WO 2008/140792PCT/US2008/006015 Derivatives of Fluorene, Anthracene, Xanthene,
5Dibenzosuberone and Acridine and Uses Thereof 10This application claims priority of U.S.
Provisional WshH¥#idA788/928,592, filed 10 May 2007, and 60/999,153, fileBUBUSOHYTD7, the
disclosures of which are herein incorporated by reference in their entirety. 15 FIELD OF THE
INVENTION The present invention relates to the field of novel compounds useful for the treatment
of cancer and methods of use thereof. 20 BACKGROUND OF THE INVENTION 25The
Whnt/beta-catenin signaling pathway is recognized as one of the key signaling pathways in cancer and

as a valid target for {RsHQEI VY BF FlaoreneMATtiveacoses) Xaivthemes. The cells of

multicellular organisms have the ability to recognize and 30 signal each other, sometimes from fair
distances. gSuch siqpalsgneeStutserone eht Actidine’and UsessTirsreoficed by one
cell and which subsequently bind to a specific receptor on a different cell. Such signaling pathways
have been implicated in various disease processes, including cancer. Wnt signaling, via receptor
binding and subsequent increase 35in intracellular 6-catenin, is referred to as the canonical pathway.
Whnt proteins form a family of highly conserved secreted signaling molecules that regulate WO
2008/140792PCT/US2008/006015 cell-to-cell interactions and have been implicated in cancer
pathogenesis. Wnt proteins bind to receptors of the Frizzled and LRP families on the cell surface.

Through ggveral cytopissnicaisiiiz Seoapokinss theriiginal isftrapssluceddoisioaigninipgiichtiben
enters the nucleus and forms a co [?ll{zx W'B CF to,5activate, transcripti nt ta enes. In
this pathway, Ve %%%rﬁgati(?E%qcs@t ?%rg Q-%t @ﬁ‘%%ﬁcﬁ& j‘i"ﬁnﬁn%\g‘lﬂ’&( rﬁ%@gﬁ’ﬁy that
cell and eventugidcleiies afsphidficasel heneinciacoteptated byodiererate Sutteieeapirety on target
cells include the 10 Frizzled/LRP receptor (LRP = LDL-receptor-related protein) and they transmit a
signal to intracellular proteins, such as 8-catenin, whose steady-state level is usually kept relatively low
through continuous degradation (usually mediated by proteosomes). This is controlled by a complex
containing‘the proteins GSK-3/APC/Axin?§ -3.= gé i@ kinase and APC =15
Adenomatous Polyposis Coli). The resul m?ﬁn ﬁ%i@&%@r aﬁc‘:i: of the target cell is to inhibit
I3-catenin degradation, whereupon the latter builds up, enters the nucleus and combines with

transcriptional regulatdRaPtaseBhig¥eRECD RIALRSHRhTNRIH STRNEILRRPANTS sl for
constitutive actiyalipeAMBRMYNESIEERIBAPABIMAIS BT IRtk rssicer. [for a review, see Logan and
Nusse, "The Wnt Signaling Pathway in Development and Disease,"” in Ann. Rev. Cell Dev. Biol.
20:781-820 (2004)] For example, mutations in Axin2 may predispose an individual to colon cancer
(Lammi et al., Am. J. Hum. Genet., 25 74:1043-50 (2004)). In another such example, familial
adenomatous polyposis (FAP), an inherited disease characterized by numerous polyps in the colon
and rectum, is often caused by trunBACKGROINBOH JHEINYENTI@Nathway protein), which
promotes aberrant activation of the Wnt pathway. [see: Kinzler et al., Science, 253:661-665 (1991)]

Mutationg i APC andie 3Q/ealis81R-BavenMsQigRIRIG AR SPIA redghiasd elesrienyir hges (for
a review see Giles et al., Biochim. Biophys. Acta, 1653:1-24 (2003)). In addition, mutations in Axin that

cause loss of flifticHINAING e PR TAWAYedNn CARSSS 0884 485 93P ¥aid) SRR o R0 Siapstdi&iiular
carcinomas. (S@steR@AficH m,,h@,ﬁ.yQQn@F,@ﬁé’%ﬁ}%&j&@ﬁ@@ﬂ&@u%wgnutation or other cellular
event that serves to decouple Wnt signaling and p-catenin regulation appears to be important in
producing cancer. 5 Because such cancer-genesis events have been linked to elevated levels of
-catenin (i.e., situations where -catenin levels are Wnt independent), small organic compounds and
other agents that serv&he reefsapfignultiseitiklag o ganissnsisavedtie akilignitPwegromMseeansbiul in
L0 abatingghe AR A e 2ggripiee A0 rAIPARKISE S0eTacRNEigRaRRY! It

nt nthene,

provides such a s in the form of disulfonamide derivatives of fluorene, anthracene, xa

dibenzosuberoAscaTariisiadon Rrestuationoéisionaing capleryipsiprriucsd . by She GafafPdelated

fluorene and anghiareagilatiyaigg Wikdhesuapemie stedprPUbRNIRHIBAUBRtiGHEINeS are
known in the art (see, for example,”US 2004/0019042) as inhibitors of P2X3 and P2X2/3 containing

receptors and Ifgeadeen RAthwaxsfilayendaentriBrlisa®frdVeNBHR f dAISRASR RFAFEEIRadder
overactivity, ufinﬁwéfmr&nﬁfé}eWr;%%@ﬁmmgpws\f%éﬁ@i%m@awa iRl mtiHetwadly related

compounds can be prepared and used as modulators of the Wnt/-catenin pathway. It is known that

-catenin i8% refjuiateresituianicatgrimy ipdafamgd rasihr eanrnicad Ratbyaeny\BhipIgteRS
Genetics and Dgye|aP Rkl Sothidhy Lotte ke B REc e RIMMARING MbdEUNY BhGt R ulate
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30 The invention provides novel compounds useful for the treatment of cancer that interfere with
the Wnt signaling pathway and reduce levels of beta-catenin in cancer cells, and methods for their
synthesis. INVVéhEWBE4EMBodiments, these compounds include disulfonamioRCderRANIFE881SWO

2008/140792PCT/US2008/006015 fluorene, anthracene, xanthene, dibenzosuberone and acridine that
reduce levels ofd¥eiCsSRIHMGAGHSRNE kava heimmiisates incancenpathogsnesise Wnrtormula

I Formula | Wheseiing bift-2oard 8pisrsioMhe FizzibdXais SERFSIHNEL T dng: MRAUFSANd
C=NORA and wherein when n =2, X = CH2 10Y =0, S, NORA, or NRA wherein RA is selected from

H, alkyl, heterodl PRGNSR RYIOBIRSHAIRE 1Ay SOTREDNEND) irRss ign@lNreBRdu ce ¢-1oRB) R,
[NRBRC, heteragudailyivih aheab@nmatind dacran i Ak and UsHpndd wheiiEepeh of
chnin

said RB and Rc is independently H, alkyl, or heteroalkyl, U and V are ea ependently selected
from C=0, &nd Revate {tanseiBtirRIodY\(ntdarget geBaft C=0, R1, R2, R3, and R4 are each
independently selected from H, alkyl, 20 heteroalkyl, cycloalkyl, arylcycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocycloalkyl, and each of said R1, R2 and said R3, R4 can independently combine to

form heterocycloalkyl, REthisdiatharsye athitirpispesseddy ket frsadmt O thdlsatkay. dhigalkoxy,
alkyl, halogen, CNhCF3 N(af, COORoO, Egogg/gl?% NRPRE, NRDCORE, NRDSO2RE, and
NRFCONRDRE SR ¢sH Ri7658sER) S¥ohein 688 naraventualy reentagt=a spesifivesetently
H, alkyl, heteroalisfaceyteanddrybhatestiasy| cbitebomtyladodptyrioalka Rdieterrcyainadie/ lithand
wherein ifﬁé is 3,Y Izﬁe%ﬂ_rﬁlﬁ.l and \( ar h 0=3=0, ther} NRlﬁZ nd NR3R4 are not identical
wherein RT and R3%58 sach IRIEBNdEl Selededarsi W‘éﬁ&isa/é’f AiRiN) a0 iRy diereMihd R4
are each independigmhl selatradéiunaloyreteita y(omeriBybatditinw amaiylaraiagilewrp alod
halobenzyl, mor%holin%ilfsbwi{%ﬁlkylﬁr 10NRi R2 and NR3R4 are independently selected from

piperidino, morpholf?8 hoTRBUNEN 1P DRV Yy RN i ssudsaradatiancifesuatiy

wherein when Xriediak&) 2y iproteobpbsndriang Yanesireh B7 SR pIeR @ MdiinG2nB3, and
R4 is methyl, 15 H, and U and V are each 0=S=0, then NR1R2

and NR3R4 ard’ ﬁ%%?(ﬂqg\r,wvt c%&%%}é?/ gg”%&é%gqg%l\l WO eBAgENtPesR 38E RRTCT-05

alkyl, C10 alkyl Ade6arhgto G4 PalkplosiseDyli)bamey keraphofalwayb pidridz ioshHey Sdirabaorarlyl,
20benzimidazolyl, triazolyl: of NR1R2 and NR3R4 are independently piperidino, morpholino, or
piperazino. %@ﬁﬁ@?gﬁs Re'H%{qé %@?V@%é&ﬁw%ﬂ&ﬂv‘ﬁ?@m@@d@ﬁ@ﬁ Rileks upng

NR3R4 are notghtesarttesandoidesein® lodrabinds ahdR&rane cAp A iRdgmansianity seiacisg from
methyl, ethyl, hydroxy-C1-C3-alkyl, SH, RO, COOH, SO, NH2, and phenyl; and NR1R2 and NR3R4

are independe ﬁ}’g ected from unsubstituted piperidino, N-methylpiperazino or
N-methylhomopiperazino, 30and wherein when X is C=0 or C=NOH, Y is 0 or NOH, and U and V are

R 18 ot or ik, I 20 0RR0RHSR G HBASCARS PTGt GoAP IR Of
acceptable salttheeéns signialésy giatbaiaproars |gedtetinicomeis: aofédies 0REHBHHtRIGO .
Nusse, "The Wnt Signaling Pathway in Development and Disease," in Ann.
Rev. Cell Dev. Biol., 20:781-810 (2004)] For example, mutations in Axin2 may
predispose an individual to colon cancer (Lammi et al., Am. J. Hum. Genet.,

25 74:1043-50 (2004)). In another such example, familial adenomatous polyposis

(FAP), an inherited disease characterized by numerous polyps in the colon
and rectum, is often caused by trUncation of APC (another Wnt signaling-
pathway protein), which promotes aberrant activation of the Wnt pathway.
[see: Kinzler et al., Science, 253:661-665 (1991)] Mutations in APC and B-
30 catenin have also be detected in colon cancer and other tumor types (for a
review see Giles et al., Biochim. Biophys. Acta, 1653:1-24 (2003)). In addition,

mutations in Axin that cause loss of function have been identified in



In specific embodiments, the compounds of the invention include those 5 of Tables 2 to 13 and said
compounds make up the invention either individually or in any combination. The present invention
also provid¥ 8 ATR2 compositions of any of the compounds of the inveiftiEN S the
compounds of Tables 1 to 13. 10 The present invention also relates to a method for ameliorating

cancer or tumorl1RRRISCRILIRT £ATSIAATRSoTse%IRT tdhfbiglerNatioGene ma2diRdi5ah R 12000y
amount of a conThiCaehinuReroL:Esreio b RaBicwwHediaie USRR! e GamRRNDTHAY Tables
1to 13. 15 DEFINITIONS 20 Unless expressly stated otherwise, each of the following terms has
the indicated m&8RYNg andagypateninrreaylation ragrearsiedey imporantf theprpdiamingrom
25a carboxylic ggiddbe., R-C(=0)-). Preferred acyl groups include (for example) acetyl, formyl, and
propionyl. The term "carbon chain" embraces any alkyl, alkenyl, alkynyl, or heteroalkyl, heteroalkenyl,
or heteroalﬁynyl group, which are linear, cyclic, or any combination thereof. If the chain is part of a
linker and that linker 3 rises one or more rings.as part of the core backbone, for purposes of
calculating chain Iengt%gt%%&%%a?#con yai%ﬁfé%%n[%f’)'ge %)\5?86% tgﬁ)\fﬁstfﬁgf‘d)' dnE'BY¥RA or top
of a given ring dedetet twith Bacatertiere(ile togianstibagonvatiee et aie NrRivaWIivalent {yignath,
the shorter distqfr]lgg g\r/%ezn 8/140792PCT/US2008/006015 shall be used in determining the chain
length. If the chain COPHAIRS HetdPoht HEARIC, SABPAHNES RBAnRAL 298 RIm hak sRvEtuIRed as

pad of the carbestatdishlethgghlifikiiod’ BreaiRensRia!rpéeh by dB0sAER ‘W@Uld“"?’r@@el i_ercabon S
0

atoms, priberabl 110 1ﬁ]carbon atoms. Used alone or in combination, it refers to an optionally

substitutedstrafiii AN S CERRSIaHS RIOSaSEAM il disenat antupaealRgtsoaarnss. rdtieal
having from ongtessmutitivigiyticarbpnevitese BIRIRraadeans thtwake AROST. Npulisrigiggamples
of alkyl radicals ﬁJnc:ll\y e metfb/h ethyl, nég{rﬁgyl, isogr% n-butyl, isobutyl, sec- 10butyl, tert-butyl,
tert-amyl, pentyT eyl Keptyl B ih Heene, Q&%"'QFP&M?%B%@BPWBQ@GTMW,
refers to an optthabiigdudrsticvield off bighi-cawinirnopiiroalke ibstituted branched-chain hydrocarbon
radical having one or more carbon-carbon double-bonds and 15 having from two to about thirty
carbon atoms, more preferably two to about eighteen carbons. Examples of alkenyl radicals include
ethenyl, propenyl, butenyl, 1,3-butadienyl and the like. The term "alkynyl," alone or in combination,
refers to 4R optionally Stoustursityitae iedesy Hlwdreineor aptormaithadestéutdeivaticeedehRinthe
hydrocarbon ragliggy [ on triple:honds and having from twq to about
thirty carbon atoms,%@ %E@r@%}l‘;?@rﬁ%@ﬂ@‘uﬁ%ﬁ@%ﬁ%ﬂ%ﬁoﬁﬁ h%%”ﬁvéqgg% SiX
carbon atoms d486¢ellfas B¥ampking o0 8401 864a) fas demiltitoesonts AXEnErg 0P XY/
25radicals incl l, @ [,.2-u -hutadiyny! and.the. lik "Alkene’ is a
hydrocarbon cmﬁﬁggﬂ% a?? %ggﬁeaégefg%y%%%Mr#%gfgalr%n?ggutt)fgﬁalgﬁ%%nawaving 2
to 15 carbon afefR¥epHeRrabigisatiecs siueh mefoladier ayeraativity, auimana@nabitinence or
2008/140492PdiV 806 in it Ny in having at least one (preferably
only one) carb()gr?:ﬁgﬁbxﬁ?triple' gg??g Qﬂgﬁ%ﬁ%@%ﬁ%{* car ogga[tgr%@l%r fé?a%b% ?STB,O rlﬁ%%
preferably 2 to SAfabiSoRraRAied AR, usikshasmbdiatershaiirtber¥iatigdcatenitegththlyas 3t is

"hydrocarbon NSy 4nay ight o d and m unsuhstituted or supstituted. Preferred
branched alkyﬁtﬁioe\ﬁr}etg%d%&%j‘ 'i(ﬂ]gsmé bﬁ%%?% 8?%&8%&'@9,%&%?3&‘&3% $5antt$teterred
chains are alkyanaliijuissieGe aadt(yinéonyitr Genetioschath Deasloprag tie 8184 SR ytEBHEY.
substituted with from 1 to 4 substituents; when substituted, preferred chains 10 are mono-, di-, or
tri-substi%ﬁed. Alkyl, alkene and alkyne hydrocarbon chains each may be substituted with halo,
hydroxy, aryloxy (e.g., phenoxy), heteroaryloxy, acyloxy (e.g., acetoxy), carboxy, aryl (e.g., phenyl),
heteroaryl, cycloalkyl, heteroalkyl, heterocycloalkyl, spirocycle, amino, amido, acylamino, keto,

thioketo, cyano, or any combinati% e LA referred hydrocarbon 15groups include methyl, ethyl,
propyl, isopropyl, butyl, vinyl, allyl, yg ﬁﬁ&@%&%ﬂéﬁﬁ.'NVﬁNﬁmfamyr- is a shorter alkyl,
e.g., one360ntaining from one to about six carbon atoms.
The invention provides novel compounds useful for the treatment of
cancer that interfere with the Wnt signaling pathway and reduce levels of
beta-catenin in cancer cells, and methods for their synthesis. In specific

embodiments, these compounds include disulfonamide derivatives of



Also, as referred to herein, a "lower" alkyl, alkene or alkyne moiety 20 (e.g., "lower alkyl") is a chain
comprised of 1 to 10, preferably from 1 to 8, carbon atoms in the case of alkyl and 2 to 10, preferably 2
to 8, carbonveebiBikHiR2case of alkene and alkyne.  "Alkoxy" means arP6X{20HMethaving a
hydrocarbon chain substituent, where the hydrocarbon chain is an alkyl or alkenyl g.e. -0-alkyl 25 or
-0-alkenyl). ExdunpeneofalkerarenficIaMRRRR HRRBZYSERRIANG 18P 25 IUBEr BB&(JFﬁ’-‘b‘Eﬁoxy,
isobutoxy, secRUYYoftBdaLtanHRRSICEIR like.  "Aryl" is an aromatic hydrocarbon ring. Aryl
rings are monocyclic or fused bicyclic ring systems. Monocyclic aryl rings contain 6 carbon atoms in-
30 the ring. Monocyclic gipHnEaET BeonoiaTiRM e e thittuse BICFdimantyl ings contain from 8
to 17 carbon atoms, preferably 9 to 12 carbon atoms, in the ring. Bicyclic aryl rings include ring
systems wherein one ring is aryl WO 2008/140792PCT/US2008/006015 and the other ring is aryl,
cycloalkyl, or heterocycloakyl. Preferred bica/clic aryl rings comprige 5-, 6- or 7-membered rings fused
to 5-, 6-, or 7- membered rings. ,ﬁgyl rings m?éd unsudystit éor ubstitutgqd with from 1to 4 -
substituents on the ring. Aryl may bYe substit ya b\l nitrql_ ydroxy, carboxy, amino,
acylamino, alkyl, heteroalkyl, halo Vll,Jphe teroalkylgxy, carbamyl, haloalkyl,
methylenedioxy, heteroaryloxy, &any combin : erred aryl rifgs include naphthyl, tolyl,
xylyl, and ghenyl. The most preferred aryl ring radical ig phenyl. 10"Aryloxy" is an oxygen radical
having an aryl substituent (i.e., -O-aryl). Preferred aryloxy groups include (for example) phenoxy,
napthyloxy, methoxyphenoxy, and methylenedioxyphenoxy. "Cycldaf§muldels to a saturated or
unsaturated hydrocarbon ring that is not aromatic. Cycloalkyl rings are monocyclic, or are fused, spiro,
or 15 bridged bicyclic or polycyclic ring systems. Monocyclic cycloalkyl rings contain from about 3 to
about 12 carbon atoms, preferably from 3 to 7 carbon atoms, in the ring. Bic%/clic C cloaléyl rngs

Pr

contain from 7 ¥Whereift i &on anereR@ginaMiend > tathéh SRIBRLETRB it Trr&eM&rbicyclic
cycloalkyl ringscOMpRSTCANDFE; Shd WHSTEIAQthERTP £UBeR BOGH H-, or 20 7-membered rings.

Cycloalkyl rings may be unsubstituted or substituted with from 1 to 4 substituents on the ring.
Cycloalkyjgnay be subsiftuien \gtNTHo, @eRRalkyl, heteroalkyl, haloalkyl, phenyl, keto, hydroxy,
carboxy, amino, acylamino, aryloxy, heteroaryloxy, or any combination thereof. Preferred cycloalkyl

rings include cyclopropyl, cyckipseipl, Ry tiobeledtay drone pty Ryt yiokteondbyld aeopbralkyingts.

The term "cycloalkyl" also embrgces cyclic.alk h dic ﬂ@ includenc lig, bieyglicdricyclic, and
higher polycyclic alky! radicalgy\ﬁ‘?@jé%eé%g_@ IEmoréty ;dsr%%me%{]eog i}g}gﬁgﬁt tv%ﬁv@%gw &h
atoms, which would be a 3 to-RRgRunbhetdrocgcoatikybles afytydoalgglyacicadtitclbeteroaryl,
30cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. The term "cycloalkynyl" refers to
cyclic alkynyl radicals which Fﬁ@ﬁﬂ%})’%&(‘)ﬁéjgyc |§a,/rg?cyclic, tricyclic, and higher polycyclic alkynyl
‘radicals wherein WO 2008/14Qd 3R €4 4H A QFIORE GrRi cRE I Gialkipatedenrtiyad fekyltheee to about
eight carbon atoms. A "lower alkynyl" refers to an alkynyl having from two to about six carbons.
"Halo" or "halogen” is fluoro, EﬁF&F&,aﬂ%lmo or iodo. Preferred halo are fluoro, chloro and bromo; more
preferred typically are gh u Al O 9eiecteHaIRRKE =16 aatipiobis Legngigd, or
cyclic hydrocarbon sut@st%tﬁ‘t%gnvaﬂ% gé%h(?}% rﬁ%?(% ﬂalo sgb.s%t%%nts. Preferred are C1-C12 haloalkyls;
more preferred are C1-C6 hatdagigie, wilembtdspeetetrddistaeT8-C3 haloalkyls. Preferred halo
substituents are fluoro and chloro. 10"Heteroatom" is a nitrogen, sulfur, or oggen atom. Groups

containing more than &he RzieBatcAth&s Beafraidrdanendrsisrssiec hiregd loalkyl,
heteroalkggyl and heteroalkyqkelriinds Ok pUbSHNEe I8y alkeRdnd aliymyistrappures, as

described above, and which have one or more skeletal chain atoms selected from an 15atom ather

than carbon, e.g., oxygen, nits¢erPaliuhetaepriealieybr 2Bt sRASRPL $ieBr RARESARyI" is a

saturated or unsaturated chaR.CE{aENIAdepR 8Rthasdaasine R e ARIRTo YRRIGIRYNO twO
heteroatoms are adjacent. Heteroalkyl chains contain from 2 to 15 member atoms (carbon and 20

heteroatoms) in the chinandeRy abtyeath iodeneadeatyrablected Soratb@mpieHalkoxy (i.e., -0-alkyl
or -0-heteroalkyl) radicals are_j i kyh ghad b et or branched.
&@é&g’%ﬂ.&%&g@é@%ﬁg@% ERIER RRYLEE

Preferred branched heteroalk?/l e one ort ferably oné branch. Preferred

heteroalk@Bare saturated. UnS&INBReD ¥ oRikyNne@Re, N ReShbRe: and NGOt iRe bonds
and/or one or more carbon-carbon triple bonds. Preferred unsaturated heteroalkyls have one or two
double bonds or one triple bond, more preferably one double bond. Heteroalkyl chains may be
unsubstituted or substituted with from 1 to 4 substituents. Preferred substituted heteroalkyl are mono-,
di-, or tri-substituted. Heteroalkyl may be 30 substituted with lower alkyl, haloalkyl, halo, hydroxy,
aryloxy, heteroaryloxy, acyloxy, carboxy, monocyclic aryl, heteroaryl, cycloalkyl, heteroalkyl,
heterocycloalkyl, spirocycle, amino, acylamino, amido, keto, thioketo, cyano, WO
2008/140792PCT/US2008/006015 or any combination thereof. Where a group is described, for
example, as an alkyl derivative, such as "-ethylpyridine" the dash "2 indicates the point of attachment
of the substituent. Thus, "-ethylpyridine" means attachment of ethylpyridine via the ethyl portion of the
group whereas "ethylpyridine-" means 5attachment via the pyridine ring.




"Heteroaryl" is an aromatic ring containing carbon atoms and from 1 to about 6 heteroatoms in the
ring. Heteroaryl rings are monocyclic or fused bicyclic ring systems. Monocyclic heteroaryl rings
contain fronVAbY98a 4 &bout 9 member atoms (carbon and heteroatoms), BfSHEIAIRBBSPE member
10 atoms, in the ring. Bicyclic heteroaryl rings contain from 8 to 17 member atomﬁgﬁreferably 8to12

member atoms, in the ring. Bicycli¥heteidaryl ReRNAdRr R figgREsIR WK dle A Ne ring is heteroaryl
and the other ring is aryl, heteroarykeysiairiHy a§i, heiaerikyhdteromsy ciratadaRiairyied bicyclic

heteroaryl ring systems comprise 5-, 6- or 7-membered rings fused 15 to 5-, 6-, or 7-membered rings.
Heteroaryl rings may be unsubstitG¥ICKInfitfLer ARCIPE N 1o 4 substituents on the ring.
Heteroaryl may be substituted with halo, cyano, nitro, hydroxy, carboxy, amino, acylamino, alkyl,

heteroalkyl, haloalkyl, phenyl, alkoxy, aryloxy, heteroaryloxy, or any combination thereof Preferred
heteroaryl%ings includNDVERSS1Bt Hnthds £3; 20the Iﬂﬁgéﬂiyn%eo%&m&ﬁ Dﬁarﬁﬁ{bphene
Pyrrole Pyrazole | NRj#zolefikakHe R s0xAZOot hdritidd Nvibetbiazdis TarzolR; are each
1,2,5-Thiadiazolel,2,3-Triazole 1,3,4-ThiadiazoleFurazan HHH, ,S,S, N,N',. N 3NN/it a
i21\\--NN\_NN-N 1',"?,%9?%%’?&9’0%5‘2%93%‘#&% ﬁﬂg E?é%%ﬁl5%1|8‘1",§2’,"4{‘ﬁ’r?é9§%1ae'39a§d|€r9\/o

2008/140792PCT/65p008/pRfpendiitly S, NeBYatNN from \I--NeieN-Nalkig Xl QodvErediyd)zole
1,3,4-Oxadiazole 1,2,3,4-Qxatriazole 1 2,3,4-Thiatriazol|e,1,2,3,5-Thiatriazole NN N..... oll
1,2,3,5-Oxatriazoléi':{',%‘f‘§$ﬁ IO ﬁ'{%y ',2?§?J9P&P5¥me[5‘ib°é@8?m8 OW%%%Irll(\lxyniooarzole
Benzthiazgle BenRaRlamieNfisRCardaadipendently selected from piperidino, morpholino,
IsoquinoIineCinnoIinePhthaIaz&epguinjzoline uinox tirle 1I8-Na?thg%ii%ige%Airiglm_:@Phenazine A
fused heteroaryl rafHR:%rlarﬁQ?c TR ORIRGIE 28" o S FLYSRE rri'r?gso oA WheTeIthe ring of attachment

is a heteroaromatic ring, the other individual rings within the fused ring system may be aromatic,

heteroaromatic, alicyclic or heterocyclic. The t eterparylalso,include - ryls or fused
heteroaryls having froﬁ{'f?v\én(’g ':’%B&Y hﬁglv '339 e'_tigpri?]%) gt?m%fﬁ%llaaim%%Hg\ﬁr%gfr%%%ve to
about ten skeletal GxPaOntise Ime terof TR, 1Rhctard&dy|S rekettsylo a heteroaryl having five to about
ten skeletal ring atoms, e.g., pyridyl, thienyl, pyrimidyl, pyrazinyl, pyrrolyl, or furanyl. WO
2008/140792PCT/US2008/006015 "Heteroaryloxy" is an oxygen radical having a heteroaryl
substituent (i.e., -0-heterdawtidréirefetred meteraryloisy GraupiNOHudandoledndp\é)aps regibxy,
furanyloxy. (thiophen1edory. (RXAZRIRIAY aHBINRIR Sre ROXTECITICHY aRY RISTROR, PufeFiey o
and benzothiazolyloxy. ~’

are each independently selected from C4-Cs alkyl, C1p alkyl, C1¢ alkyl, C47

alkyl, phenyl, benzyl, naphthalenyl, piperizino, pyridinyl, pyrazolyl,

20 benzimidazolyl, triazolyl; or NRiR; and NR3:R; are independently

piperidino, morpholino, or piperazino.

- and wherein when Xis CO, Y is O, and U and V are each O=S=0 then

NR:R, and NR3R4 are not the same and wherein Ry, Rz, R3, and R4 are

25 each independently selected from methyl, ethyl, hydroxy-C4-Cs-alkyl, SH,
RO, COOH, SO, NH;, and phenyl; and NR{R2 and NR3R4 are
independently selected from unsubstituted piperidino, N-methylpiperazino

or N-methylhomopiperazino,

30 and wherein when X is C=0 or C=NOH, Y is O or NOH, and U and
V are each O=S=0 and one of Ry or R; and one of R3 or R4 is phenyl then
the other of Ry or Rz and R3 or R4 is not H or alkyl,



5"Heterocycloalkyl" is a saturated or unsaturated ring containing carbon atoms and from 1 to 4
(preferably 1 to 3) heteroatoms in the ring. Heterocycloalkyl rings are not aromatic. Heterocycloalkyl
rings are maY@&PeHd46are fused, bridged, or spiro bicyclic ring systems. NIEAGESARINS/ P D eycloalkyl
rings contain from about 3 to about 9 member atoms 10 (including both carbons and heteroatoms),
preferably from 5 td"CclHEiR8er atbmBhArmasawically cliasrartaklrioSrlBringesterttain arvidesto 17

member atoms, QEHESAINE SRENERRSISIRERs 3 SR tYo BisWdit §s rorasioalkyl rings contain
from about 7 to about 17 ring atoms, preferably from 7 to 12 ring atoms. Bicyclic heterocycloalkyl rings
may be 15 fused, spiro, or bridged ring systems. Preferred bicyclic heterocycloalkyl rings comprise 5-,
6- or 7-membered rings fused to 5-, 6-, or 7-membered rings. Heterocycloalkyl rings m%}b@iﬂ?@r

unsubstituted (i.e., contAiSARRIAGRMP I NRRHUHIRLOMRBYRIS LEHS Bventianiasy

carbons or hetegtatpatiedy oty wWith feng lstaidt sdrapblamis selakeddpreethvefidla, afhealoalkyl,
cyano, hydroxy,.carboxy, keto, thioketo, aming, acylamino, acyl, amido, alkyl (other than methyl),

heteroalkyl, hald3HVIFHALRA iRy CATBIRAYCANY combination thereof. Preferred substituents on
heterocycloalkyl include methyl, ethoxyl, halo and haloalkyl. A heterocycloalkyl ring may be attached
as a substituent of a larger structure by any chemically feasible atom of said 25heterocycloalkyl ring.

Preferred heterocycloatiyd rgigsdnt!ifR iigrRERsOb oSS thdnsellaw BemplbSHibnd\&F aky<gane
Aziridine Oxetane Azetidine Tetrah%drofuran Pyrrolidine3H-1 ndole WO

2008/140792PCaessBRRKS0aEhelrsrtiames s thescomprrngsaf faklgsrdtanAropyran
2H-Chromepe HH ...",...,,N"...NyO INH"Nr,INH oNH2 ThymineCytosine 2,3-Dihydro-11-1-Isoindole
Phthalan i -Oxathiane 1,4-Dithiane hexahydro-Pyridazine WO 2008/140792PCT/US2008/006015
The term "membered ripgl ' e, | i m . ic,
alicyclic, heterocyclic aﬂ%p%?fﬁgrﬁ%%? gé:tgﬁ‘si%% %egcﬂm%gﬂt%j:row. T %@gﬁhﬁ%ﬁgg&d" is
meant to denot@thdiMahFeigsReiRiA aidhammalceprmiiting adnynistednstesaishmapmmdhe,
opyran, and YR et HirBERSH & UIRB AR e IRIEARY R UB8CAN] LURRIIARRRL
five-membered rings. The term "aryl," alone or in combination, refers to an optionally substituted
aromatic hydroci® Y898t ecanrrapds avatlemd taohs, 10 and includes mono-aromatic rings
and fusedqaromatic ring. A fused aromatic ring radical contains from two to four fused rings where the
ring of attachment is an aromatic ring, and the other individual rings within the fused ring may be
aromatic, heteroaromatic, alicyclic or heterocyclic. Further, the term aryl includes mono-aromatic ring
and fused aromatic rings containing from six to 15 about twelve carbon atoms, as well as those
containing from six to about ten carbon atoms. EQ&EMHI'QM%A groups include, without limitation,
phenyl, naphthyl, anthryl, chrysenyl, and benzopyrenyl ring systems. The term "lower aryl" refers to an
aryl havin Gix to about ten skeletal rin carbons, e.g., phenyl and naphthyl ring systems. 20 The
term "heterocyclic" refé@'ﬁfﬁrﬁ?&?ﬁﬁ?guﬁafﬁﬁe‘atgﬁfméﬁe@@lcnr%fam%t@ Hﬁrg’fﬂ'ﬁ‘ﬁc%thﬁjicals
containing fromifigectRePavdnipify ring atoms where one or more of the ring atoms are heteroatoms
such as, for example, oxygen, nitrogen, sulfur, and phosphorus. The term alicyclic

"Acyl" or "carbonyl" is a radical formed by removal of the hydroxy from
25 a carboxylic acid (i.e., R-C(=0)-). Preferred acyl groups include (for example)
acetyl, formyl, and propionyl.

The term "carbon chain” embraces any alkyl, alkenyl, alkynyl, or
heteroalkyl, heteroalkenyl, or heteroalkynyl group, which are linear, cyclic, or
any combination thereof. If the chain is part of a linker and that linker

30 comprises one or more rings as part of the core backbone, for purposes of
calculating chain length, the "chain" only includes those carbon atoms that
compose the bottom or top of a given ring and not both, and where the top
and bottom of the ring(s) are not equivalent in length, the shorter distance



25 includes mono-heterocyclic and fused heterocyclic ring radicals. A fused heterocyclic radical may
contain from two to four fused rings where the attaching ring is a heterocyclic, and the other individual
rings within YW@ 0¢85 rocyclic radical may be aromatic, heteroaromaticP&IEYERIBPHEISrocyclic.
The term heterocyclic also includes mono-heterocyclic and fused alicyclic 30 radicals having from five

to about twelve SRBILtAFinYSEIME LelRiMigilbshsarhgifolengdito Kbde teehaieletantaipatoms.

Example of heteteradinoins!ugepaithep tnensatrbollI ALk st s ¥teDrOZedIBGREY las part
tetrahydroindazo /{ﬁg%(é uinolinyl, and the like. The term "lower WO

2008/140792P ﬁbﬁ@ﬁ%m%’byclic" refers to a heterocyclic ring system having five to

about ten skeletal ring gtgms, e.q., dihydroPyranyl, pyrrolidinyl, indolyl, piperidinyl, piperazinyl, and the
like. 5The term "alkylar?/{ﬂx o R goﬁﬁa‘#f%ﬁﬂl 'ggfg%cﬁfgﬂrhﬁﬂ?%i@é"gyd fitd 8beREPRMwhich

one H atondis rapimosd preferatity| laticalasdiinecehage, 956l afofs rRPBMNadi and the
like. The term "arylalkyl," or "aralkyl," glone or jn combination, refers to an 10 alkyl radical as defined
above in which B%Srﬁ e&?orﬁ s ?gﬁéﬁéﬂybf ﬂasigﬁg?géiﬁgﬁé%p& B aB6vePUARANs sHPetitwiesle,
benzyl, 2-phenyeamdhetchaitiksaflinattaihytetesoboy ataiicaeiesvisganatkyradis At e

above in 15 whiigrqgﬁsH %%an is re eIaC§Id by a Ilf?tx—:i\ré)qgl radiEﬁal as defined above, each of v{?/ﬁih may
be optionally substtted But wharin Xlrﬁngero b RS CRRIPRNS 1M E LBVENG- RXaraRISS ffe alkyl
group being thealsyniadicatseiyciide tevathiid|kgtheteroprapykfesspeopyialkybuagdicrloruafiged-above
in 20 whighyon Isreplaced by a heterparyl radical as defined aboye, each of which may be
optionallycl ?ubs?%g@(%ms\?vﬁg!é% &%@ﬂyf’& rr())%% ﬁegﬂa%he&&o 8‘%4]9%?%3{38 f't‘f'ﬁcture with the
heteroaryl group being the terminal moiety. The term "aryloxy," alone or in combination, refers to
an aryl ether 25radicakwhetein thy rylis defined as abqve. Examples of aryloxy radicals include
phenoxy, benzyloxy arl-ﬂ‘ %12%}{&21 eafﬁ%@terarrl?) Hae[ky [[hllg,'cgl%%) &R0 E?ﬁ%\ti%n,%f@%t'ﬂf'& Yalkylthio
radical, alkyl-S-sugléikdedihe straighikghaims definedptionallB0Thakstitutedy|thivdribed-ehHin
combination, reﬁ?@r&%aﬁy'%gﬁééﬂiﬁ iﬁ&t"b%é’ yPheraiLthe fem andis aas ‘?e%a%?éi%e' ‘ﬁo
2008/140792PCT/US2008/00601 Neterm  Bateroany o PRSI oo th g vB!e bR #)Cs-..
wherein the terhPMB@riam fvastaeiheutathity. carbonTatoresmrimrg pedtesatolya twdital atiO)R

where R includ 5 w al , heter leyclic, heteracyclic, arylalkyl or
heteroarylalkyl %v?gg%i%nth% alky ?él@rﬁ%gﬁénﬁ %L@%Wéti%%%ﬁsa ﬁ?/?éi%cgh%ﬁ?g &clﬁ:}fozﬁ’r?/%l(yl or
heteroary! alkyPemys rhaytmaasieoshapdibetiikeed. The term "acyloxy" refers to the ester group
--0C(0)R, where R is H, 10 alkyl, alkenyl, alkynyl, aryl, heteroaryl, alicyclic, heterocyclic, arylalkyl, or
heteroarylalkyl wherein the alkyl, alkenyl, alkynyl, aryl, heteroaryl, alicyclic, heterocyclic, arylalkyl or
heteroarylalkyl may bd Bptitsiany "alfsiilite@lone oTHa teambiaation, ewtfess refean topt(®BR where

R is alk I L, in kyl I kyl b i ly substituted.
is alkyb@ryl gubsafatky!, whssindramky o?rygﬁﬁéﬁé(ﬂéeggﬁgﬁﬁj@ﬁy ar%i\e(%%g f)éﬁlajms e

The term "carboxamido" refers to the structure_-C( rogen Is at e carbonyl

carbon and eafYHOSAHRIR rAdicad Ravipsn eaeyosevors) farhanecgrbon ctirdstrandsHaatkyl, aryl,
heteroaryl, alicliging kR Sas 18rdBl P Larpa alsmhsintei fiebd AbietRo 3y

alicyclic, heterocyclic, or arylalkyl groups may be optionally substituted oxo" refers to
double-bonde PO NV &I¥Ei GRPA] A5oMse fEOM Mot AbPIl LRIN ORI IINBatands| aBhwedinas

"haloalkyl, halaatieayhdvatralnem ae NJoaBeuy tHe Udsivorkybrake pYlaalkyny! ﬁ)f:%%%mm o

structure 5as described above, that are 30substituted with one or more fluorln s, ch
or iodine$®or IRAIEBIRINEUER Sth¥myds 2-propynyl, 2-butynyl, 1,3-butadiynyl and the like.

“Alkene” is a hydrocarbon chain having at least one (preferably only
one) carbon-carbon double bond and having 2 to 15 carbon atoms, preferably
2 to 10, more preferably 2 to 5 carbon atoms.

30



WO 2008/140792PCT/US2008/006015 The terms "perhaloalkyl, perhaloalkyloxy and perhaloacy!"
refer to alkyl, alkoxy and acyl radicals as described above, that all the H atoms are substituted with
fluorines, cPRYS/ G ines or iodines, or combinations thereof. 5 TheREMS208%aMS1, arylalkyl,
aryl, heteroaryl, alicyclic, heterocyclic, alkyl, alkynyl, alkenyl, haloalkyl, and heteroalkyl" include

optionally substituted cytioamyl isrpdnAresaraaneebaif havindiatlersb eyrsic(rikigralitynghinlkenyl,
haloalkyl and h%ﬁg)aé&‘bemeﬁ?ol&ﬁ tripld *F%Fﬁf@ﬁd’%%ﬂ@iﬁ'% ﬁ%f%rérB%H“S@FREPﬁf Gﬁg‘y‘ﬁre Ris

independently selected from ag%. The terms "dialkylamino”, refers to the group -- where
R and R' 15aredfkyI8; morerpreferably,@deSerikon atemfur atom covalently linked to two atoms; the
formal oxidation state of said sulfur is (Il). The term "thioether" may be used interchangeably with the

term "sulfide.” 20 THEYbrmAlkERSidanrerdding shaaton(i&ieaedtly thksolschralataas, at
least one ofwhitthysresappracthaingT) thajpraaliexightion StaiRE AR S HILY BRI (Betituted The

term "sulfone" refers to a sulfur I%tom covalently linked to four 25 atoms, at least two of which are
|

oxygen atoms; HeSUPSEHSafdR GHRAPighetk @ iballena and alsynr chaiandiave Rgionally”

mean that the sobsemuentycless!iprdferablobRsCUraRANCE BRI NARANLRECHIKANARY] the 30
description incluqes instances Y’\éhere e event or circumstance gccurs and instances in which it does

not. For exampi@ Kefi§1 SitbnalkY R nBYSrafRRp icRalsith 26N aIBAYmBS NS HeURREIMIRG Ay but

need not be presebstitutedhwithniecatkyl @6 twaoRtifiRprSsAMe ANsLBNIAREE iefdReldampigations
WO 2008/140792PCT/US2008/006015 V%Tere g;?/g lis %ubstituted with one aor two alkyls and
i %ﬁh a

situations Wherd HRAN0PTs At QLOLERHES BREANG aliRgudFRBRRShAIne
substituted or ueachstihdgd.bé Téetatitstédervstiof dal@ptigrpbxpUbHIERY" g80yD NPREHISSE,
without Iimitation ore substituents inde ntly selected from the following groups or

ne or end
designated subsgge rt%%%%]ﬁ)fo\%}{ Sfﬁ\ﬁﬁ?o%eﬁﬁ%&vﬁ ISéf §Myﬁ{/¥r e YN eREIRIOANy clic,
heterocyclic, argistiodlkdidretesdaliiyyl, |betaratiyiyalkyespideiyie rainhallamiad) & dirlisviasnino,
diarylalkylamin 0 alkyithio, arylthio, heteroarylthio, 0xo, oxa, carponyl (--C(0)), carboxyesters
C-C(0)OR), ca:ﬁ%éarﬁdgﬂ(ﬁiﬁ(d‘)\{ﬁ-?& 85r88%y,‘}/88’;}|"6’>‘<§),{'9-"H ?ﬁ%’iS?-c% ré(@%a Rydrogprbas,
--C(0)CH3dperatmstieyinphstlel aakktixyl, petth|opoyphydudsgirep yyrislmyl, tiephesieyifubamghyndole,
indazole, ester r?&néq(%%%%?gla%pates, phosphonic acid, phosphates, phosphoramides, sulfonates,
15 sulfones, sultates, sulphonamides, carbamates, ureas, thioureas and thioamides, thioalkyls. An
optionally substituted WOWIP uns [ as-CH . fully.substituted (e.g., --CF2CF3),
monosubstituted (e.g., -- CH2CH2 (% gu sléﬁ%gé %Pq a F'\§é1 éﬁ)é/_lw%%)é‘rtg '#l'fb%%v%rgnoﬁ%f}(z&gﬁ%ted
and monosubs#iXtearkeq.atog1$2CF3). 20 Some of the compounds of the present invention may
contain one or more CRikg) c%gtqgféﬂgah%e ay, exist in e joperic and digsteregmeric forms.
The scope of the pres"ent ir’lventiop is intendel?? "[98 ‘B()\X/éejr)imgcgm%?@ Ler?rz(g,naes%e L nr%br('flt?r'géyof cis
and tranZBoméPsgI miawes atkyb dissteeb@itepo amnrisad wicintixtlife poétatabtip frers (bitca)
isomers) as wedaFSBHBtoS RPBRCLSSIBY YR Ky ﬁﬁ@pk@%%ﬁg%@ tog Mok forms, and
some embodiments of the invention may feature puritied or enriched species of ‘a given enantiomer or
diastereomer. 301G .rasH LAl dBBIAITEN" refers to a mixture of one or more of the compounds
described herein, or pharmaceutically acceptable salts thereof, with other chemical components, such

as pharmaceutically WeX9¥0s/118298 pat/ $Xy068/00t28! adsingh|@ cArvidrecaiben esbirnts.
The purpose otatptavescolgcsl srMPRSBeRrsIA Brlitels adraiRpratianehgicerupawnd fg,an

organisngérhei?hr e "pharmac%;ically acceptable carrier" as used herein 5 means a
pharmacgttically-aCcBHEBIY mafeX@iMPiapstidkray verfirals ineiuda Imetexsoritiomey, diuent,
excipient, solverbpbeyCeppMbsity MASHRxYINOBIE AR EABANSLES HARSRASIGAN Sy RIGLAgeNt from
one organ, or R rtiﬁ) of the body, to another organ, or portion of the'body. Each ‘carrier must be
"acceptable” in'tive &nse of being compatible with the other ingredients of 10 the formulation and not
injurious to the patient;o\i)a.r.n{as exam les qf at(arials which can servz as pharmaceutically-acceptable
carriers include: (1) sugafs, Sué & AR @'81 ERBRR LMosAryhyRdRRse, QIRIPLY TS PEtarch
and potato stafdse(Bpmitliosingusystetesivalvascyolib as/serigsncerimBnediporeluess. igthyl
cellulosegnd cellu agetate; (4). powdered tragacgnth: 15 malt; (6) gelatin; (7) talc; (8).
excipient@suﬁ ngst?g coa élr}tc?g g?rlld %Dbp'b%%%r?9®§§8; R‘%‘?&ﬁf’s‘? d9#sR JfQﬁI?'co@tWQLEd oil,
safflower oil, sesgmiegs| coliaioifroor8did aticenioeeatoihd 10)edbiedly sushiZsRiaAeaeiycol; (11)
polyols, such Il i nitol and polygethylene glycol; (12) esters, such as ethyl oleate
and ethyl Iaur;}tﬁe;&}?%c?ﬁ)H a?rg Eg&g'%fn{c‘]n sehqg,lggesﬂ(gﬁ Sﬁiﬁﬁe(yﬁﬁ{ﬁ%%}&E%dsaﬁMmum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19)
ethyl alcohol; (20) phosphate buffer solutions; and (214 other non-toxic compatible substances

employed in pharmaceutical formulations. A physiologically acceptable carrier should not cause
significant irritation to an organism and



25does not abrogate the biological activity and properties of the administered compound. The term
"excipient"” refers to an inert substance added to a pharmacological composition to further facilitate
administrati¥{PA8833%88Mpound. Examples of excipients include but are nEUkR2A#08eET UM
carbonate, calcium phosphate, various srl;ﬁ/ars and types of starch, cellulose derivatives, gelatin,

vegetable oils aR8PdRRRIE HigcisiL T relogikyben betenospoogitps e ferred bigytherein,
the term "therapgijfic eiigst dopipirRe Bt isnaHnitattinpERIMRIERN fiRk¥iAlE af.in part,pf she

growth of cells characteristic of a proliferative disorder, e.g., colon cancer. A therapeutic effect may

also include amBHRMRBEFES RS MY BOH F@nhrounsEbaituled afcsWstituteth with Barowth or
size of the cell reaiss sab@tTBHIRCHINEND ATgIAFPMiay AR UBSERAEGaNRh2 AgedysHn !l size;

3) inhibition_(i.e., slowing, &éﬁferably stopping) of cell infiltration (i.e., metastasis) into peripheral

organs; 3) Mhibi¥H BX5IokRREBYce R NBRhASHARNNG. ribyinghsiigrea ke Ralaalisrhs BBebyiated
with the diseasearglskyas eaksRy, A%WIRVWXWS%fr@a&Q/EOWHBH&W,SdH?&‘Hg’I@F%BiH}@I, results

in such a theraﬂ?etgic effect is deemed to be a "therapeutically effective dose" or a "therapeutically

effective amountS AN I BHpdin@Ws RIRIRIRYEheredhe pRraferrefeafVt AREGUINNEHEIS an

amount 15 suffiehittylefietyia sgsiredresperssior thhamelisatsrafeyrBatuR PrfigNrayiBdespect to

metastasis or primary tumor progression, size, or growth. Typical mammalian treatment recipients

include mice, ra?gjecg}ég, dogs, and primates, including humans. An effective amount for a particular

patient may, vary depemﬂin%on,factors such as th ndition bein\%;reat%d, the overall 20 health of the
a

patient, the method, rout@,/ Al 3P %Higﬂi?gx Bﬂ}ﬁ'?ﬁeaﬁe ilth §FHH%{?fth§:'PQT@F)§BIy, the

effect will resultfnedernedigeailylqupntgatiopsof atdiaie alfont KXampeier Hi s Igasnifh @Ry, 50%,
70%, or even 90%.qor hen in combination, an effective amount is in ratio to a combination of
components an%(ﬁwtﬂoe%%g}éﬂ’lf?ﬂé@ﬁ?ﬁﬁﬁ\?ﬁﬁ%@’ %Wnents alone. A "solvate" is a

e
complex formed by the iAo splute alloprqtease inhikitor) and a solvent (e.g.,
water). See J. Honig et%?%ﬁl%ag o?sstrgar?é é(ﬁl%%nal%gg?cﬂﬁggcﬁvrap?e 5 ya@%%ﬂ@qeﬁfﬂ%
"optical isomer'S"G¥mrip@RienLy@laplkyicitingsl/arerans ismyely, "sieracisdosad, aspiro, or
"diasteregmer” i 's Gondensed Chemical Dictjonary,
C1th £, The DDt RO R areleae 8 o ferh MBI iRg® contai
2008/140792pP rora abows/8dembogt g tatbe niatamas pieferabhtidroi iSotdrferarbd tostertis)iting.
The application;of - Msefu ti , (0 0 tG.. i within the ability of the
skiled arisan Tn eor (oo o B A Rt Ul 7130 a4 BB Btitanone
processes befdPEREMnfamMaciive, drfutgriaiveaiomasmarotbgicanggenP refeuedighicpotiactive,
o1 is less actve BIRGERIRSOE AREATBEOT Sterayse NTIILELRY RGN Faapleca pipdrug
a Wi

may be broken down by bacteéria in the digestive system into products, east one of whic

become 28ive GENEARGafings, <Ry Glaaty bingsmasdie wsguhstitedtd. eushbsatihtéaraitbnous
injection, and sBPAuRRASIRIRMIZSH IR AR ¢ BRBIRANRIBIELIBATIEERAT SR, Ne

term "IC50" refers to an amount, concentration or 15 dosage 0f a particular test compoun

achieves a 509%YARMitRIG: Atasarikylebainalkyh Aheryhyketn, nivsioes starbreepoasENmM some

method embodiograimafdcaBRYo derd B X uerO bR ABRMAIRI AN NG o Ea gy ureater
for normal cells g@é}%cells exhibiting a proliferative disorder, e.g., breast cancer cells. The value

depends on th& Lefings inclige, ‘eyslopirPYl reysiarepbditeysiohexutiveyonhepiinegative

control irgthe pmﬁm(gtgsgmgf@y@m,ﬁ\gr &S opposed to a cancerous cell, e.g., a sample
possessing Wnt/I3-catenin pathway activity that correlates with a normal cell. A negative control may

also include a sampleThet tentafieycloadkysuespalinienadey wytliashiRyPIaHGACOIHER! Hefieontain

such pathway, ,%roeferablg{ﬁof an %ount.tha correlat s with overexpression as found in proliferative

disorders, e.g. BPESYERREVAIE cHitvGiomaPachighet My acite alvhadisalsiswhsrainn

purified ligand éachbsycltdigavia}yinusdidineth et erpiss . tHnsaaer B aBRIRISw AR Qu§Ie of the
controls may bﬁ ein gogetforqbof a dia§1nos ic_'di s%k." VYO 2008/140792PCT/US2008/006015
By "selectively targeting” s mealt anecing ofiady e HERIED Lhrextledindnfadicalndmerdey. in

the cased¥ canyeiopsopsilscyaisiaitydncpciopentyicelsishexyl ARE O REGCRIPTION OF THE

INVENTION 10The present invention provides a compound having the structure of Formula |
The term "cycloalkynyl" refers to cyclic alkyny! radicals which include

monocyclic, bicyclic, tricyclic, and higher polycyclic alkynyl- radicals wherein



Formula | 15 wherein n = 0 - 2 and wherein when n = 1, X is selected from CH2, 0, NRA, CO, and
C=NORA and whereinwhenn=2, X=CH2Y =0, S, NORA, or NRA wherein RA is
selected froMR2MAdAHRteroalkyl, alkenyl, alkynyl, 20cycloalkyl, -C(=0)RB P&IE§080603-0)NRBRC,

-C(=NRB)Rc, -NRBRc, heterocycloalkyl,aryl or polyaromatic, heteroaryl, arylalkyl and alkylaryl wherein
each of said R&3FR R&@id@é’ﬂféﬂd@ﬁﬁyﬁtﬂrglkﬁﬁf‘?ﬁ He @Rty Bight) SN AIIISH édgﬁ frdently

selected from GRYryIBRSE AR RPRITAURIG HomIWR 16 BWIGHOCAIbORE. R3, and R4 are

each independently selected from H, alkyl, heteroalkyl, cycloalkyl, arylcyclo |, alkenyl, alkynyl,
heteroaryl, heterocyclddM@ ahdnaleaes SQJ'\‘@@RC% &I\Hﬁ%‘ég §gécc’\¥ﬂn§é%éﬁ &ﬁﬂg%‘?rﬁ? €

heterocycloalkyjydféO 2R AUHP Ao GHP8/QREfSRStapRt &y aseecatiiorsleprtdingioselected
from H, OH, SH, alkogg, thioalkoxy, alkyl, halogen, CN, CF3, NO2, COORo, CONRDRE, NRDRE,

NRDCORE, NRBRRSHHE [¥RFONRFCONRDRE; wherein RD, RE and RF are independently H, alkyl,

Sheteroalkyl, aryl, arylalkyl, heteraaryl, heteroarylalkyl, cycloalkyl, ar heterocycloalkyl: . .. ided

thatif Xis0,Yis O anwgﬁ%@ al® Boti'g —O,b{ﬁé{?mﬁ\écﬂ?ﬁ gxa?ﬁlﬁ!&()g\réerb]%rt‘ i&gr?t?(t:g?{v%erein

R1 and R3 arewitkhoheirnsieprirdehtijossidusetlirots. H Rvedd nedr aéyC heatoalRAs MIGE are
b4

each independently selected from lower alkoxy(loweralkyl), di Iower)alkKIamino(Iower)aIk%/

P
halobenzyl, mapprisiFeAiafR SarGe dralglkyisa stINrerBRRrelerisdedilhat iy 1s&a Styls.
piperidino, morgholino, piperazing, N- vipipgrazi t ino, or substituted glycine 15 and
that if X is (CH )rf# |rse (8 %?{ﬁéﬁﬁsﬁ%qagn%&?@ur%‘?ga%%aog é%athen R1, R2, R3, and R4 are not all

methy! ang that f n = QS SUHOS AR X AE CBF e . SHOUBLIEFRAINEIR

are not identical and o , R3 and R4 ar¢ each independently selected from C1-05 alkyl, Cio

alkyl, C16 alkymoLe thiapl oplehgiereaiam mangentaipl difesanileieyaatamspyrazolyl,
benzimidazolyl, triazolyl; or NRlRZuand NR3R4 are independently piperidino, morpholino, or
piperazino. 25 and th&eif Jerneo . Retemwalky.u aﬁ@"\?’ﬁl{'@@é{bh@—‘gﬂ%ﬂw{ﬁb al PN 1R

are not identical,apAnperain&ituRd: ByandRédje sAah AIkpRANdenidirelectad figsadrpty!, ethyl,
hydroxy-Ci-C3-alkyl, SH, RO, COOH, SO, NH2, and phenyl or wherein one or both of non-identical

30NR1R2 and AlreyR4 2ndnetiitDRE pngiAh SN RISRKRIR T A2IRHPNS REIRS IR TENH A Azino,

WO 2008{24072R¢ HINerORR0BAH5on, 8N WhRiRIEnVhaitrSgerC=SuMuE=NRd$prdsdusr BIOH, and
U and V are each 0=S=0 and one of R1 or R2 and one of R3 or R4 is phenyl then the other of R1 or

R2 and R3 or FE2TRR{Beties dN§ie8inciudingallpharmaceutically acceptablesalts,esters,amides,
sterecisomers, geometHetisRIaRiA; #9MABELPAtRPAFUGSHIRIRBED chdin 2optaeiiag adiverinthe

invention provic;?s I%ggtm%%uendhheatlgi%gattg%?tryv tg{girc‘)f I?1Cc)>rmtl\¢\|/%”hle’tleroatoms are adjacent.
Heteroalkyl chains contain from 2 to 15 member atoms (carbon and
20 heteroatoms) in the chain, preferably 2 to 10, more preferably 2 to 5. For
example, alkoxy (i.e., -O-alkyl or -O-heteroalkyl) radicals are included in
heteroalkyl. Heteroalkyl chains may be straight or branched. Preferred
branched heteroalkyl have one or two branches, preferably one branch.
Preferred heteroalkyl are saturated. Unsaturated heteroalkyl have one or
25 more carbon-carbon double bonds and/or one or more carbon-carbon triple
bonds. Preférred unsaturated heteroalkyls have one or two double bonds or
one triple bond, more preferably one double bond. Heteroalkyl chains may be
unsubstituted or substituted with from 1 to 4 substituents. Preferred
substituted heteroalkyl are mono-, di-, or tri-substituted. Heteroalkyl may be

30 substituted with lower alkyl, haloalkyl, halo, hydroxy, aryloxy, heteroaryloxy, &
acyloxy, carboxy, monocyclic aryl, heteroaryl, cycloalkyl, heteroalkyl,

heterocycloalkyl, spirocycle, amino, acylamino, amido, keto, thioketo, cyano,

10



R2 OFormula Ii wherein R7 and R8 are independently selected from H and SO2NR3R4 and one
of R7 or R8 is hydrogen, or of Formula Ill Formula Ill 20wherein R7 and R8 are independently
selected froM YN SFPINR3IR4, wherein one of R7 and R8 is hydrogen aR§ WHEHAK9ABETH of said
Formulas Il and Ill the other substituents have the meanings as defined for Formula I. In specific

examples of theriramntombiratomsbarrprss YieTel@ 9soupHstdResibadefemex3emIeL 8% @Rerein A

is (CR,R2)m, m, 4, n AJsHCRIBANDipPriReai R Liasd R2 pigigatesflinrd sinwbere
herein. WO 2%%%%4%%%@%%%{%0060@ P Irll s?pecific examples of the inventioﬁ&,ﬁthe

compound of Faitechaestacfirtheusuhsiiuents Thuri, 'optyigidines (eens2pttaphmens; Qherein
Bis (CRlRZ)"’eEH@p%»r%*iWeRAaa{P% Re9198ieBethe!sruieieHeERis - ethyppriiR-Spestits
n

examples of the invention, the compound of Formula | 5is a structure wherein C is NRi or wherein C is
(CR1F22)8 m attashmept yiitha RWIHRE 4i3%s defined elsewhere herein.  In other specific
examples of the invention, the compound of Formula | is a structure \g}hereir[‘l Dis ngi]’xér wherein D is

(CRi R2)m, rrl = 1 or rhietereanyIRe A3tomalic fnaramaluag e AR AIRMHA! ﬂmnaltgpecific

examples of thg payRNEoRetERESAROUATLRE FaRE Uladtisréaiueings Vahereronatysiibiar resets in the
center X-containing ring being a 5-membered ring. In oth rmecific xamples of the in%eSption, the

compound of FRIFHENS (109 Systems WHARRFYEIS gieraay! ﬁe?gfﬁ?qs &IPS n

specific examplasooi theriewendipatdhescaamssma ol Fetetdatbiss) spreferabiyhremeXisediben = 1, or
wherein X is CO and n =1, or wherein X is C=NORi, n =1 and R1,is.as defingdtels‘F.yvher?nr%gain.
In specifi&%xarﬂfﬂ@%sof'ﬂwéhﬁvé‘ﬂﬁ’on,éfﬁécﬁ%%ﬁwaflFB%%I&?%%%H%HJre wher&in X 18 ©Ri R2, n

= 1 or wherein YiénfeR3R%rably e 1ehatenRd Bloary] R2keaiag dBivyadiclbetdromryietieigs I
specific examples of the invention, the compound of Formulg | is a structure, rein Y. is.Q, or wherein
Y is NRi or whdPRG9e 088y %ﬁmﬁ/h‘%ﬁﬁﬁ%ﬂﬁ ?é"gsréré%n'égheq %Wﬁgg (ra‘r('je\#ﬁg other I?r{%%e{s

embodiment offrormuetbrohey Y &6 XlkynooC=Retedoatien, 2hatésayeloalkylot Brefersaparate
embodiment, Y is 0 and X.is C=0., . In another embodiment of Forgmula | | |, either
Y is not NOH oP'r?Y@f’b £GQALULENG SY 88&%‘?8@%%‘?@3&1%&%?&’? %'E‘,W(F g%\IERIﬁg%iL and Y is
NOH. 15 Insm:Sis exanpleenfibescbmipgendietéfaamnuipngs) may \bere esubstituteds<n.

Additional examples .of the latier are compoupds wherein X i |
2008/140792Pé%ﬁé?ﬂ&é/%tgbﬁogﬁd{nn% s asrfg‘ﬁ?’i‘sso%rgswﬁgrvg'g%p%%t Q3R I3y, 8% 1,
and n = 1 or 2 antfijathdRAh draiiR Ayanocomifroyiys doxy OcarizbXyisaming, acyempuuraiylherein

Xis 0, and Y is,NORA pr NRA, por pou herein X is d Y CORWOYRMS
wherein X is Nﬁﬁ%&ﬂa%yg I\%I%E?‘?TNRP/EQORI)}@ cc?rﬁ(ggt\fhdg %ﬁn ﬁége 8@3%??%':0% clé{oH pounds
wherein X is C@cmbliivatioN Gtiekemt N Rrgforreshiederatryl imgsninclydes hoRxeanatyimitgdto,
compour% Wh&réaip %is.C;NORA and Y is NORA. In all embodiments of Formula I, when X is C=0 or
C=NOH, Y'is0or 18 BIQ?and U and V are each 0=5=0 and one of R1 or R2 and one of R3 or R4 is
phenyl then the other of Ri or R2 and B3 or R4 is not H ogyalkyl. Thus, by way of non-limiting example,
if Xis C=0, Y is H,Ua are e O:SﬁOf,‘l nd R1 R4 ar cE7ch l, then R2 is not H or
alkyl and R3 is @4 or alkyl./A5 ne en\\ﬁiimen \of ormulg I/ Ri, 3, and R4 are each
independently selected from H, alk% cycloalkyl, alkenyl, and alkynyl. In another such embodiment, RA
is hydrogen and K" R2,T Hg?gennc? R )fa{'f\ée?eeach}//lrﬁéoe}gf)er?{(ﬁh %ﬁ@°§e|e§¥gé° ?orrTLS ,aéﬂ%/l, cycloalkyl, alkenyl,
and alkynyl. In an 2 additiopg| such emhgndiment, NR1RP and NR3R4 &re each indePendently a 6- to
15-membered he’l'\e_rc}ycle, gr;ﬁrably é‘he rocycloalkyl. / In specif@_e%bodimeﬁi\s_g'?‘ Formula Il,
R-1, R2, R3, and R% are eath Independently selected from H, alkyl, c%lo"élkyl, alkenyl, or alkynyl. In
other 25 such esethipiels, Rrarelydtgehnianpree R2,233TiggelR 4 ard BuRtiariepeht8A selected
from H, alkyl, cycloalkyl, alkenyl, or alkynyl. In additional examples, NR1R2 and NR3R4 are
independently 6- to 1§-membered hetgrocycle, pr eraﬁly a heter;ﬂ: cloalkyl cgRtaining one nitrogen in
the ring. N'J N\\_W @: N N N7

1,2,3-Thiadiazole 1,2,4-Thiadiazole Benzotriazole 1,2,4-Triazole Tetrazole

11



30In other embodiments, the compounds of the invention are derivatives of one of the following ring
systems, especially disulfonamide derivatives thereof: PCT/US2008/006015 140 0 xanthene _
fluorene anth@2eMeI W acridine dibenzosuberone Such compounds mB¢ BESMEBIYHAbstituted.
The present invention also relates to compositions of compounds, including those in Tables 1-13, and

having structures of ulalina %?ﬁpeutically effectjye amount irgﬁqﬁrmaceutlca;%?%eptable
H

carrier. R3 NU R4 X, II' R1 R2  Formuljgfherein X = @HZ and n = q4 0, NRA, CO,

or C=NORA a”d:,'i‘,zloiaa.é’zo% ‘I\,lipmeag{azNo%A1 2,3,4-Oxatriazole 1,2,3,4-Thiatriazole 1,2,3,5-Thiatriazole
/O\ N\

N N 7N ©
NN ) ) |
LN E;rll [NA N @

1,2,3,5-Oxatriazole 1,2,3-Triazine 1,2,4-Triazine 1,2,4,5-Tetrazine  Dibenzofuran

H
N\ PO N N
~N N N™ SN N A A

Pyridine Pyridazine Pyrimidine Pyrazine 1,3,5-Triazine Indolizine indole
| H N N
_ ° > N‘N N/\IN> )
__NH p / Y lN, N P
Isoindole Benzofuran Benzothiophene 1H-Indazole  Purine Quinoline
N
N
S 0] N.__N
Cry O Oy O
N =N
H N N N
5 Benzimidazole Benzthiazole Benzoxazole Pteridine Carbazole

7 = ~-N
Isoquinoline  Cinnoline  Phthalazine  Quinazoline Qumoxanne 1,8- Napthypyndme
CCO
~ P
N N

Acridine Phenazine

A fused heteroaryl radical may contain from two to four fused rings and

10  where the ring of attachment is a heteroaromatic ring, the other individual
rings within the fused ring system may be aromatic, heteroaromatic, alicyclic

or heterocyclic. The term heteroaryl also includes mono-heteroaryls or fused
heteroaryls having from five to about twelve skeletal ring atoms, as well as
those having from five to about ten skeletal ring atoms. The term "lower

15 heteroaryl" refers to a heteroaryl having five to about ten skeletal ring atoms,

e.g., pyridyl, thienyl, pyrimidyl, pyrazinyl, pyrrolyl, or furanyl.

12



wherein RA is independently selected from hydrogen, alkyl, 20 heteroalkyl, alkenyl, alkynyl, cycloalkyl,
-C(=0)RB, -C(=0)0RS8, -C(=0)NRBRc, -C(=NRB)Rc, -NRBRc, heterocycloalkyl, aryl or polyaromatic,
heteroaryl, 3R HdAlkylaryl wherein each of said Rg and Rc is inde F&Tderip3Noams|,

heteroalkyl, 25U and V are each independently selected from C=0, and 0=S=0 and provided U is C=0,
V can not be C=0, Wibigtereantyaspis a0 spamsoosdisa havings2heteard suisttieptndently

selected from Y@FPgﬁlh%'ﬂ@be?.foaﬂ*?ﬂﬁe\?Yé@%{ér%%/ﬂﬂasls?a&?ﬂl?&ﬁﬁﬁlua&ywh aRdnhsigroaryl,
heterocycloalkyl, and.each of said NR1R2 and NR3R4 can independently form hete_roc;cloalkyl, 5R5

and R6 are seleyfidyieom hyFggay aaroxthieRREARIO koxy (X RAMBIRN Yalky( IHOXN, CF3,

NOZ, COORD*(E%BQB)%@{F@R%WB%QB%EB 512 BRd BRch PEREGEINRIRRE; wherein RD, RE
and RF are independently hydrogen, alkyl, 10heteroalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,

cycloalkyl,gand heterogyelpativicioeikgingsod Baairaise Wicaly acrapsablingatonteiting eanttsrs,
stereoisomersr,]%eometric Isomers, solvates or prodrfj s thereof, 15 The compoungs of said

compositions n9BRBoAAAIRE mUitdind SRISIRIAPY hbtdPocyt IS 22Tt et (BD%hown in

the tables) confaéigia eyENlIRFIUPAAGS. atres abtup deoiatierodtenscefeiiatkflontiNgandare20
The present invention also provide utic compositions of any of the compoupgs of th

%thhera;ée, d fc[Tn stems onocyclic
invention, suchBRRREYIMHRUALR BiSPShREA9e™h £ HRTAPEIITENS ¥ IRUStion ey be n the
form of 25 phaessridicdIRgramigelesaitaiestess aatides, Steteosboutry) gewnmitec iatoness,
solvates or prodrugs thereof. Where a comppund of the inventior} is_a stereois r,3he latter may be
an enantiter 6?&@%%&@%@?e?£%ﬁ%iﬁb%%ﬂ@@a %’ﬁgﬁ %%Fe%rrorrnc?);rﬁ:l%ni a%' ém% r('?enter,
for example, a grirakcatpe aimgn)B ibeclinrmeté toeyatoatior nihgsesbfdaphfromaddotit @ rBerpbrroses
may include either enantiomer qr.the yacemaie, although one of said enentiomers may rred,
such as where A e aRIGIEE orfis nﬁ%reﬁgcti\/@ ﬁ%?ﬂ%e 8fﬁt?rseneﬂtiorilrfl1§r. \ﬁﬂ re s%?(y ‘é(ﬁ;ﬁpound
of the inventiorh\&teraopeid 4Ky 2R US20RBHOIEOID iatrogéoimelivic ammér {&.gringnetioma, carbon
pair with substituents attached in,Gis- Q trans- configugation), ej is- , - form,
may be preferr@&ef%rﬁahbf £ S{iggl ﬁeﬁ'%ﬂhaoggﬂsmigb%s igf ﬁgg%gg g%%é%{ﬂ{o%{r#gﬁé? bBee used in
the methags offtreeihyvepiia) tortheidgedt tingy spsteths .5Besheuqrhdicydéuthelesicycloalkyl
"pharmaceutically-acceptable salt” js a cafionic salt t idic (eq., carboxyli idlgroup,
or an anionic sé'le(?c)srrﬁg%g{ 'eslr?y%d §c er.ag.,rgﬁnﬁ%%é%gﬁﬁ%a@%égﬁgs%ﬂs%m%nﬁ%% frﬁﬁ]&e}%t, as
described in Wing$. 3Tétezey ¢aikgtoings ahaplisisisl Sstiftdet érea.1 coasTinnbydogames &y
reference herein), Examples qof suitabl [ inclyd dipate, algipat at
benzoate, benzseunbessfiﬁfgﬁge, Fismgteﬁgagij?gg%hraﬁ, isaané%mg?e, gampﬁﬁ{sguﬁf&\@m or
cyclopentanepiugiercetordiglcbnthg wituFoyrsdiftaet stkstduents srleiaddtomuneitik, halo,
glucoheptanoate c osph ly epusulf ta h h chloride,
pivh h%&“aﬁ)@ge fég%@&j il SRIBI e RURY o BRI MEXgAAIFon RS

hydrobromide, esulfona ctate, maleate, malonate, methanestulfonate,
2-napthalenesidfoitoe attigbioter, thante)etkalitdgiareakd, patarlkd, paesytaadkoxy, aryloxy

3-phenylpropioga, PRSI AL e Bl ALT AERPATALE SN B SRR S FiFclfsate, 20

thiocyanate, tosylate’ an ecanoate. Other acids, such as oxalic, while not in themselves

pharmaceuticaigetbybpeiivtxyindyalse andphajeallythé dretrirsusioslisditing snaadmaltardistes in
obtaining the cmRPuDEALLH HENER5R S el R By RSP AR e Rbls SRR als.

Preferred cationic salts include the alkall metal salts (such as sodium and potassium), 25 and alkaline
earth me®f salttetanienystoaliyhsingm Brefersrdumeteracig/aalkdaisgsrdrsitsde ahidhi@®uRahclude
the halides (sucﬁ%ﬂégqg),r{qg ﬁﬁﬁkliﬁg!fonates, carboxylates, phosphates, and the like. Compounds of
the present invention that contain on€ or more acidic 30 functional groups are capable of forming
pharmaceutically acceptable salts with pharmaceutically acceptable bases. The term

"pharmaceutical acceplg)\{lﬁgf salts” in thesge iggtances rstother ely n iCy\inorganic and
organic base adgiffon sa co unds e preser@ention. T WO
2008/140792PCT/US2008/006015 salts can likewise be pr red in, sity. during the fi isolation and
purification of tl%x'&)'}ﬁpdo‘lﬁ\%?%r%vgaé}garéfgﬂyVbeacfﬁ%ba'&%(?%%rn ieo?l c\,’cr)réi]'éjgﬁnd i%lnﬁﬂ%zée acid form
with a suitable base, such as the hydroxide, carbonate or bicarbonate of a pharmaceutically
acceptable metal cation, with ammonia, or 5 with a pharmaceutically acceptable organic primary,
secondary or tertiary amine. Representative alkali or alkaline earth salts include the lithium, sodium,
potassium, calcium, magnesium, and aluminum salts and the like. Illustrative examples of some of the
bases that can be used include sodium hydroxide, potassium hydroxide, choline hydroxide, sodium
carbonate, W(C1-4 10 alkyl)4, and the like. Representative organic amines useful for the formation of
base addition salts include ethylamine, diethylamine, gtgylenediamine, ethanolamine, diethanolamine,
piperazine and the like. This invention also envisions the quaternization of any basic
nitrogen-containing groups of the compounds disclosed herein. Water or oil-soluble or dispersible
products may



15be obtained by such quaternization. Such salts are well understood by the skilled artisan, and
the skilled artisan is able to prepare any number of salts given the knowledge in the art. Furthermore, it
is recognizeW O ERAed artisan may prefer one 20 salt over another fAGCEASEABEPSYURIbility,
stability, formulation ease and the like. Determination and optimization of such salts is within the
purview of the skill rtisan's praétice. In ar@ﬁ r aspect, the-p@esent invention elgtes to
compositions of an of the c unds of gsinvention, prefexdbly wherein s th pound is
present in a pharmaceutically acceptable carrier and in a therapeutically effective amount. Such
compositions will-§&liRRIAYEd Aitisio'aRearh alithisangch ©6mhwdies eiatdls rbs Wikic (Pieoxarp@mount

that is safe for thergpeutic use®), 30 Sel€xted examples of. compounds of thegavention include, but
are not limited to,| anwar all @ compouf Tables 2-13 Any and all compounds are
specifically claimed-for their us&€’in any and ail of the methods™O 2008/1 T/US2008/006015
of the invention Apraskirisdisated SoEibige g is rilarhed yathe atasn Aiacked with an

asterisk (*) For example, in Table 1 the sulfur atoms of the core structure are attached to the indicated
R group at the astgrisked nitr@}/\mﬁhe R eplumn of the table. Table 1 Compound R MW 1-1 0 *NO K

646.7 1-2 *NI C 1-B *Ny----- s \-i’-‘j 530.59j *N 1--...E§§8}7 1-5 50%‘3\166 *N ------ LY
, e »

530.6
Chromone Chroman Piperidine Morpholine 4H-1,3-Oxazine 6H-1,3-Oxazine

S OO0

5,6-dihydro-4H-1,3-oxazine 4H-3,1-benzoxazine Phenothiazine 1,3-Dioxane

H O O OO

5 Cepham Piperazine Azepane 1,3-Dithiane 1,4-Dioxane Penem
H H H
H N 0 N O N 0]
oo N [T YT [T
[ j NH NH NH CS
Z S
o 0 NH,
Coumarin  Thiomorpholine Uracil Thymine Cytosine Thiolane

o Co ) O O

2,3-Dihydro-1H-Isoindole Phthalan 1,4-Oxathiane 1,4-Dithiane hexahydro-Pyridazine

H
N
Com G ()
/ S,
S O//\O NH

1,2-Benzisothiazoline Benzylsuitam [1,4]Diazepane

10
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1-7*HN11518.51-8* HN 111 574.6 1-9 530.6 1-10 N z-Th c_iN H532.6 1-11LI-560.6 1-12
N----...)1y ===y, *HN 1-? 592.7 1-13 ..----.", *N ..---...1"1--e-Oila 760.9 1-14*N N ..,..- 110 760.9
1-15 WO 2008/140792 PCT/US2008/006015

The term "membered ring" can embrace any cyclic structure, including
aromatic, heteroaromatic, alicyclic, heterocyclic and polycyclic fused ring
systems as described below. The term "membered" is meant to denote the
number of skeletal atoms that constitute the ring. Thus, for example, pyridine,

5 pyran, and pyrimidine are six-membered rings and pyrrole, tetrahydrofuran,

and thiophene are five-membered rings.

The term "aryl," alone or in combination, refers to an optionally
substituted aromatic hydrocarbon radical of six to about twenty ring atoms,
10 and includes mono-aromatic rings and fused aromatic ring. A fused aromatic
ring radical contains from two to four fused rings where the ring of attachment
is an aromatic ring, and the other individual rings within the fused ring may be
aromatic, heteroaromatic, alicyclic or heterocyclic. Further, the term aryl
includes mono-aromatic ring and fused aromatic rings containing from six to
15  about twelve carbon atoms, as well as those containing from six to about ten
carbon atoms. Exémples of aryl groups include, without limitation, phenyl,
naphthyl, anthryl, chrysenyl, and benzopyrenyl ring systems. The term "lower
aryl” refers to an aryl having six to about ten skeletal ring carbons, e.g;,
phenyl and naphthyl ring systems.
20
The term "heterocyclic" refers to optionally substituted saturated or
unsaturated nonaromatic ring radicals containing from five to about twenty
ring atoms where one or more of the ring atoms are heteroatoms such as, for
example, oxygen, nitrogen, sulfur, and phosphorus. The term alicyclic
25 includes mono-heterocyclic and fused heterocyclic ring radicals. A fused
heterocyclic radical may contain from two to four fused rings where the
attaching ring is a heterocyclic, and the other individual rings within the fused
heterocyclic radical may be aromatic, heteroaromatic, alicyclic or heterocyclic.
The term heterocyclic also includes mono-heterocyclic and fused alicyclic
30 radicals having from five to about twelve skeletal ring atoms, as well as those
having from five to about ten skeletal ring atoms. Example of heterocyclics
include without limitation, tetrahydrofuranyl, benzodiazepinyl,
tetrahydroindazolyl, dihyroquinolinyl, and the like. The term ‘"lower

15



*N..=....., L¥eeemeeee-N H2 560.6 1-16 ...---..." *N 532.6 1-17 *NII-Th --.......", N ..,..."--- 560.6 1-18 TM
0616,7 1-20 *I'M \".N--.....7 588.7 1-21 *N....=-...._ NH 504.5 1-22 i--- *HN-----", N,,.-- 564.7 1-23 1
*N-----..,,N,"WO. 208834479204 *NCbN --N.\ 584.7 1-25 -7---1 1 "= NI."---r|-ORF T/US2008/006015

heterocyclic" refers to a heterocyclic ring system having five to about ten
skeletal ring atoms, e.g., dihydropyranyl, pyrrolidinyl, indolyl, piperidinyl,
piperazinyl, and the like.

5 _ The term "alkylaryl," alone or in combination, refers to an aryl radical as
defined above in which one H atom is replaced by an alkyl radical as defined

above, such as, for example, tolyl, xylyl and the like.

The term "arylalkyl," or "aralkyl," alone or in combination, refers to an
10 alkyl radical as defined above in which one H atom is replaced by an aryl
radical as defined above, such as, for example, benzyl, 2-phenylethyl and the

like.

The term "heteroarylalkyl" refers to an alkyl radical as defined above in
15  which one H atom is replaced by a heteroaryl radical as defined above, each
of which may be optionally substituted but wherein the aryl group is attached

to a larger core structure with the alkyl group being the terminal moiety.

The term "alkylheteroaryl" refers to an alkyl radical as defined above in
20 which one H atom is replaced by a heteroaryl radical as defined above, each
of which may be optionally substituted but wherein the alkyl group is attached

to a larger core structure with the heteroaryl group being the terminal moiety.

The term "aryloxy," alone or in combination, refers to an aryl ether

25 radical wherein the term aryl is defined as above. Examples of aryloxy
radicals include phenoxy, benzyloxy and the like.

The term "alkylthio," alone or in combination, refers to an alkylthio

radical, alkyl-S--, wherein the term alkyl is as defined above.

30 The term "arylthio," alone or in combination, refers to an arylthio

radical, aryl-S--, wherein the term aryl is as defined above.

16



592.6 1-26 668.8 1-27 *NO 558.7 1-28 *N L-----"-----"OH 1-29 618.6 1-30 *HN --C) 586.7 1-31
634.8 1-32 NH* 634.8 1-33tO 586.7 1-34 *HNs"...P 690.9 1-35 *NC) a 694.9 1-36

WO 2008/140792
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15

20

25

30
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The term "heteroarylthio” refers to the group heteroaryl-S--, wherein the

term heteroaryl is as defined above.

The term "acyl" refers to a radical --C(O)R where R .includes alkyl,
alkenyl, alkynyl, aryl, heteroaryl, alicyclic, heterocyclic, arylalkyl or
heteroarylalkyl wherein the alkyl, alkenyl, alkynyl, aryl, heteroaryl, alicyclic,
heterocyclic, arylalkyl or heteroaryl alkyl groups may be optionally substituted.

The term "acyloxy" refers to the ester group --OC(O)R, where R is H,
alkyl, alkenyl, alkynyl, aryl, heteroaryl, alicyclic, heterocyclic, arylalkyl, or
heteroarylalkyl wherein the alkyl, alkenyl, alkynyl, aryl, heteroaryl, alicyclic,
heterocyclic, arylalkyl or heteroarylalkyl may be optionally substituted.

The term "carboxy esters" refers to --C(O)OR where R is alkyl, aryl or
arylalkyl, wherein the alkyl, aryl and arylalkyl groups may be optionally
substituted. '

The term "carboxamido" refers to the structure_—C(O)NRR' where
nitrogen is attached to the carbonyl carbon and each of R and R' are
independently selected from the group consisting of H, alkyl, aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl and heteroarylalkyl, wherein the alkyl, aryl,
heteroaryl, alicyclic, heterocyclic, or arylalkyl groups may be optionally
substituted.

The term "oxo" refers to double-bonded oxygen, depicted as =0.
The term "halogen" includes F, Cl, Br and |.

The terms "haloalkyl, haloalkenyl, haloalkynyl and haloalkoxy" include
alkyl, alkenyl, alkynyl and alkoxy structures, as described above, that are
substituted with one or more fluorines, chlorines, bromines or iodines, or with

combinations thereof.
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The terms "perhaloalkyl, perhaloalkyloxy and perhaloacy!" refer to alkyl,
alkoxy and acyl radicals as described above, that all the H atoms are

substituted with fluorines, chlorines, bromines or iodines, or combinations

thereof.
5 |
The terms "cycloalkyl, arylalkyl, aryl, heteroaryl, alicyclic, heterocyclic,
alkyl, alkynyl, alkenyl, haloalkyl, and heteroalkyl" include optionally substituted
cycloalkyl, arylaikyl, aryl, heteroaryl, alicyclic, heterocyclic, alkyl, alkynyl,
alkenyl, haloalkyl and heteroalkyl groups.
10
The terms "alkylamino”, refers to the group --NHR' where R is
independently selected from alkyl.
The terms “dialkylamino”, refers to the group --NRR' where R and R’
15 are alkyls.
The term "sulfide" refers to a sulfur atom covalently linked to two
atoms: the formal oxidation state of said sulfur is (). The term "thioether” may
be used interchangeably with the term "sulfide."
20

The term "sulfoxide" refers- to a sulfur atom covalently linked to three
atoms, at feast one of which is an oxygen atom; the formal oxidation state of
said sulfur atom is (IV).
The term "sulfone" refers to a sulfur atom covalently linked to four
25 atoms, at least two of which are oxygen atoms; the formal oxidation étate of

said sulfur atom is (VI).

The terms "optional" or "optionally" mean that the subsequently

described event or circumstance may but need not occur, and that the

30 description includes instances where the event or circumstance occurs and
instances in which it does not. For example, "aryl optionally mono- or di-
substituted with an alky!l" means that the alkyl may but need not be present, or

either one alkyl or two may be present, and the description includes situations
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where the aryl is substituted with one or two alkyls and situations where the

aryl is not substituted with an alkyl.

"Optionally substituted" groups may be substituted or unsubstituted.
The substituents of an "optionally substituted" group may include, without
limitation, one or more substituents independently selected from the following
groups or designated subsets thereof. lower alkyl, lower alkenyl, lower
alkynyl, lower aryl, heteroaryl, alicyclic, heterocyclic, arylalkyl, heteroarylalkyl,
lower alkoxy, lower aryloxy, amino, alkylamino, dialkylamino, diafylalkylamino,
alkylthio, arylthio, heteroarylthio, oxo, oxa, carbonyl (--C(O)), carboxyesters (--
C(O)OR), carboxamido (--C(O)NH), carboxy, acyloxy, --H, halo, -CN, --NO, -
-N;, --SH, --OH, --C(O)CHj;, perhaloalkyl, perhaloalkoxy, perhaloacyl,
guanidine, pyridinyl, thiophene, furanyl, indole, indazole, ésters, amides,
phosphonates, phosphonic acid, phosphates, phosphoramides, sulfonates,
sulfones, sulfates, sulphonamides, carbamates, ureas, thioureas and
thioamides, thioalkyls. An optionally substituted group may be unsubstituted
(e.g., -CH,CH3), fully substituted (e.g., --CF2CF3), monosubstituted (e.g., --
CH,CH.F) or substituted at a level anywhere in-between fully substituted and
monosubstituted (e.g., --CH2CF3).

Some of the compounds of the present invention may contain one or
more chiral centers and therefore may exist in enantiomeric and
diastereomeric forms. The scope of the present invention is intended to cover
all isomers per se, as well as mixtures of cis and trans isomers, mixtures of
diastereomers and racemic mixtures of enantiomers (optical isomers) as well.
Further, it is possible using well known techniques to separate the various
forms, and some embodiments of the invention may feature purified or

enriched species of a given enantiomer or diastereomer.
A "pharmacological composition" refers to a mixture of one or more of

the compounds described herein, or pharmaceutically acceptable salts

thereof, with other chemical components, such as pharmaceutically

19
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acceptable carriers and/or excipients. The purpose of a pharmacological

composition is to facilitate administration of a compound to an organism.

The phrase "pharmaceutically acceptable carrier" as used herein
5 means a pharmaceutically-acceptable material, composition or vehicle, such
as a liquid or solid filler, diluent, excipient, solvent or encapsulating material,
involved in carrying or transporting the subject agent from one organ, or
portion of the body, to another organ, or portion of the body. Each carrier must
be "acceptable" in the sense of being compatible with the other ingredients of

10 the formulation and not injurious to the paAtient. Some examples of materials |
which can serve as pharmaceutically-acceptable carriers include: (1) sugars,
such as lactose, glucose and sucrose; (2) starches, such as corn starch and
potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl
cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5)
15 malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and suppository
waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil,
olive oil, corn oil and soybean oil; (10) glycols, such as propylene glycol; (11)
polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; (12)
esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents,
20 such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16)
pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible
substances employed in pharmaceutical formulations. A physiologically
acceptable carrier should not cause significant irritation to an organism and
25 does not abrogate the biological activity and properties of the administered

compound.

The term "excipient" refers to an inert substance added to a
pharmacological composition to further facilitate administration of a

30 compound. Examples of excipients include but are not limited to calcium
carbonate, calcium phosphate, various sugars and types of starch, cellulose

derivatives, gelatin, vegetable oils and polyethylene glycols.
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As used herein, the term "therapeutic effect" includes, but is not limited

to, the inhibition, in whole or in part, of the growth of cells characteristic of a

proliferative disorder, e.g., coloh cancer. A therapeutic effect may also include
amelioration of one or more of the symptoms of the disease, other than cell .

5 growth or size of the cell mass, and may include 1) a reduction in the number

of cells; 2) a reduction in cell size; 3) inhibition (i.e., slowing, preferably

stopping) of cell infiltration (i.e., metastasis) into peripheral organs; 3)

inhibition or slowing of cell growth; and/or 4) relieving one or more symptoms

associated with the disease, such as cancer. Any amount or dose of a

10 compound disclosed herein that results in such a therapeutic effect is deemed

to be a "therapeutically effective dose" or a "therapeutically effective amount”

of said compound.

As it relates to cancer, the phrase "effective amount” means an amount
15  sufficient to effect a desired response, or to ameliorate a symptom or sign,
with respect to metastasis or primary tumor progression, size, or growth.
Typical mammalian treatment recipients include mice, rats, cats, dogs, and
primates, including humans. An effective amount for a particular patient may
vary depending on factors such as the condition being treated, the overall
20 health of the patient, the method, route, and dose of administration and the
severity of side affects. Preferably, the effect will result in a change in
quantitation of at least about 10%, preferably at least 20%, 30%, 50%, 70%,
or even 90% or more. When in combination, an effective amount is in ratio to
a combination of components and the effect is not limited to individual
25 components alone.
A "solvate" is a complex formed by the combination of a solute (e.g.,
a metalloprotease inhibitor) and a solvent (e.g., water). See J. Honig et al.,
The Van Nostrand Chemist's Dictionary, p. 650 (1953).

30 The terms "optical isomer", "geometric isbmer" (e.g., a cis and/or
trans isomer), "stereoisomer”, and "diastereomer" have the accepted
meanings (see, e.g., Hawley's Condensed Chemical Dictionary, 11th Ed.).

The illustration of specific protected forms and other derivatives of the
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compounds of the instant invention is not intended to be limiting. The
application of other useful protecting groups, salt forms, prodrugs etc,, is

within the ability of the skilled artisan.

5 A "prodrug" is a form of a drug that must undergo chemical conversion
by metabolic processes before becoming an active, or fully active,
pharmacological agent. A prodrug is not active, or is less active, in its
ingested or absorbed or otherwise administered form. For example, a prodrug
may be broken down by bacteria. in the digestive system into products, at

10 least one of which will become active as a drug. Alternatively, it may be
administered systemically, such as by intravenous injection, and subsequently

be metabolized into one or more active molecules.

As used herein, the term "ICso" refers to an amount, concentration or
15 dosage of a particular test compound that achieves a 50% inhibition of a
maximal response in an assay that measures such response. In some method
embodiments of the invention, the "ICs," value of a compound of the invention
can be greater for normal cells than for cells exhibiting a proliferative disorder,
e.g., breast cancer cells. The value depends on the assay used.
20
By a "standard" is meant a positive or negative control. A negative
control in the present case refers to a normal as opposed to a cancerous cell,
e.g., a sample possessing Wnt/p-catenin pathway activity that correlates with
a normal cell. A negative control may also include a sample that contains no
25 such pathway. By contrast, a positive control does contain such pathway,
preferably of an amount that correlates with overexpression as found in
proliferative disorders, e.g., breast cancers. The controls may be from cell or
tissue samples, or else contain purified ligand (or absent ligand), immobilized
or otherwise. In some embodiments, one or more of the controls may be in
30 the form of a diagnostic "dipstick."
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By "selectively targeting” is meant affecting one type of cell to a greater
extent than another, e.g., in the case of cancerous cells versus non-

cancerous cells.

5
DETAILED DESCRIPTION OF THE INVENTION
10 The present invention provides a compound having the structure of
Formula |
R
/ 1
V—N
\
R2
Formula |
15

wherein n = 0 — 2 and wherein when n = 1, X is selected from CHz, O, NRa,
CO, and C=NORa and wherein when n = 2, X = CH,

Y =0, S, NORj, or NRa

wherein Ra is selected from H, alkyl, heteroalkyl, alkenyl, alkynyl,
20 cycloalkyl, -C(=O)Rs, -C(=O)ORsg, -C(=O)NRgRc, -C(=NRg)Rc,
-NRgRc, heterocycloalkyl, aryl or polyaromatic, heteroaryl,
arylalkyl and alkylary!
wherein each of said Rg and R¢is independently H, alkyl, or
heteroalkyl,
25 U and V are each independently selected from C=0, and O=5=0 and
wherein when U is C=0, V is not C=0,

Rs, R2, Rs, and R4 are each independently selected from H, alkyl,
heteroalkyl, cycloalkyl, arylcycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocycloalkyl, and each of said NR1Rz and NR3R,

30 can independently form heterocycloalkyl,
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Rs and Rg are each independently selected from H, OH, SH,
alkoxy, thioalkoxy, alkyl, halogen, CN, CF3, NO2, COORp,
CONRpREg, NRpRg, NRpCORg, NRpSO2REg, and NRFCONRpRE;
wherein Rp, Re and Rf are independently H, alkyl,
5 heteroalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
cycloalkyl, or heterocycloalkyl;

provided that if X is O, Y is O and U and V are both 0O=S=0, then
NRsR; and NR3R; are not identical wherein Ry and R; are each
10 independently selected from H and lower alkyl, and wherein R, and R4 are
each independently selected from lower alkoxy(loweralkyl),
di(lower)alkylamino(lower)alkyl, halobenzyl, morpholino(lower)alkyl, or
NR:Rz and NR3R;, are independently selected from piperidino, morpholino,
piperazino, N-phenylpiperazino, ethylamino, or substituted glycine
15
and that if X is (CH2)2, Y is O or NOH, and U and V are each O=8=0
then Ry, Rz, R3,-and R4 are not all methyl

and thét if n=0, Yis O or NOH, and U and V are each O=S=0, then

20 NR1R, and NR3R4 are not identical and of Ry, Rz, Rz and R4 are eac_h
independently selected from C+-Cs alkyl, Cqo alkyl, C+ alkyl, C47 alkyl,

phenyl, benzyl, naphthalenyl, piperizino, pyridinyl,  pyrazolyl,
benzimidazolyl, triazolyl; or NR;R, and NR3Rs are independently'

piperidino, morpholino, or piperazino.

25
and that if X is CO, Y is O, and U and V are each O=S=0 then NR;R>
and NR;R,4 are not identical, and wherein Ry, Rz, R3, and R4 are each
independently selected from methyl, ethyl, hydroxy-C;-Cs-alkyl, SH, RO,
COOH, SO, NH;, and phenyl or wherein one or both of non-identical
30 NR;:R2 and NR3R; is unsubstituted piperidino, N-methylpiperazino or N-

methylhomopiperazino,
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and wherein when X is C=0 or C=NOH, Y is O or NOH, and U and
V are each O=8=0 and one of Ry or R, and one of R3 or Ry is phenyl then
the other of Ry or Rz and Rj or R, is not H or alkyl,

5 including all pharmaceutically acceptable salts, esters, amides,

stereoisomers, geometric isomers, solvates or prodrugs thereof.

In another embodiment, the invention provides a compound having the
structure of Formula

10
0]
PSSO
Rg ”/N\Rz
0 o Formula Il

wherein R7 and Rg are independently selected from H and SO,NR3R,4
and one of Ry or Rg is hydrogen, or of Formula Il

15 ‘
BN
T Pa
R7 R
IR
Re | 7 Re
RA\O,N O
Formula il
20 wherein R; and Rg are independently selected from H and SO,NR3R,,

wherein one of R; and Rg is hydrogen and wherein in each of said Formulas li

and Ill the other substituents have the meanings as defined for Formula I.

In specific examples of the invention, the compound of Formula | is a
25  structure wherein A is NR; or wherein A is (CRiR2)m, m = 1, or wherein A is
(CR1R2)m, m =2, and Ry and R; are as defined elsewhere herein.
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In specific examples of the invention, the compound of Formula | is a
structure wherein B is NR4, or wherein B is (CR{R2)m, m = 1, or wherein B is
(CR1R2)m, m = 2, and R, and R; are as defined elsewhere herein.

In other specific examples of the invention, the compound of Formula |
5 is a structure wherein C is NR; or wherein C is (CR1R2)m, m = 1 or m=2, and

R; and R; are as defined elsewhere herein.

In other specific examples of the invention, the compound of Formula |
is a structure wherein D is NR; or wherein D is (CR4R2)m, m=10orm =2, and
R1 and R; are as defined elsewhere herein.

10 In additional specific examples of the invention, the compound of
Formula | is a structure wherein n=0, which results in the center X-containing

ring being a 5-membered ring.

In other specific examples of the invention, the compound of Formula |
is a structure wherein X is O and n = 1 or wherein XisOandn=2

15 In specific examples of the invention, the compound of Formula | is a
structure wherein X is NR4, n = 1, or wherein X is CO and n = 1, or wherein X
is C=NOR4, n = 1 and R is as defined elsewhere herein.

In specific examples of the invention, the compound of Formula | is a
structure wherein X is CR4R,, n = 1 or wherein X is CR1R,, n = 2 and wherein

20 R;and R; are as defined elsewhere herein.

In specific examples of the invention, the compound of Formula | is a
structure wherein Y is O, or wherein Y is NR; or wherein Y is NOR, and

wherein R; is as defined elsewhere herein.

In one embodiment of Formula |, when Y is O, X is not C=0 and when
25 Xis C=0, Yis not O. In a separate embodiment, Y is O and X is C=0.
In another embodiment of Formula |, when E is O or NRy, either Y is
not NOH or n is not 1. In a separate embodiment of the latter, when E is O or
NR1, nis 1and Y is NOH.
In specific examples of the compounds of Formula |, U and V are each
30 0O=S=0. Additional examples of the latter are compounds wherein X is CH,
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andn=1or2andYis O orS, or compounds wherein Xis CH,andn =1 or 2
and Y is NORa, or NRa, or compounds X is O, and Yis O or S, or compounds
wherein X is O, and Y is NORa or NRa or compounds wherein X is NRs, and
Y is O or S, or compounds wherein X is NRa, and Y is NORa, or NRj4, or

5 compounds wherein X is CO and Y=0, or compounds wherein X is CO and Y
is NORa or NRa, or compounds wherein X is C=NORA and Y is O, or
compounds wherein X is C=NOR, and Y is NORa.

In all embodiments of Formula |, when X is C=0 or C=NOH, Y is O or
10 NOH, and U and V are each O=S=0 and one of R, or Rz and one of R; or Ry
is phenyl then the other of Ry or R, and R3 or R, is not H or alkyl. Thus, by
way of non-limiting example, if X is C=0, Y is NOH, U and V are each
0=8=0, and Ry and R, are each phenyl, then R, is not H or alkyl and R3 is

not H or alkyl.

15
In one embodiment of Formula I, Ry, R,, Ri;, and R4 are each

independently selected from H, alkyl, cycloalkyl, alkenyl, and alkynyl. In
another such embodiment, Ra is hydrogen and R;, R, R, and R, are each
independently selected from H, alkyl, cycloalkyl, alkenyl, and alkynyl. In an

20 additional such embodiment, NR,R, and NRsR, are each independently a 6-
to 15-membered heterocycle, preferably a heterocycloalkyl.

In specific embodiments of Formula Il, R, R,, Ri, and R4 are each

independently selected from H, alkyl, cycloalkyl, alkenyl, or alkynyl. In other

25  such examples, Rais hydrogen and R;, R, Rs, and R, are each independently

selected from H, alkyl, cycloalkyi, alkenyl, or alkynyl. In additional examples,

NR:R; and NR3:Rs; are independently 6- to 15-membered heterocycle,
preferably a heterocycloalkyl containing one nitrogen in the ring.

30 In other embodiments, the compounds of the invention are derivatives
of one of the following ring systems, especially disulfonamide derivatives

thereof:
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xanthene fluorene anthracene
o}
=
L W
N g
acridine
5 dibenzosuberone

Such compounds may be suitably substituted.
10
The present invention also relates to compositions of compounds,
including those in Tables 1-13, and having structures of Formula | in a

therapeutically effective amount in pharmaceutically acceptable carrier.

15
Formula |
wherein X =CHzandn=0-2; or O, NRa, CO, or C=NORa and n=1
Y < O, S, NORy, or NRa
wherein Ra is independently selected from hydrogen, alkyl,
20 heteroalkyl, alkenyl, alkynyl, cycioalkyl, -C(=O)Rg, -C(=O)ORg,

-C(=O)NRgRc, -C(=NRg)Rc, -NRgRc, heterocycloalkyl, aryl or
polyaromatic, heteroaryl, arylalkyl and alkylaryl

wherein each of said Rg and Rc is independently H, alkyl,
heteroalkyl,

25 U and V are each independently selected from C=0, and O=S=0 and

provided U is C=0, V can not be C=0,
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R1, Ry, Rs, and Ry are each independently selected from hydrogen,
alkyl, heteroalkyl, cycloalkyl, arylcycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocycloalkyl, and each of said NR1Rz and NR3R4 can

independently form heterocycloalkyl,

5 Rs and Re are selected from hydrogen, hydroxyl,
sulfhydryl, alkoxy, thioalkoxy, alkyl, halogen, CN, CF3, NO,
COORp, CONRpREg, NRpRg, NRpoCORg, NRpSO:2RE, and
NRrCONRQpRE;
wherein Rp, Re and Rr are independently hydrogen, alkyl,
10 heteroalkyl, ary!, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl,
and heterocycloalkyl;

including all pharmaceutically acceptable salts, esters, amides,
stereoisomers, geometric isomers, solvates or prodrugs thereof.
15
The compounds of said compositions may also contain a multi-ring
cycloalkyl or heterocycloalkyl bridge structure (as shown in the tables)
containing a total of up to 12 atoms an up to 4 heteroatoms selected from N
and O.

20

The present invention also provides therapeutic compositions of any of

the compounds of the invention, such as the compounds of Tables 1 to 13.

The compounds of the invention may be in the form of

25 pharmaceutically acceptable salts, esters, amides, stereoisomers, geometric
isomers, solvates or prodrugs thereof. Where a compound of the invention is

a stereoisomer, the latter may be an enantiomer or a diastereomer. Where

said compound is a enantiomer (or contains a chiral center, for example, a
chiral carbon atom), the form of the compound used for pharmaceutical

30 purposes may include either enantiomer or the racemate, although one of
said enentiomers may be preferred, such as where it is the active form or is

more active than the other enentiomer. Where said compound of the invention
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is a geometric isomer (e.g., contains a carbon pair with substituents attached
in cis- or trans- configuration), either the cis- form, or the trans- form, may be
preferred for pharmaceutical use, although mixtures of the cis- and trans-
forms may be used in the methods of the invention to the extent they have the

desired pharmaceutical effect.

A "pharmaceutically-acceptable salt" is a cationic salt formed at any
acidic (e.g., carboxylic acid) group, or an anionic salt formed at any basic
(e.g., amino) group. Many such salts are known in the art, as described in WO
87/05297 (Johnston et al., published September 11, 1987 incorporated by
reference herein). Examples of suitable acid salts include acetate, adipate,
alginate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptanoate,
glycerophosphate,  glycolate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydriodide, 2-hydroxyethanesulfonate, lactate,
maleate, malonate, methanesulfonate, 2-napthalenesulfonate, nicotinate,
nitrate, oxalate; palmoate, pectinate, persulfate, 3-phenylpropionate,
phosphate, picrate, pivalate, propionate, salicylate, succinate, sulfate, tartrate,
thiocyanate, tosylate and undecandate. Other acids, such as oxalic, while not
in themselves pharmaceutically acceptable, may be employed in the
preparation of salts useful as intermediates in obtaining the compounds of the
invention and their pharmaceutically acceptable acid addition salts. Preferred
cationic salts include the alkali metal salts (such as sodium and potassium),
and alkaline earth metal salts (such as magnesium and calcium) and organic
salts. Preferred anionic salts include the halides (such as chloride salts),

sulfonates, carboxylates, phosphates, and the like.

Compounds of the present invention that contain one or more acidic
functional groups are capable of forming pharmaceutically acceptable salts
with pharmaceutically acceptable bases. The term “"pharmaceutically
acceptable salts" in these instances refers to the relatively non-toxic, inorganic

and organic base addition salts of compounds of the present invention. These
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H 750.9 2-58 *Htr----N 10 *N----,,,604.52-69L.,..",.\--F F ..---.."---..,,"N 620.8 2-60 c.------ .
837.01 * 2-62 100 640.8 2-63 *N-0 588.7 620.6 2-64
WO 2008/140792 PCT/US2008/006015
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salts can likewise be prepared in situ during the final isolation and purification
of the compounds, or by separately reacting the purified compound in its free
acid form with a suitable base, such as the hydroxide, carbonate or
bicarbonate of a pharmaceutically acceptable metal cation, with ammonia, or
with a pharmaceutically acceptable organic primary, secondary or tertiary
amine. Representative alkali or alkaline earth salts include the lithium,
sodium, potassium, calcium, magnesium, and aluminum salts and the like.
lllustrative examples of some of the bases that can be used include sodium
hydroxide, potassium hydroxide, choline hydroxide, sodium carbonate, N*(C4.4
alkyl)s, and the like. Representative organic amines useful for the formation of
base addition salts include ethylamine, diethylamine, ethylenediamine,
ethanolamine, diethanolamine, piperazine and the like. This invention also
envisions the quaternization of any basic nitrogen-containing groups of the
compounds disclosed herein. Water or oil-soluble or dispersible products may

be obtained by such quaternization.

Such salts are well understood by the skilled artisan, and the skilled
artisan is able to prepare any number of salts given the knowledge in the
art. Furthermore, it is recognized that the skilled artisan may prefer one
salt over another for reasons of solubility, stability, formulation ease and
the like. Determination and optimization of such salts is within the purview

of the skilled artisan's practice.

In another aspect, the present invention relates to compositions of any
of the compounds of the invention, preferably wherein such compound is
present in a pharmaceutically acceptable carrier and in a therapeutically
effective amount. Such compositions will generally comprise an amount of
such compound that is not toxic (i.e., an amount that is safe for therapeutic

uses).
Selected examples of compounds of the invention include, but are not

limited to, any or all of the compounds of Tables 2-13. Any and all such
compounds are specifically claimed for their use in any and all of the methods
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*HNIOH 0 2-65i9e 843.1 N--- 1 2-66 815.12-67 H*HN 668.8 2-68 *N"-- OH 620.6 2-69 "N
Ls. 508.6 2-70 p 784.9 N\ "NOH (14-
WO 2008/140792 PCT/US2008/006015

of the invention. In each indicated structure, the ligand is attached via the
atom marked with an asterisk (*). For example, in Table 1 the sulfur atoms of
the core structure are attached to the indicated R group at the asterisked

nitrogen of the R column of the table.

5
Table 1
o]
s LI
10 © o
Compound R MW
0 646.7
1 O/U\OK
" 502.6
1-2
N 530.6
1-3
N 558.7
14
. 506.5
N
" 530.6
1-6
518.5
1-7 +HN |
574.6
18 «HN
530.6
*N
o 0
110 *GNH 532.6




2-71 Hrsii(c) 692.8 2-72 *H2.-ON 0 OH 732.8 2-73 "HNzrO 0 O0- \ 788.9 2-74 r *N-----,,- L9 867.2 2-75

ol 748.8 2-76" N --"------- L-0 592.6 2-77 ) 616.7 2-78 obi *HN 676.7 2-79"NeHiN 1
WO 2008/140792 PCT/US2008/006015
N T\ 560.6
1-11 K//N’"
iy TN 592.7
1-12 L
760.9
1-13 N\[ro\/
o
. 760.9
1-14 '&/H
N\n/o\1 >
O
N 560.6
1-15 O\/NHZ
532.6
"N
1-16 Q\
560.6
*N
1-17 !\/:!‘1\//
1-18 *N\/N
O
1-20 N
504.5
*N
‘/ 564.7
1-22
*HN/\‘/N\//
( 592.7
!
584.7
1-24 *N/:&N"\\
592.6
*N
125 P
o 668.8
*N . .
125 C,LO
" 558.7
- 0
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871.22-80,696.9 "HN 2-81*HN.576.6 2-82 *H N ---ti 588.7 .2-83 0 718.8 2-84 * N -"-,...----- :

N---19/839.12-85*N L.,/' 564.7 2-86 *N L-...----N--- 676.9 2-87 *N 1---...------ rrammmme- . 733.03
WO 2008/140792 PCT/US2008/006015

" 590.7
1-28
OH
. 618.6
129 Lo

0
586.7
1-30 HN
N 634.8
1-31 |

NH* 634.8
= | D
. 586.7
: : 690.9
1-34 <HN
694.9

O

6428
1-36 *“N< > <
_O_ 558.7
1-37 *HN
v~ )

" 530.6
1-38 )

«HN 5568.7

588.6

1-40

558.7
1-41

“N
g
Q
*N
. O 670.9
1-42 '
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2-88 *H N 508.6 2-89 *H N W 536.6 2-90 564.7 WO 2008/140792PCT/US2008/006015 2-91 536.6

2-02564.7 2-93 *NI ... 3 668.6 2-94 0 *Ni,.... ADJ 712.7 2-95 ——...." *N 6207 2-96 -....,_*N L-0
616.7 2-97 W%8/140792 PCT/US2008/006015
610.7
1-43 5)
*N .
*N 5107
1-44
NH* 606.7
~ 654.7
1-46
~ 6628
1-47
~ 614 8
1-48 -
6428
1-49 O

1 -50 *N O 724 8
N
O

638.8
1-51 HN- @ :
N 586.7
1-52 O\/\
185

610.7

1-53
N 610.7

1-54
N 610.7

1-58

H.

.N/j 534.6

1-56

NG

*N 610.7
1-57 @




720.9 764.9 2-98 2-99 *Ne H 817.1 Table 30, SOO ,p RNR 2 WO
2008/140792PCT/US2008/006015 Compound R Ri R2 MW 3-1 *N7----\ *0- *0- 590.7 3-2 11

*0---0--"N.-WERHBAM MY "oee %0- " 1. o= N 1.0....." " "= Ne-- PCT/US2008/006015
638.8
1-58 H,
*HN''
H
*N 6428
1-59
N 598.6
1-60
H 652.7
1-61 *HN/\/N\H/O\‘/
Q
1-62 i~ NH, 4525
H 720.8
1-63 SHNTT \@
Q 806.9
1-64 N
811.01
1-65 H
*N,..
EtO2C H

815.04
1-66
*N

1-67 *HN ><j 646.7
E10,C
1-68 *HN><j 590.6
HO,C
558.7
rss )
)
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| 759.0 3 3-4 *Nz C--- rl HNNN" O r1 HN.rN.,...."-----,..N." 0 * 899.2 3-5 *NrTh L jN- *O- *0- 618.7 3-6

"n__A_N...- | *ON-" | 730.9 3-7 "NO *or." ...~ N |.... 817.1 3-8 702.9
WO 2008/140792 PCT/US2008/006015
d( 8161
1-70 NKL
PiJ/
QX 785.1
1-71 "{\‘
/N\
~ 618.6
1-72 o
O
h 638.8
173 ,HN\\‘\)%\
H 811.01
1-74 N
O\/
O
H 754.9
1-75 *N"‘Z ;\
kzro”
O
PN 590.7
1-76 P
.N/\ 478.5
177 L
o 662.8
1-78
C 758.9
*HN
1-79 ol




674.8 3-10 *N I-,----*Or"ri) . Cr"rs 783.0 5 3-11 "N *0 ,C04 *0 811.1 3-12 (---""*ON.,.,-- re""-839,1

3-13*N | | *0---"N"-- 702.9 3-14 | ", 1*0,,,,---."-N,.. 730.9 3-15 *N *or"D
WO 2008/140792 PCT/US2008/006015
| 718.7
o/
* 562.6
1-81 NH/))/
586.7
1-82 5
*N
,HN© 546.6
1-83
N 558.7
1-84 @
", 688.8
w | TC
/N\
N\ 534.6
1-86 |\/
NN 646.9
-1-87 L~
T 703.0
1-88 W\
1-89 NS 4785
1-90 N 506.6
1-91 N N 534 6
*HN 506.6
1-92 \/\r
VAN M\*/ 534.8
1-93
*,\O\ 638.5
1-94
CF,
o) 682.7
1-95 /,/ \L
N
oS
O\ 7590.7
1-96 o~
w@ﬁ 586.6
1-97
0




755 WO 2008/140792PCT/U 82008/006015 3-16 *N C...------ . "CO*0k...n*0783.053-17'N

C..----- *010 ---'-'-- *0,,,,-----... "..N.,..--- 811.1 3-18 *NO i----1 9 r--10899.2 3-19 ..---..." ¢"----.."--", OH
| HNN. _"____Y.V.Q.?(I)(N/I%Q72} [___1 HNN wn_ NN,y PCT/US2008/006015

*HN 706.8

5 Table 2
NOH
o LI T s
o8¢ S~
R NOH O R
Compound R MW
«N 532.6
21
«N 560.6
2-2
536.5
*N

N 560.6
2-4

N 560.6
. O

N 588.7
2-6
N 676.7
2.7
N

0”0
*N/j 562.6
2-8
Q‘N
H
*N/j 590.7
2-9
-,
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0* 931.2 3-20 1--,...------ o 7029 3-21 *N c."."--....." HNNN.., y 0 HNNN..., y 0 871.1 3-22 r1

HNyN--"M .., 9 r--1 HNyNN ..., 0 959.1 3-23 *NO HNyNN .... 0 HN yNN -.., 0 927.2 3-24 *0 1|
WO 2008/140792 PCT/US2008/006015

AN 604.7
2-10 ;]:;]

N 590.7
2-11 NH,

AN NN 622.7
2-12
604.6
213 “HN
562.6
*N
2-14 Q o
915 . O 5980.7
- N~
*N/-> 618.7
2-16 '
NG
\/
534.6
*N
2-17 /A\LH
2-18 1\
l 622.7
2-19 * HN \/\N/\\
622.7
*N
2-20 Q ,
~""oH
* 698.8
N
2-21 /ﬁ

- 588.7
‘N 620.7
2-23
OH

« 648.7
2-24 \O)
2-25 |
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759.0 3 3-26 |1 *ON I 811.1 3-26 *to rl HNyN.."---..."N., 0 *OH 715.9 3-27 N7-"*"---- LT7

PCT/US2008/006015

%0, .. e "--N1-12 'OH 645.8 3-28 -NO *0-—-.......7...,", Nil 2 OH 645.8 Table 4 Compound R MW 4-1
... *N 1 WREWR7A49782
616.7
2-26 N
NH* 720.9
2.27 /k@
HN 664 .8
2-28 \]@
*HN 664.8
2-29 @
724.9
2-30
672.8
2-31 *HN < > <
588.7
2-32 *HN < >
O 560.6
2-33 *HN
*HN 588.7
2-34
762.8
N\ o
2-35 \ 7/\
N
K\ 618.6
2-36 .
N
'\L/ \\\
()
Q 700.9
2-37
*N
*N/w 646.7
2-38
© 640.8
r‘\“ .
2-39 @
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4-2 530.6 4-3 .---...,..."-- N 558.7 4-4 530.6 4-5"N "--%" 646.7 4-6 560.6 4-7 C\N H *NJ 532.6 4-8

C. 564.7 4-9 ,------- NH N ) 504.5 4-10 560.6 4-11 aL;Nj"N 584.7 4-12 rTh N M *NJ\ 588.7 4-13
WO 2008/140792 PCT/US2008/006015

N 6408
2-40

636.7
2-41 “HN
~ 6848
2-42

~ 712.8
2-43
)~

644.8
2-44

588.7
2-45

*'OZ-
) 672.8
2-46 N
N 7549
2-47 N
v ° 668.8
2-48 *HN-,@ 4

n 616.7
2.49 |
~ 640.8
2.50
~ 588.7
2-51
. 6408
N
2.52 @
H

*N/w 564.6
2-53 (.

TN 640.8
2-54




*0 558.7 4-14 530.6 4-15 *Ni.,..._ 558.7 4-16 638.8 4-17 0 * 806.9 4-18 401 682.8 4-19 610.7 4-20
0598.6 4-21 * N 558.7 1--,--- 4-22 538.6

WO 2008/140792 PCT/US2008/006015
668.8
H,
2-55 N
H
N 672.8
2-56 A
“N 628.7
2-57
H 750.9

2-58 *HN/\/N\@

" 604.5

2-59 F
F

2-60 L~
2-61

~ 640.8
2-62

. 588.7

263 N

620.6
2-64
HN OH
O
843.1
2-65 .




4-23 562.6 4-24 ,---. N 656.7 4-25 638.8 4-26 0 534.6 4-27 111->je 602.7 4-28 610.7 4-29 *NI

t--,..— 558.7 .4-30 *HN.. 478.5 4-31 "NO1 630.7 4-32
WO 2008/140792 PCT/US2008/006015
815.1
2-66 N\
/N\
668.8

HN i
2.67 . \%
g:) 620.6
0
2-68

OH
*N/\ 508~6
2-69 k
0 784.9
~

2-70 *Ng

692.8
2'71 *HN

7328
2-72 Ty
5 |

OH
788.0
2.73 "HN
O
o\
- 867.2
* /\/N
2.74 N ~
t 7488
2-75 (\/IZ ~




558.7 4-33 *N1" 530.6 4-34 590.7 4-35 562.6 4-36 *N .?,,,,, 590.7 4-37 IN 1-..-- 534.6 4-38 *N
C./N.. 5907 4-39 "H Nleppr 662.8 4-40 * 626.7

WO 2008/140792 PCT/US2008/006015
592.6
Y
2-76 K?;
616.7
2-77
*N .
OO 676.7
2-78
*HN

/O>< | 871.2

2-79 NH
N
r

—/

696.9
H,
2-80 *HN
: H
N 576.6
2-81
" 588.7
2-82
~ 718.8
2-83 H
/N\
2-84
N 564.7
285 L
2-86 K/\/ ‘
297 DY
2-88 N 508.6
2-90 N~ 564.7
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4-41 *0<642.8 4-42 *N 614.8 4-43 *HNa 634.8 444 -HN-0-* 642.8 445 * NdO 638.8 4-46 *HN

450.5 4-47 *HN ----'-"----""0%0"'--- 506.6 *N 562.6 4-48 cro
WO 2008/140792 PCT/US2008/006015
536.6
2-91 *HN/\J\
: 564.7
2-92 *HN/\)<
Ny 668.6
2-93
CFy
IO\L 7127
2-94 *N \j
L_o
*Q 620.7
" 616.7
2-96
O
720.9
2-97
*HN
764.9
2-98
*NK‘
F
817 .1
2-99
*N v
5
Table 3
NR,
o S T p
Sy ,/S~
R ™o NR, o R
10
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4-49 *HN 7--.-.."{:{]---- 638.8 NH 764.8 4-50 Table 5 Compound R MW 5-1 *N 560.6 5-2 "NO 560.6
5-3 *N L.---- 532.6 5-4 Li---- 588.7 5-5 0 * L-.../ 676.7 5-6 *N rTh 590.7 5-7

WO 2008/140792 PCT/US2008/006015
Compound R Ry R; MW |
*N/\ «Q— =0 5907

31 VNH

*N | | 730.9
3-2 \/’j/ o NN o NS

N 759.0
3.3 Q/ *O/\/\T/ *O/\/\T/ 3

1 HhIJ/N I\Il HNKN rsln >
3.4 \]//\/\\/\ Y\/\/\

*N/\ +OQ— *Q— 6187

3-6 : Q | |

* N N f 817.1
3-7 O ° ' O NN
- *D "O\/\/\NH2 *O\/\/\NH2 702.9

*N *O\/\/NHz *O\/\,/NHz 6748
- 0

*N O O 783.0
3-10 Q/ o N o >N 5

N “n Sy 811.1

*O *O

*N C‘ O 839.1
3-12 *O~ N *O N

N | | 702.9
3-13 O\ o NN o NN

N | | 730.9
3-14 I\/j\ O NS O N

L [0 | o |
3-15 *O/\/N ~O/\/N
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*N 1,-...----N, 560.6 5-8 mg__ 588.7 5-9 *Nq) 640.8 5-10 0 684.8 5-11 /-N\ 644.8 5-12.0. 668,8
6-13 588.7 5-14 111117 588.7 5-15 401

WO 2008/140792 PCT/US2008/006015
N \N \N 783.0
tO “'O
N O 811.1
3'17 O\ *O\/\\/I\O *O\/\\/N
- 899.2
) || b
HN N~~~ NN
3-18 \g > Wg h
931.2
*O\/\ H( N IL HN( N I\ll
3-19 oH Y b \\O/ h
(o]
* *O\/\/\ *O\//\//\
'O\ NH; NHz 1 702.9
3-20
. 871.1
ORIy
H _ N~
3-21 Yo \of h
0O
959.1
N Yo | O |
3-22 HN\'//N\/\/N\ HN\r/N\/\/N\
0 0 9
927.2
T HN( N l\'l HN( N lll
\/\/ -~ \/\./
3-23 hg > \Of h
0
N | | 759.0
3-24 Q *O "~ N +O N~ N 3
H | | 811.1
3-25 ,\@ «O_~_N_ *O N
H
- . * 715.9
28 O HN( N IL >
~ NN
\r/
0
3-28 O +*O -~ NH; *OH 645.8
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837.01 5-16 *N 1-s."----.."----. 616.7 5-17 0 712.8 6-18 .HN ---ig 664.8 5-19 *HN " 720.9 5-20 640.8

5-21 616.7 5-22 0 628.7 5-23 564.6 5-24 640.8 5-25 1--,-0 592.6 5-26 *N C----ThO
WO 2008/140792 PCT/US2008/006015

Table 4

0 O
R.
ST
/
I =g
Compound Mw

R
N 732.6
N (o]

NJko)<

" 530.6
4-2

" 558.7
4-3

O 530.6
4-4

~ 646.7

4-5

46 (\ . 560.6

*N
(\\ 532.6
4-7 i \/NH
*HN NN 564.7
4-8 ‘\
504.5
N 560.6
4-10 h’,/\ i
584.7
4-11 )\N //
*N
: (\ ‘ 588.7
4-12 AR

" 558.7
413




744.8 5-27 "N -...s...- N 686.8 5-28 ---- 588.7 5-29 110 696.9 5-30 668.8 5-31 .--01 Lai 718.7 5-32 -

[N N JEE—— 508.6 5-33 692M "H N 5-34 *14 L. -----m- .. 620.8 546 *N) ( 644.8
WO 2008/140792 PCT/US2008/006015
" 530.6
4-14
" 5587
4-15
638.8
4-16 N
N O 806.9
4-17
" 682.8
4-18
H 610.7
4-19 N
H
N 598.6
4-20
. 558.7
4-21 N
N 538.6
N
4-22 (js
. 562.6
N
4-23 l\/;/
~ 656.7
4.24 S
=N
N 6388
4-25
w 534.6
4-26 K’/o
/ 602.7

*N
4-27
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5-36 668.8 5-37 "FIN a 664.8 5-38 1.. 560.6 5-39 ----- ., *N 620.7 5-40 592.6 5-41 620.7 5-42 .---,

*N- Le-y=m=ny . A) ...~ 648.7 5-43 'N L../ 564.7 5-44 *friNi-0-+ 672.8 5-45 *NO4 664.8 5-46 CO 668.8
WO 2008/140792 PCT/US2008/006015
H 610.7
H
N 558.7
4-29
. / 630.7
4-31
N 5587
4.32
530.6
4-33 o
s ,O\ 590.7
4-34 o~
4.35 Q/
O\, 590.7
4-36 ou
N~ 534.6
4-37 L
N 590.7
4-38 L~
R 662.8 |
w | P
i 626.7
4-40 *N
R 642 8
*N 6148
4-42
634.8
4-43 N
6428
4-44 *”N“Q“é
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5Table 6 NOH Compound Ri R2 R3 MW 6-1 _*C-H- H1758.1 6-2*04H1*."..-N,,, 7440 6-3 H

| *ommeeel), N., 754.0
WO 2008/140792 PCT/US2008/006015
638.8
*N
4-45
4-47 HNT TN 506.6
562.6
*N
4-48 g
4-49 ~ E ( 638.8
*HN
NH 764.8
N [
4-50
o~
Table 5
5
NOH Q,
\S\\’R
SOOOA
/S\
R NOH :
Compound R MW
N 560.6
51 _
N 560.6
5-2
*N 532.6
5-3
*N 588.7
5-4
_ o 676.7
5-5 «N O/\
i\ 590.7
5-6 N—
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6-4 *04 H "--r'"N ---'-N L-.. 772.1 6-5 H | *,.---""-N..., 754.0 6-6 *0-4- H *--....."-OH 717.0 6-7 *0-E H

%" .8 ""-761.16-8*04 H*"N.I'Th-c N... 3783.06-9 H*..-————-" - NE12 740.0 6-10 *CH- H *-,, F
718.9 WO 2008/140792 PCT/US2008/006015
*N 560.6
5.7
N 588.7
5-8
N 640.8
5-9
-~ 684.8
5.10
644.8
5-11 *N
668.8
*N
512
. 588.7
5-13 N
N 588.7
5-14
N O 837.01
5-15
N 616.7
5-16
*N 712-8
5-17
«HN 664.8
5.18
*HN 720.9
519 %
H 640.8
5.20 N(;O
H
N 616.7
5-21




6-11 *0*H *,,,,----....,,,0OH 745.0 Table 7 Compound R MW 7-1 *HN----1,,OH 0 454.4 7-2 * 422.4 7-3
40 656.8 7-4 *NI-MN-0630.7 N 7-5 446.57-6 *HNO

WO 2008/140792 PCT/US2008/006015

. N 628.7
5.22

N 564.6
5.23 K__/O

* 640.8
5-24 @

H
,N/Y 5926

5-25 H/O
N 744.8
5-26
O

686.8

5-27

|
" 588.7
5-28
N 696.9
5-29
*N%

668.8
5-30
0 718.7
5-31 J/ \L
“N
Lo J
5-32 * HN/\/\ 508.6
e | 692.8
5-33
AN 620.8
5-34 L

. N 644.8
5-35 < > <




604.7 7-7 *liN 618.9 7-8 *H N 01 546.7 7-9 *HN ..,....". 4925 7-10 / N\ 502.6 7-11 N\ *NO
478.5 7-12 /Th *NN-\. / 504.6
WO 2008/140792 PCT/US2008/006015
668.8
5-36 *N! ZS
664.8
5‘37 *HN/@
560.6
5-38 ,\il:]
*O\ 620.7
5-39 o~
N O 592.6
5-_40
N 620.7
5-41 O
N 648.7
5-42 O~
N 564.7
5-43 L
672.8
5-44 *HN < > <
N 664.8
5-45 \267
668.8
5-46 N
5 Table 6
NOH
oML T g
R1\N/\\S\\ ///\N,R1
éz @) NOH FI*a
Compound R4 R, R3 Mmw
< > < | 7581
6-1 * H */\/N\
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7-13 450.6 7-14 *HNO 546.7 7-15 *HN 0 546.7 7-16 *H NN ,--1508.7 7-17 N1 498.5 7-18 474.6
7-19 *Hisrk 450.6 7-20 * HN 0 550.6 7-21 *HN-----'394.5

WO 2008/140792 PCT/US2008/006015
) H l 744.0
6-2 N~
H H l 754.0
. RN\ I
6'3 *
H
. H ONTS 7721
6-4
* H | 754.0
6'5 */\/N\
. H *~_-OH 717.0
6-6
. H *\/s\/ 761.1
6-7
H NN 783.0
6-8 +( >_<. CF,
¥ H ~—"~_NH2 |740.0
6-9
. H ~F 718.9
6-10
X H N ~_0H [|7450
6-11 _
5
Table 7
O\\ O O //O
O 0 R
Compound R MW

. OH 454 .4
Y
/B\ 422 .4
7-2 JHN

- 656.8
eve

56
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/2 O 630.7
7-4 ¥
446.5
7-5
*HN 604.7
@ £
77 “HN 618.9
546.7
7-8 *HNJ\©
7-9 A
C>_ 502.6
7-10 “N
7N\ 4785
741 N0
Vo 504.6
712 .,
713 VN TN 4506
: 546.7

7-14 *HN/O
546.7
7"15 *HN

*HN/\/\N/ 508.7
7-16 I

T \ 4985
7-17 N
" 474.6
e T
450.6
7'19 *HN/‘<

*HN 550.6
O

7-21 AN 394.5
K})H 514.6
7-22 *N
N
OH
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* HN 518.6
o L
502.6
7-24 N
“HN 518.6
7-25
o)
7-27 _O 502.6
«HN
*N 658.8
7-28 OH
‘N 612.8
7-29
(0
506.6
7-30 “N OH
506.6
7-31 Ny
OH___
OH 534.6
‘N 502.6
7-33
502.6
7-34 ‘N
OH 562.7
N
L_o
N 640.9
7-37
)
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Table 8
QUL L p
S
R, NI g R
\R1
5
Compound R Ry MW
l 451.5
8-1 N~ .0
' *OH 465.6
8-2 N

*OH 561.7
+HN
8-3

*N *OH 489.6
s |

«HN *OH 533.6
o | CL

«HN *OH 533.6
Mive

«HN *QH 505.6
v |

| “OH 409.5
8-8 "N
' N *OH 517.7
8-9 O\
*NH *OH 561.7
8-10
C 461.6
N*
8-11 - *OH
*OH 465.6
12 | <
N *OH 519.6
8-13 I\/N\
. N/\ *OH 493.6
8-14 K/O
8-15 *HN/\/\ *OH 465.6
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: *OH 561.7
8-16 *HN/\©
*OH 561.7
8-17 *HNJ\©
*OH 679.7
*N
Q
H *OH 619.6
8-19 /j
iVN\,/\
OH
8-20 SHNTTOH *OH 441.5
. j)\ 531.6
8-21 Q “HN” NH,
«HN *OH 565.6
8-22 @\ _
2 687.8
7N '
823 | . N _ N NH
v/ N 2
535.6
N
8-24 L_o *HNj\NH2
8-25 NH, *OH 353.4
s O *OH 469.5
828 - 6718
*OH .
N
8-27 Q\/@
ﬁ 5716
8"28 * HN N - HN NHZ
561.7
*N/ﬁ
8-29 LN “HN” “NH,
*OH 4976
+HN
8-30 %0”
| “OH 469.5
8-31 N "oy
*Q *OH 607.6
N, TN 4285
8-33 @
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«NH *OH 605.7
*0 *OH 576.4
o35 | 1)
cl ' :
*HN *OH 533.6
8-36
*HN *OH 517.7
8-37 \O
*OH 517.7
OH *OH 673.8
N ~ [on 6278
8-40 -
O
v *OH 521.6
sat | L
OH
N *OH 521.6
8-42 Q
OH
N *OH 549.7
8-43 ‘\/)\/OH
N *OH 517.7
8-44 A\/P
“N *OH 517.7
8-45
N *OH 577.7
8-46
OH. :
N *OMe 503.6
8-47 O
N *OMe 531.7
8-48
O\ *OH 659.8
8-49
i
0
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O *OH 655.9
8-50 O
D *OMe 4756
8-51 N
8-52
* N *OMe 5597
8-53
* N *OH 633‘7
8-54
0 o~ 719.9
+sHN._ O *OH :
8-55 \g’ \*/
N “OH 519.6
8-56
NH,
N *OH 518.6
8-57
THNT TSNS *OH 579.8
8-58 K
N *OH 577.6
8-59 9
O~ _"OH
N *OH 547.7
8-60 NH,
N “OH 633.7
8-61 o
0
*OH 633.7
8-62 * 9
oZ o7 >
N *OH 5776
8-63 OH
0
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N *OH 575.7
8"64 NHz
o)
QTH l *OH 745.9
N N N
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o)
" *OH 661.8
«N N
8-66 ~"NH,
0
O\ﬁﬁ *OH 830.1
«N N N
8-67 ~TTN
o)
*OH 631.8
8-68 N ﬂ\/
o)
H *OH 663.8
*N N
8-69 ~""0OH
0
*OH 5757
8"'70 *N NH2
9)
K\ *OH 5477
8-71 . -
N N
_ N | 616.8
8-72 o NN
N | 688.9
N
+N
8-73 O TN
N | |630.9
8-74 O~ N
| 588.8
8"75 *N *O/\‘\/N\
Q f 660.9
8-76 * PN
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| |644.9
8-77 *NQ *O\)\/N\
*OH 545.7
8-78 *NQ

5 Table 9

O
< 0
) /7
R/S\b 5 //S‘R

0

Compound R MW

0.1 *ND— 518.6

10 0 634.7

9-2 O)k
N t
578.6
15 *N 490.6
9-4

*N 518.6
w 1T
546.7
*N
20 9-6
' . 518.6
N 7209
. T
| ”Jokok
25
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Table 10

m\ /O

/,m/

:—5 O
Os

RZS

» ©

O N
Ry
Compound R R4 Mw
N *OH 533.7
101 ‘
N *OH 505.6
10-2
*N “OH 533.7
10-3
N *OH 533.7
10-4 »
"N *OH 561.7
10-5
*N 'O\/\N/ 632.8
10-6 |
*N l I 704.9
10-7 O SN
l
N NS 616.8
10-8 |
N Q7 T 618.8
10-9 Q/ NH,
5
10
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Table 11
N
N
. S-
Ry IR
Compound R . R MW

N Me  |531.7
11-1 Q

N H 517.7
11-2

o H 5457
11-3

N Me | 559.7
11-4

N\ Me 533.7
11-5 KJNH
*N/\NB H 719.9
11-6 K/ oc
*N/\\NH | H 519.6
11-7 KJ
5
Table 12
10
Ry
N
-8, S~
R S<O Nl\ R
R2
Compound R R4 Rz MW

“N Me *OH
12-1 546.7
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WO 2008/140792 PCT/US2008/006015
“N H *OH
12-2 532.7
“N H *OH
12-3 560.7
*N Me *OH
12-4 574.8

12-5 . NS 643.9
*N H (
1 _ .

Table 13
5

o]

o L T g

R1\ - ~ /R
v T SR
Rz R3
Compound R4 R> R; MW

. | 728.0
131 H N

X H | 714.0
13-2 *~_-N-_

H | 724.0
*/\/N\
13-3
. H SN 7421
13-4 §
* H 724.0

13-5

. H *~_OH 686.9
13-6

H NS 731.1
13-7
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Orm NN --V/ -OH "OH 575.7 547.7 8-71 8-72N1616.8 8-73 ----- ..-- 0---"--t'f\i", 688.9 8-74 1

"---...".N .,,630.98-7501588.88-76 01 ..---,,,, N ----.....- -0\ 660.9
WO 2008/140792
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H [~~"cr, |7530

13-8 < > <
* H N ~NH; [ 710.0
13.9 \Q
< > < H *~_F 688.9
13-10 iy
H "~_~_0H [715.0
13-11 : < > <
Table 14.
Gene No. Gene Name
1 Activating transcription factor 3
2 AHNAK nucleoprotein 2
Aldo-keto reductase family 1, member C2 (dihydrodiol dehydrogenase 2,
3 bile acid binding protein; 3-alpha hydroxysteroid dehyd
4 Basic helix-loop-helix domain containing, class B, 2
5 CD200 molecule
6 Chemokine (C-C motif) ligand 20
7 Chromosome 13 open reading frame 15
8 Cytidine deaminase
9 Dehydrogenase/reductase (SDR family) member 9
10 DNA-damage-inducible transcript 3
11 DnaJ (Hsp40) homolog, subfamily B, member 9
12 DnaJ (Hsp40) homolog, subfamily C, member 12
13 Dopa decarboxylase (aromatic L-amino acid decarboxylase)
14 Dual specificity phosphatase 1
15 Dual specificity phosphatase 5
16 Epithelial membrane protein 3
17 GABA(A) receptor-associated protein like 1
18 GABA(A) receptors associated protein like 3
19 Growth differentiation factor 15
20 GTP binding protein overexpressed in skeletal muscle
21 Helicase, lymphoid-specific
22 Heme oxygenase (decycling) 1
23 Histone cluster 2, H2be
24 hypothetical protein MGC 14376
25 IL8
26 interferon stimulated exonuclease gene 20kDa
27 Interleukin 32
28 Interleukin 8
29 Laminin, alpha 3
30 Lysosomal trafficking regulator
31 NADPH oxidase 1
32 Optineurin
33 Protein phosphatase 1, regulatory (inhibitor) subunit 15A
34 PTEN induced putative kinase 1
35 Ras homolog gene family, member F (in filopodia)
36 Sclerostin domain containing 1
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8-77 *NO | *ON., 644.9 8-78 *NO *OH 545.7 Table 9 Compound R MW 9-1 -Nr) 518.6 9-20
*N----)L sC 634.7 9-3 0 *N" 578.6 9-4 490.6 9-5

10

15

20

25

WO 2008/140792 PCT/US2008/006015
37 Sequestosome 1
38 Small proline-rich protein 1A
39 Small proline-rich protein 1B (cornifin)
40 Small proline-rich protein 3
Solute carrier family 7, (cationic amino acid transporter, y+ system)
41 member 11
42 SPC25, NDC80 kinetochore complex component, homolog (S. cerevisiae)
43 S-phase kinase-associated protein 2 (p45)
44 Tubulin, alpha 1a

In accordance with the foregoing, the present invention is directed to use
of the compounds of the invention as active ingredients for medicaments, in
particular for medicaments useful for the treatment of tumors. The compoUnds
of the invention will thus be present in pharmaceutical compositions containing
compounds of Formulas | or Il as active ingredients, in admixture with
pharmaceutically acceptable vehicles and excipients, which includes any
pharmaceutical agent that does not itself induce the production of antibodies
harmful to the individual receiving the composition, and which- may be
administered without undue toxicity. Pharmaceutically acceptable carriers
include, but are not limited to, quiJids such as water, saline, glycerol and ethanol,
and the like, including carriers useful in forming sprays for nasal and other
respiratory tract delivery or for delivery to the ophthalmic system. A thorough
discussion of pharmaceutically acceptable carriers, diluents, and other
excipients is presented in REMINGTON'S PHARMACEUTICAL SCIENCES
(Mack Pub. Co., N.J. current edition). Use of such carriers is well known to those

skilled in the art and will not be discussed further herein.

Also in accordance with the foregoing, the present invention relates to
a method for preventing or treating a disease associated with a change in
levels of expression of particular sets of genes in a mammal comprising
administering to said mammal an effective amount of a compound of the

invention.

Compounds according to the present invention will have the effect of
reducing size and number of tumors, especially primary tumors, in a mammal,

especially a human, in need of such treatment. A statistically significant
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518.6 9-6 .N7:1 546.7 9-7 *NO 518.6 9-8 *NLN",.,,,,,,, P| 720.9 WO
2008/140792PCT/US2008/006015 Table 10 Compound R Ri MW 10-1 L,"------. "OH 533.7 10-2 *N
C../ "OH 508V 2¥MYB2-OH 533.7 10-4 'N Is---/ *OH 533.7 10-5 "N PCT/US2008/006015

change in the numbers of primary tumor or metastasizing cells will typically be
at least about 10%, preferably 20%, 30%, 50%, 70%, 90%, or more.

In accordance with the present invention, the agents described herein

5 may be combined with other treatments of the medical conditions described
herein, such as other chemotherapies, radiation treatments, immunotherapy,
surgical treatments, and the like. The compounds of the invention may also be
administered in combination with such other agents as painkillers, diuretics,
antidiuretics,  antivirals, antibiotics, nutritional supplements, anemia

10  therapeutics, blood clotting therapeutics, bone therapeutics, and psychiatric

and psychological therapeutics.

Determination of the appropriate treatment dose is made by the

clinician, e.g., using parameters or factors known in the art to affect treatment

15  or predicted to affect treatment. Generally, the dose begins with an amount
somewhat less than the optimum dose and it is increased by small increments
thereafter until the desired or optimum effect is achieved relative to any

negative side effects.

20 The specific dose of compound administered according to this
invention to obtain therapeutic and/or prophylactic effect will, of course, be
determined by the particular circumstances surrounding the case, including,
for example, the specific compound administered, the route of administration,
the condition being treated, and the individual being treated. A typical daily

25 dose (administered in single or divided doses) will contain a dosage level of
from about 0.01 mg/kg to about 50-100 mg/kg of body weight of an active
compound of the invention. Preferred daily doses generally will be from about
0.05 mg/kg to about 25 mg/kg and ideally from about 0.1 mg/kg to about 10
mg/kg. Factors such as clearance rate, haif-life and maximum tolerated dose

30 (MTD), while not specifically recited herein, may be readily determined by one
of ordinary skill in the art using standard procedures.
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An effective amount of a therapeutic will modulate the symptoms
typically by at least about 10%; usually by at least about 20%; preferably at
least about 30%; or more preferably at least about 50%. Alternatively,
modulation of migration will mean that the migration or trafficking of vérious

5 cancer cell types is affected. Such will result in, e.g., statistically significant
and guantifiable changes in the numbers of cells being affected. This may be
a decrease in the numbers of target cells being attracted within a time period
or target area. Rate of primary tumor progression, size, or growth may also be
monitored.
10

In another aspect, the present invention relates to a method for
preventing or treating a disorder modulated by altered gene expression,
wherein the disorder is selected from the group consisting of cancer,
cardiovascular disorders, arthritis, osteoporosis, inflammation, periodontal

15  disease and skin disorders, comprising administering to a mammal in need of
such treatment or prevention a therapeutically effective amount of a

compound of the invention.

In a preferred embodiment, the presenf invention relates to a method of

20 preventing, treating or ameliorating cancer or tumor metastasis in a mammal

comprising administering to said mammal an effective a compound of the
invention, preferably where said mammal is a human.

The compounds of the invention will commonly exert a therapeutic

25 effect by modulation of one or more genes found in a cell, especially a
mammalian cell, such as a cancer cell, preferably colon cancer and most
preferably adenocarcinoma. Thus, a compound, or compounds, of the
invention can be used to determine or demarcate a set of genes by
determining modulation of such set of genes by one or more compounds of

30 the invention. For example, where a set of genes is found to be up regulated
in cancer cells versus otherwise normal cells, especially normal cells of the
same tissue or organ as the cancer cells, a set of genes can be determined

by their common property of being modulated (based on a change in
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expression of the genes, such as a change in rate or amount of RNA
transcribed or the amount of polypeptide produced by said expression) by
contacting such genes, or a cell containing such genes, with one or more of

the compounds of the invention. The extent of such modulation may, of

5 course, be related to the amount of said compound, or compounds, used in
the contacting. Such modulation may include the increased expression of all

the determined genes (i.e., the genes of the set), the decreased expression of

all genes of the set, or the increase in expression of some of the genes of the

set and decreased expression of others. Thus, a gene not modulated by the

10  test compound (the compound used in contacting the genes or cell containing

them) is not considered a member of the set.

Thus, the present invention relates to a gene set wherein expression of

each member of said gene set is modulated as a result of contacting said

15 gene set with a compound of the invention. In specific embodiments,
expression of each member of said gene set is increased as a result of said
contacting or is decreased as a result of said contacting. In another preferred
embodiment, the gene set is present in a cell. Such a gene set will commonly

be related to a specific disease process, such as a set of genes all of which

20 are modulated by a compound of the invention wherein such compound has a

specific therapeutic effect, such as being an anti-neoplastic agent.

The present invention also relates to a method for ameliorating cancer

or tumor metastasis in a mammal comprising administering to said mammal

25  an effective amount of a compound of the invention. Especially contemplated
are uses of the compounds of Table 1. In selected embodiments, said cancer

is a sarcoma or said cancer is a carcinoma. Specific cancers contemplated by

the methods of the invention include, but are not limited to, one or more of
colon cancer, adenocarcinoma, rectal cancer, colorectal cancer, breast

30 cancer, lung cancer, ovarian cancer, adenomatous polyposis, and

hepatocellular carcinoma.
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The invention also provides convenient methods for the synthesis of
compound of Formula |, according to the general synthetic pathway presented
in Scheme 1. The starting sulfony! chlorides 1 can be obtained by direct
chlorosulfonylation of the corresponding aromatic ring system or by

5 chlorination of an appropriate sulfonic acid derivative. Compounds 1 are
reacted with 6 or 7-membered cyclic amines to give secondary sulfonamides
2. Compounds 2 can be additionally transformed into derivatives 3 which in
some cases serve as prodrugs with modified physico-chemical and
pharmacological properties such as solubility in water, modified protein

10  binding properties, stability in plasma, toxicity, and others.

EXAMPLES

15 Most of the compounds disclosed herein were prepared from the
corresponding sulfonyl chloride derivatives according to the general synthetic

pathway presented in Scheme1.

Scheme 1
0 ~X_ o O Ry 0 ~ALXo N @ R R, © X 0 R;
c-s— [ 1 >§ca — N-S— | [ S-8N - — ,N‘§‘ ‘S‘N
o) Z 0 Rzoqpo& RzO oR4
o} Y
1 2 3
20
The following Schemes and Examples are intended as an illustration of and
not a limitation upon the scope of the invention as defined in the appended
claims.
25
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Scheme 2
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NOH NONa

OOO oo o 00 e o OO g
W i —_— N i
N’S\\ //S‘N N's\‘ /,S*N
0 NOH O o] NONa ©
)\\ 318
HN N/i 2-22 2.22 x 2Na
S -

EXAMPLE 1

2,7-bis(azocan-1-ylsulfonyl)anthracene-9,10-dione (1-27)
Anthraquinone-2,7-disulfonylchloride (1215 mg , 3 mmole) was dissolved in
100 mL DCM. The solution was cooled to -50°C. To this solution was added 1
mL (8 mmole) of heptamethyleneimine, followed by 1 mL of
diisopropylethylamine. The reaction mixture was stirred at room temperature
for 4 hrs. Solvent was evaporated and the residue was treated with 1N HCI,
filtered off, washed with water and dried. Crude material was crystallized from
chloroform-hexane to give 1.014 g (91%) of yellow compound 1-27. H'-NMR
(CDCl3) : 8.70 (2H, d, C1 and C8), 8.47 (2H, d, C4 and C5), 8.22 (2H, dd, C3
and C6), 3.22 (8H, m), 1.70 (20H, m).

EXAMPLE 2
2,7-bis(azocan-1-ylsulfonyl)anthracene-9,10-dione dioxime (2-22)

The product from Example 1 (1.0 g, 1.706 mmole), 5 mL of pyridine and
hydroxylamine hydrochloride (1.5 g, 21.5 mmole) was stirred at 95°C for 36
hrs. Pyridine was evaporated and the residue was stirred with 1 N HCI (50

mL) for several minutes. White product was collected by filtration, washed
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with water and dried. Crude material was then crystallized from DCM-hexane
to give 970 mg (97%) of a white compound 2-22. H'NMR (CDCl3) : 9.05 (1H,
dd), 8.75 (1H, dd), 8.35 (1H, dd), 8.05 (1H, dd), 7.90 (2H, m), 3.20 (8H, m),

1.70 (20H, m).
5
EXAMPLE 3
2,7-bis(azocan-1-ylsulfonyl)anthracene-9,10-dione dioxime disodium salt
(2-22 x 2Na)
10

A mixture of compound 2-22 (620 mg, 1.0 mmole), 35 mL of DCM and 2.2 mL

of 1M sodium ethoxide in ethanol was stirred with heating until a clear solution

was formed. To the solution was added 100 mL of ether and the mixture was

sonicated for 5 min. Yellow solid of product was collected by filtration, washed
15  with ether and dried to give 660 mg (100%) of the title compound.

EXAMPLE 4

20 9,10-bis(N'-(3-(dimethylamino)propyl)-N-ethylcarbamimidoyloxyimino)-
2,7-bis(azocan-1-ylsulfonyl)-9,10-dihydro-anthracene tetrahydrochloride
(3-18)

Compound 2-22 (442 mg, 0.75 mmole), 4 mL of anhydrous chloroform and
25 400 mg of EDAC were stirred at 60°C for 1 hr. The reaction mixture was
condensed and chromafographed by HPLC. Combined fractions con@aining
the desired product (MH*=899) were acidified by addition of 5 mL of 1N HCI
and evaporated to dryness. The product was dissolved in distilled water and
lyophilized to give 530 mg (68%) of white title compound.
30
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688.9 13-11 *04 H ", ,------ .....-OH 715.0 5Table 14. Gene No. Gene Name 1 Activating transcription
factor 3 2 AHNAK nucleoprotein 2 3 Aldo-keto reductase family 1, member 02 (dihydrodiol
dehydrogenW$E299I0Eid binding protein; 3-alpha hydroxysteroid dehyd 2EBE3ENEHRISYP-helix
domain containing, class B, 2 5 CD200 molecule 6 Chemokine (C-C motif) ligand 20 7 Chromosome
13 open readingdngme 85 8 Cyfidine deaminase 9 Dehydrogenase/reductase (SDR family) member 9
10 DNA-damage-inducible transcript 3 11 DnaJ (j-Isp40) homoloq, subfamily B, member 9 12 DnaJ
(Hsp40) homoloq, subfamily C, member 12 13 Dopa decarboxylase (aromatic L-amino acid
decarboxylase) 14 Dual specificity phosphatase 1 15N

o LT e
\ / N
2-22 x 2Na

IIBOC
J HN. _~_-Br
Boc Boc
' HN 0
HN\/\/O\N NN

4M HCl/dioxane

H2N\/\/O\N H2N\/\/O

N \\O Nl O// N ) \\ // N
“OH \

3-28 3- 24

NH2

5 EXAMPLE 5

9,10-bis[(3-aminopropyl)oxyimino]-2,7-bis(azocan-1-ylsulfonyl)-9,10-
dihydro-anthracene (3-24)

10 To a solution of compound 2-22 x 2Na (320 mg, 0.5 mmole) in DMSO (2 mL)
tert-butyl 3-bromopropylcarbamate (180 mg, 0.75 mmole) was added and the
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Dual specificity phosphatase 5 16 Epithelial membrane protein 3 17 GABA(A) receptor-associated
protein like 1 18 GABA(A) receptors associated protein like 3 19 Growth differentiation factor 15 20
GTP bindindVSt388fnédPexpressed in skeletal muscle 21 Helicase, lymphof§-33E2#8/9968&me
oxygenase (decycling) 1 23 Histone cluster 2, H2be 24 hypothetical protein MGC14376 25 I1L8 26
Interferon stimotixturexoasciiisedy@icreorDsePTnetatEkio B2 ha YWaigs uwmss 29deshifithipha 3

e AR S AR B 002 U BIRdE st |
The extract was dried with sodium sulfate, evaporated, and the residue was
stirred with 4N HCl/dioxane (5 mL) for 1 hr. Solvent was evaporated and the

5 residue was dissolved in methanol and purified by preparative HPLC.
Fractions containing the major product were acidified with hydrochloric acid
and evaporated. The residue was dissolved in water and lyophilized to
provide the title compound as dihydrochloride salt (170 mg, 44% yield for 2

steps). MS 703 (MH").

10
EXAMPLE 6
10-(3-aminopropyl)oxyimino-9-hydroxyimino-2,7-bis(azocan-1-
ylsulfonyl)-9,10-dihydro-anthracene (3-24)
15 .
The title compound was isolated as a second major product from Example 5.
Yield: 20% after 2 steps. MS 646 (MH").
20
25
30
35
40
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35 Ras homolog gene family, member F (in filopodia) 36 Sclerostin domain containing 1 WO
2008/140792PCT/US2008/006015 37 Sequestosome 1 38 Small proline-rich protein 1A 39 Small
profine-rich W@ &$A48782ornifin) 40 Small proline-rich protein 3 41 Solute cBHTEY$2p80p08ationic
amino acid transporter, y+ system) member 11 42 SPC25, NDC80 kinetochore complex component,
homolog (S. cebehieme)43 S-phase kinase-associated protein 2 (p45) 44 Tubulin, alpha la In
accordance with the foregoing, the present invention is directed to use 5 of the compounds of the
invention as active ingredients fgr medicaments, in particular for medicaments useful for the treatment
of tumors. The compound ion will thus%@?@'ﬁbgent in %ha mgositions
containing compounds of Il as active ingredients, in agmxirewithphagnaceutically
acceptable vehicles and excipierifs, which includes any 10 pharr@écgytical agent that dées not itself
induce the production of antibodies harmful to the individual receiving the composition, and which may
be administered without undue toxicity. Pharmaceutically acceptable carriersﬁincl but are not

limited to, liquids such as water, saline, glycerol and ethanol, and the like, includihg carriers useful in
forming sprays for nasal and other 15 respiratory tract delivery or for delivery to the gphthalmic
system. A thorough discussion of pharmaceutically acceptable carriers, diluents, and other excipients
is presented in REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub.,Co., N.J. current edition).
Use of such carriers is well to those skillachwastve'srdagerd will not pe digcussed further herein. 20

Also in accordance Wig*l t @
treating a diseage assog f pavtic

treatment. A statistically significapt WO 200 407g2r\FCT/U82008/006015 change in the numbers of
primary tumor or metastasizing ceM2@H typically At t agout 10%, preferably 20%, 30%, 50%,
ntiohNthe agents described herein 5 may be
combined with other treatments ¢f the medical conditions described herein, such as other

chemotherapies, radiation reatmentgs,Nmmunotherapy, surgicattreatmests, ahd the like. The
compounds of the invéjtidq may alsg be gdministered in combinatign @@@ gyents as
painkillers, diureties;gnidiureticg an i\'/i(r)aQBN {pfotics, nutriti poplemeits, anenfiay
10therapeutics, blgo cIo?ting th&aeutics, bone therapeutics_an pg/chi i and p%yc ological
therapeutics. Determination 1c;:_j_tpe approptiate treatment doge is made;gy the glinician]e.g., using
parameters or factors known in the art to affect treatment
/N\
5
EXAMPLE 7
10 10-methyl-9-0x0-9,10-dihydroacridine-2,7-disulfonyl dichloride

A mixture of 10-methylacridin-9(1OH)-dne (4.2 g, 20 mmole) and
chlorosulfonic acid (100 mL, 1.5 mole) was heated at reflux for 5 hours.
Reaction mixture was then condensed, cooled down to room temperature and
15 poured carefully on 500 g of ice. The yellow precipitate of product was
collected by filtration, washed with water and dried to provide 8.1 g of the title

compound. This material was used for next step without purification.
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15 or predicted to affect treatment. Generally, the dose begins with an amount somewhat less than the
optimum dose and it is increased by small increments thereafter until the desired or optimum effect is
achieved reMAA8/ H8Y%Regative side effects. 20The specific dose of compBURY 2HH$ERd
according to this invention to obtain therapeutic and/or prophylactic effect will, of course, be
determined by the particular circumstances surr&eHOME e & ase, including, for example, the specific
compound administered, the route of administration, the condition being treated, and the individual
being treated. AZypisR @a\RREIRTIHAERAINETSASUIBIE) oTclivieesylaceidinig (10Hpibmedosage
level of from aboili?D (?E%l%/ﬂﬁo about 50-100 mgﬂ gpﬁ%{/ weight of an active c(ompound of the
invention. £referred daily doses generally will be from about 0.05 mg/kg to about 25 mg/kg and ideally

from about 0.10/kg ta;8RAIENLO HFI/HY-FRAURYT-SLERGS Aeatmydrede ritidie, Andisulfonym
tolerated dose 30(MTD), while not specificaI(I}/ recited herein, may,bez_rrF;(_a@d)i(‘Ig determined bgdorae of
ordinary skill inct HPﬂS‘ﬁn@'%r@éﬁﬂ“Bf@c@ 8L MIO2BUBAIAD R IBETAGE IS W0 #59€Y An
effective amountmbiiberopmsEaawE2dHlata Shammonpiems tieicalictivraimsasrelveas Sivtedsually
by at least about 20%; preferably at least about 30%; or more é)referabg%/ ﬁaé h?g t about 50%.

C

Alternatively, nfSdORLIBRAGIHEBALA ARILS tRAEOESRYARER %F\/a?r%%eg\@a?ncer cell
types is affectegle steehwith reNIHCI g0, piRjiginalbtiniediiearOanminutestifaiiew rogesimee
numbers of cells being affected. This may be a de_chejzase in theéuirr{l?ﬁﬁrs o‘ tar t(&/ella b p %ttracted
within a time p&RJBLP L% HAL a8 VER PR AN AT AP es TSN Ene! (W%ero A a@ also be
monitored. 10 mat@rRNQiae GiyReslizbe frisscohionsorvngtiates to proeie®d prgu @iy af
treating a disorder modulated yﬁl}ﬂ@j{% ene expression, wherein the disorder is selected from the
group consistinbeg?\‘i’a?llé; M lar-disorders, arthritis, osteoporosis, inflammation, periodontal
15 disease and skin disorders, comprising administering to a mammal in need of such treatment or
preventioea therapeutically effective amount of EX@MPILE®Of the invention. In a preferred
embodiment, the present invention relates to a method of 20 preventing, treating or ameliorating

cancer or tumor metastasjs in a mammal comprisi dministering to sai a[nmg! tive a
compound of then#'léé lﬁjr#s,’%'r%amﬁwniﬁﬁ%%'ﬁ?d %ﬁcﬂgﬁ?&y Q’#ﬁh’ﬁﬁ%‘g compouﬁgﬁéﬁ’ihe
invention will commonly exert a therapeutic 25 effeCt loy modulation of one or more genes found in a
cell, especially a mammalign_cell, suc a.c r cell,,preferably ¢ C erably
adenoca%énoné.ni"ﬁ( ,eaogomﬁ%%ld?%ﬁjoﬁ ouna@,%f hng%%?eéitica)rrﬁ“ cz(?] e u?séelggtg%ngt@rrﬁ?ﬁ or
demarcate a seimf genasbyrstesangant (820ulzgio? ofirmads) seasfrgfiuxedyamé brandreleengpounds
of 30 the invention. For example, where a.set S Is_faund regul ' oRJecells
versus otherwi%aﬁo'}m?xgﬁggs%\é%%?l?ngmczlﬁgce(taﬁé (5 ﬁ%%ﬁsgarrﬁ%%esas}{uge' mgﬁ# awsaiﬁ(? caﬁcér cells,
a set of genes stirrdx fetéemindduigshatiroomntem pecptetg ehdding produlctevaasdaatadtthange in

o e A AR e dR G RIB A DG AL BRI MACHIRIRA R o o

of RNA transcribed or 156 amount of peptide’produced by sald expression contacting such
genes, o2& cell containing such genes, with one or more of the compounds. of the invention. The
extent of such modulation may, of 5 course, be Tgﬁ%ﬁ@@%a\mount of said compound, or
compounds, used in the contacting. Such modulation may include the increased expression of all the
determined genes @.e.. . %I'gw -set). the g _@ﬁﬁp' all; . et, or the
increase in expre?s,"s?io?r)li% §§n%t Igéﬁgp'éﬂgg?ggfggﬁggwd Egﬂiﬁ%? g{‘#;ﬁsﬁ Thus, a
gene notglaodulated by the 10 test compound (the compound used In contacting the genes or cell

containing Merpdsabfiafiiiates, 1. BIEBIAEIR iBlperiait NUpISIRIHASI IR aiRes to a

gene set wherein expression of each member of said gene set is‘'modulated as a result of contacting

said 15 gene s&(iiH)atkiompouRadf MainvdAtiommMelsedmic BHFisHRaEN s Bkpre¥d®n 8Ad8en
member of saiq,gane, SRIHRHRCHARBERS R TP higi B EANIACIECA I HE FHRATRE Aad seprdgor said

contacting. In another preferred embodiment, the gene set is present in a cell. Such a gene set will

commonly be rélHPiEafepdtinesdiSaivernru@sJesiemess anskie Jesidus WA HIERRS apth
modulatedehy a,camPesingd Aiie BXSIORWRGERBXUERRRMEIUAE hAat raecits teejapmmitisaeffect,

such as being an anti-neoplastic agent. _The present invention also relates to a method for
ameliorating cafieat Brethapphre tyaiesingive AAm S IBRHIRG e HREAMPRIEGaMRMAR 25 an
effective amourcm.f, ‘compound of the invention. Especially contemplated are uses of the compounds
of Table 1. In selected embodiments, said cancer is a sarcoma or said cancer is a carcinoma. Specific
cancers contemplated by the methods of the invention include, but are not limited to, one or more of
colon cancer, adenocarcinoma, rectal cancer, colorectal cancer, breast 30cancer, lung cancer, ovarian
cancer, adenomatous polyposis, and hepatocellular cgrginoma. WO
2008/140792PCT/US2008/006015 The invention also provides convenient methods for the
synthesis of compound of Formula I, according to the general synthetic pathway presented in Scheme
1. The starting sulfonyl chlorides 1 can be obtained by direct chlorosulfonylation of the corresponding

aromatic ring system or by 5 chlorination of an appropriate sulfonic acid derivative. Compounds 1 are
reacted with & or 7-membered cvelic aminec to aivve cecondaryv <rilfonamidec 2 Combpoirinde 2 can he



9RI 9 or-s-fr--- 1 OR2 0 N' 0 The following Schemes and Examples are intended as an illustration of
and not a limitation upon the scope of the invention as defined in the appended claims. WO
2008/140799OCHH9D38/006015 Scheme 2 EXAMPLE 1 PCT/US2008/006015
2,7-bis(azocan-1-ylsulfonyl)anthracene-9,10-dione (1-27) 10 Anthraquinone-2,7-disulfonylchloride
(1215 mg , 3 mmole) was dissolved in 100 mL $MeEdilition was cooled to -50C. To this solution
was added 1 mL (8 mmole) of heptamethyleneimine, followed by 1 mL of diisopropylethylamine. The
reaction mixture was stirred 2o ﬁﬁﬁ%{ﬁ;@fﬁ_ﬁﬁ!@%ﬂﬂﬂ@%&%ﬁﬁ”&ﬂ@v&%ﬂ ated and the residue
was treated with 1N simetiytaminogropyiimingd! Grmethnh(@Re10B ) ariding (31473 crystallized
from chlorbform-hexane to give 1.014 _gg)l%_ of yellow compound 1-27. Hl-NMRt_}gDCIS . 8.70 (2H,
d, Cl and C8), &4mpiture, cafant CBjS@ & EPE{HUME%HH‘C%X'%!EQ%%%WE BNy
20EXAMPLE @%ﬁhf(agggﬁg-1-ylsp1f@gyl)ﬁq§hraqggg-9,;rQTQj@)g digyamé2-28 Thalprodastfrom
Example 1 (1.0 g, 1.706 mmole), 5 mL of pyridine and 25 hydroxylamine rg/(%rstchlo @g&ﬁ 21.5
mmole) was stifEteEamIRRPIBAWAPAGIIR: 1935 Bl apbYERIgA AR R asS'si ith 1 N

HCI (50 mL) fop aevernlRINWERS PR PERRNS raRs Gig ptast by iraituet weshpre dipRated by
2008/140792PCT/US2008/006015 with water and dried. Crude ma@igi%, then cr)éEtal ized.from

DCM-hexdhe 18 ¢fiiion7 ohmpreshanchs Liacteitalmpancoliested S W&BR8IHVEY), 8.75
(1H, dd), 8.35 (hiiHihe B &%d(Hricddo? 028 TIng . 285@H, o thb AR @D mph B XMBPEL43
2,7-bis(azocan-1-ylsulfonyl)anthracene-9,10-dione dioxime disodium salt (2-22 x 2Na) 10 A mixture of
compound 2-2% @'mg, 1.0 mmole), 35 mL of DCM and 2.2 mL of 1M sodium ethoxide in ethanol
was stirred with heating until a clear solution was formed. To the solution was added 100 mL of ether
and the mixture was sonicated for 5 min. Yellow solid of product was collected by filtration, washed
15with ether aneFAREFS give 660 mg (100%) of the titte compound. EXAMPLE 4
209,10-bigN'-(3-(dimethylamino)propy1)-N-ethylcarbamimidoyloxyimino)-
2,7-bis(azocan-1-yIsquon¥)I)-9,10-dihydro-anthracene tetrahydrochloride (3-1§) Compound 2-22 (442
mg, 0.75 mmole), 4 m)oflanhydrous chloftform and 25 40Q_mg of EDACweke stirred at 60 rihr.
The reaction mixtgre @ @ nged an romat&gﬂaphec?%@_@ I@@@ asti ohtaining
the desired prodgief =899) were acidified by adtfition of 5 m hl’ﬂoH | and eVéﬁ)‘@ ated to
dryness. The product was dissolved in disfilled water and Iyophilized*to give §3p3glg (88%) of white

titte compound. 30 WO 2008/140792PCT/US2008/006015 Scheme 3 NONa| | Bac
NaH, DMF
C|\/\/'L\HCI
O (o}
JOOCL (. AL SO0, O
J)N I S NKL N o O NKL
\, 1-70 | 13-1 |

20 :
EXAMPLE 12
N2,N"-bis(4-tert-butylcyclohexyl)-9,10-dioxo-9,10-dihydroanthracene-2,7-
disulfonamide (1-36):
25

Anthraquinone-2,7-disulfonylchloride (10 g, 24.7 mmol)) was dissolved in 200
mL DCM. The solution was cooled to -50°C. To this solution was added 4-tert-
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SEXAMPLE 5 9,10-bis[(3-aminopropyl)oxyimino]-2,7-bis(azocan-1-ylsulfonyl)-9,10-
dihydro-anthracene (3-24) 10 To a solution of compound 2-22 x 2Na (320 mg, 0.5 mmole) in DMSO (2
mL) tert-butif @ §HBPEpylcarbamate (180 mg, 0.75 mmole) was added dfdltHE204#§06015
2008/140792PCT/US2008/006015 mixture was stirred at room temperature for 1 h, Water was added
to the reaction buifitlayclofeprsapiar dSicgets hvanenalr deliavgarbyyety aRiRe L& 8Dt was

dried with sodigq sulfate;evARoTaIgEIaAhINRURS il WARSUTERCHYGH 48hipelstioraer(a mis) for 1 hr.
Solvent was evaporated and the 5 residue was dissolved in methanol and purifjéﬁ_jbb!“{g%@r%ive
&saf

HPLC. FractiofSolvgiiiniag exanipies aagtheeresidnernva@siis atret auitioie rated.

The residue wag,digsplvag) iBotaien 81l (yonk)iiraséppsanise 86y iaspemearpewdstinydrochloride
salt (170 mg, 44% yield for 2 steps). MS 703 (MW). 10 EXAMPLE 6

10-(3-amifopropyl)oxyimino-9-hydroxyimino-2,7-bis(azocan-1- ylsulfony1)-9,10-dihydro-anthracene
(3-24) 15 The title compound was isolated as a gagaRIPIRje3 product from Example 5. Yield: 20%
after 2 steps. MS 646 (MW). 20 25 30 35 40 WO 2008/140792PCT/US2008/006015 Scheme 4

EXAMPLE 7 101O-rpetj;1¥lu;9-oxo-9,1O-dihydroacridine-227-disu!fonﬂzd'chIqri%i A mixw'r 6
10-methylacridin-d¥id¥iyRisécdertbutyigypiehary il A fime daTip pprary '§\£ Was heated
at reflux for 5 hours. Rgf6KBLIMIBLAIR YD HIFth FEACERESE R -dRfbHantide (48#1femgerature and 15

d full 5 fice. Th Il ipitat dyct lected. by filtration, hed
B e e e TR LT o

without purification. W1 908fi%405 A0Pdihikirdantriace e 2 ANIBUHdhamide (1-70)
2,7-bis(3,5-dimethylpiperidin-1-ylsulfony1)-10-methylacridin-9(10H)-one (11-4) 5 To a solution of
10-methy1-9-o0x0-9,10-dihydroacridine-2,7-disulfonyl dichloride from Example 7 (810 mg, 2 mmole) in
THF (20 mL) wapadder 8, 2alinethitispestlitiee(2 oMonErmickn o/$)36)06182 regactiod mirtamelyvirs stirred

at room temperature for 6 hours., Solvent was evaporated and th i 1 ated i N HCI
(50 mL) and stARYRIOYS RM&?&O é‘n@v{fBf&&&d&%é”&mégfi%go@?ﬁﬁﬁ%maéﬁ?d“ Wit water and
methanohand driatblCrutirenaieligionasagstatimed fréon chblomiormariblartbeto pBoctuerool, Mg (80%)

fyellow 11-4. MS 560 (MW). 15EXAMPLE9
o7 bis(s,5.cim T RAERALS RIS IVRCoSRIAR 118 S . Tgl) was added. Aftr

10 min, the reaction mixture was transferred to a pre heated oil bath at 40 °C
and stirred for 3 days. LCMS showed the presence of monoalkylated and
'bisalkylated products (ratio, 65:25) together with unreacted starting material.
20  After cooling, 1N NaOH was added to the reaction mixture and extracted with
| ethyl acetate. The organic phase was dried over anhydrous magnesium
sulfate and the filtrate was evaporated under reduced pressure. The crude
mixture was purified by silica gel column chromatography. The unreacted
starting material was recovered when the column was eluted with 40 % EtOAc
25 in hexane. Pure monoalkylated product (13-1, LCMS, MS 728.0 (MH+)) was
obtained when eluted using EtOAc alone and the bisalkylated product (1-70,
LCMS, MS 813.2 (MH+)) was isolated with 5% triethylamine in EtOAc as the
eluent. The fractions collected were evaporated under reduced pressure to
dryness to get 13-1 (3.02 g, 53 %) and 1-70 (1.10 g, 17 %).
30
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20 A mixture of compound 11-4 (560 mg, 1 mmole), anhydrous toluene (10 mL) and Lawesson's
reagent (820 mg, 2 mmole) was refluxed for 4 hrs. Toluene was removed by evaporation. To the
residue metWhH® B3 was added, stirred for few minutes at room temp8fR{r2¥P eI product
was collected by filtration and dried to give 500 mg of the title compound. MS 576 (MW). 25 EXAMPLE
10 2,7-bis(3,5-&ehemadiperidin-1-ylsulfony!)-9-hydroxyimino-10-methyl- (9H,10H)-acridine (12-4) 30
To a solution of 2,7-bis(3,5-dimethylpiperidin-1-ylsulfony1)-10-methylacridine- 9(10H)-thione (290 mg,
0,5 mmole) in pyridine (5 mL) was added hydroxylamine hydrochloride (210 M8, 30 mmole) and the

mixture was stirred at 100C for § hrs. Solvent was removed the residue was treated wit water
to remove exceézmgd{o @@@ r;}l)d iakwyasHerystatf fso @@@ - Va o\give 245
mg (85%) of the ti rpound. 58 . WO 20087140 MUS20 840@@ 5 5=XAMPLE 11

0 1
2,7-bis(3,5-dimethylpipéri8in-l-ﬁsulfo%yhﬁ-(B- H NO KL
dimethylaminopropyl)irnino-10-meethyl-(9H,10H)-acridine (12-5) 5 A mixture oé-1 N~
2,7-bis(3,5-dimethylpiperidin-1-y|su|fony1)-1T)-methylacridine- 9(10H) thione(145 mg, 0.259 mmole),
pyridine (5 mL) and dimethylaminopropylamine (0.125 mL, 1 mmole) was stirred at 100C for 4 hrs.
Solvent was partially evaporated and reaction product was precipitated by 10 addition of methanol.
Precipitate was collected by filtration, washed with methanol and dried to give 137 mg (85%) of the title
compound. MS 644 (MW). Scheme 5 EXAMPLEXample 14
N2,A17-bis(4-tert-butylcyclohexyl)-9,113-dioxo-9,10-dihydroanthracene-2,7- disulfonamide (1-36):

Anthraquinone-2,7-gisglfo_nylchloride (10 g, 24.7 mmol)), was dissolved in 200 mL DCM. The solution
was cooled to -5087N\ this (o kertb uhdcxslehexph-Ninid-(dispethyiaminoriepyhstdBo1s

butylcyclohexananyng g drostyithing)d, felamsea Ryanairytaning, B diswifeharmiaw|s-Tlje reaction

mixture was stirred at room ter(rg;erature for 4 hrs. Solvent was evaporated and the residue was

treated wi® MeBRe filiogimsi, @nd)aMas PepRareds f9lewingothte BRARIA! (ProsPdY SevtiNFowder.
5 EXAMPLE 1%3%1%@%%%%’@3“?'@B(dim‘?fthﬁ'ﬂi@mo)@keé’yé)ﬁyb%xylamine

dioxo-9,10-dihydroanthracene-2,7-disulfonamide (13-1) and 0
10N2,N7-bis(4 AIBERIRIRR R4S K3 R TR -eche iR IPRILFL RS “C for 36 hrs. After

cooling, excess hydroxylamine was removed by filtration, washed with
pyridine and the filtrate was evaporated under reduced pressure to dryness.
15  To this was added excess of aqueous 1N HCI, the oxime was precipitated out,
filtered to collect the colorless precipitate and dried. The oxime (6-1) was
further purified by crystallization or HPLC to get it as a colorless HCI salt (1.42
g, 65%).
'H NMR (400 MHz, DMSO-d6) &: 13.04-13.01 (m, 1H), 12.94-12.89 (m, 1H),
20 10.48 (br s, 1H), 9.18-9.07 (m, 1H), 8.87-8.78 (m, 1H), 8.40-7.78 (m, 4H),
3.75-3.05 (m, 16 H), 2.72 (s, 6H), 1.96-0.76 (m, 28H).

Example 15
25
N?,N-bis(4-tert-butylcyclohexyl)-N% N -bis(3-(dimethylamino)propyl)-
9,10-bis(hydroxyimino)-9,10-dihydroanthracene-2,7-disulfonamide (2-65)

Following the general procedure described above, the dioxime (2-65) was

30 prepared as HCI salt (0.710 g, 63 %) from the corresponding anthraquinone
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9,10-diox0-9,10-dihydroanthracene-2,7-disulfonamide (1-70) To an ice cold solution of the
sulfonamide (1-36, 6.82 g, 10.61 mmol) in anhydrous DMF (100 ml) under argon was added NaH
(95.0%, 69 MRFIWFHB7YE mmol). The solution was stirred for 5 min, and thBRT/US2008/006015

3-chloro-N,Ndimethylpropan-1-amine hli%:ochloride (2.18 g, 13.8 mmol) was added. After 10 min, the
reaction mixturdGRANASLH S (Pa hrédneunal o xeesaiwdoairminechyeoshilgyide CVSghowed

the presence ofmgglﬁﬁuf(ylpmwigiﬁ@"@@mg RHOglkIGtS {gi_xt'gs ﬁ_ﬁé_25) together with unreacted starting
e

material. 20 After cooling, 1N NaOH was added to the reaction mixture and extracted with ethyl

acetate. The oranWﬁa@%OMé Rz BYRP L) Brol3 A%d A utMsitAte 1 88hE2RRatewAs)),
evaporated undgnegugsqrlerays. 58 BRdmMitiyrewasopfiad trgilisargel eRlumn 16 H),
chromatography. The unreacted starting material was recovered when the column was eluted with 40
% EtOAC 25 in éezgfiﬁztff@'rﬁghaalkylated product (13-1, LCMS, MS 728.0 (MH+)) was obtained
when eluted using EtOAc alone and the bisalkylated product (1-70, LCMS, MS 813.2 (MH+)) was
isolated with 5% triethylamine in EtOAc as the eluent. The fractions collected were evaporated under
reduced pressure to dryness to get 13-1 (3.02 g, 53%) and 1-70 (1.10 g, 17%). 30 WO
2008/140792PCT/US2008/006015 Scheme 6 5 Example 14
N2,N7-bis(4-tert-butylcyclohexyl)-N2-(3-(dimethylamino)Propy1)-9,10-
bis(hydroxyimino)-9,10-dihydroanthracene-2,7-disulfonamide (6-1) 10 The dioxime (6-1) was prepared
following the general procedure using monoalkylated sulfonamide (13-1, 2g, 2.7 mmol), excess
hydroxylamine hydrochloride (2.7 g, 27.5 mmol) and pyridine (50 ml) at 95 C for 36 hrs. After cooling,
excess hydroxylamine was removed by filtration, washed with pyridine and the filtrate was evaporated
under reduced pressure to dryness. 15 To this was added excess of agueous 1N HCI, the oxime was
precipitated out, filtered to collect the colorless precipitate and dried. The oxime (6-1) was further
purified by crystallization or HPLC to get it as a colorless HCI salt (1.42 g, 65%). 1H NMR (400
MHz, DMSO-d6) 6: 13.04-13.01 (m, 1H), 12.94-12.89 (m, 1H), 2010.48 (br s, 1H), 9.18-9.07 (m, 1H),
8.87-8.78 (m, 1H), 8.40-7.78 (m, 4H), 3.75-3.05 (m, 16 H), 2.72 (s, 6H), 1.96-0.76 (m, 28H). Example
15 25 N2,N7-bis(4-tert-butylcyclohexyl)-N2,N7-bis(3-(dimethylamino)proPy1)-
9,10-bis(hydroxyimino)-9,10-dihydroanthracene-2,7-disulfonamide (2-65)  Following the general
procedure described above, the dioxime (2-65) was 30prepared as HCI salt (0.710 g, 63 %) from the
corresponding anthraquinone WO 2008/140792PCT/US2008/006015 derivative (1-70, 1g, 1.23
mmol), excess hydroxylamine hydrochloride (1.2 g, 12.3 mmol) and pyridine (25 ml) at 95 C for 36 hrs.
1H NMR (400 MHz, DMSO-d6) 5: 13.09-13.07 (m, 1H), 12.98-12.95 (m, 1H), 9.14-9.08 (m, 1H),
8.89-8.82 (m, 1H), 8.35-7.92 (m, 4H), 3.75-3.04 (m, 16 H), 2.72-0.77 (m, 46H). What is claimed is: 1.
A compound of formula 1ll Formula Il wherein RA is hydrogen, R7 and R8 are independently selected
from H and SO2NR3R4, wherein one of R7 and R8 is hydrogen and wherein N121122 and NR3R4 are
independently 6- to 15-membered heterocycloalkyl containing one nitrogen in the ring, or a
pharmaceutically acceptable salt, ester, amide, stereoisomer or geometric isomer thereof. 2. A
composition comprising a therapeutically effective amount of a compound of claim 1 in a
pharmaceutically acceptable carrier. 3. The compound of claim 1, wherein N121122 and NR3R4 are
each piperidine substituted with 1 to 2 methyl substituents. 4. The compound of claim 1, wherein
N121122 and NR3R4 are each azepane. 5. A compound having the following formula:
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or a pharmaceutically acceptable salt, ester, amide, sterecisomer or geometric isomer thereof. 6. A
compound having the following formula: Ell IN. N or a pharmaceutically acceptable salt, ester, amide,
stereoisomer or geometric isomer thereof.

What isclamed is;

1. A compound of formulalll

Formula IIT

Ry
~ O/

wherein Ra is hydrogen, R; and Rg are independently selected from H and SO.NR3Ry,
wherein one of R; and Rg is hydrogen and wherein NR; R, and NR3R, are independently
6- to 15-membered heterocycloalkyl containing one nitrogen in the ring, or a

pharmaceutically acceptable salt, ester, amide, stereoisomer or geometric isomer thereof.

2. A composition comprising a therapeutically effective amount of a compound of claim

1 in a pharmaceutically acceptable carrier.

3. The compound of claim 1, wherein NR;R, and NR3R4 are each piperidine substituted
with 1 to 2 methyl substituents.

4. The compound of claim 1, wherein NR;R, and NR3;R, are each azepane.

5. A compound having the following formula



or a pharmaceutically acceptable salt, ester, amide, stereoisomer or geometric isomer

thereof.

6. A compound having the following formula:

or a pharmaceutically acceptable salt, ester, amide, stereoisomer or geometric isomer

thereof.
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