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reference. BACKGROUND OF THE | NVENTI ON Hed(% rotein was first
dent i 11ed i n HEBGIIIPOLARIAGONIS TS LAV TRCT00H: MINPISE Mot ESne. | hvol ved
in enbryo patterning (Nusslein-Voihard et al., Roux Arch. Dev. Biol., 193:
267-282 (1984)). Three orthol ogs of Drosophila hedgehog (Sonic, Desert and
I ndi an) VREEAT&HRIRAPPAUICAEIONSECcuUur in all vertebrates, including fish, birds

and manmmal s. sert ‘hedge ssed pri.nc II in the testes,
ot mous e LHBFURTET oD ST EAGC R Pre o PO BRI NGng. o

I ndi an hegdgpivog o ﬁiéh)onlrﬁnda'ﬁygnzmhva%ug MO&&L@N&{;@&@E@& N@urs1/9945 49,
enbryogenesis and in bone formation in the adult; ‘and, Sonic hedgehog ( SHh)
i s expresdediomNongmhen 28y a0 kl. |Thetd1ﬂe1rm®@dnm$r<1f tlamdoofvle@pphogtlamsearof devel opi ng
vert ebrat.e enb [Q explant assays as well as ectopic expression
of SHh |nng¥g%?§@zlgmaRYﬁ§1§ fave shown that SHh plays a key role in
neuronal tube patterning (Echelard et al., Cell, 75:1417-1430 (1993);

Eri cson eBAGKGROEND CETHIINGENAQOMN95) ; Martl et al., Nature, 375: 322-5

(1995); Krauss_ et al Cell, 75: 1432-44 (1993); Ri.ddle et al., Cell, 75:
1401- 16 ( 1993) Heggrbpg GihLprofgin waghyst 1dee&ﬁed4w@@50314@esglanqg9ﬁersasa al .,

hbur o t of |inbs
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(1994)), Amam Des Hiflan 9an2b7F28%5(16R4)) altirgnexthaegd of mesopbﬂme&gehogmq,
Johnson 79: 1165-73 (1994 s 25 et a

Devel op. @fﬁl& anegﬂeeﬂm%@%@rgﬂwﬁm.%w@aﬂw ates, ﬁr B e& shgrdsgag’ 1
(1997)) . mammalsLbk& RAgetdDRnY i rak& ﬁma\ﬂ?qn u{aa t@aae boﬁi% nifide ger m nal
cell devel opnment (Apelquvist et al., Curr. Bio 4 (1997); Bell usci
et al. , Bew@y@pnémelomt afBingBe @dlgerﬁ)ient&nﬂ@oo@ndmdaih hedgﬂhrog (H8i)G$ ., 6:

298- 6 oberts.et al ment 1: 30 63-74 95
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aut ocat a'HYlH' Salit MedpeRay €3HI) Qs yipRésleBatdfgikidRe N ﬁl"eﬁibf&hoﬁdra@ﬁrfm% badf i s
responsrble for normal hedgeho WO 20f%/094328PCT/U82012/020098 si gnal i ng
activity; eanl@plangertk@ate@mhrﬁq marroremlgnwﬁaytsnaweﬂ@s celopisrexpIsisEon of

ot obr ocagh I AL o, 0Ll NI PR L EAOTPRL Ly g vt 0 2
Bum:r Otet ﬂaalttémmge(fEchélard(elQERIell |VB|141Q:_&|§%O 3998),,Erﬂc50n eﬂ%@glﬁ,ﬁﬂl}??iﬂﬁfit er,

consrzsot s (6?95&%51 at(ﬂldNraB'é‘? dues3 242 i@?%f@ﬁ% o ﬁﬁ ’ICqUe Aot H‘%r‘%‘c@g%@r _
sequence IW@?I%Qt 'éler@élln% ”ﬁl@@ﬁ%’lﬁ%ﬁi%%@l%rﬁ&?% L8EPYGN14185 El@gggﬁﬁre%t at its

C-term nus (Porteér, . Sci ence, 274" 25 Porter,
J.A , et @l Ne(ufb9959 l®e26I (198B)).2)h alie pB343 a rddhad ‘Ehstdevdbpmartjaﬁ datbis OKrauss et

responsible Qr th aIrzatr nal .. 10At the
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751- 65 (1989); ano et al Nat ure, 341: (1989)) and the

pr ot €5n- dBePissiiet alk Bereloppl 24 5$rﬁ$dtlﬂ%ﬁemd(8@mdpr‘émedeﬂolee@e are: 818 |

86(22): %—%%ﬁ (1996); van den Heuvel and Ingham Nature, 382: 547- 551
(1996)). é )genetic and bi ochem cal evidence support a receptor nodel
where Ptc l5andk&mBe,dHa a@dﬂjHlﬁﬁrean\Fﬂﬂiéd @Mﬁorgenandg&ﬁma@rcem@mh?m dn€hen and
Struhl, Cell, 87: 553- 63 199%% @g@ , Nature, 384: 176-9 (1996);
Stone et (@pelaviheiale CuggBiol 1 3o8@k-4(1998) Bellugsioti abi RevalepragntHide 3H68c, t he
nor nal h f t , I

fransduca he: FREeRar: O JEb, RR0Rha Fodd AR« B, IRl 126, o,
nechanlsnnby%MUMwﬁﬁ%c controls Sno activity has yet to be cIarrfred 20The

signaling cascade i iated by Sno re ults in activation of

transcription fﬂae%%ﬁﬂweﬂrera Fo 4% D7 RESUEARPHR @/@é@%értecattﬂ@vca&dnt rol
transcri r.o8f

transcri gléragﬁdﬁ IH‘% pat vvay &ﬁ% |t%@?HEE%EISEE%SIB%%FH%%ﬁgdngeho%egat| ve
feedback | oop indicating that tight control of Hh pathway activity is
required for proper cellular differentiation and organ formation.
25Hedgehog pat hway signaling has beeniinplicated in tunorigenesis when
reactivated in adult tissues through sporadic nutations or other

mechani snms. Three nechani sns have been proposed for the Hedgehog pat hway's
|nvoIvenent |n cancer: Type 1 cancers are caused by | oss- of functron
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produce and respond to Hh ligand. Type 3 is a paracrine nodel in which
tunor cells produce Hh |igand and surrounding stromal cells respond by

pr oduci ngveddi®deszal grow h factors to support tunor greetrhuses2seoovt val ,
for exanple, I1GF (Insulin-Like Gowh Factor) and VEGF (Vascul ar

Endot heli al Growt h Factor Rubin, L.L. and de Sauvage, . WD

2012/ 0943580812 @Jézvetyzﬂltﬁz@&g%.%.terma%f@gmém.tﬁﬁsrlagesm%%lﬂe&ry, 5. 1026- 1033
(2006)) . autoproceRURS MRk A AidR e SCRANMYE RLROR i RialA% BRRAGIASRPCI at ed
with a Ié?égﬁ%grce tagé&o? sbora%?ﬁﬁggsaf é%f?ﬁéarcﬁﬁ%na ?unnrg

( Chi danbanairtygi_call.],, c€Cain (194 Resierarec hH6:3628-46536; Bahciot, IR, ct @hi(1299), et al .,

Jol meon oo el gt a8 a3 230 g R ¢ 3088) 59ttt 7 POS6hADF Rot.
56: 4562-tgmiM¥igkd t 8dnsists¥Namtno l&MH‘resﬁﬁi@l@Q‘hw@Qf theuB-1€nb@Pfockursboss of Ptc

function is thought to cause an uncontrolled Sno S|9nallng'|n basal cel
car ci noneseq&inge hardhyremains imveanbirpieg- Sprocratadghiovgh theashelcbiseal af dehttefiads i n

oo of - 4a e Tt el BT ePihan PR Pacebior CRONGRER D (s,

The develnpneisiestdrol @BHhacE R rtodlibleat theaysicbédizh@dSoftBS h&peRo@bser ved
in animal tunor nodels (Buonamci, S. et al., Science Trans. Md., 2010, 2:

51ra70; G#8tovich, L. Sci BX 2010, 3(40)) and in humans (Yauch, R et al,
Soi 2009 . et . A

"ncl g ng SV A TEFT LA EERER Al Rind Ghl SRNER, HERE Ak Eorane
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synthetic small nol ecul e dgehog pat hway i nhibitors~are currently under
devel opnerdtl (2096)y. Suith ggnetivaiR] bethahical dexdpact suPpbort.a r¥¢eptar nRateewhsre Ptc

19(8),:.1039-56 (2009)). Despite advances with these and_othe . ds,
Ehor 85+ ertif NG BB oF B P BIOE MBS S g1 b oh BaysRu: GF G song
pat hway. 63 (1996)HVRFHRt AC N ahRL 19N 176931 IRV EStshdbien] MNdiuké, GRY1 Pro-3aM th
deacetyl ation being catai'yzed by a fanmly of enzymes termed histone

deacet y| d$8%6)] Nipaad)indi B taPts, theproasdrnkibitosiwffetigofdines Sme inwghened.and

are divided i.nte four distinct.cl-asses (J | _Biol. 2004, 338 . 17-31).
AT P30 frafydid B€ Fup@ST §oliine Miedriaebite e 38t sl “Rbg
HDAC, cl as&chdnibiAS whichHPAGolsHIACE taMg helPEEXObe alagifie@l at ed to yeast

HDACL, class 4 (HDACll1l), and class 3 HDAC s (a distinct class enconpassing
the $0rtuins) Hreignaling edpceds Periad bgj 300 resplts Braghixatiomi S CHeRRNSIIiptiongoo, 286:
23-38) t | jhect r i tylation
of the o aprindstBhallal IFmASIL RSt LPeREl il ARRRY GRB o8 V) &

cat al yzedGlbytahbheeh shewaaeinyilcriccanas@iptioe of HApafhwayAakibitb@atsudnasiotindl i zes

the positive charge. of the |Jysine, side chajn, and,i hoyght t o .i npact
chromat i it e ﬁ%‘g@_@f o BhHh Zeior a6 Bibhbomat i n
tenpl at eSedsr@HARGRE dMuld HRRG NG 2 ALO9ARRRRGT/ US2012/ 020092
hyperacetylation, and enrichnent in undergcetylated hi stone H4 has been

f oun@3i n t r anddedgpbompehivyy sighamg haejeansipbtattther yewoigendsiFaulmnon et al .,
Science, 1996, K 272:408- 411). In the,case of tunpr suppresso enes,
Cranacr] geronaedef idntisiahivue seeus M ! Eher SHOBR eI o oncogen ¢
t r ansf or MREJHARisRB Ha EABE hropoosy B Ae 3éAREES pAhwhPAoNYNRint Bf &nedt rent |y
are marketed or under evaluation in clinical trials. Exanples include the

hydr oxami typadi @nerss pigapepsed dydossericoynetinn mutetionsdn Srichid | 48TAH] saHgmn-ahd

Rom depsi i e TRl e 9 ) ich are
curr enery st fidaBGR iRGKREE e PMOERRA g cibmit s Wihattoeifth gfAba0

i nhi Bt oragtivaion2THpe MAARBE3yanthnG@utddBide afodcCiurwigeh tuyndeetMgthemyeséd gat ed in
10clinical trials. Murne et al. (Abstract #4725, AACR 2005), denonstrate
that thi dpedusglandespendiotilHesrd. Bepe i degadginganedet Bnvhigh 8Hpeifels HDAC

i nhi bitor irwl i I it : i have
shown ¢ nafoffee T i3k HakodRifgomsl cello B b s Abuc e 3RRHioRAb G

t ranscri pactorsabd sgppecttpmonprosfth biesigetval fai cyambplen §GF (IhsvasLikoindwtthat an 15

aut oregul atory | | Sts erepy . i ncreas HDACL1 | evel s, and HDACL in
turn enhdreed 1Y Rak4 aS%li%V%élﬁmgleleﬁggpwﬁhﬁwrgz%%fl bt ¥k lotauEge: and
Gli 2. Moreover, inhibitors of class 1 HDACs suppress Ail and Gli2
activation, thus suppressing Hhdependent growth of neural progenitors and
tumor cells. (Canettieri, G et al., Nature Cell Biology, 2010, 12: 132
-142). 20Certain cancers have been effectively treated with agents
targeting nultiple signaling pathways. A recent study denonstrated that the
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30 pharmacol ogi cal Iy neani ngful |evels of exposure are achieved, and the
ability to use such conbinations currently is limted to drugs that show
conpat i blwopheroyes2eki neti ¢ and phar macodynam c properti esT/Useola@ebobz on, the
regul atory requirenents to denonstrate safety and efficacy of conbination

therapi es can be nore costly and | engthy than corresponding single agent
trials. OnteNaypRsyelrugddiseRvsar:i Soﬁo%étg %%e@pg@)may al so be associated with

| ncr eased _costis, didRRhUSAL Senctiuitibls 1ASe ARG bEaRRAPALY Bith iZRl | ance.
SUMVARY OF THE 1 NVENTI ON T]e present invention relates to gehog

ant agoni gtereotnge ofstorithy baxgl edlharciboma iumgpreiClatlarebaramcdt theCancaise i n t he

Cancer aroHer ta e ne T GG AL AR el Pidtng! LSRRG cel

proliferafi @@ll @‘%4?@@99%9’%0%5&@% aPVS‘c%H%E 37V €544-9D (B0k); Qﬁld’é@é@al
inhibitors by virtue of their ability to bind zinc ions and as inhibitors

of the |—|e(a@@brd§|esm6si4@61?aﬁ,|\ﬁ(gckpmemlva@m @pomnGn@ethélgzalhégl%b)admai gfiPtand
HDAC|nh|fb|t|on nto er i.stic effect in

o apaut théded 118L O30 ShiN & RS EM SR BPE S o PUNRRRE Lrosr

Accor di niliphilafipecasRBGLSHE nmlmoag ﬁ@\%ﬂieeh eanfit®m s@bfaunddleecauﬁ@mma of
Formula (1) or Fornul a 20 or a geonetric isoner,

enant i omedl, Natuag 381 e?ﬂr%&w%gé)e éWﬁb@lZI%Télﬁ rele @fiSmossithe Herdieapbwisialtee o

prodr gt f RlngAls an aromatic, saturated or
parti gl I ygﬁer gogtcapﬁ&dﬁcar Bocycl preferably a 25rmnocyc| ic, bicyclic or

pol ycyclic C3- Th]e&te&albbmeiymdfeesmtmeZQSBM PAAR 2B RETHitdTR BdsHOR 0BV ihS
substituted or unsubatltut ed ary substituted or yn fugstitubed
het er oar yANIB?! tWBEIPHelt BusMics el (Shane &t Meda 2010, gasied 1y

unsat ur at QAL PCYGM 301k, bEH0PURElA hithaS (auISURSLL SULRS. 26

substituted or unsubstituted eroary subst’i t'ut ed unsu t| tut ed
sat ur at eoBe@erapmethmhdn}s fonsatstanat wdrehdttmfwdymlclpldmgw/ll)smmabsrtsg Glhfed or

unsu titut stituted or tute het roaryl or substituted

bttt tieai indhRRbr i SR I T R R LR BREE Doyl yi G i s
SUbSt ituted oryviisuyRgiibitdtt 8FhK }z‘ﬂmg ﬁg&%ﬁg%@@ﬁeeﬁﬁn\%ﬁg@& Thetred het er oar yl
or substituted or unsubstltute saturated or partially unsaturated

h et er ocy dilgdgchag signahiak defubitorge &t disabyeyedivas qydlopagingh s @ntural atkaloid far?) - |

- S( 0) 2N( %}S beer) Sﬁh %ﬁ(tﬁﬁy%d%li bycqé?ﬁt)eg (H a&&ggeﬁugﬁ' %Olp Oﬁﬁa{ll)SgLCprAe %Rr?zlaegl( y)

hydr ogen dfrsyﬂﬂlet@srﬁdlkm&ec@l@d{da{gélﬁ)gq{aﬁfv@d’yalbhl}bltbﬁé@lf@@ﬁfbnﬁ& uBéhdevelopmest 0 or
L 152% ! S(T?en?‘t?lgg l\%rR %t a|11| %ﬁ%gr‘c O%TI‘? Thellr S1331tse$1!cse(1:9(8) 1039 56 (2009)). Despite
advances with these and other compounds, there remains a need for potent inhibitors of the
hedgehog signaling pathway.
Histone acetylation is a reversible modification, with deacetylation being catalyzed
by a family of enzymes termed histone deacetylases (HDACs). HDAC’s are represented
25 by 18 genes in humans and are divided into four distinct classes (J. Mol Biol, 2004,
338(1): 17-31). In mammalians class | HDAC’s (HDAC1-3, and HDACS) are related to
yeast RPD3 HDAC, class 2 HDAC’s (HDAC4-7, HDAC9 and HDAC10) are related to
yeast HDACI, class 4 (HDACI11), and class 3 HDAC’s (a distinct class encompassing the
sirtuins) are related to yeast Sir2.
30 Csordas (Biochem. J., 1990, 286: 23-38) teaches that histones are subject to post-
translational acetylation of the g-amino groups of N-terminal lysine residues, a reaction
that is catalyzed by histone acetyl transferase (HAT1). Acetylation neutralizes the positive

charge of the lysine side chain, and is thought to impact chromatin structure. Indeed,

access of transcription factors to chromatin templates is enhanced by histone
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hydrogen or |lower alkyl; WR34caz Z Y 11 (b)R33 R32 ; where Wis 0 or S; Y2
is absent, N, or CH Zis N or CH 20R32 and R34 are independently

hydr ogen,wORo012/@k32phati ¢ group, provided that if R32 anecRi3s2anm2iet h
present, one of R32 or R34 nust be OR and if Y2 is absent, R34 nust be

OR; R33.is hydro en or aliphatic gro S hydrogen al i phatic or
acyl, prdPeFREYYlaHgRAgsAriclipat @ almepw@laéﬁghlﬁ@ge Hidagbsentoungin s N, R34 is

hydroxy wher.eq S; Yi
and z1 aﬁgﬁfﬁﬁglggﬁl eénil%lrn P&%{bn&wmgé?«mﬁlgéhu\ﬂb&g%%)zl%94358P /uszo%/ 020092

R2INH2 w4Y2 R2B¢ base of turnor suppiRisor Bdries; travsemngtianal Siknciap dud\fcalnistoas

previ ousl and R12 are indepe ntI sel ected from hydrogen or
al i phat i 8}4 ‘gg‘iatloﬁﬁniﬁlﬁ% tw%coe%fﬂéw't%&é% “scglé &cted from hydrogen,
hydroxy, am nasevBal 8988s o AHXY inh@itoyd @lﬁ“}eﬂﬂ afd Iﬁa&weam 0Rder SFAuatfdh inNCO2,

sul fonyl, acyl, aliphatic, substituted ali pﬁatl c, aryl, substituted aryl,

het er oar thnlo@hmt& thraey ldseméudfathy lhydrlqvei@ramybdqrtyatlmdubcrbshamthd@ ed

e breY by doamis acid CRHAS hnd RSP, MR EAICRY, RIOMAHTH TH3R9° o

with an ehtiet@¥ye!, hedgeto guiréitiylih thhialar®eepmet. anm&@ﬁmidedlaei offornmul a |
or Formul a | |, or a stereoisoner, eonetric 1soner, tautoner, sol vat e,

met abol i tREDAGrinpibieirabSuE]s MGGDRECEpdbI- 89%@netcu6¢ntbfbﬁwg@w€ﬁ@@éﬂn
Anot her aspect m%ﬁ tlxblguﬁl&“éF{l dc%tr%t%‘ﬁbﬁ’? ﬂék@‘p%)a H{QHaPé fhh gBEgé&

act|V|ty|nace con t he c’e tive

i nhi bi t orgodificativh cfﬁfoelazamm@dﬁmnﬂmnmcas HDeAC fbibivrpadtivity aidst

st ereoi soner, geonetric isonmer, tautoner, solvate, 15netabolite, or

phar rraceJiHPéglli y acceptabl e sal t or pr odr ug thereof DETAILED DESCRI PTI ON OF

THE | NVENTI ON 1, a4ditioh ReOdNe sﬁ%@ﬂh\@&townttﬂﬁ tﬁ’é a’%%%nét WQF“ bIQ)'Ebupsr Rl\ﬂbﬁj(ﬁﬁ

conpounds whi ch are represented by Fornul a For
2012/ 094 3R AREY /ttagR0pROHH @& point Of H)adge\hhglsgnﬁmmlmyaslfpu@ th@; anX, B, D, L and
E hayv,

compdandd PR HEOROBR EFoh Rt oy s derenl B RE! lernard g T it
enhances Hh-induced signal activation by deacetylation of Glil and Gli2. Moreover,
inhibitors of class 1 HDACs suppress Glil and Gli2 activation, thus suppressing Hh-
dependent growth of neural progenitors and tumor cells. (Canettieri, G. et al., Nature Cell
Biology, 2010, 12: 132 -142).

20 Certain cancers have been effectively treated with agents targeting multiple
signaling pathways. A recent study demonstrated that the combined targeting of HDACs
and Hh signaling enhanced cytotoxicity in pancreatic adenocarcinoma. (Chun, S. et al.,
Cancer Biol. & Therapy, 2009, 8(14): 1328-1339). However, treatment regimes using a
cocktail of cytotoxic drugs often are limited by dose limiting toxicities and drug-drug

25  interactions. More recent advances with molecularly targeted drugs have provided some
new approaches to combination treatment for cancer, allowing multiple targeted agents to
be used simultancously, or combining these new therapies with standard
chemotherapeutics or radiation to improve outcome without reaching dose limiting
toxicities. However, in many cases, dose-limiting toxicities are reached before

30  pharmacologically meaningful levels of exposure are achieved, and the ability to use such
combinations currently is limited to drugs that show compatible pharmacokinetic and
pharmacodynamic properties. In addition, the regulatory requirements to demonstrate

safety and efficacy of combination therapies can be more costly and lengthy than



(V) (VI') 10and stereoi soners, geonetric isoners, tautoners,

phar maceutical ly acceptable salts and prodrugs thereof, wherein E, K L, X
B, G Q aw0:D2dmaymst he neani ngs gi ven above. | n an enbogcmaste12bobmo2
conpounds of the invention are represented by Fornmula VII or VIII: HN
L-X-B-D (VII) (ML) 5 and stereoisonmers, geonetric isoners, tautoners,

phar rracemorr@%nqngim@éea& agenbtrialy {QnosRariovedcegdinatien settegighBrEplobe K L, X
B, are each
ndependantion o al e a2 pR R oS a0 Rl chinBéh,

unsubsti t ut ed het er oaryl , and rmre preferably G and L are each

i ndepend t ubstituted phenyl or substituted or
unsubsti t@%‘%&%@“‘é@@ﬁﬁﬁ@ﬁ E and Q are each independently

substist ut ed orrpineRat inbsiRA BRIGIORE ho% St nRTeodhHRIN hatilg zgerpounds of
the invention are represented by Fornu X or X: L-X-B-D 15(I X) \ cli\G

binding moieties and their use in the treatment of hedgehog and HDAC related diseases

and disorders such as cancer and other diseases and disorders characterized by
uncontrolled cell proliferation. The compounds of the present invention act as HDAC
inhibitors by virtue of their ability to bind zinc ions and as inhibitors of the Hedgehog

10  signaling pathway. Combining hedgehog antagonism and HDAC inhibition into a single
molecule may provide a synergistic effect in therapeutic applications, and in particular, to
the treatment of cancer.

Accordingly, one aspect of the present invention provides a compound of Formula

() or Formula (II):
K 0]
L X B D
NH
n
E

15
@)
K
0
G
NH
D B X Q n
ey
20

or a geometric isomer, enantiomer, diastercomer, racemate, pharmaceutically acceptable
salt or prodrug thereof;

wherein:

Ring A is an aromatic, saturated or partially unsaturated carbocycle; preferably a

25  monocyclic, bicyclic or polycyclic Cs;-C;-carbocycle;



(X) and stereoi soners, geonetric isoners, tautoners, pharmaceutically
acceptabl e salts and prodrugs thereof, wherein E, K L, X, B, G Qand D
have t he woanizyss2gi ven above. 5Preferably, G and L arepeaas2mdependent |y
heterocyclyl, preferably heterocycl oal kyl. I n one enbodi ment, the
present invention i[frow des. conpounds which are represented bi/ Formul a Xl :

(XI) 10 dhts sebeitels §bﬂ%ﬁl@stlt@@6ﬁ@tlpréuh8§%®r%ru%hﬁl&ﬁidr%eters Pt fceut i cal |y

accept abl e sal
QX B D) and cho BRRLPEAATURSIERIed RIREI wpaturo R R rocttled That 15

no nore tlhasubstiteted of uﬂMbMﬁuiaderyNor edshtuRsl orwnsmapmfblbmtbyryt et ected from

& N sul t R ElpPSrbTRRT M AR e G R R TG "0

subst ist ut@e @bMitutel @k ﬁﬁﬁ%ﬁﬂthted% S&db%%?é@l d?%hﬁ‘ni‘tﬁ,ﬁfdéd héﬂé%ﬁﬁrp&ﬂ/&lbbtﬁutea” d
substituted heterocyclic; and X, and D have the neani hgs given for

these vari abl e vabdttuted saturatpﬁoppee*ﬁ@l&yma@mﬁ@ﬂhﬁemsclm t he conpounds of

For 8 % o R B SRB S UG vsPE BBaR  o

unsubsti t ut ed deRZibIiAeEHarated uﬁparaslbsmtsatuiréteu Béle@tydiisubst i t ut ed
benzi m dazol -2-yl. In particularly preferred enbodinents, E is selected

fromthe I‘@F&)‘W&E%emfef%ﬁl}ﬁcbel owW. 51 n anot her preferred enbodi ment of the

corrp nd Formi the qr shown
al X G RAR0-2x, - 12, AL o BTG B0 sl Favent  or
pI’OVI des C oN ARG ¥C (@4, G&(GB)EIG(RJQQ bem(ﬁs)ﬂqom by For mula X I

R; is hydrogen or aliphatic, preferably hydrogen or C;-Cs-alkyl, and more preferably

hydrogen or methyl;
nis0orI;
15 Bisabond or a linker; and

D is selected from:

W
HO.
R 53
(a) J s where Wis O or S; Jis O, NH or NCHs; and Ra; s
hydrogen or lower alkyl;
I
R34
~z Y{(?2

(b) Ras 'IR32 ; where Wis O or S; Y, is absent, N, or CH; Z is N or CH;

20 R3; and Ra4 are independently hydrogen, OR’, aliphatic group, provided that
if R3; and R34 are both present, one of R, or R34 must be OR” and if Y, is
absent, R34 must be OR’; Rs3 is hydrogen or aliphatic group; and R’ is
hydrogen, aliphatic or acyl, preferably hydrogen; preferably Y, and Rz, are
absent, Z is N, R34 is hydroxy and R3; is hydrogen;

25 (©) o ; where Wis O or S; Y, and Z, are independently N, C or CH;



HN and stereoi sonmers, geonetric isoners, tautoners, pharnmaceutically
acceptabl e salts and prodrugs thereof; 5 wherein Xi-X5 are each

i ndependewol2g129m@hzet ed from N and CR3, provided that at pceastoiimooai X1- X5
are CR3; and Q D, B, X and R3 have the neanings given for these variables
above. In preferred odiﬂents of the compounds of Fornula XII, Qis
substituted or 10unsu ittt ed pyridyl, substituted or unsubstituted
pyrimdyl or subst gfufl H‘or“hn%;bstituted benzi m dazolyl. In particularly
preferred enbodinentsﬁ/ '?iggﬁ cted fromthe groups below, i(N)i-()- 15
wherein the bond.to the bgy)zehe ring Ls.den db and .t bang to X is
denoted by | . &% ot her p?g?2?%ed“gﬁ%Zd?ﬁéﬁ?@ﬁ8F”¥H%e%8w%%a§3¥%og“ﬁ§9nu|a
X1, the group R, ¥3 ihdepsSikatll kelb@dd aomUnguhiehior dtigihtithRNYR,, sdlwst i t ut ed
or unsubstituted pyridyl, such as substituted or unsubstituted pyrid-2-yl,
pyrid-3-yl or pyr i adgnendelysglestedifipne Hydpeem Sudrory tamise helager dkexy. such
as pyrimd-2-yl, - 4r - DY - . p I,G: y preferred
enbodi nment s, thisagéﬁﬁ%g?gﬁé%¥@%¥§%(#ggﬁ$?ﬁ§Jﬁmgg?éf%%@ﬁ&%gg%%L rt22' F3CN
In a preferred enbobhtineat aliphadc, kirylabdstituRd Sylahetetoast, sabstiduted hsteraairght - or
branched, substituyted or _unsybstituted al kyl, substituted or unsubstituted
al kenyl, substi t ut’8resycioane Sustifuien ederasyelifyl | aryl al kyl, aryl al kenyl
aryl al kynyl, heteroaryl al kyl, heteroaryl al kenyl, heteroaryl al kynyl,

het er ocycl yl al kyl , heterocycl yl al kenyl, heterocyclyl al kynyl, aryl,

het eroaryl , hedmrtlbaaspoct of thy chveatidy provades hedickie oy Inhitatiky haigghed kgnaling

1 e R
al kynyl argghgloli¥dyt ForkRad Kyt It‘&hﬁlaoﬁ,rdﬂaaété?i%isokrﬁ&lfgédﬁgétﬁé g@ﬁﬁé{,%&@lﬂw, ,

al kyl het eroaryl al kynyl , al kenyl het eroaryl al kyl , "al kenyl het er oaryl al kenyl ,
al keny| heobatrametaokiengt phaamkeauiicdi bt ascerdalyie sdlkgr prodiukyigredfet er oar yl al kenyl
al kynyl het er oay yl al kynyl | kyl het erocyel vl al kyl . al.kyl h rocycl.yl.al kenyl ,
21 ko her or ooyl YISt of B REREFHES HPlol oy o ADHC AR R

al kenyl hefgr lﬁgﬁydﬂtadtiﬁF kieradl, wigh keaddnet HM@@ﬁIMbi@drEﬁﬁﬂ)hnt of a compound of

20al kynyl het erocycl yl al kyl , al kynyl het erocycl yl al kenyl ,

al kynyl heﬁ%@@@ﬂarﬁoamklyd%or A J{ORSALINNYAT, SORMIEHER/ SN, tausRernsalygicy |

al kyl ket I r..al ryl, in which groups
one. o oottt of D ERALORIELP Bl B g KT EIBE Y by 0.5, “5(0) . Sce.
N(R2), C(0), substituted or unsubstituted aryl, substituted or

unsubst i IREEAThEDEDESCRIPTOONSOBSEHE UNMENTI@Nsubsti t ut ed heterocycli c;
such dival ent B 25l i nkers inﬁlude but are not. limted to gkgyl, al kenyl ,

al kynyl , al ky!'Be)F ,em§P 104> ADS Preseniygvspios) R8Y4SBeENUBID VDIH 26092

al kynyl arpghres@hddyb NESRILEH EbYERMNIa 18l Kyl het erocycl yl aryl al kyl ,

al kyl het erocycl yl het eroaryl, al kyl het erocycl yl heteroaryl al kyl, al koxyaryl,
al kyl am noaryl, al koxyal kyl, al kyl am noal kyl, al kyl het erocycl oal kyl ,

al kyl hetertaryl al kyl, al kyl am no, aryl, heteroaryl,

HN

20 (111



heterocycl yl, N(R2)al kenyl, N(R2)al kynyl, N(R2)al koxyal kyl ,

N( R2) al kyl am noal kyl, 5 N(R2) al kyl am nocar bonyl, N(R2)al kyl aryl,

N( R2) al kewpl2aryiogs32bl( R2) al kynyl aryl, N(R2)al koxyaryl, N Rexaiskyizamiooparyl ,
N(R2) cycl oal kyl, N(R2)aryl, N(R2)heteroaryl, N(R2)heterocycl oal kyl,

N(R2) al kyl het erocycl oal kyl , al koxy, O-al kenyl, O0-al kynyl, O0- al koxyal kyl,
0- al kyl am noal kyl, 0-al'kyl am nocar bonyl, O0-al kyl aryl, O0-al kenyl aryl, O-

al kynyl aryl, 0-al koxyary)” a kyl am noaryl, 0-cycloal kyl, O-aryl,

O- heteroaryl, O- 10heterfocycl oa kyl, O0-al kyl het erocycl oal kyl, C(0)al kyl,
C(0) -al kenyl, C(0)al k O)alkylaryl C(0) al kenyl aryl, C(0)al kynyl aryl,
C(0) al koxyark§T, dal kylg C(0)al kyl ani nocar bonyl
C(0)cycl oal kyl, C(0)aryl, TO) het erparyl , CXO)heterocycIoaIkyI, CON(R2) ,
CON(R2) al kyl , CON(R2) al kenyl ,H )alkynyl, CON(R2) al kyl aryl ,
CON(R2) al kenyl aryl, CON(R2) al kynyl ayyl, CON(R2)al koxyal kyl, 15

CON( R2) al kyl am noal kyl , CON( R2) al kylam nocar bonyl , CON( R2) al koxyaryl,

CON( R2) al kyl am noaryl, CON(R2)cycl oal kyl, CON(R2)aryl, CON(R2) heteroaryl,
CCN(R2)heterocycIoaIkyI (R2) al kyl het er ocycl oal kyl, N(R2) C(0) al kyl,
N(R2) C(0) al kenyl , N(RQ)GQ - al kynyl, N(R2)C(0)al kyl aryl,
N(R2)C(0)a|keny|ary| N(R2) ¢(0) al kynyl aryl, N(R2) C(0) al koxyal kyl,

N( R2) C( O)vahdsy Rap Oﬁl dﬁlyngZB D RaNEED 2t kel s Rbve
N(R2)C(O)a|koxyary1 0 ) al kyl am noaryl, N C(O)cycloalkyl

N(R2) C(0)aryl, N(R2) CXO%heteroaryI N( R2) O)heterocycloalkyl

N( R2) ¢( 0) al ky|1n@t1@t|h snRy theigpropoy s of BN AFKEEPTCSRME] DY NH- al keny !
NHC( 0 NH—I@Ok vab Qﬁ{XO)NH—aIkylaryl NHC( 0) NH al kenyl aryl ,

NHC( O)'N aryl, NHC(O)NH—aIkoxyaryI NHC(O)NH—aIkyIaninoaryI

NHC( 0) NH- 25 cycIoaIkyI NHC( 0) NH- aryl , NHC(O)NH—heteroaryI,

NHC( 0) NH- het e ocycloalkyl NHC(O)NH—aIkyIheterocycloalkyl, S-al kyl ,

S-al kenyl , S-alXgyay S—alkoxyalkyl Sal kyl am noal kyl, S-al kyl aryl,
S—alkylanlnocar-o S-al kyl aryl, S—alkynylaryl, Sal koxyaryl,

S- al kyl am noar cl oal kyl S—ar S-heteroaryl, S-heterocycloal kyl,
Sal kyl het erocyd] © §y| S O)alkéhyl S(0) al kynyl

S(0) al koxyal L N\308 O)alkylanlnoalkyl S(O)alkylaninocarbonyl,
S(0) al kyl aryl", S(0)al kenyl aryl, S(O)alkynylaryl, S(0) al koxyaryl,

S(0) al kyl am noaryl , S(O)cycloalkyl, S(0)aryl, S(0)heteroaryl,

S(0) het erocycl oal kyl , (¥(0) al kyl het erocycl oal kyl, S(0)2al kyl, S(0) 2al kenyl,
S(0) 2al kynyl , S(0)2al koxyal kyl, $S(0)2al kyl am noal kyl ,

S(0) 2al kyl am nocar bonyl S&O)Zalkylaryl S(0) 2al kenyl aryl ,

S(0) 2al kynyl aryl, WD 2012/'094328PCT/ US2012/ 020092 S(O)Zalkoxyaryl

S(0) 2al kyl am noaryl, S(0)2cyXN oalkyl, S(0)2aryl, S(0)2heteroaryl,
S(O)2heterocyc|oalky| S(0)[2al terocycloalkyl, S(O)2heterocyc|y|a|ky|,
S(O)2heterocxflgéﬁlk vI \ erocycl yl al kynyl , SO2NH, SO2NH- al kyl ,
SO2NHal kenyl kynyI - al kyl aryl, SO2NH- al kenyl aryl ,

S2NH- al kynyl aryl, 5 SO2NH cycl oal®kyl, SO2NH aryl, SO2NH heteroaryl,
SO2NH- het er ocycl oal kyl , SO2NHal kyl het er ocycl oal kyl , al kyl aryl oxyal koxy,

al kyl aryl oxyal kyl am no, al kyl aryl am noal koxy, alkylarylanlnoalkylanlno
aIkyIaryIaIkyIanlnoaIkéY@ aIkyIaryIaIkyIanlnoaIkoxy, al kenyl ar yl oxyal koxy,

al kenyl ar | am no Jken Ianlno

21 Kerl arPia T e et S B skt gpceptable sats and

10al kenylgoyugd Htcaiwvieadik ¥, &N, B, G, Q ankirD RavEhenReGhES §iveh @m@dl ment, B
is a stralght chai n _al kyl , alken . al Kk yl al kyl, aryl al ken

aryl al kynyl , Hegacshoginagnkyhe CQ@P%&P@%&FW?PH aigaeRIeEsaras byl E@wila VI
heterocyqﬁx} .kyl, heterocyclylal kenyl, heterocyclyl al kynyl, aryl,

het er oary eterocyclyl cycl oal kyl, cycloalkenyl, aIkyIaryIaIkyI,

al kyl aryl al kenyl , aIkyIaryIaIkynyI, 15al kenyl aryl al kyl, al kenyl aryl al kenyl ,
alkenylarylalkynyl, al kynyl aryl al kyl , al kynyl aryl al kenyl ,

al kynyl aryl al kynyl , al kyl het eroaryl al kyl, al kyl het er oaryl al kenyl ,

al kyl het eroaryl al kynyl , al kenyl heteroaryl al kyl, al kenyl het eroaryl al kenyl ,
al kenyl het eroaryl al kynyl, al kynyl het eroaryl al kyl, al kynyl het eroaryl al kenyl ,
al kynyl het eroaryl al kynyl , al kyl heterocycl yl al kyl, al kyl heterocyclyl al kenyl ,
20al kyl her erocycl yl al kynyl, al kenyl het erocycl yl al kyl

al kenyl het erocycl yl al kenyl, al kenyl het erocycl yl al kynyl

al kynyl het erocycl yl al kyl, al kynyl het erocycl yl al kenyl

al kynyl heterocycl yl al kynyl, al kyl aryl g8 al kenyl aryl, al kynyl aryl,

al kyl het eroaryl, al kenyl heteroaryl, or al kynyl hereroaryl. In these |inkers,
one or nore nethylenes can be interrupted or termnated by -0-, -NR2)-
-C(0) -, -C(O)N(RZ)- or -CXO)O- 25In one enbodlnent the I|nker B IS

oy T Y - A A~




5Ci oal kyl am no, heteroaryl G -G oal koxy, heteroaryl oxyC i-GC oal kyl ,

het er oaryl oxyC2- Ci oal kenyl, heteroaryl oxyC2-C oal kynyl ,

het er oar ywoxy@oo@G2eal kyl am no, het eroaryl oxyG - G oal koxpcTius2dihe20vmst
preferred enbodi nents, the D group is attached to B via an aliphatic noiety
carbon chain, an arR/I group or a heteroaryl group within B. In another
preferred enbodinenty, B is a direct bond, aryl, heteroaryl, C2-C o-alkyl,
10C2- G o- al kenyl, arw -C2-Ci o-al kyl, aryl -C2-Ci o-al kenyl,

aryl oxy- G - G o- al kyl &rocycl yl het eroaryl,

G -G o-al kyl heteroc beroaryl, or G -G oal kyl am nohet eroaryl . It
i's understood that 2% al kenyl , al kynyl, aryl, heteroaryl, cycloalkyl,
het erocycl yl and tkhe £ can beofurther substituted. 15ln certain

enbodi ments, the conpounds\ of rmulas | and Il are represented by Fornul as
X1l and XIV, respectivel yiN erein ML is absent, 0, S, NR2, Cl1-C6 al kyl,
C2-C6 al kenyl, C2-C6 al kynyl, a %I, het eroaryl, heterocyclic, SO SO2 or
C=0; M2 is absent, Cl-C6 al kyl, ¥, —BhebPerocyclic, aryl, heteroaryl, or
C=0; M3 is absent, 0, NR2,vg) SO S, CO C1-C6 al kyl, C2-C6 al kenyl,
C2-C6 al kynyl, aryl, heteroaryl, or heterocyclic; Mt is absent, 0, NR2,
S5heteroaryl, heterocyclic or aryl; and Mb is absent, G -C8 al kyl, C2-C8

al kenyl, C2- CBal kynyl, heteroaryl, heterocyclic or aryl; and E, L, Q G
Z, Y2, R32, R33 and R34 haXe the definitions given for these variabl es
above. Preferably, Y2 and K e absent, Zis N R33 is Hand R34 is

hydr oxy. Specific corrpoun le i nvention are set forth in the Table

bel ow. 101'6|O'\|!3_|Qx R 08(48—0 . 2 HONH

=

and stereoisomers, geometric isomers, tautomers, pharmaceutically acceptable salts and

(VIID)

prodrugs thereof, wherein E, K, L, X, B, G, Q and D have the meanings given above.
Preferably, G and L are each independently substituted or unsubstituted aryl or substituted
or unsubstituted heteroaryl, and more preferably G and L are each independently
10 substituted or unsubstituted phenyl or substituted or unsubstituted pyridyl. Preferably, E
and Q are each independently substituted or unsubstituted heteroaryl.
In an embodiment, the compounds of the invention are represented by Formula IX

or X:

\
E/\\_\/
L

15 (IX)



_C 11 HN 3 HONH\ C \ . HN CF, 4

WO 2012/094328 PCT/US2012/020092

\
DBXQ/\\/\,/
G

X)
and stereoisomers, geometric isomers, tautomers, pharmaceutically acceptable salts and
prodrugs thereof, wherein E, K, L, X, B, G, Q and D have the meanings given above.
5  Preferably, G and L are each independently heterocyclyl, preferably heterocycloalkyl.
In one embodiment, the present invention provides compounds which are

represented by Formula XI:
Cl

E
0
HN
W,
\\W2
=,
(XI)
10

and stereoisomers, geometric isomers, tautomers, pharmaceutically acceptable salts and
prodrugs thereof;

wherein

one of W-Ws is C(X-B-D) and the others are each independently N or CR3, provided that
15  no more than three of W;-Ws are N;
cach Rj is independently selected from hydrogen, hydroxy, amino, halogen, alkoxy,
alkylamino, dialkylamino, CFs, CN, NO,, sulfonyl, acyl, aliphatic, substituted aliphatic,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted
heterocyclic; and
20 X, B and D have the meanings given for these variables above.
In preferred embodiments of the compounds of Formula XI, E is substituted or
unsubstituted pyridyl, such as substituted or unsubstituted pyrid-2-yl, pyrid-3-yl or pyrid-

4-yl, or substituted or unsubstituted benzimidazolyl, such as substituted or unsubstituted

10



-NC HONH Iik HN 5HONHC O // /S0 -N* HN 6 C _ cF3
HO- NH _ .\ HN
WO 2012/094328 PCT/US2012/020092

benzimidazol-2-yl. In particularly preferred embodiments, E is selected from the groups

set forth below:
X '7?7’ N AN N
5 In another preferred embodiment of the compounds of Formula XI, the group

W5/ W\1\W2
\, =/

is selected from the groups shown below:

Y
X\B\D d X\B\D‘

In another embodiment, the present invention provides compounds which are

10 represented by Formula XII:



7HONSC GO 08/S=0 /N * 0 HN 8 0, C /N HO-NH -N* HN 9

% Cl -
WO 2012/094328 PCT/US2012/020092

Cl

0
HN
X4
x5/ \\x2
\ _/
XWX (x1)

and stereoisomers, geometric isomers, tautomers, pharmaceutically acceptable salts and
prodrugs thereof;
5  wherein

X;-Xs are each independently selected from N and CR3, provided that at least two of X;-
Xs are CR3; and
Q, D, B, X and R; have the meanings given for these variables above.

In preferred embodiments of the compounds of Formula XII, Q is substituted or

10 unsubstituted pyridyl, substituted or unsubstituted pyrimidyl or substituted or

unsubstituted benzimidazolyl. In particularly preferred embodiments, Q is selected from

the groups below,
O HOH

/ i
)

15 N ,

wherein the bond to the benzene ring is denoted by %, and the bond to X is denoted by I .

In other preferred embodiments of the compounds of Formula XII, the group

12



N

7 HO- NH - N HN CF3 10 HO- NHCI HN CF, 11 HO NHCI Q o>\

10

15

20

25

WO 2012/094328 PCT/US2012/020092
X1
/ N\
Xs \ X,
\ _/
X4_X3

is substituted or unsubstituted phenyl, substituted or unsubstituted pyridyl, such as
substituted or unsubstituted pyrid-2-yl, pyrid-3-yl or pyrid-4-yl, or substituted or
unsubstituted pyrimidyl, such as pyrimid-2-yl, pyrimid-4-yl or pyrimid-5-yl. In

particularly preferred embodiments, this group is selected from those set forth below.

|
O 2

|
FsC N/ \02 -

0
In a preferred embodiment, the bivalent B is a direct bond or straight- or branched-
, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl,
heteroarylalkenyl, heteroarylalkynyl, heterocyclylalkyl, heterocyclylalkenyl,
heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl, cycloalkyl, cycloalkenyl,
alkylarylalkyl, alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl,
alkenylarylalkynyl, alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl,
alkylheteroarylalkyl, alkylheteroarylalkenyl, alkylheteroarylalkynyl,
alkenylheteroarylalkyl, alkenylheteroarylalkenyl, alkenylheteroarylalkynyl,
alkynylheteroarylalkyl, alkynylheteroarylalkenyl, alkynylheteroarylalkynyl,
alkylheterocyclylalkyl, alkylheterocyclylalkenyl, alkylhererocyclylalkynyl,
alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl,
alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl,
alkylaryl, alkenylaryl, alkynylaryl, alkylheteroaryl, alkenylheteroaryl, or
alkynylheteroaryl, in which groups one or more methylenes can be interrupted or
terminated by O, S, S(O), SOz, N(R;), C(O), substituted or unsubstituted aryl, substituted
or unsubstituted heteroaryl, or substituted or unsubstituted heterocyclic; such divalent B

linkers include but are not limited to alkyl, alkenyl, alkynyl, alkylaryl, alkenylaryl,

13
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alkynylaryl, alkylheterocyclylaryl, alkylheterocyclylarylalkyl, alkylheterocyclylheteroaryl,
alkylheterocyclylheteroarylalkyl, alkoxyaryl, alkylaminoaryl, alkoxyalkyl,
alkylaminoalkyl, alkylheterocycloalkyl, alkylheteroarylalkyl, alkylamino, aryl, heteroaryl,
heterocyclyl, N(R;)alkenyl, N(R,)alkynyl, N(R;)alkoxyalkyl, N(R;)alkylaminoalkyl,
N(Ry)alkylaminocarbonyl, N(Ry)alkylaryl, N(R;)alkenylaryl, N(R;)alkynylaryl,
N(Ry)alkoxyaryl, N(R)alkylaminoaryl, N(R;)cycloalkyl, N(Ry)aryl, N(R;)heteroaryl,
N(R2)heterocycloalkyl, N(R)alkylheterocycloalkyl, alkoxy, O-alkenyl, O-alkynyl, O-
alkoxyalkyl, O-alkylaminoalkyl, O-alkylaminocarbonyl, O-alkylaryl, O-alkenylaryl, O-
alkynylaryl, O-alkoxyaryl, O-alkylaminoaryl, O-cycloalkyl, O-aryl, O-heteroaryl, O-
heterocycloalkyl, O-alkylheterocycloalkyl, C(O)alkyl, C(O)-alkenyl, C(O)alkynyl,
C(O)alkylaryl, C(O)alkenylaryl, C(O)alkynylaryl, C(O)alkoxyalkyl, C(O)alkylaminoalkyl,
C(O)alkylaminocarbonyl, C(O)cycloalkyl, C(O)aryl, C(O)heteroaryl,
C(O)heterocycloalkyl, CON(R;), CON(R;)alkyl, CON(R;)alkenyl, CON(R;)alkynyl,
CON(Ry)alkylaryl, CON(R;)alkenylaryl, CON(R;)alkynylaryl, CON(R;)alkoxyalkyl,
CON(Ry)alkylaminoalkyl, CON(R;)alkylaminocarbonyl, CON(R;)alkoxyaryl,
CON(Ry)alkylaminoaryl, CON(R;)cycloalkyl, CON(R;)aryl, CON(R;)heteroaryl,
CON(R2)heterocycloalkyl, CON(Ry)alkylheterocycloalkyl, N(R,)C(O)alkyl,
N(R2)C(O)alkenyl, N(R,)C(O)- alkynyl, N(R,)C(O)alkylaryl, N(R,)C(O)alkenylaryl,
N(R2)C(O)alkynylaryl, N(R,)C(O)alkoxyalkyl, N(R,)C(O)alkylaminoalkyl,
N(R2)C(O)alkylaminocarbonyl, N(R,)C(O)alkoxyaryl, N(R2)C(O)alkylaminoaryl,
N(R,)C(O)cycloalkyl, N(R;)C(O)aryl, N(R;)C(O)heteroaryl, N(R,)C(O)heterocycloalkyl,
N(R2)C(O)alkylheterocycloalkyl, NHC(O)NH, NHC(O)NH-alkyl, NHC(O)NH-alkenyl,
NHC(O)NH-alkynyl, NHC(O)NH-alkylaryl, NHC(O)NH-alkenylaryl, NHC(O)NH-
alkynylaryl, NHC(O)NH-alkoxyaryl, NHC(O)NH-alkylaminoaryl, NHC(O)NH-
cycloalkyl, NHC(O)NH-aryl, NHC(O)NH-heteroaryl, NHC(O)NH-heterocycloalkyl,
NHC(O)NH-alkylheterocycloalkyl, S-alkyl, S-alkenyl, S-alkynyl, S-alkoxyalkyl, S-
alkylaminoalkyl, S-alkylaryl, S-alkylaminocarbonyl, S-alkylaryl, S-alkynylaryl, S-
alkoxyaryl, S-alkylaminoaryl, S-cycloalkyl, S-aryl, S-heteroaryl, S-heterocycloalkyl, S-
alkylheterocycloalkyl, S(O)alkyl, S(O)alkenyl, S(O)alkynyl, S(O)alkoxyalkyl,
S(O)alkylaminoalkyl, S(O)alkylaminocarbonyl, S(O)alkylaryl, S(O)alkenylaryl,
S(O)alkynylaryl, S(O)alkoxyaryl, S(O)alkylaminoaryl, S(O)cycloalkyl, S(O)aryl,
S(O)heteroaryl, S(O)heterocycloalkyl, S(O)alkylheterocycloalkyl, S(O).alkyl,
S(O),alkenyl, S(O),alkynyl, S(O),alkoxyalkyl, S(O),alkylaminoalkyl,
S(O),alkylaminocarbonyl, S(O).alkylaryl, S(O),alkenylaryl, S(O),alkynylaryl,

14
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S(O),alkoxyaryl, S(O),alkylaminoaryl, S(O);cycloalkyl, S(O),aryl, S(O);heteroaryl,
S(O);heterocycloalkyl, S(O),alkylheterocycloalkyl, S(O);heterocyclylalkyl,
S(O);heterocyclylalkenyl, S(O);heterocyclylalkynyl, SO,NH, SO,NH-alkyl, SO,NH-
alkenyl, SO,NH-alkynyl, SO,NH-alkylaryl, SO,NH-alkenylaryl, SO,NH-alkynylaryl,
SO,NH-cycloalkyl, SO,NH-aryl, SO,NH-heteroaryl, SO,NH-heterocycloalkyl, SO,NH-
alkylheterocycloalkyl, alkylaryloxyalkoxy, alkylaryloxyalkylamino,
alkylarylaminoalkoxy, alkylarylaminoalkylamino, alkylarylalkylaminoalkoxy,
alkylarylalkylaminoalkoxy, alkenylaryloxyalkoxy, alkenylaryloxyalkylamino,
alkenylarylaminoalkoxy, alkenylarylaminoalkylamino, alkenylarylalkylaminoalkoxy,
alkenylarylalkylaminoalkylamino.

In a more preferred embodiment, B is a straight chain alkyl, alkenyl, alkynyl,
arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl,
heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl,
cycloalkyl, cycloalkenyl, alkylarylalkyl, alkylarylalkenyl, alkylarylalkynyl,
alkenylarylalkyl, alkenylarylalkenyl, alkenylarylalkynyl, alkynylarylalkyl,
alkynylarylalkenyl, alkynylarylalkynyl, alkylheteroarylalkyl, alkylheteroarylalkenyl,
alkylheteroarylalkynyl, alkenylheteroarylalkyl, alkenylheteroarylalkenyl,
alkenylheteroarylalkynyl, alkynylheteroarylalkyl, alkynylheteroarylalkenyl,
alkynylheteroarylalkynyl, alkylheterocyclylalkyl, alkylheterocyclylalkenyl,
alkylhererocyclylalkynyl, alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl,
alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl,
alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl, alkynylaryl, alkylheteroaryl,
alkenylheteroaryl, or alkynylhereroaryl. In these linkers, one or more methylenes can be
interrupted or terminated by —O-, -N(R;)-, -C(O)-, -C(O)N(R3)-, or -C(O)O-.

In one embodiment, the linker B is between 1-24 carbon atoms, preferably 4-24
carbon atoms, preferably 4-18 carbon atoms, more preferably 4-12 carbon atoms, and most
preferably about 4-10 carbon atoms.

In a preferred embodiment, B is selected from straight chain C;-Cg alkyl, C-Cyo
alkenyl, C,-Cyy alkynyl, C;-C,, alkoxy, alkoxyC,-C,palkoxy, C;-C,y alkylamino,
alkoxyC,;-Cjpalkylamino, C;-C, alkylcarbonylamino, C,-C,, alkylaminocarbonyl,
aryloxyC,-Cjpalkoxy, aryloxyC;-Cpalkylamino, aryloxyC;-Cjpalkylamino carbonyl, C;-
Cio-alkylaminoalkylaminocarbonyl, C;-C, alkyl(N-alkyl)aminoalkyl-aminocarbonyl,
alkylaminoalkylamino, alkylcarbonylaminoalkylamino, alkyl(N-alkyl)aminoalkylamino,

(N-alkyl)alkylcarbonylaminoalkylamino, alkylaminoalkyl, alkylaminoalkylaminoalkyl,
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alkylpiperazinoalkyl, piperazinoalkyl, alkylpiperazino, alkenylaryloxyC;-Cjoalkoxy,
alkenylarylaminoC,-Cjpalkoxy, alkenylaryllalkylaminoC;-C ¢alkoxy, alkenylaryloxyC,-
Cioalkylamino, alkenylaryloxyC;-Cjpalkylaminocarbonyl, piperazinoalkylaryl,
heteroarylC,-C,palkyl, heteroarylC,-Cjalkenyl, heteroarylC,-Cjjalkynyl, heteroarylC,-

5  Cyealkylamino, heteroarylC;-Cjpalkoxy, heteroaryloxyC;-Cjpalkyl, heteroaryloxyC,-
Cjoalkenyl, heteroaryloxyC,-Cjpalkynyl, heteroaryloxyC,-Cipalkylamino,
heteroaryloxyC;-Cjpalkoxy. In the most preferred embodiments, the D group is attached to
B via an aliphatic moiety carbon chain, an aryl group or a heteroaryl group within B.

In another preferred embodiment, B is a direct bond, aryl, heteroaryl, C,-C,¢-alkyl,
10 C,-Cyp-alkenyl, aryl-C,-Cg-alkyl, aryl-C,-C¢-alkenyl, aryloxy-C;-Cjo-alkyl,
heterocyclylheteroaryl, C;-Cjo-alkylheterocyclylheteroaryl, or C;-Cjo-
alkylaminoheteroaryl.
It is understood that alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl,
heterocyclyl and the like can be further substituted.
15 In certain embodiments, the compounds of Formulas I and II are represented by

Formulas XIII and XTIV, respectively:
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wherein M; is absent, O, S, NR;,, C;-Cs alkyl, C,-Cs alkenyl, C,-Cq alkynyl, aryl,
heteroaryl, heterocyclic, SO, SO, or C=0; M, is absent, C,-Cs alkyl, O, NR,,,
heterocyclic, aryl, heteroaryl, or C=0; M3 is absent, O, NR,, S, SO, SO,, CO, C;-Cg alkyl,
C,-Cg alkenyl, C,-Cq alkynyl, aryl, heteroaryl, or heterocyclic; M, is absent, O, NR,,

5 heteroaryl, heterocyclic or aryl; and Ms is absent, C,-Cs alkyl, C,-Cg alkenyl, C,-
Csalkynyl, heteroaryl, heterocyclic or aryl; and E, L, Q, G, Z, Y2, Rs;, R33 and R4 have
the definitions given for these variables above. Preferably, Y, and R, are absent, Z is N,
R;3 is H and R34 is hydroxy.

Specific compounds of the invention are set forth in the Table below.
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The invention further provides methods for the prevention or treatment of

hedgehog-related diseases or disorders, and in particular, diseases or disorders involving

aberrant proliferation, differentiation or survival of cells. In one embodiment, the
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invention further provides for the use of one or more compounds of the invention in the
manufacture of a medicament for halting or decreasing diseases involving aberrant
proliferation, differentiation, or survival of cells. In preferred embodiments, the disease is
cancer. In one embodiment, the invention relates to a method of treating cancer in a
subject in need of treatment comprising administering to said subject a therapeutically
effective amount of a compound of the invention. In another embodiment, the invention
further provides methods for the prevention or treatment of non-cancer hedgehog-related
diseases or disorders, such as psoriasis. The compounds of the invention can also be used
to treat diseases or disorders associated with aberrant or uncontrolled angiogenesis,
including macular degeneration, diabetic retinopathy, retinopathy of prematurity,
rheumatoid arthritis and obesity. In addition, compounds of the invention may be used to
down-regulate hair growth.

By virtue of the dual HDAC and Hedgehog inhibitory activities of the compounds
of the present invention, the invention further provides a method for treating certain
cancers which are resistant to the action of Hedgehog pathway signaling inhibitors alone.
Such resistance may be characterized by one or more mutations in proteins involved in the
Hedgehog signaling cascade above the level of Gli transcription activation. The present
compounds having HDAC inhibiting activity may nonetheless be useful for treating
cancers having increased hedgehog levels by inhibiting the deacetylation of the Glil and
Gli2 transcription activators.

The term "cancer" refers to any cancer caused by the proliferation of malignant
neoplastic cells, such as tumors, neoplasms, carcinomas, sarcomas, leukemias, lymphomas
and the like. For example, cancers include, but are not limited to, mesothelioma,
leukemias and lymphomas such as cutaneous T-cell lymphomas (CTCL), noncutaneous
peripheral T-cell lymphomas, lymphomas associated with human T-cell lymphotrophic
virus (HTLV) such as adult T-cell leukemia/lymphoma (ATLL), B-cell lymphoma, acute
nonlymphocytic leukemias, chronic lymphocytic leukemia, chronic myelogenous
leukemia, acute myelogenous leukemia, lymphomas, and multiple myeloma, non-Hodgkin
lymphoma, acute lymphatic leukemia (ALL), chronic lymphatic leukemia (CLL),
Hodgkin’s lymphoma, Burkitt lymphoma, adult T-cell leukemia lymphoma, acute-myeloid
leukemia (AML), chronic myeloid leukemia (CML), or hepatocellular carcinoma. Further
examples include myelodisplastic syndrome, childhood solid tumors such as brain tumors,
neuroblastoma, retinoblastoma, Wilms' tumor, bone tumors, and soft-tissue sarcomas,

common solid tumors of adults such as head and neck cancers (e.g., oral, laryngeal,
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nasopharyngeal and esophageal), genitourinary cancers (e.g., prostate, bladder, renal,
uterine, ovarian, testicular), lung cancer (e.g., small-cell and non small cell), breast cancer,
pancreatic cancer, melanoma and other skin cancers, stomach cancer, brain tumors, tumors
related to Gorlin’s syndrome (e.g., medulloblastoma, meningioma, etc.), and liver cancer.
Additional exemplary forms of cancer which may be treated by the subject compounds
include, but are not limited to, cancer of skeletal or smooth muscle, stomach cancer,
cancer of the small intestine, rectum carcinoma, cancer of the salivary gland, endometrial
cancer, adrenal cancer, anal cancer, rectal cancer, parathyroid cancer, and pituitary cancer.

In preferred embodiments, the cancer is associated with aberrant hedgehog
signaling, for example, when Patched fails to, or inadequately, represses Smoothened (Ptc
loss of function phenotype) and/or when Smoothened is active regardless of Patched
repression (Smo gain-of function phenotype) and/or when the Hedgehog ligand is
upregulated regardless of patched or smoothened mutational status. Examples of such
cancer types include basal cell carcinoma, neuroectodermal tumors, such as
medulloblastoma, meningioma, hemangioma, glioblastoma, pancreatic adenocarcinoma,
squamous lung carcinoma, small cell lung cancer, non-small cell lung cancer, ovarian
cancer, prostate cancer, liver cancer, chondrosarcoma, breast carcinoma,
rhabdomyosarcoma, esophageal cancer, stomach cancer, biliary tract cancer, renal
carcinoma and thyroid carcinoma. Furthermore, compounds of the invention may be
useful in the treatment of hematologic tumors such as leukemias, lymphomas and
myelomas as listed above.

Additional cancers that the compounds described herein may be useful in treating
are, for example, colon carcinoma, familiary adenomatous polyposis carcinoma and
hereditary non-polyposis colorectal cancer, or melanoma. Further, cancers include, but are
not limited to, labial carcinoma, larynx carcinoma, hypopharynx carcinoma, tongue
carcinoma, salivary gland carcinoma, gastric carcinoma, adenocarcinoma, thyroid cancer
(medullary and papillary thyroid carcinoma), renal carcinoma, kidney parenchyma
carcinoma, cervix carcinoma, uterine corpus carcinoma, endometrium carcinoma, chorion
carcinoma, testis carcinoma, urinary carcinoma, melanoma, brain tumors such as
glioblastoma, astrocytoma, meningioma, medulloblastoma and peripheral neuroectodermal
tumors, gall bladder carcinoma, bronchial carcinoma, multiple myeloma, basalioma,
teratoma, retinoblastoma, choroidea melanoma, seminoma, rhabdomyosarcoma,
craniopharyngeoma, osteosarcoma, chondrosarcoma, myosarcoma, liposarcoma,

fibrosarcoma, Ewing sarcoma, and plasmocytoma.
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In one aspect of the invention, the present invention provides for the use of one or
more compounds of the invention in the manufacture of a medicament for the treatment of
cancer.

In one embodiment, the present invention includes the use of one or more
compounds of the invention in the manufacture of a medicament that prevents further
aberrant proliferation, differentiation, or survival of cells. For example, compounds of the
invention may be useful in preventing tumors from increasing in size or from reaching a
metastatic state. The subject compounds may be administered to halt the progression or
advancement of cancer or to induce tumor apoptosis or to inhibit tumor angiogenesis. In
addition, the instant invention includes use of the subject compounds to prevent a
recurrence of cancer.

This invention further embraces the treatment or prevention of cell proliferative
disorders such as hyperplasias, dysplasias and pre-cancerous lesions. Dysplasia is the
carliest form of pre-cancerous lesion recognizable in a biopsy by a pathologist. The
subject compounds may be administered for the purpose of preventing said hyperplasias,
dysplasias or pre-cancerous lesions from continuing to expand or from becoming
cancerous. Examples of pre-cancerous lesions may occur in skin, esophageal tissue, breast
and cervical intra-epithelial tissue.

"Combination therapy" includes the administration of the subject compounds in
further combination with other biologically active ingredients (such as, but not limited to,
a second and different antincoplastic agent) and non-drug therapies (such as, but not
limited to, surgery or radiation treatment). For instance, the compounds of the invention
can be used in combination with other pharmaceutically active compounds, preferably
compounds that are able to enhance the effect of the compounds of the invention. The
compounds of the invention can be administered simultaneously (as a single preparation or
separate preparation) or sequentially to the other drug therapy. In general, a combination
therapy envisions administration of two or more drugs during a single cycle or course of
therapy.

In one aspect of the invention, the subject compounds may be administered in
combination with one or more separate agents that modulate protein kinases involved in
various discase states or targets downstream thercof. Examples of such kinases may
include, but are not limited to: serine/threonine specific kinases, receptor tyrosine specific
kinases and non-receptor tyrosine specific kinases. Serine/threonine kinases include

mitogen activated protein kinases (MAPK), meiosis specific kinase (MEK), RAF and
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aurora kinase. Examples of receptor kinase families include epidermal growth factor
receptor (EGFR) (e.g., HER2/neu, HER3, HER4, ErbB, ErbB2, ErbB3, ErbB4, Xmrk,
DER, Let23); fibroblast growth factor (FGF) receptor (e.g., FGF-R1,GFF-R2/BEK/CEK3,
FGF-R3/CEK2, FGF-R4/TKF, KGF-R); hepatocyte growth/scatter factor receptor
(HGFR) (e.g., MET, RON, SEA, SEX); insulin receptor (e.g., IGFI-R, PI3K, AKT,
mTor); Eph (e.g., CEK5, CEKS8, EBK, ECK, EEK, EHK-1, EHK-2, ELK, EPH, ERK,
HEK, MDK2, MDKS5, SEK); Axl (e.g., Mer/Nyk, Rse); RET; and platelet-derived growth
factor receptor (PDGFR) (e.g., PDGFa-R, PDGB-R, CSF1-R/FMS, SCF-R/C-KIT, VEGF-
R/FLT, NEK/FLK1, FLT3/FLK2/STK-1). Non-receptor tyrosine kinase families include,
but are not limited to, BCR-ABL (e.g., p43*, ARG); BTK (e.g., ITK/EMT, TEC); CSK,
FAK, FPS, JAK, SRC, BMX, FER, CDK and SYK.

In another aspect of the invention, the subject compounds may be administered in
combination with one or more separate agents that modulate non-kinase biological targets
or processes. Such targets include histone deacetylases (HDAC), DNA methyltransferase
(DNMT), heat shock proteins (e.g., HSP90), and proteosomes.

In a preferred embodiment, subject compounds may be combined with
antineoplastic agents (e.g., small molecules, monoclonal antibodies, antisense RNA, and
fusion proteins) that inhibit one or more biological targets such as Zolinza, Tarceva,
Iressa, Tykerb, Gleevec, Sutent, Sprycel, Nexavar, CNF2024, RG108, BMS387032,
Affinitak, Avastin, Herceptin, Erbitux, AG24322, PD325901, ZD6474, PD184322,
Obatodax, ABT737 and AEE788. Such combinations may enhance therapeutic efficacy
over efficacy achieved by any of the agents alone and may prevent or delay the appearance
of resistant mutational variants. For example, the subject compounds may advantageously
be used in combination with a BCL-ABL inhibitor such as Sprycel for the treatment of
hematologic tumors such as leukemias, lymphomas and myelomas.

In certain preferred embodiments, the compounds of the invention are administered
in combination with a chemotherapeutic agent. Chemotherapeutic agents encompass a
wide range of therapeutic treatments in the field of oncology. These agents are
administered at various stages of the disease for the purposes of shrinking tumors,
destroying remaining cancer cells left over after surgery, inducing remission, maintaining
remission and/or alleviating symptoms relating to the cancer or its treatment. Examples of
such agents include, but are not limited to, alkylating agents such as mustard gas
derivatives (Mechlorethamine, cylophosphamide, chlorambucil, melphalan, ifosfamide),

ethylenimines (thiotepa, hexamethylmelanine), Alkylsulfonates (Busulfan), Hydrazines
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and Triazines (Altretamine, Procarbazine, Dacarbazine and Temozolomide), Nitrosoureas
(Carmustine, Lomustine and Streptozocin), Ifosfamide and metal salts (Carboplatin,
Cisplatin, and Oxaliplatin); plant alkaloids such as Podophyllotoxins (Etoposide and
Tenisopide), Taxanes (Paclitaxel and Docetaxel), Vinca alkaloids (Vincristine,
Vinblastine, Vindesine and Vinorelbine), and Camptothecan analogs (Irinotecan and
Topotecan); anti-tumor antibiotics such as Chromomycins (Dactinomycin and
Plicamycin), Anthracyclines (Doxorubicin, Daunorubicin, Epirubicin, Mitoxantrone,
Valrubicin and Idarubicin), and miscellaneous antibiotics such as Mitomycin,
Actinomycin and Bleomycin; anti-metabolites such as folic acid antagonists
(Methotrexate, Pemetrexed, Raltitrexed, Aminopterin), pyrimidine antagonists (5-
Fluorouracil, Floxuridine, Cytarabine, Capecitabine, and Gemcitabine), purine antagonists
(6-Mercaptopurine and 6-Thioguanine) and adenosine deaminase inhibitors (Cladribine,
Fludarabine, Mercaptopurine, Clofarabine, Thioguanine, Nelarabine and Pentostatin);
topoisomerase inhibitors such as topoisomerase I inhibitors (Ironotecan, topotecan) and
topoisomerase II inhibitors (Amsacrine, etoposide, etoposide phosphate, teniposide);
monoclonal antibodies (Alemtuzumab, Gemtuzumab ozogamicin, Rituximab,
Trastuzumab, Ibritumomab Tioxetan, Cetuximab, Panitumumab, Tositumomab,
Bevacizumab); and miscellancous anti-neoplastics such as ribonucleotide reductase
inhibitors (Hydroxyurea); adrenocortical steroid inhibitor (Mitotane); enzymes
(Asparaginase and Pegaspargase); anti-microtubule agents (Estramustine); and retinoids
(Bexarotene, Isotretinoin, Tretinoin (ATRA). For example, the subject compounds may
advantageously be used in combination with a pyrimidine antagonist such as Gemcitabine
for the treatment of solid tumors such as pancreatic cancers such as pancreatic
adenocarcinoma.

In certain preferred embodiments, the compounds of the invention are administered
in combination with a chemoprotective agent. Chemoprotective agents act to protect the
body or minimize the side effects of chemotherapy. Examples of such agents include, but
are not limited to, amfostine, mesna, and dexrazoxane.

In one aspect of the invention, the subject compounds are administered in
combination with radiation therapy. Radiation is commonly delivered internally
(implantation of radioactive material near cancer site) or externally from a machine that
employs photon (x-ray or gamma-ray) or particle radiation. Where the combination
therapy further comprises radiation treatment, the radiation treatment may be conducted at

any suitable time so long as a beneficial effect from the co-action of the combination of
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the therapeutic agents and radiation treatment is achieved. For example, in appropriate
cases, the beneficial effect is still achieved when the radiation treatment is temporally
removed from the administration of the therapeutic agents, perhaps by days or even weeks.

It will be appreciated that compounds of the invention can be used in combination
with an immunotherapeutic agent. One form of immunotherapy is the generation of an
active systemic tumor-specific immune response of host origin by administering a vaccine
composition at a site distant from the tumor. Various types of vaccines have been
proposed, including isolated tumor-antigen vaccines and anti-idiotype vaccines. Another
approach is to use tumor cells from the subject to be treated, or a derivative of such cells
(reviewed by Schirrmacher et al. (1995) J. Cancer Res. Clin. Oncol., 121:487). In U.S.
Pat. No. 5,484,596, Hanna Jr. et al. claim a method for treating a resectable carcinoma to
prevent recurrence or metastases, comprising surgically removing the tumor, dispersing
the cells with collagenase, irradiating the cells, and vaccinating the patient with at least
three consecutive doses of about 107 cells.

It will be appreciated that the compounds of the invention may advantageously be
used in conjunction with one or more adjunctive therapeutic agents. Examples of suitable
agents for adjunctive therapy include a SHT,; agonist, such as a triptan (e.g. sumatriptan or
naratriptan); an inhibitor of the phosphoinositol-3-kinase (PI3K) family; an inhibitor of the
mammalian target of rapamycin (mTOR); an inhibitor of Ber-Abl; an adenosine Al
agonist; an EP ligand; an NMDA modulator, such as a glycine antagonist; a sodium
channel blocker (e.g. lamotrigine); a substance P antagonist (e.g. an NK; antagonist); a
cannabinoid; acetaminophen or phenacetin; a 5-lipoxygenase inhibitor; a leukotriene
receptor antagonist; a DMARD (e.g. methotrexate); gabapentin and related compounds; a
tricyclic antidepressant (e.g. amitryptilline); a neuron stabilising antiepileptic drug; a
mono-aminergic uptake inhibitor (e.g. venlafaxine); a matrix metalloproteinase inhibitor; a
nitric oxide synthase (NOS) inhibitor, such as an iNOS or an nNOS inhibitor; an inhibitor
of the release, or action, of tumour necrosis factor alpha; an antibody therapy, such as a
monoclonal antibody therapy; an antiviral agent, such as a nucleoside inhibitor (e.g.
lamivudine) or an immune system modulator (e.g. interferon); an opioid analgesic; a local
anaesthetic; a stimulant, including caffeine; an H,-antagonist (e.g. ranitidine); a proton
pump inhibitor (e.g. omeprazole); an antacid (e.g. aluminium or magnesium hydroxide; an
antiflatulent (e.g. simethicone); a decongestant (e.g. phenylephrine, phenylpropanolamine,
pseudoephedrine, oxymetazoline, epinephrine, naphazoline, xylometazoline,

propylhexedrine, or levo-desoxyephedrine); an antitussive (e.g. codeine, hydrocodone,
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carmiphen, carbetapentane, or dextramethorphan); a diuretic; or a sedating or non-sedating
antihistamine.

The compounds may also be used in the treatment of a disorder involving, relating
to or, associated with dysregulation of histone deacetylase (HDAC). There are a number
of disorders that have been implicated by or known to be mediated at least in part by
HDAC activity, where HDAC activity is known to play a role in triggering disease onset,
or whose symptoms are known or have been shown to be alleviated by HDAC inhibitors.
Disorders of this type that would be expected to be amenable to treatment with the
compounds of the invention include the following but not limited to: Anti-proliferative
disorders (e.g. cancers); Neurodegenerative diseases including Huntington's Disease,
Polyglutamine disease, Parkinson's Disease, Alzheimer's Disease, Seizures, Striatonigral
degeneration, Progressive supranuclear palsy, Torsion dystonia, Spasmodic torticollis and
dyskinesis, Familial tremor, Gilles de la Tourette syndrome, Diffuse Lewy body disease,
Progressive supranuclear palsy, Pick's disease, intracerebral hemorrhage, Primary lateral
sclerosis, Spinal muscular atrophy, Amyotrophic lateral sclerosis, Hypertrophic interstitial
polyneuropathy, Retinitis pigmentosa, Hereditary optic atrophy, Hereditary spastic
paraplegia, Progressive ataxia and Shy-Drager syndrome; Metabolic diseases including
Type 2 diabetes; Degenerative Diseases of the Eye including Glaucoma, Age-related
macular degeneration, Rubeotic glaucoma; Inflammatory diseases and/or Immune system
disorders including Rheumatoid Arthritis (RA), Osteoarthritis, Juvenile chronic arthritis,
Graft versus Host disease, Psoriasis, Asthma, Spondyloarthropathy, Crohn's Disease,
inflammatory bowel disease Colitis Ulcerosa, Alcoholic hepatitis, Diabetes, Sjoegrens's
syndrome, Multiple Sclerosis, Ankylosing spondylitis, Membranous glomerulopathy,
Discogenic pain, Systemic Lupus Erythematosus; Disease involving angiogenesis
including cancer, psoriasis, rheumatoid arthritis; Psychological disorders including bipolar
disease, schizophrenia, mania, depression and dementia; Cardiovascular Diseases
including the prevention and treatment of ischemia-related or reperfusion-related vascular
and myocardial tissue damage, heart failure, restenosis and arteriosclerosis; Fibrotic
diseases including liver fibrosis, cystic fibrosis and angiofibroma; Infectious discases
including Fungal infections, such as candidiasis or Candida Albicans, Bacterial infections,
Viral infections, such as Herpes Simplex, poliovirus, rhinovirus and coxsackievirus,
Protozoal infections, such as Malaria, Leishmania infection, Trypanosoma brucei
infection, Toxoplasmosis and coccidlosis and Haematopoietic disorders including

thalassemia, anemia and sickle cell anemia.
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Compounds of the invention inhibit angiongenesis and are therefore useful in the
treatment of diseases or conditions mediated by angiogenesis such as tumors, in particular
solid tumors such as colon, lung, pancreatic, ovarian, breast and glioma. Furthermore,
compounds of the invention are useful for treating macular degeneration, ¢.g., wet age-
related macular degeneration. Compounds of the invention are also useful for treating
inflammatory/immune diseases such as Crohn’s disease, inflammatory bowel disease,
Sjogren’s syndrome, asthma, organ transplant rejection, systemic lupus erythmatoses,
psoriatic arthritis, psoriasis and multiple sclerosis. The compounds can also be used for the
down-regulation of hair growth or as a depilatory for cosmetic purposes or in the treatment
of hirsutism.

The invention encompasses pharmaceutical compositions comprising
pharmaceutically acceptable salts of the compounds of the invention as described above.
The invention also encompasses solvates of the compounds of the invention and
pharmaceutical compositions comprising such solvates, such as hydrates, methanolates or
cthanolates. The term “solvate” refers to a solid, preferably crystalline, form of a
compound which includes the presence of solvent molecules within the crystal lattice. A
solvate of a compound comprising a given solvent is typically prepared by crystallization
of the compound from that solvent. Solvates can include a variety of solvents, including
water, methanol and ethanol. The term "hydrate" refers to a solvate in which the solvent is
water, and includes, but is not limited to, hemihydrate, monohydrate, dihydrate, trihydrate
and the like. The invention further encompasses pharmaceutical compositions comprising
any solid or liquid physical form of the compound of the invention, including crystalline
and crystalline solvate forms. For example, the compounds can be in a crystalline form, in
amorphous form, and have any particle size. The particles may be micronized, or may be
agglomerated, particulate granules, powders, oils, oily suspensions or any other -solid or
liquid physical form.

The compounds of the invention, and derivatives, fragments, analogs, homologs,
pharmaceutically acceptable salts or solvates thereof can be incorporated into
pharmaceutical compositions suitable for administration, together with a pharmaceutically
acceptable carrier or excipient. Such compositions typically comprise a therapeutically
effective amount of any of the compounds above, and a pharmaceutically acceptable
carrier. Preferably, the effective amount when treating cancer is an amount effective to
selectively induce terminal differentiation of suitable neoplastic cells and less than an

amount which causes toxicity in a patient.

52



HN

10

15

20

25

30

HO 98 C /\ HN

WO 2012/094328 PCT/US2012/020092

Compounds of the invention may be administered by any suitable means,
including, without limitation, parenteral, intravenous, intramuscular, subcutaneous,
implantation, oral, sublingual, buccal, nasal, pulmonary, transdermal, topical, vaginal,
rectal, and transmucosal administrations or the like. Topical administration can also
involve the use of transdermal administration such as transdermal patches or iontophoresis
devices. Pharmaceutical preparations include a solid, semisolid or liquid preparation
(tablet, pellet, troche, capsule, suppository, cream, ointment, acrosol, powder, liquid,
emulsion, suspension, syrup, injection etc.) containing a compound of the invention as an
active ingredient, which is suitable for selected mode of administration. In one
embodiment, the pharmaceutical compositions are administered orally, and are thus
formulated in a form suitable for oral administration, i.¢., as a solid or a liquid preparation.
Suitable solid oral formulations include tablets, capsules, pills, granules, pellets, sachets
and effervescent, powders, and the like. Suitable liquid oral formulations include
solutions, suspensions, dispersions, emulsions, oils and the like. In one embodiment of the
present invention, the composition is formulated in a capsule. In accordance with this
embodiment, the compositions of the present invention comprise in addition to the active
compound and the inert carrier or diluent, a hard gelatin capsule.

Any inert excipient that is commonly used as a carrier or diluent may be used in
the formulations of the present invention, such as for example, a gum, a starch, a sugar, a
cellulosic material, an acrylate, or mixtures thereof. A preferred diluent is
microcrystalline cellulose. The compositions may further comprise a disintegrating agent
(e.g., croscarmellose sodium) and a lubricant (e.g., magnesium stearate), and may
additionally comprise one or more additives selected from a binder, a buffer, a protease
inhibitor, a surfactant, a solubilizing agent, a plasticizer, an emulsifier, a stabilizing agent,
a viscosity increasing agent, a sweetener, a film forming agent, or any combination
thereof. Furthermore, the compositions of the present invention may be in the form of
controlled release or immediate release formulations.

For liquid formulations, pharmaceutically acceptable carriers may be aqueous or
non-aqueous solutions, suspensions, emulsions or oils. Examples of non-aqueous solvents
are propylene glycol, polyethylene glycol, and injectable organic esters such as ethyl
oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or
suspensions, including saline and buffered media. Examples of oils are those of
petroleum, animal, vegetable, or synthetic origin, for example, peanut oil, soybean oil,

mineral oil, olive oil, sunflower oil, and fish-liver oil. Solutions or suspensions can also
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include the following components: a sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such
as ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic
acid (EDTA); buffers such as acetates, citrates or phosphates, and agents for the
adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydroxide.

In addition, the compositions may further comprise binders (e.g., acacia,
cornstarch, gelatin, carbomer, ethyl cellulose, guar gum, hydroxypropyl cellulose,
hydroxypropyl methyl cellulose, povidone), disintegrating agents (e.g., cornstarch, potato
starch, alginic acid, silicon dioxide, croscarmellose sodium, crospovidone, guar gum,
sodium starch glycolate, Primogel), buffers (e.g., tris-HCI., acetate, phosphate) of various
pH and ionic strength, additives such as albumin or gelatin to prevent absorption to
surfaces, detergents (e.g., Tween 20, Tween 80, Pluronic F68, bile acid salts), protease
inhibitors, surfactants (e.g., sodium lauryl sulfate), permeation enhancers, solubilizing
agents (e.g., glycerol, polyethylene glycerol), a glidant (e.g., colloidal silicon dioxide),
anti-oxidants (e.g., ascorbic acid, sodium metabisulfite, butylated hydroxyanisole),
stabilizers (e.g., hydroxypropyl cellulose, hydroxypropylmethyl cellulose), viscosity
increasing agents (e.g., carbomer, colloidal silicon dioxide, ethyl cellulose, guar gum),
sweeteners (e.g., sucrose, aspartame, citric acid), flavoring agents (e.g., peppermint,
methyl salicylate, or orange flavoring), preservatives (e.g., Thimerosal, benzyl alcohol,
parabens), lubricants (e.g., stearic acid, magnesium stearate, polyethylene glycol, sodium
lauryl sulfate), flow-aids (e.g., colloidal silicon dioxide), plasticizers (e.g., diethyl
phthalate, triethyl citrate), emulsifiers (e.g., carbomer, hydroxypropyl cellulose, sodium
lauryl sulfate), polymer coatings (e.g., poloxamers or poloxamines), coating and film
forming agents (e.g., ethyl cellulose, acrylates, polymethacrylates) and/or adjuvants.

In one embodiment, the active compounds are prepared with carriers that will
protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation
of such formulations will be apparent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal

suspensions (including liposomes targeted to infected cells with monoclonal antibodies to
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viral antigens) can also be used as pharmaceutically acceptable carriers. These can be
prepared according to methods known to those skilled in the art, for example, as described
in U.S. Patent No. 4,522,811.

It is especially advantageous to formulate oral compositions in dosage unit form
for case of administration and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for the subject to be treated;
cach unit containing a predetermined quantity of active compound calculated to produce
the desired therapeutic effect in association with the required pharmaceutical carrier. The
specification for the dosage unit forms of the invention are dictated by and directly
dependent on the unique characteristics of the active compound and the particular
therapeutic effect to be achieved, and the limitations inherent in the art of compounding
such an active compound for the treatment of individuals.

The pharmaceutical compositions can be included in a container, pack, or
dispenser together with instructions for administration.

Daily administration may be repeated continuously for a period of several days to
several years. Oral treatment may continue for between one week and the life of the
patient. Preferably the administration may take place for five consecutive days after
which time the patient can be evaluated to determine if further administration is required.
The administration can be continuous or intermittent, e.g., treatment for a number of
consecutive days followed by a rest period. The compounds of the present invention may
be administered intravenously on the first day of treatment, with oral administration on the
second day and all consecutive days thereafter.

The preparation of pharmaceutical compositions that contain an active component
is well understood in the art, for example, by mixing, granulating, or tablet-forming
processes. The active therapeutic ingredient is often mixed with excipients that are
pharmaceutically acceptable and compatible with the active ingredient. For oral
administration, the active agents are mixed with additives customary for this purpose, such
as vehicles, stabilizers, or inert diluents, and converted by customary methods into suitable
forms for administration, such as tablets, coated tablets, hard or soft gelatin capsules,
aqueous, alcoholic or oily solutions and the like as detailed above.

The amount of the compound administered to the patient is less than an amount
that would cause toxicity in the patient. In certain embodiments, the amount of the
compound that is administered to the patient is less than the amount that causes a

concentration of the compound in the patient's plasma to equal or exceed the toxic level of
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the compound. Preferably, the concentration of the compound in the patient's plasma is
maintained at about 10 nM. In one embodiment, the concentration of the compound in the
patient's plasma is maintained at about 25 nM. In one embodiment, the concentration of
the compound in the patient's plasma is maintained at about 50 nM. In one embodiment,
the concentration of the compound in the patient's plasma is maintained at about 100 nM.
In one embodiment, the concentration of the compound in the patient's plasma is
maintained at about 500 nM. In one embodiment, the concentration of the compound in
the patient's plasma is maintained at about 1000 nM. In one embodiment, the
concentration of the compound in the patient's plasma is maintained at about 2500 nM. In
one embodiment, the concentration of the compound in the patient's plasma is maintained
at about 5000 nM. The optimal amount of the compound that should be administered to
the patient in the practice of the present invention will depend on the particular compound

used and the type of cancer being treated.

DEFINITIONS

Listed below are definitions of various terms used to describe this invention. These
definitions apply to the terms as they are used throughout this specification and claims,
unless otherwise limited in specific instances, either individually or as part of a larger
group.

An “aliphatic group” or “aliphatic” is non-aromatic moiety that may be saturated
(e.g. single bond) or contain one or more units of unsaturation, ¢.g., double and/or triple
bonds. An aliphatic group may be straight chained, branched or cyclic, contain carbon,
hydrogen or, optionally, one or more heteroatoms and may be substituted or unsubstituted.
An aliphatic group, when used as a linker, preferably contains between about 1 and about
24 atoms, more preferably between about 4 to about 24 atoms, more preferably between
about 4-12 atoms, more typically between about 4 and about 8 atoms. An aliphatic group,
when used as a substituent, preferably contains between about 1 and about 24 atoms, more
preferably between about 1 to about 10 atoms, more preferably between about 1-8 atoms,
more typically between about 1 and about 6 atoms. In addition to aliphatic hydrocarbon
groups, aliphatic groups include, for example, polyalkoxyalkyls, such as polyalkylene
glycols, polyamines, and polyimines, for example. Such aliphatic groups may be further
substituted. It is understood that aliphatic groups may include alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl groups described herein.
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The term "substituted carbonyl” includes compounds and moieties which contain a
carbon connected with a double bond to an oxygen atom, and tautomeric forms thereof.
Examples of moieties that contain a substituted carbonyl include aldehydes, ketones,
carboxylic acids, amides, esters, anhydrides, etc. The term "carbonyl moiety" refers to
groups such as "alkylcarbonyl" groups wherein an alkyl group is covalently bound to a
carbonyl group, "alkenylcarbonyl" groups wherein an alkenyl group is covalently bound to
a carbonyl group, "alkynylcarbonyl" groups wherein an alkynyl group is covalently bound
to a carbonyl group, "arylcarbonyl" groups wherein an aryl group is covalently attached to
the carbonyl group. Furthermore, the term also refers to groups wherein one or more
heteroatoms are covalently bonded to the carbonyl moiety. For example, the term includes
moieties such as, for example, aminocarbonyl moieties, (wherein a nitrogen atom is bound
to the carbon of the carbonyl group, ¢.g., an amide).

The term "acyl" refers to hydrogen, alkyl, partially saturated or fully saturated
cycloalkyl, partially saturated or fully saturated heterocycle, aryl, and heteroaryl
substituted carbonyl groups. For example, acyl includes groups such as (C;-Cg)alkanoyl
(e.g., formyl, acetyl, propionyl, butyryl, valeryl, caproyl, t-butylacetyl, etc.), (Cs-
Ce)cycloalkylcarbonyl (e.g., cyclopropylcarbonyl, cyclobutylcarbonyl,
cyclopentylcarbonyl, cyclohexylcarbonyl, etc.), heterocyclic carbonyl (e.g.,
pyrrolidinylcarbonyl, pyrrolid-2-one-5-carbonyl, piperidinylcarbonyl, piperazinylcarbonyl,
tetrahydrofuranylcarbonyl, etc.), aroyl (e.g., benzoyl) and heteroaroyl (e.g., thiophenyl-2-
carbonyl, thiophenyl-3-carbonyl, furanyl-2-carbonyl, furanyl-3-carbonyl, 1H-pyrroyl-2-
carbonyl, 1H-pyrroyl-3-carbonyl, benzo[b]thiophenyl-2-carbonyl, etc.). In addition, the
alkyl, cycloalkyl, heterocycle, aryl and heteroaryl portion of the acyl group may be any
one of the groups described in the respective definitions. When indicated as being
"optionally substituted”, the acyl group may be unsubstituted or optionally substituted
with one or more substituents (typically, one to three substituents) independently selected
from the group of substituents listed below in the definition for "substituted" or the alkyl,
cycloalkyl, heterocycle, aryl and heteroaryl portion of the acyl group may be substituted as
described above in the preferred and more preferred list of substituents, respectively.

The term "alkyl" embraces linear or branched radicals having one to about twenty
carbon atoms or, preferably, one to about twelve carbon atoms. More preferred alkyl
radicals are "lower alkyl" radicals having one to about ten carbon atoms. Most preferred

are lower alkyl radicals having one to about eight carbon atoms. Examples of such radicals
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include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
iso-amyl, hexyl and the like.

The term "alkenyl" embraces linear or branched radicals having at least one
carbon-carbon double bond of two to about twenty carbon atoms or, preferably, two to
about twelve carbon atoms. More preferred alkenyl radicals are "lower alkenyl" radicals
having two to about ten carbon atoms and more preferably about two to about eight carbon
atoms. Examples of alkenyl radicals include ethenyl, allyl, propenyl, butenyl and 4-
methylbutenyl. The terms "alkenyl", and "lower alkenyl", embrace radicals having "cis"
and "trans" orientations, or alternatively, "E" and "Z" orientations.

The term "alkynyl" embraces linear or branched radicals having at least one
carbon-carbon triple bond of two to about twenty carbon atoms or, preferably, two to
about twelve carbon atoms. More preferred alkynyl radicals are "lower alkynyl" radicals
having two to about ten carbon atoms and more preferably about two to about eight carbon
atoms. Examples of alkynyl radicals include propargyl, 1-propynyl, 2-propynyl, 1-butyne,
2-butynyl and 1-pentynyl.

The term "cycloalkyl" embraces saturated carbocyclic radicals having three to
about twelve carbon atoms. The term "cycloalkyl" embraces saturated carbocyclic radicals
having three to about twelve carbon atoms. More preferred cycloalkyl radicals are "lower
cycloalkyl" radicals having three to about eight carbon atoms. Examples of such radicals
include cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

The term "cycloalkenyl" embraces partially unsaturated carbocyclic radicals
having three to twelve carbon atoms. Cycloalkenyl radicals that are partially unsaturated
carbocyclic radicals that contain two double bonds (that may or may not be conjugated)
can be called "cycloalkyldienyl". More preferred cycloalkenyl radicals are "lower
cycloalkenyl" radicals having four to about eight carbon atoms. Examples of such radicals
include cyclobutenyl, cyclopentenyl and cyclohexenyl.

The term "alkoxy" embraces linear or branched oxy-containing radicals each
having alkyl portions of one to about twenty carbon atoms or, preferably, one to about
twelve carbon atoms. More preferred alkoxy radicals are "lower alkoxy" radicals having
one to about ten carbon atoms and more preferably having one to about eight carbon
atoms. Examples of such radicals include methoxy, ethoxy, propoxy, butoxy and tert-

butoxy.
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The term "alkoxyalkyl" embraces alkyl radicals having one or more alkoxy
radicals attached to the alkyl radical, that is, to form monoalkoxyalkyl and dialkoxyalkyl
radicals.

The term "aryl", alone or in combination, means a carbocyclic aromatic system
containing one, two or three rings wherein such rings may be attached together in a
pendent manner or may be fused. The term "aryl" embraces aromatic radicals such as
phenyl, naphthyl, tetrahydronaphthyl, indane and biphenyl.

The terms “heterocyclyl”, “heterocycle” “heterocyclic” or “heterocyclo” embrace
saturated, partially unsaturated and unsaturated heteroatom-containing ring-shaped
radicals, which can also be called "heterocyclyl", "heterocycloalkenyl" and "heteroaryl”
correspondingly, where the heteroatoms may be selected from nitrogen, sulfur and
oxygen. Examples of saturated heterocyclyl radicals include saturated 3 to 6-membered
heteromonocyclic group containing 1 to 4 nitrogen atoms (e.g. pyrrolidinyl,
imidazolidinyl, piperidino, piperazinyl, etc.); saturated 3 to 6-membered heteromonocyclic
group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms (e.g. morpholinyl, etc.);
saturated 3 to 6-membered heteromonocyclic group containing 1 to 2 sulfur atoms and 1 to
3 nitrogen atoms (e.g., thiazolidinyl, etc.). Examples of partially unsaturated heterocyclyl
radicals include dihydrothiophene, dihydropyran, dihydrofuran and dihydrothiazole.
Heterocyclyl radicals may include a pentavalent nitrogen, such as in tetrazolium and
pyridinium radicals. The term "heterocycle" also embraces radicals where heterocyclyl
radicals are fused with aryl or cycloalkyl radicals. Examples of such fused bicyclic
radicals include benzofuran, benzothiophene, and the like.

The term "heteroaryl" embraces unsaturated heterocyclyl radicals. Examples of
heteroaryl radicals include unsaturated 3 to 6 membered heteromonocyclic group
containing 1 to 4 nitrogen atoms, for example, pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl,
pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl (e.g., 4H-1,2,4-triazolyl, 1H-1,2,3-
triazolyl, 2H-1,2,3-triazolyl, etc.) tetrazolyl (e.g. 1H-tetrazolyl, 2H-tetrazolyl, etc.), etc.;
unsaturated condensed heterocyclyl group containing 1 to 5 nitrogen atoms, for example,
indolyl, isoindolyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl, indazolyl,
benzotriazolyl, tetrazolopyridazinyl (e.g., tetrazolo[1,5-b]pyridazinyl, etc.), etc.;
unsaturated 3 to 6-membered heteromonocyclic group containing an oxygen atom, for
example, pyranyl, furyl, etc.; unsaturated 3 to 6-membered heteromonocyclic group
containing a sulfur atom, for example, thienyl, etc.; unsaturated 3- to 6-membered

heteromonocyclic group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms, for
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example, oxazolyl, isoxazolyl, oxadiazolyl (e.g., 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl,
1,2,5-oxadiazolyl, etc.) etc.; unsaturated condensed heterocyclyl group containing 1 to 2
oxygen atoms and 1 to 3 nitrogen atoms (e.g. benzoxazolyl, benzoxadiazolyl, etc.);
unsaturated 3 to 6-membered heteromonocyclic group containing 1 to 2 sulfur atoms and 1
to 3 nitrogen atoms, for example, thiazolyl, thiadiazolyl (e.g., 1,2,4- thiadiazolyl, 1,3,4-
thiadiazolyl, 1,2,5-thiadiazolyl, etc.) etc.; unsaturated condensed heterocyclyl group
containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms (e.g., benzothiazolyl,
benzothiadiazolyl, etc.) and the like.

The term "heterocycloalkyl" embraces heterocyclo-substituted alkyl radicals. More
preferred heterocycloalkyl radicals are "lower heterocycloalkyl" radicals having one to six
carbon atoms in the heterocyclo radicals.

The term "alkylthio" embraces radicals containing a linear or branched alkyl
radical, of one to about ten carbon atoms attached to a divalent sulfur atom. Preferred
alkylthio radicals have alkyl radicals of one to about twenty carbon atoms or, preferably,
one to about twelve carbon atoms. More preferred alkylthio radicals have alkyl radicals
are "lower alkylthio" radicals having one to about ten carbon atoms. Most preferred are
alkylthio radicals having lower alkyl radicals of one to about eight carbon atoms.
Examples of such lower alkylthio radicals are methylthio, ethylthio, propylthio, butylthio
and hexylthio.

The terms "aralkyl" or “arylalkyl” embrace aryl-substituted alkyl radicals such as
benzyl, diphenylmethyl, triphenylmethyl, phenylethyl, and diphenylethyl.

The term "aryloxy" embraces aryl radicals attached through an oxygen atom to
other radicals.

The terms "aralkoxy" or “arylalkoxy” embrace aralkyl radicals attached through an
oxygen atom to other radicals.

The term "aminoalkyl" embraces alkyl radicals substituted with amino radicals.
Preferred aminoalkyl radicals have alkyl radicals having about one to about twenty carbon
atoms or, preferably, one to about twelve carbon atoms. More preferred aminoalkyl
radicals are "lower aminoalkyl" that have alkyl radicals having one to about ten carbon
atoms. Most preferred are aminoalkyl radicals having lower alkyl radicals having one to
eight carbon atoms. Examples of such radicals include aminomethyl, aminoethyl, and the
like.

The term "alkylamino" denotes amino groups which are substituted with one or

two alkyl radicals. Preferred alkylamino radicals have alkyl radicals having about one to
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about twenty carbon atoms or, preferably, one to about twelve carbon atoms. More
preferred alkylamino radicals are "lower alkylamino” that have alkyl radicals having one
to about ten carbon atoms. Most preferred are alkylamino radicals having lower alkyl
radicals having one to about eight carbon atoms. Suitable lower alkylamino may be
monosubstituted N-alkylamino or disubstituted N,N-alkylamino, such as N-methylamino,
N-ethylamino, N,N-dimethylamino, N,N-diethylamino or the like.

The term "linker" means an organic moiety that connects two parts of a compound.
Linkers typically comprise a direct bond or an atom such as oxygen or sulfur, a unit such
as NR;, C(O), C(O)NH, SO, SO;, SO,NH or a chain of atoms, such as substituted or
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, aryl,
heteroaryl, heterocyclyl, cycloalkyl, cycloalkenyl, alkylarylalkyl, alkylarylalkenyl,
alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl, alkenylarylalkynyl,
alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl, alkylheteroarylalkyl,
alkylheteroarylalkenyl, alkylheteroarylalkynyl, alkenylheteroarylalkyl,
alkenylheteroarylalkenyl, alkenylheteroarylalkynyl, alkynylheteroarylalkyl,
alkynylheteroarylalkenyl, alkynylheteroarylalkynyl, alkylheterocyclylalkyl,
alkylheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenylheterocyclylalkyl,
alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl,
alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl,
alkynylaryl, alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, which one or more
methylenes can be interrupted or terminated by O, S, S(O), SOz, N(R;), C(O), substituted
or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclic; where R, is hydrogen, acyl, aliphatic or substituted aliphatic. In one
embodiment, the linker B is between 1-24 atoms in length, preferably 4-24 atoms in
length, preferably 4-18 atoms in length, more preferably 4-12 atoms in length, and most
preferably about 4-10 atoms in length. In some embodiments, the linker is a
C(O)NH(alkyl) chain or an alkoxy chain. It is to be understood that an asymmetric linker,
such as alkylaryl, can connect two structurally distinct moieties in either of its two
possible orientations.

The term "substituted” refers to the replacement of one or more hydrogen radicals
in a given structure with the radical of a specified substituent including, but not limited to:

halo, alkyl, alkenyl, alkynyl, aryl, heterocyclyl, thiol, alkylthio, arylthio, alkylthioalkyl,
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arylthioalkyl, alkylsulfonyl, alkylsulfonylalkyl, arylsulfonylalkyl, alkoxy, aryloxy,
aralkoxy, aminocarbonyl, alkylaminocarbonyl, arylaminocarbonyl, alkoxycarbonyl,
aryloxycarbonyl, haloalkyl, amino, trifluoromethyl, cyano, nitro, alkylamino, arylamino,
alkylaminoalkyl, arylaminoalkyl, aminoalkylamino, hydroxy, alkoxyalkyl, carboxyalkyl,
alkoxycarbonylalkyl, aminocarbonylalkyl, acyl, aralkoxycarbonyl, carboxylic acid,
sulfonic acid, sulfonyl, phosphonic acid, aryl, heteroaryl, heterocyclic, and aliphatic. It is
understood that the substituent may be further substituted.

For simplicity, chemical moicties are defined and referred to throughout can be
univalent chemical moieties (e.g., alkyl, aryl, etc.) or multivalent moiecties under the
appropriate structural circumstances clear to those skilled in the art. For example, an
"alkyl" moiety can be referred to a monovalent radical (e.g. CHs-CH,-), or in other
instances, a bivalent linking moiety can be "alkyl," in which case those skilled in the art
will understand the alkyl to be a divalent radical (e.g., -CH,-CH;-), which is equivalent to
the term "alkylene." Similarly, in circumstances in which divalent moieties are required

2% ¢ EE TS % n

and are stated as being “alkoxy”, “alkylamino”, “aryloxy”, “alkylthio”, "aryl",
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“heteroaryl”, “heterocyclic”, “alkyl” “alkenyl”, “alkynyl”, “aliphatic”, or “cycloalkyl”,

those skilled in the art will understand that the terms alkoxy”, “alkylamino”, “aryloxy”,
“alkylthio”, "aryl", “heteroaryl”, “heterocyclic”, “alkyl”, “alkenyl”, “alkynyl”,
“aliphatic”, or “cycloalkyl” refer to the corresponding divalent moiety.

The terms "halogen" or “halo” as used herein, refers to an atom selected from
fluorine, chlorine, bromine and iodine.

As used herein, the term “aberrant proliferation” refers to abnormal cell growth.

The phrase "adjunctive therapy" encompasses treatment of a subject with agents
that reduce or avoid side effects associated with the combination therapy of the present
invention, including, but not limited to, those agents, for example, that reduce the toxic
effect of anticancer drugs, e.g., bone resorption inhibitors, cardioprotective agents; prevent
or reduce the incidence of nausea and vomiting associated with chemotherapy,
radiotherapy or operation; or reduce the incidence of infection associated with the
administration of myelosuppressive anticancer drugs.

The term “angiogenesis,” as used herein, refers to the formation of blood vessels.
Specifically, angiogenesis is a multi-step process in which endothelial cells focally
degrade and invade through their own basement membrane, migrate through interstitial
stroma toward an angiogenic stimulus, proliferate proximal to the migrating tip, organize

into blood vessels, and reattach to newly synthesized basement membrane (see Folkman et
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al., Adv. Cancer Res., Vol. 43, pp. 175-203 (1985)). Anti-angiogenic agents interfere with
this process. Examples of agents that interfere with several of these steps include
thrombospondin-1, angiostatin, endostatin, interferon alpha and compounds such as matrix
metalloproteinase (MMP) inhibitors that block the actions of enzymes that clear and create
paths for newly forming blood vessels to follow; compounds, such as .alpha.v.beta.3
inhibitors, that interfere with molecules that blood vessel cells use to bridge between a
parent blood vessel and a tumor; agents, such as specific COX-2 inhibitors, that prevent
the growth of cells that form new blood vessels; and protein-based compounds that
simultaneously interfere with several of these targets.

The term “apoptosis” as used herein refers to programmed cell death as signaled
by the nuclei in normally functioning human and animal cells when age or state of cell
health and condition dictates. An “apoptosis inducing agent” triggers the process of
programmed cell death.

The term “cancer” as used herein denotes a class of diseases or disorders
characterized by uncontrolled division of cells and the ability of these cells to invade other
tissues, either by direct growth into adjacent tissue through invasion or by implantation
into distant sites by metastasis.

The term “compound” is defined herein to include pharmaceutically acceptable
salts, solvates, hydrates, polymorphs, enantiomers, diastercoisomers, racemates and the
like of the compounds having a formula as set forth herein.

The term "device" refers to any appliance, usually mechanical or electrical,
designed to perform a particular function.

As used herein, the term “dysplasia” refers to abnormal cell growth, and typically
refers to the earliest form of pre-cancerous lesion recognizable in a biopsy by a
pathologist.

As used herein, the term “effective amount of the subject compounds,” with
respect to the subject method of treatment, refers to an amount of the subject compound
which, when delivered as part of desired dose regimen, brings about, e.g. a change in the
rate of cell proliferation and/or state of differentiation and/or rate of survival of a cell to
clinically acceptable standards. This amount may further relieve to some extent one or
more of the symptoms of a neoplasia disorder, including, but is not limited to: 1) reduction
in the number of cancer cells; 2) reduction in tumor size; 3) inhibition (i.e., slowing to
some extent, preferably stopping) of cancer cell infiltration into peripheral organs; 4)

inhibition (i.e., slowing to some extent, preferably stopping) of tumor metastasis; 5)
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inhibition, to some extent, of tumor growth; 6) relieving or reducing to some extent one or
more of the symptoms associated with the disorder; and/or 7) relieving or reducing the
side effects associated with the administration of anticancer agents.
The term “hyperplasia,” as used herein, refers to excessive cell division or growth.
5 The phrase an "immunotherapeutic agent" refers to agents used to transfer the
immunity of an immune donor, ¢.g., another person or an animal, to a host by inoculation.
The term embraces the use of serum or gamma globulin containing performed antibodies
produced by another individual or an animal; nonspecific systemic stimulation; adjuvants;
active specific immunotherapy; and adoptive immunotherapy. Adoptive immunotherapy
10 refers to the treatment of a disease by therapy or agents that include host inoculation of
sensitized lymphocytes, transfer factor, immune RNA, or antibodies in serum or gamma
globulin.
The term "inhibition," in the context of neoplasia, tumor growth or tumor cell
growth, may be assessed by delayed appearance of primary or secondary tumors, slowed
15  development of primary or secondary tumors, decreased occurrence of primary or
secondary tumors, slowed or decreased severity of secondary effects of disease, arrested
tumor growth and regression of tumors, among others. In the extreme, complete inhibition,
is referred to herein as prevention or chemoprevention.
The term “metastasis,” as used herein, refers to the migration of cancer cells from
20  the original tumor site through the blood and lymph vessels to produce cancers in other
tissues. Metastasis also is the term used for a secondary cancer growing at a distant site.
The term “neoplasm,” as used herein, refers to an abnormal mass of tissue that
results from excessive cell division. Neoplasms may be benign (not cancerous), or
malignant (cancerous) and may also be called a tumor. The term “neoplasia” is the
25  pathological process that results in tumor formation.
As used herein, the term “pre-cancerous” refers to a condition that is not
malignant, but is likely to become malignant if left untreated.
The term “proliferation” refers to cells undergoing mitosis.
The phrase "hedgehog related disease or disorder” refers to a disease or disorder
30  characterized by inappropriate hedgehog signaling activity. Such inappropriate hedgehog
signaling activity can occur when Patched fails to, or inadequately, represses Smoothened
(Ptc loss of function phenotype) and/or when Smoothened is active regardless of Patched

repression (Smo gain-of function phenotype).

64



HN

10

15

20

25

30

WO 2012/094328 PCT/US2012/020092

The phrase a "radio therapeutic agent” refers to the use of electromagnetic or
particulate radiation in the treatment of neoplasia.

The term “recurrence” as used herein refers to the return of cancer after a period of
remission. This may be due to incomplete removal of cells from the initial cancer and
may occur locally (the same site of initial cancer), regionally (in vicinity of initial cancer,
possibly in the lymph nodes or tissue), and/or distally as a result of metastasis.

The term "treatment" refers to any process, action, application, therapy, or the like,
wherein a mammal, including a human being, is subject to medical aid with the object of
improving the mammal's condition, directly or indirectly.

The term "vaccine” includes agents that induce the patient's immune system to
mount an immune response against the tumor by attacking cells that express tumor
associated antigens (Teas).

As used herein, the term "pharmaceutically acceptable salt” refers to those salts
which are, within the scope of sound medical judgment, suitable for use in contact with
the tissues of humans and lower animals without undue toxicity, irritation, allergic
response and the like, and are commensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well known in the art. For example, S. M. Berge, ct
al. describes pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 66:
1-19 (1977). The salts can be prepared in situ during the final isolation and purification of
the compounds of the invention, or separately by reacting the free base function with a
suitable organic acid or inorganic acid. Examples of pharmaceutically acceptable
nontoxic acid addition salts include, but are not limited to, salts of an amino group formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid,
sulfuric acid and perchloric acid or with organic acids such as acetic acid, maleic acid,
tartaric acid, citric acid, succinic acid lactobionic acid or malonic acid or by using other
methods used in the art such as ion exchange. Other pharmaceutically acceptable salts
include, but are not limited to, adipate, alginate, ascorbate, aspartate, benzenesulfonate,
benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate,
hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate,
malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate,
oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate,

picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-
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toluenesulfonate, undecanoate, valerate salts, and the like. Representative alkali or
alkaline earth metal salts include sodium, lithium, potassium, calcium, magnesium, and
the like. Further pharmaceutically acceptable salts include, when appropriate, nontoxic
ammonium, quaternary ammonium, and amine cations formed using counterions such as
halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, alkyl having from 1 to 6 carbon
atoms, sulfonate and aryl sulfonate.

As used herein, the term "pharmaceutically acceptable ester” refers to esters which
hydrolyze in vivo and include those that break down readily in the human body to leave
the parent compound or a salt thereof. Suitable ester groups include, for example, those
derived from pharmaceutically acceptable aliphatic carboxylic acids, particularly alkanoic,
alkenoic, cycloalkanoic and alkanedioic acids, in which each alkyl or alkenyl moiety
advantageously has not more than 6 carbon atoms. Examples of particular esters include,
but are not limited to, formates, acetates, propionates, butyrates, acrylates and
ethylsuccinates.

The term “pharmaceutically acceptable prodrugs” as used herein refers to those
prodrugs of the compounds of the present invention which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of humans and lower animals
without undue toxicity, irritation, allergic response, and the like, commensurate with a
reasonable benefit/risk ratio, and effective for their intended use, as well as the
zwitterionic forms, where possible, of the compounds of the present invention.

"Prodrug", as used herein, means a compound which is convertible in vivo by
metabolic means (e.g. by hydrolysis) to a compound of the invention. Various forms of
prodrugs are known in the art, for example, as discussed in Bundgaard, (ed.), Design of
Prodrugs, Elsevier (1985); Widder, et al. (ed.), Methods in Enzymology, vol. 4, Academic
Press (1985); Krogsgaard-Larsen, et al., (ed). "Design and Application of Prodrugs,
Textbook of Drug Design and Development, Chapter 5, 113-191 (1991); Bundgaard, et al.,
Journal of Drug Deliver Reviews, 8:1-38(1992); Bundgaard, J. of Pharmaceutical
Sciences, 77:285 et seq. (1988); Higuchi and Stella (eds.) Prodrugs as Novel Drug
Delivery Systems, American Chemical Society (1975); and Bernard Testa & Joachim
Mayer, “Hydrolysis In Drug And Prodrug Metabolism: Chemistry, Biochemistry And
Enzymology,” John Wiley and Sons, Ltd. (2002).

As used herein, "pharmaceutically acceptable carrier” is intended to include any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic

and absorption delaying agents, and the like, compatible with pharmaceutical
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administration, such as sterile pyrogen-free water. Suitable carriers are described in the
most recent edition of Remington's Pharmaceutical Sciences, a standard reference text in
the field, which is incorporated herein by reference. Preferred examples of such carriers
or diluents include, but are not limited to, water, saline, finger's solutions, dextrose
solution, and 5% human serum albumin. Liposomes and non-aqueous vehicles such as
fixed oils may also be used. The use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the compositions is contemplated.
Supplementary active compounds can also be incorporated into the compositions.

As used herein, the term “pre-cancerous” refers to a condition that is not
malignant, but is likely to become malignant if left untreated.

The term “subject” as used herein refers to an animal. Preferably the animal is a
mammal. More preferably the mammal is a human. A subject also refers to, for example,
dogs, cats, horses, cows, pigs, guinea pigs, fish, birds and the like.

The compounds of this invention may be modified by appending appropriate
functionalities to enhance selective biological properties. Such modifications are known in
the art and may include those which increase biological penetration into a given biological
system (e.g., blood, lymphatic system, central nervous system), increase oral availability,
increase solubility to allow administration by injection, alter metabolism and alter rate of
excretion.

The synthesized compounds can be separated from a reaction mixture and further
purified by a method such as column chromatography, high pressure liquid
chromatography, or recrystallization. As can be appreciated by the skilled artisan, further
methods of synthesizing the compounds of the formulae herein will be evident to those of
ordinary skill in the art. Additionally, the various synthetic steps may be performed in an
alternate sequence or order to give the desired compounds. Synthetic chemistry
transformations and protecting group methodologies (protection and deprotection) useful
in synthesizing the compounds described herein are known in the art and include, for
example, those such as described in R. Larock, Comprehensive Organic Transformations,

VCH Publishers (1989); T.W. Greene and P.G.M. Wuts, Protective Groups in Organic

Synthesis, 2d. Ed., John Wiley and Sons (1991); L. Fieser and M. Fieser, Fieser and
Fieser's Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. Paquette,

ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995), and

subsequent editions thereof.
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The compounds described herein can contain one or more asymmetric centers and
thus give rise to enantiomers, diastereomers, and other stereoisomeric forms that may be
defined, in terms of absolute stereochemistry, as (R)- or (S)-, or as (D)- or (L)- for amino
acids. The present invention is meant to include all such possible isomers, as well as their

5  racemic and optically pure forms. Optical isomers may be prepared from their respective
optically active precursors by the procedures described above, or by resolving the racemic
mixtures. The resolution can be carried out in the presence of a resolving agent, by
chromatography or by repeated crystallization or by some combination of these techniques
which are known to those skilled in the art. Further details regarding resolutions can be

10 found in Jacques, et al., Enantiomers, Racemates, and Resolutions (John Wiley & Sons,

1981). When the compounds described herein contain olefinic double bonds, other
unsaturation, or other centers of geometric asymmetry, and unless specified otherwise, it is
intended that the compounds include both E and Z geometric isomers and/or cis- and
trans- isomers. Likewise, all tautomeric forms are also intended to be included. The

15  configuration of any carbon-carbon double bond appearing herein is selected for
convenience only and is not intended to designate a particular configuration unless the text
so states; thus a carbon-carbon double bond or carbon-heteroatom double bond depicted

arbitrarily herein as trans may be cis, trans, or a mixture of the two in any proportion.

20  Pharmaceutical Compositions

The pharmaceutical compositions of the present invention comprise a
therapeutically effective amount of a compound of the present invention formulated
together with one or more pharmaceutically acceptable carriers or excipients.

As used herein, the term "pharmaceutically acceptable carrier or excipient” means

25  anon-toxic, inert solid, semi-solid or liquid filler, diluent, encapsulating material or
formulation auxiliary of any type. Some examples of materials which can serve as
pharmaceutically acceptable carriers are sugars such as lactose, glucose and sucrose;
cyclodextrins such as alpha- (o), beta- () and gamma- (y) cyclodextrins; starches such as
corn starch and potato starch; cellulose and its derivatives such as sodium carboxymethyl

30  cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc;
excipients such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed
oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; glycols such as propylene
glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents such as

magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic
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saline; Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as well as other
non-toxic compatible lubricants such as sodium lauryl sulfate and magnesium stearate, as
well as coloring agents, releasing agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the composition,
according to the judgment of the formulator.

The pharmaceutical compositions of this invention may be administered orally,
parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir, preferably by oral administration or administration by injection. The
pharmaceutical compositions of this invention may contain any conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants or vehicles. In some cases, the pH of the
formulation may be adjusted with pharmaceutically acceptable acids, bases or buffers to
enhance the stability of the formulated compound or its delivery form. The term parenteral
as used herein includes subcutancous, intracutaneous, intravenous, intramuscular,
intraarticular, intraarterial, intrasynovial, intracisternal, intrathecal, intralesional and
intracranial injection or infusion techniques.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
active compounds, the liquid dosage forms may contain inert diluents commonly used in
the art such as, for example, water or other solvents, solubilizing agents and emulsifiers
such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents.

Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions, may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a
sterile injectable solution, suspension or emulsion in a nontoxic parenterally acceptable
diluent or solvent, for example, as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are water, Ringer's solution, U.S.P. and
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally

employed as a solvent or suspending medium. For this purpose any bland fixed oil can be
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employed including synthetic mono- or diglycerides. In addition, fatty acids such as oleic
acid are used in the preparation of injectables.

The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.

In order to prolong the effect of a drug, it is often desirable to slow the absorption
of the drug from subcutaneous or intramuscular injection. This may be accomplished by
the use of a liquid suspension of crystalline or amorphous material with poor water
solubility. The rate of absorption of the drug then depends upon its rate of dissolution,
which, in turn, may depend upon crystal size and crystalline form. Alternatively, delayed
absorption of a parenterally administered drug form is accomplished by dissolving or
suspending the drug in an oil vehicle. Injectable depot forms are made by forming
microencapsule matrices of the drug in biodegradable polymers such as polylactide-
polyglycolide. Depending upon the ratio of drug to polymer and the nature of the
particular polymer employed, the rate of drug release can be controlled. Examples of
other biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot
injectable formulations are also prepared by entrapping the drug in liposomes or
microemulsions that are compatible with body tissues.

Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-
irritating excipients or carriers such as cocoa butter, polyethylene glycol or a suppository
wax which are solid at ambient temperature but liquid at body temperature and therefore
melt in the rectum or vaginal cavity and release the active compound.

Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, the active compound is mixed with at least one
inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium
phosphate and/or: a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for example, carboxymethylcellulose,
alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as
glycerol, d) disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and sodium carbonate, ¢) solution retarding agents
such as paraffin, f) absorption accelerators such as quaternary ammonium compounds, g)

wetting agents such as, for example, cetyl alcohol and glycerol monostearate, h)
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absorbents such as kaolin and bentonite clay, and 1) lubricants such as talc, calcium
stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and
mixtures thereof. In the case of capsules, tablets and pills, the dosage form may also
comprise buffering agents.

Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like.

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells such as enteric coatings and other coatings well known
in the pharmaceutical formulating art. They may optionally contain opacifying agents and
can also be of a composition that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and
waxes.

Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active component is admixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulation, ear drops, eye ointments, powders and solutions are
also contemplated as being within the scope of this invention.

The ointments, pastes, creams and gels may contain, in addition to an active
compound of this invention, excipients such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,
bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to the compounds of this invention,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellants such as chlorofluorohydrocarbons.

Transdermal patches have the added advantage of providing controlled delivery of
a compound to the body. Such dosage forms can be made by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used to increase the
flux of the compound across the skin. The rate can be controlled by either providing a rate

controlling membrane or by dispersing the compound in a polymer matrix or gel.
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For pulmonary delivery, a therapeutic composition of the invention is formulated
and administered to the patient in solid or liquid particulate form by direct administration
¢.g., inhalation into the respiratory system. Solid or liquid particulate forms of the active
compound prepared for practicing the present invention include particles of respirable
size: that is, particles of a size sufficiently small to pass through the mouth and larynx
upon inhalation and into the bronchi and alveoli of the lungs. Delivery of acrosolized
therapeutics, particularly acrosolized antibiotics, is known in the art (see, for example U.S.
Pat. No. 5,767,068 to VanDevanter et al., U.S. Pat. No. 5,508,269 to Smith et al., and WO
98/43650 by Montgomery, all of which are incorporated herein by reference). A
discussion of pulmonary delivery of antibiotics is also found in U.S. Pat. No. 6,014,969,
incorporated herein by reference.

By a "therapeutically effective amount" of a compound of the invention is meant
an amount of the compound which confers a therapeutic effect on the treated subject, at a
reasonable benefit/risk ratio applicable to any medical treatment. The therapeutic effect
may be objective (i.e., measurable by some test or marker) or subjective (i.c., subject gives
an indication of or feels an effect). An effective amount of the compound described above
may range from about 0.1 mg/Kg to about 500 mg/Kg, preferably from about 1 to about
50 mg/Kg. Effective doses will also vary depending on route of administration, as well as
the possibility of co-usage with other agents. It will be understood, however, that the total
daily usage of the compounds and compositions of the present invention will be decided
by the attending physician within the scope of sound medical judgment. The specific
therapeutically effective dose level for any particular patient will depend upon a variety of
factors including the disorder being treated and the severity of the disorder; the activity of
the specific compound employed; the specific composition employed; the age, body
weight, general health, sex and diet of the patient; the time of administration, route of
administration, and rate of excretion of the specific compound employed; the duration of
the treatment; drugs used in combination or contemporancously with the specific
compound employed; and like factors well known in the medical arts.

The total daily dose of the compounds of this invention administered to a human or
other animal in single or in divided doses can be in amounts, for example, from 0.01 to 50
mg/kg body weight or more usually from 0.1 to 25 mg/kg body weight. Single dose
compositions may contain such amounts or submultiples thereof to make up the daily

dose. In general, treatment regimens according to the present invention comprise
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administration to a patient in need of such treatment from about 10 mg to about 1000 mg
of the compound(s) of this invention per day in single or multiple doses.

The compounds of the formulae described herein can, for example, be
administered by injection, intravenously, intraarterially, subdermally, intraperitoneally,
intramuscularly, or subcutancously; or orally, buccally, nasally, transmucosally, topically,
in an ophthalmic preparation, or by inhalation, with a dosage ranging from about 0.1 to
about 500 mg/kg of body weight, alternatively dosages between 1 mg and 1000 mg/dose,
every 4 to 120 hours, or according to the requirements of the particular drug. The methods
herein contemplate administration of an effective amount of compound or compound
composition to achieve the desired or stated effect. Typically, the pharmaceutical
compositions of this invention will be administered from about 1 to about 6 times per day
or alternatively, as a continuous infusion. Such administration can be used as a chronic or
acute therapy. The amount of active ingredient that may be combined with
pharmaceutically excipients or carriers to produce a single dosage form will vary
depending upon the host treated and the particular mode of administration. A typical
preparation will contain from about 5% to about 95% active compound (w/w).
Alternatively, such preparations may contain from about 20% to about 80% active
compound.

Lower or higher doses than those recited above may be required. Specific dosage
and treatment regimens for any particular patient will depend upon a variety of factors,
including the activity of the specific compound employed, the age, body weight, general
health status, sex, diet, time of administration, rate of excretion, drug combination, the
severity and course of the disease, condition or symptoms, the patient’s disposition to the
disease, condition or symptoms, and the judgment of the treating physician.

Upon improvement of a patient’s condition, a maintenance dose of a compound,
composition or combination of this invention may be administered, if necessary.
Subsequently, the dosage or frequency of administration, or both, may be reduced, as a
function of the symptoms, to a level at which the improved condition is retained when the
symptoms have been alleviated to the desired level. Patients may, however, require

intermittent treatment on a long-term basis upon any recurrence of disease symptoms.

Synthetic Methods

The compounds and processes of the present invention will be better understood in

connection with the following synthetic schemes and examples that illustrate the methods
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by which the compounds of the invention may be prepared, which are intended as an
illustration only and not limiting of the scope of the invention.
General methods for the synthesis of key intermediates
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SYNTHESIS OF INTERMEDIATES

1) Preparation of 1-chloro-2-iodo-4-nitrobenzene (compound 1-3)

2-Chloro-5-nitroaniline (40 g, 232.0 mmol) was added to a solution of concentrated
sulfuric acid (32 mL) in water (320 mL) with mechanical stir. The solution was cooled to -
5°C and a solution of sodium nitrite (18.2 g, 0.26 mol) in water (69 mL) was added
slowly. The mixture was stirred for 0.5 h in ice bath and then a solution of potassium
iodide (69.3 g, 0.41 mol) in water (277 mL) was added dropwise while keeping the
internal temperature below 5°C. The solution was stirred for 3 h at 0°C followed by
extraction with ethyl acetate. The combined orangnic layers were washed with saturated
Na,S,03, dried over Na;SO4 and concentrated. The residue was recrystallized from
'PrOH/hexanes (300 mL/100 mL) to afford compound 1-3 as a light tan crystalline solid
(38 g, 58% yield). 'H NMR (400 MHz, CDCl:): 3 7.61 (d, J=8.8 Hz, 1H), 8.16 (dd, J=8.8
Hz, 2.4 Hz, 1H), 8.70 (d, J=2.8 Hz, 1H).
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2) Preparation of 4-chloro-3-iodoaniline (compound 1-4)

A mixture of compound 1-3 (37 g, 0.13 mol), iron powder (29.3 g, 0.52 mol), and
NH4C1 (7g, 0.13 mol) in EtOH/H,0 (200 mL / 100 mL) was stirred at 75°C for 3 h. The
reaction mixture was filtered and concentrated to remove most of EtOH. The remaining
mixture was extracted with ethyl acetate, washed with water and brine, dried over Na;SO4.
The titled compound 1-4 was obtained as a yellow solid (32 g, 97% yield) after
cocentration. LCMS: m/z 254.0 [M+1]". '"H NMR (400 MHz, CDCl3): & 3.65 (br, 2H),
6.58 (dd, J=8.8 Hz, 2.4 Hz, 1H), 7.15-7.17 (m, 2H).

3) Preparation of 4-chloro-3-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline
(compound 1-5)

A mixture of compound 1-4 (10 g, 39.5 mmol), 4,4,4'4',5,5,5',5'-octamethyl-2,2'-bi
(1,3,2-dioxaborolane) (20.0 g, 79.0 mmol), KOAc (11.6 g, 118.5 mmol), and PdCl,(dppf)
(960 mg, 1 mmol) in 1,4-dioxane (60 mL) was stirred at 105°C for 8 h under N,. The
reaction mixture was concentrated in vacuo, and the residue was purified by column
chromatography (hexanes/dichloromethane: 3/1 to 1/1) to afford compound 1-5 as a light
yellow solid (6.0 g, 60% yield). LCMS: m/z 295.1 [M+42]". 'H NMR (400 MHz, CDCl:):
0 1.36 (s, 12H), 3.61 (br, 2H), 6.65 (dd, J=8.8 Hz, 2.8 Hz, 1H), 7.00 (d, J=2.8 Hz, 1H),
7.11 (d, J=8.8 Hz, 1H).

4) Preparation of 4-chloro-3-(pyridine-2-yl)aniline (compound 1-8)

A mixture of compound 1-5 (1.50 g, 5.9 mmol), 2-bromopyridine (1.87 g, 11.8 mmol),
sodium bicarbonate (1.49 g, 17.8 mmol), PdCI,(PhsP), (100 mg, 0.09 mmol) in 1,4-
dioxane /water (20 mL / 10 mL) was heated at 110°C overnight. After cooling to room
temperature, the mixture was quenched with water and extracted with ethyl acetate. The
combined organic layers were washed with water and brine, dried over anhydrous sodium
sulfate and evaporated in vacuo. The crude product was purified by column
chromatography (hexanes/ethyl acetate: 3/1) to afford compound 1-8 as a yellow solid
(138 g, ~100%). LCMS: m/z 205.1 [M+1]". "H NMR (400 MHz, DMSO-dq): & 5.32 (s,
2H), 6.61 (dd, J=8.4 Hz, 2.8 Hz, 1H), 6.77 (d, J=2.8 Hz, 1H), 7.14 (d, J=8.4 Hz, 1H), 7.35-
7.39 (m, 1H), 7.57 (d, J=8.0 Hz, 1H), 7.83-7.87 (m, 1H), 8.63-8.65 (m, 1H).
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5) Preparation of 2-chloro-N-(4-chloro-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl)-4-(methylsufonyl)benzamide (compound 1-9)

A mixture of compound 1-5 (1 g, 3.9 mmol), 2-chloro-4-(methylsulfonyl)benzoic acid
(1.1 g, 4.7 mmol) and N,N-Diisopropylethylamine (1 g, 7.8 mmol) and O-(Benzotriazol-
1-y1)-N,N,N',N'-tetramethyluroniumtetrafluoroborate (2.6 g, 7.8 mmol) in
dichloromethane (20 mL) was stirred at room temperature overnight. The reaction
mixture was quenched with water, filtered. The solid was collected and dried in vacuo to
afford compound 1-9 as a white solid (1.2 g, 65% yield). LCMS: m/z 470.1 [M+1]" .'H
NMR: (400 MHz, DMSO-de): 6 1.32 (s, 12H), 3.35 (s, 3H), 7.43 (d, J=8.8 Hz, 1H), 7.81
(dd, J=8.8 Hz, 2.8 Hz,1H), 7.89 (d, J=8.0 Hz, 1H), 7.98-8.01 (m, 2H), 8.12 (d, J=1.6 Hz,
1H), 10.82 (s, 1H).

6) Preparation of 2-chloro-5-nitro-N-(2-nitrophenyl)benzamide (compound 2-2)
To a solution of 2-nitroaniline (5.0 g, 0.036 mol) in CH3CN (50 mL) was added a
solution of 2-chloro-5-nitrobenzoyl chloride (8.0 g, 0.037 mol) in CH3CN (10 mL)
dropwise while keeping the internal temperature below 25°C under N,. When addition was
complete the reaction mixture was heated at 75°C for 1 h. The mixture was cooled to 0°C
and filtered. The solid was rinsed with cold CH3CN to afford 2-2 as a light yellow solid
(5.3 g, 50%).

7) Preparation of 3-(1H-benzo[d]imidazol-2-yl)-4-chloroaniline (compound 2-3)
Compound 2-2 (5.3 g, 0.017 mol) was taken into EtOH (100 mL) and heated to

40°C.When the internal temperature reached 40°C, 1* aliquot SnCl,/HCI (3 vol
respectively, divided into 3 portions) was added. The reaction mixture was heated to 60°C
and the 2™ aliquot of SnCl,/HCI was added. The reaction mixture was heated to 80°C and
the 3" aliquot SnCl,/HCI was added and continued to reflux 2 h. The reaction mixture was
cooled to 0°C and NaOH (1N aqueous solution) was added below 10°C to adjust pH to 12-
13. The mixture was diluted with EA and water. The organic layer was washed with brine
and concentrated. The crude product was purified by column chromatography eluted with
dichloromethane/ methanol (60:1) to afford compound 2-3 as a yellow solid (2.7 g, 68%
yield). LCMS: m/z 244.1[M+1]". '"H NMR (400 MHz, DMSO-d6): & 5.48 (s, 2H), 6.71 (d,
J=8.8Hz, 1H), 7.13 (s, 1H), 7.21-7.24 (m, 3H), 7.57 (br, 1H), 7.64 (br, 1H), 12.52 (s, 1H).
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EXAMPLE 1: Preparation of (E)-2-chloro-N-(4-chloro-3-(5-(3-(hydroxyamino)-3-
oxoprop-1-enyl)pyridin-2-yl)phenyl)-4-(methylsulfonyl)benzamide (compound 1)
Step 1a. (E)-Methyl 3-(6-bromopyridin-3-yl)acrylate (compound 1001-1)

A mixture of 6-bromonicotinaldehyde (500 mg, 2.7 mmol) and methyl
(triphenylphosphoranylidene) (1 g, 3.2 mmol) in dichloromethane (10 mL) was stirred at
room temperature for 1 h. The mixture was concentrated in vacuo and filtered. The solid
was washed with hexanes to afford crude compound 1001-1 as a white solid (1.5 g).

Step 1b. (E)-Methyl-3-(6-(2-chloro-5-(2-chloro-4-(methylsulfonyl)benzamido)phenyl)
pyridin-3-yl)acrylate (1002-1)

A mixture of 1001 (121 mg, 0.5 mmol), 1-9 (200 mg, 0.4 mmol), Pd(PPh3),Cl, (30
mg) in 1,4-dioxane (6 mL) and aq NaHCOs (2 mL) was stirred at 110 °C for 3 h under Ns.
After cooling to room temperature, the reaciton mixture was quenched with water,
extracted with ethyl acetate. The combined organic layers were washed with water and
brine, dried over anhydrous sodium sulfate, evaporated in vacuo. The crude product was
purified by column chromatography (methanol /dichloromethane: 1/20) to afford
compound 1002 as a pale yellow solid (160 mg, 74% yield). '"H NMR (400 MHz, CDCls):
03.09 (s, 3H), 3.85 (s, 3H), 6.57 (d, J=16.0 Hz, 1H), 7.44-7.48 (m, 1H), 7.52-7.55 (m,
1H), 7.62-7.67 (m, 1H), 7.73 (d, J=16.0 Hz, 1H), 7.80 (d, J=8.0 Hz, 1H), 7.81-7.86 (m,
2H), 7.89 (s, 1H), 7.89-7.95 (m, 2H), 8.03 (d, J=1.2 Hz, 1H), 8.14 (s, 1H), 8.80 (d, J=2.0
Hz, 1H).

Step 1c. (E)-2-Chloro-N-(4-chloro-3-(5-(3-(hydroxyamino)-3-oxoprop-1-enyl)pyridin-2-
yl)phenyl)-4-(methylsulfonyl)benzamide (compound 1)

A mixture of NH,OH.HCI (80g, 1.15 mol) in MeOH (400 mL) was heated at 60-65°C
while stirring to form a clear solution. After additional 1 h at reflux, it was cooled to 0 —
10°C. To the reaction mixture a pre-formed solution of KOH (96 g, purity >85%) in
MeOH (237 mL) (prepared by adding KOH in portion to methanol at 0 — 10°C) was added
dropwise while maintaining internal temperature <10°C. The resulting mixture was
continued to stir at 0 - 10°C for 30 min. The suspension was poured into pressure
equalizing addition funnel (1L) pre-packed with anhydrous Na,SO, (700g) and let it sit for
0.5h. The clear filtrate was collected as NH,OH methanolic solution.

A mixture of 1002 (150 mg, 0.3 mmol) in NH,OH methanolic solution (5 mL, 1.79M)
was stirred at room temperature for 3~4 h. The reaction mixture was adjusted pH to 6-7
with 1.2 M HCI and concentrated. The residue was triturated with water and filtered, dried

in vacuo to afford compound 1 as an off white solid (90 mg, 60% yield). M.p:185~187°C.
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LCMS: m/z 506.1[M+1]". '"H NMR (400 MHz, DMSO-de): & 3.35 (s, 3H), 6.65 (d, I=16.0
Hz, 1H), 7.55-7.61 (m, 2H), 7.74-7.78 (m, 2H), 7.91 (d, ]=8.0 Hz, 1H), 8.01 (d, J=8.4 Hz,
1H), 8.06 (d, J=2.0 Hz, 1H), 8.11-8.13 (m, 2H), 8.90 (s, 1H), 10.90 (br, 1H), 10.96 (s, 1H).

EXAMPLE 2: Preparation of 6-(2-Chloro-5-(2-chloro-4-(methylsulfonyl)
benzamido)phenyl)-N-hydroxynicotinamide (compound 5)
Step 2a. Methyl 6-bromonicotinate (compound 1001-5)

To a solution of 6-bromonicotinic acid (500 mg, 2.5 mmol) in dichloromethane
(10 mL) and THF (5 mL) was added oxalyl chloride (1.4 mL, 0.016 mol) followed by
addition of one drop of DMF. The mixture was stirred at room temperature for 1 h. After
removal of solvent, the residue was dissolved in anhydrous methanol (5 mL) and
continued to stir for 10 min. The reaction mixture was quenched with ice water and
filtered to afford 1001-5 as a pale yellow solid (212 mg, 40%). LCMS: m/z 213.1 [M+1]".
'H NMR (400 MHz, CDCls): § 3.96 (s, 3H), 7.42 (d, J=8.4 Hz, 1H), 8.25 (dd, ]=8.0 Hz,
2.0 Hz, 1H), 9.00 (d, J=2.0 Hz, 1H).
Step 2b. Methyl 6-(2-chloro-5-(2-chloro-4-(methylsulfonyl)benzamido)phenyl)
nicotinate (compound 1002-5)

A mixture of compound 1001-5 (200 mg, 0.9 mmol), 1-9 (367 mg, 0.8 mmol) and
Pd(PPhs)4 (21 mg, 0.018 mmol) in saturated NaHCO3 (2 mL) and 1,4-dioxane (6 mL) was
stirred at 100°C for 3 h. To the reaction mixture was added NaOH (37mg, 0.9 mmol) and
stirred for 0.5 h. The reaction mixture was adjusted pH to 6 with 1.2M HCIl and extracted
with ethyl acetate. The organic layer was washed with water and brine, dried over
anhydrous sodium sulfate. The methyl ester was hydrolyzed during this reaction condition,
and the obtained crude acid product (365 mg) (LCMS: m/z 465.1 [M+1]") was used for
the next step without further purification.. The mixture of the crude acid product (365 mg,
0.8 mmol) in MeOH (15 mL) and H,SO4 (0.25 mL) was stirred at 85°C for 1 h. The
reaction mixture was concentrated. The residue was partitioned between water and ethyl
acetate. The organic layers were washed with water and brine, dried over anhydrous
sodium sulfate and concentrated. The residue was purified by column chromatography
(dichloromethane/methanol: 20/1) to afford 1002-5 as a white solid (176 mg, 39% yield
via two steps). LCMS: m/z 479.1 [M+1]". 'H NMR(400 MHz, CDCls): § 3.07 (s, 3H),
3.99 (s, 3H), 7.52 (d, J=8.8Hz,1H), 7.81-7.86 (m, 4H), 7.88 (dd, J=8.8 Hz, 2.8Hz ,1H),
7.97 (d, J=1.2 Hz, 1H) ,8.37 (dd, J=8.4 Hz, 2.4 Hz ,1H), 8.62 (s, 1H), 9.17 (d, J=1.2Hz,
1H).
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particul ar, diseases or disorders involving aberrant proliferation,
differentiation or survival of cells. In one enbodinent, the WD

2012/ 094328PCT/ US2012/ 020092 i nvention further provides for the use of one

or nore &f 9y.%igzs-emowls-(bJ&Mﬁ)%-ﬁglg}c@l§umnglzéuﬁ§rﬁmmeI m.qw-n?di canent for

hal ti ng or ‘decreasi ng di seases ing a ant p ration,
di f f er enthydtaxynicotnarside y¢ongtounfl 5S¢el | s. I n preferred enbodi ments, the
di sease is A mixture of 1002-5 (176 mg, 0.4mmol) in NH,OH methanolic solution (5 mL, 1.79
5 M) was stirred at room temperature for 1 h. The reaction mixture was adjusted pH to 6~7
with 1.2 M HCI. The reaction mixture was filtered, washed with water, dried in vacuo to
afford compound 5 as an off-white solid (120mg 70% yield). M.p.: 190~193°C. LCMS:
m/z 480.2 [M+1]". HNMR: (400 MHz, DMSO-de): & 3.35 (s, 3H),  7.61 (d, J=8.4 Hz,
1H), 7.76 (dd, J=8.8 Hz, 2.4 Hz ,1H), 7.82 (d, J=8.0 Hz ,1H), 7.91 (d, J=8.0 Hz ,1H), 8.01
10  (dd, J=8.0Hz, 1.6Hz, 1H), 8.05 (d, J=2.4 Hz ,1H), 8.13 (d, J=1.6 Hz ,1H), 8.22 (dd, J=8.0

Hz, 2.0 Hz ,1H), 9.02 (d, J=1.6 Hz, 1H), 9.28 (s, 1H), 10.96 (s, IH), 11.48 (s, 1H).

EXAMPLE 3: Preparation of 2-[2-Chloro-5-(2-chloro-4-methanesulfonyl-
benzoylamino)-phenyl]-pyrimidine-5-carboxylic acid hydroxyamide (compound 7)
15  Step 3a. 2-Chloro-pyrimidine-5-carboxylic acid methyl ester (compound 1001-7)

A mixture of NaH (27 g, 60% in mineral oil, 0.675mol) in anhydrous 1,2-
dimethoxyethane (300 mL) was heated to 40-50°C. Methyl 3,3-dimethoxy propionate (100
g, 0.675 mol) was added dropwise. The resulting mixture was stirred for 0.5 h and
anhydrous methyl formate (81 g, 1.35mol) was added dropwise at 40-50°C. The resulting

20  mixture was stirred at 40-50°C (inner temperature) for 2 h before it was cooled to 0°C. The
reaction mixture was allowed to warm to 25°C slowly and stirred overnight. Et,O (150
mL) was added and stirred for 30 min. The resulting suspension was filtered. The solid
was washed with Et,O (100mL), collected and dried to afford sodium (Z)-2-
(dimethoxymethyl)-3-methoxy-3-oxoprop-1-en-1-olate as an off-white solid (82 g, 61%).

25 LCMS: m/z 130.8 [M+1]". 'HNMR (400 MHz, CD;0D): § 3.36 (s, 6H), 3.60 (s, 3H), 5.34
(s, 1H), 8.92 (s, 1H).

To a mixture of guanidine hydrochloride (42.2 g, 0.44 mol) in DMF (300 mL) was
added above off-white solid (80 g, 0.40 mol). The resulting mixture was heated at 100°C
for 1 h. The reaction mixture was filtered before cooled. The filter cake was washed with

30 50 mL of DMF and the combined filtrate was concentrated to leave a residue which was
suspended in cold EtOH and washed with cold EtOH (50 mL) to afford the intermediate 2-
amino-pyrimidine-5-carboxylic acid methyl ester as a yellow solid (38 g, 61.5%). LCMS:
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conpounds may advant ageously be used in conbination with a BCL- ABL

i nhi bitor such as Sprycel for the treatnment of 25 hematol ogic tunors such
as | eukem as, |ynphomas and nyel omas.90 In certain preferred

enbodi ments, the conpounds of the invention are adm nistered in conbination
wi th a chenot herapeutic agent. Chenot herapeutic agents enconpass a w de
range of ther apeut| c treat rrents in the f| eld of oncol ogy. These agents are

o, o o o, o Y b1 o o



Fl uorouracil, Floxuridine, Cytarabine, Capecitabine, and Gentitabi ne),

puri ne antagoni sts (6-Mercaptopurine and 6-Thi oguani ne) and adenosi ne
deam nasewonhiZuotxss (C adri bi ne, Fl udarabi ne, Mercapt opuriuseo12@b@dar abi ne,
Thi oguani ne, Nel arabi ne and Pentostatin); topoisonmerase inhibitors such as
t opoi sonerase | inhibit rs_élronotecan togotecgn% and 15to ggsgnerase I

i nhi bi t or's/AfBaEDi A8 (4 dpd8ittre 3 2diH 68 G4éd Fhdsh éi?e,lHt)e&?‘B 1gey Hz,
nmonocl onafyant i bodi es (Al ent uzumab, Gentuzumab ozogami cin, Rituximab,
Trastuzumab, |britunomab Ti oxetan, Cetuxinmab, Panitunumab, Tositunomab,
Bevaci zurftep dc.ahb-3-Sbkird-an@ahdoradtmethengh Hetyil dsnsiytdmias)-phdnghygirdot | de
reductase | nhibitors (Hydro rea); adren tigcal steroid inhibitor

(M totanéygygﬁi§ﬁﬁgm§%fﬁ@ﬁ5%%gF'ﬁ%@”gwawﬁgéﬁgﬁgﬁgase); anti - microtubul e
agent s (Estramyshird8F 2003085 g%@'nﬂg),'m &%g@[@t(gmmgl, 698 mghbINQhdPd(PPRL), NOi N
(ATRA). For exanple, the subject conmpounds may advantageously be used in
conbi nat i(@h6wng. 9.3 pyohh ditnestedNalgoh 6 méyend &4-dBevavi ( @bilnevasstirredet

t r eat ment, 0f ~sol j unmors. such as. pan atic cancers,such as.pancreatic
ndonocar Oera0 S Rl Fioh v BFuPRREL KL SRRAY! SpPlRsRoalRde of ¢ he

i nvent i orcoatbenAbTEANIS [a§ €8 hvdrewashEdiwiet wetdr Md brir, hel®rt ahigdrdueNagent .
Chenoprotective agents act to protect the body or mnimze the side effects
of chenptdidcapRoratEs dnysicae. The residus vueparidic hy|caben guematosrapby | i mited to,
anf ostyi ne: 3 j i t he
ubj a8t " qgisREAAen G niEhEE 13710 MbrBB0R2REEk b IRy | RO 43P

t her apy. yRed). dAtIMS: g 1Ot 3] " del NveR eoiviHey @BCLY: & 1.0 (ahta2 Han3§j,

ol oys. phaton (2 Aoy 1954 h: Py B S5 b Sl o aBr SO0 e
conbi nat L, SDRIARYe WA B MR 15E8 ASRY ONal! PRUTAR & Hhe1AGIAL | on

t reat ment be’conducted”at ‘any suitable”’tine so long as a benéficial
ef f ect f r(dnd=tlieHe ot 7i6did,of=1t12hk, ¢ Hxii.6vadd, dnl.oflz,\WH), 7.69 (dd, J=8.0 Hz, 1.6

s achi eud ol 7ot &1 A bobrbBF 1ok & e CUE VR GopEit ey B T B

still ach;@y@gjﬂmg@hgmgh@g@j@;hqp treatnment is tenporally renoved fromthe
adm ni stration of the therapeutic gggnts, per haps by days or even weeks. It

will be ayppddi 2Catbroiat4-chlopwdd<o-dydrongcarbaraglihonyloay)-midisddyl]-ph

conmbi nati on,,5, W t;h_an 'nnppother eutic t. One formof imunotherapy is
t he genef@?pG%ngﬁu%ﬁﬁg%?'Oéﬂ%?§(%3¥%ﬂ?ﬂﬁ@gggpecific i mmune response of host
origin by adniingter2o@-23 ViB0Ghs®). TOMBRS) ihiNIL,GH nittignbEe (ilsti@ns fhrom t he
tunmor. Various types of vaccines have been propaosed, including isolated

t unordantli- GeM)VEE slifed anamaamperar G foy d. TAe ErasHen marBtcHE:s adiptathtd s to

cort 10 7 urelied B e R b PSRRI So R R b e Pl "
ety MR ek, &t Caepriieh M e
ot ast aseds CapRemg SGF BELl Tyt RO IRIEMS o BARGHY: 6TEl 37 . B cer 1

wi th col | agenasem, bk adiqg .isgqmz ba),aetd 578 @gzﬁf}q%@tﬂfg%ﬁ%%;ﬁa%g@@ Wi th

at | east three consecutive doses of about 7 cells.
appr €6i at3dd), # Aatt, Ihe4 dbnpdurvdy) @lfl, Hied HayvahHzo hHyydys aldy &rit.$ida diib) ¥.6be used

Sui Lab! o Gubateh 3 abr Ll FULS Hifer 437 1 HE LOEIEOREA B P BEEY o™

triptan (81)98.1SyaBtNidpiANHYE. AN+ PHRN)H), 86 (RNTHY, 1 054@F 1 H)£10.90 (s,
phosphoinog?tol?S-kinase (EIéﬁ?Gfanily; an)inhﬁbiggi of he}?annalgan
target ofltapamycin (nTOR); an inhibitor of Bcr-Abl; an adenosine Al 20
agoni st; an EP ligand; an NVDA nodul ator, such as a glycine antagonist; a
sodi um channel bl ocker (e.g. lanmptrigine); a substance P antagonist (e.qg.
an NK0 arEXgMPEE); 2aCK18r0R Ab(4Adi16ko- 3¢piradin R phpherin)-pEqacet i n; a

5-11 poxygenase inhihitor; a |l eukotriene receptor antagonist; a DVARD (e.qg.
net hot r eX&ydoxyaminehexehephd)subpmoghbenzaprde (rompoundix® el i ¢ ant i depr essant
(e.g. am il . . i) 0 s iepileptic drug; a

25nmono- arﬁt%rgé”l 40%%?%1 e@ﬁ%@@cﬁ@@cg@%ﬁl 33{‘62% ne); a matrix

nmet al | opr ot &l maseeiofiRichidrod:niolbdntzoicacaXb deg, Rt haed), rdIORdwdert{Bl0ig, or, such
as an i NOS_.or an.n i.nhi bitor; an inhibjt of the_release, or action, of
t umour nelé‘ﬁo"smgw%)aamflﬁléﬁé;g, é%ﬁz-gmm@gayﬁﬁ'@wﬁy ,(9%@ Ld&vas RBE) onal

anti body therapy; an antiviral agent, such as a nucleoside inhibitor (e.g.

| am vudi ne) or an i mmune system nodul@tor (e.g. interferon); an opioid

anal gesic; a local 30anaesthetic; a stinmulant, including caffeine; an

H2- ant agoni st (e.g. ranitidine); a proton punp inhibitor (e.g. oneprazole);
an antacid (e.g. alum nium or magnesi um hydroxide; an antiflatulent (e.g.
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Type 2 di abetes; Degenerative D seases of the Eye including G aucons,
Age-rel ated macul ar degenerati on, Rubeotic glaucoma; |Inflamuatory di seases
and/ or | rwone1wpsizem 20di sorders i ncl udi ng Rheumat oi d ApCHSRe12/080849 ,
Osteoarthritis, Juvenile chronic arthritis, Gaft versus Host disease,

Psori asi s, ma, _Spondyl oart hropa Crohn s Di sease, inflammt ory bowel
di sease aBf¥Y ttog 20 Eg glghmlwr@df?&fp qﬁéb&ugb Cslitegngpwashed with syt asete

syndr ome, Tl Rk §aSChREAS] Shd AMEHAHifiGRRABAY! 'Thé RRR] GRS

gl onerul o % s?codﬁna?c padi n, es e% cl%ﬁupuse Er yt 0emalt os&g J?’ers

i nvol vi ngwanglaslgp&ineﬁh s/a@Bimt ik, dge«tavm'anhyctremsoalmm sulfae dietooid art hritis:

onr oosi JHoGir M RUREISLy iin sh et BelEatCmiisifon t A Snalint o
and 1 seatiRi coihpb o0 as fAALaGQN. 6 SPent yRioN'H N'h@RS@bWW&UbMS@ﬂd

nyocardi al tissue danmage, heart failure, reStenosis and arteriosclerosis;
Fi brotic di: s%a%@ QHblﬁfkﬂ(ﬁg FH8veHz£3.6 Has 1 H), 6isidi 20 BroBils 643dd, 1=8.8

angi of i brlgm% gagf d| seases 30i ncl udi ng Fungal infections, such as
candi di asi & Slr) bi cans, Bacterial infections, Viral i nf ect i ons,

such as t¥&epsB. ﬁcmiwr@nr(cpmdswbﬂi}uﬁgenfdib aeidi(¢arspcind 300xsacki evi rus,
Prot ozoal infections, such as Malaria, Leishmania infection, éﬁpanosona

brucei i nf edpiadnlutosRspesreiies S 4remebde HA A28 v readdad e

2012/ 84 3bPEY 3Bt FoEeTN o tETBNRACE | A2 FROLRRIL A A

angi ongenesi asldechdlro@vvesetalnefml@ﬂ(laannis&huhuadrtotshﬁattthsaémmatum‘ fodldSedses or
condi tions di at ed by angi ogenesi s, such as tunor rticular solid
tunors suldlf REVEEREHOT ige V\ﬁ‘éﬁgﬁ@;@mewws%méﬂus 03}#@5@% O, g1 Bimad
Furt her n%@satﬁﬁ%@ﬁ%? d%&ufe*lﬁ abéﬁéea%ﬁd @0 fat‘éséf&fter a%ltfoh%{s'ceﬁl [%é?ﬂ'l' ar

degeneration, wet age- brel ated nmacul ar degenerati on. ounds of
the i nverl‘es;ubtmgmectaiesmsmﬁlaﬂ td 00°Ctandatiirad) forr$0l mmﬂh@reﬁtmmnmneurdwmas es

such .as Croh sease, in tory b di sease j_ ogr ndr one,
aothra. GRGAR SHHSEF Ster B BRTRGH vl Serieet s 08 PPl arBeBd Sor ot i
arthriti syerfSQEhISHSh 3k B bR, @n@&b%r%%h?droﬂ'dﬂé%dﬁﬁﬂﬁﬁf?dwsﬂl‘é%ﬁ;@' so be used
for the down-regulation of hair growth or as a depilatory for cosnetic

pur poses nweduchwek eumfﬁ@betlmn@blfonmtqgmhyid'lchlorometha‘mfémﬁﬁh\a@qit iQﬂvQ

aceopt abi D0 P TBFS iR iRTRAS obs O R SEADLICCIH UREEEP M anve. e

i nvent i orstap S6 20ERPAIBET- a@éx»_samsomptﬂhalf@maﬁwﬂa@lc@fndt(b@fnpcmnarﬂoomn and
pharmaceuti cal conpositions conprising such sol vat es, such as hydrates,

met hafol a%8s or 15et hanol ates. The term "sol vat e" ref ers to a solid,
preferably 9]5!;19 d e of
sol vent nol gééﬁ%@“\f\# tB ﬁeth{’lﬂlgﬁlgi;og}ggt&?&?at t %ée’m&i ?va égifrhlggg%gxm
conpri si nfiiseprgpylethyalive (0 g3 1t Y pined) inydigl eparctthnby8 Cimy 3 thak hdd’ealtl on of the

conmpound from th sol vent . Sol vates c n i nclude a v of sol vents,
i ncl udi ngoeERd ?@%’t ﬁa%gﬂ Ll ﬁéﬁaﬁew fﬁrgén%}r?nwamfar%d@m?r@ft@%eretarea

sol vate u%%g&ﬁﬁ&%&%%&h& a8 QaNREE HH 887 WA 28 %e éﬁﬂtex{éct&%vlth' mted
to, hem hydra nonohydr at e, d]rate trihydrate and the [1ke.

i nversi oretliiydrat¢tetc. mawm;das@b@gghaﬂmtsemrﬁ cakhasiompiosiater enrtblcnﬁndnﬁ@pvg any
solid or sical. faormof the, c ound the inv nt| including
crystal| iERTRG BRYED e E PR oA G NG DRGTLRAREIER TR Laplnds. can
be in a C(Eiiéﬁto%ﬂlbtﬁﬁlef/ﬁéﬂﬁhndlnl(ﬁﬂ@fll@bw?foé/%mo B8 EANSoURABORASY ia§ h&yISicze.
The particles may be mcronized, or be 252&& onerated, particulate

gr anul es,sopé W mg, 4% gicldi L(}l\@ﬁlﬁéﬁgi élﬁM"'dﬂ MRHé90 Mﬂﬂ |C(P(Eis) Pi qui d
physi cal f Th u a

fragnents, 95;?3?5“1 7HP€ g ggg%%p%% r%%ge(:}ftl ca %@628?23& My&zol vat es
t her gof can.2be, BHc;@rmD(rtaJheds Hﬂtlm)p’m.anmqeammalH);cyrequ,l IHI)Q8$)85(H,I table for
adm ni st ratl on, together with a pharmaceutically 30acceptable carrier or
exci pi entd= 8 Gtz | Iélé)rrposi tions typically conprise a therapeutically effective

anount of of ds_ a0 ﬂjﬂﬂ L cept abl e
carrier. sﬁ%?%r atgwf(é:gm ?gctcﬁi@ed/gr% nv%ﬁﬂﬁ%er eg%?nggggél%e is an anount
ef f ect i vesutfonaeidejticptaadate (30DGed)t erm nal differentiation of suitable

neopl astic cells and | ess than an anpbunt which causes toxicity in a

patient. WD 2012/ 094328PCT/ US2012/ 020092 Conpounds of the invention
may be adm ni stered by any suitable neans, including, wthout limtation,
parenteral, intravenous, intramuscul &2, subcutaneous, inplantation, oral,

subl i ngual , buccal, nasal, pul nonary, transdermal, topical, vaginal,
rectal, and transnmucosal adm nistrations or the |ike. Topical
adm n| st rat| on can aI so 5| nvol ve the use of transder mal adm n| st rati on such

o o Ly - o o o .



t hereof Furthernore, the conpositions of the present invention may be in
the formof controlled release or immedi ate rel ease fornul ati ons. For
i quid f owoubetdoeses, pharmaceutically acceptabl e carri epsTrmgoibe2@greous or
non- aqueous sol utions, suspensions, enulsions or oils. Exanples of

non- aqueous sol vents_30are propyl ene glycol, polyethylene glycol, and

i nj ect abl e Orgasie 03%9%%9 éﬁ@ﬁn&sl-%mw%@wa% ghlog éﬁs%’é%-grmlé‘?%) Ndc| ude
vater. alisolablosAONERHMISBIIHAR Sras SN0 UmPHHARIBE OMSArAC! udi N
sal i ne an uffere nggﬁh. Exa#p eésggyéf%s arel?iose of petroleum ani nal
veget abl evaporasymtlivetcsiduowagiinsolfalinexcipbmethpearompoind 1-8déeag, b2l

mneral oil, oli i,l., sunfl ower. oi and,fish-liver ojl. _Solutions or
suspensi neobAd N 25ciieri s By aigieas Hen 1 sT0R005% 1K HE EHEPor | ow ng
conpoRrent fixtite a8 litr&d £irbsBMmBYERrESyHAERT ThOFcabiLRbit@R wlubmegol ution,
fixed oils, polyethylene glycols, glycerine, propylene glycol or other

synt het i cvigovetsnerd exracicd adthedichipromepsiens. Sha¢pralyngsborggnic dysohvércor net hyl
par abens;_anti oxi dant s ch as. ascorbiic acid or sodiumyisulfite: chelating
aents oA VB AN ol Ml AR BRS Fnf R Sof lm R TR G i itV e
acet at es,pugifict 8t €81udin @REBRBAtPRy (RRENRGER Scdtae: 3/ne3/ad)/ustormgfotd of tonicity
such as sodiumchl oride or dextrose. The PH can be adjusted with ggids or

bases, sUERPRENGF DL Whitaselll @GP0 sk Bdith Hsld) &6MS: m/z 578.2 [MTHddiH i on,

t he Uil : i i-gle € [ rch,
S R A et Ry S s
10hydr oxy??@@y]%@{ij),aﬁm (ql ds@s HmoSngcm ) |7._40|i(1$1i gﬁgg’yﬂdddghxg@ﬁt,s&z?a. g.,

t , potato starch, inic acid, silicon dioxide, croscar ose
odi um diodb0ui OB GaHe B ot T sH Bk GIYSar by AL B hoG0l 102 but fer s
(e.g., tr&@;anEh,ﬁﬁfgg@QdeQ9§?Qq§§21@§3quhzus pH and ionic strength,

i e

addi tives such as album n or gel at to prevent absorption to surfaces,
det er gentStep &e.g.-Chibwedh(42¢hlordvie Gryri@dh-2-Hlphonyi 4088 7-(bydrexyamido &l t s) ,

prot ease 15inhi bitors, surfac ts (e. sodi um | auryl sulfate),

per nglgti ﬂoh?ﬁqﬁﬁ%’i‘?‘gfowﬁ?%ﬁﬁ‘#%gﬁﬁpé‘ﬂ@%%_ (e.g., glycerol, polyethylene
glycerol), a @lxneaR¥ 3065-59 (15@%%,@.21%&) O A In@¥hA8)ic s@ttibn EXondants
(e.g., ascorbic acid, sodiumnetabisulfite, butylated hydroxyanisole),

st abi | i zeMywaestgred diyobrokgmpaspyie foel Sl dd€, shyad osegpeopympletchhe cel | ul ose),

viscosity | ncreasjng agent €.0. < gar r al | oi dal . silicon dioxide,
othyl - cerPHBR ISR AEEN Sed fuls r RN Tngh SohGhfRee MBI M T v ¢
aci d), fliauested ¢ ithornécanddil@red, PERRET B prep-HMIMW affal ic6mbaidrRl 5904s HOr ange
flavoring), preservative i mer osal I ar abens),

. S ;g.g., Thi rer ¢ benzyl al cohol ,,
| ubr i20antWhiteesoid (Aamgasi%e) Mind, | SFegheds Emlstdar e 0 5polN sty FeNM (40601 |

sodi um | | te) 1 1l ' | gindalo;s) ki haxi ,
ol st ci UM DYSO0ES 1 14 L2 RS €38 o€ A R Ly RO BRELP o,
(e.qg., carbaier 2HhBHGIWP(OpIH), deld-THDsa, 1190 di8nd 25488 H.yIH)s Uk &d,6)=7 .6pol ymer

Cog  Semgioet PRIEL T il ] aleaTntmsriets i iDat b5 Savian PP Ehnt oo °
I one enbod Enty, { N GELLYBCOMRAYRTR AL, PSEPRL erfywi th carriers that

will protect the conpound against rapid elimnation fromthe body, such as
a conrol l ed rel ease formulation, including inplants and m croencapsul at ed

del i very < Bi,odegradabl e, 30 bi aconpat i pl ol ymers can be used,
such e’ dRMERRE 67 i deeiiRres Tt SPlahrGav o peROpEBRmE e o

col | agen, hem@bnRuff ePazid 10y IRy ¥infdineCs-aaibdxyMEAN QWS df SyaRfig@par at i on of
such fornulationsgﬁfﬁpﬂge gppgggg?’to t hose sk?Yled i#§theyér€. The

mat er i al dcempownd86e obt ai ned commercially from Al za Corporation and Nova
Phar maceuw,i S LRC .PQSO S .0 i i inppsones targeted
o 1 n et 5o 887 A GBS AT kP SRS Bl BCPb I ddoBs
2012/3094328PCRddarR 127.0 2009 2hol) wad aduell kgkdxahe 400 ral panhdaghansed 738 1.17

phar maceutically acceptable carriers. These can be prepared according to
net hods KRV addadgkenwire py regmy; temperatusg.tThepix tusg syah ptETedd ToRMcr i bed i n

U S. Pat 4 i i | at e oral
conpositﬁ%ﬁg&?%n%ggggéﬁé%??%%%%%gﬁgﬁﬁggggé%é?ggggbg?g?ﬁg%%%%&gﬁguunifornity
of dosagelropeisage)’Gnfotlofved by athyLibedatedd@nl .22 fei)s Thorgabtysi madthng whsscr et e

units suited as ynitary dosages for. the subject to be treated; each unit
cont ai ni r?&rrgda%&ug‘fi%ﬁrﬁ ﬁ‘é‘ga&l?&ﬁilﬁ‘tl@at%ﬁ@c&ﬁ\?g rRelan AUyt BihE o
produce the desired therapeutic effect in association with the required
phar maceutical carrier. The specificaion for the dosage unit forns of the
invention are dictated by and directly 10dependent on the uni que
characteristics of the active conpound and the particul ar therapeutic
effect to be achieved, and the limtations inherent in the art of
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forms for adm nistration, such as tablets, coated tablets, hard or soft

gel atin capsul es, 30aqueous, alcoholic or oily solutions and the |ike as
det ai | ed wb@ue/094328 The anmount of the conpound adm ni srersdoie2dobe
patient is |less than an anpunt that woul d cause toxicity in the patient. In
certain enbodi nents, the ampunt of the conpound_ t hat %iﬁadninistered to the

patient (S8MeALBPERRFE- (THE resiimgmix e Was hered of S0dn ousmncht.itBisrek aihe conpound

in the patl : ) I i . .
20151 004 SEUEa T SarR 300 0. B aREERRMIRAONS sl honum,
t he conpahidider{8® ked.p@ triodrindsopiuesimypirexs derélidilag, kb mol) dbwunixt@emds | n one

enbodi nent.,, the concentratian of t co u in the tient's plas IS
i nt & nQUTSE ALIG0 SRR for Eh e LGRS GHEBHL ¥ 4k PRIl e
compoynd ¢\Rr NS (ail @BAcchtrRleaSTR: deSidi@IAS ARl Bl digRkbn W0oAMihd dbsRBE
enbodi nent, 5 the concentration of the conpound’in the patrent's plasma is

i it ai nawTgOUEbU? (00 HIA) 0 onelosborl. eV e toieat I aH WMot 0bhe
cmhoat nentizy GECRE L EAb Sy PoRE B7. 1 Tesbema e oh0- pat Rer &2 Basha <

mai nt ai nexs@gs, AINUL20LONAHM 45 (5, 0Hg. enbodi ment, the concentration of the
conpound in the4£§tient's flasna i s mai ntained at about 2500 nM I n 10 one

enbodi nenttep pheEBphtere1 &3 drictehy divpydBipetragaibexylate (Gampertd 406 asna i s
i ntai ned at il t shoul d
el B! ned 2 SRk BB P TR SR B BTN, By {8 eaTRRAR LR, Sho

w || depeaodcantratddehydaichlocidlaaid (¢ 6 miolindthaseld 360 chlt) kensthymed af reflancer bei ng

treated. 15 FINLTIONS . Li ste elow are definitiaons of various terns
used to (WSHYE eA%tFﬁ QAPRIERE rhﬁﬁnos-mg%tga*aﬁmﬁﬂt%héhearﬁailg}ng FSPEBIAEYV RS as

they are mged, %%&&kaéﬂﬂ hRofReFicfHafit bR G @ dB%go‘dHJi 2553 Q@ *‘5‘9%“" Se
limted in speciftic instances, either 1ndividual 'y or as part of a Targer
group. 20Ho) aalai volitet Sotid gk GMS: oz 17 B[Mphht |l NME (Adh Mo GiGle): ndi2at(y; & hat

natiract 8o 0 24865k BAmRER 1P 5 0olad. HE. T phifc b oup. may be

strai ght gibpibfathybreasnediiRydreyairhi@ineCRbirBbLy 5@ O8Mpodhadsopgen or,
optionally, one or nore heteroatons and may be substituted or

unsubst i t ut ed. ToxnsdbtigrheftdoopgrodiH003438rP 218 namoldin daske pcid K3 ¥F mEAblay

cont ai ns t ween .abput- 1 d ab 25. 24 at ons re«pref er.ably between
Shour 4 (R EEiBEC T & B RR0 RSt S Bhuie TR SABE T BB, e oy e
typi cal | yohedntaed iakecifunftoartbra iUty dfobabaite.salfBf adutlp barhpeundr4oop as when used
as a substituent éFreferably cont ai ns between about 1 and about 24 atons,

mor e 28r eretam spliththsauadub yigs usedidireghn it nerd stgp SHEOUHYFBCTIEHISAEM v bet ween
b 1- i1 ) I
oot on YU T Rk VELSEAMK RRIGED, B, b et 8 SRR 1

addition to allﬁ% droca I phati’c groups

exanpl e, JjollpdikodypkSI(s,2Buthiasbrpalypl kyl ene gl ycol s, pol yam nes, and
pol yi m nes, for exanple. Such aliphatic groups may be further substituted.
It is understood that aliphatic groups may include al kyl, substituted

al kyl, aldiepyl, EQYPS AL ?ﬁnﬁ&iﬁ@-@ydarbd%gl@(@edomdﬂﬁﬁéMb@ﬂt ed al kynyl groups
descri bed herein.” WD 2015 094328PCT/ US2012/ 020092 The term

"subgbi t ut ed danbomyd 6f drdd edgwuod APGLmdispreaspharpl tethles deii0Omowesi n a
carbon cqnnect ed Wi t.h doubl.e bond to an oxygen atom d taytoneric forns
Cher aof  ERATAIRGEI Tt besoBlaington s 5ee o ird B b3 Fnct ude
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cycl opropyl carbonyl, cycl obutyl carbonyl, cyclopentyl carbonyl,

cycl ohexyl carbonyl, etc.), heterocyclic carbonyl (e.g.,
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having two to about ten carbon atons and nore preferably about two to about
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etc. ) etc.; unsaturated condensed heterocyclyl group cont aining 1 to 5
nitrogen atoms, for exanpl e, indolyl, b9 soindolyl, indolizinyl,
benzi m dazol yl, quinolyl, isoquinolyl, indazolyl, 30benzotriazolyl,
tetrazol opyridazinyl (e.g., tetrazolo[1l,5-b]pyridazinyl, etc.), etc.;
unsaturated 3 to 6-nmenbered heterononocyclic group containing an oxygen




The term "al kyl thi 0" enbraces radicals containing a |linear or branched
al kyl radical, of one to about ten carbon atons attached to a dival ent
sul fur atwonoRPrmimsred al kylthi o radi cal s have al kyl radcraissoifv2mpe to
about twenty carbon atons or, preferably, 15one to about twelve car bon
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repl acenent of one or nore hydrogen radicals in a given structure with the
radi cal of a specified substituent imwluding, but not limted to: halo,

al kyl, al kenyl, al kynyl, aryl, heterocyclyl, thiol, alkylthio, arylthio,

al kyl t hi oal kyl , WD 2012/ 094328PCT/ US2012/ 020092 aryl t hi oal kyl

al kyl sul fonyl , al kyl sul fonyl al kyl, aryl sul fonyl al kyl, al koxy, aryl oxy,



10appropriate structural circunstances clear to those skilled in the art.
For exanple, an "al kyl" noiety can be referred to a nonoval ent radi cal
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resorpti i [
ot donc ABdIPhBARIR: (WL OARESLET] AP RATT R, 0 BORYRRD IR GRURSINES oy
o (r]I oper at(26 mL)Oﬁa}sl’addetleIADG(IBQ(gl, d@06¢mol) at m@@hd@mlmmnﬁb@dem The t he
amnlstratlono el o su sive antj ca u 30The term

"angi ogerfE¥il4ng Soé‘é“%s"é%f hﬁé@@.aﬁ > e raie %At%ﬁécqogw&g? Fenm Wp@r%w hessel s.
Speci fi C%Adﬁon%ﬂﬁliu?&%seéd&ehéat@d Pl o SRR rRfe Séu%t 'w'élsgﬁh &%ﬁlﬁ' i al

cells focally degrade and invade through thel nbrane,
m gr at e tdhraogbgraphyedsthlroalethane/cntey] tostatie dl émtoaaf@]rabg@npmmitimw s as a
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herein, the term "dysplasia” refers to abnormal cell growh, and typically

refers to the 2 ixtuEsef -biomaot-chlog-taprtbylbergene6) M“r@@@@n}l%&ﬁé%, 9

bi opsy b 5 t r anount
of the s §Rﬁ$‘gggg%sztommotl)nmrde§hgct to tsﬁ*egtsegl?‘tggeg&r?ge : te?ﬁételogat ment ,
refers tcremmOammmmlre ohs fihered ahg ﬁﬁﬁedMﬁpﬁGthhhcmhblangameIlayeemsl as part
of desired dose.reginen, brings about change in t rate of cell
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including, but is not Iimted to: 1) reduction in the nunber of cancer
cells; 2) reduction in tunor size; 3) inhibition (i.e., slowng to sone
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The term"inhibition," in the context of neoplasia, tunor growth or tunor
cell growth, may be assessed by del ayed appearance of primary or secondary
tunors, swowert/obss2devel opment of primary or secondary tegwnsoidecieased
occurrence of primary or secondary tunors, slowed or decreased severity of
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"Prodrug", as used herein, neans a conpound which is convertible in vivo by
nmet abol i ¢ nmeans (e.g. by hydrolysis) to a conpound of the invention.
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i n Bundgaard, (ed.), Design of Prodrugs El sevier (1985); Wdder, et al.

d Met hod E nol 4. Acad 25P 1985
s obpanNSs e ol TR P LM R4l GE TN gl s 6ab o 108 T SHb G2
Text book f t t
Bundgan &5 SPF 4R7RESEID BRGIIEYED ERARNL7 SCTET-ED L 17400, (D85 .
Bundgaar d=80. HoflEDh&7 peteultivoaingBepeaks @4]), Mr22651H). seq. (1988); Hi guchi

ggm&c:: l%?)égﬁftszy%bg g)(&ga(ﬁ %%ng\ﬁ%%%‘g?‘@el&b i&@ﬁ?@é@ll}%@@% )L’?-V&rol ysi's

I'n Dryg Apgh RoRgbusl M@@bol ism Chem st ry Bi ochem stry And Enzynol ogy,
John Wley and Sons, Ltd. (2002). used herein, "pharnaceutically

accept abl e cArmixgie of eorpruad $685 {42 5ime. hﬂbmarrW) A0 K08 s, ¥ Srmmoldi sper si on

nmedi a, t bact f unga ents, isotoni

Theornt | SR LMmEN L BRI Qe WAL WA B RO o B SRBRERE L car o
2012/ 094312&9€ardt1bl§21€i34t2{r@&@9&2enaﬂéa WitB taddr lad extsamiai wigh Sther ddeutphegen-free
water. Suitable carriers are described in the nbst recent edition of

Reni ngt orpoglhﬂrﬁéirqﬁﬁ@%lab’éféIW@S%Wéﬁ@ééVltfawéf@éﬁdjal?fﬁles aried evp Napa. Thg ctude

fiel r P of
cucn 1Qar recig i LARCLBRARAR L8R, B FRERED il LB RO GBI T,
finger's ss@l. uCiMBISWZdSéﬂIlr[MJel]B BV MR @00 MiAzl [Sl%smacmaam 569 l@'m]%ﬂ DiAr, BH),

Li posones Qn eous vehicle fi ils may al e used. The
ise of Suhl tredhin e oatird Bor S fiedi et bor b AT S 0ctr VEDs S8 CatERs TS wel
known in 1 C i f Y ional media or agent is

i nconpat iﬁ@(ﬁﬁﬂh@ﬁeﬁa}cﬁ%ngcggépouﬁdg% ggel&f %]g? eof in the conpositions is
cont enpl Htepl 81. Fillpyd P € (Becttlanoyd-&e thlve- b—@mmhmasrllpannﬁwsbam@l)henmlpor ated into
t he npo ns.. 10As used_herei the ter e-cancerous"” refers to a
condﬁg r@}ehﬁ' afnénq??B}’“ l?eg%éiﬁrtboxﬂﬁtte (F%IHPWPE(SQB?}) become malignant if left
untreated. A mixturé3€60@S @18%@]08531&1m041)3inm9 (80 AL, ﬂﬁ‘&gﬁl shibAd&(® ani mal .
Preferably the animal is a mammal. Mre preferably the manmal s a human. A
subj ect al7sommef ewes stlasredfa(t)rooeélx‘@nme@tum@ggrnlgmtﬂle hattwagnixgeewas pi gs, gui nea
pigs, fish th| i nyenti.on may be
od 11 ed Qe AbBERMI Sk s AL RIS P el MG o e

bi ol ogi Céﬂoo&ﬂ@bﬁfettiaﬂls To saw:ﬂmm@lv&ascaaawnﬂam 1.8 RAWS.0 Mntdheandr donipadndray

i ncl ude those which increase biological penetration into a given biol ogi cal
syst efh (e-§(83 meobd mmylaﬁ%theéess%mrﬁm&éﬁW&waﬁéﬁfdxwg%v@méwmr@ #hd ease
oral avai i

oy ecti ot P pysiphh HHEFARA0N NN Brch¥ Wt YR BRI AN AL A LAl Royte

synt hesi Zktt wathpodrigamahybs veepansteddvith wmeaaﬂcblamd, dlﬁecm)vetr Wa8Oanrthd ur t her

fied b th d I h t I d
N T e N L e e
arti san, vy ibhgbrdEIMannd 800 PYE BRRL SINAI00ELIBOUMHS OIS, 595U @

herein will” be evident to those of 25ordinary skill
Addi 25ondMHyl]" tHéVM&G%QMHg/,@Méﬂ -ts) st &3 (trdey. béIZpéH) drﬁe(d 3hh), 42844t er nat e

d t i i t t] 1 st
Cranst or tar o6 ihet a7 by abbi haf BF SuRbHE HRarag- ST atbe SO¢Tom EntD.
depr ot ecti engd, yseb Wz, 1A), smrst(faasml Nzt he HeoMmnumls7 desqr ied. dxedej=p.ar e
known in the art and i ncl ude, for exa | e, those such as described in R

Lar ock, GdmpFBh®e(dd=ardgHni BDTR SRt #r mat2IOns0.7B6s, VEH Publ i sherﬁ (1989) ; |
T W G 2
Sonrotgy BBy-Da Mo bl TRl E MR o BBt PL L e

F| esen’ s (R%&g@)ahﬁncf)CN h@app@ririiich®saboxalnids (dhRynand3)Sons (1994); and L.
Paguette, ed., Encycl opedia of Reagents for Organic Synthesis, John WIley
and Sons (169mpou @@dﬁ@%m&eﬂ@ r@@lpk)w&ﬁéalieﬁém@ Hapghl methanolic solution (10

2012/ 0943}3]§P107é #@2@1}@{69%99? %mxture Was ﬁﬁreﬁ%m'ﬁ?%ﬁl ?a?ﬁire'fgr@h hﬂ{eet‘egct dn
contai n one’ or re asymetric centers and thus give rise to enantlorrers

di ast er eanxise MﬂddjﬂkthépHSb@F@Mlﬂﬂmeﬁd: mldandmortchmttaterhﬁhbeeﬂdﬁaw&d interns
of absol ut.e stereochem str r r as (L) - r am no
aci ds. THEUSHES ¥ e i eeo %@amcqrwquﬁéﬂéﬁés %Wht&ﬁ%‘?iﬁ? é 088 | soner s,
as well as their 5 racemic and optically pure forns. Optical isonmers may be
prepared fromtheir respective opticadly active precursors by the
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pharmaceutically acceptable carriers are sugars such as |actose, glucose
and sucrose; cyclodextrins such as al pha- (a), beta- (f3) and ganma- (y)
cycl odextwons12/®tmsches such as corn starch and potato gtansboi2zoedobrl ose
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gl ycerol, d) disintegrating agents such as agar-agar, cal cium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodi um

car bonat eyoep1220k3z8i on retardi ng agents such as paraffi mcTiUs2@b®eoopt i on
accel erators such as quaternary ammoni um conpounds, g) wetting agents such
as, for exanple, cetyl alcohol and glycerol nponostearate
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ng/ Kg, preferably fromabout 1 to abaot 50 ngy/Kg. Effective doses will also
vary depending on route of adm nistration, as well as the possibility of
co-usage with other agents. It will be understood, however, that the total
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The conpounds of the fornul ae described herein can, for exanple, be

adm ni stered by injection, intravenously, intraarterially, subdermally,

i nt raper iwonesldoy32s5i ntranuscul arly, or subcut aneousl y; por/use@kioygo92

buccal 'y, nasally, transmucosally, topically, in an ophthalmc pr epar ation,

or by inhalatiqgn, with dosage_r angi n f rom about t o abqut 0 ng/ kg
of body wieBAf 2- @r@@?%ﬁﬁ&éb@%é&@&&n oxlipdspylgar f}@maﬂaphfm)'@ul " every

4 to 120 T@(ﬁyﬁl%xz?%mg%m 5%?20%&139?0 thag ts of the particular drug.

The net hods” her te a ratl of an effective anmount of
conpound or Comppmmmm%(mﬁ@rprgs DISlmmot)ovaactéfkeeuetotl‘ﬁéz(ﬂésriatlﬁnhobc S(ﬂhﬁtd)leﬁ Oef f ect .

Typically i cal ositi of hIS inv

2ab o st Skl 72 BB ERRGEUing BVsHEUT oot TheL it et EPnEA BRI as a
cont i BUOUS;xk Walk Qﬂhust@&'ﬁﬁ 89R Wlﬁlta[c@ﬁé %dﬁﬁd‘c&f’eeh&%ﬁé’d FheFetdllcQMC Or acute
t herapy. The anmpbunt” of active mgre ient that nay be conbined with

phar maceutifugated yithwedter aadifdterad. The solal way EOIS]pﬁmdddl oedighleiramgdtkand asd gerrédr m

|1 15d di h | d f
b o ot v FrE RER D R S D RRbech! B B s RPo RS BEudBL S hout

95% act i gfoed omapithde5\W) a vAliteabhatbo@ky21% tycdlti)pmpamawwe nmay contain

from about 20%to_about 8Q0%active conpound. Lower_ or her doses than
t hose reér@%@ B0 By Hhk. erﬂMBe(&OOg@‘éél[?MS,Od%éab’é“% n}, 1 EGt Frahifd,

t d t ,
) e e A s e A R A A vl

wei ght, gidherab (dh,e]&BtOngtlﬁ)u’S 90 §€94 (ndl2ﬂ) 8.01 (e Jel. 4&tkmlH])§53a(sL PH), 8&rAX e of
excretion, dru ion,_ the \Y; rse of the disease,
condi t i orfdoF4 ‘8 ﬁ%@g%}"’ﬁ% %Qt i%ﬁ?sgss?ﬁ 80%4]@?’&# to the di sease, condition

or synptonms, and the judgnent of the treating physician. 25Upon i nprovenent
of a patient's condition, a nmaintenance dose of a conpound, conposition or

conbi nat iIEXAMPLRI18: (E)v2 Gthilao-N«y- chbra@rﬂmishmﬂqd)pﬁehyhée@é—(;h@

Subsequen t he d e or frequen tratJo or may be
edudda. dtoyamoRottond - SE e B R DbS el o iE S hpr oveq
conditi OrStbﬁ lngtza@nlqgrd@{ﬂ@@l)_mg cﬁ&fﬂ%&@orﬂﬁ&&d@)@ﬂ alleviated to the desired
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under st 004 1’ ?ﬁiﬁ Om?/mactlﬁkq ﬁ@&f §1m tgyy}lﬁfl %(@Pm%gﬁ%ﬁ%ate e arrpl es
that ill Ltﬁzteﬁﬁgtﬁ Aher cmahhg)ctslroobytewpbﬁmré hie memumd&u@fwdshfaemdhwmlthon may be
prepared, which are intended as an illustration on and not limting of

the $operaseousisedium diprbemte w@t@ﬁeﬁﬂlﬂwwlfﬁé@taﬁeh@g%mma%d Qrgapickey
I nt er medi l%e‘?‘?w@&%ﬁe&wnh WG %%95! dried over arﬁ%r%‘ﬁ@ N 2S04 and evaporated in
vacuo to afford compound 8002 as a yellow oil (8.6 g, 95%). 'H NMR (400 MHz, CDCl):
04.05-4.11 (m, 2H), 4.12-4.16 (m, 2H), 5.89 (s, 1H), 7.56 (t, J=8.0 Hz, 1H), 7.81 (d, J=7.6
Hz, 1H), 8.21-8.24 (m, 1H), 8.35-8.36 (m, 1H).
25  Step 10b. 3-(1,3-Dioxolan-2-yl)aniline (compound 8003)

A mixture of 8002 (215 mg, 1.1 mmol), Pd/C (100 mg, 50%) in ethanol (10 mL) was
stirred under hydrogen at room temperature overnight. The mixture was filtered and the
filtrate was evaporated in vacuo. The crude product was purified by column
chromatography (hexanes/ethyl acetate: 8/1) to afford compound 8003 as a yellow solid

30 (100 mg, 55%). LCMS: m/z 166.1 [M+1]". "H NMR (400 MHz, DMSO-ds): & 3.86-4.03
(m, 4H), 5.10 (s, 1H), 5.55 (s, 1H), 6.54 (d, J=7.6 Hz, 2H), 6.63 (s, 1H), 6.99 (t, J=7.6 Hz,
1H).

Step 10c. Methyl 4-(N-(3-(1,3-dioxolan-2-yl)phenyl)sulfamoyl)-2-chlorobenzoate
(compound 8004)
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A mixture of 8003 (1.12 g, 6.8 mmol), 3003 (2.21 g, 8.2 mmol), anhydrous pyridine
(1.3 g, 16.4 mmol) in anhydrous CH,Cl; (10 mL) was heated at reflux for 30 min. The
mixture was quenched with water and adjusted pH to 2-3 with HC1 (1.0M). The resulting
mixture was extracted with ethyl acetate. The combined organic layers were washed with
5  water and brine, dried over anhydrous sodium sulfate and evaporated in vacuo. The crude
product was purified by column chromatography (hexanes/ethyl acetate: 10/1) to afford
compound 8004 as a yellow oil (2.16 g, 80%). LCMS: m/z 398.1 [M+1]". 'H NMR (400
MHz, DMSO-ds): 6 3.87 (s, 3H), 3.91-3.93 (m, 2H), 3.94-3.96 (m, 2H), 5.66 (s, 1H), 7.10-
7.17 (m, 3H), 7.29 (t, J=8 Hz, 1H). 7.77 (dd, J=8.0 Hz, 1.6 Hz, 1H), 7.85 (d, J=1.6 Hz,
10 1H), 7.96 (d, J=8.0 Hz, 1H), 10.58 (s, 1H).
Step 10d. 4-(N-(3-(1,3-Dioxolan-2-yl)phenyl)sulfamoyl)-2-chlorobenzoic acid
(compound 8005)
LiOH (264 mg, 6.25 mmol) was added into a solution of 8004 (500 mg, 1.25 mmol) in
THF/H,O (5 mL /5 mL). The mixture was stirred at room temperature overnight. The
15  mixture was quenched with HCI (1 M) and adjusted pH to 1-2. The resulting mixture was
extracted with ethyl acetate. The combined organic layers were washed with water and
brine, dried over anhydrous sodium sulfate and evaporated in vacuo to afford compound
8005 as a red solid (450 mg, 94%). LCMS: m/z 384.1 [M+1]". 'H NMR (400 MHz,
DMSO-ds): 3.91-3.93 (m, 2H), 3.95-3.97 (m, 2H), 5.67 (s, 1H), 7.11-7.18 (m, 3H), 7.30 (t,
20 J=8.0 Hz, 1H). 7.74 (dd, J=8.4 Hz, 2.0Hz, 1H), 7.83 (d, J=1.6 Hz, 1H), 7.92 (d, J=8.4 Hz,
1H), 10.57 (s, 1H).
Step 10e. 4-(N-(3-(1,3-Dioxolan-2-yl)phenyl)sulfamoyl)-2-chloro-N-(4-chloro-3-(pyridin
-2-yl)phenyl)benzamide (compound 8006)
A mixture of 8005 (284 mg, 0.74 mmol), 1-8 (100 mg, 0.49 mmol), HATU (373 mg,
25  0.98 mmol), DIPEA (159 mg, 1.23 mmol) in anhydrous DMF (5 mL) was stirred
overnight. The mixture was quenched with water and extracted with ethyl acetate. The
combined organic layers were washed with water and brine, dried over anhydrous sodium
sulfate and evaporated in vacuo. The crude product was purified by column
chromatography (hexanes/ethyl acetate: 5/1) to afford compound 8006 as a yellow solid
30 (248 g, 88%). LCMS: m/z 570.2 [M+1]".
Step 10f. 2-chloro-N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(N-(3-formylphenyl)
sulfamoyl)benzamide (compound 8007)
A mixture of 8006 (120 mg, 0.18 mmol) and HCI (5 mL) in THF/H,0 (5 mL/5 mL)

was refluxed for 1 h. The mixture was quenched with water and extracted with ethyl
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acetate. The combined organic layers were washed with water and brine until pH 7. The
organic layer was dried over anhydrous Na,SO4 and evaporated in vacuo. The crude
product was purified by column chromatography (hexanes/ethyl acetate: 5/1) to afford
compound 8007 as a yellow solid (90 mg, 82%). LCMS: m/z 526.2 [M+1]". '"H NMR

5 (400 MHz, DMSO-d): 7.42-7.50 (m, 2H), 7.53-7.57 (m, 2H), 7.60-7.72 (m, 5H), 7.81-
7.86 (m, 2H), 7.91 (dd, J=7.6Hz, 1.6Hz, 1H), 7.94 (br, 1H), 7.96 (d, J=2.4Hz, 1H), 8.70 (d,
J=4.8 Hz, 2H), 9.94 (s, 1H), 10.84 (s, 1H), 10.91 (s, 1H).
Step 10g. (E)-methyl 3-(3-(3-chloro-4-(4-chloro-3-(pyridin-2-yl)phenylcarbamoyl)
phenylsulfonamido)phenyl)acrylate (compound 8008)

10 A mixture of 8007 (110 mg, 0.21 mmol), methyl-(dimethoxyphosphoryl) acetate (58
mg, 0.32 mmol) and sodium methoxide (34 mg, 0.63 mmol) in anhydrous DMF was
stirred at room temperature overnight. The mixture was quenched with HCI (1 M) and
extracted with ethyl acetate. The combined organic layers were washed with water and
brine, dried over anhydrous sodium sulfate and evaporated in vacuo. The crude product

15  was purified by column chromatography (CH,Cly/ethyl acetate: 6/1) to afford compound
8008 as a yellow solid (45 mg, 37%). LCMS: m/z 582.2[M+1]". 'H NMR (400 MHz,
DMSO-ds): 3.72 (s, 3H), 6.52 (d, J=16.4 Hz, 1H), 7.19 (d, J=8.4 Hz, 1H), 7.34 (t, J=7.2
Hz, 1H), 7.41-7.49 (m, 3H), 7.55-7.61 (m, 2H), 7.66-7.72 (m, 2H), 7.80-7.86 (m, 2H),
7.90 (dd, J=8.0 Hz, 2.0 Hz, 1H), 7.93-7.96 (m, 2H), 8.70 (d, J=4.4 Hz, 1H), 10.71 (s, 1H),

20  10.83 (s, 1H).

Step 10h. (E)-2-Chloro-N-(4-chloro-3-(pyridin-2-yl)phenyl)-4-(N-(3-(3-

(hydroxyamino)-3-oxoprop-1-enyl)phenyl)sulfamoyl)benzamide (compound 254)
Compound 8008 (45 mg, 0.077 mmol) was taken into NH,OH methanolic solution (10

mL, 1.79 M). The resulting mixture was stirred at room temperature for 1 h. The reaction

25  mixture was adjusted pH to 7~8 with acetic acid and concentrated. The residue was
triturated with water and filtered. The collected solid was purified with prep-HPLC to
afford compound 254 as an off-white solid (13 mg, 31% yield). M.p.: 217~221°C LCMS:
m/z 583.2 [M+1]". 'H NMR (400 MHz, DMSO-ds): 6.41 (d, J=15.6 Hz, 1H), 7.12 (d,
J=7.6, 1H), 7.18 (s, 1H), 7.25-7.38 (m, 4H), 7.42-7.45 (m, 1H), 7.56 (d, J=8.8 Hz, 1H),

30  7.66-7.72 (m, 2H), 7.80-7.90 (m, 1H), 7.90-7.97 (m, 3H), 8.70 (d, J=4.4 Hz, 1H), 10.71 (s,
1H), 10.80 (br, 1H), 10.84 (s, 1H).
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as a light yellow solid , 60%yield). LCVE: nmz 295.1 [M+42]'. 1H NMR
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1-5 (1. 50T@, refot@n iRiu}e wds Qd’l@ﬂﬁ@@l/d pHEERNithINACY and dxtEactsablith etiQidicytite.

bi carbonate (1.49 g, 17.8 mmul ), PdC12(Ph3P)2(100 ng, 0.09 mmmol) in 1, 4-
di oxafe /st yl(asz@atﬁtayer 1S AHITd Qe e ed’ﬂtﬁfedlameowﬁrﬁiegm vacapite g1vsool i ng

to room compound 9002 as a white solid (530 mg, 90% yield). '"H NMR (400 MHz, DMSO-d6): &
0.89-0.98 (m, 2H), 1.37 (s, 9H), 1.52-1.61 (m, 3H), 2.65-2.69 (m, 4H), 3.89 (d, J=12.0 Hz,
2H), 7.80 (d, J=8.0 Hz, 1H), 7.87 (s, 1H), 7.91 (t, J=6.0 Hz, 1H), 7.95 (d, J=8.0 Hz, 1H).
Step 11c. tert-Butyl 4-((3-chloro-4-(4-chloro-3-(pyridin-2-yl)phenylcarbamoyl)phenyl
25  sulfonamido)methyl)piperidine-1-carboxylate (compound 9003)
To a mixture of 9002 (530 mg, 1.2 mmol) and 1-8 (200 mg, 1.0 mmol) in DMF (2.0
mL) was added DIPEA (300 mg, 2.3 mmol) followed by HATU (733 mg, 1.9 mmol). The
resulting solution was stirred at room temperature overnight. The reaction mixture was
poured into water and extracted with ethyl acetate. The organic phase was washed with
30  NH4CI solution, water and brine, dried over Na,;SO,4 and concentration in vacuo. The
crude solid was purified by column chromatography eluted with ethyl
acetate:dichloromethane = 3:1 to give compound 9003 as a yellow solid (120 mg, 16%).
LCMS: m/z 619.2 [M+1]". "HNMR (400 MHz, DMS0-d6): § 0.90-1.09 (m, 2H), 1.38 (s,
9H), 1.52-1.63 (m, 3H), 2.66-2.69(m, 4H), 3.90 (d, J=10.8Hz, 2H), 7.40-7.47 (m, 1H),
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7.89 (s, 1H), 7.89-7.95 (m 2H), 8.03 (d, J=1.2 Hz, 1H), 8.14 (s, 1H), 8.80
(d, J=2.0 20Hz, 1H). Step lc.
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m xture of 1002 (150 ng, 0.3 mmol) in NH2OH nethanolic solution (5 m.,

1. 79M wawoviymestsat roomtenperature for 3-4 h. The reaTtuisea2opoobur e was
adjusted pHto 6-7 with 1.2 MHCL and concentrated. The residue was
triturated with water and filtered, dried in vaguo to afford co ound 1 as

an o;f M%/eY@M)lMI(gbnnb%o%Mseﬁd OS2 pMrgs.- TBAMR 00 Mz, DM

2012/ 094 0

oVED. d6) %%g%ﬁgk’sr %%B P73 H%Sm ?h? 539@217[2%51]2& 2. é@z?’é@m( ?ﬂ? 4\@2
7.74-7. 7&(1(}11128—1)12 2H)914§@g Je@:eHz H), 7Jj®(d k&)&H(zle)]ﬂ@OZ(dHESOJH)z IIB) 06 (d,

) 2 0 He b 18 Z}ﬁz%éf g(gggoﬁz.ﬁ%;g 93%%723)15%8@%%@?}99(863(% ?@h@?kﬁf ‘fonyl )

benzam dop-phiemy, )N by@&omwl@cstgl(@a@d@o dopspednd 5) Step 2a. Methyl
6- brononi coti nat e (corrpound 1001 0 a solution of 6-brononicotinic acid

(500 ng, 2.5 nmmol) in dichloronet hane (10 nmL) and THF (5 m.) was added

one The hicanfLt dze2 T Giork: sl B R, “Teroval o
sol vent, (hga@rdxgrsmiaﬁn hdﬁ@g@émyﬂsulfan@dwﬁﬁhmﬁlm&&ﬂp&hnd 266yL) and

conti nued to stir The reaction m xture was quenched wth ice

wat er andPtep ll%rZe@hltom éf(%@dﬁ(@tb@xwaats,onal)phfr@xy)@rhyéwl@m%d)t{ezzaozc agd 409 .

Ldvsord@@g,u@@w 1H NVR (400 MHz, CDC13): 6 3.96 (s, 3H), 7.42 (d,
3=8. 4 q dd, J=8.0 Hz, 152.0 Hz, 1H), 9.00 (d, J=2.0 Hz, 1H).

Step 2b. I\/EEl“b)almlﬁﬂ(rgoﬁéthplrébfﬁatﬁﬁroeihbﬁy)bel}&oémtm@’h?u|1f60ﬂ1y1bb)l(aﬁm29.(ﬂﬁ dopphenyl )
ni coti nate n 002-5) A m xture o ound, 1001-5 (20 , 0.9

mmol ), 1-792( 3%1?“'%3) "odl dﬂﬂﬁ?me}haeﬁél%@@W@ﬁ&f@ﬁfﬂﬁf&ﬂ@m@ bt 3 4."rﬁm§§t ur at ed
NaHCOB  ( 2rjdohix@d whs éﬁr@%@é‘ﬁﬂ@m(téngérﬁtu}‘@éve%ﬂ ThE R c@dn MG TS d%lu{%d To the
reaction mxture was added NaCOH (37/ng, 0.9 %m)l and stlrregfor 0.5 h. The
react i on withx¢thyleacetase amiljwhectlwphl INoHG 1. ihie lethlyl ZMtHé:layandaexctncantraetcﬁ i t h

et hyl, _acetate. [The. anl d with wate rin dried
over 1anhy UL SO G B e ap L omeSRethy @ St R YRl 20 D Heb g i s
reaction déﬁﬂjéhﬁdl o001 %’bﬂye‘llﬁ&z s%ﬂEi@”ﬂﬁﬂ#AlO%%e@@l geMD e tg 3@/{4@ HCMS: iz

465.1 [ Mt1l]') was used for 25the next step without further purification.

The mi xt UMMROH0 Mtz RMS Oadi)dd prigdudt @3@5 3hig, 3-20-8.28rt0l, PH.f WBOH (25 i)
ond 1250t {0ir T, YRR SHPA A 0 OFS LA, Ay T S T v v

The or gan=g.0l [Ay,aity, WeT €, WaISTE&l7 W, U8 waiz2 P HA 81 Debirie). dri ed over anhydrous
sodium sul fate and concentrated. The residue vvasm;url fied by col um

chr orflt ogHap AZb-Juhyldt- %(%?Mﬁ@t‘lw%@blﬁ@rmidin 2o/ppendcabsmedrbond- 5 as a
whi t I LCMS: miz 479.1 [M¢1] '. 1H
Nl\/i?(iogo Oﬁ%@%ﬂmg %df?égx@ﬁf)’ﬁdl\googgeps) 7. 522(d J= 8[8Hz] 1H),
7.81-7.86 (ffpazﬁﬂ)quraoﬂaommndmm 627Iﬂzmg21t8hlz:nol)lzltﬂ)d,l “B.(O0R 1nd, osmmal)hiz 1H)
8.37 (d

2012/ 09 42‘%@&&/)@@5%&12? @fﬁ@é@ji’@@e@ 6% mg, 1 (3 rnrnoI_Dfollowed by( ﬂATJU (128% mg, O
6- (2- Chl gpQh: fﬁe e@&mﬁg s&uﬁé‘fﬁ@v@yitﬁ%@d‘c&@ﬁﬁ%@%{‘%ﬁl Qeg%goraem 11*hé\!famfoexy ni cotin

am de (corrpoun 5) A nTixture of 100
met h&Adol iroixeot wab poured inth waler 29d Sxtlls@ctada\snlst:ﬂlylr adtand. Trheongatnmmes@ww e for 1

i xture e Pl St Efalfier® e Gl G aler 00 e st ol dompound
5 as an qjcufrrf‘éﬂ'bg%oﬁl‘ﬂ{ﬂ &r&rﬁ@t@@ pif %ﬁ@d%l@ dchol?bmetﬁzﬁQﬂ\J{S@ﬁ h—@yﬁto pive 480. 2

[ Mr1] '. HNVR {400 MHz, DMSO-d6 s, 3H), 1 (d,, J=8.4 Hz,
1H), 7. 760pdbgun 28asrazyellzw4soml(l310rmg 373"/3)2 ISyl @4&[M41H) H’NMR(d

150 H2 bl B Msd0ds 355 Ok B 0.3t o8 A0, (e 848 Sy 100,
gfz 2Blel) 2@, (56.8HK)2H)10.896d,(Js-8 410, 2HY 1748 7(45, (ndl HH), ‘ES@WPIJEZ%S HANEpar at i on

hi ore 5- (727Q:@ﬂ &7 00 HzmbHh s 1:P$ Gy 1B S8y alibn 8 P4pheh(mpldPs 8 il di Helds- car box
I d 7) 15St 3

)2/ IC(r:ll gfgdjpgﬁbﬁqu‘%n]‘g% gf gﬁzgwc azzi d rreteﬁyl aester (conpound 1001-7) A

m Xt ur e dStepdzt.(22Chigro Nq%ahrtorm%@yamml yDpReng O 244 anhydr ous 1, 2-

di met hoxy ane 300 50C. t hyl di met hoxy

pr opi onatl gy‘? ygﬁge%p' ert]l%ﬁ);s & AEE?F‘ dQZ/b“Iﬁ(Pé‘ 5@3@ ting mxture was
stirred for 0.5 h and anhydrous met hyl for mate (81 g, 1.35m1) was added
dropw se at 40-50C. The resulting 201 xture was stirred at 40-50C (i nner
tenperature) for 2 h before it was cooled to OC. The reaction m xture was
allowed to warmto 25C slowy and stirred overnight. Et20 (150 ni) was
added and stl rred for 30 mn. The resultl ng suspen5| on was f||tered The

N T NN O AN



mz 154.2 [Mr1]', 195.1] M+42]. 1HNMR (400 MHz, CD30D): 6 3.88 (s, 3H), 8.77
(s, 2H). The obove internediate (7 g, 0.046 nol) was added to a m xture of
concent r avedotydsxzshl oric acid (15.2 nlL) and CH2C12(60 wiCx/usédeeeooenol i ng,
ZnCl2 (18.6 g, 0.138 5nol) was added at 15-20C. The m xture was stirred at
15-20C for Q.5 h and cooled to 5- 10C. NaNOQ2 (9.5 0.138 ol ) was added
portion wi sEORRPIR k@édilﬁ%mfgh@-_zifﬂlﬁlégﬂ%ﬁs t%@ﬁﬁ%%‘ﬁ%#ﬁ*@}@i@@??@rﬂé@@hcu on was
conti nueq; Foh10f1: THR I GRS Qlro T KR4 WRSaRAULELa b hfiferklefor 650
m.). The organic yer was separated and the aqueous phase s extracted

wi t h CH2C1 2 80shokver r@ictiol hempletebil NediClow graatided exddjast pHl todr-@ folboveeiliyrthted 10

to afford crude .product (4.2 . The crude. conpound suspended, i n hexane
(20 Ly, HELPAPT R RHE- MO S5 mitiai S TS BPRREd TG WIS ¢ R e
concentr agr@&hc& Qadhhiofich E}‘ﬁre?ﬁ#ﬁ@'t&ﬁtﬁ%@%&gé&ﬁﬂ%ﬁ E(S%.'}'I%HGW sbd ?4 f&g,as an

CMs: mz 214.1 . 1HNMR (400 'MHz, CDC13):

off-white solid. . NMZJ) ' VR , 6 4.00
(s, 3H), ¥%8ic{d, mpH)38-139°C. Iy 8z 601.2 [M+1] . 'H NMR (400 MHz, DMSO-d6):

2[ 2- Chl or4 55 (.25 C 054« esyl.fo - L ami no): ]+ im di
Tone- 5- carboud 1o aBr LA deT S S S onE toB T b ARG,

1001-7 (200, mg8 (4, J=8r8mL,)1H)17.88-G 780 nTgH) 178698l (n, 2R, 01 BPNE),A(B0(dg, 0. 05
nmol ) in saturated NaHCO3 (2 nL) and DIVBgH()G nm) was stirred at 100C for 3
h. After JSAOHzYH).S HodmTehper Bl (RadH)( U84y, 1H).1 1fivdb) 1 Mas added to
reactjjon solution and stirred for 0.5 h. The reaction mxture was extracted
wi th ethyl acetate. The 20 aqueous | ayer was adjusted pHto 6 with 1.2 M
HC1 and eBXAMPEH 13t 21(4-€(S-@+-(186Beriofd | irhiidazob 24y n6dhok gpining 1dady ensyhver e
washed with water and brine, dried over Na2SO4, concentrated to afford
crude aciBehybyridiy-Zoylaming) methylipdperiding -y RN-hydroxyp¥rimidngrs of the crude
aci d (30Q.pBdxantid wﬁl]?dllﬁl(fg‘l)) and H2SO4 (0.25 m.) was stirred at 85C for 1
h. After renoval of solvent, 'the residue was partitioned between water
25and et Htkp d3ettaBrmorRenatytbicnguhldehydai@nimyed $18Br e washed with water and

brine, dried._.ovey. 2S4. The crude produc ) rified by colu

ohr orlit ogr aphy 4 BRIt ol Ao me Bt o el D SISHEPUAR SHOBSE 7 as a
whi te solmdn{ihehs@ded 8Bui gi MY 6@ hiWpddhRBS)at - 18BN hEh ThedBitdh MLl - 1H
NMR (400 MHz, CDC13): 6 3.36 (s, 3H), 3.96 (s, 3H), 7.65 (d, J=8.8 Hz,
1H), 7. 8Xofdkte thege@tion wa3=<ontinued for1 Hy. Dizhlggonethany(84D4 kg, 318-HnmoPosasn2 (dd,
‘(]:8' gmm’af%egitﬁ?g"é aﬁ%co%g{]ié tggtlf‘] f:o:{" 'l%lH%"he %‘e@ctionS w:a)’lé) alﬁoqifed‘] tgzv&'/alllm% ’roojhll_i)’ 9.40
2- [ 2- Chl ae@pérafuie flooka b4 ateitibaoe sidl { vy 16 henzDyd @mkane wagkeryddd pithi m di
ne- 5- carboxylic acid hydroxyam de (conpound 7

WO
15004 SIBpeET D aE oS ot wanm e heaTrE GincseRseuratEsdsTE Tad0 g, 0. 3

mol) in %_EF]E' qg I i j m
terrp)er ature ftor bﬁﬁﬁ%@p?ﬂ%ﬁﬁ%ﬁﬁﬁ%r% &mgég%udé@ﬁﬂﬁﬁiﬁ{agg/ﬁh%%? h 1.2 M
HC1 and q86dent afédrédompbend El9Rdwe wide sohid (L4 gf @@oyw th water and filtered.
The crude, pr ct_was rified hy prep-HPLC to afford conmpound 7 as an off-
5 white SUFP ggﬁ-zéaBFﬁj{lo'%@étbﬁlﬂP@a)lgw%F‘&P(Po@?@inﬁ?lz@) LOVE: iz 481 1 [MH ] 1H
NMR: (400 Mrig., s%@'s&iﬁ‘)ién@f&mﬁ%uﬁédl@'?l% g,-é?on(rﬂolbﬂf&e%nkgzo it wad - 79 (dd,
J=8.8 Hz, 2.4 Hz, 1H), 7.93 (d, J=8.0 Hz, “1H), 8.01 (dd, J=8.0 Hz, 1.6 Hz,
1H), 28. 14ddd] Jahed raakent (2.6YM, §.228) §td)°CIERe teaétmn mhifyre va@ vafmed RHpooml 1. 01 (s,

1H). 10 MPLE 4: : : : : B

2- Chl or o-RPRFALKT 01506 P higpift GR{ e b NABY ey Poxys s tapfustpH=>-

y| ppheny 1§ The mak s adibfanied vaaNG Ry a@@ta(ecm@@%aﬂicwer a8 Rvadieed with brine

6- Brono- pyri di n-3-ol (conmpound 2002) 3- Am no-6-bronopyridine (1 % 5.8

mol ) wagindicenesintraigdi hha-ppdg Broguetiwaspoodiad by aelampeshegmatagrgply cligdiwith cool ed
br owni sh lut.l.on i C th S d 15 Op 4 , 6.4
ol <ol I AR HARES @B i R AN S Rl o 1
at thios temmp @ oneHz ADER): 08T (sOBHRT7 46aider=q B1AUH), § he (d1)xguHe, Wap stirred
at 100C for 3.5 h. The reaction m xture was neutralijzed by agueous NaHCO3

(5% and MgP 136 NGB -(Hewtobdlimiglagnl 2 v)-4rehdorephasiyhettbompati ¢ | ayers were

washed wi . i ri over anhydrous Na2SO4 and evaporated in
vacuo . mghﬁ{s@gﬂéﬂf\?\ig?dﬁﬁﬁupﬁ%gﬁy 20 col umm chromat ogr aphy (hexanes/ et hyl
acet ate: 9/Compomndflil@3 ¢l.€ @srh6 wimiol2HAR addedao wikgirs of ¢aanf{adhd 2rig(1.2g% yi el d) .

Joga 1o il P 5.5k o) gt B Rpn Sty Pag pmopias ablromeing af” (©

25Step 4b. 7-(Pyridin-3-yloxy)-heptanoic acid ethyl ester (conpound

2003- 23) A mxture of 2002 (270 mg 1.5 mmol ), ethyl 7-bronoheptanoate
(736 ng, 3.1 mmol) and K2CO3 (430 ng, 3.1 nmol) in DV (10 nmL) was stirred
at 75C for 1 h. The solution was partitioned between water and et hyl
acetate. The conbined organic |ayers were washed with water and bri ne,

1 2NN~ o o o ~NN =l o



5A m xture of 2003-23 (168 ng, 0.51 nmol), 1-9 (200 ng, 0.43 mml) and
Pd(PPh3)4 (24.6 ng, 0.03 mmol) in saturated NaHCO3 (2 nlL) and 1, 4-di oxane
(6 m) wasowiwmestsat 100C for 3 h. The sol ution was parcirtusened2dset ween
wat er and ethyl acetate. The conbi ned organic | ayers were washed with water

and brine, dr| ed over anhydrous Na2SO4 and evaporated in vacuo . The
resi due WBK)- JHEreacEen BYXHe Wasstistse GhaosyicapRIATUe cuFaaher isdbitire Maket hanol :

100/1) t nlz
503. 2 [ Mt IR R DA R Y R RRvEgfte’PofBn A e prpYE: | T2
(m 4H), vasG8uified by cofunBH)hromatpBraph Blufath widlHhexaBed@hyltacetdtcA12) iz aff@i) , 3. 00

! 5 b omioud 11058 il o S Lovg i iihi " 10 1T 63 ?ds
; é66l(5|(21 sJTt 13& t@r@ E(u%M%E%E, Qlﬂﬁzoenﬂo[@]u%ﬁdéol 2%4 ghlgl%ﬁgéhylcja?@&n{]ogh'}zé 1H)

1H), 9. 83thbyl p_‘MH)dln g-wéqmmq)methyl)plperldlne 1 carboxylate (compound 1105)
2- Chl oro- N-{ 4[

eny1) 4 e haReCPEE Rk LR s o 7 *ﬁ%ﬁ&f@*@ﬁ’é@éﬁ%%li%o

my, 0.22 wawaldied rriNigOIH- c@mh@ﬂ@ﬂhygp@@ﬂl&ihwrbaf&xmam @30 n) 4M muRds) antli rred at
roomterrperature for 1 h. The reaction mxture was adjusted pHto 6-7 with

1.2 M HCEK:2Cfpel 1 2e5 §1 F g Dinil ke oristuigasas stirkieg werer Tﬂ%"Cc%r H%ét@@e BHINE Wiks

i edy oAt P ARG luRe SRR AR et Pl o)

1. 20- 353y(m1urﬁﬂr|;chroma4@fa1ph47eh(tm wﬁh'lllaxaheléﬁtyl abdiat i1 1 24d)affotd C@mpoutd (m (21 ED
1.96 (t 3 4.10 2H), 7.50
J=8. 8(Hz 11?585 mz/eﬂqwohdﬁég %38% @H)ZLCMﬁ)WZ(757é4ZE[WﬁJ%1\§\ﬂE(4% 7(70

ggd J31861\E|ZHIZ|ZDN?S§é15%g 1%(5& 1}551%121&'21 4§|§é3 9@%#73 ]1:}?6 (. 391912‘85%( gﬁb 22‘{38 ’ 8.13

10. 90 (s, 2'Zlﬂ-l)mZH)) ERANGLE)S3.98-4.02 (m, 2H), 6.43 (d, J= 88Hz ,1H), 7.02-7.05 (m, 1H),

Chy aroxyam S el éﬁ%‘gﬂw R b s e 0D 841

4- Am no- Z5 CIH01 @Dz AHS, 126D s yrpound 3002) A m xture of

2-chl oro-4-ni't robenzoi ¢ aci $5 g, 24.8 nnol{, iron Eomder (8.0 gé 142.9
mol ) andStapAds Nathyl Zy(4- ((5,;‘316 Irhhﬁh?O[dhmEta@W?m et-clils@psonyitarbamaey heat ed at
WD 2012/ 094 28PCT/ U 2 12/ ref

10 £ or oo AR N P A AR A A U in o e B S BB VEP o

separ at ed 1999 extract ed WI th ethyl acetate. The conbi ned organic | ayers
were washed with water and_ brine, dried over anhydrous sodi um sul fate. The
crud@Opr odude aviigesselptionel gmposnd hh0 T MOdRet b Bpe) Wé@bé@re@/eﬂxaﬁwaacet at e:

viel ), PEREATCASE R BRARES R oy Pomh, ML bEcAR (b B8, B0

Hz, lH%) cﬁngeq‘hlt(atk,d a:ﬂléZheﬁrleHZlue ﬁ/lkl? dlsﬁallﬁéii 1(1d1,10hl@t8n18‘(cjﬁalﬂe (]1H)1L) (];1]2) tRd sc(lbﬁon lH)

St 5 2 -4- 3003) . T

ol t  on 6P BHeL 05 GRGe 81 S %@%h@sﬁﬁﬁggégmwewm&& (s
10 ni) atrer?r terfpdrEturd or B0 Min %!ﬁ&*@@nc%ﬁéﬂae&' 31" @qgﬁaﬁe‘mas(ﬂun]fﬁg tyjc@hgnr{rml in

water 4.5 nL) was added dropw se at - C and continued to stir at this
t enpebat mheorﬁzaogmﬁhmlnted*ﬁh&l lm;xan®/atle5d@t¢t@na (hilxtorfeordasmadded] doapwi se t o

ol (o SHISMAP R b i, oo LN S BREHE A SR e fyeds Bl €% e
war ned t o §Q€1ang, §H9ur7@ch (ﬁp(mm{)nms (s hﬂ)r@mm;gn{nmt)umo pasHiagpenched
with ice water and extracted with et hyl acetate he conbi ned or%anl c

| ayers wedel=wbsHdd At 6.30éd.drF Sirtdi ;dH)Jn"éO3 G Ve d- 28V d Hanh3atr dddms aH).um

Cai ohl o dret RARTrethantt - 0878 Yiah e Mob 1B SPARTBIE MRREI M s00s as

an of3b- WBH)@I@QB (§1H50Q 6”93(5 3H¥o yield). Step Sc.
2- Chl or o- 4 (N 15712 % hept yl ) sul farr%l ) benzoic acid 5corrpound 3004-
2059) ep 43 x(f‘d(%( flPErBﬁgno[c)z]na Ehepbanddeerhyaieemyyide (777 mg, 3.7

mrol ) an t hane
(80 ) %%h%@'%ﬁ%ﬁ?é O e S R S R
was sti r r(ecdmpdundddm terrperature overnight. The reaction m xture was
adjusted pHto 6-7 with 2M HC1 and extracted with 25ethyl acetate. The
conbi ned organic |ayers were washed with water and brine, dried over
anhydrous sodium sul fate. The crude product was purified by colum
chromat ogr aphy (di chl or onet hane/ net hamol : 100/2, 100/5, 100/10) to afford
conmpound 3004-59 as a white solid (520 ng, 44%yield). LCMS: mz 392.1

[ MF1]'. 1H NWR (400 MHz, CDC13): 6 1.25-1.33 (m 7H), 1.44-1.62 (m 4H),
2.28 (t, J=7.2 Hz, 2H), 2.98-3.02 (m 2H), 4 13 (q 30J 7. 2Hz 2H), 5.07

-— e~~~ - ~ M~ oL A1 N SN NS - -



5 mxture was stirred at roomtenperature overnight. The reaction m xture

was quenched with water and extracted wi th dichl oronethane. The conbi ned

organi ¢ lwgpeor/se2e washed with water and brine, dried ecerusambyeooors

sodi um sul fate. The crude product was purified by col um chromat ography
(hexanes/ et hy| acetate /1, 3/1, 1/1) to afford conpound 3005-59 as a

white solid (5wonad 15400 /0ime.d) 11 mees waytak watoszlmgﬁ]met hqpolig sRlvROR 400 MHz,
DI\/ISO d6) 2.76
G ase, dh8 My F e gl sed ol gy Ziof a0 S Tf‘ﬁ"’w&‘%d

J 8 4 Hz ,min@e Was adjuted pHEO 8(HwithavetBHr]d alﬂd)qon@’en'ilzﬂlteﬂ The (emdu&iv@as .85 (s,

10 937( 21p 7. 93 bgfrﬁPl.é'E_%)p f%égghe titled compou1|1_g'9l asl_g Whlte 5311487 mg, 3&, , 1H),
2- Chl gr o-\yf 4r9qhi%p@ @cmyﬁy@lm ?[MJA)]DI*IQNMR (40(( Mﬁiﬂmgér&%yamm) rg/- 15

oxohept yl sulfarm | ) benzam de (conpound 59) A m xture of 3005-59 (150
mg, 0.2 2H)i h7NedOHmre Hhadvdd (sc3HbI2uMt - 8iP8((rort), 3122793 Mi)\ﬁa’@(‘;itﬂfred at

roomte f ion

et ur o vige P E G ikt 8 46 T G AP T HEGEaheD Sredt T TRE e ves
triturat edHwbh-AEt @ JFandHzi, | g r7esh, (dpl+ 8 RH@dl HD){ SprER- IHBLE 66 ¢s, 2t o8 d7
conpound 59 as a 20 white soli dﬂ(\I/B % 320 p.: 158.7-159.3C. LCVE: m z
565. 2 [ MikpL TH)AR2(0R IR0 b0-RiEbr d248)(s . 6H 14 1 23 (m 2H), 1.36-1.46 (m
4H), 4.91 (t, J=7.2 Hz, 2H), 2.77 (q, J64Hz 2H), 3.40-3.47 (m 2H),

7. 44 .47 (m 1H), 7.58 (d, J=8.8H, 1H), 7.69 (d, J=7.6 Hz, 1H), 7.75 (dd,
J=8. 4Hz IZXAMI,’LEFHM 213-848-(‘111&5) 3-(15 (cﬁhliethﬁiaﬂinoﬁ 19b6-benzo|@fidniddZob2- (d, J=2.4
Hz, 1H), 8.71 10.89, (s, 1H). 25 EXAWPLE 6:
2-1442- cmlmhsnﬁlc?lzba@my&% l@etbwmmlzmo)ﬂﬁw@r@ammyme-5 -carboxamide
benzenes AB¥LRPLeHr azi n-1-yl}-pyrim di ne-5-carboxylic acid hydroxyamn de
(corrpoun ? Step 6a. (2)-ethyl-2-(ethoxynethyl)-3-nmethoxyacryl ate
(ConpouncStdp)(Mf) Naspldi -(hmd(&XFnetiyl)- I-nketimpdypenvmsted detepotnd lli?ﬁi)ane (400 nL) and

et ha (27 1,.17 .added_dr opwi se r 00 te r at

P vas Lo SHER oS BRBEE STt SRRt RNl S AR T o

3-et hoxyﬁﬁppaap@&d%dﬁﬁﬁAQ g (6%%mkﬁmmsr@d@a@oﬁmmes@aﬁn&@ el | oned by
ethyl formate (90 g, 1.22 nol). The reaction nmixture was stirred at OC for
2 h. and qj/lermgfhw ros)m featp@ra(an_rsdT leg, reactpn migture was dawaédflﬁir@cb@mas@atatand he V\D
2012/ 0943285 e21r/0 0151912 Bane én‘:f er.at ur gﬂv\ﬁ-ir erl\g g&a I mcxturte
heated at"b ?figver% r?tn F Ftered® Wadhe PHThER é? W%I&f??ﬂ_) To
the conmbimedridd ﬁrb@lﬁc@ W&N@@uﬁﬂ&ﬁﬂy wluahwfoa\mwgtapﬁy &0 Ritheh ok BfksEA @2:58 nol )
and sodi um h dr oxi de (14,00 2) xture was stirred at room

t enpefat Up aftpet camnound d263 P&%Y@EPW SFWé1 ® Q%@%A)\Ma@dlmashed with water, dried

5 t
i ve t he s BIE LSRN LGSR GO ML BIBISAS DS D LB 85 P bphati on o
211 [ M-23].53 (d, 1+6.006R, LHRG. MHz, J-SBCI3)1H)67.15 290 1{), 7.3E(s7 18),Hz54 GHH). 1. 28 (t

J = 20 (m 4H), 7.45

(s 7 3 %@%35%6\46@% ﬁtgrgmaﬁathjy%@%hqxg%?%ﬁvar(eﬁwqwcl?ﬂé 5- car boxyl at e
( Corrpound 4093) Q400 WBIxbH & Q ﬁﬁgﬂ@@m%@% @Qﬁnﬁm@) 1n%1"t)t¥ﬂd}gﬁleﬂ1ané"(l@a (18.7

g, 312 mmol ) and concentrat ed drochloric acid (16 I n ethanol (300 ni)
was Réat edl awas afded P Bov@rhingh.3 rmmvbrTmnap@roaltmngrt: Iwas mnstdbfrlétehamh (-250

th | f | t t of
et hanol . GAGCAE1E SR T08 35 AR oom et 29T bl W Roln AREDE g,
LOVE: ZThklokg EIIM" ﬂﬂase was dHedNYR (090 Mizd ccﬁ@@tge)ted Ghd cﬁlzie(p?oduét was 7.2 Hz

3H), 4.19 (m 5.28 (s, 1H),7.21 (d, J=5 1H), 0 (s, 1H).
Step 6¢c. rmErifgd bzcgbv@lmchzommg@pbmhlitq@\mth]be@n@séfrtbﬁwﬁtateeﬁ (lmrp@amd 4004)

vas acaed BN LB IO (g, S IRROTTEMMA DB L E6RE, 43R,

3 h a0d qorBrenNsvatgdH)N7.vacsnHy,g.af berid) hes iydiakr omi de salt of crude
conmpound 4004 as a 20yel | ow solid. The Broduct was used directly in next
step wi t HeR 14 eby! Tazidometilbermetiows! el}ﬁOﬁteie@mmnﬂ]m“)lH NVR (400 MHz,

(1:2D.Cig)(b$S " ¥g%(l§$medé%01zn%]dm§ﬁ?%m%12&?132@ op 'rél ngﬁépchgfg%xy%a’?% (s 2H)’

( ConpounchddODBRNZ BIAT g 6tOumenodf The wzietmnnmp@mdwa@@ﬁﬂrea aﬂopﬂﬂsmbemyire for 2
trichlorid 300 .nL) was hea eflux for 3 h, to roam

t enper at Jrd éﬁfal%% é%ﬁtﬂ%\%éfumﬂwrtégthaﬂéce&ﬁ% R Ephg %ﬁ‘r‘ﬁ@ﬁﬁ% ature
and dissolved in ethyl acetate (500 nL). The Et 0Ac sol ution was treated
with ice water (300 nL) carefully, washed with ice-water and brine, dried
over Na2SO4, evaporated, and purified by colum chromatography (eluted with
Et OAc/ Hexane: 3010% to afford conpound 4005 (14 g, 54% two steps) as a
white solid. LCVMS: mz 187 [M1] '. 1H NMR (300 MHz, CDC13): 6 1.42 (t, J=

~1 N



10 stirred at roomtenperature for 2 h. The reaction m xture was
concentrated. The residue was partitioned between Et0Ac and saturated aq.
NaHCO3. TWwe 2orgem2e | ayer was washed with brine, dried eceErusha288and
concentrated to afford the titled corrpound 4006 (370 ny, 88. 2% as a white
solid. 1H NWR (400 MHz, CDC13): 6 1.39 3H, J=6.8Hz), 2.96 (t, 4H,

J=4. 8Hz) , Ths aygani¢ phaspywag dged pyar NapSQgan Conﬁﬂltfajed7 The epide prodygt yvas o) |
15Step 6fpurificd by column chromatograph d with h fethyl acetate (5:1) to aff

2-[4- (4 ATy Y S o e BB EREL Sy DS ey Ay T T e ne- 5-
car boxyl |ctonqmunld ih2A4dhasl a mlbe/rm((csomnmg;ﬁdl‘myaelm [TOM8: miz2ak A Mof1+4006 (1. 04g,

4, 7mm|) chol or onet han OnmL) was added

corrpound éﬁ)\g f&ﬁ&g’l%’ &l I;h%ell}#@?f‘gﬁ’eémg%?&(ﬁnﬁ?%gzé irred at room

t enperat ure W@ﬁ@ﬂlﬂéﬁsolﬂmﬁlcff%%ﬁfpbﬁﬁh mat(tst)@mfgag 3%6?1@9“}1@'116% Y 7 With

2M HC1 and extracted with et hé acetate. The conbi ned organic |ayers were
rapn

washed wiaddedVBPler (650 chgh2iSrmemoDbrand dtiedfor 3Amyidr Biater $HY me iﬁl Infraele was

t at Th d f | u
chr ot odiapty AR s G B oot AR s OB 2 o, T r B s 4007 s a
whi t e soldilitddSeieh 8@yl 20te/irel \déshedl-% Waﬁférzané%na THokkanid phdVyRa6 468d MHz,

DVBO-d6): 6 1.27 (t, J=7.2 Hz, 3H), 3.08 (br, 4H), 3.96 (br, 254H), 4.25
(q, J=7. 2V NafiQu and copeengiated JEg Gpge prodegipvas payified by golugn J=1. 2Hz, 1H),

7. 87 144,

(a- (2% B mpi el 40 oo G A GRG0 0.4 FoRRRISIZL iy
pi per azi ngellowldil (-3DQ|mgr681%r’5&elﬂ) (Izﬂ‘MwaZl oeaghve-1et hyl ester (conpound 4008)
A m xture_of 7 (500 , oxaly] chloride (1.59 g, 12.5 mmmol)

and 30 DNHeR éf"‘a unﬁmanﬁwi?r%m%b@ﬁm %@Owem)coma%u@tﬂﬂ%éd at room

tenperature é&'hﬁguﬂh 125'3‘%36(?&1%!@%1% 5 G i@50 GORKERE bAE RSH 11 1&1@97565' due
was di ssol ved i n dichl oronet hane . Conmpound 1-8 (278 ngy, nmol )

and DI PEAnn8D5n kyOHZ2 &EDTmH)Hz@e(Qenhh déd reafhen nmstutetwasgstmmeﬁtawoenwas stirred

and Rt JEPBGUGY Frral o r e REGIOTRE LB ok yiReR HE e g "o
2012/ 094338RERLHBRNIZHAAMOAY wen% Wasked vitiol: At pamiuib ne, dri ed over

anhydrous sodi um sul fate and evaporated in vacuo. e crude product was

puri fi ed Byp déf. 3 ctbhx oA Domethery cerbenilapiaimidine Aybana nenirsingd )benzaio peid o

afford cctngoun ;é(}% as a white solid (180 ng, 25%yield). LCMS: nmz

641. 2[ Mr1f bOI\/Hz DVMBO-d6): 6 1.28 (t, 5J=7.2Hz, 3H), 3.11 (br,
§H)8 Baz 991( brf,o7a4dﬂ69)tred4;oRlﬁoﬁqf 1366/(28bizng, Zﬂmmﬁé)%‘tjiﬁéﬁ’ﬁ(igglm%lﬂéo ﬁzﬁl&ﬁll—léd .
(dd 2@ 8. cbfﬂlﬂéromeﬁﬁze (im)L) was @ éderi 42?95((4176 I.07mmel) (the, reaetionanipgure wa@’ He,

( S , 1H) _ %g%‘lg% atéli_lo-%nﬁte%eraw forSr H.Ar h%q'eac‘gloﬁ1 s&utiBn W:llwhlutgd z)%h(eﬁlyl %.I:_Qtate 10. 84

2-}4-[ 2- Gnldovashedt ¢ #h ohtcdnand Bripe/ﬂihdiomga&icy}bhaphe/ayﬂnaf bamdialjohdraenesul f onyl |
- 10 piperazin-|-yl r i ne-5-carboxylic acid dro am de (conpound
86) A senaifieds %ﬁ%ée PrPSbrtgYasPUSGE Py calimgly y clyteggxiyh

nmet hanol i ¢eaction
mxture v g R MR (G188 sford %&%@%‘“ﬁ%%ﬁﬁ Jidtyho nihe1 e i

m xt e wadd}. iLIGMS ed/z 3B [Mlde BWMﬂOQ\/&’H{@dﬂMSOa&) ky3.p% 6p3HRLCTZ G, af f ord

et AT TRl AL s 1

7437461}()@7;@21{3 58(d J84Hz 769773(m 2H) 7.83 (dd,
J=8. 0Hz, Hi787 H) 93(de 6 Hz, 1.6 Hz, 1H),
7.99 (d, Slten léig-lﬁ\/l H)2- (%(%eiﬂe@ 3 Qﬂydln@thy@mlaO) thbeomd]lmH)azolgmbplqeslyl 1H),

N (a- o s bRy s RN s srrmanasdromegmidRa 1) -

3- ( 7-30hydr oxylani dti@ded doRxioheptothpoiniienz amodag (E® apesind -1 90) mSt &P midol) 3
-(4-Chloro-3 - dlrrethylamn[gwll—l-b enzo | ol -2-
yl ) pheny!3@4AY W#%Hﬂ mgwdkigt Ed’(ﬂﬁﬂééﬁ?ﬂﬁéd&ﬁﬂﬁ?}ga@%mﬁ@@t kg benzoi c

0 012" rons iyt Rud st B0 oty THOTRAA R, W > O

di chl or onlukaineitl{ 8@yhdcptatclinel washedl ivith watortand drinesT st drgared pladse mas kiried

t enperature ov The m ure uenched ter and extracted
with di cHv6F N?rés{d:‘aﬁ%g Colﬁ?é‘tfeta‘ %‘%&ﬁ% Waéyéllﬂg @\EY EOMAEhed with water
and brine, dried over QA thydr ous Na2SO4. 30 The crude product was purified
by columm chromat ography (hexanes/ethyl acetate: 1/1) to afford conpound
5001-111 as a white solid (2.6 g, 49%yield). LCVM5: mz 449.2 [M+l] Step
7b. N-(4-Chloro-3 -(5 -(dinmethylamno)-1Hb enzo [d]i m dazol -2-yl)phenyl)-3
- hydr oxybenzam de (corrpound 5002 111) To a sol ut| on of corrpound

NN A NSNS Y o o o o ~a 1



solution (10 nL, 1.79 M. The mxture stirred at roomtenperature for 40
mn. The 20 reaction m xture was adjusted pHto 8-9 with acetic acid and
concent r avecdoizno¥asuo. The resi due was purified by preppHPLS210/0200bDr d
conmpound 111 as a white solid (30 ng, 26%yiel d) I\/lp 140-142C. LCVS: nlz

if&’ 31[ ?”Ecl%[ome%{r%%@éﬁ%&h%@%%%ﬁg% (% to aszeéc epo‘egm%fagal po (m
J=6.4 Hz, 1 7.43-7.61

5H), 257. ygegb%vdgﬁﬁdgéo @fgle@z%m% mg %§é§ M#ﬁ ;m 8. zl)z (d, J=2.4 Hgm 1H),
10. 36 (s, St&p-l)4h 10(34A-CBlordk B 3- (Meﬂ&rlz(rbmp) lH)benEo{Aﬂa‘ﬁ'h@ZBI -2-

2- ((3-Cnhl -4-(4-ch d I b ) b

(et hy ) SIRB rhé’pa?ﬁi-swtﬁ% et ol D BRIV NP BEYT%0 St ep Ba.
1- Br oBD- 46 ?&{Ha@tgyyl) -chl orobenzene (corrpound 6002) A m xture of

1- br onp- 2 chl or o- 4- met hyl benzene (5 g, 24 mmol ), NBS (5. 103 29 mol ), Al BN
(0.39g, 2.0 feoipound 1B F0rBOM.) mivnd) Westakeh lato NélsztMnethetr icghtutiomE) hot

reaction X f||tered nd rl nsed with CCl4. nbined organic

[ ayer vadhok fe S0nTEs b N8 ARG b AT eMbENCE R0l TRORAER oo
vacuo t o mafxhee da@@ﬁﬁnge@gHVé@SZC,%&hQS&&?@&R&%&%&@&Q&%O@H&&Q% vas a whi te
solid (5.69, 82%y |eldi 1H NVR (400 MHz, CDC13): 6 4.39 (s, 2H), 7.14 (dd,
J=8.0 Hz puzlﬁedﬂqi,prenﬁP ¢ tagffogd thg Hﬁedlcmpowd)ZSS?seael(l@W sgh®(34 e, SOE/H) St ep

ot g VT RERRBaL Y e Hor YR RIS G P AR S ot um -

hydri de ((ﬁaos |8g (s Z«H)ﬁm’m(d J=G0diz, esmla T9.9Mi(et, OFI, MG (sSTHY, 7ed (OFHYLO i n

e P08 a0 AT i ST 8 P
h. The re g.@aqcﬁemwg%mgsmy%m%@ 190 b I, WA Sl AN ST T £A ol b

et hyl acet ate. conbi ned organic 'l ayers wat €r and

bri ne, dr(twedsioglempcamshyd).ous sodi um sul fate and 10 evaporated in vacuo. The
cr ude1 product was purified by colum chromat ography (ethyl acetate/hexanes:
1/ 10) to afford 6003 as a white solid (1.8 g, 34%yield). 1H NWVR (400 MHz,
CDC13): GEXASPLE. 159r1§g-<%_@ﬁlom3 &l H;ytamaa 1 &R0(dimRhol- B 99 (5.

1H), 7.32 (s, 1H Step 8c. tert-Butyl

3-chl oro- )d)lﬂlthaﬂ@qulx ﬁ‘eltlfﬁbDl)ﬁbmbﬂifmeéhj(lmtrﬁdhmwmﬁm@ilae-%I ution of
6003 (2. 13% 05 drous THF (20 nL) was added n- BuLi (3.8 ni,
2.5 M 9‘? Pﬁr@l‘?ldg?on\)/'\?oun £78C. The resulting m xture was continued to

stir for Step15aNewei3-Bistiore- sadﬂiethymmlﬁé)nwﬁﬂmmkoal@(rcbh@bmel3((1384 g, 7.7

mmol ) at - 78C. The resultlg% m xture r med mterrperature and

o
stirr@d over nifht solutien ¢fel208 (63 MEsQ- éeendastﬂab(%@ﬁeh) wa% pddgg tnegth e prgine
extract ed,u,j 1 S1¥bn 8L d?h&aerheﬁ%@ctfb it d wal ﬁ"r&?{{' %&gt‘ﬁ@eﬁ%r‘i‘@sr‘ed
with water an r|ne ried over an Fous "sodi um su ate evaporated in
vacuo. ThaincMde (pd adyctaswadedtorthd reedldaymtmhm rnd dierrosmtiggreagivn oty |

Jrel ) Denaeasd 385 el E (H%%:@%?ﬁga e 48 e e ST A
single p%‘fl?wat%m he%r%ﬁqc gha%QWQE ﬁﬁe@b% @@%‘lfﬁbertéﬂnd @Vaﬂéra(darto g%@ Zl) 23

(d, J=6.8 Hz,
St ep 28d. rEodyck 1301 as light yellow 011 (100 rng, 83%) LCMS m/z210.1 [M+1]+ 1H NMR (400

?ééﬁﬁsﬁﬂhﬁ%%’ RPN RO AT I A OF Be et (5Tl 26 G TR SANO A k) s

stirred atHy 9goist eaperature for 2 h. The reactlon m xture was concentr at ed.
The resi due was m xed with 30 4005 (560 mmol ) and TEA (10 m) and
{he r osulSFRASMMERD 6 -Hes-beipKy by (ST Eaiso st Shond HED:The
reaction %&dur% %§) guenched with water and extracted with ethyl acetate.
The corrbi ned-organic’ | ayers were washed with water and brine, dried over
Na2SQ@¢. The cr(mde),0r(0sWiglg, dasnmpuhj NEgd1Bymeol 0rmelh eadBMGP aph:, (@shy!

acet at e/ hexanes: 1/5) to afford conpound 6005 as a yellow solid (425

65% yi el d}lmowezem@dgaezelpew eEcamgueddgob (106ves. ﬁmaféhmlanﬂlmrf}ls 1Hm:J

NVR( 400

J=7.2 H A%’W%gdgg%m il)ﬂl%‘f%céloﬂé%x% %‘&,85 w%(eznip ?Aghrefﬁﬁg K7.83 (d,
J=8. 0 Hz,untiHI'LC8ndi9ated tHA6 cdrhpenunsli 1301 ha@bednsdonﬂhﬂlcd. The 2&cfion mbtire was St ep
8e.

2- Chl or 0- 4- 4( 5- (et hoxycar bonyl ) pyri m di n-2-y1) (net hyl ) am no) net hyl ) benzc 5
acid (conpound 6006) A m xture of conpound 6005 (425 ny, 1.27 mmol),
Nal 04(408 ng, 1.9 mmol), RuCl3 (40 ng120.2 mol) in CH3CN (15 nL) was
stirred at roomtenperature for 16 h. The reaction m xture was quenched
with water and extracted with ethyl acetate. The conbi ned organic |ayers
wer e washed W|th wat er and br| ne, dri ed over Na2SO4. The crude 10 conpound

~NN~ o o o



Step 8g. 2-((3-Chloro-4-(4-chloro-3-(pyridin-2-yl)phenyl carbanoyl)benzyl)
30 (et hyl)am no)- N-hydroxypyri m di ne-5-carboxam de (conpound 263)
Conpound wO0Qé12ah@2sny, 0.2 mml) was taken into NH2OH nmeCharsedizo2@et ut i on
(10 nL, 1.79 M. The resulting m xture was stirred at roomtenperature for

2 h. The reaction m xture was adjusted pHto 7-8 with acetic acid and
concent r 0BEEN(FHIF AMdShRsEIRY 2t PR NRCDECPI WD KIREAReraY Ftpd B BE HG i £ or d
;ggpg;mdL%@V%Ha@?q)mmd 0 ﬁt}ied(c%ﬁlijwnd 2] mm&wa:gg@gé @12/ 020092
4.96 (s, Sakp 15a 32(9te(teButdx;§8:aﬂidnyl(mlebhyl)imﬂﬁy)ﬂletcﬂ@l)(iﬂneﬂid)cybe?lz&ld-a@’1d57 (m 2H)
7.67 (d, (3:8.0%,21% , 7.75 (d, J=8.8 Hz, 2.8 Hz, 1H), 7.90-7.94 (m 1H),
8.01 (d, (§uBPYHnd13 , 8.70 (d, J=4.4 Hz, 1H), 8.74 (s, 2H), 9.03 (s, 1H),
10.755(s, 1H), Nlt@)Hzanu@&ls slah')t10n§4 Emwlrﬁ)gwas added to a solution of compound

2-(3- Chloro4(4 chl oro-3-(pyridin-2-yl)phenyl carbanoyl)

phenyl suIB@ﬁélﬁ(ngf(P\IS mtmlamymytrhamldﬁ md-)5 T hasdetkamivetestitedrapond 265) St ep

9a. Met hy zoate n 03 (200
v b0y emPort Rl fetadi Tt LT BERARA G AR F5 i AR HCRa 0T, 2
addi tion 8 csatdedival ciiyBaderitd alr(DthG( Bahdidried o(&-19a,80). Bie tfe. coAfpoand

addi ti on, the reaction mxture was warned to roomte%era;ure and stl rred

for 5 minl30 Waépb@v??é@ﬁ&t}’eﬂﬁw sphid aftggogeratiggan H&Mmg Py T DMifR40

ohi + 40 o B Y pERTAR GRS ofi 2,266 M3 T & 3B G éﬂ‘:?%&m@?ﬁ%}@ :
g)lvg?da) :116), 3.501s,(181). 3H), ~ 7. 69 (s 2H) 7.88 (dd, J=8.4 15Hz, ,

0
& (K (s erStembf iy dhebaie a th?ﬁnmb@ﬂﬁswilep@awm@und 7002)
A t | d DMVAP (71
ng;n rnugﬁ)él%{l(}rz%gné? ﬁﬁhéﬁ?ggoﬁb)%n%%@gp g&g%aﬁg%? ]]n%ou%(\%%ar@n ht) 21? ter (
cooling to rocﬁhmpxmnerai H7emgt (hg nmod) wasaduzrd tqaeoﬂuheldoﬁwmomdéBOS exdor act ed

andt i nane e SRR R Ried) SRR LA B R Bt SIS O {4 2 by

colum c hﬁ LYERABY nfiXtareANRSdtBlch it rdé)@@ieﬁip%rau% by efnfyhalifHemixaeeRasnd

met hyl 4- t ert-but oxycar bonyl ) sul fanoyl)-2-chl orobenzoate as a white

solid (1. ctmtegi wiBDigr € (blt)ﬂL) ml\@ctran’iezl vggocthyl[avetale. (10 BINVR). (Do @rgaqis lapNsOd6)
6 1.32
$-1 87 s sy ono@Rhatiter ailgod op NSp. T isiRpmbodad Faoa\ly oy &,

above prqd:u@tv Sbﬂldaﬁg‘ coﬁc&tﬁﬁ@hllSOth‘ﬂi% £6w1S: 314/z$6mM+1|]h THF/ H20 (10nL
/10 nL) was stirred Qom t enper at ure over ni Aft er evaporatlon t he

i xt 0L VSIS 3550 hlo B oS by RS beE i deret ey ey

acet at e. wat er and bri ne,
evapor at e%al n vgg{m ?}ggagﬁgﬁ]gthg@r{r%{)za%%égﬁg@as a ?/\/m te solid (1.00 g, 85%
yield). LCVE: (h’lrﬁpoﬂﬁid IGOEMiOfmg)lxh‘hNdE&o(\ZéGGn Mihor@l\zﬁﬁb dﬁd(l(BmL) 3the(s, 1H),
7.90 (dd, J=8.0 f,JiL I-OI) RZ(d J=8.4 Hz,
1H), 11. ggaC(an rmgﬁlbre wg§ %tgregibatr %pltenmfg%}pre or 1 h. The feaction was t

3- chl or o-4n 4G idas 9et§os(e%6§t(flﬂlﬂuc%oé'deilpgﬁﬂ)’f A BRIDOYh E)cgﬁﬁ dto H 7~8 with

sul f onyl car bamat e (conpound 7003) WO 2012/ 094328PCT/ US2012/ 0 0092 A m xture
of c@dpouatiratodaquec8esNagCOL s@luttmm hid extragted MOih ethyl a@ctBtentibe prgaplaTaycf 559 ny,

Lempor ot masomec MR Byl sd DRs N g et ath Tad byt St

bi car bongfigified @K%mﬁp&ﬁ&nmgﬂ pBY Biitedagiet etlec], TRROEPMDE Nesl a 6. dané GtibRyer s
were washed with water and brine, dried ovef anhydrous Na2SO4. The crude

product weesmneund 13estylighs yeltew soliditregdalny H XMR(HIOMEEZhERE]Y): 2269

yrenn (G R0 TR IR My (0o 1,
. 4430. 471H)NY.33+).38 Zmﬁtaﬂ,d 52X881-8 42z, 1Hh)7.58 (s7 OH{,B.063881.1Qnt2H) 19D3 (bF, L;S

(dd J88Hz,J2 1H), 7.91-7.98 (m 4H), 8.01 (d, J=2.4 Hz,
8.71 10(dMi=4. 4 re, 10.93 (s, 1H), 11.98 (br, 1H). Step 9d.

2- Chl or o- conpound
7004) %'&niif %Irt (%%Lgéﬁl%%gz%‘%%ﬁg HMIH f‘?ﬁ("%‘i@ﬁ‘@%@&‘ﬁ@%ﬂf rred at
room t enpacabameylf- ﬁnneZhdxybériztyda)(mebhgpmato)mmlﬂhe Srcachenyateveonguwandhed wit h
sat ur at ed HCO3 and 15extracted with ethyl acetate. The conbi ned organic

| ayers werr@ohashed with water and brine, dried over anhydr ous Na2SO4,
evaporated in vacuo to afford conpound 7004 as a white solid (180 ng, 84%
yiled). LCVM5: mz 422.1 [ M+1]'. 1H NWB (400 MHz, DWVBSQd6): 6 7.43-7.47 (m
1H), 7.58 (d, J=8.8 Hz, 1H), 7.64 (s, 2H), 7.69 (d, J=8.0 Hz, 1H), 7.75

dd, J=8.8 Hz, 2.4 Hz, 1H), 7.82-7.88 (m 2H), 7.91-7.96 (m 2H), 8.01 (d,
=2.4 Hz, 1H), 208.71 (d, J=4.8 Hz, 1H), 10.88 (s, 1H). Step 9e. Ethyl

l o~ I T
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25 mmol) in 1, 4-dioxane (15 nL) was heated at 85C overnight. After cooling
to roomtenperature, the reaction m xture was quenched with water and
ext r act edwoi2ofe/m@iizgl acetate. The conbi ned organi c | ayersTwse@2oambed Wt h
wat er and brine, dried over anhydrous Na2SO4. The crude product was
purified by caolum chromat ograph dj chl or onet hane t hyl acet ate 2/ 1) to
afford compounk ar@ydstl%ofaeoamogn@ii‘ém%%g' Ol oy 19l Wgorom%ay? Bfag pdd

2 $72 oMoy JhNYG 1449 . 3329680, R ite 4 20
(q, J=T. 20@% 7 4325 Mﬁm& 1), @sf‘?d ROl e refqonmRate 7 73
(m 2H), VVaS&ﬂm(ed ,at hod @niﬂzl;atutbifqrﬂh 910}6?629:410(1 mixthk) wagywohed avithwdeBandz, 1H)

8.06 (dd, J=8.0 Hz, 1.6 Hz. 1H), 8.10 (d, J=1 . 69- 1H),
8. 96 Es @pﬁentf@t%"é eéfordfﬂé TGRS SRR b a0 bbb By ﬁﬁé\flﬁm K
2- (13- 6Ghl quee Mﬁflcqmgy@ 1336(<Ew&v@m- §Hy|3)(lm(‘°s“6/[|1f@r2ha(§03&ﬁ%9f8§f@é/|3$}7} 4 9mpam do)
- N-hydr oxypyri m di ne-5-car boxam d ound ound 7005 (300
ng, 0.5 r(qnl=)7mzﬂakfb9n9 (Snﬁﬂ)r@@aé%nhéﬁc)m% éﬁoﬂﬂbﬂo}?- (s10HN7471(d79 |vp The

| t h. Th t 5
et ur e Aad B0 ShRbCob SN PR TR Gt Esh % aRent rated: The
resi due vas%usg U3 e Wb 1B -Fatdahcthpdind )t 191-8ehzo[dlemiglerdid-was suspended in

di chl oronethane and stirred at roomtenperature overnight and filtered. The
col | ect e’ phemdcarbamen!)-aungthoxpheney (@edyhaminoddrprdiadypesnidgcs-whi t e sol i d

(60 5:220C. LCVMS: mz 559.2 [Mr1]. 1H NMR (400 Mz,
owga) %gg%h@yp%c%gb@‘rﬁdzzm 7.56 (d, 10 J=8.8 Hz, 1H), 7.64 (d, J=8.0
, 7. 68 Catnpalm8. 1006190 fk) 0.1 Fardd) madls@aeeoslnmﬂzc&l&lmnommum 85 (d,

J80Hz H., 7.90-7.94 (m 2H), 8.01 (d, J=2.4 . 2H),
8.70 (d, QU WPM), flipe mrigre yas stipgg at &@mz@n(@raﬂfgﬁor fio The s “(alSPOH i
EXAMPLE 1055 sfe%l 089Nl AN ‘H@l%’h@ e@aﬂo’?&f dgt'd?zc%% h)eQqu&'tYe]w%/asAtrlﬁhla&é (3- 15
(hydr oxyam no xoprop- 1-enyl ) phenyl) anoyl ) benzam de (conpound 254)
St ep 10a.wigh WateNtct afopi drydddpBdaitokind ca‘née prodmimduﬂm:b)mﬁed By piept ur e of

ool 15 R S G cbigu S 8 TR on e SR N Ao ofid TS o

heat ed atyf&foll W(VPVEr THAMR ADDRIHAS NSO D .09, bENPEIALUBE), 3tmtsr eact i on
aC

m xture was quenched with 20 aqueous sodi um bi car bonate and extr ed with

et hyl acettit €96 TheHonB8 riedd on ¢-00daydib. Wetel faghedDn 5 (dal-ért Bad

comouna BE03O4 L IR, {74 EOLHE WU PALE Al LS B EY
4. 05- 4. 1](s(ll‘H) 2H))3(s41113 0. 1%5(s( h1).2H), 5.89 (s, 1H), 7.56 (t, J=8.0 Hz, 1H),

7.81 (d, J=7. , 8.21-8.24 (m 1H), 8.35-8.36 (m 1H). 25Step 10b.
3 (1 - D oxol an 2 yI)an| | i ne (conmpound 8003) A mxture of 8002 (215 nmg,

.1 mol) 0 whi t i ydr ogen
at room t]?éxnggéﬁf%ﬁg é\gg’r' r‘{lﬁg%/%ssﬂ% turn'f&;[%{ejrrl{é&l%%gﬂe)ﬁ red {eg ﬁﬁpﬂ{b q’?hl p rate
was evapdnhﬂdeDmG/emmatlchmVnyude product was purified by col um
chromat ogr aphy _(h /et acetate: 8/1) to affor npound 8003 as a
yel l ow solid %‘@ﬂ‘ﬁ’ﬁ it yE’@R/@“WFS“%B% ﬂf? %O%Ildﬁlﬁﬁ
DVBO- d6) (AQK §0@%15m9}’3 P(}fﬂloﬁff'}\/leeﬁnéq’%)anéh%’ Héaals&ll(rﬁlclelmxtragts%ré QSed‘J 7.6

Hz, 2H), Step 10c.
4- (N263- aﬂ a$owrco>otﬁHé)AQs plﬁfpth:eh@dn):autaﬁmnmgﬂt)estzoambomﬁbwz @anaély(Cbbltqoiaund

o, W’aé@%z?sg%ﬁf ST GG Sl PPt g 3 e rieenSat ) 1

anhydr ouscofdrigfckdc bA@ich kubvastchpabssat con@itlonX cb@hind® 50iM TIRRCIMpPItW, e Was
quenched Wi th water and adjusted pHto 2-3 with HC1 (1.0M. The resulting

m xture wad rediNalh d mMt RCharl) Meltle. Rygstionpyvbicrreriadrqyaal womayer s wer e
washed wi hin Velr A0 e and
evapor at e%gp%a%écﬁjs éjl]'ﬂoeqchroﬁlgte)efg{ oéi(a ltf fd%vQ %{%‘IS eﬁg{ahtlﬂfﬂ Rt

chr orgat oghaphy altheyangshedstived 1@&%tWIAQ,LA]©MdtoﬁH 1ab6 ﬁﬁ&oﬁl@fm@m a8004 as a
yeIIOW0|I (2.16 g, 80% . LCVs: mz 398.1 [ Mt1] 1H NMR (400 MHz,

DI\/BO d6) t@racwee%ten%%(exgtagqn 39 PEOHRM; zm)lssmgl 940468 gnpmDataperes’ 66 (s

par:hudfarhesbefih e gy ety fo i ek Py ey

10d 4 (NlC(SBcall:utatlﬁ)n oxol an- 2-yl ) phenyl ) sul f anoy1) - 2- chl or obenzoi ¢ acid
(conpound 8005) LiOH (264 ng, 6.25 mmol) was added into a solution of 8004
(500 ng, 1.25 nmmol) in THF/H20 (5 mM. /5 nmL). The mixture was stirred at
roomtenperature overnight. The 15 m xture was quenched with HC1 (1 M and
adjusted pHto 1-2. The resulting m xture was extracted with ethyl acetate.
The conbi ned organic | ayers were washed with water and brine, dried over
anhydrous sodi um sul fate and evaporated in vacuo to afford conpound 8005 as
ared SO|Id (450 ny, 94% LCIVB m z 384 1 [IVH] 1H NIVR (400 M—lz

R AN~ 1 "~ NS PN N N N N — -— oA~  f




WO 2012/ 094328PCT/ US2012/ 020092 acetate. The conbi ned organic | ayers were
washed with water and brine until pH 7. The organic |ayer was dried over
anhydr ouswbagfaf4mad evaporated in vacuo. The crude proagrtuseas/opuept fi ed by
col um chr omat ogr aphy (hexanes/ethyl acetate: 5/1) to afford conpound 8007
as a ye||OM/SO|Id 9 82O : LCWB niz 526 2 NHl] 11 1NNR 5 400 VHz,
DVBO- d6) :EXAMPEEA4: A Spay i 1€ a1 ' Ll
7.86 (M idhdbit Heddeh glngnzlGFt 1. GFE 1FD 7. 94 (br 1FD 7 96 (d

J=2. 4Hz, frﬁr“BJ%%L%%‘j%—z Hz, 2H), 9. 94 (s, 1H), 10.84 (s, 1H), 10.91
(s, 1H). Step (j_(ﬁgpou@ﬁymﬁsiﬂay:hdwcu dissolved in DMSO fo a conzentration of 10 miM,

3-(3-(3-chl.oro- 4- h phenyl.car bamp

oheny! sul PERKRUB) Ahgny (3 Sy ate  ELa I at0n) SR ML i b 8h07 (110
ng, 0521 ¢ Lﬂmdt'{@ﬁ Y;'rm(o‘%“t}@(JZ‘Q&M&D@@PH@YW{LW%@Q@%@@ﬁ:dﬁ@%g%uﬂ@@l 3#>rmol ) and
sodi um et hoxi de (34 , 63 nnng) in anhydrous DVMF was stirred at room

t enper at Lﬁr?éwae?maghThl% Nw@mﬁmi@ﬁ wWesnapb eneheg odordicHdly. (SkeMpr ardnple,
extracte et.at ihed organic |layers were washed with
wat er angim%ﬁﬂég g%]é?GLWHUSH ﬁg@%oﬁgyggdﬁun1sulfate and evaporated in
vacuo. The cr utenpneduclrclibswas: purdif-Led :hyyceldaimisehranat dgi-apy 2
(CH2C12/eth | acetate: 6/1) to afford conpound 8008 as a yellom/solld (45
ng, 37% .1ovehegihegdl bzpwzz]ﬂfaig@mwm@ﬂ WP OIVBEEBEY 11iBiRR (s, 3H),

6. 52 1(d, ) , /T iz, 1H),

7 a1 19 dujt%%ﬁraéiﬁl_gﬂ%}g?é}@i in (%d{h § ?ﬂg%eh}w%wﬁh(as%%%}ingggéqéigé o),
7.90 (dd,mdmBiel vizthe 2301z resdddse. 7. 93 7.96 (m 2H), 8.70 (d, J=4.4 Hz 1H) ,
10.71 (s, 1H), 5

(E) - 2- Chl or o- dﬁ%gi Sﬁr“éﬁ%‘*%fpyﬁﬁtn#ﬁ@%y}@}iéﬁéﬁ@li}t cyplpiQ! PRl gt 20.000

(hydr OXyasrlllg‘/Q«)vﬂ%} %P&E&EB g%ﬁﬁ*@ﬁﬁ phenys) sl amyl, d) 9&“%&%&& compound 254)
Conmpound 800 nmol ) was taken int thanolic sol ution
(10 ni, Bﬁﬁ@wN&JmThaimﬂsmbtmhghhﬂXFOr@?ﬁaéwwﬁﬂﬁﬁédEaﬁﬁﬂdbhhﬁbﬂ@@ﬂmnure for

he react, on 2 ure was adj.ust t h tic aci,d and
IS 1o Tk B U o S e i R N LR L
col I ect edy @@ka&&@%a@gmﬁﬁh@%ﬁw ERdpseR-HRLE, &o@if fo@tﬂ (0oRRAUd ;254 as an

off-white solid (13 ny, 31@6y|eld) Mp.: 21 LCMS: mlz 583.2 [ M+1]"
11- INMR (%@nmmcmm@@éy boig ﬂwaéwmﬂsm réw ﬂﬂm\pm . iQu(df cagEFUBRIe1H) |

7.18 (s, 5 8. 1
307, 6(6 5 57? :L(dsi\d )l_ﬁic, ‘I%gé&gﬁ]?h@gp}?hm’fémi" e %’?’5% n}éHs)%c,ra, g(]‘b gu’éc,d]?ﬁ (%icﬁz H)
Hz, 1H), dAQuidds oS toldhy scl0s 8QIIK, bﬂumitbi)y i&JLQtH&Q]ﬁ(’ﬁmgﬂ;ﬁh&ﬁ oWven dilutions in
2012/ 094328PCT/ US2012/ 020092 EXAVPLE 1
2- (420( 3-CAl G o U gL BPRBIIEL3- Wp’;iri‘dmﬁﬁf?mjl%)i%éw éﬁﬁ%awyiv}wd i

henyl sul d I [ boxamn de
E)com);oun dugé;@x‘) . Qgsg?térgﬁ ﬂxpgz?&%decgli_ wB}aJ‘zjvk N IO XYRY A M1 R8P Sl
4-((3-chﬁdmaw4eﬁﬂhhhﬂmynai@nhyhﬁphﬁmmbsuhﬁmnanudn%mﬁﬁhyhb3Bﬁlpﬁﬁrd|ne 1-

car boxyl (co und 00 ~ To a ture of tert-but

4- (ami nof‘%@hyg Ypigrers di ‘%‘é?*ﬁd%‘ﬁ}?h‘i@"’?f%ﬁﬁ ‘Hg“b'%md‘“ﬁﬁ%q Fedifd $803 (600
mg, 2.2 qypﬁhﬁﬁgbgkghjoronethane (10 m.) was added triethylamne (0.6 niL,
4.4 mol The m xture was stirred at roomtenperature overnlght The
reacﬁﬁon nlxtdﬁeiMm@tdwwb@édkwnuﬁi@ﬁnyhﬁaﬁéfabe ardd Washet! Wit CeR1HCL. The
et hyl cet. conc at e C nd purified col um

chr omat ogPaany {CRERReS e R aterarer o 8. 1R PE G i tigotn 5001 s a
white SO' dy gﬁc&&ﬂ-& s 184 W heldhdor g%;m W Zy A Dack RV Ao 5oL NMRJG40Q Mz,
DVSO- d6) 0.87-0.98 (m 2H), 1.49-1. 60 (n1 3H), 2.62-2. 70
(m 4H), r:gc}g‘gfcz bitateg pyre 13;,,@@11:({(@1: el tCﬁﬁ)%@w(adéfi) JagbguHl minugesigdter 1H), 7. 91
(d, J=1. . o =8.0 Hz, 1H). 15Step
i1b.  4- (N_Q_‘Zii gckqe%m& \?450)( dga(lg_ gi}]s%l}:ﬁz 05 (;th’;agm i](}}'(u?car hyl ) sul fam)yl) 5.

chl ogbenzoi ¢ “giids &»@WB@@Q&@}?@){i uxmﬂ'ﬁﬁuﬁﬂﬁl&\, O}bUMs@éLlﬁﬂfcﬁiQfQ@th@éiﬁlO ng, 1.4
ml) in THF (16 nL? and H20 m.) was added LiOH (286 ng, 12.0_nmol). The
mi xt ure WARDTESHIF Peld dé@‘-?%%@’eh‘dér altﬁdarf@dﬂ‘ﬁﬂl técﬁfli~#mw9%§é%t BRCHRENr e was
aci di fi edt,0. Rk 5, /<€ { 4
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vacuo to{gmﬂﬁhbbnbmmﬂdr@@ﬁzvéﬁﬂa?ﬁhﬁE&E§6Hiﬁu658ﬂbdgdnﬁﬂﬂéﬁnﬁld) 1H NMR
(400 MHz, DWMVBO- d6 ? 0, 89 0.98 (m 2H), 1.37 (s, 9H), 1.52-1.61 (m 3H),

2. 65- 2. 6F T of| 86"%d, J=12.0 Hz, 2H), 7.80 (d, J=8.0 Hz, 1H), 7.87
(s, 1H), 7.91 (t, J=6.0 Hz, 1H), 7.95 (d, J=8.0 Hz, 1H). Step 1lc.
tert-Butyl 443-ch|oro-4-(4-ch|oro-3-apyridin-2-y|)pheny|carbannyl)phenyl
25sul f onam do) net hyl ) pi peri di ne-1 - carboxyl ate (conpound 9003) To a

m xture of 9002 (530 ng, 1.2 mmol) and 1-8 (200 ng, 1.0 nmol) in DMF (2.0
nL) was added DIPEA (300 ny, 2 3 nnDI) follomed by HATU (733 ng, 1.9 mmol).
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To the solution of 9003 (120 ng,

added TFA (1 nL).

0.2 nmol )

The m xture was stirred at

in dichloronmethane (1 nL) was
roomtenperature for
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J=8.4 Hz, 2H),
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=8.4 Hz,
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4-(2-(3-chl oro-4-(4-chloro- 3-

1H NVR (400 MHz, DMBO- d6):

8 Hz,
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1H) .

2H) ,

7.71 (d, J=8.0 Hz,
20Step 12b. Et hyl
(pyridin-2-yl)phenyl car banoyl ) phenyl

sul f onam do) et hoxy) benzoat e (conpound 1002)

1001 (270 nwy,
added DI PEA (164 ny,

0.6 mvol) and 1-8 (108 ny,
1.3 mmol) followed by HATU (289 ng,
resulting solution was stirred overni ght at

0.5

6 1.30 (t,
4.27 (q, J=7.2Hz,

J=7.2
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7.77 (s,

Hz, 3H), 3.20-3.22

6.93 (d, J=8.8 Hz,

1H), 7.87 (d,

To a m xture of conpound

nmol )

roomtenperature.

25 m xture was poured into water and extracted with ethyl

organi ¢ phase was washed with 1N HCl sol ution,

wat er, bri

in DM (2.0 nlL) was

0.8 nmol ). The
The reaction
acetate. The
ne and dried over

Na2SO4. The crude solid was purified by colum chromatography eluted with
di chl or onet hane/ MeOH = 100/1 to gi ve conpound 1002 as a yellow solid (130
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J=6.8Hz, 3H),
2H), 6.89 (d, J=8.4 Hz,

7.70 (d, J=7.6 Hz,
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4.06- 4.09 (m 2H),
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30 4.25 (g, J=6.8Hz,
7.59 (d, J=8.8 Hz, 1H),
01 (s, 1H), 8.24-8.27 (m 1H),



Step 13b. 6-Brono-2-nethylnicotinic acid (conmpound 1103) To a stirred

sol ution of conpound 1102 (1.4 g, 6.7 mmol) in acetone (20 nL) was 25 added
Jones reagenh1@4BEM 5.2ml) at O0C. The reaction m xtur eCras2eanpmd2t o room
tenperature and stirred for 30 mn. Saturated NaHCO3 sol uti on was added to

adj ust pH=5- 6. The m xture was extracted with ethyl acetate. The organic

| ayer Was sed HWIt rine and concentrated. The crude product was
purifi ed b y tography eluted with ethyl acetate/ hexanes (1:8)
to afford -a-- d 1 ass a white solid (1.0 g, 66% . 1H 30NWVR (400 MHz,

CDC13): 6 2.87 (s, 3H) w46 (d, J=8.4Hz, 1H), 8.15 (d, J=8.4Hz, 1H). Step
13c. N-(3-(1H benzo[d]im de ol -/2-y1)-4-chl or opheny1l) - 6- br ono- 2-

met hyl ni coti nam de (conpof ‘ 04) Compound 1103 (1.0 g, 4.6 mol) was
added to a m xture of conpound 2- (1 2 g, 4.6mol), HATU (3.5 g, 5.5 mml)
and Et3N (19 ni, 13.8 mmohN) in dighl8ie&t hane (30 WO

2012/ 094328PCT/ US2012/ 020092 ). Tﬁ)e reaction mxture was stirred at room
tenperature overnight. The mixture was quenched with water, extracted with
ncentrat ed. T & | um

di chl oro rude pr 0
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4.4 mol )Hm@ 1@%&&@2&1\@ MembrifE e préhgedrhsfoUb s V\Bﬁeﬁyla@pfdmnate@er 100C
for 48 h. The m xture was 10 guenched with water and extracted with
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ol 0 ( 245 HRERAET eng BRI Ao bidtaalpF TR 6P TBRO uey-

6 1.06- 1.ctatr{fuged2itl 00045 {,10Ddhuted,. a?lB-gﬂ:ntY;ﬁre(smpeﬁd-é)d in Brdiﬁd(lﬁ rnl3j'H)a 502. 73-
275m2 3.25 2 3.98-4.02 (m 43 (d, J= 8
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di chl or ormutieand 0 iy pH 7o, dheMsdetibi bmNaD Tl delutianodng gueatf)-sgondt mol )
and B SN LA 0% L G5 BT SIS IR S LB cPlad SO LETRL AL 1O

30 mn a dncen ne 1esi due
25chr omatragheahys, Gltttied bm@ﬁﬂrg mMmb@fMedae@i@hg td dtaddard prodddoty. d conpound
1106 as a yellow solid (70 , LCMS: nfz 611.3 [ Mt 1H NVR (400

Mz, Dve®BEd)y: a@SlC@Bp%lnMS mﬁlbaz% for 1mu2at0201q1ﬁ?mnﬂﬁturezm4g ¢ fadlowapg |

2, 228 095 B Gy 473 my IS, A 24 By st &
g- 8 2% = Z 12¢mbradd)ysaté, [é]ﬁ]-th, Ad¥. ﬂarﬁhﬁote?dd)mhl&t&‘é Afer ihébatiBn, #ile feacti@DiZH) ,

2- (4- ((5 {@Fgemjf mgmﬁh f‘ﬁfeag%fr VQCW} isgpeheciogpialayimdhe pamgn hufger. the

met hyl pyrwalsrkrgwﬁélﬁmt@ﬁ‘)e TR Ry h oA RAT o B lis ¥dkka. P‘fﬂl‘)’t‘ééc@f&ﬁ?ﬂe' r@&@éﬂ‘@ Tgp Car box
am de (conmpound 91) WO 2012/094328PCT/ U82012/ 020092 Conmpound %6 (70
ng, 0. 11 Gowk igeplateaketer inddeiNROHerfschamof i B4 -gilonbqubd terthe 1. 79 M.

The xture ﬁ% itlrred at rt())omten}l) éature for 40 mn. The reaction

m xt ORES F RSB BOGNGPERYANYY i ¢ acid and concentrated. The
reS|due was purified by HPLC to afford the titled conpound 91 as a white
solid (37 ng, 53% . 5Mp.: 194-196C. LCVs: mz 612. 3[ M+1] ' 1H NWR (400 MHz,
DMSO-d6): 6 1.13-1.18 (m 2H), 1.78-2.00 (m 3H), 2.45 (s, 3H), 2.91- 2.98
(m 2H), 3.22 (s, 2H), 4.73 (d, J= 12.4Hz, 2H), 6.38 (d, J= 8.4Hz , 1H),
7.00-7.02 (m 1H), 7.24-7.26 (m 2H), 7.57-7.60 (m 3H), 7.69-7.71 (d, J=
7.2Hz ,1H), 7.86 (d, J= 8.8Hz ,1H), 8.35 (s, 1H), 8.65 (s, 2H), 8.97 (br,
1H),10.23 (s, 1H), 10.98 (br, 1H), 12.68 (s , 1H). 10 EXAMPLE 14:
2-(3-(4-Chl oro-3-(5-(di net hyl am no) - 1H benzo[ d] i m dazol - 2-

yl ) phenyl car banoyl) - 5- met hoxybenzyl amino) - N- hydr oxypyri m di ne- 5- car boxam de
(conpound 258) Step 1l4a. Methyl 3-(hydroxynethyl)-5-nmnmet hoxybenzoate
(corrpound 1202) 15To a stirred solution of dinethyl 5-nethoxyisophthal ate
(1.0 g, 4.5 rrrml) in THF (10 m_) was added DIBAL H (6 6 m_ 6.6 mmol ). The

. e o . M .




25 nmL) was added PBr3 (0.4 nL, 4.3 nmmol ). The reaction mxture was stirred
for 1 h at roomtenperature. The reaction was diluted with ethyl acetate
and washeatownidoowmser and brine. The organi ¢ phase was @ciragezeeooba2SO4
and concentrated. The crude product was purified by col um chromat ography
eluted with hexgpes/ethyl acetate (5:1) to obtain conpound 1203 as a yell ow
oil. (640 ny, . 1H NWR (400 MHz, CDC13): 6 3.85 30(s, 3H), 3.92
(s, 3H), 7.12 Qr; 7.49 (br, 1H), 7.65 (br, 1H). Step 14c. Met hyl

3- (azi donet hyl ) - 5- g Xybenzoat e (conpound 1204) To a stirred solution
of conpound 1203 (6 o 2.9, mmol) in DMF (5 nL) was added NaN3 (1.1 g
16.9 mmol ). The react|on mi xtjur e was stirred at roomtenperature for 2 h.

The reaction sol uti on was g\ with ethyl acetate and washed with water
and brine. WD 2012/ 0943R8Pd Q12/ 020092 The organi ¢ phase was dried over
Na2SO4 and concentrat ¢ e product was purified by colum

chr omat ogr aphy el uted h he anes/ethyl acetate (5:1) to afford conpound

1204 as a yellow oil (500 ng,” 91% yield). LCVS: nlz 263.2[ Mr1+41] '. Step
14d. Met hyl 3-(ami nomethyl ) - 5- nethgﬁxggmgoate (conpound 1205) 5To a stirred
sol ution of conpound 1204 (500 ny, mol) in THF (10 nm) was added PPh3
(650 ng, 2.5 nmmol ) and stirred for 30 mn. Water (100 ng, 5.5 mmol) mas
added. The m re . \was rmed to 60C. an d, stirred f he.r eact

i xtur e vas M HHEAS R sy DS s g GrebedailieaiaRE e, The
organic HH&%ﬁe@@@bQ&hﬁﬁ&QMﬁ&ﬁNﬁ%@@%e%BQ@@@B&%?&&ﬁ%@ﬁﬂeahﬁmﬁﬁﬁdﬁnﬁéﬁgwﬁt was
purified by colum 10 chronatograp eluted wth dichl oronet hane/ MeOH

(50: 1p tcﬁhalﬁge@nqurmﬁp@mtalliml@ ayeytéq:mwmqut degpotimgfrom8hs sdopk @f thel CVES:
mz 196. 1L I%%nenCStep %ﬁ§’ ga/ AL 1 Calrn%/I)-S-nethoxybenzoic acid (conpound
1206) o P20 dB 9 ) was added to a m xture of LiCOH
(180 ng, 7.5 mmmol) in EtOH (2 nL) and H20 (2 nlL). The reaction m xture was
stirred at room 15 tenperature for 3 h. The reaction m xture was adj usted
pHto 6 with 2N HCL. The m xture was concentrated and directly used to next
step without further purification. Step 14f.

3- Met hoxy- 5- ((5- (et hoxycar bonyl ) pyri m di n- 2-yl am no) net hyl ) benzoi ¢ acid
(conpound 1207) To a stirred solution of 1206 (200 ng, 1.0 mmol) and Et 3N
(300 ng, 3.0 mmol ) in 20 dichl oronethane (5 nL) was added 4005 (176 ng, 1.0
mmol ). The reaction mxture was stirred at roomtenperature for 1 h. The
reaction solution was diluted with ethyl acetate and washed with water and
bri ne. The organi c phase was dried over Na2SO4, then concentrated. The
crude product was purified by col um chromatography eluted with

di chl or onet hane/ MeOH (50: 1) to afford conpound 1207 as a yellow solid (110
ng, 31% 25yield). LCMS: nfz 318.2[ M+1l]'. 1H NWR (400 MHz, DVMSO-d6): 6 3.78
(s, 3H, 3.79 (s, 3H, 4.60 (d, J=6.4 Hz, 2H), 7.13 (s, 1H), 7.31 (s, 1H
7.49 (s, 1H), 8.67 (t, J=6.0 Hz, 1H), 8.75 (s, 2H). Step 1l4g. Methyl
2-(3-(4-chloro-3-(5-(di net hyl am no) - 1H benzo[ d] i m dazol - 2-yl ) phenyl

car banoyl) - 5- net hoxybenzyl am no) pyri m di ne-5-car boxyl ate (conpound 1208)
30To a stirred solution of compound 1207 (110 ng, 0.3 nmol), 2-3 (90 ny,
0.3 mvl) and DI PEA (90 ng, 0.7 mmol) in DMF was added HATU (160 ny, 0.4
mol ). The reaction m xture was stirred at roomtenperature overnight. The
reaction mxture was diluted with ethyl acetate and washed with water and
bri ne. The organi c phase was dried over Na2SO4 and concentrated. The crude
product was purified by colum WO 2012/ 094328PCT/ US2012/ 020092

chromat ography eluted with hexanes/ethyl acetate (1:1) to afford conpound
1208 as a yellow solid (60 ng, 30%yield). LCVS: mz 586.3[ Mtl]. Step 14h.
2- (3-(4-Chl oro-3-(5-(di net hyl am no) - 1H benzo[ d] i m dazol -

yl ) phenyl car banoyl) - 5- met hoxybenzyl am no) - N- hydr oxypyri m di ne- 5- car boxam de
5 (conmpound 258) Conpound 1208 (70 ng, 0.1 nmmol) was taken into NH2OH

nmet hanolic solution (10 nL, 1.79 M. The m xture was stirred at room
tenperature for 40 min. The reaction m xture was adjusted pHto 8-9 with
acetic acid and concentrated. The residue was purified by prep-HPLC to
afford the titled conpound 258 as a yellow solid (35 ng, 50%9. 10 Mp.:
158-159C. LCVs: mz 587.3[Mr1l] '. 1H NWR (400 MHz, DMSO-d6): 6 2.93 (s,

6H), 3.82 (s, 3H), 4.60 (d, J=6.0 Hz, 2H), 6.78-6.97 (m 2H), 7.10 (s, 1H),
7.41 (s, 1H), 7.49-7.52 (m 2H), 7.58 (d, J=8.8 Hz, 1H), 7.94 (dd, J=8.8,
2.8 Hz, 1H), 8.30 (t, J=6.2 Hz, 1H), 8.37 (br, 1H), 8.61 (s, 2H), 8.94 (br,
1H), 10.42 (s, 1H), 10.98 (br, 1H, a& 17, 12.30 (two single peaks, 1H). 15
EXAMPLE 15: 2-03-(4-Chl oro-3-(5-(di net hyl am no) - 1H benzo[ d] i m dazol -

yl ) phenyl car banoyl) - 5- net hoxybenzyl ) ( et hyl ) am no) - N- hydr oxypyri m di ne- 5-
carboxanlde (conpound 259) Step 15a. Methyl
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30(Boc)20 (154 nmg, 0.7 mol ), NEt3 (101 ng, 1.0 nmml) and DVAP (6 ng, 0.05
nmol ) were added to a solution of conpound 1301 (100 ng, 0.5 mml) in
anhydr ouswoizetywsnzset hane (10 nlL). The reacti on mi xturepeaassdi2zoe@d2 at room
tenmperature for 2 h until TLC indicated that conmpound 1301 had been
consuned. The reaction m xture was WO 2012/ 094328PCT/ US2012/ 020092
concentrated and the residue was purééiﬁﬁ:by col um chr omat ogr aphy el ut ed
with CH2C12: MeOH (10:1) to afford t A ed conmpound 1302 as light yell ow
oil (110 ny, 75% . Step 15c.

3-((tert-Butoxycarbonyl (net hyl ) am no) net hyl ) - 5- net hoxybenzoi ¢ acid
(conpoundWh@08¥laghilOst aqueous sol ution (4.0M 10 nlL) was added to a

sol uti on of , conpoun 02 0 0 mol) in nethanol (5 nmL). The

sol uti on Wwes© %P?‘@%WB&#&%@W&P&F “for 2 h. The reaction nixture was
acidifsied to pH 3-4 with conc. HCl1 solution and extracted with ethyl
acetate (10 nL x 2) and dried over Na2SO4. The title conpound 1303 was
obtained as a yellow solid after copfcgntrytion (100 ng, 66% . 1H NWVR (400
10MHz, CDC13): 6 1.42 (s, QH), 2.78 ( 3H), 3.78 (s, 3H), 4.37 (s, 2H),
6.96 (s, 1H), 7.44 (s, 1H) ,\50\(S tep 15d, tert-Butyl o

3-(4-chl oro-3-(5-(di net hyl &m no) - ]|nidazgl-2-y1

phenyl car banmoy1) - 5- met hoxypenz4l ( bamat e (conmpound 1304) Conpound
2-3 (97 ng, 0.3 nmol) was 3 3 iéﬁn of conpound 1303 (100 15 ny,
0.3 nmmol ), HATU (137 ng, 0-Amv and DIPEA (78 ng, 0.6 mml) in DVF (4
mL). The reaction mixtur® was stirred at roomtenperature overnight. The

m xture was diluted with water (1q%pt) and extracted with ethyl acetate (10
mL x 2). The organic | ayer was washed with water and dried over Na2SO4. The
titled conmpound 1304 was obtained as yellow solid after concentration (150
ng, 89% . LCVS: mz 564.3 [Mtl]'. 20Step 15g¢.

N- (4- Chl or o- 3- (5- (di met hyl am no) - 1H benzo[ d] W\ dazol - 2- y},) phenyl) - 3-

met hoxy- 5- (( et hyl am no) net hyl ) benzam de (conpeund 305 Conmpound
1304 (150 ng) was dissolved in trifluoroaceti N mM)——The reaction
m xture was stirred at roomtenperature for h. The r&@c ign was then
concentrated to renove nost trifluoroacetic id. " The¥8Hdye was adj usted
to pH 7-8 with 25sat ur at eg—afBeots—NaHSE8Sol\uti on ang/ extragdted with et hyl
acetate. The organic | ayer was washed with briweg and-“dri ed over Na2SO4 and
concentrated. The crude product was purified by col um chronmat ography
elutdd with CH2C12: MeOH (20:1) tqllafford the titled conpound 1305 as a
light yellow solid (50 ng, 40%. 1H NWR (400 MHz, CDC13): 6 2.69 (s, 3H),
3.00 (s, 6H), 3.76 (s, 3H), 3.91 (s, 2H), 6.85 (s, 2H), 6.90 (dd, J=9.2 Hz,
2.4 Hz, 3LHombrRIsdm3BedaMiomt, diabterdntd; radctRat Fharntddeutidal §3céStabld) -
8.06-8.11 (m 2H), 9.03 (br, 1H). Step 15f. Et hyl

2- (( 3- ( 4-sshloopdBug theiedf;met hyl ami no) - 1H- benzo[ d] i mi dazol - 2-yl ) phen

yl car barmdl}lll%-.S- met hoxybenzyl ) (et hyl ) am no) pyri m di ne- 5- car boxyl at e
(compoun ﬁ 63) WO 2012/ 094328PCT/ US2012/ 020092 To a solution of
conpaynd pl8@%r(150 ng, 0.1 mmol) in dichloronmethane was added conpound 4005
(19 ng, 0.1 mml) and NEt3 (30 ng, 0.3 nmol). The reaction m xture was
stirred dtingdomanamiesties saterafedror pamially wasatweated icampopnyote; refeinlly avashed with

t t f o PN i d 1306 (90 . LCMS:
614 5 [as RS RRAEE: G nlie b TP 1298, 0l 560 s,
6H), 3. 24 {ssubstthted 3r Bsubstitutdtihryl 4r Subsfititcdlor iindibstitiddd) hetdroR91 ¢S, 2H),

Ca 16 5 L) sabbiinugd onugsubsinted sapredsraply wigtrateddelmonayls 0 1>

2- ( (3n( 4-Chl AT . ’ A iy
V1) prsny TR B O A T e e RS U4 1 i di ne- -
10 car boxam deubstougpdondn@b@jtuted saturaBahgpquantchlly3MCat(@fedriigtercytlyipol ) was

di ssol ved,i.n NH2OH net hanol. sqlution (20 nL, 1.79M . The m xture was

St rred d A JE B R e Bt B PSR B SO RALOIPREE pH ¢ 0
8-9 with 2N HGl @fthsBNARNVatlREd bPpMASINPunsARBatb£RtEBy MRS triturated with
water to afford the crude product. The crude product” was further purified
by prep- G5 s4bstCuted oatifignbetitutsdpoyingibg6@tcdor anywdistiowedsistdrdaryh @ substit@©d) .

M p. :,207-208C. L .. 01. Med]ln . 1H N 00 .DMSO-d6): 6 2.93
(s, 6F), 3.18 {4ns 1f“t%d.zs§g‘r%‘§$°%¥ﬁr%l‘lhy. 'é‘é*la(“@{%%?m%%lza 88 (m 2H), 7.00
(s, 1H), 7.41-7.51 (m 3H), 7.57 (d, J=8.4 Hz, 1H), 7.94 (d, J=8.4 Hz, 1H),
8.14 (s, 1H), 8.37 (s, 1H), 8.71 (s, 12H), 8.98 (br, 1H), 10.42 (s, 1H),
11.03 (s, 1H), 12.15 (s, 1H). 20 EXAMPLE 16: An in vitro assay which
determnes the ability of a test conpound to inhibit HDAC enzymatic
activity HDAC i nhi bitory activity was assessed using the Bionol Col or

. NI ™S o AR A a1 "




WO 2012/ 094328PCT/ US2012/ 020092 EXAMPLE 17: An in vitro assay which

determ nes the ability of a test conpound to inhibit Hedgehog signalling
Conpoundswoaotraotst ed were dissolved in MS() to a coneemtusaiizomooi 10 niv
and stored. at -20"C. To activate the Hedgehog pathway in the assay cells,
an octylated 5(lipid-nodified) formof the NNterm nai fragnent of the Sonic
Hedgehog BFdtafEs( OCT- SHH) was used. This N-terminal SHH fragment is

pr oduced al Y- 2 d. oK a - 0 _ € stry,
D001, 40 LG O NP DS ROT LR O R Ry (FPINIELL,

bel ow, using tN((Rz)Ié(IO) B, NRE), 8r (MR2)S(OWkerei n the cells contain a

ti edgehog:r. B&?nm ve reporter construct utilizing 10Luciferase as the
reporter ‘gen o8 i NS Hedgehog pat hway signaling activity is measured
via the @islgg&ﬁgr%qgﬂggls@nd 1011/2 (s12) cells were plated in a
96-wel |l micro-titer plate (MIV) at 20,000 cells/well in full medi um [ DVEM
wth 10%IFB»S]elec1ﬂdefanpl ates were placed in the incubator for incubation
overnight (0/N), at 37 'WC and 5% CQ2. After 24 h, the nedium 15 was

repl aced wi th Luci fq:roas cassay nedium (DMEM with 0.5% FBS), Test conpounds

were thawed and dily b\ %ssay medi um at 3: 1000 (about 300-fol d)
resulting in a artln ent I 0. uM
Subsequent | y, 1@% of ‘each sé?rv%{afeeq&égb dgtl}ogtlsz ﬁglg&f%iéf at118|§1515(
triplicate), The W&’rog@nﬁpﬂb&emlﬂ(glthen diluted at 3-fold. dilutions to a
total of seven wells, yltimately resulting in a reginment of seven dilutions
in 20triplicate, &Or efpch conpound. Next, the protein |igand OCT-SI TH was
diluted in Lucifer¥s medi um and added to each well at a final

concentration of 0.3Jug/fl. Plates were then returned to the incubator for
further incubaton OFwm, e BWh@eéMdBG%rSOYQisﬂafbsem NbautH2Z ihN oplCat;es wer e

removed fromthe incub or an m was / di scar ded 25Vl | s
wer e Mashed once Wt i eRedien el ody oo UG Sty e5Yfln 50
ti of assay buffe&hmggg&ﬁ34t£e 86t priRhi, ond HER L, W6 RE, PhasideasaR%kygageNt was
prepared as described by the vendor (1,ucLite kit from Packard), and 50 pl
was added to each Yagh hbsc, th;emuwé)ﬁélydmubmde%bsaihY(b@gnntOQﬁth%mClﬂf@Jl( RI') for
about 30 m nutes afte which the signals were read., again at RT, on a
Topcount (Packard), S| | ar assays were perfor rred usi ng human cell lines
(specifically, hurra‘rz rzgilonl c pal atal rresenchyrre cells, nodified with the
Gi-Luc constru astdegscrib y odi um
Pyruvate w 10% ﬁBS nd an” @cgg;@' sngﬁﬁ Snofin mrga%ﬁ?%@llm dVE%Ig 5% FBS.
OCT- SHH was added ;1@ reach a final concentration of 1 1,g/rril, Resiitts
of the HDAC inhibition and hedgehog i nhibition assays described in Exanpl es
16 and 17, respectlve'T P2 set forth in the table bel ow, which indicates
t he | C50 detergi n_é\l njgc assay aS fonOAs: | > 100011M 10001/ M I >
100 JIM 100 rtM5> N4, 10 nM>V>1nM 1 nlVI >V. Conpound
HDAC Hh R oy I
No., %) c ep&st er ﬁasayR 'k Wherek JY and\)\lare as previously defined; Ry; and
R,; are independently selected from hydrogen or aliphatic; R;;, Ry, and Ry
are independently selected from hydrogen, hydroxy, amino, halogen, alkoxy,
alkylamino, dialkylamino, CF3, CN, NO,, sulfonyl, acyl, aliphatic,
substituted aliphatic, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

20 heterocyclic, and substituted heterocyclic.

2. The compound of claim 1 represented by Formula III or Formula IV:
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| 23 111 11 59 11 111 86 111 111 90 H IV 91 H H Iil H Il 254 11 11
LIL 111 259 111 111 263 H 11 2.65 2(36 I1_
WO 2012/094328 PCT/US2012/020092
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5
or a geometric isomer, enantiomer, diastercomer, racemate, pharmaceutically acceptable
salt or prodrug thereof;
wherein Ring A, K, E, L, X, B, D, G and Q have the meanings given for these variables in
claim 1.
10
3. The compound of claim 1 represented by Formula V or Formula VI:
K
E 0
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|V SAHA -40 aNl1 477 11M Conpound A 17/24/111 ni M LBH 589 7 nTvl WO

2012/ 094328PCT/ US2012/ 020092 Conmpound A EXAMPLE 18 An in vitro assay

whi ch detwormmam4i2ie ability of a test compound to i nhipbirtusbemaesg2 of
Hedgehog to Snobothened 5Snp is transiently overexpressed in 293T cells,
the nenbranes are harvested and a filtration menbrane-conpetition-binding
assay is perforned in a 96-well platex\xwith [3F1]- Hh-Ag 1.5 added at 2 nM
Menbranes are prepared as follows. Brig approximately 108 cells are
transfected with pCW6- XL5 constructs g human Snoot hened (Ori Gene)
usi ng Fugene 6 (Roche). After 48 hour are harvested by scraping in
PBS, 10 centrifuged at 00Q, x &_Lg& R tes, and gently resuspended in
around 10 mM of a 50 MM Tris pH 7.5, 258 sucro buf fer containing an
EDTA-free protease inhibitor cocktail (Rochg). T s cell suspension is then
placed in a nitrogen cavitation device (ParhN rument Co, Mdline, USA)
and exposed to nitrogen gas (230 psi) for 10 mnwes. Lysed cells are

rel eased fromthe device and centrifuged at 20,008 rpmin an SS34 rotor for
20 15mi nutes at 4C. Supernatants are discardggyand the pellets are
resuspended in 10% sucrose, 50 mM Tris pH 7.5, 5 nM MyC12, 1 nM EDTA

sol ut i on QigigegMEHicdsone, eraadaeich dlastoscomarhragemye.yithesnace B ¢atliyrigeeptads t bury,
USA) at %aR%%EQm%?H%E% f,of 12. Using these nenbranes, filtration binding
assays are peP?or&% according to standard protocols. Briefly, a test
conpoynd vigeréin@)KATed, 1, B, BediD Hake fRaftdniiR e ahUbethe st ¥dableoid awinng. 20

bi ndi ng buffer (50mm Tris 7.5, 5 mM MgCl2, 1 nmM EDTA, 0.1% BSA) cont ai ni ng
cell nmenbrane |ysate, [3F1l]-Hh-Ag 1.5 and protease inhibitors. After

i ncubat i gn; i 1S 6-well filter plate, vacuum
IS appligQTnggﬁPﬁﬁg%ﬂﬁm?ﬁél%%ggﬁﬁgigﬁg?%gw?)ﬁhe wel | s are washed tw ce and
scintillation solution is added. The reactions are read on a Top Count

m croplate réRkder to deternmine the fraction of [3F1]-Hh-Ag 1.5 bound to the
25 snoot hened §ont ai ni ng nenbrane preparation. WO

an )

2012/ 094328PCT/USZ012/ 020092 NHHh-Ag 1.5 Wil e this invention has
been part igcu-4 yown and described with references to preferred

enbodi ments t h\ / it will be understood by those skilled in the art that
various 5 chande n forpPand details may be nade therein w thout departing

fromthe scope of tNe ip¥ention enconpassed by the appended clains. WO
2012/ 094328PCT/ US20127020092 CLAIMS What is claimed is: 1. A conpound of
Formula (I) or Fornmula (I

(XI)
or a geometric isomer, enantiomer, diastercomer, racemate, pharmaceutically acceptable
10 salt or prodrug thereof;
wherein
one of W-Ws is C(X-B-D) and the others are each independently N or CR3, provided that
no more than three of W;-W5 are N;
cach Rj is independently selected from hydrogen, hydroxy, amino, halogen, alkoxy,
15  alkylamino, dialkylamino, CFs, CN, NO,, sulfonyl, acyl, aliphatic, substituted aliphatic,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted
heterocyclic; and

E, X, B and D have the meanings given for these variables in claim 1.
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(1) DBX 10(Il) or a geonetric isomer, enantiomner, diastereoner, racemate,
phar maceutically acceptable salt or prodrug thereof; wherein 15n is 0 or 1;
Ring A iswenosymomasi c, saturated or partially unsaturat edTaseéQoymbe;
preferably a nmonocyclic, bicyclic or polycyclic C3-Cl2-carbocycle; Eis
substituted or unsubstjtuted aryl or substituted or unsubstliuted

het er oar yA- T8f ce@BRYNd Qficddmat WisEiim §tis suhstitedgromapbsgtused paidyl Q| y

unsat ur at &g hek8 bPeENGh Y tuted Si@yhsiituted or unsubstituted aryl or
SUbStItufdeOF unsu st?tﬂfe%gﬁétér09§> or substituted or unsubstituted
saturated or partially unsaturated heterocyclyl Qis substituted or

unsubstlt r tlt nsu sti,tuted hetero r. substituted
eubdti itk Slpoispd PESai Sy Pl B el &ﬁei&omfiféaoq?ééér%%@?g?w Gis
substltuted or ynsubstituted aryl, subjstituted or unsubstituted heteroaryl

or substit uns bstlﬁuted sat yrated or ﬁgrtially unsat ur at ed
¥ isghalogen; X is absent,

-0-, -N( 0C(0)-, -AO)N(R2)-, -
N( R2) §( 0) ™Z"S( 0) 2N( R or-n- N(R2)S(O)2- z & hydrogen or aliphatic; 5B
is a bond or alinker; and Dis selected from (a) ; where Wis 0 or S
J is 0, NH or NCH3; and R31 is hydrogen or |lower alkyl; WR34? ZY2 |1 (b)
R33 R32 ; wﬂ} r.S; Y% S ) bsent N, or CH Zis Nor CH 10 R32
and R34 are e‘@@ﬁ?ﬁﬂ%ﬂfﬁ?“%?d? YR DH¥8HBxy, ali phatic group, provided that
if R32 and R34 are both presenty one of R32 or R34 nust be hydroxy and if
Y2 is absent, R34 nust be hydroxy; and R33 is hydrogen or aliphatic group;

w W,
\\W
5 / 2

is selected from the groups below:

\B
10 o b

8. The compound of claim 1 represented by Formula XII:

123



HO ).LZ-z ?i K(c) /---"; where Wis O or S; Yi and Zi are independently
N, Cor CH and RZINH2 R22w R23l1 15(d)R12 R11l ; where Z, Y2, and Ware as
previ ouslwodefmests R11 and R12 are independently sel ectred/usecamiobydz ogen or
al i phatic; R21, R22 and R23 are independently sel ected from hydrogen,
hydr oxy, am no, hal ogen, al koxy, al kyl am no, dial kyl am no, CF3, CN, N2,
sul fonyl, acyl, aliphatixc, substituted aliphatic, aryl, substituted aryl,
het eroaryl, substituted heteroaryl, 20heterocyclic, and substituted
het erocyclic. 2. The conyp d\of claim 1l represented by Formula Il or
Formul a | \b—@H-+)X—1 i (1v) or a geonetric isoner, enantioner,
di ast ereoner, racemate, pceutically acceptable salt or prodrug
thereof; wherein Ring A, K—B& L, X° B, Db Gand Q have the neani ngs given
for these variables in clai A he conmpound of claim1 represented by
Formula V or Formula VI: L-X-BYD ( WO 2012/ 094328PCT/ US2012/ 020092 HN
(VI) or a geonetric isoner, enantio xdi astereomer, racemate,
pharmaceutically acceptable salt or/prodtug thereof; 5 wherein E, K, L, G
Q X, B, and D have the meanings given fox, these variables in claim1. 4.
The conpound of claim 1 represented\ by_F,ér mula Xl: C

XX (XID)

or a geometric isomer, enantiomer, diastercomer, racemate, pharmaceutically acceptable
salt or prodrug thereof;
wherein

5  X;-Xs are each independently selected from N and CRj, provided that at least 2 of X;-Xs
are CR3;
cach Rj is independently selected from hydrogen, hydroxy, amino, halogen, alkoxy,
alkylamino, dialkylamino, CFs, CN, NO,, sulfonyl, acyl, aliphatic, substituted aliphatic,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted

10 heterocyclic; and

Q, D, B and X have the meanings given for these variables in claim 1.

9. The compound of claim 8, wherein Q is substituted or unsubstituted pyridyl, substituted

or unsubstituted pyrimidyl or substituted or unsubstituted benzimidazolyl.

15
10. The compound of claim 9, wherein Q is selected from the groups below:
s O
——N ——N
/ H
N
)
N 2
20
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or a geonetric isomer, enantioner, diastereoner, racemate, pharmaceutically
acceptabl e 10salt or pro drug thereof; wherein one of WL-Ws is C(X-B-D) and
t he ot herwoane/ma2l i ndependently N or CR3, provided thatTus2emoeoobhan
three of WL-Wb are N, each R3 is independently selected from hydrogen,

hydr oxy, am no, hal ogen, al koxy, 15al kyl ami no, di al kyl am no, CF3, CN, NO2,
sul fonyl, acyl, aliphatic, substituted alilphatic, aryl, substitutgd aryl,
heteroaryl, substituted heteroaryl, hetergcyclic, and substitut edr

het er ocy vari abl es
het er oeYalhfein gty s pBACR, RANEo Sy PR ARl NES o B el var
unsubstituted pyridyl, or substituted or unsubstituted benzimdazolyl. 6.
The COprOLi of cl ai wherein E is selected fromthe groups set forth
bel ow. r- 1) hg compound Ofc.l?‘l.m 8, wherein 7. The conpound of claimb5,
wherein the group is selected fro J\,\,I.the groups bel ow CH3 8. The
conpound of claim1 represented by roula Xll: WO

2012/ 094328PCT/ US2012/ 020092 Cl DBP§_I:II>41 Xi\ \/x2 X4= X3 (XI1)

Xs \\Xz
\ _/
X4_ X3

5  1is substituted or unsubstituted phenyl, substituted or unsubstituted pyridyl, or substituted
or unsubstituted pyrimidyl.

12. The compound of claim 11, wherein

10 s selected from the group consisting of

S Cl

F,C N 0, and -

13. The compound of claim 1, wherein B is a direct bond,straight chain C;-C,q alkyl,

15 Ci-Cyp alkenyl, Ci-Cy alkynyl, C;-C; alkoxy, alkoxyC;-C palkoxy, C;-C alkylamino,
alkoxyC;-Cjpalkylamino, C;-C, alkylcarbonylamino, C;-C; alkylaminocarbonyl,
aryloxyC;-Cjjalkoxy, aryloxyC,-Cpalkylamino, aryloxyC,-Cpalkylamino carbonyl,
C;-Cyp-alkylaminoalkylaminocarbonyl, C,-C;¢ alkyl(N-alkyl)aminoalkyl-
aminocarbonyl, alkylaminoalkylamino, alkylcarbonylaminoalkylamino, alkyl(N-

20 alkyl)aminoalkylamino, (N-alkyl)alkylcarbonylaminoalkylamino, alkylaminoalkyl,
alkylaminoalkylaminoalkyl, alkylpiperazinoalkyl, piperazinoalkyl, alkylpiperazino,
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or a geonetric isomer, enantioner, diastereoner, racemate, pharmaceutically
acceptabl e salt or prodrug thereof; wherein 5 Xi-X5 are each i ndependently

sel ect ed woam2d9as2d CR3, provided that at |east 2 of X1PES/me@20R8Y2 each R3
i s independently selected from hydrogen, hydroxy, am no, hal ogen, al koxy,

al kyl am no, dialk%%anino, , .sul fony], ac al i phati c,

CF3, CN, N2 |, :
subst i t ut edtkeniPKREyE1-Capalkoxy Aliaiayipminolnyoalketye ﬁ%amw;yﬂymamm%ed

het er oaryl i ] . o i B and X
e oo, IR R ey, YR AP Lo R By

a e conpound of
clai m 8, whperrinogkylsryd Hesiroaryl(adC oalkyinbetbobiyl Ui-€dalignyldhydterosmiiss-i t ut ed or

unsubsti tute rimdyl ubstjtuted or u tituted benzim dazolyl. 15
10: The. colpatmy orerebanth ol Malkuliiie BeRiod T edn et o Rt e T ne bl ow
| wher gi Nt g RINHclRRIBHAEIE, A BY 1 et dER9IRICRY all@RgL, hBerdaPNgk - X i s
denot ed by Salg. %he gﬁn%%%ndmofagiain18?9mhgrgi#ﬁf§?g X5 &4§nxgk%is
subst i t ut ediodlkylamsndend haierearyphehyHCioatisast intaacledd whichwsebsmotat ed pyri dyl ,

or substituted or unsubsti t.uted rimdyl. 12, e 0 of claim 11,
wherein | RSB BRHOSEN 1 EO0RY ok ety PSRRI St 1 g or 13
The compoug®M(Re) arnClo)Overein B is a direct bond, straight chain G -ClL0
al kyl, 15C1-Cl10 al kenyl, Cl1-Cl10 al kynyl, C -C al koxy, al koxyC -Ci oal koxy,
Cl- C10 al kyl am no, al koxyGCi -Gi Oal kyl am no, Cl-Cl al kyl carbonyl am no, Cl -C

o B R ol ¥ SIPCIShO S PRIV O DAl kvt e e,

aryl oxyG -G yFam no carbon am noal kyl am nocar bonyl ,
Cl-Cl al kyl (N-al kyl)am noal k- am nocar bonyl, al kyl am noal kyl am no,
al kyl car bonyl am noal kyl afispo Jal kyl (N- 20al kyl ) ami noal kyl ami no,

(N-al kyl ) al kyl car bonyl ami nofl kyfzaii no, al kyl am noal kyl ,

al kyl am noal kyl am noal kyl , Rk kyR,pi perazi noal kyl, pi perazi noal kyl,
al kyl pi per azi no, '

15. The compound of claim 14, wherein Y, and R3; are absent, Z is N, Wis O, Rs3 is H
and Ri4 is hydroxy.
15

16. The compound of claim 1 represented by Formula XIII:
Cl

HN
L_M1_M2'M3'M4‘M5_T2 Z-Ras
Ris2  Ras

(XIII),

20  or a geometric isomer, enantiomer, diastercomer, racemate, pharmaceutically acceptable
salt or prodrug thereof;
wherein
M; is absent, O, S, NR;, C;-Cs alkyl, , C,-Cs alkenyl, C,-C¢ alkynyl, aryl, heteroaryl,
heterocyclic, SO, SO, or C=0;
25  Mjis absent, C;-Cs alkyl, O, NR;,, heterocyclic, aryl, heteroaryl, or C=0;
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al kenyl aryl oxyCi - G oal koxy, al kenyl aryl am no G - G oal koxy,

al kenyl aryl | al kyl am noC G oal koxy, al kenyl aryl oxyC i-Ci oal kyl am no,

al kenyl arwbaaipfio43soal kyl am nocar bonyl , pi perazi noal kyl &cylus2012/020092

het er oaryl G - G oal kyl heteroary1C2 Ci oal kenyl, heteroarylC2- Cioalkynyl,
heteroaryIO Cloalkylanlno eteroarlel Cloalkoxy, het er oar yl

50 o8l Ky VIS HePBTbld PN B BV a1 L AT bt oy E5 16 Gy Ry
heteroaryloxyqlf Giroabkyliaming;.and heteroaryloxyO G oal koxy, in each of
whi ch one or ngfg ﬁg’h Venesﬂﬁg optionally interrupted or term nated by
-0-, - N( Bd) ts,abs€,0) - NRz, he{e@)aN(IRRYterocwalic-oC@)lD- . 1014. The conpound of any

of cl ai 1.t The compound
of ol o mgis it TSR G IRnE Sy heERen st TRia ot EvE g Ra4
is hygro&MdEﬂQIkGY%EGCR%,R%Q%BQkQBmﬁﬁﬁkﬂhéiﬁﬁﬂ&ﬁﬁ?“ted by Formula XIl1: C
0 <0 A L- M- M- Y2Z-R34 11 R32 R33 HN (XI11), 20or a

geonetrlc i soner, enantioner, diastereoner, racemate, pharmaceutically

accept abl |t or d t her eof er absent, 0, S, NR2, C-C6
al Kyl caoa tgpipg e el G HSAlboAs absent. O S N2 G
S22 or C;O, 25M2 is absent, G -C6 @&l kyl, 0, NR2" heterocycllc aryl,
heteroaryl, or C=0; M is absent, Q, NR2, S, SO S, CO Ci1-Co6 aIkyI,

C2- C6 aIkenyI Ca C6 al kynyl, aryl, sretexoaryl, or heterocyclic; M4 is
or aryl ; Mb is absent, Cl-C8
ypoaryl , heterocyclic or aryl; 5and

absent,
E, L, Z, Y2, R32, R33 and R34 are—ag(defined in claiml1l.

te
aIkyI C2 %B a eﬁyrﬂr Mt%%nﬁynyo

HN

(XIV)
10 or a geometric isomer, enantiomer, diastereomer, racemate, pharmaceutically acceptable
salt or prodrug thereof;
wherein
M, is absent, O, S, NR;, C;-Cs alkyl, , C,-C¢ alkenyl, C,-C¢ alkynyl, aryl, heteroaryl,
heterocyclic, SO, SO, or C=0;
15 Mjis absent, C;-Cs alkyl, O, NR;, heterocyclic, aryl, heteroaryl, or C=0;
M3 is absent, O, NR,, S, SO, SO,, CO, C;-C alkyl, C,-Cs alkenyl, C,-Cs alkynyl, aryl,
heteroaryl, or heterocyclic;
M, is absent, O, NR;, heteroaryl, heterocyclic or aryl;
M:s is absent, C;-Cs alkyl, C,-Cg alkenyl, C,-Csalkynyl, heteroaryl, heterocyclic or aryl;
20 and G, Q, Z, Y2, Ry, R3, R33 and R34 are as defined in claim 1.

18. The compound of claim 16 or claim 17, wherein Y, and Rz, are absent, Z is N, Rj; is

H and R34 is hydroxy.

25 19. A pharmaceutical composition comprising a compound of any of claims 1 to 18 and a

pharmaceutically acceptable carrier.
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17. The conpound of claim 1l represented by Fornmula XlV: C (XI'V) 10or a
geonetric isoner, enantioner, diastereoner, racemate, pharmaceutically
accept ablwo=ai#09e328pr odrug t hereof; wherein ML i s absentcT@s262/006822 Cl- C6
al kyl" C2-C6 al kenyl, C2-C6 aI kynyl aryl, heteroaryl, heterocyclic, SO
S or C=0; 15M is absent - 06 al kyl , 0 NR2, het erocycllc aryl,

het er oar yi0. Agpcthog of eating aahﬁééﬁxog agsocNtesl dispasesey disgger i) subjeetdn nﬁ?(kw

C2-Co6 al I
absent , ktﬁ&%{}& tl@ﬁg%?&;géﬁﬂyw&%geé‘%%f%g{/&ﬁ?gB g?ersxllo{/ecpe{ th%ﬁ%@ut%ﬂ? effgctbs en t
Cl-C8 al lkyhqunCGaf 68 pharkewgticalGbngRaltionwficlaithdOer oaryl , heter ocycl ic or aryl;
20and G Q Z, Y2, R2, R32, R33 and R34 are as defi ned in claiml. 18. The
compound of claim16 or claim 17, wherein Y2 and R32 are absent, Z is N,
R33 ig Hand R3f h&nby Qf Q¥ 2(?%%rmf‘sﬁﬁ%&ﬁ@&@ﬁ”aés%@ﬂate‘&%@% 6r'd?§?)r@é?'ﬂ)£' sing
a conpound of any of clains 1 to 18 and a pharmaceutically acceptable
carrier. celproldermtvhiddowtier.t reati ng a hedgehog associ ated di sease or

di sorder in a subject in need thereof, the nethod conprising adm ni stering
to the subject a therapeutically effective amount of the pharmaceuti cal
conposi tixpn ofTie étibd 8f c1Bizl2 TRehcrdh baid coll pllidiérnivOdismaer iekele&ad flomedgehog
associ at ed di sease or disorder is a cell proliferative disorder. 22.The

met hod ofthe B@umeonsistinged dpsel seli eprei@pmapreprortadgimal dumersoyugbiesi s sel ect ed
fromiiyhe b ar Cl tunors,
such gs fg&ﬂh‘lg 1]21?[8%? %ﬁ%%{ahlﬁé%&ﬁing?&n%%, gﬁl@%&tg&%an@%ﬂ{lggﬁ?&ﬁgﬁ B!

pancr eat isquadendaag ciroiaoma, &muaﬂmmOmu,rtgemmbmom rhcabdmﬂydssmbmna br east
carci nomm, rhab osarcoqr{rrz1 esop ﬁgeal cancer, stoma,ch C ncer biliary
tract carf‘é‘%? 1agg r‘fé’llceé’aﬁt‘?fp rPéanrett} &pritepct ?Wﬁ?}hfﬁ% C4hy P8 811% *hyr oi d

car Ci nomq%méﬁcon &HQQn& ﬁdﬁh&%%ln%gl ,a di sease or disor der sel ected from

i nf | ammat I ons, tions associ ated with angi ogenesis and as a
depilatory in a subj ect, corrprl sing adm nistering to the subject a

ther eut cal eff i ve anoupt of the phar tical, conposition of claim
3854 o, (TP LR Bheant e Brrie G g b AT s depTps

Se' ected Joh&'ﬁb%%sbﬁ&ﬂeé WA IRGEAALs AAASAACANAON-in 2 ubjetBIMHEkigS treating

an HDAC- nedi at ed di sease conprising admnistering to a subject in need

t her eof aldphmmmgmihcaubm@mﬁb@ap@maldﬁ cfg¢ctiveramountad thepharmagmatipdd of
treating bot hS ) g§§h]ﬂ Eg)‘ld HDAC associ at ed di seases conpri sing
adm ni sterofnﬁ)@ 118 S gﬁ‘ in need thereof a pharnaceutical conposition of
claim 19.

20 24,  The method of claim 23, wherein the disease or disorder is selected from psoriasis

and macular degeneration.

25. A method of treating an HDAC-mediated disease comprising administering to a
subject in need thereof a pharmaceutical composition of claim 19.

25
26. A method of treating both hedgehog and HDAC associated diseases comprising

administering to a subject in need thereof a pharmaceutical composition of claim 19.
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