DIAZO BICYCLIC SMAC MIMETICS AND THE USES THEREOF
BACKGROUND OF THE INVENTION Field of the Invention 10001]This
WORAEB8%1Td in the field of medicinal chemistry. In particular, tRECHUSHREHP6021S
relates to conformationally constrained mimetics of the N-terminal
sebMénee @MWSK@WMW%M WHibErdbAsopidsiREOF
Proteins. The invention also relates to the use of these mimetics for
inducing or sensitizing cells to the induction of apoptotic cell death.
Related Art 100033\ e ResrassinesanseTeel pRarpivpeisihe result of a
variety of genetic and epigenetic alterations leading to deregulation of
intracellular signaling pathways (Ponder, Nature 411:336 (2001)). The
Fict9 TP R nl{;gnfﬁ)ornall cancer cells, howev_er, is their fgilure to execute an
apoptotic program, and lack of appropriate apoptosis due to defects in the
normal apoptosis machinery is a hallmark of cancer (Lowe et al.,
[ooﬁji‘lc'“oge”ﬁ%'? %%ékﬁ%&z%o%) ¥ Oﬁéﬁui{ﬁ%é’cﬁé‘%%{ ta%r%%ﬁﬁr(i InGludiDBeular, the
chemotherapeutic agents, radiation, and immunotherapy, work by
indireotiptieduciietep dptasisimaneesl belleo Bt irabitiynaftsanoér dslNgerminal
execﬁ]‘éﬁ%@r{bé‘%‘f@ﬁ%‘é %H&@%&'ﬂ%ﬁoa%‘%%fﬁtg}st%% NATHRLABP El\tBI?')Btosis Proteins.
machinery Is thus often associated with an increase in resistance't
cherhbtheregnyiomdiatonlatesianibe otivepdpirciredonieng tigsofoo SiduPirigarysemsitizing
acaulad (eaistaRcRphIBRcaRcephlffprent origins to current
treatment protocols due to apoptosis defects is a major problem in current
cancer therapy (Lowe et aL, Carcinogenesis 21:485 (2000); Nicholson,
ReM@t&J@ﬁO?:SlO (2000)). Accordingly, current and future efforts towards
designing and developing new molecular target-specific anticancer
therapies to improve survival and quality of life of cancer patients must
[odig|ude strajggies thatispecifically iRtHer GInEsL ARIESRIBANC SRty of genetic and
apoptosis. In thiStegard, targeting crucial hegative regulators that play a
centeaigenstis dlietionmisiihacaposiasisiintieanceineirelobresegnsalag pathways
high)y raERisig e ARSYHG I ITTRY DA RARIRRNRST AT UGIESI#Ms, however, is

[0003]Two classes of central negative regulators of'apoptosis have been
identhéﬁfahmm@@émyéeoﬁu@ggmm pﬁ%@@e@@f@ﬁiﬂ%ﬂl@%ﬂ%@ agoptosis due
exemplifipd oy MR-ARIARL P ARARIONC mRleryles 1Bfi#1R 8¢ BREN Lowe ef al.,
proteins (Adams et al., Science 281:1322 (1998); Reed, Adv. Phartnacol. '
41500 (1o REed 1P, .iZ@QDr)BlocMgﬁt. 6OIISI 9TENCITHERAHEAtic including
stratggigs iRl iRGRinG Bes? and BohXbidd caRcahiRHasiye saReehgeindirectly
sensitivity and overcome resistance of cancer cells to apoptosis have
beenexkEns wERPtaYiRWe G qadaraelbt atllSrivbdips Ph gancer ools troggecute an

AdV%E;mﬂﬁ@%b#%g%é]tggc@f;e@t@eﬂ %cahorﬂla@'gﬂoﬁw%cﬁgl% is thus often

(1996)). Several Taboratories are interested in designing small molecCule

inhib1#eps1atea c VAN @B SIDXIC200 04 THEISEBEAd Wash ettt hegadipgion, or
reguiala el %&&%d%é@%@iprﬁrﬂ@ﬂp@)‘i’%@qug@'fbﬁlg%?c@of human cancer

(Deveraux et at, Genes Dev. 13:239 (1999); Salvesen et at, Nat. Rev. Mot '
Celt ®idi3ra0000g02 P THISHALSIMERIESBrolsiducsiocharinmiadetagipis a major

1, clAB e ial ARrrEHA Bard A Ry R MNP SHIVINiD liYiDehBds 21:485 (2000);
apollon, and BRUCE. TAFéfrotelns potently suppress apoptosis induced

by ahasgelsRitdlsrabptott SRR, inermtpihentmé dseiiterageatss towards
radigfiQmmang IRINHBOhSARY iBysaneesGells (P0EPiNe AR AR apics to
is the most potent inhibitor in suppressing apoptosis among all of the 1AP
mentBEFe YRS & Andapshiiysed biesaf esey; naticHs st Apchfesfatrgics that
17:384¢i609989) 1 dakahaabéetall, rdsiBithcChEMpdpRsid 8716l 998) regard, targeting
Deveraux et al, Nature 388:300 (1997); Sun et at, Nature 401:818 (1999); = .
DevératizldtegrtizeiRey o shabrlvp gy id dptedp lirestndahiRigge apoptosis in
6/1862 (2001)). X1AP plays a key role in the negative regulation of

apoptosis in both the death receptor-mediated and the

mitochondria-mediated pathways. X1AP functions as a potent

endogenous apoptosis inhibitor by directly binding and potently inhibiting

three members of the caspase family of enzymes, caspase-3, -7, and -9
(Takahashi et al., J. Biol. Chem. 273:7787 (1998); Deveraux et al., Nature

388:300 (1997); Sun et al., Nature 401:818 (1999); Deveraux et al.,
FMRO 1 12:-5242 (1900): Accpalin et at Cancer Rece R1-12R2 (2001



completely understood, evidence is mounting to indicate that XIAP is

widely overexpressed in many types of cancer and may play an important
WO IRt tesistance of cancer cells to a variety of current th@Gp&§Ee08/060215

agents (Holcik et al., Apopto.sis 6:253 (20W ); LaCasse et al., Oncogene

17:3SHEQ0 GO )repseie RISk RISHpoREISARer Sl TARSrHE BUpiss o iAGHodticancer

of thg-NCiEHShuman cancer cell lines (Tamm et al., Clin. Cancer Res.

6:1796 (2000)). Analysis of tumor samples in 78 previously untreated

[0093Hients shdWacFtrsEHRISE i RegRiYeverR BT RPARIBRIEHIRYEHRFD identified.
longghsurMvaldskash e @tlalerSig teABEE? Rild bf R (ROQONs XMW by two

found to be expressed in human m]a%Icid([:mant lioma (Wagcnknecht et al.,

Cell 19&3th a5 1HaPosiete Msgylsuldeletand Reldtl meleissddsimtog)y /., Science

XIAR gyassfoungoiggipe RxpresaBd ipwman progtata canoan.celleans al, J. Cell.
and/tumor necrosis factor-related apoptosis inducing

blocks Apo?2 li )
ngar%ﬁfegarat apoptddidof PretRrE EanEacests me%&gﬁ?@geﬁe%?oﬁnd Bel-XL in
mitoghandrial residvatianddy CEIE SRty Prasiaierddh33da9AR e NG edrdler cells to
Mot. Cancer Ther. 1:1051(20%%%?. XIAP is oyerexpressed in non-small cell '
lungPRRENNBERETHrep e a Ay RSB A ampIated i giihagéilesrs (1998);
of NReddC AoTPranm giAls B5CR DBy RaBeddliby: NGO AR8ERH£A0GR)R3 (1996)).
Expression_g X1AP and lack of down-regulation of X1AP upon treatment
i

with TTSTAtiRAALOBIEE i BHEEREAG IS piEATe Bt h B bicHifvghibitors of Bel-2

ovariagd ganoer. (Li et al., Endocrinology 142:370 (2001); Cheng et al.,

Drug Resist. Update 5:131 (2002)). Taken together, these data suggest . . .
[04E:" map may S&%@}l&ﬁ%ﬁf@?&%@qﬁawﬁg&%ﬁ Bt S5 9BARRRIRAA Inhibitor of

cancisptosty Fitithe(eprRytiOagenisx RIS]neeyiyaf thrdlloguoeessshivesen er
wall ig essentjal for vascular homeostas; organ function. A dynamic
NGRR3R s O S RS
integity RlusirgPvasauar TjevielappeHI ARY RaAR) 0giceP aNgitRlenesisid] livin, ILP-
has peen shown that c]AP-1 is essential for maintaining endothelial cell

o DDA VLRt o TGS B AT DA oy SRSt muced by a
(Santepe ehdattNafuimfienietitiman; iddvdnQlheAsistapeelid Rgbrntsayadiasion, and
anim ortanthrole in.the contro| of angiogenesis and blood vessel

hom &SRS S{ﬁﬁ’ﬁ’guéﬁ%f}?%&é esis, regeneration and tumorigenesis.
[0(0B09]ApoXeHiskisi ot StglR) drotesmasathetert iminibnbeeth wilppeessing apoptosis

ROl N BAoR T BTG AE 4 Bt A dCase

apopiiosiSidepend bNIDENY BeR)ysTakabihshs HaensiltAioinsliles:thait3: 7787 (1998);
initiate the process, Other fac inclu e gctivation or gveractivafi
o Ao, A S R G g Rl et o GliRDs (1999):

necrbDsisfactoealphaAMBBaY, tushs242eCi09B) fakteclivlated., Cancer Res. 61:1862
apo iszindycing ligand (TRAIL ar Apo2L), or FAS ligand. Another . .

oG AP AR LSS PR B e RS s in bous
signdtiag) pattpraymadiasiioawd fhe soicalhed dyipen caliddy pathvegits altbXP functions
Fas or INF3 [eceptor activation, 190101, IRAIL (Rgoal hias *qene nSh%‘ﬁV%ﬁ‘ potently
to bé%a efetiiVe an 50?en§ indURer0OF apoptosis in cancer'ce 180 5

nornisiibétlisy viper bindibgimEithercadtaso faoaiyopfaticziiRAlLcaspayetdrs;7, and -9

TRAIL - DR4) (Pap.et at, Sciengce : 1997)). or TRAIL- _
L BRI s B SO et 83 e SIS TB Bt ol e 358300
Sciefié® D7 7581 Sef 18R 7 )y atc Zdk &1l at (EMBO Deie13886e(1997PMBO J. 18:5242
Activatign of the pro-apoptotic death recep b | 'nc%i1 ces the )
form e ot SR S o R R gl 104791
rece(ob PACRias ah, dddpidk (KoSqkell et HhahgerudityCed:604:T200R)01)). XIAP
Kuang et.at, 4. Biol. Chem. 275:25065 (2000)), and ca s8,as an
ety e B S IR R RATBIR BB s et o«
activated by induced proximity (Medema et at, EMBO J. 16:2794 (1997);

Muzio et al., J. Biol. Chem. 273:2926 {2998)). [0011] TRAIL has

generated significant interest as a potential cancer therapeutic (French et

al., Nat. Med. 5:146 (1999)) because of its selective targeting of cancer

cells, whereas most normal cells appear to be resistant to TRAIL

(Ashkenazi et al., Science 281:1305 (1998); Walczak et al., Nat. Alec!.
157 (1000)) <vetemic adminictration onf TRAIl hac nroven to bhe cafe



antibodies, without also sensitizing surrounding normal cells. Such an
agent would also be useful for reducing or preventing the drug resistance
WQaM#BRk fassociated with the use of receptor-mediated apoPdiiE 2aMHeG021S

drugs, thus improving_their effectiveness and eliminating the need for
combirieiihBIAYS: g@Té@lST#ééBﬁﬂy?%?&&B‘%ﬁ@%é@éﬁdeely targets caspase-
mitoghendrigieiesvedspetvatriRf casharaRl-wrddanified RgadPrateinker region
released from mitochondria into the cytosol in response to apoptotic
stimBRtYESGaiIRARd et BIRA ipRibikebo é]ﬁpéw-éi@rd/saéwﬁbg%l;vw%ﬁ al., Nat.
al., Gell. 123138 4208R)). HMaq296y))thearbMdmanNESPip@kents the activation

mitochondrial targeting sequence that is proteolytically removed durin

mat@afb e thetthaitte lholyHusteR. Gat4Rsvalewsiam Y&f&@é@@%ﬁxfﬁé&he most
with MAEaierst athenkivisoans tepdisiasnd risdieding to caspases and:483 (2001);

facilitate, caspase activation. Smac is a potent endogenous inhibitor of )
XIAPTIOE]IGh 4esdithieR, EepbmfeAtDihrSesiiensionab@isy apoptosis at the
strucipwesofiie Bikaslopnaia, of MR miceapleripitheman reieivandconverge,
peptide have recently been determined (Sun et al."1. Bigl. Chem.,

275 3E48I 08 HIG XU ATiRy-Bravs: 100% (S5Be5tRigaHE e overcome
N-tergiahtetmantcedefiSrapeiiasNakRmr be onr Auld SRR KR0E20D2); Amt

recognizes a surface groove on the BIR3 domain of XIAP through several

hydrdd¥n:hdHidin ]?ﬁ?érégﬁé‘rﬁ@%@@g%mer Waals contacts. The
[000&graction hetvwaeh BARDatkeaspaser (AP alocheentmhown tanbyolie far from
four residues (Ala-Thr-Pro-Phe, or ATPF (SEQ ID NO:2)) on the amino . )
termfAOPEEhe gmﬁﬁsg%%nﬁ%#e@ggpaw@%% Lo iR iam B 800 off Widely
the BiR&dsinabd Heveia) regeit stuciasdiaumel conyingingndamersiiatede in the
that Smac promotes the catalytic activity of caspasc-9 by competing with .
s RN RSy Y DRI YOO S FHEFCDH RS BPYE AR ek e ol
(Eketpepalsisis Csll @ @01 1926832001 ) ,(rdoasula.apad. ( Nsgye
112 (2 . 100171Unlike most protein-protejn.interactions, t
00 AP o FABCHHBE 15 BRI TBL S B rSLidlfoaTh 60 human
the Snnacrxateincand antreldefiaes sOrfiace Geaove DICEBIR3 daatadis of tumor
of X1AP. The value of Smac peptide AVP1 (SEQ ID NQO:1) to. XIAP
BIRSYRBISS 3 I\W)eivsloéé%%ﬁ%ﬁfg&%ﬁpﬁéﬁfgsa%‘@%ﬁtﬁtré%#é@g‘rﬁ?&ﬁr levels of
(Kd Xa2ha)sighiscasllydédined vienaatiqisiemisideg! Oiithedesignres. 6:1796
non- ide, drug-like small molecules that mimic the binding of Smac to )
A e ST e bR e OTNTS, sy dRaagne elioma
four @Mupenkaidiesidues AV RS E QRN @: 37D of 999 N -Reldinessadf Nature Med.
Sm rrier peptide to facilitate intracellular delivery, was
oo S R R R R EEe et e e cells and
gliorhbcells Apaidvoligaagopiasis nediused Ifycteathatedepiapligatiomducing ligand-
cytotoxic drygs (Fulda et al., Nature Med. 8:808 (2002)). Importantly, this .
o e SR SR oLy SR, BIOARES: M RiSghondrial
an initacaanial( Maligpmaneghdmargenagrafti 32002 vivne eoaiplétel. Cancer Ther.

eradicati bl tumors and survival of mice was.only achiev, .
oot ST E At AT ity S s e R TR e (Lo i
signiicamte adn hgs pegtid egdes todtihavedetectable ftaxiityCo(hofmahn ez al., J.
brain-tissue,,100191A secon ' endent stud owed that
et Ho Rt o e ke oo R D S S AL GHESE down-
N-teroginatof SimddAi tihere drtatendiffevéht asplacmpeptidecemhapbeat¢dan cisplatin
induction of apaptasis and the long.t ntj-proliferative effects gf )
civel S o e e oS e TR T T 38 Qrapo Crene
and eoxiribiggnRasMC Efidared 0tRér(R003an breksi tagrtbercelidsaetk(@snggest that
et al., J. Biol. Chem. 277:44236 (2002). This study conclusively showed

that X1AP and clAP-1 arc the primary molecular targets for these peptides

in cells. [0020] A third study showed that a Smac peptide of the first seven
N-terminal residues tethered to polyarghnine restored the apoptosome

activity and reversed the apoptosis resistance in non-small cell lung

cancer H460 cells (Yang et aL, Cancer Res. 63:831 (2003)). X1AP was

shown to be responsible for the defect in apoptosome activity and

suppression of caspase activity in H460 cells. When used in combination
with chemotherany the cell-bermeahle Smaec nentide rearacced t1iMor



function of 1APs and the role of 1APs in response of cancer cells to

chemotherapeutic agents. But peptide-based inhibitors in general have
WoRPnEsiesiditations as potentially useful therapeutic agents. TRESAIS2008/060215

limitations include their poor cell-permeability and poor in vivo stability.

IndeSH#>Mh BasBlirae PUMRAET AR RS Higiy SHasaRbbusEpgrncers to current

inhiki{erspdhigcneRtides had to be fused to carrier peptides to make them

relatively cell-permeable. 100221To overcome the intrinsic limitations of

[0008)1ide-hadBisshtibrbibe thiopdeesieimahdd s rrrs ot fothragesiygnhgmeostasis and
confgrpagtimnstiyonsiiasE-IMas N eglics: StdWMNMRYCQRdiiial and apoptosis
INVENTION 100231]t is generally accepted that the inability of cancer )
cell<CBPFRRAMSUpSortiiY ORI INABIRS apBitdels iATeiprmstorgdndythological

lesiofsRIexRRSUIe HEs I BEkICSHS W ARARIDSES (SY etk asiantsanastaaaitendothelial
and radiation) is a major factor in the onset and. progression of cancer.

The fRbERSH Praaddynnd s ychhemcsirs s imanes sl éelrppacgt (Santoro er

neovasowar eatishbrinestimor asoulatuedushthaugnt pdeptatiniyefgirtant role in
mechanism of action for virtually all of the effective cancer. therapeutic

drugSorraiation AteaprasHh IAE Handk et SrpaelaydAreReembryogenesis,

reasepdaEthnabilivhefriesdkio undergo apoptosis is increased
m@)éﬁression and accumulation of IAPs. 100241 The present invention

templateSRERE oL ot BRIFMBIS Siitre T Froin R ARXRIES otitley @ number of
hypefipfeléier aiivecdisesdarsrasdisaases @ssngiaat waik dysragutaten @fgradation.
apoptosis to therapeutically effective amounts of drug(s). (e,g., small

molelctl B RIS AR USHTSH B 1 A52 0f JaRRHRS Sidshuh b eegy factors,

suppadingscells pdtiight (thage agls witage eenthroedsSurdddrigactors include the
dependent on the overactivity or over§€$ression of 1APS) awd/or.render

SUCHCETRIQE AT B BRI TRBraI STRSELDHBRETBIR: chfuRhiRSAH gD of "death”
activitypieanter thacapatiiosugstor ragialiqTNRIppiemorF heoprese factor-related

e e N T L -

mongifierapyie tppeio aglopiasib iR dantecdaliadependent 9pnbAll: pathways are

function, or.when inistered in a tempgral relationship with other cell .
e T A N M T e RS
[00E0der a grertailpropastbn bighecanbeneetts be supgective eadSpotent inducer of

tible.to. ti tosi to the .
corrUDBOInG RGOt A B GRS Aal AR S Ao pro-
therapepiioticlriR Al radiatioo ) eTapylalaie . (30A2RA) Thenpreseit iSiventior?76:111

also la tir ani uffering frgm gndothelial
cell-gsgs%ggt rdﬁé@é@i@?%%r%%iné@%,g& ‘c)p&n ‘ieé’hea G 17:141-143
athe(teTerdxia) with/thérapeuticallyiefeCtdoy pnbulcialof drud(SEERD, J. 16:5386
sma IBB)) E:ul Sc%ig]a%loll?hol I‘EI{Q e%];ggacétcl)ga%ts )coﬁleléAt Sirége' ? r%I%P_]P}[{rR?IX induces the
prevent or'inhibif angiogenesis-and disrupt blood vess OmMLostasis
duringruasom arf daeiopherit gns patkinlggioalptoxdDtSS), Rertwdutamnsists of receptor
diso that may be treated with th mpounds, of the invention includ .
macufar geﬁse%%?gﬁgﬁrrﬁgﬁ?na cll)igf grﬁhgr%ggﬁls r(?a§S|8sfl ,Ed%\gbe\é'cnltr{e ?rlmlgpeattﬁg, J. Biol.
retmOpethy26b eEmatig0roraedlogsafiscefeatiom, neoyascedspglaudonea, DISC is
OISR oS OSIe AN PROR DY G INASHEIRL (Medema e
angiogenesis, ﬁaque neovascularization, telangiectasia, %en‘?op}ﬁl iad
joints/. aAgiGtbrona? Waul @YraMietior; irltestiBial a0hesiclys,; 2926 (1998)).
erosclergasis, scleroderma and.hypertrophjc scars. 10026]Applicants .
0 found T g & e e b Gy &y LR  porapeuti
unexpesteld infidence. o daindihgotd 1RO dscaamepalied tolceatibodyndigting of cancer

analogs. (e.q...SM-122) (Chart I).,For example, the.binding.-affipity AP .
aIRS At e L AT SRR R B S R0 A (R e e .
lines of SM245P3 (R5 = Mc) and SM-246P (R5 = Bn) arc less than that of
SM-122. Surprisingly, the binding affinify-to XIAP BIR3 and the cellular

activity in MDAMB-23 | and SK-OV-3 cancer cell lines of SM-337 (R5 =
COCHZ2Ph) and SM-406 (Te = COCH2CH(CH3)2 are equal to or better

than that of SM-122. In addition to certain biological properties, Applicants

have found that SM-406 and other related analogs display an unexpected
imnrovement in oral binavailahilitvy relativve to KM 22 Chart 1 \WWO



the activity of IAP proteins and inter alia increasing the sensitivity of cells
to inducers of apoptosis. In one particular embodiment, the Smac m

WOREfI#d 281 Icompounds of formula 1: wherein: Al and A2 are PCT/US2008/060215

independently selected from the group consisting of hydrogen and )
optiowAy SubLtlAGa ANSTNBRIR2 56 bsetitinrGy 1187 V1999).  Systemic
seleglpifiomios GrOWR APNSiaina&idN. tohlaBskO M isrmalgctes: oMb ®reast or

group consisting of CH and N; X is selected from the group consisting of

hydreRJeR XREe8RfBithiyraesstidauatongingi i vivalsiauiss fiplqrk e al., Nat.

groupr&Ppsistind 9950 NEINEGOT AR O c2C{M e ekl ) 1k i1 WRBKE ) RR€0f cancer
or more CH2 groups can be replaced by 0, S, or NW , optionally

substitltemnany| Aharsshiaty R bt Sdm ez 46 (ER RIS Res- 6:335
(CRIRBOONZoA(R3RA) Cahie seleetad: from thewrnup£eadisiong &ncer cells have
optignally substituted alkylenyl and (CR'RZ)pRGﬁCR3R4),I' T is selecte

fromP#8 HER BoARRIF eLantbodicrgraclanal oy pelyslonal kst Specificaly

CR'Rogationathesupstituted earbrayeligoptionally substituted
heterocyclic, optionally substituted aryl and optionally substituted

[0 eroaryl; WHRLORCBEERIHI I YRSUREBALRYHI S PRIRARS. factors responsible

N(F|<%@%er?AqLRﬂeS}Tsahc@ptisﬁ@gmﬁdh@ﬁi@dﬁﬁdeagkvhtfnpmlﬁﬂietds;ﬂbw&&emc1uding at
aryl an eteroary; n, m, pand g are in epen e_nty se ecte rom the
groufaecaﬁ%@fmg18¥%stf}1}t9§%9§9@séﬁﬁ&,w&-&est%har&ﬂaaﬂéve, and at the DISC

indepgsotertbr selaeind, flom begrpupcorsisingal yeiegenqopiemnaliyed. 6:529
substituted alg%d f&ptionally substituted carboc;éclic 0 ionallﬁg1 &.’éngtitUted

hetefel)Rlic CotihattyubbttthEd sh HHIOPtoHAR? Butsiiftigbgexpression of the

hetegemiydr FLICE inhibitor protein (cFLIP) (Kim et al, Clin. Cancer Res. 6:335
(2000); Zhang et al., Cancer Res. 59:2747 1999; Kataoka et al., J. Immunol.
161:3936 (1998)) make cancer cells resistant to TRAIL. Yeh ef al. have shown that
cFLIP-deficient embryonic mouse fibroblasts are particularly sensitive to receptor-
mediated apoptosis (Yeh et al., Immunity 12:533 (2000)). Several splice variants of
cFLIP are known, including a short splice variant, cFLIP-S, and a longer splice
variant, cFLIP-L. It has been shown that cFLIP-deficient embryonic mouse
fibroblasts become resistant to TRAIL-induced apoptosis as a result of retroviral-

mediated transduction of cFLIP-S (Bin et al., FEBS Lett. 510:37 (2002)).

[0013] Although TRAIL represents a potentially promising candidate for tumor-

selective death receptor activation (i.e., it induces apoptosis preferentially in tumor
cells but not in normal tissues), many cancer cells are resistant to apoptosis-inducing
drugs, as discussed above. As a result, treatment with such drugs often requires co-
treatment with irradiation and/or cytotoxic chemicals to achieve a therapeutic effect.
However, both radiation and chemotherapy have significant side effects, and are

generally avoided if possible.

[0014] Thus, a need exists for an agent that can selectively and efficiently sensitize

tumor cells to selective, apoptosis-inducing drugs such as TRAIL or TRAIL receptor
antibodies, without also sensitizing surrounding normal cells. Such an agent would

also be useful for reducing or preventing the drug resistance commonly associated

-5-



RS5 is selected from the group consisting of hydrogen, optionally

substituted alkyl, optionally substituted heteroalkyl, optionally substituted
WQAMBHERN, optionally substituted heterocyclic, optionally sulRETHSA08$6021S

optionally substituted heteroaryl and COR7; R6 is selected from the group )

conshdtthdher 85% ORIVGomIeT RIctaits @RI CRNR; HHESR Thiss sidepydng their

fromethe-GreHR cens istingnafiny dhegeBd antieniabinsubstitdiagialkyl,
optionally substituted carbol%clicagﬁtionally substituted heterocyclic,

(Y Shonally stestitthed St oBtichatyesopdttmiadiendidadiriypd activator of
phargagneuiicaly arsrRtad!ss sefirelcriediigdhersal Ha08ddaranpildethe cytosol in

embodiment, Smac mime tics are compounds having the general Formula

11: TEPPAPRSEMAROPLRTL AUTAYY it RIBBHIEN G Leletilt ot el drstipBiol. 15:269
congistiog).obhyeregercandseptinediyosyhstiuia alkyh WheseinWizhisn N-terminal

absent when V.is 0; V is selected from the group consisting of N, CH an

d
0; whidedhaptstt kigrsseegitsRemiiatiny epERhdisaN 5&&181%&35'3% maturation

substityiedntatu PWp¥piedselestest fipdy HAe ROt diensistingeafcC AMIHXIAP and
C(0)0, (CH2)1 3 wherein one aor more CH2 groups can be replaced by 0, . .

S, oPﬂ}W,Iég’ﬁc?ﬁgi&?éHﬁ%‘ﬁ?ﬁfﬂéﬁf&?gﬂ‘Hﬂ%l (OptishaNy QA0sHEitHa hieasRaasyActivation.
D is §@h21d 2 2blchiRBdSRBe5R4 Jihhibltis s¢lgergel from the group consisting

of optionally substituted alkylenyl and (CR' R2)p-R6-(Ca4).I; T is selected
1046 the grﬁﬁéﬁ‘?ﬁé‘gﬂﬂﬂ’ SFepneniad ,t%gw Menspi RO Ristures of the BIR3

opticiatiyis WTsKILA®d isacbamiclicwaptisnaly sebstituied! fgjedockslie, recently been

opiopoly SR s optorl O SIGTEBINT D1 o, Naare

substizgtechslky @l @pgiarally SHasttwadiaxlictrapeptide of Smac (Ala-Val-Pro-Ile,
or AVPI (SEQ ID NO:1)) recognizes a surface groove on the BIR3 domain of XIAP
through several hydrogen-bonding interactions and van der Waals contacts. The
interaction between BIR3 and caspase-9 has also been shown to involve four
residues (Ala-Thr-Pro-Phe, or ATPF (SEQ ID NO:2)) on the amino terminus of the
small subunit of caspase-9 to the same surface groove on the BIR3 domain. Several
recent studies have convincingly demonstrated that Smac promotes the catalytic
activity of caspase-9 by competing with caspase-9 for the same binding groove on
the surface of the BIR3 domain (Ekert et al, J. Cell Biol. 152:483 (2001);
Srinivasula et al., Nature 410:112 (2001)).

[0017] Unlike most protein-protein interactions, the Smac-XIAP interaction is
mediated by only four amino acid residues on the Smac protein and a well-defined
surface groove on the BIR3 domain of XIAP. The K4 value of Smac peptide AVPI
(SEQ ID NO:1) to XIAP BIR3 (K4 = 0.4 uM) is essentially the same as the mature
Smac protein (K4 = 0.42 uM). This well-defined interaction site is ideal for the
design of non-peptide, drug-like small molecules that mimic the binding of Smac to
XIAP.

[0018] A cell permeable Smac peptide, which consists of the first four amino acid
residues (AVPI (SEQ ID NO:1)) of the N-terminus of Smac tethered to a carrier

peptide to facilitate intracellular delivery, was recently shown to sensitize various
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n, m, p and g are independently selected from 0-5; each RI, R2, R3 and
R4 are independently selected from the group consisting of hydrogen,

W RisHamky dubstituted alkyl, optionally substituted carbocyclic PEpYOrRaK/060215
substituted heterocyclic, optionally substituted aryl and optionally
substfis ¢ Hirdradin.and readigernbalisia sRESyTbtpCEhdaMigstsrinduced by death

hydn%@f%mﬁigﬁﬁlh/ subsfisdeatidde ORtanalsWpstiigghaieralkybs (2002)).
optionally substituted carbocyclic, optionally substituted heterocyclic,

optid AR anBEtiE aFRcopiBHARY SIRRAREBNBESFLARA AGEBIRY,; REgivity of
is selgrger/frRmitheigrayp GensiaHng ahighaiR g (dRIR Xrc@a&=RM in vivo.

C=NR1; R7 is selected from the group consisting of hydrogen, optionally

sub<HARBLF IR IR0 SRR RS AR FORYE R BRb R St b Qpdy achieved

heteggeyclismentionadvsiehstiutedmayl i @rtianppsebstiRAed. Of significance,
heteroaryl; or a pharmaceutically acceptable salt or prodrug.thereof

(00307 orRP Uessagieh Rk dsirsH e OB Sty dh RO EBh BEHE e

[00a3npoxylic acisbceyidlaabyk apdignalisustiutasbWwiBwoae artRfRidkYeonsisting of
halo, hydroxyl or haloalkyl groups, or aryl optionalé\ﬁsubs_tituted with an

aryl BoipstaioyTal? Gptiuramreutstirddurs et Ry N gratp st SRge tethered to a

inclugeresapipenzindpReThiamrpeiheripditaulas capoptiseMd Ieasng term anti-
mimetics_are.compounds qf Formula HI: wherein At, Az, V, W, >ﬁ g R5, T
udin

and UHHGEHE nbisihg S a < HeLtsinERF MO FRT Sy, gneluding paclitaxel,
pharsrarsutisaliN a3scepidlisxsallsian frodugs there ot HR0AAmanetercancer cell

el AR 4] REEH 2t DA E ey e BeeaBGEbgly shovied

aboveatox armstde [APE B HBaRERERIAH¢ allyl dageptalie st eHepeqptiles in cells.

[G&E(ﬁrec’f A third study showed that a Smac peptide of the first seven N-terminal
residues tethered to polyarginine restored the apoptosome activity and reversed the
apoptosis resistance in non-small cell lung cancer H460 cells (Yang et al., Cancer
Res. 63:831 (2003)). XIAP was shown to be responsible for the defect in
apoptosome activity and suppression of caspase activity in H460 cells. When used
in combination with chemotherapy, the cell-permeable Smac peptide regressed
tumor growth in vivo with little murine toxicity. Taken together, these recent
independent studies strongly suggest that a potent, stable, cell-permeable Smac
mimetic may have great therapeutic potential for the treatment of human breast
cancer and other types of cancer.

[0021] Peptide-based inhibitors are useful tools to elucidate the anti-apoptotic
function of IAPs and the role of IAPs in response of cancer cells to
chemotherapeutic agents. But peptide-based inhibitors in general have intrinsic
limitations as potentially useful therapeutic agents. These limitations include their
poor cell-permeability and poor in vivo stability. Indeed, in these three published
studies using Smac-based peptide inhibitors, the peptides had to be fused to carrier
peptides to make them relatively cell-permeable.

[0022] To overcome the intrinsic limitations of peptide-based inhibitors, the present

invention involves the design of conformationally constrained Smac mimetics.
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10033]In another particular embodiment, Smac mimetics arc compounds

of Formula V: wherein At, A2, V, W, X, R, T and U have the meanings as
WQRMIBEH bove for Formula I; or a pharmaceutically acceptdi§ld/F§R088/060215

prodnig thereof 100341In another particular embodiment, Smac mimet cs

are compounds of Formula VI: N -A2 VI wherein Al, A2, R5, Tand U

have the meanings &g Ao RS2V fIPERANTENITRINX is optionally

substituted alkyl; or a pharmaceutically acceptable salt or prodrug thereof.
[0035]In another particular embodiment Smac mimetics arc compounds

[0 Ormmaﬂ/” xege'lb"a{Y\ 'g‘czc\é”t\e/v(rI Sng hé%lhty o\@/ Cé’ic\e/f Be S or r‘[1heur supporting
ave the same eanln S as descri

cells to undergo apoptosis in response to genetic lesions or exposure to inducers of
apoptosis (such as anticancer agents and radiation) is a major factor in the onset and
progression of cancer. The induction of apoptosis in cancer cells or their supporting
cells (e.g., neovascular cells in the tumor vasculature) is thought to be a universal
mechanism of action for virtually all of the effective cancer therapeutic drugs or
radiation therapies on the market or in practice today. One reason for the inability of
a cell to undergo apoptosis is increased expression and accumulation of TAPs.

[0024] The present invention contemplates that exposure of animals suffering from
cancer or other hyperproliferative disorders or discases associated with
dysregulation of apoptosis to therapeutically effective amounts of drug(s) (e.g.,
small molecules) that inhibit the function(s) of IAPs will kill the diseased cells or
supporting cells outright (those cells whose continued survival is dependent on the
overactivity or overexpression of IAPs) and/or render such cells as a population
more susceptible to the cell death-inducing activity of cancer therapeutic drugs or
radiation therapies. The present invention contemplates that inhibitors of IAPs
satisfy an unmet need for the treatment of multiple cancer types, either when
administered as monotherapy to induce apoptosis in cancer cells dependent on IAP
function, or when administered in a temporal relationship with other cell death-
inducing cancer therapeutic drugs or radiation therapies so as to render a greater
proportion of the cancer cells or supportive cells susceptible to executing the
apoptosis program compared to the corresponding proportion of cells in an animal
treated only with the cancer therapeutic drug or radiation therapy alone.

[0025] The present invention also contemplates that treatment of animals suffering
from endothelial cell-associated diseases (e.g., tumor angiogenesis, retinopathies and
atherosclerosis) with therapeutically effective amounts of drug(s) (e.g., small
molecules) that inhibit the function(s) of IAPs (e.g., cIAP-1) may prevent or inhibit
angiogenesis and disrupt blood vessel homeostasis during vascular development in
pathological conditions. Particular disorders that may be treated with the

compounds of the invention include macular degeneration, rheumatoid arthritis,
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above for Formula I; or a pharmaceutically acceptable salt or prodrug

thereof. [0036]In another particular embodiment, Smac mimetics arc
WQaMpdds of Formula VI X 0 T---u ArV\ A2VIII wherein APCAAS00#/060215

X, Y, R5, T and U have the same meanings as described above for

ForroPaiastsr SiphetimEtEianatng. JeEeprabiy SAIPsrprbtity fasnsak graft rejection,

[003174317%91@13rg%fé&ﬁ@r@m%@qmro%ﬂﬁﬁﬁ M{BEIES, aRIERMRBBEAS yndrome,
of Formula 1X: R5 X\ W(YOuA A2 wherein A1, A2, V, W X,Y,R5 Tand

U haD¥asdahangiesriines aBlauscritioy sl rar e rinliagicstagia, hemophiliac
phangiaesutisplbridcsRtaiegrlt Qrarediien thefeinal adhesions, atherosclerosis,

scleroderma and hypertrophic scars.

[0026] Applicants have found that insertion of NR” into the bicyclic ring system has
certain unexpected influence on binding to XIAP as compared to carbocyclic
analogs (e.g., SM-122) (Chart 1). For example, the binding affinity to XIAP BIR3
and the cellular activity in MDA-MB-231 and SK-OV-3 cancer cell lines of SM-
245P3 (R’ = Me) and SM-246P (R’ = Bn) arc less than that of SM-122.
Surprisingly, the binding affinity to XIAP BIR3 and the cellular activity in MDA-
MB-231 and SK-OV-3 cancer cell lines of SM-337 (R’ = COCH,Ph) and SM-406
(R’ = COCH,CH(CH3), are equal to or better than that of SM-122. In addition to
certain biological properties, Applicants have found that SM-406 and other related

analogs display an unexpected improvement in oral bioavailability relative to SM-

122.
Chart 1
\Nf\%;
o
NH OO
NH O o
N N‘
N SM-122 H
\
\N‘ N\
H SM-245P3 H SM-246P
o
NH o g NH O o
\
\N‘ N‘
H SM-337 H SM-406



[0038]In another particular embodiment, Smac mimetics are compounds
of Formula X: X wherein Al, A2, V, W, X, Y, R5, T and U have the same

WorRE8H3854s described above for Formula 1; or a pharmaceRIgBil$2008/060215
acceptable salt or prodrug thereof. [0039] The invention relates to
compounds represented by Formulae I-X which are inhibitors of TAP

[og2rAteins. The,iQAORFRIAIRS R Re SR ebisoeamPOURSREIBR invention when

invention to induce apoptosis in cells and inhibit angiogengesis. The
[

. ( ge i
inveREBYIARD Miitlte RS thRNSANSF & pbuutids DI invEREHSoreemeitabine,
sensitiznamrlifeiotbpuGary afprapPiarigpdNEICRIPROHRESHE arlse MO activity in

the treatment, amelioration, or prevention of disqgrders responsive to

induiieordbptstid e afdEain, Anglicans eis fomarhttarounngynds of the present

dysregulatian %@ﬂ%@&iﬁhe@%Hﬂin&hmpﬁfﬁwﬁ@éﬁt&\g%rﬂbs%éﬁsw&!ﬂ@é taxotere,
cancer. In certain embodiments, the compounds can be used to treat,

ameBOTAE RO B SN SRS T RIERAPRS (o iDSa b P YGRSt i cancer

therapiripfepl. nibask Whikhsana deeriaresisiriitsadiaffomsesiséatibn, combination
hormone resistant, and the Iike)g. In other embadiments, the compounds

can BeaBeRt B AIAPAT I SitbraRA el sHECeHY At P b compound of the

OVergxREassIvamiochARS d RRtheembestingits, dhencomaaisnds pestbess a greater
used as a method of reve,nti];g or inhibitin giogenesis in(?nimals in
S

an '
needREFGIPYBUABAT TS BIRGHYSH B HBUTIES (iapATEt e iRate treated with

compRstipnsosamprsingcantepkngsafiizasmurad - Pt atbgiapeuticalyause the
effective amount to induce apoptosjs in cellsf?}%to sensitize cells t

induCSTPBHAHoBIGS PIEAL 1TYRE HRVelfEH ﬁ@PBP%RWd@éJ%ﬁQl‘? of all cells that
compxising BATHR pichof fuaroTialisanst strualions éeeadeninistpsingsiiprogram

com Ol%nsd (t)o an animal. The kits may 9 tic_)ncall]y contain gther the({%p%ﬁggiaﬁon "
agents &8O SR ter BB br ARLPHSSiaHERUIGting HEEIH, drug
100424rthe presenrtiavesiontaisepimides afptrcpssdar pregatdigd@n be used to
Comgl?gvgdagrglﬁl?srwalggnxo a fo]\3v76f, and therefore less toxic and more tolerable, dose of
an anticancer agent and/or radiation to produce the same tumor response/clinical
benefit as the conventional dose of the anticancer agent/radiation alone. Since the
doses for all approved anticancer drugs and radiation treatments are known, the
present invention contemplates the various combinations of them with the
compounds of the present invention. Also, since the compounds of the present
invention act at least in part by inhibiting IAPs, the exposure of cancer cells and
supporting cells to therapeutically effective amounts of the compounds can be
temporally linked to coincide with the attempts of cells to execute the apoptosis
program in response to the anticancer agent or radiation therapy. Thus, in some
embodiments, administering the compositions of the present invention in connection
with certain temporal relationships, provides especially efficacious therapeutic
practices.
[0028] The present invention relates to Smac mimetics that are useful for inhibiting
the activity of IAP proteins and inter alia increasing the sensitivity of cells to

inducers of apoptosis. In one particular embodiment, the Smac mimetics are

compounds of formula I:
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wherein Al and A2 arc independently selected from the group
consisting of hydrogen and optionally substituted alkyl, wherein A2 is
WQBHSA2AEN V is 0; V is selected from the group consisting of®E/EYA08$060215
0; W is selected from the group consisting of CH and N; X is selected from
the group consisting of hydrogen and optionally substituted C1-3 alkyl;
Y is selected from the group consistyyg of CONH, NHCO, C(0)0, OC(0),
(CH2)1_3, wherein one or more s can be replaced by 0, S, or
N121, optionally substity and optignally substituted heteroaryl; Z is
(CR1IR2)1; XL | sefected froxg the groyp congisting of C=0, C=S,
C=NR1, S, S=0, §02, 0, N121, C — Oyt substituted carbocyclic,
optionally substitufed heterocyclic,/pptionally substiuted aryl and
optiorg| subjgu'{ed heteroaryl; lf is selected from the group consisting
of H, NRIR%;M(R1)COR7, 0SRIQptionally substituted alkyl, optionally
substituted dryl and heteroaryl; mis | or 2; ris 0-3; each R1, R2, R3
and R4 are ihdependently selected from the group consisting of hydrogen,
optionally sdbsstituted alkyl, optionally substituted carbocyclic, optionally 1
substituted heterocyclic, optionally substituted aryl and optionally
substituted heteroaryl; and R7 is selected from the group consisting of
hydretjereimptionally substituted alkyl, optionally substituted carbocyclic,
optiopall bstituted, heterocyclic, optionall bstituted aryl and
optignaly S A S SRS RIS of ygrogen and
FormptaoXdllly $dbstituted alkyl, wherein A; is absent when V is O;

V is selected from the group consisting of N, CH and O;

W is selected from the group consisting of CH and N;

X is selected from the group consisting of hydrogen and optionally substituted C,-3
alkyl;

Y is selected from the group consisting of CONH, NHCO, C(0)0O, OC(O), (CH2);.3,
wherein one or more CH, groups can be replaced by O, S, or NR', optionally
substituted aryl and optionally substituted heteroaryl;

Zis (CR'R?);

D is (CR'R?),-NR’-(CR'R )

J is selected from the group consisting of optionally substituted alkylenyl and
(CR'R?),-R®-(CR'RY);

T is selected from the group consisting of C=0, C=S, C=NR', S, S=0, SO,, O, NR',
CR'R?, optionally substituted carbocyclic, optionally substituted heterocyclic,
optionally substituted aryl and optionally substituted heteroaryl;

U is selected from the group consisting of H, NR'R?, N(RI)COR7, OR', SR,
optionally substituted alkyl, optionally substituted aryl and heteroaryl;

n, m, p and q are independently selected from the group consisting of 0-5;

ris 0-3;

cach R', R?, R® and R" are independently selected from the group consisting of

hydrogen, optionally substituted alkyl, optionally substituted carbocyclic, optionally
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XNWALW-YO/ V-ZA -18-wherein A1, A2, V,W, X,Y,Z T,Uand m

have the meanings described above for Forumla XI, with R7CO-L,
WQHERER8171 R7 is selected from the group consisting of hydrBg&{]S2008/060215

optionally substituted alk%‘p optlonall substituted carbocyclic, optionally

substRtEEse hsieyRfire t|8ﬁ§ﬂ§}asl StbrlEsd| aRd Gipdorelipnally  substituted

subgtitiitedrheteroaryl; and L is a leaving group, to form a compound of

Formula XL 10043]The {Eﬁriesent invention also prowdes a process for the
prepBraficith S?tﬁdcg]%‘ﬁo CBEUPOFRILHATRE oK dipgeRe pPiPR NG ubstfied alkyl,

Pl iscpfigHaiRe AINIBEIHBY BALHRARIPIEPHSHA)CANESNSGIRE a3 BRRUBd 8htionally
Foms]llil‘tlfslti)‘sl)lgced heterocyclic, optionally substituted aryl, optionally substituted heteroaryl
and COR’;
R is selected from the group consisting of O, S, NR!, CR'R?, C=0, C=S and
C=NR'; and
R’ is selected from the group consisting of hydrogen, optionally substituted alkyl,
optionally substituted carbocyclic, optionally substituted heterocyclic, optionally

substituted aryl and optionally substituted heteroaryl; or a pharmaceutically

acceptable salt or prodrug thereof.

[0029] In another embodiment, Smac mimetics are compounds having the general

Formula II:
D
J
Y
X ~
N o T
wherein:

A and A, are independently selected from the group consisting of hydrogen and
optionally substituted alkyl, wherein A, is absent when V is O;

V is selected from the group consisting of N, CH and O;

W is selected from the group consisting of CH and N;

X 1s optionally substituted C;-3 alkyl;

Y is selected from the group consisting of CONH, C(0)0O, (CH,), 3 wherein one or
more CH, groups can be replaced by O, S, or NR', optionally substituted aryl and
optionally substituted heteroaryl;

D is (CR'R?),-NR’-(CR'R )

-12-



XX with a compound of formula XXI, P2 HN\) pH P1-NH 0XXI wherein PI

and P2 are amine protecting groups and PI does not equal P2, to give a
Weampditidlof Formula XXII b) converting the allcene of ForrRGIEUEXIP$Y6021S

an aldehyde, to give a compound of Formula XXIII; XXIIl ¢) removing P2

of a EdMPeiGATOHEIRHR KRNP tSYWE P Rt U oMt Sesk gtkylenyl and

XXI\(CRNQZ)de?q@ng)(Epe C=N double bond of a compound of Formula

XXIV, to give a compound of Formula XIX. | | ln
T is selected from the group consisting of C=0, C=S, C=NR’, S, O, NR', CR'R",

optionally substituted carbocyclic, optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted heteroaryl;

U is selected from the group consisting of H, NR'R?, OR', SR, optionally
substituted alkyl and optionally substituted aryl;

n, m, p and q are independently selected from 0-5;

cach R', R%, R? and R" are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl and optionally substituted
heteroaryl;

R’ is selected from the group consisting of hydrogen, optionally substituted alkyl,
optionally substituted heteroalkyl, optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl, optionally substituted heteroaryl
and COR’;

R is selected from the group consisting of O, S, NR!, CR'R?, C=0, C=S and
CZNRI;

R’ is selected from the group consisting of hydrogen, optionally substituted alkyl,
optionally substituted carbocyclic, optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted heteroaryl;

or a pharmaceutically acceptable salt or prodrug thereof.

[0030] In one embodiment, the optional substituents do not include carboxylic acid,
cycloalkyl optionally substituted with one or more alkyl, halo, hydroxyl or haloalkyl
groups, or aryl optionally substituted with an aryl group, and an optionally
substituted heterocyclic group does not include oxopiperizinyl.

[0031] In another particular embodiment, Smac mimetics are compounds of

Formula III;
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BRIEF DESCRIPTION OF DRAWINGS 100441Fig. | is a graph illustrating

the anti-tumor activity of SM-406 (AT-406) in a breast cancer xcnograft
WORSBRNI80U5]Fig. 2 is a graph illustrating the anti-tumor activi&(dy SILRKH021S

(AT-406) and taxotere in a prostate cancer xenograft model. 100461Fig. 3

is a graph illustrating theRfatj-timonactixjty of SM-406 (AT-406) and

2008/128171PCT/US2Q08/08Q215 647 1Fig. 4 is a graph illustrating the
anti-tumor activity of SMy406 -306) and taxotere in a breast cancer

xenograft model. [0048]M§—is a diaph illudtrating the anti-tumor activity

of SM-406 (AT-4O@13.|\;2{ Tykerb(r) in a breast cancer xenograft model.
100491Fig. 6 is a graph\'AIustrating the anti-tumor activity of SM-406

(AT-406) and gemcitabinczin a pancreatic cancer xcnograftthhodel.

[0050]Fig. 7 is a graph illustrating dose schedule optimization studies of

SM-406 (AT-406) in a breast cancer xenograft model. 100511Fig. 8 is a
graphhfitittating'end infibitiol-dt céll %\U?lhw Smewnifghas described above for

Formula I; or pharmaceutically acceptable salts or prodrugs thereof.

[0032] In another particular embodiment, Smac mimetics are compounds of
Formula IV:
5
RN

Ay v

wherein Aj, Ay, V, W, X, Y, R®, T and U have the meanings as described above for

Formula I; or a pharmaceutically acceptable salt or prodrug thereof.

[0033] In another particular embodiment, Smac mimetics are compounds of
Formula V:
5
RN
L N

O
>—NH o ™u

X—W
\
/V_Az
Ay v

wherein A}, Ay, V, W, X, R°, T and U have the meanings as described above for

Formula I; or a pharmaceutically acceptable salt or prodrug thereof.
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MDA-MB-231 breast cancer cell line, SK-OV-3 and OVCAR-4 ovarian
cancer cell lines and SK-Mel-2 melanoma cancer cell line. 100521Fig. 9 is
WQ 298RS IUstrating the inhibition of cell growth by SM-406 in BCTR5H48/060215
SR leukemia cell lines. [0053]Fig. 10 is a graph illustrating the inhibition of
10634 growth By 2Mthess RIETUIEY EIRBNIVELA 3n2gygrimsgics are compounds of
FoMRA-ViB-468, MDA-MB-453 and 2LMP human breast cancer cell lines.
100541Fig. 11 is a graph illustrating the inhibition of cell growth of TNFa.
in combination with SM-406 in human breast cancer cell line
MDA-MB-436. [0055]Fig. 2 is h illustrating the inhibition of cell
growth of TNFa in combinati
line SUM-159. [0056]Fig. 13 i§ a gra
growth by TRAIL in combination-w

SM¥O06 in human pancreatic cell line
Panc-1. [0057]Fig. 14 i atinftig inhibition of cell growth by
TRAIL in  combination vith'SM-406 in human breast cancer cell line
MDA-MB-23 | (2 —0058]Fig. 15 is a graph illustrating the inhibition of
cell growth by gemcitab®c in combination with SM-406 in human
pancreatic cell line Pang-1. {0059]Fig. 16 is a graph illustrating the
inhibition of cell growth ¥y mitoxantrone in combination withy§M-406 in
human pancreatic cell line Panc-L [0060]Fig. 17 is a graph illustrating the
inhibition of cell growth by SM-406 in combination with roscovitinc (Ros) in

hum@ﬂ&éﬂ‘?t@i? ﬁ%"fﬂﬂefpagé ‘U have the meanings as described above for Formula I,

and X is optionally substituted alkyl; or a pharmaceutically acceptable salt or

prodrug thereof.
[0035] In another particular embodiment, Smac mimetics are compounds of
Formula VII:
R5\N
N
X\
w—Y O T\U
AV

Az Vil

wherein A1, Az, V, W, X, Y, R°, T and U have the same meanings as described
above for Formula I; or a pharmaceutically acceptable salt or prodrug thereof.

[0036] In another particular embodiment, Smac mimetics are compounds of

Formula VIII:

-15 -



[0061]Fig. 18 is a graph illustrating the inhibition of cell growth of taxotere
(TXT) in combination with SM-406 in human breast cancer cell line

WQRANRABI-U53. WO 2008/128171PCT/US2008/060215 10062 SI®L06021S
graph illustrating the inhibition of cell growth of VP-16 in combination with
SM-406 in human pancreatic ceff line Ranc-1. [0063]Fig. 20 is a figure
illustrating the effect of Snac imetics AP-1 protein in MDA-MB-231
cancer cells. 100641Fig. 21 is & figure | ting the effect of Smac
mimet cs on clAP-1/2 piteins in V-3\cancer cells. [0065]Fig. 22 is a
figure illustrating the indu%n—efvapo@osis’l’b SM-406 in MDA-MB-231
breast cancer cells. 100664 Fig. 23 is a figure illustrating the induction of
apoptosis by SM-406Ar-SK- OV-3 ovarian cancer cells. [0067]Fig. 24 is a
figure illustrating the inducti®a of apoptosis by SM-406yipfPanc- |
pancreatic cancer cells. 100681Fig. 25 is a graph illustrating the inhibition
of tumor growth by SM-406 in the MDA-MB-231 xcnograft model of

humandeaast cancevinpevery cembinggdinniaedaficiemt(RCARMMIGR. described

above for Formula I; or a pharmaceutically acceptable salt or prodrug thereof.

[0037] In another particular embodiment, Smac mimetics are compounds of
Formula IX:
R5
N
N
X\
w—Y O T\U
/
AN
A X

wherein A1, Az, V, W, X, Y, R°, T and U have the same meanings as described

above for Formula I; or a pharmaceutically acceptable salt or prodrug thereof.

[0038] In another particular embodiment, Smac mimetics are compounds of
Formula X:
R5
N
N
X\
w—Y O T\U
/
A
A, X
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100691Fig. 26 is a graph illustrating the inhibition of tumor growth by
SM-406 in the PC-3 xenograft model of human prostate cancer in nude

WO/ TeR170]Fig. 27 is a graph illustrating the inhibition of TurR&TgS¥Hs/BE21S
SM-406 in the 2LMP xenograft model of human breast cancer in nude )
miceYhtigim frigr28Ns Wsetie¥ oRgrdpAaditishag thertisnipeaitipgs as described
bindjing cuiryes oeMul4 9602 BiVirA28ia Bl 3depnainssef QU ae IR Q.
1APs proteins ((A) MAP; (B) clAP1; (C) clAP2; (D) ML-1AP) as .

[0 e rminedisiny SN Es @k e- SoMRPRENIsRERY BidkRygHesauyac I-X which are

DETinH:E 3o 6 SARI Brbieik OffhEHHE eMYERNIIKAYY $0@£2:58 e tressibounds of the

invention relates to conformationally constrained. compounds represented

by FENREAQE K IngRerPRrR R atics by Githdrhabil 40RIGRSASE infiitdrgsgfion also

1APg1dtaess BeMRONHR eRFiaadkels R INFYaath FbARARIASIAABE 1IN0 inducers
some instances, themselves induce apoptosis hy inhibiting IAPs.

TheRfictRORIRSThverlitn FEMRROURISEthItS T N siisinG2Emsth iaBtsbgration, or

of appplesianeftaiReinadselibascinaanaptesisnndFehpopRINPriséNg death, e.g.,
contacting the cells with a compound of Formulae 1-X alone or in

comBIRRIASH VeRATASHERTLSY SBApTpHISian PAERPE TSN TSR G diRsEpig iferative
methipgs R tkaaling, amedoratingriaimpravssiingstisoide @ fpamRital be used to
that arc responsive to induction of apopL%sis cgﬁg“prising administering to

the &ifithal RLRHBEUR BIR SR EAREST X13hdSarMfACSE-ef dpoptsiance to cancer
Suclhdisprelerecipclugie shosaeharastesizetobysRiairsragaiation atsistant, hormone
apoptosis and those (ﬂ%;aracteri ed by overexpression of IAPs. The

inveFtHARIrARY FBRES nethBHS L IRAERTHE of ' ABRARY g8 difesisd to treat

in amapirpadlifcraad thieyesteoshpristog RAMinisiesRgfeeaioansnal APs.  In other
comgo%rgﬁ, of Formulae 1-X. 100731The term "TA[E];EEI%EM ,as used . hibiti
hereT FRILRE RS a P IGRETRSHAEHERY % thed i ﬁf&&%‘f&“ﬁﬂﬁaﬁ mhibiting
familygiogletbng id ehinedl i tesbdochXidP,, CIAP-2, ML-1AP, H1AP, TSIAP,
I(ﬁP, NAIPR, survivin, livin, ILP-2, alpoll n, aEd BRUCE. 100741The term .
10040e rexpred BT EAP IV S IQR BTRYIEH, PRASPRES P dh SRR YIRS comprising
(e.g cahestaids leyfelF iR A neoding deaprat TcAIR, pedfednits), amdi(mri téo induce
elevated levels of |IAP protein.ﬁ% in cells as compared to similar
corr8BBBIG IR rSH S RIS HRT R SRE S Rp LIS %%%%‘?%‘b‘éis of MRNAs
[00a¢oding |ARgiDteinD o fitavingloakilslRitslsopiprAR proteinpodtetbodstanla I and
detectirg%t e leyels ﬁ]f mRJ[\IAs etncodin TAP J[oroteins or Ie\éﬁr{’s EftTAP tionall
protdRE TSP R AGh AL BEE Ree ot AR (o B SRR 1otiNg Ui agtionally
protesneitibatiiesthenapuindhisteabemigal methads; apenmethagembsis-modulating
nucleic a,[cid amplification or direct RNA detection. As important as the
absdigte fevel of TAP proteins in cells is to determining that they
[0022¢rexpresSHAPrpsaieinscatcalsdsis paevietaty @lexskdblARgproiegs tompound of
othelggro{ﬁl% totic signaling molecules (e.g., pro-apoptotic Bc1-2 family
proteinrst?m in such cells. When the balance of these two are such that,
were it not for the levels of the TAP proteins, the pro-apoptotic signaling
molecules would be sufficien7t to cause the cells to execute the apoptosis
program and die, said cellswould be dgpendent on the IAP proteins for
their survival. In such cells
an IAP protein inhibitor wil’be sUfficient[to cause the cells to execute the
apoptosis program and dig, Th /overexpression of an TAP
protein” also refers to cell§that, lative levels of pro-apoptotic
signals and antiapoftotic sigwal¥, und€go apoptosis in response to
inhibiting effective am§unts of compounds that inhibit the function of TAP
proteins. 100751The terms "anticancer agent” and "anticancer drug," as
used herein, refer to%ihy therapeutic agents (e.g., chemotK&rapeutic
compounds and/or molecular therapeutic compounds), radiation
therapies, or surgical interventions, used in the treatment of
hyperproliferative diseases such as cahter (e.g., in mammals).




[0076] The term "prodrug,” as used herein, refers to a pharmacologically
inactive derivative of a parent "drug" molecule that requires
WoGERETbmation (e.g., either spontaneous or enzymatic) witRfAT{HE 20215
physiological system to release, or to convert (e.g., enzymatically,
phyﬁé]%@!é‘ally, mechanically, electromagnetically) the prodrug into the
activg, dghg -&rqgéqgée@@&&ﬁigr@%t@eavg&@rﬂﬁ Rrelemshasaagidedyibben and
stability, toxicity, lack of specificity, or limited bioavailability. Exemplary
optipaiygykssibersalar-arhees g ahsetieisBVanPa chemical masking
group {§@le@Qr Srpnthat FRYGF TOIXiSHRPETISES thamaayvity of the drug).
Some preferred prodrugs are variations or derivatives of compounds that

have'fidspsLrdaamaiGaerhronitireaiishd Nexemplary prodrugs
becong pklasreaeriticalyAckly @ dRsYia b imydrevhandhgyismdBr8abstituted C;-3
solvolysis under physiological conditions or undergo enzymatic

alkéfégradation or other biochemical transformation (e.g., phosphorylation,

hydrgggRratiefsddesyoirgeraiictbnglyeas at@N e eerags ofeyoitRr(0), (CH,), s,

advantages of solubility, tissue compatibility, or delayed release in the .
Whitaih Gk BiYfSridh. §uB%egn Rurhjased BESymoPPRIGrugRligR: I gubstituted
ary2 Andfo friseMisr sdvRigiardamddishl), and Silverman, The Organic

Chemi,stré of Drug Design and Drug Action, pp. 352-401, Academic Press,

san PR 1992)). Common prodrugs include acid derivatives such

as esteysduepRdradhyreassignohpsiept ey t:s, susRle 8IBD] SO,, O, NR',
(e.9., a lower alkanaol), amides prepared hy reaction of the parent acid )
CRCBmeﬁ}wal%Uﬁh%?h%#ﬁﬁs, WE%@(E?@@BBE% cirbstior airiEpryets, optionally
sutBas@eleiivative (pibnallpwdsatdaméaabal@d77] The term

"pharmaceutically acceptable salt,” as used herejn, refers t It {e.q.

obtalhed 5§ PR T EEHA SOREMEES BF & bobotme TG QRescl SR’
optivvalicnikaiis phiksiplogioaty jolebatestdd thel targatanmsl(e.g., a

mammall Salts of the compounds of the present invention may be

derived*ffoth Tnorganic or organic acids and bases. Examples of acids

includig,0bsit are not limited to, hydrochloric, hydrobromic, sulfuric, nitric,

perchloric, fumaric; malcic, phosphoric, glycolic, lactic,.salicylic, succinic, . .

toluHEm Raonid dHAr. AEELOERHL DS IESSHORR M R isting of
hydespue, henisisllynalanitnsedfonikyhappthalgihe-2uisitiforid, carbocyclic, optionally

benzenesulfonic acid, and the like. Other acids, such as gxalic, whil t '
S AR Ly L BH Dy DALy Ry fod heteroary

angreparation of salts useful as intermediates in obtaining the compounds of

the ipyentign and_their pharmaceutically acceptable acid. addjtion, salts.
(00T A GFEARoaHI0 G ML R RS 18 Al g k.
opsoaiilgndtipdroxidesririkpding eptitn atgtahbetgutcd hgresyrl)dpgtxialkes substituted
mmonia, and compoun f formula NW4 , wherein W is C1_4 alkyl, and
K aenﬁlgé).t'[%a} é%ésrﬁ%%ég §f’%§ﬂ%&%’clude, but are not limited to: acetate,
adipatm@iging isyraispaitgte corippoatee HRnzamexilfonate, bisulfate,
butyrate, citrate, camphorate, camphorsulfonate, cyclopentanepropi on
ate, dig ucon ate, dodecyl sul fate, ethanesulfonate, fumarate,
flucoheptanoate, glycerophosphate, hemi sul fate, heptanoatc, hexanoate,
chloride, bromide, iodide, 2- ulfonate, lactate, maleate,
mesylate, methanesulfonate, Ztnaphthalenesulfonate, nicotinate, oxalate,
palmoate, pectinate, persylfate,\ghen m ionate, picrate, pivalate,
propionate, succinate, tartrate, thiocyanatesiosylate, undecanoate, and
the like. Other exarﬁp\les of)@’éfté’inclu@e anions’ of the compounds of the
present invention compeunded with a suitable cation such as Nat NH4F,
and NW4 (wherein W/is a C1_4 alkyl group), and the like. For therapeutic
use, salts of the compzounds of the present invention are &htemplated as
being pharmaceutically acceptable. However, salts of acids and bases
that arc non-pharmaceutically acceptabte-may also find use, for example,
in the preparation or purification of a pharmaceutically acceptable
compound. 100801 The term "therapeutically effective amount," as used
herein, refers to that amount of the therapeutic agent sufficient to result in

amelioration of one or more symptoms of a disorder, or prevent
advvancement of a dieorder or catice reareccinn of the dicorder Enr




in which a localized population of proliferating cells in an animal is not
governed by the usual limitations of normal growth. Examples of

W s/ bEdlitkrative disorders include, but are not restricted to d4/ER(@846021S5
tumors, neoplasms, lymphomas and the like) or autoimmune disorders. A
neoplasm is said to be benign if it does not undergo invasion or
metaghasimand malignanty ivdgesreither Phingse. the " melasiadideg@lbed above for
means that the cell can invade and destroy neighboring body structures.
Hypgﬂ%@iﬁ #la form of cell proliferation involving an increase in cell
numR@hiR ‘Ttisgue or organ without significant alteration in structure or
function. Metaplasia is a form of controlled cell growth in which one type of
fully WiifEF8htiated cell substitutes for another type of differentiated cell. In
anotRér erheeimenimtiiechyRa P telasativedingasis rogupmaleidastititied alkyl,
inflammatory bowel disease, osteoarthritis, leiomyomas, adenom

DR SRR GRS Yo PO TR B 1B1 Qb o@Rionally substituted

aryd iRy OBl OBiss b g eaplastikiesionsi(such as adenomatous hyperplasia
and prostatic intraepithelial neoplasia), carcinoma in situ, oral hairy

lcukopiakiBINgSBRYEILO [ BE AN BAMRGIBE MBIV of activated
[00¥B)phoid calig OfieRctesiHiehtian al4iFrNe disprdesser RENHRNSreparation of a

inflammatory condition. As used herein, the term "autoimmune disorder"

referOBPRHYEBhBRIBHIA thitch an organism produces antibodies or

immune cells which recognize the organism's own molecules, cells or

tissues. Non-limiting examples of autoimmune disorders include

autoimmune hemolytic anemia immune hepatitis, Berger's disease or

IgA nephropathy, celiac spri{éN: chroniic fatigue syndrome, Crohn's disease,

dermatomyositis, fibromyalgia,\gra NewGus host disease, Grave's disease,
Hashimoto's thyroiditis, idigpaglic thyo topenia purpura, lichen
planus, multiple sclerosis, myastheniapgravis, psoriasis ¥R&umatic fever,
rheumatic arthritis, scleroderma, SjZigren's syndrome, systemic lupus
erythematosus, type 1 diabetes, ulcerative colitis, vitiligo, and the like.
[0086]TrRaPis"hebplastcPdiscrsemins pset Hire kT T SRsB gL
abngymalAEwiihof Sl Relng BitieragRign (non-cancerous) or
malighant (cancerous). WO 2008/128171PCT/US2008/060215
100871The term "anti-neoplastic agent," as used herein, refers to any
compound that retards the prokferation, growth, or spread of a targeted
(e.g., malignant) neoplasm. [00 he terms "prevent,” "preventing,” and
"prevention," as used herein, refer tola decrease in the occurrence of
pathological cells (e.g., hyperproliféf%l e or neoplastic cells) in an animal.
The prevention may be complete, e.g., otal absence of pathological
cells in a subject. The prevention maylso be partiaK¥uch that the
occurrence of pathological cells in a subject is less than that which would
have occurred without the present invention. 100891 The term
"apoptdsiscaiopesatrny fyents Xaslused herein, refers to agents which are
involved in modulating (e.g., inhibiting, decreasing, increasing, promoting)
apoptosis. In one embodiment, the apoptosis-modulating agent is an
inducer of apoptosis. The term "R§ducer of apoptosis,” as used herein,
refers to an agent that induces apdptgsis ipigells (e.g., cancer cells),
rendering those cells more susceptibl executing the apoptosis
program. In one embodiment, an‘agdt tHat induc@&¥dpoptosis is an
anticancer agent. Examples of apoptosis-modulating agents include
proteins which comprise a death domain such as, but not limited to,
Fas/@BosnTRAMPP TAIE RIDRIOIESREZ BREPORY, BRBeORS, @ADID,, to give a
and RIP. Qther examplgssetgpoptotic-modulating agents include, but are
not Iimitgd to, INFct, Fas ligand, antibodies to Fas/CD95 and other TNF
family receptors, TRAIL (also known as Apo2 Ligand or Apo2L/TRAIL),
agonists (e.g., monoclonal or polyclondPagonistic antibodies) of TRAIL-R1
or TRAIL-R2, Bcl-2, p53, BAX, BAD, Akt, CAD, P13 kinase, PPI, and
caspasc proteins. Modulating agents broadly include agonists and
antagonists of TNF family receptors and TNF family ligands.

Apoptosis-modulating agents may be soluble or membrane bound (e.g.
lhaand or recentory Prefarred anontocic-modiilatina adente are indiicere nf




1 wherein: A1 and A2 arc independently selected from the group
consisting of hydrogen and optionally substituted alkyl, wherein A2 is
WQBHSA2AEN V is 0; is selected from the group consisting of R VP98 0215
W is selected from the group consisting of CH and N; X is selected from
the group consisting of hydrogen and optionally substituted C1-3 alkyl; Y
is selected from the group consisﬁ':rg of CONH, NHCO, C(0)0, OC(0),
(CH2)1-3, wherein one or moye C s can be replaced by 0, S. or
NR', optionally substituted ayy| and optionally substituted heteroaryl; Z is
(CRIR2),; is (CR1R2)11-NR5-(C is sslected from the group
consisting of optionally subsiguteg alkylesyt@nd (CR' R2)p-R6-(CRIR4),1;
T is selected from the group consisting & C=0, c=S,X%NR1, S, S=0,
S02, 0, NR', CR1R2, optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl and optionally
subdtituteavsstia iyl alksre pickamdm Xad o wp ebisdistngto iy eNreprpound of
N(RECQIE, KR SR', optionally substituted alkyl, optionally substituted
awl and heteroaryl; n, m, p and q are independently selected from the
group consisting of 0-5; ris 0-3; each , R2, Rl and R4 arc independently
selected from the group consistipg of hydrogen, optionally substituted
alkyl, optionally substituted carbosyeligiToptionally substituted heterocyclic,
optionally substituted aryl aRd optiona bstituted heteroaryl; R5is
selected from the group conditing of ogen, optionally substituted
alkyl, optionally substituted helt]e—%ﬂ%l, optiopally substituted carbocyclic,
optionally substituted heterogya'i\ﬂ',| optiabially substitukediary!, optionally
substituted heteroaryl and COR7,

¢) removing P? of a compound of Formula XXIII to give a compound of Formula

XXIV;

m
N
N
) « /
P—NH o
°0 XXIV; and

d) reducing the C=N double bond of a compound of Formula XXIV, to give a

compound of Formula XIX.

BRIEF DESCRIPTION OF DRAWINGS

[0044] Fig. 1 is a graph illustrating the anti-tumor activity of SM-406 (AT-406) in a
breast cancer xenograft model

[0045] Fig. 2 is a graph illustrating the anti-tumor activity of SM-406 (AT-406) and
taxotere in a prostate cancer xenograft model.

[0046] Fig. 3 is a graph illustrating the anti-tumor activity of SM-406 (AT-406) and

Tykerb® in a prostate cancer xenograft model.
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R6 is selected from the group consisting of 0, S, NR', CRIR2, C=0, C=S
and C=NR1 ; and R7 is selected from the group consisting of hydrogen,

W RisHamky dubstituted alkyl, optionally substituted carbocyclic PEpYOrRaK/060215
substituted heterocyclic, optionally substituted aryl and optio

I
[004Thstituted H8tetduryeraial rsF ﬁ@éﬁ&rt&ee%p%%mQﬁn%?\%fl&ér(@T-‘*%) and

ther%jd@q;@;lfilm}ggsgggp@gim@gr& isertionally substituted alkyl
wherein the optional substituents are selected from th‘ei&%#) consistinj of

10048} optiondiig-stibshitetarfikies GRS iR ISHRPLAEHY gHIRyf b -406) and

hetergath8RUPBrABChEteF RBAYPRIGRGHY substituted with one or more
lower alkyl, haloalkyl, and ar Ié%roups. [0092]In another particular

10040 o dimetigs fhixcargiinbit Bsfratinshibo anddoreraehyiay of RMuhRediT-406) and
Al angnpraBifdndeprneeatly salesteddipmihadgqup consisting of

( hydrogen and optionally substituted alkyl, wherein A2 is absent when V is

W is selekgd frisnt #aNGr&EBHREHAY orRedelq apiiryZ4ias shidiseat SM-406

from(E-goeym consialirgeb St ipda notgepptionally substituted C1-3
alkyl; Y is selected from the group, consisting of CONH, C(0)0, (CH2)1 3 .
[0034Erein onkigr faisré eppgibisiettunthe %%%a&ea BY ¢ LsgiomiRby SM=406 in the

optioially-suBstiuteebatytandapipnady skistitsted heteards Bvisrian cancer cell
(CRIR2)11-NR5-(CR3R4)111; )
lines and SK-Mel-2 mélanoma cancer cell line.
[0052] Fig. 9 is a graph illustrating the inhibition of cell growth by SM-406 in HL-
60 and SR leukemia cell lines.
[0053] Fig. 10 is a graph illustrating the inhibition of cell growth by SM-406 in BT-
549, MDA-MB-415, SUM-159, MDA-MB-468, MDA-MB-453 and 2LMP human

breast cancer cell lines.

[0054] Fig. 11 is a graph illustrating the inhibition of cell growth of TNFa in
combination with SM-406 in human breast cancer cell line MDA-MB-436.
[0055] Fig. 12 is a graph illustrating the inhibition of cell growth of TNFa in

combination with SM-406 in human breast cancer cell line SUM-159.

[0056] Fig. 13 is a graph illustrating the inhibition of cell growth by TRAIL in
combination with SM-406 in human pancreatic cell line Panc-1.

[0057] Fig. 14 is a graph illustrating the inhibition of cell growth by TRAIL in
combination with SM-406 in human breast cancer cell line MDA-MB-231(2LMP).

[0058] Fig. 15 is a graph illustrating the inhibition of cell growth by gemcitabine in
combination with SM-406 in human pancreatic cell line Panc-1.

[0059] Fig. 16 is a graph illustrating the inhibition of cell growth by mitoxantrone in
combination with SM-406 in human pancreatic cell line Panc-1.

[0060] Fig. 17 is a graph illustrating the inhibition of cell growth by SM-406 in
combination with roscovitine (Ros) in human prostate cell line PC3.

[0061] Fig. 18 is a graph illustrating the inhibition of cell growth of taxotere (TXT)
in combination with SM-406 in human breast cancer cell line MDA-MB-453.
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J is selected from the group consisting of optionally substituted alkylenyl

and (CR' R2)p-R6-(CfeR4),1; T is selected from the group consisting of
W@9S/E28L/IC=NRI, S, 0, NR', CRIR2, optionally substituted cZGHEpafes/060215

optionally substituted heterocyclic, optionally substituted ary| and )
lﬂ%gﬂionauy SHigstitddd petErRarifluehingidbtethhibii RO ot servethiing VP-16 in

of HeR«ORwiSRNeRienal v svisHiuteshatvé rndopiienally

substituted awl; n, m, p and g are independently selected from 0-5; each )
[00881R2, R3 Kitd HuisiligdreplHefeHiRR bR etEg FRIMING GHOUGIIEdABISTRG -1 protein

of hydnogexr. aplionaldysubstited alkyl, optionally substituted carbocyclic,
0%.Eionally substituted heterocyclic, optionally substituted aryl and

ionally stisstitdtddl iigHsarvREling IBEEH O AftmEg ol BehcisARgEIAP-1/2

of hygeRgagiPRKCOAI Tuhstitdted alkyl, optionally substituted heteroalkyl,
0%Eionally substituted carbocyclic, optionally substituted heterocyclic,

onally stiSsttdtdsl arfigu5diaiipLns sty Hteroghy RO BIO RY; RY-406 in

is selepiedMiMthegioueseisisting of 0, S, NR1, Crete, C=0, C=S and
C=NR1; and R7_is selected from the group caonsisting of hydrogen,

[008Gonally stigstiditisch N OHSHAIR S Ubs tRAHET LAt RS Sptio Rl 06 1n SK-

subspyinted-heteteeyicie copdionally substituted aryl and optionally
substituted heteroaryl; or a r;ruarmaceutically accepé?hble salt or prodru

100K 8reof (00838178 e LRBERITLHT NG Sistitifctopalarorpds Rocivkfpln Panc-
carboyylicragith eyleadsylsoptionally substituted with one or more alkyl,

halo, hydroxyl of haloalkyl groups, or aryl optionally sybstituted with an .
10U sroup. Bfer 2 BRIy LR EH ARSI b B BEEEBEY SM-406 in

includle axpRIRZPY]. {RA84thT anfutkles £ mbnsinmesist @RddMiargevere combined
inde endengy elect %’fggm 0-4 such that n + mis 3 or 4. In a further
embSHMEREE HRY ‘hBHendently selected from 0 and 1 such that p
[0069) is 1. In Rifrtieeik engbgshinigniraiagding aicbidependanty seleekeby SM-406 in
from 0-4 such that n + mis 3 qr 4 and p and q are independently selected
o s SR LIPS I HTHSR LT SHDEARGE F&fe m are
[00molependemtiy. sEfeistadsfaphn illwbtsatthptiias i Hilitisn3obrdmprandwitaney SM-406 in
indepe selected from 0 and | such thatp + gisland T is C=0. In a
forth OF S ML 10T o LB TR ) o S TB1 0 4 such
[0ahEt N + M Big. @84is[a sedey afginpepahdeantlyseieciehpeitivg didihguabves SM-
thatp +qi nd i 1R2. In a further embhodiment, n and m a '
ince R ) TR o SO Eat IR PR 3 o AP PGB i) XIAP: (B
indepexRIENWY) sdlePRd Bpivi 0-b4aP)| sudtiéhained gpisd artlhRedscaddddiarization-
a further mbgdiment, n and m are independently selected from 0-4 such
that Raie 13 G QF?aB"and g arc independently selected from 0 and 1
suchthatp+qgis 1, Yis CONH, Wis CH and V is N. In another

SubsttuentdHrd SHEGEU RO G BGS Lo b UL oP S aoddral

substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl
0 q%roups and heteroaryl optionally substituted with one or more lower alkyl,

Zloalkyl, ahbcapyesiupy crton s ElAteh SnepHarmaliandipedistanted compounds
Sm%ﬂ%ﬁ%&ﬁ@r?d}%ﬁ‘éqwﬁﬂfﬂ%ﬁ)Mﬁh@tﬁ?b%mac and function as inhibitors

of IAPs. These compounds sensitize cells to inducers of apoptosis and, in some

instances, themselves induce apoptosis by inhibiting IAPs. Therefore, the invention
relates to methods of sensitizing cells to inducers of apoptosis and to methods of
inducing apoptosis in cells, comprising contacting the cells with a compound of

Formulae I-X alone or in combination with an inducer of apoptosis. The invention
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VV-Y 0 Ai- \/' A2Ill wherein A1, A2, V, W, X, Y, R5, T and U have the
meanings as described above for Formula I; or pharmaceutically

WQRMSHEHIE salts or prodrugs thereof 100961In one embodim&&{T/N32088/060215
V, W, X, Y, Rs, T and U have the meanings as described above for

Forrfiisr IFPHtHR restiRsttinbHicaNnS ERICNPIATRIET 9§ Preyeniing disordsrs in an
and Srenia | GRRArc I Regniifior embadimant A dptontieoat Rubstitied adie to the

and A2 is hydrogen. In another embodiment, R| is selected from the gr

. oup,
condiBHRY S epsnpaang eliboutues datbRycr BAHGSHIRIFRRPQTbstittHeh disorders
alkylinenerehdbe anlisniatisepsituenis-asel sebackedfupiodiendiotdse characterized

consisting of aryl gptionally substituted with one or more lower alkyl, halo,

haloBIk§VEierBtErSaR PL $3PsgrdlissnyriiinBEH RSy a3t onERhedptiratsyenting or
with iR RinBergiloyurEaikm analaatiatliaRccant e rBSmiprRRAAGMInistering to an

embodiment, le is optionally substituted alkyl wherein the optional

sub<ifned sprppyngsidicamrlasistiuted with one or more lower alkyl,
[0078lp, haloatkyt esrheteraaptbanavpsasand ReisihyRaehd 4R ARARET member of the

embodiment, Rl is -CHPh2. In another embodiment, R7 is optionally

subSHRE L RE A RRIAYH BFARHb SN N RYGD SIS BR{ BT GO FP- cIAP-1,

anotfi(partiaulanemboaiPnars Amaa AMNEHIP aereRMPOESIDP-2, apollon, and
Formula IV: wherein A1, A2, V. W, X, Y, R5, T and U have the
meaﬁ%gggs described above for Formula 1; or a pharmaceutically

[00ageptable Badt Rfmrodiee:ipeeeabn of 1IAPs,” as used herein, refers to an elevated
level (e.g., aberrant level) of mRNAs encoding for an IAP protein(s), and/or to
elevated levels of IAP protein(s) in cells as compared to similar corresponding non-
pathological cells expressing basal levels of mRNAs encoding IAP proteins or
having basal levels of IAP proteins. Methods for detecting the levels of mRNAs
encoding TAP proteins or levels of IAP proteins in a cell include, but are not limited
to, Western blotting using IAP protein antibodies, immunohistochemical methods,
and methods of nucleic acid amplification or direct RNA detection. As important as
the absolute level of TAP proteins in cells is to determining that they overexpress
IAP proteins, so also is the relative level of IAP proteins to other pro-apoptotic
signaling molecules (e.g., pro-apoptotic Bcl-2 family proteins) within such cells.
When the balance of these two are such that, were it not for the levels of the IAP
proteins, the pro-apoptotic signaling molecules would be sufficient to cause the cells
to execute the apoptosis program and die, said cells would be dependent on the TAP
proteins for their survival. In such cells, exposure to an inhibiting effective amount
of an IAP protein inhibitor will be sufficient to cause the cells to execute the
apoptosis program and die. Thus, the term “overexpression of an IAP protein™ also
refers to cells that, due to the relative levels of pro-apoptotic signals and anti-
apoptotic signals, undergo apoptosis in response to inhibiting effective amounts of
compounds that inhibit the function of IAP proteins.

[0075] The terms “anticancer agent” and “anticancer drug,” as used herein, refer to

any therapeutic agents (e.g., chemotherapeutic compounds and/or molecular
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[0098]In one embodiment, A1, A2, V, W, X, Y, R5, T and U have the
meanings as described above for Formula II. In another embodiment, W is
WEH/ENI T is C=0, U is NRIR2 and R5 is COR7. In anothePCT/US2008/060215

embodiment, Al is optionally substituted alkyl and A2 is hydrogen. In )
anotheFasIBBdRABRL YRGS sEd B ST ANE Y iU pUEBIS st T Ejsnatyd in the

subsithied AIPRAYG e ARHOBRLYSYRFERIS dAake (WherRitniBmals).

optional substituents are selected from the group consisting of aryl

[0 8hionally stbsdtiiedRiRABHe 8F MSFEI6IER dKSTSHAIS, Piaaneplegically inactive

hetegeadtBOBPS, pridiiet@maryheruanralhasulflitdtes yith F8RIBIO(8.., cither
lower alkyl, haloalkyl, and a\lR%I groups. In another embodiment, Rl is

opticRANPBERIERItSAZAMA IwhardhinRe ot s riRipgisphs vgmip release, or to
optipakysybstitviegmdtitane physeIsdruey, aladhiialalRalaadadagnetically) the

heteroaryl groups, and R2 is hydrogen. In another embodiment, le is

-CHPPITYS it e pBbEInERE: R IO GMESnalRy detightstely afAropme problems
anothgbamb@dimenétdBility, -EZGh (T4dR) 4 LpReTinyanathehpalticidavailability.

embodiment, Smac mimet cs are compounds of Formula V: = wherein A

. 1, .
A2, BXGRperk 5P AiHES USRIV e 4R eariiNg s Hugiduelasulf alitR/E fiid a chemical

Forrﬁwgdhgrgatdﬂpaga?,cqug@ib/ ﬂﬁ@&@%@ﬁ@aﬁl@p%@é@i%&eﬁﬁeﬁyhof the drug).
1001001In one embodiment, A1, A2, V. W, X, Y, R5, T and U have t
meantes age%i@éa%@%r@mm Pf fiyidires 8&5%%@1%@8\/@% have

is Clovips NichiaileOundds NiRIB3IaNERRIiISOR7 Ee@paiRer prodrugs become
embodiment, A1 i@y:)ptionally substituted alkyl and A2 is hydrogen. In
t

anotEF BRASHHFRBRtAEINS J218B1R PHrd HE RIS dOREi My P oftisAiNs under

subsgitysedsgachbeyalictiand optianRlysuhsiitiad digtddiRieioriReher biochemical
optional substituents arc selected from the group consisting of aryl| q :
optidHAN LTS tec Bl ond B RIS KRG alk)i HRRSTAL Syl dshy drogenation.

hetegpaiyd gaoivpy, arddreierofeyl offionallynsabstioftes whithpnesaiarorgpatibility,
lower alkyl, haloalkyl, and aryl groups. In another embodiment, Rl is .
e SUSTTAR Ao AR e AT Bt CTScnts i, Desin of
optidnalyusybphitated Nithio mesoviororeniowaTagikillo ks oatbRialsytnan, The Organic
hetergaryl groups,.and R2 is hydrogen. In another emhodiment, RI is.
OB B DSt B B B B AfpIeTe Press, San
anotbérgembedimen)R7 Gorhit@ChiEdr(R. ROl Hodnhkiledtparticutdr as esters
embodimergit Smac mimetics arc compou%ds of Fqsrmila V

WheTSTHAL K5, FIS L0 AU 8 HURATEE ALETMS Sy ke
Formiaids prepatad bptienaibynsobsiiyied alkiidosampbanihadeutioadiyine, or basic
Rl i e AROLOE I e TR A
[0077] The term “pharmaceutically acceptable salt,” as used herein, refers to any
salt (e.g., obtained by reaction with an acid or a base) of a compound of the present
invention that is physiologically tolerated in the target animal (e.g., a mammal).
Salts of the compounds of the present invention may be derived from inorganic or
organic acids and bases. Examples of acids include, but are not limited to,
hydrochloric, hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycolic, lactic, salicylic, succinic, toluene-p-sulfonic, tartaric, acetic, citric,
methanesulfonic, ethanesulfonic, formic, benzoic, malonic, sulfonic, naphthalene-2-

sulfonic, benzenesulfonic acid, and the like. Other acids, such as oxalic, while not in

themselves pharmaceutically acceptable, may be employed in the preparation of
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above for Formula 11. In another embodiment, T is C=0, U is NR1R7 and

R5 is CORY7. In another embodiment, Al is optionally substituted alkyl and
W2098/Rfddgen. In another embodiment, Rl is selected from tReTgHS&Y8/06021S

consisting of optionally substituted carbocyclic and optionally substituted

alky Pl Rerasiilnes dprEmarRipsituehitdniie Sage QB RBIASRE Groliyention and their

consiating-etaivhApticpaviehstiuigs ikhgne or more lower alkyl, halo,
haloalkyl or heteroaryl %roups, and heteroaryl optionally substituted with
r

100588 or morEtemElcaR) DassromsdaRrtHF rodiseited fhodkali metal (e.g., sodium)
embpgiroR e} laigQRIORAMIN SHREtItUled alkylgnbatel) thedeetiasal ammonia, and

substituents arc awl option Vllg?substituted with one or more lower alkyl,
["gto

haloC ARG OF ﬁ@?@ﬂﬁ%Na oprsdR P i myalFagend thsdither

[oogpodimenty fvhpsexCotRhEs Indn@ihshembadineicR foisLptidnaldipate, alginate,
substituted alkyl In another embodiment, R7 is -CH2CH(CH3)2..[00103]In
anotmaﬁaﬁfcLﬁawﬁmod?ﬁ%ﬁﬂewae%mew&f% BHhpBinasitfte, camphorate,

FornaathapHbis fyrnte, ArV\cA¥Pewagepiofidnade, V, WeiconaRd, T adddylsulfate,
have the same meanings as described above for Formula I; or a

phafHREEHIEIN Srccd BB Salt Brostouragarisreo 6ePAPRR e hemisulfate,

embﬁ)é?ﬁfﬁl@éﬁte\!\h&e%ﬂatbﬁ EhNrilidsteaiidd, ifo&i@é‘,—@ﬂ@ﬂﬂ)%ﬂ&%ﬂ%nﬁte, lactate,
another embodiment, Y is CONH. In another embodiment, Al is optionally
subé”f}ﬂﬁ?é@’aﬁ?ﬁls&f?&eA?F‘él}*ﬁ?ﬁﬁB A% ATBHRBIBIABBUHRERIS R Rotmate, oxalate

selepigadene) thegrowp geRaiFing giteptinnapioauestipitedcamaayeic propionate,
and optionally substituted alkyl wherein the gptional substiﬁﬁe%are
te

seletHSG B L Yro iy WDRTESn P Y a1/ BistrsARNY SuBti itfPgH examples
or mefedeac iy lariale, dfadeatiothpsheicutand presepsiandthaiemapdunded with
optionall bstituted wjth one or more lower alkyl, haloalkyl, and aryl

oroUb SR I HEBShe. NI o5 R SUBRREA ARyl ol Eroup)
the eptianalikebdidueiispratrrybapuas aliyrubstipaesivwihtbe rosdmars cntion are
lower alkyl, halo, halpalkyl or heteroaryl groups, R2.is hydrogen. In, .
o R L RS BT A FAGHE g it OF acids and
optidnsdy sbsiituied-phatmbtaniiier esobadblenizRa1ds ik 26t (GH3@mple, in

1001051In another particular. embodiment, Smac ll*nimet CcS aIre
com L}ﬁﬁga{)ﬁ‘tl‘—“’&ﬂﬁﬁ&rﬁﬁ?“%l( 2 RRETARFAYIGH X dcceptable compound.
[0080] The term “therapeutically effective amount,” as used herein, refers to that

amount of the therapeutic agent sufficient to result in amelioration of one or more
symptoms of a disorder, or prevent advancement of a disorder, or cause regression
of the disorder. For example, with respect to the treatment of cancer, a
therapeutically effective amount preferably refers to the amount of a therapeutic
agent that decreases the rate of tumor growth, decreases tumor mass, decreases the
number of metastases, increases time to tumor progression, or increases survival
time by at least 5%, preferably at least 10%, at least 15%, at least 20%, at least 25%,
at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at lcast 80%, at lcast 85%, at
least 90%, at least 95%, or at least 100%.

[0081] The terms “sensitize” and “sensitizing,” as used herein, refer to making,
through the administration of a first agent (e.g., a compound of Formula I), an

animal or a cell within an animal more susceptible, or more responsive, to the
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wherein Al, A2, V, W, X, Y, R5, T and U have the same meanings as
described above for Formula I; or a pharmaceutically acceptable salt or

Wo28ef188t dreof. 100106] In one embodiment, W is CH, V is NCT/l52(198/0¢9215

is NR1R2 and R5 is COR7. In another embodiment, Y is CONH. In )
anothielegiesbatitets (Ag iPemeHanysussdderanty pamgngetgf cellular function

hydrﬁ@ﬁ[&iﬂ%,aﬁﬁihﬁdteﬁiﬁ%’dm@[‘%éﬁ' isiviglertestfrappothe 9i¥R feration, invasion,
consisting of optionally substituted carbocyclic and optionally substituted

alky FRFHEESHT tHe Jptiiniptishefiftussnengretsafeclty namitinmg kst of a first agent

consgiatingapfAryd IPRHA NI M SuRFHEIUER NI W] E8RE MO oMY RIEWid18Meal effect
haloalkyl or heteroaryl groups, and heteroaryl optionally substituted with

one Gr OB ANt TeHEISERY/I06AR A3)PEralisSIHAHufion including, but not
embpgiant, REIs gptienaposehstibietalkidnVBesiBdNaiRPHPARdptosis) observed

substituents are aryl optionally substituted with.one or mare Iower,alk%/

. lkyl, .
halo"Pilok B REEEAR PER SO KhASRY & Ky ity e thAuL st stration of the

embggimeshtRiis 1edpBiR. i deoheiedediMRRtbR TisQREOM3I¥t least 10%, at
substituted alkyl. In another embodiment, R7 is -CH2CH(CH3)2. WO
288 éor, at least 70%, at

200873981 % PPt TRIY W58/36 0225 1A po e et aRStnat 54

embrdimemt,, SMResIe! a6 laisconreUnds.af Formulabist X0V dtidast 350%,
A1-V\ A2IX wherein A1, A2, V/, W, X, Y ROS/, T ::lnd U have the same
meaffits w00 escHie ahnia mh leeirdd e Bl prfacditidgty 500% over the
accaptpbissaltibe preshitgdheredfst 198d08.1 In one embodiment, W is

CH, Vis N, T is C=0, Uis NR1R2 and R5 is COR1. In another .
0% Hoodiment™s @%W?ﬁ%&%@&r@m@?&mm A% iél%?étig‘ﬁé?fi}’ refers to any
subsiietiediaikid ane A21ishyd(egenpladapoiiesmbedimeninBdrigo cell death via
selected from the group consisting of optionally substituted carbocyclic .
and YISAHNy SHBLERUHBUCARN W 8?%1}?%&%“8&&%%4 AIBRfUEHeY c%y a variety of

selecteditions, tHedialhg cssistingpdé, atylophinnaly dubsididted. with@iemic lupus
or more lower alkyl, halo, heHoaIFyJ or het&lroa and heter

ryl groups, aryl .
op Ay A WA 3P IO I WA ARePSRATIa gravis. or
grouppghisrts asiaitemnes)) bagonrninRinsmopsonaby dubstitied, afkytiasis, asthma or
wherein the aptional substituepts arc aryl optionally substituted yith one or
o TBLS SIRSHo Py TR S AT dFchip LTI 45 98 paPageRes. or T
In arethdyaphaedi)entirR| iafCtitiib2(di arnaipes.c pipoldbmentoR AIS/), and other
optionally substityted alkyl. In another embodiment, R7 is -CH2CH(CH1)2.
0O FOREI T A AR S0 e AR S R, b Moted it when
comprudgs-affatioiula Xnduced by or associated with a viral infection, the viral
infection may or may not be detectable at the time dysregulation occurs or is
observed.  That is, viral-induced dysregulation can occur even after the

disappearance of symptoms of viral infection.

[0083] The term "angiogenesis," as used herein means the generation of new blood

vessels into a tissue or organ. The term "antiangiogenesis," as used herein, refers to
prevention or reduction of the growth of new blood vessels. Examples of diseases or
disorders associated with angiogenesis that may be treated with the compounds of
the invention include macular degeneration, rheumatoid arthritis, psoriasis, diabetic
retinopathy, retinopathy of prematurity, corneal graft rejection, neovascular
glaucoma, retrolental fibroplasia, rubeosis, Osler-Webber Syndrome, myocardial

angiogenesis, plaque neovascularization, telangiectasia, hemophiliac joints,
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X wherein A1, A2, V, W, X, Y, R5, T and U have the same meanings as

described above for Formula I; or a pharmaceutically acceptable salt or
Wo28ef188t dreof. [00110] In one embodiment, W is CH, V is NPGT{§£28¢$/q§0215

is NR1R2 and R5 is COR7. In another embodiment, Y is CONH. In

anottieftsdmanuh sendag AR eat rdbesiRgt iR glerosis, scleroderma

hydragenyperaopthes@mbodiment, le is selected from the group consisting

of optionally substituted carbocyclic and optignally substituted alkyl o
[008krein thel Bptitinai BupcRinsiitsasie ditetted momahaGroug dBRsietmy spndition

aryl ppHanally ReasHtdedpItNON e P HITERalAvses Ak, ipdaial ealiot &verned by
heteroaryl groups, and heteroaryl| optionally substituted with one or more

loweNSIRYYH AIBHIKYP RS AINBRD EpRW - arfotEPlshBbdREgRfgative disorders
optigpali s ubstitiechalestndaral dhe-oRtienal suRsiusRpattharymphomas and

optionally substituted with one or more lower alkyl, halo, haloalkyl or

hetet¥aliYrBlAY AR S gtiIger’ IRQRLIE & T dhienboRigy if it does not

-CHRhderlid aneies£ropadimeiki KR 4id optapaiy Substitiéed ithbrIvf these. A
another embodiment, R7 is -CH2CH(CH3)2. [00111]Useful alkyl groups

[3

includB&PsYRt-GSHinBa%P Urahcheace't 8 dIadsrdiids deefrtiafjghboring body
metRyty @ty PIOMYr SRR APV fERLIYE SECHukratRaNW GRth3-RieX¥rease in cell
groups. |[n one embodiment, the alkyl is a C1_6 alkyl group, [00112]The i

term™ANRAE Y12 (TS 5 QTERMIE 8H€yilﬁéﬂ%l£§|n&ﬁ£/‘t%rﬁ1tma i1l strycgprg or function.
joineddngiayiens groepmasexempbfied Ryit(Gibad:-. ihOHicH Usefulype of fully

oA et s e R e
hexesmybolf@ihd] Wee i pligioyifaraiins @42 il Glalkybraudsitis, inflammatory
LT A AT
inclutilerézdas] O yalaatiodl gsup sestopical enaiarikyteieUps inchptistic lesions (such
O ISR, ST, e, N SRR o
phenjtu(alebiraxiaiecuspRkiy, aepitidisphenanthrenyl, anthracenyl , in
[00%%[]“/" az ulﬁ@/ lbgtilcl)o %g}/c!éﬂbi r%%ptﬁleorpldc?{gfgtgg Ol'g?n%gf&’ @05 often results in an
autoimmune disorder or a chronic inflammatory condition. As used herein, the term
“autoimmune disorder” refers to any condition in which an organism produces
antibodies or immune cells which recognize the organism's own molecules, cells or
tissues. Non-limiting examples of autoimmune disorders include autoimmune
hemolytic anemia, autoimmune hepatitis, Berger’s disease or IgA nephropathy,
celiac sprue, chronic fatigue syndrome, Crohn’s disease, dermatomyositis,
fibromyalgia, graft versus host disease, Grave’s disease, Hashimoto’s thyroiditis,
idiopathic thrombocytopenia purpura, lichen planus, multiple sclerosis, myasthenia
gravis, psoriasis, rheumatic fever, rheumatic arthritis, scleroderma, Sjogren's
syndrome, systemic lupus erythematosus, type 1 diabetes, ulcerative colitis, vitiligo,
and the like.
[0086] The term “neoplastic disease,” as used herein, refers to any abnormal growth

of cells being either benign (non-cancerous) or malignant (cancerous).
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[00117]Useful heteroaryl groups include C544 heteroaryl groups,
especially thienyl, benzo [b]thi en yl, n aphtho [2,3 -b]thi enyl ,

WM& HA, fury], pyranyl, isobenzofuranyl, chromenyl, xantR&R/L/S2008/060215

henoxanthenyl, 2H-pyrrolyl, [)yn-olyl, imidazolyl, triazolyl, pyrazolyl,

(008 hay1, pyrdBmiar By HHidRSOR BSHIaSHAYI, fMdbidiRgTeiBolRErsR/0 sryiReRRund that
indojytafad ﬁ?@%lﬂéfﬁﬁdnf‘é’fﬁ%ﬂ@%?%aé%@ Reb¥loddWiB0alignant) neoplasm.
(&g}halzinyl, n aphth yri din yl, guinozalinyl, cinnol in yl, pteridinyl, )

[06884az0ly1, FRSCHABRTINAC HHEnarti a2 act Ny GYSRHORHNgS used herein, refer to
phenagiuelisy!iRhgragibdiisibiazohdiieseiniasiny (dsoxag@ylproliferative or
furazanyl, phenoxazinyl, 1,4-dih}/droquinoxaline-2,3-dione,
7-am%%uﬁg§%}$ﬁﬂd@fm .a]a"maqﬁgmme,may be complete, e.g., the total
1,2-hspaRis @fgadsiogi e B idar ohycét OXIREQlydy aMtba-may also be partial, such
oxobenzimidazolyl. Where the heterparyl group contains a nitrogen atom

in a fG fiereRfsehBPRlag e f e tdtPBissh Rilsxidaer fratawhich would

pyrididhvi wheisiee PRESIY - @rédentayrisaigbay! N-oxide, and the like.
1001181 0ptional substituents include one or more alkyl; halo; hydroxyl;

(008 oxylic 48 (FEM -CRORPSHIOIHL g s Sal AAKYICE RsEelfly fefers to agents
optiapaly sekstitutemvedth ianerdmeraalky chaleHiyeioxy| ichalgalkyl increasing,
groups; arﬁhgﬁjtionally substituted with one or more lower alkyl, halo,

haloBIRJIOHRAR o IABIE G ry BN TSRS B iin ANYRIGHISTRIREAH SiRE Gigent 1s an
or madhdewef apepiddnloatkyl (afheliedoesy b@rpapsodsaiiad udedeioriyl refers to an
optionally substituted with one or more lower alkyl, haloalkyl, and aryl
groﬁﬁﬁ"@@rd&ﬁy\s‘;&a@ﬁﬁmwﬂsfﬁfgﬁi{at%d %HHGBﬁSﬂ?(S’rﬁ%efé’i}&e?Lﬁﬁ&ﬁe”S more
halogaliwbpaibt aw/lcgeeuisp atoxyo sy hies @ayithion amidenssaineint, an agent that
acyloxy; arylacyloxy optionally substituted with one or more lower alky], .
halo%é@}ﬁ%ﬁ&%&ﬂ%‘réﬁﬁ%?&f %%&%&bhﬁw&@}%ﬁpﬁ?%@}%&m&%&aﬂng agents
withigoeidy peteilawehadkybonaeisy haliwlky|(iaus,sietedcysl® not limited to,

orou B DRy L) by ) DS Mtk oRar ke S nd RIP

alkylObtloatkatsiod afyhpptapiz-madialyngagtuistes: helsrooycipalkyt limited to,

oroub S b A s Retaraey eI oA CokeokDig TRAIL

with @e dmmwre dowesad kylighatbakkyh pand /Aoy psoiiet 1Q1Ydsefudnoclonal or

e oo LS R AL L BRAER A R o, Bax
cycl@reptenv, wizyeld ddtesy) PRarhadyalip geopipscalso Molidatigroagsits broadly

having fused optionally substituted oups.such as tetrali o
(001 SRS SRR N o R e GTAeT N il ligands.
and fogbipensiONibAn dtiagfubanal kiylagnbeheaibridlaratkyi gnbups: ibolude @y digand or

the above-meptioned Ci_18 alkyl grouyps substituted by pne or more of the

b SO PN BT ATRE Sl g S REApgig such as

groupsiHroad difibobirit haing aeatiollislgubIRubPidandicadpiss@BIS ligand, a

substifuted C6 14 aryl groyps. In another embodiment, the aralkyl is

submgdlﬁv}ﬁ%ﬁﬁeogt ionally substituted C6_14 aryl group. In one

[008tbodimenththelopiiorsallyl Alssifidie pre&nl hacytigroap Snare apticniayhaving the
SUbStietHé?q nglrlgf group. Useful aralkyl groups include benzyl
(abb%ewa ed as Bn), phenethyl and naphthylmethyl. 1001221Useful
haloalkyl groups include C1_10 alkyl groups substituted by one or more
fluorine, chlorine, bromine or iodine atoms, e.g., fluoromethyl,
difluoromethyl, trifluoromethyl, pentafluoroethyl, 1,1-difluoroethyl,
chloromethyl, chlorofluoromethyl and trichloromethyl groups.
1001231Useful alkoxy groups include oxygen substituted by one of the
Ci_is alkyl groups mentioned above. [00124]Useful alkylthio groups
include sulfur substituted by one of the C1_18 alkyl groups mentioned
above. Also included are the sulfoxided%nd sulfones of such alkylth o
groups. [00125]Useful amido groups include carbonylamido as well as any
C1_6 acyl (alkanoyl) attached to an amino nitrogen, c.g., acetamido,
propionamido, butanoylamido, pentanoylamido, hexanoylamido as well as

aryl-substituted C2-6 substituted acyl groups.



[00126]Useful acyloxy groups arc any C1_6 acyl (alkanoyl) attached to an

oxy (-0-) group, e.g., formyloxy, acctoxy, propionoyloxy, butanoyloxy,
We2HERBIBXy, hexanoyloxy and the like. 1001271Useful aryldyloh§2008/060215

groups include any of the aryl groups mentioned above substituted on any

of the acyloxy groups mentioned

dichlorobenzoyloxy,2,6-difluorg

benzoyloxy)groups. ) i roups include -NH2,and
-NRultn, wheréem®HA and Ri2 arACIAg a cloalkyl groups as

defined above. 10p1291Useful sat ially saturated heterocyclic
groupg include tettahydrofuranyl, pyranyl, piperidinyff gipekizinyl,
oxopip&hgipyl pyitolidinyl, imidazglidinyl, imidazolinyl, indolinyl,
isoindolinyl, Yuinuclidinyl, morpholinyl, isochromanyl, chromanyl,
pyrazolidinyl} pyrazolinyl, tetronoyl and tetramoyl groups. [00130]Useful
arylene groyps include C6_14 arylene, especially phenylene,
naphthylene, phenanthrenylene, anthracenylene, indenylene,
azulenylene, biphenylene, biphenylenylene, and fluorenylene groups.
100%%[611?gseful heteroarylene groups include disubstituted heteroaryl
groups uch as 2,5-thienylene, 2,4-imidazoylene, and 1,3-triazolylene.
[00132]d1nk Aerend'|evldpendeotipsak ctsd difoenetinergforsp tooasistiopadr hydrogen and
group that ﬂeco e agp d_ from an,atom.or group iR what is

cona S S o B e S e

reac¥on shicateddizoro tpti gop npacticnsinexep &l laving groups include

-F, -Cl,.-Br, -QH, s006E5, -0(CO)alkyl.and ike, \n.one embodiment, the
Ieavigri}glsg?ce)’lgf? |esd f{‘ﬂn}rgl gr%ﬁ%@r%r% %g}%gﬁt, the | e&aq\ﬂng group is an
activitedstdrotedffORh (b ggraBt cOnasyiispofdayirdgeactivaopigoagints(dgituted Ci-3
dicy% hInyIcarbodiimide (DCC), 1-ethy1-3-(3-

dimet %Iéminopropyl)carbodiimide (EDC), benzotriazol-1-

yloxytripaicsiicinopndabp veipnadresicafigord p1OS ph AtE (Y BE0) ) n&KE), (CH2)1 3,

employed.to activ baxylic acid (i.e, the | ng,aroup, is-OH)tgyvard . .
B AR eSS e RS S B ona
the artbsfibrigdnicy syndagiondthenbrdiditive betuokrgls
N-h%{ggﬁ%&gz;),triazole (HOBLt) or Nhydroxysuccinimide (HOSu), may

e

also 0 optimize reaction parameters (e.g., rate, yield, purity,

raceﬁliiza(ﬁ(ﬂnlﬁ[?(){i}lﬁsﬁ-'fﬁggt&?m;“isolated" as used herein when refering to
the B“f?%%‘ie%‘i@d%%%ﬂ'%ﬁ% group consisting of optionally substituted alkylenyl and

(CR'R?),-R™(CR'R);
T is selected from the group consisting of C=0, C=S, C=NR', S, S=0, SO,, O, NR',
CR'R?, optionally substituted carbocyclic, optionally substituted heterocyclic,
optionally substituted aryl and optionally substituted heteroaryl;
U is selected from the group consisting of H, NR'R?, N(RI)COR7, OR', SR,
optionally substituted alkyl, optionally substituted aryl and heteroaryl;
n, m, p and q are independently selected from the group consisting of 0-5;
ris 0-3;
cach R', R?, R® and R" are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl and optionally substituted
heteroaryl;
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reaction means that the desired product or products are separated from

undesired components of the reaction mixture (e.g., solvents, starting
WORASHAR 7€hemical reagents) prior to a subsequent chemicalPCT/US2008/060215

transformation. The desired product(s) of a chemical reaction may be

| y be |
sepdtatsPHeRrarfivEibs esrHpamniaing 81 Ardigesnnritiorale yybstituted alkyl,
filtraggRdieyob st sr siicaaatiollopeshayyempyaeiy ARk, optionally
solvent) components. [00134]The term "amine protecting group” as used
heretHYERISIIgiEAP ik BRI hesuprEtRGS pik AnkiPRAHHcRstisigA heteroaryl
whilgf@aghris are carried out on other functional groups or parts of the
molecule. Those skilled in the art will be familiar with the selection,
attadhni@ntclar¢IEQUadRe B EPrtERENE! gtbups BRd Wil dbpréciQe =S and
that ay 'different protective groups are known in the art, the suitability of
one protective group or another being dependent on the particular the

syntRetié SEEHE 5RIAHRE STOURRAUS SN SHkTKRES e QRN fypstituted alkyl,
congtasiany Suehsat e end eIE WU GHAIOCHYBSGIAMPHINEIGANE, optionally
Synthesis," 3rd Ed., pp. 17-245 (J. Wiley & Sons, 1999), the disclosure of
WhiW@%%%Mt@@&p%éﬁb%ﬁéﬂlg%ﬁﬁﬁ@brotecting groups

in%'l&&ltﬂ?aﬁﬁ%a@ml Wg?é)édﬁ@&)s i@n;rht%w@wgaf?%)w (BOC)[, h
9-fluorenylmethyloxycarbonyl (FMOC) and benzyl (Bn) group. [00135]The .
1002Hn ~about™ G2 SRR eI RISE ABYEG RHB ARG UoN DeFRiA the optional
"abouibiBtudganscOdfctis dl 8L36Ad roug haustibengperifisatiopt SHalpSubstituted
an optional substituents thereof are chosen to provide stable moieties and
comBtingRe m@ﬂg@mﬁr?ﬁ%lhéaéan%é‘aﬁ%%ﬁ&rtﬁstmhféfﬁ%mw heteroaryl
maydpishasyiebenisrnenshnele ging@plicakisamesaldaginyendiary groups.
includes all tereoiﬁomers,,both asﬂ%gjr  individyal stereoisamer ds of
[Ougéparation AU RSB SRS B84 MY BUIAHSS ratensfmpounds o

mixtaeemofasdich stereocisomers as well as the individual enantiomers that
may be separated according to methods that are well known to those of
skill in the art. 1001381In certain embodiments of the invention the
compound of Formula | is selected from the group consistingof ONH O

D
YJ
Y
X
\l/ T—U
A1/ \A2 o)

wherein:

I

A and A, are independently selected from the group consisting of hydrogen and
optionally substituted alkyl, wherein A, is absent when V is O;

V is selected from the group consisting of N, CH and O;

W is selected from the group consisting of CH and N;

X 1s optionally substituted C;-3 alkyl;
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Y is selected from the group consisting of CONH, C(0)0O, (CH;);.3 wherein one or
more CH, groups can be replaced by O, S, or NR', optionally substituted aryl and
optionally substituted heteroaryl;

D is (CR'R?),-NR’-(CR*R™);

J is selected from the group consisting of optionally substituted alkylenyl and
(CR'R?),-R™(CRR);

T is selected from the group consisting of C=0, C=S, C=NR', S, O, NR!, CR'R?,
optionally substituted carbocyclic, optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted heteroaryl;

U is selected from the group consisting of H, NR'R?, OR', SR, optionally
substituted alkyl and optionally substituted aryl;

n, m, p and q are independently selected from 0-5;

cach R', R%, R? and R" are independently selected from the group consisting of
hydrogen, optionally substituted alkyl, optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl and optionally substituted
heteroaryl;

R’ is selected from the group consisting of hydrogen, optionally substituted alkyl,
optionally substituted heteroalkyl, optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl, optionally substituted heteroaryl
and COR’;

R is selected from the group consisting of O, S, NR!, CR'R?, C=0, C=S and
C=NR'; and

R’ is selected from the group consisting of hydrogen, optionally substituted alkyl,
optionally substituted carbocyclic, optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted heteroaryl;

or a pharmaceutically acceptable salt or prodrug thereof.

[0093] In one embodiment, the optional substituents do not include carboxylic acid,
cycloalkyl optionally substituted with one or more alkyl, halo, hydroxyl or haloalkyl
groups, or aryl optionally substituted with an aryl group, and an optionally
substituted heterocyclic group does not include oxopiperizinyl.

[0094] In a further embodiment, n and m are independently selected from 0-4 such
that n + m is 3 or 4. In a further embodiment, p and q are independently selected

from 0 and 1 such that p + q is 1. In a further embodiment, n and m are
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independently selected from 0-4 such that n + m is 3 or 4 and p and q are
independently selected from 0 and 1 such that p + q is 1. In a further embodiment, n
and m are independently selected from 0-4 such that n + m is 3 or 4, p and q are
independently selected from 0 and 1 such that p + qis 1 and T is C=0O. In a further
embodiment, n and m are independently selected from 0-4 such that n + m is 3 or 4,
p and q are independently selected from 0 and 1 such that p + q is 1 and U is NR'R”.
In a further embodiment, n and m are independently selected from 0-4 such that n +
m is 3 or 4, p and q are independently selected from 0 and 1 such that p + q is 1 and
R’ is CH,. In a further embodiment, n and m are independently selected from 0-4
such that n + mis 3 or 4, p and q are independently selected from 0 and 1 such that
p+qis 1, Yis CONH, Wis CH and V is N. In another embodiment, R' is
optionally substituted alkyl wherein the optional substituents are selected from the
group consisting of aryl optionally substituted with one or more lower alkyl, halo,
haloalkyl or heteroaryl groups and heteroaryl optionally substituted with one or
more lower alkyl, haloalkyl, and aryl groups.

[0095] In another particular embodiment, Smac mimetics are compounds of
Formula III:
5
RN
L N

X\
w-y o U

A1—V\
Az m

wherein Aj, Ay, V, W, X, Y, R®, T and U have the meanings as described above for
Formula I; or pharmaceutically acceptable salts or prodrugs thereof.

[0096] In one embodiment, A;, Ay, V, W, X, Y, R°, T and U have the meanings as
described above for Formula II. In another embodiment, W is CH, V is N, T is
C=0, U is NR'R? and R’ is COR’. In another embodiment, A, is optionally
substituted alkyl and A, is hydrogen. In another embodiment, R' is selected from
the group consisting of optionally substituted carbocyclic and optionally substituted
alkyl wherein the optional substituents are selected from the group consisting of aryl

optionally substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl
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groups, and heteroaryl optionally substituted with one or more lower alkyl,
haloalkyl, and aryl groups. In another embodiment, R' is optionally substituted alkyl
wherein the optional substituents are aryl optionally substituted with one or more
lower alkyl, halo, haloalkyl or heteroaryl groups, and R” is hydrogen. In another
embodiment, R' is -CHPh,. In another embodiment, R’ is optionally substituted

alkyl. In another embodiment, R’ is -CH,CH(CH.).

[0097] In another particular embodiment, Smac mimetics are compounds of
Formula IV:
5
RN
L N

X\
w-y o U

A1—V\
Ay v

wherein Aj, Ay, V, W, X, Y, R®, T and U have the meanings as described above for
Formula I; or a pharmaceutically acceptable salt or prodrug thereof.

[0098] In one embodiment, A;, Ay, V, W, X, Y, R°, T and U have the meanings as
described above for Formula II. In another embodiment, W is CH, V is N, T is
C=0, U is NR'R? and R’ is COR’. In another embodiment, A, is optionally
substituted alkyl and A, is hydrogen. In another embodiment, R' is selected from
the group consisting of optionally substituted carbocyclic and optionally substituted
alkyl wherein the optional substituents are selected from the group consisting of aryl
optionally substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl
groups, and heteroaryl optionally substituted with one or more lower alkyl,
haloalkyl, and aryl groups. In another embodiment, R' is optionally substituted alkyl
wherein the optional substituents are aryl optionally substituted with one or more
lower alkyl, halo, haloalkyl or heteroaryl groups, and R” is hydrogen. In another
embodiment, R' is -CHPh,. In another embodiment, R’ is optionally substituted
alkyl. In another embodiment, R’ is -CH,CH(CHx),.

[0099] In another particular embodiment, Smac mimetics are compounds of

Formula V:
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, and or a pharmaceutically acceptable salt or prodrug thereof
1001391In another embodiment of the invention the compound of Formula

WQ12808dp8d#dd from the group consisting of: HCI H PCT/US2008/060215
5
RN
0 \ N
>—NH o ™u
X—W
\
/V_Az
A4 v

wherein A;, A,, V, W, X, R°, T and U have the meanings as described above for
Formula I; or a pharmaceutically acceptable salt or prodrug thereof.

[00100] In one embodiment, Aj, Ay, V, W, X, Y, R°, T and U have the meanings as
described above for Formula II. In another embodiment, W is CH, V is N, T is
C=0, U is NR'R? and R’ is COR’. In another embodiment, A, is optionally
substituted alkyl and A, is hydrogen. In another embodiment, R' is selected from
the group consisting of optionally substituted carbocyclic and optionally substituted
alkyl wherein the optional substituents are selected from the group consisting of aryl
optionally substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl
groups, and heteroaryl optionally substituted with one or more lower alkyl,
haloalkyl, and aryl groups. In another embodiment, R' is optionally substituted alkyl
wherein the optional substituents are aryl optionally substituted with one or more
lower alkyl, halo, haloalkyl or heteroaryl groups, and R” is hydrogen. In another
embodiment, R' is -CHPh,. In another embodiment, R’ is optionally substituted

alkyl. In another embodiment, R’ is -CH,CH(CHx),.

[00101] In another particular embodiment, Smac mimetics are compounds of
Formula VI:
5
RN
|
@) H
T\
NH © V
X
N‘Az
A,
Vi

-34 -



-NO(tcONHCHPhHh2N BnN M ON HCI Ht NN 0 CONHCHPh2 9 0 N/

HCI HON- NCONHCHPh2 -NO 0 BnN
WO 2008/128171 PCT/US2008/060215

wherein A, Ay, R°, T and U have the meanings as described above for Formula I,
and X is optionally substituted alkyl; or a pharmaceutically acceptable salt or
prodrug thereof.

[00102] In one embodiment, A1, A, X, R°, T and U have the meanings as described
above for Formula II. In another embodiment, T is C=0, U is NR'R? and R’ is
COR’. In another embodiment, A, is optionally substituted alkyl and A, is
hydrogen. In another embodiment, R' is selected from the group consisting of
optionally substituted carbocyclic and optionally substituted alkyl wherein the
optional substituents are selected from the group consisting of aryl optionally
substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl groups, and
heteroaryl optionally substituted with one or more lower alkyl, haloalkyl, and aryl
groups. In another embodiment, R' is optionally substituted alkyl wherein the
optional substituents are aryl optionally substituted with one or more lower alkyl,
halo, haloalkyl or heteroaryl groups, and R” is hydrogen. In another embodiment, R'
is -CHPh,. In another embodiment, R’ is optionally substituted alkyl. In another
embodiment, R’ is -CH,CH(CH3),.

[00103] In another particular embodiment, Smac mimetics are compounds of
Formula VII:
R5\N
N
X\
AV,
Az VI

wherein A;, Ay, V, W, X, Y, R°, T and U have the same meanings as described
above for Formula I; or a pharmaceutically acceptable salt or prodrug thereof.
[00104] In one embodiment, W is CH, V is N, T is C=0, U is NR'R? and R’ is COR’.
In another embodiment, Y is CONH. In another embodiment, A; is optionally
substituted alkyl and A, is hydrogen. In another embodiment, R' is selected from

the group consisting of optionally substituted carbocyclic and optionally substituted
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alkyl wherein the optional substituents are selected from the group consisting of aryl
optionally substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl
groups, and heteroaryl optionally substituted with one or more lower alkyl,
haloalkyl, and aryl groups. In another embodiment, R' is optionally substituted alkyl
wherein the optional substituents are aryl optionally substituted with one or more
lower alkyl, halo, haloalkyl or heteroaryl groups, and R” is hydrogen. In another
embodiment, R' is -CHPh,. In another embodiment, R’ is optionally substituted

alkyl. In another embodiment, R’ is -CH,CH(CHy3;),.

[00105] In another particular embodiment, Smac mimetics are compounds of
Formula VIII:
R5\N
N
X\
AV
Az VI

wherein A1, Az, V, W, X, Y, R°, T and U have the same meanings as described
above for Formula I; or a pharmaceutically acceptable salt or prodrug thereof.
[00106] In one embodiment, W is CH, V is N, T is C=0, U is NR'R? and R’ is COR”,
In another embodiment, Y is CONH. In another embodiment, A; is optionally
substituted alkyl and A, is hydrogen. In another embodiment, R' is selected from
the group consisting of optionally substituted carbocyclic and optionally substituted
alkyl wherein the optional substituents are selected from the group consisting of aryl
optionally substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl
groups, and heteroaryl optionally substituted with one or more lower alkyl,
haloalkyl, and aryl groups. In another embodiment, R' is optionally substituted alkyl
wherein the optional substituents are aryl optionally substituted with one or more
lower alkyl, halo, haloalkyl or heteroaryl groups, and R” is hydrogen. In another
embodiment, R' is -CHPh,. In another embodiment, R’ is optionally substituted

alkyl. In another embodiment, R’ is -CH,CH(CHx),.
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[00107] In another particular embodiment, Smac mimetics are compounds of
Formula IX:
5
R\
N
N
X\
w—Y O T\U
/
YN
A2 X

wherein A;, Ay, V, W, X, Y, R°, T and U have the same meanings as described
above for Formula I; or a pharmaceutically acceptable salt or prodrug thereof.

[00108] In one embodiment, W is CH, V is N, T is C=0, U is NR'R? and R’ is COR’.
In another embodiment, Y is CONH. In another embodiment, A; is optionally
substituted alkyl and A, is hydrogen. In another embodiment, R' is selected from
the group consisting of optionally substituted carbocyclic and optionally substituted
alkyl wherein the optional substituents are selected from the group consisting of aryl
optionally substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl
groups, and heteroaryl optionally substituted with one or more lower alkyl,
haloalkyl, and aryl groups. In a another embodiment, R' is optionally substituted
alkyl wherein the optional substituents are aryl optionally substituted with one or
more lower alkyl, halo, haloalkyl or heteroaryl groups, and R* is hydrogen. In
another embodiment, R' is -CHPh,. In another embodiment, R’ is optionally
substituted alkyl. In another embodiment, R’ is -CH,CH(CH3),.

[00109] In another particular embodiment, Smac mimetics are compounds of

Formula X:
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, and or the free base thereof, or another pharmaceutically acceptable

salt thereof, or a prodrug thereof. 100140]In another embodiment of the
W88 e compound of Formula | is:  or a pharmaceuticdfyT/US2008/060215

acceptable salt or prodrug thereof 100141]The present invention also

pertains to a process for the n@\paration of a compound of Formula XI

comprising condensing a compoN ormula XII
N

X

AN

w—Y O T\U

V/

A -
1 \A2

wherein A1, Az, V, W, X, Y, R°, T and U have the same meanings as described
above for Formula I; or a pharmaceutically acceptable salt or prodrug thereof.

[00110] In one embodiment, W is CH, V is N, T is C=0, U is NR'R? and R’ is COR’.
In another embodiment, Y is CONH. In another embodiment, A; is optionally
substituted alkyl and A, is hydrogen. In another embodiment, R' is selected from
the group consisting of optionally substituted carbocyclic and optionally substituted
alkyl wherein the optional substituents are selected from the group consisting of aryl
optionally substituted with one or more lower alkyl, halo, haloalkyl or heteroaryl
groups, and heteroaryl optionally substituted with one or more lower alkyl,
haloalkyl, and aryl groups. In another embodiment, R' is optionally substituted alkyl
wherein the optional substituents are aryl optionally substituted with one or more
lower alkyl, halo, haloalkyl or heteroaryl groups, and R” is hydrogen. In another
embodiment, R' is -CHPh,. In another embodiment, R’ is optionally substituted
alkyl. In another embodiment, R’ is -CH,CH(CHy3;),.

[00111] Useful alkyl groups include straight-chained or branched C,_;5 alkyl groups,
especially methyl, ethyl, propyl, isopropyl, t-butyl, sec-butyl, 3-pentyl and 3-hexyl
groups. In one embodiment, the alkyl is a C,6 alkyl group.

[00112] The term "alkylenyl" refers to a divalent alkyl radical containing 1, 2, 3 or 4
joined methylene groups as exemplified by -(CH,)s-.

[00113] Useful alkenyl groups include straight-chained or branched C,.s alkyl
groups, especially ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, and hexenyl.

[00114] Useful alkynyl groups are C,_15 alkynyl groups, especially ethynyl, propynyl,
butynyl, and 2-butynyl groups.
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with R7CO-L, wherein A1, A2, V, W, X, Y, Z, T, U and R7 have the
meanings as described above for Formula I, mis 1 or 2, and L is a leaving

W@ 1381 dhe embodiment, L is Cl or OBt. In one embodimen®CA/52008/060215
CR1R2), and r is 0. In another embodiment, mis 1. [00142]Iin one
(06 Hodimer{sehd Eﬁﬁeéﬂﬁ’éﬂéﬂu@ééﬁw?scédﬁﬁﬁé@i?ﬁlﬁQ%% degpisat cycloalkyl

solvepsichsiieetoNitbifo PENZeP&obHOrOfeyRIodedtdichioraatbane, cycloheptyl,

1,2,- dimethoxyethane,dimethylformamide,dimethylsulfoxide,dioxane, - 58
- WeslopaRhl e eseornys 2008/060215 dichloromethane,

[00Y18ethy 1-25p8mipliginopryepdetiehvdrafurandpiangheramnbhadipentihRviated as
condensation reaction is carried out in tetrahydrofuran. In another

embddimentaieidnddibsanpient o sheaird-outideaichiofgHgtHanebiphenyl,
In ongraeedignentd theosandensapon reaction is carried out at about -20C

to about 25C. In another embodiment, the condensation reaction is carried

[0U 7kt about 52! hetErmeTaingouRndRtUAS CordRTSEaisH eQuRsnggpecially thienyl,
complgie [Bahensfll houfaishelprBaddau, In anatherenypodimeatithe pyranyl,

condensation reaction is complete in about 12 hours. 1001431In one

embBARFAR 8R0S IR the <SS im SHERE BTG hs afiR Y EQbtlorPyTolyl,
is cafiRAANIN hREseNsaHody agiMadylg geentidplangfietidinyl, pyridazinyl,
embodiment, the activating agent i %?icﬁo xylcarbaodjimide, L
1-etﬁw.%h(§1ya1n1é?rﬁﬂ3mﬂ S5 ﬂ&%eleﬂ%ﬁ%cfa{iom&%m #H-quinolizinyl,
yloxydédpitodyidingpiesphonsurmexafluoraphospiiatel, In gnadlinyl, cinnolinyl,
embodiment, the activating agent is. L .y C
1-etﬁ§ﬁf.1§1%§ldirﬁafh%aalﬁlnoz%ﬁghyé%odinh?al@m%%er HidBeimeRerimidinyl,
the ¢oRdensasIRN1EaMiRRimoarriestidutdntheppeaseieaflariastivaling furazanyl,
agent and an additive that optimize reacfjon parameters such as purity .
i DR At SRR A S TN OB BEIBR charidol .2-
10014 Tiredrogeass of thbcaandersaticn ygashanmaivesyl,a zoxipdolRd and 2-
of Formula XIl.and Lﬁcgzhcar{h%%monitorfad by analytical methods . :
knoRRARTHANFA0 2V FEES, 1 PEETRAS HBLHR, R SIS SRMAA" @ ring,
of Fetehulaitkd gan henisalatedaind perifiashbyfany MeaitkraywnapiitliaitN-oxide,
such normal- and reverse-phas lumn chromatagraphy (e.g., column
R SO R B TSR FALNEISRG). crystatization,
[00piiBaCtion, Exstiditad prbditatiiumidotkiedcan hersulljediddile, fuytirexyl; carboxylic
purification (e.g.. recrystallization) until he!jg sired leyel of purity is : :
OB T o ST SR B AL O EoH AP HORPR st with
90%013:1 &, 19886, D3P0, 1248 h9 dio X9l 0% ada%oy I08Am 89 %rdr spdtmally substituted
[00145]In another emli)odimeﬁé&lthﬁ ilnvitr%:‘ioqlg?rtainls to process for the I
preparation ofa T8hTpSUnd 8 Eormitifa RiPComptising cORGERSNgSR PS> a1y oxy
compprimeh by obrtitidacX Wiklvne or more lower alkyl, haloalkyl, or heteroaryl groups;
aralkyl; heteroaryl optionally substituted with one or more lower alkyl, haloalkyl,
and aryl groups; heteroaryloxy optionally substituted with one or more lower alkyl,
haloalkyl, and aryl groups; alkoxy; alkylthio; arylthio; amido; amino; acyloxy;
arylacyloxy optionally substituted with one or more lower alkyl, haloalkyl, and aryl
groups; diphenylphosphinyloxy optionally substituted with one or more lower alkyl,
halo or haloalkyl groups; heterocyclo optionally substituted with one or more lower
alkyl, haloalkyl, and aryl groups; heterocycloalkoxy optionally substituted with one

or more lower alkyl, haloalkyl, and aryl groups; partially unsaturated

heterocycloalkyl optionally substituted with one or more lower alkyl, haloalkyl, and

-39-



with R7CO-L, wherein A1, Az, V, W, X, Y, Z, T and U have the meanings
as described above for Formula 1,mis 1 or 2, and L is a leaving group. In

WRaNERBbdiment, L is Cl or OBt In one embodiment, Z is (CfaRAYUSHIF§6021S5
0. In another embodiment, mis 1. 1001461In one embodiment, the

condEnsEiRR YeRchaiiidl e snattiatethhsteinere it kriexsonntionallzrrustituted with
acelgritlanbRrEane Skjoraisin i Zntictipreathane. 1.2-

dimethoxyethane,dimethylformamide,dimethylsulfoxide,dioxane,

[0YitMoromeliisie!, RetwatRgH-2- pRArERI SRRt aRbRABeiFas o RN B8R ety cloalkyl

embgghiape s thersendansation eagtiandsdsuried dutiiairatyerafuEaddlopentenyl,
In another embodiment, the condensation reaction is carried out in

dichdrhsiramy. b raderstdithent 300 BEHdeH AR PRARBNIS Aty having
out ahataosfieRM o aheiuiRE GrNpnihsi@nabedimant, the condensation

reaction is carried out at about 20C. In one embodiment, the condensation

[002Mion is EbSTBldRGPLBBRE MRS HisdifcaBnEtfs CHUsRgpmine and iodine.

[ocambodimentsfg eenrensaliaptEeasiNy IsfapPlateuieadnus 1A abSe-mentioned
WO 2008/128171PCT/US2008/060215 1001471In_.one embodiment, L. is

-OH ot LOBYY Inespith et BsHBE B R £ th Ot ShriEnh it Heartigre i ieasAegptionally
out iéhﬂ@ﬁﬂﬂf@@@%%dﬁﬁrﬂ?rﬁﬁﬁy?ﬂ lh%téhc?ﬁﬂté gficﬁﬁb@f;]hl?f&zsféﬁdimﬁh%ﬂf}@he aralkyl is
activating agent is dicyclohexylcarbodiimide, 1-ethyl-3-(3-
A RN AP PSE ) FA ORI Dr BENUdsdies oyl eroups.  In. another
yloxyjitipvireésinephasnkeniynaskaftseropthospbasptibhanotidstituted Ce.i4 aryl
embodiment, the activating agent is ) ) )
1-etBAU8- (3 HintathyIEIATBFSHy s BRUAPAIGE. SYPSHBESA: Crribctfithepioup is an
the epnidansatioabeactian fheayliegrow.in theiesendeaf afoagtivaticlgde benzyl
agent and an additjve that optimize reaction parameters such as purity
andr{ﬂa)&.ema o%tgrn rﬂ%ﬁ%ﬁp%nﬁféaé&tgx eE}}f\ll'-hydroxybenzotriazole.
[0 0224 8] Thel prggrasscalithe gaigensatia reaciiankbetyeepsasabsipasichy onc or
of Formulg XIV ang R7CO-L can be monitored by analytical method
oWl PRI AT PESTLRS TICPORES FIETE S VERE B8 gumgpmethyl
of Fetfifiubackittican be isplatedlandphyified by Bnyifieanskiyown in thg@Bmethyl,
such normal- and reverse-phase column chromatography (e.g., column
ch ro?f{?]zla%gﬁéwlgﬁgﬁﬂ%g éf%fﬁffg%e}gél FhAYPHPLC), crystallization,
[00a2Baction, Bieflhalpsedyebiipysiistidtedxgaribeudyhjaiédioduktberhe C) 5 alkyl
purificationﬂ(le.rﬁ., recrystallization) until the desired level of purity is
achi8VE*IH'Ghe’8 b(?&iYﬁ‘ent, a compound of Formula XllI has a purity of

[008Q%], 91%, 9%, DBOGItBKYar &uPs, TRcAGRHO sOITD, 0B BOYber aneref the C; s alkyl
[00149]In another e

bodiment, the invention pertains to a process far the
orep Al BT EORpACRTof RIS B HaD S RaR g oneS of such
compldyittioferarpsula XVI

[00125] Useful amido groups include carbonylamido as well as any C,¢ acyl
(alkanoyl) attached to an amino nitrogen, e.g., acetamido, propionamido,
butanoylamido, pentanoylamido, hexanoylamido as well as aryl-substituted C,s
substituted acyl groups.

[00126] Useful acyloxy groups are any C, acyl (alkanoyl) attached to an oxy (-O-)
group, e¢.g., formyloxy, acetoxy, propionoyloxy, butanoyloxy, pentanoyloxy,
hexanoyloxy and the like.

[00127] Useful arylacyloxy groups include any of the aryl groups mentioned above

substituted on any of the acyloxy groups mentioned above, e.g., 2,6-
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XVI with R7CO-L, wherein A1, A2, V, W, X, T, U and R7 have the

meanings as described above for Formula I, mis 1 or 2, and L is a leaving
W@ 1381 dhe embodiment, L is Cl, OH or OBt. In one embodRaERS2A0E0C021S

1001501In one embodiment, the condensation reaction is conducted in an

inertbrglasRbermosivsuch aLatidturiedenaseirshe, dibroford;di-(trifluoromethyl)-
12 BSOS a2 -

dimethoxyethane,d|méthylformamide,dimethylsulfoxide,dioxane,

[0} 2Bloromelestiel aminetdiPres josrefitindte o EEangefofifumRie Jitisdt Ru and
embrgiment, thaicondessationyeassion is aafiivd obdya. tetrahydrofuran.

In another embodiment, the condensation reaction is carried out in

[0 2floromelfesie! IndHEEhboEInmHtathe coftdeldatb FsesbR isEaRgy include
out a¢Rodenta, aBoKIGBCpifARRIIET SMhRMICSxBRpeeRIRNSHiRfblidinyl,

reaction is carried out at about 20C. In one embodiment, the condensation

reactiBifagLstipierdmhdagelits-nHifol ibotiomsi ARy 1AURKHERYL morpholinyl,
embRdinentatie CondRRaRHONYRALHRNIS COMPIEIR Ny AP Atk drbPUIBd  tetramoyl

1001511In one embodiment, L is -OH or -OBt. In another embodiment,
the GRWEhsation reaction is carried out in the presence of an activating

[o0agent. In anpikar embrdimanbipe agiuaio@gentds/lene, especially phenylene,
dicyclofhe ycarbodiig;ide, -ethﬁ/I-B-(Bdim thylﬁryﬂj?nopropyl carpodiimide
or bEAPBIASBE:1 - REKPHF m%ﬁﬁophﬂfeﬁmfﬁ HexafligFBBI8Ephatelicnylene,
In angphen FeneobiphR Al thl attivaiinguagaitiée groups.
1-ethy1-3-(3-dimethylaminpopropyl)carbodiimide. In another embodiment,

106 ondend386H P&ﬁ%ﬂamgneagrr@%m??ﬁeedbv&@&ﬁ%tggohaﬁfaamagﬁ?aps such as

agery, suid vy ladelitye tinad opiieize dedciRapasameters such as purity
00?32 yield. In another ?mb,odiment, the add%{i\ée is. N-hydroxybenzotriazole.
[ e

152]Thd It dGrss B YHE HRUBn B feBRifoh BRelh 4 BRIBGUngroup that

of FosrutaXivtandRif6:0dn asshber meitoiied hyt anadytiiredethbelshe residual or
known jn the ar&sﬁﬁch TLC, LC, LC/MS, HPLC, NMR, etc. A compound .
of P ORI BSRALl 3 VEOTES s SHSH 55 e IO AR gactons.
suchex@tipialyaeaviayessarphasgucel UmnChraBratoHapb Y {Bsg-0zalonatkyl and the
chromatography on silica gel or reverse-phase HPLC), crystallization, ..
extratfon L2 RPARTCD il LA NSl S Hiapbodimment, the
purifieatiap feoyp teanystaliz@tdoynniil tOEl desiradibevel afypigtids). An activating
achieved. In one embodiment, a compound of Fqrmula § a purity o
P LR XL R e 99‘V>o% rgr?{ re. ¥-8hy1-3--
100153t thydnathesrepibpditnetiintide invention pgE®IQ3,to a procesidizotriazol-1-
the %rl%Qg{tar}b%rgrgfigigggﬂggﬂlno%i%u:ggpa%%o%é{olilosphate (PyBop)) may be employed
to active a carboxylic acid (i.e, the leaving group is -OH) toward amide formation.
Such activating agents are well known to those of skill in the art of organic
synthesis.  Other additives, such as N-hydroxybenzotriazole (HOBt) or N-
hydroxysuccinimide (HOSu), may also be added to optimize reaction parameters
(e.g., rate, yield, purity, racemization).
[00133] The term "isolated" as used herein when refering to the product of a chemical
reaction means that the desired product or products are separated from undesired
components of the reaction mixture (e.g., solvents, starting materials, chemical

reagents) prior to a subsequent chemical transformation. The desired product(s) of a

chemical reaction may be separated from undesired components by a variety of
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comprising condensing a compound of Formula XVIII  V-A2 A1XVIII with
R7CO-L, wherein A1, A2, V. X, T, U and R7 have the meanings as

WQRMBEH bove for Formula 1, mis 1 or 2, and L is a leavind§iaUp20$/060215
one embodiment, L is Cl, OH or OBt. In one embodiment, mis 1. WO

2008nE 8wt pe T UEHiTBIbEYE st 19 i b 86l dRilsiesthtrameval of volatile

conc{@ S irpEdRRdaGAnducted in an inert organic solvent such as
acetonltrlle benzene, chloroform, 1,2-dichloroethane, 1,2,-

[0 thoxyetRS e HiniENRATBFRICH IRy B REIE R aRdo group that blocks
dichipromeihraps) Mignathick mvtiehidingneaidatsatichofaraktiandheon other

embodiment, the condensation reaction is carried out in tetrahydrofuran.

In ariBRSEPRh BEIRSER PRTES CSribemaliem feadienT rkilldidry B Will be familiar
dichloremgthanectBronetspkREMAN. dRaeRASNEAINN pRaetaRdSfaipednd will

out at about -20C to about 25C. In another embodiment, the condensation

reactRN IS a5t DR CARBE L BE I SF DR B ERFHE N dEhdgispitability
reac§pers pestwieie Bralout Livahirieahe WeAdnaon onlMhaNARSlar the synthetic

embodiment, the condensation reaction is complete in about 12 hours,

100188 dHBRthodiFFEREL 98 BHIYPIRSBE T AAHRL doRtog IR on, such as

the ERIpOsALONIBACHRRAJISIRATRIUPNINORGRTESTRAR QS aBRCHYAHY 17-245 (J.
agent. lgé,another emb dlment the actlvatl g.agent is

dicy MOHSFI b difhide e hasee 2L arHE M ARBRRISS it ffaeS uitable

or b@ﬁiﬁH'pﬁQb&aﬂé%ﬁﬁ@@MHﬂMﬁm@l@é‘@&ﬁﬂ%@ﬁﬂﬂdﬁ@x@ﬂ‘b@}owﬁ%ﬂﬂd&ycarbonﬂ

In another empodiment, t activafin nt Is

1- etR pS) (3-dHRBERYIERHS Wﬁﬁrﬁ%ﬁ%m@ PRt BbaaitRent,
[oattesgcondenmél@&lﬁea@JMn isagarsieichetdii) e aeserae dfedmasibéating0%. Thus,

agent and 8,,addit|v Zl optimize reaction parameters such as purity

and ﬁg aﬁ‘b‘?ﬁ%‘f ddiment, the additive is N-hydroxybenzotriazole.

[00136]1.56] Thapmgiess ahthepeoifilansaligidgaciandpeivae ebodingnsinbercof arc
of Formula XVIII and le O L Can be monitored by analytical methods

knoWHOTFBHE RFP¥ISH WIS MOIGHes pRGGRMPASPES- NIMR, etc. A compound
[00aBFprmula Xddhiaast e iseigiedndsd Mo firckbit amem@artﬁdyr@m 49 §hgcoisomers
art su ormal- a d reverse-phase column chyo ato raphy (e.g., cojJumn
chroHESHP A S SIS 1B SR A CIoRala R, bom as pure
extraativideiCs ttheissadu Girthasisaiatad] can tie ¢ phjpatedoins f(ourtdnaeh and both the

DG Ty DR E 1 S RABAER o s XM g mers

of 9@%}1%%@1912%(9%@&?@ 16026809 That IRV IPKO®KMrehose of skill in the
art.
[00138] In certain embodiments of the invention the compound of Formula 1 is

selected from the group consisting of:

N
H 9 HN
/N_JJ\H Y, CONHCHPh,
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100157]The present invention also pertains to the preparation of a

compound of Formula XIX XIX wherein mis 1 or 2, and Pl is an amine
W288888Y §roup comprising: a) condensing a compound of P&RIIA0R06021S

XX with a compound of formula XXI, p2 HN\ OH ,< P'-NH 0XXI wherein

Pl and P2 are amine l@g groups, and PI does not equal P2, to give

a compound of Formula
N
N

' N O CONHCHPh,

\
ZT
o

CONHCHPh,

O

H
/NJJ\N Y, CONHCHPh,
H

2



b) converting the alkene of Formula XXII to an aldehyde, to give a

compound of Formula XXIII;  XICHI c¢) removing the P2 amine
W288888Y §roup of a compound of Formula XXIII to give a cofgddi?da§f060215

Formula XXIV; XXIV; and d) reducing the C=N double bond of a

compound of Fornpata XXIV, t@give a compound of Formula XIX.

100158]In one emfg

butoxylcarbony1)-N-f3%(ben oxy BBarbonyM)t"-§jamino-propionic acid

(Boc-Dap(Z)- OH). In one em d ment, thg copdensation of a compound
of Formula XX with a cofdpou | is carried out in the
presence of an activat ,n@l nother emi@[su'm\ent, the activating

agent is dlcyclohexylcarbodumlde

1-ethyl-3- (3d|methylamlnopropyl)carbod||m|de
yloxy)tripyrrolidinophosphonium hexafluoropho
embodiment, the activating agent is
1-ethy1-3-(3-dimethylaminopropyl)carbodiimide. In another embodlment
the condensation reaction is carried out in the presence of an activating
agent and an additite ptimi e reaction parameters such as purity
and yield. In another e

100159]Amine protecting ¥

processes of the present |nvent|on rc weII’Fimo n, such as but not limited
to trifluoroacetyl, tbutoxycarppnyl Zy{oxycarbonyl (CBz),
allyloxycarbonyl (Alloc), tripyNd Imeyqyl),CONH
9-fluorenylmethylenoxycarbonyd (Fméc) and the lile. Such groups arc
generally able to be selectively introduced and $ing mild
reaction conditions that do not interfere with otheg peRigss of the subject
compounds. These protecting groups may be introduced orremoved at a
convenient stage using methods known from the art. The chemical
properties of such protecting groups, hods for their introduction and
their removal arc known in the art a ®und for example in
Greene and Wuts, "Protective Grgups N Orgapic Synthesis," 3rd Ed., pp.
17-245 (J. Wiley 8z Sons, 1999), herel FCprporaked by reference in its

entirety.
NH
7o :

~

—NH
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100160]In one embodiment, 131 and P2 arc selected from the group

consisting of trifluoroacetyl, t-butoxycarbonyl (Boc), benzyloxycarbonyl
wQews 1 ijloxycarbonyl (Alloc), trityl (triphenylmethyl) and ~ PCT/US2008/06021S

9-fluorenylmethylenoxycarbonyl (Fmoc) such that P1 does not equal P2.

In one embodiment, P1 and P2 are orthogonal otecting groups, i.e., the

131 protecting group is capéble of being sele removed in the

presence of the P2 progecting P2 gcting group is capable

of being selectivel Yoved i e of Pl protecting group.

Orthogonal protecting group strategi knowm froq the art. In one

embodiment, Pl is tbutoxycaf®gn

(Boc) and P2 is benzyloxy\qarb nyl (CBz). 1001611 In one embodiment,
the condensation of a comb’bund of Formula XX with a compound of
Formula XXl is conducted in an inert organic solvent such as acctonitrile,
benzene, chloroform, 1,2-dichloroethane, 1,2,-dimethoxyethane,
dimethylformamide, dimethylsulfoxide, dioxane, dichloromethane,
N-methyl- 2 pyn-olidinone or tetrahydrofuran Inagother embodiment, the
@ ompound of Formula
XXl is carried out in tetrah drefurgn. In gnother esfibodiment, the
. caapound of Formula

‘ mbodiment, the
condensation of a ggmpoun W?Zormula XX with a CseApognd of Formula
XXl is carried out at about -2 about 30C. In another embodiment, the
condensation reaction is carried out at about 20 to about 30C. In one
embodiment, the condensation reaction is complete in about 1 hour to
about 48 hours. In another embodiment, the condensation reaction is
complete in about 12 hours @00163 [p another gmBydiment, the alkene of

an inert organic solvent such as c G
dichloromethane or tetrahydréiyrai[n acogfer gmbog t, the reaction
with ozone is carried out in d chJforomethane. In one esasodiment, the
reaction with ozone is carrejout at about -100C to about OC. In another
embodiment, the reaction with ozone is carried at about -78C. In one
embodiment, the reaction with ozone is complete when the color of the
reaction mixture turns Hue, indicating an excessive amount of ozone in
solution. 100164] In one embegdiment, the alkeng-6RRprmula . XXIl is first
converted to a primary alcohol
aldehyde of Formula XXII

tetrahydrofuran. In another emppotdjment, the hydroboration is carried out
in tetrahydrofuran. In another Bmbodiment, the hydroboration is carried

out using 9- borabicyclo[3.3. 1 inonane (9-BBN). In one embodiment, the
primary alcohol is oxidized to the aldehyde with Doss-Martin periodinane

-20C to about 25C. | ther emb nt, A .
about 20C. In one emthadiment, MJxldQUOn |5Hcom in about 1 hour
to about 48 hours. In anothexe odiment, the oxidatioh is complete in
about 12 hours. 100165]In orH bodiment, P2 is a Cbz group. In
another embodiment, P2 is CBz and is cleaved by hydrogénation over
palladium on carbon. In one embodiméat; the hydrogenation is carried out
in methanol, ethanol, 1-butanol, 2-butanol, 3-butanol, tert-butanol,
1-propanol or 2-propanol. In another embodiment, the hydrogenation is
carried out in 2-propanol. In one embodiment, the hydrogenation is carried

out at about OC to about 40C. In another embodiment, the hydrogenation
ic carried niit at ahoirit 20C to aboiit R0C In one embodiment the



1001681The progress of the any of the above reactions for the

preparation of a compound of Formula XIX can be monitored by analytical
Workei§Gas81khown in the art such as TLC, LC, LC/MS, HPLC, NRER/USI04(060215

compound of Formula XIX can be isolated and purified by any means

known in the art such normal- and reverse-phase column chromatography

(e.g., column chromatograp%gy on silica gel or rewgrse-phase HPLC),

crystallization, extraction, etq, T ated can be subjected
to further purificationn(%g\/%c\r stallizgfi e desired level of purity
is achieved. In one enfbodimentya ¢ lormula XIX has a purity

of 90%, 91%, 92%, 93%, 94%, 9W/
[00169]The compounds of thisyinventi spefed using methods
known to those of skill in thg:ax. Specifically, compounds of Formulae
1-XXIIl can be prepared adllustrated by the exemplary reactions in the
Examples. 1001701An important aspect of the present invention is that
compounds of Formulae 1-X induce apoptosis and also potentiate the

induction of apoptosiszryespopse
Therefore, it is conte esecC
inducers of apoptosis, Trcluding ©

lIs tha,
The TAP inhibitors of the prQ?\L%emfon cyn e bsetto induce

apoptosis in any disorder that £an He treSted, afeliotiated, or prevented
by the induction of apoptosié'.”’fhus, the present invention provides
compositions and methods for targeting animals characterized as
overexpressing an IAP protein. In some of the embodiments, the cells
(e.g., cancer cells) show elevated expression levels of TAP proteins as

compared to non-path icakgam . @ erous cells). In
other embodiments$iNhe cglls fgtional ifesigtevated expression

levels of 1AP protein irtle of gxecu pptosis program and
dying in response to an inhibiti%] e iNe a
Formulae I-X, said response oCCNLLNg, abeast i part
dependence in such cells on\TA?Erotein function for th&ir survival.
100171.1In another embodinfdht,the invention pertains to modulating an
apoptosis- associated state which is associated with one or more
apoptosis-modulating agents. Examples of apoptosis-modulating agents
include, but are not limited to, Fas/CD95, TRAMP,INF RI, DR |, DR2,
DR3, DR4, DR5, DR, EAD RIP , TRAIL, antibodies

jand
to TRAIL-RI or TRAILZRR, Bc2=2)\p53, BAX, At, CAD, PI3 kinase,

of apoptosis-modulating agentsiaﬂ' Mle Qg@nts,"the 3 ‘

change in concentration of which, can modulate apoptoSis in a subject.
Preferred apoptosismodulatig agents are inducers of apoptosis, such as
TNF or a TNF-related ligand, particularly a TRAMP ligand, a Fas/CD95
ligand, a TNFR- | ligand, or TRAIL. 100172] In some embodiments, the

ons and/or disease
ying, but not limited
to, humans and veteringfy ahimalg). gard, [various diseases and
pathologies arc arr%r%\ le to treat%fﬁr*& AR uSing the present
methods and comp [S]/IOI’]S. A'rign-pitird ermblary

diseases and conditions ingludeg, but is not limited to, bf€ast cancer,
prostate cancer, lymphoma, NKirncancer, pancreatic cancer, colon cancer,
melanoma, malignant melan'dma, ovarian cancer, brain caneer, primary
brain carcinoma, head-neck cancer, glioma, glioblastoma, liver cancer,
bladder cancer, non-small cell lung cancer, head or neck carcinoma,
breast carcinoma, ovarian carcinoma; ing carcinoma, small-cell lung
carcinoma, Wilms' tumor, cervical carcinoma, testicular carcinoma,
bladder carcinoma, pancreatic carcinoma, stomach carcinoma, colon

carcinoma, prostatic carcinoma, genitourinary carcinoma, thyroid

carcinoma, esophageal carcinoma, myeloma, multiple mycloma, adrenal
carcincoma renal cell carcinoma endometrial carcinoma adrenal cortey




TAXOTERE or TAXOL), ceHuar signaling molecules ceramides and
cytokines; staurosporine, and the like. [00177]In still other embodiments,

WaeREsHddLitions and methods of the present invention provid& & US2008/060215
compound of Formulae I-X and at least one antihyperproliferative or

natural products (e.g\, her animal derived
compounds). 10017 lating agent§_suitable Tpr use in the present
compositions and nfethods incluge, ipited 1Q: 1) nltrogen

mustards (e.g., mechlorethgymined cycap [

melphalan (L-sarcolysin); an m u@l)
methylmelamines (e.g., ‘hex ethylmelamine and thiotépa); 3) alkyl
sulfonates (e.g., busulfa ) itrosoureas (e.g., carmustine (BCNU);
lomustine (CCNU); semustine (methyl-CCNU); and streptozocin

(streptozotocin)); and 5) triazenes (e.g., dacarbazinc (DTIC;
dimethyltriazenoimid-azolecarboxamide). [00179] In_.some embodiments,

include, but are not lim : [ 2., methotrexate
(amethopterin)); 2) pyrid anal gs (eN=<{luoro rac:|| (5 fluorouracil;
5-FU), floxuridinc (fluorode-oxyuriding: S
arabinoside)); and 3) purine an

(2'- deoxycoformycin)). [OOlS(H\H ill further embodiments,
chemotherapeutic agents suitable for use in the compositions and
methods of the present invention include, but are not limited to: 1) vinca
aIkaI0|ds (e.g., vmblastlne (VLB) vmcrlstlne) 2) eplodophyllotoxms (e. 9.,

plicamycin (mithramyci
(e.g., L-asparaginggg);
interferon-alfa); 6) platinuf
(cis-DDP) and carboplatin); 7) a
substituted urcas (e.g., hydygxydrca); 9) methylhydrazine derivatives (e.g.,
procarbazine (N-methylhydigzines MIH)); 10) adrenocortical suppressants
(e.g., mitotane (0,p'-DDD) and aminoglutethimide); I I) ’
adrenocorticostcroids (e.g., prednisone); 12) progestins (e.g.,
hydroxyprogesterone caproate, medroxyprogeste ORE acetate and
megestrol acetate); 13) est¥bgen
estradiol); 14) antestxogen o
testosterone propignate ‘and flu xymestp:r
flutamide): and | 7) gonadotropin ing
leuprolide). 1001811 Any on@olyti

therapy context finds use in t Nﬂgosm
invention. For example, the . Food and Drug Administration maintains
a formulary of oncolytic a nts pproved for use in the United States.
International counterpart encies to the U.S.F.D.A. maintain similar
formularies. Table 1 provides a list of exemplary antineoplastic agents
approved for use in the U.S. Those skilled in the art will appreciate that
the "product labels" required on all U.S. approved chemotherapeutics
describe approved indications, dosing information, toxicity data, and the
like, for the exemplary agents. Table 1 Aldesleukin (des-alanyl-1,
serine-125 human nterleukin-2) Proleukin Chiron Corp., Emeryville, CA
Alemtuzumab (IgGl ir anti CD52 antibody)
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Campath Millennium and ILEX Partners, LP, Cambridge, MA Alitretinoin
(9-cis-retinoic acid) Panretin Ligand Pharmaceuticals, Inc., San Diego CA
WQRNS(IARBIY(1,5-dihydro-4 H -pyrazolo[3,4-d]pyrin din-4-one nf8A0E810f96021S
salt) Zyloprim GlaxoSmithKline, Research Triangle Park, NC Altretamine

(N,N,N',N',N",N",- hexamethy1-1,3,5-triazine-2, 4 Rlamine) Hexalen US
Bioscience, West Conshoh§cken; PA [ ethiol,
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(1,3-Benzenediacetonitrile, a, a, a', a'tetramethy1-5-(1H-

1,2,4-triazol-1-ylmethyl)) Ar nidex AstraZeneca Pharmaceuticals, LP,
WaRsihgtbH, DE Arsenic trioxide Trisenox Cell Therapeutic, IrRCTAER{98/060215

WA Aspara,ginase (L-aspara,gine amidohydrolase, type EC-2) Elspar

Merck & Co., Inc., WhiteRouse ' J WO

2008/128171PCT/S200

an attenuated strai ycobacteriury|

NC 0
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bexarotene capsules (4-[1-(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethyl-2-

napthalenyl) ethenyl] benzoic acid) Targretin Ligand Pharmaceuticals
WR008/bI8HE gcl Targretin Ligand Pharmaceuticals Bleomycin P&XB{8X)68/060215

glycopeptidc antibiotics produced by Stceptotnyces vecticillus; blcomycin

A2 and blcomycin F1,) Blenoxanc Bristol-Myers Squibb Co., NY, NY

Capccitabinc (5'-dcoxy-5-1Jgoro-N-[(pcntyloxy)carbonyl]-cytidine) Xcloda

Roche Carboplatin (pl tinu diaminCLA=syclthutanedi carboxylato(2+

0, 0]-,(SP-4-2)) Parapl istoNMyers l\?wb Carmustinc

-50 -



(1,3-bis(2-chloroethyl)mtrosourea) FICNU, BiCNU Bristol-Myers Squibb
Carnmstme with Polifeprosan 20 Implant Gliadel Wafer Guilford
WEHREMZEElticals, Inc., Baltimore, MD Celecoxib (as PCT/US2008/060215
4-[5-(4-methylphenyl)-3- (rifluoromethyl)-1H- pyrazol-1-yl]
benzenesulfonamide) Celebtex S haxmaceuticals, England
Chlorambucil (4-[bis(2dhloreptw ebutanoic acid) Leukeran

GlaxoSm11(line Cisplain tPtC123H6N4 Natiiol Bristol-Myers Squibb
O

: ®
N
NH
O\ NH ©0
N
N
H
A\
N
H 9
0
N
=
N
NH Ny
Oz,NH 09
\
N
H 9
0

'I'I
7
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Cladribine (2-chloro-2'-deoxy-b-D-adenosine) Leustatin, 2- CdA R.W.
Johnson Pharmaceutical Research Institute, Raritan, NJ

W@ pHdIbhamide (2-[bis(2-chloroethypamino] tetrahydro-2BABEE2008/060215
oxazaphosphorine 2-oxide monohydrate) Cytoxan, Neosar Bristol-Myers
Squibb Cytarabine (1-b-D-Amfy
Cytosar-U Pharmacia & Upjal

HN O
POENN G
B

JEPNNS
JEPNNS
AR

HO/\/NH
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(DTIC)) DTIC-Dome Bayer AG, Leverkusen, Germany Dactinomycin,
actinomyc n D (actinomycin produced by Streptomyces parvullus, C62H
WEEMNs112818) Cosmegen Merck Darbepoetin al Fa (recombinaREBAS24e8/060215
Arancsp Amgen, Inc., Thousand Oaks, CA daunombicin liposomal
((8S-cis)-8-acety1-10-[(3-amino-2,3,6-trideo
hexopyranosyBoxy]-7,8, L 0-tetrahydro-6,8

trihydroxy-1-methoxy-5,18-nap i drochloride) DanuoXome
Ncxstar Phannaccut N Bo aunombicin HO,
trihnydroxy-10- metho

amino-2,3,6-trideoxy- (N:% ’aﬁL ly. YO -
Cerubidine Wyeth Aye adison, N

S
o) quy_
, and

or a pharmaceutically acceptable salt or prodrug thereof.
[00139] In another embodiment of the invention the compound of Formula II is

selected from the group consisting of:
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Denileukin diffitox (recombinant peptide) Ontak Sera2en, Inc., Hopkinton,

MA Dexrazoxane ((S)-4,4'-(1-methyl-1,2-ethanediy1)bis-2,6-
WoiesaZ¥Icdione) Zinecard Pharmacia & Upjohn Company B6&&I&%)8/06021S5

((2R,3S)-N-carboxy-3-phenylisoserine, N-tert-butyl ester, 13-ester with

5b-20-epoxy-12 a,4,7b,1 Ob,13-ajilexah tax- 11-en-9-one 4-acetate

2-benzoate, trihydrate) Taxote ventisN hannaceut cals, Inc.,

Bridgewater, NJ Doxg@ithein

(8S,10S)-10-[(3-amino-2/8;6-trided&y-a‘L -

-8-glycoly1-7,8,9,10-tetrah)rdro6,8{11-

trih)rdroxy-1-methoxy-5,12-naphthacenedione hydrochloride) Adriamycin,

Rubex Pharmacia & Upjohn Company doxorubwin

lyxGOeNayRI0SyBoXy]

Bn\N
HCI H O%N
/NQ&N o CONHCHPh,

- 2

o) N
HCI H M
/NQL CONHCHPh,

N O
- H ,
0
Bn/M\N
e N
HCLN&N o CONHCHPh;
© H

2

5 CONHCHPh,

2

H
HCL N%N & CONHCHPh,
H

2



Adriamyc n PFES Intravenous injection Pharmacia & Upjohn Company

WO 2008/128171PCT/US2008/060215 doxorubicin 1 posomal Dox 1
WEAWws138PHarmaceuticals, Inc., Menlo park, CA dromostanoloffel/US2008/06021S5

propionate (17b-Hydroxy-2a-methyl-5a-androstan-3-one propionate)

Dromostanolo ne Eli Lilly & Company, Indianapolis, IN dromostanolone

propionate Masterone injection@yntex, Corp., Palo Alto, CA Elliott's B

Solution Elliott's B Solution E?nrpHa“ cal,.Inc Epirubicin

@) N

H
HC'/NQk) § CONH

I
Irz
O
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((8S-cis)- 1 O-[(3 - amino-2,3,6- tri deoxy - a- L- arabino-

hcxopyranosyl)oxy]-7,8,9,1 O-tctrahydro-6,8,1 1 - trinydroxy-8- (hydroxy
WQRMEN1¥817Imcihoxy-5,1 2- naphthacenedione hydrochloride) P4eHE&2008/060215

Pharmacia & Upjohn Company Epoetin al la (recombinant peptide)

Epogen Amlicn, he Estramustine F

(estra-1,3,5(10)-triene-3,17-diol(17(bcta))-, 3-[bi

disodium salt,
» gfbamate] 17-(dihydrogen
phosphate), disodium$alt, mono ncyiRharqacia & Upjohn

Company Etoposide phospha (Ala%)e ipo

9-[4,6-0-(R)- ethylidene-(b@a) -21ucopyranosidebdg{dihydrogen
phosphate)) Etopophos Brigjol\Myers Squibb etoposide, VP-16
(4'-demethylepipodophyllotdkin
9-[4,6-0-(R)-ethylidene(betab'%-gIucopyranosidel) Vepesid Bristol-Myers
Squibb

H
HCI
5 B
o
N
N
NNH O H O
\
HCl N
H
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Exemestane (6-methylenandrosta-1,4-diene-3, 17-d one) Aromas in

Pharmacia & Upjohn Company Fil.grastim (r-metHuG-CSF) Neupogen
WY RSKE tloxuridine (intraarterial) (2'-deoxy-5-fluorouridineP¢UJER008/060215

Roche Fludarabine (fluorinated nucleotide analog of the antiviral agent

Puerto Rico

, and
N/\%
15—
N
\HLN b >N O
HN H ©
HCI

or the free base thereof, or another pharmaceutically acceptable salt thereof, or a

prodrug thereof.

[00140] In another embodiment of the invention, the compound of Formula I is:
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WO 2008/128171PCT/US2008/060215 Fulvestrant
(7-alpha-[9-(4,4,5,5,5-penta fluoropentylsulphinyl)

W gHsa28dstra-1,3,5-(10)- triene-3,17-beta-diol) Faslodex |IPR PCT/US2008/06021S5
Pharmaceuticals, Guayama, Puerto Rlco GemC|tab|ne (2 deoxy -2', 2'-d
luorocytidine monohydrochta)rlde
Gemumumabmmgwmln(
Goserclin acetate (ac are’salt gf [D-Ser-
is-Trp-Ser-Tyr-D-Ser(But)-Leu-A
s014 .(4.2,,, HA02)3( Zoladc®
Hydroxyurca

N“

or a pharmaceutically acceptable salt or prodrug thereof.
[00141] The present invention also pertains to a process for the preparation of a

compound of Formula XI

7
N
N
\ ; \<
)/V Y O
/V—Z
A, XI
comprising condensing a compound of Formula XII
HN
N
\ ; \<
)/V Y O
/V—Z
Ao XII

with R’CO-L, wherein A1, Ay, V, W, X, Y, Z, T, U and R have the meanings as
described above for Formula I, m is 1 or 2, and L is a leaving group. In one
embodiment, L is Cl or OBt. In one embodiment, Z is (CR'R?); and r is 0. In
another embodiment, m is 1.

[00142] In one embodiment, the condensation reaction is conducted in an inert
organic solvent such as acetonitrile, benzene, chloroform, 1,2-dichlorocthane, 1,2,-
dimethoxyethane, dimethylformamide, dimethylsulfoxide, dioxane,
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H yds-ea Bristol-Myers Squibb Ibritumomab Tiuxctan (immunoconjugatc
resulting from a thiourea covalent bond between the monoclonal antibody
Wa§mstHAb and the linker-chelator tiuxctan [N-[2- PCT/US2008/060215

bls(carboxymethyl)amlno] -3-(p- |soth|ocyanatopheny1 -

prop gk IpIstE e S Ny FaPyiHB LARSth P - CHRIY BIpEHeY. ZevaRn another

BIOg@fﬁﬂ&ﬁ{&eﬂﬂQh%M@%M&AQ%HQ&CH&&%&&Nﬁ%W@Q% In another
9-acetyl-7-[(3-amino-2,3,6- trideoxy-(alpha)-L- lyxo

hextBhPAHRSHH o] <o BdsnpatioaeaGte-& SATISARMrkstigkiRsemethaas: In one

(7S-SihoigRmy e BhaIonaaia s 24eninhi carmppoy: feskmided® - tRabout 25°C.
chloroethyl )-2-[(2

—chidPotRIRRIRBREMEN a2 sandeasatinn teapHRR ph6Amis S Kidb phers20°C. In

BriS‘&{d\@YﬂﬁcﬁﬂBﬂﬁth@@Bﬂ&tMﬁﬁﬁﬂ%actlon is complete in about 1 hour to about 48
(4-[(4-Methyl-1-piperazinyl)methyl]-N44-methyl-3-[[4-

(3-pi Rty T AT YRR AEERSH e G Ranis<EfORIgtg)in about 12

GlegyggdNovartis AG, Basel, Switzerland Interferon alfa-2a (recombinant
[O(ﬁ?lgﬁide) In one embodiment, L is -OH. In another embodiment, the condensation
reaction is carried out in the presence of an activating agent. In another
embodiment, the activating agent is dicyclohexylcarbodiimide, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide or benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate. In another embodiment, the
activating agent is 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. In another
embodiment, the condensation reaction is carried out in the presence of an activating
agent and an additive that optimize reaction parameters such as purity and yield. In
another embodiment, the additive is N-hydroxybenzotriazole.
[00144] The progress of the condensation reaction between a compound of Formula
XII and R’CO-L can be monitored by analytical methods known in the art such as
TLC, LC, LC/MS, HPLC, NMR, etc. A compound of Formula XI can be isolated
and purified by any means known in the art such normal- and reverse-phase column
chromatography (e.g., column chromatography on silica gel or reverse-phase
HPLC), crystallization, extraction, etc. The product thus isolated can be subjected to
further purification (e.g., recrystallization) until the desired level of purity is
achieved. In one embodiment, a compound of Formula XI has a purity of 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more.
[00145] In another embodiment, the invention pertains to a process for the

preparation of a compound of Formula XIII
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Roferon-A Hoffmann-La Roche, Inc., Nutley, NJ Interferon alfa-2b
(recombinant peptide) Intron A (Lyophilized Betaseron) Schering AG,
WExM#128EHmany WO 2008/128171PCT/US2008/060215 IrinBfebAR208/060215
((4S)-4,11-diethy1-4-hydroxy-9-[(4- piperi-
dinopiperidino)carbonyloxyRil1-pyrano[,?ﬁ, 4': 6,7] indolizino[1,2-b]
quinoline-3,14(411, 121%%?&8 loride trihydrate) Camptosar
Pharmacia & Upjohn Congpany!/fenalidgmids, 3-(4-amino-l-oxo

1,3-dihydro-2H-iso ndo1-2-y1)

Ay W-Y
\ /
V-2
A/
2 X111
comprising condensing a compound of Formula XIV
m
HN
L N
X\
A W-Y O T~y
\
V-2
A/
2 X1V

with R’CO-L, wherein A1, Ay, V, W, X, Y, Z, T and U have the meanings as
described above for Formula Im is 1 or 2, and L is a leaving group. In one
embodiment, L is Cl or OBt. In one embodiment, Z is (CR'R?); and r is 0. In
another embodiment, m is 1.

[00146] In one embodiment, the condensation reaction is conducted in an inert
organic solvent such as acetonitrile, benzene, chloroform, 1,2-dichlorocthane, 1,2,-
dimethoxyethane, dimethylformamide, dimethylsulfoxide, dioxane,
dichloromethane, N-methyl-2-pyrrolidinone or tetrahydrofuran. In another
embodiment, the condensation reaction is carried out in tetrahydrofuran. In another
embodiment, the condensation reaction is carried out in dichloromethane. In one
embodiment, the condensation reaction is carried out at about -20°C to about 25°C.
In another embodiment, the condensation reaction is carried out at about 20°C. In
one embodiment, the condensation reaction is complete in about 1 hour to about 48
hours. In another embodiment, the condensation reaction is complete in about 12

hours.
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Novas Leucovorin (L-Cilutamic acid, N[4[[(2amino-5-1-onnyl1,4,5,6,7,8 -
hexahydro4oxo6-pteridinyl)methyllamino]benzoyl], calcium salt (1:1))
WaeRGIh, Leucovorin Immunex, Corp., Seattle, WA Levanit€adld/$3098/060215
-)-( S)-2,3,5, 6-tetrahydro-6-phenylimidazo [2,1-b] thiazole )
[0} 6 HohydrothiBfRiccmedsres Hely ERJanTsolQBhsséh rRaBgFcambodiment, the

FourdaianafiBhsmlleidh LOMHRINQut in the presence of an activating agent. In
(1-(2-chloro-ethyl)-3-cyclohexyl-1-nitrosourea) CeeNU Bristol-Myers
Squmm@w}g R theiashsating aesry 1s dicyclohexylcarbodiimide, 1-ethyl-3-(3-

(2-claipetNAneiprepindirboartivdethanamine hygyochloride) Mugiatg&tiiazol-1-
Merck Megestrol acetate 17a( acet)flloxy - 6- methylpregna- 4,6- diene-
3 20¥18i6n 1%5%{ggnophosphomum exafluorophosphate.™ In another embodiment, the

activating agent is 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. In another
embodiment, the condensation reaction is carried out in the presence of an activating
agent and an additive that optimize reaction parameters such as purity and yield. In
another embodiment, the additive is N-hydroxybenzotriazole.

[00148] The progress of the condensation reaction between a compound of Formula
XIV and R’CO-L can be monitored by analytical methods known in the art such as
TLC, LC, LC/MS, HPLC, NMR, etc. A compound of Formula XIII can be isolated
and purified by any means known in the art such normal- and reverse-phase column
chromatography (e.g., column chromatography on silica gel or reverse-phase
HPLC), crystallization, extraction, etc. The product thus isolated can be subjected to
further purification (e.g., recrystallization) until the desired level of purity is
achieved. In one embodiment, a compound of Formula XIII has a purity of 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more.

[00149] In another embodiment, the invention pertains to a process for the

preparation of a compound of Formula XV

R7

O
0 N
h b

NH O
X—W
\
V—Az
/
A XV

comprising condensing a compound of Formula XVI
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Bristol-Myers Squibb Melphalan, L-PAM (4-[bis(2-chloroethyl) amino]
L-phenylalanine) Alkeran GlaxoSmil(line Mercaptopurine, 6-MP
WQ2PHIR§HIb-6 H -purine-6-thione monohydrate) Purinethol GR&BERINBAe021S
Mesna (sodium 2-mercaptoethane sultbnate) Mesnex Asta Medica
Methotrexate (N44-[[(2,4-diami m
pteridinyl)methyl]methylamiAp)benzoywT-M.glutamic acid) Methotrexate

Lederle Laboratories Methoxgqalen N
(9-methoxy-711-furo[3,Z][1]- yran-7-one)

NH O U
X—W
V-n
A
A,

XV1

with R’CO-L, wherein A1, Az, V, W, X, T, U and R’ have the meanings as described
above for Formula I, m is 1 or 2, and L is a leaving group. In one embodiment, L is
Cl, OH or OBt. In one embodiment, mis 1.

[00150] In one embodiment, the condensation reaction is conducted in an inert
organic solvent such as acetonitrile, benzene, chloroform, 1,2-dichlorocthane, 1,2,-
dimethoxyethane, dimethylformamide, dimethylsulfoxide, dioxane,
dichloromethane, N-methyl-2-pyrrolidinone or tetrahydrofuran. In another
embodiment, the condensation reaction is carried out in tetrahydrofuran. In another
embodiment, the condensation reaction is carried out in dichloromethane. In one
embodiment, the condensation reaction is carried out at about -20°C to about 25°C.
In another embodiment, the condensation reaction is carried out at about 20°C. In
one embodiment, the condensation reaction is complete in about 1 hour to about 48
hours In another embodiment, the condensation reaction is complete in about 12
hours.

[00151] In one embodiment, L is -OH or -OBt. In another embodiment, the
condensation reaction is carried out in the presence of an activating agent. In
another embodiment, the activating agent is dicyclohexylcarbodiimide, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide or benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate. In another embodiment, the
activating agent is 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. In another
embodiment, the condensation reaction is carried out in the presence of an activating
agent and an additive that optimize reaction parameters such as purity and yield. In
another embodiment, the additive is N-hydroxybenzotriazole.

[00152] The progress of the condensation reaction between a compound of Formula

XIV and R’CO-L can be monitored by analytical methods known in the art such as
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Uvadex Therakos, Inc., Way Exton, Pa Mitomyc n C Mutamycin
Bristol-Myers Squibb mitomycin C Mitozytex SuperGen, Inc., Dublin, CA
Wae$87128171PCT/US2008/060215 Mitotane PCT/US2008/060215

(1,1-dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl) ethane) Lysodren )
Bristbly/ets S Mf&%rﬁ% etca-dirparaLymsl efpfspufpoXV can be isolated
hydrgxy gthhamipaleivlamirabYnld-anthrecenedignrdibydiechiasigRise column

Novantrone Immunex Corporation Nandrolone phcnpropionate
chromatography (e.g., column chromatography on silica gel or reverse-phase

HPLC), crystallization, extraction, etc. The product thus isolated can be subjected to
further purification (e.g., recrystallization) until the desired level of purity is
achieved. In one embodiment, a compound of Formula XV has a purity of 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more.

[00153] In another embodiment, the invention pertains to a process for the

preparation of a compound of Formula XVII

R m
PNV
e N
0 L N
NH O U
X
V_A2
A/
1 XVII
comprising condensing a compound of Formula XVIII
m
)
HN
L N
O
NH O '™U
X
V_AZ
A/
1 XVIII

with R’CO-L, wherein A1, Ay, V, X, T, U and R have the meanings as described
above for Formula I, m is 1 or 2, and L is a leaving group. In one embodiment, L is

Cl, OH or OBt. In one embodiment, mis 1.
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Durabolin-50 Organon, Inc., Wcst Orange, NJ Noletumomab Vcrluma

Boehringcr Ingclhcim Pharma KG, Germany Oprelvek n (IL-11) Ncumcga
WERhEteE! fdstitute., Inc., Alexandria, VA Oxaliplatin PCT/US2008/060215

cis-[(1R,2R)-1,2-cyclohcxanediaminc-N,N1 [oxalato(2- )-0,01 platinum) )
[002Rddatin Sa%W@yﬁm@%@,@mc.thwqqqdﬁrrsaémw@%@}lzwﬁaﬂwe,éazn an inert

4,78y Haficl&ahaxabyliraxytaicdini RN taoRa4 ddineeiate 2-hengedithanc, 1,2,-
13-ester with (2R, 3 S)- N-benzoy1-3-phenylisoserine) TAXOL | )
BristHiTMreSéans, Pam ﬁ?ﬂ@é‘b‘i‘%nic acitipeimploxide,  dioxane,

1-hygirayrspiemidrne Nuisotiisodiymnsatinbeatably digt@n{ARBan.  In  another

embodiment, the condensation reaction is carried out in tetrahydrofuran. In another
embodiment, the condensation reaction is carried out in dichloromethane. In one
embodiment, the condensation reaction is carried out at about -20°C to about 25°C.
In another embodiment, the condensation reaction is carried out at about 20°C. In
one embodiment, the condensation reaction is complete in about 1 hour to about 48
hours. In another embodiment, the condensation reaction is complete in about 12
hours.

[00155] In one embodiment, L is -OH or -OBt. In another embodiment, the
condensation reaction is carried out in the presence of an activating agent. In
another embodiment, the activating agent is dicyclohexylcarbodiimide, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide or benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate. In another embodiment, the
activating agent is 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. In another
embodiment, the condensation reaction is carried out in the presence of an activating
agent and an additive that optimize reaction parameters such as purity and yield. In
another embodiment, the additive is N-hydroxybenzotriazole.

[00156] The progress of the condensation reaction between a compound of Formula
XVIII and R’CO-L can be monitored by analytical methods known in the art such as
TLC, LC, LC/MS, HPLC, NMR, etc. A compound of Formula XVII can be isolated
and purified by any means known in the art such normal- and reverse-phase column
chromatography (e.g., column chromatography on silica gel or reverse-phase
HPLC), crystallization, extraction, etc. The product thus isolated can be subjected to
further purification (e.g., recrystallization) until the desired level of purity is
achieved. In one embodiment, a compound of Formula XVII has a purity of 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more.

[00157] The present invention also pertains to the preparation of a compound of

Formula XIX
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Aredia Novartis Pegademase ((monomethoxypolyethylene glycol

succinimidyl) 11 - 17 -adenosine deaminase) Ada gen (Pegademase
WEHG#HEISEHZzon Pharmaceuticals, Inc., Bridgewater, NJ Pegadj$ak&3808/06021S5

(monomethoxypolyethylene glycol succ n nidyl Lasparaginase) Oncaspar

Enzon Pegfilgrastim (covalent MPate of recombinant methion),71

human G- CSF (Filgrastim) monppmsthoxypolyethylene glycol)

Neulasta Amgen, Inc Peiltostatn Nj Parke-Davis Pharmaceutical Co.,

Rockville, MD PI=NH O 4 ol

XIX

wherein m is 1 or 2, and P' is an amine protecting group comprising:

a) condensing a compound of Formula XX

N\
HN
/
0
O XX
with a compound of formula XXI,
&
HN OH
P'-NH © XXI

wherein P' and P* are amine protecting groups, and P does not equal P?, to give a

compound of Formula XXII

N\
i
HNHN
/
PT—NH O
°d XXII;

b) converting the alkene of Formula XXII to an aldehyde, to give a compound of

Formula XXIII;
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P pobroman Vercyte Abbott Laboratories, Abbott Park, IL Plicamycin,
Mithramycin (antibiotic produced by Streptomyces plicatus) Mithrac n

WEIRBHIABEL NY, NY WO 2008/128171PCT/US2008/060215 PEHiH¥@p08/060215
sodium Photofrin QLT Phototherapeu cs, Inc., Vancouver, Canada
Procarbazine (N-isopropyl-p-(2-methylydrazino)-p-toluamide

monohydrochloridc) Matulage Sigm Pharmaceuticals, Inc.,
Gaithersburg, MD Quinacrir@,\( ~chlorQ-9-¢ Imethy1-4-dicthyl-aminc)
butylammo-2- y
P'—NH O
° O XXI1I

¢) removing the P” amine protecting group of a compound of Formula XXIII to give

a compound of Formula XXIV;
m
NG
N
) « /
P'—NH O
0 XXIV; and

d) reducing the C=N double bond of a compound of Formula XXIV, to give a
compound of Formula XIX.

[00158] In one embodiment, a compound of Formula XXI is N-a-~(tert-
butoxylcarbonyl)-N-B-(benzoxylcarbonyl)-L-diamino-propionic acid (Boc-Dap(Z)-
OH). In one embodiment, the condensation of a compound of Formula XX with a
compound of Formula XXI is carried out in the presence of an activating agent. In
another embodiment, the activating agent is dicyclohexylcarbodiimide, 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide or benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate. In another embodiment, the
activating agent is 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. In another
embodiment, the condensation reaction is carried out in the presence of an activating
agent and an additive that optimize reaction parameters such as purity and yield. In
another embodiment, the additive is N-hydroxybenzotriazole.

[00159] Amine protecting groups P' and P that are suitable for use in the processes
of the present invention are well known, such as but not limited to trifluoroacetyl, t-
butoxycarbonyl (Boc), benzyloxycarbonyl (CBz), allyloxycarbonyl (Alloc), trityl
(triphenylmethyl), 9-fluorenylmethylenoxycarbonyl (Fmoc) and the like. Such
groups are generally able to be selectively introduced and removed using mild
reaction conditions that do not interfere with other portions of the subject

compounds. These protecting groups may be introduced or removed at a convenient
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methoxyacridine) Atabr nc Abbott Labs Rasburicasc (recombinant
peptide) Elitck Sano Ei-Synthclabo, Inc., Rituximab (recombinant
WQRRED®T hintibody) Rituxan Genentech, Inc., South San FraReBE§2eMA060215

Sargramostim (recombinant peptide) Prokinc Immuncx Corp Strcptozocin )
(strviB 86 EHEIRS B knppneihiio s8artitos BarterhITRRRHES-Of @ity protecting
) - Dor@ipicomminse i i 3RH0dueiida aad MBRYAEAHSIZa898Rwn in the art and

Phannacia & Upjohn Company. ) ) )
can be found for example’in Greene and Wuts, "Protective Groups in Organic
Synthesis," 3rd Ed., pp. 17-245 (J. Wiley & Sons, 1999), herein incorporated by
reference in its entirety.

[00160] In one embodiment, P' and P* are selected from the group consisting of
trifluoroacetyl, t-butoxycarbonyl (Boc), benzyloxycarbonyl (CBz), allyloxycarbonyl
(Alloc), trityl (triphenylmethyl) and 9-fluorenylmethylenoxycarbonyl (Fmoc) such
that P' does not equal P>. In one embodiment, P' and P? are orthogonal protecting
groups, i.c., the P! protecting group is capable of being selectively removed in the
presence of the P protecting group or the P? protecting group is capable of being
selectively removed in the presence of the P' protecting group. Orthogonal
protecting group strategies are known from the art. In one embodiment, P' is t-
butoxycarbonyl (Boc). In one embodiment, P* is benzyloxycarbonyl (CBz). In one
embodiment, P' is t-butoxycarbonyl (Boc) and P* is benzyloxycarbonyl (CBz).

[00161] In one embodiment, the condensation of a compound of Formula XX with a
compound of Formula XXI is conducted in an inert organic solvent such as
acetonitrile, benzene, chloroform, 1,2-dichlorocthane, 1,2,-dimethoxyethane,
dimethylformamide, dimethylsulfoxide, dioxane, dichloromethane, N-methyl-2-
pyrrolidinone or tetrahydrofuran. In another embodiment, the condensation of a
compound of Formula XX with a compound of Formula XXI is carried out in
tetrahydrofuran. In another embodiment, the condensation of a compound of
Formula XX with a compound of Formula XXI is carried out in dichloroemethane.

[00162] In one embodiment, the condensation of a compound of Formula XX with a
compound of Formula XXI is carried out at about -20°C to about 30°C. In another
embodiment, the condensation reaction is carried out at about 20 to about 30°C. In
one embodiment, the condensation reaction is complete in about 1 hour to about 48
hours. In another embodiment, the condensation reaction is complete in about 12
hours.

[00163] In another embodiment, the alkene of Formula XXII is treated with ozone to
give the aldehyde of Formula XXIII, and m is 1. In one embodiment, the reaction
with ozone is carried out in an inert organic solvent such as chloroform, 1,2-

dichloroethane, dioxane, dichloromethane or tetrahydrofuran. In another
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Talc (M2iS14010 (OH)2) Sclerosol Bryan, Corp., Woburn, MA Tamoxifen
((2)244-(1,2-diphenyl-1-butenyl) phenoxy]-N, Ndimethylethanamine

WO 203K 2, 3- propanetricarboxylate (1:1)) Nolvadex AstraPeh§a008/060215
Pharmaceuticals Temozolomide (3,4-dihydro-3-methy1-4-oxo nidazo[5,1

-d]-eRmeRAipiARis. e AR Y heATORS - S SRR tEhilibsisk! W?@ane In one

(4'-dgmriviraipadorvitetPXiPdARAs(Bardd out at about -100°C to about 0°C. In
thenylldene (beta& D- glucopyran05|dep \VVumon Bristol- M% rs Squibb

TestIatth e TPdiYeRbx IS TeARSIam Vithsazenariaroatteq At abrH. 178 In one
acid Jg@olhiseianahe reaction with ozone is complete when the color of the reaction

mixture turns blue, indicating an excessive amount of ozone in solution.

[00164] In one embodiment, the alkene of Formula XXII is first converted to a
primary alcohol and the alcohol is oxidized to give an aldehyde of Formula XXIII,
and m is 2. In one embodiment, the alkene of Formula XXII converted to a primary
alcohol via hydroboration. In one embodiment, the hydoboration is carried out in an
inert organic solvent such acetonitrile, benzene, 1,2,-dimethoxyethane, dioxane, or
tetrahydrofuran. In another embodiment, the hydroboration is carried out in
tetrahydrofuran. In another embodiment, the hydroboration is carried out using 9-
borabicyclo[3.3.1]nonane (9-BBN). In one embodiment, the primary alcohol is
oxidized to the aldehyde with Dess-Martin periodinane to give an aldehyde of
Formula XXIII, and m is 2. In one embodiment, the oxidation is carried out in an
inert organic solvent such as dichloromethane. In one embodiment, the oxidation is
carried out at about -20°C to about 25°C. In another embodiment, the oxidation is
carried out at about 20°C. In one embodiment, the oxidation is complete in about 1
hour to about 48 hours. In another embodiment, the oxidation is complete in about
12 hours.

[00165] In one embodiment, P* is a Cbz group. In another embodiment, P? is CBz
and is cleaved by hydrogenation over palladium on carbon. In one embodiment, the
hydrogenation is carried out in methanol, ethanol, 1-butanol, 2-butanol, 3-butanol,
tert-butanol, 1-propanol or 2-propanol. In another embodiment, the hydrogenation is
carried out in 2-propanol. In one embodiement, the hydrogenation is carried out at
about 0°C to about 40°C. In another embodiment, the hydrogenation is carried out at
about 20°C to about 30°C. In one embodiment, the hydrogenation is complete in
about 1 hour to about 24 hours. In another embodiment, the hydrogenation is
complete in about 12 hours.

[00166] In one embodiment, a compound of Formula XXIV is isolated prior to
reduction of the C=N double bond. In one embodiment, a compound of Formula

XXIV is isolated by filtration through celite. In one embodiment, a compound of
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Teslac Bristol-Myers Squibb Thioguanine, 6-TG (2-amino-1,7-dihydro-6 H
- pu ne-6-thione) Thloguanine GlaxoSmithKline Thiotepa (Aziridine,
WQ 20083 dk5phinothioyhdynet s-, or Tr's (1- aziridinyl) phosphR{eTSU$Ao8/060215
Th oplex Immunex Corporation WO 2008/128171PCT/US2008/060215
TOp§%wq_@ilz\(g§_§glmmt@t%%*mugh celite followed by evaporation of the
metRyiedredly1-4,9-dihydroxyl11l-pyrano[3’, 4" 6,7] indolizino [1,2-b]
uinoline-3,14- (4H,121T)-dione monohydrochloride) Hycamt n
(087l smitIRERE FoRaHERS e AL hors pLadipmERYRd oblitsmla XXIV
] thepoydadddNvdimethathyaminGsitbate{dsdd) Na(CN)BH; or NaBH(OAc):. In

another embodiment, the reducing agent is NaBH(OAc);. In one embodiment, the
redution is carried out in an inert organic solvent such as methanol, ethanol, 1-
butanol, 2-butanol, 3-butanol, tert-butanol, 1-propanol, 2-propanol, acetonitrile,
benzene, chloroform, 1,2-dichlorocthane, 1,2,-dimethoxyethane,
dimethylformamide, dimethylsulfoxide, dioxane, dichloromethane, N-methyl-2-
pyrrolidinone or tetrahydrofuran. In another embodiment, the reduction is carried
out in tetrahydrofuran. In one embodiment, the reduction is carried out at about 0°C
to about 25°C. In another embodiment, the reduction is carried out at about 20°C to
about 30°C. In one embodiment, the reduction is complete in about 1 hour to about
24 hours. In another embodiment, the reaction with ozone is complete in about 12
hours.

[00168] The progress of the any of the above reactions for the preparation of a
compound of Formula XIX can be monitored by analytical methods known in the art
such as TLC, LC, LC/MS, HPLC, NMR, etc. A compound of Formula XIX can be
isolated and purified by any means known in the art such normal- and reverse-phase
column chromatography (e.g., column chromatography on silica gel or reverse-
phase HPLC), crystallization, extraction, etc. The product thus isolated can be
subjected to further purification (e.g., recrystallization) until the desired level of
purity is achieved. In one embodiment, a compound of Formula XIX has a purity of
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more.

[00169] The compounds of this invention may be prepared using methods known to
those of skill in the art. Specifically, compounds of Formulae I-XXIII can be
prepared as illustrated by the exemplary reactions in the Examples.

[00170] An important aspect of the present invention is that compounds of Formulae
I-X induce apoptosis and also potentiate the induction of apoptosis in response to
apoptosis induction signals. Therefore, it is contemplated that these compounds
sensitize cells to inducers of apoptosis, including cells that are resistant to such
inducers. The IAP inhibitors of the present invention can be used to induce

apoptosis in any disorder that can be treated, ameliorated, or prevented by the
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Fareston Roberts Pharmaceutical Corp., Eatontown, NJ Tositumomab, |
131 Tositumomab (recombinant murine immunotherapcutic monoclonal

WQgaBA I8 bda anti-CD20 antibody (I 131 is a radioimmunoth@@Gp&§e08/060215

antibody)) Ficxxar Corixa Corp., Seattle, WA Trastuzumab (recombinant
montdertingRiTaRpER anHTRRS AMRiBBERAIHEPEEPLOE BFRYiflsEncampositions and
TretiReiRo ATRA RS AR IR REIEIMESANAIdRAERBrbikRgy MUSt@ Ghrotein. In

Urac | Mustard Capsules Roberts Labs Valrubicin,

N-tri%%ﬁgmm%ﬁﬁ%4mﬁ|§?§ﬁa (a.gs_eg)c_gr_ cells) show elevated expression

[1,2, BB, 1 tAPXGRYEIR-dsIAPERYANIN pAIRINER D shtnfieXe: [#4 non-cancerous
2,3,6-trideoxy-3- [(trifluoroacetyl)-amino-a-L-/yxo-hexopyranosyl]oxyl]-2- .
napl‘iﬁuﬁeHﬁ]%ﬁ&&&hwlﬁ%ﬁéﬂ&éﬁéﬁeﬂs operationally manifest elévated expression

levels of TAP proteins by virtue of executing the apoptosis program and dying in
response to an inhibiting effective amount of a compound of Formulae 1-X, said
response occurring, at least in part, due to the dependence in such cells on IAP

protein function for their survival.

[00171] In another embodiment, the invention pertains to modulating an apoptosis-

associated state which is associated with one or more apoptosis-modulating agents.
Examples of apoptosis-modulating agents include, but are not limited to, Fas/CD95,
TRAMP, TNF RI, DR1, DR2, DR3, DR4, DRS5, DR6, FADD, RIP, TNFa, Fas
ligand, TRAIL, antibodies to TRAIL-R1 or TRAIL-R2, Bcl-2, p53, BAX, BAD,
Akt, CAD, PI3 kinase, PP1, and caspase proteins. Other agents involved in the
initiation, decision and degradation phase of apoptosis are also included. Examples
of apoptosis-modulating agents include agents, the activity, presence, or change in
concentration of which, can modulate apoptosis in a subject. Preferred apoptosis-
modulating agents are inducers of apoptosis, such as TNF or a TNF-related ligand,

particularly a TRAMP ligand, a Fas/CD95 ligand, a TNFR-1 ligand, or TRAIL.

[00172] In some embodiments, the compositions and methods of the present

invention are used to treat diseased cells, tissues, organs, or pathological conditions
and/or disease states in an animal (e.g., a mammalian subject including, but not
limited to, humans and veterinary animals). In this regard, various diseases and
pathologies are amenable to treatment or prophylaxis using the present methods and
compositions. A non-limiting exemplary list of these discases and conditions
includes, but is not limited to, breast cancer, prostate cancer, lymphoma, skin cancer,
pancreatic cancer, colon cancer, melanoma, malignant melanoma, ovarian cancer,
brain cancer, primary brain carcinoma, head—neck cancer, glioma, glioblastoma,
liver cancer, bladder cancer, non-small cell lung cancer, head or neck carcinoma,
breast carcinoma, ovarian carcinoma, lung carcinoma, small-cell lung carcinoma,
Wilms' tumor, cervical carcinoma, testicular carcinoma, bladder carcinoma,

pancreatic carcinoma, stomach carcinoma, colon carcinoma, prostatic carcinoma,
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Valstar AnthraMedeva Vinblastine, Leurocrist ne (C461-156N40:0H,S04)
Velban Eli Lilly Vincristine (C4sHseN40:0ThSO4) Oncovin Eli Lilly

WOozaeFdR%HE (3' ,4'-didehydro-4'-deoxy-C'-norvincaleukoblastirfRCT/US2008/06021S5
[R(r,R*)-2,3-dihydroxybutanedioate (1:2)(salt)]) Navelbine )
Gla-SSHAHINE Z8IEHIdNate tzEndrsale aeM(1esophageal carcinoma, myeloma,

-Hy demipei tidagol Lk ahe SRRORGSH) YBrRhespernih 8615, BHRA¥HMR Gk cinoma,

Zometa Novartis 1001821Anticancer agents further include compounds o
whicH FEReL BREsKifehsifogg, malignant pancreatic insulinoma, malignant carcinoid

carcinoma, choriocarcinoma, mycosis fungoides, malignant hypercalcemia, cervical
hyperplasia, leukemia, acute lymphocytic leukemia, chronic lymphocytic leukemia,
acute myelogenous leukemia, chronic myelogenous leukemia, chronic granulocytic
leukemia, acute granulocytic leukemia, hairy cell leukemia, neuroblastoma,
rhabdomyosarcoma, Kaposi's sarcoma, polycythemia vera, essential thrombocytosis,
Hodgkin's disease, non-Hodgkin's lymphoma, soft-tissue sarcoma, osteogenic
sarcoma, primary macroglobulinemia, and retinoblastoma, and the like, T and B cell
mediated autoimmune diseases; inflammatory diseases; infections (e.g., as
antiulcerous agents, e.g., in the context of H. pylori infection); hyperproliferative
diseases; AIDS; degenerative conditions; vascular diseases (e.g., primary varicosis)
and the like. The compounds of the present invention may also be useful in the
treatment of dieseases in which there is a defect in the programmed cell-death or the
apoptotic machinery e.g., multiple sclerosis, asthma, artherosclerosis and the like.In
some embodiments, the cancer cells being treated are metastatic. In other
embodiments, the cancer cells being treated are resistant to anticancer agents.

[00173] In some embodiments, infections suitable for treatment with the
compositions and methods of the present invention include, but are not limited to,
infections caused by viruses, bacteria, fungi, mycoplasma, prions, and the like.

[00174] Some embodiments of the present invention provide methods for
administering an effective amount of a compound of Formulae I-X and at least one
additional therapeutic agent (including, but not limited to, chemotherapeutic
antineoplastics, apoptosis-modulating agents, antimicrobials, antivirals, antifungals,
and anti-inflammatory agents) and/or therapeutic technique (e.g., surgical
intervention, and/or radiotherapies).

[00175] A number of suitable anticancer agents are contemplated for use in the
methods of the present invention. Indeed, the present invention contemplates, but is
not limited to, administration of numerous anticancer agents such as: agents that
induce apoptosis; polynucleotides (e.g., anti-sense, ribozymes, siRNA); polypeptides
(e.g., enzymes and antibodies); biological mimetics (e.g., gossypol or BH3

mimetics); agents that bind (e.g., oligomerize or complex) with a Bcl-2 family
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have anticancer activity but arc not currently approved by the U.S. Food
and Drug Administration or other counterpart agencies or are undergoing

WQIBAENT For new - 82 - uses. Examples include, but are notRplifespe8s/060215

3-AP, 12-0-tetradecanoylphorboll3-acetate, 17AAG, 852A, AB1-007, o
ABRREGE205USB T 4551 Baws |- pEE@ 985 A RIS iRtIRG . 28756, ABRENRI0, antibiotics;

alangsingetAtd G506 haRtbRrEY GAaP@RtineARIRSIRRS. MOA88I68al or polyclonal
apaziquone, APC8015, atiprimod, ATN-161, atrasenten, azacitidine,

BB-#998digsciR-a 7 Prtibedicsi AANABI8E 008D R HicaNsEnitHgsBiasins, defensins),
247 588nBOFkASM N dy AsitAbBdal RYSSERID neadeitERl (&€ -if&ferons (c.g., IFN-q)
CDB-2914, ccfixime, cetuximab, CG0070, cilengitide, clofarabine, o
comBRELEalH DS Sh8sdhate): CEWIT 2 HBIEmMTSIDY A8 hrgpgopoictic growth
curcepissdasiiaiingatDENeE Mntexesmaleferahiado Qe £/ 38Qirans-retinoic acid);
ecteinascidin 743, efaproxiral, eflornithine, EKB-569, enzastaurin,

crlothfle dRREANN A R i BS, AV RefolhRGRRY iSRS AR ducleotides); tumor

fotermusting, hREQEZEi GhkBitogalprsraRo BRI itiNibi@eni HNEUKB modulators; anti-
glufasfamide, GTI-2040, histrelin, HKI-272, homgharringtonine,

Hspfﬁiélﬁgss)mf&%iHPA&&wﬁhﬂvﬂ%ﬁsrﬁgﬁ&gﬁ%ﬁ]M%§%Q9ﬁ|8m8%ﬁxamples of
imiquhinadihsfiximabe onipoenddnmlatbb-hdr tRlinyier siiaBePIaNE-administration

lapatinip, lestaurtinib, Icuprolide, LMB-9 immunotoxin, lonafarnib,
IuniIi‘SYi‘ﬁEaf,e RS RORPRABES 1B B AP TR BDAbclonal

[o0arTélpody 3HS, snesactenisd dniihedy.dB8intretexaits, ddmpics, MMAMUAE Induce or
112, nilutamide, nitracamptothecin, nolatrexed dihydrochl(?ri(i)e, nolvadex
Brcdio

n, N ’ .

NS-8 BB DTN e ASSTH dPEE ANSOIGR, AR OBIRYK 1B 4 \nags limited to,
OS a4 Panisumurnaky; sparaplatinrRR-32R 90 inpe meastrexe daBioY 908 F)-related
pioglitazone, pirfenidone,. pixantrone, PS-341, PSC 833, PXD]01 o
pyra%&@a% fae,ﬁ%ﬁ iy ﬁﬁ&ﬁﬁe&%ﬁmﬁngﬁ #C@H@bemdﬁ AR Hdfantibodies
rhuApgiDRiaLin RIoteinTHWNaRBCAinasiglitassings rgbigcapidorhab-g8dfivkh factor
satraplatin, SB- 992, SGN-0010, SGN-40, sorafenijb, SR31747A )
STlégffP%éE?ﬁBsé,%ﬂsﬁdg}mhﬁﬁe hw}&%ﬁﬁ%%??%@Fﬁﬁ?&%ﬁé%@?&%} kinase
talariipalied, [ aibaobdat, demmsit glictoisictepte- AEITRITKIHAROt@KIbitor, platelet-derived

thalidomide, thymalfasin, tipifarnibh,.tirapazamjnec, TLK286, trabectedin, . . .. .
i G T e Ok R e o A Bl e inhibitors
VNRAGAIO1M, \GIGeiRimah);voriniesiat, \WoRB0lED 13890 ZD647e ZilGUERCEPTIN,

and [dar tj oride, [ ne embodiment, the :
R A AR 5 S0 oSN GRAF B, Taloxifene and
gemgitadiifenlapatint-{igkadng andegigpodidcan]iz] 84 bkl eamade,  finasteride,
detailed description of anticancer agents and other therapeuytic agents,

ot NG B o A BRSO R e RS VRsT 8 (COX-2)
includintitbrst (eat. |imited 10, the [BkiyaioiaN'S- BES kikiefiers seeoadud dati-inflammatory

Googman ﬂ% $5n n's "Pharmaceutical Basis of Thergpeutics'.ten
e SRR o B P acinis plG s Aoy FEADRON,
met ek TorSaitinidteamngthasomep d oxaheh res omel iaecisod, Vil X @N&L dHEX ADROL,

therapy. The.invention is not ljimi ypes, elivery
adm?gé]f?gﬁggp%?sc{leur%es’ used M%ﬁ%% et erapeal(?'}g/hd a%tgg(?é radiation to SONE,
an amyyaiciortexampl@ EheARRIBD] maiynetieitee plotdira@oEethpyprednisolone,
particle beam ragdiation therapy, f radiptherapies, an .

Com O aE O oy i P SRR R PRSP st hempaytic dres
the daignairusing a lieaMVERte kAR r ARELI pthetaeshbred(FeGi3ARA ), dacarbazine
rad'%fb% dRlivered L3N0 %ﬁ?ﬁ@%ﬁf@' W&?%ng%?fﬁﬁ%% BRI Moplatin,
can be exteérnal or internal'to the animal. External radiation era%y IS
mosbxdmiatn, &8 ihvddresudiractingadieameoftiughzenebg\ecadiatiorbtyarizumab,
tumor site through the skin using, for instance, a linear accelerator. While

the beam of radiation is localized to the tumor site, it is nearly impossible

to avoid exposure of normal, healthy tissue. However, external radiation is
usually well tolerated by animals. InterAatradiation therapy involves

implanting a radiation-emitting source, such as beads, wires, pellets,

capsules, particles, and the like, inside the body at or near the tumor site
including the use of delivery systems that specifically target cancer cells

(e.g., using particles attached to cancer cell binding ligands). Such
imnlante can be removed followina treatment or left in the bodvy inactive



animal's responsiveness and any potential side effects. Radiation therapy

can be initiated at any time in the therapeutic period. Preferably, radiation
WOWid38H In week 1 or week 2, and is administered for the rethdiRipRy08/06021S

duration of the therageutic period. For example, radiation is administered

in weekSQTEBEI Pivd &AL sreHukersisaatiph Bmderelsmprisigideivaatcytokines;

for trgatiagpdemisianas @eolid tumor. Alternatively, radiation is
administered in weeks 1-5 or weeks 2-5 of a therapeutic period

[0U G Aorising'8 wikiatheh sebedinsplantafiomRAsH) HarmhisietiRds of the present
schagulgsigite priviitendedopuener, 4 lindithe.presgnt identioneast one anti-
1001901Antimicrobial therapeutic agents may also be used as therapeutic
ageRPRTRFRIATLNS ifVertioReaMySHGeritefit SSIPRIRdinfipm. oflkylating  agents,
othepntisgcaibanuatedhe Hanelon rfdniesoRial OHEARISANY BaDSaEAndfor animal
well as any agent contemplated to have such activities. Antimicrobial
age M RTINS not limited to, natural and synthetic antibiotics,

[ocarTgpodies, Ankibitory RERIRNSUEBlc HafeRsINShajisentacopleifissidsnd methods
membrane disruptive agents and the like, used alone or in combination. .
IndeB§ Uiy e HicaRfibidi itty'te [satTRERRIRYSELHdFImitgpg8lorethamine,
antikgelepdagepitaniyihagentiscaniidngal agrulysand ihg lKgorambucil); 2)
1001911In some embodiments of the present invention, a compound of '
ForrfiI4E R BRY %ﬁﬁm@ﬁédﬁ@ag%wmﬁ@%aaﬁ@wtep% 3)
are atinisieiante aeanimaldunday;ong afirasehihgdalovdngnustine (BCNU);

conjitions; at different periodiciti?s, al dj)fferent duratjions, at different

conc8RHSHBRS by Wirfe ERUSHRS Nk, A R e kR tocin)):
in separsjerkomMResIianslaeiebinise (IENeMkLEIEISNIE A HatoNIPSNstiboxamide).

inistered prior to the therapeutic or antjcancer agent, e.g., 0.5, 1, 2, 3,
[003%?,] 10, 15‘,“0?9%0??@05}1?? Sy HITE 81)%?51,5 %%[,H& ﬁﬁvé’éﬁs Bridfe  present
to theoatpaiitisiiatian ekthedhrrapesitiuonaniindneaeagent) folsoneed analogs (e.g.,
embodiments, the compound.is administered after the therapeutic or .
nticBROBFESHSY, RIS 2. SYEENG, ANREa o, Gigrayracil  (5-
or 6 flay®utadll;3,50F 8 wekksuaftindhgfadmidistationdoitheradRganged  cytarabine

agent. In some embodiments, the compound and the therapeutic or :

SO S e RS SRhisttbel S U GBI (ffbrorferceptopurine  (6-

schedelestopauitiee compRutddguadministerieddaitynehilBGhe dhéraeatdicatin (2°-

or anticancer agent is administered once a week, once every two weeks,

once &ver Oﬁr?Pe%ey\C/\ll ks, or once every four weeks. In other embodiments,
[0xh&0Fompoundtisl ddrtsisimied tnaea sealokbilp dhadhgeapestieable for use in the

B L L

[001923E ;rikabsidio (s gyyithimblh et ise oPA_S) thinsrueidon Inelpigedalphyllotoxins (e.g.,

compositions wherein.the. unds, of the present invention.are . )
contMR A SHHIRIC 12 e ARRINIES ASHbev I IVLNGIE] fastinsgaycin D).
Whiléaindinithicah nédds eanycideterhidoatiptin)f ofikoaltiangedlobeffectivelicamycin
amounts of each component is.within the skill.of the art. Typically, the . '
o B R S AR S LS5 SR r FiSsparaginase:
dosé pitiolfizéatorbéongdkmati Aerequiyalemteioronnt h 1he platinum coordinating
phaimaceuically scespiable salt B0 et daw gl the bady welaloftie. (.
mammal’ eing r&ited for disorders sponsive dindUetioh 8 apoplosis. B
For exitonpheroabputy).Odutstabodt Avaang/Kg.is, otatiradminigier®d tadiedhydrazine

ameHorat% or prevent such.disorde i
crivatives

. For intramuscula tion,.the .
o g S ot S TRl R M T ippaocortica
intrasmppeskantosd axould hécthout 00H25NDRPous®b mgtkgeglatethiomde); 11)
about,0.01 to about 5. kg. [00193]The.unjt oral dose may comprise
oS R T o e A T RS I T o R peterone
compound. The unit dose may be administered one or more times daily as
one or more tablets or capsules eachr ddntaining from about 0.1 to about
10, conveniently about 0.25 to 50 mg of the compound or its solvates.
[00194] In a topical formulation, the compound may be present at a
concentration of about 0.01 to 100 mg per gram of carrier. In one

embodiment, the compound is present at a concentration of about
NDO07-1 0 mMma/m! ea aboit O 1-05 ma/m! ca aboiit O A ma/ml



1001971The compounds and pharmaceutical compositions thereof may
be administered by any means that achieve their intended purpose. For

WQHHIE1 Hdministration may be by parcnteral, subcutaneousPCT/US2008/060215

intravenous, intramuscular, intraperitoneal, transdermal, buccal,
intrafABLRCRSEFRTRIORRAPAT A8 S RSP pi I SRR Iateatrigigaiy. o estrogens (e.g.,

conclerapilvi dmanisihationimay Re-idhe o3l 5aut8:rdh& daage tamoxifen); 15)

administered will be dependent upon the age, health, and weight of the

recifieHOSAY 6 CorlEHiRERins atFRBIRNH S AY drile eSSt adiniéntantifpdrogens
the nareipftheieffagt desipeddO0dHa it hephannacidisal IBpRRa@lIRSrolide).

of the present invention are manufactured in a manner which is itself

100383\, for SRARBROIBYCrBEMsBR IS TouHREHAYstkig: GraRt4RFgPY context finds

dragee-making Hissohvngast MepBlz BTH R QeS8 avkitSn. For example, the U.S.
pharmaceutical preparations for oral use can be obtained by combinin

the dARLAEIMBBEHEHIEYIRNREBIEIS AdOfoHAHy GYirdirR)the agents approved

resufin@dvixiue angtegosessingihenatduse ef arrnpass @fieiaddinge U.S.F.D.A.
suitable auxiliaries, if desired or necessary, to, obtain tablets or dragec

. g . .
core@EBIIBUIRARI B UPEhts RIS A Parhidaar firtelseitgmpdary antincoplastic

sacohiiigesy fRiveyaPIs Jastasel0S SUTHOSE skidemiiokiy s8WRil0lappreciate that the
cellulose prefarations and/or cailcium phosphates, for example tricalciyum

phosBRAEIERSUFRMHbER A bhoSpHRRE 58 WaMhSIRETS S gygLPe approved
starghdiasiend)iognfomexananls, oaizasttahandngatlsiaredt tiee:saislary agents.
potato starch, gelatin, tragacanth, methyl cellulose,
hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and/or

polyvinyl pyrrolidone. If desired, disipiggeaiing agents may be added such

as the above-mentioned starches and also carboxymethyl-starch.

crog8lietkalipolyvinyl pyrrolidone, agar, or alginifrakikiar a galrehé&rapf Emeryville, CA
suclyas sogiumailginatendandtianiesiang, above all, flow-regplating agents

and k’llé‘}h'ﬁiﬁﬂﬁib forexamptesitica; tafc,stecarica C.‘aflnsff)'at?lditb M‘ﬁi&&ifmﬁ‘dﬁé‘lLEX
as magnesium stcarate or calcium stearate, andfor polyethylene gl

: col. .
Dradise BoFaEAre 8rERIEEd with suitable coating$ which, if d@%ﬁ?’éif:é gCambridge, MA

resigtéimttimgastric juices. For this purpose, condémtrdited salbahadiBlermaceuticals, Inc.,
solutions@rayibeigsed, which may optionally contain gum afahipidalca

N

POl RyfI-oticone; poiyethylene giyeotandion ianim tHyides IBSRHST Roscarch
solutions and suitable o%anlc solvents or solvent mixtures. [n order to

proddce Bediinge Rysétloht-to BESHE @S, solutions of suitdBRZeltios

prepasadiotissedh as acetylcellulose phthalate of

hydraxyprRRy methyl-Cellulose phinalate, are US@ihxLYE StU (5 Wi IHRE NNt
may Peagded..! %t%'%tyéh% dragee Goatings, ffor examplg, fOF 1.y, PA

iderjtification” or in’order to characterize ¢ombinalions of active compoun
dos¢€ams9200] Other pharmaceutical preparatipns which dan be used

oralyuinfkide push-fit capsules made of gelatin, gsysell as JOi Bseated:
capjies made el gslatinsnshaRipsiiciari.sHch as glycerol pr sorbitol.
The l(J)Ssql-aftit%at } ules can contain the active comppounds in the form of
grar &8 Which may be mixed with fillers such as lactose. binders such as

stargHesoamid/or lubricants such as talc or magn@sitifcsteanat&gnigrca Pharmaceuticals,
optignalBenstaddilizessitiie, 308 capsutes;ithiesactivg compoun Véilmington, DE
prefq’rﬁp_lyig}ﬁgo}h{ggh%)suspended in suitable liquids, such as fatty oils, or

liquid-paraffintn-addition-stabilizers may beadded-100201]Pgssible
Arsenic trioxi ) . Tri . I'T tic, Inc., Seattle,
phafSRE R Dreparations which can be used |FE&AN inc S&le, jgjppeutic, Inc., Scattle

example, suppositories, which consist of a combjination of o r more of

basgp e IREEXAMRIGNAIULRL pesynthetic triglycerides, orlRaaHie sttion, NI

hyd ocarbons. In addition it is alsa pnqqihlp to use gplnfin rectal r‘anquQ

the aghivedsgaapounds with a suppository base. Jiifable suiﬂ@&mfy:o., Inc.,

which consist of a combination of the active compounds with a base.
Possible base materials include, for ex&mple, liquid triglycerides,
polyethylene glycols, or paraffin hydrocarbons. 100202]Suitable
formulations for parenteral administration include aqueous solutions of the
active compounds in water-soluble form, for example, water-soluble salts

and alkaline solutions. In addition, suspensions of the active compounds
ac annronriate nilvz iniectinon <ricneancione mav he adminictered <intahle



[00206]Lotions may be conveniently prepared by dissolving the active
ingredient, in a suitable high molecular weight alcohol such as propylene
WQB8/(18813dlyethylene glycol. [00207]The following examplesRff&/US2008/060215
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Guilford Pharmaceuticals,

Inc., Baltimore, MD

(2-chloro-2'-deoxy-b-D-adenosine)

CdA

Celecoxib Celebrex Searle Pharmaceuticals,

(as 4-[5-(4-methylphenyl)-3- (trifluoromethyl)-1H- England

pyrazol-1-yl]

benzenesulfonamide)

Chlorambucil Leukeran GlaxoSmithKline
(4-[bis(2chlorethyl)amino]benzenebutanoic acid)

Cisplatin Platinol Bristol-Myers Squibb
(PtCLH¢N,)

Cladribine Leustatin, 2- |[R.W. Johnson Pharmaceutical

Research Institute, Raritan, NJ

Cyclophosphamide Cytoxan, Bristol-Myers Squibb
(2-[bis(2-chloroethyl)amino] tetrahydro-2H-13,2- [Neosar

oxazaphosphorine 2-oxide monohydrate)

Cytarabine Cytosar-U Pharmacia & Upjohn
(1-b-D-Arabinofuranosylcytosine, CoH13N505) Company

cytarabine liposomal DepoCyt Skye Pharmaceuticals, Inc.,

San Diego, CA
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Smac mimetics may be synthesized using methodology described in
Schemes 1-7. Scheme 1 0j,N).."COOH,x..,-"|N)-"COOMe Boc 12
W ®IVle CbzHNO NHBoc 3 enamine intermediate enanki®/US2008/060215
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(vn in Scheme 1. Compound 2
Darbepoctin alfa Aranesp [Amgen, Inc., Thousand Oaks,
(recombinant peptide) CA
daunorubicin liposomal DanuoXome [Nexstar Pharmaceuticals, Inc.,
((8S-cis)-8-acetyl-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo- Boulder, CO
hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-
trihydroxy- 1 -methoxy-5,12-naphthacenedione
hydrochloride)
Daunorubicin HCI, daunomycin Cerubidine  [Wyeth Ayerst, Madison, NJ
((1.5,35)-3-Acetyl-1,2,3,4,6,11-hexahydro-3,5,12-
trihydroxy-10-methoxy-6,11-dioxo-1-naphthacenyl 3-
amino-2,3,6-trideoxy-(alpha)-L- lyxo -hexopyranoside
hydrochloride)
Denileukin diftitox Ontak Seragen, Inc., Hopkinton, MA
(recombinant peptide)
Dexrazoxane Zinecard Pharmacia & Upjohn
((S)-4,4"-(1-methyl-1,2-ethanediyl)bis-2,6- Company
piperazinedione)
Docetaxel Taxotere Aventis Pharmaceuticals, Inc.,
((2R,3S)-N-carboxy-3-phenylisoserine, N-tert-butyl ester, Bridgewater, NJ
13-ester with 5b-20-epoxy-12a,4,7b,10b,13a-
hexahydroxytax- 11-en-9-one 4-acetate 2-benzoate,
trihydrate)
Doxorubicin HC1 Adriamycin, [Pharmacia & Upjohn
(8S,105)-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo- Rubex Company
hexopyranosyl)oxy] -8-glycolyl-7,8,9,10-tetrahydro-
6,8,11- trihydroxy-1-methoxy-5,12-naphthacenedione
hydrochloride)
doxorubicin Adriamycin  [Pharmacia & Upjohn

PFS Company

[ntravenous

injection
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may be prepared in five steps from pyroglutamic acid 1 according to
reported methods (see: (1) Zhang, J. Xiong, C. Wang, W.; Ying, J. Hruby,

We2008/8847 L ett., 2002, 4 (23), 4029-4032, (2) Polyak, F. and PGHAISIP8H60215
rg Chem 1998 63 5937-5949 and (Q\ Tetrahedron Letters 2005
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1002181Analytical data for YP-248P: 1H NMR shows that this compound
has two rotamers with a ratio of 2:1. 11-1 NMR (300 MHz, CDC13, TMS)
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(5, 12-Naphthacenedione, 9-acetyl-7-[(3-amino-2,3,6-
trideoxy-(alpha)-L- lyxo -hexopyranosyl)oxy]-7,8,9,10-
tetrahydro-6,9,11-trihydroxyhydrochloride, (7S- cis ))

[damycin

Pharmacia & Upjohn
Company

[fosfamide
(3-(2-chloroethyl)-2-[(2-chloroethyl)aminoJtetrahydro-
2H-1,3,2-oxazaphosphorine 2-oxide)

IFEX

Bristol-Myers Squibb

Imatinib Mesilate Gleevec [Novartis AG, Basel,
(4-[(4-Methyl-1-piperazinyl)methyl]-N-[4-methyl-3-[[4- Switzerland
(3-pyridinyl)-2-pyrimidinyl]amino]-phenyl]benzamide
methanesulfonate)
Interferon alfa-2a Roferon-A Hoffmann-La Roche, Inc.,
(recombinant peptide) [Nutley, NJ
Interferon alfa-2b Intron A Schering AG, Berlin,
(recombinant peptide) (Lyophilized |Germany

Betaseron)
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[00222]Analytical data for YP-239: [a] 201) -51.6 (c = 1.67, CHC11); 1H
NMR shows that this compound has two rotamers with a ratio of 2:1. 111
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Megestrol acetate

170( acetyloxy)- 6- methylpregna- 4,6- diene- 3,20- dione

Megace

Bristol-Myers Squibb

Melphalan, L-PAM Alkeran GlaxoSmithKline
(4-[bis(2-chloroethyl) amino]-L-phenylalanine)

Mercaptopurine, 6-MP Purinethol GlaxoSmithKline
(1,7-dihydro-6 H -purine-6-thione monohydrate)

Mesna Mesnex Asta Medica

(sodium 2-mercaptoethane sulfonate)

Methotrexate Methotrexate |Lederle Laboratories
(N-[4-[[(2,4-diamino-6-

pteridinyl)methyl]methylamino]benzoyl]-L-glutamic

acid)

Methoxsalen [Uvadex Therakos, Inc., Way Exton, Pal
(9-methoxy-7H-furo[3,2-g][1]-benzopyran-7-one)

Mitomycin C Mutamycin  [Bristol-Myers Squibb
mitomycin C Mitozytrex  [SuperGen, Inc., Dublin, CA
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100227]Analytical data for YP-370: 'H NMR (300 MHz, CDC13, TMS) 6

7.60-7.05 (m, 9H), 5.78-5.50 (m, 1H), 5.20-5.11 (m, 2H), 4.65-4.30 (m,
WQRMSAZEIA. 22 (m, IH), 3.60-3.48 (m, IH), 3.42-3.38 (m, IH), 263/DB80EM6021S
258240 (m |H) 228-198 (m 4H) 198-1 70 (m 6H) 144 (s QI-n

2H)

100
has
7.45
Hz, 2

DAiAKalytical data for YP-372: 'H NMR shol
tWbdiotamerewithrepreitid)-of(d-chlotddbriviR (3
(il H), 7.36-7.10 (m, OH), 6.72-6.58 (m, 1

%Sﬂ‘?éﬁlnthls
D0 MHz, C[
), 5.21-5.1

Baisibotier Sauibb
C11, TMS) 6
4(t,9=99

O")O

1H)
2.18
1.37
698
TMY
1H)
3.07

%1{ Bb"rIg(IJ III III},"I'“I'U441 \III 1I I},4144

(m, 2H), 279(3 3/2 H), 2.77 (s, 3
b“cﬂih(fﬁﬁo&m)g $186:1(82 (m, 6H), 1.49 (s, 9/P
L 1dBByEthy BihndiRiBmerlcd] friztB88 18880 f(
Ga’@fh;l;(,oil,QQg@’c}9]Analytical data for YP-373:'H

A
P H), 1.46 (5,
r [M+Na] 1,

NMR (300

guglén X\Cumi‘étlon
9/2 H),

found
MHz, CDC13

Z =7 C
J.IIL,J.II},I LT 1T UY

65- 4.59 (t, J = 8.1 Hz,
-3.01 (m, 1H), 2.76 (s, 3H), 2.70- 2.68 (m, 2

Vi A P

e

H), 2.60-2.4

big; IE?_I )We st Orange,
BI(m, 2H),

2.34
(d,
136

[l = 7.1 Hz, 3H); HC NMR (75 MHz, CDC13)

NoTeidyeB. 12-2.03 (M, 4H), 1.82-1.72 (m, 6

4 1203 ’I’)QO 1’)7’) ’I’)EQ R(\Q 58 254

N7 (S,
6 170.6, 16

4493 47

Bd)yilg3AnbeRBim Pharma
A Gl

4 169 249

31.9,
four

‘r,.l.

%fﬁ%‘ik]é‘sz 276 187 14.1; 'HRMS: calcd |
di582.3 | 63. Scheme 5 Cbz,Nk)m BocHN

NeBed 314

D Formula

Céefletlc[i\;ﬁﬁﬁgtjé,; Inc.,
AlpopEoYA

compeunpddepresented by formula A, wherein m

inde
sub
hetd

Eiﬁi‘ﬂ% 58! %%f%ﬁei{%%&ﬁ‘ﬁagf\?ﬂﬁ RRSISENY

>t|t uted aIkyI optionally substituted carbocycl|i
Foe iRkt Blﬁ%nally substituted aryl and optig

HSodaidy and
j of hydrog
ic, optional

RRn@NSyELiake, Inc., NY,
AR, optionally
y substituted

nally substituted

hetq
prot
groyp,
c.C

A. Stk

Poditytcimay be prepared by the method shoy
pation @ioier amie, graUBindRisyiRadiate 1@ v
R 9INESIYEEMGAIRIE B HYAr OIS Of 1 85t

pondensation of ¢ with amine NR1R2 furnishe
Mgnéoy -3-phenylisoserine)

VA ¥OScher]
Vith the Cbz
er group of
'S @ Compo

il Bfiefhsquibb
protecting

b yields acid

Ind of Formula

Pamidronate
(phosphonic acid (3-amino-1-hydroxypropylidene) bis-,
disodium salt, pentahydrate, (APD))

Aredia

[Novartis

Pegademase
((monomethoxypolyethylene glycol succinimidyl) 11 - 17

-adenosine deaminase)

[Adagen
(Pegademase

Bovine)

Enzon Pharmaceuticals, Inc.,

Bridgewater, NJ
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(monomethoxypolyethylene glycol succinimidyl L-

asparaginase)
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Pegfilgrastim
(covalent conjugate of recombinant methionyl human G-
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Amgen, Inc

Pentostatin [Nipent Parke-Davis Pharmaceutical
Co., Rockville, MD

Pipobroman Vercyte (Abbott Laboratories, Abbott
Park, IL
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(antibiotic produced by Streptomyces plicatus)
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|Ger nteﬁ;i Inc., South San

clohexylcaﬁé%%]li;ﬁfhd“e%

1-et yﬂgTarl(ﬁtﬁimethylam|nopropyl)carbod||m|de Prokine Immunex Corp
benzatriazol-1-ylgxy exafluorophosphate). In
anotherembodimen ivatingaqgent | - \I’IQ(Q- : :
dim«ﬁﬁ%ﬁ?ﬂfﬁbpropyl)carbod||m|de In another erﬁ%)darfnent ffjgmacia & Upjohn
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onele |mpn'r he reaction is comp lete in abaut 1 hours to about 24
hou E"‘l?n one embodlment the reaction is carrie 3P a tahiger&tiiPe Ypburm. MA
aboliMe300:t¢Pdbout 25C. In one embodiment, the reaction [is carried out
in afTiRKeFganic solvent such as as acetonitrieyherkene, |[&NFeQ Pharmaceuticals
1.,2 {%iigffep@qle 1. %’blgten}(f?f xyethane, dimethylformamide, .
dime [fox oxane chioro ethane, N-methyl-2-pyrrolidinone or
tetrcmwl‘l}a/f&tﬂaé];ﬁmme 2 hydroxy 1,2,3-

propanetricarboxylate (1:1))

Temozolomide Temodar Schering

(3,4-dihydro-3-methyl-4-oxoimidazo[5,1-d]-as-tetrazine-

8-carboxamide)

teniposide, VM-26 [Vumon Bristol-Myers Squibb

(4'-demethylepipodophyllotoxin 9-[4,6-0-(R)-2-

thenylidene-(beta)-D-glucopyranoside])

Testolactone Teslac Bristol-Myers Squibb

(13-hydroxy-3-ox0-13,17-secoandrosta-1,4-dien-17-oic

acid [dgr ]-lactone)

Thioguanine, 6-TG Thioguanine |GlaxoSmithKline

(2-amino-1,7-dihydro-6 H - purine-6-thione)

Thiotepa Thioplex Immunex Corporation

(Aziridine, 1,1',1"-phosphinothioylidynetris-, or Tris (1-

aziridinyl) phosphine sulfide)
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Scheme 7 Formula C CbzN N -1.- LiBH4 BocHN S) -OMe a

1. MsCI ChzN 2. NaN3 BocHNOH CbzN BocHN PPh3
WO 2008/128171 PCT/US2008/060215
Topotecan HC1 Hycamtin GlaxoSmithKline

((S)-10-[(dimethylamino) methyl]-4-ethyl-4,9-dihydroxy-
1H-pyrano[3', 4': 6,7] indolizino [1,2-b] quinoline-3,14-
(4H,12H)-dione monohydrochloride)

Toremifene Fareston Roberts Pharmaceutical Corp.,
(2-(p-[(Z)-4-chloro-1,2-diphenyl-1-butenyl]-phenoxy)- Eatontown, NJ
IN,N-dimethylethylamine citrate (1:1))

Tositumomab, I 131 Tositumomab Bexxar Corixa Corp., Seattle, WA
(recombinant murine immunotherapeutic monoclonal
[2G,, lambda anti-CD20 antibody (I 131 isa

radioimmunotherapeutic antibody))

Trastuzumab Herceptin Genentech, Inc
(recombinant monoclonal I1gG; kappa anti-HER2
antibody)

Tretinoin, ATRA [Vesanoid Roche

(all-trans retinoic acid)

Uracil Mustard Uracil Roberts Labs
Mustard
Capsules

[Valrubicin, N-trifluoroacetyladriamycin-14-valerate Valstar Anthra --> Medeva

((25-cis)-2- [1,2,3,4,6,11-hexahydro-2,5,12-trihydroxy-7
methoxy-6,11-dioxo-[[4 2,3,6-trideoxy-3-
[(trifluoroacetyl)-amino-a-L-/yxo-hexopyranosyl]oxyl]-2-

naphthacenyl]-2-oxoethyl pentanoate)

[Vinblastine, Leurocristine Velban Eli Lilly
(Ca6HssN4O10°H,80,)

[Vincristine Oncovin Eli Lilly

(CiHs6N4O010°H,S0,)

[Vinorelbine [Navelbine GlaxoSmithKline
(3' ,4'-didehydro-4'-deoxy-C'-norvincaleukoblastine [R-
(R*,R*)-2,3-dihydroxybutanedioate (1:2)(salt)])

Zoledronate, Zoledronic acid Zometa [Novartis
((1-Hydroxy-2-imidazol-1-yl-phosphonoethyl)
phosphonic acid monohydrate)

[00182] Anticancer agents further include compounds which have been identified to
have anticancer activity but are not currently approved by the U.S. Food and Drug

Administration or other counterpart agencies or are undergoing evaluation for new
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N3 RICH BocHN S31 NH2 NaBH4 Cbz,NCbz,N eR" BocHN
tNHBocHNONI eFormula C - 101 - WO
WOQRU8/128171PCT/US2008/060215 1002331A compound repPESERBHP8/06021S5

Formula C wherein mis | or 2, and RI, R2 and R7 have the meanings
descHised Ebamelsr pehifeidat Bnngs EVHtﬁfééPze%#th@rﬁbfﬁ%de%mlphorbol-

in Sqheip&afe RECUSNRSD e Lslen @EOMRIL 21 76idS ABRIGSNOIADI-PEG 20, AE-
MeSﬁlatlon of the %droxg@i oupinb followed zj/ substjtution of the

resuttel MEYIRBGithQ 00 inesingidndS ZAGetipedy Bhsh- sptifsoplastons,

azida patfs PP Wb inid i | AP oxamides pminedd ARsduetive aR¥ARHOBAL Hidine, BB-
with an aldef%de R1CHO gives amine e. Introduction of R" to the amino

grouPiP& affdtdS & 7ddmpBevigiareahmuBe0Pen Restemigean®dS 247550,
attatiiee 0, SR GRAUR, byl Subs N Wi st e athes iime,

suitable eIectrophlle or reductive amination of an aldehyde When R

col&stteimaBe rdibealspsbfaesiofbBee cRmbERstatn vﬁfére%w%@te CP-
a leaying @soup- M anete OpadivENteiRdtaidnl ds @bl HENSPAE QRKYreklciferol,

acid Chlonde%%g ReZtce:Slgs]éldElxéll\S/l Péf5p§011?a124§ﬂpo%mthme EKB-569, enzastaurin,
erlotinib, exisulind, fenretinide, flavopiridol, fludarabine, flutamide, fotemustine,
FR901228, G17DT, galiximab, gefitinib, genistein, glufosfamide, GTI-2040,
histrelin, HKI-272, homoharringtonine, HSPPC-96, hul4.18-interleukin-2 fusion
protein, HuMax-CD4, iloprost, imiquimod, infliximab, interleukin-12, IPI-504,
irofulven, ixabepilone, lapatinib, lestaurtinib, leuprolide, LMB-9 immunotoxin,
lonafarnib, luniliximab, mafosfamide, MB07133, MDX-010, MLN2704,
monoclonal antibody 3F8, monoclonal antibody J591, motexafin, MS-275, MVA-
MUCI-IL2, nilutamide, nitrocamptothecin, nolatrexed dihydrochloride, nolvadex,
NS-9, O6-benzylguanine, oblimersen sodium, ONYX-015, oregovomab, OSI-774,
panitumumab, paraplatin, PD-0325901, pemetrexed, PHY906, pioglitazone,
pirfenidone, pixantrone, PS-341, PSC 833, PXD101, pyrazoloacridine, R115777,
RADO001, ranpirnase, rebeccamycin analogue, rhuAngiostatin protein, rhuMab 2C4,
rosiglitazone, rubitecan, S-1, S-8184, satraplatin, SB-, 15992, SGN-0010, SGN-40,
sorafenib, SR31747A, ST1571, SU011248, suberoylanilide hydroxamic acid,
suramin, talabostat, talampanel, tariquidar, temsirolimus, TGFa-PE38 immunotoxin,
thalidomide, thymalfasin, tipifarnib, tirapazamine, TLK286, trabectedin,
trimetrexate glucuronate, TroVax, UCN-1, valproic acid, vinflunine, VNP40101M,
volociximab, vorinostat, VX-680, ZD1839, ZD6474, zileuton, and zosuquidar
trihydrochloride.
[00183] In one embodiment, the anticancer agent is selected from the group
consisting of taxotere, gemcitabine, lapatinib (Tykerb® ) and etoposide.
[00184] For a more detailed description of anticancer agents and other therapeutic
agents, those skilled in the art are referred to any number of instructive manuals

including, but not limited to, the Physician's Desk Reference and to Goodman and
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HCI H N 0 CONHCHPh2 100234]Analytical data for YP-245P3: 'H NMR

(300 MHz, D20, TMS) 5 7.28-7.20 (m, 10H), 5.97 (s, 1H), 5.25 (br, 1H),
WQ2998(HB817), 3.91-3.84 (¢, .1 = 7.1 Hz, 1H), 3.82-3.70 (m, 1B EBRMHK0215

(m, 1H), 3.48-3.43 (m, 1H), 3.23-3.19 (t, J = 12 Hz, | H), 2.90 (s, 3H), 2.56

(s, 3Himany-Pherpaceutiyab Bapis o5 Thsranayties] tenthedifionzEdy Hagdppan et al,,

HRMgyzalcd. m/z for [M+H]' 492.2975; found 492.2971. EXAMPLE 4

YP-246P 1002351Analytical data for YP-246P:NMR éSO‘OMH‘z, D20,
(00863 6 7.38h7. PEchRNt 18KAM D3R e mathods Forsadmipistatipg & compound of

4.64pti6du (R, LK) wAtB rd8iadich #:&ap3-831leb Jmveriio id Hbt3iBR6A blHthe types,
3.59-3.51%%1, 1H), 3.12-3.08 (t, J= 11.6 Hz, IH), 2.55 és, 3H), 2.40-2.28

(m, 9096 9 S {rryiapchagminigeaian Apyicms rspdsqgeljveriheifyrappptic dose

HRNB: £hlerbnézfosdiMiit ] Fap8x3z e fatnth bR . 3d§4EMNRd B adiotherapy,
1002361Analytical data for SM-330: 1H NMR (300 MHz, D20, TM

( . S)6 . .
8.88P8r48lenbCAn  trdiation dherrrye95her JyNE 99 Jagiotieranies) @yd combinations
4.93tKe b £Min! kbimé - SBb 2 ditts, Hid) r4tiddi ¢ is1dd)i3:38-3. 8 @Rinddt ising a linear
3.69-3.65 (m, 1H§,H3._50-3.38 (m, 2H), 2.58 &38 3H), 2.23-2.18 (m, 1H), 2.04
(s, 3Mpclermors il @ther Ambadipants, s gligiion is/dgliysrogh ysipg@ gamma
NMR«#5 MHz, D20) 6 175.3, 173.3, 172.9, 170.2, 141.2, 129.2, 128.1,
127.7,62.3, 62.1 58.5, 7.8, 57.3, 52.6, 5L8, 32.2, 31.3, 27.5, El.S,.ZO.?,

[00186). | RMENE AU A RIPTHFERBO ISR i BiSEabiy the giimp) FExtornal

6 radiation therapy is most common and involves directing a beam of high-energy
radiation to a tumor site through the skin using, for instance, a linear accelerator.
While the beam of radiation is localized to the tumor site, it is nearly impossible to
avoid exposure of normal, healthy tissue. However, external radiation is usually
well tolerated by animals. Internal radiation therapy involves implanting a radiation-
emitting source, such as beads, wires, pellets, capsules, particles, and the like, inside
the body at or near the tumor site including the use of delivery systems that
specifically target cancer cells (e.g., using particles attached to cancer cell binding
ligands). Such implants can be removed following treatment, or left in the body
inactive. Types of internal radiation therapy include, but are not limited to,
brachytherapy, interstitial irradiation, intracavity irradiation, radioimmunotherapy,
and the like.

[00187] The animal may optionally receive radiosensitizers (e.g., metronidazole,
misonidazole, intra-arterial Budr, intravenous iododeoxyuridine (IudR),
nitroimidazole,  5-substituted-4-nitroimidazoles, = 2H-isoindolediones, [[(2-
bromoethyl)-aminoJmethyl]-nitro-1H-imidazole-1-ethanol, nitroaniline derivatives,
DNA-affinic hypoxia selective cytotoxins, halogenated DNA ligand, 1,2,4
benzotriazine oxides, 2-nitroimidazole derivatives, fluorine-containing nitroazole
derivatives, benzamide, nicotinamide, acridine-intercalator, 5-thiotretrazole
derivative, 3-nitro-1,2,4-triazole, 4,5-dinitroimidazole derivative, hydroxylated
texaphrins, cisplatin, mitomycin, tiripazamine, nitrosourea, mercaptopurine,

methotrexate, fluorouracil, bleomycin, vincristine, carboplatin, epirubicin,
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SM-337 [00237]Analytical data for SM-337: 1IHNMR (300 MHz, CD30D,
TMS) 6 7.34-7.27 (m, I5H), 6.18-6.15 (d, J= 8.0 Hz, 1H), 4.60-4.57 (m, |

WQR0BABIA, | H), 4.12-4.07 (M, 1H), 3.99-3.82 (m, 4H), 3.50-BAERI049[0215

2.67 (s, 3/2H), 2.66 (s, 3/2H), 2.34 (m, 1H), 2.07-2.00 (m, 3H), 1.88-1.81

(m, Sp§ouBEsin 5o yclpphgsphiamide)); 13RAMNAR (75°KMPRSIESD30BscHtaxel,  heat
174 Grybbidi69,6,2H39. thel 432), 1 38eto fra dod? A 80128 HitddBike, aminoalkyl
127.8,62.7,58.3,54.2, 41.6, 33.3, 31,9, 28.2, 16.3. EXAMPLE 7 ,
[0028yagsHc AhasRAd RIS RRHORINR (300 KA2)-Ch3bDLTMgyé the like).
8.94r8.83 bhsdz 9 diRardd )ihé- B2 6 (M mbetd} €. Ok xRiGBriIe &I protect healthy
6.18-6.15 (d, J=7.9 Hz 1H‘) 4.60-4.57 (m, 1H), 4.31 (Ur, 1H), 4.02-3.76

(m, dispuostegn the haymbugsffscisiaf radiafign: 1), 2.11-1.82 (m, 5H),

(001681153 (Andtyp0 bizsadtRich3GNDAR (# Btz D IARN BnbT 3@ 1d7DaR  the dose
169.7,164.8, 161.5, 143.1, 132.5, 131.9, 129.6, 128.6, 128.1, 116.2, 62.7

58.40658ialign; i Pleraisd by (the ‘pafisny sy hoyh yreceepiaplppeggfive side-cffects.
[M+Nafthis6. 2962, orune 3R HRA inEl A PSE & SMh8DGonizing (clectromagnetic)
[00239]Analytical data for SM-356: IfINMR (300 MHz, CD30D, TMS) 6
8.93IPINGBY &G HE MY, 7 S8TYPH ) 1XH) 6 96-Boae (gl therapy (e,
6.18Bih (eholit fBrbiz rddibi&nd O-RRRilR rddidtidbik-AddhéMad HMiation comprising
4.40-4.28 (m, 1H), 4.15-3.91 (m, 4?%, 3.36 (m, 2H), 2.69 (s, 2H), 2,67 (s, .
1H), PRSI 20 pRotan, ey Navesyfficisn) cigeY fOsprpgue ippghony)e. gain or
13C1BYVIBF(d2duibi, @D 3Nibed 73, Xol é24mAI€012.5169770 589.dcbipgodated herein
134.&, 129.6, 128.4, 128.1, 120.1, 11%:2.0 104.1, 62.7, 58.4, 53,9, 34.]2, )
33.308794Crper oy s (M I hga i PloFINRLGE] €8Y Dk, [cast partially
foungbB612366y EXAMMLIRE. SMh3 7800 [00240MivalyiGatetatd fprfractionated for

SM-376: 11-INMR (3?0 MHz, CD30D TI\QS 6 8.50-8.43
maximal target cell exposure and reduced toxicity.

[00189] The total dose of radiation administered to an animal preferably is about .01

Gray (Gy) to about 100 Gy. More preferably, about 10 Gy to about 65 Gy (e.g.,
about 15 Gy, 20 Gy, 25 Gy, 30 Gy, 35 Gy, 40 Gy, 45 Gy, 50 Gy, 55 Gy, or 60 Gy)
are administered over the course of treatment. While in some embodiments a
complete dose of radiation can be administered over the course of one day, the total
dose is ideally fractionated and administered over several days. Desirably,
radiotherapy is administered over the course of at least about 3 days, e.g., at least 5,
7, 10, 14, 17, 21, 25, 28, 32, 35, 38, 42, 46, 52, or 56 days (about 1-8 weeks).
Accordingly, a daily dose of radiation will comprise approximately 1-5 Gy (e.g.,
about 1 Gy, 1.5 Gy, 1.8 Gy, 2 Gy, 2.5 Gy, 2.8 Gy, 3 Gy, 3.2 Gy, 3.5 Gy, 3.8 Gy, 4
Gy, 4.2 Gy, or 4.5 Gy), preferably 1-2 Gy (e.g., 1.5-2 Gy). The daily dose of
radiation should be sufficient to induce destruction of the targeted cells. If stretched
over a period, radiation preferably is not administered every day, thereby allowing
the animal to rest and the effects of the therapy to be realized. For example,
radiation desirably is administered on 5 consecutive days, and not administered on 2
days, for each week of treatment, thereby allowing 2 days of rest per week.
However, radiation can be administered 1 day/week, 2 days/week, 3 days/week, 4

days/week, 5 days/week, 6 days/week, or all 7 days/week, depending on the
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(m, 1H), 7.46-7.44 (m, 1H), 7.32-7.31 (m, 4H), 7.26-7.24 (m, 1H),

7.15-7.11 (m, 3H), 5.09 (m, 2H), 4.43 (m, 1H), 4.20(m, 1H), 4.01-3.92 (m,
WQRSAEYTE 42 (m, 1H), 2.83-2.81 (m, 2H), 2.70 (s, 1H), 2.68 PETAHH2008/060215

2.38-2,25 (m, 1H), 2.09-1.82 (m, 8H), 1.27-1.53 (d, J = 7.0 Hz, 3H); 13C

NMRIYTERMVHES PSP ess1 7 10y7 Bogented . sidecdfgctegghndialion thagmy can be

130.2:itl#498atl #8/ Qirkd 4D t1R2tReraBedtiodpridd -6 PrdterhbBL - Sa o3 Znitiated in
28.4,21.7, 16.4; HRMS: calcd. m/z f(z;ﬁ;CM+Na] 582.3056; found 582.3080.

EXAVASKE 20 ikaAnfos semiRsiRt frdhtarronanng Areafioied (apgherapeutic

MHZ,&BB0R o M@ I8, 50 ABHM, dtthikidkérdadth (Mockbl)-6-861F. 3L, 2-6 of a
2H), 7.15-7.01 (m, 5H), 5.09 (m, 2H), 4.43 (m, 1H), 4.38-4.28 (m, 1H),
4.12RTRRHI% RFido SORP A 26.82;921@1Eﬁh,ﬁzqqsl,ngz76>fsl,n§ﬁ§1,023%-szb@ tumor.

(M, Jbrdatidely3 2t R )isla@RrihiSBd id Wbl HZ5 3H)deks NMEBF @ Therapeutic
MHz, CD30D) 6 173.8, 173.5, 169.7, 169.3, 138.5, 132.5, 131.8,.

) 129.9,
126 BFriaGRypigngs svepksy ‘Bhese auegIpiay raghoshesppy g@minggration schedules

21. Tarkeri; i MISE dedeebvidt 2dQrmiiV Bl bl-&cde3dditfonind 578.3147.
EXAMPLE 11 SM-40 1 0 HCI 1002421Analytical data for SM-401: 11-1

18Rk (MeoRIATISERP N HISTEPTUS GHESBTYS rE SIS Vi ERFaBic aeents in

44610 p2dddnf iB3ciflor H)ARO 231 ke, cahl kil S K Bit L bb) 02hdA(Re ddbhauate the

2.74 (s, 3H), 2.34 (m, 1H), 2.16-1.78 (m, 5H), 1.54 (q
function of microbial organisms may be used, as we

1‘2115 any agent contemplated to
have such activities. Antimicrobial agents include, but are not limited to, natural
and synthetic antibiotics, antibodies, inhibitory proteins (e.g., defensins), antisense
nucleic acids, membrane disruptive agents and the like, used alone or in
combination. Indeed, any type of antibiotic may be used including, but not limited
to, antibacterial agents, antiviral agents, antifungal agents, and the like.

[00191] In some embodiments of the present invention, a compound of Formulae [-X
and one or more therapeutic agents or anticancer agents are administered to an
animal under one or more of the following conditions: at different periodicities, at
different durations, at different concentrations, by different administration routes, in
a single composition, in separate compositions, etc. In some embodiments, the
compound is administered prior to the therapeutic or anticancer agent, e.g., 0.5, 1, 2,
3,4,5,10, 12, or 18 hours, 1, 2, 3, 4, 5, or 6 days, 1, 2, 3, or 4 weeks prior to the
administration of the therapeutic or anticancer agent. In some embodiments, the
compound is administered after the therapeutic or anticancer agent, e.g., 0.5, 1, 2, 3,
4, 5, 10, 12, or 18 hours, 1, 2, 3, 4, 5, or 6 days, 1, 2, 3, or 4 weeks after the
administration of the anticancer agent. In some embodiments, the compound and
the therapeutic or anticancer agent are administered concurrently but on different
schedules, e.g., the compound is administered daily while the therapeutic or
anticancer agent is administered once a week, once every two weeks, once every
three weeks, or once every four weeks. In other embodiments, the compound is

administered once a week while the therapeutic or anticancer agent is administered
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= 6.3 Hz, 3H). 13C NMR (MeOH-d4, 300 M Hz) 6 173.2, 168.8, 168.5,

164.0, 160.8, - 106- 135.3, 129.4, 129.2, 128.8, 126.9, 115.3, 115.0, 62.0,
W‘B[@P’SY@@}B?.L 53.2, 53.0, 42.9, 42.3, 40.7, 32.5, 31.3, 27.5, RE&1AUS2008/060215

EXAMPLE 12 SM-402 [00243]Analytical data for SM-402: 11-1 NMR

(McORil4 0880 AP EPBEEIRTY 1Y P aBtn PR cve2thsse 4kpeks, or once every

4 526443 (0s2H), 4.35-4.29 (m, 2H), 4.08-3.80 (m, 6H), 3.54 (m, 1H),

3.38 (m, IH), 2.70 (s, 3H), 2.33 (m, IH), 2.13-1.82 (m, 5H), 1.54 (d,=6.9
[00492k). ~cLampesNiedH WthisothaseRnss A 748, pyongiofsingudgaly compositions

164 4hd9nlthd 3bmpdutliQof . Brebént Inviehidh G BomiAide®?nJndandunt which is
39.6, 32.4, 31.3, 30,9, 27.3, 15.3 EXAMPLE 13 SM-403 [00244]Analytical

data*forEVE 483 PENIRIARIVABINNGEd 308TRPISz) 6 WEYSr Mdpsidunly) needs vary,

7.084¢:Oeniiht b Jo O okrifth] Jarfedd dHoFfd@ve (BindiRls HO80M .cdthohdf is within
(m, 1H), 4.02-3.66 (m, 6H), 3.59-3.54 (m, 1H), 2.66 (s, 3H),.2.33 (m,

| 1H),
2. 11thegilpbtboad 1 Denirabe e smbon ey hinagppn t.%fgd((a? m@%mals, c.g.

6.6 Ignah; L3QINMR (MS0HU.0808 W 196) 16173 e Hi2chukadeBt 46Bdnt of the

164.2, , :
pharmaceutically acceptable salt thereof, per day of the body weight of the mammal

being treated for disorders responsive to induction of apoptosis. For example, about
0.01 to about 25 mg/kg is orally administered to treat, ameliorate, or prevent such
disorders. For intramuscular injection, the dose is generally about one-half of the
oral dose. For example, a suitable intramuscular dose would be about 0.0025 to
about 25 mg/kg, ¢.g., from about 0.01 to about 5 mg/kg.

[00193] The unit oral dose may comprise from about 0.01 to about 1000 mg, ¢.g.,
about 0.1 to about 100 mg of the compound. The unit dose may be administered one
or more times daily as one or more tablets or capsules each containing from about
0.1 to about 10, conveniently about 0.25 to 50 mg of the compound or its solvates.

[00194] In a topical formulation, the compound may be present at a concentration of
about 0.01 to 100 mg per gram of carrier. In one embodiment, the compound is
present at a concentration of about 0.07-1.0 mg/ml, ¢.g., about 0.1-0.5 mg/ml, e.g.,
about 0.4 mg/ml.

[00195] In addition to administering the compound as a raw chemical, the
compounds of the invention may be administered as part of a pharmaceutical
preparation containing suitable pharmaceutically acceptable carriers comprising
excipients and auxiliaries which facilitate processing of the compounds into
preparations which can be used pharmaceutically. Preferably, the preparations,
particularly those preparations which can be administered orally or topically and
which can be used for the preferred type of administration, such as tablets, dragees,
slow release lozenges and capsules, mouth rinses and mouth washes, gels, liquid
suspensions, hair rinses, hair gels, shampoos and also preparations which can be
administered rectally, such as suppositories, as well as suitable solutions for

administration by intravenous infusion, injection, topically or orally, contain from

-87 -



160.9, 138.1, 135.3, 129.8, 129.7, 129.6, 129.5, 129.4, 129.0,
128.7,128.6,126.9, 115.6, 115.3, 115.0, 72.6, 61.9, 57.3, 56.2, 53.1, 47.0,
WQ-@QB{?/@Q,I31.5, 31.1, 27.4, 15.5. PCT/US2008/060215

about 0.01 to 99 percent, ¢.g., from about 0.25 to 75 percent of active compound(s),
together with the excipient.

[00196] The pharmaceutical compositions of the invention may be administered to
any animal which may experience the beneficial effects of the compounds of the
invention. Foremost among such animals are mammals, ¢.g., humans, although the
invention is not intended to be so limited. Other animals include veterinary animals
(cows, sheep, pigs, horses, dogs, cats and the like).

[00197] The compounds and pharmaceutical compositions thercof may be
administered by any means that achieve their intended purpose. For example,
administration may be by parenteral, subcutancous, intravenous, intramuscular,
intraperitoneal, transdermal, buccal, intrathecal, intracranial, intranasal or topical
routes. Alternatively, or concurrently, administration may be by the oral route. The
dosage administered will be dependent upon the age, health, and weight of the
recipient, kind of concurrent treatment, if any, frequency of treatment, and the nature
of the effect desired.

[00198] The pharmaceutical preparations of the present invention are manufactured
in a manner which is itself known, for example, by means of conventional mixing,
granulating, dragee-making, dissolving, or lyophilizing processes. Thus,
pharmaceutical preparations for oral use can be obtained by combining the active
compounds with solid excipients, optionally grinding the resulting mixture and
processing the mixture of granules, after adding suitable auxiliaries, if desired or
necessary, to obtain tablets or dragee cores.

[00199] Suitable excipients are, in particular, fillers such as saccharides, for example
lactose or sucrose, mannitol or sorbitol, cellulose preparations and/or calcium
phosphates, for example tricalcium phosphate or calcium hydrogen phosphate, as
well as binders such as starch paste, using, for example, maize starch, wheat starch,
rice  starch, potato  starch, gelatin, tragacanth, methyl cellulose,
hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and/or polyvinyl
pyrrolidone. If desired, disintegrating agents may be added such as the above-
mentioned starches and also carboxymethyl-starch, cross-linked polyvinyl
pyrrolidone, agar, or alginic acid or a salt thereof, such as sodium alginate.
Auxiliaries are, above all, flow-regulating agents and lubricants, for example, silica,

talc, stearic acid or salts thercof, such as magnesium stearate or calcium stearate,
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EXAMPLE 14 [00245]Analytical data for SM-404: 11-1 NMR (McOH-d4,

300 M Hz) 6 7.37-7.25 (m, 6H), 7.11-6.91 (m, 6H), 6.15 (d, .1 = 7.5, 1H),
WQ2988(38171), 4.54 (m, 1H), 4.30 (m, 1H), 4.02-3.60 (m, 6H), BGH/{fR0084)60215

2.94 (m, 2H), 2.72 (s, 3H), 2.23 (m ,1H), 2.11-1.80 (m, 5H), 1.53 (d, J = ,

6.6 ABIBEROLRtKIRAR ghEdH A 280 6VFHF rpyided 1ith suifelle coatings which,

1684, deBFet, 160 BsikhGtolhtic3tbds. 1P8ohirHuPpdsed &ntéPtfted saccharide
129.5,115.6, 115.3, 115.1,115.0,114.0, 71.5, _ _ _
solutions may be used, which may optionally contain gum arabic, talc, polyvinyl

pyrrolidone, polyethylene glycol and/or titanium dioxide, lacquer solutions and
suitable organic solvents or solvent mixtures. In order to produce coatings resistant
to gastric juices, solutions of suitable cellulose preparations such as acetylcellulose
phthalate or hydroxypropylmethyl-cellulose phthalate, are used. Dye stuffs or
pigments may be added to the tablets or dragee coatings, for example, for
identification or in order to characterize combinations of active compound doses.

[00200] Other pharmaceutical preparations which can be used orally include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a
plasticizer such as glycerol or sorbitol. The push-fit capsules can contain the active
compounds in the form of granules which may be mixed with fillers such as lactose,
binders such as starches, and/or lubricants such as talc or magnesium stearate and,
optionally, stabilizers. In soft capsules, the active compounds are preferably
dissolved or suspended in suitable liquids, such as fatty oils, or liquid paraffin. In
addition, stabilizers may be added.

[00201] Possible pharmaceutical preparations which can be used rectally include, for
example, suppositories, which consist of a combination of one or more of the active
compounds with a suppository base. Suitable suppository bases are, for example,
natural or synthetic triglycerides, or paraffin hydrocarbons. In addition, it is also
possible to use gelatin rectal capsules which consist of a combination of the active
compounds with a base. Possible base materials include, for example, liquid
triglycerides, polyethylene glycols, or paraffin hydrocarbons.

[00202] Suitable formulations for parenteral administration include aqueous solutions
of the active compounds in water-soluble form, for example, water-soluble salts and
alkaline solutions. In addition, suspensions of the active compounds as appropriate
oily injection suspensions may be administered. Suitable lipophilic solvents or
vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid esters, for
example, ethyl oleate or triglycerides or polyethylene glycol-400. Aqueous injection
suspensions may contain substances which increase the viscosity of the suspension
include, for example, sodium carboxymethyl cellulose, sorbitol, and/or dextran.

Optionally, the suspension may also contain stabilizers.
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67.2,57.4,56.0, 55.9, 52.8, 51.7, 35.0, 32.3, 31.5, 31.1, 30.7, 27.4, 15.4.

EXAMPLE 15 SM-405 [00246]Analytical data for SM-405:11-INMR
WOQNIBHAZE1300 M Hz) 6 7.40-7.25 (m, 10H), 6.15 (s, 1H ), 4.FCH/E820/8/060215

1H), 4.28-4.22 (m, IH), 4.00-3.95 (m, 2H), 3.86- - 108- 3.81 (m, 1H) ,
1002933 66 (HharppsssempeHHoNs Py inventian e formplatedpyeterably as oils,

2.68c2eirhid Mo bk, 2303 (i 25 ’li%él-ﬁyleﬁai@@ o?'ﬁ'ﬂpﬂoﬁﬁale%’&&%rs. Suitable
4H), 1.52 (d, J = 7.2 Hz, 3H). -13C NMR (MeOH-d4, 300 M Hzé 6176.1

172 9168 dnglydes veasseblo o5 musml pils,gwhise petyolgtym pwhite) softgparaftin),

127 Brahéiled, chdih Fa k2t 2iR 1 dhivdab g shPRidh Ibcafu’ wdight dchol (greater

32.2,31.4,31.0, 27.4, 24.9, 15.3. EXAMPLE 16 SM-406 . . o
than C12). The preferred carriers are those in which the active ingredient is soluble.

Emulsifiers, stabilizers, humectants and antioxidants may also be included as well as
agents imparting color or fragrance, if desired.  Additionally, transdermal
penetration enhancers can be employed in these topical formulations. Examples of
such enhancers can be found in U.S. Pat. Nos. 3,989,816 and 4,444,762.

[00204] Creams are preferably formulated from a mixture of mineral oil, self-
emulsifying beeswax and water in which mixture the active ingredient, dissolved in
a small amount of an oil such as almond oil, is admixed. A typical example of such
a cream is one which includes about 40 parts water, about 20 parts beeswax, about
40 parts mineral oil and about 1 part almond oil.

[00205] Ointments may be formulated by mixing a solution of the active ingredient in
a vegetable oil such as almond oil with warm soft paraffin and allowing the mixture
to cool. A typical example of such an ointment is one which includes about 30%
almond oil and about 70% white soft paraffin by weight.

[00206] Lotions may be conveniently prepared by dissolving the active ingredient, in
a suitable high molecular weight alcohol such as propylene glycol or polyethylene
glycol.

[00207] The following examples are illustrative, but not limiting, of the method and
compositions of the present invention. Other suitable modifications and adaptations
of the variety of conditions and parameters normally encountered in clinical therapy

and which are obvious to those skilled in the art are within the spirit and scope of the

invention.
EXAMPLE 1
Synthesis of Covalently Constrained Smac Mimetics
[00208] General Methods: NMR spectra were acquired at a proton frequency of 300

MHz. 'H chemical shifts are reported with Me,Si (0.00 ppm), CHCl; (7.26 ppm),
CD,HOD (3.31 ppm), or DHO (4.79 ppm) as internal standards. *C chemical shifts
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[00247]Analytical data for SM-406: -LH NMR (MeOH-d4, 300 M Hz) 6

7.38-7.25 (m, 10H), 6.14 (d, J= 7.5 Hz, IH), 4.62-4.56 (m, IH), 4.30-4.25
WQRP0BHIBHD5-3.96 (M, 2H), 3.87-3.49 (m, 4H), 2.72(s, 3H), 2 RGT(K5200$/060215

2.37-2.32(m, IH), 2J5-2.00 (m, 5H), 1.84-1.8(%ém, 1&&, 1.56 (d, .1 =5.4

Hz, 8F9)repoetnV B, R28E AR MRIDM-(d2:QBd 41 - My pemzsty | frdiaxane (67.16

168 8y hp8s3intdhed sttt dndd 30ptikaRBtatidRsl whed HedwPed, L Bofhm 4érdherature.
127.7,127.5,127.2,61.8, 57.4, 57.3, 53.2, 41.738.6, 37.2, '
Compounds of the mvention may be purified by reverse phase HPLC (0.1% TFA in

water and 0.1% TFA in acetonitrile as the eluent) and isolated as the TFA salt.

General procedure A (condensation between carboxylic acid and amine):

[00209] To a solution of the two substrates in CH,Cl, (20 mg/mL for the minor
substrate) was added EDC (1.1 eq per amino group), HOBt (1.1 eq per amino group)
and N,N-diisopropylethyl amine (4 eq per amino group) at 0 °C with stirring. The
mixture was stirred at room temperature for eight hours and then concentrated. The

residue was purified by chromatography to give the product.
General procedure B (deprotection of Boc):
[00210] To a solution of the substrate in methanol (20 mg/mL) was added a solution

of HCl in 1,4-dioxane (4 M, 10-20 eq per Boc). The solution was stirred at room

temperature overnight and then condensed to give the product.

EXAMPLE 2

Synthesis of Smac Mimetic Intermediates

[00211] Intermediates in the synthetic pathway for conformationally constrained

Smac mimetics may be synthesized using methodology described in Schemes 1-7.

Scheme 1
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32.2,31.4,31.0,27.4, 26.3, 22.0, 15.3. EXAMPLE 17 SM-407 WO
2008/128171PCT/US2008/060215 1002481Analytical data for SM-407:

WO RPNV eOH-d4, 300 M Hz) 6 7.31-7.27 (m, 12H), 6.94 (nPCHASHA84060215
(m,1H), 4.82-4.70 (m, 1H), 4.53 (m, 1H), 4.09-3.58 (m, 5H), 3.36 (m, 1H),
3.05-2.72 (m, 4H), 2.71 (s, 3H), 2.3Q (m, 1H), 2.05-1.81 (W&@oom

- N
SH, Nl MR (Me0b-d4, 300 z 1239, 17253, 1694
H Boc CbzHN O
1 2 NHBoc 3
) ONQ‘COOMe . HN%
—_— —_— N
CbzHN @]
COOMe
NHBoc BocHN 9]
4 \ 5
d 72
N e
N
BocHN: SO: COOMe
enamine intermediate
; HO\/\,\N"Q‘COOMG g HN
3 —- —_— N
CbzHN 0] BocHN O COOMe
NHBoc
6 N / 7
h i
/
N
N
BocHN? o COOMe

enamine intermediate

Reagents and conditions: (a)i. 4 N HCl in 1,4-dioxane, methanol; ii. Boc-Dap(Z)-OH, EDC, HOB,
N,N-diisopropylethylamine, CH-Cl,, 52% over two steps; (b) Oz, then PPhs, CH,Cl,, 90%; (c) Ho, 10%
Pd-C, i-PrOH, 41%; (d) H,, 10% Pd-C, i-PrOH; (e) NaBH(OAc)3, THF; (f) 9-BBN (2 eq), THF, reflux,
12h, then 3 N NaCH (2 eq), 35% H,0, (2.5 eq), 0 °C - rt, 85%; (f) i. Dess-Martin periodinane, CH,Cl,; ii.
H,, 10% Pd-C, i-PrOH, 50% over two steps; (h) Hy, 10% Pd-C, i-PrOH; (i) NaBH(OAc)3, THF.

[00212] The synthesis of intermediates 5 and 7 is shown in Scheme 1. Compound 2
may be prepared in five steps from pyroglutamic acid 1 according to reported
methods (see: (1) Zhang, J.; Xiong, C.; Wang, W.; Ying, J.; Hruby, V., J. Org. Lett.,
2002, 4 (23), 4029-4032, (2) Polyak, F. and Lubell, W. D. J. Org, Chem. 1998, 63,
5937-5949, and (3) Tetrahedron Letters 2005, 46, 945-947.) as a mixture of two
diastereoisomers with the R form isomer as the major product (ratio is about 4:1).
Removal of the Boc group in 2 followed by condensation with N-o-(zert-

butoxylcarbonyl)-N-B-(benzoxylcarbonyl)-L-diamino-propionic acid (Boc-Dap(Z)-
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168.5, 163.5, 160.2, 142.3, 142.1, 137.5,132.9,132.2, 130.8, 130.6, 129.0,
128.6, 127.7,127.5, 127.3, 115.2, 114.9, 61.9, 57.6, 57.2, 53.1, 52.9,
WQRI8S/BB 17135 3. 34.9, PCT/US2008/060215

OH) gave amide 3. Ozone oxidation of the C-C double bond in 3 yielded aldehyde 4.
Cleavage of the Cbz group in 4, intramolecular condensation of the resulting amine
with the aldehyde group and subsequent reduction of the enamine were realized in
one pot to give compound 5 under prolonged reaction times. Alternatively,
deprotection of the CBz group of 4, intramolecular cyclization, isolation of the
enamine intermediate and reduction provides 5. In this transformation only
compound 5 was obtained and there was no detectable formation of its isomer,
suggesting that the amino aldehyde from the minor isomer does not cyclize under
these conditions.

[00213] To a solution of compound 2 (540 mg, 2 mmol) in 20 mL of methanol was
added 4 mL of a solution of 4 N HCI in 1,4-dioxane. The solution was stirred at
room temperature overnight and then concentrated to give an ammonium salt. To a
mixture of this salt in 15 mL of dichloromethane were added 1.17 g (2.4 eq) of Boc-
Dap(Z)-OH-DCHA, 460 mg (2.4 mmol) of EDC, 320 mg (2.4 mmol) of HOBt, and
3 mL of N,N-diisopropylethyl amine. The mixture was stirred at room temperature
overnight and then condensed. The residue was purified by chromatography to
afford compound 3 (YP-348) (580 mg, 59%). '"H NMR (300 MHz, CDCls, TMS)
(major isomer) 6 7.34-7.28 (m, 5H), 5.80-5.77 (m, 1H), 5.59 (m, 1H), 5.36-5.33 (d, J
=10.0 Hz, 2H), 5.19-5.01 (m, 4H), 4.67-4.62 (m, 1H), 4.47-4.44 (m, 1H), 3.76-3.74
(s, 1H), 3.74-3.71 (s, 2H), 2.32-2.30 (m, 1H), 2.16-2.12 (m, 1H), 1.99-1.95 (m, 2H),
1.42 (s, 9H); *C NMR (75 MHz, CDCl5) & 172.4, 170.5, 156.5, 155.2, 136.4, 134.6,
133.8, 128.3,127.9, 118.5, 117.1, 80.0, 66.6, 59.7, 58.2, 52.6, 43.4, 29.2, 28.1, 26.6.

[00214] O; was bubbled through a solution of compound 3 (490 mg, 1 mmol) in 20
mL of CH,CI, at -78 °C until the color turned to pale blue. Oz was bubbled for 15
min more before air was bubbled to get rid of excessive O;. After adding 3 mL of
Ets;N, the mixture was warmed to room temperature and stirred for 1h. The solvent
was evaporated and the residue was purified by chromatography to give aldehyde 4
(YP-367) (340 mg, 69%). 'H NMR (300 MHz, CDCl;, TMS) (major isomer) &
9.78-9.67 (m, 1H), 7.53-7.32 (m, 5H), 5.44 (s, 1/2 H), 5.32 (s, 1/2 H), 5.15-5.06 (m,
2H), 4.64 (m, 1H), 4.40-4.39 (m, 1H), 3.78-3.76 (s, 3/2 H), 3.76-3.74 (s, 3/2H),
3.48-3.42 (m, 3H), 2.78-2.52 (m, 1H), 2.40-2.20 (m, 1H), 2.16 (m, 2H), 2.06-1.89
(m, 1H), 1.44-1.43 (m, 9H); “C NMR (75 MHz, CDCls) 3 200.3, 199.5, 172.6,
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32.4, 31.6, 30.8, 27.5, 15.8. EXAMPLE 18 SM-408 1002491Analytical

data for SM-408: 'H NMR (MeOH-d4, 300 M Hz) 37.35-7.16 (m, 15H), 6.18
WQR0BH3ISHB2-4.70 (m, 1H), 4.53 (m, 1H), 4.09-3.58 (m, 5H), BGHYR0684p0215

3.10 (7m, 1H), 2.98ét J=6.0Hz, 2H), 2.75 (m 1:2 2.72 (s, 3H), 2.30 (m

IH), 278524 B0 ¢ 18049, 1186 4m! Zi6: 13ENOR/MAGH-Fal 386 W 2-$652.3. 484,

174.83 3729%,10890218.5, 142.3, 141.8, 132.9, 132.1, 129.1, 128.9,

128.7,128.5, 127.7, 127.6, 127.3, ' '
[00215] To a solution of compound 4 (290 mg, 0.6 mmol) in 20 mL of isopropanol

was added 0.2 g of 10% Pd/C. The mixture was stirred at room temperature under
H; overnight, filtered through celite and concentrated. The residue was dissolved in
dry THF. To this solution was added NaBH(OAc); (380 mg, 1.8 mmol). The
mixture was stirred at room temperature overnight, diluted with CH,Cl,, washed
with brine, dried over Na,SO4 and concentrated. The residue was purified by
chromatography to give compound 5 (72 mg, 35%). [a] *°p —30.2 (c = 1.7, CHCl»);
'H NMR (300 MHz, CDCl;, TMS) & 5.45 (brd, J = 8.0 Hz, 1H), 4.67 (m, 1H), 4.52
(t,J=9.0 Hz, 1H), 4.23 (m, 1H), 3.74 (s, 3H), 3.20 (m, 2H), 2.94 (m, 1H), 2.74 (dd,
J=13.6,10.9 Hz, 1), 2.35 (m, 1H), 2.14 (m, 1H), 1.99 (m, 1H), 1.86-1.74 (m, 3H),
1.66 (m, 1H), 1.43 (brs, 9H); 13C NMR (75 MHz, CDCI3, TMS) & 173.42, 170.60,
155.16, 79.68, 59.46, 58.39, 54.92, 52.44, 46.72, 37.45, 32.15, 29.64, 28.29, 26.98.

[00216] Hydroboration of the C-C double bond in 3 with 9-BBN followed by alkaline
oxidation of the resulted borane afforded alcohol 6. Oxidation of 6 with Dess-Martin
periodinane furnished a mixture of two aldehydes, which was cyclized in the same
procedure as that for compound 5 to give compound 7. Similar to 5, during this
transformation only one isomer was obtained.

[00217] Analytical data for compound 7: [a] *’p — 23.2 (¢ = 1.0, CHCls); '"H NMR
(300 MHz, CDCl3, TMS) & 5.23 (brd, J = 8.0 Hz, 1H), 4.79 (m, 1H), 4.65 (dd, J =
9.7, 8.2 Hz), 4.22 (m, 1H), 3.74 (s, 3H), 3.02-2.80 (m, 4H), 2.38-1.70 (m, 9H), 1.43
(brs, 9H); *C NMR (75 MHz, CDClsz, TMS) & 173.38, 171.59, 155.09, 79.68, 62.03,
59.82, 53.72, 53.15, 52.48, 50.09, 34.66, 34.55, 29.47, 28.31, 27.33.

Scheme 2
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126.2, 61.8, 57.4,57.2, 52.8, 46.6, 34.9, 32.3, 31.7, 30.9, 27.5, 15.4.
EXAMPLE 19 SM-409 WO 2008/128171PCT/US2008/060215

WQ ay3538 Whalytical data for SM-409: 1H NMR (MeOH-d4, 300 TA#32808/060215
7.37-7.26 (m, 10H), 6.16 (s, 1H), 4.60 (m, 1H), 4.26 (I, 1H), 4.06-3.92 (m,

2H), 3.80 (m, 1H), 3.68-3.35 (m, 2H), 2.72 (§3rN, 2.5 2H), 2.30 (m,
1H), 2.05-1.81 (m, 5H), 1.64 (q, J = 7.5 Hz, 2H), 1.56 (

6.6 Hz, 3H),
0.96 (t, J = 7.5 Hz, 3H), 13C NMR (MeOH-d4, 300 7) XI5, 172.3,
168.7, 168.5, 142.2,142.1,132.9, 132.8, BocHN O

HN YP-248P
N —>

) Q( 0]
BocHN 0O COOMe
5 N

BocHN o COOMe

N

amide intermediate

[00218] Analytical data for YP-248P: 'H NMR shows that this compound has two
rotamers with a ratio of 2:1. 'H NMR (300 MHz, CDCls, TMS) & 7.47-7.44 (m,
1H), 7.38-7.32 (m, 4H), 5.65-5.62 (d, J = 8 Hz, 1H), 5.31-5.16 (m, 2H), 4.64-4.60
(m, 1H), 4.51-4.46 (t, J = 8 Hz, 1H), 4.24-4.23 (m, 1H), 4.23-4.21 (m, 1H), 3.75 (s,
1H), 3.73 (s, 2H), 3.66-3.63 (m, 1H), 3.63-3.61 (m, 1H), 3.61-3.31 (m, 1H), 2.36-
2.34 (m, 1H), 2.11-1.76 (m, 6H), 1.44-1.45 (s, 9H).

[00219] Analytical data for amide intermediate: 'H NMR (300 MHz, CDCl;, TMS) 3
5.79 (brd, J = 7.0 Hz, 1H), 4.50-4.35 (m, 2H), 4.05 (m, 1H), 3.98-3.85 (m, 2H), 3.70
(s, 3H), 3.32-3.04 (m, 2H), 2.54 (m, 1H), 2.40-2.26 (m, 2H), 2.25-1.60 (m, 6H), 1.39
(s, 9H), 0.98-0.89 (m, 6H); *C NMR (75 MHz, CDCls) & 173.12, 172.52, 168.85,
154.69, 79.80, 59.51, 56.11, 54.38, 53.51, 52.23, 46.18, 42.02, 32.51, 31.12, 28.12,
26.54, 25.81, 22.69, 22.40.

Scheme 3
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132.2,132.0, 129.1, 129.0, 128.7, 128.4, 127.7, 127.3, 61.8, 57.4, 57.3,
53.0, 46.9, 35.3, 34.9, 32.4, 31.4, 30.9, 27.3, 18.9, 15.4, 13.3.

WQEIANIR]IELI20 j-vi PCT/US2008/060215
HO/\/Q\COOt—Bu — TBSO/\/?\COOLBU —_—
Bn YP-237P
/FQ‘COOPBU /rQ‘COOt-Bu HN
HO /_H%o — > 7 /_A — N
0
CbzHN  NHCbz CbzHN  NHCbz BocHN o COOtBu
YP-238P YP-239 YP-239P
Cbz\N
— > N

BocHN O COOMe

YP-248P

[00220] Analytical data for YP-237P: [a] *p -21.5° (¢ = 1.0, CHCl3); '"H NMR (300
MHz, CDCls;, TMS) & 3.71 (t, J = 6.5 Hz, 3H), 3.60 (dd, J = 9.0, 5.4 Hz, 1H), 3.11
(m, 1H), 2.05 (m, 1H), 1.95-1.63 (m, 3H), 1.46 (s, 9H), 1.25 (m, 1H), 0.89 (s, 9H),
0.05 (s, 6H); “C NMR (75 MHz, CDCls) 3 174.5, 80.8, 61.5, 60.6, 57.5, 38.8, 31.8,
30.4, 28.0, 25.9, 182, -5.4; HRMS: calecd. m/z for [M+H] 330.2464; found
330.2466.

[00221] Analytical data for YP-238P: [o] *°p -90.0° (¢ = 1.67, CHCL;); 'H NMR
shows this compound has two rotamers with a ratio of 1:1. 'H NMR (300 MHz,
CDCl3, TMS) 8 7.28 (m, 5H), 5.59 (m,1H), 5.35 (m, 1H), 5.20-5.05 (m, 2H), 4.85
(m, % H), 4.65 (m, % H), 4.46 (m, 1H), 4.35 (m, 1H), 3.80 (m, % H), 3.70-3.50 (m,
2H), 3.40 (m, 1H), 3.25 (m, % H), 2.32 (m, 1H), 2.20-1.50 (m, 4H), 1.46 (s, 4.5H),
1.44 (s, 4.5H), 1.43 (s, 4.5H), 1.41 (s, 4.5H); HRMS: calcd m/z 558.2791 for
[M+Na]'; found 558.2794.

[00222] Analytical data for YP-239: [a] *° -51.6° (¢ = 1.67, CHCL;); "H NMR shows
that this compound has two rotamers with a ratio of 2:1. 'H NMR (300 MHz,
CDCls, TMS) & 9.76 (s, 2/3 H), 9.71 (s, 1/3 H), 7.40-7.28 (m, 5H), 5.72-5.30 (m,
2H), 5.20-4.95 (m, 2H), 4.90-4.25 (m, 3H), 3.52-3.05 (m, 3H), 2.90-1.60 (m, 4H),
1.50-1.35 (m, 18H); HRMS: calcd m/z 556.2635 for [M+Na]"; found 556.2629.

[00223] Analytical data for YP-239P: [a] % -8.4° (¢ = 0.65, CHCLs); 'H NMR (300
MHz, CDCls;, TMS) & 5.49 (brd, J = 8.1 Hz, 1H), 4.70 (m, 1H), 4.41 (t, J = 9.3 Hz,

1H), 4.30 (m, 1H), 3.25-3.18 (m, 2H), 2.89 (m, 1H), 2.75 (dd, J = 13.5, 11.1 Hz,
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SM-207 Reagents and conditions: i. phenylacetic acid, EDC, HOBt,

N,Ndiisopropylethylamine, CH2C12; ii. 3N LiOH, 1,4-dioxane, then 1 N
WQeP8/1284ihodiphenylmethane, EDC, HOBt, N,N-diisopropylethjiAIPAHes/060215

CH2C12; iv. 4N HCl in 1,4-dioxane, v. N-Boc-N-methyl alanine, EDC,

HOBYN, KetlidBhroptethlfahfifelr 19581 2:A%. GNOHE! 4 43didldineC NMR (75

62%0\Mer sipstiepPs. HO0ZSTACANdeNsation of Y Jvith Bheryasetc 3sid 46.9, 37.5,

followed by hydrolysis of the methyl ester gave an acid which was

condinbelb aitR o HRHEN TARHAE TIAA0A S SR RARh VBB AR 2317

Boc protecting group in this amide provided an ammonium salt.

Condensation of this salt with N-Boc-N-methyl-alanine followed by

removal of the Boc protecting group $OFfiSed SH-207. SM-207 WO

2008/128171PCT/US2008/060215 1002521 Analytical data for SM-207:

MHz, D20) 6 7.22-6.80 gm, 15H) 5.95 (s, 1H), 4.75 (m, 1H),
4.3§*€ﬁw‘,|\1H), M8-R.45 (m, 5H), 3.4529%5((m, 3 67 (s, 3H), 2.12-0.80

(m, 11H)L13C (75 MHz, D38) 6 174.07, 17R.09,170.94, __ g
169.24,142-:0%141 %1.68, 134.86, 129.32:428.18 128 99.127.76,
127BacHN 92 B1.13. 5857, 57.31, 4B@HN O 2
YP-248P YP-244
Cbz\N HN
Boc O N e ch)?\ RN
E :
= YP-244P2 YP-245
Cbz~ Chz~
N —_— ) \(N —
CONH
BocHN © COOMe BocHN 0
YP-248P YP-370

- N o CONH N oY ConH
z H z H
YP-372 YP-373
[00224] Analytical data for YP-244: "H NMR (300 MHz, CDCls, TMS) § 7.92-7.75

(m, 1H), 7.48-7.46 (m, 1H), 7.37-7.24 (m, 15H), 6.24-6.18 (t, J = 8.3 Hz, 1H), 5.76-
570 (t, J= 7.3 Hz, 1H), 5.15 (s, 2H), 4.70-4.65 (m, 1H), 4.57-4.54 (m, 1H), 4.15-
4.10 (m, 2H), 3.60-3.40 (m, 1H), 2.67-2.61 (m, 2H), 2.12-2.01 (m, 2H), 1.82-1.76
(m, 2H), 1.48-1.47 (s, 9H).
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49.21, 49.05, 4L46, 3L44, 18.06, 15.73, 15.62. EXAMPLE 21 SM-412
[00253]Analytical data for SM-412: 11-1 NMR (MeOH-d4, 300 M Hz) 6
WEW9(81H), 7.41-7.26 (m, 10H), 6.06 (m, IH), 4.56-4.43 (m, BEF/US0P§H021S

%%399376(m 4H), 358347%@) Hh332(m 1H), 2.72 (m, 3H),
002251 g0 (AnaHfycal datriorsMiP-24H Rev kﬂ%ﬁﬁh@wssf@etmﬁfpmmw has two

169.g5th8ed whiithal rkR3 & 180-2HlARR 19660MEES. CDEE; ZFM%Z @ 7 83 7.69 (m,
127.7,127.5,127.3, 116.3, 62,2, 58.0, 578 53.5, 50.3, 46.4, 37.3

20. 81@, d: ATAECEAB)E 39-doAm 19b, 6.24-6.18 (1, J = 8.2 Hz 1H) 5.15 (s,
200&/1112&ﬂzsia%/@sa@gsm@m@kqozwemm data-foo P43, 3.60-3.47

1 N'1VIH|§ (2M8e20g d3‘}23}(1))0 Wgz()s 3/2 H)( 3.62-2.59 (m, 2H), 2.48-2.30 (m, 1H), 2.13-
2.03 (m, 2H), 1.86-1.79 (m, 2H), 1.51 (s, 9/2 H), 1.49 (s, 9/2 H), 1.38-1.35 (d, J =
7.0 Hz, 3H).

[00226] Analytical data for YP-245: '"H NMR (300 MHz, CDCls, TMS) 3 9.09-9.07
(d, /J=7.2 Hz, 1H), 7.32-7.18 (m, 10H), 6.99-6.80 (br, 1H), 6.23-6.20 (d, /= 7.3 Hz,
1H), 5.08-5.04 (m, 1H), 4.72-4.67 (t, J = 8.5 Hz, 1H), 4.33-4.18 (m, 1H), 307-2.94
(m, 1H), 2.80 (s, 3H), 2.73-2.54 (m, 1H), 2.53-2.38 (m, 1H), 2.31-2.24 (t, /=11 Hz,
1H), 2.18-2.00 (m, 2H), 1.75-1.74 (m, 2H), 1.53 (s, 9H), 1.35-1.26 (d, J = 7.1 Hz,
3H).

[00227] Analytical data for YP-370: '"H NMR (300 MHz, CDCls, TMS) & 7.60-7.05
(m, 9H), 5.78-5.50 (m, 1H), 5.20-5.11 (m, 2H), 4.65-4.30 (m, 2H), 4.28-4.22 (m,
1H), 3.60-3.48 (m, 1H), 3.42-3.38 (m, 1H), 2.93-2.68 (m, 2H), 2.58-2.40 (m, 1H),
2.28-1.98 (m, 4H), 1.98-1.70 (m, 6H), 1.44 (s, 9H).

[00228] Analytical data for YP-372: '"H NMR shows that this compound has two
rotamers with a ratio of 1:1. 'H NMR (300 MHz, CDCl;, TMS) & 7.45 (m, 1H),
7.36-7.10 (m, 9H), 6.72-6.58 (m, 1H), 5.21-5.14 (t, / = 9.9 Hz, 2H), 4.82 (m, 1H),
4.48-4.41 (m, 1H), 4.14-4.09 (m, 2H), 3.82-3.60 (m, 1H), 3.20-2.90 (m, 2H), 2.79 (s,
3/2 H), 2.77 (s, 3/2 H), 2.50-2.36 (m, 1H), 2.18-2.01 (m, 4H), 1.89-1.82 (m, 6H),
1.49 (s, 9/2 H), 1.46 (s, 9/2 H), 1.37-1.33 (m, 3H); HRMS: calcd m/z 698.3530 for
[M+Na]'; found 698.3541.

[00229] Analytical data for YP-373: '"H NMR (300 MHz, CDCl;, TMS) & 8.77-8.75
(d, /J=7.1 Hz, 1H), 7.21-7.05 (m, 4H), 6.90-6.73 (br, 1H), 5.06-4.98 (m, 2H), 4.65-
4.59 (t, J = 8.1 Hz, 1H), 4.23-4.17 (m, 1H), 3.02-3.01 (m, 1H), 2.76 (s, 3H), 2.70-
2.68 (m, 2H), 2.60-2.48 (m, 2H), 2.38 (m, 1H), 2.12-2.03 (m, 4H), 1.82-1.72 (m,
6H), 1.47 (s, 9H), 1.32-1.29 (d, J = 7.1 Hz, 3H); *C NMR (75 MHz, CDCL3) &
170.6, 168.4, 137.6, 136.4, 129.3, 128.9, 127.2, 125.8, 60.3, 58.2 54.4, 49.3, 47.4,
46.8, 34.9, 31.8, 29.0, 28.2, 27.6, 18.7, 14.1; HRMS: calcd m/z 564.3162 for
[M+Na]'; found 564.3163.
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8.1Hz, 1H), 7.41-7.26 (m, 10H), 6.17 (m, 1H), 4.62 (m, 2H), 4.32 (m, 1H),
4.00 (m, 2H), 3.75 (m, 3H), 3.47 (m, 1H), 3.20 (m, 1H), 2.92 (m, 1H), 2.72
WQ290ZHB17130 (M, IH), 2.07-1.80 (m, 5H), 1.54 (d, J = 7.2 Hz, BSHYU$Z08/060215
NMR (MeOH-d4, 300 M Hz) 6 174.8, 172.4, 171.7, 168.8, 168.5, 142.2,
142.0, 128.7, 128.4, 127.8, 127.7 127.5, 127.3, 68.2, 61.8, 57.3, 51.7,
46.9, 37.7, 32.2, 30.8, 27.4, 15.2. EQ:AMRLE 23 SM-414
1002551Analytical data for SM-414: Ifl NMR (MeOH-d4, 300 M Hz) 6 8.80
(m, IH), 7.41-7.26 (m, 12H), 6493 ( , 5.12 (m, | H), 4.56 (m, 2H), 4.32
(m, IH), 4.18 (m,1H), 4.03 (m, 2H)N3 75 m H), ]3(246 (m, 1H), 3.16 (m,
1H), 2.72 (s, 3H), 2.30-1.80 (m, 6H @ % , 3H), 13C NMR (MeOH-d4,
300 M Hz) 6 172.2, 171.4, 17804HN69. 1516 ,N]QZ.S, 142.2, 136.0,
128.7, 128.4, 128.1, 127.9, 127.6, 127.5, 197.1, 1®.4, 119.6, 62.1, 57.6,
57.3,46.4, 45.4, 33.4, 32.3, 30.8, Formila.A EXAMPLE 24 SM-415 WO
2008/128171PCT/US2008/060215 1002561Analytical data for SM-415:
1H NMR (MeOH- dﬁ1 300 M Hz) 6 8.97 (d, J= 8.4 Hz, 1H), 7.38-7.25 (m,
10H), 6.16 (r'l'_1| 0 (m, 1H), 4.58 ( i, . , 1H), 3.96 (m,
3H), 3.47 (m, , 1H), Z§2ds. 3 .62 (i, H) 2.49(wvH1H),

(2M3:0$—|mdlﬁlgédﬁ M '\5@5)171;%6}%‘%?%8 4, @4%3 ?zl‘ﬂleo 128.7,
H Cbz

CbzN . N

.N
R2 l N /R2
BocHN 0 OH BocHN N

O Np
c O d o R

[00230] A compound represented by formula A, wherein m is 1-2, and R' and R? are
independently selected from the group consisting of hydrogen, optionally substituted
alkyl, optionally substituted carbocyclic, optionally substituted heterocyclic,
optionally substituted aryl and optionally substituted heteroaryl, may be prepared by
the method shown in Scheme 5. Briefly, protection of the amino group in
intermediate a with the Cbz protecting group gives intermediate b. Hydrolysis of
the ester group of b yields acid ¢. Condensation of ¢ with amine NR'R? furnishes a

compound of Formula A.

Scheme 6
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128.5, 127.8, 127.7, 127.5, 127.3, 61.7, 57.4, 57.3, 53.1, 51.9, 46.7, 44.6,
32.5,31.5,31.2, 30.8, 29.4, 27.2, 15.3. EXAMPLE 25 SM-416

WQ auBa28 Whalytical data for SM-416: 1H NMR (MeOH-d4, 300 TA#82808/060215
8.95 (d, J= 8.1 Hz, IH), 7.38-7.25 (m, 10H), 6.16 (m, 1H ), 4.80 (m, 1H),

4.56 (m, IH), 4.25 (m, 2H), 3.92~m

A7 (m, 1H), 2.72 (s, 3H), 2.60

(m, 3H), 2.34 (m, 1H), 2.12- 1.83 .56 (M, 4H), 1.47 (m, 1H), 1.30
(m, 1H), 13C NMR(M@QkhdAJ@Q 174.6,172.4, 169.5, 168.4,
142.2, 142.0, A O

Formula B

Cbz.

pd

m
Cbz. . . bz
N HCI N N-Boc-amino acid
" N Boo zJ)L HN
BocHN T-U “N”

O H2N O T_U | : O T U
a b

m RS m
oHN/_NQ O\N“‘b
10% Pd-C N . N
—_— Boc\N,Z\:)L &—\< Boc\N,Z\:)L H

Hy,
N T-U N T-U
z O I H (0]
R, x N A, x M
d e
RS\ )m Rs\ )m
N N
HCI 0 0
_— N —_— N
HI}I’Z\_)LN> $ r-u A1\[}j’z\_)j\N Yy T-U
A, x M ; A, X
Formula B
[00231] A compound represented by Formula B wherein A, Ay, Z, X, T, U, m and

R’ have the meanings as described above for Formula I, may be prepared as shown
in Scheme 6. Briefly, removal of the Boc protecting group in a provides amine b.
Condensation of b with corresponding Boc-protected amino acid gives amide c.
Removal of the Cbz protecting group in ¢ furnishes amine d. Introduction of R’ to
the amino group in d yielded e. R’ can be introduced by substitution of d with
corresponding alkyl halide (e.g., Mel) or by other nucleophilic displacement
reactions with suitable electrophiles. When R” is COR’, COR’ can be introduced by
condensation of d with R’CO-L wherein L is a leaving group. For example, R’CO-
L can be the corresponding carboxylic acid (i.e., R’CO,H) or acid chloride (i.c.,
R’COCI). Removal of the Boc protecting group in e affords f. Introduction of the
A; group by substitution of f with an alkyl halide or reductive amination of f with

the corresponding aldehyde provides Smac mimetic represented by Formula B.

[00232] In one embodiment, COR’ is introduced by condensation of d with the

corresponding carboxylic acid (i.e., R'CO,H). In another embodiment, the

condensation of R’CO,H with d is carried out in the presence of an activating agent

- 100 -



128.7,128.4,127.8, 127.7, 127.5, 127.3, 73.0, 61.7, 57.3, 57.2, 53A, 51.9,

46.6, 42.0, 39.4, 34.4, 32.5, 31.2, 30.8, 27.2, 15.2. EXAMPLE 26
WGSRA08/1 28171 PCT/US2008/060215

(e.g., dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide,
benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate). In another
embodiment, the activating agent is 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide. In another embodiment, the condensation of
R’CO,H with d is carried out in the presence of an activating agent and one or more
additional additives (e.g., N-hydroxybenzotriazole) to optimize reaction parameters
such as yield. In one embodiment, the reaction is complete in about 1 hours to about
24 hours. In one embodiment, the reaction is carried out at a temperature of about -
20°C to about 25°C. In one embodiment, the reaction is carried out in an inert
organic solvent such as as acetonitrile, benzene, chloroform, 1,2-dichloroethane,
1,2,-dimethoxyethane, dimethylformamide, dimethylsulfoxide, dioxane,

dichloromethane, N-methyl-2-pyrrolidinone or tetrahydrofuran.

Scheme 7
)m
CbZ\N R" = RZ or COR7
N ,R"
BocHN 0 N\—R1
Formula C
m m 1. MsCl
CbzN _ CbzN 5 NSN
N LiBH, | N . NaNy
BocHN 0 4 OMe BocHN 0 OH
a b
m
ChaN m Cbz\N )
z 1
N PPh, N R'CHO
BocHN” Yy N BocHN® \<o NH, NaBH,
c d
m m
Cbz. Cbz. )
“>N “>N
L‘ N — k N R"
BocHN O NH BocHN 0 N
\__R1 \_R1
e Formula C
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-114 - WO 2008/128171PCT/US2008/060215 [00258]Analytical data for
SM-418: 11-1 NMR (McOH-d4, 300 M Hz) 6 7.37-7.25 (m, 10H), 6.16 (m,

Wa psABI{h, 1H), 4.58 (m, 1H), 4.40 (m, 1H), 4.26 (m, 1H), 4RSIHRI(§60215
3H), 3.66-3.48 (m, 3H), H), 2.70 (m, 3H), 2.33 (m, 1H), 2.08-L75 (m, | , ;

100333 1.54 (fhcamporaE IRNRENVIRDHoEN D6 Mg mAy bot Zpandisg BY and R
168 fa AR 2 mbARiRe sl d& hiledBaBot fott Fbefifla 124ak .bbafkthddZed in the method
127.3,73.4,61.7,57.3,57.1, 53.0, 51.9, 46.9, 39.4, 38.9, 34.7, 32.7, 31.3,
30.8598v, By Schetns ExARfevetion aithe oo 2ERAnAlAickickkforIcohol b.
SM-#1Qy |RidWVIR (vieQbteyB0QdHD B Fotiow b K sdB¥tluBokbdMehe resulted
IH), 4.89(m, IH), 4.58 (m, 2H), 4.26 (m, IH), 4.03-3.71°(m, 5H), 3.55-3.37 _
(m, SREFYRIEOWHT spdjup g7ids fonishesazide o HRedusgianof Zpﬁ, #ide yigh PPhs in
(M, SEF 13O NMR (MeMintid d 30RNLHR) BakhiBBioh 7 & H69. an108eByde R'CHO
142.2, 141.9, 128.8, 128.7, 128.5, 1”28.4 128.2, 127.8, 127.7, 127.6,
127 8iVep pngingres Sinjroducsion; of Rg ta#hs agigo gjoppan & afbordsss gompound of
3L4,FRnSuld 74, Wondn ERCAMRLE 289 #¥2QttakB0d 6@]ARaIviitiabdatadprby cither
SM-420: 11-1 NMR (McQH-d4, 300 M Hz) 6 7.38-7.25 (m, 10H), 6.16 (s,

. . . | 16 (s,.
1H), Hestitgion Myt asieybhaliggonoshey spimable slemraphiba,pracpgqiiye ppnation of
3.42:(maldhy b 24viien IR, R.@8IR 31 cRadBe(Middc i3y 2:33ddRsakidh of e with
2.15-2.00 (m, 5H), 1.84-1.80 (m, 1H), 1.56 (m, 6H), 1.00 (2d, J = 6.0Hz, ., .
6H), & RIR PETEHHEd3 2366 S-SR 78 415 $51R0d i8I0, 1R 48145 30 acid (e,
142 Q] ¢O8H), k283, chiide 124, R 1AF(H).127.3, 61.8, 57.3, 53.0, 52.0,

46.6, 34.4, 32.5, 31.5, 30.9, 28.0, 27.3, 22.0, 21.9, 15.3. EXAMPLE 29

SM-42 |

EXAMPLE 3
YP-245P3
N
@) L N
HCI H
AN Y CONHCHPh,
= H
[00234] Analytical data for YP-245P3: '"H NMR (300 MHz, D,0, TMS) 6 7.28-7.20

(m, 10H), 5.97 (s, 1H), 5.25 (br, 1H), 4.51 (br, 1H), 3.91-3.84 (q, J = 7.1 Hz, 1H),
3.82-3.70 (m, 1H), 3.58-3.55 (m, 1H), 3.48-3.43 (m, 1H), 3.23-3.19 (t, / = 12 Hz,
1H), 2.90 (s, 3H), 2.56 (s, 3H), 2.40-2.36 (m, 1H), 2.13-1.73 (m, 5H), 1.41-1.38 (d, J
= 7.1 Hz, 3H); HRMS: calcd. m/z for [M+H]" 492.2975; found 492.2971.
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1002611Analytical data for SM-421: Ifl NMR (MeOH-d4, 300 M Hz) 6 8.95
(m, 1H), 7.38-7.14 (m, 15H), 6.17 (m, 1H), 4.85 (m, 1H), 4.56 (m, 1H),

W@ 2088(ka817Hh), 4.04-3.85 (m, 2H), 3 73 (m, 1H), 3.46 (m, 1H), BODYR209§4);0215
2.70 (2s, 3H), 2.62 (t, J = 7.8 Hz, 245é , 2H), 2.30 (m, 1H),
2.05-1.81 (m, 7H), 1.54 (d, J= 7B 4NMR (MeOH-d4, 300 M Hz)
6174.8, 172.3, 169.0,168.6,142.2, 142 156%41 .9, 128.7, 128.5, 128.4,
127.8,127.5,127.3, 126.0, 61.8, 57.3, , 52.0, 46.6, 35.2, 32.9, 32.5,
31.8, 31.4, 30.8, 27.2, 15.Bn\EN M 30.SM-422

HCI H S—(
\)k CONHCHPh,

[00235] Analytical data for YP-246P: '"H NMR (300 MHz, D,0, TMS) ¢ 7.33-7.13
(m, 15H), 6.03-6.01 (m, 1H), 5.32-5.30 (m, 1H), 4.64-4.61 (m, 1H), 4.31 (s, 2H),
3.85-3.83 (q,/=7.1 Hz, 1H), 3.69 (m, 1H), 3.59-3.51 (m, 1H), 3.12-3.08 (t, /=116
Hz, 1H), 2.55 (s, 3H), 2.40-2.28 (m, 1H), 2.09-2.04 (m, 1H), 1.81-1.66 (m, 4H),
1.37-1.35 (d, J = 7.1 Hz, 3H); HRMS: calcd. m/z for [M+H]" 568.3288; found

568.3284.
EXAMPLE 5
SM-330
O
L
O N
HCI H H
_N Jk CONHCHPh,
[00236] Analytical data for SM-330: '"H NMR (300 MHz, D,0, TMS) & 8.88-8.76

(m, 1H), 7.30-7.18 (m, 10H), 5.95-5.93 (d, J = 4.7 Hz, 1H), 4.93-4.91 (m, 1H), 4.38-
426 (m, 1H), 4.24 (m, 1H), 3.90-3.86 (m, 1H), 3.69-3.65 (m, 1H), 3.50-3.38 (m,
2H), 2.58 (s, 3H), 2.23-2.18 (m, 1H), 2.04 (s, 3H), 1.93 (s, 2H), 1.81-1.74 (m, 4H),
1.43-1.41 (d, J = 7.0 Hz, 3H); “C NMR (75 MHz, D,0) & 175.3, 173.3, 172.9,
170.2, 141.2, 129.2, 128.1, 127.7, 62.3, 62.1 58.5, 57.8, 57.3, 52.6, 51.8, 32.2, 31.3,
27.5,21.5,20.7, 15.5; HRMS: calcd. m/z for [M+H]" 520.2924; found 520.2924.
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100262]Analytical data for SM-422: 11-1 NMR (McOH-d4, 300 M Hz) 6
7.38-7.25 (m, 10H), 6.18 (s, 1H), 4.87 (m, 1H), 4.57 (m, 1H), 4.22 (m, 1H),
WES(RSTH), 3.76 (M, | H), 3.42 (M, | H), 3.24 (m, | H), 2.70(P§TAHR098410215

(m, 2H), 2.37-2.32 (m, IH), 2J5-2.00 (m, 4H), 1.78 (m, | H), 1.68-1.58 (m,

3H), 1.55 (2d, J= 7.2 Hz, 3H), 1.BXA| Jnﬁfz@), 0.95 (m, 6H), NMR
(McOH-d4, 300 M Hz) 6 175.3, 172. %gg;p 168.6, 142.2, 142.1, 128.7,
128.5, 127.8, 127.7, 127.5, 127.3, 61.8,57.4, 57.3, 52.9, 51.9, 46.6, 38.7,
32.9, 32.5, 31.3, 30.8, 28.2, @7.3, 23.5, 22.0, 21.9, 15.3.

Bn)J\N
Ho @ HN
HC}N\_)kN Y, CONHCHPh,
H

[00237] Analytical data for SM-337: 'H NMR (300 MHz, CDsOD, TMS) ¢ 7.34-7.27
(m, 15H), 6.18-6.15 (d, J = 8.0 Hz, 1H), 4.60-4.57 (m, 1H), 4.28 (m, 1H), 4.12-4.07
(m, 1H), 3.99-3.82 (m, 4H), 3.50-3.40 (m, 1H), 2.67 (s, 3/2H), 2.66 (s, 3/2H), 2.34
(m, 1H), 2.07-2.00 (m, 3H), 1.88-1.81 (m, 2H), 1.56-1.52 (d, J = 6.8 Hz, 3H); °C
NMR (75 MHz, CD;0D) & 174.6, 174.0, 169.6, 169.4, 143.1, 136.4, 130.3, 129.5,
128.6, 128.2, 127.8, 62.7, 58.3, 54.2, 41.6, 33.3, 31.9, 28 2, 16.3.

EXAMPLE 7
SM-350

F
\©\/E\
N

ol N
H
HC/'N\)k CONHCHPh,

- N O
z H

[00238] Analytical data for SM-350: 'H NMR (300 MHz, CDsOD, TMS) ¢ 8.94-8.92
(d, J=7.9 Hz, 1H), 7.34-7.26 (m, 12H), 7.04-6.98 (m, 2H), 6.18-6.15 (d, J= 7.9 Hz,
1H), 4.60-4.57 (m, 1H), 4.31 (br, 1H), 4.02-3.76 (m, 4H), 3.50 (m, 1H), 2.68 (s, 3H),
2.34 (m, 1H), 2.11-1.82 (m, 5H), 1.55-1.53 (d, J = 7.0 Hz, 3H); °C NMR (75 MHz,
CD;OD) & 173.2, 170.2, 169.7, 164.8, 161.5, 143.1, 132.5, 131.9, 129.6, 128.6,
128.1, 116.2, 62.7, 58.4, 53.9, 40.5, 33.3, 32.3, 31.8, 28.3, 16.3; HRMS: calcd. m/z
for [M+Na]' 636.2962; found 636.2974.
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EXAMPLE 31 SM-423 100263]Analytical data for SM-423: 11-1 NMR
(MeOH-d4, 300 M Hz) 6 4.84 (m, 1H), 4.42 (m, 1H), 4.30 (m, 1H), 3.95 (m,
WRRMSELZI T, 1H), 3.24 (m, 1H), 2.71 (s, 3H), 2.50 (d, J = 7.2H4Z/D$3908/060215

2.34 (m, 1H), 2.15-2.00 (m, 10H), 1.65 ;m, 1H§, 1.55 (2d, J = 7.2 Hz, 3H),

1.16 (m,6H), 1.00 (m, 6H), NMR E300 M Hz) 6 174.7, 172.2,
169.1, 168.6, 61.7, 57.3, 57.2, 56.6@% gO.B, 46.7,41.8, 32.7, 32.6,
31.3,30.8, 27.4, 27.2, 26.0, 25.7, 25.1, %.0, 21.8, 15.2. EXAMPLE 32
SM-425 1002641Rqalytical ditg for SM-425:NMR (MeOH-d4, 300 M Hz)

al )\ Weo
6 7.25-7.18 (m, 4H), @ . 5 Hz, 1H), 4.89 (m, 1H), 4.47 (m, 1H),
4.30 (m, 1H), 3.90 (M3Y);

2.55-2.41 (m, 3H), 2.38 (m, 2H), 2.
3H), 1.00 (m, 6H), 13C NMR (M

Hz) 6 174.7, 173.1

GE8PR7 -3, 56.9,54.9,

I H

[00239] Analytical data for SM-356: 'H NMR (300 MHz, CD3OD, TMS) 6 8.93-8.91
(d, J = 8.0 Hz, 1H), 7.38-7.26 (m, 11H), 6.90-6.86 (m, 2H), 6.18-6.16 (d, J= 7.9 Hz,
1H), 5.10-5.00 (m, 1H), 4.61-4.58 (m, 1H), 4.40-4.28 (m, 1H), 4.15-3.91 (m, 4H),
3.36 (m, 2H), 2.69 (s, 2H), 2.67 (s, 1H), 2.42-2.28 (m, 1H), 2.02-1.95 (m, 5H), 1.55-
1.53 (d, J= 7.0 Hz, 3H); “C NMR (75 MHz, CD;0D) & 173.2, 172.4, 170.2, 169.7,
169.4, 143.2, 134.1, 129.6, 128.4, 128.1, 120.1, 112.0, 104.1, 62.7, 58.4, 53.9, 34.2,
33.3, 32.3, 31.7, 28.3, 16.2; HRMS: calcd. m/z for [M+Na]" 654.2868; found

654.2866.
EXAMPLE 9
SM-376
O
Bn)J\N
H Q N
HC'/N\_)J\N Y, CONH
: H
[00240] Analytical data for SM-376: '"H NMR (300 MHz, CD;OD, TMS) & 8.50-8.43

(m, 1H), 7.46-7.44 (m, 1H), 7.32-7.31 (m, 4H), 7.26-7.24 (m, 1H), 7.15-7.11 (m,
3H), 5.09 (m, 2H), 4.43 (m, 1H), 4.20(m, 1H), 4.01-3.92 (m, 4H), 3.58-3.42 (m,
1H), 2.83-2.81 (m, 2H), 2.70 (s, 1H), 2.68 (s, 2H), 2.38-2.25 (m, 1H), 2.09-1.82 (m,
8H), 1.27-1.53 (d, J = 7.0 Hz, 3H); °C NMR (75 MHz, CD;0D) & 174.1, 173.6,
169.6, 169.3, 138.5, 137.9, 136.5, 130.2, 129.8, 128.0, 127.0, 62.9, 58.3, 54.4, 41.6,
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53.1, 51.8, 46.8, 42.1, 41.5, 33.3, 32.7, 31.2, 30.8, 30.0, 27.6, 26.1, 25.9,

22.2,21.9,15.2. EXAMPLE 33 SM-426 1002651Analytical data for
WEMa283171-1 NMR (McOH-d4, 300 M Hz) 6 7.64-7.55 (m, 4H)CA/B82(§8/960215

16.2 Hz, 1H), 4.55 (m 1532'84'39 (d, J=16.2 Hz, 1H), 4.22 (m, 1H), 3.98

(m, 3PoL-B Y8 -4+80 3.4 24H7), 070 FRAY;, cnled. /221y, [;M;?\] Vo] 3982.3056;

(m, Eads¥2-3¢3@ (m, 6H), 1.83 (m, 1H), 1.54 (m, 3H), 0.95 (m, 6H), 13C

NMR (McOH-d4, 300 M Hz) 6 174.7, 173.5, 169.5, 168.7, 143.6, 143.4,

127.8,

EXAMPLE 10
SM-377

[00241] Analytical data for SM-377: '"H NMR (300 MHz, CD;0D, TMS) & 8.50-8.40
(m, 1H), 7.47-7.44 (m, 1H), 7.36-7.31 (m, 2H), 7.15-7.01 (m, 5H), 5.09 (m, 2H),
443 (m, 1H), 4.38-4.28 (m, 1H), 4.12 (m, 1H), 4.02-3.93 (m, 4H), 2.83-2.81 (m,
2H), 2.70 (s, 3H), 2.38-2.28 (m, 1H), 2.12-1.82 (m, 8H), 1.56-1.53 (d, J = 7.0 Hz,
3H); *C NMR (75 MHz, CD;0D) § 173.8, 173.5, 169.7, 169.3, 138.5, 132.5, 131.8,
129.9, 126.9, 116.3, 62.9, 58.3, 57.8, 54.1, 40.6, 33.4, 32.2, 31.7, 30.2, 28.4, 21.7,
16.3; HRMS: calcd. m/z for [M+H]' 578.3143; found 578.3147.

EXAMPLE 11
SM-401

—NH HCI

[00242] Analytical data for SM-401: '"H NMR (MeOH-ds, 300 M Hz) & 7.37 (m,
2H), 7.30 (m, 5H), 7.05 (m, 2H), 4.46 (m, 2H), 4.33 (m, 2H), 3.92-3.81 (m, 6H),
3.54 (m, 1H), 3.32 (m, 1H), 2.74 (s, 3H), 2.34 (m, 1H), 2.16-1.78 (m, 5H), 1.54 (d, J
= 6.3 Hz, 3H). ’C NMR (McOH-d,, 300 M Hz) 5 173.2, 168.8, 168.5, 164.0, 160.8,
- 106 -



127.5, 125.4, 125.3, 123.0, 61.8, 57.4, 57.2, 56.6, 52.9, 51.8, 46.7, 42.4,
42.1,41.5, 32.5, 31.3, 30.8, 27.4, 26.2, 23.5, 22.0, 21.9, 15.3. EXAMPLE
WR206128274 1002661Analytical data for SM-427: 1H NMR (MBOHIE208#$0215

M Hz) 6 7.45 (m, liq? 7.20-7.10%%:n, 3% 5.07 (m, 1H), 4.88 (m, 1H)g4.43

(m, ﬂéﬁ;%ﬁ%ﬁq, 12:3188-fml 3HY; 3 83t 1210, 2280 Oh22pi, 2. 75{s73-2 3.0,
3H),425548l3 %076 3425 23 244 (15.4H), 2.30-1.78 (m, Il H), 1.55 (m,

3H), 1.00 (m, 6H), 13C NMR (MeOH- d4, 300 M Hz) 6 174.7, 172.7, 169.5,

168.5, 137.6, 136.9, 128.8,27J, 126.0, 61.9, 57.3, 56.7, 53.2, 51.9, 46.7,
42.1, 41.5, 32.6, 31.2, 30.8, 29.3, 27.4, 26.1, 22.2, 21.9, 20.8, 15.2.

EXAMPLE 12
SM-402

B
FTE Q

~

HN
\ HCl

F

[00243] Analytical data for SM-402: 'H NMR (MeOH-d,, 300 M Hz) o 8.60 (m,
1H), 7.40 (m, 4H), 7.02 (m, 4H), 4.52-4.43 (m, 2H), 4.35-4.29 (m, 2H), 4.08-3.80
(m, 6H), 3.54 (m, 1H), 3.38 (m, 1H), 2.70 (s, 3H), 2.33 (m, 1H), 2.13-1.82 (m, 5H),
1.54 (d, J = 6.9 Hz, 3H). °C NMR (MeOH-d,, 300 M Hz) § 173.1, 172.8, 168.8,
168.5, 164.1, 135.1, 131.5, 131.0, 129.2, 115.3, 115.0, 61.9, 57.3, 52.9, 42.3, 39.6,
32.4,31.3,30.9,27.3,15.3

EXAMPLE 13
SM-403

N3 C
a9ias
e

F
H
HCI
[00244] Analytical data for SM-403: '"H NMR (MeOH-d4, 300 M Hz) 6 7.39-7.22 (m,

9H), 7.08-7.02 (m, 4H), 6.15 (d, /= 6.0, 1H ), 4.97 (m, 1H), 4.54 (m, 1H), 4.30 (m,
1H), 4.02-3.66 (m, 6H), 3.59-3.54 (m, 1H), 2.66 (s, 3H), 2.33 (m, 1H), 2.11-1.80
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EXAMPLE 35 SM-429 1002671 Analytical data for SM-429:111 NMR
(MeOH-d4, 300 M Hz) 6 7.64 (m, 3H), 7.53-7.32 (m, 6H), 4.87 (m, 1H),
WQI20884 28074m, 3H), 4.23 (m, 1H), 3.98 (m, 2H), 3.82 (m, 1H), BEBYA20084)50215

2.71 (s, 3H£, 2.46 (d J = 7.2 Hz, 2H),.2.33 (m, IH), 1002671 2.15-1.78 (m,
7H),(me3Hadl H3 .gfﬁz%ﬁ,zo%-(m,cw,Bs@ﬂ@#ﬂz% 300 M Hz) 5 173.4, 172.4,
168.8, 168.4, 164.2, 160.9, 138.1, 135.3, 129.8, 129.7, 129.6, 129.5, 129.4, 129.0,

128.7, 128.6, 1269, 115.6, 115.3, 115.0, 72.6, 61.9, 57.3, 56.2, 53.1, 47.0, 40.6,
32.3,31.5,31.1,274, 15.5.

EXAMPLE 14

SM-404
F

O O
N
O

S’<\ N
NH ©0" H O
F \
N

H
HCI

F

[00245] Analytical data for SM-404: '"H NMR (MeOH-d,, 300 M Hz) & 7.37-7.25
(m, 6H), 7.11-6.91 (m, 6H), 6.15 (d, J="7.5, 1H), 4.83 (m, 1H), 4.54 (m, 1H), 4.30
(m, 1H), 4.02-3.60 (m, 6H), 3.51 (m, 1H), 2.94 (m, 2H), 2.72 (s, 3H), 2.23 (m ,1H),
2.11-1.80 (m, 5H), 1.53 (d, J = 6.6 Hz, 3H). °C NMR (MeOH-d,, 300 M Hz) &
174.0, 172.4, 168.7, 168.4, 163.7, 160.8, 137.9, 137.4, 130.7, 130.6, 129.9, 129.8,

129.6, 129.5, 115.6, 115.3, 115.1, 115.0, 114.0, 71.5, 67.2, 57.4, 56.0, 55.9, 52.8,
51.7,35.0,32.3,31.5,31.1, 30.7,27.4, 15 4.

EXAMPLE 15
SM-405

S/<\ N
Oi/NH O¢" H O
AN
HClI N
H
[00246] Analytical data for SM-405: '"H NMR (MeOH-d4, 300 M Hz) ¢ 7.40-7.25 (m,

10H), 6.15 (s, 1H ), 4.61-4.55 (m, 1H), 4.28-4.22 (m, 1H), 4.00-3.95 (m, 2H), 3.86-
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(MeOH-d4, 300 M Hz) 6 174.8, 173.2, 169.6, 168.7, 141.7, 141.2, 139.6,
129.2, 128.9,127.5, 127.1, 26J, 125.9, 61.8, 57.2, 56.5, 53.0, 51.8, 46.7,
WQ2008/22817141 5, 35.0, 32.6, 31.2, 30.8, 27.3, 26.0, 22.2, 21.9PGHBS2008/060215

EXAMPLE 36 SM-430 1002681Ana7,|?/tica| data for SM-430: 1H NMR

(Me@H4m3dbTM 1658-806%d | 5B g3 HHymy B Ofed 02 14(d = 272 G5,
8.1H7 L H)68-2 57 @3 () A0134428%34.800, 3Hk-4.49 (M, 1H), 483 (3 (m, 4H),
1H), 3.98é1m gH%, 3.85(m. 1H), 3.43 (m. %)[532.71 s, 3%2.501’%&\]

—6.0H92 3f)/ 7357 Hza D2 16- NYER AMeRhl-415308 M Fly & 9. 131472.2, 168.8,
0.99168,36H218G MR 1(Me0H Mo 3DHNI HzR § 1k 4, 123.9, 1698, 127.7, 127.5,
168.7, 134.3, 133.9, 131.7, 128.8, 128.2, 126.4. 125.8. 125.5, 12

258 3.4, 61.8,
57318657 8F1559.8 /45 334938 2138 b3 358335233 £33 8, 2445 249, 15.3.
26.2,22.2,21.9, 15.2. EXAMPLE 37 SM-431 1002691Analytical data for
SM-431: 11-1 NMR (MeOH-d4, 300 M Hz) 6 7.45 (m, 1H), 7.25-7.17 (m,
3H), 5.40 (t, J= 7.8 Hz, 1H), 4.8B{ANYILE 4O m, 1H), 4.25

SM-406

HCI N
H

[00247] Analytical data for SM-406: '"H NMR (MeOH-d4, 300 M Hz) ¢ 7.38-7.25 (m,
10H), 6.14 (d, J=7.5 Hz, 1H), 4.62-4.56 (m, 1H), 4.30-4.25 (m, 1H), 4.05-3.96 (m,
2H), 3.87-3.49 (m, 4H), 2.72 (s, 3H), 2.46 (m, 2H), 2.37-2.32 (m, 1H), 2.15-2.00 (m,
5H), 1.84-1.80 (m, 1H), 1.56 (d, J = 5.4 Hz, 3H), 1.00 (m, 6H), *C NMR (McOH-
ds, 300 M Hz) & 175.7, 172.3, 168.8, 168.3, 142.2, 142.1, 132.2, 132.0, 129.1, 129.0,
128.7, 128.4, 1278, 127.7, 127.5, 127.2, 61.8, 57.4, 57.3, 53.2, 41.7, 38.6, 37.2,
32.2,31.4,31.0,27.4,26.3,22.0, 15.3.

EXAMPLE 17
SM-407
3 &
N
N,
N
NNH Od H O
el
HCl N
H
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(m, IH), 3.98 (m, 3H), 3.40 (m, | H), 3.00 (m, 2H), 2.71 (s, 3H), 2.55 (m,

2H), 2.44 (m, 1H), 2.34 (m, 2H), 2.15-2.00 (m, 6H), 1.81 (m, 1H), 1.53 (m,
WERMSILBY T, 6H), 13C NMR (MeOH-d4, 300 M Hz) 6 174.7, PEI/US1¢98/660215

168.6, 143.6, 143.3, 127.8, 126.5, 124.5, 61.9, 57.3, 56.6, 54.8, 53.2, 51.8
002481 42,1, 4nalysisa] data forSV-497 > FRY MR EMEOR419800 Moth) 3763 1-7.27 (m,

15.21 AN En38 19432 (00240 Angdviica) data foy, $MB432: 1HY14.09-3.58 (m,

NMR L{SMeOH-d4, 300 M Hz) 6 7.38-7.25 (m, 10H), 4.80 ém 1H), 4.32 (m

oH), A183A0 Py, [5ldadHS 22 41874, 21) £363th, 2H) ol 7103-1.81 (m,

2.705(9) 3t5363:80 {8, 1'e NRIRZMEDR 32 £00 KA. §5:78.94 (m. ¥ Hk9.4, 168.5,

1.56 (m, 3H) 1.00ém ealjg2 13C_NMR (MeOH-d4, 300 M Hzg 6 174.7,

173.00180 100158162 P43 8- 10638 208291 38224 0. 68805729 86128.6, 127.7,

53.1150%,146.3, 4450, 429046199 321%, 30.8, 8711, X091 43R2382.%5519,24.9, 32.4,

EXAMPLE 39 SM-433 WO 2008/128171PCT/US2008/060215

1003712 A4y fidal datd-for SM-433: 1H NMR (MeOH-d4, 300 M Hz) 6

7.54-7.22 (m, 9H), 4.86 (m, 1H), 4.48 (m, 1H), 4.4-4.19 (m, 3H), 4.09-3.84

(m, 3H), 3.40 (m, 1H), 2.71 (s, 3H), 2.49 (d, J= 6.6 Hz, 2H), 2.33-1.74 (m,

d
8H), 1.53 (2d, J= 6.9 Hz, 3H), O z(*rMBirﬁlls?c NMR (MeOH-d4, 300 M
Hz) 6 174.7, 173.1, 169.3, 168.7, 144,9,,441.2, 135.6, 130.0, 129.2,
128.3, 128.1, 127.8, 127.3, 61.8, 57.3, 56.9, 53.2, 51.8, 46.7, 42.0, 41.5,

[00249] Analytical data for SM-408: '"H NMR (MeOH-d4, 300 M Hz) 6 7.35-7.16 (m,
15H), 6.18 (m, 1H), 4.82-4.70 (m, 1H), 4.53 (m, 1H), 4.09-3.58 (m, 5H), 3.30 (m,
1H), 3.10 (m, 1H), 2.98 (t, J = 6.0 Hz, 2H), 2.75 (m, 1H), 2.72 (s, 3H), 2.30 (m,
1H), 2.05-1.81 (m, 5H), 1.56 (m, 3H), “C NMR (MeOH-d4, 300 M Hz) & 174.3,
172.4, 169.0, 168.5, 142.3, 141.8, 132.9, 132.1, 129.1, 128.9, 128.7, 128.5, 127.7,
127.6,127.3,126.2, 61.8, 57.4, 57.2, 52.8, 46.6, 34.9, 32.3, 31.7, 30.9, 27.5, 15.4.

EXAMPLE 19
SM-409
3 ®
/\)L \
N9,
0]

N
NH 00" H O
\
HCI N™
H
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4.04-3.89 (m, 3H), 3.42 (m, 1H), 2.71 (s, 3H), 2.49 (d, J = 6.6 Hz, 2H),
2.35-1.79 (m, 8H), 1.53 (2d, J = 6.9 Hz, 3H), 0.98 (m, 6H), 13C NMR
WONMSH28K/1300 M Hz) 6 174.7, 173.2, 169.2, 168.7,141.1,14PEHE82008/060215

128.9, 128.0, 127.3,127.1, 126.9, 61.8, 57.3, 56.9, 53.1, 51.8, 46.7, 42.8,
1002501 41 5, ABadyticledasa for SB49% F1IE\BRAY190%k &y, $80,M Hz) 67.37-7.26 (m,

10H), 6.16 (s, 1H), 4.60 (m, 1H), 4.26 (m, 1H), 4.06-3.92 (m, 2H), 3.80 (m, 1H),
3.68-3.35 (m, 2H), 2.72 (s, 3H), 2.56 (m ,2H), 2.30 (m, 1H), 2.05-1.81 (m, 5H), 1.64
(q, J = 7.5 Hz, 2H), 1.56 (d, J = 6.6 Hz, 3H), 0.96 (t, J = 7.5 Hz, 3H), °C NMR
(MeOH-dy, 300 M Hz) 3 175.6, 172.3, 168.7, 168.5, 142.2, 142.1, 132.9, 132.8,
132.2, 132.0, 129.1, 129.0, 128.7, 128.4, 127.7, 127.3, 61.8, 57.4, 57.3, 53.0, 46.9,
35.3,34.9,32.4,31.4,30.9,27.3, 18.9, 154, 13.3.

EXAMPLE 20
0
HN o BnJLN Ph
N i-vi OMN )\
M COOMe %N 0 N~ Ph
BocHN® 0 H o H
HN._
7
SM-207

Reagents and conditions: i. phenylacetic acid, EDC, HOBt, N,N-
diisopropylethylamine, CH2CI2; ii. 3N LiOH, 1,4-dioxane, then 1 N HCI;
iii. aminodiphenylmethane, EDC, HOBt, N,N-diisopropylethylamine,
CH2CI2; iv. 4N HCl in 1,4-dioxane, v. N-Boc-N-methyl alanine, EDC,
HOBt, N,N-diisopropylethylamine, CH2CI2; vi. 4N HCl in 1,4-dioxane,
62% over six steps.

[00251] Condensation of 7 with phenylacetic acid followed by hydrolysis of the
methyl ester gave an acid which was condensed with aminodiphenylamine yielded
the amide. Removal of the Boc protecting group in this amide provided an
ammonium salt. Condensation of this salt with N-Boc-N-methyl-alanine followed by

removal of the Boc protecting group furnished SH-207.

SM-207
N
N
ﬁ)kN 5 )N O
HN H ©

HCI
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EXAMPLE 41 SM-227 WO 2008/128171PCT/US2008/060215
1002731Analytical data for SM-227: 11-1 NMR (300 MHz, D20) 6

WG 29487428270m, 10H), 5.92 (brs, 1H), 5.23 (dd, J = 12.06, 5.34 B¢TAR}0MBHS50215
0%2' 1H), 4.50 (m, 1H), 3.88 (m, 1H), 3.52 (m, 1H), 3.45 (m, 1H), 3.31 (m,

002:33] 3.13 (naliicolsdis, fer M 1m,wl\£&di0f)z% H2Q)43 (£%6.80 (m,

= 7.Q31z, 5394 (4 SHNMBR{ (mMiip, 22Q) 64, 78:B34.10-30.4 6% 28H), 3.42-2.85 (m,
140.81,140.63,129.37,128.33, 128.24,127.53, 61.31
3H), 2.67 (s, 3H), 2.12-0.80 (m, 11H); °C NMR (75 MHz, D,0) & 174.27, 172.09,
170.94, 169.24, 142.01, 141.83, 141.68, 134.86, 129.32, 128.16, 128.99, 127.76,

127.34,71.92, 61.13, 58.57, 57.31, 49.77, 49.21, 49.05, 41.46, 31.44, 18.06, 15.73,

15.62.
EXAMPLE 21
SM-412
0
’~ S ®
HN
N N\/<\N
N
OENH Og” H O
N\
N
H
[00253] Analytical data for SM-412: '"H NMR (MeOH-ds, 300 M Hz) o 8.81 (m,

1H), 7.41-7.26 (m, 10H), 6.06 (m, 1H), 4.56-4.43 (m, 3H), 4.11 (m, 2H), 3.99-3.76
(m, 4H), 3.58-3.47 (m, 4H), 3.32 (m, 1H), 2.72 (m, 3H), 2.34-1.80 (m, 6H), 1.60 (m,
3H), *C NMR (MeOH-d,, 300 M Hz) § 172.1, 169.2, 168.7, 164.1, 163.6, 160.2,
142.3, 142.0, 128.7, 128.2, 127.9, 127.7, 127.5, 127.3, 116.3, 62.2, 58.0, 57.8, 53.5,
50.3, 46.4, 37.3, 32.0, 30.8, 27.9, 15.2.

EXAMPLE 22
SM-413

o)
HO,C O
\ N
HO H/ﬁ
N
O?NH 0@ H O

\
N
H
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59.11, 58.52, 57.15, 48.68, 47.50, 46.10, 31.82, 31.26, 30.94, 27.13,
15.46. EXAMPLE 42 SM-211 [00274]Analytical data for SM-211:NMR
WQOMBNA9Y1D20) 6 7.23-7.02 (m, 10H), 5.85 (s, IH), 4.70 (m, BEI/HZI08160215
1H), 4.01 (m, IH), 385(m IH), 3.65- 3,20 (m, 4H), 2.90-2.70 (m, 2H),
100254 5 03 (Analfiesl data fa %M 419, 1EbAAR S MeQd-faz 3878 ¢t90 (d. J =
= 7.3 higz 3H)) 0776038 (M, Go1118G NMRIGED Mtz R29)Xp 46 @& 1E0), 4.00 (m,
173.57,170.10, 170.06, 142.14, 142.08, 129.86, 129.77, 128.72, 1

128 38). 198 Am.63h73 48 64, Ed)os. 20 mg LW, 36187 g 252 @4331{) 2.30 (m,

48 1ﬂH5l3zQﬁr3$(9?m2§ﬁ)4,1%2f§§ P2$4.120.38) IEONMR. @MGM,% M Hz) §
M-212 WO 2008/128171PCT/US2008/060215 1002751 Analytic

data%‘% EMZ1d: 1LY NGRS SHP MHAB20) 8 9: 3125 16l a1 0HT: %B. 1%7 7, 1275,
(m, 3bh, A .824e.1 115 743561(M.4HH), 320 {om Bd)g 4268 (15 1H), 3.96 (m,

1H), 3.87 (m, 1H), 3.42-3.25 (m, 2H), 2.52-1.70 (m, 14H), 1.52 (t, J = 7.2

Hz, 3H), 0.98 (t, J = 7.5 Hz, 6H); 13C NMR (75 MHz, D20) 6 176.45,

173.01, 169.39, EXAMPLE 23
SM-414
NH 0 o
N“'
H
[00255] Analytical data for SM-414: '"H NMR (MeOH-d,, 300 M Hz) ¢ 8.80 (m,

1H), 7.41-7.26 (m, 12H), 6.09 (m, 1H), 5.12 (m, 1H), 4.56 (m, 2H), 4.32 (m, 1H),
4.18 (m,1H), 4.03 (m, 2H), 3.75 (m, 2H), 3.46 (m, 1H), 3.16 (m, 1H), 2.72 (s, 3H),
2.30-1.80 (m, 6H), 1.54 (m, 3H), °C NMR (McOH-d,, 300 M Hz) & 172.2, 171.4,
170.4, 169.1, 168.7, 142.3, 142.2, 136.0, 128.7, 128.4, 128.1, 127.9, 127.6, 127.5,
127.1,122.4, 119.6, 62.1, 57.6, 57.3, 46.4, 45.4, 33.4, 32.3,30.8,27.7, 15.2.

EXAMPLE 24
SM-415
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168.33,141.38,141.23,129.27, 129.16, 128.10,127.73,127.55,127.52,
62.77,62.11, 57.92, 57.01, 52.49, 51.96, 47.58, 46.71, 41.39, 31.82,
WQ20081288719, 23.69, 22.14, 8.50. EXAMPLE 44 SM-213 PCT/US2008/060215

00276]Analytical data for SM-213: 11-1 NMR (300 MHz, D20) 6 7.38-7.20
[00236h oH), &/arpgiqrhdatsEmMedl % 651 AMRIMeB Ty, AP Ydd2 8897 (d. J =

(M, 2H) 18 99eB, 40 1807 26X n3. 4813) 16, (B (hHL 2P A- 307 B B TN 3853 1), 4.25

J=7.2 Hz, 3H), 1,01-1.85 (m, 6H) 13C NMR (75 MHz, D20) 6 177.09,

173.64: hidd Ad61@ 38D, 3.47 (m, TH), 3.20 (m, TH), 2.72 (s, 3H), 2.62 (m, 1H), 2.49
(m, 1H), 2.34 (m, 1H), 2.15-1.87 (m, 5H), 1.56 (m, 3H), 1.08 (s, 9H), “C NMR
(McOH-d,, 300 M Hz) & 1742, 172.5, 169.0, 168.4, 142.1, 142.0, 128.7, 128.5,
127.8, 127.7, 127.5, 127.3, 61.7, 57.4, 57.3, 53.1, 51.9, 46.7, 44.6, 32.5, 31.5, 31.2,

30.8,294,27.2,15.3.

EXAMPLE 25
SM-416

[00257] Analytical data for SM-416: 'H NMR (MeOH-d,, 300 M Hz) & 8.95 (d, J =
8.1 Hz, 1H), 7.38-7.25 (m, 10H), 6.16 (m, 1H ), 4.80 (m, 1H), 4.56 (m, 1H), 4.25
(m, 2H), 3.92 (m, 3H), 3.47 (m, 1H), 2.72 (s, 3H), 2.60 (m, 3H), 2.34 (m, 1H), 2.12-
1.81 (m, 8H), 1.56 (m, 4H), 1.47 (m, 1H), 1.30 (m, 1H), *C NMR (MeOH-d;, 300
M Hz) 8 174.6, 172.4, 169.5, 168.4, 142.2, 142.0, 128.7, 128 .4, 127.8, 127.7, 127.5,
127.3,73.0, 61.7, 57.3, 57.2, 53.1, 51.9, 46.6, 42.0, 39.4, 34.4, 32.5, 31.2, 30.8, 27.2,
15.2.

EXAMPLE 26
SM-418
3 C
N
N,
HOM" N
Oz/NH Og” H O
N
N

H
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141.52, 141.39, 129.24, 129.16, 128.11, 127.96, 127.78, 127.64, 61.80,
58.06, 57.17, 56.51, 51.72, 49.30, 48.73, 48.25, 47.87, 41.42, 27.32,
WQR9g1281715 22 15, 2[88, 15.92.  EXAMPLE 45 SM-209 PCT/US2008/060215

[00258] Analytical data for SM-418: 'H NMR (MeOH-d4, 300 M Hz) ¢ 7.37-7.25
(m, 10H), 6.16 (m, 1H), 4.89(m, 1H), 4.58 (m, 1H), 4.40 (m, 1H), 4.26 (m, 1H),
4.03-3.83 (m, 3H), 3.66-3.48 (m, 3H), H), 2.70 (m, 3H), 2.33 (m, 1H), 2.08-1.75 (m,
10H), 1.54 (m, 3H), °C NMR (MeOH-d4, 300 M Hz) § 177.6, 172.4, 169.2, 168.6,
142.2,142.0, 128.7, 128.5, 128 .4, 127.8, 127.7, 127.6, 127.5, 127.3, 73.4, 61.7, 57.3,
57.1,53.0,51.9,46.9,39.4,38.9,34.7,32.7,31.3, 30.8, 28.0, 27.3, 15.2.

EXAMPLE 27
SM-419

o\ S ®
oa
H/ﬁN
O 9] H

NH O

[00259] Analytical data for SM-419: 'H NMR (MeOH-d4, 300 M Hz) ¢ 7.37-7.25
(m, 10H), 6.16 (m, 1H), 4.89(m, 1H), 4.58 (m, 2H), 4.26 (m, 1H), 4.03-3.71 (m,
5H), 3.55-3.37 (m, 2H), 2.70 (m, 3H), 2.67 (m, 2H), 2.33 (m, 1H), 2.08-1.75 (m,
6H), 1.54 (m, 3H), °C NMR (MecOH-d,, 300 M Hz) & 173.5, 172.2, 169.2, 168.6,
1422, 141.9, 128.8, 128.7, 128.5, 128.4, 128.2, 127.8, 127.7, 127.6, 127.5, 127.3,
127.2,73.1,67.5,61.8,57.3, 46.6, 37.1, 35.9, 32.5, 32.1, 31.4, 30.8, 27.4, 15.2.

EXAMPLE 28
SM-420
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- 124- WO 2008/128171PCT/US2008/060215 100277]Analytical data for
SM-209: 1H NMR (300 MHz, D20) 6 7.22-7.05 (m, 4H), 6.95-6.77 (m, 4H),
W&29083(£281H), 4.90 (m, 1H), 4.45 (m, 1H), 4.13 (m, 1H), 3.97 (FCTHJ$2008/060215
3.85-3.60 (m, | H), 3.50-3.10 (m, 3H), 2.80 (m, | H), 2.65 (s, 3H), 2.30-1.60

(m, 6H), 1.46 (d, J = 7.2 Hg, 3H), 1.12-0.85 (m, 6l MR (75 MHz,
D20) 6 180.27, 172.52, 16§36, ¥60.4 37, 13 129.55, 129.45,
115.81, 115.53, 61.98, 57,82, 96.43, 51.92, 49.98%6%1, 35.07, 32.70,

31.30, 30.82, 27%44,19.18, 18.76, 15.5 MPLE 46 SM-210
100278]Analytical aata for SM-21 ; A6 7.22-7.03
, 1H), 4.12

(m, 1H), 3.89 (m, IH), 3.82-3. VAH), 2.50 (s, 3H), 2:3Q-280 (m, 9H),
1.42 (d, J = 7.2 Hz, 3H)\.82-0.65 (m, 6H); 13C NMR (75 MHz, D20) 6
176.09, 172.70, 169.50, 3§0.53\137.27, 137.14, 129.49, 129.35, 115.92,
115.84, 115.80, 115.62, 62.10, 61.80, 58.07, 56.54, 52.26, 46.59, 42.28,
41.38, 32.40, 31.35, 27.43, 25.98, 22.16, 15.59. EXAMPLE 47 SM-230

e A e A e
5H),(&1.100¢H), 6-H)6 2:52B, 31Y, @u28+1)52 I/n(ri2HY]), 1424 089 kin, B8 (m, 2H), 3.75
08206013 95, 1H), 3.24 (m, 1H), 2.68(s, 3H), 2.49 (m, 2H), 2.37-2.32 (m, 1H),

2.15-2.00 (m, 5H), 1.84-1.80 (m, 1H), 1.56 (m, 6H), 1.00 (2d, J = 6.0Hz, 6H), “C
NMR (MeOH-d,, 300 M Hz) & 175.4, 172.4, 168.9, 168.6, 142.2, 142.0, 128.7,
128.5, 127.8, 127.7, 127.5, 127.3, 61.8, 57.3, 53.0, 52.0, 46.6, 34.4, 32.5, 31.5, 30.9,
28.0,27.3,22.0,21.9, 15.3.

(m, 4H), 6.95-6.80 (M, 4H), 6, _o

EXAMPLE 29
SM-421

[00261] Analytical data for SM-421: '"H NMR (MeOH-ds, 300 M Hz) o 8.95 (m,
1H), 7.38-7.14 (m, 15H), 6.17 (m, 1H), 4.85 (m, 1H), 4.56 (m, 1H), 4.23 (m, 1H),
4.04-3.85 (m, 2H), 3.73 (m, 1H), 3.46 (m, 1H), 3.20 (m, 1H), 2.70 (2s, 3H), 2.62 (t,
J=17.8 Hz, 2H), 2.45 (m, 2H), 2.30 (m, 1H), 2.05-1.81 (m, 7H), 1.54 (d, /= 7.2 Hz,
3H), *C NMR (MeOH-d,, 300 M Hz) & 174.8, 172.3, 169.0, 168.6, 142.2, 142.1,
1419, 128.7, 128.5, 128.4, 127.8, 127.5, 127.3, 126.0, 61.8, 57.3, 52.8, 52.0, 46.6,
35.2,32.9,32.5,31.8,31.4,30.8,27.2, 15.3.
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EXAMPLE 48 SM-428 EXAMPLE 49 SM-435 EXAMPLE 50

EXAMPLE 51 SM-437 1002801Analytical data for SM-437:NMR
WONIMSH28W1300 M Hz) 6 7.45 (m, 1H), 7.30 (m, 4H), 7.14 (m, REW/US2008/060215

7.02-6.84 (m, 2H), 5.43 (t, .1= 8.1 Hz, 1H), 4.79 (m, 1H), 4.39 (m, 1H),

4.00-3.77 (m, 4H), 3.56 (m, 1H)EX4NHRLAHF3.00 (m, 6H), 2.70 (s, 3H),

2.49 (m, 1H), 2.28 (m, 1H), 2.00-1.75,(n Q?H), 1.54 (d, J= 6.6 Hz, 3H),

13C NMR (MeOH-d4, 300 M Hz) 6 174.1,173.0, 169.1, 168.5, 143.6,

143.2, 137.4, 130.6, 127.7, 126.5, 124.5, 124.4, 6

51.6, 46.6, 35.1, 33.4, 32.4,

Binding of Inhibitoks to

7.3, 54.8, 52.6,
. EXAMPLE 52

[00262] Analytical data for SM-422: 'H NMR (MeOH-d,, 300 M Hz) ¢ 7.38-7.25
(m, 10H), 6.18 (s, 1H), 4.87 (m, 1H), 4.57 (m, 1H), 4.22 (m, 1H), 3.98 (m, 2H), 3.76
(m, 1H), 3.42 (m, 1H), 3.24 (m, 1H), 2.70 (2s, 3H), 2.49 (m, 2H), 2.37-2.32 (m, 1H),
2.15-2.00 (m, 4H), 1.78 (m, 1H), 1.68-1.58 (m, 3H), 1.55 (2d, J = 7.2 Hz, 3H), 1.27-
1.19 (m,2H), 0.95 (m, 6H), *C NMR (MeOH-d,, 300 M Hz) & 175.3, 172.4, 169.0,
168.6, 142.2, 142.1, 128.7, 128.5, 127.8, 127.7, 127.5, 127.3, 61.8, 57.4, 57.3, 52.9,
51.9,46.6,38.7,32.9, 32.5, 31.3, 30.8, 28.2, 27.3, 23.5, 22.0, 21.9, 15.3.

EXAMPLE 31
SM-423
@)
N
N
NH
O
NH ©0O
A
N"'
H
[00263] Analytical data for SM-423: '"H NMR (MeOH-ds, 300 M Hz) o 4.84 (m,

1H), 4.42 (m, 1H), 4.30 (m, 1H), 3.95 (m, 3H), 3.42 (m, 1H), 3.24 (m, 1H), 2.71 (s,
3H), 2.50 (d, J=7.2 Hz, 2H), 2.34 (m, 1H), 2.15-2.00 (m, 10H), 1.65 (m, 1H), 1.55
(2d, J =72 Hz, 3H), 1.16 (m,6H), 1.00 (m, 6H), *C NMR (MecOH-d,, 300 M Hz) &
1747, 172.2, 169.1, 168.6, 61.7, 57.3, 57.2, 56.6, 53.2, 50.3, 46.7, 41.8, 32.7, 32.6,
31.3,30.8,27.4,27.2,26.0,25.7,25.1,22.0,21.8, 15.2.
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1002811In order to test the binding ability of the conformationally
constrained Smac mimetics to 1AP proteins, a sensitive and quantitative
WoRd28kiding assay using the fluorescence polarization (FPPEE3&83008/060215
method was developed and used to determine the binding affinity of Smac
mimetics to XIAP protein (NikolovskaColeska et aL, Anal. Biochem.
332:261-73 (2004)). For this asgay, /oAy exyfluorescein (5-Fam) was
coupled to the lysine side chain of the mutated Smac peptide,
AbuRPF-K-(5-Fam)-NH2 (termed SM¥9H2The Kd value of the binding of
SM5F peptide to X1AP B1R3 protein was determined to be 17.92 nM

with high affinity. Th
(residues 241-356) C
for the FP based binding assay. R$e-depet ent binding FP
experiments were carried ' H;er@l utions of the tested compounds
in DMSO. A 5 gl samplg of the tested samples and preincubated XIAP
BIR3 protein (30 nM) andNSMQF peptide (5 nM) in the assay buffer (100
mM potassium phosphatl pH 7.5; 100 Rgiml bovine gamma globulin;
0.02% sodium azide, purchased from InvitrogenThi Life Technology),
were added in Dynex 96-well, black, roynd-bottom plates (Fisher

[0036:8ntific) 1O Bbdisab dfntarSMMa Bt 1HENMBoMazds AP0 Bladry7.25-7.18
penide spptisheoptaininaseeobinantX|AP ARYpreG pad IMBTm, 1), 3.90

(equivalent to 0% inhibition) and free peptide control containing only free

smerySihivaeRiis. 16Dy 1%(6&18&})%@ Weilded hné- ﬂ)bl(i%z%lﬂb# 38 (m, 2H),

! f di cOH-ds
e T L TR READLR Cacan S e tkcatgh T CHeOH-ds
Triangl Makle)NC)74esd GallieotHe Hifitdredhcehhiib &b iRfeh 56957, 124.0,

of beungl peptide i displaceq, 5’1%94@@951@?%“50@3@,@@713}'1‘9 30.8, 30.0, 27.6,
nonlinear least-squares anaIyS|s Curve fitting was performed using

GRA®HPADY PRISM L8itlvate (GraphPad Software, Inc., San Diego, CA).
[00283]Alternatively, in an optimized procedure, FP experiments were
performed in Mucrofluor*., ThermoLabsystems, black, round-bottom
plates (Fisher Scientific) using theXiiM, r%ader (Mean, Research
Triangle Park, NC). The dose- depewgz%inding experiments were
carried out with serial dilutions of active compounds. A 5 ul sample of the
ed XJAP BIR3 (30 nM) and SM5F

, and was used

tested compound ano[]ureincu 3
Smac-Flu peptidg (5 n
phosphate, pH 7 0 ug{m1 bo iR 0.02% sodium
azidc), were ad ed in 96-w 5 1A For each
assay, negative controlgcon mac-Flu
(equivalent to 0% inhibiti Bk posﬁ-R/e controls contalnlng only free
Smac-Flu peptide (é(%%lv lent to 100% inhibition) will be included on each

assay plate. The plat e mixed on a shaker for 15 min and incubated
at room temperature for 1-3 h. Polarization values were measured at
excitation wavelength at 485 rim and emission wavelength at 530 nm. The

entage ( of 4b| were fr {} O/ i [
[00%5811 (mP - m Igbt & egre %@ﬂﬁ Ilg%?a tes)lgepfl Igl(gcf)\ﬁt?@ 0 7.64-7.55
(mm(maﬂI'hP)flaﬁﬁd(m Phrig QtﬂePdmuﬁdi)Péﬁﬁo(@Edﬁ)ol f(rﬁ%u(dnél?rﬂlé).? 1B50lH), 4.22

the iphihi h|c % of p

was é‘?epinjlne ﬁ%% p]o mfng%o%ﬁ% Qr ‘lea tggﬁg r?s ?y%?f(d%héﬂ) 2.37-
curva.Jidticrg. Wb pér]féfm (sirg1GragiNad PH3m ISéo(ﬂmva?rH) The3idm, 6H),
valu im rived,from 5 e

the Kﬁ/%aél'g%@g&#%gng at é?%‘a?ljcélﬂ}?n%e’;\l??s ¥ ggs% ti/v%zr}?%] lngl 1278,
specifically developed for FP-based assays. 100284]When tested in the

binding assay, the conformationally constrained Smac mimetics of the

present invention exhibited strong bindig-affinity MAI' BIR3 protein as

shown in Table 2. These binding affinities were more than 10-fold better

than the binding affinity of the natural Smac peptide AVM- (SEQ TD NO:

1) (1,183 441 nM). These data suggest that conformationally constrained

Smac mimetics will act as potent inhibitors of IAP activity. Table 2 Name
TCEN (M) SM-A01 <1 SM-A02



<1 SM-403 <1 YP-245P3 <100 YP-246P <10 SM-330 <1 SM-337 <1

SM-350 <1 SM-356 <1 SM-376 <0.1 SM-377
WO 2008/128171 PCT/US2008/060215

127.5, 125.4, 125.3, 123.0, 61.8, 57.4, 57.2, 56.6, 52.9, 51.8, 46.7, 42.4, 42.1, 41.5,
32.5,31.3,30.8,274,26.2, 23.5,22.0,21.9, 15.3.

EXAMPLE 34
SM-427

S/ﬁ NH
O\\<NH 0o
N
N
H
[00266] Analytical data for SM-427: '"H NMR (MeOH-ds, 300 M Hz) & 7.45 (m,

1H), 7.20-7.10 (m, 3H), 5.07 (m, 1H), 4.88 (m, 1H), 4.43 (m, 1H), 4.22 (m, 1H),
3.98 (m, 3H), 3.48 (m, 1H), 2.89 (m, 2H), 2.75 (s, 3H), 2.55 (d, J = 6.6 Hz, 2H),
2.44 (m, 1H), 2.30-1.78 (m, 11H), 1.55 (m, 3H), 1.00 (m, 6H), *C NMR (MecOH-
ds, 300 M Hz) & 174.7, 172.7, 169.5, 168.5, 137.6, 136.9, 128.8, 127.1, 126.0, 61.9,
57.3,56.7,53.2,51.9, 46.7, 42.1, 41.5, 32.6, 31.2, 30.8, 29.3, 27.4, 26.1, 22.2, 21.9,

20.8,15.2.

EXAMPLE 35
SM-429

[00267] Analytical data for SM-429: '"H NMR (MeOH-ds, 300 M Hz) & 7.64 (m,
3H), 7.53-7.32 (m, 6H), 4.87 (m, 1H), 4.55-4.40 (m, 3H), 423 (m, 1H), 3.98 (m,
2H), 3.82 (m, 1H), 3.38 (m, 1H), 2.71 (s, 3H), 2.46 (d, J = 7.2 Hz, 2H), 2.33 (m,
1H), 2.15-1.78 (m, 7H), 1.53 (2d, J = 6.9 Hz, 3H), 0.98 (m, 6H), C NMR
(MeOH-dy, 300 M Hz) 3 174.8, 173.2, 169.6, 168.7, 141.7, 141.2, 139.6, 129.2,

-119 -



<0.1 SM-404 <1 SM-405 <1 SM-406 <0.1 SM-407 <1 SM-408 <1

SM-409 <I SM-412 <10 SM-413
WO 2008/128171 PCT/US2008/060215

128.9, 127.5, 127.1, 126.1, 125.9, 61.8, 57.2, 56.5, 53.0, 51.8, 46.7, 43.2, 42.1, 41.5,
35.0,32.6,31.2,30.8,27.3,26.0,22.2,21.9, 15.3.

EXAMPLE 36
SM-430
O

e
0 NH O
2/% &

H

[00268] Analytical data for SM-430: 'H NMR (MeOH-d,, 300 M Hz) & 8.05 (d, J =
7.8 Hz, 1H), 7.88 (m, 1H), 7.81 (d, J = 8.1Hz, 1H), 7.57-7.43 (m, 4H), 4.87-4.80 (m,
3H), 4.49 (m, 1H), 4.23 (m, 1H), 3.98 (m, 2H), 3.85(m, 1H), 3.43 (m, 1H), 2.71 (s,
3H), 2.50 (d, J =6.9Hz, 2H), 2.33 (m, 1H), 2.15-1.78 (m, 7H), 1.53 (2d, J=7.2 Hz,
3H), 0.99 (m, 6H), “C NMR (MeOH-d4, 300 M Hz) & 174.7, 173.0, 169.3, 168.7,
134.3, 133.9, 131.7, 128.8, 128.2, 126.4, 125.8, 125.5, 123.4, 61.8, 57.3, 56.7, 53.1,
51.8,46.7,42.1,41.4,41.3, 35.0,32.6,31.1,30.8,27.3,26.2,22.2,21.9, 15.2.

EXAMPLE 37
SM-431
O
N
N,
NH
O .
NH Q0" 5
N
N
H
[00269] Analytical data for SM-431: '"H NMR (MeOH-ds, 300 M Hz) & 7.45 (m,

1H), 7.25-7.17 (m, 3H), 5.40 (t, J = 7.8 Hz, 1H), 4.88 (m, 1H), 4.46 (m, 1H), 4.25
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<| SM-414 <1 SM-415 <1 SM-416 <1 SM-418 <1 SM-419 <I SM-420 <1
SM-42| <I SM-422 <1 SM-423
WO 2008/128171 PCT/US2008/060215

(m, 1H), 3.98 (m, 3H), 3.40 (m, 1H), 3.00 (m, 2H), 2.71 (s, 3H), 2.55 (m, 2H), 2.44
(m, 1H), 2.34 (m, 2H), 2.15-2.00 (m, 6H), 1.81 (m, 1H), 1.53 (m, 3H), 1.00 (m,
6H), '*C NMR (MecOH-ds, 300 M Hz) § 174.7, 173.1, 169.5, 168.6, 143.6, 143.3,
127.8, 126.5, 124.5, 61.9, 57.3, 56.6, 54.8, 532, 51.8, 46.7, 42.1, 41.5, 35.1, 33.4,
32.6,31.2,30.8, 30.0, 27.4, 26.1,22.2, 21.9, 15.2.

EXAMPLE 38
SM-432

[00270] Analytical data for SM-432: 'H NMR (MeOH-d,, 300 M Hz) & 7.38-7.25
(m, 10H), 4.80 (m, 1H), 4.32 (m, 2H), 4.18 (m, 1H), 3.98(m, 2H), 3.87 (m, 1H), 3.63
(m, 1H), 3.49 (m, 1H), 2.70 (s, 3H), 2.50 (d, J = 7.2 Hz, 2H), 2.32 (m, 1H), 2.15-
1.74 (m, 7H), 1.56 (m, 3H), 1.00 (m, 6H), *C NMR (McOH-d,, 300 M Hz) 5 174.7,
173.0, 169.1, 168.6, 142.8, 128.6, 128.4, 128.1, 126.7, 61.8, 57.2, 56.7, 53.1, 50.9,
46.7,44.0,42.0,41.5,32.6,30.8,27.1,26.1,22.2,21.9, 15.2.

EXAMPLE 39
SM-433
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<10 SM-424 <10 SM-425 <1 SM-426 <10 SM-427 <1 SM-428 >10
SM-429 <1 SM-430 <I SM-431 <1 SM-432
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[00271] Analytical data for SM-433: 'H NMR (MeOH-ds, 300 M Hz) ¢ 7.54-7.22
(m, 9H), 4.86 (m, 1H), 4.48 (m, 1H), 4.4-4.19 (m, 3H), 4.09-3.84 (m, 3H), 3.40 (m,
1H), 2.71 (s, 3H), 2.49 (d, J = 6.6 Hz, 2H), 2.33-1.74 (m, 8H), 1.53 (2d, J = 6.9 Hz,
3H), 0.98 (m, 6H), C NMR (MecOH-d4, 300 M Hz) & 174.7, 173.1, 169.3, 168.7,
1419, 141.2, 135.6, 130.0, 129.2, 128.3, 128.1, 127.8, 127.3, 61.8, 57.3, 56.9, 53.2,
51.8,46.7,42.0,41.5,41.3,35.0,32.6,31.2, 30.8, 27.3, 26.0, 22.2, 21.9, 15.2.

EXAMPLE 40

SM-434
@)

”}%« oYy

H

[00272] Analytical data for SM-434: '"H NMR (MeOH-ds, 300 M Hz) & 7.60 (m,
4H), 7.38 (m, 4H), 7.30 (m, 1H), 4.86 (m, 1H), 4.57-4.36 (m, 3H), 4.22 (m, 1H),
4.04-3.89 (m, 3H), 3.42 (m, 1H), 2.71 (s, 3H), 2.49 (d, J = 6.6 Hz, 2H), 2.35-1.79
(m, 8H), 1.53 (2d, J= 6.9 Hz, 3H), 0.98 (m, 6H), *C NMR (McOH-ds, 300 M Hz)
8 174.7,173.2, 169.2, 168.7, 141.1, 140.3, 138.0, 128.9, 128.0, 127.3, 127.1, 126.9,
61.8,57.3,56.9, 53.1, 51.8, 46.7, 42.8, 42.1, 41.5, 35.2, 32.6, 31.2, 30.8, 27.4, 26.0,
22.2,219,15.2.

EXAMPLE 41
SM-227

HN O
\‘ji N
N NH O
o)
_NH H O
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[00273] Analytical data for SM-227: '"H NMR (300 MHz, D,0) ¢ 7.34-7.12 (m,
10H), 5.92 (brs, 1H), 5.23 (dd, J = 12.06, 5.34 Hz, 1H), 4.65 (m, 1H), 4.50 (m, 1H),
3.88 (m, 1H), 3.52 (m, 1H), 3.45 (m, 1H), 3.31 (m, 1H), 3.13 (m, 1H), 2.58 (s, 3H),
2.36 (m, 1H), 2.20-1.72 (m, 5H), 1.41 (d, J = 7.05 Hz, 3H); “C NMR (75 MHz,
D,0) & 173.93, 170.10, 168.28, 140.81, 140.63, 129.37, 128.33, 128.24, 127.53,
61.31,59.11, 58.52, 57.15, 48.68, 47.50, 46.10, 31.82, 31.26, 30.94, 27.13, 15.46.

EXAMPLE 42
SM-211

JAALC
R

[00274] Analytical data for SM-211: '"H NMR (300 MHz, D,0) ¢ 7.23-7.02 (m,
10H), 5.85 (s, 1H), 4.70 (m, 1H), 4.32 (m, 1H), 4.01 (m, 1H), 3.85 (m, 1H), 3.65-
3.20 (m, 4H), 2.90-2.70 (m, 2H), 2.27-2.03 (m, 3H), 2.01-1.43 (m, 8H), 1.36 (d, J =
6.90 Hz, 3H), 0.78 (t, J = 7.3 Hz, 3H), 0.76-0.70 (m, 6H); °C NMR (75 MHz, D,0)
8 176.89, 173.57, 170.10, 170.06, 142.14, 142.08, 129.86, 129.77, 128.72, 128.62,
128.35, 128.21, 62.77, 58.54, 56.95, 49.58, 49.29, 48.82, 48.72, 48.43, 48.14, 43.00,
31.92,26.74, 22.83, 22.64, 20.33, 16.55, 11.20.

EXAMPLE 43
SM-212

ST A~ C
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<1 SM-230 <10 SM-227<1 EXAMPLE 53 Binding of Inhibitors to Other
IAP Proteins 100285]In order to test the binding ability of conformationally
WQRaMHSHEHEH Smac mimetics to other 1AP proteins (ML-1AP, AP YUS2HE/06021S5

clAP2) binding assay conditions were developed and optimized The
(0R B mbinar AR SR RaeicL 5 BSR6HI0 My B dofbfr’-16 (m.

(resigpigs 3383491 BN AP 1131 W25 damam)(resiglygs 6Bl 48 fugedH), 3.96
to a His-tag, were used in the bindir&lassays. Competitive bindin%(;?ssa

S
for dtffer FAP HEdtéins Were dértotmésitfilary &d tHa(Bedédlibed @QI/&yF_’ 7.2 Hz,
BIR3Brigfs theysams highsaffinity taaer GMMEEMBOHS peptde WaD1, 169.39,
used which binds clAP |, clAP2, and MLA-AP with high affinity: 4.1 nM,
6.6 NOF At HEo3 M ! fdshbctivds/ Thddflowitty ro h Gontdhistdd hag 6277
tracepweresused ¥y the sompelitivg aspay; 18 nM siAfland & nby Sk1556.29, 23 .69,
25 nM clAP2 and 2 nM SM5F, 300 nM ML-IAP and 5 nM SM5F
ExAMPLESS Cell Growth Inhibition by Conformationally Constrained
Smac Mimetics 100286]The effect of the compounds of the present
invention on the growth of various cancer cell lines was tested. Cells were
seeded in 96-well flat bottom ceﬁMMgb@téé at a density of 3000
cells/well with a tested compound ag '_%lébated at 37C in an atmosphere
of 95% air and 5% CO2 for 4 days. The rate of cell growth inhibition after

treatment with different gonce@rations of the compewd was determined
using a WST-8 kit (Z-Wx-& i ; ropheny1)-5-(2, 4

disulfopheny1)-2H-tetrazohlurh mggosodi ; prdo Molecular
Technologies, Inc., Gaithersbi®g, Marylagg). was added at a final
concentration of 10% to each ellgud{x ' ergincubated at
37C for 2- 3 hrs. The absorffanceé\of the gpm ed at 450

nm using a ULTRA n Re4der (MoleculdPDevice). ‘
of the tested co und that inhibited cell growth by 50% (IC50) was
calculated by comparing absorbance in untreated cells and the cells
treated with the tested compound. WO 2008/128171PCT/US2008/060215

10056ba 71 WAeH e Sdatinifes BM-RABA MBS (D7 LQRRACEAS- 120 (m,
cell lingpnthe @ RPOHNAS 94 (he Rigsenbnyentien exiibitad $M9NG.36-4.10 (m, 2H),

inhibitory activity as shown in suggesting that the compounds_are

Table 3
potett) ﬁrf}ﬂ(ﬁ@,o‘%lébrﬁcéﬁ-éehog%a\;evﬂﬂim PrieQdinadhihst-t7e(&1d-5v/.3 Hz, 3H),
ovariag cagsefree b Hne henNampasniigvers eyen morgopatent (Table4d),. 167.43,

Table 3
141.52, 141.39, 129.24, 129.16, 128.11, 127.96, 127.78, 127.64, 61.80, 58.06, 57.17,
56.51, 51.72, 49.30, 48.73, 48.25, 47.87, 41.42, 27.32, 26.29, 22.25, 22.15, 21.88,
15.92.

EXAMPLE 45
SM-209
F
o)
%N C
\ﬁ N
N NH O
o)
_NH H O

F
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Name MDA-MB-231 1050 (PM) SK-OV-3 1050 (RIVI) YP-337 <1 YP-376
<1 <1 SM-401 <1 SM-402 <1 <1 SM-403
WO 2008/128171 PCT/US2008/060215

[00277] Analytical data for SM-209: '"H NMR (300 MHz, D,0) ¢ 7.22-7.05 (m, 4H),
6.95-6.77 (m, 4H), 5.90 (s, 1H), 4.90 (m, 1H), 4.45 (m, 1H), 4.13 (m, 1H), 3.97 (m,
1H), 3.85-3.60 (m, 1H), 3.50-3.10 (m, 3H), 2.80 (m, 1H), 2.65 (s, 3H), 2.30-1.60 (m,
6H), 1.46 (d, J = 7.2 Hz, 3H), 1.12-0.85 (m, 6H); “C NMR (75 MHz, D,0) &
180.27, 172.52, 169.36, 160.48, 137.37, 137.19, 129.55, 129.45, 115.81, 115.53,

61.98, 57.32, 56.43, 51.92, 49.98, 46.81, 35.07, 32.70, 31.30, 30.82, 27.44, 19.18,
18.76, 15.53.

EXAMPLE 46
SM-210
F

P@it
—~~
\HLN NH O
o)
_NH H O

[00278] Analytical data for SM-210: '"H NMR (300 MHz, D,0) ¢ 7.22-7.03 (m, 4H),
6.95-6.80 (m, 4H), 5.90 (s, 1H), 4.82 (m, 1H), 4.35 (m, 1H), 4.12 (m, 1H), 3.89 (m,
1H), 3.82-3.15 (m, 4H), 2.60 (s, 3H), 2.30-1.50 (m, 9H), 1.42 (d, J = 7.2 Hz, 3H),
0.82-0.65 (m, 6H); >C NMR (75 MHz, D,0) & 176.09, 172.70, 169.50, 160.53,
137.27, 137.14, 129.49, 129.35, 115.92, 115.84, 115.80, 115.62, 62.10, 61.80, 58.07,
56.54, 52.26, 46.59, 42.28, 41.38, 32.40, 31.35, 27.43, 25.98, 22.16, 15.59.

F

EXAMPLE 47
SM-230
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<1 <1 SM-404 <1 <1 YP-245P3 >1 not tested YP-246P >1 not tested

SM-330 <1 not tested SM-350 <1 SM-356
WO 2008/128171 PCT/US2008/060215

JS N
LRS-

[00279] Analytical data for SM-230: "H NMR (300 MHz, D,0) § 7.32-7.16 (m, 3H),
7.12-7.05 (m, 2H), 5.02 (m, 1H), 4.32-4.12 (m, 3H), 4.02-3.20 (m, 5H), 3.10 (m,
1H), 2.52 (s, 3H), 2.28-1.52 (m, 12H), 1.42-1.39 (m, 3H), 0.82-0.60 (m, 6H).

EXAMPLE 48
SM-428

o)
N
NHCHPh,
ON_NH ©d
\

N
H

EXAMPLE 49
SM-435

)
N
1 v
e aw
NH O

N\
N
H

EXAMPLE 50
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<1 not tested SM-377 <1 SM-405 <1 <1 SM-406 <1 <1 SM-407 <1 <1
SM-408 <1 <1 SM-409

WO 2008/128171 PCT/US2008/060215
SM-436
F
N“'
H
EXAMPLE 51
SM-437
F
N“'
H
[00280] Analytical data for SM-437: '"H NMR (MeOH-ds, 300 M Hz) & 7.45 (m,

1H), 7.30 (m, 4H), 7.14 (m, 1H), 7.02-6.84 (m, 2H), 5.43 (t, J = 8.1 Hz, 1H), 4.79
(m, 1H), 4.39 (m, 1H), 4.00-3.77 (m, 4H), 3.56 (m, 1H), 3.40 (m, 1H), 3.00 (m,
6H), 2.70 (s, 3H), 2.49 (m, 1H), 2.28 (m, 1H), 2.00-1.75 (m, 6H), 1.54 (d, /= 6.6
Hz, 3H), "C NMR (McOH-ds, 300 M Hz) & 174.1, 173.0, 169.1, 168.5, 143.6,
1432, 137.4, 130.6, 127.7, 126.5, 124.5, 124.4, 62.1, 57.3, 54.8, 52.6, 51.6, 46.6,
35.1,33.4,32.4,31.4,30.8,30.0,27.5,15.2.

EXAMPLE 52
Binding of Inhibitors to XIAP

[00281] In order to test the binding ability of the conformationally constrained Smac
mimetics to IAP proteins, a sensitive and quantitative in vitro binding assay using
the fluorescence polarization (FP) based method was developed and used to
determine the binding affinity of Smac mimetics to XIAP protein (Nikolovska-
Coleska et al., Anal. Biochem. 332:261-73 (2004)). For this assay, 5-

carboxyfluorescein (5-Fam) was coupled to the lysine side chain of the mutated
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<1 SH-207 <1 <1 SM-412 >1 SM-413 <100 <100 SM-414 <100 <100

SM-415 <1 <1 SM-416
WO 2008/128171 PCT/US2008/060215

Smac peptide, AbuRPF-K-(5-Fam)-NH; (termed SMS5F). The K4 value of the
binding of SMS5F peptide to XIAP BIR3 protein was determined to be 17.92 nM,
showing that this peptide binds to the surface pocket of the XIAP protein with high
affinity. The recombinant XIAP BIR3 protein of human XIAP (residues 241-356)
fused to His-tag was stable and soluble, and was used for the FP based binding
assay.

[00282] The dose-dependent binding FP experiments were carried out with serial
dilutions of the tested compounds in DMSO. A 5 ul sample of the tested samples
and preincubated XIAP BIR3 protein (30 nM) and SMS5F peptide (5 nM) in the
assay buffer (100 mM potassium phosphate, pH 7.5; 100 pg/ml bovine gamma
globulin; 0.02% sodium azide, purchased from Invitrogen™ Life Technology), were
added in Dynex 96-well, black, round-bottom plates (Fisher Scientific) to produce a
final volume of 125 ul. For each assay, the bound peptide control containing
recombinant XIAP BIR3 protein and SM5F (equivalent to 0% inhibition) and free
peptide control containing only free SMSF (equivalent to 100% inhibition) were
included. The polarization values were measured after 3 hrs of incubation when the
binding reached equilibrium using an ULTRA READER (Tecan U.S. Inc., Research
Triangle Park, NC). 1Cso values, the inhibitor concentration at which 50% of bound
peptide is displaced, were determined from a plot using nonlinear least-squares
analysis. Curve fitting was performed using GRAPHPAD PRISM software
(GraphPad Software, Inc., San Diego, CA).

[00283] Alternatively, in an optimized procedure, FP experiments were performed in
Mucrofluor®, ThermoLabsystems, black, round-bottom plates (Fisher Scientific)
using the Ultra plate reader (Tecan, Research Triangle Park, NC). The dose-
dependent binding experiments were carried out with serial dilutions of active
compounds. A 5 ul sample of the tested compound and preincubated XIAP BIR3
(30 nM) and SMS5F Smac-Flu peptide (5 nM) in the assay buffer (100 mM
potassium phosphate, pH 7.5; 100 ug/ml bovine gamma globulin; 0.02% sodium
azide), were added in 96-well to produce a final volume of 125 ul. For each assay,
negative controls containing XIAP-BIR3 and SM5F Smac-Flu (equivalent to 0%
inhibition) and positive controls containing only free Smac-Flu peptide (equivalent
to 100% inhibition) will be included on each assay plate. The plates were mixed on

a shaker for 15 min and incubated at room temperature for 1-3 h. Polarization
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<10 <10 WO 2008/128171PCT/US2008/060215 SM-418 <10 <10 SM-4 1

9 <10 <10 SM-420 <1 <1 SM-421 <I SM-422 <1
WO 2008/128171 PCT/US2008/060215

values were measured at excitation wavelength at 485 nm and emission wavelength
at 530 nm. The percentage of inhibition were derived from the equation %
inhibition = 100[ 1-(mP — mPy)/(mPy, — mPy)], where mPr is the free peptide control
(minimal mP) and mPy, is the bound peptide control (maximal mP). 1Csg, the
inhibitor concentration at which 50% of bound peptide is displaced, was determined
from the plot using nonlinear least-squares analysis, and curve fitting was performed
using GraphPad Prism® software. The K; value for a Smac mimetic was derived
from the measured ICsy value and the Ky value of SMS5F using a mathematical
method and software specifically developed for FP-based assays.

[00284] When tested in the binding assay, the conformationally constrained Smac
mimetics of the present invention exhibited strong binding affinity X{AF BIR3
protein as shown in Table 2. These binding affinities were more than 10-fold better
than the binding affinity of the natural Smac peptide AVPI (SEQ ID NO: 1) (1,183 +
441 nM). These data suggest that conformationally constrained Smac mimetics will

act as potent inhibitors of IAP activity.

Table 2
Name I1Cso (UM)
SM-401 <1
SM-402 <1
SM-403 <1
YP-245P3 <100
YP-246P <10
SM-330 <1
SM-337 <1
SM-350 <1
SM-356 <1
SM-376 <0.1
SM-377 <0.1
SM-404 <1
SM-405 <1
SM-406 <0.1
SM-407 <1
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<1 SM-423 <100 <100 SM-424 >10 >10 SM-425 <10 <10 SM-426 <10
<10 SM-427 <1 <1 SM-428 >5

WO 2008/128171
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SM-408 <1
SM-409 <1
SM-412 <10
SM-413 <1
SM-414 <1
SM-415 <1
SM-416 <1
SM-418 <1
SM-419 <1
SM-420 <1
SM-421 <1
SM-422 <1
SM-423 <10
SM-424 <10
SM-425 <1
SM-426 <10
SM-427 <1
SM-428 >10
SM-429 <1
SM-430 <1
SM-431 <1
SM-432 <1
SM-433 <1
SM-434 <10
SM-207 <1
SM-209 <1
SM-210 <1
SM-211 <1
SM-212 <1
SM-213 <1
SM-222 <1
SM-230 <10
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>5 SM-429 <10 <10 SM-430 <10 <10 SM-431 <1 <1 SM-432 <10 <10

SM-433 <10 <10 SM-434 <10
WO 2008/128171 PCT/US2008/060215

SM-227 <1

EXAMPLE 53
Binding of Inhibitors to Other IAP Proteins

[00285] In order to test the binding ability of conformationally constrained Smac
mimetics to other IAP proteins (ML-IAP, cIAP1, and cIAP2) binding assay
conditions were developed and optimized. The recombinant cIAP1 BIR3 domain
(residues 253-363), cIAP2 BIR3 domain (residues 238-349), and ML-IAP BIR3
domain (residues 63-179), fused to a His-tag, were used in the binding assays.
Competitive binding assays for other IAP proteins were performed similarly as that
described for XIAP BIR3. Briefly, the same high-affinity tracer SM5F Smac-Flu
peptide was used which binds clIAP1, cIAP2, and ML-IAP with high affinity: 4.1
nM, 6.6 nM, and 160 nM, respectively. The following protein concentration and
tracer were used in the competitive assay: 10 nM clAPland 2 nM SM5F, 25 nM
cIAP2 and 2 nM SMS5F, 300 nM ML-IAP and 5 nM SMS5F

EXAMPLE 54

Cell Growth Inhibition by Conformationally Constrained Smac Mimetics

[00286] The effect of the compounds of the present invention on the growth of
various cancer cell lines was tested. Cells were seeded in 96-well flat bottom cell
culture plates at a density of 3000 cells/well with a tested compound and incubated
at 37°C in an atmosphere of 95% air and 5% CO; for 4 days. The rate of cell growth
inhibition after treatment with different concentrations of the compound was
determined using a WST-8 kit (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,
4  disulfophenyl)-2H-tetrazolium  monosodium  salt; Dojindo  Molecular
Technologies, Inc., Gaithersburg, Maryland). WST-8 was added at a final
concentration of 10% to each well, and then the plates were incubated at 37°C for 2-
3 hrs. The absorbance of the samples was measured at 450 nm using a ULTRA
Tecan Reader (Molecular Device). The concentration of the tested compound that
inhibited cell growth by 50% (ICsy) was calculated by comparing absorbance in

untreated cells and the cells treated with the tested compound.
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SM-2 1 2 <10 <10 SM-213 <10
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[00287] When tested against the MDA-MB-2131 human breast cancer cell line, the
compounds of the present invention exhibited strong inhibitory activity as shown in
Table 3, suggesting that the compounds are potent inhibitors of cancer cell growth.
When tested against the SK-OV-3 ovarian cancer cell line, the compounds were

even more potent (Table 3).

Table 3
MDA-MB-231 SK-OV-3
Name
1Cs0 (uM) 1Cs0 (uM)
YP-337 <1 <1
YP-376 <1 <1
SM-401 <1 <1
SM-402 <1 <1
SM-403 <1 <1
SM-404 <1 <1
YP-245P3 >1 not tested
YP-246P >1 not tested
SM-330 <1 not tested
SM-350 <1 <1
SM-356 <1 not tested
SM-377 <1 <1
SM-405 <1 <1
SM-406 <1 <1
SM-407 <1 <1
SM-408 <1 <1
SM-409 <1 <1
SH-207 <1 <1
SM-412 >1 >1
SM-413 <100 <100
SM-414 <100 <100
SM-415 <1 <1
SM-416 <10 <10
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<10 SM-222 <1 <1 SM-230 <100 <100 SM-227 <10 <10 EXAMPLE 55
Induction of cell death by YP-337 1002881The ability of YP-337 to induce
WQ2108d38h7vas tested in the breast cancer MDA-MB-231 and BEAR3008/060215

cancer SK-QV-3 cell lines (Table 4) Cells were treated WQ

2008/128171PE¥IY$B008/060215 with YHEL337 for 48 hqurs and cel

viability was detgimjpgd Uuging the trypan pjtie exclusion assay. Tabig4
SM-420 <1 <1
SM-421 <1 <1
SM-422 <1 <1
SM-423 <100 <100
SM-424 >10 >10
SM-425 <10 <10
SM-426 <10 <10
SM-427 <1 <1
SM-428 >5 >5
SM-429 <10 <10
SM-430 <10 <10
SM-431 <1 <1
SM-432 <10 <10
SM-433 <10 <10
SM-434 <10 <10
SM-207 <10 <10
SM-209 <10 <10
SM-210 <1 <1
SM-211 <10 <10
SM-212 <10 <10
SM-213 <10 <10
SM-222 <1 <1
SM-230 <100 <100
SM-227 <10 <10

EXAMPLE 55

Induction of cell death by YP-337

[00288] The ability of YP-337 to induce cell death was tested in the breast cancer
MDA-MB-231 and ovarian cancer SK-OV-3 cell lines (Table 4). Cells were treated
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Approximate % of dead cells after 48 h Concentration (hM) MDA-MB-231

SK-OV-3 Control <5% <5% 0.1 10% 20% 1 35% 40% 10 60% 65% 100
WO 2008/128171 PCT/US2008/060215

with YP-337 for 48 hours and cell viability was determined using the trypan blue

exclusion assay.

Table 4
Approximate % of dead cells after 48 h
Concentration (nM) MDA-MB-231 SK-OV-3

Control <5% <5%

0.1 10% 20%

1 35% 40%

10 60% 65%

100 75% 75%

EXAMPLE 56

Anti-tumor Activity of SM-406 (AT-406) in Breast Cancer Xenograft Model

[00289] The ability of SM-406 (AT-406) to act as anti-tumor agent was tested in the
MDA-MB-231 breast cancer xenograft (nude mice) model. SM-406 (AT-406) was
administered qd X 5 per week for two weeks. As illustrated in Fig. 1, SM-406 (AT-
406) at doses of 30, 100 and 200 mg/kg of SM-406 (AT-406) displayed anti-tumor
activity. Dose-dependent weight loss up to 11% was observed at 100 and 200

mg/kg.

EXAMPLE 57
Anti-tumor Activity of SM-406 (AT-406) and Taxotere in Prostate Cancer Xenograft Model

[00290] The ability of SM-406 (AT-406) to act as an anti-tumor agent alone and in
combination with taxotere was tested in the PC-3 prostate cancer xenograft (nude
mice) model. SM-406 (AT-406) was administered at qd X 5 per week, taxotere
once a week, for two weeks. As illustrated in Fig. 2, SM-406 (AT-406) at doses of
100 and 200 mg/kg displayed anti-tumor activity. In addition, SM-406 (AT-406)
(100 mg/kg) in combination with taxotere (8 mg/kg) displayed enhanced anti-tumor

activity.
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75% 75% EXAMPLE 56 Anti-tumor Activity of SM-406 (AT-406) in Breast

Cancer Xenograft Model [00289]The ability of SM-406 (AT-406) to act as
WQRE(I3Rd7 hgent was tested in the MDA-MB-231 breast cancBEXdrBgpaf6021s

(nude mice) model. SM-406 (AT-406) was administered qd X 5 per week

for two weeks. As illustrated in EigkANMML406 BAT-406) at doses of 30,

00 and 200 mg/ - s406)-displayed anti-t I activity.
A R U R T P R et p e Moo
mg/kg. EXAMPLE 57 Anti-tumor Activity of SM-406 (AT-406) and

tere inProstate C odel [00290]The ahility of .
100838506 (xFBrOR L] SEa mo scte MR A AR et atone and in
with taxdiersiovas ttstkantthevRO S tpdoistabe P4hdarmetatyraficrudaograft (nude
mice . < T1-406 S ink week, ® 1u;
o A AN M S S REL R Tykers™ bid
(AT-XObpeat dosk SorftdOOmaeis208smidykgatitdplayeg AnSMHYT Gtivigo)at doses of
additign, 6 (AT-4 0, makka) in ¢ inati ' otere )
e Wb AR S b (7400
Activit) SN0 8 (sambdsitand WigkeFy kit ProQaterg st alispbsgrafthanced anti-
Mod&ll 02911 he ability of SM-406 (AT-406) to act as an anti-tumor
agent alone and in combination with Tykerb was tested in the PC-3
prostate cancer xenograft (nude mice) model. SM-406 (AT-406) was

administered at qd X 5 per wee%%i%dsé 5 per week for two weeks.
As illustrated in Fig. 3, SM-406 - at'doses of 100 and 200 mg/kg

AfliBplayedr\antHtyBOs RCHty AT-addition, RioARs iABr&R6 Qe N a@rimt Model
combination with Tykcrb(r) (90 mg/kg) displayed enhanced antitumor
activity. EXAMPLE 59 Anti-tumor Activity of SM-406 (AT-406) and

[00D92ptere inBegsiliGastsnKeoogreaft Measied k002924 the ability ofSMati and in
(AT-éloorg i%)ag(o:}la{)gi&lntggotit—etl%mvga{sat gt%%iaill?rgﬁeailq\jl% breast cancer xenograft model.
SM-406 (AT-406) was administered at qd X 5 per week, taxotere once a week, for

two weeks. As illustrated in Figure 4, SM-406 (AT-406) at a dose of 100 mg/kg
displayed anti-tumor activity. In addition, SM-406 (AT-406) (100 mg/kg) in

combination with taxotere (12 mg/kg) displayed anti-tumor activity.

EXAMPLE 60
Anti-tumor Activity of SM-406 (AT-406) and Tykerb® in Breast Cancer Xenograft Model

[00293] The ability of SM-406 (AT-406) to act as an anti-tumor agent alone and in
combination with Tykerb® was tested in the 2LMP breast cancer xenograft model.
SM-406 (AT-406) was administered at qd X 5 per week, Tykerb® qd for two weeks.
As illustrated in Fig. 5, SM-406 (AT-406) at doses of 30, 100 and 200 mg/kg
displayed anti-tumor activity. In addition, SM-406 (AT-406) (30, 100 and 200
mg/kg) in combination with Tykerb® (90 mg/kg) displayed enhanced anti-tumor

activity.

EXAMPLE 61
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combination with taxotere was tested in the 2LMP breast cancer xenograft

model. SM-406 (AT-406) was administered at qd X 5 per week, taxotere
WRRNS/A28,8dk, for two weeks. As illustrated in Figure 4, SM-408-ATS2098)060215

at a dose of 100 mg/kg displayed anti-tumor activity. In addition, SM-406

(Aﬁa@éymmﬁgﬁﬁ%\‘f)rﬁ@lﬁw%rﬁ%&f%’%@t&é?ﬁﬁl@ﬂ@}%}ggraﬁé\élodel

anti-tumor activity. EXAMPLE 60 Anti-tumor Activity of SM-406 (AT-406)

and Tykerbz in Breast Cancer Xenograft Model [00293]The ability of .
[003REL0e (AFIHoB) tEvaet AV af0ari Y dgext Afoffe AbtHIOS ARG tested in

with thykeskl-wasdestat ibatherdtdMih R ass AN CEVXPoaia0eO0ehs administered
SM-406 (AT-406) was administered at qd X 5 per week T,Pc/)kerlb d for twq

d

weeRk AR BN F‘?é.lﬂ}@}\ﬂt-%bélc(]‘if&zﬁae%l\ét% 5146) 2berantiof 30 and

200 nog/key disRinyed @lintiliaioraévivyeyIn addition, SM-406 (AT-406) (30,

100 and 200 mg/kg) in combination with Tykerb*.\ (90 mg/kg) displayed

enhanced anti-tumor activity. EXAMPLE 61 Anti-tumor Activity of SM-406

(AT-406) in Pancreatic Cancer Xepaavady oge! [00294]The ability of

SM-406 (AT-406) to act as an anti-tumor agent was tested in the Pane-1

pBlesredticcdalicepienoyrat ohdedr48MA TR T Biosy as cd i rasdModel

gd X 5 per week. As illustrated in Fig. 6, SM-406 (AT-406) at doses of 30

and 100 mg/kg displayed anti-tumor activity. EXAMPLE 62
[00298k-Schedslellogtatnidatioligt $MsuabcsAdirage) Besastd Ghnomtimization of  the

XcnagieoN 94! 16078530 WSHEled, o RS ITBRIEE 1HBLP xenogra

the optimization of the SM-40 T-406) dosing schedule in the
MDAnvR-28icreast ehnvercxerspdfopudengicddmogdiavefe D@ dutT-406).

usm%&r%)nmgél&r?fa§%‘ %9@,%%@?%@1‘%&@&%&“3@&9 & 'p%?xxxje'e% or once a

per week, qd X 3, day 1-3 per week or once a week produced anti-tumor '
actiwtgelB oeydwesid s mersadetseliyn. wBeitly wekihy lessoypedaipaneqekly dosing

the ?@éﬁ@&%&%qﬂ@&hm{%Qﬁgdﬂéswtro Activity of SM-406 in
e

Cancer Cell Lines [00296]The ability of SM-406 to inhibit cell growth as a

single agent was tested in the MDA-MB-231 breast cancer cell line,

SK-OV-3 and OVCAR-4 ovariarEseRﬁ\g{rﬁﬁE Ign\fs and SK-Me1l-2

melanoma cancer cell line. Cells were treated for 4 days. Cell growth was

determined usingia WtfpTAlasés afSay-406 IHustiaiaddelHign&, SM406

inhibited all four cancer cell lines with IC50 values of 82 nM, 238 nM, 6638

nM and 926 nM for MDA-MB-231, SK-OV-3, SK-M&-2 and OVCAR-4,
[0023giectivel§Thie XBily LAE 8¥1-406 to inhibit cell growth as a single agent was tested in

the MDA-MB-231 breast cancer cell line, SK-OV-3 and OVCAR-4 ovarian cancer
cell lines and SK-Mel-2 melanoma cancer cell line. Cells were treated for 4 days.
Cell growth was determined using a WST-based assay. As illustrated in Fig. 8, SM-
406 inhibited all four cancer cell lines with ICsq values of 82 nM, 238 nM, 6638 nM
and 926 nM for MDA-MB-231, SK-OV-3, SK-Mel-2 and OVCAR-4, respectively.

EXAMPLE 64
In vitro Activity of SM-406 in Cancer Cell Lines

[00297] The ability of SM-406 to inhibit cell growth as a single agent was tested in
the HL-60 and SR leukemia cell lines. Cells were treated for 4 days. Cell growth
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In vitro Activity of SM-406 in Cancer Cell Lines [00297]The ability of
SM-406 to inhibit cell growth as a single agent was tested in the HL-60
W RHERYEIkemia cell lines. Cells were treated for 4 days. CeRGFOSAa46021S

determined using a WST-based assay. As illustrated in Fig. 9, SM-406
inhioiat BEETBEIFAnEE Yt 1OET JatRss 8188 nMbanilysgeedMn Fig. 9. SM-406

respRGIVRR ot AN kO Imvitrg Aativits of SMALR Me@ASe Rl dines .

1002981 The ability of SM-406 to inhibit cell growth as a single agent was

tested in the BT-549, MDA-MB-415, SUM-159, MDA-MB-468,

MDA-MB-453 and 2LMP humarghyeastsppcgiscell lines. Cells were

treated for 4 days. Cell growth was determined using a WST-based assay.

As illustrated in Fig.vio et antsibitddccell GrovethGellallisps cell lines.

EXAMPLE 66 In vitro Activity of SM-406 in Combination with INFa in

MDA-MB-436 Cell Line 100299]The ability of SM-406 in combination with
[00298%, and Sk 4pdige of SMOagernttbinbibitarel trewthsivaltctegtad was tested in

the I ce|lli A3R. IS Mye !

TN quii{a on(::‘géfré{fl1 r?%:%?ﬁb%ﬁ%t%r? ‘with dif eré%c%%%%t—%ét%r@ Igﬁ glt\l\%%\gg?gp d 2LMP

with IS Bréestacdage: Gl kmowthGels detertréated dsing dapss TCsdsgrbwth was

ass etégﬁllll%]at@sﬁg H‘\'i/'gT-ija’s?d\%Q?'” compinationERINGR V406 inhibited
displayed enhanced inhibition o ceﬁ growth versus treatment with INFa

alonecl ExamIP Ead71x adttdimastivity of SM-406 in Combination with INFa

in SUM-159 Cell Line 100300]The ability of SM-406 in combination with

INFa, and SM-428 as a single agent, to inhibit cell growth was tested in

the human breast cancer cell line?26AMBE®. O@lls were treated with TNFa

alone or in combingtion with different concentrations .of SM-406, or wi )
SH58 Akl St R e AN ER S ATRA Mg Con Line

assay. As illustrated in Fig. 12, SM-406 in combination with INFa
[Oﬂggﬁeayed e’PlIPea A gyino l%‘f\'/f’-ﬂo%f ?neuo%%ﬂaﬁi\olgral{ﬁlt (x,eel?rg . I—%I Las a single
aéent, to inhibit cell growth was tested in the human breast cancer cell line MDA-
MB-436. Cells were treated with TNFa alone or in combination with different
concentrations of SM-406, or with SM-428 for 4 days. Cell growth was determined
using a WST-based assay. As illustrated in Fig. 11, SM-406 in combination with
TNFa displayed enhanced inhibition of cell growth versus treatment with TNFa

alone.

EXAMPLE 67
In vitro Activity of SM-406 in Combination with TNFa in SUM-159 Cell Line

[00300] The ability of SM-406 in combination with TNFa, and SM-428 as a single
agent, to inhibit cell growth was tested in the human breast cancer cell line SUM-
159. Cells were treated with TNFa alone or in combination with different
concentrations of SM-406, or with SM-428 for 4 days. Cell growth was determined
using a WST-based assay. As illustrated in Fig. 12, SM-406 in combination with
TNFa displayed enhanced inhibition of cell growth versus treatment with TNFa

alone.
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EXAMPLE 68 In vitro Activity of SM-406 in Combination with TRAIL in
Panc-1 Cell Line 100301]The ability of SM-406 in combination with TRAIL

WQMHiIR1GRI growth was tested in the human pancreatic cell R&d/B82{98106021S5

Cells were treated with TRAIL alone or in combination with different
concentrations of SM-406 for 4 days. Cell growth was determined using a
WST-based assay. As illustrateg i LgpSp €¥-406 in combination with

TRAIL displayed enhanced inhibition of cell growth versus treatment with

TRAIL alivoe EXsMP SIVIs0mivifrontlotiaiipo h8M A0S in i@ Barsiniatiol itk

TRAIL in MDA-231 (2LMP) Cell Line 1003021 The ability of SM-406 in
combination with TRAIL to inhibit cell growth was tested in the human

[003st canddrecaiiliityeoMEM-AMB 123 DfAbIvRICeilh WBreItrdatadiwitlecll growth was

TRAJL alone gar | ination with diff i f SM-406
e IR SRR A e e e SULARME e,
illustrbted on FigonhiBNict0Giih doffepimationasithiatiRusl o fifdlepedfor 4 days. Cell

enh inhibiti f cell gr t nt yith, T ope,
ey 9’%%11 é@%@“ﬁ%ﬁx}%ﬁg&%f%%ﬁ% T nﬁo@%%ﬁ%jrlﬁg%bﬁéSMA%
in Pamc¢@izhatine [@0BOBRPWE. abiiitlapt S Miraedd odmibimatioh vath growth versus

gem&gggﬁgﬁtt&{ hf%(ﬁlla%ggvth was tested in the human pancreatic cell

line Panc-1. Cells were treated with gemcitabine alone or in combination
with different concentrations of SM-406 for 4 days. Cell growth was

determined using a WST-basedExme];lill%@trated in Fig. 15, SM-406 in
combination with gemcitabine displayed enhanced inhibition of cell growth

LyetgosAcaaimefioMtia @em diahiigatiemne: I XPRMIPL I DA VIBO @ctMity ol Line
SM-406 in Combination with M toxantrone in Panc-1 Cell Line - 138- WO
2008/128171PCT/US2008/060215 [00304]The ability of SM-406 in

[003ppinatiomiveithiniloxeSVoNea oniabiblie&llon with TRAIL to inhibit cell growth was
tested in the human breast cancer cell line MDA-MB-231(2LMP). Cells were
treated with TRAIL alone or in combination with different concentrations of
SM-406 for 4 days. Cell growth was determined using a WST-based assay. As
illustrated in Fig. 14, SM-406 in combination with TRAIL displayed enhanced

inhibition of cell growth versus treatment with TRAIL alone.

EXAMPLE 70

In vitro Activity of SM-406 in Combination with Gemcitabine in Panc-1 Cell Line

[00303] The ability of SM-406 in combination with gemcitabine to inhibit cell

growth was tested in the human pancreatic cell line Panc-1. Cells were treated with
gemcitabine alone or in combination with different concentrations of SM-406 for 4
days. Cell growth was determined using a WST-based assay. As illustrated in Fig.
15, SM-406 in combination with gemcitabine displayed enhanced inhibition of cell

growth versus treatment with gemcitabine alone.

EXAMPLE 71

In vitro Activity of SM-406 in Combination with Mitoxantrone in Panc-1 Cell Line
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growth was tested in the human pancreatic cell line Panc-1. Cells were
treated with mitoxantrone alone or in combination with different
WQaMEeR§btlons of SM-406 for 4 days. Cell growth was deternReddU§304g/¢¢0215
WST-based assay. As illustrated in Fig. 16, SM-406 in combination with
mitoxantronc displayed enhanced inhibition of cell growth versus

[0038afment with rgnxansORY/RIRRE ifE ¥XoMPdr ot WMItIRIAKHEKIRARE to inhibit cell
SM-406 in Combination with Roscovitine in PC3 Cell L|ne 1003051The

abili§f O SNADE T S ANBHRRW FELEE AfNel 18 G Intiisit gaypre treated with

growihrvasdested sndhe humanpasiateieelime RCoicalisens brestedio6 for 4
with SM406 alone or in combination with different concentrations of

roscBtind 1t AR ves fgiumiRlas a8 kG arshassew s reitugizated in Fig.

assaps, AdiLLugtr a1 R@ib ki dr/ wi riHiSxih e ARG R W EhHAREAViKiliiBition of cell
inhibited cell growth. EXAMPLE 73 In vitro Activity of SM-406 in

ComBstorFith HestBEre i MBIeABI88 2UFLine [00306]The ability of
SM-406 in combination with taxotere (TXT) to inhibit cell growth was
tested in the human breast cancer cell line MDA-MB-453. Cells were
treated with TXT alone or in coriha¥RI different concentrations of

SMIﬁQf@tIfS ﬁ%ﬁﬁgf d? Mﬁ@@l H W&%ﬂﬁ&%ﬁ'&ﬁ %Q@%gl ecf‘ -ll_l ?%%Ceell Line

assay. As in Fig. 18, SM-406 In combination with taxotere
displayed enhanced inhibition of cell growth versus treatment with

[Od tere al%% ﬁ%ﬁ‘%ﬂgfle'#]\g ﬂd? Yﬁtr&{%ﬁ%ﬂ %ﬂfé - A0 @d%ﬁr‘f’@“{'&&é”)“%”mhlblt cell

with'VP-16 in Panc ine [00307]The ability of SM-4
compinatbrvastiesim- ireths nrisin et sptnad Mins ﬁ@,ﬁedqnlmwmrﬁamted with SM-

pancieatic.Gelbing BanGybiGR %1%%&%1%?1[%%‘&1‘%?0%@ {’ﬂ%gcfz(ffﬁne for 4 days.

combination with different concentrations of SM-406 for 4 days. C
grovithll grovtiwaesddeserniined wsing a WST-batsddeasssay A@sllmﬁé,tmédnnF ig. 17,

Fig. 40 W-A0G NSRRI YE:2 A SRR abaneed inhibior

of cell growth versus treatment with VP-16 alone. EXAMPLE 75 Effect of
SM-406 on clAP-1 Protein in MDA-MB-231 Cells 1003081The effect of

SM-406 and SM-428 was measgﬁgmﬂ@ﬂs protein in
In vitro Activity of SM-406 in Combination with Taxotere in MDA-MB-453 Cell Line

[00306] The ability of SM-406 in combination with taxotere (TXT) to inhibit cell
growth was tested in the human breast cancer cell line MDA-MB-453. Cells were
treated with TXT alone or in combination with different concentrations of SM-406
for 4 days. Cell growth was determined using a WST-based assay. As illustrated in
Fig. 18, SM-406 in combination with taxotere displayed enhanced inhibition of cell

growth versus treatment with taxotere alone.

EXAMPLE 74
In vitro Activity of SM-406 in Combination with VP-16 in Panc-1 Cell Line

[00307] The ability of SM-406 in combination with VP-16 to inhibit cell growth was
tested in the human pancreatic cell line Panc-1. Cells were treated with VP-16 alone

or in combination with different concentrations of SM-406 for 4 days. Cell growth
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MDA-MB-231 cancer cells. Cells were treated with SM-406 or SM-428 at
different concentrations and time-points. Protein levels were analyzed by
Waaetaas lbttings. As illustrated in Fig. 20, SM-406 reduced dAPLiS2008/06021S5
protein levels. EXAMPLE 76 Effect of SM-406 on clAP-1 and clAP-2 )
Prot®ifs f5ter1nRA 3 8RaOVSEAN T st o SMLIeBseY iaNrigod WaM-406 in
meagRan AR it a0e.al6\ R s tinsnla O Vi aoReb el G@YSth versus
were treated with SM-406 or SM-428 at different concentrations and
timelfsaer Pyt el rNere analyzed by Western blotting. As
illustrated in Fig. 21, SM-406 reduced clAP-1 and clAP-2 protein levels.
EXAMPLE 77 Induction of Apoptasis by SM-406 in MDA-MB-231 Cells
[00310]The induction of apopto PJ 6 dr SM-428 was measured in
MDA- MB-2 rce I re.fr I 2 or
SM-428 for gﬁ%ﬁﬁ%@%ﬁ% o {!l&r?%g a?ngréyp?gb%si@#\;%wgﬁa %gﬁqu F1TC
Annexin Wpropidium iodide staining using a flow cytometer. As illustrated

i ig. 22, - i is i - -231b .
(003087 2% T icaliot SANAehannose MR o @8R, potein in

Cel|M%M@B@Iz&ﬁmp@hmu@@@ow@a@m@dmiﬂnSMFH@Gm@im&at different

apo%‘}%éﬂ%ﬁﬁfﬁ% %@-\Qgﬁiv‘ﬁ%ﬁﬁaﬁ%ﬁd&/&é Kie %eﬁg)ﬂ%gtem blottings.

cancer cells. Cell were trea th SM-406 or SM-428 at di
concenithtiontdipdpogie, Wb Hifatydectd e AT pratdrike\Wisropidium
iodide staining using a flow cytometer. As illustrated in Fig. 23, 0.1, 0.3, |
and 3 p,M of SM-406 induced apoptosis in SK-OV-3 ovarian cancer cells.
EXAMPLE 79 Induction of ApotoSAIPEM-766 in Panc-1 Cells

00312]The induction of apoptosis by SM-406 or SM-428 i
003 T D Y GNP MRS Bloeie in SSVIS LS "

[00309] The effect of SM-406 and SM-428 was measured on cIAP-1 and cIAP-2
proteins in SK-OV-3 cancer cells. Cells were treated with SM-406 or SM-428 at

different concentrations and time-points. Protein levels were analyzed by Western

blotting. As illustrated in Fig. 21, SM-406 reduced cIAP-1 and cIAP-2 protein

levels.
EXAMPLE 77
Induction of Apoptosis by SM-406 in MDA-MB-231 Cells
[00310] The induction of apoptosis by SM-406 or SM-428 was measured in MDA-

MB-231 breast cancer cells. Cells were treated with SM-406 or SM-428 for
different periods of time and apoptosis was analyzed by FITC Annexin V/propidium
iodide staining using a flow cytometer. As illustrated in Fig. 22, 3 uM of SM-406
induced apoptosis in MDA-MB-231 breast cancer cells.

EXAMPLE 78
Induction of Apoptosis by SM-406 in SK-OV-3 Cells
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pancreatic cancer cells. Cells were treated with SM-406 or SM-428 at
different concentrations. Apoptosis was analyzed by MC Annexin
WO2p08#diLih iodide staining using a flow cytometer. As illustrdR€d/FSHIPE/06021S

24, 0.3 1 and 3 uM of SM406 induced ?&Poptosis in &[ane-l pancreatic
[003ddder celldheaduation 8b2RPRISINBY AMVIBP S SMLABE mammeifishy SK-OV-

XengopafirMedahif03dBd ThecabilittoteM:d00ite 8N amEHAMMUMErat different

agent was tested in the MDA- MB-231 xenograft model of human breast

can N YEVRBScorBRRIaSTh e cteheft (s EBmivaneriBatfiggpidium iodide

startaginvhe P ar slGHe vy tenmeragessingsahi0imms. SVipd0twas gived uM of
daily, 5 days a week for 2 weeks via oral gavage. Taxotere was given
intraVHA08IPAYor ABBRICHI ik $r-9 VRS MRASFARSI Fig. 25,

SM-406 displayed anti-tumor activity at 30 and 100 mg/kg PO. EXAMPLE

81 Anti-tumor Activity of SM-406 in PC-3 Xcnograft Model [00314]The

ability of SM-406 to act as an arﬁﬁ&MP&@sﬁ as tested in the PC-3

ft model of hue ' .
xenograit mode Iﬁdué{%ﬁ%Pz&ogf/otﬁ%%agf%MM%%‘? ﬁalrcc%ﬁfa ment

started when tumors grew to ze of 100 mml. SM-406 was given
daily, 5 days a week for 2 weeks via oral gavage between days 15-25 and

[OJﬂﬁnOther'ﬁ;\é\l? ﬁcggﬁwﬁe%%élg%)?%ﬁ%%}e m§4§§/%5 meas(}lae‘ﬂn Panc-1

intravenously (iv.) once a we eeks atday - 141 - 16, 23 an '
As ilnsergeierinahiers SMs406dlemects ircemdbinthtiSivirts taxotdtet28 at different

F’iSpl@&ﬁ%‘érﬁﬁtﬂféﬂg‘OD%%%@&isWﬁ'aEzBeﬁi ARipReOr Aty Qf/SEJXr\sﬁR&m iodide
in 2LMP Xenograft Model 1003151 The ability ‘of SM-406 to act as a
anti-strinorgayengwaboreste@imctbe 2hnMbuseatagraft o di, & huhend Breddtof SM-

canGlihaHEG MeHosdin Qavas AR SRV IRELfays either

intrapentoneal (i.p.) or orally (p.o.) between days 16-26. Taxotere was
given intravenously (iv.) once a week for 2 weeks. Tumor necrosis factor

(TNF)-related apoptosis-inducirﬁjﬁ%mﬁ% ) was i.p. once a day for
10 days between days 16-26. As illustrated in Fig. 27, SM-406 alone or in

combinatiai widhot A&ty dispfad/antir A aaiBADg.| EXAMPIENSSde]
Binding of SM-406 to BIR3 Domains of IAP Proteins
[00313] The ability of SM-406 to act as an anti-tumor agent was tested in the MDA-
MB-231 xenograft model of human breast cancer in severe combined
immunodeficient (SCID) mice. Treatment started when tumors grew to average size
of 150 mm®. SM-406 was given daily, 5 days a week for 2 weeks via oral gavage.
Taxotere was given intravenously (i.v.) once a week for 2 weeks. As illustrated in

Fig. 25, SM-406 displayed anti-tumor activity at 30 and 100 mg/kg PO.

EXAMPLE 81
Anti-tumor Activity of SM-406 in PC-3 Xenograft Model

[00314] The ability of SM-406 to act as an anti-tumor agent was tested in the PC-3
xenograft model of human prostate cancer in nude mice. Treatment started when
tumors grew to average size of 100 mm’. SM-406 was given daily, 5 days a week
for 2 weeks via oral gavage between days 15-25 and for another 2 weeks between
days 43-53. Taxotere was given intravenously (i.v.) once a week for 3 weeks at day
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1003161The competitive binding curves of SM-406 and SM-428 to BIR3
domains of four members of TAP proteins were determined using a
WQaeeseite-polarizationbased binding assay. The IAP protef$sI{ES2808/060215

include: (A) XIAP; (B) clAP1; (C) clAP2; (D) ML-IAP. As illustrated in Fig. )
28, 3f1-4derrhdd to/at fEuptesgs ﬁPoFé&s?%@Mﬂ%@ilﬁﬁ%Bﬁv%IF)melnatlon with

desghbedthgipsRtionqtibpecdrgerstood by those of skill in the art that
the same can be performed within a wide and equivalent range of

conditions, formulations, and other parameters without affecting the scope
of the invention or any embodimegtARgigof:Mbpatents, patent applications
and publications cited herein arc fully incorporated by reference herein in
their entirety Aii-@8nor AcGiity SS NI-AQom BoME Kavopgafovindéd |:
wherein: Al and A2 are independently selected from the group
consisting of hydrogen and optionally substituted C1_15 alkyl, wherein A2
[0031:8psent when abiistp 0¥ Sd/Bd(Hrtediftom ahergrsupeoagistingotdNtet i the 2LMP

and 0; W is se| e P ISt f ang\N; Xis selected , .

om S e T ol o &5 B daiy for

alkyll0 daysisitiwiecteidefromtotivel diiqup wooilir@.o GOINEGINHEO] €26)0 Taxotere

OC(Q),(Cl-12)1- [ r maQr S e e .

0 D & oy facor

C5, 1A NBlerdaigd; Dip(@GRIRQ)1ingJiga(@RTIRA ILNRBs(CR3R4Y "2 day for 10 days
between days 16-26. As illustrated in Fig. 27, SM-406 alone or in combination with

TRAIL displayed anti-tumor activity.

EXAMPLE 83
Binding of SM-406 to BIR3 Domains of IAP Proteins

[00316] The competitive binding curves of SM-406 and SM-428 to BIR3 domains of
four members of IAP proteins were determined using a fluorescence-polarization-
based binding assay. The IAP proteins tested include: (A) XIAP; (B) clAP1; (C)
clAP2; (D) ML-IAP. As illustrated in Fig. 28, SM-406 binds to all four IAP

proteins.

[00317] Having now fully described the invention, it will be understood by those of
skill in the art that the same can be performed within a wide and equivalent range of
conditions, formulations, and other parameters without affecting the scope of the
invention or any embodiment thereof. All patents, patent applications and

publications cited herein are fully incorporated by reference herein in their entirety.
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J is selected from the group consisting of optionally substituted Ci,4
alkylenyl and (CR1R2)p-R6-(CR3R1)q ; T is selected from the group
consisting of C=0, C=S,S. S=0, SO2, 0, NR1, CR1R2, optionally
substituted C3_10 carbocyclic, optionally substituted heterocyclic s ‘Iewq\tﬁgp
from tetrahydrofuranyl, pyranyl, piperidinyl, piperizinyl, oxopiperizinﬁ\f,{“‘ N
pyrfSiEit§t, imidazoli.dinyl, imidazolinyl, indolinyl, isoindolinyl,
quinuclidinyl, morpholinyl, isochromanyl, chromanyl, pyrazolidinyl,

L pyrAZ6mRAtstPaNBy Bentdtrimoyl, optionally substituted C6-14 aryl and
optionally substituted C».14 heteroaryl; U is selected from the group

consisting of H, NR'BZ, @1‘1‘;@ R7, ORI, SR optionally substituted
Cl1l 18 adlgdwep’ﬁona subsNitutgd C6,14 aryl and C5,14 heteroaryi; n, in.
p and g are qndepende selected from the group consisting of 0-5; r is
0-3,AC P _zeach RI, R2, R3 and R4 are independently selected from the
group cofisisting of hyd)rogen, optionally substituted C1.15 alkyl, optionally
substitut/%d C3.10 carbocyclic, optionally substituted heterocyclic. selected
from tetrahydrofuranyl, pyranyl, piperidinyi, pipetizinyl, oxopiperizinyl,
pyrwg%e(i@yi, imidazo idinyl, imidazolinyl, in dol in y isoindolinyl,
quirmelidinyl, morpholinyl, isochromanyl, chromanyl, pyrazolidinyl,
pyrazaindyi tetro irsArsneetityatpisyicsptiomallie stipenittrBe eeg19f dndragrn and

optioRlianalbesuRSItUted £5_Mdeteroatibsen: Rads selasted from the group
consi.si}tlifrflg of hydrogen, optionally substituted C),18 alkyl, optionally

sub¥tititderes Hen é@lﬂi&?‘&ﬁ?%@%ﬁ%ﬁé& heterocyclic selected
fromytatsahytiofitaniit gyianydnpipekdingHpipenzinyl, oxopiperizinyl,

pyreolidinyl, imidazolidinyl, imidazolinyl, indolinyl, isoindolinyl .
B ST Er T e et SRR PNt sybsitated C..

alkspyrazolinyl, tetronoyl and tetramoyl, optionally substituted C6,14 aryl,

optionally substitited CB. )4 hteroavt,apd KOREico, dF6)S 354818t

frorlr? tﬁé%?#ﬁg%gﬁs%%iﬁaeﬁ 8&%1%\1“% CRIR2,C=0, le:d_z;é gnc’i Cg\lgglq anzglm’
whas setectechfror{tHe gyronp worisistpigast hydrogerr, Optiormaippailibstheraded Co
s alyiah® vk eRtoRaihRuRsTHieH G210 carbocyclic, optionally

substituted heterocyclic selected from tetrahydrofuranyl, pyranyi,

pipériditiyR Biperizinyl, oxopiperizinyl, pyrrolidinyl, imidazolidinyl,

imidazoliyl ridalioyldréigolinyl, quinuclidinyl, morpholinyl,

isochromanyl, chromanyl, pyrazolidinyl, pyrazolinyl, tetronoyl and

et ST e A e e TN
(CROR L ARfieterRdrty); or pharmaceutically acceptable salt thereof ~wherein

At and A2 are independently selected from the.group consisting.o NR!

ylOBeH S Qg SUR L 18 NG e Rz i - VR
CRWﬁequoisaOy substituted Cs.jo carbocyclic, optionally substituted heterocyclic selected

from tetrahydrofuranyl, pyranyl, piperidinyl, piperizinyl, oxopiperizinyl, pyrrolidinyl,
imidazolidinyl, imidazolinyl, indolinyl, isoindolinyl, quinuclidinyl, morpholinyl,
isochromanyl, chromanyl, pyrazolidinyl, pyrazolinyl, tetronoyl and tetramoyl, optionally
substituted Cg.14 aryl and optionally substituted Cs.14 heteroaryl;

U is selected from the group consisting of H, NR'R*, N(RHCOR’, OR', SR,
optionally substituted C;.15 alkyl, optionally substituted Cq.14 aryl and Cs.j4 heteroaryl;

n, m, p and q are independently selected from the group consisting of 0-5;

ris 0-3;
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V is selected from the group consisting of N, CH and 0; V' is selected from
the group consisting of CH and N; M CS X is optionally substituted C1,3 .. | ,
alkyl; Y is selected from the group consisting of CON1I, C(0)0, MCSLLP
(CI-12)1.3 wherein one or more Cu2 groups can be replaced by 0O, S. or
NREzoptionally dbsiitutédu€andehanytaind eptionaliosubstiter Consisting of
4heteroaryl: D is (CRIR2)"-NR5-( Rdgp : is selected from t -
50D ORI g SFoplibHly SbbaRLfed L MRSy Lo fbocyciic
opti@RIR 2)psRoCRERK)gclic selistdideted nohy dhelgronp cormistingrstidinyl,

pipé%lzzlggli,cj'(;%p%g% .S gyr\r%clin%'Rim‘?@i&%ﬁ‘iﬁlbé/ﬁllbﬁm%%ﬁi@y@’,-151f’fdonny1,

earbocyclic, optionally substituted heterocyclic selected from o
isointelinyelrofurarslidpylanynasibeticityt, SRsarnapy loxsiserzlyl, pyrazolidinyl,
pyr8XHQ .girﬁf{ronoyl and RIERFQHINYAoINARIRY siseineelingt, guipvcligiaybptionally

mornholinyl, isochromanyl, chromanyl, pyrazolidinyl, pyrazolinyl, tetronoyl
subgifytedttamdytessivhally substituted C4,14 aryl and optionally substituted

Clxaiheteraadyliom tld is-selestaddiam sha grodpmcopsisting ohibitiNRRZ s
OR, SRI, optionally substitute

CLI8 alkyl and optionally substituted.C6-14

iy PHOH R0 604 Il BAERR) S SIGH ROV O 51 DeGaeh Rl R
froR3tarch Rifo anarindependentlyiseldcted fropedhmgroupopansisting afyrrolidinyl,
._.hydrogen, optianally.substituted C1, alkyl, optionally It Cij .
R s T L O
iso¢htoatwtommnwmgo§n§eyiuinyr,amﬂievilz.irﬁ@thoambﬁmérmﬁﬁw?yp optionally
subRIERlidiny, Jmidazelidinyispidazaliayl, 9K and corguinuclidinyl,

morppqllnyl, iIsochromanyl, chromanyl,.pyrazolldlnyl,Tg.yraqulqyl, tetronc%Ij

andRetianssatcdplionalfe setsasereda alafl andBptioRaiy ubstithiey and
c=RR.Adheteroaryl; R5 is selected from the group consisting of

hydragen, optionally substituted C.1.1g alkyl, optionally substituted C3 10

carﬁ%ogy%ﬁ@,egﬁﬂoﬁﬁ%tgﬁk%ﬂﬁﬁté?ﬁrﬁéqfé’r% ch?f%%%@ﬁtecﬂ)tfﬁﬂ‘ﬁ}y SUbSt’tuﬂE& Cr-ts

alkigirahysrafuramytitpysanyi, piagridinylc pipetzing, saxapipedininytocyclic selected
yrrolidinyl, imidazolidinyl, imidazoliny!, indolinyl, isoindolinyl,. -
o ACHMCFRBY o GHFGHY o SR P ARy By Sy, Porolciny
imjoyrakidlinyl, tetnoiayliand tetrdohioyl, optiandiiiimsiibstiited@81yl4 amgrpholinyl,
. tionally substituted r 27 ' 'OMtionall
sofRR, ST SR SRR AR SRR, R ERGRR T Whionaty
sutsgilaste § froantheng anio e hsistisig Behydrefelsraprionally substituted

Cis,§r'gﬂ%n%ﬂg%[l>y&é@ﬁ@@;%l%&pg&carbocyciic, optionally

substituted heterocyclic selected

2. A compound having formula I1:

D
}__J
Y
X\W/ !
! -\
A1/ \Az O

wherein:

A, and A, are independently selected from the group consisting of hydrogen and
optionally substituted Cy.15 alkyl, wherein A, is absent when V is O;

V is selected from the group consisting of N, CH and O;

W is selected from the group consisting of CH and N;
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-145- MC S LL P from tetrahydrofuranyl, pyranyl, piperidi yl, piperizinyi,
oxopiperizinyl, pyrrolidinyl, imidazolidinyl, imidazolinyl, indolinyl, ;¢ ¢ | P
isoindolinyl, quinuclidinyl, morpholinyl, isochromanyl, chromanyl,
razolidiny], pyrazolinyl,.tetranoyl and tetramoyi” optionally substituted
%E&Epélr%%hd% ﬁgﬁtaeﬁ(ycs}ﬁﬁsﬂf%%’ted C5_14 heteroaryl, with the
provisdsdhatfoptichalgsulpstitueintsd @NOONEludeCoarioXilic: atice@.eler
.. Cycloalkyl optionally substitut ith qne or mare, Cl , halo,
Mo o G AR arcn, o e A ST B e
optiongifithsalrsiTéied @ryk evaparatid an optionally substituted heterocyclic group

?SS(@?{II{[K%LQHQQ@QiR@%iZiHyi; or a pharmaceutically acceptable salt
thereof. .Thé compound of claim 2, wherein 11 and m are independently
sklecrertreny o e chiACANiFHITE SiomaonaliThaleditidung: of el 2nd

(CR‘RV‘!D-%'@{}?I@S@')‘Q;Q are independently selected from 0 and | such thatp + q is
1. 5. The compound of claim 2, wherein n and m are independently _ , ,
selécteliHesiom Sichriva: SRS 4 ahd hand g e mddpBhdeniiy® -
optionsBleciBetiar @ andckasiehydhat prtohisil: subkheeomgaetadcat aaimd, from
__wherein T is C=0. 7. The co [()lound of claim 5, wherein is NRIR2. 8. The
tetxahygg 25:1'

PRGN of eiEi's, ViNETAT i isEINT~8! The EIMSOaN of dJaim 5"
imidaavhiéiein Y isiGQbikyWV isn@bliapd VieiNdoliflyThepgompdund ofchginviznyl.
oorfF0 U O AR MBCHRY O BGHAHRN,
substituted Cs.14 aryl and optionally substituted Cs.j4 heteroaryl;

U is selected from the group consisting of H, NRiRZ, OR', SR/, optionally
substituted C).1g alkyl and optionally substituted Cg.14 aryl;

n, m, p and g are independently selected from 0-5;

each R, R?, R? and R” are independently selected from the group consisting of
hydrogen, optionally substituted Cj.;3 alkyl, optionally substituted Cs.o carbocyclic,
optionally substituted heterocyclic selected from tetrahydrofuranyl, pyranyl. piperidinyl,
piperizinyl, oxopiperizinyl, pyrrolidinyl, imidazolidinyl, imidazolinyl, indolinyl.
isoindolinyl, quinuclidinyl, morpholinyl, isochromanyl, chromanyl

pyrazolidinyl,

pyrazolinyl, tetronoyl and tetramoyl, optionally substituted Ce.4 aryl and optionally
substituted Cs. ;4 heteroaryl;

R® is selected from the group consisting of hydrogen, optionally substituted C;.j5
alkyl, optionally substituted Cs.jo carbocyclic, optionally substituted heterocyclic selected
from tetrahydrofuranyl. pyranyl, piperidinyl, piperizinyl, oxopiperizinyl, pyrrolidinyl,
imidazolidinyl, imidazolinyl, indolinyl, isoindolinyl, quinuclidinyl, morpholinyl,
isochromanyl, chromanyl, pyrazolidinyl, pyrazolinyl, tetronoyl and tetramoyl. optionally
substituted Ce.14 aryl, optionally substituted Cs.j4 heteroaryl and COR’;

R® is selected from the group consisting of O, S. NR', CR'R?, C=0, C=S and
C=NR';

R7 is selected from the group consisting of hydrogen. optionally substituted Ci.1g
“alkyl, optionally substituted Cs.jo carbocyclic. optionally substituted heterocyclic selected
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\u 0 A2 lll 12. The compound of claim 1 having Formula I1V: R5, AcV, A2
13. The compound claim 12 having Formu 14. A compound of clajmsi3 p
having Formula VI: R5 ..N/ 15. The compound of claim 14 wherein T is
C-0, Uis NRIR2 and R5 is COR7. 16. The compound of claim 15,
from ug@rir_e&moﬁ\irmppgpmuylsummﬂwchm'gqfazaikyl anebRerisihydrogeplidinyl,
... 7.The compound.of claim wherein.R1 is sele 1 the i
Imldazgg%lsr% inglglﬁ%ﬁ?iléwglly éﬁ%@%ﬂ ?edq%l% !cﬁgl?rgoc%%?edc %?r?glg?btigqugﬁ@mhnyh
isochraulstituteth Gas. atkybzcl BliMhe reoaTpburE tstiera 27d Wiapemy Rgtionally

substit%%ﬂ%(ﬁlbé@}ijQﬁyt%gglugl%hgjﬁaﬁklfwewl@%_rl§iHeEQ{%QQHOnal substituents are
.14 aryloptionally substituted with one or more Ci_6 alkyl, halo, C1.10

hellaliegl Bioi50s 4itetepsianl GrOSHEIAH R RYdHSGEATOLY! enreic. Cou
cycloaﬁgmBBHQQa@{' clamidreVoeieinnR' &5 optienally; substituted Gyatiyll 20CA,
compound selected from h group consisting of; ,
haloalkyl groups, or Ce4 aryl optionally substituted with an Ce.e aryl group, and an
optionally substituted heterocyclic group does not include oxopiperizinyl;

or a pharmaceutically acceptable salt thereof.

3. The compound of claim 2, wherein n and m are independently selected from 0-4

such that n +m is 3 or 4.

4. The compound of claim 2, wherein p and q are independently selected from 0 and 1

such thatp+qis L.

5. The compound of claim 2, wherein n and m are independently selected from 0-4

such that n + m is 3 or 4 and p and q are independently selected from 0 and 1 such thatp +q

is 1,

6. The compound of claim 5, wherein T is C=0.
7. The compound of claim 5, wherein U is NR'R.
8. The compound of claim 5, wherein R®is CH,.

9. The compound of claim 3, wherein Y is CONH, W is CH and Vis N.

10.  The compound of claim 2, wherein T is C=0, U is NR'R*, R® is CHy, Y is CONH,
WisCHand Vis N.

11.  The compound of claim 2 having Formula HI:
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HCI,C, MCSL 0"1.[CIj\

MCSLLP

Aq"
Ao i
12. The compound of claim 1 having Formula IV:
5
R \N/—\[Q
X\ HN
W=y o U
1V
Ay "
13, The compound of claim 12 having Formula V:
N
9 HN
el
\\/ A
V]
Ay v
14. A compound of claim 13 having Formula VI:

VI
1s. The compound of claim 14, wherein T is C=0, U is NR'R? and R® is COR”.
16.  The compound of claim 15, wherein A is optionally substituted Cy.15 alkyl and A; is

hydrogen.
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O\N'H" PtN O_NH1--)H MCSLIP Ci

MCSLLP
17.  The compound of claim 15, wherein R' is selected from the group consisting of
optionally substituted Cs.1¢ carbocyclic and optionally substituted Cy.15 aliyl.
18. The compound of claim 17, wherein R'is optionally substituted C;.15 alkyl wherein

the optional substituents are Cq.14 aryl optionally substituted with one or more Cy alkyl,

halo, Cy.1o haloalkyl or Cs.14 heteroaryl groups, and R? is hydrogen.
19. The compound of claim 15, wherein R’ is optionally substituted C,.5 alky!.

20. A compound selected from the group consisting of:
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,NH H - Or Nil Rae--NHH MCSLLP ,, 6Hlora
pharmaceutically acceptable salt thereof. 21.The compound of claim 2.
selected from the group consisting of: VCSI.1....P.

£ e
s’if&%}m}m%’g
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fICC H cl -CONHCI1Phl, -CONHC,14-'1'2 0 Ka H 30t4r1014Ph2 Ci Effir
Hit 1.CO rilH CHM'? C:' Th!IGOINHCI-142.312 - O r CoNtch., MOSUL 2.
MCSLLP
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) 0 Ny t-NHi H.7) s-? MCELLP or e free base thereof Or another
phartnaceut cally acceptable salt thereof finA compound of formula. or a
phaimaceuticalb acceptable salt thereof 23.A pharmaceutical compositiéit SLL
for treating. ameliorating, or preventing cancer comprisint: the compound

of any one of claims i-2 or naarmactutically acceptable salt thereof.
%.x; W% gl
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L. P 24. The pharmaceutical composition of claim 23, wherein said
pharmaceutical composition is for administration together with an inducer
of apoptosis. 25. The pharmaceutical composition of claim 24, whereiniCSLLP
said inducer of apoptosis is a chemotherapeutic agent. 26. The
pharmaceutical'composition of claim 24, wherein said inducer of apoptosis
isCradiation. g??ﬂ; e pharmaceutical composition of claim 24, wherein
-~-.~..,Tséiq,4i‘ﬁ”6ucerx Ot;aﬁ_,,a p OS sis a TNF, a TNF-related ligand, or an agonist of
WRA,!‘L-RQ;N_QJ} TIQ‘AlIT:RZ. 28. The pharmaceutical composition of claim 27,
S @\rvé‘rﬁ‘/:sald—:rr»i\il: ”I%Téiied ligand is selected from the group consisting of a
_MRAMP ligéind, a Fastcb95 ligand. a TNFR-I ligand, and TRAIL. 29. The
pharmaceutical composition of claim 28, wherein said INF-related ligand is
TRAIL. 30. The pharmaceutical composition of claim 27, wherein said
agonist of TRAIL-R1 or TRAIL-R2 is an antibody. 3 1 .The pharmaceutical
};onfpo§ition of cfaﬂn 24, wherein said compound or the pharmaceutically
"""dcégm@?é;"S"Qlt"th'é‘v'reof is for administration prior to said inducer of
agg,p%%;;“émmmarmaceutical composition of claim 24, wherein said
compeundorithe ﬁh@;maceutically acceptable salt thereof is for
administration after said'inducer of apoptosis. MCSUP 33. The
pharmaceutical composition of claim 24, wherein said compound or the
a,harmaceutically acceptable salt thereof is for administration concurrently

1th§alpgmdqggr og_ apoptosis.

i

o \
TJ ., Pm t \;’wﬁ_ .

NN, i
i ' H LM,J kY
UNH )
& m‘x_
\‘/t Y

W ,

— st

or a pharmaceutically acceptable salt thereof.

21.  The compound of claim 2, selected from the group consisting of:
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34. The pharmaceutical composition of claim 23, wherein said cancer is
selected from the group consisting of breast cancer, ovarian cancer,
prostate cancer, pancreatic cancer, leukemia, melanoma, colon can )
liver cancer. multiple myeloma, renal cell carcinoma, acute lymphocytic™ -
Ieukenjia,i,chgnic lymphocytic leukemia, acute myelogenous leukemia,
and softitissué sarcoma. 35. A pharmaceutical composition for preventing
H2F inhi&tingm@ﬁbi@genesis comprising the compound of any one of claims
1-22-of tife pharrh@uEatieally acceptable salt thereof. 36. The
pharmacﬁutical composition of claim 35, wherein said angiogenesis is
related to a disease or disorder selected from the group consisting of
macutar. glegeneration, rheumatoid arthritis, psoriasis, diabetic retinopathy,
retinopgthy of prematurity, corneal graft rejection, neo vascular glaucoma,
Fetivlentalfibroplhsia,subeosis, Osier-Webber Syndrome, myocardial
angiogenesis; plaque neovascularization, telangiectasia, hemophiliac
joints, angiofibrorna, wound granulation, intestinal adhesions,
athergsclerosis, scleroderma and hypertrophic scars. 37. A kit comprising
the compour of any one of claims 1-22 or the pharmaceutically
acceptg le salt thereof and instructions for administering said compound
HD AN anin al‘»«.»ﬁ;%§8‘;ﬂhe:kit of claim 37 further comprising an anticancer
agent. 39. The kitB¥&fdif38, wherein said anticancer agent is an inducer
of apoptosis. 40. The kit of claim 39 wherein said inducer of apoptosis is
a chemotherapeutic agent. 1,1 C 41.The kit of claim 39, wherein said
induce¥ of apoptosis is a INF, a INF-related ligand, or an agonist of
TRAJL-Rior TRAIL-PC.. A nThe kit of claim 41, wherein the INF-related
ligand 18 :sg!gwgt‘eq\'from the group consisting of a TRAMP ligand, Fas/CD95
figidnd. a FNFR-1digamaeand TRAIL. 43. The kit of claim 42, wherein said
INF-relatéd iigand is IR4JL, 44. The kit of claim 41, Nherein said agoiisi. of
TRAI1L-R or TRALL-R2 is an antibody. The kit of claim 38, wherein
#said instructions are for admmisrering said compound to an animal having
a’hyperproliferafive disease. .46.Thekit of claim 45, wherein said
hyperpkogférativ§ disease is cancer. 47.A process for preparing a

, SRS S
CORPRUNG 9RO TR &k

n %My
HELK. o CouHonPh,
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xI wherein A" and A- are independently .selected from the group
consisting of hydrogen and optionally substituted alicyl, wherein A- is
absent when V is 0: V is selected from the group consisting of.N. CH and
0, W is selected from the group consisting of CH and N X is selectétfsohi”’
the group consisting of hydrogen and optionally substituted a [icy 717
is selected- m the group consisting of CONK, b.:PICO, C(010, OC(0),
(C|-‘12)c1”3" wherein one or more Cl+ groups can be replaced by O. St or
DR opt|QﬂaIIy §ul?st|tuted aryl and optionally substituted heteroaryl; 21 is -
(FT.IR2){ WA $ 1 T .is selected from the 6.2.-oup consisting of C=0.
C=S. C=NRI, S. S=0. SO2, U. Mt, CR'R". optionally substituted
carbocyclic, optionally substituted heterocyclic, optionally substituted aryl
and optionally substituted heteroary1; U is selected from the ;group

F con5|st|@g of H, NR1R, NtRI)COR’, RI, optionally substituted alkyl and
optlonaﬂypsuﬁstltuted aryl; mis | or 2; ris 0-3; each RH. R2,and RT are
mdependently rselected from the group consisting of
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hydrogen, optionally substituted alkyl, optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted and and
optionally substituted heteroaryl; and  Rlis selected from the groyp- s | p
consisting of 'hydrogen, optionally substituted alkyl, optionally substituted
carbocyclic, optionally substituted heterocyclic. optionally substituted and
and optionally substitited heteroaryl; comprising condensing a compound
p‘f"FormulaW H‘N, L\A-VT X wherein A1, A2.V,WK,Y,Z. T.Uand
m:-have the me ng§( described above for Forum a XI. with R7C0-1.,
wherelm T % é*‘elenfte“d from the group consisting of hydrogen,
optlonally substltuted kyt, ®pt mai:1ly substituted carbocyclic, optionally
substitited heterocyclic, optionally substituted aryl and optionally
substitiited beteroaryl: and I. is a leaving group, to form a compound of
Formula XL 48.The process of claim-47 wherein. Vis N. ris 0, \/?,, Is CH.
Y is CONH. T is C=-0Ofand U is NRI112. OR 50.The process of claim 49,
whereincL is QH and: 'S%dd condensation is carried outhe presence of an

\

actlvatlngwagen D

“““““““
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51. A process for preparing a compound o F Formula XIX 7.(IX wherein

anis 1 or 2. ano Pl is an amine protecting group co a) condensing

compound of Formula XX isinov in ss XX with a compound of fo%&w

XXI, -2 ,0H P -NH 10,1\711 wherein Pl and P2 are amine proteting

groups and’Pldoesz not equal P2, to give a compound of Formula XXII
i Ctmvenlng theaikene, of Formula XXII to an aldehyde, to give a
compound;b”f thﬁﬂuia XXH:

L

or the free base thereof or another pharmaceutically acceptable salt thereof.

22. A compound of formula:

or a pharmaceutically acceptable salt thereof.

23. A pharmaceutical composition for treating, ameliorating, or preventing cancer

comprising the compound of any one of claims 1-22 or pharmaceutically acceptable salt

thereof.
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NN F ,-NH n0 MCSLLP c) removing P2 of a compound of Formula XXIII
to give a compound of Formula XXIV; XXIV; and d) reducing the
C=N double bond of a compound of Formula XXIV, to give a compWnid of
Formula XIX. 59.The process of claim 51, wherein Pbuty oxycarbonyl. 53.
The process of claim 52, wherein II- is carbobenzyloxy. 54. The process
24. @helapmiaﬁﬂacwhﬁmilncsmq;omtrqmomﬁj ofaifornidla Xiexeiis isaidtephpraceutical
compos @ﬁg}%e L;c on%?é‘u% uor'll't(c)l Ie% \Q’ 655%\;)%& Opg%%%%gf claim 54.

ucing is

25. The pharmaceutical composition of claim 24, wherein said inducer of apoptosis is a

chemotherapeutic agent.

26. The pharmaceutical composition of claim 24, wherein said inducer of apoptosis is
radiation.
217. The pharmaceutical composition of claim 24, wherein said inducer of apoptosis is a

TNF, a TNF-related ligand, or an agonist of TRAIL-RI or TRAIL-R2.

28. The pharmaceutical composition of claim 27, wherein said TNF-related ligand is
selected from the group consisting of a TRAMP ligand, a Fas/CD95 ligand, a TNFR-I ligand,
and TRAIL.

29. The pharmaceutical composition of claim 28, wherein said TNF-related ligand is
TRAIL.
30. The pharmaceutical composition of claim 27, wherein said agonist of TRAIL-RI or

TRAIL-R2 is an antibody.
31. The pharmaceutical composition of claim 24, wherein said compound or the
pharmaceutically acceptable salt thereof is for administration prior to said inducer of

apoptosis.

32. The pharmaceutical composition of claim 24, wherein said compound or the

pharmaceutically acceptable salt thereof is for administration after said inducer of apoptosis.
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MCSLLP

33. The pharmaceutical composition of claim 24, wherein said compound or the
pharmaceutically acceptable salt thereof is for administration concurrently with said inducer

of apoptosis.

34. The pharmaceutical composition of claim 23, wherein said cancer is selected from
the group consisting of breast cancer, ovarian cancer, prostate cancer, pancreatic cancer,
leukemia, melanoma, colon cancer, liver cancer, multiple myeloma, renal cell carcinoma,
acute lymphocytic leukemia, chronic lymphocytic leukemia, acute myelogenous leukemia,

and soft-tissue sarcoma.

35. A pharmaceutical composition for preventing or inhibiting angiogenesis comprising

the compound of any one of claims 1-22 or the pharmaceutically acceptable salt thereof.

36. The pharmaceutical composition of claim 35, wherein said angiogenesis is related to
a disease or disorder selected from the group consisting of macular degeneration, rheumatoid
arthritis, psoriasis, diabetic retinopathy, retinopathy of prematurity, corneal graft rejection,
neo vascular glaucoma, retrolental fibroplasia, rubeosis, Osier-Webber Syndrome, myocardial
angiogenesis, plaque neovascularization, telangiectasia, hemophiliac joints, angiofibroma,

wound granulation, intestinal adhesions, atherosclerosis, scleroderma and hypertrophic scars.

37. A kit comprising the compound of any one of claims 1-22 or the pharmaceutically

acceptable salt thereof and instructions for administering said compound to an animal.

38. The kit of claim 37, further comprising an anticancer agent.
39. The kit of claim 38, wherein said anticancer agent is an inducer of apoptosis.
40. The kit of claim 39 wherein said inducer of apoptosis is a chemotherapeutic agent.
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41.  The kit of claim 39, wherein said inducer of apoptosis is a TNF, a TNF-related

ligand, or an agonist of TRAIL-RI or TRAIL-R2.

42.  The kit of claim 41, wherein the TNF-related ligand is selected from the group

consisting of 2 TRAMP ligand. a Fas/CD95 ligand. a TNFR-I ligand. and TRAIL.
43.  The kit of claim 42, wherein said TNF-related ligand is TRAIL.
44.  The kit of claim 41, vherein said agonist of TRAIL-RI or TRAIL-R2 is an antibody.

43, The kit of claim 38, wherein said instructions are for administering said compound

to an animal having a hyperproliferative disease.
46. The kit of claim 45, wherein said hyperproliferative disease is cancer.

47, A-process for preparing a compound of Formuta X1

wherein

A' and A” are independently selected from the group consisting of hydrogen and
optionally substituted alkyl, wherein A is absent when V is O;

V is selected from the group consisting of N. CH and O,

W is selected from the group consisting of CH and N;

X is selected from the group consisting of hydrogen and optionally substituted Ci.3
allevl

Y is selected from the group consisting of CONH, NHCO, C(0)O. OC(O). (CHaju.s,
wherein one or more CH» groups can be replaced by O, S, or NR', optionally substituted
ary} and optionally substituted heteroaryl:

7 is (CR'R%);
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MCSLLP

T is selected from the group consisting of C=0. C=S, C=NR]I. S. §=0, SO,, O. NR',
CR'R". optionally substituted carbocyclic. optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted heteroaryl;

U is selected from the group conmsisting of H, NR'R?, N(R"HCOR’, OR', SR,
optionally substituted alkyl and optionally substituted aryl;

mis 1or2:

ris 0-3;

each R, R®, R? and R* are mdependently selected from the group consisting of
hydrogen, optionally substituted alkyl. optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl and optionally substituted heteroaryl

and

R’ is selected from the group consisting -of hydrogen. optionally substituted alkyl.
optionally substituted carbocvelic, optionally substituted heterocyclic, optionally substituted
aryl and optionally substituted heteroaryl;

comprising condensing a compound of Formula XII

M
W
xS N

Y/Fw\<

\
AL WeY o U

2 X1l
wherein Ay, A,, V, W, X, Y, Z, T. U and m have the meanings described above for
Forumia XI;
with R'CO-L.
wherein:
R’ is selected from the group consisting of hydrogen, optionally substituted alky!

optionally substituted carbocyclic, optionally substituted heterocyclic. optionally substituted

aryl and optionally substituted heteroaryl: and
L is a leaving group, to form a compound of Formula XI.
48, The process of claim 47 wherein. V is N. ris 0, W is CH. Y is CONH. T is C=0 and

U is NR'R.
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49.  The process of claim 47, wherein L is selected from the group consisting of Cl and

OH.

50.  The process of claim 49, wherein L is OH and said condensation is carried out in the

presence of an activating agent.

51. A process for preparing a compound of Formula XIX

m
Pl—NH D ,}\O/ ,
o XIX

wherein m is 1 or 2. and P' is an amine protecting group comprising:

2) condensing a compound of Formula XX

N\
H"Lr/\>
MN </
Z O/
ol NX

with a compound of formula XXI,

i
HN oM
PiohNH O X1

o pl 2 . . ! 2 -
wherein P! and P* are amine protecting groups and P’ does not equal P, to give a

compound of Formula XXII

HN—, N/

5,
P W
pleNH O 0 o
' d XXIE:
b) converting the alkene of Formula XXII to an aldehyde, to give a compound of

Formula XXIII;

O AKX

-164-



MCSLLP

¢) removing P? of a compound of Formula XXIIT to give a compound of Formula
XXIV;

.m

e

N~/

) (\ \} Ve
Pl—NH 0 S O

d) reducing the C=N double bond of a compound of Formula XXIV, to give a

XXTV: and

compound of Formula XIX.

52, The process of claim 51, wherein P' terr-butyloxycarbonyl.
53.  The process of claim 52, wherein P* is carbobenzyloxy.
54. The process of claim 51, wherein said compound of Formula XXIV is isolated prior

said reduction of C=N double bond.

55. The process of claim 54, wherein said reducing is with NaBH(OAc}s.
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