DI MERI C | AP ANTAGONI STS (0001) This application clains
priority to and benefit of U S. Provisional Application No. }
60/ 820, 156V "Dineric IAP Inhibitors" filed on JGHIS3WNHEHs.
the entire contents of which is hereby incorporated by reference in
its entirety. [ 0002] Apoptosis (progranmed cell death) plays a
central role in the devel opnent and honmeostasis of all nulti-cellular
organi sms. Apoptosi s can be DAMERIE &P ANTWGOMNSES| | from an ext er nal

factor such asgefh e;mhﬂﬁ;at{ﬁma%gﬁbﬂ@&&ana;%tam@af)u.szrpraﬂs%namppncaﬁon
intracel lular event such a DNA damage (an intrinsic pathway).

Al t er at i ongo.ist/a2NBBkMltics “PRl-AYBASIHINBWR” BRE R INPR4, 00060 the kRt &AM ¥PES
of human pat hol ogi es, including devel opnental disorders, cancer,

aut oi Mmunewiltisie RGeS incddorit by fferdnetind@ts ei@gener at i ve di sorders. One
node of action of chenotherapeutic drugs is cell death via apoptosis.
[ 0003) Apopt osit#0ils Apopsdyr (pedraaarcded] depBglasa eanttalexie suthedbv@)spnmear anll y

by activated caspases, a famly of cysteine proteases with aspartate
speci fi ci thpmepstash ef ail muithselvkr erganishive dportssisteen egnigaed within acplldspaant at e
specific proteases ("caspases") are produced in cells as

cat al yt i caixiopual faciertspeheas 2 phanigising (aa sefrinsicoapivay) oo vip e nkipdeljulpyresmbsisied t o
beconme active proteases during apoptosis. Once activated, effector
caspases areh fuaase e iniwsiqrgitYRYohEHNPRE B 2peRicS RYEWeE hayeBepwaBPlcsEe ir um
of cellular targets that ultimtely lead to cell death. In_ nornal

sur vi vi ng Y Pt B polnges pebgby i sr %’P?ﬁ‘% AR s t

in inactive. If berrantly actiyated, thei
pr ot col yt i EREY FUTTyP BRI b CR by "6 PGB DB URSHS i 1y

conserved protei Ll ed | APs (inhibitors of apoptosis proteins).

[ 0004] Théigiiggﬁcflg?ﬁa sl’moapo%?%st ei ns suppresses apoptosis by preventing
the activation pr, LobL bl L AFAAL Ve hvity
of mature cas pgg‘;esi. Ag%%%gf&gfeg{%? %%%Q%é!ﬁ%éa#?g%&lﬁfs |aﬁ§fﬂﬁftﬁ§&§d AP,
C-1A? 1, GadoARd a rdMhir 'o@@stehlé\bﬁ’:te@%@Wﬂ%&%&naﬁh@ﬁ&ﬁfﬁ:ﬁ%_§1 A MRk Orhese
protein), Bruce, and survivin, have been identitied, and they all

exhi bit arydiei@Rombighl GspartadCipbotfid protbatesGQhdpadesth hrd bR dudedNRSceNRds Gatalytically
originally discovered in baculovirus by their functional ability to
subst i t ut énakbidre zndzefy Ml QleMrot@lytisdlly prodRS tObdcem@ee protdises doayge been
described in organisnms ranging fromDrosophila to human, and are
known t o bpoptosiar Ox@reassed cffeciorampasay mranspoaside fos profeelytie deavygespeakadng,

| APs conprise one to'three Bacul ovirus TAP repeat (BIR) domai ns, and
most of t keseinah srelhds dmass that oHinlalskléad tegeiidendll. [RhMIBaT survijeng et thét havEhe
BIR domain itself is a zinc binding domain of about 70 residues
conpri si ngot4ecgivphen-apentoticsimalng RstespereEmain dhectivi HlGasespss ¢ theranty

hi stidine residues that coordinate the zinc ion. It is the BrR domain
that is befivaigddcygroiealrbeaqting @aLe By eifenibiof eriuigpihinsT e ng t he
caspases and, thys inhibjtin poptosis., XIAP i s expressed

ubi qui tou§‘i°V“lSﬁal%é‘?sé@h‘fot@gﬁ@"? PPy es. Over expressi on of Xl AP

0, oo el Sl ReaRe SIS 0 2, cORl 0 ML S o 9RL0S %
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to sensitize a nunber of different tunor cell lines to apoptosis
i nduced by a variety of pro-apoptotic drugs. [ 0005] In nornal

cells signaled to undergo apoptosis, however, the TAP-nedi ated
inhibitory effect nmust be renbved, a process at |least in part




100081 Current trends in cancer drug design focus on selective
targeting act | e the apoptotic signaling pathways

whi | e sparﬁﬁﬁmﬁ%$¥§# cells. The tunor specific propertléglﬁgﬂé%ggﬁ
chenot herapeuti c agents, such as TRAIL have been reported. The tunor
necrosis factor-rel ated apoptosis-inducing ligand (TRAIL) is one of
several merbBig il tRrel WP wehesTgnmilHdib@aed &l in baohio)inswp eefrEiclidhat Maky
i nduce apoptosis through the engagenment of death receptors. TRAIL
interacts w dubstine APESpadtdily, at atPip@ptoliCRANIAPS Bivs bemdesttibed in drBaniiuidBNS
conprises two death receptors and three decoy receptors. TRAIL has
been used amgiapfrantlircaypitle fo lmgentandire R vaindbe sveaprirseidt many Mintah cakher
agents including ionizing radiation. TRAIL can initiate apoptosis in
cel | s t hat Genvesallyxprabiss IAPrcomprisgiovato trecBasuleviBes 1ARrepsatl(TBR) doxlains,and may
represent a treatment strategy for tunors that have acquired

r esi st ancemogf of amatshpesegstararhex driergpinel RINA finghyimdis. TheBIR dgmain éselfisa
receptors and activates the caspase cascade utilizing adapter

nol ecul es &ehingiag dqmamof abGFRm IEsidepPaIPTiFRE aphagwlicen prids) Retachtrppds, with

overexpression of clAP-1 or 2, indicating an inportant role for these
prot ei ns i fYsteHE & e Frgldbf‘émrdﬂetﬁtkwq ion. It is the BiRdgrpatp thatdppediped
have been jdentified. Two r.S TRAI L- R2 ( DR5)
red are apSeere S e *?16%’@5((38? ﬁa?ea%%aﬁﬁbl?mwm AP
Agent s 1 hab “FREFERBUBREY SR tfﬂﬁ?&“ﬁ PSR KPR B i s

Syner gi st i g 30 ae%mngteﬂse b ot b AIR AR tagp¥oh pbRotdstimui and

100091 The asic nt agoni Wo sugges s t hat
they may Cﬁ%h@%ﬁ&tmﬁé to%&%l&'ra%? 843 kfent w1tht 1s a stron correlation between XIAP

chenot her apeuti ¢/ anti - neoplastic agents and i at1on.
Chenot her apgidini16/eRBEd mPBRPhR Bdn AcASRMS ﬁ%uér@ado\nﬁ{[ e MBIk R eukemia,
expected to induce apoptosis as a result DNA danmage and/ or the

di srupt i onp@dm-fghibtithat X1t &peksica by antisense olﬂgeﬁ\ﬂc%ndeahasms&d showidfo sklRfize
ability of a cancer cell to replicate and/or repair DNA damage w ||
enhance nuesdellONA:4tl indgucedibsed wideraggthbfplotepopibiic ag@itohmh & itheand éd divd 0
enter the apoptotic pathway. Topoi sonerases, a class of enzynes that
reduce suptna@IABRE-derveDiNgptidys Haveadoibagn demdnstrefedicrsensiize meunger dfal fFerent
strands of the DNA nol ecule, are vital to cellul ar processes, such as
DNA repl i ctampotl! dine to apppipsis indused By a vVaoety of pre-hoptodt dives. of enzynes
inmpairs the cells ability to replicate as well as to repair danmaged

DNA and acti val®8sk H@n@rﬁﬂque%fsﬁl@alafb@p@@ﬁwpwﬁwmr the IAR-meffatad The

mai n pat hways |eadi ng from topoi somer ase- nedi at amage cel |
deat h i nvOPRBIGRR ST HEYHRF BFOChaPaASES of Ifst Iﬁ@aféwﬁaveé%awmﬁl?%@ﬁgwm c

hese. apopFBEs Set Feptigp ORI %f%asmsreﬁs B o P By S oHet Bt

regul atory path ond t, esi e
t opoi comer BEBPHRY Freleartof RS BaMP ol BENys TR B BHARL &R b ati on of

cel | ul ar rﬁ%ﬁ&%ﬁétagggn@}éluﬁnée%tlgpe%mk, 0B HRRRSOREE 3

inhibitors'is ensur el n ki nase

br eaks. r}:g?tgmg( { 2afm a(u'a 35%@ g1 OlHOng 1& §0h§{on‘“‘§1’n§c@nﬂ Qé‘t{o‘dgf?agﬁ’lﬁht

JNK and P3 comonly ca | ate repair,

cycle arr G}ﬁérecé‘ﬂ%%enap%%@%%sm (RRAD! 8RN AL a%@aphﬁfcggenw her of
substrates, 1ncluding several downStream ki nases. [00121
Platlnun1chenDtherapy drugs belong to a general group of DNA

nodi fyi ng agents. DNA nodi fying agents nay be any highly reactive
chem cal compound that bonds with various nucl eophilic groups in

nucl eic acids and proteins and cause nutageni c, carcinogenic, or
cytotoxic effects. DNA nodi fying agents work by different nechani sns,
di sruption of DNA function and cell death; DNA damage/the formation




f0015] Many naturally occurring conpounds isolated from bacterial,
pl ant, and_animal s can display potent and sel ective bi j s
activity |‘H8ﬁﬁcﬁg’ﬁ? % nel udi ng anticancer and anti neopl aS'F?&JSEO%l”O”Zh
activities. In fact, nmany natural products, or sem -synthetic
derivatives thereof, which possess anticancer activity, are already

comonl y used qsootﬁjneslﬁ&@%ditﬁesﬁsﬁﬂtﬂ&,cy{oﬂ@é@wiﬂnﬁ NS RAGko bR &t al
etoposi de, vincristine, and canptothecin anpngst others.

Addi t i onal faysetifgheq@narion WpRioDidhay redoddisREndhatialidiiéihe BRI epis h
as the indol ocarbazol es and epot hil ones that are undergoing clinical
eval uat i onandds theri thrgetartte theaig@ntemnbraie srROCA b Hogdril B the Hmabf apoptedis 1 N
many natural products is the attachnment of one or nore sugar residues
ont o an agh§wbers Swas ie rabdased Gowmetochondrizonte thergtbshtasthet with cglogasmegr t i on
of the natural.groduct is critical for meking discrete proteinligand
i nt er act i owereit bindsgo Bifiseand nables ¢agmas dctiwation, Hteeimdioird{jigethe iobipitaneffect of
renoval of_ the sugar residue results in significant reductions in

bi ol ogi callA&een gHoptgsis. | Whestap etochreae § indiprs muligsrization efiApabl torpgivetsi es ar e
inportant for nodul atjing the physical and_pharmacokinetic properties

of the no|Pé%Cﬁ?Pése'%:€é‘Be}z§8ﬁ%Wa§ﬁHw§th$}PH Bt PhevlEpte LATs p Paepersts Wb of
th -1i nk | ocar bazol e f f ant t yral
or &33?2&#& S A R e B b et e e AP e AR S e 147,

t t E | NVENTI,ON Th i ti
v ey AP AT S e PR Tt S e AT %Pepteﬁ GERTREL hat i
the tertiar y b[(}ﬁﬁlft]ngth% }Selérgghg{;lg h%gsqna%%wm\&ersxot%% on a({\l'oﬁ ic actﬂ'a?h no?ur

am no aci ds of ure Snac to I nven provi

et N0 Ol bHGRS i B /T, g@é@%ﬁpﬁkﬁwﬁﬂ e eptonﬁg for

therapeutlc pur poses. I'n one aspect of the pres

i nvent i on,abiak i ﬁ&r@nﬁr@geamwm mast xt By Sy RRRRUbITRA ok thQﬁBéaﬁr&%tffer ic
conpound having the general formula (1), depicted bel ow, and

phar maceutinglabids @oaepifaie stk bmd tdwesoreh.of BHsVakieS-tbhglaldiRgee is
hydrates, stereoisoners including enantioners, crystalline forns
|nclud|nge@ahyhmf@hﬁngHmdmﬂhﬁmhngamamﬂn@Qﬂannﬁﬁsed W thin the scope
of the invention. [ 0018] Anot her enbodi nent of the present

i nvention is tAeis] hEragmeindcincowty dnatdesign Hfusoo pgd@tivedsrgaing tdretiptabent
invention with TRAIL or other chem cal or biological-agents which
bi nd to afePriedic sigealing patevaTRMn umersythie ¢pajing nprAdl cellaaBherterperispestfic
considerable attention recently because of the finding that nany
cancer ceProresigsed spepific shepstherprentic agentRapah o RRtE duvalisepiepsied., Thetimae
nost nor nal ceIIs appear to be resistant to this action of TRAIL.

TRAI L- r esPeTosistfactasyry! @e%mpt%alﬁ-lg@cw ligang STRAHY 15 gpe of sevest Bembermed Aigni sns
| udi ng_ | t f d
over expr SBERBRCGEELIRUTD S °rmf§é€%§9$%aﬁ%ﬁq§§§¥pg£§ Shsaeagit et g

unor ool oS AT ey~ 8 HRAr o P D R ek TEPT BB, ¢ he
clinical 80%;{‘:%&6!{/5 Shm rg{eg\l:\{; x?clhu%é gecgf'(g@eﬁ%a?sg JKR%IEQas beeT ru@é”‘dsaggn ¢ optotic

act|V|ty In resi s nor s nical response,

i ncreas edc&@éQQ&%ﬁm@%@ﬁ'c&H 1n ﬁiwml Bﬁg@%&ﬁsylnclm%]&z%% chﬁét{og.n RAIL

survival rate. In support o tron i1n eve y I'n
vitro ant}3engse £gosﬁ§1mr&us %J@Fe% oS3 RWErIVAL fQ@M§Bc152%H§BEI'}¥LaTah&Ha)Pf
resi stant mel anoma cells an rena carcinoma cells to

(Chaw a- Sarkar, et al., 2004). The Smac m netics dlsclosed hereln
bind to I APs and inhibit their interaction with caspases, therein
potentiating TRAIL-induced apoptosis. [ 0019] Anot her enbodi nment
of the present invention provides Smac mnetics which act
synergistically with topoi snerase inhibitors to potentiate their
apoptotic inducing effect. Topoi sonerase inhibitors inhibit DNA



M.-1 AP, etc. [0022] In anot her enbodi nent of the invention, the
chenDtheraR%H%5 1erg%i-neoplastic agent that synergizes ﬂ@fﬁ%ﬁ%w&mzﬁ
conpound according to the present invention is a taxane. Taxanes are
anti-mtotic, mtotic inhibitors or mcrotubul e polynerization
agents. Taxanes include but are not |limted to, docetaxel and
paclitaxel, FQ%ﬁgg j QB8R t hat
pr onot e asrg%rﬁggﬁ/a ':1(')6{1 &n%gt%f}%t{: bu esélrf)f/h %iﬁlﬁﬁ?%i&?ﬁlggsisﬁg‘%lt?ﬁwﬁ 5

depol yner i @%Si, R a1t ESGR Yo LR Cdeb i s £R1abtivakEME cRFRYERSIL Blizinh edpBh
centrosomal Tnpairnent, induction of abnormal- spindles and

suppr essi 0foiefuies Rich 9 ERADO! OR N Wi ahsRanbshibilth 6y tvrdipiessioohenParer of
action of taxane 1s in contrast to other m crotubul e poi sons, such as
Vi nca al k&g, giatsiingGeakhptirehti6le fod MscGhat@hsap My cigheding pariviayh Ciradutli five
tubulin polynerization. Mcrotubules are highly dynam c cellul ar

pol ymer s mpeler.abeeibia Rarelbedniiddntibed, Mwoasneptas SRAIIAR B (DR et STRSILIRIADRA) ay
key roles during mtosis by participating in the organi zati on and
functi on ofedidieapsftbiivchighaliras sy threxpotieciionplogreptoss, DR 1t ReR% engr egat ed
DNA. Therefore, they represent an effective target for cancer

t her apy. osteoprotefdp2AFG) mayaiois Hesoy entneats- reeasnts thatiporepgesrprossigarof DR4 and
activates the intrinsic apoptotic pathway and/or causes the rel ease
of Smac orDRYmacéxhibiteynerdisiomtthimoric G vdarapingd¥ith iBAHot ential to
act synergistically with a Smac mnetic. | g%%ZS] A_conbi nati on
of a Smac pept IW8H; e besicarrlogy of herhneiagenitit Yk isessisib PPAEEY ¢ agent
and/ or radiation therapy of any tx@g thﬁt.actf%atestthﬁ HQi&%QSiC

pat hway mesPrieBwRPESReEHF BhErchERaiARC S AR5 AR 1S 28BERF S |

stroyi'ng tunor
cells. Smac peptidom netics interact, wi.t.h | AP :

oI AP-1, | dpsimothefgpeniioiii-nepplastic agens ifd Febaqp o ABe ﬁzg’gﬁ%%tgg’duz‘%ﬁ?ﬂﬁtﬁsgﬁ
of apoptosis i chenot h eyt csl | | c agents and/ or
radi ation %%ﬂ&gﬁbﬁﬁfgrﬁgﬁ%§¢5e?@ggﬁéfgﬂ%%“%ﬁ%ﬁ%g%%!activating t he
intrinsic apoptgti.c - WG, 11821641/ 0f Rbdir ORAEAN

i s described ihﬂﬁbr§B§%P§?¥ﬂE%?%&?geﬁﬁg%?%gﬁggﬂg? ?ﬁg ?%vention oS

provide Co\gﬁﬁieﬂﬁaﬂ-ﬂ;@q—&é}eé}ﬁj@\ SRR RER O FufRLIG @il @e cell to enter the apoptotic
chenot herapeuti c/anti - neopl asti c agent and/or radiation which provide
a synergi %a‘t}ﬁva??i‘éﬂéﬂmﬁ&@éeﬂ 2 llabsowaml 26k thR ddug@ister doRigid A b briegking and
synergi stic action between a Smac peptidom netic and a

ehenot her apRiChaBittotneak a5thé DNAGRIMNcula e Gl b acliubt prorestehandhpy Dldn

i nprove the efficiency of the chenotherapeutic/anti-neoplastic_ agent
and/ or r adieptichix ahir@papyinhiTitibsof\Wis dasabf eppynfes fmpains fhaeqlle slglityftayeplisate as
effectiveness of current chenot herapeutic/antineoplastic agents or
radi ati on welbatamepdr dmhgediDiNg andectijesethe intrinigie apoptotic pathway.

chenot her apeuti c/ anti neopl astic agent to be |owered, therg&n

provi di ng bot h [601HprEe afinretivgys lhgiss Fgmsergisempasearedigisf PNagtamageip gell
tol erabl e dose of chenotherapeutic/anti-neoplastic, a%Fnt aqd/?c))drfr

radi ati on dehibrinyelve activation of crapREes P CXRIATT D IPFAPPRIRYC FLeEY PSR PAST O™
pur poses, the principles of the inventign are described. by r i ng
mai nly to siesherdra spqbyag SMp% hG BneaENsH| fesap?ﬁ%%r°€§flra‘?"°rlpﬁm‘é%yéilﬁggﬂ‘{r in
the follow ng description, nunmerous cifi aj l.s. a forth in
order to p?oﬁg?lwéb}éulis ?ﬁnb’iﬁé‘ﬂat?fﬁa%tﬁ‘ﬁyﬁﬁ%ﬁﬁ?% o f|‘3éﬁ(\§/nes"rl1 dl%(cjér:]d%&lt will
be apparent however,. 1.0 one .of ordi [N

mvent  on egRaBE s b RECE PR TRl ik bl eepdeiBie AR
details. In other instances, well known nethods and structures have
not been described in detail so as not to unnecessarily obscure the
invention. Definitions [ 00271 "Al kyl" and "al kyl ene" nmean a
branched or unbranched, saturated or unsaturated (i, e. alkenyl,

al kenyl ene, al kynyl, al kynyl ene) non-cyclic aliphatic hydrocarbon
group, having up to 12 carbon atons unl ess ot herw se specified.




heptyl, 2-nmethyl hexyl, and the like. The terns "lower allcyl”, "Cl-C4
al kyl"™ and_"al kyl of 1 to 4 carbon atons" are synonynous_and used

i nt erchang@gﬁp WEStean net hyl, ethyl, 1-propyl, i Soprgw{qsznomuzzs
cycl opropyl, 1-butyl, sec-butyl or t-butyl. Unless specified,
optionally substituted al kyl groups nay contain one, two, three or
four substituen ich ma . ' ) f the
above subst] T '%%Jc\é\q]lf?'ytf)p Oésro %ﬁ’%ge I%lh%foﬁsde, ® udt tgjat{rl%ﬁ{r;]tglp E(inf%’%(?ggd I?I?)d &

cyanomet hyly, rfﬁ*gt%ftaji‘?- nﬁ{e&}ﬂinaséax,ﬁo)ﬁhg?ﬂ@%g%&p1esfof irhi¥h RUUEBARYNK and P38)

pr opi onyl oxy hyT’, “"am nomet xXymet hyl, carboxyet hyl,

car boxypro PRGEL A rBeliry b Y ESERAMNY SEL IR Y |
carbannylo§§%%?ﬁé%¥&ﬁethof@%ﬁ?hﬁ?&ggbﬁgg?ﬁgfhyy, tbutox?}ﬁ%thyl,!gJ

acet oxymet lﬂydsphoﬁjﬂtﬁé Q [%ehﬁﬂnberlaf QBRARE, Eﬁéludinlg eslerdhMbream kinases. _
trifluoromethyl, 6- hydroxyhexyl, 2,4-dichloro (n-butyl), 2-am no
(iso-propyl), 2¢mar beemyhxyediydpy angs Helvdg td d@nerd @up bKYNA grodifngray
al so be substituted with a carbocycl e group. Exanples include

cycl opr opy kgaishPNA meodefyiab bgeyds may beydny highly repibetchdmied boptpoumirttkt bonds with
cycl ohexyl net hyl groups, as well as the correspondi ng-ethyl, -propyl,
-butyl, - pentoys puclebgiicl grappoinpsgleietass aRpreteipudnd causebstegenist @rbinabtayd: or
are substituted nmethyl groups. Exanples of the substituted nethyl
group i ncl adeoxjs efirols. BN ying eigenix yarkibi i fforept agcheisa. digrention§irRY Ay |
(e.g., tetrahydropyranyl oxynet hyl), acetoxynethyl, ,
car banoy!| oRyeoRI 9elltdﬁ4th;mh\g&r Wﬁ%é}? ’f,"onéaﬁlP%P%%%*E'H?‘lng ERPHS REHETRAmS in
br ononet hyl and i odonet h | oal

l . 10028]. " kyl "
saturated 8Os %ﬂ?%@%yctpr?ién%ﬂfi&_tﬂ?él%l?f’é‘%ﬁf’_tdﬁ‘éé‘%lrﬂ‘ﬁﬁé%%g%%%ea@? ng
1012 o5 b, g s ST e RORELL L PR A

denotes primary.. (i..e.. .-NH2) .. secondary (i.e., -NRH) and tertiary
(i.e., - NRR ’S}éﬁnh"eagb.oﬂatm and O){ahfg’g?m] Particul ar secondary and

tertiary am ne ] ' ] af: ' iraryhamame,
ar al kyl am ne ai%ﬁgféggﬁﬁéﬁgkgﬁggggg¥%%%ﬁ%@?Egg%%%%g?¥ﬂ§?ﬁq?gf¥i%?§
am nes ar e; el Al Aty evehiilyARuie o oA . itydatr 50 BEMPYiRdF Aplatin
phenyl am ne, benzyl am ne di net hyl am ne, diethyl am ne, di propyl am ne
and di sopr gpykifed M share the samemQBidhism ofidsibn. MR rddaRe plRlidRtcofipleRs apar t
of another term nmeans a carbocyclic aromati c group whether or not
fused havi pgnddhRroembey «of inGhit DRA sadiass by eshignbtbeding HNA molecutws iferm | s
designated, up to 14 carbon atons. Particular aryl groups include
phenyl , naphtdtyld, anthinpdaenyd DNpkesdinkshr enyl , napht hacenyl, and the like
(see e. g. Lang's Handbook of Chem stry (Dean, .1. A, ed) 13th ed.
Tabl e 7-2 [ 198%4014) |Npnestqpeidal poisin famreatdyp divae®iS APs) havg beegrskrym tp induce
phenyl . Optionally substituted phenyl or optionally substituted aryl
denot es a pieetsis ingelowpaloellsaNAATRT appgsT toHieduceappptpds Wi he tefeptpob o g o
one, two, three, four or five substituents chosen, unless otherwse
speci f i ed, tht miasbprdrie §BWAS, Movepber H), 200 vol. AGLFSRY 1 69920 Bereles- GBSy |
cyano, nitro, alkyl (such as Cl1-05 al kyl al koxy (such.as Cl-C6

al koxy), bERAIPsHPmbERIBIRN S%cmt%%%wo%%ﬁwgv}eﬁi%l&ﬁ&%%mﬁ%\%x cach

prot ected carboxymnet hyl, hydr.ox t hyl , protected hydroxynethyl,

ami nomet hy s p¥ep @E‘t"éﬁy afifit %H’é’ﬁﬁ‘i}?ﬁm ¥ i uor onet hyl |

al kyl sul fonyl am no, aryl sul fonyl am no, heterocyclyl sul fonyl anm no,

het erocyclyl, aryl, or other groups specified. One or nore nethyne
(CH and/or nethylene (CH2) groups in these substituents may in turn
be substituted with a simlar group as those denoted above. Exanples
of the term"substituted phenyl"™ includes but is not limted to a
nono-or di (halo) phenyl group such as 2-chl orophenyl, 2-

br omophenyl, 4-chl orophenyl, 2,6- dichlorophenyl, 2,5-dichlorophenyl,
3, 4-di chl or ophenyl, 3- chl orophenyl, 3-bronophenyl, 4- bronophenyl,




10032) "Heterocyclic group”, "heterocyclic", "heterocycle",

"het erocyc het er ocycl 0" al one and mhen used a a
conpl ex gr‘é’éﬁogsé?gﬁ%s a heterocycl oal kyl group, are us}ﬁ/@h(ﬁﬁﬂb?

i nterchangeably and refer to any nono-, hi-, or tricyclic, saturated
or unsaturated, non-aromatic ring systens having t he nunber of atons

desi gnat ed, genﬁﬁﬁh Xfla{xy rgi o%cu%%%%%m oun %ffdﬁbactenaﬁr uzrn% ggd grfmﬁ‘ﬁs

atons are carbo eas one rogen

et or ohi omee G RN BRI LRRRKIRTR %ﬁﬁﬁyﬁéﬂﬁ"*ﬂ* BB A BB onas
and_6-or 7-&%@@%&%{1%9& ROk ﬁmﬁ?ﬁ}%u@tsbﬁ?@gﬁ s?fmet%cfa&dah\te)g B O

sul fur heteroatoms nmay optional ly be oxidized

any nit rog@nlchgss@éspﬁﬁ@mcwnm?tdr@ﬂﬁbdyxemhﬁoﬂyage@amzrﬁ‘;siuuf Atd: %l:ear
non-aromati ¢ heterocycles in ude nor phol i nyl (nor pholino),

pyrrol i di nydcludopacktary, letopOXR] Afktine A8 cafydnehbmanst othels. %ddlnonany, there

di hydrofuranyl, 211-pyranyl, tetrahydropyranyl, aziridinyl,

azeti di nyl arelmanpbdthet tlagdsepyfinattay prodystspedhaz tha ydolacthapé @i edothjlbnes Far art he
avoi dance of doubt, "heterocycl oal kyl includes heterocycl oal kyl

10033] " Heumdepaing klini@l eamationcs whismcersigehtsa s\ raowwtieg struciorabmotifipheny
group such as a heteroaral kyl group, refers to any nono-, bi-, or
tricyclic artenkrddgets isthy aggadimerholiand ongotelveganteritiess oub amegiyrenaterisypriired
where at least one ring is a 5-, 6-or 7-menbered ring containing from
one to foult NEEEsiees e syer pertieitiesrpEhrogros pritiskfpronaking dpiplgerpieiand
sul fur (Lang s. Handbook of Chem str supra). Included in the

defini ti on &P ingrastion ey5|51t%°f@°w5§e HETELOF YA PrlETabBheS T eier B
f dt f ol t
UMV E S R T f2 ﬁpﬂgﬁaﬂﬁw‘zﬁ%&ﬁ bt st Bl siper Pt Pod)

O e i "Rl FeopSan G o ABkFE REopsd shdmEeseE Vopert b RES] V)

t hi ad I lyl,
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triazinyl,; P&b&fﬁhﬁﬁé f{,ﬂr}{h)lr o%@&h&%hﬂ%él pr&a{l&tmi@%aeﬁ%hstrag‘j Ot RZHAY hnd anti-

oxath|a2|ny tetrazi ny |atr|a2|ny , oxatriazlny

dlthladIaZh?M&mwhghg@@ |nyI di hydr opyri m dyl , tetrahydropyrinidyl,
tetrazolo [ 5-Db] pyrlda2|nyl and purinyi, as well as benzo-fused

derivatives, for exanple be vyl . he benzot hi azol yl ,
benzothiadiazolyl, benzotrigiﬁéﬁég&gg%%u ﬂﬁ§§¥§¥ and i ndol yl.
Parti cul ar| y" h¢iteslodhy pstent inedntickeproddes BAR hitagmabts Batydrg pedtidomimetic
(carboxynet hyl)-5-nethyl -1, 3- thiazol-2-yl, 4- (carboxynethyl)-5-
met hyl - 1, @utphirdy bhtoEmycithsigtiptybinstiéiptsiructure ghd 4ctivity aﬂﬂiaﬁﬂﬁn@ayﬂ‘oylr 2Buno
methyl -1, 2,4-thiadiazol-5-yl, 1, 3,4-triazol-5-yl, 2-methyl-1
3,4-triaz 0@1{i§o§matu1§ Smyete dhds :[I'he gqu.tloti p]pcwg@\{ldsgnwhods of using these mimetics to
2-carboxy-4-methyl 1, 3,4-triazol-5-yl sodiumsalt,

2- car boxy- Bodwstefppntosis end futhgriferfhgrapenfioprooses. 3_oxazol - 2-y1: 1, 3, 4-

di | -5-yl t hyl 4- dj awl- 5-y th 1
5! o avol - W hSMl et et o ot o bty
2-thiol-1, h adi azol
t hi aitll azol Orgtétyrloélmlﬁn%qlwﬁgunfia nélth? ﬁ?ngrnrtlag%ﬁll @ ge%pmg'ed bélbw, and

|]_'1_H,E te'?: ;g‘g%hgrma euhTﬁ% %oan‘:g%%))l(ey Sr%? tr‘b'echjf &c:}ll'\iéeis n?uglz lhy ateogter%{)ipcfn%}s%%c)[ﬁd%ng
(carboxyrnethyl) 1H-tetrazol -5-yl sodiumsalt, 1- (nethylsulfonic
acid)-1Htetrazol -5-yl, 1- (nmethylsulfonic acid)-111-tetrazol-5-yl
sodiumsalt, 2-nmethyl-111-tetrazol-5-yl, 1, 2,3-triazol-5-yl,
l1-nmethyl -1, 2,3-triazol-5-yl, 2-nmethyl-1, 2,3-triazol-5-yl,
4-methyl -1, 2,3-triazol-5-yl, pyrid-2-y1 N oxide, 6-nethoxy-2-
(n-oxide)-pyridaz-3-yl, 6-hydroxypyridaz-3-yl, 1-nethylpyrid-2-yl, 1-




10037] Pseudohalogens are binary inorganic conpounds of the general
form XY, where X is a cyanide, cyanate, thiocyanate etc. group and Y
is any of XO28P4263 ye hal ogen. Not all conbinations angTﬂﬁE)QRﬁ%ﬂ'fJ‘azz’be
stabl e. Exanpl es include cyanogen, (CN)2 and i odi ne cyanide, |CN
These ani ons behave as halogens and the presence of the internal

doubl e bonds or tri nds do.not appear ect their chem.ca
behavi or . mmmm”””‘ﬁ%%@? fﬁﬁPﬁ“PB%W“H&EﬁﬁﬁP§§b2?%¥Bﬂh% ﬁ?sgwqﬁﬁgﬁund
whi ch reduces ?&ﬁ revents t he binding of I AP proteins to caspase

proteins oFRAFF &K PEHG%es or prevents the inhibition of apoptosis by

an I AP protei n{ﬂO%] V‘fﬁﬁo@]ﬁr Q‘h&ﬁﬁne&]po% I?IéA\%:r)lt @kﬁtlgrpfgﬂ{e?}ééé@ |¥hr o Tettion of

simlar to the'amno termn port t he eel ng Snac

to inhibi Lo E?\Jn@géét&&r&g e‘ﬂ'@g}étﬁn w:th RAIL &r%@é?&hem? hat %ﬁgi@é]‘ageﬂ!s liich

acceptable S aC| and base addition Salts.

" Phar maceyji£g IaxllcVac%@eQI?é rﬁ@LIQ @bt @ AgR A1 ORs Radided chRfdhBe iR@nddAosently
salts which retain the biological effectiveness and properties of the

free bases,anst WGAdRE BaltRiny RiRLQEL §pdslae sHsitvt RERMIBSndutkd efdptodis) e,
formed with inorganic acids such as hydrochloric acid, hydrobromc
aci d, sul fuMilegnosiGloshal &dllk bipBara®betesigtat faQiis ﬁbtlatﬁcbfd',RAﬂhdsmmrb@stﬁmeﬁs and
t he Iike, and organi c acids may be selected from ali phati c,

cycl oal i phadyi sgise tBraommdty of diffaradt mpdhaiisngs indhalirerlass ytthe eeepramirssagt ofciecoand
sul fonic classes of organic acids such as formc acid, acetic acid,
pr opi oni ¢ raebidss, gloyaedpressiacif dLIPgJP}u@xmmpetadvrdymDmmSBaSa@ bhding Ju¥ringi c
acid, oxalic acid, malic acid, maleic acid, maloneic acid, succinic
aci d, fumedIBE feroieepn. SraFRANLiTesiskeopel Smaq mirelicsararagse (R AeY ?e&S”a‘étVéP TRAIL
ascorblc acid, glutamc acid, anthranilic acid, benzoic, aci

ci nnani ¢ d@@@g“Wﬁhﬁﬁﬁﬁ@”Q@WHﬁméW%ﬁﬁWEWQEWH°fﬁﬁéh???@8¥?éoﬁﬂPﬁ“mm

met hanesul foni ¢ aci d, et nesul f oni c .aci d | uenesul f on aci d,
sal i cycl i GPERIOWS AEREY k4 gl("e?‘smt’fé‘f*ﬂ?rﬁ E‘BPTBE@@%? ﬁ?f?ﬁ“fﬁfmﬁgﬁe BBRED
EMBODI MENTS

t b
and - Chavaip R e Al AR G50 o
I ncl Ud? plngﬁfi Ibg;ne \Eter % 1sCe%s L{r%g. Rt htag'@eerg Q{AF& )&;[ ca egéys 1¥at1gﬁ gftr@é%t

ot herw se ermnse tec nlca and scientific

terms used.ighel EH(IQ?:-"G% DG SRR FRAPRA, (@ AOSTIRR! o ki DOR) STHREShDY

one of ordi nar e art. Al though any net hods sinilar or

equi val entphQuds *afaéxese@ ﬁé&ﬁ biag e et fldnPRNLBEnYSeGn WihhGash, Bedeince or
testing of enbodi nents of the present invention, the preferred

net hods  argRmiseRriib@ded Hbtoddibl i cations and references nentioned
herein aré incorporated by reference. Nothing herein is to be
construed as amo19dAnstEérembédinént bhie présestrifiventivnipgovited Sreretmimbtiezd whigh

ant edate such disclosure by virtue of prior invention. [ 0041]
The ter s atosiymegistieally witheqioischerard inigbitocs'to partehtitto dysiriephptritibidiang effed. used
i nterchangeably herein, and generally refer to a peptide, partial
pept i de orTopaispupet inbibitovpinkibi DY Atrhglication aldepairhiberey Broragtipe BIoRsingNd
structure or activity of a selected native peptide or protein

f unct i onalhackdiwen ysed as chemotlisingtierapeuipraenis.oFopaisemeyae EhibEyrs premais &NJe pt i de
m nmetics include reconbinantly or chemcally nodifjed ﬁm¥

wel | as neRmpESSY ‘lf@é’ﬁa’g@}?@%@ﬁé Phatpse regried o TNy Fegel Prﬁbegsm F%%E?s as
further described bel ow. [ 0042] As used herein, the terns
"pharmaceutically acceptable”, "physiologically tolerable" and
granmati cal variations thereof, as they refer to conpositions,
carriers, diluents and reagents, are used interchangeably and
represent that the materials can be adm nistered to a human bei ng.
10043] As used herein "subject” or "patient” refers to an aninmal or
manmal i ncluding, but not limted to, human, dog, cat, horse, cow,

pi g, sheep, goat, chicken, nonkey, rabbit, rat, nouse, etc.



[ 0045] The ternms "therapeutically effective anmount” or "effective
anount ", ein, may be used interchangeably a 0.an
anount of a@oﬁﬁgs?oégzgé“ c conpound conponent of the presgﬁffﬁ%@dg{?&%&.
For exanple, a therapeutically effective anobunt of a therapeutic
conpound is a predeterm ned anmount cal cul ated to achi eve the desired
effect, i. eexpodt @fSrﬁchﬁ%ﬁlttbé&ﬁﬁdéh@ﬁﬁmmh@&ﬂgﬁ&%li§pr096k%§i Wﬁ@bNA%émage
elimnating an TAP inhibition of apoptosis, nore preferably by
i nhi bi ting @bsed APiopbibshhdige nBibBorEaspase. 100461 It has been
denonstrated in accordance with the present invention that the
| APbi ndi ng conpguaels Whoitdneerde¢ REBIdrs bAYRMlid Be BESs RRpBIheciiopotecan, SN-
potentiating apoptosis of cells. The foll ow ng conpounds are
i |1ustrati v (ohodtanmrtire ofetabdlie) pretefiypeilntan(cioposideydrew ebBniditrgy L3k, the
Zib, and Z2b are independently CHor N, Rra and Rib are independently
H or opti onhdcynimefiys ot theitneahtibryid e onti-resisthik glighlastpoik odl lkag KT98G), breast cancer
het erocycl oal kyl , aryl, arylal kyl, heteroaryl, or heteroarylal kyl;
and when RAae (MBAMBRER, REgvaid caie lipaf®{@gednerong oher. divrtharicringhiesef or
azetidine ring and when R2b' is Hthen RZb and Ri b can together form
an aziri di ferosPmapetiphibiting agpriythat may be usd eluge ut arempbingited tqRityoteggne
i ndependently H or optionally substituted al kyl, cycloal kyl, or
het er ocycl JHOREFH™ CIGPosiifiemsiesas, pateeen HBTteracta fheicpoapertss GBHYE f or m
an aziridi ne of fazeti ine ring and when R2b', is Hthen R2b and R b
can t oget hé?F§riRN KRS TGy Gt A-L2Ep PG dpnprybicin, doxorubialn, clligdgine, pg o
and Rib are_i pdepen ently H or optionally substituted al kyl,

e

cycl oal kyl Phie efg%yuélltagg T aryl, arylallcyl, heteroaryl, or

het eroaryl al | Cyiggzzlg{)%r} %%@%'Zeg{ﬁgdlﬁgﬁ of AL inBenﬁQn, mcé:hg%?herapmwanti—neop]astic

2008/ 014263PCT/

agent may be a platinum containing compound. In one embodiment of the invention the
platinum containing compound is cisplatin. Cisplatin can synergize with a Smac peptidomimetic
and potentiate the inhibition of an IAP, such as but not limited to XIAP, cIAP-1, ¢c-IAP-2, ML-
IAP, etc. In another embodiment a platinum containing compound is carboplatin, Catboplalin
can synergize with a Smac peptidomimetic aﬁd potentiate the inhibition of an AP, including, but
not limited to, XIAP, cIAP-1, c-IAP-2, ML-IAP, etc.” In another embodiment a piatinum
containing compound is oxaliplatin. The oxaliplatin can synergize with a Smac peptidomimetic
and potentiate the inhibition of an AP, including, but not limited to, XIAP, cIAP-1, c-]AP-2,
ML-IAP, ete,

{0022} In another embodiment of the invention, the chemotherapeutic/anti-neoplastic

agent that synergizes with a compound according o the present invention is a taxane. Taxanes



or both, are carbon atons |inked by an optionally-substituted

al kyl ene or al kenyl ene group of 1 to 8 carbon atons wher n ) e
three car b%ﬂzgqsﬁ'ﬁ'éﬁ%an be replaced by N, 0, S(0)n, or %9%’;'[%2(%7}0%2%%&
R6a, R5b, and Rob are independently H or optionally substituted
hydroxyl, al kyl, cycloal kyl, heterocycl oal kyl, aryl, arylal kyl,

pot b, ar & S RARTREHAREHS R g o SR AR RIRo e, 1AM IRl L

or al kenyl f a{tgggp atons where one to three carbon
at ons .can %%%Pglg%gégégd%%mkﬁ%]ﬁsw ", or C=0; R7a, R7b, Rsa, R8b

are i ndependent jyy,3ii QExaQQta}ec&HﬁladtéﬁzM%5&30%0@%2@%@519%)fsl,sem}ﬂi( Bthicrotubules
cycl oal kyl, heterocycl oal kyl, aryl, arylalkyl, heteroaryl, or

het er oaryl gl k¥lviting Eub&ﬁ?@ep@gﬂer@&am, RéredF Db RNl cdiele g;bgrb@toh €A be

| i nked by an optionally-substituted al kyl ene or al kenyl ene group of 3
to 8 car bogentbith WpekRedd fiuttan bhdeamephaaks Sideaipraas depindphaedbulay
N, 0, S(0)", or C=0 to font an aromatic or non-aromatic ring; n can
be the samaymmidi Theament methasias bf assagd taand id i8 céhtrad o ailter Ricrotubule pé@onss
-0-, -N(La-Risa)-, -S--, optionally-substituted -C(La-Rwna)=CH,
-C(0)-0-, sucBeOYindk dllealdRilss@)chicine NnCeryptohi29ifka) which inhibit tubiiinipelymgrization.
-N(Lb-Ri sb)-, -S-, optionally-substituted -C(Lb-Ri sb)=CH, -C(0)-0-,

- C(0) - N( Lbtigzodbnles arcNiighly dyniRoib pellulat pplyamess masle af doharpgepenlie pd|agsogiated
coval ent bond or Cl-C4 al kyl ene; W4, Wb, R o, and Risb are defined in
par agr aphs petgjnsthy Bekey (elys dugirg mitpsk §y pastigipating in the qrggpizgiiea And Gncking oAk

together are a Linker, then Xa or Xb are iglrgrlglp%gegglgtl}g -0-, }fS-_,
or - C( 0) - O- spigls, asyurpgdherpislity pidesagegalrd A hgre Y repigpent an etiective py)
when WA and Wb_together are a Linker; Xa is -N(La-12 wa)-,

- O La- Ri sajeaeHor canc %P4 Rioa) -, or -C(0)-N(La-Rloa)-; Xb is

-N(Lb-Rub) -, - -Ri sb).=CH, - N=C(LbRi - - - - .
Ri ge and ?:QI sb ﬁﬁ&ezgl %éﬁget%eeﬁmdﬁ/mﬂ’o?)p%ﬁlﬁ%tnaacf"(a%sg] uc@ﬁ%st!%leﬁmﬁgp @)& |,
al kyl ! CyCL}'%?blrlchés’ther}gltegs%gf':élrgzlc%?‘é%&daromg'é%m Mn}l@%ﬁo%ﬁl@ﬁay {h;e thEntiai to act

synergistically with a Smac mimetic.

[0025] A combination of 2 Smac peptidomimetic and a chemotherapeutic/anti
neoplastic agent and/or radiation therapy of any type that activates the intrinsic pathway may
provide a more effective approach to desiroying tumor cells. Smac peptidomimetics interact
with IAP's, such as XIAP, cIAP-1, cIAP-2, ML-IAP, etc., and block the IAP mediated inhibition
of apoptosis while chemotherapeutics/anti neoplastic agents gnd/or radiation therapy kills
actively dividing celis by activating the intrinsic apoptotic pathway leading to apoptosis and cell
death. As is described in more detail below, embodiments of the invention provide combinations
of a Smac pepidormimetc and 2 chemotherapeutic/anti-neoplastic agent and/or radiation which

provide a synergistic action against unwanted cell proliferation. This synergistic action between



WO 2008/ 014263PCT/ US2007/ 074225 (c) when W and W toget her
are a Lin N(La-Rioa)-, -C(La-Rioa)=CH, - N =R

_, or - §6ﬁ?@-§oa) Xo is -N(Lb-111013) -, Riob) -,chﬁgzeo%‘%g
-C(O)-N( Lb-Riob)-; Rica and Bab together are a Linker; or (d)
when Wa and W are not coval ently bound, WA and Wb are independently

H d, Br, aBmatdep nmﬂetl@é'nd@Bﬁdnﬁﬂ@ﬁab@ﬁtz&b&hﬁﬁebﬁlbﬁt:@ggehb’éﬁ%?‘%hmtmﬁ|t%¥&py
cycloalkyl het erocycl oal kyl, aryl, or heteroaryl;

-N(La- Ri 0a)an impivk e Rifm)es@ihe ch&ﬁ%iapmﬂb/@;ainnmpmwaﬁ@ndkﬁ la@ati§h0a) -
Xb is -N(Lb-Ri ob)-, -C(Lb-1210b)=Cl-1--, -N=C(Lb-Riob)-, or

- C( 0) - N( LbitRraph) This wiki allew fincn Rbredse mwfuemveasseomhm Kipthe@peutic/anti-
(e) when WA and W are not covalently bound, Wais H CI, Br, F, CN,
COOH, or optarsi dggntsurbstibtion tethdydiowiagithe dabdofithe chynadtiaedpboyic/anti-
heterocycl oal kyl, aryl, or heteroaryl; Xa is - N La-R oa)-

-C(La-Ri oa)leeelﬂlshc agpE @(h@dom@i) thereig prw@(r@)bom(ammﬁat)ve dosig scleedulg ag well
-N(LbRj ob)-, -S-, -C(Lb-Riob)=CH, -C(0)-0-, -NC(Lb-R ob)-

- C( 0) - N( Lb258 18855 lolerghigplosgyofichernotherpentio/nati-pronlastic et midiobraiisticaibeey. or
is Hor optional Izy substituted hydroxyl, alkyl, cycloalkyl,

het er ocycl oal kylP026L §ar simplicifyand ligsiraiive pumeeesiipe piingipis piihe pyationere ar e a

:_ Isn:il_er %%} eﬂ_%%se%ngnagl@t I_ﬂéflv y HPE%%@;&SﬁaQ%Sm@%gl%%s%e&aIﬁwg?lkrt]]N:éii
or-C(0) N-; are_inde ent ndo
o) Kyl ene. SRS bR SuhBERRRANE el B RENA B Ra Hongiiin

then Rio, dE:z@‘va f ﬂ@‘] em]]:gn twﬂﬁ: gaggnq ?&ﬁ\%\%&a toainl}ze of clir{i(}ngrp %{nlgmrh:[lel a¥t’

-H, hal ogen, I ona

heterocycl @Qfltﬂféﬁhven%ryrkay Iﬁ%}a@ﬁ&@ﬁv}ﬁlwt ﬂ}{ﬁiarngﬁ%l thesé J}é #y dete@lgl %%h{éy | et her,

am no, al kyl am no, dial’kyl'am no, al koxyal onate aryl oxy,
het er oar y| R¥¥ce2 ¥l knoda@tetods A ERRNY:s Bl noﬁﬂelerf &B@&Ib@d inSbthifl QN8 not 1§ NE,

or oxime; provi ded that when Xa is -N- or -0(0) - -14-Rwa i s bound
to the - N-unt@fhrilgobseusi@inwéaidns - C=C(12. 16a) - or - NG, -Li-Rma is
bound to the -C= atom and Wen Ya is -N- or -Nt, then R la is

absent or Pé&njtieand Rio, R |la, Rua, Rl14; 1215a, and Rl 6a are,

i ndependently, -H, halogen, or optionally substituted al kyl,

cycl oal kyl, hel®zdcy'elkvdiakg alkylng/imeahebrndet griunbiayetied xapiratedre onsaturated
pol yal kyl et her, am no, al kyl am no, dial kyl am no, al koxyal kyl,

sul fonat e, (@ &ra}ke@%ya'kqﬂéﬂe@ﬁ dkmyl. dkylyleat)ylpn Cﬂbe@lyﬁatlﬁ‘aﬂm@ﬂx@hawek having
sul fonate, sulfone, imne, or oxime; provided that when X is -N or
Z0(0) - N-, uP[ta 1eepon gtops Umleps oo seecifed. a%wveaﬁ%ﬁlk%@w isgpecifiedbey Rma) -

or -N=C-, -L1-RqQa is bound to the -
alkynylene is not, then chynerne is excludeg;_ E.g., "arlrllcylene or alkenylene" excludes

alkynylene.) When used as part of another term, for example, "alkylamine", the alkyl portion
may be a saturated hydrocarbon chain, however also includes unsaturated hydrocarbon carbon
chains such as "alkenylamino" and "alkynylamino”. Examples of particular alkyl groups include
methyl, ethyl, n-propyl, isopropyl, a- butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, 2-

methylbutyl, 2,2-dimethylpropyl, n-hexyl, 2~ methylpentyl, 2,2-dimethylbutyl, n-heptyl, 3-

10



Yois -C, -N, or -1\14-; such that, When Yb is -C then

1210b, Rub Rnb, Rub, 1214b Ri sb, and 1216b are, independent

H,
hal ogen, oPOFM&3#%¢f 1y substituted al kyl, cycloal kyl, FCL Bhirrais

het er ocycl oal kyl, aryl, heteroaryl, hydroxyl , al koxy, pol yal kyl et her,
am no, al kyl am no, di al kyl am no, al koxyal kyl , sul fonat e aryl oxy,

het er oar yl ear | at e, onat e, f one, i mne,
or oxi rrey S’F%Y}I %’é‘\éé‘idh F@%éhe P"stg"“ﬁﬁ loggpra ﬂ‘@[" Yo ¢ Al WdI@@B ofkto4
bound to the

‘1112 200 Hiporiory ﬂ185m°ﬁ>5ﬁ°%amf;‘t88$we%ﬂ&8&ﬂ° R e, oy Tgorly
and R gbeglﬁ,m#ﬁcfgaepa Fht |bUleE S?SQ““H" Prqdr’“@ q%”rles%?ﬁe?’%%‘git’jﬁq&?“%ﬁgﬁ‘ﬁ%)ed
al kyl, CyCIafR?i'%éﬁ#: %ﬁéoﬁ{a&%wa'npg ?Ju%ubstm% @&%ﬁ;ﬂ %bp%gga%%r different,

al koxy, polyal am no am no
al koxyal ky bxan?d{@s oPME bfove §fb¥t tﬁé&’ allcy E&)@ﬂ’s QRIME, Vare B Winited@ES ethyl,

M
carboxyl ate, sulfonate, sulfone, imne, or "oxine; prowd’eg ]ﬁat Wwhen

Xb is -N @i - in and, when
Xb is -C=( Rlogjgﬁ@)lggbf{ ’ﬂ%gmﬁfdgggﬁsﬁ%gfﬁﬁyﬁ %htﬂ%mdz atom

[ 00483 IIIaemdxaﬁetuﬁ @fmm@mpdsartbayaoﬁypmylb;aycérbey@yzmethyl [0049] In
illustrative conpounds of formula I, or 1V, when Zia is N and Z2a
is CH, anda]ZAldﬁytta.ﬂ:;ohMaﬂldon&hMIcﬁrbﬁhbyl(b{hlﬁé’thﬁ,tmétm%etmﬁ&tlﬁfcyxﬁd’ﬂ@] fol | owi ng
is true: (i) Rba and R6a are not both carbon atons |inked by a
si ngl e covaliexymethpnatetoxymethyl, clilbiojnethyl 2yamanadhyRéadoardylbiiflhorcastlydrs- at ons
| i nked by a single coval ent bond and R5a is disubstituted;

(iii) Rsa ixREaylat-€distipte (ehvipioR-articrfisopionklh @-daspamodéxyehd amhralikent
bond and R6a i s nono- or disubstituted; (iv) R5a. and Rea are
both car bo'ﬁh%ﬂlﬁh%m‘l‘ﬂ We?éFOlbfr Stézswtﬁ@w@ wxba%mgrqyanaxam:ﬁs msadand Rita
are both carg E’O}FB lin a coval ent bond or

opt i onal | y&ERRSPYPEEYEP I’é‘F"l Ylo‘ﬁ'""&ﬂ’%@’ﬁ%“@’hé“‘b‘fyﬁlﬂbexéilf“ﬂ’y]t BOBS: @5V Bbn

oo S o AR B B RSy L

single c Oveﬁ‘ky?sne}re s%gsqg.ltead met’ny? lg;[oQ;Jesr E}Bazmafalers] B the su%stm?tede mehr}'nyl group include groups
such as hydroxymethyl, protected hydroxymethyl (e.g., tetrahydropyranyloxymethyl),
acetoxymethyl, carbamoyloxymethyl, triflaoromethyl, chloromethyl, carboxymethyl,
bromomesthyl and iodomethyl.

[0028] "Cycloalkyl” means a saturated or unsaturated cyclic aliphatic hydrocarbon
group, having up to 12 carbon atoms unless otherwise specified and includes cyclic and
polycyelic, including fused cycloalkyl.

{0029 “Amino" denotes primary (i.e., -NHz), secondary (i.e., -NRH) and tertiary (i.e., -

NRR) amines.
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100501 In illustrative enbodi nents of conpounds of forrmula I, I, or
'V, one or r more of the following limtation :
R3a, R4a, @%Oiﬁ%ﬁ% b are independently selected fromH nsé?{ﬁ@b%ﬁ
et hyl, isopropyl, isobutyl, sec-butyl, tert-butyl, cycloalkyl,

het er ocycl oal kyl, aryl, arylalkyl, heteroaryl, or heteroaryl al kyl,

optional | y- SUbsﬁdobbF qqﬂmlmeéax&i&fmemﬁ%ﬁa&ta% alwl%n&mmmme

al kyl sul fonyl, hal ogen, pseudohal ogen, am no, carboxyf

hal oal ky, psameahaks nlﬁyé araﬁzwéﬁfﬁx andWiar@kJhibd) RiticRbr B3Ada lrfé@,teﬁ%?

and Rib are 1ndependently optionally substituted | ower a

cycl oal kyl  anhieds @iendiy R} diliding plofidrhite ﬁbbﬁro@n@mhwgmwmﬁ& bb&wﬁnne
al koxy; R2a and R2b are independently selected from-H, nethyl,
f 1 uor omet hydimetijlérhing dR0®latite, dibgiimine ahdl Oisgpedpaminehy dr oxyet hyl , and
cycl oal kyl ; RI a and Rib are independently sel ected from H,
met hyl, ally], podhargyl" whehbhsel alohwydmopayieif aydther @yne heak K ydrbocgelic aromatic
cycl oal kyl net hyl ; WA and W together are a coval ent bond or
opti onal | y sapsthethertoe dotdibskd/hawing theaymbeyafl deytion atoms desighgteddr if no number is
210. 20. carbon atons where one or nore carbon atons can be repl aced
with N, 0, desigmeied)umto Hhesrbrmatamel Daicalerarylregapeinelaginhonyl, 0aphthyl, iphengk,
-C(0)-0-; or Wa_ and W are not coval ently bound, and WA and W are

i ndependentpﬂl?wmhremﬂ napfthacenyl, eng theddopee re. bﬁtas&aaclbpgk of (hemistyDsep, J- A,
hydr oxyl , . cl oal k het er ocycl oai kyl , aryl, yl al k

et er oary1 SbE w&%}alsg%ﬂfé% i TR R B B laﬂﬁnﬁuéﬁmaﬂy

t oget her ar ent bon substituted al k e,
cycl oal kyl 8 ?%fgwﬁ‘en&m gty el D i T BEHE S Bpe e ¥on
gf:)(rj]gs can l%e %tgtuan V‘Ag{)tr‘}rg%ére?g er 8%’[]5 \i 61% Ftueri_fc I(‘)sen Ie(s)snog'lx 1\s/eas|p c:fged

SUbST!t Ut £ BN, CIBbKI ygfoXE pRRlelEN hya: 08T 858 &X%%ﬁ{)’k%b% REYEa18h),

het er oar yl ; oa an toge t1ona sti
al kyl ene, %M&kﬁ@ﬁéﬁ% & aIk%R% beQiychcy,thrbgﬂr 5@Fe§@@ca%o?ﬁ%arﬁ@%ﬁ£th9“ﬁo@&ed
more carbon at'ons can be replaced Wt , or Zia and b are both

N and Z2a apdosaend @ydm%ﬁet@l ﬂ%tet@eaaqp&oﬂn%ayl amfofnehyl \RbtedtaGHEloarhly |

or heteroaryl. In illustrative enbodi nents, Wa, W, Rio,

and R ob amelwekiensl alkylsandgniad) BS1stifgnylaimLigerdegdl ylsulﬁbn)ﬂdimﬁtﬂl | ow:
heterocyelyl, aryl, or other groups specified. One or more methyne (CH) and/or methylene (CHa)
groups in these substituents may in tun be substituted with a similar group as those denoted
above, Examples of the term "substituted phenyl" includes but is not limited to a mono-or di
(halo) pheny! group such as 2-chlorophenyl, 2- bromophenyl, 4-chlorophenyl, 2,6-
dichlorophenyl, 2,5-dichlorophenyl, 3,4-dichlorophenyl, 3- chlorophenyl, 3-bromophenyl, 4-
bromophenyl, 3,4-dibromophenyl, 3-chloro-4-fluorophenyl, 2- fluorophenyl and the like; a
mono-or di (hydroxy) phenyl group such as 4-hydroxyphenyl, 3- hydroxyphenyl, 2,4-

dihydroxyphenyl, the protected-hydroxy derivatives thereof and the like; a nitrophenyl group
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(a) when Wa and W, together are -L- and form for exanple, a
coval ent bond, allcylene, cycloal kyl, beterocycloal kyl, aryl. _or
het eroaryl‘fvocgpﬂsﬂ)ﬁ“é tionally-substituted al kyl ene, chaiPﬁ:TG%Z‘E'WPHnZ’O
carbon atons where one or nore carbon atonms can be replaced with N,
0, or S(0)"; and Xa and Xb are respectively-0-, -8-, or -C(0)-0-;

W together are, -L-

i d R b : b) wh
and form O S 9r EREeishelch R BT KPP ae: YRR Rppnoor &
ot o1 oary 1 SIEE1 B P SRR R LN Bt B NeRR 0. AR L 1

het er oar yl n-optiona
to 20 carb re r c d
wth N0, By PRpRTeRE EenRa SRS RReN A BT el ol PSS
optionally, My = i = ) D) ~Hi.08a) 1. 4
R LB oI BRSPS Bt o g o B«
- C( 0) - N( Lb(Rbmddmethy weRzy@itlpihy D B e @68 phdAdie RERERS ok 'pﬂ}éﬁ%}, ahygaexsy!
hydr oxyal kyl , al kyl, al koxy, cycl oal kyl, ﬁeterocyc oal kyl, aryl, or
het er oar yl phéngl, 8-atbkycrsehagbicayiahd the B $bi 4-tHfeetomenylphenyl; a mée) oMhen
WA and Wb together are -L- and form for exanple, a coval ent bond,

al kyl ene, digabaableyylor (pedteted yarboa) fichyl gavhy buch dtarb@dygicadl); ¥ non®6r dan
optional |l y-substituted al kyl ene chain of 2 to 20 carbon atons where
one or nor érydmrimmathydtpbeny] @dproleeted lydtoapaahyiphitnyNuclOss 3o (prdody, ; and Xa
and Xb are respectively -N(LaRi oa)-, optionally-substituted

- C( La- Rloahyd@ymethyl) phenyl oG,$: (ydresRimgthil) phrenylN( mhnoRir dipminomethyl) phenyl
optional |l y-substituted - Cﬁ Lb- ROb) =C1-1-, or -C(0)-N(Lb-R10b)-; Rica
and Ri ab t 8¢f@torreied anisorngthyl)phenyt diches & Gmiromety) ghenygpr 2, 4- (protected
optional ly-substjtuted al kyl ene, or alkxloxyalkylene chain of 2 to 20

car bon at oRFENGREND AL F 2 Mepeordh i dRett g PEh sk 8-t h N,
0, S(0)"; . (d : t | ent |y boynd,
e o v, P el Pl Ko R0 oo i SR Ry

cycl oal kyl ., heterocvcl aal kyl... aryl .. het ryl...o )

opt 1 onal | yPelRa PO e b R ™ PR O e Ry 3 or
het er oaryl ; WY €5 | 3% - N(Lar R 603) - B A
optional | y?hé%gg '?] P%&%%d& S'IC% E%%%%%é%%m%!r*- ;?19%\1? T_ygl-]?gilég)hyd,mxg r4

- N(Lb- Rt abﬂi&pph@]ﬁﬁ,'2%@1'0!;9‘4—%1‘:13%&551%[ £ e Ged; Bs R ORbsun it phé¥l groups
-C(0)-N(Lb-R0ob)-; and 'Rica and Rob together are -L-- and form for
exanmpl e, aph@Pht ABRnletts SlRNtddnt @ drRlpie/d- BB BoxyAlbeRtkokl- @X¥eRlyKYy | ene
chain of 2 to 20 carbon atons where one or nore carbon atons can be
repl aced whlfbnyMmifd, 3-Qfietok PN benloxy-6-pheny] HHEInyII@d, 304 taachbiibural e Ot
covalently bound, WV is H d, Br, F, CN, CO2H, al kyl, cycl oal kyl,
het er ocycl galpk yhere & yibstithetsarodiffybni swh aopinetbnal4-hensidxsShtaiiiyb-d-padniyly | |
cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl; Xa is

- N( La- Rj oasuifonybptinooPratidular sbligtted pheed sro@fslead-¢hiva)phéisfl, 2-agyinophenyl, 2-
-C(0)-N(La-12.30a)-; Xb is -0-, -N(Lb-Ri ab)-, -S-,

opt i onal | yoremtpdieivi. 3t wethoxygiehyd, Reixy-plianyll 4-benzglogyphenyl, 4-methoxyphenyl, 3-
-C(0)-N(Lb-1tab)-; and Rich is absent or H, hydroxyl, hydroxyalkyl,
al I ryl, al ®oxy4 bengodnxyriteni 3,4-digibeorieryl) 3-mpisererideopeileraphedyl, 3-apthoxy-4or

heteroaryl, in each case optionally-substituted; and W and Rica

t oget her ~ ditechioromgiiybgizioxys-phendyimpbexy-4 (herromethyreraoxy-Syrettyhl kyl |
aryl, or heterPar,yI of an aqptional,ly-substjtuted al kyl ene, .chain of
2 10’ 20 cabeH FELARLenKEP s SRR HEaiay bbb ' PEOS EFI S ed
with N, 0, or S(0),, 100521 Illustrative conpounds are conpounds
havi ng the formul a R'a wherein Rla, Rib, Rka, R2b, R3a, and
R3b are i ndependently | ower alkyl, |ower alkoxy, |ower alkanol, or

C3-C6 cycloal kyl; Ri4a and R 4b are independently-CH, |ower al koxy or
| ower alkyl; Rita, RL b, Rua, Rub, Ri 3a, Rub are independently -H or
hal ogen.
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[0053] Illustrative conpounds are conpounds having the forrmula: R a
me R2aRi za wherein Rla, Ri b, R2a, R2b, R3a, and <

i ndependenwpf‘}?’;éw?al kyl, | ower al koxy, |ower al kanol ?@V@W&‘uh
cycloallcyl; Rna and Rnb are independently -CH, |ower al koxy or |ower
al kyl; Rl2a and Rub are independently -H or hal ogen. [00541
[llustrative ¢ 1 stry Schenes: 00551 Abbrevi ations .used i

the fol | ovaPFQ%ﬁjg E]?S%i e B HEP Wi b o57 é“bL‘F‘P%‘E% infeisrae %WSWFW&@H“@ Bk
conpounds of the invention generally, are: Chz: Benzyl oxycarbonyl ;

| 3oc: t enb#Foxycarbonyl ; THF: tetrahydrofuran; DCM

di chl or onet hane; _BEQ" 3- dj P - i ewano- r jjnapne; NVP:
N- et hyl pyrr ol i 403 nel;%E’teﬁ{‘;g!:ﬂ%g}r %ét’h@?e?%cygﬁdmﬁﬁég?%ﬁléA%w ? %jtlo’?)gaceti c
acid; HOAc. 3 ' Ld; : , -k D nce
Tau d ohr i fEE aReahd fidGdlias Mibien 1P AR i ich s OB O

acet at e; DILREM dist do8lyDYd AR By Tihs-, il bakibdlia Sinngted HARMturated,
2-(7-Aza- 1I§ﬁﬁéﬁsr§g§%@ﬁ §y1) -1,1, 3, % t et rlamet %Ilur oni um e

hexaf | uoro B&Q&Bﬁlﬁ{c@iné systems h{i\[ix%Qﬁ@ﬂuﬂ@@Jﬁi QiR Seshatbd EeRdtafly B0 3o Lut 14

prepared using nethods outlined in Angiolini et al. (Fur. .1. Og.
Chem 2000 sing &dhs, 3082 hhe bl itbinS ar€ tarBdn and ENhst dnehdteroa?dhd) Gitrdpen, sulfur or
1847-1850), O Neil at al. (Bioorg. Med. Chem Lett. 2005, 15,

5434- 5438) pxfge)s & fahticelr albodifnSpttheegroupik@horakd | tdlBigMeroald®G2 J'ypieatigh. & 1
U S. Patent Application Publication Nunmber 20060025347 and US Pat ent
Appl i cat i omeSbeediingtanber? Mbiy8eR 887 tiar Meatn PRy IR006 0 toal fouble bowds e
are incorporated by reference herein as though fuly set forth, and
descri bed it nSmlgere sulfor bagodtdms nSptaptienally be oxidized (0@ 5P} SComye arCEIQEEn
formula 18 can be prepared using nethods outlined in Schenes |11 and
|V and des betpioeiem iy getlesallytbe graterpized. Spgjeulaspeirongypoterpgycles nsldg 733)
Kozi kowski et al.

_ ér#af? Am Chem 6 Soc. 1995, 1%7, 16ag6d6g%6r71%) _Sheppard
et al. (J.meBdolinshi@tprrhelrgl, pyreidinh PAiraay s By tangrt o)y Pate nt
TGRSR T B R T
Idgg g; ngl’GSt ﬂeslr%erg%lﬂyré ﬁ%dgﬂllferﬁ&%ggg& | - av"':a)‘nsdar'%::re’I gt cﬂ)t}bt]: "flleée%cfc?otalkgzﬂ%lgbes and

heterocycloalkyl alkyl.

[0033] "Heteroaryl” alone and when used as a moiety in a complex group such as a
heteroaralkyl group, refers to any mono-, bi-, or tricyclic aromatic ring system having the
number of atoms designated where at least one ring is a 5-, 6-or 7-membered ring containing
from one to four heteroatoms selected from the group nitrogen, oxygen, and sulfur (Lang's
Handbook of Chemistry, supra). Included in the definition are any bicyclic groups where any of
the above heteroaryl rings are fused to a benzene ring. The following ring systems are examples

of the heteroaryl (whether substituted or unsubstituted) groups denoted by the term "heteroaryl™

thienyl, furyl, imidazolyl, pyrazolyl, thiazolyl, {sothiazolyl, oxazolyl, isoxazolyl, triazolyl,

14



WD 2008/ 014263PCTI US2007/ 0 74225 Schene |V ned [OOES] Conpﬁunds of
formula 29_can repared using nethods outlined in Li al .
(Tetrahedr%ﬁzﬁ(@%%zg%QP 8515- 852%), Msh et al. (J. Am Péﬁ’i‘ﬁ%‘"’é‘%?zs
1997, 119, 8379-8380), and in U S. Patent Application Publication
Nunber 20060025347 and US Pat ent Application SeL|aI Punber 1ﬁ/363,387
filed 2/27/ 2006, all of which are incorporated by reference herein as
t hough ful |”g)adéaé?lﬁ?a%atiﬁ?o'Jéﬁﬁ“ﬂa%lglefhraﬁéaolylmxg@n@ivésmwmdﬁfmaw, pyrazSyhene
Vi 100&%1 ﬁg Ququ of formula 36 can be prepared using nethods
APAeRoRe o

outlined i A%} “inyl, Jriezngyly hisditgyl. cxebminyb githigyb dipxaindl. i n

S Pt et BB L R AR PR S50 ST MIDS 0000025547, and LS Patent

?i‘regcir Ingga p?{]}u%%ﬂrg?%dy, %{tr?ﬁ}gi%c %ﬂt}lﬁgrﬁe@am 0 [{', @%T g)bnd];zluluyll Xndsp?:}-in;i,oag E’\’Qﬂ asand
benzo-fused derivatives, for example benzoxazolyl, benzofuryl, benzothiazolyl,
benzothiadiazolyl, benzotriazolyl, benzoimidazolyl and indolyl. Particularly"heleroaryls"
include; 1, 3-thiazol-2-yl, 4- (carboxymethyl)-5-methyl-1, 3- thiazol-2-yl, 4- (carboxymethyl)-5-
methyl-1, 3-thiazol-2-yl sodium salt, 1, 2,4-thiadiazol-5-yl, 3- methyl-1, 2,4-thiadiazol-5-yl, 1,
3,4-triazol-5-yl, 2-methy!-1, 3,4-triazol-5-yl, 2-hydroxy-1, 3,4~ triazol-5-yl, 2-carboxy-4-methyl-
1, 3,4-triazol-5-yl sodium salt, 2-carboxy-4-methyl-1, 3 4-triazol- 5-y1, 1, 3-oxazol-2-yl, 1, 3,4~
oxadiazol-5-yl, 2-methyl-1, 3,4-0xadiazol-5-yl, 2- (hydroxymethyl)- 1, 3,4-oxadiazol-5-yl, 1,
2,4-oxadiazol-5-yl, 1, 3,4-thiadiazol-5-yl, 2-thiol-1, 3,4-thiadiazol-5-y1, 2- (methylthio)-1, 3,4~
thiadiazol-5-yl, 2-amino-1, 3,4-thiadiazol-5-yi, 1H-tetrazol-5-yl, 1-methyl-1H- tetrazol-5-yl, 1-
(1-{dimethylamino) eth-2-y1)-1 H-tetrazol-5-yl, 1-{carboxymethyl)-1 H-tetrazol-5-yl, -
(carboxymethyl)-1H-tetrazol-5-yl sodium salt, 1- (methylsulfonic acid)-IH-tetrazol-5-y1, 1-
(methylsulfonic acid)-1H-tetrazol-5-yl sodium salt, 2-methyl-]H-tetrazol-5-y], 1, 2,3-triazol-5-yl,
I-methyl-1, 2,3-triazol-5-yl, 2-methyl-1, 2,3-triazol-5-yl, 4-methyl-1, 2,3-triazol-5-yl, pyrid-2-yl
N- oxide, 6-methoxy-2- (n-oxide)-pyridaz-3-yl, 6-hydroxypyridaz-3-yl, 1-methylpyrid-2-yl, 1-
methylpyrid-4-yl, 2-hydroxypyrimid-4-yl, 1,4, 5,6-tetrahydro-5, 6-dioxo-4-methyl-as-triazin-3-
yl, 1, 4,5, 6-tetrahydro-4- (formylmethyl)-5, 6-dioxo-as-iriazin-3-yl, 2,5-dihydro-5-0x0-6-
hydroxy- astriazin-3-yl, 2,5-dihydro-5-0x0-6-hydroxy-as-triazin-3-yl sodium salt, 2,5-dihydro-5-
0x0-6~ hydroxy-2-methyl-astriazin-3-y! sodium salt, 2,5-dihydro-5-0x0-6-hydroxy-2-methyl-as-

triazin-3-yl, 2,5-dihydro-5-ox0-6-methoxy-2-methyl-as-triazin-3-yl, 2,5-dihydro-5-0x0-as-
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WD 2008/ 014263PCT/ US2007/ 074225 Schenme VI Schene VI |

[0060] Addl £9mpounds of the invention can be pr 537 PS5
pr epar ed subst ant | a?l y as described in Schemes |X-XXI X, Qﬁsow. é%ﬁ%rre
I X [ 0061) 3-Hydroxypyrrolidine-1 2-dicarboxylic acid

l-tert-butyl ester 2-methyl ester (|38) A 30| ution cont ?i ni tng
b dbgesd 2 di tyl ester
Yo, 71 SR bR R e o B o %gsdé‘P%FE)i(‘ 3
I b
o e S Al L i

mmol ) .

over 1 h atalt%étﬁgﬁ&hm"héterpﬁgafé%%xgersyﬁ'(Jh%‘éécn)gr?e‘i}ﬁf@n telhy lis3 1az F%Ytﬁit

This m xture was ated at 9

t enper at ur gearfBREMERIIS- Ry WA S-thholt StkoWulRal i 9184 fsr Gt Qh 4.
di et hyl etﬁerT g?I?CPJOVEI‘ yanhydrous%ﬁl\fg2804a Itélrag‘g ﬁ d]ﬁ o#

concentr at e:&hzblcﬁ—ﬂf T10tettazb?5-81, gmlcBiPAH-2hraRR595 18 -mhétﬁpi\én%éy &th-2-yl)-1H-

tetrazol-5-yl, 1-(carboxymethyl)- 1H-tetrazol-5-yl, 1-(carboxym ethyl)-IH-tetrazol-5-y1 sodium
salt, 1- (methylsulfonic acid)-1H- tetrazol-5-yl, 1- (methylsulfonic acid)-1H-tetrazol-5-yl sodium
salt, 1, 2,3-friazol-3-y1, 1,4, 5,6- tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl, 1, 4,5, 6-
tetrahydro-4- (2-formylmethyl)-5, 6-dioxo- as-triazin-3-yl, 2, 5-dihydro-5-o0x0-6-hydroxy-2-
methyl-as-triazin-3-yi sodium salt, 2,5-dihydro-5- 0x0-6-hydroxy-2-methyl-as-trazin-3-yl,
tetrazolo {1, 5-b] pyridazin-6-yl, and 8-aminoteirazolo [1, 5~ b pyridazin-6-yl.

[0034] For the avoidance of doubt, aryl includes fused aryl which includes, for
example, naphthyl, indenyl; cycloalkyl includes fused cycloalkyl which includes, for example,
tetrahydronaphthy! and indanyl; heteroaryl includes fused heteroaryl which includes, for
example, indoyl, benzofuranyl, benzothienyl; fused heterocyclo includes fused heterocycloalkyl
which includes, for example, indolinyl, isoindolinyl, tetrahydroquinolinyi,
tetrahydroisoquinolinyl.

[0035] "Optionally substituted" means that a H atom can be, but is not necessarily,
replaced by one or more different atoms. One of skill in the art will readily know, or can readily
ascertain, what atoms or moieties can be substituted for a hydrogen atom or atoms in a given
position. Typical optional substituents are any one or more of hydroxy, alkyl, lower alkyl,
alkoxy, lower alkoxy, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, halogen, pseudchalogen,

haloalkyl, pseudohaloalkyl, carbonyl, carboxyl, mercapto, amino, nitro, and thiocarbonyl, but
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Hodges, LA.; Raines, R T. J. Am Chem Soc. 2005, 45, 15323 2

: I I nez,.A.; Dugave, C. Tetrahedron Lett.
%gﬁngi’z L@gfgsﬁﬁgﬁé X MVenez g PCT/US2007/074225
3-(tert-Butyldimethylsilanyloxy)pyrrolidine-1,2-dicarboxylic acid
l-tert-butyl ester 2-met hyI ester (39): A solution containing

al cohol 38(14.8 in (150 m.) was cooled to 0 C. To
this sol utl( ‘gt‘eaaﬂmwﬁﬁﬂ%ﬁ®3¥%en§ §9» foexamme, priiosllyoulkst tubed mtrﬁgen
t - butyl dlrrethls Ichl 10 66 nmol ) in tw portions. The
react |yon mit ’B%/a@ aﬂé% Q‘ffﬁﬁ?@ﬁ‘f’“ﬁ é‘H‘y’éF’é{Fﬁ fialkylgmines) atylamprfes, stc; 5

The: combi nabigR H?Sélgié%?ﬁ@‘aa?ﬁ” AL %ﬁ%@f AR RS A W
TS SRt B 40 RS Sl el 2
Sy 3 e P bRy %?“éé*fﬂﬁﬂﬁ-ﬁoﬁiw b s egindd” 4
(s, mnor E&ﬁv@gfeﬂ)emaﬁv Wﬁe?mt xgbﬁsubsgt‘ug:g (z\ﬁl)en ‘T)B{‘o‘?.%n%%hs‘?ﬂ}?erd) Su%F%Sﬁé%TBS

9H), 0.11 (s, 6H), (s, mnor rotone
LI BH4, THFoﬂ%Qgﬂdea Bsting/ 6¢ R4 groups, all such groups are optionally substituted (unless

otherwise indicated by context.)

[0036]) A "Linker" is a bond or linking group whereby two chemical moieties are
directly covalenily linked one to the other or are indirectly linked via a chemical moiety that
covalently links the two chemical moieties, in either case, to form a homo- or heterodimer, A
Linker (L), therefore, is a single, double, or triple covalent bond or is 2 contiguous chain,
branched or unbranched, substituted or unsubstituted, of 1 to about 100 atoms, typically 1 to
about 20 atoms and typically up to about 500 MW, e.g,, alkyl, alkylene, alkylyne, alkyloxyalkyl,
alkylarylalkyl, or optionally-substituted alkyl, alkylene, alkylyne, alkyloxyalkyl, alkylarylalkyl
chain of 1 to 12 atoms. Tilustrative Linkers are described, e.g., in US 20050197403 as well as in
US Patent Application Serial Number 11/363,387 filed 2/27/2006, both of which are
incorporated herein by reference as though fully set forth.

[0037] “Pseudohalogens" are binary inorganic compounds of the general form XY,
where X is a cyanide, cyanate, thiocyanate ete. group and Y is any of X, or a true halogen. Not
all combinations are known to be stable. Examples include cyanogen, (CN); and iodine cyanide,
ICN. These anions behave as halogens and the presence of the internal double bonds or triple

bonds do not appear to affect their chemical behavior.
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?T(terFaButyldLnethlsiIanyloxv)-2-hydroxynethy|pyrrolidine-I-carboxy
ic acid tert-but ester (40): A solution containing \

mmol ) in TW@%OMI%)" was cooled to O C. L1BH4 in THE (%1(/%0%@)73\%%5
added in a dropwi se fashion. After 1 h, the solution was warned to
anbi ent tenperature. After 2 h, the solution was diluted with MOH,
then 1120, and concentrated. The residue was extr cﬁe w t h Et OAc,
washed with 1MIM38l sArhiffigr <n "HipEetYs W@@‘?‘PW?E ngf’ E?gﬁ‘céﬁorc??f'éf‘“m ©
anhydrous Na2SO4, filtered, and concentrated to affo 9.,5. 79 of
70 25 o coPBARESIABPTSTOIM: FORBY Haeh reioes o Braeiy hegiaitbried .

l[-lo] T&r de?%%’g)gf @;%%tpg{%in, ]6r9 v%llllibh h5lhds ole%.' IA?‘]‘BI?I? H(‘)ama)i% I]I‘l a%ralfa’lr?eggz%ﬁarsf\g‘a'[en
3- (tert-Butyl di net hyl sil anyl _ 2§ | i e .
e = Eﬁ?lﬁ?enﬂglg%]éP’%%ﬁi i a%, X%T.ba/ freein YAt ﬂlﬂfbitq{eg Jg )?'g%%l%?xw Ic

acid ten- S ti-on” cont al ni ng chl ori de

in DCM (22 nl) 40 i, L ads _ .
2 L N BB Byt
ropw se . 3 o aadthi . X ) |

oo 50 Y Sl PRl ) B g AR b

115 nmol ) ‘é@e%ﬁ@&&_ﬁ%dicf%p%n@mmﬁe%bﬁs@ssﬁh%ichmemrmsgi&aqg oG MEE WaS
war ned and mal ntained at OC for 15 mn. The solution was diluted wth

1M HO,  ext pakkifle Wbirdd REMnovasib edldswhdhhis RydrevRloridladid ydwviesmiantly,dul@uis
Na28043 filtered, and concentrated to afford 9.5 g (100% of 41 as a

yel | ow oi | acid, hitde dRa(oRIChAd, pROPhdvidapid 881 thalliedand drganil Beiddanay bt $9l¢cted
4.39-4.36 (m 1H), 4.24 (in, rotoner, 0.511), 3.93 (m rotoner,
0.5H), 3. 7803 aéhafayrycRilighatic, S@miti@&aljphatic, Rterdcyelic]catipxylis, andisylmic
rotoner), 1.41 (s, 9H), 0.88 (s, 9H), 0.09 (s, 6H), 0.07 (s, mnor
rotomer) ppassesSEhmarge Hfds buch as formie acid, acetic acid, propionic acid, glycolic acid, gluconic
acid, lactic acid, pyruvic acid, oxalic acid, malic acid, maleic acid, maloneic acid, succinic acid,
fumaric acid, tartaric acid, citric acid, aspartic acid, ascorbic acid, glutamic acid, anthranilic acid,
benzoic acid, cinnamic acid, mandelic acid, embonic acid, phenylacetic acid, methanesulfonic
acid, ethanesulfonic acid, p-toluenesulfonic acid, salicyclic acid and the like.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0040] Tt must also be noted that as used herein and in the appended claims, the singular
forms "a", "an", and "the” include plural reference unless the context clearly dictates otherwise.
Unless defined otherwise, all technical and scientific terms used herein have the same meanings
as commonly understood by one of ordinary skill in the art. Although any methods similar or
equivalent to those described herein can be used in the practice or testing of embodiments of the

present invention, the preferred methods are now described. All publications and references

mentioned herein are incorporated by reference, Nothing herein is to be construed as an
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[ 00641 3

-(tert-Butyl di net hyl sil anyl oxy) - 2-(2-et hoxycar bonyl vi nyl rrolidine-
1-  car box¥{Pi2f0 551%3tert-butyl ester (42): To a suspen%ﬁ%ﬁ%gwﬁpﬁgﬁing
NaH (60% 1.9 g, 46 nmmol) in THF (50 nL) was slowy added
triethyl phosphonoacetate (7.5 nL, 38 mml) in THF (20 m) at 0 C
After 30 mn, a solution containing aldehyde 41(9.5 g, 29 mml) in
THFE (40 i pdrpiasionsthas e syarsion ismobendfesinumsedal quchidisplosurhy vibteaf bish  becane
orange-col ored and stirring was continued for 0.5 It The reaction
m xture ma§WEFP&ted with brine, extracted with EtOAe, dried over

anhydr ous Na2SC4 tered and concentrated to afford 8.6 g (749 of
42 as a yel | ow 04t hfeqrrmnars TS 6 R R Bt hBPUPRITPC AP, 1H

by 20011 PO S g Sy bl ot ot ity eyt
2‘2 35 1;18 : i Ot g%‘zi‘?rha bgﬁ?& gtalcw obac%s;fty( &% ség‘?ef)natwe I?:_the ﬁreprt;!'tely(I v

OrBS OH 0O

T T S

car boxylic 8.6
oo 55 o TR o SRR e o s RIS Pl

cooled to mZﬁcu(fe drﬁ@nﬁrﬁh@s &%Mﬁ}&@crﬁ@cﬁbe‘ﬁvﬂw y added boron trifluoride
etherate (2.8 ni, nmmi) followed by the addition of 1M DI BALIIl in

DCM (60 ni). Thm)molmus@rhemg th%&dnm arafacentlBllfcadcptable”, | "bhyfoRgk@BCt | ON
m xture was then treated with Et0Ac and stirred for 30 min. The
reacti on moletalitet andgganahdiicab@atiations\ieteot, botheybrefer to Thiepdsiany canferaydifents
guenched by the dropwi se addition of 1M Hal. The m xture was dil uted
wi th DCM and r&t@0s, andsetl heerthaymridy marersep trahenateddiecan roursstéredfe p
was extracted with DCM The conbi ned organic extracts were dried over
anhydr ous Nazsbdng.filtered, and concentrated to afford 8.5 g of 43 as

alight yellow oil which was used w thout further purification. NVR
(CDC13, 300 MH8%4¥5 ApotsfdrpereMubJ@t" 99 pgtisnt) rffﬁsls to an animal or mammal including,

but not limited to, human, dog, cat, horse, cow, pig, sheep, goat, chicken, monkey, rabbit, rat,
mouse, etc.

[0044] As used herein, the ferm “therapeutic" means an agent utilized to treat, combat,
ameliorate, prevent or improve an unwanted condition or diseass of 2 patient. Embodiments of
the present invention are directed to promote apoptosis, and thus cell death.

[0045] The terms "therapeutically effective amount" or "effective amount”, as used
herein, may be vsed interchangeably and refer to an amount of a therapeutic compound
component of the present invention. For example, a therapeutically effective amount of a

therapeutic compound is a predetermined amount calculated to achieve the desired effect, i.e., to
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111), 4.16-4.13 (n, 21-1), 4.05 (n, 21-1) 3.72-3.35 (m 411),
1.95-1.88 1.77-1.67 (m 211), 1.48-1.44 (m b ,
911), O. 08&@28@%2'2263611) ppm  Scheme XV [ 00661 hosablritfints
trans-2R43- (tert-Butyl di met hyl sil anyl oxy)]-2-(3-

met hanesul f onyl oxypr openyppyrrolidine-1 -carboxylic acid tert-butyl
ester (44)

oG (30 nh)efﬁmgfalaﬁﬁgﬁ P RAER R o B e Téé;ﬁ%w?ﬁ oF RSP EBP TN
2 nL, 26

mol) was a?la%g%v%lgm%‘%%%%@gb?”@@ﬁ.%ﬁc% PHS Y cacti on m xiure was

stirred at ambi fihe)" STRELR Ml tr?zhad %%\/FB( nce\%ihetﬁeé q}qiln)entm%laﬁmgﬁﬂ’

and t he product wa extracte x 50 nL he organi c

extracts W%ﬁgg%m#dau& o@mé pygeélhﬁ%n%& e JaMHIQﬁpot@ﬁﬂaﬂﬁg ?Q%tb&dof%@r

anhydr ous Na2 tered, and concentrated to affor

(92% over tT‘ﬁ@fo?lB@ﬂ é%’*ouﬁ’d% a%meaw@btdlhaﬁbftm@&eééﬁﬁ%em&ahout furt her
purification. WMHz) 55.73 m 11-1), 4.71 (d, J 5.4
Hz, 1H), 4.30415(m 1H), 406(m 1 51&333(|n 2H) , 302

(s, 3E1), '1.94-1.89 (m 1H), 17917 5(‘n; L. A5-1.43 (m 9H),

0.92-0.87 (m 9H), 0.09-0.07 (m “ppm 7 ¢ haei?VIRa [ 0067]
trans-2R12-{3-[ Acetyl - (2- brom)Jr:F nyl \am propenyl)]-3-(ter
t butyl di met hyl si | anyl oxy) pyrg o neH1 boxyli tz tert-butyl

ester (45): To a sol ution cont Riani R’
N- ( 2- br ono- 5- quorophenyI)acetam de (5.7 g, 24 rm&?la) in DM (30 nl)
was added NaH (60% 1.2 g, 30 nmol) at 0 C. Afterw?bo mn, the
solution was warnmed and mai nt aﬁ%edﬁg’ anbi ent tenperature for 30 mn.
To this solution was slow y reslde 3]

(30 mL) at 0 C. The reactlon
tenperature over 1 h. After 2 h, the s Iutza was [di ed with brine,
extracted with diethyl ether, washédRgh cezwtﬁsboR;bne dried over
anhydrous Na2SO4, filtered, and concentRdt édt ptp afford 12 g of crude
45 (the product contained unreacted acetanili ?Jle that co-eluted on
TLC) which was used without further purification. Schenme XVII

[ 0068] wherein Z;a, Z»a, Z1b, and Z;b are independently CH or N;j

e 2nee )5 LR gy LR e
sol ution C%ﬁi%k?%ﬁ&&é@?kﬁ%r%l]a:l')(lgkylat{%{:éfogﬁd or Herb byl Ad T fg"@s m)

was added mbi ent tenperature. After

sol ution was, gid Mk R %4&% ‘oﬁetfér QG an WBSHESbr WheiiBink Mhd a0 whbd /B8 Haleh Rb

over anhydrous Na2S | tered, and concentrated. The residue was
absor bed 0R,ER bbickProg@ler ﬁﬂd DM et doyaifd ragh silica gel
chromat ography (1:1 hexanes/Et0Ac to 5% MeOH/ DCM to afford 4.2 g of
al cohol 46 as &amadGa e ahdRt ard ikdepbdRe(tIEDC-Dpti @By dubitiuidl AllGH cfoinalkiiPr,
7.04-7.02 (in, 2H), 5.62 (m 1H), 5.40-5.34 (m 1H), 4.74-4.69 (m
1H), 4. 26- &et&@cyclplkAHr,whsn Rt i3 H3B:n(Rar ar§ )3 caB ta@@they. frh {nrepiridieg or azeti@ine
(s, 3H), 1.46 (s, 9H ppm Scheme XVI 1|

ring and when Rob' is H then Ryb and Ryb can together form an aziridine or azetidine ring;

he

Rsa, R3b, Rea and Ryb are independently H or optionally substituted alkyl, cycloalkyl,

heterocycloatkyl, aryl, arylalkyl, heteroaryl, or heteroarylalkyl; or, Rsa and Rsa, or Rsb and Rsb,
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[ 0069]

trans-2R-f2-(1- Acet vl-6-fl uoro-1Hindol-3-vlnmethyll1l-3-hydr ox rroli
di ne- 1- C‘QP%BWF@ acid tert-butyl ester (473: To a sc?f%‘?qsa ¥’8¥4225
containing 46 (5.7 g, 12.5 nmmol) in DW (40 nL) was added K2CO3 (1.7
g, 12.3 mmol), sodiumformate (0.86 g, 12.7 muol), tetrabutyl amoni um

chloride (3 o2, .7 | ). d Pd((OAc) 2 (0.3 . 1.4 mmol) at

anbi ent te rr%rgnre %t Ur %a.rbo'fﬁnpf’%s ?%%’1%? H 3h°"5‘f'?‘3?ﬁ%|’?‘§’g§‘fﬁt§3?lg¥w Sekg e Ereyplof 1
bat h prehe f1 h, .the reaction m xt cogled in
on 1cb bar b dbinindd drflo thel o B ERARE e . 6, M 6 i c e
with brine, drigd %@%ﬁ j 1 nd concentrated
to afford 4.5 g gaf %ﬁﬂ:&gﬁd%ggﬁlﬂ asg@nH éﬂrogh%ﬁ?%lg%ﬁ%%ﬁ% B&I%yi'd
Wi t hout f urdybigdicd kiefob stalkON ary SEHRIESL, 2haryt, or b L

trans- 2R 12- ( 6- P o R ey %?yj%r?r]ét hy 13- %" ﬁffﬁérg’g@y‘ﬁrﬁs? e fRea onRs
car boxyl i C a6 Rgb, breathbitt YdrbdSkodds 10l )by ad ObiiBnaP9)sktshiBRa SRALAI Pk

acetate 47 (2.5 g, 6.6 nmmol) in I\/leOllea(ﬁbS1 J?rL?Swas adde%‘ 1|\3le§%!|‘3?68
nL) at anbigaip of ErsanAbLiems MdresncdmFBtaridiQtofiR i UcO8hiMeFuy N, O, S(0),, or
concentrated, diluted with Et0Ac, washed with brine, dri eJ over
anhydrous NxZB804, filtered, and concentrated. The residue was
purified by NP-HPLC (Si 02, 40% Et OAdhexanes increasing to Et0Ac over
30 min) to aff okd, RubReg Rab ate irdefeadedBy Hsr aptibiaff tubytithibdhydfoagimiki 14 NVR
(CbC13, 300 MHz) 58.75 (s, rotonmer, 0.5H), 8.71 (s, rotoner, 0.5H),
7.52 (dd, JFyelgikyl, hateroayciaplkylideyl, arlalgg, i@tetryl, o7 he@idarylalkylmor B7:08d ke, 02H) |
3.96 (dd, J =3.3, 10.2 Hz, 1H), 3,57-3.33 (m 214), 3.22-3.09 (m
114), 2. 60FaP ang Relyor bofly yan by lighed by gn ontigpally-substituted 7i8ylane P alkenyletelghyup of

1.50 (s, 9%4% F m Schepme XX 100711
trans- 2R437AE% ag‘ieg)-a@me BPFTF 0R5 16 1% cPReforiom spp heseriagsy Py Bl P Ale-ar CoQrimox
ylic acid tfernt-butgl est er %éQ): To a suspension containing indole 48
(0.35 g, 1™ 0™SRABOYHT BERPRY ™ was added acetic anhydride (0.15
m., 1.5 mmol) followed by DVAP (10 ng, 0.08 nmol) at ambi ent
t enper at ure. Afttcar bedle sring or differef b wath oagecred el horogeneous. After 1
h, the solution was diluted with 1M Ha, extracted with DCM dried
over anhydr ous 2 SB, N{-eRepkdS-amefcalycebtimide bR et -G(@60g —
(87% of 48(@N@a-Reh-ow=0ftla-R,dj4 NVR (CDCI 3, 300 M-la) 58.62 (s,
rotoner, 0.514), 8.57 (s, rotoner, 0.5H), 7.62-7.51 (in, 111), 7.03
(d, J = 7.8 Hz Xblii)}D-6-NgBb-Rap)-L1H), olﬁio)ﬁﬂ}y&ut&ﬁtu(eﬁ ncaél&ﬂ,),bkéﬁfﬁc((s),o_l, (1_)
4.18-4.08 Ly 03 de3rdd (m 311), 2.90-2.44 (m 11-1), 2.23 (s,
RN TR e

31), 1.86- .. 911) ppm Schenme XXl 100721

trans- 2R- 1Acetl end@% £k independent] lent hond or C;-Cy alkylene;

2- (6-fluoro-1Hindol - 3-§/1I rir)gl% ﬁ?/Iy)afﬁ;arepoIoind?rn-’3-4f1yéeg%er (50): To a
sol uti on cont aiwy, Wo, R4, blaimEtﬁaréjr@\{ﬁQeﬂﬁangrébhs?'(aMuéh {ef) wheMedidw: L) at
0 C was added TFA (3 nlL). After 15 mn, the reactron was warned and
mai nt ai ned at &rbhenWatedpbriogetheeart o LinkerhthenTKeoSXH 4t indeped@bitly —O~, —S—,

concentrated idute i ¢,.washed with saturated NaHCO3, dried
over anhyd?ogg&|$2gt9%?%l%’&fE%Igegéfveghae%’glﬁ’(t:’eoﬁtrat ed to afford 0.32 g

(89% of ami ne(ti@ﬁ\ﬁ%%%gﬁé%’ﬂ%%%r& Nafie)as, i%s-ﬁftf%}}a-gg—ggfa%%ta ¥, -

t
purification. | (93 Miz) 58,25 (s, :

5.4, 8.7 HECUaRys) 7 30 edRuapa ¥p, is 6NG-Ridid, ~WILE=RODECHS, N=-CU%-4
Hz, 111), ®e1; dr QQOH-NLL-E D) Rda 4 K[ are %ae)rﬁeng? ggox?és]ati&%gﬂ)%ﬁﬁsﬁm%d82

= 8.1, 14. 111 2.14-2,
g_dcgj’z_ i 78 17(Yﬂl‘lOX ’f%ytiz ’ ai]ky?, ’heterocycloa]kgl?argll%r heteraaryl; or
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Schenme XX | 0 5051 (0073] Cbz-protected pvrrolidine (51): A
sol ution cont amne 50 (0.65 g, 2.4 mol) in LoWBS
treated w@ﬁz sé%&%io 35 nL, 2.5 nrnol) foIIovved by TEAI(’Z%U@BZT{_ %
2008/ 014263PCT/ US2007/ 074225 1.4 mmol) at 0 C. After 15 min, the
solution was warned to anbient tenperature. After 1 h, the reaction

I Xxture was dil nd extracted, w DCM The conbi ned
(r)nr )g(;aglr c extract 35)\;\%/@}83 Vgar ?"(Jaddl\evgl ﬁaaﬁ%?)il ﬁ? &re é\hhﬁﬁﬁa) orfdEfRoafel- -
The resi duaN=gitk-Raak —por +GOp N (TyR, mﬁeﬁﬁx at—lNibb -RIBLG, {&ILORobPEHLO OKe-C(Lb-

/h 1 |1 ow oil. NWR
(E tcgé(is eéggﬁwwim%"??& 5%, t°$ea}eg%%%‘%ﬁ?§8 27 (s, IN), 7.62

(app g, J -- 4d) hen andiin afe deP c&v@l@:ﬁlyqaoun]i Wa anéwq) al‘_(!,zmdegen%em 'H, Cl, Br,
7.44-17.37 (ff, SC!EQOH or%gptu%alslayz su(bstltuted hydroxyl, alky]( cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; Xa is —-N(La-R pa)~, ~C(La-Rypa)=CH-, —N=C(La-Rj¢a)}, or ~C(O)-N{La-R;pa)~ Xb
is ~N{Lb-Rgb)—, ~C{Lb-Rigb)=CH-, —-N=C(Lb-Rygh)~, or ~C(O)-N({Lb-Ryg;)~; Ripa and R gb
together are a Linker; or
(e) when Wa and Wb are not covalently bound, Wa is H, C, Br, F, CN, COCH, or
optionally substituted hydroxyl, alkyl, cycloaliyl, heterocycloalkyl, aryl, or heteroaryl; Xa is ~
N(La-R o2}, ~C{La-Rpa)=CH~, ~N=C(La-R)ga)—, or ~C(O)-N(La-R0a)~; Xb is —O—, ~N(Lb-
Rgb)—, —8~, —~C{Lb-Ryb)=CH~, -C{0)-0-, -N=C(Lb-R6b}-, =C(O)-N(Lb-R gb)—; and Lb is a
covalent bond, and Ryyb is absent or is H or optionally substituted hydroxyl, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; and Wb and Ryga together are a Linker.

[0047] Tlustrative compounds have formula (IT):

wherein
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0.5 H), 665(in 0.5 H), 5.30-5,16 (n, 2H), 509507(it 1H) 423

(dd, —33 9 05H) 4.12 (dd, J= 3.6, 9.6 Hz, I_%J' 3.45
(in. w03 s@Wé (m 1H), 2.85-2.64 (n, 1H), 1. 99 fC§ S%W"’?s‘%°
ppm Scherre XXII'l 4111 51 52 [0074] Biindole (52): Indole 51

(0.98 g, 2.4 mol) 'was dissolved in TFA (20 nL) at 0 C and the
reaction was nonitored bg LC/ M5 _anal yéiﬁ' After 5 h, the reaction
m xture was di IKaledNwCRCEREs D arate@™12003, and extracted with

Et OAc. The co ne a xt washed with saturated
NaHCO3 t hen b;ﬁ*’e’ le‘ ga'e@%’? IEﬁ’al(gc/cﬁxou Ne 2804 filtered and
concentrated t t used w t hout
further purifi g‘é‘% %ﬁb Qr?‘ﬁ.‘d%:e%ell]%va&k%i% ute é el { OAC (10 n.) and

treated with DRE (33D _[U,q In%, SR, at anbi ent terrperature After 15
nm the dark green sélution was diluted with saturated Nafl CO8, and

extract eg W LBO?&QQ‘ is ThetheORigd, REE, RpagRiRd, &1 ,@0H, faRidR e indasivestiyni-i

saturate [ ter

concent r at BCECHHE © W%ggl ﬁ”gsé‘g"g%eaﬂfxggycg%%]dégfc’fo%l\llaé%ggdrﬂe?etema RAMCEUE

purified bylkcﬁ:dya@blyelhylerhai agimap hikylahid2 dalkylamewankstyEk@Achlftreteg iagéoxg,. 6
619 of a 0

?S( 1 I-/g h a.?ﬁ?% il gqgeiﬁ,l%arbggl%gwonété suIWB 11(1%%%}2:1111% %M@éha@%ﬂen

2H), 5.24 E{s is NEJoy ~CEO)D, (lai-Riga mb@m@t & ~NeHjtom;Fndavhen g it-C=(Recay. & -

Hz, 1H), 3y62- -—% ﬁ%aﬁs%un%lco &L*C’Zat&g a(-x@pp t, J=14.1 Hz, 1H),
2.24-2.17 (m 5 s, 3H) ppm Mass spectrum ink 820.8

E g/l:"g‘;'b +T 842.7 (WM/YaSQ hﬁﬂﬁr m\/thézli%lﬂl@absggt or —CF-Od RloaBR Sz, pxy;a,; ok, dii;;a,gH
o0 a solution contain ol e g

(20 L) waldd ah&édafi’o%dﬁ%f}‘ﬂf’“ ﬁg)hnl"%"ﬁ’e F &2 “ag?% gr‘ﬁbs9 ”t‘% qpmg]s ST

under H7 ubdtaagryelodPayl,r a@mpaetabargl Afitoryl, 311kh;<y,t bcéyaiﬁydﬁhm,eamas filikkylereinevd

t hr ough CeI T I S

concentr at eaﬁcﬁ%“%}%cag{gg}fawy P? ‘ﬁ%n%% E)agy%@%? éﬁ%}gy’g E\g%gg %ﬁoo&#[h& Sa?ogatm

sol i d t hat suliass. irsied Omp?tlmgutrovﬁfi}ritﬁhéwhqy jst-Near Fet)-Nvasl- %p@éﬂrﬁﬁ? thﬁr/ z

550. 4 (M #y_ atom; and, when X is ~C=C(R [¢a)— or -N=C~, —L,-R g2 is bound to the ~C= atom;

Yb is —C—, =N—, or -N"=; such that,

When Yb is —~C— then Rygb, R;1b, Riab, Risb, Risb, Rysb, and Rieb are, independently, —
H, halogen, or optiomally substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
hydroxyl, alkoxy, polyalkylether, amino, alkylamino, dialkylamino, alkoxyalkyl, sulfonate,
aryloxy, heteroaryloxy, acyl, acetyl, carboxylate, sulfonate, sulfone, imine, or oxims;, provided
that when Xb is -N— or ~C(0)-N—, —L;-Ryob is bound to the -N- atom; and, when Xb is ~
C=C(R;gb)- or ~N=C—, -L1-R)¢b is bound to the —C= atom; and

When Yb is —N— or —N'—, then Ryb is absent or O, and Rjpb, Riab, Riab, Risb, Rish,
and Rigb are, independently, ~H, halogen, or optionally substituted alkyl, cycloalkyl,
heterocycloalkyl,aryl, hetercaryl, hydroxyl, alkoxy, polyaikylether, amino, alkylamino,
dialkylamino, alkoxyalkyl, sulfonate, aryloxy, heteroaryloxy, acyl, acetyl, carboxylate, sulfonate,
sulfone, imine, or oxime; provided that when Xb is =N~ or ~C(C)-N-, —L1-Ryqb is bound to the
—N- atom; and, when Xb is ~C=C(R b}~ or -N=C—, —L;-R ¢l is bound to the ~C= atom.
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Scheme XXV [ 0076] Boo-protected dinmer (54): A solution
containin - (Me)-OH (152 ng, 0.65 mMmol) in NWP S, .-
cool ed togwg_éﬁ&?od}-{gén s solution was added E-IATU (224 n‘é?,l}“@’é"d)ﬁ@%%n
foll owed by META (0.15 nmL, 0.80 nmol). After 5 min, diamne 53 (180
ng, 0.33 nmmo)) in NWP (5 nmL) was added. The reaction m xture was
warnmed to roomt r Af t eaction m xture was
diluted with Et ﬁé’%? ﬁ% Veco?’ﬁ%ﬂﬁ]]ﬁvefomﬁﬁgg} ed NaHCQO3, brine, dried
over anhydrous Na2SO4, flltered and conca-pqtearat ed to afford 290 ng of
t

54 as an orange oil that usedz;yvl t hou rtige purification.
Schene >0(V1 [0077 aﬂgane {59 ;. ABO0Ruti on containing 54
(0.29 g, 0.3 mmol) |n 415 B naS  dbol ¢ 5~R & To this solution

was added TFA (3
anbi ent tenperaty h, '
concentrated, di I ut edeuth Et Ac, washed W fh slaﬁt‘urat ed NaHCﬁB dri ed
over anhydrous Na2304, “filtered and concentwaat ed B afford LB, 19 g
(82% of diam ne 55 as a |ight orange foamthat vvas Wbt hogt.b

further purification. Il NWR (CDC13, 300 MHz) 511.7 (s, 7.51

(dd, J = 1.8, 11.7 Hz, 1H), 7.38-7.28 (m 1H) 6.93 (ap r

Hz, 1H), 5.30 (d, J = 3.3 Hz, 1H), 4.40 (d"/ = 11.7 £. 01"

(app t, J =9 Hz, 1H), 3.82 (app q, J = 9.9 Hz, 1H), q}g ;6.6
13

Hz, 1H), 3.56-3.50 (m 111), 3.46 (s, 3H) 2.92-2. 86
2.67-2.63 (m 1H), 2.36-2.29 (it, 1H), 1.85 (s, BWgG 23 (in,

4H) ppm Mass spectrum In/z 780.8 (M +. Sch
Boc- N( Me) Al a- OH, HATU, DI PEA R,b beRb

ZHN {
R,b—~N R R, b v
H o}

[0049] In illustrative compounds of formula I, II, or IV, when Z;a is N and Za is CH,

and Z,b is N and Zyb is CH, then at least one of the following is true;

(i) Rsa and Rea are not both carbon atoms linked by a single covalent bond;

(i) Rsa and Rga are both carbon atoms linked by a single covalent bond and Rsa is
disubstituted;

(iii) Rsa and Rea are both carbon atoms linked by a single covalent bond and Rga is

mono- or disubstituted;

(iv} Rsa and Rea are both carbon atoms linked by a single covalent bond and Ria and Rya
are both carbon atoms linked by a covalent bond or by an optionally-substituted alkylene or
alkenylene group of 1 to & carbon atoms where one to three carbon atoms can be replaced by N,
0, $(O)s, or C=0. \

(v) Rsa and Rega are both carbon atoms linked by a single covalent bond and neither Roa

nor Rpa' are H.
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0 7¢01), 56 100781 Boc-protected di peutide (56): A solution
cont ai ni ng_N-Boc-N(Me) Al a-OH (58 ng, 0.28 mmol) in NWP (4 nl) was
cool ed togwoépos"l%" hi's solution was added HATU (106 ng,P%('S{UféJOW%S
foll owed by DI PEA (0.1 n, 0.57 nmol). After 5 min, diamne 55 (110
ng, 0.14 nrnol) in NM' (5 nL) was added dropwi se. The reaction

m xture was warned to roomterrperatu(rgg After he_reaction

mxture was di |[0858H Riikysirttve ROOCRREITQGCaRPPYRIY %ﬁ{“&@aﬁﬁf RY-€8° NGRS,
o1 0% SRR by oo, o Soncent e o
Or _ [ hat was used wi t hout further
purification. R?ecl:, Eﬁgm ]Ub are independently selected from H, methyl, ethyl, isopropyl,
isobutyl, sec-butyl, tert-butyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, or
heteroarylalkyl, optionally-substituted with Hiydroxyl, mercapto, suifonyl, alkylsulfonyl, halogen,
pseudohalogen, amino, carboxyl, atkyl, haloalky, pseudohaloalkyl, alkoxy, or alkylthio; or Rsa,
Raa, R3b, and Rsb are independently optionally substituted lower alkyl or C3-Cs cycloalkyl
wherein the optional substituents are hydroxy or lower alkoxy;
Roa and Ryb are independently selected from —H, methyl, fluoromethyl, difluoromethyl,
ethyl, fluoroethy!, hydroxyethyl, and cycloalkyl;
R,a and R,b are independently selected from H, methyl, allyl, propargyl, ethyl,
hydroxyethyl, cycloalkyl, or cycloalkylmethyl;
Wa and Wb together are a covalent bond or optionally substituted alkylene, cycloalkyl, or
aryl, of 2 to 20 carbon atoms where one or.more carbon atoms can be replaced with N, O, or
S(O)y; and Xa and Xb are independently ~O—, —8-, or —C(0)-0-; or Wa and Wh are not
covalently bound, and Wa and Wb are independently H, Cl, Br, F, CN, COOH, or optionally
substituted hydroxyl, alkyl, cycloalkyl, heterocycloalkyl, aryl, arylalkyl, heteroaryl, or
heteroarylalkyl; or Wb and Rypa (or Wa and R ob) together are a covalent bond or optionally
substituted alkylene, cycloalkyl or aryl, of 2 to 20 carbon atoms where one or more carbon
aloms can be replaced with N, O, or S{O)n;
La and Lb are each a covalent bond;

Ryoa and R;ob are independently H or optionally substituted hydroxyl, alkyl, cycloalkyl,

heterocycloalkyl, aryl, or heteroaryl; or Ripa and Rygb together are an optionally-substituted
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[0079] Diner:A de (571: A solution containing 56 (126 ng, 0.11 nmol)
in DCM (15 ooled to 0 C To this solution Vs added, [k
m). After ?n%ﬁ,%m?he reacti on was warnmed to anbi ent terrperg-l;oA‘ugb
After 1.5 h, the reaction m xture was concentrated, diluted with

Et 0OAc, washed with satur at ed NaHCQO3, dried over anhydr ous Na2SO4,

filtered ang ofR0GSAEL ol abPorld 26 b0ty 005 Rlre B340 G300

oi | that was urther purification
M—Iz) 8117 d, J—81Hz 1H), 7.60 (dd, J = 2.1, 9.9
Hz, %?g%ed%’?fqéc’d"%&%) 6.94 (app t, J =9 Hz, 1H), 5.26 (d,-J -
3.6 Hz 1H), 4. Qﬁa(x@@lﬂa%boﬁaﬁarﬁz%dﬂézgﬁ&élﬁothé 38 (d, .1 = 10.8 Hz,
1H),419(d J = 1H), 3.88-3.73 (m 21-0, 3.61-3.56 (in,
1H), 3.45 (s, 3kha ar;ﬁPJy@ a@ﬁ@ph&brocycﬂ@all%] bizheteﬂda';)yl. 2.92-2.80 (m 1H),
2.56 (s, 3H), 2.35-2.29 (m 1H), 1.85 (s, 3H), 1.40 (d, J = 6.9 Hz,
3H), 1.28-1.24 {(00%1]6It)lludpife eMBSSmERS Glal W) R bd, ot 0 eblar®defihdd it bragraphs
Schene XXI X 100801 Bis-(3-0H pyrrolidino)-dipeptide (58): A
sol uti on ca#tiabnghrie), BFcK &g, 0. 11 nmol) in MeOH (10 nli) was
treated with 1M NaCH (I nmlL) at anbient tenperature. After 45 mn, the
sol uti on was cofaremnrVds &d, Widbgetiteeae wi-t ind B@i foa pramplet erovaed baus dlkiled,
by RP-HP LC [ Dynamax M crosorb C18 60A, 8 p,41 4 nun x 25 cm Pl ow
40 ni/ m n; cpaeadiol, deterogyzpaliinh argoireteoad, omtoeﬁonall)vsubstﬁ%ctm&ene Shiiy efi
B: ACN v/v 0.1% HOAc; Met hod: 10-90% B over 30 mn].
product - cont & %rhffg AP HPITOPS NPT ceréwtwwan Pt 6plaged wathal Pyes 5Pk ape 2
to afford 40 of 58 as a white SO|Id H NVR (CDClI 3, 300 WMHz): -4;1
m xture of 2% ?'FEFeépec@‘ﬂy‘Pf‘(ss or GO %Rmaf‘dsle?ﬁrﬁﬁtfsim 8.20 (d, J =
7.8 Hz, 111), 7,92

1H), 7.04 (dd, & wh%g‘éﬂ,_ané g *P&E}heh%fﬁ%% ‘j}“df"‘%‘sﬁ’? e?&p%m 002%55 besogliisy
I(-Irzn, EIL. EIL. 1 ;I-) &y(%g\?]k%/g gétﬁ"c]&_cTOﬁ-ﬁXI,g?_r%I:Sa'ri'lT%z/lFneﬁ%r&l%fkiflal}(ﬁjnellbe?e?% ,‘,]heh_e%ar,y?ﬁlky?ene,

Ty 3 a4 Conopiberadiitel Soicl shil o2t 30 PR s T S oy
2H), 2.82-2i,/9 ce(n'bte’rep%'r_:gd w1aﬂ€16 gr ﬁZ)) gmd }@%ﬁa Kb fre }égc%n@%r —(I‘l?'(%ﬂlajl%'_& opm

1.94-1.85 (m 11-1), 1.40
Mass spect Banalfﬂ-%bs%ﬁ)@edg—C(LMIﬂ]oa)—CH— or—C{bpﬁ@.lah{m%idbxt—lN{D@-hmb)QPoptmnally-

ant agoni sts can be prepared using the chemstries outlined in the
above SchesmstieeP-OYbRGbLIHUR-So PCIBENECHRMLEE RRE hiAitRes eisddpbidetyin) t he

foll'owi ng Schenmes. Schenme XXX ..... Et 0C(0) CH2P(0) (OE02, Swem [ 0] NaH
hydroxyl, hydroxyalkyl, alkyl, alkoxy, eycloalkyl, heterocycloalkyl, aryl, or heteroaryl, in each
case optionally-substituted; or
{c) when Wa and Wb together are —L— and form, for example, a covalent bond, alkylene,
cycloalkyl, hetercycloalkyl, aryl, or heteroaryl, or an optionally-substituted alkylene chain of 2 to
20 carbon atoms where one or more carbon atoms can be replaced with N, O, or S(0),; and Xa

and Xb are respectively —N(LaR0a)—~, optionally-substituted —C(La-R jpa)=CH-, or —-C(O)-N(La-

Rpa)—, or -N{Lb-Rypb)-, optionally-substituted —C(Lb-Rgb}=CH-, or =C{O)-N(Lb-Ripb)~; Rica

26



NI OHO--' COREt 596061 [ 0082]

2- Fornyl net hyl - pyrrolidine-I-carboxylic acid tert-bu est

(60): A SO\BOZW}IE%%& necked fl ask equi pped with an ovgﬁ@g@”y&“??er

and nitrogen inlet was charged with a 1M solution of oxalyl chloride

DCM (20.5 L, 0.041 nol) and anhydrous DCM (100 nmL) and cooled to -78

s aaded Hh el ok A prd MR by ol [ided E @e(fzgsmé)
0.034 DI
o g I S55130RRNES: i FN ot ol “?‘8’?5 “?Mr‘%?“i LALLM clhl b1,

a white su Rﬁ sbo(%]s@h% reaction mxture was transferred to a 0C
i ce/ wat er ’'ntained for 30 min. The reaction nixture was

quenched by t heaagdh WaQRd W WBHoEloval TS bRER0WE hndVBE ax@)ﬁdéﬁéﬁéeﬁﬂy Mﬂ d1he,DCM

and the conbined organic extracts wereé washed successively wt

water, 1M El@n, cod, REoloalyE hQESABIoRk A R SheWatryll o} G fsulﬂﬂhbéﬂir ous
Na2804 fil terecgja ciAcgonc}Etratrg%Qto jzgffjci)lrd 7. 05 g@(ﬁ%% of al dehyde
60 whi ch wﬁﬁyl,t@adalwl,thra@m&ycidancmh &1, pitheicfdanftia@nd Xb bk rdPdkieGDEEBa-R 366,
MHz) 59.45 (s, mnor rotaner), 9.40 (s, 1H, ngjor rotaner), 3.78-3.35
(in, 3H), 23tidndly{stiistiitd }-C(LA-R{@=THESorHEO)IN(LY-Rod)—Aof —NEb-Ribt e optionally-
rotamer), 1.42 (s, 911, nmgjor rotaner), 1.15 (d, = 6 Hz, 311) ppm
100831 ' SesbstBeedtal(h-R G0)=CHinloma@i®)-Nd.b-RiobfFednd &ive eirddhobAsgethee erey-L4 9902
3, 1213-1221; and, Ohfune, Y.; Tomta, M J. Am Chem Soc. 1982,
104, 3511- 3®&8, for example, 20 OBpnally-substituted alkylene, or alkyloxyalkylene chain of2to 20

2- (2- Et hoxycar bonyl -et hyl- 3-net hyl- pyrrolidi ne-1-carboxylic acid

t ert - but y| carkeg pisps whary oneqr Bors-cAIPOmatyET RN PoTTAEH 31t S dorfsﬁ%lf’r was

E*{SBQEE?Wﬁ;gefog;@%hé%d%m oot nptindy yoe R L D Br R B, T
added Hr Epé’ SRR ety ﬁ@g%‘@%%r- e LTSl e

crude ald

drop wi seelf%%cly goalé}ifa fyérogheie%ﬁa%%t e r ea L@?ﬁ‘ ”;cli; o %ﬁangls gqsgtp{eéd gg@fc' "
anal ysi s [308 é Eﬁo%mﬁpﬁzwaﬁ* 680 -&- LB 81, -9 Zﬁilonanmﬁbshﬁaae@tl on

m xture was e addition of Saturated aqueotus NH4Cl. The
product wagq H, fHacted ok Ei§ mdamkﬁabé%sEAtamma@nyl bri ne,
dried over anhﬁd?{%s Nazg ter and concentrated to afford

13.3 g of Hﬂ?‘all@l afkgL ARG xy) aIWﬂ&&l@l V@ﬂodﬂ@ﬁd&%ﬂotﬁmhﬁkyﬁdﬁrﬂ dr@eteroaryl, in
purification. (CDCIS 300 MHz) 86.8 (in, 1H), 5,82 (m IN),

4.2 (m 2Hjach &s@opﬁozﬁﬁy—éﬁ‘ﬁbhtﬁtbﬂ an@WB-aild Bfa togatheRénp+-L-1and Gorm] fob&xatple, al H)

1.47 (s, mnor rotamer), 1.42 (s, 9H, mgjor rotamer), 1.15 (d, J==

Hz, 31-1) @aaaliSehe ogloalll, #fl, or heteroaryl, or an optionally-substituted alkylene, chain of 2 to
20 carbon atoms where one or more carbon atoms can be replaced with N, O, or S{(O)s.

[0052] [lustrative compounds are compounds having the formula
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6162 [ 0085]

2-(3-hydro 1) - 3-net hyl- pyrroli dlne- 1- car boxyl i
tert-butyl %s{aésyﬁ?%ﬁ A sol ution containing crude 61( 1@13&29076)7‘8%{)
nol) in DCM (150 nL) was cooled to -78 C. BF3.Et20 (8.9 nL, 0.07 no))
was added foll owed by the dropw se addition of DI BAL (2 M DCM 200
m., 0.4 nol). After 2 h, TLC anal ysi sRandi cated conpl ete consunption
of the 61 [TLC analysis: 1:1 hexape/ Bt0Ag, 124(62) 0.3f\ Ft®Ac (40
m) was added and the reaction mxtjurg was warnmeg t ‘-%'SHC. The
reaction mxture was careful ly gegChed ntyl pH = 2. The
product was extracted w th DCM t srper e washed with
s, filtered, and

1M HO water, and brine, i e
concentrated. The crudel 6% O£ V silica gel chronatography
(2: 1 hexanes/ Et 0Ac) tw orb7.2 g (519 Re&. /H NMR (CDCI 3, 300
MHz) 55.8-5.5 (m 18 (m 2H), réa 5 (in, 311), 12-1.85 (in,
211), 1.55-1.3 (m 111) 1.43 (s, 911V, JRgsRu(ﬂd J= 6 Hz, 3H) ppm
Schenme XXXI |

2 (3 Nethanesu Vi Bk é’r%&éﬁ?/ﬁ > BRI e YT BT P
) i Wb Bk &R R s R Ao AR RAIAALIE ol Bk oP 00
5 mn, Qté(gr RO?R‘E%% dgrzﬂqtd ,@ﬁ@&ﬂt;kg%f?&ﬁrha@g (2.33 n, 0.03

mop in TOp W se & anal ysis

reveal ed conpl %esfommteeﬁpmndpﬁe EohpbuldSXARE M AANE R1(63) = 0.5
Rf (62) 0.41. The reaction m xture was poured onto I ce-water and
extract ed with DCM The organic extracts were washed my tie Apat er
brine, and dried over anhydrous 04, filtered, ang entrated to
afford 7,05 g (89% of crude 6,;; as & 6)I ch was used

W t hout further purification. ¥ (EDCIr3, % (?WI%Q %5.8-5.5(m
2H), 4.69 (d, J = 6.15 Hz, 2E : B 314), °3.0 (s, 311),

2.0-1.9 (m 1H, 1.55-} §e>_g§ ), 1.0 (d, J = 6.74
Hz, 3H) ppm [0087] 2-
{3-fAcetyl - (2-brono- I u?d)ro phenvl) am -pr openyl1l- 3- net hyl -

pyrrolidine-l-carb&®ykigeaacid (64): To a swspension of NaH (60%
1.44 g, 0.036 RBReid s, RV R.a, tz;ﬁREH—Lndatstreﬁ ?ﬁﬁdeaﬂlﬂmexaan@@hmarﬁmoxy
contai ni ng 2-brono-5-fl uoroacetani|ide ( 0.036 nol) in DW (10
| a). Afteriod@r ko, & G@s uidcﬁmynqntaahmangmermqencﬁaﬂ)( O, 80vger aldo:ddr ol )
in DM (10 nL) was added and the reaction m xture was wam ed to

anbi ent t enperAitltiIRe;a@uER pb ghindepEhdenttedCtdaloganas quenched by pouri ng
onto the ice-water containing 1M HCl. The product was extracted with
di et hyl et her, [(Edhedushrtive Charniery Sdieinese, dri ed over anhydrous Na2SO4,
filtered, and concentrated. The product was purified by flash silica
gel chronat ogr dpM§! (4bbievhssmamestitn BaEYlovioe alepastigns Whith greelh‘:'é%t“’e@f 64 as
a pale brown viscous oil. 111 NWR (CDC13, 300 MHz) 57.62

7.05 (m ngrpthe@ g momppupds of ﬂafsmz'p”hon gengrauy ?re( ﬁzpz ﬁenzy}oxy(@rbgnyir%ocmq{t IH),
3.85- 3.3 (| n, 1) 55- H) ,

T a3 (o okt e Dath Sessimatabs DRI E ORI

coni aini nMgdB"%?xs( BT DT S REBRCR o Gt e 1A

trifluoroacetic acid; HOAc or AcOH.: acetic acid; Hex: hexanes; HPLC: high performance liguid
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mol ), K2CO3 (1.65 g, 0.012 nol), and NaHCO2 (0.81 g, 0.012 nol) in
DMF (20 mL) was degassed under high vacuum Pall adi um acet at 0.49
g, 0.002 H&meﬁggngﬁded and t he het er ogeneous reaction%ﬁF&§aﬁa£m&?
imrersed in a preheated (80-85 C) oil bath. After 3 It, TLC analysis
reveal ed conpl ete consunption of 64 [1:1 hexane/ Et 0Ac, Rf(64) = 0.4,
RK65) = 0. ), . @R 1 j b th and

di et hyl etﬁ%?m%%%?ﬁﬁﬁﬁQéﬁy%%%gg&ﬁ§%%ﬁﬁgg%%$geaggﬁgﬁkggﬁgg t hr ough
Celite(r) andplopRemMoifs TRE! BenAshiad nuth 2Q‘?—ﬁtzem/ﬂl-béﬁz5'tﬁ§zole]_lh)?)-f,'l,|3,t3-r ate
was washed mn?h water, brine, dried over anhydrous Na2SO4, Tiltered,
and concenteah@iylurdhen Geuterphegutd was purified by normal phase HPLC
(10-100% Et OAdhexane over 50 mn) to afford 2.2 g (54% of 65 as
brown, viscous [0656] CdripodidRof foldla® cad 0O piviizdd W38z B2thBds butliAdd id Whgiolini et
7.7-7.5 (in, H), 7.15-6.97 (m 211), 3.8-2.65 (m 4H), 2.6 (s, 311),
2.12-1. 85 {InfEud H)Qre.1Ched. 4080, 25H)2581), Bari§ & al. @rg 1L ettnZ0RrS, tear-aRsm),)Q Nl &
(s, mnor rotaner), 0.9 (d, .1 =6 Hz, 3H ppm Mass spectrum nlz =
274.5 (M - 80@joerg. Med. Chefn 03809005, 15, 5434-5438), Grossmith et al. (Synlett 1999, 10, 1660-

2- (6- Fl uoro- 1Hi ndol- 3-yl net hyl ) - 3-met hyl - pyrrolidin-|-carboxylic

aci d tert bifioy), swkin &¢S. PEEY ApAiisatipn TobliseticoNusthen 24PHORG46HI(UE Trtegl 0. 006
mol) in MeOH (15 nL) was added | M Nadi (6 nL, 0.006 nol) at 0 C
After 30 nfpRlicatiop SeriphNyabes 1 Vakpeal Eled e3pP: & thich aistincomonted 8%

[ Et OAc/ hexanes 1:1, Rr(65) = 0.6; Rf(66) = 0.5], The solvent was
renoved i nFEOERNCERES *}?@g@%@isﬁfﬁ@%\ﬁg‘ dgfcrbes iy dgiemes ipbAc. The organic
phase was shed with 1M NCl, water, brine, dried over anhydrous
*Na2SO4, fiTY8Ped, and concentrated to afford 2.11 g (quant.) of crude

66 which was used inig next stgp wi thout further pugification. Il
NVR ( CDC13, 0 ) 288l (s, 1H \major rotaner)ii 8.85 m nor
rotaner), 7.62%X7.5 (LAYEMEE 7.1-6%72 (m "3.8-2. 73({n, 51-1)

2.15-1.3 (m o30) :de88%(ST° 911), 685 J=27]Hz, 3H)oppm =
[0090] 6- Fror 3-(3-rrethy|-pwm<i®§‘§n-2-y ?’Petrf; ol %iﬁgme To
sol ution containing 66 (0.89 g, 0.0024 nol) in (20 nL)* at & s
added TFA (4 nL). After 2 h, TLC analysis reveal ed conplete
consunption gf, 66 [40% MBOH.DCM Rf(66)= 0.7, RL(67)"
reacti on m xteH$o@ Kgwas concent rrat ed, i n VaEHEY dilutel w
Wi t h aqueousnNabICe8y briae«'q iéd\ over anlyydrous Na2SQy)
and concentrated to affﬁ@doo.G 6% BocHN” g
2008/ 014263PCT1US20071074225 40f whi Bl Vii's used wit houts fu er
purification. 1H NMR (CDCL13, 300 Mz) 880 br s, IH), 7.6-7.35 (in,
114), 7.1-$pdodfin, 3H), 4.2 (br m 11-1), 3.2-2,5 (n, 514), 2.1-1.2
(m 3H), 1.05 (d, J = 6.74 Hz, 3H ppm Schenme XXX I

si l anyl oxy) - pyrrolidi ne-1-carboxylic acid benzyl ester (69): Under a
nitrogen atnosphere at 0 'C, NaH (0.89 g, 23.0 mml) was added in
portions to a solution containing 2-acetyl am no-3- bronopyridi ne
(4.12 g, 19.2 mol) in DM (30 nil..). After 15 mmat 0 Cfor and 1 h
at anbient tenperature the reaction mxture was recooled to 0 'C and
a solution containing 68 (8.99 g, 19.2 mmol) in DMF (10 nL) was added
dropwi se. The reaction m xture was then stirred at anbi ent
tenperature for 2 h at which point TLC anal ysis reveal ed conpl ete
consunption of 68 [1:1 hexanes/Et0OAc, R (68) = 0.6; Rf(69) = 0.3].
The reaction m xture was cooled to 0 'C foll owed by the dropw se

addi tion of saturated aqueous NHACl. The product was extracted with
di ethyl ether. The conbined ether extracts were washed with water,
brine, dried over anhydrous Na2804, filtered and concentrated. The
crude product was purified by flash silica gel chromatography (20%

Et OAct hexanes) to afford 6.0 g (54% of 69 as an white solid. |FINW
(CDbC13, 300 MHz) 87.4-7.2 (n, 5H), 5.6-5.4 (m 2H), 5.0 (s, 2H
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Schenme XX XI'V f 0092)

4- Acet oxy- 2-(-1- 1- 1H pyrrol o( 2, 3- bl pyri di ne- 3-yl net = 1,6 ne
-1- carboxé%%%mﬂﬁﬁéybenzyl ester (70): Under a nitrogen a ﬁ%@%ﬁngf a
solution containing 69 (5.92 g, 10.1 mml) in anhydrous DVF (50 nlL)
was charged with (n-Bu)4NCl (2.8 g, 10.1 nmml), K2CO2 (1,4 g, 10.1
mmol ), NaHCO2 (0.68 g, 10.1 mmol ), and Pd(OAc)2 (0.045 g, 0.20 mmop
at anbi ent tenperaiure. The hetﬁ%gge@eous m xtume _was imersed in a
pre-heated (85 oK1 Ybat h, Affilreach. “TLC ghalysis reveal@d™one 69
remai ned therefore i | Tatatyst—(601\g as _@dded—AH-er-an
additional 1 heefNheati ng, was conpletel%H 0 iﬁéﬁﬁﬁalysis
[1: 1 Et 0OAdhexanes, R1(69) i

.3; RF(70)= 0. N reacti on

m xture was cooled in an ice bath then diluted wifh diethyl et her and
filtered through a pad of celite. The solids were washed w th"di et hyl
ether and the filtrate was washed several tines w't enove
excess DMF, then washed once wgfh brine, dried over hydr@ayus-.Na2804,

filtered, and concent Qafford 5.1 g of crud

purified by flash syl ggrdy (20% B to
afford 3.0 g (59% of q 2 WHi tezsokid |1i \NVR(\CDEIB, 300 MHz)
85,18 (m 1H), ~ 7. 18 (iﬁfﬂi-l),07.&) (dt, 2.4, 8.7
Hz, | H), 4.13 (1 AL (M 1H) werBord3 &T@TE . 3.1%Aapp dd, J-
14.1, 38.1 Hz, 2.61 3H), 1a @30 ~1.698in, 1H), 1.49
(s, 9H) ppm 100931 ‘

241- Acety1- 1H K12 3. i di new3-ylmet hyl ) - 4- hydr.oxy- i di
H et boxyl | DHESA o O ot M I MR E i I e
2.99 §, 5.18%nd 0k dbsiih, G20HL);. oC ¢ Lytiar

toar (1M iItrii%THF, 1948 %1@,1 ‘i"%‘?s‘q‘%ﬁg'.&h a1%§%§m§g§%?g@§f?%§@{v fedl. 0.

1.5 ft, TLGuAmAkMSIcS, 108588, 66k6CaaTD| SHefpafild SUTPILLCRAE (804 BFiod: 1.
hexanes! ELOAe . RL(10) 270, B4 Rt (71} e OPieBnGh 198 5120112030,

in vacuo amdd ihes.resntdilisesn Elibs&abyRembcn2 05063 anda washed AMkdtion
water, brine, dried over anhydrous Na2SO4, Mtered, and concentrated
to afford Beral Ngmbdr 1864287 Filed@R706)aIS o fvdixdl avd ihddeystatdd by réTBence herein as
purification. Schene XXXV1 acid benzyl ester (72): To a solution
cont ai ni ng tpegk Rl skt fyrth,Hnd Geserived in Schemey IEHHIY30 nl) at 0 C was added
IM NaOH (8.1 nL, 8.05 nmmmol) in a dropwi se fashion. After 1 h, TLC
anal ysis reveal ed conpl ete consunption of 71 (EtOAc,12.1(71) = 0.4,
Rf (72) = 0.2). The Me0l11l was renoved in vacua and the residue was

di ssolved in Et0OAc, washed with dilute aqueous HCl, WD

2008/ 014263PCT/ US2007/ 074225 water, brine, dried over anhydrous
Na2SO4, filtered and concentrated to afford 1.99 g of crude 72 which
was used in the next step without further purification. Schene
>00CVI |
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4-(4-Nitro-benzo ony) 2- (1H pyrrol o[ 2, 3- bl pyri di ne-3-yl net h rro
lidine- I-¥ Hﬂﬁwﬁf%é acid benzyl ester (73): To a solu Eﬂm'% Eﬁ

72 (1.99 g, 5.66 Mol ), pnitrobenzoic acid (1.23 g, 7.36 nmol ), and
Ph3P (2.07 g, 7.92 mmol) in THF (35 nL) at 0 C was added DIAD (1.6
m., 8.2 mmmol). After the addition was conplete, the ice bath was
renoved ﬁmjﬁremnim1mxtme\msstHrajataMﬁem t enperat ure

for 2 hat point TLC anal ysis reveal ed conpl et sunpti on of
72 [Et OAc, R4(72) 0. 2; F%é?B) = 0 The sol vent.was /renoved in
vacua and the re5|due ssolv Et Oﬁc hed w {h saturated
aqueous NaH 0 r|ne3HWEed ov ey ydro filte ed,,.and
concentr at ed,.t\Q fford-i&g;gg crude mhlch s,purified y flash
silica gel chro rd (20% Et OAc/ h gﬂe obtalne% 68 g of
73 (95% as a whidR sol id I1-I VR ¢ CDC1 _35
Hz, 2H), 7.6 (4, J= 35 Hz, 211), 7.2 (in, .0 (s, | .2 (s,
2H), 4.4-3.2 (in, 311), 3.0-2.9 (m 114), 2 (s 211), (s, 211)
ppm WO 2008/ 014263PCT/ U 007/074225 Sche SOXVILT 10096]

4- Hydr oxy- 241H—pyrro|or2—gzb?oyrldln %E hyl ) - pyP @h di ne- | - car bo
xylic acid bgsaylnsesiCer ot To a s umm@wa@ontcaﬂ-ﬂ g 7228 g, 5.6

mol) in a Smﬁcﬁﬂﬁ¥ﬁ?g,of MeQH DEM. (40 HL) at 0C was -dn? NRICk4
(8.5 nL) and.JReod st i on ni xtd was stin-ed at anbieft
for 15 mn when TLC analysis re ed conplete consunp ofP"73 {1:1
F.t OAc/ hexanes; }'2/(73) =16.3; was
removed in vacua and the residue was dlssolve Et OAc, washed with
di lute aqueous HCl, water, brine, dried over ydr ous Na2804,
filtered, and concentratep te,afford 2. 74§ of ude 74 which was
purified by flash S|I|cq,gghwahronatgggq T_J‘\ t OAc/ hexanes) to
obtained 1.6 g of 74 Q%ﬁ%&gﬁ@fﬁﬂmnjte sol hd. i L6eDCL3, 300
MHz): 38.5 (m 2H), 7. 5H), 7.0 (m 2,/ RH2({ (s, 21-0, 4.3 (s,
1m 4.2 (n, 1H, 3.65-3.8 (m 1H), 3.5-3.3/& 2Ky, 3.2-3.0 (m 1H),
1.9-2.0 (m 3H) ppm R'a 14
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Scheme IV

1. HZNNHZ hydrale

2 e
N _-COH
Chz” \i/ ?

HATU, DIPEA
3. H2, Pd-on-C

[0058] Compounds of formula 29 can be prepared using methods outlined in Liu et al.
(Tetrahedron 2003, 59, 8515-8523), Mish et al. (J. Am. Chem. Soc. 1997, 119, 8379-8380), and
in U.S. Palent Application Publication Number 20060025347 and US Patent Application Serial
Number 11/363,387 filed 2/27/2006, all of which are incorporated by reference herein as though

fully set forth, and described in Schemes V and V1.
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Scheme V
N .\ HATU, DIPEA Y Csz‘k
N
" CO,Et BocHN Co,H BocHN o COf
19 20 21
1. LiBH4
2. Swarn [O} CbZN \  ChaN
3. HWE homologation 1. MsCi, TEA }q
4, DIBAL, BF3 = he
BocHN BocHN N

e}
Br 23
Br

. HO
PdOAGIZ, nBudNet N ChaNy " 1a. disbamylborane ChzNy
NaiHCO2, K2C03 N / N 1b. H202, NaDAc N / H
, then NaOH, MeOH  gocun o BocHN )
24 25
N N
1. Dess-Martin [0 | 1, TFA, DCM N ¥
2. H2, Pd-on-C N y N 2 rFaccoc, Tea 4
0
o}
BoeHn' O }'H
Fif 27
26
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Scheme VI

N H
N

1. K2C0O3, MeOH

PCT/US2007/074225

1. TFA {neat}
2. DDQ, dioxane

2. Me
- I
bet NY Oaft

HATU, DIPEA
3. TFA, DCM

10059} ' Compounds of formula 36 can be prepared using methods outlined in Hoffmann

et al, (J. Org. Chem. 2003, 68, 62-69) and in U.S. Patent Application Publication Number

20060025347 and US Patent Application Serial Number 11/363,387 filed 2/27/2006, all of which

are incorporated by reference herein as though fully set forth, and described in Schemes VII and

VIIL
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Scheme VII
J AN
ar.
N 1. K2C03, MeOH
Boc-HN N
+ e 2. ) o
H N-goc. /(]
N BocHA " TCOH . -
30

31 HATU, DIPEA 2 N-Boc
1. RCM(GmbbscataI st)
2. HZ2, Pd-on-C 4 NH-Cbz
3. TFA DGM 1 TFA (neat)
4, Chz-Cl, TEA 8
H
/ H
) Chz-HN
Cbz-HN
Scheme VIII
NH-Cbz
1. H2, Pd-on-G-
Y 2
Cbz-HN HATU, DIPEA Oj/NH
3. H2, Pd-on-C .
35 HT 36

[0060] Additional compounds of the invention can be preared can be prepared

substantially as described in Schemes IX-XXIX, below,

Scheme IX
TiL OH ‘

H
Mef, K,CO,
OMe

N
O
% 4
38
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[0061] 3-Hydroxypyrrolidine-1,2-dicarboxylic acid 1-ters-butvl ester 2-methyl ester

(38); A solution containing 3-hydroxy-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester (37,
16 g, 71 mmol)l in DMF (100 mL) was cooled to 0 °C. To this solution was added K,CO; (16 g,
116 mmol) followed by iodomethane (5.4 mL, 87 mmol). The reaction mixture was slowly
warmed to ambient temperature over 1 h at which time it became a yellow heterogeneous
solution. This mixture was heated at 90 °C for 1 h and then cooled to ambient temperature. The
solution was diluted with brine, extracted with diethy] ether, dried over anhydrous Na,SOs,

filtered, and concentrated to afford 14.8 g (87%) of 38 as a yellow oil.?

' Hodges, I.A.; Raines, R.T. J. Am. Chem, Soc, 2008, 45, 15923.

2 Demange, L.; Cluzeauy, J.; Menez,'A.; Dugave, C. Tetrahedron Lett. 2001, 42, 651.

Scheme X

3-{tert-Butyidimethylsilanylox olidine-1,2-dicarboxylic acid 1-fers-butyl ester 2-rethyl
ester (39): A solution containing alcohol 38 (14.8 g, 60 mmol) in DCM (150 mL) was cooled to
0 °C. To this solution was added imidazole (5.4 g, 79 mmol) followed by t-butyl-dimethylsilyl-
chloride (10 g, 66 mmol)} in two portions. The reaction mixture was warmed to ambient

temperature over 1 h, After 5 h, the solution was diluted with 1M HCl and extracted twice with

DCM. The combined organic extracts were dried over anhydrous NaxSQy,, filtered, and
concentrated to afford 21.2 g (99%) of 39 as a vellow oil. '"H NMR (CDCl;, 300 MHz) 34.38-
4.34 (m, 1H), 4.18 (bs, rotomers, 0.5H), 4.04 (app d, /= 2.1 Hz, rotomers, 0.5H), 3.74 (s, 3H),
3.62-3.50 (m, 2H), 2.04-1.96 (m, 1H), 1.85-1,78 (m, 1I), 1.46 (s, minor rotomer), 1.41 (s, 9H),
0.92 (s, minor rotomer), 0.86 (s, 9H), 0.11 (s, 6H), 0.09 (s, minor rotomer) ppm.
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Scheme X1

.wOT8S wOTBS
LiBH,, THF
- . N
\\< o~< OH
7< 0 0 7< o
30 49

3-(tert-Butyldimethylsilanylox y)-2-hydrox ymethvipyrrolidine-1 -carbox ylic acid /ert-butyl ester
{40). A solution containing 39 (12 g, 33 mmol) in THF (50 mL) was cooled to 0 °C. LiBH, in
THF (2M, 20 mL) was added in a dropwise fashion. After 1 h, the solution was warmed to

ambient temperature. After 2 h, the solution was diluted with MeOH, then H;0, and
concentraied. The residue was extracted with EtQAc, washed with 1M HCl, saturated aqueous
NaHCQ3, brine, dried over anhydrous Na,SQOy, filtered, and concentrated to afford 9.5 g (87%)

of 40 as a colorless oil.?
[0062] * I—Ie.rdeis, C.; Hubmann, H.P.; Lotter, H. Tetrahedron: Asymmetry, 1994, 5, 119.

Scheme X1

WOTBES A OTBS
Swermn [O]

N e N
(o] OH 0 =0
A% A6
40 41
{0063] 3-(tert-Butyldimethylsilanyloxy)-2-forrmylpyrrolidine-1-carboxylic acid ler¢-

butyl ester {41): A solution containing 2M oxaly] chloride in DCM (22 mL) in DCM (40 mL)
was cooled to -78 °C. A solution containing DMSO (3.2 mL, 45 mmol) in DCM (20 mL) was
added in a dropwise fashion., After 45 min, alcohol 40 (9.5 g, 29 mmol) in DCM (50 mL) was
added in a dropwise fashion. After 45 min, TEA (16 mL, 115 mmol) was added in a dropwise
fashion. The reaction mixture was warmed and maintained at 0 °C for 15 min. The solution was
diluted with 1M HC, extracted with DCM, washed with brine, dried over anhydrous NazS0x,
filtered, and concentrated to afford 9.5 g (100%) of 41 as a yellow oil. 'H NMR (CDCls, 300

MHHz) 89.53 (d, J = 29 Hz, 1H), 4.39-4.36 (m, 1H), 4.24 (m, rotomer, 0.5H), 3.93 (m, rotomer,
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0.5H), 3.73-3.49 (m, 2H), 1.98-1.86 (m, 2H), 1.47 (s, minor rotomer), 1.41 (s, 9H), 0.88 (s, 9H),
0.09 (s, 6H), 0.07 (s, minor rotomer) ppm.

Scheme XIII

W OTBS HWE
homologation

7< ~<o ¥ 7< CO,Et
42

41

[0064]) 3-(tert-Butyldimethylsilanvloxy)-2-(2-ethoxvearbonylvinyl olidine-1-

carboxylic acid zert-butyl ester (42): To a suspension containing NaH (60%, 1.9 g, 46 mmol) in

THF (50 mL) was slowly added triethylphosphonoacetate (7.5 mL, 38 mmol) in THF (20 mL) at
0 °C. After 30 min, a solution containing aIdeinyde 41 (9.5 g, 29 mmol) in THF (40 mL) was then
added in a dropwise fashion, The solution became orange-colored and stirring was continued for
0.5 h. The reaction mixture was diluted with brine, extracted with EtOAc, dried over anhydrous
Nay80y, filtered, and concentrated to afford 8.6 g (74%) of 42 as a yellow oil which was used
without further purification. 'H NMR (CDCls, 300 MHz) 86,82-6.72 (m, 1H), 5.87 (d, /= 15.6
Hz, 1H), 4.24-4.11 {m, 4H), 3.67-3.46 (m, 2H), 1.94-1.89 (m, 1H), 1.79 (m, 1 H), 1.48 (s,
rotomer, 4.5H), 1.41 (s, rotomer, 4.5H), 1.31-1.24 (m, 3H), 0.91-0.88 (m, 9H), 0.09-0.07 (m, 6H)

ppm.
Scheme X1V

QTBS
DIBAL, BF; EL,Q

o~< ==
7< % CO,Et A
43

42

[0065] 3-(tert-Butyldimethvlsilanyloxyi-2-(3-hydroxvpropenyDpyrroliding-1-

carboxylic acid fert-butyl ester (43): A solution containing 42 (8.6 g, 22 mmol) in DCM (80
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mL) was cooled to -78 “C. To this solution was slowly added boron trifluoride etherate (2.8 mL,
22 mmol) followed by the addition of 1M DIBALH in DCM (60 mL). The solution was stirred
at-78 "C for 1 h. The reaction mixture was then treated with EtOAc and stirred for 30 min. The
reaction mixture was allowed to-warm to -5 °C. The reaction was quetiched by the dropwise
addition of IM HCI. The mixture was diluted with DCM and H,0 and the layers were separated.
The aqueous layer was extracted with DCM. The combined organic extracts were dried over
anhydrous NazSQq, filtered, and concentrated to afford 8.5 g of 43 as alight yellow oil which
was used without further purification. 'H NMR (CDCls, 300 MHz) §5.70 (m, 1H), 5.59-5.55 (m,
1H), 4.16-4.13 (m, 2H), 4.05 (m, 2H), 3.72-3.35 (m, 4H), 1.95-1.88 (m, 2H), 1.77-1.67 (m, 2H),
1.48-1.44 (m, 5H), 0.88 (s, 9H), 0.08-0.03 (m, 6H) ppm.

Scheme XV

OMs

{0066] (irans-2R-[3-{tert-Butyldimethylsilanyloxy)]-2-(3-
methanesulfonyloxypropenyl)pyrmrolidine-1-carboxylic acid zert-butyl ester (44): To a solution
containing alcohol 43 (8.5 g, 24 mmol) in DCM (30 mL) was added triethylamine (4.0 mL, 29
mmol). The solution was cooled in an ice bath and methanesulfony! chioride (2 mL, 26 mmol)
was added in a dropwise fashion. The reaction mixture was stirred at ambient temperature for 30
min. Water (10 mL) was added and the product was extracted with DCM (3 x 50 mL). The
organic extracts were combined and washed with 1M HC, brine, dried over anhydrous Na; SO,
filtered, and concentrated to afford 8.9 g of 44 (92% over two steps) as an orange oil that was

used without further purification. 'H NMR {CDCl;, 300 MHz) 85.73 (m, 1H), 4.71(d, 7= 5.4
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Hz, 1H), 4.30-4.15 (m, 1H), 4.06 (m, 1H), 3.54-3.33 (m, 2H), 3.02 (s, 3H), 1.94-1.89 (m, 1H),
1.79-1.78 (m, 1H), 1.45-1.43 (m, 9H), 0.92-0.87 (m, SH), 0.09-0.07 (m, 6H) ppm1.

Scheme XVI

[0067] trans-2R-[2-{3-[ Acetyl-(2-bromo-5-fluorophenyl)amino]propenyl } ]-3-{zert-
butyldimethylsilanyloxy)pyrrolidine-1-carboxylic acid fert-butyl ester (45): To a solution
containing N-(2-bromo-5-fluorophenyl)acetamide (5.7 g., 24 mmol) in DMF (30 mL) was added
NaH (60%, 1.2 g, 30 mmol) at 0 °C. After 30 min, the solution was warmed and maintained at
ambient temperature for 30 min. To this solution was slowly added mesylate 44 (8.9 g, 24
mmol) in DMF (30 mL) at 0 "C. The reaction was allowed to slowly warm to ambient
temperature over I h. After 2 I, the solution was diluted with brine, extracted with diethy] ether,
washed twice with brine, dried over anhydrous Na.SQ,, filtered, and concentrated to afford 12 g
of crude 45 (the product contained unreacted acetanilide that co-eluted on TLC) which was used
without further purification.

Scheme XVII
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[0068] trans-2R-[2-{3-[Acetyl(2-bromo-5-fluorophenyllaminoJpropenyl} 1-3-

hydroxypyrrolidine-1-carboxylic acid sert-butyl ester (46): To a solution containing crude 45 (11

g, approx., 19 mmol) in THF (30 mL) was added 1M TBAF/THF (25 mL) at ambient
temperature, After 1 h, the solution was diluted with EtOAc, washed with 1M HCI, brine, dried
over anhydrous NazSOy, filtered, and concentrated. The residue was absorbed on silica gel and
purified by flash silica gel chromatography (1:1 hexanes/EtOAc to 5% MeOH/DCM) to afford
4.2 g of alcohol 46 as an orange foam. 'H NMR (CDCl3, 300 MHz) 87.65 (m, 1H), 7.04-7.02 (m,
2H), 5.62 (m, 1H), 5.40-5.34 (m, 1H), 4.74-4.69 (m, 1H), 4.26-4.00 (m, 2H), 3.74-3.38 (m, 3H),
2.69-2,57 (m, 1H), 1.82 (s, 3H), 1.46 (s, SH) ppm.

Scheme XVIII

o Pd(OAC),, K,CO;,

}_,. n-Bu,NCl, NaHCO,

Hh T

{0069] trans-2R-[2-{1-Acetyl-6-fluore-1H-indol-3-ylmethyD]-3-hydroxypyrrolidine-1-

carboxylic acid ters-butyl ester (47): To a solution containing 46 (5.7 g, 12.5 rmmol) in DMF (40

mL) was added KoCO; (1.7 g, 12.3 mmol), sodium formate (0.86 g, 12.7 mmol),
tetrabutylammonium chioride (3.5 g, 12,7 mmol), and Pd(OAc), (0.32 g, 1.4 mmol) at ambient
temperature. This reaction mixture was immersed in an oil bath preheated to 90 "C, Afier 4 h,
the reaction mixture was cooled in an ice bath, diluted with brine, extracted with EtOAc, washed
twice with brine, dried over anhydrous Na,SOq, filtered, and concentrated to afford 4.5 g of
crude indole 47 as an orange foam that was used without further purification.

Scheme XIX
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NaOH, MeQH

/ N

47 F

{0670  trans-2R-[2-(6-Fluoro-1H-indol-3-ylmeihyl)]-3-hydrox ypvirolidine- 1-

carboxylic acid fers-butyl ester (48):. To a solution containing acetate 47 (2.5 g, 6.6 mmol) in

MeOH (15 mL) was added 1M NaOH (8 mL) at ambient temperature. After 40 min, the solution
was concentrated, diluted with EtOAc, washed with brine, dried over anhydrous Na;SQ,,
filtered, and concentrated, The residue was purified by NP-HPLC (SiO,, 40% EtOAc/hexanes
increasing to EtOAc over 30 min) to afford 1.3 g of indole 48 as a light yellow foam. 'H NMR
(CDCl,, 300 MHz) 88.75 (s, rotomer, 0.5H), 8.71 (s, rotomer, 0.5H), 7.52 (dd, J = 9.0, 14.] Hz,
1H), 7.03-6.81 (m, 3H), 4.15-4.08 (mn, 2H), 3.96 (dd, J = 3.3, 10.2 Hz, 1H), 3.57-3.33 (m, 2H),
3.22-3,09 (m, 1H), 2.60-2.49 (i, 2H), 2.01-1,91 (m, 1H), 1.79-1.75 (m, 11}, 1.50 (s, SH) ppm.

Scheme XX

[0071]

acid tert-butyi ester (49): To a suspension containing indole 48 (0.35 g, 1.1 mmol) in DCM (10

mL) was added acetic anhydride (0.15 mL, 1.5 mmot) followed by DMAP (10 mg, 0.08 mmol)
at ambient temperature. After 30 min, the solution became homogeneous, After 1 k, the solution
was diluted with 1M HCI, extracted with DCM, dried over anhydrous Na,SQy, filtered, and

concentrated to afford 0.36 g (87%) of 49 as a yellow oil. "H NMR (CDCls, 300 MHz) §8.62 (s,
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ratorner, 0.5H), 8.57 (s, rotomer, 0.5t), 7.62-7.51 (m, 1H), 7.03 (d, J = 7.8 Hz, 1H), 6.98 (s,
1H), 6.90-6.85 (m, 1H), 5.05 (s, 1H), 4.18-4.08 (m, 1H), 3.51-3.11 (m, 3H), 2.90-2.44 (m, 1H),
2.23 (s, 3H), 1.86-1.84 (m, 211}, 1.53 (s, 9H) ppm.

Scheme XX1

ot QAc ~QAC

/ NH TFA, DCM HN 7 NH

——

49 F 50 F

[0072] trems-2R-[Acetic acid 2-(6-fluoro-1 H-indol-3-yvimethyl) Jpyrrolidin-3-y! ester
{50}: To a solution containing carbamate 49 {0.48 g, 1.3 mmol) in DCM (15 mL) at § °C was
added TFA (3 mL). After 15 min, the reaction was warmed and maintained at ambient
temperature for 1 h. The solution was concentrated, diluted with EtOAc, washed with saturated
NaHCO;, dried over anhydrous Na;SOq, filtered, and concentrated to afford 0.32 g (89%) of
amine 50 as an orange oil that was used without further purification. 'H NMR (CDC)s, 300
MHz) 88.25 (s, 1H), 7.52 {dd, J = 5.4, 8.7 Hz, 1H), 7.03-6.91 {(m, 2H), 6,88 (ddd, J = 0.5, 8.7,
17.4 Hz, 1H), 5.01-4.98 (m, 1H), 3.44 (m, 1H), 3.07-3.00 (m, 2H), 2.82 (dd, /= 8.1, 14,7 Hz,
1H}), 2.14-2.03 (m, 2H), 2.03 (s, 3H), 1.82-1.79 (m, 1H) ppm.

Scheme XX11

[0073] Cbz-protected pymolidine {51): A solution containing amine 50 (0.65 g, 2.4

mmol) in DCM (25 mL) was treated with CbzCl (0.35 mL, 2.5 mmol) followed by TEA (0.5 mL,
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1.4 mmol) at 0 °C. After 15 min, the solution was warmed to ambient temperature. After 1 h,
the reaction mixhre was diluted with 1M HC and extracted with DCM. The combined organic
extracts were dried over Na;SOs, filtered and concentrated. The residual oil was purified by
preparative HPLC (SiO2, 20-100% EtOAc/exanes) to give 0.98 g (100%) of 51 as a yellow oil.
'H NMR (CDCJs, 300 MHz); ~1:1 mixture of amide rotamers, §8.27 (s, 1H), 7.62 (app q,J =
5.4 Hz, 0.5 H), 7.16 (app q, J = 5.1 Hz, 0.5 H), 7.44-7.37 (m, SH), 6.89-6.92 (m, 1H), 6.83 (m,
0.5 H), 6.65 (m, 0.5 H), 5.30-5,16 (m, 2H), 5.09-5.07 (m, 1H), 4.23 (dd, J = 3.3, 9 Hx, 0.5H),
412 (dd, J = 3.6, 9.6 Hz, 0.5 H), 3.58-3.45 (m, 2H1), 3.30-3.12 (m, 1H), 2.85-2.64 (m, 1H), 1.99-
1.86 (m, 5H) ppmn.

Scheme XXIII

1. TFA (neat)
2. DDQ

[0074) Biindole {52); Indole 51 (0.98 g,2.4 mimol) was dissolved in TFA (20 mL) at 0
°C and the reaction was monitored by LC/MS analysis. After 5 h, the reaction mixture was
dituted with cold satorated K2COs, and extracted with EiOAc. The combined organic extracts
were washed with saturated NaHCO3 then brine, dried over anhydrous NapSOy, filtered and
concentrated to give 0.8 g of a yellow oil that was used without further purification. This oil was
diluted with EtOAe (10 mL) and treated with DDQ (315 mg, 1.4 mmol} at ambient temperature.
After 15 min, the dark green solution was diluted with saturated NaHCO;, and extracted with
BiOAc. The combined organic extracts were washed with saturated NaHCOs, brine, dried over

anhydrous Na;SQs, filtered and concentrated. The crude residue was absorbed on Si0z gel and
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purified by flash chromatography (SiO, 2:1 hexanes/EtOAC) to give 0.6 g (61%) of 52 as a light
yellow foam. 'H NMR (CDCl;, 300 MHz) §11.2 (s, 1H), 7.51-7.26 (m, 8H), 6.93 {app t, /= 8.4
Hz, 1H), 5.36 (s, 2H), 5.24 (5, 1H), 4.17 (d, J = 9.9 Hz, 1H), 3.74 (app t, / = 9.6 Hz, 1H}, 3.62-
3.56 (m, 2H), 2.89 (app t, / = 14.1 Hz, 1H), 2.24-2,17 (m, 1H), 1.85 (s, 3H) ppm. Mass
spectrum, m/z 820.8 (MTH)", 842.7 (M'Na)".

Scheme XXIV

[0075] Bis-pyrrolidine (53): To a solution containing biindole 52 (0.6 g, 0.73 mmol) in

MeOH (20 mL) was added 10% Pd/C (50 mg). The reaction mixture was shaken under H; using
a Parr apparatus. After 3 h, the mixture was filtered through Celite®, and rinsed with MeOH and
EtOAc. The filtrate was concentrated in vacuo to afford 0.32 g (80%) of 53 as an off-white solid
thal was used without further purification. Mass spectrum, m/z 550.4 A

Scheme XXV

45



5-Et S-tBu S Owe 5- O S-tBu SEE M HF H

WO 2008/014263 PCT/US2007/074225

Boc-Thr{Me)-OH,
HATU, DIPEA

[0076] Boc-protected dimer (54): A solution containing N-Boc-Thr(Me)-OH (152 mg,

0.65 mmol) in NMP {4 mL) was cooled to 0 "C. To this solution was added HATU (224 mg,
0.60 mumol) followed by DIPEA (0.15 mL, 0.80 mmol). After 5 min, diamine 53 (180 mg, 0.33
zﬁmol) in NMP (5 mL) was added. The reaction mixture was warmed to room temperature.
After 16 h, the reaction mixture was diluted with BtOAc, washed with 1M HCI, saturated
NaHCQs, brine, dried over anhydrous Na;SOy, filtered and concentrated to afford 290 mg of 34

as an orange oil that was used without further purification.
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Scheme XXVI

[0077] Diamine (55): A solution containing 54 (0.29 g, 0.3 mmol) in DCM (15 mL)
was cooled to 0 °C. To this solution was added TFA (3 mL). After 15 min, the reaction mixture
was warmed to ambient temperature. After 1.5 h, the reaction mixture was concentrated, diluted
with EtOAc, washed with saturated NaHCO3, dried over anhydrous Na,SOy, filtered and
concentrated to afford 0.19 g (82%) of diamine 55 as a light orange foam that was used without
further purification. '"H NMR (CDCls, 300 MHz) §11.7 (s, 1H), 7.51 (dd, /= 1.8, 11.7 Hz, 1H),
7.38-7.28 (m, 1H), 6.93 (app t,J = 7.2 Hz, 1H), 5.30(d, /= 3.3 Hz, 1H), 4.40 (d, /= 11.7 Hz,
1H), 4.01 (app t, J = 9 Hz, 1H), 3.82 (app q, J = 9.9 Hz, 1H), 3.68 (d, J = 6.6 Hz, 1H), 3.56-3.50
(m, 1H), 3.46 (s, 3H), 2.92-2.80 (m, 2H), 2.67-2.63 (m, 1H), 2.36-2.29 (m, 1H), 1.85 (s, 3H),

1.26-1.23 (m, 4H) ppm. Mass spectrum, m/z 780.8 (M),
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Scheme XXVII

[0078] Boc-protected dipeptide (56): A solution containing N-Boc-N(Me)Ala-OH (58

mg, 0.28 mmo}) in NMP (4 mL) was cooled to 0 “C. To this solution was added HATU (1 06
mg, 0.28 mmol) followed by DIPEA (0.1 mL, 0.57 mmol). After 5 min, diamine 55 (110 mg,
0.14 mmol) in NMP (5 mL) was added dropwise. The reaction mixture was warmed to room
temperature. After 16 h, the reaction mixture was diluted with EtOAc, washed with 1M HCI,
saturated NaHCOs, brine, dried over anhydrous Na;804, filtered and concentrated to afford 126

mg of 56 as an orange oil that was used without further purification.
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Scheme XXVIII

[0079] Dipeptide (57): A solution containing 56 (126 mg, 0.11 mmol) in DCM (15

mL} was cooled to 0 °C. To this solution Was added TFA (3 mL). After 15 min, the reaction
was warmed to ambient temperature. After 1.5 h, the reaction mixture was concentrated, diluted
with EtOAc, washed with saturated NaHCO;, dried over anhydrous Na;SO,, filtered and
concentrated to afford 100 mg (95%) of 57 as an orange oil that was used without further

| purification. 'H NMR (CDCls, 300 MHz) 811.73 (s, 1H), 8.49 (d, J = 8.1 Hz, 1H}), 7.60 {dd, J =
2.1, 9.9 Xz, 1H), 7.39-7.34 (m, 1H), 6.94 (app t, / = 9 Hz, 1H), 5.26 (d, J = 3.6 Hz, 1H), 4.98
{app q,J = 3.6 Hz, 1H), 4.38 (d, J = 10.8 Hz, 1H)}, 4.19 (d, J = 9.6 Hz, 1H), 3.88-3.73 (m, 2H),
3.61-3.56 (m, 1H), 3.45 (s, 3H), 3.15 (app q, J = 6.9 Hz, 1H), 2.92-2.80 (m, 1H), 2.56 (s, 3H),
2.35-2.29 (m, 1H), 1.85 (s, 3H), 1.40 (d, /= 6.9 Hz, 3H), 1.28-1.24 (m, 6H) ppm. Mass

spectrura, /2 951.0 (MTH),
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Scheme XXIX

[0080] Bis-(3-OH-pyrrolidino)-dipeptide (58): A solution containing 57 (100 mg, 0.11

mimol) in MeOH (10 mL}) was treated with IM NaOH (1 mL) at ambient temperature. After 45
min, the solution was coneentrated, diluted with HOAc and water and purified by RP-HPLC
[Dynamax Microsorb C18 604, 8 i, 41.4 mm x 25 cm; Flow: 40 mL/min; Detector: 272 nm;
Solvent A: water v/v 0.1% HOAc, Solvent B: ACN vfv 0.1% HOAc; Method: 10-90% B over 30
min]. The product-containing fractions were combined, frozen, and lyophilized to afford 40 mg
of 58 as a white solid. 'H NMR (CDCl, 300 MHz): ~4:1 mixture of rotamers, 511,77 (s, 1H),
10.78 (s, minor), 8.20 (4, J = 7.8 Hz, 1H), 7.92 (d, J = 9.9 Hz, minor), 7.54 (dd, J = 1.8, 9.6 Hz,
1H), 7.04 (dd, J = 1.8, 9.9 Hz, minor), 7.38-7.25 (m, 2H), 6.92-6.87 (m, 1H), 5.0 (dd, J = 3.9,
8.1 Hz, minor), 4,84 (dd, J = 3.9, 8.1 He, 1H), 4.33 (d, J = 2.4 Hz, 1H), 4.23 (d, J = 10.8 Hz,

1H), 4.05-3.89 (m, 1H), 3.79-3.74 (m, 1H), 3.55 {app d, J = 12.9 Hz, 1H), 3.44 (s, 3H), 3.16-



A 10097] The binding affinities of the conmpounds listed in
Table 1 to_an | AP were determ ned substantially as described b

Ni kol ovska¥Y@alBYkH63 7. etal. (Analytical Biochenistry F‘ZW&?",‘W&%PS
332: 261-273) using a variety of fluorogenic substrates and is
reported as a Kd value. Briefly, various concentrations of |A?
antagoni sts were mxed with 5 nMfluorescently | abel ed peptide

( AbuRPF- K( 53 -5, 2NH2)82:2168 (m@PH)i 27633 7(m, 61P2.B4-R88 fngr HY, 3 .9¢ 1185 ¢h, 1R, 1.40
100 nL of 0. 1M Potassi um Phosphate buffer, pH 7.5 contai ning 100

i ng/ ML bovi e/ 5§ U} h28-E83. (o & hepni. das steptom, mA$66.8 Vi | zat i on

val ues (nP) Werg0 geasur ed on a Victor2V using a 485nm excitation
filter and a 520P08Hh SHIdionay AR sntagenisis gaplbpproparadassingide ehafustegs withiesd if thom
t he pl ot usj ng nlinear |east-squares analysis using G aphPad Prism
The compouriedeaere SEaCYiEs B LAt amiedaraiaebed i fefeloameissrss. Kd
<0.1 uM (A)gaKd 0. 1-1 jiM (B), and Kd = 1-10mM (C). The reported Kd
val ues are ‘c“lue OWer of the Kd for XIAP BIR-3 and cl AP-1 BIR-3.

[ 00981 The followi ng conpound of the inventi was al so made and
tested. The repor t{edyKd v%lﬂg@a!s th we tog?d}?a %&E{S@r
and cl AP-1 Bl R—?:\<N bl e 4. n- peund ]
o OH 0 =0 0
Ko K t
59 60 81

[0082) 2-Formyl-3-methyl-pyrrolidine-1-carboxylic acid tert-buivi ester (60); A 500-

CO,Et

mL three-necked flask equipped with an overhead stirrer and nitrogen inlet was charged with a
M solution of oxalyl chloride DCM (20.5 mL, 0.041 mol) and anhydrous DCM (100 mL) and
cooled to -78 °C. A solution of anhydrous DMSO (3.45 mL, 0.044 mol) in DCM (20 ml.) was
added dropwise with stirring. After 30 min, alcohol 59 (7.35 g, 0.034 mol)' was added in DCM
(40 mL) in a dropwise fashion. After 30 min; Et;N-(23.7 mL, 0.17 mol) was added resulting in
the formalion of a white suspension. The reaction mixture was transferred to a 0 °C ice/water
bath and maintained for 30 min. The reaction mixture was quenched by the addition of water.
The product was extracted with DCM and the combined organic extracts were washed
successively with water, IM HC], and brine. The organic phase was dried over anhydrous
Na;80,, fiitered, and concentrated to afford 7.05 g (99%) of aldehyde 60 which was used
without further purification. " NMR (CDCl3, 300 MHz) §9.45 (s, minor rotamer), 9.40 (s, 1H,

major rotamer), 3.78-3.35 (m, 3H),.2.3-2.0 (m, 2H), 1.70-1.55 (i, 1H), 1.47 (s, minor rotamer),

1.42 (s, 9H, major rotamer), 1.15 (d, /= 6 Hz, 3H) ppm.
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[0083] ' See: Herdeis, C.; Hubmann, H, P. Tetrahedron Asymmetry 1992, 3,1213-1221;
and, Ohfune, Y.; Tomita, M. J. 4m. Chem. Soc. 1982, 104,3511-3513.

[0084] 2.(2-Bthoxycarbonyl-ethyi-3-methyl-pyrrolidine-1-carboxylic acid tert-butyl

ester (61): A S00-mL 3-neck round-bottorned flask was charged with sodinm hydride (60%,
1.77 g, 0.044 mol) in anhydrous THF (100 mL) under nitrogen and coeled to 10 °C. A solution
of iriethylphosphano acetate (9.15 g, 0.041 mol) in THF (30 mL) was added drop wise to the
NaH/THF suspension. Following the addition, crude aldehyde 60 (7.25 g, 0.034 mol) in THF
(15 mL) and added in a drop wise fashion. After ~1h, the reaction was complete by TLC
analysis [30% EtQAc/Hexanes: Rf(60) = 0.7; R{61) = 0.75}. The reaction mixture was
quenched by the addition of saturated aqueous NH4Cl. The product was extracted with EtOAc,
washed with 1M HCI, water, brine, dried over anhydrous Na;SQ, filtered, and concent:;ated to
afford 13.3 & of crude 61 (quant.) which was used without further purification. '"H NMR (CDCls,
300 MHz) 56.8 (m, 1H), 5.82 {m, 1H), 4.2 (m, 2H), 4.0-3.25 (m, 3H), 2.2-1.85 (m, 2H), 1.70-
1.55 {m, 1H), 1.47 (s, minor rotamer), 1.42 (s, 9H, major rotamer), 1.15 (4, /= 6 Hz, 3H) ppm.

Scheme XXX1

DIBAL, BF, etherate

A oo -

61
[0085] 2-(3-hydroxy-propenyl)-3-methyl-pyrrolidine~1-carboxylic acid tert-butyl ester

(62): A solution containing crude 61 (16.7 g, 0.059 mol) in DCM (150 mL) was cooled to -78
°C. BFyERO (8.9 mL, 0.07 mol) was added followed by the dropwise addition of DIBAL (2
M/DCM, 200 mL, 0.4 mel). After 2 h, TLC analysis indicated complete consumption of the 61

[TLC analysis: 1:1 hexane/EtOAc, Rf(62) = 0.3]. EtOAc (40 mL) was added and the reaction
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initiated W?z Q142 ¢ caspases, but result in the acti VEL{BA0gp74225
common executioner (effector) caspases. In addition to the cytochrone
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characterized in that the cells of the inmune system produce
antibodiesmeﬁﬁ' t...ts own organs and nol ecules or dir # [’
tissues resu Wnoéhlﬁ% the destruction of the latter. A ?lg(:'; I%Srzg&gj?&ga
t hose self-reactive cells to undergo apoptosis |leads to the
mani f estati on of the disease. Defects in apoptosis regulation have
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er t bemat osu§!GRERRGmas 3Hidsd & seiRtgnicpyaining 2-bromoefiiggacetsrilida ( el Ffemnel)
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dosage form and
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delivered to the patient, and the Smac peptidom netic binds to at

| east one | AP. In one enbodi ment the | AP can be Xl AP. |n another
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unaccept abl e aﬁﬂ{@r Ee tiaon include,
but are not |i l Bt rosalhem) |

e ot Okl SHASE LEOBR o fiﬁt@&ﬁ,\% ug*“'%ﬁ‘?%fi}g%ﬁ@eﬁl ki

i nf .
Ui tabl e 1 P pANERRNE oot bl BB AM Ao é’té@‘:ﬁone%@ﬁrﬁ{t@sﬂ ) 5ne
éspmnﬁle% %eous

aspect of §Be MmEY¥EHioh gnemr@wm coRERLd tfé%;sr%hﬁ@d

with or w thout additional bloﬁoglcal or chenot herap eu?lc agen

radi ot her aﬂMﬂC@P%e”&i&d @@Y%ﬁ&bﬁ@ S G.ChLAQ mcoﬁclmu% afithd d.6
sensitizing tunor cells to the additional chenDtherapeutlc/raﬁg ?
protocols. Wiile not wishing to be bound by theory, it would appear

t hat because of this tunor specific induced apoptosis, marked and
adverse side effects such as inappropriate vasodilation or shock are
m nimzed. Preferably, the conposition or nethod is designed to allow
sensitization of the cell or tunor to the chenot herapeutic or




such as nono-di-and tri-glycerides; hydrogel release systens;

syl astic syst pti de based systens; wax coati ngs;

tabl ets us%@“£@@%$§gtlonal bi nders and excipients; partially ¢ﬁ§ﬁ£°

i npl ants; and the like. Specific exanples include, but are not
limted to: (a) erosional systems in which the active conpound is
contained in a formwithin a matri x such as t hose described in U S.
Pat. Nos. 4088pwhipEwassgbyitosdrtier prdico@a. 'HNME (OB, 660MERBXULpr 5, 1H),
di f fusi onal systenms in which an active conponent perneates at a
control | ed r&t’eSiroHa’-péi7yetlsttfr is e é2isimdSin2 1 8 (mAgD, 1.04dd, /=
3,832,253, and_3,854,480. In addition, punp-based hardware delivery
systens can B Gé%ﬁ?mgone of which are adapted for inplantation.
100117) Use g% a -term sustai ned rel ease i npl ant may be

desi rabl e. g rel ease, are used herein, neans that the inplant
is constructed and arranged to deliver therapeutic Ie Q%% of the
active ingredient for at Bﬂ§§t 30 qgif} and preferably days.
Long-term sust ai ned rel ease 1 npl ant e wel | -known hose of
ordinary skill i some of the relegse systens
descri bed above. =
conveniently

armacy. Al! neth
g the active agent into asggci atg wYh a

carrier that constitutes of8 or nore accessory ingredients. |n\==

general , the cofffd3i t3-Grisiceirle( prospeapyediniyyaminajpndpynydinét(terkbitytedirdtyy-

brlnglng the active conpound into association with a liquid carrier,

a finely diVipeideryspyriolidinent wirbexylioacidhensyl eston (69): Hénder 4 itrgge eimegphere at 0

shapi ng the, product. 100119] Conposi tions suitable for

parent eral et {0zl %WWBW%WF%PP i8R5ripe f%lémacgﬁa@wa Zrcsilimings-

Bhieh s pr ?rfg?p‘é‘fs%y?? OB ey R AR g S0 Fteocﬁﬁsf'rr%a@ B o
agueous. pr aegrrlx 1en em ergr%% theq"eJct%nnx%ﬁ{(t%;e%jas ?‘a%g dqgﬁgi %n% 4 s@uidm cgg%mg%gss(fé 89

using suit e di'spersin g A5ents usp

The sterile, ifb&el ?% Bt ?@ﬁiﬂ}v%s%@deﬁld gwﬂﬁyﬂ%‘? %no%trﬁ%ﬁt!ule% %Irﬁ%g)lat

sol ution OI’ SUS ensi on Il’l a nontoxic p rentera y-accep t uent

or solvent arrfb%t t@?ﬁﬁmr‘g ffor@.% Awhied %&ﬁtq@ﬂ'aﬂal 15 rg’veplg& egé c@hsumﬁ\g?lrbg 6k he

acceptable vehi cl es and solvents that may be enpl o are wa

Ringer's sqhytib@ResAOAc, ﬁ@sfﬂog . B0} HOB L thokidsn z%&hh'é WaRoolkdYo 0°C
addition, sterile, fixed oils are conventionally enployed as a

sol vent or musRebdHsGropeae biditiolr of satultitd apbbo RS, CANYheldb @0 whi %@dct@ with
may be enpl oyed including synthetic nono-or di-glycerides. In

addi tion, fdhyeetasi T conbihcdeshentstrads aet davivdwitewataeltine rirkdhever anhydrous
preparation of injectables. Carrier formulation suitable for oral,
subcut aneoU$:S0niikasiend amcentmied. dheigcedd paeductetas purdddbnilsh sifita shs can be
found in Rem ngton's Pharmaceutical Sciences, Mack Publi shing Co.
East on, PA chteimgtesiaghyi (R@% Effofrcesabes) éo afford §.0g (%) of ias et ‘thWOIFbePéNMRce
t her et 0. [00120] Additional chenotherapeutic annts

Chenot her ag€hfhc308 §7.4i2t(mb¥t®, 5.6- ﬁ&l(md&ﬁ)bﬁ@ (sadtB. o2 InMDd-8.8 (uhe
chenot her apeuti c agents described in "Mdem Pharmacol ogy with
dinical AP e D6 (sSHU TP EAMDI bh(s. Ehaby. & Stitzel, Chpt. 56, pg
639- 656 (2004), herein incorporated by reference. This reference
descri bes cRemsEREpeutic drugs to include al kyl ating agents,

anti netabolites, anti-tunor antibiotics, plant-derived products such
as taxanes, enzynes, hornonal agents such as gl ucocorti coi ds,

m scel | aneous agents such as cisplatin, nonoclonal antibodies,

i mmunonodul ati ng agents such as interferons, and cellular growh
factors. Other suitable classifications for chenotherapeutic agents

th
N



[00123] For exanple, but not linmted to, radiation therapy (or
radlother%§§ i s the nmedical use of ionizing radiation_as part of
cancer tre¥PHEO1426% control malignant cells is suitabl &F3P2QWRM2E
enbodi ments of the present invention. Al though radiotherapy is often
used as part of curative therapy, it is occasionally used as a

pal liative treatnent, where cure is not possible and the aimis for
synptomatic relief. Rad}i6herapy is comonly used for the prgatment
of tunors. It nmay be used as the primary therapy. It is al $o common
to conbi ne radi ot hera i t h sur gePyCAta?-Br.Nehenot her apy.
comon tunor st reat ed NWih_radi gt heMEP=4ebr east cancer y
cancer, reca o head\& geck cancers, gyne oglcz}«tu :
bl adder cancetrand Iyﬁphona. Lation therapy I Dnly appl i
just to the localized ea i wof'v with the tunor. Often the
radi ation fields also includé t drai ning | ynph nodes. It7%s
possi bl e but unconmon to give radiotherapy to the whol e body, or

entire skin surfmes. M&tmtawnaéeh&namwﬁ@mww up
to 35-38 fractions (a daily dose is a fraction). These small frequent
doses al | owa Ticlayid belzilssitd (ME): Uadg b eitvofpacknospreas solutign GBI 69 (5.92 g,
inflicted by the radiation. Three nmain divisions of radiotherapy are
ext ernal bedrhmad) btahledeqpy DMIF (§&hB) wre cleapged with By WE(2py, 1011 need), ed
sour ce radi ot herapy and unseal ed source radi ot herapy, which are al

sui t abl e exX@fph st H10.1 mewhnSHiC(G6%e 391 Prnolhand FAEReht(0.04h@ ALY mmo) Ehe
differences relate to the E05|t|on of the radiation source; external

i s outside W&ﬂﬁﬁﬂgﬁfﬁ%ﬂé UL BRI RNE N ESArBgTE T o ew-hegel (B e P8 paih.

has radi oact) terial dellvered internally. Brachythera seal ed
sources ar é“%fé?ej&i% BV B PRt rerprnef rerrie e addisign Sﬁ?llﬁségoygérgéwas

L;c“cﬁft Sgi or g, ?ﬁ%ﬁaﬁft@nq%ﬁwﬁ b ”as%a%lﬁ@»x?%%a?@@éi e
VI P i di
ropidi u;ﬁt (‘g)@%&? Tﬁ{?&)‘ '-n%?v ;rl#{'ji tﬁe v@?ml {e!ﬁl;[t}gn rmxture was (f'oofrgm an 1cet 0

i nduce apo ot es e| n1so oCyanat e stal ning Was

per forned %?tlh iRfeh deIQ'p&léﬂi 'éth@r ald ﬁ)ﬂepe(a%o réh%:ﬁ)la& SQGR0. mgfcﬁxgév%gwas%

Briefly, s were exposed to various co trations

mnetics fQfm E&tbéfe]\stm Snd ROEkehB 68 %%ﬁ@&‘é@\qrai HQR il A ﬁ)BerWe%Rc%ssquf

trypsini zation I's were then pelleted and resuspended in assay

buf fer (supghinache®d¥ncaRittbasd 8@ bYor afNIRENI e, YO ANRer &, DA SHhdeiitate@qH Hra
were added to the cell preparations and incubated for | hour in the
dark at roomg@epes At wiich wds@ldi fudibn @ash Biticd Rr etbathdtapapad 0¥ mnathdrdber
(200 bil) was then added to each tube, and the sanples were anal yzed
i medi at el yo dford 1.0p50Yd ofEtas ¥ whitdsolid &1 PIMES (0168, B0 NBHB @508 (R UHE,Y.60 (m,
apoptosis was strongly pronoted, as assessed by annexi n/ Pl st ai ni ng
and anal yz&a), bhys foh, OW), 05 OdtRt = V.4, STHE:, amph.i$ {ogaHh,cml iim, 1Hhes. JusbheEs), Bf7
apoptotic cells (Annexin V positive/propidiumiodide negative - |ower
ri ght quadfantd, byi41AR. BHt.aEhRi68 (s 31)s 1.86DmpaHRd .60 GucldN] I8l (s, #E3 prohos e
dependent and due to the induction of apoptosis and not via

i ncreasing the proportion of necrotic cells. [ 00124)

Bi ol ogi cal and chenot herapeuti cs/anti-neopl astic agents and radi ation
i nduce apoptosis by activating the extrinsic or intrinsic apoptotic
pat hways, and, since Snmac mnetics relieve inhibitors of apoptotic
proteins (lIAPs) and, thus, renove the block in apoptosis, the

conbi nati on of chenot herapeuti cs/anti-neopl astic agents and radi ation
with Smac m netics should work synergistically to facilitate

apopt osi s. [ 001251 The rel evance of this potent synergy is that
it makes possible the use of the Smac peptidom netics, which are | AP
antagoni sts, to inprove the efficacy of the marketed pl ati num
cont ai ni ng conpounds (cisplatin and carboplatin). This nmay be




/Rlb NH (1) Ria and Rib are independently H or optionally
substi t ut f%ohz\ﬂgsffocix 135 al kyl , cycl oal kyl, heterocycl oal Eli/c%%lr‘éﬁ%lﬂ?ﬂﬁsr

het er oary and R2b are i ndependently Hor o

substituted al kyl, cycloal kyl, or heterocycl oal kyl ; R3a, and R3b
are independently Hor optionally substituted al kyl, cycl oal kyl,

het erocycl oal kyl, aryl, or heteroaryl; both R5a and R6a, and R5b

and Rob, aresheme BéfiVat oms |inked by a coval ent bond or by an
optionall y-substituted al kyl ene or al kenyl ene group of 1 to 8 carbon
atons where one to three @H%on atons can be replaced by?'N, 0, S(0)o,
or C=0; Rl7a and R17b areAiij ndependently -OH, |ower al koxy, or |ower
al kyl ; R7a, R7b, a, /12.8b ame i Rdgpendently H ol optional | ye

substituted hydroxyl, cyctvwal kyl _het erocycl oal ar YN or
het eroaryl ; a ﬁd—(f@ R7h and R8b, @t\p,o

70 71
[0093] 2-(1-Acetvl-1H-pyrrolo[2.3-blpyrdine-3-ylmethy-4-hydroxy-pyrrolidine-1-

carboxylic acid benzyl ester (71): To a solution containing 70 (2.99 g, 5.88 mmol) in THF (20
mL} at 0 °C was added a solution of TBAF (1 M in THF, 11.8 mL, 11.8 mmol) in a dropwise
fashion. After 1.5 h, TLC analysis revealed complete consumption of 70 [1:1 hexanes/EtOAc,
Ri{70) = 0.64; R{71) = 0.3). The solvent was removed in vacuo and the residue was dissolved in
EtQAc and washed with water, brine, dried over anhydrous Na;S$0,, filitered, and concentrated
to afford 2.11 g of crude 71 which was used without further purification.

Scheme XXXV

[0094]  4-Hydroxy-2-(1H-pyirolof2,3-blpyridin-3-vimethyl)-pyrrolidine-1-carboxyvlic

acid benzyl ester (72): To a solution containing 71 (2,11 g, 5.36 mmol) in MeOH (30 mL) at 0 °C
was added 1M NaOH (8.1 mL, 8.05 mmol) in a dropwise fashion. After 1 h, TLC analysis
revealed complete consumption of 71 [EtOAc, Ri71) = 0.4; R{72) = 0.2]. The MeOH was

removed in vacuo and the residue was dissolved in EtOAc, washed with dilute aqueous HC),-



| i nked by an optionally-substituted al kyl ene or al kenyl ene group of 3
to 8 carbon atons where one to three carbon atons can be reglaced by
N, 0, S(0)WO3P8ELES3 cach n can be the sane or different CAHF20F0H2251 |
or 2; Xais -0-, -N(La-Rioa)-, -S-, optionally-substituted
-C(La-Rioa)=CH, -C(0)-0-, - C(0)-N(La-Rioa)-, -N=C(La-Rioa)-; Xb is
-0-, -N(Lb-R ob)-, -S-, optionally-substituted -C(Lb-R ob)=CH,
-C(0)-0-, -w@Ohringdrisd REDIhydrous- N4 BlidRidaby soncdnmatednid afftrd aroe g of crude 72

i ndependently a coval ent bond or Cl-Ca al kyl ene; Wa, W, Rioa, and

Ri ob are deWhipedas wedintha gexd pirs witeopt futtheo pgifict®bcl , which fol | ow

(a) when Wa_and W together are a Linker, then Xa or Xb are

i ndependent $8pem@XXXVH.  or -C(0)-0-; Rioa and Riob, respectively, are
absent; or (b) when Wa and W together are a Linker; Xa is
-N(La-Rloa)-, -C(La-Rioa)=CH, - N=C(La-Rioa)-, or -C(0)-NLa-R1l0a)-;
Xb is -N(Lb-Riob)-, -C(!Y?Ri ob)=CH, -N=C(LbRi ob)-, or
-C(0)-N(Lb-R10b)-; Rioaand Ri ob are_indeps ntly H or
substituted hydroxyl, ﬁﬁig%ﬁg%ﬁ%? cycl oa
ary—ef——- C

al keny
eny

het erocycl oal kyl, aryl N (c)

t oget her are; Xa T'S a-Rioa)-, - _Ri@ﬁ%f
N=C( La- Ri oa) -\—0" - C(0¥-N(La- ; i ii:ELiyob , N
-C(Lb-Ri ob)=CH, -N=C(LbRi ob)-x -C(0)-N(L ob) -; ®i oa an Rijjob
toget her are a Linker; of* a pharmaceutical |y acceptablevgalt t
2. The Corrpoungﬂl)@%]Ch@#mtg&beﬁéﬂﬁfo%h@-mvna@@z3-%&11@-@%&&)1)—%]1’&:13—
i ndependently H, nethyl, ethyl, 1sopropyl, 1sobutyl, sec-butyrl,
tert-butyli-Giekarlay benzfl@ber(90YTd Oalid conBinilg, 72 Q1.9 6 BE Aoy 5-
optionally-substituted wth hydroxyl, nercapto, sulfonyl,

al kyl sul f onyttoperizaic agé (1,23 ps Ebkhaal),age PP i MD 7.9Z b Xy THF alskayl) at ¢ °C
hal oal ky, pseudohal oal kyl, al koxy, or alkylthio. 3. The conmpound of

cl ai m 1 whereaddeRRARAD 2B 2ansol). HdepbaeaBitioh yat-tompletenthk jce bath was

fluoronethyl, difluoronethyl, ethyl, fluoroethyl, hydroxyethyl, or
cycl oal kyl removed and the reaction mixture was stirred at ambient temperature for 2 hat which point TLC

x
o
o

analysis revealed complete consumption of 72 [EtOAc, Ry(72) = 0.2; Ri(73) = 0.6 ]. The solvent
was removed in vacuo and the residue was dissolved in EtOAc, washed with saturated aqueous
NaHCO,, brine, dried over anhydrous Nap30,, filtered, and concentrated to afford 7 g of crude
73 which was purified by flash silica gel chromatography (20% EtOAc/hexanes) to obtained
2.68 g of 73 (95%) as a white solid 'H NMR (CDCl;, 300 MHz): 88.3 (d, J= 35 Hz, 2H), 7.6 (d,
J=135 Hz, 2H), 7.2 {m, 5H), 7.0 (s, 1H), 5.2 (s, 2H), 4.4-3.2 (m, 3H), 3.0-2.9 (m, 1H), 2.2 (s,

2H), 1.9 (s, 2H) ppm.



4. The compound of claim1l wherein R a and Rib are independently H,
met hyl, all yl rgyl, ethyl, hydroxyethyl, cycloa

cycl oal kyl ZHWJI%%?S The corrpound of claim I wher ei nl&ylég‘é[,m%aor?’g?ﬁé%
are independently optionally substituted |ower alkyl or C3-C8

cycl oal kyl wherein the optional substituents are hydroxy or | ower

al koxy. 6. The conpound of claim1l wherein Wa and W together are a
coval ent boPhene "Bnal |y substituted al kyl ene, cycloal kyl, or
aryl, of 2 to 20 carbon atonB where one or nore carbon atons can be
replaced with N, 0, or S(O), and Xa and- Xb are independently -0-,
-S-, or - C(0)-0-. 7. The-caoapaund of claim 1l wherein Wyand Wb

cycl oal kyl, or aryl, of
atons can be replaced w
-C(La- Rma) =CH Q N(d-a¢ Ri
or -C(0)-N(Lb- a and are indepg
substituted hydroxyl, alkyl, c al kyl , heterocycl oal kyl ,
heteroaryl. 8. The conpound of cIa|n11 mhereln
are a coval ent B9a6] ot-Hednbyyern slot3SSHG b yid g g i T
or aryl, of 2 to 20 carbon atons mhere one or nore carbon atons can
be repl acedaciditeheyhested (74pToJ(solptionxantpiging R (28 P §aymol) in €f 1 giRpgay =CH- |
or -C(0)- N(La-Rioa)-; Xb is -N(Lb-Ri ob)-,-C(Lb-Rb)=CH, or

- C(0) - N( Lb- Ipip%l)[)_GM E0a2l) ah Cres alded B‘d’y@ ]éI(S HiE) apd the reaction mixture was stirred
optional |l y-substituted al kyl ene, cycloal kyl, or aryl of 2 to

carbon at onf HPiEH dmRsET PRy RID RPH BHC analp ree%ﬁlﬁdwemvlétﬁ F%{’é‘éIHP*WF PWNI 1

0, or S(0)n The erein ma ar,

Soval ont |y BOARRT R S R e bO s s Rt yopy e o vy ot e Tique

ﬁ?;r 02;/ c?gtaﬂl Elﬁolvéé Ft%%\tcl w%ﬁ%%lg%qutgxgu&busﬂdf Y EeLCa¥1C| (an%dkcxref anhydrous
La- Ri oa ilica

N(Lb- R obiﬁ%ﬁﬁéﬁ %ﬁ*éﬁ‘tﬁﬁdmﬁﬁ%ﬁ ROLERRTART i e ey T

t oget her args éa?on?a@ég&éi&ﬂ? 5'0 ;Eﬁ@'ﬁ?%éx&dé&)%‘o@élkéﬂl 18\t 74 YoabH ek\)éiute Bfid, agy|

of 2 to 20 tarbon at ons ere one or nore carbon atons can

repl aced WpirNen8s; 386 MHDkB.S5 (m, 2H), 7.4 (s, 5H), 7.0 (m, 28), 5.2 (s, 2H), 4.3 (s, m), 4.2 (m,

NPT StGan—Xa—ﬁs -N(La-
b is -N(Lb-Ri

1H), 3.65-3.8 (m, 1H), 3,5-3.3 {m, 2H), 3.2-3.0 (m, 1H), 1.9-2.0 (m, 3H) ppm.

60



10. The conmpound of claim1l wherein W and Wb are not covalently
bound, Wva is H d, Br, F, CN, COOH, or optionally substituted

hydr oxyl , WPRYBOI43L| oal kyl, heterocycl oal kyl, aryl, oFfCHREISELHLHHAS:
Xais -N(La-Rioa)-, -C(La-Rioa)=CH, or -C(0)-N(La-R10a)-; Xb is -0-,
-N(Lb- Ricb)-, -S,-C(Lb-Rich)=CH, -C(0)-0-, -C(0)-N(Lb-R ob)-; and
Ricb is Hor optionally-substituted al kyl; and Wb and Ri ca toget her
are a coval®btetbond or optionally substituted al kyl ene, cycl oal kyl

or aryl, of 2 to 20 carbon atons where one or nore carbon atonms can

be repl &eed g it hadN, | O, 0" 54AQ) Cr1anli1 T, CONMRGYNGR1OT =Gl Rk RIsDR A Kd
and W |5 not| coval ently bound, is H}]d, Br,|F, CN,j COCH, |or kM

opti ongtt ysSubstit Ot edsRydT oxXyl & af K¥Er- C Ryl —tretgrocyctoal i}lyi ;

Cl1
aryl, or *het"8rlodl| | mexnonias | oN( |Lba Rivetoma | EPEOL 1 £b) 2o, of A
S 0) - NeLblRadby -+ Bba is b L Ndia. R s |- Cia-Rica) =0

B A f:'*’ifk & é“-".‘s-z- LI o
-0(0) - 0- 3 {OeQnlllanRiion) | onandn RiveSadyg R dmhonﬂlly-_substltut“ed A
al kyl ; fandJWa Jand Rub_t oget her| arg a coval ent (bond or optionally

substi { uted palikymene, saycl aaé‘tr'kyg- orsaiyl|, sef 2ud b 2@ cdrbon at ony A
where pne ore gar bon at8rr§ c’?;lr be replaced with N Q, or S 0)".

ron W

12. The gomwpoung “of clai M swhesei|n Ziia anq _Zio are fJorh N and|Z23

and Z2p gr e%ctg‘mc ank&%\‘f\heréﬂn w84 and R4a$hn%’ﬁ3b —gnd R4b",3l afe each "
I n

hand - laor
Ot

car bon}-ane+arg—H n!edsg)y A-Govial-eft— opd by—an
opt i onpl FyqFtihstht ytvadnaekly beneowr mf&éﬁw &Me |gFoup Bf 1 tfF 8 carHon | 4
atons where one toithree carban ationgs can be rleplaced N 0.¢{S(0)",

or C=0| FlBMeThB—EtCCNJEm -~ dl &i 1 ‘%{gremt Riwal and Rilch mre| nou A
het-er ocycl pal Kyl on eter)og%l éﬁ J%C € conmpqund| of cl i m1 having

f or mul ) 1 S(2R- K S-(2R-
P& e [ dae MeCHOMe) | OMe | OMe | MeCHOMg | SM8 | Me H F H A
SR R SOk : ,
H | Me | SEf {0 cHOMe) | OMe | OMe | MeCHOMe) | St | Me H K H A
[
! Me S-Me S-tBu OMe | OMe S-tBu S-Me Me H F H A
S s
g | Me| SEt S8y [ gp | o $-tBu SEt | Me H F H B
K | Et | SMe e o S-(2R- SMe | Et H F H A

MeCHOMe) | OMe | OMe | MeCHOME)

L Et S-Me S-tBn OMe | OMe S-tBu S-Me Kt H F H A
S-G2R- 5 S-(2R- .
M Me 5-Me MeCHOMe) | Me S-Me MeCHOMe) S-Me Me H F H A

[0097] The binding affinities of the compounds listed in Table 1 to an IAP were
determined substantially as described by Nikolovska-Coleska, Z. et.al. (Analytical Biochemistry
{2004), vol. 332:261-273) using a variety of fluorogenic substrates and is reported as a Kd value,
Briefly, various concentrations of IAP antagonists were mixed with 3 nM flucrescentily labeled

peptide (AbuRPF-K(5-Fam)-NH;) and 40 nM of an IAP-BIR3 for 15 min at RT in 100 mL of
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wherein Xa is -N-, -C=C(Rl16a)-, -N=C- or Xb is -N, -C=C(R16b) -

-N=C- or re |ndependently a coval ent bond or

al kyl ene; L%ga%ragwd.l% 3 , or -Nl--; such that, %%07/07825

then Rioa, R |Ia, R12a Rl 3a, R aa, Rl 5a, and Rl 6a are

i ndependently, -H, halogen, or optionally substituted al kyl,

cycl oal kyl, heterocycl oal kyl, aryl, heteroar dr oxyl alkoxy ‘

pol yal kyl et &M PotassitimoPhogghikio batar st 7. amtamgalﬁg ma/ml gmas@apl@m Following

sul fonate, aryl oxy heteroaryloxy acyl, acetyl, carboxylate,

suI f onat e, WedpATethe prlpizationypl uwrﬂﬁtwerbmwvraw ﬂc‘iﬁl&ftor%ngé%@n excitatign
#1 RlOa is bound E? g— ato and, ag g

. C—C( 12 16a) !te6an a‘.ﬁgén emuspiga 50 iR TS terfnﬂged f@_ £ Hiiusa]ﬁ&onhnear

When Ya i s - sent or

Roa, Rl4a, %yqug{ﬁﬁfnﬂ,ygs us&ggyraq%ﬁﬁda%BWdZﬁ ompou deﬁcgibscggeiﬁem ord Kd vz?lues
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referred to as the 'extrinsic death pathway"). Examples of death receptors include CD-95 and

TNF-R1 {as well as other members of the TNF group of cytokine receptors). The corresponding

ligands are CD-95L and TNF-alpha, respectfully, Binding of pro-caspase-8 to the death receptor
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conmpounds  ArbE R4k, Msudsr cfe@ kd £¥Brmical compound, or treatment namely "chemotherapeutic
agents" or "chemo drugs" or radiation treatment. One embodiment of the invention is the
therapeutic composition of a Smac peptidomimetic. A further embodiment of the ir-lvention is
the therapeutic composition of a Smac peptidomimetic, which can act as a chemopotentiating
agent (herein referred to as Smac mimetic), and a biclogical or chemotherapeutic agent or
radialion. Another embodiment of the invention is a method of inhibiting tumor growth in vivo
by administering a Smac peptidomimetic. Another embodiment of the invention is a method of
inhibiting tumor growth in vivo by administering a Smac mimetic and a biologic or
chemotherapeutic agent or chemoradiation. Another embodiment of the invention is a method of
treating a patient with a cancer by administering Smac mimetics of the present invention alone or
in combination with a chemothel;apeutic agent or chemoradiation.

[00100) In an embodiment of the present invention, the cells are in situ, in an individual,

and the contacting step is effected by adminpistering a pharmaceutical composition comprising a
therapeutically effective amount of the Smac mimetic wherein the individual may be subject to

concurrent or antecedent radiation or chemotherapy for treatment of a necproliferative

pathology. The pathogenie cells are of a tumor such as, but not limited to, bladder cancer, breast
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cancer, prostate cancer, lung cancer, pancreatic cancer, gastric cancer, colon cancer, ovarian
cancer, renal cancer, hepatoma, melanoma, Iymphoma, sarcoma, and combinations thereof.

[00101] As described in US 7,244,851, AP antagonists can be used for the treatment of
all cancer types which fail to undergo apoptosis. Examples of such cancer types include
neuroblastoma, intestine carcinoma such as rectum carcinoma, colon carcinoma, familiary
adenomatous polyposis carcinoma and hereditary non-polyposis colorectal cancer, esophageal
carcinoma, labial carcinoma, larynx carcinoma, hypopharynx carcinoma, tong carcinoma,
salivary gland carcinoma, gastric carcinoma, adenocarcinoma, medullary thyroidea carcinoma,
papillary thyroidea carcinoma, renal carcinoma, kidaey parenchym carcinoma, ovarian
carcinoma, cervix carcinoma, uterine corpus carcinoma, endometrium carcinoma, chorion
carcinoma, pancreatic carcinoma, prostate carcinoma, testis carcinoma, breast carcinoma, urinary
carcinoma, melanoma, brain tumors such as glioblastoma, astrocytoma, meningioma,
medulloblastoma and peripheral neuroectodermal tumors, Hodgkin Iymphoma, non-Hodgkin
lymphoma, Burkitt lymphoma, acute lymphatic leukemia (ALL), chronic lymphatic leukemia
{CLL), acute myeloid leukemia (AML), chronic myeloid leukemia (CML), adult T-cell leukemia
lymphoma, hepatocellular carcinoma, gall badder carcinoma, bronchial carcinoma, small cell
lung carcinoma, non-small cell lung carcinoma, multiple myeloma, basalioma, teratoma,
retinoblastoma, choroidea melanoma, seminoma, rhabdontyo sarcoma, craniopharyngeoma,
osteosarcoma, chondrosarcoma, myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma and
plasmocytoma.

[00102] In addition to apoptosis defects found in tumors, defects in the ability to
eliminate self-reactive cells of the immune system due to apoptosis resistance are considered to

play a key role in the pathogenesis of antoimmune diseases. Autoimmune diseases are
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characterized in that the cells of the immune system produce antibodies against its own organs
and molecules or directly attack tissues resulting in the destruction of the latter. A failure of
those selfireactive cells to undergo apoptosis leads to the manifestation of the disease. Defects in
apoptosis regulation have been identified in autoimmune diseases such as systemic lupus
erthematosus or rheumatoid arfhritis.

{00103] In an embodiment the pathogenic cells are those of any autoimmune disease or
diseases which are resistant to apoptosis due to the expression of IAPs or members of the Bel-2
family. Examples of such autoimmune diseases are collagen diseases such as rheumatoid
arthritis, systemic lupus erythematosus, Sharp's syndrome, CREST syndrome (calcinasis,
Raynaud's syndrome, esophageal dysmotility, telangiectasia), dermatomyositis, vasculitis
(Morbus Wegener's) and Sjdgren's syndrome, renal diseases such as Goodpasture's syndrome,
rapidly-progressing glomerulonephritis and membrano-proliferative glomerulonephritis type 1,
endocrine diseases such as type-I diabetes, autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (APECED), autoimmune parathyroidism, pernicious anemia, gonad
insufficiency, idiopathic Morbus Addison's, hyperthyreosis, Hashimote's thyroiditis and primary
myxedema, skin diseases such as pemphigus vulgaris, bullous pemphigoid, herpes gestationis,
epidermolysis bullosa and erythema multiforme major, liver diseases such as primary biliary
cirrhosis, sutoimmune cholangitis, autoimimune hepatitis type-1, autoimmune hep‘atitis type-2,
primary sclerosing cholangitis, neuronal diseases such as multiple sclerosis, myasthenia gravis,
myasthenic Lambert-Eaton syndrome, acquired neuromyotony, Guillain-Barré syndrome
(Miiller-Fischer syndrome), stiff-man syndrome, cerebellar degeneration, ataxia, opsoklonus,

sensoric neuropathy and achalasia, blood diseases such as anfoimmune hemolytic anemia,
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idiopathic thrombocytopenic purpura (Morbus Werlhof), infectious diseases with associated
avtoimmune reactions such as AIDS, Malaria and Chagas disease.

[00104] The subject compositions encompass pharmaceutical compositions comprising a
therapeutically effective amount of a Smac'mimetic in dosage form and a pharmaceutically
acceptable carrier, wherein the Smac mimetic inhibits the activity of an Inhibitor of Apoptosis
protein (IAP), thus promoting apoplosis. Another embodiment of the present invention are
compositions comprising a therapeutically effective amount of a Smac mimetic in dosage form
and a pharmacentically acceptable carrier, in combination with a chemotherapeutic and/or
radiotherapy, wherein the Smac mimetic inhibits the activity of an Inhibitor of Apoptosis protein
(IAP), thus promoting apoptosis and enhancing the effectiveness of the chemotherapeutic and/or
radiotherapy.

(00105] In an embodiment of the invention a therapeutic composition for promoting
apoptosis can be a therapentically effective amount of a Smac peptidomimetic which binds to at
least one IAP. In one embodiment the IAP can be XIAP. In another embodiment the IAP can be
ML-TAP. In another embodiment the IAP can cIAP-1 or cIAP-2. In a further embodiment the
TAP can be multiple IAP types.

[00106] Embodiments of the invention also inchude a method of freating a patient with a
condition in need thereof wherein administration of a therapeutically effective amount of 2 Smac
peptidomimetic is delivered to the patient, and the Smac peptidomimetic binds o al least ane
IAP. Inone embodiment the IAP can be XIAP. In another embodiment the IAP can be ML-

IAP. In another embodiment the TAP can cIAP-1 or clAP-2, In a further embodiment the JAP

can be multiple IAP types,
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[00107] The method may further include the concurrent administration of another
chemotherapentic agent. The chemotherapentic agent can be, but is not limited to, alkylating
agents, antimetabolites, anti-tumor antibiotics, taxanes, hormonal agents, monoclonal anfibodies,
ghacocorticoids, mitotic inhibitors, topoisomerase I inhibitors, topoisomierase I inhibitors,
imrmunomodulating agents, cellular growth factors, cytokines, and nonsteroidal anti-

inflammatory compounds.

(00108] Administration of Smac peptidomimetics The Smac peptidomimetics can be

administered in effectivc amounts. An effective amount is that amount of a preparation that
alone, or together with further doses, produces the desired response. This may involve only
slowing the progiession of the disease temporarily, although preferably, it involves halting the
progression of the disease permanently 01; delaying the onset of or preventing the disease or
condition from occurring. This can be monitored by routine methods. Generally, doses of active
compounds would be from about 0.01 mg/kg per day to 1000 mg/kg per day. ft is expected that
doses ranging from 50-500 mg/kg will be suitable, preferably intravenously, intramuscularly, or
intradermaily, and in one or several administrations per day. The administration of the Smac
peptidomimetic can occur simultaneous with, spbsequent 1o, or prior to chemotherapy or
radiation so long as the ehemotherapeutic agent or radiation sensitizes the system to the Smac
peptidomimetic.

[00109] In general, routine experimentation in clinical trials will determine specific
ranges for optimal therapeutic effect for each therapeutic agent and each administrative protocol,
and administration to specific patients will be adjusted to within effective and safe ranges
depending on the patient condition and responsiveness to initial administrations. However, the

ultimate administration protocol will be regulated according to the judgment of the attending
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clinician considering such factors as age, condition and size of the patient, the Smac
peptidomimetic potencies, the duration of the treatment and the severity of the disease being
treated. For example, a dosage regimen of the Smac peptidomimetic can be oral administration
of from 1 mg to 2000 mg/day, preferably 1 to 1000 mg/day, more preferably 50 to 600 mg/day,
in two to four (preferably two) divided doses, to reduce tumor growth, Intermittent therapy (e.g.,
one week out of three weeks or three out of four weeks) may also be used.

[00110] In the event that a response in a subject is insufficient at the initial doses applied,
higher doses (or effectively higher doses by a different, more localized delivery route) may be
employed to the extent that the patient tolerance permits. Multiple doses per day are
contemplated to achieve appropriate systemnic levels of compounds. Generally, a maximum dose
is used, that is, the highest safe dose according to sound medical judgment. Those of ordinary
skill in the art will understand, however, that a patient may insist npon a lower dose or tolerable
dose for medical reasons, psychological reasons or for virtually any other reason.

[00111] Embodiments of the invention also include a method of freating a patient with
cancer by promoting apoptosis wherein administration of a therapeutically effective amount of a
Smac peptidomimetic, and the Smac peptidomimetic binds to at least one IAP. Inone
embodiment the IAP can be XIAP. In another embodiment the IAP can be ML-IAP. In another
embodiment the [AP can ¢IAP-1 or clAP-2. In a further embodiment the IAP can be multiple
TAP types. The method may further include concurrent administration of a chemotherapeutic
agent. The chemotherapeutic agent can be, but is not limited to, alkylating agents,
antimetabolites, anti-tumor antibiotics, taxanes, hormonal agents, monoclonal antibodies,

glucocorticoids, mitotic inhibitors, topoisomerase I inhibitors, topoisomerase II inhibitors,
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immunomodulating agents, cellular growth factors, cytokines, and nonsteroidal anti-
inflammatory compounds.

[00112) Routes of administration A variety of administration routes are available. The
particular mode selected will depend, of course, wpon the particular chemotherapeutic drug
selected, the severity of the condition being treated and the dosage required for therapeutic
efficacy. The methods of the invention, generally speaking, may be practiced using any mode of
adninistration that is medically acceptable, meaning any mode that produces effective levels of
the active compounds without causing clinically unacceptable adverse effects, Such modes of
administration include, but are not limited to, oral, rectal, topical, nasal, intradermal, inhalation,
intra-peritoneal, or parenteral routes. The term "parenteral” includes subcutaneous, intravenous,
intramuscnlar, or infusion. Intravenous or intramuscular routes are particularly suitable for
purposes of the present invention,

[00113] In one aspect of the invention, 8 Smac peptidomimetic as deseribed herein, with
or without additional biclogical or chemotherapeutic agents or radiotherapy, does not adversely
affect normal tissues, while sensitizing tumor cells to the additional chemotherapeutic/radiation
prlotocols. While not wishing to be bound by theory, it would appear that because of this tumor
specific induced apoptosis, marked and adverse side effects such as inappropriate vasodilation or
shock are minimized. Preferably, the comnposition or method is designed to allow sensitization
of the cell or tumor to the chemotherapeutic or radiation therapy by administering at least a
portion of the Smac peptidomimetic prior to chemotherapeutic or radiation therapy. The
radiation therapy, and/or inclusion of chemotherapeutic agents, may be included as part of the

therapeutic regimen to further potentiate the tumor cell killing by the Smac peptidomimetic,

69



Et SM S (2R MCHOWE) S-OH S-OH S-(2R- MeCHOWE) S-Me Et HF
WO 2008/014263 PCT/US2007/074225

[00114] Pharmaceutical compositions In one embodiment of the invention, an

additional chemotherapeutic agent (infra) or radiation may be added prior to, along with, or
following the Smac peptidomimetic. The term "pharmaceutically-acceptable carrier” as used
herein means one or more compatible solid or liquid fillers, diluents or encapsulating substances
which are suitable for administration into a human. The term "carrier” denotes an organic or
inorganic ingredient, natural or synthetic, with which the active ingredient is combined lo
facilitate the application. The components of the phannacéuﬁcal compositions also are capable
of being co-mingled with the molecules of the present invention, and with each other, ina
manner such that there is no interaction which would substantially impair the desired
pharmaceutical efficacy.

100115} The delivery systems of the invention are designed to include time-released,
delayed release or sustained release delivery systems such that the delivering of the Smac
peptidomimetic occurs prior to, and with sufficient time, to cause sensitizétion of the site to be
treated, A Smac peptidomimetic may be used in conjunction with radiation and/or additional
anti-cancer chemical agents (infra). Such systems can avoid repeated administrations of the
Smac peptidomimetc compound, increasing convenience to the subject and the physician, and
may be particularly suitable for certain compositions of the present invention.

{00116] Many types of release delivery systems are available and known to those of
ordinary skill in the art. They include polymer base systems such as poly(lactide-glycolide),
copolyoxalates, polycaprolactones, polyesteramides, polyorthoesters, polyhydroxybutyric acid,
and polyanhydrides. Miorocapsules of the foregoing polymers containing drugs are described in,
for example, U.S. Pat, No, 5,075,109. Delivery systems also include non-polymer systems that

are: lipids including sterols such as cholesterol, cholesterol esters and fatty acids or neuira) fals
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such as mono-di-and tri-glycerides; hydrogel release systems; sylastic systems; peptide based
systems; wax coatings; compressed tablets using conventional binders and excipients; partially
fused implants; and the like. Specific examples include, but are not limited to: (a) erosional
systems in which the active compound is contained in a form within a mairix such as those
described in U.S. Pat. Nos. 4,452,775, 4,667,014, 4,748,034 and 5,239,660 and (b) diffusional
systems in which an active component permeates at a controlled rate from a polymer such as
deseribed in U.S. Pat. Nos. 3,832,253, and 3,854,480. In addition, pump-based hardware
delivery systems can be used, some of which are adapted for implantation.

[00117] Use of a long-term sustained release implant may be desirable, Long-term
release, are used herein, means that the implant is constructed and arranged to deliver therapeutic
levels of the active ingredient for at least 30 days, and preferably 60 days. Long-term sustained
release implants are well-known to those of ordinary skill in the art and include some of the
release systems described above.

[00118) The pharmaceutical compositions may conveniently be presented in unit dosage
form and may be prepared by any of the methods well known in the art of pharmacy. All
methods include the step of bringing the active agent into association with a carrier that
constitutes one or more accessory ingredients. In general, the compositions are prepared by
uniformly and intimately bringing the active compound into association with a liquid carrier, a
finely divided solid carrier, or both, and then, if necessary, shaping the product,

[00119] Compositions suitable for parenteral administration conveniently comprise a
sterile aqueous preparation of a chemopotentiating agent {c.g. Smac peptidemimetic), which is
preferably isotonic with the blood of the recipient. This aqueous preparation may be formulated

according to known methods using suitable dispersing or wetting agents and suspending agents.
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The sterile injectable preparation also may be a sterile injectable solution or suspension in a non-
toxic parenterally-acceptable diluent or solvent, for example, as a sohution in 1, 3-butane diol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's solntion,
and isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose any bland fixed oil may be
employed including synthetic mono-or di-glycerides. In addition, fatty acids such as oleic acid
may be used in the preparation of injectables. Carrier formulation suitable for oral,
subcutaneous, intravenous, intramuscular, ete. administrations can be found in Remington's
Pharmaceutical Sciences, Mack Publishing Co., Easton, PA which is incorporated herein in its
entirety by reference thersto.

[00120) Additional chemotherapeutic agents Chemotherapeutic agents suitable, include

but are not limited to the chemotherapeutic agents described in "Modemn Pharmacology with
Clinical Applications", Sixth Edition, Craig & Stitzel, Chpt. 56, pg 639-656 (2004), herein
incorporated by referénce. This reference describes chemotherapeutic drugs to include
alkylating agents, antimetabolites, anti-tumor antibiotics, plant-derived products such as taxanes,
enzymes, hormonal agents such as glucocorticoids, miscellancous agents such as cisplatin,
monoclonal antibodies, immunomodulating agents such as interferons, and cellular growth
factors. Other suitable classifications for chemotherapeutic agents include mitotic inhibitors and
rionsteroidal anti-estrogenic analogs. Other suitable chemotherapeutic agents include
toposiomerase I and 11 inhibitors and kinase inhibitors.

[00121] Specific examples of suitable biological and chemotherapeutic agents include,
but are not limited to, cisplatin, carmustine (BCNU), 5-flourouracil (5-FU), cytarabine (Ara-C),

gemcitabine, methotrexate, daunorubicin, doxorubicin, dexamethasone, topotecan, etoposide,
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paclitaxel, vineristine, tamoxifen, TNF-alpha, TRAIL, interferon (in both its aipha and beta
forms), thalidomide, and melphalan. Other specific examples of suitable chemotherapeutic
agents include nitrogen mustards such as cyclophosphamide, alkyl sulfonates, nitrosoureas,
ethylenimines, triazenes, folate antagonists, purine analogs, pyrimidine analogs, anthracyclines,
bleomycins, mitomycins, dactinomyeins, plicamyein, vinca alkaloids, epipodophyliotoxins,
taxanes, glucocorticoids, L-asparaginase, estrogens, androgens, progestins, luteinizing hormones,
octreotide actetate, hydroxyures, procarbazine, mitotane, hexamethylmelamine, carboplatin,
mitoxantrone, monoclonal antibodies, levamisole, interferons, interleukins, filgrastim and
sargramostim. Chemotherapeutic compositions also comprise other members, i.e., other than

TRAIL, of the TNF superfamily of compounds.

100122) Radiotherapy protocols Additionally, in several method embodiments of the

present invention the Smac peptidomimetic therapy may be used in connection with chemo-
radiation or other cancer treatment protocols used to inhibit tumor cell growth.

[00123] For example, but not limited to, radiation therapy (or radiotherapy) is the
medical use of ionizing radiation as part of cancer treatment to control malignant cells is suitable
for use in embodiments of the present invention. Although radiotherapy is often used as part of
curative therapy, it is occasionally used as a palliative treatment, where cure is not possible and
the aim is for symptomatic relief. Radiotherapy is commeonly used for the treatment of amors.
It may be used as the primary therapy. i is also common to combine radiotherapy with surgery
and/or chemotherapy. The most common tumors treated with radiotherapy are breast cancer,
prostate cancer, rectal cancer, head & neck cancers, gynecological tumors, bladder cancer and
lymphoma. Radiation therapy is commonly applicd just to the localized area involved with the

tumor. Often the radiation fields also include the draining lymph nodes. It is possible but
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uncormon to give radiotherapy to the whole body, or entire skin surface. Radiation therapy is
usually given daily for up to 35-38 fractions (a daily dose is a fraction), These small frequent
doses allow healthy cells time to grow back, repairing damage inflicted by the radiation. Three
main divisions of radiotherapy are external beam radiotherapy or teletherapy, brachytherapy or
sealed source radiotherapy and unsealed source radiotherapy, which are all suitable examples of
treatment protocol in the present invention. The differences relate to the position of the radiation
source; external is outside the body, while sealed and unsealed source radiotherapy has
radioactive material delivered internally. Brachytherapy sealed sources are usually extracted
later, while unsealed sources are injected into the body. Administration of the Smac
peptidomimetic may ocour prior to, concurrently with the treatment protocol. Annexin
V/Propidium lodide Staining-To show the ability of Smac mimetics to induce apoptosis,
Annexin V-fluorescein isothiocyanate staining was performed as per manufacturer's protocol
(Invitrogen, Carlsbad, CA). Briefly, cells were exposed to various concentrations of Smac
mimetics for 18-24 hrs, and then removed from the assay plate by trypsinization. Cells wers
then pelleted and resuspended in assay buffer (supplied by manufacturer). Annexin V and
propidium iodide were added to the cell preparations and incubated for 1 hour in the dark at
room temperature, Following the incubation additional buffer {200 ul) was then added to each
fube, and the samples were analyzed immediately by flow cytometry. In the presence of Smac
mimetics apoptosis was strongly promoted, as assessed by annexin/PI staining and analyzed by
flow cylometry. The amplification in the number of apoptotic cells (Annexin V
positive/propidium iodide negative - lower right quadrant) by IAP antagonists as compared to
control was dose dependent and due to the induction of apoptosis and not via increasing the

proportion of necrotic cells,
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[00124) Biological and chemotherapeuntics/anti-neoplastic agents and radiation induce
apoptosis by activating the extrinsic or intrinsic apoptotic pathways, and, since Smac mimetics
relieve inhibitors of apoptotic proteins (IAPs) and, thus, remove the block in apoptosis, the
combination of chemotherapeutics/anti-neoplastic.agents and radiation with 8mac mimetics
should work synergistically to facilitate apoptosis.

[00125] The relevance of this potent synergy is that it makes possible the use of the
Smac peptidomimetics, which are IAP antagonists, to improve the efficacy of the marketed
platinum containing compounds (cisplatin and carboplatin). This may be accomplished by
lowering the required dose of the poorly tolerated platimum containing compounds and/or by
improving the response rate at the marketed dose,

The present invention is not limited to the embodiments described and exemplified above, but is

capable of variation and modification within the scope of the appended claims.
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‘What is claimed is:

1. A compound of formula (I):

™~
Iz
e}
\

Roa

wherein

Ria and R(b are independently H or optionally substituted hydroxyl, alkyl, cycloalkyl,

heterocycloalkyl, aryl, or heteroaryl;

Rsa, and Ryb are independently H or optionally substituted alkyl, cycloalkyl, or

heterocycloalkyl;

Rza, and Rsb are independently H or optionally substituted alkyl, cycloalkyl,

heterocycloalkyl, aryl, or heteroaryl;

both Rsa and Rga, and Rsb and Rgb, are carbon atoms linked by a covalent bond or by an

optionally-substituted alkylene or alkenylene group of 1 to 8 carbon atoms where one to three

carbon atoms can be replaced by N, O, S(O),, or C=0;

Ri7a and Ry7b are independently —OH, lower alkoxy, or lower alkyl,

Rsa, Rsb, Rga, Rgb are independently H or optionally substituted hydroxyl, alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; or R7a and Rga, or R7b and Rgb, or both, can be
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linked by an optionaily-substituted alkylene or alkenylene group of 3 to 8 carbon atoms where

one to three carbon atoms can be replaced by N, G, S(O),, or C=0;
each n can be the same or different and is 0, 1, or 2;
Xa is —O-, —N(La-Rjpa)~, —S—, optionally-substituted ~C(La-Rga)=CH-, —-C(0}-O—, —
C(O)-N(La-Rjga)—, -N=C(La-Rpa)—;
Xb is —O—, -N(Lb-R;¢b)-, —S—, optionally-substituted —C({LLb-Rgb)=CH—, -C(0)-O—-, —
C(0)-N(Lb-Rgb)— , -N=C(Lb-Rgb)—;
La and Lb are independently a covalent bond or C,-C, alkylene;
Wa, Wb, Rypa, and Rgb are defined in paragraphs (a) through £&3(c), which follow:
(a) when Wa and Wb together are a Linker, then Xa or Xb are independently —O—, —S—,
or —C(0)-O—; Rypa and R gb, respectively, are absent; or

(b) when Wa and Wb together are a Linker; Xa is -N(La-Rpa)—, —C(La-Rpa)=CH~-, —
N=C(La-Rpa)-, or —C(0)-N(La-Rga)—;, Xb is —N{Lb-Rjob)—, —C{Lb-R¢b)=CH-, —-N=C(Lb-
Rigb)-, or —C(OQ)-N(Lb-R;gb)—; Rjpa and Rygb are independently H or optionally substituted
hydroxyl, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; or

(c) when Wa and Wb together are a Linker; Xa is —-N(La-Rpa)-, -C(La-Rpa)=CH-, —
N=C(La-Rjpa)-, or —C(0)-N(La-Rjpa)—; Xb is —-N(Lb-Rjgb)—, —C(Lb-R¢9b)=CH-, ~-N=C(Lb-
Riob)—, or —C(Q0)-N(Lb-Rgb)~; Rga and Rypb together are a Linker;

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein Rsa, Rsa, R3b, and Ry4b are independently
H, methyl, ethyl, isopropyl, isobutyl, sec-butyl, tert-butyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl, optionally-substituted with hydroxyl, mercapto, sulfonyl, alkylsulfonyl, halogen,

pseudohalogen, amino, carboxyl, alkyl, haloalky, pseudohaloalkyl, alkoxy, or alkylthio.

3. The compound of claim 1 wherein Roa and R,b are independently H, methyl,

fluoromethyl, difluoromethyl, ethyl, fluoroethyl, hydroxyethyl, or cycloalkyl.

4. The compound of claim 1 wherein R;a and R;b are independently H, methyl,

allyl, propargyl, ethyl, hydroxyethyl, cycloalkyl, or cycloalkylmethyl.
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5. The compound of claim ! wherein Rsa, and Rsb are independently optionally
substituted lower alkyl or C3-Cg cycloalkyl wherein the optional substituents are hydroxy or

lower alkoxy.

6. The compound of claim 1 wherein Wa and Wh together are a covalent bond or optionally
substituted alkylene, cycloalkyl, or aryl, of 2 to 20 carbon atoms where one or more carbon
atoms can be replaced with N, O, or S(O),; and Xa and Xb are independently -O—, —§—, or —
C(0)-O-.

7. The compound of claim I wherein Wa and Wb together are a covalent bond or optionally
substituted alkylene, cycloalkyl, or aryl, of 2 to 20 carbon atoms where one or more carbon
atoms can be replaced with N, O, or $(0),; Xa is -N{La-R;¢a)—, —-C(La-R¢a)=CH-, or —-C(O)-
N(La-Rjga)—; Xb is —-N(Lb-R;ob)—, —C({Lb-R;pb)=CH-, or —C(O)-N(Lb-Rgb)~; Rjpa and Rm‘b are
independently H or optionally substituted hydroxyl, alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl.

8. The compound of claim 1 wherein Wa and Wb together are a covalent bond or optionally
substituted alkylene, cycloalkyl, or aryl, of 2 to 20 carbon atoms where one or more carbon
atoms can be replaced with N, O, or 8(Q),; Xa is -N(La-Rpa)—, ~C{La-Rpa)=CH—-, or —-C({O)-
N(La-R;¢a)—; Xb is —-N(Lb-Rgb)—,—C(Lb-Rgb)=CH-, or —~C(O)-N{Lb-R¢b)—; Ripa and Rigb
together are an optionally-substituted alkylene, cycloalkyl, or aryl of 2 to 20 carbon atoms where

ong or more carbon atoms can be replaced with N, O, or S{O)y.

9. The compound of claim 1 wherein Wa and Wb are not covalently bound, and
Wa and Wb are independently H, Cl, Br, F, CN, COOH, or opticnally substituted hydroxyl,
alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; Xa is -N(La-Rga)—, —C(La-R;pa)=CH~,
or —C(0)-N(La-Rpa)—; Xb is -N(Lb-R;0b)——C(Lb-R19b)=CH-, or —C(O)-N(Lb-Rgb)—; Ripa
and Rypb together are an optionally-substituted alkylene, cycloalkyl, or aryl of 2 to 20 carbon

atoms where one or more carbon atoms can be replaced with N, O, or S(O);.

10, The compound of claim 1 wherein Wa and Wb are not covalently bound, Wa is H, Cl, Br,
F, CN, COOH, or optionally substituted hydroxyl, alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; Xa is —-N(La-Rjpa)—, —C(La-R9a)=CH-, or —C(O)-N(La-R9a)—; Xb is -O—, -N(Lb-
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Riob)—-, -S—~C(Lb-R9b)=CH—, —C(0)-O—, —C(O)-N{Lb-R¢b)—; and Ry¢b is H or optionally-
substituted alkyl; and Wb and Rea together are a covalent bond or optionally substituted
alkylene, cycloalkyl, or aryl, of 2 to 20 carbon atoms where one or more carbon atoms can be

replaced with N, O, or S(Q),.

11 The compound of claim 1 wherein Wa and Wb are not covalently bound, Wb is H, CL,
Br, F, CN, COOH, or optionally substituted hydroxyl, alkyl, cycloalkyl, heterocycloalkyl, aryl,
or heteroaryl; Xb is -N(Lb-Rgb)—, “C{Lb-Rb)=CH-, or —C(O)-N(Lb-R¢9b)—; Xa is -O~, ~
N(La-Rga)~, —S—, ~C(La-R;ga)=CH-, —C(0}-0—, -C(O)-N(La-R ga)—; and Rjpa is H or
optionally-substituted alkyl; and Wa and R,ob together are a covalent bond or optionally
substituted alkylene, cycloalkyl, or aryl, of 2 to 20 carbon atoms where one or more carbon

atoms can be replaced with N, O, or 5(O),.

12. The compound of claim 1 wherein Z,a and Zb are both N and Z;a and Z;b
are both C and wherein R3a and R4a, and Rsb and R4b, are each carbon and are linked by a
covalent bond or by an optionally-substituted alkylene or alkenylene group of 1 to 8 carbon

atoms where one to three carbon atoms can be replaced by N, O, S(Oj},, or C=0.

13. The compound of claim 1 wherein Rjga and Rygb are not heterocycloalkyl or
heteroaryl.
14. The compound of claim 1 having formula (II):
Ry3b
Rk Rb, Rb
/
NH
ad
Rub H
(@]
R4sb—Lb—Xb N R

b e >
Rsa @wav\vnﬁb Rgb
Raa y
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wherein
Xa is —-N—, -C=C(R4a)—, -N=C- or -C(O)N—;
Xb is -N-, -C=C(R¢b)--, ~-N=C- or -C(O)N—;
La and Lb are independently a covalent bond or C,-C, alkylene;
Yais —-C—, -N—, or —-N"—; such that,

When Ya is —C— then R4, Ry1a, R2a, Ri3a, Ri4a, Rysa, and Ryea are, independently, —H,
halogen, or optionally substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, hydroxyl,
alkoxy, polyalkylether, amino, alkylamino, dialkylamino, alkoxyalkyl, sulfonate, aryloxy,
heteroaryloxy, acyl, acetyl, carboxylate, sulfonate, sulfone, imine, or oxime; provided that when
Xa is -N— or —C{O)-N—, -L,-R¢a is bound to the —N— atom; and, when Xa is -C=C(R¢a)— or —
N=C-, -L;-Rga is bound to the —C= atom; and

When Ya is -N— or -N*—, then R11a is absent or —O—, and Rj¢a, Ri1a, Ri3a, Rysa, Rysa,
and Rjea are, independently, —H, halogen, or optionally substituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, hydroxyl, alkoxy, polyalkylether, amino, alkylamino,
dialkylamino, alkoxyalkyl, sulfonate, aryloxy, heteroaryloxy, acyl, acetyl, carboxylate, sulfonate,
sulfone, imine, or oxime; provided that when X is —-N— or —C(O)-N—, -L;-Rg, is bound to the ~

N- atom; and, when X is —C=C(Rga)— or -N=C—, -L,-R¢a is bound to the -C= atom,;
Yb is -C—, -N—, or -N'—; such that,

When Yb is —C— then Rygb, Ry1b, Rj2b, Risb, Rusb, Risb, and R¢b are, independently, —
H, halogen, or optionally substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
hydroxyl, alkoxy, polyalkylether, amino, alkylamino, dialkylamino, alkoxyalkyl, sulfonate,
aryloxy, heteroaryloxy, acyl, acetyl, carboxylate, sulfonate, suifone, imine, or oxime; provided
that when Xb is -N— or —C(0)-N—, -L;-Rygb is bound to the —N- atom; and, when Xb is —
C=C(Rgb)}- or -N=C—, -L;-R b is bound to the —C= atom; and

when Yb is -N— or —N"—, then Ry;b is absent or —O—, and Rgb, Risb, Risb, Rysb, Rysb,
and Rj¢b are, independently, —H, halogen, or optionally substituted alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, hydroxyl, alkoxy, polyalkylether, amino, alkylamino,

dialkylamino, alkoxyalkyl, sulfonate, aryloxy, heteroaryloxy, acyl, acetyl, carboxylate, sulfonate,
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21. The conpound of claim11 having the fornula wherein Ria, R b, R2a,
R2b, R3a, and R3b are independently |ower alkyl, |ower alkoxy, |ower
al kanol, or C3-C6 cycloal kyl;7a and RI7b are independently -OH, | ower
al koxy or lower alkyl; Rl l1a, Rl 1b, Rua, Rub, Rua, Risb, Rua, and
1214b are independently -H or halogen. 22. A nethod for inducing
apoptosis in a cell conprising contacting the cell with a conpound of

cl ai m dulidhedimiAdIRk Bkinty bfdvided Mat theh XBUS ENAROPEASILS—, -0, -RAD i6 8bind to 2 —
The met hod of claim 22, wherein said cell is neoplastic. 24. The

net hod Nofatenigang, when b és <7 Eadbtt @etN=(ov elriekpp éslouad mthe nkFwtaer  of

caspase. 25. The nethod of claim 22, wherein the inhibitor inhibits
activatlbon or acti vilhy efmpened oof ssie bt whaeinplb ReehmttRag fndnRksb and

caspase-.3, e-7 apd_c -9, A : ' '
apopt o 1 ERERA A ARR S orn R B I UG P B TP e
cl ai m br klkedlerrrgpouyt ofSufof § cirbat atbms Stheradmatie tlapophbel soms ciihbe epldeed by
27. The %ggh d of_%gain126, wherein said cells are cancer cells. 28.
A et hdY (@reAtGHY cancer conprising adm nistering a

therapeutically effective amount of a compound of claiml.
16. The compound of claim 14 wherein R;a and Rsa, and Rsb and Rsb, are

carbon atoms and are linked by a covalent bond or by an epticnally-substituted alkylene or

alkenylene group of 1 to 3 carbon atoms of which one or more can be replaced by N, O, S(O),,
or C=0

17. The compound of claim 14 wherein

Rsa and Rsa or R4b and Rsb, or both, are linked by an alkylene or alkenylene group of 1

to 3 atoms;

Raa and Rpb are independently selected from methyl, fluoromethyl, difluoromethyl, ethyl,
fluoroethyl, and cycloalkyl;

Wa and Wb together are a covalent bond or optionally substituted alkylene, cycloalkyl, or
aryl, of 2 to 20 carbon atoms where one or more carbon atoms can be replaced with N, O, or

S(O),; and Xa and Xb are independently —-O—, —S—, or —-C(0)-O—; or

Wa and Wb together are a covalent bond or optionally substituted alkylene, cycloalkyl, or
aryl, of 2 to 20 carbon atoms where one or more carbon atoms can be replaced with N, O, or
S(0),; Xa is -N(La-Rypa)—, —C(La-Rjpa)=CH-, or —C{O)-N(La-Rpa)—; Xb is -N(Lb-R;¢b)--, -
C(Lb-Rgb)=CH—, or ~C(O)-N(Lb-R;gb)—; Rjpa and Rpb are independently H or optionally
substituted hydroxyl, alkyl, cycloalkyl, heterocycloalkyl, aryl, or, heteroaryl.

1R. The compound of claim 14 wherein Rjpa and Ry¢b are not optionally

substituted 5-, 6-, or 7-membered heterocycloalkyl or heteroaryl.

19. The compound of claim 1 having formula (IV), or a pharmaceutically

acceptable salt thereof:
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29. A pharmaceutical conposition conprising: a conpound sel ected from
a conmpound of claim 1l and a pharnaceutically acceptabl e excipient.
30. The conposition of claim?29 further conprising a second

chenot herapeutic agent. 31. The conposition of claim 30, wherein
sai d second chenot herapeutic agent is selected from al kyl ati ng
agents, plant alkaloids, antitunor antibiotics, antinetabolites,

t opoi soner ase i nhi bitors and comy pations thereof. 32. The

conmposi tion of claim gL _wherein § %ﬁenntherapeutlc agent is

sel ected from al tretmam né&? buys#l arbopl atin, carnustine,

chl or anbuci I, Cﬂsp at @ m &, dacar bazi ne,
hexanethylnehg Il f o&f ani‘de; ti ne, nel phalsan,

mechl or et hani he, qyallp atin, proc rba%%pg strgbtozocim
tenozol om de, thiotepa, uranustlnewadocet%X@g Etoggﬁide, i ri notecan
paclitaxel, tenisopide, topotecan, vincristi i asti ne,

vi ndesi ne, vinorel bine, bleonycin, dactinonyc RO ubi ci n,

epi rubi cin, hydroxyurea, idarubicin, mtony oxant r one,

pli canycin, azathioprine, capecitabine, clddrrneggytarabine,

fl udarabi ne, fluorouracil, floxuridine, genhtitabine, nmercaptopurine,
nmet hot r exat e, nel arabi ne, penetrexed, fent/©Ostatin, thioguanine,
canpt ot hecan, irinotecan, topotggan,HB 4§gﬁy>SN 38, 9-

am no- canpt ot hecan, lurtotecan, g eca fl onot ecan, an

ant hracycl i ne, ant hr aqui none,*#dflop yI P8t 8%i nt doxor ubi ci n,
epi tubi cin, idarubicin, nenorubicin, mtoxantrone, onoxantrone,

t id th f. 33. Th d of
§| opoS] 0, ok SPERGZIA AR captaaay e ol 3. The compound o

q0)NUﬁ.Mﬂm %g & h M
- N:C( LbI%l ob) - C?B ﬂkp%BndF%@t 1@19%)[1gsere%&go§'6;8a %ﬂd?] etplgﬁ%hent’ ?Sy
H or opﬂbhn@tly substltuted hydr oxyl, al kyl, al kenyl, al kynyl,

cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl 34 The conpound
of claim21 wherein Rl |la, Rub, Rl13a&,bR13b, R18a, anqiRI8b are -H and

R12a and R12b are hal ogen. R,,b R. b H—QF_N
H

0]
R,b
R,a
Q >5<
N
H\?\H o
’
R,a R,a
R,.a
Compound Rla R2a R3a Rl4a R14b R3b R2zb R1b | R13a/R13b | R12a/R12b R11a/R11b
S-(2R- S-(2R-
A Me §-Me S-OH | S-OH S-Mc Me H F
McCHOMe) MeCHOMe)
8- S-(2R- 5-(2R- 8-
B Me S-OH S-OH Me H F
CH,;0H MeCHOMc) MeCHOMEe) CH;O0H
C Me 5-Me 5-tBu S-OH S-OH 5-tBu S-Me Me H F
D Me S-Et S-tBu §-0H | S-OH S-tBu S-Et Me H F
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35. The conpound of claim 34 wherein Ra and Rib are | ower al kyl and
R2a and R2b are | ower al kyl or |ower al kanol. 36The conpound of claim
1 having the formula acceptable salt thereof. 37.The conpound of
claim 36 or a pharmaceutically acceptable salt thereof wherein R a
and Rib are independently H nmethyl, allyl, propargyl, ethyl,

hydr oxyet hyl , cycl oal kyl, or cycl oal kyl nethyl; R2a and R2b are

i ptly H- n to fluoromethyl difl uoromethyl et hyl
’ 23R: L S-(2R- ’ ’
fll uokoet hyt hydraxxethl, c#mnysbmal@xf( R3aj sawmdR3k aren F
X 1chP e) . cCHOMe) I
ent [y opt|onal Ty sybstituted | ower al kyl or| C3F C8 cycl oal kyl
L he optio.aL_ﬁﬁbsLii4#a4Ls-aLe hydroxy-or—-ower-al-koxy;—\a—and
S-[ZR- . 8-(ZR- k 0
t eget h@ | aser a) covdl ent emd oPHQpPt | Q qlly sast|imauft edual kyl ene,
eC _P % Me h r?s
dycl oal kyl, |or aryl, © tlo 20| carho 0 wher e |onel or nofe carigon
4t ane can h ranl becad wit h [N a) or 1SCOYn- P17 an R1Zh ara
; < allu Uanl Ull lIS';/1|~JI U\/\S-(zg: < Il—l i(‘,s. 7 S-:I | \J\ \JS-( R-, i(\.l.l tAS \JLIId LA™ "1 LI 1 Il‘IAI \é:l- 1b
[ndependpmt | ysuOR L QUL 31Ky QL [l OWREsqHY| - 1and 1) L3y 1
R12a, Rup, Rl3a, Rob, , jand R14p are I ndependent | y| H or hal ogen
S-(2R- S- S- S-(2R-
H Me S-Et S-Et Me H F
MeCHOMe} OMe OMe MeCHOMEe)
- S-
I Me §-Me S-1Bu S§-tBu S-Me Me H F
OMe OMe
S- S-
J Me S-Et S-tBu S-tBu S-Et Me H F
OMe OMe
S-(2R- S- S- S-(2R-
K Et S-Me §-Me Et H F
MeCHOMe) OMe OMe McCHOMe)
- -
L Et S-Me S-tBu S-tBn S-Me Et H F
OMe OMe
S-(2R- 5-(2R- . .
M Me S-Me S-Me 5-Me S-Me Me H F
MeCHOMEe) McCHOMc)
21. The compound of claim 1 having the formula
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wherein Rja, Rib, Raa, Rob, Raa, and Rsb are independently lower alkyl, lower alkoxy, lower
alkanol, or C3-C¢ cycloalkyl; Rj;a and Ry7b are independently —OH, lower alkoxy or lower

alkyl; Rpja, Ryib, Rpza, Riob, Riza, Risb, Risa, and Rysb are independently —H or halogen.

22. A method for inducing apoptosis in a cell comprising contacting the cell with a

compound of claim 1 in an amount sufficient to induce apoptosis in the cell,

23. The method of claim 22, wherein said cell is neoplastic.
24, The method of claim 22, wherein said cell overexpresses an inhibitor of caspase.
25. The method of claim 22, wherein the inhibitor inhibits activation or activity of

one or more of a caspase selected from caspase-3, caspase-7 and caspase-9.

26. A method of stimulating apoptosis in a cell comprising contacting the cell with a

compound of claim 1 in an amount sufficient to stimulate apoptosis in the cell.
27. The method of claim 26, wherein said cells are cancer cells.

28. A method of treating cancer comprising administering a therapeutically effective

amount of a compound of claim 1.

29. A pharmaceutical composition comprising: a compound selected from a

compound of claim 1 and a pharmaceutically acceptable excipient.

34



30. The composition of claim 29 further comprising a second chemotherapeutic

agent.

31. The composition of claim 30, wherein said second chemotherapeutic agent is
selected from alkylating agents, plant alkaloids, antitumor antibiotics, antimetabolites,

topoisomerase inhibitors and combinations thereof.

32, The composition of claim 31, wherein said chemotherapeutic agent is selected
from altretamine, busulfan, carboplatin, carmustine, chlorambucil, cisplatin, cyclophosphomide,
dacarbazine, hexamethylmelamine, ifosfamide, lomustine, melphalan, mechlorethamine,
oxaliplatin, procarbazine, streptozocin, temozolomide, thiotepa, uramustine, docetaxel,
etoposide, irinotecan, paclitaxel, tenisopide, topotecan, vincristine, vinblastine, vindesine,
vinorelbine, bleomycin, dactinomycin, daunorubicin, epirubicin, hydroxyurea, idarubicin,
mitomycin, mitoxantrone, plicamycin, azathioprine, capecitabine, cladribine, cytarabine,
fludarabine, fluorouracil, floxuridine, gemcitabine, mercaptopurine, methotrexate, nelarabine,
pemetrexed, pentostatin, thioguanine, camptothecan, irinotecan, topotecan, BNP 1350, SN 38, 9-
amino-camptothecan, lurtotecan, gimatecan, diflomotecan, an anthracycline, anthraquinone,
podophyllotoxin, doxorubicin, epirubicin, idarubicin, nemorubicin, mitoxantrone, loxoxantrone,

etoposide, teniposide and combinations thereof.

33, The compound of claim 1 wherein Xa is —-N(La-Rjpa)—, -C(L.a-Rpa)=CH-, —
N=C(La-Rj¢a)-, or —C(0O)-N(La-Rga)—; Xb is -N(Lb-Rgb)~, ~C(Lb-R;ob)=CH-, -N=C(Lb-
Rogb)—, or —C((O)-N{Lb-R gb}—; Rga and R b are independently H or optionally substituted
hydroxyl, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl.

34. The compound of claim 21 wherein R11a, R11b, R13a, R13b, R18a, and R18b
are —H and R12a and R12b are halogen.

35. The compound of claim 34 wherein R1a and R1b are lower alkyl and R2a and

R2b are lower alkyl or lower alkanol.

36 The compound of claim 1 having the formula
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or a pharmaceutically
acceptable salt thereof.
37. The compound of claim 36 or a pharmaceutically acceptable salt thereof wherein

R,a and R;b are independently H, methyl, allyl, propargyl, ethyl, hydroxyethyl, cycloalkyl, or
cycloalkylmethyl;

R»a and R;b are independently H, methyl, fluoromethyl, diflucromethyl, ethyl, fluoroethyl,
hydroxyethyl, or cycloalkyl;

R3a, andR;b are independently optionally substituted lower alkyl or C;-Cs cycloalkyl wherein the

optional substituents are hydroxy or lower alkoxy;

Wa and Wb together are a covalent bond or optionally substituted alkylene, cycloalkyl, or aryl,

of 2 to 20 carbon atoms where one or more carbon atoms can be replaced with N, O, or 5(0);;

Ry7a and Ry;b are independently ~OH, lower alkoxy or lower alkyl; and

R1a, Rijb, Ry2a, Rygb, Ryaa, Rysb, Rysa, and Ryy4b are independently H or halogen.
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