prostate

[y
LA

cancer, pancreatic cancer, lung cancer, hematopotetic cancer, colorectal cancer, skin cancer, or
an ovarian cancer celf line. Often, the cells are in a tumor in a subject, and the compound
reduces the growth rate of the tumor, or reduces the size of the tumor, or reduces the
aggressiveness of the turuor, or reduces the wetastasis of the tumor. To sore ewnbodiments, the
compound induces apoptosis.
20 {001 14] In certain embodiments, the methods clude contacting cells, especially tamor cells,
with a compound having a structure of Formulae -V, which induces apoptosis.

10100} In certain embodiments, the cells are from an eye of a subject having macular
degeneration, and the treatment method reduces the severity or symptoms or further

development of macular degeneration in the subject.
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{0101} In another aspect, the invention provides a method to treat a condition related to
aberrant cell proliferation, which comprises adminisiering a corapound having 4 structure of
Formulae I-V to a subject in need thereof, where the compound s administered tn an amount
effective to treat or amehiorate the cell proliferative condition. In certain embodiments, the cell

5 proliferative condition is a tumor-associated cancer. Specific cancers for which the compounds
are useful include breast cancer, prostate cancer, pancreatic cancer, lung cancer, hematopoictic
cancer, colorectal cancer, skin cancer, and ovarian cancer, colorectum, biver, lymph node, colon,
prostate, brain, head and neck, skin, kidney, blood and heart,

{3162} In other embodiments, the cell proliferative condition 1s a non-tumor cancer,

10 Excmplary embodiments include hematopoietic cancers, such as lymphoma and leukemia.

10193} In other embodirments, the ccll proliferative condition 1s macular degencration.

{0194} In another aspect, the invention provides a method for treating pain or inflammation
in a subject, which comprises administering a compound of Formulae I-V 1o a subject in need

thereof, in an amount effective to treat or reduce the pain or the inflammation.

[
LA

{0195] In another aspect, the mmvention provides a method for inhibiting angilogenesis in a
subject, which comprises administering a compound of Formulae I-V to a subject in need
thereof in an amount effective to inhibit the angiogenesis.

{0106] The terms “treat” and “wreating” as used herein refer to ameliorating, alleviating,
iessening, and removing symptoms of a disease or condition. A candidate molecule or
20 cowpound described herein may be in a therapeutically effective araount in a formulation or
medicament, which is an amount that can lead to a biclogical effect, such as apoptosis of certain
cells (e.g., cancer cells), reduction of proliferation of certain cells, or lead 1o ameliorating,
alleviating, lessening, or removing symptoms of a disease or condition, for example. The terms

also can refer o reducing or stopping a cell proliferation rate (e.g., slowing or halting tumor

[\
W

growtl} or reducing the mumber of proliferating cancer cells {e.g., removing part or all of a
tumor).
{3107} These terms also are applicable to reducing a titre of a microorganism in a sysier
{1.2., cell, tissue, or subject) infected with a microorganism, reducing the rate of microbial
propagation, reducing the nunber of symptoms or au effect of a symptom associated with the
30 microbial infection, and/or removing detectable amounts of the microbe from the system.
Examples of microorganism include but arc not limited to virus, bacterium and fungus. Thus the

invention provides methods for treating protozoal disorders such as protozoan parasitosis,
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including infection by parasitic protozoa responsible for neurological disorders such as
schizophrenia, paranoia, and encephalitis in imnunocompromised paticnts, as well as Chagas’
discase. It also provides methods to treat various viral diseases, including human
immunodeficiency virus type 1 (HIV-1), human papilloma viruses (HPVs), herpes simplex virus
{HSV}, Epstein-Barr virus (EBYV), human cytomegalovirus, hepatitis C and B viruses, influenza
virus, Borna discase virus, adenovirus, coxsackievirus, coronavirus and varicella zoster virus.

{0198] The methods of treating these disorders comprise administering to a subject tn need
thereof an effective amount of an inhibitor compound of one of the formmulae described herein.

{0109] As used heretn, the term “apoptosis” refers to an intrinsic cell self-destruction or
suicide program. In response to a triggering stimulus, cells undergo a cascade of events
including cell shrinkage, blebbing of cell membranes and chromatic condensation and
fragmentation. These events culminate in cell conversion to clusters of membrane-bound
particles (apoptotic bodies), which are thereafter engulfed by macrophages.

{8116} The invention in part provides pharmaceutical compositions comprising at least one
compound within the scope of the imvention as described herein, and methods of using
compounds described herein. For example, the mvention iu part provides methods for
identifying a candidate molecule that interacts with a CKZ, Pim or Flt protein, which comprises
contacting a composition containung a CK2, Pim or Fit protemn aund a molecule described herein
with a candidate molecule and determining whether the amount of the molecule described herein
that nteracts with the protein s modulated, whereby a candidate roolecule 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.

{0111} Provided also are methods for modulating a protein kinase activity. Protein kinases
catalyze the fransfer of a gamma phosphate from adenosine triphosphate to a serine or threonine
amino acid (serine/threonine 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 protein substrate. Thus, included herein are methods which
comprise contacting a system comprising a protein kinase protein with a compound described
herewn 1o an amount effective for modulating {e.g., inmbiting) 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). In certain embodiments, provided are methods for identifying a candidate
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molecule that interacts with a protein kinase, which comprise: contacting a composition
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
interaction between the compound and the protein kinase without the candidate molecule,
whereby a candidate molecule that modulates the amount of the compound mteracting with the
protein kinase relative to the control interaction is identified as a candidate molecule that
interacts with the protein kinase. Systems in such embodiments can be a cell-free system ora
systera comprising cells (e.g., in vitro). The protein kivase, the compound or the molecule in
some embodiments is in association with a solid phase. In certain embodiments, the interaction
between the compound and the protein kinase is detected via a detectable label, where in some
embodiments the protein kinase comprises a detectable label and in certain embodiments the
compound comprises a detectable label. The interaction between the compound and the protein
kinase sometimes is detected without a detectable label.

{0112} Provided also arc compositions of matter comprising a protein kinase and a
compound described herein. Tn sorue erobodivoents, the protein kinase 1o the composition is a
serine-threonine protein kinase or a tyrosine protein kinase. In certain embodiments, the protein
kinase is a protein kinase fragment baving compound-binding activity. In some embodiments,
the protein kinase in the composition is, or contains a subunit {¢.g., catalytic subunit, SHZ
domatn, SH3 domain) of, CKZ, Pim subfamily protein kinase (¢.g., PIM1, PIM2, PIM3) or Flt
subfamily protein kinase (e.g, FL'TH, FLT3, FLT4). In certain embodiments the composition is
cell free and sometimes the protein kinase 1s a recorabinant profein,

{3113} The protein kinase can be from any source, such as cells from a mammal, ape or
human, for example. Examples of serine-threonine protein kinases that can be whibited, or muay
potentially be inhibited, by compounds disclosed herein inchude without limitation human
versions of CK2, CKZ2a2, Pim subfamily kinases {¢.g., PIM1, PIM2, PIM3), CDK1/cyelinB, c-
RAF, Mer, MELK, HIPK3, HIPKZ and ZIPK. A senine-threonine protein kinase soruetimes 1S a
member of a sub-family containing one or more of the following amino acids at positions
corresponding to those listed in human CK2: leucine at position 45, methionine at position 163
and isolcucine at position 174, Examples of such protein kinases include without limitation
human versions of CK2, STK10, HIPK2, HIPK3, DAPK3, DYK?2 and PIM-1. Examples of

tyrosine protein kinases that can be inhibited, or may potentially be inhibited, by compounds
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disclosed herein include without limitation human versions of Flt subfamily members {c.g.,
FLTY, FLT2, FLT3, FLT3 (D835Y), FLT4). Ancxample of a dual specificity protein kinase
that can be inhibited, or may potentially be inhibited, by compounds disclosed heretn includes
without limitation DYRK2, 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 exaruple, various nucleotide sequences can be accessed using the
following accession numbers: NM_002648.2 and NP_002639.1 for PIM1; NM 006875.2 and
NP_006866.2 for PIM2; XM 938171.2 and XP 943264 .2 for PIM3; NM_004119.2 and

NP 004110.2 for FLT3; NM 0020203 and NP_002011.2 for FLT4; and NM_002019.3 and
NP _002010.2 for FLTL.

{0114} The mvention also m part provides methods for treating a condition related to
aberrant cell proliferation. For example, provided are methods of treating a cell proliferative
condition n a subject, which coraprises administering a compound described herein to a subject
in need thereot in an amount effective to treat the cell proliferative condition. The sabject may
be a research amimal (0.g., rodent, dog, cat, monkey}, optionally containing a tumor such as a
xenograft tumor {e.g., human tamor}, for example, or may be a human, A cell proliferative
condition sometimes 18 a tumor or non-tumor cancer, including but not limited to, cancers of the
colorectum, breast, lung, liver, pancreas, tymph node, colon, prostate, brain, head and neck,
skin, liver, kidney, blood and heart {e.g., leukemia, lymphoma, carcinoma).

[0115] Also provided are methods for treating a condition related to inflammation or paiu.
For example, provided are methods of treating pain in a subject, which comprise adnunistering a
compound described herein to a subject in need thereof in an amount effective to treat the pain,
Provided also are methods of treating inflaramation in a subject, which comprises administering
a compound described herein to a subject in need thereof in an amount effective to treat the
inflammation. The subject may be a rescarch animal (¢.g., rodent, dog, cat, monkey}, for
example, or may be a human. Conditions associated with inflammation and pain include
without imitation acid reflux, heartburn, acne, allergies and sensitivities, Alzheimer’s discase,
asthma, atherosclerosis, bronchitis, carditis, celiac disease, chronic pain, Crohn’s disease,
curhosis, colitis, dementia, dermatitis, diabetes, dry eves, edema, emphysema, eczema,
fibromyalgia, gastroenteritis, gingivitis, heart disease, hepatitis, high blood pressure, insulin
resistance, interstitial cystitis, joint pain/arthritis/theumatoid arthritis, metabolic syndrome

{syndrome X}, myositis, nephritis, obesity, osteopenia, glomerulonephritis (GN}, juvenile cystic
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kidney disease, and type I nephronophthisis (NPHP), osteoporosis, Parkinson’s disease, Guam-
Parkinson dementia, supranuciear palsy, Kuf’s disease, and Pick’s discase, as well as memory
impairment, brain ischemia, and schizophrenia, periodontal discase, polyarteritis, polychondritis,
psoriasis, scleroderma, sinusitis, Sjogren’s syndrome, spastic colon, systernic candidiasis,
tendonitis, urinary track infections, vaginitis, mflammatory cancer {(e.g., inflammatory breast
cancer) and the like. Methods for determining eftects of compounds herein on pain or
inflammation are known. For exarople, formalin-stimulated pain behaviors 1o research animals
can be monitored after administration of a compound described herein to assess treatment of
pain{e.g., Liesal, Pain 115(1-2): 182-90 (2005)). Also, modulation of pro-inflammatory
molecules (e.g., IL-8, GROG-alpha, MCP-1, TNFalpha and iNOS} can be monitored after
admimnistration of a compound described herein to assess treatment of inflaramation (e.g., Parhar
et al., Int J Colorectal Dis. 22{6): 601-9 (2006}), for example. Thus, also provided are methods
for determining whether a compound herein reduces mflamunation or pain, which comprise
contacting a systen with a compound described herein in an amount effective for modulating
{(e.g., inhibiting) the activity of a pain signal or inflammation signal. Provided also arc mcthods
for wdentifying a compound that reduces inflamruation or pain, which comprise; contacting a
system with a compound of one of the formulae described herein; and detecting a pain signal or
inflarmmation signal, whereby a compound that modulates the pain signal relative to a control
molecule is identified as a compound that reduces inflammation of pain. Non-limiting examples
of pain signals are formalin-stimulated pain behaviors and examples of inflammation signals
include without limitation a level of a pro-inflammatory melecule. The mvention thus in part
pertains to methods for modulating angiogenesis n a subject, and methods for treating a
condition associated with aberrant angiogenesis in a subject. proliferative diabetic retinopathy.

{0116] CK2 has also been shown to play a role in the pathogenesis of atherosclerosis, and
may prevent atherogenesis by maintaining laminar shear stress flow. CKZ plays arole in
vascularization, and has been shown to mediate the hypoxia-induced activation of histone
deacetylases (HDACs), K2 s also wnvolved in discases relating to skeletal muscle and bone
tissue, inciuding, e.g., cardiomyocyte hypertrophy, heart failure, impaired insulin signaling and
insulin resistance, hypophosphatersia and inadeguate bone matrix wineralization.

{6117} Thus in one aspect, the invention provides methods to treat these conditions,
comprising administering to a subject in need of such treatment an effect amount of a CK2

inhibitor, such as a compound of one of the formulae disclosed herein.
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{0118} Also provided are methods for treating an angiogenesis condition, which comprise
administering a compound described herein to a subject 1 need thereof, in an amount effective
to treat the angiogenesis condition. Aungiogenesis conditions include without limitation solid
tumor cancers, varicose disease, and the hike.

{0119 Also provided are methods for treating a condition associated with an aberrant
moune response in a subject, which comprise administering a compound described heremn to a
sabject in need thereof, 1o an amount effective 1o treat the condition. Conditions charactenzed
by an aberrant immune response inchude without limitation, organ transplant rejoction, asthma,
autoiramuue disorders, including rheumatoid arthritis, moultiple sclerosis, myasthenia gravis,
systemic lupus erythematosus, scleroderma, polymyositis, mixed connective tissue discase
(MCTD),Crohn's disease, and slcerative colitis, In cortain embodiments, an immune response
may be modulated by administering a compound herein in combination with a molecule that
modulates {¢.g., inhibits) the biological activity of an mTOR pathway member or member of a
related pathway (e.g., mTOR, PI3 kinase, AKT). In certain embodiments the molecule that
modulates the biological activity of an mTOR pathway member or member of a related pathway
is rapamycin, In certain embodiments, provided herein is a composition comprising a
compound described herein in combination with a molecule that modulates the biological
activity of an i TOR pathway member or mernber of a related pathway, such as rapamycin, for
example.

{0128] In some embodiments of the present invention, the compound is a compound of
Formula [ to V described m one of the lists of compounds provided herein, or a

pharmacecutically acceptable salt, solvate, and/or prodrug of one of these compounds,

Compositions and Routes of Administration:

{8121} In another aspect, the invention provides pharmaceutical compositions (i.e.,
formulations). The pharmaceuntical compositions can comprise a compound of any of Formulae
I-V as described herein, admixed with at least one pharmaceutically acceptable excipient or
carrier, Frequently, the composition comprises at least two pharmaceutically acceptable
excipients or carriers.

{0122] Any suitable formulation of a compound described above can be prepared for
administration. Any suitable route of administration may be used, inchuding, but not limited to,
oral, parenteral, intravenous, intramuscular, transdermal, topical and subcutancous routes.

Depending on the subject to be treated, the mode of adrimstration, and the type of treatment
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desired — e.g., prevention, prophylaxis, therapy; the compounds are formulated in ways
consonant with these parameters. Preparation of suttable formulations for each route of
administration are known in the art. A summary of such formulation methods and techniques is

found in Remington’s Pharmaceutical Sciences, latest edition, Mack Publishing Co., Easton, PA,

which s incorporated herein by reference. The formulation of each substance or of the
combination of two substances will generally include a diluent as well as, in some cases,
adjuvants, buffers, preservatives and the hike. The substances to be administered can be
administered also in liposomal compositions or as microenulsions,

{3123} For injection, formulations can be prepared in conventional forrus as liquid solutious
or suspensions or as solid forms suitable for solution or suspension in liquid prior to injection or
as emulsions. Suitable excipients include, for example, water, saline, dextrose, glyveerol and the
like. Such compositions may also contain amounts of nontoxic auxiliary substances such as
wetting or emulsifying agents, pH buffering agents and the like, such as, for example, sodium
acetate, sorbitan monolaurate, and so forth,

{0124] Various sustained release systems for drugs have also boen devised, and can be
applied to compounds of the invention. See, for example, U.S. patent No. 5,624,677, the
methods of which are incorporated herein by reference.

{B125] Systermic adrnistration may also include relatively noninvasive methods such as the
use of suppositories, transdermal patches, transmucosal delivery and intranasal administration.
Oral administration is also suitable for compounds of the wvention. Suuiable forms include
syrups, capsules, tablets, as is understood in the art.

10126} For administration to animal or human subjects, the appropriate dosage of the a
compound described above often 1s 6.01 to 15 mg/kg, and sometimes 0.1 to 10 mg/kg. Dosage
ievels are dependent on the nature of the condition, drug efficacy, the condition of the patient,
the judgment of the practitioner, and the freguency and mode of admintstration; however,

optinuzation of such parameters is within the ordinary level of skill in the art.

Therapeutic Combinations.

{81271 The invention provides methods to treat conditions such as cancer and inflammation
by administering to a subject in need of such treatment a therapeutically effective amount of a
therapeutic agent that binds to certain DNA segments and administering to the same subject a
PARP or CK2 modulator in an amount that is cffective to enhance the activity of the therapeutic

agent. A PARP or CK2 modulator is an agent that inhibits or enhances a biological activity of a
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PARP protein or a CKZ protein, and is generically referred to hereafter as a “modulator.” The
therapeutic agent and the modulator may be administered together, either as separate
pharmaceutical compositions or admixed in a single pharmaceutical composition. The
therapeutic agent and the modulator may also be admimistered separately, including at different
times and with different frequencies, as long as the modulator i1s administered at a time that
increases the potency of the therapeutic agent, The modulator may be administered by any
known route, such as orally, intravenously, intramuscularly, nasally, and the like; and the
therapeutic agent may also be admunistered by any conventional route. In many embodiments,
at least ove and optionally both of the modulator and the therapeutic agent may be admimstered
oraily.

10128] In some embodiments, the modulator and the therapeutic agent are administered at
the same time, whether in separate dosages or admixed in a single dosage. Where the frequency
of administration of the two materials can be adjusted to match, the modulator and therapeutic
agent are preferably combined into a single pharmaceutical composition, so the treated patient
may receive a single oral dosage or a single injection, {or example.

{412%9] The amount of cach of these materials to be administered will vary with the route of
administration, the condition of the subject, other treatments being administered to the subject,
and other parameters. The therapeutic agents of the invention may, of course, canse multiple
desired cffects; and the amount of modulator to be used in combination with the therapeutic
agent should be an aroount that increases one or more of these desived effects. The modulator 1s
to be administered in an amount that is effective to enhance a desired effect of the therapeutic
agent. An amount is “clfcctive to enhance a desired effect of the therapeutic agent”, as used
herein, if it increases by at least about 25% at least one of the desired effects of the therapeutic
agent alone., Preferably, it 1s an amount that increascs a desired effect of the therapeutic agent
by at least 50% or by at least 100% (i.e., it doubles the effective activity of the therapeutic
agent.) In some embodiments, it is an amount that increases a desired effect of the therapeutic
agent by at least 200%.

{0138} The amount of a modulator that increases a desired effect of a therapeutic agent may
be deterrned using in vitro vaethods, such as cell prohiferation assays. The therapeutic agents
of the invention are useful to counter hyperproliferative disorders such as cancer, thus they

reduce cell proliferation. Thus, for cxample, a suttable amount of a modulator could be the

=
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amount needed to enhance an antiproliferative effect of a therapeutic agent by at least 25% as
determined n a ccll proliferation assay.
{6131] The modulator used in the present tnvention enhances at least one desired effect
produced by the therapeutic agent it 1s used with, thus the combinations of the invention provide
5 asynergistic effect, not merely an additive effect. The modulators themselves are at times
useful for treating the same types of conditons, and thus may also have some direct effect i
such assays. o that event, the “amount effective to fncrease a desired effect” must be a
synergistic enhancement of the activity of the therapeutic agent that is atiributable to
enhancervent by the roodulator of au effect of the therapeutic agent, rather than a simaple additive
10 effect that would be expected with separate administration of the two materials. In many cases,
the modulator can be used in an amount {concentration) that would not be expected to have any
apparent effect on the treated subject or the in vitro assay, so the increased effect achieved with
the combination is directly atiributable to a synergistic effect.

{0132} Compounds of the invention may be used alone or in combination with another

[y
LA

therapeutic agent. The invention provides methods to treat conditions such as cancer,
inflammation and immune disorders by adrmnistering to a subject 1o need of such treatment a
therapeutically effective amount of a therapeutic agent useful for treating said disorder and
administering to the same subject a therapeutically effective amount of a modulator of the
present invention. The therapeutic agent and the modulator may be administered together, cither
20 as separate pharmaceutical compositions or admixed m a single pharmaceutical conmposition.
The therapeutic agent and the modulator may also be administered separately, including at
different times and with ditferent frequencies, The modulator may be administered by any
known route, such as orally, intravenously, intramuscularly, nasally, and the like; and the

therapeutic agent may also be administered by any conventional route, In many embodiments,

[\
W

at least one and optionally both of the modulator and the therapentic agent may be administered
orally.

i3133] In certain embodiments, a “modulator” as described above may be ased in
combination with a therapeutic agent that can act by binding to regions of DNA that can form
certatn quadrupiex structures. In such embodiments, the therapeutic agents have anticancer
30 activity on their own, but their activity is enhanced when they are used in combination with a
modulator. This synergistic effect allows the therapeutic agent to be administered 1o a lower

dosage while achieving equivalent or higher levels of at least one desired effect.
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{0134} For admunistration to animal or human subjects, the appropriate dosage of a

modulator, such as a compound of Formula I, H, I, IV or V as described herein, 1s typically

38

between about 0.81 to 15 mg/kg, and about .1 to 18 mg/kg. Dosage levels are dependent on the

nature of the condition, drug efficacy, the condition of the patient, the judgment of the
practitioner, and the frequency and mode of administration; however, optimization of such
parameters is within the ordinary fovel of skill 1n the art.

{0135] A modulator may be separately active for treating a cancer. For combination
therapies described above, when used in combination with a therapeutic agent, the dosage of a
modulator will frequently be two-fold to ten-fold lower than the dosage required when the
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 is readily determined
by methods known in the art,

{0136} Compounds and compositions of the invention may be used in combination with

anticancer or other agents, such as palliative agents, that are typically administered to a patient

being treated for cancer. Such "anticancer agents” include, e.¢., classic chemotherapeutic agents,

as well as molecular targeted therapentic agents, biologic therapy agents, and radiotherapeutic
agents,

{31371 When a compound or cormposition of the invention s used in combination with an
anticancer agent or another therapeutic agent, the present invention provides, for example,
simultaneous, staggered, or aliernating treatment. Thus, the compound of the invention may be
administered at the same time as an anticancer or additional therapeutic agent, in the sane

pharmaceutical composition; the compound of the mvention may be admunistered at the same

time as the other agent, in separate pharmaceutical compositions; the compound of the invention

may be administered before the other agent, or the other agent may be administered before the
compound of the invention, for example, with a time difference of seconds, minutes, hours,
days, or weeks.

{0138] Ip exaroples of a staggered treatment, a course of therapy with the compound of the
invention may be administered, followed by a course of therapy with another therapeutic agent,
or the reverse order of treatment may be used, and more than one series of treatmients with cach
component may also be used. In certain examples of the present invention, one component, for
example, the compound of the invention or the other therapeutic agent, 15 admmistered to a

mammal while the other comiponent, or its derivative products, remains in the bloodstream of
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the mammal. For example, a compound for formulac (1}-(V} may be administered while the

other agent or its dertvative products remains in the bloodstream, or the other therapeutic agent

may be administered while the compound of formulae (I)-(V) or its derivatives remains in the

bloodstream. In other examples, the second component 1s administered atter all, or most of the
5 first component, or is derivatives, have left the bloodstream of the mammal.

{0139] The compound of the invention and the additional therapeutic agent may be
administered n the same dosage forr, e.g., both administered as intravenous solations, or they
may be administered in different dosage forms, ¢.2., one compound may be administered
topically and the other orally, A person of ordinary skall in the art would be able to discern

180 which combinations of agents would be useful based on the particular characteristics of the
drugs and the cancer involved.

{0148} Additional therapeutic agents useful for therapy in combination with the compounds
of the mvention inchude the following types of agents and mhibitors:

{3141} Anticancer agents useful in combination with the compounds of the present invention

[
LA

may include agents sclected from any of the classes known to those of ordinary skill in the art,
inclading, but not himuted to, antimicrotubule agents such as diterpenoids and vinca alkalods;
platinum coordination complexes; alkylating agents such as nitrogen mustards,
oxazaphosphorimes, alkylsulfonates, nitrosoureas, and iriazencs; antibiotic agents such as
anthracyclins, actinomycins and bleomycins; topoisomerase H inhibitors such as

20 epipodophyllotoxins; antivoetabolites such as purine and pyrimidine analogues and anti-folate
compounds; topoisomerase I inhibitors such as camptothecins; hormones and hormonal
analogues; signal transduction pathway inhibitors; nonreceptor tyrosine kinase angiogenesis
inhibitors; immunotherapeutic agents; pro~-apoptotic agents; and cell cycle signaling inhibitors;

other agents.

[\
W

{0142} Anti-microtubule or anti-mitotic agents are phase specific agents that are typically
active against the microtubules of tumor cells during M or the mitosis phase of the cell cycle.
Examples of anti-tmcrotubule agents include, but are not lunited to, diterpenoids and vinca
alkaloids.

{0143} Diuterpenoids, which are derived from nataral sources, are phase specific anti -cancer
30 agents that are believed to operate at the G2/M phases of the cell cycle. 1t is believed that the

diterpenoids stabilize the p-tubulin subunit of the microtubules, by binding with this protemn.
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Disassembly of the protein appears then to be inhibited with mitosis being arrested and cell
death following,

{6144] Examples of diterpenoids include, but are not limited to, taxanes such as paclitaxel,
docetaxel, larotaxel, ortataxel, and tesetaxel. Paclitaxel is a natural diterpene product 1solated
from the Pacific vew tree Taxus brevifolia and is commercially available as an injectable
solution TAXOL®, Docetaxel 1s a semisynthetic derivative of paclitaxel ¢. v., prepared using a
natural precursor, 1-deacetyl-baccatin I, extracted from the needle of the Huropean Yew tree.
Docetaxel is commercially available as an injectable solution as TAXOTERE®.

10145] Vinca alkaloids are phase specific anti-neoplastic agents devived from the periwinkle
plant. Vinca alkaloids that are belicved to act at the M phase {mitosis) of the cell cycle by
binding specifically to twbulin. Consequently, the bound tubulin molecule 1 unable to
polymerize into microtubules. Mitosis is believed to be arrested in metaphase with cell death
following. Examples of vinca alkaloids include, but are not limited to, vinblastine, vineristine,
vindesine, and vinorelbine. Vinblastine, vincaleukoblastine sulfate, is commercially available as
VELBAN® as an mjectable solution, Vincristine, vincaleukoblastine 22-oxo-sulfate, 18
commercially available as ONCOVIN® as an injectable solution. Vinorelbiue, 1s commercially
available as an injectable solution of vinorelbine tartrate (NAVELBINE®), and is a
senisyuthetic vinca alkaloid derivative.

{0146} Platinum coordination complexes are non-phase specific anti-cancer agents, which
are juteractive with BNA. The platinum complexes are believed to enter turnor cells, undergo,
aquation and form intra- and interstrand crosslinks with DNA causing adverse biological effects
to the tumor. Platinum-based coordination complexes include, but are not limited to cisplatin,
carboplatin, nedaplatin, oxaliplatin, satraplatin, and {SP-4-3)-(cis)-amminedichloro-{2-
methylpyridine] platinum(Ily. Cisplatin, cis-diamnunedichloroplatinum, 18 commercially
available as PLATINOL® as an injectable solution. Carboplatin, platinum, diammine {1, 1-
cyclobutane-dicarboxylate(2-)-0,0'], is commercially available as PARAPLATIN® as an
injectable solution.

10147} Alkylating agents are generally non-phase specific agents and typically are strong
slectrophiles. Typically, alkylating agents formo covalent hinkages, by alkylation, to DNA
through nucleophilic moieties of the DNA mwolecule such as phosphate, amino, sulthydryl,
hydroxyl, carboxyl, and imidazole groups. Such alkylation disrupts nucleie acid function leading

to cell death. Examples of alkylating agents include, but are not limited to, alky! sulfonates such

51



Z Z- zi W/ zcr.)zcr.) 354.81 355 378,84 379 WO

2011/ 025859PCT/ US2010/ 046760 Process 12 101871 Met hyl _

4- oxo- 4, Swoizbydnesgshi eno[ 3, 2- c] qui noti ne. 6. car boxyl at e ( PCO/USQ010/046786 g,
5.17 5mmi) was stirred at 80C in m xture of Ethanol (15 m) and 6N NaCH (3
m) for 5 hours. Water and HCl1 were added and the resulting precipitate was
filtered and dried to give 4-o0xo-4,5-

dlhydrothleno[S 2-ciquinoline-6-carboxylic acid as a solid (1,17 g, 929%.
LOVG ( BSPusssosiguicecinting sndgehyondarpioe taavaors o ps olteipmins apd gictapay7

Nuor (RS eR Atk Sl e S ey el o o)

and ED@}&CM(@J&Q@M& 813 halal, Dl uriraming; mitmaﬁalilgédrsO&lSaN‘d&a(aékﬁ;eMo)nu@.ﬂmﬁb the

m xture was stirred at 80C for 5 hours. Water was added and the solid
filter HCRNG IR HaEanss ok gpdecotetraznes such as dacarbazine, procarbazine, temozolamide,

4- 0x0- 43:;13 tgh&é%r%l@' ?ngibgh@qpﬁlrﬂernQ '{351@622 c@ﬁf@&!&%} %?Hn%ﬁtet&a /drd. ﬁi 1%72’/‘) as a

tan soli % pur e, hi's material (1.0 eq.
1,13 g, O‘A&c@ﬂlﬁm‘iﬂh)lb \Rasukusmmﬁdédﬁﬂ s mnmaﬂya@aﬁﬁb)c @nck isietibledobtioBOC f or

4,5 hour apor at ed .and th was .di ssol ved in
acoti o 40 o 50 TAF AN v eEh e AL e DA i e TG 4G heavy
preci pidoath@Bially B&aﬁdmcc% afl tﬂ@@@@&ab QMBS ostabllad Atk BRENICHo MRS, Aat er
was added, the solid was filtered, ,vashed with water and dried to give

6- (4H 103 udripezdiyl3mingdtaienepgamicigdi 1n©®TFiﬁk’ﬂ(i<§l*D<lV@ﬁé*> aasbENEHRAND g,

899 Process 13
o- (i 18R STy R e et e ot dig it mng. 110 4,
4.10 mmak) presNSUSIBNEES. ¢anlkindc Stion t-Lhlotofih0)- Mhrosdiiictib ybamengal(yl. 05
eq. 600 ut, 4.30 mmol) . ) i
avallable as single viais of lyophilized material as BICNU®. |, 5-(3,3-dimethyl-1-triazeno)-
inudazole-4-carboxamide, 18 commercially available as single vials of material as DTIC-

Diome®.

[y
LA

{0148] Anti-tumnor antibiotics are non-phase spectfic agents which are believed to bind or
intercalate with DNA, This may result in stable DNA complexes or strand breakage, which
disrupts ordinary function of the nucleic acids, leading to cell death. Examples of anti-tumor
antibiotic agenis include, but are not limited to, anthracychines such as dauporubicin (ncluding
liposomal daunorubicin), doxorubicin (including liposomal doxorubicin), epirubicin, idarubicin,
20 and valrubiciu; streptomyces-related agents such as bleoraycin, actinomycin, mithramycin,
mitomycin, porfiromycin; and mitoxantrone. Dactinomycin, also know as Actinomycin D, is
conunercially available in mjectable form as COSMEGEN®. Dauncrubicin, (85-cis-}-8-acetyl-1
-{{3-amino-2,3,6-trideoxy-a-L-lyxohexopyranosyljoxy]-7,8,9,1 O-tetrahydro-6,8, 11-

trihydroxy-1-methoxy-5, 12-naphthacencdione hydrochloride, 1s commercially available as a

[\
W

liposomal injectable form as DAUNOXOME® or as an injectable as CERUBIDINE®:.
Doxorubicin, (88, 1053-10-{(3-amino-2,3,6-trideoxy-a-L-lyxohexopyranosyhjoxyi-8-glycoloyl,
7,8,9.1 O-tetrahydro-6,8, | i-trihydroxy-1-methoxy-5,12-naphthacenedione hydrochloride, is
commercially available 1o an injectable forro as RUBEX® or ABRIAMYCIN RDF®,
Bleomycin, a mixture of cytotoxic glycopeptide antibiotics isolated from a strain of

30 Swreptomycees verticil/us, is comruercially available as BLENOXANE®.,

10149} Topoisomerase I inhibitors include, but are not limited to, epipodophyliotoxins,

which arc phase specific anti-neoplastic agents derived from the mandrake plant.
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180 typically act at S phase (DNA synthesis) of the cell cycle by inhibiting DNA synthesis or by
inhibiting purine or pyriniidine base syuthesis and thereby limiting DNA synthesis.
Consequently, S phase does not proceed and cell death follows. Anti-metabolites, include purine
analogs, such as fludarabine, cladribine, chlorodeoxyadenosine, clofarabine, mercaptopurine,
pentostatin, erythrohydroxynonyladenine, fludarabine phosphate and thioguanine; pyrimidine
15 analogs such as fluorouracil, gemeitabine, capecitabine, cylarabine, azacitidine, edatrexate,
floxuridine, and troxacitabine; antifolates, such as methotrexate, pemetrexed, raltitrexed, and
trimetrexate. Cytarabine, 4-amino-1-p-D-arabinofuranosyl-2 (1 H)-pyrimidinone, is
commercially available as CYTOSAR-U® and 13 commonly known as Ara-C. Mercaptopurine,
1,7-dihydro-6H-purine-6-thione monchydrate, 1s commercially available as PURINETHOL®.
20 Thioguanine, 2-amino-1, 7-dihydro-6H-purine-6-thioue, 1 commercially available as
TABLOID®. Gemcitabine, 2'-deoxy-2', 2'-difluorocytidine monchydrochloride (p-isomer}), is
commercially available as GEMZAR®,
{0151} Topoisomerase I mhibitors including, camptothecin and camptothecin derivatives.
Examples of topoisomerase I inhibitors mclade, but are not hnuted to canmptothecin, topotecan,
25 irinotecan, rubitecan, belotecan and the various optical forms (i.e., (R}, (8} or (R,5)) of 7-(4-
methylpiperazino-methylene)-10, 11-ethylenedioxy-camptothecin, as described in U.S. Patent
Nos. 6,063,923; 5,342,947, 5,559,235, 5,491,237 and pending U.8. patent Application No.
08/977,217 filed November 24, 1997, Irinotecan HCI, {(485)-4, 11-diethyl-4-hydroxy-9-{(4-
piperidinopiperidinoy-carbonyloxyl-1 H-pyrano{3,4,6. 7 iindolizinof 1 ,2-blquinocline-3, 14(4H,
36 12ZH)-dione hydrochloride, is commercially available as the injectable solution CAMPTOSAR®.
Irinotecan 1s a denivative of camptothecin which binds, along with its active ructabolite 8N-38,

to the topoisomerase [ - DNA complex. Topotecan HCY, (8)3-10-[{dimethylamino)}methyi}-4-
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ethyl-4,9-dihydroxy-1H-pyrano{3'.4,6,7 indolizino{1 ,2-bjquinoline-3, 14-(4H, 12H)-dione
monochydrochloride, 1s cornmercially available as the injectable solution HYCAMTIN®.

{0182} Hormones and hormonal analogues are useful compounds for treating cancers in
which there 1s a relationship between the hormone(s) and growth and/or lack of growth of the
cancer. Examples of hormones and hormonal analogues useful in cancer treatment inclade, but
are not limited to, androgens such as fluoxymesterone and testolactone; antiandrogens such as
bicalutamide, cyproterone, flutamide, and nilutamide; aromatase inhibitors such as
aminoglutethimide, anastrozole, exemestane, formestane, vorazole, and letrozole; corticosteroids
such as dexamethasone, prednisone and prednisolone; estrogens such as dicthylistitbestrol;
antiestrogens such as fulvestrant, raloxifene, tamoxifen, toremifine, droloxifene, and
iodoxyiene, as well as selective estrogen receptor modulators (SERMS) such those described in
1.8, Patent Nos. 5,681,835, 5,877,219, and 6,207,716; Sa-reductases such as finasteride and
dutasteride; gonadotropin-releasing hormone {GnRH} and analogues thercof which stimulate the
release of leutinizing hormone (LH) and/or follicle stimulating hormone (FSH), for example
LHRH agonists and antagounists such as buserelin, goserehin, leuprolide, and triptorelin;
progestins such as medroxyprogesterone acetate and rucgestrol acctate; and thyroid hormones
such as levothyroxine and lothyronine.

{0153} Signal transduction pathway mhibitors are those inhibitors, which block or inhibita
chemical process which evokes an ntracellular change, such as cell proliferation or
differentiation. Signal tranduction inhibitors useful in the present tnvention include, e.2.,
inhibitors of receptor tyrosine kinases, non-receptor tyrosine kinases, SH2/SH3 domain
blockers, scrine/threoning kinases, phosphotidy! mositol-3 kinases, myo-inositol signaling, and
Ras oncogenes.

{4154} Several protein tyrosine kinases catalyse the phosphorylation of specific tyrosyl
residucs in various profeins involved in the regulation of cell growth. Such proten tyrosine
kinases can be broadly classified as receptor or non-receptor kinases, Receptor tyrosine kinases
are transmembrane proteins having an extracelluiar ligand binding domain, a transmembrane
domain, and a tyrosine kinase domain, Receplor tyrosine kinases are involved in the reguiation
of cell growth and are sometimes termed growth factor receptors.

{B185] Inappropriate or yncountrolled activation of many of these kinases, for example by

over-expression or nmatation, has been shown to result in uncontrolled cell growth. Accordingly,
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the aberrant activity of such kinases has been linked to malignant tissue growth. Consequently,
inhibitors of such kinases could provide cancer treatment methods.

{#186] Growth factor receptors include, for example, epidermal growth factor receptor
(EGFT), platelet derived growth factor receptor (PDGFr), erbB2, erbB4, vascular endothelial
growth factor receptor (VEGFY), tyrosing kinase with imnumoglobulin-like and epidermal
growth factor homology domains (TIE-2), msulin growth factor - (IGFI) receptor, macrophage
colony stimulating factor (cfims), BTK, ckit, cmet, fibroblast growth factor (FGF) receptors, Trk
receptors {TrkA, TrkB, and TrkC), ephrin {eph} receptors, and the RET protooncogene.

{3187} Several inhibiiors of growth receptors are under development and mclude higand
antagonists, antibodics, tyrosine kinase inhibitors and anti-sense oligonucleotides. Growth factor
receptors and agents that inhibit growth factor receptor function are described, for instance, in
Kath, fohn C., Exp. Opin. Ther. Patents (2000} 10(63:803-818; Shawver et al., Drug Discov.
Today (1997}, 2(2):50-63; and Lofts, F. J. et al., "Growth factor receptors as targets”, New
Molecular Targets for Cancer Chemotherapy, ed. Workman, Paul and Kerr, David, CRC press
1994, London. Specttic examples of receptor tyrosine Kinase nhibitors include, but are not
iimited to, sunitinb, erlotinib, gefitinib, and imatinib,

{0158} Tyrosine kinases which are not growth factor receptor kinases are termed non-
receptor tyrosine Kinases. Non-receptor tyrosine kinases useful 1o the present invention, which
are targets or potential targets of anti-cancer drugs, include ¢Sre, Lck, Fyn, Yes, Jak, cAbl FAK
{Focal adhesion kinase), Brutons tyrosime kinase, and Ber-Abl, Such non-receptor kinases and
agents which inhibit non-receptor tyrosine kinase function are described in Sinh, S. and Corey,
S.J., J. Hematotherapy & Stem Cell Res. {1999) 8(5): 465 - 80; and Bolen, 1.B., Brugge, 1.5,
Anrnual Review of Immunology. (19973 15: 371-404.

{0159] SHZ2/SH3 domain blockers are agents that disrupt SH2 or SH3 domain binding in a
variety of enzymes or adaptor proteins including, PI3-K p&5 subunit, Src family kinases, adaptor
molecules (She, Crk, Nck, Grb2) and Ras-GAP. SH2/SH3 domains as targets for anti-cancer
drugs are discussed in Smithgall, T.E., /. Pharmacol. Toxicol. Methods. (1995}, 34(3): 125-32.
{nhibitors of Serine/Threonine Kinases inchuding MAP kinase cascade blockers which include
blockers of Raf kinases (rafk), Mitogen or Extracellular Regulated Kinase (MEKS), and
Extraccliular Regulated Kinases (ERKs); and Protein kinase C fanuly member blockers
including blockers of PKCs {alpha, beta, gamma, epsilon, mu, lambda, 1ota, zeta). 1kB kinase

family (IKKa, IKKDb), PKB family kinases, AKT kinase family members, and TGF beta receptor
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kinases. Such Serine/Threonine kinases and inhibitors thereof are described in Yamamoto, T.,
Taya, S., Katbuchi, K., J. Biochemistry, (1999} 126 (5. 799-803; Brodt, P, Samant, A, &
Navab, R, Biochem. Pharmacol. (2000} 60:1101-1107; Massague, ., Weis-Garcia, V., Cancer
Surv. {1996} 27:41-64; Philip, P.A, and Harns, AL, Cancer Treat. Res. (19953 78: 3-27; Lackey,
5 K etal Bivorg Med Chem. Letters, (2000) 10(3): 223-226; U.K. Patent No. 6,268,391; and

Martinez-Lacaci, 1., et al,, fnz. J. Cancer (2000), 88(1); 44-52. Inhibitors of Phosphotidyl
fnositol-3 Kinase family mewbers including blockers of PI3-kinase, ATM, DNA-PK, and Ku are
also usetul in the present invention, Such kinases are discussed in Abraham, RT. Current Opin.
fmmunol. (1996}, 8(3): 412-8; Canman, C.E., Lim, D.5,, Oncogene (1998} 17(25): 3301-8;

10 lJackson, S.P., Int. J. Biochem. Cell Biol (1997} 29(71.935-8; and Zhong, H. et al., Cancer Res.
(2000} 60(62:1541-5. Also uscful in the present invention are Myo-inositol signaling inhibitors
such as phospholipase C blockers and Myoinositol analogues. Such signal inhibitors are

described i Powis, G., and Kozikowski A, (1994) NEw MOLECULAR TARGETS FOR CANCER

[
LA

{0168] Another group of signal transduction pathway nhibitors are inhibitors of Rag
Oncogene. Such inhibitors 1nclude 1nhibuors of farnesyltransferase, geranyi-geranyl transferase,
and CAAX proteases as well as anti-sense oligonucleotides, ribozymes and immunotherapy.
Such inhibitors have been shown to block ras activation in cells containing wild type mutant ras,
thereby acting as antiproliferation agents. Ras oncogene inhibition is discussed in Scharovsky,
20 0.G., Rozados, V.R, Gervasoni, 81, Matar, P., J. Biomed. Sci. (2000} 7(4): 292-8; Ashby, M.N,,
Curr. Opin. Lipidol (1998) 9(2). 99 -102; and Olift, A., Biochim. Biophys. Acta, (1999}
1423(33:C19-30.

{8161} As mentioned above, antibody antagonists to receptor kinase ligand binding may also

serve as signal transduction inhibitors. This group of signal transduction pathway inhibitors

25 includes the use of humanized antibodies to the extracellular ligand binding domain of receptor
tyrosine kinases. For example Imclone C225 EGFR specific antibody (see Green, M.C. et al,,
Cancer Treat. Rev., (2000) 26(4): 269-286); Herceptin® erbB2 antibody (see Stern, DF, Breast
Cancer Res. (2000) 2(31:176-183}; and 2CB VEGFR2 specific antibody {see Brekken, R.A. et
al., Cancer Res. (20003 60(181:5117-24).

30 {0162} Non-receptor kinasc angiogenesis inhibitors may also find use in the present

invention. Inhibitors of angiogenesis related VEGFR and TIEZ are discussed above in regard to

stgnal transduction inhibitors (both receptors are receptor tyrosine kKinases). Angiogenesis in
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general 18 linked to erbB2/EGFR signaling since inhibitors of erbB2 and EGFR have been
shown to inhibit angiogenesis, primarily VEGF expression. Thus, the combination of an
erbB2/EGFR inhibitor with an inhibitor of angiogenesis makes sense. Accordingly, non-receptor
tyrosine kinase inhibitors may be used in combination with the EGFR/erbB2 inhibitors of the
present invention. For example, anti-VEGF antibodies, which do not recognize VEGFR (the
receptor tyrosine kinase}, but bind to the ligand; stuall molecule inhibitors of infegrin (alphav
beta3) that will inhibit angiogenesis; endostatin and angiostatin (non-RTK) may also prove
useful in combination with the disclosed erb family inhibitors. (See Bruns, CJ et al,, Cancer Res.
(20003, 60(11): 2926-2835; Schretber AB, Winkler ME, & Derynck R, Science (1986}
232(4755):1250-53; Yen L. ot al., Oncogene (2000} 19(31): 3460-9).

10163] Agents used in immunotherapeutic regimens may also be useful in corabination with
the compounds of formula (I)-(V). There are a number of timmunologic strategies to generate an
inmune response against erbB2 or EGFR, These strategics are generally in the realm of tumor
vaccinations. The efficacy of immunologic approaches may be greatly enhanced through
combined inhibition of erbB2/EGFR signaling pathways using a small molecule mhibitor,
Discussion of the immunologic/turnor vaccine approach against erbB2/EGFR are tound n Reilly
RY, et al, Cancer Res. (2000) 60(13):3569-76; and Chen Y, et al,, Canicer Res. (1998}
58(9):1965-71,

{0164} Agents used in pro-apoptotic regimens (©.g., bel-2 antisense oligonucicotides) may
also be used 1 the combination of the present invention. Members of the Bel-2 family of
proteins block apoptosis. Upregulation of bel-2 has therefore been linked to chemoresistance.
Studies have shown that the cpidermal growth factor (EGF) stimulates anti-apoptotic members
of the bel-2 family. Therefore, strategies designed to downregulate the expression of bel-2 in
turnors have demonstrated clintcal benefit and are now in Phase I/ trials, namely Genta's
(33139 bel-2 antisense oligonucleotide. Such pro-apoptotic strategies using the antisense
oligonucleotide strategy for bel-2 are discussed in Waters IS, etal,, J. Clin. Oncel. (2000) 18(9):
1812-23; and Kutada S, et al. Antisense Res. Dev. (1994 402y 71-9.

i8165] Cell cycle signaling inhibitors mhibit molecules involved in the control of the cell
cycle. A family of protein kinases called cychin dependent kanases (CDKs) and their interaction
with a family of proteins termed cyclins controls progression through the eukaryotic cell cycle.
The coordinate activation and inactivation of different cyelin/CDK coraplexes is necessary for

normal progression through the cell cycle, Several inhibitors of cell cycle signaling are under
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development. For instance, examples of cyclin dependent kinases, including CDK2, CDK4, and
CDK6 and inhibitors for the same are described in, for instance, RosaniaGR & Chang Y-T.,
Exp. Opin. Ther. Patents (2000) 10(23:215-30.

10166] Other molecular targeted agents include FKBP binding agents, such as the
immunosuppressive macrolide antibiotic, rapamycin; gene therapy agents, antiseuse therapy
agents, and gene expression modulators such as the retinoids and rexinoids, ¢.g. adapalene,
bexarotene, trans-retinoic acid, 9-cisretinoic acid, and N~(4 hydroxyphenyliretinamide;
phenotype-directed therapy agents, including: monoclonal antibodies such as alemtuzumab,
bevacizumab, cetuximab, thritumomab tiuxetan, rituximab, and trastuzomab; IMMUNOLOXING
such as gemtuzumab ozogamicin, radioinurunoconjugates such as 13 1-tositumomab; and cancer
vacemes,

{04167} Miscellaneous agents include altretamine, arsenic trioxide, gallium unitrate,
hydroxyurea, levamisole, mitotane, octreotide, procarbazine, suramin, thalidomide,
photodynanic compounds such as methoxsalen and sodium porfimer, and proteasome inhibitors
such as bortezomib,

{0168] Biologic therapy agents include: interferons such as 1oterferon-uZa and wnterferon-
u2b, and interleukins such as aldesleukin, denileukin diftitox, and oprelvekin,

i0169] In addition to these anticancer agents intended to act against cancer cells,
combination therapies including the use of protective or adjunctive agents, inchuding:
cytoprotective agents such as armifostine, dexrazouxane, and mesna, phosphouates such as
parmtidronate and zoledronic acid, and stimulating factors such as epoctin, darbeopetin,
filgrastim, PEG-filgrastim, and sargramostim, are also envisioned,

{B17¢] Thus in one aspect, the invention provides a method to treat a condition described
hercin using a compound of the invention n cornbination therapy with any of the foregoing
additional therapeutic agents and inhibitors and the like. The method comprises administering a
compound of Formula §, I, ITL, IV or V to a subject in need thereof, and an additional agent
selected from the ageuts and inhibitors disclosed above, wherein the combined amounts of the
compound of Formula L, I, I, IV or V and of the additional therapeutic agent are effective to
treat the cell proliferative coudition. The invention further provides pharmaceutical
compositions comprising at least one compound of the invention, t.¢., 2 compound of Formula §,

IL O, IV or V as described herein, admixed with at least one additional therapeutic agent
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selected from the foregoing agents and inhibitors. Optionally, these pharmaceutical
compositions further comprise at least one pharmaccutically acceptable excipient.
Lxamples:

10171} Compounds of the invention can be prepared using available methods and reagents,
based on the ordinary level of skill in the art and methods in the schemes and examples provided
below.

{0172] The following examples are offered to tlustrate but not to livait the fnvention,

Exaraple
Synthetic Processes

Process |

{0173] Z-amino-3-bromobenzoic acid (1.00 g} was mixed with methano! (18 ml} and
concentrated sulturic acid {1md). The mixture was stirred at reflux for 31 hours. The solvent
were evaporated, and saturated aquecus sodium bicarbonate was carefully added. The solid was
exiracted with CH,Cl, (3x). The combined extracts were dried over Na 80O, and the solvents
removed in vacuo to afford methyl 2-arsino-3-bromobenzoate as a semi-crystalline solid (976

mg, 91% vield). LCMS (ES): >85% pure, m/z 230 [M+1].

i0174] Alternatively, methyl Z-amino-3-broroobenzoate was prepared in two steps from 7-

bromoindoline-2,3-dione using a procedure described in patent US 6,399,603 page 36.

Process 2
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{0175} Methyl 2-amino-3-bromobenzoate (1.0 eq, 10.0 g, 43.46 mmol}, dipinacoi-diboron
(1.4 eq, 1542 g, 60.85 mmol) and potassium acetate (3.0 eg, 12.79 g, 130.4 ramol} were mixed
S5 inanhydrous toluene (220 ml). The reaction was degassed by bubbling nitrogen for 10 min

through the solution. The catalyst PAChL{dpp{. CHLCL (0.05 eq, 1.77 g, 2.17 munol) was added.
The reaction was stirred under nitrogen atmosphere in an oil bath at 100°C for about 5 hours.
The reaction was monitored by LOCMS and TLC. On TLC (810,, 20%AcOE!L 1n hexanes) two
spots appeared. The lower spot (Rf = 0.30) was a side product of unknown nature. The expected

10 material constituted the higher spot (Rf = 0.5). The reaction was cooled down, diluted with
EtQAc (300 ml) and filtered over a pad of celite. The pad was {urther washed with EtOAc (200
ml}). The mixture was diluted with water (800 mi) and saturated NaHCO; (400 mi). The organic
and agueous phases were separated. The aqueous phase was washed with EtOAe (2x500

mi}). The combined organics were washed with brine (1L}, The organic phase was dried over

15 NapSO., filtered and the concentrated in vacuo, The resulting dark brown/black oil was punified
by flash chromatography on silica gel using a gradient of Et{3Ac (1.5 t0 2.5%) in hexanes. The
resulting colorless otl solidified under vacuum to afford methyl 2-amino-3-(4,4,5,5-tetramethyi-
1,3,2-dioxaborolan-2-yi}benzoate as a yellowish semi-crystaliine solid (5.44g, 45% vield).
LOMS (ES): >95% pure, m/z 278 {M+1]", 246 [M+1-MeOH]". M.p. = 49-51°C.

20

Process 3
i 0
(fLOH ___________________ N {/TLO’EHB
ST gy ST gy

{6176} 2-bromo-3-thiophene carboxylic acid (1.0 eq, 12.56 g, 60.66 mmol) was suspended
in CH2Cl (200 mi). Oxalyl chloride (1.1 eg, 5.9 mil, 67.16 mumol} and 3 drops of DMF were
25  added, inducing formation of gas. The mixture was stirred overnight at room temperature and

the volatiles were removed in vacuo. The resulting solid was suspended in dry methanol (150
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ml} and the mixture heated to cbullition. Evaporation of the solvents afforded methyl 2-
bromothiophene-3-carboxylate (13.16 g, 98% yicld) as a crude brown oil. LCMS (ES): 99%
pure, nv/z not detected; HNMR (CI (s, 400 MHzy 0 3.88 (s, 3H}, 7.23 (d, /= 5.6, 1H}, 7.56
{d, J=35.6, 1H) ppm.

Process 4

O O
S/ﬁ)\@a--a e ()"’CHS
N =
Br [5]3

18177} Methy! 4-bromothiophene-3-carboxylate was prepared using a procedure similar to
the one described in Process 3. Methyt 4-bromothiophene-3-carboxylate was isolated after
purification by flash chromatography (510., CH:CL:) as a white solid {63% yieldy. LCMS (ES)
m/z 220 [M]". 222 [M+2]". M.p. = 46-47°C.

Process 5

O /
KMEE T -~
at 79k PP 4
<\l * o B S S
S Br i P )

{8178} Methy! 2-bromothiophene-3-carboxylate (1.1 eq, 459 mg, 2.08 mmol) and methyl 2-
amino-3-(4,4.5,S-tetramethyi-1,3 2-dioxaborolan-2-ylibenzoate (1.0 eq, 502 mg, 1.81 mmol)
were puxed with CeCO: (3.0 eq, 1.77g, 5.43 mmol} and PACL{dppH).CH,Cl; {0.05 eg, 66 mg,
0.090 mrool) in a muixture of dioxane (5 ml) and water (250 ul). The mixture was degassed by
bubbling nitrogen for 3-10 min. The reaction was stirred in an oil bath at 100°C for 3 hours.
After cooling down, water was added and the resulting solid was filtered. Triturating the solid in
raethanol and filtration atforded methyl] 4~oxo-4,5-dibydrothicuo|3,2-clguinoline-6-carboxylate

as a groy solid {132 mg, 28% vield). LCMS (ES): >95% pure, m/z 260 [M+17"

Process 6
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{8179} The following lactams were prepared using a procedure similar to the process 5 by

reacting methyl 2-amino-3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yibenzoate and

appropriate 2-bromo esters.

Structure MW LOMS

miz

M+
260 261
259 260
259 260
273 274
O 261 262

oA
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Process 7

5 {0180} 4-oxo0-4,5-dihydrothieno{3,2-cjquincline-6-carboxylate (1.0 eq, 132 mg, .51 mmol)
was reacted with POCH (4.0 eq, 186 ul, 2.03 mmol) and NEG (105 eqg, 75 ul, 0.54 mmol) in dry
acetonitrile (0.7 mi) at 100°C for 2.5 hours. The reaction was cooled down 1o room temperature
under nitrogen atmosphere. A separate flask was charged with dry ructhanol (5 mi), NEt; (1 ml)
and acetonitrile (5 mi). The mixture was cooled down with a water-ice bath. The reaction

10 nuxture was transfered dropwise mto the latier solution while maintaining the nternal
temperature below 10°C. The water-ice bath was removed and the mixture allowed to warm to
room temperature. The volatiles were removed in vacuo and water was added. The resulting
solid was filiered and dried to provide methyl 4-chlorothieno[3,2-cjquinoline-6-carboxylate (117

mg, $3% vield) as a grey solid. LCMS (ES): >95% pure, m/z 278 [M+17.

15
Process 8
{0181] The following compounds were prepared using simtlar chemistries and the
appropriate lactams described in process 6:
20
Structure MW LCMS
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Structure MW LCMS
m/z
M1+

27793 1278

Cl 29175 1292

Process 9

|
cl H;?j/\“‘v"

N .
A MN O
S / l ')
\“‘\\v

{0182} Methyl 4-chlorothienof3,2-clquinoline-6-carboxylate (1.0 eq, 114 mg, 0.410 mmol)
and 2-chloroanitine (2.4 eg, 106 ul, 1.01 mmol} were mixed wn anhydrous NMP (0.8 mi). The
mixture was heated in a microwave oven at 140°C for 10 min. LCMS monitoring indicated the
presence in the reaction mediom of a 111 muxture of expected ester (M+1 = 369} and acid {(M+1

- 370) as well as 15% starting material. An additional volume of 2-chlorganiline (50 ul} was
added and the mixiure heated under microwave for 10 min. LOMS monttoring indicated the
presence tn the reaction medium of a 1:9 mixture of expected ester (M+1 = 369} and acid (M+1
= 355}.

{6183} Aqueous 6N NaOH (0.2 ml) was added and the mixture was stirred at 60°C for 45
min. Water and HCH were added to reach pH = 3. The resulting precipitate was filtered and

dried. Trituration 1u methanol and filtration provided 4-(2-chlorophenylaminojthieno{3,2-

64
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clquinoline-6-carboxylic acid as grey solid (95 mg, 65% vield). LCMS (ES): >90% pure, nvz

355 [M+1T

Process 18

10184] 4-(2-chlorophenylaminojthieno[3,2-cjquinohine-6-carboxylic acid (1.0 eq, 39 mg,
.11 mmol}, ammonium chloride (4.0 eq, 24 mg, ¢.449 mmol}, HOBLH,O (2.8 eq, 30 mg, 6.222
10 mmol), DIEA (4.0 eq, 77 ul, 0.442 mmol) and EDCI (2.0 eq, 42 mg, 0.219 mmol} were reacted
in NMP (0.5 mi) at 70°C for 1 hour. Water was added and the resuliing solid was filtered and
dried. After trituration in a mixture of AcOEvhexanes, the resuling solid was filtered and dried
to afford 4-(2-chlorophenylammolthieno|3,2-clgquinoline-6-carboxamide as grey solid (25 mg,
64% vield). LCMS (ES): »>95% pure, n/z 354 [M+1T
15

Process 11

29 {3185} 4-(2-chiorophenylaminoithieno|3,2-clquinoline-6-carboxamide (17 mg) was heated
in N N-Dimethylformamide Dimethylacetal (1 mi) at 80°C for one hour. The volatiles were
removed in vacuo. Acetic acid (0.5 mi} and hydrazine hydrate (0.1 ml) were added and the
resulting mixture was stirred at 80°C for 2.5 hours. Water was added and the resulting solid was
filtered. Purification by preparative TLC (510;, 3% MeOH in CHoChL) provided N-{2-

25  chlorophenyl)-6-(4H-1,2 4-triazol-3-ylthieno| 3,2-c]quinolin-4-amine as an off-white fluffy

solid {10 mg). LOMS {(ES): >95% pure, w/z 378 [M+1]

ot
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{3186] The following compounds were prepared using chermstries sumilar to processes 8, 9,

10 and 11

Siruciure MW LTMS
m'z
IV
354,81 358

a2
¥
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367.85 368
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Process 12

{¢187] Methyl 4-0x0-4,5-dihydrothieno{3,2-clquincline-6-carboxylate (1.0 eq, 1.34 ¢, 5.17

5 mmol) was stirred at 86°C in mixture of Ethanol (15 mi} and 6N NaOH (3 mi) for 5 hours.
Water and HC were added and the resulting precipitate was filtered and dried to give 4-0x0-4,5-
dihydrothienof3,2-c]guinoline-6-carboxylic acid as a sohid (1.17 g, 92%). LCMS (ES): »>95%
pure, m/z 246 [M+11". The solid (1.0 eq, 1.17 g, 4.77 mmol} was mixed in a flask with
HOBLHO (2.0 eq, 1.28 g, 9.47 mmol), NHLCEH(8.0 eq, 2.05 g, 38.25 mmol), DIEA (4.0 eg, 3.32

10 mi, 19.05 mumol) and EDCE (2.0 eg, 1.83 g, 8.54 mumol} tn avhydrous NMP (15 mi} and the
mixture was stirred at 80°C for 5 hours. Water was added and the solid filtered and dried to
atford 4-ox0-4,5-dihvdrothieno3,2-¢clquinoline-6-carboxanmde (1.13 g, 97%} as a tan solid.
LOMS (ES): >95% pure, m/z 245 [M+1 1. This material (1.0 eq, 1.13 ¢, 4.61 mmol} was
suspended in DMF-DMA (20 mi) and stirred at 80°C for 4.5 hours, The volatiles were

15 evaporated and the residue was dissolved in acetic acid (20 ml). Hydrazine hydrate (2 mi) was
added inducing heavy precipitation. The thick suspension was stirred at 80°C for 2 hours, Water
was added, the solid was filtered, washed with water and dried to give 6~(4H-1,2 4-triazol-3-
yiithienof3,2-clquinolin-4{SH}-one a solid (1.10 g, 89%). LCMS (ES): >95% pure, m/z 269
iM+1T

20

Process 13

{G188] 6-(4H-1.2,4-triazol-3-yhithieno]3,2-cjguinohin-4(SH}-one (1.0 eq, 1.10 g, 4.10
mmol} was suspended in dry acetonitrile (10 ml). Tricthylamine (1.05 eg, 600 ul, 4.30 mmol)
25 and phosphoras oxychloride (4.0 eqg, 1.50 wi, 16.38 mruol} were added and the mixture was
stirred in at 100°C oil bath for 4 hours. The cooled reaction mixture was added dropwise into a

mixture of triethylamine (15 ml), Methanol (18 ml} and acetomirile (20 mi), The addition rate
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was controlled so that internal temperature of the quenching solution remained below 5°C. At
the end of the quenching, the volatiles were evaporated and water was added. The resulting
precipitate was filtered and dried to give crude 4-chloro-6-{(4H-1,2 4-triazol-3-yiythieno[32-

clquinoling as solid (1.03 g, 88%). LCMS (ES): >80% pure, m/z 287 [M+1]".

Process 14

10189] Crude 4-chioro-6~(4H-1,2 4-triazol-3-ylithieno[3.2-cjquinoline (20 mg) was mixed in
a microwave vial with 2-fluorcaniline (100 ul) and NMP (0.5 ml). The mixture was heated under
10 microwave at 120°C for 15 min, Water was added and the resulting solid was filtered. The crude
material was purified by preparative TLC on silica gel (3% MeOH in CH,Ch )} to give N-(2-
fluorophenyl)-6-(4H-1,2 d-triazol-3-yhithieno[3,2-clquinolin-4-amine as an off-white solid (8

mg). LCMS (ES): >95% pure, m/z 362 [M+1].

15
Process 15
{0198] The following molecules in the table were prepared using chemistries described in
processes 9 to 11, 13 and 14 using the appropriate amine reagents. All compounds were purified
by preparative TLO on silica gel or preparative HPLC and characterized by LCMS,
20
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H 373.4 374 Process 16 [01911 Met hyl

4- ehlorot hi eno[ 3, 2-c] qui nolne-6-carboxylate (23 ng) was reacted with 3-

am nophernwoaoatozbssac (0.1 m) in NNW (0.4 ml) in a vial par/uB01@okes0 one
hour. After adding water, the solid )Aias filtered and purified by
preparative 'F LC on silica gel (1%w01-1 in Cl-17CH WO

2011/ 025859PCT/ US2010/ 046760 to afford methyl _

4- ( 3- et hynyl phenyl ami.no).t hienop,2-clguinoline- 6-carhoxyl at (12 nmg). LCVS
(ES): >95% pure, n11§®59ﬂPWH1]+ This nmat el MW (10L& Swas|stirred in a
vial at 60C for 5 hours in the presence of |hydrazimgzhydrate (0.2 nl) and
nmet hanol (0.2 m ). Water was added and thejresiduei¥iHdifered and dried. The
solid was reacted with triethyt-orthoformateagfs4 nihioat 120C overnight. The
vol atiles were renoved in -nam1qudfthe resiidue putified by|preparative TLC

on silica gel.

N- ( 3- et hynyl phenyi )46-(1, 3, 4- dgiE]azol 2-ypt hi eno[ 3, 2- ci qui noti n-4-am ne
was isolated as a solid (6 ngy cns (ES): [>95% piure, mz 869 [M1-1.1",
10Process 17 [0192] Ethwrjéﬁzggjg-nethylisothiazole-4-carboxy|ate can be
prepared from comercially aV%;a ke ethyl
5-am no- 3- net hyl i sot hi azol e- 4- rboxylate using the follow ng chem stry
previously described in literature (Bioorg, Med. Chem Lett{,, 2003, 13,
1821-1824): 191931 Met hyl 4-brono-3-tnethylisothiazoli.-5-carboxylate
can be prepare( in t g--y—avat-abl-e
3-net hyl i sot hi azot e 5- carboxyllc acid usin 38ﬁ§nisﬁ?§ previ ously
20described in litetature (. em Soc., {1963, 2032-2039
[01941 The fol l owing ethyl 5- bqgﬁﬁ t hi azol - 4- car boxyl at es| substituted at
the position-2 by 2%am no gr pared fromcomercially
avai |l abl e 2, 5-di bronot hi az chem stries described in patent
application W2005/26149: % / US2010/ 046760 101951
The foll ow ng nmet hyli 4-brono- —ﬂltrothloph ne- 3- car boxyl ate can be prepared
in 2 steps fromco rcially available material using chem stries
previously described in literature 5(J. He erocycl, Chem stry, vol 36, 3,
1999, 761-766) i 101961—The—f-ol--owing “#L“y.
4-1 odo- 2, 5-di net hyl § hi opheue- 3- car boxyl ate cadn’be B?%pared 10in two steps
fromcomercially avail abl e 344édllod0 2, 54di ni et hyi t hi ophene usi ng

chem stries previously desc |b@d i Ilterature (Justus Liehigs Annal en. der
Chetnic., 536 (1938), 128- /3 ) v‘}
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15[ 0197] The fol | ow

ng net hyl

2-am no-5-fiuoro-3-(4,4,5 ,5-tetranet hyi- |
, 3, 2- di oxabor ol an-2- yCbenzoate can be prepared from net hyl

2- am no- SWOl20wsB9i odobenzoat e usi ng chem stries previ easlus2desesvbed in

pat ent application US2006/ 183769:

18

simlar to process 5 by reacting nethyl

2-am no- 3-0, 4, 5, 54etranet hyl-1

2

2-di.oxabor.ol.an-2-vChenzoa

WD 2011/ 025859PCT/ US2010/ 046760 Process
10198] The foll ow ng nol ecul es can be prepared using chem stries

e with

Sconmerci al ly avai
prepared in process
simlar chemstry c

|

Bimscpuigalogeno esters o
17: WD 2011/ 025859PCT.
n be applied to substit

W t h
us2010
ut ed bé

{{M8._ ha
©@48760

)i BirHigH est

logenoesters
[01991 A
ers and acids to

prepare anal ogs substituted on the | ower phepyk ring; as exenplified bel ow
WO 2011/ 025859PCT/ U$2010/ 046 76Q-°~.-£Q2801 The fol | owi ng internedi ates can be
prepared using simlar chem )i es described in process 6:| WO
2011/025859PCT/U820L0/0467 & 02011 Those intefnedi atesican be used to
make vari ous conpounds aé éx np\&fled bel ow wi t h pet hyl

4- ehl or ot hi eno[ 3, 2- (|qU|n01|ne 6+ earboxylate: N t?-1 R2 WO

2011/ 025859PCT/ US2010/ 046760 [02021 The chem stryibel ow can be used to

nodi fy the polar groups on the phenyl ring; RZR3 5[ 02031 T
descri bed bel ow can{be used to prepare analogs functional
thiophene ring: 9 @az s RS -NIS--LL"-ev*ti {3854 " N386
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H "11. 2" ."\)---R4 G Hsteps. ino;uding Pd catalyzed R =

Br,aryl,::,..... ,f,..,-.coupling reactionO,,-.... "....--L. '
heteroarwWoannNE&E@ E 3", - - -,r -4- NHO 1i \ @CBﬂ@m@D@mﬁa)
O-nitration """ C O- ‘N R611H V02041 The sanme chemi stry can be applied to

ot her scaffolds as exenplified below R2 0O NN\"NI111 HRi G steps,
inciuding Pd catalyzed --1. Oci...C--"11"" N coupling reaction\0
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--/s----r.NHO Br...... 1, \v" "1 0---...,--\ Br2N...,, .(--- nitration
.-- POCl, d s-, 9 ,\NJ-,11 'FZ6 WO 2011/ 025859PCT/ US2010/ 046760
10205. Amasibagsl/ozsgsh substitutions at di fferent positi on®Cofustie/ofiéree
menbered rings can be prepared using chem stries exenplified bel ow

5[ 0206- anal ogs can be prepared using chem stries such as the one

exenplified below. WD 2011/025859PCT/ US2010/ 046760 [ 02071 Exanpl es of
speci fic enbodi nent s—of the invention include the followng exenplary
conmpounds: Structure MW LCMS
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FIN--)"""-"2. /1"- (j NOr--'-"1¢c---:. ---11-- ------- --,.. 1T.4.-5%5
WO 2011/ 025859PCT/ US2010/ 046760 9") H,INCNO SLiH..-J. r,H, \"" N
- - 1. H (Wihl2011@ks59520, sr. NNN H WO 2011/ 025859PCT/ US2 0C0/U34@ 7606760
pharmaceutically acceptable salt, solvate, and/or prodrug thereof. .1 ,,xa
"pie 2 Enzyme inhibition and Cell growth inhibition 10208] Vari ous
conpounds of the invention were tested in bioassays for enzynme inhibition
10and cell _ growth inhibition. _These tested conpounds _showed desirable

bi ol ogi cal activity |®é&ucksiebit one or nore|df¥ he £8I¥8wi ng enzymes or
cells: CK2, PIM, PiM2, MDA ML3453, SUML49PT, :I|3xR€8, K-562, and MW-4-11.
For exanple, all of {the tested conpounds showed an{¥G30+of || ess than 50 QA
agai nst one or nore{of the aforenentioned énzymesiand cells; sone of

Cy
b
HN
. ~N
M AN
3 A N
| H
7
387.5 388
! = O‘CH3
e
HiN
/\?E//[\\N g\f»[\i}
o LN
H

Process 16

{8191} Methy! 4-chlorothiens|3,2-cjquinoline-6-carboxylate (23 mg) was reacted with 3-

aminophenylacetylene (0.1 mi) in NMP (0.4 ml) in a vial at 80°C for one hour. After adding

water, the solid was filtered and purified by preparative TLC on stlica gel (1%MeOH in CHoChy)
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WO 2011/ 025859PCT/ US2010/ 046760 t he tested conmpounds showed an 1050 of |ess
than 30 uM agai nst one or nore of the aforenentioned enzynes and cells;
sonme of twe asrsesf9conpounds showed an 1050 of | ess tharCZOUSaMoagabnst one
or nore of the aforementioned enzynes and cells; sone of the tested
conpounds showed an 1050 of |ess than 10 uM agai nst one or nore of the

af orenenti oned enzynes and cells; sone of the tested conpounds showed an
1050 of less than 5 uM agai nst one or nore of the aforenentioned enz

and celtpgf m@ﬂdﬁ@th@% 4"&3@1}5 @xiﬁ%@y@@wﬁmﬁma%@igﬁoﬁﬁwnalﬁml%@"béﬁ peds2 rar Mé uM
agai nSt gﬁg L3t y%f%bg ?_1(% @ﬁaleﬁ&%ﬂﬁ%x\%@i %Tc?mcﬂillaﬁ%i {%)Oin?mq‘f the

tested C OUNdE shovved ['éss 't 1 tt agal nst one or nore of
t he af drerenthonectneazynyisaandhglhlk$0. zmmldﬁﬁleﬁll’aﬁoﬂ(eﬁtrﬁﬁ wanp oun dédsthmded

an |1 C50, of |ess th n 100. M agai nst one or nore of the aforenentioned
enzynesiafdidie igdang e breofhe % sl eghpistindsTENeREdC AR 050 2881 ess

thar 0 cﬂzeHMh'%Q?}‘aél% aBPEwAe IREG O P& ﬁf&ﬁ@?@f&u’e?ﬂﬁﬁe@ﬂ% ﬁﬁmﬁ{m reel dns

10209] Bioldgical activities for various conpounds are su rized in the
f ol | owi sigeatgab e 3-vihengpe:@hrpouhdsixalliatd-2ty i Giar B, Ex iplodis-andispesi f i ¢

conpounds (i .e., .species) . escrjhed 15her ] bove: Conpound CK2 1050
(uM P|‘R§iﬁa‘%%%bd E‘E}MD % 1B @%%gﬁ% K;f PRV %i“?{gﬁh) MD LX, - _ MB453 1050
(uM Sum "._ 149Vv1' 1C50 (on) Bx PC3 .-- | {_SO-_- OM K-562 -._
1C:50 (nNI') 4-11 1C50 (um
10 Process 17
10192] Ethyl S-iodo-3-methylisothiazole-4-carboxylate can be prepared {rom coramercially
available ethyl S-amino-3-methylisothiazole-4-carboxylate using the following chemistry

previously described in literature (Bioorg, Med. Chem. Lett, 2003, 13, 1821-1824);

o
HyG N HO =0
1 T
5 "NH, Nog ™1

13193] Methyl 4-bromo-3-roethylisothiazole-3-carboxylate can be prepared in two steps

15

from commercially available 3-methylisothiazole-S-carboxylic acid using chemistry previously

28 described in lterature (1. Chem. Soc., 1963, 2032-2039).

HO HO 3
S - S-
M 3 — E\? D\ — 0 y -
= Br !
i
CHy CH4 CHa

{04194} The following ethyl 5-bromo-thiazole-4-carboxylates substituted at the position-2 by
25 apuino groups can be prepared from commercially available 2,5-dibromothiazole using similar

chemistries described 1u patent application WO2005/26149:

80



Al >5.0 Bit AAA d <0.5 <0.1 <0.1 <0.5 ., . WO
2011/ 025859PCT/ US2010/ 046760 Conpound C- K2

WO 2011/025859 PCT/US2010/046760
Ry o
it NH
N~ N P 4 R /JJ\
> @) R. ! N N
J ~ 2 ¥ 0
Br—<S/TE\ Smmmnanannnnnnnnnnn e By ——</ I B -‘),N\‘(‘ E!
Br S gy Rz 87N,

[0195] The following methyl 4-bromo-5S-nitrothiophene-3-carboxylate can be prepared in 2

steps from commercially avatlable material using chemistries previously described in literature

S {]_Heterocvel, Chemistry, vol 36, 3, 1999, 761-766)
S S : S~
—— N e 0N |
N on ] “<\7\j\7!/OH ) %O\

{0196] The following methyl 4-10do-2,5-dimethylthiophene-3-carboxylate can be prepared
10 intwo steps from commercially available 3.4-duodo-2,5-dimethylthiophene using chemistrics

previously described o literature (Justus Liebigs Annalen der Chernie, 336 (1938), 128-131)

g CH3 S ‘CH3 S\F/CH3
.0 TR G | N <\ |
'_ ‘%\I 7NN on / ©s
] / CH3
| P4 Lo
15 {8197} The followmg methyl 2-amino-3-fluore-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yibenzoate can be prepared from methyl Z-amino-5-fluoro-3-iodobenzoate using chemistries

previously deseribed in patent application US2006/18376%:

~—, -
pad
O



1050 (uM PIM 1050 (uM PIM 1050 (01) P1IM2 1050 (uM ND. A MB453 | C50 (uM
.- 1.49P r 1C5:0 (0/1) BxPC3 1050 031,4) _ K-562 1050 (niNl) " W 1C50
(0/ 1) D1 wb,2011/025859 PCT/US2010/046760

Process 18

10198} The following molecules can be prepared using chemistries sirntlar to process 5 by
reacting methyl 2-amino-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1Ybenzoate with

5 commercially availabic 2-halogeno esters or with the 2-halogenoesters prepared in process 17:

92



El <0,5 <1.0 FI 01 <0.5 <0.5 <0.1 <0.1 ELI 11 _ <0.1 <0.1 d-
"I ¢ <0.1
WO 2011/025859 PCT/US2010/046760

0199} A sinular chemistry can be applied to substituted boronic esters and acids to prepare

analogs substituted on the lower phenyl ring, as exemplitied below:




<0.1 WD 2011/ 025859PCT/ US2010/ 046760 Conpound CK2 1050 (uM PIM 1050
(W) PIM 1050 (OD PIM2 1050 (uM MDA - - - - MB453 - | CnO (uM SUM -

| . 49PWO 20 GE28850uM) B PC3 -. 1050 OM) _ K-562 1050 ORCT/US2010/046760

10200] The following intermediates can be prepared using similar chemistries deseribed in

process 6:
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MW-- 1C0 (uM GL <0.1 <0.1 <0,1 <5.0 <10 11.7 <5,0 <0.5 KL >5.0 Acl >
2,5 1, 1M1 _ >50>5.0+<0.5>2,5

WO 2011/025859 PCT/US2010/046760

{0201} Those intermediates can be used to make various compounds as exemplified below

with methyl 4-chlorothieno[3,2-¢lguinoline-6-carboxylate:
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18202} The chemistry below can be used to modify the polar groups on the phenyl ring:

POCH, <f
S
iy NaOH
iy NH4CH EDCH
iil) DME-DMA R, R i} NaOH
iv) HoNNH, 3 i) NH,Cl, EDC

) DMF-DMA
i) NH,NH,

i) EtOH, HCI
i1} ReCONHNH,

RZ R3
‘37"/
VA A=NH 0,8

5 {0203] The chenusiry described below can be used to prepare analogs functionalized ou the

thiophene ring:

86



| C50
W

LA

(u™m . -:
1C50 (0/1) P1 > 5.0 <0.1

|.49P r

1 C5:0 (0/1) BxPC3 1050 031,4) _ K-562 1050 (ni NI)

C.?7.1<0.1<0.1

WO 2011/025859 PCT/US2010/046760
Ry
'\'/
R "’rf/ /E
RZ ' L§\‘/'A\A
/ ,
o od ST
R~ SN A [ R
TR, S
E Rs L
;‘\/ :.\\N N— \{/
Ry i ! n >\R
o/"\//‘ 4 o
i T H steps, including Pd catalyzed /J\
Ry =Braryl, &z coupling reaction 9 5 BN o
heteroaryl o) Cl -c...< |
or KRR A P FNA A A
Ry \,,/\ F\H o | /r ’
/ Br— i W
',’/'\/\ x“-’ PN T N
=3 ML— U\ O \Lj f”- stens
R/ ~A o~ /:J\ ! e "
\ steps FTYT ONH O r SOC,
R 5 o 1 1L . \er
N e . N — - X - p
?\'//" Il NN E\\\ = ST N0 nitration
7 X g J~ /LI\ PRy :I
Rg & T‘j/ T:} S e}
F i) Bul {/ 7N o
i} DMF .~ ! .
o ’ // SA“\«/\ O/
L. J
A it
reductiva /;,_/\/ E E\C jz
: amin’afi/ g G | \]/ o .
\// D (T o | PoCk
e iof ¥
RN 87N o
Py g o
R e <7\[ g
B SN N
. [
stens ,,// VI/ N ':\5 }\\ g
I Ry
RN s’\ri \J
L E H
Re Lz
Re Ry |1 exidation
/ AI/ i} smide formation
_,»» I I4/1| i Buli
< R TG ) Bul
A reductive NN, iy DMF
\ amination /L\
N s R N.—-N

ey A
T Y o //\[ ioh
e SN s 4 A N

Re~N
Ry

:\>“R4

H °© YW
~ P

A

a7



<5.0 R1 <0.1
<5.0

<0.1 <0.1 Si <0.5

WO 2011/025859

<0.5 <0.5

Ti <0.1 <0.1 <0.

PCT/US2010/046760

{8204} The same chemistry can be applied to other scaffolds as exemplified below:
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10205] Analogs with substitutions at different positions of the five membered rings can be

prepared using chemustrics exemplified below:

Ra
.
.
TN,
steps i
— SN
e fi }“‘R4
NS
RN Ei P H
\R,‘ V
5 10206] N-Alkyl analogs can be prepared using chemustrics such as the one exemplified

below:
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{8207} Examples of specific embodiments of the invention include the following exemplary

compounds:
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Example 2

Enzvme inhibition and Cell srowth inhibition

10208] Various compounds of the invention were tested in broassays for enzyme inhibition

10 and cell growth inhibition. These tested compounds showed desirable biological activity to

inhibit one or more of the following enzymes or cells: CK2, PIM1, PIM2, MDA MB453, SUM-

149PT, BxPC3, K-5362, and MV-4-11. For example, all of the tested compounds showed an

1C50 of less than 50 uM against one or more of the aforementioned enzymes and cells; some of
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the tested compounds showed an IC50 of less than 30 uM against one or more of the
atorementioned cnzymes and cells; some of the tested compounds showed an HCS0 of less than
28 uM against one or more of the aforementioned enzymes and cells; some of the tested
compounds showed an IC50 of less than 10 uM against onc or more of the aforermentioned
enzymes and cells; some of the tested compounds showed an 150 of less than 5 uM against one
or more of the aforementioned enzymes and cells; some of the tested compounds showed an
1C50 of less than 2.5 uM against one or more of the aforementioned enzymes and cells; some of
the tested compounds showed an 1C50 of less than 1 uM against one or more of the
aforementioned enzymes and cells; some of the tested compounds showed an IC30 of less than
0.5 uM against one or more of the aforementioned enzymes and cells; and some of the tested
compounds showed an IC50 of less than 0.1 uM against one or more of the aforementioned
enzymes and cells.

{0209] Biological activitics for various compounds are summarized mn the following table,
wherein Compounds Al to HS are Examples and specific compounds (i.e., species) as described

herein above:

CK2 PIMVIL | PIMI | PIDZ ;ﬁg ?53 ;’gg} BxPC3 | K562 T?;
; 4 &6 ) oK ) ok (5 i
Corapound 1C56 154 08¢ | 1058 IC50 fosg | 1ES 050 | foag

uvD ) | D | ehg WMy | (b

{uM} {(ul) {uM)
Al =50 | >5
Bl S50 1>5 |25 |28
Ch
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<0.5 <10 <0.1 <1.0 <0.1 <1.0 . _ WD 2011/ 025859PCT/ US2010/ 046760
Conpound C-K2 1050 (uM) PIM 1050 (W) PIML 1050 (OD PLM2 1050 (uM MDA - -
- - MB453W02011/02655® (UM SUM- .-: [.49P r 1C5:0 (uM BPPTAIS201000F60

CK2 PiMiL PIMI | PIM2 ,:;gjs‘ ?ig:f; BxPC3 | K562 Zﬁ?{
Compound IC58 IS8 ICS8 IC5¢ e e 1C58 IC58 .
{uMD) (M) {ubhy | (ad) 130 1030 {al) {ud) 1e56
T ) ' - {ubM} {uhh) ’ o {uhf}
Dl 250 |5
1
<(.5 <10
Fi
<0.5 <01
Gl
’ D5 <01
Hi
< .1 <01 | <01
i1 <
<G < (.1
0.1
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<0.

(UM _ K-562 1050 ON' W 1C50 (uM G2 <10 <1.0 <10 11' .2 <0.1 <O.
12 32
WO 2011/025859 PCT/US2010/046760
U ol impaA fsumMe | o MV
‘ 9 K:. PII‘\;’H H P}‘I\/il PE]\?Z NR4SD 149PT BxPC3 K562 411
Compound 159 IC50 ICS8 IC58 1050 1050 IC58 IC56 O30
{uM} (M} by | (uM) (“'1;[) (ﬁl\/ﬁ {uivi} {ui} (ﬁl\/ﬁ
Gl <01 <01 | <01 <50 <10 | 117 | <50 |<0.5
K1 N
> 5.0 T 725
i1 . > .
> 50 75 > 2.8
M > 5.0 <05
N1 ) DU U B R R e
<01 1<01 | <01 <01 <50 |<5.0 <50 |>10 |<1.0
ol <05 |<0.
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WO 2011/025839 PCT/US2010/046760
e o - OERA MDA SUM- . e MV-
‘ (,K:. PII‘\;H P}‘Ml P,EMZ MB4S3 | 149PT BxPC3 | K562 411
Compound ECA8 EC50 ICSe | IC80 1050 1050 EC58 59 O30
{uM} (M} by | (uM) (“'1;[) (ﬁl\/ﬁ {uivi} {ui} (ﬁl\/ﬁ
3
P > 5.0 1 <01
@ 0.1 | <01 <5.0
R <{.1 <01 | <1
> 0.5 <0.5 | <0.5
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{uM} (M} by | (uM) (“'1;[) (ﬁl\/ﬁ {uivi} {ui} (ﬁl\/ﬁ

Ul <0.1 <01 | <01 <10 <10 132 =10 | <10
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Wi <1.0 <0.5 | <1.0
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‘ (,K:. PII‘\;H I’}‘Ml P,EMZ NR4SD 149PT BxP{C3 K-562 411
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Cellular inhubition of the phosphorviation of various kinase subsirates

{0218} Phosphorylation of various kinase substrates was measured by conventional
techuiques for several particular compounds as summarized in the Table below., Compounds of
the invention are shown to be potent inhibitors in cellular assays for certain substrates, including
AKT S129 and P21 T145, 1n particular. These are sometimes associated with cancers, and can
be readily assessed to predict sensitivity of the cancer toward treatment with the compounds of
the invention. Thus cancers exhibiting elevated levels of these substrates or elevated levels of
kinase activity toward these substrates are expected to be particularly susceptible to treatroent
with the compounds of the invention.

{0211} Phosphorylation of AKT-S129 1s measured as follows:

(6212} BXPC3 cells are seeded at a density of 2x10° cells per 10em dish. The next day, cells
are treatod with 0.3 and 3uM test drug in duplicates. After 4hrs treatment with test drug, cells are
collected by scraping them in media. Cells are spun at 1500rpm/4°C for Smin, the media is
aspirated, and the cells are washed once with Il ice-cold media. The cells are Lysed in IxRIPA
buffer (10X RIPA Buffer Cell Signalling #9806) plas 10% Glycerol, ImM PMSF, 1mM DTT,
Tug/mi Microcystin LR. Lysates are sonicated for 3min on ice, spun at 20000xg for 10min and
quantitated for Protein using Bradford. S0ug of Protein are loaded on gel for Western Blot

analysis and transferered on FL-Nitrocellulose (LACOR ). Membranes are blocked ina 1:1 mix of
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Blocking Buffer (LICOR) and 1xPBS for at least Thour at RT or overnight at 4°C. Membranes

are incubated with primary antibodies (AKT total Cell Signaling #2938 or 2967, AKT-S129

Abgent AP7141f and b-Actin Sigma Aldrich A5441) over night at 4°C. Western blot analysis

was done using an Odyssey (LiCOR) detection machine which uses direct infrared fluorescence
5 detection. Compounds 1A to 1F as listed in the table below are Examples and specific

compounds {i.¢., species) as described herein above,

BAD P21 P21 AKT AKT
C | sin2 T143 T143 $129 $129
SEIPOURE | yey o%inh at | %inhat | %inhat | %inh at
{udh) #.3uM 3uM #.3uM JuM
1A -
‘ 56 76 13 41
iB . -
> 18 31 66 41 51
e 43 50
iD .
> 18 40 47 53
iE . )
18 26 48 38
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BAD P21 P21 AKT AKT
Compound | 5112 T148 T148 $129 $129
ARIPOURG | yhey %ink at | %inkat | %inhat | %inh at
{ud) 8.3uM JaM §.3uM JaM
1¥ . N o~ .
1.9 11 48 52 71

10213} Cuation of the above patents, patent applications, publications and documents is not

an admission that any of the foregoing is pertinent prior art, nor does it constitute any admission

LA

as to the contents or date of these publications or documents.

{0214} Modifications may be made to the foregoing without departing from the basic
aspects of the invention, Although the mvention has been described in substantial detad with
reference to one or more specific embodiments, those of ordinary skill wn the art will recognize
that changes may be made to the embodiments specifically disclosed in this application, and yet
10 these modifications and improvements are within the scope and spitit of the wnvention. The

invention illustratively described hercin suitably may be practiced in the absence of any
element{s) not specitfically disclosed herein, Thus, for example, in each instance herein any of
the terms “comprising”, “consisting essentially of”, and “cousisting of” may be replaced with
cither of the other two terms. Thus, the terms and expressions which have been employed are
15 used as terms of description and not of limitation, equivalents of the features shown and
described, or portions thereof, are not excluded, and it 1s recoguized that various modifications

are possible within the scope of the wvention,
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We claim:
1. A compound having a structure of Formula I:
W
L/
3
o1
20
\ 1
Z = 0
—
J
N \ .
R)m (1)

or a pharmaceutically acceptable salt, solvate, and/or prodrug thereof,
wherein:
Zl, 7% and Z* are independently selected from S, N, CRI, and O, provided not more than
onc of Z', Z? and Z* is O, and the ring containing 7', 7? and Z? is aromatic;
L is a linker selected from a bond, NR?, O, S, CR’R?, CR*'R*-NR’, CR’R*-0O-, and
CR’R*-S;
where each Rl, Rz, RS, R4, RS, and R®is independently H, or an optionally
substituted member selected from the group consisting of C1-C8 alkyl, C2-C8
heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl,
CI1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C12 heteroaryl, C7-C12 arylalkyl, and
C6-C12 heteroarylalkyl group,
or halo, OR, NR;, NROR, NRNR;, SR, SOR, SO;R, SO;NR,, NRSO;R,
NRCONR;, NRCSNR;, NRC(=NR)NR;, NRCOOR, NRCOR, CN, COOR,
CONR;, OOCR, COR, or NO,,
wherein each R is independently H or C1-C8 alkyl, C2-C8 heteroalkyl,
C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-
C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl,
or C6-C12 heteroarylalkyl,
and wherein two R on the same atom or on adjacent atoms can be linked
to form a 3-8 membered ring, optionally containing one or more N, O or S;
and each R group, and each ring formed by linking two R groups

together, is optionally substituted with one or more substituents selected
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from halo, =0, =N-CN, =N-OR’, =NR’, OR’, NR’,, SR’, SO;R’,
SO,NR’;, NR’SO,R’, NR’CONR’,, NR’CSNR’,, NR’C(=NR’)NR’,,
NR’COOR’, NR’COR’, CN, COOR’, CONR’;, OOCR’, COR’, and NO,,
wherein each R’ is independently H, C1-C6 alkyl, C2-C6
heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10 aryl, C5-C10
heteroaryl, C7-12 arylalkyl, or C6-12 heteroarylalkyl, each of which is
optionally substituted with one or more groups selected from halo, C1-C4
alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy, amino,
and =0;
and wherein two R’ on the same atom or on adjacent atoms
can be linked to form a 3-7 membered ring optionally containing
up to three heteroatoms selected from N, O and S;
and R’ and R*, when on the same atom or on adjacent connected atoms,
can optionally be linked together to form a 3-8 membered cycloalkyl or
heterocycloalkyl, which is optionally substituted;
W is alkyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, or heterocyclyl, each of
which can be substituted;
X 18 a polar substituent;

and m is 0-2.
2. The compound of claim 1, wherein L is NH or NMe.
3. The compound of claim 1, wherein W is selected from optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted cycloalkyl, and optionally substituted

heterocyclyl.

4. The compound of any one of claims 1 to 3, wherein the ring containing Z'-Z°

comprises a thiophene ring or a thiazole ring.

5. The compound of any one of claims 1 to 3, wherein Z'is S, Z*is CR', and Z’ is
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6. The compound of any one of claims 1 to 3, wherein Z'is CR', Z*is S,and Z* is
CR'.

7. The compound of any one of claims 1 to 3, wherein Z'is CR', Z*is CR', and Z*
is S.

8. The compound of any one of claims 1 to 3, wherein Z'is S, Z*is CR', and Z’ is
N.

9. The compound of claim 4, wherein W is optionally substituted phenyl, optionally

substituted heterocyclyl, or C1-C4 alkyl substituted with at least one member selected from the
group consisting of optionally substituted phenyl, optionally substituted heteroalkyl, optionally
substituted heteroaryl, halo, hydroxy and -NR”,,
where each R” is independently H or optionally substituted C1-C6 alkyl;
and two R” taken together with the N to which they are attached can be linked
together to form an optionally substituted 3-8 membered ring, which can contain another
heteroatom selected from N, O and S as a ring member, and can be saturated, unsaturated or

aromatic.

10.  The compound of claim 9, wherein W comprises at least one group of the
formula -(CH,),-NR™,,
where p is 1-4,
R* is independently at each occurrence H or optionally substituted alkyl;
and two R™ taken together with the N to which they are attached can be
linked together to form an optionally substituted 3-8 membered ring, which can
contain another heteroatom selected from N, O and S as a ring member, and can

be saturated, unsaturated or aromatic.
11.  The compound of any one of claims 1 to 3, wherein X is selected from the group

consisting of COOR’, C(O)NR9-OR9, triazole, tetrazole, CN, imidazole, carboxylate, a

carboxylate bioisostere,
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wherein each R’ is independently H or an optionally substituted member selected
from the group consisting of alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, arylalkyl,
cycloalkylalkyl, heterocycloalkylalkyl, and heteroarylalkyl,

and two R’ on the same or adjacent atoms can optionally be linked
together to form an optionally substituted ring that can also contain an additional
heteroatom selected from N, O and S as a ring member;

R' is halo, CF3, CN, SR, OR, NR,, or R, where each R is independently H or
optionally substituted C1-C6 alkyl, and two R on the same or adjacent atoms can
optionally be linked together to form an optionally substituted ring that can also contain
an additional heteroatom selected from N, O and S as a ring member;

and A is N or CR'?,

12.  The compound of claim 1 or 11, wherein the polar substituent X is located at

position 3 on the phenyl ring.

13.  The compound of claim 1 or 11, wherein the polar substituent X is located at

position 4 on the phenyl ring.

14.  The compound of claim 1, wherein —L-W is selected from:
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wherein each R* is independently H, Cl or F;
each R is independently Me, F, or CI;
cach R is independently selected from H, halo, C1-C4 alkyl, C1-C4 alkoxy, and
C1-C4 haloalkyl,
and two R groups on the same or adjacent connected atoms can optionally
be linked together to form a 3-8 membered ring;
cach A is Nor CR;

and each Solgroup is a solubility-enhancing group.

15.  The compound of claim 1, wherein the ring containing Z' to Z” is selected from

the group consisting of:

R! R’

i~ / | R14§jL g
~ e

R1

,and R’
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16. The compound of claim 15, wherein L is NH or NMe, and

W is optionally substituted phenyl, optionally substituted heterocyclyl, or C1-C4
alkyl substituted with at least one member selected from the group consisting of
optionally substituted phenyl, optionally substituted heteroalkyl, optionally substituted
heteroaryl, halo, hydroxy and -NR”,,

where each R” is independently H or optionally substituted C1-C6 alkyl;

and two R” taken together with the N to which they are attached can be
linked together to form an optionally substituted 3-8 membered ring, which can
contain another heteroatom selected from N, O and S as a ring member, and can

be saturated, unsaturated or aromatic.
17.  The compound of claim 16, wherein X is at position 3 of the phenyl ring.
18.  The compound of claim 16, wherein X is at position 4 of the phenyl ring.
19.  The compound of any one of claims 15 to 18, wherein X is selected from the

group consisting of COOR’, C(O)NR’-OR’, triazole, tetrazole, CN, imidazole, carboxylate, a

carboxylate bioisostere,

& YE®. WS S |
o 20 R R iy

9
CHj NR”;
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wherein each R’ is independently H or an optionally substituted member selected
from the group consisting of alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, arylalkyl,
cycloalkylalkyl, heterocycloalkylalkyl, and heteroarylalkyl,

and two R’ on the same or adjacent atoms can optionally be linked
together to form an optionally substituted ring that can also contain an additional
heteroatom selected from N, O and S as a ring member;
R' is halo, CF3, CN, SR, OR, NR,, or R, where each R is independently H or

optionally substituted C1-C6 alkyl, and two R on the same or adjacent atoms can
optionally be linked together to form an optionally substituted ring that can also contain
an additional heteroatom selected from N, O and S as a ring member;

and A is N or CR'?,

20.  The compound of claim 1, having the Formula II, III, IV or V:

In (I10)
W W
. 1 1
X N X
" N " </ | N
=
y 7 i/x s 7 i/x
N N
\(R")m ,or \(R")m :
(Iv) V)

or a pharmaceutically acceptable salt, solvate, and/or prodrug thereof.
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21.  The compound of claim 20, wherein W is selected from optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted
heterocyclyl, and optionally substituted cycloalkyl.

22.  The compound of claim 20, wherein L is NH or NMe, and W is optionally
substituted phenyl, optionally substituted heterocyclyl, or C1-C4 alkyl substituted with at least
one member selected from the group consisting of optionally substituted phenyl, optionally
substituted heteroalkyl, optionally substituted heteroaryl, halo, and -NR”,,

where each R” is independently H or optionally substituted C1-C6 alkyl;

and two R” taken together with the N to which they are attached can be
linked together to form an optionally substituted 3-8 membered ring, which can
contain another heteroatom selected from N, O and S as a ring member, and can

be saturated, unsaturated or aromatic.

23.  The compound of claim 22, wherein W comprises at least one group of the
formula -(CH;),-NR’,,
where p is 1-4,
R’ is independently at each occurrence H or optionally substituted alkyl;
and two R’ taken together with the N to which they are attached can be
linked together to form an optionally substituted 3-8 membered ring, which can
contain another heteroatom selected from N, O and S as a ring member, and can

be saturated, unsaturated or aromatic.
24.  The compound of claim 20, wherein X is selected from the group consisting of

COOR’, C(O)NRQ-ORQ, triazole, tetrazole, CN, imidazole, carboxylate, a carboxylate

bioisostere,
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wherein each R’ is independently H or an optionally substituted member selected
from the group consisting of alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, arylalkyl,
cycloalkylalkyl, heterocycloalkylalkyl, and heteroarylalkyl,

and two R’ on the same or adjacent atoms can optionally be linked
together to form an optionally substituted ring that can also contain an additional
heteroatom selected from N, O and S as a ring member;

R' is halo, CF3, CN, SR, OR, NR,, or R, where each R is independently H or
optionally substituted C1-C6 alkyl, and two R on the same or adjacent atoms can
optionally be linked together to form an optionally substituted ring that can also contain
an additional heteroatom selected from N, O and S as a ring member;

and A is N or CR'?,

25. The compound of any one of claims 20 to 24, wherein the polar substituent X is

located at position 3 on the phenyl ring.

26. The compound of any one of claims 20 to 24, wherein the polar substituent X is

located at position 4 on the phenyl ring.

27.  The compound of any one of claims 20 to 24, wherein —L-W is selected from:
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,10init at 0.3uM P21 1145 ,10init at 3 01 AKT S129 % nit at 0.3uM AKT S129
% nit at BOQUWEsEI9 11 48 Dz 71 10213] G tation of wrhe/tsbaveiqat ents,
pat ent applications, publications and docunents is not an adm ssion that
any of the foregoing is pertinent prior art, nor does it constitute any
adm ssion as to the contents or date of these publications or docunents,
10214] Modi fications nay be made to the foregoing wthout departing fromthe
basi ¢ aspects of tpgfnvention, Akthough the invention hasobeen descri bed

i n substanti al deﬂéij with ref@énce tp/\ e or ). eogped$¢%c enmbodi nent s,
those of ordinatyf sKill int omii~recogni 4€ [hat changes may be made
to the enbodi nments %@?cificaﬁfy di scl osed in whi ™application, and yet.

10t hese nodi fication bgnq i nprovenents are within the scope and spirit of
the invention. The invengion illustratively described herein suitably may
be practiced in the absénce of any elenent(s) not specifically disclosed
herein. Thus, for exanple, in each instance herein any of the terns
“conprising"”, "consisting essentially of", and "congi sting of’ gqy*be
replaced with either of the other/tvo ternms. Thus, Qthe terns and

expressions ﬁhtapRhave been enpl Qued are 15ysed as/terns @ i ption and
not of Iinitai[fﬂ, equivaleﬁfiiéﬁ the featureg 4hown and
s ™ x
HN Hnl
e

oo oo

wherein each R* is independently H, Cl or F;
each R is independently Me, F, or CI;
cach R is independently selected from H, halo, C1-C4 alkyl, C1-C4 alkoxy, and
C1-C4 haloalkyl,
and two R groups on the same or adjacent connected atoms can optionally
be linked together to form a 3-8 membered ring;
cach A is Nor CR;

and each Solgroup is a solubility-enhancing group.
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descri bed, or portions thereof, are not excluded, and it is recognized that
various nodifications are possible within the scope of the invention, WO
2011/ 025850R0T/129%910/ 046760 W claim 1. A conpound haviPag@/us2&0ucsur e of
Formula 1: W/ L/ z2\zi 1 \(R6)m (1) or a pharmaceutically acceptable
salt, solvate, and/or prodrug thereof, wherein: Z1l, Z2 and Z3 are

i ndependently selected fromS, N, CRL, and 0, provided not nore than one of
Z1l, Z2 and Z3 is 0, and the ring containing Z1, Z2 and Z3 is aronatic;

L is a l|inké® seldeempoynddmvimerormctugriomnpila seleatrefam tRerup RSSIStORERA- 0- |

and CR3R4-S; wher e each RI R2, RS, , RS, and R6 is independently
H, or an optionally suybstitut d rrenber seILeﬂLQd fromthe group consisting
of C-C8 al , C2-C8 ' eroa -C8 al ken C2- C8 het eroal kenyl
1 C8 acyl -C8 hefmacyl oslclo
IkyI ad -C12 hetevwoaryl al Kyl
Cl

oNRNR2 |s R NRZ, T NRSEPR

/00 ,

y H

or N2, wherein each R |s i p%ndently or Cl1-C8 kyl, C2-

het er oal kyl , C2-C8 al kenyl - het er oalkenyl, C2-C8 al kynyI C2-C8

het er oal ky d C8 ac v\‘\er oacyl K/’66/\6:10 aryl, ClO het er oaryl,
Cr-C12 aryl yl, or 2 heteroa | al kyl , and in two n the
sanme atom ar on, adj a at ons can Iinked b orm a 3¥8ynenbere i ng,

opt i onaM ont &i ni elor nmoré&!'Nl 0 or S d .@ach, mﬂuw
ring forme yqinkisn HRg/opth,d“geth/ ! ’\;btl | ‘Stibst
with one or nore substituents sel e¢d WO 20 025859P S2010/ 0
fromhalo, =0, =NNCN, =N-OR', =NRY OR, NR 2, SR, SO2R, SO2NR 2,

NR SO2R .+~ NR CONR 2, NR'CSNR'Z NR'C( NR')N 2 NR COOR , NR COR, CN,
COOR @MBAZ 00CR /\CCR , ancb wF rein each R is |ndepend ntly
H O-06 alkyl, C2-C5 héteroal k%/\PNVGZb C6 acy -C6 hete g
aryl, C5-C1 eteroaryl,[Cy-12 aryl yl, or C6 het er, IaI kyIHN ach of
whlch IS d*tlonally SubstYt ut ed wipg ne or mti?*e grou §b|%gte T rEnh‘gIo

Cl-C4 alkyl’) Gl-CA hegtgrpapkyl, 6 acyl , NHet L2oh
am no, and ; N dhet'gi NN\>on A t‘R;?ato on ad
atons can bé& Iinkedto grma 3-7 ered rin ptionally cogtaining upto

t hree heteroatons sel ect ed fromN, 0 and S and R3 and[R4, when on
t he sane om or on cent congrect ed at oms /}an optionally e i nked

t oget her tovfegma 3- n'%;red éy@i/ogl kyl or H%ocycl oal kyl3) which is

optlonallys tituted,; Wis |, heteroalkyl, aryl 8teroar/,xbl

cycl oal kyl , o eter ocyerh each i ch can Hye~8ubst | t u X isMa poI ar
el of\ cI (e Nw@ in Ly \>s

substituent;jand mi s/ | The, conpeoy
4 3
NH or NNE(%)LH,CHS o (S%/lf (O

Iz

-N
>y NN /N N7 Cl N -
/SN NN 71l ) s| ) anl NN [N o N
| ) N N 1>
H N N
S H N N
H
cl
p< IS IS HS 0
HN
HN HN HN HN
/N 9 7N © /N9 7N ¢ /|\NOJ:>
CLL) SO I (O SS SN
N S N 8 N S N/W H
H H H H



3. The conmpound of claim1, wherein Wis selected fromoptionally
substituted aryl, optionally substituted heteroaryl, optionally substituted

cycl oal kywo 2anech26850i onal | y substituted heterocyclyl. PCT/US4010/DIe¥6 onpound
of any one of clainms 1 to 3, wherein the ring containing Z1-Z3 conprises a
t hi ophene ring or a thiazole ring. 5. The conmpound of any one of
claims 1 to 3, wherein Z1 is S, Z2 is CRl, and Z3 is CRL. WO

2011/ 025859PCT/ US2010/ 046760 6. The_conpound of any one of clains 1
to 3, wherein Z1 is CRi, 22 | and 73 § S| CRI. 7. The conpound of
any one of" ims 1 t° w3zl is , is CRL, and Z3 is S

8. The co d of an e of cIal 1to 3 rein Zxcs\S, Z2 |§iER1
and Z3 | s~P>y The conpq of claim mherelmN s optianally
substi t eyl , {oRélkl y.supstit ut egshe e oc ,¢J-S k @
substitutedAi th at | 8ast "one® sel ect > corsistyng of
optionally substituted phenyl, ohally su |tuted h rdalkyl
optional ly substituted heteroa hal o, &ydroxy and -NR'2, where each R’

i s independent!ly H orcQ |onaE;§ substltutedvel C6 al kyl ; and two R' taken
toget her w the N to icht re attache an be I d togef to
forman o |onaIIy suustltuted 3 mber ed [igg, whichy cont aify‘anot her
het er oatoin Sel este i mfN}> 0 a 3 as a r i nber ,~ UC'Q%n at NHNat ed,
unsat urated gr faronati N <107 e ¢ olind_bf W

conprises at | east one group o ornmul a ﬁ)p NRx mﬁere p i- 4,
Rx is independently at each occurrence H or optionally substituted al kyl;
and two, taken together with the Nto mth{ they are attached can be

| i nked Lg her to fofm an optronally subsib‘gLed 3-8 nenbered ring ich
can contaln anot her et teroat om'setect ed fromN, JO and S a ring er,

and can be ur at ed, u turated aromati c. he coﬂpo nd of
any one of’ cIalnB 1 wher ei nay s sel ect®d from Ngg@um y ng
of , wrazole\ tr@ioles inAf d Qér tﬁ a
carboxylat |dlsost" PCT/ N04676 wher ei n

each R9 is independent |y H or an |dhally subbsti tuted nenbgr sel ected
fromthe group conS|st|ng of al kyl, cycIoaIk |, heterocycly[ﬂ]aryl

het er oar yy aryIaIkyP Ncycloalkyr‘alkyl hetev,gygloalkylalky , and
heteroarﬁ#&#ky& nthmo Norrt he sam® or fadj acent atops can
optionally | nked tog er to fg n option y substi ed rhmgﬁthat
can al so coq$ an addT naI het@ on1se| ed from and _Slas a,
ring menber ARl is hal eath sBlj

i ndepende Qﬂuoptl éd Cl |,

sane or adja tfatons optlonal b% i nke oget her form an
optionally subs Luted rlng t hat can ap p_contai n anN@ddltlonaI heteroaton1

sel ected fr \vm and a r|ng 7 %nd A CR#I;;
The conpouny cIa|n1£N I\/mher‘ the poIarHN stltuem cated at
position 3 on the phggiigigm ST IB% The oumd of\ Nal r11,
wherein ol ar sub X |s yated at g nyl
ring. 4H The co und of cla 1, mherel L VV|s S d from
Cl
Cl
0 .

Clj@ Cl@ Clj@
HN HN HN
' I SN o
SSTN o S SSTN o < — Ne
— = — = N
N N N N/W H
H H H H
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and two R groups on the sane or adjacent connected atons can optionally be
| i nked together to forma 3-8 nenbered ring; each Ais N or CR and each
Sol gr oup We 2a119ab8s0i | i t y- enhanci ng group. 15. The conpoumrdTafS2aioaiensd,
wherein the ring containing Z1 to Z3 is selected fromthe group consisting

of : N A SN ...Al0' RI<Rl Ri1< 1R1( 11 ( 1 N., WO

2011/ 025859PCT/ US2010/ 046760 16. The conpound of claim15, wherein
Lis NHor NMe, and Wis optionally substltuted phenyl , optiopally
substituted heterocyclyl, or C-C4 al kyl sub ut ed mnth at ast one
menber selected fromthe group on5|st|ng of ionally sub ted phenyl,
optional |y substli tuted heteroal optlonall substituted he eroaryl
hal o, hydr oxyH¥n is | ndently H &iN optlonally
substltute/ @ﬂthMO R get her yEhe N to

whi ch they<arle S togeﬂhe toy frm &n onal Iy
substituted 3- 8 i cl¥ can Sco 7~ afot her She tgm

sel ected from g nmenber, an be satur

unsaturated or aromatic. 17. The conpound of claim 16, wherein X is at

position 3 of the phenyl ring. 18. The conpo of claim 16, rein Xis
at position 4 of the phenyl ri conpound of one of
clainms 15 to 18, mhereln Xi s seiected fron1the group consi sting Gt cooro,

C(0) NR9- OR9, yrf tetrazq |mdﬂm
11/ 025859P / 010/ 04

car boxyl atiy~a carboxyl ate

bi oi sostere
i ndependenyl
consi sting
cycl oal kyl al kyl et 8rocycl oa
RO on the sane or adjacent atons

can optlonally be | i nked together to form

an optionally substituted ring that can als ntai n an addi

het eroat om sel ected fromN, O d Sas ari nber; Rl is CF3, CN,
SR, OR, NR2, or|R, where each i s independenfly H or pt| naIIy
substituted Gh | kyl , andiN on the ggmesor adjacentpygtons can
optional lyg to n1an optlonall% substityted ring that

(i nked togeghe

can al so X ditdo aT het at eftect Bd\fro >as a
ring menbe N o he C clal t he
Formula II, |V thr v N

sz?7 HN HN
\ \ \
Z N \ _ N ¥z N ¥ N
H H H H

or a pharmaceutically acceptable salt, solvate, and/or prodrug thereof.

29. A compound, which is any of the species disclosed herein; or a pharmaceutically

acceptable salt, solvate, and/or prodrug thereof.

30. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable excipient.

145



; (IV)(V) or a pharmaceutically acceptable salt, solvate, and/or prodrug
thereof. WO 2011/ 025859PCT/ US2010/ 046760 21. The conpound of claim
20, wher evo 2W1/es8sel ected from optional |y substituted alPkyruS2apwiesal |y
substituted aryl, optionally substituted heteroaryl, optionally substituted
het erocyclyl, and optionally substituted cycl oal kyl . 22. The
conpound of claim 20, wherein L is NH or NMe, and Wis optionally
substituted:ﬁpenyl, optionally substituted heterocyclyl, or C-C4 al kyl
subst i t ut ed i t h AphprarseutisakCorpsion seMPEs B afEBToRREOLHBap2Q 53 st i ng of
opti onal;l i ..gptional ly substituted heteroal kyl,
optiongﬁ?ﬁn%% §%$$E%§%uﬁ@$§%%§P§|, hal o, and -NR'2, where each R' is

i ndependently H or optionally substituted C -C6 al kyl; and two R
taken together with the N to. which they are att{ached can be |inked together
to forman ofti on%meyl@tfggm%tha%%ceél-lgt)ﬁ%%@flewhwﬁﬁa@pmwﬁn@a&mwﬁwl

anot her, felRRaheihe She6lae JiTFofla 1A 19 2%, & bl BolREMREHANTIRRR De
saturated, unsaturated or aronmatic. 23. The conpound of clalm 22,
wher ei prilifeotonio s catls.| east one group of the fornula -(CH2)p-NR 2, where
pis 1-4, R is independently at each occurrence H or optionally
substituted al kyl; and two R taken together with the N to which they
are attachedzcan 1R héthb®6f (AaesNevhek@n HRY d¥ 18 BreaRbicaRG) kvl fhbstituted 3-8

menbered ring, which can contain another heteroatom selected fromN, 0 and
S as a ring nenber, and can be saturated, unsaturated or aronmatic.

24. The co und Qf cl.ai . rein.XJs selected fromthe grou

consi st ngor cods Red RegeipleS Mefeif gl eREaeh 3 f TR e Bpegece
car boxydaaée, paﬁcf»‘e@ﬁ@_@ah}cb@ﬂlﬁlﬁbiaﬁt@Qﬁrﬁ@oietiﬁ@aﬁ&’k%cﬂ&’é%m&m& tHR46760
wherein each RO is independently H or an optionally substituted nenber

selectéﬁmf%%ﬁfﬂﬁﬁﬂéméup consi sting of alkyl, cycloal kyl, heterocyclyl,

aryl, heteroaryl, arylal kyl, cycloal kyl al kyl, heterocycl oal kyl al kyl, and
het er oaryl al kyl , and two R9 on the sanme or adjacent atons can
optional ly 3.1 i rkednttbgedhdaint 82, fvdremeimrtheogetls ereah layurmobsita subjeed ri ng t hat
can also contain an additional heteroatomselected fromN, 0 and S as a
ring menber; Rl is halo, CF3, CN, SR OR NR2, or R where each Ris

i ndependent 136 H ofnQRLhONEH Li¥ins 0 SiHdrdth 86hnthckinoBafd dNb wincbohMduld REVihHE
sanme or adjacent atons can optionally be |inked together to form an

opt i onatuytusudisitdrmutagld Ly Ihd Vi dra inglancsalcd@pepgnsiai n an addi ti onal het er oat om
selected fromN, 0 and S as a ring nenber; and Ais N or CRIl. 25.
The conpound of any one of clainms 20 to 24, wherein the polar substituent X
is |ocated af7. postHd M&théd 8NclaiRe3 BRERYin THI@Is are from af Bye JhesbRIPRAALG of any
one of clainms 20 to 24, wherein the polar substituent & is located at

posi t i onachlasdegnerasioany| ring. 27. The compound of any one of clains
20 to 24, wherein -L-Wis selected from

38.  The method of claim 32, wherein the cells are in a subject having macular
degeneration.
39. A method for treating a condition related to aberrant cell proliferation, which

comprises administering a compound having a structure of Formula I, II, III, IV or V to a subject

in need thereof in an amount effective to treat the cell proliferative condition.

40.  The method of claim 39, wherein the cell proliferative condition is a tumor-

associated cancer.
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Ra\i/F T\F Ra y NHRN.. So! groupSol group wherein each Ra is

| ndependently H C or F;, each Rb is independently M, F, or d; each
R i s i ndeperdarnebsgsdsel ected fromH, halo, O-C4 al kyl, EcT@$2a@lolesg) and
Cl -C4 hal oal kyl and two R groups on the sane or adjacent connected

atons can optionally be linked together to forma 3-8 nenbered ring; each A
Is Nor CR and each Solgroup is a solubility-enhancing group. WO

2011/ 025859PCT/ US2010/ 046760 . WD 2011/.025859PCT/ US2010/ 046760 WO

2011/ 025859PdT/ uie1osthadobdaist 4& viwarnhecanee as pitha celoprcamndrest. tlung,

sol vat h the
speC|e§ gﬁggfgéggih ﬁg@ﬁ& &ﬂ@@ %%?%ﬁ%gﬁgﬁ§gl @Hgggg%? %@% sék% 9 e,
and/ or heaadrug t her eof 30 A pharnmaceutical conposition conpr|5|ng a
conpound of claim 1l and a pharnmaceutically acceptable excipient. WO

2011/ 025859PCT/ US2010/ 046760

42.  The method of claim 39, wherein the cell proliferative condition is a non-tumor
cancer.

43.  The method of claim 42, wherein the non-tumor cancer is a hematopoietic cancer.

44.  The method of claim 39, wherein the cell proliferative condition is macular
degeneration.

45. A method for treating pain or inflammation in a subject, which comprises

administering a compound of Formula I, 11, III, IV or V to a subject in need thereof in an amount

effective to treat the pain or the inflammation.

46. A method for inhibiting angiogenesis in a subject, which comprises administering
a compound of Formula I, II, III, IV or V to a subject in need thereof in an amount effective to

inhibit the angiogenesis.

47. A method to treat an infection in a subject, which comprises administering a
compound of Formula I, II, III, IV or V to a subject in need thereof, in an amount effective to

treat the infection.

48.  The method of claim 47, wherein the infection is selected from Theileria parva,
Trypanosoma cruzi, Leishmania donovani, Herpetomonas muscarum muscarum, Plasmodium
falciparum, Trypanosoma brucei, Toxoplasma gondii and Schistosoma mansoni, human
immunodeficiency virus type 1 (HIV-1), human papilloma virus, herpes simplex virus, human
cytomegalovirus, hepatitis C and B viruses, Borna disease virus, adenovirus, coxsackievirus,

coronavirus, influenza, and varicella zoster virus.
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31. A pharnmaceutical conposition conprising a conpound of claim20 and a
phar maceuti cal |l y acceptabl e exci pient. 32. A nethod for inhibiting
cel | prolwbepnatdizssse whi ch conpri ses contacting cells w PrhTaSeawpaeraed havi ng
a structure of Formula I, 11, IIl, I'Vor V, in an anount effective to
inhibit proliferation of the cells. 33. The nethod of claim 32,
wherein the cells are in a cancer cell |ine. 34. The nethod of claim
33, wherein the cancer cell line is a breast cancer, ?rostate cancer,
pancreatic &ncerd comn@slwhmpﬂm@%m@ﬂ% Fewndal, 11.d8k bY e Vaindeh st
skin c I I i ne. 35. The nethod of claim 32,
mherel29%%gd%§¥$§xgﬂg%ﬁgaggﬁunnr in a subject. 36. The net hod of
claim 32, mhereln contacting said cells with a conpound havi ng a structure

of Fornula I 11, 1V or Vinduces cell apopto The

met hod of cl %% 3"2 meffidrteitisat heondidfongelared te absrrang C%lwoafergl%w havi ng
macul ar, Q‘g)gl &eéfﬂlhfg{énn to a subjad in N JTREARE? ForGhat EBI%&OW‘A’@JH%}%&H?QV&Q' I's
are in a | ect having macul’ar degenerati on. t'hod for

t r eat i mstactondi Foromla BllaflédM o Ybed ralnsst oed hddrialal fleraeionagenhi ch
conprises adm nistering a conpound having a structure of Formula I, 11,

[11, I'Vor Vto a subject in need thereof in an anount effective to treat
the cell projiferahicndaentolili@ing casein kinft02 abR@ityTPii R¢haRE a&ladyMo3Bs-
wherein the cell proliferative condition is a tunpr-associated cancer. WO
2011/ 028839PcTe KBROA D AGMEHE0 a cell compriding Tortaetingitbd cdf with aicompoundakeing 1 t he

cancer |s of t reast, lung, liver, pancreas, |ynph node,

col on, 9%%% T%W§ﬂrﬁpﬁ aﬁg neck ski n, Iiver, ki dney, bl ood and
heart. 42 The met hod of cIa|n139, wherein the cell proliferative
condition is a non-tunor cancer. 43. The nethod of claim42, wherein
the non-tunor cancer is a hematopoietic cancer. 44. The net hod of

claim 39, wherein the cell proliferative condition is nacul ar degeneration.
45. A nethod for treating pain or inflammtion in a subject, which

conprises adm nistering a conpound of Formula I, IIl, IIl, IVor Vto a
subject in need thereof in an anount effective to treat the pain or the

i nfl ammati on. 46. A nethod for inhibiting angi ogenesis in a subject,
whi ch conprises adm nistering a conpound of Forrmula I, Il, Ill, IVor Vto
a subject in need thereof in an anmount effective to inhibit the

angi ogenesi s. 47. A nethod to treat an infection in a subject, which
conprises adm nistering a conpound of Formula I, IIl, IIl, IVor Vto a

subject in need thereof, in an anount effective to treat the infection.

48. The nethod of claim47, wherein the infection is selected from

Theil eria parva, Trypanosona cruzi, Leishnmania donovani, Herpetononas
muscarum nuscarum Pl asnodi um fal ci parum Trypanosoma brucei, Toxopl asna
gondii and Schi stosoma nmansoni, human i mrunodeficiency virus type 1
(H'V-1), human papilloma virus, herpes sinplex virus, human

cytonegal ovirus, hepatitis C and B viruses, Boma di sease virus, adenovirus,
coxsacki evirus, coronavirus, influenza, and varicella zoster virus. WO

2011/ 025859PCT/ US2010/ 046760 49. A conposition conprising a conmpound
of Formula I, Il, Ill, I'Vor V and at |east one additional therapeutic
agent . 50. A nethod to treat a condition related to aberrant cel

proliferation, which conprises admnistering to a subject in need of
treatment for such condition a conpound having a structure of Fornula I,
1, I'l'l, 1V or V and at |east one additional therapeutic agent. 51.
A method for nodul ating casein kinase 2 activity, PimKkinase activity, or
Frsl i ke tyrosine kinase 3 activity in a cell conprising contacting the cel
wi th a conpound having a structure of Formula I, 11, IIl, IV or V.
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