BIVALENT SMAC MIMETICS AND THE USES THEREOF

BACKGROUND OF THE INVENTION The present application claims
priority to U.S. Provisional Patent Application Serial No. 60/798,018, filed
Oh®2e00sNd U.S. Provisional Patent Application Serial Nf:1/us2007/010924
60/923,415, filed 04/13/2007, each of which are herein incorporated by
reference in their entireties. Field of the Invention [00011This invention is

in the field of medicinal chemistry. In particular, the invention relates to
bivalent mimetics of the N-terminal sequence of Smac which function as
inhibitors of inhibitor of apoptosis proteins. The invention also relates to
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phenotype is the result of a variety of genetic and epigenetic alterations

leading to deregulal%ﬁGEHi%@éﬁ&Q§gngﬁ1% Bﬂﬁg %nder, Nature
417:336 (2001)). The commonality for all cancer cells, however, is their

failure to exedite aAcapRSptatRliGrEGRarklaame |REICBYapgropriate Ripyisioass Patent
due to aefertaish tBernomal appmesis, Mrch3ery/echallmark obeansehal Patent
(-0 Al CMERAUEN I 80/0550413)Ohda MRS GBI which are herein

therapies, including chemotherapeutic agents, radiation, an

immunBYFEPIRT MR B Ram Bt meRiER Sipoptosis in cancer cells. The

inability of cancer cells to execute an apoptotic program due to defects in

the noriElf @ dptdmceni®hinery is thus often associated with an increase

in resistance to chemotherapy, radiation, or immunotherapy-induced

W ¥osis. PrithiryBicadeiredydbisiBride Bt medirnat sheayghdiffBraprticular, the

originsito autfsantelreat ekt pletosolncdde 0 apoNtasisidafeciadacd B@ac which

problerg i r ther X ino iS.2/:4

(2000, e A MR A A, e ol o

future SfoMEANARIESIBETRFIIAY KBRS RTgSHRI FAetElisrto the induction of

target-apegidiccanticiader therapies to improve survival and quality of life

of cancer patients must include strategics that specifically target cancer

cell resistangeAn apoptosis. In this regard, targeting crucial negative

regulators that play a central role in directly inhibiting apoptosis in cancer

e prese e BrgTHI 5 oHARSEF thehsprivet St deiitor bV Qfragtic and

drug desigenctid0@8tdtivosclasding 0b cdnmtall megaifcinagedibdas signaling pathways

apOpPtog3 RRAYENIRHD mrﬁﬁf&f@ggw Mgl QlasSnBhERAHBIQTS d5ile B Rowever, is
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family of proteins, as exemp y two potent anti-apoptotic molecules, .
Bel-2 AREBEIKE [f GRS AYARBIBEG P SR A5 1K £5 FRREGBP R AR tosis due
Adv. Pharefagstid 11E0xhadF)oReds mactingrCella Biboheknob(arRsr (Lowe et al,
(1996))dbsiapartis siairgiesoinrgetingsBcduzand BRleKL MEERNGET tRcluding
restorecggnggxreg:elgggpsiti\éi% and Qpvercome re.sistanc&of cancer &el S to. direct]
apoptoSIS Rave BEah &xtsrtNe P rtiehe FTA ARV Y AT G ienig® by indirectly
281:137849i09 g MEsts, MdvarRRatHiitol The: Sobitg o) cruset exlll.t) execute an
Celt Bi@ﬁ&lﬂﬂﬁc@&ﬁﬂ%»o%?@ﬁﬁ'ilﬁwm aﬁaﬁmﬂf@ﬁﬁﬁﬂliﬁry is thus often
designing small mglecule inhibiors of Bek2 and 1361 XL 10004ITNE i,
seconcf1 class of central negative regur]ato_rs oafnapop?osls IS the infribitor or
apoptodERaibRIay APRiced epepiiHe e PAMEE fE SR ed e5i89naooblyuman cancer
SalvesendetfatiNati fieyidiatree trBioled: 4xtoc00R)}. td hisoptass HrfHadas a major
roteing, st\ch, ag ),S%Féntc%ézﬁ:é}’tﬁ@h%')z (MV&AJ?’CJE?%‘ZA&@‘ e’rg-el—s%%%ﬁir; (2000):

p

NAIP, survivin, livin, 11,P- 2, apollon; and BRUCE. LAP proteins potent
uppreNeBBBRo S A 85 1) 2000 e CSFR A rBERI G REAARe etiors towards
includingsghemgotherapetitiping erts, nadiatiinn, angkinpucifiotherapyckt therapies to
CancerxE&J@?}vé@%&i‘QHK%@&}&PM'&P«M%JH&PB%%HQ%MHM&E Hﬂrategﬂes that
suppressing apoptosis among all of the IAP members (Holcik et at,

Apoptosis 6:253 (2001); LaCasse et at, Onéogene 17:3247 (1998);

Takahashi et at, J. Blot Chem. 273:7787 (1998); Deveraux et at, Nature
388:300 (1997); Sun et at, Nature 401:818 (1999); Deveraux et al* EMBO

1 18:5242 (1999); Assclin et al., Cancer Res, 61:1862 (2001)). XIAP plays

a key role in the negative regulation of apoptosis in both the death
receptor-mediated and the mitochondria-mediated pathways. XLAP

functions as a potent endogenous apoptosis inhibitor by directly binding
and notenthy inhihitina three memhere nof the fa ecnace familvy of ean7vmeac



(2001); Chai et at, Cell 104:769 (2001); Huang et at, Cell 104:781 (2001)).

XIAP contains three baculovirus inhibitor of apoptosis repeat (BIR)

domains as well as a C-terminal RING finger. The third BM domain (BIR3)
selectivelyoasgets caspase9, the initiator caspase in the mitoehposiial/e10924
pathway, whereas the linker region between B1R1 and BIRZ2 inhibits both
easpase-3 and caspase-7 (Salvesen et at, Nat. Rev. Mol. Cell. Biol. 3:401
(2002)). While binding to XIAP prevents the activation of all three

caspases, it is apparent that the interaction with caspase-9 is the most

critical fgedtadaijbitinrotapeptesis (sketat &, alpégailsiBiOMJS&é@@gard targeting
(2001 sl 4 NP B 41012 (00N Because XIARDIOSS o
apoptoSis At theedown-Stiean effecior phase. a point where mutipie s poplosis in
signalifgnsat sk scenigaty e, ighie gregltaryeﬁwgamm myq@bo\f}e fegyeanticancer

especialiygaitestive to overcome resistance of cancer cells to apoptosis

et al., Nature Med., 200 tat
S 526 (200 T ATRALOTFEIS PR IS8 S ARP o
of cancEradiar ?%%%ma@ry mﬁ@r%&jf%a’eﬁﬁere%umuﬁwh o by two
indicatgdhat XdARpspdHe iy OeiRPBRISE Bwlmm@eelaﬁ GAdERE ANGAL, Science
may p'@)ﬁﬁf‘sﬂap dap). r¥e.In the resistance pf gaager qg tonz‘éé‘“ety LY g cent

current therapeutic agents (Holeik et at, Apoptosis 6:253
qld Bl Bc:l XL in

et at, dﬁeéfg%e‘fﬂ?—%éh%@ 9§j)ere®eefr1xtrﬂ&pq%€@rnt%&§w&
expressettén wositafetkendbkc|col) hriaviyancksealidinesdsiamat ef akncer cells to
Clin. CapgabRes. & H496 é%@QQLLlﬁF@%%&%@{AH%J %mp'&wncz %81 1322 (1998);

previously untreated patients showed that those with Jower levels o
had sighffiafit; iofgarasahfar P i &b hfihEandes” h@é"fé*%g%" 35 (1996))
(2000) Bexkid? Ialam dtaured techatesqared sedési fumgasmalbligriaatlgliohiaitors of Bcl-2
(Wagenkaesehtat at, Cell Death Differ. 6:370 (1999) Fulda et at, Nature

8:808 (2Q02)). XIAP Wa foun to be. exp sed in uman pros ate
iémg:er cells a 281 3%88 éo\ o074 ﬁ%{"ﬁr d Str“ﬁeec sf‘stoac (f?r Rerateq s & nhibitor of
apoptosiwwmﬁ:mgth@ar(émi’éﬂ@e‘dem%pﬁtbsfs Gepeo e ééﬁé@r(é:%?@;rﬁalvesen et

the preﬁﬁnnazokmitmzo@@via)saﬂtigatmncéwmﬁjenmﬁ altasE’reataaesS;erla;is such as

(2002) e §§ 913 gyerexpres
in non- %an urg %gﬁgé%gé{l in pa |ents an eé:num'wn[1 Sva’ ILP-
|mpI|ca?e&I?ﬁ"f9&th%’é‘eﬁ§é17§3§f NSE reotriBirraisatbt s¥PPraicapmEsisCiguced by a

Oncot 12285041 B0SPpofispites sinni Dinkiiiih g bhctackhefagowit- ag@uwaii@iation, and
of X'AP&RQE'OEB%@A@‘?H%%E@:CQHL&‘“” have been implicated in cisplatin

reS|stance of human ovarian cancer (Li et at, Endocrinology 142:370

9882, chendBiad b“rﬁ&ﬁé‘&’%ﬂﬂ&’bﬂ&t&%%ﬁ‘@@’@?} TR RGP APOPtOSIS
these datarsuglestthiedtARl Afembeys [{ldyiak inphrideimolesi 2S00 dfaCasse er
severabhum@c@g@@cw%mwimt)th%@aﬂesﬂiceagﬁntﬁ BR0ZNROPISSIE ST (1998),;

not a single process, rather, it i Ive number of differen

someterngvs |§ erceonnecg? ugfgggfgr\?ga pﬂﬁg\lg%aﬁ Bdfigfo & d'eeg?}e{)daﬁ 18 (1999%
The pattrneipsdnsotfe BB ArtiteI4#b 1B a pdprsised epberichoremBery 67:1862
factors(saly asdieripsus QFH%SUJJ}% thahinitiate sbedu0sess OB IRMESboth the

mclude thglactwelg%on or.ov racéyl?tlon of %;r)lgnlflcr cegé fggﬁh%](a?l%lsi)&ﬁ functions

activation of 8 recep ors umor necr05|s actor a

tumor ﬁéc?oé*@@fattwmawewapwﬁee iHdkiieg RyairetRARingingpazd )potently

or FA&J@@&&M@S&%&WHHM@ tastasdstiheiype afealkyhichdse-3, -7, and -9

'”VO'VG&% edlifferent signaling pathways are shown ‘;%djso gfa”ze%%%e 388:300
RA

and t cells after Fas or TNFa réceptor a t|v ation.

(ApozL()l fa8hern ehétvnYa e a"Qél%Binﬁég‘ﬁﬁbl ﬂ?ﬁéﬁﬂﬁfda&é# ofEApRPtdsid8:5242
in canagpeglisAksinoénalmakeeds)Repod bigdhgaaejthrical twoal., Cell 104:791
proapoptotic TRAIL receptors, TRAIL-R1 (or DR4) (Pan et at, Science

276;111 (1997)) or TRAIL-R2 (KILLER, or DR5) (Wu et at, Nat. Genet. /
7:141-143 (1997); Pan et at, Science 277815 (1997); Walczak et at,

EMRO J. 16:5386 (1997)). Activation of the pro-apoptotic death receptors

by TRAIL induces the formation of death inducing signaling complex

(DISC), which consists of receptor FADD as an adaptor (Kischkel et aL,
Immunity /2:611(2000); Kuang et al.; J. Riot Chem. 275:25065 (2000)),

and easpase-8 as an initiator caspasc. Once DISC is formed, caspase-8
e artno-nroceccaed and activiated by indiriced nrovimityy (W1 ederna ot at



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
registarogoemmonly associated with the use of receptor-mesiateskoo7/610924
apoptotic cancer drugs, thus improving their effectiveness and eliminating

the need for combination therapies. 10014]Recently, Smac/DIABLO

(second mitochondria-derived activator of caspases) was identified as a

protein released from mitochondria into the eytosol in response to
apoptotmstmohiBudihacdjp midat6oARro0) RBvafel: Re)i (BiDkok52682001)). XIAP
(1999) a%s%&%L&ﬁ%v‘?r%s@x%Q QPz)orSo'P%oiﬁ@{QUéﬁéé%?Qﬂﬁ ﬂacﬁﬂams as well as a

N- termln mitochondrial targeting sequence that is |@5roteol tlca }/
romovc GTHE RS0 S RSN SNAICHAETRHS cespase-
to direct)ytiatésacitovittasddP anchothetobhBsianad potverypiviinetabitdinmter region
caspasgs A (ARl eARRASE: ALU¥BHOLINAS 15,8 AQLRNL. $Q§899{é9‘£§ al., Nat.

inhibitor of XIAP, 100151High resolution experlmental three-dimensional

(3D) stRftHeE &FthePEREHIANT DR XIKB TbEBHER SHhFRHRER hsiActivation
and pepfidi Hese cegently besnptetenmihadSimetetod. Bibl cBhem? is the most

ﬁ7?136&5@T£t??&0)tsV¥Mx%%N§tH 3 %g%r(@@l)&f?ﬁé%&%ﬁﬁ&& (2001);
~termjnal tetrapepti m e, or

oo T Bl BB hbl B L RGPS A, G BRI ot the
hydrogéerbotiamy nffeqzmm@@mdmm e smidticdn sigesliTg gathways converge,
interactipndypdyveaadiiz3 RNdrcanpasadlbas abeo fpes SROWTIQIRY A& vercome
four re5|du Ala-Thr-Pro- he or ATPF I 2 h

terminus ot?aﬂée szr%na i &tbun L% 0(1‘ %%é%%sslse(gs%%hf %;;Ir%gz sﬁrfﬂ/ég’e g‘?ggggzc%) 2); Amt
the BIR3 Horhd&ii?! Sehrraf féctitst7@i@®have convincingly demonstrated
rab&mac prombtegthmeaiadyise activity ofiedspaseaéhbyysorapeting:with far from
caspasgsRIRLe Sams Blaing supav e op i s iacs atdfe RIRS ABalD wigery
(Ekert et at, BioL 152:483 (2001); Srinivasula et at, Nature 910:
(2001))”[?f@’i%‘fﬁ?ﬁ"l’ik‘é1 Wp?ﬁf%?noﬁr&@ﬂ?’" r?l‘é?a’&‘l‘?éfn%‘a@hé“sfﬁﬁ’é’ri@b\@le in the
interactisisisnnecckiated dyycoldytéoa varieiryooé cighrasidhespontib e gsmacHolcik ez al,

pfOteln/ﬁJszﬁsW@Jz%ftQ@@'l§Ll_,!i%sg@%\le@E‘c rﬁwf’aé’@mf’é@@f XIAP.
gge K.4 valu mac peptide 1) to XIAP =0.4 uM

VPI
Witiany th %3 B8 afA dS al p%‘fg?ﬁsf iR, R/ﬁ&) T 80 human
well-desaveer ier Azt sienistidbal fior Frencadign 6f NER-(F80ANe, Adrelysikef tumor

small iagigaedas prm&micsltmxmﬁﬂmﬁat@ma&lmm&a tLQQGleAo@eé} levels of

perme ich conS|sts eflrst oyr amino acid

readu??l &Sﬁ% ?S gvf\'/ CSngﬂhséer"fer mus Sof 'Sh ISrzac {ethered to a Res. 6:1796
carrier F&8ftle to ¥doiRtateamtiaeaduliar dslivexgressad ritehipathongligrant glioma
sensitizwgémsdhmmelksem mi&m;an@yma@zmtgi@namaﬂs &0 MY QMBure Med,
apoptogi ?%(?%q th r, i atl totoxi Fulda et

at, Nat§r§d§] %30 %OZ%?QI%% %#a%lt glsssgsxmqégl%%ptl e strtc‘;:nc e cells and
enhancdertie ARRRtHE3PLEHARY dfeArﬁaQL/fFFém%ta% iARRREPANialn ucmg ligand-
mallgnafﬁdgitednap@mw aft rpadeltén sdveerCanplaie theagieatiar aff mitochondrial
eStablishih I ORI S MR BLITIGE YRE SRS RO oL, Cancer Ther

combined treatment with Smac peptides and Apo2L/TR

significAl®! M3 he o 6%8§eﬁﬁ‘ﬂ’ﬁ§9%dd8tﬁ%’?aﬁ?%‘iﬁe 1])‘}’{8 FBHR{N SCLC) in
brain tiggtuients\VBl 200 Hé¢S062pREASUB200HIeGB8B40f0938LA sBobnahn er al, J
recent @Qﬁ@?ﬁgﬁ%ﬁﬁu@hgﬁoﬁt@%‘ﬁ’&@zﬁlﬁwe@iﬂ%%ﬁﬁﬁéﬁdﬂm kSt down-

four to ei taml acid residues of the N-tuu inns of Smac tethe edt
differeFEAMIGP SE UL SHIRAEEFHAE MU OO A BETR ARA b fyesplatin
term ammptalﬁeréthmr@ﬁ@c@eﬁ diversdldtre plothedapaiodrdga 3it(@eMy Cheng
paclitaxel, etoposide, SN-38, and doxorubicin in MCF-7 and other human

breast cancer cell lines (Amt et at; J. Biol. Chem. 277:44236 (2002). This

study conclusively showed that XIAP and3clAP-1 are the primary

molecular targets for these peptides in cells. [0019] 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 1-1460 cells (Yang et at, Cancer

Res. 63:831 (2003)). XIAP was shown to be responsible for the defect in

anontaoenme activvitvy and cirinnraccinn of cacnace activviitvy in HAROD calle



100211U.S. Published Application No. 2005/0197403 discloses dimeric

Smac mimetic compounds of formula I: wherein R1 and RI are

selected from hydrogen, optionally substituted methyl, and hydroxyl;
RoemaR¥sase selected from optionally substituted methyl andopooadiype24
substituted ethyl; R3 and R3 are selected from CH2, NH, 0 and S; 1744

and R4' are selected from CH and N; R5-R8, and R5'-R8' are selected

from hydrogen, optionally hetero-, optionally substituted alkyl, optionally

hetero-, optionally substituted alkenyl, optionally hetero-, optionally

substituted. alRyiy IReptiodallxketcrdr (DpinallpRub stifdthel amdsadsta isgeest that

linker coygient 'B?K@&R@M%@i@ré@’ﬂ&ﬁ%o??évgﬁi RifhPeancers to current

pharmaceutically-acceptable salt thereof To overcome the intrinsic
limitaticREBIPEHAGE Based inhibitors, the: present invention involves the
deesgh of bivateriptomidoismationsihgleoprstrasnectBena mimedlesi with a number of

SUMMANRY, Qf bRk NUENTIGRE0R4: 3B is9eerabaacrapigd dhahfiR eradation.

inability of cancer cells or thejr suppqrting %ells to.undergo apoptosis in

respondBPYEREYE IBLRIVEIIP ABEEHACMILE A RSO StBSRd Sl Ry factors,
anticansehagetits andltastidtion)sislamuijortéatiorprotess onSeteandcid’Oinclude the

2007/1341026R GH-M4a2E6V4R0924RIpp G ssianAf Ganeak: hBedAUMEIOBE "death”

of apoptosis in cancer cells or their sugport'ng cells (e.g., neovascular

cells in FHERGR P dERARAFES RS HtGhY8 e%ﬁﬁ()er PR SFTETRSn{astor-retated

action faoviasiatipditioithgeffidtR/dlcan darotiekapdini® Hamué otnatietidriermining

therapieg@p hedaEbotdN WARKCR 1a0aYnmteanas:iat higmabinelays are

?A‘;)es” IQNICEIO 3RORIARS 5 T RaRe QIR ERSIN ANIRRHDUALON Al stion.

[0009] TRAIL (Apo2L) has been shown to be a selective and potent inducer of
ap‘optosis in cancer cells (but not normal cells) upon binding to either of two pro-
apoptotic TRAIL receptors, TRAIL-R1 (or DR4) (Pan et al., Science 276:111
(1997)) or TRAIL-R2 (KILLER, or DRS5) (Wu et al, Nat. Genet. 17:141-143
(1997), Pan et al., Science 277:815 (1997); Walczak et al., EMBO J. 16:5386
(1997)). Activation of the pro-apoptotic death receptors by TRAIL induces the
formation of death inducing signaling complex (DISC), which consists of receptor
FADD as an adaptor (Kischkel et al., Immunity 12:611 (2000); Kuang et al,, J. Biol.
Chem. 275:25065 (2000)), and caspase-8 as an initiator caspase. Once DISC is
formed, caspase-8 is auto-processed and activated by induced proximity (Medema et
al., EMBO J. 16:2794 (1997); Muzio et al.,, J. Biol. Chem. 273:2926 (1998)).

{0010] TRAIL has generated significant interest as a potential cancer therapeutic
(French el: al., Nat. Med. 5:146 (1999)) because of its selective targeting of cancer
cells, whereas most normal cells appéar to be resistant to TRAIL (Ashkenazi ef al.,
Science 281:1305 (1998); Walczak ef al, Nat. Med. 5:157 (1999)). Systemic
admirlién'ation of TRAIL has proven to be safe and effective at killing breast or
colon xenografted tumors and prolonging survival in mice (Walczak er al, Nat.
Med. 5:157 (1999)). Although TRAIL can specifically kill many types of cancer
cells, many others display TRAIL-resistance (Kim et al., Clin. Cancer Res. 6:335
(2000); Zhang et al., Cancer Res. 59:2747 (1999)). In addition, cancer cells have



[00241 The present invention contemplates that exposure of animals
suffering from cancer or other hyperproliferative disorders or diseases
associated with dysregulation of apoptosis to therapeutically effective
amwmunziefedsug(s) (e.g., small molecules) that inhibit the funatipoéa)a@ieioo24
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 radiaiien KngsapiesppliatRieseahiibsaniqmeantanalatgs abmbitarsyecifically
of IAPsrs(gotls. ea&ggm%@ﬁ]f%rr {reatment of multiple cancer types,
either wher administered as monot era(g%/ to induce apoptosis in cancer

48814 e pendeP B OMPTTeEHE ORAVE S AdE RIS ippEcntih Jartars responsible
relation@hiprAiL ataetced. dsath-ndusingnaree: theiapeitie 8rugeel, including at
radiatiop INerapies ROASIOLENdS: 2 greaterRIoRarien afih. cancen gt pisc
or supportive ells susceptltb e to executingthe apoptosis program

compart&¥fto ther GrBSForaniPhrEsBraenT SREEIRSIRN A difiriariredigd Med. 6:529
only witpam;cmémMrap,emi_mga.r Md'tan'_@m t_hempy atasigh lﬁ@?éiion of the
In certaiggmMbeqifpenizih e INYEMIOREESH) bcmogat@@th@%!t @aﬁé‘ém%& 6:335

with atherad)eutically effective amount of a compound of the presen

p p ,
inventié?CaRY £RBFsE FHanitvaltasr agertdr FAtadda Gt ed-a /- fmmunol.
greater/tthi@3 6ed98Rparakd clivioatddsnefisims te A Rninalsdomphited¢chown that

those trgatadiwiibidhe SURRAUNESERNHISABERTAAHISALIALAN RIS EW receptor-
another ngtegecause.tht%cgmtpgu ds lower g]%ﬁtp%&%gct‘reshold of all . ¢
cells thECERDTeSBIRBYS s b S6riBAEF i€ st CUCCeks STy Bkl variants o

the apoptelisardgrarminrdsdmgse sbaresalyaptosisthdddiftySctivdtyz dpnger splice
anticanegigeugsrarliationisHacease dhiernativehl thagrmerohdsWhic mouse
the pregentvenion cands used 9 allow admineiation.of.a lowel a0, i

thereforeﬁess toxic and more tolerable, dose of an gnﬂcar?cer%lgrent o retroviral-
and/or Psiistshienprtectineect & sHine Bimet +ospEASd/etinid I TRefE ds

e nventionaihdoge TRihH antjcanrcer agentiasistipnaleng. GinieatBefor tumor-
doses fojalk appLave aplisansRhabngs &nd [AdiBton bSal0eREAG ally in ramor

known, the present invention contemplates the various combinations of _
them wifilt é“d&ﬁhﬁ‘d&ﬂﬁﬂ?‘df%%@?é‘ﬁﬁ?ﬂf@ﬁ%ﬂ? AR SREbIAfpoptosis-inducing
compodnis,aitihequresp onvedtionrastlattheatstént peith Isycim Hib gingftkaR squires co-

the exnasitef CRAGEE SIS AR RIRHIRG CRUR . RIaRRHlCa Merapeutic effect.
effectle(_aI amogrntg,%th compounds car&lbe temporally linked tQ comglde
of ¢

with the SHESEr B CRLSHS B, 84, R A GRRo B BrO BRI P legito =nd are
the antksasedlyyeittedrifadiatide therapy. Thus, in some embodiments,
aomn)istering thescampasitionsof thcapiaseank iventianiiRigonaegierWithsensitize
certain temparal relationships, provides especially efficaci er I
practices. 100; §ﬁﬁ%i§%’é’§é%’?‘f%§’éffﬁ%’ﬁi ?%’lga%ééﬁ%é §‘rlﬁggs tﬁ#ﬁ%@c%rtﬁafl gﬁemcepmr
useful fortiplisiting R el oitpsitiAPE oo meninardasiy thech an agent would
sensitivilo Wecalleni fischeaacmaiaanapienimg henmparisulace hodiehBNssociated
the SmagMClics a3 SampoiRdahIENMIGheIel: i, antdl BASrping thei

independently selected from the group ¢ nssﬁﬁgc%r}?hy rogen, optio
substitGEFRIRYPS PG climsnatine Ae ared fereoarRiasiRp Larsmiss: from the
goog) consistihgoftlyydigeaDopBhaall\(ssubsditutetbatisydaad €&, activator  of

Whe_rei@d%ggs§%QB¥m%@dvagsa %Qﬁ%}éﬁg@ﬁ%&ﬁ%&@h\éhlﬁ&u\é@ﬁ% ¥ytosol in
are independently selected from heﬂ%rou% consisting of N, CH and 0; W

0;
and W SHRCIHEBERGBIIy SEaied® Gt SpLatsi&ing P aniag; 15:269
X and X! ¥®iride pemde iy ofsitoitalyooohstittied G s3naikyized arith iraleterminal
independently selected from the group consisting of CON121, C(0)0,
(CRIR2)1.3, wherein one or more CH2 groups can be replaced by 0, S or
NA', optionally substituted aryl and optiongally substituted heteroaryl, D and
D' are independently selected from the group consisting of optionally
substituted alkylenyl and (CR1R2)"-R54-(CR3R4)",; J and J' are
independently selected from the group consisting of optionally substituted
alkylenyl and (CRIR.2)p-R51)-(CR3R5q; T and T' are independently
selected from the group consisting of C=0, C=S, C=NRI, S, 0, NR1,

CRIR?2 nntinnallvy eciithetitiited earbnevelic antinnallyvy erihetitiited



Z is a linker covalently linking one of Ai, Y, D, J, T and U with one of Alt,

Y', D', 1, T' and Ur; or pharmaceutically acceptable salts or prodrugs
thereof. 100271The invention relates to compounds represented by
Remmuay Hosatich are inhibitors of TAP proteins. The inventiomtalabes7 o 0924
the use if the compounds of the invention to induce apoptosis in cells. The
invention also relates to the use of the compounds of the invention for
sensitizing cells to inducers of apoptosis. The compounds are useful for

the treatment, amelioration, or prevention of disorders responsive to

indUCti%i@cﬁﬂWiﬁti&@ﬁx@&Bu&@a tHisasdRrEsconarante ieed i durmg maturation
dysregylagion,of 8RORIR %)Epér}f‘ DyperRrgliferaiiv ‘g&:&e: a%'t‘ BESXIAP and

cancer. In certain embodiments, the compounds can to treat,

ameliord¥r dfprenshiccdincet fﬁslfuéleﬁlaeﬁaéﬁ%%ﬂésf?ﬁ%@é f3Pafcaftivation.
therapiSsnée. & a thaset whicheasa cibibioe sSIdAP radiation resistant,

ggne reS'%&%H'r@&%%“g elﬂn%ﬂ%ﬁﬁﬁ!@é@%%fhﬁalt?%%@&&%? Jf the BIR3

can be used to treat hyperproliferative diseases characterized b
overexiEB&BPbFTKEs N GEPRIThY i ed@AE iIREFRORMArBGRIES have recently been
pharmateetitiakd o(Apostions cONPBOSINChercoATPAMA D EQIMUISVY ieraal., Nature

therapeyyicaysaHBsHyARLn tm@uq%ﬂm@@%a%& 180640 SEOSINAR. Pro-Tic,

cells to inducers of aL?R tosis, [0029]The inventio her provides kits

compri§ihg YRS #Br?ﬁ‘iﬂ%“ﬂ?ﬁ%ﬂ%}‘gﬁ‘i?&?Bﬂ%efBP ARstelomyin of XIAP
the conipougll tevarehhjmalzchkeckitxmaycoptionalhndormaideotMérals contacts.  The

therapgytic-RH6RASeRvdendRIRINESY %Q?ﬂ&%% or RRORIASISRAdMBURD to involve four

agents B IEF R N OF N 030Q]Figure | show

the compe %e@%ﬁ% Ef’ mae’ mlmeF ?@@SA%S]%{% ;\ o fenminus of the
10031]M@%Pé@@ﬁbﬂfeﬁﬁﬁ@ﬁ?ﬁﬁm&?é%@élﬁ%mWWMDAIWM?W& Several
MLE- 3McenKst¥re3 md&%&&&ﬂgy%ﬁwﬁb&é@%&ﬂ%&t E)i@)wieté’s the catalytic

shows ion of c de

OVCAF%QE%% |s%°a§°ﬁs 164 16%‘%§féw ‘r”(e’fe,!}{I 4§Aag ase ow #;Fe bl |§glr(1i op groove on
cell grothh ?Hfﬁﬂ@AQﬁ/IB’?ﬁl@é dogmpya- méezrssf(sé ahd € - @(é) défpy (2001);
SH-164Skintasbination Mitly-d Rt 120@8d1kigure 5 shows the inhibition of

SebagPwh in MBRMBs&31,68l5 Brortl- 16840.Ea0binatian i I%R§plg‘&pacuon is

or mitoxantrone, 100351Figure 6 shows induction of apoptosis by S
in the Mﬁ:ﬂ\xgeé &yb?g]érsfoeéﬁeé\fleéﬂnﬂn@sxdues 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 (K4 = 0.4 pM) 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.
[0017] 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
tumor cells in vitro and malignant glioma cells in vivo to apoptosis induced by death
receptor ligation or cytotoxic drugs (Fulda et al, Nature Med &8:808 (2002)).
Importantly, this Smac peptide strongly enhanced the anti-tumor activity of
Apo2L/TRAIL in an intracranial malignant glioma xenograft model in vive.
Complete eradication of established tumors and survival of mice was only achieved
upon combined treatment with Smac peptides and ApoZL/TRAIL. Of significance,

Smac peptide does not have detectable toxicity to normal brain tissue.



DETAILED DESCRIPTION OF THE INVENTION 10036]The present

invention relates to bivalent conforrnationally constrained compounds
represented by Formula II, which are mimetics of Smac and function as

inYibitere We2APS. These compounds sensitize cells to inducersrais2007/010924
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 Formula 1l alone
owingpbmbinatiosendtid accind ucespehdsntosis alEhatiovedtibat fpediles consisting of
relates Iﬁe”ﬁ‘?&l‘ﬁ%% Fg U%'%&M%&@@gggeggp{ﬁy W{Q&gléso qugénz&n Bhered to a

animal that are responsive to induction of a(%optoas comprising

adm.n.sf{bffﬁﬁa‘mﬁéeaﬁﬁmeaeesmmm Gestion R APSAEPSA 3R fgelogs term anti-
apoptogsiiBeretiveliseffters il uiiletitosehahatixsteriped bina:dysnetudiatiompaclitaxel,

of apo%ﬁﬁ!&ﬁﬂ:d §|ilp§§ Calﬁ%@%ﬁ?&&ﬁi@@%r?ﬁ@‘?@?&'%&f%'ﬁ% breast cancer cell
10037]The tﬁgn% IAP proteins,” as used herein, refers to any known

membe? bt 6‘{0{01? RhSPHREIS PrOERTARintitRmiy DbERsBsively showed
limited tbattAE eidPlAPel e ZhdbnhaR, oA ataigdm, it AhBseldéides in cells.

%MS’]“ livin, XLtEn% ﬁﬁ@“%o@%q %BUQ%HJEQO%EQ%EG{HQ first seven N-terminal

overex re uS|on }ﬁ‘iﬁ useqyel[eesltrg 3 eﬁ §‘rs to an elevated level (e. dth
aberran fev Rsp néoding Tor an ARORHISME RFbY iy and Tevérsed the

elevatetPRiess Gﬁqmwmmg)sm%bnslb%émpéd{&ﬁaumilhr(Yang et al., Cancer
correspréding:Ben pEiboingice! ArlIsvexprRssNgbasakdeyeisiPMRNAS defect in

Cotootiy oy A B R RS B SRR IS Wren woco
proteindd ncar’&'é‘ﬂﬂemd\é‘ﬂbL?Pé?é’ﬂk?ﬁ%1té’éetﬁe\}%‘§fé%bﬁ?oﬁfﬁg°ueﬁ954%Pegfessed
protein @mntiboghestHnumuie isibchietaicatmnethodsitandiaiethadgetfer, these recent
nucleic; ﬂ&%&mf'ﬁﬁﬁ%@ 9&8‘}-@9‘ 5@&3@%‘?“@ Q;d“é%é”h?%fé‘“&éf?pg%eame Smac

absolute level of TAP proteins in cellS’is to determlnln%;hat they

overexfi?gggt1%f5’?i’rdi%‘fﬁsgr§8taﬁ§?falgefﬁé° rBRsgRRE | W@F&feﬂfshfﬁnan breast
other prerapoptdithsignpdinef wrolacules (e.g., pro-apoptotie Bcl-2 family
Ruegins) withivesuehicrla. WRBRJRE PalancgiotdhRS & MR EUAR thak apoptotic
were it ot for the le elLs of tgel P rotel s, the pro--apoptotic %gnalln
moleculeewauld be suﬁlment {B2alE 178 EHStoRxEThRI e HodRitssls cells to
prograrphandthfsansaiec cetntvouBubeetdisieridest anhthdoTAR Buteirishfore intrinsic

theilsA ;wﬁmmlld&ﬁg?bﬁuﬁxgwff V&E%Béb{mlggmhg efﬁﬁ'&@mm&ﬁt ﬁfﬂude their
an rotein,inhibit e sufficient to cayse the cells to execute the
apoptof%oﬁfc%rgm ané le% RIS 12 ('E(‘)L\%efié'xpregsmh18f)é’aeS‘fA%"‘ee published
proteinSEEESefnS Soeehewhpeatidaintibismtbe ReRtifsohgstdodhsofisticto carrier
signalspdRetiapaptatiensigialseyndargeapapéosis in response to

inhibiting effective amounts of compounds that inhibit the function of IAP
proteins. [0039]The terms "anticancer agent" and "anticancer drug," as

used herein, refer to any therapeutic agents (e.g., chemotherapeutic

compounds and/or molecular therapeutic compounds), radiation

therapies, or surgical interventions, used in the treatment of

hyperproliferative diseases such as cancer (e.g., in marrimals). [0040]

"The term "prodrug,” as used herein, refers to a pharrnacologically inactive
derivative of a parent "drug" molecule that requires biotransformation

(e.g., either spontaneous or enzymatic) within the target physiological

system to release, or to convert (e.g., enzymatically, physiologically,
mechanically, electromagnetically) the prodrug into the active drug.

Prodrugs are designed to overcome problems associated with stability,

toxicity, lack of specificity, or limited bioavailability. Exemplary prodrugs
comprise an active drug molecule itself and a chemical masking group

(e.g., a group that reversibly suppresses the activity of the drug). Some

preferred prodrugs are variations or derivatives of compounds that have

groups cleavable under metabolic conditions. Exemplary proclrugs

become pharmaceutically active in vivo or in vitro when they undergo

solvolysis under physiological conditions or undergo enzymatic

degradation or other biochemical transformation (e.g., phosphorylation,
hvAdronenatinn dehvdroaenation alvveoceviationy Prodmaoce nftean nffar



100451The terms "sensitize" and "sensitizing," as used herein, refer 1:0

making, through the administration of a first agent (e.g., a compound of

Formula Il), an animal or a cell within an animal more susceptible, or more
respEnsivgeszo the biological effects (e.g., promotion or retardatiorsafozniosz4
aspect of cellular function including, but not limited to, cell division, cell

growth, proliferation, invasion, anOogenesis, or apoptosis) of a second

agent. The sensitizing effect of a first agent on a target cell can be

measured as the difference in the intended biological effect (e.g.,

gooRIgtion or remardatitnieiian papacbel Sellutaoiuottmronciudiagsbdinm@ic Smac
limited to, cell g(gglvgmglego(;g%gggﬂ,Iinvasion, angiogenesis, or apoptosis)
observed upon the administration of a second agent with and without
administraftion of the firstagent. [The resgonse of the sensitized cell can be
increased by at Iéj’ast 10%, at legst 20%, [at least 30%, & least #0%, at

least 50%)] at leagt 60%Rat least 70%, at|least 80%, at Jeast 9020, at lBast

100%, at least 150%fat least 200%, at least SgO%N leag{s30
350%, at least 400%,|at least 450%, or at least 500% over the response in
the absence of thgAfirstagent. [0046]The| " lation o
apoptosis,|' as used hereih, refersto-any aberré':tion in fhe abill
predisposition) a Bellt e, go| cell death via apoptasts. Dysregulation of
apoptosis s associated with or induced hy a varietyfof conditions,
including fpr e&gmpley.autoimmyne disorders (e.g. Jsystemic lupus
erythcmatosus, r eumat®d arthtitis, graff-vers ostdisease,
myasthenig gravigy-or Sjogren's syndromg), chronic inflhmmat ry
conditions{e-g;; asTs;, a or Cr , oliferative
disorders (e.g,{mpers B.gall mphonasr 66! hyaeBomashsii@ly substituted
infections ﬁe.g., herpes, papilloma, or HIV), and othef conditions such as
osteoariiiid-2Rd BXAEPSelerosis. It should be noted that when the
dysregulationR$ imduBéd4ny selassddiatedprithallyimitistentiometielvinal optionally
infectiog), gaay.@f May ot be detectable at the time dysregulation occurs or

is observed. That is, viral-induced dysregulation can occur even after the
disappearancé} ﬁ%éb%‘?ﬁgl%‘??iggf}/fﬁégﬁo 5 658 The term
"hyperprolifer&tivedReasestlagwkonhefémd®fers to any condition in

which a |Ogaliiﬁmﬁoﬂiﬁl?imﬁﬁmﬁéi§’i§&i %IIQQU)Sd% @egl,acmmﬁla.ﬂiy?ﬁieroq optionally
governe usual limitations of normal growih. eg o .

Py perp A A BBt S L EAEA e Eo gt optonally
neopladsigroaympHentis anbistitetsikeliymdopritpnad s diefato beopterghyif substituted
does natwnggrgo invasion or metastasis and malignant if it does either of

these. A "metpslafie: cellmenns thakdie gelksardnyade.anddesisos. o 7,

neighboring body structures. Hyperplasia is a form of cell proliferation

involving an iﬁé@%ﬁ%‘éﬂ‘ﬁﬂ%ﬁﬁéf?ﬂ@ﬁs@ﬁféﬁﬁﬁw without significant
dhezation in structueenéuhetiominMetapiasieniscd fopmidoftecatriide tosl] the present
growth jn which eR&ivee aidullysdiffeseniiatrdcalbarRREESIPr AA0RIcd Smac
type of differentiated cell. [0048]The pathological growth of activated
lymphof"©&ft§%ften results in an autoimmune disorder or a chronic

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

refers to any conditiongm WaARKOQRMTSIE FIVEET 20lpodies or
immune cells which recognize the organism's own molecules, cells or

ti994SP- Non-limgiggn%mmra&%;qwmgérm@uﬁsimw@l@aﬁéacmg or their supporting

autoimmune hemolytic anemia, autoimmune he ,atc}tis. Bepger's disease or

IgA neptHSPAtRY FERAPLPNTE BHIBRRMEIGFESASING & SrRrLEidadugcers of
dermatepeptsitidshidrossrilgiacerageveaubradadicibscsmaiordoeter in the onset and
disease, Hashimoto's thyroiditis, idiopathic thrombocytopenia purpura,

lichen planus, multiple sclerosis, myasthenia gravis, psoriasis, rheumatic

fever, rheumatic arthritis, sclerodenna, Sidgren's syndrome, systemic

lupus erythematosus, type 1 diabetes, ulcerative colitis, vitiligo, and the

like. [0049]The terrn "neoplastic disease," as used herein, refers to any
abnormal growth of cells being either benign (hon-cancerous) or

malignant (cancerous). [00501The term "anti-neoplastic agent," as used

herein, refers to any compound that retards the proliferation, growth, or
cenread nof a tarceted (e A4 MAalicnnanty nenonlaem O0OR11 The terme




A2 11 wherein: A1 and Al' are independently selected from the

group consisting of hydrogen, optionally substituted alkyl and Z; A2 and

A2' are independently selected from the group consisting of hydrogen,
optionedlysserostituted alkyl and CORI, wherein A2 is absent whem3Zias/010924

and A2' is absent when V is 0; V and V' are independently selected from

the group consisting of N, CM and 0-, W and W' are independently

selected from the group consisting of CH and N; X and X' are

independently optionally substituted C1-3 alkyl; Y and Y' are

indepe paantiysisalefiad deanTHed ghautjocofisigiingsofic CNEt, E(9)8, their supporting

(CRIRZ) ;13 (WHEIRINAGIOF BARLSHE AMRMPTSBRRELSRAREERY G 52 ‘Rrumversal

NR', optlonally substituted aryl and optionally substituted hetercaryl; D and

D' are MASHEHRTRfHyASERAEE Wamlﬂprea&raﬁﬁheoﬁfé%ﬁwg a?fefﬁf.éh%{ﬂyemw drugs or
substitutéith@dytismmyband{ R IRk ctkRbar (CRBRASIayl @darason for the inability of

indepeg%ﬁﬂmed@@@qgsg{@sm% 9;(81&959@Q%Q%Qfaﬂﬁ%%ﬁl%lﬁﬁl%@%@?s
?Ila\élenyl and {,Ch:RIRZ p-R5b- (tCR3R4

e present invention contemplates that exposure of animals suffering from
cancer or other hyperproliferative disorders or diseases associated w1th
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] In certain embodiments of the invention, combination treatment of animals
with a therapeutically effective amount of a compound of the present invention and a
course of an anticancer agent or radiation produces a greater tumor response and
clinical benefit in such animals compared to those treated with the compound or
anticancer drugs/radiation alone. Put another way, because the compounds lower
the apoptotic threshold of all cells that express IAPs, the proportion of cells that
successfully execute the apoptosis program in response to the apoptosis inducing
activity of anticancer drugs/radiation is increased. Alternatively, the compounds of
the present invention can be used to allow administration of a lower, 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 apprdved anticancer drugs and

radiation treatments are known, the present invention contemplates the various



fand T' are independently selected from the group consisting of C=0,

C=S, 8, 0, NR', CRIR2, optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl and optionally
swiostitesbdreteroaryl; U and U.' are independently selected #ornuthen7/010924
group consisting of hydrogen, NRIR2, OR’, SRI, optionally substituted

alkyl and optionally substituted aryl, n, m, p and g are independently 0-5;

each RI is selected from the group consisting of hydrogen, optionally

substituted alkyl, optionally substituted carbocydic, optionally substituted
heterocychid;opitonalfytisnbstithted asylpomiianaithspbsttuteddieiaroatifo, since the
and Z; egehRasRaaid Baaig ndensndentyspiaeted SoMmNe gioihy 1aps, the

consist;}%%; PEJB%%%?%”’ opﬁgnagy substgtute%llé alg%l optlontg%% &ubstltuted .
carbocyciie, T SUSHiteRe S HOR OGS RS ﬂmﬁ‘f ifltesi ygymounts o
and optibnathynsoisstitted eeternparyl ] R eh tb Risanid d ndigipelnclentlyipts of cells to
selecte@is%t%%ﬁ%m&w’g&wfiﬁ 6150 - NRInBeedRBRA &Radiation
IR2; and WO 2007/130626PC TUS2007I%109_24 Z is a linker covalently
linking SH&ZBY AL WPSO" OPSHEGWRAER AP AR S0 1NG C9mRRY {gRsGp! the present
pharmaiceenicen|yiaceeptabien safth oreprad risgpthereefiio0gdidn préuideerespecially
embodippgiteidulinkshp Mt [‘g,l;iclﬁb@s]‘urther embodiment, Z links D with D'
8f rther e nks U with U'. In a further embodiment, n

In0 " rt}g‘odiment,.z I nd
OR8N ndepen SRy ol RIS eB  JS PR RS I A7 mss i iR mhibiting
emboditheattyibndiglaf meleipe nenihrseingetidromsiiaity df seedls tioainducers of
+ ( is lapaadiisthaen embodimant: Ravshimeie thdepandanthta8lestedompounds of
from 0-4 such that n + mis 3 or 4 and p and g are independently selected

from 0 and 1 such that p + qis 1. In a further embodiment, T is C=0. In a

further embhadiment U is NRIR?_In a further embodiment, 125b is CH?2. In

a furthef embodiment, Y is CONTI, W is CH and V is N. In a further
embodiment, A2 and Ar are independentl Q om the group
consistihg of hydrogeX~and gptiof stituted alkyl. [00551In angther
particular embodiment, th& inhibitors of IARs g sent invention are
compounds of formula 1lI: IV" 2 A x. J'

v U
A1/ \A2 o
::C

D' .

X Y ’
| N—L |
S '
A1,/ Ay z T—U

i

wherein:
Ay and A" are independently selected from the group consisting of hydrogen,
optionally substituted alkyl and Z;

10



wherein Al, A2, V, W, X, Y, D, J, Z, Al', A21, V', WY', 0', Land R2 have

the meanings as above; or pharmaceutically acceptable salts or prodrugs

thereof 1011561In another particular embodiment, the inhibitors of 1Al's of
tmeopesesisravention are compounds of formula IV: whereinpéiy/és2pdf o924
X,Y,D,1,Z,T,U, Al, A2, V', W', X', Y', D',and U’ have the meanings as

above; or pharmaceutically acceptable salts or prodrugs thereof 10057JIn
another particular embodiment, the inhibitors of IA_F's of the present

invention are compounds of formula V: wherein A1, A2, V, W, X, Y, ID,

J, Z, Alt, AR, add Wi, X Midéperidently’ shattRP fnarvetblaegrnepringssasg of hydrogen,

above; or phagmaceulicallracseptahlecssits WhQ%QQ%Q%%&?%@QﬁS%‘fS' ® and A,

another particular embodiment, intermediates useful for making AP's o
the presentifvERiidAErY d8Rpounds of formula XIll: R7 HN T - U XIII
V and V' are independently selected from the group consisting of N, CH and O;

W and W' are independently selected from the group consisting of CH and N;

X and X' are independently optionally substituted C;-3 alkyl; '

Y and Y are independently selected from the group consisting of CONR',
C(0)0, (CR'R?),.3, wherein one or more CH, groups can be replaced by O, S or
‘NR!, optionally substituted aryl and optionally substituted heteroaryl;

D and D' are independently selected from the group consisting of optionally
substituted alkylenyl and (CR'R%)n-R™-(CR*R*)m:

J and J' are independently selected from the group consisting of optionally
substituted alkylenyl and (CR'R?),-R*-(CR’R%),;

T and T' are independently selected from the group consisting of C=0, C=S8,
‘C=NR’, S, O, NR!, CR'R?, optionally substituted | carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl and optionally substituted
heteroaryl; ‘

U and U' are independently selected from the group consisting of hydrogen,
NR'R?, OR!, SR/, optionally substituted alkyl and optionally substituted aryl;

n, m, p and g are independently 0-5;

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

each 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*® and R* are independently selected from the group consisting of C=0, C=§,
C=NR', S, O, NR' and CR'R%; and

Z is a linker covalently linking one of A}, Y, D, J, T and U with one of A}, Y,
DI, T and U

or pharmaceutically acceptable salts or prodrugs thereof.

11



wherein: D" is (CRIR2)"-R8e-(CR3R4).; is selected from the group

consisting of optionally substituted alkylenyl and (CR |

R2)p-R8b-(CR3R4)4; T is selected from the group consisting of C=0, C=S,
CedIRI7S3082d\NR.1, CRIR2, optionally substituted carbocyclic poptignedtyo10924
substituted heterocyclic, optionally substituted aryl and optionally

substituted heteroaryl; U is selected from the group consisting of

hydrogen, NRIR2, OR', SRI, optionally substituted alkyl and optionally
substituted aryl; n, m, p and g are independently selected from 0-5; each

{0R2] R3 andRAiaveniticie pelade ntlcselpoiadsfreptdiatgdobyy Eansisiing efhich are

hydrogeth; SRS/ syRstitte dalkyl eRtan Al SURS UL ¢ARROCY SIS unds of the
optionally substituted heterocyclic, optlonag)éfséubstltuted aryl and

optionallly CUIEHR 0 H5:aPORI TS 4 Se I dCfe PR alER dEtEd M idingpe of the
of C=0cOmBuBisNRIiHE, DiviRoCRIaRASHMGORBand NOOARfIHacpadis. The

R2a arepgleprndentySale aisditomANaaroHR SRRRIRIN GO VAR N o disorders
hydroxy, azido, o thn%substltuted alkyl, optionally substituted

carbocy RSP oAl iHe R Yo ARSIV Sl L Bitiofigty Yspdsfitshasgsfierized by
and optipsrafiylstidys tiflieedphestier aaslidiRG byipesplelfed iranditeasgsouph as cancer. In
consistigeh Q:n%ohk%'er@g Itlﬁg'cgrﬁgml.gx@saﬂq -G 3@%&%,5%1{?91‘1%%@9@} prevent
the grou conglsttn%of hé/dro 0, COiR2a aqd COCH(eb)N(R2)CO2R28; .

R is SEISEIAR Forh WHESHFOE CoRARG 5113 SHBREII SRR ek ANJE Which are
optionathemenesistaete cetiatiopcliesigptionziynsnbstitistahhictedotyelidgke). In other
optionadhsdastitisie drarydansbapdiorally s hstiuied hete ipasbr fifdaldve diseases
optionally, sUpstIuIss) G flli 3 3 selected from the group

consisting of hydrogéen and optionally substituted alkyl; and, R8 is selected
fi3¥&he groupoRKSHHGBIBHABRARY e BRI SHiigRl cisrRRgiljons comprising a
substitutsopoandagyBhicn alatio naHyeuhsititalty keferooy alicowptionallyce apoptosis in
substityied arvl eadiaptienally,sHastiutes hetgrgaryl. 100591In a further '

mbodiment, R711 is t-butyl. In a further embodiment, nis |, inis 2, R5' is
&Ft8 and e Y BRAZ I MANETANAT BN D GRMETS RS & iSERANR LS Formula II

Rla is swiécmsthirtionshéogradpiotrsisgntiofchygmxyd agido antmaptiofhdykits may
substityad hatereandiansiR2 s HudrRIsRI008 QU sl Ay QDS apoptosis-
include strg:u ht-chained or branched Ci.ig alkyl groups, especially methyl,
ethyl, p%opy \ an(§par%%§/tﬁ' t-butyl, sec-butyl, 3-pentyl and 3-hexyl groups.
The term alkylenyl" refers to a divalent alkyl radical containing 1, 2, 3 or 4
joined methyleneBROEPSIDE SORIPTTSNORGHFIDR A WINGS

[06030] Figure 1 show the competitive binding of Smac mimetics to XIAP BIR3
protein.

[6031] Figure 2 shows the inhibition of cell growth in MDA-MB-231, MAMLE-
3M, SK-OV-3 and OVCAR-4 cells by SH-164.

[6032] . Figure 3 shows the induction of cell death in MDA-MB-231, MAMLE-3M,
and OVCAR-4 cells by SH-164. ‘

[0033] Figures 4A-4C show the inhibition of cell growth in MDA-MB-231 (A),
MDA-MB-453 (B), and PC-3 (C) cells by SH-164 in combination with TRAIL.

[06034] Figure 5 shows the inhibition of cell growth in MDA-MB-231 cells by SH-
164 in combination with éisplatin or mitoxantrone.

[0035] Figure 6 shows induction of apoptosis by SH-164 in the MDA-MB-231

breast cancer cell line.
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[0061]Useful alkenyl groups include straight-chained or branched C2..15
alkyl groups, especially ethenyl, propenyl, isopropenyl, butenyl,
isobutenyl, and hexenyl. 100621 The term "alkenylene" as used herein
refermeo aodigalent radical derived from an alkene as exemplieEdusyoo7/610924
-CH2CH=CHCH2-. 100631Useful alkynyl groups are C2_16 alkynyl

groups, especially ethynyl, propynyl, butynyl, and 2-butynyl groups
[0064]Useful cycloalkyl groups are C3_8 cycloalkyl. Typical cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

eycloheptyl, aggapanty FINOIEINPT 0GB SefuEanhgraupsdngiude
C6.14 aryl, especially phenyl, naphthyl, phenanthrenyl, anthracenyl,

i |, azulepyl, Hiphenyh-RiRReRYIRMMbs2Rs BIHRAY! BRkRSationally constrained
100661Useful heteroaryl groups include thienyl, benzo[%thlenél, d Fancti
C an Cl10n as

naphrh&fF B2 BRRERFSTRIEh i SRy Wﬁ)ﬁ;ﬂ{ﬂéﬁ% vaslivid
chromenidbxernbeRYP sphidrex antiyarmpld Pidnsitize [yl i yor ol cers adiapbyltosis and, in
triazolylomd azQllc Y rifih RWEZ I QY HEBIHBI. PYidazIYL INONIZIRYlerefore, the

isoindolyl, 3H-indqlyl, indolyl, indazaqlyl, purinyl, 4H-quinoljzinyl, .
isoquinOIyT aﬁ?n(r)%%eﬁh%fﬁl};eliﬁlﬁéjsngpkgfﬁyg}rﬁlﬁfn% ,cﬁhfr?g’zéﬂ?!ﬁ‘f?}éir?ﬁoﬁﬁ%ﬂt,os‘s and to
pteridingietbet pdo W udiez rirsiinighis pine AelHih Aelimyiisaaridimpbcpetirthidinglls with a
phenandhiglinyla Bhebasiny risphdazaly kahanibinantl aiSmeagei\ apoptosis. The
furazanyl engxazinyl, 1.4-dihydroquinoxaline-2,3-.dione, . .
B R e NG e 0B or proventing disorders
1,2-beri?GrR GRS -Ba 125k SR/ InJuskatdefyipepiasis comprising administering
2-0X0b&ftﬂi:6TﬂﬁiaM|y|c§Nxb6ﬁﬁdhﬁ Memwwwpmmias@dmge Buch disorders
atom in 2 FiRg\RHChRITREE A1) MAXRE DS IPIDREAN NadRe iracterized
a pyrld)él N-oxide, pyrazinyl N-oxide, pyrimidinyl N-oxide, and the like.
10067 POPIRBREEHRARIEAE MCcIude one or more alkyl; halo; azido;
He053lkyl; hydFbrytkral KA peycioalkyl etbheatiol réfeteroatky kybvaryhember of the
Epzlonq%@u&swmﬁfmm%@@% ,V%{fchtﬂm;. tgalqohﬁm@av&i?&m, CIAP-1,
eteroa oyps; ar i with one or more lower
Ay, DB N ke ATE R ARy Rk T B Ml 2 spolton, and
substit®BY¥#ith one or more lower alkyl, haloalkyl, and aryl groups,
hetesparyloxyroptienallysuhsiitdachyvith 00eser paredongEialkdiers to an elevated
~ haloalkyl, ryl.groups: alkoxy. al o, arylthio;.amida;.amino;.
acyloxy]\;éké‘?yrlgbiiloi%g&ﬁo}%’I%E?s%%bg}[#ﬂga it (}%ﬁ g?rmag%%m é‘r’%ﬂ%ﬁ’f a;ndjor to
haloalk§ie 4t &5yF'g > BIpteMGIoRCSHRiMy fexPaisioraiy dusitgsaending non-
with on@aoromg@llm _augtls;sbalg)bﬁdaalmaﬂiyl S AR AL@IQRNEIOIAP proteins or
optionaliy sl WL'B PIE R MAIR lofeh By kplaRYRM, A BIYs of mRAs

groups; heterocycloalkoxy optionally substituted with one or more lower

alkyl, hiGa#E%, LHaPENFigE AT e Sartdmy uneksinrdies stidtelegei Sandpe not limited

optionatily Bdsetitutdctuvithueng dA P pretdovertialdies) atoalkydhandtamiical methods,

groupsaRerialydinsataie qa@%?ﬁm@ﬁlmpém@mﬂ%éw&it%@%pmam as
IKY

with one or mare lower alll%% haloalkyl, and aryl gro%f)s; and any covalent :

linker (S MRE)° 10661 (BRI LT dRtels Faftilf Shthagetat they overexpress
carbocyekcryotsys.ase elroldalkyt gettips sy definédtapoveiragavetherspro-apoptotic
CyC:Oa|k@ﬂyﬂli%0:ﬂ9&c§lﬁ@wa§.9¥§@wq}élawgioﬁ%mﬁ%?é?fs) within such cells.
Cycloo nyi... 'DOCYCllg. groups also Inc roups.navin Se

chtionalll A RHA ] SR 2Ltk SN F0EB eI algip P e 147
halogeArgidth3lipered arictinsissplmngriaolseoinirucattiio diibeient to cause the cells
100701bsefubalindapdpndsaliogheieipdaib HaURS IR GIAR MRS Nt on the IAP
above- mentioned,C1-18 alkyl groups sybstituted by any .of the. .
o
include*betizyf pmapiatn A prasith PrmetiAicnd 07 1ese the tesibaliy execute the

groups include C1-10 alkyl groups substituted by one or more fluorine,
chlorine, bromine or iodine atoms, e.g., fisoromethyl, difluoromethyl,



trifluoromethyl,pentafluoroethyl,1,1 -difluoroethyl,chloromethyl,

chlorofluoromethyl and trichloromethyl groups. 100721Useful hetcroalkyl

groups include C1.10 alkyl groups containing one or more nitrogen,
owggemras@asfur atoms, e.g., -CH2CH20CHS3, -CH20H, -CH2C142Mbt2 10924

and -CH2CH2NHCHS3 groups. 100731Useful beteroalkynyl groups include

C2-15 alkynyl groups containing one or more nitrogen, oxygen or sulfur

atoms, e.g., -CH20OCH2CCH. 100741Useful alkoxy groups include oxygen
substituted by one of the C.1_10 alkyl groups mentioned above.

10075 1agsefodia iy himgredipiinThidetse s tbatititadsoyy 0 e of e protein” also

C1_10 Al GrPUBRMERTOREAABRY G iR OIS R NSRRI, and anci

and sulfones of such alkylth o groups. [00761Useful amido groups include

carbon{RARTRAY 28R ag*%?mﬁ?g%tew(mkfgﬁwfaffa&l@a‘*e&%ﬁf&aﬁms amounts of
nitrogerpmppuatetaniolo bprbpibmatioc of bAkgnowamido, pentanoylamido,
ygeroylamidpras el as,atulstIRHErhE Z.0: SHRRHIUHE ALY LAIPURRin, refer to

[00771Useful acyloxy groups are any C1. acyl (alkanoyl) attached to an

oxy (- o2)*%88388@*%ﬁﬁ%&fea%et&kwmﬁ@mmxﬂaw&/|cwfor molecular
pentembylepgytirexamoylors)anatititilikief0p¢8 14 sefigical lacylexyigigupsd in the
includeanyQbths wwﬂ&me@aeeg@@&%%mwg qR ABhakibe

(g;loxy groups mentloned above, e.g., 2,6- dichlorobenzo

2B Huorobehd (Fsky B2 5%- &S(ﬂ?ﬁﬂdﬁﬁ’étﬁﬁ?rso%idéﬁﬂﬁ?&%?uy inactive
[00791 desefativgifio groemss ‘hokideoNeR: thiH Ridnant bNRAGR mativeréire., cither

R11 anghbtshastsCol . L i oF wialaaliy/ kG ps Asoleinad Aa4ao release, or to
100801UsefHI ﬁsaturated or.Rgk tlaII saturate heterg axYlC:%ﬁ ﬁg qups include
yl,

tetrahyaro%'ura Fbyramatplpe)l,’(ylrﬁls[lopl erlz?ﬁyrflecyrro omagnetxcally) the
imidazdliafiys |Fﬁ}8aﬁ%ﬂ|rﬁﬂ“1’ﬁcl@ﬁﬁyl RSN greqansigardini, overcome problems
morphalisytidsechrmanyiliey; Roany' 1 a0k aidﬁﬂﬂﬁclm/raioﬂiﬁxy{ed bloavaﬂabnhty

tetronoy A i AONLLOUBE 00 SH! WARY! AVIEHRARP I B Y Erermican

arylene, especially phenylene,
naphth{IEMTSh &Rt Ryl en B RHPAL SPYAEIRIInamyrass, dhkRsHyisnaf the drug).

Some preferred prodrugs are variations or derivatives of compounds that have
groups cleavable under metabolic conditions. Exemplary prodrugs become
pharmaceutically active in vivo or in vitro when they undergo solvolysis under
physiological conditions or undergo enzymatic degradation or other biochemical
transformation  (e.g.,  phosphorylation, hydrogenation, deﬁydrogenaﬁon,
glycosylation). Prodrugs often offer advantages of solubility, tissue compatibility,
or delayed release in the mammalian organism. (See e.g., Bundgard, Design of
Prodrugs, pp. 7-9, 21-24, Elsevier, Amsterdam (1985); and Silverman, The Organic
Chemistry of Drug Design and Drug Action, pp. 352-401, Academic Press, San
Diego, CA (1992)). Common prodrugs include acid derivatives such as esters
prepared by reaction of parent acids with a suitable alcohol (e.g., a lower alkanol),
amides prepared by reaction of the parent acid compound with an amine, or basic
groups reacted to form an acylated base derivative (e.g., a lower alkylamide).

[0041] The term “pharmaceutically acceptable salt,” as used hercin, 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
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biplienylene, biphenylenylene, and fluorenylene groups. WO
20071130626PCT/1JS2007/010924 100821Useful heteroarylenc groups

include disubstituted heteroaryl groups such as 2,5-thienylene,

2 imidazoglene, and 1,3-triazolylene. 100831 Throughout theeT/US2007/6010924
specification, groups an optional substituents thereof are chosen to

provide stable moieties and compounds. [0084]Covalent linkers that may

be used in the invention include any bivalent covalent linker. In some
embodiments, the linker is a contiguous chain of between 5 and 50 atoms.

The linkegdyisicallgshasda tesigth dxzomlabotit &edagisitindes touaboeltik@Olimited to,

angstropys.ysifgsandasEgan ienaiit AR apglanoMOME B AN Mhosphoric,

linker has a length of from about 10 angstroms to about 50 angstroms. In o
certain EMBUGMBRES: (iR REr BTFHSes A RSP SHECRISH, HEtRFSargege: citric,
heterooyetimngsibiyniin otheesifirodifrents, tradinkendosyensoditridel nhphthalene-2-
other eqbedineBiSeABSIIBKRY IS QASHP ML ekl NG INKRIHIRYHE 2 While not in
one of the many known homo%ifunctiorla\ljand hetgrobifup@eétegnal linkers. aration o
See, & 7S BAURERIGE- 1 5B Uo7 "F7 6, 69 ©69, E.dB, Teparation of
6,887,98s @sp5g, 39 tempdiales in5obiginied 18 8801PadS 86G:& vention and their

5,824, 80 atbdioddy BedBaBRBicid addition salts. A

[0042] Examples of bases include, but are not limited to, alkali metal (e.g., sodium)
hydroxides, alkaline earth metal (e.g., magnesium) hydroxides, ammonia, and
compounds of formula NW,*, wherein W is C 4 alkyl, and the like.

[0043] Examples of salts include, but are not limited to: acetate, adipate, alginate,
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate, camphorate,
camphorsulfonate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, flucoheptanoate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, chloride, bromide, iodide, 2-hydroxyethanesulfonate, lactate,
maleate, mesylate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate,
palmoate, pectinate, persulfate, phenylpropionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate, undecanoate, and the like. Other examples
of salts include anions of the compounds of the present invention compounded with
a suitable cation such as Na’, NH4", and NW," (wherein W is a C,4 alkyl group),
and the like. For therapeutic use, salts of the compounds of the present invention are
contemplated as being pharmaceutically acceptable. However, salts of acids and
bases that are non-pharmaceutically acceptable may also find use, for example, in
the preparation or purification of a pharmaceutically acceptable compound.

[06044] 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 tht_: 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%,
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5,212,075, 5,165,923, 5,141,648, each if which is incorporated by

reference in its entirety 100851In another embodiment, the linker may
comprise a -COR9a-or R9aCO- gyoup bound to any one of A1, Y, D, 3, T

ov Q2eemdt amysone of Al', Y',or U' wherein Tea is 0, S or NRIclacangsRiaoi®924
hydrogen or lower alkyl. In this embodiment, the linker further comprises a

group bound to R9a.- of the first group and CO- of the second group

which may include an optionally substituted alkylene group wherein any

one of the carbon atoms of the alkylene group may be substituted by one

or moratQess: BRwar RRdeReAadiasteroRerRasgIYpsatbsamsies af 1east 55%, at

S A I B0 R s
least 90%, at least 85%, or at least 100%.

[0045] The terms “sensitize” and “sensitizing,” as used herein, refer to making,
through the administration of a first agent (e.g., a compound of Formula II), an
animal or a cell within an animal more susceptible, or more responsive, to the
biological effects (e.g., promotion or retardation of an aspect of cellular function
including, but not limited to, cell division, cell growth, proliferation, invasion,
angiogenesis, or apoptosis) of a second agent. The sensitizing effect of a first agent
on a target cell can be measured as the difference in the intended biological effect
(e.g., promotion or retardation of an aspect of cellular function including, but not
limited to, cell growth, proliferation, invasion, angiogenesis, or apoptosis) observed
upon the administration of a second agent with and without administration of the
first agent. The fesponsé of the sensitized cell can be increased by at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at
least 80%, at least 90%, at least 100%, at least 150%, at least 200%, at least 350%,
at least 300%, at least 350%, at least 400%, at least 450%, or at least 500% over the
response in the absence of the first agent.

[0046] The term "dysregulation of apoptosis,” as used herein, refers to any
aberration in the ability of (e.g., predisposition) a cell to undergo cell death via
apoptosis. Dysregulation of apoptosis is associated with or induced by a variety of
conditions, including for example, autoimmune disorders (e.g., systemic lupus
erythematosus, rheumatoid arthritis, graft-versus-host disease, myasthenia gravis, or
Sjogren's syndrome), chronic inflammatory conditions (e.g., psoriasis, asthma or
Crohn's disease), hyperpfoliferative disorders (e.g., tumors, B cell lymphomas, or T
cell lymphomas), viral infections (e.g., herpes, papilloma, or HIV), and other
conditions such as osteoarthritis and atherosclerosis. It should be noted that when
the dysregulatidn is induced by or associated with a viral infection, the viral
infection may or may not be detectable at the time hdysregulation occurs or is
observed.  That is, viral-induced dysregulation can occur even after the
disappearance of symptoms of viral infection.

[G6047] The term “hyperproliferative disease,” as uéed herein, refers to any condition

in which a localized population of proliferating cells in an animal is not governed by
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; and [0086]In another embodiment, the linker may comprise a carbonyl

group bound to any one of Al, Y, D, .1, T or U and any one of A1',DT, 7', T'

or U", and further comprise an alkylene, polyalkylene or aralkyl glycol
owopdousdio the carbonyl poops. Examples of such glycolsnoiudesr/o10924
polyoxyethylene, polyoxypropylene, and block copolymers of

polyoxyethylene and polyoxypropylene glycol, diethylene glycol,

ttiethylene glycol, tetraethylene glycol, dipropylene glycol, thioethylene

glycol, and pentaethylene, hexaethylene, heptaethylene, octaethylene,
nonaetimdanealangdideractbyiefenglygolstP aricuhl S xeMmiesRbiifestve disorders
glycols;inglude lycol: 1.2-propylene glycol: 1,3-prapanediol; .
i A b o SR S Ny, TRERIREIRG e . A
2-ethy| BSARASA- 1S $HfoPaRe dieh e dthif190sisBpURALC1SS - BiYgsifTe Qlometastasis and
1,3-butamatigiatit liflibdtreedindr hbpentanediaktdstiexadiecialns that the cell can
2,24 g0edvdid Geliespnealph Rl ey claSXBRSAIMCINANRY o con

1,3- cyclohex an edim éthanol; 1 ,4-cyclohex anedim et ]

2,2,4, 4 EFREHY 1Py Ol eingy Rb RAZARTGY; G5 kyRiRREiB), 2 tissue or organ without

2,3-naphthidieme diciratich 25/stmeqrhth alefua dioh. EBmaples ik didonino £ controlled cell

compoypgdsing %ﬁc%’gf@?%’%f @‘&WH%QQEIA%’ RIPRIMN B A fIAR other type of
A-di

ino-5-mgth ylph eneto 1,2 arnino-5- methylphenoxyethanol;
2,4-dighﬂfggé"8ﬁt§ﬂ }nine; 2,4-diaminophenol, 2,4- diaminophenol;

20848 minopAéroratbtiegiokl2 Gdydf2ofiyahtiverethbxypi®ie- cells often results in an
pyriﬂiln@ddaimmﬁﬁ@fs%u&mo;{?m@mﬁ:hzﬂﬁnmlmﬁl ' ; R RPY AAISHABINE, the term
2- chloro-5-nitro-n-hydroxyet -phenylenedjarnine,

2-ch|oro§l§-oﬁﬁlg?f§ﬂgrf¥ iopries rgée?asrﬁ?nS%Yeﬁgy -161-%%%0‘6

ediamine; hich jan organism produces
4,5-diamiRsdientstinpyrassits ERampleesotatinorayeiroxy eompolssdlss, cells or
includeti2sagninordmyiekimxyd Witdingle? -aMiotniiiiePBRBRlirs include autoimmune

2-aminp-4-hydroxyethylarninoanisole, 2-amingsd- . - ..
hydroxyeertxﬁy Aminoanisole sultate; and- mine Sechiorbs ?ﬁ?tr%bﬁ%ﬁoﬂephmpathy’

10087]KlighotRBICenthERtifie fRHgHS | KRIRIES: coropRse diseRdfgeficppatomyositis,
amino gtoopabeindgamnienne bbshldiVeaky, Jber ddedsa/ Iy ssendftdils thyroiditis,
Y, D, ‘Jc'iina‘MiU 'th%mbwégg;eﬁﬁ A2 ﬂéﬂ&ﬁdpﬁiaﬁ{;@,b%&wm& Q;Q}Sﬁts? myasthenia

r
diamide or ester amide. mples of such diacids include succinic acid, ~
fumari®EN; FPTEAkI o AATHHS iE8 Too B 4o tREPR b cisTaft e Sidsren's
linker comprizes sersieRB-tiprotdbcamtogroupps Hichalsintrothsoty byolitis, vitiligo,
cycloaddiigr gk& propargyl ?pup with an azide group. [0089] The linker is

o join t mac.mimetic compounds into a bivalent structure. The
B R P W B et (o S Bl srowth
and m&y trdlabgimsrpitkentipnégic Gompragere il onmabissirm (ernamrsushd
ifwiosn] the interpetion ohhb Db EaspaRe sl Bsen et oeieneRtath@ompound that
Srnac in| [ [ formationally constrained. In ther embodiment
e S e SRS Reom.
Oftther embbiHERE tRESHae RITHEHESE S b RIGHERNIP AN A DBIdRsTeIn, refer to
bonds.£Exatnples @f knowbcBrtacemiih elichehFipauddsstiagraysefubaBrative or

Startin%@@g@k@'%éﬂswﬁ'xpﬁsﬁﬁ‘yﬁyeﬂg%;Q%Hggéhgaf)?l{)%wéggfplete, e.g., the total
absence of pathological cells in a subject. The prevention may also be partial, such
that the occurrence of pathological cells in a subject is less than that which would

" have occurred without the present invention.
[0052] The term "apoptosis-modulating agents,” as used herein, refers to agents

which are involved in modulating (e.g., inhibiting, decreasing, increasing,
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[00901WO 2005/069888 discloses Smac peptidomimetic compounds of

formula VI: R"0 N 142NVI or a pharmaceutically acceptable salt or

prodmg thereof, wherein: Rl is C1.2 alkyl or C1.2 haloalkyl; R2 is
branmheadorzenbranched alkyl or cycloalkyl or substituted or eosaisstituted24

aryl, allcylaryl, heteroaryl, or alkylheteroaryl; R3 is branched or

unbranched alkyl or cycloalkyl or substituted or unsubstituted aryl,

alkylaryt, heteroaryl, or alkylheteroaryl; Y. is (CH2)0.3, wherein one or

more carbon can be replaced by one or more heteroatoms selected from

oxygen psuitfutipghdpoiprogen, Bndnphe of aporedsydrogiiaiieGlekhgrowpaie proteins

can be W@CW&W%QH?QO%MQ{QH%G%@‘%M avehicd! kP Dos, TRAMP,
substituted or unsubstltuted a alk%/lar heteroaryl or alkylheteroaryl;

and Z is CORE HP& Ao gther examples of

(CH2)16®S}Q@HIE2)®QU’(@N£)@g63NH(l@h@)obgt (@IQMOBNH@@K@HZWBI Fas ligand,

égﬁzz))ll%N%@Q@&%@é&ﬁ:ﬁ@@ﬁ@&%ﬁ%(@% H’S%gf%%% TRAI{,Z also known as
wherein

branchédf gﬁ‘(%% néﬁeé’z’gwgf%iggéﬂ?ﬁ%r( Sh RSP ?lrsﬁ?}%(ﬁ*?ﬁé]dagomsnc

aryl, alkgritibpdinotefoBRALIbr RIkgthERAYaRE, IO WG BoOS/058894Akt, CAD, PI3

discIOS%sn&a@@mim@t&ﬁm&@mofwdm@\glagm@; Broadly include agonists and
pharmaceuticall acgepgﬁb sat or rogrug ther pwherein I isCi 2

alkyl or CTERS oaﬂ<y egror unbt an ﬁ%ﬂ Sr é%’f‘galkyl‘db?‘)pms"s"
su bstutuw@@ﬁ%aammwabﬂ,salkylarw, lﬁét’ebé@ﬂyll?@mﬁll@llgeﬂ&@a?wr receptor).

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

[0053] The inhibitors of IAPs of the present invention are compounds having the

general Formula II:

141
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Xis CONH, C1120, CH2NT-I, CH2S, or (CH2)1-3; Y1 is (CH2)1_5,

wherein one or more carbon can be replaced by one or more heteroatoms
selected from oxygen, sulfur, and nitrogen, and one or more hydrogens in
CHR22ooups26an be replaced by a branched or unbranched alkylhonaychioozs

alkyl or substituted or unsubstituted aryl, alkylaryl, heteroaryl, or

alkylheteroaryl; Y2 is (CH2)!-5, wherein one or more carbon can be

replaced by one or more heteroatoms selected from oxygen, sulfur, and

nitrogen, and one or more hydrogens in CH2 groups can be replaced by a
branched orherdinanched alkyl or cyclic alkyl or substituted or

unsubstituted arylaglkylagyle WQ@VA&;&@M@%%@M%&Qiggo&ﬂ'ﬂydmgm,
CH20, NHCQ, (C11 Héc 12)1 CONH(CHZ)O 3

(CH2)1- 35‘(?5]5?2?83’35‘2&& S?fﬂfﬂ(@ﬁ 0.3, (CH2) 3NHCO(C112)0-3,

(CH2)1 .3 8r@ 2 G2 8 iidritD) e BN Ed1 £¢6) e ((el®) GBysisting of hydrogen,
(CHL NHCAINMIEHAOR IR HDORNACLRRI IR, B1s 0 and s
branched or unbra hed alkyl or cycloalkyl or substituted or unsubstitutexl

aryl, alkylayfoREePESR1 oF Rikylheteroaryl 100921WO 2006/010118

discloses Shaad Wi aretidsreodwptvnds atddrnmiha/ghouly/ teheistang of N, CH and O;

pharmaceuﬂc@mceﬁe phabR RIS d@i@&&%}ﬁ@@@@t&&%i&&ﬂg NRIB2nd N;
or N+124 I?rf 8(gmd R3 reolrt11degl Sﬁsttl%lhé/&iﬁogeqko[ optionally

substitute C?fﬂ al WRIth Gne or more
carbons cah B@r%lé&%d‘@?@“@e@¥§elﬂ%ﬁéféf@éil?n%é%éc?éﬂsfﬁéﬁg of CONR!,
S, and N, and)m)gCRr REig, hykkegease oreid: EER, o &3 GrosPEated®y O, S or
replaced bygluqy agn&%@gb&l@e@a}ﬁ%ﬁwﬁqa&}l@gm&ﬁxﬁe@m&é

optionally substituted aryl, al y ary teroaryl, or alkylheteroaryl, or

Ski, or NREREIRY. A POsRAsl seld |9Wdfb@§ﬁ>a? PG of Optionally
substltuteok@mraﬁq/m%yawmﬁz@www Y which one or more

carbons can g rﬁpi@&%ayead@%@a@mqﬁme&y % SNy 8F optionally
optionally substituted aryl, alkyl ar%(%g elterogyy of a,lky eteroaryl; or any
r

two of R, B UREFRYH é‘ﬁlﬁ‘}ﬁ‘ Rutthel ﬁr&;@n to which they are
attached fdrrand Réteronysiiemyiouly, seleckidhione e naone canostiagoosi €0, C=S,

bhe replaced—*b@'l@h% 085, RRa& h@f@i@at%ﬁ§§#ﬁ9te&m&d SeBSENWIR ptionally
the provisg that the heteroatom is se te ert e nitrogen atom
least two car}l%)ons Qnop i0f ;)] V'St n%alif‘ &d’ 8’]?3 ﬁyl géfﬂ 3 Y naa%:%snmted
.atkynyl, vvh%?é‘h"rfﬁhe or more hydrogens can be replaced by quorlne, is
CONK C(@)02£(2)0a:e (ngidehdeINHdMdar flohi2pHe ServiHe oM BRE06f hydrogen,
more carb ahe gplaced glected from 0

RS KARBRE S CDHZSli}flgsu%g S N S S

and W are independént wherein ong or more cargons can
replaced by =0, 845 BF &ﬁ@%@?@t@)‘rpsielected from 0, S, and N, and one

or more hyahio§e nssieiCiel? feproLps ganbeorsaee dfydrdianapsidmally substituted
unbranch eﬁk@kk%ﬁ&%‘ﬁ@ aél@élm AL P&S’@@J}éﬁ&' bR%gbtrgg rﬂlb@'u% g‘ﬁylheterocych c,

heteroaryl, of alkylheteroaryl, or 0124, SR4, or N |so tionally

substitutePRPY %W“é‘ﬁ%‘k@ﬁ%’ﬁﬁyﬁ%ﬂi%‘iﬂ k’é’l‘?’fo%ry %‘Eér%aryl
wherein orecbr RioiR’ carb&isacanndepepdiachdseleGeD fGmSther goup consisting of

he'[eroam'ﬁ%@%%gpd ngi}s s%Bgthé%“da%? 05;5995@11@@@)9@&3’6@ (:fglbocychc,

CH2 or CH rouBDs can be replaced bia branched or unbranched a

or cycloali§ASREPBIRS 1??3&?‘5??@5 RO, PbHoLsS 2B and optionally
alkylhelercabytitotc@®Rae8RA; or NR4123; Y is CH or N;

R and R*" are independently selected from the group consisting of C=0, C=8,
C=NR', S, O, NR! and CR'R?; and
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Zis CH2, 0=0,0=8, CHSR, CHOR, or CHNR; and R is hydrogen or

optionally substituted C14 alkyl, C24 alkenyl, or C24 alkynyl, 10093]U.S.
Published Application No 2005/0234042 discloses compounds according
tovformutadods U R5 IX wherein R1 is H; C1-C4 alkyl; C1-Cpratkenydp7/o10924
CI-Ca alkynyl or C3-Cm cycloalkyl which are unsubstituted or substituted;

R2 is H; C1-C4 alkyl; CI-C4 alkenyl; Ci-C4 alkynyl or C3-Clo cycloalkyl

which are unsubstituted or substituted; R3 is H; -CF3; -C2F5; C1-C4 alkyl;

C1-C4 alkenyl; C1-C4 alkynyl; -CH2-Z or R2 and R3 together with the

nitrogen fopmsa hielkeingsvalimith Halking- ofd ot ;G5 3; 1CHAG withlfe @F A, Y,
-CH20H; %4| (é,l Cé6L§tra|ght or branched alkyl; CI- 016 alkenyl; C1-C16
alkynyl, or --C3- cyc1oa|ky| -(CH2)i-a-Zi; -(CH2)0-6-aryl; and

-(CH2)0-6 mhmﬁéml%aumam@hlmaahermﬁmgaﬁémmbst.tuted or
sostjuted; Znis fN(RD bR G(E 10 1alky ID-Mih 8)- QD -f&zti @) erfbbclinkeht, Z links

cycloaligyli :N(B3)1, G (Q&r{ﬁ%ﬁ&;ﬁ)@dfm&ﬂy% B{X&R@ \QEQ)U(C é%’tg\rg] i odiment, n

_C(0)-NON(Rin): -C(0)- 0 CICic, alkyr: CH2
e o o s ey o
-0-C(0) fGHIBYMEHCR AT ¢yetoaiiyhendeilD)el ¢t Jbfr phawyl; such that p + q is 1.
-0- C(O)ﬁgﬁh@rmbm&w x@lflﬁ/d rﬁyﬁ@ﬂgyﬂ%g K%@YAC%& from 0-4 such that n +

unsubstituted or substituted; het is a 5-7 membered heterocyclic ring

containfAgS L& bR MINE ‘arq dRdepeRdsnii sesier drog danst iz““ch thatp +qis 1.
membehed fusbdrrimapeystent,ifcisdir§ at leasfuothersehbnéimbeatel is NR'R®. In a

heterocas&mieamﬂinﬁﬂ i¢ €f13 hﬁl%@ﬁiﬁ@?%x%%@ﬁm&{f%é\b@hﬂﬂdw is CH
S, which heterqeyelic ring or fu%e rin tsly@t |szuns%§stltut nt?é selestsd from the

substltuated on a carbon of Ni rogen ato
or -CHZTLPRosHt Ripfdnalwaeh ﬁﬂé@[ﬁéﬁd@?ﬁlvlbﬁtm@@@kyl; Cy-C7

qoksglkyl; -(Cid 230 B8 Gérayalanlkibofintal0 the pinamidow e aiNmIkt, the present

cycloalkryl,é:}lqglplgr%@é n@rguugssgp titut substituted, or 12,9 and Ria
together with the nltrogen form h§et IS(J{SQ{E{H CI-C10-alkyl; aryl; phenyl,
C3-C7 cycloalkyl; -(CH2)1-6-C3-C7 cycloalkyl; - C1-C10 alkyl-aryl,

-(CH2)0_6-C3-C7 cycloalkyl (CH2)o-6- phenyl (@HZ)O -4CH-((CH2)1.

4-pheny1)2; -¢CH2)0-6- henY02; -indapyl; -C(0%C1+£10 Q,Ryl
-C(0)-(CH2)3-6\@3- y a lel C£0) ( 016- enyV'
-(CH2)a-o-& G)Jphenyl st; C(ﬁ) (C I-6-he¥or R5 |s a

residue of an amfto ac% Wheﬁéln tH%ZaIkyR cycloalkyl, phenyl and arygy

substituents, Afe YASURSARA R PUBYILeR A, 37 ROV, BT have
the meanings as above; or pharmaceutically acceptable salts or prodrugs thereof,

[0056] In another particular embodiment, the inhibitors of IAPs of the present

invention are compounds of formula IV:
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(Rb)n-RdX wherein n=0-5; X is -C11 or N; Ka and Rb are independently
an 0, S, or N atom or CO0.8 alkyl wherein one or more of the carbon atoms
in the alkyl chain may be replaced by a heteroatom selected from 0, S or
Ny anchwzess the alkyl may be unsubstitined or substituted; Rdisssslectad 4
from: (a) -Re-Q-(Rf)p(RQg)4; or (b) Ari-D-Ar2; Re is H or Rc and Rd may
together form a cycloalkyl or het; where if Rd arid Re form a cycloalkyl or
het, R5 is attached to the formed ring at a C or N atom; p and q are
independently 0 or 1; Re is C1.8 alkyl or alkylidene, and Re which may be
unsubstituted or substituted; Q is N;»0, S, S(0), or Ari and Ar2 are
substituted or unsubstituted aryl or fiet; Rf and Rg{éfé each independently
H; -C1-Ci0 alkyl; CI-Clo alkylaryl; -@H~8-CI<ig,alkyl; -(CH2)0-6-C3-C7
cycloalkyl; -0-(CH2)0-s-apf; ; ary; phehyl-phelyl; -(CH2)14-het;
-0-(C1-12)1.6-bet; -OR{’, ; _szx “T-G(0)-R(R 11)(1212); -N(R11)(212); -
5-12.11; -S(0)-1211; -S(0)2-R11; -S(0)2-NR1IR12; -NR11-5(0)2-R12;
S-C1-C1G alkyl; aryl-C1-C4 alkyl; het-CL-C4-alkyl wherein alkyl,
cycloalkyl, het and aryl age unsubstitutggd or substituted; -S02-C1-C2 alkyl;

-S02-C,-C2 alkylphenyl; -0 ;Céglg%;ﬁrll?g nd Rf form a ring selected
y7al y@nef
r

from het or aryl; D is -CO-.;}-C(0)-C or arylene; -CF2-; -0-;

-S(0),.- where 1 is 0-2Al;3Mqaxolanc; ¢ CL.7 alkyt=&H; where alkyl,

alkylcne or arylene may be ufisubstittited or substituted witkkone or more
halogens, OH, -0-C1-C6 alkyl, -S-C1- C6 alkyl or -CFs; or D is -N(Rh)

wherein Rh is H; C1.7 alkyl (=substituted or substituted); aryl; -0(C1_7
cycloalkyl)wbesirbatitte Vo MEUBSHtUDe d) ZCTOV CA HCAY, AWV 'CX0)Y0BC 10T’ and
alkyl-aryl; G-QaGi-frd halkuloCa080vEW hWLQﬁéﬁ;h@gépgﬁéaﬂﬁﬂ or prodrugs
S02-(CO-C10-alkylalyl); R%, R7, R'6 and R'7 are each independently H;

-CI-Cm alkyﬁr- -Cm alkoxy; yl-C,C10 alkoxy; -OH; -0-Ci-C10 alkyl;

{(@8D) 0-s-C3lo ey tialkaticolyCpahodbrnyl, Pleemlibiosi i BRetof the present
-0-(CHZ)ebrbatardR ibota@)oRidimGIDYN(RI 1)(R12); - N(R11)(R12);

-S-Ri i; -S(0)-Ri i; -S(0)2-12.1i; -S(0)2-NRI1R12; -NR1 I-S(0)2-Rn; wherein

alkyl, cycloalkyl and aryl are =substituted or substituted; and 126, R7, R'6

and Re7 can be united to form a ring systeM’,\R111 and R12 are

independently H; C,-Cio alkyl; -(CH2)04-C3-07 gycloalkyl; -(CH2)0"

6-(CH)0_1(ary1)1,2; -C(0)-CI-C10 alkyl; -C(O) 1.6-C3-C7 cycloalkyl;
-C(0)-0- (C,H2)0,6-aryl; -C(O)-(CH2)0-6-O-quo?e@yI(;if5 |
-C(0)-NH-(CH2)0.6zaryl; -C(0)4§=H2)0.6aryl; -C(@(CH2)j-s-het;
-C(S)-C,-Ciaalkyl; -C{(3)-(£1-£2)i-6-C$-C7 c§cloalkyl; E(S)-

0-(CH2)0_6-aryl; -C()-(CH2)Qa-0Mfluoreny; -C(X-NW-(CH2)0-6-arYI;
-C(S)-(CH2)O6-£WI; -C;¢(2$)-(Cd}12)1, fet; wherein alkyY, E%Ioalkyl and

aryl are unsubstiimed or substituted; or R11'and RI2\are a substigent that
facilitates transport of the molecule across a cell membrane; or 1211 and

R,2 together with the nitrogen atom form het; wherein the alkyl
substituentdsrein a1, dad'\R Y Ray - Sstigtitded or Blostitidd by Bnd' and R?
or more substittenisseipstachions oif phakdalkyticaniogrepabit sAtCdrH:8drugs
alkyl, - S-G4l-&6ralkyl or -CF3i substituted cycloalkyl substituents of RI L

and R12 are substituted by one or more substituents selected from a

203810 alken®; Betess pidiFulea sgRAdioyent. dogernediand pseficioramiingLAPs of
or -CF3hapesubstiteiechphe nyhpoantk of RthwankRL2 are substituted by

one or more substituents selected from halogen; hydroxy; Cl-et alkyl;

C1-C4 alkoxy; nitro; -CN; -O-C(0)-C1C4 alkyl and -C(0)-0-C1-C4-aryl, or
pharmaceutically acceptable salts thereof. [00941U.S. Published

Application No. 2005/0261203 discloses compounds of formula XI:
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XI wherein Xl and X2 arc independently O or S; L is a bond, -C(X3)-,
-C(X3)N12.12 or -C(X3)0- wherein X3is0or Sand R12isHor Rl is
alkyl, a carbocycle, carbocycle-substituted alkyl, a heterocycle or
heterocydessubstituted alkyl, wherein each is optionally substitutesbowvithi 0924
halogen, hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, alkoxy,

alkylsulfonyl, amino, nitro, aryl and heteroaryl; R. is alkyl, cycloalkyl,
cycloalkylalkyl, aryl, aralkyl, a heterocycle or heterocycl ylalkyl; R3 is H or
alkyl; R4 and Rt arc independently H, alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heteroagyl, or heteroagsalkyl wherein each is optionally

alkyl; and salts and solvates there
No. 2006/0014700 discloses compo
X2 and X3 are independently 0 or S{¥ is (CHR7)", 0'or S; Wherein rtis 1
or 2 and R7 is I-l, halogen, alkyl, anff, aralkyl, amino, arylarnino, XII
alkylamino, aralkylamino, alkoxy, aryloxy or aralkyloxy; A is a 5-member
heterocycle comprising | to 4 hetcroatoms optionally substituted with
amino, hydfosyt? mercapto halogen, carboxyl, amidino, guanidtho, alkyl,
alkoxy, aryP"dsylGRyR >atGRB/)acylamino, alkoxycarbonylamino,

cycloalkyl, ﬁik)é@fy&e@l‘r)ék%ulﬂg%@l{ﬂd%ﬂfgmg mﬂmllf@%bsntuted alkylenyl and
alkylamin )@ﬂf%q amino or a heterocycle; wherein each

alkyl, alko ary aryl " acyloxy, acylamino, cycloalkyl and
heterocyclé %&W@ﬁéﬁm mgnammmmé&mhmrﬁmmm@m CR'R?,

mercapto, &ﬁ[&%ws@ﬂ%ﬁ'ﬂ@éh@é‘r’b&@@ﬁlkﬂﬁtﬁms&g@mﬁ‘é@ﬂ&emcychc optionally

cycloalky, iyt & EIPIAENGE, Bulp LU RLATL R Jggether form 2 58
U is selected from the group consisting of hydrogen, NR'R?, OR’, SR',

optionally substituted alkyl and optionally substituted aryi;
n, m, p and q are independently selected from 0-5;
each 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 C=0, C=§, C=NR‘, S, O, NR/,
CR'"R*, NCOR® and NCO;R%;
R'® and R*® are independently selected from the group consisting of hydrogen,
“hydroxy, azido, optionally substituted alkyl, optionally substituted carbocyclic,
optionally substituted heterocyclic, optionally substituted aryl and optionally
substituted heteroaryl, '
R is selected from the group consisting of O, S, NR], CRJRZ, C=0, C=S and
C=NR';
R7 is selected from the group consisting of hydrogen, CO,R™ and
COCH(R™N(R™)CO,R™;
" R™ is selected from the group consisting of optionally substituted alkyl,
optionally substituted carbocyclic, optionally substituted heterocyclic, optionally
substituted aryl and optionally substituted heteroaryl; |
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R2 is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, a heterocycle or
heterocyclylalkyl; each optionally substituted with hydroxyl, mercapto,
halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy or alkylthio; R3 is H or
akghdiamdsRiv are independently H, hydroxyl, amino, alkykerylszoaliayly24
cycloalkyl, cycloalkylalkyl, beteroaryl, or heteroarylalkyl wherein each

alkyl, aryl, aralkyi, cycloalkyl, eyeloalkylalkyl, heteroaryl and

heteroarylalkyl is optionally substituted with halogen, hydroxyl, mcreapto,
carboxyl, alkyl, alkoxy, amino and nitro; 125, and Rs are each
independeRilyisbpialkyy, sitBtianei RG ; aleygach independently fl, alkyl,

aryl or arapgyl i@é@eﬁ@&sﬂ%ﬁq tﬁgl é@%ﬁﬁ&%@@%gﬁéﬁﬂﬂ;}@&alg substituted

compounds of the present invention may exist as stereoisorners including
optical isoff&¥s. The invention includes all stereoisomers, both as pure
individual st&eoisomer preparations and enriched preparations of each,

and both the racemicRIXiERS MeSYrhSleraRRamersras WBNAS (RBbstituted alkyl,
individual enantiomers that may be separated according to methods that |

are well kifBRAE0 THOSE SRR ATEAft. 08 i BRI MB B g fsoptionally
of the inventishttitel coyhpodinptioh#brswbikitiigiseiecoedy/from the group

qeesI$ting of: m'a-furtier’ b imdnt, R iNDOHAr Hol dhaetHF LR iment, n is 1, m is

pmm r%,zﬁ“llf' Nco{zilyg NN s benzyl. In a further embodiment, R* is CR"R?®, R'®is
selected from the group consisting of hydroxy, azido and optionally substituted
heteroaryl and R* is hydrogen.

[0060] Useful alkyl groups include straight-chained or branched C,.j5 alkyl groups,
especially methyl, ethyl, propyl, isopropyl, t-butyl, sec-butyl, 3-pentyl and 3-hexyl
groups. The term "alkylenyl" refers to a divalent alkyl radical containing 1, 2, 3 or 4
joined methylene groups as exémpliﬁed by -(CHaz)4-.

[6061] Useful alkenyl groups include straight-chained or branched C,.3 alkyl
groups, especially ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, and hexenyl.

[0062] The term "alkenylene" as used herein refers to a divalent radical derived
from an alkene as exemplified by -CH,CH=CHCH,-.

[0063] Useful alkynyl groups are C,.153 alkynyl groups, especially ethynyl, propynyl,
butynyl, and 2-butynyl groups

[0064] Usetul cycloalkyl groups are Cis cycloalkyl. Typical cycloalkyl groups
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamanty!
and norbornyl.

{0065} Useful aryl groups include Cg 4 aryl, especially phenyl, naphthyl,
phenanthrenyl, anthracenyl, indenyl, azulenyl, biphenyl, biphenylenyl, and fluorenyl
groups.

[0066] | Useful heteroaryl groups include thienyl, benzo[b]thienyl, naphtho[2,3-
blthienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl,
phenoxanthenyl, 2H-pyrrolyl, pyrrolyl, imidazolyl, triazolyl, pyrazolyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl,
indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, phthalzinyl,
naphthyridinyl, quinozalinyl, cinnolinyl, pteridinyl, carbazolyl, B-carbolinyl,
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phenanthridinyl, acridinyl, perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl,
phenothiazinyl, isoxazolyl, furazanyl, phenoxazinyl, 1,4-dihydroquinoxaline-2,3-
dione, 7-aminoisocoumarin, pyrido[1,2-a]pyrimidin-4-one, 1,2-benzoisoxazol-3-yl,
benzimidazolyl, 2-oxindolyl, and 2-oxobenzimidazolyl. Where the heteroaryl group
contains a nitrogen atom in a ring, such nitrogen atom may be in the form of an N-
oxide, e.g., a pynidyl N-oxide, pyrazinyl N-oxide, pyrimidinyl N-oxide, and the like.

[0067] Optional substituents include one or more alkyl; halo; azido; haloalkyl;
hydroxyl; alkynyl; cycloalkyl; heteroalkyl; heteroalkynyl; aryl optionally substituted
with one or more lower alkyl, halo, haloalkyl or heteroaryl groups; aryloxy
optionally substituted wiﬂ1 one 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 alkyt,
haloalkyl, and aryl groups; alkoxy; alkylthio; arylthio; amido; amino; acyloxy;
afylacyloxy' optionally substituted with one or more lower alkyl, haloalkyl, and aryl
groups; diphenylphosphinyloxy optiénally 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 unsamratéd
heterocycloalkyl optionally substituted with one or more lower alkyl, haloalkyl, and
aryl groups; partially unsaturated héterocycloalkyloxy optionally substitute_d with
one or more lower alkyl, haloalkyl, and aryl groups; and any covalent linker (vide
infra).

[0068] Useful sémrated or partially saturated carbocyclic groups are cycloalkyl
groups as defined above, as well as cycloalkenyl groups, such as cyclopentenyl,
cycloheptenyl and cyclooctenyl. Carbocyclic groups also include groups having
fused optionally substituted aryl groups such as tetralin.

[0069] Useful halo or halogen groups include fluorine, chlorine, bromine and iodine.

[0070] Useful alkylaryl and alkylheteroaryl groups include any of the above-
mentioned Cj.ig alkyl groups substituted by any of the above-mentioned Cg.14 aryl
groups or heteroaryl groups. Useful values include benzyl, phenethyl and
naphthylmethyl. .

[0071] Useful haloalkyl groups include C).)o alkyl groups substituted by one or

more fluorine, chlorine, bromine or iodine atoms, e.g., fluoromethyl, difluoromethyl,
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trifluoromethyl, pentafluorocthyl, 1,1-difluoroethyl, chloromethyl,
chlorofluoromethy! and trichloromethyl groups.

10072] Useful heteroalkyl groups include C,.;p alkyl groups containing one or more
nitrogen, oxygen or sulfur atoms, e.g., -CH,CH,OCH;, -CH,OH, -CH,CH;NH; and
-CH,CH;NHCHj; groups.

[0073]) Useful heteroalkynyl groups include Cjg alkynyl groups containing one or
more nitrogen, oxygen or sulfur atoms, e.g., -CH,OCH,CCH.

[0074] Useful alkoxy groups include oxygen substituted by one of the C, 4 alkyl
groups mentioned above.

[0075] Useful alkylthio groups include sulfur substituted by one of the Cj. o alkyl
groups mentioned above. Also included are the sulfoxides and sulfones of such
alkylthio groups.

[0076] Useful amido groups include carbonylamido as well as any C;s acyl
(alkanoyl) attached to an amino nitrogen, e.g., acetamido, propionamido,
butanoylamido, pentanoylamido, hexanoylamido as well as aryl-substituted Cy4
substituted acyl groups. .

[0077] Useful acyloxy groups are any C,.6 acyl (alkanoyl) attached to an oxy (-O-)
group, e.g., formyloxy, acetoxy, propionoyloxy, butanoyloxy, pentanoyloxy,
hexanoyloxy and the like.

[0078] Useful arylacyloxy groups include any of the aryl groups mentioned above
substituted on any of the acyloxy groups mentioned above, e.g., 2,6-
dichlorobenzoyloxy,  2,6-difluorobenzoyloxy and  2,6-di-(trifluoromethyl)-
benzoyloxy groups.

[0079] Useful amino groups include -NH,, -NHR'!, and -NR}'R" , wherein R'' and
R'?are C,.10 alkyl or cycloalkyl groups as defined above. '

[0080] Useful saturated or partially saturated heterocyclic groups include
tetrahydrofuranyl, pyranyl, piperidinyl, piperizinyl, pyrrolidinyl, imidazolidinyl,
imidazolinyl, indelinyl, isoindolinyl, quinuclidinyl, morpholinyl, isochromanyl,
chromanyl, pyrazolidinyl, pyrazolinyl, tetronoyl and tetramoyl groups.

[0081] Useful arylene groups include Cgi4 arylene, especially phenylene,
naphthylene, phenanthrenylene, anthracenylene, indenylene, azulenylene,

biphenylene, biphenylenylene, and fluorenylene groups.
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[0082] Useful heteroarylene groups include disubstituted heteroary!l groups such as

2,5-thienylene, 2,4-imidazoylene, and 1,3-triazolylene.

[0083] Throughout the specification, groups an optional substituents thereof are
chosen to provide stable moieties and compounds.

|0084] Covalent linkers that may be used in the invention include any bivalent
covalent linker. In some embodiments, the linker i1s a contiguous chain of between 5
and 50 atoms. The linker typically has a length of from about 5 angstroms to about
100 angstroms using standard bond leﬁgths and angles. More preferably, the linker
has a length of from about 10 angstroms to about 50 angstroms. In certain
embodiments, the linker comprises at least one aryl, heteroaryl, or heterocyclic
moiety. In other embodiments, the linker is symmetrical. In other embodiments, the
linker is non-symmetrical. The linker may be any one of the many known
homobifunctional and heterobifunctional linkers. See, e.g., U.S. Patent Nos.
7,001,989, 6,967,107, 6,921,669, 6,906,182, 6,887,952, 6,759,509, 6,521,431,
6,512,101, 5,880,270, 5,856,571, 5,824,805; 5,262,524, 5,258,498, 5,212,075,
5,165,923, 5,141,648, each if which is incorporated by reference in its entirety

[6085] In another embodiment, the linker may comprise a -COR*- or -R**CO-
group bound to any one of Ay, Y, D, J, T or U and any one of Ay, Y', D, J, T' or U’
wherein R is O, S or NR'® and R'®™ is hydrogen or lower alkyl. In this
embodiment, the linker further comprises a group bound to R of the first
group and CO- of the second group which may include an optionally substituted
alkylene group wherein any one of the carbon atoms of the alkylene group may be
substituted by one or moreO, S, NR'O”, arylene, and heteroarylene groups.

Examples of such linkers include, without limitation:

1 eI e
¥ M ,{3\/" " ~ }rﬁi

.
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N) O HO,--__..Nti __," WO 2007/130626PCMJS20071010924 o NPh
N6 NH NHhhISNN HN: Pt,00ti N10O

WO 2007/130626 PCT/US2007/010924

(o] Ph N:::N\
e A
H ;
No—=N N

o} Ph Ph O
2)]\&)\(\/"/\/0\/\°/\/0\/\"M§*§

N—=N
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0, r-IMN NH O NH H OPhEh tt'titjtri---<"-1- "NHONTrijirN11o SH-199 otPh
Ph 9 N'94NN H 4-10tPph 91 A6, NH N

WO 2007/130626 PCT/US2007/610924

éinjh\f;:/"/w@—M“\N/_Yh\u)Lf

N==N

3

Ph O
O Ph
N—/N

N==N _
O Ph Ph 8]
‘yu\ﬁ/,\(\/hl Nﬁ)\ﬁ&
N—™N

N="=N
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NHN-NN=fj Il CC MN OtiL -41--\Ph),, _,--? ".- --W.. iHO cc/ NHNNN'thl
rrRNPhOHTItOH.,, 'N.,u-YHCH---\_/. and

WO 2007/130626 PCT/US2007/010924

[0086] In another embodiment, the linker may comprise a cé.rbonyl group bound to
any one of A;, Y, D, J, T or U and any one of A\, Y', D', I, T' or U, and further
comprise an alkylene, polyalkylene or aralkyl glycol group bound to the carbonyl
groups. Examples of such glycols include polyoxyethylene, polyoxypropylene, and
block copolymers of polyoxyethylene and polyoxypropylene glycol, diethylene
'glycol, triethylene glycol, tetraethylene glycol, dipropylene glycol, thicethylene
glycol, and pentaethylene, hexaethylene, heptaethylene, octaethylene, nonaethylene,
and decaethylene glycols. Particular examples of these glycols include ethylene
glycol; 1,2-propylene glycol; 1,3-propanediol; 2,4-dimethyl-2-ethylhexane-1,3,diol;
2,2-dimethyl-1,3-propanediol; 2-ethyl-2-butyl-1,3-propanediol; 2-ethyl-2-isobutyl-
1,3-propanediol; 1,3-butanediol; 1,4-butanediol: 1,5-pentanediol; 1,6-hexanediol;
2,2-4-trimethyl-1,6-hexanediol; thiodiethanol. 1,2-cyclohexanedimethanol; 1,3-
cyclohexanedimethanol; 1,4-cyclohexanedimethanol; 2,2,4,4-tetramethyl-1,3-
cyclobutanediol; p-xylylenediol, 2,3-naphthalenediol and 2,7-paphthalenediol.
Examples of diamino compounds include 1,3-bis-(2,4-
diaminophenoxy)propane; 2,4-diamino-5-methylphenetol; 2,4-diamino-5-
methylphenoxyethanol;  2,4-diaminodiphenylamine;  2,4-diaminophenol;  2,4-

diaminophenol; 2,4-diaminophenoxyethanol; 2,6-bis(2~hydroxyethoxy)~3,Sm
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or the free base thereof or another pharmaceutically acceptable salt

thereof. WO 2007/130626PCT/1JS2007/010924 10098]The compounds

of this invention may be prepared using methods known to those of skill in
thea7dpeeiically, compounds with Formula 11 can be prepanedsas7/610924
illustrated by the exemplary reactions in the Examples. [0099]An important
aspect of the present invention is that compounds of Formula It induce

apoptosis and also potentiate the induction of apoptosis in response to

apoptosis induction signals. Therefore, it is contemplated that these
compoyngrisensitiieecellsdainducprrialrpopigsismashidingscelisdhatiatgine, 2-

resistant to such inducers. The IAP inhibitars of.the present invention can .. .
e e Mot e R L S R R ediamine,
amelioratediseyERte BOPREM dLittbn HPapepiBeid TrtkRresesenExamples
inventioasf'mu'tdagmompoaiﬁmraﬁd mﬁlh@dsrﬁﬁﬂifﬁi’gétmoa@byﬂlﬁne; 2-amino-3-
charactgizegasoverexpressing ALAT ROIIL MAMBAHIC  2-aminos-
embodlmen}t)s,t e cells (e.g., cancer celis)s O)A?]eﬁlélvate expression

levels oRYAIOXYRBIARIROAINSEERS Arsh2patrivtotieklPeapieerkenol
nmnmnceroumca{ta)xemﬁiﬂsmﬁmmhadbnm,m @Hﬁ;ﬂmgﬁat'mn@éys or amino group
manifes Ry aiesl SERESIIONIE SIS of TAB MAIRIDSRY ofTie of 8¥esuting: 11 ang

the apoptosis program and dying in response to an inhibiting effective

amount BFECE BN BPEGHUIERY, S8 ShEHEe SERMARG SHFIRCR Bxamples
part, duef tuthdidege hadwibesigguich gl SuomiiARigr etipicferidtiod fbe their
steos¥pl. (010G} -t anethanpmRrdimantiiie RsapinrPeiains dfizol-4,5-ene group
modulatiqlg an agggéosia—basso ia %d State which is ri\ssociate with one or

more apoplosis-moauiating Bgents: EXampieE SRR STeE Hadt group-.
8RN includeltisutinkernstuertdel ioinFEvgCINGE, MRENIP carupRrE [DR1a bivalent

DR2, DR&icBR4, BRE SaR6 niALR, RiRpdMEa jfiasdigasehef B be the same or
antibodigs.to TRAIL-R1 or TRAIL-R2, Bcl-2. p53, RAX, BAD, Akt, CAD

13 ki o Sabe B Sk i Rampcl Ciomm e pid T 14Ps and
initiatioAliREi6 ntsrer deyPAdatie Asasesta o s tsrbrdimsentitbaitisac mimetics
Examples cbafoaptoRifalockstinigeagenisatthetleapanitedt)alaCBuis mimetics do
presencey FGhaNgs, &(L&?QP;QEE%USH%OJ&HHJ)%&@ nmogite e%%(;’é%&%%éﬂhe Smac

a subject. Preferred’apoptosismodulating agents are inducers o

- o - . . .
apoptoSEMSHen 92 FRIFYHA TAY-RABYEA R9aft, Sariepler gl pmac mimetic
ligand, ecFraei@B9 thigaradisefTING Rattiigamdteoin [ERAthe [0} inwame include the
embodigggmgnthe compositions and methods of the present invention are

o treat disease s, fissues, organs, or pathological condition
jﬁgggﬁ disease s%%gg%{rgj ga!’)rg %Erln Sl{éﬁ)(‘ée.sg%rg‘fﬁgﬁﬁ%%{ﬁé{ﬂe éﬁ%%?ﬁ%ééﬁﬂ%?m‘ﬂa VI:

but not limited to, humans and ve(’gerinary animals). In this regard, various
diseases and pathofbgies are am nable to treatment or prophylaxis using

the present methods.and ons7A npn-limiting exemplary ist of
these disease®8nd cofditiong includ¥s, butfis not limited to, breast
cancer, prostate cances, lympioma, skirKcancer, pancreatic cancer, colon
cancer, melanoma, malignant melanoma, fgn cancer, brain cancer,

primary brain carcinoma, head-neck cancer, glioma, glioblastoma, liver
cancer doladbercanaécalhomepraticaslliungrdngethdrestl i daeak

carC|nomaisl@j,ezagﬁ(gﬁgg@gmlog@@n carcinoma, Iung carcinoma,
small-cell lung carcinoma, Wilms' tumor, cervical carcinoma, testicular

lar
carcinoha > BrAESF A eGSO AN e St YIRS 1P RSk ARhor unsubstituted aryl,
carcinontigyleolohatenwindneaaisndesticasaicinoma, genitourinary

carcinogs thwrRick §3FGIRORMRNESANNABE 8) A8KAINPH uBYEIRH G, (AU uted aryi,
myelomzh,( E}dr n Itcarci oman(relrﬂatl cell clarcinoma, endometrial

carcino?haﬁ' Adrena rcooaf?éxoéaarc%o?neé?aﬁ?élignant pancreatic insulinoma,
malignant earcinoid carcinoma, choriocarcinoma, mycosis fungoides,

malignant hypercalcemia, cervical hyperpasia, leukemia, acute

lymphocytic leukemia, chronic lymphocytic leukemia, acute myelogenous
leukemia, chronic myelogenous leukemia, chronic granulocytic leukemia,

acute granulocytic leukemia, hairy cell leukemia, neuroblastorna,
rhabdomyosarcoma, Kaposi's sarcoma, polycythemia vcra, essential

thrombocytosis, Hodgkin's disease, non-Hodgkin's lymphoma, soft-tissue
carcoma Nnetenaenic carcoma nrimaryy macranlohiilinemia and



[0106]In still other embodiments, the compositions and methods of the
present invention provide a compound of Formula Il and at least one
anti-hyperproliferative or antineoplastic agent selected from alkylating
agenigy7asésnetabolites, and natural products (e.g., herbs angd®@thgb@tantos 24
and/or animal derived compounds). [01071 Alkylating agents suitable for
use in the present compositions and methods include, but are not limited

to: 1) nitrogen mustards (e.g., mechlorethamine, cyclophosphamide,
ifosfamide, melphalan (L-sarcolysin); and chlorambucil); 2) ethylenimines

anﬁj meﬂ‘lmkn@i@{zgmﬁﬁ?@egamh%ametk%me@mm @dﬂldEQiQE%%@%x:dsbﬁuﬁﬂe or more
sultonales (e.d., bus - 4) nitrosoure e.d., carmustine,(BCNU);

omusihE (RN} SArRTa R (ROR gt SO 4 L RE AT o ore hydrogons
(streptoPdtSE P URA G Reisdpess Ry ¢ beraeheB @7inabiied alkyl or cyclic alkyl or
. dimeth;d\hﬁa;ﬁmaiwdmzeﬁﬁmqumﬂd@)aﬂ;@,ﬂ%&dmgmwbeﬂwmm
antimetabglifgs ey itaile dontised) g Ryesertegmpestions Ald melglss cr,),
include, but are not limited to:]%q;ollc acid analogs (L?fﬁé méthotréxate
(arnethSptep) EEiidine Enatdg iR G HaveroGde e st tidens,  (CHa).
5-FU), SXIC@meHI0H: e (@ richiHeCEHNRICERN. CydaraHing. {SRESHS, 5, wherein
arab'nOﬁ’q?&M@LF%%@HQA%%%QWMWWB&%@H or unsubstituted aryl,

mereaptopurine; 6-MP), thioguanine (6-thioguanine; TG), and pentostatin
(21- deBW&%‘Fﬂr%%fﬂ%?’h@i%ﬂheé‘ffﬁmﬁher embodiments,

cli@fidtherap eNtr 209618980 # alidel dorsUBwan itihe aanepogitionts afitbrmula VII:
methods of the present invention include, but are not limited to: 1) vinca
alkaloids (e.g., vinblasting, (VLB), vincristine); 2) epipodophyllotoxins (e.g.,
etoposide and teniposidg); 3) antibjii g--#aetinomyein (actinomyein
D), daunorubiein (dauplj)wcin; rubidomycin), doxorubicin, bleomycin,
plieamycin (mithram%in), and mit in (mitomycin C)); 4Vdhzymes
(e.g., L-asparaginase); 5) biological/response\modifiers (e.g.,
interferon-alfa); 6) platinum coordipating compfexe84e.g., cisplatin
(cis-DDP) and carboplatin); 7) anthracenediones (e.g., mitoxantrone); 8)

substituied pHaamteulcaydkR¥ptHRa kR omatiar iy dragiteviivatives (e.g.,
procarbﬁg{g%(Némp)?ltgg@;%gpaq r'},i{\,/lfH)); 10) adrenocortical suppressants

(e.g., mltotané'z(o, and arninoglutethimide); 11)
adrenoertidyanshsmisr(engrapreetation oF arjqatsyeatiditged or unsubstituted aryl,
hydroxyikopegierans aapaaikyihedroayprogesterone acetate, and : .
megestgg[saégﬁ;g)égbgég@ggg%fgg; mdf{%tg}slgtjlbestrol and ethinyl
estradiol); 14) antiestrogens (e.g., tamoxifen); androgens (e.g.,

testosteforié ﬁ?&b?eﬁafé%ﬁffanﬂaaﬁyﬁﬁégfgfoﬁ@k%f%fhtﬁna?@aeﬁi by gne or more
flutamide)c@athh? s¢jertad dtvopincyetoasinfiuh endanegaglegs ¢gegir more hydrogens

leuproliged:H) L1 Q1A 0¥ ONCRINIE AARN] tatdadPUHINEH LSRHITIRFRDCSiic alkyl or
therapy context Jlnds use in th§ g&g§£sﬁons and methods of the present

inventiohy FOP S THEFS Ro i ¥R b RaM & f oIS HMins
a formutarysof Grcolytiekageintoap roved doradzmirahebeniteld@tates.one or more

Internatienal £oMBIRIRAEPEHNGERS don IR RirSahd o RRAINRINLSIBFore hydrogens
formularies,., Table 1 provides.a Ieiﬁt of e em&l%gy antpeog!éaitiﬁ(g?ents

approved 0};%%%%%6%?%%8& LR R heart will apprécibie’fraicic alkyl or
the "prodibettdpérr yesgbhtétteshail 1 Bylaprbeistbendmotiey istutayl; and

T o om0
25 Hum(an%rﬁ“éﬁggé{%3Pro eﬁ%ﬁ:‘gﬁ*(r%é?@%ﬁ - Er&%%%}h%@%«%%&%“ (CHz).
Alerntu RN EHe it EB8 2 BHBSRY I SHapes P& Hein Rl EhFlum whercin

and ILEX Partners, LP, CambridnA Ligand Pharmaceuticals, Inc., San
Diego CA Alitretinoin (9-eis-retinoic acid)
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Allopurinol (1,5-clihydro-4 IT -pyrazoto[3,4-djpyrimidin-4-one monosodium
salt) Zyloprim llexalen GlaxoSmithKline, Research Triangle Park, NC "US
Bioseience, West Conshohocken, PA Altretamine (N.,,N,N1,N1,N",N",-
hexeawetispdzd ,3,5-triazine-2, 4, 6- triamine) Amifostine (ethaoetinedo/o10924
24(3-aminopropyl)arninok, dinydrogen phosphate (est!) ) Ethyol A midex
US Bioscience AstraZeneca Pharmaceutical LP, Wilmington, DE
Anastrozole (1,3-Benzenediacetonitrile, a, a,a'atramethyl-5-(IH-
1,2,4-friazol-I-ylmethylD

R’ is branched or unbranched alkyl or cycloalky! or substituted or unsubstituted aryl,

alkylaryl, heteroaryl, or alkylheteroaryl
[06092] WO 2006/010118 discloses Smac mimetics compounds of formula VIII:

Aiu—{/T

VIIX

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

A is NRjRz, or N'RyRoR3;

Ry, Ry, and Rj are independently hydrogen or optionally substituted Cy5 alkyl, Cog
alkenyl, or Cyg alkynyl, in which one or more carbons can be replaced by C=0,

C=§, or a heteroatom selected from O, S, and N, and one or more hydrogens in CH,

CH; or CHj3 groups can be replaced by fluorine, a branched or unbranched alkyl or
cycloalkyl, an optionally substituted aryl, alkylaryl, heteroaryl, or alkylheteroaryl, or
OR4, SRy, or NR4Rs;

Ra, and Rs are independently hydrogen or optionally substituted Ci4 alkyl, Cy.s
‘alkenyl, or C2-5 alkynyl, in which one or more carbons can be replaced by a
heteroatom selected from O, S, and N, or optionally substituted aryl, alkylaryl,
heteroaryl, or alkylheteroaryl; or :

any two of Ry, Ry, and R; taken together with the nitrogen to which they are attached
form a heterocyclic group, in which one or more carbon atom can be replaced by
C=0, C=S§, or a heteroatom selected from O, S, and N, with the proviso that the
heteroatom is separated from the nitrogen atom by at least two carbons;

B is optionally substituted C;4 alkyl, _C2,4 alkenyl, or Cs.4 alkynyl, wherein one or
more hydrogens can be replaced by fluorine;

U 1s CONH, C(0)0O, C(S)0O, C(S)NH, C(NH)NH, or (CH3):.5, wherein one or more
carbons can be replaced by a heteroatom selected from O, S, and N; »
V and W are indepcndently (CHy)1.5, wherein one or more carbons can be replaced

by C=0, C=S, or a heteroatom selected from O, S, and N, and one or more
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Arsenic trioxide Triscnox Cell Therapeutic, Inc., Seattle, WA Asparaginase
(L-aspatagine amidohydrolase, type EC-2) Elspar Merck & Co., Inc.,

Whitehouse Station, NI WO 2007/130626PCT/US2007/010924 BCG Live
(wophilizedspreparation of an attenuated strain. r Mycobactemgmusomise10924
(Bacillus Calmette-Gukin [BCG), substrain Montreal) TICE EICG Organon
Teknika, Corp., Durham, NC bexarotene capsules (4-[l
-(5,6,7,8-tetrahydro-3,5,5,8,8-penta methyl-2- napthalenyl) ethenyl)

benzoic acid) Targretin Targretin Ligand Pharmaceuticals Ligand
Pharmagetdieals inexaroigbepgalan be replaced by a branched or unbranched alkyl or

cycloalkyl, an optionally substituted aryl, alkylaryl, heteroaryl, or alkylheteroaryl, or

OR4, SRy, or NR4Rs; '

X 1is optionally substituted Ci.3 alkyl, Cj.13 alkenyl, Cy.g alkynyl, aryl, or

heteroaryl, wherein one or more carbons can be replaced by C=0, C=S, or a

heteroatom selected from O, S, and N, and one or more hydrogens in CH, CH; or

CHj groups can be replaced by a branched or unbranched alkyl or cycloalkyl, an

optionally substituted aryl, alkylaryl, heteroaryl, or alkylheteroaryl, or OR4, SRy, or

NR4Rs;

Y is CH or N;

Zis CH,, C=0, C=S, CHSR, CHOR, or CHNR; and

R is hydrogen or optionally substituted C)4 alkyl, C»4 alkenyl, or C,4 alkynyl.
[0093] U.S. Published Application No. 2005/0234042 discloses compounds

according to formula IX:

R N U—R
1 T Rs
o
Rz 0 R4 I

wherein R; is H; C;-Cy4 alkyl; C-C4 alkenyl; C;-C4 alkynyl or C3-Cyp cycloalkyl

X

which are unsubstituted or substituted;

R» is H; C-C4 alkyl; Ci-Cs alkenyl; C-C4 alkynyl or Cs3-Cio cycloalkyl which are
unsubstituted or substituted;

R3 is H; -CF3; -CoFs; C-Cs alkyl; Cy-Cs alkenyl; C,-Cy4 alkynyl; -CH;-Z or Ry and
R; together with the nitrogen form a het ring;

Z is H; -OH; F; Cl; -CHs; -CF3; -CH,Cl; -CH,F or -CH,0H;

R, is C-C¢ straight or branched alkyl; C,-C;s alkenyl; C,-C¢ alkynyl; or —C3-Cio
cycloalkyl; -(CH2)16-Z1; -(CHa)os-aryl; and -(CHy)p.¢-het; wherein alkyl, cycloalkyl
and phenyl are unsubstituted or substituted;

Z, is -N(Rg)-C(0)-C;-Cyo alkyl; -N(Rs)-C(O)~(CH,)16-C3-C7 cycloalkyl; -N(Rs)-
C(0)-(CHz2)o6-phenyl; -N(Rg)-C(0)-(CHa)r.6-het; -C(O)-N(Ro)(Rip); -C(O)-O-Ci-
Cio alkyl; -C(O)-O-(CH2)1.6-C3-C7 cycloalkyl; -C(O)-O-(CHy)o.s-phenyl; -C(O)-O-
(CH2)).6-het; -O-C(0)-C;-Cyo alkyl; -O-C(0O)-(CH»),.6-C3-C7 cycloalkyl; -O-C(0O)-
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Bleomycin (cytotoxic glycopept de antibiotics produced by Streptomyces
verticillus; bleomycin A2 and bleomyc in B2) Blenoxanc Bristol-Myers

Squibb Co., NY, NY Capecitabine
(Sralewpdbstleioro-N-Rpenyloxy)carbonyll-cytidine) Xcloda Rechars2007/010924
Carboplatin (platinum, diammine [1,1-cyclobutanedicarboxylato(2-)- O,
01-,(SP-4-21) Paraplatin Bristol-Myers Squibb Carmustine
(1,3-bis(2-chloroethy0-1-nitrosourea) BCNU, B iCNU Bristol-Myers Squibb
Carrnustine with Polifeprosan 20 Implant Gliadel Wafer Guilford
Pharmacaiicatshend;, BaltiooeS D). Lekecoldidfasalkyl, cycloalkyl and phenyl are

415-(4-ethiphrB s (riilipmmethyl)-1H- pyrazol-1-yll
benzenesu(fonamide) Celebrex o o
het is a 5-7 membered heterocyclic ring containing 1-4 heteroatoms selected from N,

O and S, or an 8-12 membered fused ring system including at least one 5-7
membered heterocyclic ring containing 1, 2 or 3 heteroatoms selected from N, O,
and S, which heterocyclic ring or fused ring system is unsubstituted or substituted on
a carbon or nitrogen atom;

Rgis H; -CHj3; ~CF3; -CH,OH or -CH,Cl;

Rs and Rjp are each independently H, C,-Cs alkyl; C3-Cy cycloalkyl; -(CH2)i6-C3-Cy
cycloalkyl; -(CHz)o.s-phenyl; wherein alkyl, cycloalkyl and phenyl are unsubstituted
or substituted, or Re and Ro together with the nitrogen form het;

Rs is H; C;-Cyo-alkyl; aryl; phenyl; C3-C; cycloalkyl; -(CH,);.6-C3-C7 cycloalkyl; -
Ci-Cyo alkyl-aryl; -(CHz)o.6-C3-C7 cycloalkyl-(CH3)o.6-phenyl; -(CH2)o4CH-((CH ).
4-phenyl)2; -(CHz)o.s-CH(phenyl),; -indanyl; ~-C(0)-C;-C g alkyl; ~-C(O)-(CH3);.4-Cs-
Cy-cycloalkyl; -C(0)-(CHy)o-s-phenyl; -(CHz)o.5-C(O)-phenyl; -(CHz)o.s-het; -C(O)-
(CH2)1.6-het; or Rs is a residue of an amino acid, wherein the alkyl, cycloalkyl,
phenyl and aryl substituents are unsubstituted or substituted;

U is as shown in structure X:

Ry" (Ra)a™Rc

(Rp)a™Rg—. X

wherein n=0-5;

Xis-CHorN;

Ra and Rb are independently an O, S, or N atom or Cy.g alkyl wherein one or more
of the carbon atoms in the alkyl chain may be replaced by a heteroatom selected
from O, S or N, and where the alkyl may be unsubstituted or substituted;

Rd is selected from: (a) -Re-Q-(Rf),(Rg)q; or (b) Arj-D-Ary;

Rc is H or Re and Rd may together form a cycloalkyl or het; where if Rd and Rc¢
form a cycloalkyl or het, Rs is attached to the formed ring at a C or N atom;

p and q are independently O or 1;
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Searle Pharmaceuticals, England Chlorambucil
(4-[bis(2chlorethyl)aminolbenzenebutanoic acid) Leukeran

GlaxoSmithKline Cisplatin (PtC121-16/NT) Platinol ,Bristol-Myers Squibb
®adribyineof2echloro-2'-deoxy-b-D-adenosine) Leustatin, 2- GaA/BSW07/610924
Johnson Pharmaceutical esearch Institute, Raritan, NJ

Cyclophosphamide (2-[bis(2-chloroethyl)amino] tetra hydro-211-13,2-
oxazaphosphorine 2-oxide monohydratc) Cytoxan, Neosar Cytosar-U
Bristol-Myers Squibb Pharmacia et Upjohn Company Cytarabine
(I-b-D-ARabingiusbndsyld¥iddke, SAREIZND0D)y bytanalistniiod soRudktituted;

DepoCyis N, 0, 8, $(O), or S(O)y;
Ar and Ar; are substituted or unsubstituted aryl or het;
Rf and Rg are each independently H; -C,-Cp alkyl; C\-Co alkylaryl; -OH; -O-C;-
Cio alkyl; -(CH3)0.6-C3-C7 cycloalkyl; -O-(CH2)o-s-aryl; phenyl; aryl; phenyl-phenyl;
-(CH2)1-6-het; -O-(CHy)i.¢-het; -OR 315 -C(O)-Ru1; -C(O)-N(R11}(R12); -NR1)(R12); -
S-Rii; -S(0)-Ri1; -S(0)2-Rii; -S(0)2-NR11R12; -NRy11-S(0)2-Ri2; S-C-Cyp alkyl;
aryl-C,-C4 alkyl; het-C-Cs-alkyl wherein alkyl, cycloalkyl, het and aryl are
unsubstituted or substituted; -SO;-Cy-C; alkyl; -80,-C,-C; alkylphenyl; -O-C;-C4
alkyl; or Rg and Rf form a ring selected from het or aryl;
D is -CO-; -C(O)-C,; alkylene or arylene; -CFj-; -O-; —S(O)r: where r is 0-2;
1,3dioaxolane; or C,.; alkyl-OH; where alkyl, alkylene or arylene may be
unsubstituted or substituted with one or more halogens, OH, -O-C;-Cg alkyl, -S-Cj-
Cs alkyl or -CF3; or D is -N(Rh) wherein Rh is H; C,.7 alkyl (unsubstituted or
substituted); aryl; -O(C .7 cycloalkyl) (unsixbstituted or substituted); C(O)-C,-Co
alkyl; C(0O)-Co-Cyo alkyl-aryl; C-O-Cy-Cyy alkyl; C-O-Cy-Cyo alkyl-aryl or SO,-C;-
Cio-alkyl; SO2-(Co-Cio-alkylaryl);
R¢, R7, R's and RY; are each independently H; -C;-C)q alkyl; -C)-Cyp alkoxy; aryl-C;-
Cyo alkoxy; -OH; -O-C;-Cyo alkyl; -(CHa2)es-Cs-Co cycloalkyl; -O-(CH;)p.s-aryl;
phenyl; -(CHy)i.s-het; -O-(CHy)ie-het; -ORyi; -C(O)-Riy; -C(O)-N(R;)(Ri2); -
NRi)R2); -S-Ri; -S(O)-Ryi; -8(O)-Ryi; -S(O)-NRuRiz;  -NRy1-S(O)-Riz;
wherein alkyl, cycloalkyl and aryl are unsubstituted or substituted; and Rg, Ry, R
and R'y can be united to form a ring system;
Ry and Ry are independently H; C,-C,p alkyl; -(CH3)p6-C3-C7 cycloalkyl; -(CHj)g.
6-(CH)o.1(aryl)12; -C(O)-C1-Cio alkyl; -C(O)-(CH2)1.6-C3-C7 cycloalkyl; -C(0)-O-
(CHz)o.¢-aryl; ~C(0)-(CHz)o.¢-O-fluorenyl; -C(O)-NH-(CHz)o-¢-aryl; -C(0)-(CHz)o.6-
aryl; -C(O)-(CH3)1.6-het; -C(5)-C;-Cjpalkyl; -C(8)-(CHaz).6-C3-C7 cycloaltkyl; ~C(8)-
O-(CHz)o-g-aryl; -C(S)-(CHz)os-O-fluorenyl; -C(S)-NH-(CHz)g.¢-aryl; -C(S)-(CHz)o.
s-aryl; -C(8)-(CHz)..s-het; wherein alkyl, cycloalkyl and aryl are unsubstituted or
substituted; or Ry; and R,; are a substituent that facilitates transport of the molecule

across a cell membrane; or R); and R,; together with the nitrogen atom form het;
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Skye Pharmaceuticals, Inc., San Diego, CA Dacarbazine
(5-(3,3-dimethyl-I-triazeno)-imidazole-4-carboxamide (DTIC)) DTIC-Dume

Bayer AG, Leverkusen, Germany Dactinomycin, actinomycin ID
(actim@mpoirzgroduced by Streptomyces parvullus, C621-18&N1205607/010924
Cosmegen Merck Darbepoetin alfa (recombinant peptide) Aranesp

Amgen, Inc., Thousand Oaks, CA daunorubicin liposomal
((SS-cis)-8-acety1-10-[(3-amino-2,3,6-trideoxy-A-L-lyxo-
hexopyranosyBoxy]-7,8,9,10-tethahydro-6,8,11-

trinydroxydreéiaetitoaysd 4 Dytmphitiadinge diahR hydio tlel afid el Dattd X embetituted by

Nexsta e u Ch

o LM 0 SR oo
hydrox {o- H‘(¥1<§?'6 2d lox o-l-naphthacenyl 3-

amino-2uBgitirielt oyyt¢allph ajubstiyanth eR oy ranb Sigeahy dnbstitoride)y one or more

Cerubiding Wyath &yersh Madisop MW Wiene: ¢,-C¢ alkyl; halogen; OH; -O-C,-Cg
2007/130626PCT/USZOO7/010924 cl?cnlleukln diftitox (recombinant’

peptide} Ieiag Ci-Ce alkyl or -CF3; an
substituted phenyl or aryl of R; and R,; are substituted by one or more substituents

selected from halogen; hydroxy; Ci-C4 alkyl; C,-C4 alkoxy; nitro; -CN; -Q-C(0O)-C;-
C, alkyl and -C(O)-O-C,;-Cs-aryl,

or pharmaceutically acceptable salts thereof.

[0094] U.S. Published Application No. 2005/0261203 discloses compounds of
formula XI:
R
Ry N
Rs
R4 N . RS'N R'
\T X, T
Ry X4 R, X1

wherein X, and X; are independently O or S;

L. is a bond, -C(Xﬁ)—, -C(X3)NR 2 or ~C(X;3)O- wherein X3is QorSand Ryzis H or

Ry;

R, is alkyl, a carbocycle, carbocycle-substituted alkyl, a heterocycle or heterocycle-

substituted alkyl, wherein each is optionally substituted with halogen, hydroxyl,

mercapto, carboxyl, alkyl, haloalkyl, alkoxy, alkylsulfonyl, amino, nitro, aryl and

heteroaryl;

R, is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, a heterocycle or
' heterocyclylalkyl;

Rjis H or alkyl;

R4 and R4 are independently H, alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl,

heteroaryl, or heteroaralkyl wherein each is optionally substituted with halogen,

hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino and nitro;

Rs and Rs are each independently H or alkyl;
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Seragen, Inc., Hopkinton, MA Dexrazoxane
((S)-4,4*-(1-methy1-1,2-ethanediyObis-2,6- piperazinedione) Ztnecard
Pharmacia 8c Upjohn Company Docetaxel
(PR288)Mbecarboxy-3-phenylisoserine, N-tcrt-butyl ester,13-esteuseitiv/o10924
5b-20-epoxy-12a,4,7b,10b,13ahexahydroxytax- 1I-en-9-one 4-acetate
2-benzoate, trinydrate) Taxotere Aventis Pharmaceuticals, Inc,
Bridgewater, NJ Doxorubicin HC!
(85,105)-10-[(3-amino-2,3,6-nideoxy-a-L-lyxo- hexopyranosyBoxy]
-8-glycalyks/t8o9 alkytetrahydro- 6,8,11-
trinydroxyr1-methoxy-5.12-naphthacenedione hydrochloride) Adriamycin
Rubex %h%r%%%%%ﬁ%‘gg%gnpany doxorubicm Adriamycin PFS

|P29Enous idfeltiditPishrmhatreiatspiicc SRR oR0rdisgrres compounds of

liposonfahbwixikBequus.Pharmaceuticals, Inc., Menlo park, CA
dromostanolone propionate (17b-Flydroxy-2a-methyl-5a-androstan-3-one
propionate) Drornostanolo

Ry
Y,
R, X1 R, Rg
\N N Rg'
- 6
Ry’ N
Rs .
R, X, NRs'
X3

wherein X, X; and X3 are independently O or S;

X1l

Y 1s (CHR7),, O or S; wherein n is 1 or 2 and Ry is H, halogen, alkyl, aryL aralkyl,
amino, arylamino, alkylamino, aralkylamino, alkoxy, ary}oxy or aralkyloxy;

A is a 5-member heterocycle comprising 1 to 4 heteroatoms optionally substituted
with amino, hydroxyl, mercapto, halogen, carboxyl, amidino, guanidino, alkyl,
alkoxy, aryl, aryloxy, acyl, acyloxy, acylamino, alkoxycarbonylamino, cycloalkyl,
alkylthio, alkylsulfinyl, alkylsulfonyl, aminosulfonyl, alkylaminosulfonyl,
alkylsulfonylamino or a heterocycle; wherein each alkyl, alkoxy, aryl, aryloxy, acyl,
acyloxy, acylamino, cycloalkyl and heteroéycle substitution is optionally substituted
with hydroxyl, halogen, mercapto, carboxyl, alkyl, alkoxy, haloalkyl, amino, nitro,
cyano, cycloalkyl, aryl or a heterocycle;

R, is H or R, and R; together form a 5-8 member ring;

Ry 1s alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, a heterocycle or
heterocyclylalkyl; each optionally substituted with hydroxyl, mercapto, halogen,
amino, carboxyl, alkyl, haloalkyl, alkoxy or alkylthio;

Rj is H or alkyl, v '

R4 and Ry are independently H, hydroxyl, amino, alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl, or heteroarylalkyl wherein each alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl and heteroarylalkyl is optionally substituted
with halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy, amino and nitro;

Rs, and R are each independently H or alkyl;
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tie Eli Lilly & Company, Indianapolis, IN Syntex, Corp., Palo Alto, CA
tiromostano lone propionate Masterone inject ion Elliott's B Solution

Elliott's B Solution Orphan Medical, Inc Epirubicin ((8S-cis)-I

OxV2enmin3os &, 3,6-trideoxy-a-L-arabino- PCT/US2007/010924
hexopyranosyHoxyj-7,8,9,10-tetrahydro-6,8,11- trihydroxy-8-
(hydroxya.e.ety1)-1-methoxy-5,12- naphthacenedione hydrochloride)
Ellence Pharmacia & Upjohn Company Epoetin alfa (recombinant peptide)
Epogen Amgen, Inc Estramustinc (estra-1,3,5(10)-triene-3,17-dio1( |
7(beta) Rs.3jbiBeRare lehmitomiinisedchayriatelk Y. -ddihydrogieml phosphate),

disodiugy, sali.ugnohydrate,QLgstradio 1 3-[bis(2- chloroethyl)earbarnate]
Ihydrogen phosphate), disc>dium_ salt, monohydrate) Emcyt

,F;Rg%maua & 8 m%g}% ﬁ%mougiia&g &agﬁﬁggﬁﬁé‘?g‘tmn may €xist as stereoisomers
(4'-Demethydepipotiophipbotesin IHd B@(R)p includes all stereoisomers, both as pure

ethylidepen e )krBicaRy HRpRIARInd 1(di BYHERE BBPAFRBAI®N cach, and both the
racemic mixtures of such stereoisomers as well as the individual enantiomers that
may be separated according to methods that are well known to those of skill in the
art.
[0097] In certain embodiments of the invention the compound of Formula II is

selected from the group consisting of:

Ph oy
_ 4N/\(/\N/\/\©\/n_{ %{N\\(\
m PS - nz=N O\‘/\/Q/\H N LN )O
e TN P~ A
H
HN
P
O Ph =N H O H HN
YU\N J\/O\/K/N\/\O/\rN ? N\j(k
@] N
-, / »
NH
S P
(0]
<\( \\\N)\/' N- 7N
. O H NH =
HN O o
o}j
HN .
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Etopophos Bristol-Myers Squibb etoposi de, VP-16
(4'-demethylepipodophyllotoxin 9-[4,6-0-(R)-ethylidene(beta)-D-glucop
ranoside)) Vepesid Bristol-Myersquill Exemcstane
(eronmiiylzwandrosta-1,4-dicne-317-dione) Arom.asin Pharmeciausge)7/610924
Upjohn Company Filgra.stirn (r-metFluG-CSF) Neupogen Amgen, Inc flex
uridine (intraarterial) (2'-deoxy-5-fluorouridine) FUDR Roche Fludarabine
(fluorinated nucleotide analog of the antiviral agent vidarabine, 9-b
-D-arabinofuranosyladenine (ara-A)) Fludara Berlex Laboratories, Inc.,
Cedar Knolls, NJ Fluorouracil, 5-f 5-f|uoc§>-2,4(1N-;l‘§H)-pxrimid

!

!

inedione) A.drucil N F N\_N

O
[8)
. 3 - Nt
)J\ B U VN A e =N N=N SN T
\ g “\0 4 N QV\/??/ o \/N\/\/© A <2T;\__=/} °

_NH o
7 \%
\ru\
N N
H 0}
_KH O

e
o ' :
N\,N/\/ \/\o/\/O\/\N/Y\N : hil
N=N N=N H N (9]
Ve

>

o Ph Ph O p HY
N : 8 N
_< )V\N/\\/O\"/o\/\N/y\N
N o /N \=x ~N o
NH ) N=N
-
s
HN
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ICN Pharmaceuticals, Inc, Humacao, Puerto Rico WO
2007/130624PCT/US21107/010924 Fulvestrant
(7-alpha-[9-(4,4,5,5,5-penta fluoropentylsulphinyl) nonyl]estra-1,3 5-(10)-
thena@/130deta-diol) Faslodex IPR Pharmaceuticals, Guayarma/iRa@rio10924
Rico Gemcitabine (2'-deoxy-2', 21-di fluoroeytid i ne monohydrochloride
(b-isomer)) G rizzar Eli Lilly Gemtuzumab Ozogamicin (anti-CD33 hP67.6)
Mylotarg Wyeth Ayerst Goserelin acetate (acetate salt of
[D-Ser(But)6,AzglynLIERH; pyro-Glu-
llis-Trp-Ser-Tyr-DxSer(But)-Leu-Arg-Pro-Azgly-N112 acetate s/
[C59Iis4|\dj5 102phZoladex Implaqt AstraZenceas O

Phar(Q‘@c@H S e yuw A -@ Viye QLHsh >_w

H CONHCHPh,

PhoHCHNOG ¢ 3y HN.  ©

o) =0
coriy
HCI HN /NH HCI
\
5
0 o)
C‘"é \N/U\/\/\/\/\—-/U\N
N N
PRHCHNOG ) §yn N b CONHCHPR,
o o
oot \
HCEHN NH HC)
N /
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Ibritumomab Tiuxetan (immunoconjugate resulting from a thiourea

covalent bond between the monoclonal antibody Ibritumomab arid the
linker-chelator tiuxetan EN42-
bisgcansosyarsethyDamino]-3-(p-isothiocyanatophenyl)- PCT/US2007/610924
propyINN-[2-bis(carboxymethyDamino]-2-(methyl) - ethyl]glycine) Zevalin
Biogen IDEC, Inc., CambridgMA Idambicinldamyein (5,
12-Naphthacenedione, 9-acetyl-7-[(3-amino-2,3,6- tridcoxy-(alpha)-L- lyxo
-hexopyranosyl)oxy]-7,8,9,10 etrahydro-6,9 11-trihydroxyhydrochloridc,

(7S- cis)) Pharmacia & Upjohn Company ffosfamidelFE
(3-(2-ehlorocthy1)-2-[(2-chloroc )‘amlmltetrahydmziil)-l, ,2-0 phos
phorine 2-oxide) Bristol-Myers Q&%Matinib Mesi late-Glegy vartis
AG, Basel, (4-1(4-MetimtdcHnoe & 3 HN © CONHCHPh,
-piperazinyl)methylj-N-14-methyl-3-f&&{witzerland )‘10
(3-pyridiny1)-2-pyrimidinyllamino};phe /libenzamide metkﬁh@.ﬁugpnate)
Interferon alfa-2aRoferon-AHoffmann-Da Roche, Inc., (recorhbinant ;
peptide)Nutley, NJ Interferon alfa-26Intron ASchering AG, Berlin,

(recombinant peptide)(Lyop}aééggGermany, taserosanr) Baempto <1,\’1:>
IrinotecanC1.cPhagmacia jehn en A Joe =

N=N " N=N
N o}
W~ \/\/ S N
e NG -
N v
BN T N S G WP
PRTNTY, o N I N og Ph
© _NH  HNo H ]
3
==, N::f\{
¢N\/\/O\/<\/N
j\h C'N j\/ o N Ph
Ph ﬂﬂ 4 ‘rm 5 \‘)j\u OO Ph
0 _NH  HN__ H .
k-2
.
o N N o Ph I Q EH’?
N D S SR e I e S
NH H o H NN — NN J°

—~_-OH
o f\ H Ph Bho o BN
N,——< N/\\/\N/\__N N_ﬁN/vN )\,_g\
o 7 - y N
nn H O H NN NN H ] C
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((48)-4,1 | -diethyl-4-hydroxy-9-[(4- piperi-Company
dinopiperidino)earbonyloxy]-1H-pyrano[31, 41: 6,7] indolizino[1,2-b]
quinoline-3,14(411, 1214) dione hydrochloride trihydrate) Lena |
isonceRebamidCelgene 3-(4-amino-l-oxo PCT/US2007/010924
1,3-dihydro-211-isoindol1-2-y1) piperidine-2,6-dionc
LetrozolejFemanNovartis (4,4'41H-1,2,4 -Triazol-l -ylmethylene)
dibenzonitrile) LeucovorinWellcovorin,immunex, Corp., Seattle,A
(L-Glutamic acid, N[4([(2amino-5-formy11,4,5,6,7,8 -Leucovorin
hexahydro4oxo6-pteridinyl)methyliamine]benzoyff calcium salt (1:1))
Levamisole FIC | Ergamisol;aqgsgta)n Research Foundation, ((-)-( 5)-2,3, 5
6-tetrahydro-6-phenylimidazo IFitusville, NJ _thiazole Ph 0
monohydrochloride C,,Pﬂ éﬁ/ﬂh stine ristoy ye;t}/\ o
Squibb 1-(2- ehloro"@t/\’lgué cyclohexyl 1- nltrosourea) e —
2007/130626PCT/ES2007/010924 Meclorcthaminc, nitrogen mustard
(2-chloro-N-(2-chloroethyl)-N-methylethanamine hydrochloride) Mustargen

F
TN
I ]
QNN oY
i 0 4 NEN Nt

_NH H

F

t H
Q N

:\/\N’K OH

-~

HN
T
o

F

/_\/>

o %

TS N
H o

_NH N=N

F

o : i
\\—>_/\/\N/V\N
N=N  H

e

F

O

N’V\g

N=N N

¢]
. HO/’\,NH

F
? N JJ; ~ N
\H’LN N N’\_N N—"""
H (o] 4 N=N N\t

.
b

. .
0 m ; _ Z o
\j)kN,._‘g N4 ;;NNW@—/\/\N/\//\NEN

N
- H O 7
HO/\,NH o}

3

) .
N NH N NN
HN H %9 N=N NN H N

42

.
3yt
"N

[0}

»

Ve
HN

HN T S-OH

Oon%



Merck Megestrol acetate 17a( acetyloxy)- 6- methylpregna- 4,6-
3,20- dione Megace Bristol-Myers Squibb Melphalan, L-P AM
(4-[bis(2-chloroethyl) amino]-L-phenylalanine) Alkeran GlairSmit

diene-

hKline

Mescaptopeeine, 6-MP (1,7-dihydro-6 H -purine-6-thione monsbyarais)y/o10924
Purinethol GlaxoSmithKline Mesna (sodium 2-mercaptoethane sulfonate)

Mesnex Asta Medica Methotrexate (N44-[[(2,4-diamino-6-

pteridinyl)methylimethylamino]benzoylj-L-glutomic acid) Methotrexate

Lederle Laboratories Methoxsalen
(9-methoxy-711-furo[%%ﬁ[!ﬂc@en;ppyran-?-one)

_NH B

S -
\‘/u\ Nf—\<o }.th;/\/\/\__@___/\/\\/\ -

e
NN
N::/AH

O
i

ke

o M HN
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i [\ N AL : ' N')«wf, PN
NTN NH YOS H N o N™
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, /\ 4 “},_4_" )j\
RS U BN ea st A e
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o] N gh ; : N
S b N i o2
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Uvadex Thcrakos, Inc., Way Exton, Pa Mitomycin C Mutamyein
Bristol-Myers Squibb C ,mitomycin Mitozytrex Lysodren SuperGen, Inc.
Dublin, CA Bristol-Myers Squibb Mitotane
OyD-diohiero22-(o-chlorophenyl)-2-(p-chlorophenyl) ethane) MoraRtONe10924
(1,4-dihydroxy-5,8-bis[[2- [(2-
hydroxyethyDaminojethyl]aminol-9,10-anthracenedio e dihydrochloride)
Novantrone immunex Corporation Nandrolone phenpropionate
Durabolin-50 Organon, Inc., West Orange, NJ Nofetumomab Verluma

Boehringer Ingelhelin Phgrm@f Sermany
. “~ ,—-—\( NH\\/\ OWNM

I N
N=N
<N SH-199 k&_j

or the free base thereof or another pharmaceutically acceptable salt thereof.
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Opretvekin (LL-11) eumega Genetics Institute, Inc" Alexandria, VA

Oxaliplatin (cis-[(1R,2R)-1,2-cyclohexanediamine-N,N1 [oxalato(2- )-0,01
platinum) Eloxatin Sanofi Synthelabo, Inc., NY, NY Paclitaxel (58, '
20Epoxyslsda, 4,78, 108, 13a-hexahydroxytax-11- en-9-onepd3Qssk007/010924
iacetate 2- benzoate 13-ester with (2R, 3 S)-

N-benzoy1-3-phenylisoserine) TAXOL Bristol-Myers Squibb Pamidronate
(phosphonic acid (3-amino-1 -hydroxypropylidene) b isdisodium salt,
pentahydrate, (APD)) Aredia Novartis Pegadernase

((ovospmethoxsolyatpyieas glyrrl svesinimiay) delprebéraadenesinethods known to

deamingse) é\pﬁgﬁ ?n(ﬁl%‘%gd %‘?&%ﬁc& é':z:;cgn'%ygrq&s%rfg%% II can be prepared as

Pharmaceuticallnc., Bridgewater, NJ Enz egaspargase
(monomtREXsA Sy ER GreRPERCRStieR MR FE2@piPaginasc)

[0099] An important aspect of the present invention is that compounds of Formula 11
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
induction of apoptosis. Thus, 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 IAP proteins as compared to non-pathological samples (e.g., non-cancerous
cells). In other embodiments, the cells operationally manifest elevated expression
levels of IAP proteins by virtue of executing'the apoptosis program and dying in
response to an inhibiting effective amount of a compound of Formula I, said
response ocecurring, at least in part, due to the dependence in such cells on IAP
protein function for their survival.

[0100] ° In another embodiment, the invention pertains to modulating an apoptosis-

n 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, DRS, 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 agenté, 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.

[0101] In some embodinients, 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
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Fegfilgrastim (covalent conjugate of recombinant methionyl human G-

CSF (Filgrastim) and thonomethoxypolyethylene glycol) Neulasta Amgen,
Inc Pentostatin Nipent Parke-Davis Pharmaceutical Co., Rockville, MD
Rimoonamy/ ercyte Abbott Laboratories, Abbott Park IL Plicarmycimo7/610924
Mithramycin (antibiotic produced by Streptomlices plicatus) Mithrac in
Pfizer, Inc WO 2007/130626PCT/US200710 P 0924 Porfimcr sodium
Photofrin ILT Phototherapeutinc.,

pathologies are amenable to treatment or prophylaxis using the present methods and
compositions. A non-limiting exemplary list of these diseases 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,
genitourinary carcinoma, thyroid carcinoma, esophageal carcinoma, myeloma,
multiple myeloma, adrenal carcinoma, renal cell carcinoma, endometrial carcinoma,
adrenal cortex carcinoma, 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 'Ieukemia, 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; inﬂammatéry diseases; infections;
hyperproliferative diseases; AIDS; degenerative conditions, vascular diseases, 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.
[0102] 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.
[0103) Some embodiments of the present invention provide methods for
administering an effective amount of a compound of Formula I 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).
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Vancouver, Canada Procarbazine

(N-isopropyl-u-(2-methylhydrazino)-p-toluamide monohydrochloride)

Matulane Sigma Tau Pharmaceuticals, Inc., Gaithersburg, MD Quinaenne

(6rohloror®sld -methyl-4-diethyl-amine) butylamino-2- methoryaerising)1oe24

Atabrine Abbott Labs Rasburicase (recombinant peptide) El itek

Sanofi-Synthelabo, Inc., - Rituximab (recombinant anti-CD20 antibody)

Rituxan Genentech, Inc , South San Francisco, CA Sargramostim

recombinant peptide) Frokine Immunex Corp Streptozocin (streptozocin 2

-{deaxy - 2 - [fametimbeitrotcainisie)satioamyiarginny aaf{anchierpldted for use in the

glucoF)ym éﬁﬁx@ﬁ%m E&Ué%ﬁ&ld mx&i,rgﬁresen.t invention contemplates, but is
not limited to, administration of numerous anticancer agents such as: agents that
induce apoptosis; polynucleotides (e.g., anti-sense, ribozymes, siRNAY; polypeptideé
(e.g., enzymes and antibodies); biological mimetics (e.g., gossypocl or BH3
mimetics); agents that bind (e.g., oligomerize or complex) with a Bcl-2 family
protein such as Bax; alkaloids; alkylating agents; antitumor antibiotics;
antimetabolites; hormones; platinum compounds; monoclonal or polyclonal
antibodies (e.g., antibodies conjugated with anticancer drugs, toxins, defensins),
toxins; radionuclides; biological response modifiers (e.g., interferons (e.g., IFN-o)
and interleukins (e.g., IL-2)); adoptive immunotherapy agents; hematopoietic growth
factors; agents that induce tumor cell differentiation (e.g., all-trans-retinoic acid);
gene therapy reagents (e.g., antisense therapy reagents and nucleotides); tumor
vaccines; angiogenesis inhibitors; proteosome inhibitors: NF-KB modulators; anti-
CDK compounds; HDAC inhibitors; and the like. Numerous other examples of

- chemotherapeutic compounds and anticancer therapies suitable for co-administration

with the disclosed compounds are known to those skilled in the art.

{0105} In preferred embodiments, anticancer agents comprise agents that induce or
stimulate apoptosis. Agents that induce apoptosis include, but are not limited to,
radiation (e.g., X-rays, gamma rays, UV); tumor necrosis factor (TNF)-related
factors (e.g., TNF family receptor proteins, TNF family ligands, TRAIL, antibodies
to TRAIL-R1 or TRAIL-R2); kinase inhibitors (e.g., epidermal growth factor
receptor (EGFR) kinase inhibitor, vascular growth factor receptor (VGFR) kinase
inhibitor, fibroblast growth factor receptor (FGFR) kinase inhibitor, platelet-derived
growth factor receptor (PDGFR) kinase inhibitor, and Bcr-Abl kinase inhibitors
(such as GLEEVEC)); antisense molecules; antibodies (e.g, HERCEPTIN,
RITUXAN, ZEVALIN, and AVASTIN); anti-estrogens (e.g., raloxifene and
tamoxifen);  anti-androgens (e.g., flutamide, bicalutamide, ﬁnastedde,
aminoglutethamide, ketoconazole, and corticosteroids); cyclooxygenase 2 (COX-2)
inhibitors (e.g., celecoxib, meloxicam, NS-398, and non-steroidal anti-inflammatory
drugs (NSAIDs)); anti-inflammatory drugs (e.g., butazolidin, DECADRON,
DELTASONE, dexamethasone, dexamethasone intensol, DEXONE, HEXADROL,
hydroxychloroquine, METICORTEN, ORADEXON, ORASONE,
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Zanosar Phannacia & Upjohn Company Talc (Mg3Si4010 (MTh)

Scicrosol Bryan, Corp., Woburn, MA Tamoxifen

((2)244-(1,2-diphenyl1-1-butenyl) pheno A-N, Ndimethylethanamine
Moyelnoxet?2, 3- propanetricarboxylate (1:1)) Nolvadex Astradameea’/o10924
Pharmaceutical Temozolomidc (3

,4-dihydro-3-methy1-4-oxoimidazo[5,1-d]-as-te trazine8-earboxamide)

Temodar Schenng teniposide, VM-26 (4'-demethylepipodophyllotoxin
944,6-0-(R)-2- thenylidene-(beta)-D-glucopyranosidep Vumon
Bristol-biyetsSatibbnd/IIBDIARRED, phenylbutazone, PLAQUENIL, prednisolone,

(13'hydﬂ%i?é%op}i%ﬂiﬁ%?%ﬂd%%&ﬂfﬂ?'%Za%%&%ld c(gg{)otherapeutic drugs

1-ketone) Teske BrlstoI-MX}Iers Squibb 1o uanine, 6-TO ]
(e.g., irinotecan (CAMPTOSAR), CPT-11, fludarabine (FLUDARA), dacarbazine
(DTIC), dexamethasone, mitoxantrone, MYLOTARG, VP-16, cisplatin, carboplatin,
oxaliplatin, 5-FU, doxorubicin, gemcitabine, bortezomib, gefitinib, bevacizumab,
TAXOTERE or TAXOL); cellular signaling molecules; ceramides and cytokines;
staurosporine, and the like. ,

[0106] In still other embodiments, the compositions and methods of the present

’ invention provide a compound of Formula II and at least one anti-hyperproliferative
or antineoplastic agent selected from alkylating agents, antimetabolites, and natural
products (e.g., herbs and other plant and/or animal derived compounds).

[0107] Alkylating agents suitable for use in the present compositions and methods
include, but are not limited to: 1) nitrogen mustards (e.g., mechlorethamine,
cyclophosphamide, ifosfamide, melphalan (L-sarcolysin); and chlorambucil); 2)
ethylenirﬁines and methylmelamines (e.g., hexamethylmelamine and thiotepa); 3)
alkyl sulfonates (e.g., busulfan); 4) nitrosoureas (e.g., carmustine (BCNU);
lomustine (CCNU); semustine (methyl-CCNU); and streptozocin (streptozotocin));
and 5) triazenes (e.g., dacarbazine (DTIC; dimethyltriazenoimid-azolecarboxamide).

{6108} In some embodiments, antimetabolites suitable for use in the present
compositions and methods include, but are not limited to: 1) folic acid analogs (e.g.,
methotrexate (amethopterin)); 2) pyrimidine analogs (e.g., fluorouracil (5-
fluorouracil; 5-FU), floxuridine (fluorode-oxyuridine; FudR), and cytarabine
(cytosine arabinoside)); and 3) purine analogs (e.g., mercaptopurine (6-
mercaptopurine; 6-MP), thioguanine (6-thioguanine; TG), and pentostatin (2°-
deoxycoformycin}).

[0109] In still further embodiments, chemotherapeutic agents suitable for use in the
compositions and methods of the present invention include, but are not limited to: 1)
vinca alkaloids (e.g., vinblastine (VLB), vincristine); 2) epipodophyllotoxins (e.g.,
etoposide and teniposide); 3) antibiotics (e.g., dactinomycin (actinomycin D),
daunorubicin (daunomycin; rubidomycin), doxorubicin, bleomycin, plicamycin
(mithramycin), and mitomycin (mitomycin C)); 4) enzymes (e.g., L-asparaginase);
5) biological response modifiers (e.g., interferon-alfa); 6) platinum coordinating

complexes (e.g., cisplatin (cis-DDP) and carboplatin); 7) anthracenediones (e.g.,
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(2-amino-1,7-dihydro-6 11- purine-6-thione) Thloguanine GISmithKline
Thiotepa (Aziridine, 1,1',1"-phosphinothioylidynetris-, or Tris (1- aziridinyl)
phosphine sulfide) ihioplex Flycamtin Immunex Corporation
GlaxoBmitlskime Topotecan IICI ((5)-10-[(dimethyl amino)  pcT/US2007/010924
methy1]-4-ethy1-4,9-dihydrox y1H-pyrano[3', 4'; 6,7] indolizino [1,2-6]
quinoline-3,14- .(4H,12H)-dione monohydrochloride) r orcmifene
(2-(p4(2)-4-ehloro-1,2-diphenyl-1-butenyll-phenoxy)-
N,N-dimethylethylamine citrate (1:1)) Farcstcn Bexxar Herceptm Roberts
Pharmaﬁwm}cﬁsr;p 8 alopieRd Ndr6a0riXa 0By d2R3tHa)VA) methylhydrazine
Genentg Ahg. Tositunigniab, 11.31 IﬁSItU%{Iq mab (reco inant 57% rn .
es (e T carb T ; enocortical
immunot eraﬁ’eutl “Monbclonal T 9182 Bda antico20 anti ody ( I)11?33 IS
a suppressants  (e.g., mitotane (o,p’~DDD) and aminoglutethimide); 11)
adrenocorticosteroids (e.g., prednisone); 12) progestins (e.g., hydroxyprogesterone
caproate, medroxyprogesterone acetate, and megestrol acetate); 13) estrogens (e.g.,
diethylstilbestrol and ethinyl estradiol); 14) antiestrogens (e.g., tamoxifen); 15)
androgens (e.g., testosterone propionate and fluoxymesterone); 16) antiandrogens
(e.g., flutamide): and 17) gonadotropin-releasing hormone analogs (e.g., leuprolide).
[0110] Any oncolytic agent that is routinely used in a cancer therapy context finds
use in the compositions and methods of the present invention. For example, the U.S.
Food and Drug Administration maintains a formulary of oncolytic agents approved
for use in the United States. International counterpart agencies 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 : [Proleukin Chiron Corp., Emeryville, CA
(des-alanyl-1, serine-125 human interleukin-2)
Alemtuzumab Campath Millennium and ILEX
(IeG1x anti CDS52 antibody) Partners, LP, Cambridge, MA
Alitretinoin [Panretin Ligand Pharmaceuticals, Inc.,
(9-cis-retinoic acid) San Diego CA
Allopurinol iZyloprim GlaxoSmithKline, Research
(1,5-dihydro-4 H -pyrazoto[3,4-d]pyrimidin-4-one Triangle Park, NC
monosodium salt)
|Altretamine Hexalen IUS Bioscience, West
(N,N,N N, N" N" - hexamethyl-1,3,5-triazine-2, 4, 6- Conshohocken, PA
triamine)
 Amifostine ' Ethyol US Bioscience

(ethanethiol, 2-{(3-aminopropyl)amino]-, dihydrogen
hosphate (ester))

Anastrozole Arimidex AstraZeneca Pharmaceuticals,

(1,3-Benzenediacetonitrile, a, a, a', a'-tetramethyl-5-(1H- LP, Wilmington, DE

1,2,4-triazol-1-ylmethyl))

Arsenic trioxide [Trisenox Cell Therapeutic, Inc., Seattle,
WA

Asparaginase [Elspar Merck & Co., Inc.,

(L-asparagine amidohydrolase, type EC-2) Whitehouse Station, NJ
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radio immunotherapeutic antibody)) Trastuzumab (recombinant
monoclonal IgGi kappa anti-HER2 antibody) Trctinoin, ATRA lall-trans
retinoic acid Vesanoid Roche Uracil Mustard Uracil Mustard Capsules
Rebeuig/iabss WO 2007/130626PCIATS2007/010924 Valruhigityus2007/010924
N-trifluoroacetyladriamycin-14-valerate ((28-cis)-2-
[1,2,3,4,6,11-hexahydm-2,532-trihydroxy-7 methoxy-6,11-dioxo-[[4
2,3,6-trideoxy-3- [(trifluoroacctyl)-amino-a-L-/yxo-hexopyranosylloxyl]-2-
naphthaceny1]-2-oxoethyl pentanoatc) Valstar Al-Ara --> Medev

Vinblagbos,ieurocrist ne [C4f,FISSN4010412S0O4relban EJokgdlyen Teknika, Corp.,
(lyophilized preparation of an attenuated strain.of Durham, NC
Mycobacterium bovis (Bacillus Calmette-Gukin [BCG],
substrain Montreal)

(bexarotene capsules Targretin Ligand Pharmaceuticals
(4-[1-(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethyl-2-
napthaleny!) ethenyl] benzoic acid)

bexarotene gel (Targretin Ligand Pharmaceuticals
Bleomycin iBlenoxane Bristol-Myers Squibb Co.,
{cytotoxic glycopeptide antibiotics produced by INY, NY

Streptomyces verticillus; bleomycin A; and bleomycin

B.)

Capecitabine ' i Xeloda IRoche
(5'-deoxy-5-fluoro-N-[(pentyloxy)carbonyl]-cytidine)

Carboplatin Paraplatin [Bristol-Myers Squibb

(platinum, diammine [1,1-cyclobutanedicarboxylato(2-)-
0, 0']-,(SP-4-2))

Carmustine IBCNU, Bristol-Myers Squibb

(1,3-bis(2-chloroethy))-1-nitrosourea) BiCNU

Carmustine with Polifeprosan 20 Implant Gliadel Wafer [Guilford Pharmaceuticals,
Inc., Baltimore, MD

Celecoxib Celebrex Searle Pharmaceuticals,

(as 4-[5-(4-methylpheny!)-3- (trifluoromethyl)-1H- ngland

pyrazol-1-yl]

benzenesutfonamide)

Chlorambucil , Leukeran GlaxoSmithKline

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

Cisplatin IPlatinol Bristol-Myers Squibb

(PtcleéNz)

Cladribine Leustatin, 2- .W. Johnson Pharmaceutical

(2-chloro-2'-deoxy-b-D-adenosine) CdA esearch Institute, Raritan, NJ

Cyclophosphamide Cytoxan, ristol-Myers Squibb

(2-[bis(2-chloroethyl)amino] tetrahydro-2H-13,2- Neosar

oxazaphosphorine 2-oxidé monohydrate)

Cytarabine. Cytosar-U  |Pharmacia & Upjohn

(1-b-D-Arabinofuranosylcytosine, CoH,3N,05) Company

cytarabine liposomal IDepoCyt Skye Pharmaceuticals, Inc.,
San Diego, CA

Dacarbazine DTIC-Dome [Bayer AG, Leverkusen,

(5-(3,3-dimethyl-)-triazeno)-imidazole-4-carboxamide Germany

(DTICY)

IDactinomycin, actinomycin D Cosmegen Merck

(actinomycin produced by Streptomyces parvullus,
CoaHgeN12016)

Darbepoetin 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-trideox y-4-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 5,3 §)-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)
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Vincristine (C46156/44010*H2S04) Oncovin Eli Lilly Vinorelbine (3'
,4'-didehydro-4'-dcoxy-C'-norvincaleukoblastine [R-(R* Rs)-2
3-dihydroxybutanedioaten:2Xsal0]) Navelbine GlaxoSmitn Zoledronate,
Zotethionswaeid ((1 -Hydroxy-2-imidam1-1-yl-phosphonoethylp @ivasplonicez4
acid monohydrate) Lometa Novartis [0111)Anticancer agents fiuther
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 uses.

Exam iaaddesibut are not Imited 1o, 3-AP,  [Ontak Seragen, Inc., Hopkinton, MA
12-0-t i piifistholl3-acetate 17AAG, 8524, ABI-007 . '

ABR-2 BT 75L. ARIPER.205 AE-941, AGE0TE736, ACERATHE Upichn
alanos Q:rAM@oK&)G antibody 0250, antlneoplastons AP23573,

apaziqfre x?ltPC8015 atlprlmod ATN-161, atrag&rtne azarél Riffjie harmaceuticals, Inc.,
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accelerator. In still other embodiments, the radiation is delivered using a
gamma knife. [01141The source of radiation can be external or internal to
the animal. External radiation therapy is frost 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 emittinA eniirce <rich ae haeade wiree nellete cancrilaec



brachytherapy, interstitial irradiation, intracavity irradiation, rad o
mmunotherapy, and the like. 10115]The animal may optionally receive
radiosensitizers (e.g., metronidazole, misonidazole, intra-arterial Budr,

int@venasisiododeoxyuridine (ludR), nitroimidazo

le,

5-substituted-4-nitroimidazoles, 2H-isoindolediones, [R2-
bromoethyl)-aminoimethylknitro-IH-imidazole-1-ethanol, nitroaniline
derivatives, DNA-affinic hypoxia selective cytotoxins, halogenated DNA
ligand, 1,2,4 benzotriazine oxides, 2-nitroimidazo|e derivatives,
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time in the therapeutrc perrod Preferably, radiation is initiated in week 1 or
week 2, and is administered for the remaining duration of the therapeutic
period. For example, radiation is administered in weeks 1-6 or in weeks
2-6 of a therapeutic period comprising 6 #zeks for treating, for instance, a
solid tumor. Alternatively, radiation is administered in weeks 1-5 or weeks
2-5 of a therapeutic period comprising 5 weeks. These exemplary
radiotherapy administration schedules are not intended, however, to limit
the present invention. [0118]Antimicrobial therapeutic agents may also be

used as therapeutic agents in the present invention. Any agent that can
leill inhibit or othernnvice atteniiate the fiinction of microbial araoaniceme mav



about 0.01 to 100 mg per gram of carrier. In a preferred embodiment, the
compound is present at a concentration of about 0.07-1.0 mg/ml, more
preferably, about 0.1-03 mg/ml, most preferably, about 0.4 mg/ml. WO
20072/230026PC17 US20117/010924 101231In addition to adamnisiermgo9z4
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 cxeipients and auxiliaries
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101311The topical compositions of this invention are formulated

preferably as oils, creams, lotions, ointments and the like by choice of
appropriate carriers. Suitable carriers include vegetable or mineral oils,
whiteopetolatum (white soft paraffin), branched chain fats or mitsapsmati 0924
fats and high molecular weight alcohol (greater than CU). The preferred
carriers are those in which the active ingredient is soluble. Emulsifiers,
stabilizers, humcctants and antioxidants may also be included as well as
agents imparting color or fragrance, if desired. Additionally, transdermal

penetr
Examp
and 4,

active ifiy
is admi}

es of such enhancers can be found in U.S,

Wme*prefaammﬂﬁwel ron
mmerako%me&hemulaﬁymbm&mmmdwater in

-@Euﬁ'fy@lp%@mm@sﬁgfﬁm aSieam s g1 Which if

reco

eRkaneers can be employed in these tepicaldormalatiemsherapeutics, Inc.,

Pat. Nos.

3 989816

Canada

Kiganiditer, about 20 parts beeswax, about 40 parts

Sfhmd Tan ﬁa‘r’xbaceutlcals

which mixee dhghersburg, MD

a-o#éuch_g-a

lmond.oil

b|bog Labs

5 mineral oil

rg almond oil. 1013310intments m4g
inant peptid

9“6%5 formu

ﬁgf@& B)Spthelabo Inc.,

mixing
oil with

wu.lllgyll Ul lIIU active IIIJL]EUIBIIL ma vVEyct

il wi snibseft paraffin angallowing the mixture to pool. A
examplEsrEeEiman é@tment is one which includegraseut 30?6“
recombinant peptide .

%AJII oSU

RSN Ssom San
typicab, ca

NI Bil

and ab

convenjemieprepared
high m Jﬁ@@%ﬁm%mc deid an}?W

lﬁ&ég MVHI[E SOIL pdrdlllll Dy WEIng LE&M&&? ma
xbybhssolvmg the active ingfedient, in

eRe glycol or po

}iﬁs}r_nacia & Upjohn
suptable
lyethylene

. \/

exampligd

Mlmetlc

Mo Z200/7150626FPC T7/USZ200//010924 1

Faseitihvention. €
the var atyembemmdmwsmd@ara,meters normally
therapypsang

SR %‘f&nmmf@mmaﬁ%

dealYell(Qifative, but not limiting, of the method and

d35ds3ine gl

@Wi@grp.,, Wobum, MA

ther l§u‘!,tabl

uteny

%mqglflcatlcm@’é‘?fd ad
encounterg

anebsitsirbes

ompositions
ﬁf%ﬁg&d’fﬁmaccuticals
od in clinical

ithin the

%r;2§¥rfﬁ‘8%‘?§’ of

d;aﬁic@eneral Methods: NMR spectra

RFAFERE Smac

vere acquired at a

proton e
(0.00 p

e %l\éfzsoo Moljo%n '11 chemlcal shifts
m mfgpgﬁ nr\ ﬁ[ﬁf (3 31 ppm), or D

pranpeporte

sithMded Sjuibb
0 04.79

ppm) a
(77.00

B

g dntenak standards. 130 chemical shifts a

EJRpOrte

efpédi% (ﬂz@@f?‘ﬁ‘ﬂ?fi’f“’o’r?[%!did)?%e (67 16 pp

acione

B0 MHes1S3uibb
M) as internal

standa
proced
CH2C1
amino

ﬂgoM%cg wations were measured-at Tog

%E"‘

ﬁde aﬁ@n uli0d-8-filcke) a solution| of the two

ARSI

wstansat
substrates in

Abieder E D (opnupes éqieqration

rt r. substrat S
Ql)HQQL& ?L%IY?

N,N-diiso

bropylethyl

amine
at roo

was p (medﬂwd

B’GF

In(?

0Sp nno \dynetnis-, or
1g.gpcpe INO group an

rﬂammo

grouptzl at O t Wlth stlrrlng @matur
daadmt@gmpbydw

] quinoli

WS SEHKEoe

é’g‘p@h ensed. THe residue
give the produgt. General procedure B

(click c

pre-ma R

c@ %ﬂﬁ?ﬁ’éﬁx"}‘ﬁ YRR AS shaken unt|

|ono € tWO Sulgitates 1
tfaﬁdptt]h@mdw*sub strate) was
Ui E2scorbate (0.1 eq of ¢

HEHOW ToliQuaonab

Irp'mfmmr éﬁ%m?

eq of t
overni
combirfel

condensed:Eheirasidug was purified by chromatc

emnsfﬁ'y 101381To a solution of CuSO4 a@rmg/mL g sdtidedceutical Corp.,

G R

HerEsAY

anelong "'-

added the
uSO4 per 1

attle, WA |

dfnafsubsirate). The mixture was Stirreiai-papm (SHparaiUre

a'rl%i"ﬂ’?éﬁ%m&@@vbmﬂdh%%%nethan three times. The

aDCMA o

.D-','F‘r‘v-“vv.' T 0T

" OR één‘d?é"' A
pgraphy to

'

R&c-gu* art
give the

nel
1

produ

_ racil Mustard

iUracil
IMustard
Capsules

Roberts Labs

54




General procedure C (deprotection of Hoc): 101391To a solution of the
substrate in methanol (20 mg/mL) was added a solution of HC1 in
1,4-dioxane (4 M, 10-20 eq per Boc). The solution was stirred at room
tevopmpate2evernight and then condensed to give the produptTa)$AdviRike24
2 Synthesis of DQ-24, SH-143, SH-155 and SH-142 101401Compounds
DQ-24, SH-143, SH-155 and SH-142 were synthesized according to

I. Scheme I: NH2NHCOCF3NHCOCF3 OH 2 N.HBot 12

61-,119' NH2 13Ph Reagents and condltitone: (a) L trifluoroacotio
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anhydri
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[0111]

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 counterpért agencies or are undergoing evaluation for new
uses. Examples include, but are not limited to, 3-AP, 12-O-tetradecanoylphorbol-
13-acetate, 17AAG, 852A, ABI-007, ABR-217620, ABT-751, ADI-PEG 20, AE-
941, AG-013736, AGRO100, alanosine, AMG 706, antibody G250, antineoplastons,
AP23573, apaziquone, APC8015, atiprimod, ATN-161, atrasenten, azacitidine, BB-
10901, BCX-1777, bevacizumab, BGOOOOI, bicalutamide, BMS 247550,
bortezomib, bryostatin-1, buserelin, calcitriol, CCI-779, CDB-2914, cefixime,
cetuximab, CGO0070, cilengitide, clofarabine, combretastatin A4 phosphate, CP-
675,206, CP-724,714, CpG 7909, curcumin, decitabine, DENSPM, doxercalciferol,
E7070, E7389, ecteinascidin 743, efaproxiral, eflomithine, EKB-569, enzastaurin,
erlotinib, exisulind, fenretinide, flavopiridol, fludarabine, flutamide, fotemustine,
FR901228, GI17DT, galiximab, gefitinib, genistein, glufosfamide, GTI-2040,
histrelin, HK1-272, homoharringtonine, HSPPC-96, hul4.18-interleukin-2 fusion
protein, HuMax-CD4, iloprost, imiquimod, inﬂiximab,» interleukin-12, IP1-504,
irofulven, ixabepilone, lapatinib, lestaurtinib, leuprolide, LMB-9 immunotoxin,
lonafarnib, Iuniliximab, mafosfamide, MB07133, MDX-010, MILN2704,
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,
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[0141j Selective protection of the amino group in L-phenylglycinol | with
trifluoroacetic anhydride gave an alcohol 2. Alkyl ation of 2 with propargyi
bromide-yielded an alkyne 3. Reaction of 2 with methanesulfonyl chloride
fellowmed Bysseibstitution of the resulted mesylatc with NaN3 fegtislseeham 0924
azide 4. Cycloaddition of 3 and 4 under the catalyzation of
CuS0O4-(+)-sodium-L-ascorbate followed by removal of the trifluoro acetyl
groups afforded a diamine 5. 101421Alkylation of 2 with benzyl

2-bromoethyl ether followed by hydrolysis of the benzyl protecting group
furnishadadroalcesrglirReactibrookiisi aloohegw|timetianesnl fesin, rhuMab 2C4,

Chlorldqjggﬂvg{?&pyr&&@ééhﬁlﬂt@'l of s heshilied mesyiate, vy NaiNg 0010, SGN-40,

furnished azide 6. C¥_cloa dition’of 6 with 3 under the catalyzation of
CuSO43Y# BB 1Z\%%fb%l?&f@mf%ﬁod)}%‘é%oﬁ}&leé?ﬂfﬁ’ﬂ‘ﬂﬁjo?%dé%ﬁwc acid,
groups affardeddatitatainel Zmpedel 3tComipotach Srolas sy MOGESIPEAS immunotoxin,

accordlﬁaﬂeo%aprew Lyfasﬁort QF{Pa?B'ﬂS)d (RUPSLANL LU ANGHE  (rabectedin,

Letters, 46:7015 200 cloadd ion of compound 8 with excessive

amou nf%‘f‘ﬁ?&ﬁ%‘?g%\“@ﬂ?@? TRyt ax %ﬂzwfea«ﬁ*dcyeréaam?m}%?‘“)lm M,
9 and 8vuhderitivb,cataiypation YKSIBBOZ1 330 dED$474s corbawe, faltrwessuquidar
by remeyg) abthgkiRe protecting groups afforded a di amine 10. [0144]

ound 11 .was s nth Siz COfdln to_our previously reported
rcﬁ?ﬁ d (Sun]g af] trra &ﬁrg% %g?fé}%“ Qfoaﬂé‘f@‘b‘f%)’j‘g%{rﬁ,ﬁj{ﬁioﬂtlbqﬂrﬂerapeumc

with pr@,ga@@yltb?é?mlﬂélgde1déh%ﬁ1aﬂzynefemt@addmlrfpof)ﬁ Popoh® manuals
with 1 eﬁcﬂfd;l;i’guﬁﬁie:ﬁdhBrﬁﬂéﬁ'ya,aﬂi@rPﬁ%;dﬁQ%(aﬂ'm&Héﬁcb ﬁﬁpqﬂ@&@dman and

followegjy semaval ol e acRiatesioe wotps Alarped adiame A L .

Scheme Il: Reagents and con ons (a
(b)i. diathe, EDC, HOBL, N,N- dusoprooylethyl amine, CH2C12 . 414

HOL# 1,4- dIm@rd‘db@hh\tﬂnhe?ﬂﬁmﬂésmﬁfhﬁm|mrﬁxﬁﬁﬁmﬁ@3tcompomd of
N, N-diigapropyietyhAming:: sHaGhg, V-l § Fagéx{{‘o% AdIENC e by the types,

[0145]Compound 14 can be synthesized according to literature report

method® g andet oy RisHmt e sy giredbodslivacke herpeutic dose
Reductidinadfatie @ Endairbld. Dimd-amaphy dio lysis O frblag leesizyl esien iRdiotherapy,

Compoﬂ%é‘ié ek %h%@fgnlﬁxeﬁwdﬁﬁéﬁtl%g’f& %a%guﬁ'reila%x §thamie combinations

above diamines respectively followed by removal of the Bac protecting

groups §&v8 ol SMABRRGAIRENS: '&%Wd‘éﬁ?&t?ﬁﬁ%’f‘iﬁ&gé SRSGHARR! using a linear
L-N-Boecd¢lpmeithy| Hlagtileotbapentivdinfotiowredriiiatmpr dtebtivnred tivénB@agamma
protectiagfgroups afforded the bivalent Smac mimetics DQ-24, SF-143;

13 2 and S11-155, The 1uencg of the é/nthetlc scheme f?fr each

compound is shown I Tabie 2. TASTE’ ﬁ(ame el '{‘37’ over 1our SfPepS)EXimal

DQ- -247gditiquthgrapy 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,
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62 SH-155 59 SH-142 55 NH2 N=NNNH2 5 [0146] 'El NMR (300 MHz,

CDC13): 8 7.50 (s, IH), 7.38-7.20 (m, 3H), 7 28-7 20 (m, 21-1), 7.26-7.05

(m, 5H), 4.98-4.75 (m, 2H), 4.23 (s, 211), 4.36 (m, 2H), 3.50 (m, 21-1);

B0 NMR3(8® MHz, CDC13): 5 143.78, 133.54, 132.53, 130.26TA8%07(10924

129 70, 129.62, 127.47, 127.10, 126.40, 69.89, 63.23, 54.67, 54.60,

52.40. N112 TO NNIN-1 H2 7 [0147]NMR (300 MHz, CDC13): 8 7.59 (s,

1H), 7.32-7.22 (m,, 7.22-7.13 (m, 5H), 7.12-7.05 (in, 2H), 4.55-4.29 (m,

6H), 3.85-3.75 (m, 111), 3.75-3 56 (m, 5H); 13C NMR (75 MHz, CDC13):

8 143.Fradt3 18813 3rdSrstiol 83adid8dm] ,id@8: 5ty 29:38itibA/ 13BiolmmGiahtherapy,
125,59, (9891;:£9-20, 69.25, 63.42, 54.62, 54.39, 50 49. NHBoc NN 9
1014811H NMR 00 liMz, CDC132.: 57.55 (s, 11-1), 7.40-7.08 (m, 9H), )
§HdThrs, 1H)Teoaniprl ry) oRlongly sieseive sadicpensitizens (9ig) Meggpnidazole,
(d, J = thikddijakdlk), intra-arterial Budr, intravenous iododeoxyuridine (IudR),

nitroimidazole, 5-substituted-4-nitroimidazoles, 2H-1soindolediones, [[(2-
bromoethyl)-amino]methyl]-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—triazolé, 4,5-dinitroimidazole derivative, hydroxylated
texaphrins, cisplaﬂn, mitomycin, tiripazamine, nitrosourea, mercaptopurine,
methotrexate, fluorouracil, bleomycin, vincristine, carboplatin, epirubicin,
doxorubicin, cyclophosphamide, vindesine, etoposide, paclitaxel, heat
(hyperthermia), and the like), fadioprotectors (e.g., cysteamine, aminoalkyl
dihydrogen phosphorothioates, amifostine (WR 2721), IL-1, IL-6, and the like).
Radiosensitizers enhance the killing of tumor cells. Radioprotectors protect healthy
tissue from the harmful effects of radiation.

[0116] Any type of radiation can be administered to an animal, so long as the dose
of radiation is tolerated by the patient without unacceptable negative side-effects.
Suitable types of radiotherapy include, for example, ionizing (electromagnetic)
radiotherapy (e.g., X-rays or gamma rays) or particle beam radiation therapy (e.g.,
high linear energy radiation). lonizing radiation is defined as radiation comprising
particles or photons that have sufficient energy to produce ionization, i.e., gain or
loss of electrons (as described in, for example, U.S. 5,770,581 incorporated herein
by reference in its entirety). The effects of radiation can be at least partially
controlled by the clinician. The dose of radiation is preferably fractionated for
maximal target cell exposure and reduced toxicity.

[6117] The total dose of radiation administered to an animal preferably is about .01
Gray (Gy) to about IOO‘ 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,
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WO 2007/130626PCT/U82007/1 0924 2.96 0, J = 7.3 Hz, 2H), 2.49 (t, J =

2.4 Hz, 1H), 2.22 (m, 214), 1.43 (Ms, 910; '3C NMR (75 HMz, CDC13): 5
154.93, 144.26, 141.98, 140.15, 139.04, 12834, 128.50, 127.36, 127.22,
123.007/198266, 79.67, 79.16, 74.89, 62.91, 58.06, 57.37, 49p87/BL®4p10924
31.44, 28.25. [0149] NH2NH2 10 [0150]I1 NMR (300 MHz, CDC13): 5

7.52 (s, 2H), 7.38-7.12 (in, 10H), 7.08-6.99 (m, 4H), 6.92-6.79 (m, 4H),

5.42 (s, 2H), 4.40 (s, 4H), 4.02 (m, 4H), 2.18 (m, 4H), 1.78 (m, 411); "C

NMR (75 MHz, CDC13): 5 144.10, 139.59, 137.31, 132.04, 131.80,

131.72 rARQ @128, 6AnLARtAT] 652 81e60:66¢ 52 BleB4 ABB3 8, k2., at least 5,

[0151] 7, 1g'| MMR (390 Q%Hlis C23§20§§3)3§ 74£fozgs t?*zg'%rfs'g)ﬁi 3—2 aéltl{é% 1-8 weeks).

0" el '%ﬁ@ﬁ%‘%éd%se o gGefot, B por e PPERRBUS S O (e,

2.04(t, 3houtd G, 15 Oy 1192Gin, 26y, 2.9S (b8 9H); 3CNMR 35 MHIy, 3.8 Gy, 4

CDC13g;56 455, 48, 92}93%1%5&4539 9% 628 (6§, 128.53G1¥8.44. dally dose of

éi873:2 7 22 % %86 89 éﬁz\? 364 ucigh est7r91c2t1%n6of tjh6e t§r8geot%d g’éls If stretched
over a penod radlatlon 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
animal’s responsiveness and any potential side effects. Radiation therapy can be
initiated at any time in the tiherapeutﬁc period. Preferably, radiation is initiated in
week 1 or week 2, and is administered for the remaining duration of the therapeutic
period. For example, radiation is administered in weeks 1-6 or in weeks 2-6 of a
therapeutic period comprising 6 weeks for treating, for instance, a solid tumor.
Alternatively, radiation is administered in weeks 1-5 or weeks 2-5 of a therapeutic
period comprising 5 weeks. These exemplary radiotherapy administration schedules
are not intended, however, to limit the present invention. '

[0118] Antimicrobial therapeutic agents may also be used as therapeutic agents in
the present invention. Any agent that can kill, inhibit, or otherwise attenuate the
function of microbial organisms may be used, as well as 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.

[0119] In some embodiments of the present invention, a compound of Formula II
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,

etc. In some embodiments, the compound is administered prior to the therapeutic or

58



13 191521H NMR (300 MHz, D20): 5 7.50 (s, 1H), 7.33 (s, 1H), 7.23-7.03
(in, I7H), 6,99-6.92 (n, 611), 6.80-6.68 (in, 414), 5.38 (s, 1H), 5.34 (s, IN),

5.10 (s, 114), 4,08 (s, 2H), 4.08 (t, J - 6.8 Hz, 11-1), 3.99 (s, 2H), 3.92 (t, |
@120z BB, 3.02 0, J WO 20071130626PCT/US2007/0108RHUS B Hm0924
214), 230 (t, J = 7.3 Hz, 2H), 2.17 (t, J= 7.3 Hz, 21-1), 2.11 (t, J7.3 11z,

2H), 1.89-1.80 (m, 214), 1.78-1.62 (m, 21-1), 1.48-1.35 (m, 2H); 13C NMR

(75 MHz, [0153111-1 NMR (300 MHz, 020): 5 7.77 (s, 1H), 7.78-7.21

(m, 1014), 5.32 (m, 1H), 4.91 (m, 1H), 4.75-4.56 (m, 4H), 4.50 (s, 2H),

4.33 (meritichineed Zgém, 8lpl),08579, (1, 243, 30600y ABhaRS51(D, 314),52 &3 days, 1,

(s, 314), 22518040 3%6%390 thd %ahﬁ&s(%c?n'E!}étﬂgﬁtﬂéilaéélﬁmoxg%ﬁ)qi%cg agent. In

- =7. 1. ,J--- 7.2 Hz, X
#&()Fil(%é’ﬁ(/%??%e@‘i’f@%?gfgg%ﬁ ’ .§§?‘i£f§%@?r1‘hﬁ.t§ﬁ‘,aﬁi‘s‘g§féﬁf anticancer
137.462829,41g.109,25 213885, 1232 3r 13chOlrs1 26288, 4.25.886 dayb4}, 2, 3, or 4
63.14, 6%dQ after the administration of the anticancer agent. In some embodiments, the

compound and the therapeutic or anticancer agent are administéred 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 daily, once a week, once every two weeks, once every three weeks, or
once every four weeks. _

[0120] Compositions within the scope of this invention include all compositions .

’ wherein the compounds of the present invention are contained in an amount which is
effective to achieve its intended purpose. While individual needs vary, determination
of optimal ranges of effective amounts of each component is within the skill of the
art. Typically, the compounds may be administered to mammals, e.g. humans, orally
at a dose of 0.0025 to 50 mg/kg, or an equivalent amount of the pharmaceutically
acceptable salt thereof, f)er day of the body weight of the mammal being treated for-
disorders responsive to induction of apoptosis. Preferably, 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,
and most preferably, from about 0.01 to about 5 mg/kg.

[0121] The unit oral dose may comprise from about 0.01 to about 1000 mg,
preferably 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.

[6122] In a topical formulation, the compound may be present at a concentration of
about 0.01 to 100 mg per gram of carrier. In a preferred embodiment, the compound
is present at a concentration of about 0.07-1.0 mg/ml, more preferably, about 0.1-0.5

mg/ml, most preferably, about 0.4 mg/ml.
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61.16, 60.96, 57.28, 54.14, 53.64, 53.34, 51.10, 35.94, 32.94, 32.33,

31.31, 27.95, 25.86, 21.99, 15.60. SH-143  101541'-1 NMR (300
MHz, D20): 57.50 (s, 1H), 7.30-7.08 (m, 1014), 4.95-4.80 (m, 314), 4.75
(WOLUIY/B06Ts(s, 2H), 4.39 (M, 211), 4.32-4.10 (M, 414), 4.35E108s6m7/010924
411), 3.66-3.50 (m, 41-1), 2.55 (s, 614), 2,22-1.43 (m, 2414), 1.39 (m,

6H); 13C NMR (75 MHz, D20): 6 173.71, 172.30, 169.52, 143.92, 138.73,
129.07, 128.18, 126_96,

[0123)

[0124]

[0125]

[0126]

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
about 0.01 to 99 percent, preferably from about 0.25 to 75 percent of active
compound(s), together with the excipient.

The pharmaceutical compositions of the invention may be administered to
any animal which méy experience the beneficial effects of the compoundé of the
invention. Foremost among such animals are mammals, e.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).

The compounds and pharmaceutical compositions thereof may be
administered by any means that achieve their intended purpose. For example,
administration may be by parenteral, ‘subcutaneous, intravenous, intramuscular,
intraperitoneal, transdermal, buccal, intrathecal, intracranial, intranasal or topical
routes. Altemativély, 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.

The pharmaceutical preparations of the present invention are manufactured
in a manner which is itself known, for example, by means of conventional n:ﬁxing, :
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.
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WO 2007/130626PCT/US2007/010921 125.53, 72.87, 72.32, 68.99,

63.36, 62.21, 62.14, 61.05, 57.20, 53.40, 53.24, 51.14, 50.42, 35.96,

32.99, 32.32, 31.32, 27.89, 25.08, 21.94, 15.63. SH-155 1015511H NMR

(3aD2MFHE30E220): 8 7.29 (S, 211), 7.10-6.92 (m, 10H), 685 (d, Pcr &sobiZi10924

4H), 6.58 (d, J = 8.0 Hz, 4H), 5.78 (s, 2H), 4.65 (m, 211), 4.38 (s, 4H),

4.22 (m, 211), 4.08 (m, 211), 3.95-3.73 (in, 6H), 2.55 (s, 611), 2.21-1.28

(m, 3611); 13C NMR (75 MHz, D20): 6 179.33, 172.64, 172.07, 144.32,

141.56, 140.08, 139.74, 129.15, 127.99, 127.69, 127.53, 124.85, 63.13,

68104 61.01, 5uiABleekciflerdd ak2, in49Bn 36, BiBleti3sddh 32s4dch3Lideé, for example

31.44, :l?'z}d%%é 202"85?1br20§é?5m%%ﬁ881 %?'ngb%m:léél I;)es% %rpel{;]a?r tions and/or calcium
phoéphates, 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 thereof, such as magnesium stearate or calcium stearate,

. and/or polyethylene glycol. Dragee cores are provided with suitable coatings which,

if desired, are resistant to gastric juices. For this purpose, concentrated saccharide
solutions may be used, which may optionally contéin gum arabic, talc, polyvinyl
pyrrolidone, polyethylene bglycol 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.

[0128] Other phérmaceutical 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.

[0129] Possible pharmaceutical preparations which can be used rectally include, for
example, suppositories, which consist of a combination of one or more of thé 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
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101561NMR (300 MHz, CDC13): 8 7.92 (brd, = 8.4 Hz, 211), 7.82 (brd, J

8.4 Hz, 2H), 7.49 (s, 111), 7.45-7.06 (m, 2814), 6.21 (s, 1H), 6.19 (s, 1H),

4,90 (m, 211), 4.85 (s, 111), 4.75 (m, 2H), 4.62 (s, 211), 4.33 (t, J=7.1
Hro4dd)13620 (in, 2H), 3.82 (s, 2H), 3.49 (t, J =7.1 Hz, 214), 8:06:§moAH)924
2.70-2.55 (in, 8H), 2.38 (s, 611), 2.30- 1.35 (m, 28H), 1.30 (d, .J = 6.9 Hz,

6H); 13C NMR (75 MHz, CDC13): 8 174.16, 172.05, 169.69, 145.37,

141.64, 140.60, 128.50, 127.59, 127.47, 127.32, 127.29, 66.39, 64.35,

60.15, 59.75, 59.18, 56.78, 35.12, 32.03, 31,59, 31.55, 31.09, 24.91,

24.06, 23maghuhBsd4vitl XA WHIE EFdSiithbsis eh8ehdIS6inSiddEb8oSkkdinle, liquid
SH-16 - S -167 -156,

o e R L e |
Hthsized abrirhiRGorratatentc s PaeHER dmiBETEigs indaderaqueous solutions
Reagenttthnectonditiopsutfdy in Wat&rBSyHHOBtmN - diismptepytethybluble salts and
amine, 125k o iSXRNE il derD-BRGANEH .
alanine%%g?l %gigtédgH'%%gHégg}o%ver throé{,\él (%s,)('?(la_%)‘sé'a((iJJtS\LI\4 djazide, Cgl}gé%mpnate
(+)-sodfiRh (UEEEEPSTEPREIS L P'S: AMIURICEE) miiraplgidipgRatlic solvents or
MeOH. [GhE8iTslolrfitanviie ot exipiepreparedihcaorditinptio fiteyaireesters, for
reportedyngthods {osmRPaiNg-18dM 6558196l Rlne b1 {263- 460 €Mueous injection

64:3767 (199, Gondensation placid 1o,w if[)hiChriégsl,eaHgin\%slzsI? "0}%%% DY pensio
deprotettiBh of the Boc protecting grodp with HS i methanol yiglded an - persion

ammonitthdaltfaC srdadatispdsimhipdaxxmathyN-Bdops.nrethifphl anilfer dextran.
furnishespiigimedistadRnGyslpaddiiesmatals svthicersesponding diazide

Jthe catalyzation of CuSO4-()-sodium:L -ascorbate.respectivel o
ey e SR ok I B M CRRREI Bifcorably as it
bivalentSATi IofienssQintpentsgng1the 158 by chojeof sapigiag qarEsrs- Suitable
SH-166cami:S HébkicThegeffidie neyrifdiad sinthdtic soherheufor(eadle soft paraffin),

?%gi%%&@ﬁ"%&'@aga@%@s, WA %ﬁ%gﬁ%ﬂ&dﬁ?%@ﬂ@%@ﬁol (greater

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 four_ld in U.S. Pat. Nos. 3,989,816 and 4,444,762,

[6132] 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.

[06133] 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.

[6134] Lotions may be conveniently prepared by dissolving the active ingredient, in
a suitable high molecular weight alcohol such as propylene glycol or polyethylene
glycol. ’ |
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Name Yield (VG, over two steps) SH-156 63 SH-158 65 SH-159 61

SH-164 62 SH-165 59 SH-166 58 SH-167 59 18 101591111 NMR (300
MHz, CDC13): 6 7.75 (bid, J = 8.5 Hz, 11-1), 7.50-7.44 (p, 2H), 7.38-7.23
(W M) B8®0s(brs, 111), 5.95 (dd, J = 8.5, 2.4 Hz, 1H), 4.80 (ra;ratshgod 64924
(dd, J = 8,4, 6.2 Hz, 1H), 4.60 (burn, 1H), 4.15 (m, 11-1), 2.88 (s, 3H), 262
(ip, 1H), 2.53 (d, J = 2.4 Hz, 1H), 2.20-1.70 (m, 5H), 1.51 (brs, 9H),
1,56-1.05 (in, 911); 13C NMR (75 MHz, CDC13): 6 171.99, 170.95,

169.73, 138.96, 129 03, 128,55, 127.53, 82.13, 73.25, 60.03, 59.47,

50133] 45.21, Bbeo]186/88, 3236 36rd 8 B8R DRN R 4ididtj i3 disthe method and -

14.16. 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 Bivalent Smac Mimetics
[0136] General Methods: NMR spectra were acquired at a proton frequency of 300

MHz. 'H chemical shifts are reported with Me,Si (0.00 ppm), CHCI; (7.26 ppm),
CD,HOD (3.31 ppm), or DHO 04.79 ppm) as internal standards. '*C chemical shifts
are reported with CDCl3 (77.00 ppm), CD;OD (49.00 ppm), or 1,4-dioxane (67.16

ppm) as internal standards. Optical rotations were measured at room temperature.

General procedure A (condensation):

[0137] 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 condensed. The

residue was purified by chromatography to give the product.

General procedure B (click chemistry):

[0X38] To a solution of CuSO4 (10 mg/mL) was added (+)-sodium L-ascorbate (2
eq). The mixture was shaken until the color turned to bright yellow. To a solution
of the two substrates in acetonotrile or 2-methylpropanol (20 mg/mL for the minor
substrate) was added the pre-made mixture of CuSOy-sodium L-ascorbate (0.1 eq of
CuSO4 per 1 eq of the minor substrate). The mixture was stirred at room
temperature overnight and then extracted with dichloromethane three times. The
combined organic layer was washed with brine, dried over Na,SO,4 and condensed.

The residue was purified by chromatography to give the product.
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SH-156 [01601 NMR (300 MHz, D20): 6 7.58 (s, 2H), 7.29-7.13 (n,

10H), 6,08 (s, 2H), 4.70 (m, 2H), 4.38 (m, 4H), 4.27 (m, 211), 4.22 (m,

2H), 3.85 (m, 2H), 3,73 On, 41-0, 3.32 (m, 4H), 3.25 (m, 4H), 2.58 (s,
610)2@72608248 (M, 2211), 1.40 (d, J = 7.0 Hz, 6H), 1.39 (n, 2LH)paBE7/010924
NMR (75 MHz, D20): 8 173.36, 172.32, 169.56, 148.12, WO
2007/130626PCT/11S2007/010924 139.21, 129.32, 128.54, 127.40,
124.51, 69.98, 69.75, 68.97, 62.07, 61.07, 57.20, 51.13, 50.46, 50.41,
35.94, 33.01, 32.35, 31.31, 27.81, 25.07, 21.92, 15.63. [0161]11-1 NMR
(300 MigznB220piddciin® (S(dhigiclidD-drkoém, 1013), 6.05 (s, 211),

[0139] To a solution of the substrate in methanol (20 mg/mL) was added a solution
of HCI 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 DQ-24, SH-143, SH-155 and SH-142

[0140] Compounds DQ-24, SH-143, SH-155 and SH-142 were synthesized

according to Scheme L.
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4.70 (m, 2H), 4.38-4.14 (m, 8H), 3.85 (m, 211), 3.63 (m, 414), 3.35 (s,
4H), 2.55 (s, 6H), 2.22-1.45 (n, 22H), 1.42 (d, J = 7.1 Hz, 6H), 1.40 (m,
2H); 13C NMR (75 MHz, 020): 8 173.31, 172.28, 169.54, 148.15, 139.23,
126.30;128%53, 127.38, 124.45, 69.85, 68.90, 62.05, 61.05, BZ120554742)924
50.39, 35.93, 33.03, 32.34, 31.32, 27.78, 25.07, 21.93, 15.63. (0162111-1
NMR (300 MHz, 020): 8 7.51 (s, 2H), 7.28-7.04 (m, 10H), 6.04 (s, 2H),
4.70 (m, 2H), 4.39-4.15 (m, 811), 3.82 (m, 211), 3.70 (m, 41-1), 2.56 (s,
6H), 2.20-1.45 (m, 22H), 1.40 (d, J = 6.9 Hz, 6H), 1.38 (m, 2H); 13C1
NMR (78cMhiz, 11)20): 173.28, 172.22, 169.52, 148.14, 139.30, 129.31,
128.48, 12733, 124,36, 68.99, 62.04, 61,06, 57.21, 5,1H(]_QCF50 42 50.35,
35.93, 33.06, 3 32, 2 21,93, 4 WO
2007/130626pa@)3%/0ﬁ92W11m 00 MHz, D20): 5 7.40
(s, 214), 7.15-6.85 (m, 1011), 6.65 (s, 411), 6.08 (s, 211) 4.65 (m, 2H),
4.32 (m, 2H), 4.08 (m, 2H}"8Y=3.74 (m, 6H) 2 84 in, 4H} 2 4 (s, 6H),
2.28-1.04 (m, 88H): 1 (75 MHz, @Y\g 2.24, 171183} 169.34,
148.50, 139.56, 139.417129.07, 128.53, 177.43, 122.92, 61.70, 60.72,
57.20, 51.23, 50.86, 50. 19:36,08, 34.96, 34.64, 31.34, 29.61, 28. 6%

28.57, 28. 20 22606,2Qy Lt o\/\N N .
©/\/ Nk,

r;lHBoc r;JHBoc

- Do
N3 - N\)\/O\//

8 9

NH, NH
O
0 ‘
NHBoc A aocr{\\\

= -
1 3
0 Clovon = O 0 os
11 12 .
X Ay
~ HN I > N:N \/\/©/\H/Y\N
= N \/)\/O ‘ N™N NH,
. 13 Ph

Reagents and condititons: (a) i. trifluoroacetic anhydride, EtsN, CH,Cly, 1t; ii. NaHCO3, MeOH, 95%: (b) NaH,
propargyl bromide, DMF, 92%: (c) i. MsCl, E43N; ii, NaNs, DMF, 100 °C, 85% over two steps; (d) i, 3. CuSQy, {+)-
sodium L-ascorbate, CHzCN-H20 3:1; ii. 2N LIOH, 1,4-dioxane-H,0 1:1, 74% over two steps; (e)i. NaH, benzyl 2-
bromoethyl ether; ii. 10% Pd-C, Hy, MeOH; iii. MsCl, EtgN; iv. NaN,;, DMF, 65% over four steps; {f)i. 3, CuSQy,, (+)-
sodium L-ascorbate, CHzCN-H,0 3:1; ii. 2N LIiOH, 1,4<dioxane-Ha0 1:1, 72% over two steps: (g) propargy! ether (5
eq). CuS0y4, (+)sodium L-ascorbate, CHaCN-H0 3:1, 69%: (h} i. B, CuSOq, {+)-sodium L-ascorbate, CH3CN-Ha0
3:1, ii. 4N HClin 1,4-dioxane, MeOH, 95%: (i) NaH, propargy! bromide, DMF, 82%; (j) i. 8 (2.2 eq), CuSOy, {+}
sodium L-ascorbate, CH3CN-H,0 3:1, ii. 4N HClin 1.4-dioxane, MeOH, 62% over iwo steps.

{0141} - Selective protection of the amino group in L-phenylglycinol 1 with
trifluoroacetic anhydride gave an alcohol 2. Alkylation of 2 with propargyl bromide
yielded an alkyne 3. Reaction of 2 with methanesulfonyl chloride followed by
substitution of the resulted mesylate with NaN3 furnished an azide 4. Cycloaddition
of 3 and 4 under the catalyzation of CuSO4-(+)-sodium-L-ascorbate followed by
removal of the trifluoro acetyl groups afforded a diamine 5.

[0142] Alkylation of 2 with benzyl 2-bromoethyl ether followed by hydrolysis of
the benzyl protecting group furnished an alcohol. Reaction of this alcohol with

65



SH-165  101641'll NMR (300 MHz, D20): 6 7.55 (s, 2H), 7.19-7.05 (m,

1011), 6.85 (s, 414), 5.98 (s, 2H), 5.15 (s, 4H), 4.65 (in, 211), 4.25 (t, J =

7.2 Hz, 2H), 4.10 (m, 2H), 3.82 (m, 214), 2.54 (s, 614), 2.12-1.20 (m,

30 20d3GMIVIR (75 MHz, D20): 8 173.04, 172.16, 169.49, 1485652007/010924
139.08, 135.38, 129.27, 128.82, 128.51, 127.40, 123.90, 62.92, 60.92,

57.19, 53.62, 51.05, 50.39, 35.88, 33.05, 32.28, 31.32, 27.66, 25.06,

21.91, 15.64. SH-166 7 FIN Ph OH v LiN....,.-J. NNkI-r-NO 10165]111 NMR

(300 MHz, D20): 6 7.59 (s, 2H), 7.28-7.10 (m, 10H), 6.02 (s, 2H), 4.65 (m,

2H), 4. %dMMI@@QZM@Qﬁ:{%IW&Z(ﬁBst?ﬂl)io&&(ﬁwGﬂelt)ltEQQﬂesylate with

3220('“6 DO de o de 6 EHEoftdlidndt 6 Wit Y udds MMBLR M cuso,.-
(+)-sodium-L-ascorbate followed by removal of the trifluoro acetyl groups afforded

a diamine 7.

[0143] Compound 8 was synthesized according to our previously reported method
(Sun et al., Tetrahedron Letters, 46:7015 (2005)). Cycloaddition of compound 8
with excessive amount of propargyl ether (5-10 eq) yielded an alkyne 9.
Cycloaddition of 9 and 8 under the catalyzation of CuSOs-(+)-sodium-L-ascorbate
followed by removal of the Boc protecting groups afforded a diamine 10.

[0144] Compound 11 was synthesized according to our previously reported method
(Sun et al., Tetrahedron Letters, 46:7015 (2005)). Alkylation of 11 with propargyl
bromide yielded an alkyne 12. Cycloaddition of 2.2 eq of 8 with 1 eq of 12 under
the catalyzation of CuSO;-(+)-sodium-1L-ascorbate followed by removal of the Boc

protecting groups afforded a diamine 13.

Scheme 1I:

72
BocHN o) COOBn BocHN O COOH
14 15
' 0 Ph Ph
H N
<N N N linker"” N
C R o 4w “\\ o

Reagents and conditions: (a) 10% Pd-C, MeOH, H;, 1060%; (b)i. diamine,

EDC, HOBt, N,N-diisopropylethyl amine, CH,Cl5; ii. 4N HCl in 1,4-dioxane,

MeOH; iii. L-N-Boc-N-methyl alanine, EDC, HOBt, N,N-diisopropylethy!

amine, CH,Cly; iv. 4N HCI in 1,4-dioxane.

{0145] Compound 14 can be synthesized according to literature reported methods

(Duggan et al, Org. Biomol. Chem., 3:2287 (2005)) (Scheme II). Reduction of the
C-C double bond and hydrolysis of the benzyl ester in compound 14 gave an acid
15. Condensation of 2.2 eq of 15 with the above diamines respectively followed by
removal of the Boc protecting groups gave four ammonium salts. Condensation of

these salts with L-N-Boc-N-methyl alanine respectively followed by deprotection of
the Boc protecting groups afforded the bivalent Smac mimetics DQ-24, SH-143,
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173.35,172.29,169.53,148.20, 139.07, 129.31,128.54,127.36,124.06,
62.05, 61.03, 57.19, 51.11, 50.32, 50.05, 35.92, 33.02, 32.33, 31.31,

27.76, 26.68, 25 06, 21.93, 15.63. SH-167 [0166]tH NMR. (300 MHz,
DRO0G7188%s, 2H), 7.28-7.12 (m, 10H), 6.07 (s, 2H), 4.65 (mC2id§2eb 800924
(t, J = 8.8 Hz, 2H), 4.25-4.10 (m, 6H), 3.84 (an, 2H), 2.55 (s, 6H),

2.23-1.95 (an, 4H), 1.95-1.45 (m, 22H), 1.40 (d, J = 7.0 Hz, 6H), 1.35 (m,
211), 1.05- 0.85 (an, 8H); '3C NMR (75 MHz, D20): 5 173.33, 172.28,
169.55, 148.22, 139.18, 129.30, 128.54, 127.43, 123.96, 62.04, 61.02,
57.18, SHIISHT 3150384, B $4fiden)303284y8ha; 2@he Pof.86:h compound is
25.40, 269, 2599 15.64. EXAMPLE 4 Synthesis of SH-153 and SH-172
[0167]Compounds 511-153 and 511-172 were synthesized according to
Schemes IV

TABLE 2
Name Yield (%, over

four steps)
DQ-24 61
SH-143 62
SH-155 59
SH-142 55

NH, N=N NH»

@/\/N\)\/O\/'\E/)
5
[0146] 'H NMR (300 MHz, CDCL3): § 7.50 (s, 1H), 7.38-7.20 (m, 3H), 7.28-7.20

(m, 2H), 7.26-7.05 (m, SH), 4.98-4.75 (m, 2H), 4.23 (s, 2H), 4.36 (m, 2H), 3.50 (m,
2H); C NMR (75 MHz, CDCly): & 143.78, 133.54, 132.53, 130.26, 129.97, 129.70,
129.62, 127.47, 127.10, 126.40, 69.89, 63.23, 54.67, 54.60, 52.40.

sz \/© |
AN
©/\‘/ NS0
NH,

[0147) 'H NMR (300 MHz, CDCL3): & 7.59 (s, 1H), 7.32-7.22 (m, 3H), 7.22-7.13
(m, 5H), 7.12-7.05 (m, 2H), 4.55-4.29 (m, 6H), 3.85-3.75 (m, 1H), 3.75-3.56 (m,
5H); *C NMR (75 MHz, CDCly): § 143.51, 133.88, 133.63, 129.83, 129.61, 129.52,
129.38, 127.36, 127.32, 125.59, 70.89, 70.20, 69.25, 63.42, 54.62, 54.39, 50.49.

NHBoc

m ij;\/ 0\/

[0148] 'H NMR (300 HMz, CDCly): & 7.55 (s, 1H), 7.40-7.08 (m, 9H), 5.90 (brs,
1H), 5.24 (brs, 1H), 4.74 (s, 2H), 4.34 (1, ] = 7.1 Hz, 2H), 4.23 (d, J = 2.4 Hz, 1H),
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and V. WO 2007/130626PCT/U S2007/0 111924 Scheme IV: Reagents
and coditions: (a) 9-BBN, THF, then [1-1202 (35% in water), 3 N NaOH; (b)
Dess-Martin periodinane, CH2CI2, yield for 20 33%, yield for 21 62%;
(syDeasMaxitn periodinane, CH2CI2, 96%; (d) NaBH3CN, Ma@hud29@4 0924
(Gate.), 94%. 101681Borohydrogenation of the C-C double bond in
compound 14 by treatment with 9-BUN followed by oxidation of the

resulted borane by alkaline H202 gave a mixture of four alcohols. Alcohol
19 can be separated from the other three isomers by chromatography and

its structige(was-copfitmesiRye 4o ay raalysisz Qxiglation @hthennidareaf o), c
the other,t i er eSS in,periodi yi t tanes
20 and S e B By SRS g R e ol 128.50,
ketone DY BYNZBIBENAR Me IFre86nde &f a’8akblyiit tnbudl oPBIOS 3437, 49.37,
furnished .algahal422smssa single isomer. Oxidation of alcohol 19 by
5§§§§Martin periodinane also gave ketone 20, so the structure of alcohol

2 was also confirmed. WO 2007/130626PCT/11S2007/0 | 0024 Scheme
V: SH-172 (S,S), 74% over three steps SH-153 (R,R), 72% over three
steps Readdtits and conditions: (a) i. 10% Pd-C, H2, MeOH; ii. NH;

44etrahydro-1- naphthylamine, EDC, HOB,

9 . e NG i
amine: 7. Nal(3; %wme CuSe4,
(+)-sodium L-ascorbate, AcCN:t-BuOH:HgO 2:2:1, it; (c) 23 or 24, CuS04,
(+)-sodium L-ascorbate, (-BuOH.H20 1:1, rt; (d) i. 4 N Ha in 1,4-dioxane,
NG, ii. L-N'ltisb@dlﬂ-@Q%Mﬁmﬁﬁélﬂiﬁa»ﬁk@t?ﬂ)l\fﬂﬁ§obi@piy|!et}ﬁ?ﬂ), 7.08-6.99
amine, GH284 % 92-6 79 &4l stadioxane, Medks, 10369bblyeralysiafs m, 4H),

the benzyl.esters,ipn.18 f b ensatj f res
i R S D g A R SR S G S el o1, 132,04
(Schemé V§OREActord 8t 1Red&Hib Midoowih. tRefifanesiidhBeholtitie

followed by substitution of the resulted two mesylates with NaN3 furnished
two azides 23 and 24. Cycloaddition gfthese two azides with excessive
amount propargyl ether undeP IR catalyzation of

CuSO4-(-O-sodium-L-asc gcynes 25 and 26.
Cycloaddition of 23 and 2 pith theseAwa e kyn@\tesp//ectively furnished
WO 2007/130626PCT/t1S2007/0/ @924 compounds 27 and 28. Removal
of the Hoc pratecting groups in these two compounds followed by

d8A&bnsation WitiVINEKCMER SR ahihaYfelddersdbhrfitiors, 4H), 6.45 (brs,

Removahpf4he Hoc prate B QHy,GNs (4 thes® g an)idessgave=S45 13 2H), 2.72

and SHy 3. 15P8LIMEYY » HYIXWH§:0F tNHELUEOMNEYS: 04 (¢, 7 = 1.9 Hz, 1H), 1.92 (m,
2H), 1.43 (brs, 9H); *C NMR (75 MHz, CDCls): 6 155.17, 140.92, 139.85, 136.99,
128.76, 128.53, 128.40, 128.22, 127.22, 80.68, 80.58, 79.86, 74.19, 70.26, 69.16,
58.01, 34.75, 31.79, 30.99, 28.23. ‘

£h » Ph
HZN/ | D N:N ”/\(\’N/\/\
= N F 0 v N=N l,NHz
13

Ph

[0152] 'H NMR (300 MHz, D,0): § 7.50 (s, 1H), 7.33 (s, 1H), 7.23-7.03 (m, 17H),
6.99-6.92 (m, 6H), 6.80-6.68 (m, 4H), 5.38 (s, 1H), 5.34 (s, 1H), 5.10 (s, 1H), 4.08
(s, 2H), 4.08 (t, J = 6.8 Hz, 1H), 3.99 (s, 2H), 3.92 (t, J = 6.8 Hz, 2H), 3.02 (¢, J =
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[0170/To a solution of compound 14(1.25 g, 3 mrnol) in 50 ML of dry TI1F
was added 9 mL of 9-BBN solution (0.5 M in THF, 4.5 mmol). After the
solution was refluxed for 12 h, 1.5 mi. of 3 M NaOH solution and 2 mL of
H2020satuticns (35% in water) was added dropwise at O C. Aftsrmnesavingioo24
to room temperature and stirring for 2 h, the mixture was extracted with
ethyl acetate by three times. The combined organic layer was dried over
Na2S04 and then condensed. The residue was purified by

chromatography to give compound 19 (330 mg, 25%) and a mixture of

three otherﬂﬁqmﬁz(SSthg; 4594)[01H1IChenicat dataiiorepmpoung 1 = 7.3 Hz,

9: 6 O d
e, 1) o 18 (A e o3t f B s ML s
e ey arigabe ke 17%51136 (A6 14585 (kT Bh4) 136305, 134.70,
NMR (782Mtbz, CR64, 3)2915772.88,.14,0188,4155.28,283523%4]1 28,885 1 237468, 127.16,
128. 34’15% 489, 1958, 615144 69:1%75%81% 5Qs79s 46, %3, 38.64; 3d.0): 49.08, 40.52,

28.35, 27.34.”HO BocHN 0 0 O

2007/1?665%@&?9%?%%97@&%@%9% 0 a solution of the mixture of
three isomers obtained above (570 mg, 1.3 mmol) in 15 mL of CH2C12
was added Dess-Martin periodinane (660 mmol, 1.56 mmol) at room
temperature. The mixture was stirred %@géame temperature for 2 b and
then condensed. The residue was purified by chromatography to give
compound 20 8%) and 21 (330 mg, 58%). Compour can
be OX|d|zeddo ompoynd 20 irPthe same Reethod. [Qﬂ,73]<6\rﬁs\rhlcal data for
compound (300'MHZCDEL3)NG 7,40-7.2 :‘L/
(brd, J = I-{T,‘z 1H)(6.28, (ABq J=12. 2 Hz Zﬁ)“‘zb 62qt'T 84

1H), 43?‘{?:1 1H), 3.13 (M, H), 3.02 (t, 1H), 2.50-1.98 (m~8H), 1.83TrnHN._

1H), 1.60 (m, 111), 1.38 (brs, 9H); 13C NMR (75 MHz, CDCI3): 8 211.37,
1[P2530, 170.94HISMRZ3ABHAR, D20)56,71278(¢ 1 H)28.22.729.8&h, 6THD75.32 (m, 1H),

60.53, 7 24180 m, m,
L0174 S o SO 2 &g%%ﬁ% N

o R RN 24 LS RS G T o 7,
1H), 4.526Q; 045 15 Pi), 1140y A92@¢riHDH) . B/.@8, (b4, 7J5=H.LZZ3H)4 bHAd, J =72 Hz,
1H), 2.9, rdio@76md 1,236 334N BIEs, 1ABPrs7 28, 18604, 138.64,

Moo o A P BB VDD SR BT Py 010 s
34.18, %136, 5891 TS8O, BoeHND3OOBIB0EHMOTER. 6233, 31.31, 27.95,
25.86,21.99, 15.60.

SH-143

/

o) Ph N=N H O H HN

N O
YU\N N/K/O\/Z\/N\/\O/\‘/ N N\ﬂ/,\\
H o H Ph N o}
_NH o
[0154] "H NMR (300 MHz, D,0): 8 7.50 (s, 1H), 7.30-7.08 (m, 10H), 4.95-4.80 (m,

3H), 4.75 (m, 1H), 4.47 (s, 2H), 4.39 (m, 2H), 4.32-4.10 (m, 4H), 4.35-4.08 (m, 4H),
3.66-3.50 (m, 4H), 2.55 (s, 6H), 2.22-1.43 (m, 24H), 1.39 (m, 6H); '*C NMR (75
MHz, D,0): & 173.71, 172.30, 169.52, 143.92, 138.73, 129.07, 128.18, 126.96,
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2022 101751To a solution of compound 20 (160 mg, 0.37 mmol) in 15 mL

of methanol was added NaB1-13CN (120 mg, 1.9 mmol) and 3 drop of

H2S04 (98%) at -15 C. After stirring at the same temperature for 4 h, 10
miocfwateswas added and the mixture was extracted with ety asaiatei 0924

(30 mL x 4). The combined organic layers were dried over Na2S0O4 and

then condensed. The residue was purified by chromatography to give

compound 22 (147 mg, 92%). 101761tH NMR (300 MHz, CDC13): 5 7.30

(hrs, 5H), 5.45 (brd, J = 8.4 Hz, 1H), 5.20, 5.10 (ABq, J = 14.1 Hz, 2H),

4.85 (in145l53),72.48, (10.24,-43,90.183(p6, 61213 40 1%V6) .05, 57.20, 53.40, 53.24, 51.14,
2007/1 / 0 (I I—? % 21,45 101-0, 1.38

(is, 93, e KR e Wi, EOETB By e P be S 06, 135 43,

128.49, 128.27, 128.15, 79.36, 67.70@._}3 59.74, 54.00, 51.65, 43.62,

32.12, 31.82, 29.30, 28.29, 27.11. [0177]To a solution of compound 19

(170 mg, Q mol) in 10 mL of CH2CI2 was added methanesulfonyl o
chloriden(Q.05 L ,20.6mmol). The solution was cooled to 0 C a"’ﬁd end).2 ﬁ\('\

mL of N Nethiisoprypy mine wastadded c—)pw‘iXtL{t{re g
stirredvat foom te?npemm%ﬁg\tﬁgn%&e et residu S
purified by chr]omatography to give a rnesylate. To a solution of this

nigkfibtc in 10 ThNMHR{EBRaMbT v &% QU e d BO(gBF To3-PE2CmAREHIE 85 (4, ] =
mixtureaNeEKtHIBHaSsqaM tepperature ke (H2Hpr36k (the satalyst(s, 44), 4.22
was filt the filtrati ndense ield. an agid., The aci 3
was dis(?slrl((ﬂ;r]{\j/z(e%lfc ﬁpfg r(ﬁ? L % ézg%%gg?hiﬁs%o%é%# vagég éd%%g'lyg o QGH) » C
(R)-(-)-TVB b AHg d ¥ DB pHitRarh tebte d P70 WiniRol 4 EBRE 14908, 139.74,
mg, (1 4291 OBt (FHag) D74 d)sand013,r62.0f, 61.01, 57.48, 57.30, 51.12,

N,Ndiisgpeapyletylaninessubseguenty 44 B $91utary was stisregoat soam

temperature overnight and then condensed. The residue was purified by
chromatography to furnish-an amide. To a solution of this amide in 5 mL of
DMF was added 0,2 g of NaN3. Jhie midiuemasstirred at 110 C for 6 h
and then partitioned between 60 mL of ethyl acetate and 15 mL of brine.

The oyganic y:\y,gr was dried over Na2S04 arftl then condensed. The . ~nH
f§ﬁuga§pwﬁmgg%matography veﬁ%‘bﬁﬁ%@ggﬂ ,o\ﬁjﬁ\( .
68% dverJodir Stepsy: +ET1NVIR (300 MHz, CDC13): 57.38 (i ) ©
IF!), 7.20-7.03 (m, 3H), 6.81 (brd, = 8.2 Hz, 111), 5.50 (bid, 3= 8.4 Hz,

TU55h, 210, TR Py LRy G Tt AR it < e
(75 MHEzCH 189651 1)1 84570000 .28 18% 6137 (3.8 HB®-4 2, ($:2810:74.90 (m, 2H),
128,73 41857(3,8,H)26.16 (i 9236, 8@ G5, 28130, 544 §,-50.17 D24 41D)( 44048, 21), 3.82

33.19, 32. 9. . 27. 25.43, 74.. WO
AR RN o
synthesizBd (- tR&Barhd% e e a8 thator ¢ (76 MHz, CDCly): § 174.16,

172.05, 166.69, 145.37, 141.64, 140.60, 139.70, 139.15, 139.11, 128.60, 128.56,
128.50, 127.59, 127.47, 127.32, 127.29, 127.27, 127.02, 122.22, 121.52, 69.87,

. 66.39, 64.35, 60.15, 59.75, 59.18, 56.78, 53.41, 49.41, 49.26, 42.65, 36.71, 35.97,
35.12,32.03, 31.59, 31.55, 31.09, 24.91, 24.06, 23.20, 19.44.
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from compound 22 (63% over four steps). 101801'11 NMR (300 MHz,
CDC13): 8 7.32 (m, 1H), 7.15 (m, 2H), 7.06 (m, 1H), 6.77 (brd, J = 8.3 Hz,
11-1), 5.43 (brd, J = 8.2 Hz, 1H), 5.16 (m, 1H), 4.54 (m, | H), 4.48 (t, -= 7.5
Hezo kbbyydodzs (m, 1H), 3.52 (m, 1H), 2.80 (m, 2H), 2.48-1.50 o/ 444ddy/010924
1.42 (brs, 9H); 13C NMR (75 MHz, CDC13): 8 171.02, 170.07, 154.94,
137.11, 136.33, 128.98, 128.76, 127.20, 126.23, 79.76, 61.17, 60.35,

56.99, 49.85, 47.47, 42.20, 32.74, 29.84, 29.14, 29.01, 28.25, 26.08,

19.76. 10181)To a solution of 20 mg of CuSO4 in 2 ml.. of water was
added 40 mg of sodium L-ascorbafEex A PIiRWBe was shaken until the
color turned to bright yellow. This mixture was added dropwise to a

solutios gfigesmpawrd 133 ($ 20185 P12 90810 anNd 9- 2631 s Bf 1ORANGY- 167
ether in 3 mL of acetonitrile and 3 mL of tilluOH at room temperature. The

nitteie was stiveserntieSarhtdicthheratte dverribhl ehdSile$S, SH-166 and SH-

partitiongd Keteegimed il «t&dnigwlScaadellrmL of brine. The organic

layer was dried over Na2S0O4 and then condensed. The residue was

purifieddy&heqmatography to give compound 25 (105 mg, 74%). WO

2007/130626PCT/US20071010924 [018211H NMR (300 MHz, CDCI3): 6

7.64 (s, IH), 7.39 (m, 111)/R.18 (m, 2H), 7.07 (m, lli), 6.50%bkd, J = 8.3

Hz, 1H), 5.83 (brd, HI), 5,1%¢in, | H), 4.76tx1H 4.70 (s,

214), 4.55-432 (m, 4.23 (d, J = 2.4Hz214), 2.80 ¢n, 21-1), 2.50 (t, J

= 2.4 Hz, 1H), 2.46-1.63 @w, 14H), 1.48 (brs, 91-1); 13C NMR (75 MHz,

CDCI3): 8 170.63, 170.48, 154.79, 143.58, 137.35, 136.30, 129.11,

128.59, 127.36, 126.41, 122.65, 79.71{79.3 .87, 62,96, 60.83, 59.13,

57.49, 54,65, 53.29, 4784, 41.98, 3¢. 1.26:M30.15, 28.10,

28.34, 25.81, 20.06. 101831 ompouny 26 S esized in the

same method as that for compgmelozg from co@mpo’dnd 24 (yield 73%).

101841 11-1 NMR (3Q0 MHz, CDC13): 6 7.59 (s, 114), 7.36 (in, 1H), 7.13

(m, 2H), 7.04 (n, IH),668 (brd, J = 8.2 Hz, 1H), 5.48 (bid, J- 8:3yHz, 1H),
4,728, IH), 4.70 (s, 2H), 4.58-4.35.4m, 2H), ©

4.14(d, J g1 HN2.8D-(m; 2H¥ ﬁBtb%{mergégﬁ)’;NJ\/

DC NMR (Keadihz, CDC13): H170.83N170.60, 15908, 1441760137.22, H 4

136.29, 129.03, 128.79, 127.31, 126.32, 120.18, 79.86, 79.18, 74.97, ™

62.97, 61,30, 8002, %R AnBAL R I3 B ABef } oSy irParine,

30.50, 2%02¢129: 0l 2820 126d0xa48. BROH:; iii. L-N-Boc-N-methyl alanine, EDC, HOBt,

CH,Cl,, 78 % over three steps; (b) i. diazide, CuSQ,, (+)-sodium L-ascorbate, t-
BuOH~-H,0 3:1, ii. 4N HCI in 1,4-dioxane, MeOH.

[0158] The chiral amine 17 can be prepared according to literature reported methods
from compound 16 [Messina, et al., J. Org. Chem., 64:3767 (1999)]. Condensation
of acid 15 with chiral amine 17 followed by deprotection of the Boc protecting
group with HCl in methanol yielded an ammonium salt. Condensation of this salt
with L-N-Boc-N-methyl alanine fumished intermediate 18. Cycloaddition of 18
with corresponding diazide under the catalyzation of CuSOy-(+)-sodium-L-ascorbate
respectively followed by deprotection of the Boc protecting group gave designed
bivalent Smac mimetics SH-156, SH-158, SH-159, SH-164, SH-165, SH-166 and
SH-167. The efficiency of the synthetic scheme for each compound is shown in
Table 3.
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N=NN=N 10185)To a solution of compound 23 and 25 in 3 mL of
acetonitrile and 3 int of BhOH was added a mixture of 20 mg of CuSO4

and 40 mg of H-sodium asc,orbate in 2 mL of water. The mixture was
SEirredvat y@oen temperature overnight and then partitioned betwaen®@@mmie24
of CH2CI2 and 15 mL of brine_ The organic layer was dried over Na2S0O4
and then condensed. The residue was purified by chromatography to give
compound 27 (79%). (0186)114 NMR (300 MHz, CDCI3): 6 7.70 (s, 2H),
7.40 (m, 2H), 7.19 (m, 4H), 7.11 (m, 214), 6.54 (brd, J = 8.3 Hz, 2H), 5.79
(brd, J = 7.1 Hz, 2H), 5.19 (m, 2H), £AB{E 2H), 4.67 (s, 4H), 4.47 (m,

4H), 4.35 (t, J = 8.5 Hz, 2H), 2.79 (m, 4H), 2.45-1.60 (m, 28H), 1.43 (brs,
1811); 13C 'NMR (75 WHZ, COGLR) 6 17067, 4aq@8ovad} 78, 143.89,
137.31, 136.32, 129.06, 128.62, 127.31, 126.38vd 2@HRP, 7D.66, 63.66,
60.80, 59.06, 54.65, 53.27, 45801 %1.93, 34.49, 3849, 30.13, 29.21,

29.09, 28.32, 25.78, 20.03. NSNN3BI  101871Cofifpound P8 was
synthesized in the same meth®d-48%that for compdund 27 from compound
24 and 26. 10188111 NMR_(308Hv44 _CDCI3): 5 7# (s, 2H), 7.38 (m, IH),
7.20-6.99 (M, 6H), 6.60(brd$E-898 Hz 2k 548%hrd 1= 8.1 Hz, 2H),
5.16 (m, 211), 4.89 (m—2H); 4;%1{%5 24+4-70 (05494H), 4-52-433 (M, 4H),
2.78 (m, 4H), 2.56-1 58-(m;28H);1T43-(brs;-18H);I3C-NMR (75 MHz,
CDC13): 6 170.89, 170.51, 155.01, 22, 136.25, 129 03, 128.81,
127.33, 126.35, 120.21, 79.87, 63 .
43.86, 32.85, 32.73, 30.51, 2921/ 29.03,28.30, 26.8M 19.84. WO
2007/130626PCT/U82001/@,@92 ]To § solut f compound 27 in

5 mL of methanol was adddd 1 nﬂ. of H@ sq tioﬁ\‘tﬂl NI1,4-dioxane).

The solution was stirre®@€Pbam temperature’ overnight and then

condensed. The residue was suspendedm 5 mL of CH2C12. To this

mixture was added L-N-methyl-N-Boc-alanine, EDC, HOBt and

NO M sopropy e tNMERN{BR0 MidanGRGb)Wa S Jtindadatl roobs tBimpatdre0-7.44 (m,

overnigitand shemcerndansebol (hesesiflusowesdpyfied by Hz, 11H), 4.80 (m, 1H),

chromatography to gjv ide. To a,solution of this amide i

metha%é%%v s’aydﬁlggc'lJIAfl‘i:’r'r:sil Ir_l—lo%fnl%jr gb at orrrlm(zl5 ﬁginﬁtlf,gjﬁ?o@g%’egk?h{glaﬁg’ 2.62 (m,
solutiohfWas-&tifkdd at #dorridMbardtute d(@ritht hAl rentEbndéfiskasiém. 9H);
give crifde 1SHMRL (25amaisatt mith)HO 1 Thimcanpesintowas, pLadfies) bys.03, 128.55,
HPLC 10 glve pain produCldl e geagiens 5anJ5om 5e,06300Kess £ (WRLR! g g,
contained 0.1% of TEA) and 25% of solvent B (acetonitrile contained 0.1%

of TEA?%@%S?‘%‘QF Z3Kfant al&nd 45% of solvent in 25 mm. Analytical

HPLC showed the purity is over 95%.

w N

SH-156

. o Ql\:; Ph F;h o) o ﬁ :ji
BB R 3
_NH O N=N N=N

[0160] 'H NMR (300 MHz, D;0): 8 7.58 (s, 2H), 7.29-7.13 (m, 10H), 6.08 (s, 2H),

4.70 (m, 2H), 4.38 (m, 4H), 4.27 (m, 2H), 4.22 (m, 2H), 3.85 (m, 2H), 3.73 (m, 4H),
3.32 (m, 4H), 3.25 (m, 4H), 2.58 (s, 6H), 2.25-1.48 (m, 22H), 1.40 (4, J = 7.0 Hz,
6H), 1.39 (m, 2H); "*C NMR (75 MHz, D,0): & 173.36, 172.32, 169.56, 148.12,
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SH-172 1.4=-NON-N  }0190]1H NMR (300 MHz, D20): 6 7.85 (s, 2H),
7.22-7,02 (m, 811), .4,98-4.79 (in, 4H), 4.80-4.60 (m, 4H), 4.52 (s, 4H),

4.28 (t, J = 8.7 Hz, 2H), 3.82 (in, 211), 232- 2.50 (m, 1011), 2.48-1.55 (In,
2802po1/udbstel, J = 7.0 Hz, 6H); 13C NMR (75 MHz, D20): 5 ¢3/652007/010924
171.59, 169.27, 138.30, 136.14, 129.54, 128.56, 127.82, 126.61, 124.46,
62.79, 61.98, 59.66, 57.28, 55.45, 5324, 48.38, 41.25, 31.93, 31.32,

31.11, 29.86, 28.81, 27.24, 20.27, 15.64. SH-153 [0191]SH-153 was
synthesized in the same sequence as that for SH-172 from compound 28.

[0192133912NMBO(3001vi-b4, D201 B 7295 (5.62H8, 1680-5.85.6m), 1), 61.07, 57.20,
4.92-4.¢4 {N.5811). 439 G 6?5340?53@%525'? A.24,@1. %*67%? AMs %

211), 2.78-2°52'(m, 12H}J, 2.42-2.08 (m, 811), 1.99-1.55"(m, 18H

| =7.0 Hz, 611); 13C NMR (75 MHz, %12_10225(? 172.99, 171.58, 169. 78

138.23, 136.07, 129.46, 128.57, 1271 57, 123.39, 62.82, 62.56,

60.59, 58. 50.49, 48.38, 42.62, 32.49, 3130, 29.84, 29.53, s

28.78, 27.86, 2020 15. hEXAMPLESSyntheS|sof511 260 o oY
e BNy

N=N  H

[0161] '"H NMR (300 MHz, D,0): § 7.56 (s, 2H), 7.29-7.13 (m, 10H), 6.05 (s, 2H),
4.70 (m, 2H), 4.38-4.14 (m, 8H), 3.85 (m, 2H), 3.63 (m, 4H), 3.35 (s, 4H), 2.55 (s,
6H), 2.22-1.45 (m, 22H), 1.42 (d, J = 7.1 Hz, 6H), 1.40 (m, 2H); "*C NMR (75
MHz, D;0): § 173.31, 172.28, 169.54, 148.15, 139.23, 129.30, 128.53, 127.38,
124.45, 69.85, 68.90, 62.05, 61.05, 57.20, 51.12, 50.39, 35.93, 33.03, 32.34, 31.32,
27.78, 25.07, 21.93, 15.63.

SH-159
) v
\l/U\ V\ /& o
[0162] 'H NMR (300 MHz, D;0): 6 7.51 (s, 2H), 7.28-7.04 (m, 10H), 6.04 (s, ZH),

4.70 (m, 2H), 4.39-4.15 (m, 8H), 3.82 (m, 2H), 3.70 (m, 4H), 2.56 (s, 6H), 2.20-1.45 °
(m, 22H), 1.40 (d, J = 6.9 Hz, 6H), 1.38 (m, 2H); 'C NMR (75 MHz, D,0): &
173.28, 172.22, 169.52, 148.14, 139.30, 129.31, 128.48, 127.33, 124.36, 68.99,
62.04, 61.06, 57.21, 51.10, 50.42, 50.35, 35.93, 33.06, 32.35, 31.32, 27.81, 25.09,
21.93, 15.64. |

SH-164
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SH-1 46 Reagents and conditions: (a)i. 2 N UGH, 1,4-dioxane:1120 1:1; ii.

15, EDC, HOBt, N,N-diisopropylethyl amine. CH2CI2, 88% over two steps:

(b) I. 24, CuSO4, (t)-sodium L-ascorbate, t-BuOH-H20 1:1, ii. 4N HCl in
Wo-ehoxare2aMeOH; iii. L-N-Boc-N-methyl alanine, EDC, HOBET/US2007/010924
N,N-diisopropylethyl amine, CH2C12: iv. 4N HCI in 1.4-dioxane, MeOH,

55% over four steps. [0194]Removal of the trifluoroacetyl protecting group

in compound 3 followed by condensation of the resulted amine with acid

15 gave an amide 29. Cydoaddition of azide 24 with alkyne 29 under the
dat#yation offiCNSBAG® 6t PLRascorshle BHMTES 6y8fetmoQHIf thes (s, 4H),

Doe pretegineanpyrs orded a8ammanuposal A8 §9R0enslionief 2.84 (m,

this salt wyith L-N-Boe-N-methyl alanine, thg Boc¢ profecti oups.were
cleaved‘ ggl%ggtfﬁgg\%ﬁ’hzg%élx?n%?ﬁ&% ol t ( e“@%&%ﬁ%&r‘?‘ué 224, 171.83,
mimetid 69-44.468.50, (R0 18PNMIR2 300 198.153.C BT3B A 2556578, 60.72, 57.20,
7.4Hz, 33375928, ¥o 18, s 533D 4D =71 BiZobld), 58 (s 3h)os 20, 27.60,
4.73 (t,,1 5 6.6.Hz, 111),'4.60 (M, 1H), 4.19 (brs, 2H), 4.12 (m, 1H), 3.80

(m, 2HF 220210 ' 1H), 2.45 (t, J 2.3 Hz, 11-1), 2.231,65 (m, 41-1),

1.55-1.10 (m, 1611); 13C NMR (75 MHz, CDCI3). 5 172 20, 169,94, WO
21107/130626 PCTIUS2007/010924 £1567002 CIS07002 155.03,

139.45, 128.37, 12746, 127.05,79.59, 79.23, 74.91, 72.23, 59.76, 59.27,
58.34, 52.96051.08, 36.4%, 3260, 28.37, 24-93, 24.12, 28080 MHg, D2@): "'}
173.88,173, 1745 69R6, 243:92138

13831,136/20, 429.59126.12,128:48,128.17,127.88
124.24,

[0164] 'H NMR (300 MHz, D;0): § 7.55 (s, 2H), 7.19-7.05 (m, 10H), 6.85 (s, 4H),
5.98 (s, 2H), 5.15 (s, 4H), 4.65 (m, 2H), 4.25 (t, ] = 7.2 Hz, 2H), 4.10 (m, 2H), 3.82
(m, 2H), 2.54 (s, 6H), 2.12-1.20 (m, 30H); >C NMR (75 MHz, D;0O): & 173.04,
172.16, 169.49, 148.55, 139.08, 135.38, 129.27, 128.82, 128.51, 127.40, 123.90,
62.92, 60.92, 57.19, 53.62, 51.05, 50.39, 35.88, 33.05, 32.28, 31.32, 27.66, 25.06,
21.91, 15.64.

SH-166

’ e
HN
h H
o & Ph Ph O g N\"/!\
LN N
\,‘/lkN NMN N/Y\N N
_NH o N=N

[0165] 'H NMR (300 MHz, D;0): § 7.59 (s, 2H), 7.28-7.10 (m, 10H), 6.02 (s, 2H),
4.65 (m, 2H), 4.29 (m, 2H), 4.22-4.08 (m, 6H), 3.82 (m, 2H), 2.53 (s, 6H), 2.20-1.42
{(m, 26H), 1.40 (d, J = 7.1 Hz, 6H), 1.35 (m, 2H); ">C NMR (75 MHz, D,0): &
173.35, 172.29, 169.53, 148.20, 139.07, 129.31, 128.54, 127.36, 124.06, 62.05,
61.03, 57.19, 51.11, 50.32, 50.05, 35.92, 33.02, 32.33, 31.31, 27.76, 26.68, 25.06,
21.93, 15.63.
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72.30, 63.35, 62.21, 61.98, 61.05, 59.61, 57.27, 57.19, 55.46, 53.35,
53.20,51.12, 4841, 41.21, 35.95, 33.00, 32.34, 31.30, 29.83, 28.80,
27.94, 25.08, 21,91, 20.30, EXAMPLE 6 Synthesis of YP-317, YP-381,
WWO.38B/a19d2Y P-385 Synthesis of YP-317, YP-381, YP-383 aittf¥BP2@88510924
101971Compound YP-317 was synthesized according to Scheme VII.
101971Compound YP-317 was synthesized according to Scheme VII.
101971Compound YP-317 was synthesized according to Scheme VII. (m,
2H), 2.56 (s, 3H), 2.55 (s, 3H), 1.35-

SH-167

S
\‘)’]\g 5 NH N:N'N Niy\ﬁ \ i
_NH o N=N l\ :

[0166] '"H NMR (300 MHz, D,0): 8 7.62 (s, 2H), 7.28-7.12 (m, 10H), 6.07 (s, 2H),
4.65 (m, 2H), 4.30 (t, J = 8.8 Hz, 2H), 4.25-4.10 (m, 6H), 3.84 (m, 2H), 2.55 (s, 6H),
2.23-1.95 (m, 4H), 1.95-1.45 (m, 22H), 1.40 (d, J = 7.0 Hz, 6H), 1.35 (m, 2H), 1.05-
0.85 (m, 8H); '*C NMR (75 MHz, D,0): 8 173.33, 172.28, 169.55, 148.22, 139.18,
129.30, 128.54, 127.43, 123.96, 62.04, 61.02, 57.18, 51.10, 50.72, 50.44, 35.94,
33.03, 32.34, 31.32, 29.35, 27.86, 25.40, 25.09, 21.90, 15.64.

EXAMPLE 4

Synthesis of SH-153 and SH-172

[0167] Compounds SH-153 and SH-172 were synthesized according to Schemes IV
and V.
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1.45 (m, 26H), 1.43 (d, J = 7.0 Hz, 311), 1.38 (d, J = 7.0 Hz, 31-1); 13C
NN1R (75 15.62. 87 WO 2007/130626PC17US20071010924 Chbz- N/

Boc 0 1\> Al CONHCHPh2 1H 44 Br.
WO 2007/130626 PCT/US2007/010924

Scheme IV:

HO

14 2 . I} +  other three isomers (45%)

BocHN 0O S OBn
19 (25%) b

X

HO | o) |
' o)
d
N N + N
BocHN BocHN BocHN
oc O g OBn C O 5 OBn 0 0 5 OBn
22 ' 21

20

Reagents and coditions: (a) 9-BBN, THF, then H,O5 (35% in water), 3 N NaOH:
(b) Dess-Martin periodinane, CH,Cl,, yield for 20 33%, yield for 21 62%; (c)Dess-
Martin periodinane, CH,Cl,, 96%; (d) NaBH;CN, MeOH, H,SO, (cata.), 94%.

[0168] Borohydrogenation of the C-C double bond in compound 14 by treatment
with 9-BBN followed by oxidation of the resulted borane by alkaline H,0, gave a
mixture of four alcohols. Alcohol 19 can be separated from the other three isomers
by chromatography and its structure was confirmed by X-ray analysis. Oxidation of
the mixture of the other three isomers by Dess-Martin periodinane yielded two
ketones 20 and 21 which can be separated by chromatography. Reduction of ketone
20 by NaBH;CN in the presence of a catalytic amount of H,SO, furnished alcohol
22 as a single isomer. Oxidation of alcohol 19 by Dess-Martin periodinane also

gave ketone 20, so the structure of alcohol 22 was also confirmed.
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88 Reagents and conditions: (a) tert-Butyldimethylsilyl chloride,
N,Ndiisopropylethyl amine, Methylene chloride; (b) 10% Pd-C, Methanol,
H2, 88% over two steps; (c) Boe-Dap(2)-0H, EDC, HOBt,
NYR-Higsapreoylethyl amine, Methylene chloride; (d) 1 M PCT/US2007/610924
Tetrabutylamrnonium fluoride in tetrahydrofuran, Tetrahydrofuran, 87%
over two steps; (e) Dess-Martin periodinane, Methylene chloride, 96%; (f)
10% Pd-C, Methanol, H2, 64%; (g) Benzyl chloroformate, Sodium
bicarbonate, 1,4-dioxane, 95%; (h) Thionyl chloride, Methanol; (i) Boc
anhydride, Sodium bicarbonate, 1,4-Stigxaa®; 71% over two steps; (j) 2 M
Lithium hydroxide in 1120, 1,4- dioxane-1120; (k) Aminodiphenylmethane,
EDC, HOBt, N,Ndiisopropylethyl amine, Methylene chloride, fg;(m%r two
steps; (1) 4 M Hydrogen chloride in 1,4-dioxane, Methanet )
L-N-Boc-N-methyl alanins; EDC, HOB, N N- dusopropyle‘m)d amine,
Methylene chloride, 78%
90935 @)8, a-dtb?‘o'mo-px lene, S0 ium bisarbo
compound 21, Sodium bi natg, 1,4 )
chloride in 1,4-dioxatfs Meth&ha’ 34}% o 5N
101981Compound 31 was prepared in six $téps from pyroglutamic acid
(compound 30) by 133 Builisteae AYet @j@%{g@ang et at, Org: 2%5% orm, 68%
4:4029-4032 (2002): (b) Polyak et at, .1 Org, Chem. 63:593 7 50£5™ 6%
(1998)). The hydroxyl group in compountﬂ’é\v;;s prot %ld with TBS to
yield compound 32. The benzyl prot group WasT

hydrogenatlon to yield amine jhich Was coupled with
to give amide-84. The TBH proty etive up in compound'34 was4¢¥mo @
by 1 M tetrabutylampfien eru\ond in teisahydrofurandanieldalcghql-35
which was then oxidized to Hldéhyde 36 by Dess-Martin Penoéfln‘aneH O
Removal of die Cbz protective group in c%@ d7§§> by catalytic
'hydrogenation, intramolecular condensation of the deS|red amine with the
aldehyde and subsequent reduction of the_gesulted engmine were carded

out in one pot to give bicyclic compoundﬂ\;&&ryog}&y/as protected with

Cbz protective group to yield ¢ 38. The Boc prot roup in
compoundi&v_yas repoved add tén- but | gster was c
i | chiori "methanol tQ gi ou

The amine group rote{i}‘/\tg)wmh Bd§ pratective rouﬁ to yte
compound 40. MethyFester 40 was transforiéld to @ riboxylic acid 41

which was condensed with aminodigphenyEejhane dafermearaide 42, The

Boe protective group in compound 28~ W&éﬁf@ﬂé@‘é@t@r@m@ﬁ‘eeﬁamine 43,

which was coupled with L-N-I3oc-N-methyl alanine to yield amide 44. The

Cbzﬁtﬁiﬁﬁmé@@@'*m@ éﬂs@&% Wﬁ? tém?@wm ‘NN disopropyiethyi
r@gﬁeact@;m igINeNTHING: 4 4 (+)-sodium L-ascorbate,

a, a-dmmxgmw@ﬂezw il 2oempb Lm@% (qummndssw&te t-BUOH:H,0 1:1. rt;

20043068 u@ﬁ?@&%@%@@%ﬁ‘ﬁ%@ﬁﬁ&%ﬁeﬁﬂ 48"

and sodium bicarbonate té give the protected dimer 47, whose Boc

0169 otectivE yilyEsé B brrevetr et pr dasfrdie wahby yedemsation of the
1Q"bﬁﬂﬂelilaﬂ;1&\| MHh (D2)- 8 IWQQQKWrM)n%hH%M%é%ﬁﬂh two amides

H),6,02:6,05 (m, 111), 5.30:5 36
4. 205%%%(@ z% 22]7b S 2°|—f3ﬂ‘§s$(8 §86)€ S LN *’%59? %bg’r%gho‘ﬁed
= byhpebitinytionsq fhe syltodaevrmepyieiesveth Naphs Frnishyd tvey aFides g and
410), T3Behdditi(oh of Thésd2padhtyid3CyMVERERD2D) AriblatF3oda6Ry1 Bther under

16790, 1R3.83n 1&3&33(}4%%&&8 92 5hae: %&Q Wy %?ﬁgs 129,282,
128.40,128.13, 1 8,114.72,62.98, 61.0

56610890 ips 0% 25598 39 fQ“h?"?fée 3185 25y gﬁ%nﬁmﬁmmm
15.42; HRMS Found: [M1-H] 1057.6057 (calcd 1057 6028).

102001YP-381, YP-383 and YP-385 were7synthesized in a similar fashion
via acylation of compound 45. [0201) NMR (300 MHz, CD30D, TMS)
88.94-8.91 (d, J = 7.9 Hz, 1H), 7 37- 7.24 (m, 1011), 6.17-6.14 (d, J = 8.2
Hz, 1H), 4.58-4.55 (m, 1H), 4.24 (br, 1H), 3.99- 3.90 (in, 211), 3.50-3.38
(m, 111), 2.70 (s, 310, 2.65-2.40 (m, 2H), 2.31(m,11-1),
2.09-1.78(t0,61-1),1.61(m, 21-1), 1.56-1.53(d, J = 7.0 11z, 3H),

Dyed by catalytic




1.32(s,41-1). 13CNNIR (75 MHz, CD30D) 6 176.5, 175.9, 173.2, 169.6,

143.0, 129.6,128.8, 128.2, 62.7, 58.2, 53.7, 34.4, 33.4, 32.3, 31.8, 30.3,

28.3, 26.1, 16.2. HRIVIS; calcd miz for (M-ENar 1143.6371; found
WO2®3836X6P-383 0 c 4 2 4?-7( Ph2HCHNOd ORN o CONPGHRRE 110924

NH MCI 102021111 NMR (300 MHz, CD30D, TMS) 8 7.35-7.27 (m, 10H),

6.16 (s, 1H), 4.59-432 (n, 1H), 4.24 (hr. 1H), 4.02-3.99 (m, 1H), 3.97-3.92

(m, IN), 3.90-3.87 (n, 114), 3.58-3.48 (in, 211), 2.70 (s, 314), 2.56-2.34

(m, 214), 2.34-2.32 (n, 111), 2.06-1.19 (m, 611), 1.56-1.53 (d, .1 = 7.0 Hz,

3H), 1.30(wo6hi)s BTNMR2E/5 Reteo@D8O0)S Brs. ;rofebtdgl gddys169.these two

143.0, LeR5buhdS RiibeaRd b9 2dndeBsdtiors Wit 4:N-BbEr8hdth P Aiclded two
28.3, 26.3, 16. HRM%I:\?%ach. xn/z for [M+NW 1171.6684; found

1171.6680 P BEBYE N L H1e Boczprotecting rpums in\fipsg fvo amides gave SH-153
, W COMEIGH A2 RispCH06: 0 NHHN 0

HO HO
7 o ‘x1
NI — N ' ¥<N |

\

BocHN” & 7-0Bn BocHN" o #~oBn  BoeN o 708
14 19 mixture of three

isomers

[0170] To a solution of compound 14 (1.25 g, 3 mmol) in 50 mL of dry THF was

added 9 mL of 9-BBN solution (0.5 M in THF, 4.5 mmol). After the solution was
refluxed for 12 h, 1.5 mL of 3 M NaOH solution and 2 mL of H,O; solution (35% in
water) was édded dropwise at 0 °C. After warming to room temperature and stirring
for 2 h, the mixture was extracted with ethyl acetate by three times. The combined
organic layer was dried over Na;SOy and then condensed. The residue was purified
by chromatography to give compound 19 (330 mg, 25%) and a mixture of three
other isomers (580 mg, 45%).

[0171] Cherhical data for compound 19: '"H NMR (300 MHz, CDCI;): & 7.40-7.28
(m, 5H), 5.43 (brd, J = 7.8 Hz, 1H), 5.28, 5.18 (ABq, J = Hz, 2H), 4.67 (t, ] = 8..,4
Hz, 1H), 4.65 (m, 1H), 4.20 (m, 1H), 3.96 (m, 1H), 2.45-1.60 (rﬁ, 10H), 1.38 (brs,
9H); C NMR (75 MHz, CDCly): & 172.38, 170.83, 155.13, 135.39, 128.58,
128.40, 128.34, 79.70, 70.63, 67.14, 60.13, 56.16, 50.70, 45.22, 32.67, 31.70, 28.35,

27.34.
HO ) :
= O
g ( T T m
BocHN 0 g OBn BocHN 0 g OBn BocHN 0 g ~0OBn
19 20 21
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00 NH HCI 102031111 NMR (300 MHz, CD30D, TMS) 6 8.95-8.93 (d, J =

8.1 Hz,7,37- 7.24 (n, 10H), 6.17-6.14 (d, J = 8.0 Hz, 1H), 4.58-4.56 (m,

1H), 4.24 (br, 1H), 3.99- 3.92 (n, 2H), 3.82-3.70 (M, 1H), 2.70 (s, 3H),
206220030305 2H), 233 (M, 111), 2.04-1.75 (n, 6H), 1.60-1.56(rr/@bh)7/010924
1.55-1.52 (d, 1= 7.0 Hz, 314), 1.34-130 (in, 211). I3CNMR (75 MHz,

CD30D) 8 176.5, 175.8, 173.3, 169.7, 143.0, 129.6, 128.8, 128.2, 62.7,

58.2, 53.7, 34.5, 33.4, 31.7, 30.2, 28.3, 26.2, 16,1. HRMS- calcd, mitz for
[MI-Na]+ 1115.6058; found 1115.6055. EXAMPLE 7 WO

20072330626 PITRIBRE0E 61 0224iSyinthetsisroé Soraerdbimetied above (570 mg, 1.3
Intermegliates fcleme LH Uﬁeéﬁe@!é) 306LEPALME 2 bérDaibleldTos0 mmol, 1.56

1,4-dioxane, methanol; ii. Boc-Da

NiN-diiSBEOR HRTIFRRE BN C @mr&féﬁwmaghw@@ teprature for 2 h
PPh3, Gh2GI2po08ni¢oitd2, 0% Reided 1965 (PrEBBN>{2 dadnidttizraphy to give
reflux, 12h,Jhem3 o Nay %@?M 36202 -5388))- BGriptufPY8 &) e oxidized
Dess-Martin erlodl H2C12: it H2, 10% Pd- C, |PrO|-xI) 50% over
o oot THPBEHAY & L ST G13ediates 51 mid 53 is shown in
denedie VIIl. ChampisandatsionapheoprapdPe HINME ()9sMidm CDCls): 8 7.40-7.28

pyrog, |l{§ﬁ”§9ﬁ@d§@o§&(§0ﬂh@}§9 rmprgegknyeilqu@(;seex (D Zhansky - 4.62 (1, J =

Xiong |n g. Let 2 (23

4029- 45342 5&%975 éﬁg éﬁé’n%%L “é’nl% 5'0% E& 39‘% %%33§“6§H) 1.83 (m,
5937-594D) ; éé%mxhhib bBEAGTE e DS OMERs Rithilfie PI6HsY BGied7, 172.20,
as the magosrosiues (natieis aboss 4128 Remes/abofstm Bocigransi 48.06, 53.39,

followe

N-a- (te% %Stf)%(%?g]r%onylﬁ\%-%gezﬁz%z qcarbonyl) L-diamino-propionic

a4 Boc-Da %Z‘f‘ﬂﬂ)‘lg%ﬁ?é A AT Adneld AR4RAE 6t ME© EDEdubR 7-40-7.20
bond in(49 yieidedaldehyde B0 Hzlaavagel of($heiOb3.0vquy) IH4, 4.52 (1, J = 8.5 Hz,
infra- mqlﬁstua;zq?m%sgm@é the yesplingpmipg Wil n{% f#ﬂe%%e(m 2H), 2.36-

group and su seq@ent reduction of t § enamine were rea lized in'o

to &ye doffipBEmaEL. it iniRtratidlorm&tidMERIY CoMbturfcPS s zog 72, 170.93,
obtained78nié tHereuab3nd dlete® bl e2RAnatith 13t i89 . BuMes B uggesting74, 52.13,
that theqamsinaalsiehyde framdhs mingy égomer does not cyclize under

these conditions. WO 20071130626PCT/US2007/010924

102051 Hydroboration of the C-C double bond in 49 with 9-BBN followed

by alkaline oxidatf@n of the resulted borane affordedt#lzohols 52.

Oxidation of 52 wi artin periodinane furnishegamixtute of two
aldehydes, whichjwas c
compound 51 to gi mpgund 53. Similar to 51, dur
transformatiBochiNy onegyis Dsas obtained. 18308MANalygic
compound 51: [a] 20 N “382 (c=1.7, CHC13); 1H NMR2 300MHz,
CDCI3, TMS) 55.45 (brd, J = 8.0 Hz, 1H), 4.67 (m, 11-0,72.52 (t, J = 9.0

Hz, IH), 4.23 (m, 1H), 3.74 (s, 314), 3.20 (m, 2H), 2.94 (m, | H), 2.74 (dd, J
d0138, 10.9 HFo 2)sdh@Bimf ¢amppud 2Qr6 60H) 1 BY7(mmd bl inll 86al. 4 methanol
17542, 70 80 155 70,55 SO0, B3R, G0 S s, G 13 C
39,15, 250 g G s SRanne doe oy At Sl i Bed and e
2D - 23112%8“%“@% eﬂteqtssl with efax ReesHe G%ﬂﬂlcmlélmwtsrwgrgamc layers
(brd, J w&® tizedH)yd 19480, Hpd4then(ddnticnSed, 8. 2hdZ)eARR: (Mhs Llrified by
3.74 (s, 0] m 9H) o3 (brs, 9H); 13C

NMR §7c§}|§ﬂ)ﬁ§0éD%§§tg v M?L%%%g%ii% )9, 7968, 6103,

481951 53.72, 5}15; %W%MQ poCRE ek, 3 %%(% £D26.4% (brvigs = 8.4 Hz, 1),
EXAMPLUD 853ynthasisiof B4 188,2189 488l Y01 H), 4.48 (m, 2H), 4.13 (m, 1H), 3.16
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Scheme IX WO 2007/130626PCT/US2007/010924 SH-188 n =3, X =0,
811-159 n=3,X=S, 811-190 n = 4, X = 0 Reagents and conditions: (a)

EDC, HOBt. N,N-cliisopropylethylamine, CH2C12; MI. 4 N 1101 In
Iwvpdiwgas@2deOH; ii. (S)-N-Soc-N-methylalanine, EDC, HOBLI/US2007/¢10924
N.N-cliisopropylethylamine, CH2012; iii. 10% Pd-C, 112, MeOH; (c)

thiophosgene or triphosgene, CH2C12; ii. 4 N HCI in 1,4.dioxane, MoOH.
E02081Condensation of acid 15 with amine 54 or 55 gave amides 56 and

57 respectively (Scheme IX). Removal of the Boc protecting group in 56 or

57 follogweq byl ;andensetigm,of orp,residteskgrempniliasNwiR (75 MHz, CDCls): §
(S)-N-BogrNometyh ai%@'ﬂ% M'?&dz%d oM 9§§7R?£‘§Q‘éa'7@f§8969% 66.87, 59.74,

protecti oups in the two amides f urnlshe d amines 58 and
AR AR et b
Removal of the Boo protecting groups in these two ureas provided
SH-188 and ghi-190, respectively. Condensation le 58 with 03 eq of
thlophosgene a thiourea. Removal of the Boo ecting group in this

[0177] To a solution of compound 19 (170 mg, 0.39 mmol) in 10 mL of CH,Cl; was
added methanesulfonyl chloride (0.05 mL, 0.6 mmol). The solution was cooled to 0
°C and then 0.2 mL of N,N-diisopropylethylamine was added dropwise. The
mixture was stirred at room temperature for 4 h and then condensed. The residue
was purified by chromatography to give a mesylate. To a solution of this mesylate
in 10 mL of methanol was added 50 mg of 10% Pd-C. After the mixture was stirred
at room temperature under H for 3 h, the catalyst was filtered off and the filtration
was condensed to yield an acid. The acid was dissolved in 10 mL of CH,Cl,. To
this solution was added (R)-(-)-1,2,3,4-tetrahydro-1-naphthylamine (60 mg, 0.4
mmol), EDC (77 mg, 0.4 mmol), HOBt (55 mg, 0.4 mmol) and 0.3 mL of N,N-
diisopropylcthylamine subsequently. The solution was stirred ét room temperature
overnight and then condensed. The residue was purified by chromatography to
furnish an amide. To a solution of this amide in 5 mL of DMF was added 0.2 g of
NalN3. The mixture was stirred at 116 °C for 6 h and then partitioned between 60

" mL of ethyl acetate and 15 mL of brine. The organic layer was dried over Na;SO4
and then condensed. The residue was purified by chromatography to give
compound 23 (132 mg, 68% over four steps).

[0178] 'H NMR (300 MHz, CDCls): 8 7.30 (m, 1H), 7.20-7.03 (m, 3H), 6.81 (brd, J
= §.2 Hz, 1H), 5.50 (brd, J = 8.4 Hz, 1H), 5.18 (m, 1H), 4.65 (m, 1H), 4.48 (m, 1H),
4.35 (m, 1H), 3.84 (m, 1H), 2.80 (m, 2H), 2.45 (m, 1H), 2.30-1.78 (m, 13H), 1.45
(brs, 9H); ’C NMR (75 MHz, CDCl3):  171.19, 170.26, 154.87, 137.18, 136.41,
129.07, 128.73, 127.28, 126.16, 79.56, 60.47, 59.30, 54.47, 50.79, 47.57, 40.40,
33.19, 32.56, 29.83, 29.02, 28.32, 27.82, 25.43, 19.74.
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Pheh BachINCCN-k-1)(CH2)12-----C.N-ck, iri-/NHBoc 014 620 Pheho
,1,2)120,----N S--Ic/ ---rm-NN H. H-\ HNO OFt z NH -...- SH-202 Reagents
and conditions; (a). i. NaH (2.5 eta, 1,12-dibroneadcdecane, DMF: ii. 3 N
(WORN/Bo@osent): (6) acid 15(2.2 eq), EDO HOBL PCT/US2007/010924
N.N-thisoprepylethylamine. CH2C12; (c) 4 N HOP, 1.4-dioxane, MeOH, t,
(5)-N-Bee-N-methyl alanine. EDC, HOBt. MIS-diisoprapylethylarNne,
C142012; H. 4 N HCI, 1,4.clioxane, MeOH. [0209]Substitution of sodium
alcoholate derived from compound 60 with 1,12- dibromododecane
followed by removal of the trifluoroacetyl group gave diamine 61.
Condensa}g’ of 61 with 2 eq of acid 15 yielded anr@mlde 62. Removal of
the Boc protéctin groups in 62 foIIowed by conden tion with

protectlng roup in\fhisamide pro#idedSll-ZOZ. XAMPLE 10 Synth
of Sinac Mimgetiedntermediates Scheme XI )-**CO
BocHN o) o OBn BocHN

- [0179] Compound 24 was synthesized in the same sequence as that for compound 6
from compound 22 (63% over four steps).
[0180] 'H NMR (300 MHz, CDCls): § 7.32 (m, 1H), 7.15 (m, 2H), 7.06 (m, 1H),
6.77 (brd, J = 8.3 Hz, 1H), 5.43 (brd, ] = 8.2 Hz, 1H), 5.16 (m, 1H), 4.54 (m, 1H),
448 (t, J = 7.5 Hz, 1H), 4.25 (m, 1H), 3.52 (m, 1H), 2.80 (m, 2H), 2.48-1.50 (m,
14H), 1.42 (brs, 9H); '*C NMR (75 MHz, CDCly): & 171.02, 170.07, 154.94,
137.11, 136.33, 128.98, 128.76, 127.20, 126.23, 79.76, 61.17, 60.35, 56.99, 49.85,
47.47,42.20,32.74, 29.84, 29.14, 29.01, 28.25, 26.08, 19.76.

O\/\
N3 NTN
, N ,
BocHN NS N N
GC O
SN
23 BocHN O o u
. 25
{0181} To a solution of 20 mg of CuSO; in 2 mL of water was added 40 mg of (+)-

sodium L-ascorbate. The mixture was shaken until the color turned to bright yellow,
This mixture was added dropwise to a solution of compound 23 (120 mg, 0.24
mmol) and 0.2 mL of propargyl ether in 3 mL of acetonitrile and 3 mL of +-BuQH at
room temperature. The mixture was stirred at the same temperature overnight and
then partitioned between 60 mL of CH,Cl, and 15 mL of brine. The organic layer
was dried over Na;SO, and then condensed. The residue was purified by

chromatography to give compound 25 (105 mg, 74%).
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COOF1la BocCbzHN 064 Reagents and conditions: (a) i. 4 N HCl in
1.4-dioxane. methanol; H. Boc-Dap(2)-01-1, EDC, HOBt N,Al-
diisopropylethylamine, CH2C12; (b) 03, then PPh3, CH2C12; (c) H2, 10%
pEeCHpodk (d) 1. CbzCl, NaHCOS3, 14- dioxarte; H. 3 N Li®NI/US2007/010924
1,4-dioxane then I N HO; (e) i. amine, EDC, HOB,

N,N-dllsopropylethylamine, CH2CI2; H. 4 N UCt in 1,4-dioxane,

methanol; Hi. (S)-N-protected amino acid, EDC, HOB,
N,N-diisopropylethylamine, CH2C12; (0 i. diacid (0.5 eq), EDC, HOBL

RN sdijsopropyletNERN{Be) CHRCIEDITIS:N HB4ins], ZDtiEn éntnahanak (m, 2H),
1021014 89l 36} SieRtneURG i, e pUneaiR ol key INEMEYIAGs n, 1m),

41 is presented in Scheme Xi. oun may be prepared In
et Kovol i b S e T B E e Mol oy, 250 (.
Zhang,2H) Xiciog(tCl: 3\2ah GIAV) Ming 48- 6l (rrubgiTY . | 38Cbgs, L8D;, J002MR (75

4 (23), #R22 é%%%?”&' {20 B9yl 4n, and babell Y4 5337J3§)r93<§3ﬂ)9f1b9 11, 128.59,
1998, 63, 5937-5949) as a mixture of Q/\éo diostereoj ers with t

form |36ﬁ7e} sl?‘r‘? Ill’la](%?&SOdZJ%? raz %a%ﬁzﬂ. e?r?o%?al o??ﬁe BGE>> 54-65

group in4BfdlIRdedlRBcdhdentatdniwith, 30.15, 29. 10 28.34, 25.81, 20.06.
N-a-Vertbutoxylcarbony1)-N-0-(benzoxylcarbonyl)-L-diarnino-propionic
acid (Boe-Dap(Z)- OH) gave amides 49. Ozone oxidation QI the C C
double bond in 49 followed by reduction with PPh3 yielded a‘hdé%de 50.
Cleavage g,f the Cbz group in 50, infra-molecular coffiensation of the
De reduction of the

Wlth the aldehyde group and subseq

51 fupaigied acid 1pZHli€opdensation of 41 with di
gave a series of @ (Pnidds. Reg
amides followed by condensation of the resulted ammonium gglts with
(5)-N--protected amino acids yielded a series of amides 63. Removal of

e e i R

BIVALENT SWIRC: MM ETREST 3 %) -

[0184] 'H NMR (300 MHz, CDCl3): & 7.59 (s, 1H), 7.36 (m, 1H), 7.13 (m, 2H),
7.04 (m, 1H), 6.68 (brd, J = 8.2 Hz, 1H), 5.48 (brd, J = 8.3 Hz, 1H), 5.15 (m, 1H),
4.89 (m, 1H), 4.72 (m, 1H), 4.70 (s, 2H), 4.56-4.35 (m, 2H), 4.14 (d, J = 2.3 Hz,
1H), 2.80 (m, 2H), 2.58-1.55 (m, 1SH), 1.43 (brs, 9H); '*C NMR (75 MHz, CDCls):
5 170.83, 170.60, 155.02, 144.76, 137.22, 136.29, 129.03, 128.79, 127.31, 126.32,
120.18, 79.86, 79.18, 74.97, 62.97, 61.36, 60.02, 57.52, 57.22, 49.65, 47.76, 43.81,
32.84,32.72, 30.50, 29.92, 29.01, 28.29, 26.56, 19.86.

N=N N=N
N\)\/O\//\/N,
23 + 25 </\' Q\'g
NN o NHBoc BocHN O g P{
27
[0185] To a solution of compound 23 and 25 in 3 mL of acetonitrile and 3 ml. of t-

BuOH was added a mixture of 20 mg of CuSO4 and 40 mg of (+)-sodium L-
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ONHAC NH 81-1-173 102121811-173:114 NMR (300 HMz, CDC13): 8 8.70

(s, 21-1), 8.32 (d, J = 8.0 Hz, 211), 7.60 (d, J -= 7.4 Hz, 211), 7.40-6.80

(m, 26 H), 6.47 (d, J= 7.9 Hz, 2H), 615 (d, J = 8.0 Hz, 2H), 4.81 (m, 211),

AVaD2(iey/Bdeky, 4.50 (m, 2H), 4.27 (t, J = 7.1 Hz, 411), 3.95 (npCLA}2007/610924

3.30-3.08 (M, 4H), 2.60 (t, J - 2.61 Hz, 441), 2.45-2.25 (in, 2H), 2.12-110

(m, 3614); 13C NMR (75 HMz, CDC13): 5 170.78, 170.41, 170.14, 16928,

128.53, 128.44, 127.68, 127.56, 127.28, 123.70, 111.29, 110.25, 59.98,

59.06, 54.01, 50,40, 50.20, 50 01, 47.76, 35.93, 34.61, 31.74, 29.53,

29.09, 28:6x24i183 128 . 30waRO5TROMER ure AR N NiNooSehEBrature overnight

10213181154 %&&tﬁo&k" &(@Q&W%ngbé 3:187m(§ 1]5'1)1L70753b£§1e21%im organic

7.30-7.11 (m, 10H), 6.0 sg} 2H), 4.35-4.16 (m, 10H), 3

(m, 2HY BBV ﬂ@@fwzezﬁaz 54“(5 %ﬁ) ?aéf’cﬁ‘fdzﬁslef@%daﬁ %—Sl)vmﬁed by

1.75-1.4Br¢ina®4ibhy1BQi W MRnrBdNIZ (T926): & 175.85, 174.79, 172.08,

10983 147.3%y IN®Q3d6 MiP2, cDCLy): 5 7.70 (5, 2H), 7.40 (m, 2H), 7.19 (m, 4H),
7.11 (m, 2H), 6.54 (brd, J = 8.3 Hz, 2H), 5.79 (brd, J = 7.1 Hz, 2H), 5.19 (m, 2H),
4.75 (m, 2H), 4.67 (s, 4H), 4.47 (m, 4H), 4.35 (t, J = 8.5 Hz, 2H), 2.79 (m, 4H),
2.45-1.60 (m, 28H), 1.43 (brs, 18H); 3C NMR (75 MHz, CDCL): § 170.57, 170.48,
154.78, 143.89, 137.31, 136.32, 129.06, 128.62, 127.31, 126.39, 122.60, 79.66,
63.66, 60.80, 59.06, 54.65, 53.27, 47.80, 41.93, 34.49, 32.49, 30.13, 29.21, 29.09,

28.32,25.78, 20.03.

‘\N\)\/O\A\/‘N
24 ' 26 o C):\ Qi
N N
28
[06187] Compound 28 was synthesized in the same method as that for compound 27

from compound 24 and 26.

[0188] 'H NMR (300 MHz, CDCly): & 7.61 (s, 2H), 7.38 (m, 1H), 7.20-6.99 (m,
6H), 6.60 (brd, J = 8.0 Hz, 2H), 5.48 (brd, J = 8.1 Hz, 2H), 5.16 (m, 2H), 4.89 (m,
2H), 4.73 (m, 2H), 4.70 (s, 4H), 4.52-4.33 (m, 4H), 2.78 (m, 4H), 2.56-1.58 (m,
28H), 1.43 (brs, 18H); '*C NMR (75 MHz, CDCls): & 170.89, 170.51, 155.01,
137.22, 136.25, 129.03, 128.81, 127.33, 126.35, 120.21, 79.87, 63.85, 61.38, 60.03,
57.27, 49.65, 47.75, 43.86, 32.85, 32.73, 30.51, 29.21, 29.03, 28.30, 26.54, 19.84.

N=N N= ‘
N
SH-172
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131.09, 129.93,128.50, 126.79, 64.57, 6153, 59.73, 54.54, 53.66, 52.90,

52,59,

38 49, 35.57, 34.90, 33.93, 31.29, 30.32, 28.96, 28.65, 27.63,

27.38, 25.24, 24,49, 18 22.
WO 2007/130626 PCT/US2007/010924

[0189]

[0190]

To a solution of compound 27 in 5 mL of methanol was added 1 mL of HC!
solution (4 N in 1,4-dioxane). The solution was stirred at room temperature
overnight and then condensed. The residue was suspended in 5 mL of CH;Cl,. To
this mixture was added L-N-methyl-N-Boc-alanine, EDC, HOBt and N,N-
diisopropylethylamine. The mixture was stirred at room temperature oi/emight and
then condensed. The residue was purified by chromatography to give an amide. To
a solution of this amide in 5 mL of methanol was added 1 mL of HCI solution (4 N
in 1,4-dioxane). The solution was stirred at room temperature overnight and then
condensed to give crude SH-172 as a salt with HCL. This compound was purified by
HPLC to give pure product. The gradient ran from 75% of solvent A (water
contained 0.1% of TFA) and 25% of sblvent B (acetonitrile contained 0.1% of TFA)
to 55% of solvent A and 45% of solvent in 25 min. Analytical HPLC showed the

purity is over 95%.

o

'H NMR (300 MHz, D;0): & 7.85 (s, 2H), 7.22-7.02 (m, 8H), 4.98-4.79 (m,
4H), 4.80-4.60 (m, 4H), 4.52 (s, 4H), 4.28 (t, J = 8.7 Hz, 2H), 3.82 (m, 2H), 2.72-
2.50 (m, 10H), 2.48-1.55 (m, 28H), 1.45 (d, J = 7.0 Hz, 6H); "C NMR (75 MHz,
D,0): 8 173.57, 171.59, 169.27, 138.30, 136.14, 129.54, 128.56, 127.82, 126.61,
124.46, 62.79, 61.98, 59.66, 57.28, 55.45, 53.24, 48.38, 41.25, 31.93, 31.32, 31.11,
29.86, 28.81, 27.24, 20.27, 15.64.
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[0191] SH-153 was synthesized in the same sequence as that for SH-172 from

compound 28.

[0192] 'H NMR (300 MHz, D,0): & 7.95 (s, 2H), 7.20-6.95 (m, 8H), 4.92-4.74 (m,
6H), 4.59 (s, 4H), 4.55 (m, 2H), 4.27 (m, 2H), 3.86 (m, 2H), 2.78-2.52 (m, 12H),
2.42-2.08 (m, 8H), 1.99-1.55 (m, 18H), 1.45 (d, ] = 7.0 Hz, 6H); '*C NMR (75
MHz, D,O): & 172.99, 171.58, 169.78, 138.23, 136.07, 129.46, 128.57, 127.78,
126.57, 123.39, 62.82, 62.56, 60.59, 58.14, 57.13, 50.49, 48.38, 42.62, 32.49, 31.30,
29.84,29.53, 28.78, 27.86, 20.20, 15.61.

EXAMPLE 5

Synthesis of SH-146

[0193) Compound SH-146 was synthesized according to Scheme V1.
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H NH HN SHAM [02141SR-176:1H NMR (300 MHz, D20): 3 7.48 (s, 2H),
7.10-6:67 (20H), 5.84 (s, 2H), 4.65 (m, 211), 4.55 (m, 2H), 4.42-4.16 (in,
8H), 3.80 (in, 210, 2.53 (s, 6H), 2.25-1.30 (M, 2611); 13C NMR (75 MHz,
DROY@ATB82, 17100, 169.10, 143.67, 141.49, 141.30, 129187/ 02509610924
127.58, 127.39, 124.10, 62.76, 6124, 59.43, 57.67, 57.27, 55.00, 53.20,
41.26,32.12, 3131, 26.98, 24.69, 15.62. NNN [0215]S11-177:1H NMR
(300 MHz, D20): 8 7.62 (s, 211), 7.15-6.90 (201-1), 5.90 (s, 214), 4.75 (m,
41-1), 4.43 (s, 4H), 4.39 (m, 4H), 3.83 (m, 214), 230 (s, 61-1), 2,46 (m,
211), 2.22-1.90 (in, 81-1), L75-1.43(SuhefeA)]:1.36 (d, = 8.4 Hz, 6H); 13C
NMR (75 MHz, D20): 8 175. 14 173.74, 172.25, 146.86, 144.06, 14166,
13L72, 131.66, 130. SHC 29 97, 125.6(( 65.26; B4.63,62.98,
60.36, 5930, 33%;& 32.30,'30.26Y48.17.

102161SH- 1mR (300 MHz, 1)2@)8N"88 {s, 2 %)69‘30/
10H), 6.19 (s, 2H), 4.78 (n, 6H), 4.42 (m, 211), 4.30 (|n°215 2290 (m,
21-1), 3.74 (m, 414), 160 (M #14), 3.52 (in, 2H), 3.28 (m, 2H), 2.64 (s,
614), 2.40-1.56 (in, 24H), ;gﬁ'td J=7.0 Hz, 61-1); 13C N1MR (75 MHz,
D20): 6 176.14, 174.90,, 0, 15L28, 14131, 131.90, 13L19, 130.01,

127.32, 64.64, 63.61, 5 73 58 06, 5168, 52.96, 52.05, 47.49, 38.50,
35.53, 34.90,33.89, 30.35, £7.6 2%8/3_81 =Wo

20071130626PCT/US200 51 ehoO
10217]SH-179711-1NIVIR X300 MHz D20): S 7,87((s, 2
10H), 6.19 (s, 214), 4.74 (m, 611), 4.42 (in, F11)14.
2H), 3.79 (t, J - 51 Hz, 411), 3.71 (t, J = 5.1 HZ, 41Y), 3.
(n, 4H), 2.40-1.60 (n, 24H), 1.50 (d, J%’]%Hz 6H); "C NMR (75 MHz,

D20): 5 176.15, 174.92, 172.00, 151.25 14131, 131.90, 131.19, 130.07,
127.28, 64.64 /336605 50035n &6 (B DA LEHED.4 506 52A 4150 B7EDC,
47.56, 38.49, 3@58“3&"89’93@53@‘32 - SH2CP2. PB4 gver two steps; (D) i. 24,

CuSQy, (+)-sodium L-ascorbate, i~BuOH H20 1:1, ii. 4N HClin 1,4-dioxane,
MeOH; iii. L-N-Boc-N-methy! alanine, EDC, HOBt, N,N-diisopropylethyl amine,

CH,Cl,: iv. 4N HCl in 1,4-dioxane, MeOH, 55% over four steps.

[0194) Removal of the trifluoroacetyl protecting group in compound 3 followed by
condensation of the resulted amine with acid 15 gave an amide 29. 'Cyck.)addition of
azide 24 with alkyne 29 under the catalyzation of CuSQy-(+)-sodium-L-ascorbate
followed by removal of the Boc protecting groups afforded an ammonium salt.
After condensation of this salt with L-N-Boc-N-methyl alanine, the Boc protecting
groups were cleaved by treating with HCl in methanol to afford the bivalent Smac
mimetic SH-146.

[0195] 'H NMR (300 MHz, CDCls): § 7.75 (brs, J = 7.4Hz, 1H), 7.32-7.15 (m, 5H),
5.53 (brd, J = 7.1Hz, 1H), 5.08 (m, 1H), 4.73 (t, ] = 6.6 Hz, 1H), 4.60 (m, 1H), 4.19
(brs, 2H), 4.12 (m, 1H), 3.80 (i, 2H), 2.62 (m, 1H), 2.45 (t, J = 2.3 Hz, 1H), 2.23-
1.65 (m, 4H), 1.55-1.10 (m, 16H); '*C NMR (75 MHz, CDCl): 8 172.20, 169.94,
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SH-130 102181S117180:3H NMR (300 MHz, D20): 8 7.60 (s, 2H),

7.30-7.10 (m, 1011), 6.68 (s, 41-1), 6.15 (s, 2H), 4.74 (m, 211), 4.52-4.30

(in, 4H), 4.20 (n, 211), 4.19-4.02 (m, 811), 3.80 (in, 2H), 3.13 (m, 211),
2M02001/230m¢ 4211); De NMR (75 MHz, D20): 8 172.79, 170 865/ 6913810924
148.33, 139.54, 129.24, 128.55, 127.41, 123.46, 61.91, 60.88, 60.28,

57.02, 56.06, 50.99, 50.38, 49.08, 48.13, 35.98, 34.26, 33.10, 32.32,

29.20, 27.85, 25.11, 21.95, 16.84. [0219]811-181:111 NMR (300 MHz,

D20): 8 7.87 (s, 2H), 7.31 (m, 411), 7.08 (nn, 4H), 6.16 (s, 211), 4.82-4.72

(m, 611)53.80 (69.241)24.26 (in7.24,1)23.88 (19,521 18.33784i01,414233 8876, 59.27,
(brs, 8143.,2.61 (3, 611 23631534 241 L5013 57 fHz, 611); °C

NMR (75 MHiz, D20): 8 176.03,174.85,172.05, 163 45,151.16, 137 40,

131,90, 127.33, 118.51, 64.59, 63.58, 59.73, 58.02, 53.64, 52.30, 51 87,

47.26, 38.48, 35.53, 34.86, 33.85, 30.27, 27.60, 24.47, 18.16. WO
20071130626PCT/US2007/0 10924 Stb2%91S11-182:tH NMR (300 MHz,

D20): 5 7.61 (s, 2H), 7.23 (n, 4H), 6.78 (m, 4H), 6.53 (M, 4H), 6.12 (s,

2H), 4.70 (m, 2H), 4-38Hin, 2H), 4.18 (in, 21-1), 4.1Cr 3.83 (m, 6H), 2.61

(s, 6H), 2.22-1. Q;sﬁﬂH) "3C NMR (75 MHz, D20): 5 172.53, 171.92,

169.39, 160.60, 148%1, 1393 134.84, 1 9 , 128.42, 115.60, 61.76;

60.78, 57.20, 50, é\( :
29.41, 27.95, 25 14 2 0221]SH -18%11-1 N
D20): 6 7.87 (s, 38 7 2Z*(n 4H), 7.12-6.99
4.85-4.74 (m, 6H), 4 34 (n, 2H), 4.27 (n, 214), 33&;? éH)ce 80-3.65 (m

814), 3.55 (s, 8H), 3.10 (m, 2H), 2.37-1.40 (in, 3
HN-

[0196] '"H NMR (300 MHz, D,0): § 7.84 (s. 1H), 7.40-7.25 (m, 6H), 7.24-7.02 (m,
3H), 4.98-4.85 (m, 4H), 4.74 (m, 2H), 4.53 (s, 2H), 430 (m, 2H), 4.27 (m, 1H),
3.97-3.80 (m, 2H), 3.78-3.65 (m, 2H), 2.92 (m, 2H), 2.56 (s, 3H), 2.55 (s, 3H), 2.35-
1.45 (m, 26H), 1.43 (d, J = 7.0 Hz, 3H), 1.38 (d, J = 7.0 Hz, 3H); *C NMR (75"
MHz, D;0): & 173.88, 173.59, 172.24, 171.57, 169.52, 169.26, 143.92, 138.65,
138.31, 136.20, 129.51, 129.12, 128.48, 128.17, 127.80, 126.95, 126.60, 124.24,
72.30, 63.35, 62.21, 61.98, 61.05, 59.61, 57.27, 57.19, 55.46, 53.35, 53.20, 51.12,

48.41, 41.21, 35.95, 33.00, 32.34, 31.30, 29.83, 28.80, 27.94, 25.08, 21.91, 20.30,
15.62.

EXAMPLE 6

Synthesis of YP-317, YP-381, YP-383 and YP-385

[0197] Compound YP-317 was synthesized according to Scheme VII. -
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[0222]SH-184:NMR (300 MHz, D20): 6 7.62 (s, 2H), 7.20 (m, 4H), 6.90-
6.70 (m, 41-1), 6.69-6.50 (brs, 4H), 6.19 (s, 2H), 4.72 (m, 21-1), 4.50-4.28
(m, 41-1), 4.20-3.80 (m, 61-1), 3.12 (m, 4H), 2.22-0.98 (m, 42H). ("11 -
NWe-200%ki0620 Ph N=N SH-185 Ph NI:krN ~ [02231SH-185:1 pelrNMR (80024
HMz, D20): 5 7.67 (s, 2H), 7.26-7A0 1011), 6.07 (s, 214), 4.73 (in, 214),
4.28 (m, 2H), 4.25-4.10 (n, 614), 183 (in, 214), 2.54 (s, 614), 2.20-1.92 (m,
4H), 1.86-L30 (m, 34H), 0.98-0.80 (m, 12H); 13C NMR (75 HMz, D20): 6
177.43, 173.05, 172.22, 148.26, 139.29, 129.28, 128.50, 127.43, 123.81,
62.00, 60.99, 57.20, 51.08, 50.76, 50.40, 36.00, 33.06, 32.36, 31.32,

29.%@8}6\2, 28 26+27.77, 2776 25.10, 21.93, 15.65. [0224] -

[0225]SH-186NMR 43R0 HZ, 12 9@-‘?9583(57@{%%7@.@@%, +B11),
6.61 (s, AHP 6.08 (s, 2HYo. 72 B, 3H), 4.30 tawcZH), 2104, 2H), 195 (n,
4H), 3.80 (in, 214), 2.52 (s, 6H), 2.25-1.05 (m, 361-1), 1.02-0.75 (m,
1411); 13C (75 H1\42, D20). 5 14.88, 174.40, 171.97.151.04,
14252, 143 3¢, 15958 180.92, 130400 L5587 ¢125 0016

59.72668.42, 52.98, 38.63, 980, 3500, 34,85, 34.28)
32.05, 31.73, 30.20, 29.07, O, MBS 1823  coziN  NHBoc

, N~ ~COOt-Bu HN - Cbz~y
) /ﬁf g k N - N
o o

36 COOt-Bu '
CbzHN  NHBoc BochN o BocHN® |, COOtBu
38

Cbz~y . Cbz~ ) N
h N i N I l N

HoN o COOMe  BocHN ¢ COOMe BocHN 5 COOH
39 40 41

4
9]
o
N
/

~ Chz~ .
c Cbz N \ .
PR N . N _m_

42 43

F4

Boc O N -~  Boc O N o .
] ]
/N\/[’\ ey CONHCHPh, NS % CONHCHPh,
: :OH
44 45

O 0r

s 3
N Ph,HCHNOC o>/ W HN: 50: CONHCHPh,
Boc O N o:S —220 «
No Ao N\ Aanucuph. P
~ \/1’\N b CONHCHPh, Boo—N N-Boc
: H 486 \ / 47
TN N
N, \ N
-8 pnHCHNOC & (4 HN O CONHCHPh,
023 __2:0
HN NH
\ / YP-317
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[0226]SH-187:1ff NMR (300 liMz, D20): 5 7.56 (s, 214), 7.40-7,05 (n, 16H),
7.02 (n, 214), 6.90 (m, 214), 6.78 (m, 4H), 6.11 (s, 214), 4.75 (m, 214),
4.49 (m, 214), 4.25 (m, 414), 4.20 (m, 214), 3.98 (in, 2H), 3.84 (m, 2H),
2MQ (®;784dp62.38 (n, 411), 2.24-1.22 (in, 36H). Ph r". 0 SH-A6rs2007/010924
[02271SH-188:11-1 NMR (300 HMz, D20): 8 7.10-6.92 (in, 1014), 6.85 (n,
4H), 670 (in, 41-1), 5.85 (s, 2H), 4.65 (in, 211), 4.32 (n, 2H), 4.06 (M,
214), 3.82 Om, WO 2007/130626PCOUS2007/010924 2H), 2.74 (m, 4H),
2.54 (s, 6M), 2.15 (m, 4H), 2.02-1.20 (m, 34H); 13C NMR (75 HMz, D20):
8 172.3Reddchid2, abtD - 4ndfeldds? 1140 Bl IambaQidilyl 2hBkde, N,N-
127.66,01i25pfny 8188, 6857 NodthBerBb0cQrhrR; /) SRIPIT204@RAG), H,,
31.60, 3BBIHVET IR, @@ig\PQB@ﬁDaﬁEBOH{M]MGNMS@@QJerthy&
11Mz, BROYES Mi@éﬁgg (¢h1011(§|e{ (6)95 M, 'ﬂembm oufpy logride in
2H), 4.7 depﬁlr&ns "stg“% SpY) (3>3@?W§§m
4H), 2. %/I? Kbqn% -C, Methanol, H,, 64%;
?g )j ch tmate, afbonate 1,4-dioxane, 95%; (h)
Thxony} chloride, Methanol (1) Boc anhydnde Sodium bicarbonate, 1,4-
dioxane, 71% over two steps; (j) 2 M Lithium hydroxide in H;O, 1,4~
dioxane-H,O; (k) Aminodiphenylmethane, EDC, HOBt, NN-
diisopropylethyl amine, Methylene chloride, 74% over two steps; (1) 4 M
Hydrogen chloride in 1,4-dioxane, Methanol; (m) L-N-Boc-N-methyl
alanine, EDC, HOBt, N,N-diisopropylethyl amine, Methylene chloride, 78%
over two steps; (n) 10% Pd-C, Methanol, H;, 90%; (o) ¢,0’-dibromo-p-
xylene, Sodium bicarbonate, 1,4-dioxane; (p) compound 21, Sodium
bicarbonate, 1,4-dioxane; (q) 4M Hydrogen chloride in 1 4 dloxane
Methanol, 34% over three steps.

[0198] Compound 31 was prepared in six steps from pyroglutamic acid (compound
30) by the published. methods (Zhang et al., Org. Lett., 4:4029-4032 (2002); (b)
Polyak et al., J. Org, Chem. 63:5937-5949 (1998)). The hydroxyl group in
compound 31 was protected with TBS to yield compound 32. The benzyl protective

group was removed by catalytic hydrogenation to yield amine 33, which was

coupled with Boc-Dap(Z)-OH to give amide 34. The TBS protective group in.

compound 34 was removed by 1 M tetrabutylammonium fluoride in tetrahydrofuran

to yield alcohol 35, which was then oxidized to aldehyde 36 by Dess-Martin

Periodinane. Removal of the Cbz protective group in compound 36 by catalytic

‘hydrogenation, intramolecular condensation of the desired amine with the aldehyde

and subsequent reduction of the resulted enamine were carried out in one pot to give

bicyclic compound 37. Amine 37 was protected with Cbz protective group to yield

compound 38. The Boc protective group in compound 38 was removed and terr-

butyl ester was converted to methyl ester by treating with thionyl chloride in

methanol to give compound 39. The amine group was protected with Boc protective

group to yield compound 40. Methyl ester 40 was transformed to carboxylic acid

41, which was condensed with aminodiphenylmethane to form amide 42. The Boc

protective group in compound 42 was removed to give free amine 43, which was

coupled with L-N-Boc-N-methyl alanine to yield amide 44. The Cbz protective

group in compound 44 was removed by catalytic hydrogenation to give amine 45,

which was treated with a,a’-dibromo-p-xylene to yield compound 46. Compound

89



[0229]S11-190:111 NMR (300 HMz, D20): 6 13C NMR (75 1-1Mz, D20): 6
7.15-6.93 (m, 10H), 6.95 (m, 4H), 6.79 (M, 4H), 6.85 (s, 2H), 4.74 (m,

214), 4.36 (m, 2H), 4.13 (m, 2H), 3.88 (in, 211), 2.80 (in, 4H), 2.58 (s,
BLO)0B73BeE208 (M, 4211). \(11#,Ph_;? 110 N.N10IN'N H St:t/9820§@010924
0]SH-191:[11 NMR (300 1IMz, D20): 6 7.75 (s, 2H), 7.40-7.20 (m, 1011),

6.16 (s, 211), 4.74 (in, 2H), 4.36 (m, 211), 4.32-4.20 (in, 6H), 3.89 (in,

211), 2,95 (t, 3 = 6.6 Hz, 411), 2.64 (s, 6H), 2.32-110 (m, 38H). H HN' 0
S141913f491H [02311SH-198:1H NMR (300 11Mz, D20): 3 7.70 (s, 2H),
730-7126(1wad Gtddsl G7itts cBhlpodSATaRH)odidR (atidhate 26-¢idd (i, protected

6H), 3. %%? 143%%51:%()@ 4&20&%%};@@&% 2&911%\269 (5711"0%%@6 ge(gge@hlmer YP-

2H); 13C NMR’(75 FIMz, 20 8173 172.22, 169.53, 148.15, 139.16
129.3231%8.54, 127.40, 124.04, 70.20, 69.63, 62.01, 60.98, 57.19, 51. 10
50189] 50.63, 5085BIHN)I3006-226B6n 31137 72822 280] BHY77705-7-08 (m, 4H),

26.48, g98Q, 0%5(;1r9 82)5%315%% &é %) 04]53 T,W) Fiheh 92 (m, 1H), 4.27 (s, 2H),

ykra 147 4Gl o 2H-)-,-§-53 A o, 2H), b%0 (t 740 Hz 1H) 2.56 (s, 3H), 2.32 (m,
1H), 1.84-1.92 (m, 1H), 1.67-1.75 (m, 4H), 1.35-1.37 (d, J = 7Hz, 3H); '>C NMR
(D,0) & 173.93, 170.13, 167.90, 163.54, 163.07, 140.74, 140.62, 132.39, 130.59,
129.39, 129.26, 128.40, 128.13, 127.85, 127.58, 118.58, 114.72, 62.98, 61.07, 59.03,
58.25, 57.10, 56.42, 55.26, 54.18, 47.98, 31.65, 31.24, 30.98, 27.01, 15.42; HRMS
Found: [M+H]"* 1057.6057 (calcd 1057.6028).

[0200] YP-381, YP-383 and YP-385 were synthesized in a similar fashion via

acylation of compound 45.

YP-381

Gy T

PhHCHNOC & Ry N b CONHCHPh,
o o}

HCI HN ANHHC
\

(0201} '"H NMR (300 MHz, CD:0D, TMS) & 8.94-8.91 (d, J = 7.9 Hz, 1H), 7.37-
7.24 (m, 10H), 6.17-6.14 (d, J = 8.2 Hz, 1H), 4.58-4.55 (in, 1H), 4.24 (br, 1H), 3.99-
3.90 (m, 2H), 3.50-3.38 (m, 1H), 2.70 (s, 3H), 2.65-2.40 (m, 2H), 2.31 (m, 1H),
2.09-1.78 (m, 6H), 1.61 (m, 2H), 1.56-1.53 (d, J = 7.0 Hz, 3H), 1.32 (s, 4H).
BCNMR (75 MHz, CD;0OD) & 176.5, 175.9, 173.2, 169.6, 143.0, 129.6, 128.8,
128.2, 62.7, 58.2, 53.7, 34.4, 33.4, 32.3, 31.8, 30.3, 28.3, 26.1, 16.2. HRMS: calcd.
m/z for [M+Na]" 1143.6371; found 1143.6387.

YP-383
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SH-Me 10232)SH-199:1H NMR (300 HMz, D20): 8 7.73 (s, 2H),
7.20-7.02 (n, 10H), 6.05 (s, 2H), 4.65 (m, 2H), 4.30 (in, 2H), 4.22-4.08 (m,
6H), 3.84 (n, 2H), 3.08 (n, 4H), 2.52 (s, 6H), 2.25-0.90 (M, 42W; 13C NMR
(W BMiZ) DR6): 5 173.02, 172.13, 169.49, 147.91, 139.07, 12@:BLsABSHmH24
127.41, 124.14, 70.25, 66-87, 61.93, 60.90, 57.18, 50.97, 50.22, 36.01,
33.08, 32.37, 31.40, 29.33, 28.23, 27_74, 25,11, 22,62, 21.97, 15.70.
102331SH-200:NMR (300 HMz, D20): 8 7.77 (s, 2H), 7.22-7.08 (n, 1011),
6.05 (s, 2H), 4.65 (M, 2H), 4.37-4.22 (in, 6H), 4.16 (n, 2H), 3,82 (M, 211),
3.48 (in, 4H), 3.08 (m, 41:1), 2§62 (s, 611), 2.16-1 42 4, 30H), 1.01 (m,
4H); 13C NMR (175 KMy, D20)78 17811, 17216, 1$9.49, }48.01,
139.10, 129.32, 128 55, 127,38, 124.62, 70.59, 68.3%66.8% 06195,
60.95, 57_19, 50.73, 50.24.745.98, 33.09, 32,36, 31.48,37.77, 25.43,
25.12, 21.96, 15.69. WO 2007/130626PCT/US2007/Q10924
[02341811-201:NMR (300'FMz, D20): 5 7.60 (s, 2H) 7.40-6.70 (m, 20),
6.16 (s, 2H), 4.75 (M, 2H), 4.49 (m, 211), 4.25 (m, 4H), 4.20(m, 2H), 3.98

E @21 3-84 (M dlik 408 ?&%@Hhﬁ-é%l'ﬁ%%“ﬁﬂ%im (. 10H), 616 G5, 11),

2351811-202:111 NMR (300 HMz,bzi%): 57.35-7‘.1)mgm, ng)’ 5. ZH(;n,
2H), 4. 720824 (- 48 (A, diby 43 2P) (.03 Sy - X256y nh ), 3.90-3.87
414), 334 () ABIFERES (Gn,62H), 2,28-6, 20?2 5643)32CNMRX 753432 (m, 1H),
oo 20arh btk Ll (4 TR AT HEIRI S0 4SO EadR (75 M,
oo, SRS L7630 BB DL S0, 1A gk R 582 537,
(300 HVKAD 2D, 837,24 38, 521394 288,805 (n, | COHHISMS: (saled1 g o0r [M+Na]"
(s, 2H),14A366%4;243a4 28 @B3&H), 4.06 (M, 2H), 3.92 (m, 2H), 3.80 (m,
411), 2.55 (s, 6H), 2.28-0.95 (m, 4211); 13C NMR (75 HMz, D20). 8
175.04, 174.33,171.97,150.65,143.08, 141.97, '

131.63,131.00,130.59,129.60, - YP-385
o) o
CT:\“—\N/U\/\/\_)J\N 'L
N -
: % Sﬁ« CONHCHPh
PRHCHNOG ) Jn D .
o o
HCI HN NH HCI
\ /
[0203] 'H NMR (300 MHz, CD;OD, TMS) § 8.95-8.93 (d, J = 8.1 Hz, 1H), 7.37-

7.24 (m, 10H), 6.17-6.14 (d, J = 8.0 Hz, 1H), 4.58-4.56 (m, 1H), 4.24 (br, 1H), 3.99-
3.92 (m, 2H), 3.82-3.70 (m, 1H), 2.70 (s, 3H), 2.62-2.40 (m, 2H), 2:33 (m, 1H),
2.04-1.75 (m, 6H), 1.60-1.56 (m, 2H), 1.55-1.52 (d, J = 7.0 Hz, 3H), 1.34-1.30 (m,
2H). *CNMR (75 MHz, CD;0D) & 176.5, 175.8, 173.3, 169.7, 143.0, 129.6, 128.8,
128.2, 62.7, 58.2, 53.7, 34.5, 33.4, 31.7, 30.2, 28.3, 26.2, 16.1. HRMS: calcd. m/z
for [M+Na]* 1115.6058; found 1115.6055.

EXAMPLE 7
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126.25, 64.31, 63.33, 59.74, 53.47, 52.92, 38.47, 36.87, 35.85, 34.86,
33.87, 31.85, 30.42, 27.65, 24.52, 18.26. SM-410 104 WO
2007/130626PCT/1J52007/010924 R12371SM-410: 11-1 NMR
(MoOkobTl#30800 M Hz) 8 8.91 (m, 2H), 737-7.13 (M, 24H), 6. 16ctmis3dod) 10924
4.73 (m, 211), 4.53 (nn, 211), 4.06-3.73 (m, 8H), 3 37-3.27 (in, 614), 2.92
(in, 614), 2.68 (in, 611),2.30 (m, 2H), 2.05-1.81 (in, 10H), L55 (m, 61-1);

I3C NMR (MeOH-4, 300 M Hz) 5 174.4, 172.3, 169.3, 168.6, 142.2, 142.0,
139.3, 129.1, 128.7,128.5,127.8,127.5,127.3, 61.8, 57.3, 52.6, 51.8, 46.6,

34.9, Synthesis of Smac Mimetic Intermediates
Scheme VIII
/\NQ‘COOM&:

oé[,}"coosa pp—— /\.«»‘“L_NLCOOMe —a .

H Boc CbzHN O

30 48 NHBoc 48

N&COOMG HN
b o N c N
Ccb HN/\l/gO S—( '
‘ z L on BocHN' o COOMe
50 51

HO\/\MQCOOMe HN

e

@
CszN/Y&O M COOMe

B
NHBoc OCHN O
52 53
Reagents and conditlons: (a) i. 4 N HClin 1,4-dioxane, methanol; ii. Boc-Dap(Z)-OH, EDC, HOBt,
N, N-diisopropylethylamine, CH,Clp, 52% over two steps; (b) O3, then PPhg, CH,Clp, 80%; (¢) Hp, 10%

Pd-C, i-PrOH, 41%,; (d) 9-BBN (2 eq), THF, reflux, 12h, then 3 N NaOH (2 eq), 35% H,0, (2.5 eq). 0 °C
- rt, 85%; (e) i. Dess-Martin periodinane, CH,Cly; ii. Hy, 10% Pd-C, i-PrOH, 50% over two steps.

49

[0204] The "synthesis of intermediates 51 and 53 is shown in Scheme VIII.
Compound 48 may be prepared in five steps from pyroglutamic acid 30 according to
reported methods (see: (1) Zhang, J.; Xiong, C.; Wang, W.; Ying, J.; Hruby, V., 1.
Org. Lett., 2002, 4 (23), 4029-4032 and (2) Polyak, F. and Lubell, W. D. J. Org,
Chem. 1998, 63, 5937-5949) 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 48
followed by condensation with N-a-(tert-butoxylcarbonyl)-N-B-(benzoxylcarbonyl)-
L-diamino-propionic acid (Boc—Dap(Z)-OH) gave amide 49. Ozone oxidation of the
C-C double bond in 49 yielded aldehyde 50. Cleavage of the Cbz group in 4, intra-
molecular condensation of the resulting amine with the aldehyde group and
subsequent reduction of the enamine were realized in one pot to give compound 51.
In this transformation only compound 51 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,
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32.4, 31.4,30.9, 27.3, 15.3. EXAMPLE 12 Binding of Inhibitors to XIAP

81R3 102381In order to test the binding ability of the bivalent Smae

mimetics to IAP proteins, a sensitive and quantitative in vitro binding
assayesigihe fluorescence polarization (FP) based method@ass2007/010924
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 Smac peptide, AbuRPF-K(5-Fam)- NH2

(tenosd SMSH)yIMMaEuﬁl%ﬁhﬁéothjngdﬁbﬁMﬁﬁcpeptm I ABBIR®llowed by

protein AT gg E%Iﬂgqgﬁ é?tgg resu?tedrb h %}co ?ﬁggt"@m gosntgf 52 with

the surface pocket e XIAP protein w inity. The recom inant

X1AP 1@%%?&%@.%%3}%%&(%@%&&2@ Q%?lﬁﬁ’é@fé [aigh gvas cyclized
was statlehanrshsopibledaachyhst ysecbfopdedFR haged bingiegha$saySimilar to 51,

(02391 g Ao R ieRRRABRLBINAIRI SR W WELS carTied out with

serial dilutions of the tested compounds in D pl sample of the

té%walsamp|eé~%mlﬁ?éﬁi?éaBa%éa%ﬂ‘echﬁks[ﬁ}otem @ezr{mf )1 dn§BHisF 'H NMR
0 peptide (@0MHir) tleCGsSRYyIBUSEr4SL Qo dy M- BCH&E&IWH!\)DhGSQhﬁtH;IpH BB, J=9.0

100 jig/ lgbuyl 2
Inwtglégggirz\1 ?_%)( I%eezgﬁﬁg% Qv%grlg ad %/ 33%;(5 96- We %Sg%r&@ T=136,

round-bbtd M iRes 12iSHe @c%ﬂﬁf@)"ﬂ)}& 2 fiRG vcﬁﬁrﬁé‘b?’lﬁ'ﬁi 1.66 (m,
For eachtis$dy, the.08ind’SetdR 6BVl BRInG VEobIRAAL XIBBO, 155.16,

3IR3 proteig a@d@M@Eg(eq@yam&%@%iwwsiom ?5“@9“@@ PERYJISs 8.

contal onI free SM5F (equi nt to ;L00% i b|t|on were
r@ %{cﬁd The po c()iﬁt?/a 0es r\?&ﬁé %%elgs& gd 3fte%33[}h¢ t]i(r;1’c:uE:JIgt18r1!H NMR
when tHé%lWﬁg@@éBheH\éahﬁléﬁérﬁmﬁsiﬁg&pﬁzr RIOREADER (b chfS (dd, 1 =
U.S. Ine,7R&seaasy DaanglerBaskidNE)3 i seomiles (et id))iDi8r1 .70 (m, 9H), 1.43

’concenk@y%ﬁ“ﬂ@ﬁ%mo(%% upgl BEPIdR iSsdisplaces 1"%9“22:55 09, 79.68, 62.03,

determined from ap lot using mear? ast-squares aha VSIS

fitting vv%lgsﬁgeﬁ%ﬁ?reﬁ d§w§&é§?ﬁ?’pﬂ92\‘t§5@|§f‘sﬁ SSFtars: @}raﬁﬁ?’ad
Software, Inc., San Diego, CA). EXAMPLE 13
Fluorescence-polarization-based w%s%gto XIAP protein 102401A
Smac mimetic was incubated with human protein (residues 120-
356) (10 nM) and a fluorestanbissiagfed; IShd8bembifBivalent peptide,
called Simaer=FEX03 NnM) as the tracer in the assay buffer (100 mM
potassium phosphate, pH 7.5; 100 ugiml bovine gamma globulin; 0.02%
sodium azide) in Dynex 96-well, black, round-bottom plates (Fisher
Scientific). Smac2-17 was determined to bind XIAP with a 1Q value of 1.2
nlVI. For each assay, the controls included XIAP and Smac2-F peptide
(equivalent to 0% inhibition), and Smac-2F only (equal to 100% of
inhibition). The polarization values were measured after 2 hours
incubation, using the Ultra plate reader. The IC50 value, the inhibitor
concentration at which 50% of bound tracer is displaced, is determined
from the plot using nonlinear least-squares analysis. Curve fining is
performed using GraphPad Prism software... 102411When tested in the
binding assay, bivalent Smac mimetic 81-1-164 had an IC50 of 1.9 03 uM
(FIG. 1). This was more than 500-fold better than the binding affinity of the
monovalent Smac mimetic SH-122 and >5000 times more potent WO
2007'130626PCT/11S2007,1110974 than the natural Smac peptide AVPI
(SEQ ID NO: 1). These data suggest that bivalent Striae mimetics will act
as potent inhibitors of TAP activity. The binding affinities of additional
bivalent Smac mimetics are presented in Table 4. Table 4
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Name Binding Affinities to XIAP BIR3 (ICso [IAMB YP-245P3 1-10
YP-246P 0.1-1 YP-330 <0.1 YP-337 <0.1 YP-350 <0.1 VP -356 <0.1

YP-376 <0.1 YP-377 <0.1 SM-401 <0.1
WO 2007/130626 PCT/US2007/010924

~
(R Tt
BocHN O COOH (CH2),NHCbz ~ BocHN OO}NH O

S4n= 56n =3 (CHz)NHCbz
55 n= 4 57 n= 4

b, o N~
YmNH .
_-NBoc
o : S
\)LNH NH NH*{\ 3 NH I
N HN__
- (CH;)n*-NH NH(CHa)n

SH-188 n=3,X=0,

SH-188 n=3,X=S§,

SH-190 n=4,X=0
Reagents and conditions: (a) EDC, HOBt, N,N-diisopropylethylamine, CHoCla; (b) i. 4 N HCI In 1,4-dloxane,
MeOH; ii. (S)-N-Boc-N-methylalanine, EDC, HOBt, N,N-diisopropylethylamine, CHzClg; iii. 10% Pd-C, Hp, MeOH;
(c) thiophosgene or triphosgene, CH,Cly; ii. 4 N HCl in 1,4-dioxane, MeOH.

[0208] Condensation of acid 15 with amine 54 or 55 gave amides 56 and 57

respectively (Scheme IX). Removal of the Boc protecting group in 56 or 57

tollowed by condensation of the resulted ammoniums with (S)-N-Boc-N-methyl

alanine yielded two amides. Removal of the Cbz protecting groups in these two

amides furnished amines 58 and 59. Condensation of 58 or 59 with 0.5 eq of

triphosgene afforded two ureas. Removal of the Boc protecting groups in these two

ureas provided SH-188 and SH-190, respectively. Condensation of 58 with 0.5 eq

of thiophosgene gave a thiourea. Removal of the Boc protecting group in this

thiourea yielded SH-1809.
EXAMPLE 9

Synthesis of SH-202
Scheme X '
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SM-402 <0.1 SM-403 <0.1 SM-404 <0.1 SM-405 <0.1 SM-406 <0.1
SM-407 <0.1 SM-408 <0.1 SM-409 <0.1 SH-207 <1 EXAMPLE 14 Cell
Growth Inhibition by Bivalent Smac Mimeties 102421The effect of SH-164
omaheognovstls of various cancer cell lines was tested. PCT/US2007/610924

Ph Ph
OH a
FJCOCHN/'\/ Ho N/'\/O(CHZ)uO\/\NH b

soatin® S %‘ /'\/O(CHz)mO\/\N._\\ o; “NHBoc
m
O{CH3)120:
YL S )\/ (CHz)12 \/\N—-\\ O; /U\/

HN-_
SH-202

Reagents and conditions: {a). i. NaH {2.5 eq), 1,12-dibromododecans, DMF; ii. 3 N LiOH, 1,4-
dioxane; (b) acld 15 (2.2 eq), EDC, HOBY, N, N-dilsopropylethylamine, CHaClz: () 1 4 N HCI,
1,4-dioxane, MeOH, i. (S}-N-Boc-N-methy! atanine, EDC, HOBt, N,N-diisopropytethylamine,
CH,Cly; lil. 4 N HCI, 1,4-dioxane, MeOH.

[0209] Substitution of sodium alcoholate derived from compound 66 with 1,12-

dibromododecane followed by removal of the trifluoroacetyl group gave diamine 61.

Condensation of 61 with 2 eq of acid 15 yielded an amide 62. Removal of the Boc

protecting groups in 62 followed by condensation with (S)-N-Boc-N-methyl alanine

furnished an amide. Removal of the Boc protecting group in this amide provided.

SH-202.

EXAMPLE 10

Synthesis of Smac Mimetic Intermediates

Scheme X1
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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% CO2 for 4 days. The rate of cell growth
invibitovi sitar treatment with different concentrations of the eampsmndoioszs
was determined using a WST-8 kit (242-
methoxy-4-nitropheny1)-3-(4-nitropheny1)-5-(2, 4
disulfopheny1)-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 platemcy\ated at

37 't forR-3.45, Jhe absor%@%ﬁ&emgleswas TR m
'usmg a LR_TRA Tecan Reader (Molkgular Device). Thg ation of

the testecdcompound that inhibited ¢ell growth by 50% (IC50y1mes 49
calculated by compating absorbance in ated cells and the ¢

treated Wltﬁyth\e"{g‘ée%g(%ompouﬂd. [02 Ll1F’V1\7/§Tn\}ested agajn$tihe
MDA-MB284"h n breast cancecheH nathe MAMEL - BMH 00N
melanoma cell liINE8SH-164 exhibited an IG0 of 1.4 n.M (FIE™2). 15 °
addition, SH-164 f’§ also a potent |nh|b|tor in seveyal other cancgr ceII lines
(FIG. 2), EXAM Induction of C eath WBN&MM tics
102441The ability o -164fo_mduc th in various cancer ceI

lines was tesfed usigg 2-T¥yRan biue-ce h,tbqaﬁ,;;ay 0.3 NHR
were seeded in 6swell Plates and mcub@ted at 3}6@ an atmpsp{here 8f o
95% air and 5% CO2 without or with tested cor‘ﬁpound for 2 day§ A 1:1

IO A G AERTE T RERAIMERRL O,

deferminp el Yiabiity:s "6‘%“'39 2{%’%& fyeronunBDF, GH.C)
cetl-deatl Whedﬁlo(ﬂ?‘i(‘ida %han Nﬁéwma ¥y ﬁoﬁw r\ar%ﬁf ?&%&M"‘e
cefi§ 'ﬁ—"f’é 3). In each case, SH 164 induced at least 70% cell death at a
concentration of 100 nM. EXAMPLE 16 Effect of Combinations of Bivalent

Jem3g Mimetics apgOIREr AGSBIS A&l fé!%@%hl@&@ﬁd%ﬁ%&%@&'ate a1 is

the ablllt%/ of b%(alent Smac mimeties to sensitize cancer cells to the

growth RAFEY BrraEREBF otler SGEHE I rGiRh nibfRFcd sty fsteps from
carnedm@ghmrvanwé HYesertsrdiop tooeiotaimataiibnswith(incTeasing.; Xiong, C.;

doses afbigalent $m§ejlmﬁaeyg§oﬁxposu@§fMPA2ME 28 2@'—%@40’32 and (2)

breast a r cells ulted in a 50 of 1

47). Co%m métﬁ)n (# ﬁ |![1 4&.”Io(acv(\2'ered{| o 8%05 %%ﬁgﬁ amixture of
&gmﬂc&ﬁ?l;iilWﬁ‘FTCPRN}Erm ‘m@ pbés@rfe@bfssze@rw@rmm tragihvgtratio is about
IC50 oHOIROR BNkl A St Botegtdtyas 42 e 1vibAMP AMBASI BroRRh N-a-(zer:-
cancer | I f >1.000 n ml and

comblnlggga ggf%%é%\ Lﬁﬁlg @00 %%%%égigg f8516 C ac“% %&G Dap(Z)-
413). VHIEhsBe g‘ﬂ’lﬁ‘ﬁ?a‘??pr8§f‘£f‘e%%%@I@W&@@BIWAM&%@HOWM by
had anrkge@ioh >300RRpMisidhite aldRAYHd s eheQicesancef ehd BN pYdup in 50, intra-

SH- 16%@&1@9{"@@(1%&%&9[@1(%@ ég)ltéHa}x%g Q\Qtﬁ %&E‘é"%&fég%’ ggroup and
less po&‘#t effect, with the combination of TRAIL and 1000 nM SH-12

having % TEEL S PP E SRR B 36T (PRERTSL D i H?}H%\%’Ftﬂ? desired
IC50 oFFRAINDILE PRIGAR whthalsoitesterh fofoliswbiliby toydnitgncefthe methyl

growthdghibiteny gfieatisofthe ghemotherapeutic agents cisplatin and
2&%%% ntrone. Wh n t(?sted n, MDAMB éf{?% %ZLMP ) .human breast cancer

H-164 21 S5AtH Patlon oV too iR ERh SR thSRETIA G amides.
inhibitidgkeig bt dreRes (FeGCcay g THesrs datherrdiositiesfall bkl dryt Smiassation of
mimetigseate sapakiehaensiiengecls) N the ey thniibitsy ¢HRRIS Oferies of

a variety of ¢ treatln ents. EXAMPLE 17 A optosls Assa

10247 KRA of SHS S RSO PR des aleiied s fosiencd
kit (BioWHSiARERSAFERBIgdifets, Mountain View, CA) according to the
manufacturer's protocol. Briefly, cells were treated with Smac mimetics for

12 hours, harvested and washed with ices¢€old PBS. Cells were stained

with Annexin V-FITC and Propidium iodide (P.l.) for 15 minutes at room
temperature in the dark and immediately analyzed by FACS caliber flow
cytometer (Becton Dickinson, Erernbodegem, Belgium). Cells that were

stained Annexin V (4) and Pd. (-) were considered early-stage apoptotic

cells. Cells that were stained annexin V (1-) and P.l. (49 were considered
lata-ctane annntotic calle and calle that weare ctained anneavin \/ (- and P 1|



EXAMPLE 18 WO 2007/130626PCT/US2007/010924 Binding affinities to
XIAP and activities in cell growth inhibition 102481 The binding affinities to
X_IAP and activities in cell growth inhibition of Smac mimetics are
presaatedosel able 5. Table 5 Compound Binding to XIAP 1050rusizes 010924
[nM] IC50 values (nM) In WST-assay (MDA-MB- 231) <100 IC50 values
(nM) In WST-assay SK-OV-3

EXAMPLE 11

BIVALENT SMAC MIMETICS

Q?//\] o N Ph
\> N = /\/\_O_/\/\ )J\/\(Q
< )- N NSy
o) ! ‘\\ o)
P NHACN( o H ey N=N NHAC
SH-173

[0212] SH-173: 'H NMR (300 HMz, CDCls): § 8.70 (s, 2H), 8.32 (d, J = 8.0
Hz, 2H), 7.60 (d, J = 7.4 Hz, 2H), 7.40-6.80 (m, 26 H), 6.47 (d, J = 7.9 Hz, 2H), 6.25
(d, J = 8.0 Hz, 2H), 4.81 (m, 2H), 4.70 (m, 2H), 4.50 (m, 2H), 4.27 (t, J = 7.1 Hz,
4H), 3.95 (m, 2H), 3.30-3.08 (m, 4H), 2.60 (t, J = 2.61 Hz, 4H), 2.45-2.25 (m, 2H),
2.12-1.20 (m, 36H); *C NMR (75 HMz, CDCl3): § 170.78, 170.41, 170.14, 169.88,
148.00, 140.45, 138.98, 136.19, 128.53, 128.44, 127.68, 127.56, 127.28, 123.70,
121.67, 121.55, 119.13, 118.57, 111.29, 110.25, 59.98, 59.06, 54.01, 50.40, 50.20,
50.01, 47.76, 35.93, 34.61, 31.74, 29.53, 29.09, 28.08, 24.83, 23.30, 22.95, 20.82;

\)k g \% /\/\N/\/\/::)N\/\/\N/YP:N.\\QQ)?\/

g N

N=N H un

SH-175 =

[0213] SH-175: 'H NMR (300 HMz, D,0): 6 7.87 (s, 1H), 7.71 (s, 2H), 7.30-
7.11 (m, 10H), 6.05 (s, 2H), 4.64 (m, 2H), 4.35-4.16 (m, 10H), 3.81 (m, 2H), 2.60 (t,
J = 6.2 Hz, 2H), 2.54 (s, 6H), 2.10 (m, 2H), 1.98 (m, 2H), 1.75-1.42 (m, 34H); B
NMR (75 HMz, D;0): 6 175.85, 174.79, 172.08, 150.63, 147.37, 141.60, 131.8S,
131.09, 129.93, 128.50, 126.79, 64.57, 63.53, 59.73, 54.54, 53.66, 52.90, 52.59,

38.49, 35.57, 34.90, 33.93, 31.29, 30.32, 28.96, 28.65, 27.63, 27.38, 25.24, 24.49,
18.22.
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SH-142 <50 SH-143 <50 SH-146 <50 S1-1-153 <10 <1000 SH-I55
<10 <100 <100 SH-156 <10

WO 2007/130626 PCT/US2007/610924
N=N N=N
N\)\/O N
Ph G}j o] o ( N Ph
/L S Y /U\/ /_‘< /‘\
o, § s W b e
~ ~
SH-176
[0214] SH-176: 'H NMR (300 MHz, D;0): & 7.48 (s, 2H), 7.10-6.67 (20H),

5.84 (s, 2H), 4.65 (m, 2H), 4.55 (m, 2H), 4.42-4.16 (m, 8H), 3.80 (m, 2H), 2.53 (s,
6H), 2.25-1.30 (m, 26H); >C NMR (75 MHz, D,0O): & 172.72, 171.00, 169.10,
143.67, 141.49, 141.30, 129.07, 127.96, 127.58, 127.39, 124.10, 62.76, 61.24, 59.43,
57.67, 57.27, 55.00, 53.20, 41.26, 32.12, 31.31, 26.98, 24.69, 15.62.

N\/K/O\/k/

fycer Yﬁz“\a .

[0215) SH-177: 'H NMR (300 MHz, D,0): & 7.62 (s, 2H), 7.15-6.90 (20H),
5.90 (s, 2H), 4.75 (m, 4H), 4.43 (s, 4H), 4.39 (m, 4H), 3.83 (m, 2H), 2.80 (s, 6H),
2.46 (m, 2H), 2.22-1.90 (m, 8H), 1.75-1.43 (m, 10H), 1.36 (d, J = 8.4 Hz, 6H); '’°C
NMR (75 MHz, D,0): § 175.14, 173.74, 172.25, 146.86, 144.06, 143.66, 131.72,
131.66, 130.55, 130.21, 129.97, 125.60, 65.46, 64.63, 62.98, 60.36, 59.70, 52.87,
45.02, 34.98, 33.87, 32.30, 30.26, 18.17.

rd
o Ph H MY
N b i O, N. ]/'\
\)\N — '\/\N/\,N N“/\N/V\N/?\/N I
o 0
-

SH.178

[0216] SH-178: 'H NMR (300 MHz, D;0): & 7.88 (s, 2H), 7.46-7.30 (m,
10H), 6.19 (s, 2H), 4.78 (m, 6H), 4.42 (m, 2H), 4.30 (m, 2H), 3.90 (m, 2H), 3.74 (m,
4H), 3.60 (m, 4H), 3.52 (m, 2H), 3.28 (m, 2H), 2.64 (s, 6H), 2.40-1.56 (m, 24H),
1.49 (d, J = 7.0 Hz, 6H); *C NMR (75 MHz, D,0): & 176.14, 174.90, 172.10,
151.28, 141.51, 131.90, 131.19, 130.01, 127.32, 64.64, 63.61, 59.73, 58.06, 53.68,
52.96, 52.05, 47.49, 38.50, 35.53, 34.90, 33.89, 30.35, 27.61, 24.48, 18.18.
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<1000 <1000 SH-158 <10 <1000 <1000 SH-159 <10 <1000 <1000
SH-164 <10 <10 <10 SH-165 <10 <1000 <1000 SH-166 <10 <1000
<1000

WO 2007/130626 PCT/US2007/610924
'!J o " HN/\’OH
\)L —Nr)i\/\ NN N—/\N/\/‘ Ng/‘\
HO/\’ NH t\
SH-178 -
[0217) SH-179: 'H NMR (300 MHz, D,0): & 7.87 (s, 2H), 7.40-7.22 (m, 10H), 6.19

(s, 2H), 4.74 (m, 6H), 4.42 (m, 2H), 4.30 (m, 2H), 4.05 (m, 2H), 3.79 (t, J = 5.1 Hz,
4H), 3.71 (t, ] = 5.1 Hz, 4H), 3.53 (brs, 8H), 3.10 (m, 4H), 2.40-1.60 (m, 24H), 1.50
(d, T = 7.0 Hz, 6H); '>)C NMR (75 MHz, D,0): §.176.15, 174.92, 172.00, 151.25,
141.51, 131.90, 131.19, 130.07, 127.28, 64.64, 63.60, 59.57, 58.60, 58.06, 53.69,
52.95,52.14, 50.67, 47.56, 38.49, 35.53, 34.89, 30.34, 27.60, 24.47, 18.46.

Bt Q% 4 g o T
O e NG N :
PO A Pad SR Ve sy el
SH-180
10218] SH-180: 'TH NMR (300 MHz, D;0O): & 7.60 (s, 2H), 7.30-7.10 {(m,

10H), 6.68 (s, 4H), 6.15 (s, 2H), 4.74 (m, 2H), 4.52-4.30 (m, 4H), 4.20 (m, 2H),
4.19-4.02 (m, 8H), 3.80 (m, 2H), 3.13 (m, 2H), 2.40-1.12 (m, 42H); 1*C NMR (75
MHz, D;0): & 172.79, 170.36, 169.39, 148.33, 130.54, 129.24, 128.55, 127.41,
123.46, 61.91, 60.88, 60.28, 57.02, 56.06, 50.99, 50.38, 49.08, 48.13, 35.98, 34.26,
33.10, 32.32, 29.20, 27.85, 25.11, 21.95, 16.84.

\)L \%%NNN an§w

[0219] SH-181: '"H NMR (300 MHz, D,0): & 7.87 (s, 2H), 7.31 (m, 4H), 7.08
(m, 4H), 6.16 (s, 2H), 4.82-4.72 (m, 6H), 4.50 (m, 2H), 4.26 (m, 2H), 3,88 (m, 2H),
3.78 (m, 4H), 3.68 (brs, 8H), 2.61 (s, 6H), 2.36-1.53 (m, 24H), 1.50 (1, J = 7.0 Hz,
6H); *C NMR (75 MHz, D,0): § 176.03, 174.85, 172.05, 163.45, 151.16, 137.40,
131.90, 127.33, 118.51, 64.59, 63.58, 59.73, 58.02, 53.64, 52.30, 51.87, 47.26,
38.48,35.53, 34.86, 33.85, 30.27, 27.60, 24.47, 18.16.

SH-181
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SH-167 <10 <10 <10 SH-172 <10 <1000 SH-173 >10,000 >10000
>10000 SH-175 <50 <100 <100 SH-176 <10 <100 SH-177 <10

WO 2007/130626 PCT/US2007/010924

- SH-182

[0220] SH-182: 'H NMR (300 MHz, D,0):  7.61 (s, 2H), 7.23 (m, 4H), 6.78
(m, 4H), 6.53 (m, 4H), 6.12 (s, 2H), 4.70 (m, 2H), 4.32 (m, 2H), 4.18 (m, 2H), 4.10-
3.83 (m, 6H), 2.61 (s, 6H), 2.22-1.03 (m, 42H); C NMR (75 MHz, D,0): & 172.53,
171.92, 169.39, 160.60, 148.31, 139.38, 134.84, 129.40, 128.42, 115.60, 61.76,
60.78, 57.20, 50.94, 50.27, 49.59, 35.99, 34.42, 33.22, 32.32, 31.33, 29.41, 27.95,
25.14,21.99, 15.66.

F

F .
© . @ HNOH
N WJ‘\
\ﬁN ' /\/\N/\\*N N'_’/\N AN N
~_NH H o NN
HO

SH-183

[0221] = SH-183: 'H NMR (300 HMz, D,0): & 7.87 (s, 2H), 7.38-7.22 (m, 4H),
7.12-6.99 (m, 4H), 6.17 (s, 2H), 4.85-4.74 (m, 6H), 4.34 (m, 2H), 4.27 (m, 2H), 3.98
(m, 2H), 3.80-3.65 (m, 8H), 3.55 (s, 8H), 3.10 (m, 2H), 2.37-1.40 (m, 30H).

X
, ’ HN O

\)LN(»»« N R S sy

HO/\’NH H SH-184
[0222] SH-184: '"H NMR (300 MHz, D,0): 8 7.62 (s, 2H), 7.20 (m, 4H), 6.90-

6.70 (m, 4H), 6.69-6.50 (brs, 4H), 6.19 (s, 2H), 4.72 (m, 2H), 4.50-4.28 (m, 4H),
4.20-3.80 (m, 6H), 3.12 (m, 4H), 2.22-0.98 (m, 42H).

SH-185

IS SOUNIII Y
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<100 SI-I-178 <100 <10,000 SH-179 <100 <10000 SH-180 <100 <1000
<1000 SH-181 <100 <10000 WO 20071130626PCT/US2007/010924

SH- 182 <100
WO 2007/130626 PCT/US2007/610924
[0223] SH-185: 'H NMR (300 HMz, D,0): & 7.67 (s, 2H), 7.26-7.10 (m,

10H), 6.07 (s, 2H), 4.73 (m, 2H), 4.28 (m, 2H), 4.25-4.10 (m, 6H), 3.83 (m, 2H),
2.54 (s, 6H), 2.20-1.92 (m, 4H), 1.86-1.30 (i, 34H), 0.98-0.80 (m, 12H); *C NMR
(75 HMz, D,0): 8 177.43, 173.05, 172.22, 148.26, 139.29, 129.28, 128.50, 127.43,
123.81, 62.00, 60.99, 57.20, 51.08, 50.76, 50.40, 36.00, 33.06, 32.36, 31.32, 29.52,
28.62, 28.26, 27.77,25.76, 25.10, 21.93, 15.65.

[0224)

n -
o N ph En 9 g
: il NY\
\*;—RV“/V\-Q—/WY R
Nu M o NN NN H i

SH-186

[0225] SH-186: 'H NMR (300 HMz, D,0): & 7.58 (s, 2H), 7.20-6.90 (m,
10H), 6.61 (s, 4H), 6.08 (s, 2H), 4.72 (m, 2H), 4.30 (m, 2H), 4.10 (m, 2H), 3.95 (m,
4H), 3.80 (m, 2H), 2.52 (s, 6H), 2.25-1.05 (m, 36H), 1.02-0.75 (m, 14H); "*C NMR
(75 HMz, D,0): § 174.88, 174.40, 171.91, 151.04, 142.52, 14231, 131.63, 130.92,
130.00, 125.57, 125.09, 64.30, 63.24, 59.74, 53.42, 52.90, 38.63, 38.20, 35.90,
34.85, 34.28, 33.87, 32.69, 32.05, 31.73, 30.20, 29.07, 27.76, 24.49, 18.23.

vd
NH
25 M T m g g f L
’_..< A WN N z
N ~NH N Y N
H O N=N N/:R/\H N ©

-y N °
SH-187

[0226] SH-187: 'H NMR (300 HMz, D;0): 8 7.56 (s, 2H), 7.40-7.05 (m,
16H), 7.02 (m, 2H), 6.90 (m, 2H), 6.78 (m, 4H), 6.11 (s, 2H), 4.75 (m, 2H), 4.49 (m,
2H), 4.25 (m, 4H), 4.20 (m, 2H), 3.98 (m, 2H), 3.84 (m, 2H), 2.49 (s, 6H), 2.38 (m,
4H), 2.24-1.22 (m, 36H).

f Q% T » G Js
\l/k AT NS »/NJ\‘/
N NH ™ o
H © 0/ O\/\/nan\Q/\H < H HN

_NH

SH-188

[0227) SH-188: 'H NMR (300 HMz, D,0): § 7.10-6.92 (m, 10H), 6.85 (m,
4H), 6.70 (m, 4H), 5.85 (s, 2H), 4.65 (m, 2H), 4.32 (m, 2H), 4.06 (m, 2H), 3.82 (m,
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<10<10511-183 <100 <10,000 SH-184 <100 <10 <100 SH- 185 <50
<10 <10 SH-186 <50 <10 <10 SH-187 >10000 >10000 >10000

WO 2007/130626 PCT/US2007/010924

2H), 2.74 (m, 4H), 2.54 (s, 6H), 2.15 (m, 4H), 2.02-1.20 (m, 34H); '>C NMR (75
HMz, D,O): § 17236, 171.92, 169.41, 160.17, 141.40, 141.15, 139.27, 129.01,
127.66, 127.46, 61.88, 60.87, 57.18, 50.94, 39.72, 35.99, 33.20, 32.49, 31.60, 31.33,
27.79,25.19, 21.91, 15.69.

(D o GQ :
N MR YOS T N 4 N)Kl
N © I H H 5 H
NH o F NYN HN-_
s

5H-189
[02238] SH-189: '"H NMR (300 HMz, D;0): & 7.18-6.99 (m, 10H), 6.95 (i,

4H), 6.80 (m, 4H), 5.90 (s, 2H), 4.72 (m, 2H), 4.36 (m, 2H), 4.13 (m, 2H), 3.89 (m,
2H), 3.30 (brm, 4H), 2.63 (s, 6H), 2.30 (m, 4H), 2.12-1.18 (m, 34H).

o
o (\f[1/> Ph = 5
] :
\{LN’_\%}WH o U NS NT Y
i %o o > NH
H H

SH-180

[0229] SH-190: '"H NMR (300 HMz, D;0): 8 '*C NMR (75 HMz, D;0): &
7.15-6.93 (m, 10H), 6.95 (in, 4H), 6.79 (m, 4H), 6.85 (s, 2H), 4.74 (m, 2H), 4.36 (m,
2H), 4.13 (m, 2H), 3.88 (m, 2H), 2.80 (m, 4H), 2.58 (s, 6H), 2.36-1.08 (m, 42H).

o _\<N i BoH Ph O qu
_ A N AV e S Vo ~
N e T
SH-181
[0230] SH-191: 'H NMR (300 HMz, D;0): § 7.75 (s, 2H), 7.40-7.20 (m,

10H), 6.16 (s, 2H), 4.74 (m, 2H), 4.36 (m, 2H), 4.32-4.20 (m, 6H), 3.89 (m, 2H),
2.95 (t, J = 6.6 Hz, 4H), 2.64 (s, 6H), 2.32-1.20 (m, 38H).

C \l HN™
o) N Ph Ph O ) H
\))\N — %..NNN/\/\/O\/\/\__N/V\N J - Nj('\
nn i %0 NN NN H N °

SH-198
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SH-188 <100 <100 <100 SH-189 <100 <100 <100 SH-190 <100 <10 <10
SH-191 <100 <100 <100 SI1-198 <100 <10 <10511-199 <10

WO 2007/130626 PCT/US2007/610924

[0231] SH-198: 'H NMR (300 HMz, D;0): & 7.70 (s, 2H), 7.30-7.12 (m,
10H), 6.07 (s, 2H), 4.65 (m, 2H), 4.32 (m, 2H), 4.25-4.10 (m, 6H), 3.84 (m, 2H),
3.10 (m, 4H), 2.55 (s, 6H), 2.20-1.20 (mn, 38H), 0.98 (m, 2H); *C NMR (75 HMz,
D,0): & 173.17, 172.22, 169.53, 148.15, 139.16, 129.32, 128.54, 127.40, 124.04,
70.20, 69.63, 62.01, 60.98, 57.19, 51.10, 50.82, 50.63, 50.35, 35.97, 33.06, 32.36,
31.37,29.29, 28.17, 27.77, 26.48, 25.80, 25.10, 22.58, 21.95, 15.67.

Qs e
\‘/tk \>—N§\/\ N/\/\/\O/\/\/\N/v /tij\ﬂ/'\
SH-199
[0232] SH-199: '"H NMR (300 HMz, D,0): 8§ 7.73 (s, 2H), 7.20-7.02 (m,
10H), 6.05 (s, 2H), 4.65 (m, 2H), 4.30 (m, 2H), 4.22-4.08 (m, 6H), 3.84 (m, 2H),
3.08 (m, 4H), 2.52 (s, 6H), 2.25-0.90 (m, 42H); *C NMR (75 HMz, D,0): § 173.02,
172.13, 169.49, 147.91, 139.07, 129.31, 128.55, 127.41, 124.14, 70.25, 66.87, 61.93,
60.90, 57.18, 50.97, 50.22, 36.01, 33.08, 32.37, 31.40, 29.33, 28.23, 27.74, 25.11,

122,62, 21.97, 15.70.

H
\,)L ’—«\%—Nﬁ\’\ ~’\’°\/\/\o”\~n’\/\ N’Z:Oij‘\'o(v\

~NH SH-200

[0233] SH-200: 'H NMR (300 HMz, D,0): & 7.77 (s, 2H), 7.22-7.08 (m,
10H), 6.05 (s, 2H), 4.65 (m, 2H), 4.37-4.22 (n, 6H), 4.16 (m, 2H), 3.82 (m, 2H),
3.48 (m, 4H), 3.08 (m, 4H), 2.52 (s, 6H), 2.16-1.42 (m, 30H), 1.01 (m, 4H); *C
NMR (75 HMz, D;0): & 173.11, 172.16, 169.49, 148.01, 139.10, 129.32, 128.56,
127.38, 124.62, 70.59, 68.39, 66.87, 61.96, 60.95, 57.19, 50.73, 50.24, 35.98, 33.09,
32.36,31.40, 27.77, 25.43, 25.12, 21.96, 15.69.

SH-201
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<10 <10 SH200 <10 <100 <100 511-201 >10,000 ----1000 >1000 SH-202
<100 <10 <10 511-206 <1000 <1000 <1000 YP-3 17 <100 <100

WO 2007/130626 PCT/US2007/610924

[0234] SH-201: 'H NMR (300 HMz, D;0): § 7.60 (s, 2H), 7.40-6.70 (m, 20),
6.16 (s, 2H), 4.75 (m, 2H), 4.49 (m, 2H), 4.25 (m, 4H), 4.20 (m, 2H), 3.98 (m, 2H),
3.84 (m, 2H), 2.49 (s, 6H), 2.40-1.20 (m, 48H).

Ve
HN
o M n prh o, H
: 0 N\n/’\
\A,gﬂ?%m:’vo S
| S o 4 H N [s}
_NH o i

SH-202

[0235] SH-202: 'H NMR (300 HMz, D,0): & 7.35-7.16 (m, 10H), 5.02 (m,
2H), 4.74 (m, 2H), 4.39 (m, 2H), 4.27 (i, 2H), 3.92 (m, 2H), 3.55 (m, 4H), 3.34 (m,
4H), 2.64 (s, 6H), 2.28-1.20 (m, 54H); '>*C NMR (75 HMz, D,0): § 175.35, 174.62,
172.04, 141.98, 131.60, 130.66, 129.70, 75.84, 73.59, 64.68, 63.33, 59.74, 55.57,
53.55, 38.93, 35.65, 35.05, 33.93, 32.55, 32.31, 30.64, 28.86, 27.85, 24.68, 18.29.

. Ve
HiN
) M N 9 q HWH\
\‘/U\N S N ,(\N/\A_@_/\/\N/S/Lu ) I
2] £ —
_NH o NEN N=N

SH-208

[0236] SH-206: 'H NMR (300 HMz, D,0): 5 7.44 (s, 2H), 7.30-6.80 (m,
10H), 6.49 (s, 4H), 5.99 (s, 2H), 4.63 (m, 2H), 4.28 (m, 2H), 4.06 (m, 2H), 3.92 (m,
2H), 3.80 (m, 4H), 2.55 (s, 6H), 2.28-0.95 (m, 42H); *C NMR (75 HMz, D,0): &
175.04, 174.33, 171.97, 150.65, 143.08, 141.97, 131.63, 131.00, 130.59, 129.60,
126.25, 64.31, 63.33, 59.74, 53.47, 52.92, 38.47, 36.87, 35.85, 34.86, 33.87, 31.85,
30.42, 27.65, 24.52, 18.26.

SM-410
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YP-343 <100 <100 YP-381 <10 <10 <10 YP-383 <10 <10 <10 YP-385
<10 <10 <10 SM-410 <100 <500 <500 102491Having now fully described

the invention, it will be understood by those of
WO 2007/130626 PCT/US2007/010924

[0237]

[0238])

SM-410: '"H NMR (MeOH-ds, 300 M Hz) & 8.91 (m, 2H), 7.37-7.13 (m,
24H), 6.16 (m, 2H), 4.73 (m, 2H), 4.53 (m, 2H), 4.06-3.73 (m, 8H), 3.37-3.27 (m,
6H), 2.92 (m, 6H), 2.68 (m, 6H), 2.30 (m, 2H), 2.05-1.81 (m, 10H), 1.55 (m, 6H);
13C NMR (MeOH-ds, 300 M Hz) & 174.4, 172.3, 169.3, 168.6, 142.2, 142.0, 139.3,
129.1, 128.7, 128.5, 127.8, 127.5, 127.3, 61.8, 57.3, 52.6, 51.8, 46.6, 34.9, 32.4,
31.4,30.9,27.3, 15.3. ‘

EXAMPLE 12

Binding of Inhibitors to XIAP BIR3

In order to test the binding ability of the bivalent 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

[0239]

affinity of Smac mimetics to XIAP protein (Nikolovska-Coleska er al., Anal
Biochem. 332:261-73 (2004)). For this assay, 5-carboxyfluorescein (5-Fam) was
coupled to the lysine side chain of the mutated Smac peptide, AbuRPF-K-(5-Fam)-
NH; (termed SMS5F). The Ky 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.

Thé dose-dependent binding experiments were carried out with serial
dilutions of the tested compounds in DMSO. A 5 pl sample of the tested samples
and preincubated XIAP BIR3 protein (30 nM ) and SMSF 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 pl. 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 SM5F (equivalent to 100% inhibition) were

included. The polarization values were measured after 3 hrs of incubation when the
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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

paers,/ pasent applications and publications cited herein arepfurlys2007/010924
incorporated by reference herein in their entirety. ItICSLLP CLAIMS I.

The compound having Formula IF wherein: A1 and Al are independently
selected from the group consisting of hydrogen, CH3, 0[120120H,
cycloalkyl, and alkyl; A2 and A2' are independently selected from the

group deingisgngachéieloiierinG S 20H, ERAIRRADER(Teamt CORi¢., Research
whereinpfizy s SPSRNNERNETCY, afi B dhd 2isoaBS 80 URERYHS O MASHY, of bound
are independently ,seLect d froméhefg&ua onsstmgﬁﬁof N,CHand O; W

and W BRI HfEh SHBEHHS SEREEE BT R STBUD BERSISHNY BITRF &N PR sauares
\ X andadabyssind épamel efitip £ Wasalkgifoon¢ll WBSLCRAPHRAY' AMRISM  software

independeihp selecterfLomthe.gipsengisting of CONRI, C(0)0,
(CR'R2)1_3, wherein one or more CH) groups can be replaced by 0. S,
aryl, or NW; D and D' are independently selected from the group
consisting of alkylenyl and (CRI | E3AIMIPE IndE€pendently selected from

the group consisting of alkylenyl and.(CR 122 e-(CR3R4)q T. T are
independently SOREd At T arster B A et AR 80 bl
0, NR', CRIR2, and aryl; U and U’ are independently selected from the

doadpjconsistingSefidy driageaie, MRIRZueRd, &R, lalkghakadadrybréteim, (fesidues 120-

and q a4ggdnqependsnihy 0:5neaetcRiis $eieclekiiRmiNR OYRent peptide, called
consisting of fgdrosgen optionally substituted alkyl, optionally substituted
t

carbocy e Ghtich ﬁ?@ﬁéﬁﬁj@ﬁ%é&%%ﬁ?é’, g%%ﬁ‘nglﬂpéﬁ RRitSY R phosphate,
optionati SulistROteghttercardantaZsl eadmRRORE sriiRhzide) in Dynex 96-well,
indepengently seleteebioplthe @iokh cRnsigHRN O5hYEI8E s determined to bind
XIAP with a Ky value of 1.2 nM. For each assay, the controlsvincludcd XIAP and
Smac2-F peptide (equivalent to 0% inhibition), and Smac-2F only (equal to 100% of
inhibition). The polarization values were measured after 2 hours incubation, using
the Ultra plate reader. The ICsp value, the inhibitor concentration at which 50% of
bound tracer is displaced, is determined from the plot using nonlinear least-squares

analysis. Curve fitting is performed using GraphPad Prism® software.

Bivalent

MH
NH o tracer
Smac2-F
o
H’N\;/“\u "? jormz
O d N T g .

NN

w—f AM
{6241} When tested in the binding assay, bivalent Smac mimetic SH-164 had an

ICso 0f 1.9 + 0.5 nM (FIG. 1). This was more than 500-fold better than the binding

affinity of the monovalent Smac mimetic SH-122 and >5000 times more potent
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optionally substituted alkyl, optionally substituted carbocyclic, optionally
substituted heterocyclic, optionally substituted aryl and optionally

substituted heteroaryl, Br, / t-butyl, and R5' and R5h are independently

selected fsesrs the group consisting of C=0, C=S, C=NRI, S. GediR/sandt/oi0924
CR'R2; and Z is a linker covalently linking one of Al, Y, D, J, T and U with

one of Al',y, D', T" and U'; or pharmaceutically acceptable salts.

MCSI.LP 2. The compound of claim 1, wherein Z links D with U'". 3. The
compound of claim 1, wherein Z links D with D'. 4. The compound of claim

1, wherei,@rztﬁak&&hwﬁh&db&:éﬁhe&momsﬂcpﬁdaﬁmlayvhaneé@emafads[rggest that
arc indepery ”é'%&e'e%% ulféowmu A& el 0tk %‘% %Pf’ ._The binding
compound of claim | ereln q are’in ep en ent ected r% 0

and 1 saffrifist ¢f %}WE&‘?"Wéﬂéémﬁ%ﬁh‘a%’Fél%Fﬁ?Tsvﬁﬁ%‘?éihTﬁ‘%{ﬁd ‘m

are independently selected from 0-4 such thatn + mis 3 or 4 and p and q

are independently selected from 0 and},such that p + q is 1. 8. The

compound of claim 7, wherein T is C=0. 9. The compound of claim 8,

wherein U is NR1R2. 10. The compound of claim 9 wherein R5b is CM,.

v Binding Affinities
Name to XIAP BIR3
(ICso [uM])
YP-245P3 1-10
YP-246P 0.1-1
YP-330 <0.1
YP-337 <0:1
YP-350 <0.1
YP-356 <0.1
YP-376 <Q.1
YP-377 <0.1
SM-401 <0.1
SM-402 <0.1
SM-403 <0.1
SM-404 ) <0.1
SM-405 <0.1
SM-406 <0.1
SM-407 <Q.1
SM-408 <0.1
SM-409 <0.1
SH-207. <1
EXAMPLE 14

Cell Growth Inhibition by Bivalent Smac Mimetics

[0242] The effect of SH-164 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).
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11. The compound of claim 1, wherein Y is COM", W is CH and V is N. 12.
The compound of claim 1, selected from the group consisting of: Ph HO

Ph (17-H\N=14 NN,O,NN --"N---0(1\H/"NHO Ph NHN-rN Ph OH
Hy0O1%007/130626 PCT/US2007/010924

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% (ICsp) was calculated by
comparing absorbance in untreated cells and the cells treated with the tested
compound.

[0243] When tested against the MDA-MB-231 human breast cancer cell line and the
MAMEL-3M melanoma cell line, SH-164 exhibited an ICs of 1.4 nM (FI1G. 2). In

addition, SH-164 is also a potent inhibitor in several other cancer cell lines (FIG. 2).
EXAMPLE 15

Induction of Cell Death by Bivalent Smac Mimetics

[0244] The ability of SH-164 to induce cell death in various cancer cell lineé was
tested using a Trypan blue cell viability assay. 0.3 x 10° cells were seeded in 6 well
plates and incubated at 37 °C in an atmosphere of 95% air and 5% CQ, without or
with tested compound for 2 days. A 1:1 dilution of 0.4% Trypan blue (Invitrogen
Corporation) was used to determine cell viability. SH-164 was shown to be an
effective inducer of cell death when incubated with MDA-MB-231, MAMLE-3M,
and OVCAR-4 cells (FIG. 3). In each case, SH-164 induced at least 70% cell death
at a concentration of 100 nM.

EXAMPLE 16

Effect of Combinations of Bivalent Smac Mimetics and
Other Agents on Cell Growth Inhibition

[0245] To test the ability of bivalent Smac mimetics to sensitize cancer cells to the
growth inhibiting effects of other agents, cell growth inhibition assays were carried
out with various agents alone or in combination with increasing doses of bivalent
Smac mimetics. Exposure of MDA-MB-231 (2LLMP) breast cancer cells to TRAIL
alone resulted in an ICsp of 2.2 ng/ml (FIG. 4A). Combination of TRAIL and SH-
164 lowered the ICso for TRAIL significantly, with TRAIL in the presence of 100
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, MCSLIP Pheho (it's-c5-7 NN NNH 0) Ph\<"."INH .C1.1CD 6// Ph

OH HN NN NThHO OPhPh 90, h-.,--2, -- -..., ------ 1i? 1"." NHHO
ONrCNiINNHI: --\,./
WO 2007/130626 PCT/US2007/610924

nM SH-164 having an ICso of 0.008 ng/ml. A similar result was seen with MDA-
MB-453 breast cancer (;ells, where TRAIL alone had an ICsp of >1000 ng/ml and the
combination of TRAIL and 100 nM SH-164 had an ICs; of 16 ng/ml (FIG. 4B).
When PC-3 human prostate cancer cells were used, TRAIL alone had an ICs of
>300 ng/ml while TRAIL in the presence of 100 nM SH-164 had an ICsp of 2 ng/ml
(FIG. 4C). SH-122 had a similar although less potent effect, with the combination
of TRAIL and 1000 nM SH-122 having an ICsy of 30 ng/ml. In contrast 500 nM
SH-149 did not lower the ICso of TRAIL. '
{0246] SH-164 was also tested for its ability to enhance the growth inhibitory effects
of the chemotherapeutic agents cisplatin and mitoxantrone. When tested on MDA-
MB-231 (2LMP) human breast cancer cells, SH-164 at a concentration of 100 nM
sensitized the cells to growth inhibition by both agents (FIG. 5). These data indicate
that bivalent Smac mimetics are capable of sensitizing cells to the growth inhibitory

effects of a variety of cancer-treating agents.

EXAMPLE 17

Apoptosis Assay

[0247) Analysis of apoptosis was performed using an apoptosis detection kit
(BioVision Research Products, Mountain View, CA) according to the manufacturer's
protocol. Briefly, cells were treated with Smac mimetics for 12 hours, harvested and
washed with ice-cold PBS. Cells were stained with Annexin V-FITC and Propidium
iodide (P.I) for 15 minutes at room temperature in the dark and immediately
analyzed by FACS calibur flow cytometer (Becton Dickinson, Erembodegem,
Belgium). Cells that were stained Annexin V (+) and P.I. () were considered early-
stage apoptotic cells. Cells that were sfained annexin V (+) and P.I (+) were
éonside:red late-stage apoptotic cells and cells that were stained annexin V (-) and

P.IL (+) were considered necrotic cells (FIG. 6).

EXAMPLE 18
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Binding affinities to XIAP and activities in cell growth inhibition

[0248]

¥

Smac mimetics are presented in Table 5.

The binding affinities to XIAP and activities in cell growth inhibition of

Table 5
_ Binding ICS(O nl\\f;;ues ICS0 values
Compound Iéo leﬁfes In WST-assay In ‘N(g,?/f lesa
50 (MDA-MB- Y
[nM] 231) SK-OV-3
SH-142 <50 <100
SH-143 <50
SH-146 <50
SH-153 <10 <1000
SH-155 <10 <100 <100
SH-156 <10 <1000 <1000
SH-158 <10 <1000 <1000
SH-159 <10 <1000 <1000
SH-164 <10 <10 <10
SH-165 <10 <1000 <1000
SH-166 _ <10 <1000 <1000
SH-167 <10 <10 <10
SH-172 <10 <1000
SH-173 >10,000 >10000 >10000
SH-175 <50 <100 <100
SH-176 <10 <100
SH-177 <10 <100
SH-178 <100 <10,000
SH-179 <100 - <10000
SH-180 <100 <1000 <1000
SH-181 <1,00 <10000
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SH-182 <100 <10 <10
SH-183 <100 <10,000
SH-184 <100 <10 <100
SH-185 <50 <10 <10
SH-186 <50 <10 <10
SH-187 >10000 >10000 >10000
SH-188 <100 <100 <100
SH-189 <100 . <100 <100
SH-190 <100 <10 <10
SH-191 <100 <100 <100
SH-198 <100 <10 <10
SH-199 <10 <10 <10
SH200 <10 <100 <100
SH-201 >10,000 >1000 >1000
SH-202 <100 <10 <10
SH-206 <1000 <1000 <1000
YP-317 <100 <100
YP-343 <100 <100
YP-381 <10 <10 <10
YP-383 <10 <10 <10
YP-385 <10 <10 <10
SM-410 <100 <500 <500

[0249] 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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[o NH HO FF Il r--- ->, i1 H HN-"-..0 O r-hjO NH-Ntr;;;NN-- N=N\__,/0
N--rjH c:Thr, F.X/ 1r.:01 7-\\__ - N--K"...----- , K, TH/
+15, NHOFIThrihmi FIN Ori
MCSLLP
CLAIMS
1.  The compound having Formula II:
D
X Y !
~.

W

l N

v

T—U
A1/ \A2 o)
D' 5
X\ /Y'
Wl
\ N
/V'\ Tl U|
Ay Ay’ K

wherein:

I

Ay and A4 are independently selected from the group consisting of hydrogen, CHj,

CH,CH,OH, cycloalkyl, and alkyl;

A, and A,' are independently selected from the group consisting of hydrogen,

CH,CH,OH, cycloalkyl, alkyl, and COR!, wherein A, is absent when V is O and A’

is absent when V'is O;

V and V' are independently selected from the group consisting of N, CH and O;

W and W' are independently selected from the group consisting of CH and N;

X and X' are independently C;-3 alkyl, or
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,0\2; F -1 (N IHIH T - - ---OHHHN---0_00--Aal\-
ily-1., I NobNH 7 Nr---NN------ N.------- N-N, ,)'-- 1 A\NNH/--fl, NH
HN=N\__ ./O HO FF I1, t\i-- -;, ."...-2.- 1 H HN"'-OH

MCSLLP
Y and Y' are independently selected from the group consisting of CONR', C(0)0,
(CR'R?),.3, wherein one or more CH, groups can be replaced by O, S, aryl, or NR':
D and D' are independently selected from the group consisting of alkylenyl and
(CR'R?),-R™(CR'RY)n;
J and ' are independently selected from the group consisting of alkylenyl and
(CR'R?),-R*-(CR'RY);
T and T' are independently selected from the group consisting of C=0, C=S, C=NR,
S, O, NR', CR'R? and aryl;
U and U’ are independently selected from the group consisting of hydrogen, NR'R?,
OR', SRI, alkyl and aryl;
n, m, p and q are independently 0-5;
each R! is selected from the group consisting of hydrogen, optionally substituted
alkyl, optionally substituted carbocyclic, optionally substituted heterocyclic,
optionally substituted aryl, optionally substituted heteroaryl and Z,
each 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,

Q Br\!
S ®
y O S
\\ ) 5 t-butyl, N %f_Q, % \\’
O :

, and ;

R* and R™ are independently selected from the group consisting of C=0, C=S,
C=NR‘, S, O, NR' and CR‘RZ; and

7 is a linker covalently linking one of A}, Y, D, J, T and U with one of A{', Y', D', I,
T'and U

or pharmaceutically acceptable salts.
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10.

11.

12.

r- N,N Thr e-Ph N- A---K N "0 _NH HON'N NNiroHNC-,,N23 MOSU ONI
2Ph 0d. NH THH N,N" 7-1 ph\\0O H

MCSLLP

The compound of claim 1, wherein Z links D with U'".
The compound of claim 1, wherein Z links D with D".
The compound of claim 1, wherein Z links U with U’

The compound of claim 1, wherein n and m are independently selected from 0-4 such that

n+mis3ord4.

The compound of claim 1, wherein p and q are independently selected from 0 and 1 such

thatp +qis 1.

The compound of claim 1, wherein n and m are independently selected from 0-4 such that

n+mis 3 or 4 and p and q are independently selected from 0 and 1 such thatp + qis 1.
The compound of claim 7, wherein T is C=0.

The compound of claim 8, wherein U is NR'R?.

The compound of claim 9, wherein R*®is CH,.

The compound of claim 1, wherein Y is CONH, W is CH and V is N.

The compound of claim 1, selected from the group consisting of:
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MCSLLP
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MCSI.LP and/0 c)Ph NH\ H Of/N'N Ts--) HN/ Ph OH tN,, i\i);14H-NO or
the free base thereof or another pharmaceutically acceptable salt thereof
1.3.A pharmaceutical composition comprising a compound of claim 1 apdsLp
a pharmaceutically acceptable carrier.
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MCSLLP

Ph Wy N
N%JY\ A % ] //\
NH N NTY
0 NeN 'YN@\jO

%OO» Oy %

or the free base thereof or another pharmaceutically acceptable salt thereof.

13. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.
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